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ABSTRACT 

 

This study was conducted to investigate the ef-

fect of in ovo injection of broiler eggs with different 

levels and forms of selenium on growth perfor-

mance and some blood parameters of post 

hatched chicks.  A total of 300 fertilized eggs ob-

tained from a commercial Arbor Acres broiler 

breeder flock, were used in the present experi-

ment. They were divided randomly into six treat-

ment groups, 50 eggs each. The first one was kept 

as a control– non injected  group, the second 

group  (sham)  injected with phosphate buffered 

saline (PBS), the 3rd and 4th groups were injected 

with  selenium nanoparticles (SeNPs) at 10 and 20  

ug/egg, while the 5th and 6th groups were injected 

with organic selenium (Se-Methionine) at 50 and 

100 ug/egg , respectively.  All eggs were incubated 

in a forced draught incubator at the recommended 

temperature, relative humidity and turning patterns 

.The in ovo injection procedure was done at the 

16
th

 day of incubation. The criteria of response 

includes: live body weight, weight gain, feed con-

sumption, feed conversion ratio, total protein, al-

bumin, globulin, A/G ratio, cholesterol, triglyceride, 

HDL and glucose. The results showed that the 

supplementation of Se did not significantly affect 

growth performance traits. Supplementation of 

nano-Se increased plasma concentrations of total 

protein, albumin and HDL, and decrease glucose, 

however, no significant differences in globulin, A/G 

ratio, cholesterol and triglyceride levels. It can be 

concluded that the use of 20 ug /egg of Nano-Se 

caused an improvement of growth performance 

and feed conversion ratio without negative effects 

on blood constituents. 

 

INTRODUCTION 

 

  Selenium is a trace element essential in ani-

mal nutrition and exerts multiple actions related to 

animal production, fertility, and disease prevention 

(Mervyn, 1985). Selenium is an integral part of the 

enzyme glutathione peroxidase, which serves as 

an antioxidant enzyme that helps to control levels 

of hydrogen peroxide and lipid peroxides that are 

produced during normal metabolic activity 

(Rotruck et al 1973). In addition, dietary selenium 

is essential for the activity of virtually all arms of 

the immune system (Surai and Dvorska, 2002).  

The NRC (1994) recommendations established 

a minimum level of 0.15 mg/kg for selenium sup-

plementation of broilers. There is widespread con-

cern in the animal industries that the NRC mini-

mum recommendation is not sufficient to prevent 

production losses due to selenium deficiency syn-

dromes; therefore there is continued research into 

alternative selenium sources and alternative sele-

nium supplementation levels. The bioavailability of 

selenium is associated with its physical form. Cur-

rently, sodium selenite is the most common seleni-

um source used in animal feeds, whereas organic 

forms such as selenium-enriched yeast and sele-

no-methionine are also used in many countries 

(Federal Register, 2002; European Union, 2006 

and Ministry of Agriculture, 2008).   

The environmental stress can decrease pro-

duction and all other important economical traits in 

animal husbandry. The stress is caused by free 

radicals and reactive oxygen species. Gaseous 

exchanges and high metabolic rates during em-
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bryonic development can lead to the production of 

reactive oxygen species (ROS) free radicals (Hal-

liwell, 1994). These free radicals can cause cellu-

lar damage leading to peroxidation. Antioxidants 

play an important role in combating these sub-

stances and providing protection to cells and the 

developing embryo overall (Surai et al 1996). Rap-

id growth coupled with a high nutrient requirement, 

especially during late embryogenesis, may make in 

ovo feeding of supplemental nutrients beneficial to 

poultry. Supplementing the amnion with appropri-

ate nutrients is a novel way to feed critical dietary 

nutrients to embryos. 

