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SUMMARY      

Continuous growth of human population, combined with the changes in eating 
habits, calls for an intensification of agricultural production. However, apart from 
the increase in food production, its nutritional composition is important as well, 
particularly in terms of microelements. In diets of over two thirds of the world’s 
population, there is a lack of more than one microelement. Insufficient concentra-
tions of microelements, which are important for proper growth, development and 
health of humans and domestic animals, can be eliminated with diverse nutrition, 
microelement supplementation and by increasing the concentration and bioavail-
ability of microelements in feeds used in animal nutrition, or biofortification. By 
reviewing the literature, the factors that influence the increase in microelement 
concentration in fodder crops are presented. Agronomic and genetic approach 
to biofortification is advocated as an immediate strategy to eliminate the lack of 
microelements most commonly lacking in diets: iron (Fe), copper (Cu), zinc (Zn), 
iodine (I), selenium (Se). The nutrition of animals containing biofortified fodder 
aims to increase the concentration of the aforementioned microelements in blood 
and improve their growth, development and health. By increasing the concentra-
tions of microelements in tissues and milk of domestic animals, the ultimate goal is 
to meet the microelement needs in humans.
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INTRODUCTION

 More than 22 different microelements are needed 
for normal function of the human organism (Graham et 
al., 2007). Some of them are required in larger quanti-
ties, while others like iron (Fe), copper (Cu), zinc (Zn), 
iodine (I) and selenium (Se) are required in traces 
because they are poisonous in larger quantities (Grusak 
and Cakmak, 2009). These elements are very important 
for human health, and in many cases, they manage 
body and mental development and the way humans 
respond to disease (Dimkpa and Bindraba, 2016). Many 
enzymes, proteins, and other biological compounds that 
control important biological functions in humans are not 
fully functional if there is a lack of microelements. It is 
estimated that about half of the human population suf-
fers from the lack of Fe and Zn.

The lack of Fe and Zn is the most widely known in 
the world as “hidden hunger”, and causes slower growth 
and psychomotor development in children, weaker 
immunity, decreased muscle mass, hair loss, infertility, 
and in acute cases even death (Stein, 2010). Over 30% 
of the human population suffers from I deficiency, and 
15% from the lack of Se. The lack of Cu is most com-
mon in developed and developing countries (Rawat et 
al., 2013). People ingest these microelements through 
a variety of foods of plant and animal origin. However, 
microelements are often present in insufficient amounts 
in the soil, in fodder crops, animals and ultimately in the 
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food of end users - humans. Changes in dietary habits of 
humans and a diet based on processed cereals, which 
have low concentrations of minerals in general, together 
with the lack of fish, fruit and foodstuff of animal origin, 
greatly contribute to the problems associated with 
the lack of microelements (White and Broadley, 2009; 
Gomez-Galera et al., 2010). Anti-nutrition factors, such 
as phytic acid, fibres and tannins, further reduce the 
bioavailability of food microelements by preventing their 
absorption in the intestines (Pfeiffer and MacClafferty, 
2007). The lack of these microelements in food or 
microelements malnutrition, can be overcome by a 
nutrition variety, by supplementing micronutrients in 
people’s usual dietary intakes, by enriching the food 
with specific minerals (fortification) and by increasing 
the concentration of minerals in edible crops (biofor-
tification) (Stein, 2010). Each of the above mentioned 
approaches has its own advantages and disadvan-
tages, and the correct combination of them all should 
solve the problems of mineral malnutrition. Dietary 
modification and diversification, as well as introducing 
foods that provide highly bioavailable micronutrients, is 
expensive (Zimmerman and Hurra, 2007). In addition, 
medical supplementation refers to the oral delivery of a 
particular microelement in the form of tablets or syrups, 
and is most widely used in cases of chronic deficiency. 
Enrichment or fortification is an addition of a particular 
microelement to foodstuffs such as iodine in salt, iron in 
flour or fluorine in toothpaste (Rawat et al., 2013). The 
main disadvantage of dealing with the lack of a particu-
lar microelement in these ways is the limited stability 
of these elements in the foodstuffs (Allen, 2003). For 
example, iron in food is susceptible to oxidation and 
altering the taste of the food. This method (fortifica-
tion) of eliminating the deficiency is quite expensive, 
requires a well-developed distribution system, and a 
very precise and careful application or dosage because 
excessive quantities can be very harmful (Rawat et 
al., 2013). Biofortification refers to the application of 
mineral fertilisers to desired crops, in combination with 
breeding crop lines with increased ability to uptake 
microelements as an approach not only to increase 
the concentration of microelements in edible crops but 
also to improve yield on soils where microelements 
are in insufficient amounts or unavailable to plants 
(Borg et al., 2009). According to Dimkpa and Bindraban 
(2016), microelements in different crops increase their 
yield, biomass produce, dryness resistance, insecti-
cides resistance and improve nutritional value by 10% to 
70%. Since microelements in edible parts of biofortified 
crops have to be bioavailable, comparative efforts are 
being made to increase the concentration of substances 
that stimulate the absorption of microelements in the 
intestine, such as ascorbate (vitamin C), β-carotene, 
cysteine rich polypeptides, certain organic and amino 
acids (White and Broadley 2009). Furthermore, at the 
same time it is important to reduce the concentration of 
micronutrient inhibitors, such as oxalate, polyphenols or 
phytate (Bechoff and Dhuique-Mayer, 2017).

