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ABSTRACT

Heat stress is a major cause of growth retardation and one of the most significant stressors that affect poul-
try, especially in hot parts of the world. This meta-analysis aimed to evaluate the effect of organic selenium
supplementation on antioxidant enzymes and the performance of broiler chickens in heat-stress conditions.
From 2003 to 2022, the Scopus, PubMed, Web of Science, and Google Scholar databases were searched. A
total of 49, 43, 48, 19, and 27 trials were included to evaluate organic Se effects on feed intake (FI), average
daily gain (ADG), feed conversion ratio (FCR), superoxide dismutase (SOD), and glutathione peroxidase
(GPy) respectively. The use of organic Se supplementation had no significant effect on ADG (SMD=-0.009,
95% CI -0.105 to +0.086, I’=67.28, P=0.85), FI (SMD=-0.092, 95% CI -0.392 to +0.208, I’=58.53,
P=0.548) and FCR (SMD=0.003, 95% CI -0.006 to +0.013, I’=62.89, P=0.47) in the pooled standardized
mean difference random effect model. A low concentration of GPx was found in the control group
(P=0.000, I’=86.32) in comparison to organic Se supplemented broilers. On the other hand, when the ran-
dom model was applied to GPx studies, there was much heterogeneity. The standard mean differences of
SOD were significantly higher (P<0.041, 95 CI 0.000 to +0.006, I’=0.71) in the treatment receiving Se sup-
plementation. In conclusion, this meta-analysis shows that adding organic Se did not significantly affect on
performance, but significantly increased the concentration of SOD and GPx in broilers under heat stress.

LA [0]:105] antioxidant enzymes, broiler chickens, heat stress, performance.

INTRODUCTION

Today, with the development of the commercial poultry
industry, broiler chickens face many stress conditions that
have been shown to impact the antioxidative status of poul-
try negatively (Goo et al. 2019). Heat stress is an important
welfare concern that can result in significant annual eco-
nomic losses due to poor performance, weakened immu-
nity, and unhealthy conditions. During heat stress, in-
creased excretion, decreased feed intake, and bioavailability
of essential nutrients all contribute to a diminished immune
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response and performance (Lara and Rostagno, 2013). On
the other hand, oxidation causes cell damage and drip loss
in broiler meat. Through free radicals’ prevention and lipid
peroxidation inhibition, natural antioxidants play essential
roles in protecting cells from reactive oxygen species
(ROS). Selenium (Se) has been recognized as an essential
trace element for all types of animals. The use of dietary
supplementation of Se has a positive effect on the growth
performance of broiler chickens, antioxidant, and immune
status (Liu, 2019). Furthermore, Se plays a crucial role in
redox signaling by removing lipid hydroperoxides and
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hydrogen peroxide by using glutathione as a final electron
donor (Ibrahim et al. 2019). The national research council
(NRC, 1994) recommended supplementing of broilers diet
with low selenium (0.15 mg/kg).

Sochor et al. (2012) stated that selenium could be con-
sumed in organic and inorganic forms. The results of the
studies clearly showed that organic compounds have a
higher tissue retention rate and bioavailability than inor-
ganic compounds (Han et al. 2009). However, poultry diets
must be supplemented with Se to protect a safety margin
against deficiency, maintain better productive performance,
and ensure health and high meat quality (Go¢men et al.
2016).

The synthesis of selenocysteine (Se-Cys), an amino acid
found in selenoproteins of biological significance to poultry
metabolism like glutathione peroxidase, requires Se in
avian species (GSH-Px), which plays an essential part in
controlling the level of lipid peroxides and hydrogen perox-
ide which are produced by regular metabolic activity
(Zheng et al. 2012). Many antioxidant enzymes are part of
the antioxidant system, including catalase (CAT), glu-
tathione peroxidase (GSH-Px), and superoxide dismutase
(SOD).

The antioxidant defense of broiler muscle is significantly
enhanced by glutathione peroxidase, and selenium supple-
mentation in the diet may reduce tissue susceptibility to
lipid peroxidation and improve the oxidative consistency of
skeletal muscle. In addition, skeletal myodegeneration,
muscle haemorrhages, exudative diathesis (ED), decreased
production of eggs, atrophy of the pancreas, liver injury,
inhibited growth of bursal, thymic and reduced hatchability
are all signs of selenium deficiency in poultry (Gao et al.
2012). It is the standard method to supplement feeds with
Se in either organic Se (Se-yeast) or an inorganic (such as
sodium selenite, blends of SS and soya, a protein hydrolys-
ate) form to meet the needs and the requirements of poultry
and prevent Se, deficiency. Se-enriched yeast primarily
consists of Se-Met, widely used due to its greater bioavail-
ability (Hua et al. 2021). The fact that Se-Met is metabo-
lized as a component of the methionine pool, which results
in the formation of a storage depot of Se in the body tissue
of animals, is the primary advantage of feeding Se in the
form of Se-Met over feeding Se from inorganic sources or
other organic Se compounds (Surai et al. 2012). There are
many studies with different results on the effects of organic
and inorganic Se on the performance of broilers. Therefore,
we conducted the current meta-analysis to determine the
effect of different Se sources provided by organic form on
performance for meta-analysis to provide a scientific basis
for whether organic Se can replace inorganic Se as a nutri-
tional additive.
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MATERIALS AND METHODS

Data collection and selection

This meta-analysis only included studies whose results
were published in peer-reviewed journals between 2003 and
2022 and was randomized and controlled experiments on
broilers without apparent disease. Antibiotics and growth
promoters were not used to manage any broiler flocks.
Through a literature review, we collected peer-reviewed
scientific publications. Scopus, PubMed, Web of Science,
and Google Scholar were the four databases used, and the
search covered all fields. The following Boolean search
string (Figure 1).