Selenium has long been known to be toxic and 

there are concerns about its effect on animals and 

animal products. To ensure feed safety, maximum 

levels for selenium in complete feeds have been 

set at 0.5 mg/ kg in the European Union (2004) 

and China (Ministry of Agriculture, 2010) and 2.0 

mg/kg for the United States (AAFCO, 2011).  With 

the recent development of nanotechnology, nano-

selenium (nano-Se) has attracted widespread at-

tention because nanometer particulates exhibit 

novel characteristics such as a large surface area, 

high surface activity, high catalytic efficiency, 

strong adsorbing ability, and low toxicity (Wang et 

al 2007 and Zhang et al 2008). Zhou and Wang 

(2011) supplemented 0, 0.1, 0.3, and 0.5 mg/kg of 

nano-Se in diets fed to Guangxi Yellow broilers 

and concluded that 0.30 mg/kg of nano-Se was 

effective in improving feed conversion, the seleni-

um content of tissues, and the quality of the meat. 

The main objective of the present study was to 

assess and compare the effect of supplemental 

selenium sources (as selenomethionine and nano 

elemental selenium) on growth performance and 

physiological parameters of broiler chicks. 

 

MATERIALS AND METHODS 

 

The present study was carried out in The Fac-

ulty of Agriculture, Ain Shams University, through 

April, May and June (2015). The laboratory work of 

the present study was done at Poultry Breeding 

Department, Animal Production Research Institute 

(APRI), Ministry of Agriculture, Dokki, Giza, Egypt. 

 

In Ovo Injection of Graded Levels of Selenium 

 

A total of 300 fertilized egg of Arbor Acres 

broiler were used for this study. All eggs were indi-

vidually numbered and weighed each prior to the 

beginning of the incubation. Average egg weight 

was approximately 50 g. Fertile eggs were incu-

bated at 37.5°C and a relative humidity of 55 to 

60% during d 1-18 and at 36°C with relative humid-

ity of 60-65% during d 19-21.On d 6 of incubation, 

unfertilized eggs or those with early embryonic 

mortality were discarded. At 16 d of incubation the 

eggs were injected into the air sac with 0.1 ml of 

solutions using a sterile 27 gauge, 20 mm needle. 

Immediately after the injection, the hole was 

sealed with sterile tape. The eggs were randomly 

divided into six groups, each with 50 eggs. Two 

sources of Se, Se-Met and  Nano- Se, were used 

at two injection doses (50 and 100μg) for Se-Met 

and (10 and 20 μg ) for Nano- Se. Sham-control 

eggs injected with phosphate buffered saline(PBS) 

and non-injected eggs were also included. The 

hatched chicks were used for a grow-out study 

 

Preparation of Se Solutions 

 

One ml 25 mM sodium selenite was mixed with 

4 ml 25 mM GSH containing 20 mg BSA. The mix-

ture pH was adjusted to 7.2 with 1.0 M sodium 

hydroxide, instantly forming Nano red elemental 

Se and oxidized glutathione (GSSG). The red solu-

tion was dialyzed against double distilled water for 

96 hours, the water changed every 24 hours to 

separate GSSG from the Nano-Se. The final solu-

tion containing Nano-Se and BSA was lyophilised 

and stored at room temperature. X-ray photoelec-

tric energy spectra (XPS) showed the binding en-

ergy of Se 3d was 55.3eV indicating Se0. Trans-

mission Electron Microscopy (TEM) showed the 

size of red elemental Se was between 20 ∼ 60 nm. 

 

Se Injection Procedure  

 

At day 16 of incubation, eggs were removed 

from the incubator and candled for viability. Under 

the candler, the outline of the air cell was traced 

using a pencil and the location of the embryo was 

marked. After disinfecting the eggshell with an al-

cohol swab, a small hole was drilled on the large 

end of the egg, above the air cell. Using a 23 

gauge, 1 ½” needle, 0.1ml of respective Se solu-

tion was injected into the yolk. The injection site on 

the eggshell was sealed with glue and eggs were 

placed back into the incubator with settings ac-

cording to standard hatchery practices. 

 

Birds and housing 

 

The post-hatch chicks from each treatment 

were weighed and maintained in their same re-

spective groups for a period of 5 weeks. The ex-
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perimental birds were housed in Six-tiered, well-

ventilated battery cages provided with artificial 

lighting. The standard management practices were 

adopted, and they were uniform for all the treat-

ment groups. All the chicks in the various treat-

ments were fed ad libitum a common commercial 

ration. The chicks were fed with broiler starter ra-

tion from 0 to 10 days and broiler grower ration 

from 11 d to 35 days of age. Clean drinking water 

was provided ad libitum. The ingredient and nutri-

ent composition of the experimental rations are 

presented in Table (1). 

