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Abstract 

A 3 months feeding experiment was des igned to study the comparative effects of chitosan 

and its nano form on growth , immunity and body com position of silver carps 

Hypophthalmichthys molitrix under labo ratory condition. Chitosan nanoparti c les (CNP) 

of the size ran ged between 25.6 1 to 34.41 nm were prepared throu gh ionotropi c ge lation 

method . Uniform sized silver carps, after acc limatization were distributed into three 

groups. Group 1 was fed 35% protein basal di et; whereas the other two groups, Group-2 

and Group-3 were offered chitosan and chitosan nanoparticl es supplemented diet 

respectively at the same rate i.e. 5.0 g/kg. The whole experiment was conducted under 

semi-static cond ition in 9 rectangular glass aquaria at a stocking density of 2 giL. No 

mortality was observed throughout the feeding trial. At the end of the experiment, fish 

fed chitosan nanoparticles in the diet showed significantl y hi gh (P<O.OOl) % weight gain 

(WG) and % specifi c growth rate (SGR) as compared to other groups. Also the % feed 

convers ion efficiency (FCE) was significantly higher (P<O.Ol) in fish fed diet 

supplemented w ith CNP. However, no sign ificant difference was observed in growth 

performances and % FCE of fish fed basal and chitosan enriched diet. Proximate analysis 

revealed that muscles fats % content was significantly lower (P<0.05) in the fi sh fed 

chitosan supp lemented diet. However, muscle proteins % and moisture% contents were 

same in all groups wh ile % ash was significantly hi gher (P < 0.01) in muscles of fi sh fed 

ch itosan and CNP supplemented diets. High red blood cell s (RBC's) count and 

hemoglobin (Hb) level was observed in fish fed chitosan and CNP supplemented diet. An 

aspartate aminotransferase (AST) and blood g lucose leve l were significantly high in fish 

fed basal diet as compared to other diets. Moreover, plasma cholestero l level was 

cons iderabl y low (P<0.05) in fish reared on a chitosan supp lemented di et as compared to 

CNP enriched and basal diets. Fish fed chitosan and chitosan nanoparticles in the diet 

showed better immune response after post challenged with Escherichia coli. Therefore, 

WBCs count, lysozyme activity, plasma protein and immunoglobulin were signiflcantly 

higher in fish fed CNP supplemented diet. The results clearly indicate the positive effect 
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of CNP as growth and immunostimul ant. The Increase in % FCE after CNP 

supplementat ion in the diet reduced the feed cost along with that low glucose level, AST 

activity suggested protective act ion of CNP against stresses and toxicity in the 

envi ro nment. 
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Introduction 

In this fast growing wo rld , whole global commun ity is facing many prob lems 

including economi c loss , financia l cri ses and the most important one is the food 

insecurity and insufficient avail ability of food resources due to the over exp loitation of 

natural resources (FAO, 20 12). Food prices raised up to extreme leve l in 2008 due to 

economi c cri ses, led 100 million people at malnutrition level. Accord ing to FAO latest 

reports, about one billion people li ving wo rldwide rely on fi sh as their main protein 

source. 

Fish is considered as the best source of minerals, vitamins and proteins (Hagu, 

1992), providing about 20% of total intake of animal protein to about 3 billion people 

across the world (FAO, 201 2) . [t is considered that it contains a ll essential amino acids 

including lys ine, tryptophan and methionine as compared to the plant based protein 

sources (Krajcovicova-kud lackova et aI. , 2005) . Fish meat in human diet, plays an 

important rol e in the synthes is of bone marrow, lowering of blood cholestero l leve l and 

risk of hypertens ion, and heart diseases due to the presence of pol yunsaturated fatty 

acids (PUFAs) (Wang et aI. , 2006), thus keeps the body stru cture hea lthy. Worldwide, 

the fish demand is showing an increas ing trend day by day due to increase in human 

popu lat ion and the public awareness about the beneficia l rol e of fi sh in their diet (F AO, 

2010). 

Durin g the earlier times , the fi shing from lakes , ri vers, oceans we r.e th e main 

source for fi sh suppl y, but due to over exploitation of natural resources, the popUl at ion of 

wild fis h population fa ll s drast icall y, leav ing the world in situat ion where captured fish 

alone could not fulfill the demand of increas ing population. Therefore, in [993 , 

aquaculture start getting importance and efforts were made to increase the fish production 

by introducing many new trends includin g increas ing stocking density through moving 

from extensive culture system to intensive or super intensive cul ture system . 

Aq uaculture is the rearing of animals and plants li ving in freshwater, brack ish and 

marine water fo r the purpose of food. [t is beli eved that aquaculture can restore the wild 

fish population and reli eve the pressure on captured fi sheri es. Aquaculture is considered 

as a fastest growing food-p rod ucin g sector (FAO , 20 I I), and nowadays, globa ll y it 
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Introduction 

becomes an industry In many countr ies. However, in many developing countr ies, the 

aqu acul ture industry IS successfully play ing a signi fica nt role in strengtheni ng of 

economy and elevatin g of poverty. Durin g last few decades with the invo lvement of 

sc ience and technology, the aquaculture practi ce now becomes technique and art (Gatlin , 

2002). According to the latest report, the ann ual prod uct ion of aq uacul ture increased 12 

tim es at rate of 8.8%. It is estimated that the per cap ita fi sh consumpti on is about 25 

kg/year whil e in some inl and countri es it is about 50 kg/yea r. Fi sheri es and aqu aculture 

activities besides contri buting in feeding popul at ion also, prov ided income of abo ut 54.8 

mill io n people across th e wo rld (FAO, 20 12). Hence, apa rt from the prim ary producti on 

sector, aquaculture is nowadays providing many jobs in di ffe rent areas like fi sh 

harvestin g, process ing, manufacturin g of fi sh-process ing equipment, gears and vessels. 

Share of aquaculture is dominated by Asia with total 90% of tota l world 's farm ed 

production while China contributes two third of total aquaculture producti on. 

With the advancement of aquaculture, the we lfare of farmed fis hes has been an 

area of great attention, because aquaculture activiti es like hand li ng, capturing, crowdin g 

etc induce stress response in fishes which results in increase of mortaliti es and reducti on 

in productivity (Vazzana et aI. , 2002) . Bes ide these, in order to increase production, fi sh 

fa rmers are in practice of increas ing fi sh per hector stocking density, therefore switching 

from extensive towards intensive and super intensi ve culture system. In such condition 

fi sh in captivity are in continuous state of stress that can weaken their immune response. 

Nowadays, aqu aculture practi ces were developed by mostl y adopting intensive 

fi sh farming but unfortunately it is fac ing many probl ems mainly due to outbreak of 

di seases because of alteration in water quality parameters and environmental conditions 

(A lderman and Hastings, 1998). [n 2011 , di sease outbreak caused a huge loss to the 

Mozambique shrimp farmin g, almost wiped out the whole producti on. Due to the natural 

di sasters in China during 2010, its aquaculture and fis heri es industry suffe red 17 million 

tones production loss (F AO, 201 2). Thus, we llbeing of fa rmed fi sh is influenced by 

means of certa in management factors including feedin g. 
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Introduction 

During intensive cul ture stresses such as temperature change, hand ling and poor 

water qua lity etc, are direct ly assoc iated with bacterial infection . These stressors directly 

in terfere with immune sys tem of fi sh and also disturb hormonal , cellul ar respo nses and 

phagocytos is (E lli s, \989). During las t 20 yea rs, va ri ous chemotherapeutics were used to 

treat bacteri al infect ion (Saka i, 1998). Offi cia ll y, fo ur antibacteria l drugs were accepted 

in UK fo r treat ing bacteri al in fecti ons in aqu aculture. These inclu ded oxytetracyc line, 

oxo lini c ac id, amox icillin and co-trimazine. These antibi oti cs were ad mini stered through 

feed, coated on pell ets, bath trea tment and in so me circumstances admini stered through 

inj ecti ons (A lderm an and Hastings, 1998). However, usages of these antibi oti cs 

sometim es lead to the deve lopment of drug res istance in bacteri al strain aga inst them 

(Aoki , \992) or sometime kill the benefi cial bacteri a. Di ffe rent types of 

immunostimul ants such chi tin , chi tosan, lent inan, levam iso le, ~-g lu ca n , peptidog lucan 

and vitamin C are being used to treat bacteri al di seases in aquaculture and fi sheri es . 

These immunosti mulants stimulates natural kill er ce ll s, lysozyme and antibody responses 

through their bacteri cida l acti vities (Sakai , 1998). 

rmmunostimu lants activates the lymphocytes as we ll as st imulates the production 

of antibod ies in fi sh e.g. when yeast glucan was inj ected in channel catfish, its showed 

high serum antibody as compared to the control group in response to the Edwardsiella 

ietaluri (Chen and Ainsworth , 1992). Simil arly, there is increased in antibody production 

against Aeromonas salmonieid fa in the vitamin C fed group of Atl anti c sa lmon as basal 

di et (Thompson et aI. , in 1993). The immunostimulants are not effecti ve aga inst all 

di seases and their effecti veness depends on dose administration , timings and 

phys iologica l condi tion of fis h (Sakai, \998). Thu s overdoses, of some of these sometime 

caused the immune suppress ion in fi sh. 

Chitin was firstl y di scovered by French botani st Henri Bracannot (.lung et aI. , 

200g). Structurall y chi tin consists of N-acetyl glucosamine subunits arranged in anti 

parall el strands (Romano et aI. , 2007). The ~ - \ , 4 lin kage in chitin makes it ri gid and 

imbalance due to the presence of many hydroxyl groups ( 1 primary hydroxyl at C-6 and 

second one at C-3) and amino groups with concomitant tendency for in tra- and 
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Introduction 

intermolecular hyd rogen bonds resul ts in fo rmation of linear aggregates with extensive 

crystallinity (Sanford, 1992 and Li et al. , 1992). Although first ly discovered in 

mushrooms, chiti n also occurred in variety of spec ies i.e. amoebae, algae, yeast, fungi, 

crustaceans, worms etc but absent in vertebrates, plants and prokaryotes (Sandford , 

2004). It is co lorl ess , hard, nitrogenous po lysacchari de with 5- 15% degree of 

deacetylation (Mad havan, 1992; Kurita, 200 I). Mo lecul ar we ight of chitin is about 

1.03 x I 06 to 2.5 x 106 Dalton (Lee, 1974). It is non tox ic, analges ic, hypocholestero loemi c, 

ant ifunga l immunologic and anti-tumor (Okamoto et al. , 1975). 

Chitosan is de-N- acetylated analog of chi tin consists of linea r of B- 1, 4 lin ked 

GlcN and GlcNAc units. The acety lati on process under heterogeneous conditions 

prov ides bl ock-wise di stri bution whereas under homogenous condi tions prov ides random 

distrib ution of acetyl groups in chitosan (To laimate et al. , 2000). Chitosan is fiber like 

ce llulose but unlike pl ant fi ber it has amino group at C2 pos ition in stead of hyd roxyl 

grou p (-OH) present in ce llul ose that increased its biologica l react ivity (Rout, 200 I). 