Records identified through database searching
(n=961)

Records excluded
(n=890)

Duplication
Records screencd W J Anvio
(n=961) )i E

-Reviews

=Full-text unavailable
-Mao control groups

Studies included m meta-analysis
n=17)

[ Full-text articles assessed for eligibility

=71} . =
Number of trials (n); FI, n=49, ADG, n=43;

FCR. n=1%; SOD, n=19, GPy, n=27

Study selection flow diagram

The selected studies met the following criteria; 1) they
were published in English language peer-reviewed Journals,
2) provided the specific Se addition values (organic), 3)
used a corn and soybean meal-based diet.

The database and descriptive statistics used in the meta-
analysis are presented in Table 1 and Table 2, respectively.
When SE was reported, we transformed it to SD by using
the formula SD= SE*sqrt (n). Keywords used were poultry,
broiler, "heat stress", "selenium supplementation", "organic
selenium", "antioxidant enzymes", "feed intake", "feed con-
version" and "weight gain". In addition, additional studies
were identified from the reference list in the reviewed arti-
cles. By using funnel plots, the presence of publication bias
was examined. An Egger-based adjusted rank correlation
test (Egger et al. 1997) and Begg's (Begg and Mazumdar,
1994) were utilized to evaluate publication bias. If at least
one of the statistical methods was significant, bias was con-
sidered present (P<0.05). The "trim-and-fill" method
(Duval and Tweedie, 2000) was used to estimate the quan-
tity and magnitude of missing studies and the unbiased ef-
fect size if there was any evidence of publication bias from
either the statistical tests or the funnel plot.
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L) G Description of studies in the database

Brides Period

Study name ") (day) Strain Type on organic Se Dosage (mg)
Gul et al. (2022) 120 1-42 - Selenomethionine, Se yeast 0.15,0.22
Chen et al. (2022) 720 1-42 - Se yeast 0.15,0.22
Khan et al. (2020) 200 1-42 Ross 308 Se probiotic 0.30
Sun et al. (2021) 324 1-42 Cobb 500 Se yeast, selenomethionine 0.30
Safiullah et al. (2019) 480 1-42 - Se yeast 0.30, 0.40
Amizare et al. (2017) 120 1-35 CP707 - 0.30
Rao et al. (2016) 200 1-21 Cobb 400 Sel-Plex 0.10, 0.20, 0.30, 0.40
Rao etal. (2013) 240 1-42 - Min-Plex selenium 0.30
Habibian et al. (2015) 360 1-49 Cobb 500 Selenomethionine 0.50, 1
Boostani et al. (2015) 320 1-42 Cobb 500 Sel-Plex, Alltech Inc. 0.30
Celietal. (2015) 216 1-42 Ross 308 Selenohomolanthionine, selenomethionine 0.57
Liao etal. (2012) 210 22-42 Arbor Acres Se yeast, Se protein (AMMS) 0.15,0.30
Harsini et al. (2012) 240 1-49 Cobb 500 Selenomethionine 0.50, 1
Khajali et al. (2010) 300 1-49 Ross 308 Selenomethionine 0.30
Fan et al. (2009) 144 1-21 Avian Se yeast 0.10, 0.40
Dlouha et al. (2008) 300 1-42 Ross 308 Se-chlorella 0.30
Kamel et al. (2003) 180 1-28 Arbor Acres Se yeast 0.46
Data description (means and SD between studies)
ltem Unit NC Control e Treatment Control > Treatment
FI g/d 43 83.38 82.04 31.57 29.98
ADG g/d 49 41.79 43.95 19.23 20.19
FCR g FI/g BW 48 2.13 2.03 0.54 0.48
SOD mg 9 85.12 98.93 23.59 37.43
GPx mg 27 90.25 109.97 372 42.13

NC: number of comparisons; FI: feed intake; ADG: average daily gain; FCR: feed conversion ratio; SOD: superoxide dismutase; GPx: glutathione peroxidase and BW: body

weight.
SD: standard deviation.

Heterogeneity was quantified using the I” statistic, which
describes the percentage of the total variation across studies
that is due to heterogeneity rather than chance (Lean et al.
2009). The I* statistic was calculated as follows:

I’= (Q-(k-1)/Q) x 100

Where:
Q: I heterogeneity statistic.
k: number of trials.

A value of heterogeneity greater than 50% can be consid-
ered substantial heterogeneity (Appuhamy et al. 2013).

Statistical analysis
Statistical analysis used Comprehensive Meta-Analysis
version 2.2 (2011).
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Due to continuous variables being analyzed, results are
shown as standardized mean differences (SMD) between
the selenium treatment and controls with 95% confidence
intervals (CIs) using a random effect model. In this model,
the actual impact could vary from experiment to experi-
ment, and between experiment variability (true heterogene-
ity) and sampling error are included (Borenstein et al.
2009). Among studies, heterogeneity was evaluated using
the DerSimonian and the Laird test (Q-statistic). By incon-
sistency index, the degree of heterogeneity was quantified
(Higgins and Thompson, 2002).

