CHAPTER III

RESULTS

3.1 Seasonal variation of dry rubber content (DRC) and water extractable

protein (WEP) of fresh field latex (FFL)

Tapping season usually startsi ” r June and end in January or February.
The FFL was collected and p d latex (CL) 60% during various

months over the years 20 ‘ was shiown in Figure 3.1. Specimens from

either FFL or CL wa ;‘\ icted for WEP according to
method 2.8.1 and det \\‘ ods 2.10.

The results fr i 1-32 sho \ \: and WEP of FFL in the
beginning of tapping s€as \ season (May-October) 48-73

mg/g rubber , were significa 3'" - thay e end of tapping season (November-
# i ;

February), 21-27 mg/g rubber. _="*" _ WEP in FFL is more or less parallel to

% DRC which started at about - 0-41% DRC in the begi nhing of tapping season, and
y: = Y |

decreased to 30% DR . : '.
3.2 The effc mwgg NHRIBBANT e

he ﬁne lot of FFL was cenfrifu ﬁed to 60% CL and WEP®#om dry films was
secrn) O BT L AR W SHL L VLSRR o v o
concentrated latex films which was similar to WEP of FFL, but the amount of protein

was only 5-10% of that observed in rubber film (RF) prepared from FFL.
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Figure 3.3 Effect of centrifugation on WEP in rubber film from CL 60% in 2001-2003
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3.3 Effect of gamma radiation on protein
3.3.1 Effect of dose variation on the quantity of WEP from rubber film
FFL lot No. 9/11/01 was irradiated at dose 1, 2, 3, 20, 40, 60, 80, 100

and 120 kGy. The process was summarized in Figure 3.4

Fresh Field Latex (FFL)

“iera ad ated concentrated latex

Control concentrated latg

RS
///ﬁ '\\\\\

RubbefMil I l \ boi thickness

v

A. WEP extraction with disti i: J

et 1

B. Leaching with distilled

ater at 70°C 10 minutes

1
L__§
) 1

water (1g: 10°

U

VEP extraction with distilled water

”f'ilg:mml),37°c

AR TN AT TTA Y

WEP determination by Modified Lowry method

and MW distribution by SDS PAGE

Figure 3.4 The protocol of irradiated film preparation and WEP extraction
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The WEP of control non-irradiated CL subjected to centrifugation was
significantly lower than FFL (Figure 3.5), which was evident for the effect of
centrifugation on reducing WEP. Irradiation of FFL at low dose 1-3 kGy resulting in
more or less the same amount of protein comparing to control (1.48 mg/g rubber)
probably resulting from centrifugatipn. At high dose (20-120 kGy), the protein

content, which should be less than control (1.48 mg/g rubber) turned out to be

increased significantly and ev FEL at the dose of 40-120 kGy. This

result suggested that waterinse prao em&ay be disintegrated and change

to WEP at about 20 k / S
N

Illiﬁ i\\\\\\\

100 ~

WEP (mg/g rubber)
(4,3
o

30

AR DI ANL AL s o

(20-120 kGy) on latex protein
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3.3.2 MW distribution of WEP of irradiated latex

MW distribution of WEP of irradiated (low dose, 1-3 kGy) latex was
compared with control latex as shown in Figure 3.6. WEP prepared from FFL (lane 2)
showed several protein bands in the range of 96-14.4 kDa. CL films (lane 3) display
dominant protein band of MW 45, 40, 30 and 14.4 kDa which are the proteins that

associate with rubber particles. Irradiation at low dose 1-3 kGy changes the pattern of

&/ration of some proteins, resulting in

\\\ | support protein disintegration by

irradiation at dose 1 and.2 {0 ching of'rubber film at 70°C for 10 min

WEDP prepared from CL (lane

Figure 3.7 showsfthefeffect o | l‘ ion at dose higher than 20 kGy,
resulted in more disintegati " jteins in the serum and those bound to
rubber particles suspended ifi 0.6% NF ’-_" 3 indicated that after FFL irradiation,
30 kDa and smaller.proteins ’ piation. with in the cross-linked
rubber particles in t f’i——_ﬂ“ |

IB 2
ﬂ‘lJEI’J ‘wﬂmwmm

q ‘mﬂﬂﬂim 1N1INYIAY
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Figure 3.6 SDS rubber film prepared from
FFL, CL, and FFL IRR
Lanel Standard
Lane 2 WEP of fres
Lane 3 WEP ¢

Lane 4 WEP of
"n

Lane 5 WEP of Gy IRR CL
e mea@awmw eI
Lane 7 WEP of 1 kGy IRR CL, and leachm

tanet § Wﬁﬁﬁﬂ@ﬁﬁ%ﬁ% NYINY

Well 2-6 was loaded with 20 pg protein and well 7-8 was loaded with 20 pl

protein solution containing of non-detectable level protein.
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Figure 3.7 SDS PAC OF WEP exir from dry rubber film prepared from

A

eyl
FFL; CL, and FFL [RR W. A A€ ixpy

Lane 1 Stand ‘iﬁ?f R
Lane 2 WEP ofm) kGy IRR CL m
g, v/
> EIETRENINYINT
Lane 4 WEP of 60 kGy IRR (}L
Lanes ) WHRRIREAU INYINY
Lane 6 WEP of 100 kGy IRR CL
Lane 7 WEP of 120 kGy IRR CL

Each well was loaded with 40 pg protein.
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3.3.3 The effect of gamma radiation on Bovine Serum Albumin (BSA)

To understand the effect of gamma radiation on any single protein, BSA
solution 1 mg/ml was irradiated at various doses 1, 3, 5 and 10 kGy and compared for
MW distribution by SDS PAGE. Figure 3.8 shows that 66 kDa BSA soluble protein
disintegrate slightly at 1 kGy and the band at 66 kDa decreased with increasing dose

of irradiation. Smeared bands of protein MW below 66 kDa increased as the intensity

of the 66 kDa band decreased.

