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Research Progress of Organic Selenium in Animal Nutrition
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Abstract Selenium, an essential trace element that is critical for animal health, primarily exists in nature in both inorganic and organic

forms. Inorganic selenium exhibits high toxicity, whereas organic selenium is noteworthy due to its reduced toxicity and enhanced bioavailabili-

ty. In the field of animal feeding, the incorporation of organic selenium has been shown to markedly enhance various aspects of animal perform-

ance, including immunity, fertility, antioxidant capacity, and meat quality. Furthermore, it can contribute to a reduction in farming costs

while simultaneously improving the overall quality of animal products. Selenium deficiencies can lead to the onset of various diseases in ani-

mals, in addition to causing stunted growth and diminished reproductive performance. This paper presents a thorough review of the existing re-

search on the application of organic selenium in animal nutrition. Additionally, it investigates the potential for integrating modern technology

with selenium, with a specific emphasis on the prospective use of nano-selenium as a novel source of selenium. The objective of this study is

to establish a foundational reference for the role of selenium in the field of animal nutrition research and its practical applications.
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1 Introduction

Selenium, a vital trace element, is typically present in ani-
mal tissues at concentrations ranging from 0. 05 to 0. 2 mg/kg.
Research has demonstrated that the highest levels of selenium are
located in animal muscle. Furthermore, selenium plays a pivotal
role in modulating various physiological functions in animals, in-
cluding the enhancement of immune responses and the prevention
of disease. Although initial studies indicated that selenium might
be toxic to animals, potentially leading to mortality and malforma-
tions, extensive subsequent research has established selenium as
an essential nutrient for animals, highlighting its critical role in
various enzymatic and protein metabolic processes. Selenium has
been shown to improve sow fertility, increase milk production, en-
hance boar sperm viability, and elevate meat quality, thereby pro-
moting animal health both directly and indirectly''’. Selenium is
present in both organic and inorganic forms in nature. However,
inorganic selenium is increasingly being supplanted by organic se-
lenium, which exhibits a bioavailability of up to 95% . This shift
is attributed to the high toxicity, low uptake, and poor conversion
efficiency associated with inorganic selenium'’. Organic selenium
has been shown to enhance various aspects of animal performance,
including immunity, fertility, antioxidant capacity, and meat
quality. These improvements are crucial for reducing farming costs
and enhancing product quality”™’ . The addition of organic seleni-
um into animal feed can significantly elevate the rate of selenium
deposition in animals™*'. Furthermore, selenium plays a crucial
role in the nutritional and biological functions of aquatic animals.
The appropriate supplementation of selenium can substantially en-
hance the growth of these animals, as well as bolster their antioxi-

dant capacity and immune response, thereby improving the overall
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quality of aquatic products”’. This paper presents a thorough re-
view of the existing research on the application of organic selenium
in animal nutrition. Additionally, it investigates the potential for
integrating modern technology with selenium, with a specific em-
phasis on the prospective use of nano-selenium as a novel source of
selenium. The objective of this study is to establish a foundational
reference for the role of selenium in the field of animal nutrition

research and its practical applications.

2 Sources of organic selenium
2.1 Plant sources In cereal foods, selenium is predominantly
present in the form of organic compounds. Research indicates that
in maize, wheat, and soybeans, approximately 81% of selenium
exists as L-selenomethionine, while other forms of selenium-con-
taining compounds are primarily identified in selenium-rich plant

) In addition, plants that contain this selenium com-

species
pound can be cultivated in selenium-enriched media. Selenomethi-
onine is predominantly found in its L form in natural plants, which
enhances its absorption and utilization by the human body.

