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Selenium plays important roles in human health, but both selenium deficiency and excess can cause severe harm

to humans and animals. Studies have shown that the effects of selenium supplementation depend on its dosage

and species. Therefore, it is important to maintain a balanced and scientifical selenium supplementation. In recent

years, natural and artificial selenium-enriched foods have been developed as the major sources of dietary selenium

supplementation, and various selenium-enriched foods have been demonstrated to exhibit different physiological

functions in vitro and in vivo, including antioxidant, anticancer, and anti-inflammatory effects, etc.

selenium  selenium-enriched foods

1. Introduction

Selenium is an essential micronutrient and plays important roles in the normal physiological activities of a living

organism . In human organisms, selenium is metabolized as 25 identified selenoproteins, which have various

biological functions such as antioxidant and anticancer effects, and improvement of fertility and reproduction .

Recent studies have shown that selenium deficiency can lead to various chronic diseases , and

approximately one billion people are suffering from selenium deficiency . Therefore, a daily intake of selenium is

recommended to maintain human health . It is worth noting that the bioactivity and bioavailability of selenium in

humans depend on its chemical species, which include inorganic selenium (e.g., Se(VI) and Se(IV)) and organic

selenium (e.g., methylselenocysteine (MeSeCys), selenocysteine (SeCys), selenocystine (SeCys ), and

selenomethionine (SeMet)) . Organic selenium is less toxic, and has greater bioactivity and higher bioavailability

. To address selenium deficiency, selenium-enriched foods containing organic selenium have been widely

developed in recent years. Selenium-enriched foods mainly include selenium-enriched plants , animals , and

microorganisms . Numerous studies have demonstrated the health benefits of selenium-enriched foods in

overcoming selenium deficiency . Additionally, to fully establish the links between health benefits and specific

selenium species, various analytical techniques have also been established for the analysis of total selenium

content and its species in selenium-enriched foods .

2. Selenium and Human Health

Selenium, as one of the essential trace elements, significantly impacts the normal physiological metabolism of

humans. It is taken in and accumulated in the human body through the daily diet.

2.1. Physiological Role of Selenium
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Selenium, as an essential trace element, has a high nutritional value in the human body. Due to the low selenium

content in the food chain, selenium deficiency can lead to various diseases such as Keshan disease , Kashin–

Beck disease , myocardial infarction , Alzheimer’s disease , and chronic pancreatitis . Conversely,

excessive selenium intake also can lead to toxicity, resulting in symptoms like hair loss and skin lesions . Recent

studies have also shown that an excess of selenium may also cause type 2 diabetes  and serious intestinal

diseases . In extreme cases, acute poisoning can lead to heart attack, kidney failure, and even death . As can

be seen, both selenium deficiency and excess have negative effects on human health. The recommended dietary

allowance for selenium intake depends on certain parameters like age, pregnancy, and breastfeeding.

Within a narrow nutritional concentration range, selenium exhibits various biological activities in humans, including

antioxidant and anticancer effects, detoxification, and others . For example, selenium can act as an

antioxidant by being synthesized into glutathione peroxidase (GPxs), which helps scavenge free radicals and

protect cell membranes . As an anticancer agent, selenium can be metabolized into selenocysteine, which

inhibits protein synthesis, thereby suppressing cancer cell proliferation and causing cancer cell apoptosis .

Selenium, as a negatively charged nonmetallic ion, can also interact with positively charged metal ions (e.g.,

cadmium ions and mercury ions) to form metal–selenium–protein complexes, reducing the toxicity of metals .

Additionally, selenium can improve immunity by enhancing the bactericidal ability of macrophages . Selenium

has also been found to improve male fertility by increasing sperm concentration, motility, and seminal antioxidant

capacity . Lastly, a selenium-sufficient diet can prevent or treat some diseases such as cardiovascular and

cerebrovascular diseases, Keshan disease, Kashin–Beck disease, and liver diseases .

2.2. Metabolism of Selenium

The biological functions of selenium are primarily achieved through its metabolism into 25 selenoproteins in an

organism . The biological activity of selenium in foods depends upon its chemical species . Generally, the

existing species of selenium in foods are mainly divided into inorganic selenium (e.g., Se(IV) and Se(VI)) and

organic selenium (e.g., SeCys , MeSeCys, SeMet, and SeCys). Figure 1 shows the metabolism of different

selenium species in organisms. Inorganic selenium, such as Se(IV) and Se(VI), is absorbed via passive diffusion

and co-transport , while organic selenium with a higher absorption rate is absorbed via the active absorption

pathway of amino acid . In organisms, Se(VI) is reduced to Se(IV), which is further reduced into

selenodiglutathione (GSSeSG), selenenylsulfide (GSSeH), and hydrogen selenide (H Se) . SeMet participates

in the synthesis of selenium protein instead of methionine or is metabolized to SeCys via trans-sulfurization .

SeCys  is reduced to SeCys by glutathione and glutathione reductase, and SeCys is converted to H Se under the

action of selenocysteine β-lyase . In addition, MeSeCys is cleaved to methylselenol by cystathionine β-lyase,

and further converted to H Se under the demethylation reaction of methylselenol demethylase . As can be seen,

different selenium species are eventually metabolized to H Se, which is involved in selenoprotein synthesis after

activation to selenophosphoric acid . The excess H Se in tissues is further metabolized into methylselenol,

dimethylselenide, and selenosugars, which are mainly excreted in urine and breath .
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Figure 1. Metabolic pathways of different selenium species in organism.

