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FOREtlORD 

Jt it:> with Rrc>11t pl<'lfstire thRt we- submit our sixth int<"ri111 

report - Draft final, on the UNIDO Global Rubber Sec-d Project­

Phase 7'wo (Contract No.Bl /34/l'B). This work is a follow up of 

Phase One, preliminary work on Rubber Seed Proces~dng carried 

·out by NllTEC laboratories. lt'est Germany. In our im•pstigations 

which coamenced in Hay 1987 the emphasis was on €"Xtension of 

laboratory work highlighted in Phase One and pilot plant investi­

gntions to define optimum conditions to scale up for semi­

commercial operations. lt'e have been successful in obtaining 

parameters for efficient extraction of rubber seed oi 1 by high 

pressure screw expelling and also documented commercial practir.e 

for extraction of technical rubber seed oil. Other investigations 

have dwelt on such topics as constraints to rubber seed 

processing, product markets, animal feed trials and financial/ 

economic analysis. 

Work in Phase Two was undertaken by the following team 

of senior scientists and engineers of the CISIR - L P Hendis 

(Team Leader), ,.,iss 1'f J Gooneratne, T 1/abarakada, G S Jayatilake, 

A L Jayewardene. A H Hubarak, P S Peiris. Hrs f\ H Pieris. 

G Rajapakse and R C Wijesundera. They wrre ah! y supported by 

many other research and technical personnel of the CISTR. Animal 

feed tests were carried out by [Jr G A P Ganegoda of thf' l'P-terinC1ry 

{?esearch Institute, Department of Animal Production and llc>al t.h. 

Gannoruwa, Peradeniya. 

CISIR is grateful to numerous organizations and indivi­

duals both within and outside Sri Lanka who helped us in our 

investigations, a list of these contacts is given Jn Appendix 4. 

Our Institution has endeavoured to complete the task entrusted 

to us to the best of our ability and 1o·e alone are responsible 

for any errors of omission and commission. 

E R Jansz 
DIRECTOR. 

CEYLON INSTITUTE OF SCIENTIFIC & INDUSTRIAL RESEARCH. 
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mAPTF.R 1 -

INTRODOCflON 

1.1 Background 

Phase Two of the UNIOO Global Rubber Seed Project 

was targeted to carry out product and process research 

and ex~cted to result in the final definition of the 

most suitable rubber seed processing technology for 

production of defined quality rubber seed oil and meal. 

Earlier in the Phase One operation (carried out by NATEC, 

W. Germany) a comprit=hensive literature survey and 

laboratory work was carried out to pinpoint areas 

-needing attention for successful commercial utilization 

of rubber seed. The Phase Two operation involved 

laboratory, pilot plant and field operations covering 

two seasons of seed fall (1987 and 1988) in Sri Lanka 

and information was also obtained from co:nmercial rubber 

seed processing practice in South India and Sri Lanka. 

In this chapter, plantation aspects and brief descriptions 

of work carried out in Phase Two are recorded. 

l.2 Plantation Aspects of Rubber Seed 

Rubber seed fall is seasonal, the harv~sting season 

of about two months' duration depending on location. 

In Sri Lanka, plantations which are subject to South West 

monsoonal raine harvest during August-September while 

those subject to North East monsoonal rains harvest during 

the December-January period. The 1ield of seed is 

dependent on weather patterns during the flowering season 

which occurs six months before seed fall and also during 

harvesting and also such other factors as clonal variation, 

fertilizer selection and fungal attack (Phytophthora pal_mi­

vora 3nd Oidium h~veae). The average annual collection 

of seed in natural rubber producing countri'.?s has been 
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estimated in the range 55-JOOkg/hectare {Phase I r~port), 

the average for Sri Lanka in the best collection years 

hl'ing About lOOkg/h<'Ct:tr<'. Pl:mtnt ion Jlrf'lr:tke in 

selection of clones and .lk"lnuring (loticrc-tl N.K ratio) 

nre not conducive to seed formation in H<:'vcn. 

In the two seasons during which we gathered 

information on seed fall patterns, estimates (on areas 

from which seed was collected) were between 20-200kg/ 

hactare/season. Several estates and smallholders recorded 

no collection of seed due to bad weather conditions 

charing t.he JIC?riod of !';re<I fa11 dne to pod rot. C.ollN"tion 

of rubber seed also presents difficulties due to 

pecularities in terrain and 

of the plantations entrusted 

high labour costs. Some 

the job ~£ co] Iection to 

tappers, paying incentives while in smallh1Jlcf ings collection 

was carried out as a family rou~ine. An estim:ite of 

potential for annual rubber seed harvesting is given in 

Table I.I for some countries with interest in cornml'.'rc:i:ll 

production of Hevea (the minimum figure of S5kg/hectare/ 

year has been assumed for seed co 11 cc ti on). The total 

estimate of 437,855 tons/year of ru~ber seed is much 

less than conventional oil seed p:-oduction (Table 1.2), 

nevertheless with increasing dem:iml for v<'gctah 1 e o i 1 s, 

could play a useful complementary role in Hevea producing 

countries. 

1.3 La~ocatory Work 

Experimental investigations in Phase 2 •. were 

an extension of preliminary experiments carried out in 

Phase I and additionally work of relevance to pilot 

plant and animal feeding trials. These included the 

following areas:-

(a) collection, characterization and preparation 

of rubber seed 

(h) drying in relation to moisture and cyanide 

levels 



- '.'> -

(c) lipase activity and FFA change 

(d) s:ioisture uptnk<! And loss during storage 

of rubber seed 

(e) oil extraction 

{ f) toxic substances such as n flat ox i us, goSSJlto I 

and saponins 

(g) p~lyisoprene in rubber seed oil 

(i) preparation of soap, alkyd resin nnd 

vulcanized oil 

(j) hydrogenation 

{k) characterization of rubber seed oil and meal 

1.4 Pilot Plant Trials 

Investigations were carried out to determine 

optimum conditions for drying, decortication and stor:igc 

of seed. The most significant contribution w<is in the 

area of expelling fresh rubber seed kernel where parameters 

using conditioning {cooking) and high pressure screw 

expelling were defined. Filtration studies clEmrJy 

indicated that the presence of poly{isoprene) did not 

retard rates of filtration. 

1.5 Product Market Tests and Animal Feed Trials 

.. 
Product market tests highlighted the possibility 

of use of RSO for edible purposes, as a source of 

nutritionally valuable a-linolenic acid, blending with 

other vegetable oils or light {brush) hydrogenation 

being required to reduce odour and darkening on heat 

treatment. Frying and cooking experiments were also 

carried out to compare rubber seed oil with other.vegetable 

oils. Technical oil of high FFA content is obtained 

commercially by expelling aged undecor~icated rubber seed. 
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1.6 Financial/Economic Evaluation 

Project evaluation/appraisal sturlies (using 

UNIDO GUIDELINES) carried out on rubber seed processing 

showed that with respect to base parameters in Sri l~nka, 

the Financial and Economic Internal Ratrs of Return 

(FTRR and EIRR) for production of edihle quality oil 

are slightly less than minimum values of 20% and 13% 

for project acceptance in Sri Lanka. The main reasons 

adduced for lowered profitability of production of edible 

qual ily RSO are high co~ts of production due to the 

requirement of high pressure expelling, low capacity 

utilization and high costs of refining. On the other 

hand production of technical oil rr.qui res reduced capital 

investment and combined with low priced raw material 

in the form of aged, undecorticated rubber sP.ed, yields 

high returns on investment. 
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Tohlc J.l - PotentiaJ for Ruhher Se~d ColJection 

Country Yenr of Arf'a tll••f"f St'<'!l n1 I 1 rr t ion 
estimate cul ti vet ton 

('000 Hectare) Ton~/year 

lirnzil 1965 20 l, 100 

China 1982 453 24,915 

India 1987 398 21,890 

Indonesia 1986 2872 157,960 

Liberia 1973 120 6,600 

:'ialaysia 1987 1875 103, 125 

Nigeria 1982 185 10, 175 

Sri Lanka 1987 205 11,275 

Thailand 1986 1718 94,490 

Vietnam 1983 J 15 6,325 

Note: Total seed collection is 437,855 tons/yeRr 

{Source : Association of Nat1JrAl Ruhhrr Prorlucing Countries, 
Kuala Lumpur). 

Ti\ble 1.2 - Estimate of Annual World Oil Seed Product ion 
1987/1988. 

Oil seed type Seed production 
{million tons) 

Soya bean '101.4 

Cotton seed 30.0 

Rape seed 22.2 

Sunflower 20.4 

Peanut 19.1 

Copra 4.5 

Flax 2.4 

(Source J. American Oil Chem. Soc., Hay 1988 issue). 
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CIAPTER 2 

rou.o:n:ON, DRYiltC, DEOORTICATION 

AND STORAGE OF RUBBER SEFJ> 

2.1 lntroducU on 

Rubber seed fall is st?nRonal and occurs at most 

for a period of two months. The seed is also very much 

prone to biological attack hence the need to estahHsh 

optimum conditions for -ollcction, d?"ying, d<>cortkntion 

:ind storage operations. Jn this c:hapter firlct, lahorntory 

and pilot plant trials are described. 

2.2. Collection of Rubber Seed 

Field collection trials showed that best quality 

seeds were obtained if collected soon after seed-fall, 

with minimum duration of contact with ground. The 

possibility of lipase activity and 

increased with longer durCltion ,,f c;c<'cl 011 r,rounil. ln 

Table 2.1 FFA and total.cyanjde values of seed collected 

after varying periods are given. lHfferences in FFA and 

moisture levels are random but a clear pattern of increased 

FFA for seed collected after increased number of days 

frequency is noticeable. It was also noted. that the 

ratio of kernel weight/weight of whole seed was dependent 

on quality, irrespective of moisture levels. Results 

in Table 2.2 indicate a ratio greater than 60% for good 

quality seed and less than 50% for poor quality seed. 

Thus to obtain best quality seeds, collection must be 

carried out as frequently as possible, preferably on a 

daily basis. Field collection trials carried out on a 

small s::ale on a daily basis gave FFA levels of 1-2% 
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whereas seed collec..:ed on a weekly basis had FFA levels 

i.n the 10-15~ nmgc. It wns· also noted I hnt m<'Clmn i<-nl 

removal of in -' seed reduced FFA levels, although 

when large quar 

possible. 

~s are processed, this would be not 

2.3 Drying of Rubber Seed 

2.3.1 

Presh rubber seed lms a 1110islurc content or nbout 

30% and hence it is most important to reduce moisture 

levels to about 5% for storage purposes (experimental 

proof of this requirement is given in Section 8.5) to 

prevent increase of FFA due to lipolytic activity. Drying 

also helps in reduction of cynnide levels (Section 8.3) 

to a large extent. The folJowing methods of drying 

carried out during field trials are described:-

(a) indirect dryer 

(b) smoke house 

(c) copra kiln 

(d) sun drying 

(e) solar cabinet 

Indirect dryer (Fig.2.1) 

The indirect dryer constructed in the premises 

of the Ceylon institute of Scientific and Industrial 

Research was a drying house of brickwork with flue pipes 

arranged as shown and could be categorised as a dryer 

with natural draft hot air circulation (Ref .I). The 

path of hot air could be regulated by a set of dampers 

fixed on the ceiling of the drying house, temperature 

of air (60-75°C) being controlled by air intake and 

quantity of fuel used. For the latter purpose dry rubber 

wood was used and this was supplemented with rubber seed 

shell as stocks built up on dec.ortication (one disadvan­

tage with •.Jse of rubber seed shell was high level of 

carbonaceous matter which built up during u;e). 
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Whole seed or kernel was spread o!l the grating 

(drying floor) mnde of : Rrl'cnnut (Arir11 cntrr1111):;Rtri11s. Tt 

was possible to spread 200kg whole seed or 250-300kg kernel 

per batch. A uniform temperature vas mAintained in the 

horizontal plane after a period of stnhi]ization of 

about three hours, temperature difference between drying 

floor and ceiling being ahout 10°c on the average (tempera­

ture less at ceiling level). Drying time to reduce 

moisture content of rubber seed from 20-25% to the 5% 

level was typically about 18 hours but material was kept 

for a further period after shutdown for cooling and 

reduction of cyanide l~vels in the air (Section 8.3). 

2.3.2 Smoke llouse (Fig.2.2) 

Since smoke houses are plentifully available in 

plantation areas for purposes of drying sheet ruhbcr, 

field trin.ls were carried out to evaluate smoke house 

drying. A typical smoke house was modified by Hxing 

layers of wire mesh or use of metal trays for purposes 

of holding rubber seed. Since there was the possi hility 

of fire due to evolution of combustible gases during 

drying of rubber seed, care was taken to prevent direct 

impinging of flame on the dyring area, especially during 

the initial stages. The sheet of metal normally used 

as an arrester in smoke houses was adequate for this 

purpose. Maximum temperatures attained during field 

trials were around 50° C. A period of 3-4 days was 

necessary to reduce moisture levels of fresh seed to 

5%. A total of 2200kg of seed was dried in four smoke 

houses in batches ranging from 65-350kg. 

2.3.3 Copra Kiln (Fig. 2.3) 

Kilns for coconut drying are usually found in 

rubber growing areas and advantage was taken to evaluate 

drying of rubber seed in copra kilns. These were of the 
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direct] y heated smoke 1 e!'ls type (Ref. 1) using coconut 

shell as fuel. Risk of fire wns high c-sp<•cially H steps 

were not taken to control the burning of coconut shell 

by arranging these in separate rows. Fire hazards arise 

from evolution of fJammable gnsrs and concentration: of 

these gases would be reduced if seeds are pre-dried 

e.g. by sunlight to reduce moisture levels. Investigation 

of a pilot plant kiln which uurnt down during drying 

operations revealed that logs of firewood had been used 

instead of the normal coconut shell, resulting in flame 

impinging on the drying floor. Temperatures of 60°c were 

readily attained during trials,duration to rertuce moisture 

levels to 5% being 2-3 days. A total of l 700kg of seed 

were dried in copra kilns during field trials, a typical 

batch being about 400kg whole seed. 

2.3.4 Sun drying 

Natural sun drying of seed would be the least 

expensive method of drying and if weather conditions are 

conducive would be the most convenient. . Sun drying 

during field trials required a period of 4-5 days to 

reduce moisture levels to 5-7%, rates of drying of whole 

seed and kernel being about equal. About SOOkg of seed 

were sun dried during pilot plant operations. 

2.3.5 Solar Cabinet (Fig.2.4) 

An experimental solar cabinet constructed on a 

pilot plant scale was used for drying.of seed and kernel, 

temperatures around B0°C maximum being attained, so that 

drying to the 5% level was achieved in one day. Costs 

and inability to handle large quantities do not favour 

solar cabinet drying. 
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Discussion of nrying Hrt110tfs 

All drying methods carried out during field trials 

were sat~sfactory with respect to attainment of objective 

of reduction of moisture levels to 5% (being the optimum 

moisture level for storage) however efficiency, cost 

and safety factors varied. Whereas indirect drying 

presented no fire hazard, direct drying in smoke houses 
---and copra kilns need to be carried out ·cautiously 

with fire arrester installation in the former and orderly 

combustion of coconut shell in the latter. A ~hort period 

of pre-drying in the sun also greatly reduces the fire 

risk since the bulk of combustible products are 1 iberated 

at high moisture levels. It may also be noted that rates 

of drying of kernel and seed are similar. Wherever possible 

it would be best to pre-dry seed in the sun soon after 

collection before subjecting to drying to attain optimum 

moisture levels around 5%. The practical determination 

of attainment of optimum moisture levels could be made 

by crushing the kernel between fingers and noting hardness, 

with some experience. A summary of drying conditions 

is given in Table 2.3. 

2.4 Decortication of Rubber Seed 

Supply _of good quality oil and meal was dependent 

on efficient decortication of rubber seed i.e. separation 

of shell from kernel. During laboratory and pilot plant 

trials over ten tons of freshly collected seed were 

decorticated by the following methods:-

(a) disc grinder 

(b) drum type 

(c) manual. 
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2.4.1 Disc Grinder Decorticntor (Fig.2.5) 

Eitui [llllCnt consi sls of two llK'I a I discs, one 

stationary other rotating at high speed driven by a 211P 

3 Phase motor, clearance between discs being adjustable. 

An average output rate of about 35kg/h (total of kernel 

and shell fragments) vas attained vith fresh seed, power 

consu•ption averaging 0.4kW. 

2.4.2 Drum Decorticator(Fig.2.6.) 

Consists of a rotating drum made of hard wood 

(Artocarpus integra Herr.) located inside a chamber lnlilt 

with the same vood, clearance between drum and surface 

of chamber decreasing towards the outlet. 111e clearnnce 

itself is adjustable to accOIDOdate differrnt size of sPed. 

The drum was lined sy111111etrically with four wooden wedges 

parallel to its axis and driven by a 1 HP single phase 

motor. Decortication vith minimum damage of kernel 

occurred at a drum rotation of about 300 rpm. Average 

output rate was 60kg/h for fr£sh seed with a power 

consumption of O.SkW. 

2.4.3 Separation of Shell from Kernel 
aftar Decortication 

The process of decortication must be followed by 

separation of kernel from shell fragments to ensure good 

quality of kernel. For this purpose a pneumatic type 

of separator was designed and fabricated (Fig.2.7). 

Crushed seed vas fed from the Vortex finder end and air 

flow adjusted for efficient separation. An average output 

·rate of 75kg kernel/h was possible at an air flow rate 

of 0.1Im3/s (linear velocity of 18 m/s). 
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2.4.4 Manual Decortication and Separation 

About 1500kg of rubber seed were decorticated 

and separated manually. this being the pref erred manner 

of operation in rubber producing areas. It was possible 

to obtain about 8kg of kernel/hr/person. It aay be ~oted 

that in South India manual decortication and separation 

is carried out almost entirely in commercial rubber 

.seed processing. 

2.4.5 Effect of Moisture Content on Decortication 
0£ Rubber Seed 

One important observation made during decortication 

operations was the fact that efficient decortication 

(as judged by high rate of production of kernel with 

reduced fragmentation) was possible in the 10-20% 

moisture level of ooed. Above this level, removal of shell 

from kernel was difficult possibly due to strong adhesion 

while at lower moisture content fragmentation of kernel 

was evident to a large extent making separation difficult 

as shown in Table 2.4. 

2.5 Storage of Rubber Seed 

Rubber seed collection takes place during a two 

month period so that storage of dried seed or kernel is 

necessary for subsequent processing. Several trials on 

storage shoved that provided seed· or kernel is subjected 

to a heat treatment to reduce moisture levels to 5%, 

material kept in a satisfactory state without much incrtase 

in FFA or fungal contamination, provided steps were taken 

to keep material enclosed. Changes in parameters on 

storage are shown in Tables 2.5, 2.6, 2.7 and 2.8. 
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Tiu• [ollnwinR dcdurtiun!' r.:m hr d1·:iwn hum lht> clnl:i in 

these tables:-

(a) keeping quaJities of who]e seed :ire better 

COlllpared with kernel 

( h) if kernr Is arc vc 11 rm· I used nml sl orrd 

they can he kept for long periods 

(C") cyan;dc lrvrls rcdnn.• cln.-ing slcn-:igr. r:ti-rs 

being higher under ventilated conditions. 

Moisture uptake and loss o[ seed/kernel during 

storage is dependent on ambient conditions. F.qui l ihrium 

moisture content of seed and kernel under relative 

humidity and temperature ranges prevalent were 5.5-7 .5%. 

2.6 Sununary 

Analysis of laboratory and pilot plant trials 

clearly shoved that best quality seed is obtained if 

collection is carried out immediately aftPr seed-fall 

with minimum ground contact duration. Soon as seed is 

collected it is preferable to pre-dry sr.ed in the s11n 

to reduce moisture levels as far as possi hle and carry 

out subsequent drying to the 5% moisture level in indirect 

dryers, smoke houses or copra kilns. The risk o[ fire 

hazard is greatest in smoke houses and copra kilns and 

adequate steps must be taken to prevent impinging of flame 

on the drying floor. Decortication can be carried out 

mechanically or manually and it has been noted that 

decortication is most efficient in the 10-20% moisture 

level of seed. Storage, if carried out after reduction 

of moisture levels to 5% is satisfactory if steps are 

taken to keep material air-tight. Seed keeps better on 

storage compared with kernel. 
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Table 2.1 - Characteristics of Rubber Seed of 
Defined Fr~1urncy of r..ollcrt ion 

Frequency of Moisture content FF'A Of oil Total ~yanide 

collection of kernel expelled content of · 
frOiD kernel kernel •g/kg 

on dry basis 
(No. of days) (% by mass) % 

-------------
1 39.0 0.8 4230 

2 33.5 2.0 ND 

3 17.3 5.7 ND 

4 27.4 3.4 1260 

5 15.6 8.2 3300 

7 12.2 9.4 ND 

10 9.5 15.3 ND 

ND - Not Determined 

Table 2.2 - Grading of Quality of Ruhber Seed According 
to Ratio of Weight of Kerne~/Weight of Whole 
Seed 

Tue of Seed Weight of Kernel x 100% 
Weight of whole seed 

Good quality >60 

Medium quality 50-60 

Poor quality <50 
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Table 2.3 - Summary of Drying C.ondition~ 

Hethod of Initial Te91perature DuraHon Final 
drying 9K>i!'lture 0 of op<>rn-rnnge C 11e>is1urc 

content % tion (hrs) content % 

Indirect 15-25 70-80 24 2-5 

Solar cabinet 15-25 max.80 8-10 5-6 

Smoke house 15-25 40-50 72-96 5-1 

Copra kiln 15-25 40-60 48-72 5-7 

Sun 15-25 3Q-34 96 6-8 

Table 2.4 - Relation·of Moisture Level of Rubber 
Seed to Decortication Efficiency 

Moisture Weight kernel (kg) Output 
content % obtained from lOOkg of kg kernel/hour 

seed after decortir.ation 
and pneumatic separation 

------ --------------

5.2 36 14 

16.7 52 25 

26.1 42 20 

30.6 38 18 
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Table 2.5 - Effect of Storage on Heat Treated Rubber Seed Kernel 

Storage time SEALED POLY BAGS POLYPROPYLENE WOVEN BAGS STOCK PILE 

--------~-----------------------------------------------------------------------
M.C. Pet Ether F.F A M.C Pet Ether F FA MC Pet Ether F"F A 

~~!!~!2-------~-----~---§~!!!~! ______________________ §~!!!~! ___________________ g~!!!~~------~~ 

0 3.9 46.2 0.8 3.9 45.5 a.a 3.9 44.7 1.0 

1 3".3 40.1 0.6 5.0 43.0 1.1 5.9 35.7 1.4 

2 3.3 40.0 0.9 6.4 43.0 2 .1 7.0 37.4 2.0 

4 3.7 40.1 1.3 6.9 '•3. 5 2.2 7.5 40.2 3.1 

8 3.9 37.7 1.6 7.5 41.6 6.5 8.4 41.3 10.0 

12 4.4 35.2 3.5 7.7 39.2 9.3 8.0 35.0 12.1 
... 
....... 

I 

Material - Kernel heat treated at 75°C for 16 h i.n Mitchell drier 

Storage - Ambient conditions 

MC =.Moisture content (Mass %), Pet Ether Extract - Mass % (on dry basis) 

F F A - (as oleic acid) % on Pet Ether extracted oil 
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Table 2.6 - C.hangc-s in FFA of llcnt Tr-<-01tf'.'fl Ruhh<'r­
Seed Kernel and Whole Seed on Storage 

Storage Time WHOLE SF.ED KERNELS 

Enclosed in Stock piled f.nclosed in Stock piled 
(Days) POLY bag (oped)·· POLY bag (open) 

0 

IO 

18 

40 

100 

0.9 0.9 0.9 

1.3 1.0 0.8 

1.1 1.3 0.6 

1.3 2.9 LS 

2.7 1.4 4.2 

Material - Whole seed and kernel dried at 75°C 

for 3 days in Mitchell drier 

(initial moisture content less thnn 5%) 

Storage - Ambient conditions 

F F A (as oleic acid)% - on oil got by pressing 

---
0.9 

0.6 

0.6 

8.7 

18.1 

• 
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Table 2.7 - Change in FFA of Heat Treated Ruhhcr 
Seed Kernel and Whole Seed on Storage 

Storage Time WHOLE SEED KERNELS 

(Days) 

0 

7 

14 

21 

100 

Enclosed in Stock piled Enclosed in Stock pi led 
POLY bag (open) POLY bag (open) 

---------
1.6 1.6 1.6 1.6 

2.5 2.5 2.9 2.2 

2.3 2.9 3.0 2.0 

3.2 2.4 2.5 2.4 

3.1 4.3 2.2 .... 
~ 

Material - Whole seed and kernel dried at 100°c for 

2 days in Mitchell drier 

(initial moisture content less than 5%) 

Storage - Ambient conditions 

F F A (as oleic acid)% - on oil got by pressing 

* - material perished 
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Table 2.8 - Storage nf Orircl Kern<'l~ undrr llifforrnt 
C.omlit ions - Vnriation in Totnl Cyanide 
Levels 

Storage Time Condition 
of storage 

Total cyanide 
mg/kg·on dry 
weight of 
kernels 

Total cyanide 
loss 

(Weeks) % 
·------------------------------

00 283 

-------------------------------------------------
04 Ventilated 48 83 

-------------------------------------------------:--
08 

12 

16 

38 

'.38 

36 

87 

36 

87 

-------------------------------------------------------
08 

16 

Sealed POLY b~g 234 

234 

17 

17 

------------------------------------------------------------------
04 

08 

12 

l'> 

Polypropylene 99 65 
bag (closed) 

80 72 

79 72 

33 88 

Material - Rubber seed kernel dried at 75°C for 

12 hours in oven with blower. 

• 
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CHAPTER 3 

EXTRACTION OF OIL AND HEAL FR<l1 RUBBER SF.FD 

3.1 Introduction 

Laboratory and pilot plant trials were carried 

out to determine optimum conditions for extraction of 

oil in rubber seed processing. Experiments conducted 

to expel fresh rubber seed kernel using low pressure 

expel1ers as are used for expel1ing copra in Sri 1-·mka 

were not successful so that high pressure expelling 

preceded by cooking of kernel was necessary for extraction 

of oil from fresh seed, throughput being increased hy 

use of rubber seed meal itself and a small amount of 

cocon1Jt meal (poonac). Production of terhnical oi 1 of 

high FFA was possible by expelling of undecorticated 

seed alJowed to age over a period of time, ]ow ·pressure 

expellers being used for oil extraction. He:tl protiuced 

from fresh kernel was of high quality while meal oht;iined 

during production of technical oil was uf low 'tu:tl ity 

due to contamination ~ith shell. Since difficu1ties 

of P.xtraction of oil were encountered both in laboratory 

and pilot plant work in the use of fresh rubber seed 

kernel, much of the investigations was concentrated 

in this area. 

3.2 Laboratory .Ttials 

All laboratory work for expelling of oil by 

compression of kernel was carried out in a 50 Ton 

Hydraulic Press (Moore, UK) with heated platens. Material 

to be extracted for oil (about 50g) was contained in 

a square piece of filter cloth, wrapped over and placed 
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in a semi-positive moulci. Re1iroducihie conditions were 

maintained with respect to application· or pressure and 

duration. Expelling efficiency w~s judged by drtennination 

of residua] oil in !RP.a) hy prtrolf"nlll ethrr e-xtnu~tion. 

Results of extraction of oil carried out at different 

temperatures gave a mean repeatability of 20% when 

outliers were included and 15% when outliers were excluded 

(calculation according to ISO 5725 - Precision of test 

methods by interlaboratory methods). Ex1,erinients were 

carried out t~ determine effect of follow·ing parameters 

on oil ~xpelling efficiency (using fresh RS kernel):-

(a) pressure 

(b) temperature 

(c.;) size reduction 

(d) cooking (conditioning). 

It was shown that increased pressure and tempera­

ture resulted in lowered residual oil in meal. Size 

reduction also helped expelling efficiency. Cooking, 

carried out by treatment with water at 100° C resulted 

in improved expelling efficiency when moisture levels 

of 7-8% were attained, expelJing efficiency being p<or 

at lowered moisture levels. Typical results in Fig.3.1 

indicate expelling efficiency dependence on moisture 

levels. 

3.3 Pilot Plant Trials in Extraction of Oil 

All pilot plant extraction trials were carried 

out in a HANDER EX-100 (Hander Oil Machinery Corporation, 

Japan) fitted with a 7.5 kW (10 HP) three phase induction 

motor. .High pressure expelling of rubber seed kernel 

with the HANDER was necessary since all experimenttS 

carried out with low pressure expellers were inefficient 

with respect to oil yield when fresh rubber seed kernel 

was used. The objective of trials was to derenutne 
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opti•um conditions for oi I extrac:tion to ~ale up_ on a 

larger scale. As in laboratory work. efficiency of 

extraction vas evaluated by residual oil in meal. 

1ne llANDF.R was preheated when required to a 

temperature of 80-85 °c by expelling a mix of coconut 

poonac and rubber seed kernel (1 :4 by weight) with a 

tight choke opening of I-I .San. Input feed material 

was cooked (conditioned) by subjecting IOkg batches to 

live steam in a s1·cnm jacketed pan and allowed to 

attain different moisture levels by changing duration 

of steam entry into the feed. Cooked material was 

mixed with any other material and illllllPdfately expelled. 

Foots were filtered away with a fine wire mesh and added 

onto the weight of meal. Duration required to obtain 

respective yields (by weighing) was obtained. All 

experiments were at a single shaft speed of 30rpm. 

Results are averages of two or more determinations. 

Effect of Pressure 

Pressure was varied by changing tfle <·hoke opening. 

Results (Fig. 3.2) for a typical feed dearly indicate 

that increase of pressure by rer!ucing choke opening 

results in a low residual oil content, however throughput 

is also reduced. 

Effect of Coconut Heal (Poonac) 

It was '11!asoned that the higher fibre content 

of poonac would aid expelling of rubber seed kernel 

and hence rubber seed kernel/poonac feeds were expelled. 

Results in Fig.3.3 indicate that poonac helps in 

increasing throughput but the residual oil values - also 

increase signifying inefficient expelling. It was however 
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noted that incorporation of poonac into rubber seed kernel 

resulted in a smoother extrusion and less foots formation. 

In all subsequent experiments 5% poonac was mixed with 

rubber seed kernel as a processing aid. 

3.3.3 Effect of Rubber Seec! H<?al 

3.3.4 

The ef feet of incorporation of rubber seed 

meal (of L · residual oil content around 12%) into a 

•ix so that t:o'tal of rubber seed kernel and rubber seed 

meal is 95% and the remaining 5% is poonac is shown 

in Fig.3.4. In this instance throughput increases, 

at the same time residual oil content remains around 

the same level. It is seen that the oil output also 

increases with increased incorpo~ation of rubber seed 

meal (Fig.3.5). 

Effect of Moisture Content 

Experiments were carried out with a mix composed 

of 50% rubber seed meal. 45% rubber seed kernel and 5% 

poonac as feed material. The kernel component was cooked 

to different moisture levels and mixed with rubber seed 

kernel and poonac. Lowered moisture levels were obtained 

by drying cooked material in an oven. Results in 

Fig.3.6 and 3.7 indicate that lowest residual oil content 

and highest oil output are obtained at a moisture 

content around 7% (this value is that of cooked rubber 

seed kernel and since the moisture content of rubber 

seed meal is around 9%, the average moisture content 

of feed material is about 8%). 
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Discussion on Oil Extraction 

Experiments on hi~h pressure expelling in the 

HANDER clearly show that incorporation of ruhher seed 

meal at a level of about 50% and poonnc: nt 5% grcnt 1 y 

improves efficiency of rubber seetl kernel expelling. 

Optimum moisture levels for expelling are around 8% 

attained by cooking of rubber seed kernel and mixing 

with rubber seed meal. F.xperiments in which rubber seed 

kernel, rubber- seed meal and poonac (45%, 50% and 5% 

respectively) were cooked together did not give satis­

factory residual oil content after expelling, prohahly 

due to excessive a~>sorption of moisture. Double 

expcl 1 ing i.e. re-expel ling of rnkc ohl-ainf'il from 

rubber seed kernel alone did not give improved overall 

increase in efficiency. All high pressure experimental 

results seem to indicate that optimum results are obtained 

by cooking of rubber seed kernel to a moisture content 

around 7% and incorporated in a mix containing 45% rubber 

seed kernel, 50% rubber seed meal and 5% poonac. 

Efficient expelling with low residual oil meal was 

accompanied by flake formation, whereas during production 

of high residual oil meal ?Owdery material was ohtained. 

Results appear to fit into experience of other 

seed tect.nologies. It is well known that cooking helps 

in extraction of oil from seed containing high protein 

levels e.g._ cottonseed, soya, peanut (Ref.1 7 2) where 

protein is coagulated to free oil globules. Rubber 

seed kernel is in the high protein category and its fibre 

content is Jow·· so that increased fibre '. ievels in 

rubber seed meal aid in throughput increase and exertion 

of frictional forces during expelling. 
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The influence of rubber seed meal nnd moisture 

content on rubhcr seed kernel expe 11 i ng cou Id be 

explained by fitting results into a simplified expression 

(Ref. 3 14) for flow of m."ltcrial in a screw extruder 

vi7.:-

(Q' = throughout, G
1 

and G
2 

are geometric parameters, N is 

rotation speed of shaft, 1J is apparent viscosity 

of seed mass, Pis pressure in barrel] 

Tile throughput Q' increases with introduction 

of high fibre matcri:tl (Fig.3.3 poonac, 3.4 ruhher sc:>ed 

meal) or reduction of moisture content (Fig.3.6). This 

is due to increased 1J caused by high fibre content and 

lowered moisture levels (Ref .5). The output of oil i.s 

lowered by increasing Q' (low residence time in expeller) 

but increased by pressure P, the ir1aximum output of oil 

at about 7% moisture (Fig.3.7) representing optimum 

conditions relating Q' and P. 

