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Summary: The composition of milk shows reasonable species variation. Further, the composftion

in a given mother changes with the stage of lactation. It appears reasonable to assume that nature
arranges the secretion of milk of a composition which is best suited for an infant.

The colostrum, secreted during the first five days of lactation, has higher concentration of

total protein, lactoferrin, and immunoglobulins but lower concentrations of fat and lactose. The
milk secreted from day 6 through 15 is called transitional milk because its composition is

intermediate between thar of colostrum and mature milk which follows. Even in mature milk, small

changes in compmition go on throughout lactation.Further, if the infant is preterm, the composition

of milk is different, and it appears to be more suitable for the premature infant. .

A large number of biochemical differences are now known between hum?n milk 2nd ar.imal

milk. Although the significance of se~eral of these differences is not known, enough is known to

explain why breast milk is better digested and more protective against infections. Besides, some

constituents of breast milk might also have a role to play in growth and metabdism of the infant.

\
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Milk is a complex and unique secretory product
characteristic of the females of class mammalia. It

is used by these females to nourish their offspring
from birth through varying stages of development.
The exact composition of the milk of each species is

different. The differences possibly reflect the end
result of a series of evolutionary changes which have
made the milk match the unique physiology of the
newborn of the species. Further, it has recently
come to light that the composition of milk in a given
mother changes with the stage of lactation, and
often a relationship can be visualised between the
changing composition of the milk and changing

requirements of the infant. The present review will
concentrate on functional significance of some bio
chemical attributes of human milk, including the

time-related changes in its composition.

Time-related challgc.f in composition of breast milk

The traditional tables giving the composition of
breast milk are based on pooled samples. They
represent a reasonable approximation of the compo
sition of mature milk. A better insight into the

significance of various components of milk may be
gathered from the physiological variations in its
composition. Although several factors are known
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to affect the composition of breast milk (I), \\e shall
concentrate only on those related to the length of
time post partum, and those related to the length of
gestation prior to the beginning of lactation. These
changes might merely represent the maturation of
mammary gland function. But it is more likely,
and more tempting to assume from a teleological
point of view that these changes represent evolution
ary adaptation of composition to the differing
nutritional r.equirements of the preterm infant, and
the term infant at various ages.

I. Changes related to the length of time post partum .:

It is common knowledge that 'the composition of
colostrum is quite different from that of milk that
follows. But now we know that less marked changes

.go oa throughout lactation. These changes are
more rapid during the first two weeki of lactation.

On the basis of these changes, breast milk has been
arbitrarily divided into three types (I) :

(i) Colostrum, from delivery until 5 days post
partum;

(ii) Transitional milk, from thr 6th to the 15th
day posf partum; and

(iii) Mature milk, from the 15th day post parIum
until weaning.

The concentration of ~ome major nutrients in
these three types of milk has been given in Table 1.

Although the table is based on multiple studies
which differ in the time: place and mode of sampling,
the trend is quite clear. Early milk has a high
concentration of protein, most of which can be
accounted for by the. higher concentration of laclo
ferrin and immunoglobulins. High concentration of
these proteins is likely to protect the newborn from
infections. Although the total fat content of
colostrum is lower than that malute milk, its
phospholipid (PL), cholesterol (Chol) and long chain
polyunsaturated fatty acid (LCPUFA) content is

hi her.
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TABLE I : Relative concentration of major nutrients in
colostrum and transitional milk.

Canemtration in relation to
Nutrient mature milk· References

ColoJtrum Transitional milk

Protlin 1.4-7.9 1.2-2.2 2-7
Lactoferrin 2.0-2.5 2.5 3,4
Ig A 1.2-2.6 1.2 4,6
Ig G 1.2 1.2 3
Ig M 9.7 9.7 3
Fat 0.4-0.7 0.7-0.9 5,7
LactoSt 0.8-0.9 0.9 5,7
Energy 0.7 0.9 5
Vitamin A : 4.3 2
Phylloquinone 0.6 1.0 9
Thiamine 0.2 0.4 10
Riboflavin 0.7 0.9 10
Pantothenate 0.8 0.9 10
Nicotinic acid 0.5 08 10
Pyridoxine 0.1 0.3 10
Folic acid 0.6 0.9 10
Cyanocobolamin 1.8 1.3 10
Zinc 3.5 8

• Assuming concentration in mature milk to be 1.0

The physiological significance of higher concent
rations of PL, Ch6l and LCPUFA might be that
these represent components of cell membranes and
the ~ervous system. Henlle these substances" might
help meet the requirements of brain growth and
myelination (11). Further, PL, and Chol can solubi
lize dietary fat. Hence higher concentrations of PL
and Chol disperse milk triglycerides into smaller
globules resulting in a larger surface area for enzyme
activity. This might be of special significance
during the first few weeks of life when the pancreatic
lipase secretion is particulary poor (12).

