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Abstract: In this study, polyvinyl alcohol (PVOH)/corn starch (CS) blend films were 
prepared using the solution casting method. The biodegradability of the films was 
investigated based on enzymatic absorbency in water and an acidic solution as well as by 
burial in soil and compost. The tensile properties were examined using a tensile test. The 
structure of the film was characterised by scanning electron microscopy. Compared to a 
film without corn starch, the films containing corn starch were found to be more highly 
biodegradable by enzymes as well as in soil and compost. However, the results from the 
tensile and elongation at break tests showed that as the corn starch content increased, the 
strength decreased. The morphology study revealed the distribution of corn starch in the 
PVOH.  
 
Keywords: PVOH/CS blend film, biodegradation, enzymatic, acidic solution, compost 
burial 
 
Abstrak: Dalam kajian ini, polivinil alcohol (PVOH)/kanji jagung (CS) campuran filem 
telah disediakan dengan menggunakan kaedah larutan pengacuan. Biodegradasi filem 
dianalisa berdasarkan kuantiti enzim dalam air dan larutan berasid serta oleh 
perkuburan di dalam tanah dan kompos. Ciri-ciri tegangan telah diperiksa menggunakan 
ujian tegangan. Struktur filem adalah bercirikan oleh imbasan mikroskop electron. 
Berbanding dengan filem tanpa kanji jagung, filem-filem yang mengandungi kanji jagung 
telah didapati lebih tinggi terbiodegradasikan oleh enzim serta perkuburan di dalam 
tanah dan kompos. Walaubagaimanapun, hasil daripada tegangan dan pemanjangan 
pada ujian pemecahan menunjukkan bahawa apabila kandungan kanji jagung meningkat, 
kekuatan menurun. Kajian morfologi menunjukkan taburan kanji jagung di dalam PVOH. 
 
Kata kunci: campuran filem PVOH/CS, biodegradasi, enzimatik, solusi asid, penanaman 
kompos 
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1. INTRODUCTION 
 
The use of synthetic polymer materials has caused significant 

environmental problems. Solid waste from these materials is a major contributor 
to environmental pollution because it can take up to a thousand years to degrade. 
Therefore, a great deal of attention has been given to the development of various 
biodegradable materials to overcome this serious problem. The development of 
environmental friendly polymer materials can be classified into two categories 
based on the raw material used: degradable synthetic polymers and renewable 
natural polymers.1 Renewable natural polymer resources include starch, cellulose 
and chitosan. These materials have been tested alone and in combination with 
plastic to enhance the plastic properties and biodegradation potential of the 
product.  

 
Among these three renewable natural polymer resources, starch is the 

most attractive candidate because of its low cost, widespread availability and 
potential for mass production from renewable resources.2–4 Starch can be 
thermally processed when a plasticiser, such as water, is added to it. When 
various materials are blended with starch, their performance changes during and 
after processing as a result of the hydrophilicity of starch.5 Starch has been 
considered a suitable material source due to its inherent biodegradability, 
availability and relative low cost.3 However, the poor mechanical properties and 
relatively hydrophilic nature of starch compared to most petroleum-based 
polymers prevent its use in widespread applications.6 Moreover, packaging films 
composed entirely of starch lack the strength and rigidity to withstand the stress 
that many packaging materials are subjected to, and their application is therefore 
limited. Starch is the mixture of amylase and amylopectin; amylase is a linear 
polymer of α-d-glucopyranosyl units containing both 1,4-α-d-glucosidid linear 
linkages and 1,6-α-d-glucosidic linkages at the branch points. α-amylase is the 
main enzyme involved in the hydrolysis of the 1,4-α-D-glucosidic linkage in 
starch. Therefore, starch will rapidly degrade with the addition of enzymes 
because enzymes typically catalyse the hydrolysis of natural biodegradable 
polymers, and α-amylase catalyses the hydrolysis of starch.7  

