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ABSTRACT: The experiment was designed to study the effect of dietary Nano-
selenium on productive performance, egg quality and immunological traits in laying
hens. A total number of 180 laying hens of Silver Montazah strain were used. Layers were
divided randomly into six treatments. Five nano-selenium treatment diets with
concentrations (200,160,120,80 and 40 mg/ ton for treatments (T2,T3,T4,T5 and T6),
respectively. The treatment (T1) was used as control with 200 mg/ ton diet sodium
selenite. The results showed that application of nano-selenium in layer diets was
effective in increasing egg number and egg mass. Also, nano-selenium improved some
immunological traits, feed conversion and some egg quality traits. The optimum level of
nano-selenium was 200 mg/ ton diet, which recorded 5.40 g feed/ g egg mass compared
to 9.24 g feed/ g egg mass in control treatment (200 mg/ ton diet). Applications of 200 mg/
ton diets nano-selenium were significantly decreased, heterophils (H%) and H/ A ratio.
Where, Lymphocyte was significantly (p < 0.01) increased. Also, there were positive
relationship between shell thickness, shell weight (%) and white blood cells counts with
increasing the levels of Nano-selenium in layer diets from 40 to 200 mg/ ton as compared
to control.
Key words: Laying hens, Nano-selenium,
immunological traits.
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INTRODUCTION
1. Egg production traits in layers.

Little experiments have been done to
study the effect of selenium source and
levels on some productive traits in

control or hens receiving sodium selenite
supplemented diets. But, Pavlovi et al.
(2009) did not observe any differences in
egg production during the first 8 weeks
of dietary selenium administration in
laying hens. Whereas, in the last 8 weeks

chickens. It was reported that egg weight
and egg mass significantly increased and
feed conversion ratio improved by
selenium supplementation as compared
with hens fed the control diet (Attia et al.,
2010).

However, Rutz et al. (2003) and Skivan
et al. (2006) studied the effect of organic
(nano-selenium) and inorganic (sodium
selenite) selenium supplementation on
productive performance in layers. They
found that heavier egg weight in organic—
selenium supplementation hens than
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selenium yeast increased egg production
compared to control and sodium selenite.

Also, Radwan et al. (2015) studied the
effect of dietry nano-selenium
supplementation on productive
performance of laying hens of local strain
Silver Montazah. They reported that
different levels of sodium selenite or
nano-selenium did not affect egg weight
and feed intake. While, egg production
percentage and egg mass were increased
and the feed conversion ratio
significantly was improved by adding
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nano-selenium in layer diets. They
concluded that supplemental layer diets
with 0.25 ppm of nano-selenium was
effective in improving the production
performance and glutathione peroxidase
(GSH-Px) activity of layers.

While, Yan et al. (2016) studied the
effect of dietary supplementation of
different selenium sources on production
performance and antioxidant activity of
laying hens. They found that production
performance and egg quality of laying
hens were not affected by selenium
sources.

Recently, Rizk et al (2017)
investigated the effects of different
dietary supplementation of different
selenium sources of both inorganic

(control group at 0.1 mg/ kg diet) and
organic selenium (selenium yeast and
nano-selenium each at 0.3 mg/ kg diet),on
some egg performance trait for Sinai
hens during the early laying stage (32 to
34 wk of age). They found that
supplementing different selenium
sources to the diet, specially nano-
selenium had significantly improved all
parameters under experimental
conditions as compared with control diet.
These results indicated that the
productive and reproductive performance
traits were improved by dietary with
different organic selenium (nano-
selenium) at 0.3 mg/ kg diet under
experimental condition.

More recently, Lu et al. (2019) studied
the effect of high dose selenium enriched
yeast on laying performance and
reported that, there were no statistically
significant differences in the mean laying
rate of average egg weight and average
daily egg mass.

