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ABSTRACT
This study examined the association between sociodemographic characteristics and

knowledge of the use of animal milk as an alternative to human breast milk among women of
childbearing age. Although there are known benefits of breastfeeding, disparities in knowledge
and practices exist. Using a cross-sectional survey of a national sample of women of
childbearing age, we explored the association of education, income, age, and race with
awareness of breastfeeding recommendations and laws, as well as perceptions about the
appropriateness of animal milk in infant feeding. Logistic regression analyses showed that
women with lower socioeconomic status demonstrated significantly lower awareness of
breastfeeding legislation and recommendations, including the risks of early introduction of
animal milk. The findings highlight critical gaps in maternal knowledge that may influence
infant feeding practices. These results underscore the need for targeted education efforts and
policy making to promote informed infant feeding decisions and improve public health outcomes

for mothers and infants.
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CHAPTER 1
INTRODUCTION

Breastfeeding reduces the risk of infant mortality and infections by increasing the infant's
immune response.! According to the World Health Organization (WHO), infants should be
exclusively breastfed for the first 6 months of life. Complementary feeding alongside
breastfeeding can begin at 6 months and continue up to 2 years of age or beyond.?
Sociodemographic characteristics play an important role in breastfeeding rates. Data from the
CDC shows that race/ethnicity, education, age, income, marital status, and geographical location
all play a role in the likelihood of breastfeeding.* Human breast milk is the optimal food for an
infant but in some cases such as, when an infant is diagnosed with classic galactosemia, maple
syrup urine disease, or phenylketonuria (PKU), or if a mother has HIV infection, active untreated
tuberculosis, human T-cell lymphotropic virus type I or II infection, an alternative feed is
needed.* Animal milk has been used as an alternative to breast milk for decades, since it has

similar properties to human breast milk.’

1.1 Benefits of Breastfeeding

There is an abundance of short-term and long-term benefits of breastfeeding for an infant
and a mother. Many studies have examined the effects of breastfeeding and have found that it
lowers the risk of infant mortality and infections. Higher intelligence and lower rates of obesity
and diabetes later in life have also been observed in breastfed infants.® Breastfeeding increases
an infant’s immune response, which is associated with lower hospitalization rates.": 7 Additional

benefits to breastfeeding for infants include a lower risk of asthma, leukemia, celiac disease,



inflammatory bowel disease (IBD), cavities, sudden infant death syndrome (SIDS), and many
more benefits.®!? Furthermore, there are many benefits of breastfeeding for a mother, which
include lower cost than alternative feeding, lower risk of postpartum depression, potential
postpartum weight loss, physical and emotional bonding with baby, quicker recovery from
childbirth, lower risk of developing certain cancers, type 2 diabetes, cardiovascular disease, high

blood pressure, high cholesterol, among others.3 °

1.2 Composition of Breast Milk

Breast milk contains all the nutrients a newborn infant needs to grow and stay healthy.
Because breast milk is crucial for a newborn’s health, the World Health Organization (WHO)
recommends exclusive breastfeeding for the first six months of life.? Additionally,
complementary feeding alongside breastfeeding is recommended to begin at six months and
continue until two years of age or beyond.?

Breast milk contains all the right amounts of carbohydrates, fat, protein, and
micronutrients for an infant.! Breast milk contains roughly 88% of water by volume, 7% of
carbohydrates, 1% of protein, and 4 % of fat.!! Lactose is the most common form of
carbohydrate in breast milk, because a newborn infant does not have a developed gastrointestinal
tract to digest complex forms of carbohydrates, like starch. Apart from being an easily digestible
form of carbohydrate, lactose assists in the development of the gastrointestinal tract and the
maintenance of the intestinal microbiota.!! More specifically, lactose prevents the growth of
unwanted bacteria and supports the growth of healthy bacteria in the stomach, which promotes
calcium, phosphorus, and magnesium absorption.'> Whey and casein are the main forms of
protein in breast milk, with whey making up approximately 60% and casein making up 40% of

the total protein content.'!: > Due to the majority of protein in human milk being whey protein,



infants are able to digest it more easily and quickly. If an infant consumes milk with a majority
of the protein content being casein, it will cause digestive difficulty. Protein aids major functions
of the body, such as infant growth and development. Certain proteins found in breast milk have
specific antibacterial and antiviral properties, like lactoferrin, secretory IgA, and lysozyme.!! 12
Triglyceride is the main component of fat in breast milk fat due to it making up approximately
94-98% of all fatty acids in breast milk. Triglycerides are also the primary source of calories. It
helps with the development of the central nervous system, brain, and retina.!"- 12 Fat in breast
milk aids the absorption of fat-soluble vitamins A, D, E, and K. Without dietary fat, these fat-
soluble vitamins would not be absorbed, therefore causing deficiency.'? Some major vitamins
and minerals in breast milk include iron, calcium, phosphorus, magnesium, sodium, potassium,
and zinc.!! Breast milk contains a sufficient amount of micronutrients for an infant to grow and
stay healthy. However, vitamin D, K, and iron levels may be inadequate for optimal infant health
in certain situations. Supplementation of deficient micronutrients is recommended.!! Material
diet greatly affects vitamin levels in breast milk.!? It is important for pregnant and nursing
mothers to consume a variety of healthy foods to ensure adequate vitamin levels in breast milk.
Health professionals may recommend prenatal supplements to ensure the mother and infant are
getting sufficient micronutrients.!?

Breast milk contains many bioactive factors like antibodies, white blood cells,
microRNAs, growth factors, and prebiotics.!? 13 Bioactive factors are non-nutrient elements that
affect body function by protecting against infection and inflammation and contribute to overall
health.!* As mentioned previously, certain proteins found in breast milk have specific
antibacterial and antiviral properties, like lactoferrin, secretory IgA, IgG, IgM, and lysozyme.!?

Lactoferrin prevents the growth of and destroys iron-dependent bacteria in the gastrointestinal



(GI) tract by regulating iron absorption.!> ' Secretory IgA is an immunoglobulin protein, also
known as antibodies. It has antibacterial and antiviral effects by coating the intestinal mucosa,
which prevents microorganisms from entering the tissue.!? 1> IgG is another antibody that fights
off harmful bacteria and promotes the growth of beneficial bacteria in the GI tract, however,
concentrations are lower than IgA in breastmilk.!*- 1® IgM is an additional antibody that breaks
down harmful gram-negative bacteria, however, concentrations are lower than IgA and IgG in
breast milk.!> 1® Lysozyme breaks down harmful gram-positive and some gram-negative bacteria
in the GI tract.!> This immune response supports infant immunity and prevents infections.
Lysozyme also assists the growth of intestinal microflora and has anti-inflammatory
characteristics.!” White blood cells, or maternal leukocytes, help defend against harmful
pathogens/bacteria through phagocytosis.!® Phagocytosis is a process in which a cell engulfs
another foreign substance, bringing it into the cell to degrade.!” MicroRNAs functionally
regulate gene expression when absorbed in the gastrointestinal tract.?’ MicroRNAs do this by
binding to the messenger RNA (mRNA) in the cytoplasm of the cell. This binding causes the
microRNA to control whether the mRNA destroys its components or preserves it for later
translation.?! Growth factors are an additional bioactive factor that support the growth and
healing of the intestinal mucosa, stimulate water and glucose absorption, and increase neuron
survival and outgrowth.!® Lastly, prebiotics are defined as substrates that microorganisms in the
GI tract degrade and utilize.?> 2> Microorganisms in the GI tract provide health benefits if the
environment in the GI tract is optimal. Therefore, prebiotics contribute to gastrointestinal tract
health indirectly.?> 23

Breast milk composition can vary greatly depending on the stage of lactation, the

mother's age, the mother’s diet, time during breastfeeding period, the time of day, and



environmental factors.!® There are three stages of lactogenesis, lactogenesis I, lactogenesis 11,
and lactogenesis III. 2* Lactogenesis I is the secretory initiation stage that begins during the
second half of pregnancy and continues until 36-96 hours after delivery.?* 2> During this stage,
epithelial cells in the breast convert into lactocytes, cells that produce and secrete milk in the
mammary glands. Production of breast milk can begin in small amounts during this stage, around
16 weeks of gestation. Lactogenesis II is the secretory activation stage that begins 36-96 hours
after delivery until roughly nine days postpartum. During this stage, milk production increases
and breasts become fuller.?* ?*> Lactogenesis II1, also known as galactopoiesis or the maintenance
stage of lactation. This stage begins roughly nine days postpartum and continues until
breastfeeding ceases. Breast milk continues to be produced until breastfeeding stops.?* If
breastfeeding stops and there is no more stimulation of the breasts, then milk production will
stop.?®

Colostrum is breast milk produced as early as 16 weeks of gestation and continues until
roughly five days postpartum, during lactogenesis 1.'% !!-22 Colostrum is high in protein,
antibodies, and other immune-protective components, but low in fat. Transitional milk is breast
milk produced roughly between 5 to 15 days postpartum, during lactogenesis II. Transitional
milk is produced in higher volumes compared to colostrum, and carbohydrate and fat
percentages start to increase. Mature milk is breast milk produced roughly 15 days postpartum,
during lactogenesis III. Mature milk is high in fat and carbohydrates, but low in protein.!% !!.22
Not only does breast milk composition change depending on the lactation stage, but it also
changes during a single feeding session. Foremilk is breast milk produced at the beginning of a

breastfeeding session, and it has low levels of fat. However, hindmilk is breast milk produced at



the end of a breastfeeding session, and it has high levels of fat to generate satiety in infants.

Breast milk can change rapidly to meet an infant’s nutritional needs.!!

1.3 Composition of Animal Milks

Human breast milk is the optimal feed for an infant, but in some cases, an feed may be
needed. In the 19th century, wet nurses were used as a breastfeeding alternative.?’” Soon after,
animal milk became a popular breast milk alternative. In the 20th century, infant formula was
developed and became more popular. To this day, most infant formulas have a cow’s milk
base.?” Animal milk is highly prevalent in most breast milk alternatives and should be examined
further for the safety of infant health and well-being. Animal milk has a composition similar to
human breast milk and is therefore commonly used as a breast milk alternative.?® Similarly to
human breast milk, animal milk composition can vary greatly depending on environmental
factors, maternal diet, stage of lactation, species, and genetics.’ Although it is hard to compare
mammals’ milk to one another due to the numerous factors that play a role in the composition,
on average, cow milk has the most similar fat content to human breast milk. However,
cholesterol levels in cow milk are significantly higher.> Saturated fatty acids were seen in higher
percentages in cow milk than human milk, but monounsaturated and polyunsaturated fatty acids
were seen in higher percentages in human milk.> When examining protein content, cow milk has
significantly more protein (5.63%) than human milk (1.90%) in all lactation stages, but
especially in the early lactation stage.?” Cow milk also has significantly more calcium (112-123
mg/100 mL) compared to human breast milk (28-34 mg/100 mL).*° Until the end of the 1800s,
cow’s milk was the most common artificial alternative to human breast milk and continues to be

a popular milk for infant feeding today.?*3!



Buffalo milk is commonly produced and consumed in Asia.?® % In these areas, buffalo
milk is consumed in similar ways to cow’s milk and is usually preferred due to its rich flavor.?
Its production rate had roughly tripled between 1961 and 2018.28 It has significantly more fat and
a noticeably different casein-to-whey ratio compared to human breast milk.>2® Protein content in
buffalo milk is higher than protein content in human breast milk with 4.02% in the early lactation
stage compared to 1.90% in human milk.? Buffalo milk is high in micronutrients, especially
high in calcium (112-220 mg/100 mL) due to the amount of casein present.™ 3% 32 Buffalo milk is
also high in phosphorus and magnesium but low in sodium.’

Goat’s milk is most commonly consumed raw in Africa and South Asia.?® 32 Similarly to
buffalo milk, goat milk has more protein content and disproportionately more casein-to-whey
compared to human breast milk.?® 2 However when human breast milk was nutritionally
compared to various animal milk, goat milk was most similar to human breast milk in protein
content, with 3.18% protein in goat milk and 1.90% protein in human milk in the early lactation
stage. Additionally, in the mature lactation stage, goat milk has roughly 1.10% protein and
human milk has roughly 1.00% protein, which are the most similar concentrations observed.?’
When fat concentrations were examined in various animal milks, it was observed that goat milk
had a higher percentage of fat compared to human breast milk in all lactation stages.?” However,
goat milk has similar cholesterol concentrations (9.00-18.10 mg/dL) to human breast milk (5.38-
12.00 mg/dL).> Furthermore, both goat milk and human breast milk cholesterol levels were
observed to be lowest in the early lactation stage and increase in the mature lactation stage.> The
fat molecules in goat milk are smaller than the fat molecules in cow milk, therefore making it

t.33

easier to digest.”> This aspect of goat milk is appealing when considering alternative milk for



infant feeding. Goat milk has lower iron levels (0.07 £+ 0.02 mg/dL) compared to human breast
milk (0.20 mg/dL) but higher potassium levels (183.6 + 17.2 mg/dL vs 71.3 9.0 mg/dL).>

Sheep milk is most commonly consumed in the Mediterranean and Middle Eastern
regions due to the climate not being suitable for cows and therefore cow milk production.3? 3
When fat content was examined in various animal milks, sheep milk was observed to have a high
fat content of 7.10 + 3.21 g/dL.> High-fat content is appealing when considering alternative
infant feeding due to the amount of energy it provides.’ Sheep milk was also observed to have
high cholesterol concentrations (17.07 + 1.18 mg/dL) compared to other mammalian milk and
human breast milk.> Additionally, sheep milk was observed to have high levels of saturated fatty
acids (77.50 £ 0.92% of total fatty acids) and low levels of monounsaturated and polyunsaturated
fatty acids (19.01 + 1.35%, 3.86 + 0.49%).> Sheep milk also has a high protein content. Sheep
milk has roughly 4.52-5.50% protein.>* This protein content is higher than most other
mammalian milks, including buffalo, cow, and goat.>* Sheep milk has higher concentrations of
multiple micronutrients, including calcium (181.70 £+ 17.2 mg/dL), potassium (178.6 & 8.4
mg/dL), sodium (52.10 + 3.2 mg/dL), and zinc (0.58 + 2.1 mg/dL).> Lastly, sheep milk has
multiple bioactive factors, including catechol, vanillin, ferulic acid, and salicylic acid.’® These
bioactive factors help with wound healing, inflammation, skin health, fighting harmful bacteria,
eliminating free radicals, potentially fighting off cancers, and relieving fever and pain. 3¢4° The
amount of bioactive factors in sheep milk is appealing when it comes to infant feeding
alternatives.