 
Recently, several attempts have been made to blend starch with 

biodegradable synthetic polymers. Among these polymers is polyvinyl alcohol 
(PVOH) because it is well known as a synthetic biodegradable polymer8 and 
possesses excellent mechanical properties.9 Its biodegradability in various 
microbial environments has been reported, and PVOH is one of the best options 
to be blended with starch.10 Much interest lies in blending starch with PVOH10 
because starch/PVOH blends have demonstrated excellent compatibility.4,12  
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PVOH is a versatile polymer, and it may be the only synthesised polymer 
with a backbone that consists primarily of –OH bonds that is absolutely 
biodegradable. PVOH is also an interesting water-soluble synthetic polymer with 
a broad range of applications. Due to the solubility and biodegradability of 
PVOH, PVOH films are increasingly used in packaging applications.13 However, 
the biodegradability of PVOH depends on its degree of hydrolysis and its 
molecular weight. PVOH has the advantages of good film formation, strong 
conglutination and high thermal stability. In recent years, PVOH has been 
increasingly applied in the material industry and has been combined with starch.14  

 
Inspired by those studies, the aim of this work was to investigate the 

biodegradation potential of PVOH/CS blend films in solid and solution media. 
The blend films were also characterised using scanning electron microscopy 
(SEM). 

 
 

2.  EXPERIMENTAL  
  
2.1  Materials 

 
PVOH was purchased from Merck Inc. (DP 1799 ± 50; average 

molecular weight: 145,000; hydrolysis rate: 90%; pH: 4.5–7; density: 1.3 g/cm3). 
Corn starch containing 1.7% moisture, 0.23% protein and 0.075% fat was 
purchased from Thye Huat Chan (M) Sdn. Bhd. Water-soluble hexamethylene- 
tetramine (HMTA) with a density of 1.331 g/m3 was supplied by Fluka Chemical 
Corp. through Sigma-Aldrich (M) Sdn. Bhd. Glycerol was produced by BDH and 
supplied by VWR International. Tween-80 with a density of 1.07 g/m3 was 
purchased from Merck (M) Sdn. Bhd. Paraffin wax was purchased from Sigma-
Aldrich (M) Sdn. Bhd., and de-ionised water was used as a solvent. 

 
2.2  Sample Preparation 
 

The samples were prepared according to Xiong et al.14 PVOH and corn 
starch were poured into a round flask. Then, de-ionised water was added, and the 
mixture was stirred with a high speed mixer in a constant temperature water bath 
for 30 minutes. An approximate amount of hexamethylenetramine was added to 
the blend (1% on a dry basis of the combined weight of starch and PVOH) and 
stirred for another 40 minutes. The plasticiser glycerol, the deformer Tween-80 
and paraffin wax were then added, and the solution was mixed for 10 minutes 
until a smooth film surface was obtained. After that, the mixture was cast onto a 
glass plate that was placed on a flat surface. The blend was dried in an enclosed 
environment for almost 12 hours and then cured in the oven for 30 minutes. 
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Finally, the film was peeled off of the glass plate. These steps were repeated for 
all samples. 

 
 

3. CHARACTERISATION 
 
3.1  Enzymatic Testing 

  
An enzymatic mixture containing certain amounts of distilled water,               

α-amylase and β-amylase were placed in a conical flask. The dried samples were 
cut into 3 × 3 cm square specimens, and the samples were then weighed 
accurately using a digital balance and immersed in a conical flask.4 

 
 The flasks were placed in a shaking incubator at a rate of 120 rpm for                
60 hours at 30ºC. The samples were removed and rinsed with distilled water to 
remove the enzymatic mixture and dried in a desiccator under vacuum for                     
24 hours before being weighed. The degree of enzymatic degradation [DED (%)] 
was calculated using Equation 1:2 
  

DED(%) = ×1001 H
__

1

w w

w
 

(1) 

     
where WH  is the dry weight of the specimen after the enzymatic treatment, and WI 
is the initial dry weight of the specimen. 
 
3.2  Soil Burial Test 
 
 The films were buried in composted soil that was purchased from a 
flower nursery; the test was performed according to the method published by 
Thakore et al.15 with a slight modification. Two different pots were filled to their 
approximate capacity of 10 L with soil and compost. The samples were cut into 
30 × 50 mm pieces and buried in the soil at a depth of 10 cm. The soil was placed 
in the laboratory, and the moisture of the soil was maintained by sprinkling water 
at regular time intervals. The excess water was drained through a hole at the 
bottom of the pot.  
  

