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Abstract 

Iron is a mineral that plays an important role, especially to prevent anaemia through the 

production of red blood cells. Iron also plays a role in physiological processes, such as the 

activation of enzymes and hormones, as well as increasing the immune system in warding 

off various viral infections. Therefore, iron bioavailability needs to be considered to take 

the greatest benefit of iron. This review discussed the factors that can affect the 

bioavailability of iron, various technologies to increase the bioavailability, and its 

potential in enhancing the immune system. Iron bioavailability can be increased by 

fortification, fermentation, the addition of vitamin C, and iron encapsulation. Under 

conditions of adequate iron intake, iron plays an important role in enhancing the immune 

system through controlling lymphocytes and T cell proliferation. However, excess iron 

consumption can be at risk of weakening the host's immune response to viruses. 

Therefore, the appropriate level of iron intake must be maintained accurately to be used 

optimally and has the potential to ward off viral infections, including the Sars-CoV-2 virus 

as the cause of COVID-19. 

1. Introduction 

Minerals are essential micronutrients that maintain 

various metabolic systems in the body (Nosratpour and 

Jafari, 2019). Iron (Fe) is one of the micro minerals that 

have an important role, especially in the transport of 

oxygen from the lungs to cells or tissues, oxidative 

metabolism, formation of haemoglobin, electron 

transport media in cells, preventing anaemia, supports 

various physiological processes such as enzyme and 

hormone activation, and immune cell formation (Nair 

and Iyengar, 2009; Quintaes and Diez-Garcia, 2015; 

Gharibzahedi and Jafari, 2017). Iron can be found widely 

in animal meat (30-70% is heme), chicken liver, eggs, 

seafood, beans, and green vegetables such as broccoli, 

kale, and spinach (Geissler and Singh, 2011; 

Gharibzahedi and Jafari, 2017). 

Iron deficiency can harm the body, including 

anaemia, pale skin, headaches, fatigue or lethargy, and 

decreased immunity (Zand et al., 2015). The 

recommended iron requirement is about 8-15 mg per 

day, depending on the sex and age of the individual. The 

Recommended Dietary Allowance (RDAs) of Iron for 

children < 13 years is 7-11 mg per day, for adolescents 

14-18 years is 11 mg per day for males and 15 mg/day 

for females, for adults 19-50 years is 8 mg per day for 

males and 18 mg for females, and elderly people > 51 

years is 8 mg per day (Institute of Medicine, 2001). Iron 

needs must be met by consuming foods rich in iron 

minerals, but not all iron can be absorbed and utilized by 

the body because the bioavailability value is different for 

each ingredient (Abbaspour et al., 2014; Dasa and 

Abera, 2018). Bioavailability is the fraction of nutrients 

that can be digested and available for use and provides 

benefits to the body. The bioavailability of iron depends 

on the iron content and the presence of other compounds 

that can increase or inhibit iron absorption (Oliveira et 

al., 2014; Kiewlicz and Rybicka, 2020). 

Adequate iron intake is believed to improve the 

immune system and fight various infectious diseases 

through several mechanisms, such as controlling 

lymphocytes and T cell proliferation (Gorji and Ghadiri, 

2021), as well as the activation of peroxidation enzymes 

that will produce oxides that can destroy viruses 

(Oppenheimer, 2001; Maggini et al., 2018). Sufficient 

iron intake can have the potential as an immune 

modulator and ward off COVID-19, which is becoming a 

worldwide pandemic. However, under certain conditions 

when infected with a virus or disease, iron intake must 

be controlled because some viruses or infectious 

microorganisms can utilize iron in the body to carry out 
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growth and replication, the infection can then become 

more dangerous (Nairz et al., 2014; Nairz and Weiss, 

2020). Therefore, it is very important to study how to 

increase the bioavailability of iron and the mechanism of 

iron in boosting the immune system and inhibiting viral 

infections. This reviewed aimed  to summarize the 

bioavailability of iron and various technologies to 

improve it, the role of iron in enhancing the immune 

system, and its potential in warding off various viral 

infections, including the Sars-CoV-2 virus, as the cause 

of COVID-19. 

 

2. Iron absorption 

Iron contained in the body can be in the form of 

functional iron compounds, iron reserves, and iron 

transport. Functional iron is iron that forms compounds 

such as haemoglobin, myoglobin, hormones, and 

enzymes. Reserve iron is iron that is stored and prepared 

when the input of iron elements into the body is reduced, 

such as serum ferritin and hemosiderin. At the same 

time, transport iron is iron that functions in transporting 

one compartment to another (Shubham et al., 2020). The 

iron is obtained from food intake, which mainly contains 

ferrous ions either in the free state or chelated in 

complex compounds such as lactoferrin or other iron-

binding proteins (Cherayil, 2010; Kell et al., 2020; 

Habib et al., 2021). 

Iron taken from food will be absorbed in the 

duodenum and proximal jejunum. The iron absorption 

process goes through 3 phases, namely the luminal, 

mucosal, and corporeal phases (Dasa and Abera, 2018). 

The absorption and metabolism of iron in the body can 

be seen in Figure 1. The luminal phase is the phase 

where the iron in the food is processed and ready to be 

absorbed. In the stomach, food mixes with stomach acid 

and then releases iron from its bonds with other 

compounds thanks to the stomach acid. With the help of 

the ferric reductase enzyme, Fe3+ is converted into Fe2+, 

which is ready to be absorbed. This occurs when iron 

undergoes a reduction process (Shubham et al., 2020). 

Iron absorption occurs in the intestinal mucosa. The 

absorption is the mucosal phase. Fe2+ that enters 

enterocytes crosses the apical membrane via divalent 

metal transporter I (DMTI). Within these enterocytes, the 

incoming iron can be stored as serum ferritin, or 

transported to the plasma by the basolateral membrane. 

The iron that is not stored will be released into the 

circulation from the basolateral membrane and then 

through the transmembrane protein ferroportin (Larson 

and Coyne, 2013). 

