
CHAPTER 3

RESULTS

3 . 1  C h a r a c t e r i z a t i o n  o f  c a r o t e n o i d  p i g m e n t s  i n  f r e s h  l a t e x

C a r o t e n o i d s  a r e  t h e  w e l l  known p ig m e n t  in  rubbe r  l a t e x ,  wh ich  

r e s i d e  in  t h e  l i p i d  f r a c t i o n .  To s t u d y  t h e  e f f e c t  o f  c a r o t e n o i d s  on 

ru bbe r  d i s c o l o r a t i o n ,  t h e  t o t a l  l i p i d s  f r a c t i o n  o f  f r e s h  l a t e x  

( c l o n e  PB 5 / 5 1 )  e x t r a c t e d  by c h l o r o f o r m - m e t h a n o l  ( 2 : 1 )  were  f r a c t i o n a t e d  

on a s i l i c a  g e l  column 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 ) ,  ( 7 5 : 2 5 )  

and ( 0 : 1 0 0 )  r e s p e c t i v e l y .  Every f r a c t i o n  c o n t a i n s  y e l l o w  p ig m e n t s  wh ich  

a r e  c h a r a c t e r i z e d  by i t s  a b s o r p t i o n  s p e c t r a  in  t h e  w a v e l e n g t h  range  3 5 0 -  

500 ทโท i n  h e x a n e  ( F i g u r e  3 . 1 ) .  Comparing w i t h  3 - c a r o t e n e  s t a n d a r d ,  t h e  

f i r s t  f r a c t i o n  shows n e a r l y  i d e n t i c a l  X,M a t  4 2 5 ,  450 and 475 nm, w h i l e  

t h e  s e c o n d  and t h e  t h i r d  f r a c t i o n  show v e r y  s i m i l a r  *1ฆ a t  4 0 5 ,  425 and 

450 nm. S e p a r a t i o n  o f  t h e s e  t h r e e  f r a c t i o n  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 )  ( F i g u r e  3 . 1 )  s u g g e s t s  t h a t  

t h e  f i r s t  f r a c t i o n  c o n t a i n s  t h e  p ig m en t  w h i c h  i s  s l i g h t l y  more p o l a r  

t h a n  3 - c a r o t e n e  s t a n d a r d .  I t  may be t h e  m i x t u r e  o f  a -  and 3 - c a r o t e n e .  

The s e c o n d  and t h e  t h i r d  f r a c t i o n  c o n t a i n  p i g m e n t s  wh ich  a r e  more p o l a r  

t h a n  3 - c a r o t e n e  s t a n d a r d .  Both t h e  s e c o n d  and t h i r d  f r a c t i o n  p i g m e n t s  

may be t h e  p o l a r  c a r o t e n o i d  d e r i v a t i v e s  s u c h  a s  k e t o c a r o t e n o i d s ,  

h y d r o x y l a t e d  c a r o t e n o i d s  o r  e p o x y c a r o t e n o i d s .
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W a v e le n g t h

F i g u r e  3 . 1  A b s o r p t i o n  s p e c t r a  o f  p i g m e n t s  e l u t e d  from s i l i c a  

g e l  co lumn o f  l a t e x  l i p i d s  in  hax an e s o l u t i o n .
The a b s o r p t i o n  s p e c t r a  o f  t h e  3 s e p a r a t e d  f r a c t i o n s  in  t h e  

f o l l o w i n g  o r d e r  a r e  ะ
1) H e x a n e : d i e t h y l  e t h e r  ( 9 5 : 5 ) ,  (------ )
2 )  H e x a n e r d i e t h y l  e t h e r  ( 7 5 : 2 5 ) ,  (------ )
3)  D i e t h y l  e t h e r ,  («•»•*••)
4 )  | 3 - c a r o t e n e  s t a n d a r d  in  h e x a n e ,  (••-------- )



37

F i g u r e  3 . 2  TLC p r o f i l e  o f  c a r o t e n o i d  p i g m e n t s  e l u t e d  from s i l i c a  g e l  

co lu m n.
The c h r o m a t o g r a p h i c  p l a t e  was d e v e l o p e d  in  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 )
Lane ร ,  0 - c a r o t e n e  s t a n d a r d
Lane 1,  h e x a n e - d i e t h y l  e t h e r  ( 9 5 : 5 )
Lane 2 ,  h e x a n e - d i e t h y l  e t h e r  ( 7 5 : 2 5 )
Lane 3, d ie th y l ether
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3 . 2  C h a r a c t e r i z a t i o n  o f  t o c o t r i e n o l s  i n  f r e s h  l a t e x

F ree  t o c o t r i e n o l s ,  an a l c o h o l  l i p i d ,  e x i s t  in  rubbe r  l a t e x  a s  

n a t u r a l  a n t i o x i d a n t .  To s t u d y  t h e  e f f e c t  o f  f r e e  t o c o t r i e n o l s  a s  

r e t a r d e r  o f  rubbe r  d i s c o l o r a t i o n  wh ich  i s  c a u s e d  by e n z y m a t i c  r e a c t i o n ,  

t o c o t r i e n o l s  were  e x t r a c t e d  o u t  o f  t h e  t o t a l  l i p i d s ,  and a n a l y z e d  

s e p a r a t e d  f r a c t i o n s  from s i l i c a  g e l  co lumn by com paring w i t h  

a - t o c o p h e r o l  s t a n d a r d  h a v i n g  s t r u c t u r e  c l o s e d  t o  t o c o t r i e n o l s ,  o n l y  t h e  

s e c o n d  f r a c t i o n  shows n e a r l y  i d e n t i c a l  a t  298 nm, w h i l e  t h e  f i r s t  

and t h e  t h i r d  f r a c t i o n  show n e a r l y  ;(11น  a t  285 and 290 nm r e s p e c t i v e l y  

( F i g u r e  3 . 3 ) .  S e p a r a t i o n  o f  t h e s e  3 f r a c t i o n 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 r a c e t i c  a c i d  ( 9 0 : 1 0 : 1 )  and v i s u a l i z e d  un der  

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

t o c o t r i e n o l s  b e c a u s e  t h e  s p o t  o f  t h e  s e c o n d  f r a c t i o n  has  t h e  same  

Rf a s  a - t o c o p h e r o l  s t a n d a r d  ( F i g u r e  3 . 4 ) .  However ,  t h e r e  a r e  s e v e r a l  

f o r m s  o f  f r e e  t o c o t r i e n o l s ,  a - ,  8 - ,  y -  and 5 - f o r m ,  which can n o t  be  

d i s t i n g u i s h e d  by a b s o r p t i o n  s p e c t r o s c o p y  and one d i m e n s i o n a l  TLC 

s e p a r a t i o n .
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F i g u r e  3 . 3  U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  o f  t o c o t r i e n o l  f r a c t i o n s  

e l u t e d  from s i l i c a  g e l  co lumn o f  l a t e x  l i p i d  in  e t h a n o l .
The a b s o r p t i o n  s p e c t r a  o f  t h e  t h r e e  s e p a r a t e d  f r a c t i o n  in  

t h e  f o l l o w i n g  o r d e r  a r e  ะ
1) H e x a n e : d i e t h y l  e t h e r  ( 9 5 : 5 ) ,  ( ----- )
2)  H e x a n e : d i e t h y l  e t h e r  ( 7 5 : 2 5 ) ,  ( ----- )
3)  D i e t h y l  e t h e r ,  ( .......)
4 )  a - T o c o p h e r o l  s t a n d a r d  in  e t h a n o l ,  ( --------- )
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F i g u r e  3 . 4  TLC p r o f i l e  o f  t o c o t r i e n o l s  e l u t e d  from s i l i c a  g e l  co lu m n.
The c h r o m a t o g r a p h i c  p l a t e  was d e v e l o p e d  in  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 )
Lane ร ,  a - t o c o p h e r o l  s t a n d a r d  

