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Effect of dietary organic selenium on growth performance, antioxidant status
and carcass characteristics of broiler chicken reared in the tropics
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ABSTRACT

An experiment was conducted to determine the effect of dietary organic selenium inclusion on growth performance,
antioxidant capacity, selenium retention and carcass characteristics in broiler chicken. Day-old broiler birds (160)
were distributed randomly into four equal groups (T,, T,, T, and T,) comprising of four replicated pens with ten
birds in each. Different treatment groups of birds were designated as T, (Basal diet without selenium-enriched
yeast), T, (Basal diet with 0.50 mg/kg selenium enriched yeast), T, (Basal diet with 1.00 mg/kg' selenium enriched
yeast) and T, (Basal diet with 1.50 mg/kg selenium enriched yeast) for 56 days. The results revealed that final body
weight, weight gain and feed conversion ratio were significantly enhanced for birds in T, at both stages than other
groups. T, group showed highest glutathione peroxidase, catalase, superoxide dismutase and selenium concentration
with lower malondialdehyde concentration compared to birds receiving other treatments. Carcass traits such as live
weight and dressed weight significantly improved in T, whereas relative weights and lengths of organs increased as
level of organic selenium increased. Therefore, it can be concluded that adding 1.50 mg/kg selenium yeast enhanced
growth, oxidative status, selenium deposition, carcass and organ traits without having a negative impact on the birds’

physiological state.
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In poultry production, heat stress is quite prevalent and
becoming more severe in both tropical and subtropical
locations (Wasti et al. 2020). In view of these, animal
nutritionists have seen the need to supplement trace minerals
in diet of poultry chickens, as a management strategy to
alleviate the impact of environmental stressors on birds
and to increase production (Shakeri et al. 2020). Selenium
is essential for several metabolic processes that occur in
animals, including antioxidant defense, cellular turnover
and thyroid metabolism (Kieliszek and Bano 2022). In a
recent human study by Ju et al. (2017), it was found that
selenium has positive health benefits in the development
of coronary heart disease by reducing oxidative stress and
inflammation and improving the protection of coronary
arteries in cardiac disease. Researchers are now interested
in boosting the selenium content in human diets by changing
the dietary selenium sources and amounts supplied to
livestock (Pecoraro et al. 2022). More so, higher quantities
of selenium are anticipated to be needed to provide high-
quality chicken meat given that fast-growing genotypes
currently being bred have faster metabolic rates and
may, therefore, be more prone to reactive oxygen species
formation (Wasti et al. 2020).
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Auvailable literatures on the effect of selenium inclusion
in diet of broiler chicken in the tropics are inconsistent
(Suchy et al. 2014) and available results remain
inconclusive. The maximum selenium content permitted in
chicken feed cannot exceed 0.5 mg/kg, as per European
Union standards, in order to assure the safety of the feed.
Michalczuk et al. (2021) suggested that supplementing the
feed of chicken more than this limit (from 0.7 to 1 mg/kg
diet) may still have some positive effects or not have
a negative effect on the poultry. However, conducting
further research will inform on the benefits of selenium-
enriched organic broiler meat as a functional organic food
for human consumption and also offer a theoretical basis
for selenium supplementation in poultry diets, especially
in humid tropical environments. Thus, this study aimed
to ascertain effects of organic selenium on broiler chicken
growth performance, serum antioxidant levels and carcass
characteristics.

MATERIALS AND METHODS

Experimental management, birds and diets: This
research was carried out in accordance with the
recommendations of research ethics for scientific
researchers involving animal subjects. The animals used
were handled (No: UNN/C026AR012.07.02.2023) in
line with the principles of Animal Experimentation Ethics
Committee of University of Nigeria, Nsukka (Research
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Ethics Committee Recommendations, 2013).

