CHAPTER III1

RESULTS

1. Determination of activity and specific activity of crude papain

Crude papain was prepared as shown in the Method 1.1 and

determined for its activif ' d protein content as described in
and specific activity of free

Methods 4.2 and

crude papain were 1

2. Papain immobilizat ion

; =g E ’
) \
2.1 Optimal c¢ond l ~for papaim
AIms
by physical adsgrption me

Pretreated

; : 0 - 80 showed the highest
P,

relative activity when uSed - for papain adsorption as shown

showed 88.5 % relative

ifi contains of 10-40 mesh

'gh!]), while the quantity of

size as major quaiaity_

40-80 mesh chitin, &nd. more than?80 mesh chitin were only 30 - 35 %

and 10-15 % uﬂg mﬂm iﬂﬂtﬂlmsﬁselected for further
a%f?ﬁjé‘;iqmmﬁmg NYVAY oo )

immoblllzed on chitin. It was found that papain at the concentration
of 7 mg/ml (Figure 5b) which was dissolved in phosphate-cysteine-
EDTA buffer pH 6.0 (Figure 5¢c) and having total activity about

12,300 CDU / g wet chitin gave the highest % relative activity. The
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reaction time between chitin and papain solution was selected at
15 min due to its highest % activity (Figure 5d). To strengthen
the binding force, glutaraldehyde was added without removing the
prior solution at various concentration ( 0.1-1.0 £ and 1.0-10.0 %
(w/v)). Figure 5e and 5f showed the highest %Z activity when the
0.7 % of glutaraldehyde was used, and stirred with physical-adsorbed

immobilized papain on chiti 45 min, respectively. The activity

tion method (PIP) was stable

“tifiS washing with distilled water

. s (Figure 6 ).

of papain immobilized by

at 65-70 CDU/g chi

erd 4

(Figure 3.1g) at spec

2.2 Optimal conddt i e;;l,av n immobilization on chitin

by covalent-— /_!! m *_.s'J ’ \-.

The . highest /% A q?'v* ," y, of walently-immoblized papain on

-t ,
chitin was obtained from tm-_-d mmobilization conditions : pretreated

chitin was crosslinked Wi = ita raldehyde in Tris buffer pH 8.0

TN
(Figure 7 a) tjﬂusuig ﬂlé"mti‘id buffe ;:glutaraldehyde = 49 1 1

(Flgure 7 b)s '1\ on for 30 min before

, washed 2 times by distilled

removing all of t@

water to get rid offexcess glutaraldehyde. Papain solution having

total acuﬁ]tuﬂi.] V3BV lond BEC|F)d: vos obtainea by

dissolving papam at the foptimal gencentrationgs 7 mg/ml (Figure

) Wlrh B Elad ik bl bick ] Elade) Ty ana stirres
with glqutaraldehyde—treated chitin for 45 min (Figure 7 e). The
activity of covalently-immobilized papain (CIP) of 450 - 470 CDU / g
chitin was stable after washing 4 times with distilled water (Figure

7 f) and the overall optimal conditions was shown in Figure 8.
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Figure 5 Physical adsorption method for immobilization of

papain on chitin

To immobilize papain on chitin by physical adsorption method,

the following conditions were investigated at room temperature. The

c) The pH of buffer/: *;';f. “The reaction time between

ain solution and chitin

'
3) 0.1 M Tris buffes{T} .

-
-

e) The concent : \'reaction time between

I'
of glutaraldehyde papain-adsorbed chitin and

lutaraldehyde solution
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1 g dry Chitin 10-40 mesh
Pretreated in 6 M HC1, 5 M KOH, 1%Z NaCl and 1% acetic acid
+
10 m1 papain 7 mg/ml

in phosphate-cysteine-EDTA buffer pH 6.0

stir 15 min

add 1 ml glutaraldehyde ( % (w/v).in 9 ml phosphate buffer

ed water

‘.T‘f-'-" \
physically-adsorbed imm lized papain on chitin
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Figure 7 Covalent-binding method for immobilization of papain

on chitin

To immobilize papain on chitin by covalent-binding method,
the following conditions were investigated at room temperature. The
optimal conditions were selected from the maximum % relative activity

of immobilized papain.

