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ABSTRACT

The nutritional trgjectory during the continuum of preconception, gestation, and lactation plays a foundational role in both maternal
physiological equilibrium and lifelong offspring neurocognitive and somatic development. This literature review synthesizes clinical
and biochemical evidence regarding targeted nutritional supplementation tailored for three key physiological stages: pre-gestational
preparation, pregnancy, and lactation. Focus is directed toward critical bioactive components: Docosahexaenoic Acid (DHA),
Arachidonic Acid (AA), Fructo-oligosaccharides (FOS), Folic Acid, and Essential Minerals (Iron, Calcium, Zinc). Physiological
pathways concerning neural tube defect prevention, retina structural assembly, gut microbiota modulation, and systemic maternal
homeostasis are examined.

Figure 1: Maternal healthcare and nutritional care throughout gestational and postnatal lactation
stages.

o INTRODUCTION & PHYSIOLOGICAL CONTEXT

Maternal metabolic demands undergo profound adaptations from the pre-gestational phase through lactation. During these critical
developmental windows, nutritional intake must meet the maintenance demands of the mother while simultaneously supporting
embryonic cellular division, organogenesis, placental implantation, and milk production.

Epidemiological and clinical evidence demonstrates that maternal nutritional deficits during any of these stages can lead to
permanent structural and metabolic alterations in the fetus, a concept formalised as the Developmental Origins of Health and
Disease (DOHaD). Consequently, targeted nutritional formulations containing essential fatty acids, prebiotic oligosaccharides,
vitamins, and minerals are increasingly integrated into maternal care protocols.
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e THREE-STAGE MATERNAL TARGET CONTINUUM

Specialized nutritional interventions are categorized across three major physiological phases:

Physiological Phase Primary Metabolic Objective Critical Nutrient Drivers

Optimization of tissue nutrient stores and early neural tube

1. Pre-Gestational
re-Gestationa sofety.

Folic Acid, Iron, Zinc, Essentia Fatty Acids

Support of fetal tissue synthesis, brain and retinal

2. Gestational .
development, and expansion of maternal blood volume.

DHA, AA, Folic Acid, Iron, Calcium, FOS

Replenishment of maternal reserves, support of milk quality DHA, AA, Calcium, Zinc, FOS, High-quality

8. Lactation and DHA transfer, and bone and tissue recovery. Protein

a NEURAL STRUCTURAL INTEGRATION & VISUAL ACUITY

DHA constitutes over 30% of the total phospholipid content in the cerebral cortex and up to 50% in retinal photor eceptor
membranes. During the third trimester of pregnancy and early lactation, rapid myelination and synaptogenesis demand substantial
DHA transfer across the placenta and through breast milk. Insufficient maternal intake during pregnancy and lactation directly
impairs visual acuity maturation in neonates.

Figure 2: Maternal and sibling bonding during pregnancy, a period of heightened nutritional demand.

° GUT MICROBIOTA MODULATION: PREBIOTICS (FOS)

Gastrointestinal disturbances, particularly constipation and delayed transit time, affect a vast majority of pregnant and postpartum
women due to elevated progesterone levels and iron supplementation.
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Dietary FOS Input Colonic Fermentation Maternal Health

Non-digestible prebiotic Stimulates Bifidobacteria & SCFA
oligosaccharides production

Relieves constipation & enhances
mineral uptake

Figure 3: Mechanism of Fructo-oligosaccharides (FOS) in modulating gut flora and promoting nutrient absorption.

Mechanism of Action - Fructo-oligosaccharides (FOS): FOS acts as a non-digestible prebiotic substrate that selectively
stimulates the proliferation of beneficial intestinal microflora, specificaly Bifidobacteria and Lactobacilli. The resulting
fermentation yields Short-Chain Fatty Acids (SCFAS) such as acetate, propionate, and butyrate, which lower luminal pH, enhance
intestinal motility, aleviate constipation, and improve nutrient and mineral absorption (e.g., Calcium and Magnesium) in both
mother and child.

i

Figure 4: Breastfeeding support during lactation, a stage of high maternal nutritional demand.

Q CRITICAL MICRONUTRIENT DYNAMICS

5.1 Folic Acid & Neural Tube Defect Prevention 5.2 Hematopoiesis & Iron Homeostasis

Folate serves as a coenzyme in single-carbon transfer reactions
necessary for nucleic acid synthesis and amino acid
metabolism.  Adeguate  periconceptional  folic  acid
supplementation substantially reduces the incidence of neural
tube defects (NTDs), such as spina bifida and anencephaly;
randomized trials report reductions of around 70% or more.
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Expanded maternal plasma volume during pregnancy
increases total iron requirements. lron is essential for
hemoglobin synthesis to maintain fetoplacental oxygen
transport. Deficiency elevates the risk of maternal anemia,
preterm birth, and low birth weight.
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e PREPARATION & HYGIENIC ADMINISTRATION PROTOCOL

Proper reconstitutive hygiene is mandatory to maintain bioactivity and minimize microbial contamination risk in powdered
nutritional formulas.

Standardized Operating Procedure Scientific & Hygienic Rationale
1. Safe Water Use freshly boiled potable water and cool it to the Reduces microbial load while protecting
' temperature stated on the product label. heat-sensitive vitamins and bioactive lipids.
2. Accurate Dosing Use the enclosed level scoop (8.00 g per 200 mL water, Ens_ures corr_ect ca_lorlc density and osmolarity;
or as per label). avoids nutritional imbalance.

Stir thoroughly in a clean serving glass until completely Guarantees uniform dispersion of lipids, prebiotics,

.H izati
3. Homogenization dissolved. and minerals for optimal absorption.

Figure 5: Gestational and early-childhood stages, representing the continuity of maternal nutritional care.

a SYNTHESIS & COMPARATIVE FORMULATION MATRIX

A comparative synthesis of the primary bioactive constituents present in specialized maternal formulations and their corresponding
clinical outcomesis detailed below.

Bioactive . : . : . -
Ingredient Target Population Primary Physiological Function Clinical Outcome
DHA & AA Gestational & Lactating Structqral lipid deposition in brain cells Enhanged cogn!tlve processing and visual
and retina. acuity in offspring.
o Pre-pregnant, Selective proliferation of beneficial Alleviation of maternal constipation;
Prebiotic FOS . . . ) . . .
Gestational & Lactating  intestinal microflora. enhanced nutrient absorption.
. . Pre-pregnant & DNA synthesis, erythrocyte maturation, Prevention of NTDs, maternal anemia, and
Folic Acid & Iron ) . .
Gestational neural tube closure. low birth weight.
Low-Fat Dair igh-quali i i i
w. iry Maternal Continuum ngh qualle prot.em and calcium . Supports matfarnal bqne mass density and
Matrix provider with optimized energy density. lean body weight maintenance.
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© concLUSION & RECOMMENDATION FOR PRACTICE

The literature underscores the importance of continuous nutritional support across the maternal spectrum: pre-pregnancy,
pregnancy, and lactation. Integrated nutritional supplements providing balanced ratios of LCPUFAs (DHA/AA),
prebiotics (FOS), essential vitamins, and minerals are associated with fewer maternal complications and support optimal
infant physical and cognitive development.

Figure 6: Postnatal bonding and early lactation, supported by balanced maternal nutrition.
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