
CHAPTER IV

DISCUSSION

In a c c o r d a n c e  w i t h  t h e  d i s c o v e r i e s  o f  p r e v i o u s  w o r k e r s  n e u t r a l  

l i p i d s  in  Hevea b r a s i 1 i e n s i s  c o n s i s t  o f  c a r o t e n o i d  p i g m e n t s .  But h e r e  

found  t h a t  c a r o t e n o i d  p i g m e n t s  a r e  not  e x i s t e d  o n l y  in n e u t r a l  l i p i d s  

e l u t e d  w i t h  h e x a n e - d i e t h y l  e t h e r  ( 9 5 : 5  and 7 5 : 2 5 ,  v / v ) .  The p i g m e n t s  

can a l s o  be found  in  more p o l a r  f r a c t i o n  e l u t e d  w i t h  d i e t h y l  e t h e r  

a l o n e .  The p ig m e n t  in  h e x a n e - d i e t h y l  e t h e r  0 5 : 5 )  r e s e m b l e s  3 - c a r o t e n e  

p l u s  c l o s e l y  r e l a t e d  i s o m e r  which ไร n o t  d i s t i n g u i s h a b l e  

c h r o m a t o g r a p h i c a l l y  from ร- c a r o t e n e .  I t  i s  wel lk n ow n  t h a t  c a r o t e n e s  ar e  

v e r y  s u s c e p t i b l e  t o  a i r  o x i d a t i o n  and i s o m e r i z a t i o n  in  s o l u t i o n  due t o  

v a r i o u s  f a c t o r s  s u c h  a s  p h o t o  i s o m e r i z a t i o n ,  thermal  i s o m e r i z a t i o n  and 

i s o m e r i z a t i o n  by c a t a l y s t s  i n c l u d i n g  o r g a n i c  a c i d s .  N a d a ra ja h  and 

K ar unar atn e  ( 1 9 7 1 )  have  s u g g e s t e d  t h a t  F r e y - W y s s l i n g  g l o b u l e s  o f  t h e  

y e l l o w  f r a c t i o n  c o n s i s t  m o s t l y  o f  f a t  and f a t - l i k e  s u b s t a n c e s  and 

a c c o u n t  f o r  m os t  o f  t h e  a c e t o n e  e x t r a c t  r e s i d u e .  F a t t y  a c i d s  can b r i n g  

a b o u t  i s o m e r i z a t i o n  o f  t h e  p ig m e n t .

The l o n g  p r o c e s s  o f  e x p e r i m e n t  had a l s o  changed  t h e  p i g m e n t ,  s o  

t h a t  i t  d i f f e r e d  s l i g h t l y  from n a t u r a l l y  o c c u r i n g  0 - c a r o t e n e .  B e a d l e  

and Z s c h e i l e  ( 1 9 4 2 )  have  r e p o r t e d  t h a t  0 - c a r o t e n e  can be t r a n s f o r m e d  by 

h e a t  i n t o  p s e u d o  a - c a r o t e n e  ( n e o - 0 - c a r o t e n e ) , one  o f  t h e  more s t a b l e  

i s o m e r s  o f  0 - c a r o t e n e ,  wh ich  has  a b s o r p t i o n  maxima a t  w a v e l e n g t h  v e r y  

c l o s e  t o  t h a t  o f  a - c a r o t e n e  ( i  a t  4 2 2 ,  4 4 6 ,  474 nm). In  c a s e  o f  

c a r o t e n o i d  p ig m e n t  in  t h e  s e c o n d  f r a c t i o n  ( h e x a n e - d i e t h y l  e t h e r ,  7 5 : 2 5 )
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and t h e  t h i r d  f r a c t i o n  ( d i e t h y l  e t h e r ,  s e p a r a t i o n  o f  t h e s e  p i g m e n t s  on 

