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A B O U T  T H E  C O M P IL A T IO N

Fhis b ib liog raphy . R u b b e r S eed  a n d  i ts  C o m m e rc ia l A p p lic a tio n s :  A  B ib lio g ra p h y , is a
c o m p ila tio n  o f lite ra tu re  co v e rin g  various aspects o f  ru b b e r seed  r ig h t fro m  its  c o llec tio n  to 
ap p lica tio n . It also covers ru b b e r seed o il, ru b b e r seed cake, e tc . a n d  th e ir  co m m erc ia l as 
well .v. in d u str ia l app lica tions '. T h e se  m ateria ls w ere co llec ted  fro m  sources like  jo u rn a l 
artic le s, m o n o g rap h s, bo o k s, co n fe re n ce  p roceed ings, se m in a r  p ap e rs , re p o rts , w o rk sh o p s, 

C D R O M s, etc . availab le in che R R II library.

1 he c o m p ila tio n  consists o f  tw o sec tio n s , th e  B ib liog raphy  S ec tio n  a n d  che Key W ord  Index  
Section  T h e  b ib lio g rap h y  secrion  is a rranged  a lphabetically  by  th e  title  fo llow ed  by au th o r(s ). 
,  i ta tio n , abstract (in  m ajo r cases) an d  key w ords. In  ce rta in  cases, ab stra c ts  w ere n o t in c lu d ed . 
T h e  key w o rd  index  sec tio n  co m p rises  all th e  key w o rd s fro m  th e  re sp ectiv e  artic le .

T h e  im m e n se  h e lp  a n d  ac tiv e  c o -o p e ta tio n  re n d e re d  b y  th e  sc ie n tif ic  s ta f f  o f  R u b b e r 
( 'h cm is try , Physics an d  T echno logy  D iv ision , E conom ic  R esearch D iv is io n . B o ta n y  D iv is io n  
an d  s ta ff  o f  L ib ra ry  at various stages in th is  c o m p ila tio n  are  g ra te fu lly  ac k n o w led g e d .
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Activated carbon from rubber seed and palm seed coats: P reparation  and 
characterization 
Rengaraj, S; Arabindoo, Banum athi and  M urugesan, V
Journal o f  Scientific a n d  Industrial Research, 57  (M arch) : 1998. i 29-132 .

Activated carbons have been prepared from rubber seed coat and palm seed coat by various 
carbonization techniques such as acid, sulphate, carbonate, chloride, dolom ite, and pyrolysis 
processes. T heir characteristics such as bulk density, m oisture conten t, ash con ten t, m atter 
soluble in water and in acid, p H , decolourising  power, phenol num ber, ion exchange 
capacity, iron conten t and surface area have been earned  o u t in order to dete rm ine the 
suitability o f  these carbons for water and wastewater trea tm ent. 1 he results are com pared 
with commercially available activated carbon. Surface area, decolourising power and phenol 
num ber o f the activated carbons derived from palm seed coat are found to be higher than 
the carbon obtained from rubber seed coat and the commercially available activated carbon.

Key w ords ; R ubber seed; Palm  seed; R ubber seed coat; A ctivated  carbon ; In d ia

Agro-industrial by-products as livestock feeds: Rubber seed cake
Anamhasubram aniam, C  R
Technical B ulletin  N o.5 , Kerala A gricultural University, V ellan ikkara.T richur, 1980 , 2 3  p.

T hough  rubber seed cake has been identified as having im mense scope as an  ingredient in 
livestock feeds, there have not been m any studies in this area prior to  1980. However an 
exception to this may be the study by A nanthasubram aniam  who exam ined the feasibility 
o f incorporating rubber seed cake into livestock feed. T h e  results o f  a 12 year study utilising 
rubber seed cake (Hevea brasiliensis) in the rations o f  cattle, pigs and poultry  earned  o u t at 
the Kerala Agricultural University indicate that the material can be incorporated profitably 
in livestock feeds. T h e  results may be sum marised as follows: (1) T h e  m aterial possesses a 
crude protein content o f 25 percent w ith a D C P  o f  15 and a T D N  o f  66 for cattle (2) T he 
DC.P and  T D N  o f  the m aterial in respect o f  pigs are 16 and  78 respectively. (3) 1 he 
m aterial contains nearly 9 mg/lOOg o f  hydrocyanic acid w hich has no  deleterious effect 
on feeding at the recom m ended levels. T h e  H C N  con ten t, however, can be reduced by 
drying. (4) Rubber seed cake can be fed up to  30 percent o f  the concentrate m ixture tor 
cattle and  at 10 percent level in the ration for pigs and chicken w ith  m onetary benefits.

Key w ords : R ubber seed cake; Livestock; H C N  c o n te n t; Ind ia

Alkyd resin from rubber seed oil 
N joku, O biom a U and O nonogbu, Ikpendu C
Indian  Journa l o f  N a tura l Rubber Research, 8(1): 1995. 63-65-

Rubber seed is reported to contain about 42%  oil, w hich is sem i-drying type oil. Rubber 
seed oil used in the present study  was prepared by ex tracting  the seed w ith  petro leum  
ether. Two types o f m odified alkyds were prepared from the refined rubber seed oil and



these were used for the production o f white gloss paint. The viscosity values o f the paints 
were comparable but the drying characteristics were different. T he level o f  unsaturated 
fatty acids such as linolenic and linoleic acids is found to be the deciding factor, which 
helps drying.

Key words : Rubber seed; Rubber seed oil; Alkyd resin; Paint; Nigeria

Alkyd resins from polymerised rubber seed oil 
Patel, R P; Patel, Pulin N  and Raval, D A

International Journal o f  Polymeric Materials, 46: 2000. 243-253.

Rubber seed oil (RSO) was thermally polymerised at different temperatures. It was also
polymerised at the same temperature using various percentage o f  benzoyl peroxide (BPO)
and azobisisobutyronitrile (AIBN) as free radical catalysts. D uring polym erisation, the
free h tty  acid content mcreased as revealed by increased acid value and unsaturation decreased
as indicated by decreased iodine value. T he FFA. U M .n il.rion , viscosity and refractive

M s  and 1.? “ ra5fas, W' re Alkyd resins were prepared from as

baled l  ‘ Tt , ° '  i  SamP' “ - The r h >'S ia l Pr°P OTi' S a" d -  - Jbaked film properties o f these alkyd resins were studied and compared.

Key words : Rubber seed oil; Alkyd resin; Polymerization; Film properties; India

Alkyd resins from acrylated prepolymerised rubber seed oil 
Patel, RP; Patel, Pulin and Raval, DA

InternationalJournal ofPolymeric Materials, 48(1)- 2000 49  61
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and survival o f m bbcr seed under field conditions were studied. Incidence o f parthenocarpy, 
per se, was very low in all clones examined and could not account for the com m on absence 
o f  endosperm in seeds collected from the forest floor. Four genera o f  fungi associated with 
the flowering stage were implicated in  subsequent floral abortion. Two of them , Phytophthora 
and Helminthosporium  also interfered w ith postanchesis stages o f  developm ent, causing 
rotting o f seed parts and pericarp tissues. Seed survival on the forest floor was affected 
seriously by various agents including insects, arachnids, nem atodes, molluscs and mammals. 
T he effect o f these factors on large-scale commercial seed production  is discussed.

K eyw ords: H e vea  brasiliensis-, R u b b e r  see d ; S eed  p r o d u c t io n ;  S eed  c o lle c t io n ;  
P arthenocarpy; M icroflora; Nigeria

The animal feed industry for developing countries
Koenig, H orst R
Conference: Regional Preparatory M ee ting  on  A nim al feed an d  Related Industries in Africa, 
1992, B am ako, M a li,U N 1 D O -ID / W G .5 2 9 /3 , pp .26 .

A nim al feed p ro d u c tio n  for developing  countries-covers (1) an im al feed industry  as a 
developm ent factor: th e  u tiliza tion  o f  ag ro -industrial by -p ro d u cts , use o f  ag ricu ltu ral 
residues (2) large-scale p roduc tion  o f  com pound  anim al feed, m arke t-o rien ta tion , feed 
raw m aterials, storage, au to m atio n , com puterization  (3) rural industrial p ro d u c tio n  o f 
anim al feed (4) special feedstuffs and feed ingredients: oil cakes, oils and  fats, rubber seed 
press cakes, cassava, molasses (5) econom ic feasibility, storage, quality  control.

Key w ords : R ubber seed; A nim al feed industry ; Feed p ro d u c tio n ; D evelop ing  co u n trie s

8 T he antioxidant effect o f some am ino acids in rubber (Hevea brasiliensis) 
seed oil
N joku, O biom a U
Nigerian journal o f  Biochemistry a n d  M olecular Biology, 1 1 :1 9 9 6 . 3 5 -3 7 .

All the 9 am ino acids had some antioxidant activity when added in virgin rubber seed oil. 
T h e  am ino  acids added as solids namely, arginine, phenyla lan ine, glycine, m eth ion ine, 
serine, aspartic acid and cysteine had lower antioxidant activity, and  their protection factor 
(A OM ) being 2.5. Those added as aqueous solution had higher an tiox idant activity than 
those added as solids. C helation o f  metals by am ino  acids was presumably responsible for 
the an tio x id an t activity. Increase in co n c en tra tio n  o f  som e am in o  ac ids trip p led  the 

protection factor (A O M ) in the rubber seed oil.



these were used for the production o f white gloss paint. 7 he viscosity values of the paints 
were comparable bu t the drying characteristics were different. T he level o f  unsatura ted  
fatty acids such as linolenic and linoleic acids is found to be the deciding factor, which 
helps drying.

Key words : Rubber seed; R ubber seed oil; Alkyd resin; Paint; N igeria

Alkyd resins from polymerised rubber seed oil 
Patel, R P; Patel, Pulin N  and Raval, D A
International Journal ofPolymeric Materials, 46: 2000. 243-253 .

Rubber seed oil (RSO) was thermally polymerised at different Temperatures. It was also 
polymerised at the same temperature using various percentage o f  benzoyl peroxide (BPO) 
and azobisisobutyronirrile (AIBN) as free radical catalysts. D u rin g  polym erisation, the 
fret fatty acid content increased as revealed by increased acid value and unsaturation decreased 
as indicated by decreased iodine value. T he FFA, unsaturation , viscosity and  refractive 
index of the polymerised oil samples were determined. Alkyd resins were prepared from as 
ir is and polymerised rubber seed oil samples. T he physical properties and air dried and 
baked film properties o f these alkyd resins were studied and com pared.

Key words : Rubber seed oil; Alkyd resin; Polym erization; Film  properties; India

Alkyd resins from acrylated prepolymerised rubber seed oil 
Patel, R Pi Patel, Pulin and Raval, D  A

International Journal ofPolymeric Materials, 48(1): 2000. 49-61

Rubber seed oil (RSO) was polymerised at different temperatures, m  60 'ID and 2 ill <
using various percentages o f benzovl Deroiide lU P n , J  L ’ l
as (tee radical catalysts This polvme ised RSO £  i “ o b '^ sobuc>r" n ,tr ilt- (A IBN .
MM A as an acrylic monomer L ' B P O ^ S J f a f : *  11
oil samples were examined AlkvH , ' , v,sct™ “  o f the ac iv l.ilfj

samples T he p h ^ w X ^ d T d ^ ^ ^  “  ^
resins were studied and compared. properties o f  these alkyd

K eywords. Rubber seed o *  A H *  resin. A oylates; P o ly m e riz a tio n . Piln, llullJ

f P r°ductio " ^ a v a i la b i l i ty in  r u b b e r ^

Oderola, J A; SagaJ G A; Igeleke, C L and Duzc, F O 

h i: Industrial Utilization o f  Natural Rubktr ru„ . . ...

of National Conference. (Ed Ephraim E F  7  H -n o a /in y
Benin Ciiv. 1986, pp. 88.95 ?  E  ^  ^  Ins ........

Some physiological, phyt„,„ .h«,io ; J  j ,
ors affect] n | d lopmcm prodiiL tion



n

and survival o f  rubber seed under field conditions were studied. Inc idence of parthenocarpy, 
per ,,. was vet)' low in all clones exam ined and could no t accoun t for the com m on  absence 
o f  endosperm  in seeds collected from  the forest floor. Four genera o f fungi associated w ith 
the flowering stage were im plicated in subsequent floral abortion . 1 wo o f  them , Pbytopbthom  
and H 'lm im lm p o r iu m  also in terfered  w irh postan thesis stages o f  d ev e lopm en t, causing 
ru tting  o f seed parts and  pericarp  tissues. Seed survival on  th e  forest floor was affected 
seriousIv bv various agents including  insects, arachnids, nem atodes, molluscs and  m am m als.
I he effect ul these factors on large-scale com m ercial seed p ro d u c tio n  is discussed.

K eyw ords: H evea brasiliensis-, R u b b e r  s e e d ; S e e d  p r o d u c t i o n ;  S e e d  c o l le c t io n ;  
Parthenocarpy; Microflora; Nigeria

7 T he animal feed industry for developing countries
Koenig, H orst R
C onference: R egional P reparato ry  M ee tin g  o n  A nim al feed a n d  R ela ted  In d u stries  in  Africa,

1992, B am ako. M a l i ,U N I D O - lD /  W G .5 2 9 /3 ,  pp .26 .

A nim al feed p ro d u c tio n  fo r deve lop ing  coun trie s-covers (1) an im al feed in d u s try  as a 
dev e lo p m en t factor: th e  u tiliz a tio n  o f  a g ro -in d u s tr ia l b y -p ro d u c ts , use o f  ag ric u ltu ra l 
residues (2) large-scale p ro d u c tio n  o f  co m p o u n d  an im al feed, m a rk e t-o rie n ta tio n , feed 
raw m aterials, storage, au to m a tio n , co m p u te riz a tio n  (3) ru ra l in d u s tr ia l p ro d u c tio n  o f 
anim al feed (4) special feedstuffs and  feed ingredients: oil cakes, oils an d  fats, rubber seed 
press cakes, cassava, molasses (5) econom ic feasibility, storage, quality  con tro l.

Key w ords : R u b b er seed; A n im al feed  in d u stry ; Feed p ro d u c tio n ; D ev e lo p in g  co u n trie s

8 The an tiox idan t effect o f  some am ino acids in  rubber (H evea brasiliensis) 

seed oil
N joku, O b io m aU
N igerian  Journal o f  B iochem istry a n d  M olecular Biology, 11: 1996 . 3 5 -3 7 .

All the 9 am ino acids had som e antioxiclant activity w hen added  in virgin rubber seed oil. 
T h e  am ino  acids added  as solids namely, arg in ine , p heny la lan ine , glycine, m e th io n in e , 
serine, aspartic acid and  cysteine had  lower an tiox idan t activity, and  their p ro tec tion  factor 
(A O M ) being  2 .5 . T hose added  as aqueous so lu tion  had h igher an tio x id an t activity  than  
rhose added as solids. C helation  o f  m etals by am ino  acids was presum ably responsible for 
th e  a n tio x id a n t ac tiv ity . Increase in c o n c e n tra tio n  o f  som e a m in o  ac ids tr ip p le d  th e  

p ro tec tion  factor (A O M ) in the rubber seed oil.
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9 Applicability o f the Freundlich and Langmuir adsorption isotherms in the bleaching 
of rubber and melon seed oils
Achife, E C  and Ibemesi, J A
jo u rn a l o f  the American O il Chemists' Society, 66(2): 1989. 247-2  V ’.

T he applicability of Freundlich and Langmuir adsorprion isotherm -uitic bleaching o f  
vegetable oils was examined using rubber [Hevea brasiliensis (W'ili.i Adr. Juss) m uell. 
Arg.j and melon \Cokcynthis rulgaris (Schrad)j seed oil at tempcr.ittiiv s ..! 30, 55 and  80
C. Fullers earth, activated charcoal and a m ixture thereo f (1:1 ratio) were used as the 
d ec o lo riz in g  agen ts (a d so rb e n ts ). T h e  deg ree  o f  b lea ch in g  was m o n i to r e d  
spectrophotomerrically. Plots o f  log (x/m) versus log X (for Freundlich) and  (X /x /m ) 
versus Xc (For Langmuir) were made; where x is the am ount o f  coloring m atter removed 
per unit mass of the adsorbent, m, and X is the equilibrium  concentration o f  the coloring 
matter, he results obtained show good agreement with Freundlich and Langmuir isotherm s 
indicating that the adsorpt.on o f the coloring m atter from the oils proceeds by m onolayer 
orm anon on .he a iA c *  o f  the adsorbent. T he specific adsorption (x/m] and the Freundli, I, 

and Langmuir constants were found to increase with tem perature for ,  given o il/b lc c h m o

« m p e r« u re  ' ’m g ° "  *  ™ K  » "  the « * • * « > ,  w ith a rise

Key words ^ r s e e d  oil; M elon seed oil; Bleaching; A dsorp tion; IV , ,c  „ -che.n ic,1

10
Hoes n a n . Aman and Hardjosuwito, Baryono 
M ernra Perkebunan, 44(5): 1976. 261-267

Key words; Hevea, 5<jp|oiI, fwy^jjp^Thin-layer chromatography; lndi.........
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mm
the disease. H igh yielding clones are generally m ore susceptib le to  brow n  bast and  may 

have susceptib ility  bred  in to  them .

Key w ords : Hevea\ R u b b er seed o il; G ro w th  substances; B ro w n  bast; Sri t a n k a

12 An assessm ent o f  some m ethods o f  storage o f  rubber seeds and  undefatted  seed

cake
O to ide , V  O  and Begho, E R
In: Industria l U tiliza tion  o f  N a tu ra l R ubber (H evea brasiliensis) Seed, L a tex  a n d  Wood: 
Proceedings o f  N a tio n a l Conference. (E d  .E p h ra im  E. E n ab o r). R u b b er R esearch  In s ti tu te

o f  N igeria , B enin C ity , 1986 , p p .1 3 0 -1 3 4 .

R ubber seeds (fresh and predried w hole seeds an d  kernels) were stored by fout m ethods, 
viz: in po ly thene bags, plastic je rry  cans, n y lo n -m atted  bags an d  on  th e  floo r A fter a 
period o f tw o m o n th s  o f  storage, th e  fresh seeds reco rded  s ign ifican tly  h igher levels o l 
m ould iness com pared  to  the pre -d ried  seeds. W hile  10 -1 0 0 %  o f  the fresh w hole seeds 
and  kernels w ere m ouldy, d e p e n d in g  on the storage m eth o d , 6 .7 -3 0 %  o f  the p re -d n e d  
w hole seeds and  kernels w ere m ouldy. T h e  m oisture con ten ts o t the fresh seeds d ropped  
significantly from 29 .7%  to less than  10 %  except for those stored  in plastic jerry' cans and  
fresh whole seeds in polythene bags. A trace o f  m ouldiness was observed on the surface o f 
the undefatted  seed cake stored  in nylon -m atted  bags. In  all cases, m ould iness was caused 
by Aspergillus / A few insects ( Tribolium sp.) were observed in the fresh kernels sto red  on 
the floor and in nylon-m atted  bags. From  the pre lim inary  results ob tained  it is conc luded  
th a t dry ing  rubber seeds before storage is desirable to  m inim ise m ouldiness.

Kev w o rd s : R u b b er seed; Seed storage; M ou ld in ess; M o is tu re  c o n te n t; N ig eria

13 Bibliography on rubber seed oil (w ith abstracts). N o  10
R u b b er R esearch In s ti tu te  o f  M alaya , K uala L u m p u r, 1970, 2 2  p.

Key w ords : R u b b e r seed; R u b b er seed  o il; B ib liog raphy ; M alaysia

14 Biochemical and nu tritional qualities o f  rubber-seed meal
Nwokolo, Em m anuel
Tropical Agriculture, 64 (3 ): 1 9 8 7 .1 7 0 -1 7 1  -

In  N igeria  e th e r ex tract fractions o f  rubber-seed  m eal w ere analysed for sapon ifica tion , 
iodine and peroxide values an d  free fatty  acid co n ten t. T h e  saponification  value was 183.37, 
iodine value was 15-26, peroxide value was 0 .90  and  free fatty  acid (oleic acid) c o n te n t 
19 .71% . A n analysis o f  th e  fatty  acid c o m p o sitio n  o f  rubber-seed  oil in d ica ted  a high  
co n te n t o f  lino le ic acid (3 7 .1 8 % ) an d  lino len ic  ac id  (2 9 .9 5 % ). T h e  d e fa tted  meal was 
analysed for its am ino  acid con ten t. It was high in arginine, valine and leucine, m odera te 
in lysine and  low in m eth ionine.



15 Biochemical viability test o f Hevea rubber seeds 
Toruan-Marhius
Menara Perkebunan, 59(2): 1991- 38-42.

Hevea brasiliensis seeds are classified as recalcitrant. T hey  have no dorm ancy period and 
tend to lose their viability rapidly during storage. T he conventional m ethods for viability 
test have several weaknesses, either time consuming (21 days) or the results arc less accurate. 
This experiment was aimed at finding a rapid method to determ ine the viability o f  Hevea 
seeds by investigating the correlation between the parameters o f seed viability (germ ination 
percentage, germination value, rate o f  spread o f germ ination) and  electrical conductivity  
or free fatty acids (FFA) content in two clones, i.e. G T l and LCB 1320. It was found that 
there was a strong linear correlation (f>-0.80,r*) betw een seed viab ility  and electrical 
conductiv ity  in both  clones. Between seed v iability  and  FFA co n te n t, however, the 
correlation was found to be exponential (r>-0.90**). It was concluded  tha t electrical 
conductivity and FFA tests can be applied as rapid m ethods for determ ining seed viability 
o f  the two clones. T he m ethods are simple, accurate and require only 8 hours instead o f  21 
days in the conventional method.

Key words : Hevea brasiliensis; R ubber seed; Seed viability; Indonesia

16 Biological evaluation o f para-rubber seeds (Hevea brasiliensis)
Fetuga, B L; Aveni, T  O; Olaniyan, A; Balogun, M A; Babatundc, ( ;  M and 
Oyenuga, V A

N utrition Reports International, 15(5): 1977. 497-510.

Oetarod tu b lx t seeds T ou l ,m ,„ „  acid composition o f  full-fat ml.!,.., „ ..... ,
soybean meals was also determ ined by colum n ch tom atog taphv  f„ t tm ino  tc ijs  |:'„u , 
expet,mcm s were conducted using 28-day old alb.no ,ats Oniiial » „ . , m  =,0 s t . ,
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V f M '-  Am™  analysis i n d i c t  l o w e r O f  Ivm’ * ^  1 ,,2 '29 1
phenylalanine, tyrosine, praline and elvcine nrrm i iso-leucine, leucine
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responses, w hile h o t w ater ex traction  resu lted  in n o n s ig n if ican t im p ro v em en ts  in th e  
n u tr i t iv e  v alue . R esponses to  a m in o  ac id  s u p p le m e n ta t io n  su g g est t h a t  ly s in e  and  
m eth ion ine  are m ost lim iting  in rubber seed pro tein . T h e  overall results also suggest an 
im pairm ent o f  the nutritive value of rubber seeds by ex traction  w ith  petro leum  spirit.

Key w ords : H evea brasiliensis, R ubber seed; R u b b e r seed m eal; B iological eva luation ;
N u tritiv e  value; D e fa tted  ru b b e r seeds; Fu ll-fat ru b b e r seed; P ro te in  quality ,

N igeria

By-products and ancillary activities in rubber plantations
Pushpadas, M  V; Haridasan, V  and Jayarathnam , K
hr. H andbook o f  N a tu ra l R ubber Production in  India . (E d . P  N  R a d h a k r ish n a  P illai). 

R u b b er Research In s titu te  o f  In d ia , K o ttayam , 1980, pp. 5 0 5 -5 1 4 .

Rubber seed is a source o f  non-edible oil. T h e  collection o f  rubber seeds was^ n o t w idely 
practised in India until the last decade. However, th e  increase in the price o f  non-edib le 
oil in recent years generated interest in the collection and  processing o f  ru b b er seeds. 1  he 
seed fall season in Ind ia  is betw een July a n d  S eptem ber. A part from  p o w dery  m ildew  
disease and abnorm al leaf fall disease caused by Phytophthora spp.. rainfall also reduces the 
yield o f seed from  the rubber trees. T h e  non-availability  o f  adequate workers for collection 
a t a reasonable wage, difficulty in s toring  the seed, presence o f  lu xurian t cover crops and  
steep and hilly terrain are o ther adverse factors affecting collection o f  rubber seeds. Various 
estim ates are available regard ing  the seed ling  p o ten tia l o f  ru bber trees. A c co rd in g  to  a 
s tudy  conduc ted  by the Rubber Board, on  an average, a healthy tree can yield a b o u t 500 
g. o f  useful seeds d u ring  a norm al year an d  this works o u t to an  estim ated  availability o f  
1 50 kg. o f  seeds per ha. T h e  price o f  rubber seeds range betw een 3 0 -6 0  paise per kg. Very 
y o ung  and  old trees do not produce sufficient seeds to m ake collection econom ical. A lthough 
th e  total area un d er rubber in India was 2 .36  lakh ha at the end o f  1978-79, after excluding 
areas p lan ted  before 1948-49 an d  after 1972-73, on ly  two lakh ha m ay be considered  as 
poten tial p lan tation  capable o f  yield ing  seeds. It has been estim ated  th a t th e  above area 
could produce abou t 30000 tonnes o f  seeds d u rin g  a norm al year. A bout 10 per cent o f  it 
w ou ld  be used for raising p lan tin g  m ateria ls in th e  estates an d  sm allho ld ings. R u b b er 
seed oil can be used for m aking  soap. As sem i-dry ing  oil, it can be used as a su b stitu te  for 
linseed  oil in th e  m an u fa ctu re  o f  p a in ts . R u b b er seed o il, in su ita b le  tre a tm e n t w ith  
su lphur, produces a material know n as factice, w hich could  be used in rubber com pounds.

Key w o rd s : R u b b er seed; R u b b er seed  oil; Seed  u tiliz a tio n ; B y-p ro d u c ts ; In d ia

Bv-products and ancillary sources ot income
George, K T harian ; Reghu, C  P and N ehru , C  R
In: N a tu ra l Rubber: Agrom anagem ent a n d  Crop Processing. (Eds. P I G eorge  an d  C  K uruvilla 

Jacob). R u b b er Research In s ti tu te  o f  In d ia , K o ttay a m , 2 0 0 0 , pp. 5 0 7 -5 2 0 .



cultivation. Theses attem pts assume im portance in the backdrop o f  the em erging trends 
in the NR sector characterised by an escalation in the prices o f  material inputs, instability 
in prices and erosion o f  relative profit margins. A part from the econom ic benefits  o f  
establishment o f  cover crops and inter-crops during the im m ature phase, th e  th ree by­
products, viz., rubber seed, rubber honey and rubber wood form the m ajor sources o f  
ancillary income in the mature phase o f  rubber plantations. In India, a prelim inary a ttem pt 
a t the commercial exploitation o f  rubber seed was initiated by the Khadi and  Village 
Industries Commission (KVIC) as early as late 1960s. T he two major products processed 
from rubber seed are rubber seed oil and rubber seed cakes. T h e  w eight o f  rubber seed 
varies from 3 to 5 g., o f  which about 40 per cent is kernel, 35 per cent shell, 25 per cent 
moisture. The oil content in dried kernel ranges from 35 to 38 per cent and the recovery 
rate ot seed cake is ,n th e  range o f  57-62 pet cent. In India, rabbet seed collection ten, mis 
as an unorganised activity and the commercial exploitation by the planters is not up to the 
desired extent. The n,a,or contributing factors are low prices o f  seed in the m arks, and 
difficulties ,„  storage. T he three m a,or factors adversely affecting seed produc, ion are powder V

7 r  f c  d r - andsevcre m p ^ ™  «=»»» inIndia falls between July and Septem ber and the estim ated seed p ro d u c , .......... . ,.
about 150 kg per ha. T he production ol rubber seed oil and cake for 1W 7-W  w ,  W O  
and 4710 tonnes ̂ respectively. Although 85 per cent o f the area ................ , k ,, , u , “  IMi,

and has been evaluated as a 1 i - ls rlc '̂ 111 protein

cake is reported to be used by the cattfe J n /p o u lt tv ' 5.°%  ° f  tHe Seed
the remaining is directly used w ithout blending or m W ng"” ”  " " 8

Key words: Rubber seed; R ubber seed oil; B y-products; C om m ercia l use, India
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20 C arbohydrates o f the seeds o f the rubber tree, H evea brasiliensis
A nderson, D  M  W ; G reenw ood, C T  and Robertson, J S M

Jou rn a l o f  the C hem ical Society, 1957. 4 0 1 -4 0 5 .

T h e  carbohydrate m aterials present in the endosperm , cotyledons, and  shell o f  th e  seeds 
o f  the rubber tree, Hevea brasiliensis, have been exam ined by m eans of a graded extraction 
p rocedure , a n d  th e  results o f  ch ro m a to g rap h ic  a n d  o th e r analyses o f  th e  frac tio n s  so 
ob ta ined  are reported . I he endosperm , co ty ledons, an d  shells all co n ta in  a m ix tu re  of 
polysaccharides which gave on hydrolysis galactose, glucose, arabinose, xylose, rham nose , 
and  u ron ic  acid units. (T h e percentages o f  these residues w ere 4 , 60 , 2 0 , 8 , 2, a n d  6, 
respectively for the endosperm ; 5, 56, 22, 7 , 3 and  7 , respectively for the cotyledons; and  
4 , 11, 1, 80 , trac e , an d  4 , respectively  fo r th e  shells). T h e  c o ld -w ate r ex tra c t o f  th e  
endosperm  has been studied  in detail an d  an  araban-rich  fraction isolated.

Key w ords: H evea brasiliensis-. Seed shells; C arb o h y d ra tes ; E x trac tion

21 The cell wall structure and the industrial utilization o f  the oil o f  the ru b b er seed 
for paint m anufacture
N joku, O  U
P h .D . T h esis , D e p t, o f  B iochem istry , U n iversity  o f  N igeria , N su k k a , 1 9 9 4 , 195  p- 

(C ite d  by N jo k u , O b io m a  U  an d  O n o n o g b u , Ik p e n d u  C ., 1995)

Key w ords: R u b b e r seed oil; Cel! wall s tru c tu re ; In d u stria l use; P ain t; N igeria

22 C h an g es  in cyanogen ic  g lu co sid e  c o n te n t in  seeds an d  seed lin g s  o f  
Hevea species
Selmar, D ; Lieberei, R; Junqueira, N  and  Biehl, B

Phytochem istry, 30 (7 ): 1991. 2 1 3 5 -2 1 4 0 .

T h e  c o n te n t o f  cyanogenic glucosides was determ ined  in seeds o f  Hevea brasiliensis (cultivars 
FX 25 an d  IA N  8 73), H. pauciflora, H. bentham iana  an d  H . cam argoana  co llec ted  in  
Brazil. Large am o u n ts  o f  the m onoglucoside linam arin  w ere detec ted  in all seeds tested  
bu t lo taustra lin , w hich  occurred  in m uch  low er co n c en tra tio n s , d id  n o t o ccu r in every 
ind iv idua l seed. A fter sto rage (a t 27°C  an d  5 0 %  R H ) th e  d ig lucosides  lin u s ta tin  a n d  
neolinustatin  w ere also detectable, im plying tha t the 2  m onoglycosides w ere g lucosylated 
d u ring  aging. D u rin g  germ ination  and  seedling developm ent, the patterns o f  developm ental 
changes in H C N -p o te n tia l  d iffered  betw een  th e  species an d  w ith in  th e  H . brasiliensis 
cultivars. In th e  "wild type” IAN 873 seedlings the H C N -p o te n tia l fell to less th a n  15%  
o f  the initial co n ten t whereas it rem ained nearly constan t in FX 25 seedlings. In the o th e r 
Hevea species the poten tial first increased and  then  decreased. T hese changes dep en d ed  on 
the conversion of cyanogenic glucosides to non-cvanogen ic  co m p o u n d s  a n d  o n  de novo  
synthesis o f  cyanogens.



23 Changes in germination, respiration rate and leachate conductivity during storage 
o f  Hevea seeds
Normah, M N  and Chin, H  F 
P enanika , 14(1): 1991. 1-6.

Hevea seeds were stored a t the tem peratures o f 10, 22 and 27°C. A fter each m o n th  o f  
storage, changes in percentage germ ination, respiration rate and  leachate co nduc tiv ity  
were observed. There was a decrease in percentage germ ination, seedling height, seedling 
dr)- weight, respiration rate and an increase in leachate conductivity’ as du ra tion  o f  storage 
tncreased. Loss o f membrane integrity was suggested as one o f  the causes o f  deterioration 
or seeds during storage

K eyw ords: Rubber seed; Seed storage; M oisture con ten t: I . u  i„ir,.n inn: R espiration  rJ Ie . 
Leachate conductivity; Malaysia

2 l Characteristics and some fatty acids o f para rubber seed oil in Malaysia 
Suzuki, \ ; Tatsu, L B; Saito H  and Ohara, T  

Japanese jo u rn a l o f  Tropical Agriculture, 21 (3-4): 1978. 201-205  

Key words: Rubber seed oil; Fatty acid; Malaysia

25 Chemical analysis for possible sources o f oils offorty-five species o f  oil-bearing

Padilla, S P and Soliven, F A

Philippine Agriculturist, 22: 1933. 408-415

(R R IM  Bibliography. N o. 10 B ibliography on R ubber seed oil,

Key words: Oil b e a rin g * e d ; Rubber seed oil; C hem ical , ..................... .
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From  a short du ra tio n  experim ent involving feeding m ineral-free reference diets as well as 
the test ingredients, availability o f m inerals in ru b b er seed nu-al was dete rm ined . Finally, 
defatted rubber seed meal was incorporated a t levels o f  10% , 15%  and 2 0 %  in to  d iets o f  
three-week old broiler chicks for a 14 day feeding trial. A  sum m ary  of the results of chem ical 
and  biological evaluation o f  rubber seed meal w ith  reference to  its su itab ility  as a m ajor 
protein source in poultry  n u tritio n  is provided.

Key w ords : R u b b er seed meal; C h em ica l ev a luation ; B iological eva luation ; P o u ltry  d ie t; 
A m in o  acid; F atty  acid ; N u tr i t io n ;  N igeria

27 Chemical com position and nutritional value o f  para-rubber seed and its products
for chickens
N arahari, D  and K othandaram an, P
A n im a l Feed Science ancl Technology, 10: 1 9 8 3 /8 4 . 2 5 7 -2 6 7 .

Para-rubber (Hevea brasiliensis) seed and  its products w ere subjected to  d ifferen t m ethods 
o f processing such as decortication, oil extraction, autoclaving and ferm en tation  an d  assayed 
for their chem ical com position  and  nutritional value. Pea n u t oil meal an d  yellow maize 
were also assayed similarly for com parison. D ecortica tion  reduced the crude fibre con ten t, 
w ith  p ro p o r tio n a te  increases in o th e r  n u tr ie n ts  a n d  e n e rg y  v alue . A u to c la v in g  a n d  
fe rm en ta tio n  failed to im prove th e  n u tr itio n a l value o f  u n d ec o rtica te d  ru b b e r seed oil 
meal. C ru d e p ro tein  co n ten t of rubber seed and  its products ranged from  1 1.5%  in rubber 
seeds to 2 7 .4%  in com m ercial decorticated  ru bber seed oil meal. T h e  oil c o n te n t o f  the 
ru b b e r seeds and  kernels was 24 .0  an d  4 0 .1 %  respectively. T h e  availab le c a rb o h y d ra te  
co n ten t o f rubber seed an d  its p roducts ranged from  6 .3%  in rubber seeds to  15 .9%  in 
com m ercial deco rticated  ru bber seed oil m eal; these values m ay be c o m p a red  w ith  th e  
value o f  5 9 .0 %  for yellow maize. B oth  u ndecortica ted  and  decorticated  ru b b e r seed oil 
m eals appeared  to  be deficient in su lp h u r-c o n ta in in g  am ino  acids an d  lysine. T h e  gross 
p ro te in  value o f  u n d eco rtica ted  an d  d ec o rtica te d  ru b b e r seed oil m eals a n d  p e a n u t oil 
m eal was es tim ated  to  be 43-6 , 47 .0  a n d  4 9 .7 , respectively. B oth  u n d e c o rtic a te d  and  
decorticated  ru bber seed oils w ere rich in oleic an d  stearic acids, b u t  relatively p o o r in 
poly-unsat un ited  fatty acids, com pared w ith peanut oil. D eterm ined  ap p a ren t M E  (A M E) 
values were (kcal/g  d ry  m atter): rubber seeds, 2 .91; kernels,4 .70; u n d ec o rtica te d  rubber 
seed oil m eal, 2 .00; and  decorticated  ru b b er seed oil m eal, 2 .8 0 . T h e  tru e  M E  (F M E ) 
values w ere 3 .24 , 5 .1 6 , 2 .22  and  3 .00  kcal/g  d ry  m atter, respectively. In  general, T M E  
values w ere ab o u t 10%  higher than  th e  A M E values.

Key w ords: Para ru b b e r seed; R u b b er seed m eal; R u b b er seed oil; C h e m ic a l c o m p o s itio n ; 
N u tr i t io n ;  B ro iler ch icken ; Ind ia

28 Chem ical com position and nutritive value o f rubber seed cake
A m rithkum ar, M N  and Sam path, S R  

In d ia n  Jou rn a l o f  D a iry  Science, 32(1 ): 1979 . 5 8 -61 .

A s tud)1 was carried o u t to determ ine the chem ical com position  o f  rubber seed cake and  to



evaluate its nutritional value. Five adult bullocks were selected and each ol them  was fed 3 
Kg o f  rubber seed cake to meet their protein requirem ent and ragi straw, led a d  lib. T he 
study was carried out for a period o f 28 days and during  the last seven days a metabolism 
trial was carried out. From the chemical com position, it is clear that there is scope for 
using rubber seed cake as a protein com ponent o f the diet. Effective processing can reduce 
the level o f  H C N  concentration in the cake, thereby rendering it safe for feeding animals. 
T he animals did not record any loss in weight. They ingested about 3 Kg o f  rubber seed 
cake/day/animal and the dry m atter intake was 1.56 K g /100 Kg body weight. T he average 
digestibility coefficients o f  the nutrients and the nutritive value o f  rubber seed cake are 
also presented. T he study indicated that rubber seed cake can replace coconut cake, linseed 
cake or cotton seed cake in the ration o f dairy animals.

K eyw ords: R ubber seed cake; N u tritive value; C hem ical com position ; C a ttle  feed; Ind ia

Clonal seed collection areas in Malaya and their im provement
Planters' Bulletin, N o .32: 1957. 91-96.

Keywords: Rubber seed; Seed collection; M alaya

The collection and utilisation o f rubber seed in Ceylon 
Nadarajah, M

R R IC  Bulletin, 4 (3& 4): 1970. 23-32.
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from g round  level and  the stand per hectare is estim ated  as 184. Accordingly, the actual 
po ten tial o f  rubber w ood from  one hectare o f  rubber p lan ta tio n  is 0 .3 9  cubic m etre of 
s tu m p  w ood an d  0 .62  cubic m etre o f  branch  w ood. T h e  identified  com m ercial uses o f  
rubber w ood are the m anufacturing  o f  fu rn itu re after trea tm ent, m aking  fibre boards and 
hard boards and  paper ryon . N orm ally, m a tu re  rubber trees betw een 7 -2 2  years o f  age 
produce seed. In the case o f  seed the actual potential is estim ated as one Kg ot ru b ie r  seed 
consists o f 205 seed at an average w eight o f  4 .87  gms. A ssum ing 350 trees per ha. after 
giving allow ance for tree losses d u e  to  natu ra l factors 150 Kg o f  seed can be procured  
Rubber seed is m ainly used for agricultural as well as industrial purposes. In  th e  agricultural, 
it is used for nursery purpose while for industrial purpose it is processed as oil after crush ing  
the decorticated and  dried  kernel. T h e  oil so crushed is used for m an u factu rin g  o f  soap, 
alkyd resin, paint etc. T h e  cake is used as m anure an d  ca ttle /pou ltry  feed.

Key w ords: R u b b er seed; R u b b er w ood ; C o m m e rcia l eva luation ; In d ia

32 Comm ercial exploitation o f  ancillary rubber products
Joseph,T om s and  George, K T harian  
Econom ic a n d  Political Weekly, 29 (8 ): 1994 . 4 1 3 -4 1 5 .