Since fresh quality ·kernel wns USP.cl .in high 

pressure expelling operations the resuJtnnt meal was 

also of high quality. Typical properti.es of rub her 

seed m"al obtained by expelling good quality kernel in 

the HANDER are given in Table 3.1. 

3.4 Production of Technical Grade Oil 

Rubber seed oil of high () 15%) FFA value is 

pioduced commercially in Sri Lanka using low pressure 

screw expellers normally used for extraction of coconut 

oil. For this purpose collection of rubber seed is 

carried out during the period of seed fall end although 

es far as possible good quality seed is collected, no 
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attempts are made to reject any had qunJ ity seed. TJ;te 

seed is transported from collecting centrrs in rubber 

growing flH":tS in polypn1pyl<"11c wo\.-t"ll lt:tg~ (without inner 

liners) and stacked in sheltered warehouses {average 

temperature of 30° C and relative hu111idit y of 70%) for 

n p<"ri od of about two months. Onr i 111~ this prri nil 

spontaneous drying to about 10% moisture lrvcls oc:cur. 

111is material is snhject<"d to 1ow pressurP ~c·rcw exp<:"ll ing 

. as in the case of copra (Fig.3.8). Some miJlers in 

Sri Lanka skip the _cutting and drying operation and 

feed the seed direct into the expeller. The oi J is 

filtered while still warm (c. 70°C), filtration rntes 

being comparatively less compared with coconut oil. 

Filter cake and other solid residues are further 

mechanically pressed if desired to obtain a lower qua] ity 

oil. Cake discharged dir,,-tly from expel 1 ers has large 

pieces of shell rendering it unfit for animal feed 

but some millers carry out a grindir.g and sieving 

operation to produce a feed component suitable ior 

cattle and pigs. Some parameters in production of oil 

from aged undecorticated seed in low pressure expel lers 

is given in Table 3.2, typical prop~rtics of meal 

containi'lg shell (ground and sievert) nr<:" given in 

Table 3.1. 

3.5 Recommendations for Scaling up Pilot Plant Trials 

Laboratory and pilot plant operations have 

conclusively shown that high pressvre screw expelling 

is necessary for efficient extraction of low FFA oil 

from good quality rubber seed kernel. Conditions 

necessary are enumerated below:-

(1) obtain good quality RSK from seed collected 

soon after seed fall, drying to a moisture 

level around 5% for storage purposes. 
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(2) Cook kernel to a moisture Jevc-1 around 7% 

e.g. in stack of high pressure expeller. 

(3) Hix kernel with rubber seed meal (residual oil 

content and moisture content around 12% and 9% 

respectively) and poonac in the ratio 45/50/5 

(RSK:RSH:poonac) just before entry into 

expeller. 

(4) Maintain tight choke at expelling temperature 

80-8S°C. 
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Table 3 .1 - 'l"ypical Analyses of Rubhe• Seed Heal 

Property 

Moisture (% mass) 

Protein 

Total carbohydrate 

Oil content 

Crude fibre 

Total cyanide (mg/kg) 

RSM from expelling 
kernel 

9.5 

28.3 

32.3 

18.4 

4.5 

94 

RSM from expelling 
whole seed (aged) 

7 .1 

20.9 

28.6 

11.5 

20.6 

44 

Note: All values, except moisture and total cyanide content 

are percent by mass on dry basis. 
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Table 3.2 - Parnmrt<'rs for Exprl ling Whnlr 
(Undrcnrticatcd) Sr.r.d in l .. ow 
Pressure Screw Expellers 

BATCH T BATCH 2 RATCll 1 

Method of drying Spontaneous ageing under ambient 
conditions 

Initial moisture content 

of rubber seed.% 

Period of storage 

{weeks) 

Moisture content just 

before expelling % 

FFA of extracted oil % 

18.6 

10 

9.6 

24.3 

Residual oil in meal % 6.1 

Colour of extracted oil, 

filtered (Lovibond l" 60Y+9.8R 

cell) 

Moisture content of oil % 0.1 

20.2 17.5 

12 12 

7.4 7.7 

18.3 22.9 

7.3 8.0 

60Y+7. IR 57Y+8.2R 

0.1 0.1 
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FIG 3· ·t EXPELLING EFFICIENCY DEPENDENCE 

ON MOISTURE LEVELS 

MATERIAL COMPRESSED : DIRECT KILN DRIED 
( MOISTURE LEVELS OF MATERIAL BEFORE COMPRESSION 

ARE INDICATED ) 
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FIG. 3·2- DEPENDENCE OF RSO EXTRACTION ON 

CHOKE OPENING 

FEED : 95 •1. RS K + 5 •1. COCONUT POONAC 
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FIG. 3· 3 DEPENDENCE OF RSO EXTRACTION ON 

COCONUT POONAC CONTENT OF FEED. 

FEED : VARIABLE RSK ONLY ( NO RSM J CHOKE OPENING lGAPJ -1-
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FIG. 3·4- DEPENDENCE OF RSO £;,(TRACTION ON RUBBER SEED 

MEAL CONTENT OF FEED 
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FIG.3·5 DEPENDENCE OF RS 0 OUTPUT ON 

RSM CONTENT 
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FIG. S·a-DEPENDENCE CW 119.. THROUGHPUT ON MOISTURE 
CONTENT 

FEED • 1cr.1. RSM .... 41 •.1. ltSK + a •.1. CP , e.aP 1 •• 
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FIG.3·7-0EPENOENCE OF RSO EXTRACTION ON 

MOISTURE CONTENT 

FEED • eo•t. RSM ~ 45 .,. RSK + !5 .,_ CP 

CHOKE OPENING ( GAP J I mm 
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FIG. 3· 8 FLOW DIAGRAM FOR LOW PRESSURE 
EXPELLING OF WHOLE C UNDECORTlCATED) SEED 
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CHAPTER 4 

USE OF RUBBER SEED OIL FOR EDIBLE PURl10SFS 

4.1 Introduction 

A major objective of the UNTDO Global Ruhher 

Seed Project is to define conditions to prepare rubber 

seed oil for edible purposes. The composition o( the 

fatty acids of rubber seed oil is such thnt it helongs 

to the class of polyunsaturated vegetable oils with the 

added advantage of containing nutrittonnlly valunhlc 

a-linolenic acid. Several constraints have to be overcome 

before rubber seed oil can be accepted as an edible 

oil suitable for human consumpl ion and these are 

discussed below. 

4.2 Constraints in the Development of Ruhher Sc61l Oi 1 

for Edible Purposes 

Several factors which have a bearing on develop­

ment of rubber seed for edible purposes were investig~ted 

during Phase Two and these are reviewed as follows:-

(a) development of FFA in RSO 

(b) poly(isoprene) problem 

(c) refining 

(d) darkening on heat 

(e) odour development. 

(f) hydrogenation 
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Devc>lo(>llJ<'nt of FFA in Rul>h<'r S<'<'<l n; 1 

Unless steps are taken to col Jcct rubber seed 

soon after seed fall with minimal cont;imin;ition, FFA 

clC'v(•lups fairly rnpiclly clu<' lo I i11oly1 I.- :11·1 ivil y ari~:i11J~ 

from exogenous lipnse (Sec. 8.5). During our Phas<' Two 

laboratory and pilot plant trials, seed '-'CtS purchased 

both from large estntes and small holders inst ructc>d 

to collect seed with the minimum de] ay. An estimnte 

of FFA values corresponding to hntches of oi I extrnctecl 

reveals (Tahle 4. 1) that only about 44% of the tot;il 

oil obtained had FFA values below 5% even with care 

exercised in collection. It is evident that difficulties 

will be encountered for rubber seed oil to conform to 

specifications for ·crude vegetable oils (Table 4.2 gives 

contractual requirements for some vegetable oils). High 

FFA values will result in high refining losses and 

also poor quality meal so that unless it is possi hle 

to reduce FFA levels to the 3-5% range, rubber seed 

oil will be down-graded to technical oil quality. 

The Poly(isoprene) Problem 

The presence of poly(isoprene) to the extent 

of about 1% in rubber seed oil would also result in 

lowering of oil quality. In the present work attempts 

were made to remove poly(isoprene) however the only 

successful technique is to use a differential solvent 

such as acetone which dissolves the oil phase at the 

same time precipitating insoluble poly(isoprene). 

However some samples of rubber seed oil failed to respond 

to precipitation by acetone, this could be due to absence 

of poly(isoprene) or more probably due to solubilization 

by chemical modification of poly(isoprene) through hydro­

peroxide formation. 
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Pm;sihle chrmic"nl moctificntion nf pn1y(isnprrnr.) 

was indicated by determination of intrinsic viscosity 

on samples of poly(isoprene) obtained by treatment of 

rubber seed oil with excess (about 3 fold) acetone. 

Any prec i pi ta ted po 1 y ( isoprene) wns di sso lvcd in to 1 ucnr 

reprecipitated with methanol and intri~sic viscosity 

determined with an Ubbelbhde viscom<.'ter. Constants 

determi.ncd (Table 4 .3) showed tlmt poly( i sopn•m•) ohl ;ii 11r.<I 

from fresh as well as old sl?ed had progress i vcly reducert 

intrinsic viscosities, as well as increased k' values 

(compnrC'd to polyisopr<'n<.' in :::hrrt ruhhrr). hoth thrsr 

pointing to chemical degradation and morliflcntion. 

It was reasoned that the presence of poly( iso-
.. 

prene) could reduce filtration rates in ruhher seed oil. 

however both flow time 

filtration trials under 

difficulty in filtration 

effects of ingestion of 

determinations and 

pressure did not 

(Fig. 4.1 and 4.2). 

poly(isoprene) arc 

practical 

reveal any 

Long trrm 

at prl'.'S<'nl 

not known so that dttailed investigations wo11l1l be 

required to clarify the situation. 

Refining of Rubber Sc~d Oi 1 

Experimental work in Phase I had shown that 

crude rubber seed oil could be refined by a conventional 

desliming (citric acid, water treatment). neutralization, 

bleaching and deodorization procedure, the overall yield 

being 19%, most of the losses occurring at bleaching 

stage. In the present studies also refining was carried 

out as shown in Fig.4.3, the overall yield being around 

66%. The effect of refining is shown in Table 4 .4. 

It was not possible to remove poly(isoprene) 

by the refining procedure adopted. As noted in the 

earlier Section, the only method appears to be treatment 

• 



s 

• 

- 49 -

with excess of acetone, this· is however an expensive 

method. In commercial operation suffjcicnt rubber seed 

oil qmntitie:: would not be avnil:thle for phy~iral refining. 

so that a batch neutralization, bleaching and deoduri-

7.ation pJnnt would be suitnhle. A frw rommt>rrinl refining 

operations carried out in Sri Lanka hnvc shown very 

high refining losses, the refining factors being nearly 

thrice those for coconut oil. 

4.2.4. Darkenins of Rubber Seed Oil on /leatinB 

A simple tei::t for sui ta hi li ty of nn oj I for 

frying purposes is to determine the change in colour 

on maintaining the oil at 200 °c for 40 hours (Rzf .1). 

Results for rubber seed oil (both crude and refined) 

and blends with other oils given in Table 4.5 show thnt 

rubber seed oil undergoes large changes in colour 

compared with other oils and blends. Rubber seed oil 

and rubber seed oil rich blends also showed signs of 

resin and carbonaceous matter formation. The lightly 

hydrogenated material showed a comparatively reduced 

change in colour as also the blends with rubber seed 

oil less than 5%. 

4.2.5. Odour Development 

The smell of linseed oil was characteristic 

in all samples of rubber seed oil obtained by mechanical 

expelling even immediately after expelling. This odour 

was less objectionable in light hydrogenated material. 

(Ser.tion 4.4). Odour development is largely due to auto­

oxidation of· linolenic acid (Ref. 2) ,light hydrogenation 

reducing the level of linolenic acid in RSO. 
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4.3 Practical Exoerim_c.n~_f_or Ec.Ublc__f_l!.r1•oses 

4.3.1 

Experiments were carried out to comp:ire ruhher 

seed oil with other commonly used vegetable oils in 

Sri Lnnkn especially coconut oil to evalunlc rubber seed 

oil for cooking purposes using samples of oil wjthoi1t 

any levels of cyanide, aflat.o>tin or gnssypol recorded. 

Frying Experiments Based on Rubber St?ed Oil 

Samples of rubber seed oil {hoth crude ;tnd 

refined) were used for frying purposes - stir frying 

in which complete absorption of oil takes place and 

deep frying where oil is reusable. Rice, noodles, dried 

fish and potatoes were used in stir frying experimc>nts 

which revealed that use of 100% of ruhher seed oi 1 wns 

unsatisfactory due to darkening and odour development, 

however at the 5-10% level, blends with other vegetable 

oils such as coconut and soya were satisfactory. 

Deep frying experiments Yere also unsatisfactory 

except at the 5-10% level of rubber seP.cl oil. Some 

quantitative results :in TnhJc 4.6 (using 100% RSO) 

indicate that it was possible to attain a relatively 

higher frying temperature with rubber seed oil but the 

oil uptake . was also high and in the case of PAPADAH 

did not drain off readily as in the case of the other 

oils. 

4.3.2 Salad Oils and Dressings Based on Rubber Seed Oil 

Emulsification of rubber seed oil with egg was 

satisfactory but mayonnaise prepared with rubber seed 

oil had objectionable taste and odour. Blends at the 

5-10% ~ ~el rubber seed oil were satisfactory for 

mayonnaise, they were also suitable for salad oils and 

dressings provided Creezing did not take place during 

domestic refrigeration. 

I 11111 II 

.. 
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4.4 Hydrogenation of RSO 

All indicntions on frying nnd othrr exp<>rimr.nl·s 

were that RSO would be unsatisfactory due to colour and 

odour development, largely a result of high linol<?nic 

content (15-20%). Some preliminary experiments were 

carried out (details Appendix 2) to hydrogenate RSO as 

to reduce linolenic levels. Light] y hydrogrnat·cct 

material underwent comparatively less darkening (Table 

4.5) and odour development, linolenic levels reduced to 

around 10% (Table 4.7). Prolonged hydrogenation 

results in hig~ slip MPt solids, clilaLation (SFI) 

characteristics of these products showed them to be 

similar to beta-tfpe hydrogenated oils (coconut, corn) 

rather than beta-prime types (palm, cotton seecl) which 

confer better properties to m.,rgarine formulations 

(Ref. 3). 
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Table 4.1 - FFA valuPs of Batchc-s of Ruhhe>r Se><'d 
Oil Extracted During Phase 1'wo 

Wt. of batch % of total FFA% 
of RSO (kg) of batches 

250 16 2.8 

450 28 3.9 

200 12 8.4 

300 19 11.2 

400 25 13.5 

Table 4.2 - Contractual Requirements:ofDifferent 
Types oi Crude Vegetable Oil 

Type FFA value % Equivalent 
acid 

Rapeseed 3.4 .oleic 

Sunflower 3.0 oleic 

Soya 1.3 oleic 

Palm kernel 5.5 lauric 

Palm 5.0 palmitic 

Coconut 3.0 la uric 

Note: - FFA figures are maximum limits in contracts. 

Source : J.R. Pritchard; Oilseed quality requirements for 
processing JAOCS ~ 322-332 (1983). 

• 
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Table 4.3 - Characterization Constants for Poly(isoprene) 
Obtained from Rubber Seed Oil by Precipitation 
with Acetone 

Const•mt 

lntrinyic viscosity 
[rl] g- ml 

RSO(from 
seed' 

1.30 

Hate-rial 

fresli· RSO (from-old" 
seecf) 

0.96 

• RSS 

5.15 

Viscosity average 
molecular weight M 

v 
116,650 92,780 326,700 

. ' Huggins constant k 1.31 5.71 

*Sheet Rubber 

Note: [n] and k' obtained from Huggins' equat:ion 

JACS 64 2716-18 (1942). M 
~ v 

estimated from data in JApp Poly Sc. l 245-249(19';'l), 

[nJ = 2.3 x 10-7 M 1
•
33 

v 

Note: FFA content of RSO from fresh seed 4.6%1 from old seed 

18.9%. 

Table 4.4 - Comparison of Crude and Refined 
Rubber Seed Oil 

Property Crude RSO Refined RSO 

Colour Cl" Lovibond) 10Y+4R 4Y+0.5R 

FFA % 4.6 0.1 

Phosphorus content 51 7 
(P ppm) 

0.53 



Table 4.5 - Colour Change after Keeping 40 hours 

at 200°C ( Lov ibond l" Cc 11) 

on Colour before Colour after 
heat ti-e;ttment heat treatment 

Red YeJlow Red Yellow Blue 

RSO (crude) 4.0 9.9 20.0 12.1 7.0 

RSO (Refined) 0.8 6.0 20.7 n.1 6.0 

Coconut (Crude-) 0.1 1.5 0.2 3.0 

Coconut (Refined) 0.3 O. l 0.9. 

Soya (Crude) 0.1 2.3 1.3 20.0 

Sesame (Crude) 1.1 40 4.2 43.0 

Crude RSO/CO (5:95) 0.2 3 1.2 12 

Crude RSO/CO (10:90) 0.5 3 1.8 21 

Crude RSO/CO (15:85) 0.7 4 4 20 

Crude RSO/CO (20:80) 1.0 10 6 20 

Refined RSO/CO (25:75) 2.2 0.2 3 22 1.0 

P.efined RSO/CO (50:50) 4.2 0.4 4.3 21.1 1.1 

Refined RSO/C0(75:25) 5.2 0.5 5.0 20.0 1.8 

Hydrogenated (IV 110 RSO) S.~ 9;4 4 8.0 7.0 

Linseed 4.2 24 completely darkened 

Abbrevietion - CO - Cocon~t oil. 

• 
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Table 4.6 - Deep Frying Experiments with RSO Compared 
with Otfler Frying OiJs usrd in Sri Lnnkn -
Oil uptake by Fried Materials 

Hatericll Fried OU Used 

RSO COCONUT SOYA 

l. Pa pad am +2.0 +3.5 +R.O .. . 

2. Ash Plantain 
chips (wel I dried) +36 +24 t-"!.4 

3. Potato chips 
(well dried) +11 -4 +1 

Frying tem(!erature oc 175 160 190 

CORN 

+7.5 

+31 

0 

180 

Note: (a) PAPADAM is a legume based cracker type snack 

food popular in India and Sri Lanka. 

(b) RSO and coconut oil was not refined, soya and 

corn oils were refined oils commercially 

available. 

(c) Ash plantain is a starchy fruit from the pfant 

Musa sapientu_m, used for cooking purposes • 
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Table 4.7 - Hydrogenation of Rubber Seed Oil: 
Vl'trfat·ion of F:itty Acid Composition 
with Rcnct ion Tim<?. 

Fatty acid compo~ition mass % 
Tim<' (mi11111r.s) 

Fatty Acid type 0 15 30 45 60 

12:0 0.8 0.8 0.8 0.8 0.8 

14:0 0.4 0.4- 0.4 0.4 0.4 

16:0 9.9 10.4 9.5 9.8 9.6 

18:0 10.1 11.9 15.7 20. l 27.7 

18:1 A9t 2.9 5.9 10.6 14.4 

18: 1A9c + l8:1Al2t 23.5 24.l 24. l 25.4 24.3 

18: I Al2c 0.5 3.8 6.1 <>.4 

18: l MSc 0.2 0.8 1.4 1.8 

18:2 A9t, 12t 1.0 2.7 3.7 3.5 

18:2 A9c, 12t 0.4 1.6 2.3 2.0 

18:2 A9c, 12c + 18:2 119t, 12c 37.5 30.0 22.6 13.0 6.0 

18:2 Al2c, 15c 1.1 2.4 2.3 l.4 

18:3 c+t isomers 1.3 2.5 1.7 0.7 

18:3 A9c, 12c, 15c 17.8 13.5 5.8 1.3 0.3 

Slip melting point 0c -2.0 20.5 27.0 36.0 44.0 

Iodine value 126 113 96 76 59 

Trans fatty acid content(%) 0 5.6 12.7 18.3 20.3 

J 

c • cis t • trans 

• 
(See Appendix 2 for details of hydrogenation) 
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0 COCONUT OIL AT JO• C 

v RUBBERSEED OIL AT so• c 

a RUBBERSEED OIL AT ao•c 

FILTRATION PRESSURE - 20 PSIG 

4 • 
TIME_,. 

FIG. 4·1 COMR\RISON OF FILTRATION 

OF CRUDE OIL 
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Fig. 4.3 

Type of oil used for experimenls on RSO for edible use:-

(a) Crude RSO obtained from freshly collected seed. exl'el led in 

the llANOF.R F.X-100 mul f i 11 rrf'd • 

All ~,mples used h:td FFA vnlues in thr r:rn~r 3-5%. 

T7pical colour values (l..OVIBOND 1" cell) were Red 4.0 

Yellow 9.9. 

(b) Refined RSO obtained as follows from crude RSO. 

Crude RSO (lOOOg) 

11% loss 

v 

Sludge free RSO 

18% loss 

v 

Alkali refined 
RSO 

I. 

2. 

0 
Degum (add lg of 75% llJ"04 at 80-90 • 

stirri. ~ 10 minutrs 

0 Cool to 30 C add lSg watE'r and stir onr. 

hour. llPnt to <>0°C while stirring for 30 

minutes, allow to cool overnight. 

3. Centrifuge and remove sludge. 

1. Heat to 70°C neutralise with slight excess 

(5%) of 0.9N NaOll. Separate off aqueous 

phase. wash oil with warm saturated NaCl 

solution and finally warm water. Dry oil 

in vacuum oven at 70°C. 

l. Treated with FUIJ10NT PRF.HIERE* (activated 

bleaching earth) 2.5% on weight of RSO at 

80°C stirring 30 minutes. 

IO% loss 2. Filter in laboratory press (cloth supported 

paper). 

3. Vacuum dry at 10°c. 
v 

Typical properties of refined oil - Colour (LOVIBOND 1" cell) 

0.3 - 0.8 Red, 2.0 - 6.0 yellow 

!FA (as oleic acid) 0.1% 

*Supplier - Laporte Industries Limited (UK). 
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CllAPTF.R 5 

TflllNTCAL PROOUCTS JN RUHBF.R SF..FJ) PROCF.S.C)TNG 

5.1 Introduction 

Ruhber SC'ed oi 1 whi.ch c:mnol he econom i c:t 11 y 

processed and refined for edib1e purposes cou1d he 

used as an intermt-diate in mnnufocture of inclustri:tl 

products. Following are major areas of clevc-· 1 opm<'nt 

possible with rubher seed oil:-

(a) soap 

(h) alkyd rt-sin 

(c) other chemical modifirnti.ons 

(d) rubber seed meal and w<tste protiucts. 

5.2 Soap 

Low titer anti soponificl'ltion vnlucs ancl high 

iodine values precludes the use of ruhh,..r seed oil ::is 

a major constituent for soap mnnufacturf' (Table 5.1). 

In Sri Lanka, rubber seed oil has been used for laundry 

soap manufacture at the 5% level and when hydrogenated 

to an IV of 90 it has been possible to incorporate 

upto 20% fl?ef. 1,2). In India rubber seed oil is used 

with blends of other non-edible vegetable oils in the 

manufacture of low quality soaps filled with extenders. 
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Laundry Soap 

Sri l .. ·mk:rn aianufArl"lire of l:mndry so:tp i ~ 

mainly dependent on the fully boiled process. a typical 

recipe using RSO being as follows:- (Ref.I). 

Coconut oil SS parts by weight 

Tallow 40 

RSO 5 

NaOH {37° Be')* added per sap value 

*specific weight 1.345 

A block diagram of the manufacturing process is given 

below:-

NaOll Tallow Coe. Oil RSO 
\ I ' ' ' I ', , 
\ \.f. ... ,'..J t!/ 

r--------, ,--------------, 
l KE'ITLE l !.:.~~~!-~_!!.:. __ > l l. Boil I 
1
----------' 2. Separate l 2. Add Brine l 

I.Boil with lye 1~------~----J 
live 
steam 

2.Add brine 1. Boil 

Nnll~03{Bleach) 
\ \ . 

\ 

~ .-----, 
!.:.~~~!~.:.-~ l 
2.Separate I l -r----

1 ye I 
I 
I 
I 
I 
v 

2. Incorporate additives 

3. Crutching (agitation) 

4. Framing 

5. Drying 

Laundry soap with RSO at 5% level kept satis­

factorily over a six · month period without any adverse 

effects on retention of perfume impact. darkening or 

lathering. Similar results were obtained with hydro­

genated RSO (IV 90) when incorporated at a 20% level, 

with corresponding reduction of coconut oil and tallow 

content (Ref. 2). The annual laundry soap requirement 

in Sri Lanka being about 25,000 tons, incorporation 

of RSO ot the 5% level could use upto 1,250 tons. 
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Cheap ()u11lity Filled Soap 

TI1e fully boiled process for soap manufacture 

is simplified in the cold process which does not 

involved separation of glycerine. Chea(> inorganic 

fillers/extenders such as china clay could be incor­

porated in laundry soap for hardening purposes. A 

cheap type of filled laundry soap mnrket<-d in Sout.h 

India was made from a blend of 75% RSO and 25% castor 

oil and was analysed as fo]lows:-

Total fatty matter 21.4% 

Ash 

Unsaponified 
matter 

Free caustic 
alkali 

Soft/Liquid Soap 

43.1% 

0.5% 

0.06% 

The semi-drying properties of RSO makes it 

ideally suitable in the manufacture of soft soar. The 

following recipe was used in the laboratory preparation 

of soft soap (semi-boiled pro~ess):-

RSO 800g (heated to 60°C) 

NaOH 100 

Water 480 

The consistency of the soap could be altered 

by use of a blend of NaOH/KOH. Liquid soap was made 

in a similar manner .by the ~ncorporat~on of a larger 

amount of water at the· soap making stage. A potential 

of about 600 tons . exists in Sri Lanka per year for 

soft/liquid soap. 

.. 
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Alkyd Resin Manufacture from RSO 

An alkyd resin is synthc~i~~d from a triRlyccride, 

polyol and phthalic anhydride as follows ~Rrf. 3-4). 

I 
I. 
I 

----t-OR 
I 
I ---t--OR 
I 
I 

---t--OR 
I 
I 
I 

OH 
I 
I 

+ 011 ---~----011 ---> 
I 
I 

OH 

OR OR 
I 
I 

011 + OR---t--011 
I 

OH , , , , , , 

I 
OH 

/ Phnthetlic 
t!' Anh y<h- i de 

Ai.KYO RF.SIN , , , 
/ , 

t! 

Dric-r 

CROSSLlNKF.D i\l.KYH 

An alkyd is characterised by the oJl length 

defined as the triglyceride proportion of an alkyd 

expressed as the percentage of the finished alkyd weight 

(someti.mes this is also expressed in terms of phthal ic 

anhydride or fatty acid content). The surface coating 

industry in Sri Lanka manufactures SHORT, MEDIUM and 

mostly LONG type of alkyd, RSO being used for the latter 

two types by either the FUSION OR SOLVENT process. 

Typical recipes for an RSO based LONG OIL ALKYD by the 

fusion and solvent processes are given :-
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Reciper for Lon>:. Jil Alkyd (parts by weight) 

t11SION 301.VF.tff 

RSO 740 740 

Pentaerythritol 194 194 

Phthalic anhydrioe 325 296 

Catalyst (10% NaOll) 10 10 

Solvent 3% by weight Xylene 

NOTE: RSO has FFA ) 15% and treated with activated bleaching 

earths if a lighter coloured alkyd is required. 

A block diagram for alk1d resin manufacture by the SOLVENT 

process is given below:-

i--;so-l-~!!!_!~--> ! Add PE~{~;-HGl ~!!!!~!!!_> !..G-r~~;~~~---i 
1 1 

240
oc I formation encl 1 1 ev:"tluated by 1 

1 1 
1 

catalyst I @ 260°C I meth;tnol solu-: I 

NOTE: 

, _______________ .J I bi 1 i ty I 
',---------------J 
I l. Cool to 
I 180°C 
I 
I 
I 
I 

Cook ~ 240°C to l 
desired acid value<----------J 

2. Add remain­
ing PE and 
PA 

and viscosity 

PE - Penta erythyritol 

PA - Phthalic Anhydride 

HG - Monoglyceride 

3. Add solvent 

In the fusion process the procedure is similar 

except that excess phthalic anhydride used 1118kes 

allowance for sublimation and solvent is not added after -the mono-glyceride formation stage. Venting is carried 

out at this stage if needed to accelerate the c.>oking 

reaction. A blanket of nitrogen maintained :iu& ing the 

entire operat:on heirs in light ccloured alkyd production. 

• 
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A serious drnwhnck for .RSO nlkyds is its yellowing 

IK'hnvjour on ouldoor <'Xl10!';t1n:.• mul hP1u:c is suitahlc 

only for dark colour pigmented enamel and anti-corrosive 

coatings. The alternative to RSO for non-yellowing 

alkyds is TALL OIL F'AITY ACIDS and VF.C.F.TARl.E OIL FATTY 

ACIDS with lower linolenic content (e.g. soya, sunflower 

fatty acids). The lovered linolenic content of Tall 

Oil Fatty Acids also favours reduced gelntion compared 

to linolenic richer RSO during alkyd synthesis. 

Properties of RSO Alkyd Resin 

The test propcrtirs of an RSO l1:i:i;pd nlkyd 

commercially available in Sri Lanka are r.ompared with 

a TOFA based alkyd in Table 5.2. The RSO hased alky<i 

had inferior colour anJ yellowing intiex but Pn:tmcl 

paints formulated from the respective Rlkyds were 

satisfactory with respect to service fact ors such RS 

consistency, brushahility and drying properties. The 

total Sri Lankan market of base aJkyd (60% solids in 

low aromatic white spirits) for formulation of dark 

pigmented enamel <1nd anticorrosive coatings is ;ihout 

800 tons so that potential use of RSO in this area is 

about 350 tons. 

5.4 Chemical Hodif ication of RSO 

The high degree of un&aturation in RSO offers 

potential for chemical modification and two products 

which could be synthsised without difficulty are dark 

factice and sulphonated RSO. The former is obtained 

by reactio~ of RSO with sulphur (Ref. 5) and was marketed 

in Sri Lanka for the ;>rocessing of natural rubber. 
Sulphoraated RSO could be used in the .fat liquoring of 
leather (Ref. 6). Both these products "eed to be 
developed to better quality levels if they ere to 

compete with material~ avJilable in the internBtionoi 

market. The potential for chemice] modification in 

Sri Lanka is estimated at 300 tons RSO. 
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5.5 Marketing of Rubher Seed Heal 

The relatively high protein and low f tbre content 

of RSM would be helpful i:t its merk@ting. About 7000 

tons of R~~I are 110rketed annually lr. South Ind la in 

formulations for pig, poultry and cattle feed. The 

Sri Lankan. market has been much less amounting to only 

about 500 tons per year vhere RSH is substituted for 

coconut poonac in cattle feed recipes. 

Animal feed trials on hen breeders and broilers 

were conducted by the Veterinary Research Institute, 

Department of Animal Production and Heal th, Sri Lanka 

and are presented in Chapter 6. 

5.6 Marketing of Waste Products in Rubber Seed Processing 

Rubber seed shell obtained during decortication 

could find potentiel as a fuel and as a raw material 

in activated carbon manufacture. Nearly 40% of the 

seed is shell so that large quo!Jntities of shell would 

be available. 

Laboratory trials were carried out at HAYCARB 

Limited., a man..afacturer of activated carbon in Sri 

Lanka with international marketing contacts. Results 

in Table 5.3 reveal that rubber seed activated cha•coal 

was comparatively inferior to activated COCUNUT SHELL 

charcoal and further developmeut work is required for 

upgrading. The conclusions of HAYCARS were as follows:-

1. It is relatively o.aor:? difficult to activate 

Rubber Seed shell charcoal compared to Coconut 

Shell charcoal. 
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2. In its pore size distribution RS shell 

activated carbon resembles Coconut Shell 

based activated carbon 110re than a macro­

porou!'I, ~nfH•r t·o:il hm~C"cl m·1 lvnl('tl <ad1cm. 

3. RS shell activat-d carbon does not possess 

adequate strength/attrition r_c~i:;tanC"e for 

use in most applications where coconut shell 

activated carbon performs satisfactorily. 

4. RS si1ell activated carbon possesses lower 

bulk <.lensi ty thus necessitating largPr ... ed 

volumes/filters for the s~me magnitude in 

en~ applications. 

5.7 Summnry nnd Conclusion 

Technical products manufactured from RSO include 

so~p, alkyd resi.n and chemical modjfications. Ruliher 

seed meal will contribute to the financial vi:"1hility 

of RS processing due to bulk quantities produced as 

also RS shell as a fuel and possibilities of activnted 

carbon production. The total potential for marketing 

technical products estimates use of 2500 tons RSO, 5000 

tons RSM and 8,0CO tons shell (Table 5.4). 
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Table 5.1 - Chnrnctcrist ics of Fnts Used in Sonp 
Manufacture 

Titcr°C I ml inc Vn l ur Snpnn I fic-nt ion 

oil 20-24 7-11 250-264 

40-48 40-48 185-205 

33 138-142 186-195 

fat 
36-38 38--40 215-225 

V:iluc 

(Ref: Chapter on Soap by E. Jungermann in Bailey's Industrial 

Oil and Fat Products Vol.I, Ed. Dnniel Swcrn, Wiley -

Interscience). 
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1'nhlc 5.2 - C.ompnriso11 of Alkyds (Long Oi I l.<'ngt h) 
Based on RSO ard 1'0FA 

Property 

Total solids % 

Acid value 

Viscosity mPa.s 

(Brookfield) 

Colour (Lo••ibond l" 

cell) 

RSO Based Alkyd 

60.l 

7.8 

13,250 

(a) from refined RSO 11.IY, ll.2R, I.BB 

(b) from crude RSO 3.2Y, 16.4R, 3.6B 

Drying till'e (houTs) 

(a) surface dry, 1.5 

(h) hard dry 5.2 

Yellowing index 28.6 
(ASTM 01543, D2244,E313) 

'J'OFA Bn~cd Alkyd 

59.3 

2.6 

H,000 

20Y + 2.4 R* 

2.5 

5.5 

10.3 

*NOTE: Colour of alkyd prepared irom commercial TOFA. 

