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Abstract 

Background: Neonatal clinical nutrition has advanced rapidly in recent years, especially for vulnerable 

preterm and critically ill infants. 

Methods: This narrative review summarizes recent innovations based on literature from PubMed, 

Scopus, and international guidelines from ESPGHAN, AAP, and WHO. Areas covered include human 

milk fortification, donor milk, specialized formulas, probiotics, micronutrients, and parenteral nutrition. 

Results: Key innovations include individualized human milk fortification, high-tech donor milk 

processing (e.g., UV-C pasteurization), addition of synthetic HMOs to formula, integration of 

probiotics/prebiotics, improved parenteral micronutrient solutions, and AI-guided personalized 

nutrition. 

Conclusion: A proactive, precision-based approach to neonatal nutrition is redefining outcomes by 

supporting early growth, neurodevelopment, and immune function. These advances are transforming 

neonatal care into a more individualized and technologically driven model. 

 
Keywords: Neonatal nutrition, human milk fortifiers, donor milk, probiotics, HMOs, infant formula, 

parenteral nutrition 

 

1. Introduction 

Breast milk remains the cornerstone of neonatal nutrition due to its unmatched 

immunological and nutritional profile. However, for very low birth weight (VLBW) or 

preterm infants, unfortified breast milk often falls short in providing adequate levels of 

protein, calcium, and essential micronutrients required for accelerated growth and 

development. To address this, the use of human milk fortifiers (HMFs) has become standard 

practice in neonatal intensive care. 

Earlier fortifiers were typically derived from bovine milk, which, while effective, could 

cause intolerance or allergic responses in some vulnerable neonates. Recently, donor human 

milk-based fortifiers have emerged as a safer and more biocompatible option. These newer 

formulations are better tolerated and align more closely with the immunological composition 

of human milk. 

A major advancement is the use of targeted or individualized fortification. This technique 

involves analyzing the macronutrient content of expressed breast milk using point-of-care 

milk analyzers and adjusting fortification levels to meet each infant’s precise nutritional 

needs. Such customized strategies have shown to improve growth velocity, protein-energy 

balance, and neurodevelopmental outcomes in preterm infants, while also reducing 

complications such as metabolic bone disease. 

Furthermore, the practice of minimal enteral nutrition (MEN), also known as trophic feeding, 

is now widely adopted. This involves introducing tiny volumes of enteral feeds early on, 

even while infants are receiving parenteral nutrition. Trophic feeding promotes gut 

maturation, enhances digestive enzyme activity, and reduces the risk of feeding intolerance. 

Recent research also explores the use of lactoferrin-enriched milk to strengthen immunity 

and reduce the incidence of neonatal sepsis and gastrointestinal disorders. These advances 

highlight a shift toward precision nutrition, where human milk becomes a customizable 

therapeutic tool tailored to each infant’s needs. 
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 Table 1: Comparative innovation levels across key domains of 

neonatal clinical nutrition, based on literature and expert 

consensus. 
 

Domain Innovation Level (1-10) 

Human Milk Fortifiers 9 

Donor Milk Technologies 8 

Infant Formulas 8 

Probiotics/Prebiotics 7 

Micronutrient Delivery 7 

Parenteral Nutrition 9 

 

2. Advances in Donor Milk Processing and Safety 

Measures 

When a mother’s own milk is unavailable, donor human 

milk (DHM) is widely recognized as the next best option, 

particularly for preterm and low birth weight infants. It 

offers numerous immunological and nutritional advantages 

over formula, but ensuring its microbial safety while 

preserving bioactive compounds remains a critical 

challenge. 

The most widely used method for ensuring safety is Holder 

pasteurization, which involves heating milk at 62.5°C for 30 

minutes. While this effectively neutralizes harmful bacteria 

and viruses, it unfortunately reduces several beneficial 

components in human milk, including immunoglobulins, 

lactoferrin, and enzymes. This has led to a push for 

alternative processing methods that better retain milk's 

natural properties. 

