CHAPTER 1

INTRODUCTION

At the present, the utilization of natural rubber (Para

" rubber) has been increased due to some properties such as good

elasticity, insulation, sug in the raw rubber strength than

[f nt mechanical properties as
pa‘enég 84 597 A1, 1993). Although
ts higher price and lower

\- ed by Koosakul, 1994 ), the

NN

\\ ncreased. In 1992, the

synthetic rubber

vulcanized rubber (
synthetic rubber ( ;

elasticity than

consumption of natu

~ consumption of sen by 3.1 % (Seifert, 1993).

Natural rubber, \\\ seful raw material for

manufacturing rubb

1. Natural rubbe

1.1 Structure nd COmMpPos

Y

iy

Fresh field latex obtainedy from Hevea brasiliensis is a milky

sl of @;M%J SR INELA T Bvea 1atex contatns,

in addition to the rubber hyﬂrocarbon,.n.a large number of non-rubber
constﬂuﬂ;l&gﬂrﬁmum;la nﬂg a '&L chemical and
physicz?l characteristics of latex are influenced by clones of rubber,
age of rubber and season of tapping. A typical composition of fresh

latex is shown in Table 1.

Fresh latex can be separated into three major zones by ultra-



centrifugation :

Table 1 The composition of latex (Fong, 1992)

Composition Per cent

36.0
58.5
1.4
1.0
0.6
0.5
1.6
0.3

I "11 er of rubber particles

1) RubBf
constitute 25 % m45 % O he volume of la@x. The rubber particles

are usuall}@ herifatawith diametefs ran ing from about 0.02 pom to

3 uam and ﬂ:&dﬂfﬂanjrm 1 nhie particles in fresh
latex_are protected and stabilize ati l}l:é* d complex film
cont%myflﬁﬁrﬂ milc;ﬁ ﬁﬁ?jgl ofig, 1992). The
composition of rubber is an unsaturated hydrocarbon which is ‘non
water-soluble contained in the particles as molecular aggregates.

The rubber hydrocarbon is predominantly cis—-1,4-polyisoprene (at

least 99%) (Figure 1 ) having the formular (CsHg ), where n is about



10,000 and CgHg is the monomer isoprene.

A small yellow layer below the rubber phase is Frey-Wyssling
particles which are larger spherical and have a slightly higher
density than the rubber particles. The bright yellow color is due to

the presence of carotenoid pigments.

CHg H
\ \C=C/
_ CHp CHy
Figure ., Cher ruc - of Hevea rubber
2) The
3) The be e fraction consists of

rubber particles (Cook
and Sekhar, 1953;@0' oids whim are spherical membrane-

1€ﬁy 2 um iameter and have negatively

bounded bodies t

-charged suF{ El Q V(] EﬁLﬂ ?ﬂﬂﬂeﬂﬁthe whole latex and
contain about 12 % soli a' eous solution
pH 5 (ﬂ;—l aﬂ»‘g imﬁlﬁjﬁlﬁijﬁ z[ ances such as
acids, m1nera1 salts, proteins, sugars and a polyphenol oxidase while

the pH of ambient serum is about 6.5-6.9 (Fong, 1992).

1.2 Molecular weight (Mw) and molecular weight distribution (MWD

The molecular weight (Mw) and molecular weight distribution



(MWD) are inherent properties of the polymer mass and directly
related to intrinsic viscosity and plasticity (Subramaniam, 1975).
The MWD are either distinctly bimodal with two peaks, the one at
lower molecular weight generally being 1less than that at higher
weight, or skewed unimodal with a shoulder or plateau on the low
molecular weight side of the peak (Fuller, 1990) ( Figufe 2 )« The

the ratio of the weight to the number

ﬁ (Mw/Mn), ranging from 2.5 to
the dlmon varied considerably, the

3 x 10* to about 107 and

dispersion in weights was wi

average molecular weig

10. Although the @

molecular weight

Mw had a value betw ! 5 x 108 (Fuller,1990). The molecular

weight and MWD o 41" tdbbe st great variations due to

1.3 Rubber partic oagulation

The rubber pa&ciz_i:e_ abilized because the surface of
particle is Sl:srounded "6;' s absorbed which carry
negative charge ‘al lic substances. Then there
is an envelope m)f water mo surrou@ing, the rubber particle.
These water moledules, acting a sheath, prevent direct contact
between parﬂ uEJ ’lnllﬂwgﬂlﬂ:lln;lts such as acid,
metallic ns and organic sdlvents destabilize the uructure of water

