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Abbreviations

Besides of the common abbreviations symbols and terms the

following have been us~d in this study:

Technical abbreviations:

AV = Acid value

CN = Coconut

D = Dalton: molecular weight unit
FFA = Free fatty acids

GC = Gaschromatosraphy

HPLC = High pressure liquid chromatography
MW = Molecular weight

MS = Mass speciroscopy

NMR = Nuclear magnetic resonance

PA = Phosphatidic acid

PC = Phosphatidyl choline

PE = Phosphatidyl ethanolamine

rI = Phosphatidyl inositol

RSM = Rubberseed meal

RSO = Rubberseed oil

SL Rps = Sri Lanka Rupies

THF = Tetrahydrofurane

TLC = Thin layer chromatography

UM = Unsaponifiable matter

Organisations:

e Lk R R )

CISIR = Ceylon Institute of Scientific and Industrial
Research

RRIM = Rubber Research Institute of Malaysia

RRISL = Rubber Research Imstitute of Sri Lanka
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A bs tract

In this study the composition of rubber seed (Hevea brasi-

liensis) and the frame work for the setting up of an indu-

strial rubber seed processing technology is described. This
report contains all information from a literature review, a
field study in Sri Lanka and laboratory investigations

carried out at the home laboratory of NATEC.

Until now in most of the rubber producing couutries the
rutber sceds are waste material. A rough estimate for the
amvunt of seeds worldwide results in about 5 mio tons per
year. Utilization of rubber seel is done in few places and
very seldom on au economical sci:le. However, a lot of infer-
mation abcut the utilization of rubber seed is already

published in the literature.

The composition of the rubber seeds is investigated almost
completely. The average total weight of the predried rubber
seed is about 4,5 gram. The kernel of the rubber seed is
roughly half the weight of the total seed. The kernel con-
tains 40-50 % of a comparably highly unsaturated vegetable
0il, 20 % protein and 40-50 % carbohydrates. Because of the
fluffy structure of the kernels the best way for the separa-
tion of o0il from the seeds is milling of the decorticated

kernels in a chakku mill.

The unrefined oil is used for the production of élkyd resins
for paints or in the production of soap together with coco-
nut oil to ogiain a somewhat softer soapbar. Refined oil
could be used as an extender fcr lightly coloured drying
5ils (linseed 0il) and becauss of its high nutritional valu.
for human consumption. From tae toxicological point of view
neither the 0il ncr the meal will give insurmountable pro-




blems when used for human or animal nutrition, provided that
several requirements have been met in the collection and
storing of the seed and in the processing steps. The refin-
ing of rubber seed o0il is somewhat difficult and can be done
on an economical scale only if some requirements councerning

the selection drying aad storage of the seeds are fulfilled.

The rubber seed meal is presently used as fertilizer and
also with a certain reluctance as feeding stuff for calves,
pigs and broilers. Because of the hard and sharp shell of
the rubber seed only dercorticated se=ds snould he used for
animal feed to avoid damage of the intestines. The presence
of hydrogen cyanide glycosides in rubber seed requires a
special treatment to split the glycosides and sufficient
storage of the kernels and the meal to obtain low HCHN-
levels. It could be shown in this study that a further pro-
blem in using rubber seed meal as feeding stuff is the afla-
toxin residue caused by moulds. High levels of aflatoxins
might cause strong deceases in animal breedings. The only
way to avoid such high toxic substances in the meal would be
a manual selection of the moulded kernels and a careful

obeying of the storage conditions.

In the analytical investigations of this study it was shown
that the crude rubber seed oil contains about | % of a poly-
isoprene material with a molecular weight of several huadred
thousand Daltons. This material cannot be totally removed in
the refining procedure and is responsible for the very low
filtration rate of the oil after the bleaching step. It
could also be shown by the aralysis carried out ‘on rubber
seed from Sri Lanka that the oil contains a relatively high
amount of phosphatidic acid. High contents of phosphatidic
acids may cause emulsification problems in a neutralization
step of the oil refining. Tc avoid this, only oils with a
relatively low content of free fatty acids can be refined
without problems. As a consequence only oil from fresh seeds




quickly dried at a temperature of 80°C down to a water con-
tent of less than 5 $§ will be suitable raw material which

may be processed on an economical scale.

In view of the above mentioned problems in processing of
rubber seed on a pilot plant scale it is recommended to meet

the following requirements:

- Seed collection quickly after seed fall,
- immediate drying at 80 °C and storing afterwards,
- decortication by small handrollers and separation of ker-

nels from hulls and moulded ones manually.

Suitable places for carrying out these procedures on small

scale with simple equipment are at rubber estates.




I Literature Survey

I 1. Introduction

This literature survey vas carried out to compile the pub-
lished present know how on rubber seed processing technology
for the production of vegetable o0il and feed. The survey is
based on an online databank-recherche, where the following

files have been used:

Chemical Abstracts (1967-1985)
Food Science and Technology Abstracts (1969 - 1985)
Biosis Prereviews (1977 - 1985)

The key words used for the oneline recherche were as fol-
lows:

rubber/seed or hevea, nutrition or food or feed or edible,
not nutrition or food or feed or edible, process or techno-
logy or manufacturing or product. The printouts of the on-

line-recherche are compiled in appendix 1.

To prepare a report of this literature-review, any online
printout was examened with respect to the relevance for the
different items of the project. Extended printcuts were made
from those titles, which seemed to give any contribution to
the required information. Original documents were procured
of those titles, which seemed to be of higher importance.
Some further documents, which have not been fourd in the
online review, but were mentioned in the quotations of the

original literature are also included in this report.

In the followirg pages a compiled information from more than
300 titles of the documents of the online-literature-survey

is given,




I 2. Information frem literature -

I 2.1. Barly papers and reviews

Attempts, to utilize rubber seed, are not new at all. The
Bibliography No. 10 of the Library of the Rubber Research
Institute of Malaya, titled "Bibliography on Rubber seed
0il™ covers the literature up to 1970. It started with che-
mical examinations of Para rubber seed, meal, o0il and com-
mercial evaluation done in the Imperial Imnstitute (London)
in 1903[1]. Lit.[ 2] quotes "Rutherfordss Planters» Note
Book" from 1913 to contain detailed estimates of the costs
of collecting, drying and packing of seed, both for Malaya
and Ceylon, as well as analyses of seeds and o0il. In more
recent time the Rubber Research Institute in Sri Lanka has
contributed several papers [3,4,5]. Also in other areas,
where Hevea is grown, this problem has been considered esp.
in view of the oil [6,7,8], but also as feeding stuff [Sa].

I 2.2. Composition of rubber seed

I 2.2.1. Composition of rubber seed (whole seed)

An example of a rough composition of fresh seed is given in

lit. [3]:

kernel : 41,2 %
shell : 34,1 &
moisture : 24,4 %

The moisture may go up as high as 35 %.

In four different crops from different plantations the ratio
shell : kernel varied between 1:1 and 1:1,7 [7]. For most
utilizations of rubber seed mainly the kernel is of impor-~

tance, so its composition will be of more iaterest.




I 2.2.2. Composition of rubber seed kernel

Some compositions found in the literature are given in
Tab.1.

Tab. 1 Composition of rubber seed kernels in 4

ref.
ingr. [3] {e] (9] [10] [[11]] [1] | [12] [13]
oil 42,0 (48,5 53,6/52,2 | 37,4 |51,2] 44,6 42,0 | 48,0
Ho0 501 .5 3,3/ 3,2 6,81 4,31 14,71 50| O
cake 53,0
protein 17,6 | 30,7/31,1 18,7 118,8 18,2 | 18,5
carbohy-
drates 22,9 30,7 27,2
crude fiber| 1,7/2,2 4,81 1,1 3,71 5,4
ash 2,5\ 5.35,5 1,41 3,4 3,2 | 3,4
Ca 0,12 0,25 0,1
p 0,43 0,33 0,43

1

These figures of course can give only indications about the
composition, since starting materials, preparation and
methods to determine the composition varied. In all, about
50% 0il and 20% protein (moisture free basis) may be seen as
relevant figures for the utilization of rubber seed. Similar

0il contents of kernels were also reported in 1lit. [7] and

[14].

I 2,2.3. Composition of Rubber seed oil

Rubber seed oil is a highly unsaturated oil. This is due to
a relatively high content of linoleic acid and especially
linolenic acid in the triglycerides. Some analyses from

literature are given in Tab.2.




IO L

Tab. 2 Composition of rubber seed oil (rel. comp. in %)

ref.

fatty aci [12] [15] (9] (8] | [6] [7] (14] | [17] | [16] [10]
14:0 0,5/ 0,9 0 -0,2 0,2
16 : O 10,6 1,5-11,0 8,0/12,7 10,6/ 8,17 9,4-11,4 10,8 17=22 9,6 10,3/10,7
18: 0 12,3 8,6-12,0 14,2/14,2 8,3 | 12,3/10,2 5,3- 9,4 | 12,6 13,4 23,8/23,2
20: © 1,0 0,3- 1,3 1,0/ 0,6 1,0/ 1,3 trace
18 : 1 17,1 17 =30 24,6/24,17 21,9 17,1/20,2 | 21,4-27,5 | 28,2 19-22 24,2 47,2/49,2
18 : 2 35,5 30 -39 33,1/31,6 38,2 | 35,5/38,4 | 37,6-41,6 | 29,3 32-39 17,4 13,1/13,3
18: 3 23,5 14 =26 19,9/14,4 24,3 | 23,5/21,2 | 14,6-20,1 | 19,1 21-26 24,9 5,3/ 4,0

free fatty

acids ¥ 5,2 5,4 10 =22

unsaponifiable

matter% 0,8/ 0’9 0)7 0,6- 1’5
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Most authors agree with the fatty acid composition of rubber
seed 0il given by Hilditch [15]. Variations are due to dif-
ferences in crops {6,7,17]. Traces of 8:0, 9:0, t11:0, 10:1
and 14:1 fatty acids were found in addition [7].

Somevhat deviating results are given in Lit. [16] in so far,
as additionally 9,6 % 7,13-Eicosadienoic acid and 1,0%
6,9,12,15-0ctadecatetraenoic acid were found in oil from
Malaysia. Very recently a rather uncommon composition of an
Indian rubber seed o0il was published [10] without discussing
the deviations from the compositions found normally.

The individual glycerides of rubber seed o0il were investi-
gated by Gunstone and Padley [18] by argentation thin layer
chromatography and lipolysis. As in most seed oils, the
distribution of the fatty acids in the individual triglyce-
rides are in a 1,3-random-2-random pattern. More than 50 y 4
of all triglycerides contain at least one linolenic acid.
Around 1 % unsaponifiable matter, probably consisting mainly
of sterols [8], has been reported [7,8,9].

The content of free fatty acids is highly dependent on the
storage conditions of the seed. In o0il from fresh or pre-
heated seed less than 0,5 ffa have been found [18&].

The phospholipid content in an oil,obtained by hexane ex-
traction of whole rubber seed was around 1 ¥ [8], it consi-
sted mainly of phosphatidylethanolamine (0,58%), phospha-
tidylcholine (0,32%) and some phosphatidylserine (0,06%).
With respect to the objective of this study the most impor-
tant fact from the reviewed data is the high content of
linolenic acid of roughly 20%. This amount is in between
that of linseed oil (30-60%) and considerably higher than in
soybean oil (2 - 10%).




I 2.2.4. Composition of rubber seed meal

There are a lot of data about the composition of defatted
(mostly expelled) rubber seed meal. Because of different
materials and probadly also partly because of different
methods of analysis the fluctuations are rather broad. The
mean values from 10 papers [3,6,10,12,13,19,20,21,22,23] are
given in Tab. 3 with calculated standard deviations and
extreme values.

Tab. 3

Avervage composition of defatted decorticated rubber seed meal

componant mean values (%) + extreme values
std. dev.

Ho0 8,2 * 2,9 3,4 - 12,5

ether extract or oil 10,6 + 2,7 4,4 - 14,7

crude protein 1 29,0 + 4,0 22,9 - 34,3

crude fiber 6,6 +3,2 2,7 - 13,9

N-free extract + 4.8 2.0 - 47

or carbohydrates 39,7 = 4'» 32, &

aSh 5'1 : 1'0 3'0 - 7;0

So roughly the rubber seed rake . “‘er pressing out of the

0il consists of 30% protein, 10% o0il and 40% carbohydrates.
No investigations about the nature of the carbohydrates have

been found in the literature.

About the conte %s of Ca and P several authors [10,19,20,22]

give data, which result in mean values of 0,4% 2 0,2% for Ca
and 0,6% + 0,1% for P.




Im 1lit. [22] a complete mineral composition is given (mean

values of four different samples):

Ca: 0,88

The most important constituent of

P: 0,94 &
Mg: 0,34 £ C1: 0,18 §
K : 1,5 %
Na: 0,21 ¢

Fe:
Mn:

Zn:

Ca:

147

112

ng/kg
mng/kg
ng/kg
ng/kg

the meal of course is the

protein. Its amino acid composition, as it has been found by

several authors,

is given in

Tab. 4

Tab.

4.

Amino acid composition of rubber seed rotein

(% w.r.t. protein)

ref

amino aci [10] [13] | [21] | [22] | [23] |[24]
Isoleucine 7,10 2, M 3,16 | 3,38 3,1 3,8
Teucine 3,76 3,29 6,10 | 6,24 €,7 7,1
Lysine 2,35 2,60 2,98 ] 3,34 5,4 3,6
Methionine 2,37 1,09 1,08 0,7 1,4
Cystine 0,9 1,33 | 1,38 2,9
Phenylalanine 3,04 3,85 | 4,94 3,8 4,8
Threonine 3,26 1,79 3,13 | 3,24 2,8 3,8
Tyrosine 2,24 2,691 2,74 2,6 2,6
Tryptophan 2,05 1,38 1,3

Valine 2,13 3,56 6,64 | 5,98 | 6,4 | 8,0
Histidine 3,34 1,80 | 2,03 2,3
Glycine 2,24 3,71 | 3,85 4,4
Arginine 7,60 9,40 |10,24 9,4
Aspartic acid |[15,80 10,32 |11,25 11,2
Serine 1,78 4,25 | 4,86 4,8
Glutamic acid [17,70 14,95 (15,87 15,7
Proline 6,15 4,79 | 4,28 4,4
Alanine 2,62 4,80 | 4,46 4,9
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I 2.2.5. Minor components irc rubber seed

These are mainly of interest as far as they may impair the
utilization of rubber seed in human nutrition or animal feed

by the existance of hazardous components.

I 2.2.5.1. Hydrogen Cyanide

Para-rubber-seed contains the cyanogenic glycoside linamarin
[25], the same as in manioc [21], which on hydrolysis yields
hydrogen cyanide. The highest HCN-contents were found in
fresh kernels (up to 0,223 4 ¥YCK calculated on & moisture
free basis [18a].

Simply on storage the HCN is released by hydrolysis and thus
reduced by evaporation (in fresh kernels 94 ¢ of total HCN
were bound [13]). This escaping HCN may be a certain toxic

danger for the surroundings [4].

Tab. 5

Hydrogen cyanide content of rubber seed kernels f18&l

Period of storage % H,0 HCN-content
(weeks) (mg/kg)

fresh 35,9 770

1 29,0 160

3 12,17 150

4 11,4 110

14 6,5 60

20 8,1 60

Similar results as shown in Tab. 5 were obtained by Narahari
[26]. Fermented products already after one month had only
around 2 mg/kg HCN [26,27]. So there are relatively simple
methods to remove the HCN. In unfermented, solven® - or

mechanically processed meal 55 resp. 60 mg/kg HCN were found

[19].




I 2.2.5.2. Gossypol

Rubber seed meal (decorticated according to analysis)
contained 40 - 410 mg/kg (solvent processed) and 100 - 570
ng/kg (mechanically processed) free gcssypol. The ranges for
total gossypol were 300 - 715 mg/kg and 300 - 800 mg/kg
resp. [19]. These figures have to be compared with those of
cotton seed meal containing normally 360 - 930 mg/kg free,
9000 - 15000 mg/kg total gossypol.

I 2.2.5.3. Saponine

1,8 £ saponins were found in decorticated rubber seed
kernels [28]. That is a similar level as in the meal of the
0il containing leguminosea Pentaclethra macrophylla, Mucuma
uriens and soybeans. After hydrolysis the sapogerins were
compared by TLC. The three spots differed in Rf-values

slightly from those in soybeans.

I 2.2.5.4. Tannins

0,4 to 0,5 % tannins were analysed in undecorticated rubber

seeds [26]. They are located in the shell, since none was

found in kernels.

I 2.2.5.5. Volatile inflammable substances

Thuch substances, probably carbohydrons, have been reported
to be present in kernels [4]. They cause a certain risk of
fire during drying of seeds in open fired driers as copra

kiln. Nothing is reported about the amount of the volatile

material present in the seeds.




I 2.3. Processing of rubber seed

For utilization of rubber seed the seeds have to be
collected and processed beforehand. The fresh seeds
optimally are collected from plantations every 3rd or 4th
day [4,6]. Aftervards they are partially dried by sun [4,6a]
or in ovens at 80 - 90°C [7}. This drying procedure to a
moisture comtent «f less than 5 % is essential to prevent
enzymatic attacks (fat splitting) [3] during further storage

of the material.

Starting with dried kernels [18a] (5-6% H,0) the free fatty
acids content began to rise after 12 weeks storage (also the
Hy0-content increased somewhat). When the Hp0-content was
kept low [18a] (3-4%) all the time (storage temp. 30-37°C),
the ffa-content did not exceed 1% (in o0il) during a storage
period of at least 24 weeks. Sterilisation with hot steam
improved these results somevhat. After 12 weeks however
mould and insect attacks limited storability.

Microorganisms on rubber seed have been investigated in Bra-
silia [29].

Processing normally starts with dehulling. This has been
done either manually after cracking the shell [3] or by
means of a Kalyan type groundnut decorticator [11]. The
latter technique resulted (after recycling) 95% kernels with
5% shells.

Seperation of kernels and shells by winnower and scoops was
considered to be out of question [6].

In contrast to these more research oriented papers 1lit.
{6a] reports, that 1976-1977 in South India (Tamil Nadu and
Kerala) 97 commercial units have processed 12,070 tons of
dry kernels. Dehulling here also was mostly done manually,
only'three mills used machinery and two a combination of

machinery and hand labour.




Crude vil in a technical scale is obtained by expelling [4].
Adsption of an Anderson 1 expeller to rubber seed kernels
has been described [4] (8-10% residuel oil in meal).
Addition of 10¥ molasses has facilitated removal of oil
{10,6].

Expelling proofed to be very difficult due to jamming of the
material inside the expeller chamber [11]. Cold hydrolyc
pressing, successful in laboratory scale, gave high oil
yield, but could not be adapted to cold crushing in the
expeller [11]. According to 1lit. [5] the expeller <cake may
be either heat treated and pressed under high pressure to
give some LHore o0il, or more usually,it is solvent extracted

afterwards.

In South India rubber seed kernels are processed in a rather
large scale by groundnut o0il millers with the same equipment
as for groundnuts, that means rotary machines [Ga]. Only a
very few expellers were used. About 20 to 30 % molasses was
added to the dried kernels resulting in an o0il recovery of
30-40 % and cake recovery of 60-75 ¥.

Detoxification (HCN-removal), apart of the simnle storage
method, was achieved by fermentation (soaking the meal with
tap water 1:3 for 24 hrs.) [26]. Soaking with ash solution
or water or roasting (350°, 15 min.) were also applied for
detoxification [21]. Without giving figures, roasting was
estimated to be the best method [21], but already without
special treatment there were no toxic effects to be seen in

feeding experiments [21].

Refining of crude rubber seed oil has not been described
much in the literature covered in this study. According to
lit. [5] it can be refined in a similar m.unner as linseed

oil.
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I 2.4. Utilization of rubber seed

In this chapter the economical views for the utilization of
rubber seed, given in several papers, will not be reviewed,
because they may depend largely on the special situation of
the local area at the time of publication. However, some
figures about the availability of seeds will be given. For
1976 in Malaysia a productioa of 200-300 kg seeds/ha are
reported [34]. The erpectations for Kernataka, India, 1983
vere only 95 kg/ha [7]. A similar figure can be calculated
for Sri Lanka 1968 (4]. In still former times (1918, 1927,
1928) between 55 and 130 kg/ha have been found in Malaysia
{29&]. The actual seed yield may vary very much [34] due to

diseases and weather conditions [2,6&,29b].

Obviously already in 1929 serious attempts have been made to
utilize rubber seed. An export of 7.905 tons from Sumatra
intended for o0il production and plans for a decortication
plant in Malaya have been reported [29c]. The reasons vwhy
these activities have not been continued, are discussed in
1it. [29b].

I 2.4.1. Rubber seed meal as animal feed

Judging from the literature, utilization of rubber seed as
animal feed has aroused much interest. An Indian feed
manufacturing company 1977 actually sold already feed
containing 10 % RSM [6a]. Mostly the cake, obtained after
pressing out much ot the oil, has been used. The worldwide
annual potential of RSM has 1983 been estimated to be 1,68 x
106 ¢ [10].

In none of the reviewed investigations toxic effects due to
HCN or cyanogenic components have been found (the HCN=-
content in RSM mostly was in the order of 50 mg/kg.
Especially in pigs, given up to 30 ¥ RSM (HCN-content




<60 mg/kg), no goitrous or anaemic symp*oms were found.
Neither daily gains nor ~arcass characteristics were af-
fected by RSM [29d]. However a negative influence on
fertility and hatchability of hen eggs was observed
[30,31,12], even at a 10%-1level [12]. This is probably not
due to cyanogenic components. 10% RSM in the fodder of
breeding cows also drastically affected the fertility of the
herd (cited in lit. [5]).

Layerhenrs could be fed (without detrimental effect [31])
with up to 20% RSM. Probably due to an imbalance in amino
acid composition (shortage in methionire and lysine) higher
ratios led to negative influences on the eggs (size,
thickness of shell). If additionally lysine and methionine
were given, up to 30% RSH could be fed to layers (50 weeks)
without negative effects [32]. Egg production decreased
however with 40% or 50% RS¥ in the diet, whereas the quality
of the eggs even increased [32]. In 1lit. [33] it is
reported, that up to 20 % RSM substituting coconut meal even
increased weight gains of broilers and that at a 25%-1level

egg production was sot affected.

Por broilers 20 % [33,12] to 25 % [34] RSM could be used in
a8 basic diet of maize and soybeans meal. Giving additional
lysine and methionine, up to 45% RSM were fed to broilers
without negative influences [32]. If the basic diet was nmeat
meal and maize, only 10 % RSM could be applied even in the
presence of additional methionine [35]. Using fish meal and
maize RSM could be rised to 20 ¥ [35]. Pullets however could
be fed with 40 % RS¥ in these diets, showing only slight

aigns of amino acid imbalance [35].

Chickens were also used to assess the appearent metaboliz-
able energy; 2,80 kcal/g [10] and 2,86 kcal/g [32] have been
reported but also 1,79 kcal/g [36]. The true metabolizable
energy was even somewhat higher (3,00 kcal/g) [10].
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The determined gross protein value was 47,0 [10] (chicken).

Poultry has been fed also whole kernels [21]. No toxic
effects were seen uap to 50 ¢ kernels in the fodder, which
had been pretreated by roasting or soaking with water or

ash. Roasted RSM was accepted best by poultry or swine.

Also the rubber seed 0il has been added to chicken fodder up

to 8 £ instead of coconut oil without any obvious drawbacks

[37].

Por growing swine only 10 § RSM could be included in the
fodder. 20 ¥ aad especially 30 % resulted in poor weight
gain and feed conversion efficiency [38]. Insufficient amino
acid balance (lack of lysine and sulfur amino acids) is
thought to be responsable. In 1lit. [5] however much better

results are cited.

Growing calves seem to be better adapted for a RSM-
containing diet. 30 %€ RSN replacing the same amount of
cotton seed meal resulted in better results than 15 4 or O %
w.r.t. weight gain/kg feed or weight gain/cost [20].

Maintainance of health was gcod.

A rather similar investigation is described in 1it. [39]. It
is concluded that up to 30 ¥ RSM can be incorporated in the

fodder for growing calves.

Also in 1it. [8a)] up to 30 % RSM in fodder for calves and
cows were used. The costs for fodder were thus reduced
considerably without loss of performance. Similar positive
results are rerorted in the papers [39&, 39b, 39c].

Feeding RSM instead of linseed meal to cows resulted even in
10 % increase of milk production [40].

Goats developed quite normally when fed with 35 % RSM in
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their fodder for 3 morths [41]. Very limited feeding
experiments with sheep indicated a high digestability of RMS
[41a].

I 2.4.2. Rubber seed meal in human nutrition
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Only one article has been found, which exactly deals with
this topic [42]. It reviews some older papers and gives some
intentions for future work. Some cther papers about feesding
trials with rats, howvever, will be treated under the above
head-1line. )

Lit. [23] quotes, that rubber seed is used already in the
diet of people, living near the plantations. Detoxification
may be done similar as with cassavs (24 h soaking with

vater, boiling for half an hour).

Protein efficiency ratio of RSM (PER = gram weight gain/gram
protein eaten) was studied in rats at 5, 10 an 20 % protein
level. The HCN-content of the KSM was 34 mg/kg. At 5 %
protein level the PER was only 0,9 as compared to casein
(2,3). This is probably due to low methionine levels. At 20
4 protein level (60% RSM in diet) PER was 1,4 (casein 1,6).
No toxic effects were observed. The PER of RSM was in about
the same order as that of other o0il seeds. Former feeding

trials with rats had been less satisfactory [43].

Also in 1lit. [22] RSM was found less good than soybean -,
peanut- and casein-protein (10 ¥ protein in basal diet fed
to rats). PER for RSM here was even negative (but not for
full fat kernels). Responses to amino acid supplenentation
suggests, that lysine and methionine are the most limiting
amino acids in rubber seed protein. The conclusion i3, that
full fat rubber seed, although inferior to peanuts or
aoybéans, has some nutritional value, bu: defatting (by sol-

vents) deteriorates the protein.
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Lit. [13] on the contrary states, that the raw seed (with
around 0,13 £ to 0,23 % HCN!) has a low nutritional value
and even caused death (rats, 10 % crude protein in the
diet). Pretreatment by soaking with water and 1 h cooking
reduced the HCN-content to less than 5 % of the original
value. Even then the PER was only around 1/3 of that of
casein, but close to that of traditional cereals like corn.

Limiting amino acid was threonine.

At a lower level (7,4 - 12,4 % RSM in diet) RSM had no
influence on weight gain, nitrogen digestibility and carcass
composition of rats [24]. There was no difference when

autoclaved RSM was used.

I 2.4.3. Technical utilization of rubber seed

Apart of occasionally remarks that RSM could be used as a
fertilizer (which actually has been done in India [6a]),
only the o0il has been considered for technical utilization.
0f course the high content of unsaturated fatty acids may
make it useful for substitution of linseed o0il in paints.
These possibilities and the technical and economical
situation in Sri Lanka are reviewed in lit. [5] (1973):
Rubber seed oil can substitute 25 ¢ linseed in o0il paints.
Its drying properties could be improved by reaction with
maleic enhydride. Much more important however is its use in
alkyd resins (reaction with glycerol and phthalic anhy-
dride) . These products were commercially produced in Sri
Lanka in 1973. Heating rubber seed o0il with sulfur results
in the so called factice, a valuable aid for rubber and in
mixing processes. Epoxidation leads to products useful to

improve some properties of PVC.

In more recent +ime more papers have been publiished dealing
with industrial uae of rubber seed o0il. So it has been

reported, that the oil can replace 80 % of linseed oil in




air-drying medium-o0il alkyds [44] directly or after epoxida-
tion [45]. Polymerization of rubber seed oil with 20 - 45 Z
dicyclopentadiene resulted in a drying oil useful in low

quality paints [46,47,48].

Rubber seed o0il could be fractionated (sclvents) in products
with increased iodiane value (useful in paints and resins)
and produc%s with lower iodine value (useful in soap

manufacture) [49].

To utilize rubber seed o0il in soaps (or as fatty acids),
splitting studies have been performed [50,51]. The
unsaturated fatty acids could be converted into stearic acid

by electrochemical reduction [52].

Apart from these academic studies it 1is estimated, that
1976-77 1880 tons of rubber seed oil have been consumed in
Tamil Nadu and Kerala (50 % of the total amount produced in
India). This went mainly into the soap industry, only about

100 tons were used for paints [Ga]. Sri Lanka exported 420
tons of oil in 1973 [5].

I 3. Summary

About utilization of rubber seed quite a lot of work has
already been done in different countries. The oldest litera-

ture which was found in this study is dated 1903.

Many papers deal with the composition of the seeds. The ker-
nel of rubber s :d is roughly half the weight of the total
seed. This kernel contains about 40 ~ 50 § oil, 20 % protein
and 40 % carbohydrates.

The rubber seed oil contains around 20 4 of linnlenic acid,

35 ¢4 linoleic acid, ca. 25 § oleic acid and around 10 b4
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stearic~ and palmitic acid each. Of course these figures

fluctuate due to different investigations.

The amino acid composition of the protein has been analized
several times. Main components are glutamic- and aspartic
acid and arginine. The essential amino acids are all present
in amounts ranging from ~ 1 ¥ (methionine, tryptopham) till
6 2 (leucine).

An important minor component in rubber seed is hydrogen
cyanide. In fresh kernels an amount of up to 0.2 ¢ has been
reported. It is present as a glycoside. During storage of
the kernels for several weeks the HCN-content drops below
100 mg/kg. Small amounts of gossypol (~ 0.1 %), saponins
(1.8 4) and volatile inflammable substances have been found

in the kernels, ~ 0.5 % tannins are located in the shells.

In processing of rubber seed it is important, to collect the
seeds as soon as possible and dry them to moisture contents
below 5 %. This limits liberation of free fatty acids and

moulding.

The process mostly starts with cracking and manual decorti-
cation. In South India (1976 - 1977) about 12000 t kernels
have been milled with ground nut equipments (rotary ma-
chines). Expellers have been used to press out the oil, but

with unsatisfactory results.

Utilization of rubber seed is largely dependent on the
availability. The figures about the seed yield ;ary between
55 kg/ha and 300 kg/ha. It depends largely on weather condi-
tions, plant diseases and clone of the rubber tree. As a
worldwide potential 1.7 mio tons (rubber seed meal) have
been estimated 1983.



- 25 -

Rubber seed meal has been fed to pigs, hens and chickens,
cows, calves and goats. It can replace up to 30 ¥ of other
feedatuff like linseed meal. Some fertility problems were
observed with hens and cows. The HCN-content obviously 1is
not a serious drawback in the utilization of rubber seed
meal. Lysine and methionine are the limiting amino acids in

rubber seed meal.

Rubber seed oil can replace up to 80 ¥ linseed oil in paints
of minor quality. Alkyd resins containing 25 € rubber seed
0il instead of linseed oil have been produced on a commer-
cial scale in Sri Lanka. In India 1880 tons of rubber seed

0il have been consumed 1976 - 1977, mostly in soaps.
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II Pield Study in Sri Lanka

II t. Introduction

This part of the report deals with the revealed information
during a field study in Sri Lanka which was carried out
w.r.t. the technicological and economic situation of the
utilization of rubber seed. From the information obtained by
the literature study (see Part I) and the statements re-
ceived from interviews and discussions with research scien-
tists, estate managers, o0il millers and production managers
of paints and animal feed industries the frame work should
be set up for a development of a technology for the
production of vegetable 0il and animal feed in the countries
where rubber production is available. A list of these con-
tacts and the people met for interviews in Sri Lanka is

given in appendix 2.