AULINENINYINS
RINNTUUNININY
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3.4 The effect of natural polysaccharide addition on irradiated natural
rubber latex

Since it was reported previously that starch powder added in the process of
NR - gloves production can act as a carrier for allergen proteins and form aerosol-
allergen. Two types of natural polysaccharides: sodium alginate (AG) and
carrageenan (CA) were added to FFL after irradiation and before centrifugation as

shown in Figure 3.9.

AULINENINYINS
ARIANTAUNNINGIAY
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Fresh field latex (FFL)

I

[rradation (IRR) (1-3 kGy)

' !

Natural polymer (NP) Natural polymer (NP)

Alginate (AL) Carrageenan (Ca) Alginate (AL) Carrageenan (Ca)

\4
Control CL NP-CL
n thickness

+—LeacHing with distilled

A
wa@at 70 °C 10 min

PRPNIEN AN

] L
*)tein extraction with distilled water 1:10 (w/v)

ATV INENAL

WEP determination by Modified Lowry method and MW distribution by SDS PAGE

Figure 3.9 The protocol to study effect of IRR, NP addition and leaching on WEP
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3.4.1 Recovery yield (%) of irradiated and polymer addition natural
rubber latex

According to Figure 3.9, 1-3 p;ll‘ of sodium alginate and carrageenan were
added to 1-3 kGy irradiated natural rubber latex with dose and centrifuged to produce
60% concentrated latex. Recovery yield of these 60% concentrated latice were
reduced significantly from 58% in control CL to only 21-32 % in case of adding 1-3

phr carrageenan, and 41-54% wh nhvaleate was added.

AULINENINYINS
PRIAIATUAMINYAE
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Table 3.1 Effect of NP addition after irradiation of FFL on recovery yield.

Source of RF Treatment Recovery yield (%) of rubber in
60%CL under treatment with
IRR (kGy) NP (phr) Alginate Carrageenan
Control CL 58 58
IRR-CL 42 42
41 41
42 42
NP-CL 45 26
45 28
45 29
IRR-NP-CL 45 21
48 23
43 25
47 25
54 32
AusmeninenT s |
U 3 1 51 25
¢ o o/
YWIGNNIUNRATINY & | >
9 3 3 47 27
1-3 1-3 41-54 21-32

CL= Concentrated latex IRR = Irradiation

NP = Natural polysaccharide RF = Rubber film
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Because addition of carrageenan resulting in about half recovery yield of
concentrated latex comparing to control and alginate added concentrated latex, the
result suggest that not only protein but rubber molecules may be associated with

carrageenan.

3.4.2 WEP of irradiated FFL plus NP before centrifugation concentrated latex

ll/

films
The fresh latex wa at ar 1 3 kGy) before adding natural

polysaccharide, Wth ‘ - _e or carrageenan . After

centrifugation and film termined by modified Lowry

Table 3.2 shows ] ' e 2 ;‘ ion alone did not reduce WEP
but irradiation followed \ pefore centrifugation showed

synergistic effect at all irra d'alginate 1-2 phr. Table 3.3 shows

that carrageenan addition alori¢ cd WEP. When irradiation was

followed by carrage iy' -additios 3 ph, 1';- at all irradiation dose 1-3

kGy was observed. mlthoug adiation’ plus car&eenan have lower WEP

comparing to i dﬂlﬁﬁ v' ﬁﬁd of rubber in CL of

the carrageenang@added latex was very low and it was very diffi ult to add carrageenan

in the CW ﬂ ﬁ m«ﬂ 153 a ageenan is not
ANTANT UBERITEL N

used in a‘y further experiment.



Table 3.2 Effect of FFL irradiation and alginate addition on WEP of rubber film,

48

Source of RF Trcatment WEP content(mg/g rubber) % WEP
IRR (kGy) | Alginate(phr) | Centrifugation | Lot No 9/11/01 | Lot No 25/5/02 remained
FFL 0 0 - 483 73.1 100
CL 0 0 + 1.4 4.2 2.90-5.75
IRR-CL 1 2.7 3.6
2 23
3 24
Average 2.8 3.84-3.96
AG-CL 0 3.7
0 1.6
0 42
Average 3.2 438-11.25
IRR-AG-CL 1 22
1 2.0
1 0.7
Average B ‘e 19 1.6 2.19-3.87
reaccs | 2f) I3 o
U
, , J& .|
AN IYNRY
q 2 ' 1.8 0.9
Average 1.2 0.6 0.82-2.50
IRR-AG-CL 3 1 +: 1.4 24
3 2 + L 1.1
3 3 + 8.7 5.3
Average 3.7 2.9 3.97-7.77
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Table 3.3 Effect of FFL irradiation and carrageenan addition on WEP of rubber film.

