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ABSTRACT

Proxin\ate n u tr ie n t  coiaposition.'and m ineral c o n s titu e n ts  were 
d 'term ined in  f u l l - f a t  and d e fa tte d  rubber seeds. Total aaino acid  
Cvzposition o f  f u l l> f a t  rubber seeds, peanut and soybean meals was 
also determined by coauon chromatograj^y fo r  amino a c id s . Four ex- 
p frioen ts were ponducted using 28-day o ld  alb ino  r a t s  ( i n i t i a l  w eights, 
Si'i-55 g} w ith  the follow ing o b je c tiv e s : ( i )  to  compare th e  p ro te in
q uality  o f  f u l l - f a t  and d e fa tte d  rubber seed meals; ( i i )  to  te s t  the 
e ffec t o f au toclay ing  on the  p ro te in  q u a l ity  o f  f u l l - f a t  and d e fa tted  
rabber seed mealst ( i i i )  to  assess th e  e f f e c ts  o f  ho t w ate r, d ilu te
a.-id and d i lu te  a lk a l i  e x tra c tio n  on th e  n u t r i t i v e  value o f rubber 
soed and ( iv )  to  measure re ^ o n s e s  to  amino acid  supplem entation o f 
bcith f u l l - f a t  and d e fa tte d  rubber seed meals.

The f u l l - f a t  and d e fa tte d  rubber seeds had p ro te in  con ten ts 
cr* 22.54±0.52% and 36.48^0.84% re sp e c tiv e ly  and f a t  con ten ts o f  49.49±
1 54% and 8.S4±0.S8%. Both the  fu U ^ fa t  and d e fa tte d  samples contain  
f i i r ly  high le v e ls  o f  calcium  (0.48±0.02 and 0.88t0.05% ); phosphorus 
( .64±0.06 and 0.94±0.09%); potassiian (0.96±0.42 and 1 .5 4 t0 .6 3 ) ; iro n  
{.2.72±11.54 and 147.45*8.32 mg/kg) and ?inc (78 .46t2 .11  and 112.29t 
•• mg/kg). Anino ac id  a n a ly s is  in d ic a te d  lower le v e ls  o f  ly s in e ,
i J - le u c in e , leu c in e , pheny lalan ine , ty ro s in e , p ro lin e  and glycine . 
c spared to  peanut and, soybean and lower m ethionine and c y s tin e  con* 
t--nt compared to  soybean. Poorer p ro te in  q u a l ity  in d ic e s  were ob- . 
t.^ined fo r  both types o f  rubber seed compared to  peanut and soybean,
W!;ile th e  f u l l - f a t  seed  nea l was n u t r i t io n a l ly  su p e rio r  to  the  d e fa tte d  
sample. A utoclaving d id  n o t improve the  n u t r i t i v e  in d ic e s  o f  the rubber 
s^ed m eals. D ilu te  ac id  o r a lk a l i  trea tm en t worsened r a t  responses, 
''b ile  h o t w ater e x tra c tio n  r e s u lte d  In  n o n s ig n if ic a n t improvements in  
the n u t r i t i v e  v a lu e . Responses to  anino apid supplem entation suggest 
that ly s in e  and m ethionine a re  most lim itin g  in  rubber seed p ro te in .
'Hie o v e ra ll  r e s u l t s  a lso  suggest an impairment o f  th e  n u t r i t i v e  value 
of rubber seeds by e x tra c tio n  w ith petroleum  s p i r i t .

INTRODUCTION

The ra p id ly  in c re a s in g  population  con tinues to  ta sk  the  a v a il-  
>ble p ro te in  re so u rce s . 1?ie s i tu a t io n  i s  p a r t i c u la r ly  acu te  in  many 
areas o f  the t ro p ic s  and su b tro p ic s  where a v a ila b le  su p p lie s  have



n u t r i t i o n  r e p o r t s  i n t e r n a t i o n a l

rn he d isp ro p o rtio n a te ly  lower r e la t iv e  to  the 
Tcpeatedly been sbo u rgen t need to  ex-
population . w ell’ as upgrade th e i r  performance in  e f f o r t s
pand Isvesto^K numoers - a v a i la b i l i ty  s i tu a t io n .  F eedstu ffs  p lay
to improve the animal and the simple-stomached animals
n key ro le  in livestock  Jo le  to  p lay  in  a l le -
which have shortage w ithin the sh o rt run coinpete
v js t in p  the • . . . j ia b le  food reso u rces. Many p ro te in
d ire c tly  v ith  man fo r have not found use as

