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Abstract

Breastfeeding is universally recognized as the optimal method of infant feeding and remains one of the
most effective public health interventions for improving maternal and child health. Human milk
provides complete nutrition during the first six months of life while delivering a wide range of
bioactive components that promote growth, immune maturation, and neurodevelopment. Despite
overwhelming scientific evidence supporting its benefits, global rates of exclusive breastfeeding
remain below international targets because of sociocultural barriers, inadequate maternity support,
misinformation, maternal employment, and limited access to skilled lactation counseling. In addition to
reducing infant morbidity and mortality by protecting against infectious and chronic diseases,
breastfeeding confers substantial maternal benefits, including enhanced uterine involution, reduced
postpartum hemorrhage, lactational amenorrhea, and lower lifetime risks of breast cancer, ovarian
cancer, type 2 diabetes mellitus, and cardiovascular disease. Recent advances have expanded
understanding of breast milk beyond its nutritional role, highlighting the importance of human milk
oligosaccharides, the milk microbiome, stem cells, extracellular vesicles, and immunologically active
components in shaping infant health. This review summarizes current evidence on the epidemiology,
physiology of lactation, composition of breast milk, health benefits, breastfeeding techniques, common
challenges, nutritional recommendations, clinical management, and recent advances in breastfeeding,
providing an evidence-based overview for healthcare professionals involved in maternal and child
health.'—¢
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Introduction the first hour after birth, exclusive
breastfeeding for the first six months of life,
Breastfeeding is a fundamental biological and continued breastfeeding alongside

process that provides the optimal source of
nutrition for infants while promoting the health
and well-being of both mother and child.
Recognized as the gold standard for infant
feeding, breastfeeding delivers an ideal balance
of nutrients together with numerous bioactive
compounds that support growth, immune
development, gastrointestinal maturation, and
neurological function. Unlike artificial feeding,
human milk is a dynamic biological fluid
whose composition adapts to the changing
nutritional and immunological needs of the
infant throughout lactation. Consequently,
breastfeeding represents far more than a
method of nutrient transfer; it is a complex
physiological interaction that influences infant
survival, maternal recovery, and long-term
health outcomes.”™® The World Health
Organization (WHO) and UNICEF
recommend initiation of breastfeeding within
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appropriate complementary feeding for up to
two years of age or beyond. These
recommendations are supported by extensive
scientific evidence demonstrating reductions in
neonatal mortality, gastrointestinal  and
respiratory infections, childhood obesity,
allergic diseases, and several chronic non-
communicable disorders. Nevertheless, despite
widespread recognition of these benefits,
exclusive breastfeeding rates remain below
global targets in many countries because of
social, cultural, economic, and healthcare-
related barriers.>

Breastfeeding also offers substantial health
advantages for mothers. Early suckling
stimulates oxytocin release, facilitating uterine
contraction, reducing postpartum hemorrhage,
and promoting maternal recovery following
childbirth. Long-term breastfeeding has been
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associated with lower risks of breast cancer,
ovarian cancer, type 2 diabetes mellitus,
hypertension, cardiovascular disease, and
postpartum depression. Furthermore,
breastfeeding  strengthens  maternal-infant
bonding and contributes positively to
emotional and psychological well-being,
reinforcing its importance as an integral
component of maternal healthcare rather than
solely an infant feeding practice.” *Recent
scientific advances have transformed the
understanding of human milk. Once regarded
primarily as a source of nutrition, breast milk
is now recognized as a highly complex
biological system containing human milk
oligosaccharides (HMOQOs), immunoglobulins,
cytokines, growth factors, extracellular
vesicles, stem cells, hormones, enzymes, and
a diverse microbiome that collectively
influence immune programming, gut microbial
colonization, metabolic regulation, and
neurodevelopment. These discoveries have
broadened the scientific perspective on
breastfeeding and highlighted its lifelong
impact on maternal and child health.>*This
review critically examines the current evidence
regarding the epidemiology of breastfeeding,
physiology of lactation, composition of human
milk, maternal and infant benefits,
breastfeeding techniques, common challenges,
nutritional recommendations, clinical
management, and recent advances in
breastfeeding research. By  integrating
contemporary international guidelines with
emerging scientific evidence, this review aims
to provide healthcare professionals with a
comprehensive and evidence-based resource to
support breastfeeding promotion and optimize
maternal and child health outcomes.

