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INTRODUCTION

P r o te in s  w h ic h  c o n s t i tu te  ab o u t  1 -1 .5 %  of .n a t u r a l  r u b b e r  

l a t e x  c o n c e n t r a te  c o n s is t  of a  w id e  r a n g e  of com ponents both  

w a te r  s o lu b l e s  an d  w a te r  i n s o l u b l e s .  - I t  h a s  now b e e n  well 

e s t a b l i s h e d  t h a t  r e s i d u a l  p r o t e in s  from n a t u r a l  r u b b e r  l a t e x  

r e m a in in g  i n  a  f in is h e d  p ro d u c t  m ay c a u s e  a l l e r g i c  r e a c t io n s  

of im m e d ia te  h y p e r s e n s i t iv i t y  s u c h  a s  c o n t a c t  u r t i c a r i a  and 

a n a p h y l a x i s  in  some s e n s i t i s e d  i n d i v i d u a l s . ^  T h e r e fo r e ,  i t  

i s  g e n e r a l l y  a g r e e d  t h a t  i t  i s  d e s i r a b l e  to  lo w er  th e  

e x t r a c t a b l e  p ro te in  co n te n t  in  l a t e x  p r o d u c ts  a s  f a r  as  

p r a c t i c a l l y  p o s s i b l e .

The r e s i d u a l  p r o te in s  in  l a t e x  p r o d u c ts  a r i s e s  from th e  f a c t  

t h a t  o n ly  p a r t  of th e  p r o t e in s  a r e  rem oved  d u r in g  th e  

m a n u fa c tu r e  of l a t e x  p r o d u c ts .  T h e  f i n a l  q u a n t i t y  of 

e x t r a c t a b l e  p r o te in  co n ten t d e p e n d s  on v a r i a t i o n s  in  

p r o c e s s in g  an d  m a n u fa c tu r in g  s t e p s .  T h e  m a n u f a c t u r e r s  of 

g lo v e s ,  condoms an d  o th e r  d ip p e d  p r o d u c ts  a r e ,  th e r e f o r e ,  

a t te m p tin g  to m odify  t h e i r  m a n u f a c t u r in g  p r o c e s s e s  i n  ord er  

to e n s u r e  m in im al q u a n t i t i e s  of e x t r a c t a b l e  p r o t e in  co n te n t  in  

t h e i r  p r o d u c t s .

V a r io u s  m ethods h a v e  b een  p ro p o sed  to r e d u c e  t h e  e x t r a c t a b l e  

p r o te in  c o n te n t  of l a t e x  p r o d u c ts .  T h e s e  i n c l u d e  th e  u s e  of

d o u b le  c e n t r i f u g e d  l a t e x ,  enzym e d e p r o t e in is e d  n a t u r a l  

r u b b e r  la  

p r o d u c ts .



T h is  papfer r e p o r t s  th e  e f f e c t s  of wet g e l  l e a c h i n g ,  d r y  film  

w a s h in g  a n d  c h l o r i n a t i o n  u n d e r  v a r io u s  c o n d i t io n s  in  

r e d u c in g  t h e  e x t r a c t a b l e  p r o te in  c o n te n t  in  d ip p ed  l a t e x  

f i l m s .  T h e  e x t r a c t a b l e  p r o t e in  c o n te n t  i s  d e te rm in e d  b y  a 

m od if ied  Low ry m icro  a s s a y  w ith b o v in e  serum  a lb u m in  as  

s t a n d a r d .^  Th'e l e v e l  of p r o t e in s  in  e x a m in a t io n  g lo v e s  

p ro d u c e d  b y  v a r i o u s  u n i t s  in  ou r c o u n try  h a s  a l s o  been  

s t u d ie d .

EXPERIMENTAL 

Raw M a t e r ia l s

C e n tr i fu g e d  n a t u r a l  r u b b e r  l a t i c e s  (LA -TZ  ty p e )  were 

p r o c u r e d  from M/s P i lo t  L a t e x  P r o c e s s in g  C e n tr e ,  C h e t h a c k a l .  

C o a g u la n t  s o lu t io n  w as 7 .5%  c a lc iu m  n i t r a t e  in  70/30 w ater/  

m e th a n o l m ix t u r e .  L a t e x  com pounds w ere p r e p a r e d  a s  p e r  th e  

r e c ip e  g iv e n  in  T a b l e  1 .  P r e v u lc a n is e d  l a t e x  w as p r e p a r e d  

b y  h e a t i n g  th e  l a t e x  compound a t  60°C fo r  4 h o u r s .