s r ; n r  ■ ;
t r i e n t s .  c u ltiv a te d  mainly fo r  th e i r  la te x
and are v i « l  w  ?Se Honomic su n 'iv a l o f  Ceylon and M alaysia. N ig e n . 
Ts - ^ n g  tJ e  p rin c ip a l producers o u ts id e  A sia. P r e s e t  acreage are 
la rcc  and conscious e f f o r t s  a t  inc reasing  th e  s iz e  o f commercial 
P lantation 's a re  apparent. Improved technology 
'the use o f vege ta tive  propagation methods ra th e r  than 
« : d s  wSich fhus makes Z s t  o f  the seeds c u rre n tly  ^ ^ ^u c ed  go to  
waste I t  i s  esti^sated th a t a rubber t r e e  produces about 2,000 2.500 
seeds per season and each rubber tre e  remains p roductive °v er 30 
years This gives an in d ic a tio n  o f the  q u an tity  o f seeds th a t go to

*,aste n u tr ie n t  conten t and u t i l i z a t i o n  o f  rubber 5 « d :
are  lim ited  in  number and in  scope (1 .2 .3 .4 )  TTie 
fore re p o rts  on the  b io lo g ic a l eva lua tion  o f  whole and
seed and a survey of processing methods th a t could improve t h e i r  s a t i s
fa c tio n .

MATERIALS AND METHODS

All the  rubber seed samples used in  th e se  experim ents were ob­
tained from the U niversity  o f Ibadan Teaching and Research Farm rubber 
p la n ta tio n . These were co llec ted  during th e  f ru i t in g  s e a s o n ,  sh e lled  
and sto red  in  polythene bags which were kept r e f r ig e ra te d  a t  -S C 
withdravvT. fo r use as requ ired . The peanut meal sample used in  th e  is  
experiment was obtained as commercial samples from the Kano O il "M ills. 
Kano, N igeria . The soybean was obtained from the  Benue-Plateau S ta te  
-Sarketing Board. Jo s. Further' trea tm en t o f  th i s  source involv ing  
f i r s t  cosrse w illin g  and then so lven t e x tra c tio n  w ith petroleum  e th e r  
(BP 40-6v)*). Solvent ex trac ted  samples were th m  ground to  pass 
through a BS 30 am sieve and autoclaved a t  121" C a t  15 Ib /sq  in  
p ressu re fo r  20 minutes. N u tr itio n a l case in  (B r itish  Drug Houses 
L td .. England) was useii as standard  p ro te in  fo r  comparison in  th e  1 s t 
experiment.

Rubber seed saiT^les were analysed f o r  th e i r  proxim ate con­
s t i tu e n ts  ?s well as' calcium and phosphorus co n cen tra tio n s by W>AC 
procedures (S). Rubber seed, soybean and peanut meals were analyse 
fo r  th e i r  to ta l  amino acid  content- a f te r  ac id  h y d ro ly s is  by c o lu ^  
chromatography fo r amino acids using the  H itach i Perkin Elmer amino 
acid  ana ly ser. D eta ils  o f  the  h y d ro ly tic  techniques and instrum ent



operation param eters hava been described  elsewhere (6 ,7 ) .  T rypto­
phan was chem ically determined' (8 ).

Male Weanling a lb ino  r a t s  o f  th e  W istar S tra in  ob ta ined  from 
sp ec ific  pathogen-free stocTt o f  th e  Department o f  V eterinary  Pathology, 
Itn iversity  o f  Ibadan were us.ed in  the  b io lo g ic a l ev a lu a tio n s , rhese 
were weaned a t  21 days and p laced on a commercial stock d ie t  fo r  r a ts  
;p f i2 e r  L ivestock Feeds (N iJ)) u n t i l  they  were 28 .days o ld , when r a t s  
weit^hing between 50 and 55 g- were se le c te d  fo r use . In a l l  experim ents 

ra ts  were p laced a t  random on each trea tm en t. Rats were housed in  
..ta in le ss  s te e l  m etabolic cages (A ssociated C ra tes , L td .,  S tockport; 
'ng land ), where experimental- feeds and w ater were supp lied  ^  lib itu m .

In a l l  ex p e rim en ts ,''$ b asa l d ie t  o f the  follow ing percentage 
7iq>osition was used: com- s ta rc h , 60 .0; sucrose , 10 .0; g lucose , S.O;

. in -n u tr i t iv e  c e llu lo s e , lO.'.Q; peanut o i l ,  10.0; v itam in  m ixture (9 ),
. .0; and m ineral m ixture (9 ^ ,* 4 .0 . In a l l  in s ta n c e s , p ro te in  sources 

1 ^re incorporated  in to  th e  l^ s a l  d ie t  a t  the expense o f  com  s ta rc h  
.-ich th a t  they provided approxim ately 10% crude p ro te in  on dry m atter 
l i s i s .