W ith  th e  In te rn a tio n a l R ubber A greem en t, th e  only  ex isting  c o m m o d ity  p ac t o n  the 
verge o f  collapse, the com m ercial exploitation o f  ancillary rubber p roducts such as rubber 
w ood, rubber seed and  honey  has assum ed im portance . T h is  paper describes th e  case o f  
natural rubber as a classic exam ple o f  the vulnerability  o f  the developing  coun trie s to  price 
tl ac tuations in the world market. T h e  response o f the natural rubber p ro d u c tio n  sector is 
exam ined from a policy angle. A lthough the response varies across countries, it  is un ique 
in c a p ita liz in g  availab le o p p o rtu n it ie s  fo r squeezing  the u n it  co st o f  p ro d u c tio n  an d  
exploring potential outlets for increasing the net incom e per un it o f  area. U sing exam ples 
from  India an d  M alaysia, the com m ercialization o f  all three ancillary p roduc ts o f  rubber, 
are described; greatest a tten tion  is paid to rubber w ood since this occupies an  im p o rtan t 
position in term s ol its grow ing m arket po ten tial and  the basic characteristics as a renew able 
bv -product o f  rubber plantations. T h e  m ain uses o f  the by -products are detailed, ranging  
from  safer)' matches and  packing case m anufacture to rubber seed o il an d  cake.

Key w ords: R u b b er p ro d u c ts ; R u b b er seed oil; R u b b er in d u stry ; In d ia

33 Com m ercial possibilities o f para rubber seed oil
Eaton, B J
A gricu ltura l B ulletin  o f  the Federated M alay  States, 7 (2 ): 1 9 1 9 .7 3 -7 8 .



34 The commercial utilization o f the seeds o f para rubber tree (Hevea brasiliensis) 
Bulletin o f  the Im perial Institute , 1: 1903- 1 56-1 59.
(RR.I.M Bibliography No. 10 Bibliography on  R ubber seed oil)

Key words: Hevea brasiliensis'. Rubber seed: C om m ercia l applica tion

35 The commercial utilization of the seeds of the para rubber tree (Hevea brasiliensis) 
Bulletin o f  the Imperial Institute, 2 (M arch): 1904. 22-23.

Key words: Hevea brasiliensis; Rubber seed: C om m ercia l applica tion

36 Comparative utilization o f rubber seed oil and palm oil by broilers in a hum id 
tropical environment
F a jim i, A  O ;  Babatunde, G M; Ogunlana, F F and Oyejide, A 
A n im a l Feed Science a n d  Technology, 43(3-4): 1993. 177-188.
(AGRIS. 1993-1994)

Keyw ords: Rubber seed oil; Palm oil; Feed intake; Broiler chicken; W eight gain; H u m id  
tropics

37 A comparison o f the stability o f oils from Brazil nut, para rubber and passion
rruitseeds r
Assuncao, F P; Bentes, M  H S and Serruya, H

Journal o f  the American O il Chemists'Society, 61(6): 1984. 1031-1036.
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led to the pattern: W O  ♦  O . "  < B N O  < PT O  < P R O . C onside ring  the whole period ol 
■ In- experim ent, th e  changes in viscosity and  the values o f  th e  induction p e r " *  P“ ' m 
tow ard  the firs t-m e n tio n e d  stab ility  p a tte rn , d e m o n s tra tin g  th a t  w ith o u t k m e t.c  da ta  
these 2 param eters are insufficient to determ ine such patterns.

Key w ords: R u b b er seed; R u b b er seed oil; Brazil n u t; O il s tab ility ; O il  o x id a tio n ; Brazil

38 Com position of para-rubber-seed oil
Pickles, Samuel S and H ayw orth, W illiam P 

Analyst, 3 6 :1 9 1 1 .4 9 1 -4 9 2 .

Key w ords: H evea brasiliensis, R u b b er seed; R u b b er seed o il; C h em ica l co m p o s itio n

39 Com position o f para-rubber-seed-oil
Tuason, Angelica M  and Cruz, Aurelio O
The Philippine Jou rn a l o f  Science, 82(4): 1953. 3 4 1 -3 4 4 .

O n  the com position  o f  para-rubber seeds, expressed from  P h ilipp ine p lan ts, it consists 
p rincipally  o f  the g lycerides o f  linolenic, linoleic, o leic an d  sa tu ra ted  acids an d  is ver\ 
sim ilar in com position to the rubber-seed oil from  plants grow n in Sum atra. It has twice 
the linolenic glyceride co n te n t b u t a higher percentage o f  satu ra ted  glycerides, com pared  
w ith  Philippine lum bang oil (from Aleurites moluccana).T h e  oil belongs to  th e  sam e class 

as linseed oil and  has dry ing  properties.

Key w ords: H evea brasiliensis; R ubber seed; R u b b er seed oil; R u b b er seed  kernel; C h em ical 

c o m p o sitio n ; P h ilipp ines

iO C onservation o f the germ ination pow er o f H evea brasiliensis seeds
M ian, K
Revue Generate des Caoutchoucs e t Plasticjues, 61 (6 5 1 ): 1985. 7 3 -7 7 .

Key w ords: Seed  storage; G e rm in a tio n ; Ivory coast

41 C ontent and availability o f  nutrien ts in rubber seed meal
Nwokolo, Em m anuel and A kpapunam , M aurice 

Tropical Science, 2 6 :1 9 8 6 .8 3 -8 8 . 

(A G R IC O L A . 1 9 8 4 -1 2 /9 1 )

K ey w ords: R u b b er seed; R u b b er seed m eal; N u tr i t iv e  value



42 Current work at the University of Liverpool nn potential sources o f drying oils 
H ild itch .T P
Paint Technology, 13(154): 1948. .398-400.

Keyw ords: R ubber seed; Rubber seed oil; D rying

43 The cyanogenic glucosides and glucosidases o f rubber seed kernel 
Mallika, G V; Jansz, E R; Pieris, Nirmala M and Abeyasekara, A M 
Journal o f  the N ational Science Council o fS r i  Lanka, 19(2): 1991. 9 9 -106 .

T his study indicates that small am ounts o f  lotaustralin  are also present. B ehaviour ol 
linamarase (EC  3.2 .1 .21) from rubber seed kernel ind icated  the presence o l m u ltip le  
enzymes similar to that o f  the linamarases o f  manioc rind. T h e  pH  optim um  and activation 
energy o f  the enzyme was found to be approxim ately 6 .2  (w ith a shou lder a t 5 .4) an d  
10.1-10.3 Kcal, m o le 1 respectively. A ctivity  appeared  to  dec lin e  on  d ilu tio n .'

Key words: Hevea brasiliensis; R u b b er seed kernel; C y an o g en ic  g lucoside; L inam arase ; 
Sri Lanka

44 Danger o f hydrocyanic acid content of Hevea seed products used for fodder 
Bredemann, G
Tropenpflanzer, 34: 1931. 249-

(RRIM Bibliography. N o. 10 Bibliography on Rubber seed oil)

Keyw ords: Hevea; R ubber seed products; H ydrocyanic acid; Fodder

45 Developmental anatomy o f germinating seed o f Hevea 
Premakumari, D and Sobhana, P

Indian Journal o fN a tu ra l Rubber Research, 8(1); 1995 8-12

“ Pea\ ° f germinJti"8 embr>'0 ^  «udM  wi,b cmplmfc io
8“  F T ™ * ™  !tage' T l’e Sl,0° '  &  ° f  em bryo is ,

L, i , f c  l . d b



46 T he developm ent o f  a rubber seed processing technology for the production  o f 
vegetable oil and animal feed: Phase 1. Literature review, field studies, laboratory 
tests and product and process development perspectives
Vogt, H  F T  andT od t, K H
Pro jec t R ep o rt N o , U S /G L O /8 1 /1 0 3 , U N I D O , V ien n a , 1 9 8 7 , 172 p.
(h ttp :/ /w w w .u n id o .o rg /d a ta /id a /0 l6 2 7 1 .c fm )

Expert report on processing o f  rubber oilseeds (H evea brasiliensis) for th e  p ro d u c tio n  o f  
vegetable oils and  anim al feed-covers (1) in fo rm ation  gathe red  from  lite ra tu re  (2) held  
study in Sri Lanka (3) laboratory research and  testing w ith  special reference to  (a) rubber 
seed oil (b) filtering o f such oil (c) com position o f  rubber seed meal.

K ey words: R u b b er seed; Seed  processing; O il seed p lan t; V egetable oil; A n im al feed; Sri 

Lanka

47 Development o f a rubber seed processing technology for the production o f vegetable 
oil and animal feed: Phase I. Final report
U N I D O , P ro jec t R ep o rt N o ,U S /G L O /8 1 /1 0 3 , V ien n a , 1986. 
(h t tp :/ /w w w .u n id o .o rg /d a ta /j4 a /0 l6 0 0 6 .c fm )

Final report on  vegetable oils and  anim al feed p roduc tion  based on  processing of ru b b er 
oilseeds- (1) surveys relevant literature and  docum en ta tion  (2) presents a field study  from  
Sri Lanka considering technical and econom ic aspects o f  producing rubber seed oil and  cake 
(3) covers laboratory research and testing, w ith atten tion  to: separation and refining; chem ical 
analysis; quality control; storage; oil filtering; com position o f  rubber seed meal (4) proposed 

pilot p lan t trials.

Key w ords: R u b b er seed; Seed processing; R u b b er seed  oil; V egetable o il; A n im al feed; 
Feed p ro d u c tio n ; O il seed p lan t; Sri L anka

48 D evelopm ent o f  local raw m aterials for the rubber industry
Rajapakse, R A
Jou rn a l o f  the N a tio n a l Science C ouncil o f  S r i L a n k a , 6 (2 ): 1978 . 129-135-

T h is  paper describes the possibility  o f  developing  ru b b er co m p o u n d in g  ing red ien ts such 
as anti-oxidants, stearic acid, resins, re inforcing fillers and  accelerators from  locally available 
materials such as cashew n u t shell liquid, rubber seed oil. paddy hull ash, lign in  etc. Since 
rubber seed oil contains a higher p roportion  o f  unsatura ted  h igher fa tty  acids, hydrogenation  
o f  the fatty acids from  rubber seed oil is expected to  yield ab o u t 80%  o f  stearic acid.

http://www.unido.org/data/ida/0l6271.cfm
http://www.unido.org/data/j4a/0l6006.cfm


Development of non-edible oils for use in the Nigerian surface coating industry 
w ith particular reference to rubber (Hevea brasiliensis) seed oil for manufacture 

o f air drying oil modified alkyds 
Adefarati, F B
h r  Industrial Ikilim aioti o f  N atural Rubber fH e v ta  bmsiliemis) Seed. L atex a n d  Wood: 
Proceeding, a f N a m M l & f e n n c ^ U .  Ephraim E. Enabor). Rubber Research Insctute 
o f  N igeria, Benin City, 19S6, pp. 27-38.

T he utilization o f  edible oils for industrial purposes should be discontinued and discouraged 
in Nigeria for two obvious and im portant reasons: (i) Short supplies leading to com petition 
with food (ii) Scarce foreign exchange to im port these oils. There is, therefore, urgent need 
to investigate and develop available non-edible oils for use in the m anufacture of alkyd 
resins. Rubber seed oil has been reported to have as its constituents, 30-35%  o f  linoleic 
acid and 21-24%  oflino len ic acid, giving a property similar to a sem i-drying oil such as 
soyabean oil. Rubber seed oil, when alkali refined, could therefore be used in the preparation 
o f  air-drying oil modified alkyd. Air-drying alkyds occupy an im portan t place in the paint 
industry an d  the demand is estim ated at about 16, 000 tons (50%  solid resin) o f  w hich 
approxim ately 2,500 tons o f  vegetable oil would be needed for the poly-condensation  
reaction. Rubber seed oil could, therefore, be adopted as a total o r partial replacem ent for 
the currently used traditional edible oils such as soyabean oil o r linseed oil in this industry. 
Another indigenous oil is tobacco seed oil derived from the seeds o f  Nicotiana tabacum , 
which has the required properties o f  sem i-drying oils and is available locally in massive 
quantities. T he potential o f  this oil should also be investigated and developed.

K eyw ords: Rubber seed; R ubber seed oil; Surface coatings; Alkyd resin; N o n  ed ib le oil; 
Vegetable oil; Blend; Nigeria

Development of rubber seed oil and damar resin based paints 
U N ID O  Project 'DP/VJ E /86 /040  

(hctp ://www.unido.org/Data/Project/Project..cfm ?c= 1 ] 11)

Project responds to ..tgern need based on: Importance o f anti-corrosh c J n t  lopm ciu
using indigenous materials; Necessity enlarge utilisation o f , ,.1.1. , , - o l  oil uul d 
resm for local m anufacture o f high perform ance p roducts ,o s„ l,..,i,t„e  „ „ p o n  and ,o 
promote through this natural rubber cultivation. T he large n u m lx i "I users ol die paints 

pu lc an private sectors e.g. in ship and boat construction and repairing, food processing 
machinery and equipment, building construction „ .  . P ro , , responds to ihis need through

in est.gat.on as basic materials for further paints development.

K eyw ords: Rubber seed oil; Pain,; A nti-corrosion

http://www.unido.org/Data/Project/Project..cfm?c=


Dietary utilization o f rubber seed oil by growing chicks
N w o k o lo , E  a n d  S im , ]

Tropical Science, 28 (3 ): 1 9 8 8 .1 4 7 -1 5 2 .

Key w ords: R u b b er seed; R ubber seed oil: F ,« y  acid; W aste u tilisa tio n ; Broiler ch icken ; 

G ro w th  ra te ; Feed evaluation

Digestibility experiments w ith sheep; Para rubber seed cake

A u ld ,  S 'J  M
Journa l o f  Agricu ltura l Science, 5: 1 9 1 2-13 . 4 2 9 -4 3 3 - 

(C ited  by Selle, C elia  M arg arita , et a l ,  1983)

Key w ords: R u b b er seed: R u b b er seed cake; D igestib ility

D igestibility studies in grow ing pig fed diets based o n  C am bodian  rubber seed 
and soybeans supplem ented w ith  w ater spinach a d  lib itum
P e c h  S o v a n n o ;  I y, ] ;  P o k  S a m k o l  a n d  P r e s to n ,  1  R
(http://w w w .utafourK iauon.org/utacanibod/m ic99thes/sow faperJJinn)

A digestibility trial was conducted  on the experim ental farm  a t the U niversity o f  Tropical 
A gricu lture (U TA ), P h n o m  Penh, to  evaluate the n u tritiv e  value o f  d iets com posed  
eifher C am bodian  full-hit lubber (H 'V 'n  brm liem is) seed meal o r full- at 
using 16 M ong Cai U rg e  W hite pigs. R ubber seeds o f  unk n o w n  falling da) 
period, and  soybeans were used as sources o t p ro te in  an d  o l l in  this s tu d ;, w ith  n K a lf ro m  
dried cassava roots, cultivated on the red soil from K am pong C h am  province, as carbohydrate 
source. Fresh w ater sp inach  (lpom o'a  acuatica) was given a d  h h * m  as a supp lem en tary  
nro ie in -rich  forage. A 2 x  2 X  2 factorial a rran g e m en t was used to  s tu d y  th e  e llec t o f 
p ro te in /o il source (fu ll-fal ru bber seed m eal o r fu ll-fa t soybean m eal). D L -m e th ,o m n e
su p p lem en ta l........ - o r  0 .3% ) and  anim al live weight (40 or 60  kg). Average crude p ro tein
content o f  .W  rations as fed was I3 .1 ± 1 .0 5 %  in  d ry  basis and  voluntary  in take of water 
spinach was ”  1±2 6 and  16 .2± 1 .4%  o f  th e  daily  d ry  m atte r in take lo r  an im als o l 40 
and 60 kg live w eight, respectively. T h ere  was no significant in teraction  (P>0.05) am ongst 
any o f th e  factors for d igestibility  indices. T h ere  was no  significant influence o t an im al live 
weight on any o f  the d igestibility  coefficients. T h e  d iet w ith  full-fat rubber seed m eal had 
a lower D M  and  organic m atte r digestibility, com pared  w ith  the soybean diet, b u t there 
was no oil seed source effect on  N digestibility, w hich was always low. Digestibility indices 
appeared to bo h igher for diets supp lem en ted  w ith  D L -m e th io m n e , b u t th is effect on ly  
tended  to  be s ign ificant (P < 0 .10) for o rgan ic m a tte r  digestibility . T h e  high  c ru d e  fibre 
proportion  in rations con ta in ing  full-fat rubber seed meal (on average 24 .8%  m  d ry  basis) 
had a highly significant (PcO.OOl), negative influence in d igestibility  o f  D M  an d  organic 
m atter (IV 0.73  and 0.75, respectively) bu t there was no influence of dietary crude fibre on 
N  digestibility. It is concluded  that a sensible decrease in d ry  m atter digestibility does no t 
necessarily im plv a decrease in energy availability to the anim als due ro the high crude fat 
conten t o f these sam e d iets (on average 12.5 ± 0 .74%  in d ry  basis). It could be suggested

http://www.utafourKiauon.org/utacanibod/mic99thes/sowfaperJJinn


n i l

that little if  any N is linked to the eell walk in rubber seed since in this experiment full-fa, 
rubber seeds accounted for approximately 34%  of the rations.

K eyw ords: R ubber seed: R u b b er seed  cake: F u ll-fa t ru b b e r  seed: W a te r sp in a c h : 
Digestibility: N itrogen; O rganic m atter: C am bod ia

54 Distribution of selected clonal seed by the Indian Rubber Board during 1J50
Cherian, P P
The Indian Rubber Board Bulletin, 1(1): 1951. 3-7.

Keyw ords: Rubber seed; Seed collection; Seedling nurseries; Ind ia

55 The economics of extracting Hevea seed oil 
Wilbaux, R
Bulletin Agricole du Congo Beige, 39 :1948. 601-608.
(H orticultural Abstracts, IS : 1948. 3083)

Key words: Hevea brasiliensis-, R ubber seed oil; O il ex traction

56 Effect o f feeding rubber seed cake on the growth o f kankrej calves 
Pande, M B; Talpada, P M; Patel, B H  and Shukla, P C
Indian Journal o f  D a v y  Science, 32(3): 1979- 280-282.
(A GRICO LA. 1979-1984)

Keywords: Rubber seed cake; Feed com position; G row th; Calves; D igestib ility ; India

57 Effect of feeding rubber seed cake to growing calves on dr}' m atter and nutrients 
utilization
Talpada, P M; Pande, M B; Patel, B H  and Shukla, P C  
Gujarat Agricultural University Research Journal, 5(2): 1980. 4 0 -4 3 .

T he attem pt was made to study the nutrients utilization by grow ing animals fed a ration 
containing 0,15 and 30 per cent level o f rubber seed cake in the concentrate mixture. For 
this a metabolism trial was conducted on male Kankrej calves. T he results on per cent dry 
matter consum ption indicated 2.34 to 2.39 kg/day/100 kg body w eight showing thereby 
that anim als consum ed sufficient am oun t o f  ra tion  con ta in ing  rubber seed cake. T h e  
digestibility o f most o f the proximate nutrients did nor show marked difference between 
he treatments. I he balance data revealed that nitrogen retention decreased w ith increasin,.



rubber seed cake feeding ind icate th a t .h e re  was no  adverse effect on  d i g w M i t y  a n d  
balance. H en cc , it was co n c lu d ed  th a t  ru b b e r seed cake can  be m c o rp o ra te d  ,»  the 

onecntrate m ixture o f  grow ing calves upto  30%  level.

K eyw ords; R u b b er seed-. R u b b er seed cake; Feed  c o m p o s itio n ; D igestib ility ; G ro w th ; 

Calves

Effect o f feeding rubber seed meal- based diets on perform ance and  serum 
thiocyanate level o f grow ing-finishing pigs Duroc 
O ng, H  K a n d  Radem , J
M A R D I  Research Bulletin . 9 (1 ): 1981. 7 8 -8 2 .

(A G R IC O l A. 1 9 7 9 -1 9 8 4 )

K e y w o rd s; R u b b er seed  meal; P ig  d iet; S erum  th io c ; .m ate; M alaysia

Effect o f ferm entation o f  seed on the chemical properties and fatty acid profile o f 

rubber seed oil 
U gwuanyi, ] O beta and N joku, O b iom a U
Indian  jou rn a l o f  N a tu ra l Rubber Research, 9 (2 ); 1996 . 7 5 -8 1 .

R ubber (Hevea brasdiensis) seeds were boiled an d  ferm ented  w ith  m ixed cu ltu re an d  pure 
cu ltu re  o f  Bacillus licheniformis. Follow ing fe rm en ta tio n , sapon ifica tion  value of th e  oil 
increased while its iod ine value, acid value and  unsapom fm ble m atter decreased; per cent 
yield o f  total lipid decreased while cyanide was undetectable. Percentage co n ten t o f  palm itic, 
stearic and  oleic acids increased while tha t o f  linoleic and  linolem c acids decreased. B ehem c 
an d  m y ris tic  ac ids w ere u n d e te c ta b le  a f te r f e rm e n ta tio n . T h e  im p lic a t io n  o t these  
fe rm en tative m od ifica tions for th e  im p ro v em en t o f  ru b b e r seed an d  its oil fo r h u m an  
co n su m p tio n , agricu ltural an d  industrial use are discussed.

K e y w o rd s; R u b b er seed oil; C h em ical c o m p o s itio n ; F atty  acrd; F e rm en ta tio n ; H evea  
brasiliensis Bacillus lichen iform is  N igeria

Effect of fungicide treatm ent and storage conditions on  the quality of Hevea seeds 
Silvio M oure Cicero; Julio M arcos Filho and  Francisco Ferraz deT oledo

A nais da  E .S .A  “L u iz  de Q ueiroz  X L III: 1980. 7 6 3 -7 8 5 -

Hevea seeds are usually gathered in the state o f  Sao Paulo from  February till M arch/A pril; 
the m o n th s  th a t follow  are typ ically  co ld e r a n d  drier, therefore in ad e q u a te  fo r nursery  
plants, h  is th en  desirable to  store the seeds un til S ep tem b er/O cto b er, T h e  v iab ility  o f  
Hevea seeds decreases rapidly w ith  tim e w hen  stored  under natural conditions. This paper 
reports the results o f  a trial in w hich a fungicide trea tm e n t an d  three storage co n d itio n s



were applied to f t w w d i  with the purpose of observing their quality after p rt-detetm i 
periods, Two experiments were carried ou t u n h a n g  seeds collected in plan tations In I .. 
19S3 and 1984, Germination tests, average height average green and dry weights ol the 
plants were determined a, four dates in 1983 and five in 1981. These data., were set a, 
intervals o f  two months. R e la te  and C aptan fungicides were found to be inadequate as 
H m ; ,  seeds rreatmem. Seeds o f  good physiological quality w ith m oisture c o n ic ,i  a m  
30%  could be stored for a period o f six m onths under standard conditions.

Key words: Hevea: R ubber seed; Seed storage; Fungicide trea tm en t; Seed quality; Brazil

61 Effect of gamma rays on rubber seed germination, seedling growth and morphology' 
Markose, V C; Panikkar. A O N ;  Annamma, Y and Bhaskaran Nair, V K 

Journa l v f th e  Rubber Research Institute o f  S ri Lanka, >4: 1 9 7 /. 50-64.

Key words: Hevea brasiliensis: Rubber seed; Seed germination; G am m a rays; Seedling vigour; 
R oot developm ent; Ind ia

62 The effect of method of seed sowing on percentage germ ination and grow th o f 
seedlings
Seneviratne, P; Zoysa, L and de AJwis, M N
Bulletin o f  the Rubber Research Institu te o f  S ri Lanka, 42: 200 0 .4 9 -5 5 .

Key words: Rubber seed; Seed sowing; Seed germ ination; G row th ; Sri Lanka

63 The effect o f moisture content and particle size on physical properties o f local 
feedstuff: Angle of response floating rate and higroscopic factors
Khalil

M edia Peteniakan, 22(1): 1999. 33-42. (AGR1S. 1999-2002 /06)

T h e  objectives o f the experim ent were to measure tin •• pin sical pr»|HilK% (am d, ol 
response, floating rate, and hygroscopic factor) o f  local feedstuff and to  study the effect o f 
moisture content and particle size on the physical properties. Twcmv fiw  lands o f feedstuff
which w ere divided in 5 groups according to their ........................... ..  i„ the anim al diet
and obtamcd from local producers or market were used as samples in the experim ent. T he

i e „m m Pt  I , ^  T  b>' 8 n " ding  3 Particle: size,
o t th me l 7  7  T Pa rtidc  ™  "» t changed

lo t the meal.form feedstuff. The feed o l each particle size were then subdivided into
groups and the,r moisture content was adjusted into 3 different levels, i.e. norm  ,1 high P
percent higher than the normal) and low (2 percent lower than ,1, AC l

S K  ^ r r  — :



results o f  the experim ent show ed that energy feed sources in th e  no rm al form had  the
lowest mean value o f  angle o f  response (20.2 degree) w ith  the highest coefficient of v itia tio n  
”  p T J n t ) .  T h e  highest mean value o f  angle o f  response w a s  on  ,h e  con tra ry  
found in forages an d  roughages (37-57 degree) w ith the cv value of 20 .$  P ^ e m .  Some 
energy and plant protein feed sources (rice brand , cassava pulp, coconu t m ea . 
meal and  k ip o k  l e d  m eal, had high value o f  hygroscopic m oistu re e x t e n t  and  j g g f c  
size In General, the value o f angle o f response, floating rale and  hygroscopic factor increase 
significantly, when the m oisture con ten t and  particle size o f  the feedstuff w ere reduced.

K eyw ords: R u b b er seed; R u b b e r seed m eal; H y g ro sc o p ic  fa c to r; M o is tu re  c o n te n t;  

M inera l n u critio n ; Ind o n esia

64 Effect o f para rubber seed meal on the perform ance o f  grow ing pig (15-20 kg.) 

(Large W hite)
Siriw athananukul, Yuthana
T hesis , M .S . in A gricu ltu re , K asetsarr U niversity , B angkok . T h a ila n d , 1 9 8 2 , 104 p. 

(A G R IS. 1981-1985)

K eyw ords: H e v m  h m iH e m k  R u b b er seed m eal: D igestib ility ; Feed m eals; G ro w th ; P ig  

d ie t; T h a ila n d

65 Effect of para rubber-seed meal on the performance of sow in gestating and lactating 

period
Phadungsak-Chino; Nam-Sirisathian and  Uthai-Kanto
Research R eport, D e p t, o f  Livestock D e v elo p m en t. N a tio n a l S w ine R esearch a n d  Training 

C en te r , B angkok , T h a ila n d , 1982 , pp. 19-27.

(A G R IS. 1993-1994)

K eyw ords: H evea b m si l k m m  R u b b er seed m eal; O il seed cakes; A n im al feed; G ro w th  

ra te ; T h a ila n d

66 The effect o f  processing on the nutritional value o f rubber seed oil meal for layers
Narahari, D ; Venugopal, K; Venkataram anujam ,V  and K othandaram an, P 

Ind ian  Jou rn a l o f  P oultry Science, 21 (3 ): 1986 . 2 0 8 -2 1 4 .

W h ite  leg h o rn  layers w ere fed d ie ts  c o n ta in in g  u n d e c o rtic a te d  ru b b e r seed  oil m eal 
(U R S O M ), au toclaved undecorticated  ru b b er seed oil m eal (A U R S O M ), and  fe rm en ted  
undecorri cared rubber seed oil meal (F U R SO M ) at 0 ,15  and  3 0 %  levels an d  decorticated  
ru bber seed oil m eal (D R S O M ) a t 10 and  2 0 %  levels from  2 0 -4 0  weeks o f  age. I he 
perform ance o f  con tro l layers, in term s o f  w eight gain, egg produc tion , feed efficiency a n t 
n. t feed efficiency index was superior as com pared  to  o th e r d ietary treatm ents; except the 
11% D R S O M  group, w hich  recorded m ore o r less com parable values to  tha t of con tro l.



m k W > « e k f f a m

U k a  of replacmg by rvbbtr  ̂ e fkafce »  c o K O ttrW  m i m r t  <rf
cows on yieW and composition of milk
A m rifM su m ar, M  M ; S tm d a re sb a n , K  a n d  S a m jw th , S R

IndianJournal o f  A m  m d  S J m « .  55(12): 1985. 1064-1070

The effect o f replacing 20%  of cottoraseed-cake by that o f  rubber seedcake m  the concentrate 
mixture of 8 jersey x Tharparkar cows on its milk yield and com position was studied. T h e  
cows were fed fodder maize (Z m  mays) and concentrate m ixture to meet their requirem ent 
o f  maintenance and production. There was no significant difference in their DM1, D C Pf 
and T D N I/u n it m etabolic w eight. T he D C P  and TO N  con ten ts o f  the ra tion  fed to  
control group were 8.09 and 63-39% . while in experimental group these were 9 .12  and 
61.4%  respectively. Average milk yields in cows of control and experim ental groups were 
8 .77  and 9 .96  kg respectively. T h e  M E utilized by the cow s/kg FCM  in co n tro l ind 
experimental groups were 1.2! and 1.23 Meal respectively. I he feed costs to produce 1 kg 
milk in control and experim ental groups were Re 0 .68 and  Re 0 .6 5  respectively- 1 he 
study indicated that rubber seed-cake can safely replace cottonseed-cake in the concentrate 
mixture without affecting milk yield.

Key words: R u b b er seed; R u b b er seed cake; C o tto n  seed  ca k e ; C a t t le  feed ; M ilk  
production; N u trition ; D igestibility, India

Effect of rubber seed meal on hatchability of hens’ eggs 
Buvancndran, V
Tropical Agriculturist, 127: 1971. 111-115-

Rubber seed meal has been shown to be a satisfactory substitu te  for coconut cake in 
broiler and layer d im  in Sri U n f a ,  up ro 20-25%  levels. T he w eight gained in broilers , 
rhe egg production in the o k  o f layers was not significantly affected by using rubber » J  
meal at the above level. Fertility and hatchability arc two major com ponents o f reproduction 
in poultry. T he hatchability of eggs was compared from hens receiving different levels .,1 
rubber seed meal in their rations. Increasing levels ol the meal in the m aternal diets ca u s t. I 
an increase em bryonic mortality. T he study indicated that rubber seed m eal in ,W
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69 The effect of seed season and parental age on the quality o f high stump 
rabbet seed
R m iq , M
Ju m a lP m e U tia n -P tru n ia n -T e m p a n  flm toru tia ), S o .3 :  1998 . 2 3 - 2 - .

(A G R IS . 1 9 9 9 -2 0 0 1 /0 8 )

K ey words: f f n M  b n u iiia s ir , R u b b er seed: W  season-. P a r e n t  age: S m m p s; Seedlings;

Indonesia

70 Effect o f storage o f seeds on quality  o f  rubber seed oil
Aigboclion, A I
Indian  Journa l o f  N a tu ra l Rubber Research, 7 (2 ): 1994. 141-143-

In this study efforts were m ade to  determ ine the effect o f  seed storage on oil q u a lity  O il 
sam ples w ere ex tracted  from  ru bber seeds w hich were dried  an d  s to red  u n d e r a m b ien t 
co n d itio n s  for a period o f  one year an d  from  fresh seeds o f  th e  sam e year after drying. 
Properties o f the two oil sam ples and the fatty acid com position  were dete rm ined . Results 
indicated that the quality  o f  the oil extracted is affected by the storage o f  seeds.

Key w ords: R u b b er seed; R u b b er seed oil; Seed  storage; N ig eria

71 Effect o f supplem ent synthetic am ino acids in dehulled and alkali treated  para 
rubber seed meal for early-weaning pig diets
Jaruw at-N utdechanun
T hesis, M .S c. in  A gricu ltu re , K asetsart U niversity , B angkok , T h a ila n d , 1991 , 51 p. 

(A G R IS. 1 9 9 5 -1 9 % )

Fifty barrow s am i fifty  fem ale (L andarce x Large w hite) pigs w h ich  w ere w eaned  a t  4 
weeks o f  age w ere d iv ided  in to  5 groups (T reatm ents) w ith  5 replicates o l i  pigs each 
con ta in in g  equal n u m b er o f  b o th  sexes in random ized  com plete block  design. T h e  diets 
were: T l-A  contro l diet, T 2 - D ehulled para rubber seed meal (D .R .M ), T.VAIkall tr“ tc° '
D .R .M ., T 4-S upplem enled  w ith  0 .30  percent lysine and  0 .15  percent m eth ion ine, D .R .M  
and  T 5 -A lk a li trea ted  a n d  su p p le m e n te d  w ith  0 .3 0  p e rc e n t ly s ine  a n d  0.1 5 p e rc e n t 
m e th i"n in e , D .R .M . T h e  average daily  gain (A D G ) o f T 3  was s tatistically  sigm lican tly  
(P cO.lo ) lower th an  tha t o f  th e  o ther treatm ents. T h e  feed conversion ratio (FC R ), o t I 
w. s highly significantly  (P<0.Q 1) low er th a n  m ost o f  th e  o th e r  trea tm e n ts  except th a t



o f  T4. T he average dailv feed intake (ADF1) o t T 2  was s.gn tl.cam ly  ( M . 0 5 )  h tgher 
than T l  and 1 3  ADF1 ol T l «  significantly (P<0 05) lower than T2  and  T 4  A D H  of 
T3 was not significant difference in T 1 .T 4  and T 5 h u t lower than 12 (p<0.05). W hereas 
feed cost per weight gain was not statistically significant. Six barrows o f  the sam e breed 
with approximately SO kilograms body weight were used to determ ine the d igestibility  of 
dehulled para rubber seed meal and alkali-treated, dehulled para rubber seed meal. 1 he 
digestibility for dry m atter and crude protein were 71.78 and 68 .98  percent for D .R .M  
and 72.00 and 71.93 percent for alkali-treated. T he diets containing 15 percent dehulled 
para rubber seed meal with supp lem en t lysine an d  m eth io n in e  had  no effect on  the 
performance o f  early-weaning pig.

K eyw ords: Hevea brasiliensis: R ubber seed meal: A m ino acid; P ig  d iet; G ro w th  rate;
T hailand

72 Effect of triacontanol application on germ ination and early grow th o f  rubber 
seedlings 
Sugondo, B
Risalah-Penelitian-Pusat-Pcnelitian-Perkebunan-Getas (Indonesia), N o . 16: 1990. 9 -22 . 
(AGRJS. 1/97-2/98)

An experim ent about the influence o f  soaking length in T riacon tano l so lu tio n  on  the 
germination and early grow th o f  storage rubber seed was conduc ted  a t G etas R IE C  in 
1986. The objectives o f  this research are to know the influence o f  length o f  soaking and 
triacontanol concentration on the germination and early grow th o f  storage rubber seeds. 
This research was im plem ented with the use o f  com pleted R andom ized  B lock D esign 
with factorial analysis which include two factors: length o f  soaking (H ) and triacontanol 
concentration (P). These factors include four levels with three replications. T h e  result o f 
this research can be simplified as follows. 1. T here is no in teraction  betw een length o f  
soaking and triacontanol concentra tion  on the seed germ in a tio n  an d  early  g ro w th  o f  
rubber seedling. 2. T he triacontanol treatment at concentration 5; 7.5  and 10 ppm  gave 
bad effect (delayed characteristic) on the germination and early grow th o f  rubber seedling 
compared to control.

K eyw ords: km ilicm ir .  Seedlings; Triacontanol; t ie r ,n in a ,io n ; G ro w th ; Soaking;
ln d o n p c in  0

73 £ 2 r ,eVdS ° f  r “ bber See(l meal o n  w eiSlM and  iettP h  o f  fem u r and

T haw ipon-P ralom karn; Suraphon-Choldum rongkul and S rip o n g p u n . S irich;,, 
jongklanakann Journal o f Science and Teehnolotnt 5(1) 1983 M 17 
(ACRIS, 1981-1985)

Keywords: Rubber seed meal: Animal feed; G row th; Broiler chicken; T h a ila n d



74 Effects o f rubber seed meal on the  perform ance o f  m ature chicken
Rajaguru, A S B
R R ISL  B ulletin , 8: 1973. 3 9 -45 .

Investigation on  the effects o f  rubber seed m eal (RSM ) in m atu rity  o f  pullets, egg p roduc tion , 
egg size, shell quality, hatchability, l i a b i l i ty  o f  c h ic b  hatched  o u t and  sem en V * * *  
th e  cocks were carried o u t. T h e  pullets th a t w ere raised on  10% , 2 0 /o. 30  o an d  40  . o 
rubber seed meal in diets from  the th ird  m o n th  o f  age m atu red  late, b u t the egg production  
was norm al. However, the increase o f  ru bber seed m eal in d ie ts low ered egg size shell 
thickness, hatchability  o f incubated eggs and the w eight o f the chicks hatched  o u t. It was 
also observed that the rubber seed meal increases the percentage o f  infertile eggs tha t were 
produced. T h e  RSM had no effect on  the quality  o f  sem en o f  the cocks used for artificial 
insem ination. T hese effects may be due to  an am ino  acid im balance o f  RSM  that lowers the 
biological value o f  proteins in diets and  the presence o f an  an tifertility  factor w hich has not 
been identified yet. T h e  results indicated that RSM should no t be used in  breeder rations.
In  layer rations, it could be used only up to 20%  level.

K ey w ords: R u b b er seed; R u b b er seed m eal; B ro iler ch icken ; E gg p ro d u c tio n ; Sri L anka

75 Effect of using rubber seed meal on performance of quail (Cotumix- cotu m  ixjap on ica)
Latif, S A; Jam arun, N  and Yunitasri
Ju r iia l Peternakan da n  L ingkungan , 5 (2 ): 1999. 2 8 -3 2 .

(A G R IS . 1 9 9 9 -2 0 0 1 /0 8 )

An experim ent to  determ ine the effect o f  using rubber seed m eal on  perform ance o f  quail 
(Coturnix-cotumix jtiponica.) was conducted  at Faculty o f  A nim al Science, A ndalas University. 
Two h undred  head o f  quails age o f  one day (doq) was used u n til the age o f  6  weeks to 
d eterm ine the grow th rate o f  quail. Five rations w ere form ula ted  as trea tm en t those conta in  
o f  rubber seed meal as A : 0, B : 1 percent, C  : 3 percent and  E : 4 percent in to tal rations. 
T h e  trea tm ents were arranged  to have alm ost sim ilar of crude pro tein  and  energy  co n ten t. 
The d a ta  w ere ca lcu la ted  by  c o m p le te ly  ra n d o m iz ed  d esign  in 5 tre a tm e n ts  w ith  4 
replications for each trea tm ent. Each replication consist o f  10 head of quails. The result o f  
experim ent show ed that no significantly different (P m ore than  0 .0 5 ) am ong  th e  trea tm en t 
m eans on  feed co n su m p tio n , g row th  rate, and  feed conversion (efficiency), b u t  th e  data  
show ed th a t trea tm en ts  w ith  ru bber seed meal ind icated  decrease fo r feed co n su m p tio n  
and grow th rate of quails com pared  to  control.

Key w ords: Hevea brasiliensis; R u b b er seed meal; G ro w th  rate; Feed co n su m p tio n ; N u tritiv e  
value; Q u a ils  ra tio n ; In d o n e s ia

76 Effects o f water storage on seed germ ination and seedling grow th o f  rubber (Hevea 
brasiliensis Muell Arg.)
Mercykutty, V  C; Premakumari, D; Thom as, V inoth and Saraswathyamma, C  K

The Planter, 72 : 1996. 3 6 7 -3 7 3 .

Fresh rubber seeds sto red  u n d er am b ien t cond itions  in w ater gave 45  per cen t germ ina tion



even after 20 days as compared to zero germination o f  seeds stored under open air conditions. 
The water storage treatm ent was better than the open air storage for seed m oisture conten t, 

germ ination percentage and all growth attributes except for num ber o f  lateral roots.