BIOFORTIFICATION OF CROPS 

Biofortification of crops with essential microele-
ments relies on the increased absorption of these ele-
ments from the soil, but if they are not present in the soil 
in sufficient quantities, these microelements must be 
added as fertilisers. If microelements are present in the 
soil in sufficient quantities, then attention is focused on 
the bioavailability of these elements in the rhizosphere, 
their absorption and redistribution into edible parts of the 
crop in a non-toxic form (White and Broadley, 2009). In 
order to increase the concentration of microelements in 
edible tissues, without the loss of yield, the absorption 
of available microelements from the soil through root or 
leaves must be increased. 

AGRONOMIC APPROACH OF BIOFORTIFICATION

Agronomic biofortification of increasing the con-
centration of microelements in edible plant tissues relies 
on the application of mineral fertilisers and/or improved 
solubility and mobilization of already present microele-
ments in the soil. When plants are grown on soil where 
microelements are unavailable, the target application 
of soluble inorganic fertilisers is carried out over roots 
or leaves. In situations where microelements are not 
readily translocated in edible tissues, the application of 
soluble inorganic fertilisers through the leaves is carried 
out. According to Rengel et al. (1999), large amounts 
of Fe are often present in the soil, but small amounts of 
these are phytoavailable. Fertilisation of such soil with 
inorganic Fe fertilisers is usually ineffective through 
the absorption, precipitation and oxidation reaction. 
Because of this reason, Fe-chelates are often used as Fe 
fertiliser. According to Shuman (1998), the availability of 
Fe in the rhizosphere can be increased by acidification 
of the soil with elemental sulphur. The application of Fe 
fertiliser through leaves is carried out in plants grown 
on soils which are deficient in Fe, but due to the fact 
that Fe is difficult to distribute within a plant, it must be 
repeated during the vegetation season (Cakmak, 2002). 
According to Cakmak (2008), Zn is usually applied to 
plants as ZnSO4 or in the form of synthetic chelates. 
An effective way of increasing Zn concentration in 
grain cereals is the application of Zn fertilisers to soil. 
Concentration of Zn in plants, except for application of 
Zn fertilisers in soil can be increased by foliar application 
of either ZnSO4 or Zn-chelate and appropriate Zn tissue 
mobility. According to Rengel et al. (1999) and Broadley 
et al. (2006), application of Zn fertilisers through roots 
or foliage can increase the concentration of Zn in leaves, 
tubers, and fruits. The residual effects of Zn fertiliser on 
plants may also be visible several years after applica-
tion. Bioavailability of Cu on many agricultural surfaces 
is low and Cu applied to the soil often remains unavail-
able to plants (Gupta, 1979). However, the concentration 
of Cu in cereals, vegetables and fruit can possibly be 
increased by application of CuSO4 or sewage sludge 
and manure. These fertilisers improve the rate of plant 
growth on soils with low Cu bioavailability and increase 
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the concentration of Cu in edible tissues. However, 
one should be careful in regard to the plant variety as 
well as the dosage of Cu fertilisers because too large 
doses of Cu may be poisonous to plants and humans 
(Puig et al., 2007). Concentration of Se in plant tissues 
can be increased by applying Se fertilisers to soil or 
through leaves, which has a beneficial effect on animal 
and human health (Rayman, 2008). Most research and 
success in Se fertilisation was conducted in Finland 
and New Zealand. In Finland, since the start of Se ferti-
lisation, the concentration of Se in food was increased 
by 10 times. By using sodium selenate (Na2SeO4) and 
potassium selenate (K2SeO4), Se is immediately avail-
able for crop uptake, while using selenite or less soluble 
form of selenate, such as barium selenate (BaSeO4) 
ensures a long lasting effect (Broadley et al., 2006). Soil 
fertilisation with Se fertilisers is most often applied in 
late seasonal crops subject to moisture or heat stress, 
but the foliar application has also been widespread. 
According to Terry et al. (2000), Se-rich straw of plants 
which grow on seleniferous soils (increased selenium 
levels) can also be used as “green fertilisation” in areas 
with the inadequate level of Se. An increase in iodine 
(I) concentration is carried out by fertilisation with 
soluble iodide and/or iodine salts. According to Lyons 
et al. (2004), a successful method of increasing I con-
centration in edible crops and delivering I to humans is 
iodination of irrigation water. According to Graham et al. 
(2007), given that the human dietary I requirements are 
low, I fertilisers might be applied on large agricultural 
areas using airplanes.