TLC d e v e l o p e d  w i t h  h e x a n e - d i e t h y l  e t h e r - a c e t i c  a c i d  ( 9 0 : 1 0 : 1 )  i n d i c a t e d  

t h a t  t h e r e  a r e  s e v e r a l  k i n d s  o f  d e r i v a t i v e  e x i s t e d  in  t h e  l a t e x ,  and  

t h e y  a r e  more p o l a r  t h a n  0 - c a r o t e n e  s t a n d a r d .  From t h e i r  a b s o r p t i o n  

s p e c t r a ,  on e  p ig m e n t  s h o u l d  be 0 - c a r o t e n e -  5 , 8  -  e p o x i d e  wh ich  has  

a t  4 0 9 ,  428 and 450 nm. T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  p ig m e n t s  in  b o t h  

t h e  h e x a n e  d i e t h y l  e t h e r  ( 7 5 : 2 5 )  f r a c t i o n  and t h e  d i e t h y l  e t h e r  f r a c t i o n  

s h o u l d  be an o x y g e n a t e d  c a r o t e n o i d  o r  h y d r o x y l a t e d  c a r o t e n o i d .  The  

r e s u l t s  o f  t h i s  work u s i n g  s p e c t r o p h o t o m e t r y  and TLC can n o t  i d e n t i f y  

t h e  e x a c t  s t r u c t u r e  o f  t h e s e  p ig m e n t s .  However,  t h e s e  p ig m e n t s  e x i s t e d  

in  any d e r i v a t i v e s  f o rm s  have  t h e  y e l l o w  c o l o r  r e s u l t i n g  in  t h e  

d i s c o l o r a t i o n  o f  r u b b e r .

T o c o t r i e n o l s  e x i s t e d  in rubber  l a t e x  a re  both  in  f r e e  and 

e s t e r i f i e d  form s b u t  o n l y  f r e e  from has  an e f f e c t  on t h e  d i s c o l o r a t i o n  

b e c a u s e  i t  has  f r e e  OH-group which can be o x i d i z e d  by o x y g e n .  Comparing  

w i t h  f r e e  a - t o c o p h e r o l  s t a n d a r d ,  t h e  a b s o r p t i o n  s p e c t r a  and TLC o f  e a c h  

f r a c t i o n  show t h a t  f r e e  t o c o t r i e n o l s  e x i s t  o n l y  in  t h e  h e x a n e - d i e t h y l  

e t h e r  ( 7 5 : 2 5 )  f r a c t i o n .  However,  t h e  method used  in t h i s  work can n o t  

d i s t i n g u i s h  t h e  i s o - f o r m s  o f  f r e e  t o c o t r i e n o l s  ( a - ,  0 - ,  y -  and 5 - f o r m ) .

Among t h e  v e r i f y i n g  i n d i c a t o r s ;  t o c o t r i e n o l s ,  c a r o t e n o i d s  and 

p o l y p h e n o l s ,  w h ich  h av e  been  e x p e c t e d  t o  h av e  an e f f e c t  on d i s c o l o r a t i o n  

o f  r u b b e r ,  o n l y  t o t a l  c a r o t e n o i d s  c o n t e n t  has  been found t o  v a r y  w i t h  

c l o n e ,  PB 5 / 5 1  h as  t h e  h i g h e s t  amount ( = 1 9 0 p g )  and RRIM 600 ( ~ 6 0 p g ) ,  and  

t h e  d e g r e e  o f  d i s c o l o r a t i o n  i s  t h e  same in  raw ru b b e r .  The t o t a l  amount  

o f  t o c o t r i e n o l s  and p o l y p h e n o l s  are  n o t  s i g n i f i c a n t l y  d i f f e r e n t  among 

3 ru b ber  c l o n e s  t e s t e d ,  r a n g i n g  in  0 . 0 7 - 0 . 0 8  g and 0 . 1 1 - 0 . 1 3  g 

r e s p e c t i v e l y .  Anyhow t h e  method o f  e x t r a c t i o n  can n o t  remove a b s o l u t e l y
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a l l  t h e s e  f a c t o r s  from t h e  l a t e x ,  b e c a u s e  t h e  rubber  c o a g u l a t i o n  o c c u r  

on c o n t a c t  w i t h  t h e  s o l v e n t  (Hasma, 1 9 8 4 ) .  The m i l d  e x t r a c t i o n  

p r o c e d u r e  i s  u se d  by i n t e n t i o n  t o  p r e v e n t  any u n d e s i r a b l e  c h a n g e s  t a k i n g  

p l a c e  in t h e  l i p i d s  d u r i n g  e x t r a c t i o n .