Emerging techniques such as High-Temperature Short-Time 

(HTST) pasteurization and ultraviolet-C (UV-C) irradiation 

are now being explored. These technologies have 

demonstrated improved preservation of bioactivity while 

maintaining adequate microbial safety. Although still under 

study, early results are promising and may soon redefine 

standard practices in milk banks. 

In addition, freeze-drying (lyophilization) is gaining traction 

for its ability to significantly extend shelf life and improve 

the logistics of transporting DHM to remote NICUs. This 

process also retains more nutrients than traditional thermal 

treatments and can simplify storage in low-resource settings. 

Safety verification has also advanced. Modern milk banks 

are adopting PCR-based microbial detection and automated 

culture systems, which enhance testing speed and accuracy. 

These systems are particularly valuable for managing large 

volumes of milk and minimizing delays in availability. 

In India, the Human Milk Banking Association of India 

(HMBANI) has taken the lead in standardizing milk banking 

protocols. Through capacity-building, staff training, and 

implementation of national quality benchmarks, Indian milk 

banks are now better equipped to provide safe and effective 

donor milk to hospitals across the country. 

These technological and procedural innovations are 

enhancing both the efficacy and safety of donor milk, 

helping ensure that even the most vulnerable neonates 

receive nutritionally complete and immunologically active 

human milk substitutes. 

 

3. Evolving Infant Formula Composition: Bridging the 

Gap with Breast Milk 

Infant formula has progressed significantly from its earlier 

forms, evolving into a scientifically engineered nutritional 

alternative designed to approximate the composition and 

functionality of human breast milk. For neonates who 

cannot be breastfed, these advancements offer critical 

support, both nutritionally and therapeutically. 

Modern formulas now include hydrolyzed proteins, which 

are broken down into smaller peptides to enhance 

digestibility and reduce the risk of allergic reactions. These 

are especially beneficial for infants with cow’s milk protein 

allergy or immature digestive systems. Many formulas are 

also fortified with long-chain polyunsaturated fatty acids, 

particularly docosahexaenoic acid (DHA) and arachidonic 

acid (ARA)—nutrients essential for brain and visual 

development during early life. 

One of the most groundbreaking additions is the 

incorporation of Human Milk Oligosaccharides (HMOs). 

These complex sugars play a vital role in shaping the gut 

microbiome, supporting immune function, and preventing 

pathogen adhesion in the gut. Though naturally abundant in 

breast milk, advances in biotechnology have allowed for the 

production of synthetic HMOs that are now added to select 

infant formulas. 

 

A wide range of specialized formulas is also available 

 Lactose-free or low-lactose formulas are used in cases 

of lactose intolerance or diarrhea. 

 Amino acid-based formulas provide complete nutrition 

for infants with severe allergies or malabsorption 

syndromes. 

 Preterm-specific formulas are designed with higher 

calorie content, improved protein quality, and enriched 

levels of calcium and phosphorus to support catch-up 

growth. 

Additionally, many formulas now include prebiotics and 

probiotics—sometimes combined into synbiotic blends—

which help promote a gut microbiota composition similar to 

that of breastfed infants. This can reduce the incidence of 

infections, improve stool patterns, and support immune 

development. 

An emerging trend is the development of organic and plant-

based formulas, aimed at parents seeking clean-label or 

vegan alternatives. These formulas are also helpful for 

infants with multiple food allergies or intolerances. 

Altogether, the evolution of infant formula has shifted 

toward more customized and condition-specific nutrition, 

ensuring that even when breastfeeding isn’t possible, infants 

receive the next best thing in terms of growth, development, 

and immune support. 

 

4. Role of Probiotics and Prebiotics in Neonatal 

Nutrition 

The establishment of a healthy gut microbiota in the early 

days of life is critical for an infant’s immune system, 

digestion, and overall development. For neonates—

especially those born prematurely or with low birth 

weight—this process can be disrupted, increasing their 

susceptibility to infections and gastrointestinal 

complications. This has led to growing interest in 

incorporating probiotics and prebiotics into neonatal 

nutrition strategies. 

