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ABSTRACT

A feeding trial for 60 days was conducted to sttity effect of electron beam (EB) irradiated fee@ WGy
radiation) on the haemato-immunological parametarsd histological changes in Labeo rohita (L. rohita
fingerlings. One hundred and eight fishes (5 @) %vere randomly distributed into 3 treatment greuwyith each of
three replicates. The feed ingredients irradiateztevcotton seed cake, rubber seed cake, soybeadnmestard oil
cake and rice bran. Three practical diets with 3p#6tein content were prepared viz control (non-ti@ed diet),
T1 (formulated feed treated with 10 KGy EB radinjicand T2 (feed formulated by individually irradsat
ingredients). Haemoglobin content in the treatmgmutups was increased significantly but RBC couns wsianilar
(P>0.05) among the experimental groups. Immunoklgjgarameters like respiratory burst activity andtal
leucocytes count increased significantly in EB dieted groups. Feeding EB irradiated diet affea thistological
structure of the gill and liver of the fishes irffdient groups. The study concludes that EB imseti diets improve
the haemato-immunological parameters in L. rohitgérlings.
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INTRODUCTION

The projected global aquaculture production by 28229 million tons [1] considering the current gth rate. The
average global animal feed production is 954 millions; out of which aquaculture feed contribute&4omillion
tons [28]. To reach the projected target, aqua-fiegdstry required almost three fold increase afaatged by 2021.
The requirements for aquaculture feed are likelybto further increased by an increasing trend tosvahe
intensification of farmed production of carp spedie Asian countries.

Fish meal, the conventional protein source is st effective and not available adequately to lfdlfe demand.
According to Rumsey [23] and Tacon [24] cost effectpractical aqua feeds can be produced from dignes

other than fish meal without affecting the growltxtensive research is carried out to replace thie fiieal with

some cost effective plant ingredients in aqua-f&é&adious oil seed cakes and meals are producedrge kcale as
by product of the edible oil industry. These in@ugbybean meal, cotton seed cake, ground nutkel, caustard oil

cake etc. These plant protein sources are consideost viable alternative to replace fish mealdoonomic fish

production in most developing countries. But thganproblem associated with the use of plant basgakdients in

fish feed is the presence of some anti-nutritidaetors [22].

Anti-nutritional factors like phytic acid, tannimdm complexes with proteins and digestive enzyrilesproteases
and amylases of the intestinal tract, thus inhbitihe digestibility [2]. Dietary tannin makes cdepwith iron and
making it unavailable for haemoglobin production. [Several attempts have been made to incorporitgeed
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based ingredients in aqua-feed through deactivadiompartial removal of these anti-nutritional fastoMany
traditional methods such as thermal processingisgaaddition of exogenous enzyme, applicationyf heat etc
are available for reducing the anti-nutritionalttas [4, 5]. Use of these techniques found to be &fective, labour
intensive and will lead to the loss of vital nuirig. Although, gamma irradiation has wide applmagi the presence
of radioactive residues in feed is a limiting factdhis has opened up the possibilities of emplgyihe EB
irradiation as a safe and reliable physical metbbitradiation. Free- electron is one of the newdistensions of
irradiation of agricultural products. The high- ege electron beam which once passed through métdriings
about physical, chemical and biological changesirigliation at a dose of 10 KGy has been founbeeffective
to reduce the antinutritional factors present @nplbased unconventional feed ingredients [6]. D&auination of
food and agricultural commodities by EB irradiatibas been proved to be successful without any appar
detrimental effects [25, 26, 27].

L. rohita being the important species extensively culturednidia, contributing 84% of the total aquaculture
production. The protein requirement lof.rohita is 30% [30] and has huge potential for utilizatimplant based
ingredients in the carp feed. But prior to the cameialisation of the technology, basic informati@yarding its
safe concentrations, effect upon dietary nutrieeffect on fish physiology need to be investigatédth this
background, the present study is designed to iilpadst the haemato-immunological parameters analbgtal
changes okL. rohita fingerlings fed with EB irradiated feed.

MATERIALS AND METHODS

Irradiation of feed samples and experimental dietpreparation

Experimental diets were formulated with 30% proteimd the feed formulation is given in Table 1. #Aie
ingredients were ground, weighted as per the foatiari and mixed well to form dough with the additiof
necessary quantity of water. When the dough wasddy the required amount of the oil was incorpatateit,
mixed well and placed in the cooker for 30 min. ekfcooking, vitamin and mineral premix was addedrup
cooling. Dough was pelletized and air dried (1-€)land kept in hot air (8G) over night for complete drying. After
drying, pellets were packed in two polythene bags, bag was given 10 KGy EB irradiation (T1 dietg#hjle other
bag was not given any irradiation (Control dietdpan while, feed ingredients such as soybean roetthn seed
cake, rubber seed cake, mustard oil cake and rare Were irradiated individually with 10 KGy EB fation and
the T2 diet was formulated using these irradiabggadients following the same procedure.

