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Abstract An experiment was conducted to investigate the
effects of dietary nanoselenium supplementation at 0, 0.6
and 1.2 mg/kg of diet on growth performance, serum bio-
chemical parameters, immune response, antioxidant capacity,
and jejunal morphology of 29-d-old male broilers subjected to
heat stress at 37 ± 1°C for 14 d. Broilers were fed for 42 d on
the experimental diets. The results showed that nanoselenium
supplementation had no effect on growth performance, but it
supplementation at the rate of 1.2 mg/kg diet decreased the
serum concentration of cholesterol prior to the heat exposure.
Further, dietary nanoselenium supplementation linearly in-
creased the high-density lipoprotein cholesterol concentration,
while linearly decreased those of low-density lipoprotein cho-
lesterol and aspartate aminotransferase in the serum before
applying heat stress. Compared with thermoneutral tempera-
ture, heat stress reduced body mass gain, feed intake, percent-
ages of carcass, breast, leg, abdominal fat, bursa of Fabricius,
thymus, antibody response against sheep red blood cells, se-
rum concentration of protein, erythrocyte activities of gluta-
thione peroxidase and superoxide dismutase, jejunal villus
height, and villus height to crypt depth ratio, while increased
feed conversion ratio, percentages of liver, gizzard, pancreas,
gallbladder, heart, and the concentrations of aspartate amino-
transferase and malondialdehyde. Dietary supplementation of
nanoselenium linearly reduced the abdominal fat and liver
percentages, while linearly increased the activity of

glutathione peroxidase and villus height in heat-stressed
broilers. Furthermore, the lower level of nanoselenium de-
creased the percentages of gizzard and heart in broilers under
heat stress. The diet supplemented with 1.2 mg/kg
nanoselenium improved feed conversion ratio and increased
antibody response against sheep red blood cells, activity of
superoxide dismutase, and villus height to crypt depth ratio,
but decreased the serum concentrations of cholesterol, low-
density lipoprotein cholesterol, and malondialdehyde in heat-
stressed broilers. The results suggest that supplemental
nanoselenium improved growth performance, internal organs
health, immune response, and jejunal morphology by allevi-
ating the oxidative stress induced by heat stress.
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Introduction

High ambient temperature, which is known as heat stress
(HS), is one of the main undesirable factors in poultry produc-
tion that negatively affects production performance, immuni-
ty, and meat quality of broilers, resulting in significant eco-
nomic losses [1–3]. Currently, micromineral supplementation
is used to alleviate or eliminate the detrimental effects of heat
stress [2, 4]. Selenium is an integral constituent of thirty iden-
tified selenoproteins; including glutathione peroxidases
(GPxs) include cytosolic GPx (GPx1), gastrointestinal GPx
(GPx2), extracellular GPx (GPx3), phospholipid hydroperox-
ide GPx (GPx4), three iodothyronine deiodinases (5'DI, 5'DII,
5'DIII), three thioredoxin reductases (TR1, TR2 and TR3),
and Selenoprotein-P [5]. Selenium is an essential
micromineral for poultry production and low Se status leads
to poor growth performance, nutritional muscular dystrophy,
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exudative diathesis, immunodeficiencies, decreased concen-
trations of the active form of thyroid hormone, reduced anti-
oxidant status in plasma and various organs, and lipid perox-
idation [6–11]. Nutrients consumption and metabolism are
influenced by heat stress [1, 12]. Heat stress reduces the feed
consumption and, consequently, the intake of micronutrients
such as vitamins A, E, and C and Se. Exposing to heat stress
also caused increases in the mineral excretion, while it de-
creased the concentrations of antioxidant vitamins (e.g.,
Vitamins E, C, and A) and minerals (e.g., Se, Zn, and Cr) in
the serum and liver of poultries [13]. Both heat stress and Se
deficiency can disturb the balance between production of free
radicals and antioxidant defense system result in oxidative
stress. The induced-oxidative stress causes damage to a wide
variety of biomolecules including lipids, proteins, and DNA,
resulting in tissue damages and organ failure [7, 14, 15].
Moreover, synthesizing new selenoproteins such as GPxs
may be increased under heat stress conditions, which may
exacerbate a marginal Se deficiency or may increase Se re-
quirement [16]. The recommended dietary level of Se for
broilers is 0.15 mg/kg [17]. It seems that this level is inade-
quate for optimum productivity and health of broilers reared
under heat stress. Furthermore, chemical form of Se affects its
bioavailability and distribution in the body [16]. Today′s so-
dium selenite is commonly used as a supplement in the poultry
diet. Different Se forms including inorganic, such as sodium
selenite, organic, such as selenomethionine and Se-enriched
yeast, and nanoselenium (Nano-Se) has been compared to
choose the best source of Se for maximizing the poultry health
and production in thermoneutral or oxidative (heat stress) rear-
ing condition [8, 18–20]. The effects of sodium selenite and
Nano-Se on the growth performance, serum GPx activity, Se
concentrations in the serum, liver, and breast muscle, and Se
retention in the whole body and liver tissue were compared by
Hu et al. [21]. Their results showed that both Se sources com-
parably increased the survival ratio, average daily gain, feed
efficiency, and serum GPx activity. However, the concentra-
tion of Se in the serum and tissues, the transfer of Se from the
intestinal lumen to the body, and the Se retention were mark-
edly higher when broilers fed Nano-Se. Supplementation of
various sources of Se (sodium selenite, Se-enriched yeast, and
Nano-Se) did not affect the performance parameters in the
non-stressed or oxidative-stressed broilers; however, Se im-
proved the antioxidant capacity in broilers under oxidative
stress, with a more pronounced impact caused by Nano-Se
[20]. However, Wang reported that both sodium selenite and
Nano-Se improved the growth performance and increased the
tissue Se content and serum and hepatic GPx activity, and
there was no noticeable difference between Se sources [18].
Although several studies have evaluated the effects of dietary
Se supplementation on broilers kept under high ambient tem-
perature conditions, the results are inconsistent. da Silva et al.
reported no significant effects of Se sources and levels on the

