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Abstract
Administration of expressed human milk (EHM) to ill and premature infants necessitates tube feeding the babies using mechanical pumps or gravity flow. Tube
feeding however, leads to separation and adhesion of milk fat to the tube walls and
syringes causing incomplete delivery of fat to the baby. 'Ultrasonic Homogenization' dramatically prevents this fat separation and observed fat loss during tube
delivery of milk. However, would the effect of ultrasonication persist after storage?
Also, since ultrasonication leads to disruption of large molecules in milk, would
the unique nutritional and immune properties of milk be subsequently comprised?
There is so far no documentation on the above aspects. This study was designed
to determine the effects of ultrasonic homogenization and storage on the following
constituents of human milk; 1) free fatty acid (FFA) and peroxide levels, 2) fatty
acid profile (FAP), 3) immunoglobulin A (IgA) levels and 4) recovery of fat and
protein after infusion. The study was divided into four parts, In part 1, seven EHM
samples wer obtained. Each sample was divided into three parts (Pasteurized, Ultrasonicated, and Ultrasonicated after Pasteurization) and stored in both frozen
and lyophilized forms for one and four months. Analysis of Variance (ANOVA)
and further Scheffe's tests were performed on the FFA and peroxide data obtained
both before and after storage. The levels of FFA rose signficantly (P < 0.01) in the
non-pasteurized, ultrasonicated samples and the increase was higher with a longer
storage time and lyophilized form of storage. Peroxide levels signficantly increased
after storage (P < 0.001), however, the level of increase in the non-pasteurized ultrasonicated group was significantly lower (P < 0.05) compared to the pasteurized
groups with or without ultrasonication. In part 2 of the study; five EHM samples
were analyzed for FAP both before and after storage in fresh frozen, ultrasonicated frozen and ultrasonicated lyophilized forms for 1 month. Results of Multiple
Analysis of Variance (MANOVA) showed a significant decrease in the saturated
fatty acids C12:0 and C18:0 (P < 0.001), and Long Chain Poly-Unsaturated Fatty
Acids (LC-PUFA) C20:4n6 and C22:4n6 (P < 0.001) with ultrasonication and
storage. The levels of C20:5n3 signficantly increased (P < 0.05), and the levels
of essential fatty acids Cl8:2n6 and Cl8:3n3 remained unaffected with processing
and storage. In part 3 of the study; seven EHM samples were analyzed for IgA in
fresh, ultrasonicated and subsequently stored fractions (for 1 month in both frozen
and lyophilized forms). Results of paired t tests indicated slight but signficant
losses of IgA with ultrasonication (P < 0.05) and subsequent storage (P < 0.01).
Losses were higher with lyophilized storage, however, the absolute amount of loss
was still small (6.4%) compared to 33% loss reported with pasteurization. In part
4 of the study, eight EHM samples were obtained. Each sample was pasteurized,
ultrasonicated and stored in both frozen and lyophilized forms for one and four
ii

months. Slow and rapid infusion of milk using mechanical pump and gravity flow
was conducted after storage. Fat and protein recovery in the infusates was studied. Milk stored frozen after ultrasonic homogenization resulted in negligible and
insignificant loss of both fat and protein upon infusion. However, recovery of fat in
the lyophilized milk was signficantly affected (P < 0.01). Lyophilization somehow
appeared to reverse the effects of ultrasonication, resulting in fat globules with
larger and varied sizes. On the other hand, ultrasonication of lyophilized milk just
before infusion, resulted in much more stable delivery of both fat and protein.
In conclusion, although ultrasonication and subsequent storage of milk results
in slight loss of IgA and some LC-PUFA, these losses don't appear important
when considering the possibility of massive loss of fat (and therefore energy) upon
infusion of non-ultrasonicated milk. Moreover, the increased FFA levels after ultrasonication and storage could have beneficial implications for the newborn. Also,
the antioxidant effects of ultrasonication on peroxide levels of pasteurized milk
appears important.
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Introduction

Human milk is the best source of nutrition for infants (Roy 1979). Several publications have emphasized the uniqueness of its biochemical composition and particularly of its immunochemical and cellular components (Roy 1979, Nutrition Committee of Canadian Pediatric Society 1978). The promotion of breast feeding as an
optimal foundation for infant nutrition is supported by the.Nutrition Committee
of the Canadian Pediatric Society (1978) and the American Academy of Pediatrics
(1979).
A wide range of benefits have been associated with feeding human milk to human babies. Most of these advantages of breast feeding also apply to feeding banked
expressed human milk (EHM) which has been collected, stored and dispensed in
a proper way. Properly banked EHM has been demonstrated to contain many of
the protective components of fresh breast milk and is frequently better tolerated
by the infant than is formula (Liebhaber 1983). Many centres that provide care
for ill infants have established milk banks to handle and distribute donor EHM
(Canadian Pediatric Society 1985), which is widely used to serve the needs of the
premature, small for gestational age and normal term infants who may be ill and
cannot suckle (Poskitt 1983).
Administration of EHM to these infants is usually done by continuous nasogastric infusion, either by gravity flow or mechanical pulp. Recent research from this
centre (Martinez et ai.1984) casts doubt on whether the infants actually receive the
nutrients they were assumed to be getting during tube feeding. It has been known
for some time that human milk fat separates and sticks to the sides of the gavage
tube and syringes during tube feeding (Brooke and Barley 1978, Spencer and Hull
1981, Stocks 1985). Cumulative losses of about 47.4% of fat have been found when
expressed human milk was infused at a slow rate and 16.8% when infused through
a fast flowing open syringe (Martinez et al. 1987). This occurs in EHM on standing
due to the varying and large sizes of fat globules (Ruegg and Blanc 1981). This
1

loss of fat is of real concern with possible repercussions on growth and development
of infants (Fomon et al. 1977). There is concern not only about the loss of fat,
but also about the significant variation in the fat content of different aliquots of
untreated EHM collected throughout the infusion period (Figure l.l). The same
study showed that a progressive reduction in fat content occurs during the first
three and a half hours of infusion followed by a sharp rise in the last 30 minutes.
The alteration in the fat content may also have unrecognized deleterious effects due
to the varying protein/calorie balance of the untreated EHM, since the protein and
lactose content of milk remain relatively constant during the entire infusion period
(Martinez et al. 1987). In addition, many important nutrients usually present
in breast milk are also found in significant amounts in the cream phase of breast
milk. For example, the fat soluble vitamins, iron (31%), copper (15%), zinc (12%),
calcium (10%), and magnesium (24%), are found in the cream phase (Fransson and
Lonnerdal 1984). Martinez et al. (1987) suggest that the separation of fat and fat
associated nutrients can be prevented by small scale ultrasonic homogenization of
EHM. As can be seen in Figure 1.1, the recovery of fat in the ultrasonic treated
EHM infusates was above 94%, which was similar to the recovery of fat seen in
homogenized cow's milk and infant formula.
The application of ultrasonic homogenization to the routine processing of EHM
could be a very important advance in the use of EHM for infant feeding. However, before the clinical effects of using ultrasonically homogenized EHM can be
assessed, several factors need to be studied. For example, we do not know whether
ultrasonicated milk stored for various lengths of time also maintains a high nutrient
recovery after infusion. Since expressed breast milk is often stored for later usage
it becomes important to study the effects of type, length and conditions of storage
on the recovery of nutrients from milk when infused.
Processing and storage of human milk has been associated with loss of certain
nutritional (Williams et al. 1981, sunshine et al. 1980) and antimicrobial factors
(Poskitt 1983, Frier et al. 1984). Evidence that pasteurization and other methods of preservation not only eliminate the bacterial contaminants but also destroy
many beneficial components of milk, including the immunoglobulins, lysozyme and
lactobacillus bifidus factor (Evans et al. 1978, Ford et al. 1977, Gibbs et al. 1977),
has led some to suggest that heating of donor milk samples is unnecessary and inadvisable (American Academy of Paediatrics 1980, Bjorksten et al. 1980, Sunshine
1980). However, reports of the transmission of salmonellosis (Ryder et al. 1977),
streptococcal diseases (Kenny and Zedd 1977, Shriener et al. 1977), hepatitis B surface antigen, Cytomegalovirus (Nutrition Committee of Canadian Pediatric Society
1985) and HIV (Arnold 1988), through ingestion of infected breast milk necessitate
a careful examination and maintenance of quality in milk banking procedures.
2

HU
UM
MA
AN
NM
MILL
IK
K--U
UN
TR
RA
ES
AO
TE
H
LLT
ND
IC TREATED
N
IC
F
A
N
T
F
O
R
M
U
A
OWS
' ML
IK-HOMOOEN2
IEO

H
UM
MA
AN
NM
ML
IK
K--U
N
TH
RA
ES
AO
TE
H
IL
UM
LT
ND
C
I TE
fl ATED
ICU
M
F
A
H
T
F
O
R
U
L
A
OWS MLIK-HOMOGENZ
IEO
' p

D

(

0.05

< 0.0 1

100

100

%

6

XI

2

2

o

g
f-

<
H

.J.-.J.,.I...I-.I..x.J

4

z
IU
o
2
o

.4

cn

Oi

lV~-i—I—i

50

/I
i *——if

r r r r

2

O

T-

/

18

24

/

50

i

o
t<

.
CUUULA TV
IE
RECOVERY (»>

(a)

/

O

—:—i—i—i—T'

>-

/ o

f<
h2
LU

INFUSION TIME

(h)

. o n a n g e s in the lat content a n d final recovery o l lat as
a (unction o( lime during the infusion of untrealed (longd a s h e d line) a n d u l t r a s o n i c t r e a t e d ( s h o r t - d a s h e d line)
h u m a n milk, infant formula (dot-dashed line), a n d h o m o g e n i z e d c o w ' s milk (dotted line) using m e c h a n i c a l p u m p . The
milk s a m p l e s were infused c o n t i n u o u s l y al a How rate of 10
ml/h for a p e r i o d of 4 h. Values are e x p r e s s e d as mean * S D
of ten trials, t t . differences from zero time c o n c e n t r a t i o n
statistically significant (p < 0.01); "*. differences in c u m u l a tive recovery between untreated h u m a n milk a n d ultrasonically treated h u m a n milk or h o m o g e n i z e d milk or infant lorm u l a statistically significant (p < 0.01).

12

CUMULATV
IE
(X)

30 RECOVERY

(b) INFUSION TIME (min)

C h a n g e s in the fat content a n d final r e c o v e r y of lat as
a l u n c t i o n of time d u r i n g the i n l u s i o n of untreated ( l o n g d a s h e d line) a n d u l t r a s o n i c - t r e a t e d ( s h o r t - d a s h e d line)
h u m a n milk, infant f o r m u l a (dot-dashed line), a n d h o m o g e nized c o w s milk (dotted line) u s i n g gravity How t e c h n i q u e .
The milk s a m p l e s were i n f u s e d c o n t i n u o u s l y at a rate o l 40
ml/h lor a p e r i o d of 30 m i n . V a l u e s are e x p r e s s e d as m e a n r
S O of eight trials, t . d i f f e r e n c e s Irom z e r o time c o n c e n t r a tion statistically s i g n i f i c a n t (p < 0.05); ", d i f f e r e n c e s in c u m u lative r e c o v e r y b e t w e e n u n t r e a t e d h u m a n milk a n d u l t r a s o n i cally treated h u m a n milk o r h o m o g e n i z e d c o w s m i l k or i n lant f o r m u l a statistically s i g n i f i c a n t (p < 0.05).

FIGURE 1.1: Changes in fat recovery during infusion of untreated and ultrasonic treated human
and homogenized cow's milk. (From Martinez et al. 1987)
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Ultrasonic treatment has been shown to be lethal for a variety of organisms
(Davies 1959, Hughes and Nyborg 1962). However, all organisms do not show
the same sensitivity (Alliger 1975). In the human milk banks, pasteurization is frequently used to obtain non-sporeforming pathogen free milk. However, any method
adding to the killing effect of heat without being detrimental to the milk quality
would be highly beneficial. Ultrasonic treatment has been shown to significantly
enhance the bactericidal efficiency of heat treatment (Juan et al. 1987). However,
whether ultrasonication further increases the losses of important nutritional and
immune components in milk needs to be investigated.
Immunoglobulin A (IgA) is one of the most important antimicrobial agents in
breast milk providing instant passive immunity to the child against a wide array
of enteric and respiratory bacterial and viral pathogens (Garza et al. 1987). It
is therefore important to study if the process of ultrasonication would adversely
affect the immunoglobulin A content o human milk. This would also provide an
indication of whether ultrasonication allows the preservation of immune bodies in
breast milk.
The stability of milk lipids during processing and storage is another area of
significant concern for human milk banks (Berkow et al. 1984, Hamosh et al. 1984).
One factor that may alter the quality of stored milk is hydrolytic rancidity. This
is due to the action of lipases (present in breast milk) on the milk lipids leading to
release of fatty acids which in turn lead to undesirable flavour and aroma changes
(Clark et al. 1984). There have only been a few studies which have examined the
effect of storage time and temperature on the lipolytic activity in human milk: these
report a progressive increase in lipolysis and an elevation in the level of unesterified
fatty acids in quick frozen samples stored for longer durations (Hamosh et al. 1984,
Clark et al. 1984, Friend et al. 1983). As storage of human milk becomes more
common, the problem of increased lipolysis and possible rancidity in human milk
will become more important. Since there are no published reports of the effect of
ultrasonication on the lipolytic activity in milk, and since ultrasonication might
increase the exposure of finely divided fat globules to the lipases in breast milk, it
becomes important to study these effects.
Frozen storage is generally used by milk banks to preserve expressed human milk
for later use (Asquith et al. 1987). These milk banks frequently handle very large
volumes of milk; for example, 32,400 ounces by Mother's Milk Bank California, in
the year 1983 (Asquith and Lee 1985) and 32,000 ounces by Breast Milk Service
at the Children's Hospital, Vancouver in the same year. These volumes have been
increasing over the years: in 1988, the volume of EHM handled by the Children's
Hospital Breast Milk Service, Vancouver has been 66,000 ounces. Handling of
these large volumes of milk however, becomes an important problem due to the
4

space required for storing frozen milk and the inconvenience of transporting large
volumes of frozen milk.
Storage of milk in the freeze dried (lyophilized) form may provide an alternative
to frozen storage. Since freeze dried foods are much lighter in weight and occupy
less space than equivalent amounts of fresh or frozen foods, and can be shipped
(transported) without refrigeration (Campbell et al. 1979), freeze drying would
make handling of large volumes of milk easier. Other than one study which reports
no significant loss of most immunological components post lyophilization in human
milk (Evans et al. 1978), there is little information regarding effects of lyophilization on EHM. More information on this aspect would help in the evaluation of the
suitability of lyophilization as a means of storage.
In view of these considerations, the present study was designed to determine
the effects of ultrasonication, pasteurization, lyophilization, freezing and storage on
selected lipid and immune components of EHM and on the suitability of processed
milk for tube feeding.
The following hypotheses were proposed and tested in this study:
1. Ultrasonic homogenization will not affect the extent of lipolysis and peroxidation of fat in pasteurized EHM, stored frozen and/or lyophilized, for various
lengths of time.
2. The extent of lipolysis in non-pasteurized and ultrasonicated EHM will be
higher than in pasteurized ultrasonicated milk, both before and after storage.
3. The fatty acid profile of EHM will not be affected significantly by ultrasonic
homogenization and subsequent storage in both frozen and lyophilized forms.
4. The concentration of Immunoglobulin A in EHM will not be lowered significantly by ultrasonic homogenization and storage in both frozen and lyophilized
forms.
5. Fat and protein recovery in tube delivered ultrasonicated and pasteurized
EHM will not be significantly affected by freezing, lyophilization and storage
time.

5

C h a p t e r

2

Literature

R e v i e w

Human milk is a substance with many unique nutritional properties (Poskitt 1983),
and its use has been advocated for a wide variety of clinical conditions (Asquith
1987). However, because processing, storage and delivery of human milk may all
affect its properties, it is important to characterize the effects of these processes
and to attempt to develop techniques that will minimize deleterious changes while
ensuring safety.
This literature review will begin with a discussion of the clinical importance of
expressed human milk and the practical aspects of human milk banking system.
The focus of the review will be on what is and is not known about the effects
of processing (i.e. pasteurization, ultrasonication, freezing, lyophilization) and
storage on the stability of specific lipid constituents and on the retention fo specific
immune components in expressed breast milk. Also reviewed is the important issue
of energy and nutrient loss observed during delivery of expressed breast milk using
mechanical infusion pumps. Finally, since processing might affect the concentration
of several constituents in human milk, the possible effects of processing and storage
on the recovery of fat and protein in breast milk when delivered through infusion
pumps will be reviewed.

