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Abstract
The aim of the present study is to assess the effects of selenium nanoparticles on the growth, hematology and 
nutrients digestibility of Labeorohita fingerlings. Fingerlings were fed with seven isocaloric sunflower meal-based 
diet supplemented with different concentrations of nanoparticles naming T1 to T7 (0, 0.5, 1, 1.5, 2, 2.5, and 3 mg/kg), 
with 5% wet body weight while chromic oxide was used as an indigestible marker. After experimentation for 
90 days T3 treated group (1mg/kg -1Se-nano level) showed the best result in hematological parameters (WBC’s 
7.97 ×103mm-3, RBC’s 2.98 ×106 mm-3 and Platelet count 67), nutrient digestibility (crude protein: 74%, ether extract: 
76%, gross energy: 70%) and growth performance (weight gain 13.24 g, weight gain% 198, feed conversion ratio 
1.5, survival rate 100%) as compared to the other treatment groups. Specific growth rates were found significantly 
higher in T5 than in other groups. The present study indicated positive effect of 1 mg/kg Se-nanoparticles on growth 
advancement, hematological parameters, and nutrients digestibility of L. rohita fingerlings.

Keyword: selenium nanoparticle, hematology, nutrients digestibility, L. rohita, growth.

Resumo
O objetivo do presente estudo é avaliar os efeitos das nanopartículas de selênio no crescimento, hematologia e 
digestibilidade dos nutrientes de alevinos de Labeo rohita. Os alevinos foram alimentados com sete dietas isocalóricas 
à base de farinha de girassol suplementada com diferentes concentrações de nanopartículas, nomeando T1 a 
T7 (0, 0,5, 1, 1,5, 2, 2,5 e 3 mg / kg), com 5% do peso corporal úmido enquanto o óxido crômico foi usado como 
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2. Materials and Methods

Healthy fingerlings of L. rohita were brought and 
acclimatized in Fish Nutrition Lab, Government Collage 
University Faisalabad from Govt. Fish Seed Hatchery, 
Faisalabad for 15 days and fed with basal diets (Allan and 
Rowland, 1992).

2.1. Feed ingredient analysis and selenium nanoparticle

Analysis of feed ingredients was done by using the 
standard methods (AOAC, 1995). Nanoparticles of Se were 
analyzed with TEM and XRD (TEM.JEOL2100.20171206) 
(Iqbal et al., 2014) for confirmation of size and structure 
as pure crystalline because they were purchased from the 
market (Sigma Aldrich).

2.2. Pellets formation

Feed pellets were formulated by following Lovell, 
1989. Feed ingredients were grounded to a size of 0.5mm 
and pass through a sieve of 0.5mm to confirm the grain 
sizes. All ingredients were then mixed for 5 min with the 
gradual addition of fish oil. Water was added to make 
suitable dough after mixing of ingredients and pellets of 
the desired size were formulated thereafter.

2.3. Preparation of stock solutions of NP’s

Protocols given by Federici et al. (2007) were followed 
properly for preparing and conformation of stock solutions 
of nanoparticles. Sonication method (for 6-8Hr) was used 
to prepare the stock solution of dry powder of pure NPs 
and further dilutions were prepared from these stock 
solutions to ensure the required level (0, 0.5, 1, 1.5, 2, 
2.5 and 3mg/Kg) of Se NPs.

2.4. Adding nanoparticles to basal diet

Just before spraying the diluted Se solutions on the 
basal diet, they were sonicated for extra 15 minutes 
as recommended by Ramsden  et  al.(2009). Required 
concentration was sprayed gradually after pouring one 
Kg feed into food mixer. The seven test isocaloric and 
isoenergetic diets were prepared by spraying classified 
levels (0, 0.5, 1, 1.5, 2, 2.5 and 3 mg/Kg) of nanoparticles 
of Se which coated with feed pellet immediately. Feed 
pellet was dried and then eventually stored in an airtight 
container for future use (Table 1 and 2) .