T a b le  1

FORMULATION OF LATEX COMPOUND

Wet
( P a r t s  b y  w e ig h t)

60% C e n tr i f u g e d  L a t e x  167

10% P o ta s s iu m  h y d r o x id e  s o lu t io n  1

50% S u lp h u r  d i s p e r s io n  2 . 5

50% ZDC d is p e r s io n  2

50% Z in c  O xid e  d is p e r s io n  0 . 5



F i lm s  ( 0 . 1 5 - 0 ,2 5  mm t h i c k )  w ere  p r e p a r e d  b y  c o a g u la n t  

d ip p in g  of g l a s s  p l a t e s  a n d  v u l c a n i s i n g  a t  100®C fo r  1 h o u r . 

The f i lm s  w ere l i g h t l y  d u s te d  w ith  t a l c ,  s t r ip p e d  off from th e  

f o r m e r s ,  s to re d  i n  p o ly th e n e  b a g  an d  a n a l y s e d  for 

e x t r a c t a b l e  p ro te in  w ith in  a  few d a y s  of p r e p a r a t i o n .

T re a tm e n ts  

Wet g e l  l e a c h i n g

»

The e f f e c t s  of v a r y i n g  tim e a n d  te m p e ra tu re  of wet 

g e l  l e a c h i n g  on e x t r a c t a b l e  p r o te in  c o n te n t  w ere s tu d ie d  for 
#

p r e v u lc a n is e d  and  p o s t  v u lc a n is e d  f i lm s .  V/et g e l  l e a c h in g  

w as c a r r i e d  out on f i lm s  d r ie d  fo r  2 m in u tes  a t  70®C a n d  the 

r a t i o  of r u b b e r : l e a c h i n g  w a te r  w as 1 ; 40 0 .  T h e  w a te r  was 

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

Dry film  w a s h in g

Dry film  w a s h in g  w as c a r r i e d  out b y  im m e rs in g  the 

d ry  v u lc a n is e d  f i lm s  i n  d i s t i l l e d  w a te r  a t  d i f f e r e n t  

t e m p e r a tu r e s  fo r  v a r io u s  p e r io d s  of t im e .  T h e  p ro p o r t io n  of 

r u b b e r  to w a s h in g  w a te r  w as 1 : 400 a n d  th e  w a te r  was

g e n t ly  s t i r r e d  o c c a s i o n a l l y  d u r in g  th e  p r o c e s s .

Wet g e l  le a c h in g / d r y  film  w a s h in g  u s in g  1 :1  w ater/  
m eth a n o l m ix tu re

Wet g e l  l e a c h in g / d r y  f i lm  w a s h in g  w as c a r r i e d  out as  

d e s c r ib e d  u s in g  1 :1  w a te r/ m e th a n o l m ix tu re  i n s t e a d  of 

d i s t i l l e d  w a t e r .



To s tu d y  th e  e f f e c t s  of c h l o r i n a t i o n  on e x t r a c t a b l e  p r o t e in ,  

f i lm s  w h ich  w ere  s u b je c t e d  to  wet g e l  l e a c h i n g  a t  60°C fo r  5 

m in u te s  w ere u se d  a s  c o n t r o l .  F i lm s  w ere  p r e p a r e d  u s in g  

c e n t r i f u g e d  la te x *  a n d  d o u b ly  c e n t r i f u g e d  l a t e x .  T he f i lm s  

w ere im m ersed  in  c h l o r i n e  s o lu t io n s  of d i f f e r e n t  c o n c e n t r a t io n  

fo r  3 m in u te s  a t  room te m p e r a tu r e  w ith  a g i t a t i o n .  C h lo r in e  

s o lu t io n  w as p r e p a r e d  b y  a c i d i f y i n g  sodium  h y p o c h lo r i te  

s o lu t io n .  The r a t i o  of f i lm  to  c h l o r i n e  w a te r  w as  1 :  50 .

A fte r  c h l o r i n a t i o n ,  th e  f i lm s  w ere  w a s h e d ,  d ip p e d  in  1% 

am m onia  to  n e u t r a l i s e  a n y  a c i d  a n d  im m e d ia te ly  w ash ed  in

w a te r  to  rem ove e x c e s s  am m o n ia . T h e  f i lm s  w ere th e n  d r ie d  

a t  a  te m p e r a tu r e  b etw een  5 0 -5 0 °C  a n d  te s te d  fo r  e x t r a c t a b l e  

p r o te in  c o n t e n t .