Lastly, camel milk is mostly consumed in the Middle East and Arabian areas because
camels commonly live in these areas.*! Consumption of camel milk has roughly doubled

between 1961 and 2018.2% The fat content varies but is generally low compared to other animal



milks.*! Camel milk has roughly 1.2 to 4.5% fat. The fat molecules in camel milk are smaller
than the fat molecules in cow, buffalo, and goat milk, therefore, it is easy to digest. This is a
quality sought after in infant feeding alternatives.*' Camel milk is high in vitamin C, iron, and
unsaturated fatty acids.>* One source found camel milk to have 27.6-34.3 mg/L of vitamin C,
which is higher than most other animal milks.*> Camel milk has roughly 0.05 mg/100 g of iron
compared to cow milk with roughly 0.27 mg/100g of iron.** Unsaturated fatty acids are seen to
be between 35-50% in camel milk.** However, camel milk is highly variable and changes
compositionally based on many factors.*> The inconsistency in composition is not appealing for
alternative infant feeding.

As discussed, animal milk has a multitude of factors that play a role in its composition,
but they each have attributes that are admirable for infant feeding. However, each animal’s milk
is species-specific and varies compared to one another and to human breast milk. Due to these

differences, human breast milk is the optimal diet for an infant.

1.4 Sociodemographic Characteristics and Infant Feeding

Sociodemographic characteristic is an all-encompassing term that includes
socioeconomic status, income, education, occupation, race, social class, living conditions,
resources, and more. 448 All of these aspects of sociodemographic characteristics affect infant
feeding practices. Women of lower SES backgrounds are less likely to initiate breastfeeding and
exclusively breastfeed for 6 months.*’ Race also plays a role in infant feeding practices, for
example, Non-Hispanic White women are more likely to exclusively breastfeed compared to
Non-Hispanic Black and Hispanic women.>® In addition, women who intend to exclusively
breastfeed were more likely to have a bachelor's or master’s degree and a higher income.>

Another study found that Asian and White mothers were more likely to initiate breastfeeding



compared to American Indian/Alaska Native and Black mothers in the United States.>!
Additionally, another study found that populations with lower levels of education and income
were more likely to stop breastfeeding at 1 month postpartum compared to populations with high
levels of education and income.>? These observations show how much sociodemographic
characteristics influence infant feeding practices, which have long-term health effects. Every
person has their own unique set of sociodemographic characteristics that influence their

knowledge, opinions, and therefore actions.

1.5 Innovation

There is existing literature on animal milk composition in comparison to human breast
milk, there is also literature on how sociodemographic characteristics influence infant feeding
practices. However, there is no current research on the association between sociodemographic
characteristics and the usage of animal milk as a human breast milk alternative in infant feeding.
Animal milk is often used as a substitute for human breast milk for many reasons, for instance,
when an infant is diagnosed with classic galactosemia, maple syrup urine disease, or
phenylketonuria (PKU), or if a mother has HIV infection, active untreated tuberculosis, human
T-cell lymphotropic virus type I or IT infection.* However, the literature does not address this
issue as much as it needs to. The outcomes of this study will be beneficial in guiding
comprehensive education for mothers, as this study will provide data on certain associations
related to infant feeding practices. It is crucial that women and mothers know the safety of using
animal milk as a breast milk alternative. This study will provide insight into this association and
provide empirical data to guide programs by health organizations in educating women on

recommended infant feeding methods.
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1.6 Specific Aims and Hypothesis

Many studies have shown that breastfeeding is beneficial not only to the infant but also to
the mother, but those same benefits do not translate when an infant is given other animal milks as
alternatives to human breast milk. The benefits of breastfeeding for a mother include a lower risk
of osteoporosis, cardiovascular disease, obesity, and breast and ovarian cancer.> >* Conversely,
human breast milk contains all the nutrients a newborn infant needs to grow and stay healthy.
Breast milk contains antibodies, white blood cells, and all the right amounts of carbohydrates,
fat, protein, and micronutrients for an infant.>% >3

Although breastfeeding has many beneficial qualities, breastfeeding an infant might not
be the optimal option for all mothers and infants. For instance, if an infant is diagnosed with
classic galactosemia, maple syrup urine disease, or phenylketonuria (PKU), or if a mother has
HIV infection, active untreated tuberculosis, human T-cell lymphotropic virus type I or II
infection, or taking certain medications that can be passed to the infant via breast milk.* All of
these conditions would lead to the usage of alternative milk. Although there are instances when
women should not breastfeed, most women can.>® Although most women can breastfeed
properly, in the United States, only 25.4% of infants born in 2020 were exclusively breastfed for
the first six months of life. One of the Healthy People 2030 Breastfeeding objectives is to
increase the proportion of infants who are breastfed exclusively through six months of age to
42.4%.%° To reach this goal, the United States has a lot of improvement to make in the next five
years in order to meet the targets for breastfeeding in the Healthy People 2030 objectives.

There is a multitude of studies done on the broad topic of breastfeeding, more
specifically, the influence of sociodemographic factors on breastfeeding. However, there is

limited research on how sociodemographic factors are associated with knowledge of animal milk

11



use as an alternative to human breast milk in infant feeding. The goal of this study is to examine
areas where a lack of or proficiency in knowledge on the use of animal milk in infant feeding

among women of childbearing age exists.

Specific Aim 1: Explore the role of sociodemographic factors on breastfeeding knowledge
of women of childbearing age. Hypothesis 1: Women of lower socioeconomic status will have
less knowledge of breastfeeding recommendation. Current literature shows knowledge is directly

associated with socioeconomic status.’’: %%

Specific Aim 2: Examine the awareness of breastfeeding laws/legislation among women of
childbearing age. Hypothesis 2: Women of lower socioeconomic status will have less
awareness of breastfeeding laws, including the Affordable Care Act (ACA) and the Fairness for

Breastfeeding Mothers Act of 2019.

Specific Aim 3: Assess women of childbearing age’s knowledge of the use of animal milk as
a breast milk alternative. Hypothesis 3: Women of lower socioeconomic status will have less

knowledge of the inappropriateness of animal milk in an infant’s diet.

The long-term goal is to understand mothers’ knowledge and which mothers choose
animal milk in infant feeding, to guide educational programs/interventions on breastfeeding to
promote healthy infant feeding and meet infant feeding recommendations. Upon completion, we
will better understand the role of sociodemographic characteristics of women of childbearing age

in relation to knowledge of the use of animal milk as a breast milk alternative.
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CHAPTER 2
LITERATURE REVIEW
2.1 Human Breast Milk
Breast milk is essential for infant survival. It contains all the nutrients an infant needs to
grow and stay healthy. Human breast milk contains all three macronutrients, protein,
carbohydrates, and fat, along with disease-fighting substances, such as immunoglobulins and
microRNAs, which help an infant stay healthy and grow optimally.! Breast milk contains

roughly 88% water, 7% carbohydrates, 1% protein, and 4 % fat.!

2.1.1 Carbohydrates in Human Breast Milk

Lactose is the most common form of carbohydrate in breast milk, this is because a
newborn infant does not have a developed gastrointestinal tract to digest complex forms of
carbohydrates, like starch.! Lactose is broken down by the enzyme, lactase-phlorizin hydrolase,
also known as lactase.! Lactase breaks lactose down into two monosaccharides, glucose and
galactose.? Lactase is located in the brush border of the small intestine on the apical surface of
enterocytes.! Although these cells are along the entire small intestine, it is seen in higher
concentrations in the jejunum.® Apart from being an easily digestible form of carbohydrate,
lactose assists in the development of the gastrointestinal tract and the maintenance of the
intestinal microbiota.! More specifically lactose prevents the growth of unwanted bacteria and
supports the growth of healthy bacteria in the stomach, which promotes calcium, phosphorus,

and magnesium absorption.* Although lactose is the main form of carbohydrate in breast milk,
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there are small amounts of glucose present in breast milk.> Glucose is usually seen at levels of
255.2 £75.3 pg/mL during the first 6 months of lactation, however, glucose levels depend on the
volume of milk produced, breast milk flow rate, and material weight.>”7 In addition to lactose and
glucose, there are small amounts of fructose found in breast milk.® Fructose concentrations in
breast milk are on average, 6.7 ug/mL. However, fructose concentrations in breast milk heavily
rely on the maternal diet. Fructose concentration in breast milk was found to have a positive
correlation with infant body composition.® Lastly, breast milk contains small amounts of
oligosaccharides, which is a non-nutritive carbohydrate that has protective effects.®° It roughly
makes up 1 g/dL of breast milk however concentrations rely heavily on material genetic factors.®
It is genetically determined if a mother has the ‘secretory status’ associated with higher levels of
oligosaccharides.!? Specifically, some mothers might have the secretor gene that encodes for the
2-fucosyltransferase (FUT2) enzyme and other mothers might have the Lewis gene that encodes
for the a1-3/4-fucosyltransferase (FUT3) enzyme. It was shown that mothers that have the
secretor gene and therefore produce the FUT2 enzyme, have higher concentrations of
oligosaccharides in their breast milk compared to the mothers that have the Lewis gene.!°
Carbohydrates are essential in infant feeding. Carbohydrates support cognitive development,
growth, and provide energy.” !! As mentioned previously, oligosaccharides have protective
effects and also aid in brain development.® Oligosaccharides have been shown to support brain
signaling, enhance learning and memory, and serve as prebiotics in the gut microbiome, thereby
boosting cognitive performance. However, most research on oligosaccharides and cognition has
been conducted in animal models, with limited studies on humans.® One study that did assess
oligosaccharide levels in human breast milk, examined its association with cognitive

development in offspring.!? The study found that a high concentration of 2°FL oligosaccharide at
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one month was linked to enhanced cognitive development, although no similar association was
observed at six months.!? Further research is needed to better understand the role of
oligosaccharides in brain development in older infants and school-aged children. The association
between glucose and cognition has also been studied, with mixed results. Some studies report
improvements in attention, memory and/or information processing following glucose
supplementation.'*: 1* Another study found that memory for spoken words in young infants
improved after glucose supplementation.!> However, further research is needed to fully

understand the effect of glucose on infant brain development.

2.1.2 Protein in Human Breast Milk

Whey and casein are the main forms of protein in breast milk with whey making up
approximately 60% and casein making up 40% of the total protein content.!: * Casein enters the
stomach as gel-like clusters and is not easily digested, therefore digested more slowly.® Whey
enters the stomach in a liquid form and is more easily digested.® Due to the majority of protein in
human milk being whey protein, infants are able to digest it more easily and quickly.!:* If an
infant consumes high levels of casein, it would cause digestion difficulty and slow down
digestion.!* Certain proteins found in breast milk have specific antibacterial and antiviral
properties like lactoferrin, secretory IgA, a-lactalbumin, serum albumin, and lysozyme.! 8
Overall protein content in breast milk decreases over time postpartum.® In addition, protein
content is highest if an infant is born preterm. However, protein content is not affected by
maternal diet but it is affected by maternal BMIL.® Protein is essential in infant feeding. Protein is

the building block of all cells and tissue in the body, it also aids intestinal growth, learning,
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memory, digestion, building skeletal muscle, regulation of gene expression, and regulation of the

immune system.!¢-18

2.1.3 Fat in Human Breast Milk

Triglycerides are the main component of fat in breast milk due to it making up
approximately 94-98% of total lipids in breast milk.! Triglycerides are also the primary source of
calories. It helps with the development of the central nervous system and retina.!>* Triglycerides
can be broken down into subunits like monoglycerides, diglycerides, non-esterified fatty acids,
saturated fatty acids, monounsaturated fatty acids, and polyunsaturated fatty acids.!” These
subunits are also present in breast milk. Saturated fatty acids consist of carbon chains with single
bonds between the carbon atoms, where each carbon is bonded to the maximum number of
hydrogen atoms.?° Monounsaturated fatty acids are similar to saturated fatty acids however they
have one double bond between two carbons.?! The majority of monounsaturated fatty acids in
breast milk as seen in the forms of oleic acid and palmitoleic acid.!® Polyunsaturated fatty acids
are carbon-carbon chains with multiple double bonds between carbons.!® Fatty acids aid in infant
growth, the development of the nervous system, structural and metabolic functions, as well as
provide energy.!® 223 Cholesterol is an additional form of lipid in breast milk.!” Cholesterol is
found at levels of 0.25-0.34mg/100g in breast milk. Cholesterol aids the synthesis of hormones
and essential vitamins, cell membrane structure, and brain development. Other lipids found in
breast milk include phospholipids plasmalogens, glycerophospholipids, and sphingolipids. These
additional lipids make up approximately 0.2-1% of total lipids and are known as complex lipids.
Complex lipids support cell membrane structure, signal transmission, and cell recognition.!® Fat

in breast milk aids the absorption of fat-soluble vitamins A, D, E, and K.* Without dietary fat,
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these fat-soluble vitamins would not be absorbed therefore causing deficiency.* In addition, fat
provides energy, aids gastrointestinal function, signaling pathways, and lipoprotein

metabolism. !’

2.1.4 Micronutrients in Human Breast Milk

Micronutrients play important roles in infant development and growth, as previously
mentioned. However, if infants receive inadequate amounts, then there are harmful impacts on
their overall growth and health, making micronutrients an important factor in infant feeding.
There are some micronutrient levels in breast milk that are dependent on maternal status and
intake, including vitamin B-12, vitamin A, and iodine.?* Vitamin A, also known as retinol, plays
a crucial role in gene expression, reproduction, growth and development, immune function, and
vision.?> 2 A systematic review found retinol concentrations in breast milk were positively
associated with maternal vitamin A intake in adequately nourished mothers.?” When maternal
intake was insufficient, breast milk retinol concentrations were more closely linked to plasma
retinol levels. Additionally, the fat content in breast milk affects retinol levels, as fat acts as a
carrier for retinol. The review also found that retinol concentrations in mature breast milk were
positively correlated with milk fat, and retinol-to-fat ratio in breast milk was positively
associated with maternal vitamin A intake. ’

Vitamin B is an essential micronutrient in breast milk that relies on maternal intake.>*
28-30 A gystematic review found that maternal vitamin B, intake was positively associated with
vitamin Bi2 concentrations in breast milk, and supplementation also increases these
concentrations.?! During pregnancy, vitamin Bz is delivered from the mother to the fetus via the

placenta, and postpartum, it is provided through breast milk.?® To ensure there is sufficient
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vitamin B2 levels in breast milk, mothers must consume adequate amounts of it. Vitamin Bz is
primarily found in animal products such as meat, fish, milk, and eggs. However, for mothers
following vegetarian or vegan diets, vitamin B, supplementation may be necessary.?®

Iodine is an essential micronutrient in breast milk that is entirely dependent on maternal
intake and is crucial for both the physical and cognitive development of the infant.?* 3234 It plays
a pivotal role in supporting proper brain growth and overall development, with studies
highlighting its significance for neurological function in early life.3>3* Infants are born with
limited stores of iodine, meaning they are highly dependent on external sources, particularly
breast milk, to meet their nutritional needs.*? Given that iodine is critical for thyroid function and
the synthesis of thyroid hormones, which regulate various physiological processes, its presence
in breast milk directly influences infant growth and health.’2-34 A systematic review has
demonstrated that iodine supplementation in lactating women and adequate daily iodine intake
are strongly associated with higher iodine concentrations in breast milk, further emphasizing the
importance of maternal iodine status.>?> However, despite this evidence, there remains a lack of
consensus among health experts and organizations regarding the exact iodine intake
requirements for breastfeeding women, leading to variability in recommendations across
different guidelines.?