RESULTS AND DISCUSSION

The effect size (SMD), P-values, standard error (SE), and
measures of heterogeneity for each of the response vari-
ables (ADG, FI, FCR, SOD, and GPx) are shown in Table
3.
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For ADG, FI, FCR, SOD, and GPx, 49, 48, 43, 19, and
27 trials, in total, were analyzed. In the pooled estimate,
control groups decreased ADG compared to groups receiv-
ing organic Se (SMD=-0.009, 95% CI -0.105 to 0.086; Ta-
ble 3, Figure 2) in the pooled SMD random effect model.
The experimental results had no significant effect on aver-
age FI. However, FI decreased (SMD=-.0092, 95% CI -
0.392 to +0.208, I>=58.53) in the control group under heat
stress (Table 3, Figure 4). Significant difference was no
observed between treatments for FCR (SMD=0.003,
P=0.47, 1’=62.89, Table 3, Figure 6). Publication bias for
ADG occurred for 49 trials as confirmed by Egger’s test
(P=0.00645, Figure 3). Funnel plots of the effect sizes
(SMD) following selenium supplementation for FI and
FCR are indicated in Figure 5 and Figure 7. The concentra-
tion of GPx was reduced in the control groups (SDM=-
1.110, P=0.000) from a total of 27 trials analyzed; when the
random model, the heterogeneity was substantially in-
creased (I’=86.32, Table 3, Figure 8). According Figure 9,
there was of publication bias for study on the GPx enzyme
(P-value for Egger’s test was 0.04. The use of organic Se
supplementation had a positive effect on SOD, with an ef-
fect size of +0.003 and I>=71.08, 95% CI 0.000 to 0.006
(Table 3, Figure 10).

Decrease in broiler performance due to high ambient
temperature has been well documented, especially at the
later stages of growth (Dai et al. 2009; Azad et al. 2010;
Zhang et al. 2012). Broilers are sensitive to humidity and
high temperature, so broilers need comfortable tempera-
tures for optimal production (18-27 °C) (Kuczynski, 2002;
Olanrewaju et al. 2010; Aljuobori et al. 2016). The present
study indicated that using organic Se form did not signif-
icantly affect ADG and FI in broiler chickens under heat
stress. However, broilers receiving organic Se had higher
ADG and FI than the control group. Similar to our results,
Khajali et al. (2010) and Harsini et al. (2012) showed that
using organic Se supplement had no effect on performance
broilers under heat stress, but there was a reduction in body
weight, and feed intake when the chickens were exposed to
heat stress. The study's results by Rahimi et al. (2011) indi-
cated that using organic Se had no significant effect on per-
formance broilers under heat stress. However, ADG de-
creased in the control group. Ca and P are mainly involved
in the mineralization and development of bone
(Proszkowiec-Weglarz and Angel, 2013). Heat stress nega-
tively changes the Ca and P levels in bones, and predis-
poses hens to tibial bone dyschondroplasia (Hosseini-
Vashan et al. 2016). The occurrence can be reduced with
dietary supplementation of Ca and P (Attia and Hassan,
2017). Earlier studies indicated that different sources of Se
improve calcium deposition in the tibia of hens (Attia et al.
2010). Se improved the cartilage integrity and reversed the
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mycotoxin-induced cartilage necrosis (Medeiros, 2016).
The entire broiler chicken performance was in agreement
with the results of Boostani et al. (2015); Rao et al. (2013);
Payne and Southern (2005); Rahimi et al. (2011), and Ryu
et al. (2005), indicated that ADG, FI, and FCR were not
affected by dietary organic selenium. Contrary to our re-
sults, Upton et al. (2008) showed considerable increases in
the body weight of broilers when they were given diets sup-
plemented with 0.2 mg/kg of organic selenium, compared
with a control group. The results of the study Calik et al.
(2022) indicated that using organic selenium caused in-
creased FI and ADG compared with the control group. Fur-
thermore, different results for ADG, FCR and FI were ob-
served with diet's selenium content, bird strain, and housing
condition. Organic selenium through the amino acid trans-
port mechanisms, actively absorbed in the small intestine.
Glutathione peroxidase is an essential member of the anti-
oxidant selenoprotein family, responsible for removing
reactive oxygen species (ROS) (Guillin et al. 2019). The
low activity of this group of enzymes is related to a few
pathologies. Selenium is a structural component of GPX.
Selenium supplementation increased GPx activity in all
tissues and animal species. The exact relationship between
selenium supply and GPx activity depended on the form of
selenium (organic and inorganic) used and the tissue being
investigated (Bermingham et al. 2014). The current study
indicated that GPx concentration in the control group sig-
nificantly decreased compared to the organic selenium
group. Some previous studies (Mahan et al. 1999; Yoon et
al. 2007; Wang and Xu, 2008) and the current experiment
indicated that GPx activity in the liver expanded as dietary
supplemental Se level increased, recommending that dietary
Se supplementation could improve the antioxidative status
of heat-stressed broilers. The study results by Celi et al.
(2015) indicated that organic selenium increased concentra-
tion GPx in the group receiving organic selenium rather
than the control group. So, all these findings support the
finding of the present study. In agreement with the present
study, Gul et al. (2022) indicated that the use of 0.22 mg/kg
seleno-methionine in the starter diet of broilers during heat
stress caused significantly increasing GPx concentration
(14.28 U/L) compared with the control group (12.10 U/L).
The antioxidative systems in the body contain numerous
antioxidative enzymes, such as SOD and GPx.