a) The effect of gl ; < @on and pH of buffer
pH 5.5 of O. ‘
pH 6.0-7.5 of
pH 8.0-9.0 off0.

b) The ratio of buffer 3 i 4 : , : he papain concentration

glutaraldehyde sa

d) The pH of b o 3 e avan The reaction time between

(crude papain ' [ved : ‘"n! lehyde-treated chitin
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1 g Chitin (10-40 mesh) + glutaraldehyde (0.4%) : Tris buffer pH 8.0

(ratio 1:19)

stir 30 min

t solution and

decant supetnata

17

wash twice with distilled water

+ 10 ml papain | ';;e—EDTA buffer pH 8.0

min

ed water

R chitin

AUt ‘nz‘*ﬁ?i’%‘ “ﬁm
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on chitin by covalent-binding method
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2.3 Comparison of the papain immobilization methods between

physical adsorption method and covalent-binding method

To evaluate the papain immobilization method, the specific
activity and yield of immobilization were compared and shown in Table

5 (the calculation was shown in Appendix 2).

Table 5 Comparison of papaip obilization by physical adsorption

Immobilization \i;:a;}ized papain 4
method \‘ > - yield
ityiSpecific activity
CDU/mg protein)**
Physical 340 1.67 %
adsorption
Covalent / _7 12800 | 45047 _‘ 1200 23.00 %
binding ID . -E]

* CDU/g = ca%uﬂ:ﬁ:mﬂtmiuﬂﬂ»ﬂ; of chitin
CDU/%; rot'g]‘ira = ﬁc:fj:i fﬁsﬁh ﬁlwlﬁlﬁ ﬁdﬁn which was

Table 5 showed that CIP gave higher yield (10-times :

-

approximated by 23/1.67) and specific activity (4-times :approximated

by 1200/340) than PIP, therefore, CIP seems to be more suitable for
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the latex deproteinization. However, to confirm this, the reaction
of immobilized papains with various substrates was compared with that

of free papain (FP).

3 Properties of immobilized papain on chitin by both methods

comparing to free papain

yre on papain activity (working pH

uﬁat various pH (pH 5.5-9.0),
——

3.1 Effect of pH and tem

9.0 at 40 °C, where um %Zrelative activity at pH

range 5.5-6.5 at 4049 A4k [Shown in Bigures 9 a).
In case ot 3 e on the activity (working

temperature), Figure [P has the maximum % relative

papain and free pam

ﬂ ﬁ/ n were incubated in
different pﬂﬁ ﬁﬁgpﬂ‘ ﬁﬂ‘;lfj phosphate buffer pH
6.0-7 ﬁ ‘ﬁ’ After that
the ac ﬁyﬁaﬁ ﬁ im:@ ﬁhl ﬁ ﬂ :ﬂ assayed with

casein (method 4.2). Figure 10a indicates that CIP is stable at' pH

range 5.5-9.0 while free papain and PIP show stability at narrower

pH range 7-8 and 7.5-9 at 40 ©9C, respectively.

The temperature stability of immobilized papains and free
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% RELATIVE ACTIVITY

-8 pip

Figure 9 The effeétsof pH and temperature on the activity of

bbb i W3 RT3

a ) 1% casein in @cetate buffer(pH 5.5),aphosphate buffer

q W"] aﬂﬁimrumr]&mﬂla&) were used
as substrate to determine papain activity at 40 ©C.

{b) 1 Z casein in phosphate buffer pH 6.0 was used as

substrate to determine papain activity at various

temperature (30-90°C).
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papain shown in Figure 10 b were obtained by incubating immobilized
papain and free papain at different temperature, 30 - 90°C for 3 hrs.
The result showed that both immobilized papains and free papain were

stable at the same temperature range of 30-50 °C.

