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ABSTRACT:Degradation of chitosan to prepare the low molecular weight chitosan has been carried out by 

gamma irradiation of chitosan in H2O2 solution. The effects of radiation dose, dose rate, ratio of CTS:H2O and 

H2O2 concentration to the degrading efficiency of chitosan have been investigated. The obtained results 

showed the chitosan molecular weight reduced with the increase of radiation dose. Chitosan was irradiated at 

radiation dose 10 kGy in the presence of H2O2 1% its molecular weight achieved 45 kDa. The effect of 

irradiated chitosan on the growth development and the survival ratio of breeding chickens in the process were 

also studied. The results shown that low molecular weight chitosan supplement in diets had positive effect of 

the resistant ability, growth performance and reduced chick mortality. With supplement ratio of 100mg/ kg 

diets, chitosan 45 kDa had positive affect on growth performance of chicks, the weight of chickens increased 

6% and survival ratio was 94,8% while the normal survival ratio was only 92.6%. 
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INTRODUCTION 

In recent years the agricultural production of our country is relatively developed, especially 

in livestock. With the rapid growth of agriculture and livestock, especially poultry, in the world and 

even our country is developing the agricultural sector-oriented "natural and clean food". 

Currently most used animal food industry, industrial-type farming, using a variety of 

stimuli: sex hormone substances, chemicals, stimulants, antibiotics, ... cause rapid weight gain as an 
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artificial muscle tissue in the area of water and other unfavorable factors also residues in meat, eggs 

reduces the flavor of the food and harm human health. So recently scientists were interested in the 

research component of feed for poultry, cattle have the ability to increase weight naturally, reduce 

the mortality rate, creating clean products, meat delicious eggs [2]. 

In parallel with the developing other economic fields, nuclear techniques are applied 

effectively in many science and technology fields particularly in medicine and agriculture.  

Radiation modification of biological polymers to prepare performance applications in agriculture and 

medicine is one of the interesting application achievements and are being studied in many countries 

in the world. Chitosans with different molecular weights are not only potent antibacterial effects, 

but growth regulators also. Therefore, it has great potential for use in agriculture, pharmaceuticals, 

health care, etc.  Especially recently some countries have research and application of chitosan as an 

ingredient in animal feed and poultry to increase immunity of them [5; 6; 8;10; 11; 12; 13; 14]. 

 The objective of the present study was to evaluate the effect of low molecular weight 

irradiated chitosan on growth performance and immune index in Luong Phuong chicks and to 

determine the appropriate supplemental dosage level of this chitosan. 

I. EXPERIMENTAL METHOD 

I.1. Equipment 

a. Irradiators 

- Isscledavatel (Russia), capacity of 300 Ci, dose rate of 0.25 kGy/h. 

- GC 5000 (BRIT - India), capacity of 4000 Ci, dose rate of 3.6 kGy/h. 

Dose rate of both irradiators has been determind by the Fricke dosimeter. 

b. Measuring equipments 

- UV-VIS (Shimadzu, Japan) 

-  FTIR (Shimadzu, Japan) 

- XRD (Bruker AXS GmbH, Germen) 

- GPC (LC–20AB Shimadzu, Japan) 

-  SEM (SEM S-4888 NIHE, Japan) 

Other equipments such as oven, balance, grinding machine, and glass tools. 

I.2. Materials and Chemicals 

The main material was used for research in the Project is chitosan. It is prepared from 

shrimp shell chitin and was supplied by the Radiation Technology Center  Nuclear Research 

Institute. The technical specification of chitosan: Mw = 91.7 kDa; deacetyl degree (DD) = 90%; 

humidity of 12%, toxic heavy metals: As (0.4 mg/kg); Pb (2mg/kg); Cd & Hg (non-detection). 

The other chemicals H2O2 PA Merck Co. Germen, CH3COONa, CH3COOH,... RA Grade use 

directly without further purification.  Distilled water was used for this research. 

II. PROCEDURE 

Degradation of chitosan was carried out by gamma irradiation in H2O2 solution.  Powder 

chitosan samples were weighed and shocked in H2O2 solution for 1h and then irradiated with 

different radiation dose (5 to 25 kGy), these experiments for study of the dependence of degradation 

efficiency of chitosan upon radiation dose. Preparation of samples is the same and irradiated at 10 

kGy radiation dose, at various dose rates of 0.25 to 3.60 kGy/h for avaluation of the effect of dose 

rate, difference of H2O2 concentrations for the effect of H2O2 [4; 9].    
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The properties of irradiated chitosan were determined by GPC, FTIR, XRD and SEM those 

of the VINAGAMMA, Universities in HCM City. 

III. RESULTS AND DISCUSSION 

III.1. Effect of H2O2 concentration to the degraded efficiency of chitosan 

The reduction of chitosan molecular weight when it was irradiated in H2O2 solution with 

different concentrations was shown in Figure 1. The obtained results indicated that the degradation 

efficiency of chitosan increases 50% in the presence of 1% H2O2 and then slowly increases at high 

H2O2 concentration in range of 2 to 5%. 

