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ABSTRACT 

The mineral composition of animal feed has undergone major shifts due to soil degradation, 

intensive cropping, and evolving genetic potential of livestock. Conventional mineral 

mixtures, formulated decades ago, are increasingly insufficient to meet the nutritional 

demands of modern production systems. Evidence indicates that declining soil fertility has 

reduced essential trace minerals in fodder crops, predisposing animals to metabolic and 

reproductive disorders. Genetic progress in dairy and poultry has further elevated nutrient 

requirements, necessitating updated formulations. Additionally, environmental stressors 

such as heat and water quality variations influence electrolyte and mineral needs. Recent 

approaches emphasize customized, species- and stage-specific mineral supplementation, 

bioavailable chelated or nano forms, and precision feeding strategies that integrate digital 

monitoring and controlled-release technologies. These interventions improve growth, 

fertility, immune function, and feed efficiency, while reducing excretion and environmental 

pollution. Transitioning from generic to data-driven mineral mixtures represents a vital step 

towards sustainable livestock production. 

 

INTRODUCTION 
 

he mineral composition of animal feed 

has changed significantly over the past 

two decades due to evolving soil 

conditions, shifts in crop nutrition, and 

advancements in livestock nutrition research. 

Traditional mineral mixtures, which were once T 
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considered sufficient for animal health and 

productivity, are now proving inadequate in 

meeting the nutritional requirements of 

modern livestock. Factors such as soil 

degradation, changes in fodder nutrient 

composition, intensified animal husbandry 

practices, and evolving genetic potential in 

livestock have all contributed to these changes. 

Minerals are essential for various 

physiological processes in animals, including 

growth, reproduction, immunity, and 

metabolism. When animals do not receive the 

right balance of essential minerals, they 

become more susceptible to diseases, fertility 

issues, metabolic disorders, and reduced 

productivity. Thus, there is a growing need to 

reassess and reformulate mineral mixtures 

based on scientific evidence, ensuring they 

meet the current dietary needs of livestock. 

This article explores why older mineral 

mixtures are becoming obsolete, the impact of 

soil and fodder changes on livestock nutrition, 

and the advantages of customized, data-driven 

formulations. It also discusses precision 

feeding strategies that optimize mineral 

supplementation and promote sustainable 

animal production. 

Why Older Mineral Mixtures Are No 

Longer Effective 

Soil Degradation and Nutrient Depletion 

Intensive agricultural practices have 

significantly depleted soil nutrient levels, 

directly affecting the mineral content of fodder 

crops (Suttle, 2010). Continuous 

monocropping, excessive synthetic fertilizer 

use, and soil erosion have led to deficiencies in 

essential micronutrients such as zinc, copper, 

selenium, and cobalt—minerals critical for 

animal health. Older mineral mixtures, which 

were formulated based on past soil conditions, 

fail to compensate for these deficiencies 

effectively. As a result, livestock consuming 

fodder grown in mineral-deficient soils often 

suffer from subclinical deficiencies, impacting 

their growth, fertility, and immunity. 

Nutrient Imbalance in Fodder and Feed 

Ingredients 

Modern livestock feeding relies heavily on 

high-yield fodder crops, crop residues, and 

formulated feeds. However, due to declining 

soil fertility, the nutritional composition of 

these feed sources has changed. For instance, 

fodder grown in depleted soils often contains 

lower levels of essential trace minerals, 

necessitating adjustments in mineral 

supplementation. Additionally, imbalanced 

mineral levels in some feeds, such as excessive 

phosphorus in grain-based diets, can interfere 

with calcium absorption, leading to metabolic 

disorders like milk fever in dairy cattle (Kaur 

et al., 2020). Traditional mineral mixtures, 

which were designed based on older feed 

compositions, do not adequately address these 

new imbalances. 

Changes in Animal Genetics and 

Productivity 

Selective breeding and genetic advancements 

have resulted in high-performance livestock 

breeds with greater milk production, faster 

growth rates, and improved feed efficiency 

(Patra, 2021). However, these high-yield 

animals have higher nutritional demands than 

traditional breeds. Outdated mineral mixtures 

do not account for these increased 

requirements, leading to deficiencies that can 

compromise performance. For example, 

modern dairy cows producing higher milk 

yields require more calcium, phosphorus, and 

magnesium than older formulations provide. 

Similarly, fast-growing broilers need precisely 

balanced trace minerals to support skeletal 

development and immune function. 
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Altered Gut Microbiome and Mineral 

Absorption 

The increasing use of antibiotics, changes in 

feed processing, and dietary modifications 

have influenced the gut microbiome of 

livestock. Beneficial gut microbes play a 

crucial role in mineral digestion and 

absorption, particularly for elements like 

phosphorus and iron. Older mineral mixtures 

do not consider these microbial shifts, which 

can lead to suboptimal mineral utilization. A 

decline in gut microbial diversity can reduce 

the efficiency of mineral absorption, making it 

necessary to include bioavailable mineral 

sources and prebiotics that support gut health. 