2.5. Sample collection and feeding protocol

Each control as well as an experimental group comprised 
of triplicates with 15 fingerlings which were fed for 90 days 

1. Introduction

Fish flesh contains the highest quality of protein, 
nutrients, and vitamins that our body needs, and worldwide 
animal protein consumption is 17% (Kwasek et al., 2020; 
Shah and Mraz, 2020). In south India, L. rohita is the 
most demanding fish and with Catla catla and Cirhinus 
mrigala it contributes 67% of fresh water production 
(Krishnaveni et al., 2013).

Selenium is considered to be avital micronutrient for 
the regular performance of the body and its supplemented 
diet could play an important role to enhance the quality 
parameters like growth, hematology and nutrient 
digestibility (Handy et al., 2012). It also boosts immune 
system activities. Various studies recommend the use 
of selenium nanoparticles as a dietary source. Selenium 
deficient diet in organisms can cause problems like 
pneumonia, infertility, and oxidative stress (Pelyhe 
and Miklos, 2013). Nanoparticles have a wide range of 
applications that help in improving feed quality, absorption 
of nutrients, and utilization of minerals (Vijayakumar and 
Balakrishnan, 2014).

The demand for food especially proteins is increasing 
day by day as the human population has been increased. 
To overcome this problem aquaculture is the best option to 
achieve the goal of fulfillment of this demand of proteins. 
New technologies in aquaculture have made it cost-effective 
and helping to create a friendly and healthy environment 
for the aquatic organism (Hussain et al., 2015a). Fish meal 
is an expensive source of protein and nutrients in feed. 
About 60% of the total cost of the fish culture is paid in 
feed formulation (Essa et al., 2004).

Scientists used plant byproducts as the source of 
protein and nutrients in fish feed over the last few decades 
(Hussain et al., 2015a). In the current study, we selected 
sunflower meals as an alternative source of protein and 
nutrients. In Pakistan, sunflower meal is preferred as a 
diet for aquaculture as it contains proteolytic enzymes 
and has the lowest cost (Khan et al., 2006). It has 45-48% 
crude protein. It is a palatable and nutritionally balanced 
diet to achieve maximum fish growth results (Tahir et al., 
2008). Sunflower is also the best, cheap, and easily available 
source of proteins (Mushtaq et al., 2006) as compared to 
fish meal.

The main objective of this study was to calculate 
the effect of Se nano-particles supplemented diet on 
growth, nutrients digestibility and hematology of L. rohita 
fingerlings.

um marcador indigesto. Após a experimentação por 90 dias, o grupo tratado com T3 (nível 1mg / kg -1Se-nano) 
mostrou o melhor resultado em parâmetros hematológicos (WBC’s 7,97 × 103mm-3, RBC’s 2,98 × 106mm-3 e 
contagem de plaquetas 67), digestibilidade dos nutrientes (proteína bruta: 74%, extrato de éter: 76%, energia bruta: 
70%) e desempenho de crescimento (ganho de peso 13,24 g, ganho de peso % 198, taxa de conversão alimentar 
1,5, taxa de sobrevivência 100%) em comparação com os outros grupos de tratamento. As taxas de crescimento 
específicas foram encontradas significativamente mais altas em T5 do que em outros grupos. O presente estudo 
indicou efeito positivo de 1 mg / kg de nanopartículas de Se no avanço do crescimento, parâmetros hematológicos 
e digestibilidade de nutrientes de alevinos de L. rohita.

Palavras-chave: nanopartícula de selênio, hematologia, digestibilidade de nutrientes, L. rohita, crescimento.
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with different above-said concentrations. Feces were 
collected from each tank by opening and closing of valves 
following Hussain et al. (2018).

