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Figure 1 o The early-childhood window: exploration, growth and development.

e Introduction & Background

The transitional phase between toddlerhood and early childhood (ages 3 to 5 years) represents a critical developmental window
characterized by rapid cognitive evolution, metabolic maturation, and immune system calibration. During this period, adequate macro-
and micronutrient intake is essential to support neurodevelopment, physical growth, and protection against infectious pathologies.
Young Child Formulas (YCFs), commercially designated as Follow-Up Formulas (Stage 4), are formulated to bridge nutritional deficits
that may arise when family diets are inadequate or nutritionally unbalanced. However, the global administration of YCFs remains
subject to rigorous scientific scrutiny regarding their functional necessity, composition, safety profile, and compliance with national and
international codes governing infant and young child feeding (IYCF). This review synthesizes empirical evidence, microbiological safety
protocols, functional bio-active additives, and regulatory mandates associated with Stage 4 formula products, drawing from empirical
laboratory profiles and clinical literature.
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Young Child Formula « Stage 4

REGULATORY FRAMEWORK

e Legislative & Regulatory Compliance Framework

The governance of infant and young child formula relies on multi-tiered regulatory mechanisms to ensure product safety, public health

protection, and ethical marketing practices:

INTERNATIONAL
Codex Alimentarius

Guidelines established under BDS CAC
156 specify minimum and maximum
limits for caloric density, essential fatty
acids, vitamins, and minerals in
follow-up formula, prohibiting
non-essential synthetic additives.

Statutory Protections

In local markets, products are registered
under national bodies such as the
Institute of Public Health Nutrition
(IPHN) and national standard testing
institutes (e.g., BSTI). Strict statutory
warnings are mandated on packaging to
emphasize that breast milk alternatives
are not superior to maternal milk.

CORE MANDATE ON PRODUCT LABELING & PUBLIC HEALTH WARNING

GLOBAL HEALTH

WHO Code & Warnings

Compliance requires prominent display
of public health mandates, including
explicit disclaimers about the protective
role of maternal milk, as highlighted in
the statement below.

Substitutes for breast milk must explicitly acknowledge that maternal milk remains the optimal source of infant and child

nutrition. Products targeting children 3-5 years must mandate safe reconstitution protocols to eliminate opportunistic

contamination and prevent undernutrition or hypernatremic dehydration resulting from improper dilution.

Figure 2 e Safe, nourishing early-childhood diets.
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Breast milk is the best
food for a child's
health and
development.

Anti-infective factors in
maternal milk protect against
diarrhea and respiratory
infections.

MANDATORY WHO CODE DISCLAIMER
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Young Child Formula « Stage 4 NUTRITIONAL PROFILE

e Nutritional Profile & Bioactive Compounds

Stage 4 formulations are engineered to supplement key physiological systems, particularly gut immunity, neurodevelopment, and
metabolic homeostasis. The analytical composition comprises a complex matrix of proteins, lipids, carbohydrates, and bioactive factors.

3.1 Macro- and Micronutrient Matrix

The base structural matrix relies on skimmed milk powder and demineralized whey powder, yielding a balanced whey-to-casein ratio
suitable for early digestive physiology. Lipid profiles are provided through vegetable oil blends (sunflower, rapeseed, soy, palm),
ensuring essential fatty acids such as linoleic and alpha-linolenic acids.

Nutritional Component Functional Class / Ingredients Physiological Target & Clinical Importance

Skim milk, Demineralized whey

Proteins & Dairy Base
powder

Somatic growth, muscle mass maintenance, and tissue repair.

Modulation of gut microbiota, inhibition of pathogen binding,

Bioactive Oligosaccharides HMO (2'-FL), FOS, GOS . .
immune priming.

DHA, ARA (from microbial/algal

Polyunsaturated Lipids Synaptogenesis, retinal development, cognitive performance.

sources)
. . C titi lusion of enteric path , reduction i
Probiotic Culture Lactobacillus reuteri (DSM 17938) . ompfe : |ve' exc u.5|on O CIUEIE [P, SR HEmem [t
infantile colicky distress.
. . . Prevent iron deficiency anemia, support skeletal
Essential Minerals Fe (Ferric Pyrophosphate), Ca, Zn, Se vent! iclency '8, supp

mineralization & enzymatic repair.

