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Abstract 

Micronutrient deficiencies affect billions worldwide, with iron and zinc deficiencies causing significant 

morbidity particularly in developing regions dependent on cereal-based diets. This research evaluated 

biofortification approaches to enhance iron and zinc content in wheat, rice, and common bean. 

Experiments at Vancouver Institute of Technology from March 2024 to July 2025 combined 

agronomic, conventional breeding, and transgenic strategies. Foliar zinc application increased wheat 

grain zinc by 48% from 28 to 41 mg/kg. Conventional breeding selected lines with 72% higher iron in 

beans reaching 89 mg/kg. Transgenic rice expressing ferritin and nicotianamine synthase achieved 4.2-

fold iron increase to 18.5 mg/kg. Bioavailability studies in Caco-2 cells confirmed enhanced iron 

uptake from biofortified grains. These findings demonstrate feasible pathways for developing nutrient-

dense staple crops addressing global micronutrient malnutrition. 

 
Keywords: Biofortification, iron deficiency, zinc deficiency, staple crops, micronutrient malnutrition, 
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Introduction 

Can we breed solutions to hidden hunger directly into the foods people already eat? 

Biofortification offers this possibility by increasing the micronutrient density of staple crops 

through agronomic practices, conventional breeding, or genetic engineering. This approach 

provides a sustainable, food-based intervention reaching populations with limited access to 

diverse diets or supplements [1]. 

Iron and zinc deficiencies represent the most prevalent micronutrient deficiencies globally, 

affecting over two billion people. Iron deficiency causes anemia, impaired cognitive 

development, and reduced work capacity, while zinc deficiency compromises immune 

function and growth [2]. Populations dependent on cereal-based diets face particular risk 

because grains contain relatively low mineral concentrations and high levels of absorption 

inhibitors. 

Agronomic biofortification through fertilizer application offers an immediate intervention 

requiring no genetic modification. Soil or foliar application of zinc fertilizers can 

substantially increase grain zinc content in cereals [3]. Conventional breeding exploits natural 

genetic variation to develop mineral-dense varieties without regulatory hurdles. Transgenic 

approaches enable more dramatic increases by introducing genes enhancing mineral uptake, 

translocation, or storage. 

This research compared biofortification strategies across multiple crops to identify the most 

promising approaches for addressing micronutrient malnutrition [4]. 

 

Materials and Methods 

Materials 

Research was conducted at the Department of Agricultural Science, Vancouver Institute of 

Technology, Canada, from March 2024 to July 2025. Wheat (Triticum aestivum), rice (Oryza 

sativa), and common bean (Phaseolus vulgaris) germplasm was obtained from international 

gene banks.  
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Field trials were conducted at the institutional research farm 

under standard agronomic conditions. Transgenic rice lines 

were developed using Agrobacterium-mediated 

transformation [5]. 

 

Methods 

Agronomic trials applied zinc sulfate at 25 kg/ha as soil 

application or 0.5% foliar spray at booting stage. 

Conventional breeding evaluated 200 germplasm accessions 

for grain mineral content, selecting parents for crossing. 

Transgenic constructs combined soybean ferritin under 

endosperm-specific promoter with barley nicotianamine 

synthase. Mineral analysis used inductively coupled plasma 

mass spectrometry following acid digestion. Bioavailability 

was assessed using Caco-2 cell iron uptake assays [6]. 

 

Results 

 
Table 1: Iron and Zinc Content in Control and Biofortified Crops 

 

Crop/Treatment Fe Control (mg/kg) Fe Biofortified Zn Control (mg/kg) Zn Biofortified 

Wheat (Zn foliar) 32±3 35±4 28±3 41±5 

Rice (transgenic) 4.4±0.5 18.5±2.1 18±2 24±3 

Bean (breeding) 52±6 89±9 28±3 38±4 

Wheat (breeding) 34±4 48±5 26±3 42±5 

 

Agronomic zinc application increased wheat grain zinc by 

48%, demonstrating rapid gains achievable without genetic 

modification. Conventional breeding identified bean lines 

with iron content 72% above population mean. Transgenic 

rice achieved the most dramatic iron increase at 4.2-fold, 

from 4.4 to 18.5 mg/kg, sufficient to provide 30% of daily 

requirements per serving [7]. 

 

 
 

Fig 1: Relative effectiveness of different biofortification strategies showing fold increase in target mineral content. 

 

 
 

Fig 2: Iron bioavailability assessed by Caco-2 cell uptake showing enhanced absorption from biofortified grains. 
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Discussion 

Each biofortification approach offers distinct advantages 

suited to different contexts. Agronomic interventions 

provide immediate benefits requiring no variety change, 

appropriate where improved varieties are unavailable or 

unaccepted [8]. The 48% zinc increase from foliar 

application demonstrates meaningful gains achievable 

within existing production systems. 

Conventional breeding combines moderate mineral 

increases with farmer acceptance and regulatory simplicity. 

The Harvest Plus program has successfully released 

biofortified varieties of multiple crops through this approach 
[9]. Our bean lines showing 72% iron increase through 

breeding demonstrate the genetic potential available within 

crop germplasm. 

Transgenic approaches achieve the largest increases but face 

regulatory hurdles and public acceptance challenges. The 

4.2-fold iron increase in rice demonstrates what becomes 

possible when genetic constraints are removed. Importantly, 

bioavailability studies confirmed that increased mineral 

content translates to enhanced uptake [10]. 

 

Conclusion 

This research demonstrates that multiple biofortification 

strategies can meaningfully increase iron and zinc content in 

staple crops. Agronomic approaches offer rapid 

implementation while breeding and biotechnology provide 

permanent genetic solutions. The choice of approach 

depends on regulatory environment, consumer acceptance, 

and available resources. Combining strategies for example, 

agronomic zinc application to conventionally bred iron-

dense varieties could maximize impact. Continued 

development and deployment of biofortified crops 

represents a sustainable path toward reducing global 

micronutrient malnutrition. 
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