Results have been oh~ained by laboratory tests on 
commercial samples in Sri Lanka. 
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Tahir S.'.l - Rr1mrt Oil A.-1 iv:il inn or lfohhrr SN•1l ShPl ls 

(a) Ca::-bonhation in limited air supply @ 550°C. 

Ash (on dry basis) 0.6% 

Volatile matter (on dry basis) 28% 

Fixed carbon {on dry basis) 71% 

Yield on carbonization (on dry basis) 28% 

(b) RS Charcoal obtained as above crushed and screenc>d to 

4.75 x 2.36 mm size and activated. 

1. Activity (g CC14/100g) 

2. Iodine number (measure 
of surface area) 

Activated RS 
Shell Charcoal 

46 

950 

NCJI'E: Results made available hy courte~y of 

llAYCARB LIMITED, 
400 Deans Road, 
Colombo 10, 
SRI LANKA. 

Activated 
Coconut 
Shell 
Charcoal 

75 

1200 
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Table 5.4 - F.stim.·ne of Marketing Potrnt i:ll for 
Technical RSO, RSM and Wnstc Prmlucts 
in Sri Lanka 

Product Quantity (HT) 

Laundry son11 1,2'.;0 

Soft/liquid soap 600 

Alkyd resin 350 

Fact ice and sulphonatecl 
RSO 300 

Rubber Seed Heal 5 ,<X>O 

Rubber Seed Shell 8,000 
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CHAPTER 6 

ANlHAL FF.El>JNG 1'RJAIS* 

Review of Past Work 

Process ins 

The material used in most of the f carding expf"ri­
ments reported from Sri Lanka has been nn expcllrr­
processed meal prepare~ on a pilot scale from kernels 
subjected to kiln-drying and cooking (see Nadarajah, 1979). 
In reports from India, Halayasia and Nigeria, the material 
used has been described as cake (eg. Talpada et al, 1980), 
hydraulic-pressed (eg. Nwokolo & Akpapunam, 1986) or 
mechanically pressed ( eg. Toh & Chi a, 1978). Some workers 
have used solvent-extracted material prepared from fresh 
kernels (eg. Nwokolo et al, 1987). 

Table 6.1 - Proximate Composition of Variously Prepared 
Rubber Seed Meals 

(Expressed in g/kg dry matt~r) 

Processing Expellcr · Expel lcr llydrctli I ic Ext. rnc I ('11 

method: Lever Buvanen- Nwokolo & Nwokolo 
Reference: Bros. dran & Akpapunam et nl 

Si.riwar-
dene 

(1969) (1970) (1986) ( J 987) 

Crude protein 338 263 290 425 
Ethe1-extractives 128 122 206 11 
Crude fibre 52 llO 56 152 
Ash 54 66 64 92 
N-free extrac-

tives 428 439 354 320 

In this Table, expeller means expeller-processed, hydraulic 
means hydraulic-pressed and extracted means solvent-
extracted. 

*This report has been submitted by Dr G A P Ganegoda, 
Head of Animal Nutrition Division, Veterinary Research 
Institute, Department of Animal Production and Health, 
Gannoruwa, Peradeniya, Sri Lanka. 
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Proxim."ltc• Composition 

The proximate composition of the mrnl vnric-s in 
relation to the extent of decortication and residual oil 
content. Table 1 give!': repi:-esentative valurs for expE>ller­
(Jrocessed, hydraulic-pressed and solvent-extracted 
materials. 

Essential Amino-Acid Composition 

'fhc essential amino-m.:id nmtrnls 111 vnrlously 
prepared rubber seed meals are given in TahJe 2. It is 
seen that the devintion of the smnlle9t value from the 
largest value is. greatest in the case of histidine (61%), 
followed by methionine plus cystine, (59%), methionine 
(58%), lysine (42%) and arginine (38%). These differenres 
may be due to any one or combination of the foJ lowfog 
factors:-

(a) the proportions of rubher seed proteins may 
differ according to ruhher variety; 

(b) certain amino acids arc destroyPd (eg. cystine 
c:tnd metldoninc) or h~comc rcsi!':tnnt to nrirt 
hydrolysis as a result of heat treatment 
involved in oil rxtrn~1-ion, thP Pxtent of 
the effect being dependent on the severity 
of the heat treatment; 

(c) in addition to tryptophan, whkh is totn 11 y 
destroyed, cystine, methionine and threonine 
are destroyed to variahle extents during 
ordinary acid hydrolysis for amino acid 
analysis; 

(d) in the case of cystine and methionine, 
accurate values can be obta; ned if the 
analytical sample is oxidized by perf ormic 
acid before· acid hydrolysis. 

Table 6~2 shows that the essential amino-acid composition 
of expeller-processed rubber seed meal resembles that 
of coconut meal quite closely. 
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Table 6.2 - Essential Amino-Acid Composition of Variously 
Prepared Rubber Seed Heals in Comparison with 
that of Coconut Heal 

(Expressed in g/16 8 NJ 

Ruhhrr S<'rd H(•n 1 c, If" 111111 I. 

Heal 
--------~------i!2_~--i~l~~-i~2~-----!~l _____________ 

Arginine 9.2 7.0 11.2 9.2 
Histidine 1.8 4 .6 2. -,· 
Iso-Leucine 3.1 2.5 3.6 2.8 
Lencine 6.0 4.9 7.0 5 ., 
Lysine 2.8 2.5 4.3 3.5 
Methionine I.I ·1.0 1. 7 2.4* 
Methionine 

plus 
Cystine 2.5 3.0* 2.6** 6.1* 
Phenylalanine 3.8 2.8 4.0 3.5 
Threonine 3.1 2.5 3.4 2.7 
Tryptophan*,,.* 
Tyrosine 2.6 3.1 2.4 
Valine 6.5 5.4 6.7 6.6 

(1) Expellcr-processed meal {Lever Bros, i969) 
(2) Expeller-processe<l meal {Toh & Chia, 1978) 
(3) Mechanically pressed meal (Nwokolo et al, 1987) 
(4) Solvent-extracted meal (Achnewhu, 1986) 

12.9 
2.7 
3. 1 
7. I 
3.0 
1.4 

2.8 
4.3 
3.1 

7.9 
4.7 

*Determine~ on samples oxidized with performic acid 
**Cystine determined on samples oxidized with performic 

acid 
***1.2 to 1.4 (see Rajaguru & Vohra, 1975). 

6.1.4 Fatty-Acid Composition and Properties of Oil 

Figures quoted in Table 3 show that oil extracted 
from rubber seed kernel is rich in unsaturated fatty acids 
and has a high polyunsaturated:saturated (P:S) ratio 
(~f coconut and soya bean oils). Another significant 
feature is its high content of unsaponifiable matter. 
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1'able 6.J - Fatty acid Composi Lion and Phy~ico-C:hcmicnl 
Properties of Rubber Seed Oil in Comparison 
with tho~e of Other oils 

Oil: 
Reference: 

Rubber seed 
Nwoko1o 
et nl 
(1988) 

---------------------
Fatty acids, g/kg: 
Caproic (6:0) 
Caprylic (8:0) 
Laurie (12:0) 
Hyristic (14:0) 0.8 
Palmitic (16:0) 92.7 
Stc>aric (18:0) 106.0 
Arachidic (20:0) 5.7 
Behenic (22:0) 1.5 
Lignoceric (24:0) 1.2 
P<'llmitoleic (J6:1) 1.4 
Oleic (18:1) 273.0 
Linoleic (18:2) 349.0 
1-tno 1 rn i c (IR:J) 171.0 
Conrlo i c (20:1) 1.8 
Total saturated 207.9 
'fot<'ll unsnturatcd 798.2 
Total EFA* 522.0 
P:S** ratio 2.5 
Refractive index 1.469 
Iodine value 138 
Saponificatfon value 192 
Unsaponifiahle· • matter, 
g/kg 4.8 

*Essential fatty acids 
**Polyunsaturated:saturated 

6.1.5 Mineral Composition 

Soya hean 
Nwokolo 
rt n I 
(1987) 

1. 1 
110. 7 
55.1 
4.9 
5.1 
2.7 
1 .1~ 

281.<> 
444.4 

(1!1 • ., 

I . 'l 
188.8 
80'1. I 
508.9 

2.7 

Coconut 
CC.I\ 

( 19'39) 

3.5 
84.0 

47R.5 
175.0 
82.5 
20.0 

6(1.0 

910.0 
'lO.O 
JR.O 
0.02 

8 
257 

The major-element a .. d trace-element contents of 
mechanicdlly pressed material of Nigerian origin are 
given in Table 6'.4; mean values for coconut an<l soya bean 
meals are also given for comparison. It is seen that 
the values are typical of oilseed meals, except for the 
rather high zinc content; part of the iron may be that 
wcr-~ off from processing machinery, as in the case of 
coconut meal (cf. soya bean: meal). 
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6.1.6 Ant inutr-it. ion.,l Fnctnu;; 

The cyanog(>nic glucosirles presr.nt in the fresh 
kernel decotRpose rlue to en7:yraic nction <ts well as to 
s I i ~hi: :iri di ty r:insrd by I hr f nrm.,I ion nf f rrr f :tt t y 
nclds on standing to : icld hydrocyonic add (llCN). 111e 

• HC.N content of fresh kernel could he as high as 1200 mg/kg 
on dry basis; hOwt'vcr, it diminishes ra1>irlly by ns much 
as 80% after storage for about 1 week and much Jess 
rapidly. thereafter (see George et al, 1932). Similarly, 
the residual HCN content of expeller-processed meal 
may decrease from about 25 to about 10 mg/kg on storage 
for about 4 weeks and very slowly there:Jftcr (see Toh 
& Chia, 1978). According to Rajaguru & Wettimuny (1971), 
the residual HCN in the meal is unlikely to cause any 
toxicity problems; these workers have reported that 
histopathological examination of broi l<>r c:hic:kens fed 
a diet containing 40% decorticated cxpr11er-proccssed 
meal did not show any evidence of HCN toxicity. 

• 

6.1.7 Protein Quality 

l.imitinR nmin . ., acid nnd rl>P-mic,,J ~rnn:-. 111r pf"rrentngc- de­
viations of the essential amino-acid contrnt of Vdriously 
prepared rubber seed meal from the corrP~pnnrling essential 
nmino acid content of whol<'-r~~ pro1ri11 nrc givrn in 
Table 5. It is seen that. methionine or m~thi.onine-plus­
cystine is the limiting amino acid in the case of 
expeller-processed or otherwise pressed meal and lysine 
in the case of the solvent-extracted meal. Jn the latter 
case, the processing temperature had not exceeded 60 °c, 
whereas in the former case, it may have exc€'eded I00°C. 
Jn the case of groundnut m<>a 1 too, it fm!'I hl"<>n oh~rrverl 
that lysine is the Jimiting amino acid in cold-extracted 
material and methionine plus cystine in toasted materal. 
The chemical score of rubber seed meal can be expected 
to be within 27 and 49 (see Table 6~2). 

Biolosicsl evaluation. Based on estimates of protein 
efficiency ratio. (PER) and biological value (BV)·, 

Fetuga et al (1978) found that as a source of essential 
amino acids, full-fat rubber seed meal ranked well below 
groundnut meal (Table 6.6). Also, they found that while 
autoclaving did not improve and acid-washing or alkali­
washing decreased the PER and BV of the material, extrac­
tion with hot water tended to improve them; estimates 
with supplemental amino acids indicated that lysine and 
methionine were the first end second limiting amino-acids, 
respectively. It is interejting to note that a solvent­
extracted material tested by these workers failed to 
support rat growth at the 10-% dietary protein level used 
in PER assays. 

I I 11 
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Table 6.4 - Mineral Composition of Rubber Seed Heal in 
Comparison with that of Coconut Heal and 
Soya Bean Heal 
(Values expressed on dry IDlfttcr- basis) 

Heal: Rubber seed Coconut Soya bean 
Processing method: Hechancial ExpclJer Extrnc-tcd 
Reference: Nwokolo et sl NAS Krider et sl 

(1987) (1971) (1982) 
--------------

Ash, g/kg 92 72 66 
Hajor elements, g/kg: 

Calcium 2.1 2.3 3.2 
Phosphorus 7.4 6.7 7.3 
Potassium 15.2 16.5 22 
Magnesium 3.9 3.3 3 

Trace eJc>ments, mg/kg: 
Manganese 33 71 33 
Zinc 113 30 
Iron 249 1420 135 
Copper 34 15 41 

6.1.8. Use in Animal Feeding 

Feeding trials reported from Vietnnm by Thuoc 
(1968) indicate that dried ruhher seed kernel can be 
~ncorporated at 10-% level in diets for finishing ment-

- type chickens and at 20-% level in diets for finishing 
pigs without adverse effect on palntability of diet, 
body weight gain, feed conversion efficiency or hea1 th. 
Anaf'thasubramaniam (1980) has reviewed 55 reports which 
appeared over a period of 40 years from 1929 to 1979 on 
the nutritional aspects of rubber seed kernP.l and meal. 
The reports which have been published more recently 
are reviewed below. 

6.1.8.1 Use in poultry feeding . 

Rubber seed meal could be included at 25-% le:vel 
in the diet of finishing broiler chickens without adversely 
affecting their growth rate or muscle:bone ratio (Ong 
& Yeong, 1978). Similarly, the meal could be included 
at 45-% level in broiler finisher diets supplemented 
with lysine and methionine (Ycong & Syed Ali, (1979). 
Narahari et al (1986c) found that broiler performance was 
poorer when decorticated or undecorticated rubber seed 

· meal was substituted for an isonitrogenous level of 
groundnut meal in the diet (cf Fetuga et al, 1978). 
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According to Nwoko1o ct. al (1987), the everng<' nvaj]nhil ity 
(true digestibility) of amino acids in rubber seed meal 
(80%) is considerably less than that of soya bean meal 
(93%), mainly due to poor availability of histidine (60%), 
lysine (60%) and cystine (66%) • 

Tnlil<' 6.5 - Percent:tgr. f)('vintion!=: of Kc;!':rnl ial Amino-nri1l 
Content of Variously Prepnrc-11 R11li11er Seed 
Hcnls from Corrrsronding Conlrnt nf Wholf'-<>g~ 
Protein 

( Bat.;Pd on v J ;1ues g i VP.n j n T:1lil r 6. 2) 

Protein: Whole-egg Rubber sec-d meal 
Processing method: ExpeJler Expe! ler Mech Ext 
Reference: (5) (I) (2) (3) (4) 

(g/16 g N) Pcrcent~ge deviation) 
-----------~------------------

Arginine 6.4 +44 +09 +75 +43 
Histidine 2.1 -14 +119 +29 
Iso-Leucine 8.0 -61 -69 -55 -65 
Leucine 9.2 -35 -47 -24 -43 
Lysine 7.2 -61 -65 -40 -51 
Methionine 4.1 -73 -76 -59 -41 
Hethionine+cystine 6.5 -62 -54 -60 -06 
Phenylalanine 6.3 -40 -56 -37 -44 
Threonine 4.9 -37 -49 -31 -45 
Tryptophan* 1.5 
Tyrosine 4.5 -42 -31 -47 
Valine 7.3 -11 -26 -08 -10 

Limiting amino acid MET MET TSA LYS 

Figures preceded by "+" sign indicate surpl•1ses and those 
preceded "-" sign indicate deficits. 
(1) to (4) : see Table 6.2 
(5): Block & Mitchell (1946) 
*See.Table 6.2 for tryptophan content of rubber seed meal. 

The performance of White Leghorn layers in terms 
of egg produc'"ion, feed conversion efficiency end body 
weight change from 20 to 40 weeks of age was adversely 
&f fected when undecorticated rubber seed meal as such 
or subjected to autoclaving or fermentation was substituted 
mostly for groundnut meal in the diet; however, decorti­
cated materiel et IO-% level did not affect the layer 
performance (Narahari et al, 1986b). Similarly, Yeong 
et al (1981) have concluded that up to 30% of mah:.e and 
soya bean meal in layer diets could be substituterl with 
rubber seed meal. 
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Table 6.6 - Relntive F.fficiency of Ruhl>er Seed Meal 
as a Source of Essential Amino Acids 

Source 

C .. '1scin 
Soya bean meal 
Groundnut meal 
Rubber seed meal: 

(a) full-fat 
(b) defottcd 

Protein efficiency 
rntio 

2.73 (2.50) 
I.88 (I. 72) 
1.54 (1.41) 

0.84 (0.77) 
-1.29 (-1.18) 

Riolo~ical vnluc 

70.9 
65.4 
59.4 

49.9 
38.5 

Figures in parentheses are values stanrlarrlizc-d to a PF.R 
value of 2.50 for the stmulard protein (rnsrin). 
Reference: Fetuga et al (1978). 

When rubber s~ed meal was substituterl mostly for 
groundnut meal in diets of White Leghorn breerlers, 
performance in terms of age at sexual mnturity. egg 
production, feed conversion effidency, body w<.>ight ch~mge 
and fertility was not affected, hut, egg weight and 
hatchability of eggs decreased at dietary Jevels of 
10% or more (Narahari c-t al 1986a). Thrse workern hnvr 
concluded that the optimum level of ruhher Sl'erl mral in 
breeder diets was 5%. 

6.1.8.2 Use in pig feeding 

Based on observations on a total of 40 growing­
finishing pigs fed 0, 10, 20 or 30% rubber seed meal in 
the diet for 147 days, Ong & Radem (1981) concluded that 
the residual HCN content of the material was of no 
significance for pig feeding. 

6.1.8.3 Use in ruminant feeding 

Talpada et al(l980} found that substitution of 
decorticated rubber seed cake for one-half or all (30%) 
of cotton seed meal · in concentrates fed to growing 
Kankrej calves did not affect the digestibility of the 
rice-straw-based diet or balance of nitrogen, calcium 
and phosphorus in the calves; the concentrates were 
balanced with respect to digestible crude protein anrj 
total digestible nutrients. 
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When four pairs of lactating co•s fed chopped 
fodder lllc"li 7.e to nppct i te wrre ~i ven rqun I dn i 1 y a 1 l ownnces 
of o t.:011cP.ntrate conlainin;; 20% col nm ~c-rd or ruhher 
seed meal £or 16 weeks, there wni:a rm wHhin-palr difference 
in ml I~ yield nttrl hul nhlt~ In t hr. cliPtnry trr:ttmc-nt!': 
(Kum.,r rt nJ, 19fff•)· Sl111ilnrJy, Jnmc!': t>f :11 (1980) round 
that rubber seed meal was a sot i sfactory substitute for 
coconut lll<?al in concentrntes for lactating rows. 

6.1.8.4 Effect of residual oil 

Nwokolo et al (1988) observed no adverse effect 
on the mean daily weight gain or feed intokc of rats fed 
rubber seed oil at 5% dietary level for 28 days when 
compared with those fed maize oil. Si:ni1ar observations 
were made by N"okolo & Sim (1988) on chicks fed rubber 
seed oil at 8% dietary level for 28 days; lipid and total 
fatty-acid digestion coefficients were similar, but, 
liver lipid content was higher when comparerl with chicks 
fed maize oil. These observations taken in conjunction 
with the fact that rubber seed oil is free from toxic 
fatty acids (see Table 6.3) strong] y suggest that residual 
oil in rubber seed meal at any level is harmless for 
animal feeding. 

6.1.9 Concluding Remarks 

From the foregoing review of past work on rnhhP.r 
seed meal the following conclusions can be drawn:-

(a) the contents and availability of ~ritiral 
amino acids in the matf:'rial for simple­
stomached animals may vary in relAtion to 
the degree of heat treatment involved in 
processing, so that due ca,·e should be taken 
to avoid overheating; 

(b) the material can be successfully used as a 
protein o:r protein-and-energy source in diets 
for simple-stomached animals, depending on 
its residual oil content and provided that 
due care is taken to balance the diets with 
respect to the critical amino acids in relation 
to the animal species concerned; 

(c) the material is useful as an alternative oil 
seed meal in feeding of growing or lactating 
ruminants; 

(d) t~e residual HCN content of the materiel is 
quite low and safe for all animal species, 
because of the time lapse from collection 
and processing of seeds to feeding: 



- 82 -

(e) the residual oil in the materiel is free from 
any toxic fatty acid and its unsaponi fiable 
mnlter i~ unlikrly to 11rc-~r11l :my dnnr,N in 
animal feeding; 

( f) some worker~ hnve oh~Prve1l n d••r1·r:t!"<'d hntch­
ebility of eggs produced t.y breeding hens 
fed . diets rontnining the •~trrial 

(g) nobody has studied the effect of feeding the 
material on the flavour of meat in meat­
producing animals; 

(h) more work should be c£rried out to quantify 
the effect of processing conditions on the 
protein quality and amino-acid availnhility. 
especially lysine for pigs and methionine 
for poultry. 

6.2 Research Progranune 

Where sever a 1 materi a 1 s resulting f 1 om a 1 ternflt i ve 
rubber seed irocessing techniques are to be screened. 
a standard PE! assay can he carried out as a first step. 
However, only one principnl m::tteri.a1 wm; nvailahle for 
testing; this was the residue ]('ft after hyclrnuHc prrssing 
of decorticated and kiln-dried kernels. As such· it was 
decided to carry out the following research programme:-

(a) determinatfon of the chemicnl composition 
of the material; 

(b) preliminary experiments relating to the meta­
bolizable energy value of the material for 
poultry; 

(c) experiments to re-investigate the effect of 
feeding rubber seed meal on :1atchability of 
eggs; 

(d) experiments to 
the material on 
chickens. 

study the 
the meat 

effect of feeding 
flavour of broiler 

However, the test material supplied for ('1) above 
was e screw-pressed meal with coconut meal added a3 a 
processing aid at 5% level. 

.. 
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111c rrsults of n cnlf r.xpc-rimrnl n>111lur1c-cl wllh 
undecorticated expeller-processed connnercial rroduct, 
which have not beE>n rnhl ishrd' nr<> rt'levnnt for disrnssion 
and are therefore inclurlrcl in this rc-1mrt. 

It is intended to carry out 1110re work with the 
test material, especially a Jong-term tr.xici ty trinl 
using rnts nnd est im.'11· ion of 1·hr nvni lnhlr I ysinr rn11trnl 
for pigs, nt a later stage. 

Estimation of Hetabolizable Energy Value 
for Poultry 

Introduction 

At the outset, it became clear that the total 
quantities of test material requi reci for the hen-breeder 
and broiler experiments could not be prepared in single 
batch~s, the residual oil content varied from l;atch 
to batch ar.d that several such f?atches had to be h 1 ended 
for the purpose of each experir.ient. A knowledge of the 
HE value of the blend was a prerequisite for the 
formulation of the experimental diets. Biological 
estimation of the HE value of a poultry feeding stuff 
is tedious. On the other hand, chemir.nl E'Stimatinn is 
relatively easier nnd quicker, provid<'d thnt the mcthrul 
adopted is applicable to the feeding stuff concerned. 

The biological method of Ifill rt :ti (1%0) is 
common] y employed for the estim::-t ion of the nitrogr:>n­
corrected (N-corrected) ME value of poultry feeling 
stuffs including oilseed meals (see Hill & Renner, 1960). 
The main objective of this experiaient was to determine 
whether the said chemical method was as good as the 
biological method for estimating th~ N-corrected HE value 
of the test material. 

Materials and Methods 

Test materials. Two test materials of rubber seed meal 
were obtained in the present investigation; one was a 
30 kg batch of hydraulic-pressed rubber seed meal of 
residual oil content in the 12-20% range and the other 
was a 15 kg batch of extracted rubber seecf meal prepared 
by subjecting the first-mentioned material to ex,.•action 

. 0 ) with petroleum ether (boiling range: 6V-·80 C for 16 h 
in A largo Go•hlot ~•trnctOT. 
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Table 6. 7 - Hloluglcal F.slimation of Hetnholi7nhl<' Energy 
of Rubber Seed Meal for Poultry: Composition 
of Rasnl Dic-l 
(All valuc5 cxpre.c;s~d in g/kg dry ilfl unless 
other~i~e stated) 

------------
Ingredients: 

Glucose 
Ground whole wheat 
Soyn henn menl 
Dried whole milk 
Fish meal 
Casein 
Dried brewers yeast 
Cnlcium carbonate 
llicnlcium phosphate 
Salt 
Vitamin & trace-element prem:i.x* 
Lasalocid sodium, 20% concentrate 
DL-Methionine 
Chromic oxide 
Nutrients: 

Crude protein 
Lysine** 
Methionine + cystine** 
Calcium** 
Available phosphorus** 

Crude 
protein 

12b 
505 
263 
575 
690 
356 

Rrf errnrc 
diet 

410 
163 
175 
95 
SQ 
20 
25 
15 
12 

5 
2 
0.5 
3.5 
3 

193 
12.5 
8.5 
;i 
5 

*Supplied per kg of dry diet, 15,000 IU vitamin A, 3,000 JU 
vitamin D, 30 IU vitamin E, 3 mg vitamin K, 2 mg thiamin~. 
6 mg riboflavin, 12 mg pantothenic acid, 30 mg niacin, 
20 mcg vitamin Bl2, 2 mg pyridoxine, 1 mg Colic acid, 
100 mcg biotin, 125 mg choline, 80 mg Mn, 50 mg Zn, 40 
mg Fe, 10 mg Cu, 0.5 mg Co, 1 mg I and 0.2 mg Se. 
**Calculated values 

Diological estimatio11. The N-corrected ME value of each 
test material was estimated by the method of Hill Mt al 
(1960). Glucose of known HE value (or poultry (15.23 
HJ/kg dry matter) was used as the reference substance 
in the reference diet shown _n Table 6.7. Each test 
material was substituted for glucose at a level of 
300 g/kg in the reference diet to give the two test diets. 
Sixty crossbred ("Dekalb XL") cockerels arranged in six 
group• 0£ t.an were £od t.ho 'i'•£oroneo diot- (T°"' h•~h'i.ng 
to 2 weeks of age. Thereafter, each of the three diets 
(reference and two test) were fed to two groups from 14 

• 
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lo 28 dnys of ngr. 1-:xcrr.l:t or rnch Rrn111J n1lf('('"tcd nl 
24 h intervals on four successive days during the last 
week of the experilll('ntnl pc-riod wrre dried in n fnrr.rct­
draught oven at 7ff t for 24 h and placed in an airtight 
contninrr before pooling and equil ihrnting with atmospheric 
moisture • 

Chc.icnl r~Umation. lhc N-corr~tcd HF. vnluc of cnch 
test material was computed from its crude protein (CP), 
cther-extrnctive (F.F.), starch ond sugnr (eicpressed as 
sucrose) contents by the equation -

HE = 0.01551 CP + 0.03431 EE + 0.01669 starch + 0.01301 
sugar 

where ME is in t-U/kg and er I EE, starch and sucrose are 
g/kg on dry-matter basis (:;;ee HMSO, 1988). 

Analyses. The moisture contents of all mat-=-rials wr.re 
determined by drying in vacuum oven at 85° C and 25 mm 
of Hg for 5 h. Their nitrogen (N) contents w<>re determined 
by the (macro) Kjeldahl procedure using copper anrf selenium 
catalysts; where necessary, crude protein was expressed 
as 6.25 x N. The gross energy contents of the diets 
and excreta were determined by a "Parr" oxygen bomb 
calorimeter; their chromic oxide contents were determi Jlerl 
spectrophotometricall y, after conversion to rlichromnl e. 
The starch and sugar contents of the trst matcrinls wrre 
determined by the method of Clegg (1956), using anthrnne 
for colour development and Varian Techtron 635 spectro­
photometer for measurement of absorhance; their ethcr­
extracti ve contents were determined by Soxhlet extraction 
with petroleum ether (boiling range 40-60° C). HCN was 
determined by the method of AOAC (1965). A 11 analynes 
were carried out in triplicate. 

Results and Discussion 

The results of biological and chemical estimation 
of the N-corrected ME values of the two test materials 
are summarised in Table 6.8 and 6.9, respectively. It 
is seen that the chemical estimate is in close ag&eement 
with the biological estimate in the case of the hydraulic­
pressed material. However, in the case of the extracted 
material, the chemical estimate exceeds the biological 
estimate by 31%. 
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Table 6.8 - Biological F.stimation of Hetabolizable Energy 
of R•Jbbcr Seed Heal for Poultry: Summary o( 
Results 
(All values expressed on dry -.1tter basis) 

Gross energy. HJ/kg: 

diet 
excreta 

Chromic oxide, g/kg: 

diet 
excreta 

Nitrogen (N). g/kg: 

diet 
excreta 

Excreta energy, t-U/kg diet: 

= bc/d 

N retained, g/kg diet: 

= e - fc/d 

Energy in retained N, HJ: 

=q x 0.0344*** 

N-correc~ed HE of diet: 

•a-p-r 

Reference Rubber seed meal 
llydrau- Extrac­
lic ted 

(a) 17.598* 19.694* 18.447* 
(b) 14.389** 15~556** 14.841** 

(c) 3.178* 
(d) 18.300** 

3.186* 3.528* 
11.125***10.200** 

(e) 32.077* 4~.148* 50.207* 
(f) 62.210** 74.344** 78.900** 

(p) 2.501 4.456 5.133 

(q) 21. 263 23.844 22.917 

(r) 0.731 0.820 0. 788 

14.366 14.418 12.526 

N-corrected HE of test material: 

• MEG - [(HER - HET)/0.30) 15.3 9.1 

*Hean of triplicate values 
**Mean of triplicate values for two groups of cockerels 
***Calorific value of uric acid, HJ/kg 
MEG• HE of glucose (15.23 HJ/kg); HER •HE of reference 

diet; 
MET • HE of test diet. 

• 
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The energy-yielding constituents of a poultry 
feedingstuff can be broadly grouped as crude protein, 
ether-extrnctives nnd available carbohydrntrs consisting 
of starches, dextrins, disaccharides and l90noAAccharides. 
In the method o~ Clegg (1956), available carbohydrates 
extractable with hot aqueous ethanol (mcnosaccharides, 
disaccharides and some dextrins) are determined as sugar 
(glucose) and the remainder as stnrch. Thr HE value of 
a poultry feedingstuff dcpr.nds larg..-Jy on the digrsti­
bility of the energy-yielding constituents of that feeding 
stuff and incidence of antinutritional factors in it. 
The chemical method of HMSO (1988) is hnsed on the 
correlation of the encrgy-y;.---Jifing const.H11r111~ with the 
biologicaJly estimated HE vaJ.Je of common poultry feeifing 
stuffs that are readily digestible and virtually free 
from antinutritional constftUP.nts. The closr. agrePmc>llt 
between the biological and chemical estimates of the 
ME value of the llydraulic-rressrd ruhher seeif mPa l 
strongly suggests that its energy-yielding constiturnts 
nre reaifily digestible (cf. NwokoJo & Akp:ipunam, llJH(J; 
Nwokolo N al, 1987; Nwokolo & Sim, 1988) and that its 
residual llCN content is harmless (see Thuoc, 1968). 

Table 6.9 - Chemical Estimation of Hrtaholi?.ahlc Energy 
of Rubber Seed Meal: Summary of ResuJts 
(All values expressed per kg dry mat· er) 

Material: 

Crude protein, g 
Ether extractives, g 
Starch, g 
Sugar, g 
Sugar expressed as sucrose, 

• sugar x 0."5 
N-corrected HE*, t.J 
Residual HCN, mg 

g: 

llydraulic­
pressed 

271 
183 
243 
67 

64 
15.4 
54 

*Computed by the equation given in Section ~.3.2. 

Extrar.ted 

36'; 
9 

zqa 
82 

78 
11.9 
63 

The discrepancy between the biological and 
chemical estimates of the HE value of the extracted 
material could be due to lovering of the digestibility 
of the energy-yielding constituents by additional 
processing, lowered absorption of dietary nutrients by 
its relatively higher crude fibre contert and increased 
heat increment in the birds caused by its relatively 
higher crude protein ~ontent. 
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6.3.4 Conclusion 

6.4 

6.4. l 

It was conc1uded that in the case of hyclraul ic­
pressed rubber seed meal J"esulting frnm the oil extraction 
tc.-chni1111<- dcvrlopcd in Lh<.' pr<-srnt invrst ig:11 ion:-

(a} lhc enc.-rgy-yi<.'lding constituents "'rrc n·:ui=ly 
digested by pou]tl"y; 

(b) the residual HCN content was vil"tually harmless 
for growing poultry; 

(c) the HE va]ue for pt'Ultry could be accurately 
estimated by the chemical method of HMSO (1988). 