Source of RF Treatment WEP content(mg/g rubber) | % WEP
IRR (kGy) | Carrageenan (phr) | Centrifugation Lot no 9/11/01 remained

FEL 0 0 - 483 100

CL 0 0 + 1.4 2.90
IRR-CL 1 0 # 2.7
2 “/‘ 1.8
3 ﬁ 1.3

Average 1.9 3.96
CA-CL 0 e 1.8
0 * : 1.0
0 Y- 22

J -
Average = 1.7 3.54
CRE

IRR-CA-CL 1 J; + 0.9
1 2:5
1 0.9

Average 'Y | 14 2.91
more | FUYINHRWNEINT .
“2 ‘. - 'é(ﬂ

ARANTUUNINYA]

Average 1.2 2.50
IRR-CA-CL 3 1 + 0.9
3 2 + 1.7
3 3 + 0.7

Average 1.1 2.29
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3.4.3 Effect of leaching on WEP of irradiated latex film

Leaching rubber film with distilled (1 g rubber: 10 ml distilled water at 70 °C
for 10 minutes) reduced WEP significantly to 2.1 mg/g rubber — non-detectable level
for alginate added latex (Table 3.4) and 1.1 mg/g rubber — non-detectable level for
carrageenan added latex (Table 3.5).

Table 3.4 Effect of leaching on WEP of IRR-AG-CL films

!
1
y

Source of RF “u,; A -"f. WEP content (mg/g rubber)
- _ — Lot no 9/11/01

h ‘ u ate (p w entrifugation - Leaching + Leaching
FFL / 483 11
- / ‘k e P
IRR-CL 357 ND
1.8 ND
13 ND
AG-CL 5.8 1.5
3.5 0.6
6.9 2.1
IRR-AG-CL 24 0.06
L5 ND
1.7 ND
IRR-AG-CL <) ‘ 11 ND
Ca 1.4 1.0
ﬂ Elz"] ‘V & 13 06
IRR-AG-CL U ' p P 1.4 ND

=1 a@f

_ - p : ND
AAY1al | o=

Rango of WEP 1.1-8.7 ND-2.1

ND = Non detectable level
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Table 3.5 Effect of leaching on WEP of IRR-CA-CL films

Source of RF Treatment WEP content (mg/g rubber)
Lot no 9/11/01

IRR (kGy) carrageenan | Centrifugation - Leaching + Leaching
(phr)

—
P

FFL 0 0 - 483
CL 0 0 + 1.4

257
1.8
1.3

IRR-CL

1.8
1.0
2.2

CA-CL

0.9
2:5
0.9

IRR-CA-CL

0.2
2.6
0.9

IRR-CA-CL

0.9
1.7
0.7

IRR-CA-CL

5§68 688 5858|888/ 888| 3

Range of WEP 0.9-2.7 ND-1.1

o ANENTNYINT
PIAATUAMINYAE
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3.4.4 Effect of leaching on MW distribution of WEP from IRR , alginate and
centrifugation

Figure 3.10 shows separation of WEP by SDS-PAGE from 1-2 kGy irradiated
added 1-2 phr alginate CL film non-leaching and leaching in comparison with
standard MW marker (lane 1). 1 kGy irradiated with 1 phr alginate added CL film

and 2 kGy irradiated with 1 phr alginate added CL film (lane 3,5) show several

protein band in the range 66.0 kDa . 2 kGy irradiated with 2 phr

alginate added CL film (I oteins MW in the range higher

than 97.7 kDa — lower eaching with 70°C water for

30 min (lane 2, 4, 6 and well because the amount of

proteins was non-detect

Figure 3.11 disp SDS-PAGE from 3 kGy films

leaching with 70°c water - otein at 30 kDa was observed

)at was loaded with 20 pl / well

) 1

(lane 2). The other leachin

because the amount of proteins;- display no band of protein. 3 kGy

irradiated and added d 2 phr alginate CLC = #. display the same pattern

of protein band. It alsmhows several pro pands in e range 66.0-14.4 kDa and
slightly smear Ii;‘f &T? ﬁlﬁw ﬁ ﬂ 1rradiated and added
3 phr alginate s (lan h intensity protem MW 14.4 and

SRR TR T I T o

14.4 kDa!
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Figure 3.10 Effect of

centrifugation.

Lane 1

Lane 2

Lane 3

Lane 4

Lane 5

Standaig
old atex after leaching

T
WEP o Gy IRR with 1 phr AG added €

PT‘HE?‘“WI PP TR

WEP of 2 kGyIRRw.;h 1 phrAGaddedCL

WEP offubber |

L5} VIR TG U5 e

Lane 7

Lane 8

WEP of 2 kGy IRR with 2 phr AG added CL

WEDP of 2 kGy IRR with 2 phr AG added CL, then leaching

Well 3, 5 and 7 was loaded with 60 pg protein and well 2, 4, 6 and 8 was

loaded with 20 pl protein solution containing protein at non-detectable level.
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20.1

14.4

6 8

Figure 3.11 Effect ’ d R on of WEP from IRR, AG and

centrifugation. Jaee
RTIA i
Lane 1 Standazgd MW m cers L
Lane 2 WEP o2 Y
1
Lane 3 WEP olﬂkGy IRR with 3 phr AG added €
[ ]

e AN BT T
Lane 5 WEP of 3 kGy IRR w .;h 1 phr AG added CL
s D THES BRI G b
Lane 7 WEP of 3 kGy IRR with 2 phr AG added CL
Lane 8 WEP of 3 kGy IRR with 2 phr AG added CL, then leaching

Well 3, 5 and 7 was loaded with 60 pg protein and well 2, 4, 6 and 8 was

loaded with 20 pl protein solution containing protein at non-detectable level.
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3.4.5 MW distribution of WEP of carrageenan added after irradiated
latex

Figure 3.13 demonstrated distribution of WEP from irradiated latex and
carrageenan added film in comparison of MW marker. A clear band of protein MW
45 kDa appears when irradiated latex at 1 kGy and added 1 phr carrageenan and

irradiated latex at 1 kGy and added 3 phr carrageenan (lane 2, 6). Irradiated 1 kGy

and added 2 phr carrageenan latg . : ows a clear band of 45 kDa and slightly

smear bands below. Irradiated at 3 kGy and phr carrageenan latex films (lane
—

8) shows 3 clear bands %4 )1 and 35 kKDa™In lane 3, 5 and 7, no band of

protein was observed because g

dded 1 phr carrageenan (lane 2)