GENETIC APPROACH IN BIOFORTIFICATION

Increasing the microelements concentrations in 
plants through the application of mineral fertilisers can 
be complemented by growing crops with increased 
ability to acquire and accumulate these elements in 
their edible parts. Significant within-species genetic 
variations in the concentration of Fe, Zn, Cu, and Se 
were found in edible tissues of crop plants. In review-
ing literature, variations in concentration of I in plant 
tissue are much fewer compared to the above men-
tioned microelements. However, variations which are 
hereditary in concentration of I in the leaves of the same 
species of ryegrass and white clover are found, indicat-
ing that they are under the influence of genetic control 
(Alderman and Jones, 1967). The concentrations of Fe 
and Zn in grain cereal vary (1.5-4-fold) among genotypes 
depending on how many of them are genetically dif-
ferent (White and Broadley, 2009). Compared to wild 
grain varieties, cultivated cereals, such as wheat, have 
twice as high concentrations of Fe and Zn (White and 
Broadley, 2005). Strong correlation between Fe and Zn 
concentrations in corn, wheat, sorghum, and pearl millet 
was determined. This fact greatly increases the possibil-
ity of simultaneous cultivation for increased concentra-
tion of Zn and Fe in the aforementioned cultures. Wild 
wheat varieties have a significantly higher concentration 
of Se compared to cultivated varieties, which can be 

used in breeding programmes (White and Broadley, 
2009). Large amounts of microelements can be removed 
with the process of polishing and milling of cereal seeds 
or potential food. The amount of this loss is genotype 
dependent (grain morphology, grain size, embryo size, 
number and thickness of the tissue layers) because the 
highest concentrations of microelements are often in the 
husk and aleuronic layers (Bechoff and Dhuique-Mayer, 
2017). This fact can be largely used in the biofortifica-
tion approach, with regard to the number of aleurone 
cell layers, which is cultivar dependent. According to the 
research of Prom-u-thai et al. (2007) the concentration 
of Fe, Zn, and Cu in maize, rice, and barley, is associ-
ated with the number of aleuronic layers that depend on 
varieties. Legumes usually have higher Fe concentration 
than grains. In addition, Cu concentration varies signifi-
cantly in soybean depending on genetic diversity among 
species (Zia-UI-Haq et al., 2007). However, according to 
Yang et al. (2003), there is little information available on 
the within-species variations in seed concentration of Se 
and I in the legumes. Concentration of Zn is often much 
higher in vegetable leaves than in grain, seeds, fruit or 
tubers. Large genetic variations in shoots of Fe, Zn and S 
concentration have also been found in spinach, beet and 
onion (Grusak and Cakmak, 2009). The microelements 
of the fruit are less mobile in the tissues, and variations 
among cultivars are smaller. In the research of Hakala 
et al. (2003), the concentration of Fe and Zn among six 
strawberry cultivars differed less than two-fold, as did 
in fruits of the three apple varieties (Iwane, 1991). Small 
genetic variations in concentration of Se in tomato have 
also been observed (Pezzarossa et al., 1999).  

TRANSGENIC APPROACH IN BIOFORTIFICATION

Transgenic approach combines agronomic and 
genetic biofortification, i.e. the aim is to improve the 
phytoavailability of microelements in the soil, their 
uptake from rhizosphere, the transfer to younger parts 
of the plants and their accumulation in edible tissues 
(Davies, 2007). In addition, in the transgenic bioforti-
fication approach, the aim can also be to reduce the 
concentration of antinutrient substances and to increase 
the promoter substances, which increase the absorption 
of microelements in the intestine (White and Broadly, 
2009).