2. Feed intake (g/ d) and feed
conversion ratio in layers.

Little studies have been done on the
effect of different nano-selenium levels
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on both feed intake (g/ d) and feed
conversion ratio (g feed/ g egg mass) in
layers during the laying period.
Sevcikova et al. (2006) and Dlouha et al.
(2008) reported that supplementing of
diets with organic selenium (nano-
selenium) improved feed conversion ratio
in broiler chickens.

Also, Stolic et al. (2002), Fu-xiang et
al. (2008) and Zhou and Wang (2011)
demonstrated that, nano-selenium in
broiler diets improved the feed
conversion ratio overall the experimental
period. In addition, Zhou and Wang
(2011) recommended that supplemented
0.3 ppm of nano- selenium in broilers diet
was effective in improving feed
conversion ratio during the overall
experimental period.

In addition, Attia et al. (2010) and Cai
et al. (2012) studied the effect of nano-
selenium supplementation in layer diets
and reported significantly improved the
feed conversion ratio compared with
hens fed the control diet. Moreover,
Radwan et al. (2015) studied the effect of
dietary nano-selenium supplementation
on productive performance of laying
hens. They found that, different selenium
levels of sodium selenite or nano-
selenium did not affect feed intake, while,
the feed conversion ratio significantly
improved by adding 0.25 ppm of nano-
selenium in layer diets.

Furthermore, the effect of using
different forms of selenium at levels of
0.15 or 0.30 ppm in broiler diets on some
productive performance were studied by
Selim et al. (2015). They reported that
using selenium yeast, zinc-L-
selenomethionine or nano-selenium at
0.15 or 0.30 ppm over all experimental
period improved significantly feed
conversion ratio than using inorganic
form of selenium. The improvement of
feed conversion ratio was 3.1% during
the experimental period. Also, the values



Application of nano-selenium in layer diets to improve the productive

of feed intake did not affected during the
same period.

3. Egg quality traits during laying
period in chickens.
The effects of dietary nano-selenium

supplementation on egg quality traits
during laying period (58 wk of age) in

layers were studied by some
investigators. Early study by Paton et al.
(2000) who reported that

supplementation of inorganic or organic
selenium at 0.3 ppm did not effect on
Hough unit values compared with egg
laid from hens fed the basal diet.

Conversely, Payne et al. (2005) and
Gajcevic et al. (2009) indicated that, egg
produced by hen fed a diet with organic
selenium had higher Hough unit values
than eggs of hens fed the control diet.
Also, they reported that, percentage of
yolk, albumen and shell weight of eggs
were not affected by different levels or
sources of selenium.

While, the supplementation of diets
with different sources of selenium led to
heavier eggs in organic selenium
supplemented hens than control or hens
receiving sodium selenite supplemented
diet (Guido et al., 2013). Also, they found
that higher egg shell weight and egg
surface area in sodium selenite and
selenomethionine (Se Yeast) than control
hens. Moreover, the shape index was
higher in Se Yeast than in control hens.

However, Radwan et al. (2015) studied
the effect of dietary nano-selenium
supplementation on productive
performance of laying hens. They found
that, addition of different levels of
sodium selenite or nano-selenium did not
affect egg weight and most of egg quality
traits. Only, selenium supplementation at
0.40 ppm of nano-selenium or sodium
selenite significantly increased yolk
index. The highest value of yolk index
was recorded for eggs produced by hens
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fed a diet with 040 ppm of Nano-
selenium (43.34 vs. 40.96) for control
diet. While, Hough unit insignificantly
increased by increasing dietary selenium
level. The highest value recorded of
Hough unit for 040 ppm of Nano-
selenium was (78.91 vs. 76.25) for control
diet, respectively.

On the other hand, Yan et al. (2016)
studied the effect of dietary
supplementation of different selenium
sources on production performance of
laying hens. The experiment was
conducted to compare the effects of
selenium supplementation as forms of
sodium selenite (SS), selenium yeast
(SY), selenium methionine (SM) or nano-
selenium (NS) on egg quality traits in
laying hens. They found that egg quality
traits of laying hens were not affected by
selenium sources.