From Figure 3.14 id

shows no band of prbte' The frrac iated | 3y and added 2 phr carrageenan latex

(lane 4) has a slightly 2. Irradiated 2 kGy added and 3 phr

carrageenan latex (lane 6)fShgws.3 cleal s of MW 30, 35 and 45 kDa and a
—

smear band of 14.4 kDa. Thefs have no: protein lane 3, 5, 7 and 8 when

leaching rubber fil V— .‘F‘

] §
AULINENINYINS
RINNTUUNININY
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Standard

WEP o] i .;:‘ then leaching
I

WEP o kGy IRR with 2 phr CA added @

Ffﬁfﬁl“‘? TV e e

WIEP of 1 kGy IRR with 3 phr added CA CL

Lane 78 WIHRY BRI U G

Lane 8

WEP of 3 kGy IRR with 2 phr CA added CL

Well 2, 4, 6 and 8 was loaded with 15 pg protein and well 3, 5 and 7 was

loaded with 20 pl protein solution containing protein at non-detectable level.
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14.4 7 8

Figure 3.13 Effe on of WEP from IRR, CA
addition and centrifugatio
Lane 1
Lane 2
Lane 3 2 kGy IRR (1 _then leaching
T
Lane 4 WEP of2 kGy IRR with 2 phr CA added €
‘a , Y _

et EHANYTRINETAT
Lane 6 WEP of 2 kGy IRR w ith 3 phr CA added CL
L7 VISR B YR
Lane 8 WEDP of 3 kGy IRR with 1 phr CA added CL,then leaching

Well 2, 4 and 6 was loaded with 15 pg protein and well 3, 5, 7 and 8 was

loaded with 20 pl protein solution containing protein at non-detectable level.



58

3.5 The effect of radiation on WEP of alginate addition latex

Since alginate addition after irradiation shows synergistic effect in reduction
of WEP of rubber film. And It has been reported that alginate can be degraded due to
scission of glycosidic bond by radiation. So in this experiment alginate was added
before irradiation to improve efficiency of removal WEP by centrifugation. The

protocol was followed by Figure 3.12.

AULINENINYINS
ARIAATAUNNINGIAY
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Fresh field latex (FFL)

!

Natural polymer (NP) Alginate (AG)

' '

Irradiation (IRR) 1-3 kGy

v

v

Control CL

IRR-CL

l

|

///L'Ei =T
s (i "

" 1
1 mm thickness

s 1 Leaching with distilled
y 3 1. ‘
m wa ter at 70 °C 10 min

A Q‘Iﬂﬂ'ﬂ.ﬁﬂﬂlﬂ‘i

WEP determination by Modified Lowry method

and MW dictribution hv SNDS PAGE

Figure 3.15 The protocol to study effect of AG addition, IRR and leaching on WEP
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[, Leaching with distilled
Y
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Figure 3.15 The protocol to study effect of AG addition, IRand leaching on WEP
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3.5.1 Recovery yield (%) of alginate addition and irradiated latex

Table 3.6 shows that added alginate in to latex before irradiation had recovery

yield better than added alginate after irradiated.

Table 3.6 Effect of Alginate addition before irradiation of FFL on recovery yield.

Source of RF

Treatment

Control CL

IRR-CL

AG-CL

IRR-AG-CL

e

_ =

7"' .,a
715

‘.
PARL

Recovery yield (%) of rubber in

60%CL

58

51

55

55

56

57

57

51

52

58

52

53

53

51
2 3 51
3 3 33
1-3 1-3 51-58

CL= Concentrated latex , IRR = Irradiation, AG=Alginate, RF= Rubber film
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3.5.2 Leaching effect with WEP of rubber AG-IRR-CL films

From Table 3.7 it was shown that only AG addition WEP increased from CL.
It may be cause of alginate interaction with rubber protein in rubber particle and
improve efficiency of solubility of protein so it can be extract more easily. WEP
extracted form rubber film prepared from AG addition plus IR and centrifugation
increased when increasing dose and amount of alginate. Leaching rubber films with

70°C for 10 min could reduce WEF 1y (0.6 pg/g rubber — ND). Especially

condition added alginate 1<2 it and irradi Gy the WEP reduced to non-

ﬂ‘UEI’J'VIEWIﬁWEI']ﬂ‘i
qmmnimum'mmaﬂ
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Table 3.7 WEP of FFL plus AG before irradiated and centrifugation and

leaching effect with WEP of rubber films

Source of RF Treatment WEP content (mg/g rubber)
Lot no 19/1/03
Alginate IRR (kGy) Centrifugation -leaching | + leaching
(phn)
FFL 0 0 - 271 0.3
CL 0 11 0.2
IRR-CL 0 1.3 0.2
0 1.6 0.2
0 2.1 0.2
AG-CL 1 2.1 0.2
2 1.3 03
3 1.9 0.1
AG-IRR-CL 1 0.4 0.2
2 1.2 0.4
3 14 0.6
AG-IRR-CL 1 0.2 ND
2 0.2 ND
3 3.0 0.5
AG-IRR-CL 0.4 0.2
0.8 0.2
3 1.8 0.3
21916 <
Range of WEP <] 11 d| o227 ND-0.6

- REAIN TN UNNTT
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3.6 Effect of irradiation after centrifugation