The p ro te in  q u a lity  param eters used in  the  ev a lu a tio n  o f  the 
C ifferw it d ie ts  were p ro te in  e f f ic ie n c y  r a t i o  (PER); n e t p ro te in  u t i l i -  
: ition  (NPU); b io lo g ic a l value (BV) and tru e  p ro te in  d ig e s t i b i l i t y  
(TPO). The procedures used were e s s e n t ia l ly  those described  by the 
National Academy o f S ciences-N ational Research Council (10 ). The 
$zudy involved 4 consecutive animal experim ents.

Expt. I .

The f i r s t  experim ent involved a comparison o f  th e  p ro te in  qual- 
. :y o f  f u l l - f a t  and petroleum  e th e r  ex trac t« d  p ara -rubber seed meals
I .th  th o se  o f  CMmiercial p rep ressed  so lven t ex tra c te d  peanut meal, 
t> lvent e x tra c te d , h e a t tr e a te d  soybean meal and n u t r i t io n a l  ca se in .

Expt. I I .

This experiment ccunpared the p ro te in  q u a l i ty  o f  f u l l  f a t  and 
c :her e x tra c te d  rubber seeds autoclaved a t  121“ C a t  15 Ib /sq  in  pres*- 
£ tre fo r  e i th e r  0, 10, 20 o r  30 m inutes. A utoclaving'w as c a r r ie d  out
i i  shallow m etal tr a y s  covered w ith a lu n in iu a  f o i l .

Expt. I I I .

'I'he th i r ^  experim ent compared th e  e f f e c ts  o f  ho t w ate r, 0.01 , 
ab lar hyd roch lo ric  a c id  and 0.01 molar.sodium hydroxide ex tractio i>  o f  - 
both f u l l  f a t  and d e fa tte d  rubber seeds on p ro te in  q u a l i ty .  The 
ex traction  procedure involved soaking 100 g batches o f  th e  rubber seed 
'oeals in  500 .ml o f th e  so lv e n t and leav ing  fo r  5 h rs  in  a w ater bath 
set a t  65" C. The beakers were s t i r r e d  a t  re g u la r  in te r v a ls .  The 
solvent f ra c tio n s  were removed by c e n tr ifu g in g . The d i lu te  ac id  and 
a lkali t r e a te d  sa u rie s  were washed sev era l tim es w ith  h o t w ate r, a f t e r  
''hich a l l  samples were d ried  a t  50" C fo r  12 h r .  Ttiese were then re^- - 
ground and s to red  in  sc rew -c^p cd  K ellner j a r s  u n t i l  used fo r  the 
feeding t r i a l s .  P ro te in  sources were inco rpo ra ted  to  p rov ide 10% 
PJ'otein in  th e  f in a l  d ie ts .-



Expt. IV.

• th f  e f fe c ts  o f ad d itio n  o f  sy ii th e tic  L-
 ̂ In th i s  experim ent. \_ is o le u c in e  ( ile u c )  and L -trypto-

lysine C l y s i . D L - m e t h i o n i n e .  (m eth). p ro te in  d ie ts  contain ing
phan ( t r y ) ,  singly  . nara-rubber seeds were s tu d ie d . The pup-
e i th e r  f u l l - f a t  o r r c o L a r i s o n  o f  th e  amino g r ^

were compared by the  D tnca„'s new m ultxple .

range t e s t  (12).

RESULTS

T^e proximate and “r J e 'd e f l S e d ^ L ^ t l r S d
whole rubber seeds 4re 1 l 5  compared to  the  f u l l - f a t
generally  h igher proxim ate in  th e  whole
samples except fo r  the  ’removed fa t Rubber
and d e fa tte d  forms appear to  f*J*^:J„ce® trations o f  the  minor
phosphors and p o ™  “ a l  f  r e s u S  in  a h ig h e r ccncen-
: i : u o ^ % iT h e “ u t r U i o n a u r i ^ ^ a . .  e l e ^ n t s  p e r  u n it  weight o f

TABl” ^  Projiioate and M ineral Composition o f F u ll-F a t and D efatted  
Rubber Seeds

F u ll- f a t  rubber seeds D efatted  rubber se

Proximate N u trien ts  (% PM)_
Dry m atter (f}
Crude p ro te in  
Crude f ib re  
E ther e x tra c t 
Ash
N itrogen-free e x tra c ts

M ineral C onstituents 
Calcium ("*)
Phosphorus (%)
Potassium (\)
Sodium (%)
Magnesium (V)
Chloride (%)
Iron (mg/kg)
Manganese (mg/kg)
Zinc (mg/kg)
Cooper (mg/kg)