IT 2. Technical and technological aspects

IT 2.1. Seed availability

This aspect of course is a very basic one, which has been
hardly mentioned in the literature. It was learnt that, at
least in Sri Lanka, it is a rather recent experience that
the seed fall can fail completely in certain years. Taking
into account the opinion of experts and estates managers as
well as the poor information from the literature [1], the
availability of rubber seed depends on a lot of various con-
ditions and may hardly be influenced by agricultural tech-

niques.

Amount and quality of the rubber seed growth depends on the
following conditions:




1. Weather: The production uf seeds from each type of clones

varies from year to year according to the weathering con-
ditions. In some years when it rains strongly during the
flowering time from March to May the blooms are washed
out and no seeds appear in summertime. In such years in
these areas nearly no rubber seeds will be obtained. If
there is high rainfall during the seedfall time from July
to September a lot of seed may become moulded or will rot
on the ground within a few days after the fall. In other
years, wvhen there is a drought from March to May, the

blooms dry up and no seeds will appear in summertime.

Genetic: The different types of rubber seed trees produce
different amounts of seeds. Until now only very few stu-
dies have been undertaken to determine the amount of

rubber seed w.r.t. the different types of clones.

New types of clones, developed in Malaysia and in the
Rubber Research Institute of Sri Lanka, which give high
yield in the production of Latex, produce rubber seed
which amounts to less than 60 ¥ of some of the older

types.

Diseases: Phytophthora attacks the seed pods, causing
them to rot. Oidium mildew destroys the flowers. Both
diseases are largely under control now, but control is

only done to protect the trees, not to save the seeds.

Depending on the type of clone and the weather conditions

50-150 seeds can be expected from one tree during falltime.

Assuming that the stand of trees by hectare is about 275-

350, depending on planting area, the production of seed/hec-

tare in a year can vary from 12,.,500-52.500 . It has been
estimated that 220 seeds will form ahout 1 kg. Therefor. 50-
250 kg (200 kg/ha in normal years) of rubber seed can be ex-

pected per hectare in one seasoun.




A more detailed study about the seed yield/ha depending on
site and clone in Sri Lanka is currently under way within the

frame work of a doctoral thesis carried out at RRISL [2].

II 2.2. Collection of rubber seed

Seed collection is a tedious work because the seeds have an
earthlike colour and the ground of the rubber plantations is
mostly covered with leguminoses so that most of the nuts are
hidden. Furthermore, some of the lands where rubber is grow-
ing is hilly and rocky ~ the latter is true especially in
Sri Lanka and part of South India - and therefore seed col-

lection cannot be done very effectively.

Thus, only 60 % of the total acres of rubber land in Sri
Lanka are suitable for seed collection. In Sri Lanka cur-
rently about 250 000 ha are rubber land (increasing). From
150 000 ha (60 %) about 30 000 t seeds could be collected in

normal years.

In Sri Lanka as well as in South India most of the seed col-
lection is done by children from pendants of the rubber
estates. At present in Sri Lanka the o0il millers quote a
price for the seed and traders then quote prices to shops
situated in the villages. In some years whern there was high
demand of rubber seed, collection agents organized the seed
collection also with adults, but always most of the seed
collection was done by children. Using children for the col-
lection i3 a cheap method but it should be mentioned that
payment even for the children might go up with the growing
marketing potentiality for the rubber seeds.

As collection centres factory houses of rubber estates or

the factory houses of 0il millers have been used in some
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cases. To avoid moulding, rotting or germinating of the
seeds they have to be collected fairly fresh. QOptimal col-
lecting of the seeds on the same ground has to be repeated

at least every 4th day if not more frequently.

ITI 2.3. Drying and storage of rubber seed

Before storage, the seed has to be dried (preferably to a
moisture content, ¢ 5 $). This is mainly to prevent moulding
and rotting. But also lipase activity is reduced and shrink-
ing of the kernel makes decortication easier. Drying has
been normally done in the sun at the estates, but drying
space and storage capacity sometimes may be limiting fectors

for the estates.

0il millers reported about heap storage of undried seeds in
their factories for 2-3 months without proble. .. The acci-
dental moisture content, however, may have been low and also
the oil was used for technical purposes only. Drying at 60 -
80°C resulted in more oil with less free fatty acids than
drying in the sun (RRIM, Annual Report 1975, p. 160). Ovens
should be preferred to smoke houses because phenols could
diminish the oil yield (private communication Dr. Nadara-
jah). Storage of dried kernels in polythene bags slows down

formation of free fatty acids and prevents mould growth.

11 2.4. Production of oil and cake

———— - - - S YD R AP P AP n e sy e
e

Por the production of oil and cake from rubber seeds several
methods have been used more or less successful. In Sri Lanka
most of the seeds have been milled in copra mills. This how-
ever can be done only with undecorticated seeds because the
kernels are too fluffy Zor the relatively wide screws of the

copra mills. The throughput is much less than with copra and
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the wear of the machinery due to the shells is feared dy tlre

millers.

The o0il produced is of medium or bad quality and the yield
is about 60 % of the total content. The cake contains rela-
tively large particles of the solid shkell which might damage
the throats and the intestines of cattles and pigs if it is
used as animal feed. Therefore most of the rubber seed cakes

produced in copra mills are used as manure.

Another technical drawback of milling rubber seeds on the
copra expeller is that the seedfall season ccincides with
the coconut harvest. So the millers are unable to spare ade-
quate capacity for the milling of rubber seeds ss the mills
are occupied then with the milling of copra. Therefore
Messrs. Lever Brothers developed alternative milling proces-
ses. First trials in 1965 and 1967 were done with decor-
ticated rubber seed kernels on a Arderson expeller as well
as on a German EP expeller. The latter was an expziler in a
pilot plant at CISIR in Colombo. The yield of processed oil
in all these experiments was very low, so that more than

35 %, sometimes 50 % of the oil content of the kernels ware

le. ; as a residue in the cake.

In 1972 an ungophisticated method ¢f milling rubber seed
uszd on the rubber estates dy support of Messra. Lever
Brothers was intruvduced. This process involves crashing the
decorticated seeds in a chakkuv mill, cooking the crashed
kernels and finally easpelling the o0il by means of a manually
operated press, With this arrangement an oil yieid of ~50 %
was obtained. The chakku sills were operated by bulls. 7%
was reported that in South India (Kerala) chakku mills
onerated vy electrical power erist and are beiug used for

the ssme procedure of utilizing rubber aseds [3}.
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In many interviews disapproval was expressed mainly about
two technical problems in rubber seed processing which seenm

to be of importance:

a) If the meal is to be used as feeding stuff, the shell
should be either removed or ground very fine. The latter
requires special mills and relatively high energy costs.
Decortication even in the bigger scale experiments in Sri
Lanka (Lever Brothers) has been done by hand so far. But
also the rollers for rubber sheets, available at the
estates, could be used to crack the shells, followed by a
kind of winnowing/sieving. In India a special machinery

is in use for this job.

b) The oil, at least that obtained from copra expellers,
contains fines which makes the filtration step in the

refining procesc very time consuming.

IT 2.5. Consumption of rubber seed oil

It is reported in different statements that several trials
were doae in Sri Lanka to make use of rubber seed oil for
the manufacture of laundry or washing soaps. The same is re-
ported for Kerala and Tamil Nadu [4]. The intention to use
RSO for the soap production was mainly, to replace parts of
the coconut 2il to obtain a somewhat softer soapstock. The
commercial objective was to have available an 0il of an
appropriate quality which would not be more erpensive than

coconut oil.

From all statements it turns out that technically the dar-
kening of the colour of the oil and the presence of unknown
particles causes bleaching and filtration problems in the
refining process. The filtration time in the bleaching pro-
cess of RSO is ten-fold as much as that of coconut oil and

thus the total process is rather ineffective. If not more
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than 10 # of refined RSO is used for the soapstock a fairly
well coloured soap is obtained. If RSO is used, only 2 ¥ is
acceptable. Darkening during storage of the soap limits the
use of RSO for soap manufacture and inquiries made by soap
manufacturers show, that washing soap manufactured from RSO
is of inferior quality and the consumers in Sri Lanka as
well as in Kerala require a higher quality of soap. Never-
theless use is already made of rubber seed o0il in a mixture
together with coconut o0il for the preparation of solid soap

bars.

RSO has sometimes been used for paint manufacture. The o0il
contains about 35 % of linoleic and 25 % of linolenic acid,
and therefore was used to replace part of linseea 0il as a
drying oil in paint industry. Because rubber seed oil does
not contain sufficient amounts of linolenic acid it cannot
replace linseed o0il %totally but is used as an extender of

linseed o0il. Whether unrefined or refined RSO is used in

this application could not be established evidentially.

If RSO is used as an extender for linseed o0il instead of
soybean o0il the drying o0il may be used for all current
paints but not for clear colourless lacquers, because the
increasing darkening of the products containing RSO. With
the current quality of the RS0 no white coloured paints can
be prepared. This, however, might be cured by using a better

refined oil.

Most of the RSO in Sri Lanka has been used for the manufac-
ture of alkyd resins. Inquiries with the manufacturers of
alkyd resins assured, that the properties and the quality of
the RSO obtained in the different milling processes is ade-
quate for the production of alkyd resins and that there is
lot of know~how at the different paint manufacturers to make
use of the RS0. As linseed 0il which has to be imported into
Sri Lanka is replaced by RS0 a saving of foreign currency is




obtained. But this is true only if the cost for RSO do not
exceed the cost and the import duty of linseed o0il or other
0oils used as extender of drying oils (soybean o0il). There-
fore, the only limiting factors in this field are tne avail-
ability of RSO and the costs of the oil in comparison to the

costs of linseed or soybean oil.

In the years of large RSO production some of the RSO was
exported to European countries (Netherlands, Germany) and

was used for the production of oleo chemicals.

Not much emphasis is put on the possible use of RSO as an
edible 0il until now. The comparatively high amount of un-
saturated fatty acids increases the nutritional value of the
0il compared to coconut and palmoil. However, the relatively
high content of linolenic acid in RSO and a sligktly bitter
and off-taste which might occur in the present quality of
RSO has limited its use in human nutrition especially in a
country where coconut o0il and palmoil is available all over
the year as a common product on a relatively cheap price

level.

If - what has to be checked in laboratory trials - a better
refined and highly stabilized product could be obtained from
a crude RSO, a mixture of RSO and coconut or palmoil may be

used as an edible fat with a high nutritional value.

The difficulties which occur in the refining of the oil,
especially in the bleaching and filtration steps require

further investigations.

IT 2.6. Consumption of rubber seed cake

The rubber seed cake is used in Sri Lanka in some places as

a fertilizer. This is done especially with those cakes com-
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ing from oil mills where copra expellers are used to produce
the RSO0. Large and hard pieces of the shells of the rubber
seed give damage problems with cattles, pigs and poultry if

this cake is used as animal feed.

In the inquiries with the estates managers and the produc-
tion managers of the animal feed industry companies, which
all showed general interest in making use of the rubber seed
cake for animal feed at the cattle or pig farms, a certain
reluctance was noticed. Growth inhibition and infertility as
well as in some cases high dying rates were told to be found
when rubber seed cakes have been used. In contrast to this
predominantly negative statements, in many published papers
the acceptability of rubber seed cake from decorticated
seeds as a component up to 40 % in animal feed is reported.
The Veterinary Research Institute of Sri Lanka in Kandy has
recently carried out a feeding study for six months with
undecorticated rubber seed meal using 16 cattles. Rubber
seed cake was used up to 40 § in this feeding trial together
with maize and fishmeal. No adverse effect is found in this
feeding study so far. Growth of the cattle as well as fer-

tility are reported to be in good order.

The inconsistancy of the statements about the suitability of
rubber seed cake for animal feed may find its explanation in
the lack of knowledge about the pretreatment and the dietary
value of the rubber seed cakes applied. Too big particles of
the rubber seed shell or the hydrogen cyanide content of
fresh rubber seed kernels as well as the possibility of
aflatoxin contamination are factors which might iave had
adverse effects to the animals. But these obstacles may be
overcome from the technical point of view by using correct

drying and storage conditions as well as by an adequate

milling procedure.
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A report from the RRIM [5] says, that rats have been fed
with 40 % rubber seed meal in their diet without toxic
effects. Broilers and chickens can tolerate up to 15 %.
Mould formation can be eliminated by using 0,5 % Luprosil

(Ca-propionate).

IT 3. Economic aspects

In the consideration of economic aspects for the utilization
of rubdber seed in a developing country like Sri Lanka or In-
dia the figures for the profitability of a process will be
influenced by several factors. The relatively short period
of 3 or 4 months within a year the rubber seed is available,
as well as the yearly fluctuating amount of seeds make any
economic evaiuation very difficult. In this chapter use is
made of those cost figures which are based on fairly true
facts at present which are revealed in the interviews but
which may very within a rather short period of time. There-
fore, all calculated figures should only be taken as an in-

dication of cost.

Currently about 250 000 ha are cultivated in Sri Lanka with
Hevea brasiliensis. Because of the hilly structure of the
land not more than 60 % are suitable for rubber seed col-
lection. Assuming a yield of 200 kg seeds/ha about 30 000 t
seeds (estimates as low as 9-12 000 t have also been given)
should be available in a normal year in Sri Lanka. Since Sri
Lanka produces about 4 % of the total world production of
rubber, a rough estimate for the minimum amount of seeds
available worldwide may be in the range of 500 000 to

1 000 000 t.

Milling whole seeds in a copra expeller yields a little more
than 15 % o0il. In view of the above mentioned 30 000 t seed
the potential of RSO by this process in Sri Lanka will be
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4 000-5 000 t/year. Milling decorticated kernels in small
equipments (chakku-type, man-operated presses) yields

20-25 % o0il w.r.t. kernels. This results in 3 000-3 500
t/year. Although the oil yield in this case is less than
starting from whole seeds, the advantage of this process is,

that a valuable feeding stuff is obtained (s. p.42).

Collection costs of seeds in Sri Lanka are hard to figure
out. In the last year with a normal seed fall (1982) 0,3 -
0,4 SL Rps/kg have been paid. In 1985 it was expected to be
0,4 to 0,6 SL Rps/kg, but 1985 was a poor seed year, too. It
can be assumed that in 1985 if it would have been a year
with normal seed fall, about 0,4 SL Rps/kg should have to be

paid for collection.

Once the seed has been collected, it has to be dried rather
soon. No figures for drying costs were available. Drying
costs depend on the local possibilities and weather con-
ditions. In South India 1977 the prices for dried kernels
were about 50 % to 100 % higher than for undried kernels.
Probably the same relation would apply for drying of seeds

in Sri Lanka.

If the seeds are to be milled in existing oil mills, they
have to be transported. For 5 t-lots the transportation
costs are 15-20 SL Rps/mile in Sri Lanka. Assuming an aver-
age distance of 50 miles between the places where most of
the o0il mills are situated (Colombo) and the growing areas,
transportation costs will arise to about 0,2 SL Rps/kg which
have to be added, thus the cost for undried seed a2t the mili
will be 600 SL Rps/t.

Decortication, if done by machinery (groundnut decortica-
tors) could not be calculated, because no distinct infor-
mation about the equipment was available. If decortication

is done in the growing areas, the hulls have to be cracked




by an inexpensive roller system possibly a rubber sheet for-
mer. The cracked shells then have to be separated manually
from the kernels. This separation should be less labour
intensive than the collection of seed. So we assume the
costs for manual decortication at the estates to be not more
than 0,2 SL Rps/kg seed. In 1976-77 manual decortication
costs amounted to 10-30 £ of the costs of undried seeds in
South India [6]. As compared to processing of seeds in the
0il mills 0,1 SL Rps/kg seed are saved in this case because
the shells (ca. 50 % of the whole seed) have not to be

transported but could be used locally as fuel or fertilizer.

Milling expenses in small equipment (chakku, handpress) in
the growing areas can be assumed roughly from investigations
and calculations carried out by Lever Brothers in 1972. At
that time processing costs were -oughly 40 % of the costs of
the kernels. If we calculate the price of 1 kg kernels at
present to be 2 SL Rps (2 kg seeds ~ 1 kg kernels; 2 kg
seeds take 0,8 SL Rps for collection, 0,8 SL Rps for drying
and 0,4 SL Rps for decortication) then the milling expenses
will be ~ 0,8 SL Rps/kg kernels.

From these figures the costs for crude oil and cake pro-
cessed at the growing area can be estimated and is given in

the following three examples:
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Example 1:
Costs:
1 t kernels 2 000 SL Rps
milling costs 800 " " (in rel.to kermel
costs 1972)
additional expenses:
(manpower for organi-
sation and supervising,
transport costs in the
growing areas) 600 "
drums and bags for
0il and cake 290 " (in rel.to kernel costs 1972)
depreciation 20 ¥ 230 " ( - )
transportation of
1 t to Colombo 200 "
total costs for 220 kg oil
+ 700 kg cake
(8 ¢ milling loss) 4 120 SL Rps

Selling Prices:

cake (3 SL Rps/kg
~ copra poonac) 2 100 SL Rps

0il (15 SL Rps/kg®)) 3300 " *
54m""
Profit: 1 300 SL Rps

*) According to a Sri Lanka paint producer the current
rubberseed oil price is about 20 SL Rps/kg. At this
price it starts to get too expensive for paint industry
but at a price of 15 SL Rps/kg there would be a good
demand.
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Calculation for processing oil and

places without decortication:

Example 2:

Costs:

1 t seed
transport

milling costs
+ depreciation

Selling Prices:
150 kg oil (15 SL Rps/kg)
800 kg cake

Prefit:

cake at central milling

400 SL Rps
200" "
2250 " "

2 850 SL Rps

N
N
(S, ]
o

SL Rps

250 " L

- 350 SL Rps (loss)

Here the milling costs cannot be calculated. They must be
considerably higher than for copra (~1 500 SL Rps/t CN 0il),
because the through-put for rubber seed is about only 1/10

of that of copra. Also the stronger wear of the machinery

has to be considered.

It was raported by an oil miller that at the current price
of rubber seed of 0,6 SL Rps/kg and the current price of RSO
(20 SL Rps/kg) production of RSO for Sri Lanka might just be

worthwhile, but production for export would be no business.
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If the 0il mills would start with decorticated material

(done manually) too, the following result is calculated:

Example J:

Costs:
1 t kernels 2 200 SL Rps (transport
included)
milling costs 2 200" "
4400 " "

Selling Price:
250 kg oil (15 SL Rps/kg) 3
700 kg cake (3 SL Rps/kg) 2 100 " "
5
1

Profit:

So also for oil mills decortication is of advantage. It is
doubtful, however, whether this is done profitable by ma-

chinery, which could be employed for rubber seed only.

If one applies in these 3 examples the production costs only
to the oil, a price between 18-19 SL Rps/kg o0il can be cal-
culated. So it is obvious, that the profit in case of decor-

tication is mainly from the increased value of the cake.

Also without decortication the cake value probably could be
increased by grinding. Thus in example 2 the 800 kg cake

could sell for probadbly 1,50 SL Rps/kg =~ 1 200 SL Rps. It is
not known, however, which costs will arise by this additio-

nal grinding step (investment in grinder, energy).

As can be seen from these examples, the profit rises if the
endproducts are high priced products. The oil obtained in

the examples 1-3 is only crude oil! for industrial purposes.
To raise the price two possibilities have to be considered

seriously:




1. To refine the o0il to get an edible oil (CN oil sells
for ~ 30 SL Rps/kg in Sri Lanka).

2. To produce oleo chemicals out of the o0il that means hy-
drolysis and processing of fatty acids and glycerol. The
current prices of fatty acids on the world-market are

given below (average figures Jan.-Oct. 1985):

palmitic acid (min. 93 ¥%): 27 100 SL Rps/t
stearic acid (min. 92 %): 29 400 "
oleic acid (min. 71 4): 24 400 "
linoleic acid (min. 64 %): 30 400 "

Whetner manufacture of fatty acids (or other oleochemi-
cals like emulsifiers) is worthwhile, depends on the
costs of RSO in relation to the costs of the now used
starting material for these products. Certainly it is not
favourable to base such a production on RSO alone, but
due to demand and availability mixtures with other fats

should be used.
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II 4. Summary

From discussions with estate managers and o0il millers it
appeared that a problem for utilization of rubber seed could
be its fluctuating availability. Mainly due to weather con-
ditions seed fall may fail completely in some years. In
normal years ~ 200 kg seced/ha are expected.

In Sri Lanka occasional collection of seeds has been done by
children. The o0il millers quoted a price, agents organized
the collection in the villages or at the estates.

The seeds have been dried in the sun or in smoke houses at
the estates to prevent moulding during storage. Since the
main seed fall coincides with the coconut season, the oil
millers have to store the seeds for 2-3 months until they
can be processed in the copra mills.

Tsing this equipment, only undecorticated seeds could be
processed, since kernels are too fluffy for copra expellers.
The throughput is low due to filtration problems of the oil.
The hard shells increase the wear of the machinery.

In 1972 a simple equipment has been used directly at an
estate for processing RSO from decorticated seeds. This
obviously was similar to a process operating in South India

in several places.

Use is already made of RSO in a mixture together with coco-
nut oil for the preparation of solid soap bars. The advan-
tage of this use is 1. the partial replacement of coconut
0il which may be used as edible o0il of hight quality and

2. a softer soap bar obtained because of the comparatively

high amount of unsaturated fatty acids in the 0il.

Disadvantuges are the yellow colour of the oil and the dar-
kening of the soap during storage if more than 5 % of the
coconut oil is replaced by RSO.



From the economic point ¢f view the use of RSO for soap pre-
paration instead of coconut o0il is only beneficial if the

cost for the RSO is below that of the coconut nil.

Further uses are made of RSO as an extender of drying lin-
seed 0il in the paint industry. But because of the increas-
ing darkening of products containing RS0 it cannot be used
for clear colourless lacquers. If imported linseed oil is
replaced by RSO, a saving of foreign curency is obtained.
But thic is true only if the cost of RSO does not exceed the
cost and the import duty of linseed oil or other oils (soy-

bean 0il) which are used as extender for drying oils.

Quality and properties of the already produced RSO is re-
norted to be satisfactory for the production of alkyd re-
sins. The only limiting factors in this field are the avail-
ability of RSO and the costs of the o0il in comparison to the
costs of linseed or soybean o0il. With ihe current quality of
the RSO no white coloured paints can be produced because of
the above mentioned darkening of the products. This, howe-

ver, might be cured by further refining.

Not much emphasis is put on the possible use of RSO as an
edible o0il for human consumption until now. The compara-
tively high amount of unsaturated fatty acids increases the
nutritional value of the oil compared tc coconut and palm-
0il. However, the content of linolenic acid in the RSO and a
slightly bitter taste which occurs in the present quality of
ESO has limited its use in human nutrition particularly in
countries where coconut 0il and palmoil is available all
over the year as a common product for a relatively cheap

price.

Therefore it has to be examined in laboratory trials whether

a better refined and high quality product could be obtained

from crude RSO by a refining procedure which is more adapted
to the properties of the RSO.




Rubber gseed menl is mainil; used as fertijiizer. In the at-
tempis tn make use of RSM as animal feed unsteady results
were cbtzined. Lack ef knowladge of proper pretreaiment of
rubber s2ed meal is a possible reason for negative resultis
i3 feeding trials. As the RSM is reported in the literature
to be of good nutritional vsiuve, attenticn should hLe given

in laboratery trials to reveal possible hazard substances in
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III Laboratory investigations

IITI 1. Introductioa

A lot of knowledge about rubber seed, its composition and
its utilization does exist already. Therefore within the
laboratory investigations the work was concentrated on such
areas, in which the knowledge was not sufficient for proper
utilization. These areas were mainly the questions of refin-
ing and whether the oil can be used for human consumption.
Another aspect of the laboratory trials was the problem of
the minor components in rubber seed, which could hamper its

utilization from a practical point of view.

IIT 2. Rubber seed

The starting material for the investigations were rubber
seeds (= 80 kg) which had been collected under the guidance
of the Rubber Research Institute at Sri Lanka at the planta-
tions in August 1985. The seeds were collected within 3 or 4
édays after seedfall and dried immediately in an air oven
with air circulation at 70-80 °C to a water content of below
5 % (about 3 days). The seeds were shipped by air freight to
our laboratory in Hamburg within 1 week. After arrival in

the laboratory the seeds were stored at 0°C until use.

Because of the bad seed fall in 1985 in Sri Lanka, due to
adverse weather conditions only 80 kg seeds could be sent to

the Hamburg laboratory at that early date.
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III 3. Rubber seed oil

III 3.1. Separation and Refining

To obtain the 0il, the crushed kernels were extracted with
hot petroleum ether (s. scheme 1). This process was chosen,
to get as much o0il as possible; it was not chosen as a (Ji-
rect simulation of a technical process. The way, the crude
0il has been refined, follows more or less a standard labo-
ratory method, which is designed to simulate the technical
process, applied to fats used as edible o0il. The method is

outlined in scheme 2.

The fat content of the kernels, received from Sri Lanka, was
37 %. This is at the minimum of the range, previously re-
ported in the papers (see part I, chapter 2.2.2., page 9).

The reason may be the early harvest date.

The extraction process was carried out after one, two and
four months storage of the seed at - 0°c. It is interesting
to note, that even at this low storage temperature the acid

value [1] of the crude 0il had increased:

Oct. 85 | Nov. 85 f Jan. 86
AV 6.4 13.9 17
0il yield (%) 32 24 25

The water content of the kernels at all three extraction
trials was 7.6 %. So even at these low temperatutes fat
splitting enzymes were active. Lipase activity in these nuts
could be demonstrated by a lipase screening test [2]

(s. appendix 3, p. 1).

The increase in free fatty acids was also noticeabdble by the
fact, that the crude oil from Nov. 85 emulsified much stron-
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ger in the desliming step than the oil from Oct. 85, so that
no sludge could be separated. Thus the phospholipids were
removed in the following neutralization/sodium carbonate-
water glass-treatment together with the fatty acids. But
also here the washing of the oil was difficult because of
emulsion formation (yield only 64 ¥ as compared with the
yisld of 78 % for these two steps with the first oil).

Parallel to the increase in free fatty acids during storage
of the seeds, the 0il yield under the rather simple extrac-
tion conditions decreased. Whether this will occur also un-

der more practical conditions cannot be decided as yet.




Scheme 1

Crude RSO from rubber seed

15.10 kg seeds

1) cracking of the shell in a mechanic

plate/press
7.10 kg shells
(47.0 %) e——— | 2) manual separation of shells and
0.82 kg kermels (moulded) moulded kernels

(5.4 %)

7.19 kg good kernels (47.6 %)

after mixing with 1 kg dry ice ground in a
Stefan-Cutter

stirred with 35 1 hexane and refluxed for
1 h, filtrated over a Seitz-filter (KO)

extraction repeated in the same manner with

] 20 1 hexane each

combined hexane extracts

evaporated at nomal pressure, vacuum applied
towards the end

2.27 kg crude RSO (32.0 3) (15 ¥ w.r.t. seed)




Scheme 2

drying

'

56 g dry sludge
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Refining of crude RSO

1200 g crude RS0

66 g sludge &——

A 4

desliming

addition of 1.2 g 50 % aqueous solution of
citric acid at 70%, stirring for 10 min.
After cooling to 25°C addition of 18 g H,0
and stirring for 60 min. Then the o0il was
heated up to 60°C within 20 min while stirr-
ing and cooled down over night without stirr-
ing.

Centrifugation

1082 g deslimed oil (90 %)

1023 g used for

v

neutralization

in N,-atmosphere heated up to 95°C, addition
of 220 ml 0.8 N NaOH, stirred for 5 min,
settled at 60°C. After drainage of the aque-
ous phase the 0il was washed 3 times with 100
ml of hot saturated NaCl-solution, afterwards
with 100 m1 0.1 N NaOH.

Soda water glass treatment

to the 0il 3 § of 20 ¢ Ha,COx-solution

and 1.6 ¢ of sodium silicate (water glass)
were added and for 20 min life steam was
injected. Afterwards the oil wéé washed with
hot water 15 times until it was free of soap
(pH neutral).

Drying was done 2t 105°C at 1 mbar for 30

min.

894 g neutralized oil (87 %)

|
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bleaching
stirred under Nz with 18 g Tonsil ACCFF at
105°C/1 mbar for 20 min.

filtration')

v

284 g bleached o0il (28 %)

deodorization

deodorized for 3 h at 230°C with 40 £ H,0
(33 ml H,0/h) in a laboratory deodorization
equipment.

v

241 g deodorized oil (85 %) overall yield: 19 &

A second refining trial was carried out. Starting frca 1000 g crude oil
a similar overall yield was obtained. Again the highest loss was in the

bleaching step.

#*) Filtration proved to be very difficult. Even the hot oil con-
taining additional filter aid (Kristall Theorit, Seitz) was
running only very slowly through a suction filter. The filter
paper had to be changed very frequently and this explains the
high losses of oil during this step.
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III 3.2. Investigations of the rubber seed oil

IIT 3.2.1. Analytical characterisation of the triglycerides

Glycerides: The composition of the fatty acids in the tri-
glycerides of RSO is well known from the literature. A GLC
analysis of the fatty acid composition (s. appendix 3, p. 1)

of the o0ils used in this investigation is given below.

GLC-composition of RSO (fatty acid methylesters, area-%)

RSO

fatty acid neutralized [ fully refined
14:0 0.1 0.1
16:0 8.9 8.8
18:0 8.4 8.8
20:0 0.4 '
18:1c¢c 23.4 23.5
18:2cc 39.2 39.1
18:3cce 18.8 16.8
18:3 isomers 0.9 1.4

! 99.2 I 99.4

These compositions are well within the range, which is given
in literature. In the fully refined oil obviously some iso-
merization of the 18:2ccc-fatty acid has taken place, either
during the bleaching process (acid bleaching earth) or dur-

ing the deodorization.
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IIT 3.2.1.2. Gelpermeation chromatography of the oil

GPC (s. appendix 3, p. 2) of the intact oil separates the
constituents according to their molecular weights. The GPC
diagrams of crude RSO and fully refined RSO are shown in
fig. 1 and 2. The area %, which is roughly weight %, is
shown in the following table. The fractions are coordinated

to the different types of lipids [3].

GPC-compositions of RSO (area %)
oil from extraction

October 1985 January 1986
fraction crude RSO | refined RSO | crude RSO
free fatty acids + 3.7% 0.3 % 714 %
monoglycerides +
unsaponifiable matter
diglycerides 1.8 1.9 1.7
triglycerides 93.1 95.9 90.1
dimeric triglycerides 0.1 0.6 ./.
trimeric " /. .J. ..
MW > 10 000 1.3 1.2 1.1

The fraction with the lowest molecular weight contains fatty
acids, monoglycerides and sterols. Mostly this fraction
consists of fatty acids in case of crude RSO, what is
evident in comparison to the refined RS0. In refined RSO
hardly any free fatty acids should be present. The remaining
0.3 % thus is the upper limit for monoglycerides and sterols
in crude RSO, since both components are hardly removed in
the refining procedure. This assumption leaves 3.4 % free
fatty acids in crude RSO which agrees well with the acid
value of 6.4 (see p. 54, = 3.2 % free fatty acids).
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Diglyceride and triglyceride contents are a little bit
higher in refined RSO than in crude RSO due to the fact,

that free fatty acids have been removed.