3.3 Effect of substrate concentration on enzymatic activity

' W@& and the corresponding free

ovalbunun as substrate at

( Kinetic express ion

Immobilized papai

papain were assayedﬁ

40 . For CIP ' s in rubber latex were also

used as substrate.

concentration (S) agf shown: L 7.3 and the activity of
immobilized papain /4 ! V) were determined. From

Lineweaver-Burk plo s Ky (Michealis-Menten

constant) and Vg, ( calculated and shown in

Table 6 and 7. | = bilized papains and free papain

‘., I_g'; *,-' !‘l.- -
were lower when Cﬁem was used as

i

n when ovalbumin and

_Ei at both immobilized

papains and free pagin have mo ; n1y wiﬂx casein than the other

two substrates. The ,ﬁ of PIP waskhot significantly different from

that of FP whEnj uﬂ M\EJM§ we flmjubstrate On the
contrary, of CIP was ;_Léd casein and
rubber m ﬁj ﬁ ﬁH E[:albumin was
used as substrate, which means that CIP was more efficient than FP

when casein and rubber latex were used as substrates.
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% RELATIVE ACTIVITY
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Figure 10  The efigct of pH"and pperature E the stability of

obili!eﬁpﬁin and firee papain.
;;Jz

- »i unﬂ Mim %J.Q mn were incubated in
A AR AR T

(b) Immobilized papain and free papain were incubated in

phosphate cysteine-EDTA buffer pH 7.5 at various

temperature for 3 hrs before determining the activity

(Method 4.2).
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Table 6 Ky and V.. from Lineweaver-Burk plot of PIP and FP.

Substratef Kn

(%Zsubstrate concentration,g/100 ml)

Vmax

(CDU/mg protein)

PIP

PIP FP

casein

ovalbumin

# casein and ovalbumigz
substrate at 409C.

Table 7 K, and

Substrate #

1049.32 1055.97
530.78 576.04

6.0 were used as

\\ plot of CIP and FP.

=

Vma.x

(CDU/mg protein)

CIP FP

704 %,164.50 2,026.75

oy mmmmmwn

864.30 | 1,000.40
236.19%

Note * Unit of Vmax When rubber latex was used as substrate is

% retention protein.

# casein, ovalbumin in phosphate buffer pH 6.0 and rubber latex

at pH 7.5 were used as substrate at 40°C.
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Figure 11 Lineweaver-Burk plot of immobilized papain and
free papain when casein, ovalbumin and rubber

latex were used as substrate.

Casein and ovalbumin at pH 6.0, 40 9C were used at various
concentrations as substrate of PIP and its corresponding FP (a,b) and
Ld )

of CIP and its correspondi The enzyme activities were

calculated as the velo

w@s substrate of CIP at 40°C
_ \ etention protein in rubber

\ ,

a) Lineweaver- i 7 . L1 eweaver-Burk plot of

When rubber

and correspondi ). when and corresponding FP

casein was use bstrata when ovalbumin was used

as substrate.
c¢) Lineweaver-Burkiplot of CIP = ipeweaver-Burk plot of

and corres ’;: d i TP Jand corresponding FP

casein was ugd as sub ate.
substrate.

ﬂusqwﬂﬂﬁwﬂﬁni
AR A ATy

&n ovalbumin was used
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4. Effect of temperature on storage stability

Storage of aqueous suspensions of PIP and CIP in phosphate -
cysteine-EDTA buffer pH 7.5 at room temperature for 48 hrs indicate
that stability of CIP is the best as evident by the Z retention
activity (68.53%) comparing to PIP (41.84%) and free papain which
lost all its activity after storage for 19 hrs (Figure 12 ).

The long-term st 3  stability of immobilized papain

comparing to free papain. W : ﬂmed at &4 OC for 3 months.
Figure 13 demonstra&rl}qthmP and CIP are more stable

than FP showing , 69.77 % and 81.96 %,

respectively, where difeef papaincan be. sto ed only 4-5 days at 4 °C,

or twice longer than

5. Continuous operation i y of covalently-immobilized papain

covalently-immobilized papain

on chitin was packed into a

S Al
temperature—contx;&led glass “éolur

pH 6.0 was thencontinuously loa e column at the flow rate

I‘and 1% casein solution

of 6 ml/hr at 4900 for e result shown in Figure 3.14

indicated thﬁthe ifiitial rate of ﬁacked in the column increased
exponential uﬂ f} wﬂonrj Eollqtajed the equilibrium,

after 11 lﬁ’ the act1v1‘t§y of‘CIP was_stable for almos! Ej; days before

ik 84l ) LHlE )

activity. Small amount of released papain was found in the eluent

the ac the maximum

since the operation started until the column reached its equilibrium

at 11 hrs after starting continuous operation.
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% RETENTION ACTIVITY
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Figure 12 ed papain and free papain

at rdof i Fure. )
on chﬁin and free papain were

stored 1‘ phosphate-cysteine-EDTA buffer pH 7.5 at room

JJﬂfJf‘i(.l B V0.3 WeBkad Rledate, the activity

1mmob1112ed i in and free papain were determined as

aw‘f;mm BRAINYAY
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% RETENTION ACTIVITY

