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ABSTRACT

on thyroid hormone activation, tissue Se distribution and antioxidant enzymes status in broiler
chickens. A total of 320 one-day old broiler chicks were randomly attributed to 5 experimental
groups and fed iso-energetic and isonitrogenous diets. The basal diet was supplemented with 0
(control) or 0.3 mg/kg Se from sodium selenite (SS), selenomethionine (SM), selenized yeast
(SY) or nano elemental selenium (NS). Dietary SY supplementation at 0.3 mg/kg improved both
growth performance and feed efficiency compared with the other groups (P<0.01). However, no
significant differences of feed consumption were shown (P>0.05) among treatments. At the end
of the test, thioredoxin reductase (TR) and glutathione peroxidase (GPX) activities and also Se
concentrations in plasma, liver and breast muscle were greater in groups fed Se-supplemented
diets, regardless of source, than in those fed the control diet. The highest values in plasma and
tissue Se content were measured in the group supplemented with SY, while the groups receiving
NS showed the greatest (P<0.01) plasma and tissues GPX activities. Furthermore, dietary
selenium supplementation promoted conversion of thyroxine (T4) to triiodothyronine (T3),
which consequently resulted in significantly (P<0.01) higher plasma T3 concentration (p<0.01),
while serum thyroxine was not significantly influenced by selenium supplementation. It could
be concluded that supplementation of Se can improve antioxidative status and Se concentration
in blood and tissues of broiler chick. The dietary supplementation of SY and NS could be
utilized more effectively when compared to other Se sources.
KEY WORDS: Broiler, Glutathione

Peroxidase, Nano Elemental Selenium, Selenium Deposition,
Thioredoxin Reductase, Thyroid Hormone.
INTRODUCTION
As structural and functional constituents of numerous selenoproteins and enzymes, selenium is
involved in several biological processes of living organisms (Skřivan et al., 2008). The most
important and best-known action of this element is its antioxidant effect, which is due to the
production of selenocysteine, an integral part of the active center of glutathione peroxidase (GPX;
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Navarro-Alarcon and Lopez-Martinez, 2000). The basic physiological role of GPX is the removal
of hydrogen peroxide (H2O2) excess from the cell cytoplasm and prevention of formation and
autopropagation of free radicals via catalyzing the reduction of peroxides to alcohols (Burk, 1997;
Ganther, 1975). The biochemical function of selenium is reflected not only in its antioxidative
effect. As, Se affects thyroid hormone metabolism by the synthesis and activity of the
iodothyronine deiodinases (ID), selenium-based enzymes, which converts thyroxine (T4) to the
more biologically active 3,3'-5 triiodothyronine (T3; Jensen et al., 1986). It has been reported that
Se deficiency is associated with impaired synthesis of thyroid hormone (Kohrle et al., 1992). Since
thyroid hormones play an important role in growth and protein turnover (Jianhua et al., 2000),
therefore, Se deficiency can influence the overall growth performance and feather development in
poultry by impairing T3 production (Edens, 2000). It is well recognized that the expression and the
activity of Se-dependent enzymes are dependent on proper and adequate alimentary supply of Se.
Mounting evidence has shown that in chickens, growth performance parameters, survival and
antioxidant protection level are affected by dietary Se status (Avanzo et al., 2002; Golubkina and
Papazyan, 2006; Ozkan et al., 2007; Wang, 2009). The National Research Council (NRC) (1994)
indicates a Se requirement of 0.15 mg/kg during intensive broiler growth, but the necessity and the
efficacy of Se in inducing Se-containing enzymes also depends on its chemical form (Ortuno et al.,
1996). Previous studies have shown that the organic form of selenium, selenomethionine, present in
plants and Se-enriched yeast, may have higher bioavailability, antioxidant properties and rates of
tissue accumulation as well as lower toxicities than inorganic forms (Wang and Lovell, 1997;
Mahan et al., 1999; Mahmoud and Edens, 2003). This is due to the fact that organic Se actively
transports through intestinal membrane and also actively accumulates in liver and muscle tissue
(Surai, 1999), while inorganic selenium is incorporated slightly into selenoproteins, and large part
of it is excreted by urine (Jokić et al., 2009). Thus, there is an increasing interest in the use of
organic Se forms, such as Se-methionine or selenized yeast, as supplemental sources of Se rather
than inorganic Se. Selenium enriched yeast and nano elemental selenium has been recognized as
the most appropriate forms of Se for use in animal nutritional supplements. This is because of their
higher excellent bioavailability and low toxic effects among various forms of Se (Wang and Xu,
2008; Zhou and Wang, 2011). Payne and Southern, (2005) indicated that selenized yeast (SY) is
deposited into the breast muscle of broilers at a much greater rate than sodium selenite (SS).
Valcic´ et al. (2001) reported an increase in GPX activity in broiler fed with organic Se compared
with those fed with SS diet. Also, Zhou and Wang (2011) demonstrated that elemental Se
supplementation significantly increased GPX activity and Se concentrations in plasma and liver of
chicks when compared with the control group. In general, many experimental studies have
confirmed that organic and nano elemental sources of Se have advantages that are superior to those
provided by the inorganic Se form (Mahan, 1999; Choct et al., 2004; Wang, 2009). Therefore, the
main objective of the present study was to evaluate the influences of supplemental dietary selenium
sources (as sodium selenite, selenomethionine, selenized yeast or nano elemental selenium) on TR
and GPX activities, thyroid hormone activation and tissues Se content in broiler chicks. The
performance of chicks was monitored only for guidance.

Volume-3 Special Issue- 4

2014

www.sciencejournal.in

© 2014 DAMA International. All rights reserved.