A A A e

of latex can be maintained after tapping mostly by adding ammonia
solution. Ammonia, an alkali preservative, has no effect on rubber,
no deposits and can easily be deammoniated. It increases the pH of

latex then inhibits bacterial growth, sequesters some metallic ions



% MOLE FRACTION

104

]

distribution curves

Figure 2 Types of molecular weight
off matural rubbefiX Subramaniam, 1

AULINENIN 9313
Type s Dlstlnctly blncfial distribution where are of
S TITRY
'I'ype 2 : Distinctly bimodal distribution where the peaks in
the low molecular weight region is small.

Type 3 : A skewed unimodal distribution with a "shoulder'or

""plateau" in the low molecular weight region.



resulting in an increment of the rubber particle stability.
Triton X-100 (Iso-octyl-phenoxypolyethoxyethanol, Nonidet P-40) is a
nonionic detergent which has the capacity to solubilize proteins and
also stabilize the colloidal state of rubber particles (John et al.,
1977) .

Latex can be coagulated by itself ( autocoagulation ) or by

acid with a long range of‘tf Complete coagulation in a shorter

time was obtained by s ‘V; :§ ” "., /em? pressure in 10 min and

gel : macrogel and microgel erogel is insoluble in solvents and

solvents and is néa'visib s 1aked ey@; ( Subramaniam, 1993 ).

The presence of éh correlates®/with an niement in the bulk
CJ;:jl

raconty of bl TIE L LB
W AA S SR

the rubber chain causing the storage hardening in dry rubber ( Wobd,

king between rubber

1952). On the contrary, Subramaniam (1993) reported that storage
hardening also increases the macrogel content. With longer time of

heating of accelerated storge hardening, the macrogel content



increases steadily and reaches a plateau.

2.2 Storage hardening

The problem encountered in the introduction of natural rubber
to technical specifications was apparently uncontrollable hardening
during manufacture, shipping and storage termed as storage hardening.

The increment in the bulk viscosity or the arise of stiffening in

al yreaction in which rubber molecules in
main rubber chain is cru’iﬁzﬁ' )lving the aldehyde or carbonyl
\‘\} ;
groups incorporated %naa réam and amino acids or some
| — -
ng| t}x_mr constituents ( Roberts,

of viscosity is due to

rubber is due to the chenmic

aldehyde groups

1990 and Subrama

many factors, clona non-rubber constituents.

There are advantages in consumer's factory

by easier milling consistency of compound

vulcanization and ibition of storage hardening

of the rubber is mono—-functional amines or

carbonyl condensing reageﬂ% I 6191 reported that O0.15 p.h.r.

of hydroxylaming<hydroehtors ide was sul abie to stabilize viscosity

due to availabil%E}; aupaﬁﬁrility with latex. Its

function is block; the cross klng site in the rubber molecules
B T DYITE (LYY SE——
production, he rubber can be d1v1ded into three trary ranges of

toe gl G SN Wﬂ’lsﬁh&l ), medium

(with a ML 1+4 between 50-75) and hard (with a ML 1+4 of higher than
75) (as quoted by Koosakul, 1994).

2.3 Discoloration of natural rubber

The color of 1latex 1is clonal characteristics due to non-



rubber constituents such as carotenoid pigments which is the cause of
yellow color of some lattices ( Nadarajah and Karunaratne, 1971 ).
There are many factors causing discoloration of latex and rubber e.g.
season, process of latex after tapping, chemicals etc. However, the
most important factor is the enzymatic reaction which is catalyzed by

the polyphenol oxidase type (Nadarajah and Karunaratne, 1971). The

oxidation reaction of n ’ urring phenolic compounds which

serum gives colored products

1sclorw Haan-Homans, 1949). The

ies of the latex, but the

disperse in aqueous p.

and brings about t(w

color substance doe

discoloration is ufacture of light color

rubber; therefore revented by adding the

reducing agent, so b 1 : PeB.t.