Lane 1,  h e x a n e : d i e t h y l  e t h e r  ( 9 5 : 5 )
Lane 2 ,  h e x a n e : d i e t h y l  e t h e r  ( 7 5 : 2 5 )
Lane 3, d ie thy l ether
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3 . 3  Comparison o f  t o c o t r l 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  c o n t e n t s  

among rubbe r  c l o n e s

The amount o f  t h e s e  v a r y f y i n g  i n d i c a t o r  ะ t o c o t r i e n o l ,  

c a r o t e n o i d  and p o l y p h e n o l  i n  f r e s h  l a t e x  h av e  been  d e t e r m i n e d  i n  3 

ru b b e r  c l o n e s  ะ RRIM 6 0 0 ,  GT 1 and PB 5 / 5 1  by s p e c t r o p h o t o m e t r i c  method  

u s i n g  t h e  a b s o r p t i o n  c o e f f i c i e n c e s  o f  y - t o c o t r i e n o l , B - c a r o t e n e  and t h e  

s t a n d a r d  graph o f  t y r o s i n e  t o  e s t i m a t e  t h e  t o t a l  amount o f  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  r e s p e c t i v e l y .

T a b le  3 . 1  shows t h a t  PB 5 / 5 1  c o n t a i n s  t h e  h i g h e s t  amount  o f  

t o t a l  l i p i d s  c o n t e n t  w h i l e  RRIM 600 has  t h e  l o w e s t  l i p i d s .  However ,  
t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  a t  98% c o n f i d e n c e  b e c a u s e  t h e  

v a r i a t i o n  among 4 s a m p l e s  y i e l d i n g  h i g h  s t a n d a r d  d e v i a t i o n .  For  

t o c o t r i e n o l s  c o n t e n t ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  among 3 ru b ber  

c l o n e s  ( 0 . 0 7 - 0 . 0 8  g / 1 0 0 g  d r y  w t ,  r u b b e r ) .  Only  t h e  c a r o t e n o i d  c o n t e n t  

t h a t  s i g n i f i c a n t  d i f f e r e n c e  h a s  been  c l e a r ;  PB 5 /5 1  shows t h e  h i g h e s t  

amount  o f  t o t a l  c a r o t e n o i d s  c o n t e n t  ( 1 9 0  p g ) .  In c a s e  o f  p o l y p h e n o l s  

c o n t e n t ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  in  a l l  3 ru b b e r  c l o n e s  

( 0 . 1 1 - 0 . 1 3  g / 1 0 0 g  dry w t .  r u b b e r ) .

T h e s e  r e s u l t s  s u g g e s t  t h a t  c a r o t e n o i d s  may be an i n d i c a t o r  w h i c h  

a f f e c t  on t h e  c o l o r  o f  ru b b e r  a l t h o u g h  e x i s t i n g  i n  a v e r y  s m a l l  q u a n t i t y  

( 0 . 0 0 3 - 0 . 0 0 7  % t o t a l  l i p i d ) .
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T a b l e  3 . 1  Comparison o f  t o t a l  l i p i d 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  c o n t e n t s  in  t h e  l a t e x  c o l l e c t e d  from d i f f e r e n t  ru b ber  c l o n e s

C o m p o s i t i o n  

( i n  1 0 0 g d r y  wt .  
ru b be r )

Rubber c l o n e

RRIM 600 GT 1 PB 5 / 5 1

T o t a l  l i p i d  ( g ) 1 . 8 7 + 0 . 4 0 2 . 2 1 + 1 . 0 8 2 . 8 2 + 1 . 4 0
T o c o t r i e n o l s  ( g ) 0 . 0 8 + 0 . 0 2 0 . 0 7 + 0 . 0 2 0 . 0 7 + 0 . 0 1
(% T o t a l  l i p i d ) ( 4 . 3 ) ( 3 . 2 ) ( 3 . 2 )
C a r o t e n o i d s  (yUg) 5 9 . 6 5 + 6 . 5 2 a 1 1 9 . 3 3 + 4 6 . 7 4 b 1 8 9 . 5 1 + 5 4 . 5 9 c
(% T o t a l  l i p i d ) ( 0 . 0 0 3 ) ( 0 . 0 0 5 ) ( 0 . 0 0 7 )
P o l y p h e n o l s  ( g ) 0 . 1 2 ± 0 . 0 2 0 . 1 1 + 0 . 0 4 0 . 1 3 + 0 . 0 5

V a l u e  p r e s e n t e d  a r e  means o f  4 l a t e x  s p e c i ment  + s t a n d a r d  d e v i a t i o n  

a ,  b ,  c ,  i s  an s i g n i f i c a n t  d i f f e r e n c e  a t  95% c o n f i d e n c e  a n a l y z e d  by t - t e s t
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3 . 4  D i s t r i b u t i o n  o f  p o l y p h e n o l  o x i d a s e  a c t i v i t y

The d i s t r i b u t i o n  o f  PPO a c t i v i t y  i n  v a r i o u s  f r a c t i o n s  o f  l a t e x  

h a s  been i n v e s t i g a t e d  a f t e r  f r a c t i o n a t i o n  o f  l a t e x  i n t o  r u b b e r ,  serum 

and l u t o i d  f r a c t i o n s  in  t h e  p r e s e n c e  o f  s t a b i l i z i n g  b u f f e r .  T a b l e  3 . 2  

sh ow s  t h a t  serum f r a c t i o n  c o n t a i n s  t h e  h i g h e s t  PPO a c t i v i t y ,  w h ich  i s  

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

l a t e x  s p e c im e n  o f  a l l  t h r e e  ru bbe r  c l o n e s  c o l l e c t e d .  A l t h o u g h ,  t h e r e  

i s  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  among t h e s e  t h r e e  

ru b ber  c l o n e s ,  t h e r e  i s  a t r e n d  t h a t  RRIM 600 c o n t a i n s  l o w e r  amount o f  

t o t a l  PPO a c t i v i t y .