In c a s e  o f  p o l y p h e n o l ,  Nadarajah  and Karunar atne  ( 1 9 7 1 )  have  

r e p o r t e d  t h a t  t h e  p h e n o l i c  c o n t e n t  o f  t h e  l a t e x  sa m p le s  can i n c r e a s e  o r  

d e c r e a s e  d u r i n g  s t o r a g e  a t  room t e m p e r a t u r e  ( a b o u t  28°c) o r  in  t h e  

r e f r i g e r a t o r .  An i n c r e a s e  in p h e n o l i c  c o n t e n t  i s  p r o b a b l y  c a u s e d  by 

o x i d a t i o n  o f  amino a c i d s  t o  a m i n o p h e n o l s  by t h e  enzyme p e r o x i d a s e .

In c a s e  o f  PPO a c t i v i t y ,  t h e r e  a re  s i g n i f i c a n t  d i f f e r e n c e  among 

3 f r a c t i o n s  o f  l a t e x .  Serum f r a c t i o n  shows t h e  h i g h e s t  a c t i v i t y ,  t h e  

l a t t e r  i s  l u t o i d s  and ru b b e r  f r a c t i o n .  In c o n t r a s t ,  Low and Wiemken 

( 1 9 8 4 )  r e p o r t e d  dom inan t  p r o p o r t i o n  o f  PPO w i t h  t h e  l u t o i d  f r a c t i o n  by 

u s i n g  F iCOไใ g r a d i e n t .  However t h e r e  a re  no s i g n i f i c a n t  d i f f e r e n c e  in  

t h e  t o t a l  PPO a c t i v i t y  p e r  gram dry w e i g h t  among t h e s e  3 ru b b e r  c l o n e s .

The p r e s e n c e  o f  PPO in  l a r g e r  p r o p o r t i o n  in  t h e  serum f r a c t i o n  

m ig h t  be s t i m u l a t e d  by t h e  t a p p i n g  f r e q u e n c y  used  in Rayong p r o v i n c e ,  

w h er e  t a p p i n g s  a r e  c o n t i n u o u s  f o r  3 d ay s  s t o p  on t h e  4 t h  d a y ,  and s t a r t  

a g a i n .  In M a l a y s i a  and I n d o n e s i a  rubber  p l a n t a t i o n s  a r e  l a r g e r ,  and 

t a p p i n g  i s  on a l t e r n a t e  day ( o n e  day t a p p i n g / o n e  day s t o p ) ,  s o  t h a t  

p h y s i o l o g i c a l  d i f f e r e n c e ,  s u c h  a s  enzyme d i s t r i b u t i o n ,  and a c t i v i t y  

s t i m u l a t i o n  can be d i f f e r e n t .  A n a lo g o u s  example  i s  Ethephon s t i m u l a t i o n  

o f  RRIM 600 t r e e s  has  been  r e p o r t e d  t o  red uce  t h e  PPO a c t i v i t y  m a r k e d ly  

and c a u s e d  s h i f t i n g  in  l u t o i d  d e n s i t y  (Low and Wiemken, 1 9 8 4 ) .
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In c o n s i d e r i n g  t h e  r e l a t i o n s h i p  betw ee n  t h e  c o l o r  in d e x  o f  

ru b ber  and t h e  amount  o f  t h e s e  v e r i f y i n g  i n d i c a t o r s ,  t h e  r e s u l t s  

i n d i c a t e  t h a t  o n l y  t h e  t o t a l  amount o f  c a r o t e n o i d s  has  c o r r e l a t i o n  w i t h  

t h e  c o l o r  i n d e x  o f  c o n t r o l  u n t r e a t e d  ru bbe r ,  i . e .  t h e  rubbe r  c l o n e  w h ich  

h a s  t h e  low amount o f  c o r o t e n o i d s  w i l l  g i v e  t h e  low v a l u e  o f  c o l o r  

i n d e x .  The amount o f  o t h e r  i n d i c a t o r s  a r e  n o t  s i g n i f i c a n t  d i f f e r e n t  

among 3 c l o n e s  t e s t e d .