Most vitamins analysed, except vitamin A' ',lDd
cy~nocoba:lamin, are present in lower .concentration
in early la~t4ition than in mature milk. That <loes

n~t, howev.er, generally lead to any abnormality
-except -s-ometimes haemorrhagic disease of the
-newborn (9).
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ConClntration ,,14tive t/l tlrm milk·

T ABLE III : Nutrient concentration in preterm milk.

T ABLE II : Relative concentration of some min~rals and
vitamins during extended lactation.

tion of preterm milk is higher than that of term
milk The Ig A concentration is also proportionately
higher, suggesting that added protection against
infection is at least one consequence of the increase.
The sodium and chloride concentration of the
preterm milk is also higher than that of term milk,
but its significance is not clear. It has also bten

observed that the fatty acid composition of phospho
lipids changes from day 3 through 84 of lactation in
preterm milk but not in term milk (17). However,
it is not known whether the changes are designed
specifically for different stages of development of the
premature infant, or merely represent maturation of
the mammary gland. The vitamin B concentration
in preterm milk is somewhat lower than that in term
milk (10), although it is difficult to say whether

supplementation of preterm milk with B vitamins is
really necessary.

Why human milk for the human baby?

The time-related changes in breast milk suggest an
amazing degree of fine tuning to make the milk suit
able for the infant for whom it is secreted. If nature
has found it necessary to make the composition of

milk so dynamic within the same species, how much
more significant are likely to be the variations between
species. The traditional composition of human milk
and cow's milk which brings out the difference in
protein and carbohydrate content is very superficial
and incomplete. Today we know the nature of
different proteins in milk, their amino acid profile,
the fatty acid profile of fats and the micronutrient
content of milk feom different species in considerable

detail (II, 17, 18, 19, 20, 21, 22). As a result we
have learnt so much about the differences between
human and animal milk that nutritionists are now
quite reconciled to the reality that any attempt to
manipulate the composition of animal milk to make
it mimic human milk is doomed for failure. How
ever, what they are not so sure about is whether all
the known (and still unknown) differences between
human and animal milk are of functional significance.
But the differences of which the significance is known

2, 13, J4.
11, 14
11

14
14

J4.
14
14

0.6-0.9
0.3-0.7
0.8-0.9

0.8
0.3-0.6
0.6-0.7
0.8-1.0
0.7-0.9

Concentration aftlf
12 mo lactation·

Although the most dramatic changes are confined
to early lactation, some slow changes continue
throughout, the most consistent among which are
the decline in mineral content (Table II). Besides,
there are some changes, for instance those in free
amino acids (' 5), or prostaglandins (16), the signifi
cance of which is not properly understood.

·Assuming concentration in term milk at the corresponding
period of lactation to be 1.0.

• ASiuming concentration of mature milk at < 6 mo lactation
to be 1.0.

2. Changes related to the length ojgestati on prior to

the beginning oj lactation: The mothers of preterm
babies secrete milk which conlinues to differ from
term milk for fairly long periods of lactation
(Table III). As seen in the table, protein concentra-

Calcium
Zinc
Copper

Magnelium
Pyridoxine

Ascorbic acid
Folacin, free
Folacin, total

Nutri,,.t

Nutrient RljirenCls
Colostrum Transitional Matu"

milk milk

Protein 1.1-1.4 1.0-1.4 1.0-1.3 5,7
IgA 1.2 1.5 1.3 6
Fat 0.8-0.9 0.9-1.3 06-1.0 5,7
Lactose 1.0 0.9 1.0 5
Energy 1.0 1.1 1.0 5,7
Thiamine 0.8 0.8 0.9 10
Riboflavin 0.9 0.8 0.8 10
Pantothenate 0.8 0.8 0.3 10

Nicotinic acid 0.6 0.8 0.8 10

Pyridoxine 0.7 0.8 0.6 10
Folic acid 0.7 0.7 0.7 10
Cyanocobalamin 0.7 0.7 0.9 10
Sodium 1.2 1.8 1.5 5
Chloride 1.2 1.6 1.3 5
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T ABLE IV : Macronutrient composition of mature
human milk.

1 Aids to digcJtion alld absorption:

Caseins present in human milk are different from
those in bovine milk. The human caseins are more
easily digested Further, casein phosphopeptides
from human milk enhance iron and zinc bioavail
ability while those from bovine milk reduce mineral
bioavailability (19).

or plausible are enough to make the pendulum
swing strongly in favour of human milk for the
human infant. In the sections that follow, we shall
consider the unique characteristics of human milk
which may be reasonably assumed to have some
functional significance. As a prelude to this
consideration, composition of human milk has been
presented in Tables IV and V (2, 18, 23). Given
below are the major functions attributed to compo
nents of human milk, and the components which
contribute to those functions.