Similar results were found by Han et
al. (2017). They compared the effect of
sodium selenite and selenium yeast and
their combination on egg quality traits in
laying hens. They reported that there
were no differences (P = 0.05) in egg
quality traits between the selenium
supplementation diets and the blank
control. Similar results were reported by
Rizk et al. (2017).

Recently, Lu et al. (2019) reported that,
there were no statistically significant
differences in any of the external and
internal traits of fresh eggs qualities from
hen fed different doses of selenium
yeast.

4. Immunological traits of laying
hens.

The primary immune response to
Avian Flu Virus (HsN;) in layers was
determined by some investigators.
Baowej et al. (2011) studied the effect of
selenium supplementation on both
cellular and humoral immunity. They
reported that, selenium supplementation
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enhanced the organs and cellular
immunity, but did not alter the humoral
immunity. This may be due to selenium

has been shown to stimulate the
transformation of T-lymphocytes into
cytotoxic cell (Leng et al., 2003).

Cytotoxic cells are T-lymphocyte that
kills cancer cells.

In addition, Saad et al. (2013) studied
the effect of organic or inorganic
selenium on the antibody titers against
Avian Flu Virus (HsN,). They reported
that the antibody titers against Hs;N, did

not affected by selenium
supplementation treatments.
Similar results were reported by

Mohapatra et al. (2014), who showed that
the antibody titers against Hs;N,. Virus
did not affected by different selenium
forms or levels diets in layer chickens.

Also, Selim et al. (2015) studied the
effect of inclusion inorganic, organic and
nano-selenium forms in broiler diets on
some iIimmunological traits of broiler
chickens. They found that the primary
immunity against Avian flu Virus (HsN,)
did not affect the H;N; due to selenium
sources or levels. But they recorded
significant increase of lymphocyte cells
(L%) and significant decrease of both
heterophils (H%) and H/ L ratio by using
nano-selenium at levels from 0.15 to 0.30
ppm, compared with inorganic selenium
form.

MATERIALS AND METHODS

The present study was carried out at
the Department of Poultry and Fish
production, Faculty of Agriculture, Shibin
El- Kom, Menoufia University, in addition
to Inshas Poultry Research Station,
Animal Production Research Institute,
Agricultural Research (APRI), with
collaboration of Academy of Scientific
Research and Technology (ASRT), Egypt.
The present work aimed to study the
effect of dietary nano- selenium on some
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economic and immunological traits in
laying hens.

1. Chicken stock.

Silver Montazah laying hens were
used in the present study as Egyptian
local developed strain. Silver Montazah

strain is a synthetic local strain of
chickens, which developed at the,
Montazah poultry research station

ministry of agriculture, Egypt (Mahmoud
et al., 1974).

2.Birds housing and management.

Layer were housed in semi-open
housing with aground floor system. All
birds were treated similarly during the
experimental period with a photoperiod
length of 16 h day from 50 weeks of age
to the end of experiment at 62 weeks of
age.

Feed and water were provided ad
libitum through the experimental period.

3. Experimental and

treatments.

design

The present study was carried out at
Inshas Poultry Research Station, Animal

Production Research Institute,
Agricultural Research Center. A total
number of 180 females of Silver

Montazah laying hens at 50 weeks old
were used. At 50 weeks of age, birds

were randomly divided into six
treatments, 30 laying hens in each
treatment. Then, each treatment

subdivided into 3 replicates (10 laying
hens/ replicate).

Laying hens were fed a basal diet
containing 16.3% crude protein and 2725
k cal ME/kg diet. Basal diet containing
vitamins and minerals mixture without
selenium. A feed was requested from the
factory of the Animal Production
Research Institute to cover the nutrient
requirements for laying hens during
experimental periods. The treatments
were supplemented with 200 mg
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selenium/ ton diet as sodium selenite for
T, (control treatment), 200 mg nano-
selenium /ton diet for T,, 160 mg/ ton diet
for T3, 120 mg/ ton diet for T4, 80 mg/ ton
diet for T5 and 40 mg/ ton diet for Te.