App li cations of chitosan depend upon certain characteristics including degree of 

deacetlylation, molecular mass, viscos ity and percentage of dry matter. Solubility of 

chitosan depends upon the di stribution of the acety l groups, distr ibution of the monomers 

along the chain , the fl ex ibility of the chain , branching, charge density, and molecul ar 

we ight (Kuri ta, 1986). Chi tosan is water so luble when it is prepared from chitin under 

homogeneous conditions whil e under heterogeneous conditions; chitosan is soluble onl y 

in weak acid i.e., aceti c acid (Peniche and Peniche, 2010). Its importance and applications 

in wastewater treatment, pharmaceutical (Dias et al. , 2008), biomedi ca l industri es 

(Carl son et al. , 2008), agricul ture (Hi rano, 1996), (Rathe ret al. , 2011) and textil e (EI 

Tahl awy et al. , 2005) are continuously increasing. 

Chi tosan is used as stabi li zer e.g. during frozen storage, 2% chi tosan coating 

enhanced the quali ty and shelf li fe of fis h, Ctenophary ngodon idellus and 

Hypophthall17ichthys l170litrix for thirty days as compared to contro ls. The total viable 

count in chitosan coated group was greatl y reduced indicating the inhibitory effect of 

chi tosan on spoil age bacteri a (Wenjiao et al. , 2009) . ft was reported that Chitosan helped 

in the regeneration of sk in and hea lin g of wound (Barto ne and Ad ickes, 1988), but a-and 

4 



Introduction 

~ chi tosan showed variab ili ty in their act ivity (Ramesh and Mari dass, 20 I 0) . Its 

supplementation improved the wound closure in carp Cyprinus carpio but wound was 

completely healed on 28th day in case of a-chitosan supplemented group while only 40% 

in case of ~-chitosan supplemented group. 

Recently it was proved that by changing the size of materi als from bulk to nano 

form , the ph ys iological and chemi cal properties e.g. so lubility, diffusion , reactivity of 

materi al also changed (A li shah i et aI. , 20 11 ; Wang and Li, 20 10; Rather et aI. , 2011; Cha 

et aI. , 2008) . The U.S. National Nanotechnology Initi at ive (NNl) defi ned nanotechnology 

as the synthes is of materi als at nanometer sca les i.e. red uction of materi al size up to less 

than 100 nm or at ato mic and molecul ar leve l. The nano form changes the elect ri ca l, 

optical and mechani cal properties of material. It is a hi gh ly adva nced technology 

possessi ng huge advancements in nanosciences, nano med icines, food packaging, drug 

delivery etc. Nanotechnology is not a separate field , instead of this , thi s sc ientific field is 

prov idin g stand for a range of other disc iplines i.e . phys ics, biology, fisheri es, chemistry, 

neurosciences etc (ETC Group, 2003). Nanotechnology also includes the manufacturin g 

of nanoparti cles and nano nanofabricat ion (Maynard, 2006). 

Nanotechnology is getting importance even In every field of life. Nano food 

packing is the most recent and commerciali zed technique being used nowadays. These 

techniques invo lve nanosensors which detect the food spo ilage, presence of 

mi croorgani sm and toxic proteins. In agricu lture sector, nano pest icides are used which 

contains nano sca le chem ica l tox ins. These nano pesticides are eas il y ava il ab le and 

highl y so luble in water and are highl y toxic as compared to the bulk form of that 

molecule (Kuzma and Verhage, 2006). Nano encapsulat ion caused the controlled release 

of toxins in the insect's digestive systems under alkaline environment or under spec ific 

moisture and heat levels (FoE, 2008). In food process ing, nano encapsulation is used for 

controlled release of nutrients e.g. nano encapsuled fis h oil s are bei ng developed to 

enhance the stab ility, bioavai lability and transparency of food components (Zimet and 

Livney, 2009). 
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Nanotechnology has greater app li cations in different fie lds like fi sheri es, 

aq uacu lture, aquatic environment management, food preservation and medicines (Rather 

et aI. , 20 11) . Nano packaging of fish for preservation for longer time is already being 

used where natural nanosca le po lymers which are biodegradab le (De Azeredo, 2009) like 

chi tosan, ce llulose and starch are in pract ice (Thompson et aI. , 2004). These nano 

packag ing are antifungal and antibacteri al in natu re e.g. sil ver nano coating protects the 

surface fro m bacteri al and funga l attack fo r longer period of time hence increas ing the 

shelf life of fish for longer peri od of time during sto rage and keepin g all nutrit ional 

va lues of food during that ti me (Moral'll et aI. , 2003). In aquacu lture, nanosca le mineral 

supp lementati ons are used whi ch are eas il y ava il able and absorbed in body without 

excess ive loss in feca l matter (Carriquiribord e et aI. , 2004). Some pl ant based feed 

ingredients in fis h feed conta ins anti-nu tr itional fac tors whi ch dep ress the fi sh growth and 

metaboli c acti viti es, so nano materi al ca n prov ided the alte rnati ve fo rm of feed 

supp lementation (Berntssen et aI., 20 I 0). Nanoparticles enhance the growth of fis h e.g. 

when you ng carp and sturgeon were suppl emented with these iron nano partic les, they 

showed better growth performances as compared to the control group. Simil arly, when 

Se- nano parti cles were supplemented to the crLl cian ca rps Carassius auratus gibeLio in 

feed , they showed better growth rate, re lat ive we ight ga in and anti ox idant acti vity (ZhoLl 

et aI. , 2009). Moreover, Mooney and Cromwell ( 1995) reported that chrom ium loaded 

chi tosan nanopartic les enhanced the growth and lipid metabolism in pigs . 

Keep ing in view of the importance of nano technology in this fast growing world, 

scientists adopted diffe rent techniques to prepare chi tosan nanoparticles. These CN P are 

small er in size, spheri cal in shape and due to large surface area they are bi oavail abl e and 

eas il y abso rbed ac ross the body (Amar et aI. , 2004; Liu et aI. , 2007; Pao li celli et aI. , 

2009). Four methods were reported fo r the preparation of CNP including mi croemul sion, 

Ionotrop ic ge latin , polye lectro lyte compl ex and emul sificat ion so lvent di ffusion (Sail aja 

et aI. , 2010). In aquaculture, go ld and sil ver nano sensors were used to detect the 

pathogens (Patolsky et aI. , 2004). 
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It was experimentall y proved that chitosan enhanced the intest inal absorpt ion by 

opening the ti ght junctions of ce ll membranes (Artursson et a!. , 1994). Being 

mucoad hesive and biodegradab le the products of enzymatic degradat ion of chi tosa n are 

non toxic in nature (Nagahama et a!. , 2008). By nature, chitosan possess antibacterial, 

anti viral antitumor activities. Chitosan nanoparti cles are used for encapsulat ion of drug 

for better deli ve ry of medicine at targeted location and controlled release of it (Bansa l et 

a!. , 20 II ). This process of nano encapsul ation of dru gs includes ion otrop ic ge latin , spray 

dry ing chi tosan coat ing and emulsion phase separation. For usual drug de livery systems, 

oral , nasal and pulmonary ad mini strations are used (Thanou and ./unginger, 2005). 

During oral ad ministration of drugs, there is chance of enzymatic degradation while 

passage through the gastrointestina l tract. Also for the better absorption of med icine 

across the intestinal membrane, drug has to overcome the mucous layer and epitheli al 

absorption barrier. By encapsulat ing the drug in chitosan nanoparticl es protects it from 

these hurdles (Pen iche and Peni che, 20 I O).These nano parti cles are mucoadhes ive and 

they increased the res idence time of drug in the digest ive tract hence increasing the 

bioava il ab ili ty of drug (Prashanth and Tharanathan, 2007) . 

Chitosan nanoparticles were also used fo r the encapsul ation of vi tam in C. These 

Vit-C loaded chitosan nanoparticles are heat stable, spheri ca l in shape with smooth 

surface (Desa i and park , 2006) . When CNP were used to ca rry vitamin C in 

Oncorhy nchus 117ykiss, it was observed that du e to bio adhes ion property of CNPs, 

chi tosa n loaded vitamin C stays longer in contact with the epitheli al membrane causing 

the controll ed release of vitam in C in the intest ine as compared to the non encapsulated 

vitamin C (Dorkoosh et a!. , 2003). The mechanism of their act ivity is related to the fact 

that at pH less than 6. 5, the positive charge on nanoparti cles , due to the amino ac ids 

groups on CNPs, makes them ab le to attach to the negative compound s on the epitheli al 

surfaces. Due to thi s interact ion , CNPs cause to open the ti ght intrace llular junctions at 

epith eli al ce ll membranes (Dudhani & Kosaraj u, 2010; Kean & Thanou, 2010). Innate 

immunity, lysozyme and complement act ivity of Oncorhynchus mykiss was great ly 

increased by suppl ementing vitamin C loaded chitosan nanopart icles as co mpared to the 

control group (A li shahi et a!. , 20 II ). 
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Recently, the antimicrobial act ivities of chitosan nanopart icles were 

exper imentall y proved by (Luis et aI., 20 11 ). They used chi tosan nanoparti cles aga inst 

Streptococcus mutons biofi lms. Oral bacterial biofilms are commonly naturall y occurring 

in mouth and are assoc iated with di seases espec iall y dental, gum infl ammat ion and 

degradation of peri odontal ti ssues (Marsh, 2004) . Scienti st used novel anti microbi al 

approach of chi tosan nanopart icles in ora l care products. The antimicrob ial act ivity of 

chi tosan depend s on its molecul ar we ight (Rabea et aI. , 2003). Low molecular we ight 

chitosan showed high anti microbial acti vity again st S. l11utons biofilms. The binding of 

positive ly charged nanoparti cles with negative ly charged S. mutons ce ll membrane leads 

to the leakage of in trace llular consti tuents lead i ng to death of it (Lu is et aI. , 2011). 

Chi tosan is equall y effective against gram-pos it ive and gram-negat ive bacteri a, hence 

showing its broad spectrum antibacterial act iv ity (Kumar et aI. , 2005). 

[n intensive aq uacu lture practices, one or more specIes are reared at hi gh 

densities . Due to overcrowding, infectious diseases and di sease causin g pathogens are 

easi ly tra nsfe rred. Disease outbreaks cause the economic loss, reduc in g meat quality and 

red uced profit margins (S mith et aI. , 2003) . Thi s probl em coul d be overcome by good 

management practices, nutrition , so il , water and envi ronment management. Due to 

mismanaged aq uaculture practices, pathogens become establi shed in animal, causIng 

di seases . Antibiot ics were used earli er for the treatment of bacteri al infecti on but due to 

antibiotics res istant bacteri a and consum er hes itation towards antibiotic treated fis h, 

scienti sts introduced the use of immunost imulants in fi sh feed. These immunosti mul ants 

enhance the non-spec i fi c cell u lar and humora I defense mechan ism in fi sh (Veri hac et aI. , 

1998; Esteban et aI. , 2001 ). 

