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ABSTRACT  

The progressive  increase  in  the  production  and use  of  low  density  polyethylene plastics for 

consumer packaging has led to waste disposal problems due  to non-degradability of  such prod-

ucts after usage.  The production of biodegradable polymer materials for consumer packaging in 

order to reduce the environmental waste menace caused by petroleum based polyethylene prod-

ucts has therefore gained worldwide attention. Batch formulations of gelatinized cassava starch, 

polyvinyl alcohol (PVA) and Chitosan were casted into polymer films and characterized. The 

chemical structure, film morphology, tensile strength and water vapour transmission rate of the 

cassava bioplastics were studied. Different blends resulted in different physical properties; how-

ever, starch/PVA/Chitosan batch formulations exhibited the most promising performance char-

acteristics with a tensile strength of 0.014MPa and a water transmission rate of 2936.67g/m2 per 

day. Biodegradability tests also indicated that the non-transparent starch/PVA/Chitosan batch 

was 45.7% degraded after being buried in a soil sample for two weeks.  

INTRODUCTION  

Over the years plastics have replaced leaves, 

glass and metal as a cheaper and more efficient 

means of packaging. Recently, most of the 

packaging materials for food, water and super-

market carrier bags are made from cheap petro-

chemicals which are non-degradable. In Ghana, 

the use of these produced from petrochemicals 

pose several environmental problems. These 

plastics most of the time end up polluting the 

environment. There are several cases of littered 

beaches, choked gutters etc. that have led to 

flooding of towns and cities. The waste also 

pose danger to human and animal health and  

retards  the growth of  the nation since funds 

needed for economic development are  chan-

neled  to solve  the environmental menace. 

Plastics made from petrochemicals when used 

in packaging hot food can lead to the seeping of 

poisonous chemicals like phosgene into food. 

Phosgene is a known carcinogen which causes 

immune and enzyme disorders, hormonal dis-

ruption leading to endocrinal disorders and 

even infertility (Evanthia et al., 2009).  

Several waste management methods such as 

waste collection and dumping, incineration, 

recycling and burying in landfills have been 

attempted in Ghana. Research indicates that 

these methods have proved futile over the years 

due to the attitudes of most Ghanaians towards 

waste disposal. It is estimated that it will take 
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four months to recycle a day’s waste when 

properly planned. Only two percent of the 270 

tonnes of plastic waste generated daily in Accra 

is recycled, while it costs the Accra Metropoli-

tan Assembly 110,000dollars a month to clean 

the city of Accra. Studies have shown that in-

cineration which has been used over the years 

especially  in hospitals is  now a challenge due  

to lack of  funds and the accompanying release 

of ‘unfriendly’ gases such as carbon monoxide  

and  carbon  dioxide  into  the environment 

(EPA, 2002).  

The general consensus in industry and acade-

mia to address this petrochemical based plastic 

waste menace is the production of biodegrad-

able plastics. Biodegradable plastics unlike 

traditional low density polyethylene (LDPE)  

produced from petrochemicals when exposed to 

the functional properties of starch films  can be 

improved by blending with other biopolymers  

like  polyvinyl alcohol (PVA), polycaprolac-

tone (PCL),  polylactide  (PLA) and Chitosan 

(Lou et al, 2009).   

Starch-based films exhibit physical characteris-

tics similar to synthetic polymers: transparent, 

odorless, tasteless, semi permeable to CO2 and 

resistant to O2 passage.  

Studies have shown that addition of PVA and 

Chitosan biopolymers to pure starch results in 

increase strength due to the introduction of 

cross linking between the starch bonds. The 

PVA starch forms a strong copolymer by react-

ing through their free hydroxyl (-OH) groups, 

thereby increasing the tensile strength of the 

blends formed. Cassava (Manihotesculenta) 

starch has a discontinuous phase because of 

its constituent amylopectin which is highly 

branched.  PVA  binds  itself very  well  with 

cassava starch to convert its discontinuous 

phase  to  a  continuous one thereby  increasing  

the tensile  properties of the starch based biode-

gradable plastic. 

The addition of a plasticizing agent like sorbi-

tol, glycerol and polyethylene glycol (PEG) to 

biodegradable starch films not only reduces 

film brittleness caused by high intermolecular 

forces but also increases flexibility, water vapor 

and gas permeabilities (Bourtoom, 2007). 