Environmental Factors Affecting Mineral 

Requirements 

Climate change, heat stress, and water quality 

variations have also altered mineral 

requirements in livestock. High temperatures 

increase the need for electrolytes such as 

sodium, potassium, and magnesium to 

maintain hydration and metabolic stability 

(Chauhan et al., 2021). In regions where water 

sources contain high levels of antagonistic 

elements like sulphur or iron, mineral 

absorption can be hindered, requiring adjusted 

supplementation strategies. Traditional mineral 

mixtures, which were formulated without 

considering these evolving environmental 

challenges, often fail to meet the specific 

needs of livestock under current conditions. 

The Need for Updated Animal Mineral 

Formulations 

Regular Forage and Feed Analysis 

To ensure proper mineral nutrition, farmers 

must regularly test their forage and feed 

ingredients for mineral content. Modern 

analytical techniques can identify deficiencies 

or excesses, allowing for precise 

supplementation. By tailoring mineral 

mixtures to the actual nutritional composition 

of the diet, farmers can prevent imbalances 

and optimize animal health and performance. 

Customized and Species-Specific Mineral 

Mixtures 

Customized mineral supplementation has 

become increasingly important in modern 

animal nutrition due to the recognition that 

different species and production stages have 

unique requirements. This approach moves 

away from generic mineral mixtures towards 

tailored formulations that consider several key 

factors: 

1.  Species-specific needs: 

• Cattle: Higher calcium and phosphorus 

requirements, especially for dairy breeds 

• Poultry: Emphasis on calcium for egg 

production and phosphorus for bone 

development 

• Swine: Focus on iron for preventing anemia 

and zinc for growth promotion 

• Goats: Higher copper needs compared to 

sheep 

2.   Production phase considerations: 

• Growth: Increased requirements for 

minerals involved in bone and muscle 

development 

• Reproduction: Enhanced needs for minerals 

supporting fertility and fetal development 

• Lactation: Higher demand for calcium, 

phosphorus, and other minerals for milk 

production. 

3.  Regional feed composition: 
 

• Soil mineral content varies by region, 

affecting the mineral profile of locally 

grown feeds 

http://www.vigyanvarta.in/


 

       
 

   
 
 

 
 

174 | P a g e  

Vigyan Varta an International E-Magazine for Science Enthusiasts 

 

www.vigyanvarta.in 

         E-ISSN: 2582-9467 
Popular Article 

 Godara et al. (2025) Vol. 6, Issue 10 

October 2025 

• Customized formulations can address 

deficiencies or imbalances in regional feed 

sources 

4.  Specific examples: 

• Dairy cattle: Higher calcium-to-phosphorus 

ratios (often 2:1 or greater) to support milk 

production and prevent milk fever 

• Beef cattle on high-grain diets: Increased 

magnesium supplementation to prevent 

grass tetany, especially during spring 

grazing 

• Laying hens: Calcium supplementation 

adjusted based on egg production rates and 

shell quality 

• Growing pigs: Zinc and copper levels 

optimized for growth promotion and 

immune function 

5.  Environmental considerations: 

• Customized formulations can reduce 

mineral excretion, minimizing 

environmental impact 

• Precision in supplementation can improve 

nutrient utilization efficiency 

6.  Health and performance benefits: 

• Tailored mineral mixtures can address 

specific health challenges in different 

production systems 

• Optimized mineral nutrition can enhance 

overall animal performance, including 

growth rates, reproductive efficiency, and 

product quality 

7.  Economic implications: 

• While customized formulations may have 

higher initial costs, they can lead to 

improved productivity and reduced health 

issues, potentially resulting in better 

economic outcomes 

By developing species-specific and stage-

appropriate mineral mixtures, producers can 

optimize animal health, productivity, and 

environmental sustainability while potentially 

improving economic returns.         

Use of Bioavailable, Chelated, and Nano 

Minerals 

Bioavailable, chelated, and nano minerals 

represent a significant advancement in animal 

nutrition, offering several advantages over 

traditional inorganic mineral salts: 

1. Enhanced absorption: Chelated and nano 

minerals are more easily absorbed in the 

digestive tract due to their organic 

molecular structure and ultrafine particle 

size, which improves bioavailability. 

2. Reduced interactions: The organic 

binding in chelated minerals prevents 

negative interactions with other dietary 

components, while nano minerals can 

bypass certain inhibitory factors in the gut. 

3. Improved stability: Chelated and nano 

minerals remain more stable in the 

digestive environment, resisting breakdown 

and maintaining bioavailability throughout 

the gastrointestinal tract. 

4. Lower excretion rates: Higher absorption 

rates lead to reduced mineral excretion, 

potentially decreasing environmental 

impact and improving cost-effectiveness. 