SUBSTANCES AFFECTING THE ABSORPTION OF 
MICROELEMENTS IN THE INTESTINES 

The bioavailability of essential microelements high-
ly depends on the presence of substances that induce 
or prevent their absorption in the intestines (Bohn 
et al., 2008). The most known substances that sup-
press absorption of Fe, Zn and some other elements 
are phytates from cereal grains and legumes seeds, 
and polyphenols of tea, coffee beans and sorghum.  
Substances that improve the absorption of Fe and Zn 
are ascorbic acid and β-carotene from fruits and veg-
etables, while cysteine rich polypeptides from plant 
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and animal origin improve the absorption of Fe, Zn and 
Cu. Significant variations in the phytate concentration 
were found between cereals, legumes and vegetables. 
In addition, significant variations have been found in 
the concentration of phytate in the grain within the 
species of rice, wheat, barley, oats, triticale, sorghum, 
bean, soybean and rapeseed (White and Broadly, 2009). 
Concentrations of β-carotene and ascorbic acid vary 
considerably with respect to plant tissue and plant 
species.  Concentration of β-carotene and ascorbic 
acid significantly increases with the aging of fruits and 
vegetables, and varies depending on the stage of devel-
opment, part of the day, place of growth and intensity of 
light (Smith et al., 2007).

DISTRIBUTION AND SPECIES OF MINERALS IN 
BIOFORTIFIED PLANTS

Plants convert the inorganic form of Se into organic 
form of Se by incorporating it into proteins (Gibson et 
al., 2006). The first step is the reduction of Se6+ to 
Se4+, and this process takes place in leaves of plants. 
Selenite is then readily incorporated into the organic 
compounds, primarily in the form of selenoether amino 
acids R-Se-R, some of which function as Se analogues 
of essential sulphur compounds. Some of the most 
important Se analogues of essential sulphur compounds 
are Se-methylselenocysteine, selenocystathione and 
Se-methylselenomethionine. These Se-amino acids are 
extensively incorporated into plant proteins (Mikkelsen 
et al., 1989). In research of Galinha et al. (2015), the 
positive effect of agronomic biofortification of wheat 
with selenium was determined not only on the total con-
centration of Se in wheat, but also on the concentration 
of the chemical form of Se. Namely, regardless of the 
Se form used for wheat fertilisation, 100 g/ha of sodium 
selenate (active form Se6+) or sodium selenite (active 
form Se4+), and the application method (soil or leaves), 
almost 100% organic form of Se selenomethionine 
(SeMet) was found in the grain of wheat. These results 
are similar to those of Cubadda et al. (2010) and Hart et 
al. (2011), who in a similar fertilisation trial found 75% 
and 60% of total Se in the form of selenomethionine in 
the wheat flour. In the leafy fertilisation of barley with 
sodium selenate at concentrations of 0, 40, 80 and 
160 g/ha, linear growth of Se concentration in the grain 
was determined (Gibson et al., 2006). The inorganic Se 
has been converted into organic form predominately 
selenomethionine. Same authors have found that the 
concentration of Se is similar in the distal and embryo 
ends of the barley grain, as well as in pearled grain 
and its husks, which indicates the same distribution of 
Se in the entire grain. Compared with Se, Zn is much 
more unevenly distributed in the grain. This fact points 
to a little loss of Se in various biofortified grains during 
wheat milling into flour, rice polishing or barley pearling. 
In the research of Cakmak (2010), a three-fold increase 
in Zn concentration in wheat grain was determined in 
combined treatment of soil and leaves with zinc ferti-

liser ZnSO4. The author also determined the positive 
influence of Zn fertilisation on wheat grain yield if it 
is grown on a soil where Zn deficiency is established. 
Foliar Zn application resulted in significant increases in 
Zn grain concentration. Enrichment of wheat grain with 
Zn is even more evident when plants have enough nitro-
gen (N) available through soil or by treating the leaves 
(urea). Cakmak (2010), contrary to the results obtained 
when using Zn-fertiliser, did not establish a positive 
effect on the concentration of Fe in the wheat grain 
when fertilising either soil or leaves with Fe-fertiliser. 
Increased deposition of Fe in wheat grain was deter-
mined when Fe-fertiliser in combination with N was 
administered. As in the case of Zn, there was a positive 
correlation between Fe and N concentrations in wheat 
tissue. The target application of fertiliser by leaf or foliar 
application in relation to soil treatment is more effec-
tive, and avoids complicated soil reactions and different 
uptake of microelements due to various environmental 
and soil conditions. 

