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ABSTRACT: This work was conducted to evaluate the effect of dietary organic
selenium (OR-Se) supplementation on growth performance, carcass traits, nutrient
digestibility, blood metabolites, and antioxidant capacity of broiler chicks that reared in
a high temperature environment. A total number of 320 one-day old unsexed chicks
(Cobb-500) were raised during summer season under temperature ranged between 29.9
to 33.3 'C. Birds were randomly assigned to four treatment groups of 80 chicks each,
with four replicates each of 20 chicks, kept in floor pens. The 1% group (T1) was fed
basal diet, while the 2", 3 and 4™ groups (T,, T3, and T4) were fed diets supplemented
with 0.3, 0.6 and 0.9 mg OR-Se/kg diet, respectively. The obtained results indicated
that, groups supplemented with 0.6 and 0.9 mg OR-Se (T3 and T,) significantly
improved growth parameters (body weight, body weight gain, feed conversion ratio),
and nutrients digestibility. Also, these groups had higher (P< 0.05) carcass weight and
lower (P< 0.05) abdominal fat. Besides, blood parameters including red blood cells,
haemoglobin and haematocrit concentrations of chicks in these groups were clearly
increased in comparison with chicks (T,) or the control group (T1). Furthermore, adding
OR-Se to broiler diets statistically enhanced lipid profile, liver enzymes, kidney
function, and antioxidant activity under high temperature environment. It could be
concluded that dietary supplementation with OR-Se (0.6 and 0.9 mg/kg diet) had a
positive effects on productive performance of broilers by improving growth
performance, digestibility of nutrients, blood metabolites, and antioxidant capacity of
broiler chickens practically under summer conditions compared to the others in the
groups.
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INTRODUCTION

Continuous genetic selection in broiler
chickens for better feed efficiency, fast
growth and rearing under intensive
production system that leads to chicks
become more vulnerable to
environmental stressors such as heat
stress (HS). In addition that, chicks have
feather cover and do not have sweat
glands make them incapability to reduce
their body temperature under high
temperatures than optimal conditions (Hu
et al., 2021). During summer season of
tropical and subtropical regions especially
in open houses, exposing to high ambient
temperatures than optimal ranges cause
deleterious influences on the
physiological ~ status and  growth
performance of stressed chicks. While HS
induced oxidative damage, that impaired
productive performance (Tallentire et al.,
2016; Gozalez-Reves et al., 2020). It can
change the physiological biochemistry
interaction of birds that can reduced feed
consumption and impaired feed efficiency
while  leading to poor  growth
performance (He et al., 2020; Gozalez-
Reves et al., 2020). Therefore under a
high temperature environment, mitigating
measures like antioxidant feed additives
are affecting in production of commercial
broilers to improve or maintain the
optimum growth performance and carcass
traits (Van Hieu et al., 2022).

Trace minerals are important to
maintenance of homeostasis, increasing
energy, protein, amino acids and calcium
levels to treat nutrient deficiencies and
reducing the destructive effects on
chickens under HS conditions
(Alagawany et al., 2021; Kuttappan et al.,
2021). Selenium (Se) is a vital essential
component of enzymes and
selenoproteins that can provide as
antioxidative, antiflammatory, antiviral
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and antibacterial activity in biological
systems (Pecoraro et al., 2022). It
contributes in carbohydrate, protein and
lipid metabolism and is necessary for
enough appetite to avoid organs damage
under unfavorable conditions which
resulted in improved broiler performance
aspects (Zhang et al., 2020). It is
concerned in  the exterior and
selenoproteins synthesis and has an
important function of thyroid hormones
production which acting an essential role
in metabolism and growth control. It is
presence in approximately 25
selenoproteins involved in the multiple
biological and physiological processes in
the body requiring sufficient amounts of
Se (Surai and Kochish, 2019).

There are two main forms of Se, the first
is organic form, which present in animal
and natural plant tissues include
selenocysteine, selenomethionine and Se
enriched yeast, and the second is
inorganic form include selenate, selenite
and selenide (Nabi et al., 2020). Dietary
supplementation with green  Nano-
selenium had positive effect on growth
performance, immunity and antioxidant
status of heat-stressed broilers (Dukare et
al., 2020). Se enriched yeast as organic
form used in heat-stressed poultry is more
effective and less toxic than inorganic
form (Woods et al., 2021). Recently,
dietary organic selenium (OR-Se)
supplementation (0.4 up to 1mg/kg) could
be alleviating the deleterious effects of
HS on immunity, productive
performance, livability and physiological
status of chicks (Calik et al. 2022; Abbas
et al., 2022). Therefore, this study aimed
to investigate the impact of OR-Se as a
feed additive in broiler diets under hot
summer conditions on growth
performance, carcass traits, nutrient
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digestibility, blood metabolites and
antioxidant status.

MATERIAL AND METHODS
The current study was conducted in the
poultry house, Kazan State Academy of
Veterinary Medicine, Kazan, Russia. The
study on broiler chickens was approved
by the ethical committee of Kazan State
Academy of Veterinary Medicine, Russia,
following the recommendations of the
Russian Research and Technological
Institute of Poultry Breeding in Russia
(Egorov et al., 2021). A total number of
320 unsexed Cobb 500 chicks one-day
old (42.63+1.03g) were used during the
experimental period (5 weeks). Chicks
were reared in open-sided house
(summer, 2022) and placed in floor pens
covered with wood shavings litter. Chicks
were weighed and randomly distributed
into four treatment groups with four
replicates. Each replicate contained 20
chicks allocated in floor pens (2.5 m?
floor area).The 1% group (T.) was the
control group fed on basal diet without
any additives, while the 2", 3 and 4"
groups (T, T3 and T,4) were fed the basal
diets (starter and finisher) supplemented
with 0.3, 0.6 and 0.9 mg organic selenium
(OR-Se) per kg diet, respectively. OR-Se
was derived from yeast S. cerevisiae in
product ALKOSEL® R397, Lallemand
Inc., United Kingdom. AIll birds were
provided with feed and water ad libitum
for the whole experimental period (35
days). Uninterrupted light was ensured
during the first 3 days, and then birds
were exposed to 23 h of light and 1 hour
of darkness per day. During the whole
experimental  period, the ambient
temperatures and relative humidity were
recorded daily every 2 hours (Figurel).
Chicks received common starter (1-3
weeks of age) and finisher (3-5 weeks of
age) diets that met the recommendations
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of Cobb-500 guideline (Cobb-Vantress,
2020). Diet composition for starter and
finisher are showed in Table (1). The
chemical composition was determined
according to the Association of Official
Analytical Chemists (AOAC, 2005).
Growth parameters