86.46±1.46 
22.5410.52 

S .80±0.12 
49.4911.54 

3.47±0.08 
20 .70 i0 .48

0.48±0.02
0.6410.06
0.9610.42
0.0910.01
0.2810.02
0.0710.002

9 2 .7 2 ill.S 4
23.2410.86
78.4612.11
25.5411.08

91. 4511.87
36. 48±0.S4

4. 40±0.15
8. 54i0.3fi
5. 33i0.11

45. 2510.74

0. 8810.05
0..9410.09
1 .5410.63
0 .2110.03

, 0 .3410.03
^ 0 .1810.008
147 .4518.32

24 .7811.14
112 .2924.86

31 .7811.65

^Values rep resen t means and th e i r  standard  d ev ia tio n s  from d u p lic a te  
an a ly s is  o f  fou r d if fe r e n t  batches o f  sam ples.



The to t a l  amino acid  conposition  o f  f u l l - f a t  para-rubber 
is  con?)ared to  those  o f  soybean and peanut meals in  Table I I .  Rubber 
seeds co n ta in  lower le v e ls  o f  ly s in e , is o - le u c in e , le u c in e , phenyl- 
iJanine ty ro s in e , p ^ l i n e  and g lyc ine  compared to  both these  sources 
ipd lower m ethionine and cy s tin e  le v e ls  compared to  soybean bu t not 
leanut meal. In fa c t  the to ta l  su lphur amino acid le v e ls  in  rubber 
seeds is  s l ig h t ly  h igher than found in  peanu t, w hile the  tryptophan 
level i s  h ig h e r than in  both peanut and soybean.

UBLE I I . Comparative T otal Amino Acid Composition o f  P ara-rubber 
Seed, Peanut and Soybean Meals (g/16g N)

.\nino Acids
- r - -----------
Arginine
llis tid in e
Ispleucine
i.eucine
Lysine '
■'lethionine 
Cystine .
•lethionine + cy s tin e  
Phenylalanine • 
Tyrosine 
Phenylalanine ♦ 

ty ro s in e  
pjreonine 
,"Wptophan
'Jaline ■
U anine 
^ sp a r tic  ac id  
'iiitam ic  acid  .
’Tioline .
Serine
JJycine _

Rubber Seed Soybean Meal Peanut Meal
10.24±0.042 

2.03*0.014 
3.38±0.006 

, 6.24±0.014 
3.3410.024 

‘ 1.0810.052
1.3810.034
2.4610.048
4.9410.074
2.7410.032

7.6810.064
3.2410.041
1.3810.036
5.9810.082
4.4610.017

11.2510.084
15.871&.146
4.2810.034 
4.8610.026
3.8510.048

7.5710
2.6810
4.5810
7.9410
6.3210 
1.2510
1.6410 
2.8910 
5.6810
4.3210

.032

.026

.024

.028

.014

.042

.048

.061

.102
054

10.0010.121
3.8210.059
1.2610.028
5.5110.064
4.8310.028

11.4610.099
17.7010.184

5.1010.074
5.3210.102
4.63±0.067

12.3010.114
3.0410.042
3.5810.028
7.0910.034 . 
3.9010.054 .
0.9110.074 
1.2810.038
2.1910.084 
S .6010.110 
4.3410.062

. 9.9410.148
3.0410.042
1.2410.033 
4.2710.072
4.1910.034

11.8210.114 
21.1210.203

5.0610.064 
S.3310;049 

. 6.3010.102

Values re p re se n t means and th e i r  standard  d ev ia tio n  f ox  t r i p l i c a t e  ■ -
a n a ly s is  o f  sam ples. . ..

Table I I I  svBunarizes the com parative p ro te in  q u a l i ty  o f  f u l l -  
fa t and d e fa tte d  p a ra -rubber seed n e a ls ,  peanut and soybean meals y. .
and n u t r i t i o n a l  c a se in . The standard  ca se in  was b e t te r  d ig e s te d , 
supported s ig n i f ic a n t ly  (p<0.01) su p e rio r  body w e i ^ t  gains and 
sh o w ed 's ig n ific an tly  (p<0.01) s i^ e r io r  p ro te in  q u a l i ty  in d ic e s  com­
pared ;o th e  o th e r  sources. Soybean meal was s ig n i f ic a n t ly  (p<0.0S) 
superib r to  peanut meal except fo r  a s im ila r  tru e  d ig e s t i b i l i t y  coeffl--’: 
c ien t. ■ Peanut meal was in  tu rn  s i^ e r io r  to  th e  rubbed seed samples i n  :
terms o f  body w eight gain  and the p ro te in  q u a l i ty  in d ic es  measured. /jV V'; 
The f u l l - f a t  rubber seed meal was s ig n i f ic a n t ly  (p<0.05) b e t t e r  d i-  
gested’ t y  r a t s ,  supported reasonably  good gains and showed su p e rio r  ■ >
:>rote’ii{ q u a l i ty  in d ic e s  com pared'to th e  d e fa tte d  sa a p le , which d id  
iu p p o ^  g a in , thus g iv ing  n ega tive  PER v a lu es and low NPU and BV.