Key words: Rubber seed; W ater storage; G erm in a tio n ; M oistu re c o n te n t; Jndia

The energy value for and nutritive value o f para-rubber seed for rats 
Fetuga, B L; Essien, A I; Babatunde, G M and Oyenuga, V A 
Archives o f  A n im a l N u trition , 45(1): 1993. 71 -78.
(A GRIS. 1995-1996)

K eyw ords: Hevea brasi/iemir. R ubber seed meal: Energy value; D igestibility; N u tr itiv e  
value: R at feed; Nigeria

Epoxidation o f rubber seed oil 
Vijayagopalan. K  and Gopaiakrishnan, K  S 
Rubber Board Bulletin, 11(2): 1971. 52-54.
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Key words: R ubber seed oij; Epoxida.ion; India

Epoxidation o f rubber seed oil
Coomarasamy, A and Kandasamy, T

^ Z 2 da,32mimnua,sussŝ "’̂  n o . io .to tte d  by Coomarasam y, A., 1977 )

Key words: R ubber seed o f  E p o x id a t io n ;  Sri L an k a

Epox,dation o f rubber seed oil with perform * acid 
Aigbodion, A  ,; Okicimen. F E; B . l L ,  I O  a n d lb b e v  C  N  

Z lM e r  Research Institu te o f  S ri L m k a ,  34 :200  U |̂ 2 4
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f l

333 and 343 K. Epoxidation o f  rubber seed oil by  perform ic acid is favoured by increase 
in tem pera tu re  fo rm ing  a p ro d u c t o f  high  oxirane co n te n t. K inetic  analysis ot th e  data 
shows that rate o f  epoxidation increases w ith  tem perature a n d  the value o f the rate «*»< »“
(k) is o f  the order o f  1 0 ' L  m o l1 s ;. The activation energy (E a) and  en th a lp y  (A H ) ot 
activation were found to  be 57.0 KJ m o l1 and  54 .3  K] m o l'1 respectively. T h e  kinetic data 
obtained from  this study  w ere com pared w ith results from  epoxidation  o f  rubber seed oil 

w ith  peracetic acid.

Key w ords: R u b b er seed oil; E pox idation ; P erfo rm ic  a d d ;  O x ira n e ; K inetics; N ig eria

SI Estimates o f rubber (Hevea brasiliensis) seed production  in N igeria
N w a n k v v o , B  A ; A ig b e k a e n ,  E  O  a n d  S agay , G  A

In: Industria l U tiliza tion  o f  N a tu ra l R ubber (H evea brasiliensis) Seed. L atex a n d  Wood: 
P r o c e e d in g s  o f  N a tio n a l Conference. (E d . E p h ra im  E. E n ab o r). R u b b e r R esearch  In s ti tu te  

o f  N igeria , B enin  C ity , 1986 , pp. 7 8 -8 7 .

E stim ates o f  annua l seed p ro d u c tio n  o f  Hevea brasiliensis ill N ig eria  ca rrie d  o u t  in 6 
estates in d ic a te d  a gross n a tio n a l to ta l y ie ld  o f  4 2 ,9 8 0 ,0 0 0  kg , o f  seed  c o n ta in in g  
13 ,929,818 kg o f  Hevea seed oil and  13,388,270 kg o f seed cake. C lo n e PB 5/51 yielded 
424 .4  kg/ha in N igeria  com pared  w ith only 65.5 kg/ha previously reported  for the sam e 
clone in Malaysia. C lonal differences in yield w ere considerably  h igh. B etter illum inated  
plots positioned  on th e  periphery  o f  the p lan ta tions  gave significantly  h ig h er seed yield 
th an  those lying in the poorly illum inated interior. T h is signifies a po ten tial for im proved 

yield w ith  m ore w idely spaced p lanting.

Key w ords: R u b b er seed; Seed  p ro d u c tio n ; N igeria

82 Estim ation o f dilute solution viscosity param eters o f rubber seed od  alkyds
O kieim en, F E and A igbodion, A 1
IR R D B  Sym posium  on the Technology a n d  E nd  uses o f  N a tu ra l Rubber, 6  N o v e m b e r 1996, 

B eruw ela, Sri L anka, pp. 11 3 -116 .

Viscosity m easurem ents w ere carried o u t in M E K  a n d  D M F  for ru b b e r seed oil alkyds 
hav in g  oil c o n te n t o f  2 0 % (I) , 30% (L I), 3 5% (1H ). 4 0 % (IV ) , 5 0 % (V ), a n d  60% (V T ). 
V isco sity  m o le c u la r  w e ig h ts , in tr in s ic  v iscositie s a n d  v isco sity  p a ra m e te rs , K a n d  a 
ch a rac teris tics  fo r b o th  po ly m ers  an d  so lv en ts  w ere d e te rm in e d . G enera lly , so lu b ility  
properties w ere found  to  depend  on the m olecular w eight and  polarity  ol the alkyds and  
solvent. In trin sic  viscosities o f  th e  ru b b e r seed oil alkyds w ere larger in D M F  th a n  in 

ff  M E K  suggesting  D M F  to  be a b e tte r so lvent th a n  M E K  fo r th ese . M o lecu la r w e igh ts 
d e te rm in e d  fo r th e  alkyds range from  441 fo r sam p le  III to  1323 fo r sam p le  V. 1 he 
viscosity m olecular w eights are in reasonable ag reem en t w ith  th e  values d e te rm in e d  fo r 
sam ples 1I-V in M E K  and  sam ples 1-IV in DM F. T h e  values o f  H u g g in s  co n stan t for these 
alkyds w ere also determ ined . D a ta  reported  also suggests th a t ru bber seed oil alkyds te n d



to tolerate relatively basic solvents such as DMF. Fractionation o f the alkyds was considered 
w ith respect to their molecular weight and polarity and results show that low m olecular 
weight species constitute a greater proportion of the alkyds.

Key w ords: R ubber se$ed oil; Viscosity: Alkyd resin; M olecular w eight; N igeria

83 Evaluation o f layer diet formulated from non-conventional feeding stuffs 
R avi n d ra n , V

British Poultry Science, 36(1): 1995- 165-170.
(A GRICO LA.)

A layer diet, the form ulation of w hich was based on several non-conventional feeding  
stuffs, was evaluated a t the research station and under small farm conditions in Sri Lanka. 
T he new feeding stuffe included finger m illet, rice polishings, rubber seed m eal, cassava 
leaf meal, ipil ipil leaf meal and dried poultry' m anure. A commercial mash, that is norm ally 
used on the farm, served as the control. T he perform ance and egg quality characteristics 
were sim ilar between the test and control diets, the only  exception being th e  egg yolk
colour * 4  ™  improved (P<0.05) by feeding rhe test diet. F..... J cos, |w  do ,™  .... ..
was lowered by feeding rhe res, diet. Ir is possible io form ula te l.,v,r d ie s  u s i„ , non
c o n v e n tu a l  fa d in g  stuffi, achieve acceptable production and lowe, 'the lood ...... C „ „ J „
small farm conditions in tropical developing countries.

K eyw ords, f i y ^ r s e e d  meal; H en feeding; Poultry  m anure; Feed ̂ valuation ; Egg q u ,l,ty :

V iswaiuthan, T  V, Ananthasubramaniam, C  R and Mc-n.u lurv  K 1.,,,.,,
be I n d i ^ n n a l t t f  N u trition  andD ietetics, 16; 1979. 38 3 -3 8 4
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Key words; Hevea brasiliemi,; R ubber seed , a t  r
weight; Ind ia  ‘ ‘ ° 'vth; Feed u tilization ; C alvo.;
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85 Evaluation o f rubber nursery p lanting  m ethods, by d irect sow ing in the field, 

w ithout seed bed and transplanting
Pereira, A V and Pereira, E  B C
Pesquisa AgropecuafiaBrasileira, 33 (7 ): 1998 . 1 0 6 1-1065- 

(H o rtic u ltu ra l A bstracts, 69(3 ): 1999- 2 5 9 2 )

Field trials w ere ca rried  o u t in A pril-M ay  1991 in G o ias  s ta te , B razil, to  ev a lu ate  the 
d irec t sow ing o f  Hevea brasiliensis seeds in the field. Seeds w ere sow n in sm all p lan tin g  
holes o r shallow  furrow s (4-5 cm  deep) an d  w ere covered  w ith  a th in  layer o f  soil o r 
saw dust (4 trea tm e n t com binations). C on tro ls  w ere raised using  th e  trad itio n al m e th o d  
o f  a seed b ed  fo llow ed by tra n sp la n tin g . T re a tm en ts  w ere co m p a re d  in  te rm s  o l th e  
cum ulative percentage o f  norm al seedlings betw een 10 an d  40  days afte r sow ing  a n d  in 
term s o f  labour an d  m aterials costs. It was found  th a t d irec t sow ing  in shallow  furrow s 
covered lightly  w ith soil was technically and econom ically  superio r to the o th e r m ethods 

(in c lu d in g  trad itional practice).

Key w ords: H evea brasiliensis, R u b b er seed; P la n tin g  m ateria l; Sow ing ; Brazil

86 Evaluation o f  som e chemical and  nu tritiona l characteristics o f  the  rubber seed
Hevea brasiliensis
Selle, Celia M argarita; Gonzalez de M ejia, Elvira; Elias, Luiz G  and  Bressani, 
Ricardo

Archivos L a tino  A m ericanos D e N u tr itio n , 3 3 (4 ): 1983- 8 8 4 -9 0 1 .

Som e chem ical an d  n u tritio n a l characteristics o f  the rubber seed Hevea brasiliensis w ere 
s tu d ied . T h e  p ro te in  co n te n t, its am in o  acid com p o sitio n  as well as th e  iro n , ca lcium , 
phosphorous an d  cyanide (free and  bound) concentra tions, w ere dete rm ined  in th e  dehu lled  
seed. T h e  effect o f  soaking, cooking, soaking-cooking and cooking-la t ex traction  procedure 
o f  the seed on the cyanide co n ten t and  its in  vivo p ro tein  utilization, was also evaluated. 
T h e  p ro tein  quality  was biologically assessed using  the protein efficiency ratio  (PER ). T h e  
p ro tein  c o n te n t o f  the seed was 18% , and  the m ost lim itin g  am ino  acid was th reo n in e , 
w ith a chemical score o f  71 .6 . T h e  iron, calcium  and phosphorous co n ten ts  w ere 6 .2 ,1 0 9  
an d  429  mg/lOOg, respectively. Its fet co n ten t was 4 8 %  w ith  a to tal energy value o f  702  
kcal/lOOg (2 ,948K j/100g). T h e  to tal cyanide c o n te n t in the fresh seed was 130~230m g/ 
lOOg; 6 %  was in the free form and  9 4 %  as b o u n d  cyanide. T h e  m ost effective trea tm en t 
for reducing the cyanide co n ten t was found to  be 20 hours o t soaking in w ater, co m b in ed  
w ith  one h o u r o f  cooking. T h e  raw seed had  a low nu tritive value an d  p ro d u ced  w eight 
loss and  dea th  w hen  fed to  rats. T h e  p ro te in  value, how ever, im proved  u p o n  th e  seed 
trea tm ent, reaching PER  values close to  those found  in trad itional cereals such as corn . It 
is therefore concluded  tha t the seed o f  Hevea b m ilie m is  is a good source o f  energy, calcium , 
valine, isoleucine, phenylalanine and  tyrosine. In con tras t, it is p o o r source o l theron ine ,



89

leucine and lysine. Its cyanide content is high, bu t when removed by trea tm ent, such as 
soaking in warer, cooking or far extraction, the protein utilization can be improved,

Key w ords: Hevea brasiliensis; R ubber seed; P ro tein  co n ten t; N u tritiv e  value; Biological 
evaluation; Chem ical com position ; Rat feed; G ua tem ala

87 Examination o f hybrid rubber seed oil 
Badami, R C, eta  I.

Journal o f  the O il Technological Association, 8: 1976. 37-38 .
(C ired by Prasad, N  B L and A zeem oddin, G .)

K eyw ords: Rubber seed; R ubber seed oil

88 Examination o f rubber seed oil for use in coating compositions 
Asiam, M and Imam, H

Pakistan jo u rn a l o f  Scientific a n d  Industrial Research, 1: 1958. 2 2 4 - 227.

Key words: Rubber seed oil; C o atin g  com position ; A cid value; Varnishes; Pakistan

Examination o f the oils from M nnihot ceara and F untum ia  elnstica and a 
comparison o f their properties with those o f linseed and Hevea oils 
Rideal, S and Acland, L H  D 
Analyst, 38:1913. 259-264.

K eyw ords: Hevea brasiliensip, Funtum ia elastica; R ubber seed oil; I iuseod oil; I .,1
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Key words: R ubber seed; Seed storage; Seed transport; M arketing  
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in Indonesia is p * .  T h e  rubber seed com prises ab o u r 5 0 .7 4 %  hard  shell and  4 9 .2 6 %  
kernel T h e  oil co n ten t ot dried kernel (15%  m oisture) is 50 .56% . Based on  th e  highest 
vield and capacity expellet, the best trea tm ent o f this research was co m bination  betw een 
ot un h ea tin g  an d  hulls ad d itio n  35% . T h is  tre a tm e n t resu lted  ” P ' l l t
capacity 6 .82  kg/hr, expelling efficiency 79-10% , specific pow er 0 .49  k W A *  residu ': oil 
in cake 15.73% , m oisture co n ten t 0 .09% , colour 6 .00 , transm ittance ,7 .5 0  ,o acid value 
9.92, FFA 4 .9 1 % , iod ine value 139.55, peroxide value 9 .9 3 .sapom Fication value 2 0 6 .4 8  

and p ro d u c tio n  cost R p 5 ,162 .01/kg .

Key w ords: R u b b er seed oil; O il ex trac tion ; O il q u ality ; Expeller; O il c o n te n t

Factice From oil o f Putranjiva  roxburghii 
Nag. A; C h ak i.T  K and De, K B
jo u rn a l o f  the A m erican  O il Chemists Society, 72 (3 ): 1995. 3 9 1 -3 ) 3 .

(A CRK  'O LA .)

Key words: Putranjiva roxburghti,■ R u b b er seed oil: Factice; P h y sic o -ch e m ic al p ro p e rtie s ; 

Ind ia

93 Factice from rubber seed oil
Vijayagopalan, K
R ubber B oard  B ulletin , 11(2): 1 9 7 1 .4 8 -5 1 -

In order to explore th e  possibilities o f  m o te  and m ore com m ercial u tiliz a tio n  o f  ru b b er 
.seed oil, su lphur factice was prepared from  crude rubber seed oil as well as blow n rubber 
seed o il. D iffe re n t p ro p o r tio n s  o f  su lp h u r was used  a n d  d iffe re n t te m p e ra tu re s  w ere 
em ployed  D ie thano lam ine  o t  M .B .T  was ttie d  as catalysts. W ith  cru d e  ru b b er seed oil 
15 V p a t i s  o f  su lphur m a y b e  em ployed, w hile fo r b low n o il 15 parts was lo u n d  to  be 
su itab le. In  presence o f  d ie th an o l am ine a h ig h er te m p e ra tu re  m ay be preferred  an d  a 
p roduct w ith  com paratively  low  free su lp h u r co u ld  be o b ta in ed  5 p h r a n d  10 p h r o t a 
typical p roduct was incorporated  in to  a tread typem ix and  the effect o f  factice loading  on 
the cure characteristics and  physical p roperties  o f  the v u l c a n is e s  were eva luated . 1 he 
properties were com parable to  those o f  a com m ercial factice. T h e  ageing characteristics o t 
the vulcanizates were considerably im proved by factice inco rpora tion .

Key w ords: R u b b er seed; R u b b er seed  oil; Factice; In d ia

94 Feasibility o f  using rubber seeds as anim al feed supplem ent
Eka, O  U
V est A frican  J o u rn a l o f  Biological a n d  A pp lied  C hem istry. 19 (2 ): 1976 . 2 2 -2 4 .

(A bstracts o n  T ropical A g ricu ltu re , 3 (2 ) :1 9 7 7 . 12888)

'This investigation  aim ed at estab lish ing  w h e th e r ru b b er seeds can serve as feed or feed



su p p lem en t for anim als, particularly chicken. Tables are presented  show ing p iox im .ite  
com position o f  rubber seed and o f the standard feed, elemental com position o f  the rubber 
seed plus testa and o f the standard feed, hydrocyanic acid conten t and the relative toxicity, 
average liveweight o f  chicks fed on different rations, and am ino acid com position.

Key w ords: Hevea brasiliensis', R ubber seed; Energy  feeds; P ou ltry  h u sb an d ry ; Broiler 

chicken; N igeria

95 Feeding Hevea rubber seed meal for milk production 
Ellett, Walter Beal
Technical Bulletin, Virginia Agricultural Experim ent Station, N o. 4 1 , 1930, 12 p. 

(A G R IC O L A . 1992-1997)

Key words: Hevea brasiliensis; Rubber seed meal; D airy  feeds; C attle  feed; M ilk  p ro d u c tio n ; 
V irginia

96 Fungal species associated with the deterioration o f rubber seeds and  cake 
Igeleke, C  I and Ekpebor, S M C

hr. Industrial U tilization o f  N atural Rubber (Hevea bm siliem is) Seed, I a n  \  a n d  W twl: 

Proceedings o f  N ational Conference. (Ed. E phra im  £ . Enabor). Rubbci Research In s tim u  
o f  Nigeria, B enin City. 1986, pp.135-145.

Fungi associated with tbe deterioration o f the rubber seeds were isolated using three’ m ethods 
viz: blotting paper, serial dilution and plating on agar m edium  Seeds from die following 
rubber clones were studied: T ljr I x  16. RRIM  600, RRIM  605 and l>!< 1117 1 ]„ blotting
paper method resulted in the isolation o f fourteen fungal spev.es while the ,,,,.,1 ,1,1,..... .
and plating on agar m ethods yielded sin and eight specie ,e ,iv, Iv. I he predom m  ml
spec .es  c o n s is te n tly  iso la ted  from  th e  four rubber cl..... .... were ,-ly v , |
flavus, A m ger, PevicM um  sp., Colletotri'hum sp . 1|]d

f Z * ”  *:■ k ck  o f  cional the fungal spec „ sociated with the
different d o n e , a u d ie d  T h e  observed successional trend in the co loniza tion  o f  rubber 
seeds revealed H e b ,m h o s p m « m  sf.. C ollecm richum  sp. and  P usanum  sp. as th e  early 

S f c S f e f  y " “ “ I * .  m ainly Aspergillus spp. and  Pen.ciUiu,,, sp.

and d e f  t Z £  ° "  **“  " • * « »  " * * < > *  « f  » l a t i o n ,  the undefatted

A .m g er a n d  PenicUlkim  sp. are  k n o w n  „ I . , ■ A spergtllus fu m sg a tu s ,  ,1 H um s.

in  se e d  c a k e  m e a n t  fo r  l iv e s t o c k  f e e d i n g " r i j I T d  " P r °  ' ' " l  T '  " “ k " 16 ‘ l" ''i r  P r e ! e n a ’  

3 re  l i p o ly t i c  a n d  t h e r e fo r e  A  A ™  - I  A.
“  re™ < * th e  o n  ......... . i scc, | ,  ln



which .hey  are present. Fungicidal seed trea tm ents an d  d ry ing  o f  seeds before storage are 
suggested m ethods o f  contro lling  the deterioration  o f  rubber seeds and cake d u rin g  storage.

Key w ords: R u b b er seed: R u b b er seed cake; R u b b er seed  d e te r io ra tio n ; F ung i iso la tion ; 

N igeria

97 Fungi associated w ith biodeterioration o f rubber seeds 
i ikhiuiy.i. I A m d Ig . (>

Industria l U tiliza tion  o f  N a tu ra l R ubber (H evea brasiliensis) Seed. L a tex  a n d  Wood: 

Proceedings o f  N a tio n a l Conference. (E d . E p h ra im  E. E n ab o r). R u b b e r R esearch  In s ti tu te  

o f  N igeria , B en in  C ity , 1986 , pp. 1 4 6-154 .

In a fungal survey o f  ru b b er seeds from three selected ru b b er g row ing  areas o f  S o u thern  
N igeria, ten  fungal species nam ely: Aspergillus Candidas. A . f la m s , A .fum igatus, A . ntger, 
A.ocbraceous, A. tamarii, Drtchdera hevea , Rhizopus stolonifer, fia a r iu m  sp a n d  P em alhum  
spp wer. isolated I  >. hevea was m ost consistently  en coun tered  in th e  seeds. Isolates show ed 
m on th ly  varia tion . Seeds from  Itaogbo lu  had  th e  h ighest reco rd  o f  v iab ility  co m p ared  
w ith those from lyanom o and  A kure th roughou t the sam pling  period. V iability  correla ted  
positively w ith  m oistu re co n te n t. T h e  factors reasonable fo r th e  positive co rre la tion  are 

d iscussed .

Key w ords: H evea brasiliensis-. R u b b er seed; B io d e te rio ra tio n ; F u n g i iso la tio n ; N ig e r ia

98 Gossypol in rubber seed meal 
A bdullah, A S and H utagalung, R I

Pertanika, 4 (1 ): 1981. % - 9 8 .

Key w ords: R u b b e r seed m ea l; G ossypol; M alaysia

99 Growers to tap alternative sources
R ubber Ind ia . 53(2): 2 0 0 1 . 4 7 -4 8 .

T h is  paper discusses briefly the ancillary incom e available in  Ind ia  from  existing  ru bber 
p lan tations from  the by-p roducts o f  ru bber seeds, ru b b e r honey  an d  ru bberw ood . T h e  
estim ated p ro d u c tio n  o f  rubber seed, w hich can be used as a su b stitu te  for linseed oil in 
the m anufacture o f  pain ts, is ab o u t 150 kg per hectare, th e  m atu re  p lan ta tions  have the 
potential to produce abou t 182 kg per hectare and  the pro jec ted  estim ate o f  gross annual 

availability o f  rubberw ood  is 4 .24  m illion cu in for 2010.

K e y w o rd s: H evea brasiliensis-. R u b b er seed; R u b b e r seed  oil; In d ia



100 Growth parameters and plasma-tissue fatty acid profiles of rats fed rubber seed oil 
Nwokolo, E N and Kites, D  D
Food Chemistry. 30(3): 1988. 21 9 -2 2 1).

(AG R1 CO LA .)

K eyw ords: R ubber seed oil: N utritive value; G row th  rate; B lood plasm a; R at feed; Fatty  

acid

101 Growth performance o f cobb broilers given varying levels o f rubber seed meal 
[Philippines]
Salanga, L M; Olivo, C  O  and Aquino, R R
Philippine Journal o f  Veterinary a n d  A n im a l Sciences, 11 (3-4): 1985-31 •
(AGR1S. 1986-1988)

Key'words: R ubber seed; R ubber seed meal; B roiler chicken; G ro w th ; P h ilipp ines

102 Hammermill as a tool to  unshell rubber seeds 
Hardjosuwito, Baryono and Hermansyah 
Menara Perkebunnn, 55(1): 1987.14-18.

To extract oil rubber seed kernels first o f  all dried rubber seed shells were crushed. M anual 
decortication consum ed too m uch tim e and needed a high labour cost. A ham m erm ill 
consisting o f  72 ham m ers mail-.- o f rubber w ith specific properties and a screen w ith  10 
slits, wherein the size of each slits aperture and the opening of feeder are respectively 2.0 
x 21.0 cm and 3.0 x 21.0 cm, produced unshelled seeds w ith a fair quality  and  a good 
economic value. lo  improve the practical separation o f kernels from rubber seed shells and 
unshelled seeds,^ wire case sieve with an aperture o f  1.1 x 1.1 cm and a total size o f  35.0 
x 85.0 cm had been utilized. This hammermill runned on a 1 hp electrical m otor w ith  a 
capacity of about 462 kg o f  rubber seeds per hour, and only 6 .8%  seeds were left unshelled.

K eywords: R ubber teed; R ubber seed oil ex traction : I la.m m -rm ill; Indonesia

103 Hevea I rubber) seeds for human food 
Wheeler, I -ouis Cutter
RRISL Bulletin, 13: 1978. 17-21.

A l 'h g g . t h e  o f die rubber tree ( % *  bradii'm h) are poisonous, detoxification c ,n

s # z r r  r ki"s available ,l,is 
s r r s  rublw
how"is ̂  h r - *  & ...* , t;



on  th e  n u tr itio n a l quality  o f  th e  seeds an d  on  th e  possib le m eans o f  in ac tiv a tin g  th e  

toxins.

K e y w o rd s: Hcvear, R u b b er seed; H u m a n  food; N u tr i t io n

104 H evea  seed. P t I.
Wycherlcy, P R
T h e Planter, 47  (544); 1971. 2 9 1 -2 9 8 .

(H o rtic u ltu ra l A bstracts, 1972. 2 5 7 7 )

K ey w ords: H evea brasiliensis-, R u b b er seed; Seed p ro d u c tio n ; M alaya

105 H evea  seed. P t. II.
Wycherley, P R
The P lanter, 47  (545): 1971. 3 4 5 -3 5 0 .

K ey  w ords: H evea brasiliensis; R u b b er seed; Seed  fall; C lo n a l v a ria tio n ; M alaya

106 Hevea seed. Pt. III.
Wycherley, P R
The Planter, 4 7  (546): 1971 . 4 0 5 -4 1 0 .

T h is  part covers Hevea seed storage and  processing. T h e  revised m ean estim ate o t n u m b er ot 
seeds/kg is 205. T h e  seeds deteriorate rapidly in storage, evolving H C N , unless sterilized 
and /o r dried. T he seed oil is a possible substitu te for linseed oil, and  the m eal is nutritious. 
U nder M alaysian conditions, however, the use o f  the seed for purposes o ther th a n  plan ting  
is unlikely to  be profitable.

K ey w ords: H evea brasiliensis-, R u b b er seed; R u b b er seed  oil; Seed v iab ility ; Seed  s torage; 

M alaya

107 Hevea seed as feed supplem ent for sheep
W arm  Penelitian d a n  Pengembangan Per tan  inn  {Indonesia), 14(2): 1 9 9 2 .1 0 .

(A G R IS. 1 9 93-1994)

K e y w o rd s: H evea brasiliensis; R u b b e r seed; Feed su p p le m e n t; C h e m ic a l c o m p o s it io n ; 

Sheep  feed; In d o n e sia

108 Hevea  seed: Its characteristics, collection and germ ination
H usin , Sakhibun bin M ohd
Planters B ulletin , 202: 1990. 3-8 .



109 Im proving the nutritive value of N igerian rubber kernel (Hevea brasiliensis) 
products through processing. I. Chemical and nutritional com position
Agunbiade, J A; Wiseman, J and C o le , D J A 

Tropical Agriculture, 72(4): 1995. 308*314.

R ubber seeds were decorticated and the resulting kernels processed by sun-dry ing , oven- 
d ry ing . roasting, autoclaving, and soaking. T he meals (full-fat and fa t-ex tracted ) w ere 
analysed for proxim ate com ponents, gross energy (G E), and  am ino acid co n te n ts . 1 he 
acid-ether extract fractions o f rubber kernel meal were analysed for fatty acid constituents. 
M ean G E  o f  full-far rubber kernel meal was 27.6 MJ kg 1 dr)' m atter (D M ) w hile crude 
protein content ranged from 168 to 223 g kg 1 in the full-fat samples w ith the corresponding 
values for the fat-extracted samples being 285-362 g kg '. Amino acid profile of rubber 
kernel meal indicated high levels o f  arginine, valine, leucine and pheny la lan ine in that 
order; moderate levels o f  lysine and threonine; and low levels o f  tryp tophan , cystine, and 
methionine. Rubber kernel oil was high in linoleic (364 g kg '1 oil) and  linolenic (313 g kg 
'o il) acids. T he chemical com positions o f  the rubber kernel p ro d u c ts  are discussed in 

relation to processing m ethods. T h e  potential value and im plications o f  using ru bber 
kernel products as animal feed are also highlighted.

K eyw ords: H evea brasiliensis; R u b b e r seed; R u b b e r seed  k e rn e l; S eed  p ro c e ss in g ; 
N u trition ; A m ino acid; Fatty acid

110 Improving the nutritive value o f N igerian rubber kernel (H evea brasiliensis) 
products through processing. II. Apparent nutrient and metabolizable energy values 
Agunbiade, J A; Wiseman, J and Cole, D J A
Tropical Agriculture, 73(2): 1996.124-132.

A metabolism trial was designed to investigate the effect o f  m ethod  o f  processing (raw, 
sundry in g, oven-drying, soaking, autoclaving and roasting), rate o f  inclusion (R O I), and 
m ethod  o f  e s tim atio n  (regression o r s ing le-level assay) o n  a p p a re n t  n u t r ie n t  an d  
metabolizable energy value o f full-fat and fat-extracted rubber kernel meals and  oil using 
264 seven-day-old Ross broiler chicks. T h e  oil and  full-fat meals w ere inco rporated  at 
levels to  provide 40. 80, and 120 g kg 1 o f  added oil in the basal diet. Pat-extracted, meals 
were also ,ncluded a. the equivalent levels in the full f lt ra c a k  A pparent m etabolizable 
energy I AM!-.) values were not significantly influenced by ROI w ith the values determ ined 
by regression being more precise than those estimated by single-level assay. H eat trcatm , n, 
generally unproved AMI-., and lor the full-fat meals, moist heat-processing (autoclaving

W A M S r r  'd T l . T ‘S m 0" , l l T '  ^  h™ ing ("ven-diying and roasting),
o s o T  '  r° T  i r  ; Was ,fU  MJ k6 1 * T  (D M ) while the mean v-.lu.
ot soaked and autoclaved full-far (21 3 M l kc ' H M i »• r  i 

....
ihom hy ̂  ..............s s t z r ; " : ! :



m
and definite levels o f w hich w ould require further investigations for effective use o f  rubber 
kernel p roducts as feed ingredients for non-rum inan ts.

Key w ords: Hevea brasiliensis. R ubber seed; R u b b er seed kernel; Seed processing; N u tritiv e

value; B roiler ch icken

111 Influence o f  flow ering and fru iting  patterns on rubber (Hevea brasiliensis) seed 
production
O lopade, E O  and Salawu, R A
In: Industria l U tiliza tion  o f  N a tu ra l R ubber (H evea brasiliensis) Seed, L a tex a n d  Wood: 
Proceedings o f  N a tio n a l Conference. (E d . E p h ra im  E. E n ab o r). R u b b e r R esearch In s ti tu te  

o f  N igeria , B enin  C ity, 1986, pp. 7 2 -7 7 .

M ost o f  the stud ies on  Hevea brasiliensis have been on  latex p ro d u c tio n  w hereas seed 
pro d u c tio n  and  u tilisation  have received little  a tte n tio n . T h e  single b rie f  p e rio d  o t th e  
crop's an n u a l flow ering a n d  fru itin g  p a tte rn  in N ig eria  is a serious l im ita tio n  to  seed 
p roduc tion  set w hich  ranges from  m ere 0 .2 6 %  to  1.6%  in open  field p o llin a ted  plants. 
H igher fruit sets o f  3% -8%  have been ob tained  th ro u g h  hand  pollina tions. H evea brasiliensis 
exhibits m uch  gene tic  variability  an d  th is could  be exp lo ited  to  the advantage o f  be tte r 
seed p roductiv ity  along w ith  high late yield. Such factors as fertilizer app lica tion , natural 
agents of po llina tion , an d  p lan t density  are also lim itations to seed production  in rubber. 
T h is  s tu d y  th row s lig h t on th e  flow ering  an d  fru itin g  b io logy  o f  the ru b b e r tree. 1 he 
genetic and  env ironm en ta l factors w'hich influence seed p ro d u c tio n  are also discussed.

Key w ords: Hevea brasiliensis; Seed p ro duc tion ; F low ering  pa tte rn ; F ru itin g  p attern ; N igeria

112 The influence o f  position in rubber seed germ ination  on the germ ination  vigour 
and seedling growth
Indraty, 1 S and  Sutardi
Second Technical M eeting  on Estate Crops, 15 -17  S ep t. 1981 , S u k arta , In d o n e sia , 9 p. 

(A G R IS. 19 8 1 -1 9 8 5 )

Key w ords: R u b b e r seed; Seed g e rm in a tio n ; P la n t p ro d u c tio n ; G ro w th

113 The influence o f processing and storage on hydrogen cyanide and tann in  contents 
of para-rubber seed and its products
N arahari, D  and K othandaram an, P
A n im a l Feed Science a n d  Technology, 9 (4 ): 1983- 3 1 9 -3 2 3 -

Para -rubber seed an d  its p ro d u c ts , in c lu d in g  th e  au toclaved  an d  fe rm en ted  oil m eals, 
were assayed for H C N  c o n te n t at post-harvest intervals from  1 week to 9 m o n th s  o t storage 
a t "ooii. tem perature. T h e  tann in  co n te n t o f  all these p ro d u c ts  was also estim ated after 3 
m o n th s  o f  storage. R ubber seed an d  its kernels c o n ta in e d  6 38  an d  7 4 9  m g  H C N /k g ,



p n M E f f S E S M U M

respectively. 1 week . f e  * «  ' t i l t

I  « * £  H C N  « s '  in o ther r a M «  - d  p n x .u a ,
a f e d X  during X a g e .  T hus s ta rv e  a, room tem perature or a m in im um  period n 
1 S S  b Z  effective m ethod o f reducing the H C N  con ten t o f rubber seed 

and its products to safe levels. T he tannin levels in rubber seed and Its products w e ,c low 
(0 42-0.53% ) and w ithin the safety levels for incorporation in livestock feeds. M o rc o u i, 
the tannins were confined to the shell portion o f  the rubber seeds, hus decorticatiun  
appeared  to be a satisfactory m ethod for elim inating the tann ins  in ru b b e r seeds, but 
increased the H C N  levels sligh tly  Oil extraction and au toc lav .ng  fa. ed  to  reduce the 
H C N  and tannin  levels, bu t ferm entation successfully reduced  bo th  H C N  an d  tannin 
levels in the rubber seed and its products.

Key words: Hevea brasilienu>. Rubber seed; R ubber seed kernel; Seed processing; H C N  
content; T annin  con ten t; India

114 Influence of rubber kernel oil meal on the performance o f w hite leghorn pullets 
Narahari, D; Venugopal, K and Kothandaraman, P 

Cbeiron, 14(1): 1985. 19-22.

Rubber seed meal could be used up to 40%  level in the d iet o f  three m o n th  old pullets 
w ithout affecting the growth and efficiency', but later showed low feed in take and  feather 
picking. To verify this and to  arrive at a safe level o f  rubber seed m eal, w h ite  leghorn 
replacement pullets of 9-20 weeks o f  age were fed diets con ta in in g  0 , 5, 10 a n d  15 % 
levels ot rubber kernel oil meal, replacing groundnut oil meal. T h e  results ind icated  that 
rubber kernel oil meal could be safely as a source o f vegetable protein up to 15%  level in 
grower mashes without any adverse effect on growth rate, feed efficiency', livability and  age 
at sexual maturity.

K eyw ords: R ubber seed kernel; R ubber seed meal; W h ite  leghorn  pullets; P o u ltry  diet; 
India

115 Influence of seed size and orientation o f placement on seed quality characteristics 
ot rubber (Hevea brasiliensis Muell-Arg.)
(iiinasckaran. M; Krislmasamy, V ;|ak shm i, S and Nargis, S 
Orissa Journal o f  Horticulture, 27(1): 1999. 4 -7 ,
(H orticu ltural Abstracts. 70(5): 2000.576)

In studies carried out in Coimbatore, Tamil Nad,, In ,li, . „ , l l  i- , ,  , ,
cr . RRIM 600. seeds (1 61 2 05 and 7 5 n  ™  j  J n d  tar» -  " " .......
sand in a ho rizo rn l ,mi I- j  c m 111 diam eter, respecliv, • ) we,, ' in

or inveried (niiaopylar end^ow liw ards) n o ,k S'aeT yS)|i ' " 'a * '  tn ,ic ro P>,lar cnd  »>|'«--I‘H |
had the highest ™ I - ........

seedlings. U rg e  seeds had the lowest p e rcen la p  g l n n l ^ i o m  ' ^ .....  ......   ' .........  
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116 In  situ  epoxidation o f rubber seed oil by peracetic acid
A igbodion, A  I; O kieim en, F F, and Bakarc, I O
Nigerian Jou rn a l o f  A p p lied  Science, 17: 1999. 2 7 -3 6 .

In situ  epoxidation  o f  rubber seed oil (R SO ) w ith peracetic at 30 , 50, 60 an d  70°C  was 
carried out. P roduct o f  high epoxide con ten t having com m ercial value as plastlcizer/stabiiizer 
for poly (vinyl c h lo r id e ) ,> V C ) , natural rubber an d  o th e r applica tions can be ob ta ined  by 
this in situ  technique. M ole ratios o f  acetic acid and  hydrogen peroxide to  oil and  reaction 
tem perature are critical factors for ob tain ing  p roduct o t high epoxide co n ten t. C onsequently , 
mole ratio o f  acetic acid to oil > 0 .40  and  hydrogen peroxide to  oil > 2 .23  w ere fo u n d  to 
be o p tim u m  necessary fo r epox id a tio n  o f  ru bber seed oil. S tu d y  o f  te m p e ra tu re  effec t 
shows that rate o f  epoxidation o f  rubber seed oil increases w ith  tem perature. How ever, at 
reaction tem pera tu re  > 60°C . rate o f  oxirane cleavage o r hydroxy lation  reaction  is h igh. 
H ighest epox ide co n te n t o f  4 .3  was ob ta ined  at tem p era tu re  o f  50°C  w ith  less ox irane 
cleavage bur at longer tim e of reaction. C orre la tion  o f  So^C, %  oxirane w ith  reaction times 
at various tem peratures show  th at a t tem perature > 30° C , %  oxirane o f  3 .0 , 3 .8  an d  3.7 
were ob tained  before on-set o f  oxirane cleavage w hen rubber seed oil was epoxidised at 50, 
60 and 70°C  respectively. T hese correspond to  4 , 2 1/2 and  1 1/2 h r o f  reaction respectively. 
T h e  rate constan ts estim ated  a t th e  d iffe ren t tem pera tu res  are o f  th e  o rd e r o f  1 0 “ litre 
mol 1 sec T h e  activation energy, E ^of producing  epoxidised rubber seed oil fo u n d  in this 
study  is 15 .7 3 k  cal m ol’1 an d  th e  en th a lp y  o f  a c tiv a tio n  are 1 5 .13 . 15-09 , 15-07  a n d  
15-05 k  cal m o l1 a t 30, 50, 60 and  70UC.

Key w ords: R u b b er seed  oil; E p o x id atio n ; K inetics; O x ira n e ; N ig eria

117 Investigation o f  netw ork form ation in drying oils by d ilu te so lu tion  viscom etry
Ibemesi, J A
Jou rn a l o f  the A m erican O il Chemists' Society, 66 (7 ): 1989. 9 7 4 -9 7 8 .

D ilute so lu tion  viscom etry was used to  m o n ito r the d ry ing  o f  the oils o f  linseed (L in u m  
usitstissimurn  L ) ,  ru b b e r {Hevea brasiliensis [K un th ] M uell. Arg.). soybean (Glysine m ax  
(L) M err) and  m elon  (Colocynthis vulgaris Schrad) w ith  a view to gain  in sig h t in to  th e  
m ode o f  netw ork  form ation prior to the gel po in t. In trinsic viscosity values o b ta in ed  show 
a rise and fall pattern  which was attribu ted  to the occurrence of in ter an d  in tram olecular 
crosslinking. Reduced viscosity values o f  the so lu tions o f  th e  oils (in  bo th  th e ir oxidized 
an d  unoxidized forms) show  a rise w ith d ilu tion , ind icating  th e  occurrence o f  m ajo r structu ra l 
changes in th e  system .

K ey w ords: H evea brasiliensis; R u b b er seed o il; L inseed  oil; D ry in g ; P la n t oils; V iscosity

118 An investigation on oil o f  rubber seed (Hevea brasiliensis)
N joku, O b io m a U; O nonogbu , I C  and  O w usu, A nsah J Y

Journd i f  the R ubber Research Institu te o f  S r i L a n ka ,7 8 :1 9 9 6 .5 2 -5 9 .

O i ' from  seeds o f  Hevea brasiliensis tra d it io n a lly  used  as th ic k e n in g  ag e n t for sau rce
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1 m .m *< appeared ro be an effective m ethod ot reducing the H c N  content of rubber seed 
and i,s products to sale levels. T he tannin levels in rubber seed and its p roducts w ere lot, 
(0 4 2 -0 .5 3 * 1  and within the safety levels lor incorporation m livestock feeds. M orcou-,. 
the tannins were confined to the shell portion  o f  the rubber seeds. Thus decorllcalu .n  
appeared ro be a satisfactory m ethod for e lim inating  the tan n in s  in ru b b e r seeds, but 
increased the H C N  levels slightly. O il extraction and au toclav ing  failed to  reduce the 
H C N  and  tannin levels, b u t ferm entation successfully reduced bo th  H C N  an d  tannin  
levels in the rubber seed and its products.

