
4. Physiological development of the infant and its
implications for complementary feeding

From the standpoint of nutritional needs, physiological maturation, and immunological safety the provision
of foods other than breast milk before about four months of age is unnecessary and may also be harmful.
On the other hand, many infants require some complementary feeding by about six months of age. There
are a number of known disadvantages and risks involved in too early complementary feeding, including
interference with the infant's feeding behaviour, reduced breast-milk production, decreased iron absorp-
tion from breast milk, increased risk of infections and allergy in infants, and increased risk of a new
pregnancy. With many complementary foods, including undiluted cow's milk, there is also a risk of a water
deficit with a resultant hyperosmolarity and hypernatraemia that, in extreme cases, can lead to lethargy,
convulsions, and even residual brain damage. Other possible implications include the development of
obesity, hypertension, and arteriosclerosis in later life. The decision about when to start complementary
feeding depends not only on age but also on the developmental stage of the individual infant, the type of
food available, the sanitary conditions in which the food is prepared and given, and family history of atopic
disease.

Introduction
During the intrauterine period, the fetus is "fed"
through the placental circulation. As briefly discussed
in chapter 1, the placenta transmits from the mother's
blood all required nutrients, which directly enter the
fetal circulation in an immediately usable form.
Glucose is the main source of energy, while free
amino acids are used for protein synthesis. Owing to
this mechanism the fetus does not have to ingest,
digest and absorb food, nor is an excretory system
required. Whatever waste is produced goes back into
the mother's circulation. The gastrointestinal tract
and renal functions develop progressively prior to
birth, in preparation for the day when they will be
needed.

There is evidence that, late in pregnancy, the
fetus demonstrates swallowing movements and takes
in amniotic fluid; this has very little, if any,
nutritional significance, though it is of importance for
the anatomical and functional development of the
fetal gastrointestinal system. Similarly, the fetus
produces and excretes urine, which passes into the
amniotic fluid even though the kidneys are still
developing and are not yet playing a vital role.

The situation changes radically at birth, after
which the infant must take food by mouth, digest and
absorb the nutrients, and have functioning kidneys to
excrete metabolic wastes and maintain water and
electrolyte homeostasis. However, since neither the
digestive nor excretory system is as yet fully
developed, the margin of tolerance for water, overall
solute load, and specific solutes is very narrow com-
pared with the older infant and young child. Because
of the inability of the kidneys to concentrate urine at
birth and for several months thereafter, the neonate

and young infant require food with a higher water
content than that taken by the older infant in order
to be able to excrete a comparable solute load.

The process of adaptation to these drastic changes
occurs during the first few months of extrauterine life,
during which the infant is also growing rapidly and
therefore has high nutritional requirements. Both the
sucking and extrusion reflexes, present at birth and
active throughout the first months of life, prime the
infant to receive only liquid nourishment. If other
foods are given at this time, they are usually regur-
gitated.

Appropriate feeding practices during the first
months of life are thus conditioned by the infant's
nutritional needs and degree of functional maturity,
particularly as regards the types of food, mechanism
of excretion and defences against infection. This
chapter reviews the development of the gastrointes-
tinal tract and renal functions during early extra-
uterine life and the corresponding nutritional needs.
It also considers infant-feeding practices, particularly
complementary feeding.

Gastrointestinal-tract functions

Food Ingestion
At birth the normal infant is able to suck from the
mother's breast, conduct the milk thus obtained to
the back of the mouth and swallow it. The infant can
do this for five to ten minutes continuously while
breathing normally. As discussed in chapter 2, the
sucking and swallowing functions are vital for the
newborn and the infant during the first months of life.
They are achieved by a special morphological confi-
guration of the mouth, with, in particular, a propor-
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tionately longer soft palate than is found later in life,
and by the sucking and swallowing reflexes, which
direct a series of coordinated movements of the lips,
cheeks, tongue and pharynx. By six months of age,
the ability to swallow fluids offered by cup has begun
to develop.

If solid or semi-solid food is placed in the young
infant's mouth, it is normally vigorously rejected by
the action of another of the infant's normal reflexes.
It is only at four to six months of age, when the
tongue thrust, or extrusion reflex, is normally no
longer present, that the infant is able to cope with
semi-solid foods; hence the food can be transported
to the rear of the mouth and swallowed (1). The series
of movements needed for this purpose are different
from those needed for sucking and swallowing
liquids. Later, at seven to nine months of age,
rhythmic biting movements start to appear at the
same time as the first teeth are erupting; mastication
has begun.

For the first four to six months of life the normal
infant is thus at a stage of functional development
that allows the acceptance of an essentially liquid
diet. This is a period of transition between the fetal
nutrition in utero and the mixed, mainly solid, diet of
later life. While a young infant can be forced to take
soft semi-solid foods from the first days after birth,
for example by a mother who learns how to utilize
the infant's sucking movements to feed such foods,
this cannot be considered either normal or desirable.

Food digestion
Carbohydrates. The process of food digestion starts in
the mouth; during mastication foods are mixed with
saliva allowing the action of amylase to begin the
digestion of starches. Although amylase has been
found in infant saliva, no digestion of carbohydrates
takes place in the mouth or oesophagus during the
first months of life.