SELENIUM BIOFORTIFICATION OF CERTAIN 
FEEDSTUFF 

Watkinson and Davis (1967) determined good 
absorption and distribution of Se within the entire plant 
by treating the leaves of clover with selenite in the form 
of solutions. In leaf-treated clover, the concentration 
of Se was 5 times higher than that in a clover, which 
grew in the soil treated with selenium. Rodrigo et al. 
(2013) determined a significant influence of the chemi-
cal form of Se-fertiliser (sodium selenate and sodium 
selenite) after the leaf application of barley at different 
doses by two seasons in the Mediterranean condi-
tions. Selenate is, compared to selenite, significantly 
better adopted. They found a strong linear relationship 
between the total concentration of Se in grain and the 
dose of selenium fertiliser in both selenate and selenite. 
However, a significant increase in the concentration of 
Se in the grain was determined during the fertilisation 
with selenate. The total amount of Se in the grains of 
barley was about 69 μg/kg dry weight (DW) at doses 
of 0, and 520-2336 μg/kg DW at dosage of  40 g/ha 
of selenite or selenate, respectively. Concentration of 
Se in barley grain, increased by 55 and 33 μg/kg DW 
and 10 and 6 μg/kg DW for each g/ha of Se applied 
as a fertiliser in the form of sodium selenite or sodium 
selenite. This means that the application of selenate at a 
dose of less than 10 g/ha may provide one kg of barley 
with a concentration of Se in grain higher than 200-300 
μg/kg DW. This is the minimum Se concentration that 
sheep and cattle require to prevent Se deficiency dis-
eases (NRC, 1996). At the same time, after harvesting, 
no increased concentrations of total or bioavailable Se 
were found in the soil, not even at the highest doses of 
fertilisation. The research of Chilimba et al. (2011) was 
conducted on corn and determined linear increase in 
grain Se concentration after fertilisation with selenate. 
Corn was treated with liquid drench of Na2SO4, com-
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plex fertiliser in the form of granules NPK+Se fertiliser, 
or Se-enriched calcium ammonium nitrate CAN+Se. 
Average growth of Se concentration in corn grain was 
20, 21 and 15 μg/kg for each gram where Se was 
applied as Na2SeO4, NPK+Se, CAN+Se respectively. 
The authors did not determine the effect on grain and 
stover yields. McDowell et al. (2002) treated bahiagrass 
(Paspalum motatum) and fescue (Festuca spp.) with 
liquid selenium fertiliser (Selcote Ultra) at different rates. 
In the bahiagrass, Se concentrations were highest in the 
samples taken in the fourth and sixth week after spray-
ing with fertiliser at concentrations of 5, 10 and 20 g/ha 
of Se, while in the samples sprayed with a dose of 15 
g/ha the highest selenium concentration presented two 
weeks after spraying, after which it declined. In fescue, 
the highest concentration of selenium was determined 
2 weeks after fertilisation with Selcote Ultra and then 
the concentration steadily decreased from 4th to 16th 
week, and this trend continued on to the 22nd week after 
the treatment. Tremblay et al. (2014) fertilised timothy 
(Phleum pratense L.) with liquid selenium fertiliser and 
determined the linear increase of Se concentration in 
the timothy with increasing Se rates, with which they 
treated meadow. Fertilisation did not affect timothy 
dry matter (DM) yield, fibre concentration, and digest-
ibility. Spraying applications of 10 g Se/ha are sufficient 
to produce timothy with adequate Se concentration 
to prevent deficiency diseases in livestock. Filley et 
al. (2007) found that fertilisation of perennial ryegrass 
(Lolium perene) and subterranean clover (Trifolium sub-
terranean) by foliar application of sodium selenite and 
sodium selenate is an efficient method of raising the 
forage Se concentration for up to two years. Sodium 
selenate compared to other treatments provided greater 
(P<0.01) average forage Se concentrations in the first 
year. 