A total of 160 broiler chicks were distributed at random
into four treatments groups of 40 birds each and replicated
four times with 10 birds per replicate. The dietary treatments
were T, Basal diet without selenium-enriched yeast, T,:
Basal diet with 0.50 mg/kg selenium enriched yeast, T,
Basal diet with 1.00 mg/kg selenium enriched yeast and T,
Basal diet with 1.50 mg/kg selenium enriched yeast. All
the standard management practices, including vaccination
were followed during the experimental period. Chicks had
unlimited access to feed and water throughout the feeding
trial. Feeding was done in two-phased manner, viz. starter
(0 to 28 days) and finisher (29 to 56 days). The diets were
formulated to meet the nutrient requirements of broiler
chicken according to NRC recommendations (NRC 1994)
except for selenium (the NRC’s selenium requirement is
0.15 mg/kg).

Chemical analyses of experimental diets: The
representative samples of feed were analyzed for chemical
composition using standard procedures. For dry matter
determination, samples were analyzed according to the
procedure of AOAC (method 930.15) (AOAC 2016).
Gross energy was determined in an adiabatic bomb
calorimeter (Gallenkamp Autobomb, Weiss Gallenkamp
Ltd., UK) using benzoic acid as a calibration standard.
Crude protein was analyzed according to the procedure
of AOAC (method 954.01) (AOAC 2016). Ash content
was determined by method 942.05 of AOAC (AOAC
2016) using a muffle furnace at 600°C for 16 h. Ether
extract was analyzed according to the procedure of
AOAC (method 920.39) (AOAC 2016). Crude fibre was
analyzed by following the standard procedure (method
2002.04) (AOAC 2016). For mineral analysis, samples
were first ashed and digested with HCI, phosphorus and
calcium contents were determined by Inductively Coupled
Plasma-Optical Emission Spectroscopy (ICP-OES) using
a Thermos Jarrell instrument (method 968.08D) (AOAC
2005). The ingredient and nutrient composition of basal
diet fed to experimental birds are shown in Tables 1 and 2.

Growth performance indices: Performance indicators
such as body weight (BW), feed intake (FI) were recorded
at weekly interval up to 8" week. The feed consumed
per kg of body weight gain was used to compute the
feed conversion ratio (FCR). The growth performance of
the broiler starter was assessed at 28 d while that of the
finishers was assessed at the end of 56 d of growth of birds
with 28 d as 0 d of finisher growth phase.

Analysis of blood oxidative enzymes parameters: At
28 and 56 d of the experiment, five birds from each pen
were selected randomly (total of 20 birds per treatment) for
blood analysis. Blood samples (3 ml) were collected from
each bird at slaughter into 15 ml anti-coagulant free vial
bottle. Serum was harvested by centrifugation of the blood
at 1800 x g. The serum was analyzed for the concentrations
of catalase (CAT) (Cohen ef al 1970), superoxide
dismutase (SOD) (Madesh and Balasubramanian 1998),
malondialdehyde (MDA) (Suleiman et al. 1996), reductase
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Table 1. Ingredients composition (g/kg) of basal diet of broiler

chicken
Ingredient (g/kg) Starter Finisher
(0to28d) (29to564d)

Maize 460 570
Soybean 160 140
Wheat 50 50
Groundnut cake 200 120
Palm kernel cake 50 50
Fish meal 30 20
Bone meal 40 40
Salt 2.5 2.5
Vitamin and mineral premix” 2.5 2.5
Methionine 2.5 2.5
Lysine 2.5 2.5
Total 1000 1000

“Calculated values; Vitamin and mineral premix per kg of diet:
vitamin A: 1000 IU; vitamin D,: 2500 IU; vitamin B : 0.90 g;
vitamin B,: 10 g; Nicotinic acid: 20 g; vitamin B ,: 0.025 g; K.:
2 g; vitamin E: 30 g; Biotin: 0.020 g; Folic acid: 0.5 g; Calcium
pantothenate: 10.5 g; Choline chloride: 300 g; Manganese: 80 g;
Cobalt: 0.5 g; Copper: 6 g; Iron: 40 g; Zn: 60 g; lodine: 0.5 g;
DL-methionine: 80 g and Lysine: 160 g.