2.1

Clinical Uses of Expressed Banked Human
Milk (EHM)

Expressed banked human milk has been advocated for the treatment of numerous
conditions in patients ranging in age from very premature neonates to young adults.
Although in some cases, evidence of the efficacy of human milk as therapeutic agent
appears anecdotal, there is nevertheless a considerable body of more substantial
clinical evidence for its use in certain instances. Perhaps the most common condi6

tion for which banked human milk is prescribed are those directly linked to infant
nutrition (Pitt 1979, Pittard et al. 1985), such as allergy or intolerance to other
formulae (Maclean and Fink 1980, Kretchner 1981) and failure to thrive (Maclean
and Fink 1980). It has also been advocated for the alimentation of newborns possessing various birth defects (Nayman et al. 1979), such as transient-neonatal tyrosinemia (Goldman et al. 1974) and acrodermatitis enteropathica (Branski 1980).
Patients recovering from surgical procedures for gastroschisis, intestinal obstruction with bowelfistulae,and renal insufficiency have also benefitted from banked
milk (Asquith et al. 1987).
The protective value of human milk in providing immune cells as well as humoral
factors is now well known, especially in relation to the neonate. However, human
milk may also serve an important role in the treatment of allergic and immunologic
disorders in the older child (Garza et al. 1987).
Studies have shown that in the office practice of pediatrics a third of all visits
are generated by a question of allergies (Liebhaber 1983). In case of strong allergies
(usually genetic in origin) elimination of unnecessary exposure to known allergens
becomes important. Human milk/colostral antibodies provide the immature gut
of the infant with immunity, and perhaps protection, against sensitization through
the binding of IgA antibody to foreign protein (Walker 1980). Other than providing
passive protection, human milk is also non- allergenic and generally no antibody
response occurs following its ingestion (Jelliffe and Jelliffe 1979). Banked breast
milk has been fed to patients with known or suspected allergy to bovine milk or
commercial milk substitutes (Davies et al. 1978, Jakobsson et al. 1978, Kwock et
al. 1984).
Since human milk prevents antigens from crossing the intestinal barrier in both
physiologic and pathologic states (Walker 1975), banked breast milk has been prescribed for a wide range of infectious diseases such as chronic intractable diarrhea
(Narayanan et al. 1982), gastroenteritis (Ste. Marie et al. 1974) and ulcerative
colitis (Pittard et al. 1985), where it has been claimed to have produced dramatic
results.
Another possible therapeutic indication for the use of human milk has been
in the treatment of enteric pathogens. Single donor, unpasteurized banked milk
has been utilized in the treatment of infants with both serologic and secretory-IgA
deficiency, who are chronically infected with intestinal pathogens such as Giardia
lamblia, Rotavirus (Liebhaber 1983, Gillin et al. 1985) and Clostridium botulinum
(Narayanan et al. 1981). It has also been prescribed to support infants with sepsis
and pneumonia (Narayanan et al. 1981).
Interest in the use of fresh banked human milk as a possible prophylactic agent
7

against necrotizing enterocolitis is also emerging as of particular current interest
(Asquith et al. ,1987, Ste. Marie et al. 1974).
Because human milk has been shown to contain numerous nutrients, biologically
active substances and antimicrobial factors including lysozymes, host resistance
factors, leukocytes, IgA, zinc-copper and iron-binding proteins, and, epidermal
growth factor (McClelland et al. 1978, Lonnerdal et al. 1982), it can be presumed
that banked human milk will be used by an increasing number of clinicians for
the treatment of an ever-widening range of conditions. However, a fundamental
problem to its universal acceptance by the scientific community remains the relative
lack of objective evidence for many of the uses listed above. This situation will
only be corrected byfirstlya careful delineation of the properties of banked milk
(single or multiple donor), and the effects of different types of processing on these
properties and secondly, careful clinical controlled trials of the use of this product.

2.2

Human Milk Banking System

2.2.1

History

The origin of a breast milk "service" dates back to Rome during the fourth century
when breast feeding mothers would gather at the market place and offer to breast
feed other infants. Modern breast milk banking dates back to the late 1920's, although these early banks were mostly on an informal basis without accurate record
keeping. Interest in human milk feeding and banking decreased during World War
II, (possibly due to socio-political reasons) and after the introduction of cow's
milk based formulae capable of sustaining normal infant growth and development
(American Academy of Pediatrics 1980). As a result, human milk banks stopped
operating in North America. However, the milk bank tradition was never abandoned in certain parts of Europe, especially in British hospitals. In Finland, as
in Scandinavia generally, proprietary formulas never gained widespread acceptance
in feeding premature infants (Siimes et al. 1979). For example at the Helsinki
Children's Hospital, the milk banking service has been in continuous operation for
over 50 years, starting in the 1930's (Siimes et al. 1979).
Since the early 1970's there has been an increasing survival of smaller prematures and an increased incidence of necrotizing enterocolitis (Egan 1981). The
existing cow's milk based formulae did not meet the needs of the prematures and
therefore more adequate and better tolerated feeds were needed. Since research
emphasized the nutritional immunological uniqueness of breast milk, human milk
has come back into favour in many intensive care nurseries and consequently there
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has been renewed interest in breast milk banking (American Academy of Pediatrics
1980).
In Canada, the breast milk banks started during the mid-1970's. The Children's
Hospital at Vancouver has a breast milk service, which includes a 'bank' function
which has been in operation since September 1974. It is the largest human milk
bank in Canada, in terms of the amount of milk processed and banked. Since
1982, 302,000 ounces of human breast milk have been processed in this centre. The
amount has been increasing from 21,000 ounces in 1982 to 60,000 ounces in 1988.
A figure showing the amount of milk processed by the Children's Hospital Milk
Bank has been included in Appendix #3. At present, there are about 24 breast
milk banks in Canada. A list of the names and addresses of these is presented in
Appendix #1.
In view of the unique, beneficial and irreplaceable properties of human milk,
the HUMAN MILK BANKING ASSOCIATION OF NORTH AMERICA was established in 1985. The purposes of the association are:
1. To provide a forum for networking among experts in thefieldon issues related
to human milk banking;
2. To provide information to the medical community on the benefits and appropriate uses of banked human milk;
3. To develop guidelines for milk banking practices in North America, and
4. To encourage researchers interested in the unique properties of human milk.

2.2.2

Common M i l k Bank Procedures

A great variation exists in the current milk banking practices across Canada and
overseas. There is as yet no consensus regarding what must be the standard milk
banking protocol. However, there are certain procedures which are common to
most human milk banks. These are as follows:
1. Donor Recruitment
Breast milk donors are contacted through several routes, the major ones
usually being prenatal classes and obstetrical units, some milk banks obtain donors through postnatal settings, community health units or with the
assistance of the LaLeche league. Many banks have posters and brochures
available and only a few use the news media to contact donors (Nutrition
Committee of the Canadian Pediatric Society 1985). In most milk banks in
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Canada donors are volunteers. However, in the United States, donors are
paid in a few milk banks (Mcintosh 1985, Roy 1979).
2. Donor Criteria
To help ensure that milk banked for clinical purposes is of the highest attainable quality, donors are usually screened for a history of serum or infectious
hepatitis, tuberculosis or any systemic disorder depending on the prevalence
of these diseases in that area (Asquith 1987, Mcintosh 1985). AIDS testing
of milk donors has been initiated by B.C. Children's Hospital breast milk
service. It has been screening donors for AIDS since November 1985. An
increasing number of other centres are now following suit. In general, donors
must not be smoking or taking medications including birth control pills (Nutrition Committee of the Canadian Pediatric Society 1985).
3. Donor Training and Collection of Expressed Human Milk
In most milk banks, donors are given instruction in general cleanliness, clean
expression of milk into sterile containers provided by the milk bank, labelling
of containers and freezing of milk (Asquith 1987, Radcliffe 1982, Mcintosh
1985). The interest of donors in maintaining the bacteriologic quality of the
milk expressed is usually fostered by frequent contacts and feedback by the
bank staff. In some centres advice on diet, alcohol and caffeine consumption
is also given by the milk bank coordinator. The donated milk is usually
collected either by a volunteer driver or by the milk bank coordinator and
delivered to the milk bank (Radcliffe 1982, Mcintosh 1985, Asquith 1987).

2.2.3

Processing and Storage of Expressed Human M i l k

In most milk banks, once the milk arrives, it is thawed at 4° C in the refrigerator
(usually overnight) and then aseptically pooled. Due to the dangers of microbiological contamination pooled milk is usually pasteurized before use. There are no
firm criteria for the degree of bacterial contamination that can be .considered safe
in milk fed to an ill or premature infant or in unpasteurized mother's milk that is to
be fed to her baby (Nutrition Committee of the Canadian Pediatric Society 1985).
Although the microbiologic standards adopted by human milk banks to date, are
empiric and unproven, milk that is free of pathogens and has a total bacterial
colony count of less than 10 /£ at the time of sampling has been considered safe to
use (Sauve et al. 1984). Pools containing more than that limit are usually thawed
and pasteurized (Asquith 1987, Mcintosh 1985). At most centres, weekly pasteurization is carried out, mostly using a safeguard home pasteurizer which heats the
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milk at 62.5° C for 30 minutes and is then rapidly cooled (Nutrition Committee of
the Canadian Pediatric Society 1985).
In the Children's Hospital at Vancouver, the milk is pooled for each 4000 ml
batch. It is placed in 40, 100 ml bottles and pasteurized in an Oxford human milk
pasteurizer for 30 minutes at 63° C followed by a rapid cooling cycle (Radcliffe
1982). M i l k that is to be stored for longer periods is mostly kept in a standard
deep freeze at -20° C with flasks placed on their sides to accommodate efficient
storage (Radcliffe 1982). In most cases, 96.9% of pasteurized samples have indicated no growth of microorganisms such as staphylococcus species, bacillus species,
E coli and klebsiella (Mcintosh 1985, Radcliffe 1982). Treatment, either by prolonged freezing at -20° C or by pasteurization has been also shown to inactivate
cytomegalovirus ( C M V ) (Friis and Anderson 1982, Stagno et al. 1980).
On the other hand, certain nutrients and certainly many host resistance factors
are altered to some extent when human milk has to be processed in order to prevent
contamination with microorganisms (Sunshine et al. 1980).
Pasteurization by holder technique (62.5° C for 30 minutes) has had significant adverse effects on the protective immunochemical constituents of human milk
(Sunshine 1980). It also appears to reduce the absorption of fat mainly due to the
inactivation of naturally occurring lipases present in milk (Sunshine 1980).
The storage of milk by freezing is an alternative to heating for the preservation
of optimal nutritional value and immunologic benefits (Committee on Nutrition,
American Academy of Pediatrics 1980). The use of frozen storage however requires
more attention to bacteriologic screening. Efforts are required towards collection
of clean milk with minimal bacterial contamination and to store it immediately
in a freezer until it is gently thawed and fed (Committee on Nutrition, American
Academy of Pediatrics 1980). Long term storage of frozen milk usually tends to
become inconvenient as it requires large storage space. Since milk banks handle
large volumes of milk every year, provision of enough storage space for the incoming
milk becomes a problem. Similarly transportation of frozen milk also is not very
convenient.
Freeze drying (lyophilization) of collected breast milk has been recently started
in the human milk bank of the Children's Hospital in Lindenhof, Berlin (Bottcher
1987). In freeze drying, the food (in this case, breast milk), is frozen and exposed to
a vacuum, so that ice from the food is removed as vapour without becoming a liquid.
So little heat is applied that the food does not reach a high temperature (Campbell
et al. 1979). Freeze dried foods are much lighter in weight than equivalent amounts
of fresh or frozen food and can be stored and transported without refrigeration
(Campbell et al. 1979). Although a few investigators have studied the effects
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of lyophilization on the level of immunoglobulin (IgA, IgG, IgM) in human milk
(Evans 1978, Liebhaber 1977) there still is no information about its effects on
nutritional factors. More knowledge regarding the above stated factors is required
in order to assess whether lyophilization of human milk is safe nutritionally and
immunologically.
While it would be of great benefit to be able to use freshly expressed human
milk without having to process it for prematurely born and sick neonates especially
those with gastrointestinal abnormalities, there are major risks to this approach.
On the other hand, feeding trials have shown that effective use of expressed human
milk in infant feeding does require proper processing, storage and administration in
order to maintain its unique nutritional properties (Brooke and Barley 1978, Greer
et al. 1984, Stocks 1985). As mentioned previously, separation of fat in the milk
during tube feeding results in significant energy and nutrient losses and variation
in the composition of milk delivered (Brooke and Barley 1978, Greer et al. 1984,
Stocks et al. 1985, Martinez et al. 1987). In order to eliminate the loss of nutrients
during administration, the process of homogenization by ultrasonic treatment has
been found to be beneficial (Martinez et al. 1987). Small scale ultrasonic treatment
has been shown to be a rapid and efficient means of preventing fat separation in
human milk, this treatment is aimed at homogenizing human milk so that the size
of fat globules would be similar to that of commercially homogenized cow's milk.
The homogenization time is a function of the volume of milk and intensity of the
ultrasonic vibration. The rise in temperature can be avoided, if necessary by using
an ice bath (Martinez et al. 1987). Ultrasonic homogenization has not as yet been
used for routine processing of expressed human milk in milk banks.
The effects of ultrasonication on several enzymological, immunochemical and
microbiological properties of human milk need to be studied before it can be used
for routine processing of expressed human milk. In the following sections, specific
issues regarding the effects of processing (i.e. pasteurization, lyophilization, freezing, ultrasonication) on the various nutritional and immunological components of
human milk will be addressed. A brief presentation on the effects of processing on
the administration of human milk by tube feedings will also be made.

2.3

Effects of Processing on Lipids of Human
Milk

The nutrition committee of the Canadian Pediatric Society and the American
Academy of Pediatrics recommend human milk as the sole source of food for a
healthy infant during the first 4-6 months of life. During this period of rapid body
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growth, an infant accumulates approximately 1.4 - 1.7 kg of fat (Fomon 1967).
This lipid accumulation serves not only for energy storage and thermic insulation
but also has a structural function in all tissues. The composition of the infant's
endogenous lipids in plasma, tissues, and cell membranes depends on the fatty acid
pattern of milk lipids (Putnam et al. 1982, Koletzko et al. 1987). The role of
long-chain polyunsaturated fatty acids (LC-PUFA) with chain lengths of 20 and
22 carbon atoms has received special attention because the supply of LC-PUFA
during life may be of particular relevance for growth and maturation of the nervous
system (Koletzko and Bremer 1987).
A brain growth spurt normally occurs in humans between the second trimester
of pregnancy and 18 months postpartum. Among the changes in composition
that occur are an accumulation in the developing brain of the essential fatty
acids, 18:2w6 and 18:3w3, plus the products produced therefrom by elongationdesaturation (Clandinin et al. 1981, Clandinin et al. 1981a, Heim 1983). These
long chain polyunsaturated fatty acids are physiologically important as precursors for the synthesis of prostaglandins and structural lipids (Nutrition Reviews
1984). More specifically, they are required for infant's brain development, cell proliferation, myelination and retinal function (Hamosh et al. 1984). The biologic
importance of the concentration and composition of fatty acids of human milk for
an infant's growth and development has prompted extensive research work in this
field (Lammi and Jensen 1984). This section will provide a brief review on the
effects of processing and storage on the stability of lipid constituents in expressed
human milk (EHM).

