CHAPTER IV
DISCUSSION

Latex deproteinization by enzyme has been reported as the
favorable method to produce DPNR. In the past, many kinds of protease

have been used for removal f protein from latex, namely Alcalase,

shorter time for latex ¢ ipizat isessanguan, 1992). Papain

factory storage " comditions wit AR ngus infection (Anandan and

Loganathan, 1984) . ' _" he, major,cost of DPNR production is

imported papain. "Thg ' ':f" his research is firstly to reduce
Wz

the production cost bﬁF‘

produced papain;rfnd secondl “,mﬁé-; immebilized papain and test
( f

the feasibily of
in order to undeigtandv' condiigbns, efficiency of the
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1. The o-tlmum condltlons f6r papain !ﬂnoblllzatloﬂJ

Ej) the physical
adsorption of enzyme protein on the surface of water—insoluble
carrier. This method was chosen for papain immobilization because it
is the simplest method and caused little or no conformational change

of enzyme protein or destruction of active site of enzyme (Chibata,
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1978).

Chitin was chosen to be the carrier due to its advantages as
described in Chapter I. Although there are limitted number of amine
groups per unit weight of chitin available for binding, linkages with
papain molecules on chitin were apparently detected after washing
with 6 M HCl and 5 M KOH to improve its surface properties ( Stanley,
1975). The optimal size and amount of pretreated chitin was
determined. Although, it was foué&i&hat papain immobilized on small
mesh-size chitin ( 40-80 mesh )» gave h;gher activity due to higher

surface area butﬁf§§:§m
?

41 mekh—size was found to have diffusional
limitation as report 4 Puvangkrishnan and Bose ( 1980 ). Besides

'gﬁﬁ,ﬂ the adsorption of papain on chitin is

dependent on other experiment vaﬁgables such as papain concentration,

the particle size

pH and reaction time etc (Kanasqgud 1990) . It was found from the

result that pH influen d the actiﬁmty of immobilized papain. Since

JJJ

f
papain has isoelectric p01ﬂ%—( iji:‘of 8.75, papain dissolved in

'\= la_

phosphate—cystelnf~EDTA buffer pH é 0 has a g951t1ve charge which can

be attracted ;g amino groups of ch1t1nhjby hydrogen bonds or
Van der Waals forqgs. A major influence /on the quantity of papain
adsorbed on chitin ‘was. papain concentration exposed to the unit
surface of chitin duriiig the.immobilization process. It was found
that the activity of immobilized papain-“did not_increase, although
higher concentration of papain‘ (more than 7 ‘mg/ml) were used (Figure
5 b). That is because the activity of immobilized papain increases
with the increment of enzyme concentration until it approaches to the
saturation value (Kanasawud, 1990). This also agrees with a report

published by Chiou and Beuchat (1987) which the activity of papain
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immobilized on Dowex MWA-1 increased substantially at concentration
of 1-20 mg papain in phosphate buffer pH 12.5 and insignificantly
increased between 20-80 mg papain.

To strengthen the binding forces, glutaraldehyde is commonly
used as a coupling reagent to immobilized proteins through a

formation of intermolecular linkage (Habeeb and Hiramoto, 1968). It

ion (0.7 %) into the suspension of

/ﬁ reaction time is one of the

iq,; t10n It was found that

was added at the optimum concemn

activity almost linearly

Figure 5 f).
the physical adsorption
he binding force between

enzymes and the carrieriis 1ers so that adsorbed enzymes

I.i‘ =’ -,‘ !"N!: I . R - - -
are usually released ro'liihe_ arrier during washing and utilization

— "'L oo ] “
, 1987 EMI‘Chibaf Efom the result as shown

(Chiou and Beuch

in Figure 5 gl

was released dunh%&washl : h a report published by

Chiou and Beuchat (198%7) that papain immobilized on Dowex MWA-1 by

sietng a@ &) LU W INELAE)oRecutar crossiintcing

with 1.0 % glutaraldehyde wad washed outsat least 48%4
VPR AT IAEL LA Brcin, covatent
-bindin; method was considered. The method used in this research was
carrier-binding with bifunctional reagent, glutaraldehyde. This
method is based on the formation of crosslinks between the amino

groups of the carrier or the amino groups of enzyme protein and the



aldehyde groups of glutaraldehyde (Chibata,1978). As shown in Figure
6 a, the optimal concentration of 0.4 % glutaraldehyde in 0.1 M Tris
buffer was obtained. The reaction between chitin and glutaraldehyde

in buffer pH 8.0 can be explained and represented as equation below :