In a study, Ahmad et al. (2012) showed that the use of die-
tary selenium yeast and sodium selenite on the oxidative
stability of chicken meat caused sodium to increase the
oxidative stability of chicken meat in the group receiving
selenium enriched yeast. Additionally, other studies showed
that the oxidative stability of chicken improved by organic
selenium sources compared to inorganic sources (Kuricova
et al. 2003).
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Ll ERE) Summary of the effect size (SMD) between organic Se supplementation on performance and GPx and SOD enzymes of broiler chickens under
heat stress, calculated according to fixed and random effects models

Variable SMD SE P-value _Hleterogenelly

I Q P-value
ADG
Fixed effects models -0.001 0.008 0.949 67.28 146.7 0.000
Random effects models -0.009 0.049 0.850 - - -
FI
Fixed effects models 0.074 0.055 0.18 58.53 101.27 0.000
Random effects models -0.092 0.159 0.548 - - -
FCR
Fixed effects models -0.000 0.001 0.843 62.89 126.06 0.000
Random effects models 0.003 0.005 0.47 - - -
SOD
Fixed effects models 0.003 0.000 0.000 71.08 62.26 0.000
Random effects models 0.003 0.002 0.041 - - -
GPx
Fixed effects models -0.098 0.032 0.002 86.32 190.73 0.000
Random effects models -1.11 0.259 0.000 - - -

ADG: average daily gain; FI: feed intake; FCR: feed conversion ratio; SOD: supper oxide dismutase and GPx: glutathione peroxidase.
I*: measure of heterogeneity of random model (RM).
SMD: standardized mean difference and SE: standard error mean.

Study name Statistics for each study Difference in
Difference  Standard Lower UWpper means and 95%CI

in means error Variance limit limit Z-Value p-Vvalue
chen et al (2022) 0.780 0.237 0.056 0.316 1.244 3.297 0.001 -
chen et al 2 (2022) 1.040 0.315 0.099 0.422 1.658 3.297 0.001 -
chen et al 3 (2022) 0.940 0.285 0.081 0.381 1.499 3.297 0.001 -
Khan et al (2021) -16.600 8.444 71.298 -33.150 -0.050 -1.966 0.049
Sun et al (2021) 0.050 0.025 0.001 0.000 0.100 1.964 0.050 [ ]
Sun et al 2 (2021) -1.330 0.677 0.459 -2.658 -0.002 -1.964 0.050 —_—
Sun et al 3 (2021) -2.030 1.034 1.069 -4.056 -0.004 -1.964 0.050
Sun et al 4 (2021) -3.730 1.900 3.608 -7.453 -0.007 -1.964 0.050
Sun et al 5 (2021) 0.050 0.025 0.001 0.000 0.100 1.964 0.050 -
Sun et al 6 (2021) -1.360 0.693 0.480 -2.717 -0.003 -1.964 0.050 —-—
Zeb et al (2020) -16.600 8.444 71.298 -33.150 -0.050 -1.966 0.049
Safiullah et al (2019) -3.880 1.977 3.909 -7.755 -0.005 -1.962 0.050
Safiullah et al 2 (2019) -4.430 2.257 5.096 -8.854 -0.006 -1.962 0.050
Safiullah et al 3 (2019) -1.730 0.882 o.777 -3.458 -0.002 -1.962 0.050 —_—
Safiullah et al 4 (2019) -1.030 0.525 0.275 -2.059 -0.001 -1.962 0.050 -
Safiullah et al 5 (2019) -7.970 4.061 16.494 -15.930 -0.010 -1.962 0.050
Safiullah et al 6 (2019) -9.120 4.647 21.597 -18.228 -0.012 -1.962 0.050
Amrizare et al (2017) -6.600 3.350 11.224 -13.166 -0.034 -1.970 0.049
habibian et al (2015) 1.690 4.713 22.210 -7.547 10.927 0.359 0.720
habibian et al 2 (2015) 0.440 1.227 1.506 -1.965 2.845 0.359 0.720 —-—
habibian et al 3 (2015) 1.280 12.740 162.314 -23.690 26.250 0.100 0.920
habibian et al 4 (2015) -5.800 57.729 3332.663 -118.947 107.347 -0.100 0.920
habibian et al 5 (2015) 1.580 10.462 109.453 -18.925 22.085 0.151 0.880
habibian et al 6 (2015) -1.120 7.416 54.998 -15.655 13.415 -0.151 0.880
habibian et al 7 (2015) 0.580 15.417 237.676 -29.636 30.796 0.038 0.970
habibian et al 8 (2015) -0.110 2.924 8.549 -5.841 5.621 -0.038 0.970
Boostani et al (2015) 3.120 2732 7.465 -2.235 8.475 1.142 0.253
Celi et al (2013) -3.120 2.896 8.389 -8.797 2557 -1.077 0.281
Celi et al 2 (2013) -0.860 0.798 0.637 -2.425 0.705 -1.077 0.281 —-—
Rao et al (2013) -0.660 0.698 0.488 -2.028 0.708 -0.945 0.345 —-—
Rao et al 2 (2013) -0.970 1.026 1.053 -2.981 1.041 -0.945 0.345 e
Rao et al 3 (2013) -0.020 0.021 0.000 -0.061 0.021 -0.945 0.345 -
Rao et al 4 (2013) 0.910 0.963 0.927 -0.977 2797 0.945 0.345 T
Liao et al (2012) -4.200 4.047 16.381 -12.133 3.733 -1.038 0.299
Liao et al 2 (2012) -2.100 2.024 4.095 -6.066 1.866 -1.038 0.299
Liao et al 3 (2012) -0.010 0.010 0.000 -0.029 0.009 -1.038 0.299 -
Liao et al 4 (2012) -1.800 1.735 3.009 -5.200 1.600 -1.038 0.299
Harsini et al (2012) 0.580 2.548 6.490 -4.413 5573 0.228 0.820
Harsini et al 2 (2012) -0.310 1.362 1.854 -2.979 2.359 -0.228 0.820 —
Khajali et al (2010) -1.200 0.611 0.373 -2.398 -0.002 -1.964 0.050 —-—
Khajali et al 2 (2010) 1.260 0.642 0.412 0.003 2517 1.964 0.050 [—-—
Khajali et al 3 (2010) -4.050 2.062 4.253 -8.092 -0.008 -1.964 0.050
Khajali et al 4 (2010) -0.340 0.173 0.030 -0.679 -0.001 -1.964 0.050 L
Khajali et al 5 (2010) -1.020 0.519 0.270 -2.038 -0.002 -1.964 0.050 -
Khajali et al 6 (2010) 1.350 0.687 0.473 0.003 2.697 1.964 0.050 —-—
Fan et al (2009) -1.470 0.567 0.321 -2.581 -0.359 -2.593 0.010 —-—
Fan et al 2 (2009) -2.230 0.860 0.740 -3.916 -0.544 -2.593 0.010 [—-—
Dlouha et al (2008) -4.250 2164 4.683 -8.491 -0.009 -1.964 0.050
Dlouha et al 2 (2008) -9.950 5.066 25.668 -19.880 -0.020 -1.964 0.050

