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Abstract

Research and development on biodegradable polymer blends and composites have gained
wider interest to offer alternative eco-friendly products. Natural polysaccharide such as
sago-starch offers the most promising raw material for the production of biodegradable
composites. The potential of sago, which is so abundant in Malaysia, to produce blends for
subsequent applications in composite material, was evaluated and explored. Blends with
various formulations of sago starch and polyvinyl alcohol (PVA), and polyvinyl pyrrolidone
(PVP) polymers were prepared and subjected to radiation modification using electron beam
irradiation. The effect of irradiation on the sago and its blends was evaluated and their
properties were characterized. The potential of producing composite from sago blends was
explored. Foams from these blends were produced using microwave oven while films were
produced through casting method. The properties such as mechanical, water absorption,
expansion ratio, and biodegradability were characterized and reported in this paper.
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1.0 INTRODUCTION

Starch, produced in abundance, biodegradable is cheap and can be obtained from many

renewable sources). In South Asia, sago starch, produced from pith of sago palm, is a useful

resource and an important product for commercial raw materials and foodstuff. The sago

starch is also abundant especially in East Malaysia. Malaysia is the principle exporter of sago

starch to the world market. With its abundant availability, sago is offering an attractive

candidate for use in development of biodegradable starch-based composites. Interest in

biodegradable packaging has increased significantly in recent years due to many factors,

including rapidly diminishing landfill space, concern over future oil prices for the

manufacture of synthetic plastic packaging, public awareness of environmental issues,
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damage to marine life due to discarded plastics and the development of new technologies for

alternative degradable packaging materials. (D.L. Kaplan, 1994). Natural polysaccharides

are among the most promising materials for the production of biodegradable foams. One of

them is sago starch, which is abundant in Malaysia. Starch is totally biodegradable in a wide

variety of environments and could assist in developing totally degradable materials to meet

niche market demands for biodegradable plastics. Degradation or incineration of starch in

plastics would recycle atmospheric CO2 trapped by the plant and would not increase potential

global warming.

2.0 EXPERIMENTAL

2.1 Viscosity profile

The pasting of starch sample was examined in a Brabender Viscograph using 75 rpm and a

toque of 700 cmg equivalent to 1,000 BU. The starch slurry (400 ml at 6.0% starch solids)

was adjusted to pH 6.5 with a few drops of 5%HC1 or 5% NaOH solution, paste at a heating

rate of 1.5 °C/min from 50 to 95°C, held at 95°C for 30 min, cooled from 95°C to 50°C, and

finally held at 50°C for 30 min. The following measurements were taken from the Viscograph

curve: temperature at begins of gelatinisation, Torque at maximum viscosity, temperature at

maximum viscosity, torque at start of holding period. Torque at start of cooling period,

torque at the end of cooling period, torque at the end of final cooling period.

2.2 Viscosity

The 2% starch solution was heated in a boiling water bath for 30 min and cooled to room

temperature for 1 hour. An 8 ml of each sample was measured in triplicates using a

Brookfield DV-III Rheometer (VI.2 RV) with an appropriate spindle no. SC4-18. The

viscosity (cPs) was recorded within 30 seconds at every 10 rpm interval with a speed from 10

to 100 rpm.

2.3 Gel Strength

The 8% starch paste was prepared. The sample was poured into a height of 2.7 cm in a

cylindrical plastic container (diam. =4.0 cm, height 5.5 cm) as a mold. The pastes were
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measured after aging at 4 and 25°C for 24 hours. The gel strength of the texture was

determined using a Stable Micro System (TAXT-2 Texture Analyser). The paste in the mold

was compressed at a speed of 2.0 mm/sec to a distance of 15 mm using a cylindrical probe

(10 mm in diameter) and then retracted at the speed of 0.1 mm/sec to obtain the curves. The

maximum force was termed gel strength.

2.4 Swelling power and solubility

Swelling and solubility was determined as described by Schoch (1964). Starch was

accurately weighed (2g, dry basis) into a dry tarred pre-weighed 250 ml centrifugal bottle.