' .The r a t  responses to  d ie ts  co n ta in in g  e i th e r  f u l l - f a t  o r  
fa tte d  n ibber seeds autoclaved fo r  vary ing  p e rio d s  a re  p re se n ted  .

•



TABLE 111. Ccmpafarive N u tr itiv e  V a lu e  of F u l l- fa t  an.d D efatted Rubber 
Seeds, Soybean, Peanut Meals and N u tr itio n a l Casein
(Ex-pt. n

P ara-rubber seed Peanut Soybean 
F u ll* f.lt D efatted  Toeal jpcal_ Casein SE.

Weight s a in  
(14 d a y s ) ,  g

Pro te in  in tak e ,
TFR
NPU
EV
Tti

7,,42 a -(8 .>66) b 11..48 C 15..54 d 22 .48 e 0..5t**

8..83 a 6..71 b 7..46 be 8.,32 ac 8.23 ac 0..4:*

0,.84 a *C1 .291 b I..54 c 1.,68 c 2 .73 d 0.,i i  '•

45,.82 a 29..43 b 53 .84 c $1 .42 d 74 .86 e 1,.41 •*

49..87 a 38 .51 b 59..42 c 65..38 d 79 .86 e • i.

82 .45- a 74 .18 b 88 .46 c 90,.43 c 94 .82 d 1..3f ••

In th is  and subsequent ta b le s  th e  follow ing in d ic a te : 
‘ s ig n jfic a n ttre a tm e n t d iffe ren ce s  

*^*Kishly » i ^ i f i c a n t  treatm ent d iffe re n c e s  (p<0.01).
a, b , c . . .  treatm ent means followed by the  same l e t t e r s  a re  no t s ig n i f ­

ic a n tly  d if fe re n t (p<0.05).
SE « standard  e r ro r  o f  d if fe ren ce  between trea tm en t means.m

.Table IV. Autoclaving o f  both types o f  rubber seeds d id  no t ifoprove 
r a t  performance or p ro te in  q u a lity  in d ic e s . There was a  tendency 
towards a worsening in  PER, NPU and BV as w ell as TD as th e  au to - 
clav in^  time inc reased . On average, th e  d e fa tte d  n ea ls  a lso  showed 
poorer responses compared to  the f u l l - f a t  m eals.

R esults o f t e s t s  to  eva lua te  th e  e f fe c t  o f  e x tra c tio n  o f f u l l -  
f a t  jnd d e fa tted  rubber seed w ith e i th e r  hot w ater, d i lu te  hydrochloric  
acid o r sodium hydroxide are  summarized in  Table V. Hot w ater e x tra c ­
tio n  o f both the f u l l - f a t  and d e fa tted  rubber seeds improved weight 
f.'iin, p ro te in  in tak e , PER, NPU and BV n o n s ig n if ic a n tly  in  th e  case 
o f  trve f u I I - f a t  meals, bat reduced s ig n i f ic a n t ly  Cp<0*0S) th e  ex ten t 
o f weight lo ss  in  r a ts  rece iv in g  the d e fa tted  sam ples. I t  improved 
PER a.nd .Si’ll but" not 3V and tru e  d ig e s t ib i l i ty .  D ilu te  ac id  ex tra c ­
tio n  s ig n if ic a n tly  (p<0.05) depressed g a in s , and o th e r  p ro te in  q u al­
i t y  indicci- except BV in  r a ts  rece iv in g  e x tra c te d  f u l l - f a t  rubber 
scpds. .sim ilar ciwjvression in  gains and p ro te in  q u a l i ty  in d ic e s  were 
obsorvtd for the d e fa tted  a e a ls  except th a t  only NPU arid BV were

f ic a iitly  (,p;(i.U51 lower than fo r the  u n tre a te d . Sodiua hydroxide 
extrjvTion o f  ?>orh the f u l l - f a c  and d e fa tte d  rubber seed samples de­
pressed p ro te in  in take and a l l  p ro te in  q u a l i ty  in d ic e s  s i g n i f i ­
can tly  coapared to  the  un trea ted  beans. In the case o f the  f u l l - f a t  
bfiraple which had shown su p e rio r q u a lity  in d ic e s  compared to  th e  de- 
f.iTtt-ii byJy weii’h t and very poor q u a l i ty  in d ic es  re s u lte d .