Carbohydrates are digested mainly in the proxi-
mal small intestine. Polysaccharides, like starches, are
degraded into mono- and disaccharides, primarily by
the action of delta-amylase secreted by the pancreas.
Glucoamylase secreted by the intestinal mucosa may
also contribute to the digestion of starches, but it
acts primarily on oligosaccharides and some disac-
charides. The small intestine's mucosa also secretes
disaccharidases, which hydrolyse disaccharides into
monosaccharides, the only form in which carbo-
hydrates can be absorbed.

It has been determined that infants born at term
have approximately 10% of adult amylase activity in
their small intestine (2) and this seems to be mainly
glucoamylase activity. Present information indicates
that pancreatic amylase is not secreted during the

first three months of life; it has been found to be
present only at very low levels, or absent altogether,
up to six months of age (3).

There is, however, some evidence that infants
can digest starches before three months of age. This is
probably due to the activity of glucoamylase, which
is not normally active at this time, but which is
activated by the presence and nature of the substance
or substrate on which the enzyme acts (4). It is also
possible that pancreatic amylase could be produced
as a reaction to the presence of starches in the small
intestine, although this has not been proved. In any
case, a process of adaptation is required for the
young infant to be able to digest starches. This can
take days or weeks and might explain the frequency
with which gastrointestinal disturbances, particularly
diarrhoea, are observed in small infants fed starch-
containing foods. It has also been suggested that
undigested starches may interfere with the absorption
of other nutrients and result in failure to thrive in
infants fed diets containing a large proportion of
starches (5).

Contrary to the evident immaturity of the
infant's system for the digestion and utilization of
starches during the first months of life, the activity of
the disaccharidases is fully developed at birth. Both
delta-glucosidase, which hydrolyses sucrose and mal-
tose, and beta-galactosidase, which hydrolyses lac-
tose, are present at birth at the same activity levels as
those found in older infants (6). The digestion and
utilization of milk sugar, therefore, poses no problem
at this age.

Proteins. The gastric secretion of hydrochloric acid
and pepsin is already well developed in the newborn
at term; concentrations are low, however, and
increase progressively during the first months of life
(7,8). In any case, the digestion of proteins takes
place mainly in the small intestine, where proteolytic
activity in the newborn has reached the same concen-
tration as in adults (9). Thus, while the young infant
may have some difficulty with proteins like casein for
which gastric activity can be important to initiate
digestion, the infant's capacity to digest proteins is
otherwise fully developed at birth. Nevertheless, very
high protein intake should be avoided, particularly in
the pre-term and very young infant, in whom an
excessive renal solute load may produce acid-base
imbalances and metabolic acidosis.

Another problem related to the young infant's
use of proteins is the permeability of the intestinal
mucosa to large molecules. In older infants, as in
adults, proteins are absorbed as amino acids and
small peptides. Most of the latter are further digested
during their passage through the mucosa, and it is
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mainly the free amino acids which enter the circula-
tion. Large molecules, which can act as antigens, do
not normally cross the intestinal mucosa. During the
neonatal period, however, and for a variable time
thereafter, the infant is able to absorb protein
molecules intact (10), as demonstrated by the absorp-
tion of antibodies and the immunological response to
protein antigens administered orally.

This physiological characteristic of the young
infant seems to be one mechanism by which an
allergic reaction to cow's milk sometimes develops in
children. Its implications for the development of
other food allergies is not clear but should be borne
in mind when decisions about the feeding of young
infants are being made.

Fats. As mentioned above, glucose is the main source
of energy for fetal development during the intra-
uterine period. After birth, however, dietary fats
become an important energy source. Some 40-50%
of energy in human milk is in the form of fats. A
drastic adjustment in energy metabolism is therefore
required after birth, starting with the digestion and
absorption of fats.

In older infants and adults, dietary fats are first
hydrolysed, mainly by the activity of the pancreatic
lipases in the small intestine. The products of lipolysis
are then solubilized for absorption by the action of
the bile salts. In the newborn at term, the pancreatic
and hepatic functions are not yet fully developed and
the concentrations of both pancreatic lipase and bile
salts are very low (11, 12).

It has been observed, however, that young
infants adequately absorb fats, particularly those
from human milk. This is somewhat surprising con-
sidering that milk-fat droplets are particularly resis-
tant to the lipolytic activity of pancreatic lipases
because they are enveloped by a layer of phos-
pholipids and proteins. It is known that fat digestion
and absorption in young infants are enhanced by the
action of lingual lipases (13) and by the action of a
lipase contained in human milk (14). Lingual lipases
are secreted by papillae on the posterior part of the
tongue; they start to act in the stomach and the
products of lipolysis (fatty acids and monoglycerides)
contribute to the emulsification of the mixture, there-
by compensating for low bile-salt content. This impor-
tant mechanism of preduodenal lipolysis in the young
infant is further complemented by the lipase con-
tained in breast milk (bile-salt stimulated lipase),
which also plays an important role during early
infancy in fat digestion and absorption. The breast-
milk lipase also has esterase activity, which is vital for
utilization of vitamin A that is present in milk in the
form of retinol esters.