3 . 5  The c o r r e l a t i o n  b et w ee n  c o l o r  in d ex  and t h e s e  v e r i f y i n g  i n d i c a t o r s

In o r d e r  t o  e m p h a s i z e  t h e  e f f e c t  o f  e a c h  v e r i f y i n g  i n d i c a t o r  on 

c o l o r  i n d e x ,  f r e s h  l a t e x  h as  been d i v i d e d  i n t o  5 p o r t i o n s ,  t h e  f i r s t  

p o r t i o n  i s  f o r  c o n t r o l  u n t r e a t e d  ru b b e r ,  t h e  s e c o n d  p o r t i o n  h a s  been  

e x t r a c t e d  w i t h  c h l o r o f o r m  -  met hanol  ( 2 : 1 ) ,  and i n t o  t h e  o t h e r  3 

p o r t i o n s ,  e a c h  v e r i f y i n g  i n d i c a t o r  h as  been  added a t  t h e  amount o f  

"mean + 2 S . D . "  t o  e s t i m a t e  t h e  e f f e c t  o f  e a c h  v e r i f y i n g  i n d i c a t o r  a s  

p e r  c e n t  d i f f e r e n c e  i n  c o l o r  i n d e x  ( ± % A ) ,  w h ere  p l u s  s i g n  ( + )  i n d i c a t e s  

d a r k e r  c o l o r  and minus  s i g n  ( - )  i n d i c a t e s  l i g h t e r  c o l o r .
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T a b l e  3 . 2  D i s t r i b u t i o n  o f  p o l y p h e n o l  o x i d a s e  a c t i v i t y  in  v a r i o u s  

f r a c t i o n s  o f  f r e s h  f i e l d  l a t e x

L a te x
c l o n e

PPO a c t i v i t y  i n  v a r i o u s  f r a c t i o n s  

(X10 3  u n i t / 1 0 0 g  d r y  w e i g h t  o f  r u b b e r )
T o t a l

(X10 3  u n i t / 1 0 0 g  

d ry  w e i g h t  o f  ru b b e r
Rubber Serum L u t o i d

RRIM 600 4 . 0  + 8 . 0 a 1 1 8 . 4 + 5 4 . 8 b 1 8 . 4 + 1 3 . 9C 1 4 0 . 8 + 6 5 . 8
GT 1 7 . 0  + 8 . 2 a 1 8 4 . 0 + 5 4 . 9 b 3 8 . 3 + 1 5 . 0 ° 2 2 9 . 4 + 7 1 . 9
PB 5/ 51 9 . 6  + 8 . 2 a 1 6 1 . 7 + 1 0 5 . 0 b 1 0 3 . 1 + 1 3 3 . 0 b 2 6 7 . 7 + 1 8 2 . 0

V a l u e s  p r e s e n t e d  a r e  mean o f  4 l a t e x  s p e c i m e n s  + s t a n d a r d  d e v i a t i o n .  

S i g n i f i c a n t  d i f f e r e n c e  o f  PPO a c t i v i t y  b e tw e e n  f r a c t i o n s  w i t h i n  e a c h  

reuube c l o n e  a r e  marked by d i f f e r e n t  l e t t e r  ( a ,  b,  c )  a n a l y s e d  by t - t e s t
a t  95% c o n f i d e n c e
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T a b l e  3 . 3  and F i g u r e  3 . 5  show t h a t  among c o n t r o l  s p e c i m e n s  o f  

3 ru b b e r  c l o n e s  c o l l e c t e d ,  GT 1,  h as  a t r e n d  t o  g i v e  t h e  h i g h e s t  c o l o r  

i n d e x ,  f o l l o w e d  by PB 5 / 5 1  and RRIM 600 r e s p e c t i v e l y .  But o n l y  t h e  

c o l o r  i n d e x  o f  RRIM 600 i s  s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  o f  GT 1 and PB 

5 / 5 1  a t  95% c o n f i d e n c e .  Removal o f  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s
I

r e s u l t e d  in  t h e  r e d u c t i o n  o f  c o l o r  i n d e x .  In RRIM 6 0 0 ,  t h e  c o l o r  in d ex  

d e c r e a s e d  from 7 . 1  t o  4 . 4 ,  w h ich  i s  n o t  s i g n i f i c a n t  d i f f e r e n c e  b e c a u s e  

t h e  o r i g i n a l  c o l o r  i s  w h i t e .  In GT 1 and PB 5 / 5 1 ,  t h e  c o l o r  in d e x  

d e c r e a s e d  s i g n i f i c a n t l y  from 1 0 . 8  t o  4 . 2  ( -60%) and 8 . 8  t o  4 . 8  (-44%)  

r e s p e c t i v e l y .  In c a s e  o f  t o c o t r i e n o l s ,  t h e  a d d i t i o n  o f  t h i s  i n d i c a t o r  

s o m e t i m e s  h as  a t r e n d  t o  r e d u c e  t h e  c o l o r  i n d e x  and s o m e t im e s  has  a 

t r e n d  t o  i n c r e a s e  t h e  c o l o r  i n d e x .  However i t  i s  not  s i g n i f i c a n t  

d i f f e r e n c e  a t  95% c o n f i d e n c e .  A d d i t i o n  o f  c a r o t e n o i d s  i n c r e a s e s  t h e  

c o l o r  in d e x  o f  GT 1 (+45%) and PB 5 / 5 1  (+40%) s i g n i f i c a n t l y ,  but  n o t  

s i g n i f i c a n t  in  RRIM 600 wh ich  h as  t h e  l e a s t  amount  o f  c a r o t e n o i d  among 

3 ru b be r  c l o n e s .  A d d i t i o n  o f  p o l y p h e n o l  i n c r e a s e d  t h e  c o l o r  i n d e x  most  

s i g n i f i c a n t l y  in  e v e r y  c l o n e .  The c o l o r  i n d e x  o f  RRIM 600 and PB 5/ 51  

i n c r e a s e d  up t o  89% and 97%.

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

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

t h e  l a t e x  e s p e c i a l l y  f o r  c a r o t e n o i d  p i g m e n t s  and v e r y  l i k e l y  

p o l y p h e n o l s .  P o l y p h e n o l s  and c a r o t e n o i d  p i g m e n t s  h av e  a rem a r k a b le  

e f f e c t  on t h e  c o l o r  o f  raw ru bbe r  a l t h o u g h  some ru b b e r  s p e c i m e n s  v a l u e s  

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

r e s u l t i n g  from v a r i a t i o n  o f  ru b b e r  l a t e x  c o l l e c t e d  a t  d i f f e r e n t  t i m e .  

T o c o t r i e n o l s  wh ich  i s  f i r s t l y  e x p e c t e d  t o  r e t a r d  t h e  e n z y m a t i c  

d i s c o l o r a t i o n  h as  no e f f e c t  on t h e  c o l o r  o f  raw r u b b e r .
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In c a s e  o f  PPO, f r e s h  l a t e x  was  f i r s t  s t a b i l i z e d  w i t h  0 . 0 8  M 

T r i s - H C l  b u f f e r  pH 7 . 0  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. T a b l e  3 . 4  shows t h a t  a d d i t i o n  o f  b u f f e r  a l o n e  

r e s u l t e d  in  a s i g n i f i c a n t  i n c r e a s e  in  c o l o r  i n d e x  com parin g w i t h  i t s  

c o n t r o l .  However ,  a d d i t i o n  o f  PPO (Mean + 2  S .D .  o f  each  c l o n e )  d o e s  

n o t  i n c r e a s e  t h e  c o l o r  i n d e x  s i g n i f i c a n t l y  co m p a r in g  w i t h  t h e  l a t e x  p l u s  