Other micronutrients in breast milk that are influenced by maternal diet include thiamin,
riboflavin, vitamin B6, choline, and selenium.?* Thiamin levels in breast milk are closely tied to
maternal thiamin status, with concentrations reflecting the level in women who have adequate
thiamin intake.*® Over the first several months postpartum, thiamin concentrations in breast milk
increase in response to the infant’s needs.?’ In breast milk, thiamin is primarily present as

thiamin monophosphate (60%) and free thiamin (30%).3¢ Riboflavin levels in breast milk are
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positively correlated with maternal dietary intake and tend to remain stable for the first three
months postpartum in well-nourished mothers, compared to more variable levels in malnourished
women.*® Riboflavin in breast milk exists mainly in the forms of flavin adenine dinucleotide
(FAD) and free riboflavin.?* Vitamin Be, another important micronutrient, also depends on
maternal diet.?> Its concentrations in breast milk peak during the early postpartum weeks and
gradually decline over time.*® After six months postpartum, breast milk may no longer provide
adequate vitamin B6 for infants, highlighting the importance of complementary nutrition.*!
Choline, a critical nutrient for infant development, is also reliant on maternal intake.* It is found
in breast milk primarily as phosphocholine and glycerophosphocholine, with small amounts of
free choline.*> Research has shown that supplementing with phosphatidylcholine can increase
free choline and phosphocholine levels in breast milk.** Choline concentrations rapidly rise
between 7 and 22 days postpartum and remain stable in mature milk.** Lastly, selenium
concentrations in breast milk are directly influenced by the selenium content of the local soil
where maternal food is grown, meaning geographic location plays a key role in determining
selenium levels.* In breast milk, selenium is primarily found in the form of glutathione
peroxidase.* While infants are born with selenium reserves, continued intake through breast
milk is crucial for meeting their needs.*> *’ Selenium concentrations in breast milk are highest in
colostrum and decrease as the milk transitions to mature milk.3 4> 47

Although research suggests these associations, more research needs to be done on
micronutrient levels in breast milk and micronutrient recommendations during pregnancy,
postpartum, and infancy.

Breast milk contains non-nutrient elements called bioactive factors that have protective

effects.® Bioactive factors include antibodies, white blood cells, microRNAs, growth factors,
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prebiotics, oligosaccharide, leptin, and ghrelin.* 8 As mentioned above, certain proteins found in
breast milk have specific antibacterial and antiviral properties like lactoferrin, secretory IgA,
IgG, IgM, and lysozyme.* Lactoferrin prevents the growth of and destroys iron-dependent
bacteria in the gastrointestinal (GI) tract by regulating iron absorption.* *® Secretory IgA is an
immunoglobulin protein, also known as antibodies. # It has antibacterial and antiviral effects by
coating the intestinal mucosa which prevents microorganisms from entering the tissue.* *° IgG is
another antibody that fights off harmful bacteria and promotes the growth of beneficial bacteria
in the GI tract, however, concentrations are lower than IgA in breastmilk.® 3° IgM is an
additional antibody that breaks down harmful gram-negative bacteria, however, concentrations
are lower than IgA and IgG in breast milk.® > Lysozyme breaks down harmful gram-positive
and some gram-negative bacteria in the GI tract.*” This immune response supports infant
immunity and prevents infections.*” Lysozyme also assists the growth of intestinal microflora
and has anti-inflammatory characteristics.’! White blood cells, or maternal leukocytes, help
defend against harmful pathogens/bacteria through phagocytosis.>? Phagocytosis is a process
when a cell engulfs another foreign substance bringing it into the cell to degrade.>® MicroRNAs
functionally regulate gene expression when absorbed in the gastrointestinal tract.>* MicroRNAs
do this by binding to the messenger RNA (mRNA) in the cytoplasm of the cell.>* This binding
causes the microRNA to control whether the mRNA destroys its components or preserves it for
later translation.>> Growth factors are an additional bioactive factor that support the growth and
healing of the intestinal mucosa, stimulate water and glucose absorption, and increase neuron
survival and outgrowth.? Lastly, prebiotics are defined as substrates that are degraded and
utilized by microorganisms in the gastrointestinal (GI) tract.>® >’ These microorganisms

contribute to gastrointestinal health when the environment in the GI tract is optimal, making
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prebiotics important for gut health through indirect mechanisms.’® %7 Carbohydrates, proteins,
phytochemicals, and other compounds possess prebiotic characteristics.® For a food component
to be classified as a prebiotic, it must meet specific criteria. It should resist gastric acidity,
withstand hydrolysis by mammalian enzymes, avoid absorption in the upper gastrointestinal
tract, be fermentable by intestinal bacteria, and stimulate the growth of beneficial
microorganisms.>® Polyphenols, a type of phytochemical, are found in various foods such as
vegetables, fruits, cereals, tea, coffee, chocolate, and wine. Other phytochemicals with prebiotic
properties include polysaccharides and terpenoids. Phytochemicals can be categorized into
absorbed and nonabsorbed fractions. The nonabsorbed fraction acts as a prebiotic, while the
absorbed fraction helps induce stress resistance mechanisms in the body.>® Human milk
oligosaccharides (HMOs) are another bioactive factor, however they are also considered
prebiotics because they encourage the growth of beneficial organisms in the gastrointestinal
tract.® HMOs also prevent infections by binding to pathogens and inhibiting them from infecting
cells.® HMOs were observed to be at the highest concentrations in the early lactation stage
compared to later lactation stages.’® Leptin is a bioactive factor hormone that helps control
energy intake and balance.> Due to this effect on the body, leptin contributes to infant body
composition and growth. Additionally, leptin concentration in breast milk is positively correlated
with maternal BMI. Therefore, maternal BMI could have effects on infant body composition and
growth.> Lastly, ghrelin is a bioactive factor hormone that is present in the stomach and helps
regulate appetite, energy intake, gastric acid secretion and gut motility.° Similar to leptin,

ghrelin contributes to infant body composition and growth.*®
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2.2 Breast Milk and Infant Health

Human breast milk is the best nutritional diet for an infant.®! However, breast milk has
more benefits other than nutritional composition.®? Breast milk helps infants fight off sicknesses
like ear infections, vomiting, diarrhea, respiratory infections, meningitis, pneumonia, and urinary
tract infections.%? Breast milk helps build and strengthen an infant's immune system by providing
antibodies.®® Breast milk contains lactoferrin and interleukin-6, -8, and -10 proteins which help
control and regulate inflammation when an infection is encountered. Without these proteins, an
infant’s inflammatory response would not be controlled, and too much inflammation could have
negative effects.®® Breast milk also contains probiotics which help with an infant’s gut health. Tt
is thought that probiotics in breast milk help lower the risk of allergies, asthma, diabetes, and
obesity.%* Breast milk is the easiest for an infant to digest compared to other milk types.®* It has
simple nutritional components that infants usually have no problem digesting and absorbing.
Breast milk also has economic benefits.%* Since mothers do not buy breast milk like they do with
infant formula, it lowers household expenses. As stated previously, breast milk reduces infection
rates and therefore, lowers health costs.%

There are many benefits of breastfeeding for a mother. Some benefits include postpartum
weight loss, quicker recovery from childbirth, physical and emotional bonding with the baby,
lower risk of type 2 diabetes, certain cancers, high blood pressure, high cholesterol,
cardiovascular disease, and many more benefits.®> 63 5 Ovarian and breast cancers have been
linked to prolonged exposure to hormones such as estrogen.®® Breastfeeding can delay the return
of menstrual periods, which reduces a mother’s exposure to estrogen and, in turn, lowers the risk
of developing both ovarian and breast cancer.%® Additionally, breastfeeding has been shown to

improve glucose and insulin regulation, thereby reducing a mother’s risk of developing type 2
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diabetes.®” One study, in particular, found that breastfeeding for more than two months is
associated with a lower risk of type 2 diabetes.®” A systematic review also revealed that women
who breastfeed for over 12 months experience a 30% reduction in the risk of developing diabetes
and a 13% reduction in the risk of hypertension.%® These findings were adjusted for potential
confounding factors, including obesity, smoking, and family history, providing a clearer

understanding of the protective effects of breastfeeding on hypertension and diabetes.®

2.2.1 Breast Milk Contraindications

It is uncommon for a mother to be unable to breastfeed or an infant unable to receive
breast milk, but there are a few special conditions.®® Infants with classic galactosemia, maple
syrup urine disease, or phenylketonuria should not be breastfed.”® Classic galactosemia is a
genetic disorder in which an individual either lack the enzyme galactose-1-phosphate
uridyltransferase (GALT) or have a nonfunctional form of it.”! The GALT enzyme is responsible
for metabolizing the sugar galactose.”! Without this enzyme, infants with this galactosemia are
unable to break down galactose, leading to its accumulation in the body when ingested.”!: 7?
Symptoms of galactose build up in infants include poor feeding, vomiting, jaundice, lethargy,
and cataracts.”! In addition to these initial signs, children with galactosemia may experience
long-term complications, such as learning disabilities, neurological impairments, and ovarian
failure.”! To manage the condition, infants must be fed a galactose-free formula as a substitute
for breast milk.”® Maple syrup urine disease (MSUD) is a genetic disorder in which an individual
lacks the branched-chain alpha-keto acid dehydrogenase enzyme complex.” This enzyme
complex is responsible for breaking down the amino acids leucine, isoleucine, and valine. When

these amino acids are not properly metabolized, they accumulate in the blood and urine, leading

30



to potentially harmful effects.”> These three amino acids have toxic byproducts, ketoacids. The
buildup of ketoacids can cause metabolic acidosis.”> Without prompt treatment, the condition can
lead to a range of serious complications, including poor feeding, lethargy, irritability, hypertonia,
hypotonia, spasticity, seizures, coma, respiratory failure, and even death. The disease gets its
name from the distinctive sweet-smelling urine produced by affected individuals.” Infants with
MSUD require a special formula that is free from leucine, isoleucine, and valine to manage the
condition effectively.”® 7> Phenylketonuria (PKU) is a genetic disorder caused by a deficiency in
the enzyme phenylalanine hydroxylase (PAH).”* The PAH enzyme is responsible for
metabolizing the amino acid phenylalanine. In the absence of this enzyme, phenylalanine
accumulates in the blood and brain which could have damaging effects on the nervous system.”
The signs and symptoms of PKU include intellectual disabilities, decreased 1Q, eczema, and
seizures. To manage the condition, infants with PKU must be fed a special formula that is free
from phenylalanine.” All three of these conditions are rare inherited disorders that need to be
managed early.”" 73 7# If these conditions are not diagnosed and managed in early infancy,
complications could arise like intellectual disabilities, speech defects, ovarian failure, high risk
of infections, seizures, brain damage, coma, and even death.”!- 73 7* In addition to infant
conditions, there are maternal conditions where a mother should not breastfeed.”® 7> These
include HIV infection, herpes simplex virus type I (HSV-1), human T-cell lymphotropic virus
type I or type II infection, untreated active tuberculosis, severe illness, usage of antiretroviral
medications, birth-control medications containing estrogen, cancer chemotherapy agents, illegal
drugs, migraine medications, mood stabilizer medications, sleep-aid medications, anti-epileptic
drugs and opioids, radioactive iodine-131, and topical iodine or iodophors in excessive

amounts.”® 72 Additional circumstances where breastfeeding is substituted or supplemented with
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other breast milk alternatives include if a child is adopted, if a mother is unable to produce
enough milk or pump, and workplace and/or home environment is not adequate for the safe

storage of milk.”

2.2.2 Breastfeeding and Infant Feeding Recommendations

Since infant feeding is key to optimal health and health later in life, regulatory bodies and
health organizations have recommendations surrounding infant feeding practices. The World
Health Organization (WHO) recommends exclusively breastfeeding for the first six months of
life.®! Additionally, complementary feeding alongside breastfeeding is recommended to begin at
six months and continue until two years of age or beyond.®! The United Nations Children's Fund
(UNICEF) has alike recommendations including initiating breastfeeding within the first hour
postpartum, exclusively breastfeeding for the first 6 months of life, and complementary feeding
alongside breastfeeding beginning at 6 months and continuing until two years of age or beyond.”®
Additionally, the Dietary Guidelines for Americans 2020-2025 share similar recommendations
with the WHO and UNICEF.”® These include exclusively breastfeeding for the first six months
of life, providing iron-fortified formula during the first year if breastfeeding is not attainable, and
beginning vitamin D supplementation after birth. The guidelines also recommend introducing
complementary feeding alongside breastfeeding starting at six months, exposing infants older
than six months to a variety of foods, including allergenic foods, and avoiding added sugars and
excess sodium during complementary feeding.”> Healthy People Objectives for breastfeeding are
in place to support breastfeeding practices in the United States.”” The Healthy People 2030
objectives for breastfeeding by The U.S. Departments of Agriculture (USDA) and Health and

Human Services (HHS) include increasing the percentage of infants exclusively breastfed for the
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first six months of life to 42.4% and increasing the percentage of infants breastfed at age one to
54.1%."