In spite of the immaturity of the pancreatic and

hepatic functions, the young infant is thus well
equipped to make use of both the fat in breast milk,
which provides close to half of energy requirements,
and its other important fat-soluble components.
These compensatory, or complementary, mechanisms
for fat utilization are less efficient when cow's-milk fat
or other fats are introduced into the young infant's
diet (15).

Vitamins and minerals. There appear to be no major
problems in the utilization of dietary vitamins and
minerals in early life. However, the subject has not
been studied as much as the digestion and utilization
of the macronutrients already discussed. The absorp-
tion of fat-soluble vitamins is closely linked to fat
absorption. For vitamin A in particular, not enough
is known about the utilization by young infants of
the different forms in which it or its precursors can
occur ifi foods. The particularly high absorbability of
vitamin A in human milk has already been men-
tioned.

The situation is similar for iron, the absorption
of which is higher in infants than in older children
and adults. This seems to be related to a greater need
for the mineral in early life. In addition, the bio-
availability of iron is much higher from breast milk
than from cow's milk or preparations added to food
(16). The responsible mechanism is not known,
although it has been observed that the high bio-
availability of breast-milk iron decreases drastically
when solid complementary foods of vegetable origin
are given to the breast-fed infant. This situation has
been confirmed experimentally by measuring, in
adults, the iron absorption from breast milk alone or
when fed together with a common complementary
infant food (strained pears). Iron absorption was
found to be 23.8% in the former and 5.7% in the
latter case (17).

Water and electrolytes. The permeability of the intes-
tinal mucosa to water and electrolytes is higher
during infancy than in later life. This is of no sig-
nificance under normal conditions but becomes
important in situations of high osmolarity in the
intestinal contents. Under these circumstances the
infant tends to develop water and electrolyte
imbalances more easily than later in life, and the
implications for infant feeding should thus be
carefully borne in mind.

Excretory system
Maintaining the amount and composition of body
fluids and excreting metabolic wastes are among the
kidneys' vital functions. In utero urine formation
starts early in fetal development, i.e., by the ninth or
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tenth week of gestation. Urine excretion at this stage
plays a role in amniotic-fluid maintenance and the
embryogenesis of the urinary system. The regulatory
and excretory functions of the kidneys are minimal
before birth, however, as the task of maintaining fetal
homeostasis is carried out by the placenta. Metabolic
wastes are practically nil, since fetal metabolism
is fundamentally anabolic; whatever waste there is
passes through the placenta into the maternal cir-
culation. This is confirmed by the fact that no renal
insufficiency is initially evident in infants born with
renal agenesis.

At birth the kidneys are performing all their
functions but at a limited capacity. They meet the
needs of the normal newborn, who continues with a
predominantly anabolic metabolism provided that a
balanced, fully utilizable, low-residue food, namely
breast milk, continues to be fed. The kidneys' func-
tional capability rapidly increases during the first few
months of life, as illustrated by their near doubling in
size from 12.5 g per kidney at birth to about 20 g at
13 months of age.

The newborn's kidneys are characterized by a
low glomerular filtration rate and low concentration
capability (18). They function very efficiently, how-
ever, as a water-conservation mechanism to prevent
dehydration and have no difficulty in eliminating the
low metabolic residues of a breast-fed infant. The
system can fail when the water intake is markedly
reduced or solute intake is noticeably increased.
Because the human infant has very different
nutritional requirements compared to those of a calf,
the giving of undiluted cow's milk can lead to
hyperosmolarity with hypernatraemia in the young
infant. If not checked, this can result in lethargy,
convulsions and even damage to the central nervous
system. A cow's-milk diet for the young infant can
lead to a water deficit of 80ml/day. The situation
becomes particularly critical when there are
extrarenal water losses such as occur with fever or
high ambient temperature.

The young infant's kidneys have a limited ability
to eliminate hydrogen ions (19), and hence are more
susceptible to develop acidosis. Phosphate excretion
is a good example of how they adapt their functional
capacity to demand. At this age, the kidneys nor-
mally function with a low-phosphate intake, as was
the case in utero, and should continue this way
provided the infant is breast-fed. However, when the
infant is put on a high-phosphate diet-cow's milk
for instance-the kidneys have to adjust to another
level of functioning. Although they usually respond
to this demand, it does take time. Meanwhile, the
infant may develop transitory hyperphosphataemia
as a result of both renal immaturity and functional
hypoparathyroidism, which may be associated with

hypocalcaemia and neonatal tetany (20).
The relative immaturity of the newborn's renal

system seems to be due only to the fact that the level
of functioning corresponds to expected demand. The
kidneys subsequently mature very rapidly during the
first few months of life and are able to adapt to
significant variations in diet. Thus, starting at about
four months, the solute load resulting from the
metabolism of newly introduced foods is acceptable.
In fact, progressive modifications in dietary intake,
with increments in urea and other solutes to be
excreted, stimulate the kidneys to attain higher func-
tional levels. The immature renal system is easily
overburdened by such stress situations as disease,
dehydration and sudden or too-drastic dietary
changes such as the inclusion of foods with high
sodium (minerals) or solute loads (proteins), which
would require water supplements (see Table 4.1,
parts A and B). The use of water with a high mineral
content to prepare infant formula is thus undesirable.