-0.009 0.049 0.002 -0.105 0.086 -0.189 0.850

-8.00 -4.00 0.00 4.00 8.00
Favours A Favours B

Forest plots for ADG using random-effects model. A: control group and B: treatment supplemented with organic Se.
The size of the squares illustrated the weight of each study relative to the mean effect size. Black horizontal line is indicative of
confidence interval for each study; Diamond located at the bottom of plot represents the summary of results
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Funnel Plot of Standard Error by Difference in means

40

60

Sandad Bror

80

+
-20 -10 o 10 20

Difference in means

Funnel plot representing the effect of organic Se supplementation on ADG. Empty circles indi-
cate observed values, and full circles are possible missing values

Study name Statistics for each study Difference in
Difference  Standard Lower Upper means and 95%Cl

in means error Variance  limit limit  Z-Value p-Vaue
chen et al (2022) 0.640 0.466 0217 -0274 1554 1.373 0.170
chen et al 2 (2022) -0.250 0.268 0072 -0.775 0.275 -0.933 0.351
chen et al 3 (2022) 0.080 0.207 0043 -0325 0485 0.387 0.699
Khan et al (2021) 39.690 20189 407587 0121 79.259 1.966 0.049
Sun et al (2021) 0.150 0.076 0.006 0.000 0.300 1.964 0.050 *
Sun et al 2 (2021) -0.950 0.484 0234 -1.898 -0.002 -1.964 0.050
Sun et al 3 (2021) 1.600 0.815 0664 0003 3.197 1.964 0.050 Hil-
Sun et al 4 (2021) -1.950 0.993 0986 -3.89%6 -0.004 -1.964 0.050 i
Sun et al 5 (2021) 0.760 0.387 0150 0001 1519 1.964 0.050 ]
Sun et al 6 (2021) -1.400 0.713 0508 -2797 -0.003 -1.964 0.050 -
Zeb et al (2020) 39.690 20189 407587 0121 79.259 1.966 0.049
Safiullah et al (2019) -2.760 1.406 1978 -5517 -0.003 -1.962 0.050 —Hl—
Safiullah et al 2 (2019) -3.950 2.013 4051 -7.895 -0.005 -1.962 0.050 I
Safiullah et al 3 (2019) -0.680 0.347 0120 -1.359 -0.001 -1.962 0.050 ]
Safiullah et al 4 (2019) -4.920 2.507 6.285 -9.834 -0.006 -1.962 0.050
Safiullah et al 5 (2019) -6.950 3542 12542 -13891 -0.009 -1.962 0.050 (=
Safiullah et al 6 (2019) -9.260 4.719 22265 -18508 -0.012 -1.962 0.050
Anmizare et al (2017) -6.430 3264 10.654 -12.827 -0.033 -1.970 0.049 il
habibian et al (2015) -2.690 5127 26290 -12739  7.359 -0.525 0.600 i
habibian et al 2 (2015) 2.470 4.708 22166 -6.758 11.698 0525 0.600 i
habibian et al 3 (2015) 1.590 4.605 21.208 -7.436 10.616 0.345 0.730 i
habibian et al 4 (2015) 2.300 6.662 44378 -10.757 15357 0.345 0.730 i
habibian et al 5 (2015) -1.630 2726 7429 -6972 3712 -0.598 0.550 L
habibian et al 6 (2015) 2420 4.047 16.374 -5511 10.351 0.598 0.550 L
habibian et al 7 (2015) -1.220 1.278 1633 -3724 1284 -0955 0.340 ——
habibian et al 8 (2015) 2.000 2.095 4388 -2105 6.105 0.955 0.340 —
Boostani et al (2015) -3.570 2.480 6.151 -8431 1291 -1.439 0.150 =
Celi et al (2013) -5.450 4.040 16.318 -13.367 2467 -1.349 0.177 —i
Celi et al 2 (2013) -2.550 1.890 3572 -6.2%4 1.154 -1.349 0.177 — i
Liao et al (2012) -9.000 12.224 149435 -32.959 14.959 -0.736 0.462
Liao et al 2 (2012) -5.000 6.791 46122 -18311 8311 -0.736 0.462 —il
Liao et al 3 (2012) -6.000 8.150 66.415 -21.973 9973 -0.736 0.462 i
Liao et al 4 (2012) -3.000 4.075 16.604 -10.986  4.986 -0.736 0.462 1l
Harsini et al (2012) -1.660 4.999 24993 -11458 8138 -0.332 0.740 i
Harsini et al 2 (2012) -0.040 0.120 0015 -0276 0.19 -0.332 0.740
Khajali et al (2010) -1.360 0.692 0480 -2717 -0.003 -1.964 0.050
Khajali et al 2 (2010) 0.630 0.321 0.103 0.001 1.259 1.964 0.050
Khajali et al 3 (2010) -4.160 2118 4487 -8312 -0.008 -1.964 0.050
Khajali et al 4 (2010) -0.660 0.336 0113 -1319 -0.001 -1.964 0.050
Khajali et al 5 (2010) 1.010 0514 0264 0002 2018 1.964 0.050
Khajali et al 6 (2010) 1.430 0.728 0530 0003 2857 1.964 0.050
Fan et al (2009) 1.160 0.589 0347 0005 2315 1.968 0.049
Fan et al 2 (2009) 1.370 0.696 0.484 0.006 2734 1.968 0.049

