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ABSTRACT 
Chitosan and starch are well-known biopolymers having wide range of applications in various 
fields. Their physical and chemical limitations make their application span narrow. In this work, 
covalently cross linked copolymers of chitosan (CHI) and starch (ST) are synthesized via 
reactive blending. The blends studied with Fourier Transform Infrared Spectroscopy (FTIR), 
Thermal Gravimetric Analysis (TGA) and Differential Thermal Analysis (DTA). Drug loaded 
tablets were prepared and drug release studied in acidic environment. The results suggest that 
starch- chitosan blend prolonged the release of drug through the matrix tablet. 
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INTRODUCTION 

Biodegradable polymers are playing vital role 
in the drug delivery systems development 
during the past few decades. Polymers made it 
possible for different biologically active 
agents, such as anticancer drugs, enzymes, 
contraceptives and antibiotics etc, to introduce 
to controlled release dosage form. After 
cellulose, chitin is the 2nd most abundant 
natural organic compound.1,2 Marine 
invertebrates, fungi, yeast and insects are 
sources of chitin. Chitosan, the natural 
polysaccharide is a fiber-like substance derived 
from chitin by deacetylation. Chitosan is a 
homopolymer of ß-(1→4)-linked N-acetyl-D-
glucosamine. It has many excellent properties 
like biodegradability, biocompatibility, non-
toxic, bioabsorbable, antimicrobial activity and 
accelerated wound-healing capacity.3,4 Due to 
these, many researchers attracted to develop its 
biomedical applications. It has been explored 
for the modified release of many drugs. 
Solubility of  chitosan is very limited. When it 
is dissolved in dilute acetic acid solution, the 
acid protonises this amino group by 

association with its acetate counter-ions and 
make this polymer soluble. In addition, 
hydrogen bonds in chitosan solutions facilitate 
the formation of microfibrils.5 These all make 
chitosan a most potential/ suitable candidate 
for controlled drug delivery application and so 
explored extensively. 
Starch is a natural polymer made of two 
macromolecules amylase and amylopectins.6 
Native starch is having disintegrating 
characteristics and so it is used in tablets as 
disintegrant, binder and filler. Starch is gaining 
attention since long back. Starch becomes 
weak candidate due to some characteristics 
like poor processability, poor mechanical 
properties and dimensional stability for its end 
products.7 Therefore direct use of native starch 
is very limited. The blends of starch- chitosan 
will have some different properties hence, 
some of the limitations of each component will 
be affected by presence of the other.8  Addition 
of chitosan in the blend had a positive effect on 
the mechanical characteristics of blend.9In the 
present work, blends of chitosan and starch are 
prepared. As shown in Fig. 1, starch contains 
OH functional group and chitosan contains 
NH2 groups. The interaction, as shown in *Author for correspondence 
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figure, between the hydroxyl groups of starch 
and the amino group of chitosan has been 
proved by different means.10,11 This inter-

molecular interaction between starch and 
chitosan may be considered to have an effect 
similar to crosslinking. 

 
Fig. 1 : Starch - chitosan functional attachment 

AIMS AND OBJECTIVES 
To develop copolymers of chitosan and starch 
through reactive blending and study its 
application in drug delivery system. 

MATERIAL AND METHODS 
All chemicals were procured from firms of 
repute and used without further purification as 
follows : Corn starch, chitosan, acetic acid, 
sodium hydroxide, methanol and isopropyle 
alcohol (S. D. Fine Chemicals Ltd., Mumbai, 
India). 
Experimental methods 
Reactive blending of starch and chitosan 
 30% aqueous solution of starch stir for 1 hours 
to make homogeneous solution. 1% chitosan 
solution was prepared in 2% acetic acid aqueous 
solution by stirring for 12 hours. Starch was 
gelatinized at 90°C for 20 minutes before mixing  

with chitosan solution. Chitosan solution was 
poured in starch solution dropwise. Reaction was 
continued for 3 hours at 40°C at atmospheric 
condition. The reaction was stopped with 
hydroquinone. Copolymers precipitated with 
methanol and dried at 60°C in hot air oven. 
Optimization of process steps and parameters 
were carried out by variations in processing part. 
Characterization of copolymer 
Structural analysis by Infrared (FTIR) 
spectroscopy  
Structural changes in starch, chitosan and 
copolymer CHI - ST were confirmed by infrared 
spectra transmission. Fourier transform infrared 
spectroscopy was carried out by the KBr method. 
IR spectra were recorded by accumulation of at 
least 64 scans, with a resolution of 2 cm-1. The 
spectrum of all blends of CHI - ST were 
investigated by Jasco 6100. (Fig. 2) 

