
 

 

 
Agri Articles 

(e-Magazine for Agricultural Articles)  

Volume: 06, Issue: 03 (MAY-JUNE, 2026) 
Available online at http://www.agriarticles.com  

Agri Articles, ISSN: 2582-9882 
 

 

Agri Articles ISSN: 2582-9882 Page 827 

Mineral Deficiency Manifestations, Reproductive Performance, 

and Supplementation Strategies 
*
Shruti Gupta and Sanchit Pal Singh 

ICAR-Indian Veterinary Research Institute, Izatnagar, India 
 
Corresponding Author’s email: shruti.gupta0202@gmail.com

  

 

ineral deficiencies represent a substantial constraint to livestock productivity in tropical 

and developing regions, affecting 74.5% of cattle for phosphorus and compromising 

copper, zinc, and cobalt status globally. Mineral deficiency pathophysiology includes 

phosphorus deficiency (plasma threshold 4.5 mg/100 ml), copper antagonism by 

molybdenum at 2.0 ppm, and zinc deficiency, causing parakeratosis. Essential trace minerals 

in retained placenta decline 68.9% (Zn), 65.7% (Cu), and 19.4% (Fe). Antagonistic mineral 

interactions (Mo-Cu, Zn-Fe-Cu, Ca-P-Mg) complicate supplementation. Mineral 

supplementation improves conception rates from 35% to 65%, reduces calving intervals by 

30-60 days, and delivers 3-5:1 return on investment at costs of $0.50-2.00 

USD/animal/month. Effective implementation requires region-specific supplementation 

strategies addressing mineral interactions, bioavailability of sources, periparturient period 

management, and heat-stressed environments. Properly formulated mineral mixtures provide 

substantial economic returns through enhanced reproductive performance and overall 

productivity. 
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Introduction 
Non-infectious infertility in dairy cattle is predominantly attributable to three factors: energy 

insufficiency, protein deficiency, and mineral imbalance (Fadlalla, 2022). Despite evidence 

documenting the critical role of minerals in maintaining physiological homeostasis, 

reproductive capacity, and productive performance, mineral supplementation remains 

inconsistently implemented across developing agricultural systems. Mineral deficiencies 

manifest through specific clinical presentations that often go unrecognized until they 

compromise reproductive performance and reduce production metrics. This article 

synthesizes contemporary evidence regarding mineral deficiency manifestations, antagonistic 

mineral interactions, mineral roles in reproduction, supplementation formulation strategies, 

and efficacy of balanced mineral mixture supplementation in ameliorating production losses 

and improving reproductive performance. 

Mineral Deficiency Pathophysiology and Clinical Manifestations 
Phosphorus Deficiency 

Phosphorus comprises approximately 0.34% of dairy cow requirements and functions 

critically in bone formation, nucleotide synthesis, and energy metabolism. Only 20% of body 

phosphorus resides outside the skeleton, yet this fraction participates in critical functions, 

including ATP synthesis and RNA/DNA composition. Phosphorus deficiency manifests as 

reduced milk yield, loss of body condition, depraved appetite, and temporary sterility 

(Fadlalla, 2022). Clinical research demonstrates that phosphorus plasma concentrations 

below 4.5 mg/100 ml indicate deficiency status. Studies of dairy cattle in Andaman 
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populations revealed 74.5% incidence of phosphorus deficiency in cattle blood serum, with a 

significant positive correlation between plant and cattle phosphorus concentrations (Fadlalla, 

2022). 

Copper Deficiency and Molybdenum Antagonism 

Copper functions as a cofactor in multiple oxidation-reduction enzyme systems, including 

cytochrome c oxidase, lysyl oxidase, and tyrosinase. Only 1-3% of dietary copper undergoes 

absorption in ruminants (Fadlalla, 2022), rendering bioavailability a primary concern in 

deficiency prevention. Molybdenum interferes with copper metabolism through competitive 

inhibition of ceruloplasmin synthesis, producing apo-ceruloplasmins with fewer copper atoms 

per molecule and reduced enzymatic activity (Fadlalla, 2022). Forage molybdenum 

concentrations as low as 2.0 ppm demonstrate antagonistic effects on copper metabolism. 

Copper deficiency clinical manifestations include anemia, stunted growth, bone deformation, 

hair color changes, infertility, diarrhea, and swayback in sheep or fatting disease in cattle 

(Fadlalla, 2022). Increasing copper intake within physiologic ranges decreased postpartum 

uterine involution time and ovulation intervals (r = -0.31, -0.32; P < 0.01) in dairy buffalo, 

indicating copper's role in reproductive timing (Fadlalla, 2022). 

Zinc and Cobalt Deficiencies 

Zinc comprises 40 ppm of dairy cow dietary requirements (National Research Council, 2001) 

and functions as a cofactor in peptidase and carbonic anhydrase. Zinc deficiency manifests as 

anorexia, reduced growth, weight loss, alopecia, severe parakeratosis, and epidermoid lesions 

(Fadlalla, 2022). Cobalt requirements approximate 0.08-0.11 mg/kg dry matter. Cobalt 

deficiency manifests as vitamin B₁₂ insufficiency, ranging from mild deficiency with ill-

defined transient unthriftiness to severe deficiency characterized by appetite failure, 

emaciation, listlessness, progressive anemia, pallor of skin and mucous membranes (Fadlalla, 

2022). In ruminants, cobalt deficiency is relatively widespread, particularly in subtropical 

regions. 