Table 1. Composition of the experimental diets fetb L. rohita fingerlings

Ingredients Percentage (%)
Soybean meal 25.0
Cotton seed cake 20.0
Rubber seed cake 20.0
Mustard oil cake 20.0
Rice bran 5.0
Coad liver all 6.0
Vitamin and mineral mixture 2.0
CcmMC 2.0
BHT 0.02

Composition of vitamin mineral mix (Agrmin) (quayfg)
Vitamin A-6,25,000 IU; Vitamin $£62,500 1U; Vitamin E-250mg; Nicotinamide-1g; Cu2sdg; Co-45mg; Mg-6g; Fe-1.5g; Zn-2.13g; I-156mg;
Se-10mg; Mn-1.2g; Ca-247.34g; P-114.68g; S-12.2a;, DN8mg; K-48.05mg.

Experimental design

The experimental set up consisted of six plastitaregular tanks (57 X 36 X 47 cm, 75 L capacityheOundred
and eight (108) fingerlings (5+0.5g) bf rohita were randomly distributed in 3 distinct experimémgups viz.
control, T1 and T2 in triplicate. Among these, hilicates the groups fed with formulated diets dftadiation and
T2 indicates the group fed with diet made up ofiittially irradiated ingredients.

Feeding trial
The fishes were fed to satiation with different esimental diets for a period of 60 days. Feeding adjusted to the
biomass after every sampling at 10 days intervdltha daily ration was divided into 2 equal parid &d.

Physiochemical parameters of water

Water quality parameters were maintained througtioeitculture period within the normal range viz pamature
(24-28°C), pH (7.2-7.5), dissolved Oxygen (6-7.5mppfree Carbon dioxide (0O ppm), total alkalinit}80-210
ppm), total hardness (180-195 ppm) and ammoni®{@.Q5ppm).
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Haemato-Immunological parameters

Collection of blood

Four fishes from each experimental group were thriged using clove oil and the blood was withdrainom
vena caudalisising a medical syringe and transferred immediatelyest tube containing thin layer of EDTA
powder and mixed well in order to prevent haemalysi

Haemoglobin percentage

The haemoglobin content of blood was analyzed ¥otlg the cyanmethemoglobin method using Drabkinsd-
(Qualigens). Blood (2@l) was mixed with 5 ml of Drabkins working solutiém a test tube and the absorbance was
measured at 540 nm wave length. The final concémtravas calculated by comparing with the standard
cyanmethemoglobin (Qualigens) by using the follapiormula:-

haemoglobin (g/dL)= [OD(T)/OD(S)]x[251/1000]x60,
where OD(T) is the absorbance of the test, OD(8)désabsorbance of the standard.

Total RBC and WBC counts

Total RBC and WBC were counted using the RBC ando/dButing fluids (Qualigens), respectively. Blo(@DuL)
was mixed with corresponding diluting fluid (3980Q)in a clean test tube and was shaken well toengsphe cells
uniformly in the solution. The cells were countadaihaemocytometer using high power (40X) of ligitroscope.

The following formula is used to calculate the nembf RBC and WBC
No. of cells (mn) = No of cells counted X dilution / Area countecd®pth of fluid

Respiratory burst activity

Nitro blue tetrazolium (NBT) assay was carried asitof Secombes [29] and as modified by StasiaclkBansnann
[7]. Blood (50 pl) was placed into the wells of ‘Bottom microtitre plates and incubated af@7or 1hr to
facilitate adhesion of cells. Supernatant was adaliéd 0.2% NacCl (50ul) after PBS washing (3 times)d was
incubated for 1hr. The cells were then fixed with0% methanol (2-3 minutes) and again washed thwitke
methanol (30%) and then air dried. Each well wadeddwith 2N potassium hydroxide (60 pl) and diméthy
sulphoxide (70 pl). The OD of the turquoise bluliBon was then read in ELISA reader at 540 nm.

