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Technical Bulletin

Beyond the Basics:

Unlocking the Power of Selenium in
Poultry Nutrition through Nano-Selenium

Abstract

Selenium (Se) is an indispensable trace mineral
pivotal for poultry health, performing critical
functions in antioxidant defense, immune
modulation, and reproductive efficiency.
Traditional selenium sources, such as sodium
selenite and organic selenium (e.g., Se-yeast), are
hindered by suboptimal bioavailability, variable
stability, and potential toxicity risks. Nano-
Selenium (Nano-Se), is a revolutionary feed
additive engineered to deliver unparalleled
bioavailability, enhanced physiological efficacy,
and a safer profile at lower doses. This technical
bulletin, offers a comprehensive exploration of
Nano-Se's synthesis, metabolic pathways,
multifaceted benefits, and practical applications
in poultry nutrition, supported by a robust data of
scientific evidence.

Introduction

Selenium’s role in poultry nutrition is pivotal,
driving the synthesis of selenoproteins such

Feature Inorganic Se

Bioavailability Low, rapid excretion

Organic Se

as glutathione peroxidase (GPx), which shield
cells from oxidative damage, bolster immune
responses, and enhance reproductive per-
formance. Deficiencies may lead to severe
consequences, including stunted growth, com-
promised immunity, and muscular degeneration
(Surai, 2002). Conventional selenium forms—
sodium selenite (inorganic) and seleno-
methionine (organic)—face challenges like poor
retention, feed instability, and high production
costs. Rigorous research in nano-technology has
culminated in Nano-Selenium, a next-generation
solution with nanoparticles (1-100 nm) that offer
superior absorption, prolonged tissue retention,
and reduced toxicity. The contents of this bulletin
is based on the research work undertaken by
various scholars across the world to elucidate
Nano-Se’s transformative potential in poultry
production.

Nano-Selenium: Definition and
Physicochemical Properties

Nano-Selenium comprises elemental selenium
\ELLE]

Moderate—High, protein-bound High, efficient absorption

Tissue Retention Poor, limited deposition

Good, moderate retention

Exceptional, prolonged retention

Antioxidant Efficacy Weak, limited enzyme activation

Moderate, improved activity Robust, potent enzyme upregulation

Toxicity Risk High, narrow safety margin

Moderate, safer profile Low, wide safety margin

Cost Low, but less effective

High, costly production Moderate, cost-effective efficacy

Product Enrichment

Minimal Se deposition

Moderate Se enrichment

High Se enrichment

Modern synthesis protocols optimize Nano-Se’s stability and biological performance, ensuring consistent quality for commercial poultry applications (Wang & Xu, 2008).
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particles engineered to nanoscale dimensions,
maximizing surface-area-to-volume ratio for
enhanced reactivity and bioavailability. Nano
technology process ensures uniform particle size,
excellent dispersibility, and stability, distinguish-
ing Nano-Se from traditional forms:

Absorption and Metabolic Pathways

Nano-Se’'s nanoscale size facilitates efficient
gastrointestinal absorption, primarily via passive
diffusion and receptor-mediated endocytosis in
the duodenum and jejunum. Once absorbed,
Nano-Se is reduced to selenide (HESe), a
precursor for selenocysteine, the active moiety in
selenoproteins like GPx, thioredoxin reductase,
and iodothyronine deiodinase (Wang & Xu, 2008).
Unlike sodium selenite, which is rapidly excreted
and susceptible to oxidative degradation, Nano-
Se demonstrates superior retention in critical
tissues—liver, pancreas, kidney, and breast
muscle—ensuring sustained biological activity
(Zhangetal.,2010). Research confirms that Nano-
Se’s prolonged tissue retention enhances
selenoprotein expression, optimizing poultry
health andresilience.

Multifaceted Benefits of Nano-
Selenium in Poultry

Enhanced Antioxidant Defense

Nano-Se significantly upregulates antioxidant
enzymes (GPx, superoxide dismutase [SOD],
catalase [CAT]), neutralizing reactive oxygen
species (ROS) and reducing lipid peroxidation, as
evidenced by lower malondialdehyde (MDA)
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Antioxidant Nano-Se Impact References
Parameter
Markedly Increased Cai et al. (2012)
GPx, SOD, CAT '
,:ct'ivities Wang et al. (2012), Darmawan et al.
Piray et al. (2025) (2023)
Signiﬁcantly Caietal. (2012),
MDA Levels Reduced Darmawan et al. (2023)
. Dtugosz &
; ; Enhanced Systemic
GSH, Vitamin C, L v Kazimierczak-Zidtacz
DPPH evels
(2021)

+ Systemic Antioxidant Capacity: Elevates
blood levels of glutathione (GSH), vitamin C,
and DPPH radical-scavenging activity,
reinforcing systemic redox balance (Dtugosz &
Kazimierczak-Ziétacz, 2021; Wang et al., 2012;

Piray etal.,2025).
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levels. Multiple studies in research field highlight: Immunomodulation and Gut Health

+ Heat Stress Mitigation: Nano-Se at 0.3 mg/kg
boosts GPx and SOD activity, counteracting
oxidative stress in heat-stressed broilers,
preserving cellular integrity (Cai et al., 2012;
Darmawan etal.,2023).