2.2 Animal sources In the animal body, selenomethionine is
present in a significantly more diverse manner, with organic sele-
nium typically being mediated by enzymes or proteins. To date,
researchers have identified over 30 selenoproteins, which include
six enzymic proteins, such as glutathione peroxidases (GPXs) .
Additionally, selenoproteins serve transport functions within the
bloodstream. Consequently, selenium is crucial for various cellu-
lar biochemical processes.
2.3 Microbial sources Preliminary findings indicate that
media supplemented with selenium enable yeast and Escherichia
coli to demonstrate antioxidant properties, engage in redox proces-
ses, and affect the metabolism of thyroid hormones. The addition
of inorganic selenium compounds, such as sodium selenite, during
the growth of yeast can yield a microbial fermentation product

known as selenium-enriched yeast. In this yeast, the organic sele-
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nium content can constitute up to 90% of the total selenium con-
tent, with selenomethionine representing 70% and selenocystine
accounting for 20% of the total®’. Furthermore, microorganisms
present in the rumen, along with specific algal species, are capa-

ble of synthesizing organic selenium'”’.

3 Effect of selenium on animal performance

3.1 Effect of selenium on growth performance of animal
The findings from numerous studies indicate that selenium plays a
crucial role in improving animal growth performance and feed utili-
zation. Zou Xiaoting et al. conducted an experiment in which they
supplemented the daily feed of Lingnan yellow chickens with
selenomethionine and selenium-enriched yeast. The results dem-
onstrated that, in comparison to the control group, the daily gain
of the yellow chicken group receiving selenomethionine increased
significantly by 16.08% (P <0.01), while the group supplemen-
ted with selenium-enriched yeast exhibited an even greater in-
crease of 17.86% (P <0.01). Additionally, the feed conversion
efficiencies for these groups improved significantly by 15.26%
(P<0.01) and 16.19% (P <0.01), respectively. These find-
ings suggest that organic selenium can substantially enhance both
the daily gain and feed conversion efficiency in chicks "', Fur-
thermore, researches have demonstrated that selenomethionine ef-
fectively promotes daily gain and reduces the feed consumption ra-
tio in meat pigs[”_u: .

Selenium plays a crucial role in bolstering the immune system
of animals, thereby improving their growth performance. A defi-
ciency in selenium can result in diminished antibody levels in the
serum of animals and a weakened function of immune cells, which
ultimately reduces the animals’ capacity to resist diseases and in-
fections. Research has demonstrated that selenium-enriched yeast
facilitates the proliferation of lymphocytes in dairy cows, indica-
ting that selenium may enhance the animal’s capacity to resist dis-
ease by enhancing the proliferative activity of immune lympho-
(:ytesm]. These findings underscore the significance of selenium
in bolstering organism-specific immunity and combating diseases.
Moreover, selenium facilitates the growth and development of the
animal by enhancing the synthesis and accumulation of proteins
within its body.

3.2 Effect of selenium on laying performance and egg pro-
tein of laying hens Selenium has been shown to improve both
the laying rate and quality in laying hens. Additionally, it signifi-
cantly increases the laying rate in broiler breeders, enhances the
hatchability of breeding eggs, and improves the shelling rate of
chicks. Wei Tao er al. added 0.089 g of sodium selenite and
2 000 mg/kg of yeast selenium into the basal diet of 27-week-old
Romain White Shell laying hens and conducted feeding experi-
ments over a duration of 8 weeks. The experimental findings indi-
cated that the average daily egg production and the average weight
of eggs from hens supplemented with yeast selenium were signifi-
cantly improved. Additionally, the incidence of broken eggs was

reduced, and the selenium content in the eggs was markedly in-

creased ”’. Selenium enhances the production performance and
feed conversion efficiency of laying hens primarily by modulating
the microecological balance of intestinal flora and facilitating the

" Eggs that are en-

synthesis of various enzymes and nutrients
riched with selenium have emerged as a highly desirable health
food, offering benefits such as improved immune function. Re-
search has shown that the efficiency of selenium deposition and the
overall selenium content in eggs can be significantly enhanced
through the administration of selenium-enriched feeds' "'