Probiotics are live microorganisms that, when administered 

in adequate amounts, confer a health benefit to the host. In 

neonates, especially those in the NICU, specific strains such 

as Lactobacillus rhamnosus, Bifidobacterium breve, and 

Lactobacillus reuteri have shown strong evidence in 

reducing necrotizing enterocolitis (NEC), lowering sepsis 

risk, and improving feeding tolerance. By colonizing the gut 

with beneficial bacteria, probiotics help suppress harmful 

pathogens, modulate inflammation, and support mucosal 

immunity. 
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 Prebiotics, on the other hand, are indigestible fibers that 

selectively stimulate the growth of beneficial bacteria 

already present in the gut. Common prebiotics in neonatal 

nutrition include galacto-oligosaccharides (GOS) and 

fructo-oligosaccharides (FOS). These are now frequently 

added to infant formulas to mimic the prebiotic effect of 

human milk, which naturally contains hundreds of 

oligosaccharide types. 

Combining both—known as synbiotics—can provide 

synergistic benefits. Synbiotic formulas help develop a gut 

microbiome more similar to that of breastfed infants, 

promoting better digestion, immunity, and nutrient 

absorption. 

In India, despite growing awareness, widespread clinical use 

of probiotics in government healthcare settings faces 

challenges like cost constraints, storage limitations, and lack 

of standardized protocols. Nonetheless, many private 

hospitals and advanced NICUs are incorporating probiotics 

into routine care for preterm infants, especially those 

weighing less than 1500 grams. 

Recent research is also exploring strain-specific benefits, 

such as Bifidobacterium infantis’ ability to utilize human 

milk oligosaccharides more efficiently and reduce intestinal 

inflammation. There is increasing potential for personalized 

microbiome modulation in the near future, where specific 

strains are selected based on each neonate’s health status 

and risk profile. 

Altogether, probiotics and prebiotics represent a powerful 

nutritional tool to support intestinal health, immune 

development, and clinical outcomes in vulnerable neonatal 

populations. 

 

5. Advances in Micronutrient Supplementation for 

Neonates 

Micronutrients—though required in small amounts—are 

vital for neonatal growth, development, immunity, and 

overall health. Premature and low birth weight infants are 

particularly prone to deficiencies, given their limited stores 

at birth and higher physiological demands. Recent 

advancements in neonatal care have led to a more strategic, 

individualized approach to micronutrient supplementation. 

Iron is one of the most essential micronutrients for neonates, 

crucial for hemoglobin synthesis, cognitive development, 

and preventing anemia of prematurity. Traditional oral iron 

supplements often led to gastrointestinal discomfort or poor 

absorption. To address this, microencapsulated iron 

formulations have been developed, which enhance 

bioavailability and minimize irritation. Timing is also 

optimized—typically starting at 4-6 weeks postnatal in 

preterm infants. 

Vitamin D plays a key role in bone mineralization, calcium-

phosphorus balance, and immune modulation. Updated 

protocols now recommend higher daily doses, especially for 

exclusively breastfed or preterm infants, to prevent rickets, 

support bone growth, and reduce the risk of respiratory 

infections. Monitoring vitamin D levels has also become 

part of routine NICU care in many tertiary centers. 

Zinc and selenium are increasingly emphasized due to their 

antioxidant and immune-supporting roles. Zinc 

supplementation has been shown to reduce the duration and 

severity of diarrhea and pneumonia, both common causes of 

neonatal morbidity. Selenium, meanwhile, is linked to 

reduced oxidative stress and improved respiratory outcomes 

in ventilated neonates. 

Fat-soluble vitamins like A and E are often supplemented 

parenterally in very low birth weight infants to prevent 

complications such as retinopathy of prematurity (ROP) and 

bronchopulmonary dysplasia (BPD). However, due to their 

narrow therapeutic window, careful dosing and monitoring 

are essential to avoid toxicity. 

One notable development is the introduction of multi-trace 

element parenteral solutions, which combine micronutrients 

like copper, manganese, iodine, and chromium into a single 

infusion—especially beneficial for neonates on prolonged 

intravenous nutrition. 

Moreover, there's a growing emphasis on personalized 

supplementation protocols, guided by clinical parameters, 

growth charts, and laboratory markers. The aim is to move 

from one-size-fits-all regimens to tailored micronutrient 

therapy that supports optimal development and reduces the 

risk of both deficiency and overload. 