The low content of dimeric triglycerides of 0.1 % or less in
crude RSO is expected in the fresh extracted o0il, where not
much damage in the triglyceride molecules is caused by heat.
A somewhat higher content after refining was found. That is
due to the heat treatmént in the deodorization step, where
triglycerides containing hydroperoxy - or epoxy fatty acids
are dimerised. Nevertheless the value of 0.6 % dimeric tri-

glycerides is quite normal in refined oils.

The most interesting feature of the GPC-diagrams of the RSO
is the substance with a rather high molecular weight of

10 000 D. The exact molecular weight of this fraction could
not be determined by the column used in this experiment.
Investigations concerning the nature of this substance are

given in 3.2.2.2.

III 3.2.1.3. Oxidized fatty acids

Prom the GPC-results of monomeric triglycerides it is not
possible to differentiate between those triglycerides con-
taining oxidised or normal fatty acids. The composition of
the normal fatty acids may be seen from GLC of the methyl-
esters, but the methylesters of oxidised fatty acids nor-

mally are not assessed by GLC.

Applying a method to fatty acid methylesters, which is de-
scribed for polar lipids (s. appendix 3, p. 3) 91.3 % unpo-
lar esters (w.r.t. total ester content) [4], were found in
the crude RSO extracted October 1985. In the fully refined
RSO the proportion of these esters was 95.7 4. These figures
show, that in RSO from fresh kernels most of the fatty acids
in the triglycerides are not oxidized. The fact that in the




fully refined oil the proportion of intact fatty acids is
higher than in the crude o0il, indicates, that the oxidised
fatty acids are enriched in constituents of the crude oil,
which are removed during refining (phospholipids, free fatty
acids). The figures are well in accordance with the results

known for other vegetable oils.

ITI 3.2.1.4. Unsaponifiable matter

The amount of UM [5] in crude RSO was found between 1.1 ¢
and 1.3 %. From the GPC analyses of this material about 57 %
vere determined as high molecular material, the remaining
rest showed molecular weights around 300 D (see fig. 3).

Thus the high molecular material is enriched in the UM.

In TLC two spots in the range of sterols were visible, which
could not be identified satisfactorily, but by comparison
with literature data are probably not one of the more common

phytosterols like e. g. stigmasterol or sitosterol.

In refined RSO only between 0,3 - 0,4 4 UM was found. In
this UM only 20 % had a high molecular weight of > 10000 D.
Since according to GPC the content of this polymer material
shows a similarly high molecular weight in crude and refined
0il, the considerable differences of the UM in both oils
cannot be explained without further sophisticated investiga-

tions.

IIT 3.2.2. Minor constituents of rubber seed oil

In view of a possible use of RSO for human consumption, it
was interesting to look for minor components in this oil,
which could influence this utilization. For instance the

content of a natural antioxidant is of high importance for
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the taste keepability of such a highly unsaturated oil.

III 3.2.2.1. Tocoupherols

A HPLC-diagram of cru e rubber seed oil (method see appendix
3, P- 3) is shown in fig. 4. By cochromatography of a mix-
ture of tocopherols (a - &) and rubber seed oil it was dem-
onstrated, that rubber seed 0il does not contain tocopherols
(fig. 5). Twc main signals in RSO with a 10 % larger
retention time than the neighbouring a- and y-tocopherols
were obtained. It is assumed, that these signals belong to
tocotrienols. Tocotrienols and their esters are reported to

be present in latex of Hevea brasiliensis [6,7,8].

ITII 3.2.2.2. Polyieaprene

-— o - - - -

One ¢f t. .08t interesting minor component which was found
in RSO cduring this investigation is the high molecular
weignt material, which was detected in the GPC-diagram

(s. IIT *.2.1.2, p. 64). It was present in the oil in
amounts of ~ 1 %. The assumption could be made, that this
component does not contain oligomeric triglycerides or phosF
pholipid micelles, since it is enriched in the unsaponifi-

able meterial of the oil.

To get some material for identification purposes the follow-

ing procedure was applied:

1) Preparation of unsaponifiable material from crude RSO

2) Gelpermeation chromatography on preparative scale: 5 mg
of the UM were separated on a polystyrene column, using
tetrahydrofurane as eluent (s. appendix 3, p. 2). The

first fraction was trapped and evaporated.
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The 1H—NHR-spectrum (400 MHz) of this material in deuterated
THF is shown in fig. 6. The signals indicated by x appear
also in a spectrum of the blank material. They derive from
impurities in the THF, used for fractionation and from the
solvent used for the NMR-spectrum. The remaining three
signals of the polymer have the characteristical chemical
shifts for CH-protons, CH,-protons and CH3-protons with the

relative intensities of 1 : 4 : 3,

This pattern is characteristic for isoprene increments

in trans~ and cis-1,4-polyisoprene. Whether the confi-
guration at the double bond is cis or trans could not be
decided from the NMR-spectrum. Most probably it is cis,
because Hevea brasiliensis produces cis-1,4-polyisoprene

anyway in form of latex.

A further GPC-investigation was carried out, to get a more
exact value for the molecular weight of this polyisoprene.
Using a column set suitable for discriminating between much
higher molecular weights than the set used for characteriza-
tion of the RSO, molecular weights of several hundred thou-
sand Daltons vere found. The molecular weight distribtuion
(volume-weight) 1s given in fig. 7. For polyisoprene in la-
tex molecular weights of 200000 - 4C0000 D [9] or degrees of
polymerisation of 8000 to 30000 [10] ~ 5,4 « 10° to

2 - 106D are veported . So the molecular weights of the

polyisoprene molecules in RSO are about the same as those in

latex.




A
Fig. 6: ‘H—NMR—specttum of material with M¥ > 10000, separated by preparative GPC
Solvent: Tetrahydrofurane
Peaks indicated (x) occur also in a spectrum of material from
a blank run of GPC-separation
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3.2.2.3. Phospholipids

The crude o0il, obtained Oct. 1985, had 260 ppm phosphorous.
Applying a commonly used converting factor of 295, this re-
sults in 0.65 % phospholipds in this o0il. In a TLC of this
crude o0il the main phospholipid to be seen is phosphatidic

acid.

The relative phospholipid composition was assessed in the
sludge, obtained from this o0il (1-dimensional TLC and phos-
phorus determination in the s=pots of the phospholipids [11],
see appendix 3, p. 3).

Phospholipid composition relative to total phospholipids

assessed:

phosphatidic acid (PA): 46 %
phosphatidyl inositol (PI): 22 %
phosphatidyl choline (PC): 24 3

phosphatidyl ethanolamine (PE): 8 %

No other phospholipid of significance could be detected.
These 4 phospholipids analysed in the sludge account only
for 22 % of the total phospholipids, present in the crude
0il. So the major part of the phospholipids remained in the
"deslimed” o0il and probably adds to the emulsion problems in
the neutralizatior step. However, they are removed together

with the soaps.

III 3.3. Quality assessment

III 3.3.1. Colour stability

The colour stability of RSO, exposed to air and daylight,
was investigated (s. appendix 3, p. 4):




- T2 -
iodine colour
storage time (weeks) crude RSO refined RSO
o 40+ 3+
1 40- 3-
2, 25 2
5 20 turbid
7 most material was polymerised,
the remaining oils were only
slightly yellow coloured

During storage under these conditioms, the colour was
reduced in both oils. This is a normal behaviour with oils
containing caroteroids as the main colouring matter. Carote-
noids are oxidised by lipid-hydroperoxides, formed in the
first autoxidation step of unsaturated fatty acids. This is
in contrast to the statement that soap, containing 5 - 10 %

RSO, gets a darker colour during storage (s. II 2.5., p. 40).

III 3.3.2. Taste and taste stability

Crude RSO as obtained after hexane extraction was a brownish
clear somewhat sticky oil. A fresh sample with a relatively
low acid value (6.4) had a mild pleasant nutty taste with
only slightly soapy and bitter notes. The soapy and bitter
taste was more pronounced in the sample with an acid value
of 17.

,

The fully refined sample of RSO was almost colourless, the

nutty flavour had disappeared, the taste was rather neutral.




IIT 3.3.2.1. Storasge test with crude rubber seed oil

The acceptable taste of a fresh oil does not guarantee, that
the taste will keep durizg longer storage. EBspecially the
high proportion of lirolenic acid in the triglycerides of
RSO is vulnerable to the attack of oxygene, resulting in a
bad taste. So it was of interest to see how long the taste
of the o0ils will remain stable, and whether this can be

infiuenced t _.n antioxidant.

Storage tests were done in half filled bottles under air and
in darkness. To simulate the conditions in tropical coun-
tries storage temperature was 30°C. The taste was assessed
by an experienced taste panel at intervals of 2 - 4 weeks.
Main emphasis in the judgement was put on detecting taste
deterioration. Taste intensity, as is often assessed, was
not so important here, because the crude RSO started already

at a relatively high level.

The results of the organoleptic judgements are compiled in
Tab. 1. Crude RSO got a slightly seedy odor after t month
which changed into a burnt note after 2 months. Taste
deterioration became noticeable after 2 months. The soapy
and bitter taste had increased, the 0il now caused some
irritation in the throat. A "burnt"™ taste was first noticed
after 21@ months and became stronger and stronger to the end
of the test period (5-6 months). At the end also a sour
taste was perceived. Surprisingly no "varnish”" taste was
observed, as would have been expected because of the

similarity of the triglycerides to linseed oil.

The crude RSO was rendered acceptable under these test con-
ditions roughly up to 2 months. Addition of 1000 ppm synthe-
tic a-tocopherol did not improve the taste stability of
crude RSO, the kind and speed with which off-tastes de-

veloped were about the same as without tocopherol.



2

Tab. 1

Organoleptic judgement of rubber seed oil
all oils stored at 30 °C in total darkness

storage crude RSO refined RSO Mixture of 80 ¥ refined CN
time with
[weeks] 20 € crude RSO l 20 ¢ refined RSO
- ‘( N
initial | slightly soapy, bitter [aJ tasteless [a] nutty, bitter [a] tasteless [a]
2 slightly seedy [a] | slightly ranzid [a] | nutty, bitter (a]] tasteless (a]]
4 slightly seedy [a] | s1ightly ranzid [a] | nutty, bitter [a? tasteless (a]l 3
8 slightly seedy [a] slightly ranzid [a] nutty, bitter [a] tasteless [a] '
10 slightly seedy little "burnt” [a] slightly r¢ =zid [a] nutty, bitter [a] tasteless [a]
15 " " stronger "burnt" [a] faint taste of cod liver [a] slightly soapy [a] slightly ranzid [a]
20 throat irritating

slightly ranzid [

] al
]| silightly ranzid [a
+ s8lightly sourish |a

"burnt" taste [na] faint taste of cod liver [a] slightly throat irritating [a
25 strong sourish [na] faint taste of cod liver [a] slightly throat irriitating [a

[a] = acceptable taste .

[na] = non acceptable taste
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IIT 3.3.2.2. Storage test with refined rubber seed oil

The refined RSO started with almost no taste. After 12 days
a very :light rancid smell occurred, which probably derived
only from the thin o0il layer at the ground stopper. It did
not increase on further storage and was not noticed in the
taste. The latter became slightly seedy after 1| month and
did not change much until after 3143months a faintv taste of
cod liver oil occurred. But up to the end of the test period
(5 morths) the taste of the refined RSO was still accept-
able.

When 1000 ppm a-tocopherol was added to refined RSO, this
0ily and seedy taste was not observed. After almost 2 months
a musty taste was firstly perceived, which only slightly
increased until the end of the test period (5 months). So in
this case the antioxidant had a positive effect; with crude
RS0 this effect probably is overuled by the more intensive

basic taste of the o0il itself.

IIT 3.3.2.3. Storage testy of a mixture of rubber seed o0il/

coconut oil

In a third test row the taste stability of a mixture of 20 %
crude RSO and 80 % refined coconut oil was checked. Under
the same test conditions as mentionnd above, the taste of
the mixture (which was nutty at the beginning) got slightly
soapy and irritating to the throat after 31ézmonths. After 5
months a slightly "burnt" taste was perceived in addition,

but the mixture still was acceptable.

The mixture with 20 % refined RSO was quite neutral in taste
at the beginning. A very slight rancid odour after 31@
months did hardly increase until 5 months. At the end a
slightly sourish note was perceived in addition.
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IIT 4. Filtration of rubber seed oil

Some problems occured during refining of RSO, particularly
in the bleaching step when bleaching earth has to be fil-
tered off. It took more than 20 hours to filter off = 1 kg
RSO and severe losses of oil were observed, even at tempera-
tures around T0%°C and with a high rate of changing the fil-

ters.

To illustrate the problem, the filtration speed of RSO was
compared with that of soybean o0il:

2 ml 0il of each kind were filtered through a Biichner funnel
(diameter 1 cm) equipped with a paper filter ("Schwarzband",
Schleicher u. Schiill). Then vacuum was applied and the time
assessed, necessary for the o0il to run through. Whereas the
soybean o0il passed the filter within % sec the RSO (neutra-

lized, dried, clear oil) took 6-10 min.

ITI 4.1. Viscosity

In principle the slow filtration of RSO could be caused by a
high viscosity. In comperison with soybean 0il the RSO seems

to be somewhat more sticky.

Measurement of the viscosities with a Rotovisko-apparatus

resulted in the following viscosity figures:

Viscosities (in mPa’s) at
25°¢ 80°c
RSO 78.2 12.2
soybean o0il 42.2 9.0

The viscosity differences would merely explain a factor 2-3
in filtration speed at ambient temperature. At higher tem-

peratures hardly any difference in the viscosity was recog-
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nised. Therefore other reasons nust be responsible for slow
filtering rates in refining experiments, which are carried

out at temperatures of 70 - 100°C

ITII 4.2. Filtration trials

In the following experiments the influence of RSO on the
filter material was investigated. Using a glass filter
(Glasfritte D 4, maximum of pore diameter 16 pm) soybean and

RSO re-filtered in the sequence as given below:

1) soybean oil 4 ml: 1 min filtration time
2) " 4 ml: 1 " "
3) n 2 ml:lé " "
4) RSO 2 ml: 1, "
5) 2 ml: 114, " *) "
6) » 4 ml: 9 " "

7) soybean o0il 2 ml: § " "
8) filter washed with acetone

9) soybean o0il 2 ml: 3 min "

This experiment shows the following:

1. The filtering rate of RSO is at least 3fold at the be-

ginning of the process.

2. The filtering time increased also for soybean oil, after
RSO had passed the filter.

’

3. If the RSO is prefiltered (No. 5), the filter properties

obviously are not changed by this oil.

*#) The oil in this experiment had been filtered
through a glass filter before
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4. The material that clogs the filter, cannot be washed out

by acetone.

From these results it is concluded, that the filter picks up
some material from the RSO, which partly blocks the pores

and cannot be removed by polar solvents.

Arother glassfilter D 4 (14 um §) was completely blocked for

soybean oil and even acetone, after filtration of 4 ml RSO.

Instead of paper also glass fiber sheets of different poro-

sity were tested (samples delivered by Lehmann & Voss & Co.,

Hamburg)

1. AFS - 3 !", dustfilter, big pores
2. Lydair grade 251, medium density
3. " " 220, highest density

filter times for 2 ml oil
with filter type

0il | 2 3
soybean oil 3 sec 3 sec 11 sec
crude RSO 8 sec 9 sec 1 V5 min

On addition of bleaching earth Tonsil ACCFF only filters 2
and 3 retained the bleaching earth. The filter times,
however, increased to several minutes, because now the

filter cake blocked the filtration.

III 4.3. Separa:ion of polyisoprene

Because of the insufficient results of the filtration ex~
periments with different filter types further trials were

carried out to remove polyisoprene, using a technique which
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is based on an adsorption chromatography columun [12].

Triglycerides and more »>lar constituents are adsorbed to
silica gel from hexzanr: solution. More unpolar molecules like
carbohydrons (or very larje molecules or micelles which do

not fit into the pores of the 3102) are washed out.

Elution scheme:

500 g Si0, (Merck, activated at 160°C, 12h)

in hexane
82 g crude RSO
in 400 ml hexane 1) 6 1 hexane . 0.5 g liquid, MW < 380
82 g crude RSO
in 400 ml hexane 2) 1.5 1 hexane , 1.5 g brownish wax,

50 % phospholipids

3) 41 hexane , 19 g triglycaride

LY
74

4) 8.5 1 hexane : ether = 87 : 13 .
137 g triglycerides + fatty acids

5) 3.5 1 ether . 7 g fatty acids, diglycerides
' 7

«

By this procedure the polyisoprene content of the RSO (frac-
tion 4) has been reduced from 1.1 % to 0.4 %. The polyiso-
prene is concentrated in fractiom 2 (although this contains
also phospholipids, P = 2.0 % » 50 % phospholipids). This
0il (fraction 4) was filtered over glass fiber filter (see

below) in comparison to the starting oil:
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[ filtering timc {2 =l oil)
oil grade 251 grade 220
crude RSO 9 sec 1 % nin
S5i0,-treated RSO 6 sec 5 min

In case of the denser filter even longer filter times with

the purified o0il were obtained.

Some further experiments were carried out in order to reduce
the filtration time of RSO:

By treatment of the oil with differert adsorbents in order
to adsorb the polyisoprene particles (1-5 ¢, 10 min at

50°C). The following adsorbents were used:

Charcoal of different particle size
Kieselgel (Merck 7729, <0,08 mm)
Celite (filter aid)

Polyethylene (BASF, Lupolen 5270 Z)
Rubtber (powdered tube)

None of them, when the treated RSO was filtered through

paper (Schwarzband), gave a better filtration rate.

III 4.4. Dilution trials

III 4.4.1. Hexane as solvent

Small amounts of hexane reduce the viscosity very much and

at the same time may dissolve some of the polyiso%rene.

fil'ering times of crude RSO cortaining
0 5 10 20 20 50 ¥ hexane
6-10 min | 2-3 min | 1 1/2-2 min | 1 1Hmin '/ min 10 sec
(2 ml oil, Schwar: - .1)
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So relatively small amounts of hexane seeas to improve the

filtration rate.

The same filtration times as with 30-50 € hexane could be
obtained with crude RSO at 70-90°C (30-20 sec), but it was
found that the high starting rate will soon be reduced

because of blocking of the filter.

IIT 4.4.2. 0il as solvent

As a more apprcpriate solvent vegetable oils in mixtures of
RSO were investigated. With mixtures of crude RSO and soy-
bean 09il = 1 : 1 no better filtration rates were obtained.
A mixture of 20 % crude RSO and 80 % coconut oil, however,
showed the same filiratiion speed as coconut oil (at 50 -
55°C). Therefore, with 1 kg of a mixture of 80 % refined
cocoﬁut 0il and 20 % crude RSO a refining experiment was

carried out on a somewhat larger scale.
The 0il mixture was:
1) neutralized. Some emulsion problems were noticeable,

2) bleached with 1 % Tonsil ACCFF. After ition of
filter aid Seitz Kristall Theorit the fat mixture

4

filtered in quite a normal manner.

It remains to be checked on & pilot plan scale, wnetner this
is a practicable way to overcome the filt~r problems with
RSO.
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III 5. Ccmposition of Rubber seed Meal

The RSMs of the three extractions (see III 3.1, page 54)
were stored at -20°C prior to analysis. After drying at
120°C until constant weight, a water content of 8,8, 9,2 and

9.1 ¢ was found for three extracted samples.

IIT 95.1. Residual o0il content

The rubber seed meal of the first extraction was subjected
to a further two hour extracticn with 3iethylether. By this

extraction an amount of 6,2 % solub terial was obtained.

A GPC-analysis of the ether extract showed that the com-
position of this residual o0il is rather similar to c¢he ex-

tracted crude RSO obtained as described on page 60.

constituent area %
triglycerides 89.4
diglycerides 1.5
monoglycerides 0.3
fatty acidis 4.9
dimeric triglycerides 1.3
trimeric " 1.0
MW > 10000 0.6

III 5.2. Water soluble materials

From the ether extracted mes the following results were

obtained after further extr..tion with water: 4
Water soluble material: 33.5 % (w.r.t. RSHM)
Ash in % " : 6.5 % "
Water soluble prctein : 7.1 %

calculated from nitrogen content (Kjeldahl)
(F = 6.25)
water soluble carbohydrates

are calculated from these figures

3.5 4 - (6.5 % + 7.1 %) = 19.9 %




The water soluble carbohydrates [13] were analysed by TLC.
2 spots (s. fig. 8) were seen, indicating a mixture of a
disaccharide and a monosaccharide. Higher carbohydrates e.

g. trisaccharides or tetrasaccharides could not be detected.

The total raw protein was calculated from the total nitrogen
content determined by the Kjeldahl method using the conver-
tion factor 6,25 %. A total raw protein content of 30 % was

determined in the three meal samples.

In the rollowing table the main components of the investi-

gated RSM is compared to the average values found in litera-

ture.
constituent i results found
own investig. 1it.
Z z
H50 9.1 8
lipid _ 6.2 1
sol.carbohydr. 19.9 40
total protein 30.0 29
ash 6.5 5
fibre 8.0 7
z <79,4 % 100 %

Only 1a the soluble carbohydrates our results differed from
the literature values. By microscopical inspection of the
RSM, besidzs of cell fragments, a lot of almost spherical
particles (diameter ~ 5-1G um) were found. Their colour
darkened on addition of diluted iodine solution. This
confirms the assumption, that these particles consist of
starch, which is a watar insoluble carbohydrate and
therefore has not been assessed together with the soluble

carbohydrates. Its amount was determined in the range of 15

- 20 %.




Fig.

8:

@
e«

TLC of rubbersced carbohydrates
Silica gel, n-~-butanocl : formic acid

diphenylamin/anilin/phosphoric acid

1. 50 ug saccharose

2. 50 pug glucose

3. 50 pg saccharides ex
rubber seed

4. 250 pg saccharides ex
rubber seed

5. 50 ug raffincse
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Starch ies a normal constituent of many seeds. It is quite
astonishing that in analyses of rubber seed or RSM, reported
in the literature, starch never has been mentioned. Presum-
ably in those materials the starch had been converted alrea-
dy into soluble carbohydrates by enzymes. The material in-
vestigated was from the beginning of the seed fall period,
has been collected immediately and was stored cold. Thus the
starch cleaving enzymes may not have had much chance for
attack. It should, hovcver, be mentioned that starch could
be seen in the seeds even after 5 months at room tempera-

ture.

IITI 5.3. Hydrogen cyanide

The content of hydrogen cyanide in the RSM obtained by
hexane extraction of freshly crushed kernels was assessed
after 3 months storage of the RSM at -209C. To liberate the
HCN from its glycosidic moiety, the RSM was acidified and
the HCN was steam-destilled and assessed via colour forma-

tion with picric acid [14].

The amount of 140 mg KCN/kg was remarkably low for a ma-
terial which had been stored so carefully. But still this
content was about 2-3 times higher than reported for RSM
stored at normal conditions. Therefore the assessment was
repeated with a RSM sample kept for 6 months at room tem-
perature (darkness). An amount of 95 mg HCN/kg was found
which shows, that the HCN-content can be reduced by a simple
storage procedure. A much lower HCN-content of 2b ng HCN/kg
was obtaired after neating the RSM with Hydrochlorid acid

and steam for 10 mir. at 100 %¢.




‘R
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IITI 5.4. Aflatoxins

Aflatoxins are formed by certain mould varieties (e.g.
Aspergillas flavus, Aspergillus niger) which grow on fat

containing seeds in warm climates.

In preparing the kernels for production of o0il and meal 10 ¢
dark seeds, which could possibly contain mould, were select-
ed out beforehand. In two batches of the selected material

the aflatoxin content were determined [15].

Selected batch
Nr. 1 Nr. 2
aflatoxin By: 1.85 mg/kg 1.70 mg/keg
n B,: 0.10 " 0.03 mg/ke
" G,: 4.25 " 7.10 mg/kg
" Gy 0.16 " 0.35 mg/keg
T : 6.36 mg/keg 9.13 mg/kg

Calculated on the total amount of kernels the amount of
aflatoxins is at least 0.65 mg/kg and might go up to 1 mg/kg
in the total meal if no selection of the mculded kernels is
provided. The aflatoxin content of those kernels which wvere
free of moulded material by manual selection showed suffi-

ciently low figures given below:

aflatoxin B, 0,002 mg/kg
aflatoxin B, < 0,001 mg/kg .
aflatoxin G, 0,002 mg/kg
afiatoxin G, < 0,001 mg/kg




.

III 6. Discussion

In this chapter several important aspects with regard to the
composition and the pessible utilization of rubber seed is

discussed in view of the laboratory work.

IIT 6.1. Preliminary remarks

It was already known from the literature and was revealed
during the field study that the quality of the 0il and the
meal would be strongly dependent on the freshness of the
seeds. Because of the circumstances that compelled us to
carry out the laboratory trials within the time schedule of
the project and to meet the above mentioned requirements the
whole rubber seed used in this laboratory work was collected
in the beginning of the seed fall and, as a consequence, may
not be a representative product in all aspects. Consequences
may be seen with respect to the content of starch, phos-
phatidic acid and lipase in the seeds. Therefore slight
differences in the behaviour of the o0il and the meal during
the technical production from this seed compared to mate-
rials from later seed fall might be possible. But this will
not change any of the main statements in the following dis-

cugsion.

III 6.2. Influence of drying and storing on the oil yield

Although the 3eeds used for the laboratory trialg were dried
down to a water content of less than 5 % it was found as
mentioned in chapter I.3.1 that there was a significant li-
pase activity which leads to a fat splitting even when the
seeds were stored at 0°C. In the literature [I, 18a] it has
been reported that kernels with 3-4 % H20 could be stored
for 24 weeks at 30-37°C without substantial increase in free
fatty acid content of the o0il. According to another paper
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L3

s 3] less than § ¢ H,0 in whole nuts should be present, to
prevent enzymatic attack. Obviously in this investigation it
was ascertained, that the hydrolysis was not stopped by low
temperature at this water content. Probably it is also im-
portant, whether in the predrying step of the nuts such a
high temperature is reached, that the lipolytic enzyme is
killed. This means that drying conditions with tempera-
tures > 80°C have to be applied in the drying equipment
irrespectively whether this is done by solar heated air or

in a fire heated drying oven.

As a possible consequence of the enzymatic fat splitting the
0il yield in the extraction process is reduced significant-
ly. On a period of four months the o0il yield was diminished
from 32 to 25 % while the acid value were going up from 6 to
17. A similar observation, however, on a much lower level of
acid values has been made by the Rubber Research Institute
of Malaysia (private communication of Mr. Nadarajah). The

figures obtained in that unpublished study were as fcllows:

Property Period of storage (months)

0 2 4 6 8 10
¢ moisture 3.16 2.78 | 4.07| 4.21| 3.86 5.07
% oil yield 39.5 39.4 40.0 37.2 31.7 29.3

%4 free fatty acids
in the oil 0.65 0.98 1.12 1.14 1.40 1.86

A similar behaviour is not reported for other oil seeds like
linseed and rapeseed, apart from the always occurring small

oil yield losses during long storage.

III 6.3. Composition of RSO

The composition the extracted RSO investigated in this study
did not show much differences for the triglyceride and fatty
acid content in comparison to other highly unsaturated vege-

table 0ils. This is in accordance with the literaturse.
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Fairly new results which have not been reported in previous
papers were obtained by the analysis of the unsaponifiable
matter and the minor constituent. The most surprising result
was obtained in the GPC analysis of the oil. The crude RSO
contains about 1 ¢ of a polyisoprene material with a molecu-
lar weight of several hundred thousand Daltons. Because of
the very good o0il solubility of such materials this compo-
nent could only be reduced partly in a refined procedure.
Several attempts failed to remove this polymere material
from the oil by applying different absorption materials. The
technological problem caused by this material is discussed

later (s. III 6.5, p. 92).

As a refined and even a crude RSO has an acceptable taste
and does not contain high levels of harmful components the
0il may be used for human consumption. In this case the
tozicological aspect of the existing polyisoprene in the oil
is of importance. The polyisoprene as a very inert material
lacking any functional groups may be seen without hesitation
with respect to the toxicity. The influence of such a
material on the human body, however, if applied over a long
period of time cannot be predicted as absolutely safe. Most
likely the polyisoprene will pass the intestines without any
rescrption or metabolisation. Polymeric olefines for
instance with a molecular weight of 800 thousand Dalton in a
90 days toxicity test with rats did not show any harmful
effects [16, 17].

However, to run no risk more long term toxicological data
should precede the marketing of R30 for human consumption.
Long term toxicity studies are very expensive. The cost for
a long term study with two species will be in the order of
several thousand Dollars. In view of these immense costs it
should be pointed out clearly that such a study could be
carried out only if a serious attempt is made to marketing
RSO as an edible oil.
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IITI 6.4. Composition of rubber seed meal

As the protein and carbohydrate content of the rubber seed
meel is of really good nutrional value for the use in animal
feeds in this study emphasis was laid on the minor compo-
nents which could cause toxic effects on the animals as de-
gscribed in several papers. As the gossypol content of the
rubber seed meal was found to be equal or lower in compari-
son to linseed or soya meal only the hydrogen cyanide or a
possible mould toxin content may have adverse effects in

using RSM as animal feed.

The content of hydrogen cyanide in the form of a glycoside
will be quite high in the seeds direct after seed fall. 140
mg/kg was found in the meal when they arrived at the labora-
tory after drying. In the literature contents of 2000 mg/kg
is reported. Encymatically splitting of the glycnside in the
presence of water during storage reduces the hydrogen
cyanide content rather quickly. Under the same condition the
lipase activiy will split the triglycerides, and therefore
cause bad yield of a low quality oil. If the pre-dried seeds
with a2 low water content are stored, encyreatic splitting
fails and therefore the hydrogen cyanide release may be
somewhat lower. But even in this case hydrogen cyanide
content may come down to 10 mg/kg in the meal during the
storage or will he lowered to a value of 1 mg/kg by a short
steam treatment.

The lethal dosis of hydrogen cyanide for pigs is reported to
be the same as for men (1 mg HCN/kg body weight). Assuming
that 1/10 of the lethal dosis will not do any harm to the
animal then a fifty kg animal may take up not more than 5 mg
HCN with one meal. If the HCN content of the RSM contains

10 mg HCN/kg, not more than half a kg RSM could be consumed




by the pig per feeding. This calculation shows that the HCN-
content could be a limiting factor in the utilization of RSM
as feeding stuff, if the storage of the seeds and the meal
is not optimized. Optimization of this process has to be

done on pilot plant scale.