-0.092 0.153 0023 -0.392 0.208 -0.600 0.548

-8.00 -4.00 0.00 4.00 8.00
Favours A Favours B

Forest plots for FI using random-effects model. A: control group and B: treatment supplemented with organic Se. The size of
the squares illustrated the weight of each study relative to the mean effect size. Black horizontal line is indicative of confidence inter-
val for each study; Diamond located at the bottom of plot represents summary of the results
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Funnel Plot of Standard Error by Difference in means
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Funnel plot representing the effect of organic Se supplementation on FI. Empty circles
indicate observed values, and full circles are possible missing values

Study name Statistics for each study Difference in
Difference  Standard Lower Upper means and 95%Cl

in means error Variance limit limit Z-Value p-Value

chen et al (2022) -0.050 0.018 0000 -0.085 -0.015 -2.811 0.005 g

chen et al 2 (2022) -0.060 0.018 0.000 -0.096 -0.024 -3.297 0.001 R

chen et al 3 (2022) -0.060 0.018 0.000 -0.096 -0.024 -3.297 0.001 -

Khan et al (2021) 1.700 0.865 0748 0005 3.395 1.966 0.049

Sun et al (2021) -0.010 0.005 0.000 -0.020 -0.000 -1.964 0.050

Sun et al 2 (2021) 0.030 0.015 0.000 0.000 0.060 1.964 0.050

Sun et al 3 (2021) 0.010 0.005 0.000 0000 0.020 1.964 0.050

Sun et al 4 (2021) 0.020 0.010 0.000 0.000 0.040 1.964 0.050

Sun et al 5 (2021) 0.020 0.010 0000 0.000 0.040 1.964 0.050

Sun et al 6 (2021) 0.030 0.015 0.000 0.000 0.060 1.964 0.050

Zeb et al (2020) 1.700 0.865 0748 0005 3395 1.966 0.049

Safiullah et al (2019) 0.290 0.148 0022 0000 0.580 1.962 0.050

Safiullah et al 2 (2019) 0.280 0.143 0020 0000 0.560 1.962 0.050

Safiullah et al 3 (2019) 0.120 0.061 0.004 0.000 0.240 1.962 0.050

Safiullah et al 4 (2019) 0.130 0.066 0004 0000 0.260 1.962 0.050

Safiullah et al 5 (2019) 0.100 0.051 0003 0000 0.200 1.962 0.050

Safiullah et al 6 (2019) 0.110 0.056 0.003 0000 0.220 1.962 0.050

Arrizare et al (2017) 0.160 0.081 0007 0001 0.319 1.970 0.049 il

habibian et al (2015) -0.240 0.236 0056 -0.703 0.223 -1.016 0310 I

habibian et al 2 (2015) 0.040 0.039 0.002 -0.037 0117 1.016 0.310 ——

habibian et al 3 (2015) 0.080 6.381 40713 -12.426 12.586 0.013 0.990 L

habibian et al 4 (2015) 0.040 3.190 10.178 -6.213  6.293 0.013 0.990 L

habibian et al 5 (2015) -0.160 12,761  162.853 -25172 24.852 -0.013 0.990 il

habibian et al 6 (2015) 0.040 3.190 10178 -6.213  6.293 0.013 0.990 L

habibian et al 7 (2015) 0.040 0.097 0009 -0.150 0.230 0.413 0.680 L

habibian et al 8 (2015) 0.150 0.364 0132 -0562 0.862 0.413 0.680 ]

