
BRITISH MEDICAL JOURNAL VOLUME 281 20 SEPTEMBER 1980

PAPERS AND ORIGINALS

Collecting and banking human milk: To heat or not to heat?

BENGT BJORKSTEN, LARS G BURMAN, PETER DE CHATEAU, BO FREDRIKZON,
LEIF GOTHEFORS, OLLE HERNELL

Summary and conclusions

Data on human breast milk and its handling when fed to
babies who cannot be breast-fed were reviewed to deter-
mine whether the method of processing and storage
affected the properties of the milk. Breast milk is nor-
mally contaminated by potential pathogens, which seem
to produce no ill effects, but it also contains antimicrobial
properties which protect against infection. The evidence
suggests that pasteurisation not only eliminates patho-
genic bacteria but also damages bacteriostatic mech-
anisms, so making the milk more susceptible to later
contamination. Pasteurisation also affects the nutri-
tional properties of milk. Freezing has little effect
on milk proteins, while a study on the effect of refrigera-
tion showed that there was little bacterial growth at

temperatures below 8°C. Several years' experience of
feeding donated raw milk to newborn infants has con-

firmed that it produces no ill effects.
These findings suggest that pasteurisation of donated

breast milk is unnecessary, and it is not recommended,
while the decision whether or not to freeze the milk may
be made on practical grounds. Raw breast milk can be
safely stored at 4-6'C for 72 hours.
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Introduction

With the renewed interest in feeding breast milk many hospitals
have devised systems to ensure an adequate supply for infants
who cannot be breast-fed, and some larger cities have milk
banks. Donated milk is collected in several ways-by manual
expression, collection from the opposite breast ("drip milk"),
and manual or electric breast pumps-and either used fairly soon
or stored in a refrigerator or freezer before use. It is usually
boiled or pasteurised, but whether this is necessary or even
seriously impairs nutritional value or host-defence mechanisms
is a matter of controversy. -4
We have therefore reviewed the effect of pasteurising, freez-

ing, and refrigerating breast milk and studied bacterial growth
during storage at different temperatures.

CONTAMINATION OF HUMAN MILK

Bacteria

Freshly collected human milk normally contains bacteria originating
mainly from the skin and duct microflora of the nipples. Differences
in methods of collecting milk may explain the great variations in
bacterial contamination found in different studies (fig 1). Eidelmann
and Szilagyi"3 recently reported that 840o of milk specimens collected
by an electric pump had flora similar to that present on the mother's
nipple. Quantitative studies of the nipple flora before and after nursing
showed inedian counts of staphylococci of 100 to 750 per cm2 on the
nipples compared with about 2300 per cm2 on the forearm and 106 per
cm2 in the axilla, whereas Gram-negative bacteria (Escherichia coli,
Serratia marcescens and Pseudomonas aeruginosa) were less common,
occurring only in low numbers (10-40 per cm2) on the nipples of 12%
of the mothers.8 West et al9 reported that Staphylococcus was present
in 24°0 of fresh milk samples from healthy mothers. No untoward
effects on the recipient infants were observed. Thus contamination
of milk by the indigenous nipple flora must be considered normal
and acceptable, at least for milk given by a mother to her own baby.7
But should it be considered safe when the milk is given to the baby of
another mother or to preterm and sick babies ?
Although doubts about feeding pyogenic staphylococci to babies

have been expressed,' 25-30° of preterm infants have Staph aureus
in their gut within a few days after birth. These organisms are, how-
ever, seldom found in faeces at the age of 2-3 weeks and thus seem to
be transient in the intestinal flora."4
Group B 3-haemolytic streptococci may occur in human milk."5 16

Since streptococci colonise the oropharynx but rarely the skin, the
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route of contamination of breast milk with group A or B streptococci

is probably from baby to nipples and milk rather than vice versa. 9

Spread of tuberculosis via cows' milk is well established. Although

little is known about possible transmission of tuberculosis by human

milk, this may represent an obvious risk.