TABLE V : Micronutrient composition ormature buman milk

340
140

7

13

11

40
140

1898

160

360
1470

100

1.84

52

0.3

43

22

15

1.8

7-15

400
3-5

30
13-50

0.5

Concentration
(p'T'litr,)

Constitu,nt

Lactoferrin, an iron binding protein (24), is
present in human milk in higher concentrations than
in bovine milk. Lactoferrin receptors have been
shown to be present in human jejunum (2~). It
binds specifically to these receptors in the brush
border membrane. The receptor mediated uptake
of lactoferrin-iron is responsible for the high
availability of breast milk iron. An interesting
hypothesis for the function of lactoferrin has been
suggested by Brock (26). According to his hypo
thesis, lactoferrin in the early newborn period would
be saturated with iron and less digested, thereby
protecting the infant from potential iron overload in
a period of iron adequacy. With increasing age and
improved digestive function, lactoferrin would be
degraded and iron supplied to the infant at a period

Vitamins

Vitamin A (I. D.)

Thiamin (ILg)

Riboflavin (ILg)
Niacin (I-lg)
Pyridoxine (ILg)

Pantothenate (mg)

Folacin (I-lg)

Vitamin B12 (ILg)

Vitamin C (mg)

Vitamin D (I. D.)

Vitamin K (I-lg)

Vitamin E (mg)

Minerals

Calcium (mg)

Phosphorus (mg)

Sodium (mEq)

Potassium (mEq)

Chloride (mEq)

Magnesium (mg)

Sulphur (mg)

Trace elem,nts

Manganese (.,.g)

Copper (ILg)
Zine (mg)

Iodine (.,.g)

Selenium (.,.g)
Iron (mg)

12.9

0.2

75

87.1

1.06

2-3
1-3
2-3

0.5-1

0.2-03

0.1

0.02

0.01
0.3

005-0.25

0.1

<0.0001

0.01

0.01

0.007
0.01

15

68

4.5

48

Com,ntrationConstitlUnts

Total solids (g/100 ml)

Alb (g/IOO ml)

Energy (It calflOO ml)

Water (ml/IOO ml)

Proteins (total) (g/100 ml)

Beta-Casein (mg/rol)
Lactoferrin (mg/ml)

Alpb-Iactalbumin (rog/ml)
sIg A (mg/ml)
SC (mg/ml)

IgA (mg/ml)

IgM (mg/ml)

IgG (mg/ml)
Albumin (mg/ml)

Lysozyme (mg/ml)

Bile salt stimulated lipase (mg/mI)

Lactoperoxidase (mg/ml)

alphat-Antitrypsin (mg/roI)

alphat- Antichymotrypsin (mg/ml)

Folate binding protein (mg/rol)
Corticosteroid binding Protein (mg/ml)

Non protein Nitrogen (mg 100 roO
Lactose (g/IOO rol)

Fats (g/loo m!)

Saturated fats (% of total)
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of iron demand. This hypothesis is in accordance
with the presence of intact lactoferrin in the faeces
of breast-fed infants (27).

A folate binding protein (FBP) has also been
detected in human milk (28, 29). FBP may act
initially in the mammary gland as a trapping agent
to accumulate folate from blood plasma, but after
ingestion of milk it assists the infant in folate
absorption by preventing its uptake by intestinal

micro-organisms. FBP might also directly promote
absorption of folate across the intestinal mucosa.
The binder can thus influence the vitamin economy
in the neonatal period, and the ecology of the gut
microflora.

Human milk also has a cobalamin binding protein

(CbIBP) which may assist cobaiamin absorption and
influence intestinal flora by mechanisms similar to
those discussed above for FBP (30, 3I). The

concentration of CbIBP is considerably higher in
colostrum than in mature milk (32).

Lactose, the disaccharide present in human milk
in higher concentration than in cow's milk, has at
least two favourable effects on the gastrointestinal
tract. First, it promotes calcium absorption (33).
Second, lactose increases not only Jacta~e but also
maltase activity in the small intestine (34). This is
achieved by reduction in brush border membrane
turnover, which in turn reduces loss of disacchari
dases.

There are several lipases also present in breast
milk, the most important of which is the bile salt
stimulated lipase (BSSL) (35). Milk lipases assist
the endogenous lipase in lipid digestion BSSL
remains intact, and therefore active in the gastro
intestinal tract It acts on a wide variety of
substrates. It hydrolyzes tri-, di-, and monoacyl
glycerols, retinylesters, cholesterylesters and
diacylphosphatidylglycerols. In addition both mice
lles and water soluble substrates are hydrolyzed.

Ind. J. Physiol. Pharmac., Volume 33, Number 2, 1989

BSSL is activated even by the low concentrations of
bile salts in the newborn. It may be a significant
contributing factor to the high degree of fat

absorption iri breast-fed infants. This enzyme may
be particularly important in the pre term infant which
has poorly developed digestive function.