Distilled was added to give a total volume of water equivalent to 180g. The starch was

completely suspended by stirring at 200 rpm using magnetic stirrer. After taking out the

stirrer, the bottle was immediately placed in constant temperature shaking water bath at

85°C±0.2 with continuous shaking at 200 rpm for 30 minutes. The centrifugal bottle was then

dried and placed on a balance followed by the addition of distilled water to bring a total

weight of 200 g. After capping, the bottle was centrifuged for 15 minutes at lOOOxg. To

measure solubility, 50 ml of the supernatant was then pipetted and transferred into an

evaporating petri dish and dried overnight in a. hot air oven at 105°C. The dried residue was

then cooled in a dessicator and weighed for soluble starch. To measure the swelling power,

the supernatant was carefully removed and discarded. The bottle with the sediment paste was

then weighed to give the weight of swollen starch granules. The result was expressed by the

calculation below:

% solubility (on dry basis) = Weight of soluble starch x 400

Weight of sample on dry basis

Swelling power = Weight of sediment paste x 100

Weight of sample on dry basis x(100%solubility)

2.5 Preparation of Sago-water Soluble Polymer Blends

PVA solution (100 ml) of known concentration was heated continuously in a water bath at

90°C. Sago powder of known weight was added slowly and stirred for 2 minutes or until a
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gelatinized solution was about to achieved. The sago gel was then poured into a petri dish (9

x 9 mm) and cooled to a room temperature to form solid sample of about 4 mm. These

samples were then subjected to irradiation and foaming processes.

PVP-sago, HEMA-sago and HEA-sago blends were prepared in the same manner as PVA-

Sago gel. To some of the blends blowing agents, NaHCC>3 or nitrogen gas (bubbled N2 gas)

were added. This is done to evaluate the possibility of foaming sago-polymer blends with

blowing agent.

2.6 Irradiation crosslinking

Petri dishes containing sago-gel were irradiated at 10, 15, 20, and 30 kGy. The irradiation

parameters used were 3 MeV acceleration voltage and 10 mA current. The accelerator used

was a Cockcroft Walton type having maximum acceleration voltage of 3 MeV and 30 mA

beam current. The irradiation dose rate was set at 20 kGy per pass. The sample distance

from beam window was 200 mm. Irradiation was carried out at an irradiation chamber

temperature of 35°C approximately and at, atmospheric pressure (760 mm Hg,

approximately).

2.7 Gel Content Measurement

Triplicate irradiated sago-gel samples were cut into small pieces of known weight (about 0.2

g) and placed in stainless steel pouches. The pouches were placed in glass bottle containing

0.5 M NaOH overnight. Samples were rinsed thoroughly to neutral state and dried in a

vacuum oven at 60 °C overnight. The final weight of the sample was measured and the gel

content was calculated from the ratio of final weight over the original weight (taking into

account the initial water content in gel samples).

2.8 Foaming

Irradiated samples of 30 x 45 mm sizes were foamed in a microwave oven for 3 minutes at

150 °C (high heating mode). The foams were evaluated of its foamability, resilience, water

absorption, expansion ratio and biodegradability.
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2.9 Expansion Ratio

Expansion capability of sago to foam was also measured. Irradiated sago-PVA blends were

cut into 30 x 45 mm size and foam in microwave oven for 3 minutes. The difference of

weight over initial weight was calculated as expansion percentage.

2.10 Degradabiity/Soil Burial Test

Biodegradability of sago foams was evaluated using soil burial method. The soil burial test

was performed by burying the samples in the clay 20 cm depth with a pH from 6.5 to 7.5.

The soil was not supplemented with any additional nutrients or microorganisms. Sample

foams (4cm X 5cm) of known weight were cut from prepared foams prior to exposure in the

soil testing systems. Sago foams were labeled and placed in a quadrant of 1 feet deep dug-up

soil. The area was then carefully filled with soil. The foams appearance and weight was

monitored at 2, 3, 4 and 5 days

In another experiment, foam sample was also held in 10% (w/v) soil water and incubated in

shaker at 27°C and 90 rpm. After each interval, the samples were removed from the soil and

clean with running water and dried in an oven to constant weight at 60°C.

3.0 RESULTS AND DISCUSSION

3.1 Viscosity

Starch displays unique properties on heating with water. It exhibits unique viscosity behavior

with change of temperature, concentration and shear rate. Flow behavior characteristics can

be estimated from the viscosity and shear rate relationship. The power law model is also

widely used to describe the flow behavior characteristics of many food systems such as

tomato products, citrus juices, soup and sauces (Nurul et al., 1998). In this experiment, effect

of irradiation dose on the Theological behavior of gelatinized sago starch was studied over the

shear range of 13.2-132.0 at 2% starch concentration. Figure 1 and 2 show the relationship

between the viscosity and the irradiation dose of sago and tapioca starch. The viscosity was

decreased when the shear rate was increased. The decrease of viscosity with the increase of

shear rate suggested that the increasing shear rate progressively disentangles the
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arrangements of long chain molecules and helps to overcome the intermolecular resistance to

flow. On the other hand, the highly solvated molecules or particles present in the dispersion

medium may be progressively sheared away with increasing shear rate causing a reduction in

the effective size of the particles and hence a reduction in apparent viscosity (Holdsworth,