Other emerging technologies fuelling the grow-

ing  demand  for  biodegradable polymers  in-

clude  tissue  engineering  and regenerative  

medicine, gene  therapy, novel drug  delivery  

systems, implantable devices and nanotechnol-

ogy.  

The aim of this investigation is to develop and 

test plastics that are durable and biodegradable 

from cassava starch by blending with PVA and 

Chitosan biopolymers.   
 

MATERIALS AND METHODS  

Sources of Cassava, Chitosan and PVA  

The cassava was extracted in the lab from Cas-

sava tubers purchased from Asenema, a farm-

ing community in the Akuapem District of the 

Eastern Region of Ghana. Chitosan, one of the 

modifying additives used in this investigation 

was synthesized in the lab from crab shells ob-

tained from the Madina market in Accra. PVA, 

Glycerol and other modifying additives were 

purchased from Sigma Aldrich, Ghana. The 

calico and grater used were also obtained from 

the local market.  
 

Starch Extraction  

The cassava tubers were peeled and washed. 

The peeled tubers were grated. Twenty (20) 

litres of distilled water was used in mixing 

1717.45g of grated cassava. Ten (10) litres of 

the distilled water was first mixed with the 

grated cassava and stirred thoroughly. The mix-

ture was then sieved with a calico. The residue 

was mixed with 5 litres of distilled water and 

sieved. Another 5 litres of distilled water was 

added to the residue, stirred thoroughly and 

sieved. The sieved mixture was left for 24 

hours for the starch to settle at the bottom of the 

container after which it was decanted and the 

starch left at the bottom of the container. The 

decanted solution was left to stand for another 

24 hours. The starch from the first decantation 

was sun dried for 8-9 hours to give 541.34g 

(32%)of dry starch. The starch was processed 

into fine particles by rollinga cylindrical re-

agent bottle over it.  
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Synthesis of Chitosan  

The Chitosan was synthesizedby the de-

acetylation of chitin, a polymer that was ex-

tracted from crab (Cancerpagurus) shells.  

Crab shells were washed with distilled water 

and dried for 48 hours. The dried shells were 

grounded into fine powder in a mortar with a 

pestle and 84.93g of the powder was transferred 

into a beaker.  Three Percent sodium hydroxide 

was then added and boiled for 30 minutes to 

remove all the protein in the shells. The excess 

sodium hydroxide containing the extracted pro-

tein decanted gave a positive Biuret test.  The 

boiled shells were then allowed to cool after 

which it was washed with distilled water to 

remove traces of alkali. This was monitored 

with a pH paper. The deprotenised shells were 

then treated with 3% HCl with occasional stir-

ring for 30 minutes. This led to the removal of 

minerals like calcium and other elements from 

the shells to produce chitin. The chitin was 

treated with 40% sodium hydroxide and then 

heated at a constant temperature of 90oC for 90 

minutes to remove any acetyl group from the 

chitin. The deacetylated chitin produces Chito-

san. The Chitosan was then dried at room tem-

perature for 48 hours and further pulverized 

into powder in a mortar with a pestle and 

weighed 42.38g (50%). 

 

Test for starch  

Two drops of iodine solution was added to the 

starch solution and the color change observed. 

The solution changed to blue-black confirming 

starch as the product.  

 

Batch Formulations of Plastic Films   

Five sets of batch formulations were prepared 

with decreasing starch (S) proportion and in-

creasing amount of Chitosan (C) and PVA (P). 

The different set of batches have been labeled 

A, B, C, D, and E. The formulations of the 

films were designed to cater for pure starch 

films in addition to variations formulated from 

different compositions of pure starch, PVA/ 

Glycerol, Chitosan and modifying agents. The 

overall batch formulations are based on the 

formulations in Table 1.  

PREPARATION OF BIOFILM BLENDS 

Pure Starch Films  

The quantities of starch and glycerol as shown 

in Table 2 were mixed in different evaporating 

dishes and 15mL of distilled water was added 

to each. Each mixture was heated while stirring 

until a gelatinized mixture formed. The film 

forming mixture was then poured onto a flat 

rectangular glass plate and then rolled with a 

small reagent bottle to form a film. The films 

were then allowed to dry at room temperature 

for 7days and removed for testing. 