4. Source and forms of selenium.

Two forms of selenium were used.
First form is sodium selenite which used
for control treatment (T1). Second form is
nano-selenium which used in treatments
(T2, T3, T4, T5 and T6). Selenium forms
were obtained from Nano-Tec Company,
(Elwahat Road, 6™ October city, Giza,
Egypt). nano-selenium was obtained in
liquid form with concentration of 4500
ppm and in particles around 50 nm in
size.

5. Mixing of Nano-selenium
particles in diet.

The nano-selenium particles were
obtained in liquid form. Five nano-
selenium diet concentrations (200, 160,
120, 80 and 40 mg/ton diet for treatments
(T2, T3, T4, Ts and Tg), respectively. The
treatment (T,) was used as control with
200 mg/ ton diet sodium selenite.
Treatments were prepared by mixing the
selected concentrations of nano-
selenium in wheat bran. Samples were
mixed well for homogeny and then dried
at 60° overnight. The prepared nano-
selenium samples in dry form were
added to the final layer diet and mixed
very well. Treatment birds were fed the
nano-selenium diets at 50 weeks of age
to the end of the experiment.

6. Studied traits.

The following traits were studied

6.1. Egg production traits.

Egg production traits studied were
included egg number (EN), average egg
weight (EW), and egg mass (EM), which
calculated monthly at 54 wk, 58 wk, and
62 weeks of age.
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6.2. Average feed intake of layers.

The average feed consumption was
calculated in grams feed/ bird/ day at 54,
58 and 62 WK of age. The remaining diet
was weighed once at the end of each
period during the experimental periods.

6.3. Average feed conversion ratio
(FCR) of layers.

Average feed conversion was
calculated as a gram feed consumption
divided by gram egg mass (g feed/ g egg
mass) during the experimental periods at
54, 58 and 62 wk of age, according to the

following equation:
FCR= Feed consumption (g)
Egg mass (g)

6.4. Egg quality traits studies.

Egg quality traits were measured at 58
wk of age in the Physiological
Laboratory, Animal Production Research
Institute, Agricultural Research Center,

Egypt.

Only 6 eggs were randomly taken from
each treatment (2 eggs from each
replicate) which were used for egg
quality measurements and to study the
external and internal egg quality traits.
Both external and internal egg quality
traits were studied at 58 wk of age as the
following.

6.4.1. External egg quality traits.
a- Egg weight (EW):

Eggs were weighed individually to the
nearest 0.01 gram by using electronic
balance and both egg length and egg
diameter were measured by using an
Ames (caliper) in millimeters. Then shell
weight was detrmined as percentage of
egg weight.

b- Egg shape index (E. S. I):

Egg shape index was determined by
using the following formula according to
Reddy et al. (1979).
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Width of egg (mm)

E.S.1= Length of egg (mm)

X100

6.4.2. Internal egg quality traits.

Sample of eggs were weighed and
broken on a flat surface where the height
of the albumen was measured of half way
between the yolk and the edge of the
inner thick albumen by using an Ames.
The Yolk was separated from the
albumen and weighed to the nearest 0.01
dg. The following internal quality traits
were determined.

6.4.2.1. Shell quality traits.

Egg shell was dried at room
temperature for 3 days, then at 60° C for
3 days and weighed. The following shell
quality traits were determined.

a- Shell weight (S. W):

Shell weight was determined by using
electronic balance to the nearest 0.01g.

b- Shell percentage (S%):

Shell percentage was calculated from
the following equation.
S% = Dried shell weight (g)
Egg weight (g)

c- Shell thickness (S.T.):

Shell thickness was measured with
the membrans in (mm) and determined as
the average of three different parts of
shell (equator, top and truneate) using
micrometer.