Table 2. Chemical composition of basal diet of broiler chicken

Chemical composition (%) Starter Finisher
(0to 28 d) (29 to 56 d)
Dry matter (%) 89.25 90.11
Protein (%) 22.60 18.23
Ether extract (%) 4.55 5.65
Crude fibre (%) 5.00 6.00
Ash (%) 4.00 6.00
Calcium (%) 0.93 0.90
Phosphorus (%) 0.45 0.35
Selenium (mg/kg) 0.02 0.03
Gross energy (MJ/kg) 11.29 12.14

(Lin et al. 1988), gluthathione peroxidase (GSH-Px)
(Paglia and Valentine 1967) using Randox Laboratories
Systems Commercial Kit (County Antrim, UK). Selenium
concentrations in the blood samples were determined by
inductively coupled plasma emission spectrometry (Optima
4300 DV Dual View ICPOE spectrometer, Perkin-Elmer,
Beaconsfield, UK), as described by Tanner et al. (2002).

Carcass and organ traits assessment: At 28 and 56 d of
the experiment, four representative birds from each replicate
(total of 16 birds per treatment) were sacrificed for evaluation
of carcass yield parameters and organ characteristics. After
subjecting them to water dietary regimen for 12 h, the birds
were humanely slaughtered by rupture of the jugular vein
and after bleeding and deplumation, were eviscerated and
carcass and organs weighed on a digital scale to the nearest
0.01 g. The weights of different organs (heart, liver, spleen,
kidney, gizzard, small intestine and large intestine) were
recorded by separating them from carcass and expressed as
a percentage by the following formula:

Relative weight of organ = [(Organ weight/Live weight)x 100]
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Statistical analysis: The experimental data obtained
were subjected to one-way analysis of variance (ANOVA)
for completely randomized design (CRD) using Statistical
Analysis Systems (SAS/STAT Version 20.0, 2012 edition
SAS Institute, Cary, NC, USA) using the following model:

Yij =+T+ €

where, Yij’ observation associated with each parameter;
u, overall mean; T, effect of i"" treatment group (i=1, 2,3 &
4); and eij’random error.

Significant treatment effects were detected by Duncan’s
multiple range tests. Differences were considered
statistically significant at p<0.05. The results were
presented as mean values with standard error.

RESULTS AND DISCUSSION

Growth performance: The effect of dietary organic
selenium on growth performance of broilers were
summarized in Table 3. In both phases, final BW and
WG were better in selenium treated groups compared to
the control group (p<0.05) while in the finisher phase,
FCR was significantly lower (p<0.05) in the selenium
treated groups compared to the control group. Improved
performance in average final BW, WG and FCR observed
in broilers fed supplementary selenium diet were in
agreement with Arnaut ez al. (2021) who found that organic
Se increased daily WG and FI in broiler chicken after 42
days of feeding. The effect of selenium on growth rate may
be due to its action in the expression of selenoprotein P
and selenoenzyme type 1 iodothyronine deiodinase, which
are necessary for the synthesis of thyroid hormone and Se
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transport (Santos et al. 2018). Furthermore, our results of
increased growth performance with organic selenium could
possibly be due to an increased thyroid hormone regulating
the body’s energy metabolism and increased digestibility
of protein (Saleh 2014).

At the starter phase, FI was significantly (p<<0.05) higher
for the selenium treated groups compared to the untreated
group of birds confirming other reports by Khan ez al. (2023).
Their findings concur with our current report in this study
and this could be that selenium in the form of selenocystein
is known to play an important role in feather formation
(Choct and Naylor 2004) and acts on the mechanisms
involved in thyroid hormone stimulation, secretion and
release (Song et al. 2006). The higher feathering and
increased activity of thyroid hormone stimulation led to
increased growth of birds and higher protein turnover in
the treated birds compared to the untreated groups of birds
during early growth. Previous researchers (Downs et al.
2000, Naylor et al. 2000) reported that basal metabolic
rate increases during periods of feather growth to provide
energy for feather production to keep the animal warm and
thus birds would increase FI to maintain their physiological
balance and growth during this period.