Key words: Hevea bmsiliemiy. R ubber seed; R ubber seed kernel; -Seed processing; H C N  
co n te n t;T a n n in  co n ten t; India

114 Influence of rubber kernel oil meal on the performance o f  w hite leghorn pullets 
Narahari, D; Yenugopal, K and Kothandaraman, P 

C im ron, 14(1): 1985. 19-22.

Rubber seed meal could be used up to 40%  level in the diet o f  three m o n th  old pullets 
w ithout affecting the growth and efficiency, but latei showed low feed in lake and  leather 
picking. To verify this and to arrive at a safe level o f  rubber seed m eal, w h ite  leghorn 
replacement pullets of 9-20 weeks o f  age were fed diets con ta in in g  0 , 5. 10 an d  15 %  
levels o f rubber kernel oil meal, replacing groundnut oil meal. T h e  results ind icated  that 
rubber kernel oil meal could be safely as a source o f vegetable protein up to 15%  level in 
grower mashes w ithout any adverse effect on growth rate, feed efficiency, livabilitv and  age 
at sexual maturity.

K eyw ords: R ubber seed kernel; R ubber seed meal; W h ite  leghorn  pullets; l 'o i ilm  diet; 
India

115 lnflucnceofseedsiie and orientation o f placement on seed quality characteristics 
of rubber (Hevea brasiliensis Muell-Arg.)
Gunasckaran, M; Krishnasamy, V; Lakshmi. S and Nargis, S 
Orissa Journal o f  Horticulture, 27(1): 1999. 4 -7 .

(H orticu ltural Abstracts, 70(5): 2000.576)

ln? a ' sm a" ' m edm m  ;,nJ ^  j  ; 1 - ’ 2 .50 cm in diam eter, respectively) were sown in

or inverted S o ^ l a ™ X w n « r i ! i ‘p ^ . ’$ ^ i  (microP)'iar « kI upward
had the highest percentage g e r m i n a t i o i - K w n  T 7  * h o n M m jl I '" ' .........
seedlings. Large seeds had the lowest perccJage  g ^ " t , a t n  '  ........  '  " ' .........  



116 In  situ  epoxidation o f  rubber seed oil by peracetic acid
A igbodion, A I; O kicim en, F E and Bakare, I O  
N igerian  Jou rn a l o f  A pp lied  Science, 17: 1999- 2 7 -3 6 .

In  situ epoxidation o f ru bber seed oil (R SO ) w ith  peracetic at 30, 50, 60  an d  /0 "C  was 
carried out. P roducr o f  high epoxide co n ten t having com m ercial value as plasticizer/stabilizer 
for poly (vinyl chloride), (PV C ), natural rubber and  o ther applica tions can be ob ta ined  by 
this in  situ  technique. M ole ratios o f acetic acid and  hydrogen peroxide to  oil an d  reaction 
tem perature are critical factors for ob tain ing  p roduct of high epoxide co n ten t. C onsequently , 
mole ratio o f  acetic acid to oil > 0 .40  and  hydrogen peroxide to  oil > 2 .23  w ere fo u n d  to 
be o p tim u m  necessary for epox ida tion  o f  ru b b e r seed  oil. S tu d y  o f  te m p e ra tu re  effect 
shows that rate o f  epoxidation o f  rubber seed oil increases w ith tem perature. How ever, at 
reaction tem peratu re > 60°C , rate o f  oxirane cleavage o r hydroxylation  reaction  is h igh. 
H ighest epox ide co n te n t o f  4 .3  was o b ta in ed  a t tem p era tu re  o f  50°C  w ith  less ox irane 
cleavage b u t a t longer tim e o f  reaction. C orre la tion  o f  30°C , %  oxirane w ith  reaction times 
at various tem peratures show th at a t tem perature > 30° C , %  oxirane o f  3 .0 , 3 .8  an d  3 .7  
were ob tained  before on-se t o f  oxirane cleavage w hen rubber seed oil was epoxidised a t  50, 
60 and 70JC  respectively. T hese correspond to  4 , 2 1/2 an d  1 1/2 h r o f  reaction respectively. 
T h e  rate constan ts estim ated  at the d ifferen t tem pera tu res  are o f  th e  o rd e r o f  10 litre 
mol ' sec T h e  activation energy, E ,o f  producing  epoxidised rubber seed oil fo u n d  in this 
s tu d y  is 15 .73k cal m ol 1 an d  th e  en th a lp y  o f  ac tiv a tio n  are 15-13. 1 5 .0 9 . 15-07  an d  
15.05 k cal m o l1 at 30, 50, 60 and 70° C .

K e y w o rd s: R u b b er seed oil; E p o x id atio n ; K inetics; O x ira n e ; N ig e r ia

117 Investigation o f netw ork  form ation in  drying oils by dilute so lu tion  viscom etry
Ib em es i,]A
Jo u rn a l o f  the A m erican O il  Chemists' Society, 66 (7 ): 1989- 9 7 4 -9 7 8 .

D ilu te so lu tion  viscom etry was used to  m o n ito r the d ry ing  o f  the oils o f  lin seed  (L m u m  
usitstissim um  L.). ru b b e r {Hevea brasiliensis [K u n th | M uell. Arg.). soybean (Glysine m ax  
(L) M err) and  m elon  (Colocynthis vulgaris Schrad) w ith  a view to gain in sig h t in to  the 
m ode o f ne tw ork  form ation  p rio r to the gel p o in t. In trinsic viscosity values o b ta in ed  show  
a rise and fall pattern  w hich was attribu ted  to the occurrence o f  in te r an d  in tram olecular 
crosslinking. Reduced viscosity values o f  the so lu tions o f  th e  oils (in b o th  th e ir oxidized 
and unoxid ized  forms) show  a rise w ith d ilu tion , ind icating  the occurrence of m ajor structu ra l 
changes in th e  system.

Key w ords: H evea brasiliensis; R u b b er seed o il; L inseed  oil; D ry in g ; P la n t oils; V iscosity

118 An investigation on oil o f  rubber seed (Hevea brasiliensis)
N joku, O b io m a U; O nonogbu , I C  and O w usu, A nsah J Y

Jourii'i o f  th e  R ubber Research In stitu te  o j S r i L a n ka ,7 8 :1 996 -5 2 -5 9 -

O i fro m  seeds o f  H evea brasiliensis tra d itio n a lly  used  as th ic k e n in g  ag e n t fo r  sau rce



I - i | ■ I ,rm ic.ll c h a rac te ris tic s  d e te rm in e d , 
p re p a ra tio n  was iso la ted , a n d  its p iiy sk J  . ^  wt)jc|, w ere separa ted  In
S aponifica tion  yielded saturated  and u n a t t t  ^  Ethanol. Hexttne and  Acetone
preferential crvstalli/ariun using organic solven . • I,,, i n f l  r m - iU l
w ere found effective solvents in this regard. <las liquid ch rom atography (G L C ) reve led 

;  a“t "un o f  C IS  fa,tv acids as well as traces o f o ther tatty  ac,ds. 1 he iod ine values
show that the solven,,  used in this study gave excellent yields o f  tatty  actds w ith  ace  
being the most effective as a crystallization solvent to o.l ratio j . l  at 5 .

Key words: H e ,fa  brasiliensis; R ubber seed oil; Fatty acid; P hysico-chem ical p ro p e rtie s

119 Investigation on rubber seed oil
/M am , M  N ;  F a ru q , M  O ;  H o ssa in , M  F. a n d  A la m , M  S

Bangladesh Journal o f  Scientific a n d  Industrial Research. 17(3-4): 1982. 2 0 0 -2 0 4 .

O il from locally available rubber seeds in Bangladesh has been isolated and  its physical 
and chemical characteristics determ ined. The fatty' acids o f  th e  ru bber seed oil can be 
separated into different fractions o f  varying fatty acids co n te n t by the m eth o d  of urea 
complex formation. A ddition o f  success quantities o f  urea to th e  m ixture of fa tty  acids, 
give fractions with predom inance in a particular type o t fatty acid. T h e  fatty' acids thus 
separated consist o f both saturated and unsaturated fatty acids. A bout 85%  of th e  fatty 
acids are unsatura ted  and the major com ponent is oleic acid followed by lino le ic acid. 
Rubber seed oil can lie a source o f  extraction o f oleic acid for industrial use.

Key words: Hevea brasiliensis; Rubber seed oil; Fatty acid; B angladesh

120 An investigation on the medical use of rubber seed oil
Chaoran, Liu; Mingying, Wang; Liang, Yang; Guozhcn, C hen and t , i i ,  
Tang

Chinese Journal o f  Tropical Crops, 1(1): 1980. 88-96.

The rubber seed oil is rich in polyunsaturated fat, with 36%  linoleic aci.l, 24%  Iinoliim
acid and some other unsaturated fatty acids. In recent years, we have ............ straled  i Im ,
the serum cholesterol and triglyceride levels o f normal rats fed w ith rubber seed nil diet
were lower than those’ o f  the rats fed with com m on diet. T he Hpidemia-redu, i „ .  . ............ .
the seed oil have been further demonstrated in both  experim ental h y pctiip idom , inim.ils
..rats and rabbitsl and hyperhpoptoteinem ic patients. W  I, ,ve ................. I ,1, „ ,, „,.K
who usually consum ed this oil (Tor at least 6 m onths) had lower serum lipid levels (either
cholesterol tr,glyceride) as com pared w „h  those ........... . , m tsum cd , ,.,1
Moreover, our study has also proved that rubbet seed oil no, onh in h il...... ,he develop ,,,, n,
ot aornc atherosc etos.s in rabbits but also accelerated its tegtessio............. I W  i l l
mechanisms of the bpidem ia-teducing efTect o f the oil have been discussed.
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121 Juvenile characters and seed m orphology o f certain modern Hevea  clones
M ercykutty, V C; Varghese, Y A ; Licy, J and Panikkar, A  O  N 

In d ia n  Journa l o f  N a tura l Rubber Research, 4 (1 ): 1991. 16-25-

N in e  m odern clones o f  Hevea brasiliensis were m orphologically characterised at the age o f
14 m onths, plan ted  in the field at a spacing o f  6 .7  x 3.4  m . M orphologica l param eters 
s tu d ie d  w ere natu re o f  buds and  leaf scars, shape o f  lea f sto rey  a n d  charac teristics of 
petioles, petiolules and leaflets. T h e  observations were confirm ed w ith  nursery  plants ( )0 
x 60 cm  spacing) o f  the same age. Seed m orphology was also used to identify  the clonal 
trees. C lones vary in respect o f  the different characters studied. A  co m bination  o t different 
characters has to be taken into consideration for the identification o f  clones a t young age.

Key w ords: Hevea brasiliensis-, R ubber seed; Juvenile characters; M orp h o lo g ica l param eters; 

C lo n e  iden tifica tion ; In d ia

122 Kinetics o f the preparation o f rubber seed oil alkyds
A igbodion, A I  and O kieim en, F E 
European Polymer Jo u r tial, 32(9 ): 1996. 1105-1108 .

T h e  kinetics o f  the polyesterification o f  glycerol, ph thalic  anhydride a n d  ru bber seed oil 
leading to  the form ation  o f  alkyd resins were s tud ied  at tem pera tu res  b e tw een  2 30  and  
250°C . Six samples o f the resin having oil conten ts o f  20% (I), 30% (1I), 3 5 % (III). 40% (IV ), 
50% (V ) and  60% (V I) were prepared. T h e  extent o f  reaction was m on ito red  by determ in ing  
the acid value o f  aliquots o f  the reaction m ixture a t various intervals o f  tim e an d  by m easuring 
the volum e o f  water evolved. T h e  extent o f  reaction (PA)and average degree o f  polym erization 
(D P) were calculated from end group analysis o f aliquots o f  the reaction m ixture w ithdraw n 
a t various intervals o f  tim e. T h e  initial reaction rates followed second order kinetics and  
thereafter deviations were observed. 1 he average degree o f  po lym eriza tion  ca lcu lated  in 
the region o f  deviation from  second order kinetics suggests th e  occurrence o f  chain  b ranch ing  
a t relatively short intervals along the polym er chain. T h e  second order ra te  constan ts were 
found to be o f  the order o f  10 'g  (m g K O H ) 'm in  !.

Key w ords: R u b b er seed oil; A lkyd resin; Polyesterifica tion ; N igeria

123 Long term  trials w ith  rubber (Hevea brasiliensis) seed cake on  m ilch cows
James, C  S; A nanthasubram aniam , C  R  and V isw anathan ,T  V  

Kerala J o u rn a l o f  Veterinary Science, 11(1): 1980 .1 -6 .

An experim en t was carried o u t in twelve cross-bred (Jersey x S indh i) lac ta tin g  cow s by 
feeding respectively w ith  ru bber seed cake a t 0, 2 5 %  w t/w t basis a n d  2 5 %  isopro ten ic 
isocaloric basis rep lacing  co c o n u t cake for a period  o t 200  days to  s tu d y  th e  effect o f  
in co rpora tion  o f  rubber seed cake in the dairy  co n c en tra te  ra tio n . D a ta  on  m ilk yield, 
com position  o f  m ilk and  b u tte r  characteristics d id  n o t reveal any  s ignificant differences



quantity  or on the quality of milk or butter produced.

Key words: Rubber seed; Rubber seed cake; Feeding value; C attle  feed; Ind ia

124 Loss o f  oil from Hevea seed; A variation having phyletic and  econom ic 
implications
Baldwin, J T
Journal o f Heredity, 40 :1949. 47-49.
(H orticu ltu ra l Abstracts, 19: 1949- 2488)

T he seeds o f certain species of Hevea were found to make greasy patches on the herbarium  
sheets resulting from loss o f oil. H. rigidifolia and  H. kunthiana , seeds o f which are especially 
selected as food by the Amazonian native, were outstanding in this respect. Loss o f  oil also 
occurred in occasional trees o f H. brasiliensis, H. benthamiana a nd  H. guianensis, good 
rubber producing species. It is suggested that this character m ight be in troduced  into 
plantation rubber, so that the seeds could be used as a by-product, and also that certain 
trees o f H. rigidifolia and H. kunthiana  m ight form a basis for a seed-oil industry. This 
character o f oil loss is shown to throw light on the genetical relationships o f Hevea species.

Key words: Hevea brasiliensis; R ubber seed; O il loss; G enetical re lationship

125 Manufacture of dark factice from rubber seed oil 
Fernando, M R N

Rubber Research Institute Ceylon Quarterly Journal, 47: 1971. 59-64.

A ttem pts were made to prepare dark factice from  rubber seed oil an d  su lp h u r u n d er 
different conditions. The factice samples thus prepared were analysed for the am o u n t o f
free unreacted oil by the acetone extract m ethod and for the free su lphur ....... cm . Best
result was o b ta in ed  w hen  aera ted  rubber seed oil at 1 50“C was treated w ith 25%  -tilph.n
and 0%  sodium carbonate. T he factice thus prepared is almost identi..........  properties In
th e  calendar tac ilc eo f 790 A made by the Anchor Chem ical C om pany i id. I Ik facti. V 

o b ta in e d  ^  1113,111 a a u r ‘n S extruded rubber tub ing  and  very satisfac tory  resu lts w ere

Key w ords: Rubber seed oil; Dark factice; Fatty acid; Sri Lanka

126 Marketing rubber seed
Grist, D H

M alaysianA gricultu re / » w r a |  \ y : 19 2 9 . 39 . 4 c,

K e y w o rd s : R u b b e r  seed ; S eed  co ile c tio n ; Seed m a rk e t in g ;  S eed  p a c k in g



127 M arketing strategies for rubber seed oil and cake
Ogowewo, N
hr. Industrial U tilization o f  N a tu ra l R ubber (H evea fra sU i'w is )  Seed, L a tex a n d  Wood: 
Proceedings o f  N a tiona l Conference. (Ed. E phra im  E. E n ab o r). R u b b e r R esearch In s titu te  

o f  N igeria , B enin C ity, 1986, pp. 109-119-

T h e  paper stresses the difficulty in designing m arketing strategies for rubber seed oil and  
cake in Nigeria in view o f the fact that p roduction  is no . yet com m ercialised. H ow ever It 
identifies m erchandising, physical d is tribu tion  and  facilita tion  h tn c t.o n s  as e l e n te n s o  
the potential m arketing strategies tha t m ight be adopted and  suggests a m at 'e in 
sim ilar to that prevailing in the rubber coagula trade. U nder th is s tru c tu re  n ib b er 
producers as suppliers ate linked to  the end users o f  rubber seed oil and  cake (oil pam t
industry and livestock feed millers respectively) either directly  o r  th ro u g h  the rubber seed
oil millers and N igerian Rubber Board. T he latter has a m onopo ly  of export m arketing 
rubber seed oil and cake. T h e  paper points to inadequacy o f  seed supplies, poor storage 
and  ineffective pricing as the likely m arketing  problem s and  advocates stren g th en in g  
the relevant research and  developm ent in stitu tions to ensure effective m arke ting  of 
rubber seed oil and cake following com m ercialisation o f  produc tion .

K eyw ords: R u b b er seed oil; R u b b er seed cake; Seed m ark e tin g ; N ig eria

128 M easurem ent of lipase activity in rubber (Hevea brasiliensis) seed 
N joku, O  U; O nonogbu , I C  and Eneh, F U
Journa l o f  the Am erican O il  Chemists’ Society, 73 (1 1 ): 1 9 9 6 .1 4 7 1 -1 4 7 3 -

Lipase activity in para rubber (H evea brasiliem.s) seed was m easured  by m o n ito rin g  the 
release o f free fatty acid by lipolvsis o f the endogenous Upid in  a crushed  sam ple o t see 
incuba ted  at 3 7 .5 ‘C  for 30 m in . Free fatty  acid was d e te rm in e d  c o lo n m e tn c a lly  by  a 
modified copper soap m ethod. Fresh seeds show ed the h ighest lipase activity. D ry ing  t e 
seeds a t 60"C  inactiva ted  th e  enzym e. D ry ing  o f  th e  seed at th is  tem p era tu re  m ay be 
useful as a pretreatm ent for extraction o f  oil from  the seed.

Key w ords: R ubber seed; R u b b er seed oil; Hevea brasiliensis; O il ex trac tion ; Lipase; N ig eria

129 M easurem ent o f m etabolizable energy value o f r u b b e r  seed pow der and its 
utilization in form ulate ration for growing ducks and local chickens

Sutrisna, R
J u m a l  Penelitian Pertanian Terapan, N o .2 : 1998 . 2 3 -2 7 .

(AGR1S. 1 9 9 9 -2 0 0 2 /0 6 )

T h e  first experim ent has been done to  determ ine the m etabolizable energy value o f  rubber 
seed powder and  com paring  its value for ducks and  chickens. Five local Indonesian temale



ducks and five female chickens were used in the experim ent. The m etabolizable energy 
was used to formulate ration for feeding trial in 4S ducks and 48 chickens at 2-8 weeks 
age. T h e  second experiment was to study the responsibility o f rubber seed level (0, 5, 10,
15 percent) in the ration. T he completely random design was used in the experim ent with
2  x 4 factorial experiment. T he firsc factor ducks and chickens species (S) and the second 
factor was ration that used four level rubber seed powder 0, 5, 10, 15 percent (R) m the 
ration. T he result o f  the experiment based on the observation and statistical test can be 
concluded that: there is no interaction between species and rubber seed pow der level, but 
species significantly affected to teed conversion, feed consum ption and the average weekly 
weight gain. T he best consumption and conversion o f ration were R3 (15 percent rubber 
seed powder level) treatment.

Key words: Rubber seed; Powder; Rations; Energy value; Ducks; Broiler chicken; G row th; 
Indonesia

130 Mechanism of hypolipidemic effect o f rubber seed oil- Its effect on cholesterol 
tolerant test in rhesus monkey
Chaoran, Liu; Guozhen, Chen; Yunshan, Li; Longshun, Chen; Chaocai, Tang 
and Zhixiong, Zhang

Chinese Journal o f  Tropical Crops, 4(2): 1983. 35-38.

Rubber seed oil is one o f the plant oils rich in polyunsaturated fats. W e have dem onstra ted  
that it has some hypolipidemic effects both in experimental hyperlipoidem ic anim als and 
in hyperlipoidem ic patients. T he present study was perform ed on 30 Rhesus m onkeys
(M acao, mulatta) which were divided into four groups. G roup  1, received lard (20 ml)
and 2 g cholestrol, G roup 2, rubber seed oil (20 ml) and cholestrol (2 g), G roup  3, R-PuF 
(20 ml) and cholestrol (2 g), G roup 4, normal saline (20 ml) alone. Following the overnight 
lasting the blood samples were obtained for total cholestrol (T-ch), triglyceride (TG ) and 
high density  lipop to tem  cholestro l (H D L -c h ). T -ch , T G  and  H D L -c h  levels w ere

Z ^ r Ct  aL ' A t a " r  n h0u rs  l f tc r  ,h e  ^ m in i s t r a t i o n  o f  a s in g le  d o se  o f  
T  t  T  M  T  I  T d  t1” '  fo iiow i,,S ad m in is tra tio n  o f  a s ing le  d o se  o f  tin ,o s  
th e  T -ch  peak  level was h igher in G ro u p  , th an  in G ro u p  2 a n d  3, b u r  t h f  b lo o  T , h leve

“ hdT̂  : Gr p 2 r* ̂  ,ha" m >■in ***«• ^  ;!
S ?  Kr ,e adn™ 's» ati° "  o f  a single dose while rubber
m i  3 L  hv °  - 7 raSe “  "  rhe “ me " me' ^ e s e  results suggested that

br 1 "Uln hypolipidemic com ponent o f rubber seed oil

^  X ' c L ?  HyPO' iPidemiC ^  ■ test; R hesus

131 Metabolizable energy of rubber seed meal in poultry diets
Sjnwardenc, J A deS1 and Nugara, D  *
Ceylon Vmri„nry journal, 20(3); 1972. 61-63,

In this study metabolizable energv value o f rubber A I ■
BY rubber seed meal poultry  diet was d e te rn ........ .



For this purpose one-day old w hite leghorn cockerel chicks were selected and  they were 
fed by a commercial chick starter diet until two weeks o f  age. They were then  individually 
weighed and divided into four groups and fed by four different experim ental d iets prepared 
by incorporating  different levels o f  a basal d iet low in p ro te in  an d  rubber seed m eal at
varying proportions for a period o f  tw o weeks. A fter the experim ental period  th e  chicks 
were weighed to record the feed consum ed. T h e  feed and  the faecal sam ples were analysed 
for m oisture, crude protein con ten t, gross energy and ch rom ic oxide. T h e  m etabolizable 
energy value o f  each o f the experim ental diets was d e te rm ined  by app ly ing  th e  S ibbald 
and  Slinger equation, T he mean value for m eram obilizable energy was found  to  be 1788 
k.cals/kg, T h is value is similar to that o f  expeller coconut meal w hich is 1764 k.cal/kg and 
thus confirm s the usefulness o f  ru bber seed meal as a su b s titu te  for c o c o n u t m eal in 
p ou ltry  feeds. N o  toxic m anifestations were observed as a result o f  feeding  ru bber seed 
meal even at the 60%  level.
Key w ords; R ubber seed meal; P o u ltry  d iet; M etabolizable energy; Sri L anka

132 M u a in a  cocbinchinensis (as a legume cover in the in terrow  o f  rubber seed 
production studies (in Peninsular Malaysia)
Chee, Y K; Lee, K A; Phang, A K; Leong, M  W  and Ismail, Bin Ibrahim
Proceedings o f  Legumes in  the Tropics, 1 3 -1 7  Nov. 1979 , Serdang , M alaysia , pp. 4 3 -5 0 . 

(A G R IS. 1981-1985)

Key words; M u c u m  cocbinchinensis; H evea brasiliensis; R u b b er seed; C o v er crops; M alaysia

133 N ew  fats for the soap kettle
H ausm an, M
Soap, 13(2): 1937. 28 , 3 7 , 73.
(R R IM  Bibliography. N o . 10 B ib liography o n  R u b b er seed  oil)

Key w ords: R ubber seed oil; S oap  m an u fa ctu re

134 New utilization o f vegetable oils
Nag, A; Bhattacharya, S and De, K B
Journa l o f  the Am erican O il  Chemists' Society J 2 {  12): 1 9 9 5 -1 5 9 1 -1 5 9 3 .

(A G RICO LA .)

K eyw ords: R u b b er seed o il; V egetab le o il; D iese l; P lastic izers; Fuel; V u lcan ized  oil; 
Industria l ap p lica tio n

135 Nigerian para rubber seed meal as an energy and protein source for rats fed soybean 
meal or peanut meal supplem ented diets
O rok, E j  and Bowland, J P
C anadian  Journa l o f  A n im a l Science, 54 (June): 1974. 2 3 9 -2 4 6 .

Proxim ate, am ino acid and  fatty  acid analyses w ere conducted  on a sam ple of para rubber



for weanling Sprague-L a y ^  ^  j 2% ), by including in

iL^ litriru lftrV -a  &  !$» ,.f
T he feedinr period was 4 wk, in the las. week o f which energy and nitrogen d ig e s t ib le *  
were determined followed by carcass analyses for protein, fat and a * .  Kernels represented 
r  0%  o f undecorticated RS meal from decorticated RS contained 3 .9%  m oisture 6. , 
kcal gross energy/g, 43.3%  crude fat. 18.3% crude protein, 3 .8 /o crude fiber 3 l /o  . h 
and 27 .5%  nitrogen-free extract. Rate o f  gain, energy and  n itrogen  digestib ilities and 
carcass com position o f rats fed diets containing RSM were com parable to  those on  the 
respective diets without RSM. Average food intake o f  rats fed RSM  supplem ented  diets 
was low er (p< 0.01) than  th a t  o f  rats on the S B M -su p p le m e n ted  d ie t. T h is  low er 
consum ption  o f diets con ta in ing  RSM was consistent w ith th e ir h igher D E  an d  M L 
(kcal/g food). Autoclaving RS had no consistent effects on the various m easurem ents.

Key words: Hevea brasiliensis-, Rubber seed meal; Chem ical com position; Rat diet; N utritive 

value; Nigeria

136 Non-edible oil from rubber seed 
Haridasan, V
Commerce, 141(3602): 1980. 16-18.

Key words: Rubber seed; N o n  edible oil; India

137 A note on the feeding value of rubber (Hevea brasiliensis) seed cake for cattle 
Ananthasubramaniam, C  R; Viswanathan, T  V  and Menachery, Maggie 
Kerala Journal o f  Veterinary Science, 10(2): 1 9 7 9 .2 8 2 -2 8 5 .

Rubber seed cake, the by-product o f  rubber seed oil industry  was subjected to  feeding 
trials in cattle in order to find out its nutritive value. T he cake possesses a D C P  o f 15.0 
percent and a T D N  o f 65.8 percent. The H C N  content ol the material was found to be 
only 8.7 mg per 100 g. T he results indicated that rubber seed cake can form  a potential 
feed source for cattle.

Key words: Rubber seed; R ubber seed cake; Feeding value; C attle  feed; Ind ia

138 Nutrient characterization of some feedstuffs of Sri Lanka crude protein of cassava, 
sesame, coconut oil, rubber seed, sweetpotato leaf meal
Ravindran, V; Kornegay, E T ;  Webb, K E and Rajaguru, A S B 
Journal o f  National'AgriculturalSociety Ceylon, 19: 1982 19-32 
(A G RICO LA . 1979-1984)

Key words: Rubber seed meal; N utrition ; Anim al nutrition ; O il seed cakes; Industria l 1 „  
products; Sri Lanka



139 N utritional and industrial qualities of rubber seed oil
Abalaka, J A; Ameh, D D and Abedoja, P A 
N igerian Journa l o f  Technological Research, 1 :1989- 21-24 .

(C ited  by A igbodion , A I., 1994)

K e y w o rd s: R ubber seed oil; N u tr i t io n ;  In d u stria l use; N igeria

140 N utritional and toxicological evaluation o f rubber seed oil
G andhi, V M ; Cherian, K M and M ulky, M J
Journal o f  the Am erican O il Chemists' Society, 67(1 0 :1 9 9 0 .8 8 3 -8 8 6 .

R ubber (Hevea brasiliensis) seed oil (R SO ) is available in India (C a. 4 5 0 0  tons per year) 
and is used m ainly as a drying oil. T h e  oil does n o t conta in  any unusual tatty  acids, and it 
is a rich source o f essential fatty acids C ,M and C „  , tha t m ake 52%  o f  us to tal fatty acid 
com position. Acute toxic potential in rats an d  the systemic effects an d  nu tritiona l quality 
were assessed in a 13 week feeding study in w eanling albino rats using a d ie t con ta in ing  
R SO  o r groundnu t oil (G N O ) (as the control) a t a 10%  level as the sole source o f  d ietary 
fat R SO  did no t manifest any acute toxic potential. Food consum ption , grow th  rate an 
feed efficiency ratio o f rats fed RSO w ere sim ilar to those led G N O . T h e  digestibility  o t 
this oil was found to be 97% , as com pared to 94?', for G N O . T h e r e  w e r e  n o  m acroscopic 
or microscopic lesions in any o f  the organs w hich could be ascribed to the R SO  incorporation  
in the d ie t T h u s  the cu rren t da ta  show  th a t R SO  co u ld  be used  to r  ed ib le purposes. 
However, it will be necessary to process the oil to  achieve d e o d o ru a tio n  and  to  remove tree 
fa tty  acids to make it organoleptically  acceptable.

K eyw ords: Hevea brasiliensir, R u b b er seed oil; Fat d igestib ility ; N u tr i t io n ;  T oxicology; 

R at feed; Ind ia

141 N utritional assessment o f rubber seed meal w ith broiler chicks
N w o k o lo ,  E m m a n u e l ;  B ra g g , D a r r e ll  a n d  S im , J e o n g  

Tropical Science (U K ), 27 (3 ): 1 9 8 7 .1 9 5 -2 0 4 .

Proxim ate co m p o n e n t, m inera l, am ino  acid and  fa tty  acid co m p o sitio n  of ru b b e r seed 
meal were determ ined , using w hole an d  defatted  rubber seed meals. M inera l an d  am m o 
acid availability (true digestibility) de term inations were m ade utilizing  bro iler chick assays. 
A grow th trial in w hich 50%  o f  d ietary pro tein  was supplied by rubber seed m eal (RSM ), 
soya bean meal (SBM ), g ro u n d n u t m eal (G N M ) or by com binations of these ingredients 
w ith RSM , was conducted . Analytical results ind icated  tha t rubber seed meal had  a very 
high conten t o f  potassium , a high co n ten t o f  phosphorous and  m agnesium , an d  a m oderate 
con ten t o f  calcium . T h e  c o n te n t o f  m icro-elem ents, zinc and iron, was very m uch h igher 
than  usually en coun tered  in oil seed meals. R SM  was low in  lysine, th e  su lp h u r am ino  
acids, and  m any o ther am ino  acids, in com parison  w ith  soya bean m eal. Average am ino



acid availability w *  m oderately high (80.3% ) bu t less th an  9 3 3 %  in soy

RubbCT seed oil had a h ,6h concent o f p o " c a n d y L  well 
hieh level o f  inolcnic acid. Broiler chicks fed KbM diets perrorm c b ^
than  those fed SBM diets. Performance on RSM diets was stm tlar to that on  G N M  or 

R SM /G N M /m elon  seed meal com binations.

Key words: Hevea brastim m , R ubber seed meal: Am ino acid: Fatty acid: M ineral m itrlti. ,n: 

N u tritive value; Broiler chicken; C anada

142 N utritional evaluation o f selected Nigerian rubber seed products: A chemical 
approach
U k h u n ,  M  E a n d  U vvatse, G  M

Plant Foods for H um an Nutrition, 38(4): 1988.309-31 8.

(Abstracts on Tropical A griculture, 15(1): 1990. 69345)

In Nigeria, 4 rubber seed products (whole and shelled rubber seed flours and  oils) w ere 
subjected to various chemical analyses to provide a basis for their nu tritional evaluation. 
T he shelled rubber seed oil was stored for 4 weeks under different tem peratures, light and 
dark conditions and at water activities o f 0.33 and 0.95, to assess the changes in som e of 
its indices of nutritional quality. T he rubber seed products can m eet, to varying degrees, 
the recommended daily requirements for various nutrients such as protein, fat and  m ineral 
elements. T he shelled rubber seed oil also promises to be a valuable edible oil w ith a very 
low saturated/unsarurated fatty acid ratio and which is rich in the essential fa tty  acid, 
linoleic acid. Dark storage, non-extrem e tem perature, and  a w ater activity  o f 0 .33  were 
relatively effective in m aintaining the nutritive aspects o f  the shelled rubber seed oil.

Key words: Hevea brasiliensis-, Rubber seed oil; R ubber seed m eal; N u tritiv e  value; Storage 
quality; Storage condition; Physico-chem ical p roperties; N igeria

143 Nutritional value of [Hevea] rubber seed meal in livestock [in Malaysia]
T o h , K  S a n d  C h ia ,  S K

Feedings tu ffsfor Livestock in  South Fast Asia: Proceedings o f  a Sym posium , 17-19 O c t. 1977, 
Kuala Lum pur, Malaysia, PP. 345-351.
(AGRIS. 1975-1980)

Key words: Rubber seed; Rubber seed meal; N u tritio n ; Livestock; M alaysia

144 Nutritional value of protein and oil in rubber seed (Hevea brasiliensis)
Bressan,,R; hi,as, LG ; Ayuso,T; Rosai, O ; Braham, J E and  Zuniga, j 
Turrialba, 33(1): 1983. 61-66.

I he chemical and nutritional nature of oil and ptotein as found in rubber seeds is report, ,1



crude oil. T h e
T h e  taw dehydrated SeecI contains about 17.6 seed 'so trces . It i
am ino  a d d  conten t o f the p ,o t« n  com pared w ith t h a o f  •  ^  ^  [r ^  
observed that the am ino acid con ten t o f the pro te n vecj the pro tein  quality  o f
su lphur am ino  acids and  trials on rats the extruded
the product and also removed H C N  from the seed. 1 g charac teristics o f  th e  oil
p ro d u c t was fed foil-fat o r hexane ex tracted . value o f  the
showed that the oil has a high concentration o f  C IS  2 w hen fed a t a high
oil was determ ined by rat grow th perform ance. Results d igestibility  o f  84%
level (20% ) in the diet, it is toxic. At 1 %  l e v e U n d f a  adu lt ~  L „  those

3 ^ ™ d X T h :  r«uhs°onf  S  shows th a , rubber seed has poten tial in 

anim al n u tritio n  an d  in oil industry.
Key w ords: Hevea h M .  R u b b e r seed oil; P ro te in  q u ality : N u tr i t iv e  value; C h en ,,ca l 

co m p o sitio n ; G u a te m ala

145 N utritional value of rubber seed proteins
G io k ,  L T ; S am su d in , H u sa in i andT arvvo jo , I 

Am erican  J o u r n a l  o f  C linical N u tr itio n , 20(1 ): 1967 . 3 0 0 -3 0 5 .

(C ited  by W heeler, Louis C utter, 1978)

K e y w o rd s: R u b b er seed; R u b b er seed m eal; N u tr i t io n ;  Seed  p ro te in

146 N u tritive  value o f rubber seed (Hevea brasiliensis) meal and  oil. 1. R ubber seed 
meal versus soybean meal as sources of protein in senupunfied  d.ets for rats

Babatunde, Iiabriel M  and Pond, W ilson G
N u tr itio n  Reports International, 3 6 (3 ) :1 9 8 7 . 6 1 /-6 3 0 .

Tw o 21 -day experim ents were co n d u c ted  w ith  fem ale w ean ling  rats to  co m p a re  ru b b er 

S  ; L l  ( U  versus soybean ^

p r o te n  f L  SBM  was replaced w ith  R SM  p ro te in . T h e  .0 0 %  R SM  p ro ,c m  d ,e t was 
u ,su  ,le m e n ,e d  o r su p p le m e n te d  w ith  th e  m o s t l im it in g  a m m o  ac id s, ly s ln e  an d  

m eth ionine u P to the N R C  recom m ended level. G row th perform ance j e  
and  hem atological ,ra i,s  w ere used as c i te r ia  o t response. In Exp. 1 a n d - ,  ra,s led SB 
d in s  had  significantly  be tte r g row th , feed efficiency an d  p ro te n , efficiency  ra c o , th an  
those fed RSM . K idney  w e igh ts w ere sm aller a n d  sp leen  an d  r e p r o d u c e  trac ts w et 
larger w hen expressed as percentages o f  body w eights in rats fed S B M  than  in those fed 
RSM Rats fed SBM had significantly higher plasm a a lb u m ,n , to tal p ro tein  and  Kgnificantly 
lower plasm a u rea th a n  rats fed R SM . R eplacem ent o f  SBM  p ro ,em  w uh RSM prorem  
b e v o n d  th e  5 0 %  lev e l s ig n if ic a n t ly  re d u c e d  th e  p e r fo rm a n c e  o l  ra ts , w h ile  th e



supplem entation o f the 100% RSM diet with lysine and m echiom ne significantly im proved 
the perform ance o f  tats com pared to  the ^ s u p p le m e n te d  c o u n te rp a r t an d  p ro d u ced  
performance close to that o f  rats fed the 5BM  protein diet. It IS concluded th a t RSM  can 
supply  up to 50%  o f  the total p ro tein  in a d iet w ithou t d e trim en ta l effects on  body 

w eight gain.

K eyw ords: Hevea brasiliensis; R ubber seed meal; R ubber seed oil; Soybean  m eal; Rat 
d iet; N u tritive value; C hem ical com position ; P ro tein  digestibility

147 Nutritive value of rubber seed (Hevea brasiliensis) meal and oil. II. Rubber seed
oil versus corn oil in semipurified diets for rats 
B abatunde, Gabriel M  an d  P ond, W ilso n  G  

N utrition  Reports International, 36(4): 1987. 857-865.

Two experim ents were conducted  to  com pare the responses o f  female w eanling rats to 
15%  protein sem ipurified d iets conta in ing  different levels and  com binations o f  ru bber 
seed oil (RSO) and corn oil (CO ). T he first experim ent was a 2x3 factorial arrangem ent o f 
treatments with two sources o f oil, RSO and C O  and three levels o f  oils, 3% , 6%  and 9% . 
T he second experiment composed o f five treatments developed to provide 0, 4, 8, 12, and 
16% RSO combined with 16, 12, 8, 4, and 0%  C O . Each experim ent lasted 21 days and  
all rats were caged individually and fed and watered ad  libitum. In Exp. 1, rats fed RSO 
diets consum ed significantly less feed and had lower feed:gain ratio  and  h igher p ro tein  
efficiency ratio (PER) than those fed the C O  diets (P<0.01). T here were no significant 
differences am ong the treatments and no interactions due to source or level o f  oil for the 
daily gains, organ weights and the hematological traits. In Exp. 2, there were no significant 
differences am ong the treatments for any o f the variables exam ined (P>0.05).

Keyw ords: Hevea brasiliensis; R ubber seed oil; R ubber seed m eal; R at d iet; C o rn  oil; 
C hem ical com position ; N u tritiv e  value; P ro te in  d igestib ility

148 Nutritive value o f N igerian rubber seed (Hevea brasiliensis) meal and oil. III. 
Performance characteristics, relative organ weights, hem atocrit and plasma 
metabolites o f growmg female rats fed corn diets containing rubber seed m eal 
soyabean meal or casein ’
B abatunde, G abriel M  and  Pond , W ilson , G  

A nim al Feed Science anti Technology, 20  (2)' 1988 125 
(AGRIS. 1986-1988) '



149 N utritive value o f N igerian rubber seed ^
Effects of graded levels o f  rubber seed meal and  oil on  enc gy 
utilization by growing rats 
B ab a tu n d e , G ab rie l M  a n d  P o n d , W ilso n  G

A n im a l Feed Science a n d  Technology, 31: 1990. 3 1 3 -3 2 1 .

