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Abstract

Human milk is universally recognized as the optimal source of nutrition for infants, providing a
unique balance of macronutrients, micronutrients, and bioactive compounds essential for growth
and immune development. In contrast, cow milk, though widely consumed globally, differs
significantly in composition and physiological effects, raising concerns when introduced early in
infant diets. This review synthesized current evidence comparing human and cow milk, focusing
on nutritional composition, immunological properties, digestibility, and health implications.
Human milk contains lower protein but with superior digestibility, higher lactose that supports
calcium absorption and gut microbiota, and essential fatty acids such as DHA and ARA critical
for brain development. It also delivers immunological protection through antibodies, lactoferrin,
lysozyme, and oligosaccharides, which are largely absent in cow milk. Conversely, cow milk
presents higher protein and mineral loads that may stress infant kidneys, limited vitamin C, and
poor iron bioavailability, predisposing infants to anemia and allergies. This review further
explored public health perspectives, emphasizing breastfeeding promotion and the risks of
premature cow milk introduction. Findings reinforce human milk as the gold standard for infant
feeding, while highlighting the need for cautious use of cow milk and improved infant formula
development to bridge nutritional gaps. Future research should focus on replicating bioactive
components of human milk in substitutes to enhance infant health outcomes.
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1.0. Introduction

Milk is universally acknowledged as a vital source of nutrition
during infancy, providing essential macronutrients,
micronutrients, and bioactive compounds required for growth
and development. Infants rely almost entirely on milk in the
earliest stages of life, making its composition and quality
critical to survival and long-term health (Ballard and Morrow,
2013; Andreas et al., 2015). Human milk, uniquely tailored
for human infants, contrasts significantly with cow milk,
which is naturally designed for calves.

Global health authorities, including the World Health
Organization (WHO) and the United Nations Children’s Fund
(UNICEF), strongly recommend exclusive breastfeeding for
the first six months of life, followed by continued
breastfeeding alongside complementary foods up to two years
or beyond (UNICEF, 2018; WHO, 2020). These
recommendations are based on extensive evidence showing
that human milk nourishes infants while protecting against
infections, supporting immune development, and reducing
risks of chronic diseases later in life.

Despite these guidelines, cow milk is often introduced
prematurely in many settings, raising concerns about its
suitability for infant feeding. The rationale for comparing
human and cow milk lies in their widespread use and the
health implications of substituting one for the other (Ziegler,
2011; Michaelsen and Greer, 2014). Understanding these
differences is crucial for guiding infant feeding practices and
preventing malnutrition, allergies, and other health
complications.

Human milk contains lower protein concentrations but with
superior digestibility, higher lactose that aids calcium
absorption, and essential fatty acids such as docosahexaenoic
acid (DHA) and arachidonic acid (ARA), which are critical
for brain development (Koletzko et al., 2008 Innis, 2014). It
also delivers immunological protection through antibodies,
lactoferrin, lysozyme, and oligosaccharides. Cow milk,
conversely, presents higher protein and mineral loads that
may stress infant kidneys, limited vitamin C, and poor iron
bioavailability.
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Beyond nutritional composition, the immunological properties
of human milk set it apart. The presence of maternal
antibodies and bioactive compounds provides infants with
passive immunity, reducing susceptibility to infections during
the critical early months of life (Victora et al., 2016; Le Doare
et al., 2018). Cow milk lacks these protective elements,
leaving infants more vulnerable when it is used as a substitute.

Digestibility and growth outcomes also differ significantly.
Human milk proteins form soft curds that are easily digested,
while cow milk proteins form harder curds that can be taxing
on an infant’s digestive system (Dewey, 2003; Lonnerdal,
2014). These differences influence growth patterns, metabolic
health, and long-term developmental outcomes, underscoring
the importance of appropriate milk choice in early life.