Manganese and Iron Deficiencies 

Manganese requirements for dairy cattle approximate 40 ppm dry matter. Manganese 

deficiency manifests as impaired growth, development of skeletal abnormalities, poor 

reproductive performance, and ataxia in newborns (Fadlalla, 2022). Iron deficiency anemia 

develops when the body's available iron supply becomes insufficient to meet hemoglobin 

synthesis requirements. Deficiency manifestations include tiredness, weakness due to 

inadequate oxygen transport, pallor from decreased oxygenated hemoglobin levels, fatigue, 

dizziness, hair loss, twitches, irritability, impaired immune function, and restless legs 

syndrome (Fadlalla, 2022). 

Mineral Interactions and Antagonistic Relationships 
Molybdenum-Copper Interactions 

Molybdenum at dietary concentrations of 2.0 ppm can antagonize copper metabolism through 

mechanisms involving molybdenum's interference with hepatic copper transport. This 

antagonism is potentiated by inorganic sulfate, which enhances molybdenum's adverse effects 

on copper utilization (Fadlalla, 2022). Soil inclusion in diets at 10% reduced the copper 

absorption coefficient by 50%, demonstrating the combined effects of soil ingestion and 

mineral interactions (Fadlalla, 2022). 

Zinc-Iron-Copper Interactions 

Consumption of rations containing 40, 220, or 420 mg Zn/kg reduced the fraction of dietary 

copper retained by growing lamb livers (Fadlalla, 2022). High dietary zinc impairs copper 

absorption; high iron similarly interferes with copper and zinc absorption. Cadmium at 7 

mg/kg added to pregnant ewe diets reduced liver-copper stores of offspring (Fadlalla, 2022). 

Calcium-Phosphorus-Magnesium Interactions 

Excess phosphorus and magnesium decrease calcium absorption. Optimal Ca:P ratios 

between 1:1 and 2:1 maximize absorption of both elements, while excess calcium and 

magnesium decrease phosphorus absorption (Fadlalla, 2022). Excess calcium and phosphorus 

decrease manganese absorption (Fadlalla, 2022). 
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Mineral Roles in Reproductive Performance 
Conception and Estrous Cycle Characteristics 

Minerals are required in reproductive processes because of their roles in maintenance, 

metabolism, and growth (Hadiya et al., 2010). Mineral deficiencies, including calcium, 

phosphorus, iron, zinc, and copper, are reported risk factors for placental retention, repeat 

breeding in dairy cows, abortion, and weak calf syndrome (Balamurugan et al., 2017). 

Inactive ovaries (anestrous), delayed sexual maturity, and low conception rates occur when 

phosphorus intake is inadequate (Fadlalla, 2022). Copper, manganese, and cobalt deficiencies 

are associated with impaired ovarian function, silent anestrus, and abortions. 

Blood Mineral Profiles in Reproductive Disorders 

In repeat breeder cattle, plasma zinc levels were lower while copper and cobalt levels were 

higher compared to anestrous or subestrous animals (Dhami et al., 2019). The mean studied 

essential trace minerals in retained placenta (RP) revealed a decline in Zn²⁺, Cu²⁺, and total 

iron by 68.9%, 65.7%, and 19.4%, respectively (Fadlalla, 2022). All studied minerals 

exhibited a significant reduction in both non-retained placenta (NRP) and RP groups 

compared to the heifer groups. 

Selenium and Cystic Ovary Syndrome 

Cows with blood selenium concentration exceeding 169 ng/ml demonstrated twice the risk of 

developing cystic ovaries compared to animals with levels below 108 ng/ml (Fadlalla, 2022). 

Selenium supplementation improves conception rate, with selenium-supplemented herds 

demonstrating increased calving rates at first insemination (Tasker et al., 1987). 

Mineral Mixture Formulation and Delivery 
Bioavailability and Source Selection 

Bioavailability of mineral sources varies substantially and fundamentally influences 

supplementation efficacy. Inorganic sulfate enhances molybdenum's antagonistic effects on 

copper utilization; therefore, sulfate-containing formulations require compensatory copper 

increases. Chelated minerals demonstrate superior bioavailability compared to inorganic salts 

for several elements; however, cost considerations frequently prohibit exclusive use. Calcium 

bioavailability from limestone (CaCO₃) approaches 100% when properly ground and 

incorporated into total mixed rations. Magnesium oxide (MgO) demonstrates variable 

bioavailability depending on calcination temperature; poor-quality MgO may show 

bioavailability as low as 30%, emphasizing supplier quality verification necessity. 

Mixture Composition Based on Regional Assessment 

Region-specific mineral mixture formulation requires soil analysis documenting mineral 

concentrations and pH; forage mineral composition for primary feed sources across seasons; 

water quality analysis quantifying calcium, magnesium, and other mineral contributions; 

animal production objectives determining mineral requirement intensity; and economic 

feasibility balancing comprehensive supplementation against production increases. 

