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Introduction 

Unmodified bovine milk is a dietary staple worldwide, but its early introduction before 12 
months of age poses significant health risks, including iron deficiency, intestinal bleeding, 
and renal overload. This article provides evidence-based recommendations for the 
appropriate timing of cow’s milk introduction, emphasizing strategies to prevent nutritional 
deficiencies in infants, particularly in high-anemia regions like India [1]. 

Physiological and Pathophysiological Basis 

0–12 Months: Early Developmental Physiology 

The first year of life is characterized by rapid growth and organ development, necessitating a 
tailored nutritional approach. Key physiological changes during this period include [2]: 

●​ High Growth Rate: Approximately 50% of an infant's height growth occurs during 
the first year, driven by rapid bone and muscle development, which support motor 
milestones and future physical growth. 

●​ Immature Organ Systems: 
○​ Kidneys: Limited solute excretion capacity due to immature nephron 

development. 
○​ Gastrointestinal System: Paracellular permeability and underdeveloped 

epithelial tight junctions result in inefficient nutrient absorption and increased 
pathogen vulnerability. 

○​ Liver and Metabolism: Limited glycogen reserves and immature enzymatic 
systems require external nutritional support. 

○​ Immune System: Relies on immunoglobulins (IgA) and bioactive 
components from breast milk for infection defense. 

●​ Nutritional Needs: 
○​ High Caloric Demand: Necessary to support growth and basal metabolic 

functions. 
○​ Micronutrient Requirements: Limited reserves of iron, calcium, zinc, and 

vitamins require consistent dietary supplementation. 
●​ Implications for Nutrition: 
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○​ Breastmilk: Provides balanced macronutrients, bioavailable micronutrients, 
and immune-supportive components to meet specific physiological needs. 

○​ Formula Feeding: In the absence of breastmilk, formula milk scientifically 
designed to mimic its nutritional composition is essential to support rapid 
growth and organ development. 

 

>12 Months: Critical Nutritional Needs for Continued Development 

As toddlers transition to table food (12–24 months), milk remains essential for growth and 
development. Breast milk or infant formula should continue, alongside solid foods. Key 
aspects of this phase include: 

●​ Organ & Immune MaturityMaturity: 
○​ The GI tract and kidneys can process varied foods. 
○​ Immune system maturity reduces reliance on external immunological factors 

[5]. 
●​ Linear Growth:​

Regular milk intake (~500 ml/day) supports bone elongation and increased height [4]. 
●​ Bone Development:​

This period focuses on growth rather than strength, with dynamic changes [3]: 
○​ 0–6 Months: Formation of a malleable matrix minimizes fracture risk. 
○​ 6–12 Months: Increased mineralization supports elongation and motor 

milestones. 
○​ >12 Months: Enhanced mineralization strengthens bones for toddlerhood’s 

physical demands [3]. 

 

●​ Critical Nutrients:​
Essential nutrients drive optimal physiological development and health [6],Table 1: 
Nutrients critical for toddlers and their dietary sources, aiding caregivers in planning 
meals.: 

○​ Iron: Supports oxygen transport, cognitive function, and immunity. 
○​ Protein: Vital for growth, tissue repair, and enzyme synthesis. 
○​ Vitamin C: Facilitates collagen synthesis, wound healing, and iron 

absorption. 
○​ Zinc: Crucial for DNA synthesis, cellular growth, and immune defense. 
○​ Calcium and Phosphorus: Fortify bones and support energy production. 
○​ Magnesium: Enhances energy production, muscle function, and bone health. 
○​ Vitamin D: Boosts calcium and phosphorus absorption for bone strength and 

immunity. 
○​ Potassium: Maintains fluid balance, muscle activity, and blood pressure. 



 

 

 

 

 

 

Nutrient Role Sources 

Iron 
Oxygen transport, cognitive 
function, immunity 

Lentils, spinach, fortified 
cereals 

Protein 
Growth, tissue repair, enzyme 
synthesis Dairy, legumes, eggs 

Vitamin C 
Collagen synthesis, iron 
absorption, immunity Citrus fruits, bell peppers 

Calcium & 
Phosphorus Bone health, energy production Dairy, ragi 

Vitamin D Calcium absorption, bone strength Fortified milk, sunlight 

Zinc DNA synthesis, immune defense Nuts, seeds, whole grains 

 

These nutrients collectively support healthy growth, resilience, and physiological balance. 