E s t im a t io n  of E x t r a c t a b l e  P r o te in  C onten t 

E x t r a c t i o n  of t o t a l  s o lu b le  p r o t e in s

S a m p le s  of two p ie c e s  m e a s u r in g  a b o u t  7 cm x  7 cm and  

w e ig h in g  a b o u t  2 - 3  g ra m s  e a c h  w e re  c u t  from th e  g lo ves/  

f i l m s .  E a c h  p ie c e  w as th e n  c u t  in to  16 p ie c e s .  The p ie c e s

w ere w e ig h e d  an d  e x t r a c t e d  w ith  50 ml w a te r  in  a  10 cm

d ia m e te r  c o n t a in e r  a t  room te m p e r a tu r e  fo r  48 h o u rs  w ith  

o c c a s i o n a l  a g i t a t i o n .  The e x t r a c t  w as c e n t r i f u g e d  in  a  REMI 

L a b o r a t o r y  c e n t r i f u g e  R8C a t  3500 rpm fo r  30 m in u tes  to

rem ove a n y  in s o l u b l e  m a t te r .

P r o te in  p u r i f i c a t i o n  a n d  c o n c e n t r a t io n  of th e  e x t r a c t

P r o te in  e x t r a c t s  w ere p u r i f i e d  a n d  c o n c e n t r a te d  b y  p r e c i p i t a ­

t io n  w ith  t r i c h l o r o a c e t i c  a c i d  (TCA) an d  p h o s p h o tu n g s t ic  a c id  

( P T A ) .

To 6 m l. of th e  p r o te in  e x t r a c t ,  1 m l, of 35% (W/v) TCA w as 

ad d e d  a n d  m ix e d .  T h en  1 m l. of A0% PTA (w/v) w as a d d e d ,  

m ixed a n d  a l lo w e d  to s ta n d  fo r  20 m in u te s .  The p r e c ip i t a t e d  

p r o t e in  w as th e n  r e c o v e r e d  b y  c e n t r i f u g i n g  th e  m ix tu re  in  a



Remi C e n tr i fu g e  an d  d e c a n t in g  a l l  of th e  s u p e r n a t a n t .  The 

p r e c i p i t a t e  w as  th e n  r e d is s o lv e d  i n - 2 . 6  m l.  of 0 .1  M sodium 

h y d r o x id e  fo r  a t  l e a s t  20 m in u te s .

3 .  P r o te in  e s t im a t io n

P r o te in  sa m p le s  w ere a s s a y e d  b y  th e  m icro -L o w ry  p ro c e d u re .  

T h e  r e a g e n t s  w ere p r e p a r e d  a s  fo l lo w s .

R e a g e n t  A 6% Sodium c a r b o n a te  in  0.2M  NaoH

R e a g e n t  B 1.5% C opper S u lp h a te  in  3% sodium c i t r a t e

R e a g e n t  C (w o rk in g  r e a g e n t  p r e p a r e d  on th e  d a y  of

e s t im a t io n )  50 m l.  o f . R e a g e n t  A m ixed w ith 

1 m l. of R e a g e n t  B .

R e a g e n t  D F o l in - C io c a l t e u  R e a g e n t  d i lu te d  3 p a r t s  F o l in

+ 1 p a r t  w a te r .

T h e  t e s t  r e a c t i o n  w as c a r r i e d  out d i r e c t l y  in  th e  c e n tr i f u g e  

t u b e .  Added 0 .3  m l .o f  R e a g e n t  C to  th e  2 . 6  ml. of t e s t  

sa m p le  a l r e a d y  p r e s e n t  i n  th e  c e n t i f u g e  t u b e .  Allowed to mix 

w ell  an d  s t a n d  fo r  10 m in u te s .

T hen added 0 .1  ml of R e a g e n t  D a n d  m ixed  w ell th e  co n te n ts  

in  a  c y c lo  m ix e r .  T he m ix tu re  w a s  a l lo w e d  to s ta n d  fo r  30 

m in u tes  an d  th e  a b s o r b a n c e  was r e a d  on th e  Spectroph otom eter  

(Sh im ad zu  U .V .2 4 0 )  a t  750 nm . T h e  c o n c e n t r a t io n  of p ro te in  

w as r e a d  o ff  a g a i n s t  a  s t a n d a r d  p r o te in  u sed  fo r  c a l i b r a t i o n  

( b o v in e  serum  a lb u m in  0 -1 2 0  m g/m l).

I I I .  R E S U L T S  A N D  D I S C U S S I O N

A. E x t r a c t a b l e  P r o te in  C ontent in  C om m ercial Gloves

To s tu d y  th e  l e v e l  of e x t r a c t a b l e  p r o te in  co n ten t in  

co m m erc ia l  g lo v e s  m a n u fa c tu re d  i n  I n d i a ,  g lo v e s  sa m p le s  

w ere p r o c u r e d ,  te s te d  fo r  s o lu b le  p r o te in  c o n t e n t s  th e  r e s u l t s



E x t r a c t a b ^ e  P r o te in  C o n ten t i n  C o m m e rc ia l  G loves

E x t r a c t a b l e  P r o te in
c o n te n t  ( mg / k g )  No, of sa m p le s