 

Table 1. Ingredients and the chemical Composition 

of the experimental diets  

 

Composition 

(per 100 kg) 

Starter 

(1-10 

day) 

Grower 

(11-35 day) 

Yellow corn 52.28 63.19 

Soybean meal (44% CP) 34.00 22.5 

Corn gluten (60% CP) 6.00 6.30 

Soy bean oil 3.00 4.00 

Di-calcium phosphate 1.84 1.59 

Lime stone 1.43 1.10 

L-Lysine HCl 0.32 0.28 

Dl-Methionine 0.26 0.17 

Sodium chloride 0.24 0.24 

Sodium bicarbonate 0.23 0.23 

Vitamins Premix * 0.10 0.10 

Minerals Premix** 0.30 0.30 

Total 100.00 100.00 

Calculated analysis**   

Crude protein 23.17 21.25 

Metabolizableenergy 

(Kcal/kg) 

3100 3110 

Ether extract 5.63 5.08 

Crude fiber 3.80 3.45 

Calcium 1.04 0.90 

Av. Phosphorus 0.50 0.45 

Lysine 1.44 1.24 

Methionine 0.68 0.60 

Methionine+cystine 1.06 0.95 

Sodium 0.15 0.16 

*Supplied per kg of diet: Vit. A, 11000 IU; Vit. D3, 5000 IU; 

Vit. E, 50 mg; Vit K3, 3 mg; Vit. B1, 2 mg; Vit. B2 6 mg; B6 3 

mg; B12, 14 mcg; Nicotinic acid 60mg; Folic acid 1.75 mg, 

Pantothenic acid 13mg; andBiotin 120 mcg 

** Supplied per kg of diet: Choline 600 mg; Copper 16 mg; 

Iron 40 mg; 

Manganese. 120 mg; Zinc 100 mg and Iodine 1.25 mg 

 

Physiological traits 

 

1. Blood parameters 

 

Blood samples were collected from three 

chicks per each replicate at 35 d of age to evaluate 

the blood chemical constituents. For each sample, 

5 ml blood was collected by brachial vein puncture 

in heperinized tubes. The tubes were centrifuges 

at 4000 rpm for 15 minutes and clear plasma was 

separated then, stored in a deep freezer at  -20
o
C 

until the time of biochemical analysis.  

To determine total cholesterol content, a sam-

ple of 0.5 ml plasma was transferred into sterile 

tube containing 6 ml glacial acetic acid, mixed, and 

then added 4 ml ferric chloride reagent, shaken 

and cooling the color was measured at 550 nm 

wave length by using the spectrophotometer. The 

cholesterol value (mg/dl) was calculated as the 

sample/ standardx200. Kits was used to determine 

HDL and LDL according to Lopes-Virella et al 

(1977) and Steinberg et al (1981), respectively.  

Kits were used to determined triglycerides, total 

protein, albumin, glucose, alkaline phosphates in 

plasma according to Fossati and Prencipe 

(1982), Josephson et al (1957), Dumas and 

Biggs (1972), Baure (1982), Hansen (1966), re-

spectively.  

 

2. Slaughter traits 
 

At 1 and 35 d of age, three chicks per replicate 

were weighted, sacrificed for slaughtering weights 

of carcass, breast muscle and internal organs 

(heart, liver, and lymphoid organs (spleen and 

Bursa) were recorded to the nearest 0.1 gm. The 

relative weights of these organs were calculated in 

relation to live body weight.  

 

Statistical analysis 
 

Statistical differences among treatments were 

assessed using one way ANOVA, SAS (1999) and 

with Tukey's Multiple Comparison Test (Instat, 

Graph Pad Software, San Diego, CA, USA). Statis-

tical significance was set at P<0.05. 