2.3.1

Lipolysis in Processed and Stored E H M

The stability of milk fat during storage has been the subject of numerous studies in
the dairy industry, because hydrolysis of fat leads to the formation of free caproic
and capric fatty acids which become the cause of the odour of rancid dairy products
(Small 1986). The information gained from these studies cannot be applied to
human milk because the fatty acid profile as well as the nature of the lipase(s) (the
enzymes that might hydrolyze milk triglycerides during storage), differs in human
and bovine milk.
In contrast to bovine milk, which contains mainly lipoprotein lipase (Jensen
and Pital 1976), human milk contains two different lipases: bile salt stimulated
lipase (BSSL) and lipoprotein lipase (LPL) (Hernell and Olivecrona 1974). In the
human neonate, BSSL is activated by bile salts in the intestine and leads to complete hydrolysis of triglycerides (Fredrikzon et al. 1978, Hernell and Olivecrona
1974a). Serum activated LPL, however, has no known function in neonatal diges13

tion (Hernell and Olivecrona 1974a, Hamosh 1981, Hernell et al. 1981). Numerous
studies with bovine milk have suggested that the serum stimulated lipoprotein lipase may be responsible for lipolysis and the subsequent rancidity encountered
during storage (Schwartz and Parks 1974).
Since 1964, it has been known that lipolysis of lipids in human milk occurs
during refrigeration (Tarassuk et al. 1964). More recently it has been shown that
lipolysis of human milk occurs even when milk is stored at temperatures far lower
than the refrigeration temperatures (around -20° C) (Clark et al. 1984, Berkow et
al. 1984, Hamosh et al. 1984, Lavine and Clark 1987).
Friend et al. (1983a) conducted a study to evaluate the effects of several methods of freezing and storage on lipid components of mature human milk. During
storage, there appeared to be progressive increases in lipase activity and the level
of unesterified fatty acids, indicating that spontaneous lipolysis was occurring in
the milk. Evidence of lipolysis was more pronounced in the quickly frozen samples stored for 3 months than in the slowly frozen samples. However, as there
were considerable sample to sample variations, the differences observed were not
significant.
Clark et al. (1984) showed a significant increase in the serum independent
lipolysis in human milk with storage time. Storage at -20° C resulted in an increase
of 20% and interestingly enough, storage at temperatures as low as -70° C also
resulted in an increase of 36% over 4 weeks.
Berkow et al. (1984) on the other hand found that although LPL and BSSL
remain fully active during frozen storage of human milk, milk fat is hydrolyzed
at -20° C but not at -70° C. When milk specimens were stored for 5 months,
the triglyceride concentration decreased by 10 and 13% in milk stored at -20° C,
immediately or after repeated freeze thawing, respectively; there was no decrease in
the triglyceride content of milks stored at -70° C. Concomitant with the decrease
in milk triglyceride levels during storage at -20° C, the free fatty acid content
increased to 10 and 13.6% in milk stored immediately or after three freezing and
thawing cycles respectively; free fatty acid levels changed only minimally in milk
specimens stored at -70° C (Berkow et al. 1984).
In another study by Hamosh et al. (1984a) the effects of storage on the lipids
in human milk were studied. Milk specimens were stored at -20° C or -70° C
for 2 months. The data showed that significant hydrolysis of milk triglycerides
occurred during storage at -20° C, whereas storage at -70° C preserved the original
composition of human milk fat.
Recently Lavine and Clark (1987) also found that there was no measurable
lipolysis in milk stored at -70° C for 8 weeks. This was in marked contrast to the
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significant (P < 0.05) increase in the free fatty acids in milk stored at -11° C for
the same period.
It has been reported that BSSL loses its dependency upon bile salts during
storage at -20° C (Mehta et al. 1982). This might explain the observed increase in
serum independent activity in milk stored at -20° C.
However, the increase in lipolytic activity even at -70° C observed in a few
studies (Friend et al. 1983a, Clarke et al. 1984) has been speculated by some
investigators to be a result of measuring a non-specific lipase activity (Berkow et
al. 1984). However, in any case, the point to be made from these observations
is that milk which is stored frozen undergoes more lipolysis than freshly collected
milk.
In fresh milk the fat globule membrane may prevent lipases from acting on
triglycerides. Serum stimulated lipase (LPL) is associated with the fat globule,
but on the outer surface, while bile salt stimulated lipase is present in the aqueous
phase (Hernell and Olivecrona 1974, Hernell and Olivecrona 1984a). The milk fat
globule as such is completely resistant to lipolysis, as long as the structure remains
intact (Berkow et al. 1984). However, if these, milk fat globules are damaged,
triglycerides would be available as substrates for lipases, such damage to milk fat
globules can occur on heating or freezing and thawing (Wardell et al. 1981).
In a study of human milk collected for banking, heating at 62.5° C for 30
minutes and freezing and thawing resulted in hydrolysis of triglycerides (Wardell
et al. 1981). Freezing and thawing caused disruption of fat globules and a greater
hydrolysis of triglycerides than did the heating process.
Another study reports extensive hydrolysis of triglycerides when the specimens
were thawed twice and then stored at -20° C for 2-5 months, with accumulation of
large amounts of free fatty acids and some partial glycerides (Hamosh et al. 1984).
To date, there is no information on the effect of ultrasonication on the release
of fatty acids as such and during storage of human milk, although it has been
reported that in bovine milk rapid lipolysis is also induced by sonication (Berkow
et al. 1984). It is important to study this effect since the change in milk lipids
brought about by such processing and additional storage may have a significant
impact on the digestion and absorption of human milk in the infants.
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2.3.2

Effect of Processing and Storage on the Polyunsaturated Fatty Acid Profile of E H M

Lipids account for the bulk of energy in human milk, however their constituents play
other important roles in the metabolism of mammals as well. Linoleic (Cl8:2w6)
and linolenic (Cl8:3w3) acids, for instance, are converted to long chain polyunsaturated fatty acids (LC-PUFA). These metabolites of the w6- and w3- series have
been shown to affect the fluidity and stability of biological membranes (Olegrad
and Svennerholm 1971, Sinclair and Crawford 1972). The high need for long chain
PUFA during postnatal myelination and their presence in visual cells may suggest
their importance for the development of the newborn (Sinclair and Crawford 1972,
Cuthbertson 1976, Harzer et al. 1983).
Most previous studies report the release of total fatty acids in milk during
storage without identifying individual fatty acids (Berkow et al. 1984, Hamosh et
al. 1984, Lavine and Clark 1987, Wardell et al. 1981). Investigation of individual
fatty acids released during storage is therefore needed with particular attention to
long chain unsaturated fatty acids.
Human milk contains 1.08 to 2.65 percent w-6 fatty acids and 1.09 to 1.47
percent w-3 fatty acids synthesized from C-18 precursors (Clandinin et al. 1981a).
Infant formulas on the other hand have been found to contain little or none of
the LC-PUFA, as per the limited information available (Nutrition Reviews 1984,
Clandinin et al. 1981). The requirements for infants have been calculated on the
basis of the rate of deposition of w-3 and w-6 fatty acids in the tissues in infants
(Clandinin et al. 1981). If the net energy intake of the nursing infant is 120 kcal
per kg body weight per day, then about 20 kcal of fat fed per kg (2.2g) is deposited
per day. A minimum of 23.6-58.3 mg of w-6 and 23.9 to 32.3 mg of w-3 acids is
deposited per day. Human milk contains more than enough of these LC-PUFA to
meet the needs of neural tissue (Nutrition Reviews 1984). The requirements were
calculated to be 43.1 mg/week for w-6 and 22.1 mg for w-3 LC-PUFA. The actual
amounts of essential fatty acids in the 200 ml of milk consumed in mg per day were
w-6, 850 and w-3, 140 and the observed fatty acid accretion rates for total tissue,
in mg per day were : w-6, 552 and w-3, 57 (Nutrition Reviews 1984).
Processing and storage of human milk has been shown to have some effect on
the pattern of these fatty acids present in human milk. Lavine and Clark (1987),
recently looked at the effect of frozen storage (at -11° C and -70° C for 1, 2, 4, 6 or
8 weeks) on the release of individual fatty acids in human milk. At -11° C it was
found that the proportion of 12:0, 14:0, 16:0 and 18:0 in the total free fatty acid
pool decreased with the length of storage while long chain unsaturated fatty acids
increased. The distribution of free fatty acids present in milk remained unaltered
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when stored at -70° C.
Chappell et al. (1985) also reported a change in distribution of free fatty acids
in milk stored without an inhibitor of lipoprotein lipase which was similar to the
changes observed by Lavine and Clark. Quantitatively, the greatest change seen
was in the proportion of free 16:0 and 18:2. In freshly collected milk these two
fatty acids contribute equally to the free fatty acid pool. As storage progresses, the
percentage of 18:2 greatly increases while the percentage of 16:0 decreases. This
change can be explained by the distribution of fatty acids in milk triglycerides
and preferential hydrolysis of primary position by lipoprotein lipase in breast milk
(Wong et al. 1982). Besides these major fatty acids, the distribution of the other
free fatty acids in stored milk resembles the distribution of fatty acids in the primary
positions of milk triacylglycerols rather than total triacylglycerol.
Chappell et al. (1985) did not provide data on fatty acids with greater retention
time on the gas chromatography than 18:2. However, Lavine and Clark (1987)
observed that the proportion of longer chain polyenoic acids in the free fatty acid
pool increased with length of storage. Their increase in the free fatty acid pool
may alter their availability to the infant. It is not known if these long chain
fatty acids would be more available to the infant or less. The availability may
depend on the conditions in the lumen of the intestine (Lavine and Clark 1987).
Similarly, Hernell and Blackberg (1982) suggest that, when intraduodenal bile salts
are low, free fatty acids are better absorbed than esterified fatty acids. This may
have important implications for infant nutrition as these long chain polyenoic acids
(Cl8:3n3, C20:4n6, C22:4n6, C20:5n3, C22:6n3, C22:5n3) are needed by the infant
for the synthesis of prostaglandins and thromboxanes (Lavine and Clark 1987).
These LC-PUFA are preferentially accreted in the structural lipids of growing
neural tissues (Clandinin et al. 1980) and may be relevant for brain function
(Lavine and Clark 1987).
Considering the implications of the above findings for infant nutrition, it is important to study if ultrasonicating human milk and further lyophilizing or freezing
would bring about any more changes in the free fatty acid profile.
To date there is almost no information regarding the effects of processing human
milk on its fatty acid profile. One study by Wardell (1981), looked at the effect
of heating as well as freezing and thawing (but not storage) on the distribution
fo fatty acids in human milk collected for banking. Heating at 62.5° C for 30
minutes and freezing and thawing resulted in significant hydrolysis of triglycerides.
A decrease in the percentage of polyunsaturated fatty acids, linoleic acid (C18:2)
and linolenic acid (C18:3), was observed after freezing, thawing and heating, but the
other fatty acids of human milk triglycerides were not affected. They suggest that
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the availability of linoleic and linolenic acid in milk declines when these procedures
are used in human milk banking.
Although these results do not totally agree with the results of Lavine and Clark
(1987) and Chappell et al. (1985), they do seem to suggest that any slight modification in the processing procedure might have a different impact on the pattern
of fatty acids present in the human milk.
Since application of ultrasonication in milk banking will be more as an additional rather than as an only procedure, it would be important to look at the
combined effect of ultrasonication/freezing/lyophilization and storage time on the
fatty acids profile in human milk.

2.3.3

Oxidative Instability in Processed and Stored E H M

It has been speculated that the loss of linoleate (C18:2) and linolenate (C18:3)
observed after heating, freezing and thawing in human milk could be a result of
the autoxidation reactions occurring in the unsaturated fatty acids (Wardell et al.
1981).
Oxidation of the milk lipids has always been of major importance to the dairy
industry. Fat oxidation is considered to be an unwanted reaction in food, mainly
due to the formation of hydroperoxides and their volatile degradation products,
such as short chain aldehydes, ketones, acids and hydroxyl compounds (Campbell et al. 1979, Hall et al. 1985). An increase in the percentage of long chainpolyunsaturated fatty acids in the free fatty acids pool with storage (Lavine and
Clark 1987, Chappell et al. 1985) might possibly increase autoxidation in human
milk.
Lipid oxidation could be a problem in freeze-dried (lyophilized) human milk as
dehydrated foods are considered to be susceptible to oxidation even at very low
partial pressures of oxygen (Goldblith 1969).
Lyophilization as a means of preservation is used primarily to remove water, so
that the food stuff is inert chemically as well as microbiologically (Goldblith 1969).
This process has been successfully used for preparing protein and cream fractions
from the donor's milk needed for fortification of human milk for premature babies
(Garger et al. 1984), and has been used for preservation of collected breast milk
in the human milk banks of the Children's Hospital in Lindenhof, Berlin since
1986 (Bottcher et al. 1987). So far there is no information regarding the effect of
lyophilization on the possibility of lipid oxidation in human milk and the resultant
loss of LC-PUFA or development of rancid and off flavours. On the other hand,
frozen storage of milk is known to possibly result in hydrolytic rancidity (Clark
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et al. 1984). This most certainly might affect the acceptability of milk for infant
feeding.
Acceptability for human consumption can be determined by analyzing the oxidation of lipids in human milk using chemical tests such as detection of peroxide
value, thiobarbituric acid test and determination of total and volatile carbonyl
compounds (Small 1986).
Similarly, in order to check the suitability of ultrasonicated and stored milk for
newborn babies, it would therefore be important to determine the oxidation of fat
in that milk.

2.4

Processing Effects on the Immune Components of Human Milk

One of the primary reasons for the resurgence of interest in breastfeeding is the protection against infection that has been believed to be associated with it (Sunshine
1980). Human colostrum and milk secreted in the early period of lactation not only
provide adequate nutritional support to the newborn, but also supply a passive supplement for the immature immune system by transferring to the gastrointestinal
tract substantial quantities of immunologically active molecules (Clinical Nutrition
Review 1987).
Larsen and Homer (1978) report that, of 107 infants hospitalized with acute
gastroenteritis, only one was being breast fed. Fallot et al. (1980) found that 11%
of 136 infants 0-3 months of age that were hospitalized during a 1 year period
were breast fed. These authors also reported that none of those in the breast fed
groups suffered bacterial infections, whereas 27 cases of bacterial infections were
documented among 121 non breast fed infants. Fallot et al. (1980) concluded that
exclusive breast feeding of infants less than 3 months of age significantly reduced
the incidence of gastroenteritis leading to hospitalization.
These investigations however do suffer from two methodological shortcomings:
first, is the failure to control for demographic and clinical factors that might affect
a child's susceptibility to infection; and second, the failure to use active surveillance
to detect infections, because given certain symptoms, mothers who breast feed may
seek medical care and hospitalization for their children at a different rate from that
of mothers who formula feed infants.
Recently, Leventhal et al. (1986) conducted a case control study in which after
minimizing the potential surveillance bias and stratifying the case- control pairs
by the severity of their medical condition at the time of hospitalization, found that
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breast feeding protects infants from hospitalization rather than from infections. He
concluded that failure to consider the problem of surveillance bias might lead to
erroneous conclusions about the protective effect of breast feeding.
Nevertheless, it is still believed that there are certain protective proteins in
human colostrum and milk which are available to the newborn for passive immunity
(Lewis et al. 1985, Reddy et al. 1977, Gross et al. 1981, Goldman et al. 1982,
Goldman et al. 1983). The passive protection of the breast fed individual especially
against the intestinal pathogens present in the maternal environment is considered
assured (Cruz and Arenalo 1986).
Among the components that are thought to contribute to the anti-infective
properties of human milk are lactoferrin, lysozyme, bifidus factor, anti- staphylococcal factor, components of the complement system and immunoglobulins (Mata
1979, Goldman and Smith 1973).
The most important of the soluble substances, in terms of protection against
diarrheal disease in the breast-fed child, seems to be the secretory immunoglobulins
of the IgA class (slgA) (Hanson et al. 1973, Glass et al. 1983). They are especially
high in colostrum (2-4 mg/ml). Then after 2- 4 days, levels decrease to 1-2 mg/ml
which persist for several months (Jelliffe and Jelliffe 1979). IgA is quite resistant
to proteolysis and pH change, and is though to prevent infections by blocking
adherence of pathogens to the intestinal mucosa (Vahlquist 1976).
Considering the beneficial effects of the immunoglobulins and other immune
components, their retention in banked human milk is important. However, some
studies looking at the effects of processing on immunoglobulins show a decrease in
the immunoglobulin levels, especially after heat treatment (Goldsmith et al. 1983,
Evans et al. 1978, Liebhaber et al. 1977). These studies indicate that while holding
the time of heating constant at 30 minutes, increasing the temperature resulted in
decreased concentration of IgA.
Evans et al. (1978) report that IgA survived with relatively little loss up to
the temperature of 70° C (33.3% loss). They found that accurate pasteurization
at 62.5° C for 30 minutes in a well regulated water bath produced no loss of IgA.
On the other hand, Wills et al. (1982) showed losses of 33%, 23%, and 10% of
IgA following heat treatment at 62.5° C for 30 minutes, 62.5° C for 5 minutes and
56° C for 15 minutes respectively.
Liebhaber et al. (1977) also reported a 33% loss of IgA following pasteurization
at 63° C for 30 minutes.
Although the aim of heat treatment is to destroy pathogens with minimum loss
of milk constituents, significant losses of immune constituents are still observed.
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In the present study we propose to carry out ultrasonic homogenization of EHM
before storing and/or administering milk to the babies. The process of ultrasonication also involves some generation of heat. The combined effect of ultrasonic
waves and heat treatment has been shown to enhance the bactericidal efficiency
in milk (Juan et al. 1987). However, the effect of ultrasonication on the immune
components of human milk has yet to be investigated.
Little is known regarding the best method of storage of human milk for preservation of anti-infective properties. A number of milk banks use deep freezing as
a means of long-term storage (Sunshine et al. 1980, Committee on Nutrition,
American Academy of Pediatrics 1980) and recently there have been attempts to
lyophilize and store human milk (Bottcher et al. 1987).
Evans et al. (1978) and Liebhaber et al. (1977) have studied the effects of deep
freezing and lyophilization on certain immune components in human milk.
Liebhaber et al. (1977) found that freezing human milk specimens for up to 4
weeks at -23° C resulted in no significant alteration of the IgA content. Similarly,
Evans et al. (1978) report that deep freezing human milk at -20° C for 3 months
produced no appreciable loss of IgA.
On the other hand, the effects of lyophilization did not appear to be similar in
the two studies. Liebhaber et al. (1977) found that lyophilization caused a significant decrease in immunoglobulin concentration (21% loss) (P < 0.001); whereas
Evans et al. (1978) did notfindany significant loss of IgA after lyophilization and
reconstitution of human milk.
In short, we do know that the most commonly used method for preserving the
quality of human milk (i.e. pasteurization) has a somewhat detrimental effect on
its IgA content. However, considering the importance of reducing the potential
transmission of infection from contaminated milk, slight loss in IgA concentration
is probably acceptable.
Storage of human milk by deep freezing seems to be a very satisfactory procedure with no appreciable loss of IgA. On the other hand, information regarding
the effect of lyophilization on the IgA levels of human milk still appears to be
inconsistent.
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2.5

Fat and Protein Concentrations in Human
Milk When Delivered Through the Infusion
Pumps

