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Background
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Biofortification is a plant breeding method that introduces increased concentrations of minerals in staple food crops (e.g., legumes,
cereal grains), and has shown success in alleviating insufficient Fe & Zn intake in various human populations. Unlike other strategies
utilized to alleviate Fe & Zn deficiency, studies of the gut microbiota in the context of Fe & Zn biofortification have not yet been
reported, although the consumption of Fe & Zn biofortified staple food crops has increased significantly over time. Furthermore, the
microbiome of the gut is now considered the “new organ” of the human or animal body and has been found to alter individuals’
health when the gut bacteria population has been damaged or changed, according to metagenomics studies (1). Thus, in these two
studies, we performed a 6-week feeding trial in Gallus gallus (n = 14), aimed to investigate the alterations in the gut microbiome
following administration of an Fe biofortified bean-based diet (biofortified, BFe) versus a bean based diet with poorly-bioavailable Fe
(standard, SFe) and then the other study investigated an administration of an Zn biofortified wheat-based diet (biofortified, BZn)
versus a wheat-based diet with poorly-bioavailable Zn (control, CZn). We hypothesized that the different dietary Fe and Zn contents
in the beans & wheat-based diets will alter the composition and function of the intestinal microbiome. The primary outcomes were
changes in the gut microbiome composition and function analyzed by 16S rRNA gene sequencing.

Conclusion: This study is the first to report on how Fe biofortification, a clinically validated method for increasing Fe status, impacts the
composition and metagenome of the gut microbiota. Animals (Gallus gallus) who consumed the Fe biofortified bean-based diet had
less abundance of pathogenic bacteria, with concomitant increases in bacteria that produce short chain fatty acids and have known
phenolic catabolic capacity. Collectively, these findings provide evidence that, unlike other nutritional methods of increasing Fe status,
Fe biofortification does not appear to increase the pathogenic load in the gut, and they raise the possibility that this strategy can
further improve in efficacy and safety as the role of the gut microbiota is explored in additional experimental settings.

Figure 1: Family and genus level cecal microbiota shifts
between the BFe and SFe treatment groups. (a) Family
level changes in the BFe and SFe groups as measured at
the end of the study; (b) Genus level changes in the BFe
and SFe groups as measured at the end of the study.

Figure 2: Observed alterations in the metabolic capacity
of the cecal microbiota in the BFe group compared to the
SFe group. Relative abundance of differentially enriched
KEGG microbial metabolic pathways, including a)
Unclassified; b) Organismal Systems; c) Human Diseases;
d) Genetic Information Processing; e) Environmental
Information Processing; and f) Cellular Processes.
Treatment groups are indicated by the different colors,
and FDR-corrected P values are displayed on the y-axis.

Characterizing the gut (Gallus gallus) microbiota following the consumption of an iron 
biofortified Rwandan cream seeded carioca (Phaseolus Vlugaris L.) bean based diet (2)

Conclusion: Trying to eradicate global Zn deficiency, has been tough considering there is no consistent way to utilize a Zn biomarker.
However, any improvement using Zn supplementation or Zn fortification comes at the expense of decreased gut health. This study is the
first to report how Zn biofortification in wheat impacts the composition and metagenomics of the gut microbiome. Animals (Gallus gallus)
who consumed the Zn biofortified wheat-based diet had an overall increased diversity of bacteria, increased beneficial bacteria and
increased the goblet cells within the gut. Overall, Zn biofortification does not appear to increase the pathogenic load in the gut, and they
raise the possibility that this strategy could further improve the efficacy and safety as the role of the gut microbiota is explored in
additional experimental settings.

Figure 2: Observed alterations in the metabolic capacity
of the cecal microbiota in the BFe group compared to
the SFe group. Relative abundance of differentially
enriched KEGG microbial metabolic pathways in cecal
microbiota. Treatment groups are indicated by the
different colors, and FDR-corrected P values are
displayed on the y-axis.

Figure 1: Genus level cecal microbiota shifts
between the BZn and CZn treatment groups
at the end of the study (day 42).

Consumption of Zinc Biofortified Wheat Alters the Gut Microbiota in an Animal Model (Gallus 
gallus) of Zinc Deficiency (3)

It is clear that there is a complicated bi-directional relationship between the intestinal
microbiota and host which is vital to health. An enhanced understanding of this
relationship will be critical not only to maximize and maintain host health but also to
shape our understanding of disease and to foster new therapeutic approaches. Our
current research (part of Zinc Status Index development) stimulates the understanding
of how Fe/Zn status affects host’s overall health which may lead to improved Zn/Fe
Dietary bioavailability and biofortification outcomes .
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