A much more limiting factor for the usage of RSM as feeding
stuff comes from mould toxins, especially aflatoxin. In
chapter III, 5.4, p. 86 the results for the aflatoxin
contents of the comparable freshly collected and dried seeds
used in the study demonstrate the uneasy situation of the
RSM. A limiting maximum content of 50 pg/kg aflatoxin in
animal feeding stuffs is recommended by WHO and introduced
in most countries over the world. Amounts of about 1 mg
aflatoxin per kg foodstuffs as determined in this study are
very dangerous to young animals especially calfs and have
been shown to cause death in animal husbandry. Because any
treatment of the seeds or the meal to remove aflatoxin con-
tent is too expensive (most suitable method is ammonia
treatment at 120 °C of several minutes), the only pos-
sibility to avoid these problems of animal feeding is the
manual selection of the moulded mostly dark appearing ker- .

nels.

Another way to minimize the problems with HCN and aflatoxins
will be the limitation of RSM to 25 % in the total feeding
stuff. This is in accordance with what has already been re-

ported in the literature.




III 6.5. Technological aspects

While with the exception of the optimizing procedure men-
tioned in III 6.4, p. 90 no problems occur with the techni-
cal preparation of rubber seed meal, some difficulties in
the processing of the RSO particularly the production of a

high quality oil have been revealed in this study.

In chapter III, 3.2.2.3 a relatively high phosphor lipid
content with a high amount of phosphatidic acid was deter-
mined in a crude RSO. The latter cannot easily be removed
from the 0il by the desliming step, and therefore may cause
problems by emulsification of the oil containing high
amounts of FFA during the refining step. The on - possibili-
ties to remove the phosphatidic acid drastically would be an
adsorption column cleaning or ultrafiltration of the oil.
Both processes would be far too expensive for p. -gsing
refined RSO. Therefore the best way to avoi? *his problem in
the neutralization step as mentioned in cha, * ¢ 3.1, is
quickly drying of the fresh collected seeds : ~mperatures
of 80°C to kill the lipolytic enzymes.

A further problem in the raffination of RSO is a low
filtering rate, obviously caused by the co %ent of
polyisoprenes which are clogging the filter. On page 80
uselessness of filter aids is described. Solvent solution of
the oil may be a suitable method, but because the solvent
has to be remov.d after filtration by an evaporation process
this is an expensive process. A more practical attempt to
overcome the filtering problem would be the mixing of RSO
with other vegetable oils before the raffination. The
feasibility of this procedure has to be proved on pilot

plant scale experiments.,

As & 5onsequence of the above outlined difficulties in the
raffination of RSO careful considerations are required Inr a
set up of pilot plant trials in order to develop a RSO pro-
cessing with the aim tc obtain a high quality oil on a low

cost level.
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IIT 7. Summary

Rubber seeds grown 1985, freshly collected and dried in an
air oven at T0-80°C in Sri Lanka, were investigated in the
NATEC laboratory (Hamburg) with regard to the composition

and technical aspects.

After manual decortification the 0il was extracted from the
crushed seed with petroleum ether. The acid value in the
crude 0il increased during storage of the predried seeds
(H20 in kernels 7,6 %) at 0°C for several months because of
lipase activity. The crude o0il was refined via a standard
laboratory method including desliming, neutralization, water

glass-treatment, bleaching and deodorization.

The 0il composition was comparable to other unsaturated
vegetable oils with regard to the fatty acid and the
oxidized and dimerisized triglycerides or mono- and
diglycerides. Gel permeation chromatography (GPC) indicated
a high molecular material (~ 1 ¢ of the oil) which was
separated by preparative GPC and identified as 1,4-
polyisoprene by 1H-NMR. The molecular weight of this
material was about 500 000 D which is comparable to that of

polyisoprene in latex.

Tocopherols as natural antioxidants were absent in the o0il.
HPLC analysis of the o0il revealed the existence of toco-

trienols which have also been found in latex. Phospholipids
in the o0il were mainly phosphatidic acid, in lesser amounts

also phosphatidyl-choline, -inositol and -ethanolamine.

The crude 0il had a brown-yellow colour (iodine colour 40)
and a pleasant nutty taste. It could be refined irto an
slightly yellow (iodine colour 3) oil which was almost
tasteless. The colours of both oils were reduced by storage
at daylight under air. In view of the linolenic acid content
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of 18 § the taste stability of the crude and refined RSO
were quite acceptable for several months. Additional
tocopherols gave a somewhat increasing stability. 20 £ crude
or refined rubber seed o0il in coconut o0il were acceptable w.

r. t. taste up to 5 months.

Technically filtration of rubber seed o0il is a somewhat
difficult problem. Obviously the polyisoprene clogs the
filter. It was not possible, to remove this polymer by
adsorbents or to overcome the difficulties by using other
filter material or filtering aids. Addition of 50 % hexane
improvel the filtration considerably. Also mixtures of 20 %
rubber seed oil and 80 % coconut 0il were filtered in quite
a normal manner, but it has to be checked in p_lot plant

trials, whether this holds also in technical scale.

In rubber seed meal some 15 - 20 % starch were detected,
which has not been reported in other papers before. The wa-
ter soluble carbohydrates consist only of mono- und di-
saccharides, nn tri- or tetrasaccharides, which may cause

digestioﬁ problems, were detected.

The content of toxic nydrogen cyanide of 95 - 140 mg/kg meal
was in the known range. In the moulded and rottem part of
the kernels, which has been separated before prccessing, an
alarmingly high amount of aflatoxins has been found. Recal-
culated on the total amount of kernels the aflatoxin content
was at least 0,65 mg/kg.

The results of the laboratory investigations ere discussed
in view of the technical and economical aspects of the uti-
lization of rubber seed, and the key points are lined out
which have to be taken into consideration the the set up of
pilot plant trials the further progress of this project.
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Recomnendations for pilot plant trials

In view of the already available experiences in the utili-
zation of rubberseeds and taking into account the problems
outlined in the study for the production of RS0 of high qua-
lity and RSM to be used as animal feeding stuff the follow-
ing route for the set up of pilot plant trials for the oil

and meal production is recommended:

1) Collection of seeds to be done by people at the states
{children and dependants) organized by the superinten-

dents or their estates managers.

2) Drying of the seeds is to be done on the estates in the
smoke-houses or by solar energy equipments. The latter

has to be built at the estates.

3) Decortication of the seed is to be done on the estates on
a rubber-mill or on a greoundnut decorticator. The latter
has to be installed, selection of kernels from the hulls

is done manually.

4) Milling of the kernels in a chakku mill together with
molassis or in an electrical groundmill. Both milling
systems have to be installed at the estates. Organisation
of this work to be done by the estates superintendents

and egtate managers.

5) Transport of the raw oil and cake to ‘he o0il and feed

consuming companies.
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6) Refining of the o0il should be done in small batches of
about 500 kg, the cake should be mixed with other ma-
terials to obtain finished animal feed products and

stored for several weeks before given to the animals.

As there is a relativzly high demand of cheap 0il in the
paint industry for the preparation of alkyd resins the oil
should be shipped from the estates directly to the paint
factory. The o0il may be used in a refined or unrefined state

for the preparation of the finished products.

In this route the low transport costs, the relatively low
costs for the investment of the simple machinery for decor-
tication and milling leads to a process which is based on a
very profitable system. From the economical ~int of view it
may be worthwhile to do the seed collection, drying, decor-
tication and milling at one estate in an area of several
estates so that ‘he machinery equipments have to be in-

stalled only at one place.

Interest for this model was mentioned by the general estate
manager of the Sri Lanka States Corporation 111. By this
model on the one hand with a fairly simple technology a com-
parable high priced raw material could be produced in a not
industrial area. On the other hand only products of improved
quality not containing waste-weight materials like moisture
or shells have to be transported to the refineries and fac-
tories in the industrial area where more sophisticated tech-
nolcgies for the preparation of final products have to be

applied.
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NATEC - Project Rubberrseed Page 1

This literature retrieval contalns citations on

RUBBER/SEED OR HEVEA
and
NUTRITION CR FOOD OR FEED OR EDIBLE ( Part 1
and NOT (NUTRITION OR FOOD OR FEED OR EDIBLE}! { Part 2)

Taken into consideration are records retrieved under these key words from the
databases

311:Chemical Abstracts Search - 1982-1985
310:Chemical Abstracts Search - 1980-1981
3i0:Chemical Abstracts Search - 1977-1979
309:Chemical Abstracts Search - 1972-197%
308:Chemical Abstracts Search - 1967-1971

51:FSTA ( FOOD SCIENCE & TECHNOLOGY ABSTRACTS ) - 1957-19a5

Sequence of records is chronological, latest records named first. OJwing to
retrieval in different databases double entries may occur.

Record # 1

ord.no. : 311:02077786
ANz, £ 1020977786t
Source s Journal

Titel 7 Plant tissues as indicators of soil nutrient availability for Hevea:
glasshouse evaluations

Author : Yew, F. K.j; Pushparajsh, E.

Locstion: Malay.

Journai » J. Rubber Res. Inst. Malays.

Date s 1984 ,32(3 1171-8%1

cocen s JRRIAN

L85V ;s 0035-953X

Languace: English

Record # 2

drgd.ro. r 311:010879481

CA-No. 7 101(11189481g

Source ¢ Journai

Titel ;s Preliminary study on levels of rubber seed meal for broiler rations
Author ; Sripongpun, 5.; Pralomkarn, W.; Chandumpai, A.
Location: Fac. Sci., Prince Songkla Univ., Thailand
Journal r Warasan Songkhla Nakkharcin

Date s 1983 ,5 (2)131-5

Coden  r WSNAEV

Language: Thai

Record # 3

Ord.no. ; 311:01071537

CA-NMo. » 101(9)71837v

Source : Journal

Titel s Evaluation of some chemical and nutritional characteristics of rubber

tree seed (Hev2a brasiliensis)

Author ; Selle, Celia Margarita; Gonzalez de Mejia, Elvira; Elias, Luiz
G.; Bressani, Ricardo

Locations Univ. Valle Guatemala, Guatemala, Guatemala

Jorrrnal 7 Acch. Latinoam. Nutr.
Date s 1982 ,33 (4 )884-901
Coden  : ALANBH

155/ s 0004-0622

Language: Spanish
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Record # 4

Ors.na. : 311:01005768

A-Ne. & 101115746t

scurce ¢ Journal

rrtel s Chemical composition and nutritional value of para-rubber seed and its
products for chickens

Autfror  : Narahari, D.; Kothandaraman, P.

Location: Dep. Poultry Sci., Madras Vet. Coll., Madras, 600007, India

Journal : Anim. Feed Sci. Technol.

Date s 1984 10 (4)287-67

toden  : AFSTDH

L85V s 0377-8401

Langusgs: English

Record # 5

ord.no. : 311:00066745

CA-No. : 100(9)66745m

Source : Journal

7itel ¢ The influence of processing and storage on hydrogen eyanide and tannin

contents of para-rubber seed and its praducts

Author ¢ Narahari, D.; Kothandaraman, P.

Location: Dep. Poult. Sci., Madras Vet. Coll., Madras, 400007, India
Journa/ : Anim. Feed Sci. Technol.

Date 2 1983 ,9 (4)319-Z3
codsnn r AFSTODH

IS5V s D377-8401
Langusgsr English

Record # &

ord.no. : 311:000335693
CA-Mo.  » 100{5)33593q
Source < Journal

Iitei s Study on the zinc status in rubber growing soils and its effects on
rubber trees in China

Author : Wang, Guohong

Locations Rubber Cultiv. Res. Inst., Acad. Trop. Crops South China,

Peop. Rep. China

Journal : Turang Xuebao

Date s 1983 ,20 (3 1313-21

Cogen  : TJIHPAE

{55V s 0564-3929

Language: Chinese

Record # 7

Org.no. : 311:00021985 .

CA-No. ¢ 100¢(3)21985y

Source : Konferenz-Bericht

7itel  : Legume cover crops as a source of nitrogen in plantation crops in

the tropics

Author : Pushparajah, E.

Location: Rubber Res. Inst. Malaysia, Kuala Lumpur, Malay.
Journal : Trens. Int, Congr. Soil Seci., 1Zth

Date 2 1982 ,2,)189-97

coden  : SOPPAH

Language: English

Publish 7 Ind. Soc. Soil Sci., New Delhi, India
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Record & 8

drd.ro. : 311:00004937

A-Me. 2 10001)4937s

Source : Journal

Tiéel  :; The saponin content of some Nigerian oil seeds
Autfhor : Achinewhu, S. C.

Locstion: Dep. Food Sci. Technol., Rivers State Univ. Seci. Technol., Port
Harcourt, Nigeria

Journs! : Qual. Plant. - Plant Foods Hum. Nutr.

Date s 1983 33¢1 1¥3-9

coden s QLPLAN

185N s 0377-3z05

Language: English

Record # 9

Ord.noc., : 311:99157269

CA-Mz. 2 99¢19)157256%9m

Source : Konferenz-Bericht

Tiéted 7 Nitrogen cycle in rubber (Hewveal) cultivation
Author : Pushparajah, E.

Location: Soils Crop Manage. Div., Rubber Res. Inst. Malaysia, Kuala

Lumpur, 16-03, Malay.

Jourrnal -

Nitrogen Cycling Scuth-East Asian Wet Monsoonal Ecosyst.,

Proc. Reg. Workshop

Editor

Wetselaar, Robbert (Ed)” Simpson, Jeffrey

R. (Ed)” Rosswall, Thomas (Ed>

Date s
Coden s
Largusge:
Date K4
Publish :

1981 101-8
SODSAY
English
790000
Aust.

Acad. Sci., Canberra, Australia

Record # 10

Ord.no. : 311:99052404

CA-No. : F9(7352404y

Source s Journal

Titel # Evaluation of the suitsbility of the methods for assessment of
nutrients of Datmara soils with respect to rubber nlant

Author : Anam, K.; Didar-Ul-Alam; Rahman, Shafiqurs Hug, S. M.

Imamul

Location: Dep. Soil Sci., Univ. Ohaka, Dhaka, Bangladesh

Journal : Dhaka Univ. Stud., Part B

Date ; 1982 ,30 (2 1181-9

coden  : DUBSDX

Language: English

Record # 11

Ord.no. : 311:99004337

CA-No. ¢ 99(1)4337¢g

Source : Journal

Titel : Relative efficacy of some antifeedants and deterrents against insect

pests of stored rice

Author
Location
Journal
Date
Coden
JSSV
Language:

S Y Nt NN

Devi, D. Ambika; Mohandas, N.

Div. Entomol., Coll. Agric., Trivandrum, 695 522, India
Entomon

1982 ,7 (3 1261-4

ENTODS

0377-9335

English
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Record # 12

OrF.no. ;- 311:95159194
A-Ne.  » 98{191159194m
Source : Journal

Titef ¢ Finding of .alpha.-, .beta.- and .gemma.-dehydrotocopherol in wheat germ
0il by HPLC and GC/MS - a contribution te tocopherol analysis

Auther : Mueller-Mulot, W.; Rohrer, G.; Oesterhelt, G.; Schmidt, K.j

Allemann, L.; Maurer, R.

Locstion: Kontrollabteil., Hoffmann—{a Roche A.-G., Grenzach-Wyhlen,

Swit:z.

Jeurna! : Fette, Seifen, Anstrichm.
Date s 1983 ,85 (2185-72

cogen : FSASAX

PO s 0015-038X
Language; German

Record # 13

Ord.no. : 311:97161710
A-No. & 97¢1931561710:=
Source : Journcl

7itel - Commercial experience in the use of leaf analysis for diagnosing
nutritional requirement of Hevea

Author : Kow, Chang Ah; Hai, Teoh Cheng

Location: Harrisons and Crosfield Prang Pesar Res. Stn., Selangor,

Malay.

Journal : Proc. Rubber Res. Inst. Malays. Plant. Conf.
Date s 19823220-31

cogen  » PHPCOT

L0 s D1245-%054

Languager English

Date s 810060

Record # 14

drd.no. : 311:971561595

CA-No., 2 97i{19)161595r

Source ; Journal

7ite/  : Capability and management of alluviai soils under Hevea in

Peninsular Malaysia
Author : Daud, Noordin Wanj; Pushparajah, E.
Location: Rubber Res. Inst. Malaysia, Malay.

Journal : Proc. Rubber Res., Inst. Malays. Plant. Con?.
Date s 1982)174-202

logen  ; PHMPCDT

L85V s 0126-9054

Language: English
Date s 810000

Record # 15

Ord.no. : 311:97161572

CA-Mo. : 97(19)161572¢

Source : Journal

Titel ¢ Nitrogenous fertilizers for Hevea cultivation
Author : Pushparajah, E.; Huat, Tan Keh; Lock, Chin Siew
Location: Rubber Res. Inst. Malaysia, Malay.

Journal : Proc. Rubber Res. Inst. Malays. Plant. Conf.
Date s 1982)203-19

cooen  ; PMPCDT

155NV ;s 0126-9054

Language: English

Date 2 810000
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Record # 16

deg.na. : 311:97022603

fA-Ne.  » 97(3)2:2503d

Source : Journal

7its!  : Effect of rubber seed oil on the development and regression of
experimental atherosclerosis of the aorta in rabbits

Author  » Liu, Chaoran; Tang, Chaocai; Yang, Liang; Chen, Guozhen
Locairon: Kunming Med. Coll., Kunming, Peop. Rep. China

Journa?! : Zhonghua Xinxueguanbing Zazhi
fA3te s 1982 ,9¢1 154-7
Coden  : CHHCDF

Langusge:; Chinese

Record # 17
drd.ro. 2 311:96033588

tA-Mo. + 96(5133588h

Source : Journal

Titel s Gossypol in rubber seed meal

Author : Abdullah, Abdul Salam: Hutagalung, R. I.

Locaticn: Fac. Vet. Med. Anim. 3ci., Univ. Pertanian Malays:ia, Serdang,

Malay.

Journal : Pertanika

Date s 1981 ,4 (1 195-8
Coden 2 PERTODY

IS5V s D126-6128

Langusge: English

Record # 18

Ird.ne, & 311:96019182
CA-No. - F6(3119152Zh
Source : Journal

Titel ?7 Ultrastructure of mineral deficient leaves c’ Hevea. III.
Quantitative considerations

Author : Binte Hamzah, Samsidar; Gomez, J. B.

Locaticr: Rubber Res. Inst. Malaysia, Kuala Lumpur, Malay.
Jourrnal : J. Rubber Res. Inst. Malays.

Date s 1981 ,29(1 )15-23

coden  ; JRRIAN

155N s Db035--953X

Language: English

Record # 17

ord.no. : 311:960058596&

CA-No. r 96(1)5596r

Source : Journal ,

Titel ¢ Ultrastructure of mineral deficient leaves of Hevea. 11. Effects
of micronutrient deficiencies

Author : Hamzah, Samsidar Btej; Gomez, J. B.

Location: Rubber Res. Inst. Malaysia, Kuala Lumpur, Lumpur, Malay.

Journal : J. Rubber Res. Inst. Malays.
Date s 1980 ,28¢(1 »17-25

Codenn  ; JRRIAN

LS55V s 0035-953X

Language: English

Record # 20
Ord.no. : 310:95041360

CA-Mo. : 95(5)41360x

Source ; Journal

Titel/  ; Some aspects of the mineral nutrition of young hevea trees in Ivory
Coast




NATEC - Project

Jourrnss ; Rev. Gen. Caoutch. Plast.
Dste 2 1981 ,510, )87-94

Record # 21

Page &

drd.no. » 310:95023463

CA~Noz. » 95(3)23463d

Source : Konferenz-Bericht

7itel s Manuring in relation to exploitation systems
Journai : RRIM Train. Man. Soils, Manage. Soils Nutr. Hevea
D3te s 1981 »211-20

Record # 22

ard.no. :; 310:95005614

cA-Me. 9501154814z

Source : Konferenz-Bericht

7resl 2 Fertilizers and their efficient use

Jourrnal : RRIM Train. Man., Soils, Manage. Soils Nutr. Hevea
DLate s 1981 )175-232

Record # 23

ors.no. ; 310:95005613

CA-Mz., : F5(1)5513y

Source ; Konferenz-Bericht

7itel  : Variations in leaf nutrient contents and their interpretation
Journs/ : RRIM Train. Man. Soils, Manage. Soils Nutr. Hevea

Date s 1981 1101-14

Record # 24

ord.no, ; 310:95005612

CA-Mz.  : F5(1)55812x

Source ¢ Konferenz-Bericht

7itel  : Major nutrients : role and deficiency
Journa/ : RRIM Train. Man. Soils, Manage. Soils
Date ;s 1981 87-%2

Record # 25

ord.no. ¢ 310:95005611

cA-Mo, ¢ 95(1)154611w

Source : Konferenz-Pericht

7itel s Mutrient cycle in a rubber plantation
Journal ; RRIM Train. Man. Soils, Manage. Soils
DLate 7 1981 176-84

Record # 26

Ord.ne. ¢ 310:95005610

CA-Mo. : 95(1)5610v

Source : Konferenz-Bericht

7itel  :; Chemistry and fertility of soils
Jourrnal : RRIM Train. Man. Soils, Manage. Soils
Date s 1981 y1z2-25

Record # 27

ord, o, ¢ 310:93219751

CA-Mo. ¢ 93(23)219751z2

Source : Journal

Titel ;

Jourrnal : Rubber Board Bull. (India)
Date s 1980 ,15 (3~4 »467-70

symptoms
Mutr. Hevea

Nutr. Havea

Nutr. Hevea

Fertilizer value of Musscorie rock phosphate for manuring of rubber
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Record # =8
ord.na. : 310:93219685

CA-N=.  : F3(23)219665z2

Source : Jaurnal

Iitel s Effect of air-drying on nutrient concentration in leaves. II.

Effect on sun-drying and hot iron-pressing on nutrient concentration
in leaves

Journal : Rubber Board Bull. (India)

Dste 1980 ,15 (3-4 )57-5

Record # 29

Ord.na. @ 310:93219664

CA-Mo. : 93(23)219664y

Source : Journal

iitel  : Effect of air-drying on nutrient concentration in leaves. 1.

Studies on preparation of leaf samples of rubher (Hevea Brasiliensis)
for chemical analysis

Journal : Rubber Board Bull. ‘“India)

Date 2 1980 ,15 (3-4 )55-7

Record # 30

ord.no. : 310:93184952

A-No. : 23(19)184952m

Source : Journal

Titel s Land-disposal of rubber factory effluent : its effects on soil

properties and performance of rubber and oil palm
Journal : Proc. Rubber Res. Inst. Malays. Plant. Conf.
O3te s 19791435-57

Recnrd # 31

org.nc, ; 310:93131112

CA-Ne. : 93(133131112f

Source r Journal

Titel s Rubber seed meal as a protein supplement in growing swine rations
Journal : J. Matl. Sci. Counc. Sri Lanka

date s 1979 ,7¢2 )101-4

o

Record # 3Z

Ord.noe. : 310:93069333

CA-Mz. & 93(7159333y

Source : Journal

Titel ¢ Effect of feeding rubber seed cake to growing calves on dry matter

and nutrient utilization
Journal : Gujarat agric. Univ. Res. J.

Date s 1980 ,5t2 )40-3 ,
Record # 33
ord.no. : 310:93045002
CA-Mo. = 93(5345002p
Source : Journal
7itel/ :; Effect of potassium and aluminum treatments on growth and nutrient
uptake of rubber seedlings and on soils
Journal : J. Rubber Res. Inst., Malays.
Date s 1979 ,27(2 »92-103
Record # 34
Ord.no. : 310:93044760
CA-Mo. & 93(5)44760x
l Source : Journal
Jite!/ : The copper, zinc, manganese, iron and aluminum contents of soils

commonly used for Hevea brasiliensis cultivation. I. Distribution
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within soil profiles
Journal : J. Rubber Res. Inst. Malays.
Date s 1979 ,27(2 )48-78

Record # 35
drd.ne. : 310:93025044

CA-Me.  » 93(3)25044a

Source : Journal

Fitel s Comparative effects of ashing and acid digestion on the elemental
analysis cf some tropical tree crops

Journal : Inf. Ser. — N. Z. Dep. Sci. Ind. Res.

bOste s 1978 ,134 (Plant Nutr., v1 2113-22

Record # 36

Ord.nc. : 310:92214154
CA-Mo. » 92(28)714154b
Source s Konferenz-Pericht

Titel ¢ A radiotracer study on seasona! uptake of phosphorus by mature
rubber and oil palm

Journal : Asean Soil Conf., {(Proc.), 3rd

Date s 1977 )181-91

Record # 37

Ird.ne, » 310:92214153

cA-No. = 92(25)1214153a

Source : Ronferenz~Boricht

Jitei s The effects of potassium, calcium and magnesium on cation exchange
capacity cf Hevea roots

Journsi : Asean Soil Conf., (Proc.), 3rd

Dste 7 1977 1167-70

Record # 38

Ord.no. ¢ 310:921273%4

CA-No. : 92(1511273%4m

Source : Journal

7itel/  : Evaluation of rubber (Hevea brasiliensis) seed cake for promoting

growth in calves
Journal ¢ Indian J. Nutr. Diet.
Date s 1979 ,1&6 (10)383-9

Record # 39

Ord.no. : 310:92040483

CA-No. : 92(5)140483r

Source : Dissertation

Titel s Extractable minerals in nine Malaysian so0ils and their effect on the

mineral contents of four Hevea clones
Date s 1979 1193 pp.

Record # 40

Ord.no. ; 310:92021299

CA-No. : 92(3)2129%u

Source ¢ Journal

Titel 7 Response of rubber (Hevea brasiliensis) seedlings to phosphorus

sources on a Malaysian clay soil
Journai : Proc. - Soil Crop Sci. Soc. Fla.
Date s 1979 ,38,)81-3
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Record # 41

Idrd.no. : 310:92005325%

CA-Ma.  : F2(1)5325u

Sogurce : Journal

iided 2 A review of work done at the Rubber Research Institute of Malaysia
on fertilizer and ethephon stimulation in the rubber smallholder

sector
Journal : Planter
Date 2 1979 ,55 (639 )272-8

Record # 42

Ird.ro., ¢ 320:91209897
SA-No.  » 91(25)209897w
Scurce :; Jourral

Fitsl ;s Studies on goat nutrition. IV. Comparative evaluation of
conventional and unconventional feed for evolving a cheap and economic
ration for goats

Journal : Rerala J. Vet. Sci.

Date : 1978 ;9 (2)2056-14

Record # 43

ord.no. & 320:91139742
CA-NMz., & 117313974 2r
Source : Buch

Fitei s RRIM (Rubber Research Institute of Malaysia) Training iManual on
Soils, Management of Soils and Nutrition cf Hevea
Date s 1979 1234 pp.

Record # 44

Ord.ne. : 320:91139715

CA-Nz. & 9101721397153

Source : Journal

Titel s Methaods of fertiiizer application for mature rubber trees
Jourral : Menara Perkebunan

Date s 1976 ,44 (53221-6

Record # 45

ord.no. ¢ 320:%91004390

CA-Mo., ¢ 91{1)4390d

Source ¢ Journal

Tital s Discriminatory nutrition for rubber in Java and South Sumatra
Journal : Menara Perkebunan

Date s 1977 ,45 (3)111-20

Record # 46 ,
Ord.no. : 320:90185493

CA-NMo. - 90(233185493n

Source : Journal

Titel s Potassium-supplying power of seven soils under rubber
Journal :; J. Rubber Res. Inst. Malays.

Date s 1978 ,26¢1 )»13-20

Record # 47

Ord.no. : 320:90102534

CA-NMo. ¢ 90€(13)102534¢c

Source ! Journal

Tritel 7 Residual effect of applied phosphates on performance of Hevea
brasiliensis and Pueraria phaseoloides

Journal : J. Rubber Res. Inst. Malays.

Date s 1977 ,25(3 )»101-8

4 . S P WY S 4




NATZC - Project Rubbers=ed {Part 1) Page 10

Record # 48
ard.pe. : 320:90038035

HA-Ma.  : 90(5)38035m

Scurce ¢ Journal

frési ¢ rFertilizer elements and gibberellic acid interaction on the
buddability of para rubber (Hevea brasiliensis Muell. Arg.) seedlings
for green _udding

Jourrral : MIT Res. J.

Date 2 1977 ,7 (1 »71-80

Record # 49
ord.no. : 3:20:89214163

CA-NMo. o BF{Z5)214143s

Source ¢ Journal

7rite; ¢ Fertility of soils used for rubber in southern Bahia and degree of
tolerance of this crop to aluminum

Journal : Rev. Theobroma

Oste s 1977 ,7 (4 )125-32

Record # 50

ord.ng. : 320:89196117

A-Ma. 2 89(23)196117y

Source : Konferenz-Bericht :

Trited ;s Maruring of Hzvea under ethephon stimulation

Jourrnsl : Lect. Notes — RRIM Course Tapping, Tapping Syst. Yield

Stimul. Hevea
Date s 1978 )196-203

Revord # 51

org.rs, : 320:89178739

CA-No., - B9(21)17873%y

Sources  ; Journal

Tite? ? The efficient use of phosphatic fertilizer in relation to the

phosphorus fixing capacities of rubber tree soils

Jourrnai : J. — Rubber Res. Inst. Sri Lanka
Date 7 1978 (5401, Pt. 2 1263-9

Record # SZ

Ord.no. : 320:89162250

CA-Nz., 2 89(19)162250w

Source : Journal

iite! ;s Management of covers under Hevea in Sri Lanka
Journsl : J. — Rubber Res. Inst. Sri Lanka

Date s 1978 ,54(1, Pt. 2 »291-8

Record # 53

ord.no. : 320:89162102
CA-No. : 89(1931621022
Source s Journal

Titel s Nutrition and fertilizer use in Hevea and associated covers in
peninsular Malaysia - a review

Journal : J.. - Rubber Res. Inst. Sri Lanka

Date ;7 1978 ,54(1, Pt. 2 »270-83

Record # 54
ord.rpo. : 320:89103777

CA-NMo. : 89(13>103777a

Source ¢ Journal

7ite/ ! Characteristics and some fatty acids of para rubber seed oil in
Malaysia

Journal : Nettai Mogyo
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Data s 1978 ,21 (3-4 1201-%

Record # S5

oré.nc. » 320:88189018

A-As. & BB(25)189018t

Sourcs ¢ Journal

frtel - A note on application of mixed rubber factory effluent to mature
rubber

Journal Planter

Date s 1977 ,53 (619 r448-9

Record # S&
aré.ne. » 32G:88132912

vA-AMz. ; BBU17)13291Za

Source : Journal

Fitel ¢ Comparison of various methods of plant material mineralization
employed most frequently in Czechoslovakian laboratoriss

Jourral : Sci. Agric. Bohemoslov.

date s 1977 ,9 (3)157-54

Record # 57

Ord. 7o, : 320:88119941

cA-Np.  » B8L17)11994i1q

Source : Journal

Fitel s Natural rubber encapsulated fertilizers for controlled mwirient

release
~vourrnsi : Proc. Rubber Res. Inst. Malays. Plant. Conf.
D3ts 7 1976353-74

Record # S8

ord.nc. : 320:87200086
CA-Ne. r 87(25)200080j
Source ¢ Journal

Titel s Latex flow studies. X. Distribution o: metallic ions between
phases of Hevea latex and the effects of yield stimulation on this
distribution

Jourpal : J. Rubber Res. Inst. Malaye.

Date 2 1977 ,25, Pt.