3.2 HMO & Prebiotic Synergism

Recent advances in YCF development incorporate synthetic
2'-Fucosyllactose (2'-FL) HMO alongside
Galactooligosaccharides (GOS) and Fructo-oligosaccharides
(FOS). Research demonstrates that 2'-FL acts as a decoy
receptor, preventing opportunistic viral and bacterial
pathogens from adhering to mucosal epithelial cells in the
upper respiratory and gastrointestinal tracts.

3.3 Probiotic Integration: L. reuteri DSM 17938

The addition of live probiotic strains, specifically
Lactobacillus reuteri DSM 17938, plays a vital role in
stabilizing the gut-brain-immune axis. Clinical trials show
that daily administration reduces gastrointestinal infection
rates, promotes mucosal barrier integrity, and modulates
inflammatory cytokine expression in young children.

Figure 3 o Growing together: gut & immune health.

KEY BIOACTIVES AT A GLANCE

GOS / FOS DHA e ARA L. reuteri DSM 17938 Fee CaeZn e Se
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Young Child Formula « Stage 4 SAFETY, EVALUATION & REFERENCES

° Microbiological Safety & Preparation Hygiene

Powdered formula products are non-sterile matrices. Consequently, strict hygiene standards during manufacturing and household
preparation are critical to prevent contamination by pathogenic microorganisms such as Cronobacter sakazakii and Salmonella
enterica.

STANDARDIZED PREPARATION PROTOCOL & SAFETY PARAMETERS

a Sterilization Thermal Management
Boil all feeding utensils and preparation vessels for a Water must be thoroughly boiled and allowed to cool
minimum of 5 minutes prior to use. to approximately 40-50°C before mixing to prevent

thermal inactivation of heat-sensitive probiotics (L.
reuteri) and functional HMOs.

e Dosing Precision e Storage & Shelf Life
Standardized measuring scoops (e.g., 8 g per scoop into Once opened, tins must be consumed within 3 weeks

240 mL water) must be maintained. Over- or and stored in a cool, dry environment away from direct
under-dilution risks hypernatremia or protein-energy sunlight. Unconsumed liquid reconstituted formula
malnutrition. must be discarded after 1 hour.

e Critical Evaluation & Public Health Synthesis

From a public health and clinical standpoint, Young Child Formulas (Stage 4) serve as a targeted dietary supplement rather than a
complete substitute for a balanced family diet. Key conclusions derived from this synthesis include:

Nutritional Adequacy

YCFs effectively address micronutrient gaps (specifically
Iron, Zinc, Vitamin D, and Essential Fatty Acids) in children
exhibiting fussy eating behaviors or inadequate dietary
diversity.

The inclusion of HMO (2'-FL), GOS/FOS, and Lactobacillus
reuteri provides measurable immunomodulatory benefits,
decreasing the severity of acute gastrointestinal infections.

Regulatory Adherence

Strict compliance with BSTI/BDS CAC 156 standards and
IPHN registration is essential to maintain product quality
and prevent deceptive commercial claims that undermine
breastfeeding promotion.
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Figure 4 o Family, care and nurturing.

A targeted supplement — not a complete
substitute for a balanced family diet.

World Health Organization. (2017). Guidance on Ending the Inappropriate Promotion of Foods for Infants and Young Children. WHO Press.

[3] Institute of Public Health Nutrition (IPHN). (2020). National Guidelines for Infant and Young Child Feeding (IYCF). Directorate General of Health
Services.

[4] Szajewska, H., et al. (2018). Systematic review with meta-analysis: Lactobacillus reuteri DSM 17938 for pediatric gastrointestinal disorders. Journal
of Pediatric Gastroenterology and Nutrition, 66(1), 3-9.

Doctoral Promotion Literature Review | Young Child Formula (Stage 4) Page 4 of 4



