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Human milk exerts strong trophic effects on the infant
gut and thereby enables full enteral feedings
reached earlier than without human milk
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Key insights

Human milk has a protective effect for premature infants who
are at risk of necrotizing enterocolitis and sepsis, two medical
conditions associated with high rates of mortality. Milk banks
collect, screen, store, process, and distribute human milk when
needed. The strict quality control procedures followed by milk
banks ensure the safety of donor milk while retaining many of
the beneficial effects of raw human milk.

Current knowledge

There are many circumstances where milk from the infant’s
own mother is not available or sufficient. Milk banks function
as repositories of donated milk. The most common practice is
to pool milk from multiple donors, in order to ensure an even
distribution of nutrients such as protein and fat. Donated milk
is often pasteurized using the Holder process and frozen for up
to 1 year. This method of pasteurization offers a good compro-
mise between microbiological safety and biological quality.
The typical milk donor is of average childbearing age, with a
milk supply large enough to allow milk donation while meeting
her own infant’s needs. Donors are screened for general health,
including for recreational drug use and infectious diseases such
as viruses and syphilis.

Practical implications

Premature infants represent the largest group of recipients of
donor milk. Due to their high risk of infection and necrotizing
enterocolitis, premature infants also derive the greatest ben-
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Key Messages

® Donor milk from human milk banks is essential for
premature and sick infants.

® Milk banks strictly follow guidelines for the storage,
processing, and handling of human milk to ensure the
safety of donor milk.

® Pasteurized donor milk retains many of the beneficial
health effects of raw human milk.
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Abstract

Human milk banks play an essential role by providing human
milk to infants who would otherwise not be able to receive
human milk. The largest group of recipients are premature
infants who derive very substantial benefits from it. Human
milk protects premature infants from necrotizing enteroco-
litis and from sepsis, two devastating medical conditions.
Milk banks collect, screen, store, process, and distribute hu-
man milk. Donating women usually nurse their own infants
and have a milk supply that exceeds their own infants’ needs.
Donor women are carefully selected and are screened for

HIV-1, HIV-2, human T-cell leukemia virus 1 and 2, hepatitis
B, hepatitis C, and syphilis. In the milk bank, handling, stor-
ing, processing, pooling, and bacterial screening follow
standardized algorithms. Heat treatment of human milk di-
minishes anti-infective properties, cellular components,
growth factors, and nutrients. However, the beneficial ef-
fects of donor milk remain significant and donor milk is still
highly preferable in comparison to formula.

© 2017 S. Karger AG, Basel

Introduction

It is probably not widely appreciated that human milk
banking is an absolute necessity if all infants are to enjoy
the benefits of human milk. This is so because a substan-
tial number of infants, especially premature infants, are
unable to receive adequate amounts of their mothers’
milk for a variety of reasons. Were it not for milk banks,
these infants could not be fed human milk and would suf-
fer the consequences. Premature infants derive very im-
portant protections from human milk.

Unfortunately, there are circumstances where milk
from the infant’s own mother is not available. Milk do-
nated by other women (donor milk) must then fill the
gap. Premature infants constitute the largest and most
important group of infants where milk from other wom-
en is needed because their own mothers’ milk is not avail-
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able or is not available in sufficient quantity. Human milk
banks collect, screen, pasteurize, and distribute donated
breast milk to hospitals or outpatient recipients [1]. Usu-
ally the collection, storage, and processing in a human
milk bank follows established guidelines. Milk banks are
by far the most important providers of donor milk, the
fact not withstanding that other venues of milk donation
are also used.

History

The first human milk bank was founded in 1909 in
Vienna, Austria. Wet nursing was widely practiced in Eu-
rope during the 19th century in order to provide human
milk for infants whose mothers were unable to provide
milk for their infants. However, wet nurses were not al-
ways available or, when available, pursued unhealthy life-
styles or carried infections that could be transmitted
through milk. An alternative to wet nursing was found in
human milk banking.

Shortly after Vienna, the first milk bank opened in the
United States in the Boston Floating Hospital and many
others followed all over the world. In the 1960s, efforts in
human milk banking faded due to advances in neonatal
medical care and infant nutrition, mainly the develop-
ment of high-quality infant formulas. In the 1980s, the
new infectious disease, HIV, arrived. As it is transmissible
through breast milk, this led to the closing of many milk
banks. Once disease transmission via human milk was
recognized as a health hazard, serological testing of the
mother became necessary. The added financial burden
drove some milk banks out of business. Appropriate
screening of donating mothers as well as adherence to
standards of procedure have reversed that trend since the
early 2000s.