6.4.2.2. Yolk quality traits.
a- Yolk weight (Y.W).

Yolk weight was determined
individually using electronic balance to
the nearest 0.01 g.

b- Yolk percentage (Y%).
Yolk (%) was determined by the
following equation:
_ Yolk weight (g)
0fy= 2 TFETI NI
Y (%) Egg weight (g) X100
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c- Yolk height.

Yolk height was determined
individually by using an Ames.
d- Yolk index.

Yolk index was determined by using
the following formula according to Wells
(1968):

Y1= Yolk height (mm) X 100
Yolk diameter (mm)
e- Yolk colour.
The egg vyolk visual color was

determined by matching the yolk with
one of the 15 bands of the Roche
improved Yolk color fan.

6.4.2.3. Albumen quality traits:
a- Albumen weight (Al. W).

Weight of albumen in grams was
calculated by subtracting yolk and dried
shell weight from total egg weight as the
following.

Al. W. (g) = egg weight — (yolk weight +
dried shell weight)

b- Albumen percentage (Al %)
Albumen percentage was calculated
by the following equation:

Albumen weight (g)
Egg weight (g) X100

c- Albumen height (Al. H):

Albumen height was measured at half
way between the yolk and the edge the
enner thick albumen by using an Ames.

Al %=

6.4.2.4. Haugh unit score (H. U) .

Haugh unit score was applied from a
special chart using egg weight and
albumen height which was measured by
using a micrometer according to Haugh
(1937) as the following equation:

H.U.=100 10g (H +7.57 - 1.7 W *¥)
Where:

H is the albumen height in mm.

W is the egg weight in grams.

7.57 and 1.7 are constants
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6.5. Immunological study.

The immunological study was carried
out at the Animal Health Research
Institute, in order to determine the
primary immune response to avian flu
virus (H5N,) at 56 wk of age. Layers were
subcutaneous injected with 0.5 ml of
prepared avian flow virus (HsN,) at 56 wk
of age. Blood samples were drawn
individually from each layer (6 samples/
treatment). Inmune sera were collected
at 14 days post injection. The primary
immune response was determined using
hemagglutination method. The antibody
titer, white blood cells, lymphocyte cells
and heterophiles were determined by the
Animal Health Research Institute.

6.6. Statistical analysis.

Data of productive and immunological
traits were subjected to analysis of
variance with nano-selenium treatments
and their replicate effects using the
general linear model procedure of SAS
user's Guide (SAS, 2001). Duncan’'s
multiple range tests was used for the
multiple comparisons of means (Duncan,
1955).

The statistical model used in the

present study was (SAS, 2001)

Yi=p+T;+e;j
Where:
Y;; = the observation of the ijth.
p =the common mean.
T; = the fixed effect of the i™ treatments.
E; = Random error component to be
normally distributed.

RESULTS AND DISCUSSION:

The present experiment aimed to
study the application of different
selenium (Se) sources and levels to
improve productive performance and
immunological traits in laying hens.
Sodium selenite was used as control (T)
and five levels of nano-selenium (T,, T,
T4, Ts and Te) with 200, 160, 120, 80 and
40 mg/ ton diets, respectively.

1. Egg production traits in the
whole experimental period.

The effect of different selenium
sources and levels during the whole
experimental periods (3 months) on egg
production traits in Silver Montazah
layers are given in Table (1). The
statistical differences among treatments
in egg number and egg mass were highly
significant (p < 0.01). But, the statistical
differences among treatments in egg
weight were not significant.