Figure 13  Storage sta lized papain and free papain

at (€ lrfr— :r
E nmc ; w;j in and free papain were
i

stored 13 hosphate-cysteme—EDTA buffer pH 7.5 at 4 °C

ﬁ uaﬁ}u’ngﬂ JNSWHARG tre activity o

oblhzed papa‘ln and free papain w re determined as

QW%‘%ﬂWQJ“ﬁﬂ’JV]HWGH
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v T \dte buffer pH 6.0 was

packed i@a temperature-controled

continuously loaded onto C

column at theffdow rate 6 mlfhr at 40°C for 7 days. The eluent

was d%euﬂ%mgalsniﬂ&g‘ﬁ iIP as described in
PRNNIUUNIINYINY
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From all the previous results, immobilization of papain by
covalent-binding method shows advantage than physical adsorption
method becuase CIP shows 7-fold higher activity, 4-fold higher
specific activity and 10-fold higher yield. Moreover, CIP can be
stored longer after preparation and more stable in wider range of
temperature and pH ( 50-80 °C and pH 5-9 ). Although the working pH

range of CIP is slightly narro 17 han PIP,but due to more advantages

previously described, for further studies of latex

deproteinization. $ _._-l—'
6. Optimal conditioas’ for/du 4‘ on.of field latex
covalently-immobi £4 ‘

Fresh field ing the variation of % DRC

from 20-40 %,depending al factors s as rubber clone,age of

rubber tree, day of tapping " apature, ht midity, etc. so that the

%ZDRC of each lot must be & ) adjusted to 25% DRC before use
-' v‘j" .i' g e

The advantage of xsmg ﬁeld'!la'lfex as inggmaterial is that the

pH of field late which is easier to

disadvantage field lalﬂ is that its nitrogen content is
high (0.4 % Eﬁuﬁj ﬁmlﬂeujsuujﬂbi organic compounds
in the s to ﬁ i- ﬁzle the enzyme
ac1v1t}%m q;ﬁ i jiloﬁ)l' ﬂil’]l equired.

By using field latex, clone RRIM 600, the highest % nitrogen
reduction was obtained at pH 7-8 ( Figure 15 a ). In case of the

optimal temperature, although the result from Figure 15 b indicated

that the highest % nitrogen reduction was obtained at 50 ©C, it was
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found that at this temperature the latex was not stable and was
coagulated with immobilized papain which caused the loss of rubber
and immobilized papain; therefore, the temperature at 409C was chosen
as the optimal temperature for latex deproteinization.

The concentration of immobilized papain was determined by
varying from 10-40 p.h.r. It was found that the latex was coagulated

after incubating with 30 p.h. 4 and 40 p.h.r. of immobilized papain

so no further study it A\ o concentrations. The optimal

papain on chitin pe(—’f ‘ :obtained (Figure 15 2)

as more coagulated when

speed of shaking at 15 rpm.and 2 Jix were used. Consequently, the

maximum 60 % nitrogen re-n“u ~observed after 6 hours at the

optimal latex—dﬁgﬁptsinimmt~ as the latex, pH 7-8,

was reacted withi 2 n at 40°C at 120 rpm

shaking.

B QMJ’J nam WEDS
' A BN VA L e 1

latex as viscosity-stabilizer and mild bactericide. It was found from

Figure 16 a that the % nitrogen reduction of control and field latex
previously added with 0.10 p.h.r. and 0.15 p.h.r. of hydroxylamine

hydrochloride are not significantly different. From this result, it
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can be concluded that adding hydroxylamine hydrochloride into field
latex as the latex viscosity-stabilizer has no influence on the latex
deproteinization by CIP and increasing of % nitrogen reduction to 63%

can be obtained at sixth hour.