From a public health perspective, promoting breastfeeding
remains a cornerstone of infant nutrition policy worldwide.
However, socioeconomic factors, cultural practices, and
marketing of cow milk and formula products often undermine
breastfeeding efforts (Rollins et al., 2016; Binns et al., 2016).
Comparative analysis of human and cow milk is therefore not
only a scientific necessity but also a policy priority.

The objective of this review was to synthesize current
evidence on the nutritional composition, immunological
properties, digestibility, and health implications of human
versus cow milk. By highlighting their differences and
evaluating their impact on infant health, the review aims to
reinforce breastfeeding as the gold standard while informing
strategies for safe and effective infant feeding practices
(Ballard & Morrow, 2013; Victora et al., 2016).

2.0 Methodology

Search Strategy

A comprehensive literature search was conducted across four
major databases: PubMed, Scopus, Web of Science, and
Google Scholar. These databases were selected due to their
extensive coverage of biomedical, nutritional, and public
health research. The search was performed systematically to
ensure inclusion of both clinical and observational studies
relevant to infant nutrition. Boolean operators (AND, OR)
were applied to refine the search and maximize retrieval of
relevant articles (Moher et al., 2009; Higgins et al., 2022).

Keywords

The search strategy employed specific keywords and Medical
Subject Headings (MeSH) terms, including “human milk,”
“cow milk,” “infant nutrition,” “composition,” and ‘“health
outcomes.” These terms were combined in various
permutations to capture studies addressing nutritional
composition, immunological properties, digestibility, and
health implications. The use of standardized keywords
ensured consistency across databases and minimized the risk
of missing relevant studies (Liberati et al., 2009; Page et al.,
2021).

Inclusion Criteria

Studies were included if they met the following criteria: (1)
peer-reviewed publications; (2) focused on infants younger
than two years; (3) examined nutritional composition,

immunological properties, digestibility, or health outcomes of
human versus cow milk. Both randomized controlled trials
and observational studies were considered to provide a
comprehensive synthesis of evidence (Guyatt et al., 2011,
Shea et al., 2017).

Exclusion Criteria

Exclusion criteria were applied to maintain methodological
rigor. Studies were excluded if they were non-English,
conducted on animals, or published as editorials,
commentaries, or opinion pieces. This ensured that only high-
quality, directly relevant evidence was synthesized in the
review. Excluding non-peer-reviewed and non-comparative
studies reduced bias and enhanced the reliability of findings
(Shamseer et al., 2015; Higgins et al., 2022).

Data Extraction

Data extraction focused on nutrient composition (protein, fat,
carbohydrates, vitamins, minerals), immunological properties
(antibodies, lactoferrin, oligosaccharides), digestibility
outcomes, and health implications (growth, allergies, long-
term disease risk). Two reviewers independently extracted
data to minimize errors, and discrepancies were resolved
through consensus. Extracted data were synthesized
narratively and presented in comparative tables to highlight
differences between human and cow milk (Moher et al., 2009;
Page et al., 2021).
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Figure 2.1: PRISMA flow diagram showing the study
selection process for the systematic review comparing human
and cow milk in relation to nutritional composition and health
outcomes in infants.

3.0. Results

Human milk provides a balanced nutritional profile designed
specifically for infants. Its proteins are easily digestible, its
carbohydrate content supports calcium absorption and gut
microbiota, and its fats include essential long-chain
polyunsaturated fatty acids such as docosahexaenoic acid
(DHA) and arachidonic acid (ARA), which are crucial for
brain development. Cow milk, in contrast, contains denser
proteins, a heavier mineral load, and lacks DHA and ARA,
making it less suitable for infants. These differences
emphasize human milk’s role in promoting healthy growth
and neurodevelopment, while cow milk may predispose
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infants to nutritional imbalances and metabolic strain when

introduced too early.