Chitosan is a pseudonatural polymer which is used as imlllunosti mul ant to protect 

the fis h aga in st bacteri al disease (A nderson and Siwick i 1994; Param8. et aI. , 2005 ; Cha et 

aI. , 2008) . No n-specifi c defense lll echani sms are important in fi sh and in other 

verteb rates. Antibioti cs , dru gs etc are effective aga inst bacteria l and other in fect ions bu t 

they are effective onl y fo r short time (Stoskopf, 1993). Uses of immunost imulants rap idly 
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activate the fis h non-specific defense mechan ism to protect fis h against pathogens 

(Siwicki et aI. , 1994) . 

In 2008, Cha and hi s co ll eagues studied the effect of chi tosan coated diet on the 

innate immunity of olive fl ounder Paralicthys olivaceus. They used 1% chitosan to make 

moist pellets (MP) along with 1% tamarind gum , 0.5% vitam in , 0.3% glucosamine 

su lphate, 0.1 % chitosan oligosacchar ide and 0.5% asthaxanthin . These chitosan coated 

pe ll ets in feed increased the serum lysozyme activ ity, tota l protein, hemoglobin and hi gh 

density lipoproteins HDL in fish, while lowering the low density lipoprotei ns LOL and 

AST va lue which is indicator of li ver toxic ity. Chitosan coated diet ( I %) also influenced 

positively on some of the water qual ity parameters e.g. chemi ca l oxygen demand and 

suspended so lid va lues were signifi cantl y red uced (P < 0.05) in chi tosan coated group as 

compared to control. Many other scienti sts also used chitosan as immunost imul ant e.g. 

Cyprinus carpio koi (Maqsood et a I. , 20 I 0; Gopalalaknnan and AnIl , 2006), Cob ia 

Rachycentron canadul11 (Geng et aI. , 20 11) and tiger shrimp Penaeus l11ol1odol1 (N iu et 

a I. , 201 3). 

Furthermore, Lin et al. (20 12) used chi too ligosaccharides (COS) to enhanced the 

innate immunity of Trachinotus ovatus . The COS was produced from chitosan by 

chemica l and enzymatic decomposition. It was observed that COS supplementation in 

fish enhanced its immun ity i.e. highest WBC's, neurophil and monocyte count as 

compared to control group. By increas ing the COS concentration, SGR and FCR were 

also improved signifi cantl y (P < 0.05), however no significant difference in survival rate . 

of control and treated group was observed. In another stud y, Cyprinus cwpio was offered 

with 0.2% COS (L in et.a l, 20 12) and the effects of COS supplementation in enhancing 

immunity, growth \-vas compared with control group. It was reported that effects of 

immunost illlul ants on growth performances depend on dosage, molecular we ight of 

immunosti mul ants, duration of dosage given in feed, temperature and species (Oa ll11 o and 

Bogwald , 2008). Over dosage of these imlllunostimulants may cause immune suppress ion 

i.e. decreasing of immune function (Castro et aI. , 1999). 
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The effect of dietary chi tosan on fi sh growth was eva luated by different sc ientists 

and they reported va riabl e results . Gopa lakannan and Arul (2006) reported that 1% 

chitosan supp lemented diet enhanced the growth performance of Cyprinus carpio. 

Si milarl y, 10% increased in growth of olive flounder Paralicthys olivaceus was observed 

by supplementing chi tosan coated moist pell ets (Cha et ai. , 2008). Furthermore growth 

rate was enhanced in Labeo rohita when supplemented with 1 % chi tosan in 'di et (Asthi et 

ai. , 2013) . According to N iu et al. (20 l3), chitosan enhanced the growth perfo rm ance of 

Penaeus monodol1 in dose dependent manner; therefore, supplementation leve l up to 

0.3% in feed enhanced the growth rate, while further increas ing chi tosan dose decreased 

the growth performance i.e. fina l body we ight. Thi s was due to the fac t that chitosan 

enhance the di gesti on and absorption of nutri ents at lower level (Gopa lakan nan and Aru l, 

2006). Although many investi gators used chi tosan suppl emented diet but reported 

variable results like acco rding to Kono et al. (1987) di etary chitosan ( 10%) exerts no 

positive effect on the growth performance of red sea bream, Japanese ee l and ye llowtai l, 

whereas some other studies reported negat ive effects of chitosan on the growth 

performance of fish (S hiau and Yu , 1999; Wang and Li , 20 II ). This depressed growth 

rate was due to the fact that chitosan interfere with the digestion and abso rption offats in 

small intesti ne as a result of whi ch, they are excreted out of the body (Deuchi et ai. , 

1994). 

Chitosan is hypocholestero lemic in nature which is due to its hi gh viscosity, 

po lymeri c nature, hi gh water binding properties and non-di gestibility in upper digestive 

tract and low water binding in the lower digestive tract (Riccardo and Muzzarelli , 1996). 

It was observed that some so luble dietary fibers with their increased viscos ity cause to 

increase in the thickness of intest inal lumen boundary those results in reduced lipid 

absorption (Johnson , 198 1; Furda, 1990). Chitosan also affects the metabolism of 

in testina l bil e acids in rats (Fukada et ai. , 199 1). Ammonium ions assoc iated with the 

polyglucosamine chains shows high ani on-exchange capacity and consequently bile ac id 

binding capac ity (Sugano et ai. , 1980). Amino sugar of chitosan in teracts with bile ac id 

and cholestero l in the intest inal lumen and st imulat ing the fecal excretion of steroids 

(S ugano et ai. , 1988) . 
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When admini stered orally and intrave noLls ly in rabbits, ch itosan did not accelerate 

the restoring of normal serum cholesterol leve l in hi gh serum cholestero l rabbits. Oral ly 

admini stered chi tosan depressed the absorption of cholesterol in the intestine showin g the 

hypocholestero lemic act ion site in the di gestive system (Hirano and Akiya ma, 1995). 

Orall y ad mini stered chitosan signifi cantl y reduced the total serum cholestero l leve l along 

with low density lipoproteins (LD L). In humans, chitosan dose Lip to l.2 g/day (Bokura 

and Kobayashi , 2003) signi ficantl y lowered the cholesterol and LDL, thus lowering the 

ri sk of coronary heart di seases (Rackley, 2002). However chitosan suppl ementat ion did 

not red uce the cholesterol synthes is, it on ly hindered the absorpti on of fats in the small 

intestine (Bokura and Kobayashi , 2003). Pol ycationic nature of chitosan caused the 

binding of polyg lucosamine to li pid micell es in the alka line fluid s in the upper part of 

small intestine as a result of this ; fat absorption was reduced in small intest ine (S ugano et 

aI. , 1978) . The choli c acid is synthes ized fro m blood cho lesterol, therefore low serum 

cholesterol level results in decrease of circulating chol ic acid to the li ver in grass shrimp 

Penaeus l11onodon (Sh iau and Yn , 20 I I). 

Chi tosan influences the movement of nutri ents along the gastrointestinal tract. 

The suitab le di etary chi tosan mi ght enhance the prote in synthesis in the body 

(Gopa lka nnan and Arul , 2006) resulting better growth performance whil e decreased lipid 

contents, thus effect ing the overall body compositi on of fish. Innate immunity of fis h is 

commonl y determined by blood serum lysozyme acti vity (Cecchini et aI. , 2000). It was 

we ll documented that lysozyme is involved in lys is of bacteria through their Iycti c 

act ivity. It is measured through Turbimetric assay, based on lys is of M icrococus 

lysodeikticus (Balfry and Iwama, 2004). Many sc ienti sts observed that different 

supplementation levels of chitosan increased the serum lysozyme act ivity in grass shrim p 

Penaeus l11onodon (Niu et aI. , 2013) , Cyprinus carpio koi (Maqsood et aI. , 20 I 0; 

Gopalalaknnan and AnIi , 2006) and Cobia Rachycentron canaduJ11 (Geng et aI. , 2011) 

Keep ing in view wide applications of chi tosan along with i'ncreas ing importance 

of nanotechnology days by day, the present research proj ect was des igned to investiga te 
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the importance of chitosan nanoparticles in enhancin g fi sh growth perfo rm ance, 

immunity and overal l body composition of silver ca rp, Hypophthalll1ichthys lI1olit,.ix, 

under laboratory conditions. Sil ver carp was supp lemented at the same quantity of 

chi tosan and chitosan nanoparti cles . The s il ver ca rp was se lected as model spec ies as it is 

an exoti c and freshwa ter cul turabl e spec ies in Paki stan and China. Thi s spec ies is pop ul ar 

among farmers due to its fas ter growth rate, hi gh feed effi ciency rat io, hi gh nutritional 

value as well as easy cultivati on. S il ve r ca rp has strong odor and tas te and cheap in pri ce 

compared to major carps. Although, it is most popul ar in culture system bu t it is more 

vu I nerab Ie to stress d uri ng routi ne aquacul ture prac ti ce that affects its growth and 

production. Therefore, efforts are going on to enhance its immunity. The obj ectives of 

our research were manifold ; (a)To prepare chitosan nanoparticles through ionotropi c 

ge lati on method and their characteri zati on through X-rays diffract ion and scanning 

electron mi croscope, (b) To compare the effici ency of chitosan and chitosan 

nanoparticles enri ched diets by growth performance of sil ver carp , (c) To investi gate 

immune responses of these sil ver carp i.e. WBC's count, lysozyme activity and 

im munoglobulin after challenged with E.coli, (d) To study the effect of chitosan and its 

nanopart icles enri ched diet on hematological parameters and body compos iti on of fi sh. 
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Materials and methods 

Si lver carp , Hypophfhalmichfhys mo/ifrix fin gerlings we re obtained from Fa isa labad 

Nursery Unit. The average we ight of fi sh was 6.0±0.5g. They were transported li ve in ae rated 

plastic bags to the Fisheri es and Aq uacul ture fac ility in the Department of Animal Sciences, 

Quaid-i-Azam Univers ity, Islamabad. The water from bags was grad uall y rep laced with de

chlorinated wate r. Ini tial ly fi shes were kept in circul ar fib er tank having flow through system. 

They were acc lim ated for two weeks and dur ing that period they were offered prepared 35% 

protei n basal diet. 

Preparation of chitosan nanoparticles 

Ch itosan nanoparticles were prepared by Ionotropic ge lation method, firstly reported by 

Calvo et a!. (1977) and modified by Du et a!. (2009). Briefly, Iml of acetic ac id was di sso lved in 

99 ml disti ll ed water to prepare 1 % acetic acid so lu tio n. Then 250 mg of chi tosan was added to 

1 % acetic acid so lution. The pH of the mi xture was maintained at 5.6 with the help of sodium 

hydroxide (NaOH). Then under magnetic st irring, 0. 1 % (w/v) sod ium tripo lyphosphate (STPP) 

was added drop wise for 35 minutes. At rool11 temperature, blui sh co lor suspension 

(nanoparticles) was formed quickl y. Formed nano parti cles were centrifuged at 6000 rpm for 40 

minutes and supernatant was di scarded. Nanoparticles were freeze-dri ed for further use in fi sh 

feed. 