SELENIUM BIOFORTIFIED FEEDSTUFF IN 
ANIMAL NUTRITION 

Research objective of Hall et al. (2009) was to 
compare the status of Se in sheep after short exposure 
to the foliar fertilised pasture with high dosage of sele-
nium to sheep that had obtained the usual mineral sup-
plement of selenium (sodium selenite). Whole-blood Se 
concentrations were higher (P<0.0001) immediately 
post-treatment in sheep grazing Se-fertilised forage (573 
ng/ml) compared to sheep receiving mineral supplement 
containing Se (286 ng/ml). Also, the concentration of Se 
in the whole blood was still significantly higher 
(P<0.0001) 9 months later in the sheep grazing (97 ng/
ml) compared to the sheep that had available mineral Se 
supplement (61 ng/mL). For a significantly (P<0.0001) 
longer period, the concentration of Se in whole blood 
was within the normal reference values in pasture sheep 
(243 days) compared to sheep receiving mineral supple-
ment containing inorganic Se (163 days). Seboussi et al. 
(2016) found increased bioavailability of Se in milk and 
blood of cows that were fed with high-Se silage 

obtained by foliar fertilisation with 2.5 kg/ha Secolte 
Ultra, compared to cows fed with low-Se silage and 
addition of inorganic Se, and cows fed with low Se 
silage and addition of organic Se from yeast. The Se 
from the biofortified silage had a higher bioavailability 
compared to the Se from selenized yeast. Cows fed with 
high-Se silage extracted up to 22% less Se (compared to 
the intake) and had a 16% higher Se concentration in 
serum and 11% in milk compared to cows that had avail-
able Se from selenium yeast. Also, cows fed with biofor-
tified silage had a higher protein concentration in milk 
(3.51%) compared to cows fed with low-Se silage and 
inorganic selenium (3.44%), but little lower compared to 
those fed with low-Se silage and selenium yeast 
(3.58%). Hall et al. (2011) found that after the short-term 
exposure to Se-fertilised forage cows had a higher con-
centration of Se in the blood and better humoral immu-
nity compared to cows that had limited access (6 
weeks) to feed with mineral supplement of Se, and a 
group that had unlimited access to the feed with min-
eral supplement of Se. The cows grazed for 6 weeks 
Se-fertilised forage on pasture treated with Secolte Ultra 
(10 g Se/kg as sodium selenate) mixed with nitrogen 
fertiliser and applied at rate 3.4 kg/ha (34 g Se/ha). 
Before fertilisation forage, Se concentration was 0.11 
mg/kg DM basis, after 62 days of fertilisation when the 
dry cows began grazing the pasture Se concentration 
was 1.52 mg/kg, and 42 days later, when the dry cows 
were removed from the pasture, it was 1.06 mg/kg. 
Cows were immunized with bacteriocin Escherichia coli 
at the end of the 6-week supplementation period. The 
cows that grazed biofortified forage had a higher 
(P<0.0001) whole blood Se concentration (186 ng/mL) 
immediately post-grazing compared to cows with a 
limited mineral Se supplement (117 ng/mL), and cows 
with unlimited access to the mineral supplement Se 
(130 ng/ml). Whole blood Se concentration in cows that 
grazed biofortified forage remained higher over the next 
4 months compared to the cows with unlimited mineral 
Se supplement, and 5 months compared to cows with 
limited mineral Se supplement. Over the 4 months, E. 
coli antibody titres were higher in cows having bioforti-
fied forage than in cows with limited mineral Se supple-
ment. Selenium is an essential microelement in suckling 
calves, particularly in the transition stage between 
weaning and movement to feedlot, and its deficiency 
contributes to lower vitality and an increased calf mor-
tality rate as determined by many researchers. The 
objectives of the study of Hall et al. (2013a) were to 
evaluate whole blood Se concentration and performance 
in weaned calves fed alfalfa hay fertilised with Se at 
increasing rates for 7 weeks. Selenium content in alfalfa 
hay increased linearly in a dose dependent manner from 
0.07 to 0.95, 1.55 and 3.26 mg Se/kg DM for sodium-
selenate application rate of 0, 22.5, 45, 89.9 g Se/ha, 
respectively. Heifer calves had greater whole blood Se 
concentration compared to male calves. The body 
weight response increased (P<0.001) with greater 
amounts of sodium selenate applied to the meadow or 
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soil, but there was no significant difference between the 
sexes (P=0.98). Wallace et al. (2017) found linearly 
increased Se concentrations in whole blood (P<0.001) 
and colostrum (P<0.001) of cows and in whole blood of 
newborn calves (P<0.001) fed with increasing Se con-
centrations in alfalfa hay. Cows were fed with 
Se-enriched hay during last 8 to 12 weeks of gestation. 
Authors determined increased colostral IgG1 concentra-
tions after feeding cows with Se-fertilised hay for 8 do 
97 weeks. Colostral IgG1 concentrations were in posi-
tive correlation with whole blood Se concentration and 
tend to be associated with colostral Se concentrations. 
Antibody of E-coli in colostrum followed the same trend 
as colostral IgG1. Concentrations of IgG1 in calves, as 
well as E. coli antibody, were not affected by Se treat-
ment.  Hall et al. (2013b) test whether beef calves fed 
with Se-enriched alfalfa during the transition period 
between weaning and movement to a feedlot have 
improved immune response and slaughter weights. All 
calves were immunized with J-5 Escherichia coli bacte-
rin. Authors determined that calves fed with highest 
level, compared to the lowest level, of Se-enriched 
alfalfa hay had higher antibody titres, thioredoxin reduc-
tase-2 mRNA levels, and a greater neutrophil total anti-
oxidant potential. Calves fed with highest-Se level for-
age had lower mortality and greater slaughter weights. 
It is well known that selenium is a trace element impor-
tant for immune function and overall health of cattle 
lamb, goat kid, etc. Among the many factors, naso-
pharyngeal microbiota plays an important role in overall 
respiratory health, especially when stress associated 
with weaning, transport, and adaptation to a feedlot 
affect the normal respiratory defences. Hall et al. (2017) 
found enriched nasal microbiota after feeding calves 
with alfalfa hay for 9 weeks. Namely, hay was harvested 
from fields after fertilisation with sodium selenite. 
Selenium concentrations in whole blood were depend-
ent upon Se-application rates and increased linearly. 
Clostridiales and Bacteridales were increased in calves 
fed with high Se alfalfa hay and Lactobacillales and 
Flavobacteriales in healthy controls calves. Ranches et 
al. (2017) found greater (P0.001) Se concentration in 
selenium fertilised forage compared to control forage 
without Se fertilisation (7.7 vs. 0.1 mg Se/kg DM) 
respectively) in experiment 1 conducted to evaluate Se 
status in calves. In experiment 2 conducted to evaluate 
Se status in cows and newborn calves, greater (P0.001) 
concentration of Se in selenium fertilised forage com-
pared to control forage without Se fertilisation (10.8 vs. 
0.1 mg Se/kg DM), respectively, was also determined. 
Authors determined greatest liver Se concentration 
(P0.005) on day 42 for calves provided Se hay com-
pared with calves provided sodium selenite or control 
group (3.1 : 2.4 : 0.5 mg Se/kg DM). In experiment 2, 
selenium supplemented cows had greater (P0.001) 
liver, cotyledon, plasma and whole blood Se concentra-
tion compared to cows not receiving supplemental Se. 
Furthermore, cows provided with Se hay tend (P=0.11) 
to have greater liver Se concentration compared to 