TS b u f f e r .
T h i s  r e s u l t  s u g g e s t s  t h a t  TS b u f f e r  h a s  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 ru b ber  b u t  PPO d o e s  n o t .
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T a b l e  3 . 3  Comparison o f  c o l o r  i n d e x  and % d i f f e r e n c e  in  c o l o r  in d e x  

o f  d r i e d  ru b b e r  b e f o r e  and a f t e r  e x t r a c t i o n  o f  t o t a l  l i p i d s  i n c l u d i n g  

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

R u b b e r C o l o r  I n d e x  o f r u b b e r  s a m p l e s  ( +  X D i f f e r e n c e  f r o m  c o n t r o l )

c l o n e

C o n t r o l E x t r a c t e d + T q c o t r i e n o l + C a r o t e n o i d + P o l y p h e n o l

(No t r a a t . D e n t ) - L i p l d + p o l y p h e n o l ( x  + 2 ร . 0 . ) (X + 2 S . D . ) (X + 2 ร . ว .  )

RRIH 6 0 0 4 . 5 4 . 0 ( - 1 1 ) 5 . 0 ( + 1 1 ) 7 . 0 ( + 5 5 ) 7 . 5 ( +  5 7 )
6.0 4 . 0 ( - 3 3 ) 6 . 5 ( +  3 ) 8.0 ( + 3 3 ) 1 4 . 0 ( + 1 3 3 )

9 . 0 4 .  5 ( - 5 0 ) 6.0 ( - 3 3 ) 10.0 ( + 11) 1 6 . 0 ( +  7 8 )
9 . 0 5 . 0 ( - 4 4 ) 7 . 5 ( - 2 8 ) 10.0 ( + 11) 1 6 . 0 ( +  7 3 )

M e an + S .  D. 7 . 1 + 2 . 2 4 . 4 + 0 . 5 ( - 3 4 ) 6. 3 + 1 . 0 ( - 1 0 ) 8. 8 + 1 . 5 ( + 2 8 ) 1 3 . 4 + 4 . 0
.

( +  3 9 )

GT 1 12.0 3 . 0 ( - 7 5 ) 12.0 ( 0 ) 1 6 . 0 (+ 33) 1 6 . 0 ( +  3 3 )
7 . 0 3 . 0 ( - 5 1 ) 1 3 . 0 ( + 8 6 ) 1 5 . 0 ( + 1 1 4 ) 12.0 ( +  7 1 )

12.0 6.0 ( - 5 0 ) 1 4 . 0 ( + 1 7 ) 1 4 . 0 (+ 17) 1 6 . 0 ( +  3 3 )  I
12.0 5 . 0 ( - 5 8 ) 12.0 ( 0 ) 1 4 . 0 ' ( +  17) 1 6 . 0 ( +  3 3 )

M e a n + S . D . 1 0 . 3 + 2 . 5 4 . 3 + 1 . 5 ( - 5 0 ) 12. 8 + 1 . 0 ( + 2 5 ) 1 4 . 8 + 1 . 0 (+ 45) 1 5 . 0 + 2 . 0 ( +  4 3 )

PB 5 / 5 1 7 . 0 3 . 5 ( - 5 0 ) 12.0 ( + 7 1 ) 12.0 (+  7 1) 1 6 . 0 ( + 1 2 9 )

6.0 4 .  5 ( - 2 5 ) 8 . 5 ( + 4 8 ) 10.0 (+ 6 8 ) 1 6 . 0 ( + 1 6 6 )

12.0 6.0 ( - 5 0 ) 10.0 ( - 1 7 ) 12.0 ( 0 ) 1 6 . 0 ( +  3 3 )
10.0 5 . 0 - ( - 5 0 ) 10.0 ( 0 ) 12.0 ( +  2 0 ) 1 6 . 0 ( +  5 0 )

M e a n + S . D . 8. 8 + 2 . 3 4 . 8 + 1 . 0 ( - 4 4 ) 1 0 . 1 + 1 . 4 ( + 2 4 ) 1 1 . 5 + 1 . 0 (+  4 0 ) 1 6 . 0 + 0 ( +  9 7 )
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T a b l e  3 . 4  Comparison o f  c o l o r  i n d e x  o f  d r i e d  rubber  b e f o r e  and 

a f t e r  a d d i t i o n  o f  PPO งè
Rubber Color index (+% d iffe ren ce ) แ น '์เ^ ,

clone Before adding A fte r  adding

-  TS bu ffe r + TS b u ffe r + TS bu ffe r and PPO

RRIM 600 4 . 5 1 4 . 0 ( + 2 1 1 ) 1 6 . 0 ( + 2 5 6 )
6 . 0 1 1 . 0 (+  8 3 ) 1 2 . 0 ( + 1 0 0 )
9 . 0 1 4 . 0 (+ 5 6 ) 1 4 .0 (+ 56)
9 . 0 1 4 .0 (+ 5 6 ) 1 4 . 0 (+ 56 )

Mean 7 . 1 + 2 . 3 1 3 . 3 + 1 . 5 ( + 1 0 1 ) 1 4 . 0 + 1 . 6  ( + 1 1 7 )

GT 1 1 2 . 0 1 4 . 0 (+ 17) 1 4 .0 (+ 17)
7 . 0 1 4 . 0 ( + 1 0 0 ) 1 4 .0 ( + 1 0 0 )

1 2 . 0 1 4 . 0 (+ 17 ) 1 6 .0 (+ 33 )
1 2 . 0 1 4 . 0 (+ 17) 1 6 .0 ( + 1 3 3 )

Mean 1 0 . 8 + 2 . 5 1 4 .0 + 0 (+ 3 5 ) 1 5 . 0 + 1 . 2 (+ 4 6 )

PB 5/51 7 . 0 1 2 . 0 (+  7 1 ) 1 6 . 0 ( + 1 2 9 )
6 . 0 1 4 . 0 ( + 1 3 3 ) 1 6 . 0 ( + 1 6 7 )

1 2 . 0 1 4 . 0 (+ 17 ) 1 6 . 0 (+ 3 3 )
1 0 . 0 1 4 . 0 (+ 4 0 ) 1 6 . 0 - ( +  60 )

Mean 8 . 8 + 2 . 8 1 3 . 5 + 1 . 0 (+ 6 5 ) 1 6 .0 + 0 (+ 97 )

'.>& 1



F i g u r e  3 . 5  Comparison o f  c o l o r  o f  c o n t r o l  raw ru bbe r  w i t h  l i p i d s  

d e p l e t e d  rubber  and e n r i c h m e n t  o f  v a r i o u s  d i s c o l o r a t i n g  f a c t o r s

Raw rubber  p r o d u ced  by a c i d  c o a g u l a t i o n  from l a t e x  w i t h  and 

w i t h o u t  t r e a t m e n t s  a r e  compared among 3 ru b b e r  c l o n e s  ะ
a )  RRIM 60 0 ,  b) GT 1 and c )  PB 5 / 5 1
where  1 . c o n t r o l 2 . -  l i p i d s  and p o l y p h e n o l s

3. + t o c o t r i e n o l s 4 . + c a r o t e n o i d s

5. + p o l y p h e n o l s 6 . + TS b u f f e r

7. + Ts  b u f f e r  and PPO



RRIM 600
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3 . 6  E f f e c t  o f  t o t a l  l i p i d s ,  t o c o t r i e n o l ร .  c a r o t e n o i d s ,  p o l y p h e n o l s  and 

p o l y p h e n o l  o x i d a s e  on d i s c o l o r a t i o n  o f  compound and v u l c a n i z e d  ru bbe r