 

Starch/PVA, Starch/Chitosan and Starch/

PVA/Chitosan Films 

The method used in preparing the pure starch 

films was used to prepare the Starch/PVA, 

Starch/Chitosan and Starch/PVA/Chitosan 

films in ratios as shown in Tables 3,4 and 5.  

 

DETERMINATION OF THE PHYSICAL 

AND STRUCTURAL PROPERTIES OF 

CASSAVA BIOFILMS 

Tensile Strength Measurements  

Each biodegradable plastic film was attached to 

a retort stand by two rectangular clips attached 

to a weighing spring Fig.1. Masses were then 

attached to the other end of the film by two  

rectangular clips. The force required to cause 

permanent deformation for each plastic film 

was recorded and the corresponding tensile 

strengths calculated from the ratio of the force 

measured in Newton to the original cross-

sectional area of the film in square meters.  

 

Water absorption  

(5x6)cm2 cuts were made from the 5:5 starch/

Chitosan, 5:5 starch/PVA, and 5:5:5 starch/

PVA/Chitosan and5g pure starch films and 

their masses taken and recorded. Four evaporat-

ing dishes were each filled with 100mL dis-

tilled water and labeled according to the ratios 

of films used.  Each film was put into its la-

beled evaporating dish and left to stand for 24 

hours at room temperature. The weights of the 

blends were taken after the 24 hours and the 

percentage of water absorbed by each blend 

was calculated from the formula;  
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Percentage water absorbed = (M2-M1/M2) 

x100% where M1 = initial mass of film and M2 

= mass of film after absorption of water for 24 

hours. 
 

Determination of Water Vapor Transmis-

sion Rate 

The films used for the water absorption test 

were left to dry at room temperature for 24 

hours after which their masses were used to 

calculate their  water vapor  transmission rates 

from the formula;  

WVTR= (M2-M3) g/area (m2) per day, where 

WVTR is the water vapor transmission rate, 

M3 is the mass of film after drying for 24hours 

and the area used is 5cm x 6cm = 30cm2.  

 

Biodegradability Test  

Four containers filled with soil were according 

to the formulation blend labeled as starch, 

starch/Chitosan, starch/PVA and starch/

Chitosan/PVA. 5cm X 6cm of the film blends 

were cut and put into their corresponding la-

beled soils.  The weight after 7 days, 14 days 

and 30 days were recorded.   

Density of Films  
Weighing balance, beaker, and distilled water 

were used in determination of the densities of 

the biodegradable films. Four films of  dimen-

sions 5cm x 6cm were  cut from the 5:5 starch/

Chitosan, 5:5 starch/PVA,5:5:5 starch/PVA/

Chitosan  and 5g starch films and their masses 

recorded.  Four beakers were filled with 250mL 

distilled water. Each film was put into a beaker. 

The increase in volume of the distilled water in 

each beaker was recorded and the values tabu-

lated to compute the respective densities from 

the formula; Density = mass/volume.  
 

Infrared analysis 

In order to verify the authenticity of the Chito-

san produced, an infrared analysis was done on 

the Chitosan sample using KBr.  The IR spec-

trum recorded compared favorably with the IR 

spectrum of Chitosan from Galo Cardenas and 

co-workers of the Department of Polymer 

Chemistry, University of Conception, Casilla, 

Chile. 

 

RESULTS 

Infrared Analysis of Chitosan 

The following IR bands are indicative of the 

following functional groups thus: 3500-3300 

cm-1 (N-H), 2500-3300cm-1(O-H), 2500-

3300cm-1(C-H), 1024-1080 cm-1 (C-O). The 

absence of amide groups in the infrared spec-

trum confirmed that there was complete de-

acetylation of the chitin. 

 

Fig.2: The synthesized Chitosan was scanned using Infrared Spectroscopy with KBr  

 as a matrix 
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Batch Formulations S S/C S/P S/C/P 

A 9 9:1 9:1 9:1:1 

B 8 8:2 8:2 8:2:2 

C 7 7:3 7:3 7:3:3 

D 6 6:4 6:4 6:4:4 

E 5 5:5 5:5 5:5:5 

Table 1: Quantitative Ratios of Starch (S), PVA (P) and Chitosan (C) 

Fig.3: Below is a literature view of the IR spectrum of Chitosan (Galo et al, 2002) 