Table (1): Effect of different selenium (Se) sources and levels during the whole
experimental periods (3 months) on egg production traits in Silver Montazah

layers.
Treatments® Se level Egg no Egg wt (g) Egg mass
mg/ton diet X +SE X +SE G % Change of
control

T, 200 23.410.10° 47.0+1.32 1099.8° 100.0

T, 200 38.610.61° 48.3+1.21 1864.8° 169.6

T, 160 34.9+1.00° 47.9+1.02 1671.7° 152.0

Ta 120 30.0+1.12° 47.641.03 1428.0° 129.8

Ts 80 26.010.95° 47.5+1.05 1235.0° 112.3

Te 40 19.8+1.19° 47.341.12 936.5° 85.2
Total Ave. - 28.80.98 47.6+1.15 1427.2 -
P-value - 0.01 N.S. 0.01 -

* T4 = Control (Sodium selenite), T2, T3, T4, Ts and T; different levels of nhano-selenium treatments
a, b, c: Means of the same column superscripts differ significantly (P < 0.05).
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The present results showed that nano-
selenium diet had higher egg mass than
sodium selenite (control) by 69.6, 52.0,
29.8,12.3 and 5.2% for T,, T3, T4, T5 and
Te, respectively.

The present results obtained during
the whole experimental period are in
good agreement with the results reported
by Pavlovi et al. (2009). They found that
selenium yeast increased egg production
in the last 8 weeks of experimental period
as compared to control (sodium selenite).
Also, Rizk et al. (2017) found that
supplementing different selenium
sources to the diets especially nano-
selenium had significantly improved the
productive and reproductive performance
traits at 0.3 mg/ Kg diet nano-selenium.

On the other hand, the present results
disagree with the results reported by
Attia et al. (2010). They reported that egg
production percentages were not
affected neither by selenium sources nor
levels.

In addition, layers receiving 200 mg
nano-selenium/ ton diets significantly
had the highest egg number and egg
mass. Also, addition of nano-selenium to
layer diets improved the egg number and
egg mass not only during the whole
experimental period, but also by the
productive year. Moreover, there were
positive relationship between the levels
of nano-selenium supplementation in the
layer diets with egg number and egg
mass. The optimum level of nano-
selenium was 200 mg/ ton diet, which
obtained the highest values of egg
number and egg mass under conditions
of experiment.

However, supplementation of 200 mg
nano-se/ ton had higher improvement
than the corresponding level of sodium
selenite. These differences were related
to the different absorption process for
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nano-Se than sodium selenite. In this
respect, Cai et al. (2012) suggest that the
superior performance of nano-se
particles may be attributed to their
smaller particle size and larger surface
area, which increased intestinal
absorption and tissue depositions.

2. Daily feed intake (g/ d).

The effects of different selenium
sources and levels during the whole
experimental period (3 months) on feed
intake (g/ d) in Silver Montazah layers are
given in Table (2). Results explained that,
selenium levels and sources
supplementation for layer diets did not
significantly affected on the daily feed
intake of layers during the whole
experimental period (3 months).

The average feed intake for each hen
was ranged from 119.1 to 119.8 g/ d in the
first month, from 119.9 to 121.3 g/ d in the
second month, and from 120.9 to 121.9 g/
d for layers in the third month. The
average daily feed intake in the third
month was higher than in both first and
second months. Also, the statistical
differences between sources or levels of
selenium were not significant.

The present results are in agreement
with the findings reported by Cai et al.
(2012). They found that increasing of the
level of selenium supplementation did
not affect feed intake of broilers when
increased the concentration (from 0.0 to
2.0 ppm) of nano-selenium. Also, the
differences between sodium selenite and
nano-selenium on daily feed intake were
not significant (Gouldo et al. 2013).

Recently, Lu et al. (2019) studied the
effects of high dose of selenium-enriched
yeast on laying performance. They
reported that there were no statistically
significant differences in the average
daily of feed intake in laying hens.
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Table (2): Effect of different selenium (Se) sources and levels during the whole
experimental period (3 months) on feed intake (g/b) in Silver Montazah layers.