Boostani et al (2015) -0.140 1.393 1942 -2871 2591 -0.100 0.920 il

Celi et al (2013) -0.001 0.007 0000 -0014 0012 -0.151 0.880

Celi et al 2 (2013) -0.014 0.093 0009 -0.196 0.168 -0.151 0.880

Reo et al (2013) -0.010 0.034 0001 -0077 0.057 -0.293 0.770

Reo et al 2 (2013) 0.020 0.068 0005 -0.114 0.154 0.293 0.770 -

Reo et al 3 (2013) 0.013 0.044 0002 -0.074  0.100 0.293 0.770

Rao et al 4 (2013) -0.025 0.085 0007 -0192 0142 -0.293 0.770

Liao et al (2012) -0.010 0.016 0.000 -0.041 0.021 -0.636 0.525

Liao et al 2 (2012) -0.010 0.016 0000 -0.041 0.021 -0.636 0.525

Liao et al 3 (2012) -0.090 0.141 0020 -0.367 0.187 -0.636 0.525 L

Liao et al 4 (2012) -0.001 0.002 0.000 -0.004 0.002 -0.636 0.525 *

Harsini et al (2012) -0.080 0.530 0281 -1.118 0.958 -0.151 0.880 L

Harsini et al 2 (2012) -0.001 0.007 0000 -0.014 0.012 -0.151 0.880 *

Khajali et al (2010) 0.060 0.031 0.001 0.000 0.120 1.964 0.050 — il

Khajali et al 2 (2010) -0.070 0.036 0001 -0.140 -0.000 -1.964 0.050 i

Khajali et al 3 (2010) 0.100 0.051 0.003 0000 0.200 1.964 0.050 ——

Khajali et al 4 (2010) -0.080 0.041 0002 -0.160 -0.000 -1.964 0.050 ——

Khajali et al 5 (2010) 0.070 0.036 0.001 0.000 0.140 1.964 0.050 ——

Khajali et al 6 (2010) -0.030 0.015 0.000 -0.060 -0.000 -1.964 0.050 .

Fan et al (2009) 0.270 0.137 0019 0001 0539 1.968 0.049

Fan et al 2 (2009) 0.380 0.193 0037 0002 0.758 1.968 0.049

Diouha et al (2009) 0.040 0.020 0.000 0.000  0.080 1.964 0.050 HEl-

0.003 0.005 0.000 -0.006 0.013 0.723 0.470 )

-0.25 -0.13 0.00 0.13 025
Favours A Favours B

Forest plots for FCR using random-effects model. A: control group and B: treatment supplemented with organic Se. The size
of the squares illustrated the weight of each study relative to the mean effect size. Black horizontal line is indicative of confidence inter-
val for each study; Diamond located at the bottom of plot represents summary of the results
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Funnel Plot of Standard Error by Difference in means
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Funnel plot representing the effect of organic Se supplementation on FCR. Empty circles
indicate observed values, and full circles are possible missing values

Study name Statistics for each study Differencein
Difference Standard Lower  Upper means and 95%C
inmeans  error  Variance  limit limit Z-Value p-Value
Gul etal (2022) -2.180 0.483 0233 -3127 -1.233 -4514 0.000 [ |
Gul etal 2 (2022) -3.870 0.857 0.735 5550 -2190 -4514 0.000
Gul etal 3 (2022) -2.970 0.658 0433 -4260 -1.680 -4514 0.000
Gul etal 4 (2022) -4.560 1.010 1020 -6540 -2580 -4514 0.000
Zeb etal (2020) -271.650 138.178 19093.163 -542.474 -0.826 -1.966 0.049
Amizare etal (2017) 122070 61965 3839.667 0.621 243519 1970 0.049
Rao et al (2016) -1.400 1.936 3748 5194 2394 -0.723 0470 +——
Rao etal 2 (2016) 1.000 0.509 0260 0002 1998 1963 0.050 ]
Rao etal 3 (2016) -10.000 5.087 25874 -19970 -0.030 -1.966 0.049
Boostani etal (2015) -2.400 0.958 0918 -4278 -0522 -2505 0.012 -l
Celietal (2013) -134000  40.443 1635.645 -213.267 -54.733 -3.313 0.001
Celietal 2 (2013) -107.000 99.333 9866.977 -301.688 87.688 -1.077 0.281
Celi etal 3(2013) -8.550 4272 18254 -16.924 -0.176 -2001 0.045
Celietal 4 (2013) -15.460 7.725 50.682 -30.602 -0.318 -2.001 0.045
Rao etal (2013) -24.400 7.369 54308 -38.844 -9956 -3311 0.001
Rao etal 2 (2013) -39500 11930 142324 -62.882 -16.118 -3.311 0.001
Rao etal 3 (2013) -54000 16309 265993 -85.966 -22.034 -3.311 0.001
Rao etal 4 (2013) -71.000 21444 459.832 -113.029 -28971 -3.311 0.001
Liao etal (2012) -7.770 8444 71298 -24320 8780 -0920 0357 W
Liao etal 2 (2012) -8.060 8.759 76.720 -25227 9107 -0920 0.357
Liao etal 3(2012) -6.740 7.325 53648 -21.096 7.616 -0920 0357 (&
Liao etal 4 (2012) -8.260 8976 80574 -25853 9333 -0920 0.357
Harsini etal (2012) -0.380 0.175 0030 -0.722 -0.038 -2177 0.030
Harsini etal 2 (2012) -0.320 0.147 0022 -0608 -0.032 -2177 0.030
Khajali et al (2010) -0.450 0.229 0.053 -0.899 -0.001 -1.964 0.050
Dlouha et al (2008) -0.070 0.036 0.001 -0.140 -0.000 -1.964 0.050
Kamel et al (2003) 0.440 0.133 0018 0180 0700 3318 0.001
-1.110 0.259 0.067 -1618 -0.602 -4.280 0.000 ‘

