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Abstract: 

    This research attributed with chitosan as prebiotic and immunomodulator as well as to 

determine its effect on the body weights of experimental of chicks. The results had been 

showed increasing in body weights of chicks had been given chitosan. 

    The bacterial isolated revealed that chicks groups exposed to infection with Salmonella 

typhimurium and treated with chitosan before and with the same time of infection, these 

groups appeared a decrease in the bacterial isolation from intestines and liver in comparing 

with those exposed to infection without given chitosan 

    The passive heamagglutination test also revealed higher antibodies titers against 

Salmonella typhimurium in the same groups above in comparing with positive and negative 

control groups, so all these results detected the ability of this compound as inhibitor for 

bacterial growth and replication and to minimize their numbers as well as its effect and 

immunomodullator. 

 

في  Salmonella typhimurium على الاصابت التجريبيت بـ  Chitosanدراست استخذام مادة 
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 :الخلاصت 
هحفش هٌاعٍ  immunomodulatorو prebioticoتاعرثارٍ هزكة  chitosanهذا الثحث ذٌاول اطرخذام هزكة     

الجزعح الوظرخذهح علً  ذأثُزهحاولح هعزفح  إلً إضافح  Salmonella typhimurium)هحىر هٌاعٍ( ضذ جزثىهح  

 الرجزتح(. أفزاخالطُىر ) أوساى

ًرائج الفحص  وأظهزخكوا  Chitosan ـالرٍ جزي هعاهلرها ت الأفزاخ أوساىالٌرائج سَادج هلحىظح فٍ  أظهزخحُث     

وكاًد طثق هعاهلرها ب  Salmonella typhimuriumتجزاثُن  للإصاتحالرٍ عزضد  الأفزاخهجاهُع  أىالجزثىهٍ 

chitosan هقارًح  والأكثاد الأهعاءاًخفاضا هلحىظا فٍ العشل الجزثىهٍ هي  أظهزخالجزاثُن  إعطائها أثٌاءعىهلد  أو

الذهىٌ غُز الوثاشز ارذفاعا  ، كوا اظهز فحص الرلاسىchitosanالجزاثُن فقط تذوى اطرخذام  أعطُدالرٍ  تالأفزاخ

هقارًح توجاهُع أعلاٍ فٍ ًفض الوجاهُع  Salmonella typhimuriumضذ الوضادج  الأجظامهلحىظا فٍ هعاَُز 

 الظُطزج الوىجثح والظالثح.

 إلً افحإض إعذادهاقاتلُح هذا الوزكة تاعرثارٍ هثثط لٌوى الجزاثُن وذقلُل  إلً أشارخ أعلاٍوجوُع الٌرائج الوذكىرج     

 تاعرثارٍ هحفش هٌاعٍ. ذأثُزٍ
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Introduction: 

    Chitosan(B-C1-4) linked 2-amino-2 

deoxy-D-glucose, is second naturally 

occurring biopolymer after cellulose which 

is the main structure component of 

crustaceans (crab, shrimp). Insects, 

molluscus and cell wall of certain fungus, 

and deaceyleted from chitin (1). It in 

natural, positively charged polysaccharide 

and has a potential application in several 

areas including foods, pharmaceutical, 

biotechnology and environment, it is 

insoluble in water, but become soluble in 

acidic solution (2). Chitosan exhibits 

various biological activities including 

antimicrobial, antitumor, hemostatic 

actuation and acceleration of wound 

healing (3). Chitosan and its derivatives 

applied as a natural disinfect against water 

borne pathogens (G+, G-) such as 

Salmonella typhimurium (4). The later was 

regarded as a main source of food poising 

human as well as its infections in poultry 

and other animals (5). Chitosan alters the 

intestinal microflora balance, inhibits the 

growth harmful bacteria, promotes good 

digestion and best immune function (6). 

 

Materials and Methods: 

    Salmonella typhimurium strain: it was 

obtained from zoonotic disesease unit. 

Inoculation into XLD and MaConckey 

agars and other biochemical tests has been 

done such as indole, Hes, Urease 

phenylalanine and Simmon citrate. 