 

 

 

 

Figure 1: The dependence of chitosan 

molecular weight on H2O2 concentrations.  

Radiation dose of 10kGy, dose rate of 

3.60 kGy/h, CTS:H2O2 solution (1:5). 

 

In the presence of H2O2 has increased the concentration of H2O2 in the irradiation system.  It is 

known that H2O2 is a strong oxidative agent, it can make the degradation of chitosan to reduce 

molecular weight of chitosan.  In fact H2O2 is used as a degrading agent for degradation of chitosan in 

the chemical method.  However when using H2O2 in high concentration, the degradation efficiency of 

chitosan decreased, it may due to the decomposition reaction creates the new radicals. According to 

the studied results of some authors reported that the presence of H2O2, molecular weight of chitosan 

reducing. When the H2O2/chitosan ratio is higher than 5 times, the deacetyl degree (DD) of chitosan is 

reduced so much [4; 9]. For this reason in order to prevent the reduction of its DD, ratio of H2O2: CTS 

must be chosen 5:1 to be suitable for this study. 

III.2. Effect of irradiation dose to the degrading efficiency of chitosan  

The decrease of molecular weight of irradiated chitosan with irradiation dose is shown in 

Figure 2.   

 

 

 

 

Figure 2: Relationship between of chitosan 

molecular weight with irradiation dose. 

Chitosan powder irradiated in 5% H2O2 -

solution, CTS : H2O2 solution (1 : 5), dose 

rate of 3.60 kGy/h. 
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The results indicated that Mw of chitosan fastly decreased at radiation dose of 5 kGy, and 

then slowly decreased in dose range of 10 to 20 kGy. When radiation dose is higher than 10 kGy, 

the reduction of chitosan molecular weight is negligible. Hien et al reported that the same result is 

also obtained in case of irradiated chitosan solution. Therefore at radiation dose > 10kGy, the 

degradation yield of chitosan by H2O2 solution is reduced in clearly [4;7; 15].  

III.3. Biological effect of low molecular weight chitosan 

III.3.1. Low molecular weight chitosan has the ability to inhibit Escherichia coli and 

Staphylococcus aureus. In there Escherichia coli is more sensitive with chitosan than 

Staphylococcus aureus. It is suitable with previous results.  

III.3.2. Enhancement of chicken mass in case of chicken - feed supplemented by different 

molecular weight chitosan 

The obtained results on the increase of chicken weight when chicken - feed is supplemented 

chitosan with different molecular weight were show in Table 1. 

Table 1:  Effect of the different Mw of chitosan on increasing mass of chicken. 

 Mw of 

chitosan 

kDa 

Chicken weight over the week-old (gam/ chicken) 

Chick  3 weeks 4 weeks 6 weeks 8 weeks 10 weeks 

Control 

91.7 

60.0 

45.0 

30.0 

50 ± 3  

50 ± 3 

50 ± 3 

50 ± 3 

50 ± 3 

210  ± 10 

215  ± 20 

212  ± 12 

207  ± 12 

209  ± 19 

490  ± 20 

495  ± 25  

510  ± 15 

500  ± 20 

530  ± 30 

751  ± 16  

756  ± 24 

801  ± 39 

816  ± 40 

790  ± 35 

1271 ± 110 

1269 ± 120 

1358 ± 140 

1430 ± 130 

1382 ± 182 

1760 ± 110 

1790 ± 170 

1820 ± 120 

1860 ± 140 

1804 ± 104 

It is seen that the chicken-mass increases with week-old, it is suitable with the rules and 

general growth and development of poultry. In the experimental lots which have contained chitosan, 

the chicken mass is higher, especially when chitosan 45 kDa in Mw has been supplemented into 

chicken - feed. The chicken mass increases 6% after 10 weeks-old and servival ratio of 100%. For this 

reason chitosan with Mw = 45 kDa has been selected to supplement for chicken - feed. 

III.3.3. Effect of chitosan concentration on chicken mass  

Effect of supplemented chitosan concentration on the chicken mass has been shown in Table 

2. From the experimental results show the chitosan with Mw - 45 kDa supplements 100 ppm in 

chicken-feed, the growth and development of chicken was good effect, the survival ratio achieve 

100% higher than 5% compare with control.    

Table 2: Effect of concentration of chitosan (Mw = 45kDa) on chicken mass. 

Week-

old 

Chicken mass (in average) gam/chicken 

Control Strepto-tetra 150 50 ppm 100 ppm 200 ppm 500 ppm 

Initial 

2 

4 

6 

8 

10 

50 ± 3 

220  ± 20 

560 ± 20 

1100 ± 200 

1730 ± 90 

2000 ± 200 

50 ± 3 

200 ± 20 

495 ± 40 

1150 ± 110 

1735 ± 185 

2060 ± 190 

50 ± 3 

230 ± 30 

530 ± 30 

1180 ± 150 

1800 ± 200 

2055 ± 155 

50 ± 3 

215  ± 25  

520  ± 30  

1160  ± 60 

1830 ± 110 

2120 ± 120 

50 ± 3 

200  ± 20 

560  ± 20 

1080  ± 110 

1820  ± 120 

2070  ± 105 

50 ± 3 

220  ± 20 

540  ± 30 

1190 ± 130 

1800 ± 200 

2040  ± 90 
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III.4. Producing process of chitosanTM-45 for supplement to the chicken-feed 

- Materials:  Irradiated chitosan with Mw = 45 kDa, 1 part and 9 parts of starch,  

- Processing: Chitosan was irradiated of 10 kGy, removed impurities by washing with 

water 3 times, drying at 60
o
C to constant weight and grinding to powder with size of 0.1 ÷ 0.2 mm. 