Alpha-amylase activity is much higher in human
milk than in cow's milk. It is present in the form of
several isoenzymes (36) which are similar to salivary
amylase. It is synthesized locally in the mammary
gland. The activity of milk amylase has a wide
pH-optimum and it can withstand low pH. The
concentration is high in colostrum and thereafter
declines rapidly. Human milk amylase can be found

in active form in duodenal juice (19), which suggests
that it may survive passage through the stomach,
compensating for low salivary and pancreatic amylase
activity in the newborn period and aiding in carbo
hydrate digestion. This may be of special significance
in preterm babies, since preterm milk has especially
high amylase activity. Similarly, protease present in
milk may provide the breast fed infant with
significant digestive assistance immediately after birth
(37).

2. Aids to fighting infections:

A major reason for the recent interest in breast
feeding is the anti-infective properties of human milk.
Human milk contains several constituents with anti
infective pctential. They include proteins, small
molecular weight factors, and immunocompetent
cells. The interest was focussed on immunocompetent
cells following the reports of colostrum halting
otherwise uncontrollable epidemics of newborn
Escherichia coli diarrhoea (38) The major protective
components of human milk are as follows:

(a) Cellu7ar elements. Human milk has high count

of lymphocytes, neutrophils, macrophages and
epithelial cells. Colostrum contains 8 million cells
per ml, while in mature milk the cell count is less
than 0.1 million per ml (39).
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The milk macrophage is an active phagocytic cell
and it has been suggested that it is involved in the
protection afforded by breast milk against necrotizing
enterocolitis. Therefore, pathogens to which the
breast fed infant is exposed may be sequestered and
prevented from attaching to the mucosal lining,
thereby preventing both infection and allergen
uptake.

T cells comprise more than 50% of the
lymphocytes of colostrum, but decrease to about
20% in late lactation (40). The T lymphocytes
respond to conconavaline A and phytohemagglutinin
with blastoid formation and DNA synthesis but have
a unique response to other stimuli known to activate
blood T-Iymphocytes (41). Milk T lymphocytes were
shown to be unresponsive to Candida albicans bl,t
responsive to k1 capsular antigen for E. coli, whereas
this was just the reverse in case of blood T·lympho
cytes. This divergence in responsiveness is postulated
to indicate that the T-Iymphocytes of breast milk
represent a unique subpopulation of T cells that
functions to meet the needs of a local immune system
different from those of a systemic immune system.
The T cell population also contains a subgroup of
suppressor cells, which possibly aid in protecting the

immune system of the infant against over-stimulation
by a large number of environmental antigens.

~

B-Iymphocytes in milk respond poorly to mitogen
stimulation and synthesize only IgA in vitro, but not
IgG or IgM (41). B cells in human milk have been
identified bearing IgD, IgG, IgM and IgA. This data
suggests that milk B lymphocytes may be under the

control of immunoregulatory factors that singularly
permit the monoclonal production of IgA to the
exclusion of other classes. Some regulatory factors
released by lymphocytes (Iymphokines), macrophages
(monokines) and other cell types (cytokines) have
been described which act on lymphocytes by
stimulating or inhibiting DNA synthesis. Other
regulatory factors described include portion of the

cellular membrane at times complexed with antigen,
nucleic acids also at times complexed with antigen,
cyclic nucleotides, prostaglandins and classical
immunoglobulin molecules (42).

(b) Immunoglobulins. Human milk, specially the
colostrum, is rich in immunoglobulins. By far the
major component in this class of proteins in milk is
secretory IgA (sIgA), with monomeric IgA, IgG and
and IgM being minor components.

A unique feature of the sIgA molecule is its

resistance against proteolysis, making survival of the
molecule through the gastrointestinal tract feasible.
sIgA molecules against specific bacterial and viral

antigens can be formed by antibody producing cells

in the mammary gland via enteromammaric link (43).
It also seems possible that mother's milk may have
antibodies which protect against allergy (43).

(c) Lactoferrin. Lactoferrin, an iron binding
protein present in milk referred to earlier, has a
bacteriostatic effect. The effect may be due to the
competition between lactoferrin and the siderophores
of iron demanding bacteria for iron (19,41).

(d) Lysozyme. It is present in human milk in a
concentration about 3COO times higher than that in
cow's milk. This enzyme catalyzes cleavage of the
chemical bond between N-acetylglucosamine and
N-acetylmuramic acid, which are part of the cell
wall structure of gram positive bacteria (19). There
fore, it has been suggested that lysozyme in human
milk has a bacteriostatic function in the gastrointes
tinal tract of breast fed infants. It is stable in an
acidic medium suggesting that it can survive the
gastric environment.

(e) Some glycoproteins and glycoconjugates
found in human milk not only have a stimulatory

effect on the growth of Lactobacillus bifidus but 'also

have a three dimensional structure resembling
intestinal receptors for E. coli and Vibrio cholcrae
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suggesting that they prevent the adhesion of these to
the mucosal lining by competitive inhibition (19).