The degradation of the samples was determined at regular time intervals 
(7 days) by carefully removing the sample from the soil and washing it gently 
with distilled water to remove soil from the film. The sample was dried under 
vacuum until a constant weight was obtained. Weight loss of the sample over 
time was used to indicate the degradation rate of the soil burial test.  
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The soil burial test was studied by evaluating the weight loss of the film 
over time. The weight loss was determined every seven days from the starting 
day, and was calculated using Equation 2: 

 

Weight Loss (%) = ×1001
__ d

i

w w

w
 

  
(2) 

     
where Wd  is the dry weight of the film after being washed with distilled water, 
and Wi is the initial dry weight of the specimen.  
 
3.3  Kinetic Studies of Water Absorption and Water Solubility Testing 

 
Dried films were immersed in distilled water and in an acidic solution 

containing 0.2 M sulphuric acid (H2SO4) at room temperature (25°C). A reading 
was taken every 3 days until the film reached equilibrium weight. The moisture 
on the surface film was removed, and the weight of the film was measured. The 
moisture content (Mt) absorbed by each sample was calculated from its weight 
before absorption, W0, and after absorption, Wt, using Equation 3.  

 

W (%) = ×100
 __t o

t
o

w w

w
 

(3) 

From the water absorption, we can determine the diffusion coefficient or 
diffusivity, D, that was calculated from the slope of moisture content, Mt, versus 

the square root of time,  t , as shown in Equation 4: 
 

2 2 1

2 1

2
( ) ( )

4 m

D
M Mh

M t t
 




 
(4) 

 
where Mm is the maximum moisture content, and h is the thickness of the sample. 
Assuming the absorption process was linear at an early stage of immersion, the 
time was taken at the beginning of absorption process so that the weight change 
was expected to vary linearly with the square root of time.16  

 
For the water solubility testing, the dried films were immersed in distilled 

water and an acidic solution made from 0.2 M H2SO4 at room temperature 
(25°C). After equilibrium was reached (24 hours), the moisture on the surface of 
the film was removed and the weight of the film was measured. The swelled 
films were dried again for 24 hours at 60°C. Their water solubility (Ws) was then 
calculated using Equation 5: 

 



Biodegradation of Polyvinyl Alcohol/Corn Starch Blend Films                                                       20 

 

W (%) = ×100
 __o d

s
o

w w

w
 

    (5)

     
where Wd is the dry weight of the swelled film, and W0 is the weight before the 
absorption.17 
 
3.4  Tensile Properties Test 
 

The tensile test was performed using an Instron 3366 testing machine 
according to ASTM D882. Each sample had a width of 6.4 mm. The average 
thickness of the samples was about 0.060 mm. The tensile test was conducted 
using a cross head speed of 1.3 mm/min. 

 
3.5  Scanning Electron Microscopy (SEM) 
 
 The PVOH/CS blend films were cryogenically frozen in liquid nitrogen. 
After that, the samples were manually fractured after removal from the liquid 
nitrogen. The fractured surfaces were vacuum-coated with gold. The morphology 
of the samples was investigated using a scanning electron microscope (SUPRA 
35VP, ZEISS).  
 

 
4. RESULTS AND DISCUSSION 
 
4.1  Enzymatic Testing 
 

 The weight loss of the film is shown in Figure 1. The DED was 
calculated after the sample had been immersed in the enzymatic solution for 60 
hours. The graph shows an increase in degradation with increasing corn starch 
content. The degradation rate of pure PVOH was slower than that of PVOH/CS 
composite films. A higher degradation rate was observed for the 30/70 weight 
percent PVOH/CS sample, which underwent 92.45% weight loss after 60 hours 
of immersion. This observation was due to the PVOH/CS films absorbing more 
of the amylase solution than pure PVOH because of the excess of –OH group that 
facilitated the penetration of α- and β-amylase into the PVOH/CS blend films and 
subsequently enhanced the amylase attack on the corn starch.18 The films tended 
to absorb more of the enzymatic solution as the CS content increased. Therefore, 
the CS content affected the weight loss of the sample. 
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Figure 1: Enzymatic degradation of PVOH (100/0) and PVOH/CS films using α-amylase 

and β-amylase. 
 