 

RESULTS AND DISCUSSION 
 

1. Productive performance 

 

a. Body weight 

 

Effect of in ovo feeding of selenomethionine 

and nano selenium at different levels on body 
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weights of broilers (0-5 weeks) are shown in Table 

2. Body weights recorded at d 7, 14, 21, 28 and 35 

were not affected by the Se sources or levels. 

These results are comparable to earlier studies in 

which supplementation of Se has no significant 

effect on body weight. Choupani et al (2014) ob-

served that no significant difference in final body 

weight between nano Se and sodium selenite or 

selenomethionine groups, when the basal diet was 

supplemented with 0 (control), 0.3 mg/kg Se from 

sodium selenite, selenomethionine, selenized 

yeast or nano elemental selenium. 

Mohamed et al (2016) compared different 

sources of selenium, sodium selenite, organic (Se-

lenium Yeast) and Nano selenium, and found that 

no significant effect on body weight of broiler 

chicks as a result of supplementing Nano selenium 

to the diet during the periods of 12-16 weeks of 

age compared to sodium selenite. 

Choct et al (2004) found that there was no dif-

ference (P>0.05) in body weight at d 38 between 

treatments when they compare two Se source (so-

dium selenite and organic selenium as selenised 

yeast) with two levels (0.10 - 0.25 mg/kg) for each. 

Payne and Southern (2005) found that body 

weight was not affected (P > 0.05) by Se source or 

level of supplementation in any period of growth or 

in the overall data, when the basal diet was sup-

plemented with 0 (control) or 0.30 ppm Se from 

sodium selenite (SS) or Se-enriched yeast (SY). 

Edens et al (2001) reported no differences in body 

weight when broilers were fed diets containing 

0.20ppm Se from SS or SY. 

However, El-Said (2015) found that administra-

tion of nano Se with different level (20 and 40) ppb 

at 7 and 14 days of incubation for each level in egg 

and found an increase in final body weight. 

Konkov et al (2015) used nano selenium at con-

centration of 0.1, 0.01 and 0.001 mg/kg of daily live 

weight and found an increase of live body weight in 

all groups compared with the control, and the op-

timal concentration of nano selenium is 0.001 

mg/kg of a bird weight.  Senthil et al (2015) evalu-

ated three different diets prepare with control 

standard diet, sodium selenite 0.3mg/Kg diet and 

selenium nanowires 0.3mg/Kg diet from one day of 

hatch to 6 weeks of age and found that chicken 

diets with 0.30 mg/kg was effective in increasing 

the body weight. Dlouha et al (2008) studied the 

effects of supplementation of dietary sodium sele-

nite and sodium-enriched alga chlorella on the 

growth performance of sexed broiler cockerels 

Ross 308. The basal diet was supplemented with 0 

(control) or 0.3 mg/kg Se from sodium selenite or 

Se-Chlorella (Se-CH). Dietary supplementation 

with Se-CH increased body weight. Also, Heindl et 

al (2010) confirmed that Se addition influenced 

body weight in 21- and 35-day-old broiler chickens. 

Significantly higher body weight at 35 days of age 

was observed in chickens receiving 0.15 mg of Se 

from selenium-enriched yeast (Sel-Plex® SP) and 

0.3 mg of Se from selenium-enriched yeast contra-

ry to dietary treatment with a lower level of Se from 

selenium-enriched alga chlorella per kg of feed. 

Feeding of selenized yeast increased the live body 

weight of chickens compared with the controls 

(Rozbicka- Wieczorek et al 2012). 

The lack of concurrence among these studies 

may be partially explained by differences in basal 

diets used. Nevertheless, there are other variables 

such as differences in background of the targeted 

populations, age, farm hygiene, stressor severity 

and level of stress response that may influence the 

efficacy of a Se application and thus it was difficult 

to directly assess different studies using Se. 