Live body weight (BW) and feed intake
(FI), were recorded weekly per pen, FI
was adjusted for mortality. Body weight
gain (BWG) and feed conversion ratio
(FCR) were calculated, while FCR was
determined based on FI divided by BWG.
Carcass traits

At the end of the experiment (5 weeks of
age), birds were fasted for 12 hours, two
chicks were randomly selected from each
pen (8 chicks/treatment) for slaughtering
to perform some carcass characteristics.
The weights of the dressed carcass,
internal organs (gizzard, heart, liver, and
spleen) and abdominal fat were
determined and presented as a percentage
of BW.

Nutrient digestibility

At the end of the experiment (5 weeks of
age), 12 chicks from each treatment (3
birds/replicate) were housed in separate
metabolic cages for 5 days. Birds were
given the experimental diets for 5 days, in
which quantities of feed intake and
excreta were determined daily. Excreta
were sprayed with 1% boric acid to
eliminate nitrogen loss due to possible
ammonia release. The proximate analyses
of feed and dried excreta were performed
according to AOAC (2005). Nitrogen was
determined by separating the fecal protein
fraction in excreta samples (Jakobsen et
al, 1960).
Hematological
measurements
At 5 weeks of age, three birds per pen
were selected at random and blood
samples were collected in two blood

and biochemical
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sterile tubes with or without heparin
(Tube A and B respectively) from the
wing vein. In tube A, for measurements,
total red blood cells (RBC), leukocytes
count were determined by a
hemocytometer ~ method  (Campbell,
1995). Hemoglobin (Hb) and haematocrit
(Hct) concentration were estimated by
cyanomethemoglobin  technic  (Eilers,
1967) and microhematocrite centrifuge
(Daice and Lewis, 1991), respectively.
Blood samples in tube B (non-
heparinized tubes) were centrifuged at
3,000 rpm for 15minutes and serum was
separated immediately after, and then
stored at -20°C until further analysis.

Total protein (Total-P), Albumin (Alb.),
globulin (Glob.),glucose (Glu.),
triglycerides (TGs), total cholesterol
(Total-cholest), high-density lipoprotein
cholesterol (HDL-cholest), low-density
lipoprotein  cholesterol (LDL-cholest),
alanine aminotransferase (ALT), aspartate
aminotransferase  (AST), creatinine
(Creat.), uric acid (U-acid) and urea were
conducted by using commercial Kits,
Olvex Diagnosticum, Russia. Globulin
was calculated as the difference between
Total-P and Alb. (Kaneko et al.,
2008).Antioxidant status was estimated
by glutathione peroxidase (GSH-px),
superoxide  dismutase (SOD) and
malondialdehyde (MDA) of serum blood,
these parameters were measured by using
the Agat-Med (Arar-Men) diagnostic
Kits, Russia.

Statistical analysis

Statistical analysis of the obtained
data from the present study was carried
out through SAS software (version 9.1.3,
2003) and the data were subjected to one-
way ANOVA. The results were expressed
as mean =SE. Significance of differences
between means were calculated with
Duncan's test (Duncan, 1955).
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RESULTS
Growth performance
BW, BWG, FI and FCR of broilers that
fed diets supplemented with OR-Se are
presented in Table (2). Adding OR-Se
(0.6 and 0.9 mg/kg diet) to chick diets
significantly improved BW, BWG and
FCR of these chicks throughout the last
three weeks of experimental period
compared to others in the control group,
under high temperature conditions.
Supplemental 0.9 mg/kg diet had
significantly the higher level (P< 0.05) of
BW, BWG at all periods of the
experiment. However, FI did not
significantly change (P> 0.05) between
the experimental groups.
3.2. Carcass traits
Results presented in Table (3) showed
that supplementation broiler diets with
0.6 and 0.9 mg OR-Se/kg statistically (P<
0.05) increased carcass yield % and
decreased abdominal fat % but the
percentages of gizzard, liver, heart and
spleen were not affected by addition OR-
Se.
3.3. Nutrient digestibility
Dry matter (DM), crude protein (CP),
ether extract (EE) and crude fiber (CF)
digestibility —of birds fed diets
supplemented with different levels of
OR-Se are presented in Table (4). OR-Se
in diets at 0.6 and/or 0.9 mg/kg markedly
increased (P< 0.05) the nutrient
digestibility of CP and EE compared to
the control group. Nevertheless, no
changes (P> 0.05) were observed in the
digestibility of DM and CF.
3.4. Hematological characteristics
RBC, leukocytes, Hb and Hct levels of
broilers fed diets containing different
levels of OR-Se are presented in Table
(5). Higher supplemental OR-Se (0.6 and
0.9 mg/kg) in the diet recorded higher
(P< 0.05) RBC count, Hb, and Hect,
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compared to un-supplemented group
under exposure to high temperatures.
However leukocytes concentration values
did not differ between supplemented
groups and the control.
3.5. Biochemical blood parameters
The blood biochemical constituents of
chicks received diets supplemented with
OR-Se under high temperature condition
are presented in Table (6). These results
indicated that supplemental 0.6 and 0.9
mg OR-Se per kg diet to stressed broilers
linearly (P< 0.05) increased Total-P and
Glob. concentrations, whereas birds in
these groups recorded the lowest (P<
0.05) levels of serum Glu.
Broilers in experimental groups (T3 and
T,) exhibited lower (P< 0.01) serum TGs,
Total-cholest, LDL-cholest, ALT, AST,
Creat., and U-acid, but higher (P< 0.05)
serum HDL-cholest, than those in T, or
the control (T;) groups. However, the
level of Alb. and urea in serum did not
change between the experimental groups.
3.6. Antioxidant activity
Antioxidant activities: GSH-Px, SOD and
MDA of birds fed diets supplemented
with OR-Se under summer conditions are
presented in Figure (2). These results
indicated that chicks receiving 0.6 or 0.9
mg OR-Se/kg diets remarkably improved
GSH-Px and SOD, while the chicks in the
other groups had significantly the lower
(P< 0.05) level in MDA compared to the
control group.