When t h e s e  raw ru b be rs  p r e p a r e d  u n d er  v a r i o u s  t r e a t m e n t s  have  

b ee n  mixed  by s i m i l a r  compounding f o r m u l a t i o n ,  and compound a g a i n  f o r  

r e l a t i v e  c h a n g e s  in  c o l o r  o f  rubbe r  compare d ,  F i g u r e  3 . 6  shows t h a t  

removal  o f  t o t a l  l i p i d s  and p o l y p h e n o l s  i s  n e a r l y  s i m i l a r  t o  t h a t  o f  

c o n t r o l  r u b b e r .  A d d i t i o n  o f  t o c o t r i e n o l s  and c a r o t e n o i d s  have  no e f f e c t  

on t h e  c o l o r  o f  compound rubbe r  w h i l e  a d d i t i o n  o f  p o l y p h e n o l s  i n c r e a s e d  

t h e  c o l o r  o f  compound rubbe r  most  s i g n i f i c a n t l y  in  a l l  3 rubber  c l o n e s .  

A d d i t i o n  o f  TS b u f f e r  a l o n e ,  and TS b u f f e r  w i t h  PPO d i d  n o t  i n c r e a s e d  

t h e  c o l o r  o f  compound ru b ber .  T h i s  r e s u l t  i m p l i e s  t h a t  i n c r e a s i n g  

p o l y p h e n o l  c o n t e n t  s h o u l d  r e a c t  w i t h  c h e m i c a l s  in  t h e  compounding  

m i x t u r e  and h av e  rem ark a b le  e f f e c t  on t h e  c o l o r  o f  compound ru b be r .



Raw rubbe r  p ro d u ce d  under  v a r i o u s  c o n d i t i o n  ( 200 g)  was mixed  

a c c o r d i n g  t o  t h e  compounding f o r m u l a t i o n  ( 2 . 1 6 )  and compared among 

3 ru b b e r  c l o n e s  ะ

Figure 3.6 Comparison o f co lo r o f compound rubbers

a )  RRIM 60 0 ,  b) GT 1 and c )  PB 5/ 51
where  1 . c o n t r o l 2 . -  l i p i d s  and p o l y p h e n o l s

3 .  + t o c o t r i e n o l s 4 . + c a r o t e n o i d s

5 .  + p o l y p h e n o l s 6 . + TS b u f f e r
7 .  + Ts b u f f e r  and PPO





Figure 3.7 Comparison o f co lo r o f vulcanized rubbers depleted rubber

Compound rubbe r  produced  from raw ru b b e r  w h ich  pro duce d  under  

v a r i o u s  c o n d i t i o n  was v u l c a n i z e d  t o  i t s  optimum c u r e  s t a t e ,  and compared  

among 3 ru b ber  c l o n e s  ะ
a)  RRIM 6 0 0 ,  b) GT 1 and c )  PB 5 /5 1
where  1 . c o n t r o l 2 . -  l i p i d s  and p o l y p h e n o l s

3. + t o c o t r i e n o l s 4 . + c a r o t e n o i d s

5. + p o l y p h e n o l s 6 . + TS b u f f e r

7 .  + Ts b u f f e r  and PPO



RRIM 600

2

5 6

GT 1

2

5 6

PB 5/51
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V u l c a n i z a t i o n  o f  compound r u b b e r s  g i v e  r i s e  t o  v u l c a n i z a t e s  o f  

h i g h e r  d e g r e e  in  c o l o r  t h a n  t h e  c o r r e s p o n d i n g  compound r u b b e r ,  a s  shown  

in  F i g u r e  3 . 6 .  Removal o f  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s  d o e s  n o t  

h a v e  any 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  c om p a r in g  w i t h  u n t r e a t e d  

v u l c a n i z a t e .  A d d i t i o n  o f  t o c o t r i e n o l s  and c a r o t e n o i d s  a l s o  do n o t  h av e
I

any  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 ,  but  a d d i t i o n  o f  p o l y p h e n o l s  

i n c r e a s e  t h e  c o l o r  m ost  s i g n i f i c a n t l y  in  a l l  3 ru b b e r  c l o n e s .  By a d d i n g  

TS b u f f e r  a l o n e ,  t h e  v u l c a n i z a t e  show d a r k e r  c o l o r  t h a n  c o n t r o l  

v u l c a n i z a t e ,  b u t  l e s s  t h a n  p o l y p h e n o l - a d d e d  v u l c a n i z a t e .  However ,  
a d d i t i o n  o f  PPO d o e s  n o t  i n c r e a s e d  t h e  c o l o r  o f  v u l c a n i z a t e  c om p a r in g  

w i t h  v u l c a n i z a t e  p r e p a r e d  from l a t e x  p l u s  TS b u f f e r .  T h i s  r e s u l t  

s u g g e s t s  t h a t  p o l y p h e n o l s  and TS b u f f e r  have  a p r o f o u n d i n g  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 e d  r u b b e r ,  bu t  d e p l e t i o n  o f  a l l  t h e  l i p i d s  and 

p o l y p h e n o l s  d i d  n o t  h e l p  much in  im p r o v in g  t h e  c o l o r  o f  v u l c a n i z a t e .  

T h i s  e x p e r i m e n t  i s  d e s i g n e d  t o  e x t r a p o l a t e  how t h e s e  v a r y f y i n g  

i n d i c a t o r s  a f f e c t  t h e  c o l o r  o f  raw r u b b e r ,  compound rubber  and f i n a l l y  

v u l c a n i z e d  r u b b e rs  t o  u n d e r s t a n d  n o t  o n l y  t h e  c a u s e  b u t  a l s o  t h e  

mechani sm o f  d i s c o l o r a t i o n .  A d d i t i o n  o f  p o l y p h e n o l  h as  t h e  most  

r e m a r k a b le  e f f e c t  on t h e  c o l o r  o f  raw ru b ber  in  wh ich  m o d e r a t e  

t e m p e r a t u r e  ( 5 0 - 6 0 ° C )  h a s  been  u sed  f o r  d r y i n g ,  and t h e  i n t e n s i t y  o f  

b l a c k  c o l o r  has  i n c r e a s e d  w i t h  h i g h  t e m p e r a t u r e  ( * 1 5 0 ° C )  i n  t h e  

v u l c a n i z a t i o n .  TS b u f f e r  h a s  a p r o f o u n d i n g  e f f e c t  o n l y  on t h e  c o l o r  o f  

v u l c a n i z a t e  o r  e n h a n ced  by h i g h  t e m p e r a t u r e .  Removal o f  t h e s e  v a r y f y i n g  

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

im pro ve  much t h e  c o l o r  o f  compound and v u l c a n i z e d  ru b ber .
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3 . 7  The e f f e c t  o f  d e c r e a s i n g  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s ,  and 

i n c r e a s i n g  t o c o t r i e n o l s ,  c a r o t e n o i d s ,  p o l y p h e n o l s  and p o l y p h e n o l  o x i d a s e  

on Mooney v i s c o s i t y  o f  raw ru bbe 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  

on Mooney v i s c o s i t y  has  been i n v e s t i g a t e d  a s  shown in  T a b l e  3 . 5  and 3 . 6  

a s  % d i f f e r e n c e  in  Mooney v i s c o s i t y  number (±%4 ML ( 1 + 4 )  1 0 0 * 0  from  

c o n t r o l  u n t r e a t e d  raw ru b b e r .
I t  i s  c l e a r l y  d e m o n s t r a t e d  t h a t  remova l  o f  t o t a l  l i p i d s  wh ich  

