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ABSTRACT 

Zinc deficiency is a major global health issue, especially in regions reliant 

on cereal-based diets. Microbial biofortification uses beneficial microbes 

like bacteria and fungi to enhance zinc uptake in crops by mobilizing soil 

zinc through solubilization, siderophore production, and phytase activity. 

Studies in wheat, rice, and maize show notable increases in grain zinc 

content. Despite its potential, challenges like strain selection, large-scale 

application, and regulatory concerns remain. This sustainable approach 

offers a promising solution to combat zinc deficiency and improve public 

health nutrition. 
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INTRODUCTION 

Nutritional deficiencies remain a major global health concern, affecting millions of people and 

contributing to significant health challenges. Among these, zinc (Zn) deficiency is particularly alarming, 

impacting nearly 17% of the global population, with the burden being especially pronounced in 

developing countries (Lowe et al., 2024). Zinc is an essential trace element required for over 300 

enzymatic reactions in the human body, playing a pivotal role in immune function, growth, reproduction, 

and wound healing. However, inadequate dietary intake, poor bioavailability of zinc in plant-based diets, 

and soil depletion of zinc have led to widespread deficiencies. According to the World Health 

Organization (WHO), zinc deficiency is responsible for approximately 1.4% of global deaths and 4.4% of 

the global disease burden in children under five years (Shekar et al., 2024). Addressing zinc deficiency is 
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critical to combating malnutrition and ensuring improved health outcomes, especially among vulnerable 

populations such as children, pregnant women, and the elderly. 

Zinc (Zn) is a vital micronutrient necessary for numerous biological functions in humans, including 

enzyme activity, immune system support, DNA synthesis, and cell growth. Its deficiency poses a major 

global health challenge, particularly in regions where diets rely heavily on cereals and legumes, which are 

often low in bioavailable zinc. Poor soil health, limited zinc-enriched fertilizers, and lack of awareness 

about its importance further exacerbate the issue (Bonaventura et al., 2015). Zinc deficiency can lead to 

impaired immune function, delayed growth, poor wound healing, and increased susceptibility to 

infections, especially among children, pregnant women, and the elderly. To combat this, strategies such as 

biofortifying crops with zinc, improving soil fertility, promoting zinc supplementation, and enhancing 

dietary diversity are essential. These approaches can help ensure adequate zinc intake and improve overall 

health outcomes. 

Biofortification is a sustainable agricultural approach aimed at combating micronutrient deficiencies by 

enhancing the levels of essential vitamins and minerals in food crops. This can be achieved through a 

variety of methods, including traditional plant breeding, the application of soil and foliar fertilizers, and 

advanced genetic engineering techniques. The strategy is recognized for being cost-effective and for 

preserving the taste, texture, and appearance of crops while having minimal impact on food prices. 

Biofortification offers a promising solution for improving global nutrition, particularly under the 

pressures of climate change, as it supports the production of nutrient-rich crops in diverse environmental 

conditions. Moreover, it is increasingly regarded as a sustainable and innovative mechanism for 

addressing micronutrient malnutrition. Among the various biofortification techniques, the use of 

microorganisms is one method. This involves utilizing beneficial microbes to improve the nutrient 

content of crops. These microorganisms enhance nutrient availability in the soil, help plants absorb 

essential minerals more effectively, and promote overall plant growth. This approach is natural, 

environmentally friendly, and supports sustainable agriculture while improving the nutritional quality of 

crops. Microorganisms also play a role in enhancing disease resistance, nitrogen fixation, soil health, 

nutrient cycling, and plant growth. By understanding the symbiotic interactions between microorganisms 

and biofortified crops, it is possible to develop environmentally friendly and sustainable farming practices 

that improve both agricultural productivity and nutritional quality. 

MICROBIAL ZN BIOFORTIFICATION 

Microbial biofortification involves the use of beneficial microbes, such as bacteria and fungi, to enhance 

the zinc content in cereal crops. These microbes can mobilize zinc from the soil, making it more available 
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for plant uptake. This approach leverages natural soil processes and can be integrated with conventional 

agricultural practices, making it a sustainable alternative to chemical fertilizers. 

MECHANISMS OF MICROBIAL BIOFORTIFICATION 

1. Soil Zinc Solubilization 

Soil microbes, particularly certain strains of bacteria like Pseudomonas, Bacillus, and fungi such as 

Aspergillus and Penicillium, can solubilize zinc compounds in the soil. These microbes produce 

organic acids, such as citric, oxalic, and gluconic acids, which chelate zinc and convert it into 

forms that plants can readily absorb. 

Zinc compounds in soil → Microbial activity → Production of organic acids → Chelation of zinc 

→ Increased zinc solubility → Plant uptake 

2. Siderophore Production 

Some soil bacteria produce siderophores, which are molecules that bind tightly to zinc and other 

micronutrients. These siderophore-zinc complexes can be taken up by plant roots, enhancing the 

plant's zinc content. 

Soil bacteria → Production of siderophores → Binding of zinc → Formation of siderophore-zinc 

complex → Uptake by plant roots → Enhanced plant zinc content 

3. Phytase Activity 

Certain microbes produce phytase enzymes that degrade phytic acid, a common inhibitor of zinc 

absorption in plants. By breaking down phytic acid, these microbes increase the bioavailability of 

zinc to plants. 

Microbes produce phytase → Degradation of phytic acid → Reduced phytic acid in soil → 

Increased zinc bioavailability → Plant uptake of zinc 

SUCCESSFUL CASE STUDIES 

Several studies have demonstrated the effectiveness of microbial biofortification in increasing zinc 

content in cereals: 

Wheat: Research has shown that inoculating wheat seeds with zinc-solubilizing bacteria can significantly 

increase grain zinc content. In one study, wheat plants inoculated with Bacillus strains showed up to a 

30% increase in zinc concentration in the grains. 
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Wheat seeds → Inoculation with zinc-solubilizing bacteria → Plant growth → Increased grain zinc 

content 

Rice: Field trials with zinc-solubilizing bacteria have been conducted in rice. These trials indicated a 

substantial increase in grain zinc content, improving the nutritional quality of rice. 

Rice seeds → Inoculation with zinc-solubilizing bacteria → Seedlings → Increased grain zinc content 

Maize: Inoculation of maize with mycorrhizal fungi, which form symbiotic relationships with plant roots, 

has been shown to enhance zinc uptake and accumulation in maize grains. 

Maize seeds → Inoculation with mycorrhizal fungi → Symbiotic relationship with roots → Enhanced 

zinc uptake → Increased grain zinc content 

CHALLENGES AND FUTURE PERSPECTIVES 

Despite the promising results, several challenges need to be addressed to optimize microbial 

biofortification for widespread use. These include: 

 Microbial Strain Selection: Identifying and selecting the most effective microbial strains for 

different soil types and environmental conditions is crucial. 

 Field Application: Developing cost-effective and practical methods for large-scale application of 

beneficial microbes in agricultural fields. 

 Regulatory and Safety Concerns: Ensuring that the use of microbial biofortification is safe for the 

environment and human health, and gaining regulatory approval for its widespread use. 

CONCLUSION 

Microbial biofortification represents a promising and sustainable strategy to enhance zinc content in 

cereals, thereby addressing zinc deficiency in human populations. By leveraging the natural abilities of 

soil microbes to solubilize and mobilize zinc, this approach can improve the nutritional quality of staple 

crops in an eco-friendly manner. Continued research and development, along with supportive policies and 

public awareness, are essential to realize the full potential of microbial biofortification in global 

agriculture. 
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