DISCUSSION
Growth performance
In the present study, BW, BWG and FCR
had significantly improved (P< 0.05) in
chicks fed diets supplemented with 0.6 or
0.9 mg OR-Se/kg, however FI did not
differ in comparison with others in groups
under high environmental temperature
(Table 2). These results are fully
agreement with Markovic et al., (2018)
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who showed that adding different levels
of OR-Se (ALKOSEL® R397) improved
growth parameters except FI which did
not significantly change (P> 0.05)
compared to the control group. Also,
Bami et al., (2022) indicated that there is
no significant effect on growth
performance by adding lower levels
(0.075, 0.15 and 0.3 mg/kg diet) of Se
(green synthesized Nano Se). Dietary
supplementation with Se nanoparticles
(0.1 and 0.2 mg/kg) throughout the entire
period (1-35 days of age) significantly
improved BW and BWG but there were
no effects on FI and FCR under HS
conditions compared to the control
(Abdel-Moniem et al., 2022). On the
other hand, Habibian et al., (2016)
reported that supplemental Se
(selenomethionine) at levels 0.5, and 1
mg/kg to Dbroiler diets did not
significantly affect the performance under
either a thermoneutral (24 "C constant) or
HS conditions (37 'C) of these birds
compared to others received diets without
any addition.

According to the results of this study, the
improvement of OR-Se addition on
stressed broilers may be due to the
positive effect of dietary Se on feed
utilization and nutrient absorption (Table
4) and may be due to that Se can improve
the ability of animal to adapt and manage
with the stress due to its superior capacity
to bound cortisol and the active thyroid
hormone (T3) (Gozalez-Reves., 2020),

besides Se has a positive effect in
exchange Thyroxin (T4) into
Triiodothyronine (T3) that is more

effective in raising metabolism and the
metabolic rate in the body (Choupani et
al., 2014).

Carcass traits

Chicks fed diets with OR-Se had better
carcass yield and lower abdominal fat of
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stressed chicks, nevertheless these birds
did not have changes in gizzard, liver,
heart, and spleen percentages compared
to un-supplemented chicks. Similar
findings have been noted by Abdel-
Moniem et al., (2022) who showed that,
Se addition to stressed broiler markedly
enhanced carcass yield and significantly
reduced (P> 0.05) abdominal fat,
however the percentages of gizzard, liver,
heart, and spleen were not affected by Se
addition. Also, lbrahim et al., (2022)
indicated that supplemented turkey diets
with different forms of Se (organic and in
organic) significantly increased carcass
yield and gizzard percentages, but liver
and heart percentages did not
significantly differ (P> 0.05).
Furthermore, chicks that reared under HS
(35+1°C) from 10 am to 2 pm (4 hours)
and fed diets with 1 mg OR-Se/kg diet
(Sel-Plex, Alltech Inc., Nicholasville,
KY) markedly enhanced carcass yield of
stressed chicks (Calik et al., 2022).
Conversely, carcass yield of broilers was
not significantly affected by dietary Se
supplementation (Baltic et al., 2016 and
Khatun et al. 2019). Our results suggest
that, the increase in carcass yield (%) may
be attributed to the improved growth
performance of supplemented birds
(Table 2) and the synergistic antioxidant
action of Se that can alleviate of the
negative effects of oxidative damage
(Surai and Kochish., 2019; Shakeri et al.,
2020). Besides, Ibrahim et al, 2022 noted
that the enhancement in carcass yield is
depend on the activity of GSH-Px (Table
7) and Hb levels in the blood (Table 5),
and the deposition rate will be better, and
the bioavailability of the Se improved.
Nutrient digestibility

The present study indicated that, OR-Se
supplementation at 0.6 and 0.9 mg/kg diet
statistically  increased the nutrient
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digestibility of CP and EE, but there were
no significant changes in DM and CF
digestibility compared to the control
group. These findings agree with the
study of Abdel-Wareth et al., (2022) who
stated that adding antioxidant additives
(nanoparticles of zinc oxide) to broiler
diets under hot climate can improved
nutrient digestibility of CP and EE and
did not have effect on DM. Likewise,
dietary supplemental 100 mg zinc and 0.5
mg Se enriched spirulina/kg diet for
rabbits under summer conditions led to an
increase CP and EE digestibility, but DM
and CF digestibility did not differ
compared to the control group (Hassan et
al., 2021). In contrast, Rezvani and
Shojaee (2021) indicated that adding
vitamin E-selenium to the drinking water
(2 ml/ L) had no effect on DM, CP and
EE digestibility of broilers under HS.
Furthermore, Sa’aci et al., 2021 revealed
that there was no effect on digestibility
nutrients of DM, CP, EE and CF by
adding Nano Se (0.10, 0.15, 0.20 and
0.25mg/kg diet) of broilers for 21 days
(from d 28 to d 49).