Hen Breeder Experiment 

Introduction 

In addition to Narahari et al (1986n} quoted in 
SP.ction 6~1.8.l. Buvanendran (1971} also nbserv~~ that 
rubber seed meal at 20% level in the diet of breerling 
hens reduced the hatchabi li ty of eggs due.- to incre;tsPd 
embryonic death; Raj:tguru (1971) also ohsrrvrrl thnt whrn 
rubber seed meal was included at levels rnnging from 10 
to 40% in the diet of hen brreders from the 12th week 
of age, higher levels delayed sexual maturity, nnd 
lowered the egg weight, hatchahi l i ty of <-'g~s and wc.>i ~ht 
of chicks at hatching. The ohjectivc of I.his c.-xprrimc>nt 
was to determine whether the present test mnteri n 1 
would cause such effect in !Jen· breeders when incl mled 
in the diet at a level which is, from a prac:tical view 
point, high for an oilseed meal. 

6.4.2 Haterials and Methods 

Test HaLerial. The t£st material was the residue resulting 
from the following process: rubber seed kernels separated 
from freshly collected seeds by a combination of manual 
and mechanical means were kiln-dried to reduce the moisture 
level, cooked in a steam-jacketed vessel and subjected 
to hydraulic pressing , the residual oil content in the 
meal being in the 15-20% range. The required quantity, 
supplied in several batches, was ground in a hammer mill 
fitted with, 3mm screen and blended. The material was 
packed in plastic bins and stored in a cold r"om oefore 
and after blending up to the time of inc 1 usion in the 
test diets; it had the composition given in Table 6.10. 

• 

• 
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Diets. The nutrient content of the ingredients are given 
in Table 6.10. Thr. control .and two t.rst. dirts wrre 
formulated to contoin the amounts of nutrit-nls speciCied 
in Table 6.11. The two test diets differed from the 
control in having rubber seed meal in place of coconut 
meal and some of the soyd bean meal, and rice bran in 
place of some of the mai?.e meal. The test diets contained 
rubber seed meal at 250 g/kg, without or with extra DL­
methionine at 0.5 and 1.0 g/kg during the grower and 
breeder stage, respectively. ·Table 6.12 gives the 
composition of the diets. 

Table ·6.10 - Hen Breeder Experiment: Composition of 
Ingredients (Figures in it11lics 11rp \•a!ue.c:: 
from published data: all t•alues arP expressPrl 
in g/kg air-dry material unless nthcndse 
stated) 

I.1gredients ME* CP F.F. CF LYS TSA Ca AP -------------------------------------------------
Maize meal 14.1 86 33 27 2.4 ~.6 0.2 I 

Rice bran 8.3 98 161 I SI 4.8 4.2 0.6 2 
Rubber seed 

meal** 12.1 264 92 52 7.5 6.5 2.2 1.7 
Coconut meal 6.0 210 62 118 6.0 5.5 I. 5 1.5 
Soya bean meal 9.4 446 14 68 28 IJ 2 2 
Fish meal 11.0 670 68 4R 2J 30 20 
Shell grit 332 
Dicalcium 

phosphate 242 171 

*MJ/kg air-dry material 
**Contained 58 mg/kg Residual HCN (air-dry basis) 
CP = Crude protein; EE = Ether extractives; CF ~ Crude fibre; 
LYS = lysine; TSA • total sulphur-containing amino acids; 
Ca = Calcium; AP • available phosphorous 
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Table 6.11 - Ht>n Breerlrr F.xpl'.'rimt"nt: Nutrirnt Spr.c:ifi­
cations for dirts· (V:1/urs <'X/W<'s~=,.cf on 
air-dry basis) 

Stage : Grower l\reeder 

Hetabolizable energy, HJ/kg 10.5 11. l 
Crude protein, g/kg 150 175 
Lysine, g/kg 6.5 8.0 
Methionine + cystine. g/kg 5.6 <>.J 
Calcium, g/kg 10 34 
Available ph6sphorus. g/kg 4.5 4.5 

Rird.c:. A hntrh of 2'i0 Rhndr l:o;lnnrl Rrcl pul lrt:o; pnw11rrrl 
from the Central Poul try Research Station of the Uepnrtment 
of Animal Production & Health Sri Lanka, were raised 
from hatching to 8 wt;eks of age on a stock starter feed. 
At 8 weeks of age, 210 of them were divided into 15 
groups of 14, assigned to the three dietary regimes nnd 
housed in deep-litter pens in a completely random design. 
The pullets were individually weighed before randomization 
at 8 weeks, at 18 weeks and at 40 weeks of age. 

Hanagement. The grower diets were fed from 8 to 20 weeks 
of age according to the feeding schedu1e givPn in Tahle 
6.13. Nest boxes were introduced at the rate of four 
per pen whP.n the pullets were 18 weeks old. The hrPerler 
diets were fed ad Iihitum from 20 to 40 wf"eks of :ige. 
Group feed intakes were recorded on a weekly hasi.s from 
32 to 36 weeks of age. Eggs were collected not less 
than six times daily, the first and last colJections 
being at 08.30 and 16.30 hours. The weight of eggs 
collected from each pen on a day were weighed to the 
nearest granne on the same day; the number of eggs was 
also recorded. 

Hatching. Hens were artificially inseminated with semen 
from test RIR roosters of the same age. The eggs of 
hatching were collected in two weekly batches when the 
hens were 36 to 37 weeks old, and were set in two batches 
in a Zincky incubator with a capacity to set 6,000 eggs. 
Those eggs which were withdrawn on the basis of the 7th 
day and 18th day candling were broken and examined. F..arly­
dead embryos, late-dead embryos, pipped eggs and hatch­
ability were expressed as percentages of the fertile eggs. 

• 

• 
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'fable 6.12 - llen Breeder Experiment: Composition of Diets 
(Values expressed in ~/kg of sir-dry diet 
uni~!'!' otl1rrwi!:r ~tntrrl) 

Treatment: Control RSM* 
Grower Bre-eclr.r Grnwr.r nrrrd<.>r 

Maize meal 380 435 330 440 
Rice bran 29 70 
Coc.Jnut meal 140 233 
Soya bean meal 102 152 23 IOI 
Rubber seed meal 250 250 
Fish meal 20 30 20 30 
Soya bean oil 25 42 
Shell grit 15 85 15 85 
Dicalcium phosphate 16 17.2 16 17.4 
Salt 2.5 2.5 2.5 2.5 
Vitamin & trace-element 

premix** 2 2 5 2 
Amproleum, 20% concen-

trate 0.5 0.5 
Virginiamycin, 2% 

concentrate 0.5 0.5 0.5 0.5 
L-Lysine monohydro-

chloride 1.5 0.8 
DL-Hethionine 0.5 0.8 0.6 0.8 

Table 6 .13 - Hen Breeder F.x p<:>ri ment . Fe<>d i ng Sch~rhi 1 e for 
Growing Pul1 cts 

Age (weeks) Daily foed allowance {g/hi rd) 

9 50 
10 54 
11 57 
12 61 
13 64 
14 67 
15 70 
16 73 
17 76 
18 78 
19 80 
20 82 

.-r~st diet w~thQUt PXfrA DJ.-111P~hiAninP1 ~hP r'"ll•inina ~--~ 
diet (RSM + MET) contained extra DL methionine et O.Sg/kg 
during growing storage and l.Og/kg during breeding stage. 

**Supplied per kg of air-dry diet, the amounts and trace 
elements stated in Table 6.7. 

• 
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l'ropl1ylnxis. 11ae 11ul lets were vaccinated ng:iinst Marck's 
disease, Newcastle disease, infectious hronc:hitis and 
avinn t'ncrph:alomyelitis nt th<'.' :tpproprinlt' :agrs. 

Chemical analyses. The HE content of the rubber seed 
meal was estimated by the method of HMSO (1988); its 
calcium content was determined hy the i:;t:andnrd volumrt:ric 
method and available phosphorus content, as inorganic 
phosphorus, by the co]orimetric method of Pons & Guthrie 
(1946). The culde protein, ether-extractive and crude 
fibre contents of the ingredients ;.;ere determined by 
standard methods. 

Statistical analyses. The observations ~ere subjected 
to analysis of variance and treatment means compared with 
each other by Duncan's new multiple range test according 
to Steel & Torrie (196Qa) at 5% significance level. 

Results and Discussic~ 

The results are summnrisPcl in Table 6.14 anrl 6.15. 
There were no si~ni ficant di rrr.rences bC'l '-'"PC'n trr.:ttmenl s 
in any of the parameters observerl (p > 0.05J. Also, 1-he 
infertile egg percentage and hatchnbiJity were quite 
within the normal limits (see North, 1984). The 
coefficient cf variation was very small (aho11t 3%) except 
that it was 30% in the case of infertile egg percentage. 
As for the two test diets, inclusion of extra Dl..-methionine 
resulted in only a trivial improvement in breeder 
performance. It is likely that the test diet without 
extra DL-methionine was almost adequate with respect 
to- methionine, inclusive of any that may he required 
for detoxification of HCN originating from rubber seed 
meal. The reproductive disturbances observed by 
Buvanendran (1971), Rajaguru (1971) and Narahari et al 
(1986a) may have been due to nutritional imbalances in 
the diets fed to the hens. 

The performance of the hens in terms of the egg 
weight and egg number up to 40 weeks of age was strikingly 
poor irrespective of the dietary treatment and despite 
the feet that the pullets procured for the experiment 
were from selected dams. It is known that the RIR 
flock at the Central Poultry Research Station is 
degenerated. 

• 

• 

• 
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Table 6.14 - Hen Breeder F.xperimc.-nt: Body-weight Changes, 
F.m~ Proclur I inn :11111 F""'' 111 i I i 7.:'l I i 1111 

(Hc•m1 v:1/11t•s /c,,- liw· r1•11lfr."ltr~ 11! I' l1i11ls 
per treatment) 

Trrntmr.~1t: Control RSM RSH1MIIT s -x 

.. 
~ 

-~~---------------------------

Body weight. kg: 

at 8 weeks of age 

at 18 weeks of age 

gain from 18 to 40 
weeks 

s-~xual maturity: 

age at first egg, 
days 

age at 50% llDP, dnys 

Peak production: 

age, weeks 

HOP, % 

Performance up to 
40 t1·~eks of age: 

egg number 

egg weight, g 

Feed consumption at 
peak·production: 

daily feed intake, 
g/hen 

kg feed per kg eggs 

0.57 0.58 

0.72a 0.68a 

33.43 33.88 

84.38 83. la 

81.18 79.18 

51.03 50.48 

1139 1168 

2.678 2.808 

0.58 

33.88 

84. 18 

80.38 

50.88 

115
8 

2.738 

0.01 

0.02 

0.9 

2 

0.3 

0.94 

0.7 

0.4 

1 

0.03 

*S- • Sample standard error of a treatment mean, with 
12x df. In a given row, values with the same superscript 
ate not significantly different (p > 0.050). 
HOP • Hen-day egg production. 
See Table 6.12 for explanation of treatment designations. 
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Table 6.15 - Hen Breeder Experiment: Fertility and 
Hatchabil Hy of F.ggs ancl Hortnl ity of llrns 
(1'tc-:m ,·:1lm•!' (nr· tin• "'f'I iu1lr-!: of I~ l1i11f . .; 

per trf?atar.nt) 

... 
·r 

1'rcalmr.nt: Control RSH R~HtMl·~f S-x 
-------

Number of eggs set 137 134 116 

Infertile E"ggs, %** 6.33 s.<> .. 4 c:n • > J.3 

Early-dead ~bryos, % .. Jo, ... 
-~..- 2.4 3 .1 2. I 

Late-dead embroys, % ....... ............ 3.0 5.0 1. ') 

Pipped eggs, %*** 0.9 0.6 O.R 

Hatchability, %~** 93a 9JC) 91::1 1.1 

Hortalit;y nil nil n i I 

*Sample standard error of a treatm<>nt mc<in, with 12 df. 
**Expressed as perccntnge of eggs ~E"t. 
***Rxpressed as percentngP of f<'rtilr e~RS· 
In a given row,values with the snme superscript are not 
significantly different (p > 0.05). 
See Table 6.12 for explanation of trcatmrnt drsignntinns. 

Conclusion 

The results show that the test material of ruhhE>r 
seed meal is unlikely to cause infertility or reduced 
hatchability of eggs in hen breeders even when fed at 
high dietary levels as 250 g/kg, provided that the 
diet i3 nutritionally balanced. 

Broiler Experiment 

Introduction 

In testing a new protein source for meat-type 
animals, it is important to as~E"ss its effect on the 
flavour of meat as much as on growth performance. Even 
though rubber seed meal ·cannot be regarded as a new 
prot;ein source, it ·seems to be an unusual protein source 
to ,the the minds of many people. ' Review of past work 
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on rubber seed meal r~vealed that no workc-r had investi­
g:ltE'fl this nspec:t. ThC' ohjrrtivr or this l'X(lN"imrnl 

wns to study the rHr<"l of lhr trsl. m."lt•·• int nn grnwll1 
and meat flavour of broiler chickens. 

6.5.2 Hnt~rinl~ nnd H~thotls 

Test material. The test ~terial avai 1nh1 e for tf:li s 
experiment was the residue resulting from high pressure 
screw-pressing of n 95:5 (w/w) mixt·urP or ruhhrr srrd 
kernels and ex1>e1Jcr-proc:r~<'d ronmul mr:'ll. 111r Int Irr 
had been used as a processing aid: thr residnnl oil 
content o( the meal was in the 10-15% 1·;in~r, proc-essing 
conditions are given in Chapter 3 of this report. The 
composition of the test mntcrfal is gi vc-n in Tahlc fi.1<>. 

nirt . ..;. 111<> m1lric-nl r.nnt:rnlS or lhP clirl;ll"y ingrr1liC':1IS 
and nutrient specifications rnr the diets are giv~n 
in Table 6.16 and 6.17, n•spcctivt'ly. The test rliet 
differed from the control in that it hat! a high ll'vrl 
of the test material insteAd of gro11nrln11t me<tl And 
some of maize meal and soya henn mPnl. TAhlc 6.18 
gives the C:'.>mposition nr the dil'l°S; thr. <tssignmrnt· nr 
the diets to the treatments Are indicated in Table 6.19. 

Table 6.16 - Broiler Exprriment: Composition nr lngrecii<-nts 
(Fi gurrs in i ta 1 j c.<> ."t re ,.,, 1 ur!' f rnm p11l11 i .-=lirrl 
data; all vnluE's arE' expressrd in f.?/kg air-rlq· 
n.ateri;,J unl<'.c;.<> othrrwi.<>~ .<>tntr-rl) 

Material HE* CP EE . CF LYS TSA Cn AP 
-------------------------------------------
Rubber seed 
meal** 12.9 275 116 58 7.5 6.5 2 ). 7 
Groundnut meal 11.0 472 12 70 16 11. 5 1 I. 5 

Fish 111eal 13.4 702 88 52 22.4 JO lO 
Calcium 
Carbonate JRO 

Soya bean oil 37.4 

Other ingredients: Maize meal and soya bean meal had the 
same nutrient contents indicated in Table 6.10: the 
remaining ingredients are shown in Table 6.18 . 
*HJ/kg air-dry material 
**Contained 5% coconut meal (see Section 6. 5-2);avai lab le 
phosphorus (AP) was determined as inorg~nic phosphorus. 
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llinl::. A hald1 ur 1'"10 1--clay-nlcl ("Uf;ftftf'lt"ial t.1·11il1·1· 
(Cobb 500) males were procured from the Uplands Fnrm. 
P<-nuleniyn. Of thf'~r. 135 whirh wN·r within thr hnrly 
w<.'i ght r:u1ge> of 39 t n SI g wrrr ns~i gnccl to tl1c I ht re 
dietary tr<>;ttlll<?nts in a randomi7.Prl complrtc- hlork 1fr!<;f~n 
with three replicates per treatment. 'nte chicks were 
housed on wire-•esh from the start to 2 t."ceks -:>f age 
and on a deep litter therrafter. The fePd intnkes during 
the starter and finisi1c-r stage~ we-re srp.l\rnlrly T('C"nnlrd. 
The birds were individually weighed agnin :tl 28 and 56 
days of age. 

Table 6.17 - Broiler Experiment: Nutrient Sprrifications 
Formulation of Diets (Values exprrssed on air­
dry basis) 

Stage; Starter Finisher 

--------------------------------------------------
Hetaboli?..ahle energy, t-U/kg 12.5 12.6 
Crude protein, glkg 230 2)(1 

Lysine, g/kg J 1.9 10.4 
Methionine + cystine, g/kg 9.0 8.5 
f.alcium, g/kg 10 10 
Av."Jilahl e phosphorus, g/kg 4.5 4.5 

f>rocrssing of birds. At 56 days of agP. the hi rrls wPre 
killed by bleeding. f.ach carcass was immf'flint('ly drP~!"<'d 
h: wet plucking, using water at 54 °C nnri n rlrfenthrring 
mnchine. Pectoral and leg mHc:;clcs were di~~Prt·f'rl, t:-1king 
care to t:xclude fat and tenrlon~. senJP1I in po1ythrne 
hags and deep-fro7.en for organol ept i c A~~,.~~mcnt: on 1 y 
ten birds per replicate were taken for musrlt' dissPction. 

Organoleptic assessment. A taste panel of 14 members 
were selected from the Rtaff-.embers of the Veterinary 
Research Institute. On each occasion, pectoral or leg 
muscles of five birds each from the control and one of 
the ·test treatments of one block were taken for tasting. 
Muscles were thawed on melting ice and then in running 
water, minced and mixed thorough! y. About 150 g of the 
minced muscle was placed in a glass beaker, covered iii 
aluminium foil and steamed in a rice cooker for 35 minutes. 
Cooked meat and liquor were thorouhgJy mixed and lOg 
samples were dispenserl into covered 90mm petri dishes; 
the dishes with meat were maintained at 55 °c up to the 
time of tasting, which followed immediately. Half of 
the tasters had meat from control birds and the other 
half meat from birds of one of the test treatments as 

• 
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T:tble 6.18 - Broiler Experiment: Compo!":i lion of OiNs 
(Values expressed in g/kg of air-dry diet 
unle!<>s n!hrrwi~r !':tRtrd) 

Diet designation: Control llSM 
Stage: Starter Finisher Starter Finisner 

----------------
Maize meal 572.5 617 39) 437 
Soya bean oil 17 15.5 
Soya bean meal 226 202 lJ 7 95 
Groundnut llP:tl 100 100 
Rubhcr seed WK'al* 4CXJ 400 
Fish meal so 30 so 30 
Calcium carbonate 10 IO 12 1l 
Dicalcium phosphate 17.4 17. 7 16.2 16.4 
Salt 2.5 2.5 2.5 2.5 
Vitamin and trace-

element 
Premix* 2 2 2 2 
Lasalocid sodium, 

15-% 0.5 CJ. 5 0. 'j o. ') 
Virginfamydn, 2-% 0.5 0.5 O. 'j (). 'j 

L-Lysine monohydro-
t:hloride 2.6 2.7 

DL-Hethionine 1.6 2.2 1.8 2.4 

*Contained 5-% coconut meal (see Section 6.5.2) 
**Supplied, per kg of air-dry diP.t, the amounts of vH:imins 

and trace elements stated in 'fahle 6.7. 

Table 6.19 - Rroiler Experiment: Assignmrnt of Oicts to 
Treatments 

Trent11ent 
desienation 

---------· 
CON-CON 
RSH-CON 
RSH-RSH 

Starter stage 
(0-28 days) 

Control 
RSH 
RSH 

Diet 
Finisher stage 

(28-56 days) 

Control 
Control 
RSH 
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thP. odd s,,mplc in n trian1~ular test. F.ad1 trralmrnl 
Jidir was presented on two occasions so that there were 
288 tnstings in all. TI1e tnsl"rrs wP.rP. Askrd to ;drnt;fy 
the odd snm(>lc in thr pair on the hnsis of ~I I and 
taste. The results were analysed according to Steiner 
(1966). A score equal to the sum of the correct decisions 
and one-third the number of "no difference" <lccisions 
was given. A score of over 42 for hrPast or Jeg muse-le 
in n trr.:itmcnt p.,ir w:is cnnsitlrrcd as signifinrnt nt 

5% level. 

An;:ily.st:>s. Chemical nnalyscs of the dictnry ingrrrlirnt·s 
were carried out as in the hen breeder rxprri..ent. The 
observations on broiler perf orraance ¥ere subjected to 
analysis of variance and Duncan's procedure was used 
to test differences among means at 5-% significance 
level (see Steel & Torrie. 1960b). 

Rr..sults and discussion 

The performance of the broiler chickens on the 
three dietary treatments are summarised in Table 6.20. 
There were no significant diffP.rences in feed intakr., 
weight gain or feed conversion ratio attrihutahlr. to 
the dietary treatments (p > 0.05), indicnting th:tt the 
diets containing the test materia1 of ruhhPr seert m< ll 
at 40-% level were palatable and that the avaiJahil Hy 
of nutrients from it was satisfactory whi.Je its resirhi:tl 
HCN conten~ was harmless for broiler perform~nce. 

Table 6.20 - Broiler Experiment: Summary of Rroiler Pcrf nr­
mance (Ht:>nn valurs for thref' replicatPs of 15 
birds per treatment) 

• 
Treatment: CON-CON RSM-CON RSM-RSH sd 

-----·----------------- -------------
Starting weight, kg 0.044 0.044 0.044 

Overall performance 
from 0 to 56 days of 
age••: 

Feed intake. kg 5.94a 5.99
8 5. 708 0.19 

Weight gain, kg 2.S4a 2.Sla 2.40a 0.06 

Feed conversion 
ratio 2.34a 2.39a 2.38a 0.05 

•Sample standard error of the dif Cerence between two treat-
ment means. with 4 df. 

**No significant differences existed among the tceatment 
means pertaining to 0-28 or 28-56 days or age. 
In a given row, values with the same superscript are not 
significantly different (p > 0.05). 
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The res~lts of the crg:1noleptic nsscsSlll<"nl of 
the broiler meat, swmnarised iri Table 6.21, indicated 
thnt the ment of th<" birc!s frd the trst m:ttrrinl in th~ 
diet at 40-% lev~i uom hatching to 4 weeks of age up 
to the day of slaughter did not significnntly differ in 
taste from that of the control birds fed the diets based 
on inaize, soya bean and groundnut meals (p > 0.05) . 

6.6. Conclusion 

In Sri Lanka, collection nnd proc:t-ssing of ruhhPr 
seed for oil and residue- on a pilot sci" Ir w;is stnrtr.11 
in earnest 11<>re than 20 ye::1rs ago. However, the tr.chno­
logical problems associated with dehull ing and pressing 
of this oilseed have not been resolved, at least as far 
as the oil millers are concerned. It h::ts now become 
customary for oil millers to crush ruhher seed with 
the hull, using expeller mills designed for copra. The 
resulting oilmeal contains ahout 17% crude protr.in and 
all the hull that is originally present in the seed. 

Table 6.21 - Broiler Experiment: Summary of Org:moleptic 
Assessment of Cooked Muscle hy Panel of 14 
Members 

Muscle Block No.~~ Correct No diff Prrnce Scor~* 
tastings decisions decisions 

-----------------------------------------------------------
Treatment pair: 

Breast 1 28 
2 '.LB 
3 28 

Leg 1 28 
2 28 
3 28 

Treatment pair: 

Breast 1 28 
2 28 
3 28 

1 28 
2 28 
3 28 

CON-CON 1tnd RS~1-n 1.':* • 

9 12 
6 17 
5 17 

8 11 
11 8 
7 9 

CON-CON and RSH-RSM•• 

8 9 
9 10 
10 11 

9 7 
9 10 
12 8 

13 
11 2/3 
10 2/3 
35 1/3 ------
11 2/3 
13 2/3 
10 
~~-!f 3 

11 
12 1/3 
13 2/3 
37 ------
11 1/3 
12 1/3 
14 2/3 
~~-!l~ 

*In a treatment pair {or a given muscle, a total ~core of 42 
or less.is not 3ignificant (p > 0.05). 

**See table 6.18 for treatment designations. 
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Information given in the Acldendum shows I hat the- crude 
protc-in rontent of nnrl<>lml lNI rnhl>f'r srNI mr:tl r:rn hr 
inr-rr:tsrcl to lli:tl of 1·1M·nn11I lllf':tl :uni it~: r·rnrlc• lilt1r 
cnntc-nt dc-crr;ised lo Som(' rxlrnt hy roarsr grimVing 
fol lnw('(I hy sirving; npp:irrnt 1 y, I hr 1·n=trsrl y ~romul 
unsieved mnterial does not adversely affrc:t the dry 
matter intake or health of cnlves. On thr. h.,sis of 
these findings, undecorticnted r11hhrr s~rl mP:tl is 
currently utilized as a suhstitute lor rnrnnut lllf':tl in 
feeding of ruminants and pigs in Sri 1~,nk:t. llnwrvrr, 
from the view-point or producing vege1·ahl~ nil ns we) l 
as residue for animnl frrding, thr clr~ir:ihilHy of 
developing appropr i nl e t('chno I ogy for rul1hcr srrrl 
processing cannot be over empha~i?.ed. 

The decortirntins;, drying ;mrl prr~sin~ prrwr1l11rc 
devc-loped in the prrscnt invrst ign: inn (Ch:ipt rr 1) for 
rubber seed processing yicJrts n mP:tl whirh isvirtu:illy 
free from hull and contnins 265 to 275 jt/kg rnHIP prntPin, 
100 to 150 g/kg residual oil and J r.~s 1 h:m (10 p./kg 
crude fibre. The HE content o( the mP:il fnr pnu I t.ry 
can be accurately estimnted from its chNniral ror.iposil ion, 
indicating that the nutrients contained in ii arr w<"l l 
utilized by poultry and ·that the residual llCN level in 
it is harmless for poultry. It can be used ~t high lrvrls 
in diets for poultry without adversely affrcting their 
reproductive performance, meat flavour or health. 

However, more work on the 
in animal feeding is advocaterl. 
first limiting amino acid in 
determination of the avaiJahle 
meal for pigs is warranterl. 

6.7 Summary 

use f 11 I nrss n r t "" mr-:i 1 
Since lysine is lhc 

prnc:tical pig ff"rrls, 
lysine cnntrnt or the 

A technique developed by the Ceylon Institute 
or Scientific and Industrial Research for processing 
of rubber seed kernel involved mechanical separation 
from hull, kiln-drying, cooking and hydraulic pressing; 
the processing did not exceed 90 °c at any stage. The 
resulting rubber seed r;:.:?al (RSH) contai.ned, per kg, 
about 270 g crude protein, 100 to 150 g . residual oi 1 
and less than 60 g crude fibre and 60 mg residual 
hydrocyanic acid. 

The nitrogen-corrected metabolizable enenJY (HE) 
content of RSH for poultry was determined by a &t:ana.ud 
biological method using chicks and glucose a;1 the 
reference substance, and by a standard chemical m0thod 
based on crude protein, fat, starch and sugar contents. 

• 
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The tvo results vcrc in clnsc agreement "dth each olht'r, 
indicating that the availability of the energy-yielding 
nutrients of RSM vns s;tti~foctory nnd that the cht'taicnl 
11ethnd was accuratr. rnongh for thr. rsl i-.,t'inn of its 
HE content for poultry. 

In an experiment to re-investigate the effect 
of RSM on hen breeder pcrformar .;e, 210 eight-V("Ck-nld 
RIR pullets were assigned to three dietary treatments 
in a completely random design with five replicates 
per treatment; the grover as well as breeder diets 
were balanced with respect to HE. crude protein, J ysine, 
calciUlll and available phosphorus. and containPd nn 
RSM or 250 g/kg RSM without or with extra supplemental 
methionine. Hen breeder perfonnance up to 40 weeks of 
age was judged by body weight at 18 weeks of age. body 
weight change during lay, age at first E'Rlt• at SO-% 
hen-day egg production (HOP) and at peak production, 
HOP at peak production- egg number, weight, fertility 
and hatchability and mortality. The results indicated 
that the inclusion of RSH in the diet at the stnted 
level did not affect the performance of th«? hPn hrN>rlers 
and that the provision of extra !!<uppl('lllE'ntnl methionin~ 
was unnecessary (p > 0.05). 

In an experiment to test the effrct of high 
dietary RSH on broiler perfona.,nce and mr<Jt flnvour, 
135 Cobb-500 males were assignee! to three dil'tnry 
treatments in a randomh~ed complete block design with 
three replicates per treatment; the diets were lmlnnced 
with respect to HE, crude protein, lysine, methionine 
plus cystine, calcium and available phllsphon1s, anrl the 
treatments provided no RSM from 0 t'> 56 days (CONTROL), 
400 g/kg RSH from 0 to 28 days no RSM from 28 to 56 days 
(RSM-CONTROL) or 400 g/kg RSM from 0 to ';6 fi,1ys of 
age (RSH-RSH). For organoleptic assessment of mc~t. 
the breast as well as leg muscJe of hi.rd~ of each tc-st 
treatment in each block was compared with the correCJponding 
control •uscle in a triangular test on two occasions by 
an untrained panel of 14 members. The results indicated 
that the high dietary level of RSM during the first 
half or whole of the life of the broiler chickens did 
not affect. their weight gain or feed conversion efficiency 
and did not cause any difference in the flavour of 
their meat (p > 0.05). 

It· was concluded that the RSH was suitable for 
animal feeding. Determination of its available lysine 
content for the pig is warranted. 
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6.9 ADl>f.NDUH 

UNDfXXJRTICATm RUBBD SEFJ> HEAL: Ef'FttT ON PtlrFORHANCE 
AND llF.AL111 OF CALVFS AND PROCFSSING ME11IOD ro IMPROVE QUALrn 

1. Introduction 

In Sri L.1nkn, rnpra is thr .ajnr ~mrrr of YC'Rrl.:1hlc 
oil. Al11<>st all the oil •ills are of the expeller type, 
designed to crush and expel oil froa copra. Nadarajah 
(1969) has described how s11ch mil ls could be llOdifil'd 
for expelling oil from ruhher seed kernels. However, 
expeller mills are ·still used without ll!Odification to 
expel oil from undecorticated rubbrr ~eed: h111l ( shel 1) 
acts as a processing aid and the resulting oil lll('ill contains 
all the hull originally present in the seed and only 
about 17% crude protein. 

Several years ago, certain deaths amQng ralvr~ 
in a state far11 were presumptively din~noi:;Pd as due 
to injuries caused to the gastro-intrstin:iJ 1mcnsa hy 
rubber seed hull particles in the correntrntP fed tn the 
calves. Consequently. the local use of ruhher seed mrnl 
came to a virtual halt. However. the practice of expel ling 
oil from undecorticated rubber seed still continut?~. 

The objectives of thr "ork :-<>port<'1l herein w"rC' 
to study the effect of undecorticated ruhhcr seett rr.ral 
on the perforll8nce and health of calves. and to test 
whether the material could be further processed to 
improve its quality. 

2. Materials and Methods 

Test uterials. A 1000-kg batch of undecorticated rubber 
seed meal was coarsely ground in a mill fited with 6mm 
screen. One half of the coarsely ground material was 
reground in a hanner •ill fitted with 4111111 screen and then 

,Rieved using 1111111 wire aiesh. The sieved fraction was 
labe1.led sieved rubber seed 11eal (SRSM) and the rftl8ining 
half of the coarsely ground material was labelled unsieved 
rubber seed •eal (URSM). 

• 
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Diet~. Three concentr:ites were fonn1l:itf:'rl to cnntain 
1RO g/kg cniclr prnl<'in in nil. 70 g/k1~ hnm rirr fK•lishinJ~~ 
nnd IOU g/kg from :i comhin:it ion or suy:i hr:in .-n I :tncl 
coconut meal, SRSH or URSH. T:thle 6.22 ~nd 6.23 give 
Lhe co.position of th<> rlietnry ingrrdirnts mul c:onc<>ntr:itrs. 
respectively • 

Ani&-.1:<: nnd tr·r:it.,-nt:o:. TV<"lvP Siurlhi &'"11r rnlvr:i: r:1nr.ing 
from 59 In 71 kg in body Wf'ir.ht vrrr R~si1~nrd In I h<> 
three concentrates in a ranftn111i7.ed complete hlock design 
with four calves per trf"atmrnt. Thr. rt:ii I y 1lrv .,,ttrr (JlH) 
r!'quirC'lllCnl of C'ach t·:ilf w:is t:n111p111·~·I in rrl:-.1 inn lo ils 
body weight· nt WN'kh intrrvals n1·rorrli11~ lo thr NP.C 
rec~ndati ons (see NRC. 1978). F.ach c<1 I r was f rrl a 
daily concentrate allowance equivalent to 50% of hs 
daily DH requirement and B.ru?i 7.irn.c:i~ hny ;uf 1 ihil um; 
the conc-entrate alJovnur·e vns giv~n in twn m<•:tl~. Frf'.'•linr, 
w:is continu<'d for 10 ""M'ks . 

. '1nn1y!"P.:<>. The proxim.'"lt<' fr:1rti1tns of 1 I..- 'nurrnl rnt rs 
were calculated from thnse of thrir inr,rrrlir•111 ~ rlPtrrminrrl 
by standard methods. The metaboli zabJ e energy (~IE) contr.nts 
for ruminants and digestj ble crude protPin (l'CP) cont.r.n•·s 
of the concentrates and hay were estim:itrd from l he 
proximate fr act ions hy the methods of Zin• 7.c-n & Putnam 
(1976) and Knight & Harris (1966), rcsprcl i vrl y. Ohsc>r­
vations on daily weight gain and intakes of tctal DM, 
DH from hay, HE and DCP oft.he irdividnal calves were 
subjected to analysis of variance and di ffrrrnces hetw~n 
treatment means were assessed by O•JnC"an' s procedure At 
5% signifirnnC"e level (sc>c> Stef·l l'r Torrir, 1960). 111'! 
faeces of the calves f<'d URSM wr.rc inrlivifl•1!'ll ly col lrrtcd 
on three successive d~ys during the final wrek of lhe 
experiment: hul 1 particles were separatect from the rrst 
of the faecal matter by washing the faeces on a lmm sieve, 
dried in the oven and weighed. 

