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Abstract 
 
Effects of chitosan on the morphological properties on the plants/fruits were investigated by applying on 
various vegetables as plant growth promoter. Chitosan enhances the vegetative growth in terms of the average 
values of stem length, number of growing leaves, including leaf width and length etc. In this investigation, 
irradiated chitosan was sprayed on local vegetable (Ammaranthus Cruentus, Local name: Datasakh) and green 
chili plant. Films of chitosan were made and the effects of gamma radiation on the tensile properties of the film 
were investigated. The tensile strength of the irradiated films increases from 14 to 27 MPa by applying 200 
krad of gamma radiation. The elongation at break increases for up to 100 krad but after that dose it reduces to 
about 7 MPA at 500 krad. The chitsan was modified with HEMA monomer for biomedical application. Further 
investigation on its properties is going on. The chitosan films were characterized by using TG, DTA and DTG. 
The TG curve shows two stage degradations. The onset temperature was about 55°C. The residue content was 
about 40% after 600°C. The maximum slope was obtained at 149ºC. DTA curve of chitosan shows 
endothermic peak at 273ºC. It depicts one predominant peak at 320ºC where the maximum degradation rate 
was 57.3 µg/min. From this investigation this is clear that chitosan started degradation at low temperature 
which is common for natural biopolymers but the maximum degradation happened at higher temperature 
which is a good sign of thermal stability of chitosan. The surface of the prepared chitosan films were 
investigated by SEM. It is found that the surface is quite smooth. Sodium alginate was extracted from brown 
algae (Sargassum).150 ppm degraded alginate shows a positive effect on the growth parameters of red 
amaranth with varying gamma doses (12.5 to 50.0 kGy). A positive result on the growth rate of the vegetable 
was found. 
 
1. INTRODUCTION 
 
Bangladesh is a riverine country where a lot of shrimps and prawns are available. Moreover 
Bangladesh has around 750 kilometer coastal lines.  A lot of hatcheries are growing in Bangladesh and 
now shrimps/prawns are exporting to Europe and America. But shrimp/prawn shells remain unutilized 
and causing a threat to the environment. It is possible to extract chitin (Structure 1) and chitosan 
(Structure 2) from waste shrimp/prawn shells [1-2]. Chitosan has great demand in the pharmaceutical 
and agricultural fields for its excellent biodegradable [3], biocompatible [4-5] and bioactive properties. 
Chitosan films and membranes are used in dialysis, contact lenses, dressings [6-7] and the 
encapsulation of mammal cells, including cell cultures. Chitosan sponges are used in dressings and to 
stop bleeding of mucous membranes.  
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Structure 1. Structure of Chitin 
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Structure 2. Structure of Chitosan 
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1.1. Characterization of Chitosan  

Differential Thermal Analysis of the Extracted Chitosan: Figure 1 shows the Thermo-gravimetric 
(TG), Differential Thermal Analysis (DTA) and Differential Thermo Gravimetric (DTG) curves of 
the extracted chitosan powder. The black curve (top) is TG, green one (middle) is DTA and the red 
one (bottom) is DTG curves. The TG curve shows two stage degradations. The onset temperature 
was about 55ºC. The residue content was about 40% after 600ºC. The maximum slope was obtained 
at 149ºC. DTA curve of chitosan shows endothermic peak at 273ºC. DTG curve of chitosan depicts 
one predominant peak at 320ºC where the maximum degradation rate was 57.3 µg/min. From this 
investigation this is clear that chitosan started degradation at low temperature which is common for 
natural biopolymers but the maximum degradation happened at higher temperature which is a good 
sign of thermal stability of chitosan. 

 

 
 

FIG. 1. Combined DSC-TGA-DTA spectrum of chitosan. 

Scanning Electron Microscopic (SEM) investigation of the surface of Chitosan Films: The 
surface of the prepared chitosan films were investigated by SEM. It is found that the surface is quite 
smooth. Minor irregularities and bubbles are formed which may be from the PVC tray surface. From 
this analysis, it can be concluded that the surface of the films of chiotsan is almost uniform and can 
be used for further modification by using biocompatible monomers by gamma radiation.  

 
 

FIG. 2. SEM image of the surface of chitosan film. 
 