performance, spleen and bursa indices, hematological profile,
and antibody response to infectious bursal disease virus of
broilers subjected to HS conditions [22]. However, dietary
supplementation with selenomethionine (Se-Met) improved
feed efficiency and cell-mediated and humoral immunity in
heat-stressed broilers [23]. Another study revealed that Se-
Met supplementation had no significant effects on the perfor-
mance and relative masses of lymphoid organs, while remark-
ably improved the antibody responses to sheep red blood cells
(SRBCs) and blood lipid profile in broilers subjected to heat
stress [2]. To our knowledge, very little information about the
effects of dietary Nano-Se supplementation on the heat-
stressed broilers is available in the literature. Therefore, the
aim of this study was to evaluate the effects of Nano-Se sup-
plementation on performance, carcass characteristics, serum
biochemical parameters, immune response, antioxidant status,
and jejunal morphology in broilers subjected to heat stress.

Materials and Methods

Birds, diets, and experimental design

All procedures were approved by Birjand University Animal
Care and Use Committee. One hundred sixty male Ross 308
broiler chicks, one-day-old, were obtained from a commercial
hatchery, weighed, and randomly assigned to four groups, each
of which had four replicates of 10 birds per replicate. The
broilers were fed a starter diet until 10 d of age, a grower diet
from 11 to 24 d of age, followed by a finisher diet from 25 to 42
d of age. All diets were formulated to meet the nutrient require-
ments as recommended by Ross 308 broiler rearing guidelines
(Aviagen, 2007), and the ingredients and nutrient composition
are shown in Table 1. Two groupswere served as the control and
fed with the basal diets. The third and fourth groups were ran-
domly received the basal diets supplemented with 0.6 and 1.2
mg/kg Nano-Se from 1 to 42 d of age. Feed in mash form and
fresh water were provided ad libitum and broilers were main-
tained on a 22-h L: 2-h D lightening program through the ex-
perimental period. All birds were held in a thermoneutral envi-
ronment until the 28th day of the experiment and temperature
was decreased based on the normal management practice from
32°C to 21°C. Only one of the control groups was reared in a
thermoneutral room at 21°C with 55% humidity for 24 h d-1

throughout the experimental period, while the remaining groups
were kept at another heat controlled room at 21 °C for 18 h d-1

and 37± 1°C for 6 h d-1 (1030-1630) with 55% relative humidity
from 29 to 42 d of age.

Growth performance measurements

Feed intake (FI) and body mass for each replicate pen were
recorded at 10, 24, and 42 d of age after fasting for 4 h. Body
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mass gain (BMG) and feed conversion ratio (FCR) were cal-
culated for each period and the overall experimental period.

Carcass characteristics measurements

At 42 d of age, two birds were selected at random from each
replicate and weighted individually after a 4 h fasting. The
birds were slaughtered by cervical dislocation and eviscerated
carcass, breast, leg, abdominal fat, liver, pancreas, gallbladder,
heart, gizzard, bursa of Fabricius, spleen, and thymus were
weighed individually. The lengths of duodenum, jejunum,
and ileum were also recorded. The weight of organs was
expressed as a percentage of live body mass.

Blood Metabolites

At 28 and 42 d of age, two birds from each replicate were
randomly selected and blood samples were collected from
wing veins after a 4 h feed deprivation. The sera and plasma
were harvested by centrifugation of blood at 3,000 g for 10
min, and stored at −20 °C in Eppendorf test tubes until
assessed. The plasma activities of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and lactate dehy-
drogenase (LDH) activities, and the concentrations of total
protein, glucose, triglyceride, cholesterol, high-density lipo-
protein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) concentrations in plasma were analyzed

by standard kits (Pars Azmoon Co; Tehran, Iran) according to
the manufacturer’s instructions.

Antibody Measurements

To quantitatively analyses of humoral immunity, SRBCs, a T-
dependent antigen, were used. Two chicks from each replicate
were injected intravenously with 1 mL of 10% SRBCs at 22
and 35 days of age. At the end of the experiment, the blood of
these broilers was collected to determine serum antibody titers
against SRBCs. The antibody responses were measured using
a microhemagglutinaion technique [24].

Antioxidant Parameters

The plasma concentrations of malondialdehyde (MDA) were
measured as thiobarbituric acid-reactive substances by the
method of Yoshioka et al. [25]. Erythrocyte hemolysates were
prepared as described previously [3]. The GPx and superoxide
dismutase (SOD) activities were assayed in erythrocyte
hemolysates using available commercial kits (Ransel and
Ransod test kits, Randox Laboratories Ltd, UK) following
the manuals.

Jejunal morphology

At the end of the experiment, Jejunal tissue samples were
taken from the midpoint of jejunum, fixed in 10% buffered
formalin, dehydratedmanually, embedded in paraffin wax, cut
to 3 μm thick, and stained with hematoxyline and eosin.
Histological parameters were determined using an image an-
alyzer (Image-Pro Plus version 4.5, 0.27). Morphological in-
dices analyzed included: villus height (from the tip of the villi
to the junction of villus and crypt), crypt depth (defined as the
depth of the invagination between adjacent villi), villus width,
and the villus height to crypt depth (V/C) ratio [26].

Statistical Analyses

Before statistical analysis, the Shapiro-Wilk test, stem-and-
leaf plots, and normal probability plots were used to test the
normal distribution of the data. The significance of the differ-
ence between the means of the non-stressed and heat-stressed,
unsupplemented birds was tested with t-test if the parametric
conditions existed, otherwise, the nonparametric Mann–
Whitney test was used to detect the effect of HS. Data from
heat-stressed groups were analyzed using the GLM procedure
of SPSS (SPSS Inc., Chicago, 1993). Linear and quadratic
effects were also analyzed. Statistical differences among the
means were determined using Tukey multiple-range test.
Statement of significance was based on P ≤ 0.05.