2.6. Feces and feeds analysis

Standardized methods by AOAC (1995) were used to 
analyze feed ingredients, feces, and test diets. Crude fat 
and crude fiber were determined from micro-Kjeldahl 
apparatus and oxygen bomb calorimeter in test diets and 
feces. Chromic oxide estimation in feces and diets was 
donewith a spectrophotometer (Model: UV.VIS 2001) at 
an absorbance of 370nm (Divakaran et al., 2002).

2.7. Study of growth

Fingerling growth performance was estimated by using 
the standard method as represented by Hussain  et  al. 
(2015b). As Percentage weight gain is determined by using 
Equation 1; FCR by Equation 2 and % SGR by Equation 3.

 %    100
 

Final Initial weightWeight gain
Initial weight
−

= × 	 (1)

      
   

Total intake of dry feedFeed conversion ratio
Wet body weight gain

= 	 (2)

  %    100
 

Final Initial fish weightSurvival growth rate
Trial day

−
= × 	 (3)

2.8. Nutrient digestibility

Apparent coefficient for nutrient digestibility (ACD) in 
experimentation diet was determined by using formula 
represented by Hussain  et  al. (2015a). Percentage ADC 
determined by using Equation 4.  

 %     %  %  100 –100 
%    %  

nutrient in feces diet markerADC
nutrient in diet feces marker

×
= ×

×
	 (4)

2.9. Hematological parameter

Hematological parameters were calculated by protocols 
of Peake (1998) and Coyle et al. (2004). The capillary tube 
method was used to determine the hematocrit (Brown, 
1988). WBC’s and RBC’s were calculated with a haemo-
cytometer. The concentration of Hemoglobin was evaluated 
as defined by Blaxhall and Daisley (1973). To calculate 
MCHC; MCH and MCV following formulae were used in 
Equation 5, 6 and 7:

( )     / 100Mean corpuscular hemoglobin concentration MCHC Hb PCV= × 	(5)

( )   / 10Mean corpuscular hemoglobin MCV PCV RBC= × 	 (6)

Table 1. Feed ingredients with percent chemical composition.

Ingredients Fish meal Rice polish Wheat flour Sunflower

%Dry matters 91.67 94.06 92.4 93.80

%Crude Protein 49.03 11.87 09.73 40.81

%Crude Fat 6.93 12.69 2.24 3.69

%Crude Fiber 1.23 11.91 2.73 1.94

%Ash 23.15 11.32 1.99 09.96

Gross Energy(kcal/g) 2.49 3.41 3.06 3.64

Carbohydrate 19.66 52.21 82.21 43.6

Table 2. Percent composition of ingredients oil seed meal based test diets.

Ingredients
Test Diet

I II III IV V VI VII

Nanoparticles 
(mg/kg)

0 0.5 1 1.5 2 2.5 3.0

Sunflower meal 50 for all test diets

Fish meal 14.5for all test diets

Wheat flour 13 for all test diets

Rice polish 11 for all test diets

Fish oil 7.5 for all test diets

Vitamin premix 1 for all test diets

Minerals premix 1 for all test diets

Ascorbic acid 1 for all test diets

Chromic oxide 1 for for all test diets
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( )    / 10Mean cell volume MCH Hb RBC= × 	 (7)

2.10. Statistical analysis

All the experimental data were analyzed using ANOVA 
(Steel et al., 1996) followed by Tukey’s Honesty method 
(Snedecor and Cochran, 1991). Statistical analyses were 
performed by using Co-Stat Package (Version 6.303USA).

3. Results

Transmission Electron Microscope and X-Ray Diffraction 
techniques were used for the confirmation of the size, shape, 
and phase composition of (Se NPs). TEM clarifies the round 
shaped particles of about 8-10nm which are homogenous 
in size. Figure 1 demonstrates the morphological analysis 
of Se-nanoparticles in magnification form as shown in 
Figure 1a and normal TEM in Figure 1b. In these figures, 
10nm and 50nm scale bars were used for the magnified 
TEM and normal TEM images. This result shows that the 
size and nature of nanoparticles less than 100nm about 
10nm and pure which are used in test diets. The X-ray 
Diffraction technique, confirms that the sample is in a 
nano-crystalline structure and the same as the standard 
selenium powder of these nanoparticles in Figure 2.