Among n" ubber const ents teins are major component.
The total protei 5 approximately 1-1.5 % of

which abocut 20 %~ s adsorbed on the rubbef particles and a similar

proportion 1@880 ﬁji ﬂtt]lﬁ ?wmﬂi or B-serum). The

remainder i ed in the serum phase (C—-serum) of the latex. The
o W’Tﬁﬁﬂ?mﬁ‘ﬂﬁ?ﬁﬂﬁﬂeﬂ‘“ asorbed
lipids, fimpart colloidal stability to the latex and have 1soelectr1c
point (pI) ranging from pH 4.0 to pH 4.6 depending on the clone
( pI of rubber clone RRIM 600 is about 4.3 ). This variation in pI
indicates that more than one protein is adsorbed on the rubber

particle and the relative proportion of the adsorbed proteins is a



clonal characteristics.

a—globulin is the protein present in the highest concentration
in fresh latex serum. It is coagulated by heat and precipitated from
the solution at approximately the same pH at which fresh latex is
coagulated, suggesting that it may be one of the proteins adsorbed on
the surface of the rubber particles and thus partly responsible for
the colloidal stability of the latex.

Approximately Z@l’p&tter in the bottom fraction of
latex from mature tr@te&—s@otein, of which about 70 %

—
is hevein. Hevein ( 1, 3

5 %) which is prese

ormally high amount of sulfur (about
)$.1n cysteine. It is readily

soluble in water an These properties

indicate that she ry little hevein.

Protein di se of Hevea 1latex are

“:‘g,.l"'."a'.-'. 7 ?
thier polar and,ﬁydroﬁh'i'fr1ﬁ"’ué erera nd Siriwardena, 1985).
§ L sy
Tanaka (1984) had shown Chat newly-forme 2twork, containing a large

proportion of nitggen COr e ocﬂred by the formation of

protein with othef particles resulting in the hardening phenomenon.

Nadarajah a@l uﬂgm ﬂMﬁﬂo&Lﬂ tfulij polyphenol oxidase,

is in charge of latex and rubber discoleration. Pgdteins can act as
filleﬂ m\:la ﬁmimumg anﬂ :‘]@tﬂg in modulus
Variatiqon (Metherell, 1980), poor dispersion of vulcanized curatives
(Bloomfield, 1973) and also absorb water affecting the degree of
cross—-linking in the wvulcanizing system ( Elliott et al., 1970).

. Moreover, it has been recently reported in United States that
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medical instruments with the use of natural rubber such as surgical

gloves cause allergic symptoms (EP O 584 597 A1, 1993).

4. The deproteinization of natural rubber

problem affected by proteins and

’ ination of protein from rubber

4.1 Deproteinized natural rubber
In order to overc

improve the rubber pro 7

have been attempte j ‘ .b& a low protein or nitrogen

content has been OWn i -t\:.\. einized Natural Rubber ",

DPNR or "Low Nitrogg

been specified by Ribper Résearéh Institute of Malaysia (RRIM)(1977)

as shown in Table 2

The advantages 1) low affinity for water

due to the eliminatio ring hydrophilic substances,

(2) enhance resilience, k| 1 eep, (4) superior fatique life

(Yapa and Yapa, 197495 (5) reési ) modd growth (Anandan and

— 10, for elbehavior (Bernard, 1973)

are well exploitg whe D

Loganathan, 198¢

‘used f@ engineering and medical

application.

HUYANYNTNYNS

U
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Table 2 Specification of DPNR (RRIM, 1977)

Properties DPNR from clarified Proposed
field latex specification
Dirt (Zwt) 0.005 No test value > 0.015
Nitrogen (Zwt) No sample > 0.12 on test

Ash (%wt) No sample > 0.15 on test

volatile matter(Zyt No value > 0.5

Initial plasticity
(B,)

Plasticity Retent ié

60 (minimum)

Index (PRI)

No value > 9 on test

4P (Pg-Bo)
Mooney viscosity 45-55

55-65

WV
y',- :
4.2 Deproteipﬂation method

Iy
There are ihee‘ main methe ‘1f h been successfully
invest igateﬂfu ﬂ&%ﬂmemfj j@,ﬁbber .
1. BIqII treatm n m i dﬁ: ta{ detergent by
whichqqrmi,:iareQ fli M:lb ﬁﬂj ﬂowever, Archer

(1975) and Yapa & Yapa (1984) reported that although the addition of

A S
A

surfactant improves the degree of deproteinization, it affects the

PRI value adversely.

2. By chemical treatment which the rubber is soaking with
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NaOH for 24 hr, the rubber proteins are hydrolyzed by chemical
reaction. However, chemical or alkaline hydrolysis is known to
adversely affect the oxidative resistance and PRI property of the
resulting rubber (Yapa, 1984).