282

ISSN: 2319–4731 (p); 2319–5037 (e)

MATERIALS AND METHODS
Birds, Diets, and Experimental Design
All animal care was conducted according to the University approved methods, and Institutional
Animal Ethical Committee approved this experiment. Three hundred and twenty 1-d old broiler
chicks (Cobb 500) were assigned randomly to five dietary treatments. Each of the five treatments
was replicated 4 times with 16 chicks per each. Birds were housed in deep litter pens (1×2 m).
Environmental temperature was set at 32°C on d-1 and lowered stepwise to 23-24°C for the rest of
the experiment. Relative humidity and ventilation were arranged under standard conditions. Birds
were fed with the experimental diets from day 1 until 28 d with two-time periods included: the
starting and growing periods (1 to 14 days and 15 to 28 days), respectively. Diets were formulated
according to the recommendations of the National Research Council (1994). The chickens were
allowed ad libitum access to diets and water. Five different treatments were supplied to the chicks
as follows: control: maize-soybean meal basal diet with no supplemental Se, SS: basal diet
supplemented with 0.3 mg/kg from sodium selenite1 (Na2Se03), SM: basal diet supplemented with
selenomethionine2, SY: basal diet supplemented with selenized yeast3, NS: basal diet supplemented
with nano elemental selenium4 (Table 1). The background selenium content of the control diets
were 0.18 and 0.17 mg/kg, in the starter and grower diets, respectively (Table 1). Body weight of
all chicks and feed consumption of each group were recorded weekly starting from one day of Age.
Growth performance was evaluated in terms of weight gain and feed conversion ratio (FCR) at the
end of each feeding period.
Sample Collection and preparation
Blood samples were collected at the end of 2rd and 4th week via the wing vein in sterile heparinized
test tubes. Plasma was separated by centrifugation and used for the serum GPX and TR assays.
Moreover, at days 28, 2 chicks from each replicate (8 birds per treatment) were sacrificed, and
samples of liver and breast muscle were collected for determination of the activity of GPX, TR and
Se content in these tissues. The GPX activity was determined by the method of Lawrence and
Burke, 1976. Thioredoxin reductase (TR) activity was also measured according to the method
described by Luthman and Holmgren (1982). The enzyme activity of GPX and TR was expressed
as units per milligram of protein (U/mg prot) in tissues and as units per milliliter (U/ml) in plasma,
respectively. All enzymatic assays were conducted within 24 h after extraction.
Furthermore, the diets, plasma, and tissue samples were analyzed for Se concentration by the
methods of Tinggi, (1999) by hydride generation atomic absorption spectrophotometry (model
AA6501, Shimadzu Ltd.).
Thyroid Hormones