Two experim ents were conducted  to “j™ 1™ '  J ry m m e r  T n d  n itro g en  (N )
m eal (R B SM ) an d  ru b b e r seed o il (R B SO ) on  en, y, /  im en t- RBSM  replaced 
digestibility, and  N  re ten tion  o f  grow ing  rats. In  P. bM n m „ |  (SB M ) in the
25 ,5 0 ,7 5  an d  100%  o f  th e  p ro te in  c o n trib u te d  by t g s o y a b e a n  n . ^  en[ed
contro l diet. T h e  100%  RBSM substitu tion  their concentra tions
w ith  am ounts o f  D L -m eth ionine and  1--')'s,n r . . . nc;l levels In  th e  second experim ent, 

the m inim um  recom m ended N a t, in a 2 X 3 factorial
m aize oil (M O ) an d  R BSO  replaced m aize t a r c h * 3 .  con[aln ing
arrangem ent o f treatm ents. T h e  d iets in both  exp ■ fresh w e igh t basis. In
17%  (Experim ent 1) and  15%  (Experim ent 2^ ™ f , P " " n^ an d  H  digestibility. 
Experim ent 1, significant reductions w e t ^ g u  ry^ n  (p < 0 0 1 ) as th e  |evel
in absolute N  retention and in the percentag B d i w i[h m eth ,on ine

o f dtyP m atter, N  o r energy, or N  re ten tion . 

K e y w o rd s: H o o t  * * * * *  R u b b er seed m eah R u b b e r seed  o il: N u tr i t iv e  value: R at 

d ie t; N itro g en

Babatunde, Gabriel M ; P o n d , W ilso n  G  a n d  Peo , E  R  

Journal o f  A n im a t Science, 68 (2 ): 1990. 3 9 2 -3 9 7 .

k m t m k  R u b b er seed m eal: N u tr i t iv e  value; E nergy  d igestib ility ; 

N u tr i t io n ;  P ig  d iet

151 N utritive value o f rubber seed meal and oil: Reproductive perform ance o f female 
rats fed soybean meal versus rubber seed meal diets
B ab a tu n d e , G a b rie l M  a n d  P o n d , W ilso n  G  

N u tritio n  Reports International, 39(2 ): 1989 . 3 0 5 -3 1 2 .

(A G RICO LA .)

" r ”  i s s s s s s i v x =s u r s x  i t s  * £ & . p—  s .....t"*— »— •



From pregestation through lactation. Seven isonitogenous and isocaloric diets (17%  crude 
protein on dry m atter basis) were formulated principally trom  com  starch, soybean meal, 
rubber seed meal and oil, in such a way that diets 1 and  2 had all the protein supplied by 
SBM  alone, while in diets 3, 4, 5 and 6, protein from RSM replaced 25% , 50% , 75%  
a n d  100% , respectively, o f the SBM protein in d iet 1. D iet 7 was the sam e as d iet 6, 
except that it was supplemented with lysine and m ethionine up to the N R C -recom m cjlded 
levels. All rats were m ated a t approxim ately 230  g liveweight. T h ere  w ere s ig n if ican t 
treatm ent differences in the means for num ber o f times m ated, liveweight o f  dam s befoie 
whelping, liveweight after whelping, daily gain during  gestation, and pup  and dam  w'eight 
at weaning. There were no significant differences in the num ber o f pups bo rn / litter, pup 
b irth  w eight, num ber o f pups w eaned/litter, daily  gain o f  the dam s from  s ta r t  o f  the 
experim ent to first mating, their liveweight at breeding and during  lactation. T h e  results 
suggest that the use of RMS at more than a 25%  contribution to total protein in rats diets 
containing RSM and SBM as the protein sources is no t satisfactory for op tim um  prew eaning 
growth and survival o f  the pups and lactation o f the dam.

Key words: Hevea brasiliensis; Rubber seed meal; R ubber seed oil; Soybean meal; N u tritiv e  
value; R eproductive perform ance; Rat

152 The occurrence o f cyanogenetic glucosides in feeding-stuffs 
Henry, Thos A and AuJd, S J M

Journal o f  the Society o f  Chemical Industry o f  Japan, 27(9): 1908. 4 2 8 -4 3 3 .

Key words: Para ru bber seed; H ydrocyanic acid; Feeding stuff; C yanogenic glucoside

153 Oil and the lipase-like enzyme in para rubber seed 
Iwamoto, Y

Journal o f  the Society o f  Chemical Industry o f  Japan, 33: 1930. 409B .
(RRIM Bibliography N o. 10. B ibliography on  R ubber seed oil)

Key words: Para rubber seed; R ubber seed oil; Lipase

154 Oil bromide films and their use in determining the halogen absorption 
Toms, Harold
Analyst, 53 :1928.69-77 .

Key words: Rubber seed oil; T ung oil; B rom ide films; Halogen absorp tion

(RRIM  Bibliography N o.10. Bibliography on  R ubber seed oil)



156 O il from  Hevea seeds 
Dubose, A
Journal o f  the Society o f  C hem ical Industry o f  Japan, 38: 1 9 1 9 - 544A . 

(R R IM  B ib liography N o . 10. B ib liography o n  R u b b er seed oil)

Key w ords: Heuca\ R u b b er seed oil; Factice

157 O il from rubber seed 
A sh p lan t, H e rb e r t
The In d ia  R ubber Journal, 117: 1949. 3 4 7 -3 4 8 , 3 5 1 -3 5 2 .

K e y w o rd s: R ubber seed; Seed co llec tion ; Seed tran sp o rt; L abour, M alaysia

158 O il from rubber seed
C a n t ,  F van
India  Rubber World, M arch: 1930. 91.
(R R IM  B ibliography. N o . 10. B ibliography o n  R u b b er seed  oil)

K ey w ords: R u b b er seed; O il  ex traction ; R u b b er seed oil

159 O il from rubber seeds
Dayararne, W  L.
RR1SL B ulletin . 8 :1 9 7 5 . 2 0 -2 1 .

R ubber seed conta ins 25%  oil and  about 29%  pro tein  to  be exploited “

700 0  M T  o f high protein seed cake. Alkyd resin m anufactured  from rubber seed 0,1 can 
r e p l L  the i m p o r J  resins an d  the im port o f  oils such as linseed, castor and  soybean to 
p roducing  resins for industrial use, can be cu t dow n to save lo te.gn  exchange. C ollect, 
o f  rubber seed is expected to generate part-tim e job also to  so m any people.

Key w ords: R u b b er seed: R u b b er seed oil; In d u stria l use; S n  L anka

160 O il from rubber seeds
India  R ubber Journal, 1 1 5 :1 9 4 8 . 5 5 3 -5 5 4 .
(R R IM  B ibliography. N o .1 0 . B ib liography o n  R u b b er seed oil)



m

161 O il from rubber seeds
G ra h a m , W  &  C o.

In d ia  Rubber Journal, 44: 1911.18.
(R R IM  Bibliography. N o.10 . B ibliography on R ubber seed oil)

Key words; R ubber seed; R ubber seed oil

162 O il from rubber tree seeds
Agricultural Bulletin o fth e  Straits Settlements a n d  Federated M alay States, 9 :1 9 1 0 . 4 9 3-495-

Key words: R ubber seed; R ubber seed oil

163 Oil seeds: Para rubber seed
Bulletin o f  the Im perial Institute, 12: 1914. 346.

Key words: Para rubber seed; R ubber seed oil

164 O n the utilization of rubber seed oil cakes in compound feed for rearing plym outh 
chicks
D oan-X uan-T rue

Khoa- Hoc-va-Ky-Thuat-Nong-Nghiep (Vietnam ), N o . 2: 1986. 7 9 -81 .
(A GRIS. 1986-1988)

Key words: R ubber seed; R ubber seed oil; R ubber seed cake; B roiler c h ic k en ;V ie tn am

165 Oxygen absorption characteristics of blends of fatty acids from seed oils of rubber, 
watermelon, soyabean and linseed
O chigbo , S S an d  Ibem esi, J  A

Indian Journal o f  N atural Rubber Research, 7(2): 1994.107-1 13.

Oxygen-induced polymerisation o f  blends o f  fatty acids from rubber seed (RSA). w arcrm .lnn



,6 6  Paraquat, vegetable oils, copper and o ther elem ents as stim ulators o f latex 

production in rubber 
Moraes, V H  F
Pesquisa Agropecuaria Brasileira, 13(4): 1978. 17-26.

(F lo rticu ltu ra l A bstracts, 50: 1980.133)

Studies w e ,  carried o u t to  find cheap  I l T c I d ' ^
latex  s tim u la to rs- In  tria ls  w ith  w ild g ro w in g  I, I in se e d  o il rubber seed oil or
production  bu t caused serious damage to  r e g e n c m in g > f c  LkW ^  ^

Poil from  seeds o f Carapa applied a l o n e j ,  ad d itjo n ll y ,£,d

nor com pensate for ibe .ab o u t , e l d

increases due Vo mix them  w ith  the oil.

Key words: R ubber seed o il; U n se ed  oil; V egetable oil; Latex s tim u la to rs; Brazil

1 6 7  P a r a  rubber seed 
C a rru th e rs , J B
Agricultural Bulletin  o f  the S tra in  Settlements a n d  Federated M a la y  States,

6 :1 9 0 7 . 3 8 3 -3 8 5 .

Key w ords: Para ru b b e r seed

168 Para rubber seed as a source of oil and feeding-cake
Bulletin  o f  the Im perial Institute, 17: 1919. 5 4 3 -5 7 1 .

this paper, the Im perial 
o f na tura l rubber seed as a source o l add itio n al ncom , ^  ^  ^  ^  ^  ^

Tw o types o l b y -p ro d u c ts  ar< encom passing the availability, cost o f
com m ercial p o .n t i a  is ^  (  s e e d e d  linseed. w hich are highly

a n a  m arke ting . It is

reehnical feaS, b i l i , 'o f  rubber
cover crops, hill) . P m , n u fUailr<: o f  p a in ts , varnishes, lino leum  an d  soft

soaD s°'lt i^ u n tle is to o d 'th a t  except in the m anufacture o f  soap, in  all o ther cases rubber

th e  rubber seed cake has a gtear m arket potential as cattle feed and  m anure as n  is com parable 
I  term s o f  price and  technical properties. In  th is contex t, «  is suggested



th a t greater R &  D efforts should be targeted to explore th e  possibilities o f technical 
superiority o f rubber seed oil over its substitutes in a wide range o t industrial uses.

K eyw ords; R ubber seed; Seed collection; Seed transport; R ubber seed oil; R u b b er seed 

cake; Feeding stuff; Industrial use

169 Para rubber seed oil
Jam ieson , G  S and B aughm an, W  F 

Analyst-, 56 :1931.61 .
(R R IM  B ibliography N o. 10. B ibliography on R ubber seed oil)

Key words: Para rubber; R ubber seed oil

170 Para rubber seed oil; A by-product of increasing importance
India Rubber World Dec: 1930. 73.
(R R IM  B ibliography N o. 10. B ibliography on  R ubber seed oil)

Key words: Para rubber; R ubber seed oil; R ubber seed cake; C a ttle  feed

171 Para rubber tree seed oil 
Uchida, So

Journal o f  the Society o f  Chemical Industry ofJapan , 35(21): 1916. 1089-1090 .

Key words: Para rubber; R ubber seed oil

172 Performance of dwarf sheep fed elephant grass (Pennisetum purpureum )  and 
concentrate supplements containing rubber seed as substitute for cotton seed cake 
N jw e , R M  and  C h ifo n , M  K

World Review o f  A n im al Production , 26( 1): 1 9 9 1 .4  3-46 
(AGRICOLA.)

Key words: Rubber seed cake; C o tto n  seed cake; N itrogen; D igestibility; N u tr itio n ; W es, 
African dw arf sheep; C am eroon

173 Performance traits of growing pigs fed diets based on Cam bodian rubber seeds 
and soybeans supplemented with water spinach
Sovanno, Pech; Samkol, Pok; Ly, j  and Preston, T  R

fh ttp : / /w w w .u ta fo u n d a t io n .o rg /u Ia c a m b o d / n is c 9 9 t l ’.es/ sOVa p a p e r l  .h im )

A 2 x 2 factorial arrangement was used to study effect o f  rwo sources o f oil ,., , .  .......

http://www.utafoundation.org/uIacambod/nisc99tl%e2%80%99.es/sOVapaperl


f a  rubber « d  and  full-fat soybean) and  <wo M s  o f D L -m eth ion ine 
the daily feed ration) on  perform ance traits o f pigs given a tet o rm u  , y
root meal and  dried  fresh L e t  fish w ith fresh w ater spinach A M *
Sixteen M ong Cai Large W hite female an d  castrate male pigs w eighing oni average ^  
m t a live w eight, an d  housed in ind iv idual pens, w ere a llo tted  a t random  »  e fou 

experim ental treatm ents. T here was no significant interactions ^
D L -m eth ion ine  supplem entation  in any evaluated tra it excep in eff ic ien t
d ue to  h igher values in the soybean su p p lem en ted  d ie t, possib > „ i |Seed
f u s i o n  process o f  the beans. After 12 weeks o f  trial there was nc, i n f l u e ^  o f  c f e d  
source nor supplem entation  w ith  D L -m eth lom ne on  feed in take, final gj> g
d aily  g a in . A verage feed in ta k e  was ra th e r  low , p o ss ib ly  a t t r ib u ta b le  »  h « U *  

characteristics o f  the water spinach. W ater spinach con tri u te on  f ™ * #  j d
dailv  drv  feed intake. C ru d e  pro te in  c o n te n t in  the d ry  mixed feed was l l .W o  m  
basis T h e  inco rporation  o f  water spinach to  the daily ration increase t  e c0”c^n' r‘J

gro w in g  p.gs. B oth locally available sources o f  p ro te in  can c o n tr ib u te  to  save p ro re tn  

consum ption  from oilier conventional sources.

K ey w ords: R u b b er seed: Cassava roo t m eal; Soybean; W a ter sp in ach ; D L -m e rh io n tn e ; 

P erfo rm ance traits; C am b o d ia

174 Physical ana  chemical characteristics o f refined vegetable oils from  ru b b er seed 
(Hevea brasiliensis) and  bread-fruit (Artocarpus alt,Its)
A chinew hu, S C  and A kpapunam . M  A
Q u t l iu s  P lantar,,,,, P lant Feeds fo r  H u m a n  N u tr itio n , 35 : 1985 . 1 0 3 -1 0 7 .

C ru d e  vegetable oil o b ta in ed  by so lvent ex traction  fro m  rubber seed (H evea brasitju n ta )

31 C ■ k  and free fatty  icids Results show ed an  im provem ent m  th e  quality  o f  
r j a  S S X j  free fatty  acids an d  peroxide value w h ich  are 
som e o f  th e  clriraeteristics char de te rm in e  stability . T h ere  was a very sligh t decrease m  
saponification value and  unsapouifiables m atter after relm ing. R efining d id  n o t have m uch
effec t on th e  factv acid com position  except slig h t ..... . decreases ,n  sa tu ra ted
and unsatu ra ted  fatty  acids. T here was no decrease in iod ine value.

Key w ords: Hevea brasiliemir. R u b b er seed, R u b b e r seed  oil; B readfru it; P hysico -chem ical 
p roperties ; C h em ica l c o m p o s itio n ; R efined  Oils; V egetable oil



175 P hysio logical considerations on  the  m ineral com position  o f  Hevea seeds 
Beaufils, E R
Oleagineux , 11: 1956. 379-384,
(H o ticu ltu ra l A bstracts, 26: 1956. 467)

K eyw ords: H evea brasiliensis'. R ubber seed; M ineral n u tritio n

176  Physiological quality of rubber tree seed treated with benomyl during  storage 
Vieira, R D; Bergamaschi. M C  M and M inohara, L

Scientia  Agricola, 52( 1): 1995- 151-157.

A fter rubber tree {Hevea brasiliensis Muell. arg.) seeds reach the physiological m aturity , 
there is a relatively dry and cold period in the State o f Sao Paulo, which led to the present 
work, in order to evaluate environmental conditions that m aintain physiological seed quality. 
T h e  physiological quality' o f rubber tree seeds, treated w ith benom yl (0.1% ) and stored  in 
plastic bags, was studied up to 5 m onths, during  87/88 . T he seed bags were kep t un d er 
labora tory  conditions du ring  the w hole storage period. To evaluate physio logical seed 
quality', germination and vigor (germination speed and seedling length) tests were perform ed. 
G erm ination and germination speed were measured at 30°C, as well as under environm enta l 
conditions. T here was no trea tm en t effect on the m ain tenance o f  seed q u ality  d u rin g  
storage. T h e  germ ination, germ ination  speed and seedling leng th  w ere reduced  as the 
storage period increased. T h e  germ ination  values were low since th e  beg inn ing , w hich 
could be attributed to the low m oisture content (25.4% ) o f the seeds. T h e  germ ination  
test for rubber tree seeds can be performed using sand as substrate at 30° C  and  the final 
coun t made at the 20 ,h day after planting.

K eyw ords: R ubber seed; Seed quality ; Seed storage; G e rm in a tio n ; S eed lin g  v igour; 
Benom yl trea tm ent; Brazil

177 Planting rubber seeds 
Cherian, P  P

Planters' Chronicle, 76(8): 1981, 378-379 .

Key words: / * , . «  brasiliemis-, R ubber seed; H a n ,ta g  m ethods; G e rm in a tio n ; In d ia

178 Possibility on the utilization o f rubber seed for the ration o f  layers 
Soejono, M and Soedomo

W5R1\ Fv m - m i " ' " kan (M m isw A  1(1); 1977.3 II

Key words: H n e t  brasilimsir, Rublx-r seed- A,,;., I „  ,.
c h ic k e n : In d o n e s ia  '  ™ t ™ o n ;  F e e d in g  s tu f f ;  K ro ilc ,



179 P o st-tra n sp lan ta tio n  ffovnho fP ha laenopsish y b rid  seed lings in  c o m m u n  ty  p

Seeni, S and Latha, P G
Jou rn a l o f  the (h-ch id  Society o f  Ind ia , 4 (1 -2 ): 1990. 1 2 7-133 .

Axenic seedUngs of * * * * *  'F ire W ater P once^derived
transp lan ted  in to  2 ” clay com m unity  pois fil ed w ith  g ^ v e l Ib o t a  i t h .
fern  ro o ,s , c o c o n u , shells, co ir w aste , ru b b e r seed  h u sk s , ^  P
therltiocole, co co n u t husks, rubber seed coats, w ood p a v i n g  ̂  -  f  ^
roots, charcoal ♦ brick, coconu, peduncle segm ents or moss. A f  ^  and
M am bien t cond itions a , ou,-of-flask stage and  pre -trea tm en t of the s«  8 P
p orting  m edia w ith a fungicide or o ther agents were nor requ ir d  to  e n s u r e ,  i ^  

survival. A m ong the various po tting  m edia tried, in an  o r d e r ^  F' J ;■ 
charcoal chips, d ried  stem  cuttings o f cassava ou ter shelUs o lr u b b e r

h u sk s su p p o rle d  th e  e s ta b lish m e n t d i a L o n i u m
applicanons o f  fertilize, m ixtures r e « a  e t  a t a ^  ^ I  nu(ritK m
phosphate and potassium  nitrate (20 .10 .10  N .l .M  was y 

for the grow ing seedlings.
Kev w ord ,: R ubber seed coat; R ubber seed husks; C o irw asre ; G rovvm gm edia ; Phalaenop , 

P o st- tran sp lan ta tio n ; Ind ia

R R IS L  B ulletin , 8: 1973. 9-21 .

T h e  m ain com m ercial p roducts ob tained  f e n ,  the

processing  o f  ru b b e r seed o involves c o l l ” of  s^aps, p a in ts , alkyd  
ex traction  and  re finem en t o t oil. * T h  ospecls Gf  ru b b er
resins, lac,ice e tc  R ubber seed m e a l “  wollld £  p a r a b l e  i f  th e  
seed collection and its u tilisation ^  ^  ^  ^  an d  for expor[ S r ,

rubber seed oil w ould  be co rner . ^  W o rlJ  m  have p |on eered the com m ercial

tesin m anufacture. T h e  porential use o f  rubber seed o il has

also described in th is article. •
Kev w ords: R ubber seed; Seed co llec tion ; Seed export; S eed  storage; In d u stria l use, b ac tic t. 

Soap m an u factu re ; A lkyd resin; Sri Lanka

,81  Potential use o f  rubber seed oil as an energy supplem ent for grow ing chickens

J o ,I n a l  o f ,h e  N a tio n a l Agricultural Society o f  Ceylon, U - l 2  :1 9 7 4 - 1975 . 1 1 > 1 1 9 .

R .S.O . was used up to  8%  level in b ro iler ra tions w ithou t causing any dele terious effects.



In fact grow th responses and feed efficiency similar to the control rations carrying coconut 
oil at 2%  and 4%  level were obtained when R.S.O was used a t 2% , 4%  and  8%  levels. 
Lack o f  significance in the difference of feed intake o f  the two experim ents indicate that 
R .S .O  does no t aJrer the pala tab ility  o f rations. T h e  data  suggests th a t R .S .O . has a 
considerable potential as an edible oil if properly evaluated.

K ey w ords: R ubber seed: Fatty acid; R ubber seed oil; Energy supp lem en t; B roiler ch icken; 
Sri Lanka

182 Potential value o f rubber seed
Udomsakdhi, B; Munsakul, S and Sthapitanonda 
T h a i Journal o f  Agricultural Science, 7(4): 1974. 259-271 .
(H orticu ltu ra l A bstracts, 46: 1976. 4005)

Calculations based on the total area o f rubber cultivated (4 609  276  rai, where 1 ra i= 0 .16 
ha) indicate a large yearly production o f rubber seed (230 43 4  t). I )n]y a small fraction ot 
seed has been com mercially exploited for oil and meal. Various poten tial uses ot rubber 
seed are outlined.

K eyw ords; R ubber seed; R ubber seed oil; R ubberseed  meal; Seed u tilisation ; ( om m ercia l 
application; Thailand

183 S ^ r e A K u n t r "  KP° St transplantat' 0n gf0Wth o (  D endrol,ium  hybrid seedlings

Journal o f  the Orchid Society o f  India, 6( 1-2): 1992. 131 -133

O ne-year-o ld  hybrid  seedlings raised in  vitro  each w ith  4 i <
transplanted directly  or after trea tm ent with 0' . ,%  ^ P ^ i , , ? V

mch _ ' t y  p „ B containing .0  d.fteren, m edia that had been , Z T “ h u L e

roots, grass r o o . T g r a ^ l T I s  m f c T s e 'd  h ^ r ” ''! “ “ 7 “  SlKllS' ^
on seedling survival (% ) and „ ow |h  “ d  W>od shav,nEs- D at* a r t  tabulated

co n d itio n s  o f  * ? *  T *
illum ination between 1000 and 1 S00 i i '< H' tw t‘en  70  an d  9 0 % , an d
sprayed with an NPK T r l ,  ^  ^  ^  - r e  w atered daily and

and rubber seed husks, gave the best r e s u l r s T '^  ^ 1  I31™ ’’ followe(1 fern roots

grass loots were the least satisfactory. Since c h a rc o ilM iff  TOOd ’ h w in *»- raoss »ml
and d ifficult to obtain (because o f  increasing r  rOOKarc- r«pectively, exp,

rubber seed husks, gravel and " f c ^ d  ^ 7 “ ’ ' ", ",

Key wowis; R ubber seed husks- Gri ' ^  ^  ...................
,ng m edia; D endrobiunv, P ost-transp lam ......... . l lu | , .



■ E H

184 Prelim inary evaluation of rubber seed meal as pro tein  supplem ent in pig rations 

in Cam eroon
N jw e, R M andT ueho
W orld Review  o f  A n im a l Production , 3 0 (1 /2 ): 1995- 89 -93- 

(A G R IC O L A . 1992-1997)

K ey w ords: R u b b er seed m eal; Feed in take; Pigs; P ro te in  su p p le m e n t; C a m e ro o n

185 A preliminary note on the production of improved seed of rubber (Hevea brasiliensis 
Mull-Arg) in India
Bhaskaran Nair, V  K and O om m en Koshy, P 

R u b b er Board  B ulletin , 9 (1 ): 1966. 2 2 -29 .

K ey  w ords: H e r , ,  b m s i l i e w  R ubber seed; Seed producriorv. Polyclonal seed  garden* Ind ia

186 Prelim inary  studies on preparation o f lubricating greases from  bleached rubber 

seed oil
N joku , O  IJ and O nonogbu , I C
In d ian  ]o u r,u ,l of N a tura l Rubber Research, 8 (2 ): 1995. 1 4 0 -1 4 1 .

Rubber seed oU was
601) using petroleum  ether ( bleached oil w ere dete rm ined . L ubricating
earrh . Physical and  - d  co lour o f  the grea.cs

^ . r ^ S r a g e  period had a m arked effect on the tex tu re o f  the grease produced .

K ey w ords: R u b b er seed oil: B leaching; L u b rica tin g  greases; P hysico -chem ical p ro p erties ;

N igeria

187 Prelim inary studies on the preparation o f rubber seed oil alkyds

A igbodion, A I
Ind ia ,, Jo u rn a l o f  N a tura l Rubber Research, 4(21:1991- 1 1 4 -1 1 - .

r  II i ■ haviiw  45 52 and 62  pet cent o f  oil w ere prepared  using  
T h re e  sam ples o ' ',lk J cl r . , F ’ j  o i[ extracted bv a screw press. Progress o f  the
phchalic anhydride, glycerol an reaction m ixture at 30 m in
reaction was followed by —  * *  ^  make a clear so lu tio n  in  m eth a„ o l( , : 3 ,  due 
intervals, flre  m onoglycer.de ^  ^  ^  ^  ^  ^  in th(, fo rn w n o n

to presence o f  im purities m  calculated at the tim e w hen there was a
o f  dark  coloured alkyds. Extents o e s tu i^ c . ^ < g  ccnt for tlu . ,h ree  samples.



w eigh, resrns. T he finished alkyds were soluble in xylene (3:2 d ilution). T h e  resins were uf 
g ood quality, b u t their properties varied with the 01 content.

K ey w ords: R ubber seed oil; Alkyd resin; G elation; Nigeria

188 Prelim inary study on levels of rubber seed meal for broiler rations (to determ ine 
nutritional value and hydrocyanic acid o f rubber seed meal).
Sirichai, Sripongpun; W inai, Pralomkarn and Utsa, Chandum pai 
Songklanakdrin Journal o f  Science an d  Technology, Thailand , 5(2): 1 9 8 3 .1 3 1 -1 3 5 . 

(A G R IS. 1981-1985)

K eyw ords: R ubber seed meal: H ydrocyanic acid; Toxicity; Broiler ch icken ; N u tritio n ; 

T hailand

189 A preliminary study on natural rubber seed oil for diesel engine fuel in Thailand  
Takeda, Y and Komcom punt, C
Japanese jo u rn a l o f  Tropical Agriculture, 29(3): 1985. 173-175.

(A G RIS. 1986-1988)

Key words: R ubber seed oil; Diesel; Fuel; T hailand

190 Preparation, analysis and applications o f rubber seed oil and its derivatives in 
surface coatings
Aigbodion, A I and Filial, C  K S
Progress in Organic Coatings, 3 8 (3 -4 ):2000. 187-192.

Rubber seed oil (RSO) and its derivatives, heated ru b b er seed oil (H R S O ) an d  alkyd 
resins were evaluated as binders in air-drying solvent and w aterborne coatings. H R S O  was 
obtained by hearing RSO at 300+5**0 until the desired viscosity. Acid value o f  R SO  (53) 
is somewhat high. T he major saturated fatty acids are palm itic (10.2% ) and stearic (8 .7% ) 
while the main unsaturated fatty acids are oleic (24.6% ), linoleic (39 .6% ) and  linolenic 
(16.3% ). Naturally, RSO is sem i-drying and heating  enhances its d ry in g  ability. G P C  
analysis reveals that RSO consists o f  a rather high molecular w eight fraction that is rarelv 
found in commonly known vegetable oils. T he average molecular w eight o f  R SO  is higher 
than  th a t of H R SO  with the la tte r narrow er m m olecular w e igh t d is tr ib u tio n  i „w  
molecular weight species constitu te greater proportion o f the alkyds and th e ir num bs 
average molecular weights range between 1379 and 3304 which are com parable to lh„sc 
< f  commercial alkyds. 1 he narrower the size d is tribu tion  the better the quality  o f  these

sample with lower oil conieni coniains lower volatile c ^ n ' . T S t  l l ^ d  s l p t



and H R S O  are fairly resistant to water and  alkali, w hile they art]/ | r,C“ a J ^  ^!ore resistant 
acid and salt solutions. However, samples IV and V (w ater- o r n e r y  ^
than  their solvent-borne counter parts (samples 1-111} bu t exn 
pencil hardness.
K e y w o rd s: R u b b er seed o il; A lkyd resin; S urface coa tings; V olatile  o rg a n ic  c o n te n t:  

S o lven t-bo rne  coatings; W a te r-b o rn e  coa tings , N igeria

191 Preparation and characterisation of activated carbon from  agricultural wastes
R e n g a r a j ,  S ; A r a b in d o o ,  B a n u m a th i  a n d  M u r u g e s a n ,  V

In d ian  lo iim e l o f  Chem ical Technology 6(1): 1999- 1-4.

so lid  w aste disposal has become a m ajor problem  ir
safely o r used for the recovery o t valuable materials, .As . g x M
rubber seed coat, cashew nut sheath, palm  seed coat, palm  tree tl P
coat com prise o f  cellulose and  lignin. they m ay ac t as g o o d  -  “ re^tt, ^

w astes have been explo ited  to r the p repara tion  o c o n l n t ,  ash
techn iques . T h e tr  cha rac ter,sa t,on  stud .es s ch “  ^  „ l u b l e  in  ac id . p H ,
c o n te n t,  fixed c a rb o n  c o n te n t, m a tte r so u • ’ ; ron co n ten t an d  surface area

S *  reveals th e  recovery o f  valuable a d so rb en ts  

from  readily and cheaply available agricultural wastes.

K ey w ords: R u b b e r seed: A g n c u ltu ,a l  w astes; A c tiv a te d  c a rb o n ; C a s h e w ,u ,t  s h e a , , ,  

M vrobalan ; Palm  seed coat; Ind ia

1 n  P reparation and characterization o f rubber seed oil alkyds 
A igbodion, A 1 and O kieim en, F E
J o u rn a l o f  the R ubber Research Institu te o f  S r i L anka . 75(1)'- 95 .

c l  A nil alkvds were carried o u t to  furn ish  m ore in fo rm a tio n  on 
P rep a ra tio n  o f  ru b b e r see . ^  o f  jlky [,s fo rm u la te d  ,0
process co n tro l an d  quality  o t n  . ^  6 (V1) qij c o n te n t w ere

conta in  2 0 %  (I). 30%  <(U  . W * J > ' oi l  using  the m onoglyceride 
p repared from  phtbal.c  a n b jd ri  , g j  . .  s3m p|es w ithdraw n at various stages
m ethod . Acid values were c r a w  j , ™ *  o f  polym erization w ere ca lcu lated  from
o f  the reaction. T h e  extent o t e „d -e io u p  analysis cou ld  be used to  m o n ito r
end-g roup  analysis. T h e  results sugg s • «  , J u e  to  lhe different reactives o f

progress o f  reaction, I he " "  “  | w ith  c lrb oxyl groups. Essentially, linear chain
p rim ary  and  secondary hydrox; Is g > f  h chains occur phase tw o.
m olecules are form ed in phase one w hde —  ^  !ap o n if,carion  value an d  p e ,c en , 

C haracteristics such on  ,h e  rate and  ex ten t o f  ester,fica tion  as
n on-volatile  m atter o f  the final alKyas a  j



deduced  from acid value. T h e  level o f  u f a tu r a t io n  in the final alkyds depends on the 

am o u n t o f  oil used.

Key w ords: R ubber seed oil; Alkyd resin; Polym erization; Nigeria

193 Preservation and germination o f Hevea seeds 
M ia n ,  K
Revue Genera/e des Caoutchoucs e t Plastiques, 63 (662): 1986.95-98 .

(RAPRA. 327569)

Key w ords: Hevea brasiliensis, R ubber seed; Seed preservation ; G e rm in a tio n

194 Problems associated with the estimation o f cyanide in rubber seed kernel 
M a ll ik a ,  G  V ; Ja n sz , E  R; P ie r is , N i r m a la  M  a n d  A b e y sc k e ra , A  M  

journal o f  the N ational Science C ouncil o f  S ri L anka , 21(1): 1993- 153-156 .

T h e  cyanide content o f  rubber seeds was estim ated by autolysis or hydrolysis techniques. 
Autolysis o f  random  seed samples yielded total cyanide co n ten ts  ranging  fro m  100 to 
4000 m g/kg. Six samples collected from  the same field, one day after seed fall (in  an 
a ttem p t to  lim it the varia tion ), yielded  an average cyanide c o n te n t o f  1819 m g /kg . 
Com parison o f  seeds from the same fruit found wide variations in cyanide co n te n t, e.g. 
15-1897 mg/kg in one fruit, indicating a need for large seed samples. An o p tim u m  sam ple 
size o f 6-8 g is suggested. Hydrolysis with trichloroacetic acid [TCA] for 4 h yielded <3%  
o f  the total cyanide. Using 2M H ,S 0 4 a t  room  tem perature also yielded vet)' little. Acid 
reflux for 30 h yielded the full am oun t, bu t autolysis took  on ly  2  h to  do  th e  sam e. 
A dding exogenous linamarase to distilled autolysate residue d id  no t release any  fu rth e r 
cyanide.

Key words: R ubber seed kernel; C yanogenic glucoside ; Acid hydrolysis; S ri Lanka

195 Problems of preserving rubber seed in storage 
S an  coso, B a n d  B asu k i

/« : Second Technical M eeting on Estate Crops, 15-17 Sept. 1981, S ukarta, Indonesia 
P t 1 5 ,2 3  p.
(A GRIS. 1981-1985)

K eyw ords: R ubber seed; Seed storage; Indonesia

196 Problems of rubber seed storage (Hevea brasiliensis)
A n g , B B

* o t ™



197 Processability characteristics and physico-mechanical properties o natur ru 
modified w ith  rubber seed oil and epoxidized rubber seed oil
A igbodion, A I; M enon, A R R and Pillai, C  K S

Jou rn a l o f  A pp lied  Polymer Science, 77: 2 0 0 0 . 14 1 3 -1 4 1 8 .

T h e  processab ility  characteristics and physico-m echanica l Pro P“ “ “
(N R) m odified w ith raw rubber seed oil and  epoxidized rubber see , ■ ,
V he m odified mixes showed higher scorch tim e and lower cure rate, 
u ltim a te  stare o f  cure com pared  to an un -m o d ,fie d  m ix . The th e rm a l s tab ility  o l 
vulcanizates was practically unaffected by the m odification .

K ey w ords: N a tu ra l ru b b e r, R u b b er seed oil: E pox id ised  ru b b e r seed oil; P rocessability , 
P hysico-m echanical properties; Plasticizers

198 Processing, analysis and utilization of rubber (Hevea brasiliensis) seed oil and cake
I feu, F O ; Ihenyen, G  A; C hukw um a, F and Im oebe, S O
In  in d u s tr ia l U tiliza tion  o f  N a tura l Rubber (H evea brasil,em ,s) Seed, L atex a n d  «  
Proceedings o f  N a tio n a l Conference. (Ed. E p h ra im  E. E n ab o r). R u b b e r R esearch  In s r .ru te  

o f  N ig eria , B en in  C ity , 1986 , pp. 19-26.

ca rbohydra tes, -1.311% «  -  4>20% fibre an d  2 .90%  m inera ls. T h e  seed  oil
2 9 .3 6 %  p ro te in , 5 6 .5 7 /0  carbohydrate, R efnc tive index 1.4, iodm e
is a sem idrying oil widr the l o l l m i n e r  l A  FFA  .5 .4 5 , 
value 1 4 5 .80 , S aponlfica ^  con ta ins 2 0 %  S atu rated  FFA,
m oisture a n c I v o t a  e m  t e «  an d  ^  ^  ^  ^  ^  ^  ^  ^  c jn

23%  O leic, 32 .5  % Linole - -  - Dr0cesses T h e  seed cake contains tolerable quan tities  

r f t ^ c  ^  a n d nc ,n  be used as livestock concen tra te after d ry ing  an d  toasting. 

K e y w o rd s : R u b b e r seed oil; R u b b er seed cake; O il ex tra c tio n ; C h em ica l c o m p o sm o n , 

F atty  s< id; N igeria

199 Processing o f  Hevea brasiliensis (rubber seed) and Cartharrms fmctonKi (SafBower- 

seed) for recovery o f oil
P r a s a d ,  L V  a n d  L a k s h m i  V a ra
K had i a n d  Village Industries Commission Report, B om bay, 1960, 12 p.

(A G R IC O L A . 1 9 9 8 -2 0 0 1 /0 3 )



200 Processing ofi b m  M M s  (rubber seed) and extraction of its oil by hydraulic 

press
P ra sa d , I . V  a n d  L a k sh m i V a ra
K hadi a n d  Village Industries Commission Report, Bombay, I9 6 0 , 16 p.

(A G R IC O L A . 1998-2001/03)

K ey words: R ubber seed oil; Seed processing: H ydrau lic  press; O il ex traction ; In d ia

201 Production and use of Hevea seed cake 
E n d e r l in ,  L  a n d  B ras , J le

Revue Botanique ApplujUee, 17: 1937. 1 7 5 ,2 6 8 .
(R R IM  Bibliography N o . 10. B ibliography on R ubber seed oil)

Key words: R ubber seed; R ubber seed cake

202 The production and utilization of rubber seeds and the approval o f  seed 
collection areas
M o h d  N o o r  A b d u l G h a n i;  O n g ,  S H  a n d  S u b r a m a n ia m , S

In: Seed Technology in the Tropics, I * N ational Seed Sym posium , 1976, pp. 2 3 7 -2 4 5 .

(A G RICO LA . 1970-1978)

K eyw ords: Rubber seed; Seed p roduction; Seed u tilization ; Seed co llec tion ; M alaysia

203 Production of biodiesel using rubber [Hevea brasiliensis (Kunth. Muell.)] seed oil 
Ikwuagwu, O  E; O n o n o g b u ,  I C  a n d  N jo k u ,  O  U

Industrial Crops a nd  Products, 12(1): 2000.57-62 .

R ubber ( Hevea brasiliensis) seed oil was e x tra c te d , an d  its  ph y sica l a n d  ch e m ic a l 
characteristics determ ined. T he crude oil was bleached and  the ester-fuel (m ethyl-ester) 
was prepared by fraw-esterification with 6-m olar excess of m ethanol using sodium  hydroxide 
as a catalyst. Methyl ester yield and fuel properties o f  the oil (crude and bleached) and  its 
methyl ester were determined and compared to that o f com m ercial diesel fuel. T h e  analysis 
of properties in com parison to com m ercial diesel fuel show ed that fra«f-m cthyla t.ion  
improved the fuel properties o f the oil. T he viscosity was substantially reduced from < '.MS 
to 6.29 cSt. Calculated cetane index (increased from 34.00 to 44.81 h o ther fuel pi..,,c ,ties 
were also lound to be improved. T he results supports the choice ..I m onostets, in pi ol 
straight rabbet seed oil, as having better potential for use as alternative diesel fuel. However, 
oxidative stability was reduced by tram-methyhnion.



P r o d u c tio n  o f  o il from Hevea seeds
Tm pcnpflanzer, 32 : 1929. 474.
(R R IM  B ib liog raphy  N o .10. B ibliography o n  R u b b er seed oil)

Key w ords: R u b b e r seed oil

Production  of particle boards from bioresources

A karanta, O
Bioresource Technology, 75 (1 ): 2 0 0 0 . 87-89-

( H O R T C D . 1989-2(11)2/06) -hells
Particle boards o f  1.2 cm thickness were prepared from  m ^ K r  seed p o d s^  perform anc(,

alone o r in 5 b lends, using an  adhesive c o n s tru c n o n -
ev a lu atio n  show ed th a , the boards s a t is f ie d ,1*  A M  M V  ̂  ^  ^  f lh
grade b u ild in g  boards. T h e  b lend ing  srreng > b m rd  T h(, results also show ed
boards were better than those ° l>u >"Ld d u c in s  cashew  shell liq u id  fo r adhesive

S E t t r a  — -  - *

06 Production  o f rubber seed oil
U u s t r i n l  a n d  E n im e e rw g  C h er ,,,Sr , y . ) m . 2 0 .  J .  ■

K ey  w ord s: R u b b e r seed oil: V a p  m an u factu re

>07 P r o d u c t i v i ty  p o t e n t i a l , ' ^ t n a l d T
N a d a r a j a p i U a i .N a n d W t j e w a n m a  g -17 .