In t h e  e x p e r i m e n t a l  d e s i g n  t o  s e e  t h e  e f f e c t  o f  r em ov ing t o t a l  

l i p i d s  and p o l y p h e n o l s ,  in  compari son  w i t h  a d d i t i o n  o f  e a c h  v e r i f y i n g  

f a c t o r  i n d i v i d u a l l y ,  t h e  i n t e n t i o n  o f  t h i s  s t u d y  i s  t o  e x t r a p o l a t e  from  

3 ru b ber  c l o n e s  t e s t e d  t o  t h e  ex tre m e c o n d i t i o n s  o f  m in u t e  amounts  on 

one end and v e r y  l a r g e  amounts  f o r  t h e  4 v e r i f y i n g  f a c t o r s  s e l e c t e d  on 

t h e  o t h e r  e x t r e m e .  By u s i n g  t h e  same s e t  o f  l a t e x  s p e c i m e n s ,  t h e  c a u s e  

and t h e  mechanism o f  d i s c o l o r a t i o n  have been f o l l o w e d  up in  c o m p l e t e  

p r o c e s s  s t a r t i n g  from f r e s h  f i e l d  l a t e x  t o  rubbe r  v u l c a n i z a t e  o f  

p r o c e s s i n g  t h e  r u b b e r .  G r e a t e r  l o s s  o c c u r s  on d i l u t i n g  t h e  l a t e x  t o  15% 

DRC t o  p r e p a r e  s h e e t  r u b b e r s .  The a i r  d r i e d  s h e e t  ru b b e r s  c o n t a i n s  l e s s  

t o c o t r i e n o l s  a b o u t  45% r e d u c t i o n  than  t h e  normal a c i d  c o a g u l a t e d  Hevea  

crumbs.

A d d i t i o n  o f  c a r o t e n o i d  shows about  28-45% h i g h e r  d e g r e e  o f  c o l o r  

i n d e x  t h a n  c o n t r o l  r u b b e r .  T h i s  r e s u l t  i n d i c a t e s  t h a t  c a r o t e n o i d s  h av e  

o u t s t a n d i n g  e f f e c t  on t h e  d i s c o l o r a t i o n  o f  raw r u b b e r .  In o r d e r  t o  

r e d u c e  t h i s  e f f e c t ,  t h e  b l e a c h i n g  a g e n t s  have  been u s e d .  A l k a l i  m e t a l  

s a l t  o f  t o l y l  m e r c a p t a n  i s  now used in t h e  c r e p e  i n d u s t r y  a s  t h e  

b l e a c h i n g  a g e n t .  T i l l e k e r a t n e  e t  a l .  ( 1 9 8 4 )  have  i n d i c a t e d  t h a t  t h e  

b l e a c h i n g  e f f e c t  o f  t h i o l s  on c a r o t e n o i d s  in  t h e  l a t e x  i s  due t o  f r e e  

r a d i c a l  p r o c e s s  b e c a u s e  t h i s  b l e a c h i n g  e f f e c t  i s  n o t  o b s e r v e d  in
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c o m p l e t e  d a r k n e s s .  Du r ing  t h e  b l e a c h i n g  a c t i o n ,  c a r o t e n e  m o l e c u l e  i s  

e x c i t e d  t o  a h i g h  e n e r g y  s t a t e  by a b s o r b i n g  v i s i b l e  l i g h t  and t h e n  t h e r e  

i s  t r a n s f e r  o f  e n e r g y  t o  a t h i o l  m o l e c u l e ,  t h u s  e x c i t i n g  i t .  The 

e x c i t e d  t h i o l  m o l e c u l e  t h e n  b r e a k s  up i n t o  RS* ( t h i o l  r a d i c a l )  and H* 

f r e e  r a d i c a l s ,  and t h e  RS* f r e e  r a d i c a l  u l t i m a t e l y  r e a c t s  w i t h  t h e  

u n s a t u r a t e d  s t r u c t u r e  o f  t h e  c a r o t e n e  m o l e c u l e  t h e r e b y  d i s r u p t i n g  t h e  

c o n j u g a t i o n  o f  d o u b l e  bonds  and t h u s  making i t  c o l o r l e s s .