cows provided sodium selenite (1.2 : 1.1 mg Se/kg DM). 
Calves born to Se-supplemented cows had greater 
(P=0.001) plasma Se concentration than calves born to 
cows receiving no supplemental Se (22.0 : 14.8 ng/mL). 
Calves born to cows provided with Se hay tend (P=0.06) 
to have greater plasma Se concentration compared with 
calves born to cows provided sodium selenite (22.0 : 
19.4 Se ng/mL). Lončarić et al. (2014) determined the 
positive effect of feeding rats with Se agrofortified 
wheat on Se concentration in rat tissues. Winter wheat 
in experimental group was foliar treated with Se by 
application of Na2SeO4 in amount of 10 g/he Se. Authors 
determined increased (12-fold) Se grain concentration 
from 30 μg/kg to 363 μg/kg. In addition, they deter-
mined significantly higher concentrations of selenium in 
the rat kidneys, skin, muscles and brain. The average 
increase of Se concentration in agrofortified group was 
30%. Stupin et al. (2017) examined whether low dietary 
Se content affects function and vascular relaxation of rat 
aortas, and tested the role of oxidative stress on the 
aforementioned. A total of forty rats were divided into 
two groups and fed with two types of custom-made rat 
chow for 10 weeks. The low-Se group of rats was fed 
with plain rat chow low in content of Se (0.030 mg/kg), 
and norm-Se group with rat chow with normal Se con-
tent (0.363 mg/kg). Low-Se rat chow was prepared from 
the standard ingredients except wheat, which was low 
in Se, and normal-Se group with wheat that was biofor-
tified to the normal Se content. In the low-Se group, they 
determined reduced relaxation of rat aortas compared to 
normal-Se group of rats. Significantly, decreased con-
tent of Se in whole blood and thoracic aorta tissue (0.45; 
0.12 μg/ml) was determined in the low-Se group com-
pared to the normal-Se group (0.54; 0.20 μg/ml). In the 
low-Se group, mRNA expression of GPx1 in rat aortic 
tissues was significantly reduced compared to normal-
Se group. Mehdi et al. (2015) researched the effects of 
Se enrichment of feedstuffs (barley and spelt) on the 
growth performance of Belgian Blue bulls, on Se content 
in the meet and organs, as well as on the meat quality 
and meat chemical composition. Bulls in the experimen-
tal group were fed with a combination of barley and 
spelt enriched with selenium (sodium selenate 4 g ha-1), 
and in the control group with barley and spelt without 
Se. The authors did not determine the significant influ-
ence of biofortified grains on growth performance, 
slaughter characteristics or meat quality (P>0.05). No 
effects of Se on tenderness, oxidative rancidity (TBARS) 
and water loss were determined. Concerning meat 
chemical composition, the organic matter (P<0.01) and 
ether extract content (P<0.05) were lower in the mus-
cles of bulls in the Se group compared to the control 
group. Similar results were observed by Netto et al. 
(2014) in Brangus cattle when adding 2 mg/kg of sodi-
um selenite to their diet. Opposite results were reported 
in other studies on cattle (Juniper et al., 2008; Cozzi et 
al., 2011). Biofortified cereals significantly increased Se 
content in muscles Longisimus thoracis (177 : 447 ng g-1 
DM) and Rectus abdominis (159 : 447 ng g-1 DM) and 
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the organs, testis (2309: 2070 ng g-1 DM), lungs (433 : 
860 ng g-1 DM), kidney (4956 : 5655 ng g-1 DM), liver 
(474 : 1126 ng g-1 DM) and in the plasma (31 : 66 ng 
mL-1 DM). These results of Se distribution in organs cor-
relate with those reported on cattle by Juniper et al. 
(2008) with mineral Se supplementation, and by Lawler 
et al. (2004) with Se enrichment wheat. Consumption of 
such meat or liver could provide humans with 30% to 
57% of daily Se requirements.