Milk banking activity varies greatly between different
parts of the world due to a variety of reasons: sometimes
the reasons have to do with economics and funding, and
sometimes they are linked to religious and cultural fac-
tors. Globally, there is an increase of interest in milk
banking all over the world. Currently there is a move to
open many milk banks in India and other Asian countries
such as Vietnam, China, and Japan. The increase of inter-
est goes along with the recommendations of large pediat-
ric societies, such as ABM, ESPHGAN, and AAP, to pro-
mote human milk feeding in premature infants [2-4]. All
guidelines say that the mother’s own milk is the first
choice for an infant. However, if the mother’s own milk
is not available, donor milk is the recommended alterna-
tive. A further important recommendation is that donor
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Table 1. Established and planned milk banks per continent

Countries with milk ~ Number of milk Number of milk
banks banks established banks planned
Europe
25 countries 206 14
Asia
India 22 Many
China 12 ?
Kuwait 1 -
Philippines 6 4
Malaysia 1
Singapore = 1
Vietnam - 1 (about to open)
Taiwan 1
Thailand 1
Iran 1
Australia
Australia 4 1
New Zealand 1
Africa?
Others 3 ?
Cape Verde 1
South Africa approx. 60
Cameroon 6 ?
USA and Canada 26 ?
South America
9 countries 258 ?

Central America including Caribbean islands
Mexico 17 4
Others 28 ?

Data provided by the European Milk Bank Association
(EMBA). ® Banks are planned for Kenya and Nigeria.

human milk should be provided by an established human
milk bank that follows standard safety guidelines.

Table 1 gives an overview about the established and
planned milk banks all over the world.

Why Is Human Milk Being Banked?

The main function of milk banks is to serve as reposi-
tories of donated milk so it is available when needed. Milk
banks receive milk from donors, process it, and store it
until used. Most commonly milk from multiple donors is
pooled, although some banks pool milk only of individu-
al donors (single-donor banks). Usually, milk provided
by milk banks has undergone pasteurization. Once pas-
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Table 2. Effect of container type on milk constituents (adapted from Lawrence and Lawrence [18])

Constituent Pyrex Polypropylene Polyethylene bags Polyethylene
(rigid)

Cells stick to glass ~ maintain phagocytosis

Fat-soluble vitamins no effect no effect - -

Micronutrients no effect no effect - -

Secretory IgA - - lower stable

Difficult to handle - - very easy spill

Recommended for milk highly no no yes

teurized, milk is placed in small (100-150 mL) containers
and is stored frozen for up to 1 year depending on local
guidelines. In the US, milk banks charge a processing fee
to cover the costs of collecting and handling of the milk.
The type of container affects the stability of the constitu-
ents of human milk, while colostrum was reported to re-
main stable when refrigerated for 24 h in any container
(Table 2) [5].

Who Are the Milk Donors?

Most milk is donated by women, who have nursed
their own infant for some time and realize that their milk
supply is large enough to allow them to donate milk while
still satisfying their own infant’s needs. A study from
France [6] showed that the typical donating mother was
of average childbearing age with strong support at home.
Almost half did not work outside of the home, and a large
number were from the health and social services fields.
Reasons for donation were largely altruistic, and a gen-
eral optimistic attitude prevailed within the mothers.

To be eligible as milk donors, women must not be us-
ing recreational or other drugs, and their physician as well
as the infant’s physician must agree that milk donation is
in order. The milk bank will obtain a health history and
obtain blood for testing. Usually, the donating mother is
screened for HIV-1, HIV-2, human T-cell leukemia virus
1 and 2, hepatitis B, hepatitis C, and syphilis [7]. If all re-
quirements are met, the donor is provided a supply of
milk containers and receives instruction as to the appro-
priate means of milk expression. The donor obtains milk
by mechanical pump or manual expression and stores it
in the freezer compartment of their home refrigerator be-
fore delivery to the milk bank. The milk is transported to
the milk bank either by the mother herself or by a trans-
port service provided by the milk bank. It is important
that the cooling chain is never interrupted; therefore, spe-
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cial cooling bags or cooling boxes have to be used during
transportation from home to the milk bank.

Milk donation is an act of unselfishness. In most coun-
tries donors receive no compensation, but in some coun-
tries donors receive modest monetary compensation for
actual costs incurred. It represents mostly a token of ap-
preciation.

How Is Milk Handled by the Bank?