The corporeal phase is the last phase of the iron 

absorption process. This phase includes the 

transportation process, taking the iron for use, and 

storing the iron itself. After the iron is absorbed, it 

circulates in the bound form of transferrin and into the 

hepatic portal system. The system is the main iron 

storage area. Hepatocytes will bind iron with the help of 

transferrin receptors 1 and 2 and then be stored in the 

form of ferritin. In addition, iron that binds to transferrin 

will be carried to the spinal cord to form red blood cells. 

In the reticuloendothelial system, old red blood cells are 

phagocytosed by macrophages. Sources of iron from 

food are generally found in 2 forms, namely heme and 

non-heme (Shubham et al., 2020). Non-heme iron is iron 

found in plants or vegetables. This non-heme iron has a 

relatively lower bioavailability than iron in the form of 

heme, and its absorption can be affected by inhibitory 

materials from the components in the material itself or 

inhibitors from outside (Hurrell and Egli, 2010). At the 

same time, heme iron is found in meat or animals. In 

contrast to non-heme iron, heme has high bioavailability. 

Its absorption is not easily affected by inhibitory 

materials (Shubham et al., 2020). 

2.1 Factors affecting the absorption of iron 

Iron absorption can be affected by the components in 

food. Some components can increase iron absorption, 

such as ascorbic acid and some other organic acids. 

However, some can inhibit iron absorption, such as 

phytic acid and polyphenols. Several process conditions 

also greatly determine iron absorption. Several factors 

that can affect iron absorption can be seen in Table 1. 

2.1.1 Phytic acid  

Phytate or myo-inositol hexaphosphate (IP-6) is a 

natural compound contained in many legumes (such as 

peanuts and soybeans) and cereals (such as wheat and 

sorghum). Phytic acid has antioxidant properties but can 

also act as an inhibitor of the absorption of various 

minerals, including iron. Phytic acid will form complex 

compounds with iron to form complex iron compounds 

that are difficult to digest (Armah et al., 2015). Phytic 

acid can chelate iron to form insoluble complexes in the 

Figure 1. The absorption and metabolism of iron 
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digestive tract, so it cannot be absorbed in the digestive 

tract because there is no phytase enzyme in intestinal 

digestion (Gibson et al., 2010). Research conducted by 

Andrews et al. (2014) found that levels of phytic acid 

around 50 – 150 M can inhibit iron absorption by 20%. 

The bioavailability of iron could be estimated by 

calculating the molar ratio between phytate and iron. The 

molar ratio of phytate and iron (Phy: Fe) above 1 

indicates the adverse effect on iron absorption. The value 

of a good molar ratio between phytate and iron is less 

than 0.4 (Castro-Alba et al., 2019). Phytic acid is easily 

damaged by heating, therefore to get the benefits of iron 

minerals from legumes and cereals, these materials 

should be processed through a heating process. Other 

processes or methods that can reduce phytic acid are 

germination, soaking, fermentation, and enzymatic 

treatment by phytase (Gupta et al., 2015). Other 

inhibitors, such as tannic acid and oxalic acid, are also 

known to reduce iron solubility and inhibit iron 

absorption (Milman, 2020). 

2.1.2 Polyphenols 

Polyphenols are compounds that can inhibit the 

absorption of iron. Polyphenols can form complex 

compounds with iron that cannot be digested by the 

intestines and are fermented by microbes in the large 

intestine so that these complex compounds are excreted 

through faeces (Lesjak et al., 2019). Research conducted 

by Jaramillo et al. (2015) found that 100 mg of tannin 

could reduce the absorption of 5 mg of non-heme iron. 

Research conducted by Delimont et al. (2017) found that 

rats who consumed 100g/L of green tea polyphenols for 

8 weeks experienced a significant decrease in hepatic 

iron levels. Research conducted by Lesjak et al. (2019) 

showed that rats given 8 mg of quercetin experienced a 

5% decrease in iron expenditure on the basolateral 

membrane. Quercetin can chelate iron in the body. This 

chelating process can occur in the lumen, causing a 

decrease in iron absorption at the basolateral membrane 

(Lesjak et al., 2014; Xiao et al., 2018). However, 

polyphenols can be reduced through several methods of 

processing, including fermentation, oxidation, heating, 

and ripening (Manach et al., 2004). 

2.1.3 Calcium 

Calcium is one of the ions that can inhibit the 

absorption of iron. The presence of calcium will reduce 

the affinity between DMT1 and iron (Candia et al., 

2018). Absorption of non-heme iron into the blood 

occurs through DMT1, which is located in the apical 

membrane of enterocytes (Mónica et al., 2018). In 

addition, calcium can also cause interference with iron 

transport in mucosal cells (Andrews et al., 2014). 

Research conducted by Shawki and Mackenzie (2010) 

found that the molar ratio of Ca: Fe with a ratio of 10:1 

decreased the absorption of non-heme iron due to non-

competitive competition in DMT1. Meanwhile, Walczyk 

et al. (2014) reported that the addition of 100 mg of 

calcium in beverages could reduce iron absorption by 

18%, while the addition of 200 mg of calcium in 

beverages could reduce iron absorption by 27%.  

Thompson et al. (2010) incubated Caco-2 cells for 4 

hours with 30 µM iron ammonium citrate and 2.2 mM 

calcium chloride. This study found that calcium did not 

change DMT1, but the content of DMT1 decreased in the 

incubated cell membranes because calcium caused 

Compounds/

Treatments 
Effect on iron absorption References 

Phytate 
Phytate forms complex iron compounds that are difficult to digest and absorb  Armah et al. (2015) 

The presence of phytate reduced the bioavailability of iron by 5-15%.  Gupta et al. (2013) 

Polyphenols 

The presence of polyphenolic compounds reduced iron absorption by up to 

90%. 
 Speer et al. (2019) 

Polyphenols from EGCG, green tea extract, and grape seed extract inhibit iron 

absorption through a basolateral inhibition mechanism in Caco-2 cells. 
 Ma et al. (2011) 