The question of what milk should be given to preterm babies has attracted greater
attention than 'how' it should be delivered. Scant attention has been given to the
effects on human milk of the various methods of milk delivery used in the intensive care nursery. Because of their convenience, and possibly improved tolerance,
continuous nasogastric and nasojejunal feedings using mechanical infusion pumps
have become popular (Benda 1979). They have also gained acceptance because of
reported earlier achievements of 'full feeds' and earlier regaining of birth weight by
premature infants (Heird 1973).
Recently, several pediatricians using mechanical infusion pumps for delivery of
small volumes of human milk at low infusion rates have become concerned about
fat separation as well as the fat losses that appeared to occur in the apparatus used
in these continuous feeding systems (Narayanan et al. 1984, Brooke and Barley
1978, Stocks et al. 1985, Greer et al. 1984).
Studies describing the loss of energy or fat have highlighted the importance of
delivery technique in tube feeding.
Brooke and Barley (1978) recorded up to 24% energy loss in a continuous system
using a burette pump. The authors speculate that milk fat separates rapidly after
the infusion is set up. This results in the lower energy content of the two to four
hour samples, which are presumably relatively low in fat. Thereafter, increasing
amounts of the upper fatty layer appears in the samples and the final residuum
contains a disproportionate amount of fat, both as the remains of the high-fat layer
and as fatty scum adherent to the burette. They suggest that hourly agitation of
the milk in the burette is important to ensure that it remains reasonably well
mixed.
Spencer and Hull (1981) showed that a substantial amount of fat is wasted
(mean of 34%), when drip sets controlled by an IVAC infusion pump are used for
continuous feeding. Smaller though still appreciable amounts are lost when using
a vertically placed syringe pump (mean of 19%). Some at risk babies therefore
receive milk with a much lower energy content than the recommended 100-150
kcal/kg (0.42-0.63 MJ/kg).
In another study by Spencer et al. (1982), there appeared to be no relation
between the amount of energy provided to the baby (as per calculations of energy
content in milk) and weight gain. The possible reasons for this could be variation
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in energy absorption, variation in metabolic rate or in the uptake of nutrients
from the milk. Brooke et al. (1979) showed using a formula feed that absorption
of nutrients varies greatly both from day to day and between different immature
babies. Although they observed a substantial variation in the metabolic rate, there
was a strong correlation between weight and the transfer of nutrient (mainly fat
and therefore energy) from the milk present in the tubes and syringes to the baby
which would possibly account for the large variation in weight gain observed by
Spencer et al. (1982) despite relatively small variation in energy intake. This
fat (and therefore energy) content lost in the syringe and tube walls during tube
feeding could obscure the influence of feeding human milk on growth of low birth
weight babies.
Narayanan et al. (1984) also observed a rise in the fat concentration of human
milk within the syringe towards the end of the continuous infusion. They described
a method of reducing fat accumulation in the reservoir syringe by using eccentric
nozzle syringes set at an angle.
A recent study extends these investigations by showing that continuous infusions result in great losses compared with intermittent boluses and that slow flow
rates were associated with greater fat loss, which is relevant to the lowest birth
weight babies (Stocks et al. 1985). The mean fat losses at different feeding rates
for bolus and continuous methods were 17% and 34%, respectively, and there was a
significantly
inverse correlation between fat loss and flow rates for both techniques
2
(r = 0.865 and 0.922 respectively). In the case of proteins, although the mean
losses were significant (P < 0.05) at 7% and 5% for bolus and continuous feeding
respectively, there was no significant difference between the techniques nor any
correlation of loss with flow rate (Stocks et al. 1985).
Large cumulative fat losses and highly significant decreases in fat concentration
in human milk during delivery using slow infusion rates were also reported by
Greer et al. (1984). They attempted to look at the effect of homogenization on fat
concentration in milk when infused at a slow rate. Milk samples were either shaken
vigorously by hand until the sample appeared to be homogeneous or blended in
a Waring blender at high speed for 2 minutes. The majority of the fat globules
were between 2 and 5 /zm for blended milk and 15 to 20 [im for the shaken milk.
The changes in fat concentration however, were not significantly altered by this
treatment.
These studies raise several concerns relevant to the feeding of human milk
to low-birth-weight infants by continuous nasogastric infusion using a mechanical pump. First, a significant proportion of fat that separates from EHM during
continuous tube feeding becomes unavailable to the baby. In as much as fat ac-
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counts for 50% of the calories of mature human milk (Garza et al. 1987), 15% to
20% of the total caloric value of milk is lost (unavailable) in these delivery systems.
If tubing with residual milk is discarded after the syringe or burette are empty,
an even larger amount of fat is wasted and becomes unavailable (up to 50% of the
total fat and 27.5% of the intended total calories (Greer et al. 1984). The extent
of losses of other substances that may be associated with the fat, for example, fat
soluble vitamins and trace minerals is unknown. It is possible that protein/calorie
ratio of human milk feedings would be altered by the loss of fat with continuous
pump infusions (Martinez et al. 1987).
The second factor of major concern is the marked decrease in fat concentration
that occurs during the infusion of human milk using a mechanical pump, resulting
in marked variation in fat concentration during the continuous infusion. Also of
concern is the large fat bolus delivered at the end. Premature infants are known
to absorb fat inefficiently, and such boluses of fat may lead to feeding intolerance
and delay the advancement of enteral feedings in these infants (Alemi et al. 1981).
An important clinical implication would be that these fat and protein losses will
tend to invalidate any metabolic study of the influence of feeding human milk on the
growth of low birth weight babies. This would mainly result from miscalculating
the nutrients delivered to the baby on the basis of fat content of the milk before
delivery rather than on the fat content of milk actually delivered to the baby.
Similarly, nutrient losses may be a potential cause for this lower weight-gain shown
by babies fed continuously by the naso-jejunal route compared with those fed with
intermittent boluses (Whitfield 1982).
Very recently it has been shown that homogenization by ultrasonic treatment
prevented changes in fat concentration during infusion and essentially eliminated
loss of this nutrient during administration (Martinez 1987). Unlike the study by
Greer (1984), where milk was considered homogenized when the fat globules were
between 2-5 \im in diameter, in this study EHM samples were considered adequately homogenized when most fat globules were uniform in size and less than
1.5 fim in diameter (Martinez 1987). Although this study shows that ultrasonic
treatment of EHM significantly improves recovery of fat when delivered through
tubing, we still do not know what would be the recovery of fat in ultrasonicated
EHM after it has been stored, either frozen or lyophilized, for various lengths of
time.
Since breast milk is generally collected whenever it is available from a donor
mother, processed and stored in the milk bank until used, it is necessary to study
the percentage fat and protein recovery in ultrasonicated milk stored for various
lengths of time.
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C h a p t e r

3

E x p e r i m e n t a l

Design

a n d M e t h o d o l o g y

The following chapter is divided into three sections. The first describes the study
design for the various parts of the experiment. The second section describes the
basic experimental procedures such as milk collection, pasteurization, lyophilization
and so on. The third section deals with the assay techniques that are used for
analyzing specific components of breast milk.

3.1

Experimental Design

The entire study was conducted in four parts:

3.1.1

Part I:

The purpose of this part of the study was to determine the effect of ultrasonication
and heat treatment, singly and in combination, on the extent of lipolysis and lipid
peroxidation in milk stored for various time periods. The experimental design for
Part I of the study has been summarized in Figure 3.1.
Details: Each of the seven expressed human milk (EHM) samples were divided
into 3 equal parts and given three treatments:
(a) Ultrasonicated only
(b) Pasteurized only
(c) Pasteurized and ultrasonicated
A small portion of each sample was analyzed immediately after processing for
the extent of lipolysis and peroxidation of milk fat. The rest was stored for one
month and four months in two forms:
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FIGURE 3.1: Experimental design: part I.
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4

(a) Frozen at -20° C
(b) Stored under nitrogen gas after lyophilization
Frozen samples were thawed and the lyophilized samples reconstituted and analyzed for the extent of lipolysis and peroxidation of fat after one month and four
months of storage.

3.1.2

Part II:

The purpose of this part of the study was to determine the effects of ultrasonication,
lyophilization, freezing and storage time on the fatty acid profile (PUFA) of human
milk. The experimental design for Part II is presented in Figure 3.2.
Details: A fraction of each of five milk samples was analyzed for FAP immediately. The remainder of each sample was divided into two parts. One part was
frozen immediately at -20° C without processing. The other part was ultrasonicated
and stored in two forms:
(a) Frozen at -20° C
(b) Stored under nitrogen gas after lyophilization
After one month of storage, both the frozen fractions (ultrasonicated and nonultrasonicated), as well as the lyophilized fractions of allfivesamples were analyzed
for the fatty acid profile following appropriate thawing and reconstitution.

3.1.3

Part III:

The purpose of this part of the study was to determine the effects of ultrasonication,
lyophilization, freezing and storage time on the immunoglobulin A (IgA) levels in
human milk. The experimental design for part III is presented in Figure 3.3.
Details: A fraction of each of seven EHM samples was analyzed for IgA in
the beginning and the rest was ultrasonicated and divided into three parts. One
part was analyzed for the IgA fraction immediately (within 24 hours) and the
remaining two parts were stored either frozen at -20° C or under nitrogen gas after
lyophilization for a period of one month. After one month the samples were thawed
and reconstituted accordingly and analyzed for the IgA fraction.
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ANALYSIS

3.1.4

Part IV(a):

The purpose of this part of the study was to determine the effect of lyophilization, freezing and storage time on the fat and protein recovery in mechanically
infused ultrasonicated milk. The experimental design for Part IV(a) of the study
is presented in Figure 3.4.
Details: Each of the eight milk samples was heat treated (pasteurized), ultrasonicated and then divided into two parts. One part was lyophilized and the other
frozen at -20° C . Both these portions were stored for one and four months time as
shown in Figure 3.4.
Samples were appropriately thawed and reconstituted and then analyzed for
the recovery of fat and protein. Recovery was assessed following delivery of the
sample at both a rapid rate (40 ml/h ) and slow rate (10 ml/h ) using laboratory
models simulating tube feeding in clinical practice.

3.1.5

Part IV(b):

This was a follow-up study of Part IV(a). The purpose was to determine if ultrasonication of milk after it had been stored in the lyophilized form gives better
recovery of fat and protein when infused. The experimental design for Part IV(b)
of the study is presented in Figure 3.5.
Details: Five milk samples were obtained. Each sample was divided into two
parts.
(a)

One part was pasteurized, ultrasonicated and then lyophilized and stored.
After one month it was reconstituted, re-ultrasonicated and then infused.

(b)

The other part was pasteurized, lyophilized and stored for one month,
after which it was reconstituted and then ultrasonicated and infused.

The recovery of fat and protein was assessed as described in Part IV(a) of the
study.

3.2
3.2.1

Experimental Procedures
Milk Collection and Standardization

Breast milk was available at "no cost" from the Children's Hospital breast milk
service, operating under the Division of Biochemical Diseases, Department of Pae30
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diatrics, Children's Hospital, University of B.C.
Pooling of milk samples was undertaken when necessary to increase the sample
volume.
The nutritional and hygienic qualities of milk samples were controlled by accepting milk which met a set of criteria:
1. From mothers who delivered infants at term.
2. From mothers lactating between 2-8 months.
3. From mothers who had been thoroughly screened for infectious diseases by
Breast Milk Service (BMS) Coordinator following standard practice.
4. From donors instructed in the technique of expression by BMS Coordinator.

3.2.2

Ultrasonic Treatment of Expressed Human Milk

The objective of this treatment was to homogenize human milk so that the size of
the fat globule would be similar to that of commercial homogenized cow's milk.
The conditions for homogenization were optimized by Martinez et al. (1987) by
subjecting EHM samples to ultrasonic treatment at different levels of intensity,
and for different time periods. In the present study, approximately 65 ml of milk
sample was ultrasonicated at one time at a relative intensity of 5 (on a scale of 1 to
10), over a period of 5 minutes. The apparatus used was Tekmar Sonic Disruptor
Model TSD-P 250, 500 watts, 20 Hz (Tekmar Co., Cincinnati, Ohio).

3.2.3

Pasteurization

Expressed human milk was pasteurized in the Oxford human milk pasteurizer at
the Children's Hospital, Vancouver, for 30 minutes at 63° C and followed by a rapid
cooling cycle.

3.2.4

Infusion System For Tube Delivery of E H M

Laboratory models simulating tube feeding in clinical practice were used for this
study. Two methods of infusion were tested: a slow infusion system using a mechanical syringe pump and a fast infusion system using gravity flow from an open
syringe.
The slow infusion system consists of a mechanical pump (Model AS-5B, AutoSyringe Inc., Hookset, New Hampshire), and a 50 ml plastic-syringe (Plastipak
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BD) connected to an extension tube 152 cm long, 1.8 ml capacity (Meldon Inc.,
Burbank, California) and an 8 French Argyle feeding tube (Sherwood Medical,
St. Louis, Missouri) 40.5 cm long. The syringe was maintained in the horizontal
position with agitation over a period of 4 hours. The volume and rate of milk to be
infused during this period was calculated on the basis of the amount which would
be received by a 1600 g newborn at a daily rate of 150 ml/kg. This represents
a volume of 40 ml of infusate in a 4 hour period and was delivered by adjusting
the flow rate to 10 ml/h
Aliquots of milk flowing out of the feeding tube were
collected in glass test tubes at 30 minute intervals and stored frozen at -20° C for
analysis within a period of one week. Precautions were taken to recover as much
milk as possible from the feeding tube by continuing air infusion at the end of each
trial.
The rapid infusion system consists of a 30 ml open plastic syringe (Plastipak
BD) connected to a 44 cm extension tube (MX 450, Medex Inc., Hilliard, Ohio)
and a French Argyle feeding tube (Sherwood Medical, St. Louis, Missouri). The
syringe was held vertically and 20 ml of milk was allowed to flow by gravity over a
period of 30 minutes (rate 40 ml/h).
This approximately simulates the conditions encountered when feeding newborn babies every two hours. Aliquots of milk
delivered by the tube were collected at six minute intervals and stored frozen for
analysis as described for the slow infusion system.

3.2.5

Lyophilization of Expressed Human Milk

Human milk samples were lyophilized using the freeze driers in the Departments
of Food Science and Chemistry, University of British Columbia. For Part I and
Part IV of the study a "Lab-Conco" Model-18 freeze drier in the Food Science
Department was used. Due to the unavailability of this freeze drier on occasions,
milk samples for Part II and Part III of the study were freeze dried using the
"DURA-DRY", Corrosion resistant freeze drier (FTS Systems Inc., Stone Ridge,
New York) available in the Chemistry Department. In both cases milk samples were
placed in containers with large surface area (to facilitate drying), frozen, covered
with parafilm with a few small holes in it and then placed in the freeze drier for
approximately 3 days. After the samples were dried, they were removed, flushed
with nitrogen gas and sealed tightly for storage.
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3.3

Assay Procedures

In the following section,flowdiagrams for all the assay methods described are
presented in order to help understand the steps clearly.

3.3.1

Free Fatty Acid Analysis

The 'Extraction-titration' method of Deeth (1975) was used for estimating lipolysis
in human milk samples. Milk (2.5 ml) in a test tube was mixed with 5 ml of
extraction mixture (isopropanokpetroleum ether: 4NH S0 , 40:10:1).
2

4

Petroleum ether (3 ml) and water (2 ml) were added and the stoppered test
tube shaken vigorously for 15 seconds. The two layers were allowed to settle (5-10
min) and an aliquot of the upper layer was withdrawn and transferred to a 50
ml conicalflask.After addition of 6 drops of 1% methanolic phenolphthalein the
solution was titrated with 0.02 N methanolic KOH. A blank, in which milk is
replaced with water, was used to obtain the background titration. The free fatty3
acid content (// equivalent/ml) of milk was obtained from the formula
• 10
where T is the net titration volume, N the normality of the methanolic KOH, P
the proportion of the upper layer titrated (i.e. volume of aliquot withdrawn/total
volume of upper layer) and V the volume (in ml) of milk.
The method has been summarized in Figure 3.6.

3.3.2

Determination of Peroxides

A modified peroxide test for the detection of lipid oxidation in milk was used (Stine
et al. 1954).
The fat layer from the milk was first separated using the extraction procedure
(Deeth 1974) described above. Aliquots obtained wereflushedwith nitrogen gas to
evaporate petroleum ether. Using a micropipetter, 100^j£ of fat was removed, and
placed in a 10 ml standard taper volumetricflask.A solution fo benzene:methanol
(70:30) was added to the mark and the stoppered flask inverted several times to
dissolve the fat. This was followed by the addition of one drop (0.04 ml) of ferrous
chloride and one drop (0.04 ml) of ammonium thiocyanate reagent and the flask
was then shaken vigorously to disperse the reagents and placed in a water bath
at 50° C for exactly 2 minutes for colour development. The temperature of the
coloured solution was lowered to approximately room temperature during about 2
minutes in an ice bath.
Finally, the mixture was transferred to a cuvette and the light absorption was
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io

determined at 505 m/x.
A fat blank was run on the sample. Oil (100 fil) was handled in precisely the
same manner except no ferrous chloride reagent was added.
Use of reagents kept for more than one month lead to a higher peroxide value
than would be observed with a fresh reagent. Therefore, fresh reagents were prepared after every month.
The peroxide value was expressed in terms of milli-equivalents of oxygen per
kg of fat. The analysis and calculations of peroxide value are shown in Figure 3.7
and Figure 3.8 respectively.