Infant feeding

Nutritional requirements
Early life is a period of very rapid growth, with the
weight of the normal infant doubling by four months
of age. Energy and nutrients are needed not only for
maintenance of bodily functions and activity but
also, in large proportion, for tissue deposition. Both
the quantitative and qualitative nutritional require-
ments of the infant are consequently different from
those of older children and adults. For example, the
requirements for both energy and protein during the
first month of life are, on a per kilogram basis, about
three times those of the adult. There are also other
important differences, related either to actual nutri-
tional needs or to the particular physiological
characteristics of the infant.

Where proteins are concerned, the requirements
of infants for essential amino acids are proportion-
ately much higher than in older children and adults
(21,22). It would therefore by very difficult, if not
impossible, to satisfy their nitrogen needs with
proteins of low biological value. Fats as such are not
required, except for very small amounts of essential
fatty acids. Nevertheless, they are extremely impor-
tant for the infant as a source of concentrated energy,
allowing as they do the high-energy intake required
within a reasonable volume of food. Mineral require-
ments are particularly critical at this age; iron and
calcium, needed for haemoglobin formation and
bone calcification, are notable examples.

More than 50 nutrients are known to be needed
by human beings, although information is lacking on
the requirements in respect of more than half of them.
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For most nutrients there is not only a minimum
intake level below which a deficiency occurs but also
a maximum level above which they could have
undesirable consequences. While the range between
these minimum and maximum desirable intakes is
quite wide in most cases, it is rather narrow in others.
For example, energy-intake levels even slightly below
those normally required result in a deficiency while
those above will, in time, produce obesity.

A delicate balance of energy and a large number
of nutrients is therefore required to ensure
appropriate infant nutrition and health. Fortunately,
an adequate diet depends less on a consideration of
individual nutrients than on the range of foods to be
given. For infants up to at least the age of 4-6
months, breast milk is a complete and perfectly
balanced mixture of all required nutrients (see chap-
ter 2, on the nutritional quality of breast milk). If the
infant's energy needs are satisfied with breast milk, all
other nutritional requirements will automatically be
met. Exceptions to this rule are infants with very low
birth weight who may need iron supplementation (see
chapter 5) and infants born of mothers with specific
vitamin and mineral deficiencies. In the latter case, a
mother's milk may have low values for a given
nutrient and her infant may have to be given it as a
supplement. The situation is different for infants fed
with breast-milk substitutes, who would normally
require early supplementation with vitamin C as well
as with iron (when the breast-milk substitute used is
not enriched with this mineral) and vitamin D (when,
because of environmental or other reasons, infants
are not exposed to sufficient sunlight) (see Table 4.1,
parts B and C).

Energy requirements
Energy requirements can be defined as the level of
energy intake from food that will balance the energy
expenditure in healthy individuals. Energy expen-
diture includes the basic metabolism, energy expen-
ded in activity, and the energy cost of food utiliza-
tion. For pregnant and lactating women, the energy
cost of pregnancy and lactation has to be added, and
for children the energy required for growth.

Ideally, the energy requirement should be deter-
mined by accurately measuring all dietary compo-
nents. While this can usually be done in the case of
older children and adults, no reliable information
is available on the energy needed by infants for
adequate growth and physical activity. However,
since it is generally accepted that healthy infants,
growing within accepted standards, are in energy
balance, the energy intake of such infants has been
used as the basis for establishing this group's energy
requirements.

Table 4.2: Energy requirements of Infants (23)

Age (months) kcal/kg/day MJ

0-3 120 0.502
3-6 115 0.481
6-9 110 0.460
9-12 105 0.439

To estimate the energy requirements for infants
under 6 months of age, an FAO/WHO Ad Hoc
Expert Committee on Energy and Protein Require-
ments (23) in 1971 used data on the intake of infants
fed breast milk by bottle and teat (24). For infants 6-
12 months of age, data were used concerning healthy
children from the USA and the United Kingdom
who were fed on a mixed diet (25). Although the
information had its limitations, it was the best that
was available. The Committee recommended 120
kcal (0.502 MJ) per kg per day for infants 0-3
months of age, decreasing progressively to 105 kcal
(0.439 MJ) per kg per day for infants 9-12 months of
age (see Table 4.2). It was on this basis that the breast
milk of healthy mothers was judged to be insufficient
to satisfy the energy requirements of normal infants
beyond three months of age (26).

A second consultation, which was jointly spon-
sored by FAO, WHO and the United Nations
University, took place in 1981 to review energy and
protein requirements once again (27). This group had
access to a much larger collection of food-intake
measurements from Canada, Sweden, the United
Kingdom and the USA for infants, who were healthy
and growing within recommended WHO standards
(28). Data from developing countries were inten-
tionally not used in order to exclude any infants
growing below the recommended standard, which is
associated more with inadequate diet and frequent
infections than with genetic differences (29). The
interesting results of an analysis of the data used by
the 1981 Committee are summarized in Table 4.3.