The increase in CP and EE digestibility in
birds received diets supplemented with Se
in the current experiment might be
attributed to the improvement in the
antioxidative status of stressed broilers
(Figure 2). While, the increase in Se
concentration in the blood and duodenal
mucosa as well as the activities of
thrioredoxin reductase and gluatathione
peroxidase in duodenal mucosa (Chen et
al., 2022).Whereas, Safiullah et al.,
(2019) indicated that the addition of Se to
the broiler diets can improve the
performance, immunity, and antioxidant
capacity of chicks exposed to HS (37°C),
this may be due to the addition of Se
which can protect the small intestine and
pancreatic tissue from the oxidative stress
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and led to high digestibility of nutrients
under HS (Habibian et al., 2015).
Hematological characteristics

The current findings revealed that dietary
OR-Se supplementation  significantly
increased RBC, Hb and Hct of broilers
under high ambient temperatures,
leukocytes was not significantly affected
compared with control group chicks.
Ayyat et al., (2018) conducted that under
summer season, growing rabbits that
received diets with OR-Se (Sel-Plex®)
had higher RBC, Hb and leukocytes
compared to others in the control group.
Our findings suggest that, the higher
levels in RBC and Hb values could be the
result of higher (P< 0.05) GSH-Px
(Figure 2), HS occurs higher generation
of reactive oxygen species and exposure
of RBC as a result for high degrees of
oxidative stress (Zheng et al., 2019).
While, GSH-Px is an enzyme that has a
main role in protection of RBC and Hb in
RBC against free radicals and oxidative
stress, consequently adding Se can
prevent damage of RBC (Huang et al.,
2012).

Biochemical blood parameters

The data of this study indicated that
stressed chicks fed diets with 0.6 and 0.9
mg OR-Se/kg had significantly higher
(P< 0.05) total-P, Glob., and HDL-
cholest, while these chicks had lower
Glu.,, TGs, total-choles, LDL-cholest,
ALT, AST, Creat., and U-acid. And there
were no markedly changes in Alb. and
urea, compared to those in the control
group. These results agree with those
obtained by Hassan et al., (2021) who
mentioned that stressed chicks fed diets
with 0.5 mg Se enriched spirulina/kg diet,
had higher values in total-P, Glob., and
HDL-cholest. Besides, these chicks
recorded the lower values in total lipids,
TGs, total-cholest, LDL-cholest, however
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had no significant alterations in Alb.,
AST, and ALT compared to in the un-
supplemented group. Similarly Abdel-
Moniem et al., (2022) indicated that
dietary  supplementation  with  Se
nanoparticles linearly decreased TGs,
Total-cholest and LDL-cholest under HS
conditions. Also, dietary supplementation
with OR-Se (Sel-Plex®) for growing
rabbits under summer season statistically
increased total-P, Glob., AST and had no
effects on urea levels in serum compared
to stressed animals in the control (Ayyat
etal., 2018).

The improvement of serum protein and
lipid profile by OR-Se addition under
summer conditions of this study may be
due to the improvement in performance
(Table 2) and digestibility of nutrients
(Table 4), in addition that the main role of
Se for improving antioxidant status
(Table 7). Also, a decrease serum
globulin and creatinine of supplemented
groups (T3 and T,) that may be reflected
the role of Se by decreasing the
concentration of corticosterone, whereas
under HS, corticosterone concentration
increased, consequently amino acids are
converted to glucose therefore occurs
increasing the levels of blood Glu. that
leads to gluconeogenesis (Kim et al.,
2022).

Antioxidant activity

The outcomes of our present study
indicated that the stressed chicks fed diets
containing 0.6 and 0.9 mg OR-Se/kg
noticeably increased GSH-Px, SOD, and
decreased MDA. The current results and
previous studies indicated that dietary Se
supplementation can improve the overall
antioxidant potential (Surai and Kochish,
2019; Woods et al., 2021; Abdel-Moniem
et al., 2022 and Ibrahim et al,
2022).Similar results to our presented
data were revealed by Gul et al., 2021,
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who showed that dietary supplementation
with Orgainc-Se (Se enriched yeast)
improved antioxidant system, while
significantly increased serum GSH-Px,
SOD, and reduced (P< 0.05) MDA under
HS conditions. Also, Abdel-Moniem et al
(2022) reported that the supplemental
dietary Nano Se in the stressed broiler
diets markedly enhanced GSH-Px, SOD,
and decreased MDA levels of serum
stressed chicks.

The antioxidant activity of Se could be
attributed to Se participation in
selenoproteins synthesis, including GSH-
Px system and thioredoxin system (Surai
and Kochish, 2019). The same authors
reported that the reduction in MDA
concentration in chickens fed diets
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supplemented with Se, caused no
oxidative stress conditions in the cell.
Moreover, indicated that Se is capable to
increase GSH-Px level which catalyzes
the reduction of detrimental hydrogen
peroxide to water or the parallel alcohols
(Park et al., 2018 and Surai and Kochish,
2019).
CONCLUSION

It could be concluded that dietary OR-Se
supplementation with 0.6 or 0.9 mg/kg
diet can improve growth performance,
carcass characteristics, digestibility of

nutrients, blood  constituents, and
antioxidant capacity of broiler chicks
practically under high temperature
conditions.
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Table (1): Ingredient composition and nutrient analysis of the control diet

Ingredient, % Starter (1-21 d) Finisher (22-35 d)
Yellow corn, 8.5% 48.25 53.70
Wheat, 12.5% 3.00 5.00
Soybean meal, 44% 32.38 23.49
Sunflower meal, 32% 3.00 5.00
Corn gluten meal, 60% 5.00 5.00
Sun flower oil 4.50 4.40
Dicalcium phosphate 2.00 1.30
DI-methionine 0.12 0.12
L-Lysine — 0.47
Limestone 1.15 0.92
Salt 0.30 0.30
Vitamin-mineral premix? 0.30 0.30
Analytical composition

Dry matter (DM) 92.15 92.02
Crude protein (CP) 22.56 20.47
Crude fiber (CF) 3.84 3.65
Ether extract (EE) 6.33 7.74
Calculated composition