Salmonella typhimurium inoculated on 

brain heart infusion broth (18 hrs.) then 

cultured on brain heart fusion agar (heavy 

culture) for (24 hrs.) then using phosphate 

buffered saline PBS (pH: 7.2) the bacteria 

was harvested and then diluted according 

to Macferland  tube (No.3). 

Chitosan: 

    Pure chitosan was selected from 

commercial product (Fat-Sorb) 500 

mg/Capsule. This product was prepared by 

diluting one capsule contain 500 mg of 

active ingredient in a solution of citric acid 

in which each 1 ml contain 50 mg. 

Different levels of chitosan (50, 25, 12.5 

6.25, 3.125 and 1.562) mg/ml were tested 

invitro and vivo (on bacteria cultured on 

the agar and by given it to the chicks with 

S. typhimurium) respectively. 

Experimental Design: 

    The birds divided into five groups each 

one contain from ten birds. 

 First group: Given S.Typhimurium 

culture alone, diluted according to 

Macferland tube (No.3) (positive control 

group). 

  Second group: Given 1ml of diluted 

chitosan then after four days given the 

bacteria prepared according to Macferland 

tube (No.3). 

 Third group:  Given 1ml of diluted 

chitosan but the S.Typhimurium drenching 

had been don after 7 days. 

 Fourth group: Given the diluted chitosan 

and the bacteria on the same time. 

 Fifth group: Its present the negative 

control group, so it’s neither chitosan 

given, nor bacteria drenching (its represent 

clean group). 

In vitro susceptibility of S.Typhimurium 

to the chitosan: 

    This experiment was done by diluting  

the culture of S.Typhimurium according to 

Macferland tube (No.3) and this distributed  

by sterile swab evenly into the brain heart 

infusion agar plate after cutting a wells in 

this agar of 5 cm diameter measuring. 

Then put the diluted chitosan in these wells 

as follows (50, 25, 12.5, 6.25, 3.125, 

1.562) mg/ml. The dilution of both 

chitosan and bacteria had been done with 

PBS 7.2. Then the plate incubated in 37 ˚C 

for 24 hrs., the result had been read. 

Two weeks later all birds have been 

sacrified and culturing has been done from 

the liver and intestine (cecum), evaluate 

the salmonella occurrence in these organs 

in respect to chitosan drenching and to 

bleeding out to examine how could  the 

chitosan may affect the situation   in 

humeral immunity (antibody production) 

against S.Typhimurium  by passive 

heamagglutination test. The birds also had 
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been weighted before killing them to 

determine the effect of chitosan o the body 

weight. 

 

Results:  

Table 1: revealed the body weights of chicks for each group, which were recorded before 

killing the chicks. 
 

Group Body weight (gm) Mean 

First 413, 435, 392, 460, 430 426 

Second 480, 420, 547, 600, 560 521.4 

Third 545, 500, 520, 560, 535 531.8 

Fourth 730, 506, 480, 603, 550 573.8 

Fifth 350, 330, 420, 440, 435 395 

 

 

Table 2: show the presence of bacteria after sacrified birds and culturing from both liver and 

intestine. 
 

Group Occurrence of 

S.Typhimurium in liver 

Occurrence of 

S.Typhimurium in cecum 

First +++ +++++ 

Second - ++ 

Third - + 

Fourth - ++ 

Fifth - - 

 

+ refer to less than 10 colonies appear. 

++ refer to 10-20 colonies appear. 

+++ refer to 20-30 colonies. 

++++ refer to more than 30 colonies.  

+++++ refer to heavy growth. 

- refer to the no. appearance to any colony (clean culture). 

 

Table 3: show the ability of the chitosan used in this experiment to inhibit the growth of the 

S.Typhimurium drenching to chicks but in vitro and by diluted the original dose given to 

birds. 
 

Dilution of chitosan 

(mg/ml) 

Dilution of the inhibition zone  

(cm) 

50  2.75 

25 2.35 

12.5  1.90 

6.25  1.50 

3.125  1 

1.562 No inhibition 
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Table 4: show the titer of antibody measured by passive heamagglutination test for each bird 

in all groups and the mean of the antibody titers for each group. 
 