Nano-Se enhances both humoral and cellular
immunity, bolstering disease resistance and gut
microbiota balance:

* Immune Enhancement: Stimulates lympho-
cyte proliferation, macrophage phagocytic
activity, and elevates 1gG/IgM levels and
antibody titers against Newcastle disease
virus (NDV) and infectious bursal disease
(IBD) (Sarkar et al., 2015; Azab et al., 2019;
Darmawan et al.,2023).

+  Mycotoxin Protection: Nano-Se fortifies
antioxidant defenses under mycotoxin
exposure, safeguarding flock health (Shi et al.,
2011).
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Immunological/Gut Health Parameter

1gG, 1gM Levels

Nano-Se Impact

Significantly Increased
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References

Sarkar et al. (2015),
Soliman et al. (2020)

Antibody Titers (NDV, IBD)

Enhanced Responsiveness
Darmawan et al. (2023)

Sarkar et al. (2015), Azab et al. (2019),

Gut Microbial Balance

Increased Lactobacillus,
Reduced Coliforms

Khajeh et al. (2021), Dtugosz &
Kazimierczak-Zidtacz (2021)

Bacterial Load (Muscle, Intestine)

Significantly Reduced

Soliman et al. (2020)

+ Cytokine Regulation: Upregulates pro-
inflammatory (IL-2, IL-6) and regulatory (IFN-y)
cytokines, improving vaccine efficacy and
infectionresistance (Huangetal.,2015).

+ Gut Microbiota Optimization: Increases ileal
Lactobacillus populations, reduces coliforms,
and lowers bacterial loads in muscle and
intestinal tissues, promoting gut integrity
(Khajeh et al., 2021; Soliman et al., 2020;
Dtugosz & Kazimierczak-Ziétacz, 2021).

Optimized Growth Performance

Nano-Se enhances feed efficiency and growth
metrics, critical for commercial poultry
operations:

+ Broiler Performance: At 0.15-0.3 mg/kg,
Nano-Se improves feed intake, body weight
gain, feed conversion ratio (FCR), carcass
yield, and organ development (Zhou et al,,
2009; Darmawan et al., 2023; Soliman et al.,
2020;Wangetal.,2012).

Gut Morphology: Increases villus height and
digestive enzyme activity (e.g., amylase,
lipase), enhancing nutrient absorption and
feed efficiency (El-Deep et al.,2016).

Reproductive Performance in Breeder Flocks

Nano-Se supports reproductive success in
breeder flocks:

+ Male Fertility: Improves sperm motility,
reduces abnormal sperm morphology, and
protects testicular tissues from oxidative
damage (Mohapatraetal.,2014).

- Female Reproduction: Enhances follicle
development, increases yolk selenium

deposition, and improves fertility and
hatchability, ensuring robust embryonic
development during peak laying periods.

Superior Egg and Meat Quality

Nano-Se enriches poultry products, enhancing
nutritional value and market appeal:

+ Egg Quality: Increases selenium content in
yolk and albumen, strengthens eggshell
thickness, reduces microbial load, and
extends shelf life by minimizing lipid oxidation
(zhangetal., 2011).

+ Meat Quality: Boosts muscle selenium levels,
improves color, tenderness, water-holding
capacity, and oxidative stability, with higher n-3
polyunsaturated fatty acid (PUFA) content
(Khajeh et al., 2021; Giamouri et al., 2023;
Wangetal.,2012; Piray et al.,2025).

Safety and Dosage Recommendations

Toxicological studies confirm Nano-Se's superior
safety profile, with faster tissue clearance and
lower toxicity compared to inorganic selenium
(Soliman et al., 2020). However, excessive doses
(>1 mg/kg) may induce hepatic lesions or
oxidative stress (Huang et al., 2015). Recom-
mended dietary levels are:

+ Broilers: 0.15-0.3 mg/kg for optimal growth,
immunity, and meat quality.

+ Layers/Breeders: 0.2-0.3 mg/kg to enhance
egg quality and reproductive performance.

These align with regulatory standards (e.g., FDA's
0.3 ppm maximum for poultry feed). Producers
should consult nutritionists to adjust dosages
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based on regional selenium levels and flock
requirements, ensuring safety and efficacy.

Advantages of Nano-Se vs
Conventional Selenium Sources

Feature Inorganic Se Organic Se Nano-Se
Bioavailability Low Moderate—High High
Tissue Retention Poor Good Excellent

Antioxidant Efficacy Weak Moderate Strong
Toxicity Risk High Moderate Low
Cost Low High Moderate
Product Enrichment Minimal Moderate High

BENEFITS OF

NANO-Se
FOR POULTRY

il

Improved
growth
Lo :
Enhanced
immunity
Better feed
conversion
Reduced
mortality

Wang and Xu (2008) concluded that Nano-Se
provides comparable or superior benefits at lower
doses than other forms, making it a cost-effective
and efficient option for commercial poultry use.

*References upon request.
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Conclusion

Nano-Selenium redefines poultry nutrition,
surpassing conventional selenium sources with
its exceptional bioavailability, potent antioxidant
and immunomodulatory effects, and
transformative impact on growth, reproduction,
and product quality. Nano-Se addresses the
challenges of modern poultry production,
delivering healthier flocks, superior downstream
products, and consistent outcomes. With its
multifunctional benefits and increasing global
interestin precision nutrition, Nano-Se is poised to
become a cornerstone in poultry production.
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