
CHAPTER 2

2.1 B io log ica l m ateria ls

Fresh la tex clone ะ RRIM 600, GT 1 and PB 5/51 were bought from 

rubber p lan ta tion  in Rayong province, Thailand.

|3-carotene type I I I  from ca rro t, (+)-«-tocopherol mixed isomer 

type VI from vegetable o i l  and polyphenol oxidase from mushroom were 

bought from Sigma.

2.2 Chemicals

Most chemicals used in the present in ve s tiga tio n  were o f 

a n a ly tica l or reagent grade. Phenol reagent was prepared in the 

Department o f B iochemistry’ s laboratory by the method of Ciocalteu 

(1927).

Acetic acid, phosphoric acid, s i l ic a  gel fo r  th in  layer 

chromatography, s i l ic a  gel 60 fo r  column chromatography, sodium acetate, 

sodium ch lo ride , and tyros ine were bought from E. Merck.

Ammonium hydroxide was bought from Riedel-de Haën.

Catechol and copper su lfa te  were bought from Sigma Chemical

Company.

»
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Formic acid, hydrochloric acid, lith iu m  s u lfa te , sodium carbonate and 

sodium molybdate were bought from BDH Chemical Ltd.

Potassium sodium ta r tra te  was bought from May & Baker Ltd. 

Sodium tungstate and T ris  (hydroxymethyl)-aminomethane were 

bought from Fluka Chemical Company.

T riton  X-100 was bought from Packard company.

Compounds used in vu lcan ization o f raw rubber were o f in d u s tr ia l 

grade and k ind ly  provided by Banpan Research Laboratory Company.

Vulcanizing ingredients ะ 2-2 Di -  benzothiazyl d is u lf id e ,  

22 cp 46 diethylene g lyco l, H is il 233S, 2 -  mercaptobenzothiazole, 

S h e llf le x , s tea ric  acid, s u lfu r, tetram ethylth iuram , wax and zinc oxide.

2.3 Solvents

Acetone was bought from BDH chemical Ltd.

Chloroform, d ie thy le th e r and ethanol were bought from E. Merck. 

Hexane was bought from Farm ita lia  Carls Erba.

Methanol was bought from Mal 1inckrodt.

2.4 Instruments

Autoclave model HA-30, Hirayama Manufacturing Co., Japan. 

Durometer, M aterial te s tin g  3100 (shore A) model 7206, Zwick,

Germany.

Hydraulic press model TEE 120, Dalityan hydaulic machine 

in d u s tr ia l Co., L td ., Taiwan

Micrometer model SM—114, Teclock Co., Japan.

Mooney viscometer model SMV -  201, Shimadzu, Japan.

Oven model UL-80, Memmert, Germany.
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pH meter model PHM 83 autocal, Radiometer, Denmark.

Rheometer model 100S, Monsanto, U.K.

Rotatory Evaporator model RE 111, Büchi, Switzerland. 

Spectrophotometer model spectronic 2000, Bosch & Lomb, บ .S.A. 

Spectrophotometer model spectronic 20D, Bosch & Lomb, U.S.A. 

Standard Lovibond comparator disc model 4/19 A and 4/19 B, 

Tintometer L td ., England.

Two-roll m ill model LRM 200, Lab tech engineering Co., Ltd. 

Stress and s tra in  te s tin g  machine model 1011, Instron , U.S.A. 

U ltracen trifuge  model L8-70, Bechman Instrument In c ., U.S.A.

2.5 Preparation of fresh la tex

Three clones of rubber were used in th is  study ะ RRIM 600,

GT ไ and PB 5/51. Fresh latex o f each clone was divided in to  two parts, 

the f i r s t  part was added w ith  ammonium hydroxide to  the f in a l 

concentration at 0.25% fo r  l ip id s  and polyphenols determ ination, the 

second part fo r  polyphenol oxidase analysis (modified from Karunaratne, 

1970) was added w ith 0.08 M Tris-HCl bu ffe r in 1.0 M Sucrose, pH 7.0, 

in 3:1 ra t io  (b u ffe r ะ la tex) and stored at o ’ c.