Furthermore, α-amylase and β-amylase function in different ways to 
hydrolyse the acetal bonds of starch. β-amylase generally hydrolyses only the 
main chain acetal bonds and does not affect the branch point. However,                      
α-amylase attacks both the main chain as well as the branch.4 α-amylase enzymes 
are endoamylases, which catalyse the hydrolysis of the internal  
α-1,4-glucosidic linkage in the starch in a random manner. These enzymes break 
down the starch into smaller sugar units, which are eventually converted to the 
individual basic glucose unit.  

 
β-amylase enzymes are exohydrolases, which release β-maltose from the 

non-reducing ends of α-1,4-linked poly- and oligoglucans until the first                   
1,6-branching point along the substrate molecule is encountered.19 α-amylases 
hydrolyse starch more rapidly than β-amylase because α-amylase attacks both the 
main and branched chains. The hydrolysis of the starch weakens the interaction 
between starch and PVOH and thereby results in higher weight loss by the 
PVOH/CS film. The corn starch also leaches out from the sample, which results 
in higher weight loss by the PVOH/CS samples due to amylase enzymes 
attacking the corn starch at the sample surface. This result shows that starch is 
more susceptible to being attacked by enzymes.  

 
4.2  Soil Burial Test   
 

Figures 2 and 3 show the weight loss of the pure PVOH and PVOH/CS 
films in soil and compost, respectively. In the figures, the biodegradability 
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increased up to 85% as the burial time increased in both the soil and compost for 
8 weeks. All of the films in soil and compost degraded rapidly in the first 7 days. 
This rapid degradation was due to the composting process, which occurred in two 
main stages: an active composting stage and a curing period. In the first stage, the 
temperature rose and remained elevated as long as there was available oxygen, 
which resulted in strong microbial activity.  

 

 
 

Figure 2: Weight loss of PVOH/CS films after 8 weeks in soil. 
 

In the second stage, the temperature decreased but the film continued to 
compost at a slower rate.20 In both the soil and compost, the 30/70 PVOH/CS 
sample showed the highest weight loss while pure PVOH showed the lowest 
weight loss over time. This finding was attributed to the corn starch content in the 
film because corn starch is more biodegradable than pure PVOH. The PVOH, 
which is biodegradable due to its high hydrolysability, exhibited a higher 
resistance against soil burial degradation.10 The addition of compost resulted in 
an approximate 2–3% increase in the degradation rate. Compost is composed of 
organic materials derived from plant and animal matter that have been 
decomposed largely through aerobic decomposition. It can be rich in nutrients. 
The compost itself is beneficial for the land in many ways because it can act as a 
soil conditioner, a fertiliser, an addition of vital humus or humic acids, and a 
natural pesticide for soil. The nutrients in the compost can degrade the film more 
rapidly than unamended soil.  
 

As shown in Figure 3, for the duration of 14 to 30 days, the weight loss 
was slightly lower but the composting process did not stop at a particular point. 
Rather, it continued slowly until the last remaining nutrients were consumed by 
the remaining micro-organisms and almost all of the carbon had been converted 
into carbon dioxide.20  
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Figure 3: Weight loss of PVOH/CS films after 8 weeks in compost. 
 

4.3  Kinetic Studies of Water Absorption and Water Solubility Testing 
 
One of the major drawbacks to the utilisation of starch-based material is 

its water absorption tendency, and any improvement in water resistance is 
therefore highly important.11 Figures 4 and 5 show the percentage of moisture 
absorption, Mt, of pure PVOH and PVOH/corn starch blend films as a function of 
t1/2 in distilled water and in acidic solution.  

 

 
 

Figure 4: Effect of corn starch on water uptake of PVOH composites in distilled water. 
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Figure 5:  Effect of corn starch on water uptake of PVOH composites in an acidic 

solution. 
 