8 mg of quercetin reduced the absorption of iron on the basolateral membrane 

by 5%. 
 Lesjak et al. (2019) 

Polyphenols formed iron-polyphenol complex ions. 100 mg of tannin reduced 

iron absorption by 5 mg. 
 Jaramillo et al. (2015) 

  

Animal protein 
The bioavailability of heme iron decreased by 53% when chicken meat was 

added, while it decreased by 32% when fish meat was added. 
 Pizarro et al. (2016) 

  

Calcium 

Calcium as a non-competitive inhibitor of DMT1 reduces the absorption of 

non-heme iron. 
 Shawki and Mackenzie, 

2010) 
100 mg of calcium can reduce iron absorption by 18%, while 200 mg of 

calcium can reduce iron absorption by 27%. 
 Walczyk et al. (2014) 

Heating processes 

Heating to 80°C causes a decrease in heme iron by as much as 12%. Gandemer et al. (2020) 

Heating to 60°C causes a decrease in heme iron by as much as 7%. 
Florek et al. (2016) 

  
The decrease in iron levels in meat boiled for 5 hours was 19%, and heme iron 

oxidation occurred. 
Njoumi et al. (2017) 

  

Table 1. Some compounds and treatments that can affect iron absorption 



79 Subroto et al. / Food Research 7 (1) (2023) 76 - 92 

 
https://doi.org/10.26656/fr.2017.7(1).701 © 2023 The Authors. Published by Rynnye Lyan Resources 

R
E

V
IE

W
 

localization changes in DMT1. This causes a decrease in 

the absorption of non-heme iron. However, calcium has a 

less strong inhibitory ability when compared to 

polyphenols and phytic acid, which can form complexes 

causing irons to not be absorbed. In addition, the 

inhibitory effect of calcium can be overcome through the 

addition of organic acids, including ascorbic acid 

(Walczyk et al., 2014). 

2.1.4 Animal protein 

Some food sources of animal protein, such as casein, 

whey, fish, chicken meat, and egg whites, can affect the 

absorption of iron (Ems et al., 2021). The bioavailability 

of heme iron decreased in the presence of 150 g of 

chicken and fish about 53% and 32%, respectively, 

whereas the bioavailability did not decrease when beef 

was added. This may be due to the formation of luminal 

carriers that transport iron to the mucous cell 

membranes, which can inhibit iron absorption. The 

presence of collagen, casein, and albumin also did not 

affect the bioavailability of heme iron (Pizarro et al., 

2016). On the other hand, the absorption of other 

minerals such as zinc is substantially higher in the 

presence of protein from animal sources than in 

vegetable protein. The addition of animal protein to plant 

foods can also increase the bioavailability of zinc. This is 

inversely proportional to heme iron which decreased 

significantly in the presence of animal protein (Villarroel 

et al., 2011; Maares and Haase, 2020). 

2.1.5 Heating process 

Various types of food processing can also affect the 

stability and bioavailability of iron compounds contained 

in foods. Research reported by Gandemer et al. (2020) 

showed that meat roasted at 80°C decreased heme iron 

levels by 12%. Meanwhile, Florek et al. (2016) reported 

that meat heated at 60°C decreased heme iron levels by 

7%. Research conducted by Njoumi et al. (2017) showed 

that meat boiled at 100°C for 5 hrs decreased heme iron 

levels by 19%. The decrease in iron levels is caused by 

the partial conversion of heme iron compounds into non-

heme iron caused by myoglobin oxidation. This occurs 

due to oxidative cleavage of the heme porphyrin ring 

during the heating process, making it more difficult for 

iron to be absorbed by duodenal enterocytes (Gandemer 

et al., 2020). 

 

3. Various technologies to increase the 

bioavailability of iron 

Various methods or technologies have been 

developed to increase the bioavailability of iron in foods. 

This is to facilitate the fulfilment of iron needs for the 

body so that it can reduce iron deficiency or anaemia. 

Some of these methods include fermentation, 

fortification, the addition of ascorbic acid, and iron 

encapsulation, as presented in Table 2. 

3.1 Fermentation  

The bioavailability of minerals, including iron, in 

grains, is generally hampered by the presence of anti-

nutritional substances such as tannins and phytic acid 

(Luo et al., 2010). One solution to increase 

bioavailability is fermentation. Fermentation can liberate 

micronutrients such as iron-bound by phytic acid and 

oxalic acid, which act as inhibitors of their absorption. In 

the fermentation process, complex compounds are 

broken down into simpler compounds by microbial 

activity. According to Ahmed et al. (2020), the 

fermentation of 54-72 hrs can significantly reduce anti-

nutritional substances such as phytic acid (PA), oxalic 

acid (OA), and tannins in bread from Koreeb seed flour. 

This is due to the increased activity of degrading 

enzymes such as phenyl oxidase and phytase formed 

during fermentation. The bioavailability of iron 

increased from 36% to 50% after fermentation for 72 hrs. 

Therefore, fermentation can be an alternative to 

increasing the bioavailability of iron in foodstuffs. 

Processed foods such as bread that were treated with 

fermentation affected iron bioavailability. Fermentation 

with sourdough produces higher bioavailability than 

fermentation with yeast. This is due to the degradation of 

phytic acid by phytase in grains produced by yeast and 

lactic acid bacteria. These microorganisms can 

dephosphorylate phytate, forming inositol phosphate 

ester and free inorganic phosphate that the level of 

inhibition is lower (Lopez et al., 2003). 

Bread processed with sourdough fermentation 

resulted in efficient transport of iron sources and 

increased iron absorption, which was higher than 

fermentation using conventional yeast (Bryszewska et 

al., 2019). During fermentation, sourdough produces 

organic acids such as lactic acid. These organic acids can 

increase the absorption of Fe (Khodaii et al., 2019). The 

mechanism of organic acids in iron absorption is by 

lowering the pH, and then low pH can lead to the 

breakdown of phytate and release of Fe from the Fe-

phytate complex. Free Fe then forms Fe-organic acid 

complexes that can be dissolved at intestinal pH. The Fe-

organic acid complex can delay the rate of gastric 

emptying, resulting in a longer Fe contact time in the 

duodenum (Salovaara et al., 2003; Khodaii et al., 2019). 