Milk banks generally follow standardized procedures
for the collection and handling of donated milk [7]. Do-
nors are instructed by the milk bank about recommended
breast cleaning and breast pumping procedures. The
bank provides containers for milk. Pooling of milk from
several pumpings is often performed. Each container
must carry the name, date, and time of expression. The
milk remains in the freezer until it is delivered to the
bank. Figure 1 shows the human milk banking process.

At the bank, milk is stored at ~20°C. On the day before
processing, the donated milk is placed in a refrigerator for
overnight thawing. On the day of pasteurization, the milk
from 3-5 donors is pooled. Pooling serves the purpose of
distributing nutrients, such as protein and fat, as well as
foreign substances evenly. After pooling, the milk is
placed in individual 100 mL bottles. Pasteurization is car-
ried out in a water bath at 62.5°C for 30 min followed by
rapid cooling. Milk bottles are then stored at -20°C until
use of the milk. This method (Holder pasteurization) is
widely felt to represent a good compromise between mi-
crobiological safety and nutritional/biological quality of
donor milk [8] Nevertheless, methods that lead to less
nutrientloss and, perhaps, are less time consuming would
be desirable and are being sought [9].

1. High-temperature short-time pasteurization at 72°C
for 5-15 s is such a method. It reaches a better com-
promise between microbiological safety and nutri-
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Selection of donor mother
Health check of donor mother
Donor mother expresses breast milk
Milk is stored in home freezer or refrigerator
Milk is transported to milk bank
Milk is stored in bank freezer
Milk is thawed and pooled
Milk is aliquoted
Milk is pasteurized (usually Holder 62.5°C for 30 min)
Milk is cultured (at random)

Milk is delivered to the recipient (baby)

Fig. 1. Flow chart of the human milk banking process.

tional and biological quality of donor milk [10-13].
The method is not yet used routinely due to lack of
suitable instrumentation.

2. The combination of ultrasound and heat (thermoultra-
sonic treatment) is an emerging technique that allows
milk to retain more of its bioactive components com-
pared with thermal pasteurization [14]. However, the
current experimental system is limited to small vol-
umes and needs to be scaled up.

3. High-pressure processing (HPP) shows promise as an
alternative to pasteurization. Total immunoglobulin A
immunoreactivity and lysozyme activity are signifi-
cantly higher after HPP compared with pasteurization
[15]. Besides, HPP is faster and probably more conve-
nient than Holder pasteurization. It seems a promising
technology, but further investigation is necessary be-
fore it can be used routinely.

4. Finally, there is Ohmic heating, a new technology un-
der investigation. Ohmic treatment is a thermal pro-
cessing method wherein the food material, which
serves as an electric resistor, is heated by passing an
electric current through it, which leads to rapid and
uniform heating. Like thermal processing, Ohmic
heating inactivates microorganisms by heat. The first
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experimental trials have shown no modification of the

protein pattern of milk at a temperature of 72°C and

only small changes at a temperature of 78°C.

In some countries, the milk is tested bacteriologically
before it is pasteurized, in some countries after pasteuriza-
tion, and in others the milk is tested before and after pas-
teurization. Some countries, such as Norway, have a tradi-
tion of feeding raw donor milk. In Norwegian milk banks,
each container of milk from a donor is screened for bac-
teria. Milk that contains any pathogens or high counts
(>100,000 colony-forming units/mL) of any other bacte-
ria is destroyed. Milk with a low bacterial count (<10,000
colony-forming units/mL) is used for the smallest preterm
babies [16]. Ronnestad et al. [17] described an incidence
of late-onset sepsis in a Norwegian cohort of extremely
low-birth-weight infants receiving raw breast milk or do-
nor milk of 19.8% (80/405), which was similar to the inci-
dence in the Vermont Oxford quality network (21.4%, in
the year 2000). Therefore, it is unlikely that microbiologi-
cally screened raw milk is hazardous for preterm infants.

Who Are the Recipients of Donor Milk?

The most common recipients of donor milk are the
following [18]:

o Premature infants, especially infants with a birth
weight below 1,500 g, because of their high risk of in-
fection and necrotizing enterocolitis

 Infants with gastrointestinal anomalies undergoing
gastrointestinal surgery leading to short bowel syn-
drome

o When the mother is temporarily unable to nourish her
infant completely, e.g. when the mother is ill or hospi-
talized

« Weaning from parenteral nutrition

» Metabolic disorders, especially amino acid disorders

« Before the mother’s own milk comes in (first few days
after birth).