Global Burden and Epidemiology of
Breastfeeding

Breastfeeding is recognized as one of the most
effective and cost-efficient interventions for
improving maternal and child health
worldwide. Although global awareness of its
benefits has increased considerably, optimal
breastfeeding  practices remain  below
recommended levels in many regions.
According to recent estimates by the World
Health Organization (WHO) and UNICEF,
fewer than half of infants younger than six
months are exclusively breastfed worldwide,
indicating that substantial gaps remain in
achieving international nutrition targets. Low
breastfeeding rates are influenced by multiple
factors, including inadequate maternity leave,
aggressive marketing of breast milk substitutes,
lack of family and workplace support, cultural
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misconceptions, maternal employment,
cesarean deliveries, and limited access to
skilled lactation counseling.'™

Considerable geographical variation exists in
breastfeeding practices. Several low- and
middle-income countries have demonstrated
improvements in early initiation and exclusive
breastfeeding  through  community-based
interventions and national breastfeeding
promotion  programs.  However, early
discontinuation of breastfeeding remains
common in many urban populations because of
changing lifestyles, increasing maternal
workforce participation, and reduced social
support. In India, national initiatives such as
the Infant and Young Child Feeding (IYCF)
guidelines, the Mother's Absolute Affection
(MAA) programme, and the Baby-Friendly
Hospital Initiative (BFHI) have contributed
to gradual improvements in breastfeeding
indicators, although regional and
socioeconomic disparities continue to exist.
Rural populations often demonstrate longer
breastfeeding duration than urban populations,
whereas exclusive breastfeeding rates remain
influenced by maternal education, institutional
delivery, and access to postnatal counseling.

Suboptimal breastfeeding practices contribute
significantly to preventable infant morbidity
and mortality, particularly in low-resource
settings. Inadequate breastfeeding has been
associated with increased risks of diarrhea,
respiratory tract infections, malnutrition,
hospitalization, and childhood mortality, while
mothers who do not breastfeed experience
higher long-term risks of several chronic
diseases.  Consequently,  promotion  of
breastfeeding has become a global public
health priority and forms an integral
component of the Sustainable Development
Goals (SDGs) aimed at improving maternal,
newborn, and child health. Strengthening
breastfeeding support through healthcare
systems, workplace policies, community
education, and evidence-based clinical
practices remains essential for improving
breastfeeding outcomes worldwide.'®

Anatomy and Physiology of Lactation

Lactation is a highly coordinated physiological
process that ensures the production and
secretion of human milk to meet the nutritional
and immunological needs of the newborn. It is
regulated through complex interactions
between anatomical development of the
mammary gland, endocrine changes during
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pregnancy, and neurohormonal responses
initiated by infant suckling. Successful
breastfeeding depends on the integrity of these
mechanisms, beginning with mammary gland
development during pregnancy and continuing
through milk synthesis and ejection after
childbirth. Understanding the physiology of
lactation is essential for recognizing normal
breastfeeding  patterns and  effectively
managing lactation difficulties.'*

The human breast consists of 15-20 lobes,
each composed of multiple lobules containing
secretory alveoli lined by lactocytes
responsible for milk synthesis. These alveoli
are surrounded by myoepithelial cells, which
contract in response to oxytocin to facilitate
milk ejection. Milk produced within the alveoli
drains through a branching network of
lactiferous ducts to the nipple, where
coordinated suckling enables milk transfer to
the infant. During pregnancy, elevated
estrogen and progesterone stimulate ductal and
lobuloalveolar development, preparing the
mammary gland for lactation  while
simultaneously  inhibiting copious milk
secretion until after delivery.>