1977)
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Figure 1: Effect of Irradiation Dose on
Viscosity of Sago Starch
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Figure 2: Effect of Irradiation Dose on the
Viscosity of Tapioca Starch

Flow behavior characteristics can be estimated from the viscosity and shear rate relationship

(Nurul et al., 1998). The flow behavior characteristic is influenced by the irradiation dose as

the analysis of the results are shown in Table 1.
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Table 1: Effect of Irradiation Dose on the Flow Behavior and Consistency of Sago and
Tapioca Starch at 2% Starch Concentration

Irradiation dose

(kGy)

0

10

20

30

40

50

Flow behavior

(n)

Sago

0.5344

0.3305

0.2603

0.1133

0.2570

0.1276

Tapioca

0.2985

0.1196

0.0057

0.2377

0.3134

0.2985

Consistency

(K)

Sago

2.45

1.15

0.8

0.60

0.05

0.59

Tapioca

0.2924

0.2840

0.0809

0.0969

0.0915

0.0915

Fig. 1 and 2 show that the viscosity of irradiated sago and tapioca starch in a decreasing

trend. This might be due to the reduction of the amylose content in the starch. However, the

results have not clearly seen due to the less efficient of the viscometer. The intrinsic viscosity

measurement would be the better method. The flow behavior of the native sago starch (at 0

kGy) indicated that the starch is pseudoplastic and its pseudoplasity decreased when the

irradiation dose was increased.

3.2 Gel strength

Fig.3 shows the effect of EB irradiation on gel strength of sago. Starch paste after

gelatinisation consists of solubilised carbohydrates almost all of which is amylose and of

swollen starch granules or their fragments, and it exhibits viscoelastic properties. On cooling

of concentrated starch paste, starch gel quickly develops and solubilised carbohydrates form

a continuous network which links swollen starch granules (Ott and Hester, 1965; Hikone,

1998). In this experiment, the gel strength of sago and tapioca starch decreased rapidly when

irradiation dose was increased. Rosental (1992) reported that upon irradiation, hydrolysis and

oxidative degradation of carbohydrate molecules may occur. Lower saccharides may be

oxidized at the end of the molecule to form acid, and as a result of ring scission aldehydes

may be formed. Large carbohydrate molecules are split into smaller units by cleavage link,

resulting in depolymerization. This, chains of carbohydrtaes may be
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Figure 3: Effect of Irradiation Level on Gel Strength of Sago and
Tapioca Starch at 4 and 25° C Storage Temperature

shorten with a loss of gelling power. Zanoni et al. (1991) reported that gelatinisation can be

referred to as desegregation of starch granules within an aqueous environment at a suitable

temperature. In the first stages of gelatinisation the shorter micelles dissociate. The longer

micelles will persist to higher temperature. When starch granules are gelatinised in excess

water, there is a phase change from order to disorder configuration (Donovan, 1979).

3.3 Swelling power and solubility

Figure 4 shows the swelling power of irradiated sago and tapioca. It was observed that the

swelling decreases as the irradiation dose increases. The swelling power determined as the

weight of hydrated granules was reduced in all irradiated samples. This was due the scission

of the amylose and amylopectin chain the starch molecule (Rosenthal, 1992). The result of %

solubility is shown in Fig 5. It solubility increases when the irradiation dose is increased.

Tester and Merrison (1994) found that the increment in damaged starch level led to and

increment in swelling power of wheat starch. That means sago and tapioca starch was

damaged by irradiation as the swelling power was decreased. Several researchers reported the

increment in material soluble in water as evidence of molecular degradation of starch by

irradiation (Radley, 1960; Whistler and Ingle, 1965; Tollier and Guilbot, 1972; Duarte and

Rupnow, 1994).
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3.4 Crosslinking of Sago and Sago Blends
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Fig. 7: Crosslinking properties of sago blends
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Although sago on its own do not readily crosslink as shown in Fig 6, it is interesting to note

that blending sago with PVA shows a significant increase in gel content value indicating

greater crosslinking ability. This is observed in Fig. 7. As much as 35% gel was observed in

blends of 20:20 ratio (SagorPVA) at 30 kGy dose. The PVA content added in the blend does

affect to certain extends the crosslinking ability of sago blends especially at higher irradiation

dose of more than 20 kGy.