In order to prevent latex discoloration, sodium metabisulfite

must be added into field latex. As shown in Figure 16 b, adding

j ite has a small influence on latex
as evident by 63 % nitrogen

7 1:4@ control.

ust be added in order to

olloidal state of rubber

0.05 p.h.r. of sodium metab

deproteinization by immobilize
reduction was obtained
Nonionic

solubilize proféins
particles. The cri 16 t'; 'sele optimal concentration of
Triton X-100 are ring immobilized papain
treatment, but completel: *2.;~;_1M} dler microwave or steam
qoagulation and maxi o I 1_;--, - -i The final % nitrogen
reduction of 52-53 % was'ai C E;:,-own in Figure 16 c. This

latex after addition of

Triton X-100 in every ca ‘than the control. The

results suggestedj that ma@ act as the inhibitor of

immobilized papain fon, latex deppoteinization. However, adding

reiton x-100| 14 bedndibl) g V)i Fhedntages as doscrived

U

so that the minimum concentrdtion of ®riton X-100 fhich can be used
— ’ﬁm AN UM AN VALE 1o o ricra

latex.
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Figure 16 The effect of hydroxylamine hydrochloride,

sodium metabisulfite and Triton X-100 on

latex deproteinization

The 25 % DRC latex was added with various concentration

of hydroxylamine hydrochloride or sodium metabisulfite or

Triton X-100 and incubated wi P for 6 hours. The digested

latex was coagulated, driec “an ‘ < nitrogen reduction was

c) The effec Triton X-100, on

latex (g} = l{’

7 )
AULINENINYINT
RIAINIUNRINYIAY

61a
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8. Adding the activators and metal-chelating agent of papain

In order to increase % nitrogen reduction, the activators of
papain were considered. Cysteine and thiourea were reported to
enhance the proteolytic action of free papain ;thus,they were studied

in case of immobilized papain.

1 g (wet weight) of immobilized papain was added with 0.0020

ea into field latex. After six

ﬂained from the digested latex

p.h.r. or 0.0023 p.h.r. of

hours, 75 % nitrogen red

previously added with : iourea whereas the latex

enhances the prote 1mg ized papain which causes

the increase of 1 r, there was previous

report that hi nt , LR purea can inhibit the

performed with higher concent

Cysteine,.ﬁnqtgm'f papain, was studied in
i‘, 4

case of immobilized papain. | lioys that there is no

educt i between control and

significant change lin the
cysteine added lateéxgs Consequently, it is not essential to add

cysteine mtﬂau(ﬂnqemamgmﬂczlﬂ ‘j

EDTA was added into tHe latex ascthe metal - ehelating agent.
From l%uw,]‘atﬁ &j mumgglu.&gea EJ EDTA on the

reduction of nitrogen content. On the contrary, it seemed to have a

slightly inhibitory action. Therefore, EDTA must not be added into

the latex deproteinization process.
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Figure 17 The effect of thiourea, cysteine and EDTA on

latex deproteinization

The 25 ZDRC latex was added with various concentration of
thiourea or cysteine or EDTA and incubated with CIP at for 6 hrs.

The digested latex was coagulated, dried and the % nitrogen

reduction was calculated.

a) The effec p=rte a @or, thiourea, on

Ny .
b) The eiffecg act \ cysteine, on

c) The effect o 3 » 1g, EDTA, on

[}
latex deproteimizat

ﬂUEI’JVIEWIﬁWEJ'lﬂ‘i
amaﬁﬂimum'mmaa
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9. Effect of latex dilution on latex deproteinization

It was reported that nitrogen content could be decreased by
dilution of 1latex prior to the enzyme treatment; therefore, the
suitable dilution volume of water for the deproteinization by
immobilized papain was studied. Figure 18 a shows that the dilution
of latex to 20 %Z DRC before use as starting material was necessary in

o obtain the minimum of Znitrogen

the latex deproteinization

retention of raw rubber i. 77 % nitrogen reduction was
obtained after 4 héioﬂof éo 10 Z DRC was attempted,

but it caused the inc

was suitable for obtaining—ti m 78 % nitrogen reduction of raw
[ =
e-""_a—; -
rubber. D11ut1q§3}argﬁr than t 5 was not attempted
as it appeared 0 be because of the loss of

rubber due to 1ncéﬁ11etﬂ coagulation.