3.3.3

Immunoglobulin A Analysis

Immunoglobulin A levels were quantitated using the radial immunodiffusion method
of Mancini (1965). The plates and standard reagents for the determination of total
IgA were obtained from Behring Diagnostics, Behringwerke AG, Marburg.
For the standard, the contents of flask containing low concentration IgA protein
standard serum (LC-A) were reconstituted with 0.5 ml of distilled water. For
preparing reference curves, three dilution stages (1:1, 1:3, 1:7) with isotonic sodium
chloride solution were set up. 20 \it of these three different dilutions were pipetted
into three corresponding wells on the LC partigen immunodiffusion plate using the
LC partigen microdispenser. The plates were placed at room temperature for 2-3
days and the diameter of the precipitation zones was measured and a standard
curve was prepared by plotting width vs. standard concentration.
For the control, the vial containing the control serum for NOR-partigen assay
was rotated gently and the content brought to room temperature. A 40 fold dilution
(10:390 fj.£) of the control was made using isotonic sodium chloride as diluent. 20/j.l
of the diluted control was applied to the plate and the diameter of the precipitation
zone read after 2-3 days and the value plotted on the standard curve.
The milk samples were diluted 9 times (1:7) with isotonic sodium chloride,
shaken and then applied to the immunoplates (20/z£/well). The diameter of the
precipitate was read as in the above cases and concentrations derived from the
standard curve in mg/d£. The method has been summarized in Figure 3.9.

3.3.4

Fatty Acid Profile Analysis

The human milk samples were analyzed for the fatty acid profile at the B.C. Children's Hospital Research Centre using gas chromatographic analysis.
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SAMPLES

SALINE

Immediately before analysis, the samples were thawed, total lipids were extracted from 100/i£ of milk with chloroform-methanol (2:1, vol/vol) (Folch et al.
1957). Six millilitres of chloroform, 3 ml of methanol and 2 ml of saline containing
3 mM EDTA were added to 100/x£ of milk. Two hundred and fifty micrograms
of internal standard Cn was added, the contents vortexed and centrifuged ~ 2000
RPM for 5 minutes. The bottom layer was filtered and the rest re-extracted with
6 ml of chloroform at a centrifugation speed of 3000 RPM. The bottom layer was
again filtered out and added to the 1st extraction.
The chloroform present in the solution was evaporated by subjecting it to a
continuous stream of nitrogen gas.
Fatty acid methyl esters were prepared with methanolic HCl (HCl:MeOH
1:5), by adding 1 ml of this mixture (HCl:MeOH)
to the fat layer obtained after
evaporation and digesting it for 10 minutes at 100° C. The contents were brought to
room temperature and saline:pentane (3:6) was added, the tubes were vortexed and
the top layer removed and evaporated under nitrogen until methylesters of fatty
acids were left. These esters were dissolved and injected in the gas chromatograph
equipped with aflameionization detector (VARIAN Model No. 6000 GC). Helium
was used as a carrier gas. All peaks were identified by comparison of their retention
times with appropriate standards and their areas quantified with a vista 402, digital
integrator. The procedure has been summarized in Figure 3.10.

3.3.5

Total Lipids and Protein Determination

The method of Nakai and Chi (1970) was used to determine total lipids and protein
in milk simultaneously (Figure 3.11).
Five millilitres of 97% acetic acid was added to 0.05 ml of milk in a test tube
closed with a ground-glass stopper and shaken to ensure complete solution. The
protein was calculated from the absorbance measured at 280 m/i with a 1 cm cell
against a reagent blank in a Beckman DB spectrophotometer.
To this solution, 2.5 ml of urea imidazole solution (20% urea and 0.2% imidazole) was added, the contents mixed thoroughly and allowed to stand for 30
minutes. Total lipid concentration was calculated by measuring the absorbance at
400 m/x with a round cell in a spectrophotometer.
Calculations:
1. Cumulative Recovery of Total Lipids:
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% of total lipid in original milk samples recovered from infused milk samples.
2. Total Lipid Recovery:
Lipid content of all aliquots (concentration of fat g/d£ x volume of aliquot).
3. Cumulative % Lipid Recovery:
Lipid content in initial milk — total milk fat recovery.

4. Recovery of protein was calculated as per the calculations of total lipid recovery.
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C h a p t e r

4

Results

4.1

Part I: Free Fatty Acids and Peroxides

Results pertaining to the effects of processing and storage on the free fatty acids
(FFA), and peroxide levels of milk will be presented in this section.

Part l a : Free Fatty Acids

Results of the free fatty acid analysis of human milk are presented diagrammatically in Figure 4.1, and in tabular form in Table 4.1, 4.2, and 4.3. Figure 4.1
summarizes the overall effects of ultrasonication, lyophilization and freezing on the
free fatty acid content of fresh and stored human milk samples. Generally, an increase in the free fatty acid (FFA) content was observed in the ultrasonicated milk
before storage as well as after storage in comparison to the other treatment groups
(Pasteurized 'A', Pasteurized and Ultrasonicated 'C'). The increase in free fatty
acid level was most pronounced in the ultrasonicated group 'B' after lyophilization
and subsequent storage.
Results of one way analysis of variance performed on the baseline FFA values
of the three treatment groups indicated that there was a significant (P < 0.001)
treatment effect in the level of FFA in fresh milk (Table 4.1).
A nonparametric one way analysis of Kruskal Wallis Rank test was also conducted on the baseline FFA values since the variance was not homogeneous, and
that also indicated a significant treatment effect in the baseline FFA values of the
three groups (A, B, C). Results of Scheffe's test further indicated that the levels
of FFA in the ultrasonicated group 'B' were higher significantly at P < 0.01 than
group A and group C (pasteurized A, and pasteurized and ultrasonicated C). There
was not difference between group A and C.
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FIGURE 4.1: Effect of ultrasonication, lyophilization and freezing on the FFA
content of fresh and stored human milk (mean of 7 samples).
HT - heat treated, US - ultrasonicated, HT &; US - heat treated and ultrasonicated.
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TABLE 4.1: Effect of ultrasonication, pasteurization, lyophilization and freezing
on the free fatty acid content of fresh and stored human milk (group A, B, C).

Milk
Sample
F

Fatty Acid Content (fj, equil./m/)
A
B
C Ultrasonicated
Pasteurized
Ultrasonicated
& Pasteurized
Fr.
L
F
Fr.
L
F
Fr.
L

1

0.89 1 mo.
4 mo.

1.37 1.07
1.11 1.66

8.73 12.12 17.58
13.34 24.96

1.57 1.14 1.50
1.55 1.87

2

0.67 1 mo.
4 mo.

1.60 1.07
1.11 1.45

8.73 10.98 16.50
12.89 18.92

1.12 0.91 1.28
1.33 1.66

3

1.08 1 mo.
4 mo.

1.39 1.05
1.41 1.11

7.34

9.51 15.72
11.76 21.79

1.08 1.62 1.05
1.41 1.33

4

1.65 1 mo.
4 mo.

1.39 1.88
2.09 1.77

6.19 10.44 21.80
11.53 25.13

2.06 1.39 2.09
1.88 2.66

5

2.72 1 mo.
4 mo.

2.89 3.72
3.14 4.00

10.22 17.12 40.11
17.18 37.80

3.13 3.33 4.16
3.14 4.45

6

1.14 1 mo.
4 mo.

1.11 1.75
1.50 1.78

9.60 14.45 18.41
14.36 28.91

1.37 2.00 1.75
1.50 2.00

7

2.45 1 mo.
4 mo.
1 mo.

2.09
2.78
1.69
±
0.60

Mean
SD

2.09 12.28
3.33
1.80
±
1.514
0.94 *9.013
±
±
0.793 4 mo. 1.87 2.15
1.97
±
±
0.793 1.07

13.41 14.04 3.07
17.85 33.36
12.57 20.59
±
±
8.9 1.914
2.63
±
14.03 27.26 0.87
±
±
2.34 6.58

2.09
2.57
1.78
±
0.80

2.09
3.11
1.98
±
1.03

1.91 2.44
±
±
0.68 1.07

* significantly higher than baseline (fresh values of Group A &; C (at P < 0.01).
F = Fresh
Fr. = Frozen
L = Lyophilized
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TABLE 4.2: Three way ANOVA on the increase in FFA and peroxides (F ratios).

EFFECT

FFA

Time (l mo./4 mo.)
6.53
Storage (frozen/lyophilized) 26.52
Ultrasonication (U.S.)
41.68

PEROXIDES
*

***
***

319.01
6.93
14.19

***
*
**+

Two Way Interaction
Time — Storage
Time —Ultrasonication
Storage — Ultrasonication

2.91 ns
0.99 ns
15.04 * * *

31.22
1.90 ns
2.43 ns

ns

not significant
P < 0.05
*** P < 0.001

TABLE 4.3: Comparison of the increase in FFA and peroxides in the three treatment groups (A, B, C) after storage.

FFA

a

4

Peroxides

A

B

C
Pasteurized

Pasteurized

Ultrasonicated

&

0.329

1.104*

Ultrasonicated
0.097

1.915

1.495

f

a

1.853

Mean fractional increase from baseline (n=7)
Mean log transformed increase from baseline (n=7)
* Significantly higher than group A and C at P < 0.01
* Significantly lower than group A and C at P < 0.01

4
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Table 4.1 presents concentrations of FFA in each milk sample undergoing different treatments (pasteurization and/or ultrasonication), fresh and after storage in
frozen and/or lyophilized forms for different time periods. As can be seen from Table 4.1, there is considerable variation in the concentration of FFA in each group of
fresh samples at baseline as well as after storage. However, several consistent trends
are apparent, and revealed by the results of the three way analysis of variance (3way-ANOVA). These results show that the increase in FFA levels are significantly
affected by storage time, storage form, and the treatment provided to the milk
samples (Table 4.2).
Since we looked at the increase in the FFA levels from the baseline, there
were only two levels of comparison, for the factor 'time' (1 month increase and
4 month increase), and for the factor 'storage form' (increase with freezing and
increase with lyophilization). However, for the factor 'treatment' (pasteurized only,
ultrasonicated only, pasteurized and ultrasonicated both), there were three levels
of comparisons and therefore Scheffe's test was done to find out which two groups
were different.
Results of 3-way ANOVA (Table 4.2) indicate that there is a significant difference (P < 0.005) in the increase of FFA between 1 month and 4 months storage.
Looking at the mean values in Table 4.1 and Figure 4.1, it appears that the level
of increase in FFA was higher in the 4 months storage group.
Similarly, results presented in Table 4.1, 4.2, and Figure 4.1 indicate that the
increase in FFA was significantly greater (P < 0.001) with storage in lyophilized
form compared to frozen storage.
The process of ultrasonication was found to have a significant effect on the
increase in the FFA levels after storage (P < 0.001, Table 4.2). Results of Scheffe's
test (Table 4.3) indicate that the increase in FFA was significantly higher (P <
0.01) with ultrasonication only (group B) compared to group A and C.
Results of the 3-way ANOVA (Table 4.2) also indicate a significant 2 way interaction between storage form and the treatment: that is, the increase in FFA
with lyophilized and frozen storage was confined to samples which had only been
ultrasonicated (and not pasteurized).
However, from the overall results in Table 4.1 and Figure 4.1, the level of FFA
appear to be highest in the ultrasonicated and lyophilized milk stored for four
months.
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P a r t l b : Peroxide Levels

Results pertaining to the peroxide content of human milk are presented graphically in Figure 4.2, and in the tabular form in Table 4.2 to Table 4.4. Figure 4.2
presents the overall effects of ultrasonication, lyophilization and freezing on the
peroxide content of fresh and stored human milk.
In general, the baseline or fresh values of peroxide in all three treatment groups
(Pasteurized 'A', Ultrasonicated 'B', Pasteurized and Ultrasonicated 'C') appear
to be similar. An increase in the peroxide content was observed after storage in
both frozen and lyophilized forms in all treatment groups.
Results of one way analysis of variance performed on the baseline peroxide
values of groups A, B and C indicate that there was no significant different in the
peroxide concentration of fresh milk given any of the three treatments (Table 4.4).
However, when the fresh values of pasteurized and ultrasonicated groups were
compared using paired t analysis, the concentration of peroxides in the ultrasonicated group appeared significantly higher (P < 0.05).
Results of the 3-way-ANOVA indicates that the increase in peroxide value was
significantly affected by storage time, storage form and by the treatment given to
the milk sample (Table 4.2).
Similar to the analysis of FFA, we looked at the increase in peroxide levels from
the baseline. Therefore there were only two levels of comparison for the factor 'time'
(1 month increase and 4 month increase) and for the factor 'storage form' (increase
with freezing and increase with lyophilization). However, for the factor 'treatment'
(pasteurized only, ultrasonicated only, pasteurized and ultrasonicated both), there
were three levels of comparison and therefore Scheffe's test was performed to find
out which two groups were different.
Results presented in Table 4.2 indicate that there is a significant difference
(P < 0.001) in the increase of peroxides between 1 month and 4 months storage.
Looking at the mean values in Table 4.4 and Figure 4.2, it appears that the level
of increase in peroxides was higher in the 4 months storage group.
Similarly, ANOVA results presented in Table 4.2 indicate that the increase in
peroxide value was significantly different (P < 0.05) when milk was stored in frozen
or lyophilized form. Looking at the mean values in Table 4.4 and Figure 4.2, it
appears that the levels of peroxide were higher in the lyophilized group at 1 month
storage time and lower at 4 months storage time than the frozen group.
The process of ultrasonication was found to have a significant effect on the
increase in the level of peroxides after storage (P < 0.001) as shown in Table 4.2.
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FIGURE 4.2: Effect of ultrasonication, lyophilization and freezing on the peroxide
content of fresh and stored human milk (mean of 7 samples).
HT - heat treated, US - ultrasonicated, HT & US - heat treated and ultrasonicated.
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TABLE 4.4: Effect of ultrasonication, lyophilization, pasteurization and freezing
on the peroxide content of fresh and stored human milk (group A, B, C).

Milk
Sample
F

Peroxide Content (millieq 02/kg fat)
B
C Ultrasonicated
A
Pasteurized
Ultrasonicated
& Pasteurized
L
L
L
Fr.
F
Fr.
F
Fr.

1

0.18 1 mo. 0.60
4 mo. 11.89

7.16 0.45
6.87

0.43
8.16

1.44 0.11
6.16

0.25
11.10

2

0.18 1 mo. 0.68 7.16 0.36
4 mo. 13.68 12.60

0.60
9.96

2.16 0.24
6.87

0.60 6.63
12.80 12.60

3

0.50 1 mo. 2.76
4 mo. 14.90

3.85 1.25 2.40
9.02
13.32

2.69 1.25 2.58
6.87
13.32

3.40
9.74

4

2.36 1 mo. 1.96
4 mo. 14.19

3.67 2.20 1.79
7.59
12.60

2.29 2.47 2.76
4.01
12.60

3.04
6.87

5

0.96 1 mo.
4 mo.

1.95 1.50 1.48
8.30
10.45

1.30 1.14
8.30

2.67
8.30

6

1.68 1 mo. 2.67 5.21 2.94
4 mo. 13.32 16.30

7

1.14 1 mo.
4 mo.
1 mo.

Mean
SD

1.59
9.74

1.77 2.60 1.14 2.67 4.67
11.89 12.60
10.45 17.04

1.76 7.02 1.40 1.65
8.87 11.89
7.45
1.70 5.14
1.44
±
±
±
1.0
0.85 2.06 1.44 0.69
±a
±
0.80 4 mo. 12.36 10.36 0.91 10.54
±
±
±
2.29 3.37
2.21

2.15 1.22 1.76 6.80
6.87
7.45 11.89
2.08
1.74 4.38
±
±
±
0.53 1.08 1.01 1.00
±
7.38 0.77 10.96 10.57
±
±
±
2.63
2.16 3.00

° No significant difference among the fresh values.
F = Fresh
Fr. = Frozen
L = Lyophilized
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1.59
9.02

3.49
7.59

Results of Scheffe's test (Table 4.3) indicate that the increase in peroxides was
significantly lower in the ultrasonicated group (P < 0.01%) compared to group A
and C.
Results of the 3-way-ANOVA (Table 4.2) also indicate a significant 2 way interaction between storage time and storage form: that is, the increase in the peroxide
value in the milk with time was dependent on the form in which it had been stored
(frozen or lyophilized).
From the overall.results for this section in Table 4.4, the maximum increase in
peroxide appearance to be in the pasteurized milk frozen for 4 months.

