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Introduction [1]: 

The early years of life, from conception to a child’s second birthday, form a critical window 
for growth and development. Nutrition during this period influences physical growth, 
cognitive development, and long-term health outcomes. Among the macronutrients, protein 
plays a vital role in building, maintaining, and repairing tissues, while also supporting 
metabolic and immune functions. Inadequate protein intake during this phase can lead to 
growth faltering, delayed development, and increased susceptibility to infections. Conversely, 
excessive protein intake can strain developing kidneys and alter metabolic programming. 

Early life nutrition, emphasizing balanced protein intake, provides a foundation for optimal 
health, underscoring the importance of breastfeeding, complementary feeding, and 
appropriate dietary diversification. 

Importance of Protein in Early Life [2] 

●​ Growth and Development​
 Protein is essential for building muscles, skin, organs, and other tissues. It supports 
bone growth by interacting with calcium and minerals to form the bone matrix. 
Additionally, proteins are key to producing enzymes and hormones that regulate 
metabolic and physiological processes. While not the primary energy source, protein 
can provide energy when carbohydrate and fat intake is insufficient. 

●​ Immune Function​
 Protein contributes to the production of immunoglobulins and cytokines, crucial for 
immune defense, helping protect infants and young children from infections and 
illnesses. 

●​ Cognitive Development​
 Amino acids from proteins are precursors for neurotransmitters, influencing brain 
function. Protein intake also supports the formation of myelin sheaths, vital for nerve 
signal transmission. 



 

Figure 1: Role of Protein in Early Life 

 

Early Life Nutrition Stages 

●​ Prenatal Nutrition [3]​
 Maternal protein intake during pregnancy is crucial for fetal growth, with low intake 
linked to intrauterine growth restriction (IUGR) and developmental delays by age 3. 
However, excessive protein (above 20% of total energy) may impair fetal growth due 
to amino acid imbalances and toxic byproducts like ammonia and homocysteine [4].​
 Sources: Lean meats, legumes, dairy, and eggs provide high-quality protein. 

●​ Breastfeeding (0–6 Months) [5]​
 Breast milk provides the ideal protein balance for infants, primarily composed of 
whey, making it easily digestible. It supports immune development and supplies 
essential amino acids for rapid growth. Exclusive breastfeeding is recommended for 
the first six months. 

●​ Complementary Feeding (6–12 Months) [6]​
 As breast milk alone may no longer meet an infant’s growing protein needs, 
complementary foods should be introduced, such as sprouted moong dal, chana, tofu, 
peanut paste, eggs, and minced meats. Balance is essential to prevent protein-energy 
malnutrition (PEM) or excessive intake. 

●​ Toddler Nutrition (12–24 Months) [7]​
 Protein requirements decrease with slower growth velocity, from 1.3g/kg/day at 4-12 
months to 1g/kg/day from 1-3 years. Family foods like eggs, fish, beans, and dairy 
should provide sufficient protein, with attention to portion sizes to balance protein 
intake with other nutrients. 



Protein and Cognitive Development [8] 

Protein is crucial for cognitive development, providing amino acids that form 
neurotransmitters like serotonin, dopamine, and acetylcholine, essential for mood, 
memory, and motor skills. Adequate protein intake supports myelin sheath formation 
for efficient brain signaling and enhances neuroplasticity, vital for learning. 

Proper protein nutrition is linked to key cognitive milestones, including language 
acquisition, problem-solving, and attention span. Inadequate intake can lead to 
delayed cognitive development, poor memory, and long-term learning deficits. A 
balanced diet with both animal and plant-based proteins ensures all essential amino 
acids for optimal brain function. 

 

Figure 2: Protein and cognitive Development 

 

Protein Quality and Sources 

High-Quality Proteins 

●​ Complete proteins contain all essential amino acids and are found in animal-based 
foods like milk, eggs, fish, and chicken. 

●​ Plant-based sources, such as quinoa, soy, and chia seeds, also offer complete protein 
profiles. 

Table 1: Protein-Rich Foods for Young Children 



Food group Examples  Protein content (per 1 cup 
cooked unless noted) 

Preparation ideas for 
young children 

Dals & lentils Moong, masoor, toor, chana, urad 
dals 

14–18 g [9] Dal soups, khichdi, 
dal-rice, dalia 

Legumes & 
beans 

Rajma, chole, lobia, moth beans 15–21 g [10,11] Pureed beans, hummus, 
soft curries, cutlets 

Dairy 
products 

Milk, curd, paneer, cheese Milk 8 g; Paneer 7 g per 50 
g [12] 

Paneer cubes, yogurt 
with fruit, cheese 
paratha 

Soy products Tofu, soya chunks, soy milk Tofu ≈10 g per ½-cup; Soya 
chunks 12–13 g per 25 g 
[13] 

Tofu bhurji, soya rice, 
tofu paratha 

Whole grains Quinoa, oats, brown rice, wheat, 
ragi, millets 

Quinoa 8 g; Oats 6 g [14,15] Porridge, upma, dosa, 
multigrain khichdi 

Nuts & nut 
butters 

Almonds, peanuts, cashews, 
walnuts, peanut/almond butter 

Almonds ≈2 g per 10 g; 
Peanut butter 4 g per tbsp 
[16] 