The Sago-PVP blends however, showed a contrast crosslinking properties compared to Sago-

PVA. The presence of sago reduced the crosslinking ability of PVP as seen in Fig. 7. In

general, the gel content values of these blends are 23% for the one containing 10% PVA and

about 30 % for blends containing 20 % PVP.
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3.5 Sago Foams

Sago on its own could not be expanded to produce foam. It is hoped that introducing

crosslinking in sago or rather its blends would assist foaming. Thus, electron beam irradiation

was used to induce crosslinking. The introduction of crosslinking hopefully helps prevent

foam from collapsing once it cooled down. At present foam expansion was achieved using

microwave oven. In subsequent work, compression mould and extrusion will be use for

expansion process.

The sago-PVP formulations foamed very well but produced hard foams. Formulations having

more than 20% sago and 15% produced better foams than others. It was observed also that

irradiation dose of more than 25 kGy gave rigid foams.

In general, it was observed that Sago-PVA formulations gave better foams than the others.

The foams produced are also softer and more resilience. For sago-PVA blends, the optimum

irradiation dose was between 15-20 kGy. It was observed that best foams could be obtained

with more than 15% PVA content. As much as 80% sago can be added. Evaluation on water

absorption properties, expansion and biodegradability were evaluated using these Sago-PVA

blends.

Blend should have sufficient mechanical properties to sustain foam cell from collapsing. In

some foam made from polyolefin, crosslinking was introduced to achieve required

mechanical properties to avoid this phenomenon. Having too much crosslinking also restricts

formation of foam cells during expansion process. This dynamic properties requirement is

clearly show in Fig. 8. The highest expansion for sago-PVA blends (S40PVA20) was

achieved at 15 kGy irradiation dose i. e. indicating a balance properties of expansion and

I
|
O

I

15 20 30

Dose, kGy
Fig. 8: Expansion properties of sago-PVA

foams Fig.9: Expansion properties of Sago-PVP blends
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mechanical strength. At irradiation dose exceeding higher than 15 kGy, the blend ability to

foams decrease tremendously. Similar properties was observed for sago-PVP blends as

shown in Fig. 9.

3.6 Biodegradibility of Sago Foams

Exposures in natural environments provide the best true measure of the environmental fate of

a polymer because these tests include a diversify of organisms and achieve a desirable natural

closeness of fit between the substrate, microbial agent and the environment (Ching., C. et. al.

1993). Measuring the degradability of materials after exposure testing can be relatively

straightforward. In this work, the soil burial test was performed by burying the samples in the

clay 20 cm depth with a pH from 6.5 to 7.5. Sample foams ( 4cm X 5cm) of known weight

were cut from prepared foams prior to exposure in the soil testing systems. The soil was not

supplemented with any additional nutrients or microorganisms. Initial soil burial test

indicated that the sago-PVP and sago-PVA foams are biodegradable. This was observed that

after 1 week, all samples tested disappeared. The photographs taken for samples after 2 and

5 days clearly indicated biodegradability of sago foams. It was presumed that the foams were

digested by termites.

In another experiment samples were dipped in 10% (w/v) soil water and incubated in shaker

at 27°C and 90 rpm. After each interval, the samples were removed from from the soil and

clean with running water and dried in an oven ;o constant weight at 60°C. In Fig. 10 the

weight loss of foamed sample increases to burial time. Living organisms are capable of

producing enzymes chat can attack this foam more easily due the presence of a large number

of cells. The lower percentage in weight loss is also because to the burial time is too short

and there were insufficient number of active microorganisms to attack these foam. There are

several factors such as temperature, pH, oxygen concentration, humidity and availability of

mineral nutrients that may effect this result.

Figure 11 shows the weight loss of the foamed sample after they were incubated in the soil

water after 6 months. There is no significant change in weight loss for the foam that was

stored in the water soil.
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4.0 CONCLUSION

Crosslinking of sago can also be achieved by blending sago with water-soluble polymers

such as PVA and PVP. Addition of crosslinking accelerator does promote crosslinking of

sago very much. However, blending these monomers and crosslinking accelerator does not

render sago foamable.

The present study indicates that it is possible to produce biodegradable crosslinked sago

foams. Potential biodegradable sago foams can be obtained by blending sago with PVA and

PVP polymers. Foams produced from sago-PVA blends seemed to be softer and more

resilience than that of sago-PVP blends. However, both types of foams could finds different

end uses.
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