1

- Sigma-Aldrich Chemical Co., St. Louis, MO, USA
- Sigma-Aldrich Chemical Co., St. Louis, MO, USA
3
- Sel-Plex, Alltech, Inc., Nicholasville, KY, USA
4
- Shanghai Stone Nano Technology Port Co., Ltd, China
2
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The plasma thyroid hormones, thyroxin (T4) and triidothyronine (T3), concentrations were
measured by Radioimmunoassay as described previously (Valcic´ et al., 2011). The intra- and interassay coefficients of variation were less than 10%.
Statistical analysis
The data from this experiment were analyzed as a completely randomized design using the General
Linear Model procedure of SAS (SAS Institute, 1996). Replicate was considered as the
experimental unit for all data. Duncan’s multiple range tests was performed to assess any
significant differences at the probability level of P ≤ 0.05 among the experimental treatments.
RESULTS AND DISCUSSION
Growth Performance
In terms of body weight (BW) and feed conversion efficiency (FCR), birds fed with SY diets
performed significantly better (P<0.01) than those fed with other diets (Table 2). Whereas no
differences (P>0.05) were found in BW and FCR among other Se sources and the unsupplemented
control group during the experimental period. However, FCR in broilers fed with the Se
supplemented diets were also lower than those of the control, during growing phase (14 to 21 days
of age) post-hatch as well as for the cumulative period (1 to 28 days of age), but not starting phase
(1 to 14 days of age). Data from the current study showed that average feed intake (FI) of the
chickens were not affected (P>0.05) by dietary Se source in any period of growth or in the overall
period (Table 2). Higher body weight and a similar feed consumption resulted in a significantly
lower (P<0.05) feed: gain ratio for birds fed with the diets containing SY in growing and
cumulative periods.The overall growth performance results were in agreement with the results of
(Miller et al. 1972, Spears et al. 2003, Ryu et al., 2005; Kim et al., 2010) who reported that dietary
supplementation with inorganic Se or SM did not affect the daily weight gain and feed efficiency of
chickens. While Mahmoud and Edens (2005) reported a significant improvement in the body
weight and FCR in broilers fed with SY (P<0.05) at 0.2 mg/kg feed. In our experiment, the NS-fed
birds had no significant differences in growth performance in comparison to the control birds.
Contrary to our finding, Zhou and Wang (2011) demonstrated a significantly (P<0.05) higher final
live weight attributable to the supplemental nano-Se source. Improvement in the performance
parameters of SY-fed birds is probably related to the effect of Se on the metabolism of thyroid
hormones, which results in an increasing the efficiency of nutrient utilisation (Arthur et al., 1990).
Also, the positive effect of dietary Se supplementation on FCR may be the result of better
feathering, due possibly to the role of selenocysteine in feather formation (Edens, 1996). This is
because correct feathering is important to maintain a protective covering for the skin of the birds
and to regulate body temperature. Therefore, a combination of better absorption efficiency and
thyroid hormone activation by organic selenium may explain the improved feed efficiency.
On the other hand, the sodium selenite supplement at 0.3 mg/kg caused a slight decrease in BW,
which suggested early signs of toxicity in this group. Generally, the performance parameters data
imply that an additional Se requirement may be necessary for the modern broiler chicken and
organic Se form appeared to be more useful than inorganic form of Se.
Enzyme Activity
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The results of this study demonstrated that there was a significant difference (P<0.01) with respect
to TR activity between all Se supplemented groups and the control in plasma, liver and breast
muscle of broiler chickens (Figures. 1 and 2). Thioredoxin reductase activity in 28-day-old birds
was lowest in the control-fed group, while at equi-selenium doses, NS elicited statistically the
highest TR activity in serum and in the studied organs. As, NS supplementation resulted in a
substantial (268% and 297%, respectively) increase in liver and breast TR activity comparison to
the control. Dietary selenium supplementation significantly increased the plasma GPX activity in
the broiler chicken at 2rd and 4th weeks of age (P<0.01). At these stages, the NS-fed chickens
maintained the highest blood activity of GPX, while the control group showed the lowest value of
GPX (Figure 1). Furthermore, the effect of selenium source was also very distinct on GPX activity
in all above-mentioned tissues of broiler chicken at 4th week of age. Similar to TR activity, NS
supplementations resulted in significant (P<0.01) higher induction of GPX activity compared with
organic Se supplementation. At the end of the test, the GPX activity in the liver and breast muscle
of chickens fed NS-supplemented diets was nearly 2.5 and 2.3 times more than the birds of the
control diet, respectively (Figure 2). Thioredoxin reductase is a selenocysteine-containing enzyme
that catalyzes the reduction of the redox protein thioredoxin by NADPH (Holmgren, 1989).
Experimental studies have shown that supranutritional levels of dietary Se increases the activity of
TR via increasing the incorporation of selenocysteine, leading to an increase in the activity of this
antioxidative enzyme, and, to a lesser extent, via increasing thioredoxin reductase protein levels
(Berggren et al., 1997; Burgos et al., 2006).
In TR protein the insertion of selenocysteine has been shown to be critical for catalytic function
(Allan et al., 1999). During selenocysteine metabolism, the incorporation of Se instead of sulfur
occurs in a concentration dependent manner, so there is a correlation between dietary levels of Se
and tissue concentration of this antioxidant protein (Allan et al., 1999; Toufektsian et al., 2000).
This is consistent with our present study where an increase in TR activity was observed with
increasing selenium content in the Se-supplemented diet compared with the control. Also, the
enhancement of the primary indicator of antioxidant status, GPX activity, in blood and the studied
organs by Se supplementation is in accordance with the earlier reports of (Zhou and Wang, 2001;
Mahmoud and Edens, 2003) who observed that GPX activity significantly (P<0.05) improved with
dietary Se supplementation in chickens. Plasma and tissues GPX activities is closely related to
dietary Se concentration and bioavailability of various Se supplements. As would be expected, the
activity of the selenoprotein enzyme GPX is greatly improved by dietary Se supplementation.
Higher pronounced increases in GPX activity by supplementation of inorganic Se forms compared
to organic Se form (SY and SM) are probably due to the fact that Se, regardless of its form, has to
be converted into selenocysteine before it can be incorporated into the GPX enzyme (Forstrom et
al., 1978). Henry and Ammerman, (1995) indicated that inorganic Se from was metabolized into
selenocysteine more efficiently than selenomethionine (Se-Met), the primary fraction of SY and
SM. Another possibility is that Se-Met might be incorporated into body proteins in place of
methionine (Met; Wang et al., 2011). White and Hoekstra, (1979) reported that Se-Met be initially
incorporated into a wide spectrum of non-Se-requiring proteins and afterwards be incorporated into
GPX, whereas Se from inorganic source is quickly incorporated into GPX. So, the competition with
Met for incorporation in non-Se-requiring proteins possibly influences the availability of Se from
Se-Met for the synthesis of GPX and other specific Se enzymes.
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Broilers given the SY-supplemented diet had higher breast GPX activity than those broilers given
SS-supplemented diet. Apart from different chemical forms of dietary Se, the quantity of Se in the
muscles is also an important regulator of GPX activity. Broilers fed SY-supplemented diet had
greater breast Se concentrations on d 28 than those fed SS, thus this organ provided adequate Se to
promote GPX activity. So, greater GPX activity in broilers fed the Se-supplemented diet was
accompanied with greater plasma, breast, and liver Se concentrations in comparison to the control.
In general, NS showed a higher potential to improve the antioxidant status than other Se sources,
which is a result of its high catalytic efficiency and strong adsorbing ability, and consequently its
excellent bioavailability (Zhang et al., 2008). An age-related increase in plasma antioxidant enzyme
levels by Se supplementation in broilers diets was observed. This phenomenon is consistent with
the concept that within one week after the birth, the antioxidant status of chicks mostly depends on
the Se accumulated in the liver during embryogenesis, and does not related to the feed Se content
(Sunde, 1997). The improved activity of plasma GPX in 4-week-old broilers in comparison with 2week-old chicks is in accordance with the results reported by Valcic´ et al., 2011. Similarly,