Together, these advances have made micronutrient 

management a core pillar of neonatal care, contributing 

significantly to improved outcomes in high-risk infants. 

 

6. Advances in Parenteral Nutrition and Personalized 

Neonatal Feeding 

Parenteral nutrition (PN) is a critical lifeline for neonates—

particularly those born extremely premature or with severe 

gastrointestinal conditions—who cannot tolerate enteral 

feeding. Over the past decade, PN practices have advanced 

significantly, focusing not only on delivering essential 

nutrients but also on reducing complications such as 

cholestasis, infection, and nutrient imbalances. 

One major improvement is the use of fish oil-based lipid 

emulsions, such as SMOFlipid, which combine soybean oil, 

olive oil, medium-chain triglycerides (MCTs), and fish oil. 

These emulsions provide a better balance of omega-3 and 

omega-6 fatty acids, helping reduce inflammation and the 

risk of parenteral nutrition-associated liver disease 

(PNALD), a common complication in neonates on long-

term PN. 

In modern NICUs, automated compounding systems are 

employed to prepare PN solutions with high precision, 

reducing the chances of human error and contamination. 

These systems allow pharmacists to create individualized 

nutrient mixtures based on each infant’s daily fluid and 

electrolyte requirements. Moreover, light-protective tubing 

and storage practices are used to preserve sensitive nutrients 

like vitamins A, C, and riboflavin. 

A key goal in neonatal nutrition is to transition from PN to 

enteral nutrition as early as feasible, reducing reliance on 

intravenous feeding while encouraging gut development. 

Strategies such as early trophic feeding, gradual 

advancement of feed volumes, and the use of human milk 

fortifiers support this transition and reduce complications 

like gut atrophy and sepsis. 

Recent breakthroughs in nutritional genomics and 

metabolomics have opened the door to personalized 

neonatal nutrition. By analyzing genetic profiles and 

metabolic markers, clinicians can predict how an infant 

might respond to certain nutrients, allowing for highly 

individualized feeding plans. This precision approach can be 

especially beneficial in managing neonates with inborn 

errors of metabolism or complex congenital anomalies. 

The incorporation of electronic health records (EHR) and 

decision-support tools in NICUs is further enhancing 

personalized nutrition. These systems track growth, nutrient 

https://www.pediatricsjournal.net/


 

~ 27 ~ 

International Journal of Pediatrics and Neonatology https://www.pediatricsjournal.net 

 
 
 intake, lab values, and clinical status in real time, helping 

clinicians adjust feeding protocols dynamically and 

accurately. 

Additionally, many hospitals now utilize interdisciplinary 

nutrition support teams—including neonatologists, pediatric 

dietitians, pharmacists, and nurses—to optimize nutritional 

care plans. This collaborative model ensures that each 

neonate receives a balanced and safe nutritional regimen 

tailored to their evolving needs. 

Altogether, advances in PN and personalized feeding 

represent a shift from reactive to proactive nutrition 

management, ensuring that even the most fragile infants are 

supported during the critical early stages of development. 

 

7. Conclusion 

The field of neonatal clinical nutrition has evolved into a 

dynamic and highly specialized area of care, driven by 

ongoing research and technological innovations. From 

advanced human milk fortification and safer donor milk 

processing techniques to evolving infant formulas and 

microbiota-targeted strategies, the spectrum of nutritional 

support for neonates is broader and more precise than ever 

before. 

Further progress in micronutrient delivery, parenteral 

nutrition, and personalized feeding interventions has helped 

redefine how nutrition is used not only to sustain life but to 

optimize health, immunity, and neurodevelopmental 

outcomes—particularly in vulnerable populations such as 

preterm or critically ill infants. 

As the integration of precision medicine, data analytics, and 

interdisciplinary care teams continues to deepen, neonatal 

nutrition will likely become even more individualized, 

responsive, and proactive. With the right strategies, tools, 

and expertise, clinicians can ensure that every infant—

regardless of their challenges at birth—receives a nutritional 

foundation for lifelong health and development. 
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