Since previous results (Figure 3.2-3.3) indicated that centrifugation could
remove about 90% of WEP from FFL, and irradiation at various dose, 1-5 kGy
disintegrates proteins into smaller fragments which may become more soluble and
resulted in increasing number of small molecular weigh polypeptides, which can be
easily removed by leaching. It is also known that irradiation of concentrated latex at

10-15 kGy, in the presence of nBA, .ind es cuos8-linking between rubber molecules,

which can replace sulfur vulcanizatic : eSS, WEP from FFL the scale-

up lot of approximately 400°L_ AeeQiding, te - 3] 4 was treated with DAP
to precipitate Mg?*, and sepa : \}' ch. The control tank was

PANNN

he other tank was treated with

A\
atice obtained were adjusted

alkali protease before centrifigal o/ CONCE \.\\

to 60% DRC, and determine 1r, phys D .\-* ties according to ISO 2004

specifications. Irradiation was/performed at- ccording to Method 2.6 at

e
-8

various time after centrifugation (différent M

(7 J

] G
AULINENINYINS
RINNINANINYIAY



64

Fresh field latex 25-35% DRC Preserved with only 0.3% NH;

Determination of TSC, DRC, VFA and Mg”’

:

Mg*" precipitated with DAP

12 h incubation

v

Conventional process einization process

‘ — l 1.5 h incubation

NN S
:&.‘{E w\\bﬂ« hr sodium alginate and 0.20 phr KOH

="\

—

v ’;\\\\\\ l 2.5 h incubation

v

Irgranox addition 0.2 phr

v

Determined physical properties of Concentrated latex 50% , N, content and WEP

Figure 3.15 Production of concentrated latex followed by irradiation
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3.6.1 Recovery yield of control and deproteinized concentrated latex

The recovery yield of 3 lots of control and deproteinized latex were shown in

table 3.8.

Table 3.8 Recovery yield of DPCL compared with control concentrated latex

Recovery yield (%)
Sample lot now
DPCL
24/6/Q 1465 67.17
11/7/8 55.56
21/7/G 58.50
60.41

FJJ’S t oy

z _:,'ff .u /A
[l o= i gff AT

DPCL = Deproteinized con€e

Table 3.8 ;- t deprote ,;T'@, effect on recovery

U

yield of rubber in the conamrated latex 60%.

AU ANININYINT

3.6.2 Physical propérties of control and deprotelnlzed concentrated latex

QARG O BB B

latex was sh(avn in Table 3.9.
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Table 3.9 Comparison of physical properties in control concentrated latex and DPCL

Physical properties Control CL DPCL Difference from
according to ISO 2004 Specification (n=3) (n=3) control (%)
Concentrated latex 60%
Total solid content, (TSC; 61.5% min) 59.18 +2.35 60.95 +3.16 3

Dry rubber content, (DRC; 60.0% 60.13 £3.37 3
Non rubber content, (NRC; 2.0% 0.83+0.36 15
Ammonia (HA-L; 0.06% rruy 0.66 +0.05 10
KOH (1 % max) 0.43+0.11 20
Volatile fatty acid (VFA; 0.2% 0.04 £0.03" 100
Magnesium content (50 ppm 60.05 £ 17.89 -8
* Mechanical stability time, M 283 +119.65 -80

**Deproteinized CL 60%

Nitrogen content (0.09% max) E Ry 03 .0.09+0.01° 44

WEP (ug /g rubber) ) ] 82428 97

* MST - determined 25 days a i centrifugation m

** Addition physical W{f;w EI ﬂ {W EI n' ﬂ ‘j

Significant différence of physical [;{operties betxeen control co:;entrated latex
o G RGN 94 AR s
t-test at 95% confident.

Table 3.9 shows that control concentrated latex did not meet the 60% DRC of
ISO specification because of the minimum volume 200 lits used for centrifugation..
MST, nitrogen content and WEP of DPCL was decreased from control CL

significantly, indicating that Alcalase enzyme had digested proteins that stabilized
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rubber particles. Volatile Fatty acid (VFA) also increased 100% in DPCL suggesting
that there should be lipoproteins in latex, so that when proteins were removed, free

fatty acids increased.

3.6.3 The effect of irradiation on control and deproteinized concentrated latex

The comparison of properties of control and deproteinzed irradiated

concentrated latex was shown in T

Table 3.10 Effect of irradiatie si@lies of 50% control and
~

(n=3) control (%)

Physical properties ) z\u n\ DPCL-IRR Difference from

Concentrated latex 50%

Total solid content, (TSC; %) 15+ 1.1 52.94+ 0.84 15

Dry rubber content, (DRC; %) 51.54+124 0.2

Non rubber content, (NRC, %) 14+ 041 79

Ammonia (HA-L, %) y e " 0.68 +£0.09 0

@.04:1:0.02 -33
st 0] A1 ﬂ%‘m'fﬁﬁ“” -

Volatile fatty acid (VFA, %) m

*Mechanical stability fifne, MST (sec) 1057 + 105. 91b 204 + 172.70° -80
, ./

e @ AN TUUANIN DA E

Nitrogen contgnt (%) 0.16 +0.005° 0.09£0.01° -44

WEP (ug /g rubber) 2655+ 912" 373+ 72° -86

* MST - determined 25 days after centrifugation

** Addition physical properties of DPCL
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Significant difference of physical properties between control irradiated
concentrated latex and deproteinized irradiated concentrated latex are marked by
different letter (a, b) analyzed by t-test at 95% confidence.

Table 3.10 shows MST, nitrogen content and WEP of control and DPCL
irradiated latex were significantly different. There were no significant difference in

other physical properties in other %TSC, % DRC, %NH3, contaminants (non-rubber

content, KOH, Mg). WEP of @Wcrmwd after irradiated.