Nut powders in porridge, 
nut butters on toast 

Seeds Chia, flax, pumpkin, hemp Chia 2 g per tbsp; Pumpkin 
3 g per tbsp [17,18] 

Add to porridge, 
smoothies, laddoos 

Vegetables Green peas, spinach, broccoli, 
sweet corn 

Peas 8 g; Broccoli 3 g [19] Purees, soups, mixed 
into dal or khichdi 

Table 1: Protein-rich foods for Young Children 

Complementary Proteins 

●​ Combining plant-based foods (e.g., rice and beans, wheat and lentils) provides a 
complete amino acid profile, ensuring adequate protein intake in vegetarian diets. 

Table 2: Protein Quality Comparison 



 

Aspect Animal proteins Plant proteins 

Source Eggs, milk, fish, chicken [22] Rice + lentils, corn + beans, tofu, quinoa 
[21] 

Amino-acid 
profile 

Supply all nine indispensable 
amino acids in adequate 
amounts [20] 

Often limit in one or more indispensable 
amino acids; combining complementary 
cereals and pulses (e.g., rice + lentils) 
improves the profile [21], [26] 

Digestibility 
(PDCAAS*) 

Scores typically 0.95–1.00; 
eggs, milk, whey and casein 
reach 1.00 [23], [28] 

Most pulses and grains score 0.50–0.85; 
fortification or pairing can raise scores 
[21], [24] 

Health benefits Highly digestible proteins 
support rapid linear growth and 
neuro-cognitive development in 
early life [25] 

Pulses, soy and other plant proteins add 
fibre, polyphenols and key micronutrients, 
lowering cardiometabolic risk when used to 
replace red meat [21], [27] 

Environmental 
impact 

Livestock proteins carry higher 
greenhouse-gas emissions and 
land-use per gram of protein 
[22] 

Pulses, soy and grains have markedly lower 
emissions; even the lowest-impact animal 
protein exceeds most plant sources [22] 

Practical 
examples 

Boiled egg, grilled chicken, 
dairy yoghurt 

Lentil soup with whole-grain bread, tofu 
stir-fried with quinoa 

*PDCAAS = Protein Digestibility-Corrected Amino Acid Score. 

Table 2: Protein Quality Comparison 

Risks of Imbalanced Protein Intake 

Inadequate Protein Intake [29] 

●​ Consequences: Stunted growth, weakened immunity, delayed cognitive development, 
and increased susceptibility to infections. 

●​ Populations at Risk: Children in low-resource settings or with restricted diets. 

Excessive Protein Intake [30] 

●​ Consequences: Excessive protein intake in toddlers and children can lead to 
overweight/obesity, impaired linear growth, renal strain, digestive problems, and nutrient 
imbalances. The risks are particularly pronounced when protein is derived mainly from 
animal sources including diary and when overall dietary diversity is lacking.  



●​ Common Causes: Over-reliance on high-protein diet or excessive dairy consumption 
in India in complementary feeding. 

Practical Recommendations for Parents and Caregivers 

●​ Promote Breastfeeding​
 Encourage exclusive breastfeeding for the first six months and continued 
breastfeeding with complementary feeding for at least two years. If breastfeeding is 
not possible, choose alternatives that support age-appropriate growth. 

●​ Introduce Balanced Complementary Foods​
 Introduce age-appropriate, protein-rich foods during complementary feeding, 
ensuring balance with other macronutrients. 

●​ Educate on Portion Sizes​
 Guide parents on appropriate portion sizes to avoid excessive protein intake. 

●​ Diversify Protein Sources​
 Encourage a mix of animal and plant-based proteins to ensure all essential amino 
acids are provided. 

Long-Term Impacts of Protein Intake in Early Life  

Early infancy is a sensitive period where nutrient exposure can shape metabolic trajectories. 
A trial by Socha et al. showed that excess protein intake in infants leads to persistently 
elevated branched-chain amino acids (BCAAs)—such as isoleucine, leucine, lysine, and 
threonine—stimulating insulin and IGF-1 secretion. This surge accelerates early weight gain, 
promotes fat cell development, and "programs" metabolism for increased fat deposition and 
altered energy balance [31,32]. 

The Early Protein Hypothesis suggests that high protein intake during the first year of life 
results in sustained amino acid elevations, upregulation of IGF-1 and insulin, and increased 
risk of obesity, type 2 diabetes, hypertension, and cardiovascular diseases. Aligning protein 
intake with actual growth needs may help mitigate these long-term health risks. 

Summary 

Protein is a cornerstone of early life nutrition, essential for physical growth, immune 
function, and cognitive development. Balanced protein intake, through breastfeeding, 
appropriate complementary feeding, and dietary diversification, supports optimal health 
outcomes. Pediatricians and caregivers play a vital role in ensuring that infants and young 
children receive adequate but not excessive protein and appropriate protein quality, setting 
the foundation for lifelong health. As research continues to uncover the nuanced impacts of 
protein in early life, personalized strategies will emerge to further enhance child nutrition and 
development. 
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