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Objectives

• Describe unique physiological properties of neonatal 
digestion 

• Discuss nutritional needs of neonates, particularly those 
born preterm

• Discuss constituents and benefits of breast milk for preterm 
neonates

• Outline prominent formulas and benefits/indications for 
their use



Digestion in the Neonate

• Mouth
• Salivary amylase: digestion of starch into maltose 

and polysaccharides
• Lingual lipase: digestion of MCTs and LCTs into free 

fatty acids and glycerides, plays more important 
role early since pancreatic lipase activity low in 
neonatal period

• Often bypassed by feeding tube, can be stimulated 
by oral colostrum swabbing



Digestion in the Neonate

• Stomach
• Proteolysis

• Pepsinogen (cleaved to pepsin by HCl): produced by chief 
cells, inactive in ~first week of life

• Gastric acid: produced by parietal cells, low levels in 
neonate

• Gastrin: produced by pancreas, stimulates gastric acid 
production, low levels in neonate

• Lipolysis
• Gastric lipase: produced by chief cells, more important in 

neonatal period because of low pancreatic lipase
• B12 Absorption: Intrinsic factor secreted by parietal 

cells, present in neonatal period



Digestion in the Neonate

• Pancreas—low enzymatic levels in neonatal 
period

• Protein digestion : regulated by enterokinase in 
intestinal mucosa

• Chymotrypsinogen
• Trypsinogen

• Carbohydrate digestion: pancreatic amylase
• Fat digestion: pancreatic lipase

• Liver
• Bile: Lipid emulsification/digestion, low levels in 

neonatal period



Digestion in the Neonate

• Intestine
• Disaccharidases: breaks down maltose, sucrose, 

and lactose
• Aminopeptidases/dipeptidase: protein digestion
• CCK: Stimulates pancreatic juices and bile, inhibits 

gastrin
• Secretin/Gastric Inhibitory Peptide: slows gastric 

emptying
• Motilin: increases gastric emptying
• Brush border enzymes: lactase notably diminished 

in preterm infants



Premature Infants Nutritional Needs

• Premature infants have greater nutritional needs in the neonatal 
period than at any other time of their lives. 

• In addition, they often have medical conditions that increase their 
metabolic energy requirements.

• Early and adequate nutritional support is needed to achieve 
appropriate rates of weight gain, which are almost twice that of a 
term infant





Early Feeding Benefits

• Better feeding tolerance, permitting more rapid advances in feeding 
volume 

• More rapid maturation of intestinal motility patterns 
• Increased lactase activity 
• Higher serum levels of gastrointestinal hormones, including gastrin, gastric 

inhibitory polypeptide, and enteroglucagon
• Reduced intestinal permeability 
• Decreased risk of late-onset sepsis 
• Lower incidence of conjugated hyperbilirubinemia 
• Greater absorption of Ca and phosphorus, with lower serum alkaline 

phosphatase activity, suggesting less osteopenia of prematurity



Breast Milk Constituents

• Colostrum (~first 2 weeks)
• Protein: about double mature milk
• Carbohydrate and fat: lower than mature milk
• Energy content: lower than mature milk 



Breast Milk Constituents 

• Protein: ~1.8 g/dL at birth; declines to ~0.9g/dL over 2-4 weeks
• 70% whey, 30% casein (compared to ~85% casein in formula)—more easily 

digestible
• Higher levels of cystine (needed to synthesize glutathione) and taurine 

(needed for bile conjugation and brain development) than bovine milk 
• Predominant whey protein: alpha-lactalbumin (vs. beta-lactoglobulin in 

formula, which may contribute to milk protein allergy and colic)
• Improved host defense via increased lactoferrin, lysozyme, and secretory 

immunoglobulin A



Breast Milk Constituents

• Fat
• Higher solubility in human milk because of the complex organization of the fat 

globule and the presence of bile salt-stimulated lipase (BSSL)
• Higher proportion of long-chain vs. medium-chain fatty acids
• Hindmilk is 1.5-3 times higher in fat than foremilk

• Nucleotides 
• Important for normal development, maturation, and repair of the 

gastrointestinal tract, as well as the growth of normal gut flora



Breast Milk Constituents

• Carbohydrates
• Primarily lactose and oligosaccharides, 40% of calories 
• Human milk lactose >90% absorbable 
• Stimulates intestinal lactase activity in preterm infants, which may promote 

better utilization of lactose 
• In contrast, premature formulas have:

• Equal proportions of lactose and glucose polymers
• Lower osmolality than does lactose alone. Unclear whether this decreases mineral 

absorption.