It has been further pointed out that in addition
to factors which prevent infection, milk also has
factors which reduce inflammation in response to an
infection (44). In many cases the same substance
has both these effects. Some anti-infective and
anti-inflammatory substances have been tabulated in
Table VI.

3. Growth factors:

Several types of growth promoting factors have
been found in human milk which act like hormones.
Among these are epidermal growth factor (EGF),
insulin, somatomedin-C and transforming growth
factor. These are peptides with very low concen
trations but pronounced physiological activity.
Some of these can affect mucosal cell growth or
gastric pH, and may consequently exert an effect
on the absorption of nutrients.

Epidermal growth factor is a small polypeptide
mitogen which promotes cell proliferation or DNA
synthesis in cultures in which growth has been
arrested (46). It also produces biological effects in
vivo, particularly in the fetus and newborn. These
effects include enchanced proliferation and diffe
rentiation of epidermis and stimulation of ornithine
decarboxylase activity and DNA synthesis in the
digestive tract (47, 48). EGF is not destroyed in the
digestive tract (47). Therefore it might act directly
on the tissues of the digestive tract and perhaps also
get abs::>rbed into the ciculation intact to affect other
tissues of the neonate. Klagsburn (49) showed that
milk from other species also enhances the growth of
cultured cells.

The somatomedins or insulin like growth factors
are polypeptides that are capable of stimulating
DNA synthesis and cell division in a variety of cells
(50, 51). These may also account for some of the

T ABLE VI : Protective factors in breast milk.

Constituent

Immunoglobulins

Lactoferrin

Folate binding protein

Cyanocobalamin binding
protein

K-casein

Bile salt stimulated lipase

Glycoproteins
glycoconjugates

Bifidus factor

Lysozyme

Catalase, vitamin E,
cysteine, vitamin C.

Histaminase

Prostaglandins

Amylase

Free fatty acids

Cellular elements

Likely '.if"t

Anti -infective

Antiallergic and
Anti-inflammatory

Bacteriosta tic
Anti-inflammatory

Bacteriostatic

Bacteriostatic

Bacteriostatic

Anti-parasitic

Anti-infective and
Bacteriostatic

Bacteriostatic

Bacteriostatic
Anti-inflammatory

Anti -inflammatory

Anti-inflammatory

Anti-inflamrna tory

Bactericidal

Bacteriostatic

Anti-infective

Possible mechanism of action

Immune exclusion of microorganisms. I eutralization of toxins.
Neutralization of allergens.

IgE virtually absent in human milk.

Iron deprivation of micoorganisms by competition.
Inhibition of complement system.

Folate deprivation of microorganism by competition.

Cyanocobalamin deprivation of microorganisms by competition.

Digestion products promote the growth of Bifidobact.Tium infant
which prevents colonization by Escherichia coli.

Kills Giardia lamblia and Entamoeba histolytica

Inhibition of adhesion of E. coli and Vibrio cholerae to mucosa.

Stimulation of the growth of Lactobacillus bifidus.

Degrading of bacterial cell wall.

Reduction in neutrophil response to chen.otaxis.
Reduced generation of free radicals.

Anti-oxidant effect.

Degradation of histamine.

Gastrointestinal cytoprotection.

Degrading of bacterial call wall.

Inhibition of bacterial growth.
Phagocytosis. Complement system. Antibody synthesis.
Release of chemotactic factors.
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mitogenic activity of milk, althc·ugh the role of this
activity in neonatal growth is unknown.

4. Metabolic Junctions:

Human milk contains hormones, hormone binding
proteins, enzymes and enzyme cofactors, suggesting
that milk may influence metabolic functions.

Thyroxine binding protein, similar to serum T4

binding globulin has been identified in the whey
fraction of human breast milk (19). This protein
binds thyroxine at a strong site and at a weak site.
It is present in milk at a concentration of 0.3 fLgfml
and this concentration is strongly correlated with
that in serum, especially in the first part of lactation.
Thyroxine binding protein in human milk has similar
exclusion volumes, similar isoelectric points, similar
immunoreactivity and similar affinity comtants as
that of serum T4 binding globulin (52). In serum
thyroid hormone binding globulin (TBG) is known
to play a role in thyroid hormone kine: ics; however
the role for TBG in milk is not clear, although

several potential physiological rcles for it have been
hypothesized: (a) given the proposed rele of thyroid
hormones in the initiation and maintenance of
lactation, it is conceivable that TBG in the fluid that
bathes the epithelial cells lining the mammary ducts
and acini determines local cellular uptake of T., (b)

TBG may mediate the transfer of circulating thyroid
hormone into the milk, and (c) TBG may also
enchance the uptake of maternal hormone in the
neonatal gut or may itself be absorbed, given the

enchanced permissiveness of thc suckling gut to
uptake of macromolecules.