Group Antibody titer Mean 

First 1/8, 1/8, 1/4, 1/4, 1/8 1/6.4 

second 1/8, 1/16, 1/16, 1/16, 1/8 1/12.8 

Third 1/8, 1/16, 1/16, 1/32, 1/32 1/20.8 

Fourth 1/16, 1/16, 1/16, 1/32, 1/32 1/22.4 

Fifth 1/2, 1/2, 1/2, 1/4, 1/4 1/2.8 

The passive heamagglutination test had been done according to Stavitsky (7) and Al-Haddad 

(8). 

 

Discussion: 

    Table one concerning with body weights 

of birds referred that, there was no 

significant difference between first group 

and fifth one which represent, salmonella 

infection alone and the negative control 

respectively, but there was obvious 

difference  between these two groups with 

second, third and fourth which given the 

bacteria plus chitosan, so there was no 

significant difference in weight between 

second and third groups which were given 

suspension of bacteria after four and seven 

days from chitosan drenching respectively 

but the fourth group differ from these two 

in which the chitosan plus bacterial 

suspension given of same time. So highest 

body gain occur in fourth group (573.8 

gm) then the third one with (531.8 gm) and 

in the third class the second group with 

(521.4 gm), then the first one with (426 

gm) and finally the fifth group with (395 

gm). 

    So, in this research the dose of chitosan 

had been given to birds participated in 

weight gain in the three groups (2
nd

, 3
rd

 

and 4
th

) and this is may be due to the 

theary in which the influence of  chitosan 

on weight gain depends on the dose and 

the route of administration (9), so we can 

explain the increasing in the weight of the 

groups treated with chitosan to the dose 

that was given and to route of 

administration which may represent low 

one (50 mg/ml) and the effect of given it 

orally directly with water but not with diet 

especially when we know that this  

 

compound are fat absorbance and when we 

do the postmortem, the significant notice 

was the fatty changes in livers and 

hepatomegaly found in all these groups, 

and this agree with (10) who established 

that when chicken diets containing high 

ingredient from chitosan 30 g/kg from diet 

cause reduction in body weight and feed 

intake also (11) found that low viscosity 

chitosan supplement can decrease 

deposition of dietary fat but without 

reducing in food intake or body weight 

gain in broiler chickens in addition to that 

(9) detected that addition of 3% chitosan 

feed additive (high percent) had slightly 

decreased weight gain. 

    In table (2), we found that, 2
nd

, 3
rd

 and 

4
th

 groups show no any presence of 

S.Typhimurium in the liver while cecae 

appear from 10-20 colonies from the same 

bacteria and this is comparing with 1
st
 

group which was not chitosan treated and 

this is referred to that treated groups with 

chitosan before giving bacteria or 

drenching chitosan with bacteria 

(S.Typhimurium) at the same time, both 

method effect on the growth and 

multiplication of bacteria and this agreed 

with (12,13) who were established that, 

pretreated with chitosan exhibited 

resistance to P.anroginosa and L. 

monocytogenes infection and demonstrate 

that chitosan is characterized by high 

antibacterial effects. (14) revealed 

decreased number of bacteria in the 
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caecum, mesenteric lymph node and liver 

of the mice fed dietary chitosan. 

    According to (15), chitosan was 

similarly bactericidal against Gram 

Positive and Gram Negative organisms 

indicating non specific action. The key 

feature of chitosan is depend on its positive 

charge of the amino group will from poly 

cationic structure that can interact with the 

anionic compounds and macromolecular 

structures of bacteria (16), this charge 

interaction can alter bacterial surface 

morphology which either increases 

membrane permeability, causes leakage of 

intracellular substances (lactate 

dehydrogenase, nucleic acid and glucose) 

or decreases membrane permeability, 

preventing nutrient transport (17).  

