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ABSTRACT

Water-soluble polymers such as PVP and PVA, in aqueous solution can form
hydrogel easily upon gamma or electron beam irradiation. The properties of
hydrogels, particularly for wound dressing application, can be further improved by
adding sago starch to the blend. Results show improved gel strength and elongation
properties of the hydrogel with increasing sago concentration. It was found that the
PV A/sago hydrogel gives better gel strength and elongation than the PVP/sago
hydrogel. The tackiness property of the PV A/sago hydrogel increased with increase
amount of sago starch added. In case of PVP/sago hydrogel, the tackiness property
shows significant increase with increasing amount of sago except for the 5%PVP
composition. The swelling properties of PVP/sago and PV A/sago hydrogel decreased
with increasing amount of sago but the crosslink density of the hydrogels also
reduced.

1. INTEODUCTION

Hydrogels have been used widely for biomedical applications such as bums
wound dressing, thropic ulceration, bedsores, contacts lens, artificial cartilage and
also in drag delivery systems. Hydrogels for wound dressing have been produced
by electron beam crosslinking on a mixture of natural and synthetic polymers,
poly(vinyl pyrrolidone) (PVP), polyethylene glycol and agar [1]. Other than PVP,
water-soluble polymers such as poly(vinyl alcohol) (PVA)[2], poly(ethelene
oxide) (PEO) or poly(acrylic acid) (PAA) [3] have also been used to form
hydrogels. The purpose of using agar in the mixture is to solidify the solution in
the mould, in the form of thermoreversible gel for easy handling of the material
before radiation for hydrogel formation.

The purpose of the present research is to replace the use of agar with sago starch
another type of polysaccharide, to increase the value-added of sago starch, which
is one of the commodity produced abundantly in Malaysia. The work involves the
blending of PVP or PVA with starch in the aqueous phase at starch gelation
temperature and follow with irradiation at specific dose. The parameters
investigated were effect of starch on the properties of PVP or PVA hydrogels:
such as gel strength, water-absorption, gel-fraction and tackiness. Preliminary
works on irradiated sago starch were carried out, to determine the degree of
degradation taking place on starch molecules.
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2. MATERIALS AND METHODS

2.1 Materials

Food grade sago powder was secured from Nitsei Sago Industries Sdn. Bhd.,
Mukah, Sarawak. Poly(vinyl alcohol) was supplied by Takasaki Radiation
Chemistry Research Establishment, JAERI. Medical grade polyvinyl
pyrrolidone, Kollidon 90F was purchased from BASF of Germany.

2.2 Sample preparation

Sago powder was first dissolved in distilled water and then added polymer
solution, and continuously stirred to form homogenous mixture before heated
in water bath at 90 °C for 10 minutes. The gel-like solution was transferred
and cooled down in the petri dishes for subsequent irradiation.

2.3 Irradiation

2.3.1 The sago starch powder was irradiated at 10, 20, 30, 40 and 60 kGy to
observe the effect electron beam irradiation on the starch molecule.

2.3.2 The gel samples and polymer solution were exposed to an electron
beam generated by electron accelerator at 3 MeV acceleration voltage
and 20 mA current (Cockcroft Walton type having maximum
acceleration voltage of 3MeV and 30 mA beam current). The
crosslinking dose used to form hydrogel weas 20 kGy. After
irradiation, the gel samples were kept in the refrigerator prior to gel
strength, tackiness, gel content and swelling measurements.

2.4 Methods of Analysis

2.4.1 Degradation Study

The degradation of irradiated starch molecule was evaluated by
measuring the viscosity of the gel (10% irradiated starch) in an
aqueous using Digital Viscometer (Model DV-II, Brookfield) at 60 °C.

2.4.2 Gel Strength Tests

The gel samples were cut into the rectangular shape of 1 cm x 10 cm.
The gel strength and elongation were determined using Toyoseiki
Strograph-RI Universal Testing machine at crosshead speed of 50
mm/min. The thickness of sample is 0.3 to 0.5 mm.

2.4.3 Gel Fraction

A known weight of irradiated samples were placed in stainless steel
pouches and placed into a bottle, filled with distilled water. The bottle
was heated in an autoclave at 121 °C for 1 hour. Then, the samples
were dried in vacuum oven at 60 °C for 48 hours. Initial gel mass (dry
gel) was determined by drying the gel samples in a vacuum oven at 60

- 24 -



JAERI-Conf 20004)03

°C to constant. Gel fraction was calculated from the ratio of dry
sample to the initial mass of gel sample.

2.4.4 Swelling Tests

The swelling tests were performed by immerse the gel samples in
distilled water for 72 hours at room temperature. The gel samples
were weighted after carefully wiping out the water from the surface of
the sample. The degree of swelling was calculated from the ratio of
the swollen gel mass to that of the initial dry gel mass.