3. By biochemical treatment with proteolytic enzymes such as

papain, trypsin, Alcalase, Superase etc. which hydrolyze proteins in

2 | which are more soluble for washing

deprote w/x scheme can be carried out by

combination of thes&m‘,}in ﬁ remove protein out as much

as possible. H Zy ! ﬁs the most suitable method
S

because it can be casfied/ in ndition and quite specific

to small peptides and amino a

Baker (1€ in is the most effective

of three enzymes, ‘ti in at 30 °cC. However,

trypsin, an animal e available as cheaply and

Yapa and @lasin (1974 feporteathe advantages of papain

over Superase that? eﬁpain can Bé used in wider range of pH. The
|
il

d
coagulationﬁq}uﬂ n EJaig w EJ :chlrj at high pH values,
thus ivi light color d‘ rubber 1 on is used at high
dosaggq ﬁlﬁﬁ@ejmijcﬁtljﬁmﬂﬂ active under
acid conditions so it can be used as a deproteinizing agent as Wéll

as a coagulant for field latex (Nadarajah et al, 1973).
Visessaguan (1992) reported that the deproteinization by

papain shows more advantages than Alcalase, because the lower
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concentration of papain and shorter digestion time are required. By
papain treatment, the maximum percent of nitrogen reduction are
approximately 30-50 %Z (Yapa, 1975) and 70—75_% (Visessaguan, 1992).
The main drawback as regards commercial implementation of
papain treatment is the low available and consequent high price of
papain in natural rubber producing countries (Yapa,1980). Papain can
and also be contaminated protein in

'

To overcome the disad argageﬁe papain, immobilization of

o
W {

be used only one time treat

rubber latex after enzyi

papain was consid

5. Papain immobiliz

5.1 Papain
Papain is 1tuent of latex of the green

fruits, leaves and papaya, a small soft wood tree

.30 tr

full-grown but stil 0

which is native_ papain is collected from

iz ) longitudinal scratches
on the fruit, andmallozl g ected-mdrippings to coagulate.

The coagulated latef 4s dried to ®éduce moisture content to 5-8 2.

Papain, plaﬁ”] uaglnﬂ)’m,ﬁswlﬂtafﬂdgl protease having a
sulfhydryl oq;! thiol grou ‘(—SH at fits activ iﬁ Papain can
catal}% ﬂell)aﬁyﬂsifu‘,ulﬁfl%mlﬂﬁ ,ﬂd amide bonds
of synthetic substrates,for example,Benzoly—L—arginine-‘-p—nitroani1ide
(BAPNA), Benzoly-L-arginine ethyl ester (BAEE), Benzoyl-L-arginamide.

Properties of papain are shown in Table 3. Thiol-protease, papain,

is activated by mild reducing agents, low molecular weight thiol
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compounds such as cysteine, sulfide, sulfite, and cyanide (Arnon,
1970). Since papain activity depends on a free SH group, it is
inactivated by reagents or conditions which modify this functional
group. «-Halogen acids or amides and N-ethyl-maleimide irreversibly
inhibit the thiol group while heavy metal ions and organic mercurial

salts inhibit in a fashion that can be reversed by low molecular

,}presence of EDTA which chelates
1] p@or the catalytic of papain,

thiol protease, i s ibed" | heme shown in Figure 3.

weight thiols, particularl

such metals (Liener, 1

This mechanism shows nzyme - substrate complex

which results in t " advia enzyme (to form a thiol ester)

overall reaction leading to a

AN

and its subseqlent x

regeneration of “thg } . \. natoin of the products of
hydrolysis.
(s 1 o8 :
Papain is used"" Ve n the food industry for chilled-

] /o % ‘.:-

f/m as- application in tanning
- -

and textile induStries and is U ally as digestive aids.

el
AU INENTNEINS
RINNINUNINYAY

proofing, the tende




Table 3 Properties of papain

Property Papain

Enzyme Commision (E.C.) 3.4.4.10

source Carica papaya

pl

working pH
working t
Specific
of peptid:

activator cing agents , thiol-

Hn-»und and cysteine

inhibitor oxidizing agents and

ions

”: B #

AU INENTNEINS
QRIANTUNMING1AY

15
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a. Acylation

b. Deacylati

—

Figure 3 i f actic if catalyzed hydrolysis

— 4

5.2 Enzyme immobili%ation,methods -
i R
me y ds papdin, consisting rotein are biological
6 . . QS
catalyst. ﬁjzaea ﬁw;[ﬁhi ﬁ\v-[g ati)atﬂto catalyze a
reactio ]ﬁle ery mild conditions in neutral aqueous solution at

normal temperature and pressure, and with very specificity. Although
enzymes are efficient and effective catalysts, they are not ideal for
practical applications. Namely, enzymes are generally unstable and

can not be used repeatedly or at elevated temperature. Moreover, the
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enzyme and the other contaminating proteins can be generally removed
by denaturation, by pH or heat treatment during procedure to isolate
the product from the reaction mixture. This is uneconomical, as
active enzyme is lost after each batch reaction.