Kuricova et al. (2003) observed a steady GPX activity increase in chickens from week 2 to week 4
of age in birds supplemented with 0.20 mg/kg various Se sources.
Se Content
Figure 3 shows the Se content of plasma, liver and breast muscle of chicks after 28 d of treatment
with different sources of Se. Compared with the control group, the addition of various sources of Se
increased Se concentration in the studied organs (P<0.05). Broilers fed the SY diet maintained the
highest hepatic and muscle Se contents on d 28, as liver and breast Se concentration in SY-fed
chicks were 0.64 and 0.33 mg/kg, respectively in comparison to 0.27 and 0.12 mg/kg achieved in
the control.Day 28 plasma Se concentration in all Se supplemented groups except SS was
significantly higher compared to the control (P<0.01), although group receiving Se supplemented in
the form of SS had numerically higher concentration of plasma Se in comparison to the control
group (P>0.05). Regarding plasma and tissues breast Se content, organic forms of Se (SY and SM)
proved to be significantly more efficient Se source compared to the inorganic Se, because the
predominant form of Se in organic chemical forms is selenomethionine (Beilstein and Whanger,
1985), which is readily incorporated into body proteins (Sunde, 1997). This result was consistent
with previous findings (Choct et al., 2004; Radmila et al., 2008) who demonstrated a considerably
higher tissue Se concentration in broilers fed Se-enriched yeast supplemented diets in compassion
to inorganic Se form. Furthermore, Wang (2009) reported that nano elemental Se has a higher
bioavailability than inorganic Se for the Se deposition in the tissues. Higher bioavailability of
organic Se than inorganic Se for the Se deposition in the tissues is probably due to their different
absorption and metabolism mechanisms. As, inorganic Se is passively absorbed from the intestinal
wall by a simple diffusion process, whereas organic Se (SY and SM) is actively absorbed and
utilized in the intestine through the amino acid transport mechanisms (Wolfram et al., 1989;
Rayman, 2004; Schrauzer, 2003). Furthermore, some reports indicated that nanoparticles are also
absorbed in duodenum by active transportation, so usually high levels of this Se form is deposited
in various tissues (Zhang et al., 2001; Shi et al., 2011). The other likely possibility is that the
chemical similarity between selenomethionine and Met allows the body to use them
interchangeably during synthesis of protein because the tRNAMet cannot discriminate between
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selenomethionine and Met (Schrauzer, 2000). This makes it possible to build a reversible Se
storage in organs and tissues (Schrauzer, 2003). The plasma Se results on d 28 are in general
agreement with (Wang et al., 2011) who reported that plasma Se level is increased in broilers fed a
diet containing organic Se relative to those fed a diet containing SS (Also see Appendix).
Furthermore, higher Se content was observed in liver compared with that in muscle. Animal studies
have illustrated that the liver is the major target organ of selenium accumulation (Diskin et al.,
1979). The observed pattern of overall tissue Se contents in this study is similar to that reported by
Surai, 2002, who demonstrated that Se concentration of liver is higher than muscle and Se content
of muscle is also greater than plasma.
Thyroid Hormone
At the age of 14 d, plasma T4 concentrations did not differ significantly among treatments but
tended to be lower (P>0.05) in all Se supplemented chicks, while T3 concentration was
significantly higher in Se-treated birds than in the unsupplemented control group (Table 3). At the
age of 28 d, the Se supplemented groups except SS (P<0.01) had significantly higher plasma T3
concentration and T3/T4 ratio compared to the control. Moreover, the serum T4 levels were higher
in birds within the no supplemental Se treatment in comparison to those supplemented with Se
(P<0.01). The highest plasma T3 level and T3/T4 ratio were recorded in group SY at day 14 (2.75
ng/ml-28.66%, respectively) and at day 28 (2.57 ng/ml- 31.36%, respectively). Also, a decline in
hormone concentration was observed with age (Table 3).
Selenium constitutes an essential part of type 1 deiodinase, which is responsible for deiodinating
thyroxine (the inactive prohormone) to make the more metabolically active form T3 thyroid
hormone (Sunde, 1997). Thus, selenium deficiency may results in a decreased conversion of T4 to
the T3 and consequently an increased T4 concentration in serum. Also, the ratios between serum T4
and T3 indicate that SY and NS treatments facilitated the conversion of T4 to T3 more efficiently,
possibly extrathyroidally in the liver (Edens, 2001).
These results are consistent with previous study by (Kohrle et al., 1992) who demonstrated that
there is a strong correlation between the amount of Se in the diet and thyroid hormone synthesis.
The increased activation ratio in the SY and NS supplemented groups was a consequence of a
remarkably lower plasma T4 concentration compared to inorganic Se (SS) supplemented groups.
This is probably the result of the negative feedback control mechanism through the thyroid axis,
which under normal conditions prevents an excessive increase of plasma T3. The implications of
this mechanism could be relevant in slightly hypothyroid individuals in which a diet enriched with
easily available Se, such as Se-enriched yeast, could increase the conversion of T4 to T3 without a
simultaneous increase of T4 release from the thyroid gland (Valcic´ et al., 2011).
CONCLUSION
From the results of this study it could be concluded that providing of Se concentrations in the
broiler diet above the level of Se requirement could improve the antioxidant status and deposition
of Se into muscle tissue. In general, SY showed a higher potential to Se deposition in plasma and
some tissues, as well as more proficient conversion of T4 to T3. Furthermore, NS supplementation
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of chicken diets was superior form of Se in the improvement of the serum and tissue GPX and TR
activities of chicken.
REFERENCES
Allan, C., Lacourciere, G. and Stadtman, T. (1999). Responsiveness of selenoproteins to dietary
selenium. Annu. Rev. Nutr. 19: 1–16.
Arthur, J. R., Nichol, F. and Beckett, G. J. (1990). Hepatic iodothyronine 5’-deiodinase: The role
of selenium. Biochem. J. 272: 537-548.
Avanzo, J.L., Junior, X.M. and Cesar, C.M. (2002). Role of antioxidant systems in induced
nutritional pancreatic atrophy in chicken. Comp. Biochem. Physiol. B Biochem. Mol. Biol. 131:
815–823.
Beilstein, M.A. and Whanger, P.D. (1985). Deposition of dietary organic and inorganic selenium
in rat erythrocyte proteins. J. Nutr. 116: 1701–1710.
Berggren, M., Gallegos, A., Gasdaska, J. and Powis, G. (1997). Cellular thioredoxinreductase
activity is regulated by selenium. Anticancer Res. 17: 3377–3380.
Burgos, S., Edens, F.W., Read-Snyder, J., Cantor, A. and Burgos, S.A. (2006). Selenium
Sources Affect Protein Concentration, Thioredoxin Reductase Activity and Selected Production
Parameters in Reovirus Infected Broiler Chickens. Int. J. Poultry Sci. 5: 822-829.
Burk, R.F. (1997). Selenium-dependent glutathione peroxidases. Comprehensive Toxicology,
London, 229–242.
Choct, M., Naylor, A.J. and Reinke, N. (2004). Selenium supplementation affects broiler growth
performance, meat yield and feather coverage. Br. Poult. Sci. 45: 677-683.
Diskin, C.J., Tomasso, C.L., Alper, J.C., Glaser, M.L. and Fliegel, S.E., (1979). Long-term
selenium exposure. Arch. Intern. Med. 139: 824-26.
Edens, F.W. (1996). Organic selenium: from feathers to muscle integrity to drip loss. Five years
onward: no more selenite, in: Lyons, T.P., Jacques, K.A., (Eds.), and Biotechnology in the Feed
Industry. Proceedings of the 17th Alltech’s Annual Symposium, Nottingham University Press,
Nottingham, UK, pp. 349-376.
Edens, F.W. (2000). Feathering of broilers: influences of amino acids and minerals. in. Proc.
Conferência Apinco de Ciência e Tecnologia Avícolas, Campinas, São Paulo, Brazil, pp.81–100.
Edens, F.W. (2001). Practical applications for selenomethionine: broiler breeder reproduction, In:
Lyons, T.P., Jacques, K.A. (Eds.), Biotechnology in the Feed Industry. Proceedings of the 18th
Alltech’s Annual Symposium. Nottingham University Press, Nottingham, UK, pp. 29-42.
Forstrom, J.W., Zakowski, J.J. and Tappel, A.L. (1978). Identification of the catalytic site of rat
liver glutathione peroxidase as selenocysteine. Biochemistry. 17: 2639–2644.
Ganther, H.E. (1975). Selenoproteins. Chemica. Scripta. 8A, 79-84.
Golubkina, N.A. and Papazyan, T.T. (2006). Selenium distribution in eggs of avian species.
Comp. Biochem. Physiol. B. 145: 384–388.
Henry, P.R. and Ammerman, C.B. (1995). Selenium bioavailability, in: Ammerman, C.B., Baker,
D.H., Lewis, A.J., (eds), Bioavailability of Nutrients for Animals. Academic Press, New York,
USA, pp. 301.
Holmgren, A. (1989). Thioredoxin and glutaredoxin systems. J. Biol. Chem. 264: 13963–13966.
Volume-3 Special Issue- 4