L ike  c a r o t e n o i d s ,  p o l y p h e n o l s  have  much e f f e c t  on t h e  

d i s c o l o r a t i o n  o f  raw r u b b e r .  The c o l o r  in d e x  o f  p o l y p h e n o l - a d d e d  rubber  

a r e  h i g h e r  t h a n  t h a t  o f  c o n t r o l  rubber and a l s o  t h a t  o f  c a r o t e n o i d - a d d e d  

ru b be r .  D u r in g  p r o c e s s i n g  o f  l a t e x  t o  a i r  d r i e d  r u b b e r ,  PPO t h e  

p o l y p h e n o l s  o x i d i z i n g  enzyme must be d e s t r o y e d  by h e a t ,  but  t h e  

d i s c o l o r a t i o n  o f  p o l y p h e n o l  added rubber s t i l l  c o n t i n u e .  R i n d e r k n e c h t  

and Jurd ( 1 9 5 8 )  have  shown t h a t  p o l y p h e n o l s  can comb ine  w i t h  amino a c i d  

a t  room t e m p e r a t u r e  t o  g i v e  a y e l l o w  c o l o r ,  and H es s  ( 1 9 5 8 )  has  shown 

t h a t  o x i d i z e d  p o l y p h e n o l i c  compounds r e a c t  w i t h  g l y c i n e  t o  g i v e  p u r p l e  

p r o d u c t s .  Bu rt on  e t  a l .  ( 1 9 6 3 )  has p ro p o sed  t h a t  o x i d i z e d  p o l y p h e n o l s  

may d e - a m i n a t e  amino a c i d s  w i t h  t h e  f o r m a t i o n  o f  k e t o  a c i d s ,  w h ich  l o s e  

ca rb o n  d i o x i d e  t o  form a l d e h y d e s .  Such a l d e h y d e s  would a l s o  r e a c t  w i t h  

ฒ 2  g r o u p s ,  and u n der go  c o n d e n s a t i o n  w i th  s u b s t a n c e  l i k e l y  t o  be p r e s e n t  

in n a t u r a l l y  o c c u r i n g  m a t e r i a l ,  which has  n o t  been f u l l y  e x p l o r e d ,  t o  

g i v e  i n t e r m e d i a t e s  o f  h i g h  browning p o t e n t i a l .  The brown c o l o r  o f  dry  

rubbe r  i s  a l s o  p r o b a b l y  due t o  t h e s e  s i m i l a r  r e a c t i o n .  However ,  t h e s e  

d i s c o l o r a t i o n  can be i n h i b i t e d  by sodium m e t a b i s u l f i t e .  Bu rt on  e t  a l .  

( 1 9 6 3 )  h av e  shown t h a t  s u l f i t e  can l i m i t  t h e  r e a c t i o n  b e tw e e n  c a r b o n y l  

and amino gro u p  t o  g i v e  d i s c o l o r e d  p r o d u c t  and h e n c e  r e t a r d  n on -  

e n z y m a t i c  b r o w n in g .
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In c a s e  o f  PPO, l a t e x  was  f i r s t  added w i t h  0 . 0 8  M T r i s - H C l  

b u f f e r  c o n t a i n i n g  1 . 0  M S u c r o s e  (TS b u f f e r ) ,  f o l l o w e d  by a d d i t i o n  o f  

PPO. The r e s u l t s  in  T a b l e  3 . 4  i n d i c a t e  t h a t  TS b u f f e r  has  an e f f e c t  on 

t h e  d i s c o l o r a t i o n  o f  raw r u b b e r ,  p r o b a b l y  due t o  s u c r o s e  e x i s t e d  in  t h e  

l a r g e  amount in  TS b u f f e r .  S u gar  can r e a c t  w i t h  amino compounds in  t h e  

l a t e x  t o  g i v e  a c o l o r  s u b s t a n c e  ( B u r t o n ,  1 9 6 3 ) .  The c o l o r  in d e x  o f  PPO- 

added r u b b e rs  a r e  n o t  d i f f e r e n t  from t h a t  o f  b u f f e r - a d d e d  r u b b e r s .  But  

i t  c o u l d  n o t  be c o n c l u d e d  t h a t  PPO has  no e f f e c t  on d i s c o l o r a t i o n  

b e c a u s e  t h e  e f f e c t  o f  TS b u f f e r  c o u l d  c o v e r  t h e  e f f e c t  o f  PPO, t h u s  

d i s g u i s i n g  t h e  e f f e c t  o f  PPO. In o r d e r  t o  r e d u c e  t h i s  e n z y m a t i c  

d i s c o l o r a t i o n ,  sodium m e t a b i s u l f i t e  t h e  i n h i b i t o r  o f  PPO i s  u s e d .  