The presence of massive coliform counts in breast milk may

indicate faecal contamination. But neither experience nor published

data support the present doubts about giving human milk containing

E coli to infants. Most neonates are colonised very early by E coli

strains and many sick babies of low birth weight by klebsiella-entero-

bacter strains. Most of these strains are of non-maternal origin.'7

The coliform flora of newborn infants is stable and a dominant strain

will usually stay for three-five weeks despite continuous exposure

other serotypes in food or environmental sources.'7 Thus the role of

human milk in intestinal colonisation of infants remains unknown.
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FIG 1-Bacterial counts in milk specimens. Percentages represent

proportions of samples with more than stated number of bacteria.

Data compiled from cited references52-3 * data from GE Quinby,

Louisiana State University Medical Centre (personal com-

munication) ;t our data).

Enterotoxins and enzymes

Another possible consequence of bacterial contamination of human

milk is accumulation of enterotoxins (from Staph aureus and Bacillus'

cereus) and undesired enzymes-for example, lipases and amino-acid

decarboxylases, some of the latter being capable of producing highly

reactive amines.5 Protein synthesis in enteric organisms

Ecoli is, however, almost totally blocked below 8'C'8 and Staph aureus

is metabolically damaged by storage below7VC.'9 Also bacterial

tRNA starts to function poorly very early during iron limitation-for

example, as in human milk with intact lactoferrin-which arrests

synthesis.'0 Furthermore, other antibacterial

in milk may contribute to the poor bacterial growth in breast

refrigerator temperatures (see below). Undesired bacterial products

are therefore unlikely to be formed in milk during bacteriostasis.

Though substantial bacterial contamination (108/1) of human

appears to have no ill effects on infants, contamination by hazardous

pathogens may still constitute a risk. Besides rare anecdotal reports

infections suspected of being caused by contaminated human

(usually processed) there are two reports of Salmonella kottbus outbreaks

in neonatal intensive care units thought to be transmitted by

milk." "In both the source of the pathogen was probably the mother's

mammary glands, but contaminated human milk was not proved

the vehicle for transmission and alternative routes could not

excluded. The Centre for Disease Control, Atlanta, has no other

ports on nosocomial infection caused by human milk since

(J R Allen, personal communication). Although unprocessed donor

milk has been liberally administered in Swedish and Finnish neonatal

units for many years only one outb'reak of infection related to

milk is known. This was caused by Salmonella typhimurium,

pasteurised milk was implicated, although alternative routes

mission were also possible (P Mdkeld, personal communication).

Another nosocomial outbreak was caused by enteropathogenic

coli'3 and again heat-processed milk was suspected of being

culprit. All these incidents may be related to the fact that human

may lose its bacteriostatic capacity during heat treatment (see
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Viruses

Herpes virus, cytomegalovirus, rubella, and hepatitis B have been
shown in human milk.24-26 There is no evidence that breast feeding
contributes to infants becoming carriers of hepatitis B surface antigen,
although this antigen is often found in the milk of carrier mothers.27
Since there are many alternative prenatal and postnatal routes of
transmissions of viruses the role of human milk should not be over-
estimated, particularly in the light of the antiviral properties of fresh
milk (see below). Nevertheless, any type of overt or suspected in-
fection in a mother should disqualify her as a milk bank donor.

ANTIMICROBIAL PROPERTIES OF MILK

Human milk contains several antimicrobial systems.28 Secretory
IgA predominates, with antibody activity directed towards several
bacteria and viruses. Human milk is also rich in lactoferrin, which
traps iron and thereby prevents the growth of iron-requiring bacteria.
Folic acid and cyanocobalamin binding proteins may also have a
similar bacteriostatic function.29 Bacteriostasis is also exerted by
enzymes such as lactoperoxidase and lysozyme and by viable cells.
Less is known about antiviral agents, but besides phagocytic cells and
antiviral IgA antibodies human milk seems to contain a lipid-associated
factor against enveloped viruses30 and a non-lipid associated macro-
molecule with antiviral activity.3'
The antimicrobial effects of most of these components have so far

been shown only in vitro and it is unclear to what extent they operate
in the gastrointestinal tract of the breastfed infant. Nevertheless,
several studies have shown that gastroenteritis is less common and
less severe in breast-fed than in formula-fed infants.3' Furthermore,
in developing countries infants may often be colonised by pathogens
such as Vibrio cholerae, Shigella, Salmonella, and enteropathogenic
E coli without developing symptoms so long as they are breast-fed."33
Other studies have indicated a lower incidence of severe systemic
infections in breast-fed infants.34 In a recent prospective and ran-
domised study from India the incidence of major infections was
reduced by giving fresh, untreated colostrum or raw mature human
milk instead of formula milk to sick infants of low birth weight."