R u b b er R e g a rd , I « * m  o f  Ceylon Bulle,„„  ( -  ■ ^  ^  ^

T h e  p roduct,v iry  poten tials o f  oil. T h e  ru b b e r seed cake
for the m anufactu re o f soap could be p . ^  ^  „ an d  ,ts n u tritive
can be used as a fertilizer and as « d  cake. T h e  H C N  c o n te n t o f  the
value IS com parable to  th a ,  o f hns ed cake o f  [he ^  , d  by
cake can be reduced by reducing the m  ^  aticqulltely d ried  kernel co u ld  he k e p t

the — c a l  possibility  an d  econom ics  ol

ex trac tion  is also desenbed. ^  ^  c lk c ;  H C N  c o n te n t:  Seed

K ey w o rd s: H evea b rim h cm ti, »co llec tio n ; Seed storage; C ey lon



208 Progress in the chemistry and technolog)' o f non-traditionaJ oilseeds/oils 
Bringi, N  V

Journa l o f  the O il Technologist's Association o f  India, 20( 1): 1988.2-9 .

(H O R T C D . 1989-2001/03)

T h is  paper gives b rief descriptions o f  the chem istry and  p rocessing  (o r biosynthesis) 
technolog)- of various non-tradilional seed oils (mostly from tree species): sal [Sborea robusta], 
used as a com ponent o f  cocoa butter substitute; mowrah [Madhuctl longtfolia\\ an edible 
fat; karanja [Pongamia p innataJ, an oil m ainly used for soaps, and afte r su lfonation  in 
leather processing; neem [.Azadirachra iridic*)3 an oil used m ainly for edibles, soaps, and in 
insecticidal and cytotoxic preparations; kusum [SehleichemJ, a hard  oil used m ainly for 
soap, bu t possessing insecticidal properties; and oils from various lesser know n  species- 
kamala (Mallotus phdippensis), Trewia nudijlora, Sapium  sebifentm, m alkanguni (Celastrtts 
pam culatw 0, ratanjvot (Jatropha cureas), rubber (Hevea brasiliensis), rh u m b a  ( Citrullus  

n ^ o i ( M e s m  f i ne l ) B U t e a m o n o s Pm n a ^  u n d ' (Calophyllum inophyllutn) and

Key words: Rubber seed oil; P lant oils; Soap m anufacture

209 Properties and potential of rubber seed oil 
E k a , O  U

West African.I„ur„al o f  B io icg ka la n d  App,tied Chemistry, 2 0 (3 ) '1 9 7 7  , j5 5 ,

ihe chemirai ........... .,
22.6%  lipid. 62 .81%  c ib o U 'd ra c e T  tl,al * *
c o n te n t  I, melring p o t a c f ” ^  7 ? " ’ '  V 5 *  “ h m i  : ---- -----------
- *  »  saponification X .  iodine Value h v d r T  T 7  ° f ", ^  "  25 < | , | l l lH n i '
content, unsaponifiable m « ,er, peroxide w ’w T 1 ^ " ' °  ^  Va' UC' tlec »vkl
estimation o f  lipid in rubber seed oil ind i-ir ,[ 'V  ' '  a escm iatcd. I h i u n

38 .2%  linoleic l a d  "4 3%  ” 1 *  K 8 3 %  1 
unidentified material. From these properties h i ' C “' I  ? %  P a lm itk  i" ‘l 11
be used ,n application such as paims soaps „ !  I "  i"  lhc rubbcr oil could
K eyw ords: R u b b e r seed  o il i C .  T T  “ d  SUrfa«

I -

0 l t g . H  K a n d  Y eong, S W

.......
(AGRLS. 1975-1980)



? 11 Prospects o f rubber seed oil in leather industry i m U i J
V ijay a ia k sh m y , K; Baskar, G e e th a ; P a rth asa ra th y , K; R a o , a

R a ja d u ra i ,  S
S u p p lem en t on Leather Processing, O c t 25 :1988 . 1-3.

R u b b er seed oil available in India to th e  tune o f  4000  t o ^ e s  ■“ £
as a lubricant in leather making. T his oil s.m dar to linseed r f  T h e
c o m p o s itio n  can be suitab ly  m odified  to o b ta in  w ater ™  “ for th c ir
developed p ro d u c t, ate evaluated for their perform ance on leathers as ta rliqu  

physico -chem ical characteristics.

Key w ords: R ubber seed oil: ! ea thcr industry : Fatliquor; Ind ia

212 Pure rubber seed oil as a substitute for linseed oil in foundry core binders

G reene, L W a n d  Ix -aper,JM F  

O il M f l  Soap, 1 0 :19:>3. -8 .
(R R IM  B i b l i o g r a p h y  N o .1 0 . B ib liography on  R u b b er seed 

K e y w o rd s : R iibbci seed oil; L in s * d  oil: C o re  b inders

213 Q uantitative and commercial implications of seed size variation in rubber (Hevea

brasiliensis) clones 

.< A I b i  E J —  1  "  «
o f  N igeria , B enin  C m ., I ‘>86. pp. 9 6 -1 0 8 .

As ru b b er < * -  — > - *  s becom e — J

observed  for several Hevea ^  t o r  c L a l  and  in tra-clonal varia tions w ere
po in t. Twelve clones w ere srudl d ^  ^  weights; (Si) Shelling  percentage;
observed for: li) :S e e d s ,ze g r a d e s .0  W h  ^  ^  ^  g rades w ere

(iv) -Seed o il yield; and  (v) c ru . d is tribu tion  o f  0 .4%  (grade 1). 6 6 .4 1 %  (grade
identified  w hich showed o v e n 4)  grade w eight variations w ere highly
2), 17 .19%  (grade 3), and  1_. - S . ^  . v a n a u o n  show ed a range o f
sig n if ican t for th e  twelve_c o n e .  M e* ■ ^  ^  ^  ^  k , W ,g h t
l-3 2 g  betw een clones t ,  1 I for T  ,  ftom  1 0 0 0  **1* . T h ere  was a

variation ranged from  1.81* o r for RR1M  6 2 }  to  6 5 .5 4 %  for R R IM  623 . T he
shelling  percentage range are discussed quantitatively.

com m ercial im phca ^  S ced  g ra d in g ; S eed  co llec tio n ;
k-, ■ u ,  rds- H evea brasihenns; K ubDcr sccu

L l l i n g  percentage; D e fa tte d  cake; N ig eria



214 Repellent effects of some plant oils on Hemiberlesiapitysophila Takngi 
W u, M L and Liu, X Q
Entomological Knowledge, 31(1): 1994. 28-30.

(H O R T C D . 1989-2001/03)

Key words: R ubber seed oil; P lan t oils; M argosa oil; R epellents; C h in a

215 Report on the constituents of the seeds o f Hevea brasiliensis and their commercial uses 
D unstan. W R

Agricultural Bulletin o f  the Straits Settlements a n d  Federated M alay States, 3 :1 9 0 4 . 4 4 -4 7 . 

K eyw ords: Hevea brasiliensis, R ubber seed; Seed com position ; C o m m e rc ia l use; M alaya

216 Researches in applied chemistry. I. Study o f the rubber-tree seed 
Siqueira, R de; Pechnik, E and Guernelli, O
Chemical Abstracts, 48: 1954. A b N o .5 3 1 3 .

(R R IM  Bibliography N o. 10. B ibliography on R ubber seed oil)

Key words: R ubber seed; N u tritio n

217 Research on the dietary value o f rubber seed oil
Chinese Journal o f  Tropical Crops, 2(1): 1 9 8 1 .9 1 -1 0 0 .

5 I z K :  f e r:...........
The results can be summarised as:-(i). T he n u t r i t iv f  ° '  P“ " Ut 11,1
higher than tha t o f peanut oil (ii) T h e  f  A' ,UC °  ru ^her seed oil was slightly
rubber seed oil for a long rrm c 'sh o w d  no W ' \ ' "
function, serum protein, serum lipid, serum calcium m l  i T  P ro PaSa l,o n ’ llv" ' 
kidney, heart, lungs, digestive tube, etc. (Hi). T h e  w o t ™ ™ 1P ?  ° 8 'C;al. changcs o f  1|UL
there were no latent genetic adverse effects fivl T l c ^UieCIC bservations show ed that
oil would cause a decrease in the concentration o f  ser i* i'"® .0 '1, I0 %  ° r 20%  ru b b er seed 
seed oil is a new source o f dietary oil. * 01 *P ^  ls concluded tha t rubber

K ey w ords: R u b b e r  seed  o il; n m  o il; R a t ^  ^  o j |;  ^

Menara Perkebitnan, 31:1962. 59-7Q

(R R I M  B ib lio g rap h y  N o .K ,  B ib lio g ra p h y  o n  R u b b e r  se e d  o il ,

K eyw ords: H m a bm i liensit:S t t d « o r sge



219 Rubber (Hevea brasiliensis) seed meal: A potential m aterial for live stock diets in 
Nigeria
O nuw aje, O  U and Im oukhuede, S K
In: In d u str ia l U tiliza tion  o f N a tura l Rubber (Hevea brasiliensis) Seed . L a tex  a n d  Wood. 
Proceedings o f  N a tio n a l Conference. (Ed. E phra im  E. E nabor). R u b b e r R esearch In s titu te  

o f  N igeria , B enin  C ity. 1986, pp. 4 7 -5 3 .

R u b b er seeds w ere co llec ted , d ried , deco rticated  an d  m illed , an d  th e  re su lta n t ru b b e r 
seed m eal (R SM ) was sub jected  to  proxim ate analysis an d  to  feed in g  tria ls  as p ro te in  
supp lem en t in poultry pullet and layer ration. D efatted and undefa tted  R SM  w ere com pared  
w ith  regular com m ercial poultry  mash purchased from the open  m arket. Proxim ate analysis 
revealed th a t  bo th  defatted  and  u n d efa tted  RSM co n ta in  accep tab le  levels o t p ro te in , 
c ru d e  fibre, soluble m inerals an d  v itam ins. T h e  am ino  ac ids-alan ine, a rg in ine , aspartic  
ac id , g lu tam ic  acid, glycine, h is tid ine , leucine, lysine, p ro lin e , ser in e , t ry p to p h a n  and  
valine were present. W eight for w eight, proline constitutes 0 .02%  w hile o thers w ere present 
in less th a n  0 .0 0 1 % . W eight gain an d  egg p ro d u c tio n  per b ird  as w ell as th e  physical 
appearance o f  birds and  eggs were identical for RSM and  com m ercial feed. Percent (% ) 
a lbum in , yolk, shell and  egg w eight w ere quantitatively  sim ilar for all feeds. O v e r a 10- 
w eek p e rio d  average w e igh t gains increased from  8 3 .4 0  gm  to  1 .8 3  kg p e r b ird  fo r 
u n d efa tted  RSM . T h ere  is an  ind ication  th a t RSM is a w o rth y  source o f  p ro te in  for 
livestock feeds; and  industrial cum  Institu tional research coopera tion  is required  to  place 

RSM  in the livestock feed market.

K e y w o rd s : H evea brasiliensis; R u b b er seed meal; L ivestock; N u tr i t io n ;  N ig e r ia

220 Rubber seed
Dow, E A
In d ia  R ubber World\ D ec.: 1936. 35-
(R R IM  B ib liography N o . 10. B ib liography o n  R u b b er seed oil)

K ey w ords: R u b b er seed; R u b b er seed oil

221 Rubber seed
M uralidhara, H  G and M adhusoodana Rao, I 

In d ia n  OH a n d  Soaps J o u rn a l  35(1 ): 1970 . 155-158 .

K e y w o rd s : R u b b er seed; C h em ical c o m p o sitio n ; Seed  co llec tion ; In d u s tria l use; In d ia

222 Rubber seed and its oil
B hushan, D
Indian  O il  Seeds Journal, 2 (3 ): 1958. 3 5 -3 7 .

T h e  ex a  ac tion  o f  ru bber seed oil, its chem ical properties an d  fatty  ac id  com p o sitio n  is 
described. T h e  free fatty acid co n ten t o f  oil from  freshly harvested seeds is less than  0 .5%



mi
w hich increases on storage o f  unsterilized kernels. Rubber seed oil, low in free fatty  acid 
c o n te n t could  be produced by, collection o f  fresh seeds, deco rtica tion  (for rem oval of 
shell), steam sterilisation o f  kernels and drying the kernels in k iln / sun. O il is ob tained  
from treated kernels hv solvent extraction. T he requirem ents in a rubber seed oil factory is 
sim ilar to a groundnu t oil factory. About 35%  of the fatty acid com position  is linoleic 
acid. The possible uses of rubber seed oil in soap making, paint m anufacturing  and  cattle 
food are described.

Key words: R ubber seed oil: Seed collection; O il ex traction ; C hem ical c o m p o s itio n ; Fatty 
acid; Industrial use: India

223 Rubber seed and oil: Studies on Indian rubber seed and rubber seed oil. I. 
Availability o f seed, characteristics and composition o f  seed and oil 
Azeem oddin. G  and  T h irum ala  Rao, S D
Rubber Board Bulletin, 6(2): 1962. 59-68.

A study  was co n d u c ted  on availab ility  o f  ru b b e r seeds and  th e  c h a ra c te r is tic s  and 
com position o l rubber seeds and fresh harvested seeds were analysed. T h e  i r  i umli-i 
rubber plantation by the close o f I960  was over 3 lakh acres, i he annual ;m „lab i],n  ,.l
seeds,vas estimated to he 30.000 tons on the basis o f  an assumed seed p roduc t,„n  I .....
p e r lO  acres. I he average cost was worked ou t as 1,300 per ton o f  m l,he, seed. I ' l i e p c l

Li" rA: T t....... ,lu
In the context o f  the non-utilisation o f ruhlv  \ ■ ?  , f  industrial purposes, 
highlighted the potential for rubber seed p r o v i n g  I  “ co”  “ !  ^

..,
224 Rubber seed as a by-product

Rubber Age, 40: 1 937. 291

(R W M  B ibliography N o. 10. Bibliography on  R u b b er seed oil)

225 Rubber seed as a by-product
Wicherley, W

Tropical Agriculturist' 40 :1913 311 i n

(RRIM  Bibliography N o , 0. Bibliography on R ubber seed oil,

Key words: R ubber seed; Rubber seed by -p ro d u ct.



226 Rubber seed cake as a feedstuff
Pope, FelixT
T he M alayan T in a n d  Rubber Journal, 20(2): 1931- 170.

Key w ords: R ubber seed cake; F eeding stuff; C a ttle  feed

227 Rubber seed as a feed supplem ent for pig production
Sovanno, Pech
T h esis , M aster o f  Science, Royal U niversity o f  A gricu ltu re , P h n o m  P enh  city , C a m b o d ia .

L iterature relating to use o f rubber seeds in pig diets has been reviewed. Two experim ents 
have been carried ouc. T h e  first was a growth study w ith  16 pigs, con d u c ted  a t the research 
farm  o f  the U niversity  o f  Tropical Agriculture (U TA ), P hn o m  Penh City, C am b o d ia , to 
ev a lu ate  th e  effect o f  feed ing  fu ll-fa t ru bber seed m eal an d  fu ll-fa t soybean  m eal on  
productive perform ance o f  pigs. T h e  second experim ent was a study  of digestibility  indices 
using the acid-insoluble ash m ethod, on the same pigs and  d iets on  2  occasions, a t 40 an d  
at 60 kg live w eight. A 2 x 2 factorial arrangem ent was used to  study  the effect of tw o 
s o u rc e s 'o f  oil seeds (full fat rubber seed an d  full fat soybean) an d  tw o  levels o f  D L - 
m eth io n in e  (0 3%  o f  th e  daily  feed ra tion) on p erfo rm ance tra its  o f  pigs given a d ie t 
fo rm u la te d  w ith cassava root meal and  dried  fresh w a te r fish w ith  fresh w ater sp in ach  
[Itwmoea aauitica) a d  libitum . Sixteen M ong Cai large w hite female and  castrate m ale p.gs 
w e igh ing  on  average 24 .4  kg in itia l live w eight, an d  h o u sed  in  in d iv id u a l pens, w ere 
allo tted  at random  to the four experim ental treatm ents. T here was no significant in teraction  
betw een oilseed source and D L -m eth ionine supplem entation  in any evaluated tra it except 
for D M  conversion ratio, due to higher values in the soybean supplem ented  d iet, possibly 
due to an inefficient extrusion process o f the beans. A fter 12 weeks o f  trial there was no 
influence o f  oilseed source nor supplem entation w ith D L -m eth ion ine  on  feed in take, final 
w ipht or tverage daily gain. Average feed intake was ra the r low. possibly d u e  to  the bu lk  
characteristics o f  the w ater spinach: W ater spinach co n trib u ted  on  average 18 7 %  to  total 
daily d ry  teed in take. C ru d e  pro te in  co n te n t in the d ry  m ixed feed was 11 .5  » m  d ry  
basis. T h e  incorporation  o f  w ater spinach to  the daily ra tion  increased th e  co n c en tra tio n  
o f  c ru d e  n ro t in lo 11 .5%  in the average feed co n su m ed . It is suggested  th a t  fu ll-fa t 
rubber seeds can be m cluded  in substan tial p roportions in d iets for g row ing  pigs in the 
tan«c o f  ’ 5-60  kg w ith  no dele terious effect on perfo rm ance tra its . W ater sp in ach  can 
co n trib u te  to  increase the p ro tein  co n ten t o f  the d iet w hen ad m in is tra ted  a d  lib itu m  to  
‘Mowing pigs b o th  locally available sources o f  p ro te in  can c o n tr ib u te  to  save p ro te in  
consum ption  from  o ther conventional sources. T here was no significant in teraction  am ongst 
any o f  .he factors for digestibility indices. T here was no  significant influence o t an im al live 
w ■inht on anv o f  the digestibility coefficients. T h e  diet w ith  full-fat rubber seed meal had 
a lower D M  and  organic m atter digestibility, com pared  w ith  the soybean d ie t, b u t  there 
was no oilseed source effect on N  digestibility, w hich was always low. D igestibility  indices 
appeared  to  be h igher for d iets supp lem en ted  w ith  D l.-m eth io n m e, b u t th is effect on ly  
tended  to  be significant lo t organic m atter digestibility. T h e  high crude fibre p ro p o rtio n



in ra tions con ta in ing  Full-fat rubber seed meal (on average 24 .8%  in d ry  basis) had  a 
highly significant negative influence in digestibility o f  D M  and organic m atter (R- 0 .73 
and 0.75, respectively) but there was no influence o f dietary crude fibre on N  digestibility. 
It is concluded  that a sensible decrease in dry m atter d igestibility  does n o t necessarily 
im ply a decrease in energy availability to the animals due to the high crude fat c o n te n t o f  
these same diets (on average I2.5± 0.74%  in dry' basis). It could be suggested tha t little  if  
any N  is linked to the cell walls in rubber seed since in this experim ent full-fat rubber 
seeds accounted for approximately 34%  o f  the rations.

K eyw ords: R u b b er seed; R ubber seed meal; Soybean; W ater sp in ach ; D ig es tib ility ; 
N itrogen; O rganic m atter; Pig diet; C am bodia

228 Rubber seed for oil
In d ia  Rubber Journal, 80:1930. 163.

(R R IM  B ibliography No. 10. B ibliography on  R ubber seed oil)

K eyw ords: R ubber seed: Rubber seed oil

229 Rubber seed (for oil production)
P h ilp o c t. M  W

K,” "4: ... .......... ..........................................

t k ™ , .  ”  t

The Planter, 74 (869): 1998. 437-443.

H d t ;  * j U «  - t  for the propagation  o f  high

S . £ B S a ^ j £ 3 = » ^ < S ‘r
• *  * — 1 » ~  ........ .. <— ..........I roduccs denved from rubber ^  oj) '  ™ bber seed have com m ercial ,

® ap, in medicine os amimalanal oil, and in “ “  “  |M,m W « « I *  fo r factlce fur soft 
diesel engine performance test with RSO I , g erin8 “  core binders. T h e  studv  n 1

K e y w o r d s :^  ^  " " — ned.



231 R ubber seed kernel as cattle food
Sen, K C
The In d ia  Rubber Board Bulletin, 3: 1952. 36-37 .

K e y w o rd s: R u b b er seed; R u b b er seed kernel; C a ttle  feed; In d ia

232 Rubber seed meal in poultry diets
B uvanendran, V and D e S Siriwardene, J A

Ceylon Veterinary Journal, 18(2): 1970. 3 3 -38 .

K e y w o rd s : R u b b er seed m eal; P ou ltry  d iet; C h em ical c o m p o s itio n ; B ro iler ch ic k en , 

G ro w th ; A m in o  acid; C eylon

233 R ubber seed meal as a protein supplem ent in poultry  feeding
Rajaguru, A S B and W etum uny, S G  de S
R ubber Res,’.n th  Institu te o f  Sri Lanka Bulletin, 8: 1975- 4 6 -5 4 .

R ubber seed meal (R .S.M ) could be used successfully for broilers d epend ing  on  the source 
o f  anim al p ro tein  supplem ent used. R.S.M. could be used sa tis fa c to ry  up  to  a 10%  level 
w ith  im ported  meat m l  supplem ented w ith m eth ionine and  up  to  2 0 %  w hen im ported  
fish  m eal is used . W ith  im p o rte d  m eat m eal as a p ro te in  so u rc e , R .S^M . c o u ld  be 
supp lem en ted  up to -i(>% satisfactorily in rations for pullets trom  3 -6  m o n th s  o t age. 1 he 
reduction  in grow th response observed when the R.S.M  level in th e  d iets was increased, 
particu larly  in broilers an d  grow ers less than  3 m o n th s  o f  age m ay be a ttr ib u te d  to an 
am ino-acid  im balance rather than  to the presence o f deleterious factors as often  suggested 
T h e  pale liver condition  and the feather picking observed in the 4 0 %  R .S .M . group  in all 
experim ents also confirm  the possibility o f  an am ino-acid im balance m  the diets. It w ould 
appear th a t birds have the capacity to overcom e the adverse effects caused by the h igher 
levels o f  R .S.M . as they m ature and are then able to  m ain tain  a no rm al body w eight and  

perform ance up to 40%  levels o f R.S.M.

K e y w o rd s : R u b b er seed m eal; N u tritiv e  value; P o u ltry  d ie t; Feed efficiency ; P ro te in  

su p p lem en t; G row dr; C eylon

234 Rubber seed meal as a protein supplem ent in growing swine rations
Rajaguru, A  S B and  Ravindran, V
J o u rn a l o f  th e  N a tio n a l Science C ouncil o f  S r i L anka  ,7(2)-. 197 9 .1 0 1  -104 .

A study  was conducted  to investigate the effects o f  different levels o f  rubber seed meal on 
the perform ance o f  grow ing  swine. T h e  results ind icate th a t ru b b e r seed m eal could  be 
included  in swine rations only  up to  111?!, level. Poor perform ance o f  swm e fed on rations



conta in ing . 20%  and .10% rubber seed m od was attributed to  deficiencies o t lysine and 
su lp h u r am ino acids, rather than to the presence o f  cyanogenic g uco. u <-• •

K eyw ords: R ubber seed meal; P rotein supplem ent; Swine feed; Sri Lanka

235 Rubber-seed oil
T he Ind ia  Rubber Journal, 117: 1949. 499.

Key w ords: R ubber seed; Rubber seed oil

236 Rubber seed oil 
M a r t in ,  G

Rubber Developments, 1(2): 1964. 6-7.

R ubber seed contains about 25%  oil and it is reported that an Am erican com pany u se d  

about 8000M .T  of this oil in 1928 for various applications. Rubber seed deteriorates very 
fast and  the oil extracted from such seeds is inferior in quality and suitable for the production 
o f  soft soap. Raising the tem perature o f the seed to 100°C for a m inute c a n  prevent th e  

deterioration o f  the seed and good quality oil can be prepared from it. It w a s  estim ated 
tha t the total seed production in Malaya can yield about 60,000 M .T. o f  oil and  h e n c e  

proper collection of the seeds need to be organized availing the free time o f  the labourers 
and small farmers.

K eyw ords: R ubber seed; Seed collection; R ubber seed oil

237 Rubber seed oil
Paint M anufacture, 17(9): 1947. 291-294.

Key words: Rubber seed oil; Paint; C om m ercia l use

238 Rubber seed oil
Paint, O il an d  Colour journal, 120: 1951. 676.

(R R IM  B ibliography N o. 10. B ibliography on R ubber seed oil)

Key words: Rubber seed; R ubber seed oil

239 Rubber seed oil 
S to c k , E

Farben-Zeitung, 39: 1934. 1096.

(R R IM  Bibliography N o . 10. Bibliography R ubber seed oil)

Keyw ords: Rubber seed; Rubber seed oil



240 Rubber seed oil 
S u n d ra lin g a m , A

C hem ical Age, 5 9 :1 9 4 8 . 594.
(R R IM  B ib liog raphy  N o . 10. B ibliography on  R ubber seed oil)

K ey w ords: R u b b er seed; R ubber seed oil; O il ex traction ; C eylon

241 Rubber seed oil
Tsuchiya, Tom otaro and O kubo, Osamu
J o u rn a l o f  the Am erican O il Chemists Society, 30(9): 1953-385-

K ey w ords: R u b b er seed; R ubber seed oil

242 Rubber seed oil: A multipurpose additive in N R  and SBR com pounds
N andanan , V; Joseph, Rani and George, K  E 
J o u rn a l o f  A p p lied  Polymer Science, 72: 1999. 4 8 7 -4 9 2 .

r e s is t a n c e  a n d  i l e x  r e s is ta n c e , a n d  re d u c e s  b lo o m in g .

K eyw ords: N a tu ra l r u b b e r ;  R u b b e r  se e d  o il; M u l t ip u r p o s e  a d d i t iv e ;  S ty te n e  b u t a d i e n e  

ru b b e r; Ind ia

243 Rubber seed oil analysis and its possible use
H a rd jo su w ito , B a n  o .ro  a n d  H o esn an , A m an

A im a m  Perkebunun. 4 4 p ) :  ' ' '  !i ■

■ I- V si- r u b b e r  se e d  o i l  p r o d u c t io n  i n  In d o n e s ia  is  g r e a t  s i n c e  t h is  c o u n t r y  is  
T h e  p o t e n t , a im  o f  r u  - I ^  -m  [ h f  W o lM >  i n  „ c a c e r t a in ly  . h e  la r g e s t .

o n e  o f  t h e  p n n u p a l  * !  4 5 - 5 0 % ;  t h e  o i l  c o n s i s t s  o f  1 7 - 2 2 %  s a t u r a t e d  t a t t y

1 h e  o il c o n te n t  o  J ,r ich id ic  an d  7 7 -8 2 %  u n s a tu ra te d  fa tty  aclifc, o le ic , l in o le tc ,
-H e  p h y s i c a l  a n d  c h e m ic a l  p r o p e r t ie s

showed th at the oil is prom ising for the dry ing  oil and  soap industry.

K e y  w o r d s ;  R u b b e r  s e e d  o i l ;  S o a p  m a n u f a c t u r e ;  O i l  q u a l i t y - .  P h y s i c o - c h e m i c a l  p r o p e r t ie s ;

Indonesia



244 Rubber seed oil as a substitute for diesel fuel to use in the Sn Lankan rubber 

plantation industry
Perera, E  D  I H
P h .D . T hesis. R eading  University, U K , 1988, 250  p.

(H O R T C D . 1989-2002 /06)

K eyw ords: R ubber seed; R nbber seed oil; Diesel; P lan ta tion  industry ; Sti L anka

245 Rubber seed oil: Extraction in Sumatra
In d ia  Rubber Journal, 78: 1929. 416.
(R R IM  B ibliography N o . 10. B ibliography on R ubber seed oil)

Key words: R ubber seed oil; O il extraction: Sum atra

246 Rubber seed oil factice as processing aid in rubber goods manufacture 
M aspanger, D adi R

M enara Perkebunan, 55(4): 1987. 80-83-

Experiment was conducted using rubber seed oil as a processing aid in the rubber goods 
m anufacture. T he effect o f rubber seed oil factice on the m ixing process and  the extrusion 
process were measured. T h e  factice was synthesized from rubber seed oil by neutra lized  
with N a, C O ,, vulcanization with 25%  sulphur and oxidation at 150°C. T h e  experim ental 
result showed that dark  factice prepared trom  rubber seed oil has fu n c tio n e d  well as 
processing aid in rubber goods m anufacture w ith  equal resu lt as th o se  o b ta in e d  w ith 
commercial factice.

Key words: Rubber seed oil; Factice; Processing aid; Rubber goods m anufacture ; Indonesia

247 Rubber-seed oil for paint
S thap itanonda , K annika; V im olchalao , C h o t; M u n sak u l, S u p a tra  and  
Udomsakdhi, Bancha

Journal o f N ational Research Council T h a iland  1 3(2): 1981. 27-42 .

T he pilot process tor p roducing  m odified rubber-seed oil is th e  p o lym eriza tion  using 
rubber-seed  o.l and dicyclopentadiene (D C P D ), the percentages by w eight o f  D C P D  to

T he m,XtUfe Were reacied in c,osed ^ t e m  at a tem perature ran«e of
“  , reacnon time was 6 to  24 hours in an Electo-Vapor P lant w hich was

c o n m b im  -h e  D e n v e r  R e s e a r c h  In s t i t u t e ,  to  p r o d u c e  p r e s s u r e  r a n g in g  from  SO t o  0
p a g .  t h e  i 4  o i l  p r o d u c t s ,  a c c o r d in g  t o  th e  te sts  c o n d u c t e d  b y  T h a i l a n d  In s t i t u t e  o f

' i ! U, ! n 0  ° 8 ,L a  e se a rc h  ( I I S  P R )  a n d  s o m e  c o m m e r c i a l  p a in i  c o m p a n i e s  .lie
s u it a b le  t o r  in t e r io r  p a m t  d e c o r a t io n .



m m

248 Rubber seed oils
Achaya, K T  and Seavel, A J
Jo u rn a l o f  the Science o f  Food a n d  Agriculture, 2: 195 1 .2 4 5 *

(C ite d  by  Eka, O  U ., 1977)

K ey w ords: R ubber seed; R ubber seed oil

249 Rubber seed oil: The untapped potential source in K arnataka, Ind ia
Jayappa, V; Shanbhag, P K; Amminally, S and Patil, K B

K arna taka  Soaps a n d  Detergents, 85 (12): 1983. 4 7 2 -4 7 4 .

R u b b er seeds con stitu te  25 to 30 percent good fatty  oil w h ich  is u sed
m aterial in  the m anufacture o f soaps. Karnataka w ith 7000 hectares o f  rubber p lan tan o n

,h JIR ;K-,ds N o ir.uhidic oil was to m ,J  m the samples.

K ey w ords: R ubber ,eed; R ubber seed oil: Physico-chem ical p roperties ; So ap  m an u fa ctu re ; 

Ind ia

250 Rubber seed processing for the production of vegetable oil and anim al feed. Phase

m m  Projn-' *  v s / G t m v m .  u n i d o , r m i m 2 1 4  p-

(http://w w w .un id o .o rg /d at a / id .i /0 17854 .cfm )

,1, nrocessing  o f  ru b b e r oilseeds for vegetab le oils an d  an im al feed 
E xpert re p o rt on th e  !>■ 8  ^  „  d ry ing , d eco rtica tio n , sto rage a n d  m eal
p rod u c tio n -co v ers  (1) p .  cossible use o f  rubber seed as a basis to  (a) edible
and  oil extraction ( > swine (3, the feasibility o f  the various

i S T p ^  regarding i.a. capita, costs for p ilo t plants, m arketing , fm a n c a l aspects 

o f  large scale production , etc.
Key w ords: Seed processing; V egetable oil; Feed p ro d u c tio n ; P o u ltry  d ie t; S w ine  feed

251 Rubber seed processing industry in India. P t I.
V eeraputhran, S and  Joseph, Toms

P l m t r n  C h r M k l ' . V m - -  2 0 0 0 . 177-182 .

■ 1 , h rief sketch o f  the evolution o f  the rubber seed processing industry
I  J i l l C ' d  by an analysis o f the trends in the production  o f  rubber seed oil and  cake

http://www.un


iMJ-i J h igg iaga

from  1976-77 to  1998-99. T he annual availability o f rubber seeds is estim ated I and <Ik  
factors influencing the production are explained, l h e  primary m aro-ting o ru 
in India for nurseV.es intended for plant propagation and processing is looked in to  he 
processing steps are described and the study reports an oil and cake recovery ot H - > an 
23 .8  per cent from seed and 36.5 and 59.5 per cent from dried kernel, the balance being 

w astes.

K ey words: R ubber seed: Rubber seed industry; M arketing; India

252 Rubber seed processing industry in India. Pt II.
V eeraputhran, S and Joseph, Toms 
Planters Chronicle, 96(6): 2000. 281-285-

T h e  cost o f  processing o f  rubber seed oil and cake in India is estim ated using sp h t-o it 
po in t' approach on the basis o f the information collected from the processing un its in the 
main processing centre o f  Virudhunagar district in Tamil N adu. T he properties of rubber 
seed oil and cake are explained along with h itherto  reported com m ercial uses. In  India 
rubber seed oil is entirely  consum ed in the low quality  soap m an u factu rin g  industry . 
Rubber seed cake is purchased mainly by the cattle rearers around the processing centres 
tor direct feeding. T he marketing o f rubber seed oil and cake is explained along  w ith  a 
comparative analysis ol the prices o f comparable oils and cakes.

Key words: R ubber seed; Seed processing; Industrial app lica tion ; India

253 Rubber seed processing industry': An overview (Malayalam)
Veeraputhran, S and Joseph, Toms
Rubber M ithram , May: 2000. 27-33.

Key words: R ubber seed; Rubber seed industry; Seed processing: Seed collection; C.'lu niii al 
com position ; Seed m arketing; C om m ercia l use; India

254 Rubber seed production in Sri Lanka and its possible effects on the rubber planting 
material
Seneviratne, Priyani

Bulletin o f the Rubber Research Institute o f  Sri Lanka. 36: 1997 5 ] -5-j 

Key words: R ubber seed; Seed produc tion ; P lan ting  m ateiial; Sri 1 .anka

255 The rubber seed production in Sri Lanka: Results of an islandwide survey 
Seneviratna, Pnyani; W iihanuw, L P P and de Alwis, M N
J m rn a l o f,h e  Rubber A W ,  h m tu te  o f  S ri U * h ,  82: 1999. 2 2 -5 0 .



low levels affecting the quality o f the planting material i.e. budded  -iuinp. A n is an w i e 
survey was therefore conducted to gain some knowledge on the quality  and  the quantity  o 
the seeds p ro d u c ed  on  different clones in differen t clim atic  regions ot Sri -a n  -a. u  
results confirm ed  tha t the regional effects m ost probably ow ing  to clim atic an  wear 
factors are the m ain causes while the clonal effect was m inim um . It was evi en t t . a t  t■ *. 
seed p ro d u c tio n  in d ry  region is far more than the country's requirem ent tor t i e  p ro  uc 
o f b u d d e d  s tu m p s  for annual replanting program m e.

K e y w o rd s: H e m  t» m Stm h-, R ubber seed; Seed p ro d u c tio n ; Seed q u ality ; Sri U n b

6 Rubber seeds as animal feed in Liberia
Stosic, [> O  and  Kavk.iy, J M
W orld A n im a l  R eviev . |u l-S ep t r> 8 1 .2 9  V '.

o f  this w ork  has been  to develop simple, cheap o f  ]™ Ir!msf0 rm cd by

released, is po isonous to anim als, preventing •

Key w o rd s, l i b b e r  seed: \n in , . l  feed; N u tritiv e  value; C hem ical c o m p o s ,n o n : L . b e »

57 Rubber seed utilization and industrial applications (Malayalam)

T hom as, V inoch and Mercykurty, V C 

R ubber M i th m m ,  1 < 2 ):1 « '1 . 4 4 -4 " .

K e y w o rd s  R u b b er seed; R u b b er seed 0,1 Industrial use; l n d u

158 Rubber seed viability on different size and presoaking duration

A rtu ti ,  A  M ; H a sa n , Z  a n d  R am dus 

J u r m lS H f f t u  ( l u S n o i a ) .  (21:1 W .  6" '

(A G R IS . 19')*>
f teed sizes and  prc soaking d u ra tio n  in  o rd e r to 

A s tu d y  io iden tify  appropriate  type o  sis B attu an g k ar green  h ouse , W est

high seed viability in A factorial in Rand...... « d  Complete HI,, I D
Sum atra  from  A ugust ro O c to  .n m ent T h e  factors were seed sizes (S m all- — 0
w ith  th ree  rep lications was used m e x | .  • ^  sced /4 0 1  g/l) an d  p re  soak ing
see d /4 8 8  g/II, m idd le  - 175 s e c d /4 6 . g T h "  results show ed th a t th e  h ig h est seed  
d u ra tio n  (0 h our, 24 hours ^  ^  g g a n J  6 05 g i d l i n g  dry’) an d  the
viability was found in the rm d d x  ( f f m i n u i o a  „ t e  3 .39 percent/ day),

seeds w ere p resoaking  in • v;,|V ,liry  Seed size; S o ak in g ; M o is tu re

Key w o rd s: H e„a, * ■ > * «  - *  W  ^
c o n te n t;  Indonesia



259 Seed biology of para rubber tree (Hevea brasiliensis Muell. Arg., Euphorbiaceae): 
A review
Thom as, Vinoth; Mercykutcy, V C and Saraswathyamma, C  K 

Phytomorphology, 46(4): 1996. 335-342.

M orp'hologv. viability, storage and germ ination o f seeds Hevea brasiliensis are described. 
T h e  seed is'large, ovoid dorsoventral w ith irregular dark brow n and grey lines o r blotches 
on  the seed coat. These characters are specific for each clone and used for d o n e  identification. 
Hevea seeds are recalcitrant due ro their high m oisture con ten t, and lose v iab ility  even 
w ith  short term storage under optim um  conditions, hence they should be p lan ted  soon 
after collection. Seeds o f  good physiological quality  can be stored fo r up  to  4 months 
w ith o u t losing viability  u n d er specific co nd itions . Seed v iab ility  can be d e te c ted  by 
germ ination  tetrazolium , electrical conductiv ity  o r FFA tests. Seeds co llected  from  well 
m aintained polvclonal gardens can be utilized tor genetic im provem ent o f  rubber.

Key words: H evea brasiliensis; R ubber seed; Seed biology; Seed viability; Jndia

2 6 0  Seed production of clones PB 8 6 ,  RRIC 1 0 0  and RRIC 1 2 1  in three rubber growing 
areas of Sri Lanka
Seneviratne, Priyani; Nugawela, A; Amaratunge, K A G  B; Karunasena, R P 
and W ilbert, S

Journal o f the Rubber Research Institute o f  S ri Lanka, 79 :1997.31  -44.

T he rubber seed production in wet rubber grow ing areas in Sri Lanka has gone dow n tc 
very low levels in the recent past, affecting the culling process that should  be adop ted  ii 
establishing rootstock nurseries. From the three rubber growing areas stud ied , satisfactory 
seed production irrespective o f  the clone was observed only in Kegalle region. Regiona 
differences may be due to direct o r indirect influences o f the climate and  w eather durint 
\ owering and pod set. Clonal differences seems to be existing in regions w here clim ate o' 
the weather is favourable for spread o f  diseases. Further, RRIC 100, being  a resistant cion, 
for O idtum  and Phytophthora, produced a higher percentage o f  good quality  seeds com pare, 
- ,« h  the o ther two clones, PB 86 and RRIC 121 which h ,ve below av, » ,! ,, ,
these two diseases. However, currently country  as a whole produces enough seeds to full! 
c o u n t s  annual seed requirement for the production o f  rootstocks, p r o v e d  ,l„  .seeds 
collected and transported w ithout delay.

Key words; Ha,ea; , Rubberseed; Seed production; Seed quality: Seed tn in .tr..... . W e.uhe
conditions; Disease incidence; Sri Lanka

261 Serum and liver lipids of rats fed rubber seed oil 
Nwokolo, E; Kitts, D D  and Kanhai, ]

Plant hoods fo r  H um an Nutrition, 38(2): 1988. 145-153 
CAGR1COLA. 1984-12/91)



962 A sim ple m ethod for the detection of rubber seed oil in other vegetable oils 
C hatterjee , K L  and Baiswara, R B
In d ia n  O il  a n d  Soaps Journal, 37: 1972. 3 1 1-312 .