Premature infants are not only the largest group of re-
cipients of donor milk, they are also those who derive by
far the greatest benefits from receiving human milk. Hu-
man milk exerts strong trophic effects on the infant gut
and thereby enables full enteral feedings to be reached
earlier than without human milk [19]. Human milk pro-
tects premature infants strongly against necrotizing en-
terocolitis [19, 20] and against sepsis [21], two conditions
that carry high mortalities. Some mothers object intui-
tively to the use of donor milk, which is why donor milk
is fed only after its source has been explained to the moth-
er and she has agreed to its use.
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The reason why mothers of premature infants are of-
ten not able to provide milk at all or provide milk only in
insufficient quantity is that premature delivery, by short-
ening pregnancy, foreshortens the period of preparatory
lactogenesis. Also, the necessary mechanical milk expres-
sion is less effective in stimulating and maintaining milk
production than suckling by a mature infant.

It has been suggested that the availability of donor milk
could act as a disincentive to mothers to provide milk for
their premature infants. There are indeed data in the lit-
erature that support this contention [22]. However, a 1-
year study in 2010 involving all NICUs in Italy showed
that the rate of exclusive breastfeeding at the time of dis-
charge was significantly higher in NICUs with milk banks
than in NICUs without milk banks (29.6 vs. 16.0%) [23].
This confirms anecdotal reports from other areas. It ap-
pears thus that the availability of donor milk has a positive
effect on the motivation of mothers to provide milk for
their infants.

Donor milk is also fed to older babies and to children
with a variety of medical conditions, including severe
food allergy or feeding intolerance, growth failure while
on formula, intractable rotavirus enteritis, and during
chemotherapy for cancer [24]. Occasionally, adopted in-
fants receive donor milk. Furthermore, there are several
case reports where donor milk was used in adults with
special medical conditions, e.g. in liver transplanted pa-
tients who were IgA deficient to supply extra IgA [25] or
in adult cancer patients [26].

The Composition of Donor Milk

It is widely appreciated that the composition, in par-
ticular the protein and fat content, of individual expres-
sions of human milk varies greatly. This has led to the
promotion of bedside human milk analyzers and proce-
dures for nutrient fortification of individual milk sam-
ples. However, with donor milk the variability of compo-
sition is greatly reduced due to pooling. Milk from mul-
tiple pumpings is usually pooled by the donor mother
before delivery to the bank. Pooling of milk from multiple
donors is then performed by the milk bank, with the re-
sult that the protein and fat content of pooled milk is quite
stable and predictable. Michaelsen et al. [27] reported
that fat and protein concentration vary widely from sam-
ple to sample but that variability decreases sharply with
pooling of samples from multiple donors. At the Mother’s
Milk Bank of Iowa, the nutrient content of 37 milk pools
collected over a period of 2 years (2003-2005) was ana-
lyzed. The (true) protein concentration averaged 8.22 g/L
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Table 3. Effect of pasteurization on milk components (adapted
from Arnold [1])

Cellular components

Component Retention
Immune components
C3 complement 0%
IgA 0-150%
IgG 0-82.8%
IgM 0%
Lactoferrin 0-123%
Lysozyme 0-393%

Leukocytes number decreased,
0% functionality
Lymphocytes number decreased,

Enzymes, growth factors

0% functionality

al-antitrypsin 61.8%

Lipoprotein lipase completely destroyed
Bile salt stimulated lipase completely destroyed
Esterase completely destroyed
Transforming growth factora  93.9%

Transforming growth factor B, 99%

Whey:casein ratio

whey decreased relative to fat

Nutrients
Fatty acids 94-100%
Vitamin A 103%
Folic acid 65-95%
Vitamin B, 65-85%
Vitamin B, 77-94%
Biotin 102-110%
Niacin 100-106%
Pantothenic acid 93-98%
Vitamin Bg 85-93%
Vitamin C 64-94%
Vitamin D 103%
Vitamin E 106%
Zinc redistribution of zinc pattern

with an SD of 0.59 g/L, and the fat content averaged 39.0
g/L with an SD of 3.51 g/L. The variability of composition
is thus far lower than that between individual samples
[28]. Low variability is of particular advantage in the case
of premature infants because variability of the protein
content is often the source of concerns about inordinate-
ly high intakes of protein. Low variability of composition
of donor milk has the advantage that the infant’s nutrient
intake varies little from feeding to feeding and is essen-
tially always known, whereas with the mother’s own milk
the nutrient content may vary greatly from feeding to
feeding.
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Fig. 2. Meta-analysis of trials comparing
feeding of formula versus donor milk: ef-
fect on risk of necrotizing enterocolitis.
DBM, donor breast milk. Adapted from
Chauhan et al. [32] with permission.