Hematological indices such as WBC’s (7.97×103mm-3), 
RBC’s (2.98×106mm-3), Platelet count (66.64), Packed cell 
volume (24.98%), hemoglobin concentration (8.72g/100ml) 
and Mean corpuscular volume (188.22fl) werefound at 
their best level in fish fed by the test diet supplemented 
with 1mg/kgSelenium nanoparticle diet (T3) while, Mean 
corpuscular hemoglobin concentration (35.12pg) was 
observed at its best at 2mg/kg Se-nano level; (T5) whereas 

mean corpuscular hemoglobin (58.22pg) was observed at 
its best level at 0.5mg/kg Se-nano level; (T2). The data of 
hematological parameters aregiven in Table 3. The values 
of hematological parameters in the fish fed a control diet 
were as WBCs (7.25×103mm-3), RBCs 2.16×106mm-3), PLT 
(58.39), PCV (23%), MCV (180.38fl), Hb (7.6g/100ml), MCH 
(52.51) and MCHC (31.94pg).

A significant difference(p<0.05) of all the hematological 
parameters were observed between the fingerlings fed 
experimental diets and controlled one which indicates that 
Se-nano plays a crucial role in the growth and health of fish 
when supplemented in fish feed. The lowest values of WBCs 
(6.75×103mm-3), RBCs (1.33×106mm-3), PLT (55.29), and Hb 
(6.61g/100ml) were found at 2.5 Se-nano(mg/kg) level; (T6) 
while PCV (21.62%), MCV (99.15fl), MCH (40.08) and MCHC 
(26.93pg) were detected in fed by fish to test diet (T7) which 
was supplemented with 3 Se-nano(mg/kg).As can be seen 
from the above results, hematological parameters began 
to increase with an increase in nanoparticle concentration 
till 2mg/kg Selenium nanoparticle and then began to 
decrease with increase the supplementation of Se-nano.

The percentage of nutrients present in feces, feed, and 
digestibility are shown in Table 4, 5, and 6 respectively. 
In test diet (T3) supplemented with 1 Se-nano(mg/kg), 
the coefficient of apparent digestibility (crude protein: 
74%, ether extract: 76% and gross energy 70%) were also 
recorded at their highest level. While these values were 
observed to be significantly different (p<0.05) in the control 
group (crude protein: 53%, ether extract: 57%, and gross 
energy 53%). A highly significant difference (upto 21% 
crude protein, 19% ether extract and 17% gross energy) in 
nutrients digestibility of controlled and experimental levels 
can be observed. Lower value of digestibility of nutrient 
(crude protein: 51%, ether extract: 51% and gross energy 

Figure 1. View of Selenium Nanospheres by Transmission Electron Microscopic (a) 10nm scale bar (b) 50nm scale bar with magnified form.
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49%) wererecorded at 2.5 Se-nano(mg/kg) level (T6) and 
at 3 Se-nano(mg.kg) level (T7) respectively. Parameters for 
nutrient digestibility began to increase with increasing 
the concentration of nanoparticle till 2mg/kgSe-nano but 
further increase above this mentioned level in Se-nano 
supplementation causes the decline in parameters values 
as observed from above-mentioned results.