LIVE CELLS

There is a theoretical risk of graft-versus-host reactions caused by
live immunocompetent cells in human milk, but none have been
reported. In Scandinavia many years' experience of feeding un-
processed human milk or colostrum has shown no immunological
hazards from giving live cells to even preterm infants unrelatedto the
donors.

DECONTAMINATION OF MILK BY HEAT TREATMENT

Although there is little evidence' that bacterial contamination of
human milk poses a hazard to the infant, standard processing in most
institutions includes heat-treattment. Heating milk to105'C decon-
taminates milk even if it is heavily infected with E coli and Staph
aureus.1 When pasteurisation,,which was originally designed tQ kill
Mycobacterium tuberculosis bovis in bovine milk, was adopted. in
human milk banks36 the effects on other micro-organisms were little
considered. Pasteurisation at 625°C for 5 minutes-reduces the viable
bacterial counts by 900, or more. Holder pasteurisation (625°C,
30 minutes) does not guarantee complete decontamination of all
milk samples although it seems to eliminate pathogenic bacteria.5 6
The number and type of micro-organism as well as the exact tem-
perature and time of heating seem to influence the efficiency of
decontamination. The holder process recommended by several
authors seems to be a compromise between "acceptable" decontami-
nation and preservation of the bacteriostatic properties in milk.

Antimicrobialfactors

Sincemost proteins willdenaturate when exposed to heat,heat-
treatment should have an adverse effect on the milk. Available data
are confined mainly to the effects on milk components with anti-
microbial properties. Table I shows that holder pasteurisation
reduced to some extent the activity of most antimicrobial constituents.
The stability of lysozyme, which was among the constituents least
affected by pasteurisation, is probably influenced by the pH of the
individual milks.'9 The viable cells in milk are very sensitive to heat
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and even mild heat-treatment will lead to an almost complete de-
struction.

Generally, increased temperature denatures proteins more rapidly,
while freezing (that will not cause decontamination) is less harmful
(table I). The varying results in different studies may be explained at
least partly by differences in methods. As illustrated in fig 2, which
shows loss of activity of IgA, lactoferrin, and lysozyme with increasing
temperature, an exact and reproducible method is critical. At 62 50C
(the most commonly used temperature for holder pasteurisation)
lactoferrin was rapidly inactivated and a small change in the exact
temperature or time of pasteurisation had a pronounced effect. IgA
and lysozyme did not lose their activity at 62 50C, but this was the
upper limit at which full activity was retained. A small increase in
temperature had profound effects, that is, at 65°C the loss of lysozyme
activity was 3000 and that of IgA 5000. Other factors such as time
for reaching exact temperature, time for cooling, volumes
processed, and total milk protein concentrations will also influence the
exact results.

TABLE I-Percentage decreases in constituents of breast milk samples treated by
heating andfreezing and thawing as compared with values in raw milk

Heat treatment Freezing and thawing

Constituent 62-5 C 70-73°C -20°C (3 months)
(30 min) (15-30 min)

IgA . . . 0-33 33-100 0-3
IgG 34 97 0-significant
IgM 100 significant
Lactoferrin 0-63 94-100 0
Iron-binding capacity 44-77 100
Lysozyme .. . 0-23 35-100 0-10
C3 .. 100 7
Lymphocytes (viable) 100 85-100
Macrophages 22 57

*Data from references 6, 8, 29, 37, 38, and 39.
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FIG 2-Sensitivity to heat of E coli 0 26 B 6 antibody,
lysozyme, and lactoferrin. (From Eyres et al.38)

Since several studies have shown that bacteria added to pasteurised
milk grow more rapidly than those added to raw human milk6 29 38 40 it
is probably relevant that pasteurisation is often not complete. Micro-
organisms that escape pasteurisation or contaminate later might grow
faster when the bacteriostatic systems of the milk have been damaged
and human milk will be more vulnerable to contamination later. Thus,
heat-processing of human milk might increase the risk of nursery
outbreaks caused by undesired enteric pathogens.