H 0 0

| ] Il
Chitin-N : + HC—(CHZ )3—CH =
| ")

t1n—N—CH- ———> Chitin-N=CH- + Hy0
/ OH

H
(glutar

Chitin was [ it glutaraldehyde in basic solution.
Then, the product coa in ;ﬁgﬂﬁl:wﬁ~" rogen double bond resulting
from eliminatio ‘ ecule lof wa. was obtained ( Morrison and
Boyd, 1987). Sinde. | crosslinks ‘of | immobilized enzymes with
glutaraldehyde bri ;ria:a': ; :; loss of the activity as a
result of denaturation o : >ns such as immobilized lactase
,immobilized gluco eeki et al., 1982), the
amount of glutab,;!f':_"_"_'ff:'T —————— Toust be controlled to

the minimum and a&howm in b, Bme optimum ratio between

buffer and 0.4 % gldtamaldehyde is®9:1

In a u E‘J lmﬂ m i“ Ejea ff])jlmmobﬂ ization, the

optimal concentratlon of dissolved in Tris-
cyste;q ml"]tafﬂ-mii mﬁ mlﬁaﬁﬂ:} a Ellown above can
occur. The reaction between papain and glutaraldehyde-treated chii:in

in basic solution, named as Schiff base reaction, can be represented

as
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0 0
fl il

Chitin-NHy + HC-(CHp)3-CH + HoN-papain

(glutaraldehyde)

- 2H90

binding method ha{ Comparison to the activity yield of

papain immobilize , MWA-1 by the same method which had 9 %

yield (Ohmiya,1 papain covalently—-immobilized

on chitin in thi of 2.5 times of activity

yield.

2. Properties of immobilized ; in 6n chitin

Information o matie properties caused by

the immobilizat' L \aﬂ 1y for the application
of immobilized tem of¥ also or the @ucidation of structure-

function relationshipssand the mechanism of enzyme reaction. Changes

of enzymaticﬂruﬂig mﬂmimzllfrljed by the following
two factors. 1(I)Ine is the change of enz itself, andithe other is due
oS R e R . o
immobilization. The former involves the modification of amino acid
residues in the active center of the enzyme, the conformational

changes of the enzyme protein, and the changes of charge on enzyme,

while the 1latter involves the formation of diffusion layers around
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immobilized enzymes (Chibata, 1978).

As enzymes are proteins, the catalytic activity is markedly
affected by environmental conditions, especially the pH of aqueous
medium. The effect of pH on enzyme activity means the effect of pH
on the ionization of prototropic group in the active site of enzyme
that may cause the changes of three dimensional conformation and

substrate binding. Figure showed the same optimal pH range,5.5-

9.0,0f PIP and FP at &_‘ indic: hat there is no conformational
changes of papain imme 1z@ m by physical adsorption

method. While ( \ ,\M‘narrower optimal pH range

between 5.5 -

immobilization o ' or “chitin valent-binding method may

alter the confor i i 4 of enzyr esulting in the changes

as i case of ordinary chemical catalyst, but the
7,

temperature,

.r—_,r'—
LT

atrhigl

activity is los

enzyme (Messing, "1975).
temperature rangegt 50-80 had .ﬂxe narrower range of the

optimal temperature fats70-80 °C (Figure 9 b).

Theﬂ L3V WE)ATA3: charactersstic n

determining the feasibility &t applicatdien of immobilized enzyme. The
enzyme mlnta ﬂeﬂlﬁ m u ugggmaugﬁlﬂ storage and
operatignal condition (Kaul and Mattiasson, 1990). Figure 10 a shows
that CIP is stable in wider range of pH than PIP and FP whereas the
temperature stability are the same in all cases i.e. they were stable

at the temperature range of 30-50 ©C (Figure 10b).
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The storage stability is another important factor in
application of immobilized enzyme, both of PIP and CIP are more
stable than FP when stored at room temperature for 48 hrs ( Figure
12 ). The stability of immobilized papain was considered to be
caused by a reduction of autolysis of protease (Chibata,1978). Longer

storage stability of immobilized papain and free papain were observed

3 months, where more than 80 % of

when they were stored at 4 ©

_ )Figure 13 Vs Weetal (1970)
also reported th&n v@oupled to cellulose by the
azide method remaf(' i Wted at 5 9C in distilled

immobilized en 0 ':_' e most important factor affecting the

success of i i tion of, jan immobilized system. A column

”
&

days at 40 ©C (Figure 14"

enzymes were immobilized, the

As already” dientioned, whén
e sy e ENA BTN B s e,
values of igaelis constant i ion velocity,
o A AT LA IR o
d