1.2. Application of Degraded Chitosan Solution as Plant Growth Promoter 
 
Chitosan has been used in agriculture as a coating material for seeds and vegetables, for controlled 
release of fertilizers, insecticide, fungicide etc. It is reported that irradiated chitosan solution is 
effective as plant growth enhancer. Chitosan enhances the vegetative growth in terms of the average 
values of stem length, number of growing leaves, including leaf width and length etc. In this 
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investigation, irradiated chitosan was sprayed on local vegetable (Ammaranthus Cruentus, Local 
name: Datasakh) and green chili plant. Effects of chitosan on the morphological properties on the 
plants/fruits were investigated. 
 

                                                                            

Chitosan 
Sprayed Control 

 
FIG. 3. Chitosan solution acted as plant growth promoter. 

 
Datashak is a very common vegetable in Bangladesh. The seeds were sowed onto two experimental 
plots. Each of the unit plot was of size 4 × 1.5 m2.  500 ppm 250 ml Chitosan solution was sprayed in 
one of the beds while 250 ml tap water was sprayed on the other using a hand spray machine. Chitosan 
solution was sprayed after 7 days and continued up to 12 weeks. The morphological character of the 
plants such as plant height, root length, maximum leaf area and the number of leaves per plant were 
counted. From both the experimental plots five seedlings were collected after every two weeks and the 
parameters were measured. It was observed that both the plant height and root length was relatively 
higher in case of the chitosan sprayed plants than the controlled plants. The results ate presented in the 
Figures 4-5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 4. Plant Height (cm) of chitosan sprayed and controlled 
plants against number of weeks. 

 
 
 
 
 
 

49 

Working Material

Working Document



 
 
 
 
 
 
 
 

 

 
FIG. 5. Root Length (cm) of chitosan sprayed and controlled plants against number of weeks. 

 

Irradiated chitosan has a positive effect on the product (chili) of the green chili plant. From the Fig. 6, 
it is clear that chitosan sprayed plants has more chilies than control plant. On the other hand, the 
quality (height and weight) of chitosan sprayed chilies are better than that of the control chilies and 
this is clearly reflected in Fig. 7. 
 

          
 Chitosan Sprayed Control 

 
FIG. 6. Irradiated chitosan solution sprayed on Chili plant. 

 

 
 

FIG. 7. Effect of Irradiated chitosan solution on chili. 
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1.3. Effect of Gamma radiation on the mechanical properties of the chitosan films 
 
Chitosan films were exposed to gamma radiation and the mechanical properties were investigated. The 
results are presented in Figures 8-9. It was found that tensile strength of the films reached 27 MPa at 
200 krad of gamma dose. But further increase of the dose decayed the strength of the films. At 500 
krad, the strength of the films reached to 19 MPa which is still higher than the control sample (14 
MPa). Gamma radiation has also strong effect on the elongation properties of the chitosan films. Up to 
100 krad of gamma dose, elongation at break of the films was found to improve but further increase of 
the dose, elongation at break decreased significantly. 
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FIG. 8. Effect of Gamma radiation on the tensile strength of the chitosan films. 
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FIG.9. Effect of Gamma radiation on the elongation at break of the chitosan films. 

 
1.4. Preparation and Characterization of Flexible Chitosan Films using HEMA monomer for  

Biomedical Application 
 
The aim of this investigation was to prepare flexible chitosan films with excellent elongation 
properties for biomedical applications. It is reported that 2-Hydroxyethyl methacrylate (HEMA) is a 
biocompatible monomer. Chitosan films were immersed in the HEMA solution (1-50 wt%) along with 
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methanol solvent. Then the films were UV cured and irradiated (50-500 krad). Thermo-mechanical 
and degradation properties are under investigation. On the other hand, HEMA (1-50 wt%) was 
blended with chitosan solution then the films were cast. HEMA+chitosan films were then UV cured 
and gamma irradiated. It was found that the elongation properties of the blended films improved 
significantly but kept its inherent strength and biodegradation properties.    
 
2. RESEARCH ON ALGINATE  
 
In Bangladesh, a lot of sea weeds are found in the coastal areas. Sodium alginate was extracted from 
brown algae (Sargassum) using the following flowchart [8]. Algal polysaccharides have been widely 
accepted to be one of the important candidate for the development of effective and non toxic 
medicines with stronger free radical scavenging and antioxidant action and renoprptective effect [9-
10]. Surgassum wighti is one such brown algae with wide pharmacological actions [11]. 
 
