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Abstract

Breastfeeding is the foundation of newborn nutrition,
providing complete sustenance and several health benefits to
both infants and mothers. Human milk is a living biological
fluid that contains vital nutrients and bioactive components
that promote growth, immunological function and gut
microbiota development. Lactation is a complex physiological
process controlled by hormonal processes that enable
sufficient milk production and successful breastfeeding. This
review covers the biological foundations of breastfeeding and
human milk, the physiology of lactation, recommended
breastfeeding practices, health benefits for infants and
mothers, alternative feeding approaches when breastfeeding is
not possible and the key recommendations of the Infant and
Young Child Feeding IYCF) Guidelines.
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Introduction

The first 1000 days of life are critical for growth,
development and overall health. Breastfeeding is regarded as
the gold standard for infant nutrition because it provides vital
nutrients, as well as antibodies, immune cells, hormones,
enzymes and bioactive compounds that support immunity, gut
development and brain growth (Biagioli et al., 2026). Human
milk is a dynamic biological fluid that adapts to the infant's
developmental demands, protecting against illnesses and
encouraging healthy growth (Hoddinott et al., 2008). The
World Health Organisation (WHO) recommends starting
breastfeeding early, exclusively for the first six months and
then  continuing  breastfeeding  with  appropriate
complementary foods for another two years or more.
Effective lactation is required for successful breastfeeding,
which includes milk production and secretion via correct
attachment, posture and frequent milk removal. Colostrum,
the first milk after delivery, is high in antibodies and provides
vital protection to babies. Breastfeeding promotes the
development of the infant gut microbiota by supplying
components such as human milk oligosaccharides, lactoferrin
and immunoglobulins, which boost immune function and
defend against dangerous microbes. It lowers the risk of
childhood illnesses and promotes cognitive development, as
well as giving health advantages to moms. Although
breastfeeding is suggested as the best feeding strategy, some
moms may require other options due to medical issues,
medication use, low milk supply, or unusual situations. When

direct breastfeeding is not possible, formula feeding, donor
human milk and human milk banks can give nutritional
support, but they must be practiced safely and under
competent supervision. Individualised counselling is required
to maintain baby safety in special scenarios such as maternal
HIV infection and drug exposure while breastfeeding.

The Infant and Young Child Feeding (IYCF)
guidelines make evidence-based recommendations to
encourage proper breastfeeding and complementary feeding
practices. Understanding breastfeeding, lactation, alternate
feeding options and feeding problems is critical to improve
infant nutrition, health and survival.

Breastfeeding and Human Milk: Biological Foundations
1. Human milk is an ideal source of nutrition for infants

Human breast milk is regarded as the best source of
nutrition for infants since it is specifically developed to satisfy
the changing nutritional and developmental needs of the
developing child. It is not just a source of energy and calories,
but also a complex biological fluid rich in proteins, carbs,
lipids, vitamins, minerals, immune cells, hormones, enzymes
and other bioactive substances. The content of human milk
changes throughout lactation and even during a single feeding,
allowing it to adjust to the infant's age and needs (Andreas et
al., 2015).

2. Nutritional and bioactive components of human milk.

Breast milk includes important macronutrients and
micronutrients, as well as biologically active components that
promote infant growth and protection. Immunoglobulins,
lactoferrin, cytokines, antimicrobial peptides and human milk
oligosaccharides (HMOs) all help to strengthen the immune
system, guard against infections and regulate intestinal health.
HMOs have an important role in creating good gut
microbiota, particularly Bifidobacterium species, which aid in
gut barrier function and immunological modulation (Andreas
et al., 2015).

3. Stages and Changing Composition of Human Milk.

Human milk is not a homogenous fluid; its content
varies according to the stage of lactation and the infant's
needs. Colostrum, which is created within the first few days of
birth, is high in antibodies and immunological factors,
providing babies with early protection. Transitional milk
forms after colostrum and subsequently evolves into mature
milk, which contains balanced nutrients and bioactive
compounds required for continuing growth and development
(Anatolitou, 2012).
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Physiology of Lactation: From Milk Production to
Feeding

Lactation is a complex physiological process that
includes mammary gland growth, milk synthesis, hormonal
management and milk elimination by breastfeeding. During
pregnancy, hormonal changes promote the growth and
differentiation of mammary tissue, preparing the breast for
milk production. After childbirth, the transition from
pregnancy to active milk secretion, known as lactogenesis,
allows the mammary glands to make milk in response to the
infant's demands.

1. Mammary Gland Development and Milk Production.

The mammary gland is made up of branching ducts
and lobular structures that include alveoli, which are the
principal milk-producing cells. Specialised alveolar cells
produce and secrete milk components, while myoepithelial
cells help with milk release during nursing. Continuous milk
removal through newborn suckling increases further milk
production and continues lactation.

2. Hormonal Regulation of Lactation

Lactation is primarily controlled by the hormones
prolactin and oxytocin. Prolactin, produced by the anterior
pituitary gland, increases milk synthesis in mammary alveolar
cells. During suckling, the posterior pituitary gland releases
oxytocin, which induces myoepithelial cells to contract,
resulting in milk ejection or the "let-down reflex." To sustain
this hormonal response, effective nursing requires frequent
suckling and appropriate milk evacuation (Neville, 2001).

3. Stages of lactation

Human milk alters composition during lactation to
fulfil the infant's developmental demands. Colostrum, the first
milk produced after birth, has high levels of antibodies and
immunological proteins, providing eatly protection. It
gradually transforms into transitional milk, which is followed
by mature milk, which contains vital nutrients, energy and
bioactive substances necessary for child growth and
development (Neville, 2001; Anatolitou, 2012).