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

( a b o u t  10-30%) in  a l l  3 ru b b e r  c l o n e s .  A d d i t i o n  o f  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  s o m e t i m e s  r e d u c e d  t h e  v i s c o s i t y  and 

s o m e t i m e s  i n c r e a s e  t h e  v i s c o s i t y  t o  a l e s s  e x t e n t  (± 1 -14 % ).  However ,  
t h e  Mooney v i s c o s i t y  has  been a f f e c t e d  s i g n i f i c a n t l y  by t h e  a d d i t i o n  o f  

0 . 0 8  M T r is -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 .  About  10-30% r e d u c t i o n  

in  t h e  Mooney v i s c o s i t y  has  been  o b s e r v e d ,  w h er e  m e r e l y  1 . 0  M s u c r o s e  

0 . 0 8  M T r i s - b u f f e r  has  been a d d ed ,  and a d d i n g  b o t h  PPO and b u f f e r  h av e  

r e s u l t  in  more o r  l e s s  no d i f f e r e n c e  from b u f f e r  a l o n e .

S i n c e  Mooney v i s c o s i t y  i s  t h e  p h y s i c a l  p r o p e r t y  o f  ru bbe r  

p a r t i c l e s  p e r  s e ,  t h e s e  r e s u l t s  i n d i c a t e  t h a t  some n o n - r u b b e r  

c o n s t i t u e n t s  e x t r a c t e d  by c h l o r o f o r m :  m et h a n o l  ( 2 : 1 , v / v )  have  an e f f e c t  

on t h e  Mooney v i s c o s i t y .  However ,  t h e s e  a r e  n o t  t o c o t r i e n o l s ,  

c a r o t o n o i d s ,  p o l y p h e n o l  and PPO. The r e d u c t i o n  o f  Mooney v i s c o s i t y  

a f f e c t e d  by TS b u f f e r  may be due  t o  s u c r o s e  e x i s t e d  in  t h e  b u f f e r .
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T a b l e  3 . 5  Mooney v i s c o s i t y  o f  d i r e d  ru b b e r  a f t e r  v a r i o u s  t r e a t m e n t s  

and p e r  c e n t  d i f f e r e n c e  in  v i s c o s i t y  number compared w i t h  c o n t r o l  

u n t r e a t e d  rubber

Rubber Mooney v i s c o s i t y  o f  raw r u b b e r ,  ML(1+4 )1 0 0 °c  ( + % D i f f e r e n c e )

c l o n e Co ntro l - T o t a l  l i p i d s  
and p o l y p h e n o l s

V

+ T o c o t r i e n o l s + C a r o t e n o i d s + P o l y p h e n o l s

RRIM 600 5 1 . 9 4 2 . 9 ( - 1 7 ) 5 4 . 2 ( + 4 ) 5 6 . 8 (+9 ) 5 8 . 9 ( + 1 4 )
70 .1 5 6 . 6 ( - 1 9 ) 6 9 . 7 ( - 1 ) 6 7 . 9 ( - 3 ) 7 1 . 5 (+ 2 )

GT 1 7 9 . 9 7 2 . 8 ( -  9) 8 0 . 9 ( + 1 ) 8 3 . 6 ( + 5) 8 0 . 6 (+ 1 )
8 0 . 7 6 0 . 0 ( - 2 6 ) 7 8 .1 ( - 3 ) 7 9 . 4 ( - 2 ) 7 3 . 0 ( - 1 0 )

PB 5 /5 1 8 7 . 6 6 1 . 0 ( - 3 0 ) 8 6 . 9 ( - 1 ) 8 8 . 4 ( + 1 ) 8 8 . 5 (+ 1 )
9 0 . 4 7 7 . 5 ( - 1 4 ) 9 4 . 2 ( + 4 ) 9 1 . 2 ( + 1 ) 8 9 . 2 ( -  1 )
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T a b l e  3 . 6  Mooney v i s c o s i t y  o f  d r i e d  ru b b e r  b e f o r e  and a f t e r  a d d i t i o n  

o f  PRO

Rubber Mooney v i s c o s i t y  o f  raw ru b ber  (M L ( 1 + 4 )1 0 0 °C )  ( + X D i f f e r e n c e )

c l o n e B e f o r e  t r e a t m e n t A f t e r  t r e a t m e n t
-  TS b u f f e r I

+-TS b u f f e r + TS b u f f e r  and PPO

RRIM 600 5 1 . 9 3 7 . 5  ( - 2 8 ) 4 0 . 1  ( - 2 1 )
7 0 .1 5 5 . 2  ( - 2 1 ) 5 8 . 5  ( - 1 5 )

GT 1 7 9 . 9 6 4 . 3  ( - 2 0 ) 6 3 . 3  ( - 2 1 )
8 0 . 7 6 7 . 0  ( - 1 7 ) 5 8 . 5  ( - 2 8 )

PB 5 / 5 1 8 7 . 6 7 9 . 4  ( -  9) 7 8 . 2  ( - 1 1 )
9 0 . 4 8 1 . 8  ( -  9 ) 8 0 . 6  ( - 1 1 )
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3 . 8  The e f f e c t  o f  d e c r e a s i n g  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s ,  and 

i n c r e a s i n g  t o c o t r i e n o l s ,  c a r o t e n o i d s ,  p o l y p h e n o l s  and PPO on c u r e  

c h a r a c t e r i s t i c s  o f  raw rubbe r

O th er  p h y s i c a l  p r o p e r t y  i n v e s t i g a t e d  a r e  c u r e  c h a r a c t e r i s t i c s  

w h i c h  i n d i c a t e  t h e  e s s e n t i a l  d a t a  s u c h  a s  s c o r c h  t i m e ,  c u r e  t i m e  and 

r a t e  o f  c u r e  used  in  c o n v e r t i n g  compound ru b b e r  t o  v u l c a n i z a t e .  In 

o r d e r  t o  e m p h a s i z e  t h e  e f f e c t  o f  e a c h  v e r i f y i n g  i n d i c a t o r  on c u r e  

c h a r a c t e r i s t i c s ,  a i r  d r i e d  rubbe r  added w i t h  e a c h  v e r i f y i n g  i n d i c a t o r ,  

e x t r a c t e d  rubbe r  and c o n t r o l  u n t r e a t e d  ru b b e r  were  mixed w i t h  t h e  

v u l c a n i z i n g  i n g r e d i e n t s ,  l e f t  f o r  24 h and t h e n  c u r i n g  b e h a v i o r s  o f  t h e  

compound ru b b e r s  a r e  d e t e r m i n e d .