Whereas at the finisher phase, FI was significantly
(p<0.05) lower for the selenium treated groups compared
to the untreated group. This may be due to the fact that as
feather cover grows, the basal metabolic rate declines and
less heat is produced as a result of a decline in oxidative
metabolism, which leads to a lower FI. Huang ef al. (2022)
reports indicate that as an antioxidant agent, selenium

Table 3. Effect of organic selenium on growth performance of broilers

Parameter Treatment

T, T, T, T, SEM p-value
Starter phase (1-28)
N.160
Initial body weight (g) 43.7 43.5 42.8 42.5 0.46 0.910
Final body weight (g) 730.6° 828.1¢ 851.1¢ 787.1 10.2 0.020
Average daily gain (g) 42.6° 48.8¢ 48.5¢ 44.5% 1.57 0.021
Average feed intake (g) 76.0° 88.2¢ 81.3° 80.3% 1.23 0.023
Feed conversion ratio 1.78 1.80 1.67 1.81 0.03 0.612
Finisher phase (29-56)
N.96
Initial body weight (g) 824.1 828.1 825.1 822.1 8.87 0.280
Final body weight (g) 2267.4° 3092.1¢ 2889.8° 2454.6" 11.9 0.001
Average daily gain (g) 70.3¢ 88.9¢ 80.7% 77.5% 2.37 0.002
Average feed intake (g) 161.2¢ 142.2° 158.6% 141.2° 0.72 0.040
Feed conversion ratio 2.29¢ 1.59% 1.96° 1.82° 0.21 0.002
Global (1-56)
Initial body weight (g) 43.7 43.5 42.7 42.5 0.46 0.131
Final body weight (g) 2265.7¢ 3092.8¢ 2887.9° 2483.6" 11.8 0.015
Average daily gain (g) 112.9¢ 137.72 129.2° 122.1° 4.34 0.020
Average feed intake (g) 237.22 230.4%® 239.9° 221.5° 2.68 0.005
Feed conversion ratio 2.10° 1.67¢ 1.86° 1.81% 0.43 0.002

*¢ Means with different superscripts in a row differ significantly (p<0.05).
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Table 4. Effect of organic selenium on serum antioxidant indices of broilers

Parameter Treatment

T, T, T, T, SEM p-value
Starter phase (1-28)
N.80
Catalase (U/L) 11.6 11.7 11.7 11.6 0.15 0.062
Superoxide dismutase (U/L) 0.64¢ 0.68¢ 0.76° 0.79° 0.06 0.042
Malondialdehyde (U/L) 1.16 1.10° 0.92° 0.86° 0.71 0.038
Reductase (U/L) 0.64 0.53 0.53 0.58 1.18 0.110
Selenium (U/L) 1.60 2.03 1.83 1.98 0.19 0.106
Gluthathione peroxidase (U/L) 8.50 8.78 8.46 8.61 1.99 0.061
Finisher phase (29-56)
N.80
Catalase (U/L) 11.8° 11.9% 12.1° 12.3¢ 0.07 0.004
Superoxide dismutase (U/L) 1.09° L.11° 1.12° 1.15 0.05 0.009
Malondialdehyde (U/L) 2.71# 2.08® 1.38° 0.75¢ 0.29 0.019
Reductase (U/L) 1.21 0.60 0.70 0.80 0.16 0.102
Selenium (U/L) 1.98¢ 3.92° 4.23® 4.95 0.71 0.020
Gluthathione peroxidase (U/L) 8.21° 10.7 10.7* 10.7¢ 0.45 0.048

»¢ Means with different superscripts in a row differ significantly (p<0.05).

protects nutrient from oxidation and play a crucial role in
the maintenance of homeostatic body conditions resulting
in greater feed utilization and muscular growth in animals
as witnessed in our study.