Table 3.1: Comparative Nutritional Composition and Health Implications for Human vs Cow Milk

Category Human Milk Cow Milk

Health Implications Supporting Studies

Macronutrients —
Protein

1 g/100 mL; soft curd, easily
digestible

Rich in docosahexaenoic acid
(DHA) and arachidonic acid
(ARA); essential for brain
development

Macronutrients —
Fat

7 g/100 mL lactose; promotes

Macronutrients — . .
calcium absorption and gut

Carbohydrates microbiota o
Bioactive f?\:;a'lr;i;“fz:’r?:"is s(cl)gAr,nLgG,
Compounds M) , lysozyme,

oligosaccharides

3.3.9/100 mL; hard
curd, less digestible

Predominantly
saturated fats; lacks
DHA and ARA

4.8 g/100 mL lactose;
limited prebiotic

Absent or minimal
immune components

Ballard & Morrow
(2013); Michaelsen
& Greer (2014)

Human milk reduces renal
load; cow milk may stress
kidneys

Human milk supports
neurodevelopment; cow milk
less optimal

Koletzko et al.
(2008); Innis (2014)

Andreas et al.
(2015); Dewey
(2003)

Human milk enhances
digestion and microbiome
diversity

Human milk provides passive Ballard & Morrow
immunity; cow milk lacks (2013); Le Doare et
protection al. (2018)

Human milk provides a carefully regulated supply of vitamins
and minerals that meet the developmental needs of infants. Its
balanced mineral profile ensures proper bone growth and
kidney function without overloading the infant’s system,
while its vitamins particularly vitamin C and bioavailable iron
play a crucial role in preventing anemia and supporting

immune health. Cow milk, in contrast, contains excessive
minerals that can stress immature kidneys and lacks sufficient
vitamin C, with iron that is poorly absorbed. These
differences highlight why cow milk is unsuitable for infants
under one year and reinforce breastfeeding as the optimal
source of micronutrients during early life.

Table 3.2: Micronutrients (Vitamins and Minerals) of Human vs Cow Milk

Category Human Milk Cow Milk Implications irli;)i:?mg
Balanced sodium, calcium, and Excessive mineral load that Human milk protects against renal
phosphorus levels that support may stress immature kidneys P g Ziegler (2011);

Minerals .
infant renal function and bone

development balance

Adequate vitamin C and
bioavailable iron, supporting
immune function and preventing
anemia

Vitamins

and disrupt electrolyte

Low vitamin C and poorly
absorbed iron, increasing risk supports immunity; cow milk
of iron deficiency anemia

strain; cow milk may predispose

infants to electrolyte imbalance Lonnerdal (2014)

Human milk prevents anemia and Victora et al.
(2016); Le Doare et

increases deficiency risk al. (2018)

Human milk is rich in immunological components such as
antibodies, lactoferrin, lysozyme, cytokines, and
oligosaccharides. These bioactive compounds provide passive
immunity, inhibit pathogen growth, and foster the
development of a healthy gut microbiota. Cow milk lacks

these protective elements, leaving infants more vulnerable to
infections and allergic sensitization. The immunological
superiority of human milk explains its strong association with
reduced infant morbidity and mortality, reinforcing
breastfeeding as a critical public health intervention.

Table 3.3: Immunological Properties of Human vs Cow Milk

. Co . . .
Factor Human Milk Mi\lﬁ Health Implications Supporting Studies
Antibodies (IgA, 1gG,  Present; provides passive Human milk reduces infection  Le Doare et al. (2018); Victora
. ; Absent .
IgM) immunity risk et al. (2016)
. Abundant; binds iron, .. Protects against bacterial/viral ~ Ballard & Morrow (2013);
Lactoferrin Minimal

inhibits pathogens

infections Lonnerdal (2014)
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Factor Human Milk f/ﬁ\lt Health Implications Supporting Studies
Present; antibacterial . Andreas et al. (2015); Dewey
Lysozyme enzyme Absent  Supports gut and immune health (2003)
. . Rich; prebiotic effect, Promotes healthy microbiota, Bode (2012); Zivkovic et al.
Oligosaccharides pathogen binding Absent reduces diarrhea (2011)
Cytokines & Growth Present; modulate immune Absent  Supports immune maturation Oddy (2017); Walker (2010)
Factors response