3.2 Iron fortification 

Food fortification is one way to reduce micronutrient 

deficiencies, including iron in humans. Iron fortification 

in food facilitates the fulfilment of iron needs for the 
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human population and is cheaper than supplementation. 

Food fortification has a slower effect than 

supplementation in increasing iron bioavailability, but 

fortification carries a lower risk and has long-term 

sustainable benefits (Khan et al., 2019; Finlayson-Trick 

et al., 2020). The food selected for fortification must be 

in the form of food commonly consumed by the 

community. In addition, chemical interactions between 

foodstuffs and iron must be synergistic or not 

contradictory. Eating foods that have been fortified with 

iron regularly, can increase iron levels in the body 

(Detzel and Wieser, 2015). 

The staple food that can be fortified with iron is rice. 

Rice can be biofortified through genetic engineering to 

contain higher iron content (Bashir et al., 2013). Several 

countries in Europe usually fortify micronutrients in 

bakery products, cakes, and biscuits (Agrahar-Murugkar, 

Methods/ 

Technologies 
Results References 

Fermentation 

Fermentation reduced levels of anti-nutrients, such as PA, OA and tannins. Fe 

bioavailability increased from 36% to 50% after 72 hours of fermentation. 
Ahmed et al. (2020) 

  
Sourdough fermentation resulted in higher Fe bioavailability than yeast fermentation. Lopez et al. (2003) 
Fe-sulfate fortified bread can be effectively transported both conventionally 

fermented and sourdough. 
Bryszewska et al. 

(2019) 

Sourdough fermentation increased iron absorption. 
Khodaii et al. 

(2019) 

Fortification 

Rice biofortification provided more than 50% estimated average requirement (EAR) 

in children. 
Taleon et al. (2020) 

Bread fortified with Fe showed high bioavailability of Fe, namely 160.6-428.3%. Singh et al. (2016) 
Fe fortification through the germination process was a promising method to increase 

the bioavailability of Fe in brown rice. 
Wei et al. (2013) 

Biofortification-GMO increased the expression of proteins responsible for 

micronutrient absorption. 
Biofortification increased the concentration of micronutrients. 

Balk et al. (2019) 

Biofortification caused plant roots to absorb siderophores produced by 

microorganisms so that iron absorption increased. 
Khan et al. (2019) 

Fortification with the addition of iron-fortified yeast results in 72-82% of iron being 

lysed during digestion and releasing iron. 
Sabatier et al. 

(2017) 
Fortification of 20 mM FeSO4 on soybean germination showed that the stability of 

the iron contained was strongly affected by water content. 
Makowska et al. 

(2018) 
Fortification through overexpression of the NAS gene showed increased iron levels 

in plants and increased iron bioavailability 
Lee et al. (2009) 

Addition of 

ascorbic acid 

Ascorbic acid increased Fe absorption through the mechanism of Fe3+ to Fe2+ 

reduction agent, which allows more effective transport through the duodenal 

microvilli. 

Habeych et al. 

(2016); Shubham et 

al. (2020). 

Ascorbic acid had a high potential to increase Fe absorption 
Singh and Prasad, 

2018). 
As a reducing agent, Fe3+ to Fe2+ to increase iron bioavailability. Aride et al. (2010) 
Iron supplementation with vitamin C for 2 weeks increased the haemoglobin level in 

anaemia patients to 2.0 g/dL compared to only 1.84 g/dL without vitamin C. 
Li et al. (2020) 

Haemoglobin level was positively correlated with iron intake along with vitamin C, 

which increased to 1.5 g/L. 
Péneau et al. (2008) 

Encapsulation 

Encapsulation with ultrasonication pretreatment resulted in a 10-fold increase in iron 

content compared to the control 
Rojas et al. (2019) 

  

Encapsulation through liposome formation increased the efficiency of iron 

encapsulation (85.5%) compared to the fatty acid ester (FAE) method (81.8%), but 

the FAE method was simpler and cheaper. 

Abbasi and Azari 

(2011) 
  
  

Niosome-encapsulation resulted in an encapsulation efficiency of 72–84% and 

caused only minimal changes in the sensory, rheological, and stability properties. 
Gutiérrez et al. 

(2016) 

The formation of solid lipid nanoparticles (SLN) resulted in an encapsulation 

efficiency of 92.3%, a particle size of 25 nm, and a 4-fold increase in bioavailability. 

Hosny et al. (2015); 

Siddique and Park 

(2019) 
Encapsulation of ferrous sulfate in SLN increased iron absorption by 24.9% higher 

than that of free iron 
Zariwala et al. 

(2013) 

Microencapsulation of ferrous fumarate in Double Fortified Salt (DFS) resulted in a 

premix formulation of Fe that could retain 93% Fe after 3 months of storage at 35 ⁰C. 

Yadava et al. 

(2012) 
  

Table 2. Various methods or technologies to increase the bioavailability of iron 
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2020). Bouhouch et al. (2016) reported that children and 

women who consumed iron-fortified biscuits showed a 

significant reduction in the risk of anaemia. Legumes can 

also be fortified either directly or through a milling 

process into flour and then fortified with iron (de 

Escalada Pla et al., 2020). Another suitable material for 

iron fortification is milk. Studies show that children aged 

6–59 months who consume iron-fortified milk are less 

likely to have anaemia than they do not consume iron-

fortified milk (Semba et al., 2010). Drinking water can 

also be a medium for iron fortification.  Lamounier et al. 

(2010) reported that children who consumed drinking 

water fortified with iron showed a significant decrease in 

anaemia sufferers. 

Most of the fortification process is carried out during 

the processing of foods. Fortification through the 

biofortification method has a similar goal but starts at the 

level of agricultural cultivation. Biofortification is 

carried out through agronomic (fertilization) and genetic 

(plant breeding) interventions. Various studies have 

shown that iron fortification shows success in efforts to 

increase iron bioavailability. The iron fortification 

approach is carried out through direct addition to food, 

biofortification, and encapsulation (Nosratpour and 

Jafari, 2019). 