3.7 Effect of irradiation on"N C

\\ S
The alginate addition €0 - epa ed 2 lots (12/9/03 and

4/11/03) at batch scale 200 li n Figure 3.16.

3.7.1 Recovery yield of algin
The recovery yield of /& ;_ng!i: ddeg entrated latex was higher than
control in both lots of sample ery-good ,:-«:-; oy ield was obtained when added

alginate to fresh latex i« ''''''''''' uge (Tab! = g

D
Table 3.11 Recoveﬁ ﬁ gﬁ iﬂtrﬁ% %ﬁw ﬁ;ﬂlﬁc%trated latex

hmmmmhmmﬂﬂw

Sample lot no.

Control CL Ag CL
12/9/03 59.81 69.65
4/11/03 58.14 68.02

Average 58.98 68.84
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Fresh field latex 25-35% DRC Preserved with only 0.3% NHj;

.

Determination of TSC, DRC, VFA and Mg*'

.

v

Conventional process

. f |

Control concentrated lat

R

“1

Determine phiysical proi

Mg** precipitated with DAP12 h incubation, remove Mg-sludge

=1

-

13

antioxicant 0.2 phr

v

Determine physical properties of CL 50% , Nitrogen content and WEP

Figure 3.16 Production of control and AG CL followed by irradiation
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3.7.2 Physical properties of control and alginate addition concentrated latex 60%

The physical properties of 2 lots of control and alginate addition concentrated

latex were shown in Table 3.12.

Table 3.12 Physical properties of control and alginate added concentrated latex

Physical properties

according to ISO 2004 Specifi

—

Concentrated latex 60%

Total solid content, (TSC; 61.5% ain)
Dry rubber content, (DRC; 60.0% min)
Non rubber content, (NRC; 2.0%

Ammonia (HA-L; 0.06% min)

KOH (1 % max) g
e—

Volatile fatty acid (VFA; 0.2% n

Magnesium content (50 ppm mam

]
et e T

Nitrogen content (%) 4 ¢

WEP(ug/gﬂf' ﬁ' Iaﬂ Eljg“:

* MST - detem?ined 27 days after centrifugation

AGCL
12/9/03 4/11/03
64.52 64.66
64.02 63.53
0.50 1.13
0.68 0.60
0.37 0.42
0.02 0.01
70.18 90.12
% |L‘HP2F ~ 1447 1101
0.18 0.!0I d 0.18 0.20
./
W ReNaR | -

From 2 lots of CCL and AGCL, the % DRC of AGCL (63 — 64%) was slightly

higher than control (60-61%). The results indicated that addition of alginate at 0.015

phr may increase recovery yield of CL, but Mg content was also higher than control.




7

It seems that in the presence of sodium alginate, centrifugation could not reduce Mg
content. However both control and AGCL had low amount of VFA which indicated
for low contamination of microorganisms and MST also meet ISO 2004 specification.
Although nitrogen content or total proteins of control and AGCL were not different

but WEP of control was higher than AGCL.

ﬂ‘UEl’J’VlEl‘VIﬁWEI']ﬂ‘i
’QW’W&NT]‘?EUNWTJWEHMI



Table 3.13 Effect of Irradiation on WEP and 50% concentrated latex

72

Physical propertics CCL-IRR AGCL-IRR
according to ISO 2004 Specification
12/9/03 4/11/03 12/9/03 4/11/03
Concentrated latex 50%
Total solid content, (TSC; %) 53.93 53.10 54.90
Dry rubber content, (DRC; 0 5139 53.54
Non rubber content, W ‘ 1.71 1.36
Ammonia (HA-L, %) 0.45 0.43
Volatile fatty acid (VF 0.03 0.06
Magnesium content (pp 69.69 85.32
Mechanical stability time, 1195%%* 931 %***
Nitrogen content (%) 0.20 0.17 0.19
WEP (ng/g rubber)L ' = 388 510
7 —— Y, 1
Lot 12/9/03 and lot 4/11/03 itradi fugation.
* MST - determined days l72ﬂer centrifugation, **MST — determine [ 'J days 86 after centrifugation

o TJ‘EI*J“VIW SN -

centrifugation

AN AINIURIINAE
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3.8 The effect of gamma radiation on MST of CCL, DPCL and AGCL

The mechanical stability of latex is usually defined as the resistance to those
mechanical influences, which increase the number and violence of the collisions
between particles and as a consequence tend to coagulate the latex. In this research,
MST of enzyme-deproteinized latex was obviously low (200-300 sec) comparing to

CCL. Figure 3.17 A and B show that 10 kGy irradiation on day 3 after centrifugation

had no significant effect on MST o CL 50%.

The MST profile of A , that is the maximum MST

———
about 1200-1400 sec was r : - ~ , S -l 8 entrifugation. Storage of
control and AGCL for 90 d . n ecreasmg MST to about
900 sec, and both lots of A ' \ \ mparmg to CCL (Figure
3.18 A and B).
Irradiation on day 3 a e MST were about 200 sec
did not change the MST profile S Outhe _ ; ation on day 80, 143 and 150
after centrifugation, where M ‘ increase the MST profile of
IRRCL. The result ind '—_"'———: ; ociated with rubber

particles should affect M@ of CL. Enzymatic dcp otemlz n can attack the rubber

protein, both solu ﬂiﬁﬂm EJ‘ pm ‘;So the latex could
not stabilize and had low oug the coul ot lize DPCL.