tabulated in Table 6 an 7. Normally, if an enzyme has a small

value of Kp,it achieves maximal catalytic efficiency at low substrate

concentration because K, 1is the substrate concentration at which the

reaction velocity is half maximal (Voet, 1990). From the results,
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using crude papain,there are detectable changes in Michealis constant
(Kp), which reflect the affinity between enzyme and different
substrates. It was found that the K; value of immobilized papain and
free papain were higher when ovalbumin and rubber latex were used as
substrate than when casein was used as substrate. These results
suggest that the K; and Vp,, are influenced by the change in

diffusion rate of the immobili nzyme and substrate. An increment

of the molecular wei inish the diffusion ( Ohmiya,
1978). Since the &r i l@em is about 20,000-24,000
while the molecular( - \ 000 (Stecher, 1968) and
rubber particles are . . .10 the diffusion rate of
three substrates 7 3 | SC " iminated. From this reason,

different K valués pa i ¥ I showed the highest K

arginine ethyl estg) was used a ubstrate m pH 8.0 at 379%.

tion, Vmax, occurs when enzyme

The maximal Velocity of a
is saturatedﬁ(uﬂ’AMﬂmmj Wnﬂl’]fnl;—substrate complex
form o ﬁ ﬁ efficiency of
enzyme ﬁié@lﬁ% &Iﬁjﬁ:ﬁaﬁl Value can be
used in the comparison of enzyme efficiency ( U3 mum%’m, 2535 ).
From the results, it was found that the Vmax value of PIP was not

significantly different from the values of FP. While the Vmax value

of CIP was higher than that of FP when casein and rubber latex were
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used as substrates and lower than that of FP when ovalbumin was used

as substrate. These results might be because of the conformational

changes of papain caused by covalent - binding of papain on chitin.

3. The condition of latex deproteinization by CIP

The optimal conditions for fresh field latex deproteinization

by CIP was shown in Figure The deproteinization of latex

isoelectric point (pI) of the

n&rubber particles, mainly

T—

4.6 (Nadarajah et al., 1973), the

ged. The more negative

depends on the pH of 1a 2

protein which protéects '
—

a-globulin, is app( i

latex having pH r

charge of latex, obtained(Figure 15 a)

because it was ov Furthermore, the
to temperature until a

emperature, the rate is

decreased due to th d@t SIS in and the coagulation of

tnization, there is no

inhibitory action (ﬁ hydros h orﬁie (Figure 16 a). Yapa

and Balasingham (1971g) nd Yapa (19L) have also reported that papain

and hydroxyﬁ: fhd Ey’g 3 §ri G| Gt/ | biblited suitably for the

manufacture of low nitrogen-GV rubber. Sodlum met b1su1f1te, the

concif) T TR GHEHHA A A Eﬂ@'ﬁ sl

action oqf immobilized papain on chitin. However, high concentration
of thiourea ( > 0.05 M ) was found to inhibit the deproteinization

process (Yapa and Balasingham, 1974), thus the amount of thiourea

using must be controlled. Although cysteine was reported as the
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papain activator (Yapa and Balasingham, 1974), it was considered not
to use due to its high price and low activating potential. EDTA, the
metal-chelating agent, was also omitted because it does not increase
CIP activity (Yapa and Balasingham, 1974). Although Koosakul (1994)
reported that 1.1 p.h.r.Triton X-100 enhanced the removal of proteins
from field latex by free papain but Figure 16 ¢ shows that higher
_ p.h.r.) inhibited the activity of
‘%in the decrease of % nitrogen
=

concentration of Triton X-100

immobilized papain on chi

,l"mter enzyme treatment were

itrogen contents as reported

reduction. 2
| —

The dilutioneF lete

found to give a g

by Nadarajah (19 77), respectively.

Figure 1 oduction by CIP in this

research require hrs) and the removal of

nitrogen content f the retention N content

J,)'Tf— ;
or 80-84 % nitrogen redué‘ééai’ when comparing with the previous work
= bt 4 L)) -

of Chang et al. 3977) “which 0.12
5 ]

Z-Qtention N content was

obtained by usif g with centrifuged field latex for 24 hrs
before acid coagulaion ) @ch 0.2 g % of retention
nitrogen content was’gbtained by using free papain with 10% DRC field

fifio 58 @&&LQ YN IIE) W dver, he % nitrogen

reduction of this research’ was alses higher thaa the results of
Visessagﬂnfa1az\a mj m ugﬂ;‘] ;lm ﬂ’illraeﬂreduction was
obtainec? by using free papain at 50 9C for 2 hrs but the longer time
was used. However, when these results are comparing with the results
of Koosakul (1994) in which 0.070 g % N was obtained by using free

papain at 50 °C in 50 min, it was found that DPNR from CIP required
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longer reaction time and the removal of nitrogen content is about the

same, and not better.