Sodium m e t a b i s u l f i t e  i s  a s t r o n g  r e d u c i n g  a g e n t  and a l s o  i n h i b i t  n on -  

e n z y m a t i c  d i s c o l o r a t i o n  by removing oxygen  from r e a c t i o n  s i t e s  o r  by 

r e d u c i n g  h i g h l y  r e a c t i v e  o r t h o q u i n o n e  t o  p o l y p h e n o l s  ( N a d a r a j a h  and 

K a n n a ra tn e ,  1 9 7 1 ) .  B e s i d e s  sodium m e t a b i s u l f i t e ,  o x a l i c  a c i d  o r  a 

m i x t u r e  o f  o x a l i c  a c i d  and f o r m i c  a c i d  ( 3 : 1 )  can be u sed  a s  an i n h i b i t o r  

and a s  t h e  c o a g u l a n t  b e c a u s e  o x a l i c  a c i d  i s  a l s o  a r e d u c i n g  a g e n t .  

D u r in g  a c i d  c o a g u l a t i o n  ( 6 - 8  h) by f o r m i c  a c i d  o n l y ,  t h e  pH o f  l a t e x  i s  

l o w e r e d  in  weak a c i d ,  t h u s  making t h e  pH s u i t a b l e  f o r  PPO a c t i v i t y .  The  

b e t t e r  method f o r  rubbe r  c o a g u l a t i o n  s h o u ld  be s te am c o a g u l a t i o n  b e c a u s e  

t h i s  method t a k e s  o n l y  3 min and can d e s t r o y  t h e  PPO c o m p l e t e l y  by h e a t  

and d o e s  n o t  ch an g e  t h e  pH o f  t h e  l a t e x .  When com parin g t h e  c o l o r  i n d e x  

o f  p o l y p h e n o l - a d d e d  ru b ber  and PPO-added ru b ber ,  t h e  r e s u l t s  show t h a t  

p o l y p h e n o l  has  more d r a s t i c  e f f e c t  on d i s c o l o r a t i o n  t ha n  PPO. T h i s  

r e s u l t  i n d i c a t e s  t h a t  n o n - e n z y m a t i c  d i s c o l o r a t i o n  i s  p r e d o m in a n t  o v e r  

e n z y m a t i c  d i s c o l o r a t i o n .

When raw ru bbe r  has  been  mixed w i t h  v u l c a n i z i n g  i n g r e d i e n t s ,  t h e  

compound ru b b e r  o b t a i n e d  e x h i b i t s  h i g h e r  d e g r e e  o f  c o l o r  t h a n  raw
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r u b b e r .  The e f f e c t  o f  some i n d i c a t o r s  on d i s c o l o r a t i o n  o f  compound 

ru b be r  were  d i f f e r e n t  from t h e  e f f e c t  on raw r u b b e r .  C a r o t e n o i d s  and 

T r i s  b u f f e r  c o n t a i n i n g  s u c r o s e  which a f f e c t e d  on t h e  d i s c o l o r a t i o n  o f  

raw rubbe r  d o e s  n o t  have  an e f f e c t  on compound ru b be r .  Only  t h e  e f f e c t  

o f  i n c r e a s i n g  p o l y p h e n o l s  can c o n t i n u e  by i n c r e a s i n g  t h e  dark c o l o r  o f  

compound ru b be r  and v u l c a n i z e d  rubber .  TS b u f f e r  c o n t a i n i n g  1 . 0  M 