The CDC conducted a survey that found that 84.1% of infants were ever breastfed, 59.8%
of infants were breastfed at six months, 39.5% of infants were breastfed at one year, 46.5% of
infants were exclusively breastfed through three months, and 27.2% of infants were exclusively
breastfed through six months.”” However, these rates differ across different environments and
regions of the United States. For example, infants in the Southeast and in rural areas of the
United States are less likely to be breastfed.”” It has also been observed that breastfeeding rates
differ by racial group. For example, non-Hispanic Black infants are less likely to be breastfed
than Asian, non-Hispanic White, and Hispanic infants.”’ Breastfeeding is crucial for promoting
growth and development among infants.”® Undernourishment is a primary concern for infants
who are not breastfed. Undernutrition is associated with 45% of global child deaths.”® Due to this
major concern, regulatory bodies like WHO, UNICEF, CDC, and AAP have made
recommendations and goals to help eliminate this concern.’s 77

In addition to recommendations and objectives set to increase breastfeeding rates, there
are also national laws and regulations. The Affordable Care Act of 2010 revised and updated
many acts including the Fair Labor Standards Act (FLSA) of 1938.78 The FLSA was revised to
require businesses/employing bodies to provide break time for employees who need to express
breast milk up to one year postpartum. Businesses/employers also need to provide a space that is
not a bathroom for employees who need to express breast milk, this is discussed in the FLSA
section of the Affordable Care Act.”® However, the FLSA did not cover all employees of all
establishments. The FLSA only covered hourly workers and some salaried workers.” In addition

to the Affordable Care Act of 2010, in 2019, Congress passed the Fairness for Breastfeeding
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Mothers Act.”® This act requires public places/businesses to provide a space that is not a
bathroom for people to be able to express breast milk when needed. This space is required to
have a chair, table surface, and an outlet.”® In 2022, the Consolidated Appropriations Act was
signed into law which included the PUMP for Nursing Mothers Act.®* This act further extended
the preexisting rules discussed in the FLSA to more professions like truck and taxi drivers,
agricultural workers, and home care workers and managers.” 3% All of these laws and regulations
that are continuously revised and updated by the United States government are done to provide
safe and decent environments for breastfeeding mothers in addition to promoting breastfeeding

among working people.

2.3 Comparison of Breastmilk Versus Animal Milk

Human breast milk is considered the optimal diet for infants, but in some cases,
alternative feeding methods are necessary. In the 19th century, wet nurses were commonly used
as a breastfeeding alternative.®! Soon after, animal milk became a popular substitute for breast
milk.8! While animal milk gained popularity in the 19th century, evidence suggests that it was
used as early as 2000 BC.3? Archaeological findings, such as clay oblong vessels with nipple-
shaped spouts in infants graves, contained casein residue from animal's milk. This suggests that
animal milk was used for infant feeding.®? Over time alternative milk sources have evolved, and
in the 20th century, infant formula was developed and gained popularity.3! Breastfeeding rates in
the United States have seen a notable decline in the 21st century.®? Formula feeding has
contributed to this decline and is widely practiced, though it is associated with an increased risk
of several common childhood illnesses.?? To this day, cow’s milk based formula and animal

milks are commonly used in infant feeding, especially in developing countries.®!- %3 Given its
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widespread use, animal milk warrants further examination to ensure the safety of infant health
and well-being. Animal milk has a composition similar to human breast milk, which is why it is
commonly used as an alternative.®* Like human breast milk, the composition of animal milk can
vary significantly depending on factors such as environmental conditions, maternal diet, stage of
lactation, species, and genetics.®

Although comparing the milk of different mammals is challenging due to the numerous
factors that influence its composition, cow’s milk is generally considered to have the most
similar fat content to human breast milk.®> However, cow’s milk contains significantly higher
levels of cholesterol. In terms of fatty acids, cow’s milk has higher percentages of saturated fats,
while human milk contains greater amounts of monounsaturated and polyunsaturated fats.®
Regarding protein content, cow’s milk is much higher in protein (4.99%) compared to human
milk (1.32%) across all stages of lactation, especially in the early lactation stage.®® Additionally,
cow’s milk contains more calcium (112-123 mg/100 mL) than human breast milk (28-34 mg/100
mL).3” While cow’s milk can be a good source of calcium and vitamin D (if fortified) it is not
recommended for infants under 12 months due to potential health risks.?”-#® Infants fed cow’s
milk before 12 months can face serious health issues.?® # For example, early exposure to cow’s
milk may lead to intestinal bleeding, as well as iron and vitamin C deficiencies, both of which
are crucial for infant development.’% 3% Furthermore, despite cow’s milk being a good source of
calcium, excessive consumption can inhibit the absorption of iron, potentially worsening iron
deficiency.®® Another concern with cow’s milk is its high casein and mineral content. Excessive
casein and minerals in cow’s milk are excreted through the urine, which places a high demand on
the kidneys and increases water usage to excrete the renal solutes. If this is prolonged, it can lead

to dehydration, particularly in infants less than 12 months.?® For infants over 12 months, cow’s
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milk can be safely introduced as part of a balanced diet, especially when paired with iron-rich
foods.”° At this age cow’s milk provides high-quality protein, essential fats, and important
micronutrients that support growth and development.”® However, despite these benefits, it is
important to recognize that until the late 1800s, cow’s milk was the most commonly used
substitute for human breast milk, and it continues to be widely used today, though concerns
regarding its early use persist.5% %

Between 1961 and 2018, buffalo milk production roughly tripled, largely due to selective
breeding and improved management practices.?*°! Buffalo milk has a significantly higher fat
content and a notably different casein-to-whey ratio compared to human breast milk.3% 8> The
protein content in buffalo milk is also higher, with 4.02% protein in the early lactation stage,
compared to 1.90% in human breast milk.%¢ Additionally, buffalo milk is rich in micronutrients,
especially calcium (112-220 mg/100 mL), largely due to the high casein content.3>87-92 Tt is also
high in phosphorus and magnesium, but low in sodium.®> Although buffalo milk is rich in fat,
protein, and lactose, it has a lower water content compared to milk from other mammals.3?

While buffalo milk can be beneficial for children and adults, its high nutrient concentrations can
pose complications when consumed by young infants.”?

Goats were among the first animals domesticated for milk and meat around 4000 BC, and
evidence suggests that goat milk was used as an infant feeding alternative as early as 3000 BC.**
Over time, goat milk became a popular choice due to its perceived beneficial properties.
However, with advances in science and technology, it is now understood that raw goat milk is
not suitable for infant feeding.”* Like buffalo milk, goat milk contains more protein and a higher
casein-to-whey ratio compared to human breast milk.* 8¢ Despite this, when compared

nutritionally to various animal milks, goat milk is most similar to human breast milk in terms of
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protein content.® In the early lactation stage, goat milk contains 3.18% protein, while human
milk contains 1.90%. In the mature lactation stage, goat milk has approximately 1.10% protein,
and human milk has around 1.00%, which is the closest observed match. However, when
examining fat content, goat milk consistently has a higher percentage of fat compared to human
milk across all lactation stages.® Interestingly, the cholesterol levels in goat milk (9.00-18.10
mg/dL) are comparable to those in human milk (5.38-12.00 mg/dL).% Both goat and human
milk show the lowest cholesterol concentrations in the early lactation stage, with levels
increasing during the mature lactation stage.®> One notable advantage of goat milk is that its fat
molecules are smaller than those in cow’s milk, which makes it easier to digest—a factor that
may be appealing when considering alternatives to breast milk for infant feeding.” Despite these
similarities, goat milk has certain limitations.’® For instance, it contains lower levels of iron (0.07
+ 0.02 mg/dL) compared to human breast milk (0.20 mg/dL) but higher potassium levels (183.6
+17.2 mg/dL vs. 71.3 + 9.0 mg/dL).% Goat milk protein content is still too high for infants,
which can place stress on their kidneys and lead to dehydration due to an excessive renal solute
load.”® Goat milk also contains high levels of electrolytes like potassium, calcium, phosphorus,
and chloride, which could cause electrolyte imbalances and harm the kidneys. Moreover, goat
milk is deficient in essential micronutrients, including vitamin C, vitamin D, iron, zinc, folate,
and B vitamins.”® Deficiencies in these nutrients can impair brain development, cause rickets,
scurvy, poor weight gain, stunted growth, anemia, and weakened immune function.?® 6% Goat
milk can also trigger allergic reactions in infants and children, especially those with a cow’s milk
allergy, although some children may be allergic to goat milk even if they are not allergic to
cow’s milk.”® Additionally, raw or unpasteurized goat milk poses a significant risk to infants due

to the potential presence of harmful pathogens. Although goat milk is not recommended for
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direct infant feeding, there are commercial goat milk-based infant formulas available on the
market. These formulas are modified and fortified to meet infants’ nutritional needs, making
them a safer alternative to raw goat milk.”® However, it is always important to consult a
healthcare provider to determine the best feeding option for your infant.

Sheep have been domesticated for thousands of years for their milk, and historically,
sheep milk has been highly valued for its ability to make cheese and yogurt.!% It is also known
for its rich nutritional profile. Sheep milk is particularly high in vitamins A, B, and E, as well as
essential minerals such as calcium, phosphorus, potassium, and magnesium. Additionally, it
contains high levels of conjugated linoleic acid (CLA), which has been shown to fight cancer and
reduce fat.!% In terms of fat content, sheep milk is notable for its relatively high fat concentration
of 7.10 + 3.21 g/dL, which is appealing in the context of infant feeding due to the energy it
provides.®® However, sheep milk also contains higher cholesterol levels (17.07 + 1.18 mg/dL)
compared to other mammalian milks, including human breast milk. Sheep milk has a higher
proportion of saturated fatty acids (77.50 £ 0.92% of total fatty acids) and lower levels of
monounsaturated and polyunsaturated fatty acids (19.01 + 1.35% and 3.86 + 0.49%,
respectively).®> Moreover, sheep milk contains a higher proportion of short- and medium-chain
fatty acids, which are easier to digest and could be beneficial for infant nutrition.!® With a
protein content ranging from 4.52% to 5.50%, sheep milk has higher protein levels than most
other mammalian milks, including buffalo, cow, and goat.!’! Sheep milk is also notably higher in
several essential micronutrients, including calcium (181.70 = 17.2 mg/dL), potassium (178.6 +
8.4 mg/dL), sodium (52.10 + 3.2 mg/dL), and zinc (0.58 + 2.1 mg/dL).**> Additionally, sheep
milk contains bioactive compounds such as catechol, vanillin, ferulic acid, and salicylic acid.!*

These compounds have various health benefits, including promoting wound healing, reducing
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inflammation, improving skin health, fighting harmful bacteria, neutralizing free radicals,
potentially reducing cancer risks, and alleviating fever and pain.!%-197 Despite its nutritional
richness, sheep milk has limitations when it comes to infant feeding. Like goat milk, sheep milk
is high in protein and minerals but low in folate, making it unsuitable for infants.!® The
imbalances in these nutrients can lead to health issues, as excessive protein and mineral content
may stress an infant’s kidneys and cause dehydration, while a lack of folate can impair growth
and development.?$ 8% 96

Lastly, camel milk has been a staple in the Middle East for thousands of years, dating
back to the domestication of camels around 3000 BC.!” Outside of these regions, camel milk
was relatively unknown until the late 20th century, when there was a growing interest in
traditional and nutritious foods.!” Camel milk has a fat content that varies but is generally lower
compared to other animal milks, ranging from 1.2% to 4.5%.!!° The fat molecules in camel milk
are smaller than those in cow, buffalo, and goat milk, making it easier to digest—an important
factor when considering alternative milks for infant feeding.!!® Camel milk is also rich in vitamin
C, iron, and unsaturated fatty acids.®” One study found camel milk to contain 27.6-34.3 mg/L of
vitamin C, higher than most other animal milks.!!! Additionally, camel milk has approximately
0.05 mg of iron per 100 g, compared to cow milk's 0.27 mg per 100 g.!!? Unsaturated fatty acids
account for 35-50% of camel milk’s fat content, contributing to its nutritional value.!!*> Camel
milk is also high in calcium, potassium, and vitamins A, B, D, and E.'” However, camel milk’s
composition can vary significantly due to factors such as diet, environment, and breed, leading to
inconsistencies in its nutritional content..!!'* This variability, along with certain imbalances in

nutrients, makes camel milk less appealing as a reliable alternative for infant feeding.!%%- 114
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As discussed, the composition of animal milk is influenced by a variety of factors, but
each type offers specific attributes that may be beneficial for infant feeding. However, since
animal milks are species-specific, they differ from each other and from human breast milk in
important ways. These variations highlight why human breast milk remains the optimal diet for

infants.
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Table 2.1 Studies That Examined Human and Various Animals’ Milk Fat, Protein, and Lactose Composition

Author, Date

Animal Species

Mean Fat Percentage

Thankore & Jain, 2018%¢

Human

3.75

Butts et al., 2018!1 3.72
Gantner et al., 201516 3.05
Ho et al., 20217 4.00
Ortega-Requena et al., 2018'!® 4.40
Thankore & Jain, 2018% Cow 3.28
Gantner et al., 201516 4.85
Roy et al., 2020 0.14
Ho et al., 20217 4.05
Ravenwood et al., 202420 3.40
Arrichiello et al., 2022121 3.40
Ortega-Requena et al., 2018!!® 3.30
Thankore & Jain, 2018% Buffalo 5.85
Gantner et al., 201516 10.15
Arrichiello et al., 2022121 9.86
Ortega-Requena et al., 2018!!® 7.50
Thankore & Jain, 2018% Goat 4.88
Gantner et al., 201516 5.10
Roy et al., 2020!"° 0.19
Arrichiello et al., 2022121 9.63
Ortega-Requena et al., 2018'!® 3.90
Roy et al., 2020 Sheep 0.18
Ravenwood et al., 2024'%° 5.30
Arrichiello et al., 2022121 13.72
Ortega-Requena et al., 2018'!® 6.40
Ismaili et al., 2019'?? Camel 2.72
Elhosseny et al., 20183 3.40
Ho et al., 20217 3.61

Author, Date

Animal Species

Mean Protein Percentage

Thankore & Jain, 2018%¢

Human

1.32
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Gantner et al., 201516 1.40
Ho et al., 20217 1.20
Ortega-Requena et al., 2018!!® 1.00
Thankore & Jain, 2018% Cow 4.99
Gantner et al., 201516 3.50
Roy et al., 2020!"° 4.11
Ho et al., 20217 3.50
Ravenwood et al., 2024'%° 3.50
Arrichiello et al., 2022121 4.07
Ortega-Requena et al., 2018'!® 3.30
Thankore & Jain, 2018% Buffalo 3.50
Gantner et al., 201516 3.70
Arrichiello et al., 2022121 4.53
Ortega-Requena et al., 2018'!® 4.00
Thankore & Jain, 2018% Goat 2.04
Gantner et al., 201516 4.10
Roy et al., 2020 3.11
Arrichiello et al., 2022121 3.99
Ortega-Requena et al., 2018!!® 3.40
Roy et al., 2020 Sheep 6.87
Ravenwood et al., 2024'%° 5.90
Arrichiello et al., 2022121 4.02
Ortega-Requena et al., 2018!!® 5.60
Ismaili et al., 2019'%? Camel 2.55
Elhosseny et al., 2018!%3 2.70
Ho et al., 20217 3.27

Author, Date

Animal Species

Mean Lactose Percentage

Gantner et al., 201516

Human

6.65

Ho et al., 20217 6.85
Ortega-Requena et al., 2018!!® 6.90
Gantner et al., 201516 Cow 5.00
Roy et al., 2020 5.12
Ho et al., 20217 4.85
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Ravenwood et al., 2024'%° 4.40
Arrichiello et al., 2022121 3.40
Ortega-Requena et al., 2018!!® 4.70
Gantner et al., 201516 Buffalo 4.05
Arrichiello et al., 2022121 5.27
Ortega-Requena et al., 2018'!® 4.40
Gantner et al., 201516 Goat 3.85
Roy et al., 2020 4.13
Arrichiello et al., 2022121 4.56
Ortega-Requena et al., 2018'!® 4.40
Roy et al., 2020!"° Sheep 4.98
Ravenwood et al., 202420 4.50
Arrichiello et al., 2022121 5.70
Ortega-Requena et al., 2018'!® 5.10
Ismaili et al., 2019'%? Camel 4.37
Elhosseny et al., 201823 4.70
Ho et al., 20217 4.44
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2.4 Impacts of Socioeconomic Characteristics on Breastfeeding

Sociodemographic characteristics, including factors such as income, education,
occupation, race, social class, living conditions, and available resources, significantly influence
infant feeding practices.!?*12° Studies have consistently shown that women from lower
socioeconomic backgrounds in the United States are less likely to initiate breastfeeding or
exclusively breastfeed for the recommended six months.!?” For example, Non-Hispanic White
women are more likely to exclusively breastfeed compared to Non-Hispanic Black and Hispanic
women.!'?8 Additionally, research indicates that Spanish-speaking Hispanic mothers are most
likely to initiate breastfeeding (91%) and maintain it for a longer duration (mean of 17.1 weeks)
compared to English-speaking Hispanic, White, and Black mothers, with Black mothers having
the lowest initiation rate (61%) and the shortest breastfeeding duration (mean of 6.4 weeks).!*
Furthermore, women with higher education levels, such as bachelor’s or master’s degrees, and
higher income are also more likely to intend to exclusively breastfeed.!?