og@ml ANENINY DT
TR

before papain treatment and 2 nitrogen reduction of digested latex

which diluted with the ratio of 1:0.5 after papain treatment were not
significantly different. Thus, to be assured for the optimal

conditions for latex deproteinization, fresh field latex was
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a) The effect of latex dilution before enzyme treatment

on latex deproteinization

b) The effect of latex dilution after enzyme treatment

on latex deproteinization
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previously prepared to be 20 Z DRC and 25 % DRC and deproteinized by
using the optimal conditions ( Figure 15 a-d ) with the adding of
selected chemicals ( Figure 16 a-c, 17 a ). Latex sample was
collected and coagulated. The digested latex (25 % DRC) sample must
be diluted with water at the ratio 1 : 0.5 before the microwave

coagulation. Figure 19 shows that the 77 Z nitrogen reduction can

the 20% DRC latex whereas 71% and

/‘%ned from latex diluted after

sp‘:tiﬁj It is therefore concluded

be obtained at the third hour
70% of the nitrogen red :

CIP treatment and c

L

that 20 Z DRC latex .15 p.h.r. hydroxylamine

hydrochloride, me abisulfite, 1.2 p.h.r.

Triton X-100, 0.0023 ricured,  an oteinized with 20 p.h.r.

“hrs are the selected

13 ed enzyme is that it

can be reused somthere a
chitin for t depfoteinization o atex. _As shown in Figure 21 ,
immobilized qu gn?eﬂﬂ ﬁgpﬂﬂ;lh “latex for 2 times.
However, it _was fou d_th 'ﬁnjy 6 't‘iﬁ%lreduction of
latex %xﬁoﬁﬁﬁ Ti% e&ﬁrﬁlﬁtﬂﬂ ' immobilized

papain, respectively . Moreover, there was % DRC lost during the

empt to re\'me immobilized papain on

deproteinization process caused by the coagulation of latex with

immobilized papain on chitin.
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100% NITROGEN REDUCTION

sol
80
70
6ot
501
40
S0
20} 20% DRC LATEX
= ) : =~ CONTROL
101 ' ~£-_ DILUTION 0.5 .
A ; -
o 3
Figure 19. deproteinization by
 &§‘
2! waiﬂ prepared under optimal
conditions (Figure 15 used as the control. Another

ﬂaskﬂuﬁj{&ﬂﬂjm HEL M S Jater (ratio 1:0.5)

after enzyme treatment *where the #lask startifigf with 20 Z DRC

o] BNE) FBM bbb Sl B bicrmsoea an

compared with control which was 25 % DRC latex without any

dilution.
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Fresh field latex

l

Sieve and determine for % DRC

|

* Add 0.15 p.h.r. hydroxylamine hydrochloride

0.05 p.h.r. sodium metabisulfite

tg ave
=Y

und ‘- 15 min
i

U 7
D4} 1) ()0
ARANIMAM I NEN A

( DPNR )

Figure 20 The optimal conditions for latex deproteinization

by immobilized papain on chitin
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12. Effect of deproteinization on the molecular weight distribution

Since weight average molecular weight (Mw) and the molecular
weight distribution ( MWD ) of natural rubber are important criteria
of rubber quality, it is necessary to make sure that there is no
degradation of the rubber molecules under the conditions used for
deproteinization. Figure 22 shows the comparative study of MWD of

DPNR produced from immobiliz in, DPNR produced from free papain

and the control, non—depk

from Hevea latex shows a

bimodal distribut1 kil \\\\ . The weight average
molecular weight ( / \ IP and FP were 1lower

molecular weight (Mn) jof i' " ced {1

than that of control The number average

and FP were observed

to be higher than the Wig x@? ' control rubber. The molecular

weight distribution ™ chara bber can be expressed by

S \
polydispersity ( Mw/Mn ). " produced from CIP and FP had

narrower molecula ht Tanges W ow pelydispersity (< 5) of

4.39 and 3.76, rebpe Ty while ool Rfed the wider range of

molecular weight a had high polydispersity 35—9 ) of 6.56 ( Table

) Deprotemlzatlﬁnof rubber latex by CIP and FP have no drastic

et o UL ﬂmm NS et o

deproteinized control rub

QW']NT’I‘?&J&IW]’JWEI']@U
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Table 8 Weight average molecular weight (Mw), number average
molecular weight (ﬁn) and molecular weight distribution (MWD)

or polydispersity of DPNR produced from CIP and FP and control.