Formula Feeding 

When breast milk is not available, scientifically backed infant formula milk should be 
used, provided it meets the AFASS (Acceptability, Feasibility, Affordability, Safety, and 
Sustainability) criteria in children over 6 months: Once complementary foods are 
introduced, breast milk or commercial infant formula should continue, alongside solid 
foods.  [10]. 

Risks of Early Introduction of Unmodified Cow’s Milk 

Breast milk, complemented by age-appropriate feeding, is the optimal nutrition source for 
infants in the first year of life. Unmodified cow’s milk, however, poses several risks, making 
it unsuitable for infants under 12 months  



Iron Deficiency and Anemia:​
Cow’s milk contains only ~0.5 mg/L of iron and inhibits iron absorption due to its high 
calcium and casein content. Excessive consumption displaces iron-rich foods, leading to 
iron-deficiency anemia. This is particularly concerning in India, where over 67% of children 
under five are anemic (NFHS) [7][8]. Additionally, the bioavailability of iron in cow’s milk is 
significantly lower than in human milk [9]. 

●​ Occult Intestinal Bleeding:​
Early exposure to cow’s milk can cause gastrointestinal blood loss, compounding iron 
depletion and raising the risk of anemia [9]. 

●​ Renal Overload:​
The high solute load in cow’s milk, due to its elevated protein, sodium, and potassium 
levels, can strain immature kidneys, increasing the risk of dehydration and electrolyte 
imbalances [10]. 

●​ Nutrient Deficiencies:​
Cow’s milk lacks essential nutrients such as vitamin E, linoleic acid, and sufficient 
iron, which are crucial for neurological and immune development [11]. 

●​ Calcium and Phosphorus Excess:​
The high calcium and phosphorus content in cow’s milk can hinder the absorption of 
vital minerals like zinc and magnesium, leading to nutritional imbalances[11]. 

Clinical Guidelines and Practical Recommendations 

 

Fig 1: Key milestones for infant nutrition 

●​ Exclusive Breastfeeding: Recommended for the first 6 months, followed by gradual 
complementary feeding, while continuing breastfeeding up to two years or beyond. 

●​ Complementary Feeding (6+ months): Continue breastfeeding while introducing 
fruits, vegetables, nuts, pulses, seeds, and animal-source foods (e.g., eggs, fish, 
meat) due to their superior nutrient density over cereal grains [10]. 

●​ Cow’s Milk Introduction: Delay cow’s milk until after 12 months, ensuring it 
complements, not replaces, breast milk or solid foods. 

●​ Iron Supplementation: Provide supplementation for high-risk infants (e.g., 
preterm, low birth weight) as per national guidelines like Anaemia Mukt Bharat 
[7]. 

●​ Anemia Screening: Pediatricians should screen for anemia at 9–12 months and 
during vaccination visits for early detection and intervention [9]. 



Guidelines for Safe Introduction and Consumption of Cow’s Milk in Infants 

●​ Avoid cow’s milk as a primary drink for infants under 12 months. 
●​ Introduce whole cow’s milk after 12 months alongside a diverse diet including 

iron-rich foods to prevent nutrient displacement [10].  
●​ Limit cow’s milk intake to 500–700 ml/day to maintain dietary diversity and prevent 

nutritional deficiencies [9]. 

Addressing Socioeconomic Barriers in India 

●​ Accessible Complementary Foods: In resource-limited areas, educate families to 
rely on affordable, iron-rich staples such as lentils (dal), jaggery, finger millet (ragi), 
drumstick leaves, beetroot, and spinach. 

●​ Fortified Foods: Promote iron-fortified cereals and products, leveraging initiatives 
like Anaemia Mukt Bharat to improve community nutrition [7]. 

Summary 

Unmodified bovine milk is unsuitable for infants under 12 months due to risks like iron 
deficiency, intestinal bleeding, and renal overload. Exclusive breastfeeding and iron-rich 
complementary foods are essential during the first year. After 12 months, limited cow’s milk 
(500–700 ml/day) can be introduced alongside a diverse diet. In high-anemia regions like 
India, promoting fortified foods and accessible iron-rich staples is vital for improving infant 
nutrition and health outcomes. 