S u c r o s e  has  an e f f e c t  on t h e  c o l o r  o f  v u l c a n i z a t e ,  bu t  l e s s  t h a n  

p o l y p h e n o l s ,  wh ich  i n d i c a t e s  t h a t  p r o c e s s i n g  o f  rubbe r  in  e a c h  s t e p  can  

i n c r e a s e  d i s c o l o r a t i o n .  A c i d - c o a g u l a t e d  rubbe r  was h e a t e d  a t  5 0 ‘c u n t i l  

d r i e d .  The t i m e  used in  t h i s  s t e p  was u s u a l l y  o v e r  12 h. T h i s  h e a t i n g  

i s  a d e q u a t e  t o  promote t h e  r e a c t i o n  o f  s u g a r / a m i n o  a c i d  and 

p o l y p h e n o l / a m i n o  a c i d ,  and t o  burn t h e  s u c r o s e  t o  s i n g e .  T h ese  

r e a c t i o n s  r e s u l t  in  i n c r e a s i n g  c o l o r  in d e x  o f  p o l y p h e n o l - a d d e d  rubbe r  

and TS b u f f e r .  V u l c a n i z i n g  i n g r e d i e n t s  mixed w i t h  raw ru b ber  can a l s o  

r e a c t  w i t h  some s u b s t a n c e  r e t a i n e d  in t h e  rubbe r  su ch  a s  p r o t e i n s  and 

t h o s e  f a c t o r s  added in  e a c h  t r e a t m e n t ,  c a u s i n g  t h e  d i s c o l o r a t i o n  o f  

r u b b e r .  Some v u l c a n i z i n g  i n g r e d i e n t s  per  s e  have  c o l o r  s u c h  a s  s u l f u r ,  

S h e l l  f l e x  and MBT. However,  co m p ari son  o f  c o l o r  be tw een  raw ru b b e r  and 

compound rubbe r  a r e  b a se d  on v i s u a l  i n s p e c t i o n ,  and compound r u b b e r s  a r e  

more opaque tha n  raw r u b b e r ,  s o  t h a t  t h e  d e g r e e  o f  d i s c o l o r a t i o n  a r e  

s u b j e c t i v e .  However,  t h e  e f f e c t  o f  v u l c a n i z i n g  i n g r e d i e n t s  on 

d i s c o l o r a t i o n  a r e  s t r o n g  enough t o  c o v e r  t h e  e f f e c t  o f  d e p l e t e d  l i p i d s  

and p o l y p h e n o l s ,  o r  i n c r e a s i n g  c a r o t e n o i d s  and TS b u f f e r  o b s e r v e d  in  raw 

r u b b e r s .  In p r o c e s s i n g  o f  compound rubbe r  t o  v u l c a n i z e d  s t a t e ,  t h e  

ru b be r  must be h e a t e d  a t  150“c,  3 - 4  min d e p e n d i n g  on t h e i r  c u r e  t i m e  

d e r i v e d  from c u r e  c h a r a c t e r i s t i c  c u r v e .  The c o l o r  in d e x  o f  v u l c a n i z a t e s  

a r e  t h e r e f o r e  i n c r e a s e d  w i t h  t h e  same r e a s o n s  a s  in t h a t  o f  raw r u b b e r .

B e s i d e s  d i s c o l o r a t i o n ,  t h e  e f f e c t  o f  t h e s e  v e r i f y i n g  i n d i c a t o r s
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on Mooney v is c o s ity  has been demonstrated. Reduction o f to ta l l ip id s  

and polyphenols in the latex resu lt in reduction o f the Mooney 

v isco s ity . This f in d in g  is  not s im ila r to  the previous work (Yip and 

Subramanium, ) which indicated that lip id s  can act as p la s t ic iz e rs , 

a high content o f acetone extract rubber which contain considerable 

q u an titie s  o f l ip id s  could induce lower values of Mooney v is c o s ity . The 

reason why the lipid-rem oved rubber has lower v is c o s ity  than contro l 

rubber is  probably because some lip id s  such as fa t ty  acid which are 

cross-linked w ith  the rubber chain have been removed, so tha t the rubber 

chains can move or flow  ea s ily . However, the l ip id  substances tha t 

a ffe c t the v is c o s ity  o f rubber are not toco trie n o ls , carotenoids and 

polyphenols because add ition  of these substances do not complement 

Mooney v isco s ity . In case o f adding TS bu ffe r and PPO, Tris-sucrose 

bu ffe r reduced the v is c o s ity  whereas PPO has no e ffe c t on the v is c o s ity . 