2014

www.sciencejournal.in

© 2014 DAMA International. All rights reserved.

288

ISSN: 2319–4731 (p); 2319–5037 (e)

Jensen, L.S., Colnago, G.L., Takahashi, K. and Akiba, J., (1986). Dietary selenium status and
plasma thyroid hormones in chicks. Biol. Trace Elem. Res. 10: 11-18.
Jianhua, H., Ohtsuka, A. and Hayashi, K., (2000). Selenium influences growth via thyroid
hormone status in broiler chickens. Brit. J. Nutr. 84: 727-732.
Jokić, Ţ. Pavlovski , Z., Mitrović, S. and Đermanović, V. (2009). The effect of different levels of
organic selenium on broiler slaughter traits. Biotech. Anim. Husb. 25: 23-34.
Kim, Y. j., Park, W.Y. and Choi, I.H. (2010). Effects of dietary α-tocopherol, selenium, and their
different combinations on growth performance and meat quality of broiler chickens. Poult. Sci. 89:
603–608.
Kohrle, J., Oertel, M. and Gross, M. (1992). Selenium supply regulates thyroid function, thyroid
hormones synthesis and metabolism by altering expression of the seleno enzymes type 5’deiodinase and glutathione peroxidase. Thyroidology. 4: 17-21.
Kuricova, S., Bolidizarova, K., Gresakova, L., Bobcek, R., Levkut, M. and Leng, L. (2003).
Chicken Selenium Status when Fed a diet Supplemented with Se-Yeast. Acta Vet. Brno. 72: 339346.
Lawrence, R.A. and Burke, R. F. (1976). Glutathione peroxidase activity in selenium-deficient rat
liver. Biochem. Biophys. Res. Commun. 71: 952–958.
Luthman, M. and Holmgren, A. (1982). Rat liver thioredoxin and thioredoxin reductase:
Purification and characterization. Biochemistry. 21: 6628-6633.
Mahan, D.C. (1999). Organic selenium: using nature’s model to redefine selenium
supplementation for animals. In: Lyons, T.P., Jacques, K.A. (Eds.), Biotechnology in the Feed
Industry, Proceedings of the 15th Annual Symposium Nottingham University Press, Nottingham,
UK, pp. 523–535.
Mahan, D.C., Cline, T.R. and Richert, B. (1999). Effects of dietary levels of selenium enriched
yeast and sodium selenite as selenium sources fed to growing—finishing pigs on performance,
tissue selenium, serum glutathione peroxidase activity, carcass characteristics and loin quality. J.
Anim. Sci. 77: 2172–2179.
Mahmoud, K.Z. and Edens, F.W. (2003). Influence of selenium sources on age related and mild
heat stressrelated changes of blood and liver glutathione redox cycle in broiler chickens (Gallus
domesticus). Comp. Biochem. Physiol. B. Biochem. Mol. Biol. 136: 921–934.
Radmila, M., Jovanović, B.I., Baltić, Ţ.M., Šefer, D., Petrujkić, B. and Sinovec, Z. (2008).
Effects of selenium supplementation as sodium selenite or selenized yeast and different amounts of
vitamin E on selenium and vitamin e status of broilers. Acta Veterinaria (Beograd), 58: 369-380.
Miller, D.J., Soares, H.Jr., Bauersfeld, P.Jr. and Cuppett, S.L. (1972). Comparative selenium
retention by chicks fed podium selenite, selenomethionine, fish meal, and fish solubles. Poult. Sci.
51: 1669–1673.
National Research Council. (1994). Nutrient requirements of poultry. 9th Edn., Washington, D.C.,
National Academy Press. pp. 1-180.
Navarro-Alarcon, M. and Lopez-Martinez, M.C. (2000). Essentiality of selenium in the human
body: Relationship with difference diseases. Sci. Total Environ. 249: 347–371.
Ortuno, J., Ros, G., Periago, M.J., Martinez, C. and Lopez, G. (1996). Selenium bioavailability
and methods of evaluation. Food Sci. Technol. Int. 2: 135–150.
Ozkan, S., Malayoglu, H.B., Yalcin, S., Karadas, F., Kocturk, S., Cabuk, M., Oktay, G.,
Ozdemir, E. and Ergul, M. (2007). Dietary vitamin E (a-tocopherol acetate) and selenium
Volume-3 Special Issue- 4