Nutritionalfactors

The effect of heat-treatment on nutritional factors in human milk
has been little studied. Some milk proteins will denaturate when
exposed to heat. Like iron, cyanocobalamin and folic acid, two other
principal nutritional requirements for blood cells, are specifically
bound to proteins in human milk, and these will be at least partly
inactivated by holder pasteurisation.'9 Whether this protein binding
is important for absorbing iron, folic acid, and vitamin B12 from the
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milk, either by preventing their uptake from intestinal bacteria or by
other mechanisms, is not known.

Pasteurisation of bovine milk does not destroy the caseins, a-
lactalbumin, lactose, or most vitamins, except for vitamin C, where a
5000 loss has been recognised.4'
Although pasteurisation will denaturate individual milk proteins,

neither absorption nor retention of nitrogen is reduced in infants born
at term when human milk is pasteurised.42 In a recent comprehensive
study using serial metabolic balance techniques in preterm infants
Williamson et a143 compared the resorption of nitrogen, fat, sodium,
calcium, and phosphorus from raw and heat-treated human milk. The
heat-treated milk was either exposed to 63°C for 30 minutes or boiled.
There was no significant difference between the three milks in the
absorption of nitrogen, sodium, phosphorus, or calcium, but there
was a pronounced effect on the absorption of lipids. The highest fat
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FIG 3-Inactivation of human milk bile salt-stimulated
lipase at 62 5°C. Raw human milk (1 ml) incubated in water
bath. At times indicated samples withdrawn and bile salt-
stimulated lipase activity determined as described.47

absorption occurred from raw milk in all infants. The average absorp-
tion was 74%o from raw milk, 54% from pasteurised milk, and 46%
from boiled milk. Thus, pasteurisation decreased the absorption of
lipids by about a third, corresponding to about 16% of the consumed
energy. The infants also gained weight most rapidly when fed raw
milk.

There are two reasons why heat-treatment of human milk would
reduce the absorption of lipids more than that of other major nutrients.
Neonates, especially preterm infants, have a low endogenous capacity
to hydrolyse and absorb dietary lipids.44 45 Human milk contains a heat-
labile lipase that when activated by bile salts in the duodenum contri-
butes to the hydrolysis of milk lipids-that is, its triglycerides and
vitamin A-esters.45 46 In the study ofWilliamson et al43 the difference in
fat absorption between raw and pasteurised milk was highly significant
while that between pasteurised and boiled milk was not. This is
consistent with the finding that milk lipase completely lost its activity
within the first minute of pasteurisation at 62-5°C (fig 3).

Decontamination of human milk is clearly a delicate problem. Not
only micro-organisms but also viable cells and many proteins in milk
are heat labile. Some of the proteins, such as immunoglobulins,
vitamins, and metal-binding proteins and enzymes, have known (and
unknown ?) biological activities that affect the antimicrobial and
nutritional value of the milk. Even mild heat treatment will inactivate
some of these factors. We therefore consider that holder pasteurisation
should not be recommended as a safe and reproducible routine method
for decontamination.

STORAGE OF HUMAN MILK

Freezing

Freezing neither decreases the content of live bacteria nor dena-
turates milk proteins, although the cells present in milk are killed
(table I). Thus the decision whether or not to freeze breast milk for
storage or transportation seems to be mainly a practical question.
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Refrigeration