Although energy intake values start at a level
similar to those of the 1971 recommendations, they
drop rapidly during the first months of life, beginning
to rise again after the tenth month. This U-shaped
curve is very different from the progressively decreas-
ing line followed by the 1971 values; it is considered
to be more accurate, however, and is probably related
to a rapid decline in the energy required for growth. In
contrast, energy expenditure through activity, which is
initially low, increases progressively to assume greater
significance during the latter part of the first year
of life. The differences between these observed intake
values and the 1971 recommendations are consider-
able, particularly during the critical period when the
weaning process starts. They explain why, under
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Table 4.3: Energy Intake of Infants"

Intake

Age (months) kcal/kg/day MJ

0.5 118 0.494
1-2 114 0.477
2-3 107 0.448
3-4 101 0.423
4-5 96 0.402
5-6 93 0.390
6-7 91 0.381
7-8 90 0.337
8-9 90 0.377
9-10 91 0.381
10-11 93 0.390
11-12 97 0.406
12 102 0.427

' Based on reference 28.

normal conditions, breast milk alone satisfies the
energy requirements of the average infant for the first
6 months of life (30).

Complementary feeding
By "weaning process" is meant the progressive trans-
fer of the infant from breast milk to the usual family
diet. From the standpoint of physiological matura-
tion and nutritional need, giving foods other than
breast milk to the infant before about 4 months of
age is usually unnecessary and may entail risks, for
example making the infant more vulnerable to diar-
rhoeal and other diseases (see chapter 6). Moreover,
because of its effect on the infant's feeding behaviour,
and therefore breast-milk secretion, any other food or
drink given before complementary feeding is nutri-
tionally required may interfere with the initiation or
maintenance of breast-feeding.

On the other hand, by around 6 months of age
many breast-fed infants require some complementary
feeding and are fully developed functionally to cope
with it. Traditionally, the period between 4 and 6
months of age has been seen as suitable for infants to
begin to adapt to different foods, food textures and
modes of feeding.

When to start complementary feeding for breast-
fed infants cannot be decided exclusively on the basis
of age, however. The types of food that are normally
consumed at home or are easily available, and the
environmental conditions and facilities to prepare
and feed them safely, should also be considered. For
example, if the available foods for the infant are low
in nutritional value and are too coarse or difficult to
prepare in a soft semi-solid form, or if environmental
conditions favour contamination with either micro-

organisms or undesirable substances, it is preferable
to delay the introduction of complementary foods
until they become strictly necessary on nutritional
grounds.

An infant's developmental stage can be deter-
mined by observing neuromuscular capabilities.
When the head is held erect, hands are put to the
mouth and semi-solid foods are accepted without
difficulty (indicating the disappearance of the
extrusion reflex), an infant is ready to begin receiving
complementary foods. Obviously, growth velocity
should also be considered. If a breast-fed infant is not
growing properly and no other reason can be found
to account for it, it may be time to start complemen-
tary feeding. In practice, there is no need either to
begin complementary feeding before it is nutritionally
necessary, or to wait for growth faltering to occur
before initiating it.

Breast milk is the only "standard" food for the
human infant. Once other foods are given, they can
be as varied as are family diets prepared at home in
the normal manner. From the nutritional point of
view, complementary foods progressively replace
breast milk, which is a complete and balanced food.
At the onset of complementary feeding, when the
infant is still predominantly breast-fed, these foods
are important primarily as an additional source of
energy. At the same time, however, they should also
help to satisfy requirements for all essential nutrients
to which breast milk will be making a progressively
decreasing contribution. Particular attention should
be given to proteins, iron, and vitamins A and C;
these nutrients are frequently found to be deficient in
the diet of young infants.

Table 4.1 provides a few examples of the very
large number of commercial and home-made com-
plementary foods that are available. The home-made
varieties are frequently more in accordance with a
family's cultural and economic conditions, in addi-
tion to being generally low in sodium.

Rlsks of too early complementary feeding
It is generally recognized today that infants are
neither ready to receive semi-solid foods before about
4 months of age, nor, except under exceptional cir-
cumstances (see chapter 3), are these foods necessary
as long as infants are breast-fed. Not so very long
ago, however, it was customary in some indus-
trialized countries to start complementary feeding
before one month of age with cereal preparations,
strained vegetables and fruits, and eggs and meat.
While this practice has been largely abandoned, it is
still common to give semi-solid foods to infants
before three months of age.

There is no question that, in terms of functional
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capabilities, most infants can adapt to this situation.
They may initially refuse the food, vomit or have
loose stools, but they will finally take it without
major problems. They and their mothers quickly
learn how to manage semi-solid foods, even if the
reflex movements of the infant's mouth are not yet
ready for them. As discussed earlier in this chapter,
the production of digestive enzymes, amylases in
particular, is still normally low at this age; but the
potential to react to stimuli is there, and thus enzyme
production increases when starches or other sub-
strates are included in the diet. The kidneys, stimu-
lated by the presence of urea derived from excessive
protein, can also react by increasing their excretory
and filtering capacity.

Of course, the mere fact that the physiologically
immature organism can adapt to a feeding mode that
is nutritionally unnecessary hardly justifies its use.
On the contrary, a number of immediate disadvan-
tages or risks of too early complementary feeding
are recognized, and the possibility of longer-term
undesirable effects-including a contribution to the
pathogenesis of such conditions as obesity, hyperten-
sion, arteriosclerosis and food allergy-is suspected
even if it is extremely difficult to prove. The following
are among the possible immediate problems.