Biofortification is an effort to breed certain plants 

such as wheat, rice, corn, and tubers to improve the 

bioavailability of micronutrients, such as iron, in 

foodstuffs since plant cultivation. Biofortification carried 

out on rice plants resulted in iron bioavailability of 

fortified germinated brown rice almost 4 times higher 

than normal germination or without germination. 

Fortification through germination has an impact on 

decreasing the ability of phytic acid and phenolic 

compounds to inhibit the amount of iron bioavailability 

(Taleon et al., 2020). Thus, iron fortification by 

germination is a suitable method to increase the iron 

content and iron bioavailability in brown rice (Wei et al., 

2013). 

The fortification of iron directly into processed foods 

can be conducted by directly spraying it onto the finished 

product. This method has the advantage that it can avoid 

degradation factors during food processing. Iron-fortified 

foods such as bread showed a very high iron 

bioavailability, which increased up to 428.30% (Singh et 

al., 2016). However, direct fortification has several 

drawbacks; namely, iron in fortified foods is unstable 

and can affect the sensory properties of the product. 

Therefore, the technology that is currently being 

developed is the fortification with encapsulated 

fortification preparations, either micro- or 

nanoencapsulation (Darwish et al., 2021). 

Micro- and nanoencapsulation are the latest 

techniques that involve coating bioactive compounds or 

minerals into a matrix with different capsule sizes. The 

encapsulation can increase the retention time of minerals 

and the controlled release of minerals. The encapsulation 

also improves bioavailability, solubility, and 

physicochemical stability (Nosratpour and Jafari, 2019). 

Yadava et al. (2012) succeeded in microencapsulating 

ferrous fumarate in salt to prevent iodine and iron 

deficiency. However, the two compounds can react to 

produce unwanted products, so it must be controlled so 

that the two compounds are separated. One of which is 

by microencapsulation to produce a stable double 

fortified salt (DFS) product. Ferrous fumarate is an 

inexpensive, bioavailable source of iron, and has a bland 

taste. However, it is reddish-brown, it needs to be 

agglomerated, disguised, and encapsulated to become an 

effective Fe-premix. Microencapsulation of ferrous 

fumarate in DFS resulted in Fe-premix formulation made 

by hydroxypropyl methylcellulose (HPMC) based 

polymer, which could retain 93% Fe after 3 months at 

35⁰C and 60% of RH. All Fe-premix formulas have good 

bioavailability, high particle density, and are 

organoleptically acceptable. 

3.3 Addition of ascorbic acid/vitamin C 

Vitamin C can increase iron absorption by reducing 

ferric ions (Fe3+) to form ferrous ions (Fe2+) so that they 

are easily absorbed (Aride et al., 2010). These changes 

allow transport through the duodenal microvilli more 

effectively. In addition, vitamin C also plays a role in the 

release of iron from ferritin and transferritin into red 

blood cells. Some iron supplements intentionally add or 

combine with vitamin C to increase iron bioavailability. 

Research conducted by Astuti et al. (2018) showed a 

significant increase in serum ferritin in supplementation 

in the group of individuals who did not take vitamin C 

with the group who then routinely took vitamin C 

supplements. Serum ferritin increased, which was 

initially an average of 9.54 g/dl to 41.89 g/dl. Research 

conducted by Singh and Prasad (2018) showed an 

increase in the bioavailability of iron in kidney beans 

added with vitamin C from 1.04% to 11.57%. 

Generally, iron absorption is increased in the 

presence of organic acids, especially ascorbic acid 

(Habeych et al., 2016; Shubham et al., 2020). Ascorbic 

acid affects the absorption of Fe in several types of food, 

such as chickpeas, kidney beans, green beans, and wheat 

bread. The presence of ascorbic acid naturally in food 

samples can increase the absorption of mineral content, 

but it is necessary to add 10 mg of ascorbic acid to the 

sample to increase the bioavailability of Fe minerals 

(Singh and Prasad, 2018). Therefore, the addition of 
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ascorbic acid has a high potential to increase the 

absorption of Fe in food. 

3.4 Iron encapsulation 

Encapsulation is the process of coating the main 

material with a coating membrane to facilitate the control 

of target release. Iron encapsulation is commonly used 

for the composition of dry products such as baby food 

and powdered drink mixes. The encapsulation coating 

component in the form of lipid-based microcapsules can 

prevent colour damage and increase the bioavailability of 

iron and iodine in fortified salt. Another study on iron 

encapsulation by coating hydrogenated oil from palm oil 

and soybeans showed that mono, diacylglycerols, and 

maltodextrins did not interfere with iron bioavailability 

(Hurrell, 2004). 

Iron encapsulation can be conducted by various 

methods. Abbasi and Azari (2011) used liposomes and 

fatty acid ester (FAE) methods in their study to 

microencapsulate iron in fortified milk. They reported 

that the liposome method had a higher encapsulation 

efficiency (85.5%) than using a method of FAE (81.8%). 

In another study, encapsulation using the liposome 

method used ferrous glycinate. Ding et al. (2009) 

reported that liposome encapsulation could significantly 

improve iron stability by preventing the interference of 

ferrous glycinate from the environment. The study 

showed that the liposome encapsulation method was 

effective for iron fortification. Gutiérrez et al. (2016) 

applied the encapsulation method in iron fortification in 

yoghurt using niosomes as an iron coating. Niosomes 

require surfactants as stabilizers in their use. The results 

showed that the encapsulation efficiency ranged from 72

–84%, with minimal changes in the characteristics of 

fortified yoghurt. Another study used niosomes in the 

encapsulation of iron and vitamin D. The results showed 

that niosomes were stable at room temperature storage. It 

is also known that niosomes must be stored at 

temperatures above the precipitation temperature 

because niosomes can rupture at 4°C resulting in iron 

and vitamin D leaking from the encapsulation (Wagner 

et al., 2016). 