2.6 Determination o f dry rubber content (DRC) (บระไพ สุทินนละค«ะ, 2531)

Dry rubber content is  the weight o f rubber in 100 g o f la tex.

I t  is  determined by weighing about 5 g o f la tex which was then 

coagulated w ith 2% form ic acid and le f t  u n t i l  l iq u id  phase was c lea r.

The coagulum was sheeted out by a tw o -ro ll m ill and washed w ith  excess 

water. The rubber sheet was then dried in an oven to  a constant weight.
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% DRC weight o f dry rubber X 100

weight o f la tex

2.7 Preparation o f a ir  dried sheet rubber (m odified from วราภรa 

«จรไ«ยกล, 2532)

The acid coagulated rubber was prepared by adding 2% form ic acid 

in to  the la tex a t equal volume. The mixture was le f t  overnight fo r  

complete coagulation. The resu lting  coagulum was pressed in to  a th in  

sheet and then washed w ith water. The rubber was dried in an oven at

60 ”c.

2.8 Extraction o f l ip id s  and polyphenols (Hasma, 1984)

Fresh la tex was separated in to  two fra c tio n s  by adding f iv e  

volumes o f chloroform-methanol (2 :1, v /v ) w ith continuous shaking. This 

mixture was le f t  at 4°c overnight to  p re c ip ita te  out as much rubber as 

possible in the bottom fra c tio n . The coagulum was la te r  removed to  

prepare an a ir  dried sheet rubber. The solvent fra c tio n  was transfe rred  

in to  a separatory funnel, washed w ith 1/5 o f i t s  volume w ith 0.6% sodium 

ch lo ride  so lu tion  in order to  separate the aqueous phase w ith  water 

soluble m ateria ls  from the chloroform fra c tio n  containing to ta l lip id s  

(Folch et a l . ,  1957). The mixture was le f t  standing u n t i l  c lear 

separation was observed. The upper aqueous fra c t io n  was co llected  to  

determine the polyphenols content, and the lower chloroform fra c tio n  was 

concentrated in a ro ta to ry  evaporatory to  dryness, weighed fo r  the to ta l 

extracted l ip id s  and redissolved in hexane-diethyl ether (95:5, v /v ) fo r  

fu r th e r separation.
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2.9 Separation of carotenoids and toco trien o ls  fra c tio n

2.9.1 Separation by column chromatography (Hasma, 1984)

Carotenoid pigments and toco trien o ls  were f i r s t l y  separated

on a s i l ic a  gel (15 g,, preactivated at 120°c, 2 h) column

preequ ilib ra ted w ith hexane -  d ie thy le the r (95:5). Total extracted  

l ip id s  (0.10-0.20 g) was loaded to  in the same solvent. The column was 

subsequently eluted w ith 100 ml each o f hexane -  d ie thy le th e r (95:5), 

hexane -  d ie thy le ther (75:25) and d ie thy le the r. The eluents were 

co llected  separately and then concentrated.

Extraction o f to ta l lip id s  from fresh latex is  always 

accompanied by rubber hydrocarbon, which has to be removed p r io r  to  the 

determ ination of to ta l l ip id s .  The 95:5 chromatographic eluent 

contain ing rubber was concentrated and extracted w ith  acetone. The 

acetone-insoluble rubber w i l l  be p rec ip ita ted  out leaving the esters and 

carotenoid pigments in the so lu tion . The weight o f to ta l extracts  minus 

the weight o f rubber gave the weight o f to ta l l ip id s .

2.9.2 Separation 'by th in - la y e r chromatography (TLC) (Work and 

Work, 1975)

A uniform s lu rry  o f s i l ic a  gel G powder in tw ice i t s  weight 

o f d is t i l le d  water was prepared by shaking the mixture well in a 

glass-stopped round-bottomed fla s k . The mixture was then spread on 

20x20 cm cleaned glass plates to a thickness o f 0.25 mm w ith  a Desaga 

spreader. The plates were f i r s t  a ir-d r ie d  at room temperature before 

being activa ted in an oven a t 120°c fo r  about 2 h.