2014

www.sciencejournal.in

© 2014 DAMA International. All rights reserved.

289

ISSN: 2319–4731 (p); 2319–5037 (e)

supplementation from different sources: Performance, ascites-related variables and antioxidant
status in broilers reared at low and optimum temperatures. Br. Poult. Sci. 48: 580–593.
Payne, R.L. and Southern, L.L. (2005). Changes in glutathione peroxidase and tissue selenium
concentrations of broilers after consuming a diet adequate in selenium. Poult. Sci. 84: 1268–1276.
Rayman, M.P. (2004). The use of high-selenium yeast to raise selenium status: how does it
measure up? Brit. J. Nutr. 92: 557–573.
Ryu, I.C., Rhee, M.S., Lee, K.M. and Kim B.C. (2005). Effects of different levels of dietary
supplementation selenium on performance, lipid oxidation, and colour stability of broiler chicks.
Poult. Sci. 84: 809–815.
SAS Institute, (1996). SAS/STAT User’s Guide: Statistics. Release 6.11. SAS Institute Inc., Cary,
NC.
Schrauzer, G.N. (2000). Selenomethionine: a review of its nutritional significance, metabolism
and toxicity. J. Nutr. 130: 1653–1656.
Schrauzer, G.N. (2003). The nutritional significance, metabolism and toxicology of
selenomethionine. Adv. Food. Nutr. Res. 47: 73–112.
Shi, L., Xun, W., Yue, W., Zhang, C., Ren, Y., Shi, L., Wang, Q., Yang, R. and Lei, F. (2011).
Effect of sodium selenite, Se-yeast and nano-elemental selenium on growth performance, Se
concentration and antioxidant status in growing male goats. Sma. Rumin. Res. 96: 49–52.
Skřivan, M., Dlouha, G., Mašata, O. and Ševčikova. S. (2008). Effect of dietary selenium on
lipid oxidation, selenium and vitamin E content in the meat of broiler chickens. Czech J. Anim. Sci.,
53: 306–311.
Spears, J.W., Grimes, J., Lloyd, K. and Ward, T.L. (2003). Efficacy of a novel organic selenium
compound (zinc-lselenomethionine, Availa Se) in broiler chicks. In: Proc. 1st Latin American
Congress of Animal Nutrition, Cancun, Mexico, 197–198.
Sunde, R.A. (1997). Selenium, in: O’Dell, B.L., Sunde, R.A., (Eds.), Handbook of Nutritionally
Essential Mineral Elements. Marcel Dekker, Inc., New York. pp.493.
Sunde, R.A., Thompson, B. M., Palm, M. D., Weiss, S.L., Thompson, K.M. and Evenson, J. K.
(1997). Selenium regulation of selenium-dependent glutathione peroxidases in animals and
transfected cho cells. Biomed. Environ. Sci. 10: 346-355.
Surai, P.F. (1999). Tissue-specific changes in the activities of antioxidant enzymes during the
development of the chicken embryo. Br. Poult. Sci., 40: 397–405.
Surai, P.F. (2002). Selenium in poultry nutrition. 1. Antioxidant properties, deficiency and
toxicity. W. poult. Sci. J. 58: 333-347.
Tinggi, U. (1999). Determination of selenium in meat products by hydride generation atomic
absorption spectrophotometry. J. AOAC Int. 82: 364–367.
Toufektsian, M.C., Boucher, F., Pucheu, S., Tanguy, S., Ribuot, C., Sanou, D., Tresallet, N.
and de Leiris, J. (2000). Effects of selenium deficiency on the response of cardiac tissue to
ischemia and reperfusion. Toxicology.148: 125–32.
Valcic´, O., Jovanovic´, I.B. and Milanovic, S. (2011). Selenium, thiobarbituric acid reactive
substances, and thyroid hormone activation in broilers supplemented with selenium as selenized
yeast or sodium selenite. Jpn. J. Vet. Res. 59: 69-77.
Wang, C. and Lovell, R.T. (1997). Organic selenium sources, selenomethionine and selenoyeast,
have higher bioavailability than an inorganic selenium source, sodium selenite, in diets for channel
catfish (Zctalurus punctatus). Aquaculture. 152: 223–234.
Volume-3 Special Issue- 4

2014

www.sciencejournal.in

© 2014 DAMA International. All rights reserved.