The Mooney v isco s ity  reduction caused by Tris-sucrose bu ffe r is  probably 

due to  both amino group and sucrose, because the reaction between sugars 

and amino containing substance at high temperature can hinder or compete 

w ith c ro ss -lin k ing  between rubber pa rtic le s  re su lting  high flow  a b i l i t y  

o f rubber. In add ition  the Mooney v isco s ity  o f rubber has been shown 

to  be decreased when pro te ins are removed (Chang et a l . ,  1977). Mooney 

v isco s ity  has been known as rubber clonal c h a ra c te ris tic , i t  depends on 

the molecular weight o f the polyisoprene polymers, molecular weight 

d is tr ib u tio n  and branching o f the polymer chains includ ing linkages to  

some cross lin k in g  non-rubber molecules (Yip and Subramanium, 1984). 

Nair (1970) and Subramanium (1975) have indicated tha t rubber w ith  high 

molecular weight show high v isco s ity  and vice versa.

The ove ra ll cure cha rac te ris tics  are not affected by va ria tio n  

of to ta l l ip id s , to c o tr ie n o ls , carotenoids, and polyphenols used in th is
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research probably because the compounding form ulation used consist o f 

4 accelerators and 2 ac tiva to rs . Addition o f TS bu ffe r resu lts  in 

reduction o f cure time. This reduction may be due to  T ris-(hydroxy 

methyl)-amino methane which have an amino group, and acting as 

vulcaniz ing agent. In case of PPO, addition of th is  ind ica to r reduces 

the cure rate o f rubber. Bloomfield (1973) have suggested tha t proteins 

can in te rfe re  w ith the homogenization o f vulcanizing ingred ients, thus 

reduction in cure rate o f NR.

The e ffe c t o f each v e r ify in g  ind ica to r on physical properties 

: 300% modulus, elongation at break, te n s ile  strength, tea r strength, 

hardness and sp e c ific  g rav ity  tested, the resu lts  show tha t extracted 

rubber and rubber enriched w ith toco trien o ls , carotenoids, polyphenols 

and PPO e x h ib it reduction of te n s ile  strength and tea r strength. These 

fin d in g  could be a rte fac ts  caused by mole surface or by heterogeneous 

mixing of compound rubbers, because addition of each ind ica to r cannot 

increase these properties. Like the resu lts  o f th is  research te n s ile  

strength and tea r strength o f vulcanizate prepared from the rubber in 

the same laboratory by another worker show the lower value than i t  was 

expected, but these physical properties o f vulcanizate prepared from 

commercial TTR 5L and crepe rubber, and pressed w ith the same mold 

e x h ib it the higher value. These find ing  suggests tha t there are other 

fac to rs  affected on th is  physical properties such as storage time o f raw 

rubber before mixing w ith  vulcanizing ingredients.

From overa ll re su lts , i t  can be concluded tha t polyphenols are 

the most important in d ica to r affected on d isco lo ra tion  of rubber because 

polyphenol-added rubber show the higher degree of co lo r index than other 

treatment in every step of processing. In the processing o f raw rubber
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to compound and vulcanized rubber PPO has been destroyed by heat, but 

the d isco lo ra tion  can s t i l l  occur. This re su lt ind ica te  tha t non- 

enzymatic d isco lo ra tion  has much prolonged e ffe c t than enzymatic 

d isco lo ra tio n . Polyphenol can react w ith amino acid to give the co lo r 

product. However we could not remove the polyphenols out o f the rubber, 

because i t  can make the disadvantages e ffe c t to  the other properties 

such as an tiox ida tion . In producing the l ig h t  co lo r rubber, we should 

remove the prote ins instead o f the polyphenols because aminophenols 

formation would be lim ite d . P ara lle l research in the same laboratory 

show tha t deproteinized rubber has lower co lo r index than contro l rubber 

(Wonnop Visessanguan, 1992).

However, the resu lts  o f th is  research have been derived from 

merely 2-4 samples which could vary due to c lim a tic  cond ition , seasonal 

v a r ia tio n , tapping system and rubber processing, thus probably making 

wide va ria tio n  of the mean. This problem is  common fo r  b io lo g ica l 

m ateria ls co llected under seasonal va ria tion  etc. and could not be 

elim inated in a short period o f research of 2-3 years.
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