
Background 
The importance of human milk for both healthy and vulnerable 
infants in order to improve health and developmental outcomes 
in infancy, throughout childhood, and into adulthood has been 
well documented, yet breastfeeding rates remain suboptimal.1 
Parents need to receive evidence-based care, assistance and 
education in order to both make an informed feeding choice and 
effectively initiate and maintain milk supply.2,3 The Spatz 10 step 
model for human milk and breastfeeding has been effectively 
implemented in hospitals both in the United States and globally 
with improved initiation rates and improved human milk rates 
at discharge and beyond.2-6 Unfortunately, the use of human 
milk and breastfeeding has not been universally prioritized and 
there remain persistent health disparities and barriers to achieve 
global breastfeeding recommendations for initiation, exclusivity 
and duration.1 Therefore, many infants are exposed to infant 
formula early in life. This is particularly concerning given the 
amount of research that exists on the benefits of human milk for 
vulnerable infants. See Table 1. 

Without enough mother’s own milk, it is important to prioritize 
the use of Pasteurized Donor Human Milk (PDHM) as a bridge. 
In both the United States and worldwide more milk banks are 
being established. There has been an increase in both non-profit 
and for-profit milk banks. Despite the 2017 American Academy 
of Pediatrics (AAP) position statement focusing on the quality 
and safety of Pasteurized Donor Human Milk (PDHM) and more 
hospitals using PDHM, there remain persistent disparities in the 
use of PDHM.7,8 

Types of Donor Milk 
In addition to the increased interest and use in PDHM, there are 
several for profit companies that have opened and are aggres
sively marketing and selling retort sterilized milk. Unlike 
pasteurization, the purpose of retort processing is sterilization 
which destroys many protective human milk compounds. In 
contrast, the purpose of pasteurization is to kill harmful or
ganisms. There are two types of pasteurization, vat and Holder. 
This article aims to help readers understand that not all “donor 
milk” is equal. The different ways in which milk is processed is 
not well understood by most clinicians, nor do they understand 
the impact of the different methods on the bioactive components 
of human milk. Table 2 details the various methods of processing.

Nurses in particular have voiced concerns regarding 
changes in practice when their hospital changed from 
PDHM to commercially sterile milk.9 In particular, nurses 
verbalized anger and frustration because they were not 
involved in the decision-making processes.9 Furthermore, 
most nurses believed the change was made to save money 
and this was viewed negatively.9 Nurses also voiced 
confidence in the use of PDHM but were uncertain about 
commercially sterile milk.9 Nurses strongly wanted evidence 
to support a practice change from the use of PDHM to 
commercially sterile milk but felt they had to go along with 
the change because there were barriers to obtaining the 
necessary evidence.9

Fortifiers for Human Milk 	
In addition to the expansion of PDHM, there has also been an 
increase in the use of human milk-based fortifiers for preterm 
or other critically ill infants. Human milk-based fortifiers are 
used primarily to improve growth. Traditional fortifiers are 
made from bovine products. Prolacta Bioscience is the single 
manufacturer of human milk-based fortifiers which have been 
in use in the United States since 2006. These human milk-
based fortifiers are processed using the vat pasteurization 
process, therefore many of the bioactive components of 
human milk are maintained and exposure to bovine products 
is prevented.

Research reports that extremely premature infants who 
receive diets devoid of bovine products have lower rates of 
morbidity and mortality.10 Additionally, Hair & colleagues 
report improved growth for infants under 1250 grams for 
those who received an exclusive human milk diet (with human 
milk fortifiers) compared to a prior cohort of infants.11 

Milk Processing & Bioactive Components of 
Human Milk 
Human milk is a highly complex biological system with 
variable composition that is influenced by many factors. 
Vat pasteurization and retort sterilization methods have 
varying effects on bioactive human milk compounds. Overall, 
vat pasteurization of donor milk and human-milk based 
fortifiers results in the protection of many such bioactive 
compounds. For example, immunoglobulins provide passive 
immunity by way of human milk to the preterm infant who 
has an underdeveloped immune system. Secretory IgA 
helps to establish the intestinal microbiome,12-14 with robust 
antimicrobial,15 and anti-inflammatory components.14 
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Human milk oligosaccharides (HMOs) are a critical bioactive 
component in human milk, as they greatly contribute to the 
microbial establishment of commensal bacteria. They often 
act as a decoy for pathogens,14 which inhibits their ability to 
adhere to the gastrointestinal wall.15 When compared with retort 
sterilization, vat pasteurization results in higher levels of HMOs. 
This is highly relevant to preterm infant health, as the milk 
microbiome is depleted with any other processing method which 
uses heat. The conservation of HMOs provides vulnerable infants 
with a robust and diverse gastrointestinal microbiome. HMOs are 
significantly higher in concentration following vat pasteurization 
versus retort sterilization.18 Table 3 details the various bioactive 
components of milk and their biological functions. 

Donor milk processing is highly relevant to clinical practice, 
as varying levels of bioactive compounds may contribute to 
disparate clinical outcomes. For example, infants who receive 
human milk with higher levels of HMOs have lower risks of 
gastroenteritis, diarrhea, and respiratory tract infections.20 
Additionally, preterm infants who receive exclusive human milk 
feedings, including fortification, have improved growth rates11 
and a lower risk for necrotizing enterocolitis.21 In addition, an 
exclusive human milk diet also protects against mortality and 
other morbidities such as sepsis and retinopathy of prematurity.22 
Donor human milk is not uniform, as compositional variability 
has clinical implications. 

A major limitation of the evidence presented is that the Meredith-
Davis (2018) research is only based on 9 milk samples.18 There is 
tremendous need for research with larger sample sizes that are 
collected in a standardized format to account for the complex 
intrinsic milk matrix variability.