Blood profile: MDA and SOD activity were significantly
(p<0.05) improved at 28 d while the remaining parameters
were found to differ non-significantly (p>0.05) among
all treatment groups. There was no significant (p>0.05)
difference for reductase in both stages (Table 4). At 56 d,
a high variation (p<0.05) in CAT, SOD, MDA, and GSH-
Px levels were shown among treatments. Serum selenium
concentrations was significantly (p<0.05) improved with
increased levels of selenium. In line with our study,
documented evidence (Liu et al. 2023, Milinkovic Tur et al.
2009) showed that dietary supplementation with selenium
impacts on the blood concentration of oxidative enzymes
(CAT, SOD, MDA, reductase, and GSHPx) and selenium in
broiler birds. Higher concentration of SOD and CAT were
observed in birds exposed to higher amount of selenium
supplementation (1.50 mg/kg) which reduced the oxidative
stress in chicken, most likely by scavenging superoxide
ions and preventing the generation of oxygen-free radicals
by reacting with hydrogen peroxide to produce water and
molecular oxygen (Milinkovic Tur ef al. 2009, Timur and
Utlu 2020) while, catalase reacts with generated hydrogen
peroxide to form water and molecular oxygen thereby
protecting the cells against hydrogen peroxide toxicity and
lipid peroxidation (Yamaguchy 1991).

A significantly improved GSH-Px concentration at 56 d
was observed in the supplemented groups than that in the
control groups of broilers indicating the presence of higher
oxidative stress in mature broiler chicken. This may be
attributed to the ability of selenium to confer adequate
antioxidant protection against lipid peroxidation during
thermal heat. GSH-Px fundamental task is removal of

excessive peroxide and hydrogen peroxides of fatty acids
produced from oxidative removal of lipids (De Almeina
et al. 2012). The initial line of defense against free radical
damage is comprised of GSH-Px, SOD, and CAT activities.
These activities are critical in shielding cells and tissues
from the damaging effects of these radicals. Therefore,
higher levels of these enzymes in blood or tissues indicate
a strong antioxidant capacity (Surai 2015).

Endogenous malondialdehyde (MDA) is a reflection of
lipid peroxidation, which leads to a decrease in antioxidant
defense when reactive oxygen species (ROS) concentration
rise. (Suchy ef al. 2014). There was significant (p<0.05)
decrease in MDA levels in the blood with increased levels
of selenium at both phases which showed the presence
of Se. methionine and Se. cysteine which are more
bioavailable and can increase the levels of antioxidants and
lower the production of lipid peroxidation products (Zoidis
et al. 2018).

No significant (p>0.05) effect of organic selenium on
GSH-Px and selenium concentrations were observed
at starter phase indicating that young chicks are less
vulnerable to oxidative stress compared with broilers
at slaughter age. At 56 d, the improved serum Se levels
observed indicates accumulation of minerals in the tissues
which is considered an indicator for mineral utilization
(Liu et al. 2023). However, inclusion levels of organic Se
increased the serum Se blood concentration which caused
an increase in production of GSH-Px activity to counter
the activities of ROS and lipid peroxidation in the animal
body thereby maintaining homeostasis needed for adequate
growth and production of the birds.

Carcass and organ characteristics: In the early stage
(0to28d),nosignificant (p>0.05) effect were recorded on the
carcass and organ traits of broiler birds supplemented with
selenium (Table 5) Selenium supplementation in diets as a
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Table 5. Effect of organic selenium on carcass and organ traits of broilers