The PVOH films that contained starch demonstrated higher water uptake 

than the pure PVOH films. Water uptake increased with increasing immersion 
time and starch content. This finding is due to the hydrophilic character of natural 
starch, which is responsible for the water absorption in the composites. 
Therefore, a higher starch content led to a higher amount of water being 
absorbed.20 The gelatinised starch favoured degradation of the blends when 
immersed in water; this was likely due to the rupture of the grains during starch 
gelatinisation.21 The water uptake behaviour of both pure PVOH and the 
PVOH/CS blend films obeyed Fick’s law because an initial linear relationship 
between Mt and t1/2 was observed and was followed by saturation. For the first 
few days of immersion, the graph shows a rapid moisture uptake. The Mm and D 
values are summarised in Table 1.  

 
Table 1: The effect of corn starch on the diffusion constant (D) and the maximum 

moisture content (Mm) of PVA composites in distilled water and in the acidic 
solution. 

 

PVOH/CS 100/0 70/30 60/40 50/50 30/70 

Distilled water      

D ( X 10–9 m2/s) 0.2310 1.4846 1.9291 6.1599 14.1995 

Mm (%) 43.503 67.012 83.002 103.256 130.76 

Acidic solution      

D ( X 10–9 m2/s) 0.29731 3.4684 3.8802 5.1300 22.301 

Mm (%) 35.5 42.702 69.236 102.98 126.265 
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As shown in Table 1, the PVOH/corn starch films immersed in distilled 
water gave higher Mm values that kept increasing as the corn starch content 
increased. This finding is due to the presence of large molecules in the acidic 
solution that slow the diffusion process into the matrix of the composite material 
and thereby result in lower absorption kinetic parameters.22 The values of Mm and 
D were higher in the PVOH/CS blend films than in the pure PVOH film; this 
finding is attributed to the hydrophilic nature of the PVOH and corn starch due to 
the presence of hydroxyl groups that are available in both PVOH and corn starch 
to interact with water molecules.18 It was expected that the PVOH/CS blend films 
would absorb moisture more rapidly than the pure PVOH film because starch is 
prone to moisture and water absorption due to its hygroscopic nature. Water 
molecules may act as a natural plasticiser by making the starch more flexible 
compared to its characteristic as a hard and rigid filler in a complete dry state.23 
Water absorption may drop slightly with increasing immersion time because 
some starch particles are leached away from the sample.24 It was expected that 
the starch would absorb moisture faster than pure PVOH.  

 
Figure 6 shows the water solubility trends of the films. The graph shows 

an increase in water solubility percentage with increasing corn starch content. 
PVOH/CS (30/70) shows the highest water solubility in distilled water and in the 
acidic solution because of the amylopectin branch structure of the starch. The 
water absorption and water solubility of the film are directly proportionate. This 
finding is a normal behaviour as an increase in water absorption will make the 
film easier to dissolve in water. When water is absorbed onto the hydrophilic 
group, mainly through hydrogen bonding or weak electrostatic interactions,25 the 
film can be easily dissipated with water molecules. Therefore, it is relevant to 
relate the effect of the hydroxyl group in the water absorption mechanism. 
However, the water solubility properties of PVOH depend on the degree of 
hydrolysis and polymerisation with its maximum at 88% of hydrolysis, where 
higher solubility shows lower degree of polymerisation.26 The solubility means 
the materials are capable of dissolving in the solvent used. In this case, it can be 
seen that the percentage of water solubility in distilled water is higher than that in 
the acidic solution. This is because the films are capable of dissolving in distilled 
water rather than in the acidic solution, which has a higher concentration than 
distilled water. 
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Figure 6: Water solubility of PVOH/CS films in distilled water and in an acidic solution. 