A corticosteroid binding protein (CBP) has also
been found in the whey proteins of human milk (19,
53). It resembles the serum corticosteroid binding
globulin (CBG) in many respects The close similarity

betwecn CBP and CBG, together with the
observation that certain whey proteins, notably
albumin, arise from the plasma, tend to support the
view that CBP arises by transfer of CBG from the

plasma. This protein may regulate the local
concentrati0n of the bound and unbound forms of
progesterone and cortisol in the breast. Endogene us
estrogen and certain metabolites of progesterone and
androgen have also been detected in human milk in
first three weeks of lactation. Miik also has the
major regulators of growth hormone secretion,
viz. growth hormone releasing factor and
somatostatin (54).

Milk also contains a large number of enzymes.
During the process of suckling, some of the cells in
milk rupture and spill enzymes into the milk. In
addition, some enzymes may be directly secreted into
the milk. The stage of lactation affects the concen
tration of enzymes in human milk, higher concen
tration being present soon after parturition and
gradually declining thereafter (37).

The relatively better studied enzymes in human
milk are glucose-6-phosphate dehydrogenase, lactose
synthetase, lactic acid dehydrogenase, malic acid

dehydrogenase, ribonuclease, xanthine oxidase,
sulfhydryl oxidase, bioptenn, neopterin and gamma
glutamyl transferase (19, 37, 55, 56, 57, 58). Whether
these enzymes represent merely a spill over or fulfill
a metabolic role is not certain.

Conclusion

Recent interest in breast milk has opened up
several new areas which need attention in future
studies. There are very few well controlled studies

on comparison of preterm milk and term milk (5, 7,
10). More studies on the same aspect using present
day techniques of detailed analysis are needed.

An arca needing study is how maternal factors
affect the assembly of various nutrients, protective
agents, hormones and enzymes. Some of the com
ponents in milk are present in significantly higher
concentration than in plasma, which suggests either
local synthesis in breast tissue and/or active transport
across epithelial membranes_ We still do not know
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the actual mechanism involved in case of many of
the components. Finally. and perhaps most
importantly, we need to further study the
physiological function of various components A
large number of potential areas of future research in
human milk have been identified by Goldman and
Garza (59).

Although breast milk is by far the best food
known for infants, the general principle that
perfection is an elusive ideal seems to apply to it too.
It has been pointed out that the nutrient content of
milk under some circumstances may be inadequate
(10, 60), and the protection offerred against infections
may be (lnly minimal (6 J). Even if it is not perfect,
breast milk is the best that we have. It is not just

a source of nutrients but also a carrier of digestive,

protective and regulatory factors which are absent
or deficient in milks from other sources. The under
developed gastrointestinal tract and breast milk seem
to cooperate with each other in achieving the best
results for the infant. The immature gut leaves many

macromolecules undigested and absorbs them intact,
allowing them to be biologically active. On the other
hand, digestive aids in milk ensure adequate nutrient
absorption in spite of an underdeveloped gut. A

better 'made for each other' situation would be
difficult to imagine.

ACKNOWLEDGEMENTS

The assistance of Dr. Harish Verma and Dr. J.P.
Narain in library search is gratefully acknowledged
as is the secretarial assistance of Ms. Jatinder Kaur.

REFERENCES

I. The Quantity and Quality of Breast Milk. Geneva:

World Health Organization, 1985.

2. Belavady Band Gopalan C. Chemical composItion of

human milk in poor Indian women. Ind] MId Res 1959;

47 : 234-245.

3. Lonnerdal B, Forsum E and Hambraeus L. A longitudi

nal study of the protein, nitrogen, and lactose contents

of human milk from Swedish well-nourished mothers. Am
] Ciin Nutr 1976; 29 : 1127-1133.

4. Hambraeus L, Lonnerdal B, Forsum E and Gebre

Medhin M. Nitrogen and protein components of human

milk. Acta Pa,diatr Scand 1978; 67 : 561-565.

5. Gross SJ, David R], Bauman Land Tomarelli RM.
Nutritional composition of milk produced by mothers

delivering preterm. ] Pediatr 1980: 96 : 641-644.

6. de Ferrer PAR, Slobodianik NH, Lopez N, Sambucetti

ME and Sanahuja ]C. Immunoglobulin A level in

human milk from mothers delivering preterm. Am] Clill
Nutr 1984; 40 : 465-467.

7. Arnold], Leslie G and Chen S. Protein, lactose and fat

concentration of breast milk of mothers of term and

premature neonates. Aust Paediatr] 1987: 23 : 299-300.'

8. Belavady B. Lipid and trace element composition of

human milk. Acta Paediatr Scand 1978: 67 : 566-570.

<J. Fournier B, Sann L, Guillaumont M and Leclerq M.

Variations of phylloquinone concentration in human
milk at various stages of lactation and in cow's milk at

various seasons Am] Clin Nutr 1987; 45: 551-557.