Nanoencapsulation is a process of coating the 

bioactive components with nano-size in a shell that 

implicates dispersion, incorporation, and absorption of 

bioactive compounds from small vesicles (Vishali et al., 

2019). Nanoencapsulation can improve bioavailability, 

stability, oxidation prevention, release control, and 

targeted absorption. Thus, nanoencapsulation is suitable 

as an approach to iron fortification. Hosny et al. (2015) 

carried out iron encapsulation using the solid lipid 

nanoparticles (SLN) method. The results showed an 

increase in iron bioavailability 4 times. Zariwala et al. 

(2013) encapsulated ferrous sulfate in SLN, and the 

result showed that iron absorption increased up to 24.9% 

compared to ferrous sulfate without encapsulation. This 

is due to lipids increasing intestinal absorption by several 

mechanisms, namely: The lipophilic characteristics of 

solid lipids promote the transport of particles across 

bimolecular lipid membranes such as intestinal 

enterocytes. Lipid particles are bioadhesive, which helps 

adhere to the GI tract, thereby increasing cellular 

absorption. Lipids can also improve the permeability of 

the GI tract. In addition, lipids increase bioavailability by 

attenuating efflux transporters, such as p-glycoprotein in 

the apical gut mucosa. On the other hand, the approach 

using liposomes and solid lipid nanoparticles has a 

weakness in changing the sensory attributes of the 

product caused by the iron oxidation reaction and the 

addition of iron salts (Cengiz et al., 2019; Siddique and 

Park, 2019). Another study encapsulated iron by 

applying O-palmitoyl chitosan (OPC) into liposomes. 

OPC can increase iron encapsulation efficiency while 

increasing iron absorption in Caco-2 cells. This shows 

that the use of OPC liposomes is very promising for 

micronutrient delivery agents in the digestive process 

(Zariwala et al., 2018). 

 

4. The role of iron in immune system improvement 

Various sources of food in nature have bioactive 

properties that are beneficial to human health and 

biological systems. Various bioactive ingredients from 

plants, and animal products, as well as various 

micronutrients such as polyphenols, peptides, vitamins, 

and minerals, are known to be able to improve the 

immune system (Rezaharsamto and Subroto, 2019; 

Cámara et al., 2021; Indiarto et al., 2021). Iron is a 

mineral that is bioactive and has an important role in the 

biological system, especially in improving the immune 

system. Increasing the immune system, in general, is 

through the mechanism of controlling lymphocytes and 

T cell proliferation (Subroto and Indiarto, 2020). 

Insufficient iron intake can cause decreased immunity 

which can predispose individuals to infection because 

iron deficiency will affect the ability of adaptive 

antibody responses mediated by T cells and innate 

immunity. In innate immunity, iron can play a role in 

controlling the activity of enzymes that produce 

antimicrobial substances such as nitric oxide and 

hydroxyl radicals. Innate immunity also provides iron 

chelation so that it is not easily used by microbes for 

their growth needs (Cherayil, 2010; Nairz and Weiss, 

2020). Iron also plays a role in the activation and control 

of NF-B, which is a transcription factor required for the 

expression of various genes involved in the 

inflammatory response and the body's defence system 

(Vallabhapurapu and Karin, 2009). Another role of iron 
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is through a mechanism in controlling HIF-1α, which is 

innate immunity resulting from the response of anti-

microbial peptides by macrophages and cytokine 

expression (Nizet and Johnson, 2009). The studies on the 

role of iron in improving the immune system can be seen 

in Table 3. 

In the adaptive immune system, iron plays a major 

role in the formation or production of lymphocyte cells 

or T cells that function in the body's defence system 

from microbial attacks and various other infections 

(Ganz and Nemeth, 2015; Nairz and Weiss, 2020). It is 

known that the formation of lymphocyte cells requires 

the availability of iron, where the production of 

lymphocyte cells is very dependent on how much iron is 

obtained through TfR1, it can support the proliferation 

involved to lead to the production of lymphocyte cells. 

Therefore, in conditions of iron deficiency, the 

production of lymphocytes or T cells can be disrupted 

(Cherayil, 2010). 

Anaemia or iron deficiency is considered the most 

common deficiency of nutrition experienced by most of 

the population worldwide (Miller, 2013). In conditions 

of iron deficiency, adverse effects that can occur include 

decreased neutrophil function, namely through decreased 

myeloperoxidase activity and possible interference with 

intracellular bactericidal activity, decreased number of T

-lymphocytes, impaired proliferative response induced 

by T-lymphocytes, impaired interleukin-2 production by 

lymphocytes, impaired natural killer cell activity, and 

decreased production of macrophage inhibitory factors 

(Cherayil, 2010; Calder, 2020; Nairz and Weiss, 2020). 

Besides that, Iron deficiency can cause thymus atrophy 

and have many effects on immune function in humans. 

Its effects are wide-ranging and include impaired 

adaptive immune system and innate immunity, inhibition 

of T helper 1 cytokine production, and T lymphocyte 

proliferation (Calder, 2020). Each of these disorders can 

be overcome by meeting the needs of bioactive 

compounds, including adequate iron intake. 

Anaemia has been an important factor in the 

development of these immune system-degrading 

mechanisms. This mechanism became clear after it was 

known that these conditions would increase hepcidin in 

iron homeostasis. The increase in hepcidin expression is 

strongly influenced by pro-inflammatory cytokines such 

as TNF, IL-1, and IL-6, which will further decrease the 

ability of macrophages and enterocytes to regulate 

macrophages and enterocytes by FPN resulting in 

intracellular iron chelation. Increased expression of 

hepcidin has also been known to occur in several 

infectious conditions such as lupus, rheumatoid, and 

intestinal inflammation (Demirag et al., 2009; Cherayil, 

2010). Maggini et al. (2018) reported that iron-adequate 

individuals experienced 50-60% lower T lymphocyte 

proliferation compared to iron-deficient individuals. This 

is a clear case for individuals who are iron deficient and 

therefore more susceptible to infection. Nevertheless, the 

relationship between deficiency of iron and sensitivity to 

infection is complex because many factors can affect the 

immune system both internally and externally 

(Oppenheimer, 2001; Cherayil, 2010; Ward et al., 2011; 

Ganz, 2018; Calder, 2020). 