Cure c h a r a c t e r i s t i c s  o f  c o n t r o l  u n t r e a t e d  ru bbe r  and o f  t r e a t e d  

ru b b e r  a r e  shown in  F i g u r e  3 . 8 - 3 . 1 2 .  The minimum t o r q u e  (ML) and t h e  

maximum t o r q u e  (MH) o f  c o n t r o l  rubbe r  i n  a l l  c l o n e s  t e s t e d  range  from  

1 4 . 0 - 1 6 . 6  and 3 . 4 - 3 . 8  min.  In c a s e  o f  t h e  c u r e  r a t e  PB 5 /5 1  shows t h e  

h i g h e s t  v a l u e  a t  0 . 5 6  in  l b . / m i n ,  f o l l o w e d  by RRIM 600 ( 0 . 5 3 )  and GT 

1 ( 0 . 4 5 )  r e s p e c t i v e l y .  Removal o f  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s  

has  no d r a s t i c  e f f e c t  on t h e  ML o f  a l l  c l o n e s  t e s t e d .  The r e d u c t i o n  

s o m e t i m e s  d e c r e a s e  t h e  MH and t h e  Tj, and s o m e t i m e s  i n c r e a s e d  t h e  MH and 

t h e  Tj co m p a ri n g  w i t h  t h e i r  c o n t r o l s .  In c a s e  o f  T90 and c u r e  r a t e  (Tgg- 
T$) ,  l i p i d - d e p l e t e d  r u b b e r s  show a t r e n d  t o  i n c r e a s e  t h e s e  v a l u e s ,  

h ow ev er  t h e s e  d i f f e r e n c e s  a r e  v e r y  s m a l l .  A d d i t i o n  o f  t o c o t r i e n o l  has  

l e s s  e f f e c t  on t h e  ML, Ts, Tgg-Tj, b u t  h a s  a t r e n d  t o  d e c r e a s e  t h e  MH o f  

a l l  3 ru bbe r  c l o n e s .  The e f f e c t  o f  i n c r e a s i n g  c a r o t e n o i d s  and 

p o l y p h e n o l s  on c u r e  c h a r a c t e r i s t i c s  i s  u n c e r t a i n  in  a l l  3 ru b be r  c l o n e s  

and m o s t  l i k e l y  n o t  s i g n i f i c a n t .  In c a s e  o f  PPO, rubbe r  added w i t h  TS 
b u f f e r  shows a s m al l  d e c r e a s e  in  c u r e  t i m e  (Tgg) a b o u t  minus  11-23%
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co m p a r in g  w i t h  i t s  c o n t r o l .  A d d i t i o n  o f  PPO t e n d s  t o  r e d u c e  t h e  Mj, and 

c u r e  r a t e  (Tgo~Ts ) o f  a l l  c l o n e s  t e s t e d  w h i l e  h as  l e s s  e f f e c t  on t h e  

o t h e r  c h a r a c t e r s .

T h ese  r e s u l t s  s u g g e s t  t h a t  d e c r e a s i n g  o f  t o t a l  l i p i d s  wh ich  

i n c l u d e d  p o l y p h e n o l s  and i n c r e a s i n g  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  a t  mean + 2 S .D .  v a l u e s  o f  e a c h  c l o n e  have  no d r a s t i c  e f f e c t  

on c u r e  c h a r a c t e r i s t i c s  o f  a l l  3 ru bbe r  c l o n e s  t h o u g h  in  some c a s e ,  

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

a d d i n g  TS b u f f e r  a l o n e ,  t h e  c u r e  t i m e  o f  a l l  3 rubbe r  c l o n e s  become  

s h o r t e r  tha n  t h a t  o f  t h e i r  c o n t r o l ,  where  a d d i t i o n  o f  PPO p l u s  TS b u f f e r  

r e s u l t  in  no f u r t h e r  ch an g e  o f  t h e  c u r e  t i m e  but  s m a l l  r e d u c t i o n  in  c u r e  

r a t e .



Figure 3.8 E f f e c t  o f  d e c r e a s i n g  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s  on 

c u r e  c h a r a c t e r i s t i c s
( □  C o n tr o l  ; รฐ -  T o t a l  l i p i d s  p l u s  p o l y p h e n o l )
a)  Minimum t o r q u e  (ML) and maximum t o r q u e  (MH)
b) S c o r c h  t i m e  (T ) and c u r e  t i m e  (Tjjj)
c )  Cure r a t e  (Tjq- T s )
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Figure 3.9 Effect of increasing toco tr ieno ls  on cure cha rac te r is t ics

( □  C o n tr o l  ; เฐ + T o c o t r i e n o l s )
a)  Minimum t o r q u e  (ML) and maximum t o r q u e  (MH)
b) S c o r c h  t i m e  (Tj) and c u r e  t i m e  (Tgg)
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( □  C o n t r o l  ; เฐ + C a r o t e n o i d s )
a )  Minimum t o r q u e  (ML) and maximum t o r q u e  (MH)
b) S c o r c h  t i m e  (T$) and c u r e  t i m e  (Tjg)
c )  Cure r a t e  (Tjq- T j )

Figure 3.10 Effect o f increasing carotenoids on cure cha rac te r is t ics
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( □  C o n t r o l  ; ^  + P o l y p h e n o l s )
a)  Minimum t o r q u e  (ML) and maximum t o r q u e  (MH)
b) S c o r c h  t i m e  ('โ.)  and cu re  t i m e  (Tjg)
c )  Cure r a t e  (Tgg—Ts )

Figure 3.11 Effect o f increasing polyphenols on cure cha rac te r is t ics

i
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F i g u r e  3 . 1 2  E f f e c t  o f  a d d i t i o n  o f  TS b u f f e r  and p o l y p h e n o l s  o x i d a s e  on 

c u r e  c h a r a c t e r i s t i c s

( □  C o n t r o l  ; + TS b u f f e r ;  ร  + TS b u f f e r  and PRO)
a)  Minimum t o r q u e  (ML) and maximum t o r q u e  (MH)
b) S c o r c h  t i m e  (T . )  and c u r e  t i m e  (Tjq)
c )  Cure r a t e  (Tgo- T s )
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3 . 9  The e f f e c t  o f  d e c r e a s i n g  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s  and 

i n c r e a s i n g  t o c o t r i e n o l s ,  c a r o t e n o i d s ,  p o l y p h e n o l  and PPO on p h y s i c a l  

p r o p e r t i e s  o f  v u l c a n i z e d  rubber

In o r d e r  t o  u n d e r s t a n d  t h e  e f f e c t  o f  e a c h  v e r i f y i n g  i n d i c a t o r  

on t h e  p h y s i c a l  p r o p e r t i e s  o f  rubber v u l c a n i z a t e s  wh ich  u s u a l l y  a r e  t h e  

f i n a l  p r o d u c t s  in  ru b ber  i n d u s t r y ,  2 0 0  g o f  raw rubber  frcm e a c h  

t r e a t m e n t  i s  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 o  be compound, and 

c u r e d  t o  i t s  optimum s t a t e  a s  a n a ly z e d  p r e v i o u s l y  b e f o r e  p r e p a r i n g  t h e  

t e s t  p i e c e .
P h y s i c a l  p r o p e r t i e s  measured a r e  300% m od u lu s ,  e l o n g a t i o n  a t  

b r e a k ,  t e n s i l e  s t r e n g t h ,  t e a r  s t r e n g t h ,  h a r d n e s s  and s p e c i f i c  g r a v i t y .  