Breastfeeding Practices and Recommendations
Breastfeeding techniques during eatly infancy are
critical to promoting appropriate nutrition, immunological

protection and good development. Early commencement,
exclusive breastfeeding and continuous breastfeeding are all

appropriate breastfeeding practices, as is the timely
introduction ~ of  complementary  foods. Global
recommendations emphasise the need of providing

supporting conditions for mothers to successfully commence
and continue breastfeeding.

1. Mammary Gland Development and Milk Production.

The mammary gland is made up of a network of ducts
and lobular structures that contain alveoli, which produce

proliferation and differentiation of mammary epithelial cells,
preparing the breast for lactation. Following birthing, the
alveolar cells produce milk components such as proteins,
carbs, lipids, vitamins and bioactive substances. Milk is stored
in alveoli and delivered to the nipple via ducts during feeding
(Jones & Spencer, 2007; Mukherjee et al., 2023).

2. Hormonal Regulation of Lactation.

Prolactin and oxytocin are the primary hormones that
regulate lactation. The anterior pituitary gland releases
prolactin, which increases milk synthesis by acting on
mammary alveolar cells. Nerve stimulation after newborn
suckling stimulates prolactin release, which helps to maintain
milk production. The posterior pituitary gland releases
oxytocin, which stimulates contraction of myoepithelial cells
sutrounding the alveoli, resulting in milk ejection or the "let-
down reflex." Suckling on a regular and effective basis helps
to maintain this hormonal cycle and ensures an appropriate
milk supply.

3. Stages of lactation and milk secretion

Lactation progresses through various stages, with
milk composition altering based on infant needs. Colostrum,
which is created within the first few days of birth, is high in
immunoglobulins, immune cells and growth factors, providing
babies with early protection. This is followed by transitional
milk, which contains more fat and lactose to suit the infant's
increased energy requirements. Mature milk contains a
balanced amount of nutrients and bioactive components
necessary for sustained growth and development.
Lactogenesis refers to the shift from pregnancy to active milk
secretion.

Health Benefits of Breastfeeding for Infants and Mothers

Benefits for infants

e Offers comprehensive and easily digestible
nourishment for growth and development.

e Promotes brain development and enhances cognitive
results.

e Boosts immune system with antibodies and bioactive
components.

e Lowers the risk of gastrointestinal infections and
diarrhoeal disorders.

e Reduces infections

diseases.

respiratory and paediatric

e Prevents necrotising enterocolitis, particularly in
premature newborns.

e Promotes healthy weight gain and lowers the risk of
childhood obesity.

e Promotes mother-infant connection and emotional
development.

Benefits for mothers

milk. During pregnancy, hormonal changes promote the * Promotes utetine contraction and  hastens
postpartum recovery.
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e Helps minimise postpartum haemorrhage.

e  Promotes maternal-infant connection and emotional
well-being.

e  Reduces the risk of breast cancer.

e  Reduces the risk of ovarian cancer.

e May reduce the incidence of type 2 diabetes and
cardiovascular disease.

e Helps with postpartum weight management.
Alternative Feeding Approaches

Although breastfeeding is suggested as the best form
of infant nutrition, alternate options may be necessary when
direct nursing is not available.

Formula Feeding

Child formula supplies vital nutrients for child growth
when breast milk is unavailable or insufficient. However,
formula lacks numerous living cells, antibodies, enzymes and
other components found in real milk. As a result, safe
preparation, sanitary feeding habits and good carer education
are critical for reducing infection risks.

Human Milk Banking

Human milk banks supply screened donor milk,
particulatly for premature and low birth weight infants who
are unable to obtain enough milk from their mothers. Donor
human milk has many of the same protective characteristics as
breast milk; nevertheless, proper collection, pasteurisation,
storage and quality control measures are required to assure
safety.

Infant and Young Child Feeding Guidelines

The Infant and Young Child Feeding (IYCF)
guidelines include evidence-based recommendations to ensure
good nutrition, growth and development in the first two years
of life. These guidelines emphasise proper breastfeeding and
complementary feeding methods in order to prevent
malnutrition, boost immunity and promote healthy infant
development.

Breastfeeding Can Begin Early

Breastfeeding should begin as soon as possible,
ideally within one hour of birth. Early initiation encourages
skin-to-skin contact, stimulates milk production and allows
the newborn to consume colostrum, which contains
antibodies and protective immunological components. Pre-
lacteal feeding should be avoided.

Exclusive Breastfeeding

Infants should be breastfed exclusively for the first six
months (180 days) of their lives. During this time, breast milk
alone supplies all of the nutrients and fluids needed for normal

(ORS), prescribed medications, or vitamin and mineral
supplements as medically necessary.

Complementary Feeding

After six months of age, nutritionally adequate, safe
and age-appropriate supplemental foods should be offered
while breastfeeding continues. Complementary foods should
be variety, hygienically prepared and available in the quantity
and frequency to suit the developing child's nutritional needs.

Continued Breastfeeding.

Breastfeeding should continue until the child is two
years old or older, with the addition of supplemental feedings.
Continued nursing gives critical nutrients, immune protection
and emotional support, promoting healthy development and
lowering the risk of childhood illnesses.

Responsive Feeding and Feeding during illness

Carers should encourage youngsters to eat carefully
and based on their hunger and satiety cues. During illness,
children should continue to nurse and consume plenty of
fluids and nutrient-dense foods. Additional feeding after
recuperation aids in the recovery of lost weight and promotes
normal growth.
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