Characterization of Chitosan nanoparticles 

X-rays diffraction technique 

XRD of chitosan nanoparti cles was carri ed out from the Department of Chemi stry, 

Quaid-i-Azam Univers ity Islamabad. It is non-destructive and analyt ical technique for 

identifi cation of different so lid and crysta lline substances. In XRD techn ique, norm all y rad iat ion 

used has wave length ranges between 0.7 and 2.3 A because this range of wavelength is very 

close to inter pl anar spaci ng of most crystalline material s. Co llimated beam of X- rays is made 

incident on a spec imen and is diffracted by the crystalline phase present in the specimen. The 

intensity of the diffracted X-rays is measured as a fraction of diffraction angle, and spec imen's 

orientation. This diffraction pattern is used to identify the spec imen's crysta lline phases and 

other structura l properties. This technique is used for measu rin g meta l particle size. 
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Materials and methods 

Scanning electron microscope (SEM) 

Scanning electron microscope (JSM-6490-A, Japa n) was used to find out the size, shape 

and surface morphology of chitosan nanoparti cles at Nat ional Uni ve rsity of Science and 

Technology (NUST) Islamabad. Scanning electron microscope (SEM) is one of the supreme 

extensively used diagnostic of present sc ience that permits the study of compos ition of biologica l 

and phys ica l material s and surface. Magnification of SEM was 50,000 X. 

Diet preparation 

Formulation of basa l and experimental di et is presented in TaGl e 1. Chitosan (75% 

deacy lated) was purchased from Sigma, Germany in white powder form . All dry in gredients i. e. 

rice polish, while fish mal (55% crude protein), wheat bran , 30% gluten, soybean meal (46.2 % 

crude protein) , OCP, CMC and vitamin premix were grinded in a grinder along with chitosan 

and its nanoparticles in their respective di ets at rate of 5.0 g/kg di et. 

All ingred ients were then mixed with oi l and paste was made with water. After that paste 

was passed through a meat gri nder and pel lets were formed. Formed pe ll ets were then oven 

dried, saved in Ziploc bags and then stored in refrigerator. Three experimental diets, basal diet 

(Control) , chitosan supplemented (Ch) and chitosan nanoparticl es supplemented (CNP) diets 

were fed twice dail y at 10% body weight. 

Experimental design 

After acclimatization, 90-day feeding trial was conducted. Healthy and uniformed sized 

fi shes with individual average weight 6g were se lected by using an electroni c t6p- load ing 

balance and evenl y distributed into 9 glass aquar ia (60 x30 x30 cm) at stocki ng density of 2 gi L. 

Experiment was execuated in triplicate by dividing fish into following groups. 

Group 1: Control fish , fed with 35% protein in diet 

Group 2: Fish fed 35% protei n basal diet supplemented with Chitosan (Ch) at the rate of 5 g/kg 

Group 3: Fish fed 35% protein basa l diet supplemented with chitosan nanopartic les (CNP) at the 

rate of 5 g/kg diet. 
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Fishes were offered di et dai Iy at the rate of 10% body weight at the start of experiment. 

The feedin g levels were adjusted after every fourteen days . Daily feed intake was calcul ated by 

the ca lcul ation of FCR i.e. unconsum ed feed was subtracted frol11 the total feed given. Dail y fi sh 

excreta were removed by simple siphonin g and water leve l was maintained at ori ginal leve l by 

de-chlorinated water. Di ssolved oxygen leve ls were also monitored with the help of Di sso lved 

Oxygen Meter (Ox i 3205, Germany) on regular basis for the main tenance of oxygen leve l nearly 

5.5 mg/I in three different groups. 

Sampling and growth measurements 

At the end of experiment after 90 days, 7 fi shes were removed from each aq uar ium and 

anesthetized with MS-222 (60 mg/I). Blood was withdrawn fr·om caudal puncture and fi shes 

were scarified on ice box. Muscle tissues were removed and immediate ly deep freeze in liquid 

nitrogen and then stored at -20°C for biochemical analys is. Haprini zed blood was centrifuged at 

3500 rpm for 15 minu tes and plasma was separated wh ich then sto red at -20°C for furth er 

ana lysis of hematological parameters. 

Growth performances 

After 90 days, growth performances of fishes were assessed by uSll1 g the followin g 

growth parameters. 

Weight ga in = Wr - Wi 

Where, 

W f = Final body weight of fis h 

Wi = Initial body weight of fish 

% Weight gain (% WG): It was calculated by the fo llowing formu la: 

\ 

% WG= Wf - Wi x 100 
Wi 

, 
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Materials and methods 

Specific growth rate (SGR): It was ca lcu lated by using the fol lowing formul a: 

SGR (%) = (In final weight - In initial weight) 
X 100 

No. of days of experiment 

Feed conversion ratio (FCR) : The FCR was ca lcul ated by using the formu la: 

FCR = Tota l dry feed fed (g) 

Tota l wet weight ga in (g) 

Feed conve,·sion efficiency FCE «1.,): It was ca lcul ated by the following formula: 

FCE(%) = 
X 100 

FCR 

Hematological parameters 

Blood parameters li ke RBCs cou nt, hemoglob in and cholesterol leve ls were determined 

in all three basa l exper imental diet groups through chemistry ana lyzer. At the same time one 

clrop of blood was placed on glucose strip and its leve l was measured with the help of 

Glucometer ACCU-CHEK® Softclix . 

AST activity 

AST Aspartate aminotransferase act ivity was determined with the help of AST/GOT kit. 

Briefly 100 ilL serum (centrifuged non-haprinized blood at 1500 rpm for 15 minutes) was mixed 

with 1000 ilL of working reagent and incubated for 1 min at 37°C. After that, abso rbance was 

measured with the help of spectrophotometer (Micro-spectro Agilent 8453 by fixing wavelength 

at 340 nm). Absorbance reading was repeated after every 1 min for 3 times. The AST activity 

was expressed in U/ i. 

Challenge test 

At the end of feeding experiment, 9 fish from each group were chall enged with 

Escherichia coli (ATCC 8739) stra in provided by Department of Microb iology, Qua id- i-Azam 
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University. Strain was inocu lated oral ly by the help of dropper at rate of 100 CFU/gram of fish. 

All groups were kept under observation for 1 week to record mortalities and cl inical signs. At the 

end of chal lenge test, blood was co ll ected from the caudal vei n and serum was co ll ected by 

centrifuging bl ood at 1500 rp m fo r 15 minu tes fo r immunity test 

WBC's counting 

WBC's were coun ted by mix ing 400 il L of com mercia ll y avai lable WBCs so lutio n with 

20 ilL of blood. WBC's were counted with the help of hemocytometer. 

Lysozyme activity 

Lysozyme ac ti vity in blood serum was determined by using method prev iously described 

by Anderson & Siwicki ( 1995) with some modi fication s. Briefly, 100 ilL serum \vas taken in test 

tube and mi xed with 900 il L of a 0.75 I11 g/ml Micrococcus lysode ikficus (S igma, St Louis, MO, 

USA) suspens ion in phosphate buffered sa line( pH 6.2) . Absorbance was measured at 450 nm 

with the help of spectrophotometer after I minute intervals for 10 minutes. After mixin g with 

bacteria, rate of change in absorbance was recorded and lysozyme activity was ca lcul ated usi ng 

hen egg white lysozyme (Sigma-A ldri ch) as a standard. 

Total protein and Immunoglobulin in plasma 

Tota l plasma protein was determ i ned through Lowry's method (Lowry et a I. , 195 I). For 

dete rmination of protein concentrat ion, standard curve was plotted by taking bovine serum 

albumin prote in 's concentrat ion as a standa rd. 

Anderson and Siwick i ( 1995) method was used fo r the determinat ion of the 

immunoglobulin in the plasma. Bri efl y, 100 ~lL of pl asma was mi xed with O. L mL po lyethylene 

glyco l. The so lution was incubated under constant shaking (I SS Innova 43) fo r 120 min utes, and 

then centri fuged at 7000 rpm fo r 10 minutes. Protein content of supernatant and plasma was 

calculated . Total immunoglobulins were ca lculated by subtract ing the prote in content of 

supernatant fro m total protein content in plasma. 
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Silver carp muscles composition 

For the dete rm inat ion of S il ver carp body compos ition, samp l e~ were analyzed by 

adopting standard AOAC (2000) protoco ls. Mo isture content (%) was analyzed at Nati onal 

center for phys ics, Islamabad whil e ash content, crude fiber, crude protein and lipid contents in 

fis h fl esh were determined form poultry Research Institute (PRI) , using the mi cro Kj e ldahl 

method and Soxthlet apparatus. 

Dry matter and Moisture Content 

For the determin ati on of dry matter, a pre we ighted and washed china di sh was taken and 

placed in oven at 65DC for 10 minutes. After that, di sh was placed in des iccators for cooling. 

After coo ling, we ight of empty china di sh was noted on electri cal top loading balance. Then 5g 

of sample was taken in that china dish and was placed in oven at 65 DC for 24 hours. After 

heatin g, china di sh was again pl aced in des iccator, coo led and then aga in we ighted near 0.01 g on 

digita l ba lance. Percentage of dry matter was ca lcu lated by fo ll owing fo rmul a: 

% Dry matter = Weight of samp le after dryin g 
x lOO 

Weight of sample befo re dryin g 

% Moi sture = 100 - dry matter (%) 

Crude ash 

For dete rminati on of crude ash, clean cru cible was pl aced in a muffl e furnace oven at 

I OODC for I hour. Then cru cibl e was pl aced in des iccators and coo led down at room temperature. 

Weight of empty cru cible was noted. Then 5g of sampl e was taken in pre-weighted cru cible di sh 

and then pl aced the cru cible aga in in furn ace and heated at 550-600 DC fo r 24 hours. Then 

cru cible was coo led in des iccators at roo m temperature. Ash in crucible was quick ly we ighted as 

ea rl y as poss ible to prevent moi sture absorpti on. 

Crude ash (%) = weight of ash 
x 100 

Weight of sample 
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Crude protein 

Crude protein In sample was determined by micro Kjeldahl ' s method. Bri efl y, 2 g of 

sample was mixed with 5 g of di gestion mi xture (30 ml conc. H2S 04) to digest the samples. 