Prepared chitosan and starch was mixing in ratio of 1 : 9 and packaging. 

 

   

Figure 3:  Producing process of Chitosan TM-45 for supplementation into chicken-feed 

III.5. Testing of chitosan TM-45   

Chicken with namely “Lương Phượng (LP)” 1 day-old, each chicken 50 g ± 4/chicken, after 

feeding for 12 weeks - old, 500 chicken/lot (Control: basic ration supplemented Strepto tetra 150; 

testing lot: basic ration supplemented 1% chitosan TM-45. Chicken were warmed by infra lamp.  Testing 

was carried out three baths, 1000 chicken for each bath. 

 

Figure 5: Chicken after feeding for one week-old. 

Chitosan in powder form, 

irradiate 10kGy in 1% 

H2O2 

Irradiated chitosan with 

Mw = 45 kDa, washing, 

drying and grinding to 

size of 0.1÷ 0.2 mm 

Mixing prepared chitosan 

with starch in ratio of 1:9 

part, and packaging 

 

PRODUCTS 
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III.5.1. Enhancement of LP chicken mass in case supplement 1% chitosanTM-45  

The enhacement of chicken mass with the feeding stages was shown in Table 3. The 

obtained results indicated that the chicken mass with feeding stages by chicken-feed in original and 

supplemented chitosanT-45 during the initial two weeks, the growth of chicken mass of  two 

experimental lots is not different however after stages the chicken mass is quite different between 

these experimental lots. After 12 weeks-old, the chicken mass increases 6% in case of chicken lot 

that was keft by chicken-feed supplemented chitosanTM-45. Therefore chitosan may have changed the 

balance of the intestinal tract, inhibits the growth of harmful bacteria, promote the uptake of 

nutrients for chickens, chicken help resistance and gain better [1; 3]. 

Table 3: Enhancement of chicken mass with feeding stages (Unit: gam/chicken). 

Week-old Without chitosanTM-45 With chitosanTM-45 1% Enhancement (%) 

Initial 

2 

4 

6 

8 

10 

12 

48 ± 4 

210 ± 20 

490 ± 15 

751 ± 61 

1271 ± 151 

1760 ± 160 

2101 ± 201 

48 ± 4 

212 ± 22 

500 ± 20 

816 ± 66 

1430 ± 130 

1860 ± 160 

2229 ± 129 

0.0 

1.0 

2.0 

8.6 

11.3 

  5.6 

   6.0 

III.5.2. Shrinkage ratio of tested chicken used chitosanTM-45 

The experimental results on affect of the chicken-feed supplemented chitosanTM-45 to the 

shrinkage ratio of tested chicken were shown in Table 4.   

Table 4: Shrinkage ratio of tested chicken used chitosanTM-45. 

 

Week-old 

 

Quantity 

(chicken) 

Control chickenfeed 

without chitosanTM-45 

Chickenfeed contained  

chitosanTM-45 

Chicken died 

(chicken) 
Ratio  (%) 

Chicken died 

(chicken) 
Ratio (%) 

2 

4 

6 

8 

10 

12 

500 12 

8 

8 

6 

5 

2 

2.4 

1.6 

0.8 

1.2 

1.0 

0.4 

11 

4 

6 

2 

2 

1 

2.2 

0.8 

1.2 

0.4 

0.4 

0.2 

Total 500 41 7.4 18 5.2 

IV. CONCLUSIONS AND RECOMMENDATIONS 

IV.1. Conclusions 

1. Effect of degradation of chitosan has been investigated by gamma Co-60 irradiation in 

H2O2 aqueos solution.  The degradation efficiency of chitosan strongly enhanced at 10 kGy irradiation 

dose in the presence of H2O2. 
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 2. Chitosan product with molecular weight of 45 kDa and concentration used 100 ppm has 

been efficiently utilized for growing chicken,  the chicken mass enhanced 6% after 12 week-old, the 

survival ratio achieved of 94,8% higher than 2.2% compare to the control (92.6%). 

3. Novel product has been manufactured base on irradiated chitosan, directly improving 

productivity of breeding chickens. 

IV.2. Recommendations 

1. Need to continue further research on the bio-effect of irradiated chitosan in order to 

enlarge the application scopes on a variety of pet objects have high economic value to create the 

appropriate products for pig, cattle, fish, and other application fields.  

2. Set up the Trial Production Project of the irradiated chitosan used for raising livestock and 

poultry.  
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