Metabolizable energy (kcal per kg) 3074 3173
Calcium 1.00 0.74
Available phosphorus 0.52 0.48
Methionine+ Cystine 0.87 0.80

*Provided per kilogram of diet: Vitamin A, 12,500 1U; Vitamin B;,, 3 mg; Vitamin E, 30 IU;
Vitamin K, 2.3 mg; Vitamin D5, 4000 IU; Niacin, 65 mg; Thiamine, 2.2 mg; Riboflavin, 8 mg;
Pyridoxine, 4 mg; biotin, 0.25 mg; Pantothenic acid, 24.3 mg; Choline, 600 mg; Folic acid, 1.2
mg; 125.1 mg; lron, 60 mg; Copper, 7.5 mg; Selenium, 0.35;Manganese,100 mg; liodine, 1.8
mg; Zinc, 110 mg.
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Table (2): Body weight, body weight gain, feed intake and feed conversion ratio of
broiler chicks as affected by dietary supplementation with organic selenium (OR-Se)
under summer conditions

Treatments
Parameter T SEM p-value
(control) T2 Ts Ta

Body weight (BW), g

One day 43.00 43.66 41.89 41.99 0.94 0.522

3 weeks 817.39° 853.63® | 884.35% | 916.72° 27.18 0.039

5 weeks 1788.40° | 1869.90° | 2006.23* | 2057.52% | 41.22 0.006
Body weight gain (BWG), g
1-3weeks | 774.39° 809.97% | 842.46™ | 874.73 27.55 0.039
4-5 weeks | 971.01° 1016.28° | 1121.87* | 1140.80° | 18.21 0.0004
1-5weeks | 1745.39° | 1826.25° | 1964.34* | 2015.53* | 41.71 0.006
Feed intake (FI), g
1-3 weeks | 1012.17 1081.00 | 1107.34 | 1140.43 33.54 0.122
4-5 weeks | 1846.39 1907.02 | 1946.04 | 1943.05 29.33 0.134
1-5 weeks | 2858.56 2988.01 | 3053.38 | 3083.48 59.49 0.107
Feed conversion ratio, (FCR)
1-3 weeks 1.31 1.33 1.31 1.30 0.01 0.233
4-5 weeks 1.90° 1.88% 1.74° 1.70° 0.026 0.001
1-5 weeks 1.64° 1.64° 1.56° 1.53° 0.013 0.001

*®_ means with different letters in the same row are significantly different at (P< 0.05).SEM,
standard error of the mean.

Table (3): Carcass traits of broiler chicks as affected by dietary supplementation with
organic selenium (OR-Se) under summer conditions

Treatments
Parameter T. SEM | p-value
(control) T2 Ts Ta
*LBW, g 1833.55° | 1891.47° | 2017.70° | 2037.19* | 36.680 | 0.012
Carcass yield, % 70.85° 70.84° 74.55° 73.97° | 0.861 | 0.026
Gizzard, % 1.74 1.77 1.90 1.84 0.074 | 0.471
Liver, % 2.12 2.18 2.32 2.37 0.106 | 0.378
Heart, % 0.42 0.41 0.46 0.45 0.021 | 0.338
Abdominal fat, % 1.64° 1.58° 1.36° 1.34° 0.062 | 0.020
Spleen, % 0.147 0.137 0.127 0.127 0.011 | 0.544

> _ means with different letters in the same row are significantly different at (P<
0.05).SEM ,standard error of the mean. * LBW, live body weight.
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Table (4): Nutrient digestibility of broiler chicks as affected by dietary supplementation
with organic selenium (OR-Se) under summer conditions

Treatments
Parameter - r-]|:[1m|) T, T, T, SEM | p-value
Dry matter, DM 71.42 71.49 71.85 72.16 0.38 | 0.520
Crude protein, CP | 64.48° | 6605° | 69.95° | 72.35* | 093 | 0.001
Ether extract, EE | 67-61° | 67.43® | 7037* | 70.40° | 052 | 0.005
Crude fiber, CF 30.02 29.17 29.79 3042 | 057 | 0513

" _ means with different letters in the same row are significantly different at (P< 0.05).SEM,
standard error of the mean.

Table (5): Hematological parameters of broiler chicks as affected by dietary
supplementation with organic selenium (OR-Se) under summer conditions

Treatments
Parameter T, T T SEM vzfllje
(control) 2 3

Red blood cells (RBC), 197° | 208" | 2.41° | 244 | 0.085 | 0.010
10°/mm3
Leukocytes, 10*/mm3 2.28 2.62 | 257 | 256 |0.174| 0.544
Haematocrit (Hct),% 29.46" | 29.83" | 32.83% | 33.38% | 0.393 | 0.0002
Hemoglobin (Hb), g/dl 6.97° | 698" | 8.33° | 8.26° |0.253 | 0.006

*>_ means with different letters in the same row are significantly different at (P< 0.05).SEM,
standard error of the mean.
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Table (6): Biochemical blood parameters of broiler chicks as affected by dietary
supplementation with organic selenium (OR-Se) under summer conditions

Treatments
Parameter T SEM | p-value
(control) T2 Ts Ta

! Total-P, g/dI 3.52° 3.61° | 4.02° | 4.05° | 0.117 | 0.026
ZAlb., g/dl 1.62 1.68 1.77 1.91 | 0.110 | 0.333
*Glob., g/dl 1.90° 1.93° | 225° | 2.14* | 0.078 | 0.038
*Glu., mg/dl 216.23% | 197.45% | 148.82" | 155.05" | 7.75 | 0.001
TGs, mg/dl 150.64% | 143.10° | 120.42° | 116.94° | 3.84 | 0.001
®T-cholest, mg/dl 174.26° | 152.22° | 130.90° | 127.22° | 5.65 | 0.001
"HDL-cholest, mg/dl 34.69° | 34.06° | 43.60° | 42.88° | 1.93 | 0.012
LDL-cholest, mg/dI 79.90* | 79.58* | 62.58° | 61.82° | 1.82 | <.0001
°Creat., mg/d| 0.88° 0.88° | 065" | 0.62° | 0.04 | 0.003
19y-acid, mg/dl 5.03° | 4.47® | 3.89™ | 3.81° | 0.19 | 0.007
Urea, mg/dl 15.52 15.20 14.60 14.58 0.24 0.056
UALT, UL 7.32° 757" | 6.48° | 6.84* | 024 | 0.047
AST, U/L 206.70* | 205.72° | 183.46° | 182.61° | 4.89 | 0.010