Whole mixture was heated for 2-3 hours at 25 0°C until the appearance of li ght green color. After 

that mixture was coo led and disti ll ed water was added to make the final vo lume of 250 ml in 

vo lumetric flask. Then 10 ml of mi xture was taken and mixed with 10 ml of 40 % NaOH in 

Kj eldahl 's apparatus. Funnel \,vas plu gged firml y, heated for 2-3 minutes, and then 10 ml of 2% 

bo ri c acid so lution was added . Liberated ammoni a was co ll ected in 10 ml Boric ac id (2% i. e. by 

adding 2g of boric acid in 98 ml of water ) containing a drop of methyl red as an ind icator. After 

appearance of go lden ye llow co lor, titrat ion was done against I-hS04 (0 .1 N). 

N itrogen (%) = Normality of H2S04 x vo lume of H2S04 used x25 0xO.0 14 

Weight of sample x 10 
Where, 

25 0 = Dilution of digested mi xture 

0.0 14= Standard vo lume of H2S04 to neutralize Iml of ammonia 

10= used vo lume of di luted mixture 

L 00= percentage of nitrogen 

Crude protein (%) = N itrogen (%) x 6.25 

Where, 

6.25 = Ass umed factor to ca lcul ate crude protein from nitrogen (%) 

Fats content 

x 100 

Soxthl et apparatus was used to determ ine total fat content of sample. Approx imate ly, 3 g 

of sample was placed in Soxthlet apparatus th imble, positioned in an extractor and placed 

correctl y under the condenser of extraction appa ratus. Then 150 1111 of ether was added into the 

receiv ing flask and connected thefl ask to the apparatus. After that temperatu re of Soxth let 

apparatu s was increased. Who le extraction process was do ne at 100 °C for 10 hours at rate of 3-4 

drops/ seconds. After extract ion , thimble was removed from the extractor .Weight ofthilllble was 

noted after extraction . 
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Total fats (%) = Wt of thimble after evaporation - Wei ght of empty thimb le 
--------------------------------------------- xlOO 

Weight of sample 

Crude fiber 

For crude fiber determination, organic res idue, left after sequential extraction for fats 

determination was used .Mixture was transferred to the flask and pre-heated 200 ml of H2S04 

was added gently for 30 minutes. Hot water was added to maintain constant volume of ac id. 

After that Whatman filter paper was fitted with funne l and boiled samp le was fi ltered into the 

funne l. Residue left was washed several time with hot water until the ap pearance of neutral color 

of litmus paper, then transferred back to the beaker. Pre-heated Na2S04 (200 ml ) was added and 

boiled for 30 minutes. Residue left was filtered and dried at 65°C for two hours, then we ighted. 

Residues were then transferred to crucib le and placed in furnace for 4 hours at 400-600oC, 

coo led in des iccators and we ighted aga in. 

Crude fiber (%) = dry weight of residue before ash - weight of residue after ash 
XI00 

Weight of sample 

Data analysis 

Data obtained from the experiment was expressed as mean ± SE. The results were 

analyzed usi ng one way analys is of vari ance followed by LSD and Tukey test SPSS statistical 

package (Vers ion 16.0, SPSS, Chicago, IL). Values of P < 0.05 were considered stat isti ca ll y 

significant. 
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Resu lts 

Characterization of chitosan nanoparticies 

No peak \ \ /as observed ill XRD pattern of chitosan na nopartic les due to their amorphous 

nature as shovm ill Figure 2. Chitosall nall oparti cles were also analyzed for the determ inat ion of 

their size, surface morphology and shape through scannin g electron microscope (SEM). 

Scanning electron microscope image of chitosan nanoparticles is shown in Figure I. They 

appeared spheri cal in shape with smooth surface. The sizes of these nanopartic les were 25.6 1 nlll 

to 34.4 1nm. 

Growth performance 

The growth performance of silver carp Hypophthalmichthys molitrix fed basa l, chitosan 

and chitosan nanoparti cles enriched diet for 90 days is shown in Tab le 2. 

Final weight gain (FWG) of fi sh reared on chi tosan nanoparti cles (eNP) suppl emented 

diet was 13.83±0. 15g, significantly hi gher (P<O.OOl) as compared to the chitosan supplemented 

diet and basal di et fed groups. Percentage weight gain (% WG) in case of chitosan nanoparticles 

enriched diet was stati sticall y hi gher (P<O.OOl) i.e. 129.61 ±2.29% as compared to the chitosan 

supp lemented group and control gro up of fis h. Although there was no significant difference in 

% WG between co ntrol and chitosan fed Hypophthalmichthys l110litrix however, chitosan 

supplemented s il ver carps showed sli ght decreased in %WG i. e. 3% as compared to the control 

group. 

The spec ific growth rate of fish fed chi tosan supplemented diet was almost same as 

compared to fi sh raised on basa l di et. However, silver carps fed diet supplemented with chitosan 

nano particles showed sign ifica ntl y higher (P<O.OOI) spec ific growth rate i.e. 0.92±0.01% as 

compared to other groups of fi sh. Feed convers ion ratio (FCR) in case of CNP fed silver carp 

was signifi cantly lower (P<O.OO 1) as compared to chi tosan suppl emented and basa l di et fed 

silver carps. There was no signifi cant differen ce in FCR of chitosan enri ched and basa l di et fed 

fi shes. Similarl y, no signifi cant difference was observed in feed conversion effic iency (FCE %) 

of groups of fi sh reared on basa l and chitosan enriched di et whil e fi sh fed di et enri ched with 

chitosan nanoparti cles shovved signiti cantl y hi gher (P<O.O I) FCE % 
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Results 

Fillet proximate composition 

The effects of chitosan and chitosan nanoparticles on proxim ate composition of fil let of 

juveni le s il ver carp Hypophthall77ichthys molitrix , fed same leve l of chi tosan and chi tosan 

nanopart icl es i.e. 5g/kg are shown in Table 3. 

Percentage of fats in fil let of Hypophthalmichthys 1I1olitrix was statistica ll y different in al l 

three exper im ental groups offish. Significantly hi gh (P<O.OO I) % fat content was obta ined in the 

muscles of fi sh fed chitosa n nanopart icles supp lemented diet as compared to chi tosa n 

supplemented and basa l diet fed sil ver C3l'ps. Signifi cant ly lower co ntent (fats %) were not iced in 

the gro up offish reared on chitosan supp lemented diet. 

No significant difference was observed in fillet protein (%) content in a ll three groups of 

fis h. Same resu lts were obtained in case of % moisture content in fi llets of all three groups of 

silver carp. Moreover, no significant difference between % fiber content was observed among 

basal and chitosan nanopatiicles suppl emented di et fed fishes. However, significantly hi gher 

(P<O.Ol) % fiber was obtained in the fi ll ets offish fed chitosan supplemented diet. No sign ifi cant 

difference between was observed in % ash content among chitosan and chitosan nanoparticles 

supplemented di et fed fis hes. However, signifi cantl y lower (P<O.O 1) % ash was obta ined in the 

muscles of fis h fed basal diet. 

Hematological indices 

Effects of chitosan and its nanoparticles on hemato logical indices of juvenile s il ver carp 

Hypophthalmichthys l110litrix at same supplementation leve l i.e. 5g/kg are shown in tab le 4. 

Blood hemoglobi n leve l was stat ist ica ll y sa me in both chi tosan and chitosan 

nanoparticles enriched diet fed si lver carps. Blood hemoglobin leve l in si lver carp fed basal diet 

was signifi cantl y (P<O.05) lower than groups of fish reared on chi tosan and CNP enriched diets. 

Same trend was observed in case of red blood ce ll s count of all three groups of sil ver ca rps with 

signifi cantl y hi gher RBC count (P<O.05) in sil ver carp reared on chitosan and chitosan 

nanoparticles supplemented diet as compared to basa l diet. 
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Results 

Blood glucose level was signi fi cantly higher (P<O.O I) In basal di et fed 

J-fypophfhalmichfhys molifrix as compared to the chitosan and CNP suppl emented di et fed si lver 

carp s. However, no signifi cant difference (P<0.05) in the bl ood glucose leve ls was observed in 

group offish fed chitosan and CN P supplementat ion at the same dosage i.e. 5g/kg diets. 

AST activity was signifi cantly hi gher (P < 0.00 I) in basa l di et fed Hypophthalmichfhys 

molifrix as compared to the chitosan and CNP supp lemented di et fed sil ver carps. Signifi ca ntl y 

lowest (P<O.O 1) AST act ivity was observed in serum of chitosan nanoparticles supplemented 

sil ver carps. 

Plasma cholestero l leve l was signifi cantly (P<O.OO I) loyv in chi tosan enriched diet fed 

group offish as compared to other two groups. However, pl asma cholesterol leve ls of silver carp 

reared on basal and CNP supp lemented diet were stat istica ll y comparab le. 

Immunity parameters (Post-challenge) 

Effects of basal and experimental diets on immuni ty response after chall enged with 

Escherichia coli in juvenile silver carp Hypophthalm ichthys molitrix are shown in Table 5. 

After 10 days of introd uction of E.coli , group of fish reared on CNP suppl emented di et 

showed signifi cantly (P<O.OOl) higher WBCs count as compared to other groups of fi sh. 

Moreover, signifi cant difference (P<O.OOl) was also noticed between white blood ce ll count of 

fish fed basal di et and chi tosan enriched diet. 

The lysozyme acti vity after chall enged with E. coli was signifi cantl y (P<O.OOl) higher In 

silver carp fed diet enri ched with CNP as compared to the rest of fi sh fed basal or chitosan 

supplemented di ets. Significantl y lowest lysozyme act ivity (P<O.OOI) was observed in silver 

carps r~ i sed on basa l diet as shown in Table 5. 

Plasma protein levels were signifi cantl y (P<O.OO 1) higher in silver carp fed chitosan 

nanopatii cles supp lemented diet (30.84±0.24 mg mi L) as compared to other two experimental 

groups of fish. Plasma protein leve l was signifi cantly (P<O.OO I) in group of fis h fed basa l di et as 

compared to other experimental diets. 
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Results 

Significantly hi gher (P<O.OO I) leve l of total immunoglobulins was observed in sil ver 

carp reared on ch itosan nanopartic les supplemented feed as compared to basal diet and chitosan 

enriched diet. The immunoglobulin leve l was also considerab ly different (P<O.OOI) among silver 

carps fed chitosan supplemented diet and basal diet. However, after chall enged with E. coli 

significantl y lowest immunoglobulin level was observed in H molir!'ix reared on basal as 

compared to other di ets. 
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Results 

Table: 1 Formu lation and composition of experimenta l basal diet for silver carp 

Hypophthalmichthys molitrix. 