Table 1 Ingredients (%) and nutritive values of the basal diets

Ingredients, % Starter Finisher

Corn 52.68 55.52 47.70

Soybean meal 38.27 37.2 26.51

Oil 0.00 3.75 3.16

Fish meal 4.00 0.00 0.00

Oyster shell 1.57 1.40 1.15

Dicalcium phosphate 1.50 1.48 1.04

Salt 0.30 0.30 0.25

Mineral-vitamin premixa 0.25 0.25 0.25

DL-Methionine 0.18 0.10 0.064

Nutrient composition

Metabolizable energy (kcal kg−1) 3000 3100 3180

Crude protein (%) 23.0 20.3 19.00

Lysine (%) 1.437 1.223 1.15

Met +Cys (%) 0.80 0.76 0.71

Calcium (%) 1.00 0.95 0.90

Available phosphorous (%) 0.50 0.48 0.45

a Supplied the following per kilogram of diet (Manufactured by Javan
Daru Co, Iran): Vitamin A, 25000 IU; Vitamin D, 5000 IU; Vitamin E,
12.5 IU; Vitamin K, 2.5 IU; Vitamin B1, 1mg; Vitamin B2, 8mg; Vitamin
B6, 3 mg; Vitamin B12, 0.015 mg; Folic acid, 0.025 mg; nicotinic acid,
17.5 mg; calcium pantothenate, 12.5 mg; Fe, 80 mg; Cu, 10 mg; Mn, 80
mg; Se, 0.15 mg; I, 0.35 mg
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Results

Growth performance was not significantly affected by dietary
treatments prior to the onset of heat stress (Table 2). Heat
stress impaired the FI, BMG, and FCR of broilers. However,
the diet supplemented with 1.2 mg/kg alleviated the adverse
effects of HS on the FCR of heat stressed-broilers (Table 4).

Heat stress decreased the relative masses of carcass, breast,
leg, abdominal fat, but increased those of liver, pancreas, gall-
bladder, gizzard, and heart. Supplementation with Nano-Se
reduced the percentages of liver and abdominal fat in birds
kept at HS conditions. Moreover, supplementation of Nano-
Se at the rate of 0.6 mg/kg reduced the relative masses of
gizzard and heart in heat-stressed broilers (Table 5).

Supplementation with Nano-Se linearly decreased the plas-
ma concentrations of LDL-C and AST, but linearly increased
that of HDL-C before heat exposure. Moreover, the cholester-
ol concentration was lower in broilers fed diets supplemented
with 0.6 mg/kg Nano-Se than that in the control ones
(Table 3). Heat stress decreased the plasma total protein con-
centration, but increased the AST activity in broiler chickens.
Other biochemical parameters were not significantly influ-
enced by HS. Supplementation of Nano-Se at the rate of 1.2
mg/kg reduced the concentrations of cholesterol and LDL-C
in broilers subjected to HS. Supplemental Nano-Se tended to
increase the protein concentration in birds kept under HS con-
ditions (P<0.06) (Table 6).

The relative masses of bursa of Fabricius and thymus and
the antibody production against SRBCs were significantly
reduced when broilers were exposed to HS. Dietary Nano-
Se supplementation increased the thymus relative mass, also
its supplementation at 1.2 mg/kg diet enhanced antibody pro-
duction against SRBCs in heat-stressed broilers (Table 7).

Heat stress decreased the activities of GPx and SOD, while
increased the plasma concentration of MDA in broiler
chickens. Dietary Nano-Se supplementation increased the
GPx activity in broilers under HS. In addition, Nano-Se sup-
plementation at 1.2 mg/kg diet increased the SOD activity, but
decreased the MDA level in heat-stressed broilers (Table 7).

The villus height and the ratio of V/C were significantly
decreased due to HS. Diets supplemented with Nano-Se line-
arly increased the villus height, also it addition at 1.2 mg/kg
diet increased the ratio of V/C in broilers subjected to HS
conditions (Table 8).

Discussion

It was clear from the obtained results that supplementing 0.6
or 1.2 mg/kg of Nano-Se had no beneficial effect on the
growth performance of broilers during the starter and grower
phases; and no adverse effect of Se on the growth was ob-
served during these periods. These results confirm the find-
ings of Cai et al. [27] and Liu et al. [28], who reported no
significant effect of Nano-Se on performance of broilers
reared under thermoneutral conditions. However, Zhou and
Wang found the positive effect of Nano-Se supplementation
on growth performance of broilers kept under normal condi-
tions and concluded that supplementation with 0.3 ppmNano-
Se was effective in improving the growth performance of
broilers and in increasing the Se retention in tissues [29].
The differences among studies might be associated with the
length of experimental period or the background of Se in the
feedstuffs. The adverse effect of HS on growth performance of
broilers has been well documented [3]. The present results
showed that heat-stressed broilers had lower FI and BMG,

Table 2 Effect f Nano-Se
supplementation on the
performance of broiler chickens
from 1 to 24 d of age (pre-heat
stress condition)

Variable Experimental groups SEM Contrast P-value

G1 G2 G3 G4 C vs. Se Linear Quadratic

d 1 to 10

Mass gain, g 137.7 137.1 134.6 136.0 7.00 NS NS NS

Feed intake, g 184.7 178.2 186.0 191.8 6.49 NS NS NS

Feed conversion ratio, g g-1 1.34 1.31 1.39 1.42 0.047 NS NS NS

d 11 to 24

Mass gain, g 546.6 528.6 563.1 613.0 28.58 0.10 0.09 NS

Feed intake, g 857.6 846.4 836.0 879.0 19.82 NS NS NS

Feed conversion ratio, g g-1 1.58 1.61 1.49 1.45 0.071 0.09 NS NS

Values are means, n = 4.

G1: birds were fed basal diets and kept under thermoneutral temperature (21 °C); G2-G4: birds were fed the basal
diets supplemented with 0, 0.6, and 1.2 mg/kgNano-Se, respectively, and subjected to a high ambient temperature
(37± 1°C) for 6 h from 29 up to 42 d of age.