Short-term risks
It is well demonstrated that the introduction of foods
other than breast milk into the young infant's diet
decreases the frequency and intensity of sucking and
that, as a consequence, breast-milk production also
decreases. Under these circumstances the food given
will be not so much a complement to breast milk as
a partial replacement. Since in most instances the
nutritional value of the "complement" is lower than
that of breast milk, the child will be at a disadvan-
tage; the opposite of the desired intention will be
achieved.

It has also been observed that the introduction
of cereals, and particularly vegetables, can interfere
with the absorption of breast-milk iron (17), which is
normally low in concentration but high in absorb-
ability. Because iron balance is extremely delicate in
the young infant, this can result in iron deficiency and
anaemia. A deficiency can be avoided, of course, if
iron-enriched cereal preparations are used, but this
would only serve to prevent a problem that was not
there at the outset.

Because large sections of populations in
developing countries have restricted diets and live in
unsanitary environments, the greatest immediate risk
to the breast-fed infant of giving complementary
foods too early is diarrhoeal disease (31) (see chapter 6).
Longitudinal studies done in rural Bangladesh (32),

where 41% of the food, and 50% of the water, samples
examined were contaminated with Escherichia coli,
demonstrate an association between the early intro-
duction of contaminated foods and intestinal infec-
tions in children. The proportion of water samples
that contained E. coli was directly associated with a
child's annual rate of diarrhoea due to enterotoxi-
genic E. coli. Ambient temperatures and the duration
of storage after food preparation were directly cor-
related with bacterial counts. Moreover, the monthly
rates of diarrhoea associated with enterotoxigenic E.
coli in the community correlated directly with the
environmental temperature.

In another study in Kenya, where complemen-
tary feeding was started at 3 months of age,
Enterobacteriaceae were found in the feeds at a level
of up to 104 bacteria per g. The counts increased after
storage of the food for periods as short as three hours
(33).

Enteropathogenic microorganisms do not neces-
sarily have to be present in weaning foods before they
are consumed; they may in fact enter the child's
alimentary tract at the time of feeding. For example,
rotaviruses were detected in hand-washings from
79% of the attendants of Bangladesh patients who
were hospitalized because of rotavirus-associated
diarrhoea (34). The importance of microbial con-
tamination of hands in the genesis of diarrhoea has
also been demonstrated by the interruption
of the transmission of Shigella simply by institut-
ing washing procedures, after defecation and before
meals, for family members of confirmed cases
of shigellosis (35). In the final analysis, water
quality and quantity may be the most important
factors determining morbidity due to diarrhoeal
diseases in children under three years of age (36,37).

Long-term risks
Inappropriate complementary feeding practices may
also have a negative impact on health in the long
term through two mechanisms. One is the cumulative
effect of changes which, while starting early in life,
result in clinical evidence of morbidity only years
later. The other is the creation of food habits leading
to undesirable dietary practices, which finally con-
tribute to health problems. In practice these two
mechanisms may be interrelated. For example, an
adult's taste for salty foods may be the result of early
experiences, and therefore a learned practice, while
the cumulative effect of hypernatraemia over many
years contributes to the development of hyperten-
sion.
Obesity. Although the health risks of adult obesity are
well known, its etiology is complex given its multiple
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origins. A better understanding of the etiology and
natural history of obesity is important since treat-
ment is difficult once the condition has developed.
One of the important questions that has not yet been
answered concerns the relationship between feeding
practices and overweight in infancy and childhood,
and obesity in adulthood. Although no long-term
prospective studies have been done, retrospective and
short-term prospective studies tend to support the
hypothesis of a close link.

Studies of the relationship between overweight at
birth and obesity in childhood have generally shown
a very low correlation (38). A higher correlation has
been found, however between obesity at 12 months of
age and later in life (39), while it has also been
determined that cases of severe obesity at this age
have a greater tendency to persist. One limitation of
these studies is that they use as a basis for compari-
son situations prevailing at one point during infancy,
for example at birth or at 12 months of age; there are
many non-dietary factors, however, that may help to
explain the situation at any given moment.

There is a better correlation between weight gain
during infancy and overweight later in life (40). For
example, a recent prospective study showed that,
while breast-fed and artificially fed infants had
similar growth patterns during the first three months,
weight gain was greater for the artificially fed infants
with a difference at one year of 410 g more in boys
and 750 g in girls (41). Overfeeding is one of the main
risks associated with bottle-feeding and too early
complementary feeding.

Breast-fed infants appear to regulate their food
intake in accordance with their needs (see Chapter 2).
Once a mother assumes responsibility of the amount of
food her child receives, overfeeding becomes a possibility.
Undue concern about infant nutrition can contribute
to overfeeding, particularly in societies where the
image of a healthy baby is a plump one. The con-
sequences later in life may be related either to
the infant's excess weight or to the acquisition of
undesirable eating habits, or both.

Hypertension. High sodium intake is certainly one of
the principal factors in the etiology of essential
hypertension. A direct relationship is not easy to
prove because there also appear to be contributing
genetic factors, which make some individuals more
vulnerable than others. However, the relationship
between high sodium intake and hypertension has
been proved experimentally in rats. Of greatest con-
cern are experimental data showing that sensitive
rats with a high sodium intake only during the first
six weeks of life still developed hypertension one year
later (42).