Se First month Sﬁ‘:gz:‘: Third month | Whole Exp-periods
Treatments* | level
mgfton g/d ch;/;ge g/d ch;/;ge g/d ch;/;ge feeGdld % change™
T, 200 (119.8| 100.0 |121.3| 100.0 (121.9| 100.0 | 121.0 100.0
T, 200 (118.6| 99.0 |119.9 98.8 (121.0| 99.3 |119.8 99.0
T; 160 [119.1] 99.4 (120.3( 99.2 |121.6] 99.8 ([ 120.3 99.4
T, 120 [119.7] 999 (1211 99.8 |121.7| 99.8 ([ 120.8 99.8
Ts 80 |119.8( 100.0 [120.6| 99.4 |120.9 99.2 (1204 99.5
Te 40 |119.7| 999 (121.0| 998 |121.7| 99.8 | 120.9 99.9
Total Ave. 119.5 - 120.7 - 121.5 - 120.5 -
P-value N.S. - N.S. - N.S. - N.S. -

* = Control (T1) Sodium selenite, where (T2, T3, T4, Ts and Tg) are different levels of hano-selenium

treatments.
** = % Change of control (T+).
N.S.: Not significant (P < 0.05).

3. Feed conversion ratio (g feed/ g
egg mass):

The effects of different selenium
sources and levels during the whole
experimental period (3 months) on feed
conversion (g feed/ g egg mass) in Silver
Montazah layers are given in Table (3).
Results showed that, selenium sources
and levels supplementation for layer
diets had highly statistical significant
differences (p =< 0.01) on the feed
conversion of layers during the whole
experimental period (3 month) in Silver
Montazah layers.

The average feed conversion ratio was
7.15, 9.40, 12.69 and 9.24 (g feed/ g egg
mass) in the first, second, third months

and whole experimental periods,
respectively for control treatment
(sodium selenite). While in nano-

selenium treatments, the feed conversion
values had opposite relationship with the
nano-selenium levels in layer diets. The
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average of feed conversion ratio in whole
experimental period were 5.40, 6.04, 7.11,
8.19 and 10.84 (g feed/ g egg mass) for T,
(200), T; (160), T; (120), T4 (80) and T,

(40) mg nano-selenium/ ton diet,
respectively.
The present results are in good

agreement with findings reports by some
investigators. Attia et al. (2010) studied
the effect of nano-selenium
supplementation in layer diets on feed
conversion ratio. They reported that
addition of nano-selenium in layer diets
improved the feed conversion ratio as
compared with layers fed the control
diets. Similar results were reported by
Radwan et al. (2015). They found that
feed conversion ratio significantly
improved by adding 0.25 ppm of nano-
selenium in layer diets.

On the other hand, the present results
disagree with the results reported
recently by Lu et al. (2019) in laying hens.
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They found that there were no
statistically significant differences in the
averages daily of feed intake and feed
conversion ratio due to supplementation
of high dose of selenium enriched yeast
in layer hens.

The present results concluded that
adding nano-selenium in layer diets
improved feed conversion ratio. The best
level of nano-selenium was 200 mg/ ton
layer diets which recorded 5.40g feed/ g
egg mass as compared to 9.24 g feed/ g
egg mass in control treatment (200 mg
sodium selenite/ ton diet).

4. Egg quality traits in layers.

Both, external and internal egg quality
traits were measured at 58 wk of age (the
end of the second month of experimental
period). The studied egg quality traits
were as the following:

4.1. External egg quality traits.

The effects of different selenium
source and levels on external egg quality
traits in Silver Montazah layers are
explained in Table (4). The statistical
analysis showed that there were no
significant differences in the average egg
weight and egg shell index. While, the
statistical differences among treatments
in both shell thickness (mm) and shell
weight (%) were significant (p < 0.05).

The average egg weight was ranged
from 48.52 to 50.01 (g). The addition of
200 mg nano-selenium /ton had the
highest egg weight (50.01g) as compared
to 200 mg sodium selenite / ton (48.89 g),
but, the differences were not significant.
Also, egg shape index was ranged from
75.40 to 77.08 and the differences were
not significant.