Nano-Se = Nanoselenium; C = control.
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but higher FCR than those kept in thermoneutral condition.
Prior studies also demonstrated that high ambient tempera-
tures negatively affected the circulating levels of active form
of thyroid hormone and insulin [4], nutrient digestibility [14],
post absorption of nutrient metabolism [1], and immune re-
sponse [2, 3] in broiler chickens. The obtained results suggest
that the heat regime applied in the present study resulted in a
Se deficiency. According to the present resul ts ,

supplementation with 1.2 mg/kg Se-Nano improved the
FCR in heat-stressed broilers at 42 d. In addition, the overall
experimental results showed that the broilers supplemented
with 1.2 mg/kg Nano-Se had better BMG and FCR than those
supplemented with 0.6 mg/kg Nano-Se or control counter-
parts, suggesting that Nano-Se supplementation at the rate of
1.2 mg/kg could improve the growth performance of heat-
stressed broilers. This improvement might be related to the

Table 3 Effects of Nano-Se
supplementation on the serum
lipid profile, enzyme activities,
and glucose and total protein
concentrations at 28 d of age (pre-
heat stress condition)

Variable Experimental groups SEM Contrast P-value

G1 G2 G3 G4 C vs. Se Linear Quadratic

Plasma lipids, mg dL-1

Triglyceride 62.3 60.5 54.4 57.4 5.33 NS NS NS

Cholesterol 151.3a 152.5a 123.0b 133.1ab 6.93 0.005 0.03 NS

LDL-C 84.6a 89.0a 42.1b 50.1b 9.18 0.001 0.001 NS

HDL-C 51.7b 51.4b 69.9a 71.6a 2.97 0.0001 0.0001 NS

Enzyme activities, U L-1

ALT 6.50 7.00 7.50 6.25 0.718 NS NS NS

AST 235.2ab 267.5a 209.5b 199.8b 14.81 0.008 0.01 NS

LDH 2876 2009 2337 1826 427.6 NS NS NS

Other blood constituents

Glucose, mg dL-1 174.1 159.7 157.2 157.7 7.36 NS NS NS

Total protein, mg dL-1 2.52 2.63 2.67 2.86 0.134 NS NS NS

a,bMeans within a row lacking a common superscript differ significantly (P ≤ 0.05).

Values are means, n = 8.

G1: birds were fed basal diets and kept under thermoneutral temperature (21 °C); G2-G4: birds were fed the basal
diets supplemented with 0, 0.6, and 1.2 mg/kgNano-Se, respectively, and subjected to a high ambient temperature
(37± 1°C) for 6 h from 29 up to 42 d of age.

Nano-Se = Nanoselenium; C = control; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density
lipoprotein cholesterol; ALT = alanine aminotransferase; AST = aspartate aminotransferase; LDH = lactate
dehydrogenase.

Table 4 Effect of heat stress and Nano-Se supplementation on the performance of broiler chickens

Parameter TN, supplemental
Nano-Se, mg/kg

HT, supplemental Nano-Se, mg/kg SEM NT vs. HT at 0 mg
of Nano-Se/ kg

Linear and quadratic effects
of Nano-Se under HT

P-value

0 0 0.6 1.2 P-value Linear Quadratic

d 25 to 42

Mass gain, g 1614.1 1271.7 1242.7 1335.0 34.52 0.0001 NS NS

Feed intake, g 2968.6 2639.9 2711.4 2553.7 68.35 0.005 NS NS

Feed conversion ratio, g g-1 1.84 2.03a 2.18a 1.86b 0.052 0.02 0.05 0.005

d 1 to 42

Mass gain, g 2338.5 1977.4b 1980.4b 2124.1a 34.96 0.001 0.02 NS

Feed intake, g 4010.9 3664.5 3733.4 3624.5 64.88 0.007 NS NS

Feed conversion ratio, g g-1 1.72 1.85a 1.88a 1.71b 0.027 0.01 0.004 0.01

a,bMeans within a row lacking a common superscript differ significantly (P ≤ 0.05).

Values are means, n = 4.

H S = Heat stress temperature (37± 1°C); TN = Thermoneutral (21 °C); Nano-Se: Nanoselenium.
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positive effects of supplemental Se on the concentrations of
anabolic hormones, nutrient digestibility, and immunocompe-
tence in heat-exposed broilers. These results confirmed the
results of Niu et al. [23], who reported that the effects of
various levels of Se-Met on body mass and FI were not

significantly different in broilers reared under either heat stress
or thermoneutral conditions, whereas FCR was improved by
higher dietary Se level when broilers were exposed to heat
stress conditions. Compared with the control, both sodium
selenite and Se-enriched yeast improved the FI and FCR in

Table 5 Effect of heat stress and Nano-Se supplementation on the carcass characteristics of broiler chickens

Parameter TN, supplemental
Nano-Se, mg/kg

HT, supplemental Nano-Se, mg/kg SEM NT vs. HT at 0 mg
of Nano-Se/ kg

Linear and quadratic effects
of Nano-Se under HT

P-value

0 0 0.6 1.2 P-value Linear Quadratic

Eviscerate yield (%) 65.7 63.0 64.3 64.8 0.62 0.03 0.06 NS

Breast muscle (%) 23.1 21.6 22.0 20.9 0.53 0.03 NS NS

Leg muscle (%) 20.8 20.8 19.4 19.9 0.30 0.003 0.08 NS

Liver (%) 1.49 2.01a 1.56b 1.7b 0.085 0.001 0.02 0.01

Gizzard (%) 1.36 1.68a 1.33b 1.50ab 0.085 0.05 NS 0.02

Abdominal fat (%) 2.75 1.77a 1.27b 1.19b 0.130 0.001 0.004 NS

Pancreas (%) 0.156 0.244 0.216 0.249 0.0223 0.001 NS NS

Gallbladder (%) 0.049 0.088 0.103 0.094 0.0111 0.008 NS NS

Heart (%) 0.411 0.534a 0.433b 0.507ab 0.0316 0.02 NS 0.03

a,bMeans within a row lacking a common superscript differ significantly (P ≤ 0.05).