 
4.4  Tensile Properties Test 
 

A tensile test was performed to investigate the tensile properties of the 
PVOH/CS films. Because polymer materials, such as films, may be subjected to 
various kinds of stress during use, the determination of the mechanical properties 
involves not only scientific but also technological and practical aspects.2 Figure 7 
shows the effect of the blend ratio on the tensile strength of PVOH/corn starch 
blend films. It shows that as the amount of corn starch increased, the tensile 
strength of the films decreased accordingly. This result is because of the 
amorphous nature of starch,3 which leads to a lower tensile strength of the film. 
The pure PVOH film showed the highest tensile strength at 35.35 MPa. When 
corn starch was introduced, the 70/30 PVOH/CS sample gave the highest result 
(9.58 MPa) compared to other PVOH/CS films. The decrease in tensile strength 
with the incorporation of the starch is due to the filler-matrix interaction. With 
higher starch loading, filler-filler interactions become more pronounced than 
filler-matrix interactions.27  

 
The elongation at break also showed the same pattern and proportions as 

the tensile strength graph. The percentage of elongation at break continuously 
decreased as the amount of corn starch in the matrix was increased. However, the 
modulus of the samples increased with increasing corn starch content. The same 
pattern was observed for tensile strength; pure PVOH showed the highest 
percentage of elongation at break at 327.2% while the 70/30 PVOH/CS film 
showed the maximum percentage of elongation at break at 119.1%. The smallest 
PVOH weight percent showed the lowest percentage of elongation at break for 
the PVOH/CS films.  
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Figure 7: Mechanical properties of blends with different PVOH/CS contents. 
 

4.5  Scanning Electron Microscope (SEM) Analysis 
 

The morphologies of PVOH and PVOH/CS blend films are shown in 
Figure 8. Figure 8(a) depicts the corn starch granules, which are elliptical in 
shape. Pure PVOH contained voids, which indicate that the bubble was trapped in 
the sample during the casting. As the corn starch content increased, the corn 
starch phase changed from the dispersed phase, which indicates that amorphous 
starch is partially miscible with PVOH. Corn starch was finely dispersed in the 
PVOH matrix. Adding up to 70% more corn starch caused the cryo-fractured 
surface to become rougher and more brittle. PVOH was finely dispersed in the 
corn starch granules, but the starch granules coalesced significantly at the same 
time. The viscosity of the starch granules is much higher than PVOH, and the 
mechanical properties of the PVOH/CS blend reduced when the concentration of 
the corn starch was increased from 30% to 70%.10  

 
From the SEM micrograph, it can be concluded that the corn starch 

granules dispersed well in the 70/30 PVOH matrix. This dispersion helps to 
improve the mechanical properties of the film and shows an agreement with the 
tensile property results. 

 



Biodegradation of Polyvinyl Alcohol/Corn Starch Blend Films                                                       28 

 

 
 

(a) 0/100 
 

(b) 100/0 
 

 
 

(c) 70/30 
 

(d) 30/70 
  

Figure 8: SEM micrographs of (a) corn starch granules, (b) PVOH/CS, (c) 70/30 
PVOH/CS and (d) 30/70 PVOH/CS. 

 
 
5.  CONCLUSION 
 

The obtained results can be summarised as follows: the addition of corn 
starch to the PVOH matrix increases the degradation rate of the sample. The 
degradation process increases as the corn starch content increases. The water 
absorption of PVOH/CS films followed Fick’s law of diffusion. The D and Mm 
values increased as the corn starch content increased. The diffusion coefficient in 
the acidic solution is higher than for distilled water, whereas the Mm value in the 
acidic solution was less than in distilled water. PVOH/CS composites were more 
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soluble in the distilled water medium relative to the acidic solution. The tensile 
properties of the film decreased with increasing corn starch content in PVOH 
compared to pure PVOH film. The best tensile strength of a PVOH/CS blend was 
at 9.579 MPa; its elongation at break was at 119.1% and its PVOH/CS content 
was 70/30. In the morphology study, it was observed that adding up to 70% more 
corn starch caused the cryo-fractured surface to become rougher and more brittle. 
From the SEM figure, it can be concluded that corn starch granules disperse well 
in the 70/30 PVOH/CS matrix. This dispersion is useful to improve the 
mechanical properties of the film and shows an agreement with the tensile 
property results. This study shows that starch increases the degradable properties 
but retards the strength of PVOH/CS composites.  
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