10. Bijur AM and Kumbhat MM. Vitamin B Composition

of breast milk from n,others of preterm and term babies.

Indian Pediatr 1987; 24: 33-37.1987.

II. Bitman], Wood L, Hamosh M, Hamosh P and Mehta

NR. Comparison of the lipid composition of breast milk

from mothers of term and preterm infants. Am] Clin Nutr

1983: 38 : 300-312.

12. Harzer G, Haug M, Dieterich I and Gentner PRo

Changing patterns of human milk lipids in course of the

lactation and during the day. Am] Clin Nut. 1983; ::17:
612-621.

13. Vaughan LA, Weher CW and Kemberling SR. Longi

tudinal changes in the mineral content of human milk.

Am] Clin Nutr 1979; 32 : 2301-2306.

14. Karra MV, Udipi SA, Kirksey A and Roepke ]LB.

Changes in specific nutrients in breast milk during
extended lactation. Am] Ciin Nulr 198 ; 43 : 495-503.

15. Harzer G, Frallzke V and Bindels ]G. Human milk

nonprotein nitrogen components: changing patterns of

free amino acids and urea in the course of early lactation.

Am] Ciin Nutr 1984; 40; 303-309.

16. Neu ], Wu-Wang C·Y, Measel CP and Gimotty P.



Ind. ]. Physiol. Pharmllc., Volume 33, Number 2, 1989 Significance of Breast Milk 127

Prostaglanain concentrations in human milk. Am J Clin

Nutr 1988; 47 : 649-652.

17. Bitman ], Wood DL, Mehta NR, Hamosh P and

Hamosh M. Comparison of the phospholipid composition

of breast milk from mothers of term and preterm infants

during lactation. Am J Clin Nutr 1984; 40 : 1103-1119.

18. ]elliffe DB and]elliffe EFP. Human Milk in the Modern

World. Oxford: Oxford University Press, 2nd Edition,

1979 : 26-58.

19. Lonnerdal B. Biochemistry and physiological function

of human milk proteins. Am J Clin Nutr 1985; 42: 1299

1317.

20. Van Woelderen BF. Changing insight into human milk

pr~teins : some implications. Nutr Abstr Rev (series A)
1987; 57 : 129-134.

21. H~nson LA, ed. Biology of Human Milk. Nestle' Nutriton

Workshop series Volume IS. New York: Raven Press,

1988.

22. Koletzko B, Mrotzek M and Bremer Hj. Fatty acid

composition of mature human milk in Germany. Am J
Ctin Nutr 1988; 47 : 954-959.

23. Malpress FH and Hytlen FE. Studies on human casein·

preparations from single milk samples. Biochem J 1964;

91 : 130-136.

24. Metz-Bouligue M-H,jolles], jolles P, Mozurier], Spik

G and Montreuil]. Amino acid sequence, location and

phy logenetic aspects of the glycopeptides of human

lactotransferrin. Biochim Biophys Acta 1980, 622 : 308-314.

25. Cox TM, Mozurier ], Spik G, Montreuil] and Petess

T]. Iron binding proteins and influx l f iron across the

duodenal brush border. Evidence for specific lactotrans

ferrin receptors in the human intestine. Biochim Biophys

Acta 1979; 588: 120-IL8.

26. Brock ]H. Lactoferrin in human milk: its role in iron

absorption and protection against enteric infection in the

new born infant. Arch Dis Child 1980. 55 : 417-421.

27. Davidson, LA, Lonnerdal B. Persistence of human milk

proteins in the breast fed infants. Acta Paediatr Scand

1987; 76 : 733-740.

28. Colman N, Hettiarach:hy N and Herbert V. Detecticn

of a milk factor that facilitates folate uptake by ifllestinal

cells. Science 1981; 211 : 1427-1429.

29. Antony AC, Utley CS, Marcell PD and Kolhouse ]F.

Isolation, characterization and comparisons of the

solubilized particulate and soluble folate binding proteins
from human milk. J Bioi Chem 1982; 257 : 10081-10089.

30. Ford JE. Some observations on the possible nutritional

significance of vitamin BI2 and folate binding proteins !n
milk. Br J Nutr 1974; 31 : 243-257.

31. Sandberg OP, Begley]A and Hall CA. The content,

binding and forms of vitamin BI2 in milk. Am J Clin Nutr

1981; 34: 1717-24.

32. Samson RR and Mc Clelland DBL. Vitamin BI2 in

human colostrum and milk. Acta Paediatr Scand 1980;

69 : 93-99.

33. Armbrecht Hj and Wasserman RH. Enchancement of
Ca++ uptake by lactose in the rat small intestine. J Nutr

1976; 106: 1265-1271.

34. jonas A, Oren M, Diver-Haber, A, Kaplan Band

Passwell J. Effect of the components of breast milk on

mucosal enzyme activity of the newborn intestine. Ped Res

1987; 21 : 126-130.