IgM, also found in human milk, prevents the activation of 
the complement system.16 IgG is transferred to the infant 
circulation via human milk and acts directly on the bacteria 
found within the intestine. This immunoglobulin establishes 
bacterial colonization12 by way of opsonization, which 
prevents acute inflammatory responses.14 All immunoglobulins 
are vulnerable to decreased activity secondary to heat; 
however, different processing techniques result in varying 
immunoglobulin concentration. Vat pasteurization results in 
higher immunoglobulin amount and activity when compared 
with retort sterilization. Specifically, retort sterilization has a 
significantly negative impact on sIgA, resulting in 90% less sIgA 
and significantly decreased bioactivity.17 IgM is also impacted by 
heat, with levels higher in vat pasteurized milk when compared 
with retort sterilization. Similarly, milk IgG is higher after vat 
pasteurization when compared with retort sterilization.18 

Lysozyme is an antimicrobial enzyme that degrades bacteria and 
eliminates stimuli that lead to acute inflammatory responses.14 
Lysozyme works together with lactoferrin to reduce and 
eliminate pathogenic microbes. To do this, lactoferrin binds 
with iron, thereby eliminating it from the circulation for 
bacterial use.12 Lactoferrin also prevents biofilm formation in 
the gastrointestinal tract and induces macrophage activity.12 
Lysosomal activity is absent following retort sterilization. Vat 
pasteurization results in higher milk levels of both lysozyme17 
and lactoferrin.18 

Additional bioactive protein concentration and activity 
levels are also greatly impacted by different processing 
methods. Alpha-lactalbumin binds and assists with 
antibiotic uptake, thereby inhibiting bacterial reproduction18 
during times of gastrointestinal inflammation and potential 
pathology. Alpha-antitrypsin also prevents bacterial-induced 
pathology by limiting the ability of pathogens to enter the 
body,14 as well as limiting local inflammation. Osteopontin, 
is a highly bioactive milk compound that promotes optimal 
immune and gastrointestinal environments. Significant to 
preterm infants, osteopontin supports brain development.19 
Working together with these proteins, casein, which 
represents more than half of milk protein content, 
contributes to the overall antimicrobial activity of human 
milk.18 Human milk levels of alpha-lactalbumin, alpha-
antitrypsin, osteopontin, and casein, are all higher when 
vat pasteurization is used, when compared with the retort 
sterilization method.

Table 3. Bioactive Compounds Between Pasteurization Methods

Bioactive Component Function
IgA Protects mucous membranes
IgM Complement activation 

Agglutination
IgG Key role in humoral response and phagocyte 

opsonization
Lysozyme Degrades bacterial proteoglycan matrix 

membrane
Lactoferrin Antimicrobial

Antioxidant
Anti-inflammatory

Alpha-antitrypsin Protection against inflammatory cell enzymes
Osteopontin Intestinal maturation

Brain myelination 
Neurodevelopment

Casein Most abundant milk protein
Nutritive function 
Provides essential minerals and amino acids

Note: Vat pasteurization yields higher levels of all bioactive compounds listed above 
when compared with Retort sterilization.

Table 2. Pasteurized Donor Human Milk Methods 

Processing Type Method Organization/Country 
Vat pasteurization 66°C

30 minutes
Prolacta Bioscience

Retort sterilization 121°C
5 minutes

MedoLac
NiQ

Holder pasteurization 62.5°C
30 minutes

HMBANA Milk Banks
EMBA Milk Banks

UV-C Irradiation United Kingdom
HMBANA = Human Milk Banking Association of North America
EMBA = European Milk Banking Association 
UV = Ultraviolet

Table 1. Benefits of Human Milk for Hospitalized Infants*

Decrease in mortality and morbidity
Reduction in incidence and severity of Necrotizing Enterocolitis
Decrease incidence of sepsis
Improved feeding tolerance, enhanced advancement of feeds, less days 
of total parental nutrition 
Reduction in bronchopulmonary dysplasia
Reduction in retinopathy of prematurity
Improved brain development and developmental outcomes 
Decrease in hospital costs

*Table developed from position statements from the National Association of Neonatal 
Nurses and the Society for Pediatric Nurses 
National Association of Neonatal Nurses. The use of human milk and breastfeeding in 
the neonatal intensive care unit: NANN position statement #3052. Adv Neonatal Care. 
2012;12(1):56-60. doi:10.1097/ANC.0b013e31823b5362

Spatz DL. SPN position statement: The role of pediatric nurses in the promotion 
and protection of human milk and breastfeeding. J Pediatr Nurs. 2017;37:136-139. 
doi:10.1016/j.pedn.2017.08.031
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Conclusions 
Clinicians need to understand the impact of various milk 
processing techniques on the quality and bioactive components 
of donor milk. Overall, there is limited literature on how/if milk 
compositional variability contributes to disparate neonatal 
outcomes. Additional studies are needed that specifically 
examine whether milk processing methods influence neonatal 
clinical outcomes. Current clinical evidence for improved 
neonatal outcomes is based on products using vat and/or Holder 
pasteurization. Because of the abundant differences noted in 
milk composition, it is unclear whether products undergoing 
retort sterilization can be expected to result in any similar 
outcomes. 

If an institution is considering implementing a donor human 
milk program or changing the type of donor milk they use, it is 
critical for all members of the interdisciplinary team (physicians, 
nurses, dietitians, etc.) to understand that not all donor milk is 
equal. We would recommend that hospital staff read the research 
and understand the impact of processing methods on the milk 
and share the research with all members of the team so that 
informed decisions are being made. We also firmly believe that 
hospital administrators should not be making decisions about 
what type of “donor milk” they purchase based on cost of the 
product alone. 
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