Each o f column chromatographic eluent was spotted on the TLC 

p la tes. The plates were placed in a chromatographic tank, lined  w ith
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f i l t e r  paper and containing about 100 ml o f hexane ะ d ie thy le th e r ะ 

acetic acid (90:10:1). Carotenoid pigments can be detected v is u a lly  as 

orange or yellow spots. Tocotrienols were detected as blue fluorescent 

spot when viewed under u lt ra v io le t  l ig h t .

2.10 Determination o f to ta l carotenoids (Zscheile e t a l . ,  1942)

The amount o f carotenoids was estimated by d isso lv ing  to ta l 

carotenoids fra c tio n  in the known volume o f hexane and the absorbance 

was measured at the wavelength 450 nm. The concentration o f to ta l 

carotenoids were then determined w ith reference to  B-carotene standard 

as fo llow s :

c = A_ 

n

where c ะ Concentration o f to ta l carotenoids in grams per 

100 ml

A ะ Absorbance at 450 nm

I  ะ Absorption coe ffic ience o f 0-carotene at 450 nm in 

g/100 ml is  2575

1 = Thickness o f so lu tion  layer in centimeter

2.11 Determination o f to ta l to co trien o ls  (W h ittle  e t a l . ,  1966)

The amount o f  t o t a l  t o c o t r i e n o l s  was e s t i m a t e d  by d i s s o l v i n g  

t o t a l  t o c o t r i e n o l s  in  t h e  known volume o f  e t h a n o l  and t h e  a b s o r b a n c e  was  

mea sure d  a t  t h e  w a v e l e n g t h  295 nm. The c o n c e n t r a t i o n  o f  t o t a l  

t o c o t r i e n o l s  was c a l c u l a t e d  w i t h  r e f e r e n c e  t o  Y- t o c o t r i e n o l  a s  i n  2 . 1 0 ,  

where  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  o f  y - t o c o t r i e n o l  a t  295 nm i s
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104.1 g /100 ml.

2.12 Determination o f to ta l polyphenols (Hanover e t a l . ,  1979)

The amount o f 1 to ta l polyphenols was determined 

spectrophotom etrically w ith  Fo lin -C ioca lteu reaction. By mixing 1.0 ml 

o f the top aqueous fra c tio n  containing polyphenols from 2.8 w ith 5.0 ml 

o f a lka lin e  copper reagent and then stand fo r  10 min. The mixture was 

added w ith 0.5 ml d ilu te d  phenol reagent (1 :2) to  stop the reaction and 

co lo r complex, and le f t  standing fo r  30 min. The absorbance o f reaction  

mixture was measured at the wavelength 650 nm. The concentration o f 

to ta l polyphenols was calcu lated and expressed as tyrosine as fo llow s:

Concentration of polyphenols ะ Absorbance at 650 nm____________

Slope of tyros ine standard graph

2.13 Determination o f polyphenol oxidase. PPO (modified from 

Karunaratne, 1970)

Throughout the ex trac tion  process the temperature was kept 

around 0-10'C. Fresh la tex co llected  and d ilu te d  w ith T ris  bu ffe r (2 .5) 

was separated in to  3 fra c tio n s  by cen trifuga tion  at 120,000 g, 4°c fo r  

20 min in an u ltra ce n trifu g e  (Beckman model L8-70) in a swing out ro te r 

รพ 50.1. Each fra c tio n  was added w ith 0.01% T riton  X-100 and s t ir re d  

w ell to  d is rup t the membrane bound organelles and to  ex trac t the enzyme 

PPO in to  bu ffe r. The suspensions were centrifuged and the supernatant 

fra c tio n  was assayed fo r  PPO a c t iv i ty  by measuring in i t i a l  ra te  o f the 