4, Effect of deproteinization on molecular weight distribution (MWD)

The bimodal distribution ( type 2 ) of the molecular weight
distribution (MWD) profiles were observed from either of the control

or DPNR samples produced from C d FP. These results confirm that

significant effect &p Eng et al. (1993)

rubber particles.

rubber have been for the occurrence of

oteins are digested, the

MWD profile slightly/ shi molecular weight to low

-
B ) el

weight (Mw) decr—sses with the t-emen itrogen content(Ichikawa
i a . A,

et al., 1993 ), U¥ is in good cc th / the narrower molecular

weight range ( lovm polyd iw / ﬂn@ was observed from DPNR

WY NIV NETNS

¢

5. The properties of DPNR = /
NETRIShOWIANAAL., ., ..

immobilized papain and free papain theoretically follows that enzyme

produced by ﬁ? as Well as from roduced
Y

treatment decreases the proteinaceous non-rubbers by breaking them
down to amino acids which are dissolved and washed out during

dewatering (Chang et al., 1977). The remaining nitrogen content of
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DPNR produced by CIP was less than that of DPNR produced by FP.
However, both of them were lower than that of the control and that of
RRIM specification (1977) which the nitrogen content must be below
0.12 g%.

The ash content represents as minimal figure for the amount
of mineral matter present in the rubber. While the dirt content is an

obvious contaminant in raw ri " They were decreased after enzyme

Since proteins
tics (Smith, 1974), they

Associated with

£

tn.f ed in the production of

light colored xﬂ)ber produ which reqmres a color limit of six
unit or less on Lovibond color scale : g uoted by Koosakul, 1994 ).

The color ﬁ u&;mgm5 ﬂ‘P were 2.5 and 3.0,
respectiv Both of t wer index of the
contra ﬁl;l] QQﬂ 1m ﬁ'j"g ﬂi]’l;m EIration of raw
rubber. As noted by Hasma and Subramaniam (1986), the color of
rubber depends on its clonal origin of rubber, process of latex after

tapping etc. However, the most important factor is usually due to

the polyphenol oxidase in latex which catalyses the oxidation of
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phenols to ortho-quinones which can react with naturally occurring
amino acids and proteins present in latex to give colored product
(De Haan-Homans,1949). Discoloration is also caused by non-enzymatic
reaction between carbonyl and amino groups to give an unsaturated
carbonyl amino derivative, showing brown or black color (Rinderknecht

and Jurd, 1958). Thus, the removal of proteins improves the color of

raw rubber.

An important ‘s Loy ) raw rubber is the plasticity

Medtured value of resistance of raw

retention index (P

rubber to oxidatﬁ-

Sekhar, 1966). Hi

time ageing ( Bateman and

is to good ageing resistance.
The PRI values were not significantly

different. esd va : ower than that of control

signif icantly.

of natural rubber, the
=

i
B ) e

R eased from 106.0 to 116.8 and
117.1 when 0.1 %, afid 6.3%

ed to the latex. The

out naturally occuring

antioxidants whim are domina ocotriex@] (80%), amines and amino

acids (20% :ET 9 §é ting in_the decrement of the PRI
value. M@(ﬁ - ﬁﬂﬂn aﬁzf;]eﬂejwith latex dilution.
Siva e 7 zﬂ j ('1]93 ﬁ sults that PRI
valuﬁmﬁgﬁri m 1 YT'EI:T ﬁ when latex was
diluted with water at the ratio 10:1 and 10:4, respectively. '
Mooney viscosity is a rubber characteristic which is roughly

proprotional to the weight average molecular weight (b—dw) and MWD

(Nielsen,1977). It also depends on the branching of the polymer chain
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including linkages to some cross—-linking non-ruber molecules. The
molecular weight of the branches seem to be more important than their
number (Long et al., 1964). Rubbers with high molecular weight show
high Mooney viscosity ( Table 8 and Figure 25d ). Removal of
proteins in the latex reduced the cross—linking non-rubber molecules
in the rubber. Consequently, the reduction of Mooney viscosity was
by Visessanguan (1992) and Koosakul

/&ed from their investigation.

f .Jub be changed during storage

obtained. As previously

(1994), the 3-5 un1t dr

Mooney vis

resulting in harde ardening is a slow crosslink

reaction between
carbonyl groups whi

amino acids pres

o

Sekhar (1960) re p}]. ardening change is greater
Y2

at zero humidity and e vatM Therefore, a convenient

provided by stro’a_\fe the ruﬁb'éf 60 °C 24~hrs over P90g and this
dening test (ASHT) which

confirms the abB1ty o in-@tabilizing its viscosity

(CV) grades of either NR

versus the stor Constant®iscosit
or DPNR in Eijjt%l ’ll mnEJ ni wﬂﬁam ﬁ produced by adding
hydroxyl )ﬁ th the "-6 rbonyl groups
(Robeiwﬁl) ﬁﬁ ﬁnﬁlﬁbﬁﬂ LE! from CIP and
FP are less than the untreated rubber.