Breast Milk—Protection Against NEC

• Immunoglobulins 
• Eibl et al., Engl J Med. 1988: Infants fed IgG/IgA oral solution when EBM not 

available.  
• Decreased NEC rate (0% vs. 7% in controls)
• Greater fecal excretion of IgA than controls, suggesting the mixture provided local protection 

of the gastrointestinal tract 

• Acetylhydrolase: Antagonizes platelet-activating factor, a major trigger for 
NEC in premature infants. 

• Oligosaccharides 
• Promotes development of less pathogenic fecal flora by lining the intestinal mucosa 

so that pathogens bind with the oligosaccharide rather than with the mucosa, thus 
preventing infection of the host. 

• Oligosaccharide digestion in the colon produces short-chain fatty acids, supporting 
growth of bifidobacteria.



Human Milk Fortifier

• Most commercially available HMFs in the United States also provide 
adequate quantities of calcium, phosphorus, magnesium, sodium, 
zinc, and copper. Vitamin D may be insufficient without 
supplementation.

• One brand of human donor milk-derived HMF (Prolacta) needs 
supplementation with a liquid multivitamin

• Powdered HMF typically add 0.35 to 1 g lipid/100 mL prepared milk, 
and liquid HMF can contribute as much as 2.3 g/100 mL prepared 
milk. 



Human Milk Fortifier

• Lyophilized protein that can be bovine or human 
• Advantages of bovine or human milk protein source controversial
• Assad M et al., J Perinatol. 2016: 

• Retrospective study comparing 23-24wk GA infants 
• Improved feeding tolerance, reduced NEC, reduced time to full feeds for 

infants fed exclusively breast milk with human milk-derived HMF



Donor Milk

• Donor human milk often used to attempt to confer protection from NEC
• Lower protein, electrolytes, trace elements, and immunoactive factors than fresh 

milk 
• Typically donated later in lactation than mother's own milk and Pasteurized

• Donor milk versus preterm formula
• Quigley & Mcguire Cochrane Review 2014: Compared with preterm formula, donor 

human milk is associated with a lower risk of feeding intolerance and NEC 
• Preterm formula found to have higher rate of initial weight gain
• More clear association in studies that used donor milk with a human milk-based 

fortifier.  Less clear benefits with donor milk + bovine fortifier
• Pasteurization of the human milk reduces risk of infection but also 

decreases the activity of many of the functional bioactive factors in milk



Formulas

• Enfamil AR/Similac Advance
• Carbohydrate: Lactose
• Protein: Cow’s milk
• Fat: Long-chain triglycerides

• Neosure/Similac Special Care/Enfacare
• Carbohydrate: Lactose (Neosure contains glucose polymers as well)
• Protein: Cow’s milk
• Fat: Medium and long-chain triglycerides



Formulas

• Isomil/ProSobee: Soy-based
• Carbohydrate: Sucrose/glucose
• Protein: Soy
• Fat source: Long-chain triglycerides

• Alimentum/Nutramigen: Cow’s milk allergy
• Carbohydrate: sucrose/glucose
• Protein: Protein hydrosylate
• Fat source: Long-chain triglycerides



Formulas

• Neocate: Multiple food allergy
• Carbohydrate: Glucose polymers
• Protein: Free amino acids
• Fat: Long-chain fatty acids

• Pregestimil: Fat malabsorption
• Carbohydrate: Glucose polymers
• Protein: Protein hydrosylate
• Fat: Medium and long-chain fatty acids
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