The growth data is shown in Table 7 and the highest 
growth (13.24g), %weight gain (198), Feed conversion 
ratio (1.5), and with 100% survival were recorded in (T3) 
at 1 Se-nano (mg/kg) diet, while best survival growth rate 
(1.55) in (T5) at 2 Se-nano (mg/kg). The values of growth 
parameters in the control group were weight gain (10.95g), 
percentage weight gain (163), Feed conversion ratio (1.86), 
survival growth rate(1.08), and survival (98%). Highly 
significant differences (upto 2.29 of weight gain, 34% 

weight gain, 0.36 feed conversion ratio, 0.47 survival growth 
rate and 2% in survival were recorded.The lowest growth 
indices were observed as weight gain (10.08 g), percent 
weight gain (147), Feed conversion ratio (1.88), Survival 
growth rate(1.01), and survival (96%) in treatment group 
7 (T7) at 2.5 Se-nano (mg/kg) diet. This result shows that 
increment of Se-nano in the diet enhances the efficiency 
of growth parameters till 2 mg/kg, afterward decline with 
an additional increase of Se-nanoparticles in the diet.

4. Discussion

Blood is an indicator of the physiological condition 
health of the internal environment of any organism. 
Therefore, experiments were conducted to study the 

Figure 2. Selenium Nano-spheres view by X-Ray Diffraction.

Table 3. Hematological parameters of L. rohita fingerling graded level fed with Se-nano supplemented Sunflower meal based diets.

Diets
Se-nano 
(mg kg-1)

RBC 
(106mm-3)

WBC 
(103mm-3)

PLT
Hb 

(g/100ml)
PCV 
(%)

MCHC 
(%)

MCH 
(pg)

MCV 
(fl)

Test Diet –I
(Control diet)

0 2.16c 7.25b 58.39c 7.6bc 22.99d 31.94c 52.51c 180.38d

Test Diet –II 0.5 2.65b 7.71a 63.30b 8.08ab 24.39abc 35.25a 58.22a 181.86c

Test Diet –III 1 2.98a 7.97a 66.64a 8.72a 24.98a 33.96b 52.41c 188.22a

Test Diet –IV 1.5 2.74ab 7.83a 64.01b 7.8bc 23.82bc 32.51c 44.41d 186.19b

Test Diet –V 2 2.66b 7.72a 63.82b 8.14ab 24.43ab 35.12a 57.05b 181.79c

Test Diet –VI 2.5 1.33e 6.75c 55.29e 6.61d 23.63cd 29.52d 52c 178.94e

Test Diet –VII 3 1.69d 6.99bc 57.25d 7.25cd 21.62e 26.93e 40.08e 99.15f

*PSE 0.06 0.07 0.18 0.14 0.16 0.22 0.21 0.23

P-Value .0*** .0*** .0*** .0*** .0*** .0*** .0*** .0***

These are different abbriviation of Complete Blood Count in Table as: RBC (Red Blood Cell). WBC (White Blood Cell). PLT (Platelets). Hb (Hemoglobin). 
PCV (Packed Cell volume). MCHC (Mean Corpuscular Hemoglobin Concentration). MCH (Mean Corpuscular Hemoglobin). MCV (Mean Corpuscular 
Volume). a, b and c on values used to show the interreltion among these as Duncan test applied on it; while star pattern is used to notify the 
signification of parameters with diet as these notify highly significant correlation among these. *PSE = pooled SE = √MSE/n (where MSE = mean-
squared error). ***p < 0.001, P-value less than 0.0001 shows highly significant correlation.
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Table 4. Percentage of nutrients in test diets of L. rohita fingerlings fed graded levels of Se-nano supplemented Sunflower meal based diets.

Diets Levels Se-nano(mg kg-1) %CP in diet %EE in diet GE (kcal/g) in diet

Test Diet
(Control diet)

I 0 31.40 6.94 3.87

Test Diets II 0.5 31.49 6.94 3.87

III 1 31.39 6.92 3.86

IV 1.5 31.35 6.94 3.87

V 2 31.43 6.92 3.88

VI 2.5 31.36 6.92 3.86

VII 3 31.40 6.91 3.86

*PSE 0.19 0.029 0.035

P Value .998ns .986ns .999ns

*PSE = pooled SE = √MSE/n (where MSE = mean-squared error). CP (Crude protein). EE (Efficient energy). GE (Gross Energy).  While ‘ns’ for non 
significant correlation as  parameters with diet notify no effective correlation among these

Table 5. Percentage of nutrients in feces of L. rohita fingerlings fed graded levels of Se-nano supplemented Sunflower meal based diets.