Human milk proteins form soft curds that are easily digested,
ensuring efficient nutrient absorption and reduced
gastrointestinal strain. Cow milk proteins, on the other hand,
form harder curds that are more difficult to break down, often
leading to digestive discomfort. Growth outcomes also differ:
breastfed infants typically show steady, balanced weight gain

and improved neurodevelopmental outcomes, while cow
milk-fed infants may experience rapid weight gain linked to
obesity and metabolic disorders later in life. These findings
highlight human milk’s role in supporting healthy growth
trajectories and lifelong metabolic stability.

Table 3.4: Digestibility and Growth Outcomes of Human vs Cow milk

Aspect Human Milk Cow Milk Health Implications Supporting Studies
Protein Soft curds: easilv dicested Hard curds; slower Human milk reduces Gl Dewey (2003); Lonnerdal
Digestibility > castly dig digestion strain (2014)

Steady, balanced weight

Growth Patterns .
gain

obesity

DHA & ARA support

. Lacks DHA & ARA
brain development

Neurodevelopment

Metabolic Lower risk of diabetes, Higher risk with early
Outcomes CVD later in life introduction
Allergy Risk Protective against atopy Higher incidence of cow

milk protein allergy

Rapid weight gain, risk of

Human milk promotes
healthy growth

Victora et al. (2016);
Rollins et al. (2016)

Human milk linked to higher
cognitive scores

Innis (2014); Koletzko et
al. (2008)

Human milk supports
lifelong health

WHO (2020); UNICEF
(2018)

Human milk reduces allergic
sensitization

Ziegler (2011); Binns et
al. (2016)

The health implications of infant feeding practices are
profound. Human milk consistently demonstrates protective
effects against anemia, infections, allergies, and long-term
chronic diseases. Its bioavailable iron and immune-supporting
compounds safeguard infants during the most vulnerable
stages of life, while its balanced nutrient profile supports
healthy growth and neurodevelopment. Cow milk, in contrast,
is associated with iron deficiency anemia, increased allergy

risk, greater susceptibility to infections, and higher incidence
of obesity and metabolic disorders when introduced
prematurely. These findings reinforce global
recommendations by WHO and UNICEF, which advocate
exclusive breastfeeding for six months and continued
breastfeeding thereafter, underscoring human milk as the gold
standard for infant nutrition and health.

Table 3.5: Health Implication of Human vs Cow Milk

Dimension Human Milk Cow Milk Implications Supporting Studies
-, . Excess protein, Human milk supports growth and Ballard & Morrow

Nutritional Balanced proteins, lactose, X .

Composition DHA ARA minerals, lacks neurodevelopment; cow milk risks  (2013); Koletzko et al.
P ' DHAJ/ARA imbalance (2008)

Immunological Antibodies, lactoferrin, Absent immune Human milk reduces infections; cow Le Doare et al. (2018);

Properties lysozyme, oligosaccharides factors milk increases vulnerability Victora et al. (2016)

. - o Dense curds, harder Human milk reduces Gl strain; cow Dewey (2003);
Digestibility Soft curds, easily digested y( )

to digest

milk may cause discomfort Lonnerdal (2014)
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Dimension Human Milk Cow Milk

Implications Supporting Studies

Steady, balanced growth,

Growth Outcomes . _—
improved neurodevelopment obesity risk

Linked to anemia,
allergy, obesity,

Health Reduced anemia, allergy,

Implications chronic disease risk cVD

Rapid weight gain,

Human milk promotes healthy Innis (2014); Rollins et
growth trajectories al. (2016)

Human milk provides lifelong
protective effects

WHO (2020);
UNICEF (2018)