Breast milk is low in sodium (about 15 mg/

100 ml or 6.5 mmol/1). However, an infant's sodium
intake can drastically increase when complementary
foods are introduced (see Table 4.1, part B), in
particular when they are prepared according to the
taste of a mother whose own salt intake is high.
Although there are no data to show that early high
sodium intake has the same consequences later in life
for humans as have been demonstrated in experimen-
tal animals, it has been suggested that the taste for
salt may be established with the introduction of foods
other than breast milk. The maintenance of this habit
may in turn have a cumulative effect that results in ill
health many years later.

Experimental and epidemiological evidence indi-
cates that potassium plays a protective role where
high sodium intake related to hypertension is con-
cerned (43). While most fresh fruits and vegetables
are high in potassium, their processing for use as
complementary foods may drastically reduce their
value as a source of this mineral as well as vitamin C.

An association has also been found between
hypertension and obesity, although they may be
etiologically unrelated and observed independently.
Early feeding practices may be a common factor
creating food habits that favour the development of
both conditions.

ArterlosclerosIs. The role of dietary factors in the
pathogenesis of arteriosclerosis and ischaemic heart
disease, which are major health problems in indus-
trialized countries and, increasingly, in developing
countries, is no longer in doubt. The nutritional
factors involved include diets high in energy and rich
in cholesterol and saturated fats, but low in poly-
unsaturated fats. High protein intake has also
been found to be associated with these conditions,
although diet is only contributory in otherwise pre-
disposed individuals. The relationship between dietary
factors and the development of the disease has been
proved through both prospective and cross-sectional
comparisons among different populations.

It is difficult to establish this link at the
individual level, however, both because people res-
pond differently to a diet rich in saturated fats and
the fact that many other variables are involved. It
would be still more difficult to establish a link
between infant-feeding practices and a disease that
manifests itself only some 30-40 years later. It has
been shown, however, that infants in the upper cen-
tiles of lipid blood levels tend to maintain those same
levels two years later (44). Thus, it only makes good
sense to avoid, in complementary feeding, the same
dietary excesses that have proved to be undesirable
later in life.

Food allergy. There is evidence that prolonged breast-
feeding and the timely introduction of carefully selec-
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ted complementary foods contribute to the preven-
tion of food allergies, particularly in predisposed
infants (45). This is true not only in respect of
cow's-milk allergy but also where other foods are
concerned. Cow's-milk allergy is manifested clinically
by gastrointestinal, dermatological or respiratory
symptoms of varying severity, and even by anaphy-
lactic shock.

Using sensitive immunological methods, it has
been demonstrated that the majority of infants fed
artificially with cow's-milk-based formulas do indeed
react to the foreign proteins. However, since only a
few infants show clinical manifestations, and usually
only those with severe symptomatology are diag-
nosed as having cow's-milk allergy, it is very difficult
to know the disease's real incidence. In industrialized
countries, where the majority of infants in question
received cow's-milk-based formulas since very early
in life, various studies show an estimated prevalence
of clinical manifestation of about 1% (46). In most
instances, the condition can be prevented altogether
by avoiding the use of cow's-milk preparations dur-
ing the first months of life.

It has been shown that prolonged breast-feeding
also has a protective value where allergies to other
foods are concerned. For example, in a study of
infants born of parents suffering from eczema, it was
demonstrated that a significant reduction in the
incidence of the disease could be achieved by
feeding breast milk exclusively for at least three
months and avoiding allergenic foods during the initial
stages ofcomplementary feeding (47). In another pros-
pective study of children followed from birth to three
years of age, it was shown that infants who were
breast-fed for six months, particularly those with a
family history of allergies, had a lower incidence of
atopic diseases than those who were artificially fed.
In the latter group, complementary feeding was
started at three and a half months with cooked
vegetables and fruits, cereals were introduced at five
months, and meat and eggs were given at six; a more
varied diet was given by nine months of age (45). A
study of 135 exclusively breast-fed children of families
with a history of atopic disease showed that giving no
solid foods before six months greatly reduced the
rates of eczema and food intolerance at 12 months;
matched controls were children with similar family
histories who received solids when 4-6 months of
age. Relative rates for the study groups and controls
were 35% vs. 14% for eczema, and 37% vs. 7% for
food intolerance (48).

R6sum6
Le d6veloppement physiologique du
nourrisson et ses Implications sur

I'alimentation de compl6ment
Durant la periode intra-uterine le foetus est
alimente par la circulation sanguine maternelle
par l'intermediaire du placenta. Le tractus gastro-
intestinal et l'appareil renal se developpent
progressivement mais ne sont pas fonctionnels.
Apres la naissance la croissance rapide du nour-
risson entraine une elevation proportionnelle des
besoins nutritionnels, il faut donc que l'alimenta-
tion soit adaptee. La maniere de nourrir 1'enfant
est conditionnee par son degre de maturite fonc-
tionnelle, en particulier en ce qui concerne l'utilisa-
tion des nutriments, les mecanismes d'excretion et
la lutte contre les infections.