a,b,c

— means with different letters in the same row are significantly different at (P< 0.05).SEM,
standard error of the mean. ‘Total protein, 2Albumin, *Globulin, “glucose, *Triglycerides, ®Total
cholesterol, "High-density lipoprotein cholesterol, ®low-density lipoprotein cholesterol,
%Creatinine, °Uric acid, "Alanine aminotransferase, ?Aspartate aminotransferase.

Figure (1): Ambient temperature (C’) and relative humidity (%) during the period of
experiment (1-35 days of age)
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Figure (2): (A, B, and C). Serum antioxidant activity of broiler chicks fed either a
control diet (T,), the control diet plus 0.3 mg OR-Se (T), the control diet plus 0.6 mg
OR-Se (T3), the control diet plus 0.9 mg OR-Se (T,4)/kg diet under summer conditions.
a,b and c — letters with different superscripts differ statistically at (P< 0.05)

Glutathione peroxidase (GSH-px) Superoxide dismutase (SOD) Malandialdehyde (MDA}
Bl ] 2504 B 159001 4
] i ? e b
wd O 10 B
- 150 E 15
E 3
7 100 £
LB .54
J - LA T T
Ti{contral} T2 T3 T4 T {contral] T2 Lk T4 T1 {eontrel] T2 T3 T
Treatmends Traatments Traatrments
REFERENCES Alagawany, M.; Elnesr, S. S.; Farag,

Abbas, A. O.; Alagil, A. A.; Mehaisen, M. R.; Tiwari, R.; Yatoo, M. I

G. M. K,, and El Sabry, M. 1., 2022.
Effect of organic selenium-enriched
yeast on relieving the deterioration of
layer performance, immune function
and physiological indicators induced
by heat stress. Front Vet Sci., 9:
880790.

Abdel-Moniem, A. E.; Shehata, A. M.;

Mohamed, N. G.; Elbaz, A. M., and
Ibrahim, N. S., 2022. Synergistic
effect of Spirulina platensis and
selenium nanoparticles on growth
performance, serum  metabolites,
immune responses and antioxidant
capacity of heat stressed broiler
chickens. Biol. Trac. Elem. Res., 200:
768-779.

Abdel-Wareth, A. A.; Hussein, K.R.;

Ismail, Z. S., and Lohakare, J., 2022.
Effects of zinc oxide nanoparticles on
the performance of broiler chickens
under hot climatic conditions. Biol.
Trac. Elem. Res., 200: 5218-5225.

477

AOAC

Karthik, K., and Dhama, K., 2021.
Nutritional significance of amino
acids, vitamins and  minerals
ssnutraceuticals in poultry production
and health-a comprehensive review.
Veterinary Quarterly, 41(1): 1-29.
(Association  of  Official
Analytical Chemists), 2005. Official
methods of analysis of AOAC
International, 18th ed. Gaithersburg,
MD: AOAC International.

Ayyat, M. S.; Al-Sagheer, A. A.; El-

Baltic,

Latif, M. K., and Khalil, B. A., 2018.
Organic selenium, probiotics, and
prebiotics effects on growth, blood
biochemistry, and carcass traits of
growing rabbits during summer and
winter seasons. Biol. Trac. Elem. Res.,
186(1), 162-173.

M."Z.; DokmanovicStarcevi,
M.; Basic, M.; Zenunovic, A,
Ivanovic, J.; Markovic, R.; Janjic,
J.; Mahmutovic, H., and
Glamo~clija, N., 2016. Effects of



Abdelhameed, S.A. Mohamed®” and Enas, M.A. Toson?

dietary selenium-yeast concentrations
on growth performance and carcass
composition of ducks. Anim. Prod.
Sci., 57(8): 1731-1737.

Bami, M.K.; Afsharmanesh, M,
Espahbadi, M., and Esmaeilzadeh,
E., 2022. Effect of dietary nano-
selenium supplementation on broiler
chickens per4formance meat selenium
content, intestinal microflora,
intestinal morphology and immunity
responses. J. of Trac. Elem. Med. &
Biol., 69: 126897.

Calik ,A.; Emami, N. K.; White M.
B.; Walsh, M. C.; Romero, L. F.,
and Dalloul, R. A., 2022. Influence
of dietary vitamin E and selenium
supplementation on broilers subjected
to heat stress, Part I: Growth
performance, body composition and
intestinal nutrient transporters. Poult.
Sci., 101(6), 101857.

Campbell, T. W. 1995 Avian
hematology and cytology (2nd ed.).
lowa State University Press.

Chen, S.; Xue, Y.; Shen, Y.; Ju, H;
Zhang, X.; Liu, J., and Wang, Y.,
2022. Effects of different selenium
sources on duodenum and jejunum
tight junction network and growth
performance of broilers in a model of
fluorine-induced chronic  oxidative
stress. Poult. Sci., 101(3):101664

Choupani, M., P.Z.; Moghadam, P.Z.;
Kelidari, H.R., and Ghazi. S., 2014.
Influence of dietary selenium sources
on thyroid hormone activation, tissue
selenium distribution and antioxidant
enzymes status in broiler chickens.
DAMA International, 3: 281297.

Cobb-Vantress, Cobb500: Nutrition
Specifications., 2020. www.cobb-
vantress.com

478

Daice, S. J.,, and Lewis, S.M. 1991.
Practical Hematology, 7th ED.
Churchill Livingstone.