In all milk banking systems milk is stored for some periods in a
refrigerator. Since information on bacterial growth under such
conditions is limited we conducted some studies.
A pool of milk samples obtained from eight donors was experi-

mentally inoculated with 156 bacterial isolates (E coli 85 strains,
Klebsiella pneumoniae 15, Enterobacter sp 10, Citrobacter sp 5, Serratia
marcescens 5, Pseudomonas aeruginosa 5, Staph aureus 15, Staph
epidermidis 10, and 6 Gram-negative non-fermenting psychrotrophic
isolates from sewage). All inoculates were 107/ml. No bacteria grew
during incubation at 4'C for 10 days. At 6 to 8°C there was no growth
of psychrotrophs in 30 hours, but at 48 hours three isolates had
multiplied slightly (threefold to fourfold) and four isolates showed a
more than a tenfold increase after seven days. To ascertain that milk
from certain individuals was not less bacteriostatic than that of others,
each of 25 individual milks was inoculated with 25 Gram-negative
clinical isolates. There was no growth when the samples were in-
cubated for seven days at 40, 60, or 80C. We also compared bacterial
growth in raw and in heated breast milk (table II). Staphylococci did
not multiply in raw milk even at 22°C, whereas the Gram-negative
bacteria grew at this temperature in both raw and heated milk.

TABLE II-Growth of bacteria incubated at various temperatures for 30 hours
in raw breast milk and breast milk (500 ml) heated to 80°C and allowed to
cool in air

Bacteria Incubation
Milk Growth

Type No temperature (°C)

Staphylococci 10* Raw 6-8 None
Staphylococci 10* Heated 6-8 None
Staphylococci 10* Raw 22 None
Staphylococci 10* Heated 22 None

Gram-negative 20t Raw 6-8 None
Gram-negative 20t Heated 6-8 None
Gram-negative 20t Raw 22 Tenfold increaae
Gram-negative 20t Heated 22 Tenfold increase

*S aureus, five strains; S epidermidis, five strains.
tE coli, 14 strains; psychrotrophic Gram-negative organisms, six strains.

At 4°C therefore no bacterial growth was seen, while at 6-8°C
occasional free-living Gram-negative organisms adapted to low
temperatures (but none of the clinical isolates) multiplied very slowly.
Incubation temperature and type of organism, rather than the
properties of individual milks, seemed to determine the thresholds for
bacterial growth. We therefore conclude that breast milk contaminated
with various bacteria can be safely stored at 40C and at 6°C for at least
72 hours. Even longer storage periods at 6-8°C would constitute a
minimal risk for growth of potential pathogens.

Experience in Ume&

For several years we have given raw milk collected in the
hospital to newborn infants. For the past year we have also
routinely used frozen milk delivered by lactating women
outside the hospital. Prospective milk donors are questioned
about their general health, exposure to tuberculosis, medication,
occupational exposure to chemicals, presence of diarrhoea or
symptoms of other current infections, and alcohol and smoking
habits and a chest radiograph is taken. Since hepatitis B is un-
common in our region laboratory screening for this virus has
not been thought necessary.
The donors are carefully instructed about personal hygiene

and milk collection and storage techniques. Most of our home
donors prefer to use the Egnell electric breast pump. Collection
vessels and other accessories are supplied by the milk bank and
are disinfected in dish washers or by boiling before use. The
milk collected at each meal over 24 hours is stored in a refriger-
ator in separate vessels. The portions are then pooled and frozen
once daily. The frozen milk is collected once a week or at least
within one month. The first three deliveries from each mother
are subject to bacteriological control and if the viable counts are
108/1 or less the milk is used without heat treatment. No further

systematic bacteriological control of that mother's milk is
performed.
Human milk donated in the hospital is collected in auto-

claved shells or bottles and is not routinely checked for bacterial
contamination. Our intrahospital milk collection system is,
however, bacteriologically monitored for one day every three
months, when all milk samples delivered that day as well as
pumps and other equipment are subject to bacteriological
control.
Thawed milk may be stored for up to 72 hours at 4°C before

use, although it is rarely stored for more than 24 hours. We try to
reserve the small quantities of colostrum and very early milk
collected in the maternity wards for the newborn infants,
particularly those who are preterm, whereas milk from com-
munity donors is given mainly to older infants. We have not
experienced any untoward effects of unpasteurised milk col-
lected and administered as described.

