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ABSTRACT: Composite of linear low density polyethylene (LLDPE) and potato-starch was 

produced and subjected to degradation studies with the agencies of enzymes, exposure to weather and 

immersion in water. Enzymatic hydrolysis degraded the matrix to an extent greater than 40% loss in 

strength and about 20% loss in elongation–at-break within just 10 days. These deteriorations 

correlated with the decrease in weight. Immersion in water indicated increased uptakes with starch 

content which also corresponded with decrease in tensile strength and elongation-at-break with time 

of immersion. Exposure to weather completely reduced the composites to easily crushable masses the 

extent of which was also related to starch content. Micrographs of the tested samples showed that the 

weak points are the starch sections which after being eaten up by microorganisms or swollen up by 

moisture lend the matrix more amenable to further degradation. 

 
INTRODUCTION: Attention of 

environmentalists in the recent years has 

focused on synthetic thermoplastics. They 

continue to litter the environment and 

persistently refuse natural degradation 

processes, as a result causing solid waste 

disposal problems, reduction of soil fertility 

and general untidiness of the planet 

(Arvanitoyannis et al., 1998). Research has 

been active in the search for alternatives; three 

areas have been earmarked. The first 

emphasizing synthetic polymers with groups 

susceptible to biodegradation (Pierre, et al., 

,1987), the second approach is the use of 

biopolymers such as PHA (polyhydroxy 

alkanoates), PHB(polyhydroxy butyrate), 

PLA(polylactic acid), PHV(polyhydroxy 

valerate) (Holmens, et al.,1984). The third 

method is blending of some of the culprit 

plastics with biodegradable fillers (Shogren, 

1989; Bastioli, 1995). The second option is by 

far the best green-wise; biopolymers are 

completely biodegradable, they however suffer 

from economics due to their high cost of 

production (Leaversuch, 2002).   

More thrust is paid to blending of synthetic 

polymers with macromolecules such as starch, 

chitin and chitosan etc(Van Soest and 

Kortleve, 1999; Salmoral, et al., 2000; Park et 

al., 2001). Starch is widely considered a 

choice filler for this purpose; it is 

biodegradable, relatively cheap, non toxic and 

available in many forms(Lim, et al.,1992; 

Suvorova, et al.,2000). Starch films have very 

low permeability making them useful in food 

packaging. When starch is used in blends with 

non-biodegradable polymers it increases 

surface for microbial activity on the 

matrix(Koenig and Huang, 1995). It is also 

used as filler with biopolymers where 

economics is the main objective(Otey and 

Doane, 1984; Kotnis, et al.,1995).
 
The present 

work is aimed at studying the biodegradability 

of indigenous potato starch filler on LLDPE.  
 

MATERIALS AND METHODS 

Determination of Tensile Properties: Tensile 

measurements of samples were carried out on 

a stelometer in triplicates according to ASTM 

D638. The results are shown in Figs. 1, 5 and 

6. 

Water Absorption: The weighed samples 

were submerged in water using sinkers in 

accordance with ASTM D570.  Percentage 

moisture uptake (%Mt) was calculated 

accordingly. The result is indicated in Fig.3. 

Enzymatic Tests: Enzymatic testing was 

carried our according to the method of Yoon et 

al. (1996).  The samples were placed in a 

buffered biolase solution. The buffer solution 

was prepared by adding 4.5cm
3
 of 0.2M acetic 

acid to 45.2cm
3
 of 0.2M sodium acetate 

solution in 100cm
3
 of solution.  A control was 

prepared containing the samples in the buffer 

solution only.  The sample’s pH in the buffer 

and enzyme solutions were 6.8 and 9.4 

respectively and kept at 37
o
C in an isolated 

box.  Samples were taken out every five days 
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for 30 days and washed thoroughly before 

conditioning in an oven at 50
o
C for 24 hours. 

Each sample was then weighed. The result is 

indicated in Figure 1 

Natural Weathering: The samples were 

placed on a roof top and protected from wind 

and rain by placing a weight on the clamp end.   

They were turned over every day so that both 

surfaces were equally exposed to sunlight. 

Care was taken to prevent the samples from 

lying on each other.  The average monthly 

temperature was 32
o
C while the average 

monthly relative humidity was 75%. 

 

RESULT AND DISCUSSION 

Enzymatic Hydrolysis: Fig.1 shows the 

percentage reduction in tensile strength, 

elongation-at-break and weight with time for a 

35 wt% starch in the composite after 

immersion in biolase solution for 25 days.  