Lactation is traditionally divided into three
overlapping phases: lactogenesis I
lactogenesis 11, and galactopoiesis
(lactogenesis III). Lactogenesis I begins
during the second trimester of pregnancy,
when mammary epithelial cells become
capable of synthesizing small quantities of
colostrum. Despite active milk synthesis, high
circulating progesterone concentrations inhibit
abundant milk secretion. Following placental
delivery, the rapid decline in progesterone
removes this inhibitory effect, allowing
lactogenesis II to commence within 30-72
hours postpartum. This stage is characterized
by a marked increase in milk volume,
commonly perceived by mothers as the
"coming in" of milk. Subsequently,
galactopoiesis maintains long-term milk
production through a demand-and-supply
mechanism in which regular and effective
breast emptying stimulates continued milk
synthesis.' ™

Hormonal regulation plays a central role in
maintaining lactation. Prolactin, secreted by
the anterior pituitary gland, is the principal
hormone responsible for milk synthesis. Infant
suckling suppresses hypothalamic dopamine
release, resulting in increased prolactin
secretion and continued milk production.
Oxytocin, released from the posterior pituitary
in response to nipple stimulation and maternal
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sensory cues, induces contraction of
myoepithelial cells surrounding the alveoli,
producing the milk ejection (let-down) reflex.
Emotional stress, anxiety, pain, and fatigue
may inhibit oxytocin release, temporarily
impairing milk flow despite adequate milk
production. In contrast, positive maternal-
infant interaction, skin-to-skin contact, and
frequent breastfeeding enhance oxytocin
secretion and improve breastfeeding success.’®

Breast milk production is primarily regulated
by the principle of autocrine control, whereby
frequent and effective removal of milk
stimulates continued synthesis, while milk
stasis suppresses secretion through the
accumulation of the feedback inhibitor of
lactation (FIL). Consequently, breastfeeding
on demand, proper latch, and complete breast
emptying are essential for maintaining
adequate milk supply. Delayed initiation of
breastfeeding, infrequent feeding, poor infant
attachment, or  unnecessary formula
supplementation may interfere with this
physiological feedback mechanism and
contribute to reduced milk production.

Successful lactation therefore depends on the
coordinated interaction of maternal endocrine
regulation, breast anatomy, effective infant
suckling, and appropriate breastfeeding
practices. Early initiation of breastfeeding,
uninterrupted skin-to-skin contact after birth,
rooming-in, and continued breastfeeding on
demand are strongly recommended by
international organizations, as these
interventions promote hormonal responses,
establish adequate milk production, and
improve  both  short- and long-term
breastfeeding outcomes.'®

Figure 1. Physiology of Lactation
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Figure 1.Hormonal  regulation and
physiological stages of lactation. Following
delivery, the decline in progesterone permits
prolactin-mediated  milk  synthesis, while
oxytocin stimulates milk ejection. Continued
breastfeeding maintains milk  production
through a demand-and-supply mechanism.

Composition of Breast Milk

Human milk is a dynamic, species-specific
biological fluid that provides complete
nutrition and numerous bioactive components
essential for infant growth, immune
development, and neurodevelopment. Its
composition varies with the stage of lactation,
gestational age, and infant requirements,
making it superior to breast milk substitutes. In
addition to carbohydrates, proteins, fats,
vitamins, and minerals, breast milk contains
immunoglobulins, enzymes, hormones,
cytokines, growth factors, antimicrobial
proteins, living cells, extracellular vesicles, and
human milk oligosaccharides (HMOs) that
promote intestinal = maturation, immune
regulation, and establishment of a healthy gut
microbiome.'®

Breast milk is classified into colostrum,

transitional milk, and mature milk (Table 1).

Colostrum, produced during the first few days
after delivery, is rich in secretory IgA,
lactoferrin, leukocytes, vitamin A, and
antioxidants, providing passive immunity and
protection  against neonatal infections.
Transitional milk gradually increases in fat,
lactose, and energy content, while mature milk
supplies balanced nutrition required for
sustained infant growth and development.
Lactose serves as the primary carbohydrate,
whereas proteins such as casein, whey
proteins, lactoferrin, lysozyme, and
secretory IgA provide nutritional and
immunological benefits. Lipids, including
docosahexaenoic acid (DHA) and
arachidonic acid (ARA), are essential for
brain and retinal development. Recent studies
have further identified HMOs, stem cells,
extracellular vesicles, microRNAs, and the
breast milk microbiome as important
contributors to immune programming and
long-term infant health, highlighting that
breast milk functions as a complex biological
system rather than simply a source of
nutrition.'
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Benefits of Breastfeeding

Breastfeeding provides extensive health
benefits that extend well beyond infant
nutrition, influencing maternal health, child

development, and long-term disease prevention.