K ey  w o rd s: R u b b er seed oil; Vegetable oil; India

263 So lu tion  behaviour of rubber seed oil-modified alkyd resins 
A igbodion, A I; Pillai, C  K S and Bakare, I O
In d ia n  Journa l o f  N a tu ra l Rubber Research, 14(1 ): 2 0 0 1 . 4 8 -5 4 .

S o lu tion  behaviour o f rubber seed oil (RSO ) alkyds having oil «  o f « .  50 ^ d  60 
ner cen t was investigated. Viscosity m easurem ents o f  the finished alk
„eX , : i „ d  dimethyl b J  (DMF, wbile chose

d u r in g  p rep ara tio n  o f  the alkyds were d e te rm ined  in to luene  „  lu « o n  
pa ram ete rs  investigated include in trinsic viscosity h i] , u g g in

H ence [r|] values tor samples value for sam ple 11 w ith  less tendency  to
in D M F  (a relatively basic solvent); while [x\] alue p  ^  ^  ^  nQ reguiari[y

associate w ith  solvent molecule is larger in to u' ne ' ^  jo | w n t  M H S  re la tio n sh ip  was

in  th e ir  v aria tio n  w ith o f  w ith  d e g re e  o f  p o ly m e r iz a t io n

z & s s X S Z Z Z  iSZ
t s x z z z  as ; *. - — - < * * * ■ *  mi]~
ob ta in ed  from C ,\\  analysis ol alkyds.

K ey w ords: R u b .* ,  seed oil: Alkyd tesin: In trin sic  viscosity-. M a tk -H o u w in k -S a k u ra d a  

equ a tio n : So lu tion  behaviour

264 Solvent extraction o f the oils of rubber, melon, pum pktn and oilbean  seeds

A t t a h ,  1 C  a n d  Ib c m e s t ,  ] A

O'25'27’
( H O K l 'C H . 10 S ')-2 0 0 1 /0 3 )

Mnt vvi, re USed to extract oils from  the seeds of rubber 
Solvents o f d i J f ' r 'n6 dle c n r l" T (!/B, , ; J m k a n s ) [C itru llu , co lo y n th h ], tinted pumpkin 
(H evea  brasiliensis), m elon O f o c y " „m crofhylU). T h e  aim  was to  examine the 
(Telfairia occidental,s) and  o th x an  properties. T h e  oils were extracted under
effect o f  so lvent po larity  on oil W  j j l  (fiO^OPC), cyclohexane.
Soxhlet cond itions w ith  the following and  acetone. The oils were
isop ropy l ether, ethyl acetate, te t r a h y d » f  r m  p r o p ^  d eK rm in a [lo n ,  The oil
characterized  by  acid num ber, iodine



r i d *  Of each seed  in  d iffe re n t so lv e ,m  tanged  -  < » « » '-  rf.<W <i.4%  (pum pkin  S 6 .I -  
V . ]«„ im elo n i (rubber) and 3 5 .4 -4 3 .3 %  (o tlb ea n ). 1 1 k  e q u ilib riu m
B M i K  capacity o f  ear It .solvent ivas found to depend on the nature o f  the oil and  the 
p o la r i ty  o f  th e  so lv en t B o th  fac to rs  w ere fo u n d  to  d e te rm in e  th e  a c .d  num ber, iod ine 
value and  colour intensity of each oil-

K eyw ords: R ubber seed oil; M e lo n  seed oil: O il extraction: S olvent a ttra c tio n ; t  h i seed 

plant; Nigeria

265 Some nutritional and anti-nutritional characteristics o f Para-rubber [Hevea 
brasiliensis) seeds 
Ravindran, V and Ravindran, (j 
Food Chemistry, 30(2): 1988. 93-102.

(H O R T C D . 1989-2001/03)

Para rubber [Hevea brasiliensis) seeds were examined lor their proxim ate analysis, detergent 
fibre, am ino acid and mineral composition. T he seeds were lurcher analysed for the presence 
o f antitrypsin activity, cyanide, phytate and tannins. T he average com position o f  the seed 
kernel was, on a DM  basis, 21 .5%  crude protein, 50 .2%  crude fat, 6 .5%  cru d e fibre, 
3 .6%  ash and 1 8.2"*. carbohydrates. T he am ino acid profile, when com pared  w ith  the 
N A S /N R C  reference p ro te in  p a tte rn , revealed defic iencies o f  lysine , iso le u c in e  and  
threonine. ! he seed kernels contained reasonable am ounts o f  trace m inerals, b u t  were 
poor sources o f calcium  and  phosphorous. Fresh seed kernel sam ples c o n ta in e d  toxic 
concen tra tions o f cyanide (164 m g/100 g d ry  w eight) b u t m o st o f  the cy an id e  was 
elim inated by storage and cooking. T h e  relatively high co n ten t o f  phvtate P (3 7 .5 %  o f 
total P) may b< expected to aggravate further the problem o f low P and  to cause severe G i 
and P imbalance. N o antirryptic activity or tannins was detected. Because o f the p ro e m  ,  
ol an an llle rtik y  (actor and collection and storage problems, it is concluded ill „ itibhei 
seeds show hulls' promise as a hum an food in normal times.

K eyw ords: b w i l i 'm i f .  R ubber seed; R ubber seed k ern el; Seed ...... ..................
N utritive value; Sri Lanka

2 “  a z t e r *1 “ ■ j , ’ i n5

M a ll ik a ,G  V itb a ra n a g c ;J a n s z ,  E  R ; P ie ris , N ir m a la  M  a n d  A b . v sek .,,,, \  M 

Journal o f ,tK  N ational S a o u r  C u m 0  o f  S ri Lanka. 19(2): 1991. 143-150.

rcsults in ̂ fMt!-.«* ....- .... '
re q u ire  m o is tu re  to  a c t th e  fo rm  I ' '  c>ai1;0g c n it- g lticosides. B olli cn/A in,

T he critical pad, o f b h „  ^  * *  i.,1 .....I t r s t e d  kernel processing appears r o b e  ........... . , , ,
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(p reventing  germ ination induced lipases from acting) an d  dry ing  to  10-12%  m oisture to 
preven t basal endogenous lipase activity and thus produce an oil low in tree la m  aci 
L inam arase no t on ly  acts du ring  dry ing  to liberate > 70%  cyanide b u t also survives t ic 
d ry in g  an d  oil expelling stages o f processing. T h e  surviving endogenous enzym e accivit\ 
can  be utilized to  detoxify rubber seed meal upon re-m oistening.

K e y w o rd  R ubU  r  s e « t; R ubber seed kernel; K ernel processing; L ipase ac ttv im ; Fatty  
acid; C yan ide  co n ten t; D etoxification ; Sri L.anka

267 Storage behaviour o f seeds of Hevea brasiliensis 
Berjak, Patricia
j o u r n a l  o f  N a tu ra l Rubber Research, 4(3): 1989. 195-203.

K ey w ords: Hevea b n ,M e m  ■; Rubber eed; Seed viability; Seed storage

268 Storage o f  recalcitrant seeds: Past, present and future

C h in , H  F ■ ■ .
h ;  r ^ n a l  / «  Seed  * » *  A C I A R Series N o .2 8  (E d . J W  T u rn b u ll) .

F o r e s t r y -  1 r a i n i n g  . c n t r e ,  A u s t r a l ia ,  Q u e e n s la n d .  1 9 8 9 .  P P -  8 9 - 9  .

( H o n i a i l u i r a l  A b s t ra c t s .  M :  1‘ ’9 1-  15 8 5)

Key w ords: R u b b er seed; C ocoa seed; Seed storage; R eca lcitran t seeds

269 Storage of rubber seeds
G cotgi. C D  V ; I i r c e n s trc e t  V  R a n d  f a k ,  G u n n L a )

M alayan  A gricu ltura l Journal- 20: 1932. 1 6 4 -1 /6 .

K ey .. ......I ,  H evea t m i l i m k  R ubber seed; Seed storage; M alaya

270 Strategy for effective storage o f rubber seeds, oil and cake

O k u )  c , V ' / Rubber (H evea brasiliensis) Seed. L a te x  a n d  Wood:
In. Ind u str ia l U r i lh H O m t f  « * >  E phra im  E. E nabor). R u b b er R esearch In s ti tu te  
Proceedings o f  N a tio n a l Conference- ( t d .  Lphraim

o f  N ig eria , B enin C m ,  1986. pp. 123-129.

T h e  rubber tree. (IU rea  h -  W ic a re d  tha t

used in  ' he p .nn ,s and  lea ther , Handl e , ^  in th e  use o f  ru bber



show n th a t at a law n a t u r e  a . * . ,  the unshelled seeds can store well f o r g | u  8^w eefa 
in polythene bags and for a longer period in sharp sand in earthenware p s  
„  «  hours cold shock treatm ent, in sealed polythene hags have also b e e h w t o  s o 
equally well Recent research work has shown that fresh rubber seeds conta in  52 .86m g/ 
1 0 0 m s v itam in C . As storage in sharp sand progressed, the aHaroxin a n c r a d e  p ro tn n  
levels'in  shelled seeds increased. T he reverse was the case tor the v itam in  C  and  H C N  
contents. These parameters were constant for the unshelled seeds. As dry ing  o f  seeds before 
storage is imperative, strict storage hygiene should be m aintained to prevent fu r th e r .p o ll, ge 
d ue to m ould and insect pest attack. Investigations in to  the im proved storage met 
sharp sand in earthenware pots and cold shock treatm ent are continuing  lor more conclu d e  
results. Large containers are to be fabricated for bulk storage o f  seeds.

Key w ords: Hevea brasiliensis, Rubber seed; Rubber seed oil; R ubber seed cake; Seed storage;

N igeria

271 Studies in Indian rubber seed and rubber seed oil. II Processing
A zeem oddin , G ; K ristappa, G ; T h iru m a la  Rao, S D  an d  R eddy, B R 

Journal o f  the O il Technologists’ Association o f  India, 7(3): 1975- 7 4 -7 6 .

R ubber seed was decorticated  m echanically in a Kalyan type g ro u n d n u t d eco rtica to r. 
R ubber seed, bo th  as m eats and  as whole seed was cooked  and  crushed  in a s tan d ard  
expeller. O il yields varying from 9 to 13 percent were obtained  as against ab o u t 24 per 
cent oil content in the whole seed. In our earlier paper, data on the availability, characteristics 
and composition o f seed and  oil were presented. H uge quantities o f  rubber seed produced  
in rubber plantations in Kerala and Tamil N adu are being wasted. Rubber seed form s a 
potential source o f  oil which can be put to several industrial applications.

Key words: R ubber seed; D ecortica tion ; R ubber seed oil; Ind ia

272 Studies in molecular weight determination of rubber seed oil alkyds 
Okieimen, F E and Aigbodion, A I 
Industrial Crops a n d  Products, 6: 1997. 155-161.

Molecular weights o f six samples o f rubber seed oil alkyds haying oil . m iteni ot ....... II).
30%  (II), 35%  (III), 40%  (IV), 50%  (V), and 60%  (VI) prepared with p lu h .tk  uihvd'lide. 
glycerol and rubber seed oil were determ ined (Rasi m ethod) and  call u laled  (e n d g io u p  
analysis] Properties o f  the rubber seed oil were specific gravity 0 .926 , cnlum  (1.5k It)1! 
tree fatly acid 11.29, peroxide value 0.40, saponification value 192.93, iodine v due I v .  u, 
and unsaponifiable m atte, (%) 0.84. Average molecular weights determ ined i.uiged I,o n ,
441.11 for sample 11 to 1323.33 for sample V and those calculated range l„ „ n ' I 11.5,52 
for sample I to 4769.52  for sample IV. A lthough average m ol,,  itlar w eights , ,1 ,il.i„ d
were found to  be larger than ihe values determ ine I, rast m e th o d  seems t„  k  ., .......
reasonable m ethod o f average m o ecular weigh, de term ination  for to u u n e  analysis I h,

*  differences observed were attributed to the assumption thal only intetesterifica......, L c „ „ n s



occur d u rin g  alkyd preparation in calculating average m olecular weights. F rac tionation  ot 
th e  alkyds show ed that rubber seed oil alkyds consist o f  fracrions o f  vary ing  m olecular 
w e igh ts. S tu d y  o f  m olecular w eight d is tr ib u tio n  show ed th a t  species o f  low  average 
m olecular w eight constitu te greater proportion  o f  the alkyds. Average m olecu la r w eig ts 
o f the final alkyds vary w ith the am ounts o f  reactants used in the prepara tion . A bility o t a 
th in  layer o f  the alkyds to air-dry was found to be dependent on solid  content, viscosity o t 
alkyd so lu tion  and  level o f unsaturation in the final alkyd. Thus alkyds c o n ta in in g  0 /o  
ru b b er seed oil and  above were found to  be air-drying while those c o n ta in in g  low er 01 
c o n te n t are considered  suitable in form ula ting  baked finishes or can  be co m b in e  w it 

o th e r film -fo rm in g  resins.

Key w ords: R ubber seed oil: Alkyd resin; M olecular w eight; Viscosity, S ap o n ifica tio n  value; 
D ry in g ; P olym erization; E nd group  analysis; N igeria

273 Studies in  the therm al degradation of poly (vinyl chloride)
O kieim en , Felix E and Ebhoaye, Justus E 

J o u rn a l o f  A p p lied  Poly»ie> Science, 4 8 :1 9 9 3 . 1 8 5 3-1858 .

T h erm al deg radation  o f  poly (vinyl chloride) (PVC) was studied  in n itrogen  a tm osphere 
in thcTpresence o f  rubber seed oil and epoxidized rubber seed oil, b an u m  an d  lead soaps o 
r u b b e r  see d  o il a n d  e p o x id iz e d  seed  o il a t  v a r io u s  te m p e r a tu re s  T h e  ra te  o t 
d eh v d ro ch lo rin atio n  at 1% degradation a n d  the tim e required to
w ere used to  assess the effect o f  the additives on  the therm al “ f

W F M m J s s s ? '
Key w ords: R u b b er seed oil; T h erm al deg radation; Polyvmyl cb lo r.de ; E p o x ld a t.o n , M etal 

soap; D eh y d m c h lo rin a tio n ; N igeria

274 Studies in the utilization of rubber seed oil in the preparation ofalkyd  resins

A i g b o d i o n . A I
P h .D . T h es is , U n iversity  o f  B en in , B enin  C ity , N igeria , 1 ) )5- 

T h e  prepara tion  o f  alkyd r e s i n - h
investigated. T h is  study explored Consequently quality  o f  th e  alkyd
an d  reaction  co n d itio n s  on the n .  m echanical screw press characterized  in
resin. T h e  rubber seed oil w hich -  - r a c t e d ^ i ^ - 1  «  ^

te rm s  o f  sp ec if ic  gravity , co lo u  , , m atter. T h e  resu lts show  th a t  th e
sap o n ific a tio n  value, iod ine value an  u n s a p ( ^  ^  sufflest SUKcp,ih ility  o f  the oil to 

rubber seed 0,1 is highly acidic (, ~ a  duc t0  hydrolysis before extraction. T h e  fa.t>- acid
possible spoilage even right m the . f  2 0 .5 %  satura ted  fa tty  acids
profile o f  ru b b e r seed oil show ed that the oil «  m ade up



(m v ria ic . palm itic ,n d  stearic acids) ami 7 9 .W - . ,n » l u r a r « ^ k y d  
an d  linolenic d A  w i,h linok-ic acid accounting lo t about 36 0™ olFc to  1 t o  a d 
con ten t). T h e  iodine value o f rubber seed oil « ,  found to be 5 and puts he o n th 
sam e group a . linseed oil com m only used in surface coating. A lkyd resins w. re ,e, .uc j 
using recipes conta in ins various am ounts of rubber seed oil, phthallc a n h y d i c  I , .  c 
using  ihe alcoholvsis m e,hod and w orking  tem perature ranged from  230- 50 C . Ih e  
reaction was m onitored bv the simultaneous determ ination of the acid value of aliquot ol 
the reaction m ixture and the volume o f water evolved a t v a r io u s  ..m e intervals. Kmelic 
analvsis showed that ihe initial stages o f  alkyd preparation can be described by the , , „„d 
order rate law and thereafter deviations from second order kinetics were obseived  Ik 
po in t o f  deviation from second order kinetics occurred at the onset ol gel three-dim ension., 
network) formation. T his deviation was found to he characteristic I'or all the recipes used 
in the preparation o f the aikyd resins and occurrcd at about the sam e tim e o t reaction 
irrespective o f  the proportions of ingredients used. Ih e  extent of reaction .it th is region ol 
deviation from second order kinetics ranged from 50.6%  ro 74 .8 3 % -1  he m olecular weights 
o f  sam ples o f  the alkyd resin were determ ined  by the rast m e th o d  an d  th e  en dgroup  
analysis. It was found that endgroup analysis tends to over estim ate m olecular w eight as a 
result o f the basic assumption that only interesterification reaction occurred. 1 he observed 
difference was explained in terms o f  intram olecular reaction. F ractionation o t sam ples of 
alkyd resin was carried out by addition of n-heptane to the solution of the alkyd in toluene 
IS" a w/v). It was found th a t only a small p roportion  o f  the alkyd resin c o n ta in  high 
m olecular weight species. V iscosity m easurem ents were carried o u t on  fractions of the 
alkyd resins and  of the unfractionated  sam ples o f  alkyd resins in d im ethyl form am ide 
(D M F) and methyl ethyl keron (M EK). T he values o f  intrinsic viscosity of the alkyd resin 
were larger in D M F than in MEK. I he values o f  the viscosity (H uggins) param eters, k 
and a were determ ined for the samples o f  alkyd resins in D M F  and M EK  and  ii was 
found that the values of k vary from 2.14 x 10 1 ro 8.79 x 10° in D M F and from  1.74 x
10 to 2.34 x 10 in M EK while values o f  A vary from 2.14 x 10 ’ to  8 .79  x 10 in M 1K  
while values o f A vary from 0.11 to 1.20 in DM F and from 0 .12  to  1.82 in MF.K. T he 
properties o f the alkyd resins such as colour, acid, value, saponification value, iodine value 
and solid content and the performance characteristics o f  the alkyd resin such as viscosity of 
ap p lica tio n  a n d  d ry in g  schedules w ere determ ined. Ih e  perform ance characteristics show 
that rubber seed oil alkyd resins are com parable to commercial grade alkyd resin.

Key words: Rubber seed oil; Alkyd resin

275 Studies on epoxidized rubber seed oil as plasticizer for acrylonitrile butadiene rubbei 
Joseph, Reclhamma; Alex, Rosamma; V inod.V S; Premaktha, <) K and K titi.il  
B aby

jo u rn a l o f  Applied Polymer Science, 89: 2003 . 668-673.

T he application o f rubber seed oil (RSO) and epoxidized RSO (ERS( . as a pl.isti, i „ ,  u 
acrylotmrile butadiene rubber (N BR) was s,udicd u-ing R SO  and k R S O  v ii i,  d i l l ........

ft I ' T t a T '  T  ,ndlCaleJ * "  ERSO  could be used as a less le.u h.ibl 
and low volatility plaMlcizer for NBR. T he use o f F.RSO NBR gave b, Her ........



re s is tan c e  w hereas  th e  tensile  s tren g th  an d  tea r s tre n g th  w ere c o m p a ra b le  to 
vulcanizates th a t contained  dioctyl phthalate as a plasticizer.

K ey w ords: R u b b er seed oil; E poxidation ; N itrile  rubber; P lasncizers; In d ia

276 Studies on storage behaviour of rubber seed oil
A igbodion, A I
I n d i a n  Jo u rn a l o f  N a tura l Rubber Research, 12(18c2): 1999. 29-33-

Q u a l i t y  — , "I ru b b e r  seed  o il s ro re d  in  d if fe re n t ty p es
our. O il sam ples were srored in metal container w ith in s id e ^ c o a tin g .,J |g  ^  ^
b ro w n  coloured  bo ttle  at o rd inary  atm ospheric ' V i e  va[u„  aI
D u r in g  storage, there was no appreciable increase w irfl co a tin g

free ^ a t ty  a c id  a n d  p e ro x id e  a n d  th e  h ig h e s t  fo r

iod ine after tw a in ' f « »  wecks " f !toraSe '
K ey w o rd s: R ubber seed oil: Seed storage: Seed quality : D e te rio ra tio n ; N ig eria

277 Studies on the alcoholysis of some seed oils 
W e ,  I O  and Ogbolie, O
fi>urnill o f  Applied Polymer Science, 7 S (  1 0 ) : 2 0 0 0 ,1 8 2 & - 1 8 3 2 ,

s „ a , „ . . .  . . . » * .
ru b b er seed, m elon seed, linsee I, oholvsis ca talyst used w as L itharge (P b O ).
2 2 0 , 2 4 5 , and  21,0 degrees Celsius. 1 he a lcoho lys*  c a r a ! , ^  ^  ^  fo r

T h e  o p t im u m  a lco h o ly s is  te m p e ra tu re  w a  - C e ls iu s ) , th e r e  is

e a c h  ol- th e  oils. A t lo w er ^ t u r a r e d ^ a c i d :  a n d  th e  g e n e ra l
Ihe p re fe r e n t ia l  a lco h o ly s ,'s o f s e e d ^  ^  ^  Knseed o i|  a p p ro x im a te ly  e q u a l

a lc o h o ly s is  ra tes w e re  to u n  so y a b e a n  oil a p p ro x im a te ly  eq u a l to  m e lo n  seed
to  r u b b e r  seed  o il g rea te r th a  • ^ u  o b s e rv e d  to  s t a r t  a t  4 2 -4 5  p e r c e n t

L itharge: Alcoholysis; N igeria

278 Studies 01, .he epoxidation of rubber seed oil
O k i e i m e n ,  F  E ;  B a k a r c .  O  1 a n d  O k i e , m e n ,  C  O  

h J u l tm d C r o p , a , d P r ^ .  . 5 ( 2 ) :  2 0 0 2 .  1 3 9 - . 4 4 ,



were studied a t various temperatures. It was found that epoxidation with alm ost com plete 
conversion of unsaturated carbon and negligible oxirane cleavage can be a ttained  by the in 
situ technique. The rare constanr for epoxidation o f  RSO was found to be of the order of
10 i m ol 1 s 1 and  activation energy o f epoxidation of 15.7 kcal m ol 1 was determ ined . 
Som e therm odynam ic parameters: enthalpy, entropy and free energy activation o f  15.2, 
31.94 and 25-44 kcal m o l'1, respectively were obtained for the epoxidation o f  RSO . T he 
kinetic and therm odynamic parameters of epoxidation obtained from  this study  indicate 
tha t an increase in the process temperature would increase the rate o f  epoxide form ation. 

Key words: R ubber seed oil; Epoxidation; Kinetics; Pcroxyacetic acid; N igeria

2 /9  Studies on the physico-chemical properties of rubber (Hevea brasiliensis) seed oil 
andWennfiratK," of Afferent higher fatty acids of the oil and analysis of the seed c . ke 
M ahbub-U l-H aque M ajumder, S M

Chittagong University Studies, Part II. Science, 14(1)- 1990 31 35

formation shows the presence o f  about 85u/  ‘V ) ^ - lyS'S fo,,owed by urea com plex 
constituent is oleic acid. T he seed cake obrai ' T ' f  ^ ’ ° f  w hich rlie m alo r
protein which can be used a7 c a t i  fe "  * m ° " 1 ° f  oil “  » *  o f
o f  rubber (Hevea brasiliensis) and then n ^ / U/ ‘f‘C,a tl0n ' 0 ,1  was extracted from  the seed 
and chem ical constan ts were determ ined  " h !  I 7 pUrlfi.caI‘on its differen t physical 
inclusion m ethod and by thin layer cliromaror f  b c " * ’ T  id en l!ll‘ iJ
reducing sugar and starch conten ts were d e r f rm te d  *  ' * * '  « ' ' •  P ro!cln-

ldS' F o p " n t T t " ™ d d ;1 L eg l I Z l 0 i ' : RUW’er SCtd Ql<C' ; | , | l V ' '»

75 (12): 201,0. 1441-1446

M elon-seed and rubber-seed oils have been use I • ,
Results reveal thM rubber-seed oil can c o m p le t e ! v l j" '  " ■ z ' ” ' csis o f po lyester resins.
°  j  ^ t h e s i s  o f  both long and ‘ ‘‘T ' T ' 1 for >»d ■ov.ibcu,

s v n r h “ subs' " “ ' c fo r 50%  ,,f  linseed f  M d o n - w J  oil
* u h «  o f long oil-lengrh polyester resins 1  7  ' ^  7 “ o f  i" ‘ Ik-
50 " * f  * * * * *  oil i„ , hc ^  o f | | j  ̂  or 15% o f  ljnseed o i| Jnd

K eyw ords: Rubber seed oil; V i a b l e  o i l - w l  '  yCi' "  " " " "
Patty acid; Nigeria ' 4  S” ff ^ « » n g K :I’olyeste, B,L.nd; , ) |v m y



281 Studies on the utilisation of rubber (Hevea brasiliensis) seed cake as an ingredient 
in concentrate ration for dairy cows
M e n a c h e r y ,  M a g g ie  a n d  A n a n th a s u b r a m a n ia m , C  R  

In d ia n  J o u rn a l o f  N u tr itio n  a n d  Dietetics, 15: 1978. 3 5 0-355- 
(C ite d  b y  Jam es, C  S ., «•/<*/.,1980)

K ey w ords: Hevea brasiliensis; R ubber seed cake; C a ttle  feed; In d ia

282 Studies on the utilisation of rubber kernel oil meal in chick starter diets
N a r a h a r i ,  D ;  V e n u g o p a l ,  K  a n d  K o c h a n d a r a m a n ,  P

Indian  jo u rn a l i j  Poultry S • nee. 'i'' u : 1984. 2 5 1 -2 5 5 .

SC W L  Female chicks were fed diets conta in ing  0, 5. 10 and  15%  levels o f  R ubber K ernel 
O il M eal (R K O M ) replacing G rou n d n u t O il Meal (G N O M ) from  0-8 weeks o f  age w ith 
or w ith o u t lysine and m ethionine supplem entation. Body w eight gain was m ore in am ino
acid su p p lem en ted  groups than  in u n su p p lem en ted  g roups, irrespective o f  th e  d ie tary  
R K O M  levels Better feed efficiency was observed in the con tro l and  in  the am in o  acid 
su p p le m e n te d  groups. L ia b i l i ty  was no t affected by th e  d ie ta ry  R K O M  levels. D ie ts  
co n ta in in g  h igher levels o f RKOM  and am ino acid unsu p p lem en ted  d iets w ere cheaper 
th an  the am in o  acid supplem ented  d iets. R K O M  cou ld  be safely used  in  ch ic k  s ta rte r 
diets up ('i ] S",, level with lysine and  m eth ionine supp lem en tation .

Key w ords: R u b b er seed kernel: R ubber seed m eal: C h em ical c o m p o s itio n ; P o u ltry  d ie t; 
B roiler ch icken; G ro u n d n u t oil m eal; In d ia

283 Studies on use o f rubber seed oil in natural rubber latex foam production
Joseph. Rcctham ma; Premalarha, C  K and Kuriakose, Baby
Proceedings o f  the N in th  Kerala Science Congress. Jan u a ry  1 9 9 7 . T h iru v a n a n th a p u ra m .

pp. 1 -2.

N atu ral rubber latex foam was prepared by using rubber seed oil soap as well as potassium  
oleate Evaluation o f  properties indicated tha t the quality  o f  th e  foam  o b ta in ed  by using  
rubber seed oil soap was com parable to th a t prepared from  potassium  oleate and  confo rm s 
to  the BIS specifications. Use o f  rubber seed oil soap was found to be m ore econom ical.

Key w ords: R u b b e r seed oil; N a tu ra l ru b b e r; Latex foam  p ro d u c tio n ; In d ia

284 A study o f the heritability  o f oil content in cotyledons o f Hevea  seedlings 
Fernando, D  M ; Tam biah, M  S; Abcywardena, V  and  Sam aranayake, P
Q uarterly Jou rn a l o f  R ubber Reset,ch Institu te  o f  Ceylon. 47 : 1970 . 7 0 -7 2 .

A ppreciab le heritab ility  was discovered in the oil c o n te n t o t Hevea co ty ledons. T h is  oil 
co n ten t was also found to be significantly inversely correlated w ith  height o f  the seedlings.



T h e  in v erse  re la t io n sh ip  w ith  g ro w th  su g g ested  a h o rm o n a l m e c h a n ism  and  
chrom atographic analysis revealed an inhibitor as well as a stim ulator in th e  oil.

K eyw ords: Hevea brasiliensis-. R ubber seed: Seedlings; O il co n ten t; H e rita b ility ; C ey lon

285 Study on blending and polymerizing of para rubber seed oil w ith  som e kinds of 
drying oil for industrial purpose
Paichit-Chandrawong; Virasak-Anumbutt and W ilaisri-Limpaphayom 
Research Report in  1984: Rubber, Sericulture, Farming system, D ept, o f  A griculture, Bangkok, 
T h ailan d , 1986, pp. 2.

(A G RIS. 1993-1994)

Key words: Rubber seed oil; Blend; Polym erization; D rying; Industrial use; T h a ila n d

286 Study on rubber seed oil and its m inor com ponent (unsaponifiabie m atter) [in 
Thailand]
Kato, A; Tanaka, A and Wimonsri- Thewaphalin

A n n u a l Report, 1978, M inistry  o f  A griculture and  C ooperatives, B angkok  (T ha iland).

D ep t, o r Agriculture, Agricultural C hem istry  D ivision, pp 346-348
(A GRJS. 1975-1980)

287

Key words: R ubber seed; R ubber seed oil; M in o r com ponen ts; T h a ila n d

Study on the success of bud healing and post-budding grow th o f  G T-I clone o f 

tim e taken fr° ra dlfferent mother plants, and with different seed harvesting

Yakup, S; Rofiq, M; Sudrajat, D  and Kusumastuti, A

l u n ' a!  -Rcnelitian-Pmti$i!!„-Tempan (Indonesia), N o ,3- 1998 8 1=1 
(A G RIS. 1999-2001/08 , -'^8. 8 -13 .

B udding is the most com m on m ethod and widely used bv
n u rse ry  stock  o f  ru b b e r (H evea brasUi,„<i, U  II .  '  " urser>™a "  p ro p a g a........
unsuccessfully, because o f the unsuitable h BuI tlle  b u d d in g  is u lic n
Plan, env ironm en t. T h is "  S f ® *  P ^ io io g ic a l  facto .......... I
postbudding g row th  o f  rubber GT-I was c o n d , .°  T SUCCeSS o f  b u d  b a l i n g  and
P e r ta n ia n  Bandar Lam pung f ro m  D e c e m h  ^  exP e r ' m en c  ac K eb u n  P o lite k n ik

com bination consisted o ' th r e e Z s o f T ock ,1 UP#?  ^  , m  T h '
lew is  of seed-picking time (early, m id d le  a jid  e n d ) '"I ' 2 ’ 2 0 ) y * ^ *  ° ld  a n d  three
Complete randomized block design w„  a m  "i ,U™ f  < 7 *  ° f  generative period

three replications. T he result showed that seed w hich d  T ' f ' 'K m ' Cnl W‘th
derived front M ve.us old s ,„ J ,



i m s

p lan t was the m ost valuable rootstock material com pared to those derived from  8 and 20 
years o ld  stock p lan t. T hose facts were indicated bv the presence o f  b ud  healing , stem  
diam ete r and  p lan t height. W hereas the seed-picking tim e was n o t significantly  d ifferen t 
to all param eters. T here was no interaction between stock  p lan ts age an d  seed-p ick ing  
tim e on  b u d  healing successful and post budding  grow th o f  G T-1 rubber.

K ey w ords: H evea brasiliensis-, R ubber seed; B udding; S eedlings; G ro w th ; M o th e r  p lan t; 
Indonesia

288 Substitutes o f  para rubber seed meal for soybean meal in broiler ration
Samret-Asasuk
T h es is , M .S c. in biology, K asetsart University, B angkok, T h a ila n d , 1992.

(A G R IS . 1 /9 7 -2 /9 8 )

K ey w ords: R u b b er seed meal; Soybean meal; B roiler ch icken ; T h a ila n d

289 Substitu tion  o f  cotton seed cake by rubber seed cake in  the feeding o f broilers
Endeley, H  N  L ;T choum boue, J andT chouken , M  D
Proceedings o f  an  In ternational Symposium, 30 Nov-2 D ec: 1983, W agen ingen , N e th e rlan d s, 

pp. 67-68.
(A G R IS . 1 9 8 1-1985)

Key w ords: R u b b er seed cake; A nim al n u tritio n ; C o tto n  seed cake; B ro iler ch icken

290 Supply of Hevea seed for rootstocks production
Indraty, I S
Risalah-Penelitian (Indonesia), No. 13: 1987. 30-37.
(A G R JS . 1 9 9 3-1994)

K ey w ords: H evea brasiliensis; R ubber seed; R ootstock; In d o n e sia

291 Synthesis and molecular weight characterization of rubber seed oil-modified alkyd resins

A igbodion. A I and  Pillai, C  K S
Jou rn a l o f  A pp lied  Polymer Science, 7 9 :2 0 0 1 . 2 4 3 1 -2 4 3 8 .

A lkyd resins o f  4 0 %  (I), 50%  (II), an d  6 0 %  (III) oil leng th  ( O D  w ere p repared  w ith 
rubber seed oil (R SO ). ph thalic  anhydride (PA l.and glycerol (GLY), em ploying  th e  tw o- 
s ta g ' alcoholysis m ethod. C hanges in the physical characteristics o f  the reaction m ed ium  
w ere m o n ito red  by d e te rm in a tio n  o f  th e  acid value an d  th e  num ber-average m olecular 
w eight Sin o f  in-process samples w ithdraw n at different stages of the reaction. T h e  m ode 
o f  varia tion  o f  these p roperties denotes th a t the p rep ara tio n  o t R SO  alkyds is com plex.



M olecular w eight averages and the molecular weight distribution (M W D ) ol the finished 
alkyds were determ ined  by G PC , cryoscopy. and end-group analysis. M olecular w eight 
averages and  the M W D  vary w ith  differences in the fo rm ula tion , w ith  th e  sam ple II 
e x h ib i t in g  th e  narro w est size d is tr ib u tio n . V alues o f  Mn w ith  th e  c o r re s p o n d in g  
polydispersities in brackets are 3234 (1.91), 1379(1.56). and 330 4  (2 .56) for sam ples
1,11 and 111 respectively. .̂ ln values obtained by cryoscopy are com parable to those obtained  
by gel perm eation  chrom atography (G P O ), w hile endgroup  analysis seem s to  grossly 
overestimate their molecular weights. Correlation ot ,*3n and the M W D  w ith the quality  
o f  the finished alkyds shows that the narrower the size distribution the better th e  quality' 
o f the alkvd. Properties such as the rate o f  drying and resistance o( the alkyds are o p tim um  
at 50%  O L

Kejr words: R ubber seed oil: M olecular weight; C ryoscopy; Alkvd resin; E nd g ro u p  analysis

292 Synthesis, characterisation and evaluation o f heated rubber seed oil and rubber 
seed oil-modified alkyd resins as binders in surface coatings
Aigbodion, A 1; Pillai, C  K S; Bakare, 1 O  and Yahaya, L E 
Indian  Journal o f  Chemical Technology, 8(Sept): 2001. 378-384 .

Rubber seed oil (RSO) heated at 300±5° C  for six hours and R SO -m odified alkyd resins 
were evaluated as binders for surface coatings. D uring heating o f  rubber seed oil, the bulk 
viscosit)' varied exponentially with time. G P C  analysis showed that RSO consists o f  a very 
high molecular weight fraction that is uncom m on in vegetable oil in addition  to free fatty 
acid, m ono- di-, tri-glycerides and oligomeric tryglyceridcs. Values o f Rn an d  KL o f  7393 
and 13076 respectively were found for RSO. H eated rubber seed oil (H R S O ) gave Mn o f  
475 and R ,o f  599; while RSO- modified alkyd samples o f oil conten ts respectively. H R SO  
is narrowest m size distribution compared to RSO and all the alkyd samples as indicated by 
che.r polyd'.pers.ry ind ice, RSO was found to be semi-drymg as ..... film  , „ !

„  ,g ,1’" ?  1 ' ,  h) ot H a tin « enhanced its drying M r .  ! Ik I IRS. >
him* exhibited reasonable penul hardness and excellent resistance to  acid and sal, solution
but poor resistance to alka.1, solution compared the alkyd sam ple, 1 Ik : J r v i„ .  ,I„ I ,h  .....I

......... .......
K eyw ords: R ubber seed oil; Alkyd resin: Binders; Surface coatings; D ry in g ; N ig e r ,,

293 Temperature effects on the extraction o f rubber and melon seed oils 
Ibemesi, J A and Attah, J C

67(7): 199M 43-445- 

bnii,inws) a,’d md™ 
was to E r m i n e  , e n «  £  ’X



j t u L . . . . . .  mtmmmmmmmmmmmmmmmmmmmmmm m
changes accom panying the extraction process. Values o f n, ob tained  from  the slopes o t the 
plots o f  the natural logarithm o f  equilibrium  oil vield against T  10, showed th at oil yield 
increased by a factor o f about 1.10 for every 10°C rise in tem perature. Also, n values were 
used  to  p re d ic t oil yields a t o th e r tem p era tu res  by  k n o w in g  th e  o il y ield  a t a given  
tem peratu re. E nthalpy changes (DELTAH) in the extraction o t bo th  oils w ere dete rm ined  
using  th e  A rrhenius equation. T he DELTAH values obtained  were in the range o f  4 -1 3  3 
kj m o l '1, ind icating  the physical nature o f oil extraction by a solvent.

Key w ords: R u b b er seed oil; M elon seed oil; O il ex traction ; T em p e ra tu re

294 T herm al dehydrochlorination of PVC in the presence o f metal soaps derived from 
rubber seed oil
O kieim en , Felix E and Ebhoaye, Justus E 
European Polymer Journal, 28(11): 1992. 1423-1425-

T h erm al dehvdrochlorination o f PVC was studied in nitrogen in the presence o f  3 w t%  o f  
th e  b a r iu m , ca d m iu m  an d  lead soaps from  ru b b e r seed  oil. T h e  tim e  re q u ire d  fo r 
d e h y d ro c h lo rin a tio n  to  a tta in  1%  (t DH) an d  th e  rates o f  d e h y d ro c h lo rin a tio n  a t 1% 
degradation  (R  DH) in the presence o f  the m etal soaps were com pared w ith  values ob ta ined  
w ith  m eta l soaps from  oleic and linoleic acids. T h e  results from  these k in etic  stud ies, 
to g e th e r  w ith  th e  d a ta  from  viscosity  m e a su re m e n ts  o f  th e  d e g ra d e d  sa m p le s  in 
cyclohexanone, show  th at the soaps from rubber seed oil are relatively effective in suppressing 
therm al dehydrochlorination  o f  PVC and  also tha t chain scission was a p re d o m in a n t reaction 
d u rin g  th e  degradation o f  PV C in the presence o f  the m etal soaps.

Key w ords: R u b b er seed oil; PV C; D e h v d ro ch lo rin a tio n ; T h e rm a l d eg rad a tio n ; M etal 

soap; N igeria

295 T herm al dehvdrochlorination of PVC in the presence o f rubber seed oil
O kie im en , F E a n d  Ebhoaye, J E
A n g e w a n d te  M akrom olekulare Cbemie, N o  206 :1 9 9 3 - 11-20.

(R ap ra  A bstracts. 47 6 4 4 0 )

D ehv d ro ch lo rin a tio n  rates o f  PVC in nitrogen atm osphere were determ ined  in the presence 
o f  rubber seed oil, epoxidised rubber seed oil. barium  soap o t rubber seed OI! la tty  acids 
and  barium  » » r  o f  epoxidised fatty acid o f  rubber seed oil. 

K ey w ords: R u b b e r seed oil: D e h v d ro ch lo rin a tio n ; T h e rm a l d eg rad a tio n . P V C

296 lex ico log ica l studies o f the rubber (Hevea brasiliensis) seed oil 
N joku , O  U  and O nonogbu , I C
West A fr ican  jo u r n a l o f  Biological Science, 4 (2 ): 1996. 135-140 .