Study Formula DBM Relative risk

(year) n/N n/N (95% CI)

Gross (1983) 3/26 1/41 —

Lucas (1984a) 4/76 1/83 —

Lucas (1984b) 5/173 2/170 L

Liu (1999) 10/88 5/78 1l

Schanler (2005) 1/44 0/37 —_ .

Tyson (1983)

Pooled RR: 2.46 (95% CI 1.19-5.08) -

Heterogeneity: x? = 0.99 (p = 0.91); > = 0.0% | : : |
-0.01 -01 1 10 100

Is Donor Milk as Good as Mother’s Milk?

The fact that, with some exceptions, donor milk un-
dergoes pasteurization has led to concerns that some or
all of the protective effects of human milk may be lost.
Studies assessing milk components before and after pas-
teurization have documented that indeed several impor-
tant components of human milk are reduced in concen-
tration or are eliminated altogether, as summarized in
Table 3. Heat treatment affects anti-infective and cellular
components, growth factors, and some nutrients, de-
pending on the heat and duration of exposure. Enzymes
are most heat-sensitive while immune components are
compromised but not completely destroyed.

Processing of human milk also affects unsaturated fat-
ty acids [29] and damages the membrane of milk fat glob-
ules [30]. Human milk contains stem cells with multilin-
eage properties and variable expression of pluripotency
genes normally found in human embryonic stem cells
[31]. It is likely that these stem cells are destroyed during
heat treatment. On the other hand, some important pro-
tective components such as the oligosaccharides are es-
sentially resistant to the effects of heat.

Given these effects of high-temperature processing, it
would be expected that the protective effects of human
milk might be diminished but not abolished altogether.
That is exactly what the literature shows. In 5 trials com-
paring formula with donor milk with regard to the inci-
dence of necrotizing enterocolitis, the risk of necrotizing
enterocolitis was nonsignificantly diminished in each tri-
al. However, collectively, the 5 trials showed a significant
protective effect of donor milk compared to formula
(Fig. 2) [32]

A direct comparison of fresh against pasteurized hu-
man milk performed by Narayanan et al. [33] showed a
somewhat reduced protective effect against infection
(14.3 vs. 10.5% infection) which was still much stronger
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than the effect of formula (33.3% infection). It is thus ev-
ident that the beneficial effects of pasteurized human
milk are diminished vis-a-vis fresh milk but that enough
of the protective effects remain to render donor milk the
feeding of choice for premature infants in the absence of
any or sufficient maternal breastmilk.

Is Donor Milk Safe?

Because of the potential for transmission of disease
pathogens, sometimes there are concerns about this pos-
sibility. With current donor screening and pasteurization
of donor milk, the possibility of disease transmission is
infinitesimally small. In fact, there is not a single case of
documented disease transmission through banked donor
milk in recent decades. Whether that can also be said
about informal milk exchanges is not known.

Is Donor Milk Cost-Effective?

Because milk banks charge a processing fee ($6-7/100
mL donor milk), it has been asked whether the benefits
accruing to the infants justify the expense. Although it is
inappropriate to ask this question in relation to deadly
conditions (necrotizing enterocolitis, sepsis), fortunately
several studies have documented that the use of donor
milk is cost-effective [34, 35]. Thus, the use of donor milk
not only saves lives, it also saves the hospital money. It
was reported that sometimes mothers buy breast milk for
their premature or sick infants via the internet, social net-
works [36], from friends, from private providers, or in
other informal sharing arrangements. In those cases, do-
nor screening, quality control of the human milk, and
shipping standards are missing. This behavior is risky and
is not recommended.

Ann Nutr Metab 2016;69(suppl 2):8-15 13
DOI: 10.1159/000452821



All donor milk must be fortified with nutrients before
it is fed to premature infants. In this regard, donor milk
does not differ from the mother’s own milk. Most human
milk fortifiers contain as protein source various fractions
or derivatives of cow milk. One fortifier provides protein
from human milk and is claimed to protect better against
necrotizing enterocolitis than fortifiers containing bo-
vine milk proteins, although evidence for that effect is
lacking [37]. The lack of benefit, therefore, argues against
use of the high-cost human milk-based fortifier.

Conclusion

Milk banks serve a vital function by providing human
milk for premature infants who, for a variety of reasons,
would otherwise not have access to human milk. As hu-

man milk confers major protective effects to premature
infants, the availability of human milk is an important
quality of care issue. The use of donor milk is widely en-
dorsed [4, 38, 39].
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