Ingred ients Amoun t 
(%) 

White fi sh meal (55% crude protein) 10 .6 

Soybean mea l (46.2 % crude protein) 2 1.3 

Sunflower meal (40 % crude protein) 2 1.3 

Canola seed meal (2 1.3 % crude protein) 2 1.3 

Rice poli sh ( 13.2 % crude prote in) 5.3 

Wheat bran 5.3 

Glu ten (30 % crude protei n) 10 

Carboxymeth ylce llul ose (CMC) 

Oi ca lcium phosphate (OCP) 

Vitamin premixa 2 

Canola oil 0.8 

a(Vitamin premix contains vitamins, amino acid and mineral s premi x kg' l) 

Vitamin AB.P 40,000,000IU, Vitamin 0 3B.P 820,000ru , Vitamin EB.P 6200 mg, Vitamin 

K3B.P 800 mg, Vitamin B2B.P 2500 mg, Vitamin B3B.P 5] OOm g, Vitamin B 12B.P 1000 mg, 

Vitamin PP B.P 10,5 00 mg, L. lys ine B.P 10,500 mg, OL- Methionine B.P 50,500 mg, Choline 

chloride US P 125,500 mg. Manganese USP 30,000 mg, Iron 15,100 mg, Zinc USP 17,555 mg, 

Copper B.P 1000 mg, Cobalt B.P 50 mg, Iodine B.P 300 mg, Selenium B.P 80 mg. 
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Results 

Table 2: Growth performance of silver cal'p fed basal and experimental diets. 

Control 

IBW (g) 06.07±0.0 I ab 

FBW (g) Il. 33±0. 12b 

SGR (%) 0. 70±0.01 b 

WG(%) 86.30±2.46b 

FCR 2.92 ±0.08a 

FCE (%) 34.33± 0.92b 

Diets 

Ch 

06.06±0.02a 

It. 13±0.09b 

0.68±0.0 I b 

83.72±2.04b 

02.88 ±0.06a 

34 .7S± 0.7S b 

CNP 

06 .02±0.007b 

13.83±0. ISa 

0.92±0.0 I a 

129.6 l±2.29a 

01.86 ± 0.03 b 

S3.86± 1.0 1a 

Data are represented as Mean ± SE. (n=3 0). Means followed by the different letters 

within the rows are significantly different (P < 0.05). ANOYA followed by Tukey test 

and LSD. 

Ch : chitosan suppl emented di et 

CNP: chitosan nanopartic les sllpp leme.nted di et 
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Results 

Table 3: Proximate composition of fillets of juvenile silver carp fed basal and 

experimental diets. 

Diets 

Control Ch CNP 

Fats (%) 15.24 ±O.13 b 13.97 ±0.20c 16. 17 ±0.04a 

Proteins (%) 61.16±0.55 3 61.89 ±0.80a 6l.06 ±0.473 

Fiber (%) 02. 12 ±0.06b 02.65 ±0.043 02.24 ±0.13b 

Ash (%) 16.70 ±0.37b 18.23 ±0.083 18.03 ±0.03 3 

Moisture (%) 03 .67± 0.723 02. 78 ±0.193b 02. 1 I ±0. 16b 

Data are rep resented as Mean ± SE. (n= I 0) . Means followed by the different letters 

within the rows are signiti cant ly different (P < 0.05) . ANOYA fo ll owed by Tukey test 

and LSD. 

Ch : ch itosan supplemented diet 

CNP: chi tosan nanoparticles supp lemented diet 
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Results 

Table: 4. Hematological indices of silver carp fed basal and experimental diets. 

Diets 

Control Ch CNP 

Hb (g d/L) 8.02±0.3 l b 9.96±0.22a 9.70±0.60a 

RBC(lO(' ilL) 1.94±0.04b 3. l 9±0.20a 3.3 1± 0.32a 

Glucose (mg d/L) 97±2.3l a 78.33± 2.6 1 b 76± 3.06b 

AST activity (U/L) l 8.48± 0.S2a 9.89± 0.38b 6.98± 0.9 lc 

Cholesterol (mg dlL) IS3.67± 2. 89a 103.22±2.48b 16] .S6±4.32a 

Data are represented as Mean ± SE. (n= l 0). Means fo llowed by the different letters within the 
rows are signifi cantly di ffe rent (P < O.OS). ANOYA fo ll owed by Tukey test and LSD. 
Ch : chitosan suppl emented diet 
CNP: chitosan nanopart icles supplemented diet 
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Results 

Table: 5. Effects of basal and experimental diets on immunity response after challenged 

with Escherichia coli in silver carp. 

Diets 

Control Ch CNP 

206.33± lASc 223 A± 2. 0Sb 23S .33± 1.203 

Lysozyme activity (~g mIL) 2A6± 0.19c 4.S0± O.OSb 7.S4± 0.15 3 

Plasma protein (mg miL) 13.9S± OASc 24.60± 0.20b 30.S4± 0.243 

Total immunoglobulin (mg miL) 10± 0.69c 19.7± OASb 24. 1± 0.3 73 

Data are represented as Mean ± SE. (n= l 0). Means followed by the different letters within 

th e rows are significantly different (P < 0.05). ANOV A fo ll owed by Tukey test and LSD. 

Ch : chitosan suppl emented diet 

CNP: chitosan nanoparticles supp lemented diet 
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Results 

Figure: 1. Scanning electron microscope image of chitosan nanoparticles 
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Figure: 2. XRD pattern of chitosan nanopart icles 
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Figure: J. Weight ga in (%) of sliver carp fed different di ets after three months. 

Each bar represent the va lues as Mean ± SE, (n=30). ANOV A fo llowed by Tukey test and LSD. 

CNP : chi tosan nanoparticles supp lemented diets 

Ch : chi tosan supp lemented diet 
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Figure 4: Fillets proximate co mpos iti on of silver ca rp fed basa l and experimental diets 

Results 

Each bar represent the va lues as Mean ± SE, (n= I 0), ANOYA followed by Tukey test and LSD, 

CNP: chitosan nanoparti c les suppl emented di ets 

Ch: chitosan suppl emented diet 
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Figure: S. AST act ivity of sil ver ca rp fed basa l and ex perimental diets. 

Each bar represent the va lues as Mean ± SE, (n= 10). ANOVA fo ll owed by Tukey test and LSD. 

CNP: chitosa n nanopartic les supplemented diets 

Ch: chi tosan suppl emented diet 
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Figure: 6. Blood glucose level of sil ver carp fed basal and exper imental diets. 

Each bar represent the va lues as Mean ± SE, (n= 10). ANOYA followed by Tukey test and LSD. 

CNP: chitosan nanopartic les supp lemented diets 

Ch: chi tosan suppl emented diet 

35 



Results 

180 
a a 

160 
rT-

--- 140 
-
~ 120 
':.L b 

- 100 
-t 80 ..... .. 
~ 

e 60 
.:; 

'-' 40 

20 

0 
Control Ch C:\P 

Figure: 7. Plasma cho lestero l level of si lver carp fed basal and experimental diets. 

Each bar represent the values as Mean ± SE, (n= 1 0). ANOYA followed by Tukey test and LSD) 

CNP: chitosan nanoparticles supplemented diets 

Ch: chitosan supplemented diet 
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Figure: 8, Serum lysozyme activity of post cha ll enged Hypophthalmichthys molitrix ra ised on 

basa l and experimenta l di ets. 

Each bar represent th e val ues as Mean ± SE, (n= 10). ANOYA followed by Tukey test and LSD. 

CNP: chitosan nanopartic les suppl emented di ets 

Ch: chitosan suppl emented diet 
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Figure: 9. Post chal lenged tota l plasma protein level of HypophthaLmichthys moLitrix raised on 

different diets. 

Each bar represent the va lues as Mean ± SE, (n=1 0). ANOV A followed by Tukey test and LSD. 

CNP: ch itosan nanoparti cles supplemented diets 

Ch: chitosan suppl emented diet 
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Figure: 10. Post chall enged pl asma Immunoglobulin level of Hypophthalm ichthys molitrix rai sed 
on basal and experimental di ets. Each bar represent the values as Mean ± SE, (n=10). ANOYA 
fo ll owecl by Tukey test and LSD. 

CN P: chitosan nanoparti cles supp lemented di ets 

Ch: chi tosan suppl emented di et 
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Discussion 

Over th e past century, advancement in technology played an im portant ro le in 

transforming and reshap ing of products. Nanotechn ology is the most recent fie ld invol ves 

direct ly manipulating mater ials at a sca le of less than 100 nm. In our study, we used thi s 

techni que to prepare chitosan nanopa rti cles through lonotro pi c ge lat ion method. Acco rding to 

Rao et al. (2007), the phys ica l, opti ca l and functiona l propert ies of partic les changed, when 

mater ial converted to nanometer sca le. 

Chitin is the most abundant polysaccharide after ce llul ose with annual product ion of 10 10 

- 10 12 ton per year. It is the major component of the exoskeleton of arthropods and shell s of 

crabs and shrimps, also the main constituent of the ce ll wa ll of yeast and fu ngus (Rinaudo , 

2006). Chitosan is prepared frol11 chitin (Kum ar, 2000) when the degree of acetylation of it is 

less than 50% and becomes so lubl e in weak ac idi c so luti on e.g. acetic acid (p H < 6.0). Chitosan 

is 75-95% de-acetylated (Kurita, 2001 ) it is eco fr iendly and non-toxic hav ing no anti ge r~i c 

property. Nowadays, chitosan is being used in every fi eld of sc ience including medica l i.e. in 

mak ing art ifi cial skin , treatment of burn and tumors (Kim and Rajapakse, 2005), genetic 

engineering for de li very of DNA vaccines (Tasker et aI. , 1997) and also protecting DNA from 

degradation. In food industry, chitosan is used as a food preservative, as gelling agent, flavor 

extender and in aquaculture it is used as fish-feed add iti ve (Shahidi et aI. , 1999). 

In our stud y chi tosan nanoparticles were made through interaction between positi vely 

charged chitosan and negatively charged tri polyphosphate (TPP) which were further used as 

feed additive. The actua l size, surface morphology and shape of these nanoparticles were 

analyzed through different techniques i.e. through X-rays diffraction method and through 

scanning electron microscope (SEM). Clark and Sm ith in 1937 were the first sc ienti sts who 

make crysta l studi es of chitin and chitosan by usin g XRD. In the present stud y, chitosan 

nanopart icl es did not show any peak in the XRD pattern , thus reveals that all chitosan is 

converted in to nano forms which are amorphous in nature. Same reslilt i.e. no peak was 

observed by Lifeng et al. (2004) when he took the XRD pattern of chitosan nanoparti cles for 

characteri zati on. 

Scanning electron microscope (SEM) is extensively used for determination of 

morphology and physical state of surface and for the characteri zation of chitosan and its nano 

form (Varma et aI. , 2004) . Scanning electron microscope image of chitosan nanoparticles is 
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shown Figure 3. The sizes of these nanoparti cles were rangin g between 25.6 1 nm to 34.4 1 nm , 

and they were spherica l in shape. Vimal et al. (201 3) also prepared chitosan tripo lyp hosphate 

nanopartic les by using a simil ar [onotropic ge lation technique and used them for gene delivery in 

different tissues of shrim p through oral route. Although , like our nanoparti cles, they were 

amorphous and spheri ca l in shape, but their size ranges between 30-60 nm as compared to 

observed , 25.6 1 nm to 34.4 1 nm in the present stud y. Thi s variation may be related to the degree 

of deacety lation of chitosan used for the preparation of nanoparti cle. The same smooth and 

spheri ca l shape chitosan nanoparticles were also prepared by many other sc ienti sts and used 

them as ca rri ers for the deli very of Vitamin C through the gastrointestinal tract of rainbow trout 

in order to enhance the immunity (A li shahi et al. ,20 II ) or for coating of bovine serum albumin 

(BSA) ( Gan et aI. , 2005) . 