Conclusions and recommendations

We consider that raw human milk is better than heat-pro-
cessed milk for infant nutrition and defence against infection.
We are not aware of any hazards caused by administering milk
naturally contaminated with potential pathogens, and bacterial
toxins and enzymes potentially capable of spoiling the milk are
unlikely to be produced so long as bacterial multiplication in the
milk is prevented. The holder pasteurisation of breast milk
recommended by most workers-needs to be done very accurately
to avoid denaturation of proteins while still yielding efficient
decontamination, and most hospitals will have difficulties in
controlling the process well enough under routine clinical
conditions. Inadequate pasteurisation may not only damage the
presumed beneficial properties of breast milk but may also
increase its susceptibility to subsequent bacterial contamination.
Our own experience of giving raw milk to newborn infants
confirms that pasteurisation is unnecessary.

These studies were supported by grants from the Swedish Medical
Research Council (numbers 19X-05708, 16X-5217, and 19X-765), the
Wennergrenska Samfundet, the Swedish Baby Food Industry Fund
for Nutritional Research, the Swedish Nutrition Foundation, Action
for the Crippled Child, Tore Nilssons Fund for Medical Research,
and the J C Kempe Foundation.
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ONE HUNDRED YEARS AGO A local paper calls attention
to a case in which Dr Hardwicke held an inquest at the St Pancras
Coroner's Court concerning the death of Edward May, aged thirteen,
ofNorth Crescent Mews, Burton Crescent. It appears that the deceased
was wheeling a costermonger's barrow along the Euston Road; when
a horse and hansom cab accidentally knocked against some boards
which were upon the barrow, and they struck the deceased in the
stomach. Not much notice was taken of the accident at the time, and
deceased went home; but, two days afterwards, as he was very ill,
the mother sent for Mr L Franklyn, of Burton Crescent, and as the
fee was not paid he refused to attend, upon which the mother, as her
husband had gone to the market, borrowed the fee, three shillings,
which she sent to Mr Franklyn, and upon his (Mr Franklyn) attending,
he found that the boy was dead. Mr Franklyn, in his evidence, stated
that a little girl came to his house in an excited state, and stated that
her brother was dying. He asked her if she had the fee, and on her
telling him she had not, he, in consequence of having been sent for
many times, and not been able to get his fee from different people
that lived in the same mews, told her that directly she got the fee
he would go. About a quarter of an hour afterwards, the little girl
returned with the fee, three shillings, and paid him, upon which he
went to see the deceased at once, and then found that he was dead.
He had since made a post mortem examination, and found that death
was due to a rupture of the spleen. The foreman of the jury said he
thought Mr Franklyn would have been showing a feeling of humanity,
had he gone to see the deceased without his miserable fee. The
Coroner said he thought Mr Franklyn might have gone to see the
deceased, but he would remind them (the jury) that a medical man
was not bound to go.whenever he was called-.The foreman of the jury

asked whether arrangements could not be made so that in a case
similar to the present, a medical man, when called by poor persons,
could be paid by the Guardians or some other public body; for it
was hard that a person should die because they could not obtain the
paltry fee. The Coroner said in other great cities there were stations
where a medical man could be seen at any time of the day or night.
The jury returned a verdict of "Accidental Death." This report will
be read with interest in connection with the system of immediate
medical relief on application to police-stations, together with an
organised system of public succour in emergencies, which has
existed now in Paris for some few years, and which, from the reports
of which we from time to time publish abstracts, appears to work well.
It is about to be introduced in New York. It is true that, in this
country, we have an extensive system of Poor-law medical relief
which meets all but emergent cases; and we hope to see such a network
of provident dispensaries established in our great towns as will make
insurance against sickness the rule among our working classes; so that
everyone will know where to send to a medical man who has been
paid beforehand, by small subscriptions, in anticipation ofemergencies.
This great principle of insurance against sickness is that which needs
to be instilled into the minds, and introduced into the habits of our
working classes. It is to that end that the long continued activity of
many medical men, and the persistent and admirable labours of
Sir Charles Trevelyan, tend; but exceptions will always exist; and it is
in view of these exceptions, which, in a city so populous as London,
will probably never be very few, that incidents such as are disclosed
by this inquest appear to support the proposition for a system of
medical relief in emergency corresponding to that now working in
Paris. (British Medical Journal, 1880.)
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