Values are means, n = 8.

H S = Heat stress temperature (37± 1°C); TN = Thermoneutral (21 °C); Nano-Se: Nanoselenium.

Table 6 Effect of heat stress and Nano-Se supplementation on the serum lipid profile, enzyme activities, and glucose and total protein concentrations at
42 d of age

Parameter TN, supplemental
Nano-Se, mg/kg

HT, supplemental Nano-Se, mg/kg SEM NT vs. HT at 0 mg
of Nano-Se/kg

Linear and quadratic effects
of Nano-Se under HT

P-value

0 0 0.6 1.2 P-value Linear Quadratic

Serum lipids, mg dL-1

Triglyceride 28.9 26.8 34.0 32.8 6.70 NS NS NS

Cholesterol 138.2 139.6a 121.8a 87.6b 9.41 NS 0.002 0.06

LDL-C 89.1 80.3a 74.6a 34.8b 10.37 NS 0.01 0.002

HDL-C 45.9 50.2ab 59.6a 45.2b 3.77 NS NS 0.01

Enzyme activities, U L-1

ALT 2.62 3.37 3.50 3.00 0.422 NS NS NS

AST 87.6 115.6 105.4 110.6 8.30 0.003 NS NS

LDH 779.2 815.6 724.0 690.0 78.14 NS NS NS

Other blood constituents

Glucose, mg dL-1 147.7 133.6 146.7 137.7 6.23 NS NS NS

Total protein, mg dL-1 3.25 2.59 3.19 2.94 0.171 0.006 0.06 NS

a,bMeans within a row lacking a common superscript differ significantly (P ≤ 0.05).

Values are means, n = 8.

H S = Heat stress temperature (37± 1°C); TN = Thermoneutral (21 °C).

Nano-Se: Nanoselenium; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol; ALT = alanine aminotransferase;
AST = aspartate aminotransferase; LDH = lactate dehydrogenase.
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heat-stressed broilers [19]. However, different Se levels of the
organic [2] and inorganic [22] form had no significant effect
on the growth performance of broilers under heat stress con-
ditions. The differences were possibly due to the Se status of
animal, the size and chemical form of Se, quantity of Se in
feedstuffs, supplemental level, dietary factors such as

methionine and vitamin E, and the length and severity of HS
[23, 27, 30].

The antioxidant defense system in the cell is based on the
three main lines, including antioxidant enzymes, such as SOD
and GPx, chain-breaking antioxidants, for example, vitamins
A, E, and C, and various enzymatic systems such as lipolytic

Table 7 Effect of heat stress and Nano-Se supplementation on the relative masses of lymphoid organs, antibody titer against SRBCs, and antioxidant
status of broiler chickens

Parameter TN, supplemental
Nano-Se, mg/kg

HT, supplemental Nano-Se, mg/kg SEM NT vs. HT at 0 mg
of Nano-Se/ kg

Linear and quadratic effects
of Nano-Se under HT

P-value

0 0 0.6 1.2 P-value Linear Quadratic

Lymphoid organ Masses1, %

Bursa of Fabricius 0.257 0.136 0.186 0.182 0.0194 0.001 NS NS

Spleen 0.104 0.137 0.156 0.149 0.0194 0.06 NS NS

Thymus 0.187 0.091b 0.175a 0.193a 0.0194 0.0001 0.001 NS

Antibody responses to SRBC’s1 8.50 6.00b 6.75ab 7.50a 0.400 0.002 0.03 NS

Antioxidant status2

MDA3, nmol mL-1 0.94 5.39a 2.252ab 1.36b 1.170 0.02 0.02 NS

GPx, μmol g−1Hb 131.2 121.0b 140.5a 150.5a 3.88 0.05 0.0001 NS

SOD, μmol g−1Hb 350.2 296.5b 321.7b 364.8a 10.72 0.004 0. 001 NS

a,bMeans within a row lacking a common superscript differ significantly (P ≤ 0.05).

Values are means, 1 n = 8; 2 n = 8.

H S = Heat stress temperature (37± 1°C); TN = Thermoneutral (21 °C).

Nano-Se = Nanoselenium; SRBCs = sheep red blood cells; MDA = malondialdehyde; GPx = glutathione peroxidase,

SOD = superoxide dismutase

Table 8 Effect of heat stress and Nano-Se supplementation on the relative length of small intestine segments and jejunal morphology of broiler
chickens

Parameter TN, supplemental
Nano-Se, mg/kg

HT, supplemental Nano-Se, mg/kg SEM NT vs. HT at 0 mg
of Nano-Se/ kg

Linear and quadratic effects
of Nano-Se under HT

P-value

0 0 0.6 1.2 P-value Linear Quadratic

Length of small intestine parts, cm/100g BW1

Duodenum 1.468 1.652 1.752 0.0987 NS NS NS

Jejunum 3.542 3.713 3.473 3.383 0.1933 NS NS NS

Ileum 3.554 3.026 2.907 2.931 0.1337 0.06 NS NS

Jejunal morphology2

Villus height, μm 1397.7 1044.7b 1269.3a 1380.0a 61.15 0.01 0.008 NS

Villus width, μm 170.7 178.7 216.7 180.0 21.41 NS NS NS

Crypt depth, μm 257.7 258.7ab 283.3a 243.3b 9.26 NS NS 0.03

Villus height /Crypt depth 6.30 4.05b 4.49ab 5.72a 0.371 0.008 0.02 NS

a,bMeans within a row lacking a common superscript differ significantly (P ≤ 0.05).

Values are means, 1 n = 8; 2 n = 4.