Table 6~22 - Calf Experiment: Composition of Dietary lngre-
dients (Expressed in g/kg of material as such 
unless otherwise stated) 

SRSH URSH Coconut Soya Rice Hay 
meal bean polish-

------ _!!!!__ing! ______ 

Moisture 78 78 101 93 88 91 

Crude protein 224 151 197 466 144 73 

Ether extract 96 114 102 10 120 10 

Crude fibre 250 448 102 46 85 346 

N-free extract 295 IJ6 439 299 468 403 

HE, HJ/kg 11.1 9.5 12.2 10.3 12.4 6.7 

DCP 169 102 145 392 93 38 

II I I 
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Table 6.23 - Calf Experiment C::O.position of Concentrates 
(F.xprr~c:rd in f!./kR. of .,.trriltl ,,_c;; ~ur.h unl~:o:.c;; 

otherwise stRted) 

Concentrate d~~ignation: 

Ingredients: 

Rice polishings 

Soya bean meal 

Coconut meal 

Sieved rubber seed meal 

Unsieved rubber seed meal 

Shell powder 

Salt 

Vitamin & trace-element 
premix* 

Nutrients: 

Metabolizable energy, 
HJ/kg 

Crude protein 

Digestible crude protein 

*Zoodry YH 9006 (Roche) 

. 
3. Results and Discussion 

Control 

500 

70 

392.S 

20 

15 

2.S 

11. 7 

180 

134 

SRSH URSH 

500 500 

23 I 2'l 

439.S 

315.5 

20 20 

15 I ') 

2.5 2.5 

11.3 J (). 7 

mo 180 

131 131 

The results are su.arised in Table 6.24. The 
total DM intake as well as the DM intake from hay of 
the calves fed the concentrate containin~ URSH was not 
different from that of the other calves (p > 0.05), 
indicating that there was no accu•ulation of hull particles 
in the lu..en of the gastro-intestinal tract. The mean 
daily weight gain of the calves fed the control concen­
trate was only .arginally superior to that of the others, 
presu111&bly due to the marginally higher intake of HE and 
OCP in the case of the former. The weight of the hull 

• 
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,,.,rticles void~ by the calves fed URSM nmcPntrntr over 
a 3-day period was 11<>re or less equal to that of the hull 
particles rec-overahle from thr amount of t.hr ronrrntrntP 
fC'fl ovr1· lhl" s., •• fK'ricHI. furthrr inclirnl inR th:1I lh,.. 
hull particles did not accumulate in the gnstro-intcstinaJ 
lueen • 

Table 6.24 - Calf Experiment: S11..ary of R<.'snlt~ 
(Hean ,-;JlU<'s for fnur cnlvc~ in fnur repl ic11tes 
per treat81C'nt o .. ·rr R 10-WPCk pr.ri<>d) 

r.oncentrate designation: Control SRSH URSH 

Body weight at start. kg 66 65 64 

Total DH intake, kg/day 2.85;t 3.n</' 2.81/1 o. 11 

DM intake from hay. kg/day l.6la l.78:t 1.70~ O. IO 

HF. intake, ~U/day 21.1i' 20.4~ . 14). 3:t 0.7 

DCP intake, kg/day 0.188a 0.181<1 o. 11i' 0.005 

Weight gain. kg/day 0.33:} 0.2Sh I). 25h (I Jl4 

*Sample standard error of the difference between two trl"at­
ment means, with 6 df. 

Jn a given row, vaJues with the same superscript are not 
significantly different {p > 0.05). 

When undecorticated rubber seed ..eal vas further 
processed in the 111anner described aobve, the fraction 
retained on the sieve accounted for about 54% by weight 
of the 111&terial and consisted aostly of hull particles; 
the sieved fraction contained 48% more crude protein and 
44% less crude fibre than the original materal. 

4. Conclusion 

Where rubber seed must be crushed as such due to 
shortcomings in the technologkal fac:ilities for dehulling 
and expelling, the resulting oil cake can still be included 
at lllOderately high levels in concentrates for ruminants 
without adverse effects. However, the quality of the 
material can be improved by coarse grinding and sieving 
to remove IDOSt of the hull particles. 
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atAPTER 7 

• HARIETIWG OF RUB8B SF.F.D PRODOCTS 

7.1 Introduction 

Marketing of rubber seed product~ could ~ hro.,rlly 

classified into the following areas:-

(a) edible oil 

(b) technical oil 

(c) meal 

(d) waste by products. 

7.2 Marketing of Rubber Seed Oil as an Edible Oil 

Vegetable oils play an increasing role in human 

diet and recent surveys e.g. by UNIUO (Ref. 1) havr shmm 

higher apparent consu111ption (sum of dom('st ic product ic'" 

and net imports) of fats and oils of vegetable oriRin 

compared to those of ani111al origin. However, several 

countries have very low levels of consumption of vegct~hle 

fats and oils with annual per capita values (1982 figures) 

as low as 5kg, c,,.pared to maximum values of 25 to 30kg 

in some of the highly industrialized countries. 

Recent advances in nutrition and health have 

advocated hu11an consumption Gf a balanced diet of 

saturated, 110nounsaturated · and polyunsaturated fats 

(Ref. 2). This has led to changes in dietary habit 

especially invohing greater use of yegetable oils over 

animal fats. This is clearly shown in Table 7 .1 for 

USA (Ref. 3). Host countries exhibit si111ilar patterns 

of preferential consumption of vegetable oils. The 

important polyunsaturated fatty acids (PUFAs) ~n vegetable 

oils are typified by n-6 (w-6) and n-3 (w-3) families, 
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linoleic being the major dietary source of the for_.r 

and ci-linolenic of th<- lattrr fnai ly. Ruhl1"r ~d Oi I hn~ 

a high proportion of both linoleic and u-linolenic: acid 

(Table 7 .2) and references i.n Phase I anrl aore rC'C<-nl 

work (Ref. 4-5) have pointed the possihility of utili7.~­

tion of Rubber Sectl Oi I for Nlihlr purpusrs. rr-rsf'nl 

investigations have shown that toxic suhsl :mres prr~rnt 

in Rubber Seed Kernel viz. cyanide, afJatnxin, gossypol 

ond s.,ponins do not cont:l•inntc- rx~ll<••I 11il lml 1wn 

obstacles stand in the way o[ Rubber Seed Oi 1 for edi hJe 

purposes:-

(a) The fact thnt Rubber Se<'d Oil is a semi-drying 

oil with n fairly high Jinol<-nir rnntent. 

{b) The presence of poly(isoprene) to the extent 

of about 1% associated with the un~,poniffahle 

matter. 

The semi-drying properties of R11hl1rr Secrl Oi I 

could be overcome by judicious hlcmfin,:? with ol hrr 

vegetable oils or hydrogenation. In thi!'i connrr:t ion 

it may be noted that lin~r.ed oil w·i1h n nmrh ldghrr 

1 inolenic content compared to ruhber ~P('cf nil ii:; hr i ng 

marketed for edible purposes (Ref. 6). In 1 he ca:r;e or 

poly{isopr·.!ne) the problem wculd be one or :my long-term 

effect (Phase I, page 89) connected with ingestion of 

high 11<>lecular weight material. Although no evidence 

of har•ful ef fee ts of intake of high molecular weight 

material appears to be recorded this matter needs 

careful investigation. 

The pattern of vegetable oil con~umption in ,, 

natural rubber producing countries is variable and 

although &o111e of these countries account for the produc­

tion of large quantities of edible oil of vegetable 

origin no planned policies on consumption of vegetable 

• 
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oils have been forthc011ing. Thus, in Sri Lanka (Table 

7 .3) it is to be noted that coconut oi I contributes 

to the bulk of consumption and const111ption of PUFAs 

is very low (average pe1 year per head values being 

14.6kg for coconut oi i and Jess than 200g PUFAs, due • 

to low levels of domK:stic production and high levels 

of tariff /non-tariff barriers on iaports. At present 

Sri Lanka iaports aboo".: 6000 tons of unsaturate tyric 

vegetable oils aainly serving the urban-sector of the 

population. 

7.3 Marketing Rubber Seed Oil as a Technical OiJ 

The marketing of rubber seed oil as a technical 

oil would depend mainly on the use of ruhhcr seed oi 1 

as:-

(a) a semi-dry~ng oi.l in manufacture of convc-rt i hie 

coatings (e.g. alkyd resin); 

(b) use in soap manufacture: 

(c) miscellaneous C'hPmicaJ re~ctions. 

Alkyd resin manufacture from ruhber seed oil 

has been a commercial .success in Sri Lanka, resins 

being generally satisfactory except for evidence of 

yellowing and hence used in solvent based coatings of 

dark pig11entation. High iodine values and discolouration 

restrict use of rubber seed oil in laundry soap to any 

large extent but blends with other oils and hydrogenation 

would aake rubber seed :>il a potential raw •terial in 

filled and soft soap 111&nu(acture. The high unsaturated 

nature of rubber seed oil 11akes it a useful intermediate 

in manufacture of processing aids for the rubtier·industry. 
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7.4 Marketing of Rubber Seed Heal 

High protein and low fibre levels ofrcr potential 

for rubb<.>r !>ec:>d .. ,1-rrinl ns :m nni&,1 frrcl ta.,trrinl. 

Several publications (Ref. 7-8) have drawn the attention 

of use of rubber seed .ateria] in varying proportions 

in animals such as poultry, ca~tle, pig: reports of 

satisfactory protein digestibility,grovth and palatability 

being available. 

Rubber seed ineal admixed with extr:mrous iaatter 

such as shell is of lover quality but still has heen 

found to be satisfactory i.n fet>ding trinls. Oet~ilerl 

information on rubber seed material is ~i ven in the 

ANIMAL FEF.flING TRIALS in Chapter 6. 

7.5 Waste by Products 

The by-products of rubber seed processing are 

shell obtained during decortication an1l pods. Roth 

these could be gainfully used as a fuel for domestic 

purposes and also as a raw matt>rinl for production of 

activated charcoal. 

1.6 Worldwide Trends in Marketing of Oil and Animal 
Feed from Vegetable Sources 

Changing trends in supply/demand of vegetable 

oil and feed and governmental intervention in the form 

of tariff and non-tariff barriers has greatly ·distorted 

market ·prices of vegetable oils and feeds. Thus in the 

case of Sri Lanka, tariff structures are responsible 

for increase of prices of i•ported vegetable oils by 

as much as 75% over cif prices in certain instances 

while government subsidies in EEC countries e.g. in 

the production of·"rape seed oil have tended to depre•• world 

prices for this commodity. It is to be hoP.ed that the 

.. 
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General Agreement on Tariffs and Trade> (GA1T) will 

~UCCC'NI in nc-gntinl inn~ :1iAK•cl nl I r:uh• I ilirnil iz:il inn 

and agricultural refor• (Ref. 9-10). Rr.cc-nt trrnd~ 

in stocks/usage ratio, prjces and demand ~rowth (avcrnge 

of sevf"ntren oi 1~ nnd fnt~) an• givrn in Fig. 1. I 

(Ref. 11). 

7.7 Sumaary and Conclusion 

Marketing of rubhc-r ~ePcl produrl~ would hr 

valuable to naturaJ rubber countries with potentinl 

for collection of rubber se>ed (Tahle 1.1 - Chaptr.r l). 

These countries use more of the saturnled typps of 

vegetable oil for dietary purposes and rubber scecl oi I 

being polyunsaturated in nature offers the advnnt~ge 

of having nutritionally valuabl~ _linolenic acid as a 

component fatty acid (Ref. 12). However, since levels 

of linolenic acid are high, bler.ding with other oils 

or hydrogenation is needed to overcome any di sad vantage 

due to excess linolenic acid. In addition to ruhher 

seed oil for edible purposes potential exist~ for 

marketing of technical rubber se>ed r.il a~ n rnw mnt.rri:tl 

in the manufacture of converL i ble cont. ings, ~onps 

and also rubber seed meal as a source of high protein, 

low fibre animal feed. Waste by products could he 

used as domestic fuel or for production of acti voted 

charcoal. 
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Table 7.1 - US Food Supply; Fats and OiJs 
ConRumption per C'.apita (rounds} 

• 

Year Butter Margarine Shortening Lard F.di b le Vegetable 
beef oils 
fat 

1950 10.7 6. I 11.0 12.6 0 8.5 

1955 9.0 8.2 11.5 IO.I 0 I0.5 

1960 7.5 9.3 I2.5 7.5 0 Il.4 

1%5 6.4 9.7 14.2 6.3 0 J 4.1 

1970 5.3 10.9 17.3 4.6 0 17.7 

1975 4.7 11.0 17.0 2.9 0 19.9 

1980 4.5 11.4 18.2 2.6 1.1 22.5 

1985 4.9 10. 7 22.8 1.8 1.9 25.l 

Source: JAOCS 65 723 (1988). 



- J 18 -

Table 7.2 - Component Fatty Acids of Some Fats and Oils 

Fatty Acid RSO s R p c H l T Ll • 

16:0 Palmitic 9 11 5 48 Jl 19 24 25 6 

IR:O Strnric 8 ,, 2 ,, 4 1, n I CJ 4 

18: l Oleic 23 23 53 38 7 16 41 36 22 

18:2 Linoleic 39 51 22 9 2 2 10 4 16 

18:3 Linolenic 18 7 11 1 1 52 

20:5 F.icosapc:i-
ta~noic 13 

22:6 J>ocosahex-
;ienoic 8 

Note: Above values are representative averages 

{RSO - Rubber seed: S - Soyn: R - Rnrrc;E-rd: P - r:J t m: 

C - Coconut; M - Menhaden fish; L - Lani; T - Tai .low; 

LI - Linseed). 
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Tnhlc- 7 .3 - C".on!"u•(ltinn nf Vrr,rl Ablr Oi Is in Sri f~,nkn 

Type Consumption f'.onSU.(ltion Average 
in urban sector in rural sector 
g/head/year g/head/yenr g/head/yc-nr 

----------------
Coconut oil 

(a) Visible 4,000 3,400 3,600 

(b) Invisible 12,000 10,500 11,000 

Gingelly oil 75 110 100 

Soya oil 120 30 58 

Margarine and 
hydrogenated 1,460 500 800 
products 

Note: (1) Visible consumption of coconut oil is direct use 
e.g. in frying, cooking curries. 

(2) Invisible consumption of coconut oil is the compon~nts 
of coconut milk (cnmm) and shredded coconut used in 
general purpose cooking. 

(3) Margarine and hydrogenated products are largc~ly made 
from coconut and palm oils. 

(Figures are 1986 estimates from Central Bank of Sri Lanka and 

Department of Census and Statistics Sri Lanka. The urban popula­

tion is estimated at 5 million and the rural population 11 million 

for a total population of 16 million) • 
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SOURCE OIL WORLD l HAMBURGI MAY 1988 ISSUE 



• 

- 121 -

OIAPTF.R 8 

SPEIAL TOPI~ IN RUBBD SEED PROCf.SSINC 

8.1 Introduction 

Jn this Chapt~r the following topics of relevance 

in rubber seed processing are di scussN! :-

(a) aflatoxin 

(b) cyanide 

(c) gossypol and saponins 

(d) microbial aspects of lipase acti~ity 

8.2 Aflatoxin 

The possibility of aflatoxin contamination in 

rubber seed meal was pointed out in the Phl'\se I Report, 

where analyses revealed aflatoxin concentrations i.n 

excess of safety limits in rubber seed kernel. 

in,;estigations were carried out in this area. 

of aflatoxin {8
1

, B
2

, G
1

, G
2

) were carried out by 

HPLC techniques. 

8.2.1 Screenins for Presence of Aflatoxin 

Detailed 

Analyses 

TLC and 

Fifteen Specimen of seed, kernel, meal and oil were 

stored in open containers in various locations of the 

laboratory, ambient conditions being temperature 28-32°C 

and relative humidity around 70%. All batches screened 

had visible mould growth belonging to the genera 

Aspergi 11 us, Peni c111i um and Hucor. However two batches 
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of kernel and one of meal verc found to c-nntain afla­

toxins, these being infected with an AspE'rgillus sp. 

Aflntox in 8
1 

levels as detcrminrd hy visu:'ll est i .. ,t ion 

on TLC Jllntt>s Vl'rr HO ppb and 1000 ppb in kcrnr! :incl 

R .,, ... in mr.:-il. 11ms nhvions sign!" nr •onlrl {"fllllnlRin:tf inn 

in rubber seed substrate is not definitely indit:":ttive 

or high aflatoxin levels. Other Ii l<-rnl 11re rcp11rls 

confirm the fact thnt profuse growth of fungi ~mch as 

A. niger results in suppression of aflatoxin formation 

by aflatoxigenic fungi (Ref. I). 

8.2.2 Growth of Aspcrgillus parasiticus on Rubber 
Seed Meal and Production of Aflatoxins 

8.2.3 

Inoculation or rubber seed kernel!' and mr~l 

indicated that they are good substrates for prowth of 

A, panisiticus and aflatoxin production·. The fungal 

growth on oH wris however compnrntively slow. Toxin 

accumulation on sterlized substrates (:mtoclaving at 

121°C for 30 minutes) was high in comparisnn to acc11m11-

lation in non-sterilized substrates (T~hlc 8.1). It 

is evident that growth of fungus is ar:celeraterl on 

crushed kernel compared with whole kernel. Jn annth<>r 

ex(leriment i.t was noted that the prol i frr~t inn of 

A. parm;Hicus on meal (residual oil cont~nl 251) w<ts 

only possible at moisture levels greater than 10%. 

Distribution of Aflatoxin in Heal and Oil 

Experiments carried out to determine partitioning 

behaviour of af latoxin during rubber seed expelling 

conclusively showed that the bulk of the aflatoxin 

remained in the meal (Table 8.2). 

• 
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11i:.:ru.o.:.-:i1111 

Results o( tolnl aflntoxin in krrn~l (~5 ~,mplrs) 

Rnd .-nl (52 ~,•pl rs) I nk-•n clu.-ing lnhornl nq- anti pi 101· 

p I :ml 011('r&lti on!': :u·r g i vrn in Fi R. R. I nnd Ji. 2 • 

Individual aflatoxin vRIUE'S for R~ (Tnblr ft.3) rPvPRI 

a his;th !':<""nttf:'r of rrsul ts rrflrrl inR nnrrnninl irs in 

Rflntoxin r:lnge frfllll 10-200 11 g/kg (RI) drprncling on thr 

fe<'fliug slnlf (Rrl. 2) :<>o tlmt nflnlo'ltin l••vrls in RS~1 

are on thP high side- hut rtiJution nt n lr\•Pl of nhnnl 

25% in :mim:tl fec1I (C:h:tplrT (1) could rrnrlr•r it fit for 

consumption. 

Out of 10 snmpl<'s nf rnhh.<'r srrrl oil 11'.'strrl, 

six did not have any detc-ct;1hlr :irlnlmcin. the nvrrn~I" 

of the remaining being Jess than 10 rph en,). D<>tnxifi­

cation of a()atoxin in coconut oil by snnlir.ht hn!=: hrrn 

re1>0rted (Ref. 3) hut commrrci;il vfahilily in tPrms of 

output and efficienry wi 11 n~rd i"'·rst ig::tt inn: inrlir::Jtinns 

are that RSO wi 11 he more di ff i cu 1 t tr> df'>t oxi f y t h:111 

coconut oil due to prrsence of a hrnwn pigmrnf. 

It is thus seen that the ;iflntoicin rrohlcm 

could he best hand]ecl by preventive measures by collection 

of good quality seed and storage at reduced 11aisture 

levels around 5%, so that mini1111m levels of aflatoxin 

·are produced • 

. 8.3 The C1anide Problem 

Rubber seed kernel contains a cyanogenic glucoside 

(which has been claimed to be identical with the Hanihot 

species - ·'Ref. 4) linamarin, the glucoside of acetone 

cyanhydrin. Thi8 gl~coaide i• hydrolyaed either •• o 

result of enzyme action or on heating in acid to yield 

HCN. Total cyanide is the su11 of free ~CN a11d that 

bound in the glucoside. 
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Freshly coJ lected rubber seed has a high level 

of cyanide. kernel values hE'ing in the rRnge 1500-3000 

•g/kg on dry basis. During drying :uad ~turage th<'~ 

leveJs arc drastically reduced (Tah1<'s 8.4. 8.-S. 8.b) 

slow drying being preferred to fast drying to ensure 

high vnter activity for foi:;t.<'r rntri:; of hydrolyi:;is. 

Further reduction of cyanide in RSK occurs during cooking 

and expelling (Chapter 3) some typical values given in 

Tahir. 8.7. So."lking RSM in v:tlPr (1:1) fnr ;i prrind in 

excess of one hour and drying at IOS°C hc11J('fl in reduction 

of total cyanide levels. lOlig/kg being att::.ined after 

a 24 hour period. 

Specifications of c-y:mirle limits for nnim."ll 

feed do not differentiate bet ween total and fr<'c 

cyanide which is determined by the test method. A typic-al 

limit for tapioca meal (Indian Stand;\rd 1509) being 

300 ppm. RSM will not be expe<'.ted to h~ toxic with 

respect to cyanide especially since a three to four 

fold dilution will O<".cur on compounding. 

Aerial contamination of cyanide was also 

determined during rubber seed processing. by collec-ttnn 

of air through back suction and dissolving ffCN in 5% 

sodi.um carbonate. solution. Results in T:lhle 8.8 are 

given for contamination in decorticating. drying rooms 

and exhaust outlet of oven used for drying and in 

Table 8.9 inside the indirect dryer used for large scale 

drying. Care must be exercised to spend minimum 

periods in locations where aerial cyanide values 

exceed safe limits (threshold value 10 11g/11
3 

air, the 

time weighted average for a norlll81 8 hour work day -

Guidance Note EH 15/80 froaa Health and Safety Ex£cutive-

HHS, London). 

• 
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8.4 Gossu>0l and Saponins 

Tot:'l I gnssypol Rnd s.,pcmi ns vrrf:' detPr•i nrcl 

by respective test methods using spectrophotometric and 

RPLC techniques (~ Ap(lf?ndix II - Trsl H<-thocls). 

Results given in Table 8.10 are low comp;trcd to othf!r 

918terials and these toxins are not expected to influence 

RS proc:rssing. 

(Chapter 6) did not reveal any ill-rrfrrls to poultry 

caused hy saponin~ present. 

8.5 Hicrohial Aspects of Lipase Activity 

The quality of RSO and RSM will hr of opl inmm 

level vhc-n JipasP nrtivity is at lhr lnw1•st sn lh:11 

conditions for this requirement are importnnl. Lipnlytic 

activity could he due to ~xogrnnus or endngPnt:i•1s 

enzymes and preventive action, such as rol Ject inn of 

seed soon after fall and heat treatment Io att;tin lnw 

moisture levels is effective in nrrc!'>t inr. FFA incrr:l~"· 

Some studies carried out dur-ing our investi~nt ions 

are described. 

Three fungi A!'pergi 1 Jus :r:;p. P<mici 11 i11m sp and 

Hucorspisolated from stored sE>ed shrn.·pcf lipolytiC' 

activity. The particularAspergiJJus sp and Hucor ~p used 

were dominant at 30 °c and these were used for more 

detailed studies. The two organisms were inoculated 

into crushed kernel (one batch autoclaved at 121° C and 

other batch not autoclaved) maintained at a moisture 

level of 10% in a desiccator and the increase in FFA 

after a five day period determined. Results (Table 8.11) 

showed that growth of · Aspergillus sp led to a rapid 

increase of FFA compared to Hucor sp. The increase 

of FFA in autocl~ved 11aterial was relatively higher 

compared to the 111aterial which was not autoclaved 

primarily because autoclaving promotes the growth of 

saprophytic organisms. 
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The <-ffN"l" of •nisl nrca lrvrl nn thr rlrvrlnpmrnl nf 

1-'FA in autoclaved whuh• kernel inoculntrcl wil h A!'=pt•rRi 1111.<> 

!'p (4 x 104 s1)()rrs/g of dry .._,trd;,1) w:is ~turlirtl ov<-r 

a period of 30 days. FFA levels increas<'fl with lllOi sture 

levels (Fig. 8.3). At 5% llflistu..-c lry-c•I FFA vnlurs 

rem."'li necl constant but increased draSttical I y vi th storage 

time at increased moisture levels. Thus as in the cnsr 

of aflntnxins, collC'C"tion of s<'f'cl wilh minilll="l Rn1111ul 

contamination and retiuction nf moisturr lr•\·r•I tn 'i? fo..-

storage purposes would be the optimum mrt ho•I of ilrrrst ing 

lipolytic activity. 

8.6 Rcf c..-enccs 
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IUPAC Symposium, Pretoria (198~). 
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3. 

limits for aflatoxins Intergovernmc•ntal group on 
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U. Samarajeewa, C.L.V. Jayatilake, 
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Table 8. I - Production of Aflatoxi n in Ster i I i7.Pd and 
Non-Steri 1 i7:ed R$1C, RSM ~nd RSO ·TnncuhttNI 

• wilh A.•:pr.-p.illm: l'.-.r·;i.~;r irw; 

Sample Moisture 
content 
(11.1ss %) 

Aflaloxin ug/kg 

GI + G2 

-------------------------------
Non-Strri- Strri- Hon- Strri-

1i7.Cd l j :7.C'd !=>Irr i- 1 i :7.C'll 

Ii 7.Pd 

xl02 xJ05 xl02 xt05 

-------------------------------------------------------
RSK (crushed) 11.2 0.6 5 0.6 2 

~SK (whole) 11.2 7 0.09 5 .07 

RSM 10.0 2 5 0. 5 4 

RSO II. 3 40 NO Nil 

NO = Not determined. 
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Table 8.2 - Distribution of Aflntoxin in Heat :md Oil 

Dry 4 

weight 
Aflatoxin x IO ( ug/kg) Aflatoxin 

di.5tribution 
distri-
but ion 81 82 GL G2 __ <;L_ ___ 

RSK 100 4 0.4 0.8 0.3 100 

RSM 96 3 0.3 0.9 0.2 79 

RSO 4 0.6 0.07 0.2 0.04 1 

NOTE 1. The total aflatoxin distribution has bcrn calculat~ci 

on the basis of yields of RSM and RSO. 

2. The deviation in the last column i 5 pn1t.nhl y due> to 

inherrent errors in methods of determin;itinn. 

3. In a separate experiment using naturally contaminated 

kernel, when oil expelled was 27%, meal and oi.l 

contained approximately 900 and 100 ug/kg aflatoxi n 

respectively. 

• 
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Table 8.3 - Analysis of Aflntoxin llet<'rminnt inn 
in Rubber Seed Heal 

Aflatoxin type 

Average Pl>h 

Coefficient of 
variation % 

77 

57 

6 9 

71 72 83 

Note : Averages of 52 samples of RSH t~ken rluring 

laboratory and pilot plant trinls. 

Test method - HPLC technique. 
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Tnhle 8.4 - l.oss of Totnl C.ynnidc Content on OvPn (75°C) 
Drying of Rubber Seed Kernels 

Time Moisture content Total cyanide Loss of tntnl 
of kernel mg/kg on dry cy:mide 

weight of 
kernel 

(h) (mass %) % 
--------~-------------------------------------------------------

()() 14.4 768 

02 i3.2 394 49 

04 10.0 341 ~6 

06 8.2 240 (19 

24 1.6 208 73 

28 1.5 179 77 

Note Oven used had a blower to circulnte air 

• 
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Table 8.5 -
0 

l..oi;s of TotAl Cynnide C.ont(•nt on Oven (100 C) 

Time 
(h) 

Drying of Rubber Seed KrrneJs 

Hoi~ture concnt 
of kernel 
(mASS %) 

Tut:n 1 c y:m i cir mg/kg 
on dry weight of 
kernel 

1.o~~ of totn 1 
cyanide 

% 

-----------------------------------------------------------
Batch 1 Batch 2 Batch I Batch 2 Ratch l Batch 2 

---------------
00 82.1* 14.4 3200 7(,R 

02 30.3 8.1 2400 754 2 

06 < 1 2.2 1640 532 49 31 

24 < l 1 1630 484 49 37 

*High moisture content of immature seed. 

Note Oven used had a blower to circulate air • 
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Table 8.6 - Loss of Tot.nl Cyanide £'..f'ntrnt nn Sun 
Drying of Rubber Seed Kernels 

Moisture content 
of kernel 

(mass %) 

Total cyanirle mg/kg 
on dry weight of 
kernel 

l.oss of total 
cyanide 

% 

------------------------------------------------------------------
00 

Ol 

03 

04 

15.2 7R7 

8.7 581 

5.1 227 

. 4 .9 185 

Table 8. 7 - Typical LP.vcls "' Totnl C:'.y~ni1le 
in Rubber Sef'd ProcP.~sin~ 

71 

76 

Material Totnl r·~~nide mg/kg 

Kernel from fresh seed (20% 
moisture content) 

Kernel after drying to 5% 
moisture level in smoke house 

Meal immediately after expelling 
in hi8h pressure screw expeller 
at 80 C 

H330 

236 

124 

• 
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Tab~e 8.8 - Aerial Cyanide Levels nt SHrs of 
Rubber Seed Processing 

Site Total cyanide mg/m3 

Air 
-----------------------------

Decorticating room 

Room with drying of kernel~ 

progressing 

Room after co: .• pletion of 

drying 

Exhaust of circulating air 

oven during drying of kernels 

Not detected 

5.6 

4.2 

85.8 
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Table 8. 9 - Totnt Cyanide- Content JnAidr Drying 
Chamber of Kiln during Loading and 
Drying 

Time (h) 
0 Total 

3 
Temp C cy;,.nicic- (mg/m ) 

Interval 

Loading of kernel 30 15 

Drying of kernel 

2 30-45 125 

1.5 45-55 22R 

1.5 50-60 29'; 

1 60 26 I 

1 60 203 

1 60 171 

1 60 1 (,7 

1 '10 114 

1 60 1112 

1 60 J 21 

Kernels kept in kiln without firing for 12 hour~ 

1 

I 

During unloading 

30 minutes after 
unloading 

40 

40 

35 

30 

22 

20 

8 

less than 1 

Note : Drying of kernel time intervals follow in succession. 

• 
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Table 8. iO - Total Gossypol and Saponin Contrnt 
in Ruhher Seed 

Material Total Saponins 
r.os~ypol 

ppm % 
-----

Screw pressed RSH 7 0.6 

Solvent extracted 
RSM 6 0.9 

Rubber seed oil not detected not rll"I cc t!'d 

Cotton seed kernel 54 ND 

Soya flour ND 1.2 

ND - Not determined 
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Table 8. 11 - Effect of Aspergi 1 lus sp. and Hucor sp. 
on Dcv··lopment of FFA in Autoclaved and 
.Non-autoclaved sa11ples of crushed ~SK. 

FFA (as oleic acid) % 

NOT At.mX:LA VF.ll 

Control · Inoculated Control 

Aspcrgillus sp 22.2 48.9 1.7 

Hucor sp 21.5 23.8 6.4 

Initial FFA:- 1.7% 

Period of storage 
at 10% moisture 
content:- 5 days 

Al m>CLA VF.I> 

·Inoculated 

31.2 

Note Table refers to particul~r Aspcr11i1 lrJs sp anti H11r:nr sp 
.isolated. 

• 

• 
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f.llAl'TF.R q 

ECX>NCltIC/FINANCIAL EVAIJJATION OF RUBBF.R 

SF.FJ> PROOS.<; I NG 

9.1 Introduction 

9.1.1 

111r economir:/rinnnr:ial ('V:Jl1mtio11 or n1hhr.r-

seed processing was carried out with resprct to hnse 

parameters in Sri Lanka. Fi n::tnc i a 1 rva I :1:.i ti on lms 

hrf'n r::i rr i rd out Io I rst err i Ci rnr y or rrsn11rr-r 11sr 

of ruhhcr seed processing al: current markrl prices whi IP. 

economic analysis has been used to JUrlge efficirncy 

of resource use when market prices are arljustcrl to 

shadow prices using concepts of opportnni ty costs/ 

benefits. The concepts and methodology ::ire> basecl on 

the well known UNIOO publications. Guide] inr.c; and Gufrf<? 

on project appraisal/evaluation, suppJementrrl with other 

useful texts in this area (Ref. 1-10). In hot·h rimmr: i::tl 

and economic analyses the emphasis is more on spnsHivity 

an~ alternatives rather than absolute proritahility. 

the Financial Internal Rate of Return (Fl RR) taking 

note of cost of capital at market prices prevalent in 

Sri Lanka (about 20%) and Economic Internal Rate of 

Return (EIRR) taking note of adjustment of market prices 

to shadow (accounting) prices to indicate contribution 

to the real national income of Sri Lanka (about 11% at 

present). 

Financial F.valuation - Edible Oil and Heal 

9.1.1.l Background 

The analytical framework of the llNIOO Guide 

(Ref. 1) has been userl to prepare a financial evalu::ttion 

of RS proc~ssing. A financial income st:::ttement (FTS) 
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and cash flow statement (CFS) obtained from supporting 

information for• the core of financinl t'\"aluation. 

The CFS is divided (n devfation from sunrf:mi fim.nc-inl 

tables) into two parts one, Nl·:r CA~ll 1-'UKl - REAi. dr.:-i1 ing 

with operating cash flows related to sale or purchase 

of physical items and other NET CASH Fl.OW - FTNANr.JAI. 

dt'n ting in c-nsh 

Working capital is 

t!et CF Financial. 

flows fm· finnucin~ 01i<'ral ions. 

divided betwPr.n Nr.t r.F Renl anrf 

inventories (st0<·ks) includrd in 

former while cash in hand, receivables and paynhles 

are included in latter. Constant prices are user! in 

nll st·ntrmf'nls 1111lrss 0H1rrwisr stntrrl sn th:it 11n 

allowance has been made for inflation, foreign exchnnge 

losses etc. Market prices rel ate tn S1·i Lank~ rnpres. 

