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Abstract

Sago starch is utilized in Malaysia mainly for food production. The purpose of the

research is to diversify the use of sago starch for medical application particularly in

development of hydrogel burn wound dressing. The sago starch is blending with mixture

of PVP and PVA to improve the degree of crosslink, mechanical properties, swelling

ability and tackiness of the blend hydrogel (sago/PVA and sago PVP). Additives have

been introduced into the system such as, polypropylene glycol or carboxymethyl

cellulose to improved further the swelling ability and tackiness properties of the blend

hydrogel as well as other properties. Effect of irradiation dose on the blend hydrogel has

also been studied to optimize the effective dose for blend hydrogel and simultaneously

for sterilization purpose.
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1. Introduction

Wound dressing hydrogel has been developing successfully for commercial medical

application [1,2,3]. One of the components use in developing wound dressing hydrogel

consist of polysaccharide such as agar, alginate and carrageenan [4], since most of the

polysaccharides are non-toxic, biocomaptible and biodegradable. Requirement needed

for wound dressing application [5,6], the product must be non-toxic, good adhesion to

skin and wound, readily remove without tendency to stick to the wound, exhibit high

elasticity and also mechanical strength, ability to absorb fluid or exudates come out from

the wound, permeable for oxygen to get to the wound, prevent bacteria from environment
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enter into the wound and good transparency for easy monitoring the healing process of

the wound.

Sago starch alone cannot be crosslink to form hydrogel since it is degradable upon

irradiation. It need medium or material that can be crosslink and the formation of semi-

gel form from sago starch will assist in handling prior for irradiation. Since sago starch

dissolved in hot aqueous solution, the suitable material is the water-soluble polymer such

as polyvinyl pyrrolidone (PVP), polyvinyl alcohol (PVA), polyethylene oxide (PEO),

polyacrylic acid (PAA) and polyacrylamide (PAAm). These polymers either in solid or

solution condition can easily form hydrogel upon irradiation with gamma or electron

beam. So the aim of this research work is to utilize sago starch in the development of

wound dressing hydrogel by blending with PVP and/or PVA and also with some additive

such as polypropylene glycol and carboxymethyl cellulose, follow with study on gel

strength, elasticity, swelling ability and tackiness properties of the blend hydrogel.

2. Materials and Methodology

2.1 Materials

Food grade sago powder was secured from Nitsei Sago Industries Sdn. Bhd., Mukah.

Sarawak, Malaysia. PVA 117 with 1700 polymerisation and 98-99% specification, and

PEO E30 with molecular weight 30,000 to 50,000 were supplied by Takasaki Radiation

Chemistry Research Establishment, JAERI, Japan. Medical grade PVP, Colliding 90F

was purchased from BASF of Germany. Low viscosity carboxymethyl cellulose (CMC)

sodium salt with viscosity 10-20 cps (2% aqueous solution at 25°C) was purchased from

Sigma Chemical Co. PPG with average Mn ca. 425 was purchased from Aldrich

Chemical Company Inc. The water used in this experiment is distilled water and all

chemicals were analytical grade reagents and used as-receive.

2.2 Sample Preparation

Preparation of semi-gel sample as describe in the previous work [7] is a mixture blend of

sago starch solution (w/v) with various concentration (w/v) of water-soluble polymers

PVA or/with PVP. In some case, the blend is added with additive such as CMC aqueous
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solution (w/v) or PPG aqueous solution (w/v). Then, the blend is heated in water bath at

90°C for 30 minutes and let it cooled in the mould, at room temperature to form semi-gel

sample.

2.3 Irradiation Process

Semi-gel samples were irradiated at various doses from 20 to 60kGy using Nissin High

Voltage electron beam accelerator at 2MeV voltage and 6mA beams current. The

samples were kept in cool environment prior for analysis.

2.4 Analysis Methods

2.4.1 Gel Fraction Measurements

Gel fraction is performed by placing samples in stainless steel pouches and put 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 until constant weight. Gel

fraction was calculated from the ratio of dry extracted sample to the initial mass of dry

gel sample.

2.4.2 Tensile Strength and Elongation Measurements

Tensile strength (gel strength) and elongation is determined on rectangle gel sample (lcm

x 10cm) using Toyoseiki Strograph-RI Universal Testing machine at crosshead speed of

50mm/min and samples thickness is between 0.3 to 0.5 mm.

2.4.3 Swelling Measurements

Swelling test is 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 excess

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.
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2.4.4 Tackiness Measurements

Tackiness of gel samples are obtained by using probe type Rhesca Tackiness Tester

apparatus, model TAC-II at lOgf load, 1 second pressing time and 120 mm/min speed.

3. Results and Discussion

3.1 Effect of PVP or PVA on the blend hydrogels

In the previous work [7,8], we have found that sago/PVA blend hydrogel has better

mechanical properties (gel strength and elasticity) but less swelling ability compare to

sago/PVP and sago/PEO blend hydrogels. Figures 1 and 2 will reveal the effectiveness of

each polymer on the mechanical properties of the blend hydrogel. Figure 1 shows that the

gel strength of sago/PVA hydrogel is enhanced by adding 5% of PVP on blend hydrogel.

especially at low irradiation dose from 20 to 30kGy but decrease with increasing amount

of PVP in the blend hydrogel. At higher irradiation dose, it only gives very significant

improvement on gel strength. Even though adding PVA on sago/PVP hydrogel give

tremendous increase on gel strength but the strength gain from this effect is more or less

the same as sago/PVA blend hydrogel. It seems like PVP is considered as additive in the

system of sago/PVA blend rather than PVA to the sago/PVP blend that has less gel

strength than the former one.