In our experiment, three di ets were offered to sil ver carp in triplicate gro ups i.e. 

basa l/control di et, chi tosan supplemented diet and chitosan nanoparti cles supplemented diet 

(CNP). The Initial bod y wei ghts of all three groups were approxim ate ly. It was observed that the 

final body weight (FBW) of silver carp fed chitosan nanoparti cles (CNP) supplemented diet was 

about 24% higher as compared to the chitosan enriched and basal di et fed groups, while chitosan 

supplementation showed a somewhat negative effect, therefore, the final we ight of fis h after 90 

days were about 2% less as compared to contro l group (Table 2). Simil ar results were observed 

in case of tilapia Oreochromis nilotica where chitosan and chitosan nanopart icles were used at 

the same suppl ementation level, 5 g/kg feed (Wang and Li, 2010). Initi al stock ing density and 

cu lture condition were same in our all groups of fi sh fed either basal or supplemented diets; 

therefore , it appears that the increased or decreased in weight is only due to the effect of CNP 

and chitosan. The % survival of si lver carp in the present study and til ap ia in the prev ious stud y 

were statist icall y similar in all experimental and contro l groups of fish indicate that chitosan had 

no profound negative effect on the survival of fish. The SGR (%) and FCE (%) in our stud y 

fo ll owed the similar trend as observed in case of %WG. Therefore, si lver carp rea red on a diet 

supplemented with CN P shovied better specifi c growth perform ance (P < 0.00 I) and higher (P < 

0.01) feed convers ion effi ciency (%) as compared to the fish fed chitosan and basa l di et. Si mil ar 

improved SGR% and FCE% were also observed in tilapia in response to a similar dose of 

chitosan and CNP (Wang and Li , 2010; Shiau and Yu, 1999). The benefi cial effect ofCNP on 

growth performance of s il ver carp similar to tilapia may be due to the enhancement of di gestion 
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and absorption of nutri ents across the gastrointestinal tract at lower leve ls (Gopalaka nnan and 

Arul , 2006). Hence, increased feed effic iency in case of chitosan nanoparticles supp lementat ion 

in feed indicated reduced feed ing cost. 

The hi gher effic iency of CNP as compared to chi tosan in the present stud y and reported 

by many other sc ienti sts may be related to the size and physical property of materi al. 

Phys iochemica l properti es of matter changes with the reducti on of size of materi al up to nano 

sca le i. e. less than 100 nm . Chi tosa n is heteropo lymer and crystalline in nature, obta ined from 

chitin through its deacetylati on while CN P are amorphous in nature and small er in size, 25.6 1 

nm to 34.4 1 nm in the present study and 30-60 nm reported by Vim al et a l. (20 13). Changing the 

size of chitosan increases its effi ciency, bi oava il ab ili ty and enhanced absorpti on across the 

gastro in testina l tract (K um ar et a i. , 2008). Nowadays, chi tosan nanoparticles ga ined their 

importance due to their better stability, low to xicity and easy preparati on methods i.e. throu gh 

lonotrop ic ge lation , pol ye lectrolyte compl ex, micro emul sion meth ods (T iya boonchai, 2003). 

Bio ava il ability of drugs depends upon the partic le size and res idence time of drug carrier in the 

gastrointest inal tract (Takeuchi et aI. , 200 I) . Being l11ucoadhesive in nature, chi tosan 

nanoparti cles are now bei ng used in dru g de li very system as carri ers such as antifungal, 

antibacteri al and anti parasitic dru gs (Soma et al., 2000) . The mucoad hes ive property of these 

nanopart icles are du e to the presence of positive charge on them which in teracts with the 

negatively charged siali c ac id of mucin , thus increas ing the contact time between drug and 

in test ine resulted in increased abso rption of drug (Soane et a i. , 1999) . 

The percentage we ight gain of sil ver carps fed chitosan supplemented di et was same as 

compared to the basal di ets fed fi sh. The same results were repolied by Lin et al. (20 11 ) when 

they supplemented chitosan to Cyprinus carpio koi and observed fin al body weight and specific 

growth rate almost similar to the control group of koi . Several investigators reported the positive 

effect of chitosan when it is converted into its nano form e.g. in til apia (Wang and Li , 2010), 

rainbow trout (Alishahi et aI. , 20 11 ) and in As ian sea bass Lates calcartler (Kumar et aI. , 2008). 

The growth promoting and inhibiting effect of chitosan sometimes depends on dosage of 

supplement. For example, in case of Grass shrimp, fin al body weight ga in , decreased with the 

increase in supplementat ion of chitosan in feed (S hiau and Yu , 1998). Shrimps on 2% and 5% 
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chitosan supplemented diet showed better growth performance as compared to 10% chitosan in 

the feed. However, when Trachino/us ovatus were rai sed on a di et supplemented with chitosan 

o ligosaccharide (COS), which was produced from chitosan through the enzymatic decompositi on 

method (Li et ai. , 2007), showed better growth performance with increasi ng COS fro m 0.0 g/kg 

to 6.0 g/kg diet (L in et ai. , 2012). Similar ly, Geng et a l. (201 1) reported enhanced growth 

performance, improved spec ific growth rate and feed conversion effic iency of cobia 

Rachycentrol1 canadum when diet supplemented with 6.0 g/kg chitosan and 1.0 g/kg Bacillus 

subtilis. 

Simil ar positive effects of chitosan on growth performance of Indian major carp Labeo 

rohita and olive fl ou nder Paralicthys olivaceus were observed in response to 1 % chitosan 

supplementation in feed (Aathi et ai. , 201 3) and chitosan coated moi st pell ets (MP) respective ly. 

These chitosan coated moi st pellets not only increased the average performance i. e. 10% 

increased in we ight as compared to a contro l group of fish , but also they improved the water 

qua lity parameters i.e. reduced chemical oxygen demand and suspended so li ds in fis h tank (Cha 

et ai. , 2008). The effects of chitosan on growth perform ances of aquatic anim als are 

controversial. The variabil ity of results may be due to the degree of deacetylation , molecular 

weight, size of chitosan i.e. bulk and nano form and dosage of suppl ementat ion. It was repo rted 

that chi tosan in encapsulated form increase their avai labi li ty and absorption across the 

gastroin testin al tract (A ranaz et ai. , 2009). The difference in growth perform ance of chitosan and 

CNP raised si lver carps may be due to the change in particl e size that leads to change in 

physiochemi ca l properties of chi tosan at the nanosca le (Al ishahi et ai. , 20 I I). 

Body composition of fish is used as its quality indicator that vari es with age, strain and 

diet (Austreng and Refstie, 1979). Sometime, the fish body composition varies fro m habitat to 

habitat and species to species (Quinton et ai. , 2007). In our experiment, we used silver carp as 

experimental fi sh which is filter feeder and mostly fed phytoplankton and zoop lankton 

(Santhanam et ai. , 1990). F ish fl esh is tasty, digestible and contains all essenti al amino acids, 

minerals, fatty acids and superior quality protein (Hossain , 1996) . In our stud y, moisture (%) and 

prote in (%) co ntent of muscles of all three experimental groups remained same after 90 days 

feed ing trial. The same results were reported by Ni u et a l. (2013) when they offered chitosan 
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supplemented diet to tiger shrimp Penaeus monodon. The statistica ll y no significant difference 

was also observed in (%) moisture of group of shrimps fed basal and chitosan enriched diet. 

However, whole body musc les fats (%) were sign ificantly different (P<O.OO I) in all three 

experimental groups of fish. The group of fish raised on chitosan enriched diet showed less fat 

content in their muscles as compared to fis h fed CNP enriched and basa l diet. Wang and Li 

(20 10), also reported the simil ar decrease in muscles fats (%) contents oft il ap ia in response to a 

similar dose of chitosan suppl ementat ion. The Grass shrimps also showed lower muscles fat % 

contents when they raised on chitosan (1.68% fats) as compared to chi ti n (2.28% fats) and basa l 

di et (2.59% fats) (S hiau and Yu, 20 11 ). The % fat content in chitosan fed fi sh was stati sticall y 

lower as compared to CNP fed sil ver carp. This difference in muscle fats contents may be due to 

difference in part icle size as reported earli er by Wang and Li (20 10). Lower muscles % fat 

content in fish may be corre lated with lower cholestero l leve ls in the blood sera of our 

experimental fish. As reported earli er by many sc ienti sts, chitosan is hypocholesterolemic in 

nature which is due to its water binding capacity and non-d igestibility in the upper digest ive 

intestinal tract (Muzzare lli , 1996). When chitosan was supp lemented in feed , it developed HCI 

layer around itself in the stomach . Therefore, while passing through the up per part of di gest ive 

tract i.e. small i ntesti ne, th is H C I layer got d i I uted and ch i tosan made agglomerates with 

cholestero l and fatty ac ids, hence reducing lipi d abso rption in the di gestive tract and caused their 

released directly out of the body without being abso rbed (Ebihara and Schn eeman, 1989). 

Chitosan fed rats showed increased feca l outpu t of natural sterol s. Kan nauchi et al. ( 1995) also 

reported the same effects of red uced fat abso rption in response to diet supplemented with 7% 

chitosan and fed for a month and suggested that the reduced fat abso rpti on may be due to the 

red uced chitosan viscos ity in the stomach, increase fat holing capacity and their reduced leakage 

in the in test inal tract. 

Cholesterol is the precursor of stero id hormones and structural component of ce ll 

membranes along with that it also fo rm s the outer layer of plasma lipoproteins (Yang and Chen, 

2003). It was reported by many researchers that chitosan red uced the blood cholestero l leve l in 

humans (Mhurchu et aL, 2004), rats (Chi ang et aL, 2000), fishes (Cui et aL, 20 12) and shrimps 

(Niu et aI. , 20 13). In our research, chi tosan signi ficantly (P<O.OO I) lowered the cholesterol leve l 

in fish , while no change in blood cholestero l level was observed in groups of s il ver ca rps fed 
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basa l and CNP supplemented diet. Tn humans, chitosan capsu les reduced body wei ghts and tota l 

cholesterol level as compared to the placebo group after 24 weeks (Mhurchu et al. , 2004 ; 

Kobayshi and Boukara, 2003) . Same lower cholesterol leve l in the chitosan fed group was also 

reported by Sango et al. ( 1988) and suggested that cholestero l loweri ng property of ch itosan may 

be due to the am ino suga r of chitosan which interacted with bile ac id in the small in testine, hence 

interfering with the abso rption and caused the excretion of stero ids in feces. According to Chiang 

et al. (2000) low plasma cholesterol was due to low leve l of VLDL cholestero l level. Chitosan 

exerted its effects on li ver LDL receptors hence, affect LDL cholestero l level. Hossa in et al. 