4.2

Part II: Fatty Acid Profile

Results pertaining to the effects of processing and storage on the fatty acid profile of
human milk are presented in Figure 4.3, 4.4 and Table 4.5. Figure 4.3 illustrates the
concentration of C12:0, C16:0, C18:0, C18:2n6 and Cl8:3n3 in fresh and processed
human milk stored for 1 month.
Results of multiple analysis of variance (MANOVA) conducted on these fatty
acids are presented in Table 4.5. As can be seen from Figure 4.3 and Table 4.5,
ultrasonication and subsequent storage appears to have a statistically significant
lowering effect on the concentration of saturated fatty acids C12:0 and C18:0 at
P < 0.001 and P < 0.01 respectively. Since the number of our samples was small
(5), further post hoc tests were not conducted due to the possibility of accumulating
error. However, the results of MANOVA do indicate a significant effect of treatments (ultrasonication and storage) on the concentration of C12:0 and C18:0. The
concentration of C16:0 appears to decrease after various treatments (Figure 4.3)
however, the differences were slight and statistically non-significant (Table 4.5).
The concentration of essential fatty acids Cl8:2n6 and Cl8:3n3 appeared to
remain unaffected by ultrasonication and subsequent storage (Figure 4.3). Results
of the multiple analysis of variance (Table 4.5) indicate no significant treatment
effect on fatty acids Cl8:2n6 and C18:3n3.
Figure 4.4 presents the profile of long chain polyunsaturated fatty acids (LCPUFA) in fresh and processed milk stored for one month.
Overall, from the results of MANOVA (Table 4.5), ultrasonication and subsequent storage did not seem to significantly affect the percentage of C20:3n6,
C22:5n3, and C22:6n3. However, fatty acids C20:4n6 and C22:4n6 were found to
be decreased significantly upon ultrasonication and storage (P < 0.001). The percentage of fatty acid C20:5n3 was also significantly affected (P < 0.05) after the
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FIGURE 4.3: Fatty acid profile in fresh, processed and stored (1 month) human
milk (mean ± SD of 5 samples).
Fatty acid content is expressed as % of total fatty acids. US - ultrasonicated.
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FIGURE 4.4: Long chain polyunsaturated fatty acid profile in fresh, processed and
stored (1 month) human milk (mean ± SD of 5 samples).
Fatty acid content is expressed as % of total fatty acids. US - ultrasonicated.
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given treatments does not appear to decrease. On the other hand, the levels of
C20:5n3 do appear to rise in the fresh frozen samples but on a purely observational
basis.
Overall, ultrasonication and storage of human milk appears to bring about
a decrease in the LC-PUFA of w-5 series with four double bonds whereas the
concentration of w-3 fatty acids remain mostly unaffected.
Treatment of human milk (ultrasonication, freezing, lyophilization) per se,
seems to affect only two out of the six LC-PUFA; C22:4n6 and C20:4n6.

TABLE 4.5: Multiple analysis of variance on the fatty acids profile.

Fatty Acid
C12:0
C16:0
C18:0
C18:2n6
C18:2n3
C20:3n6
C20:4n6
C20:5n3
C22:4n6
C22:5n3
C22:6n3

F Values
29.40 P < 0.001
1.46
ns
7.09
P < 0.01
0.31
ns
0.12
ns
2.11
ns
9.04 P < 0.001
5.24 P < 0.05 (t)
15.95 P < 0.001
0.42
ns
0.14
ns

ns - not significant
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4.3

Part III: Immunoglobulin A (IgA)

Results pertaining to the effect of processing and storage on human milk IgA
concentrations are presented in Table 4.6.
Table 4.6 presents the results of ultrasonication, lyophilization, freezing and
storage (for one month) on the IgA concentration of each milk sample as well as
the average. The average (mean) concentration of IgA in fresh milk was 46.05
mg/d£ which decreased to 45.48 mg/d£ after ultrasonication. Results of paired t
test analyses showed that the reduction fo 0.57 mg of IgA after ultrasonication was
significant at P < 0.05 (Table 4.6).
Storage of ultrasonicated milk in the frozen form further decreased the IgA
concentration by an average of 0.91 mg. This change in the concentration of IgA
brought about by freezing was found to be significant using paired t test analysis
P < 0.01).
Storage of ultrasonicated milk in the lyophilized form compared to the frozen
form further decreased the IgA concentration by an average of 2.00 mg. This
decrease was found to be significant at P < 0.001 (Table 4.6), using paired t test
analysis.
Overall concentration of IgA in ultrasonicated milk appears higher in all the
samples when stored frozen rather than lyophilized for one month.

4.4

Part IV: a) Total Fat and Protein Recovery-

Results pertaining to the fat and protein content in processed and stored human
milk infused at slow and rapid rates are graphically presented in Figure 4.5 to
Figure 4.10 of this section. All values appearing in the figures are mean and
standard deviations of eight samples.
Part IV: Fat Recovery

Figure 4.5 graphically present the periodical and cumulative changes in fat content of ultrasonicated, frozen and lyophilized milk stored for one and four months
each and mechanically infused at a slow rate of 10 ml/h. Figure 4.5 presents the
mean fat content and standard deviations of eight milk samples collected at thirty
minute intervals during slow mechanical infusion.
In general, the recovery of fat from ultrasonicated and frozen milk appears to
be significantly more complete than in the ultrasonicated milk stored in lyophilized
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TABLE 4.6: Effect of ultrasonication, lyophilization, freezing and storage on IgA
concentration of human milk.

Milk
Sample
1
2
3
4
5
6
7
Mean
SD

Fresh

US

40.4
38.8
46.8
46.8
48.0
46.8
38.8
38.8
60.0
60.0
28.4
28.4
60.0
58.8
46.05
45.48
± 11.47 ± 11.34

IgA concentration (mg/d£)
Changes ' US
Changes
and
with
with
US
Freezing Freezing
1.6
38.8
0.0
45.6
1.2
45.6
0.0
37.6
0.0
58.8
0.0
26.4
1.2
58.8
0.57*
44.57
± 0.72 ± 11.58

P < 0.05
P < 0.01
*** P < 0.001

US
Changes
and
with
Lyoph. Lyoph.

0.0
37.6
1.2
44.4
1.2
41.6
1.2
34.8
57.6
1.2
1.6
24.4
0.0
57.6
42.57
0.91**
± 0.64 ± 12.05

1.2
1.2
4.0
2.8
1.2
2.4
1.2
2.0***
± 1.10

US
= Ultrasonicated
Lyoph. = Lyophilization

**
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FIGURE 4.5: Mean (± SD) periodical and cumulative changes in fat content of
ultrasonicated-frozen and ultrasonicated-lyophilized milk infused at a slow rate (10
ml/h).
* Differences from zero time concentration significant (P < 0.01).
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form (for both one and four months).
In ultrasonicated and lyophilized milk stored for one and four months (Figure 4.5), fat content fell significantly in thefirstthirty minutes of infusion and kept
declining to three and a half hours. During the final thirty minutes of infusion
there was a significantly sharp rise in the fat concentration. On the other hand, in
ultrasonicated milk stored frozen for both one and four months, the concentration
of fat in all but thefinalfew hours infusate appeared relatively constant.
Cumulatively, 87.5% and 74.7% of the initial fat content was recovered in the
ultrasonicated and lyophilized milk stored for one and four months respectively.
On the contrary, the cumulative recovery of fat in ultrasonicated milk frozen
for one and four months was 99.2% and 97.7% respectively.
Figure 4.6 illustrates the mean periodical and cumulative changes in fat content
of ultrasonicated frozen and ultrasonicated lyophilized milk during thirty minutes
of rapid infusion (40 ml/h).
A slight decline was observed in the fat concentration after 24 minutes (vs. 0
time) of infusion in ultrasonicated and lyophilized milk stored for four months.
However, compared to slow infusion technique, delivery of fat in the rapidly
infused milk samples (ultrasonicated and lyophilized for one and four months)
appeared much more stable (Figure 4.6). In the frozen stored ultrasonicated milk
there was no decline in the concentration of fat at any infusion time.
Cumulatively 93.54% and 84.28% of initial fat content was recovered in the
ultrasonicated and lyophilized milk stored for one and four months respectively.
In the ultrasonicated frozen samples, 102.5% and 98.5% of the fat present in the
initial aliquot was recovered after one and four months storage respectively (Figure 4.6). The difference between the frozen and lyophilized samples was significant
at both one and four months (P < 0.05).
Part IV: Protein Recovery

Figure 4.7 graphically presents the periodical and cumulative changes in protein
content of ultrasonicated frozen and ultrasonicated lyophilized milk stored for one
and four months each and infused mechanically at a slow rate (10 ml/h).
In the frozen and lyophilized samples stored for one month there appeared to
be morefluctuationsin the recovery of protein compared to the samples infused
after four months storage. However, none of the changes differed significantly from
baseline values.
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The cumulative recovery of protein in the samples stored for one month was
slightly higher in the lyophilized section (94.5%) compared to frozen (91.9%).
On the other hand, the cumulative recovery of protein was same (98.9%) for
both frozen and lyophilized samples stored for four months. In general, the ultrasonicated frozen samples appear more consistent in terms of protein recovery
at various infusion intervals compared to the lyophilized samples, although the
differences were not significant.
Figure 4.8 illustrates the mean periodical and cumulative changes in protein
content of ultrasonicated frozen and lyophilized milk during thirty minutes of rapid
infusion of 40 ml/h.
In general, both frozen and lyophilized milk samples show slight fluctuations in
protein recovery at various intervals when infused after one month storage. After
four months, the concentration of protein in all the infusates of both frozen and
lyophilized form was extremely stable.
The cumulative recovery of protein in rapidly infused milk was very similar for
both frozen and lyophilized samples at one month and four month storage levels
(93.9% and 94.5%, 99% and 101%) respectively.

4.5

Part IV: b) Total Fat and Protein Recovery

Figure 4.9 presents the results pertaining to the recovery of fat and protein content
in milk ultrasonicated after lyophilization and both before and after lyophilization
and infused at a slow rate. Milk samples in both cases were stored for one month
in the lyophilized state.
The periodical recovery of both fat and protein appears similar and consistent throughout the infusion time of four hours for milk ultrasonicated once after
lyophilization as well as for milk ultrasonicated twice: before and after lyophilization. In both these groups, thefinalrecovery of fat as well as protein also appears
similar (98.5% and 99.6%, 99.5% and 102.8%) respectively.
Figure 4.10 illustrates the mean changes in fat and protein content of milk (ultrasonicated after lyophilization,a nd ultrasonicated both before and after lyophilization) during thirty minutes of rapid infusion.
As was observed in the slow infusion study, the periodical recovery of fat and
protein appears similar throughout the infusion time of thirty minutes in milk
ultrasonicated once after lyophilization and in milk ultrasonicated twice; before
and after lyophilization. Both these groups (ultrasonicated once and twice) appear
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to have similar cumulative recovery of fat (98% and 96%) and protein (97.6% and
99%) respectively (Figure 4.10).
In general, ultrasonication of milk once after reconstitution of lyophilized milk
appears to produce results (recovery of fat and protein) similar to when milk was
ultrasonicated twice; both before and after lyophilization.
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5

Discussion

The purpose of this study was a) to determine the effects of processing (i.e. ultrasonication, heat treatment, lyophilization) and storage on free fatty acid levels,
fatty acid profile and IgA content in human milk and b) to determine the effects
of processing and storage on the recovery of fat and protein in mechanically infused human milk. Each of the above issues will be discussed individually and then
followed by a concluding summary.

5.1 Effect of Processing and Storage on the Free
Fatty Acid and Peroxide Levels in Human
Milk
5.1.1

Part la: Free Fatty Acids (FFA)

In the present study a significant increase in the level of FFA was observed following ultrasonication. Storage of ultrasonicated milk was associated with further
increases in the FFAs. However, increase in FFAs observed with storage was limited
to milk that was only ultrasonicated (i.e. not in milk that was both ultrasonicated
and pasteurized.
An increase in free fatty acids could be due to enzymatic lipolysis (Hall 1980,
Hall 1982, Hernell et al. 1974 and Hernell et al. 1982) or to release of fatty acids
from the fat globules upon agitation which might occur during freezing and thawing
(Wardell et al. 1981, Berkow et al. 1984, Wardell et al. 1984). Vigorous agitation
would also occur with ultrasonic vibration which creates high pressure areas in
the milk thereby rupturing the fat globules (Martinez et al. 1987). Although
disruption of the fat globules would possibly increase its exposure to the lipolytic
enzymes present in breast milk thereby increasing the FFA levels, this observation
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has been limited to nonpasteurized (non heat treated) milk (Wardell et al. 1981,
Berkow et al. 1984).
The abovefindingsrelate very well with the results of the present study where
no increase in FFAs was found after storage of pasteurized milk, even though it
went through the mechanical action of ultrasonication, lyophilization and freeze
thaw cycle (Group 'C, Table 4.1), that would rupture the fat globule and increase
its surface area.
On the other hand, milk that was only ultrasonicated did give rise to more FFA
immediately after storage (group 'B', Table 4.1, Figure 4.1). This suggests that
enzymatic hydrolysis is the 'critical' factor for FFA formation. The mechanical
action of ultrasonication does appear to render the triglyceride more susceptible
to enzymatic lipolysis, however, if the enzymes are inactivated, which is known to
occur upon heat treatment (Sunshine 1980, Wardell et al. 1984), lipolysis does not
appear to happen.
The increase in FFA upon ultrasonication and lyophilization (Figure 4.1) could
be due to the increase in BSSL activity because of the uncontrolled moisture content
of the samples and warm storage temperature.
One important question that arises here is whether the increase in FFA observed
with ultrasonication of milk in the absence of heat treatment is advantageous or
disadvantageous to the newborn.
The immaturity of pancreatic and hepatic function in the newborn and especially the premature (Hamosh et al. 1981, Hernell et al. 1982) suggests that they
may depend on extrapancreatic lipases for adequate fat digestion. Of special importance is the Bile Salt Stimulated Lipase (BSSL) supplied with the milk. BSSL
hydrolyzes triglycerides to FFA and glycerol whereas the action of pancreatic lipase
results in release of FFA and 2 monoglycerides.
Of importance here is the intraluminal bile salt concentration which has been
repeatedly shown to be much lower in newborn infants and especially preterm infants than the older infants or adults (Hernell and Blackberg 1983). an important
function of the bile salts is to displace the products of lipolysis from the surfaces of
the lipid droplets, to the site of action of pancreatic lipase. In the intraluminal water phase, bile salts then solubilize the products into mixed micelles. Therefore, fat
absorption is considered to be dependent on bile salt concentration. The solubility
of monoglycerides in an aqueous phase shows an especially strong dependency on
bile salt concentrations (Hernell and Blackberg 1982). Since bile salt stimulated
lipase releases glycerol, which is completely water soluble, it will rapidly, independent of bile salt concentration, be released in the aqueous phase for absorption
and also won't be available for any esterification process (catalyzed by pancreatic
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lipase) (Hernell and Blackberg 1983, Hamosh 1983).
Since fatty acids are the major product formed by BSSL an essential question
is whether they are less dependent on the bile salts for absorption than are the
monoglycerides. That this in fact might be so is supported by the observation that
under other conditions of low intraluminal bile salt concentration, such as bile fisula
rats, fatty acids are more efficiently absorbed than monoglycerides (Morgan et al.
1969). This would also agree with the results of serial metabolic studies carried out
in preterm infants which show that pasteurization (heat treatment) of human milk
reduces fat absorption by a third (Atkinson et al. 1981, Williamson 1978). This
reduction could be explained on the basis that heat treatment denatures BSSL
thereby reducing the availability of FFA to the newborn's system.
Another question that could be raised is whether FFA might bind to calcium or
other components of milk thereby making them unavailable for absorption. This
question has been studied by Lavine and Clark (1987). They found that the longer
the milk was stored and the warmer the storage temperature, the more evidence
of ionized fatty acid. However, these were always present in small quantities. The
greatest quantity of ionized fatty acids observed was in milk stored for 8 weeks at
-11° C. This milk on the average contained 2.2 mg/d£, which was ~ 1.4% of the
total free fatty acids found in the milk. Therefore, the formation of ionized fatty
acids was not considered a major factor (Lavine and Clark 1987).
On the other hand, products of lipolysis, i.e. the free fatty acids produced
by the naturally occurring enzymes in human milk, have been found to destroy
Giardia lamblia, a protozoan parasite causing Giardiaris which is a frequent cause
of diarrhea in children (Nutrition Reviews 1987), but not frequent in newborns.
So far there is no evidence regarding what should be a safe upper limit of the
FFA present in milk that has to be fed to the newborn. From this study it can be
concluded that ultrasonication of human milk results in significant increase in the
free fatty acid level. The increase persists during storage of ultrasonicated milk in
any form if not pasteurized. This might be beneficial for the baby, however, further
studies, particularly on feeding, are needed.