Calculation of financial Internal Rate of Rf'turn (FTRR) 

based on net present valut>s have formert the hasis of 

project comparison. 

9.1.1.2 Rubber Seed Raw Material Cost 

It is necessnry to prcpnre rnhht:-r sr.rrl kPrncl 

of good quality to produce edi.h le qua 1 it y ruhher seed 

oil and meal. This involves stages of culJection of 

seed, drying, decortication and separation of shell 

from kernel. Costs are worked out on the basis of 

collection of 1000 tons of fresh rubber seed(20% moisture 

content), drying to 5% moisture, storage, decortication 

and production of 450 tons quality kernel. An estimate 

of market price for good quality RSK dried to A moisture 

content around 5% was made as follows:-

(a) Collection - Average cost of collection and 

transport up to a di3tance of 25 miles was 

estimated at Rs.2.50 per kg of fresh seed 

inclusive of packing in used polypropylene 

woven bags. Taking note of loss of drying 

from 20% moisture to 5% and kernel content 

• 
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(<,0:% of who I l' scrd - SC'<? Section 2. 2). cost 

of mAteriRl ront<-nt in drif"d RSK (exrlmfing 

dr·ying charges) is estimated at Rs.S.00 per kg. 

(b) Drying Costs - Drying can be carried out on n 

large scale in ~kl' houses, r:opr=t kilns or 

indirect dryers (Section 2.3). ln Table 9.1 

respective costs of drying by these methods 

have he<-n estim.,trd. Thr smnkr housr m:ul 

copra kiln drying im·olves hil"ing dmrges 

whereas the imlirect dryc-r h:ts to he specially 

constructed for drying ruhher srt:'d. De pre-

ciation is estimated at 10% of ronstruct ion 

cost of indirect drycr over a 270 day p<-riod 

and reduced to a ~ix day period 

(ie. 5200 x 6 115). Overheads arr simil:nly 

esti~~ed on a total of Rs.13.,400 rrpresc>nt in~ 
20% of construction cost arul rnainten<inrc-

charges ( 13400 x 6 = 297). Considering t he 
270 

availability of the different methods of 

d'ying a practical soJution to the distrihution 

of dryi.ng methods ( 1000 tons of fresh seed 

of 20% moisture content to give 4';0 tons of 

kernel of 5% moisture content) is given in 
:.,, .. 

Table 9.2. It is seen that the average cost 

of drying is estimated at Rs.I.40/kg dry 

kernel. It must be noted that this is a 

maximum value since in practice pre drying 

with sunlight could considerably reduce 

drying cost. 

(c) Decortication Costs - Disc Grinder, Drum 

Decorticator or 11anual Methods of decortication 

are possible (Section 2.4) respective costs 

being estimated in Table 9.3. Depreciation 

is 10% of cost over a 180 day period (540 

eight hour shifts) and reduced to a single 
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shift. Overheads are estim.'lted similarly 

Oil n lotnl or Rs.11,000 for disr grimlrr 

(12,000 = 22.2) nnd Rs.4000 for drum decorti-
540 

cator 4000 = 7.4). Considering individual 
540 

running costs of decortication, the disc 

grinder 111ethod is the most expensive while 

manual decortication is lenst expensive. 

Assuming a 10% share each in use- of disc 

grinder and drum decorlicator and 80% 111c'lnunl 

decortication, an average decortication cost 

of Rs. J .38/kg dry kr.rnc>l h:is """" rstimnl eel. 

(d) SeparaUon Costs - Tt is possible to carry nut 

separation of shell from kernel after der.orti­

cation either vith a pnr.um~t ic scpnrnl or 

or manually (Section 2.4.3) rPsprctivC' cnsts 

being estimnted in TnhJc 9.4. Orpreciation 

is 10% of cost over a 180 clny period ( 540 

eight hour shifts) reduced to n si ngJe shift 

(950 = I. 76). Ovcrhe:uts are rsl i noRterl si mi-
540 
larly on a totnl of Rs.2400 (~400 = 4.M). 

'l4il 

Assuming 25% utilization for ~Ppnration with 

drum decorticator and 75% m:rn11n 1 separnt ion 

an average of Rs.1.40 per kg dry kernel 

is estimated as separation costs. 

The total costs for production of good quality 

rubber seed kernel are estimated as follows {SL Kupees/kg 

dry kernel):-

Material cost 

Drying cost 

Decortication cost 

Separation cost 

Total 

5.00 

1.40 

1.38 

1.40 

9.18 

·-·· 

• 

• 
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'11tis rsl im.,lr rnnl•I h•• grrnl ly 1·rcl11rrd ir sun 

drying and manual operations are given gre<iter weightage. 

9.1.1.3 ProjN·t C'.ost for Kt;t=!_hlishmrnt of n tlnil 
for Ruhhcr Seed Prm·<·ss i ng 

Practical considerations mainly due to difficul-

til"S of c-ol lrctinn of p 1 C'll 1- i fu 1 suppl if's nf rnhhf'r 

seed will Jimit a high turnover in oper::tl" inns <1ml :tn 

estimate of 1000 tons of freshly collected rubber 

seed (moisture content 20%) has been considered optim:tl 

for a processing unit. Drying and dl'cnrtication will 

rrrlnrf' 1000 tons t·n ,, .. lf} l ons of ~"rnrl. It i <: nf'crsc::irr 

to equip a processing unit with suit:ih 1 l' r1111i pmrnl fnr 

production of high qu:tlity ("low i:_1:A) r11l1her sr<'tl oi 1 

as folJows (Chapter 3):-

(a) High pressure scr<>w exp<'l lin~ 

(b) Cooking (conditioning) of kernPl 111 a moi st11re 

level aMunct 7% 

(c) Mixing RSK with rnhhN· seed mP:il ;11HI poonnc 

in ratio RSK/RS~1/poon::ic: - 4'1/50/5. 

(d) High levels of FFA and other assoc:iflt:<>d 

unsaponifiahle matter (Section 4.2) necessi­

tates a high degree of refining, however 

due to comparatively small quantities of 

crude oil, batch chemical (alkali) refining 

is pref erred to physical refining. 

Parameters for a practical processing unit 

utilizing high pressure screw expelling for oil extraction 

are given in Table 9.5. It is seen that an input of 

3 tons of rubber seed kernel admixed with 3.66 tons 

rubber seed meal and poonac is the recommendation. 
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Raw material availability restricts rubber seed processing 

to 150 days and the r(>!Mining (>f'Tio'I is utilisrd for 

cu11ra expelling. 1l1e lt1t:tl output of rrfinr.d RSO is 

estimated at 185 tons and coconut oil 412 tons. 

TI1c projc-rl cosl hns h<-rn rsl im:il rd from I hr 

total of Initial C.apital Investment Cosls (Tohle 9.6) 

ond WoC"king Capital ca1culation (Tnble 9. 7). 

9.1.1.4 Initial Capital Investment Costs 

These include purchase of land. site prepara­

tion, building construction and other infra structural 

f ac i lit ir.s. The extraction equ i pmrnt consists of a 

high pressure type screw expeller with capacity to 

process 7 tons material per 24 hour day, fitted with 

a 30 H.P. motor, and facilities for cooking, filtrring 

~nd settling. The refining plant fittrd for alkali 

neutralization, bleaching and deodori~ntion has a 

capacity to handle 15 tons crmlr oil per d:'ly, surpnrti11g 

equipment mainly consisting of a boiler. Tota] initiCll 

capital investment is estimated at Rs.22.81 million, 

73% being foreign costs. 

9.1.1.S Calculation of Working Capital 

The calculation of working capital is shown 

in Table 9. 7. This has ben simplified taking account 

of general accounting principles. The total production 

cost has been estimated first to include overheads, 

dP.preciation and interest payment (see Table 9.8). 

Requirements of current assets and liabilities have 

been calculated from factory costs and overheads on 

the basis of indicated periods of coverage. The working 

capital is estimated at current essets less current 

liabilities to be Rs.3.97 million. 

• 

• 
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9.1.I.6 Total Project Cost 

The total project cost for establishment of a 

unit for rubber seed processing is estimated as follows:-

Initial Capital lnvest111ent Costs 22.81 miJlion 

Working Capital 3.97 
1'ntn1 26. 7R mi 11 ion ===== 

It is expected that an organisation which hns 

vested interests in the ruhh<'r planlntinn srrtnr 

(e.g. the state run Janatha Estates llrvt:>lopmc>nt: Bonni 

in Sri Lanka) wil1 raise the necessary <"RJli tal in I he 

form of equity contribution of Rs.11.78 willinn and 

a long term development loan of Rs.15 million nt 

concr.ssion:iry interc>s1- rates. 

9.1.l.7 Pricing o{ Inputs and Outputs 

The prices of major ra" mnt<'ri n I 

rubber" seed kernel and copra and outputs, 

ponding oil and meal would be expt>rt·r1I 

much variation due to fluctuations in 

inputs \•i 7.. 

I he COf"TE'S-

Io rrg i st "'" 

int r.r~n Li on:i I 

and domestic prices peculiar to the crushing indust·ry. 

International prices are often quoted for unrefined 

oil, however refined oil e.g. coconut oil packed in 

drums from Sri Lanka c011111Snds a premium in world 

markets (Table 9.9). The increased demand for vegetable 

oils in Sri Lanka is such that domestic prices exceed 

international prices, effective rates of protection* 

by way of tariff and non-tariff barriers being in 

excess of 50%. Information on oil seed product prices 

is also given in Tables 9.10 and 9.11. Considering 

-------------------------------~-----~-~~~------·-----~---Value added @ domestic -

.Ef f ti R f P t ti 
Value added @ world pric.!t!, 

ec ve ate o ro ec on • Value added @ world prices. 
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inarket wholesale and retnil prices in relation to 

value addition and averaging over the p<>riod during 

which the information was gathered {January-July 1989) 

the following pric-ing hm; hrrn acloplrd for fin:rnrin1 

evaluation {prices Sri Lankn Ru(IE'es per kg) as hnsc-. 

OlITPtrrS 

Rubber Seed Oil (refined) 

Rubber Seed Heal {without shell. JO% 
resi.dunl oil) 

Coconut Oil {refined) 

Coconut Meal {pr)Onac, 5% 
resi dun 1 oi l) 

lNPl.ffS 

Rubber Seed Kernel {5% ~oisture) 

Copra {milling superior) 

54.00 

3.50 

41.50 

5.00 

9. 1 R (set:' 
Section 
9.1.J .2) 

17 .00 

9.1.2 Financial Internal Rate of Return in RuhbPr 
Seed Processing (UNIDO Guide Stage I) 

9.1.2.1 Financial Income Statement 

This statement is compiled according to the 

format of the UNIDO Guide. The following simplified 

assum~tions have been 11&de:-

(a) The project is operational at full capacity 

in the first year and is continued for a 

period of ten years with no changes in 

inventory. 

• 
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(b) No additional capitnl equipment purchases 

are envi~'lgc>d during thP 1 if,. tilllP. of thc­

project. Sale prices, inputs, utilities, 

operational expenses and other financial 

transactions remain constant nt first yrnr 

prices over the time hori?.on nf lhe projcc:l, 

(base~ on initial investment price levels). 

(r) lnterrst payml"nl h:ts hf',.n avrr:iw•d ov,.r thc­

pcriod of the project (Tnhlt> 9.R). l>rprt:'­

ciation costs have a J so '"'"" nv<-ral?<'d at 

10% of initial cnpital invPstmenl fnr 

equipment (Tr:hle 9.6). although in prArtic<> 

accelerntrd drprrcint ion wonl<I hr p<'rmitlrd 

on capital equipment for develC'pm<>nt projects. 

(d) Provision has been .mnde for inclusion of 

additional revenue e.g. by ~ny of making 

available excess refining capnrity. 

Using an111ml sales projections (TnhlC' 9.12) 

and other information in relevant tables on operational 

expenses (Table 9.7) and initial capital costs (Table 9.6) 

the financial 

(Table 9.13). 

income statement has been compiled 

Values for each item over the ten year 

period have been discounted to net present values 

(facilita~ed by the ccmputer progra111111e used). This 

income statement has been used to construct a financial 

cash flow statement in two parts - Real (Table 9 .14) 

and Financial (Table 9.15). 
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9.1.2.2 Financial Cash Flow Statement 

111is statCllK'nt is compt lPtl nrrnrrl i ng to the 

UNI DO Guide format in Tables 9.14 end 9.15. 11le 

fol ]owing assumption~ nncl r rnt nrr,; of this fnrmnt :trc 

to be noted:-

(a) Net presr.nt vnlurs arc ohtni111•1l from the 

Net Cash (]ow - Real part (Tothle 9.14), thP. 

Net Cash Flow - Financ-inL. {Tahlc 9.15) hr·ing 

complementary in dealing with cash flows 

involved in finnncing oprrnti1tt1s. 

(b) Inventories are include:! in Nr.t CF' RE>al, 

remainder of working cal'it~tl (rnsh in h:m•I, 

receivahlrs anti p:-iyAhlrs) h<'in~ !=>rparnt,?•I 

into the Nrl rr Cin:mdal 1mrt. 

(c) Depreciation is Added to oprntting profj t 

before i ntcrest onrl tax as rrqui r<'ii for 

calculation of Internal Rntc of Rr.turn. 

(d) Fixed assets and inventories are us~d in 

year 0 and salvaged at termination as 

follows:-

Inventory - full value 

Land and Building - an appreciated value 
(150% increase) 

Equipment - 10% of initial vAlue 

The financial IRR (FIRR) of rubber seed 

processing has been estimated at 17 .5% taking note o~ 

• 
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a bnse unit opernlionnl for 150 days of th~ yrnr to 

process rubber seed kernel and 150 dnys to process 

copra, the inputs and outputs (Table 9.12) being hasP.d 

on cu1rent market prices. The FIRR is somewhat on 

the low side when co•p.1rison js •mlr with nomin:il 

c<>1m11Crcial interest rates and cut-off rates for FIRR, 
the mini•u• acceptable value being about 20% at present 

in Sri Lanka. 

9.1.3 Rubber Seed Processins Alternatives 
and Sensitivity Analysis 

The computer progranne used in cnlru]ation of 

FIRR has facilitated other caJculntions in <11 ternnt·i ves 

and sensitivity analysis. 

9.1.3.l Alternatives 

The financial IRR was e~tim."ttect At J 7. 5'% on 

the basis of operations half the yenr ..-ir.h r11hhrr 

seed and remainder with copra. The alternatives wrrc 

estimated on the basis of working throughout the yeflr 

with rubber seed or copra, assuming thnt other cost~ 

are not al te~·ed. The estimated FIRR are as follows:-

300 day rubber seed processing - 22.1% 

300 day copra processing 13.2% 

Thus, if the above processing opP.rations are 

considered independently (i.e. not mutually exclusive 

projects) rubber seed processing by itself offers the 

best returns. However practical difficulties concerned 

with seed availability will not permit such an operation. 

Another alternative would be to utilise excess refining 

capacity. 

(alkali 

Running costs · far refinins oporAtionA 

neutralization, bleaching, deodorization) are 
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given in Table 9. I(,. estimntecl at Rs. l'j':Jl) 1ter ton or 

1·111111• u 11 l 1111111 • l·'.'!t1 1•!:!1 1 :1pa1· i I v I 111 1 lw 1 1·1 i 11 i llJ~ 1111 i I 

unclrr consideration is rstim."lted Al ~\(10(} tons prr 

year and additional income will accrnr by levy of t\ 

margin over running cost·s, thr rnrrrspondin~ fJRR 

values giv<'n in Table 9.17. It is noted, I h:tt 8 .. .,q~i n 

or 15-20% ovr.r refining C"OSIS (whirh is 1111ilr 1·rnsn11:1hlr) 

will help in increase of FlRR to acrept·:-.hle values 

for the proj~t in its cntir<'ty. 

9.1.3.2 Sensitivity Analysis 

'll1e sensil ivity of r11hh<'1· Sf"c••I p1•1n•s!:i11J~ In 

the mnjor variables vi7... m:1rkrt pri r!": rst im."lt·<'cl for 

sales, raw material and c::1pital costs wns •lc-t<>rminrct. 

Values of financinl Hrn arr ~l1ow11 in FiJ~.9.1 v.ivins~ 

the fol lowing variations upto + IOI, ror hoth r11hliPr 

seed and copra processing. 

(a) Sales (revenue change) 

(h) Raw mateTial 

(c) Both sales and raw mnlt:>f"ial (inl<'r(''llntr.11 

values) 

(d) Capital costs 

Fig. 9.1 shows that an increase in sales price 

by 5% raises the FIRR to an acceptable value (greater 

than 20%), even the interpolated curve showing an FIRR 

of 23.2% at a 5% increase in sales. The gradients in 

Fig.9.1 show that the FIRR is more sensitive to changes 

in sales than changes in raw material costs or capital 

cost. 

• 
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Wr r ('It- 'hat our r~l i m:tl"r of I :1w •:ti C'I" i :1 I ("()SI. 

for rubber seed has been over estimated (Section 9.1.1.2), 

this being confirmed hy small holders. Variation of 

FIRR in relatit'n to reduction of rubher seed kPrnel 

costs (without changes in copra costs and other costs) 

are given in Table 9.18. lt is seen tlmt a reducthm 

of rubber seed kernel price in the 15-20% range from 

the base value of Rs.9.18/kg increases FJRR to acceptable 

values over 20%. 

9.1.4 Suamary and Conclusions on Financial 
Profitability of Rubber Seed Processing (F.dible Oil & HPRl) 

The linanci al prof itahi Li ty of ruhher s<-cd 

processing has been evaluated on the h;:tsis of inputs 

and outputs estimated at average mark rt pric:E>s in 

Sri Lanka. A base financial internal rate of rrturn 

(FIRR) for rubber seed processing has hecn estim.~ted 

for a practical operational unit proressing ha] r the 

year rubher seed kernel and the remainder copra prorf'ssing 

to yield oil and meal of high grade quality. The 

estimated FIRR of 17.5% is somel.'hat less than nominal 

conanercial interest rates and the fin~ncial cost of 

capital (market cost) estimated around 20%, this hefog 

regarded as the minimum FlRR cut-off value for projc>ct 

acceptance in Sri Lanka. The comparative 1 y low va 1 ue 

of FIRR is due to high initial investment costs· 

coupled with under utilization of refining capacity 

(Section 9.1.3.1). Utilization of refining capacity 

with a margin of 15-20% over refining costs results 

in an acceptable FIRR. The other alternative of 

processing rubber seed all the year round also results 

in acceptable values of FIRR greater than 20%. However 

this alternative is not practicable due to difficulties 

in seed collection and storage. 
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The fimrncial internnl rnte of rPtnrn 

np1><'nrs tu he most sl'ns it i ve to !'&a I es n•\·{'nlll', n 'i% 

inr.rrnsr. ("lr.vnting the lmsc FJRR to nn m·c-<-plnhle 

level. On the other hand a reduction of rubber seed 

kernel raw aaterial price by 15-20% (from the base 

aarket price of Rs.9.18 per kg) is necessary to increase 

FlRR over 20% (Table 9.18). 

Reduction of capital investment c-osts nt the 

10% level (Fig. 9.1) also leads to acc:Pptahle 

of FIRR. Thus it appears that the FTRR could 

accept.nhle levels by adjustments or v ill i:-1 h I <'S 

are within limits of permissihle error. 

9.2 Economic Evaluation of Rubber Seed Processing -
Edible Oil and Heal and Overall Project Fensihilil:y 

values 

ctlt.ain 

which 

In the last Section the financfa] evaluation 

of rubber seed processing (i.e. whether a prncticnl 

unit wi 11 he prof Hable enough to cover averagP. rost 

of capital of lenders and sponsor:c;) wns determined 

and in this Section economic evaluation will be an:ilysr.d 

from the view point of efficient allocation of resnurc:es. 

The approach and methodology wi 11 be bas<>d on thc- UNOlO 

GUIDELINES AND GUIDE relying on the use of shadow 

(accounting) prices obtained by adjusting market prices 

to provide a measure of social benefits and costs 

involved. The deviation of shadow prices from market 

prices will be determined by the adjustment factor AF 

6ef ined as :-

Shadow Price 
AF •( - 1) per cent. 

Market Price 

• 
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Due to difficulties in obtaining reliAble infor111ation, 

econ0111ic analysis will he confined only to Stagt' 2 

dea] ing with measurement o[ contribution of rubber 

sec-d processing to the rNtl nation:tl incomP in Sr-i 1.-inka 

and Stage 3, the net effect of the pr<'ject on total 

s:tvings (nssmncd <-c111:tl to invf'stm<'nt ). It is to hr. 

not·~ thnt the connnn unit of Accmmt (numernirf') 

originally used in the Guidelines has been modified 

in the Guide as "net present consumption henef its in 

the hands of people at the base level of consumption 

in the private sector in terms of constant price 

domestic accounting rupees" the advantage of modification 

being discussed in the r.llllJ~. 

Economic Analysis - Determination of Econom;c 
Internal Rate of Return (ElRR) 

Estimation of EJRR is canierl out :tccordin~ to 

the following sequence:-

(a) determinAtion of adjustment fActors for 

components of sources and uf'es in the fi mm-

cial cash flow - Net cash f ln" (RPal) SI 'lte-

ment Table.9.14 by sh::1dow pricinR; 

. 
(b) adjustment of net present values in Table 9.14 

by use of Afs determined above to preliminary 

economic values; 

(c) adjustment of preliminary_ economic values 

thus obtained by the foreign exchange premium 

factor. 

IJetemination of Adfustment Factors for Inputs/Outputs 
in Rubbel' Seed Processing 

The determination of opportunity costs (benefits 

forgone by use of scarce resourceB for a project instead 

df for ·their ·ne"t best alternative use) for inputs/outputs 



in rubber seed or for that matter any other project 

is nn involved p1·ucrss :md simpl j ric:nt ion has b~en 

achieved by following principles in the l1N1n<J (:l!fnE and 

other texts (see References). 

(a) the following items have been classified 

as RJLl-Y TRAOF.O, shodow prit"es heing avernge 

hordcr prirrs convrrt rel to Sri l.:mk:rn r:urrPnry 

nt market. exchnngc• (Sri l..nnkRn 

Rs. 33 = 1 US $) -

Ruh her serif oi 1. cornnul o i 1 • ropn1, po11nnr 

(Table 9.19). Ruh her src1I o i I is not nn 

article of in'.ern<1t i onal t r:tcfc> :toil shn1fow 

pricing is based On pricPS of vrw•tnh1r ni 1 

imported into Sri Lnnka. 

(b) a list of non-trailed i t<>ms is given in 

Table 9.20. lt has been ai::sumc·cl 1.hnt mnrkt:l 

prices reflect opponuni ty cost~ nml h~nre 

adjustment fact ors are 7.P.ro for c-:u:h of thrst> 

items. SkHlcd lnhour iR in this catP.gnry. 

(c) a list of partially traded items is given 

in Table 9.21. Rubber seed kr.rnel has low 

demand for alternate use and the shadow price 

is that commanded by rubber seed in manu­

facture of technical, low quality oil of 

high FFA. Inventories have been shadow priced 

on basis of raw material (RSK, cop~a),land and 

buildings and equipment on the basis of other 

similar projects in Sri Lanka. Unskilled 

labour is shadow priced at 50% market wages 

to give an AF of-50%. 

(d) foreign exchange has been shadow priced using 

the simplified formula in the GUIDE viz. 

• 
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(H + T.) + (X + S ) 
SER=OER 

1 x 

H + X 

S E R • Shadow Exchange Rate 

0 E R = Offirinl (Hm·ket) F.xdmng<' R:ttc 

H, X imports (cif value), Exports (FOR vlaue) 

T. Iaport ~nx Revenue, 
1 

S ~xport ~uh~idi~s 
x 

The current mljust·m"n'- fnrtor fnr Sr I l;mka is 

calculated to he 10%, (SF. R = I.I) i.e. foreign 
0 E R 

exchange enjoys a premium of 10% over the market 

rate. 

9.2.3 Adjustment of Net PrPsent Values (financial) 
to Preliminary Economic Values 

The Net Present Values (NPVs) from Table 9.14 

{which are domestic market prices) ~re converted to 

shadow prices by means of adjustment fRctors to give 

preliminary economic values (Table 9.22). Adjustm!'nts 

have been made to production outputs (RSO, RSM, coconut. 

oil, poonac), raw material (copra, RSK) ;mcl Jnhnur 

(unskilled) and also inventories, land and bui 1 di.ng 

and equipment. The preliminary economic internal rate 

of return is estimated at 4.3%. 

9.2.4 Adfustment of Preliminary Economic Values 

The preliminary economic values represent a mix 

of numersires1 these are converted by multiplication 

with the weighted premium on foreign exchange to a common 

numersire in the form of domestic (Sri Lankan) accounting 

rupees (Table 9.23). The UNIDO Stage Two present values 

thcs reflect the combined effect of shadow pricing and 

effect of foreign exchange on the project and are used 

for calculation of the ECONOMIC INTERNAL. RATE OF RF.TllR:N 
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for the base case with inputs/outputs in Tables 9.22 

nnd 9.23, the F.lRR is cslim;ttrd M A.5%. This rstim.,tr. 

is lower than the va 1 ue of 13% taken ns the cut off 

for project acceptance in economic terms - the rconomic 

cost of capital (opportunity cost) in Sri f .. ,nka. llrnce 

rubber seed processing appears to he unsatisfactory 

based on the adjustment factors in Tnble 9.22. The 

main reason for economic unacceptability is the fact 

thnt domestic mm·kc-t (>rices of vrgrtnhlr oils ill Sri 

Lanka are much higher than world prices rluc to a high 

tariff structure on imported oils. 

9.3 Alternatives and Sensitivity Analysis 

9. 3.1 

The computer progranune has faci1itntect calculntion 

of several project al ternativcs and sensi Ii v ity ana I ysi s 

to varfables. 

Al ternat.i ves 

Comparison of alternativ·~s shows lhal prorc>si;ing 

of copra for 300 days leads to a negative f.TRR whc-rPas 

processing of RSK alone for 300 dnys rrsu 1 ts ill an 

EIRR of 23. 6% which is high<'r than thr lmse val uc of 

13% for economic acceptance of projects in Sri Lanka. 

However, as pointed in Section 9.1.3.1. it is not 

practical to process rubber seed throughout the year 

due to unavailability of raw material, although processing 

of rubber seed is a better project alternative contri­

buting to real national income. The economic returns 

of utilization of additional refining capacity (Section 

9.1.3.1) were not evaluated due to difficulties in 

estimation of shadow prices. 

• 
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9.3.2 Sen~itivity Amrly~i!'; 

Cnns i dcri ng the ruhhf'r srrcl part nf procc-~~ i ug 

(ignoring the coconut input/output part) F.IRR valuc-s 

were determined for variation in changrs of adjustmrnt 

fRr.tor for RSO and prE'lllium nn fnrrign f'xrh:tngP (Fig. 

9.2). Changes ira EIRR are more sensitive to vari:ltion 

in AFs for RSO than the premium on fnrri~n C"Xrh:in~•·. 

it is possible to attain the cut off value of 11% lnkrn 

as a measure of the opportunity cost of inve~tmrnt in 

Sri Lanka, with an increase of l\F for n1hhC"r srrrl oi I 

hy 20% (shadow Cl F 1.rit"C" for RSO i IH"l"Nlsrcl fr um 

Rs. 30.40 to Rs.35.IO - see Table 9.19). 

9.3.3 Economic Internal Rate of Return 

The preliminary economic IRR for rnhher sr~d 

processing (Section 9.2.3) which reflects mnrket pri(e 

distortion when shadow prices are used has hren estimnt<·rl 

at 4.3% while adjustment of this value by the pr<'mium 

attached to foreign exchange in Sri l..'1nka results in 

the true Economic Internal Rate of Return of R. 5% 

(Section 9.2.4). Both these are below l hr value of 

13% accepted as the cut off for EIRR for accept:mce/ 

rejection of additional invest:ment in Sri Lanka (the 

financial IRR is taken as 20%). 

Reasons for lowered EIRR in rubber seed processing 

can be enumerated as follows -

(a) comparatively low world prices of vegetable 

oils relative to domestic 11&rket prices in 

Sri Lanka (Tables 9. 9. 9 .19) . This is 

mainly due to low production of oil seed 

so that comparative advantages of economies 

of 111&ss production are not prevalent in 

countries such as Sri Lanka. Low world prices 
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h;ive th<> pffrc.t of derrC':t~inn Af's (Tnhtr Q.22) 

n•sull ing 'in higher adj••~t111eont lo c;ish f.low 

and rednc<-rl l'rel imin"lry ndj11c;trd pr<-~ent 

values. 

{h) the premium on foreign exchangr (Section 9.2.2) 

does not adequately compensate for reduced 

benefits of domestic production. This is 

due to the fact that the prrmium which is 

a rough measure of protection in the economy 

of Sri Lanka ~ndicating average price 

differentinls between mnrk<>t m11I horrlrr priers 

is much less than the levcJ of protecl ion 

afforded to the vegetable oiJ s~ctor. SPnsi­

tivity analysis (Fir.. 9.2) h:is nlso shnwn 

that F.TRR variAti'ln to JlrPmium on fnrrign 

exchange j s comp~rn l j vc I y I Pwr•r rel a I i vc 

to chnnge of adjustment. fnctnrs. 

9.4 Income Flow Analysis anrl Economk Value ·i>f 
Savings (UNIDO Guide Stage 3) 

An at tempt has heen made Io :tna l yse ruhher 

seed processing, examining the impac:t on savings and 

consumption. Steps taken are those in Stage 3 of the 

UNIOO GUIDE. The groups which lose and gain income due 

to investment in rubber seed processing are categorised 

thus :-

Group 

Project {Rubber Seed 
Processing) 

Govern111ent 

Estate sector 

Consumers 

Workers 

Marginal Propensity 
to save (HPS) 

0.5 

0.5 

0.2 
0.2 

0.1 

• 

• 
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As detailed in the Guide, adjustlll('nt:i; wPre c11rried 

oul w i I h <'Connm i c :rnd f i 11:111,· in I 111111 I on• i ~n rxd1:111J~'? 

adjustments. The Net Distribution Imract Vnlues Are 

given in Table 9.24, as are al~ the adj11st111ent vnlnr 

to s:wings (11ssul!K'd "'lltnl to invrstmrnl) - SI'<' :tlsr1 

Addendum. 

The adjustment value to savings is a result of 

income being taken away from con~nmr.rs and distrihul"cd 

to governlllf>nt (by way of taxes) anrt 1-hc rsl ate ~rr-t or 

(for services), the former having a high~r HPS. Saving~ 

wo!.!ld be higher if world ve~rtrshle oi I 11rices fnll 

(without change of domestic prices) lending to a grr:ilr.r 

income flow to the rubber seed projrc:l with a hi ~her 

MPS value. The adjustment value to sm.·in~s am1111111.s 

to about 15% relative to the nt>t prl?sent valuP. (economic) 

in rubber seed processing. The fCONOMJC IRR fnr t:his 

stage (UNIOO Stage 3) is estimated ::1t 10.4%. 

9. 5 Overall Feasibility of Rubber Seed Processing 
(F~ible Oil and Heal) 

The feasibil Hy of ruhlu~r seecl prnrrssi ng is 

discussed from the analysis of fimmc:ial nnd economir. 

data obtained. Basic parameters relevant to ruhhcr 

seed processing and evalu~tion in terms of Intt>rnal 

Rate of Return are given in Table 9.25. 

As discussed in Section 9.1.4 the financial 

IRR could be made to attain acceptable levels of 20% 

by minor adjustments in sales, rubber seed kernel . 
costs and capital costs. The lo" value of 8.5% for 

economic IRR could be also stepped up to greatf!r than 

13% (the minimum level of opportunity coat of capitftl 

in Sri Lanka) by slight changes of adjustmf!nt factors 

and premium on forei~n exchanae (Section 9.3.2). Jt 

has 1il1Jo 1>een thM1 that rubber seed processing results in 
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additional savings to the Sri Lankan econOlllJ by way of 

incOllK' rtows to govrrnmrnt nr.d ~StP.IC' srrtor (hnlh or 

which sectors have C0111pnratively highC'r 111CJrr.inaJ 

pro1>ensity to save -Sc-ction 9.4). 

Solle of the changes necessary for acceptAnce 

from th<' bnsic 1mrnlll('t<.-rs of Table 9.25 nre sumnnr-ised 

in Table 9.26. These changes are thought to be well 

within the errors involved in estimation of basic para­

meters and may be cn11hined• together for overnJ l feasi hil ity 

of rubber seed processing. 

Rubber Seed Processing - Production of Technical 
Oil and Miscellaneous Factors 

Introduction 

The preceding Sections have described the 

financial/economic evaluation of ruhh~r SPPrl procPssing 

for produc..:ion of oi I and feed for crli hie purposes. 

Condi lions for prorluction of terhnic-al ni 1 are c111i t:e 

different and base parameters have to he ch~n~<'il hy 

large values to accomo<late vnri;it ions. 1;:..1rl il'r r<'p•1ru; 

have dealt with production of tc-chriicnl nil nncl ]ow 

quality animal. feed and some of ttie distfnctive fentures 

are enumerated:-

(a) Technical oil is produced from aged seed 

either in the undecorticated form as in 

Sri Lanka or from kernel as in South India. 

Processing of kernel gives purer products 

but conditions are more demanding than use 

of undecorticated seed necessitating use 

of external "roughage", most commonly 

molasses, in South India. 

• 

• 
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(b) Extraction of oil from aged seed is comparo­

t hP I y <'n~ i P.r I hnn whrn frrRh ~rrrl t ~ usrcl, 

low prci:;snre screw expt'l ler" nr oil chucks 

being sufficient for the 1111rpose. 