Human milk is a biologically active fluid
containing nutrients, immunoglobulins,
antimicrobial proteins, hormones, enzymes,
growth factors, human milk oligosaccharides
(HMOs), and living immune cells that work
synergistically to support physiological
development. Unlike infant formula, breast
milk adapts continuously to the infant's
developmental and immunological needs,
making breastfeeding one of the most effective
interventions for improving maternal and child
health.  Current evidence  consistently
demonstrates that both the duration and
exclusivity of breastfeeding are associated with
improved short- and long-term health
outcomes.'¢

Maternal Benefits

Breastfeeding promotes maternal recovery
during the immediate postpartum period
through oxytocin-mediated uterine
contractions, which accelerate  uterine
involution and reduce the risk of postpartum
hemorrhage. Frequent breastfeeding also
delays the return of ovulation by suppressing
the  hypothalamic—pituitary—ovarian  axis,
contributing to lactational amenorrhea, an
effective natural method of contraception
during the first six months postpartum when
exclusive  breastfeeding is  practiced.
Additionally, breastfeeding increases maternal
energy expenditure, facilitating postpartum
weight reduction and gradual restoration of
pre-pregnancy metabolic status.>”

The long-term maternal benefits are equally
significant. Numerous cohort studies and
recent meta-analyses have shown that
prolonged breastfeeding is associated with a
lower risk of breast and ovarian cancers,
likely through hormonal modulation and
reduced lifetime exposure to estrogen.
Breastfeeding has also been linked to reduced
risks of type 2 diabetes mellitus,
hypertension, cardiovascular disease,
metabolic syndrome, and osteoporosis later in
life. Emerging evidence further suggests that
successful  breastfeeding may improve
maternal ~ psychological  well-being by
strengthening mother—infant bonding and
reducing the incidence of postpartum
depression and anxiety, although these
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relationships are influenced by multiple
biological and psychosocial factors.>™

Infant Benefits

For infants, breastfeeding provides complete
nutrition during the first six months of life
while delivering immunological protection that
cannot be replicated by artificial feeding.
Secretory  immunoglobulin A (sIgA),
lactoferrin, lysozyme, leukocytes, cytokines,
and HMOs protect against gastrointestinal and
respiratory infections by enhancing mucosal
immunity and promoting the establishment of
a healthy intestinal microbiome. Consequently,
breastfed infants experience lower rates of
diarrhea, pneumonia, otitis media, and neonatal
sepsis, contributing to substantial reductions in
infant morbidity and mortality, particularly in
resource-limited settings.'™®

Breastfeeding also plays an important role in
neurodevelopment and long-term metabolic
health. Long-chain polyunsaturated fatty acids,
particularly docosahexaenoic acid (DHA) and
arachidonic acid (ARA), together with
numerous growth factors and Dbioactive
molecules, support retinal maturation, brain
development, and  cognitive  function.
Epidemiological studies have additionally
demonstrated that breastfeeding is associated
with lower risks of childhood obesity, type 1
and type 2 diabetes, allergic diseases, asthma,
inflammatory bowel disease, and sudden infant
death syndrome (SIDS). Although the
magnitude of these protective effects varies
across populations, breastfeeding consistently
contributes to healthier growth and improved
developmental outcomes throughout
childhood.>®

Beyond individual health benefits,
breastfeeding provides substantial social,
environmental, and economic advantages. It
reduces healthcare expenditure by lowering the
incidence of preventable childhood illnesses,
decreases parental financial costs associated
with formula feeding, and contributes to
environmental sustainability by eliminating
packaging waste, manufacturing demands, and
transportation associated with breast milk
substitutes. Collectively, these advantages
reinforce breastfeeding as one of the most cost-
effective public health interventions for
improving maternal and child health
worldwide.