Racial and socioeconomic disparities in breastfeeding initiation are further evident. Asian
and White mothers, for instance, are more likely to begin breastfeeding compared to American
Indian/Alaska Native and Black mothers in the United States.!3® Additionally, some ethnic
groups, particularly those from lower socioeconomic backgrounds, may be more likely to rely on
advice from family members rather than healthcare professionals, increasing their susceptibility
to misinformation and malnutrition practices.!*! To address this, culturally competent care is
crucial. This can include using interpreters, providing materials in multiple languages, and
ensuring that healthcare staff receive training on cultural competence.'*! Such intervention can

help build trust and improve breastfeeding outcomes within diverse communities.
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Mothers with lower levels of education and income are also more likely to discontinue
breastfeeding by one month postpartum.'3? In particular, the timing of breastfeeding cessation is
closely linked to the timing of returning to work, suggesting that many women struggle to
balance work and breastfeeding.! Interestingly, in areas of extreme food insecurity, such as in
Haiti, mothers who cannot afford alternative infant food are more likely to exclusively
breastfeed.!** This phenomenon, referred to as “last resort exclusively breastfeeding,” reflects the
lack of viable alternatives rather than a deliberate choice to breastfeed.!3*

Several factors contribute to these disparities, including lack of social, workplace, and
cultural support, language and literacy barriers, and limited access to breastfeeding
information.!3>13° Additionally, women in underserved communities often experience higher
rates of perinatal depression and preterm births, which can be exacerbated by stressors such as
discrimination, economic hardships, and occupational strain.!#%- 14! These challenges are linked to
poorer maternal and infant health outcomes, particularly among disadvantaged socioeconomic
groups, who face barriers such as transportation issues, lack of breastfeeding information and
mistrust of the healthcare system.!#> 43 These barriers may be linked to poorer healthcare
utilization.!#?

One major barrier minority groups face is inadequate access to accurate breastfeeding
information.!* Studies show that minority women often require more tailored information to
address complications during breastfeeding and that they are more likely to experience
differential treatment from healthcare providers, including insufficient breastfeeding
encouragement.'?®
Social support also plays a critical role in infant feeding practices. Research suggests that

when fathers and grandmothers participate in infant care, breastfeeding rates improve, with
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infants more likely to receive the minimum number of meals per day and have greater meal

diversity.'#

This underscores the importance of a strong social network in supporting optimal
infant feeding practices.

Workplace policies that support breastfeeding are another key factor.!* Studies show that
U.S. states with breastfeeding legislation between 1990 and 2011 saw a 2.3% increase in
breastfeeding rate.!*® Thus, enforcing and expanding breastfeeding-friendly workplace policies is
essential for improving breastfeeding outcomes among Americans.

Community-level interventions, such as those provided through the Women, Infants, and
Children (WIC) program, healthcare facilities, and community agencies, can help improve
breastfeeding perceptions and outcomes among minority women. ' However, more targeted
efforts are needed to understand the unique needs and preferences of these communities to
design effective interventions.!#6

Mass media, including television, newspapers, and smartphone apps, also influence
public perceptions of breastfeeding.'4” However, there remains a gap in the utilization of mass
media to promote positive breastfeeding messages. While online breastfeeding support exists, it
is not widely known or accessible to the general public. There is significant potential to improve
how mass media can be leveraged to spread positive breastfeeding perceptions.!4’

In conclusion, these findings highlight how sociodemographic characteristics impact
infant feeding practices, which, in turn, have significant long-term health implications for both
mothers and infants. Addressing the disparities in breastfeeding initiation and duration requires a

comprehensive approach that includes policy changes, culturally competent care, community

support, and targeted media campaigns. By understanding and addressing the unique needs of
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different sociodemographic groups, we can work towards reducing breastfeeding disparities and

improving maternal and child health outcomes.

2.5 Maternal Sociodemographic Characteristics and Usage of Animal Milks in Infant and Early
Child Feeding Practices

Sociodemographic characteristics significantly influence infant feeding practices,
including the use of animal milks as alternatives to breast milk.!**: 4 The socioeconomic status
(SES) of a household can directly impact whether an infant is breastfed exclusively during the
first six months of life, a critical period for infant development.'*® Infants from lower SES
backgrounds are less likely to be exclusively breastfed, which can have long-term health
consequences.'*® Additionally, when animal milk is used as a substitute for breast milk, it can
introduce a range of health risks due to its lack of essential nutrients for infants.!#’ Understanding
how SES factors affect the use of animal milks in infant feeding is crucial for improving infant
health outcomes, as these practices intersect with economic, cultural, and nutritional factors.?*:
148-151

While animal milks such as cow, buffalo, goat, sheep, and camel’s milk are commonly
used in some regions, they are not recommended for infants under one year of age.!>? The World
Health Organization (WHO) and the American Academy of Pediatrics (AAP) both advise against
introducing animal milk before the age of one due to the potential for serious health issues.!>
For instance, cow's milk can lead to iron deficiency, intestinal bleeding, dehydration, and
inhibition of iron absorption, all of which can severely impact an infant’s development.® The
early introduction of cow’s milk has also been linked to reduced breastfeeding duration and

151

frequency, which further exacerbates the risks of poor nutrition.'>" In developing countries,
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where exclusive breastfeeding is associated with reduced morbidity and mortality, the early use
of animal milks can have especially detrimental effects, including higher rates of anemia,
diarrhea, and gastrointestinal issues due to the milk’s poor digestibility and nutrient profile.!>% 153

Despite the nutritional benefits that certain animal milks may offer, for example, calcium
in cow and buffalo milk, protein content in goat milk, or bioactive compounds in sheep milk,
these milks fall short in providing essential nutrients that infants need for growth.33: 8793, 102, 154
For example, although some animal milks are rich in vitamin D and calcium, they lack adequate
amounts of essential fatty acids, essential amino acids, and other micronutrients that breast milk
or formula provide.'** The lack of iron and other critical nutrients in animal milks can lead to
iron deficiency anemia and other developmental delays.® 13! Moreover, the introduction of
animal milks before one year old may interfere with an infant’s ability to digest and absorb the
nutrients it needs.!>% 1>* As such, animal milks should not replace breast milk or infant formula in
the first year of life, as the risks outweigh any potential benefits.%- 152 154

The cost of animal milk is often cited as a reason why families, particularly those from
low-income households, may choose it over infant formula.'>®> In many low- and middle-income
countries, animal milks are seen as a more affordable and accessible alternative to formula.'>>
However, this cost-effectiveness is short-sighted, as it may result in higher healthcare costs later
due to the potential health issues caused by early animal milk consumption.!>® These include the
risk of gastrointestinal distress, dehydration, and anemia, all of which disproportionately affect
children in lower-income households who may have limited access to healthcare resources. '
Furthermore, families may lack adequate education or resources to understand the nutritional

risks associated with animal milk, leading them to make decisions that harm their child’s long-

term health.!?>
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Good nutrition during the first two years of life is crucial for long-term physical and
cognitive development.!>® Children who receive proper nutrition during this critical period have
higher rates of school enrollment and completion, which can later influence their earnings and
economic productivity as adults.!>” Conversely, poor infant nutrition due to inappropriate feeding
practices, such as the early introduction of animal milk, can lead to long-term developmental
delays, cognitive deficits, and poorer health outcomes, perpetuating cycles of poverty and
disadvantage.'>” Therefore, improving infant feeding practices in low-income households is
essential for breaking these cycles and promoting better health and educational outcomes in the
future. !’

In conclusion, the usage of animal milks in infant and early childhood feeding practices is
heavily influenced by sociodemographic factors, including economic constraints, cultural beliefs,
and access to healthcare,!48-131- 154, 136. 157 While animal milks may offer some nutritional benefits,
they are not suitable substitutes for breast milk or infant formula in the first year of life.!>* The
risks associated with early animal milk consumption, including iron deficiency, gastrointestinal
issues, and developmental delays, underscore the need for improved education and policies to

ensure that all infants receive the optimal nutrition for healthy growth and development,!48-151. 154,

156, 157

2.6 Usage of Animal Milks in Breastfeeding Practices

Cow's milk-based formula and animal milks remain widely used in infant feeding,
particularly in developing countries.®!-# Animal milk is often used as an alternative due to its
composition, which is similar to that of human breast milk.’* As mentioned previously, animal

milk provides a plethora of benefits, such as calcium in cow and buffalo milk, protein content in
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goat milk, vitamin C in camel milk, and bioactive compounds in sheep milk.33 8793 102, 156

However, like human milk, the composition of animal milk can vary considerably based on
factors such as environmental conditions, maternal diet, stage of lactation, species, and
genetics.® Despite the nutritional benefits that certain animal milks may offer, these milks fall
short in providing essential nutrients that infants need for growth and are not recommended for
infants under one year of age.?> 87- 95 102. 134,156 Gijyen its extensive use, animal milk should be
further studied to ensure it supports infant health and well-being.

Buffalo milk is widely consumed in Asia, particularly in Pakistan and India, where it is
preferred for its rich flavor and texture.®* 8 Goat milk is popular in Africa and South Asia, often
consumed raw for its perceived health benefits.3* > °* Sheep milk is commonly consumed in
Europe, the Mediterranean, and the Middle East, where the climate is less suitable for cow milk
production, making sheep a more reliable source of milk.*> 1! Camel milk is primarily
consumed in the Middle East and Arabian regions, with its popularity significantly increasing in
recent years.3* 10 These animal milks are often more accessible and easier to obtain in these
regions, where they have long been part of traditional diets.3% °!- 94 100.109 The convenience of
these milk sources, whether due to local availability, cultural preferences, or economic factors,
makes them more likely to be used as alternatives to formula in infant feeding practices.

Some minority communities in the United States, such as African Americans, may have
perceptions that discourage breastfeeding, with negative views contributing to lower
breastfeeding rates.!>® A great deal of what women know about breastfeeding is shaped by their
experiences growing up, including media portrayals, family discussions, and community
influences, all of which help form their perceptions and experiences around infant feeding.!>3- 15

Among the common barriers to breastfeeding are fears that it may lead to infants becoming

50



overly dependent on their mothers, concerns about pain, and feelings of embarrassment or
inconvenience.!6%-162 Additionally, the cost of animal milk is often a significant factor why
families, particularly those from low-income households, may opt for it instead of breast milk or
infant formula.!*® In many low- and middle-income countries, animal milks are viewed as a more
affordable and accessible alternative to formula.!%¢

In conclusion, the widespread use of animal milks for infant feeding, particularly in
certain subpopulation groups, underscores the importance of understanding factors influencing

their selection, from cultural perceptions to economic considerations.
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CHAPTER 3
ASSOCIATION BETWEEN SOCIODEMOGRAPHIC CHARACTERISTICS AND INFANT
FEEDING BELIEFS OF ANIMAL MILK AS AN ALTERNATIVE TO HUMAN BREAST

MILK AMONG WOMEN OF CHILDBEARING AGE!
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Abstract
Background: The CDC and the Dietary Guidelines for Americans recommend exclusive
breastfeeding for the first six months, with continued breastfeeding for up to one year or beyond
yet in 2021, only 27.2% of US infants were exclusively breastfed for six months. One of the
Healthy People 2030 breastfeeding objectives is to increase the percentage of infants exclusively
breastfed for the first six months of life to 42.4%. To achieve this goal, the United States must
make significant progress over the next five years. But if infants are not exclusively breastfed
during this critical period, what are they being fed? One common substitute for breast milk is
animal milk, which is often chosen for reasons such as convenience, breastfeeding challenges,
infections, or other health issues. However, many mothers are unaware of the potential risks
associated with using animal milk as a breast milk substitute (BMS).
Objectives: This study examined the association between sociodemographic characteristics and
knowledge of breastfeeding recommendations, laws and legislation awareness, and perceptions
of animal milk as breast milk alternative among childbearing age women in the United States.
Methods: This study was a cross-sectional online national survey of women of childbearing age
across the United States hosted on Qualtrics.
Results: Out of the 842 participants, the majority were over 20 years old, white,
married/cohabiting, with a college degree or higher, resided in the Southern US, worked full
time, and had an annual household income above $100,000. Sixty-two percent of participants
correctly identified the 6-month exclusive breastfeeding recommendation, with knowledge

highest among women aged 30-39 (51.1%). Although no significant associations were observed

72



between sociodemographic factors and awareness of this recommendation, other aspects of
breastfeeding knowledge, like the necessity of water and nutrient supplements during exclusive
breastfeeding, did show significant associations with age, marital status, and race (p < 0.05).
Awareness of breastfeeding laws varied by region, employment status, income, age, marital
status, household size, and number of children. Unemployed participants were less likely to
know workplace pumping rights (OR = 0.55, p = 0.005), while those from households with five
or more members had greater awareness (OR = 4.45, p = 0.030). Participants reported two or
more animal milks (cow, goat, sheep, camel, and/or buffalo milk) as appropriate for infant
feeding. However, for the reason to feed animal milk as an alternative to breast milk to infants,
nearly half (44.1%) of the participants gave reasons ranging from unsure, convenience, infant
having acid reflux, and mother having had double mastectomy, among others. Married (89%)
and White (74%) participants demonstrated higher awareness of the recommendation on when to
introduce cow’s milk.