increase in absorbance a t 410 nm w ith  a double beam spectrophotometer 

(Spectronic 2000) at 30”C. The sample cuvette contained 1.0 ml o f
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0.2 M sodium acetate bu ffe r pH 5.6, 1.0 ml 10 mM catechol, 0.8 ml 

d is t i l le d  water, and 0.2 ml enzyme so lu tion . The reference cuvette 

contained 1.0 ml o f the same bu ffe r, 1.0 ml 10 mM catechol and 1.0 ml 

d is t i l le d  water. Under these conditions, in i t ia l  rate o f enzyme

catalyzed reaction was a lin e a r function  o f time fo r  2 min. One u n it 

o f PPO a c t iv i ty  was defined as the potency o f enzyme tha t increased in 

absorbance by 0.001/min.

2.14 Supplementation o f carotenoid, to c o tr ie n o l, polyphenol and 

polyphenol oxidase in to  rubber latex

Natural rubber la tex contains a ce rta in  amounts o f each fa c to r, 

which the average values had been estimated by 2.10-2.13, from these 

baseline conditions the amount o f each substance added in to  the la tex  

separately was one fo ld  + 2 S.D. o f i t s  existence in natural cond ition . 

The natural la tex was divided in to  5 parts. The f i r s t  part was the 

contro l o f each set, the other 4 parts were added w ith one o f the 4 

v e r ify in g  ind ica to rs ; carotenoid, to c o tr ie n o l, polyphenol and polyphenol 

oxidase. The treated la tex was s tir re d  w ith a glass rod fo r  6 h at room 

temperature (28°C) and then coagulated w ith 2% form ic acid to  prepare 

an a ir  dried sheet as described in 2.7.

2.15 Determination o f physical properties o f raw rubber

2.15.1 Determination o f co lo r index (ASTM D3157, 1988)

Take a te s t po rtion  o f about 30 g from the homogenized raw 

rubber and pass not more than 3 times (doubling the sheet between 

passes) between a tw o -ro ll m ill a t room temperature w ith the nip se ttin g  

fo r  f in a l sheet thickness o f 1.6 to  1.8 mm. Immediately doubled sheet
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which is  3.2 to  3.6 mm th ic k  was punched as two p e lle ts  and pressed in  

the mold between 2 sheets o f cellophane using mold p la tes a t not 

less than 3.5 mN/j2 pressure on the mold surface fo r  5 min at 150'c. The 

co lo r index o f rubber specimen was matched w ith  th a t o f the standard 

glasses to  the c loset co lo r index (Lovibond index).

2.15.2 Determination o f the Mooney v isco s ity  (ASTM D1646, 1988)

The rubber specimen (150±5 g) was passed between a 

tw o -ro ll m ill having a r o l l  temperature o f 70±5°c and having a distance 

between the ro lls  o f 2.5±0.1 mm continuously 10 times. About 27±3 g of 

homogenized specimen was cut in to  two equal portions, each o f 

approximate thickness 6 mm tha t f i t  the die cav ity  below and above the 

ro te r held in the center by a central hole in  one o f te s t piece. The 

specimen was preheated fo r  1 min before s ta r tin g  the motor. The ro to r 

was then started  and recorded the in i t i a l  d ia l gauge reading 

immediately. The d ia l gauge reading were recorded at 1 min in te rv a l. 

The v isco s ity  o f the rubber was taken as the d ia l reading at the end o f 

4tfl min from the ins tan t when the motor was sta rted .

The v is c o s ity  was reported as the v isco s ity  number, the 

ro te r s ize (L fo r  la rg e ), the number o f minutes fo r  warming up in the 

machine (1 min), the number o f minutes at actual te s t (4 min) and 

temperature (100°C). A Mooney v isco s ity  o f 50 is  reported as 

50 ML (1+4) 100°c. One Mooney un it is  equivalent to  a torque o f

0.083 Nm.
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2.16 Cure ch a ra c te ris tic  o f the compound rubber (Marsden, 1978)

To determine whether add ition  o f any non-rubber ingred ient 

a ffe c t the processib i1i t y  o f rubber, a compounding form ulation  

(Table 2.1) fo r outsole o f shoe was selected to  compare the cure 

c h a ra c te r is tic  among clonal rubbers plus minus additives.