Flow chart of Sodium Alginate Extraction  

Dry Sargassum 
(Brown algae) 

Add 3% Na2CO3 

Bleached by 
H2O2 

Precipitated by 
ethanol 

Sodium alginate 
powder 

Radiation Heat 

 
 
Application of degraded alginate: 150 ppm degraded alginate shows a positive effect on the growth 
parameters of red amaranth with varying gamma doses (12.5 to 50.0 kGy). The γ-radiation induced 
3% alginate (SA) solution of various doses from 12.5 kGy to 50.0 kGy total dose was applied. The 
highest plant height of red amaranth at 25th days after sowing (DAS) was 26.16 cm with the treatment 
of 37.5 kGy, whereas the average plant height increased 17.8% and the results are given in the Table 
1. The results revealed that the plant height of red amaranth was increased because of application of 
irradiated SA. At the 35th DAS, the highest plant height (33.53 cm) was observed with the treatment of 
50.0 kGy, but for the 0 kGy dose of SA found to be 30.48 cm and the control sample height found 
27.03 cm. At the 45th DAS, the highest plant height found 39.52 cm which was collected from the 
treatment plot of 25.0 kGy which is also better from the control (33.53 cm). The highest root length 
(7.87 cm) was found for the treatment of 37.5 kGy SA solution but for the untreated and control 
samples found 6.35 cm and 5.64 cm respectively at the 25th DAS on red amaranth. At the 35th DAS the 
highest root length (8.99 cm) was found in the treatment of 3% SA (untreated) which is higher than 
the control. At the 45th DAS, the highest root height (10.16 cm) was observed in case for 25.0 kGy 
dose [8,12]. 
 
At the 25th DAS maximum number of leaf 7 and the minimum number 6 were found in the experiment 
which is not significantly different. At the 35 DAS the highest number of leaf 9 was found in the 
treatment 37.5 and 25.0 kGy and the lowest number of leaf 8 was observed in the treatment 12.5 kGy 
(but control sample showed leaf number 9), it may causes by the environmental factor. At the 45 DAS 
the highest number of leaf 11 was found in the treatment 25.0 kGy. From this research, it is quite clear 
that alginate have no significant impact on the leaf number of red amaranth. The maximum leaf areas 
2.77 cm2, 3.20 cm2 and 5.14 cm2 were found for the treatment of 12.5, 37.5 and 0 (untreated) kGy of 
SA at the 25 DAS, 35 DAS and 45 DAS, respectively. The data revealed that at the 25 DAS, leaf area 
is statistically significant. At the 35 DAS, leaf area is statistically different but not effective from the 
treatment because the lowest data was found in the treatment 25.0 kGy. On the other hand, at the 45 
DAS, the highest leaf area was found in the untreated SA which is better than control but in the 
treatment of 25.0 and 50.0 kGy shows the lower leaf area from the control. It is clear that SA is 
effective on leaf area but not on the dose rate of SA. 
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TABLE1. EFFECT OF IRRADIATED ALGINATE SOLUTION OF 150 PPM IN THE MORPHOLOGICAL 
CHARACTERS OF RED AMARANTH AT 1-5% LEVEL OF SIGNIFICANCE 

Plant height average  
(cm) 

Root length average 
(cm) 

No. of leaf average Maximum leaf area  
(cm2) Treat-

ment 25 
DAS 

35  
DAS 

45 
DAS 

25 
DAS 

35  
DAS 

45 
DAS 

25 
DAS 

35  
DAS 

45 
DAS 

25 
DAS 

35  
DAS 

45 
DAS 

Control 17.02 27.03 33.53 5.64 7.98 7.51 6 9 9 1.80 3.22 b 4.13 
Untreated 22.45 bc 30.48 bc 36.88 b 5.72bc 8.99 a 8.48 b 6 9 9 2.11 2.59 c 5.14a 
12.5 kGy 24.89 ab 29.46 c 34.25 c 5.55 7.98 8.15 c 6 8 10 2.77 a 2.80 bc 4.90ab 
25 kGy 21.13 c 31.59 ab 39.52 a 6.35 b 8.74 ab 10.16 a 7 9 11 2.22 c 2.58 c 3.74 
37.5 kGy 26.16 a 35.36 bc 7.87a 8.25 bc 9.83 ab 7 9 10 2.27 bc 3.20 a 4.27b 
50 kGy 24.13 b 33.53 a 35.36 bc 6.60ab 8.19 c 10 ab 7 9 10 2.34 b 2.65 c 3.00 
∂v  2.91 2.13 2.10 0.77 0.31 0.91 0.51 0.37 0.67 0.28 0.26 0.69 
Note: In a column figures showing dissimilar letter (s) differ significantly according to Duncan Multiple Range Test (DMRT), 
all the data are mean value of three replications, the 18 number of independent samples. DAS: Days after sowing 
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