Diets Levels
Se-nano(mg 

kg-1)
% CP in feces % EE in feces

GE (kcal/g) in 
feces

Test Diet
(Control diet)

I 0 16a 3.26b 1.99b

Test Diet II 0.5 12.86b 2.6c 1.62cd

III 1 8.75c 1.77e 1.25e

IV 1.5 9.8c 2.26d 1.48d

V 2 12.69b 2.69c 1.71c

VI 2.5 16.73a 3.27b 2.10ab

VII 3 16.61a 3.77a 2.23a

*PSE 0.255501 0.063032 0.045635

P Value .0*** .0*** .0***

*PSE = pooled SE = √MSE/n (where MSE = mean-squared error). CP (Crude protein). EE (Efficient energy). GE (Gross Energy). a, b and c on values 
used to show the interreltion among these as Duncan test applied on it; while star pattern is used to notify the signification of parameters with 
diet as these notify highly significant correlation among these. ***p < 0.001, P-value less than 0.0001 shows highly significant correlation.

Table 6. Percentage of nutrients digestibility of L. rohita fingerlings fed graded levels of Se-nano supplemented Sunflower meal based diets.

Diets Se-nano(mg/kg) % CP digestibility % EE digestibility % GE digestibility

Test Diet –I
(Control diet)

0 53.47e 57.1d 53.01e

Test Diet –II 0.5 62.46d 65.50c 61.62c

Test Diet –III 1 74.09a 76.19a 69.86a

Test Diet –IV 1.5 71.80b 70.65b 65.51b

Test Diet –V 2 63.79c 65.13c 60.45d

Test Diet –VI 2.5 51.46f 57.03d 50.51f

Test Diet –VII 3 52.83e 51.39e 48.63g

*PSE 0.271132 0.168676 0.177

P Value .0000*** .0000*** .0000 ***

*PSE = pooled SE = √MSE/n (where MSE = mean-squared error). CP (Crude protein). EE (Efficient energy). GE (Gross Energy). a, b and c on values 
used to show the interreltion among these as Duncan test applied on it; while star pattern is used to notify the signification of parameters with 
diet as these notify highly significant correlation among these. ***p < 0.001, P-value less than 0.0001 shows highly significant correlation.
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hematological parameters of L. rohita. The following 
parameters were evaluated in blood: WBCs, RBCs, Platelets, 
Haemoglobin concentration, Packed cell volume and Mean 
corpuscular volume. Our findings show nanoparticles 
improve the hematological parameters, as previously 
proven by Behera  et  al. (2014) that iron nanoparticles 
can improve the hematological parameters of L. rohita. 
Hematological parameters for loach can be boosted up using 
nano-Se supplementation as reported by Hao et al. (2014). 
The results of El-Hammady et al. (2007) also supported our 
findings according to whom selenium supplementation 
improved the percentage of hematocrit and RBC count in 
hybrid tilapia. The results we obtained were quite similar to 
Khalafalla et al. (2011) and Le et al. (2013) as they previously 
described that Se can improve the immunity and RBCs 
count in the fish. Stability in hematological parameters 
may increase if the Selenium supplement is used in fish 
feed. The reasons behind the stability and integrity of 
cells in fish could be the strong antioxidant property of 
Se which also protects cells from hemolysis (Khan et al., 
2016). The reproductive potency of lymphocytes is affected 
greatly if there is a deficiency of selenium which causes 
the altering in the transferring receptors. Selenium helps 
in the production and proliferation of antibodies and by 
activation of GSH-Px, it also protects the B lymphocytes. 
The activities of GSH-Px increased significantly (p<0.05) 
in plasma and tissue due to nanoparticles of selenium or 
selenomethionine which directly affect and improve the 
production of white blood cells in carps. Production and 
proliferation of B-lymphocytes improve the lysozymatic 
activities of fish. Activation of plasma lysozyme and 
expression of IgM is also stimulated by Se. The life span of 
WBCs and RBCs may increase in the response to antioxidant 
properties of nanoparticles (Alimohamady et al., 2013).