    The inhibition effect of chitosan show in 

table (3) was agreed with (18) established 

wide spectrum of chitosan activity and 

high killing rate against Gram positive and 

Gram negative bacteria but lower toxicity 

toward mammalian cells. In addition, to 

(13) who performed invitro testing of 

effectiveness of chitosan against E.coli, 

P.aeruginosa, S.aureus, S.paratyphi and 

three fungal strains (C.albicans, 

T.mentagrophytes and M.canis) and 

demonstrated that chitosan have 

antibacterial and fungicidal activities, so 

the differences in inhibitory effects are 

probably due to variations in experimental 

materials and conditions; such as the 

method used, chitosan applied, the medium 

pH and this agree with (19). 

    In table (4) there were no significant 

differences between third and fourth 

groups and both of them recorded 

increased of humoral immune response 

against S.Typhimurium in comparing with 

first group. And the fifth which were do 

not given chitosan which indicated that 

drenching of chitosan before infecting with 

salmonella or at the same time of infection 

(3
rd

 and 4
th

 groups respectively) would 

participated in the elevation of antibody 

titer that resist the salmonella infection and 

preventing it from accumulate in the vital 

organs for it especially liver and intestine 

as shown in the table (2), in addition to the 

postmortum appearance which show 

heavier weight of immune organs (bursa of 

fibricius and thymus gland around the 

neck) in the groups treated with chitosan 

plus salmonella comparing with not 

chitosan treated groups (1
st
 and 5

th
) so 

these results suggest improvement in the 

immune response which agree with (20, 

21), so the supplementation with chitosan 

is expected to increase the availability of 

circulating amino acids for 

immunoglobulin synthesis by B 

lymphocytes which established by (22). 

    The results here indicate that, the 

supplementation of chitosan enhanced 

serum concentrations of 

immunoglobulines. 

Our findings may be caused to that: 

1. Binding of chitosan to bacteria 

(antigen) may initiate the host immune 

system response. 

2. Direct stimulating the host immune 

response by the active group of chitosan. 

3. Competition of chitosan with 

pathogens for nutrients, thereby improving 

colonization resistance and protecting the 

gastro-intestinal tract which agree with 

(19). 

 

References: 

1. Sanford, P.A. and Hutchings, G.P. 

(1987). Chitosan – a natural, cationic 

biopolymer: commercial applications. In: 

Yapalma M (Ed) Industrial 

Polysaccharides: Genetic Engineering, 

Structure/Property Relations and 

Applications, Elsevier Science Publishers 

B.V., Amsterdam, The Netherlands, pp: 

363-376. 

 

2. Sinha, V.R.; Singla, A.K.; 

Wadhawan, S.; Kaushik, R. and Kumria, 

R. (2004). Chitosan microspheres as a 

potential carrier for drugs. International 

Journal of Pharmaceutics, Review. 

 



Kufa Journal For Veterinary Medical Sciences                Vol. (3)              No. (2)              2012 

 

646 

3. Kurita, K. (1998). Chemistry and 

application of chitin and chitosan. Polym. 

Degrad. Stab., 59: 117-120. 

 

4. Chen, Y.M.; Chung, Y.C.; Wang, 

L.W.; Chen, K.T. and Li, S.Y. (2002). J. 

Environ. Sci. Health, 37, 1379-1390. 

 

5. Nelsson, B. (2004). 

Microbiological safety of meat 

(Salmonella Spp). In: Jensen, W.K.; 

Devine, C.; Dikeman, M. (ed.): 

encyclopedia of meat sciences. 1
st
 ed. UK: 

Elsevier Acad. Press., Pp: 779-781. 

 

6. Schley, P.D. and Field, C.J. (2002). 

The immune-inhancing effects of dietary 

fibers and prebiotics. Br. J. Nutr., 87:221-

230. 

 

7. Stavitsky, A.B. (1954). 

Micromethods for the study of proteins and 

antibodies I. procedure and general 

applications of haemagglutination-

inhibition reactions with tannic acid and 

protein- treated red blood cells. J. 

Immunol., 72:360-368. 

 

8. Al-Haddad, A.A.Z. (2009). 

Immunopathological study of 

Cryptococcus neoformas isolated from 

human and cows’ milk in mice. Ph.D. 

thesis- College of Vet. Med.- Baghdad 

University. 

 

9. Balicka-Ramis, A.; Wojtasz-Pajak, 

A.; Pilarczyk, B. and Ramisz, A. (2007). 