3.3 Effect of selenium on reproductive performance of ani-
mals Selenium is essential in animal reproduction, particularly
in the processes of spermatogenesis and the enhancement of sperm
motility. Research indicates that organic selenium markedly im-
proves sperm motility to a greater extent than inorganic selenium.
This enhanced effect is correlated with increased activity of gluta-
thione peroxidase ( GSH-Px), decreased activity of nitric oxide
synthase (NOS), a reduction in free radicals, inhibition of cellu-
lar damage, including membrane lipid peroxidation, and the pres-
ervation of the structural integrity of the sperm tail "

Organic selenium positively influences reproductive efficiency
in sows. Research indicates that the addition of organic selenium
into the daily diet of sows significantly enhances the birth weight of
piglets, reduces mortality rates, and improves the absorption of se-
lenium from breast milk, thereby enhancing the immune response
of the piglets. Both organic and inorganic selenium, when added
into the feed at a concentration of 0. 15 mg/kg, have been shown
to enhance the reproductive performance of sows. Notably, organic
selenium is particularly effective in further decreasing the stillbirth
rate. The inclusion of organic selenium in the diet of sows resulted
in a 63% reduction in the stillbirth rate compared to the control
group that did not receive selenium""®’ . The addition of organic se-
lenium into poultry feed has been shown to improve both the laying
rate and hatchability of eggs. A study investigating the effects of
organic selenium on poultry and laying hens revealed that increas-
ing the selenium supplementation to 0.5 mg/kg resulted in a 30%
higher selenium concentration in the eggs of the organic selenium
group compared to the inorganic selenium group. Furthermore,
this enhancement contributed positively to embryonic development
and chick hatching' "’ .

deficiency results in alterations in spermatoblasts and spermatogen-

Research has demonstrated that selenium

esis in rats, potentially culminating in the total loss of germ cells.
This deficiency may subsequently induce growth arrest and repro-
ductive dysfunction. Selenium is crucial for the maintenance of
normal reproductive function in animals. A deficiency in selenium
can lead to irregular estrous cycles or a complete absence of estrus
in females, as well as decreased fertility. In males, selenium defi-
ciency may result in impaired development of testicular seminifer-
ous tubule germ cells, reduced sperm viability, and an increased

1691 " Adequate selenium supplementation is

rate of malformations
beneficial for enhancing reproductive function; however, excessive
selenium intake can adversely impact the reproductive capabilities

of animals. Consequently, it is crucial to maintain appropriate se-
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lenium levels within the body to ensure normal reproductive func-
tion of animals.

3.4 Effect of selenium on immune performance of animals
Selenium plays a crucial role in the optimal functioning of the im-
mune system in both animals and humans, contributing to the de-
fense against pathogens and cancer. In the field of animal hus-
bandry, an animal’s capacity to resist disease significantly influ-
ences its morbidity and survival rates. Contemporary vaccines are
instrumental in the prevention of infectious diseases, as they work
in conjunction with the animal’s innate immune response to en-
hance their efficacy and mitigate the risk of widespread mortality.
Organic selenium has been shown to enhance the cellular immune
response and improve lymphocyte transformation. Research indi-
cates that the addition of 0. 15 mg of organic selenium per mg of
feed significantly elevates lymphocyte activity in chicks, sugges-
ting that organic selenium effectively activates the immune system

. . 20
and enhances immune function'®’.

Organic selenium has been
shown to enhance humoral immunity and promote the production of
immunoglobulins. In a study conducted by Li Guanghui et al. , the
addition of 0. 1 and 0.3 mg/kg of organic selenium to the feed of
weaned piglets resulted in an increase in the number and activity
of B-lymphocytes. This finding suggests that selenium may stimu-
late the organism’s ability to produce antibodies and improve the
bactericidal capacity of serum'' .

In conclusion, the appropriate supplementation of selenium
in animal organisms has the potential to enhance immune function
by promoting the proliferation of T- and B-lymphocytes, increasing
antibody levels, and enhancing the bactericidal activity of immune

cells.