The existence of nitrogen content in natural rubber affects

the cure behavior of rubber compound. DPNR produced by CIP and FP

exhibit shorter scorch time, cure time and cure rate but higher
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torque rise than control. A similar evidence was observed by
Visessanguan (1992) for fresh field latex deproteinization, and John
(1977) for skim rubber deproteinization. From the results, it is
hypothesized that, the removal of proteins in rubber latex to the
minimum and consistent amount by deproteinization process should

improve the homogeneity of mixing and chemical dispersion in rubber

resulting in homogeneous vulcanization.
The homogeneous - a jf DPNR compound caused by the
removal of protein&c' i@provement of stress-strain

sed tensile strength and

-

% elongation at bre ad a; . The similar result was
observed by Visessay ‘ 3 wevery, 300 % modulus of DPNR and
control showed n ignificant(id rances ', (Fi 30 a~d }. The
hydrophilic proteifis eng he, vuleanizate properties due to its

enhancement of wate ' uwThe water absorption causes the

increased (Pereragnd Siriw

-ﬂ(ﬂight and Tan (1975)
reported that the® proteinaceousfiatters can act as a reinforcing
filler. Tﬂ yﬂaﬂoﬂﬂpﬂﬁnﬂﬂtﬂbﬂ ﬁuses a reduction of
stiffenin agzion of rubber 4nd reducti®n of moduludé hardness.
’Qq c’e] aﬁeﬂ im ﬂ‘lnmgrg YJIEJ ’laa ‘resistance of
rubber compounds (Morimoto, 1985), the elimination of protein causes
the changes on heat-ageing properties. The formation of more cross-
links can be occured during heat-ageing ( Blow, 1984 ), it was found

that when the rubber vulcanizates were aged at 70 °C for 7 days,
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hardness and 300 % modulus of DPNR and control were increased (Figure
30 d,e). Tensile strength of DPNR was insignificantly increased
while tensile strength of control was increased significantly. On the
contrary, it was found that Zelongation at break of aged vulcanizated
was decreased (Figure 30 a-c). The same results were reported by
us of DPNR produced by Alcalase 2.0T
&sed from 1.6 MPa to 1.7 MPa
}ﬂngation at break decreased

after ageing at 70° J wh

Ichikawa (1993) that 500 %

and three times cent

- produced by Alcals
from 24.8 MPa to 25.6"MP

6. Estimated the produ

9. The cost of

DPNR produced by .CL m “" is higher than the

cost of DPNR produmd b free papain that 1537.90 Baht/kg (Koosakul,
1994). The jo ﬁ o pm is_chitin, the carrier of
immobilized gﬂ ﬁ%ﬁ:ﬁ ﬂ\jlf ﬁlacing chitin with
other che carrier ¢ i T i ué:g sand will be
considiﬁti] a§ E]j mﬂﬁ::lr oﬂi‘etjt stability and

thermal stability (Weetall, 1970) and continuous operation for latex

deproteinization.
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7. Suggestion for further research

Although the superior quality of DPNR is required to fulfil
the objectives of rubber goods producer. The cost of DPNR is another
important factor to determine the consumer acceptance. From this
research, it was found that imported chitin (Sigma, product code
number C 3387), the carrier of immobilized papain is a mojor cost for

DPNR production. To reduce

t of DPNR production, local chitin

should be used. W
Moreover, a
for industrial use.

is suggesting that

in mesh containers.

Since this researciﬂis bas ratoryigcale using 250 ml shake

flask at 120 r the‘b‘hper speed of/agitation should be investigated
ff" LS ANEIN T TALLDT it o sapate

for latex rote1nlzat10n f2enz actlﬂdEELdue to latex

et AR S B IO

agitation speed. In case of free papain, Koosakul (1994) could

in a scale-u

n and slower

increase the deproteinization efficiency by using optimal agitation
speed(60 rpm) of a two-flat blade paddle in a 41 cm reactor to obtain

a decrease in total nitrogen to 0.07 g% within 50 min.
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