CONCLUSION

Biofortification of crops through the application 
of mineral fertilisers or agrofortification (soil or foliar 
application) combined with breeding varieties with 
increased ability of uptake, could be the fastest and 
cheapest way to eliminate problems related to the 
lack of trace elements in plants, animals and people. 
Complete removal of microelement malnutrition is not 
possible through an individual scheme or method, but 
through an overall strategy involving multiple types 
of interventions depending on conditions of specific 
region, plant species, and animal species. Selenium 
biofortified feedstuffs used in animal nutrition are an 
effective management system for reducing problems 
that are related to selenium deficiency, and for increas-
ing selenium concentration in different animal tissue 
and have a positive influence on health of animals. 
Further research is needed to clarify the application and 
economic relevance of Se biofortification of feedstuffs. 
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BIOFORTIFIKACIJA KRMIVA 
MIKROELEMENTIMA U HRANIDBI DOMAĆIH ŽIVOTINJA

SAŽETAK
Neprestanim rastom ljudske populacije i promjenom prehrambenih navika ljudi rastu zahtjevi za intenziviranjem 
poljoprivredne proizvodnje. Međutim, osim rasta proizvodnje hrane važan je i njen nutritivni sastav, osobito u 
pogledu mikroelemenata. U hrani dvije trećine svjetske populacije ljudi prisutan je nedostatak više od jednoga 
mikroelementa. Nedostatak mikroelemenata, koji su važni za pravilan rast i razvoj te zdravlje ljudi i domaćih 
životinja, može se ukloniti raznovrsnošću hranidbe, dodavanjem mikroelemenata u hranu te povećanjem 
koncentracije i bioraspoloživosti mikroelemenata u krmivima koja se koriste u hranidbi domaćih životinja, 
odnosno biofortifikacijom. Pregledom dostupne literature, prikazat će se čimbenici o kojima ovisi povećanje 
koncentracije mikroelemenata u krmnim kulturama, kao i agronomske te genetske načine biofortifikacije, 
kojima se nastoji ukloniti nedostatak najčešćih mikroelemenata u hrani: selena, željeza, bakra, cinka i 
joda. Hranidbom domaćih životinja biofortificiranim krmivima nastoji se povećati koncentracija navedenih 
mikroelemenata u krvi istih te poboljšati njihov rast, razvoj i zdravlje. Porastom koncentracije mikroelemenata 
u tkivima i mlijeku domaćih životinja nastoje se zadovoljiti njihove potrebe u ljudi.
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