290

ISSN: 2319–4731 (p); 2319–5037 (e)

Wang, Y.B. (2009). Differential effects of sodium selenite and nano-Se on growth performance,
tissue Se distribution, and glutathione peroxidase activity of avian broiler. Biol. Trace Elem. Res.
128: 184–190.
Wang, Y.B. and Xu, B.H. (2008). Effect of different selenium source (sodium selenite and
selenium yeast) on broiler chickens. Anim. Feed Sci. Technol. 144: 306–314.
Wang, Y.X., Zhan, X.A., Yuanm, D., Zhang, X.W. and Wu, R.J. (2011). Influence of Dietary
Selenomethionine Supplementation on Performance and Selenium Status of Broiler Breeders and
Their Subsequent Progeny. Biol. Trace Elem. Res. 143: 1497–1507.
White, C.L. and Hoekstra, W.G. (1979). The metabolism of selenite and selenomethionine in
mouse fibroblasts grown in tissues culture. Biol. Trace Elem. Res. 1: 243–257.
Wolfram, S., Berger, B., Grenacher, B. and Scharrer, E. (1989). Transport of seleno amino
acids and their sulphur analogues across the intestinal brush border membrane. J. Nutr. 119: 706–
712.
Zhang, J.S., Gao, X.Y., Zhang, L.D. and Bao, Y.P. (2001). Biological effects of a nano red
elemental selenium. Biofactors, 15: 27–38.
Zhang, J.S., Wang, X.F. and Xu, T.W. (2008). Elemental selenium at nano size (Nano-Se) as a
potential chemopreventive agent with reduced risk of selenium toxicity: comparison with Semethylselenocysteine in mice. Toxicol. Sci. 101: 22–31.
Zhou, X. and Wang, Y. (2011). Influence of dietary nano elemental selenium on growth
performance, tissue selenium distribution, meat quality, and glutathione peroxidase activity in
Guangxi Yellow chicken. Poult. Sci. 90: 680–686.

Volume-3 Special Issue- 4

2014

www.sciencejournal.in

© 2014 DAMA International. All rights reserved.

291

ISSN: 2319–4731 (p); 2319–5037 (e)

Table 1: Ingredients and composition of experimental diets
Ingredients
Starter (1 to 14 days)
Grower (15 to 28 days)
Maize
57.56
61.51
Soybean meal
32.80
27.50
Corn gluten meal
3.30
3.20
Oil
2.20
3.90
Dicalcium phosphate
2.00
1.80
Oyster shell
1.15
1.10
Salt
0.32
0.32
L-Lysine
0.09
0.09
DL-Methionine
0.08
0.08
Vit. and Min. permix1,2
0.50
0.05
Calculated analysis
ME (kcal/kg)
2980
3140
CP %
21.54
19.50
Se
0.18
0.17
1
Vitamin premix provided per kg of diet: vitamin A, 7,040 IU; vitamin D3, 2,000 IU; vitamin E,
8.8 IU; vitamin K3, 1.76 mg; biotin, 0.12 mg; thiamine, 1.2 mg; riboflavin, 3.2 mg; pentothenic
acid, 6.4 mg; pyridoxine, 1.97 mg; niacin, 28 mg; vitamin B12, 0.008 mg; choline, 320 mg; folic
acid, 0.38 mg.
2
Mineral premix provided per kg of diet: Mn, 60 mg; Fe, 60 mg; Zn, 51.74 mg; Cu, 4.8 mg; I, 0.69
mg; Se, 0.16 mg.
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Parameter

Body weight

Table 2: Broiler chicken performance in response to experimental diets
Treatment1
Days of
C
SS
SM
SY
NS
age
1-14 d

352.26±4.1

15-28 d
1-28 d

Feed
consumption

1-14 d
15-28 d
1-28 d

Feed
conversion
efficiency

1-14 d
15-28 d
1-28 d

379.02±4.5

b

a

358.32±3.7b

3.45

893.55±26.
0b
1243.9±22.
3b

1010.6±17. 939.18±20.5
b
7a
1389.6±19. 1297.5±21.7
b
8a

12.7
7
14.7
5

**

410.87±3.9
1588.13±1
6.3
1999.07±1
3.8

410.93±5.3 409.79±4.8 411.57±4.4 407.17±8.6
1593.83±1 1592.38±12 1598.09±1 1605.15±16.
3.2
.9
5.1
0
2004.71±9. 2002.17±16 2009.66±1 2012.32±23.
5
.8
7.1
6

2.28
6.01

NS
NS

6.76

NS

1.17±0.01
1.78±0.05b
1.61±0.03b

1.19±0.04
1.79±0.03b
1.62±0.02b

0.01
0.02
0.02

NS
*
**

924.99±19.
4b
1277.1±21.
8b

1.16±0.02
1.72±0.03b
1.57±0.03b

1.09±0.01
1.59±0.02a
1.45±0.02b

1.12±0.02
1.71±0.03b
1.55±0.02a

a-e

Values in the same column with no common superscript differ significantly.
C: Basal diet; SS: Diet with 3 mg/kg sodium selenite; SM: Diet with 3 mg/kg selenomethionine;
SY: Diet with 3 mg/kg selenized yeast; NS: Diet with 3 mg/kg nano elemental selenium.
Ns: P> 0.05; * P ≤ 0.05, ** P ≤ 0.01.
1
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P
Valu
e
**