’Q‘mﬁ\‘lﬂim UAIINYA Y



A. Lot No. 11/7/03
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——— CCL11/7/03
—— DPCL11/7/03
— - &— - CCLRR11/7/03

— - B~ - DPCL-IRR11/7/03

B. Lot No. 21/7/03

1400

1200

1000 ——CCL21703
IRR (D 3) —8— DPOL21703

800 +—

MST (sec)

—O— OCL4RR21/7/03

—8— DPCLARR21/7/03

Days after centrifugation (DAC)

Figure 3.17 Effect of irradiation on MST of CCL, DPCL, CCL IRRand DPCL IRR

Irradiation 10 kGy on day 3 after centrifugation




75

A. Lot No. 12/9/03 Irradiation 10 kGy on 143 and 150 days after centrifugation

. —— CCL12/9/03

i —®— AGCL12/3/03

—8— CCL-IRR 12/9/03 IRR D17
—o— AGCL-IRR 12/9/03 IRR D 17

CCL-IRR 12/9/03 IRR D143

B Lot No. 4/11/03 : Irradiatigh 10

1600 ———— — - -
1400 S IRR(D150)  ——
/\ IRR (D143)
1200 // —_
1000 /
g 800 f
: T
=
600 {/ /
400 T
200 4—
IRR (D17)
0

T e —
1200
—e— CCL4/11/03
1000
—&— AGCL4/11/03
3 oo —-0-- CCL-IRR 4/11/03
= -0~ AGCL-IRR4/11/03
2 6o

—&— AGCL-IRR 12/9/03 IRR D 143

- |—*— CCL-IRR 12/9/03 IRR D150

—— AGCL-IRR 12/9/03 IRR D 150

'ﬂ‘i
A Y

Days after centrifugation (DAC)

=9
N WW
0 T q T — - T - T T T
0 10 20 30 40 50 60 70 80 90

100

Figure 3.18 Effect of irradiation on MST of CCL, AGCL, CCL IRR and AGCL IRR

irradiation 10 kGy .
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3.9 The effect of leaching on WEP of latex films

Results of the effect of leaching latex films on WEP of irradiated latex films are
given in Table 3.14.

Leaching latex film with 70°C distilled water could reduce WEP significantly.
Increasing leaching time could increase WEP reduction efficiency. After irradiation at
10 kGy, rubber film had high crosslinking and it could trap protein into the

crosslinking molecule so it can not leaching WERbgtter than non-irradiation.

ZET RN

' y;' ” |~:‘ |

J U
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Table 3.14 Effect of radiation vulcanization and leaching on WEP

7

Source of rubber film WEP (pg/g rubber)
No Leaching (RF : water= 1.0 g : 10 ml)
Lot No. Treatment Leaching
10 minutes | % reduction from | 30 minutes % reduction from
no leaching
11/7/03 CCL 279 84.75
DPCL 10 81.48
CCL-IR 250 88.12
DPCL-IR 127 58.09
21/7/03 CCL 293 84.08
DPCL 40 63.30
CCL-IR 104 95.18
DPCL-IR 32 91.37
12/9/03 CCL 125 83.89
AGCL 71 73.99
~fyidnpninemg » | =
AGCL- 89.69 #LO 94 .85
4/11/03 QC,.] a {a‘ n;j m uw P]q MSEI r] a E’l 71.16
q
AGCL 253 29.25 40 84.19
CCL-IR 940 339 63.94 154 83.62
AGCL-IR 510 65 87.25 29 9431
Reduction range 3.30 - 89.69 58.09-95.18
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3.10 Effect of deprotenization, alginate addition and irradiation on MW
distribution of WEP

From Figure 3.19, according to standard molecular weight markers (lane 1),
FFL film (lane 2) shows several protein bands in the range of 97.0 to lower than 14.4
kDa. CCL film (lane 3) shows 4 clear bands of protein at 14.4, 27, 30 and 45 kDa

where protein MW 14.4 kDa shows the highest intensity. It also displays smear band

of protein MW lower 14.4 kDa. DPCL- iIr (lang)shows only 2 weak protein bands
at 17.5 and 28.5 kDa. The control-10 kGy i A 5) displays smear band of
protein molecular weight M 1 an ‘*“-..._\ t band of protein with

molecular weight 30, 38 an . d 3 fain nds also appear in irradiated DPCL

¥
{]

AULINENINYINS
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Figure 3.19 Effect*of cefitrifugation. de " 0 and irradiation on MW
distribution of WEP lot No'11/

Lane 1 Standard mo e

Lane 2 WEDP of FFL lot I .1 -

Lane 3 WEP of CCL lot No. ﬁ:::jgjg

Lane 4 WEP of RPC
A
Lane 5 WEP of C 'N R}
Lane 6 WEP of DPCI#IRR 10 kGy lot No,11/7/03

Lane 7 WEqum 1ﬂcﬂ1¥|~§ M/H f}lﬂ::;ing 30 min
= AR HI TR ™

Well 2-6 was loaded with 20 ug protein and well 7-8 was loaded with 20 pl protein

solution containing protein lower 1 pg protein.
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Figure 3.20 Effe d irradiation on MW
distribution of WEP lot Na
Lane 1 Standard mo
Lane 3
Lane 4

Lane 5

Lane 6

Lane 7 WEP of CC p{R 10 kGy lot No 21/7/03, then leaching 30 min

o PR 5 ) o

Well 2-6 was loaded with 20 pg protein and well -8 was loaded, with 20 pl protein

chtion ot o1 ke /1 M
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Figure 3.20 ,according to standard molecular weight markers (lane 1) FFL
film (lane 2) shows several protein bands in the range 97.0 — 14.4 kDa. CCL (lane 3)
show major band of 14.4 kDa. DPCL film (lane 4) show a very slightly band of
protein with molecular weight of 28.5 kDa. CCL-IRR (lane 5) show the 3 major band
of 30, 35 and 45 kDa. It also displays smear band of protein MW lower 14.4 kDa too.