 

 

Table 2.   Effect of in ovo feeding of selenomethionine and nano selenium at different levels on body 

weight of broilers (0-5 weeks) 

 

Treatments 
Body weight (g) 

Chick weight 1wk 2 wk 3 wk 4 wk 5 wk 

Control 40.63
ab 

122.358
ab

 345.83 727.00 1264.76 1716.33
ab

 

PBS 40.58
ab 

114.738
b
 335.42 728.54 1272.17 1778.24

ab
 

Se Me 50 41.00
a
 119.075

ab
 338.04 734.74 1225.48 1695.00

b
 

Se Me 100 40.25
abc 

125.408
ab

 345.42 736.46 1301.32 1792.86
a
 

Nano-Se 10 39.65
c 

128.418
a
 326.76 730.00 1279.64 1768.33

ab
 

Nano-Se 20 40.00
bc 

119.630
ab

 323.00 761.50 1244.50 1704.80
ab

 

SEM 0.27 3.49 10.49 19.25 25.63 28.28 

a, b, c means within the same column with different superscript are significantly different ( P≤ 0.0001). 
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b. Body weight gain 

 

Effect of in ovo feeding of selenomethionine 

and nano selenium at different levels on body 

weight gain of broilers (0-5 weeks) are presented 

in Table 3. It is apparent that there were no signifi-

cant differences in body weight gain as a result of 

Se injection. 

These results are in agreement with Cai et al 

(2012) who found that no significant differences in 

weight gain, when they used diets supplemented 

with 0.0, 0.3, 0.5, 1.0, or 2.0 mg/kg of nano Se. 

Boostani et al (2015a) observed that different 

sources of Se (organic Se (Sel-Plex), inorganic Se 

(sodium selenite) and nono-selenium) under oxida-

tive and non-oxidative conditions had no effect on 

daily gain. Mohamed et al (2016) compared differ-

ent sources of selenium, sodium selenite, organic 

(Selenium Yeast) and nano selenium, and found 

that no significant effect on body weight gain of 

broiler chicks as a result of supplementing nano 

selenium to the diet during the periods of 12-16 

weeks of age compared to sodium selenite. 

On the contrary, Wang (2009) showed that 

compared with the control, Se supplementation 

remarkably improved daily weight gain .However, 

no significant difference was observed between 

sources of Se, when they compared three treat-

ment were fed with diets containing 0.2 mg/kg so-

dium selenite, 0.2 mg/kg nano-Se, and 0.5 mg/kg/ 

nano-Se, and the control groups were fed basal 

diets without Se addition. 

Zhou and Wang (2011) supplemented 0, 0.1, 

0.3, and 0.5 mg/kg of nano-Se in diets fed to 

Guangxi Yellow broilers and found that initial body 

weight did not differ significantly across the treat-

ment groups. However, daily body weight gain was 

observed in the T-2 (0.3) and T-3 (0.5) groups than 

other groups, but no significant differences were 

found between the T-2 and T-3 groups. Bagheri et 

al (2015) supplemented diets containing sodium 

selenite (SS), L-selenomethionine (L-Se-Me) and 

Nano-Selenium (Nano-Se) with levels 0.2 and 0.5 

mg/kg for each treatment and showed that in-

crease final average daily gain and decrease feed 

conversion ratio of groups supplemented with 

Nano-Se compared with the two other groups. 

Tabeidian et al (2015) investigate the effect of 

dietary supplementation of nano-elemental seleni-

um (SN) compared with selenium-enriched yeast 

(SY) and sodium selenite (SS) and each selenium 

source included two levels (0.2 and 0.5 mg/kg) and 

found that there was a significant increase in body 

weight gain by SN supplementation at 0.5 mg/kg 

compare to other treatments. Hu et al (2012) ad-

ministrated 0.15, 0.30, 0.60 and 1.20 mg/kg dietary 

Se from nano- Se or sodium selenite to diet and 

showed that average daily gain, gain/feed for Nano 

Se group reached a plateau at the Se concentra-

tion of 0.15–1.20 mg/kg. However no significant 

different was found between the two sources of 

Se. 