Nano-Se = Nanoselenium; HS = Heat stress temperature (37± 1°C); TN = Thermoneutral (21 °C).
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and proteolytic enzymes and chaperones including heat shock
proteins (HSPs). Superoxide dismutase, catalyzes the
dismutation of superoxide radical into hydrogen peroxide
[31]. GPx isoenzymes this reaction and reduce hydrogen per-
oxide to water using reduced glutathione as co-substrate. The
tissue-specific expression and activity of SOD and GPx can be
affected by various factors, including genetic, nutritional, and
stress-associated factors [31]. In this study, heat stress de-
creased the SOD andGPx activities and increasedMDA level.
Increasing evidence shows that heat stress impairs antioxidant
defence system in poultry. For example, Hosseini-Vashan
et al. reported that the plasma activities of GPx and SOD were
decreased, whereas the concentration of MDAwas increased
by heat stress [3]. The obtained results also confirm those of
Liu et al. [16]. Available evidence shows that heat stress af-
fects the antioxidant defence system in different ways. As
mentioned previously, the consumption of antioxidant
micronutrients such as Se is reduced under heat stress condi-
tions. Moreover, heat stress can negatively affect the gastroin-
testinal health and integrity [32, 33], which can diminish the
nutrients absorption. It has been proven that the serum and
liver concentrations of antioxidant vitamins (e.g., Vitamn A,
C, and E) and minerals (e.g., Se, Zn, and Cr) were lower in HS
conditions than those in the thermoneutral temperature [13].
In addition, under stress conditions the free radical production
increases, which can inactivate the crucial antioxidant en-
zymes, causing an autocatalytical irreversible oxidation [34].
Therefore, synthesizing new antioxidant enzymes is a most
important response to stress conditions. The appropriate re-
sponse will be achieved when cofactors such as Se for GPx
and Cu, Zn, and Mn for SOD are available [13]. The obtained
results also demonstrated that dietary Nano-Se supplementa-
tion increased the GPx activity, also it addition at 1.2 mg/kg
increased the activity of SOD, while reduced the MDA level
in broilers under heat stress. It has been demonstrated that the
enzymatic activity of GPxs, especially GPx 1-4, is depends on
the Se intake [5]. Moreover, current evidences suggest that Se
status influences the enzymatic activity of SOD [31]. A huge
body of data shows that dietary Se supplementation increases
antioxidant status in broiler chickens. For example, the Se
sources, including sodium selenite, selenium-enriched yeast,
and Nano-Se, increased the glutathione content and GPx ac-
tivity, but reduced the MDA concentration in the serum of
broilers under oxidative stress [20]. These authors concluded
that the Nano-Se was more effective than sodium selenite and
Se-yeast in improving antioxidant capacity in oxidative-
stressed broilers. Moreover, both Nano-Se and sodium sele-
nite increased the erythrocyte activities of catalase, GPx, and
SOD in layer birds [8].

The percentages of carcass, breast, and leg were lower in
heat-stressed broilers than those at thermoneutrality. This is
partially related to an inadequate nutrient intake [1]. Heat
stress also affects postabsorptive nutrient metabolism [1,

12]. Evidence demonstrated that both capacity of protein syn-
thesis and protein breakdown were reduced in chronically
heat-exposed broilers, however, this effect was more pro-
nounced in the protein synthesis and resulted in a lower pro-
tein deposition [12]. Both heat stress and Se deficiency can
disturb the steady state concentrations of free radicals and
may lead to skeletal muscle damage. Under conditions of
adequate vitamin E intake, Se deficiency impaired growth
performance, downregulated the liver GPx activity and re-
duced the ratio of oxidized glutathione to total glutathione,
but increased the indicators of muscle damage (AST, creatine
kinase, and creatine kinase M and B) in plasma [8].
Moreover, a Se deficient diet downregulated the muscle
selenoproteins in broilers leading to oxidative stress. The in-
duced oxidative stress activated the apoptosis cascades,
which induced nutritional muscular dystrophy [10]. In this
study, supplemental Se did not significantly affect the per-
centages of carcass, breast, and leg.

The available plasma lipid substrate originating from either
the diet or lipogenesis in the liver regulates the lipid storage in
the adipose tissue [35]. Therefore, the abdominal fat deposi-
tion reduces when the absorption of dietary fat and the fatty
acid synthesis reduce or the fatty acid β-oxidation increases.
Literature demonstrated that the peripheral lipolysis can de-
crease at a high ambient temperature, however, the lower ab-
sorption of dietary fat as well as the lower capacities of de
novo lipogenesis also reported at this situation [1]. In line with
previous studies [36, 37], HS resulted in a significant reduc-
tion in abdominal fat content, which increases the cutaneous
heat loss capacity of broiler chickens [1]. However, Habibian
et al. showed clearly that HS conditions markedly increased
the abdominal fat deposition in broiler chickens compared
with thermoneutral conditions [2]. The obtained results also
revealed that dietary Nano-Se supplementation further re-
duced the abdominal fat percentage in heat-stressed broilers.
There are contradictory evidences regarding Se effects on fat
metabolism and accumulation. Similarly, the finding of
Habibian et al. demonstrated that Se-Met supplementation
reduced the abdominal fat percentage in heat-exposed broilers
[2]. It has been shown that the Se administration markedly
reduced the abdominal fat mass and adipocyte size in obese
rats through the differential regulation of the gene expression
for fatty acid β-oxidation in fat tissue and liver [38]. Further,
the nontoxic selenate concentrations reduced the lipid accu-
mulation in mouse preadipocytes by activation of
transforming growth factor beta-β1 signaling pathway [39].
On the other hand, Rahimi et al. found that neither heat stress
nor Se sources had significant effect on the percentage of
abdominal fat [19]. The response to supplemental Se depends
on the diet composition, in particular energy and protein
levels, animal-related factors such as breed and age of birds ,
the heat stress models used in the different studies, and the
method used to determine the fat index [40].
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Based on the finding of the present study, HS exposure
resulted in a cardiac hypertrophy and Nano-Se supplementa-
tion at the rate of 0.6 mg/kg reduced the heart percentage in
heat-stressed broilers, indicating the cardioprotective effect of
Nano-Se. An inverse association between Se status and car-
diovascular disease has been reported [41]. It has been found
that the Se deficiency markedly reduced the activities of GPx
and thioredoxin reductase, while increased the levels of pro-
tein carbonyls, an indicator of oxidative injury, in cardiac tis-
sue and resulted in a worsening of cardiac functional param-
eters and a cardiac hypertrophy [15]. Their results also showed
that dietary Se intake reduced the disease severity and mortal-
ity in the spontaneously hypertensive rats through increasing
the cardiac antioxidant capacity. The currently suggested
mechanisms by which Se exerts beneficial effects on cardiac
health including increased antioxidant status, reducedmyocar-
dial cell apoptosis, reduced the nuclear translocation of nucle-
ar factor kappa-B (NFkB), and reduced the dephosphorylation
of connexin-43 [41].