DPNR from CIP | DPNR from FP Control

Mn x 1072 1 7’
Mw x 1072 \F.x ’//

Polydispersity =g, 39,

% MOLE FR

10

9} | ©- DPNR-CIP

gl| & CONTRO

—4— DPNR-FP
7
6,
5
4
3
2
1
o,

The comparative study of MWD between the DPNR

Figure 22
produced from CIP and FP with the control.
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13 Physical properties of raw rubber

The physical properties that determine the quality of raw
rubber of DPNR produced from CIP, DPNR produced from FP and the
control were compared. Figure 23 a shows the significant reduction
in nitrogen content from 0.492-0.504 to 0.077-0.110 or 80.54-77.91 %

by using CIP and FP, respectively. Moreover, it was found that DPNR

produced from CIP containg v er total nitrogen content than DPNR
fi } ver, both DPNR contained total

nitrogen content lower. thar DPDR mtlon (# N <0.12 %).
Apart frW : 'trogen content, the volatile

had lower color imex than DPNR produced frm FF ( Figure 23 e and

" B ANENT WD s e
R TN TR iiii;,if;“i;

Po about 4 units of DPNR produced from CIP while DPNR produced ffom

FP was not significantly different comparing to control sample. On
the other hand, the PRI of both DPNRs were about 80%, which was lower

than that of the control but higher than the acceptable value of 60



73

(Figure 25 b). When the rubber samples were kept over P905 at 60 ©C
for 24 hours for storage hardening test (aP), aP lower than 7 can be
acheived in both DPNRs. The increase of &P of control sample was
higher than DPNR samples about 8 - 11 units and also higher than the
acceptable value about 4 units which indicated that DPNRs should be

able to withstand storage hardening better than non-deproteinized

rubber (Figure 25 c) .

Mooney visco were lower than its control,

non deproteinized v Sémut 6 - 9 units and the

Mooney viscosity o \ was higher than the DPNR

produced from FP (Figur bfd)d f sover,to confirm that the Mooney

viscosity of rubbeg urmg storage, the rubber

samples were kept a “months. Figure 26

shows that the Moone rubber samples were not

significantly different during th eriod.
) s

=7

9
ﬂUEVJVIEJV]‘i'WEJ\’]ﬂ‘i
ammmm UA1AINYAY
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NITROGEN CONTENT (g%) VOLATILE MATTER (g%)

0.6
Bopna-cip

o.5 I DPNR-FP
B coatrot

0.4

0.2

a ZIDPNR-CIP
0.25 %

oosopnmer | BVl T T
Elcontrol

ASH CONTENT (g%)

Z2DPNR-CIP
[loPNR-FIP
| ES Control

©0.015%

= j
|
i i [4 ! ;;réé.”"‘ =

U

EopnNRCIP |
6 {{DDPNR-FEL Fosiin o - B - - - - - - - -
| Bcontrot | = .

RAW RUBBER

e AR SN DL B e

from CIP and DPNR produced from FP and.the control.
a) % nitrogen content (n=4) b) the volatile matter (n=3)
c¢) ash content (n=3) d) dirt content (n=3)

e) color index (n=3)
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STORAGE HARDENING

14
EZDPNR-CIP

12 HOopna-Fp
Scontrol

10

]
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[Dopng-Fp =
EConlrol SEE
> 80
RAW RUBBER
SITY )
R J d
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===

U

.+ RAW RUBBER
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Figure 25

a) Initial plasticity (Po)

(n=3)

c) Storage hardening ( 4 P)(n=3) d) Mooney viscosity (n=3)

(n=3)

among DPNR produced by CIP and FP and control.

Comparison of the physical properties of raw rubber

' b) plasticity Retention Index (PRI)
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14. Cure characteristics

DPNR produced from CIP,DPNR produced from FP and control were
compounded with compound additives on a two-roll mill at room
temperature, left for 24 hours and, then, their cure characteristics
were studied using EEKORNER Rheometer and shown in Figure  27.

