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Abstract 
 

Proteins are essential macronutrients that support the growth, development, and maintenance of tissues in children. Nutrient requirements vary 
with age, weight, and physiological needs, making age-specific dietary planning critical. Adequate protein intake promotes both physical growth 
and cognitive development, while diverse sources such as lean meats, dairy, legumes, and nuts help meet varying nutritional needs and 
encourage lifelong healthy eating habits. This study analyzed a nutritional dataset of 244 baby foods using artificial intelligence (AI) and 
machine learning to assess protein content, categorizing items into three groups based on protein content: low (0.0–5.9 g/day), moderate (6.0–
10.9 g/day), and high (11.0–15.0 g/day). The majority (n = 202) fell into the low-protein range, followed by 22 in the moderate range and 20 in 
the high range. Age-specific protein requirements, expressed in grams per kilogram of body weight (g/kg), were assessed for four age groups: 0–
6 months (1.52 g/kg; 12.6–15.8 g/day; 5.5–6.0 kg), 7–9 months (1.20 g/kg; 9.0–10.2 g/day; 7.5–8.5 kg), 10–12 months (1.00 g/kg; 8.5–9.5 g/day; 
8.5–9.5 kg), and 1–3 years (1.05 g/kg; 12.6–15.8 g/day; 12.0–15.0 kg). Low-protein foods may be insufficient for infants with reduced 
breastmilk or formula intake, while high-protein foods often rich in meat, dairy, or fortified products can help meet upper-range requirements. 
These findings underscore the need for careful alignment of complementary food protein levels with age-specific nutritional guidelines to 
support optimal growth and development in early childhood. 
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INTRODUCTION 

 
Protein is a critical macronutrient for infants and young 
children, serving as a foundational element in the development 
and maintenance of body tissues, immune function, and 
cognitive processes1. Dietary protein requirements are 
dynamic, changing with age, weight, and physiological status. 
For infants transitioning from exclusive milk feeding to 
complementary feeding, ensuring adequate protein intake is 
essential for preventing growth faltering and promoting 
healthy development2,3.Emerging research suggests that plant 
proteins such as those derived from soy, legumes, and other 
seeds- may contribute to improved lipid and glucose 
metabolism via bioactive peptides. In vitro and animal studies 
highlight that certain soy-derived peptides can reduce total 
cholesterol and triglycerides (e.g., by ~5.7% and up to 12.4%, 
respectively), possibly through mechanisms like bile acid 
binding or inhibition of HMG-CoA reductase4,5. Moreover, 
legume-based bioactive peptides (from pulses like beans, peas, 
and lentils) exhibit antioxidant, anti-inflammatory, 
antihypertensive, and hypocholesterolemic functions in vitro, 
which may offer metabolic benefits relevant to metabolic 
syndrome. Yet, human clinical trials remain scarce6. 
Conversely, higher consumption of sulfur amino acids 
common in animal proteins is associated with elevated cardio 
metabolic risk. NHANES III data show that high SAA intake 
is linked to worsened cholesterol, glucose, insulin, and 
inflammation markers7,8.  
 
*Corresponding Author: Clement G. Yedjou, 
Department of Biological Sciences, College of Science and Technology, 
Florida Agricultural and Mechanical University, 1610 S. Martin Luther King 
Blvd, Tallahassee, FL 32307, USA. 

 
High-protein diets particularly those where protein constitutes 
25–32% of total energy, have demonstrated notable benefits in 
individuals with type 2 diabetes, including modest weight loss 
(~2 kg), a reduction in glycated hemoglobin (HbA₁c) by 
roughly 0.5 %, and slight improvements in systolic and 
diastolic blood pressure (–3.1 mmHg and –1.9 mmHg, 
respectively). However, these interventions did not 
significantly alter fasting blood glucose or lipid profiles, 
underscoring that the metabolic benefits may not extend 
uniformly across all markers9. Advancements in artificial 
intelligence (AI) and machine learning (ML) offer new 
opportunities to analyze large-scale nutritional datasets, detect 
patterns, and generate actionable insights in infant nutrition 
research10–12. This study leverages AI and ML techniques to 
assess protein content across a range of commercially available 
baby foods, classify them into practical intake categories, and 
compare these findings against age-specific protein 
requirements. 
 
Approaches 
 
1. Data Sources: The data used for our study were sourced 

from the United States Department of Agriculture.  
2. Dataset: A nutritional dataset comprising 244 commercially 

available baby foods was analyzed. Protein content per 
serving was extracted from the database and standardized 
to daily intake estimates. 

3. Classification: Using AI-driven clustering and supervised 
classification algorithms (k-means and decision tree 
models), foods were grouped into three protein intake 
categories: 

 



 Low protein: 0.0–5.9 g/day 
 Moderate protein: 6.0–10.9 g/day 
 High protein: 11.0–15.0 g/day 

 
The classification thresholds were informed by complementary 
feeding guidelines from the World Health Organization 1. 
 
4. Age-specific protein requirements: Protein needs were 

calculated in grams per kilogram of body weight (g/kg) for 
four age groups based on average body weights (Table 1).  