Conclusions: This study reveals significant disparities in infant feeding knowledge and
awareness of breastfeeding laws among U.S. women of childbearing age by income,
employment, and marital status. Lower-income and single women were less aware of
breastfeeding guidelines/recommendations and legislation, which may be contributing to lower
breastfeeding rates. Additionally, misinformation about animal milk as breast milk alternative
was more common in smaller households and among women without children. The findings
emphasize the need for targeted interventions, stronger workplace policies, and accessible infant

feeding education to better support mothers, especially those in underserved communities.
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3.1 Introduction

Breastfeeding reduces the risk of infant mortality and infections by increasing the infant's
immune response.! Although the World Health Organization (WHO) recommends exclusive
breastfeeding for the first 6 months of life, followed by complementary feeding alongside
breastfeeding from 6 months and continuing up to 2 years, unfortunately this is not always
known or followed by mothers.? Sociodemographic factors, such as race/ethnicity, education,
age, income, marital status, and geographic location have been reported as key determinants of
breastfeeding rates and success. According to data from the CDC, these factors influence the
likelihood of breastfeeding.’ In situations where alternative feeding is necessary, animal milk has
been used as an alternative due to perceived similar nutritional properties to human breast milk.*

Breastfeeding offers numerous short- and long-term benefits for both infants and
mothers. Studies show that breastfeeding promotes higher intelligence and lower rates of obesity
and diabetes later in life.’ It boosts the infant's immune response, leading to fewer
hospitalizations and a reduced risk of conditions such as asthma, leukemia, celiac disease,
inflammatory bowel disease (IBD), cavities, and sudden infant death syndrome (SIDS).! ¢ For
mothers, breastfeeding is cost-effective, lowers the risk of postpartum depression, aids in
postpartum weight loss, and promotes physical and emotional bonding.”-® It also accelerates
recovery, reduces the risk of certain cancers, type 2 diabetes, cardiovascular diseases, and high
blood pressure.”-8

Breast milk provides all the essential nutrients a newborn needs for growth and health.? It
contains optimal levels of carbohydrates, fats, proteins, and micronutrients, with lactose being
the primary carbohydrate, which aids digestion and supports intestinal microbiota.! Whey and

casein are the main proteins, with whey being easier to digest, and certain proteins like
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lactoferrin, secretory IgA, and lysozyme offer antibacterial and antiviral benefits.!% !

Triglycerides, the main fat component, are crucial for brain and central nervous system
development, and for the absorption of fat-soluble vitamins.!% !! While breast milk provides
sufficient micronutrients for most infants, supplementation may be necessary for vitamin D, K,
and iron.'% ! Bioactive factors like white blood cells, microRNAs, growth factors, and prebiotics
support immune function and gut health.!!: 12

The composition of breast milk varies based on the stage of lactation, the mother’s diet,
and environmental factors. Lactation progresses through three stages, lactogenesis I (activation
from third trimester of pregnancy), lactogenesis II (activation after birth), and lactogenesis 111
(maintenance).'® ' The three stages of breast milk include colostrum which is nutrient-dense and
low in fat, transitional milk which increases in volume and fat, and mature milk which provides
high fat for satiety.” 1% 1> Additionally, milk composition changes during a feeding session, with
foremilk being lower in fat and hindmilk higher in fat to satisfy the infant's needs.'°

Human breast milk is the optimal infant feed, but in certain cases, alternatives are
necessary. !¢ In the 19th century, wet nurses and later animal milk became popular substitutes,
before the development of infant formula in the 20th century.!” Animal milk, especially cow
milk, is commonly used due to its similar composition to human milk, although it can vary based
on species, environment, and maternal diet.* '* For example, cow’s milk contains more protein,
calcium, cholesterol, and saturated fat than human milk.* '*-2° Buffalo milk, often consumed in
Asia, has more fat and protein than human milk and is rich in calcium and phosphorus.* 1820, 31
Goat milk, popular in Africa and South Asia, closely mirrors human milk in protein content and
fat structure, making it easier to digest, though it has less iron.* '8 192122 Sheep milk, with its

high fat and protein content, as well as bioactive factors, offers energy and health benefits, but
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has higher cholesterol levels than human breast milk.* 23-? Camel milk, consumed in the Middle
East, is low in fat but high in vitamin C, iron, and unsaturated fatty acids, though its composition
varies vastly.!®2%-30-34 While each animal milk has desirable qualities, they are not identical to
human breast milk, making human milk the optimal choice for infant nutrition.

Sociodemographic characteristics, including factors such as socioeconomic status,
income, education, race, and living conditions, significantly impact infant feeding practices.?>-3’
Women from lower socioeconomic backgrounds are less likely to initiate breastfeeding or
breastfeed exclusively for six months.*® Race also influences feeding behaviors, with Non-
Hispanic White women more likely to breastfeed exclusively compared to Non-Hispanic Black
and Hispanic women.* Higher education levels and income are associated with a greater
likelihood of intending to breastfeed exclusively.* Studies also show that Asian and White
mothers are more likely to initiate breastfeeding compared to American Indian/Alaska Native
and Black mothers, while lower education and income levels correlate with earlier cessation of
breastfeeding.*’- 4! These findings highlight how sociodemographic factors shape infant feeding
practices, which have lasting health implications.

Although previous research has shown disparities in breastfeeding initiation and duration
among some groups, less is known about how sociodemographic characteristics are associated
with knowledge of women in the U.S., specifically regarding breastfeeding recommendations,
laws, and use of animal milk as breast milk alternative. There is limited research on the
association of sociodemographic characteristics and awareness of U.S. breastfeeding laws and
legislation. Additionally, there is limited research on the association of sociodemographic

characteristics and awareness of the appropriate use of animal milk in infant feeding. Addressing
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this gap in knowledge is important to inform programs and policies to improve infant feeding
practices and infant health.

This study investigated the association between sociodemographic characteristics and the
knowledge of breastfeeding recommendations, knowledge of breastfeeding laws/legislation, and
use of animal milk as an alternative to human breast milk among women of childbearing age.
The first aim examined the role of sociodemographic factors in women’s knowledge of
breastfeeding recommendations. The second aim focused on assessing women's awareness of
breastfeeding laws and legislation, such as the Affordable Care Act and the Fairness for
Breastfeeding Mothers Act of 2019. The third aim assessed women’s knowledge regarding the

appropriateness and safety of using animal milk as a substitute for breast milk.

3.2 Methods
3.2.1 Study Design

This was a cross-sectional, online national survey hosted on the Qualtrics platform. A
link or QR code of a virtual flyer was sent to various Facebook groups, including parenting and
mothers’ groups, as well as breastfeeding organizations such as breastfeeding coalitions,
lactation clinics, and birth centers. The study was reviewed and approved by the Human Subject
Institutional Review Board of the University of Georgia (PROJECT00008823). Participants
consented to the study after reading the consent letter prior to answering the survey questions.
The survey was initially launched on February 2, 2024, and remained open until October 2,

2024. Participants were initially contacted via Facebook groups. Follow-up messages with the
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flyer were sent out once a month. Additionally, breastfeeding organizations were contacted to

help reach more participants.

3.2.2 Participant Recruitment and Analytical Sample

The study was conducted nationally in the United States. For eligibility, participants had
to be between 18 and 49 years old, identified as female, and lived in the United States. Screener
questions at the beginning of the survey filtered out ineligible participants. The screener
questions included, “What do you identify as?” “Do you reside in the United States?” (yes or no)
and “Which category below includes your age?” These three eligibility questions ensured that
the survey was completed by only the target population. A subsample of 842 participants who

completed at least 80% of the survey was included in the data analysis.

3.2.3 Survey Instrument

Questions used for the study questionnaire were adopted from validated previously used
questionnaires that assessed sociodemographic and infant feeding knowledge.*>*¢ Key questions
from these surveys were utilized as the foundation, supplemented by additional questions
designed to meet the specific objectives of this study. The study questionnaire consisted of five
main sections preceded by the eligibility screener questions. 18 questions on sociodemographic
factors were asked at the beginning of the survey. The following six questions assessed
participants' breastfeeding knowledge of recommendations. The next five questions were on
breastfeeding laws and regulations. The following 11 questions were on breastfeeding
alternatives, specifically animal milk. The final set of questions were answered only by women

who were parents or guardians. This section covered 12 breastfeeding questions for mothers. The
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survey included 52 questions, consisting of multiple-choice, text-entry, and matrix table formats,

and was designed to take approximately 15-30 minutes to complete.

3.2.4 Measures
Sociodemographic Characteristics

The section on sociodemographic characteristics consisted of 18 questions adapted from
validated sources, including a National Institute for Health and Care Research (NIHR)
randomized controlled trial on the assessment of nausea in chemotherapy research, the Centers
for Disease Control and Prevention (CDC) infant feeding practices study, and the American
Academy of Family Physicians (AAFP) short-form social needs screening tool.*** Two food

security-related questions were adopted from the AAFP short-form social needs screening tool.**

Breastfeeding Knowledge

The breastfeeding knowledge block consisted of six open-ended text-entry questions
designed to assess participants’ knowledge of key breastfeeding practices and recommendations,
with some adapted from the Bright Futures Nutrition Questionnaire.*’ These questions included
(1) the recommended number of months to exclusively breastfeed, (2) signs that indicate an
infant is hungry, (3) the frequency of feeding an infant, (4) the appropriate age to cease
breastfeeding, (5) whether additional water is needed for exclusively breastfeeding infants, and
(6) the necessity of nutrient supplements during exclusive breastfeeding.

The questions were developed based on current guidelines and breastfeeding education
priorities. Responses were reviewed and coded (scoring rubric 1= accurate knowledge, 2=

inaccurate knowledge) to categorize answers as correct or incorrect. For instance, responses to
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nutrient supplements being necessary were scored as correct if they aligned with current health
recommendations (e.g., "supplemental vitamin D"). Responses falling outside the recommended
range were categorized as incorrect. By including text-entry questions, we aimed to capture
participants' unprompted knowledge, avoiding potential biases introduced by multiple-choice
formats. While this approach provided richer qualitative data, it required manual coding for

analysis.

Breastfeeding Laws and Regulations

The breastfeeding laws and regulations section of the survey consisted of four open-
ended text-entry questions and one multiple-choice question designed to assess participants’
knowledge of current laws and workplace policies related to breastfeeding. These questions
addressed critical areas such as the accommodations employers are required to provide for
breastfeeding employees, whether break times for breastfeeding or pumping are paid or unpaid,
and the locations where breastfeeding is legally permitted for postpartum mothers within the
working setting.

Understanding breastfeeding laws and regulations is a fundamental aspect of creating
supportive environments for breastfeeding mothers, particularly in workplaces where compliance
with such laws can significantly impact a mother’s ability to balance breastfeeding with

employment.

Breast Milk Alternatives

The breast milk alternatives block contained 11 questions to assess participants'

knowledge of the appropriateness of animal milk in infant feeding practices. The first two
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questions ask which, if any, animal milk can be used as an alternative to human breast milk. The
following questions explored maternal consumption of animal milk, reasons for feeding infants
animal milk, infants' allergic reactions to animal milk, CDC guidelines on introducing animal
milk, the role of cow’s milk in an infant’s diet, and whether whole or lower-fat cow’s milk is
more suitable for infants. Understanding these behaviors and beliefs is crucial for identifying
gaps in education and providing a foundation for future efforts to improve infant feeding

practices and align them with evidence-based recommendations.

Participants with Young Children

Breastfeeding questions for mothers’ block contained 12 multiple-choice, open-ended
text-entry, and matrix table questions to assess participants’ experiences and knowledge related
to childbirth. More specifically, these 12 questions consisted of 10 multiple-choice, one open-
ended text-entry, and 1 matrix table questions. These questions covered topics such as multiple
or preterm births, NICU stays for the youngest child, the child’s age, WIC enrollment,
attendance at breastfeeding classes, breastfeeding support from doctors or staff, experiences and
support at the hospital or birth center, resources provided, and feeding method at discharge.
Several questions were adapted from the UNICEF/WHO Questionnaire for Breastfeeding
Mothers.*¢ This section was essential for identifying gaps in breastfeeding support and education,
providing a foundation for targeted interventions to improve maternal and infant health

outcomes.
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3.2.5 Statistical Analysis

All analyses were conducted using IBM SPSS Statistical software version 29. For
analysis, a p-value of < 0.05 was considered as a criterion for statistical significance. The dataset
was downloaded from Qualtrics and imported into SPSS, coded, cleaned, and checked for
missing responses. Participants who did not complete 80% or more of the survey were excluded
from the data analysis. Certain variables were recoded based on participant responses and small
sample size. The education variable was originally coded as 1 = less than 12th grade, 2 = high
school graduate or GED, 3 = some college/technical school training, 4 = college graduate (BA or
BS), 5 = Graduate school degree, and 6 = other (please specify). Based on responses, the
education variable was recoded as 1 = < high school/GED, 2 = some college/technical school
training, 3 = college graduate, and 4 = graduate school or higher. The employment variable was
originally coded as 1 = works full-time, 2 = works part-time, 3 = temporarily unemployed, and 4
= not employed, which was recoded based on participant responses as 1 = full-time, 2 = part-
time, and 3 = unemployed. The race variable was originally coded as 1 = White, 2 =
Black/African American, 3 = American Indian or Alaska Native, 4 = Asian, 5 = Native Hawaiian
or other Pacific Islander, and 6 = Other (please specify). This variable was recoded as 1 = White,
2 = Black/African American, 3 = Other/multiracial. Household annual income variable was
originally coded as 1 =< $5,000, 2 = $5,000-19,999, 3 = $20,000-49,999, 4 = $50,000-99,999, 5
= $100,000-149,999, 6 => $150,000, 7 = don't know, and 8 = choose not to answer. This
variable was recoded as 1 =< $20,000, 2 = $20,000-49,999, 3 = $50,000-99,999, 4 = $50,000-
99,999, and 5 => $100,000. The variable assessing which animal milk is appropriate for infants
under six months was initially coded as follows: 1 = cow milk, 2 = buffalo milk, 3 = goat milk, 4

= sheep milk, 5 = camel milk, 6 = none of these are suitable alternatives to human breast milk,
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and 7 = two or more animal milks. It was later recoded into four categories: 1 = cow milk, 2 =
goat milk, 3 = sheep milk, and 4 = two or more milks. Similarly, the variable assessing
appropriate animal milk for infants aged 6—12 months was originally coded with the same seven
categories. It was then recoded into five categories: 1 = cow milk, 2 = goat milk, 3 = sheep milk,
4 = camel milk, and 5 = two or more milks.