Tiii'Ifs VI and VII siniSiarize the r e s u l t s  ob ta ined  when f u l l -  
j.Tt and d e fa tte d  rubber seeds re sp e c tiv e ly  were supplemented w ith

J
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anino a c id s . Supplementation o f  f u l l> f a t  rubber seed w ith ly s in e  
or m ethionine s ig n if ic a n t ly  (p<O.OS) improved ga in s , PER, NPU and 
BV, over and above those  ob ta ined  fo r  the b asa l unsupplemented d ie t .
The improvement ob tained w ith added m ethionine was le s s  than obta ined  
with ly s in e . Addition o f  iso le u c in e  alone to  f p l l - f a t  rubber seed 
(Deal a lso  s ig n if ic a n t ly  (p<0.05) improved gains but n o t PER, NPU and 
BV. The ^improvemen.t in  .gain appeared to  be re la te d  to  a h igher feed 
in take and ther.efore h igher p ro te in  in ta k e  by r a ts  on th i s  d ie t  com­
pared to  the  b a s a l.  Combined ad d itio n  o f  ly s in e  and m ethionine p ro ­
duced s ig n if ic a n t ly  (p<0.05) th e  b e s t  g a in s , PER, NPU and BV and 
compared to  the  o th e r  d ie ts .  A ddition o f  ly s in e  and iso leu c in e  o r 
neth; onine a.id iso leu c in e  produced in f e r io r  gains and p ro te in  q u a l i ty  
in d ices  compared to  the  d ie t  w ith added ly s in e  and otethionine. Addi> 
tio n  o f  tryptophan in  th e  presence o f  th e  o th e r  th ree  amino ac ids • 
did n o t improve gain o r  p ro te in  q u a l i ty  in d ic e s  any fu r th e r .  Res- - 
ponses o f  the  d e fa tte d  rubber seed meal to  aoino ac id  supplements 
were s im ila r  except th a t  w eight gain and p ro te in  q u a lity  in d ic es  
were very much poorer compared to  th e  responses o f  the  f u l l - f a t  
m eals. .

DISCUSSION

The co n p o sitio n a l value p resen ted  fo r  f u l l - f a t  rubber seeds 
show p ro te in  and o i l  cbn ten ts comparable to  those rep o rted  fo r  the 
more common o ilse e d s  such as peanu t, cashewnut .and co ttonseed  (6,13) 
and suggest th a t  used as the  f u l l - f a t  seed could be a prom ising h igh- 
p ro te in -h ig h  energy source in  animal feed s. The d e fa tte d  s e a l  however 
had a lower p ro te in  content compared to  th e  le v e ls  rep o rted  fo r  de« 
f a t te d  peanu t, cashewnut o r  co ttonseed . Some com positional da ta  e x is t  
from o th e r  sources on the  various forms o f  rubber seed (1 ,2 ,3 ,4 ) .  The 
p ro te in  and o i l  con ten ts rep o rted  fo r  f u l l - f a t  cake were s l i g h t ly  a t  
variance, w ith th e  one re p o rt (4) and more in  l in e  w ith some e a r l i e r  
a n a ly tic a l  v a lu es (1 ). A ll th e  above re p o r ts  in  consonance w ith  ours 
found low crude f ib re  le v e ls  in  rubber seed , a  fa c t which could be 
o f  co n sid erab le  im portance in  the  d ig e s tio n  and u t i l i s a t i o n  o f  asso ­
c ia te d  n u tr ie n ts .  None o f  th e  e a r l i e r  re p o r ts  gave values fo r  the  
m ineral c o n s titu e n ts  o f  th e  rubber seeds. Our an a ly s is  in d ic a te s  
th a t  t h i s  source could be a prom ising co n trib u to ry  source o f  m ineral 
elem ents such as calcium , phosphorus, po tassium , iro n  and z inc .
T heir r e l a t iv e  a v a i la b i l i ty  however remains to  be in v e s tig a te d . The 
amino ac id  d a ta  p resen ted  fo r  rubber seed were s im ila r  to  e x is tin g  
data except fo r  s l ig h t ly  lower le v e ls  ly s in e , c y s tin e , th eo rin e  
and m ethionine in  our sa u rie s  compared to  r e s u l ts  p resen ted  In  one 
e a r l i e r  study  (4 ). I t  is  noteworthy however th a t  in  th a t  study r e -  * 
covery o f  amino ac id s  was repoiaed to  be enhanced by b o ilin g  f a t  
ex tra c te d  samples in  TCA befo re  ac id  h yd ro ly sis  fo r  t o t a l  anino 
acid  de term in a tio n . Our r e s u l t s  however suggest th a t  low le v e ls  o f  
ly s in e , m ethionine, ty ro s in e  and m arginal le v e ls  o f  iso le u c in e  and 
phcnylalam ine could d e tra c t from th e  o v e ra ll  u t i l i s a t i o n  o f  rubber 
seed p ro te in .