Table 2.1 The compounding form ulation chosen fo r  assessing the cure 

behavior o f natural rubber

Natural rubber 100.0 g

Hi si ใ 233S 45.0

Zinc oxide active 3.0

22 cp 46 0.3

Wax 1.0

Stearic acid 1.2

DEG 3.5

S he llfle x 1.5

S u lfu r 2.0

MBTS 0.78

MBT 0.2

TMTM 0.12

Hi s i า 233S (SiOj) is  p rec ip ita ted  s i l ic a ,  an re in fo rc in g  f i l l e r  

22 cp 46 is  2-2 methylene b is (4-m ethyl-6-P-butyl phenol), an 

an tiox idan t

DEG is  diethylene g lyco l, a depressor o f surface active  o f

SiOj

MBTS is  2-2 d i-benzoth iazyl d is u lf id e , an acce lerator

MBT is  2-mercaptobenzothiazole, an accelerator

TMTM is  tetram ethyl thiuram monosulfide, an acce lerator
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2.16.1 Preparation o f te s t sample

The rubber specimen (100 g) was f i r s t  blended on a 

tw o -ro ll m ill and then mixed w ith the vu lcan iz ing  ingred ients. The 

order o f addition was the mixed suspension o f H is il 233S, DEG, S h e llfle x  

and s tea ric  acid followed by the mixed suspension o f wax, 22 cp 46 and 

zinc oxide, le f t  the sample u n t i l  cooled, and then added MBTS, MBT, TMTM 

and f in a l ly  s u lfu r. The f in a l blend was sheet out and folded onto 

i t s e l f .  The folded sheet should give a thickness o f approximately 5 mm.

2.16.2 Measurement o f cure ch a ra c te ris tics

The cure cha rac te ris tics  o f the mixed samples were run on 

a Monsanto rheometer (model 100S) fo r 10 min at 155°c with the disc 

o s c il la t in g  at 3’ arc. The te s t sample was loaded on the top o f the 

o s c il la t in g  disc and the die immediately closed. The samples were then 

cured in a heated press in th e ir  respective mold fo r  the time to  reach 

optimum cure based on the rheometer graph obtained. From the rheometer 

curve recorded, a l l  the necessary readings were determined as 

i l lu s tra te d  e a r lie r .

2.17 Testing o f rubber vulcanizates

The e ffe c t o f increasing carotenoids, to c o tr ie n o ls , polyphenols 

or polyphenol oxidase contents on the p roperties o f the rubber 

vulcanizates were investigated by comparing the fo llow ing  properties; 

the te n s ile  strength, % elongation a t break, 300% modulus, tea r 

strength, hardness and sp e c ific  g ra v ity . In a l l  the tes ts  o f the 

vulcanizates, the compound rubber was f i r s t l y  prepared according to  

Table 2.1 and then cured to  i t s  optimum s ta te  and then prepared as 

testp iece fo r  measuring physical properties.
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2 . 1 7 . 1  T e n s i l e  s t r e n g t h ,  % e l o n g a t i o n  and 300% modulus  t e s t  (ASTM 

D412, 1989)

F i v e  dumbbel l  t e s t p i e c e s  ( F i g u r e  2 . 1 )  were  c u t  o u t  from  

t h e  v u l c a n i z e d  ru b ber  by p u n ch in g  w i t h  d i e  u s i n g  a s i n g l e  s t r o k e  o f  a 

p r e s s .  A r e f e r e n c e  o f  l e n g t h  2 . 0  cm was marked and t h e  t h i c k n e s s  o f  t h e  

t e s t  p i e c e  mea su re d  a l o n g  t h e  r e f e r e n c e  l e n g t h  by a m i c r o m e t e r  d i a l  

ga u g e .
The two e n d s  o f  t h e  t e s t p i e c e  were  c la mp ed  i n t o  t h e  two  

g r i p s  o f  t h e  t e s t i n g  m a c h in e .  The t e s t  p i e c e  was s t r e t c h e d  a t  a 

c o n s t a n t  r a t e  o f  t r a v e r s e  o f  t h e  moving g r i p  o f  500± 50  mm. The f o r c e  

r e q u i r e d  t o  s t r e t c h  t h e  sam p le  t o  300% o f  r e f e r e n c e  mark l e n g t h  and t o  

b r e a k a g e  were  r e c o r d e d  and c a l c u l a t e d  a s  f o l l o w s  ะ