Serum protein, albumin and globulin

Serum protein was estimated by biuret method [8]guthe kit (Colagen). Biuret reagent (1 ul) wasled with 50
ml of serum, mixed well and incubated af@%10 min) and the absorbance was measured at3@lbumin was
estimated by the bromocresol green binding met®ddThe absorbance of the standard and test wasurezhat
630 nm. Serum globulin was determined by subtrgcserum albumin from total protein. The albuminbgln

ratio (A/G) was determined.

Histological analysis

Fish gill and liver were collected and preserved @6 neutral buffered formalin for 72 hrs. Samplese further
processed as per the routine laboratory protoatisaetions of 54 size were stained with haematoxaid eosin
stains. Slides were observed under Zeiss Digitakddicope using Axiovision software.

Statistical analysis

The mean values were analyzed by using the staiis§oftware SPSS version 14.0. Mean values between
treatments were compared using Duncan multiple eatggt. Difference were considered at 95% level of
significance (P<0.05).

RESULTS

The blood hemoglobin, total WBC counts and RBC ¢airtheL. rohita fingerlings of different treatment groups
are shown in Table 2. Both the irradiated diet égdups showed significant increase in hemoglobintexat
compared to control group. Among hematological peeters analyzed, both T1 and T2 groups did notrdecb
significant difference between each other except?W&C count.

The production of superoxide examined by NBT reiductn L. rohita fingerlings was significantly (P<0.01)
influenced by irradiation (Table 2). Both the iri@ed diet fed groups showed significant increaseNBT
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compared to the control group, where as the NBlievhletween T1 and T2 groups showed no significiiierence
from each other.

Table 2: Total WBC (1’mm), RBC (16?mm), Haemoglobin (gm %) and NBT (A620) level iri_. rohita fingerlings fed with EB irradiated
diet at the end of experiment

WBC RBC Haemoglobin content NBT
Control 1.58+0.34 1.94+.05 8.6°+0.20 0.24 +0.004
T1 2.96+0.89 1.95+0.08 14.24+0.24 0.40*'+0.001
T2 2.46°+0.5 1.92+0.1 13.98 +0.14 0.4% +0.001

Mean value in the column with different superscdiffier significantly (P<0.05). Data expressed asam + SE. Values recorded in percentage
on wet weight basic were arcsine transformed fstirig the variance.

Total protein, albumin, globulin values were sigrahtly higher in the irradiated groups than thetoad group
(Table 3). But T1 and T2 groups were similar foratgrotein. Albumin globulin ratio A/G ratio didoh vary
significantly among all the experimental groups.

Table 3: Total protein, albumin, globulin (gm %) and A/G ratio in L. rohita fingerlings fed with EB irradiated diet at the endof
experiment

Total Protein Albumin Globulin A/G ratio
Control 4.37:0.01 1.09+0.001 3.28+0.10 0.33 0.04
T1 6.23+0.001 1.53+0.02 4.70+0.12 0.33+0.002
T2 7.020.03 1.500.001 454001 0.3310.01
Mean value in the column with different superscdiffier significantly (P<0.05). Data expressed asam + SE. Values recorded in percentage
on wet weight basic were arcsine transformed fstitig the variance. A/G = albumin: globulin

Gill tissue from control fish exhibited swollen prary lamellae and extensive hyperplasia of secgnidanellae
along with severely damaged secondary epithelitd ead complete loss of secondary lamellae at solaees (Fig
1). Whereas gill tissue from both the treatmenh fisl and T2 showed marked improvement in the sesrgnd
lamellae and secondary epithelial cells showed orilgt basal hyperplasia (Fig. 2 and 3). Liver ts$tom control
group exhibited multiple necrotic focal areas odéedpwith atrophied acinar cells. Liver parenchynsoashowed
extremely damaged hepatic cords and atrophied beyias (Fig.4). Whereas sections of liver tissoenftreatment
fish showed marked improvement in the liver pargned, only few mild focal necrosis could be notic&dell
arranged pancreatic acinar cells were seen betthiedmepatocytes in both the treatment groups gand 6).

Fig 1. Gill tissue ofL. rohita fingerlings fed control diet showing swollen primay lamellae and hyperplasia of secondary lamellaeleng
with severely damaged secondary epithelial cells
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Fig 2. Gill tissue ofL. rohita fingerlings fed with T1 diet showing no visible chnge
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Fig 3. Gill tissue ofL. rohita fed with T2 diet showing no visible changes
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Fig 5. Liver tissue ofL. rohita fingerlings fed with T1 diets exhibited normal wit few mild focal necrosis
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Fig 6. Liver tissue ofL. rohita fingerlings fed with T2 diet showed normal with mid focal necrosis
DISCUSSION

The haemoglobin content bf rohitafingerlings reduced significantly in non-irradiatdigtt fed groups as compared
to irradiated diet fed groups. The decrease of loggwbin in non-irradiated diets may be due to bigddf tannins
with F€* ions, which forms the central core of the haemioiglanolecule, making it unavailable as evidenced by
Afsana et al. [3]. But Mmereole et al [13] reportedt boiler chicken, fed with non-irradiated rubbeed cake diet
did not affect the haemoglobin content.