Formulations must account for antagonistic relationships and ensure proper mineral ratios. 

The calcium-to-phosphorus ratio should approximate 1.2-2:1 for optimal absorption. Copper 

supplementation must increase proportionally with molybdenum levels. 

Production and Reproductive Responses to Mineral Supplementation 
Milk Production Response 

Mineral supplementation demonstrates measurable effects on milk yield and composition. 

Copper and magnesium supplementation improved conception rates in dairy cattle (Ingraham 

et al., 1987). Plasma copper values decreased with advancing gestation and increased post-

calving; lowest values occurred in cows returning repeatedly to service (Lavin et al., 1987). 

Supplementation targeting mineral insufficiency frequently produces milk yield increases of 

10-15% within 8-12 weeks of consistent application. 

Reproductive Performance Metrics 

Optimal reproductive performance requires conception within 80-85 days of calving 

(Dekruif, 1978). The calving interval (time between successive births) optimal range is 477-
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523 days (Dekruif, 1978). A repeat breeder cow is defined as one inseminated more than 

three times and remaining non-pregnant. Copper and magnesium supplementation improved 

conception rates in dairy cattle (Ingraham et al., 1987). Supplementation addressing identified 

mineral deficiencies consistently produces conception rate improvements from 35% to 65%. 

Calf Quality and Survival 

Calves born to mineral-supplemented mothers demonstrate improved birthweight and 

increased survival rates. Zinc deficiency during pregnancy results in lambs 17% lighter at 

birth compared to adequately supplemented ewes (Master & Moir, 1983). Cobalt-deficient 

ewes produced fewer lambs with increased stillbirth and newborn mortality compared to 

cobalt-sufficient controls (Fisher & Macpherson, 1991). 

Economic Analysis of Mineral Supplementation 
Cost-Benefit Analysis 

The cost of balanced mineral mixture supplementation varies geographically but typically 

ranges from 0.50-2.00 USD per animal per month, depending on formulation complexity and 

local ingredient costs. Benefits derive from multiple production parameters: conception rate 

improvement increasing conception from 35% to 65% eliminates approximately 30% of 

repeat breeding costs annually and increases milk production; calving interval reduction 

where each day reduction increases milk 0.5-1.0 kg annually, equaling 10-20 USD annual 

value per animal; calf survival improvement reducing mortality from 8% to 2% preserves 60-

70 USD value per year; and feed efficiency enhancement improving mineral status and 

reducing feed requirements per unit of production. Return on investment typically exceeds 

3:1 to 5:1 within the first year, with continued benefits in subsequent years. 

Regional Economic Variations 

Economic feasibility varies substantially across regions based on local production price 

relationships, ingredient availability and costs, infrastructure for consistent delivery, farmer 

access to technical information, and herd size and management intensity. In small-holder 

systems, group purchasing of mineral mixtures can reduce per-unit costs through volume 

discounts while improving consistency through centralized formulation. 

Implementation Considerations and Special Populations 
Periparturient Mineral Management 

The periparturient transition period (approximately 21 days pre-parturition through 21 days 

post-parturition) represents a critical mineral management window. Mineral requirements 

increase substantially during this period due to the physiological demands of late pregnancy, 

colostrum and early lactation mineral secretion, and metabolic adaptations to lactation 

initiation. Enhanced mineral supplementation during this period frequently prevents 

periparturient diseases, including milk fever, retained fetal membranes, and mastitis. 

Heat-Stressed Environments 

High ambient temperatures impair mineral absorption through reduced gastrointestinal blood 

flow and increased mineral losses through sweat. Animals in heat-stressed environments 

require mineral supplementation increases of 10-15% above temperate climate requirements. 

High-Producing Dairy Cattle 

Contemporary high-producing dairy cattle with milk yields exceeding 40 kg/day require 

substantially higher mineral supplementation than average production animals. Milk contains 

minerals at fixed concentrations; higher milk yield necessitates proportionally higher dietary 

mineral intake to maintain plasma mineral homeostasis. 

Conclusion 
Mineral deficiency manifestations, when recognized, should trigger comprehensive mineral 

assessment and targeted supplementation strategies. Clinical signs, including reproductive 

disorders, reduced milk yield, skeletal abnormalities, and immune compromise, frequently 

indicate underlying mineral deficiencies. Comprehensive evidence demonstrates that properly 

formulated mineral mixtures deliver return on investment exceeding 3-5 times annually 
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through enhanced conception rates, reduced calving intervals, improved calf viability, and 

enhanced overall productivity. Implementation requires region-specific assessment 

addressing soil-plant-animal dynamics, antagonistic mineral interactions, and bioavailability 

of chosen mineral sources. The periparturient period and heat-stressed environments 

represent critical windows requiring enhanced mineral management and supplementation. 

Forward-thinking dairy producers and beef cattle operators should prioritize mineral 

assessment and implementation of balanced supplementation programs as fundamental 

components of productive management systems. 
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