The comparative summary highlights the consistent
superiority of human milk over cow milk across all
dimensions of infant nutrition and health. Human milk’s
balanced nutrient composition, presence of docosahexaenoic
acid (DHA) and arachidonic acid (ARA), and unique
bioactive compounds provide unmatched support for growth,
neurodevelopment, and immune protection. Cow milk, while
nutrient-rich, is characterized by excessive protein and
mineral loads, poor iron bioavailability, and the absence of
immunological factors, making it unsuitable for infants under
one year. Digestibility differences further underscore human

milk’s advantage, as its proteins are easily broken down,
reducing gastrointestinal strain, whereas cow milk proteins are
harder to digest. Health outcomes confirm that breastfeeding
reduces risks of anemia, infections, allergies, and chronic
diseases, aligning with global recommendations by WHO and
UNICEF that emphasize exclusive breastfeeding for six
months and continued breastfeeding thereafter. Overall, this
comparative analysis reinforces human milk as the gold
standard for infant feeding and underscores the need for
caution in introducing cow milk prematurely.

Table 3.6: Comparative Summary of Human vs Cow milk for infant Feeding

Dimension Human Milk Cow Milk Implications Supporting Studies
Nutritional Balanced proteins, lactose, E>.<cess protein, Human milk supports growth a.nd Ballard & Morrow
Composition DHA. ARA minerals, lacks neurodevelopment; cow milk risks (2013); Koletzko et al.
P ' DHA/ARA imbalance (2008)

Immunological Antibodies, lactoferrin, Absent immune Human milk reduces infections; cow Le Doare et al. (2018);
Properties lysozyme, oligosaccharides  factors milk increases vulnerability Victora et al. (2016)

. e o Dense curds, harder Human milk reduces Gl strain; cow  Dewey (2003);
Digestibilit Soft curd ly digested . . .

gestibrity OTL CUTTS, eastly digeste to digest milk may cause discomfort Lonnerdal (2014)

Steady, balanced growth, Rapid weight gain, Human milk promotes healthy Innis (2014); Rollins et

Growth Outcomes . oo
improved neurodevelopment obesity risk

Linked to anemia,
allergy, obesity,

Health Reduced anemia, allergy,

Implications chronic disease risk CVD

growth trajectories al. (2016)

Human milk provides lifelong WHO (2020); UNICEF
protective effects (2018)

4.0. Discussion

The findings of this review confirm that human milk provides
a uniquely balanced nutritional profile tailored to infant needs.
Its lower protein concentration, higher lactose content, and
presence of essential fatty acids such as docosahexaenoic acid
(DHA) and arachidonic acid (ARA) make it superior to cow
milk in supporting growth and neurodevelopment (Koletzko
et al., 2008; Ballard and Morrow, 2013). Cow milk, by
contrast, delivers excessive protein and minerals that may
overburden infant kidneys, highlighting the risks of early
introduction.

Human milk’s immunological properties, including
antibodies, lactoferrin, lysozyme, and oligosaccharides,
provide passive immunity and reduce infection risk during the
critical first months of life (Victora et al., 2016; Le Doare et
al., 2018). Cow milk lacks these protective components,
leaving infants more wvulnerable to respiratory and

gastrointestinal infections. This reinforces breastfeeding as a
cornerstone of infant health promotion.

Digestibility outcomes further distinguish human milk from
cow milk. Human milk proteins form soft curds that are easily
digested, while cow milk proteins form harder curds that
strain the gastrointestinal system (Dewey, 2003; Lonnerdal,
2014). This difference explains why breastfed infants
experience fewer digestive complications and more efficient
nutrient absorption compared to those fed cow milk.

Breastfed infants demonstrate steady weight gain and
improved neurodevelopmental outcomes, largely due to the
presence of DHA and ARA in human milk (Koletzko et al.,
2008; Innis, 2014). Cow milk-fed infants may experience
rapid weight gain, which has been linked to increased risks of
obesity and metabolic disorders later in life. These findings
emphasize the long-term developmental advantages of
breastfeeding.
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Cow milk protein allergy remains one of the most common
food allergies in infants, often manifesting as gastrointestinal
distress, eczema, or respiratory symptoms (Ziegler, 2011;
Binns et al., 2016). Human milk, conversely, has protective
effects against allergic sensitization. This underscores the
importance of delaying cow milk introduction until after the
first year of life.