Pancreas is more susceptible to oxidative injury compared
with other organs because of its lower antioxidant capacity
and the excessive free radical generation within its cells
[42]. In this study, a significant increase in the percentage of
pancreas was observed due to HS conditions, which may be
associated with the oxidative stress-mediated pancreatic dys-
function [42]. The other explanation could be the reductions in
the activities of digestive enzymes due to heat stress [43]
causing a pancreatomegaly to mount a proper nutrient digest-
ibility. It has been found that deficiency of Se led to pancreatic
degeneration in the chicks, which resulted in a reduction in the
activity of lipase, chymotrypsin, and trypsin, poor growth, and
poor feathering [44]. In this study, Nano-Se supplementation
did not alleviate the adverse effect of HS on the pancreas.

Exposing to a high ambient temperature increased the rel-
ative gizzard mass in this study. However, the addition of 0.6
mg/kg Nano-Se attenuated this negative effect in broilers un-
der HS. Myopathy of the smooth muscle of gizzard is associ-
ated with the Selenium or Vitamin E deficiency. It has also
been demonstrated that the Se deficiency decreased the diges-
tion and absorption of Vitamin E [44]. Supplementation of Se
at the rate of 0.4 ppm to a low Se diet increased the concen-
tration of Se in the gizzard and the plasma activity of GPx,
while reduced the plasma AST activity, resulted in a lower
incidence of gizzard myopathy in turkeys [6]. Selenoprotein
W has antioxidant property and its expression in the gastroin-
testinal tract of avian is easily affected by dietary Se content.
Supplementation of 1-3 ppm Se to a practical diet markedly
increased the expression of this selenoprotein in the various
gastrointestinal parts, such as gizzard [45].

Following the results, the plasma activities of ALT and
LDH and the serum concentration of glucose as well as total
protein concentration were unaffected by dietary manipulation
before heat stress, which are in line with the results of Selim

et al. who found that different sources of Se (inorganic, organ-
ic, and Nano) did not influence the plasma ALT activity and
the total protein concentration in the non-stressed broilers
[46]. In this study, the Nano-Se supplementation linearly de-
creased the plasma AST activity prior to the thermal chal-
lenge. In contrast with these results, Mohapatra et al. found
that dietary Nano-Se supplementation increased the AST ac-
tivity, but decreased the ALT activity in grower birds kept
under thermoneutrality [8]. The upregulation of the HSPs
(60, 70, and 90) gene expressions by Se deficiency reduced
the activities of L-glutathione and GPx, while increased the
concentration of MDA in the liver of chickens, which resulted
in serious hepatic injuries [47]. The obtained results also
showed that HS treatment resulted in higher plasma AST ac-
tivity, an indicator of damage to liver and to skeletal and car-
diac muscles [4], and liver percent. Further, supplemental Se
did not alter the AST activity, while reduced the liver percent-
age in heat-stressed birds. In a more recent study, Amin et al.
reported that the acetaminophen oral overdosing caused sig-
nificant increases in the serum activities of the ALT, AST, and
ALP, hepatic lipid peroxidation, hepatic catalase and SOD
activities, decresed the level of reduced glutathione and gluta-
thione reductase activity, and increased DNA fragmentation, a
hepatic biomarker of cell death, in hepatocytes [48]. Their
results also showed that Nano-Se supplementation protected
rat liver against acetaminophen toxicity and restored its cellu-
lar structure by improving liver function and antioxidant en-
zymes activities as well as reducing the hepatic DNA frag-
mentation. In the present study, the serum concentration of
total protein was lower in heat-stressed broilers than that in
the non-stressed broilers. This effect is explained by the re-
duced protein consumption and digestibility under heat stress
conditions. Contrary to this result, heat exposure did not alter
the serum total protein, albumin, and globulin concentrations
in broilers [49]. The results of the present study also demon-
strated that the Nano-Se administration did not attenuate the
adverse effect of HS on the total protein concentration. In this
study, the plasma concentration of glucose was not influenced
by both heat stress and Nano-Se supplementation. Similarly,
Imik et al. stated that serum glucose concentration did not
affect by heat stress [49]. However, Habibian et al. reported
that heat stress elevated the serum glucose concentration in
broilers and supplementation with Se-Met alleviated this ad-
verse effect [2].