Dukare, S.; MMir, N.A.; Mandal, A.B.;
Dev., K.; Brgum, J.; Tyagi, 1.J;
Roade, J.J.; Biswas, A.; Tyagi, P.K.
and Bhanja, S.K., 2020. Comparative
study on the responses of broiler
chickens to hot and humid
environment  supplemented  with
different dietary levels ans sources of
selenium. J. Tjer. Biol., 88: 102515.

Duncan, D. B., 1955. Multiple range and
multiple F test. Biometrics, 11:1-42.

Egorov, I.A.; V.A. Manukyan and T.N.
Lenkova.,, 2021. Methodological
Manual for Feeding Agricultural
Poultry (Sergiev Posad: LLC ‘Grand
Prix’), p 360. [in Russian].

Eilers, R. J., 1967. Notification of final
adoption of an international method
and standard solution for
hemoglobinometry specifications for
preparation of a standard solution.
American  Journal of  Clinical
Pathology, 47: 212-214.

Gozalez-Reves, P. A.; Chauhau, S. S.;
Ha, M.; Fergan, U.; Dumshea, F. R.,
and Worner, R.D., 2020. Effect of
heat stress on animal physiology
metabolism and meat quality. A
review. Meat Sci., 162: 10802.

Gul, F.; Ahmad, B.; Afzel, S.; et al,,
2021. Comparative analysis of various
sources of selenium on the growth
performance and antioxidant status in
broilers under heat stress. Barazilian J.
of Biol., 83: €251004.

Habibian, M.; Ghazi, S., and Moeini,
M. M., 2016. Effects of dietary
selenium and vitamin E on growth
performance, meat yield, and selenium
content and lipid oxidation of breast
meat of broilers reared under heat



broiler, stress, selenium, growth, antioxidant

stress.  Biological trace element
research, 169(1): 142-152.

Habibian, M.; Sadeghi, G.; Ghazi, S.,
and Moeini, M. M., 2015. Selenium
as a feed supplement for heat-stressed
poultry, A review. Biol. Trac. Elem.
Res., 165: 183-193.

Hassan, F.; Mobarez, S.; Mohamed,
M.; Attia, Y.; Mekawy, A., and
Mahrose, K., 2021. Zinc and/or
selenium  enriched  spirulina  as
antioxidants in growing rabbit diets to
alleviate the deleterious impacts of
heat stress during summer season.
Animals, 11(3): 756.

He, S.; Yin, Q.; Xiong, Y.; Li, J., and
Liu, D., 2020. Characterization of heat
stress affecting the growth
performance, blood  biochemical
profile, and redox status in male and
female broilers at market age. Trop.
Anim. Health Prod., 52 (6), 3833-
3841.

Hu, J.; Xiong, Y.; Gates, R. S., and
Cheng, H. W., 2021. Perches as
Cooling Devices for Reducing Heat
Stress in Caged Laying Hens: A
Review. Animals, 11(11), 3026.

Huang, Z.; Rose, A. H.; Hoffmann, P.
R., 2012. The role of selenium in
inflammation and immunity: from
molecular mechanisms to therapeutic
opportunities. Antioxid Redox Sign.,
16 (7):705-743.

Ibrahim, S. E.; Alzawqari, M. H.; Eid
Z. L.; Zmmar, M.; Hassan, A. M.,
and Dawood, M. A. 0., 2022.
Comparing the influences of selenium
nanopheres, sodium selenate and
biological selenium on  growth
performance, blood biochemistry and
antioxidative capacity of growing
turkey pullets. Biol. Trac. Elem. Res.,
200: 2915-222.

479

Jakobsen, P. E.; Kirston, S. G., and
Nielsen, H., 1960. Digestibility trails
with poultry. 322 bretning fra foprsgs
labratriet udgivest statens .Husdybug
sudvalg kobenhann.

Kaneko, J. J.; Harvey, J. W.; Bruss, M.
L., 2008. Clinical biochemistryof
domestic animals.Academic press.

Khatun A.; Chowdhury S. D.; Roy, B.
C.; Dey, B.; Haque, A. and
Chandran, B., 2019. Comparative
effects of inorganic and three forms of
organic trace minerals on growth
performance, carcass traits, immunity
and profitability of broilers. J. Adv.
Vet. Anim. Res., 6(1): 66-73.

Kim, D. Y.; Lim, B.; Kim, J. M., and
Kil, D. Y. 2022. Integrated
transcriptome analysis for the hepatic
and jejunal mucosa tissues of broiler
chickens raised under heat stress
conditions. J. Anim. Sci. Biotechnol.,
13(1): 1-17.

Kuttappan, V. A.; Manangi, M,
Bekker, M.; Chen, J., and Vazquez-
Anon, M., 2021.  Nutritional
intervention strategies using dietary
antioxidants and  organic  trace
minerals to reduce the incidence of

wooden breast and other carcass
quality defects in broiler
birds. Frontiers in  Physiology, 12:
663409.

Markovic, R.; Ciric, J.; Stercevic, M.;
Sefer, D., and Baltic, M.Z., 2018.
Effects of selenium source and level in
diet on glutathione peroxidase activity
tissue selenium distribution and
growth performance in poultry. Anim.
Heal. Res. Re., 19: 166-176.

Nabi, F.; Arain, M. A.; Hassan, F.;
Umar, M.; Rajput, N.; Alagawany,
M., and Liu, J., 2020. Nutraceutical
role of selenium nanoparticles in



Abdelhameed, S.A. Mohamed®” and Enas, M.A. Toson?

poultry nutrition: a review. Poult. Sci.
J., 76(3): 459-471.

Park, J.; Lee, S. and Kim, I., 2018.
Effect of dietary Spirulina
(Arthraspiro) platensis on growth
performance, antioxidant enzyme
activity, nutrient digestibility cecal
miroflora  excreta  noxious  gas
emission and breast meat quality of
broiler chickens. Poult. Sci., 97:
24512459.