The b io lo g ic a l ev a lu a tio n  o f  p a ra -ru b b er seed showed th is  
source to  be poorer than e i th e r  peanut o r  soybean m eals. The 
wide d if fe re n c e s  I n  the  value  o f  rubber seeds and soybean may be 
expected from the  observable d e a r  d if fe re n c e s  in  the  le v e l o f  some



•
nut'-icionaU v im nortant amino acids such as ly s in e , the  sulphur

a a a ?  and phenylalanine. The d iffe ren ce s  an the ammo a c ^  
con.-riMtion of rjM>or seeds and peanut meal were le s s  marked. The 
in te r  wa5 however s ip n if i  can tly  b e l te r  d ip s t e d  than the former and 
t n «  d ia e s t 'b j l i tv  d iffe ren ce s  could re s u lt  in  le s s  a v a i la b i l i ty  o f 
th€ a lrcaJv  r.irg ina l o r low le v e ls  o f ly sin e  and the sulphur amino 
a .id s  miiufe<=tins- i t s e l f  in the  observed poorer q u a l i ty .  ?1ore in te r -  

i< the marked d if fe ren ce  in  the p ro te in  q u a lity  o f f u l l - f a t  
a-’.S defa tted  rubber seeds, the  d e fa tted  samples showing Jn average 
dii-fercnce o f abJut 3 d ig e s t ib i l i ty  u n its  compared to  ta e  f u l l - f ^  
-:a"ipies and a lso  being incapable o f supporting  growth in  r a t s .  7>e • 
reaU ns for d iffe ren ces  a re  not c le a r ,  but i t  i s  q u ite  p o ss ib le  th a t 
th'y so lven t used in  o i l  e x tra c tio n  from rubber seeds may have a l te re d  
the niolecalar conformation of the p ro te in ?  r e s u lt in g  in  a lte red , so lu- 

• b i l i tv  p ro p ertie s  and th e re fo re  impairment o f d i g e s t i f .  There are 
indi cations from s tu d ie s  w ith o ther o ilse e d s  Cl^.15,1-6) th a t  c e r ta in  
organic so lven ts ninim ise p ro te in  s o lu b i l iz a t io n .  The ex ten t to  
whic*- th i«  occurred was shcwii to  be re la te d  to  the  s tru c tu re  o f the 
p a r t ic u la r  p ro te in  no lecu le and the presence o f w ater w ith in  th e  
seeds. Tne involvencnt o f such so lvent m odifications in  d e fa tte d  
rubber seed p ro te in  can only be sp e cu la tiv e , s in ce  l i t t l e  o r no in -  
fonnation e.vists on i t s  p ro te in  f ra c tio n  make-up. I t  may be worth 
no ting  ho-.vever, th a t c o lle c te d  seed were ground and ex tra c te d  w ithout 
fu rth e r  drying and contained a f a i r  amount o f m oisture and th i s  may 
have priiaed th e  kind o f  rea c tio n s  specu la ted . On the o th e r hand the 
g rea te r  d ig e s t ib i l i ty  o f  the  f u l l - f a t  meals could be a t t r ib u ta b le  
to  the presence o f f a t  w ith in  the c e l ls  which cause ’g re a te r  se c re tio n  
of b i le  acid? re su lt in g  in  em u ls if ic a tio n  and exposure o f g re a te r  
su rface area fo r eniyme p en e tra tio n  and a tta c k  and g re a te r  s o lu b i l i ty  
and th e re fo re  enhanced d ig e stio n .