No significant variation in RBC count among diffetéreatment and control groups were recorded bypttesent
study. However, both the irradiated diet fed grosipswed significantly higher levels of WBC counatihthe non-
irradiated diet fed groups. Mmereole et al [13]Jared reduction in WBC count in broiler chickend feith rubber
seed cake based diets. WBC is an important compaf@nmunoglobulin for antibody production and vetion of
WBC count may leads to reduction in immunity. I thresent study, WBC were reduced significantiyon-
irradiated diets, indicated that feeding of raarplbased diets having higher level of anti-nunisil factors may be
detrimental to fish by suppressing its immunaoastiatory effect.

Fish phagocytes are able to generate superoxide(®h and its reactive derivatives (i.c hydrogen pedexand
free radicals) during a period of intense oxygenstonption called the respiratory burst activity ,[27]. These
reactive oxygen derivatives are considered to ke tior fish bacterial pathogens [17, 14] and aemayated by
phagocytes upon stimulation. The stimulation of piagocytic cell membrane leads to increase consompf

oxygen, the reduction of which is catalyzed by anfbene bound enzyme NAD(P)H oxidase which givestas}

[15]. So, it is evident that increased respiratouyst activity can be correlated with increaseddrigidal activity of
phagocytes [16], hence a better immunity. In thresent study the NBT value was significantly higimeirradiated
diet fed group than the non irradiated diets fedupr EB irradiation at 10 KGy can effectively reduthe
antinutritional factors in soybean meal, cottondseake [6]. Hence, the higher respiratory bursiviagtin the

irradiated diet fed group may be attributed to teduction of anti-nutritional factors by the EBaidiation and
thereby, reduces the stress, leading to higher mitgnu

Proteins are the most important compounds in thensevith albumin and globulin being the major senirateins.
The gamma globulin fraction is the source of almalstthe immunological active protein of the bloadd are
absolutely essential for maintaining a healthy imemgystem. Increase in the serum protein, albumihgdobulin
levels are considered a stronger innate responfishies [18]. In the present study, serum protalbumin and
globulin were significantly higher in irradiatededlifed group than the non-irradiated diet fed grddigher values
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of serum protein and globulin in irradiated died fgroup indicates that EB irradiated diet givesalthy immunity
system inL. rohita fingerling than the non-irraadiated diet. Mmeeeet al [13] reported the reduction in serum
protein level of broiler chicken, fed with raw rubbseed cake based diets. But, EI-Neily [12] rgubfeeding rats
on gamma-irradiated cotton seed meal at 10 KGyezhus significant changes of total protein and idiou
concentration. In the present study the albumifngiio ratio of the experimental groups did not shawy
significance different indicating, no immuno-supgsige effect of EB irradiated diets bnrohita fingerlings.

The gill tissue oL. rohita fingerlings fed with non irradiated diettowedswollen primary lamellae and extensive
hyperplasia of secondary lamellae along with sdyetamaged secondary epithelial cells and losseabisdary
lamellae at some places. However, none of thes@afihology were evident in the fishes of both treatments
groups fed with irradiated diets. This is substtetl by the finding of Roman & George [19] who nmeed
hyperplasia and swollen in primary lamelladnchorhynchus mykisxposed to high dietary tannin. Varanka et al
[20] reported marked necrosis in the liver and esgdnof tissue when exposed to tannic acid in comeagn In the
presence study the liver tissue from control fisekewed multiple necrotic focal areas occupied wittophied
acinar cells which may be due to toxic effect afrtia in the nonirradieted diet fed groups.

CONCLUSION

From this study, it can be concluded that haemgicéb parameters df. rohita fingerlings were affected except for
RBC due to feeding of EB irradiated diet. Immundtad) parameters of thé. rohita fingerling fed with EB
irradiated diet were also stimulated as evidentrizyeased total leucocytes count and increasedragsgy burst
activity. This indicates that EB irradiated dieshenmune-stimulating effect in. rohitafingerlings.
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