Table 2. Major benefits of breastfeeding for
mothers and infants

Page: 1660



Breastfeeding in Maternal and Child Health: A Comprehensive Review

Maternal Benefits Infant Benefits
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Figure 2. Health benefits of breastfeeding
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Breastfeeding Technique and Best Practices
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Successful breastfeeding depends not only on
adequate milk production but also on proper
breastfeeding technique, early initiation,
effective infant attachment, and continued
maternal support. Appropriate positioning and
latch facilitate efficient milk transfer, reduce
maternal discomfort, and prevent common
breastfeeding complications such as nipple
trauma, breast engorgement, and inadequate
milk intake. International organizations,
including the World Health Organization
(WHO) and UNICEF, recommend initiating
breastfeeding within the first hour after
birth, maintaining uninterrupted skin-to-skin
contact, and practicing exclusive
breastfeeding for the first six months of life.
These practices stimulate oxytocin release,
enhance maternal-infant bonding, promote
early establishment of lactation, and improve
neonatal adaptation.'™®

Correct positioning is fundamental to effective
breastfeeding. Regardless of the feeding
position, the infant should be held close to the
mother's body with the head, neck, and trunk
aligned in a straight line, facing the breast. A
proper latch is achieved when the infant takes a
large portion of the areola into the mouth
rather than sucking only the nipple. Effective
attachment is characterized by the infant's
mouth being wide open, lips everted, chin
touching the breast, rhythmic suckling, and
audible swallowing with minimal maternal
discomfort. Poor positioning or shallow latch
may lead to ineffective milk transfer, nipple
pain, cracked nipples, and inadequate infant
weight gain.

Breastfeeding should be infant-led (on
demand) rather than scheduled, with most
newborns feeding 8-12 times within 24 hours.
Early feeding cues such as rooting, hand-to-
mouth ovements lip smacking, and

1n(ireia ??(13 alcﬁness should be recognized

promptly. as Crying is considered a late

1nd&;at0r Qfler Mothers should be
enu

encoura; to allow the infant to complete

feeding from one breast before offering the
second breast, ensuring adequate intake of both
foremilk and energy-rich hindmilk. Frequent
breast emptying maintains milk production
through the demand-and-supply mechanism
and helps prevent breast engorgement.

Best breastfeeding practices also include
rooming-in, avoidance of unnecessary
prelacteal feeds or formula supplementation,
and continued skin-to-skin contact whenever
possible. After each feeding, gentle burping
may help reduce swallowed air and improve
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infant comfort, although not all breastfed
infants require routine burping. Continuous
education, reassurance, and skilled lactation
counseling remain essential, particularly for
first-time mothers and those experiencing
breastfeeding difficulties. Evidence
consistently demonstrates that professional
breastfeeding support significantly improves
exclusive  breastfeeding rates, maternal
confidence, and breastfeeding duration while
reducing early discontinuation.?®

Table 3. Best practices for successful
breastfeeding

Practice Recommendation

Begin breastfeeding within 1

Initiation
hour of birth
. Exclusive breastfeeding for|
Feeding pattern
the first 6 months
) Feed on demand,
Feeding i
approximately 8-12
frequency
feeds/day
o Baby's head, neck, and body
Positioning ] ]
aligned facing the breast
Wide-open mouth, chin
Latch touching breast, more areola

visible above than below

_ ||Allow complete emptying of]
Breast emptying o
one breast before switching

Encourage immediately after

birth and

Skin-to-skin
frequently
contact
thereafter

Avoid unnecessary formula

Supplementation|jor prelacteal feeds unless

medically indicated

Figure 3. Key components of effective
breastfeeding

Successful Breastfeeding
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Common Breastfeeding Problems and Their
Management

Although breastfeeding is a natural process,
many mothers experience challenges during
the early postpartum period that may affect
successful lactation. Most problems, including
breast engorgement, sore or cracked nipples,
blocked ducts, mastitis, low milk supply,
and poor infant latch, are usually related to
ineffective breastfeeding techniques and can be
prevented through early initiation, correct
positioning, and frequent feeding.'™®