Table (3): Effect of different selenium (Se) sources and levels during the whole
experimental period on feed conversion (g feed/g egg mass) in Silver

Montazah layers.

Se Fist month Sﬁ‘:gz:‘: Third month W:;::,?oﬁzp'

Treatments* | level - - - -
mafton g/d cha/;ge g/d cha/;ge g/d cha/;ge feecfi/d charf)ge**

T 200 |7.15°| 100.0 |9.40°| 100.0 [12.69°| 100.0 | 9.24° | 100.0

T, 200 |4.61°| 64.5 |4.48*| 455 |8.29° | 653 | 540°| 584

T, 160 |5.47°| 76.5 [4.64*°| 494 |968° | 76.3 [6.04"| 654

T, 120 |6.10°| 85.3 [5.42°| 57.7 |12.55°| 989 |[7.11°| 76.9

Ts 80 |6.53°| 931 [7.13°| 67.0 |12.92°| 101.8 | 8.19° | 88.6

Te 40 |8.43°| 117.9 [8.61%| 91.0 [21.39°| 168.6 |10.84" | 117.3
Total Ave. 6.38 - |e6.61 - 12.91 - 7.80 -
P-value 0.01 - |o0.01 - 0.01 - 0.01 -

* = Control (T1) Sodium selenite, where (T2, T3, T4, Ts and Tg) are different levels of nano-selenium

treatments.
** = % Change of control (T+).

a, b, ¢ = Means of the same column superscript differ significantly (P < 0.05).
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Table (4): Effect of different selenium sources and levels on external egg quality traits in

Silver Montazah layers..

. Se level Egg _SheII Egg shell

Treatments mgiton Weight (g) thl((:](?ne)ss index Shell wt (%)
T, 200 48.89+4.75 | 0.189+0.36° 75.40 11.40%0.61°

T, 200 50.01+£3.17 0.211+0.31° 76.09 13.2910.44°

T; 160 48.72+3.33 0.209+0.29° 75.70 13.2510.57°

T, 120 46.5613.89 0.20+0.38° 77.08 13.2240.61°

Ts 80 48.86+3.86 | 0.189+0.31° 77.07 12.78%0.62°"

Ts 40 48.52+4.58 | 0.182+0.30° 76.33 12.330.51°"
Total Ave. - 48.59+4.11 0.197+0.33 76.28 12.71+0.58

P-value - N.S. 0.05 N.S. 0.05

* T4 = Control (Sodium selenite) T2, T3, T4, Ts and Ts different levels of nano-selenium treatments.
a, b, c = Means of the same column superscripts differ significant (P < 0.05).

N.S.: Not significant .

On the other hand, the statistical
differences showed significant
differences among treatments in both
shell thickness (mm) and shell weight
percentage (p < 0.05) due to the effect of
sources and levels of selenium. There
was positive relationship between shell
thickness and shell weight (%). Addition
of nano-selenium to layer diets with 120
to 200 mg/ ton had the highest values of
shell thickness and shell weight. Where,
addition of 200 mg sodium selenite/ ton
(control) or 40 to 80 mg/ ton nano-
selenium to layer diets had the lowest
values of both traits (shell thickness and
shell weight) percentages.

4.2. Internal egg quality traits.

The effects of different selenium
sources and levels on internal egg
quality traits in Silver Montazah layers
are shown in Table (5). The results
showed that the statistical differences
among treatments in yolk weigh, yolk
colour and Hough unit were not
significant. While, the statistical
differences in albumen weight (%) and
yolk index were significant (p < 0.05).
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In addition, the average of albumen
weight (%) was ranged from 53.23 to
56.76%. Also, yolk index was ranged
from 40.92 to 46.09. The result showed
that yolk index values were increased as
the levels of Nano-selenium
supplementation increased in layer diets.

In this respect some investigators
reported different results about the effect
of different selenium sources and levels
supplementation on 