5. Targeted delivery: Some chelates can 

deliver minerals to specific tissues or 

organs more effectively, while nano 

minerals can penetrate cells more 

efficiently, enhancing their biological 

effects. 
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Examples of bioavailable, chelated, and 

nano mineral sources and their benefits: 

• Zinc-EDTA: Improves immune function, 

skin health, and wound healing in livestock. 

• Copper-Methionine: Enhances growth 

performance, cardiovascular health, and 

antioxidant capacity. 

• Selenium-Yeast: Boosts reproductive 

efficiency, immune function, and overall 

antioxidant status. 

• Iron-Amino Acid Complex: Improves 

hemoglobin synthesis and oxygen 

transport, particularly beneficial for young 

animals. 

• Manganese-Glycine: Supports bone 

development, enzyme function, and 

reproductive performance. 

• Nano Zinc Oxide: Provides superior 

antibacterial properties, enhances gut 

health, and improves immune function. 

• Nano Selenium: Offers enhanced 

antioxidant protection, better cellular 

uptake, and improved reproductive 

performance. 

• Nano Copper: Supports enzyme function, 

redox balance, and has antimicrobial effects 

in the gut. 

Practical implications for livestock 

production: 

• Improved growth rates and feed efficiency 

due to better nutrient utilization. 

• Enhanced immune function, leading to 

reduced disease incidence and mortality 

rates. 

• Better reproductive performance, including 

improved conception rates and offspring 

viability. 

• Increased stress tolerance, particularly 

important in intensive production systems. 

• Potential for reduced mineral 

supplementation levels while maintaining 

or improving performance. 

Precision Nutrition and Smart 

Supplementation 

Advancements in animal nutrition research 

have led to the development of precision 

feeding strategies. These approaches use real-

time data, artificial intelligence, and precision 

dosing techniques to optimize mineral intake. 

Farmers can now integrate digital monitoring 

systems to track mineral status in livestock, 

adjusting supplementation dynamically. 

Technologies such as precision feeders and 

mineral blocks with controlled release 

mechanisms ensure that animals receive the 

right amount of minerals based on their 

specific needs. 

Benefits of Updating Mineral Mixtures in 

Livestock Nutrition 

1. Improved Growth and Reproductive 

Performance 

Adequate mineral supplementation supports 

optimal growth, muscle development, and 

reproductive efficiency. Balanced calcium and 

phosphorus levels prevent skeletal deformities 

in growing animals, while sufficient selenium 

and zinc enhance fertility and reduce 

reproductive disorders. Studies have shown 

that dairy cows supplemented with organic 

trace minerals have improved conception rates 

and reduced incidence of mastitis. 
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2. Enhanced Immune Function and Disease 

Resistance 

Minerals such as zinc, copper, selenium, and 

iron play vital roles in immune system 

function. Deficiencies in these elements can 

weaken immune responses, making animals 

more susceptible to infections. Proper mineral 

balance strengthens the immune system, 

reducing disease prevalence and the need for 

antibiotics. In poultry, for example, optimized 

mineral supplementation has been linked to 

lower incidences of bacterial infections and 

improved vaccine response. 

3. Better Feed Efficiency and Cost Savings 

Modern mineral formulations improve feed 

efficiency by ensuring that nutrients are 

utilized effectively. By enhancing digestion 

and absorption, livestock convert feed into 

body mass or milk more efficiently, reducing 

overall feed costs. Precision supplementation 

also minimizes excess mineral excretion, 

reducing nutrient waste and environmental 

pollution. For instance, optimized phosphorus 

supplementation in swine diets has 

significantly reduced phosphorus excretion, 

mitigating environmental contamination. 

4. Increased Longevity and Welfare of 

Livestock 

Balanced mineral nutrition contributes to 

overall animal health and longevity. Stronger 

bones, improved metabolic function, and 

reduced stress-related disorders ensure that 

animals remain productive for longer periods. 

In dairy farming, optimized mineral nutrition 

has been shown to extend the productive 

lifespan of cows, reducing replacement costs 

and improving economic returns. 

 

CONCLUSION: Moving Towards Smarter 

Mineral Supplementation 

The limitations of traditional mineral mixtures 

highlight the urgent need for updated, science-

based formulations. Evolving soil and feed 

nutrient compositions, changing livestock 

genetics, and new environmental challenges 

demand a more precise and data-driven 

approach to mineral nutrition. By adopting 

customized, bioavailable, and precision-

supplemented mineral formulations, farmers 

can improve livestock productivity, health, and 

sustainability. 

As the agricultural industry continues to 

evolve, integrating modern nutritional 

strategies will be crucial in ensuring efficient 

and profitable animal production. 

Transitioning to optimized mineral 

supplementation not only benefits livestock 

performance but also supports environmentally 

sustainable farming practices, securing a 

healthier future for both animals and farmers. 
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