-8.00 -4.00 0.00 4.00 8.00

Favours A Favours B

Forest plots for GPX using random-effects model. A: control group and B: treatment supplemented with organic Se. The
size of the squares illustrated the weight of each study relative to the mean effect size. Black horizontal line is indicative of confi-

dence interval for each study; Diamond located at the bottom of plot represents summary of the results
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Funnel Plot of Standard Error by Difference in means
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Funnel plot representing the effect of organic Se supplementation on GPx. Empty circles indicate
observed values, and full circles are possible missing values

Study name Statistics for each study Difference in means and 95%Cl

Difference  Standard Lower  Upper

in means error Variance limit limit ~ Z-Value p-Value
Gul et al (2022) 0.003 0.001 0.000 0.001 0.005 3.669 0.000
Gul et al 2 (2022) 0.003 0.001 0.000 0.002 0.004 4514  0.000
Gul et al 3 (2022) 0.004 0.001 0.000 0.002 0.006 3.669  0.000
Gul et al 4 (2022) 0.003 0.001 0.000 0.002 0.004 4514 0.000
Khan et al (2021) -51.410 26.150 683.839 -102.664 -0.156 -1.966  0.049
Zeb et al (2020) 51510 26.201  686.502 -102.863 -0.157 -1.966  0.049
Celi et al (2013) -3.330 1.229 1.510 5738 0922 -2710 0.007 —_—
Celi etal 2 (2013) -2.420 0.893 0.798 4.170 0670 -2.710 0.007 T—
Celi etal 3(2013) -4.200 1.905 3.629 -7.934 0466 -2.205 0.027
Celi et al 4 (2013) -5.400 2.449 5999 -10.200 -0.600 -2.205  0.027
Rao et al (2016) -0.330 0.538 0.289 -1.385 0725 0.613 0540 —
Rao et al 2 (2016) 0.770 0.297 0.089 -1.353 -0.187 -2588  0.010 -
Rao et al 3 (2016) -0.790 0.305 0.093 -1.388 0192 -2588  0.010 -
Liao et al (2012) -2.000 19.902 396.074 41.006 37.006 -0.100 0.920
Liao et al 2 (2012) -0.500 4.975 24755 -10.252 9252 0100 0.920
Liao et al 3 (2012) -4.000 39.803 1584.295 -82.013 74.013 -0.100 0.920
Liao et al 4 (2012) -3.000 29.852 891166 -61.510 55510 -0.100 0.920
Harsni et al (2012) -65.740  654.215427997.693 -1347.978 1216.498  -0.100  0.920
Harsni etal 2 (2012)  67.610 17.231  296.917 -101.383 -33.837 -3.924  0.000

0.003 0.002 0.000 0.000 0.006 2046 0.041

-8.00 -4.00 0.00 4.00 8.00

Favours A Favours B

[RIPIERY Forest plots for SOD using random-effects model. A: control group and B: treatment supplemented with organic Se. The size of
the squares illustrated the weight of each study relative to the mean effect size. Black horizontal line is indicative of confidence interval for
each study; Diamond located at the bottom of plot represents summary of the results
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[RI[ICREM Funnel plot representing the effect of organic Se supplementation on SOD. Empty circles indicate
observed values, and full circles are possible missing values
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Use of Organic Selenium in Broiler's Diet under Heat Stress

In the present study, using organic selenium increased
SOD concentration in broiler chickens compared to the
control group. Different experimental studies have pro-
duced similar findings, concluding that the organic form of
selenium is the best source for increasing SOD activities in
chicken tissues (Hu et al. 2012; Suchy et al. 2014). In the
study, Gul et al. (2022) use of organic selenium form
caused decreased SOD compared to the control group. Fur-
thermore, Se yeast increased liver SOD activity compared
to control groups in condition heat stress; however, there
were no significant differences between groups.

CONCLUSION

The differences between studies are removed by meta-
analysis, which can make the corrected data comparable,
creating more objective and convincing data. Although
there is an inconsistent report from different authors con-
cerning the feeding of organic Se form. Through the 17
studies included in the present meta-analysis, we found that
organic Se supplementation has no effect on FI, ADG, and
FCR in broilers under heat stress. The present meta-analysis
showed that several factors including the type of chicken,
type of organic Se supplementation, and analytical method
used affect the performance broilers under heat stress.
However, the concentration of GPx and SOD was signifi-
cantly lower in broilers exposed to heat stress.
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