5.1.2

Part lb: Peroxide Levels

Milk is especially susceptible to oxidative deterioration, and since antioxidants
cannot be added to milk, the effect of processing on the oxidative stability of milk
has received much attention in the dairy industry (Taylor et al. 1980). However,
there is little information regarding oxidative stability in processed human milk
stored in human milk banks.
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In the present study the effect of processing (ultrasonication, pasteurization,
lyophilization, freezing) and storage on the extent of oxidation in human milk was
studied by measuring the peroxide levels (method of Stine et al. 1954). Peroxides
are the main initial products of autoxidation. They can be measured by techniques
based on their ability to oxidize ferrous to ferric ions (which has been used here).
The reliability of this test depends mostly on the accuracy of the procedure. Good
correlations are sometimes obtained between peroxide values and the development
of offflavoursbut sometimes the results are also inconsistent. However, no single
test can possibly measure all the oxidative events at once and no single test can be
equally useful for all stages in the oxidative process (Small 1986).
The results of this study suggest that the overall increase in peroxide level of
breast milk tends to be affected mostly by the length of storage. Ultrasonication
alone (without pasteurization) seems to have a significant lowering effect on the
increase of peroxides, more specifically in the lyophilized milk. Since the FFA were
highest in the ultrasonicated and lyophilized samples, it was expected that there
would be a greater possibility of oxidation and therefore a higher peroxide level
(Campbell et al. 1979).
However, as seen in Figure 4.2, and Table 4.3, the peroxide level in the samples
that were ultrasonicated (but not pasteurized) was significantly lower after storage
compared to the samples that were pasteurized (Groups A and C).
It is possible that ultrasonication might rearrange the components of milk such
that the fat layer could be coated by a protein layer thereby preventing oxidation
of fat and resultant increase in peroxides. In the study by Taylor et al. (1980),
treatment of skim milk with ultrasonic vibration greatly increased its antioxidant
activity in a linoleate emulsion. Sonication had the most effect on the casein
fraction of milk and less on whey proteins. The effect of sonication was not due to
changes in sulphydryl content or reactivity.
It was suggested that sonication probably exerted its antioxidant effect by disrupting casein micelles, increase the effective concentration of casein resulting in
physical protection of the linoleate emulsion droplets from lipid peroxidation. Unsonicated casein was potent antioxidant in this system and the disruption of micelles
could have accounted for the increased antioxidant activity of sonicated casein. It
is possible that something similar to that effect was occurring in our samples.
Irrespective of the processing, the increase in peroxide after one month of freezing was minimal, however after four months of freezing a significant increase in
peroxides was seen.
The ultrasonicated and lyophilized milk appeared to have the smallest increase
in peroxides after four months storage. However, this lowering effect of ultrasoni71

cation disappears when milk was also pasteurized. Therefore, it appears that heat
treatment in some way interferes with the antioxidant effect of ultrasonication.
The lyophilized milk samples appeared to show smaller increases in peroxide
value than the frozen samples. It could be possible that storage of lyophilized milk
under nitrogen gas was preventing the milk from being oxidized (Campbell et al.
1979).
Overall ultrasonication did not appear to bring about an increase in the peroxide
level greater than the conventional milk bank processes, such as pasteurization, but
appeared instead to prevent excess peroxide formation. However, this protective
effect of ultrasonication was not observed in milk undergoing both pasteurization
and ultrasonication. It can be concluded that in pasteurized E H M , ultrasonication
does not further increase the level of peroxides upon storage whereas in unpasteurized E H M , ultrasonication may actually protect against peroxide formation upon
storage.

5.2

Part II: Fatty Acid Profile in Processed and
Stored Human Milk

The overall results of this study suggest that ultrasonication and subsequent storage
of human milk in the frozen and/or lyophilized form for one month produces a
significant lowering effect on the levels of saturated fatty acids; C12:0, and Cl8:0. A
trend towards the decrease in the concentration of C16:0 (although not significant)
was also observed after ultrasonication and freezing.
The results partially agree with the study of Lavine and Clark (1987) where
they observed a decrease in the proportion of C12:0, C14:0, C16:0 and C18:0 in
the total free fatty acid pool with storage of 8 weeks at -11° C . Since in the present
study total fatty acids were measured, the decrease in saturated fatty acids could be
in the phospholipid, triglyceride or cholesterol fraction of the fatty acids. Wardell
et al. (1982) have shown a decrease in C16:0 and C18:0 of the triglyceride section
in human milk when frozen at -20° C and thawed (without storage), which might
suggest that the decrease observed in our study could be due to a decrease in the
triglyceride section of saturated fatty acids also.
Nevertheless, the most important essential fatty acids, Cl8:2n6 and Cl8:3n3,
were not adversely affected by ultrasonication and frozen or lyophilized storage, as
per the results of this study. Since we looked at total fatty acid concentrations, it is
not possible to directly compare our results with those of Lavine and Clark (1987)
where the percentage of C18:2 in the free fatty acid pool greatly increased with
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storage. However, since the results of Part la of the study suggest an increase in
the concentration of free fatty acids after ultrasonication and storage, it is possible
that an increase in the concentration of C18:2 could have contributed toward that.
However, further studies are required to identify the individual fatty acids responsible for causing the observed increase in the concentration of free fatty acids after
ultrasonication and storage (Part la).
Wardell et al. (1982) have reported a loss of C18:2 from the milk triglycerides
upon freezing and thawing which they speculate could be due to autoxidation.
However, since our results do not show an overall loss in C18:2 (in total fatty acid
fraction) it is possible that the essential fatty acid C18:2 was not actually lost
due to autoxidation, but instead appeared in the free fatty acid pool which (as
suggested by Hernell et al. 1982), might further facilitate its absorption in the
newborn.
In general, from the present study, ultrasonication and storage of ultrasonicated
milk in both frozen and lyophilized forms appears safe in terms of conserving the
fatty acids (C18:2n6 and Cl8:3n3) essential for development of infant brain and
visual tissues.
A number of biologically active long chain polyunsaturated fatty acids (LCPUFA) are derived from these two main dietary essential fatty acids 18:2n6 and
18:3n3 (Koletzko et al. 1988). These LC-PUFA are: C20:4n6, C22:4n6, C20:3n6,
C22:5n3, C22:6n3 and C20:5n3. These LC-PUFA are physiologically important
as precursors for the synthesis of prostaglandins and structural lipids (Nutrition
Reviews 1984).
So far there is little information regarding the capability of infant tissue to
elongate Cl8:2n6 and Cl8:3n3. The human fetus is believed to be dependent upon
placental synthesis and transfer of LC-PUFA which are also not synthesized at
maximal rates until five weeks postnatally (Nutrition Reviews 1984). Human milk
or formulas then become the primary, perhaps the sole source of LC-PUFA for the
young infant, and in particular the premature.
Processing (ultrasonication) and storage of human milk for one month in frozen
or lyophilized form appears to retain most of the LC-PUFA; C20:3n6, C20:5n3,
C22:5n3 and specifically C22:6n3 which is a brain structural fatty acid considered
very essential for the neonate (Putnam et al. 1982). A significant increase in
the levels of C22:5n3; an important precursor for synthesis of structural lipids
(Nutrition Review 1984) was observed in the unprocessed EHM frozen for 1 month.
This partially agrees with the results of Lavine and Clarke (1987) where an increase
in C22:5 was observed with frozen storage at -11° C for 1 month and more.
On the other hand, C20:4n6, a precursor of the eicosanoids (Putnam et al.
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1982), and C22:4n6, involved in the synthesis of structural lipids, (Nutrition Reviews 1984) were found to be reduced with ultrasonication and storage. It is nevertheless interesting to note that even the reduced concentrations of C20:4n6 and
C22:4n6 were found to be within the normal range of these fatty acids observed in
fresh mature human milk (Koletzko et al. 1988, Harzer et al. 1983). In general,
a lot of variation in the concentration of individual fatty acids was observed in
different milk samples. As suggested by Koletzko et al. 1988, the interindividual
variation in LC-PUFA content could be due to the interindividual differences in
the capacity of the desaturating and chain elongating pathway and/or incorporation process of the LCP metabolites into milk lipids. Those observed variations in
the fatty acid concentrations of different milk samples could also be explained by
the differences in the dietary intake of mothers (Kneebone et al. 1985, Finley et
al. 1985).
However, there still is little work examining the effect of processing and storage
on the majority of LC-PUFA now detected in human breast milk. This study
presents a variety of processing and storage effects on a number of essential and
long chain fatty acids in breast milk. Although more information would certainly
be required on the above aspect, this study could be treated as a probe into the
effects of processing and storage on important fatty acids in human milk. Overall,
the results of the present study do suggest that ultrasonication and storage of milk
in frozen or lyophilized form for one month does not result in any loss of essential
fatty acids and also retains most of the LC-PUFA in human breast milk.

5.3

Part III: Immunoglobulin A (IgA) Concentration in Process and Stored Human Milk

Of all Igs, the need for Immunoglobulin A (IgA) in the infants seems most apparent.
The infant indeed lacks this immune factor and exposure to it soon after birth is
essential to guard against certain bacterial and viral diseases (Packard 1982).
Although all major classes of immunoglobulins exist in human milk, secretory
IgA is found in highest concentrations in all phases of lactation (Ogra et al. 1979,
Hanson et al. 1977). A large variation generally exists in the IgA concentration
of breast milk obtained from different individuals (Lewis et al. 1985). This was
also evident from the very high standard deviations present in fresh milk samples
obtained in this study (Table 4.6).
Processing of human milk has been shown to reduce the level of IgA in banked
human milk (Packard 1982). Two investigators have reported a decrease of 22%
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and 33% in IgA concentration in milk when it was pasteurized by heating to 62.5°
C for 30 minutes (Ford et al. 1977, Liebhaber et al. 1977).
So far there have been no reports published on the effects of ultrasonication on
IgA levels in human milk.
Our data suggests a 1.21% loss of IgA by ultrasonication. This loss was found
to be statistically significant (P < 0.05), but the absolute amount of loss was small
(1.21%) and much less than by pasteurization. With a retention of 98.8% of IgA,
ultrasonication does not appear to be relatively safe processing technique in terms
of conserving the most important of the immunoglobulins in human breast milk.
Freezing the ultrasonicated milk for one month resulted in a statistically significant loss of IgA (Table 4.5). However the absolute amount of IgA lost was again
small (2.27%). Liebhaber et al. (1977) reported no loss of IgA after one month's
frozen storage and Evans (1978) reported the same after 3 months frozen storage.
Considering their results, it could be beneficial to freeze unprocessed milk and then
thaw and ultrasonicate when needed. However, at the same time, we are faced with
the possibility of infectious disease agents being present and multiplying in the unprocessed milk. Pasteurization is seen as a realistic and necessary alternative by the
Food and Drug Administration (FDA) to prevent the infectivity of disease agents
in human milk, such as the AIDS virus (Wallingford 1987). However, the process
of pasteurization also has very significant detrimental effects on the IgA levels in
milk (33% loss, Liebhaber et al. 1977). This loss is much more than observed
in the process of ultrasonication (1.2%), however, the effects of freezing, thawing,
pasteurizing, length of storage and ultrasonication can be cumulatively high. At
the same time, it has also been pointed out that formulas do not contain many of
the unique factors destroyed by these processes, and even a reduced amount of the
components such as IgA (in this case) is better than nothing (Arnold 1988).
Results of lyophilization on IgA levels have been contradictory in the past literature. Liebhaber et al. (1977) showed a 21% decrease in IgA with lyophilization
whereas Evans et al. (1978) showed no significant change. Results of the present
study indicated a significantly greater loss of IgA in ultrasonicated milk when it
was lyophilized and stored compared to frozen storage. The decrease in IgA after
lyophilization was significant in this study which was consistent with results of
Liebhaber (1977). However, the intensity of loss of IgA was less, 6.39% compared
with 21% loss as seen in the other study (Liebhaber 1977). These differences could
be explained by the fact that in our study milk was lyophilized after ultrasonication
whereas Liebhaber et al. lyophilized raw milk.
However, the reasons for change in intensity of losses due to ultrasonication are
not known. Since sonication of milk has been reported to result in a diversity of
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physiochemical changes in macro-molecules, including enzyme inactivation (Azhar
et al. 1979), and casein disruption (Taylor et al. 1980), it could possibly have an
effect on rupturing in the IgA molecule.
In conclusion, ultrasonication of human milk results in small but statistically
significant loss of IgA. However, compared to the losses observed in existing processes such as pasteurization (33% loss, Liebhaber et al. 1977), these losses do not
appear important. In terms of preservation of the IgA content, storage of ultrasonicated milk in the frozen form was found to be more beneficial than the lyophilized
form.

5.4

Part IV and Part IVa: Processing and Storage Effects on the Fat and Protein Contents
of Human Milk Infused Mechanically and by
Gravity Flow

It has been shown by several investigators (Stocks 1985, Narayanan et al. 1984,
Brook et al. 1978, Spencer et al. 1982, Greer et al. 1984, Martinez et al. 1987) that
continuous mechanical infusions at slow rates are associated with poor recovery of
fat due to fat lost on the tube walls, syringe or burette.
Although Martinez et al. (1987), in their studies, had shown that ultrasonication of human milk prevents fat loss that occurred during tube feeding of untreated
human milk (Figure 1.1), it was still now known whether storage of ultrasonicated
milk would in any way affect the advantages of ultrasonication in terms of better
fat recovery.
Results of the present study suggest that storage of ultrasonicated milk in the
frozen form for up to four months has least effect on fat recovery when infusing
milk at a slow rate (using mechanical infusion pumps) or rapid rate (using gravity
flow). On the other hand, storage of ultrasonicated milk in the lyophilized form
for both one and four months appears to result in significantly lower fat recovery
than with frozen stored milk.
These results suggest that the advantages of ultrasonicating milk seem to be
lost to some extent with lyophilized storage. It is possible that the process of
lyophilization brings together the fat globules and other larger molecules in milk
(i.e. reversing homogenization effects) and thereby leading to poor fat recovery.
However, this problem was easily resolved by ultrasonicating milk after it had been
stored in the lyophilized form and reconstituted for use. This clearly suggests that
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reconstituted milk can be homogenized by ultrasonication just like fresh milk.
The above mentioned effects are clearly shown in Figure 5.1 and Figure 5.2 illustrating fresh (a), fresh-lyophilized (b), ultrasonicated-lyophilized (c), and lyophilizedultrasonicated (d) milks. Milk that was ultrasonicated after lyophilization
(d) had
2
more numerous, more uniform and smaller fat globules/mm compared to milk
that was ultrasonicated before lyophilization (c). This clearly suggests that for the
maximum recovery of fat from lyophilized milk, it should be ultrasonicated after it
has been stored and reconstituted for use.
As was seen with the recovery of fat, frozen storage of ultrasonicated milk (for
both one and four months) resulted in excellent recovery of protein. Lyophilization and subsequent storage of ultrasonicated milk, however, resulted in slight
fluctuations in protein recovery during slow infusion. This effect could be due to
some experimental error, but it is also possible that the coalescence of fat globules brought about by lyophilization might also entangle some protein molecules
thereby preventing complete protein recovery. Whether or not this happened, ultrasonicating milk after storage in lyophilized form did result in 100% recovery of
protein (particularly in slowly infused milk).
Overall, it appears that if milk has to be stored in the lyophilized form, then
ultrasonicating it just before use would give better fat recovery. On the other hand,
if milk has to be frozen, then ultrasonicating it before storage results in excellent
recovery of both fat and protein.
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2

(a) Fresh Human Milk (80 fat/globules/mm )

(b) Fresh-Lyophilized Human Milk (64 fat/globules/mm )
2

F I G U R E 5.1: Fat globules in fresh and fresh-lyophilized human milk.
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2

(c) Ultrasonicated and Lyophilized Human Milk (106 fat globules/mm )

2

(d) Lyophilized and Ultrasonicated Human Milk (150 fat globules/mm )

FIGURE 5.2: Fat globules in human milk ultrasonicated both before and after
lyophilization.
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S u m m a r y

6

o f Findings

Concluding statements regarding each part of the study are presented in this section:
Part I:
• Ultrasonication of human milk was found to increase the free fatty acid content of unpasteurized milk. The increase persisted during storage of ultrasonicated milk in both frozen and lyophilized forms for four months. This
increase in the FFA levels of milk could be beneficial in the digestion and
absorption of milk fat by the newborn.
• Ultrasonication of human milk did not bring about an increase in peroxide
value greater than the conventional processes, such as pasteurization. It may
in fact protect against excess peroxide formation in pasteurized milk.
Part II:
• Ultrasonication and storage of human milk in frozen and/or lyophilized form
for one month did not result in significant loss of essential fatty acids and
also retained most of the long chain polyunsaturated fatty acids.
Part III:
• Ultrasonication and subsequent storage of human milk in frozen and/or lyophilized
form resulted in small but statistically significant loss of IgA. However, compared to existing milk banking processes, such as pasteurization, these losses
appeared extremely small.

80

Part IV(a):
• The recovery of fat and protein in ultrasonicated milk infused by mechanical
pump and gravity flow was not adversely affected by frozen storage for up to
four months.
• The recovery of fat in ultrasonicated milk was significantly decreased when
infused after being stored in lyophilized form for both one and four months.
Part IV(b):
• The recovery of both fat and protein was more than 96% in samples that
were ultrasonicated and infused after being stored in lyophilized form for one
month.
Overall, the process of ultrasonication appears reasonably safe in terms of preserving the IgA content, essential fatty acids and most of the LC-PUFA. The
increase observed in FFA with ultrasonication could be beneficial for the immature
digestive system of the newborn. Similarly, prevention of excess peroxide formation
in milk by ultrasonication could be an added advantage. Although this protective
effect of ultrasonication was not seem in the pasteurized milk, it still did not further increase level of peroxides in that milk. In addition, ultrasonication of human
milk (if done at the appropriate time) resulted in excellent recovery of both fat and
protein in milk infused after being stored for up to four months.