1, )31-49

Record # 59

Jrd.no. ¢ 320:87052030

CA-Mc.  » B7(7352030a

Source : Journal

Titel s Biclogical evaluation of para-rubber seeds (Hevea braziliensis)
Jourrnal : Nutr. Rep. Int.

Date s 1977 ,15 (5 )497-510

Record # 60

Ord.no. : 320:87004557

CA-No., : BT(1)4557f

Source ; Journal

7itel  : A study on the effect of some trace elements on the growth of rubber
seedlings in nursery

Jourrnal : Rubber Board Bull. (India)

Date s 1976 ,13 (1-2 )30-2
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Record & 31

Idrg.me. 2 320:57004555

CA-AG. o 87(134555e

Source  : Journal

Frézf  : A study on the relative efficiency of some nitrogenous fertilicers
on the growth of rubber seedlings in the nursery

Jourrsi : Rubber Board Bull. (India)

Dste s 1975 ,13 (1-2 ¥1-13

Rercord # &2

drg.mo. 2 320:86015591

CA-Rz. - B6(3)1559HE

Scurcs  : Journal

jitel s Feasibility of using ruc:=r se=ds as animal feed supplement
Journsi : West Afr. J. Biol. Appi. chem.

date s 1975 ,19(2 )22-4

Record # &3

rd.mo. @ 309:85158487

A-Me. - 85(Z1)158487d

Source : Konferenz-Bericht

iites s Special problems in tropical humid areas : soil and plant nutrient

studies in rubber cuitivation
Jourrial : Int. Symp. For. Fert., {Proc.)
Oste s 1675 )331-50

Record # 54

Ord.no. » 309:85158463

CA-AG, 2 B85(IZ1)158453

Scurse  : Journal

Fited ¢ Nutritional and fertilization requirements of Para rubber tree
cultivation

Journsi r Bol. Tec., Cent. Pesqui. Cacau

Date s 1975 ,33,332 pp.

Record # &S

Org. no. ¢ 309:85019978

LA-VE. 2 85(3319998h

Source ¢ Journal

7ite;  : Brown bast and nutrition : a case study
Jourindi : Rubber Board Puli. (Indiaz)

D3tz s 1978 12 (3 183-3

Recore # 56

drd.ro, : 309:85004213

CA-No. ;s 85i114213z2

Source : Konferenz-Bericht

Tite] s Efficient use of fertilizers

Jourrial : Proc. Rubber Res. Inst. Malays. Plant. Conf.
&ditor s Ling,

Sim Lee (Ed)

Datz s 1974 )102-14

Record # 47

Ord.no. : 309:84003577

CA-No. : 84(1)3577p

Source : Journal

7ite/  : Manuring practices on rubber estates in North Sumatra
Journal/ : Rubber Board Bull. (India)

Date s 1975 ,12 )54-60
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Record 8 &8

drd.ne. & 309:683176905

A-Ms. o B3(Z1¥1759G5h

Savrce  : Journal

7iiéel s Glycercl cuatent in Indian vegetable oils
Jewrnsd : J. 0il Technol. &ssce. India

dats 1975 ,7i1 ¥31-2

Record & 59

drs.ne. » 309:83111142

AN, - B313) 1111421

Source : Nonferenz-Bericht

Fitss ¢ Evalution of mineral nutrition of Hevea in the Ivory Coast as a
function of the vegetative cycle sccording to foliar diagnosis

Jourins! : Potassium Cult. Sols Trop., C. R. Collog. Inst. Int.

Potasse, (0th

O3te s 1974 )209-14

Record # 70

I no. » 309:83077458

LA-Ne. - 83(9)77458b z

Source : Konferenz-Berichh

Fiter s Progression in fertilizer use, particularly cof potassium

fertilization in relation with productivity of Hevea

Journsl ; Potassium Cult. 50ls Trop., C. R. Colloq. Inst. Int.
Potasse, 10th

L3te s 1974 )475-83

Record # 71

Irs. ne. 209:31135634

cA-Mz. & 8102111350349

Source : Journai

7ite/  : Recent developments in the nutrition of Hevea in West Malaysia
Journal :; Rubber Res. Inst. Caylon, G. J.

Date s 1973 ,50,

Pt. 1-2, 145-33

Record # 72

ord.ne. » 309:80028287

A-No. r BO(S)IZEZE75

Source ; Journai

irzes s Effects of nitrcgenous fer:ilizzrs on growth of rubber szedlings and
i2scning losses of nutrienis

Joursai : J. Rubber Res. Inst. Halays

Date ¢ 1973 ,23{Pt. S )356-44 .

Record # 73

ord.ro. : 309:79135389

CA-No. : 79(23)13538%9k

Source ; Journal

Titer 7 Simple method for the detection of rubber seed oil in other
vegetable oils

Journal : Indian 0il Soap J.

Date 2 1972 ,37 (12HF1-12

Record # 74

Ord.n0. : 309:79090954

CA-Mo. : 79(15)90954x

Source : Konferenz-Bericht

Titel 7 Radiotracer studies on phosphorus uptake by Hevea brasiliensis from
Malayan soils for determining active root distribution
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Jovsnsi : lsotop. Radiat. Soii-Plant Reiat. Inci. Farest., Procc.
Symp.
Date s 1972 )445-79

Record # 75

drg.nic., - 309:790041886

&I-Na, 2 79(1)418b6u

Source : Journal

Fitei s Urea and the platation crops
Journal : Ascam Rev. Tea News

Date s 1972 ,81 (10)469-75

Record # 76

Grd. e, 309:78042119

CA-Nz., 2 78(714214%9m

Source : Journal

Fite? s Pedogenesis and soil fertility in West Malaysia
Jouriral : Natur. Resour. Res.

Date s 1971 ,No. 11, »129-39

Record # 77

Ord. 7z, & 309:77138767

A-Vo. ; T7{21)Y13587567b

Scurce ¢ Journal

Trtsel s nssessment of the cation nutrient status of acid scils
Journsi : RRIC {Rubber Res. Inst. Ceylon) Buil.

Date 1971 ,6 (3-4 )4i-51

Record & 75

drg.po. : 309:77100124

CA-AMc. £ T7(153100124b

Source : Journal

irted s Use of appropriate fertilizer for rubber based on soil and leaf

nutrient survey
Journa{ : Rubber Res. Inst. Ceylon, Quart. J.

Date 1971 ,48(Pt. 3-~4 )150-7
Record # 79

ord. ne. 309:77084992

CA-Na. 77(13)86992=

Source nonferenz-2ericht

Fites ¢ Soil survey for aszessing fertilizer requirement for rubber (Hevea
brasiliznsis)

Jourrai ;o ant. Symp. Soil Fert. Eval., Proc.

Edrtor : Wanwar, J. S (Ed)

date 21971 1, 1427-35

LY LU TR 1Y

Record # 80
Ord.nc. : 308:7512707S

CA-No. r 75(21)12707Sg

Soiurce : Journal

7ite/  : Value of 21 amino acids as nitrogen sources for Phytophthora
cactocum and P. heveae

Journal/ r Can. J. Microbiol.

Date s 1971 ,17 (1031319-25

Record # 81

ord.no. : 308:75047907

CA-No. ¢ 75(7)47907q

Source :; Journal

Titel s Effect of nitrogen-phosphorus-potassium fertilization on the growth

14
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oi WR 101 Hevea seedlings in the nuczcry
Jeurnzi ; Menara Perk=bunan
date s 1970 ,39 (1-2)15-19

Record # 32

dre.ioe. : 308:74110955

A-No. 2 T4(21)110955a

Source s Journal

Fitos ¢ Organic phosphorus fraction of cubber seils in Ceylen
Jour~s! s J. Indian Socec. Soil Sci.

Date s 1970 ,18 (2 133-40

Record # 83

drd.nc. & 308:730550448

cA-Mo.  » 73(11)55046q

Source : Journal

Titel 2 Automated determinations of phosphate content of soils under rubber
cultivation

Journz{ r J. Sci. Food Agr.

Date s 1970 (21 (86)275-8

Journal
Date

J. Pubber Res. Inst. Malaya
1969 ,21(Pt. 2 1161-91

Record # 34

Jdro.no. r 308:7:020980

fA-Me. 2 T2(5320980j5

Source  ; Journal

Fitei s BEffect of fertilizer applications on latex properties

Record # 85

orv.ng, : 308:720203893

cA-Ve. £ 72(5)20893h

Source  r Ronferenz-Bericht

Tited ;s Rubber, an example of progress in fertilizer use in tropiecal
agricuiture

Jourrnzi ; Trans., Int. Congr. Scil Sei., %th

Editor s Holmes, J. W

(Ed}

Date s 1968 4, )77-84

Record # 85

Jrd.mo. & 308:72019571

A=V, » TZIGH5Tiv

Source : Jouvrnal

Titer ;7 Technological and economic aspects of plant protein production
Jouurnal : Voeding

Date 7 1969 ,30 (8 1447-83

Record # 87

ord.no. : 308:71021229

CA-Mo., ; T1(5321229n

Source : Journal

7itel : Potassium status of some soils in the rubber growing areas of Ceylon
Journal : Rubber Res. Inst., Ceylon, Quart. J.

Date s 1967 ,43(Pt. 1-2 )19-33

Record # 88

Ord.no. : 308:70095831

CA-No. ¢ 70(21)95831d

Source : Journal

Titel ; Effects of trace elements on Hevea brasiliensis seedlings grown in
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the nursery
Jourrsi : J. Rubber Res. Inst. Malaya
Date s 19863 ,20(Pt. 3 M217-25

Record # 3°

drg.no. » 308:67G89865
HA-NMo. o 6T119189845q
Source : Journal
Fites s betection of rubberseed oil in edible oils by paper chromatography
Journsf ; Curr. Sci.
ste 2 1987 358 15 14034
Record # 90
Cro.nc. & 308:586G73280
A=Az, & &6ULT7)ITS2E0Nn
Scurce : Journal
iftei s Use of phosphates in the cultivation of Hevea brasiliensis in Malaya
Journai : Outlook Agric.
Date s 1986 ,5 (2 1&9-73
Record # 91
Oré.ne., & 308:56028534
CA-Ne. 2 85(7126536s
Source s Journal
Fitel s Use of tracer elements to improve the productivity of hevea culture
Journai : Meded. Landbouwhogesch. Opzoekingsstn. Staat Gent

dsto 1965 ,30 (2 )11465-84

Record # 92

Org.po. ¢ 51:256283 84-04-n &3

Fitel 2> The saponins conieist of some Nigerian oil seeds.

Author : Achinewhu, S. C.

Location: Dep. of Food Sci. + Tech., Rivers State Univ. of Sci. + Tech., PMB
5880, Port Harcourt, Nigeria

Journal : Qualitas Plantarum - Plant Foods for Human Nutrition, 1983,
1), 3-9

€3]
0y

Record # 93

Ord.no. :; 51:236959  83-04-s0615

7icei  r Efiect of feeding rubber seed meal-based diets on performance and
serum thiocyanate level of growing-finishing pigs.

Author : Ong, H. K.; Radem, J.

Locatien: Poultry + Pig Brench, MARDIL, Serdang, Selangor, Malaysia

Jourrai : MARDI Research Builetin, 1981, 9, (13, 78-82

Record # 94

Ord.no. : 51:236810  83-04-q0049

7itel/ : The use of rubber seed meal in poultry. II. The effect of rubber
seed meal in layer diets.

Author : Yeung, S. W.; Syed Ali, A. B.; Yusof, N.

Location; Feed Resources + Anim. Nutr. Branch, MARDI, Serdang, Selangor,
Malaysia .

Journal : MARD1 Resesarch Bulletin, 1981, 9, (1), 92-96

Record # 95

Ord.no, : 51:150439  78-06-N0254

7ite/ s (OIL PLANTS OF ZAIRE. 111. POTAMICAL FAMILIES PRODUCING OILS OF
RELATIVELY HIGH UNSATURATION.:

Author : KABELE NGIEFU, C,; PACGUOT, C.; VIEUX, A.

Location: UNIV., NAT. 0U ZAIRE, FAC. DES SCI., KINSHASA 11, ZAIRE

Journal : OLEAGINEUX, 1977, 3z, 12), §35-537




NATEC - Project Rubberseed (Part 1) Page 17
Record # 96

Ord.nc. : 51:015894  70-04—-NO140

Tite/ - (METHOD FOR SELECTIVE HYDROGENATION OF OILS CONTAINING LINOLEIC ACID
AND HIGHER UNSATURATED FATTY ACIDS.)

7itei  ; VERFAHREN ZUM SELECTIVEN HYDRIEREN VON OELEM, DIE LINOLSAEURE NEREN

HOEHER UMGESAETTIGTEN FETTSAEUREN ENTHALTEN.

Author : DE JONGE, A.; ERKELENS, J.

Lacztiorn: UNILEVER NV

Journs! - WEST GERMAN PATENT APPLICATION, 19469, 1 467 539
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Ord.no. to Recs. # 1-72

102109938 1000434556 98090848
102047373 991956944 980505413
102002321 99120430 98048571
101205945 991461713 Q8035814
1011567511 99135799 980295430
1011465997 99135474 98002767
1011480446 99102482 Q7174856
101127410 99102480 GTI11926
101127409 99083585 97210302
101126950 99055242 97210301
1011256949 99050519 @7195723
101126913 97050232 77195722
101093037 92040058 7183745
101087470 990349946 97178751
101020752 9034384 97158551
101020751 99002131 97132962
101019530 9001723 97106974
100205504 98217217 97088519
100153901 958216898 97087510
100152397 98213017 97065239
100098924 981756498 970556905
100078139 98162458 Q7052523
1000469951 98157830 6219554
100053504 98139505 G&155545
Ord.no. to Recs. # 73-85

5144823

95139935

GEL22499

96117582

960468195

96048917

6048114

F60474%4H

Q8031724

96030117

Q6021100

96003715

96003211

3/5/1

Chloride-icn stimulation of the toroplast proton-transiccating
ATPase from Hevea br:siiisnzis (rubbec tre2) latex.

3/9/2

Manufacture of rubber seed cil-modified alkyd resins

3/9/3

Recent advances in the study of tonoplast ATPases from fungi and
higher plants

3/9/4

Factors influencing recponses to ethephon

3/9/5

A dual mechanism

Relationships betwesn yield and clonal physiological characteristics
of latex from Hevea brasiliensis
3/9/6

Purification and characterization of hevain, a serine protease from
Hevea brasiliensis
3/9/7

Canopy photosynthesis in rubber (Hevea brasiliensis) :
characteristics of leaves in relation to light interception

3/9/8

A preliminary investigation into the relationship between latex
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invertase and lstex vessel plugging in Heves brasiliensis
3/9/9
Characterization of cell sap of Hevea and its influence on cessation
of latex flow
3/9/10
Endogenous ethylene in Hevea bark tissues
3/9/711
Carbohydrate status of exploited Hevea. III. Nonstructural
carbohydrates in thea bark
3/9/12
Evidence for a glutathione reductase activity in the cytosol from
the latex of Hevea brasiliensis
3/9/13
Study of the pulping of mixtures of log residuss from plywood
manufacture in Amazoras State, Brazil
3/9/14
Fractionation of Hevea brasiliensis latex on Ficoll density
qradients
3/9/15
Role of the lutoidic tonoplast in the control of the cytosolic
homeostasis within the laticiferous cells of Hevea
3/9/16
Role of the lutoidic tonoplast in the senescence and degeneration of
the laticifers of Hevea brasiliensis
3/9/17
Camparison of Hevea tonoplast adenosine-triphosphatase from freshly
isolated vacuoles and lyophilized tornoplast vesicles
3/9/18
Glutathione S-transferase irom Hevea brasiliensis
3/9/19
Physiological regulation of phosphoenclpyruvate carboxylase from a
non~-chlorophyllian system : the Hevea latex
3/9/2
Control of pink disease of Hevea ucing tridemorph in ammoniated
latex
3/9/21
Bensitivity of tonoolast-tound adenosine triphosphataze from Hevea
to inhibitors
3/9/22
Plant growth reguiatcr usze in natural rubber (Hevea brasiliensis)
3/9/23
Improved alkyds with epoxidized rubberseed oil
3/9/24
Rubber seed oil - the untapped potential source in Karnataka, India
3/9/2
Effect of cyanide on Microecyclus ulei cultures
3/9/26
A thermogravimetric study of the catalytic decomposition of
nonedible vegetable oils
3/9/2
An alkaline protease inhibitor from Hevea brasiliensis latex
3/9/28
A simplified boron diffusion treatment for rubber wood
3/9/29
A model of the vacuolar system : latex lutoids of Hevea
brasiliensis. (Report on 15 years of research done in the Ivory Coast
and in France)
3/9/20
Chemical defoliation of rubber tree in Bahia State
3/9/31
An endogenous NAD(P)H dependent enzymic activity, responsible for
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the peroxidative degradation of organelle membrane and for the early,
as well as in situ, coagulation of the latex of Hevea brasiliensis
3/9/732
Transtonoplastic proton efflux coupled to electron transport (the
NADH-cytochrome ¢ oxidoreductase) functions in the membrane of the
vacuole lysosomes from the latex of Hevea brasiliensis
379733
Increase in Hevea production by ethylene
3/9./34
Use of logs left over from plywocd manufacture in the pulp and paper
industry of Ama:zonas State, PBra:zil
3/9/35
Carbohydrate status of exploited Hevea. II. Effect of microtapping
cn the carbohydrate content of latex
3/9/35
Guayule (Parthenium argentatum A. Gray) : an alternative to hevea
(Hevea brasiliensis). (H.B. & K.} Muell. Aug
3/9/37
The suitability of rubberwood {(Hevea brasiliensis Muell Agr.) for
particieboard manufacturing
3/9/38
The lysozyme of bFevea brasiliensis latex : isolation, purification,
enzyme kinetics and a partial amino acid sequenre
3/9/39
Formulation and use of fungicides in mineral oils for rubber leaf
disease control
3/9/740
Hydroxymethylglutaryl CoA reductase (NADPH) in the latex of Hevea
brasiiiensis
379741
Laboratory investigations on fungicides and biclogical agents to
control three diseases of rubber and oil palm and their potential
applications
3/9/4%
Cardanol-based polymer. III. Inzulating varnish from Vietnamese
materials
375743
Mastication and green strength of iHevea rubber
3/9/44
Production of antifungal compounds in Hevea pods in response to
infection by Phytophthora meadil
3/9/745
tvidencs for an electrogenic sdeviczine Lriphosphatass in Hevea
tonopliast vesicles
3/9/4& A
Pulping characteristics of waste logs from plywood manufacture in
Amazonas State (Brazil)
3/9/47
Sucrose synthetase in the latex of Hevea brasiliensis Muell. Arg
3/9/48
The occurrence of 3-hydroxy-3-methylglutaryl CoA reductase (NADPH)
in the latex of regularly-tapped Hevea brasiliensis
3/9/49
Processing of hevea latex
3/9/50
Mycelial biomass and lacca. 2 activity in Hevea roots infected by
Rigidoporus lignosus
3/9/»1
Physiological and anatomical investigations on long-term
ethephon-stimulated trees
3/9/52

"0
9]
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A comparative rnhealogical invesiigation of nstural and
cis~1,4 pelyisoprenes and their carbon black compounds
3/9/53
Release of bud dormancy in budded stumps and maxi stumps using
growth substances
3/9/54
Enzymes of Hevea trasiliensis latex. Adenylate kinase, sulfate
adenylyltransferase (ATP-sulfurylase} and thiosulfate
sulfurtransferase (rhodanesel.
379755
Carbohydrate status of expioited Hevea. 1. The 2ffect of different
enpioitation systems on the concentration of the major soluble
carbohydrates in latex
3/3/55
Mulitielement determination of trace elements in piant samples by
inductively coupled plasma emission spectroscopy : preconcentration
and elimination of alkaline earth metal interfrrences

_.a—a—

3/9757

Triclopyr, a new arboricide for rubber
3/9/58

RRIM trials on stimulation of young rubber
3/9/59

Energization of solute transport and accumulation at the tonoplast
in Hevea latex
3/9/50
A plant vacuolar system : the lutoids from Hevea brasilisnsis latex
3797561
A comparative study of stress—induced crystaliization of guayule,
hevea, and synthetic polyisoprenes
3/9/62
Initisl physiological changes in Hevea latex and latex flow
characteristics associated with intensive tapping
3/9/63
S-Hydroxy-3-methylglutaryl CoA reductase of Hevea latex : the
occurrence of heat-stabie activator in the C-zervum
375754
Land-digposal of rubber e=ffluent : socil-plant system as a pollutant
remover
3/9/85
Biosynthesis of rubber in Hevea brasiliensis
3/97 66
Energizaticn of solute transport and accumulaticn in thz Hevea latex
vacugle
3/9/67
Arrhenius plot characteristice of membrane-bound
3-hydroxy-Z-methylglutaryl coenzyme A reductase from the latex of
Hevea brasiliensis
3/9/68
Characterization of a magnesium-dependent proton translocating
ATPase on Hevea latex tonoplast
3/9/69
Some factars influencing tack properties of monoclonal latexes
3/9/70
Physiclogical activators of invertase {rom Hevea brasiliensis latex
3/9/71
Penetration of sawed green wood by liquid preservatives
3/9/72
The proton gradient across the vacuolysosomal membrane of lutoids
from the latex of Hevea brasiliensis., 1., Fucrther evidence for a
proton-translocating ATPase on the vacuolysosomal membrane of intact
lutoids
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Gumwoad veneer in plywcod manufacture
3/9774
Further evidence for the proton pumping work of tonoplast ATPase
from Hevea latex vacuole
3/9/75
Conversion of linoleic and latex furancid acid to fish C18 dimethyl
furanoid isomers
3/97/78
rungicide
3/9/77
Proton and carbon—-13 MNMR spectroscepy of nonadrides
3/9/78
Fatty acids. Part XXiV. Fatty acid compasition and the
characterization of a novel dioxo Clé-fatty acid in the latex of Hevea
brasiliensis
3/9/79
Presence of a malic enzyme in Hevea brasiliensis latex
3/9/80
Long-term Ethephon stimulation. 1. Effects of continuous Ethephon
stimulation with half-spiral alternate daily tapping
3/9/81
Quebrachitol synthesis i1n Hevea brasiliensis
3/9782
The electrochemical proton gradient and its influence on citrate
uptake in tonoplast vesicies of Hevea brasiliensis
3/9/83
Viscosity stabilizers and antioxidants for natural rubber latex
3/9/84
The protonmotive potential difference across the vacuo—lysosomal
membrane of Hevea brasiliensis (rubber tres) and its maodification by a

membrane-bound adenosine triphosphatase

3/2/85

sutcmated determination of suliur in Hevea and associated cover
plants
Ord.no. to Rers, # 1-57
951693872 93240925 92124855
G5129373 932402909 92123254
95117337 93240893 92105735
95099367 Q3235272 52105734
95092204 93221705 92105487
GS082882 3216564 ¢2090998
950582642 Q32156519 22017818
95082613 93214518 92007626
95063932 931562534 Q20075624
95045105 93151402
95044971 93144510
4193457 93110805
Q4176775 93065226
94158073 93063415
941565640 Q3041764
94140720 93040774
24079063 23020653
94042508 93020652
940313830 93004104
94031829 92210081
24031828 92194500
94031827 92177638
Q4027547 92165485
Q4027376 92165311

1/9/4

Page

-

-
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Seaded emulsion polymerization of water-sciutle snd nonscluble vinyl

monomers
1/9/72

.alpha.-Mannosidase in a plant vacuelar system : lutoids from Hevea
brasiliensis latax
17972
Treatment of rubber trees
1/9/4
Utilization of rubber seed oil and karinnotta oil for the
preparation of air-drying oil-modified alkyd resins
1/9/5
Asulam based mixtures for weed control in tropical plantation crops
1/9/86
Pulping of rubber tree wastes
1/9/7
Chemi-thermomechanical pulping of Para rubber waste woad
1/9/8
Preservative treatment of rubber wood (Hevea brasiliensis) by
pressure impregnation - chemical and biological evaluations
1/9/9
Some studies on fungal deteriocration of rubber wood (Hevea
brasiliensis)
1/6/10
Electrochemical reduction of rubber seed cil to stearic acid
179,11
Preservative treatment of tubber wood {(Hevea brasiliensis) by
pressure impregnation - chemical and biological evaluations
1/9/12
Long chain branching in naturail hevea rubber - deteraination by gel
permeation chromatography
1/9/713
Rubber-seed oil for paint
1.9/14
New early Hevea selection criteria : description and first results
1/9/15
Synthesis of a fish CI0 furancid fatty acid {rom the lipid extract
of the latex of the rubber plant (Hevea hrasiliensis)
1/9/16
Use of papain treatment of NR latex to produce superior-quality
rubbers
1/9/17
A neutral cytoplasmic pghosphatase from the latex of Hevea
brasiiiensis
1/9/18
fetecticn of the fungicides thinphanate-methyl, benomvl and |
triadimefon in rubber tree extracts
1/9/19
Factors influencing the colloidal stability of fresh clonal Hevea
latices as determined by the Aerosol OT test
1/9/20
Enzyme deproteinization of Hevea latex. Il1I. C(lonal suitability
for papain treatment
1/9/21
Enzyme deproteinization of Hevea latex. 1I. The use of papain in
RSS manufacture
1/9/22
Suitability of hundred series clones for crepe manufacture. Part 1
1/9/23
A comparison of abscission of rubber (Hevea brasiliensis) leaves
infected with Microcyclus ulei with leaf abscission induced by
ethylene treatment, deblading and senescence




Oistribution of proteins between the fractions of Hevea latex
separated by ultrzcentrifugation
1/97/25
Carbon-13 nuclear magnetic resonance spectra of natural rubber latex
179728
Effect of potassium fatty-acid soaps upon heat sensitivity of
natural rubber latex containing zinc ammine ions
1/9/27
Effect of storage on the properties of high—-ammonia-preserved Hevea
latex concentrate
179728
In vitro germination of pollen and pollen tube growth of Hevea
hrasiliensis in the presence of calcium and baron
1/9/729
The pH of Hevea latex, its effect on production and the elements of
its regulation
1/9/30
Use of indolebutyric acid on budded stumps to aid earlier root
initiation and growth
1/9/31
Movement of benomyl, thiophanate methyl, and mancozeb on leaves of
Hevea brasiliensis and their fungicidal action on Microcyclus ulei
1/9/732
A new formulation for controliling black stripe
1/9/33
Chemical control of rhododendron dieback caused by Phytophthora
haveae
1/9/34%
Microbial deterioration and preservation of Hevea latex
1/9/35
Protection of Hevea flowers and seeds for maximizing seed production
and utilization
1/9/35
Factors associated with development of partial dryness (of latex
trees)

1/9/37

MNeutron—activation analysis of plant materials
1/9/38

Modification of pH of latex cytoplasm by ethylene
1/9/39

The relationship of phencls and oxidative enzymes with the
rezistance of Hevea to South Amsrican leaf blight

1/9/40

Automated determination of boron in Hevea plant materials .