Early identification and prompt management
are essential to prevent interruption of
breastfeeding. Conservative measures such as
improving latch, frequent breast emptying,
skin-to-skin contact, breast massage, and
appropriate lactation counseling successfully
resolve most cases. Conditions such as
mastitis may require antibiotic therapy, while
breast abscess necessitates drainage in
addition to continued milk expression
whenever feasible. Mothers with persistent low
milk supply, tongue-tie, or anatomical
breastfeeding difficulties should receive
specialist lactation support. Overall, timely
counseling and evidence-based interventions
significantly improve breastfeeding success
and reduce premature discontinuation.?*

Contraindications and Breastfeeding in
Special Situations

Page: 1662



Breastfeeding in Maternal and Child Health: A Comprehensive Review

Breastfeeding is recommended for most
mothers and infants, with only a few absolute
contraindications. Infant classic
galactosemia remains the primary
contraindication because affected infants
cannot metabolize  galactose. = Maternal
contraindications include certain
chemotherapeutic agents, radioactive isotopes,
illicit drug use, and a limited number of
medications incompatible with breastfeeding.
Most commonly prescribed drugs, however,
are considered safe during lactation with
appropriate clinical guidance.'™®

Breastfeeding should be encouraged in most
special situations, including cesarean delivery,
preterm birth, multiple pregnancies,
maternal diabetes, and maternal obesity,
with additional lactation support when required.
Mothers with COVID-19 or hepatitis B can
continue  breastfeeding while following
recommended infection-control measures, as
the benefits generally outweigh the potential
risks. In preterm or critically ill infants,
expressed mother's milk or donor human milk
is preferred whenever direct breastfeeding is
not feasible. Individualized counseling and
adherence to current WHO and national
guidelines remain  essential for  safe
breastfeeding practices in these circumstances.

Table 4. Contraindications to breastfeeding

Absolute Relative/Special

Contraindications||Situations

Maternal HIV (country-
Infant with classic

) specific
galactosemia )
recommendations)
Maternal Active untreated
chemotherapy tuberculosis
Radioactive COVID-19 (continue with|
isotope therapy precautions)

. Hepatitis B (after neonatal
Ilicit drug abuse

immunoprophylaxis)
Few )
. Prematurity, cesarean|
contraindicated ) )
o delivery, twins
medications

Nutrition During Lactation
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Adequate maternal nutrition during lactation is
essential to support milk production and
maintain maternal health. Breastfeeding
mothers require increased energy, protein,
fluids, vitamins, and minerals to compensate
for nutrient transfer into breast milk. A
balanced diet rich in whole grains, fruits,
vegetables, dairy products, legumes, lean
protein sources, and healthy fats generally
meets these increased nutritional demands.
Women following vegetarian or vegan diets
should ensure adequate intake of vitamin Bz,
iron, calcium, vitamin D, and omega-3 fatty
acids, with supplementation when
necessary.'®

Hydration should be guided by thirst rather
than excessive fluid intake, and routine dietary
restrictions are generally unnecessary unless a
specific maternal or infant condition exists.
Excessive alcohol consumption, smoking, and
recreational drug use should be avoided
because they may adversely affect infant health.
Current evidence indicates that combining a
nutritious diet with continued breastfeeding
supports maternal recovery, sustains milk
production, and promotes optimal infant
growth.

Table 5. Nutritional recommendations
during lactation

Nutrient| Importance || Major Sources

) Milk Milk, legumes, eggs,
Protein

synthesis lean meat, soy

) Dairy products,
Calcium ||Bone health )
sesame, ragi

Green leafy
Maternal
Iron ) vegetables, legumes,
1ron stores
meat

Vitamin |[Neurological||Dairy, eggs, meat,

Bz function supplements

Vitamin Sunlight, fortified
Bone health

D foods, supplements

) Water and healthy
Fluids ||Hydration
beverages

Current WHO Recommendations
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The World Health Organization (WHO) and
UNICEF recommend initiating breastfeeding
within the first hour after birth, followed by
exclusive breastfeeding for the first six
months of life, without additional water or
foods unless medically indicated. Appropriate
complementary foods should be introduced at
six months, while breastfeeding should
continue up to two years of age or beyond
according to the mother and child's preference.
Skin-to-skin contact immediately after birth,
rooming-in, responsive feeding, and avoidance
of unnecessary breast milk substitutes are
strongly encouraged to improve breastfeeding
success and infant health outcomes.'*