A difference of 34% in weight gain was observed 
in fingerlings who were fed on the control diet and 
experimental diet (T3) 1mg/kgSe-nano. A continuous 
decline in growth parameters was observed when the 
higher levels of supplements were used; the reason might 
be the toxic effects of Se-nano. Other growth parameters 
like Survival growth rate, feed conversion ratio, and 
survival rate were also observed to be at their best at the 
experimental diet (T3) with a significant difference (p<0.05) 
from the control diet. Our results are in general agreement 
with Ashouri et al. (2015), who found the positive effect 
of Se-nano supplementation in common carp. They used 
Se-nano levels of 0, 0.5, 1, and 2 mg/kgfor 2months and 
observed that percentage fish weight gain remained highest 
at 1 mg nano-Se/kg level yet all the levels of parameters 
were significantly better thancontrolledoneexcept survival 
parameter which was 100% in all four given treatments. 
Our findings are also similar to the results of Faiz et al. 
(2015), who found that there was a difference of 84% in 
weight gainof juveniles grass carp fed nano-ZnO than that 
of control one. The almost same trend was observed by 
Zhou et al. (2009) who reported that all growth parameters 
like weight gain, food conversion rate, and relative gain 
rate improved significantly in crucian carp fed nano-Se 
as compared to control one. However, the survival rate 
was the same in all treatments 100%. Selenim improves 
growth because it works as an active core of glutathione 

peroxidase. Deficiency of Selenium affects the activities 
of GSH-Px which ultimately leads to the reduction of 
lipidichydroperoxides as well as hydrogen peroxide at 
cellular levels (Zhou  et  al., 2009). The reason behind 
decreasing the carcass parameters, if supplied with higher 
levels of supplementation, is that when the concentration 
of nanoparticle that crosses above mentioned optimum 
level of feed start for palatability loss(Onuegbu et al., 2018).

The results given by Ramsden  et  al. (2009) were 
quite contradictory to our finding as they reported no 
significant effect on growth parameters of rainbow trout 
in case of exposing to TiO2 nanoparticles. Another type 
of contradiction was observed by Lin et al. (2014) who 
find that weight gain decreased in broilers when nano-Cr 
was added in feed as compared to control one. Similarly, 
Wang  et  al. (2015) and Hassan  et  al. (2013), observed 
inhibition of growth in Epinephelus coioides and mold 
respectively when they were exposed to nano-particles 
of copper and zinc oxide.

The nano-Se are very important for the proper 
digestibility of nutrients in fingerlings of L. rohita as 
proven by our experiments. Our results are quite similar to 
Gonzales-Eguia et al. (2009) who also reported a positive 
increase in nutrients digestibility when nano-copper were 
fed to piglets as compared to control one. Similar results 
were also provided by Kumari et al. (2013) who reported 
that nutrients digestibility improves in L. rohita with the 
supplementation of encapsulated nano trypsin (0.01-
0.02%). The reason for this advancement is the deposition 
mechanism and metabolism pathway of Se Nanoparticles 
in fish and because of this soluble proteins can interact 
with NPs to form a halo (cr). (Onuegbu et al., 2018).

In conclusion, we found that nano-Se supplementation, 
1mg/kgSe-nano, in a sunflower meal-based diet 
stimulates growth performance, hematological indices, 
and digestibility of nutrients of L. rohita fingerlings. 
Its supplementation (at the above said best level) is very 
important for production of environment friendly fish feed.
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