The obtained results showed that dietary Se supplementa-
tion caused a linear decrease in the serum concentrations of
LDL-C, but resulted in a linear increase in that of HDL-C
before heat stress conditions. Further, the lower level of
Nano-Se reduced the cholesterol concentration in broilers.
Exposure to HS did not alter plasma lipid profile, which is
in accordance with the results of previous reports [3, 49].
However, addition of Se at 1.2 mg/kg decreased the serum
concentrations of cholesterol and LDL-C in heat-stressed
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broilers. Moreover, the increasing Se level to 1.2 mg/kg sig-
nificantly decreased the concentration of HDL-C compared
with that in the broilers supplemented with 0.6 mg/kg. These
results are partly consistent with the findings of Habibian et al.
[2], who reported that Se-Met supplementation did not posi-
tively affect the serum lipid profile of broilers reared under
normal temperature conditions, while decreased the concen-
trations of triglyceride, total cholesterol, and LDL-C and in-
creased the concentration of HDL-C in broilers kept under a
high temperature. It has been proven that the Se deficiency
caused increases in 3-hydroxy-3-methyl-glutaryl coenzyme A
reductase (HMG-CoA reductase, rate controlling enzyme in
the cholesterol biosynthesis) activity and apolipoprotein E
concentration [50]. Supplementation of Se in hypercholester-
olemic rats upregulates the expression of 5'DI, which in turn
regulates the thyroid hormones metabolism leading the down-
regulation of the apolipoprotein B and HMG-CoA reductase
expressions [51]. Ness et al. previously revealed that thyroid
hormone administration caused an increase in the activity of
cholesterol 7α hydroxylase activity, the enzyme which cata-
lyzes the rate-limiting step in bile acid synthesis [52].
Furthermore, the supplementation of Se up to 1 mg/kg in-
creased the LDL receptor activity and mRNA expression dur-
ing hypercholesterolemia [53]. Another possible mechanism
whereby Se exerts its hypolipidemic effect is by changing
excretion of cholesterol and bile acids. The incorporation of
10 μg/kg Se-enriched Japanese radish sprouts in laying hens
diet enhanced the fecal excretion of cholesterol and bile acids,
whereas decreased the concentrations of triglyceride and cho-
lesterol in the serum and yolk and increased the serumHDL-C
concentration [54].

Exposure to HS caused significant decreases in the relative
masses of bursa and thymus and antibody response to SRBCs in
broilers. Increasing evidence suggests that HS conditions com-
promise the immunity of broilers. The destruction of lymphoid
organs, decreased T-helper 2 cytokines production, and in-
creased inflammatory cytokines production were reported under
heat stress conditions [55]. Data from Liu et al. demonstrated
that exposure of black-boned broilers to HS markedly reduced
the enzymatic activities of SOD, GPx, and catalase in the serum
and the growth indices of the bursa of Fabricius and spleen,
while increased the concentration of MDA [16]. The obtained
results also suggested that the supplemental Se increased the
index of thymus in heat-stressed broilers, also Nano-Se supple-
mentation at 1.2 mg/kg improved antibody titer against SRBCs.
Selenium is essential for normal immune function and its defi-
ciency impairs both cellular and humoral immunity. The defi-
ciency of Se induced oxidative stress and increased the expres-
sions of HSPs in the spleen, thymus, and bursa of Fabricius of
broilers, which lead to defects in immune organmorphology and
function [11]. Moreover, Xu and Tian found that the acute heat
stress increased the levels of tumor necrosis factor-α (TNF-α),
interferon-γ (IFN-γ), interleukin-2 (IL-2), IL-4, HSP60, HSP70,

HSP90, andMDA, while reduced the levels of GPx and SOD in
the lymphoid organs [56]. Their result also demonstrated that the
supplemental Se restored the adverse effects of acute HS on the
TNF- α, IFN-γ, and HSPs expressions and on the activity of
antioxidant enzymes in these organs. The present findings are
partly consistent with the results of Habibian et al. who found
that the relative masses of immune organs and primary and
secondary antibody responses to SRBCsweremarkedly reduced
by HS and Se supplementation as Se-Met only alleviated the
negative effect of HS on the secondary antibody response to
SRBCs [2].

Although supplementation with Nano-Se had no signifi-
cant effect on the indices of immune organs under normal
conditions, however, it supplementation at the doses of 0.3
to 1.0 ppm improved IgM production and at the dose of
0.3 ppm improved IgG production in broilers at 42 d [27].
On the other hand, different sources and levels of Se on the
immunologic responses of broilers against Newcastle vaccine
and SRBCs were not significant [23]. The differences among
studies may be associated with the Se background of birds,
stress condition, the level and intensity of heat stress, bioavail-
ability of supplemental Se, breed and age of birds, and type of
antigen applied in experiments [1, 24, 27, 57].

Following to results, HS resulted in a shorter villus and a
lower V/C ratio, and supplementation with 1.2 mg/kg Nano-
Se attenuated these adverse effects in heat-stressed broilers.
When broilers are exposed to heat stress, the blood and nutri-
ent flow to gastrointestinal tract reduces, which causes intes-
tinal hypoxia, ATP depletion, intracellular acidosis as well as
oxidative and nitrosative stress resulting in altered intestinal
function and integrity [32]. Increased intestinal permeability
increases the lipopolysaccharide leakage to internal environ-
ment leading to multiple organ failure [32]. It has also been
reported that HS upregulated the mRNA and protein expres-
sion of HSP70, HSP90, and NFkB, but reduced epidermal
growth factor in the jejunal mucosa of black-boned chickens
[33]. Gastrointestinal damages reduced the Se absorption,
which may induce Se deficiency. In addition, Se can impact
the gastrointestinal histology through the regulation of the
inflammatory cytokine productions and through increasing
the antioxidant status. Se deficiency induced the production
of harmful free radicals including oxygen and nitrogen free
radicals, while reduced the antioxidant capacity in the intes-
tine, which resulted in oxidative damage to chicken intestinal
tissues [9]. The current research suggests that Nano-Se sup-
plementation at a rate of 1.2 ppm diminishes the lipid perox-
idation and helps broilers maintain the intestinal structure un-
der heat stress circumstances. It has been shown that dietary
supplementation with 1-3 ppm sodium selenite for 90 days
increased the Se concentration and selenoprotein W expres-
sion in the bird gastrointestinal tract including small intestine
[45]. In another study, supplementing with 0.4 mg sodium
selenite per kg diet enhanced the GPx activity in the blood
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and liver as well as of the thioredoxin in duodenal mucosa,
liver, and kidney of broiler chickens [58].

In conclusion, dietary supplementation with Nano-Se im-
proved growth performance, internal organs health, immune re-
sponse, and jejunal morphology by decreasing the oxidative
stress induced by heat stress. Further research would be neces-
sary to elucidate the potential of Nano-Se as a nutritional supple-
ment to ameliorate the negative effects of heat stress in poultry.
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