The tensile strength, elongation-at-break and 

weight all decrease with time of immersion.  

The biodegradation pattern of the composite 

suggests that microbes consume starch and 

create pores in the materials, leading to 

increase in the surface area of LLDPE matrix 

and providing more susceptible groups for its 

biodegradation. This is indicated by the 

correlation of the mechanical properties with 

weight loss. Similar observation was made 

with PE/starch blends(Thakore, et al., 1999), 
and between LDPE/starch ester blends where 

weight loss due to removal of the starch 

component was positively correlated with the 

loss of mechanical properties. Biodegradation 

occasioned by burial procedure of   PE/starch 

blends was followed by gradual decrease in 

weight. This   observation was explained by 

the consumption of starch from the matrix by 

microbes, SEM micrographs proved the 

theory. The micrographs shown in Fig.2 (i) 

and (ii) indicated bigger lesions in (i) which 

could be as a result of swelling of the starch 

and partial dissolutions. The starch granules 

are very visible in the only buffer- sucked 

samples shown in Fig.2(ii).  

 
 
Figure1: Percentage reduction in properties of 

potato starch 35 wt %) LLDPE composite 

with time of enzymatic treatment 

 

i 

 

 

 

 

 

 

 

 

ii 

Figure2: Micrographs of the surface of potato 

starch (35 wt%) – LLDPE Composite after 

(i) treatment with enzyme solution for 5 

days and (ii) immersion in buffer solution 

for 5 days 

  
Natural Weathering: The test was carried out 

during the period rain was most intense. The 

samples lost all their mechanical attributes and 

became very brittle. Fig.3 is a micrograph of 

the sample containing 35 wt % starch after 3 

months exposure.  Large cracks appeared on 

the surface of the matrix exposing the 



Nigerian Journal of Basic and Applied Science (2010), 18(1):126-129 

128 

 

embedded starch granules which easily gave in 

to combined biodegradation and photolysis. 

 

 

 

 

Figure3:Micrograph of the surface of potato 

starch (35 wt %) – LLPDE composite 

after 3 months of natural weathering. 

 
Water Absorption: Fig.4 gives the variation 

in moisture uptake with time of immersion and 

starch concentrations. As expected, moisture 

uptake increased with immersion time and 

starch concentration.    Moisture is absorbed 

by starch/LLDPE composites through the 

starch particles. The rate of absorption of the 

moisture decreased with time of immersion, 

this was attributed to the changes in the 

concentration gradient across the two 

materials.  Initial water molecules adsorbed to 

starch particles are strongly bonded to the 

hydroxyl groups as in a hydrate.  When all of 

the available hydroxyl groups are used up, 

further water absorbed is held loosely (Willet, 

1994).  The increase of moisture uptake with 

increase in starch content has been reported 

earlier (Otey 
, 1987).  Although, the 

composites were kept completely immersed in 

water for 30 days, they did not equilibrate.  

This also agrees with literature findings that 

starch/PE composites take months to 

equilibrate even when completely immersed in 

water (Otey 
, 1987). 

Figs.5 and 6 show plots of tensile strength and 

elongation-at-break against time of immersion, 

it is seen that tensile strength and elongation-

at-break decreased with time of immersion.  

This is due to the presence of moisture at the 

LLDPE/starch interface, which weakens the 

already weak interfacial adhesion.  The longer 

the immersion time, the greater is the loss in 

tensile properties.  Micrograph of the 

composite containing 35 wt % starch shows a 

rough surface full of holes (Fig. 7).  The holes 

could be due to the removal of starch particles 

because of moisture, resulting in the granules 

swelling up, increasing in size and being 

forced out of the hole. Starch /LLDPE films 

were reported to expand by about 2% when 

aged at 100% relative humidity for 9 months. 

 

 
 
Figure 4: Variation in moisture uptake of 

potato starch – LLDPE composite with 

time of immersion 

 

 
Figure 5: The effect of moisture uptake on the 

tensile strength of potato starch(35wt%) – 

LLDPE composite 

 

 
Figure 6: Effect of Moisture uptake on 

the elongation-at-break of potato 

starch(35wt%) – LLDPE composite 

 

 
 

 

 

 

 
Figure 7: Micrograph of the surface of potato 

starch (35wt%) – LLPDE composite after 

immersion in water for 30 days 
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