Participants self-reported their state of resident in the U.S. Based on the reported state of
resident, we grouped them into geographical regions. The U.S. Census Bureau divides the U.S.
into four regions; Northeast, Midwest, South, and West. The Northeast geographical region
included Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont, New
Jersey, New York, and Pennsylvania. The Midwest geographical region includes Illinois,
Indiana, Michigan, Ohio, Wisconsin, lowa, Kansas, Minnesota, Missouri, Nebraska, North
Dakota, and South Dakota. The South geographical region included Delaware, Florida, Georgia,
Maryland, North Carolina, South Carolina, Virginia, West Virginia, Alabama, Kentucky,
Mississippi, Tennessee, Arkansas, Louisiana, Oklahoma, and Texas. The West geographical
region included Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Wyoming,
Alaska, California, Hawaii, Oregon, and Washington.

To prepare the data for logistic regression analysis, response categories were consolidated
into 'accurate' and 'inaccurate' classifications. The variable on recommended age to introduce
cow's milk into a child’s diet was coded as “inaccurate” (<1 year/unsure/other) and “accurate” (1
year/>1 year). The variable on a woman’s right to pump breast milk at work after giving birth
was coded as “inaccurate” (<1 year/unsure) and “accurate” (1 year/>1 year). The variable on
legislation surrounding paid or unpaid break time to pump breast milk was coded as “inaccurate”

(breaks are not paid/unsure/depends/other) and “accurate” (breaks are paid). The variable on
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employer provisions for workers expressing breast milk at the workplace was coded as
“inaccurate” (a room/break time/other) and “accurate” (a room and break time). These
adjustments were made to distinguish correct responses from incorrect ones.

Food insecurity was assessed using two yes/no questions: (1) 'Within the past 12 months,
I have worried whether my food would run out before I had money to buy more,' and (2) "Within
the past 12 months, the food I bought just didn’t last, and I didn’t have money to get more.' A
score of 1 was assigned for each 'yes' response and 0 for each 'no' response, resulting in total
scores ranging from 0 to 2. Scores of 0 indicated food security, and 1 and 2 indicated food
insecurity.*’

Descriptive statistics using chi-square were conducted to examine categorical
associations between sociodemographic characteristics and infant feeding knowledge and
awareness of breastfeeding laws. Multivariate logistic regression was conducted to determine
independent predictors of outcomes adjusting for participant age. Hosmer-Lemeshow Test was

conducted to assess the stability of the multivariate logistic regression models.
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3.3 Results

3.3.1 Characteristics of Study Participants

A total of 1,169 national sample of women of childbearing age attempted the Qualtrics
survey. Participants represented all but four states, including Montana, Rhode Island, South
Dakota, and Vermont. This includes 22% from the Northeast region, 8% from the Midwest
region, and 8% from the West region of the U.S. not represented in this study. 327 women
completed less than 80% of the survey and were excluded from the final participant count and
analysis. Of the 842 participants included in the analytical sample, 99% were over 20 years old
(20% 20-29, 50% 30-39, and 29% 40-49 years old), 86% were married/cohabiting, 79% were
white, 82% had a college degree or higher, 89% were not students, 65% resided in the Southern
U.S., 62% worked full time, and 45% reported annual household income above $100,000
(Tablel). Among all participants, 20% were recipients of some form of food assistance. Of these,
8% relied exclusively on food banks or pantries, while the remainder utilized a combination of
SNAP, WIC, and/or food banks or pantries. Among participants in the current study, 88 (10.5%)

were food insecure, while 751 (89.5%) were food secure.
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Table 1 Sociodemographic Characteristics of Participants (N= 842)

n (%)
Age of Participant
18-20 9 (L.1)
21-29 168 (20.0)
30-39 422 (50.1)
40-49 243 (28.9)
Marital Status
Married/Cohabiting 722 (85.7)
Single 119 (14.1)
Prefer not to answer 1(0.1)
Education
<HS/GED 22 (2.6)
Some college/Technical school training 127 (15.1)
College graduate 369 (43.8)
> Graduate school degree 324 (38.5)
Geographical Region
Northeast 90 (10.7)
South 548 (65.4)
Midwest 101 (12.1)
West 99 (11.8)
Household Size
1 16 (1.9)
2 101 (12.1)
3 226 (27.0)
4 284 (33.9)
>5 210 (25.1)
Housing
Mobile home or trailer 5(0.6)
One family house detached 689 (82.1)
One family house attached to others 64 (7.6)
A building for two families 11(1.3)
A building for three or more families 45 (5.4)
Other 25 (3.0)
Home Ownership
Owned 688 (79.6)
Rented 162 (19.3)
Occupied without rent 8 (1.0)
No permanent residence 1(0.1)

86




n (%)

Employment

Full time 517 (61.5)

Part-time 137 (16.3)

Not employed 187 (22.2)
Student

Yes 96 (11.4)

No 743 (88.6)
Race

White 664 (79.3)

Black/African American 102 (12.2)

Other?/Multiracial 71 (8.5)
Hispanic/Latino/Spanish Origin

Yes 69 (8.3)

No 764 (91.7)
Health Insurance

Government funding 80 (9.6)

Insured through employer 623 (74.5)

Private insurance 117 (14.0)

Uninsured 16 (1.9)
Household Annual Income

< $20,000 21 (2.6)

$20,000-49,999 45 (5.7)

$50,000-99,999 167 (21.0)

> $100,000 562 (70.7)
Recipient of Food Assistance Program

Yes 169 (20.1)

No 670 (79.9)
Worried About Food Running Out

Yes 84 (10.0)

No 755 (90.0)
Food Didn’t Last

Yes 57 (6.8)

No 783 (93.2)
How Many Children

None 158 (18.8)

1 228 (27.1)

2 287 (34.2)
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n (%)

3 117 (13.9)
4 or more 50 (6.0)

a0ther race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific
Islander
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3.3.2 Role of Sociodemographic Factors on Breastfeeding Knowledge

Sixty-two percent (62%) of participants knew the recommendation for how many months
to exclusively breastfeed an infant (6 months) (Figure 1). In Figure 1, the 30-39 age group had
the highest number of correct responses (215/842). The 18-20 age group had the fewest correct
responses (4). Table 2 explores additional sociodemographic factors related to the perceived
number of months to exclusively breastfeed an infant, with no factors having a significant
association with knowledge of the recommendation. Table 3 shows participant opinions on
whether infants need water during exclusive breastfeeding, with significant associations found
for age, marital status, household size, employment, race, and number of children (p < 0.05).
Notably, participants aged 30-39 (53%) and those who were married/cohabiting (90%) provided
the correct response (infants do not need water during exclusive breastfeeding). Table 4
examines participant opinions on whether exclusively breastfed infants need nutrient
supplements, with significant associations for age, marital status, education, household size, race,
income, and number of children (p < 0.05). The higher income group (> $100,000, 82%) and
married participants (96%) were most likely to recognize vitamin D as a necessary nutrient
supplement during exclusive breastfeeding. Table 5 examines maternal perceptions of when
infants should stop breastfeeding. Age, marital status, household size, race, number of children,
and food assistance program participation showed significant associations (p < 0.05). Non-
recipients of food assistance program (86%) and married participants (82%) were most likely to

report 12-23 months.
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Figure 1 Perceived Months of Exclusively Breastfeeding by Participant Age
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Table 2 Perceived Months of Exclusively Breastfeeding by Participant Characteristics

< 6 months 6 months > 6 months Unsure P-value
n (%) n (%) n (%) n (%)
Age 0.165
18-20 0 (0.0) 4 (1.0) 3(L.1) 0 (0.0)
21-29 15 (28.8) 77 (18.3) 59 (21.0) 153 (20.1)
30-39 15 (3.9) 215 (51.1) 147 (52.3) 4 (44.4)
40-49 22 (42.3) 125 (29.7) 72 (25.6) 3(33.3)
Marital Status 0.290
Married/cohabiting 42 (80.8) 370 (87.9) 235 (83.6) 8 (88.9)
Single 10 (19.2) 51 (12.1) 46 (16.4) 1(11.1)
Education 0.186
<HS/GED 0 (0.0) 10 (2.4) 7 (2.5) 1(11.1)
Some college/Technical training | 10 (19.2) 61 (14.5) 41 (14.6) 0 (0.0)
College graduate 20 (38.5) 173 (41.1) 135 (48.0) 6 (66.7)
> Graduate school degree 22 (42.3) 177 (42.0) 98 (34.9) 2(22.2)
Geographical Region 0.140
Northeast 3(5.8) 48 (11.4) 29 (10.4) 0 (0.0)
South 44 (84.6) 268 (63.8) 187 (66.8) 8 (88.9)
Midwest 2 (3.8) 48 (11.4) 36 (12.9) 1(11.1)
West 3(5.8) 56 (13.3) 28 (10.0) 0 (0.0)
Household Size 0.832
1 1(1.9) 9(2.2) 5(1.8) 0 (0.0)
2 8 (15.4) 46 (11.0) 40 (14.3) 3(33.3)
3 12 (23.1) 114 (27.3) 75 (26.9) 2(22.2)
4 15 (28.8) 145 (34.7) 87 (31.2) 2(22.2)
>5 16 (30.8) 104 (24.9) 72 (25.8) 2(22.2)
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Employment 0.512
Full time 28 (53.8) 257 (61.0) 179 (63.7) 4 (44.4)

Part time 12 (23.1) 66 (15.7) 47 (16.7) 3(33.3)
Unemployed 12 (23.1) 98 (23.3) 55(19.6) 2(22.2)

Race 0.075
White 47 (92.2) 336 (80.2) 210 (75.0) 9 (100.0)

Black/African American 2(3.9) 51 (12.2) 39 (13.9) 0(0.0)
Other?/Multiracial 2 (3.9 32 (7.6) 31 (11.1) 0 (0.0)

Hispanic/Latino/Spanish Origin 0.653
Yes 5(9.6) 31(7.4) 28 (10.1) 1(11.1)

No 47 (90.4) 386 (92.6) 250 (89.9) 8 (88.9)

Health Insurance 0.609

Government funding 4 (7.7) 42 (10.0) 25(9.0) 0(0.0)
Insured through employer 40 (76.9) 316 (75.4) 206 (73.8) 8 (88.9)
Private insurance 8 (15.4) 50 (11.9) 45 (16.1) 1(11.1)

Uninsured 0 (0.0) 11 (2.6) 3(L.1) 0 (0.0)

Household Annual Income 0.204
<$20,000 4 (8.0) 7 (1.8) 7(2.7) 0 (0.0)
$20,000-$49,999 0 (0.0) 22 (5.2) 15(5.4) 0 (0.0)
$50,000-$99,999 7 (13.5) 85(20.2) 57 (20.4) 2(22.2)
> $100,000 39 (78.0) 285(71.4) 185 (70.1) 7 (77.8)

Number of Children 0.170
None 14 (26.9) 69 (16.4) 67 (23.8) 3(33.3)

1 11 (21.2) 115 (27.3) 74 (26.3) 3(33.3)
2 15 (28.8) 155 (36.8) 81 (28.8) 2(22.2)
3 10 (19.2) 53 (12.6) 44 (15.7) 0 (0.0)

>4 2 (3.8) 29 (6.9) 15 (5.3) 1(11.1)
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Recipient of Food Assistance Program 0.087
Yes 4(7.7) 93 (22.1) 52 (18.5) 2(22.2)
No 48 (92.3) 327 (77.9) 229 (81.5) 7 (77.8)
*0Other race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander
Table 3 Opinion About Infants Needing Water During Exclusively Breastfeeding by Participant Characteristics
Infants do not It is ok for Depends if they | No P-value
need it Infants need it opinion/unsure/
n (%) n (%) n (%) Other?
n (%)
Age <0.001
18-20 3(0.5) 2(4.9) 0 (0.0) 2(2.5)
21-29 105 (17.1) 14 (34.1) 8(32.0) 24 (30.4)
30-39 324 (52.9) 15 (36.6) 11 (44.0) 30 (38.0)
40-49 181 (29.5) 10 (24.4) 6 (24.0) 23 (29.1)
Marital Status <0.001
Married/Cohabiting 552 (90.0) 27 (65.9) 20 (80.0) 54 (68.4)
Single 61 (10.0) 14 (34.1) 5(20.0) 25 (31.6)
Education 0.14
<HS/GED 14 (2.3) 0 (0.0) 0 (0.0) 4 (5.1)
Some college/Technical training | 75 (12.2) 10 (24.4) 5(20.0) 17 (21.5)
College graduate 266 (43.4) 22 (53.7) 13 (52.0) 35 (44.3)
> Graduate school degree 258 (42.1) 9 (22.0) 7 (28.0) 23 (29.1)
Geographical Region 0.014
Northeast 68 (11.1) 5(12.2) 2 (8.0) 4(5.1)
South 386 (63.2) 28 (68.3) 21 (84.0) 67 (84.4)
Midwest 79 (12.9) 2 (4.9) 1 (4.0) 4(5.1)
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West 78 (12.8) 6 (14.6) 1 (4.0) 4(5.1)

Household Size <0.001

1 8(1.3) 2 (4.9) 2 (8.3) 2 (2.5)
2 55(9.0) 10 (20.8) 5(20.8) 23 (29.1)
3 163 (26.8) 12 (29.3) 4 (16.7) 21 (26.6)
4 212 (34.8) 12 (29.3) 7(29.2) 20 (25.3)
>5 171 (28.1) 5(12.2) 6 (25.0) 13 (16.5)

Employment 0.002

Full time 372 (60.7) 29 (70.7) 9 (36.0) 52 (65.8)
Part-time 104 (17.0) 7(17.1) 5(20.0) 11 (13.9)
Temporarily unemployed 16 (2.6) 3(7.3) 4 (16.0) 1(1.3)

Not employed 121 (19.7) 2 (4.9) 7 (28.0) 15 (19.0)

Race 0.034
White 490 (80.3) 26 (63.4) 23 (92.0) 60 (76.9)