Toxicological studies were carried o u t on ru bber (Hecca bras,Her,sis) seed oil. T h e  study



includes estim ation o f the 'cyanide content using a simple m ethod that involves extraction 
o f  linamarase from cassava cortex to liberate the cyanide in the oil, and the d etection  of 
m ycotoxins. T he fresh oil contained no mycotoxins (Aflatoxin and ochratoxin) an d  had 
low cyanide concentration {0.009-0.013 ppm ). T he im plication of this study  is a s trong  
recom m endation for use o f  this unconventional vegetable oil in anim al experim ents and a 
gradual introduction in (he vegetable oil market.

Key words: R ubber seed oil; Toxicology; M ycotoxins; Nigeria

297 True protein digestibility, metabolisation energy content and toxicity o f  raw and 
processed rubber {Hevea brasiliensis) seed meal for pullet chicks 
Nwokolo, E
In: Industrial Utilization o f  N a tu ra l Rubber (Hevea brasiliensis) Seed, Latex a n d  Wood: 
Proceedings of N ational Conference. (Ed. Ephraim  E. E nabor). R ubber R esearch in s ti tu te  
o f  N igeria, Benin City, 1986, pp. 62-69.

Fresh miJled rubber seeds and hydraulic-pressed rubber seed cake were used in a series o f  
experim ents to determ ine true protein digestibility, m etabolizable energy c o n te n t and  
potential toxicity of the m aterial in poultry  nutrition . Test pu llet chicks (2 weeks old) 
w ere fed undefatted untoasted, undefatted toasted, defatted untoasted , d e fa tted  toasted 
as well as hydraulic-pressed rubber seed meal. N-hexane was used in defa tting  th e  seed 
meals. True pro tein  digestibility  and m etabolizable energy d ete rm in a tio n s  each lasted  
seven days. Potential toxicity was determ ined through chem ical analysis for 1 U N  and  
phytic acid, gross and m acroscopic exam ination o f  liver and pancreas o f  test b irds I, d
rubber seed meal lor 14 days. Reference was also m ade to published liter.,, l........ ..  „,vi,
com ponents o f  rubber seed meal. Results o f these biological evaluations arc J r . , ........

K ey words: Hevea R ubber seed meal: P ro tein  digestih tlity : T o x ic v :  Puller
chicks; M etabolizable energy

298 ^ r S onal sources of food: Chemical composition °f mbber seed
Achinewhu, S C

Food Chemistry, 21(1): 1986. 17-25.

(H orticu ltu ral Abstracts, 56(12): 1986.10187)

Rubber seeds contained m oisture 6.5, crude protein IS 9 I
total carbohydrate 49.4% . T he seed was ,i,l! ' 1 2 > J'.l> 2 .8  .m J
6 .6%  o f protein. Sucrose was 65%  n f I n  ln c^snnc ’ m eth ion ine 2 .5  and  valine 
value o f  the seeds are in pr0p l s S1>luble ‘........ .. ro assess the nutritive

K eyw ords: H n m  brn Hiem,s, R ubber seed: N u tritive value' C l, ' I
vaiuc, U u n u c a l  co m p o s itio n



i m

299 U nderexploited tropical feedingstuffs for poultry 
D ’m ello, J P F

W orld  R eview  o f  A n im a l Production, '•(}) 1 9 8 7 .3 7 -4 3 .

(A bstracts o n  Tropical A griculture, l'* (3): 1990. 70 0 0 0 )

R ecent nu tritiona l data pertaining to tropical grain legumes, m iscellaneous seeds an d  by­
p roduc ts o f  tree crops, cereal by-products, roots, tubers and  leaf meals are reviewed. The 
toxic constituen ts  o f  these feedstuffs and m ethods o f  detoxication and enhancem en t o f  the 
nu tritiona l value are also discussed. T h e  developm ent o f suitable detoxification procedures 
has en su red  significant roles in the fu tu re  for several legum e gra ins, ru bber seed m eal, 
m an g o  seed  m eal, stabilized rice bran  and  cassava ro o t m eal. Ih e  prospects fo r o th e r 
u n d e re x p lo ite d  feedstuffs depend upo n  the d ev e lo p m e n t o f  effective m e th o d s  fo r the 
inactiva tion  o f a num ber o f  heat stable an tinu tritional factors present in  these raw m aterials. 
T h e  scope fo r any  significant role for leaf meals in p o u ltry  d ie ts now  ap p e ars  to  be 
d im in ish in g  despite  recent advances in detoxification.

K ey  w o rd s: R u b b er seed meal; Feeding stuff; P ou ltry

300 Use o f  Hevea seed (oil, kernel flour, cake)
R evue Generate des Caoutchoucs et Plastiques, N o .6 2 9 : 1983. 6 9 -7 0 .

(A G R IS . 1 9 8 1 -1 9 8 5 )

K ey w ords: R u b b er seed; R ubber seed oil; R u b b er seed kernel; R u b b er seed  cake; Feed 

co m p o sitio n ; France

501 T h e  use o f  low -tem perature crystallisation in  the determ ination  o f com ponen t
acids o f  liqu id  fats. II. Fats which contain lm olem c as well as lm oleic acid and

oleic acids 
G unstone , F D  and H ild itch .T  P
Jo u rn a l o f  th e  Society o f  C hem ical Industry , 65: 1946. 8 -13 .

K e y w o rd s : R u b b er seed oil; Linseed oil; A cid c o n te n t; D ry in g ; P ain t; Fatty  ac id ; U r n -  
,em Perature crysta llisation ; S ap o n ifica tio n  value

302 Use o f  rubber derivatives and rubber seed oil in paints

Coom arasam y, A
RR JSL  B u lle tin , 12(1): 1977. 7 5 -82 .

T h is  p ip e r  describes ihe use o f  natural rubber an d  rubber seed oil as b inders fo r pain,s. 

B inder in  pa in t is a polym eric m aterial o r a pre-polym er, w hich p o t ) ™  ■»» a 
netw ork  on the surface after application. M ethyl m erhaciyla.e grafted natural rubber latex



can be used as a partial substitute for costly synthetic polyvinyl acetate latex in em ulsion 
paints. T he aulhors also describe use o f  chlorinated rubber and cydised rubber, prepared 
from  lose protein natural rubber, for the production o f  quick dry ing  chem ical resistant 
paints. Alkvd resins prepared from rubber seed oil is reported to be in use by the paint 
industry  in Sri Lanka. Rubber seed oil after reacting with maleic anhydride is used in 
p rin tin g  inks. Epoxidised rubber seed oil could lie used as a p lastic ize r/stab ilize r lur 
chlorinated polymers and as a plasticizer in certain alkyd resin form ulations.

K eyw ords: N atural rubber; Rubber derivatives; R ubber seed oil; A lkyd resin; P ain t; Sri 
Lanka

303 Use o f rubber oil for anti-malarial purposes 
M alaria Advisory Board 
The Planter, 20: 1939. 2 77.

(R R IM  B ibliography N o. 10. B ibliography on  R ubber seed oil) 

Key w ords: R ubber seed oil; A ntim alaria

304 The use o f rubber seed as feed supplement for grazing sheep 
Sanchez, M  D

Proceedings o f  the 5th  A A A P  A n im a l Science Congress, M ay 2 7 - Ju n e 1, 1990 , T aipei, 
Taiw an, V 3, pp. 144.

(A G R IC O L A . 1984-12/91)

Key w ords: R ubber seed; Feed supplem ent; Sheep feed; Taiw an

305 1 he use o f rubber (Hevea bmsiliemis) seed meal in poultry. P t I . T he effect of 
varying levels o t rubber seed meal in broiler diets
Yeong, S W  and Syed Ali, A B

M A R D l Research Bulletin , 7(2): 1979. 127-1 34
(C ited  by Yeong, S W, et al., 1981)

Key words: R ubber seed; Seed meal; Poultry  diet; M alaya

306 The useof rubber seed meal in poultry. II. The effect of nihkfr A i- i r
Yeong, S W; Syed All, A B and Yosof, N ^  ' I r ‘"
M A R D IR esearch  Bulletin, 9(1): 1981. 91-96

H ie  clFect o f  feed ing  ru b b e r  seed m eal (RSM) a t 10 In  <n An I ,
o t the maize and soybean meal was studied on lav’in .  ' f  5 ! %  “  K pla“  l’" '

g  perform ance. 1 he resiili- r



■ s n

th a t  over a 50 w eek trial period there w ere no significant d ifferences (P < 0 .05) in egg 
num ber, per cent hen-day egg production, total egg mass and feed efficiency (feed/gain in 
egg  mass) am o n g  the m aize-soybean con tro l group  and  those g ro u p s w ith  R SM  levels 
u p to  .30% in the diets. Significantly poorer results were observed w ith  40 and 50%  dietary 
R SM . Egg quality  (H augh U nit) was significantly superio r (P<0.01) w ith  high levels o f 
RSM . It is suggested that this effect could be caused by the supplem entary  £>/--merhionine. 
T h e  chickens tended  to gain less body w eight (P<0.05) w hen RSM  levels increased. N o 
difference in m ortality  and  no toxic sym ptom s were observed. It was suggested tha t RSM 
co u ld  be in c lu d ed  in layer d iets u p to  30%  w ith o u t ca u s in g  adverse effec t o n  laying 
perfo rm ance provided the d ie t was balanced w ith  sufficient lysine a n d  m eth ion ine.

K ey w ords: R u b b er seed m eal; Poultry; Layer diets: M alaya

307 Use o f  sago palm meal, palm  kernel cake and rubber seed meal as basal feed for 
muscovy
S a w a k o n - R o ja n a s t id ,  N o p p a w a n - C h a iy a n u k u lk i t t i  a n d  Anan-Pusictigul

T hura kit-A h a rt-S d t (T ha iland), 7 (2 5 ): 1990. 28-39 .

(A G R IS . 1 9 9 3 -1 9 9 4 )

O n e  h u n d re d  and tw enn  native muscovy ducks, aged o f  fou r weeks w ete fed w ith  to u t 
diets' d iet 1) c o r - e n s u e *  broken tic e t riee bran; d iet 2) concentra te ♦ sago palm  meal + 
rice bran ; diet 5) concentrate + sago palm meal + palm kernel cake and  d iet 4) concentrate
* sago palm  m eal * ru b b e r seed m eal, un til 19 weeks o ld . T h e  p e t o rm an c es o f  the 
m uscovy on the fou r d iets were as follows: average daily  gain 1 8 ./4 ,  17 .32 . 17 .39  a n d  
16.97 grams: feed conversion ratio 6 .58, 7 .57, 8 .2 ' and 7.94; and feed cost per k,Ingram  
w eigh t gain .3 .4 4 . 45.51 and  37 .33  baht, respectively. T h e  ducks fed d m  o n e
had  a significantly tp<0.(>5) better feed conversion ratio than  o ther groups. H ow ever the 
average dailv gain am ong groups were no t s ta t i s t i c a  l)- significant differen t. A nd the d .ets 
had  no effect on  carcass percentage and  quality o f  ducks m eat.

Key w ords: R u b b e r seed meal; O il seed cakes; A n im al feed; M uscovy d u c k . T h a ila n d

308 T he use o f  th in  layer chrom atography for analysing fatty acids in rubber seed oil

H a r d j o s u w i to ,  B  a n d  H o e s n a n ,  A 

M enara  Perkebunan, 44(5): 1976. 261-267.
(B P P M  A bstract b ib liog raphy  o f  H evea  ru b b e r 197 5-76. 482)

R u b b er seed oil con ta ins satura ted  and  unsatura ted  fa ,tv  acids. For the investigation  o f  
ru b b e r seed oil it is necessary to know  the com p o sitio n  of th e  fa tty  ac ids m  it. Som e 
m I d s  o f  analysis o f la,tv  a d d s  aie: I ) Based on light absorp tion  aite, c ry su llu a u o n  at

u l s l (* X b I 6 m a t 4 UT h m  layer chrom atography (T L Q  has also been tried. It has proved



can be u s« l *  .  parti.il substitute for costly synthetic poiyvn,, « * « « ' * «  "> ™ » W »
T he authors * ,  describe use of chlorinated rubber and eyebsed rubber, prep,......

from  low protein natural rubber, for the production o f quick drym g chem ical re sts,,,,, 
paints. Alkvd resins prepared from rubber seed 0,1 is reported ,o  be ,n use by the 
industrv  in Sri U n k a . Rubber seed oil after reacting with maleic a o h y d r .d e  ,s , , ,  .1 
p r in tin g  inks. Epoxidised rubber seed oil could be used as a p las tic ize r/s tab ih zer lor 
chlorinated polymers and as a pJasticizcr in certain alkyd resin form ulations.

K eyw ords: N atural rubber; Rubber derivatives; Rubber seed oil; A lkyd resin ; P ain t; Sri 

Lanka

303 Use o f  rubber oil for anti-malarial purposes 
M alaria Advisory Board
The Planter. 20: 1939. 277.

(R R IM  B ibliography N o. 10. Bibliography on Rubber seed oil) 

Key words: R ubber seed oil; Antimalaria

304 The use of rubber seed as feed supplement for grazing sheep 
Sanchez, M  D

Proceedings o f  the 5 th  A A A P  A n im al Science Congress, M ay 2 7 - Ju n e  1, 1990 , T aipei, 
Taiw an, V  3 , pp. 144.

(A G R IC O L A . 1984-12/91)

Key words: R ubber seed; Feed supplem ent; Sheep feed; Taiwan

305 T he use o f rubber [Ilevea brasiliensis) seed meal in poultry. P t 1. T h e  e f fe c t  o f  
varying levels of rubber seed meal in broiler diets
Yeong, S W  and Syed Ali, A B

M A R D I Research Bulletin, 7(2): 1979. 127-134
(C ited  by Yeong, S W, et al.,1981)

K eyw ords: R ubber seed; Seed meal; Poultry diet: M alaya

Y eo n g . S W ; S y r f A l i . A B  I n d W , ' ° f ™M>e r s e e d  m e a l in  la y e r  d ie ts 

M A R D I Research Bulletin, 9(1): 198], 92-96 

1 he effect o f  feeding rubber seed meal (RSM) • i n ' .
o f  the m aize and soybean meal was studied Z l J> ’ 3 ° ‘ 40 and 50%  to replace part 

1  ^ " 8  perform ance.' he results showed



th a t  over a 50 w eek trial period there were no significant d ifferen t es (P < 0 .05) in egg 
num ber, p er cent hen-day egg production, total egg mass an d  feed efficiency (feed/gain in 
egg mass) am o n g  th e  m aize-soybean con tro l group an d  those g ro u p s w ith  RSM  levels 
u p to  3 0 %  in the diets. Significantly poorer results were observed w ith  40 and 50%  dietary 
R SM . Egg quality  (H augh U nit) was significantly superior (PcO .O l) w ith  high  levels o f 
R SM . It is suggested that this effect could be caused by the supplem entary  D L -m eth ionine .
T h e  chickens tended  to gain less body weight (P<0.05) w hen RSM  levels increased. N o 
difference in m ortality  and  no toxic sym ptom s were observed. It was suggested tha t RSK 
co u ld  be in c lu d ed  in layer d iets u p to  30%  w ith o u t causing  adverse effec t on  lay ing  
perform ance provided the d iet was balanced w ith sufficient lysine and  m eth ion ine.

K ey W'ords: R u b b er seed meal; P oultry ; Layer diets: M alaya

3 0 7  Use o f  sago p a lm  meal, palm kernel cake and rubber seed meal as basal feed for

muscovy . . ,
S a w a k o n - R o ja n . i s u d ,  N u p p a w a n - C h a iy a n u k u lk i t t i  a n d  A n a n - r u s t t u g u l

T b u ra k it-A h a n -S iu  ! Thailand), 7 (25 ): 1990, 28-39 .

(A G R IS . 1 0 9 3-1994)

O n e  h u n d re d  , n J  twenty native muscovy ducks, aged o f  to u t w « k s  w ere fed w u h  fou r
diets- d iet 1 I cunccn .ra .e ♦ broken rice* rice bran; diet 2) concentrate + sago palm  meal +
rice bran; diet 3 1 concentrate + sago palm meal ♦ palm kernel cake and  d .e t 4) concentra te
+ sago p i n ,  mi a I .  ru bber seed meal un til 19 w eeks o ld . h e  p e r o rm an ces o f  he
m uscovy on th. f o r  d iets w ere as follows: average da.ly  gatn 18.74 17 .32, 17 .39
Z  97  n l  feed conversion ratio 6 18. 7.57. 8 .2 -  and  7 .94; an d  feed cost per kalogram
w e ie lu  g a in 'iS  45, 4 1 .4 4 , 45.51 and  37 .33  bab t, respectively. T h e  d u ck s ted  d .e t  o n e  
w e ig h , gain .) . , ^  rado  [h in  o ther g ro u p s. However, .he

^  d l  gain . l o n g  g,o u r ,  were not statistically significant d ifferent. A nd the d iets

had no e l - . . . 'on car,ass percentage and quality o t ducks m eat.

Key w ords: R u b b er seed meal: O il seed  e k e s ;  A nim al feed: M uscovy du ck : 1 h atlan d

308 T he use o f th in  layer chrom atography for analysing fatty  acids in  rubber seed oil

H a r d jo s u v ,  i io , 13 a n d  H o e s n a n ,  A 
M e m ,, ,  PerkebuntiH, 44(5 ): 1976. 2 6 1 -2 6 7 .
(B l’P M  A bstract b ib liog raphy  o fM m r a  ru b b e r

R ubber seed 0,1 c o n ta in . Saturated and  unsatura ted  fatty  acids. For th e  i n v e s t i g a t e  o f  
llL A ,1 it is necessary to  know  the c o m p o sitio n  o f  th e  fa tty  ac tds in  it. borne 

ru b b e r seed , ^  J K . „  Baset|  on  light absorp tion  after crysrallliation  at
m ethods ot a n a h s  iw m c rization. 2) D istillation o f  the ester. 3) D e te rm in a tio n
low tem petatutc- a d  ak a lm c ,s c m |u e  ^  ^  f l I ty  a c .d s  a n d  o f

m atter. T h in  layer ch tom atogtaphy (T L C ) has also been tried, f t  has proved



to he suitable for the qualitative analysis o f fatty acids in rubber seed oil, while quantitative 
analysis has still to be investigated.

Key w ords: R ubber seed oil; Fatty acid; Thin-layer chrom atography; Ind o n esia

309 Use o f  vegetable oils as fuels for diesel engines with specific reference to rubber 
seed oil
Perera, E D  I IT and Dunn, P D

Jou rn a l o fth e  Rubber Research Institute o f  S ri Lanka, 70: 1990. 11-25-

Rubber seed oil and methyl ester o f  rubber seed oil have been evaluated as fuel for diesel 
engines. Engine performance tests, spray characteristics m easurem ents and  fuel property 
evaluations were perform ed using the above materials. T h e  study  ind icated  tha t rubber 
seed oil has fuel properties very similar to other vegetable oils. C om pared w ith diesel oil, 
rubber seed oil meets the A5TM  limits for cetan number, flash point, and  total and  active 
sulphur, water and sedim ent contents. But it failed to meet the ASTM  lim its for viscosity, 
ash content, carbon residue, cloud and pour points. H igher viscosity was fo u n d  ro affect 
the characteristics of the fuel spray. Fuel properties o f methyl ester o f  rubber seed oil were 
more dose to those o t diesel oil. Engine performance tests indicated tha t rubber seed oil,
methyl ester of rubber seed oil and blends o f  these with diesel oil w ere very m u , ............
to  d tesel o tl m  term s o f  pow er produc tiv ity , therm al e ffic iency  an d  - p c a f ic  fuel 
consum ption . ;  p

Key words: R ubber seed oil; Diesel; Fuel; Vegetable oil; Sri Lanka

3 1 "

o f  N igeria, Benin City; 1986, pp .3 9 .4 2 . H u b b er R c sc a n h  I t , ..........

Rubber seed oil available within N ieerii I ,
learher industry. T he sulphared rubber seed 'I Pt(x tuul,.»n -  futliquci, , the

-  falilquor and was u L d  u a ^  in ^  ^  ̂ ................................
leathers from both goat skins and cow hides Th ' T  PI? LeSS 1,1 the m anufacture of
rubber seed oil were found to possess physical an A I ,° h* m e d  w ,,h  the su lphated
favourably well with those obtained with im i Cf characteristics th a t com pare
rubber seed oil and fa,liquor b ^ e d  f  T ’ ....... ' - ™
industry can help substitute the im ported m a re m lT  ‘fU 'Sa" ° n 1,1 th e  N iSeri;1 learher 
for the country. and r^ us conserve foreign exchange



311 T he uses o f rubber seed 
V imal, O  P
Planters Chronicle, 76 (7 ): 1981. 333-336.

India now  ranks fifth am ong the natural rubber (Hevea brasiliensis) p roduc ing  countries, 
the crop  covering an area of some 230 000 ha. T h is artic le po in ts o u t th a t  rubber seed 
holds g reat po ten tial o f generating an ancillary industry  in rubber p lan tations. Its oil is 
used m ostly  for soap m anufacture b u t recently w ork has been in itia ted  on  a n u m b er of 
new  uses. Facrice is recognised as a valuable processing aid  by rubber technologists, and 
ru bber seed oil can be used instead o f  o ther vegetable oils for factice preparation.

Key w ords: R u b b er seed; O il extraction; R ubber seed cake; Ind ia

312 U tilisation  o f  m aleinized rubber seed oil and its alkyd resin as binders in  w ater­
borne coatings
A igbodion, A I; O kieim en. F E; Obazee, E O  and Bakare, I O

Progress in  O rganic Coatings, 46: 2003. 28-31.

R ubber seed oil- R SO  (a renewable resource) was used in the production  o f  alkyd em ulsion. 
S am ples  o f  th e  o il w ere in itia lly  trea ted  w ith  d iffe ren t a m o u n ts  o f  2 %  (A ), 5%(B)> 
10 % (C ),1 5 % (D ) and 20% (E) o f  maleic anhydride. T h e  resultant m aleinized rubber seed
oil (M R S O ) sam ples (A-E) were used to  form ula te w a ter-so luble alkyd sam ples (1-V), 
respectively. T h e  M R SO  samples and their corresponding alkyds were evaluated for their 
p h v s ic o -c h c m K .ll  properties and com pared  to  the pu re  R SO . A cid, sapon ifica tion  and  
io d in e  values w ere affec ted  by m alein iza tion . Sam ples o f  the M R S O  and  th e ir alkyd  
derivatives w ere evaluated as binders in w ater-borne coatings. T h e  M R SO  sam ples were o f  
relatively low er volatile organic com p o u n d  (V O C ) (betw een 1 and  1.5% ) com pared  to  
their co rrespond ing  alkvd derivatives (about 10%). W hile the M R SO  sam ples ex h .b u ed  
poor chem ical resistance, the alkyds exhibited excellent resistance to  acid, b rine  and  water, 

and  fair resistance to alkali.

Key w ords: R u b b e r seed o il; M alein ized  ru b b e r: V olatile  o rg a n ic  c o m p o u n d : A lkyd 

derivatives

313 U tilisation  o f  p a r a  rubber seed
B ulle tin  o f  the Im p eria l Institute, : 1909- 9 5 -96 .

Key w ords: P ara  ru b b e r seed; Seed u tilization

314 U tilisation o f para rubber seed
Builetii o f  the Im peria l Institu te , 9: 191 1. 3 5 -38 .



315 T he utilisation o f para rubber seed. II.
B ulletin  o f the Im perial Institute. 11: 1913 551-559.

Key w ords: Para ru bber seed; R ubber seed cake

316 The uti lisation o f rubber oil as an anti-malaria oil 
Althuisius, F
Chronica Naturae, 104: 1948. 6 8 -"  1.
(H o rtic u ltu ra l A bstracts, 18: 1948. 3087)

Key words: Para ru b b er seed; R ubber seed oil

317 Utilisation o f rubber seeds in India
Haridasan, V

A N R P C : T h ird  sem inar on Progress a n d  Development o f  Rubber Smallholders, 2 4 -3 0  Nov. 
1977, C och in , Ind ia

T his paper examines to w hat extent the rubber seed is being com m ercially exploited. It is 
pointed out that though Kerala is being the major source o f  rubber seed since m ajority  o f  
area under rubber cultivation is here .he entire seed collected is being sent and processed 
at V m tdhunagar in [’ami] Nadu due to its specific locational advantages \ftct decorric.it iun 
and drying the kernel it is crushed by adding molasses to extract oil. 1 ,„  crtishim-. rot tr io
and s p e lle r s  are used. Though expellees are cost effective the proce,..... .. p telet rot.itics a
the cakes processed in rotaries fetch high value addition. T h e  rubber seed oil is u ., d lot 
the m anufacture o f  soaps, paints, alkyd resin etc. and .he cake is used as m anure and
cattle/poultry feed. I he m a,o, m arketing centres o f oil are M adurai. ( ...... . T ttu p u ,
and northern  d ,stric t o fT a m , N adu while southern  districts are te n t .e s  „ | Lakc I he 
paper concludes that rubber seed oil and cake have high market potvm tal a theit industrial

Z  d I w  'ng 7  V  * *  P a SUbS,irUtK e d i l ,w .....cake. Rubber seed cake was recom m ended for use in livestock and poultry  feed 

K eyw ords: R ubber seed; Seed u tilization ; India

318 J J 'lllIatl0n ofo11 and fat resource in  Southeast Asia (Thailand)
,monsri- lcwaphalin; I’haichit-Chantharwvong , nd Kato A

S '  Ban| k' Thl i , and- pp- "  *

acid than the s ta tidard 'va lue o f lb o u t ' ^ 6 %  l0WW l ' " " U "
painting. Ram buian seed contain 35%  „i| , | , .  f . , „  ' cflrec,lvc 'n g ie d ie n i ..I
<c 20:1) and 46 .7%  o f saturated fattv acid wh h k “ '" P 05" " ’"  h '  ’ •**•

acid, which show that ....... ................... . .a.itabl. lot



m argarine and  shorten ing  industries. N ew  fatty acid, M o n o en o ic  (C  19:1) was found  in 
T h a i longan seed oil w hich will be the subject o f  a fu tu re study.

Key w ords: R ubber seed oil; Fat; Seed u tilization ; O il p ro d u c in g  trees; T h a ila n d

319 U tilization o f para rubber seed
Lewton-Brain, L
A gricu ltura l B ulle tin  o f  the Straits Settlem ents a n d  Federated M a la y  States, 10: 1911. 

3 5 2 -3 5 6 .

Key words: Para ru b b e r seed; Seed u tilization

320 U tilization of rubber (Hevea brasiliensis (W illd. ex A. Juss.) M uell. Arg.) seed as 
feed for goat
Rattananupong, T
P h .D . T hesis, P h ilip p in es  U niversity , Laguna, P h ilipp ines , 1 9 9 6 , 10 6  p.

(A G R IS. 1 /9 7 -2 /9 8 )

In th e  first experim en t, RSK (rubber seed kernel) con ta ined  greater am o u n ts  o f  crude 
pro tein , e ther extract and  gross energy, and lesser n itrogen-free extract, neutral dete rgen t 
fiber, acid d e te rg en t fiber, hem icellulose, cellulose an d  lig n in  th an  R SC  (R u b b er Seed 
C ake w ith  shell). RSK and RSC were similar in ash, Ca, P. H C N  and tann in  con ten t, bu t 
the free gossypol was h igher in RSC than RSK. In the second experim ent, the digestibilities 
o f  d ry  m atter, organic m atter, cell wall constituents and gross energy were higher (p<0.05) 
in RSK th an  those in RSC, while tha t o f  crude pro tein  was similar. T h e  N  re ten tion  in 
term s o f  retained N  per N intake o r retained N per digested N  were sim ilar in bo th  ruzv 
hay +■ RSK and  ruzy hay  + RSC. In the th ird  experim ent, the anim als fed w ith  ruzy hay 
alone  lost w eight. W hen th e  ruzy hay was su p p lem en ted  w ith  co n c en tra te , b o th  b ody  
w e igh t gain  an d  feed efficiency  increased (p < 0 .01). H ow ever, c o n c e n tra te  in tak e  was 
inversely related to  RSK in concentra te . Increasing level o f  RSK in concen tra te  m ix tu re  
was associated with linear decline in concentrate intake, total feed intake and  sim ultaneous 
lineal decrease in body w eight gain and feed efficiency. 1 he goats led w ith all ruzy hay 
d ie t had g reater (p < 0 .05)w hite  b lood  cells, hem atocrit an d  haem oglobin  th an  those fed 
w ith  ruzy hay su p p lem en ted  w ith  concen tra te  ra tion . Also, red b lood  cells, h em a to c rit 
an d  haem oglobin linearly decreased when the level o f  R SK  in concen tra te increased. T h e  
pro te in  deficiency sym ptom s were observed in goats fed w ith  ruzv hay as a sole diet. In the 
fou rth  experim ent, the anim als fed w ith ruzv hay alone gained w eight. Supp lem en ta tion  
o f  co n ccn tra te  s ign ificantly  increased feed in take, body w eight gain an d  feed efficiency 
bu t d id  no t affect total cost o f  feed per kg w eight gain. Increasing level o f  RSC in concen tra te 
caused lin ear decline in b ody  w eight gain and  feed efficiency. T h e  to tal plasm a p ro te in  
linearly increased as the level o f  R SC  in concentra te increased.



321 U tilization o f  rubber seed cake supplemented with napier grass for goats 
Si torus, S S
F^oceedingi, th e 5 th A A A P A n m i.i lScience Congress, M ay 27-1 Ju n e . 1990. Taipei, la iw an . 

V  3. pp. 146.
(A G R IC O L A . 1984-12/91)

Key words: R ubber seed cake; Feed supplem ent; G o a t d iet

322 Utilization o f rubber seed meal in diary cows ration 
S u t h isak- Kiewkam j an
Thesis. M Sc A griculture, Bangkok. T hailand , 1992, 86  p.

(A G RIS. 1997-1998)

Key w ords: R ubber seed meal; M ilk  production; N u tritive  value; Feed m eals; C a tt le  feed; 
T h ailan d

323 Utilization o f rubber seed oil and karinnotta oil for the preparation o f  air drying 
oil modified alkyd resins
M uralidharan Nair, N ; Unnikrishnan, K G; U nnikrishnan, M and Nair, C  S B 
P aint India, 31(5): 1981. 5-9.

Alkvd resins were prepared from rubber seed oil and karinnotta oil and  from  the blends o f 
these oils with K need  oil and dehydrated castor oil. by the conventional akul.nlysis 
using lirhrage as catalyst. D rying tt-st. ssater, acid and alkali resistance tests w ere perform ed 
to evaluate the resins for use in paints. T he results indicated that rubbe, seed oil is superior
to karinnotta oil in long oil alkyd formulations. T he study also indicated tliar rttb l.......... ,1
oil and karrnnotta oil could completely substitute linseed oil and ...................I . astui nil in
the preparation o f  m edium  oil alkyds wiih satisfactory air drying perform am v. In ........
o f long otl alkyds, rubber seed oil could substitute linseed oil and d  Ip J, „ „ |  , .................
the extent ol 00% . K arinnotta oil could substitute linseed oil up to  6W » .ml d e lm lr.u cd  
castor oil upto 50% .

Key wotds: R ubber seed oil; D rying; K arinnota oil; Alkyd resin; Paint; Ind ia

324 Variations in the composition o f some linolenic-rich seed oils 
HiiHitch. I P; Achaya, K T a n d  Seave!!, A |

Journal o f  the Science o f  Food a n d  Agriculture. 2; 1951. 5 4 3 .5 4 7  

(R R IM  Bibliography N o . 10. B ibliography on  R ubi,er seed oil)

f c  KC' W° rdV R u b te r  S“ d  ° i l ; l  * *  F te y  « d ;  O il seed p lan ,



325 Vegetable oils produced in the tropics. VII. O il o f rubber seeds
N obori, H  andTakehara, M
J o u rn a l o f  the Society o f  Chem ical Industry o f  Japan,'4 9 :1 9 4 6 .1 5 9 -1 6 0 .

(R R IM  B ib liography N o . 10. B ibiliography on  R ubber seed  oil)

K ey w ords: R u b b er seed oil; Vegetable oil

326 Viability o f rubber seeds from green pods
Prem akum ari, D
R ubber B oard Bulletin , 12(1): 1975. 24-25.

K e y w o rd s- R u b b er seed; Seed viability; G reen  pods; Ind ia

327 V iability  test on Hevea seeds by the tetraxolium m ethod
H u s in , S a k h ib u n  B in M o h am ad ; C h in , H  F a n d  H o r,

J o u rn a l o f  the Rubber Research Institute o f  M alaysia, 29(1 ): 1981. 4 4 -5 1 .

Key w ords: H evea brasiltenst, R ubber seed; Seed viability; T etrazo h u m  m edrod

328 W h a t to  do w ith  the seeds

W right). B iotech book, D e lh i ,  1998, pp. 155-159.

Linseed  cake; Seed packing

329 W ood finish from  rubber seed
N jo k u , O  U ; O n o n o g b u , I C  an d  M o n ek e , S M

In d ia n  Jou rn a l o f  N a tura l Rubber Research, 9(2): 1996. 3 .

K ey w ords: R u b b er seed oil; A lkyd resrn; W ood  fin ish ; N ig e r .
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2 9 6 ,  3 0 0 ,  3 0 1 ,  3 0 2 ,  3 0 3 ,  3 0 8 ,

3 0 9 ,  3 1 0 ,  3 1 2 ,  3 1 6 ,  3 1 8 ,  3 2 3 ,

3 2 4 , 3 2 5 , 3 2 8 , 3 2 9



a

R u b b e r  seed  o il e x tra c t io n  1 02  

R u b b e r  seed  p o d s  20 5  

R u b b e r  seed  p r o d u c ts  44  

R u b b e r  w o o d  31 

S a ff lo w e r o il 199  

S a p o n if ic a tio n  2 0 9  

S a p o n if ic a tio n  v a lu e  2 7 2 , 301  

S eed  b io lo g y  2 5 9

S eed  c o l le c t io n  6 , 2 9 ,  3 0 , 5 4 , 1 0 8 , 126 ,

1 5 7 ,  1 6 8 , 1 8 0 , 2 0 2 ,  2 0 7 ,  2 1 3 ,

2 2 1 , 2 2 2 , 2 2 3 , 2 2 9 , 2 3 6 , 2 5 3

S eed  c o m p o s i t io n  2 1 5 . 2 6 5

S eed  e x p o r t  180

S eed  fa ll 1 0 5 , 108

S eed  g e r m in a tio n  6 1 , 6 2 , 1 0 8 , 1 1 2 , 2 6 0  

S eed  g ra d in g  2 1 3  

S e e d lin g  n u rs e r ie s  54 

S e e d lin g s  2 2 , 6 9 , 7 2 ,  2 8 4 , 2 8 7  

S e e d lin g  v ig o u r  6 1 , 176  

S eed  m a rk e t in g  1 2 6 , 1 2 7 , 2 5 3  

t S eed  m eal 3 0 5
|

S eed  p a c k in g  1 2 6 , 3 2 8  

S eed  p re s e rv a tio n  1 93  

S eed  p ro c e s s in g  4 6 , 4 7 ,  1 0 9 , 1 1 0 , 113 ,

1 9 9 , 2 0 0 , 2 5 0 , 2 5 2 , 2 5 3

S eed  p r o d u c t io n  6 , 8 1 ,  1 0 4 , 1 1 1 , 1 8 5 , 

2 0 2 , 7 2 3 , 2 2 9 , 2 5 4 , 2 5 5 , 2 6 0

S eed  p r o te in  145

S e e d  q u a l i t y  6 0 ,  1 1 5 , 1 7 6 , 2 5 5 , 2 6 0 ,

2 7 6  

S eed  se a so n  69  

S eed  s h e lls  20  

S eed  s ize  1 1 5 . 2 1 3 ,  2 5 8  

S eed  s o w in g  6 2

S eed  s to ra g e  1 2 , 2 3 , 4 0 , 6 0 , 7 0 , 9 0 ,  106 , 

1 7 6 ,  1 8 0 ,  1 9 5 ,  1 9 6 ,  2 0 7 ,  2 1 8 ,  

2 6 7 , 2 6 8 ,  2 6 9 , 2 7 0 , 2 7 6

S eed  t r a n s p o r t  9 0 ,  1 5 7 , 168

S eed  u t i l i z a t io n  1 7 , 1 9 , 3 0 ,  1 8 2 , 2 0 2 , 

2 2 3 , 3 1 3 , 3 1 4 , 3 1 7 , 3 1 8 , 3 1 9

S e e d  v i a b i l i ty  15 , 1 0 6 , 2 5 8 , 2 5 9 ,  2 6 7 ,  

3 2 6 ,  3 2 7  

S e ru m  261

S e ru m  th io c y a n a te  58 

S h e e p  fe ed  1 0 7 , 3 0 4  

S h e l l in g  p e rc e n ta g e  2 1 3  

S o a k in g  7 2 , 2 5 8

S o a p  m a n u f a c tu r e  1 3 3 , 1 8 0 , 2 0 6 , 2 0 8 , 

2 4 3 ,  2 4 9  

S o lu t io n  b e h a v io u r  2 6 3  

S o lv e n t-b o rn e  c o a t in g s  190 

S o lv e n t e x tra c t io n  2 6 4  

S o w in g  85

S o y b e a n  1 6 5 , 1 7 3 , 2 2 7 , 2 7 7  

S o y b e a n  m ea l 1 4 6 , 1 4 8 , 1 5 1 . 2 8 8



S ri L a n k a  ] ] ,  3 0 . 4 3 . 4 6 , 4 7 , 4 8 , 6 2 , 

6 8 ,  7 4 ,  7 9 ,  8 3 , 1 2 5 , 1 3 1 , 1 3 8 , 

1 5 9 , 1 8 0 , 181 . 1 9 4 , 2 0 7 , 2 2 9 ,

2 3 2 ,  2 3 3 ,  2 3 4 ,  2 4 0 .  2 4 4 , 2 5 4 , 

2 5 5 , 2 6 0 , 2 6 5 , 2 6 6 . 2S4, 3 0 2 . 309

S to ra g e  c o n d i t io n  142

S to ra g e  q u a l i ty  142

S tu m p s  69

S ty re n e  b u ta d ie n e  ru b b e r 2 42  

S u m a tra  2 45

S u rfa ce  c o a tin g s  4 9 , 190, 2 8 0 , 292

S w ine feed  2 3 4 , 2 50

T aiw an  3 0 4

T a n n in  c o n te n t  113

Tea seed  19

T e m p e ra tu re  2 93

T e tra z o liu m  m e th o d  3 2 7

T h a i l a n d  6 4 , 6 5 ,  7 1 ,  1 8 2 , 1 8 8 , 1 8 9 , 

2 4 7 , 2 8 5 , 2 8 6 , 2 8 8 , 3 0 7 . 3 1 8 , 322  

T h e rm a l d e g ra d a tio n  2 7 3 , 2 9 4 , 295  

T h in - la y e r  ch ro m a to g ra p h y  10, 2 0 9 , 308  

T o x ic ity  188, 2 9 7  

T o x ico logy  14 0 , 2 96

T ria c o n ta n o l 72 

T u n g  o il 1 54 

V arn ish es  88

V egetab le o il 4 6 , 4 7 , 4 9 , 1 3 4 , 1 6 6 , 174 , 

2 5 0 , 2 6 2 , 2 8 0 , 3 0 9 , 3 2 5  

V ie tn a m  164 

V irg in ia  95

V isco s ity  8 2 , 117 , 2 7 2  

V o la tile  o rg a n ic  c o m p o u n d  3 1 2  

V o la tile  o rg a n ic  c o n te n t  190 

V u lca n ized  o il 134 

W aste  u t i l iz a t io n  51 

W a te r-b o rn e  c o a t in g s  190 

W a ter s p in a c h  5 3 , 1 7 3 , 2 2 7  

W a te r s to ra g e  76 

W ax p ro d u c ts  2 0 9  

W e a th e r  c o n d i t io n s  2 60  

W e ig h t gain  36  

W est A frican  d w a rf  sh e e p  172 

W h ite  leg h o rn  layers 66  

W h ite  le g h o rn  p u l le ts  1 14 

W ood f in ish  3 2 9