 

 

Table 3. Effect of in ovo feeding of selenomethionine and nano selenium at different levels on 

body weights gain of broilers (0-5 weeks) 

 

Treatments 
Body weight gain (g/week) 

1wk 2 wk 3 wk 4 wk 5 wk 0-5 wk 

Control 81.73
abc 

223.48
a 

384.17
b 

545.90
b 

477.17
bc

 1675.50
ab 

PBS 74.15
c 

220.68
ab 

393.12
b 

547.61
b 

555.88
a 

1738.12
ab 

Se Me 50 78.08
bc 

220.02
ab 

396.70
b 

503.62
c 

502.65
b 

1654.41
b 

Se Me 100 85.16
ab

 220.01
ab 

391.04
b 

598.16
a 

541.79
a 

1753.86
a 

Nano-Se 10 88.77
a 

198.35
b 

403.24
b 

572.14
ab 

506.25
b 

1729.25
ab 

Nano-Se 20 79.63
abc 

203.37
ab 

438.50
a 

483.00
c 

460.30
c 

1664.80
b 

SEM 3.24 7.06 8.78 9.72 9.76 27.58 

a, b, c means within the same column with different superscript are significantly different (P≤ 0.0001). 

 

c. Feed intake and feed conversion ratio. 

 

Effect of in ovo feeding of selenomethionine 

and nano selenium at different levels on feed in-

take and feed conversion ratio (FCR) of broilers 

(0-5 weeks)are presented in Tables (4 and 5). It is 

apparent that feed intake and feed conversion 

were not affected (P > 0.05) by Se source or level 

of supplementation except at 2 wks of age, in 

which average feed intake and feed conversion 

were decrease in nano Se groups significantly 

compared to control. 
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Table 4. Effect of in ovo feeding of selenomethionine and nano selenium at different levels on feed  

intake (g/bird/week) of broilers (0-5 weeks) 

 

Treatments 
Feed Intake  

1wk 2 wk 3 wk 4 wk 5 wk 0-5 wk 

Control 99.96 335.59
ab 

566.46
ab 

787.59 929.36 2717.37 

PBS 87.65 313.13
bc 

557.71
b 

793.33 947.43 2694.08 

Se Me 50 87.68 341.51
ab 

558.13
b 

811.67 882.85 2682.43 

Se Me 100 92.23 355.10
a 

565.63
ab 

749.59 993.21 2758.57 

Nano-Se 10 98.09 297.20
c 

602.75
ab 

776.46 1118.47 2886.59 

Nano-Se 20 91.57 298.77
c 

624.44
a 

747.78 957.92 2716.71 

SEM 4.52 8.83 18.80 35.23 40.71 92.55 

a, b, c means within the same column with different superscript are significantly different ( P≤ 0.0001). 

 

Similar results were observed in other studies 

by Cai et al (2012) who found that no significant 

differences in feed intake, and feed conversion 

when they used diets supplemented with 0.0, 0.3, 

0.5, 1.0, or 2.0 mg/kg of nano Se. Bakyaraj et al 

(2012). Reported that there was no significant 

(p<0.05) difference observed in feed conversion 

ratio of in ovo trace elements injected chicks. 

Boostani et al (2015a) observed that different 

sources of Se (organic Se (Sel-Plex), inorganic Se 

(sodium selenite) and nono-selenium) under oxida-

tive and non-oxidative conditions had no effect on 

feed intake and FCR. Tabeidian et al (2015) in-

vestigate the effect of dietary supplementation of 

nano-elemental selenium (SN) compared with se-

lenium-enriched yeast (SY) and sodium selenite 

(SS) and each selenium source included two levels 

(0.2 and 0.5 mg/kg) and found that feed conver-

sion ratio was not affected by dietary treatments. 

Choupani et al (2014) observed that no significant 

difference in feed intake and feed conversion ratio 

between nano Se and sodium selenite or seleno-

methionine groups, when the basal diet was sup-

plemented with 0 (control) or 0.3 mg/kg Se from 

sodium selenite, selenomethionine, selenized 

yeast or nano elemental selenium 

In contrast, El Said (2015) administration nano 

Se with different levels (20 and 40 ppb) at 7 and 14 

days of incubation for each level in egg and found 

that increase feed consumption and feed conver-

sion of nano-Se groups compare to control. How-

ever, no significant difference between the two 

levels or between two injection time. 