 
Table 1. summarizes the age range, protein requirement, 

estimated daily protein intake, and average body weight for 
infants and young children 

 

Age Group g/kg 
Requirement 

Estimated Daily 
Protein (g/day) 

Avg. Body 
Weight (kg) 

0–6 months 1.52 12.6–15.8 5.5–6.0 

7–9 months 1.20 9.0–10.2 7.5–8.5 

10–12 months 1.00 8.5–9.5 8.5–9.5 

1–3 years 1.05 12.6–15.8 12.0–15.0 

 
5. Selection and exclusion Criteria: 
  
a. Selection Criteria: We selected 244 out of 245 commercial 

baby foods based on protein content ranging from 0 to 15 
grams and categorized them into three groups (low, 
moderate, and high protein content).  

b. Exclusion Criteria: We eliminated one commercial baby 
food with high protein content, with a value of 25 grams.  

 
RESULTS 
 
Our study revealed that the majority of baby foods contain low 
protein, and a small number of foods contain moderate and 
high protein (Figure 1).  Figure 1 shows the distribution of 
baby foods by protein category (low, moderate, and high 
protein). Of the 244 baby food products, 202 (82.8%) were low 
protein, 22 (9.0%) were moderate protein, and 20 (8.2%) were 
high protein. 
 

 
 

Figure 1. Distribution of baby foods by protein category. All 
values are based on WHO and Food and Nutrition Board 

guidelines 
 

Figure 2 presents recommended protein intakes by age group 
in g/kg, highlighting that complementary food contributions 
must be carefully balanced with ongoing milk feedings to 
avoid both insufficiency and excess. 

 
 

Figure 2. Recommended protein intake by infants and young 
children expressed in g/kg. All values are based on WHO and 

Food and Nutrition Board guidelines 
 

DISCUSSION 
 
Proteins are fundamental macronutrients that serve as the 
primary building blocks for growth and play a vital anabolic 
role in the development and maintenance of muscles and 
tissues. On average, proteins account for approximately 15% 
of the body’s total energy intake. Structurally, they are large 
biomolecules composed of amino acid chains linked by peptide 
bonds and can be classified as dipeptides, oligopeptides, or 
polypeptides based on chain length. In this study, we applied 
artificial intelligence (AI) and machine learning (ML) 
techniques to evaluate protein levels across a range of 
commercial baby foods. Our analysis revealed a 
disproportionate representation of low-protein products within 
the market. These findings are consistent with broader 
concerns regarding nutritional adequacy in infant diets. 
Previous work in our laboratory has demonstrated the 
versatility of AI and ML in healthcare research, including 
breast cancer screening and classification 13,14.as well as 
investigations into the role of fruit and vegetable consumption 
in reducing COVID-19 incidence and mortality15,16. From a 
nutritional standpoint, low-protein baby foods are generally 
suitable for infants who receive sufficient breastmilk or 
formula, as these provide a complete amino acid profile and 
meet baseline protein requirements. However, for infants with 
reduced milk intake due to weaning, limited maternal supply, 
or feeding difficulties these low-protein options may fall short 
of recommended levels. In contrast, high-protein products, 
often derived from meat or fortified with protein, can help 
meet the upper threshold of protein needs but also carry the 
potential risk of exceeding requirements, particularly when 
combined with high volumes of milk consumption. Figure 3 
below emphasizes how protein content in a meal can vary 
depending on both the type and quantity of protein sources. 
Animal proteins (fish, chicken, steak) typically provide more 
protein per serving compared to plant-based sources, though 
plant proteins (legumes, chickpeas) can contribute significantly 
when consumed in adequate amounts. This visual aid helps 
illustrate that dietary protein can be adjusted to meet different 
nutritional needs, from minimal intake to high-protein diets,  

 
Low Protein: Depicted with a small portion of fish 
accompanied by broccoli and a side of cottage cheese. This 
represents meals with relatively smaller amounts of protein-
rich foods, suitable for individuals with low protein 
requirements or dietary restrictions. 
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Figure 3. Protein content in foods ranging from low to high. The 
diagram visually compares meals containing low, moderate, and 

high protein content 
 
Moderate Protein: Illustrated with a grilled chicken breast 
and broccoli, alongside a side of legumes. This portion 
contains a balanced amount of protein, appropriate for 
maintaining general health in most adults. 
 
High Protein: Shown with a large steak, broccoli, and a side 
of chickpeas. This meal represents a protein-dense option, 
often used in high-protein diets for muscle growth, weight 
management, or specific health goals. 
 
Conclusion 
 
By applying AI and ML to a large-scale baby food dataset, this 
study provides actionable insights into the distribution of 
protein content and its alignment with age-specific needs. 
These findings can inform dietary recommendations, public 
health policies, and product innovation to better support 
healthy growth and development in infants and toddlers. The 
practical implication for caregivers and health professionals is 
the need to tailor complementary feeding choices to the 
individual child's age, growth trajectory, and milk intake. AI-
powered nutrient profiling offers a scalable tool to guide both 
product development and parental selection toward meeting 
optimal protein targets in early life. 
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