1/9/41

Ethylene formation in excised Hevea bark disks

1/9/42

Stimulation of lateral root production and bud-break with growth
regulators in Hevea budded stumps

1/9/43

Some evidence about the occurrence of a magnesium-ATP-dependent
proton pump in a plant vacuo-lysosomal compartment

1/9/44

pH variations between tne vacuolar and cytoplasmic compartments in
the latex of Hevea brasiliensis. Seasonal influences and action of
hormonal treatments (ethrel, generator of ethylene). Effects on latex
yield and formation of dry zones on tapping cuts

1/9/45

The biochemistry of three natural products of Hevea brasiliensis and
their utilization potential
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1/97/48

Fusion of protoplasts of Hevea brasiliensis (Muell. Arg.) and Hevea
pauciflora (Muell. Arg.). Establishment of technique

1/9/747

Wood quality aspects of tropical hardwoods used for pulp and paper
1/9/748

Producticn of drying oil for paint from rubber-seed oil

1/9/49

Polyisoprene

1/9/50

Chemical weeding in Hevea culture

1/9/51

Induction and control of flowering in Hevea

1/9/52

Variations in stimulation response in yield of a Hevea clcne. 1.
Component variance madel

1/9753

Chemical weeding in Hevea culture

1/9/54

Regulation of indnleacetic acid oxidase activities in Hevea leaves
by naturally occurring phenolics

1/9/55

Purification and study of phosphoenolpyruvate carboxylase from Hevea
brasiliensis latax

1/9/56

Natural rubbers as renewable resources

1/9/57

Chemistry and structure of natural rubbers
Ord.no. to Recs. # 1-72

1212634 90183244 89174915
2120735638 90183242 89174960
91194932 G015895Z 89158487
91187853 90153245 89147893
F1176426 90123453 89124425
91171855 90122819 8124424
G11469824 G0118G70 891244723
91159340 90100359 82087341
F1135602 90082507 89085749
91125170 90082339 89072971
91069878 90073089 £90450749
91058451 F0073085 89039584
91051650 90047525 89039339
91033954 00356445 870183465
91033948 900364564 89003164
91022113 90019247 881844466 .
91016761 90017521 88166934
91016660 90017448 881565406
91015127 90007818 88132032
91015126 90003127 88116339
91015124 90001579 88116284
91006208 89198849 881156283
90206084 . 89192314 88116248
90188249 89181021 88116220
Ord.no. to Recs. # 73-96

88070792

88034528

880335649

87195380

87180857

87179430

87128690
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87112956
87095811
7097165
87054269
87050150
87035941
87002440
870023599
87002334
846191052
85185077
861856020
8561845467
85084619
86074859
86038504
86012619
1/9/1
Use of oil of cubber granules for producing electrically-insulating
oleoresinous varnishes
1/9/2
Phenolic compounds from the latex of Hevea brasiliensis :aglycons
1/9/3
Rubber seed oil. Analysis and possible applications
17/9/4
Paraquat, vegetable oils, copper and other elements as stimulants of
latex production
1/9/5
Enzyme deproteinization of Hev:a latex. 1. Preparation and
properties of DPNR and viscosity stabilizad DPNR
1/9/6
Relationship between leaf age and some carbon dioxide exchange
characteristics of four Hevea brasiiiensis Muell. Arg. cliones
1/9/7
Some influences of ethrel stimulation on properties of natural
rubber and latex
1/9/8
Use of thin-layer chromatography in the analysis of fatty acids in
rubber seed oll
1/9/9
Drying of zeolites
1/9/16
Carbohydrate composition of some floral species of Amazonia (Brazil)
1/9/11
Sucrose content in latex of native rubber trees stimulated with
Ethrel
1/9/12
Effects of compounding variations on the properties of guayule
rubber
1/9/13
Partial purification and properties of glutathione-S-aryltransferase
in latex of .Hevea brasiliensis
1/9/14
Efficacy test of several fungicides against moldy rot
1/9/15
A review of chemical weed control in rubber plants and legumes
1/9/16
The spontaneous coagulation of hevea latex
1/9/17
Tissue culture of Hevea brasiliensis Muell. Arg
1/9/18
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Structuce and propariies of & I-chioroethylphosphonic acio
(ethephon) aetabolite from Hevea brasiiisnsis bark
1/9/19
Evaluation of some herbicides against weeds in the rubber planting
strip
1/9720
Efficacy trial of Cepha-10-1S and Flots-100-5C0 latex stimulants on
rubber trees
1/9/21
The prospect of Ethrel application on rubber in Indonesia
1/9/722
Surface study on the rubber pirticles in pretreated Hevea latex
system
1/9/23
Factors affecting alkali sorption into some wecod species
1/9/24
C¢hronological development, after stimulation, of some
characteristics of Hevea brasiliensis latex
1/9/35
Metabolism of Z-chloroethylphosphonic acid (Ethephon) 1n suspension
cultures of Hevea brasiliensis
1/9/26
bGistribution and concentration of major soluble carbohydrates in
Hevea latex, the effects of ethephon stimulation and the possibie role
of these carbohydrates in latex flow
179727
Sea water desalinization system
1/9/25
Enzyme treatment of Hevea latex to obtain superior guality rubber
179729
Properties and potential of rubbsr sesed oil
1/9/30
Extraction of rubber or rubberlike substances from fibrous plant
materiais
1/9/31
The cccurrence of a furanoid fatty acid in Hevea brasiliensis istaex
1/9/32
Demonstration of latex coagulants in bark extracts of Hevea and
their possible role in latex ilow
1/9/33
A model of an isoclated intact vacuclar structure : lutoids from
Hevea brasiliensis latex. II. Characteristics of the lutocid membrane
1/9/34
A model of an isolated intact vacuclar structure : Lutoids from
Hevea brasiliensis latex. I. Accumulation and penetration of. citrate
and L-lysine in lutoids
1/9/35
Production of articles of elastic hard rubber using modified natural
rubber. Part 11
1/9/36
Effect of storage on the properties of high ammonia-preserved Hevea
latex concentrate
1/9/37
Control of South American leaf blight (Microcyclus ulei (P, Henn.)
V. Arx.) in rubber tree nursery with several fungicides
1/9/38
Study on yield, sucrose level of latex and other important
characteristics of Hevea brasiliensis Muell. Arg. I1I. As influenced
by microtapping system
1/9/39
Study of yield, sucrose leve: of latex and other important
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characteristics of Hevea brasiliensis Mueil. Arg. I. As influenced
by clone
179740
Study on yield, sucrose level of latex and other iamportant
characteristics of Hevea brasiiiensis Mu2ll Arg. II. As influenced
by tapping system
179741
Performance of ethephon and Ethad on semallholdings (of rubber trees)
1/9/42
Responses of Hevea to stimulation
179743
Preservative treatment of poplar, beech and rubber wood
1/9744
Electrophoresis and demonstration of enzymic activities in Hevea
brasiliensis latex
1/9745
Stimulation methods and practices (and rubber trees)
1/9/45
Hard flexible materialis based on natural rubber. Part 1. Blends of
natural rubber with Heveaplus MG49
1/9/47
Investigations on new fungicidal systems for control of bark rot on
Hevea brasiliensis
1/9/48
The thermal oxidation of Guayule and Hevea rubbers by dynamic
differential scanning caiorimetry
1/9/49
Contribution to the study of premature flowering of hevea
179750
Evaiuation of fungicides for control of South American leaf blighc
of Hevea brasiliensis
1/9/51
Report on the results of chemicai weed control experiments the
rubber plantations in south India
1/9/52
Hard fiexible materiais based ow blends of natural rubber with
Heveaplus MG 49
1/9/53
Report on large scale stimulation experiments
1/9/54
Ethrel stimuiation of Hevea under conditions in Sri Lanka
1/9/55
Practical aspecis of the use of Ethrel in association with periodic
tapping of rcubber
1/9/56 ,
Study of the latex coagulation mechanism in Hevea brasiliensis
(Kunth) Mull. Arg. II. Enzymic systems implicated in the process.
I. Phenol oxidases
1/9/57
Fungicides for controlling tapping panel diseases
1/9/58
Effect of chilling temperature on plant metabolism of Hevea
brasiliensis
1/9/59
Protein binsynthesis of latex, factor of hevea production
1/9/60
Water vapor and carbon dioxide diffusion resistances of four Hevea
brasiliensis clonal seedlings
1/9/61
Ecophysiology of tropical crops. Rubber
1/9/62

Page 28
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Stimuiation of rubber yield from Hevea trasiliensis

177743

0ii plants of Zaire. III. PBotanical families producing oils of
relatively high nonsaturation

179764

Ethylene production by Hevea brasiliensis tissues treated with latex
yield-stimulatory compounds

179785

The role of lipids and proteins in the mechanism of latex vessel
plugging in Hevea brasiliensis

179758

A spray-on natural rubber latex formulation for controlling pink
disease

179757

Plant growth regulator composition, especialliy for rubber plants
179758

Effect of nematicides in an immature rubber planting

1/9/69

Use of pre-emergence herbicides during establishment of leguminous
caver crons

1/9/7G

Use of Roundup {(glyphosate) for lalang control prior to planting oil
palm and rubber

179/71

Effects of repeated treatments of nevea by Z-chloroethylphosphonic
acid on latex polyribosomes

1/9/772

Low-volume =pray of an oil-based systemic fungicide for contraolling
Oidium secondary leaf fall

179773

Ribosomes in the lutoid fraction {(=lysosomal compartment) from Hevea
brasiliensis Kunth. (Mull.-Arg.) latex

1/9/74

lant crops as a source of fuel and hydrocarbon-like materials

1/9/75

Membrane ATPase of lysosomal vacuoles : Heveabrasiliensis latex
lutnids

1/9/76

Some factors affecting yield response to stimulation with
Z-chloroethyiphosphonic acid

179777

Protein and enzymz variation in some Hevea cultivars

1/9/78

Phosphoiipid composition of the membrane of lutoids from Hevea
brasiliensis latex .
1/9/79

Roundup for weed control in mature rubber planting strips dominated
by Ottochloa nodosa and Paspalum conjugatum
1/9/80
Kinetics of the effect of 2Z-chloroethylphosphonic acid on Hevea
brasiliensis latex polyribosomes
1/9/81
Lipids of Hevea brasiliensis and Euphorbia coerulescens
1/9/82
Microbiological degradation of Hevea latex and its control
1/9/83
Heveaplus MG latex - preparation from latex concentrate
1/9/84
Hydrocarbons via photosynthesis
1/9/85%
Diverse properties in citrate, malate, and succinate by lutoids from
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latex, Hevea brasiliensis

1/9/85

Absorption of citrate by the lutoids of latex and rubber production
by Hevea

1/9/87

Study of a membrane ATPase of lysosomal vacuoles : lutoids from
Hevea brasiliensis latex

1/9/88

Problems posed concerning the existence of ribonucleic acids in
plant lysosomal compartments

1/9/89

Study of coaguiation mechanisa of Hevea brasiliensis (Kunth) Muell.
Arg. latex. I. Factors acting on coaqulation

1797590

Study of two peroxidases extracted from Hevea root tissues, either
healthy or contaminated by Leptoporus lignosus (Kl.) Heim

1/9/91

Absorption of amino acids by lutoids from tl.: latex of Hevea
trasiliensis

179792

Composition and method for stimulating the yield of rubber from
Hevea Brasiliensis

1/9/93

Cultivation 1in vitro of callus tissue derived from anthers of Hevea
brasiliensis (Muell Acy.’

1/9/94

Examination of hybrid rubber seed oils

1/9/95

Variations of sclyribosomes irom Hevea latex caused by ethrel and
other treatments evnhancing latsx flo.

179795

A study on the comparative effect of some pre-emergence weedicides
on the control of weeds in rubber plantations
Ord.no. to Recs. # 1-7Z

35187700 84075028 301150674
851728628 4071520 80104967
8515615383 84051271 50084415
85155071 84025701 80079462
85119755 84018829 80035076
85089052 831807063 80011724
85089051 83127333 806011218
850750646 83097563 30011195
535062072 83075438 TIIZ3IN4
85034315 83075384 79102700
85029475 83073731 79089562 .
85029466 83055721 79089479
85017366 83040201 79089051
85017357 82151106 79075004
85015338 2121641 79074835
85015105 82035409 79067558
84181379 82012161 790562599
84181378 : 81131456 79055168
84178192 81117116 79049737
84147746 81100637 79006427
84123775 81075020 781546198
84123727 81027414 78120053
84107417 81022109 78106995
84100788 80118231 78106853




Cred.no. to Recs. & 73-107
780987538 751013%3
78098210 76100357
78093640 76085822
78093486 75052191
78054528 75032123
78071544 76082122
78068522 76032032
78059535 75073411
78053924 75070031
78044787 76043997
75040385 76601255
7831259S
77156385
77149553
7714899z
77123020
77122935
77122918
77103021
77102950
77053459
77021083
76155192
75151114
1/9/1
Control of carbohydrate metabolism by ethylene in latex vessels of
Hevea brasiliensiz Mu2i. Arg. iIn relation to rubber production
1/9/2
Seasonal changes in the effectiveness of ethrel, 2Z,4-D and hNAA in
the stimulation of latex flow in Hevea brasiliensis mull. arg
1/9/3
Extracting rubker latex
1/974
Method of modifying plant growth
1/9/8
Laccase and peroxydase activities in Hevea roots infected by the
white wood rotting fungus Leptoporus lignosus
1/9/6
Lysozymes : major componentz of the sedimentable phase of Heves
brasiliensis latex
1/9/7
‘Coagulase’ from the fractionation of C-serum of Hevea latax
1/9/3
Role of growth promotor and growth inhibitor in foliar senescence
and abscission of Hevea brasiliensiz Muell. Arg
1/9/9
Responses of clones and seedlings to stimulation in large-scale
variety trials
1/9/10
Alternative crumbling agent for Heveacrumb manufacture
1/9/11
Dunlop Ethrel trials
1/9/12
Metabolism of ethephon (2-chloroethylphosphonic acid) and related
compounds in Hevea brasiliensis
1/9/13
Morphogenesis in callus cultures of Hevea brasiliensis
1/9/14
The effects of agitated liquid medium on in vitro cultures of Hevea
brasiliensis

T
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Proceedings of the R.R.I.M. Planters’ Conference 1973, Kuala Lumpur
1/9/715

Physiclogical studies on the abscission of leaves of rubber (Hevea
brasiliensis) caused by Fhytophthora palmivcra and on its inhibition
by synthetic growth regulators

1/9/17

Studies on some anticoagulants and preservatives of Hevea latex
1/9/18

Coagulation of Hevea latex wiir surfactant and salt. 1I.
Batch-wise commercial processing
179719

Methane fermentation of rubber (Hevea brasiliensis) latex effluent
1/9/720

The proteins of Hevea brasiliensis latex. Part 6. Hevamine : a
crystalline basic protein from Hevea brasiliensis latex—
1/9/21

Studies cf Indian rubberseed and rubberseed oil. II. Processing
179722

Method of preparing paper—-making material

1/9723

Solvent fractionation of Indian rubber seed oil

1/9724%

Efficiency of paraquat as a weed control chemical for rubber
nurseries

179725

Technical feasibility of para-rubber i{Hevea brasiliensis
Muell.-Arg.) for pariticleboard manufactucs
179726

Modifications of citrate transport and intraparticulate pH by ATP in
lutoids of Hevea brasiliensis latax
1/9/27

Resins from epoxy oils for surface coating

1/9/25

Control of blue—-stain on rubber i(Hevea brasiliensisi wood during the
boron diffusion treatment

1/9/72%

Proteolytic action of papain on proteins in Hevea latex
1/9/30

Novel method of stabilizing Hevea latex

1/9/31

Latex flow studies. IX. Effects of application of yield stimulants
on theoiogy of Hsvea latex and on concentrations of ecnarged components
in its serums

1/9/32 ,
Organic silicon compounds
1/9/33
Pilant standard for the analysis of leaves
1/9/34

Characterization of a membrane ATPase in the presence of an acid
phosphatase in the latex lutoids of Hevea brasiliensis
1/9/35

Electron transport in the membrane of lutoids from the latex of
Hevea brasiliensis

1/9/36

Mechanism of citrate accumulation in the lutoids of Hevea
brasilienszis latex
1/9/37

Occurrence of ribonucleic acid in the lutoid fraction (lysosomal
compartment) from Hevea brasiliensis latex
1,9/38
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brasiliensis latex

1/9/39

Occurrence of ribonucieic acid in the lutoid fraction (lysosomai
compartment) from Hevea brasiliensis latex

1/9/740

Model for the mechanism of stimulation of latex fiow in Hevea
brasiliensis by ethylene

1/9/41

Control of RNA level and of RNA ratios in the later -f Hevea
brasiliensis. Effect of latex tapping and of growth regulators
179742

Yield stimulants for Hevea brasiliensis

1/9/43

Free amino acids of Hevea brasiliensis latex

1/97 44

Effect of Z-chloroethylphosphonic acid {(Ethrel) on Hevea
brasiliensis latex polysomes.

1/9745

Stem galls of Hevea brasiliensis

1/9/456

Mixed cooring of rubberwood and bamboo by the sulfate process
1/9747

Problems of applying growth regulators to selected agricultural
crops of the tropiecz and subtropics. Literaturs survey

1/9748

Activity of latex invertase and latex production in Hevea
brasiliensis

1/9/49

Structure of hemicellulose isclated from rubber wood

1/9/50

Characteristics of amino acid incorporation by latex polysomes from
Hevea brasiliensis

1/9/51

Rubber coagulaticn by enzymes of Hevea brasilienzis latsx
1/9/52

2’ -Nuclectidase, a new enzyme of Hevea brasiliensiz latex
1/9/53

Changes in bacteria-free filtrate of Hevea latex C-ssrum from
partially dry treas
1/9/54

Assesement of some molecular parameters of mevalonate kinase from
plant and animal zources

1/9/55

Latex flow stimulation by phosphonates .
1/9/56

Composition for stimulating latex yield of rubber plants
1/7/57

Regulation of invertase activity in the latex of Hevea braciliensis.
Effects of growth regulators, bark wounding, and latex tapping
1/9/58
Rubber, gutta percha, and chicle
1/9/59
Decomposition of Z-chloroethylphosphonic acid in stems and leaves of
Hevea brasiliensis
1/9/60
Level and distribution pattern of latex sucrose along the trunk of
Hevea brasiliensis as affected by the sink region induced by latex
tapping
1/9/61
Automated colorimetric determination of magnesium in foliage of
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Hevea and other tropical crops

179762

Role of malonyl-coenzyme A in isoprencid biosynthesis
1/9/53

Sucrose-mobilizing effect of auxins in Hevea brasiliensis.
Dependence on metabolic activity of the treated tissue
1797564

Gelling properties of Havea latex serum

1/9/55

Stimulation of Hevea brasiliensis by ethylene compositions
179,56

Paper-making pulp from a waste rubber wood

1/9/67

Effect of hormone stimulation of production on the sucrose content
of Hevea brasiliensis latex

1/9/68

Natural latex

1/9/569

Study of sodium alizarin-3-sulfonate for the determination of
aluminum in leaves of Hevea brasiliensis

1/9/70

Black thread disease, control measures, and yield stimulation in
Hevea brasiliensis in Liberia

1/9/71

Antifungal preparation for the control of brown bast in Hevea
species

1/9/72

Control of black thread (Phytophthora palmivoral in Heveza
brasiliensis with Difolatan

1/9/73

Ethvlere treatment of Hevea brasiliencis

1/9/74%

Reaction 4inelics of polymer substituents. WNeighboring substituent
effects in pairing reactions

1/9/75

Organosilicon p.ant growtis regulators

1/9/74

Difolatan, a promising fungicide for control of the tapping parnel
disease, Black Thread, in Hevea brasiliensis

1/9/77

Organosilicon compounds

1/9/78

Fungal products. 1IY. 5Structure of heveadride, a new novadride from
Helminthosporium heveae

1/9/79 p

Glyceraldehyde 3-phosphate dehydrogenase of Hevea brasiliensis
latex. Comparison with its phosphorylating hamolog

1/9/80

Preservation of Hevea latex

1/9/81

Chemical defoliation of Hevea brasiliensis for avoiding secondary
leaf fall

1/9/82

Chemical treatment in the extraction of rubber latex from Hevea
brasiliensis

1/9/83

Cutput, composition, and metabolic activity of Hevea latex in
relation to tapping intenzity and the onset of brown bast

1/9/84

Ethrel-induced increase of latex production in Hevea brasiliensis
rubber trees
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1/9/85

Improvement of wood by impregnation with monomers and curing by heat
catalyst

1/9/86

Compartmentalization of different oxidcreductases (peroxidase,
O-diphenol oxidase, and malate dehydragen:se) in the latex of Hevea
brasiliensis

1/9/87

Inhibition of plant mevalonate kinase preparations by prenyl

pyrophosphates
1/9/88

Stimulation of rubber yield in Hevea brasiliensis

1/9/8%9

Improvement in vegetative multiplication of the hevea. Effect of
growth substances on rhizogenesis

1/9/90
Weed control under Hevea in Ceylon with herbicide mixtures based on
MSMA (monosodium acid methane arsonate)

1/9/91

Preparation of Heveacrumb from first fraction coaguium
1/9/92

Naturally occurring antioxidants in Hevea brasiliensis latex
1/9/93

Pulping of para rubber tree

1/9/94

Naturally occurring antioxidants in Hevea brasiliensis latex
1/9/95

Manufacture of dark factice from rubber sesed oil

1/9/%6

Demonstration of functional polysomes in Hevea brasiliensis latex
1/9/97

Measurements of fiber dimensions and analysis of the chemical
composition of Taiwan hardwoods
1/9/98

Coagulation of Hevea latex with surfactant and sait. 1I.
Uevelopment of the process and its effect on raw rubber properties

1/9/99

Improvements to assisted biological coagulation of Hevea latex
1/9/100

Haloparaffin stimulation of the rubber yield in Hevea brasiliensis
1/9/101

Novel stimulants and procedures in the exploitation of Havea. 1II1I.
Comparison of alternative methods of applying stimulants
1/9/10z

Novel stimulants and procedures in the exploitation of Hevea. II.
Pilot trial using (2-chloroethyl)-phosphonic acid{ethephon’ and
acetyiene with various tapping systems
1/9/103

Novel stimulants and procedures in the exploitation of Hevea. 1.
Introductory review
1/9/104

Seasonal variations in some properties of Hevea brasiliensis latex
1/9/105

Physiological aspects of the exploitation of rubber trees
1/9/106

Photosynthesis and latex production of three Hevea brasiliensis
clones
1/9/107

Enzymes forming isopentenyl pyrophosphate from S5-phosphomevalonate
(mevalonate 5-phosphate) in the latex of Hevea brasiliensis
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Ord.no. to Recs. # 1-72

' 75151637 73105457 72022417
75148523 73105485 72019157
750465472 73106367 72013555

' 75022055 731058365 72009375
74143022 73105355 711256206
741074456 731065564 T1122743

l 74072800 73106363 71109813
74055198 73105278 71090177
74051642 73099827 71071853
74039696 73089425 71052116

l 74039228 73067427 710462085
74030974 73055245 71061139
74020352 73036250 710598563

l 74020351 73024135 71048516
74020330 73022152 7104872
74014013 73021549 71022699

' 74004432 73011358 70107312
74003048 72134370 7Gi07311
74001215 72118433 70097747
74001157 72091333 70095728

' 73131757 72074831 70095727
73121730 72057945 70075524
73117244 72062936 70094119

' 731056458 720397756 70085152
Ord.no. to Recs. # 73-139
70085190 68075353 67008803

' 70048357 68065382 &7005802
700298458 68050747 57008574
70012422 £3047031 47068493
70012417 553047080 67003491

' 700124164 &8038407 66116912
70012415 68022377 55114795
70009392 58013822 55075142

' 70003477 &8002174 550553954
&9103357 67114386 &5044407
59068113 67109401 55044406
63047799 67100775 65044149

' 69041332 £7091468 65035775
59033149 67081439 £6029833
58112222 67079825 56019504

' &8102B58 57079675 66012035
68102104 67063178 &£500C0803
68085035 67051101 66003486

l 68085006 67045023 66000988 .
48079356 67029426
68079306 67022698
68079280 67012306

I 68075767 67012305
68075733 67011617
1/9/1

l Structure of heveaflavone
1/9/2

Flavonoids of some Euphorbiaceocus plants

1/9/3

l Splitting of Indian vegetable oils., VIII. Unusual oils of
commerical importance
1/9/4

l Mathematical expressions for the flow of Hevea brasiliensis latex
1/9/5

l Cyclization of natural rubber (Hevea). 1II
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1/9/6
Rubber transferase from Hevea brasiliensis
1797
Ubiquinones of Hevea brasiliensis
1/9/8

Role of lutoids in the flow of latex ir Hevea brasiliensis. II.
Development of lutoid hydrolases and of some properties of latex
during tapping

1/9/9

Particularities of glycolysis and its regulation within the latex of

Hevea brasiliensis

1/9/10
Protoplasts of ocomycete fungi
1/9/11

Relationship between latex yield of Hevea and rubber biosynthesis in
vitro

1/9712
Stimulation of Hevea brasiliensia rubber production
1/9/13

Cellulase in latex and its possible significance in cell

differentiation
1/9/14

Hevea latex enzymes detected by zymogram technique after starch gel

electrophoresis
1/9/15
Spectrographic determination of calcium in latex of wnatural rubber
(Hevea brasiliensis)

1/9/16

Catalyst for stereospecifiic poliymerization of butadiene
1/9/717
Effect of bydroxylamine nydrochloride on micro-orgenisms in Hevea
latex
1/9/18

Control of Gloeosporium leaf disease of Hevea in Ceylon
1/9/19

Purification and identification of a substance from the rubber tree
{Hevea brasiliensis) involved in resistance to the fungus Dothidella
ulet

1/9/20
Biosynthesis of toccchromanols
1/9/21

Role of lutoids in the flow of latex in Hevea brasiliensis. 1.
Development of lutoid hydrolases and some praperties of the latex
during the tapping of virgin trees

1/9/22 .

Hydrolysis of semidrying oils. I1. Splitting studies on rubber

sead oil
1/9/23

Inhibition of Hevea brasiliensis latex NADP-phosphatase and

interference with isoprene anabolism
1/9/24

Electron microscopical studies of latex vessel system of Hevea

brasiliensis

1/9/25

Electrophysiological phenomena in Hevea brasiliensis
1/9/26

Physiology of Hevea (latex flow)

1/9/27

Changes in organomineral composition and respiratory activity of
Hevea latex associated with intensive tapping
1/9/28
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Nucleic acids in latex and production of rubber in Hevea
brasiliensis

1/9/29

Substrate and metabolism of carbon dioxide formation in Hevea latex
in vitro

1/9/30

Carbohydrate metabolism in He.o2a latex—-—-availability and
utilization of substrates

1/9/31 )

Regulation of glycolysis in latex of Hevea brasiliensis
1/9/32

Composition of latex serum and ’'bottom fraction’ particles
1/9/33

Processing of Hevea latex into natural rubber

1/9/34

Rubber seed

1/9/35

Properties of Hevea brasiliensis latex

1/9/36

Hormone stimulation of production in Hevea brasiliensis
1/9/37

Continuous coagulation of Hevea latex

1/9/38

Influence of light on paraquat activity in the tropics
1/9/39

Biochemical study of the lutoids in the latex of Hevea brasiliensis.
Differences and analogy with lysocomes

1/9/40

NADP phosphatase in Hevea brasilienzis latex

1/9/41

Cellulase in Hevea latex

1/9/42

Pulping of rubber (tree) wood

1/9/43

Identification of glyceraldehyde-3-phosphate dehydrogenase in the
latex of Hevea brasilisnzis
1/9744
Unsaturated natural or synthetic rubbers resistant to degradation
1/9/45
Isclation of .gamma.-tocotriencl dimers from Hevea latex
1/9/46
Determination of dry rubber content of hevea brasiliensis by latex
film dialysis
1/9/47
Characteristics of pyruvate kinase of the latex of Hevea .
brasiliensis
1/9/48
Kinetics of reduced nicotinamide adenine dinucleotide (NADH)
accumulation. Regulation of glycolysis in Hevea brasiliensis latex
1/9/49
Cyclisation of cis-polyisoprene (natural hevea rubber)
1/9/50
Effects of minerals irntroduced directly into the wood and of
acetylene applied to the bark of Hevea
1/9/51
Gas chromatographic determination of the pyrolytic products of
cyclized natural pale Crepe (hevea) rubber
1/9/52
Cellulase in latex and its possible significance in cell
differentiation
1/9/53
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Anatomical and chemical characteristics of Indian hardwoods with
special reference to their suitability for pulp. III

179754

Choice of fungicides for low-volume sprays

1/9/585

Riosynthesis of rubber from

latex

1/9756

Stimulatory effects of 2,4;dichlorophenoxyacetic acid and of
1-naphthaleneacetic acid on sucrose level, invertase activity, and
sucrose utilization in the latex of Hevea brasiliensis

1/9/57

Cyclization of cis-polyisoprene (natural Hevea rubber)

1/9/58

Viscosity—stabilized heveacrumb

1/9/59

Heveacrumb Process

1/9/50

Heveaflavone - a new biflavonoid from Hevea braseliensis

1/9/61

Ethylene, a new agent stimulating latex production in Hevea
brasiliensis

1/9/62

Stimulation of Hevea brasiliensis latex production by application of
growth substances at a certain distance from the cut

179753

Rocle of malonyl-coenzyme A in isoprenoid biocsynthesis

1/9/64

Determination of hydrogen sulfide in Hevea latex and concentrates
1/9/765

ifatex flow studies. VI. Effects of high pressure gradients on flow
of fresh Hevea latex in narrow-bore capillaries

1/9/7686

Latex flow studies. V. Rheology of fresh Hevea latex flow in
capillaries

1/9/67

Oztermination of rubber in Hevea species

1/9/68

Evaluation of fungicides for the control of Helminthosporium heveae
on Hevea rubber in Malaysia. II. Field tests

1/9/69

Evaluation of fungicides for the control of Helminthosporium heveae
on Hevea rubber in Malayzia. I. Lsboratory assessment

1/9/70

Stimulation of latex flow in Hevea brasiliensis by .
4-amino-3,5,6-trichloropicolinic acid and Z-chloroethanephosphonic
acid

1/9/71

Structure of cell walls of phycomycetes

1/9/72

Utilization of ethanol as a carhon source by Phytophthora heveae
1/9/73

Growth of Phytophthora heveae on media containing L-glutamine and
urea

1/9/74

In vitro effect of certain inorganic ions and organic compounds on
the stability of certain lutoids in hevea latex

1/9/75

Structure of sulfur vulcani:zates of SBR and Hevea rubber

1/9/76

Use of Actidione to control mold contaminants in Hevea latex systems
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containing yeasts and Bacteria
179777
Latex flow studies. IlII. Electrostatic considerations in the
colloidal stability of fresh Hevea latex
1/9/78
Latex flow studies. II. Influence of lutoids on the stability and
flow of Hevea latex
1/9/79
Latex flow studies. I. Electron microscopy of Hevea brasiliensis
in the region of the tapping cut
1/9/80
Uptake of ergothioneine from the soil into the latex of Hevea
brasiliensis
1/9/81
Effects of plant growth regulators and other compounds on flow of
latex in Hevea brasiliensis
1/9/82
Metabolic pathways in Hevea brasiliensis latex, dehydrogenase
lacate, and aldolase
1/9/83
Planting and production of natural rubber and latex
1/9/84
Differentiation of cis-trans configurations of trialkylethylene
isomers by infrared spectroscopy
1/9/85
Some characteristics of pyrophosphomevalonate decarboxylase from
Hevea brasiliensis latex
1/9/85
Effect of ATP on the wmetabolism of pyruvate in Hevesa brasiliensis
latex
1/9/87
Formation of .DELTA.3-isopentenyl monophosphate and pyrophosphate in
the latex of Hevea brasiliensiz
1/5/88
Utilization of L-asparagine by two species cf Phytophthora
1/9/3%
Inhibiticn of ATF by malate, alcohol, and lactate dehydrogenases in
Hevea brasilisnsis latex
1/9/50
Radiochemical process for the in situ determination of metabolic
activity of the latex of Hevea brasiliensis
1/9/91
Anaerbolc respiration in latex of Hevea brasiliensis substrate and
limiting factors
1/9/92 ,
Photosensitizing activity of some organic compounds on degradation
of natural rubber (Heveal) in solution in the pressence of visible
light
1/9/93
Structural elucidation of cyclized rubbers by chemical degradation
1/9/9%
Unsaturation in depolymerized rubber
1/9/95
Pentose cycle in Hevea brasiliensis latex
1/9/96
Lysosomal character of lutoids in Hevea brasiliensis latex
1/9/97
L-Alanine, an allosteric inhibitor of lactic dehydrogenase in Hevea
brasiliensis latex, Effect of pH
1/9/98
Ergothioneine and hercynine in Hevea brasiliensis latex
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1/9799

Determination of osmolarity of small latex samples by vapor-pressure
osmometer

1/9/100

Anaerabic respiration in latex of Hevea brasiliensis. Substrate and
limiting factors

1/9/101

Carbohydrate catabolism in Hevea brasiliensis latex

1/9/102

Effects of tapping, wounding. and growth requlators on turgor
pressure in Hevea brasiliensis

1/9/103

Cellulose

1/9/104

Kinetic studies cf the cyclization of natural (Hevea) rubber

1/9/7105

Use of chemical weed killers in the cultivation of young heveas
planted in tertiary sands on the Ivory Coast

1/9/106

Presence of both hexokinase and fructokinase in Hevea brasiliensis
latex

1/9/107

Plastic bonded copper foil

1797108

betermination of castor oil in heveacruab rubber by thin-layer
chromatography

1/9/10%

New form of natural rubber

1/9/110

Coper fungicides. 1. Biolegical eficacy of copper spray deposits
containing various stickers

1/9/111

Chemical compositicn of hyphal wall of phycomycetes

1/9/11z2

Plastochromanol

1/9/113

Stimulation of Hevea by chlorophenoxyacetic acide and its influence
on the drained acea

1/9/114

Incorporation of methionine~-14C into chromanols and quinones by
Hevea brasiliensis latax

1/9/115

Newsprint from Hevea brasiliensis wood

1/9/116

ATP, an alliosteric inhibitor of lactic dehydrogenase in Hevea
brasiliensis latex

1/9/117

Determination of the microstructure of the 1,4-and the
3,4-polyisoprenes by pyrolysis and gas chromatography

1/9/118

Biological coagulation of Hevea latex using waste carbohydrate
substrates

1/9/119

Study of the productivity and some properties of latex from
different parts of the Hevea trunk

1/9/120

The plurality of long chain isoprenoid alcohols (polyprencls) from
natural sources

1/9/121

Studies on tissue culture of Hevea brasiliensis. I. Role of
osmotic concentration, carbohydrates, and pH values in induction of

Page 4%
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callus grawth in plumule tissuas from Hevea seedlings

1/9/122

Particle aggregation following dilution of Hevea latex :a possible
mechanisa for the closure of latex vessels after tapping
1/9/123

Physiological changes in Hevea brasiliiensis tapping panels during
the induction of dryness by intercuption of phlocem transport. 1II.
Changes in bark

1/9/124

Physiological changes in Hevea brasiliensis tapping panels during
the induction of dryness by interruption of phloem transport. 1.
Changes in latex

1/9/128

Pianting and production of raw rubber and latex

1797126

Glyceride studies. VI. The component glycerides of rubber seed oil
Hevea t -"asiliensis

1/9/127

Preliminary physiological studies on the promotion of latex flow by
plant growth regulators

1/9/128

Stimulation of latex flow in Hevea brasiliensis

1797129

Molecular interpretation of the .gamma.-transition in poly-ethylene
and related compounds

1/9/130

Metabolism of quebrachitocl and other carbohydrates by Hevea latex
bacteria

1/9/131
Breakdown of amino acids by Hevea latex bacteria
179713
Accuracy and precision in routine leaf analyses
1/9/133

White root disease of Hevea brasiliensics collar protectant dressings
1/9/134
Certain modifications of Hevea rubber and their uses in pressure
sensitive adhesives. 11. Use of maleic anhydcida-modified and
phenol-modified rubbers in pressure-sensitive adnhesives
1/9/135
The new look of natural rubber. I
1/9/1356
Chemical ground pulp from Hevea woad
1/9/137
Taraxerol from rubber leaves
1/9/138
Certain modifications of Hevea rubber and their use in
pressure-sensitive adhesives. 1. Modification of Hevea rubber with
maleic anhydride and phenols
1/9/139
Identification and separation of isoprenoid alcohols




NATEC - Project Rubbersaad (Part 2} Page 43

File 5S1:FSTA - &9-85/May
17671
272547  B5-02-n0054

A coamparison of the stability of oils fros Brazil nut, Para rubber

and passion fruit seeds.
1/7&/2
262694  84-08-n0409

(Finding of ALPHA -, BETA - and GAMMA —-dehydrotocopherol in
wheat germ oil by HPLC and GC/MS - a contribution to tocopherol
analysis.)