4 Effect of selenium on animal products

The primary mechanism through which organic selenium en-
hances meat quality is attributed to its antioxidant properties. Se-
lenium serves as an essential component of GSH-Px. By influen-
cing the synthesis of GSH-Px in various tissues, selenium contrib-
utes to the improvement of the organism’s antioxidant status, there-
by safeguarding living cells against oxidative damage. Further-
more, selenium plays a crucial role in maintaining the integrity of
cell membranes, preventing the loss of intracellular fluids, and
minimizing the leakage of juices from muscle tissue for a period
following the slaughter of the animal. This contributes to an en-

hancement in the quality of livestock meat'™"’

In recent years,
there has been a growing demand among consumers for high-quality
meat products. The assessment of meat quality characteristics typi-
cally considers water retention capacity, color, and flavor as essen-
tial indicators. Selenium, recognized as a significant antioxidant,
plays a vital role in inhibiting the oxidation of polyunsaturated fatty

acids in animals, thereby improving the quality of meat products'™' .

5 Application of nano-selenium in animal nutrition
Nano-selenium represents a novel form of selenium additive

characterized by its small size, high reactivity, low toxicity, and

effective absorption. This compound has been employed in the
treatment of various diseases due to its diverse bioactivities, inclu-
ding the enhancement of the immune system™'. A substantial
body of experimental research has demonstrated that nano-seleni-
um enhances the activity of selenoenzyme, exhibiting effects com-
parable to those of organic selenium while presenting lower toxici-
ty. Furthermore, it has been reported that selenium deficiency di-
minishes the cytotoxic capacity of neutrophils and adversely im-
pacts T-cell proliferation and differentiation, NK cell activity, and

2% . .
) Nano-selenium enhances reproductive and

antibody responses
immune functions in animals and plays a significant role in comba-
ting both diseases and tumors'”’".

Ruminants exhibit a low absorption rate of elemental seleni-
um, primarily due to the presence of gastric microbes. However,
the application of nano-selenium has the potential to significantly
enhance the bioavailability of selenium™’. Nano-selenium signifi-
cantly enhanced the selenium content in porcine tissues, and the
total antioxidant capacity, along with the activities of related en-
zymes in serum, exhibited a linear increase corresponding to the
escalating levels of nano-selenium incorporated into the diet™’.
This enhancement contributes to the improvement of both antioxi-
dant capacity and immune function in pigs. Furthermore, nano-se-
lenium exerts significant effects on poultry, as evidenced by re-
search indicating that its inclusion in chicken feed enhances intes-
tinal integrity, mitigates inflammation, and diminishes oxidative
damage by maintaining the functionality of the intestinal mucosa.
These effects contribute positively to the overall intestinal health of
poultry

feeds has been shown to enhance the growth performance of aquat-

The addition of nano-selenium into aquaculture

ic animals, as well as to improve their antioxidant properties and

. 34
Immune responses[ !

6 Conclusions and prospects

The preceding analysis indicates that selenium is integral to
the domain of animal nutrition. It not only enhances the productiv-
ity and quality of animal products significantly but also contributes
to the provision of safe and high-quality selenium-enriched food for
humans. Consequently, this opens up extensive opportunities for
the application of selenium in animal production. The practical
application of selenium in animal husbandry continues to encoun-
ter several challenges. Firstly, the production of organic selenium
involves a complex and costly process, which is typically confined
to controlled indoor experiments, thereby limiting its practical use
in animal husbandry'™’. Secondly, the optimal dosage of organic
selenium that should be administered requires further investiga-
tion, as both excessive and insufficient amounts can adversely af-
fect animal growth. Thirdly, there are variations in the absorption
efficiency of selenium compounds depending on their forms and
sources, necessitating comprehensive studies to elucidate their
specific impacts on animal growth. Additionally, selenium may
exhibit synergistic or antagonistic interactions with other sub-

stances within the body. Consequently, it is imperative to conduct
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in-depth research on the interactions between selenium and other
substances and their effects on animal growth.

Nano-selenium exhibits significant potential in the domain of
animal nutrition research; however, its mechanism of action re-
mains inadequately understood. There is an urgent necessity to
elucidate its mechanism of action through functional experiments
conducted both in vitro and in vivo, utilizing contemporary bio-

technological methods.
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