81

C h a p t e r

7

Suggestions

F o r Further

Research

In order to initiate the use of ultrasonicated human milk in feeding ill and premature babies, future research should include feeding trials with ultrasonicated breast
milk giving prime emphasis on weight gain and fat balance.
Studies comparing the effects of feeding ultrasonicated/non-ultrasonicated/pasteurized
milk, on the long term growth and development of babies need to be conducted. Simultaneously, feeding trials with lyophilized and reconstituted human milk need to
be conducted with special emphasis on digestibility and energy retention or weight
gain.
Effects of ultrasonication and lyophilization on certain other immune components in human milk such as Immunoglobulin G, Immunoglobulin M, and leukocytes also need to be studied.
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Appendix #1
CANADIAN MILK BANK ADDRESSES
BRITISH C O L U M B I A

Vancouver Children's Hospital
Aggie Radcliffe, Coordinator
Mother's Milk Bank
250 West 59th Avenue
Vancouver, BC
V5X 1X2
Royal Inland Hospital
Kamloops, BC

ALBERTA

Calgary Mother's Milk Bank
c/o Foothills Hospital
1403 29th Street N.W.
Calgary, AB
T2N 2T9
Holy Cross Hospital
Attention: Anne Parter
2210 2nd Street S.W.
Calgary, AB
T2S 1S6
University of Alberta Hospital
Adeline Nitska, Change Nurse, ICN
112 Street & 84th Avenue
Edmonton, AB
T6B 2B7
Royal Alexandra Hospital
Mrs. MacMillan
Mother's Milk Bank
Kingsway Avenue & 103 Street
Edmonton, AB
T5H 3V9
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ALBERTA
(con't)

Edmonton General Hospital
1111 Jasper Avenue
Edmonton, AB
T5K 0L4
Misericordia Hospital
16940 87th Avenue
Edmonton, AB
T5R 4H5

SASKATCHEWAN

Saskatoon City Hospital
701 Queen Street
Saskatoon, SK
S7K 0M7
Regina General Hospital
1400 14th Street
Regina, SK
S4P 0Y7
Holy Family Hospital
675 15th Street S.W.
Prince Albert, SK
S6V 3R8
Melfort Union Hospital
317 Bemister West
Melfort, SK
SOE 1A0
Yorkton Union Hospital
270 Bradbrooke Drive
Yorkton, SK
S3N 2K6
Weyburn Union Hospital
201 1st Avenue, N.E.
Weyburn, SK
S4Y 1P7
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SASKATCHEWAN
(con't)

St. Joseph's Hospital
1401 1st Street
Estevan, SK
Nipawin Union Hospital
Mother's Milk Bank
c/o White Fox Kinettes
Nipawin, SK

MANITOBA

University of Manitoba
Dr. Jim Haworth
Dept. of Paediatrics
Faculty of Medicine
685 Bannatyne Avenue
Winnipeg, MB
St. Boniface General Hospital
Mrs. Edith Parker, Maternity Ward
409 Tache Avenue
Winnipeg, MB

ONTARIO

Mr. Jim Nasso
National Baby Formula Service
of Canada, Ltd.
365 Midwest Road
Scarborough, ON
M1P 4T8
(Central Bank for Ontario)

QUEBEC

Mother's Milk Bank
St. Justine's Hospital
3175 Cote St. Catherine
Montreal, PQ
H3T 1C5
Mother's Milk Bank
Montreal Children's Hospital
2300 Tupper Street
Montreal, PQ
H3H 1P3
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Mother's Milk Bank
Montreal General Hospital
1650 Cedar Avenue
Montreal, PQ

QUEBEC
(con't)

Mother's Milk Bank
Royal Victoria Hospital
687 Pine Avenue West
Montreal, PQ
H3A 1A1

NOVA SCOTIA

Izaak Waltor Killam Hospital for Children
5850 University Avenue
P.O. Box 3070, NS
B3J 3G9
Grace Maternity Hospital
5821 University Avenue, NS
B3H 1W3

NEWFOUNDLAND

Janeway Health Centre
Pleasantville
St. John's NF
A1A 1R8

NORTHWEST TERRITORIES

Stanton Yellowknife Hospital
Marjorie McClelland (RN), Coordinator
Breast Milk Bank Program
Box 10
Yellowknife, NT
X1A 2N1

Nursing Mother's Group and La Leche League in Hay River and Inuvik also
available for emergencies.
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OTHER MILK BANKS
DENMARK

Milk Bank
Children's Hospital
Drosselvej 57, 2000 F
Copenhagen, Denmark

ENGLAND

Kings College Hospital
Denmark Hill, S.E.
London, England

FRANCE

Hospices Civils Lactarium
Puericulture
67005 Strasbourg, France

FINLAND

Children's Hospital
University of Helsinki
Helsinki, Finland

BRAZIL

Universidad Federal do Rio de Janeiro
Ilha do Fundao
Rio de Janeiro, Brazil

UNITED STATES
OF A M E R I C A

San Diego Mother's Milk Bank
University Hospital
225 West Dickinson Street
San Diego, CA
USA
92103

Santa Barbara Medical Foundation
Box 1200
Santa Barbara, CA
(under organization)
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UNITED STATES

OF A M E R I C A (con't)

Mother's Milk Bank
Institute for Medical Research
751 South Bascom Avenue
San Jose, CA
USA
95128
Wilmington Milk Bank
Wilmington Medical Center
501 West 15th Street
Wilmington, DE
USA
19899
Nursing Mothers Association
Hilo Hospital
1190 Waianuenue Avenue
Hilo, HI
USA
96720
Mother's Milk Bank
Norton Children's Hospital
P.O. Box 35070
Louisville, KY
USA
40232
Central Massachusetts Regional
Milk Bank
Hahnemann Hospital
281 Lincoln Street
Worcester, MA
USA
01605
Department of Maternal and
Child Health
Dartmouth Medical School
Hanover, NH
USA
03755
Piedmont Mother's Milk Bank
4025 Greenleaf Street
Raleigh, NC
USA
27606
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U N I T E D STATES
OF A M E R I C A (con't)

Jefferson Davis Hospital
1801 Allen Parkway
Houston, TX
USA
77019
Children's Hospital of Kings Daughter
609 Colley Avenue
Norfolk, VA
USA
23507
Children's Hospital of San Francisco
P.O. Box 3805
San Francisco, CA
USA
94119
Mother's Milk Bank
Alisal Community Hospital
Salinal, CA
USA
93901
OR
Mother's Milk Bank
Salinas Valley Memorial Hospital
Salinas, CA
USA
93901
Mother's Milk Bank
Hartford Connecticut Hospital
80 Seymour Street
Hartford, CT
USA
06115
Mother's Milk Bank
Louise S. Childs, MD
222 Waliupe Circle
Honolulu, HI
USA
96821
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Appendix #2
BREAST MILK SERVICE — PROCEDURES
(August 17, 1982)
1. We do have a Breast Milk Service at Children's Hospital which has been
in operation since September 1974. We process approximately 25,000 oz. of
milk per year, most of which goes to SCN's in the lower mainland.
2. We get most of our donors by means of a brochure that is given to all new
mothers by local hospitals, by P.H.N.'s and various childbirth associations.
3. Donating mothers must have general good health. In BC all new mothers
are tested routinely for Hepatitis B Antigens and those who are positive are
not accepted. We prefer donors to be non-smokers and not to be on any
medications. If a mother must go on antibiotics etc. for a period of time, we
ask that she not express for us for 24 hours after going off them.
Our donors get no remuneration whatever for their donations of breast milk
— theirs is truly a labour of love. Because their "work" is rewarded only
by the satisfaction they receive from helping other infants, they seem to be
exceptionally consciencious about following the guidelines we set.
4. Donors express at home using clean techniques as far as hands and nipples
are concerned and sterile technique for utensils. They may express by hand,
by handpump (Evenfio hand pump is recommended), or electric pumps.
The mothers are encouraged to use bottle liners (Playtex, Evenfio, Curity)
for storing the milk and to seal them with twist-ties. Small sterile jars are
also acceptable. The milk must be refrigerated as soon as it is expressed and
is frozen within 24 hours. We provide a pick-up service for transporting the
milk to the hospital.
5. Milk from 6-8 different mothers is pooled for each 4000 ml batch and a sample of this is sent to Bacteriology. The milk is placed in 40, 100 ml bottles
and pasteurized in our Oxford Human Milk Pasteurizer for 30 minutes, at
63° C followed by a rapid cooling cycle. An unopened bottle is then sent
for bacteriological testing. No milk is dispensed until this report comes back
negative.
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6. While we do not do any nutrient analysis at present, we will soon be doing
crematocrit levels to determine the caloric value of the milk.

Agi Radcliffe, R.N.
Coordinator, Breast Milk Service
B.C. Children's Hospital

ARrjl
0645/Aug/82
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Appendix #3
Fatty Acid Profile of Fresh and Processed Human Milk
Fatty Acid Content (%)

1
2
3
4
5
MEAN
SD

1A
2A
3A
4A
5A
MEAN
SD

C14:0

C10:0

C12:0

C14:1 C16:0

C16:1 C18:0

1.08
1.13
0.72
0.25
0.11
0.66
0.470

FRESH
5.38
7.62
7.41
7.37
5.73
7.60
7.97
7.40
4.40
5.55
6.06
7.22
1.320 0.960

0.64
0.62
0.64
0.46
0.37
0.55
0.125

20.45
3.70
2.67
20.14
22.07
2.99
16.10
1.57
15.45
1.54
18.84
2.13
2.902 0.935

7.53
10.67
0.61
8.00
8.36
8.36
1.429

0.00
0.22
0.39
0.00
0.08
0.14
0.166

FROZEN
1.80
5.55
0.55
4.41
6.58
0.53
4.32
6.17
0.50
2.75
6.31
0.24
2.06
4.31
0.25
3.07
5.78
0.41
1.235 0.907 0.158

19.54
0.59
20.61
0.52
0.55
18.46
15.02
0.75
13.11 0.00
17.51 0.64
3.035 0.126

7.92
11.24
6.05
8.60
6.51
8.22
1.882

ULTRASONICATED FROZEN
IB
0.03
2.36
5.80
0.56 18.53
2B
0.28
4.35
5.13
0.89 14.23
3B
0.14
4.10
6.12
0.48 18.82
4B
0.03
4.35
6.27
0.23 14.41
5B
0.03
3.05
4.67
0.28 12.78
0.10
3.64
5.60
0.49 14.75
MEAN
SD
0.109 0.897 0.678 0.260 2.742

0.62
0.77
3.64
1.88
0.56
1.49
1.315

5.52
5.23
5.16
5.61
4.44
5.13
0.460

ULTRASONICATED LYOPHILIZED
IC
0.10
2.91
6.57
0.63 22.67
2C
0.19
4.25
6.67
0.52 20.59
0.56 23.52
3C
0.14
3.73
7.19
4.29
6.06
0.29 17.03
4C
0.08
0.06
2.88
4.49
0.26 14.48
5C
MEAN
0.11
3.61
6.36
0.45 19.66
0.052 0.693 1.068 0.165 3.828
SD

0.54
0.53
0.55
0.45
0.47
0.51
0.043

6.99
7.36
6.75
6.81
5.58
6.71
0.670
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Fatty Acid Profile of Fresh and Processed Human Milk
Fatty Acid Content (%)
C18:1 Cl8:lt

C18:2n6 C18:3n6 C20:0 Cl8:3n3 C20:l

30.09
28.26
31.39
29.38
33.48
30.52
2.006

FRESH
2.20
12.63
2.07
12.65
2.34
14.53
2.09
19.44
2.34
22.07
15.82
2.21
0.131
5.035

0.13
0.10
1.10
0.08
0.16
0.12
0.031

0.35
0.45
0.39
0.27
0.00
0.29
0.175

1.27
1.47
1.15
1.28
3.38
1.71
0.940

0.48
0.40
0/27
0.29
0.52
0.39
0.110

29.56
35.17
38.99
34.74
27.07
37.11
2.171

FROZEN
2.52
15.38
12.01
2.32
2.29
14.24
1.69
22.18
25.16
2.21
17.80
2.21
0.312
5.597

0.14
0.10
0.12
0.11
0.20
0.13
0.041

0.25
0.31
0.18
0.37
0.28
0.28
0.069

1.37
1.14
1.35
1.38
3.01
1.63
0.761

0.29
0.41
0.30
0.41
0.57
0.39
0.114

ULTRASONICATED FROZEN
43.89
2.05
14.42
0.14
47.71
0.65
15.66
0.17
41.06
2.00
13.43
0.11
37.91
1.74
23.03
0.10
39.06
2.02
25.64
0.21
42.21
1.69
18.43
0.14
3.784
0.595
5.519
0.146

0.11
0.06
0.08
0.10
0.25
0.12
0.074

1.29
1.78
1.27
1.44
3.47
1.85
0.928

0.81
0.25
0.03
0.36
0.52
0.40
0.302

U L T R A S O N I C A T E D LYOPHILIZED
1C
42.24
0.72
12.24
0.16
0.00
2C
43.02
0.64
12.32
0.12
0.00
3C
40.69
0.47
12.20
0.13
0.00
4C
37.64
1.66
20.34
0.07
0.00
40.39
2.06
22.60
0.20
5C
0.00
15.91
1.14
MEAN 40.80
1.11
0.00
SD
2.072
0.704
5.109
0.048 0.000

1.46
1.77
1.46
1.69
3.38
1.95
0.810

0.33
0.29
0.43
0.43
0.70
0.40
0.175

1
2
3
4
5
MEAN
SD

1A
2A
3A
4A
5A
MEAN
SD

IB
2B
3B
4B
5B
MEAN
SD
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Fatty Acid Profile of Fresh and Processed Human Milk
Fatty Acid Content (%)
18:4

C20:2 C20:3N6 C20:4N6 C22:0 C22:l C20:5N3

0.13
0.06
0.04
0.04
0.03
0.06
0.039

FRESH
0.31
0.46
0.30
0.17
0.21
0.34
0.27
0.30
0.26
0.29
0.24
0.34
0.053
0.070

1.76
1.87
1.75
2.13
0.64
1.63
0.571

0.00
0.50
0.29
1.00
0.64
0.49
0.376

1.40
0.41
0.38
0.56
0.07
0.58
0.492

0.28
0.08
0.18
0.24
0.06
0.17
0.096

0.07
0.00
0.05
0.00
0.23
0.07
0.095

FROZEN
0.00
0.55
0.03
0.35
0.04
0.48
0.00
0.29
0.00
0.55
0.01
0.44
0.018
0.119

0.78
0.79
1.57
0.52
0.78
0.87
0.403

0.25
0.80
0.67
0.93
0.69
0.67
0.254

0.55
0.72
0.69
0.82
0.64
0.69
0.099

0.38
0.53
0.38
0.42
0.24
0.39
0.106

ULTRASONICATED FROZEN
IB
0.44
0.06
0.43
0.72
2B
0.02
0.06
0.43
0.85
3B
0.01
0.07
0.31
0.94
4B
0.02
0.04
0.26
0.56
5B
0.03
0.39
0.05
0.63
0.10
MEAN
0.06
0.36
0.72
0.188
SD
0.12
0.077
0.124

0.26
0.23
0.16
0.34
0.19
0.24
0.068

0.23
0.21
0.21
0.31
0.25
0.24
0.042

0.40
0.16
0.28
0.11
0.07
0.20
0.135

ULTRASONICATED LYOPHILIZED
IC
0.03
0.04
0.36
0.54
0.13
0.02
0.12
2C
0.02
0.31
0.48
3C
0.08
0.06
0.30
0.64
0.16
0.17
4C
0.04
0.02
0.28
0.42
0.27
5C
0.05
0.02
0.38
0.55
0.17
0.05
0.32
0.52
MEAN
0.03
0.025 0.016
0.042
0.084 0.060
SD

0.16
0.11
0.13
0.23
0.38
0.20
0.110

0.25
0.11
0.24
0.09
0.12
0.16
0.077

1
2
3
4
5
MEAN
SD

1A
2A
3A
4A
5A
MEAN
SD
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Fatty Acid Profile of Fresh and Processed Human Milk
Fatty Acid Content (%)
C24:0 C22:4N6 C22:4N3

C22:5N6

C22:5N3

0.00
0.03
0.00
0.17
0.00
0.04
0.073

FRESH
0.35
0.16
0.43
0.00
0.43
0.03
0.13
0.00
0.07
0.40
0.28
0.12
0.173
0.172

0.32
0.20
0.25
0.21
0.05
0.21
0.102

0.55
0.19
0.18
0.10
0.17
0.24
0.177

0.73
0.25
0.37
0.30
0.18
0.36
0.217

100
100
100
100
100
100

1A
2A
3A
4A
5A
MEAN
SD

0.00
0.00
0.04
0.12
0.33
0.10
0.140

FROZEN
0.44
0.06
0.50
0.07
0.36
0.19
0.62
0.25
0.51
0.25
0.49
0.16
0.098
0.095

0.17
0.23
0.00
0.00
0.00
0.08
0.113

0.47
0.25
0.38
0.32
0.32
0.30
0.144

0.82
0.17
0.44
0.33
0.33
0.38
0.269

100
100
100
100
100
100

IB
2B
3B
4B
5B
MEAN
SD

ULTRASONICATED FROZEN
0.04
0.10
0.05
0.09
0.08
0.11
0.07
0.05
0.07
0.09
0.03
0.07
0.09
0.23
0.08
0.02
0.08
0.12
0.04
0.09
0.07
0.13
0.04
0.08
0.021
0.058
0.13
0.010

0.39
0.31
0.26
0.16
0.13
0.25
0.108

0.65
0.25
0.36
0.33
0.15
0.35
0.190

100
100
100
100
100
100

ULTRASONICATED LYOPHILIZED
0.01
0.05
0.04
0.04
0.29
0.06
0.06
0.05
0.05
0.16
0.05
0.06
0.06
0.05
0.19
0.00
0.13
0.06
0.25
0.28
0.17
0.07
0.09
0.09
0.12
0.06
0.08
0.06
0.10
0.21
0.067
0.033
0.091
0.076
0.018

0.50
0.19
0.13
0.36
0.15
0.30
0.141

100
100
100
100
100
100

1
2
3
4
5
MEAN
SD

1C
2C
3C
4C
5C
MEAN
SD
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C22:6N3 Total
FFA
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