 
(a)                                                           (b) 

Fig. 2 : IR spectra for ST-CHI blend (a) Insoluble starch (b) Soluble starch 
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Drug-polymer and recipient - polymer 
interaction study 
 Physical blends were prepared with a vortex 
mixer. The duration for time was 2 min. The 
model drug used was bisoprolol hemifumerate. 
Other excipients i.e. microcrystalline cellulose, 
magnesium stearate, aerosil and Poly-Vinyl 
Pyrrolidone (PVP K30) were taken in (1:10 
w/w ratio). Blend was also prepared in the 
same manner as drug-polymer physical 
mixtures.12 
In vitro drug release study 
Dry formulated tablets prepared by direct 
compression to study in vitro drug release in 
0.1N hydrochloric acid at 37 +/- 0.5 C was 
studied using USP apparatus II (Electrolab 
PTWS3C). The speed of paddle was 
maintained 50 rpm. UV spectrophotometer 
used to measure the drug concentration 
(Shimadzu UV 2450) at 222 nm.13 

RESULTS AND DISCUSSION 
FTIR spectra 
 The FTIR spectra of chitosan represent a 
characteristic band at 3424 cm-1 which is 
attributed to -NH2 and -OH groups stretching 
vibration, the band for amide at 1578 cm-1 and 
the aliphatic C-H stretching between 2921 and 
2876 cm-1. When starch and chitosan are 
mixed, the amino peak of chitosan shifted from 
1578 to 1584 cm-1. This shifting confirms the 
interactions between the amino groups of 
chitosan and the hydroxyl groups of starch.14 

Thermo gravimetry  
Thermal gravimetric measurements were 
carried   out   on netzsch thermobalance (STA  

449 F3) in the range of temperature from 23 to 
500oC in the air. The heating rate was maintain 
constant at β = 10oC/min. Isothermal TG also 
studied for analysing mass loss and structural 
changes the prepared polymer blends in air at 
temperature from 23 to 500oC (isothermal TG 
in a special oven). 
Dynamic TGA  
Fig. 3 shows TGA and DTA curves obtained 
for chitosan/starch blends. Temperature tmax 
corresponding to the maximum rate of thermal 
decomposition shifts towards higher values of 
the peak representing chitosan decomposition 
at lower temperature and starch observed at 
higher temperature. This provides evidence of 
some improvement of chitosan stability in the 
tested blends. 
Isothermal thermo gravimetry 
The isothermal thermo gravimetry analysis 
carried out at T = 300oC. Fig. 4 represents the 
weight loss v/s time of degradation of the 
polymer blends at 500oC in air. Chitosan 
shows weight loss higher than pure starch.17  
Drug release studies 
200 mg tablets were prepared of model drug 
(Bisoprolol hemifumerate). The dissolution 
experiments (in vitro release) performed.18 As 
shown in Fig.5, initially during first half hour it 
shows fast release, followed by moderate release 
in next half hour and finally concentration of 
drug become almost till the studied period of 5 
hrs. It is observed that as the concentration of 
starch decreases the concentration of drug release 
in the medium increases. This is due to the fact 
that ST/CHI is a miscible blend.19-22  

 
Fig. 3 : Differential thermal analysis at 500oC 
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Fig. 4 : Thermal gravimetry analysis at 500 oC in air 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : Drug concentrtion v/s time in dissolution testing 

CONCLUSION 
Chitosan and starch blended polymers are 
prepared.  In case of blend, the miscibility is 
studied with FTIR characterization. By FTIR 
analysis of starch-chitosan blend it is found 
that crystalline peak structure increased in 
starch film, which is due to introduction of 
chitosan. The band indicating amino group of 
chitosan molecule shifted from1633.45 cm-1 in 
the pure chitosan to 1671 cm -1in the blend. 
These results pointed out that there is a very 
less molecular miscibility between starch and 
chitosan. Similar kind of results also noted by 
Shen X.L. et al. They have noted that the peaks 
in the range of 3300 cm-1 – 3400 cm-1 become 
weaker and narrower with addition of chitosan. 
Meaning extracted out of this behavior  was 
the hydrogen bonding interaction between 
starch and chitosan  From swelling results, it is 

evident that the rate of swelling of matrix is 
dependent on the concentration of chitosan and  
starch. The drug delivery through hydrogels is 
estimated by UV-Vis Spectrophotometer. The 
drug release is found to be fast for initial half 
hour, gets slow for next half hour and finally 
the release becomes constant for long hours. 
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