Parameter Treatment

T, T, T, T, SEM p-value
Starter phase (1-28)
N.64
Live weight (g) 830.3 888.2 875.2 878.3 14.8 0.113
Dressed weight (g) 532.1 570.2 549.3 561.3 25.4 0.327
Dressing (%) 64.1 64.2 62.8 63.9 0.69 0.117
Kidney weight (%) 0.12 0.12 0.11 0.11 0.05 0.101
Liver weight (%) 1.43 1.44 1.54 1.40 0.04 0.143
Heart weight (%) 0.35 0.36 0.36 0.36 0.06 0.122
Gizzard weight (%) 2.02 2.13 2.07 2.05 0.04 0.111
Small intestine weight (%) 1.62 1.65 1.63 1.65 0.14 0.143
Large intestine weight (%) 242 2.56 247 2.55 0.29 0.664
Small intestine length (cm) 168.4 172.1 171.4 170.8 1.89 0.192
Large intestine length (cm) 7.44 8.76 8.81 8.55 0.47 0.159
Finisher phase (29-56)
N.64
Live weight (g) 2276.6° 3226.7 2700.1° 2373.3¢ 62.4 0.001
Dressed weight (g) 1832.3¢ 2669.3¢ 2217.7° 1937.1¢ 65.2 0.001
Dressing (%) 80.5° 82.3¢ 82.2¢ 81.6" 0.41 0.040
Kidney weight (%) 0.14¢ 0.14¢ 0.16° 0.20° 0.03 0.001
Liver weight (%) 2.29 2.38 2.47 2.51 0.06 0.102
Heart weight (%) 0.36° 0.37° 0.38° 0.43¢ 0.01 0.001
Gizzard weight (%) 2.61 2.69 2.71 2.74 0.03 0.120
Small Intestine weight (%) 2.71° 2.79° 2.84% 2.94¢ 0.04 0.002
Large intestine weight (%) 4.46° 4.65° 4.68° 4.75* 0.05 0.004
Small intestine length (cm) 242.1¢ 252.1% 255.3 265.7° 1.85 0.002
Large intestine length (cm) 10.1° 11.3° 13.7° 12.9 0.92 0.001

*¢Means with different superscripts in a row differ significantly (p<0.05).

positive means of improving carcass and organ attributes in
broilers has been documented (Ibrahim ez al. 2011, Arnaut
et al. 2021). The earlier reports and our findings may not
have been consistent since their basal diet was lacking in
Se, whereas in the current study, birds received the minimal
amount of selenium needed in the basal diet though a little
below the NRC 1994 level which affirms that 0.1 mg/kg of
selenium in the feed is the minimum necessary for broiler
development and performance. The Se concentration in our
basal diet was 0.02 at starter phase and this might be the
reason our control group did not exhibit any signs of Se
deficiency.

In harmony with reports by these workers, our finding
shows that selenium supplementation (p<0.05) improved
carcass traits namely, final body weight, feed efficiency and
dressed weight in finisher broilers. Antioxidant properties
of Se may have enhanced development in carcass
characteristics since production data show improved FI and
FCR in selenium treated birds and this is in consonant with
report by Khan ef al. (2023) which observed an improved
feed efficiency in broilers fed 0.2 mg/kg selenium diet.
Conversely, Heindl et al. (2010) reported that selenium
supplementation positively influenced carcass weight but
not dressing %, liver and heart weights. These differences
may be accounted for by variation in body weights, sex,

age and nutrition. Naji et al. (2007) noted that dressed
weight differs according to the live body weight of broiler,
sex, and age of broiler at marketing, and generally would
increase by increases in live body weight and by advancing
age of broiler.

While the liver and gizzard weights were not affected
by the selenium supplements, other organs characteristics
(kidney, heart, small and large intestine weights and length)
were higher from 1.00 to 1.50 mg/kg. It may be gathered
from these results that selenium has a direct stimulatory
effect on the kidney, heart and the gastrointestinal tract
thereby enhancing proliferation of vital cells in these
organs (Zhang et al. 2023). Earlier research reports in
literature (Minich 2022) indicate that the immediate action
of selenomethionine (organic selenium) upon absorption
in the digestive tract is that the fraction not immediately
used for the synthesis of specialized selenoprotein is
incorporated non-specifically into the structural proteins of
muscles, heart, kidney and other organs.

Altogether, the current findings clearly show that the
addition of selenium in diet of broilers during production
increased growth performance, oxidative enzyme status,
selenium retention and carcass and organ characteristic
of the broiler chickens. Our results suggested that
supplementation of organic Se up to 1.50 mg/kg in the
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basal diet of broiler chickens during production could be
utilized as a nutritional management practice to increase
Se content in human food ‘functional foods’, reduce
stress and increased growth and carcass attributes in
broilers particularly in environments in which the birds are
vulnerable to stress.

ACKNOWLEDGEMENTS

The authors are grateful to the staff of the Department
of Animal Science, University of Nigeria, Nsukka for
their technical assistance and for providing the facilities
necessary for this research work.