Table 2: Ratios of starch and glycerol 

S (±0.001)g Glycerol (±0.1)ml 

9.031 3.6 

8.046 3.2 

7.006 2.8 

6.031 2.4 

5.009 2.0 

S (±0.001)g P (±0.001)g Glycerol (±0.1)ml 

9.031 1.006 3.6 

8.046 2.000 3.2 

7.006 3.009 2.8 

6.031 4.002 2.4 

5.009 5.005 2.0 

Table 3: Ratios of starch, PVA and glycerol 

  used 

Table 4:  Ratios of starch, Chitosan and glycerol used 

S (±0.001)g C (±0.001)g Glycerol (±0.1)ml 

9.000 1.000 3.6 

8.001 2.000 3.2 

7.000 3.002 2.8 

6.002 4.002 2.4 

5.002 5.000 2.0 
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Days S/C (±0.01) g S/P (±0.01) g S/C/P (±0.01) g S (±0.01) g 

1 0.38 0.87 0.81 0.41 

7 0.18 0.43 0.54 0.31 

14 0.10 0.32 0.37 0.18 

Table 6: Rate of degradation of films 

S/C S/P S/C/P S 
Density (g/mL) 

1.12 1.14 1.96 1.05 

Table 7: Densities of films 

FILM/ RATIO A B C D E 

S 
0.002 

(9) 

0.0018 
(8) 

0.0016 
(7) 

0.0014 
(6) 

0.0012 
(5) 

S/C 
0.0024 
(9:1) 

0.0026 
(8:2) 

0.003 
(7:3) 

0.0034 
(6:4) 

0.004 
(5:5) 

S/P 
0.006 
(9:1) 

0.0072 
(8:2) 

0.008 
(7:3) 

0.0104 
(6:4) 

0.0126 
(5:5) 

S/C/P 
0.008 
(9:1:1) 

0.0096 
(8:2:2) 

0.011 
(7:3:3) 

0.012 
(6:4:4) 

0.014 
(5:5:5) 

Table 8: Tensile strength of Cassava biodegradable films 

  S/C S/P S/C/P S 

Mass  before absorption test M1 (±0.01)g 2.18 2.24 4.79 2.44 

Mass After water absorption test M2 (±0.01)g 3.11 7.17 12.56 3.44 

Water absorbed (±0.01) g 0.93 4.93 7.77 1.00 

Percentage water absorbed (%) 29.9 68.76 61.86 29.07 

Table 9: Water absorption test 
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Fig. 9: Influence of PVA on the tensile strength of starch films 
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Fig.10 Influence of starch and Chitosan on tensile strength of film 
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Fig.11: Tensile strengths of films of ratios 5:5:5 
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Fig. 12: Influence of starch/PVA/Chitosan ratios on water absorption 
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Fig.13: Influence of starch/PVA/Chitosan ratios on water vapor transmission 

rate of film. 

From Fig. 8 it can be observed that tensile 

strength increased as the PVA content in-

creased in a film blend of starch, Chitosan and 

PVA. The lowest recorded tensile strength for 

the S/C/P blend of films was 0.008MPa for a 

blend composition of starch, Chitosan and PVA 

in the ratio of (9:1:1) and the highest recorded 

value was 0.014MPa for a composition of 

(5:5:5). The trend canbe attributed to the high 

content of PVA and Chitosan in the blend in 

contrast to the blend ratio with high starch con-

tent (9:1:1). Generally, since there is cross link-

ing in the 9:1:1 films, they tend to reinforce the 

strength of pure starch.  In addition, PVA and 

Chitosan are both hydrophilic and hence in-

creasing their contents lead to increase in ten-

sile strengths and vice versa.  
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In the S/PVA set of bioplastics formed, it can 

be observed that an increase in PVA content 

increased the tensile strength of the film and 

vice versa. The highest tensile strength re-

corded was of the 5:5 starch/PVA film which 

was 0.0126MPa and the least was for the 9:1 

starch/PVA  film  which  was  0.006MPa as 

shown in fig. 10 PVA forms extensive inter and 

intermolecular hydrogen bonds with starch to 

give  films  of  high tensile  strength. The ten-

sile strengths decreased with increasing starch 

content due to the amorphous nature of starch. 

The 6:4 starch/PVA blends also had a relatively 

high tensile strength of 0.0126MPa since the 

amount of PVA is slightly lower than the 5:5 

starch/PVA blends.  

However the cross linking which is which re-

fers to the structural bonding in these films is 

responsible for the high tensile strengths.  