(2007) observed the decrease in cholestero l and triacyl glycero l concentrat ion along with 

decreased muscles fat content after provid ing chitosan containing di et to shrimps. 

In our stud y, it was noticed that the muscles ash content (%) was signifi cantly hi gher in 

both chitosan and CNP suppl emented silver carps as compared to basa l di et fed fish (Table 3). 

The same results were reported by Yongi and Hong-qi (2012) when they supplemented 0.25% 

and 0.50% chitosan in the di et of Carassius aura/us gibelio . They reported that chi tosan 

improved the ash content in Carassius auralus gibelio muscles. Relative ly higher muscle % ash 

content was obtained when ch itosan oligosaccharide complex with rare earth was supplemented 

in the di et of turbot Scop/halal11us l11axil11us (Cu i et aI. , 201 2). Muscles % fiber content was 

s li ghtl y hi gher in s il ver carp fed chi tosan enr iched diet as compared to control and CNP 

suppl emented diet. Thi s hi gher fiber may be due to biochemical compos iti on chitosan as it is 

in so lubl e dietary fiber in nature (Furda, 1999). 

In aquaculture, fish production could be increased by identi fy ing and providing the 

proper environmental conditi ons and through good management practices (Kama l and Omar, 

20 I I) . During aquaculture practices, many bi ologica l, ph ys ical and chemi ca l factors affect the 

physiologica l hea lth offish, thus impai ring its resistance aga inst di sease, reta rdin g fi sh growth 

and affect reproduct ive success (Wedemeyer et a I. , 1990). Nowadays , fish hemato logy has 

ga in ed much importance in aq uaculture practices and use to check fish hea lth status (Hurbec et 

a I. , 2000). Changes in fish 's blood biochemistry may indi cate the unsuitab le environment and 

culture conditions (Barce ll os et aI. , 2004). 
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In aq uaculture, level of blood glucose is used as an indi cator of fi sh's stress conditi on 

(Kav itha et a I. , 20 I 0) , although it is a less reli able source for determinin g the stress leve l 

(Momm sen et aI. , 1999) . Under stress conditi ons, blood glucose level ri ses as repOlted by Tintos 

et al. (2006) in gilthead sea bream. In our study, blood glucose level was significantl y lower (P < 

0.05) in both treated groups i.e. in group of fi sh reared on chitosan and CNP supplemented diets 

as compared to basal di et, while no significant difference was observed in glucose level of both 

treated groups. The same results were reported by Cha et al. (2008), when they fed chitosan 

coated moist pellets to olive flounder. These chitosan coated MP reduced the blood glucose 

about 17 .2% as compared to non-coated moi st pellets. Our results suggest that chitosan and CNP 

enriched diets provid e protection against stressful condition and thus positively influenced the 

health status of silver carp. 

Aspartate aminotransferase (AST) IS the malll enzyme which is involved in the 

metabolism of proteins to carbohydrate in mammals as we ll as in fish tissues (Gaudet et aI. , 

1975). AST activity is commonly related to lethal damage to certain organs like li ver and 

kidneys (Benedeczky et a I. , 1984). Any increase in act ivity of thi s enzyme in extrace llular fl uid 

or fish ' s plasma indicates liver damage (Pa lanivelu et aI. , 2005). In our stud y AST activity was 

sign ificantly lower (P < 0.01) in si lver carp reared on CNP enriched diets as compared to 

chitosan supplemented and basal diet. Highest AST activity was observed in a group of fish fed 

basal di et. Our results are in agreement with Nie et al. (2013) where chitosan supplemented diet 

to shrimps Penaeus monodon significantl y lower AST activity as compared to control group. 

Same low AST activity was also observed in oli ve fl ounder when fed chitosan coated moi st 

pellets as compared to non-coated moist pell ets (Cha et aI. , 2008). 

Hemoglobin is the iron containing protein involved in the transport of oxygen to all parts 

of the body. It was reported that chitosan supplementation does not depress serum hemoglobin 

and iron level in the body (Muzzarelli , 1996). In our experim ent, fishes fed basa l diet i.e. didn ' t 

contain either chitosan or CNP had low serum hemoglobin as compared to the treated group . The 

same results were obtained in case of RBC count in a group of fish fed basa l diet while 

comparat ive ly similar serum Hb and RBC count was observed in both groups of fish raised on 

chitosan and CNP enri ched di et. Our results may indi cate that RBCs were destroyed by 
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erythrob lastosis and leukocytosis in sil ver ca rps that did not rece ived chitosan or CNP in their 

di ets. Aithi et al. (2013) repOlied that RBC co unt and serum Hb leve l was signifi cantly hi gher (P 

< 0.05) in Ind ian major carp Labeo rohita when fed a diet enri ched with different leve ls of 

chitosan. The same results were reported by (Cha et aI. , 200 8) in olive fl ounder and in common 

carp Cyprinus carpio (V ictor et aI. , 2004). 

With the advancement in aquaculture, a range of bacterial infections emerged and caused 

major problems in fis h production (A lderm an and Hastings, 1998). These infecti ons are 

commonl y due to interaction between host, pathogen and the surrounding environment (Toranzo 

et aI. , 2005) . For the treatment of fi shes, antibiotics were used and four antibi oti cs were approved 

(Alderman and Hastings, 1998) fo r use in fi sh against bacteri al infecti ons. However, due to the 

development of antib iotics resistance in bacteria (Aoki, 1992), these antibioti cs are not much 

useful aga inst them. Bes ides antibiotics , vacc ines are also commercially ava il able which are 

effective against bacteri al in fectio ns, but these vaccines are also not too effecti ve again st all 

bacterial infections (Sakai, 1999) . Nowadays, immunostimul ants are used along with antibiotics 

and vaccines. These immunostim ul ants are quite Llseful for the disease contro l. They enh ance the 

fish non-specific defense mechanisms. Different types of im munosti mulants are used in 

aquacultures which are harmless to human health and the environment, biocompatible and 

biodegradab le (Esteban and Ortuno, 2001 ). These immunostimulants increase serunl lysozyme 

acti vity, caused the stimulation of natural kill er cell s and increased antibodies producti on in 

fi shes and protect them aga inst bacteri al infecti on (Harikri shnan, 2010). Chi tosa n as an 

immunostimulant showed bacteri cidal acti vi ty against many bacteria (Tsa i and Su, 1999) . The 

positive charge on chitosan caused the binding of chitosan on the bacteri al cell surface, and 

leading to the gradual shrinkage of the cell 's outer surface that result in ce ll death (Prashanth 

and Tharanathan, 2007). Binding of chitosan to bacteria's cell membrane also results in leakage 

of intracellular components due to the changes in the perm eability barri er; causes hindra nces for 

nutri ents to enter into the bacteri a' s ce ll. Chitosan showed broad-spectrum bacteri cidal acti vity 

aga inst both gram negat ive and pos iti ve bacteri a (Kumar et aI. , 2005). 

In our research, we chall enged some fi sh from both control and experimenta l group with 

E.coli after 90 days feeding tra il in order to compare the immune responses. The white bl ood ce ll 
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count in fi sh fed diet enri ched with CNP was signifi cantl y hi gher (P < 0.00 I) as compared to 

other fish. Same results were reported by Lin et al. (20 I I) when they chall enged Cyprinus carpio 

with Aeromonas veronii after feeding chitosan in the feed. Post cha ll enged WBC count was 

significantl y hi gher (P < 0.05) in fis h fed ch itosan in diet as compared to the contro ls. Sim ilar ly, 

Labeo rohila reared on chi tosan enriched di et and chall enge also showed signi ficantl y enhanced 

number of WBCs (A ithi et ai. , 201 3). 

Lysozyme is a cat ionic enzyme which is involved in the breakage of glycosidic bonds 

between N-acet lymuramic ac id and N-acetlyg lucosamine present in the ce ll wall of bacteria 

(A lexander and Ingram , 1992). Hi gh serum lysozyme activities directl y indicate hi gh activity of 

phagocytic and bactericidal activ ity, protecting fish from bacterial infect ion (Robertsen , 1994). 

Aithi et al. (201 3) studied the effects of different dosages of chitosan on the serum lysozyme 

activity of Indian major carp Labeo rohita and reported hi gh seru m lysozyme act ivity in fis h fed 

1 % chitosan in feed after 90 days feeding tr ial. The Similar results were observed in silver carps 

reared on chitosan and CNP enriched diet as compared to basal diet. However, significantly (P < 

0.001) highest lysozyme activity was observed in silver carps fed CNP supplemented di et. 

Antimicrobial act ivity of chitosan nanoparticles was reported by Luis et al. (20 14) on 

Streptococus l11ulans biofilms. High serum lysozyme activ ities in fis hes after providing di et 

enriched with chitosan were reported in cobia Rachycentron canadul11 (Xu et ai. , 20 II) , Cyprinus 

carpio (Gopa lkannan and Aru l, 2006) , oli ve flounder Paralichthys olivaceus (Cha et aI., 2008) 

and Trachinotus ovatus when fed a diet enriched with chitoo li gosaccharides (Lin et a i. , 20 12). 

In fish , serum proteins play an important role in immunity. The hi gher leve ls of serum 

protein indicate strong immunity (Rao et ai. , 2006). In our study, CNP en ri ched diet signifi cantl y 

increased the serum protein along with chitosan enriched diet as compared to the basal diet. Our 

results were in agreement with Cha et al. (2008) where high serum protein was observed in oli ve 

flounder when fed chitosan coated moist pellets as compared to basal diet. 

The main component of humoral system is serum immunoglobulin M and it is most 

abundant in fish (W il son et aI. , 2006). Tn fish, immunoglobulin production is the result of the fish 

immune response. Bony fish es have just one class of immunoglobulin i. e. IgM , which is almost 

simi lar to that of mammalian IgM. Ming et al. (2007) reported sign ificant ly (P<0.05) hi gher 
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serum JgM leve l in obscure puffer Fuga obscures when fed a diet enri ched with a combination of 

chitosan and probioti cs whereas Cuesta et al. (2004) repOlied statistica ll y (P<0.05) increased 

serum IgM leve l in sea bream Sparus aurala L. in response to different immunostimu lants and 

reported that their effect depends on dosage and tim e of admi ni strat ion of particular 

immunosti mul ant. The same results were obta ined in ou r study, where hi gh serum IgM leve l was 

obta ined in fis h fed diet enri ched with CNP followed by chitosan enri ched di et as compared to 

basal diet. 

Keeping in vIew the results, the present study revealed that chitosan nanoparti cles 

enri ched feed improve the growth performance, enh ance the fis h immun e response and improve 

biochem ica l indi ces, thus shov,/ing its importa nce in aq uacu lture. 
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