El-Deep et al (2016) compared three dietary 

supplementation [(basal diet without Se supple-

mentation (control), 0.3 mg of Nanoelemental Se 

per kilogram of diet (nano-Se), and 0.3 mg of sodi-

um selenite per kilogram of diet (SSe)] under the 

ambient temperature challenge (22±1°C or 

35±1°C) from 15 to 30 d of age, and they found 

dietary supplementation with nano-Se (0.3 mg/kg 

diet) improve feed conversion ratio under high am-

bient temperature conditions. Konkov et al (2015) 

used nano selenium at concentration of 0.1, 0.01 

and 0.001 mg/kg of daily live weight and indicated 

that decrease feed intake in all groups compared 

with the control,and the optimal concentration of 

nano selenium is 0.001 microgr/kg of a bird weight 

Wang (2009) showed that compared with the con-

trol, Se supplementation remarkably decreased 

feed conversion ratio. However, no significant dif-

ference was observed between sources of Se, 

when they compared with those fed diets contain-

ing 0.2 mg/kg sodium selenite, 0.2 mg/kg nano-Se, 

and 0.5 mg/kg/ nano-Se, and the control group fed 

basal diets without Se addition. Radwan et al 

(2015) supplied two sources of Se (sodium sele-

nite and nano-Se) and 3 levels of each source 

(0.10, 0.25 and 0.40 ppm) and showed that differ-

ent Se levels of sodium selenite or nano-Se did not 

affect feed intake. However, the feed conversion 

ratio significantly improved, by adding nano-Se in 

layer diets. Bagheri et al (2015) supplemented 

diets containing sodium selenite (SS), L-

selenomethionine (L-Se-Me) and nano-Selenium 

(Nano-Se) with levels 0.2 and 0.5 mg/kg for each 

treatment and showed that decrease feed conver-

sion ratio of groups supplemented with nano-Se 

compared with the two other groups. 
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Table 5. Effect of in ovo feeding of selenomethionine and nano selenium at different levels on feed 

conversion of broilers (0-5 weeks) 

 

Treatments 
Feed Conversion 

1wk 2 wk 3 wk 4 wk 5 wk 0-5 wk 

Control 1.223 1.501
ab

 1.474 1.442
abc

 1.947
abc

 1.622 

PBS 1.182 1.419
b
 1.418 1.449

abc
 1.704

c
 1.550 

Se Me 50 1.123 1.552
ab

 1.407 1.611
a
 1.756

c
 1.621 

Se Me 100 1.083 1.614
a
 1.446 1.253

c
 1.833

bc
 1.573 

Nano-Se 10 1.105 1.450
c
 1.495 1.357

bc
 2.209

a
 1.669 

Nano-Se 20 1.150 1.469
b
 1.424 1.548

ab
 2.081

ab
 1.632 

SEM 0.053 0.042 0.047 0.064 0.082 0.069 

a, b, c means within the same column with different superscript are significantly different ( P≤ 0.0001). 

 

 

2. Blood parameters 

 

a. Blood metabolites 

 

Effect of in ovo feeding of  selenomethionine 

and nano selenium at different levels on total pro-

tein, albumin and globulin concentrations in plas-

ma of broilers (0-5 weeks) are presented in Table 

(6). It could be observed that nano groups and 

Se100 were higher in total protein than control. On 

other hand, albumin level was significantly in-

creased in Nano Se 20 and SeMe 100 groups 

compared to control. However, no significant dif-

ference between sources of Se or between levels 

in both concentrations of total protein and albumin. 

Moreover, no differences were noted between Se 

sources and control in globulin and A/G.  

 

Table 6. Effect of in ovo feeding of  selenomethio-

nine and nano selenium at different levels on total 

protein, albumin and globulin concentrations in 

plasma of broilers (0-5 weeks) 

 

Treatments 

Blood Constituents 

Total 

Protein  

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 
A/G 

Control 3.16
c 

1.74
b 

1.41
b 

1.26 

PBS 3.94
a 

2.19
a 

1.74
a 

1.27 

Se Me 50 3.40
bc 

1.90
ab 

1.50
ab 

1.30 

Se Me 100 3.81
ab 

2.18
a 

1.62
ab 

1.40 

Nano-Se 10 3.54
ab 

1.95
ab 

1.58
ab 

1.26 

Nano-Se 20 3.62
ab

 2.19
a 

1.43
b 

1.63 

SEM 0.137 0.10 0.09 0.130 

a, b, c means within the same column with different su-

perscript are significantly different ( P≤ 0.0001). 