Zur Auffindung von ALPHA —, BETA - und GAMMA -Dehydrotocopherol
in Weizenkeimoel amittels HPLC und GC/MS - ein Beitrag zur Analytik
der Tocopherole.

1/8/3
019988  7G-08-L0523
GAS CHROMATOGRAPHY OF TRIMETHYLSILYL SUGARS AT VARIOUS TEMPERATURES.
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l File C:BICSIS PREVIEWS 31-85/MnAY BATGIQ;RRM2810
{(c.BIOSiS 1935)See F1ileS5,255
Ord.no. to Recs. # 1-72
' 80015750 73078733 27058170
800126583 78078454 270587533
30005104 75070354 27047505
80603809+ 7805665898 270867491
l 80008083 78056374 27057490
79055540 78054700 27057489
79058559 78045778 2708357
' 79054400 78642975 27054350
79043893 78035478 27019724
79643882 78033031 26074873
79040571 T8AZT7H21 25058145
l 79040570 7802 26048751
790405569 78014714 2460258514
790G3938 78014457 76090935
l 28069450 77091692 756085838
28069445 77091688 750753466
28089422 77091226 76057914
' 28069421 77075349 76067758
28049337 77073121 756044827
280125564 77072575 760358917
28009182 T7082529 750338453
' 280045818 770228585 &029274
78090458 27081759 75029116
78082485 27068244 75029078
l Ord.no. to Recsz. # 73-144
76021547 750182838 74044153
78021527 75010554 TLRL242T
' 76018419 75010853 74039396
756013556 75005125 74032059
, 75090977 75003154 74027573
: 75090884 75003149 74327513
' 75050753 26039915 74016945
75088042 25032499 74085973
75030305 25032498 74005719
l 750724%4 25029827 74002973
' 75072485 25019294 73057027
75071955 24087432 73539035
75067677 243545345 73035182
l 75067437 24042339 73031532
7S0&4725 2027555 73020373
750641469 74083242 73002783
' 75049244 74083239 23035194 ,
75048217 74078412 23013948
2 75041785 74078411 23012037
' 75041780 74076018 22063123
' 75033959 74076017 22060942
75029105 74075036 22002060
- 75026966 74070203 72083559
. ' 75021295 . 74068523 72073543
¢ Ord.no. to Recs. # 145-170
72073522 21008788
' 72073521 20012216
72062103
: 72059492
, 72054954
] l 72054908
’ 72046351
. 71083416
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71080837
T1G74245
71068526
71045285
71043342
71038389
71033319
71031214
71631213
71027032
71007322
71005581
71005540
71003798
21055437
21041171
1/9/1
79085751
A NOTE ON THE WORKING QUALITY AND FINISH ADAPTABILITY OF RUBBERWOOD
HEVEA-BRASILIENSIS
Pescriptors :WORKABILITY FINISH
1/9/2
79081883
EFFECTS OF ODIFFERENT MANAGEMENT SYSTEMS ON THE PHYSICAL PROPERTIES
OF A CLAY YELLOW LATOSOL OF THE STATE OF AMAZIONAS BRAZIL
Descriptors : HEVEA-EF PUERARIA-PHASEGLOIDES  TILLAGE  NC-TILL
VEGETATIVE COVER FLOCCULATION AGGREGATE STABILITY TILTH
~IT 17671

175671
79085750

A NOTE ON THE WORKING QUALITY AND FINISH ADAPTABILITY OF RUBBERWOOD
HEVEA-BRASILIENSIS
7T 1/6/7ALL

1/6/1
79085750

A NOTE ON THE WORKING QUALLITY AND FINISH ADAPTARILITY OF RUBBERWCOD
HEVEA-BRASILIENSIS

1/6/2
79031883

EFFECTS OF DIFFERENT MANAGCMENT SYSTEMS ON THE PHYSICAL PROGPERTIES
OF A CLAY YELLOW LATOSOL OF THE STATE OF AMAZONAS BRAIIL

1/6/3
79077104 .

INFLUENCE OF STOCK PREPARATION AND PLANTING TECHNIQUES ON VEGETATIVE
DEVELOPMENT OF RUBBER HEVEA-BRASILIENSIS CLONE FX-2261

1/6/4
79077094

CORRELATIONS AMONG 9 CHARACTERS OF RUBBER TREE HEVEA-SPP CLONES AT
PORTO-VELHO CONDITIONS RONDONIA STATE BRAZIL

1/6/5
79077083

QUANTIFICATION AND USE OF ANATOMICAL AND  PHYSIOLOGICAL
CHARACTERISTICS OF LEAVES IN THE DETERMINATION OF HYDRIC EFFICIENCY IN
CLONES OF HEVEA-SPP

1/6/6
79058550

EFFECT OF LIME AND NITROGEN PHOSPHORUS POTASSIUM FERTILIZERS ON
RUBBER HEVEA YIELD IN SOUTHERN BAHIA BRAZIL

1/6/7
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79058559
EFFECTS OF NITROGEN PHOSPHORUS AND POTASSIUM ADDITION ON GROWTH OF
RURBER TREE HEVEA-BRASILIENSIS 1N SOUTHERN BAHIA BRAZIL
1/6/8
72054400
REMOVAL OF IRON AND ALUMINUM INTERFERENCES IN BORON OETERMINATION
FROM SOIL EXTRACTS
1/5/9
79043393
EFFECT OF HUMIDITY AND TEMPERATURE ON THE DEVELOPMENT UF SCUTH
AMERICAN LEAF BLIGHT MICROCYCLUS-ULEI OF HEVEA-BRASILIENSIS
1/6/10
77043882
LEAF BLIGHT OF FICUS-PUMILA CAUSED BY A BASIDICMYCETE
176711
79040571
PLANT TISSUES AS INDICATORS OF SOIL NUTRIENT AVAILABILITY FOR HEVEA
GLASSHOUSE EVALUATIONS
1/6/12
79040570
ENDOMYCGRRHIZAL FUNGI IN SOILS UNDER RUBEBER HEVEA
1/6/13
79040569
COMPARATIVE STUOY OF PHOTOSYNTHEEIS IN SEVERAL HEVEA-BRASILIENSIS
CLONES AND HEVEA SPECIES UNDER TROPICAL FIELD CONGITIONS
176714
72003785
RELATIONSHIPS BETWEEN YIELD AND CLONAL PHYSIOLOGICAL CHARACTERISTICS
OF LATEX FROM HEVEA-BRASILIENSIS
1/6/15
280569450
SOME PROPERTIES OF THE HEVEA TONOPLAST ATPASE
1/76/16
28059445
CHARACTERIZATION OF TONOPLAST PROTON-TRANSLOCATING ATPASE FROM HEVEA
LATEX-PRODUCING CELLS A COMPARATIVE STUDY
1/6/17
28067422
THE CONTROL OF THE CYTGSOLIC HOMEOSTASIS BY TONOPLAST AND VACUCLES
IN THE LATEX-PRODUCING CELLS FROM HEVTZA-BRASILIENSIS
1/6/18
28067421
ETHYLENE STIMULATICN OF THE ATP-DEPENDENT TRANSTONCPLASTIC PROTON
FLUXES IN HEVEA LATEX-PRODUCING CELLS
1/6/19
28069337
CITRATE TRANSPORT BY HEVEA TONOPLAST VESICLES ENERGIZATION OF
TRANSLOCATOR AND MECHANISM OF ITS FUNCTION AS A PROTON ANTIPORTER
1/6/20
28012564
RUBBER HEVEA
176721
28009182
NEW CROPS FOR ARID LANDS
1/6/22
28006818
PHYTOPHTHORA-SPP IN CHINA
1/6/23
78090458
WOODY BIOMASS OF FOREST STANDS
1/6/24
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78082485

AVIAN COMMUNLTY STRUCTURE IN 2 MGDIFIED MALAYSIAN HABITATS

176735
78078733

SPECIES MATING TYPES AND PATHOGENICITY OF PHYTOPHTHORA DISTRIBUTED
IN CITRUS ORCHARDS IN TAIWAN

1/6/26
780784554

PHYTOPHTHORA-SPP FROM RUBBER TREE HEVEA-BRASILIENSIS PLANTATIGNS IN
YUNNAN PROVINCE OF CHINA

176727
75070854

PURIFICATICN AND CHARACTERIZATION OF HEVAIN A SERINE PROTEASE FROM
HEVEA-BRASILIENSIS

1/6/28
78066394

MORPHOGENETIC STUDY OF THE CROWN SHAPE OF WIND SUSCEPTIBLE AND
RESISTANT CLONES OF HEVEA-2RASILIENSIS

1/6/29
78056374

ZERD GRAZED PASTURE UNDER IMMATURE HEVEA RUBBER PRGDUCTIVITY OF SOME
GRASSES AND GRASS LEGUME MIXTURES AND THEIR COMPETITION WITH HEVEA
1/6/30
78054700

FRACTIONATION OF HEVEA-BRASILIENSIS LATEX ON FICOLL DENSITY
GRADIENTS

1/6/31
780456778

EVIDENCE FOR GLUTATHIOMNE REDUCTASE EC-1.6.4.2 ACTIVITY IN THE
CYTOSOL FROM THE LATEX OF HEVEA-BRASILIENSIS

1/6/32
78042976

THE SAFONINS CONTENT OF SOME NIGERIAN OIL SEEDS

1/6/733
78035478

GEMETIC AND PHENOTYPLC CORRELATIONS BETWEEM SOME QUANTITATIVE TRAITS
IN JUVENILE CLOMAL RUBBER TREES HEVEA-SPP

1/6/34
78333031

TAXONGMY OF PHYTOGPHTHORA-SP ISOLATED FROM RUBBER HEVEA-BRASILIENSIS
IN SRI-LANKA

1/6/35
78027421

A PAEIS FOR SELECTING KHEVEA CLONES STABLE TO UMPREDICTABLE AGRO
CLIMATIC VARTJTABILITY .

1/6/36
780225606

SENSITIVITY OF TONOPLAST BOUND ATPASE FROM HEVEA-BRASILIENSIS TO
INHIBITORS

1/6/37
78014714

CHEMICAL . COMPOSITION  AND  NUTRITIONAL  VALUE OF PARA RUBBER
HEVEA-BRASIL_IENSIS SEED AND ITS PRODUCTS FOR CHICKENS

1/6/38
78014457

GLUTATHIONE S TRANSFERASE EC-Z.5.1.18 FROM HEVEA-BRASILIENSIS

1/6/39
77091692

GENETIC PARAMETERS IN RUBBER TREES HEVEA-SPP UNDER NURSERY SEEDLING
CONDITIONS

1/6/40
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77091588
YIELD RESPONSE OF RUBBER HEVEA-BRASILIENSIS TO FERTILIZERS ON AN
ULTISOL IN NIGERIA
1/6/41
77091225
PAPER INDUSTRY STuDY OF T7THE MIXTURE OF LEFTOVER ROLLS BY PLYWJOD
FACTORIES IN THE STATE OF AMAZIONAS BRAZIL
1/86/42
77075349
RHIZOBIUM INOCULATION OF CALOPOGONIUM-CAERULEUM
1/6/43
77073121
NOTES FROM THE HERBARIUM 1
17/6/44
77072576
THE INFLUENCE OF PROCESSING AND STORAGE ON HYDROGEN CYANIDE AND
TANNIN CONTENTS OF PARA RUBBER HEVEA-BRASILIENSIS SEED AND 1ITS
PRODGUCTS
1/4/745
77062529
THE KINETICS OF THE INFECTION OF HEVEA-BRASILIENSIS PLANTS BY
RIGIDOPORUS-LIGNOSUS
176744
77022555
INOCULATION OF YOUNG PLANTS OF HEVEA-BRASILIENSIS BY
RIGIDOPORUS-L IGNOSUS AMD PHELLIMUS-MOXIUS
175747
270817E9
REGIONAL ASIAN COLLABORATIOM IN FLANT QUARANTINE
1/&/743
27068244
EVALUATION OF POTENTIAL FEED INGREDIENTS OF TROPICAL GRIGIN IN
POULTRY DIETS
1/5/749
270568170
THE PATTERN OF LATEX FLOW FROM RUBBER TREE HEVEA-BRASILIENSIS INM
RELATION TO WATER STRESS
1/6/50
27067538
ROLE OF THE LUTOIDIC TOMOPLAST IN THE SENESCENCE AND DEGENERATION OF
THE LATICIFERS 0OF HEVEA-BRASILIENSIS
1/56/51
2706750%
COMPARISON OF HEVEA-BRASILIENSIS TONOPLAST ATPASE FROM FRESHLY
ISOLATED VACUOLES AND LYOPHILIZED TONOPLAST VESICLES :
1/6/52
27067491
ISOLATION PURIFICATIOM AND SUBUNLT STRUCTURE OF PROTON TRANSLOCATING
ATPASE FROM HEVEA LATEX
1/6/53
27067490
EFFECT OF .CHLORIDE ON TONOPLAST BOUND ATPASE FROM HEVEA LATEX
1/6/54
27067489
EFFECT OF NIGERICIN ON TONOPLAST BOUND ATPASE FROM HEVEA LATEX
1/6/55
27063575
ROLE OF THE LUTOIDIC TONOPLAST IN THE CONTROL OF THE CYTOSOLIC
HOMEOSTASIS WITHIN THE LATICIFEROUS CELLS OF HEVEA-BRASILIENSIS
1/6/56
27054350
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THE  PATTERN OF LATEX FLOW DURING TAPPING OF A RURBER TREE
HEVEA-BRASILIENSIS
176757
27019724
PHYSIOLGGICAL  RSGULATION OF  PHOSPHOENOL PYRUVATE CARBOXYLASE
EC-4.1.1.31 FROM A NONCHLOROPHYLLIAN SYSTEM THE HEVEA-ERASILIENSIS
LATEX
1/6/58
26074873
CHARACTERIZATION OF TONOPLAST ATPASE AND THE VACUGLAR PROTON PUMP OF
HEVEA LATEX
1/6/59
2560568145
THE IMPORTANCE OF LEGUME COVER CROP ESTABLISHMENT FOR CULTIVATION OF
RUBBER HEVEA-BRASILIENSIS IN MALAYSIA
175760
26048751
DEVELOPMENT OF MIXED TREE AND FOOD CROP SYSTEMS IN THE HUMID TROPICS
A RESPONSE TO POPULATION PRESSURE AND DE FORESTATION
1746761
256025514
ASSOCIATION OF  FUSARIUM-SOLANI  WITH ROOT LESIONS OF RUBBER
HEVEA-BRASILIENSIS SHOWING LEAF WILT IN SRI-LANKA
176762
746090935
AN ENDGOGENOUS NADPH DEPEMDENT ENZYMATIC ACTIVITY RESPONSIBLE FOR THE
PER OXIDATIVE DEGRADATION OF ORGANELLE MEMBRANE AND FOR THE EARLY AS
WELL AS IN-SITU COAGULATION OF THE LATEX OF HEVEA-BRASILIENSIS
1/6/763
756084838
RELATIVE EFFICACY OF SOME ANTI FEEDANTS AND DETERRENTS AGAINST
INSECT PESTS OF STORED PADDY
1/6/64
76075356
LABORATORY INVESTIGATIONS ON FUNGICIDES ND BIOLOGICAL AGENTS TO
CONTROL. 3 DISEASES OF RUBBER HEYVEA-BRASILIENSIS AND OIL PALM AND THEIR
POTENTIAL APPLICATIONS
1/6/765
76067914
EVIDENCE FCR AN ELECTROGENIC ATPASE IN HEVEA TOMNOPLAST YESICLES
1/6/66
76067758
A  SYSTEM TO EVYALUATE OF THE INCIDENCE OF THE TARGET SPOT
THANATEPHORUS-CUCUMERIS IN RUBBER TREE HEVEA-SPP
1/6/767 .
76044827
A TRANS TONOPLASTIC PROTON EFFLUX COUPLED TO ELECTRON TRANSPORT THE
NADH CYTOCHROME C€ OXIDO REDUCTASE IN THE MEMBRANE OF THE VACUO
LYSOSOMES FROM THE LATEX OF HEVEA~BRASILIENSIS/s
1/6/68
76036917
AN ALKALINE PROTEASE INHIBITOR FROM HEVEA-BRASIL IENSIS LATEX
1/6/69
76033848
PREDICTION OF GENETIC GAIN FOR SOME RUBBER TREE CHARACTERS UTILIZING
3 DIFFERENT SCHEMES OF SELECTIONS
1/6/70
76029274
3 HYDROXY-3-METHYL GLUTARYL COENZYME A REDUCTASE EC-1.1.1.34 OF
HEVEA-BRASILIENSIS LATEX THE OCCURRENCE OF A HEAT STABLE ACTIVATOR IN
THE C SERUM/v
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1768/71
758029116
OCCURRENCE OF FUNGI IN RUPBER HEVEA-BRASILIENSIS SEEDS
1/76/72
76029078
CHEMICAL DEFOLIATION OF HEVEA-SPP BY THERMAL FOGGING
1756773
76021547
HOST PARASITE INTERACTIONS BETWEEN HEVEA-BRASILIENSIS AND THE ROOT
ROTTING FUNGI PHELLINUS-NOXIUS AND RIGIDOPORUS-LIGNOSUS COMPARATIVE
PHYSIO PATHOLOGICAL STUDY
1/&4/74
78021527
ULTRASTRUCTURAL STUDIES OF PHLOEM DEGRADATION OF HEVEA-BRASILIENSIS
ROOTS INFECTED WITH RIGIDOPORUS-LIGNOSUS
1/6/75
75018419
THE PBRIOLOGICAL EFFECTS OF THE COMMUNITY STRUCTURE OF 1 ARTIFICIAL
RUPBER HEVEA-BRASILIENSIS FOREST WITH THE STUDIES OF THE VARIATION
REGULARITY OF SOME ECOLOGICAL FACTORS
1/56/76
76013556
HYDROXYMETHYL GLUTARYL COENZYME A REDUCTASE NADPH EC-1.1.1.34 IN THE
LATEX OF HEVEA-BRASILIENSIS
1/6/777
75090977
IN-VITRO MICRO CUTTING OF HEVEA-BRASILIENSIS PLANTS
1/6/78
75090884
STUDIES ON THE LYSOZIYME AND COMPONENTS OF MICRO HELICES OF
HEVEA-BRASILIENSIS LATEX
1/6/79
75090753
FUNGAL BIOMASS AND LACCASE ACTIVITY IN RUBBER TREE ROOTS INFECTED BY
RIGDOPORUS-LIGNOSUS
1/6/80
75088042
PHYSIOLOGICAL AND ANATOMICAL INVESTIGATIONS ON LONG~-TERM ETHEPHON
STIMULATED TREES
1/6/81
75080305
SUCROSE SYNTHETASE EC-2.4.1.13 IN THE LATEX OF HEVEA-BRASILIENSIS
1/5/82
75072454
EFFECTS OF DIFFERENT SPACINGS ON THE ALLOMETRIC GROWTH OF, RUBBER
HEVEA-SPP NURSERY SEEDLINGS
1/6/83
75072486
EFFICIENCY OF MENDES EARLY TAPPING TEST IN RELATION TO HAMAKER
MORRIS MANN IN RUBBER TREE HEVEA-SPP SELECTION
1/6/84
7507195S
PRESERVATIVE TREATMENT OF RUBBER W0OD HEVEA-BRASILIENSIS BY PRESSURE
IMPREGNATION CHEMICAL AND BIOLOGICAL EVALUATIONS
1/6/85
75067677
ARRHENIUS PLOT CHARACTERISTICS OF MEMBRANE BOUND 3 HYDROXY-3-METHYL
GLUTARYL COENZYME A REDUCTASE EC-1.1.1.34 FROM THE LATEX OF
HEYEA-BRASILIENSIS/s ‘
1/6/86 .
75067487
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STUDIES ON THE PLANT NEMATODES IN SOUTH FUJIAN CHINA 2. THE SPECIES
OF RHABDITIDA
176787
75064725
CHARACTERIZATION OF LEAF AREA INDEX AND CANOPY LIGHT PENETRATION OF
HEVEA-BRASILIENSIS BY HEMISPHERICAL PHOTOGRAPHY
1/6/88
75064149
SOME STUDRIES ON FUNGAL DETERIORATIGN OF RUBBER  WOOD
HEVEA-BRASILIENSIS
1/6/89
75049244
ORGANOGENESIS IN THE APICAL MERISTEM OF HEVEA-GP
1/56/90
75048217
EVALUATION OF DAMAGE CAUSED BY CATERPILLAR ERINNYIS-ELLO IN HEVEA
STOCK NURSERY
1/6/91
750417856
ASSESSMENT OF THE PERFORMANCE OF RUEBBER CLONES HEVEA-SPP UTILIZING
THE SELECTION INDEX METHOD
1/6/92
75041780
EXPERIMENTAL AND ECOLOGICAL STUDIES ON THE RUBBER HEVEA-BRASILIENSIS
TEA CAMELLIA-SINENSIS-VAR-ASSAMICA ARTIFICIAL COMMUNITY
176793
75033959
FINE ROOTS IN MIXED PLANTATIONS OF HEVEA HEVEA-BRASILIENSIS AND
CACAOD THEOBRGMA-CACAD
1/5/94
75029105
INTERSPECIFIC CROSSES IN THE GENUS HEVEA A PRELIMINARY PROGENY TEST
OF SOUTH AMERICAN LEAF BLIGHT RESISTANT DWARF HYSRIDS
1/6/95
75026955
STUDIES ON THE PLANT NEMATODES IN SOUTH FUJIAN CHINA 1. THE SPECIES
OF TYLENCHIDA
1/6/9&
75021295
PHYSIOLOGICAL ACTIVATORS OF INVERTASE FROM HEVEA-BRASILIENSIS LATEX
1/6/97
75018288
REPEATARILITY OF COEFFICIENT AND EFFICIENCY OF MICRO TAPPING TEST IN
SEEDLINGS OF RUBBER TREE HEVEA-SP
1/6/98 ,
75010554
INITIAL  PHYSIOLOGICAL CHANGES IN HEVEA LATEX AND LATEX FLOW
CHARACTERISTICS ASSOCIATED WITH INTENSIVE TAPPING
1/6/99
75010553
CARBOHYDRATE STATUS OF EXPLOITED HEVEA 1. THE EFFECT OF DIFFERENT
EXPLOITATION SYSTEMS ON THE CONCENTRATION OF THE MAJOR SOLUBLE
CARBOHYDRATES IN LATEX
1/6/100

75006126
IN-VITRO POLLEN GERMINATION OF HEVEA-CAMA<GOANA
1/6/101
75003156
RECENT ADVANCES IN ANTHER CULTURE OF HEVEA-BRASILIENSIS
1/6/102
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75023149
EFFECT OF HERRICIDE ETHIDIMURON ON RUBEBER HEVEA-SPP SEEDLINGS IN
DIFFERENT GROWTH STAGES
1767103
25039718
PHOTOSYNTHESIS STOMATAL CONDUCTANCE AND LEAF WATER POTENTIAL DURING
WATER STRESS SITUATIONS IN YOUNG RUPEER TREES HEVEA-ERASILIENSIS UNDER
TROPICAL CONDITIONS
1/5/104
25032499
ENERGIZATION OF SCLUTE TRANSPORT AND ACCUMULATION AT THE TONOPLAST
IN HEVEA-BRASILIENSIS LATEX
1/6/105
25032498
A PLANT VACUOLAR SYSTEM THE LUTOIDS FROM HEVEA-BRASILIENSIS LATEX
17671058
25029827
A NEW REPORT OF DIEBACK DISEASE ON HEVEA-BRASILIENSIS FROM TRIPURA
INDIA
1/6/107
25019294
NEW COMBINATIONS OF YEAST FUNGI OF THE GENUS CRYPTOCOCCUS
1/6/108
240574632
ENZYMES OF HEVEA-BRASILIENSIS LATEX ADENYLATE KINASE EC-2.7.4.3
SULFATE ADENYL TRANSFERASE ATP SULFURYLASE EC-2.7.7.4 AND THIO SULFATE
SULFUR TRANSFERASE RHODANESE EC-2.8.1.1/
17567109
24064684
RELEASE OF BUD ODORMANCY IN PBUDDED STUMPS AND MAXI STUMPS USING
GROWTH SUBSTAMCES
1/6/110
24042389
THONNINGIA-SANGUINEA A NEW PARASITE ON RUBBER HEVEA-BRASILIENSIS
ROOTS
1/6/111
24027556
NITROGEN CYCLE IN RUBBER HEVEA-BR FUNGI OF THE GENUS CRYPTOCOCCUS
1/6/108
24067432
ENZYMES OF HEVEA-BRASILIENSIS LATEX ADENYLATE KINASE EZ-2.7.4.3
SULFATE ADENYL TRANSFERASE ATP SULFURYLASE EC-2.7.7.4 AND THIQ SULFATE
SULFUR TRANSFERASE RHODANESE EC-2.8.1.1/
1/6/109
24064684 .
RELEASE OF BUD DORMANCY IN PBUDDED STUMPS AND MAXI STUMPS USING
GROWTH SUBSTANCES
1/6/110
24062389
THONNINGIA-SANGUINEA A NEW PARASITE ON RUBBER HEVEA-BRASILIENSIS
ROOTS
1/6/111
24027556
NITROGEN CYCLE IN RUBBER HEVEA-BROF RUEBBER
HEVEA-BRASILIENSIS IN NIGERIA
1/6/117
74076017
MODIFICATION OF CROWN DEVELOPMENT OF HEVEA-BRASILIENSIS BY CULTURAL
PRACTICES 1. PRUNING
1/6/118
74075086
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EFFECTS OF SHADRE COVER AND AVAILABRILITY OF MIDGE BREEDING SITES ON
POLLINATIMG MIDGE POPULATIONS AND FRUIT SET IN 2 C0COA THEGBROMA~CACAQ
FARMS

1767119
74070203

EFFECT OF RUBBER SEED OIL ON THE DEVELOPMENT AND REGRESSION OF

EXPERIMENTAL AVYHERQO SCLEROSIS OF THE AORTA IN RABRITS
1/6/120
740465523
EVALUATICN OF RUBRBER CLONES HEVEA-BRASILIENSIS DERIVED FROM THE 1ST
HAND POLLINATION PROGRAM AT THE RUBBER RESEARCH INSTITUTE OF NIGERIA
1/8/121
74044153
PROTON NMR AND CARBON-13 NMR SPECTROSCOPY OF THE NONADRIGES
1787122
T4042427

THE PROTON GRADIENT ACROSS THE VACUO LYSOSOMAL MEMBRANE OF LUTOIDS
FROM THE LATEX OF HEVEA-BRASILIENSIS 1. FURTHER EVIDENCE FOR A PROTON
TRANSLOCATING ATPASE ON THE VACUQ LYSOSOMAL MEMBRANE OF INTACT
LUTOIDS/0

1/6/123
74039395

PRELIMINARY RESULTS OF RUBBPER TREE HEVEA-SP CLONES BEHAVIOR IN THE

ECOLOGICAL CONDITIONS OF MANAUS BRAZIL
17867124
74032059

HEVEA CLONES PEHAVIOR AT THE EDGE OF THE TAPAJOS RIVER BRAZIL

1/756/1:5
74027573

FURTHER EVIDENCE FGOGR THE PROTON PUMPING WORK OF TONCPLAST ATPASE
FROM HEVEA LATEX VACUOME

1767126
74027518

EVALUATION OF 7 HEVEA CLONES IN RELATION TO THE RESISTANCE AGAINST
SOUTH AMERICAN LEAF BLIGHT MICROCYCLUS-ULEL

1757127
740156945

SCREENING OF PRESERVATIVES AGAINST SAP STAIN AND MOLD FUNGI FROM
TROPICAL  HARDWOODS 1. LABORATORY TESTS AGAINST ISOLATES FROM
RIBBERWOOD HEVEA-BRASILIENSIS