Cure characteristics such as scorch time, cure time,cure rate

and torque rise were com 1n Figure 28 (a—-d). Both

DPNRs had decrease sc 1flcantly from 104 + 1 sec to

68 + 1 and 83 + 1 sec and cure rate (tgp-tg) of

DPNRs also decreai of both DPNRs increased

significantly b R produced from CIP and

FP were not signi

The color uced from CIP had lighter

color than DPNR prl p "‘f:L”" e ntrol rubber(Figure 29 ).

15. Properties of unaged & >d vulcanized rubber

from free papain and the control, h1gh proteln rubber sample as shown

in Figure ﬁ !ﬂﬂ f‘]ﬂeﬂmwgﬂl mlns, an increase in

tensile stréhgth and % elongat1on at break can be observed but
R RV IO N AT B = =

differént significantly. The specific gravity of both DPNRs and

control were similar.

After ageing at 70°C for 7 days,the value of tensile strength
increased insignificantly, 300 % modulus and hardness of all rubber

samples increased significantly from unaged rubber's values while
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SCORCH TIME (second) CURE TIME (second)
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Figure 28 ‘“CGomparison of c%pe characterlstlcs between both DPNR
A WTRETTIEL URIINYIAY
a) scorch time (n=3) b) cure time (n=3)

¢) cure rate (n=3) d) torque rise (n=3)
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_Figure 29 Comparis D Arpou tbber color among both DPNR and

the control.

U
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% elongation at break slightly decreased (Figure 3.26a-d). The effect
of ageing on the physical properties of DPNR is less pronounced than
high-proteins rubber, especially tensile strength and 300 % modulus
(Figure 30 a-e).

The color of the vulcanized DPNR produced from immobilized

papain was lighter than the color of DPNR produced from free papain

and the control as shown in

16. Estimated cost i produced from CIP

scale production wa oWy id Ta 3 ‘ cost of DPNR produced by
CIP was about 153.67 | .;,;_f. 3 t for DPNR production was

\ée expense can be reduced
J‘dadd ¥ i
by replacing Tris and cyst > Wi P v\dbte and sodium bisulfite,

?‘J"“‘

Tris, chitin, cystein

respectively ( Figure was observed that papain

o .
activity was increased “when sodium bisulfite was used as papain

activator insteadyo ne,so paj centration used and papain

cost were decreas 345 /kg. Consequently,

the reduced cost of  DPNR produced from CIP wﬂ] about 96.77 Baht/kg.

ﬂ‘lJEJ’J‘VIEWl‘ﬁWEJ']ﬂ‘a’
Q‘W’]Mﬂ‘ﬁm UA1AINYAY
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300 % MODULUS (MPa)

TENSILE STRENGTH (MPa) % Elongation at break
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both DPNR and the control.

a) tensile strength (n=6) b) % elongation at break (n=6)
c¢) 300%Z modulus (n=6) d) hardness (n=3)

e) specific gravity (n=3)
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cysteine and sodium bisulfite were used as papain

activator in the immobilization process.

Figure 33



The cost

Table 9

of DPNR production was

Production cost of DPNR
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shown in column A and

.was decreased when Tris and cysteine was replaced by phosphate and

sodium bisulfite.

The reduced cost was shown in column B.

AMIANTAUNNIINYAY

Column A Column B

{ Baht funit) | ( Baht /unit)
Rubber 12 12
Chemicals
papain 2.90 1.40
Tris 0.1 M 52.31
cysteine 0.010 M 14.83
Phosphate 0.1 M 11.58
Sodium bisulfite 0.01 0.15
EDTA 0.038 M 8.37 8.37
Glutaraidehyde 25% 0.51 0.51
chitin 22.54 2254
Ammonia 112 112
Hydroxylamine.HCI 7.20 7.20
Sodium metabisulfite 0.55 0.55
Triton X-100 14.39 14.39
Thiourea 0.0023 phr 0.01 0.01
Utilities
magnetic stirrer(19' 0.04 0.04
shaker (1.1W) 6.60 6.60
Two roll-mill (1.5W) 1.50 1.50
Autoclave (2 kW) 4.00 4.00
Hot air oven (0.8 kW) 4.80 4.80
total cost (Bah 96.77
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