3. Physiological Functions of Selenium-Enriched Foods

Several researchers have revealed that selenium combined with other active nutrients such as zinc and vitamin E

in food could initiate synergistic health effects on various biological activities . Figure 2 illustrates the diverse

physiological functions of selenium-enriched foods, including antioxidant, anti-inflammatory, and anticancer effects;

detoxification; improvement of male fertility; and others .
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Figure 2. Physiological functions of selenium-enriched foods.

3.1. The Function of Reducing Oxidative Stress

In recent years, a variety of selenium-enriched foods have been confirmed to exhibit antioxidant properties. For

example, Ma et al.  prepared selenium-enriched polysaccharides from Pleurotus ostreatus using hot water

extraction, and the in vitro study results indicated that selenium-enriched polysaccharides exhibited high

antioxidant capacity and reduced hydrogen peroxide-induced oxidative stress in murine skeletal muscle cells. Guo

et al.  discovered that selenium-enriched yeast protein hydrolysate reduced ultraviolet B radiation-induced

oxidative stress by increasing glutathione peroxidase and catalase activities in vivo. Li et al.  investigated the

antioxidant effect of selenium-enriched G. frondosa on cyclophosphamide-treated mice, and found that selenium-

enriched G. frondosa displayed stronger antioxidant activity through the MAPKs signaling pathways. Furthermore,

healthy women supplemented with selenium-enriched rice experienced an increase in serum selenium levels and

GPx-activity .

3.2. The Function of Inhibiting Inflammation

At present, selenium-enriched foods have been found to exert anti-inflammatory effects, mainly through the NF-

κB/MAPKs signaling pathway. Chomchan et al.  found that selenium-enriched ricegrass juice extracts promoted

macrophage cell proliferation and reduced nitric oxide levels in LPS-induced RAW264.7 cells, and the foremost

bioactive components were identified as flavone glycosides by UHPLC-MS. Similarly, RAW264.7 cell assay also
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indicated that both selenium-enriched brown rice protein hydrolysates  and selenium-enriched oolong tea extract

 exhibited excellent anti-inflammatory functions via the NF-κB/MAPKs signaling pathway. Furthermore,

selenium-enriched Cordyceps militaris exhibited an anti-inflammatory effect in LPS-injured mice by inhibiting pro-

inflammatory mediator production and increasing anti-inflammatory cytokine levels .

3.3. The Function of Inhibiting Cancer

Numerous medical studies have demonstrated the excellent anticancer activity of selenium-enriched foods. For

instance, Zhang et al.  found that selenium-enriched polysaccharide fraction obtained by Pleurotus ostreatus

induced the apoptosis of various cancer cells by inhibiting the epithelial-to-mesenchymal transition, without a

significant effect on normal cells. Luo et al.  confirmed that selenium-enriched Cordyceps militaris inhibited the

viability of NCI-H292 and A549 cells, and induced cancer cell apoptosis by altering the expression of apoptotic and

cell cycle regulatory proteins. Daniela et al.  evaluated selenium-enriched chickpea sprouts and found that they

inhibited cancer tumor growth through the overexpression of Fas protein in vivo.

3.4. The Function of Alleviating the Toxicity of Heavy Metals

Studies have indicated that selenium-enriched foods can alleviate the biological toxicity of heavy metals such as

cadmium, mercury, and lead. For instance, Su et al.  found that selenium-enriched rice significantly alleviated

injury in mice with cadmium poisoning by overexpressing antioxidant genes (e.g., Nrf-2, GPX1, TrxR2, and TNF-2).

Shang et al.  elucidated that selenium-enriched probiotics had a detoxification effect on brain injury caused by

cadmium poisoning through MAPK, calcium, and PI3K-Akt signaling pathways. Additionally, Shang et al. 

demonstrated that selenium-enriched Bacillus subtilis protected carp from mercury-induced inflammation,

effectively reducing mercury toxicity. Zhu et al.  investigated that selenium-enriched rice protein hydrolysates

reduced lead-induced cytotoxicity via slowing the accumulation of lead in cells.

3.5. The Function of Improving Male Fertility

The ability of selenium-enriched foods to improve male fertility have also been reported. At the cellular level, a

mouse testicular cell assay indicated that selenium-enriched green tea inhibited the chromosomal aberrations

induced by mitomycin C . As for animal experiments, selenium-enriched probiotic supplementation alleviated the

adverse effects of hyperlipidemia in male mice by reducing testicular tissue damage, increasing serumal

testosterone levels, and improving sperm indexes . Selenium-enriched yeast also exhibited a significant effect

on the improvement of male fertility of roosters . Additionally, selenium-enriched Spirulina observably protected

the reproductive systems of male zebrafish exposed to Beta-cypermethrin by enhancing antioxidant enzyme

activity and androgen secretion . These findings suggest that selenium-enriched foods may have potential

benefits for improving male fertility in humans.

3.6. Other Functions
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In addition to the aforementioned effects, selenium-enriched foods have other physiological effects such as

improving cognition, regulating the balance of intestinal bacteria, and protecting the liver. For example, Yu et al. 

found that the crude polysaccharides prepared from selenium-enriched C. militaris had positive antiobesity and gut

microbiota modulatory effects. Jia et al.  found that selenium-enriched radish sprouts improved the antioxidant

capacity and alleviated liver damage in mice treated with carbon tetrachloride.
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