35. Harnell 0 and Olivecrona T. Human milk lipases. II.
Bile salt stimulated lipase. Biochim BioPhys Acta 1974;

369 : 234-244.

36. Aw SE, Hobbs]R and Wootton IDP. Chromatographic

purification of isoenzymes of human alpha-amylases.

Biochim Biophys Acta 1968; 168: 362-365.

37. Shahani KM, Kwan AJ and Beverly AF. Role and
significance of enzymes in human milk. Am J Clin Nutr

1980; 33 : 1861-1868.

38. Ho PC and Lawton jWM. Human colostral celis:

phagocytosis and killing of E. coli and C. aibicans.'J Pediatr

1978; 93 : 910-915.

39. Chandra RK. Immunology of human milk. Proceedings

of worksh<,p on breast feeding and supplementary foods:

Bangkok 1979; 15-19.

40. Ogra SS and Ogra PL. Immunological aspects of human

colostrum and milk II. Characteristics of lymphocyte

reactivity and distribution of E-rosetle forming cells at

different times after the onset of lactation. J Pediatr 1978;

92 : 550-555.
41. Pittard WB III. Breast milk immunology. Am J Dis Child

1979; 133:83-87.

42. Bourne HR, Lichtenstein LM and Melmom KL.

Modulation of inflammation and immunity by cyclic

AMP. Science 1974; 184: 19-28.

43. Hanson LA, Anlsted S, Carlsson B, Fallstrom SP. Kaijser

B, Lindblad BS, Akerlund SA and Suanborg EC. New

knowledge in human milk immunoglobulin. Acta Pediatr

Scand 1978; 67 : 577-582.

44-. Goldman AS, Thorpe LW, Goldblum RM and Hanson

LA. Anti-inflammatory properties of human milk. Acta

Pa,diatr Scand 1986; 75 : 689-6<:)5.



128 Jain and Bi Iani Ind. J. Physio!. Pharmac., Volume 33, Number 2, 1989

45. Human milk is deadly. N,w scientist 1£84; 101 (1392) : 19.

46. Carpenter G. Epidermal growth factor is a major growth
promoting agent in human milk. Science 1980; 210:
198-199.

47. Cohen S. Isolation of a mouse submaxillary gland

protein accelerating incisor eruption and eyelid opening
in the new born animal.] BioI Ch,rn 1962; 237 : 1555.

48. Scheering LA, Yeh YC, Tsai TN and Schering LE.
Circadian phase dependent stimulatory effects of

epidermal growth factor on DNA synthesis in tongue,

oesophagus, stomach orthe adult male mouse. Endocrinology
1979; 105 : 1475.

49. Klagsburn M. Bovine colostrum supports the serum free
proliferation of epithelial cells but not of fibroblasts in

long term culture. ] Cell BioI 1980; 84: 808-814.

50. Baxter RC, Zaltsman Z and Turtle JR. Immunoreactive
somato median-C/insulin like growth factor I and its
binding protein in human milk. 1. Clin Endocrinol Metab

1984; 58 : 955·Y59.

51. ZapfJ, Schueale E and Froesch ER. Insulin like growth
factor I and II: Some biological action and receptor
binding characteristic. of two purified constituents of
non-suppressible insulin like activity of human serum.
Eur] Bioch,rn 1978; 87 : 285-296.

52. Oberkotter LV, Tenore A, Pasquariello PS and Zorod

W. A thyroxine binding protein in human breast milk

similar to serum thyroxin globulin.] Clin Endocrinol Metab

1983; 57 : 1133-1139.

53. Payne DW, Peng LH, Pearlman WH and Talbert LM.
Corticosteroid binding protein in human colostrum and
milk and rat milk.] BioI Chern 1976: 251 (17): 5272-5279.

54. Werner H, Katz P, Fridking M, Koch Y and Levine S.

Growth hormone releasing factor and somatostatin

concentrations in the milk of lactating women. Eur]

Pediatr 1988; 147 : 252-256.

55. Andrews P. Lactose synthetase A protein from human

milk. Bioch,m] 1969; III : 14 P.

56. Bradley PL and Gunther M. The xanthmeoxidase of

human milk and colostrum. Biochnn] 1960; 74: 15 P.

57. Matsubara Y and Gaull GE. Biopterin and neopterin
in various milks and infant formulas. Am] Clin Nutr 1985;

41: 110-112.

58. Patil KP and Rangnekar NR. Y-glutamyltransferase

activity in human milk. Clin Chem 1982; 21: 1724-1725.

59. Goldman AS and Garza C. Future research in human
milk. P,d Res 22 : 493-496, 1987.

60. Anon. Breast not necessarily be.t. La,",t 1988;1 (8586) :
624-626.

61. Bauchner H, LeventhalJM and Shapiro ED. Studies of
breast-feeding and infections. How good i. the evidence?

]AMA 1986; 256 : 887-892.