REFERENCES

AOAC. 2016. Official Methods of Analysis, 20™ ed. Association
of Official Analytical Chemists. Washington, DC, USA.

AOAC. 2005. Official Methods of Analysis, 18" ed. Association
of Official Analytical Chemists. Washington, DC, USA.

Arnaut P R, da Silva Viana G, da Fonseca L, Alves W ],
Muniz J C U, Pettigrew J E, Silva F F, Rostagno H S and
Hannas M 1. 2021. Selenium source and level on performance,
selenium retention and biochemical responses of young broiler
chicks. BMC Veterinary Research 17: 151.

Choct M and Naylor A J. 2004. The effect of dietary selenium
source and vitamin E levels on performance of male broilers.
Asian Australasian Journal of Animal Sciences 17: 1000-06.

Cohen G, Dembiec D and Marcus J. 1970. Measurement of
catalase activity in tissue extracts. Analytical Biochemistry
34(1): 30-38.

De Almeida J N, Dos Santos G R, Beteto F M, De Medeiros L G,
Oba A, Shimokomaki M and Soares A L. 2012. Dietary
supplementation of chelated selenium and broiler chicken
meat quality. Semina-Ciencias Agrarias 33(2): 3117-22.

Downs K M, Hess J B and Bilgili S F. 2000. Selenium source
effect on broiler carcass characteristics, meat quality and drip
loss. Journal of Applied Animal Research 18: 61-72.

Heindl J, Ledvinka Z, Englmajerova M and Zita L and Tumova E.
2010. The effect of dietary selenium sources and levels on
performance, selenium content in muscle and glutathione
peroxidase activity in broiler chickens. Czechoslovakian
Journal of Animal Science 55(12): 572-78.

Huang J, Xie L, Song A and Zhang C. 2022. Selenium status and
its antioxidant role in metabolic diseases. Oxidative Medicine
Cell Longevity doi: 10.1155/2022/7009863.

Ibrahim M T, Eljack B H and Fadlalla I M T. 2011. Selenium
supplementation to broiler diets. Animal Science Journal 2(1):
12-17.

JuW, Li X, Li Z, Wu G R, Fu X F, Tang X M, Zhang X Q and
Gao X B. 2017. The effect of selenium supplementation on
coronary heart disease: A systemic review meta-analysis of
Randomized controlled trials. Journal of Trace Elements in
Medicine and Biology 44: 8—16.

Khan M T, Niazi A S, Arslan M, Azhar M, Asad M, Raziq
F, Gondal M A, Rauf M, Liaqat S, Naz S, Bachaya H A,
Igbal Z M, Qumar M, Gull-e-Faran, Wadood F and
Khan H U. 2023. Effects of selenium supplementation on
the growth performance, slaughter characteristics, and blood
biochemistry of naked neck chicken. Poultry Science 102(3):
102420.

Kieliszek M and Bano 1. 2022. Selenium as an important factor
in various disease states - A review. Experimental and Clinical
Sciences Journal 21: 948—66.

[Indian Journal of Animal Sciences 94 (6)

Lin H M, Dillard C J and Tappel A L. 1988. Plasma SH and
GSH measurements. Methods in Enzymology 233: 380-82.
Liu J, Wang Z, Li C, Chen Z, Zheng A, Chang W, Liu G and
Cai H. 2023. Effects selenium dietary yeast on growth
performance, slaughter performance, antioxidant capacity, and

selenium deposition in broiler chickens. Animals 13: 3830.

Madesh M and Balasubramanian K A. 1998. Microtiter plate
assay for superoxide dismutase using MTT reduction by
superoxide. Indian Journal of Biochemistry and Biophysics
35(3): 184-88.

Michalczuk M, Batorska M, Sikorska U, Bien D, Urban J,
Capecka K and Konieczka P. 2021. Selenium and the health
status, production results and product quality in poultry.
Animal Science Journal 90(1): 1366.