350.09±10.
7b
888.65±13.
3b
1240.9±12.
9b

b

352.09±4.9

SE
M
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Table 3: Plasma T3 and T4 concentrations in broiler chickens at 2 to 4 wk of age (ng/ml)
Treatment
2rd week
4th week
1
Plasma T3 Plasma T4
Activation
Plasma T3 Plasma T4
Activation
(ng/ml)
(ng/ml)
ratio (T3/T4 ×
(ng/ml)
(ng/ml)
ratio (T3/T4 ×
100)
100)
e
e
a
C
1.40±0.02
9.75±0.08 14.36±0.34
1.31±0.01 9.06±0.03
14.46±0.10d
d

SS

1.64±0.02

d

9.67±0.07

16.93±0.24

d

1.28±0.02

8.83±0.03b

14.56±0.27d

8.43±0.05c
8.19±0.03d
8.23±0.07d

21.94±0.37c
31.36±0.66a
27.31±0.44b

d

SM
SY
NS

c

1.82±0.04
2.75±0.05a
2.38±0.03b

9.61±0.09
9.59±0.30
9.63±0.40

c

18.95±0.49
28.66±0.61 a
24.74±0.41 b

1.85±0.03c
2.57±0.05a
2.25±0.04
b

SEM
0.11
0.03
1.21
0.11
0.08
1.56
P Value
**
NS
**
**
**
**
a–e
Within rows, values with different superscripts differ significantly (P ≤ 0.05).
1
C: Basal diet; SS: Diet with 3 mg/kg sodium selenite; SM: Diet with 3 mg/kg selenomethionine;
SY: Diet with 3 mg/kg selenized yeast; NS: Diet with 3 mg/kg nano elemental selenium.
Ns: P> 0.05; * P ≤ 0.05, ** P ≤ 0.01.
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Figure 1: Serum glutathione peroxidase (GPX) and thioredoxin reductase (TR) activities in 14 and
28-day broiler chicks

a–e

Within rows, values with different superscripts differ significantly (P ≤ 0.05).

a–c

Within rows, values with different superscripts differ significantly (P ≤ 0.05).
Figure 2: Liver and breast glutathione peroxidase (GPX) and thioredoxin reductase (TR) activities
of 28 d-old broiler chicks
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a–e

Within rows, values with different superscripts differ significantly (P ≤ 0.05).

a–e

Within rows, values with different superscripts differ significantly (P ≤ 0.05).

Figure 3: Selenium concentration in serum and tissues of 28-day-old broiler chicks (milligram per
kilogram)
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a–e

Within rows, values with different superscripts differ significantly (P ≤ 0.05).
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Appendix
Serum and tissues glutathione peroxidase (GPX) and thioredoxin reductase (TR) activities of 28 d-old broiler chicks
Treatment1

C
SS
SM
SY
NS
SEM
P Value

2rd week Plasma
GPX
TR activity
activity
32.46±1.8c 23.90±1.1b
47.61±3.7ab 28.34±2.0ab
35.34±1.2c 27.09±1.2ab
40.99b±4.1b 27.70±1.2ab
52.77±3.8a 30.12±1.4a
2.13
0.72
*
NS

4th week Plasma
GPX activity TR activity
46.42±1.36e 29.84±1.62c
92.18±1.95b 36.82±0.86b
61.46±1.19d 32.72±0.52bc
75.05±1.68c 34.43±1.86bc
121.59±3.87a 43.57±1.01a
6.02
1.17
**
**

Liver
GPX
TR activity
activity
23.93±1.42e 35.09±1.60e
46.91±1.07b 79.84±1.44b
28.77±1.01d 47.92±1.43d
34.59±1.61c 58.66±1.29c
59.15±1.69a 94.39±1.65a
2.98
4.94
**
*

a–e

Breast muscle
GPX
TR activity
activity
3.92±0.22d 24.44±0.37e
6.24±0.29b 57.83±0.93b
5.01±0.37c 33.43±1.23d
6.80±0.31b 45.58±0.99c
8.88±0.53a 72.62±3.33a
0.41
3.96
**
**

Within rows, values with different superscripts differ significantly (P ≤ 0.05).
C: Basal diet; SS: Diet with 3 mg/kg sodium selenite; SM: Diet with 3 mg/kg selenomethionine; SY: Diet with 3 mg/kg selenized yeast; NS: Diet
with 3 mg/kg nano elemental selenium.
Ns: P> 0.05; * P ≤ 0.05, ** P ≤ 0.01.
1
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Selenium concentration in serum and tissues of 28-day-old broiler chicks (milligram per kilogram)
Treatment1
Se concentration
Plasma (mg/L)
Liver (mg/kg)
Breast (mg/kg)
d
d
C
0.06±0.004
0.27±0.01
0.12±0.005e
SS
0.08±0.010d
0.43±0.01c
0.15±0.006d
ab
ab
SM
0.14±0.007
0.53±0.01
0.24±0.006b
SY
0.18±0.003a
0.64±0.03a
0.33±0.01a
bc
b
NS
0.12±0.004
0.49±0.01
0.19±0.003c
SEM
0.01
0.03
0.02
P Value
**
*
**
a–d
Within rows, values with different superscripts differ significantly (P ≤ 0.05).
1
C: Basal diet; SS: Diet with 3 mg/kg sodium selenite; SM: Diet with 3 mg/kg selenomethionine; SY: Diet with 3 mg/kg selenized yeast; NS: Diet
with 3 mg/kg nano elemental selenium.
Ns: P>
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