Pecoraro, B. M.; Leal, D. F.; Frias-De-
Diego, A.; Browning, M.; Odle, J.,
and Crisci, E., 2022. The health
benefits of selenium in food animals: a
review. Journal of Animal Science and
Biotechnology, 13(1), 1-11.

Rezvani, M. R., and Shojaee, A., 2021.
Effect of Adding Watermelon Juice,
Vitamin E-Selenium, and Vitamin C
into the Drinking Water on Growth
Performance, Internal Organs’ weight
and Prececal Nutrient Digestibility in
Broilers under Heat Stress. Poult. Sci.
J., 9(1), 53-60.

Sa’aci, Z. A.; Alabi, O. J.; Jiya, E. Z.,
and ljaiya, A. T., 2021. Influence of
dietary Nano zinc and selenium
supplementation on growth
performance, nutrients digestibility
and carcass characteristics of broiler
chickens. Niger. J. animal sci., 23(3):
185-198.

Safiullah, N. C.; Khan, R. U.; Naz, S.;
Ahmad, M., and Gul, S., 2019. Effect

of Ginger (Zingiber Officinale
Roscoe) and Organic Selenium on
Growth Dynamics, Blood

Melanodialdehyde and Paraoxonase in
Broilers Exposed to Heat Stress. J.
Appl. Anim. Res., 47: 212-216.

SAS Institute, 2003. SAS/STAT
software release 9.3. SAS Institute Inc,
Cary

480

Shakeri, M.; Oskoueian, E.; Le, H.H.
and Shakeri, M., 2020. Strategies to
cobat heat stress in broiler chickens:
Unveiling the roles of selenium,
vitamin E and vitamin C. Vet. Sci., 7:
71.

Surai, P.F. and Kochish, 1.1., 20109.
Nutritional ~ modulation  of the
antioxidant capacities in poultry: the
case of selenium. Poult. Sci., 98: 4231-
4239.

Tallentire, C.W.; Leinonen, |. and
Kyriazakis, 1., 2016. Breeding for
efficiency in the broiler chicken (A
review). Agron. Sustain. Dev., 36:1—
16.

Van Hieu, T.; Guntoro, B.; Qui, N. H.;
Quyen, N. T. K, and Al Hafiz, F. A,,
2022. The application of ascorbic acid
as a therapeutic feed additive to boost
immunity and antioxidant activity of
poultry in heat stress environment.
Vet. World, 15(3): 685-693.

Woods, S. L.; Rose, S. P.; Whiting, I.
M.; Yovchev, D. G.; lonescu, C.;
Blanchard, A., and Pirgozliev, V.,
2021. The effect of selenium source on
the oxidative status and performance
of broilers reared at standard and high
ambient temperatures. Br. Poult. Sci.,
62(2): 235-243.

Zhang, T. G.; Zhao, Y. L.; Li, L., and
Zhou, D. H., 2020. Antagonistic
effects of nano-selenium on broilers
hepatic injury induced by Cr (VI)
poisoning in  AMPK  pathway.
Environmental Science and Pollution
Research, 27(33): 41585-41595.

Zheng, S.; Zhao, J.; Xing, H; Xu, S.,
2019. Oxidative stress, inflammation,
and glycometabolism disorder-induced
erythrocyte hemolysis in
seleniumdeficient exudative diathesis
broilers. J. Cell. Physiol., 234 (9):
16328-16337.



broiler, stress, selenium, growth, antioxidant

Al gadll)

Chual) Juad g b cad Cpandll g lad ALY s aY) e Lsybai\aW\;\éhb)Jﬁi

O sh (e 3 gana (i) 5 2eae paallae #Ola deallae
Liall Al = eyl &S« il il el 2B

uaa_\sra..a.gj\ O llas dandll Glaia 6}4.'\“ ;\J]‘_AQL;?.CAAJ\ eﬁ.‘\,ﬁ,}d\ aﬁh.a\e.\:\s.\!‘u‘);ﬂ\ oda A_\.U;\
Grine pe G SIS 32() aadia) | Gpendll (5l (3330a] 30uSY) Gilabizas 5 aall Aaliadll af gall AR paliall
Aasieda 3333 529.9 On @l 5Bl e da o Cad Cinall s e SIS (Cobb-500 A3) a 52 e
() S a)l e Ao §ge Sy @K B0 anal Ae sene JS e gana pl () L sdie CuSESY Cuand
Ll oJiS dade o cias IV de genall A )l Ay L 55 Q35 S 20 e By pSe JS (5 s
posiabi ol yaille 0.9 5 0.6 0.3 Ll ilan J5 8 ddde e chdald dag) Hll 5 AU AU Gl gasal)
ol 555 (8 B e amall () g) gaill il Jhsa (B (5 gima Gaad ) gl (Ral Il A Dle ganall)
‘;‘n (P< 005) ‘_ALG Lﬁji““ Ly Cala Q\.‘:}A;.d\ Xy (ua.@J\ Iy PAPDY ‘_g (puadg (@\Aﬂ\ d.u;ﬂ\ Jaxa
oulia (B (5 sima Guuad Gaaa @l ) ALYl phadl a3 (P< 0.05) ddie (g giua g daadll ()5
poibn e (g giad (30e e il Al sl (q}ﬁ%\,w%}g@\ “‘J’“ﬂ:v‘*ﬂ\ &l _S) pall
Sl adle aa€ /22409 50.6 gMdM\e}M\%ujoi@M\qu,SMS‘}!\Q\JL@A,
SO lalas ¢ gaill (5 sinn Cpuad (33 yha (o LUK s3] ZaaliaW] 3oL fppat ) (5279 (pendl) QSIS (33e
:\.G}AAAS\J MJ\AASL} BJ\AM Cauall QJJL il 320y Cilalicas 9 (aJ]\ oeulia ¢ @\Jﬂ\)mw (NAQJ\

sl

481