In order to eliminate the disadvantages and obtain superior
catalyst for apblications, immobilized enzymes which are defined as

"enzymes physically confined ocalized in a certain defined region

of space with retention g;" ~ ic activities and can be used

A specifi

the substrate a jad essential features of the catalytic

activity of enz

different ve or catalytic site
participating in t ystiac he other is the specific
or binding site co i *_f te specificity of the enzyme.

ral amino acid residues held

three - dimensional

in a specific spatiaL*;tBiétf *; - The
: 1 also has an important
effect on the catal a@i}o acid residues at the
active center are al&ered the cat lytlc activity may be decreased

and enzyme ﬂ %E}% 'ﬂcﬁj ‘H ?th ’] .ﬂaﬁflcuy are changed.

Consequently, to retain the‘catalytlcggFt1V1ty of enzyme in the
o R AR IR IR B 1B =
far as 6%851b1e. Therefore,high temperature, high salt concentration,
organic solvents and strong acid or alkali treatments must be avoided
to preserve the structure integrity of enzymes. Accordingly, in order

to prepare active immobilized enzyme, the most suitable
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immobilization method is selected and should be carried out under
very mild and extremely well-controlled conditions.
There are 3 methods for enzyme immobilization. The

preparations and characteristics of them are shown in Table 4.

Table 4 Preparation and characteristics of immobilized enzymes

(Chibata, 1978) |
.,

Crosslinking Entrapping

method method
* Preparation edsy difficult difficult difficult
* Enzyme 5 * ‘high moderate high

activity

* Substrate J‘- changeable unchange-

specificity a;iﬂ able En able
* Bindi wogk: e te r rong t
o A AnEvSwen g

force
’ y ¢ . . . .t . . .
TS Ry o
* GejEQP W modérat Tow " high
applicability
* Cost of low low high moderate low

immobilization
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5.2.1 Carrier-binding method (Chibata, 1978)

The binding of enzymes to water—insoluble carrier is the
oldest immobilization method. This method requires with regard to
the selection of carrier as well.as binding techniques. The amount
of enzyme bound to the carrier and the activity after immobilization

depend markedly on the nature of the carrier. Although, the selection

of the carrier also the nature of enzyme itself, the

following aspects mus 3 nsu/ l p) particle size, (2) surface

—
area and (3) chemica ‘.u'oSl 10

be further divided into

The

three categorie de of the enzyme,that is,

physical adsorpti alent-binding.

1) Phy

of enzyme is baseg

or destruction o ’ojﬁver, this method has the

disadvantage that ‘the adsorbed enzyme may release from the carrier

during utlﬁﬂ(ﬂ ‘E&%ﬂtﬂ %Wﬂ’ﬂcﬂ ‘%tween the enzyme and

carrier is wéak. Both 1n05gan1c materlals such as actlvated carbon,
e RRARAND BAEHRR ) 4 400 Bpmers sun o
starch chitin and gluten etc. have been employed as carriers for

this method.

2) Ionic binding method

The ionic-binding method is based on the ionic binding

of enzyme to carrier containing ion-exchange residues. In some cases,
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not only ionic binding but also physical adsorption may take part in

the binding.

3) Covalent binding method

The covalent-binding method is based on the bridge of
enzyme and carrier by covalent bonds. The functional groups that take

part in the covalent binding of enzyme to the carrier are as follows:

(1) amino group, (2) c yl group, (3) sulfhydryl group,

/} group and (6) phenolic group.

1nto 6 types according to

(4) hydroxyl group,

This method can be

the mode of 1i itions for immobilization

by covalent bi ~ than in case of physical

adsorption and i conditions required for

covalent binding ed and not particularly

mild. ilent binding alters the

conformational strugtuge ~ar ’ -‘ffﬁ‘ center of the enzyme, resulting
es of substrate specificity.
zyme and carrier is strong and
-ven in the presence of

'tijngth

The caﬁf1er - binding w1th bifunctional reagents or the

carrier 'ﬁ uﬂ@ ﬂt&n}%%% E] '}eﬂ %lent binding types.