But all of these proteins disappear in DPCL-IRR. Leaching film can remove the

proteins confirm by no band of proteir gh it was loaded at the maximum

' erns of WEP from non-
irradiated and irradiated algi 0.12/9 03 and 4/11/03. There are
several proteins band of F oCL ©'2, 8).\They are the same pattern of
protein band of CCL and A " 4) ,'  e 'majoribands are 14.4 | 26, 30, 32, 37
and 45 kDa. Atter irradiated i | » ‘) there are no protein band
appear although it was load olume per well (20 pl protein

solution / well).

ﬂ‘lJEl’J‘VIH‘VIﬁWEHﬂ‘i
QW?Mﬂ‘iﬂJ AN Y
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Figure 3.21 Effect© d irradiation on MW

distribution of WEP lot No.12/9/0

Lane 1 Standard molec

Lane 2
Lane 3 WEP of CC
\7
Lane 4 WEP of AG vii
Lane 5 WEP of CCL-IRR 10 kGy lot Nq, 12/9/03

anes wil brhGe kb RS Wi 1713

Lane 7 P of then leachi min

Lane 8 q ﬁflég ﬁﬁm‘hoiﬁ ﬂhﬂ j ﬂl’

Well 2-4 was loaded with 40 ug protein and well 5-8 was loaded with 20 pl protein

solution containing protein lower 5 pg protein.
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97.0
66.0

45.0

30.0

20.1

14.4

Figure 3.22 Effect of ¢en 108 tion and irradiation on MW
distribution of WEP lot No 4/3#1/0
Lane 1 Standard molecula

Lane 2 WEP of

Lane 3 WEP of CCL
Lane 4 WEP of AGE, lot No. 4/11/0
‘a LY
et RTEINEMINENG
Lane 6 WEP%f AGCL-IRR 10 kGy lot No. 4/1 1/03
et Q RAGRART R4 BN BIER4Y B
Lane 8 WEP of AGCL-IRR 10 kGy lot No 4/11/03, then leaching 30 min

Well 2 was loaded 20 pg protein, Well 3-4 was loaded with 40 pg protein and well 5-8 was

loaded with 20 pl protein solution containing protein lower 5 pg protein.



3.11 Allergen detection by skin prick test (SPT)
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This study was approved by the Human Right and Ethics Committee of the

Division of Dermatology, Department of Medicine, Faculty of Medicine,

Chulalongkorn Hospital. There were 2 persons who had volunteered for SPT. The

volunteered had been sensitized with latex glove. The SPT was kindly conducted by

Assoc. Prof, Dr. Porntip Puvabanditsin. Table 3.15 shows that 2 subjects gave

positive SPT results when using la

latex allergen. In contrast both

g ” ared from commercial standard
\\‘\‘«

om control and AG-IR-CL

Leaching showed negative e fes that the latex proteins
though visible by SDS PA e ponse in subjects.
%S

Table 3.15 Allergen detectio % ﬂ:

440

Test solutioh - .i_, Protein (ug/ml) | Skin prick testing
Normal saline (negative contro mi’ - NEG
Histamine phosphate 10 POS
Commercial standard latex allergen P - m40,000 POS
Extraints Allergenﬁ ﬁ m
CL-IRR Leachmg 1’] ﬂ ﬂ j w ﬂj NEG
AG-IRR- e p-s. g_ NEG
(8 o

CL : concentrated latex

AG-IRR-CL : Alginate addition plus irradiation and centrifugation.

POS : Wheal > 50% of Histamine wheal.

NEG : Wheal < 50% of Histamine wheal.




3.12 Physical properties on RVNRL
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The tensile strengths and other physical properties of the irradiated rubber

films (0.2-0.32 and 2 mm thickness) was prepared from the irradiated rubber latex are

shown in Table 3.16 and 3.17.

Table 3.16 Physical properties on RVNRL at thickness 0.2-0.3 mm

' -"‘J Wsical properties

Source of rubber film
Lot No. Treatment dngation Tear strength | Thickness
- reak (N/cm) (mm)
a ‘,l"“
i %)
I |
21/7/03 CCL-IRR 16 S&s 0 845 186 0.20-0.30
DPCL-IRR 8.73 J‘j 0.59 - 1015 167 0.2-0.30
12/9/03 CCI-IRR = 2 925 235 0.25-0.32
AR
AGCL *’* 988 255 0.23-0.31
Dental rubber dam Hea 519 0.30
Soft m 9.21 0.98 50 402 0.20
F U EF?J NYNTNY
Table 3.17 Physicalgroperties on R at thickness 2.0 mm
It

RIANTUUNINANAY

Source of rubber film Physical properties
% 500 modulus (MPa) Shore A
CCI-IR 0.33 15
AGCL-IR 0.37 17
SVNR 0.57 20
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From Table 3.16 shows that the tensile strength, 300% modulus, elongation at
break and tear strength were no different between control CL-IR and DPCL-IR or
AGCL-IR. This indicated that the treatment of enzymatic deproteinization and
alginate addition didn’t affect with physical properties after irradiation. Comparison
of dental dam and RVNRL found that tear strength of dental dam higher than

RVNRL. This indicate that rubber dam or SVNRL have higher resistance to tear

forces than RVNRL. 20 ‘

From Table 3.17 shows thal-bo Oéus and Shore A of SVNR
higher than control and AGC "' Thi€in i .- RVNRL had lower strength and
softer than SVNRL. |

AULINENINYINS
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