The effect of chitosan on body weight and 

protection against S. gallinarum infection 

in broiler chickens. Arch. Tierz., 

Dummerstorf, 50,3:288-293. 

 

10. Razdan, A.; Pettersson, D. and 

Pettersson, J. (1997). Broiler chicken body 

weights, feed intakes, plasmalipid and 

small-intestinal bile acid concentrations in 

response to feeding of chitosan and pectin. 

Br. J. Nutr., 78:288-291. 

 

11. Kabayashi, S., Terashima, Y. and 

Itoh, H. (2002). Effect of dietary chitosan 

on fat deposition and lipose activity in 

digesta in broiler chickens. Br. Poult. Scie., 

43:270-273.  

 

12. Okawa, Y.; Kobayachi, M.; Suzuki, 

S. and Suzuki, M. (2003). Comparative 

study of protective effects of chitin, 

chitosan and N-acetyl chitohexaose against 

Pseudomonas aeruginasa and Listeria 

monocytogenes infections in mice. 

Biological and Pharmalogical Bulletin, 

26:903-904. 

 

13. Balicka-Ramis, A.; Wojtasz-Pajak, 

A.; Pilarczyk, B.; Ramisz, A. and Laurans, 

L. (2005). Antibacterial and antifungal 

activity of chitosan in: proceeding XII 

international congress of animal Hygiene 

(ed by: Krynsk, A. and Wrzesien, R.) Vol. 

2, 406-408. 

 

14. Nelson, J.L.; Alexander, J.W.; 

Gianotti, L.; Chalk, C.L. and Pyles, T. 

(1994). Influence of dietary fiber on 

microbial growth in vitro and bacterial 

translocation after burn injury in mice. 

Nutrition. 10(1):32-6. 

 

15. Roller, S. and Covill, N. (2000). 

The antimicrobial properties of chitosan in 

mayonnaise and mayonnaise-based  shrimp 

salads. J. Food Protect., 63:202-209. 

 

16. Jeon, Y.J. and Kim, S.K. (2001). 

Effect of antimicrobial activity by chitosan 

oligosaccharide N-conjugated with 

asparagines, J. Microbiol. Biotechnol., 

11:51-63. 

 

17. Tang, H.; Zhang, P.; Kieft, T.; 

Ryon, S.; Baker, S.; Wiesmann, W. and 

Rogelji, S. (2010). Antibacterial action of 

anoval functionalized chitosan arginine 

against Gram- bacteria. Acta 

Biomaterialia., 6:2562-2571. 

 



Kufa Journal For Veterinary Medical Sciences                Vol. (3)              No. (2)              2012 

 

641 

18. Kong, M.; Chen, X.G.; Xing, K. 

and Park, H.J. (2010). Antimicrobial 

properties of chitosan and mode of action: 

a state of the art review. Inter. J. Food 

Microb., 144:51-63. 

 

19. Huang, R.L.; Yin, Y.L.; Wu, G.Y.; 

Zhang, Y.G.; Li, T.J. and Li, L.L. (2005). 

Effect of dietry oligochitosan 

supplementation on ileal digestibility of 

nutrients and performance in broilers. 

Poult. Sci., 84:1383-1388. 

 

20. Shingehiro, H.; Chitoshi, I. and 

Haruyoshi, S. (1990). Chitosan as an 

ingredient for domestic animal feeds. J. 

Agric. Food Chem., 87:1214-1217. 

 

21. Huang, R.L.; Deng, Z.Y.; Young, 

C.B.; Yin, Y.L.; Xie, M.Y.; Wu, G.Y.; Li, 

T.J.; Li, L.L. and Guo, Y.M. (2007). 

Dietary oligochitosan supplementation 

enhances immune states of broilers. J. Sci. 

Food Agric., 87:153-159. 

 

22. Wang, X.W.; Du, Y.G.; Bai, X.F. 

and Li, S.G. (2003). The effect of 

oligochitosan on broiler gut flora, 

microvilli density, immune function and 

growth performance. Acta. Zoonutrium. 

Sin., 15:32-45. 

 