This metho is based on the formatlon of cross- 11nks between the

amm‘ﬂ AP (LRI Yo b st o

means b1- or multi functional reagents. Glutaraldehyde which is

substrate or safjo

the most commonly employed as the functional reagent is used to

immobilize enzyme by causing the formation of Schiff bases between

the amino groups of carriers and of enzymes.
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5.2.2 Carrier for enzyme immobilization

The carriers utilized for the immobilization of enzymes
may broadly classified into two groups 1) organic 2) inorganic
(Messing, 1975). The characteristics of a carrier considered to be
desirable for the purpose of immobilization have been given as follow
(1) large surface area, (2) permeability, (3) hydrophilic character,
(4) chemical, mechanical an : al stability, (5) insolubility, (6)
regenerability. - O "7/)/

i o@n was done using inorganic
\?

e ' which are high mechanical

The earlies
carriers due to
strength, therma istance to organic solvents and
microbial attack. A -",- . ic carrier were used more
widely (Messing, | cau > la wi 'i y of functional reactive
groups can be most of the commercially
available immobili e aresghbiai from organic carriers.

The natural organ ) rs used for immobilization are

proteins, polyaccharf&?és’ “and " darbon t?ials. Polysaccharides
I. I ; b . |

constitute the widely rs’ ;] they have been used

both for the entrapmen e, cara@enan) and coupling (eg.

agarose, dextran, celdulose derivalblvg) of biocatalysts. Chitin,
for instancE] u EﬁLglmrgJM}iMda Qljer, is reported to
have favou?able charact&istics fér immobilizafion of enzymes
(Stanﬂqywmm:jamu%l ﬂnﬂﬂcﬁtﬂ has been used
to immobilize acid phosphatase (Stanley, 1975), «—chymotrypéin
(Stanley, 1975), glucose isomerase (Stanley, 1976), s-galactosidase

(Kennedy & Doyle, 1973) and D-glucose oxidase (Masri, Randall &

Stanley, 1975).
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Chitin is unbranched polysaccharide having chemical structure

as shown in Figure 4.

e N\ G
N )2
i Ny
amino group /o /
CH,OH H NHCOCH3
H 1 % 0— 0H H\H
oH HH HN\H n 0-
H NHCOCH3 CH20H

re of chitin
The advantages itin as enzyme carrier are that :
(1) chitin, the leton’ of ~ ne crustaceans, is a
cellulose-like -wi 1‘ etyl-2-amino-2-deoxy-

3—D-g1uco—pyra—nme held together by B—‘mo linkages (Muzzarelli,
1977). I ) ‘nieﬂr ﬁ’ ins .a pigments can be
adsorbed oﬁmﬁv e lﬁdﬁ ﬂﬂlﬂimd amino groups in
chiti Qf ei ‘fﬂ ﬁ i ﬁ the polymer
are a'camatanﬂy, m). :ﬁ:ll 1?]33 rﬂy distributed

in animals, fungy, algae etc. especially in crustacea, about 58-85 z,
such as in crab, shrimp (Muzzarelli,1977). Therefore, it is available
in large quantities from processing waste of seafood canneries, at

very low cost ( Stanley, 1975 ). (3) According to Jin (1988), the
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preparation of immobilized enzyme using synthetic polymers are not
ideal for food and medical uses. From this reason, natural materials
have been suitably used for immobilization of enzyme.

According to the advantages and extensively used of papain
and chitin as previously described, immobilization of papain on

chitin was investigated and, afterthat, also used to deproteinize the

natural rubber latex whi

especially proteins.

1) To determing OF =¥ ‘\\ \\for papain immobilization

rption and covalent-binding

on chitin comparing adso
method. v 78 f ; "\\\\.

2) To study the immobilized papain on chitin such

as effect of pH and _on the activity and stability,

continuous operatijor i dinet i o .gon‘

3) To determin  ”¥t'the deproteinization

of rubber latex (Eghone RRIM 600 by u;gng immobilized papain on

" BN ZNEI N, e e
A TR WL IF) 1

5) To estimate the production cost; the cost consists of field

latex, chemicals and utilities.
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