0 - 4 9  1

5 0  -  99 2

100 -  399 19

400 -  699 22

Above 700 13

57

Out o f  th e  57 s a m p le s  t e s t e d ,  o n ly  t h r e e  s a m p le s  w ere  h a v in g  

E x t r a c t a b l e  P r o t e in  c o n te n t  below  100 m g/ kg . M a jo r i ty  of th e  

s a m p le s  w ere h a v i n g  E x t r a c t a b l e  P r o t e in  C on ten t in  th e  r a n g e  

100 -  699 mg/kg a n d  13 s a m p le s  w ere  h a v i n g  E x t r a c t a b l e  

P r o t e in  C on ten t more t h a n  700 m g/kg. T h is  r e s u l t  show s t h a t  

o u r  g lo v e  m a n u f a c t u r e r s  h a v e  to  t a k e  s p e c i a l  c a r e  to  re d u ce  

th e  E x t r a c t a b l e  P r o te in  C o n te n t .

E f f e c t s  of Wet g e l  le a c h in g / D r y  F i l m w a s h in g

T h e e f f e c t  of wet g e l  l e a c h i n g  a t  d i f f e r e n t  te m p e r a tu r e s  fo r  

v a r i o u s  p e r io d s  fo r  p r e v u l c a n i s e d  a n d  p o s t  v u lc a n is e d  

f i lm s  a r e  g iv e n  in  f i g u r e s  1 a n d  2 r e s p e c t i v e l y .  F i g .  3 

r e p r e s e n t s  th e  e f f e c t s  of d r y  f i lm  w a s h in g  a t  d i f f e r e n t  

t e m p e r a tu r e  a n d  f o r  v a r i o u s  p e r io d s  of tim e fo r  post 

v u l c a n i s e d  f i lm s .  I t  i s  s e e n  t h a t  th e  e x t r a c t a b l e  p r o te in  

c o n te n t  c a n  be  g r e a t l y  re d u c e d  b y  t r e a tm e n t  w ith w a te r ,  even  

a t  room te m p e r a t u r e .  T h e  e x t r a c t i o n  of th e  s o lu b le  p r o te in  

i s  r a p i d  i n i t i a l l y ,  b u t  th e  r a t e  of e x t r a c t i o n  d e c r e a s e s  

q u i c k l y  an d  l e v e l s  o f f  a f t e r  a b o u t  5 to  10 m in u te s .  Slow 

l e a c h i n g  of th e  p r o t e in s  c a n  c o n t in u e  fo r  s e v e r a l  h o u rs  b u t  

f u r t h e r  re d u c t io n  in  e x t r a c t a b l e  p r o t e i n  c o n te n t  i s  s m a l l .



T h e re d u c t io n  of th e  e x t r a c t a b l e  p r o te in  c o n te n t  c a n  be  

im p ro v ed  b y  l e a c h i n g  a t  a n  e le v a t e d  te m p e r a tu r e .

T h e  e f f e c t s  of wet g e l  l e a c h i n g  a n d  d ry  f ilm  w a sh in g  w ere 

fo u n d  to be  c o m p a ra b le  i n  r e d u c in g  th e  e x t r a c t a b l e  p r o te in  

c o n te n t  of p o s t  v u lc a n is e d  l a t e x  f i lm s .

E f f e c t s  of u s i n g  w ate r/ m eth an o l m ix tu re  was found to  b e  

c o m p a ra b le  w ith  t h a t  of l e a c h in g / w a s h in g  w ith w a te r .

E f f e c t  of c h lo r in a t i o n

C h lo r in a t io n  w as found to b e  e f f e c t iv e  in  r e d u c in g  th e  e x t r a c t -  

a b l e  p ro te in  c o n te n t  fo r  b o th  c e n tr i fu g e d  an d  d o u b ly  

c e n t r i f u g e d  l a t i c e s  ( T a b le  3 ) .  I t  i s  seen  t h a t  th e  e x t r a c t a b l e  

p r o t e in  i s  re d u ce d  b y  50-50% b y  t h i s  p r o c e s s .

T a b le  3

E f f e c t  of C h lo r in a t io n  on E x t r a c t a b l e  P r o te in  C ontent

Sam p le  d e t a i l s
C o n c e n tra t io n  
o f  c h lo r in e  
so lu t io n

E x t r a c t a b l e  P r o te in  
c o n te n t  (mg/kg)

F ilm  1 -C e n tr i fu g e d  l a t e x C o n tro l 310

0.1% 257

0.3% 160

Film  2 -D o u b ly  C e n tr ifu g e d  
L a te x

C o n tro l 1 0 3 .5

0.1% 52

0.3% 40



Wet gel le a c h in g ,  dry fUin w ashing and ch lorination  are 

found to be e ffec tiv e  in  reducing the e x tra c ta b le  protein 

le v e ls  in  dipped la te x  film s.
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