(r) Elaborate refining is not requirE'd in produc­

tion of technical oil, trentlllf'nt with nc-ti.­

vated bleaching earth and filtration is 

sufficient if necessary. 

(d) Since special drying or trentm<:'nl of seed 

is not necessary cost of rnw materinl is 

reduced. 

(e) Wearing .1ut and dn"':l>;e of exlr::tclion crJliip­

ment components hi a serious l'rohlt>m in 

use of undecorticot<'d ll'l'.'~d. 

9.6.2 Production of Technical Oil ancl Hf';ll 

It is not intended to give a detail~d analysis 

in terms of financial/economic variables rather R gl'!nrr:il 

idea of base parameters. These have hccn oht·aj n<'cl fr<>m 

actual commercial operations in Sri Lanka and relevant 

information to commence a project for rubber seed 

processing is given in Table 9.27. The type of screw 

expeller used generates pressures on the low side 

(compared to hith pressure expellers needed for fresh 

quality kernel) powered by a 15 HP motor with a throughput 

of 2-3 tons of IM\terial per 24 hour operation. Undecorti­

cated vhol~ rubber seed is used after a period of storage 

(about 3' llOnths) during which ageing occurs. Operations 

with two expellers facilitate oil extraction, filtration 

being carried out at the same time. The filtration 

rate is slower than in the case of coconut oil but is 

fas~ enough for routine operation. A processing unit 

could handle about 350 tons during a 11e1:1son and ao in 

thf! good quality rubber seed oil case it is necessary 
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to carry out expelling alternatives during the off-season 

period. 111<' prnct icAl procl'ssing unit dl'lni Irr! in 

Table 9.27 has ~ capacity of handling 2.27 T whole 

rubber seed and one ton of copra yielding 0.5 tons 

rubber seed oil and l. 71 tons men 1 per dny opernt ion. 

The jnput materinl is esti1Ratet:I at a unit cost of 

Rs. lt<'r kg, outimt ruhh<'r Se<!d oil nl Rs.15 1><'r kg 

and rubber seed meal at Rs.I per kg. The rubber seed 

oil and rubber seed 111eal a.re of ]ow quality the former 

used for production of alkyd resin while rubber seed 

meal after po~dering and sieving could be used as a 

component of low quality animal feed. 

Cash flows amt financial internal rates of 

return worked out as in earlier Sections result in a 

FIRR of 57.3% and Return on Capital F.mployed (ROCF.) 

of 47.6% compared with 17.5% and 11.9% for the good 

qualit.y oil prncessing operations. The high rat<'S of 

return are a result of lowered capital costs due to use 

of low pressure screw expel lers and cheap raw matcrinl 

which does not require any pre-proc~ssing. 

In comparison of alternatives it is rParli ly 

seen that rui>ber seed processing throughout the year 

gives 

the 

higher returns than copra processing throughout 

year. However prsctkal ~Hficulties in the way 

collection and s~or~ge of sufficient quantities of 
of rubber seed for an year round operation preclude 

such a profitable alternative. Enquiries in Sri Lanka 

have confirmed these findings - that it is comparatively 

profitable to extract rubber seed oil in copra mills, 

even with attendant higher C'1sts of maintenance and 

breakdown of 111achinery when undecorticated cubber seed 

processing is performed. 

• 

" 
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9.h.3 · F.con°"'ic.~ of ll~r of 1'r-chnicnl Rul1bP.r 
.~ .. d lJi 1 mu/ lru/>bC'r- Sl'<'d Hr:t I 

Current 11arket pri.cc for ruhhF't fleted oi.l and 

ruhllf'r ~rrd ll<"nl in Sri IA11kn 11rr nromul Rs.l'i nncl 

Rs.1 n•At>ectively. Trent<"cl ruhtu~r srr•I Oil (wilh 

..lCtivatctl bleaching <.":trth) of light<>r colour and IK>wdrrrd, 

sieved rubber seed mca 1 c.omm.,nd M ghr.r pr i rrR dcpe111tr11t 

on i•port duties and demm1cl for nlt<-rnativcs. 

As pointed out in the PROl>U<,T HARKF.TS {Ch. 5) , 

alkyd resin manufactured from rubb<."r S<'rfl oi I is 

inferior due to the problrm of ye] lowin~. The ui::r of 

1'a1J Oi I fatty acids or othN· v<'grlnhlc (1i1 fatty :.rids 

(e.g. soya, sunflower) gives a superior :ilkyd. Curr,.nt 

market 11rices of toll oil fol.I y ::tc.irl~ in Sri (..,nk:i 

(inclusi vc of a concessionnry import duty of 5:?, TOFA 

being cl ossified as an intl11!';t:rifd raw mnt P.dal) nre 

around Rs. 27 per kg comp:urd "'it h Rs. I 9 1wr kg r or I he 

best grn~es of tecimical ruhher s('ed oi I. The l:tttc-r 

is presently used in manufacture of alkyrl resin for 

formulating dark pigmc>nted srilw•nt h;•c;rrl :i;11rfncP 

coatings. Tariff controlling horlir·s in ~ri Lanka hnve 

looked into the possibility of increasing import dutirs 

on tall oil fatty acids, but unavailabiljty of sufficient 

quantities of rubber seed oil has prevented imposition 

of high levels of protection for the rubber seed oil 

industry in Sri Lanka. 

Rubber seed meal obtained during low grade oil 

production has a high shell content a~d hence is of 

low quality. The present price paid ·tor this tyi>e of 

meal after grinding and sieving to remove coarse particles 

is about Rs.1/- per kg compared to Rs.5/- for high 

quality animal feeding llU"terial. 
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9.7 Conclusions on Financinl/F..conomic f.valuation 
of Rubhcr Seed Procr~sinu ('l'r'f·hnir·nl/t-:dihlr• Oil niul Hr•:il) 

Thr 11rrc:rrli111~ ~;c-c·tinns have· rlrsc..-ilw•I lhr• r!r-l:til~ 

of financial/economic evaluat·ion of rubhrr ~rrrl prnc-:rs~ing 

nr.cord i ng lo lhc UN llX> <:Ill IJI·: hut h f .,,- 111 111h1c-t i "" n f 

high quality oil/menl production {for cdihlr u~r) nnrl 

for technical oil, as a raw materiaJ fnr industry. 

Findi11~s in tC'rms of rslim.,linn of lnlrrn:-il R:wtrs of 

Return {financial/economic) end Rel nm nn c .. ,pil :i I 

F.mployrcl a•c sulllll'ariscrt in Tnblr. 9.2H (n., ccunc•111ir 

analysis hafl been carl"ir.d out for technirnl l~SO prodnc-tion 

du<:> to t111r~rtal11ties in hai:;t' IJt,rmnf'len;). 

A practical unit for ruhll~r seed processi nr, 

both for high grade and low grarle ruhher seed production 

needs tn he combined with copra mi 11 i ng due to di ffi cul ty 

ol obtaining sufficient kernel /serd for nn yt;?nr-ronn<I 

operation. The base evaluations h:ive thus been cnrrir•l 

out Oil an assumption of 150 day!': proccs!'ing for rulthrr 

seed oil and 150 days for copra. 

It is seen irom Tab1e 9.28 thnt the hn!';P. 

operation for High Qi,;ality ruhher seer! prorluction gh·es 

FIRR and EIRR values below the respecti\'e limits of 

20% and 13% taken for project acceptance in Sri J .. ,nk:J. 

These shortcomings are attributed to high capital costs 

of production {financial) and low '.shadow pricB- for 

rubber seed products (economic) in Sri Lanka due to 

low world market prices for substitute vegetable oils. 

It has also been shown that the premium on foreign 

exchange in Sri Lanka {Section 9.2.2) does not adequately 

compensate for reduced opportunity costs, leading to a 

low EIRR {Section 9.3.3). • 
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AlternAtivrs in thr form of ndrlitionnl iuromP. 

gained by utilization or t-xtra refining c-n1mcity (Src:tion 

9.1.3.1) and Sen~itivity Analysis (Section~ 9.1.3.2 and 

9.3.2) help increase of FIRR and EIRR to arr.cptnhle 

l<'vel~ in Sri l.·mka ("fnhlE' 'l.2<1). An an:tlysis of 

Income Flow and F..connmi.c Value of Savings (Section 9.4) 

reveals income distribution to govertunent and the 

c~tnu• firrtor with n 11r1· ~nvinr.!'l l11111nrt of l'i%. 

Production of techn:l(nl ni 1 [1'(1111 ogE'cf undl'c-ort i­

cated ruhher seed (Section 9.i>) fs shown to hP. relntiv<-ly 

profitable c-om;iared to high qnnlity pn1rl11rts dur to 

rC'dm:<•rl c-npitnJ c-osts nnd lnw c:ost raw mntPrinl. 

This exercise in rubber seed proccssi ng Afipt>:::trs 

to pinpoint one of the key problems in oil sf'r.d technology 

worldwide - that vinble ve~etnhlC' oi I prncluc:tion nr<'•ls 

large quantities of seed input with P.ffi<.:icmt, cn1mrit:v 

utilization operation lo h<mr.fit frC''ll jm.rnsing rr.•turns 

to scale or if sec:-d 11unr.l:itie:; ;i-"? limitr.11 th1.·rc must 

be a drastic reduction of cepitnl co~t!" wi~h flppropri:iti:­

typc or tE"c-hnoJogy tt!hcit c:un:1mrntiv£'ly fnefficit'.'llt 

(c.~. hiJ;h r<.><tidual oil in ml"nl.nr low IE'vl'I 1Jf rcfinin~). 
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CLARIFICATIONS ON UNIIX> GUIDE FOR 
FINANCIAL/ECONOHIC EVAUJATION 

1'he financial. income statement FlS (Tnble 9.13) 

nnd '1nnnc:in1 cnsh flow stnt<'!IK'nt.s FC:F (rrnl - Tnhlr 

f nrm 

Thl" 

in 

9.14 and financial Table 9.15) 
financial/economic evaluat tens. 

obtained from information gi.ven 

on capital investment (Table 

(Tahlc 9. 7), loan pnyment {Tnhlc­

9.6), 

9.8) 

t·hp ,-ore of thr. 

FIS itsel r is 

supporting tahlr.s 

wnrking cnpitnl 

mul sn 1 rs/ i np111· s 

(Table 9.12). The utilities and servicPs itf'm R.1 in 

the FIS is Total Production Cost less th<> total of t aw 

material, depreciation and interest (Tahk 9.7). 

The FCF statement is divided into two pnru:; 

REAL and Financial (TahJes 9.14 and 9.15) as elahnrnlcd 

in the Guide. The RF.AL part is sufficir.nt for cillc-111:ttion 

of FIRR while the financial part dr.aling wi"h monc-y flows 

for financing operations i:c; us<'cl for •~•er 11~<> in 

Stage 3 - Savings impact analysis. 

For the economic annlysls, mnrkl't price dislnrtion 

values and adjustment for foreign exchange ~ervc the 

purpose of adjusting market prices to shadow prices 

(Table 9.22) and converting these shadow prices to a 

common numeraire (Table 9.23). 

In the incOtDe Flow Analysis and Economic Value 

of Savings determination (UNIDO Stage 3), the Net 

distribution impact values have been obtained from the 

sum of market price distortion (Table 9.22), foreign 

exchange adjustment (Table 9.23) and cash flow (financial) 

components. The latter is made up of debt service 
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(interest payment), taxes and dividcruls (T:thle 'J.13). 

The adjustment factor AF for interest 11nymc-11t* is 7.C'ro 

(interest payment on project is 13% Sf':> TAblP. 9.R 

nml Ol'IK>rl"unily cost of rn11ilnl in Sri IJ111k:i is nZ) 

while AF for taxes and dividends is tnken to he - 100%. 

The Net Impact values (Table 9.24) are ohtained from 

Net clistrihution im11nrt v:t1ucs by usP of MPS f:u·tors 

for the different groups (Section 9.4). 'l11f"Se arc in 

the form of savings values and are converted to consump­

tion vn1ues (on which the UNTOO Gui1le numrrnirr is h:isr>it) 

by mnltiplicnt·ion hy Iii<' ;11lj11slmr11t. f:11·t11r ltJr savins~s 

J\Fs clc-fi11c-1i :is :-

AFs 
MPC (MPcap) 

= - 1 

CRI-MPcapMPS 

MPC marginal propensity to consume (85%) 

MPS mnrgi m'll pr open~ i I y l •> s;ivP. (J5Z) 

MPcap marginnl prori11rtivlty of c-:ipital ( 2'\%) 

CRI cons~mption rate of i ntrrrst (l 3%). 

Values given in parentheses are tho~e tAkPn ;is 

representative in Sri Lanka. 

--------------------~-------------------------------------
•Interest payment - opportunity cost or capitol x 100 ' 

Opportunity co~t of capital ~=~t 

• 

• 
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TABLE 9.1 

CAUl.JLATIOO or ~Ir«i ~ IN 

my:m; OF RUBBm SFl!D 

Srooke llouse Copra Kiln 

Constructioo cost Hired Hired 

Average duration 
of drying (days) 3 2 

Material dried over 
6 day period (kg) 

(;i) Seed 750 1500 

(b) Kernel 450 900 

Running cost for 6 day perioo 

Firewood 100 450 

Hire charge 350 1500 

Labour 

Depreciatioo 

Overheads 

Total 450 1950 

Cost of drying/kg . dry kernel:-

1.00 2.17 

(Note : Costs in Sri Lanka Rupees) 

IndirPCt 
DryP.r 

52,000 

3271) 

1960 

750 

1150 

115 

297 

2312 

1.18 



Type of 
drier 

Smo~e 
Hause 

Copra 
Kiln 

Indirect 
Dryer 
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TARI£ 9.2 

PRACTICAL DIS'IRillJTIOO OF CRYING RUBBEn 

sm:> BY DIFF'mFNT Mm'llffi 

No. of Capacity over 1btal dried t111i t 
Units 90 day period ( ':bn.c; cb~ cost of 

per unit kP.rm'?l) drying 
('lbns dry Rs/kg 

kern~ll 

30 6.75 202 1.00 

10 13.50 135 2.17 

4 29.40 117 1.18 

(Average cost of drying - Rs.1.40/kg dry kernel). 

Dryinq 
cost 

Rs. 

202,000 

292,950 

136,880 

--------------------------------------------------------------------

' 
11 I I 

• 
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'l'J\BLE 9 • 3 

CJ\LCl.JU\TICN OF RtNll!t¥J O.lST Fm 

IEIRl'ICATIOO OF RUBBD SEED 

Disc Gri.rder Drun Decorticator 

Construction 
cost 55,000 15,000 

Thraighput 
kg dry 
kernel/ho.Jr 20 30 

Running cost per eight hour shift 

Labour 300 300 

Electricity 6 • .; 8.0 

Depreciation 10. 1 ~.8 

ovcrhea<ls 22.2 7.4 

Total 338.7 318.2 

Running cost of decortication per kg dry kE>rnel 

2.12 1.32 

(Note: Costs in Sri Lanka Rupees) 

Manual 

8 

83 

83 

1.30 
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'l'nhlr t)./1 - c ... 1n1ln1 inn nf Rnnnin,~ Cu~I fur· !;"l':t•:'ll iun 
of Kr.rnrl lnt111 Shrll Fr:'IJ~lllf•11ls 

fn~~~t Ir. ~!'P:t.W:'!!°-'~!". H:mual 

Const rue· ti 011 ('Ost (Rs) 9500 

Elertrirnl fl""'rr kW 0.5 

111rough1111 t (kg dry 
kernel /hem.-) 60 <> 

Running cost ~r eight 

hour shift 

l.abour 167 84 

F.lectricity 8.0 

Dcpred al.ion 1.76 

Overhrmls 4.44 

TOTAL 181.20 84 

Running cost of separation/kg dry krrnel 

0.1~ I. 7') 

(Note: Costs i.n Sri Lanka Rupres). 

• 

• 
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TABLF. 9 .S 

PARAMETmS Fm A PRACTICAL PROCESS!~ 

t.tUT USTI«i srnfH ~~ 

Rubber Seed fg_>r_~(<bconut} 

Input rul::tler seed kernel/ 
topra per day (tons) 

Other material used 
per day (tons) 

Operating perioo (days) 

Input of extractable material 
(tons) 

Total crude oil output(tons) 

Total meal outrut (tons) 

Average residual oil content 
in meal (%) 

Refining loss (%) 

Total output of refined 
oil (tons) 

3.0 

3.33 RSM ~ 
0.33 Poonac 

150 

450 

200 

252 

10.0 

7.0 

185 

4.5 

fh1hle f"!Y.J~l ling 

nece~s.-, 1:y 

150 

675 

47.0 

2'.iO 

5.0 

2.0 

412 
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TABLE 9.6 

INITIAL CAPITAL INVES'D4ENl' cn;'l'S 

Fe!~~~. ~~-~ J.oc:;t 1 Coot 1'otal 
us ~~·~?t"l( .... ! 
into SL Rs. SL Rs. 

1. Land 3 acres (12,000m2) 0.4 0.4 

2. Site preparation am 
developnent 0.6 0.6 

3. Structures & civil works 

(a) wilding 0.4 1.4 1.8 

(b) servi<Ys 1.2 1.0 2.2 

4. Extraction equipnent (to process 7 tons matl3da 1 pPr 24 hour d~"lY) 

(a) high pressure screw 
expeller 2.21 

(b) cooking/conditioning 
equipnent 0.31 

(c) filter press 0.36 

(d) other (canpressor, screening tank, 

2.62 

5. Refining, bleaching & deodorizing plant 

capacity 15 tons per 24 hour day 

(a) equipnent 5.91 

(b) spares, accessories 1.22 

6. Supporting equipnent 

(a) boiler, capacity 600kg/h steam 
0.30 

{b) lab:>ratory, capital 0.32 

7. Off ioe equipnent and vehicles 0.46 

8. OJnti.~ies (1°' items 4-7) 1.37 

9. Total 16.68 

' 

0.22 2.43 

0.03 0.34 

0.04 0.40 

P.lllPS, grinder, s~, r~s etc. ) 

0.26 2.Rij 

0.59 6.50 

0.12 1.34 

10 bar 

0.56 

0.28 

0.38 

0.25 

6.13 

0.86 

0.60 

0.84 

1.62 

22.81 

(Note: Cbsts include installation. Fi<;JUres rounded 

in ftlilliCln rupeee). 

• 
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TABLE 9. 7 

CJ\L._iJI.ATICN OF ~r«:; CAPITAL (Rs. Million) 

1 • Annual 'lbtal Productioo Cost Estinate at full Capaci ~. 

A. FACimY ClET 

(a) Raw Material 

Rubber seed kernel 450 T @9. 18 4. 13 

Copra 675T@ 17.00 11.48 

other 0.50 

(h) Iah:Jur 

Ski 11\'!d - 12 

Unskilled- 25 

(c) Utilities 

Furnace oil 0.50 

0.58 

0.75 

16.11 

1.33 

Electricity 1 .00 1 .50 

(d) Repairs & Maintenance 3\ capital Jnvest.Jlll"?nt 0.68 

( e) Factory overheads 1 0% (a) •••• ( d~ts l . 9<> 

FAcn:JlY CXl)T (a) ••••• (~) 21.58 

B. J\DUNISTRJ\TIVE OVERHF.AilS 

5% Factory cost 

C. SELLING & DISIRIBUI'IOO OVERIIFJ\00 

2% Factory cost 

1.08 

0.43 

D. OPERATI~ CDST A + B + C 23. 09 

E. DEPRECIATICN 10% Capital Investment Cost 
(Table 9.6) 2.24 

D. INI'ElU:Sl' PAYMENI' (Table 9.8) 1.07 

'10l'AL PRCnalaf ClET 26.40 

2. Requirements of Olrrent Assets & :Liabilities (360 days basis) 

A. aJRRfNI' ASSETS 

(i) Accounts receivable:· 30 days@ operating oost 1.92 

(ii) Inventory (stocks) 

RS kernel 20 days stock 
Copra 30 days stock 
Spa.res ooe year 
Work in pr091ess 9 days @ factory cost 
Finished products 15 days @(factory 

cost + a&ninistrative CJf) 

(iii ) Cash in Hand : · Total p1'0dud:ioo oosts 1 ~s 
(raw material + utilities + depreciaticr.'\ 

mrAL QJRlNl' ASSE1'S ( i )+(ii)+( iii) 

B. ClJRRmn' LIBILITIES 

15 .iays 

Aoccunts payable: Jq days for (raw material 
WCJU<ING C'APITAL , + utilities) 

' Ciii'ient assets' - <llrrent' iiabilities 

0.23 
0.96 
0.57 
0.54 

0.94 

0.27 

5.44 

1.47 

3.97 ' 
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TAUU~ g.8 

l.OAN REPAYMFNf PIJ\N 

(tla1g term develqment loan of Rs.15 Milli<Jr) __ ~.!_3\) 

Year Loan 

0 15.0 

1 13.5 1.5 1.95 

2 12.0 1.5 1. 76 

3 10.5 1.5 1.56 

4 9.0 1.5 1.37 

5 7.5 1.5 1.17 

6 6.0 1.5 0.98 

7 4.5 1.5 0.78 

8 3.0 1.5 0.59 

9 1.5 1.5 0.39 

10 0 1.5 0.20 

Repayment plan equal annual instalments of Rs.1.5 Mi 1 lion 

principal ard Rs.1.07 Million interest. 

(figures in Rs. Million) 

' 

1'01 ;1 I lnntcrei:;t 
J0.7'i 

• 
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TABLE 9.J 

INTmNATIOOAL PRICES OF VFX>ETl\BLE OILS 

• Period Soyahean SUnflOller Cboonut Cnconut Coconut 
Dutch RD Ex 'J'ank Philippines tDulk) \Oruns) 

Ex-Mill Rotterdam CIF fl.Jrope Fm FOB 

~tcmtx> ~Q_l_~ 

1986 342 366 297 293 333 

1937 337 372 450 375 605 

1988 438 437 545 NT:: 1018 
(Jan-
June) 

1989 420 440 538 NE 1057 
(Jan-
Feb) 

NE - No exports. 

Note: Prices are in USS/MI'. 

Source Coconut Developing J\uthori ty, Sri Lanka. 

• 



Period 

1986 

1987 

1988 
(Jan-Feb) 

1989 
(Jan-Feb) 
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TABLE ~.10 

CDmA AND ~ (CDClN11' MEAL) 

PRICES 

International Cl:ineStiC' pric-~ - Sri Lanka 

Copra Prices (USS/Ml') Wholesale (Rs./kg) 

Philippine Sri J .. ,nka Copra Poon.-ic 

(C!~-~~2 (~_Co!~2 -----

197 319 6.56 2.57 

303 427 14.06 4.'16 

391 284 22.82 5.02 

361 646 NA 4.00 

NA - Not available 

Source : Coconut Developnent JhJthority, Sri Lanka. 

• 
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'J'IWl...E !l. 11 

CXl4ESrIC OOLK PRICF.S OF VfiiETl\BLE 

OILS JN SRI U\NKJ\ 

Type of Oil Market Price ~-!.i-~l.!!9 

CIXINJI' 

(a) crude ( l.DlI'efined) 33 

(b) partially refined 39 

(c) fully refined 
(bleached and 
deodorised) 4·4 

OOYA 

(a) crude (unrefined) 49 

(h) imported (refined) 74 

SESl\P-1E - crude 86 

~ - refined 89 

SUNFlD'lm - refined 88 

P~ - refined 56 

Note: Coconut, soya(crude) and sesame oils are danestically 

produced, others are imported. 'l'1e degree of refining 

j_s not known. 

Imported oils are higher priced due to a high duty 

sttucture. 
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TABLE 9.12 -----

J\rNJ1\I.. SALES /\NO lNPl1l'S OF RJ\W Ml\Tf:P.J 1\L 

~,_!~_s-~-it Mr"l_r:_kct rr_i~ 

Material Oiantity Uni I rri~ 
(Tons) Rs.j!5g_. -

Rubber Seed Oi 1_ 185 54.00 

Hubber Seed Meal 252 l. r,o 

Coconut u; 1 412 4 L~iO 

Coccnut Meal 250 'j.00 

Inputs of Raw Material 

Material No. of days ()1antity Unit 
Procc>ssing per &y Pri~ 

_{!Qrl_&_ ~~~1~9.:.. 

Rubber seed 
kernel 150 3.0 9.18 

Copra 150 4.5 17.00 

other 

Note: ProOesaing carried out for 300 days, half the time 

for :nti:>er seed ranainder for copra. 

.. 
V., l 110 

Rs.Million 

9.96 

n. llll 

I 7. 91 

1.25 

Value 

n~.Million ----· ··---

4.13 

11.48 

0.50 



- 181-

I~!~.i-: !!:_11 

[J.~l&_l~~:f~~_!.~ 

"""' 
Net l'r~~nt VahP.; Yt"r"lr 1 ~ ... ;,_~- _2-10 ---- . . ---·. -· 

O'- 10'- 1r;i 20' 

1. ~"l·~ • !Mrt. ... t rrJ~ _100.0~ 1R4.l7 150.59 12'1. 79 Jo.no .nn.oo 

'. T:\~~ ( tmi~r >• s" ( 15.00) ('l.27) (7.'il) (f..29) ( 1. c;t)) (11.'iO) 

I. ~11~ fl f;,d •»r l."Or.I. 7ft'i.05 1"1'i. 1'; 141.(1(, 119.~.0 26.SO 25r._ r,o 

4. lm.'A1tory dJ.,•KJP. 

5. PnJtlnrl i n1 2R5.05 175.1'; 143.0f. 11~.50 2R.50 7-'t'i. !iO 

". f.\"lt.E'r i ;i l lnputs 1f;l .06 9R.% 80.8) 67. ';7- 16.11 144.99 

6.1 Ru•-.lv:-r. ~I 
Krmo:>l 41.31 2'1.JR 7.0. 7J 17.32 4.13 J7.17 

r. • ' ("rtrt";t 114.75 70.'ll s~ .~9 48.11 11.4R lOJ.32 

6.3 ot ltf"r 5.00 1.01 2.51 2.10 0.50 4.50 . 
7. Val ur ."W'lr hl 123.99 76. 1 R 62.23 51.98 12.•o 111.60 

fl. Pt.Prnt ing F.:-:r:'flSCS 92.23 56.67 4fi.29 3A.67 9.22 R7..98 

A. 1 111 i I i 1:i f'!'> ;uy 1 
~.l"'r'.t.i~:; (,9.62 47-.~ 35.04 29.7-7 fl. r.in ,;~;82 

R.2 rrprPChl·ion 27-.41 1.l.77 11.25 9.40 2.7.4 "}t). 16 

~. < 11 '"'." t i "" rrnr H 
IY'f or" int "r<'st· ;u,-J 31.7'; lCJ.'it 15.94 13.31 J.1A 7f:l.62 
T;i'IC 

10. Jnt~rrst ra.,11r.nt. 10.73 6.59 5.JA 4.50 1.07 9.f;J 

11. trl Opnr;il.i nq rrofi t 
lv:-fon:- 'r.;ix 21.03 12.92 10.55 R.R2 2.10 11'.90 

12. Otll':'r t'IC't h~ 

13. r~t f.inn l'rofit 
before Tax 21.03 12.92 10.55 8.82 2.10 18.90. 

14. lncanc! 1'i1X (I 50\ 10.S1 6.46 S.28 4.41 1.05 9.45 

15. Profit after Tax 10.51 6;46 5.28 4.41 1.0S 9.45 

16. Dividends 75\ PAYEE 7.89 4.85 3.96 2.31 0.19 7.11 

17. Retained Earning• 2.63 1.62 1.32 1.10 0.26 2.34 

!ate: Values in Sri lanka Rupees (Million) rounded. D180CUnt rata are O, 10, 15, 

20\. other Net Income (row 12) e.g. additional n!finil"llJ is adlW when required. 

Utilities and Scrvioes (item 8.1): 

Total production oost - (Raw 11111terial coet+ interest payment• depreciation) 

see Table 9. 7. 



TABLE O. 14 

FINANCIAL CASH FLOW - ~CASH FLOW (Real) 

Net Present Value 

NET CF - RF.AL 

1. &lJRCfS 

Operating prof it 
BIT 

Depreciatioo 

other 

2. USES 
o.irrent Assets 
[Inventoryl 
Fixed Assets 
uam & Bui~J 

[~ipnent) 

other capitalised 
Investment; 

0 

34.59 

54.16 

31.75 

22.41 

19.57 

19.~7 

(0.60) 

20.17 

BIT - Before Interest and 'T'ax 

10% 15% 

9.73 2.74 

33.28 27 .18 

19. 51 15.94 

13. 77 11.25 

23.55 24.45 

1.99 2.44 

21.56 22.01 

0.01 0.15 

21 .SS 21.86 

Year o Year 1. •• 10 

20% 

(2. 30) (26.05) 54.2 

22. 71 - 54.2 

13. 31 - 31.8 

9.40 - 22.4 

25.00 26.05 -
2. 72 3.24 -

22.29 22.81 -
0.24 :J.40 -

22.os 22 .41 -

Note: values in Sri Lanka Rupees (Million) rounded. Disccl.!nt =ates of O, 10, 15, 20\. 

Year 10 (Teminal)column records liquidation of project at end of 'fear 10. 

Values in parentheses are negative. 
'9lues in square brackets are canp:>nents. 

Year 10 (Terminal) 

6.48 

(6. 48) -11?3 

(3.24) 

(3.24) 
(1.00) 

(2. :":4) 

• 



• 

TAeLE 9. ~1 

F!NANC"'..AL ~ FLCW - NET O.SH Ft.CW (~ir.ar.c!.al) 

~et Present Value Year O Ye!.!' 1 • • • • • • Year 1 0 'fear • 0 (':'L~nal) 

0 10\ 15, 20\ 

NET CF - FINANCIAL (34.59) (9.73) (2.74) .2.30. 26.05 (5.42) (5.-12) (6.4!) 

1. SCXJRCE.S 26.78 26.78 26.78 26.78 26. ',b 

New Borrowings 15.00 15.00 15.00 15.00 15.00 

New ~ty 11.78 11.78 , 1. 78 11.78 11.78 

2. tms 61.37 36.51 29.52 24.48 0.73 5.42 5.42 6.48 

• Workinq capital 0 0.-10 0.48 0.52 0.27 1).45 - (0. 7.2) 

[cash in Handl 0 o. 17 0.19 0.23 0.27 - - co.::-) a 
(Receivables 1 0 1. 18 1.45 1.61 - 1 • ;i2 - (1. ~2) 

[Payables) 0 (0. 95) (1. 16) (1.3i?) - (1.-'i) - , •. r; 

Debt Service 25.70 15.79 12.90 10.77 - 2.57 2.57 

[Interest] 10.70 6.57 5.37 4.48 - ~.?1 1.07 

[Principal) 15.00 9.22 7.53 6.29 - 1.50 , . :a 
Taxes 10.50 6.46 5.27 4.40 - 1.05 1.05 

Dividends 7.90 4.85 3.96 3.31 - 0.79 o. ;9 

other 17.~i 9.01 6. 91 s . .i8 0.46 1).50 1.05 7.:' 

~: Values in Sri Lanka Rupees (Million) rounded. Discount rates ot O, 10, 15, 20,. 

Y10 (Ter.:U::al} colt:.":"n :eccrds liquida.t!cn of project 3t o!nc! -:if :,.·93:: 10. 
Values in Vear 2 ~o Year 10 col~-nns ar~ identical. 

Values in parent:.."'leses are :'legative •. 

Values in square brackets are canponents. 
Other values (last row) are short term investments/realisations. 
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TABLE 9.16 

Rt.ffilt«; CDS'l'S FU~ REFINING OPEru\Tl('l-JS 

J nput:s : 15 tons cnade oil pr.I:" day 

(a) Neutralization 

- 30kWh 

Sodiun Hydroxide - 200 kg 

(b) ~Jead1i~ 

Dry ~aturated steam @ 10 bar - 1500 kg 

Electrical energy - JOkWh 

Bleaching earth - 200 kg 

(c} Deodorization 

Dry s.itut:ated steam @ 10 bar - 251)0 kq 

Elect.riC·11 energy • 3QV..Wh 

L?.-!:.our - 2050 

Electricity and furnace oil 

Bleaching earth and scdiun hydroxide 

Depreciation of machinery @ 10\ 

OverhP.ads @ 20\ 

- 3100 

-11,000 

- 2613 

- 5226 

roI'AL 23,989 (SL Rs.1599 per 
••=s== tora) 

Note: All prices in Sri Lanka Rupees. • 
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Tl\JlLE 9. 17 

l11'1LIZf\'l'lCl1 OF f·:X<.:FSS Rw-'TNlf\G CAPJ\Cl'l'Y 

Margin over relining Additional Net Financial IRR 
Cbst annual incane 

' (Rs.Millicx1) ' 
G 0 17~5 

5 0.24 18.6 

10 0.48 19.7 

15 0.72 20.8 

20 ').96 21.8 

TABLE 9.18 

REOOCTIOO OF PRICE OF RUBBffi SEED Kf.l'.NEL 

Price of Rubber 
Seed Kernel 
Rs./kg. 

9.18 

8.72 

8.26 

7.80 

7.34 

6.88 

Reduction fran base 
value 

% 

0 

5 

10 

15 

20 

25 

Finaocial JRR 

17.5 

18.9 

19.8 

20.9 

22.0 

23.1 
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Tl\lll F. '>. 19 

SIAlllf PRJCI?«; OF FUILY '!1W1ID 

INPU!S /Wll'Ul'S 

~ t.tU'ket. pri re fll3 Pri ('.(> 

-SI.~-~ SJ, R<-;/ltcr .. 
lb thh«~r Seed Oil Ir:1J0rtnble 51.00 

Coronut oil E."q)Ortable. 43.50 31.G5 

Q1pra E."q>Orta.ble 17.00 16.50 

l'oonac Iqx>rtablc fl.00 

C.IF Prire J\clj ustncnt 

Factor 
m. Os/kJ~ n ... 