1/6/128
74005573

THE ELECTROCREMICAL PROTON GRADIENT  AND ITS INFLUENCE ON CITRATE
UPTAKE IN TONOPLAST VESICLES OF HEVEA-BRASILIENSIS

1/6/129
74005719

ULTRASTRUCTURE OF MINERAL DEFICIENT LEAVES OF HEVEA 3. QUANTITATIVE
CONSIDERATIONS

1/6/130
74002973

VIABILITY TEST ON HEVEA SEEDS BY THE TETRAZOLIUM METHOD

1/6/131
73057027

THE EFFECT OF MOISTURE AND TEMPERATURE ON THE ULTRASTRUCTURE AND
VIABILITY OF SEEDS OF HEVEA-BRASILIENSIS

1/6/132
730390356

PLOIDY IN THE PROCESS OF ANTHER CULTURE OF HEVEA-BRASILIENSIS/

1/6/133
73035182

THE PROTONMOTIVE POTENTIAL GCIFFERENCE ACROSS THE VACUO LYSOSOMAL
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MEMBRANE OF HEVEA-BRASILIENSIS RUBBER TREE AND ITS MODIFICATION BY A
MEMERANE BOUND ATPASE
1787134
73031502
PRESERVATIVE TREATMENT GF RUBRER WOOD HEVEA-BRASILIENSIS BY PRESSURE
IMPREGNATION CHEMICAL AND BIOLOGICAL EVALUATIONS
1/6/135
73020373
ONTOGENY  OF  LATICIFEROUS SPECIES ¢F THE PRIMARY SYSTEM OF
HEVEA-BRASILIENSIS AN ULTRASTRUCTURAL AND CYTOCHEMICAL STUDY
1/6/136
73002783
EARLY EXPLOITATION OF HEVEA RUBRER TREES BY PUNCTURE AND SHORT-CUT
TAPPINGS
1/6/137
23035194
NUTRIENT CHARACTERIZATION OF SOME TROPICAL FEEDSTUFFS
1/6/138
2301398
IN-VITRD PROPAGATION OF LATEX PRODUCING PLANTS
1/67139
23012037
CONVERSION OF LINOLEIC-ACID AND LATEX FURANOID ACID TO FISH 18
CARBON DI METHYL FURANOID ISOMERS
1767140
22053133
GOSSYPOL IN RUBRER SEED MEAL
1767141
22066942
EFFECTS OF PLANTING DENSLITY ON YIELD GROWTH CROWN FGRMS AND OTHER
TREE CHARACTERISTICS IN HEVEA-BRASILIENSIS
1/6/142
22002050
POPULATICN PRESSURE AND LAND USE CHANGE FROM TREE CROPS TO SAWAH IN
NORTHWESTERN KALIMANTAM INDOMNESIA
1/87143
72083559
THANATEPHORUS-CUCUMERIS PELLICULARIA-FILAMENTCSA ON RUBBER SEEDLINES
GROWING IN MURSERIES IN FELIXLANDIA MINAS-GERAIS BRAZIL
1/786/144%
72073543
ASPECTS OF ECOLOGIC ANATOMY .. THE LEAVES OF HEVEA-BRASILIENSIS
1767145
72073522
INDUCED FLOWERING IN YOUNG HEVEA BUDUINGS .
1/6/145
72073521
VARIATIONS IN LEAF MORPHOLOGY AND ANATOMY BETWEEN CLONES OF HEVEA
1/6/147
72062103
PATHOGENICITY OF SOME PHYTOPHTHORA-PALMIVORA ISOLATES ON DIFFERENT
HOSTS
1/6/148
72059492
POSSIBILITIES OF Z+RLY SELECTION IN HEVEA-BRASILIENSIS
1/6/149
72054954 *
ETIOLOGY OF RHODODENDRON-MAXIMUM DIEBACK CAUSED BY 4 SPECIES OF
PHYTCPHTHORA
1/6/150
72054908



CHEMICAL CONTROL OF RHODQDENORON DIEBACK CAUSED ey
PHYTOPHTHORA-HEVEAE
1/5/7151
720456351
OCCURRENCE OF REACTION WOOD IN 2RANCHES OF DICOTYLEDONS AND ITS ROLE
IN TREE ARCHITECTURE
1/6/152
710834156
HISTOLOGICAL ASPECTS OF BROwWN RAST DISEASE IN HEVEA-BRASILIENSIS
1757153
71060837
LUTOID STABILITY AND RUBBER  PARTICLE STABILITY AS FACTORS
INFLUENCING YIELD DURING OROUGHT IN RUBBER HEVEA-BRASILIENSIS
1/67154
71074255
TUCKERELLA-ORNATA A MITE NEW FOR BRAZIL AND OTHER TETRANYCHOIDEA
ACARI FROM THE STATE OF PARA
1/5/7155
7105565625
THE CONDUCTING PHLOEM IN RELATION WITH THE EXPROPRIATION OF LATEX IN
HEVEA-BRASILIENSIS
1/5/7158
71045285
FACTORS INFLUENCING 7THE COLLOIDAL STABILITY OF FRESH CLONAL HEVEA
LATICES AS DETERMINED BY THE AEROSOL OT TEST
/&6/157
71043852
ISCLATION AND CHARACTERIZATION OF MICRO HELICES FROM LUTCIGS OF
HEVEA LATEX
1/6/158
71035339
FUSION OF PROTOPLASTS OF HEVEA-BRASILIENSIS AND HEVEA-PAUCIFLORA
ELABORATION OF TECHNIQUE
1/56/159
71033819
DISTRIBUTION OF PROTEINS RSTWEEN THE FRACTIONS OF HEVEA-LATEX
SEPARATED BY ULTRA CENTRIFUGATICN
1/6/7180
71031214
ISOLATICON OF HEVEA PROTOPLASTS
1/5/7161
71031213
SC0IL  MOISTURE USE AND GROWTH ©OF YOUNG HEVEA-BRASILIENSIS AS
DETERMINED FROM LYSIMETER STUDIES
1/6/162 .
71027032
A NEUTRAL CYTOPLASMIC PHOSPHATASE FROM THE  LATEX  OF
HEVEA-BRASILIENSIS
1/6/163
71007322
EFFECT OF FEEDING RUBBER SEED CAKE TO GROWING CALVES ON DRY MATTER
ANO NUTRIENTS UTILIZATION
1/6/164
71005681
AUTOMATED DETERMINATION OF SULFUR IN HEVEA AND ASSOCIATED COVER
PLANTS
1/6/165
71005640
ULTRASTRUCTURE OF MINERAL ODEFICIENT LEAVES OF HEVEA 2. EFFECTS OF
MICRO NUTRIENT DEFICIENCIES
1/6/166
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71003795

FUNCTIONAL ORGANIZATION OF THE BARK OF HEVEA-BRASILIENSIS RUBBRER
TREE A STRUCTURAL AND HISTO ENZYMOLOGICAL STUDY

1/6/7167
21055437

THE NIGERIAN MOIST FORESTS AN ARGUMENT FOR BASIC SYSTEMATIC RESEARCH
1767148
21041171

PLANT PARASITIC FUNGI OF GORAKHPUR INDIA 23

1/6/169
21008788

ETIOLOGY AND CONTROL OF RHODODENDRON  DIEBACK  CAUSED BY
PHYTOPHTHORA-SPP

176770
2001z .16

" COMMONWEALTH MYCOLOGICAL INSTITUTE DESCRIPTIONS OF PATHOGENIC FUNGI
AND BACTERIA
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File G55:BIGSIS Previews — 1977 thru 1930
{Cocpr. BIOSIS 15800
17371
70052049
FUNGAL FLORA OF A RUPBER PLANTATION SOIL IN RELATION TO CERTAIN
EDAPHIC FACTORS
1/5/72
70074193
A COMPARISON OF ABPSCISSION GF RUBRER HEVEA-BRASILIENSIS LEAVES
INFECTED WITH MICROCYCLUS-ULEI WITH LEAF ABSCISSION INDUCED BY
ETHYLENE TREATMENT DE BLADING AND SENESCENCE
1/6/3
70071417
STUDIES ON THE ECO PHYSIOLOGICAL INDICES OF RUBBER TREES
HEVEA-BRASILTENSIS AT CHILLING TEMPERATURE
1/5/4
70062053
RUPBER SEED MEAL AS A PROTEIN SUPPLEMENT IN GROWING SWINE RATIONS
1/&75
70053527
THE  RELATIONSHIP OF PUHENOLS AND OXIDATIVE ENZIYMES WITH THE
RESISTANCE OF HEVEA-BRASILIENSIS TO SCUTH AMERICAN LEAF BLIGHT
1,/5/6
70050942
THE USE OF SELECTICN INDEX IN RUPBER TREES
1/8677
70049778
PRINCIPAL INDICATOR GROUPS IN THE FLORA OF ADVENTITIOUS PLANTS FROM
HEVEA CULTURE AT THE EXPERIMENTAL STATION OF ANGUEDEJOU IVORY-~COAST
1/6/8
70045731
MODIFICATION OF PH OF LATEX HEVEA-BRASILIENSIS CYTOPLASM BY ETHYLENE
17679
70043912
VEGETATIVE GROWTH OF RUBBER TREE HEVEA-EP CLONES
176710
70043911
FLUCTUATIONS OF REST AND ACTIVITY PERIODS IN THE INTERMITTENT GROWTH
OF RUBBER TREE NURSERY SEEDLINGS
1/6/11
70043908
_SEED GRAFTING OF HEVEA 1. POTENTIAL VIARILITY PRELIMINARY RESULTS
1/6/12
70038004
TANNIN CELLS AND LATEX VESSELS IN  SECONDARY  PHLOEM OF
HEVEA-BRASILIENSIS
1/6/13
70029382
STUDIES ON THE SUCCESSION OF PHYLLOPLANE MICRO FLORA OF DEVELOPING
LEAVES OF HEVEA RUBBER
1/6/14
70029316
COMPARATIVE STUDY OF DIPLOPOD MYRIAPOD POPULATIONS FROM A
HYGROPHILOUS FOREST AND FROM A HEVEA PLANTATION IN LOWER IVORY-COAST
1/6/15
70026223
EFFECT OF POTASSIUM AND ALUMINUM TREATMENTS ON GROWTH AND NUTRIENT
UPTAKE OF RUBBER HEVEA SEEDLINGS AND ON SOILS
1/6/16
70019393
THE  OEVELOPMENT  OF PHOTOSYNTHETIC RATE  WITH LEAF AGE IN
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HEVEA-BRASILIENSIS CLONAL SEEDLINGS
176717
70019516
ETHYLENE FORMATION IN EXCISED HEVEA BARK DISCS
1/6/18
70019159
REGULATION OF IAA OXIDASE ACTIVITIES IN HEVEA-BRASILIENSIS LEAVES BY
NATURALLY OCCURRING PHENOLICS
1/6/19
70016468
INDUCTION AND CONTROL OF FLOWERING IN HEVEA-BRASILIENSIS
1/6/720
70016467
VARIATIONS IN STIMULATION RESPONSE IN YIELD OF A HEVEA-BRASILIENSIS
CLONE 1 COMPONENT VARIANCE MODEL
1/6/21
70015456
EFFECTS OF INTERSTOCK ON GROWTH OF HEVEA
176722
70012402
HORMONAL REGULATION OF SEXUAL REPRODUCTION IN PHYTOPHTHORA
1/6/23
70012154
ULTRASTRUCTURE OF MINERAL DEFICIENT LEAVES OF HEVEA 1. EFFECTS OF
MACRO NUTRIENT DEFICIENCIES
1/5/24
70009470
A PBIGMETRICAL APPROACH TO STUDY CROWN TRUNK RELATIONSHIPS 1IN
HEVEA-SPRUCEANA
1/6/725
70009459
COPPER ZIINC MANGANESE IRCN AND ALUMINUM CONTENTS OF SOILS COMMONLY
USED FOR HEVEA-BRASILIENSIS CULTIVATION 1. DISTRIPUTION WITHIN SOIL
PROFILES
176725
70009468
STIMULATION OF LATERAL ROOT PRODUCTION AND BUD BREAK WITH GROWTH
REGULATORS IN HEVEA BUDDED STUMPS
1/6/27
70009467
HERITABILITIES OF &6 BIOMETRICAL CHARACTERS OF SINGLE PAIR MATING
FAMILIES IN HEVEA-BRASILIENSIS
1/6/28
70009466
DAILY VARIATIONS IN YIELD AND DRY RUBBER CONTENT IN 4 HEVEA CLONES
1/6/729
70009462
HEVEA RUBBER PAST AND FUTURE
1/6/30
70009461
COMPARATIVE ANATOMY BETWEEN DI PLOID AND POLY PLOID LEAVES OF THE
HYBRID HEVEA-BRASILIENSIS-X-HEVEA-BENTHAMIANA
1/6/31
69075183
PROPERTIES AND GEOMORPHIC RELATIONSHIPS OF SOME SOILS OF LIBERIA
1/6/32
69057945
VARIATION IN STIMULATION RESPONSE 1IN YIELD OF A HEVEA CLONE 2. A
REGRESSION MODEL
1/6/33
69057944
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EFFECTS OF BRUD TYPES ON EARLY SCION GROWTH OF HEVEA
1/6/34
6790354695
ELECTRON MICROSCOPE STUDIES OF OOGONIAL WALL AND ELEMENTAL
COMPOSITION OF OOGONIA IN PHYTOPHTHORA
1/8/735
69034488
CONTACT URTICARIA TO RUBBER
1/6/36
69033046
REACTION OF HEVEA-BRASILIENSIS LEAVES TO  INFECTION WITH
MICROCYCLUS-ULEIL
1/6/37
69032979
OCCURRENCE OF CRINULA-CALICIIFORMIS IN THE AMAZON REGION BRAZIL
REGION
1/6/38
69016643
CLONAL VARIABILITY FOR STOMATAL CHARACTERS AND ITS APPLICATION IN
HEVEA-BRASILIENSIS BREEDING AND SELECTION
1/6/39
19049983
AN EASY SYNTHESIS OF MUCO INOSITOL
1/6/40
19039935
DIFFERENCES IN STOMATAL DENSITY DIMENSION AND CONDUCTANCES TO WATER
VAPOR DIFFUSION IN 7 HEVEA SPECIES
1/86/741
1903256455
POLY ISOPRENE
176742
13050024
RELATIONSHIP PETWEEN LEAF AGE AND SOME CARBON DI OXIDE EXCHANGE
CHARACTERISTICS OF 4 HEVEA-BRASILIENSIS CLONES
1/6/43
18049193
PLANTS AND DRUGS OF STOMATOLOGICAL INTEREST
1/6/44
18039654
THE NATURE OF AMPHIGYNY IN PHYTOPHTHORA
1/6/45
18039154
RHODODENDRON DIEBACK CAUSED BY PHYTOPHTHORA-HEYEAE
1/6/46
16031474 p
ARBOREAL MOVEMENT AND TADPOLE CARRYING BEHAVIOR oF
DENDROBATES-PUMILIO DENODROBATIDAE IN NORTHEASTERN COS7A-RICA
1/6/47
18028945
HISTOLOGICAL AND PBIOCHEMICAL STUDIES ON SOUTH AMERICAN LEAF BLIGHT
MICROCYCLUS-ULEI OF HEVEA-SPP
1/6/48
18018856
PHENOLIC COMPOUNDS OF THE LATEX OF HEVEA-BRASILIENSIS AGLYCONES/
1/6/49
18018727
ON THE OCCURRENCE AND EFFECT OF NEMATODE INFESTATION IN RUBBER
HEVEA-BRASILIENSIS PLANTATIONS IN INDIA
1/6/50
18012975
PETROLEUM PLANTATIONS FOR FUEL AND MATERIALS
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176751
68053425

PHOTGSYNTHETIC RATES AND OIFFUSION RESISTANCES oF 7
HEVEA-BRASILIENSIS CLONES

1/6/52
63056504

THE OCCURRENCE OF A FURANOID FATTY-ACID IN HEVEA-BRASILIENSIS LATEX
1/6/53
58050547

PHOTOSYNTHESIS AND DIFFUSION RESISTANCE TG CARBON DI OXIDE IN
HEVEA-BRASILIENSIS CLONES

1/6/54
68043931

METABOLISM OF 2 CHLOROETHYL PHOSPHONIC-ACID ETHEPHON IN SUSPENSION
CULTURES OF HEVEA-BRASILIENSIS/

1/6/55
68037453

A PROCESS OF OBTAINING POLLEN PLANTS OF HEVEA-BRASILIENSIS

178755
58031053

MATING TYPES OF PHYTOPHTHORA-PALMIVORA PHYTOPHTHORA-NICOTIANAE-VAR—-
PARASITICA AND PHYTOPHTHORA-BOTRYOSA IN THAILAND

1/6/57
650056531

RESFONSE OF SOYBEAN TG DOLOMITIC LIME RATES AND PHOSPHORUS SOURCES
ON MALAYSIAN SOILS

1/6/58
68005151

EFFEC OF CHILLING  TEMPERATURE ON  PLANT  METABOLISM  OF
HEVEA-BRASILIENSIS

1/6/59
63002903

ESTIMATES oF PARENTAL COMBINING ABILITIES IN  RUBBER
HEVEA-BRASILIENSIS BASED OMN YOUNG SEEDLING PROGENY

17676
670695681

STRUCTURE AND PRGPERTIES OF A 2 CHLOROETHYL PHOSPHONIC-ACID ETHEPHON
METABOLITE FROM HEVEA-BRASILIENSIS BARK

1/6/761
67067133

OEVELOPMENT OF LEAF BLADE CLASS CONCEPT FOR THE CHARATTERIZATION OF
HEVEA-BRASILIENSIS ILEAF AGE

1/&/62
67067132

DISTRIPUTION AND CONCENTRATICM OF MAJOR SOLUBLE CARBOHYDBRATES IN
HEVEA LATEX THE EFFECTS OF ETHEPHOM STIMULATION AND THE POSSIELE ROLE
OF THESE CARPOHYDRATES IN LATEX FLOW

1/6/63
67054224

COMPARATIVE  NET PHOTOSYNTHESIS OF 4 HEVEA-BRASILIENSIS CLONAL
SEEDLINGS

1/6/64
67049890

MEDICIMNAL PLANTS IN THE PAST TODAY AND TOMORROW

1/6/65
67039388

A NEW INFRAGENERIC CLASSIFICATION OF HEVEA PART 1 HISTORICAL
CONSIDERATIONS ON INFRAGENERIC CLASSIFICATIONS

1/6/66
67035115

DEMONSTRATION OF LATEX COAGULANTS IN BARK EXTRACTS CF HEVEA AND
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THEIR POSSIBLE ROLE IN LATEX FLOW
176767
67035114
RESIDUAL SFFECT OF  APPLIED  PHOSPHATES ON  PERFORMANCE OF
HEVEA-BRASILIENSIS AND PUERARIA-PHASEOLOIDES
1/6/68
670335641
FURTHER STUDIES ON THE OCCURRENCE AND DISTRIBUTION OF MICRO HELICES
IN CLONES OF HEVEA
1/6/759
67028319
2 INDICES TO QUANTIFY LATEX  FLOW  CHARACTERISTICS IN
HEVEA-BRASILIENSIS
1/86/70
67026532
A NEW CANKER DISEASE OF AVOCADO CAUSED BY PHYTOPHTHORA-HEVEAE
NEW-RECORD
1/6/71
67017843
EVALUATION 9F FUNGICIDES FOR CONTROL OF SOUTH AMERICAN LEAF BLIGHT
OF HEVEA-BRASIL.IENSIS
1/6/72
67015526
ASSESSMENT OF PARENTAL PERFORMANCE FOR YIELD IN HEVEA BREEDING
1/6/73
67015132
INVESTIGATIONS ON INDIGENOUS SUBSTITUTES FOR IMPORTED HORNBEAM
CARPINUS-SP FOR MAKING COTTON LOOM SHUTTLES
1/6/74
57005113
SOUTH  AMERICAN LEAF BLIGHT OF HEVEA-BRASILIENSIS CULTURE OF
MICROCYCLUS-ULEI
1/6/75
67004359
HEVEA-BRASILIENSIS SEEDS FOR HUMAN NUTRITION
1/6/76
17046476
THE LUTGIDS OF HEVEA-BRASILIENSIS LATEX
1/6/77
1701456858
RHODODENDRON DIEBACK CAUSED BY PHYTOPHTHORA-HEVEAE
1/6/78
16055711
INTERNATIONAL UNIOM OF FPURE AND APPLIED CHEMISTRY REPORTS ON
PESTICIDES PART 4 TERMINAL RESIDUES OF ORGANO PHOSPHORUS PESTICIDES
1/6/79
16026597
ECO PHYSIOLOGICAL ASPECTS OF HIGH ODENSITY PLANTING RELSTED TO
HEVEA-BRASILIENSIS LATEX PRODUCTION
1/6/80
16016639
THE INFLUENCE OF RAINFALL ON YIELD OF RUBBER HEVEA-BRASILIENSIS/
1/6/81
16015698
RUBBER
1/6/82
16007 405
A MODEL OF INTACT ISOLATED VACUOLAR STRUCTURE LUTOIDS FROM LATEY OF

HEVEA-BRASILIENSIS PART Z CHARACTERISTICS OF THE LUTOID MEMBRANE/
1/6/83
16007404
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A MODEL OF INTACT ISOLATED VACUOLAR STRUCTURE LUTOIDS FROM LATEX OF
LMEVEA-2RASILIENSIS PART 1 ACCUMULATIGN AND PENETRATION OF CITRATE AND
L« LYSINE IN THE LUTQIDS
1/6/34

186003347
PRODUCTION AND STORAGE OF RECALCITRANT. SEEDS IN THE TROPICS
1/56/85

&6051262 :

STUDIES ON APICULTURE IN SRI-LANKA PART CHARACTERISTICS OF SOME
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Appendix 2

Contacts during the field study in Sri Lanka




Rubber plantations:

Elpitiya State plantation, Mr. G.N. de Almeida
Alpitiya, Sri Lanka (Superintendent)
Igalkanda Estate, Mr. P.S. de Silva
Elpitiya, Sri Lanka (Superintendent)
Usk Valley State Plantation, Mr. D.H. Ariyara‘*ne
Baduraliya, Latpandura, Sri Lanka (Superintendent)
Dalkeith State Plantation, Mr. N. Ratwatta
Baduraliya, Latpandura, Sri Lanka (Superintendent)
Yatadola State Plantation, Mr. A.H.V. Perera
Metugama, Sri Lanka (Superintendent)
Clyde State Plantation M>. A.H.N. Wlikala
Tebuwana, Sri Lanka (Superintendent)
Sri Lanka State Plantation Crop. 111 Mr. M.R.C. Peiris
Ceylon Planters, Provident Sciety (Chairman)

Authorities:

Ministry of Rural Industrial Development Dr. V. Ramanathan

Colombo (Additional Scretary)
Department of Small Industries, Bandula S. de Silva
Government of Sri Lanka, (Director)

Colombo

Department of Animal Productioxn Dr. G.H.P. Ganegodu
and Health (Veterinary Research
Director Dr. S.B. Dhanapala Institute)

Kandy




Research Institutes:

Rubber Research Institute of Sri Lanka

Ceylon Institute of Scientific and
Industrial Research (CISIR)

M. Kadarajah (Rubber Consultant)

Mr. S.¥. Karunaratne
Acting Director

(Head of Rubber
Chemistry & Technology
Department)

Dr. Merdes

Dr. C. V¥Vijesundera
(Head of Section 0Oils
& Fats)

Formerly Head of Rubber Chemistry & Technology Department, RRISL

Industries:

Ceylon 0ils & Fats Corp.
Mr. D.S.Kalansuriya (Chairman)

Adamjee Lumanjee & Sons Ltd.
Mr. Adamjee Lukmanjee (Director)

Sedawatte Mills
Mrs. Amari Deraniyagala (Director)

Lever Brothers Ltd.
Mr. A. Mangold (Chairman)
Dr. I. Ismail (acting Technical Director)

British Ceylon Corporation
Mr. Jerry Perera (Production Manager)

Paints & Gen. Industries Ltd.
Mr. ¥.D.S. Perera (Director)

Lankem Ceylon Limited
Mr. A.C. Gunasinghe (Managing Director)

oil mill,
fats, soaps, chemicals
oil mill

0il mill

oils, snaps

paints, soaps

paints, soaps

4

paeints, soaps, oils



lznendix 3

Analytical methods




(Literature References see III, page 95, 96)

Acid Value [1]: Some 3 - 10 g 0il is weighed to the nearest
10 mg into a 200 ml Erlenmeyer flask, dissolved in 50 ml
ethanol : ether = 1 : 1 (v/v, titrated before against phe-
nolphthalein with 0.1 N KOH) and titrated with 0.1 N KOH

(phenolphthalein as indicator).

56,1 » ml1 0,1 N KOH « 0,1

Calculation: AV[mg KOH/g] =
weight of oil [g]

Lipase screening test [2]: Principle: An aqueous suspension
of the test material reacts for some hours with test kits
containing esters and pH-indicators. The acids liberated
cause a colour shift in the solutions which is compared with

a colour scale,
With rubber seeds: 10 mg in 90 ul H20 cleave in 4 h at 37°C:

5nmol 2-naphthyl-butyrate
5nmol 2-naphthyl-caprylate
Snmol 2-naphthyl-myristate

Fatty acid composition of oil: 200 mg oil is converted into
fatty acid methylesters by mixing with 2 ml methanolic
NaOCH3(O,25 N). After 5 - 10 min the mixture is ex-

tracted with 1 ml iso-octane and 2 ml methanol. 1 - 2 ul of

the iso-octane-phase is injected into a gaschromatograph.



Gaschromatographic conditions:

column: Sil 88, 25 m, fused silica capillary
temperatures: injector: 250°C

column: 160 - 220°C, 2°/min
detector: FID, 300°C

The integrated areas of the individual fatty acid methyl-

esters are calculated as § of the total area of all peaks.

Gel permeation chromatography [3]: The o0ils are separated on
polystyrene columns. Tetrahydrofurane is used as solvent. The
eluted substances are detected by a differential refractome-

ter.

Column set for oil analysis: 3 Ultrastyragel columns with
500, 200 and 100 & pore diameter (Waters), 1 Microgel column,
100 &£ pore diameter (Chrompak).

Column set for molecular weight determination of polyiso-
prene: 3 Ultrastyragel columns with 100, 500 and 104 2 pore

diameters, 1 micro-Styragel column 103 2, 1 Microgel column
6
10° R,

Flow rate: 1 ml/min, temp. 38°C.

Calibration is done with polystyrene of known molecular
weights.

Preparative GPC: Column 600 x 25 mm, Prep Gel 10 um, 50 )t
pore diameter (Latek GmbH). 5 mg unsaponifiable from RSO,
injected in 1,9 ml, were separated with THF (p.a., Merck) at
a flow rate of 5 ml/min. When the high molecular materiai
appeared, 6,5 ml were collected and evaporated. A blank run
was Jerformed without UM and 6,5 ml THF collected after the

same time.



Assessment of polar fatty acids [4]: Fatty acids, obtained
from the assessment of the UM of RSO, were esterified with
methanol/BF3. Ca. 1 g of these methylesters were dissolved in
10 ml petroleum ether : ethyl ether = 87 : 13 (v/v) and given
on a column of 10 g Si0, (activated at 160°C) in this
solvent. Elution with 60 ml of this solvent and evaporation
gave the amount 5f unpolar fatty acid methylester. The
difference to 100 § is calculated as amount of polar fatty

acid methylester.

Unsaponifiable matter [5]: 5 g fat is hydrolized by heating
with 50 ml 2 N ethanolic KOH (reflux, 1 h). The cooled solu-
tion is diluted with 50 ml H,0 and then extracted with 100 ml
petroleum ether (3 times). The combined petroleum ether ex-
tracts are washed with 40 ml H,0 and 40 ml ethanol : H,0 = 1
: 1, dried with Na2$04 and evaporated. The residue is dried

at 103°C to constant weight.

HPLC-Method for assessment of tocopherols: 20 pl of the oil

were injected into the following HPLC-system:

column: Spherisorb Si 60 (Kontron), 250 x 4,5 mm
solvent: Iso-octane with 0,5 ¥ isopropanol
flow rate: 1 ml/min

detector: Fluorescence, Ex. 295 nm, Em. 325 nn
synthetic tocopherols are used as test substances
Assessment of phospholipids [11]: The phospholipids are sepa-~

rated on a TLC-plate (Si02) using the solvent mixture chloro-

form : acetone : methanol : acetic acid : H20 = 10 : 4 : 2 :
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1. The amount of phospholipid per spot should be equiva-
lent to 0,1 - 5 ug P. After staining vith J,-vapor the spots
are scraped off and transferred into 10 ml centrifuge-tubes
(precleaned with H,S0, K20r04). 0,7 ml 70 ¥ perchloric acid
is added (saturated with ammonium molybdate) and then the
tube is heated at 160°C for 1 h. After cooling 4,3 ml of a
freshly prepared mixture of 2 parts 1 § ammonium molybdate
solution and 3 parts of a 2 £ ascorbic acid solution are add-
ed and heated at 50°C for 1 h. The centrifuged mixture then
is measured in 1 cm cuvettes at 820 nm against water. The
value is corrected for a blank, containing 3102 of a similar
size as the spots, but free of phospholipids. Equilibration
is done with KH2PO4 spotted on TLC-plates and treated in the

same way as the phospholipids.

9. Colour stability of RSO: The o0il was put in a Petri disk
(1 cm layer) and stored at day light {(Nov. - Dec. 1985,
window to the North side) for several weeks. At certain
intervals the iodine colour was assessed in a colorimeter

(Hellige-Colorimeter).

10. H20—determination in RSM: About 1 g sample is dried at 120°C

to constant weight. The loss is calculated as water.

11. Fat content in RSM: 5 g samples are extracted in a Soxhlet
apparatus with petroleum ether or ether for 2 h. After eva-

poration of the solvent the residue is calculated as fat.

12. Soluble carbohydrates [13]: 5 g of the finely ground RSM is
mixed in a mortar with 12 ml of a 1 % HgCl,-solution. After
dilution with water to 200 ml, the mixture is heated to 50°c¢
for 20 min. At room temperature 5 ml phosphoric acid (20 ml
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14.

85 & H3P04 diluted to 1 1) is added, which is afterwards neu-
tralized by a saturated aqueous solution of Ba(OH)z. Then the
slightly alkaline mixture is filled up to 250 ml with water
and filtered. 50 ml (~ 1 g RSM) are evaporated in a platinum
vessel and dried at 103 - 105°C (weight a). After weighing,
the residue is ashed at 800°C (weight b). In a separate
sample of the water solution the N-content is assessed by the
Kjeldal method.

Calculation: ¥ soluble carbohydrates
= (veight a - weight b) = 100 - £ N - 6,25

Hydrogen cyanide in RSM [14): 10 g RSM, 40 ml H,0 and 5 ml

5 4 trichloroacetic acid were given in a 250 ml 2-necked
flask equipped with an air cooler connected with a 10 ml
flask. This small flask contained 3 ml H20 and 1 ml1 5 ¢
Na2003-solution and was cooled with ice. A constant stream of
N2 is blown through the apparatus while the contents of the
250 wl flask is boiid for 15 - 20 min.

The content of the small flask then is transferred into a 10
ml measuring flask containing 2 ml of a 1 % picric acid solu-
tion in water and filled up to 10 ml. After 3 min in a water
bath of 100°C and 1 h at room temperature the adsorbance was
measured (1 cm, 500 nm) against a blank, containing 1 ml 5 %
N32003, 2 ml picric acid solution and 7 ml H20. A calibration

curve was obtained with KCN.

Aflatoxins [15]: 50 g ground sample, mixed with 5’g Hyflo-
supercel is defatted by shaking with 150 ml petroleum ether.
After filtering and washing with 2 x 50 ml petroleum ether
the residue is air dried and extracted in a Soxhlet with
chloroform : methanol = 90 : 10 (3 h). The solution is eva-
porated, the residue dissolved in 100 ml petroleum ether :

methanol = 1:1-mixture and transferred to a separation fun-
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nel. After addition of 5 - 10 ml H,0 the aqueous methanolic
layer is washed with 50 ml petroleum ether and diluted with
70 ml water. This liquid is extracted 4 times with 25 ml
chloroform, the combined chloroform soclutions are evaporated

and the residue dissolved in 2,00 ml1 chloroform.

2 - 20 pl of this solution is spotted on a 20 x 20 ¢m TLC-
plate (Macherey u. Nagel, Sil-G/25-HR) arnd developed in 2

directions with

1) Ether : methanol : H,0 = 94 : 4,5 : 1,5
(saturation)
90 : 10 : 2

(without saturation)

2) Chleroform : aceton : methawnol

The dried plate is juantitatively assessed with a TLC-scanner
(e. g. Spectrodensitometer Model SD 3000, Schoeffel Instr.
Corp.), fluorescence mode (Ex 365 nm, Em 435 nm). Standard

curves are obtained with pure aflatoxins.