Tensile strengths for the starch/Chitosan films 

also increased when Chitosan content was in-

creased.  The highest recorded tensile strength 

in these films was 0.004MPa and the least was 

0.0024MPa for 9:1 and 5:5 starch/Chitosan 

ratios. Chitosan did not mix well with the 

starch primarily due to the apparatuses used 

hence  the relatively low tensile strengths cou-

pled with the low intramolecular bonds within 

the Chitosan polymer.The tensile strengths de-

creased with increasing starch content due to 

the amorphous nature of starch.  

The amount of water absorbed by the films 

with PVA was observed to be higher. It was 

noticed that the starch/PVA film absorbed the 

highest amount of water(68.76%) and starch 

film absorbed the least amount of water 

(29.07%). This is due to the fact that both 

starch and PVA are hygroscopic and hydro-

philic respectively and hence both contribute to 

absorption of water. The starch/Chitosan/PVA 

film also absorbed about of 61.86% water since 

thisfilm was more compact than the starch/PVA 

film. Chitosan also attracts a little amount of 

water hence it had slightly higher water absorp-

tion of 29.9% as compared with only starch 

film that yielded water absorption of 29.07%. 

Starch/Chitosan/PVA film gave the highest 

water vapor transmission rate of 2936.67g/m2 

per day and starch/Chitosan yielded the least 

thatis 543.3367g/m2 per day. The starch/PVA 

also gave water vapor transmission rate of 

1906.67g/m2 per day. This shows that when the 

starch/PVA absorb water, they  lose  them eas-

ily and this attributed to the low degree of hy-

droscopy in the starch/PVA blend which influ-

ences the rate at which the blend loses water. 

The starch/Chitosan blend gave a water vapor 

transmission rate of 723.33 g/m2 per day.  

 

Biodegradability of films 

All the four types of films degraded as ex-

pected. At the end of the 14th day, the starch/

Chitosan had degraded from 0.38g to 0.10g 

representing a decrease of 23.3%. The Starch/

PVA film also decreased from 0.87g to 0.32g 

representing a decrease by 36.78%. For the 

starch/Chitosan/PVA film, it decreased from 

0.37g to 0.81g, representing a decrease of 

45.7%. The starch film also decreased from 

0.41g to 0.18g, also representing a decrease of 

43.9%. 
 

DISCUSSION 

The investigation confirmed the feasibility of 

producing bioplastics from cassava starch and 

the preliminary results can act as baseline infor-

mation for further work on improving upon the 

mechanical properties. The results of this re-

search indicate that the starch/Chitosan/PVA 

films posses the highest tensile strength with 

moderate water absorption ability.  This blend 

also yielded the highest water vapor transmis-

sion rate and was not transparent due to the 

presence of Chitosan that could not mix well in 

the film. It was noticed that the film with equal 

amounts of polymers, that is each in a propor-

tion of 5g yielded the best results.  

Increase in PVA content in a blend led to a 

higher increase in tensile strength than increas-

ing the amount of Chitosan. The starch/ PVA 

films also possessed tensile strengths slightly 

lower than those of starch/Chitosan/PVA films 

since PVA is a very strong polymer as com-

pared with Chitosan. This blend also had a 
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slightly lower water vapor transmission rate 

than that of starch/Chitosan/PVA film and pos-

sessed the highest water absorption ability.  

The starch/PVA blend were a little transparent 

than the starch/Chitosan/PVA blends and 

starch/Chitosan blends. For the starch/Chitosan 

blends, they yielded lower tensile strengths as 

compared with starch/PVA films since Chito-

san is not as strong as PVA. They were not 

transparent and had low water absorption abil-

ity and the least water vapor transmission rate.  

The starch films recorded the least tensile 

strengths and water absorption but were trans-

parent. The water vapor transmission rate was 

higher in starch films than the starch/Chitosan 

film. All the different films degraded accord-

ingly.  

Of all the blend formulation studied starch/

Chitosan/PVA films exhibited the highest ten-

sile strength. This blend of films exhibited 

characteristics resemblance of polyethylene. 

The PVA/Starch/Chitosan films were however 

not transparent enough due to the nature of 

Chitosan.   

All the films exhibited biodegradability tenden-

cies which are a requirement for bioplastics 

after exposing them to microorganisms in the 

soil.   
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