Recent Advances and Future Perspectives

Recent advances have transformed the
understanding of breastfeeding from a
nutritional practice to a complex biological
process with profound implications for
maternal and child health. One of the most
significant developments is the growing
recognition of human milk oligosaccharides
(HMOs), which function as prebiotics, support
the establishment of a healthy infant gut
microbiome, inhibit pathogen adhesion, and
contribute to immune maturation. Advances in
microbiome research have also demonstrated
that breast milk contains a diverse microbial
community that plays an important role in
shaping neonatal intestinal colonization and
long-term immune development.'¢

Emerging evidence has identified stem cells,
extracellular vesicles, microRNAs, and
bioactive peptides in human milk as potential
mediators of tissue repair, immune regulation,
and neurodevelopment. Although their precise
clinical significance is still under investigation,
these discoveries have expanded the
understanding of breast milk beyond
conventional nutrition. Parallel advances in
donor human milk banking have improved
feeding practices for preterm and critically ill
neonates, where pasteurized donor milk is
increasingly preferred over formula when
maternal milk is unavailable.

Technological innovations are also reshaping
breastfeeding support. Tele-lactation services,
digital health platforms, wearable breast
pumps, and artificial intelligence (Al)-
assisted lactation counseling are improving
access to professional guidance, particularly
for mothers in remote or underserved areas.
These tools facilitate early identification of
breastfeeding difficulties, enhance maternal
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confidence, and may improve exclusive
breastfeeding rates. Additionally, research into
personalized nutrition, breast  milk
biomarkers, and maternal dietary influences is
expected to enable more individualized
breastfeeding recommendations in the future.

Despite these advances, important challenges
remain. Further multicenter studies are
required to clarify the clinical applications of
emerging breast milk biomarkers, optimize
donor milk processing, evaluate long-term
outcomes of digital breastfeeding interventions,
and better understand the interactions between
maternal health, breast milk composition, and
infant development. Continued investment in
breastfeeding research, healthcare
infrastructure, and evidence-based public
health policies will be essential to maximize
the benefits of breastfeeding for future
generations.' ™

Conclusion

Breastfeeding remains the cornerstone of
optimal maternal and infant health, providing
unparalleled  nutritional, immunological,
developmental, and psychological benefits that
extend throughout life. It supports healthy
infant growth while protecting against
infectious and chronic diseases and
simultaneously promotes maternal recovery,
reduces the risk of several non-communicable
diseases, and strengthens mother—infant
bonding. The composition of human milk,
enriched  with  bioactive = compounds,
immunological factors, and an evolving
microbiome, highlights its unique role as a
dynamic biological system rather than merely a
source of nutrition.

Although international organizations
recommend early initiation and exclusive
breastfeeding for the first six months of life,
global breastfeeding practices continue to fall
short because of sociocultural, economic, and
healthcare-related  barriers.  Strengthening
breastfeeding education, skilled lactation
support, workplace policies, and community-
based interventions is therefore essential to
improve breastfeeding initiation, exclusivity,
and continuation. At the same time, emerging
discoveries involving human milk
oligosaccharides, stem cells, extracellular
vesicles, donor human milk, and digital
lactation support are expanding opportunities
to enhance breastfeeding practices and
neonatal care.
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In  conclusion,
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promoting  breastfeeding

requires a multidisciplinary approach that

integrates

evidence-based clinical care,

maternal nutrition, public health initiatives,
and continued scientific research. Sustained

efforts

to support breastfeeding across

healthcare systems and communities will not
only improve maternal and child health
outcomes but also contribute significantly to
achieving global nutrition and sustainable
development goals.'¢
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