In other studies, it is quite surprising that infection 

can increase when the iron status in the body is 

excessive, especially infections by microorganisms that 

spend part of their life cycle intracellularly, such as 

mycobacteria and plasmodia (Cherayil, 2010; Ganz, 

2018; Calder, 2020). This indicates that the condition of 

abundant iron can have a detrimental effect on being 

more easily infected. Iron at levels above a certain 

threshold may be associated with an increased risk of 

malaria and other infections, such as pneumonia. 

Therefore, iron intervention in areas of malaria-endemic 

is not recommended, especially during the peak season 

Treatments Results References 

Effect of iron status on macrophage 

polarization. 

Adequacy of iron in macrophages was able to prevent pro-

inflammatory responses by decreasing the expression of IL-

6, IL-12, iNOS, IL-1β, and TNFα; and reduced LPS-

Agoro et al. (2018) 

Effect of iron on support immune 

function. 
Iron synergizes with vitamins and trace elements (selenium, 

copper, and zinc) to support cellular immunity. 
Maggini et al. (2007) 

Effect of iron on T cell proliferation. 
Older Canadian women who are iron deficient have a 50-

60% lower proliferation rate than those with adequate iron 

requirements. 

Ahluwalia et al. 

(2004) 

The role of iron on the interleukin-6 

(IL-6). 
There is a positive correlation between iron serum levels 

and serum levels of IL-6. 
Hassan et al. (2016) 

The role of lactoferrin on the 

physiological responses of T-cells. 
Lactoferrin has a positive impact on immunoregulatory Th1 

and Th2 cell activities. 
Fischer et al. (2006) 

The effect of iron on the immune 

system. 

Iron affected the immune system by increasing the level of 

IL-6, the activity of neutrophils, monocytes, and the level 

of IgG4. 
Ekiz et al. (2005) 

Table 3. The studies on the role of iron in improving the immune system 
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of malaria transmission (Neuberger et al., 2016). 

There are several principle mechanisms to explain 

the detrimental effect of excessive iron administration on 

the susceptibility of infection, including (i) iron overload 

causes inflammatory damage, (ii) excess iron leads to 

impaired immune function, (iii) microorganisms need 

iron and provide it to support the growth of pathogens 

(Nairz and Weiss, 2020). Lastly, several mechanisms of 

immunity have been developed to defend iron from 

pathogens. Iron preparations in the chelated form with 

other compounds are known to be safer in preventing 

infection. Studies have shown that the intensive 

administration of iron to iron-deficient children raised 

the risk of respiratory tract infections. However, when 

the administration of iron is carried out together with n-3

-rich oils, it can reduce the detrimental effects of 

excessive iron intake (Calder, 2020). In conditions of 

sufficient iron status, the presence of intracellular iron is 

in a chelated state it is not easily taken up by infectious 

microbes. However, in the conditions of excess iron 

intake, some of the iron is in a free state, it is easily taken 

up by infectious microbes to carry out growth and 

reproduction (Cherayil, 2010). 

 

5. The role of iron in warding off virus infections 

and COVID-19 

Iron is a micronutrient mineral that has an important 

role in responding to T-cell differentiation and 

proliferation. Iron can also encourage the formation or 

production of various cytokines, especially through 

hepcidin or directly (Maggini et al., 2007). However, 

iron can control or regulate the ratio between cytotoxic T 

cells and helpers to prevent excessive cytokine storms. 

Furthermore, iron is also an important component for 

neutrophil myeloperoxidase activity in enhancing 

defences to ward off viral attacks (Maggini et al., 2018; 

Nairz and Weiss, 2020). Under conditions of sufficient 

iron levels, iron will help increase the M2 macrophage 

phenotype and decrease the M1 pro-inflammatory 

response. Inhibition of the pro-inflammatory response 

may occur by decreasing nuclear translocation of NF-B 

by controlling IL-12, IL-6, IL-1β, iNOS, and TNFα 

expression (Agoro et al., 2018). 

Iron can inhibit various types of viral infections, 

including the HIV and influenza A virus. Iron oxide 

nanoparticles take strong antiviral oppose influenza virus 

strain A/H1N1 through alteration of RNA transcription. 

In addition, iron oxide enzymes can shut off influenza A 

viruses and increase protective efficiencies, possibly by 

peroxidation of the viral lipid envelope (Qin et al., 2019; 

Gorji and Ghadiri, 2021). The ability of iron to improve 

the immune system and inhibit infection with several 

types of viruses such as influenza strain A / H1N1 makes 

iron has good potential in inhibiting infection with the 

Sars-CoV-2 virus. This virus has become the cause of the 

COVID-19 pandemic that afflicts almost all countries in 

the world. The sars-CoV-2 virus has characteristics that 

are almost the same as the influenza virus, which is 

included in the envelope viruses group. This virus is 

covered by a lipid component on the outside it can be 

peroxidated by various oxidizing agents (Abu-Farha et 

al., 2020). Iron can activate iron oxide enzymes which 

are thought to be able to oxidize the fatty layer of the 

Sars-CoV-2 virus, viral growth and replication are 

inhibited (Oppenheimer, 2001; Maggini et al., 2018). 

The studies on the role of iron against viral infections 

can be seen in Table 4. 