300% modulus  = Force  a t  6 . 0  cm ____ ( M ) ____
C r o s s - s e c t i o n a l a r e a  (cm^)

t e n s i l e  s t r e n g t h  = F o r c e  a t  break -_0<3)______
C r o s s - s e c t i o n a l a r e a  (cm^)

% e l o n g a t i o n  a t  b rea k  ะ ( l e n g t h  o f  r e f e r e n c e  mark a t  b r e a k - 2 ) x 5 0

2 . 1 7 . 2  T ea r  s t r e n g t h  t e s t  (ASTM D624,  1989 )
F i v e  t e s t  p i e c e s  f o r  t e a r  r e s i s t a n t  w er e  c u t  o u t  from  

v u l c a n i z e d  ru b ber  by p u n c h i n g  w i t h  d i e  u s i n g  a s i n g l e  s t r o k e  o f  p r e s s .  

The t h i c k n e s s  o f  t h e  t e s t  p i e c e  was measured  by m i c r o m e t e r  d i a l  g a u g e . .  
The h i g h e s t  f o r c e  r e q u i r e d  t o  t e a r  t h e  t e s t  p i e c e  was r e c o r d e d  and 

c a l c u l a t e d  a s  f o l l o w s  ะ

T e a r  s t r e n g t h  ะ H i g h e s t  f o r c e  ( k g )
T h i c k n e s s  o f  t e s t  p i e c e  (cm)
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r
2 5  nm

I

a)

1 0 2  mm

TT
1 9  mm
i

b)

F i g u r e  2 . 1  Shape o f  t e s t  p i e c e
a )  f o r  t e n s i l e  s t r e n g t h ,  % e l o n g a t i o n  a t  b rea k  and 300% 

modulus  t e s t
b) f o r  t e a r  s t r e n g t h  t e s t



34

2 . 1 7 . 3  H ard ness  t e s t  (ASTM D1415,  1988)
The i n t e r n a t i o n a l  h a r d n e s s  t e s t  i s  b a s e d  on mea su rem ent  

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

s p e c i f i e d  c o n d i t i o n .  Rubber v u l c a n i z e d  was p r e p a r e d  a s  a f l a t  and 

sm oo th  s h e e t  h a v i n g  t h i c k n e s s  s u f f i c i e n t  t o  f i t  t h e  gap o f  t y p e  A 

d u r o m e t e r .  The p l u n g e r  o f  d u r o m e t e r  was p r e s s e d  w i t h  t h e  m in or  f o r c e  

on t o  t h e  sp e c im e n ,  t h e  s c a l e  was p o i n t e d  and read  a s  t h e  h a r d n e s s  in  

s h o r e  A a t  room t e m p e r a t u r e .  The median v a l u e  o f  5 d i f f e r e n t  p o i n t s  

d i s t r i b u t e d  o v e r  t h e  s p e c i m e n  was r e c o r d e d .

2 . 1 7 . 4  S p e c i f i c  g r a v i t y  t e s t
The t e s t  method i s  b a s e d  on w a t e r  r e p l a c e m e n t  w i t h  t e s t  

p i e c e .  The w e i g h t  o f  v u l c a n i z e d  ru b be r  was w e i g h e d  in  t h e  a i r  and t h e n  

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

d e t e r m i n e d  a s  f o l l o w s  ะ

S p e c i f i c  g r a v i t y  = W ei ght  in  a i r  ( q )
W ei ght  i n  w a t e r  ( g )
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