:J0.10 - -14 

- 20 

- 3 

tt.50 +~ 

~ - !r.t·nrtnhlns nt"r? CIF Jlrlce~; ruul E.'(}'lC>rtahl<-s Fal (Chlnti10) 

priros 

ShmkJ\v price 
J\djustncnt Factor = ( - 1) p<'r ,.,.nt 

Market pri ~" 

• 
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TAfll F. 9 • 20 

F\1nm.ce oil :mcl c>lc~ctricit~· 

Acbinistrnl.ion, ~011 inf:, cJi~;t rihul i(lll 

overheads 

Trnn..c;port 

Sl;illed labour 

Note - lf..'lrket prices are as.c;tr.J:?(i equal to slmdc.l'v 

prices !or these it<3:8, hence ad,itJStr.rnt 

factors are zero. 
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!Alli J;: '.) • 2 I 

PAl?!'JAJJ~ 'ITIAllFJl JTI-l:fl JN Ul1tll~ Sfl-l> PllJ,.~~Hli 

Item Harkct Price ShrubY PriCY' J\djl~tr.rnt Thctor 

SL l~/l;g SL I~ {J;g <" .. 
9.18 1.!"JO - 8·1 

L.-u1d :utd Hui I dt 111~ 

Fqui1r.cnt - 10 

Invrntorif•s - 20 

1.a'lbour (unskilkd) 

Note - Adjustr.ient factors ~ cst~rnt~; 

• 
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tco1011: &l&~YSIS or 1111£1 Sttl PIOJECT 
Table 9.23 

&DJUSTltMT TO C&SR ILOV: FOllGN £1CHANGt 
a11111111a111111111a11a11a11a111:1111111 

Pltlllll&l1 &DJOSTlD PllSEIT YlLOl FOlllG" EICB&MGE lDJUSTIEMT StlOt TIO Pl!Sllt fALOI 
11:111a1111111111111a11aa111a1111a 11111&1111111111111111111•:111111111111111111111111111111~·111 111111111111111111111111111111111111 

" 10\ 15\ H\ COITtlT PIEllUI IEIGBTlD 0\ 10\ 15\ 20\ " "' 15\ 20\ 

1n c.r.au: '.l5 u.m IUll 112.UI PUR 1UI t.53 4.0 Ul Z.45 14.U ( l.111 16.4%1 "·111 
SOVIClS u." 14.ll u.n 10.0I 10 .16 6.24 5.10 4 .2' SUI 21.'5 n.u 14.27 

OPEl&TI•~ PlOFIT lllTI 
l. PIU. U~vt 21:.tl m.u m.u U.2l 21.H lUt 10.U 1.n m.u l4U2 llf.55 H.21 

l .! .0 5UC 1: .Sl u.u u.u 100. 00\ lO .00\ 10. 00\ 5 .30 3.H 2.66 z.u 51.H u.u U.2' 24.U 

l.! .I. l.ll LIS 4 .21 3.Sl 100 ,IO\ 10 .00\ 10.00\ 0. 14 O.Sl 0 .42 1.35 •.U 5.H 4.U ,,,, 
co:.OIL m.u U.64 u.u 51.0l 100.IO\ 10.00\ 10.00\ 1Ul ..,, Ul Ul 10.H U.11 15.U U.11 

POG&lC 15.U .... 1.H ·•.n 100.to\ 10 .to\ 10.00\ U4 o.•s 0. 71 0.65 u.u 11.42 1.51 7. ll 

2. COSTS Ul.61 14.lS U.OI 51 ... 11.U U4 U• U7 m.ao au• '6.U 55.U -llTUl&LS 
COPU llUl u.n 55.16 4'.'1 100. 00\ l0.00\ 10.00\ 11.13 6.14 U• 4.67 122.44 15.U U.45 51.U '8 
l.S.l •.• I 4.16 3.32 2.11 UO\ 10.00\ 0.00\ 0.00 0.00 0.00 0.00 Ul 4.0 U2 z. T7 

~UOOI l.lS 2.H l.91 l.5S O.IO\ 10.00\ 0.00\ 0.00 0.00 C.00 1.00 3.75 2.SI l.H l.55 

OStS ll .SI Zl.H u.n U.24 Ul 1.H I. 79 l.11 1•.22 22.7' U.56 24 .05 

llTEITotl '.oc u• U5 2.ll lUO\ 10.00\ 1.00\ o.oo 0.02 0.02 o.oz . ·" l.U 1.n 2.n 
LlUllLt. 11.Sll t.tl •. u o.u 10.m I.II 1.15 o.u 
t~t IPltlT ll.15 H.lt 1'.U ... 14 •c .on 10 .00\ UO\ 1.63 1.H I. 77 I. 79 1 •. ?• 21.14 u.u 2U3 

tmDo mml 



• 

· I'll -

TNlt .F. C). 24 

It«DJE FHlf NW .. ~IS ANI> FXlHJ.tIC VAl.lJF: OF Sl\Vnr.s 

Group Net. llistribul ~nn Nrt Jl"'Jl:lr.t :'\c Im r::trrn t \":t 1 tl<' 

i9:ncl Io S!l\' j llJ::-> 

O'J. ICY.:, 20;. er:, u~. :!Ir. ,~· .. ] O',!. 

Projret {6.0) {3.9) (2. 7) 

GovP.rnr.rnt H.~ 11.1 7.!l 

_ E.c.;ta.tf:'~sP.Ctor 33. 3 21.6 1·1.9 

Conc;t1oc>rs (f:iO. 8) (31.2) c:n. 3) 

Workers 3.3 2.4 1.6 

:?.1 2.0 1.1 2.1 2.0 

Note - lli~('Otmted (0, 10, 20';.) vnl1r.; :u~ Sr! 1:1111::111 

ru~; (r.iillion) vahrs in parPnth~<~ :11·.,. 

negative. 

(see Jlddendun Section 9.9) 

'.-!fr-. 

1 • •I 
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T~blc 9.15 - Hn~ic Jnpuls/Outpuls in Ruh'1rr 
Seed Processing 

1. Initial Capital Investment (Table 9.6) Rs.22.81 H 

2. Working Capital (Table 9.7) Rs. 3.97 H 

3. Rav Material Input (Table 9.12) 

Material Quantity/day 
(Ten'!;) 

No. of days 

Rubber seed 3.00 15il 
kernel 

Coprn 4.50 150 

4. C.apital costs (Table 9.6) 

5. Prntfurt;on Output (Tahlr 9.12) 

Total 
(Ton!';) 

. 4r,o 

(,7r, 

Rs. 27..t.I H 

Unit Prices 
(R!<>/kR) 

fJ. lR 

17.110 

Item Total Quantity Unit Prire 
(Tons) (Rs/kR) 

6. 

Rubber seed oil 

Rubber seed meal 

Coconut oi 1 

Poonac 

Adjustment Factors 
-· - . 

185 

252 

412 

250 

(Table 9.19 - 9.21) 

Ruh her seed oil - 44l Ruhh<>r s<.>rd 

Rub her see cl kernel - 84% f..quipment -

54 .no 
3. ')() 

43.'lO 

5.0f'l 

m<'nl II 

10% 

Inventories - 20% Labour (unskille~) - 50% 

7. Premium on foreign exchange (Section 9.2.2) : 10% 

8. (Financial) Internal Rate of Return 17.5% 

9. (Preliminary) F.conomic Internal Rate of Return 4.3% 

10. (F.conomic) Internal Rate of Return : 8.5% 

11. (Savings Impact) Economic Internal Rate of Return 10.4% 

Note : Terminology is based on the UNIDO GUIDE 

.. 

• 
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TABIE 9.26 

O'mWL FEASUllLl'r! OF llll1m SFH> JllUl$1t«I 
(Blible Qiality Oil fran Fresh RSK) 

Vari al> le 

1. Sal" prire IH> 
( <iL-.nr.P 'J) 

2. Cost of llSK 
(dl:Ulgt" ~) 

:1. C:1pi I.al ('J)l!;t (change \) 

., . AF for ~ ($) 

5. AF for 1~1\ (~) 

6. Porei r.n R"<. Prn:i1.tn (';) 

7. finru1cfal llUl (~) 

s. Prelir.rlnary EiiUl ($} 

!"J. f',('Oll<"flll C JllP. (':.) 

Note - Im 

RSK 

1 2 

0 +5 

0 (5) 

0 0 

( 44)(-10) 

( 81)(8'1) 

10 10 

17.5 20.8 

4.3 8.3 

8.5 12.6 

CASE 

3 4 5 

+5 +5 •5 

(5) (5) (5) 

0 (, 0 

(35) . (35) (10) 

(31) (31) (!10) 

10 20 12 

20.8 20.8 :~n. f:l 

11.0 11.0 !J.6 

l!l.2 rn.2 ]i1. =1 

Rl.t>ber Seed Oil 

Rl.ti>er Seed Kernel 

6 

•5 

( !l} 

0 

( '10) 

(!JO) 

10 

21l.8 

n.G 

1:1.R 

7 

+5 

(5) 

(5) 

( '10) 

(00) 

10 

:?2.2 

10.9 

]fl. 1 

AF 

Fbreisn Ex. Prem. 

Adjustr.Jent Factor 

Foreign Exchange J>raniun 

Values in parentheses are negative 

8 

.f !i 

(5) 

( 10) 

( ,1()) 

(!JO) 

10 

2:~ 8 

1:~. 3 

u;_,1 
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Dl\.<>F. RFQJIRfJftll'S MO P/\IW1P.l'FllS All 1'FUINTCJ\J, 

RUBBER SEED PROCESSit«; 

1. Initial capital investment:­

Bluipnent 
(a) "lW> low pressure screw expellers 

(2-3 tms feed per day, 15 HP notor) 270,000 

(b) One cutter 20,000 

( c) One hot air blower 100 ,000 

(d) One filter press 85,000 

Total (inclusive lam & wilding ana other itens) 

2. Working capital : Rs.0.56 M. 

3. Inp.its: 

Rs.0.88 M 

No.days 'ltlroughput/ day Unit price Rs/kg 
~tons} 

Rubber seed 150 2.27 1.00 

C'.opra 150 1.00 9.00 

outout 
I\ total of 75 tons rubber seed oil and 265 tons ruhber ~ meal for 

150 days at unit prices of Rs.15.00 and Rs.1.00 per kg. 

4. Labour : Skilled (2), Semi-skilled (4), unskilled (4) 

5. Factory costs (per year): Rs.2.32 M 
6. Total Production oosts (per year) inclusive overheaOs, dP.preciation, 

interest : Rs. 2.64M 

7. Retums : 
Type of operation 

1 SO days RS, 150 days 
copra 

300 days Rut:ber seed 

300 days Copra 

Financial IRR \ 

57.3 

87.8 

28.3 

~= 000:: - Return on capital ~loyed. 

ROCE \ 

47.6 

76.8 

21.3 
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TARl.F. 9.28 

Sl.JtloWtY Of FJNm:JAf.,/fo.X.UlJUC F.VALUA'l'J~!! 

IN RUBBm Sf.El PROCESSit«i 

!ligh ~lity J,nw ~Jity 
Products Products 

1. Financial IRR (150 
d"lys rubher SC'C-d 17.5 ~7.3 
processing, 150 
days copra) 

2. ROC.'F. ( 150 days c-ad1 
rubher seed and 11.9 47.6 
copra) 

3. FIRR. ( 300 dqys rubber 
seed) 22.1 87.8 

4. FIRR ( 300 days copra) 13.2 28.3 

5. ROCE (JOO.days rubber 
Sl?ed) 15.S 76.8 

6. ROCE (300 days copra) 8.6 21.3 

7. Econcmic IRR - prelimi-
nary (150 days each) 4.3 

8. F.oonanic IRR (150 days 
each) 8.5 

9. F.oonanic IRR (300 days 
ruli>er ~) 23.6 

• 

10. F.ooncrnic IRR - savings 
impact ( 150 days each) 10.4 

Notos All value. are par om\t. 

, Inputs/outputs are base values. 

Minimum values for project acceptance in Sri t.cinka - FIRR 
' 

20\ EIRR 13\. 



- IC)(a -

FIG 9· I SENSITIVITY ANALYSIS FOR FINANCIAL IRR 

~ • 

0-1 • . t !5'"/. t 10-1. 

CHANGE OF VALUE OF INPUT I OUT PUT 
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e CAPITAL COSTS 
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FIG 9·2 SENSITIVITY ANALYSIS FOR ECONOMIC IRR 

10 

~ • 
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CHAN8£ P'ROM IASE VALUES C •/•) 

AF l'OR RUBBER SEED OIL 

.. 
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CllAl"Pff.R 10 

SlllfARY AND <X>NCIJJSIONS 

JO. I lnlroclucl ion 

The sumiMry and conc1usions pinpoint 1-ht? 

r n 11 ow i II~ pr j oril· y nrrns i II n1hhrr srrcl prnf"f'!;~ i .. ,~: -

(a) edible and technical oil manuf:lrtnrc 

(h~ col I eel ion, cl1·y i 111~ mul slnragc- "' sPrcl 

(c) cxtrm:t ion of oi I 

(d) financfaJ/economic viability 

(e) sealing up of operntiom;. 

10.2 Edible and Technical Oil Manufacture 

Our work lins clcar.ly ~hmm a wirlf' divPr~ilV 

in comlitions for cdihJe ·and Lc•chnic:il rulihPr ~c·Pil 

processing. Edible oil mnnufacture reciuin·~ gnotf rp1nl ity 

seed which must he collccte<l ~non Rftcr ~<'''''Lill, 1fr>c111-

ticated and dried to a moisture conl.C'nt of ~,_·: for sl 11r:iRe 

purposes (Chapter 2). Extraction of thP. fresh kC"'rnC'l 

needs high pressure expelling and preparation by cooking 

(conditioning) and admixture with rubber seed meal and 

coconut poonac for high throughput rates (Chapter 3). 

Development of feirly high levels of FFA (Section 4.2.1) 

and the presence of poly(isoprene) of high molecular 

weight in the unsaponifiable fraction (Section 4. 2. 2) 

are barriers which need elimination for successful 

acceptance of rubber seed oil. The presence ~f 

B-linolenic acid in RSO is advantageous as a source of 

n-3 (c.i>-3) polyunsaturated fatty Acid hut hiah levels 

• 
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need to be reduced by light hydrogenation (Section 4 .4) 

or blending with otht'r vt'getnhlc nils (S,.,·t inn 4.'.J.I) 

to prevent dcll'terious effrcts causinR odour nnd 

darkening. 

Conditions for production of trc-hncial oi 1 

(Section 3.4) are not so stringent and cnn be carrit'd 

out with low pr_essure expelling. The feC'd a;iterinl 

consisting of kernel or whole sP.ed is ager! 1111dcr ambient 

conditions so that oil obtained is of high FFA () 15%). 

If kernel is used, roughage in the f orr. of mo lassf's 

{10-20%) is required ~hile who)~ SC'~d tfors not rrrl'tir<> 

any other process aid, the sheJJ aiding o:-xtraclion of 

oil. 

10.3 Collection, Drying, Decortication anrl 
Storage of Seed 

10.4 

The importance of col lee ti on of <:E>f!d soon as 

seed fall occurs, preferably on a daily l•:isi s has hC'en 

stressed (Chapter 2). Ground con tam i u:H ion rcsu 1 ts 

in fungi'll infestation responsibJe for li11:tsE' artivitr 

and aflatoxin pro.iuction. Drying of sec>rls snon :tftf'r 

collection to a level of nbout 5% i.s needed for stornr,<', 

higher levels of moisture favouring lipase activity 

(Section 8.5), with increase of FFA content. Decorti­

cation can be carried out mechanically or manually 

(Section 2.4) efficiency dependent on moisture content 

(Section 2.4.5). For storage over long periods it is 

preferable to use seed rather than kernel. 

Extraction of Oil from Good Quality Kernel 

The use of good quality kernel for extraction 

of RSO presents problems due to the soft nature of 

kernel, high protein and low fibre content. Use of 

high pressures was shown to be necessary, coupled with 
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other factors such as cooking (conditioning). maintenance 

of high te1111K-raturr. mul incoql<•rnt ion of l!SM :mcl poo11:1c 

as process aids to increase throughput. The foIJowing 

opti•u• conditions w<.>re worked out fnr efficient 

extraction:-

(a) maintain high 

ao0c 
pressure exp<-11ing around 

(b) subject kernel to cooking at 100°C with live 

steam to a 110isture content around 7% 

(c) ensure admixture of cooked krrnrl with RSM 

and coconut meaJ (poonac) in the ratio 

RSK/RSH/poonac. 45/50/5. 

10.5 Financial/Economic Viability 

Base parameters for RS proces~ i ng e~t i m."l t rrl 

during Phase 2 operations have been used f 01- f i mmr: i :i I / 

economic apprnisal. l/NTOO Gl.IIIJf.l.1Nf..'l/r.t!Tl1F. uc::ril for this 

purpose (Chapter 9). It h<ts he<.>n shown tlmt. t hr rPsprct h-r. 

financial oncl economic internal rates of return for 

production of good quality oil are slightly lP.ss than 

the cut off values for project acceptanc:P in Sri Lanka 

(20% and 13% for financial and economic IRR re..;pectively). 

The main reason for reduced profitability in the produc­

tion of good quality (edible) oil is the requirement 

of high capital costs and availability of 1i1ubstitutes 

at lover prices in the world market. 

On the other hand, RS processing for technical 

oil requires less of capital investment and combined 

vith cheaper raw 1118terial in the form of aged undecorti­

cated seed, leads to high returns on investment. 

.. 
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10.6 Scaling up of Operations 

Information given by suppliers of proc:es$i.ng 

C'qUi 119K'nt is su-."lri sr.d fur pos~ i h 1 t:> U!'lf! in !«"<1 l i np, 

up of pi1ot plnnt operations. Hovrvrr this ct~::; not 

imply endorsement of the sn1lplicrs hy rither UNllJO or 

the Ceylon Institute of Scient i fie :md lndustrinl 

Rem-:trdt. 

High Pressure Screw Exprl)ers 

1. Anderson Jntcrniltional Corl'• Ohio. llSA 

Type 

Capacity 

Motor rating 

Price 

Delta 30V 

7 tons prr day 

2SkW 
US$ 76,300 (indusi\•e cooking 

eqnipm,.nt) 

2. De Smet Roseclowns, llumhc>rsi 1lr, F.ns~ 1 :'1'1 1 1. 

Type 

Capacity 

Motor rnting 

Price 

Mark 1 ~rrrw I'' ... :~ 

20 ton~ per rl;\\' 

S)kh' 

( 130,(l(lO (incl11:c-ivr cnnkr1·) 

Batch Refining Equipment 

1. EHi Corporation, Illinois, USA 

Type 

Capacity 

Price 

EHI edible oil processing 

system 

5 tons per day 

us $ 285,600 
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G. Mazzoni S.p.A •• Italy. 

Fl·tJ 

Type : RC: 

Capacity : J"'i tons ll<"r d:lY 

Price us $ 207.000 (c~rhon SlN'I 

construction) 

US $ 2<><>.000 (st~inlrss SI''" I 

construction). 

Ratch Hydrogenation System 

Corporation, 

Type 

Price 

111 i no is, USi\. 

F.MI <>di h le oil hyclr<•genAt ion 

process 

2.5 tons pP.r h:itd. 

4 batchC's per rl'1y 

us$ 121,000 

Low Pressure Scrf'w Expell~rs 

I. Nugaduwa Ceylon Engineering Corporation, r.~Jlc, 
Sri Lanka. 

Type 

Capacity 

Motor rating 

Price 

Medium 

3 tons per day 

11 kW 

SL Rs.200,000. 

.. 
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OIAPTER 11 

R&DltEllDATIONS f'OR FUl'URF. WKK 

11.1 Introduction 

11 .2 

Some recom11endations For futun~ work are 

descrihed in the fo11owing areas:-

(a) scaling up pilot plant and laboratory trials 

(b) the polyisoprene problem 

(c) anim..~J feed trials 

(d) hydrogenation. 

Scaling up 

lt is most imporlm1t l (l r:-irry nut high prc-ssurc 

expelUng on a l:iq?c sntlr with commrrcinl srrt:'w 

expe11ers. Pilot plilnt cnnrlH ions of opt im11m procc-d1ire 

for extraction of RSO (low FF'A) from gnort quality 

kernel have been descrihed in Chapter 
., 
J hut 

conditions may nt>r1I rcfinc-mt•nt on t·hc l:ir~~ sc::il<'. 

Batch refining and deodori?.alion C\Jso nrC'1ls to hf' 

performed on a large scale. 

11.3 The Polyisoprene Problem 

method 

Laboratory 

of removal 

investigations 

of polyisoprene 

showed 

vas 

that one 

the addition 

of acetone to RSO, the polyisoprene separating out due 

to differential solubility (Section 4.2.2). However 

the separation did r.~t occur in some samples tested 

so that this method may not be reliable. Further, 

use of acetone would increase refining costs. Long 

term effe..Jbe of :ingenion .of h!'1 n>leculat .weil#lt po~yisoprene 
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also needs clarification before any firm decisions 

on rec~ndation of RSO for edible usr rnn he takrn. 

11.4 Ani .. .,1 Frrcl TrinlR 

Present animal feeding investigatinns were 

carried out on breeding hens and broilrr chickr.ns. 

The trials showed that no significant differences in 

r<.>su 1 ts w<.>re ohsrrvC'd "'-hrn ruhher srrd 1111·:1 I upt n :t 

level of 25% was incorporated in the diet of hens and 

40% in chickens. Additional feeding trials on rnts 

and other animals are desirab1 "' as nls'• n survry of 

c011111<-rc in I usage n f RSM ns nn i m:i I f """. 

Another aspect which ne~ds i n\·,.st i g:iti on is 

the possibility of toxic material in RSM e.g. afl:itoxin 

and cyanide undergoing chemicnl modi ficntion <tnrl 

contaminating fluids {e.g. milk) and fll!":tt userl for 

human consumption. 

11.5 Hydrogenation 

Only some preliminary .. work w:is. r;inird out on 

hydrogenation in the present investigntion. f.nmrrr.­

hensive trials are necessary tr.> evaluate hydrogenated 

material both for edible and technical purposes. 
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APPF.JID II 2 

TF.ST "F.'1110DS 

1. Moisture and volatiJe .,,tter - AOCS l\n 2 - ~ 

About 5g .. ,tl'"rial dried at 105<\: in :tir r.i_rr.11ln1 inJ: 

oven to constant weight. 

2. Free fatty acid (FFA) - AOCS Ca 5a - 40 

Warm neutralized ethyl alcohol (95%} us~rl for 

extrac:tion of fatty nrids from nil, 1itr;1tr with st:u11l:1rrl­

i:7.ed NaOll, (>henolphth:ikin indic:ntor. 

1.99. 

FFA (as oleic ncid} % = 

= .:l,8'1 x mJ 0. IN N;tOll 
weight of oi I ( g) 

To convert FFA values to acid values multiply hy 

3. Oil - ."AOCS Ba 3 - 38 

10 to 20g of dried inaterial containe1I in a Whatm.,n 

pure cellulose thimble was extracted with petroleum ether 

(60° - so°C) using a Soxhlet apparatus (4h). The extrac~ 

was concentrated in a Buchi Rotavapor evaporator. 

4. Colour Lovibond Tinte>11eter nAed with 1/2 or l" cells. 

5. Total cyanide - J. Sci. Food Agric. ~· _300-305 (1965) 

Approximately IOg of material was homogenized with 

ice end incubated in 200ml water for 24h at raom tempera­

ture. At the end of the incubation period material was 

> 
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steam distilled and the liberated hydrogen cyanidr collected 

inn solnl ion of SO.I of 5! sodium c:irhonntr. Al'proxi-.,lrly 

200ml of the distillate was collected and the cynn-ide 

nmtc-nl in thr dislil htlr v;1s rslim.,lrd by the· c·nlorimr11·i1: 

picric acid .ethod as follows:-

To 1 to lOml o[ the dislfll:ue in n test tuhe. 

4ml of 1% picric acid was a~ded. After 2 11inutes watC"r 

vas added to 11ake the total volume a11prmri amteJ y 20ml 

and thf.." contents heated for 12 minut.Ps at 10<"1°<: in a water 

bath. The solution vas cooled, transferred quantitatively 

into a 25ml volumetric flask and contPnt s m;ule up to I he 

mark with water. The absorbance of this solution was 

determined at 530nm relative to a blank solution uf 5% 

sodium carbonate. ··-Total cyanide was estimatrrl with a 

standard curve. 

6. Spot test for cyanide 

A 

in rubber 

follows:-

spot 

seed 

test for the 

kernel and/or 

presence of total 

m~al was cnrrir.d 

rynni•IP 

out ns 

Introduce less than Sg crushed ruhher seed material 

into a 250ml round bottom flask with two nP.c-ks. one of 

which could be stoppered with a stopper with .a hook 

(a Sch8niger stopper can be used). Attach picrate paper 

(lcm x Sc•) - prepared by soaking filter paper in 1% picric 

acid solution, drying and then soaking in 5% sodium 

carbonate solutio;i and then drying again - to the hook 

and stopper flask. Add lOOml water into flask, stopper 

securely and ~llov to stand at room temperature. An orange 

red colour in the picrate paper indicates presence of 

cyanide. 
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The limit of detection of the spot tf'Rt is 10 IJR 

cyanide. In the ex1><'.-illC'ntnl conclilions in lh'? 1.rr~rnt 

investi~:itions, this corrr.sponcfod to a lotnl cy:inidP. 

concentration of ag/kg (2 ppm) when 5g 111aterial vRs usrd. 

1. A{latoxin analysis (AOAC. Official Hcthod~ of AnRlysi~. 
l Jth f:dition) 

7 .1 TLC Hethod 

Reference Roberts et al: J. Assoc. off. Anal Chrm.(14 

961-963 (No.4, 1981). 

7. 2 I/PLC ~tctl1od 

R"?ference Hutchins & HagJer: J. Assoc. Off. An~l. 

Chem. 66 1458-1465 {No.6, 19~1). 

8. Microbial experiments 

8.1 Preparation of Jnoculum of AsperRillu.c; parasiti~us 

was grown in pot;:ito A. parnsiticu.c; NRRL 2999 

dextrose agar (DIFCO) at 2S°C. After 7 days the slants were 

surface-washed with sterile distilled water containing 

0 .1% Tween 80 solution. This spore suspension was countc.-d 

and adjusted to 106 spores/ml. 

8.2 Aflstoxin Production 

About 2Sg of substrate material in a 250ml conical 

flask was -inoculated vi th lml of spore suspension 
6 • (10 spores) of ·A. paras1t1cus. The flask was plugged with 

cotton wool and incubated at 35°C for 7 days. 
• 
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9. Polyisoprene 

9.1 C}uslitstivP Identification 

Pyrolysis IR spectroscopy AS'i'M D 297. 

9.2 IJrtrrmin;ilion of Holrcular tlc-iiJhl 

Drop times carried out in an UbhP 1<1hcic Vi scnm<'I er 

at 2rf'c. Analysis of int.rinsi.c visc:osity, 111nlrc:11lnr wri~ht 

nnd constant k' according to :-

Huggins JACS 64 2716-18 (1942) 

Mullins and Watson J App Poly Sc 1. 245-249 (1959). 

10. Gossypol 

10.1 Spectrophotometric method AOCS Ba 8-55 

10.2 llPLC method 

Nomeir and Abou-Donia JAOCS 59 546-549 (1982). 

11. Saponins 

Spectrophotometric method 

Gestetner, PHYTOCHEMISTRY .2 803-806.(1966). 

12. Hydrogenation 

12.1 Equipment used 

Pressure vessel (Model 4563, PARR INSTRUMENT COMPANY, 

Illinois, U.S.A.). Hydrogenation was carried out at 

180°C and initial hydrogen pressure 200psig. Nickel 

catalyst (HARCAT - Harshaw Chemie ev. Holl And) uBed ftt 

1% by weight cf oil. 
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12.2 Fatty acid coaposition (r.l.r.) 

SHIHADZU Hodel 9A instrument equipl'ed with a 

flame ionb..ation detector end using a fused silica capillnry 

c:olumn, 30m x 0.32 111111 id. (SP-2T\O, SflPF.IC'.fl IN<:, 11.S.A.). 

Trans fatty acid content ccmputed u~ing GLC data 

excluding lB:lA 12t and 18:2 A9t, 12c whkh coincide with 

18:1A 9c and 18:2 A 9c, 12c. 

13. Peroxide value 

A .O .r..S. off fr i:l l mrtho1I Crl R. 51. 

14. Solid fat index 

A.O.C.S. officinl metho1l Cd 10-57. 

J 5 (~JorUic value 

ASTM D 240. 

• 
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APl~OJX 3 

Cnml':irisnn or some rh:irnc-tc-ristic:s or RSO "'ith nthrr 

vegetables oils. 

TYrF. oi: vr.c:r.rARU-: 011. 

RSO SOY A ClXllNl_l"f 
CHARACTERISTIC 

f.udine value 

SnponificAtion vn I ue 

Melting pt°C 

Fatty acid composition 

Laurie 

Palmitic 

Olric 

Linolr.ic 

Linolcnic 

Peroxide value 
meq/kg 

Calorific value 
HJ/kg 

% 

138 130 

189 192 

-2 -14 

l 

10 JO 

2'3 2l 

37 50 

18 8 

14 

39.5 

NOTE CANOLA is low erucic acid 
rape seed oil 

7 

2'l5 

23 

48 

lO 

7 

2 

Pi\J.H C:ANOl .A 

2'"' JR() 

10 8 

45 4 

38 55 

10 2r, 

1 (} 

RSO values are averages determined on oil of low FFA 

P.xtracted from fresh kernel. Other values are typical averages 

from the literature • 
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APPP..NDIX 4 

mNTACT OR<:AN17.AT10NS 

During Phase 2 investig11tions S<"vrrnl nrgnnh:nl inn:-; 

onrl individuals both in Sri Janka and outside hcl 1tf'd by wny of 

providing information, arranging visits and othrr servic€'s. 

We sincerely wish to thank_ thcm,especinl1y the fo11mring:-

Outside Sri Lanka 

Andc-rson International Corp, 
Cleveland Ohio (USA) 

Arista Industiies, 
Connecticut (USA) 

Cureorore, Industries, 

Petaling Jaya (Malaysia) 

De Smet Rosedowns Limited 
Humberside (England) 

F.Ml C.orporn t ion 
Illinois (USA) 

G Mazzoni S.p.A. 
Viale Trentino (Italy) 

Rubber Research Institute, 
Kerala State, India 

Rubber Research Institute 
Kuala Lumpur, Malaysia 

Rubber Research Institute 
Bangkok, Thailand 

The French Oil Hill Machinery Co. 
Ohio, (USA) 

F..<li h le 1i nsre1l oi 1 

Tcchni cal ruhhr>r seed oi I. 

Screw expe11 crs 

Rcrining oncl hvrfrogrnnl in11 

Refining equipment 

Natural rubber research 

Natural rubber research 

Natural rubber research 

Vegetable oil extraction 



• 
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Sri l.anka 

AmrrC'srkerc & Co., Colombo 

RCC La~ka Ltd • .--Colombo. 

Cry Ion (JI Is A i:ntR f'.orp, s~duwn 

Dias & Dias F.ngineering Ltd, 
Wnttaln. 

A. Hilmi, Halwana 

Jaela Mills Ltd, Jaela 

.lnnathn F.statcs Developm<!nt Roanl 

Lever Brothers (Ceylon ) Ltd, 
Colombo. 

Mason's Mixture Limited, Colombo 

Mawarnmandiya Hills, Sapugaskancle 

~1:iwntlmgmn., Hills, Dnnkotuwa 

N11gacluwa Ceylon Engineering Ltd, 
Galle 

Paints & General Industries Ltd, 
Colombo. 

PeoplJs Merchant Bank Ltd, 
Colombo. 

Polycoat Resins Ltd, Malabe 

Resinoplastics Ltd, Colombo 

Rubber Research Institute of 
Sri Lanka, Agalawatta. 

Sri Lanka State Plantation Corp. 

Vijaya OiJ Hills Ltd, Wattala 

Chnrt rr<>cl An·mml :ml~ 

Oil <>xpell<>rs 

0 i l ancl nn i .. 'l I I (•r'll Slll'I' I i r.r~ 

F.ngin~ers 

Oil seed merchant 

Oil expellers 

Rnhbf>r p l:'mt al ions 

Soap and margarin<' manufac·turcrs 

Alkyd resins 

Oi I. eicp<>l lrrs 

Oi I r:icpr.1 l<'r:<: 

Engincl:'rs 

Alkyd resins 

Financial Consultants 

Alkyd resins 

AJkyd resins 

Natural rubber research 

~ubhcr plantations 

Oil cxpellers 
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APPENDIX 5 

ABBREVIATIONS USED:-

AF 

ANRPC 

AOCS 

ARI 

CRI 

EIRR 

FIRR 

FFA 

- Adjustment factor 

- Association of Natural Rubber Producing Countries 

- AlllCrical Oil Chc.ist~' Sor.iely 

- Accounting Rate of Interest 

- Consumption Rate of Interest 

- Economic Internal Rate of Return 

Financial Internal Rate of Rrturn 

free fatty acid 

RSK. RSM, RSO, - Rubber seed kernel, meal, oil 

ROCE Re-turn on c ..... pi taJ F..mployed 

• 