 

Reference List for Unmodified Bovine Milk: Recommendations on Introduction 

 
[1] Wijndaele K, Lakshman R, Landsbaugh JR, Ong KK, Ogilvie D. Determinants of early 
weaning and use of unmodified cow's milk in infants: a systematic review. J Am Diet Assoc. 
2009 Dec;109(12):2017-28. PMID: 19942019. https://doi.org/10.1016/j.jada.2009.09.003 
[2] Patel, J. K., & Rouster, A. S. (2023, August 8). Infant nutrition requirements and options. 
StatPearls - NCBI Bookshelf. https://www.ncbi.nlm.nih.gov/books/NBK560758/ 
[3]  Essential nutrition actions: Improving maternal, newborn, infant and young child health 
and nutrition. https://iris.who.int/bitstream/handle/10665/84409/9789241505550_eng.pdf 
[4] de Lamas C, de Castro MJ, Gil-Campos M, Gil Á, Couce ML, Leis R. Effects of Dairy 
Product Consumption on Height and Bone Mineral Content in Children: A Systematic 
Review of Controlled Trials. Adv Nutr. 2019 May 1;10(suppl_2):S88-S96. PMID: 31089738; 
PMCID: PMC6518138. doi: https://doi.org/10.1093/advances/nmy096 
[5] Biga, L. M., Bronson, S., Dawson, S., Harwell, A., Hopkins, R., Kaufmann, J., LeMaster, 
M., Matern, P., Morrison-Graham, K., Oja, K., Quick, D., Runyeon, J., Oeru, O., & 
OpenStax. (2019, September 26). 6.4 Bone formation and development. Pressbooks. 
https://open.oregonstate.education/aandp/chapter/6-4-bone-formation-and-development 

https://doi.org/10.1016/j.jada.2009.09.003
https://www.ncbi.nlm.nih.gov/books/NBK560758/
https://iris.who.int/bitstream/handle/10665/84409/9789241505550_eng.pdf
https://doi.org/10.1093/advances/nmy096
https://open.oregonstate.education/aandp/chapter/6-4-bone-formation-and-development


[6] Savarino, G., Corsello, A. & Corsello, G. Macronutrient balance and micronutrient 
amounts through growth and development. Ital J Pediatr 47, 109 (2021). 
https://doi.org/10.1186/s13052-021-01061-0 
[7] Ministry of Health and Family Welfare, Government of India. Anaemia Mukt Bharat. 
2024. Available from: https://pib.gov.in/PressReleasePage.aspx?PRID=1795421 
[8] UNICEF. Comprehensive National Nutrition Survey (CNNS) report. 2019. Available 
from: https://www.unicef.org/india/media/2646/file/CNNS-report.pdf 
[9] Baker RD, Greer FR. Diagnosis and Prevention of Iron Deficiency and Iron-Deficiency 
Anemia. PEDIATRICS. 2010;126(5):1040–50. Available from: 
https://pediatrics.aappublications.org/content/126/5/1040 
[10]WHO. Complementary Feeding Guidelines. 2021. Available from: 
https://www.who.int/publications/i/item/9789241565217 
[11] Sicherer SH, Sampson HA. Food allergy: Epidemiology, pathogenesis, diagnosis, and 
treatment. J Allergy Clin Immunol. 2014;133(2):291-307. 
doi:https://doi.org/10.1016/j.jaci.2013.11.020 

 

 
 

https://doi.org/10.1186/s13052-021-01061-0
https://pib.gov.in/PressReleasePage.aspx?PRID=1795421
https://www.unicef.org/india/media/2646/file/CNNS-report.pdf
https://pediatrics.aappublications.org/content/126/5/1040
https://pediatrics.aappublications.org/content/126/5/1040
https://www.who.int/publications/i/item/9789241565217
https://www.who.int/publications/i/item/9789241565217
https://doi.org/10.1016/j.jaci.2013.11.020

	Introduction 
	Physiological and Pathophysiological Basis 
	Formula Feeding 


