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For several reasons, mainly cost and local productivity, the world population does not have access to a 
balanced diet that contains all the macro and micronutrients necessary to maintain physiological functions 
for a healthy life. Nutritional education, supplementation, and consuming enriched (or fortified) foods 
appear as alternatives to supply daily demands and minimize malnutrition. Adding essential elements 
as salts (e.g., iron, calcium, and zinc) to ready-to-eat processed foods, such as milk, flour, and juices is 
already adopted in several countries. The choice of the compound to be added, as well as the transport 
vehicle (foods), must be very well evaluated since the cost, long-term consumption, and bioavailability of 
the added chemical species are imperative to ensure the nutritional quality of enriched food.1

Another alternative to produce enriched foods is cultivating an enriched medium (Figure 1), adding 
essential elements to soil or in nutritive solution (hydroponic procedure), irrigating leaves, or immersing 
seeds.2 In this case, the chemical species used to the enrich food must be absorbed, translocated, and 
accumulated in the edible part.2

Figure 1. Elemental chemical speciation studies in enriched food.
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Studies have shown that the iron enrichment of adzuki beans using iron nitrate or iron chloride was 
unsuccessful since iron inorganic species interact strongly with the antinutrients (tannins or phytates) 
present in the roots, forming insoluble complexes and preventing their translocation.3 Alternatives found 
to overcome this obstacle were enrichment by applying iron complexes with EDTA (ethylenediaminetetra-
acetic acid)3 or iron nanoparticles, mainly encapsulated.4 The nanoparticle application has been gaining 
prominence in agriculture, aiming to carry fertilizer, pesticides, and nutrients to stimulate plant growth and 
increase macro and micronutrient availability and absorption efficiency.5,6

Besides the interaction between essential elements with antinutrients, evaluating the competition 
between elemental species is important, because synergistic or antagonistic effects can be observed. 
In both cases, chemical species must interact with other components present in food or cultivation 
medium, altering its chemical composition when compared to food cultivated in conventional conditions. 
The antagonistic effect between selenium and mercury was observed in edible mushrooms, while the 
synergistic effect was observed with lead and selenium.7,8 Finally, it must be evaluated if the enrichment 
promotes the production of non-bioavailable or toxic species.

Regardless of the food enrichment strategy, it is important to highlight the need to identify and quantify the 
elemental chemical species in the enriched foods by chemical speciation analysis. In the Figure 1 is shown 
examples of elemental chemical species; they can differ according to their oxidation states, inorganic forms, 
and organometallic or isotopic composition.9 For chemical speciation studies, initial fractionation steps (e.g., 
extraction procedures) are carried out; subsequently, chromatographic, or non-chromatographic methods 
can be used to identify/determine the chemical species. The hyphenation (Figure 1) between separation 
techniques, mainly chromatography, with high sensitivity detectors, such as inductively coupled plasma 
mass spectrometry (ICP-MS), is commonly applied.9-11 Nonetheless, extremely creative procedures used in 
non-chromatographic chemical speciation, working only with chemical reactions and solubility differences, 
can also be applied to determine chemical species. Non-chromatographic strategies were applied for iron 
(reaction with hydroxylamine and precipitation with trichloroacetic acid and HCl) and selenium (cloud point 
extraction) speciation in enriched adzuki sprouts.3 

In summary, food enrichment success is closely associated with chemical speciation studies since there 
are chemical species that will be absorbed in a cultivation medium, as well as the chemical species that 
are formed during translocation and accumulation, which must be in bioavailable forms, in order to act on 
the different metabolic systems of the human body, including remedying prevalences. In this scenario, it is 
imperative to go beyond determining the total concentration of essential elements, since quantifying their 
species will provide information regarding essentiality and toxicity. Finally, the formation of bioavailable 
chemical species will add nutritional quality and, consequently, economic benefits that are so essential for 
countries with specific prevalences to combat in a predominantly agricultural economy.
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