 

These results are in agreement with Mohamed 

et al (2016) who found that dietary supplementa-

tion of nano selenium resulted in a significant in-

crease in plasma total protein and globulin. How-

ever, albumin was not significantly affected.  Mo-

hapatra et al (2014) showed that serum total pro-

tein and globulin levels were increased linearly and 

quadratically in nano Se supplemented group at 8 

weeks of age compared to sodium selenite group, 

whereas, A/G ratio was decreased. In addition, 

serum albumin of layer chicks showed no signifi-

cant difference between sources of Se.  El-Said 

(2015) found a significant increase of globulin in 

nano Se 40 ppb group, but there was no effect with 

group of nano Se 20 ppb. On other hand, no signif-

icant effect of total protein and albumin compared 

to control. Selim et al (2015) demonstrated that no 

significant effect of nano-Se at 0.15 and 0.30 ppm 

in  diet or drinking water on plasma total proteins, 

albumin, globulins and albumin/globulins ratio. 

Effect of in ovo feeding of  selenomethionine 

and nano selenium at different levels on total cho-

lesterol, triglycerides, high-density lipoprotein 

(HDL) and glucose concentrations in plasma of 

broilers (0-5 weeks) are presented in Table (7). 

The data show that group Se100 recorded higher 

levels for total cholesterol than in other treatments. 

However, nano Se 20 was higher in HDL than oth-

er groups. On other hand, there was a significant 

decline in plasma glucose due to injection of nano 

se compare to control, but no difference was ob-

served among Se sources. In addition, there were 

no differences between treatments in triglycerides 

levels. 
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Table 7. Effect of in ovo feeding of  selenomethio-

nine and nano selenium at different levels on total 

cholesterol, triglycerides, high-density lipoprotein 

(HDL) and glucose concentrations in plasma of 

broilers (0-5 weeks) 

 

Treatments 

Blood Constituents 

Cholesterol 

(mg/dl)  

TG 

(mg/dl) 

HDL 

(mg/dl)  

Glucose 

(mg/dl) 

Control 90.73
b 

66.70 64.67
b 

289.86
a 

PBS 69.89
c 

58.72 48.90
c 

224.52
b 

Se Me 50 91.47
b 

74.38 52.25
c 

253.98
ab 

Se Me 100 104.33
a 

67.64 62.37
b 

261.36
ab 

Nano-Se 10 88.75
b 

64.58 64.07
b 

243.71
b 

Nano-Se 20 87.04
b 

67.59 76.92
a 

237.24
b 

SEM 4.49 5.07 2.60 13.14 

a, b, c means within the same column with different su-

perscript are significantly different ( P≤ 0.0001). 

 

These results are in agreement with Moha-

patra et al (2014) showed that serum glucose was 

increased linearly and quadratically in nano Se 

supplemented group at 8 weeks of age compare to 

sodium selenite group. Whereas, serum cholester-

ol and triglyceride, decreased. Radwan et al 

(2015) found that nano-Se significantly reduced 

total cholesterol and increased HDL-cholesterol to 

total cholesterol ratio in maternal hens (plasma 

and yolk). Boostani et al (2015b) observed that no 

significant difference in level of cholesterol and 

glucose between organic Se (Sel-Plex), inorganic 

Se (sodium selenite) and nono-selenium under 

oxidative stress. El-Said (2015) found that there 

was a significant increase of HDL in nano Se 40 

ppb, but no effect with group of nano Se 20 ppb. 

However, significant decrease of glucose, triglycer-

ide, total cholesterol were shown. Saleh (2014) 

found that plasma total cholesterol, triglyceride, 

and glucose levels occurred lower (P<0.05) by 

feeding the compound of A. awamori and selenium 

nano-particles compared to control group, while 

plasma HDL-cholesterol increased. 
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