Milinkovic-Tur S, Aladrovic J, Ljubic B B and Poljicak-Milas N.
2009. Age-related antioxidant enzyme activities and lipid
peroxidation in heart muscles of broiler chickens fed with
supplementary organic selenium. Archives of Veterinary
Science 79: 481-89.

Minich W B. 2022. Selenium metabolism and biosynthesis of
selenoproteins in the human body. Biochemistry (Mosc) 87(1):
168-72.

Naji S, Grunberg S and Thomm M. 2007. The RPB7 orthologue
E’ is required for transcriptional open complex formation.
Journal of Biological Chemistry 2: 11047-57.

Naylor A J, Choct M and Jacques K A. 2000. Effects of selenium
source and level on performance and meat quality in male
broilers. Journal of Poultry Science 79(1): 117.

NRC. 1994. Nutrient Requirement of Poultry, 9" ed. National
Academy Press, Washington, D.C.

Paglia D E. and Valentine W N. 1967. Studies on the quantitative
and qualitative characterization of erythrocyte and glutathione
peroxidase. Translational Research 70(1): 158—69.

Pecoraro B M, Leal D F and 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: 58.

Research Ethics Committee Recommendations. 2013. University
of Nigeria, Nsukka, Research Policy Document (pp.24-29).
Retrieved from https://www.unn.edu.ng/wp-content/
uploads/2015/09/UNN-RESEARCH-POLICY.pdf

Saleh A A. 2014. Effect of dietary mixture of Aspergillus
probiotic and selenium nanoparticles on growth, nutrient
digestibilities, selected blood parameters and muscles fatty
acid profile in broiler chickens. Animal Science Paper on
Reproduction 32: 65-79.

Santos L R, Neves C, Melo M and Soares P. 2018. Selenium
and selenoproteins in immune mediated thyroid disorders.
Diagnostics (Basel) 8(4): 70.

Shakeri M M, Oskoueian E, Le H H and Shakeri M M. 2020.
Strategies to combat heat stress in broiler chickens: Unveiling
the roles of selenium, vitamin E and vitamin C. Journal of
Veterinary Sciences 7(2): 1-9.

Song H, Hur D Y, Kim K E, Park H, Kim T and Kim C. 2006.
IL-2/IL-18 prevents the downmodulation of NKG2D by
TGF-beta in NK cells via the c-Jun N-terminal kinase (JNK)
pathway. Cell Immunology 242: 39-45.

Suchy P, Strakova E and Herzig 1. 2014. Selenium in poultry
nutrition: A review. Czech Journal of Animal Science 59(11):
495-503.

Suleiman S A, Ali M E, Zaki Z M S, El-Malik E M A and Nasr
M A. 1996. Lipid peroxidation and human sperm motility:
Protective role of vitamin E. Journal of Andrology 17(5):



June 2024]

530-37.

Surai P F. 2015. Antioxidant systems in poultry biology:
Superoxide dismutase. Journal of Animal Research and
Nutrition 1: 8.

Tanner S D, Baranov V 1. and Bandura D R. 2002. Reaction
cells and collison cells for ICP-MS: A tutorial review.
Spectrochimica Acta, Part B Atomic Spectroscopy 57(9):
1361-452.

Timur C and Utlu N. 2020. Influence of vitamin e and organic
selenium supplementation on antioxidant enzymes activities
in blood and egg samples of laying hen. Journal of the Institute

EFFECT OF ORGANIC SELENIUM IN BROILER CHICKENS 559

of Science and Technology 10(1): 694-701.

Wasti S, Sah N and Mishra B. 2020. Impact of heat stress on
poultry health and performances and potential mitigation
strategies. Animals (Basel) 10(8): 1266.

Yamaguchy S. 1991. The role of SOD an antioxidant. Journal of’
National Cancer Institute Tamilnadu 28: 221-32.

Zhang F, Li X and Wei Y. 2023. Selenium and selenoproteins in
health. Biomolecules 13(5): 799.

Zoidis E, Seremelis I, Kontopoulos N and Danezis G P. 2018.
Selenium-dependent antioxidant enzymes: actions and
properties of selenoproteins. Antioxidants (Basel) 7(5): 66.