In the case of elasticity (elongation) property, Figure 2 shows that sago/PVA blend

hydrogel has better elasticity than the sago/PVP blend hydrogel and the elasticity reduce

with increasing irradiation dose. Even though adding 5% PVP to sago/PVA blend

hydrogel enhanced the gel strength but the present of PVP decrease the elasticity of the

sago/PVA blend hydrogel. Adding PVA into the sago/PVP blend improve the elasticity

of the blend hydrogel because of the existence of PVA that has good elasticity property.

Although, the sago/PVA blend hydrogel has better mechanical property than the

sago/PVP blend hydrogel, the sago/PVP blend hydrogels has good swelling ability to

absorb water compare to sago/PVA blend hydrogel as shown in the Figure 3. So. adding

PVA into the sago/PVP blend hydrogel will definitely reduce the swelling performance

of the blend hydrogel and it reduces with increasing irradiation dose. So it is important to

have PVP in the sago/PVA blend hydrogel in order to improve the swelling ability of
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sago/PVA blend hydrogel, since the swelling ability of hydrogel is one of the factors that

determine the performance of wound dressing hydrogel as mention earlier.
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Figure 1: Effect PVP or PVA and irradiation dose
on gel strength of blend hydrogels
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Figure 2: Effect PVP or PVA and irradiation dose on
elongation of blend hydrogels
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Figure 3: Effect PVP or PVA and irradiation dose
on swelling ability of blend hydrogels.
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Figure 4: Effect PPG and irradiation dose on gel
strength of blend hydrogels
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3.1 Effect of PPG on the blend hydrogels

Polypropylene glycol (PPG) is a moisturizer (humectant) that has been frequently used as

food additive in preventing cake or shredded coconut form drying out. Polyethylene

glycol and PPG have been used in wound dressing [9] application in order to have a

biocompatible humectant wound dressing and to avoid such a situation that the hydrogel

dressing might form a rigid, fragile plate after drying or preventing from complete loss of

water.

Figures 4, 5 and 6 illustrate the effect of PPG on the blend hydrogels. Adding PPG onto

the sago/PVA blend hydrogel reduce the gel strength but increase significantly the gel

strength of sago/PVP blend hydrogel only at higher irradiation dose. On the other hand, it

improved the swelling ability of the sago/PVA hydrogel, as shown in Figure 5, but reduce

the swelling property of sago/PVP blend hydrogel. So the present of PPG in the

sago/PVA blend hydrogel reduce the gel strength but improved the swelling properties of

the blend hydrogel, differ from the case of adding PVP into the blend hydrogel that

improve both property of blend hydrogel.

Another parameter have to be consider is the tackiness property of hydrogel dressing, that

reflect the behavior of dressing, adhere to the wound and healthy part of the skin as

describe earlier. Figure 6 show that sago/PVP blend hydrogel has higher tackiness than

the sago/PVA blend hydrogel. Adding PPG to the sago/PVA blend hydrogel will increase

the tackiness property of blend hydrogel especially at low irradiation dose less than 25

kGy but at much higher irradiation dose, the tackiness drop to the level lower than the

tackiness of blend hydrogel. On the other hand, PPG does not improve the tackiness

property of sago/PVP blend hydrogel.

3.2 Effect of CMC on the blend hydrogels

Carboxymethyl cellulose is the derivative of the cellulose that has same molecular

structure as starch molecule. The existence of functional group i.e. carboxymethyl on the

cellulose and the advantage of same structure as starch, will influence the compatibility

of starch molecule with other components, in this case PVA and PVP, in the blend. The

CMC also has been use as binder, stabilizer and thickener in food, pharmaceutical and

industrial applications.
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Figure 5: Effect PPG and irradiation dose on
swelling ability of blend hydrogels.
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Figure 6: Effect PPG and irradiation dose on
tackiness of blend hydrogels.
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Figure 7: Effect of CMC and irradiation dose on gel
strength of blend hydrogels
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Figure 8: Effect of CMC and irradiation dose on
swelling ability of blend hydrogels.

The effect of CMC on the gel strength of blend hydrogel is almost the same as the effect

of PPG where it reduce the gel strength of sago/PVA blend hydrogel but the gel strength

increase with increasing irradiation dose, as shown in Figure 7. From Figures 8 and 9.

adding CMC into the sago/PVA and sago/PVP blend hydrogel, increase tremendously the
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swelling ability and tackiness property of the blend hydrogel. However, Its also show that

the swelling and tackiness properties is better than using PPG. Even though CMC reduce

the gel strength of sago/PVA hydrogel, the swelling ability is 4 times better than blend

hydrogel or blend hydrogel with PPG. The rate of tackiness enhancement by CMC on

tackiness property of sago/PVA and sago/PVP blend hydrogels is more or less the same

and the tackiness decrease with increasing irradiation dose.
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Figure 9: Effect of CMC and irradiation dose on tackiness of blend hydrogels

4. Conclusion

Based on the studies, it can be conclude that sago/PVA is one of the major components
beside water in the development of hydrogel dressing and PVP is consider as additive in
the blend, in order to improve especially the gel strength of the hydrogel. Other additive
such as PPG and CMC is applied to enhance the swelling and tackiness properties of
blend hydrogel. From the observation, we found that CMC is the right choices of additive
to be use for future development in formulate the ingredient for wound dressing hydrogel.
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