From a public health perspective, these results support global
recommendations by WHO and UNICEF advocating
exclusive breastfeeding for six months and continued
breastfeeding up to two years or beyond (UNICEF, 2018;
WHO, 2020). Early cow milk introduction undermines these
guidelines and contributes to preventable health risks,
particularly in resource-limited settings where anemia and
infections are prevalent.

Despite clear evidence, breastfeeding rates remain suboptimal
due to socioeconomic pressures, cultural practices, and
aggressive marketing of cow milk and formula products
(Rollins et al., 2016; Binns et al., 2016). Addressing these
barriers requires policy interventions, community education,
and stronger regulation of infant feeding product marketing.

The absence of bioactive compounds in cow milk highlights
the need for continued innovation in infant formula
development. Efforts to replicate components such as
oligosaccharides, lactoferrin, and DHA/ARA in formula are
ongoing but remain incomplete (Lonnerdal, 2014; Andreas et
al., 2015). Future research should prioritize enhancing
formula to more closely mimic the protective properties of
human milk.

While evidence strongly favors human milk, gaps remain in
understanding the long-term metabolic and cognitive
outcomes of infants exposed to cow milk early in life. Large-
scale longitudinal studies are needed to clarify these
associations and guide policy (Guyatt et al., 2011; Victora et
al., 2016). Additionally, more research is required in low- and
middle-income countries where cow milk substitution is
common.

Finally, this review reinforces human milk as the gold
standard for infant nutrition, offering unmatched nutritional
adequacy, immunological protection, and developmental
benefits. Cow milk, though nutrient-rich, poses risks when
introduced prematurely. Aligning infant feeding practices
with global breastfeeding policies and investing in formula
innovation are essential steps toward improving child health
outcomes worldwide (UNICEF, 2018; WHO, 2020).

5.0. Conclusion
This review demonstrated that human milk remains the gold
standard for infant nutrition, offering a balanced composition
of macronutrients, micronutrients, and bioactive compounds
that are uniquely tailored to the developmental needs of
infants. Its proteins are easily digestible, its fats contain
essential long-chain polyunsaturated fatty acids critical for
neurodevelopment, and its vitamins and minerals are
bioavailable and protective against deficiencies. In contrast,
cow milk, while nutrient-rich, presents challenges due to its

excessive protein and mineral load, poor iron absorption, and
absence of immune-supporting bioactive compounds. These
differences highlight the risks associated with premature cow
milk introduction and reinforce the superiority of human milk
in safeguarding infant health.

The health implications of these findings are profound.
Human milk provides protection against anemia, infections,
allergies, and long-term chronic diseases such as obesity and
cardiovascular conditions. Cow milk, however, is consistently
linked to increased risks of iron deficiency anemia, allergic
sensitization, and metabolic strain when introduced before the
recommended age. These results align with global
breastfeeding policies from WHO and UNICEF, which
advocate exclusive breastfeeding for the first six months and
continued breastfeeding thereafter. Strengthening
breastfeeding  promotion,  addressing  cultural  and
socioeconomic barriers, and regulating the marketing of cow
milk and formula products are essential steps to ensure
adherence to these policies and improve child health outcomes
worldwide.

Future research should focus on bridging gaps in
understanding the long-term metabolic and cognitive
outcomes of infants exposed to cow milk early in life,
particularly in low- and middle-income countries where
substitution is common. Continued innovation in infant
formula development is also necessary, with emphasis on
replicating the bioactive compounds and balanced nutrient
profile of human milk. Policymakers, healthcare providers,
and researchers must collaborate to reinforce breastfeeding
practices, enhance maternal support systems, and ensure that
evidence-based recommendations are translated into
actionable strategies. Ultimately, prioritizing human milk as
the primary source of infant nutrition remains a critical public
health priority, with lifelong benefits for individuals and
societies.
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