2.4.5 Tackiness Tests

Tackiness of gel samples were obtained with the use of a Rhesca
Tackiness Tester apparatus, model TAC-II. The tests were carried out
using probe tack type with stainless steel probe at a load of 10 gf, with
1 second pressing time and test speed of 120 inm/min.

3. RESULTS AND DISCUSSION

3.1 Degradation of starch molecule by irradiation

Effect of radiation on polysaccharides has been reported [4,5] earlier with the
break of glycosidic link to produce low molecular weight of polysaccharide.
The same effect has been observed with sago starch after irradiated with
electron beam. Fig. 1 reveals decreasing gelation viscosity of 10% irradiated
sago starch powder in aqueous with increasing radiation dose. It shows that
chain scissions take place in irradiated starch molecules. The degree of
degradation is dependent on irradiation dose.
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Fig. 1: Effect of irradiation dose on the viscosity of 10% starch gelation in
aqueous solution.
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3.2 Effect of starch on the mechanical properties of hydrogel

Figure 2 to figure 5 show the effect of sago starch on the mechanical
properties of hydrogels i.e. gel strength and elongation at break. It was
observed that the gel strength of PVP and PVA hydrogels increased with
increasing amount of starch in the blends. However, the elongation of PVP
hydrogel tends to have optimum condition with increasing amount of starch in
the blends. Baccaro,S et al. [6] reported that agar give slightly positive effect
on gel strength of PVP hydrogels but the elongation at break was independent
of PVP and agar concentrations.
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Fig. 2: Gel strength of PVP/sago hydrogels irradiated at 20 kGy.

120 -

100 -j

^ 80

O
I 60 J
CD
C
o
ui 40

20
•5%PVP S-7.5%PVP —Ar-10%PVP

4 6 8

Starch concentration, %

10 12

Fig. 3: Elongation of PVP/sago hydrogels irradiated at 20 kGy.
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In the case of PVA hydrogels, the elongation properties of hydrogels
increased with increasing amount of starch. It was observed that PV A/sago
hydrogels have a higher gel strength and elongation than the PVP/sago
hydrogels. Based on these observations, there is a possibility of crosslink
taking place between starch molecules and PVP polymers in the PVP
hydrogels. But in the case PVA hydrogels, the starch molecules presumably
act like filler.
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Fig. 4 Gel strength of PV A/sago hydrogels radiated at 20 kGy
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Fig. 5: Elongation of PV A/sago hydrogels radiated at 20 kGy
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3.3 Effect of starch on water absorption properties of hydrogel

Hydrogel swell when in contact with water but do not disssolve. It has the
ability to retain water within its network. PVP and PVA hydrogels have
high capability to absorb water. Addition of starch to the polymers was
observed to have reduced the hydrogels capability to absorb water as shown
in the fig. 6 and fig. 7. This may be due to hydrogel network has been
occupied by the starch molecules instead of water molecules. The
degradation of starch molecules into smaller fragments upon irradiation
makes it more feasible for the network to be occupied by the smaller starch
molecules.
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Fig. 6: Swelling of PVP/sago hydrogels against starch concentration
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Fie. 7: Swellina of PVA/sago hydrosels against starch concentration.
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In principal, the swelling property of hydrogel is disproportiona! to the
crosslink density of the material. The higher the degree of crosslinking, less
amount of water can be absorbed. However, the same principles do not
apply to PVP/sago and PV A/sago hydrogels as observed in Fig. 6 to fig. 9.
Fig. 8 and fig. 9 revealed that the crosslink density of these hydrogels also
reduced with increasing amount of starch.
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Fig. 8: Crosslink density of PVP/sago hydrogels versus starch concentration
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Fig. 9: Crosslink density of PV A/sago hydrogels versus starch concentration.
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3.4 Effect of starch on tackiness of hydrogels

In adhesive technology, tack may be defined as property of a material that
enables it to form a bond of measurable strength immediately upon contact
with another surface. Starches from corn, maize, tapioca, sorghum wheat and
sago have been used successfully in adhesive industries. As expected that
addition of sago starch in the blends will increase the tackiness of the
hydrogels. Fig. 10 and Fig. 11 shows the tackiness of PVP and PVA
hydrogels increased with increasing amount of starch in the blends. However,
tackiness of PVP/sago hydrogels also depends on the amount of PVP in the
blend.
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Fig. 10: Tackiness of hydrogels at various starch and PVP concentrations
at 20 kGy irradiation.
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Fig. 11: Tackiness of hydrogels at various starch and PVA concentrations
at 20 kGy irradiation.

_ 30 _



JAERI-Conf 20004)03

4. CONCLUSION

Sago starch enhanced the gel strength and elongation of PVP and PVA hydrogels.
PVA/sago hydrogels seem to be superior than the PVP /sago hydrogels. However,
addition of sago in the hydrogels affected water absorption and crosslink density of
hydrogels. Based on these observations, it can be coclude that the starch molecules
do not crosslink with polymers (PVP and PVA) but act as filler In the blend.
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