Removal o f  t o t a l  l i p i d s  i n c l u d i n g  p o l y p h e n o l s  d i d  n o t  ch an g e  t h e  300% 

modulus  ( 1 6 . 7 - 2 0 . 4  k g / c n r ) ,  h a rd n es s  ( 5 5 - 5 6  s h o r e  A) and s p e c i f i c  

g r a v i t y  ( 1 . 1 3 - 1 . 1 4 )  o f  v u l c a n i z a t e .  The e l o n g a t i o n  a t  b r e a x ,  t e a r  

s t r e n g t h  and t e n s i l e  s t r e n g t h  d e c r e a s e d  w i t h  t o t a l  l i p i d  p l u s  

p o l y p h e n o l s  e x t r a c t i o n .  RRIM 600 and PB 5 / 5 1  a r e  most  a f f e c t e d  from  

e x t r a c t i o n ,  and t h e  h i g h  t e a r  s t r e n g t h  and t e n s i l e  s t r e n g t h  d e c r e a s e d  

t o  t h e  same l e v e l  a s  GT 1.  A d d i t i o n  o f  t o c o t r i e n o l s  wh ich  c o n s i s t  a b o u t  

4% o f  t o t a l  l i p i d s  and p l a y  im p o r ta n t  r o l e  a s  n a t u r a l  a n t i o x i d a n t  c a n n o t  

im prove any p h y s i c a l  p r o p e r t i e s  o f  t h e  v u l c a n i z a t e ,  but  d e c r e a s e  t h e  

t e a r  s t r e n g t h  and t e n s i l e  s t r e n g t h  o f  t h e  v u l c a n i z a t e ,  e s p e c i a l l y  RRIM 

6 0 0 .  A d d i t i o n  o f  c a r o t e n o i d s  which c o n s i s t  o n l y  0.003% o f  t o t a l  l i p i d s  

r e s u l t s  in  r e d u c t i o n  o f  t e n s i l e  s t r e n g t h  (17-25%) and t e a r  s t r e n g t h  ( 1 5 -  

50% a t  t h e  same % r e d u c t i o n  a s  in a d d i t i o n  o f  t o c o t r i e n o l s ,  and r e d u c e s  

e l o n g a t i o n  a t  b rea k  in  v u l c a n i z a t e  c l o n e  RRIM 600 and GT 1 but  n o t  PB 

5 / 5 1 .  A d d i t i o n  o f  p o l y p h e n o l  r e d u c e s  most  s i g n i f i c a n t l y  t e n s i l e  

s t r e n g t h  (18-36%) and t e a r  s t r e n g t h  (10-33 %),  b u t  h as  l e s s  e f f e c t  on t h e  

o t h e r  p r o p e r t i e s .  In c a s e  o f  adding TS b u f f e r ,  i t  d e c r e a s e s  t e a r
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s t r e n g t h  o n l y  in  v u l c a n i z a t e  c l o n e  PB 5 /5 1  b u t  n o t  RRIM 600 and GT 1. 
A d d i t i o n  o f  t h i s  b u f f e r  d i d  n o t  have  an e f f e c t  on t h e  o t h e r  p r o p e r t i e s .  

However ,  a d d i t i o n  o f  PPO h as  an e f f e c t  on t e n s i l e  s t r e n g t h  and t e a r  

s t r e n g t h  w h ich  have  been d e c r e a s e d  s i g n i f i c a n t l y  ra n g in g  from 28-38% and 

26-63% r e s p e c t i v e l y ,  w h i l e  i t  has  no e f f e c t  on 300% modulus ,  e l o n g a t i o n  

a t  b r e a k ,  h a r d n e s s  and s p e c i f i c  g r a v i t y .

T h e s e  r e s u l t s  s u g g e s t  t h a t  d e c r e a s i n g  t o t a l  l i p i d s  p l u s  

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

PPO i n d i v i d u a l l y  can d i s t u r b  t h e  t e n s i l e  s t r e n g t h  and t e a r  s t r e n g t h  o f  

t h e  v u l c a n i z a t e s .  Of a l l  3 rubber  c l o n e s  t e s t e d  GT 1 i s  l e s s  s e n s i t i v e  

t o  t h e s e  t r e a t m e n t s  where  RRIM 600 i s  t h e  most  s e n s i t i v e  c l o n e  when 

s u b j e c t e d  t o  v a r i a t i o n  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  f o l l o w e d  by 

PB 5 / 5 1 .
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Figure 3.13 E f f e c t  o f  d e c r e a s i n g  t o t a l  

some p h y s i c a l  p r o p e r t i e s  o f  v u l c a n i z e d
l i p i d s  i n c l u d i n g  p o l y p h e n o l s  on 

rubber

( □ C o n t r o l  ; เฐ T o t a l l i p i d s  and p o l y p h e n o l  d e p l e t e d )
a) 300% Modulus d) Tear  s t r e n g t h
b) E l o n g a t i o n  a t brea k e ) Hardness
c )  T e n s i l e  s t r e n g t h f ) S p e c i f i c  g r a v i t y
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F i g u r e  3 . 1 4  E f f e c t  o f  i n c r e a s i n g  t o c o t r i e n o i s  on some p h y s i c a l  
p r o p e r t i e s  o f  v u l c a n i z e d  rubbe r

( □  C o n t r o l  ; ^  + T o c o t r i e n o i s )
a) 300% Modulus d) Tear  s t r e n g t h
b) E l o n g a t i o n  a t  bre ak e ) H ard ness
c) T e n s i l e  s t r e n g t h f ) S p e c i f i c  g r a v i t y
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F i g u r e  3 . 1 5  E f f e c t  o f  i n c r e a s i n g  c a r o t e n o i d s  on some p h y s i c a l  
p r o p e r t i e s  o f  v u l c a n i z e d  rubbe r

( □  C o n t r o l  ; ^  + C a r o t e n o i d s )
a) 300% Modulus d) T ea r  s t r e n g t h
b) E l o n g a t i o n  a t  brea k e ) H ard n es s
c ) T e n s i l e  s t r e n g t h f ) S p e c i f i c  g r a v i t y
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F i g u r e  3 . 1 6  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  on some p h y s i c a l  p r o p e r t i e s  

o f  v u l c a n i z e d  ru b ber

( □  C o n t r o l  ; ^ +  P o l y p h e n o l s )
a )  300% Modulus
b) E l o n g a t i o n  a t  brea k
c )  T e n s i l e  s t r e n g t h

d) T ea r  s t r e n g t h
e )  H ardness
f )  S p e c i f i c  g r a v i t y
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F i g u r e  3 . 1 7  E f f e c t  a d d i t i o n  o f  TS b u f f e r  and p o l y p h e n o l  o x i d a s e  on some 
p h y s i c a l  p r o p e r t i e s  o f  v u l c a n i z e d  rubber

( □  C o n t r o l  ; g  + TS b u f f e r ;
a)  300% Modulus

b) E l o n g a t i o n  a t  bre ak
c )  T e n s i l e  s t r e n g t h

s  + TS b u f f e r  and PFO)
d)  T ea r  s t r e n g t h
e )  H ard n es s
f )  S p e c i f i c  g r a v i t y
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