The- re s u lts  obtained from the  au toclav ing  o f both th e  d e fa tte d  
and f u l l - f a t  s.'«nplcs a re  contrary  to  most observa tions w ith o th e r  o i l -  
sei.'d.'; whose n u tr i t iv e  value have been shown to be ic^roved by racist 
hc,it ap p lica tio n  w ith in  reasonable time l im its .  This p robably  sug­
gests the absence o f .heat labil-e a n t in u tr l t io n a l  fa c to rs  in  rubber 
seeds. One ea rly  rep o rt {3), had hbwever suggested the  presence of 
a cyanogenetic g lucoside in  some samples analysed which could y ie ld  
p ru ssic  acid on hyd ro ly sis . Depending on the  n a tu re  o f th e  g lycoside 

th is  could be hea t s ta b le .  The presence o f such a compound 
hOrtC-ver which y ie ld  p ru ss ic  ac id , a compound whoso d e to x if ic a tio n  in  
the animal body draws on th e  su lphur component o f the suphur amino 
ac id j (ir.cthionine and cy s tin c ) could r e s u l t  in  an accen tua tion  o f 
the deficiency o f  th e se  araino ac ids fo r p roductive  purposes. D ilu te  
3cid and a lk a li  ex tra c tio n  o f  both f u l l - f a t  and d e fa tte d  rubber seeds 
■'.aye pooi* r e s u l ts ,  the a lk a li  trea tm en t being much worse than ac id  
e x tra c tio n . Tne most obvious e.xplanation fo r  th i s  observed r e s u l t s  
may b* a ;x)'5.<;ble denatu ration  o f  th e  p ro te in  in  the  samples a t  the 
pH provided by the ac id  and a lk a l i  and the prolonged e x tra c tio n  
period , re su lt in g  in  decreased s o lu b i l i ty ,  im paired d ig e s tio n  and 
decreased nitrogen a b s o rb a b ility . The s l i g h t  improvements observed 
witii iiot water e x tra c tio n  could be duo to  the  e f f e c ts  o f  s o lu b i l iz in g  
and leaching out o f  so.Tie to x ic  fa c to rs  in  the seed in c lu d in g  p ru ss ic  
ao iJ which hap been suggested to  be p resen t (3 ). The b e n e f ic ia l 
c f tc e ts  o f iiot Water e x tra c tio n  have been rep o rted  by se v era l workers



fo r rapeseed meal (17,18,19) and c a s to r  bean meal (20). The ex ten t 
of'improvement o f  any p a r t ic u la r  o ils e e d s  must.however be re la te d  
to  the co n cen tra tio n  o f w ater so lub le to x ican ts  th a t  may be p resen t 
in th e  m a te r ia l. I t  i s  q u ite  p o ss ib le  th a t  repeated  ex tra c tio n  w ith 
v a te r  may have re su lte d  in  b e t te r  r e s u l t s .  This p rocessing  treatm ent 
needs th e re fo re  to  be fu r th e r  in v e s tig a te d .

The amino acid  supplem entation r e s u l ts  suggest th a t ly sin e  
and m ethionine a re  the  amino acids most l ik e ly  to  lim it the  u t i l i s a ­
tion  o f  rubber seed meaJs< thus suggesting  th a t these seeds o f fe r  no 
advantage over the  more commonly used o ilsee d s  and o ils e e d  cakes, 
the u t i l i s a t i o n  6 f most o f  which have bt-en shovm to  be lim ited  by 
low ly s in e  and/or m ethionine consents (6 ,7 ,2 1 ). The d iffe ren ces  in  
the responses o f  f u l l - f a t  and d e fa tte d  rubber seeds would appear to 
be r e la te d  to  th e  observed wide d iffe ren ces in  d ig e s t ib i l i ty .  Im­
paired  re le a se  o f  amino ac ids from th e  d e fa tted  meal, would tend to  
re s u lt  in  a more rap id  absorp tion  o f  the  added amino ac id  supplement,
A-h ich  a re  made a v a ila b le  f a s te r  than those from th e  n a tiv e  p ro te in  
it s i t e s  o f  p ro te in  s>*nthesis and may be su b jec t to w astefu l deamina­
tio n  w ith a re s u l ta n t  poor u t i l i s a t io n  o f  the  l a t t e r  a r r iv in g  amino 
acids. The f a s te r  so lu b i l iz a tio n  and d ig estio n  o f th e  f u l l - f a t  samples 
would tend to  provide a b e t te r  balance o f  amino ac ids a t  any one tin e  
3t u t i l i s a t i o n  s i t e s .

The r e s u l t s  p resen ted  are  o f  a prelim inary  n a tu re . The iden ­
t i f ic a t i o n  o f  th e  to x ic  o r p o te n tia l ly  tc x ic  fa c to rs  in  rubber seeds, 
c h a ra c te r is a tio n  o f  the p ro te in  f ra c tio n s  could pave the way fo r  more 
e f fe c tiv e  p rocessing  methods th a t w ill do minimum damage to  the'com r 
ponent n u tr ie n ts ,  p a r t ic u la r ly  the araino acids and thus help to  maxi- 
niise q u a l i ty  and o p tiiu iie  la rg e  sc a le  and jud ic ious use o f  av a ila b le  
rubber seeds in  liv e s to c k  feeding.
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