L'ingestion des aliments est limitee au debut
aux liquides grace au reflexe de succion et a la
configuration particuliere du palais du nouveau-ne
et aussi a cause du reflexe lingual ou d'expulsion
qui disparalt entre4 et 6 mois. Plus tard, entre 6 et 9
mois apparait la mastication qui facilite l'absorp-
tion d'aliments solides. Le processus de digestion
des sucres se realise dans la partie proximale de
l'intestin grele pendant les premiers mois de la
vie. C'est Ia et non pas dans la bouche que les
polysaccharides comme l'amidon sont attaques; la
secretion amylasique a ce niveau ne represente
cependant que 10% de celle de l'adulte. Pendant
les 3 premiers mois de la vie il n'y a pas de
secretion d'amylase pancreatique.

Pour la digestion des proteines on sait que la
secretion gastrique d'acide chlorhydrique et de
pepsine existe chez le nouveau-ne a terme mais a
de basses concentrations. Les proteines sont prin-
cipalement digerees dans le grele ou l'activite
proteolytique est equivalente A celle de l'adulte.
Neanmoins des apports proteiques eleves sont a
deconseiller dans la mesure oiu un desequilibre
metabolique peut se produire au niveau du rein
entrainant une acidose. La permeabilite parti-
culiere de la muqueuse intestinale du jeune enfant
aux grosses molecules proteiques pourrait avoir
des consequences antigeniques qui expliqueraient
certaines allergies au lait de vache.

Les graisses relaient le glucose comme source
principale d'energie apres la naissance. La
lipolyse preduodenale est assuree par les lipases
linguales et elle est renforcee par la lipase du lait
maternel. II ne semble pas qu'il y ait de probleme
majeur avec les vitamines et les mineraux. Le lait
maternel etant de ce point de vue particulierement
favorable pour l'absorption de la vitamine A et du
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fer entre autres. On ignore les mecanismes qui
augmentent la biodisponibilite du fer dans le lait
maternel mais on a constate qu'elle diminuait
lorsque l'on supplementait la ration par des
aliments d'origine vegetale. La grande per-
meabilite de l'intestin a I'eau et aux electrolytes
peut entrainer plus facilement des desequilibres
dangereux en cas d'hyperosmolarite du bol intes-
tinal. La capacite fonctionnelle du rein augmente
rapidement pendant les premiers mois de la vie
mais elle est limitee chez le nouveau-ne parce que
la filtration glomerulaire et la capacite de concen-
tration sont basses.

Besoins nutritlonnels. Ils sont quantitativement et
qualitativement diff&rents de ceux des enfants plus
ages et des adultes. Durant le premier mois par
exemple, ils sont en calories et en proteines 3 fois
plus importants par kilogramme de poids que chez
l'adulte. Cependant le lait maternel est l'aliment
ideal pour les enfants jusqu'a 4 a 6 mois, sauf
pour les nouveau-nes de tres petit poids de nais-
sance qui doivent etre supplement6s en fer entre
autres nutriments. Pour les enfants nourris avec
des substituts du lait maternel la situation est
differente. A titre indicatif des tables de compo-
sition de certains aliments de complement sont
fournies. Les besoins en energie sont difficiles
a apprecier, les recommandations du comite
d'experts FAO/OMS de 1971 sur les besoins en
proteines et en energie representaient une esti-
mation des besoins a 120 kcal/kg/j entre 0 et 3
mois diminuant regulierement pour atteindre
105 kcal/kg/j entre 9 et 12 mois. Une consulta-
tion plus recente (FAO/OMS/UNU, 1981) partant
des memes valeurs aboutit a des besoins net-
tement plus bas aux ages intermediaires pour
remonter sensiblement a 12 mois. Les differences
constatees expliquent pourquoi dans des circons-
tances normales, le lait maternal seul couvre les
besoins des nourrissons au moins pour les 4
premiers mois de la vie et souvent jusqu'au
sixieme.

Alimentation de compl6ment et sevrage. Par sevrage il
faut entendre le passage progressif du nourrisson
du lait de sa mere au regime habituel de la famille.
Aux environs de 6 mois les enfants doivent
recevoir d'autres aliments et ils sont physio-
logiquement et fonctionnellement en mesure de
les utiliser. Une diversification alimentaire trop
precoce pr6sente des risques a court terme: dimi-
nution de la production de lait chez la mere, mal
compensee dans certains cas par la valeur
nutritive du "complement"; les cereales peuvent
limiter I'absorption du fer du lait maternel; et le

risque de maladies diarrheiques augmente, en
particulier dans les pays en developpement. A
beaucoup plus long terme les effets n6gatifs sur
la sante peuvent se traduire par une morbidite
d'origine nutritionnelle due aux modifications
dietetiques introduites durant le jeune age
intriquee avec la creation d'habitudes alimentaires
entrainant des pratiques dietetiques nefastes. Le
fait par exemple d'aimer les aliments sales a l'age
adulte pourrait etre le resultat d'experiences
acquises durant la petite enfance. Ainsi obesite,
hypertension et arteriosclerose semblent pouvoir
etre associees a ces situations. De meme les
allergies d'origine alimentaire peuvent etre
prevenues par un allaitement maternel prolonge
comme certaines etudes l'ont demontre.
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