However, to obtain a good immune response and the 

ability to ward off viruses, an appropriate and accurate 

iron intake is needed. Iron deficiency decreases the 

immune system's ability to limit viral infections, mainly 

when the virus invades immune cells. Anaemia or severe 

iron deficiency conditions will greatly affect the immune 

system when a viral infection occurs (Nairz and Weiss, 

2020). However, under conditions of excessive iron 

intake, it can also attenuate the host's immune response 

to the virus (Cherayil, 2010). Hepcidin, a protein 

hormone that plays a role in regulating iron levels in the 

blood, can play a role in helping infected individuals to 

get optimal benefits from iron therapy (Wessling-

Resnick, 2018). Various studies on the role of iron as an 

antiviral have discussed of the pros and cons. This is 

because the virus also requires iron, ferritin, and 

transferrin for the process of growth, survival, 

replication, and entry into host cells. In the condition that 

both the host and the virus need iron, the innate immune 

response controlled by hepcidin will control the 

metabolism of iron to limit its availability during 

infection so that viral infections do not develop more 

severely (Gorji and Ghadiri, 2021). 

In another study, it was even reported that the Sars-

CoV-2 virus could attack haemoglobin in red blood cells 

through a series of cellular actions, which in turn can 

make red blood cells unable to carry oxygen (Liu and Li, 

2020). Excess iron intake, especially iron that is in a state 

of free unbound iron, can stimulate iron to be easily 

utilized by viruses that infect the body it can produce 

various harmful responses, such as hyperferritinemia, 

hypercoagulation, inflammation, and immune 

dysfunction that often occur in humans COVID-19 

sufferers (Kernan and Carcillo, 2017; Cavezzi et al., 

2020). Liu and Li (2020) reported that pathogenically the 

Sars-CoV-2 virus could utilize iron from the blood by 

attacking haemoglobin which causes iron ions in the 

porphyrin ring to dissociate or be released and then free 
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in the blood circulation. Haemoglobin that loses iron can 

no longer bind and transport oxygen to be circulated 

throughout the body and can have dangerous 

consequences. Therefore, the presence of iron in the 

body needs to be limited to an adequate level and not 

excessive; and it is better to consume iron in the form of 

chelated ions as it is not easily taken up by the infecting 

virus (Habib et al., 2021). 

Several studies have reported that iron in the form of 

chelated ions is safer and not easily exploited by viruses. 

Iron in the form of lactoferrin or other iron chelators is 

believed to be able to overcome these problems. The 

chelated iron can still be utilized by the body but is 

difficult for viruses to use in reproduction. Even iron 

chelators such as lactoferrin are also reported to act as 

immune modulators and can prevent inflammation by 

inhibiting pro-inflammatory cytokines such as IL-1 and 

IL-6 (Cherayil, 2010; Habib et al., 2021). The use of iron 

chelating agents such as deferiprone has been reported to 

be effective in prolonging the life of patients infected 

with HIV (Liu et al., 2020). Iron chelating can also 

inhibit the enlargement of host cells infected by viruses 

through the mechanism of controlling mitochondrial 

activity, resulting in the inhibition of host cell 

macromolecular synthesis (Drakesmith and Prentice, 

2008). Iron chelating agents such as CP511 and CP502 

have also been reported to be effective in inhibiting HIV 

replication and able to control cell proliferation (Crowe 

et al., 2004). 

Clinical research on the effectiveness of iron in 

boosting the immune system and warding off COVID-19 

is still ongoing and developing. Still, various studies 

have proven that adequate iron consumption can provide 

good health effects by improving the immune system. 

Thus, a more in-depth study is needed regarding clinical 

trials of the potential of iron in warding off COVID-19 

either through the mechanism of increasing the immune 

system or other inhibitory mechanisms such as the 

destruction of lipid membranes and inhibition of viral 

RNA synthesis or replication. 

 

6. Conclusion 

The bioavailability of iron can be affected by 

substances that inhibit the absorption of iron, such as 

phytate, polyphenols, calcium, and animal protein. 

However, iron bioavailability can be increased in several 

ways, including by fermentation, addition of ascorbic 

acid, fortification, and encapsulation which can increase 

the ease of iron in food to be absorbed and prevent iron 

damage. Iron plays an important role in enhancing the 

immune system by controlling the proliferation of T 

cells. However, excessive consumption of iron can be at 

risk of weakening the host's immune response to viral 

infections. Therefore, the appropriate level of iron intake 

must be maintained accurately in order to optimally 

improve the immune system and ward off COVID-19. 

 

Conflict of interest 

The author declared no conflict of interest. 

 

Acknowledgements 

The authors would like to thank the Rector of 

Universitas Padjadjaran and the Ministry of Education, 

Culture, Research, and Technology of the Republic of 

Indonesia for the support provided for the publication of 

this article.  

 

Treatments Results References 

The role of Ferric ammonium citrate on the 

inhibition of virus infections. 

Ferric ammonium citrate inhibited the infections of 

Enterovirus 71 (EV71), Zika virus, HIV virus, and 

Influenza A virus by blocking endosomal viral release 

and inducing viral fusion. 

Wang et al. (2018) 

Effect of Iron oxide nanoparticles on H1N1 

influenza A virus. 
Iron oxide nanoparticles can act as antiviral in strain 

A/H1N1 by the inhibition of RNA transcription. 
Kumar et al. (2019) 

The role of iron oxide nanozyme on 

inactivation of influenza virus. 

Iron oxide nanozyme inhibited enveloped viruses 

including influenza virus, by catalysing the lipid 

peroxidation. 
Qin et al. (2019) 

Effect of iron on Malawian children who are 

anaemic and HIV-infected. 

Iron can be improved CD4+ T cell percentage, thereby 

improving immunity in HIV-infected children in 

anaemic conditions. 
Esan et al. (2013) 

Relationship between the Iron status of 

Chinese children with recurrent respiratory 

tract infection. 

Children in China who have recurrent respiratory 

infections mostly have low iron in their hair. 
Mao et al. (2014) 

The role of lactoferrin on inhibition of the 

herpes virus. 
Lactoferrin from bovine inhibited the replication of 

herpes simplex virus type 1 and 2. 
Marchetti et al. (1998) 

The role of lactoferrin on inhibition of the 

hepatitis C virus. 

Lactoferrin from bovine can inhibit the Hepatitis C 

virus in the human hepatocyte cell line PH5CH8 

effectively. 
Ikeda et al. (1998) 

Table 4. The studies on the role of iron against viral infections 
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