Black/African American 76 (12.5) 8 (19.5) 0(0.0) 8 (10.3)
Other®/Multiracial 44 (7.2) 7(17.1) 2 (8.0) 10 (12.8)

Hispanic/Latino/Spanish Origin 0.175
Yes 47 (7.7) 5(12.2) 1 (4.0) 11 (14.1)

No 560 (92.3) 36 (87.8) 24 (96.0) 67 (85.9)

Health Insurance 0.666

Government funding 53 (8.7) 6 (14.6) 5(20.0) 7(9.0)
Insured through employer 460 (75.4) 27 (65.9) 17 (68.0) 61 (78.2)
Private insurance 84 (13.8) 7(17.1) 3(12.0) 9(11.5)

Uninsured 13 (2.1) 1(2.4) 0 (0.0) 1(1.3)

Household Annual Income 0.751
< $20,000 13(2.2) 1(2.6) 1 (4.0) 3(4.3)
$20,000-$49,999 26 (4.4) 3(7.7) 2 (8.0) 6 (8.6)
$50,000-$99,999 121 (20.7) 8 (20.5) 6 (24.0) 17 (24.3)
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> $100,000 425 (72.6) 27 (69.2) 16 (64.0) 44 (62.9)
Number of Children <0.001
None 85(13.9) 20 (48.8) 7 (28.0) 34 (43.0)
1 162 (26.4) 9 (22.0) 9 (36.0) 21 (26.6)
2 227 (37.0) 8 (19.5) 5(20.0) 16 (20.3)
3 96 (15.7) 3(7.3) 2 (8.0) 5(6.3)
>4 43 (7.0) 1(2.4) 2 (8.0) 3(3.8)

20ther includes, “I only gave water once baby started eating table food,” “That’s odd,” “You need to drink a lot of water,” and “None

of my business”

Other race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

Table 4 Opinion of Infants Needing Nutrient Supplements During Exclusively Breastfed by Participants Characteristics

Don’t need it | Need Need Other Unsure/Depe | P-value
n (%) vitamin D vitamin D + [ Supplement | nds?
n (%) other excluding n (%)
supplements | Vitamin D
n (%) n (%)
Age <0.001
18-20 2 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 5@3.1)
21-29 40 (15.2) 30 (13.5) 7(24.1) 19 (28.4) 51(32.1)
30-39 119 (45.1) 147 (65.9) 17 (58.6) 27 (40.3) 67 (42.1)
40-49 103 (39.0) 46 (20.6) 5017.2) 21 (31.3) 36 (22.6)
Marital Status <0.001
Married/Cohabiting 233 (88.3) 214 (96.0) 26 (89.7) 58 (86.6) 110 (69.2)
Single 31 (11.7) 9 (4.0) 3(10.3) 9(13.4) 49 (30.8)
Education <0.001
<HS/GED 4 (1.5) 2(0.9) 1(3.4) 4 (6.0) 4 (2.5)
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Some college/Technical training | 42 (15.9) 22 (9.9) 2(6.9) 15 (22.4) 26 (16.4)
College graduate 125 (47.3) 88 (39.5) 11 (37.9) 22 (32.8) 82 (51.6)
> Graduate school degree 93 (35.2) 111 (49.8) 15 (51.7) 26 (38.8) 47 (29.6)

Geographical Region 0.161

Northeast 26 (9.9) 29 (13.0) 4 (13.8) 6 (9.0) 14 (8.8)
South 165 (63.0) 138 (61.9) 17 (58.6) 47 (70.1) 123 (77.4)
Midwest 33 (12.6) 29 (13.0) 4 (13.8) 9(13.4) 11 (6.9)

West 38 (14.5) 27 (12.1) 4 (13.8) 5(7.5) 11 (6.9)

Household Size <0.001
1 2 (0.8) 0 (0.0) 1(3.4) 2 (3.0) 8(5.1)

2 34 (13.0) 5(2.3) 5(17.2) 10 (14.9) 38 (24.1)
3 62 (23.8) 70 (31.5) 8 (27.6) 13 (19.4) 43 (27.2)
4 82 (31.4) 84 (37.8) 11 (37.9) 26 (38.8) 43 (27.2)
>5 81 (31.0) 63 (28.4) 4 (13.8) 16 (23.9) 26 (16.5)

Employment 0.174
Full time 163 (61.7) 138 (61.9) 11 (37.9) 49 (73.1) 94 (59.1)

Part-time 45 (17.0) 32 (14.3) 8 (27.6) 8(11.9) 31(19.5)
Temporarily unemployed 6(2.3) 6(2.7) 1(3.4) 3(4.5) 7(4.4)
Not employed 50 (18.9) 47 (21.1) 9(31.0) 7(10.4) 27 (17.0)

Race 0.004
White 203 (77.5) 179 (80.6) 23 (79.3) 53 (79.1) 127 (80.4)
Black/African American 40 (15.3) 33 (14.9) 0(0.0) 4 (6.0) 13 (8.2)
Other®/Multiracial 19 (7.3) 10 (4.5) 6 (20.7) 10 (14.9) 18 (11.4)

Hispanic/Latino/Spanish Origin 0.155
Yes 22 (8.5) 15 (6.8) 6 (20.7) 7(10.4) 13 (8.2)

No 238 (91.5) 206 (93.2) 23 (79.3) 60 (89.6) 145 (91.8)

Health Insurance 0.107

Government funding 24 (9.2) 14 (6.3) 2(6.9) 5(7.5) 23 (14.6)
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Insured through employer 192 (73.3) 180 (81.1) 23 (79.3) 52 (77.6) 108 (68.4)
Private insurance 37 (14.1) 27 (12.2) 4 (13.8) 10 (14.9) 22 (13.9)
Uninsured 9(3.4) 1(0.5) 0 (0.0) 0 (0.0) 53.2)

Household Annual Income <0.001
<$20,000 5(2.0) 4 (1.8) 0 (0.0) 2(3.4) 6 (3.9)
$20,000-$49,999 13 (5.2) 4 (1.8) 0 (0.0) 0 (0.0) 17 (11.2)
$50,000-$99,999 55 (22.1) 32 (14.7) 9(32.1) 19 (32.8) 36 (23.7)
> $100,000 176 (70.7) 177 (81.6) 19 (67.9) 37 (63.8) 93 (61.2)

Number of Children <0.001
None 53 (20.1) 6 (2.7) 7 (24.1) 16 (23.9) 62 (39.0)

1 62 (23.5) 72 (32.3) 7 (24.1) 18 (26.9) 38 (23.9)
2 86 (32.6) 87 (39.0) 12 (41.4) 24 (35.8) 41 (25.8)
3 40 (15.2) 39 (17.5) 0 (0.0) 9(13.4) 15(9.4)
>4 23 (8.7) 19 (8.5) 3(10.3) 0 (0.0) 3(1.9)

2Depends includes, “If recommended by a pediatrician,” “Depends if they need it,” “If medically advised,” and “Depends on mother’s

health”

Other race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

Table 5 Maternal Perception of When Infants Should Stop Breastfeeding by Participant Characteristics

<12 months | 12-23 > 24 months | Mother and | Unsure P-value
n (%) months n (%) baby’s n (%)
n (%) choice
n (%)
Age <0.001

18-20 0 (0.0) 5(2.6) 1(1.0) 1(0.2) 0 (0.0)
21-29 13 (54.2) 46 (24.2) 28 (28.3) 65 (14.8) 2(22.2)
30-39 4(16.7) 81 (42.6) 46 (46.5) 246 (55.9) 5(55.6)
40-49 7 (29.2) 58 (30.5) 24 (24.2) 128 (29.1) 2(22.2)
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Marital Status

<0.001

Married/Cohabiting 12 (50.0) 156 (82.1) 75 (75.8) 404 (91.8) 8 (88.9)
Single 12 (50.0) 34 (17.9) 24 (24.2) 36 (8.2) 1(11.1)

Education 0.449

<HS/GED 1(4.2) 4 (2.1) 1(1.0) 11(2.5) 0 (0.0)
Some college/Technical training | 5 (20.8) 32 (16.8) 16 (6.2) 57 (13.0) 2(22.2)
College graduate 13 (54.2) 88 (46.3) 42 (42.4) 187 (42.5) 6 (66.7)

> Graduate school degree 5(20.8) 66 (34.7) 40 (40.4) 185 (42.0) 1(11.1)

Geographical Region 0.329

Northeast 2 (8.3) 18 (9.5) 12 (12.2) 49 (11.2) 0 (0.0)
South 17 (70.8) 141 (74.2) 58 (59.2) 281 (64.0) 8 (88.9)
Midwest 3 (12.5) 18 (9.5) 12 (12.2) 53 (12.1) 0 (0.0)

West 2 (8.3) 13 (6.8) 16 (16.3) 56 (12.8) 1(11.1)

Household Size <0.001

1 0 (0.0) 8(4.2) 4 (4.1) 3(0.7) 0 (0.0)
2 6 (25.0) 35 (18.5) 15 (15.3) 36 (8.2) 3(33.3)
3 14 (58.3) 47 (24.9) 31 (31.6) 109 (24.9) 1(1.1)
4 3 (12.5) 51(27.0) 27 (27.6) 167 (38.2) 3(33.3)

>5 1(4.2) 48 (25.4) 21 (21.4) 122 (27.9) 2(22.2)

Employment 0.604
Full time 12 (50.0) 123 (64.7) 55 (55.6) 271 (61.6) 4 (44.4)

Part-time 5(20.8) 29 (15.3) 16 (16.2) 73 (16.6) 3(33.3)
Unemployed 7(29.2) 38 (20.0) 28 (28.3) 96 (21.8) 2(22.2)

Race 0.008
White 20 (83.3) 152 (80.0) 73 (73.7) 349 (80.0) 8 (88.9)
Black/African American 0 (0.0) 14 (7.4) 15 (15.2) 62 (14.2) 1 (11.1)
Other?/Multiracial 4 (16.7) 24 (12.6) 11(11.1) 25(5.7) 0 (0.0)

Hispanic/Latino/Spanish Origin 0.227
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Yes 3(12.5) 20 (10.6) 12 (12.1) 28 (6.5) 1(11.1)
No 21 (87.5) 169 (89.4) 87 (87.9) 406 (93.5) 8 (88.9)

Health Insurance 0.298

Government funding 1(4.2) 13 (6.8) 14 (14.1) 43 (9.9) 0 (0.0)
Insured through employer 18 (75.0) 143 (75.3) 67 (67.7) 334 (76.6) 6 (66.7)
Private insurance 5(20.8) 31(16.3) 16 (16.2) 49 (11.2) 3(33.3)

Uninsured 0 (0.0) 3(1.6) 2(2.0) 10 (2.3) 0 (0.0)

Household Annual Income 0.171
<$20,000 1(5.6) 6 (3.3) 3(3.2) 8 (1.9) 0 (0.0)
$20,000-$49,999 0 (0.0) 9(4.9) 11 (11.7) 17 (4.1) 0 (0.0)
$50,000-$99,999 5(27.8) 40 (22.0) 18 (19.1) 86 (20.5) 4 (44.4)
> $100,000 12 (66.7) 127 (69.8) 62 (66.0) 308 (73.5) 5(55.6)

Number of Children <0.001

None 15 (62.5) 66 (34.7) 26 (26.3) 42 (9.5) 3(33.3)
1 7 (29.2) 45 (23.7) 31(31.3) 116 (26.4) 1(11.1)
2 2(8.3) 42 (22.1) 26 (26.3) 182 (41.4) 4 (44.4)
3 0 (0.0) 26 (13.7) 99.1) 69 (15.7) 1(11.1)
>4 0 (0.0) 11 (5.8) 7(7.1) 31 (7.0) 0 (0.0)

Recipient of Food Assistance Program 0.008
Yes 1(4.2) 26 (13.7) 28 (28.3) 94 (21.4) 1(11.1)

No 23 (95.8) 164 (86.3) 71 (71.7) 345 (78.6) 8 (88.9)

a0ther race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander
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3.3.3 Awareness of Breastfeeding Laws and Legislation

Table 6 examines awareness of employer obligations for workers expressing milk at
work. The correct response, employers should provide both a room and break time, was,
significantly associated with region of resident (p = 0.021), with participants from the South
reporting the highest awareness (61%). Table 7 presents awareness of regulations regarding paid
break time for pumping. Employment status and household income were significantly associated
with awareness of paid breaks for breastfeeding or milk expression at the workplace, with full-
time workers (70%; p = 0.008) and higher-income individuals (70%; p = 0.030) showing greater
awareness. Table 8 presents awareness of the allowable duration a woman has to pump at work
after childbirth. The correct response, 1 year, was most commonly reported. Age, marital status,
household size, and number of children were significantly associated with awareness of the
allowable duration of women being able to express their milk at work after childbirth (p < 0.05).
Figure 2 further illustrates participants response to various questions related to breastfeeding
laws and recommendations. Table 9 presents multivariate logistic regression models examining
sociodemographic predictors of knowledge of workplace pumping rights and awareness of paid
break regulations for pumping at work. For awareness of workplace pumping rights, significant
predictors included employment and household size. Unemployed participants were less likely to
be aware (OR = 0.55, 95% CI: 0.36-0.83, p = 0.005) compared to their full-time employed
counterparts. Participants from households with five or more members had higher odds of
awareness of workplace pumping rights (OR =4.45, 95% CI: 1.16-17.17, p = 0.030). For
awareness of paid breaks, part-time workers were more likely to be aware compared to full-time
workers (OR =2.09, 95% CI: 1.10-3.97, p = 0.024). Higher household income was also a

significant predictor, with those earning $50,000-$99,999 (OR = 4.64, 95% CI: 1.40-15.37,p =
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0.012) and >$100,000 (OR =4.53, 95% CI: 1.36-15.10, p = 0.014) having greater awareness of
paid breaks for breast milk expression laws. Lastly, Table 10 presents multivariate logistic
regression models for predictors of knowledge on general breastfeeding recommendations and
U.S. breastfeeding laws. For general breastfeeding recommendations, participants residing in the
West region were less likely to be knowledgeable compared to those in the Northeast (OR =
0.49, 95% CI: 0.25-0.93, p = 0.030). Marital status showed borderline significance, with
married/cohabiting participants being more knowledgeable (OR = 1.66, p = 0.053). For
knowledge of U.S. breastfeeding laws, unemployed participants had significantly higher odds of

being knowledgeable compared to full-time workers (OR = 2.41, 95% CI: 1.30-4.47, p = 0.005).
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Table 6 Awareness of What an Employer Should Provide to Workers Who Need to Express by Participant Characteristic

A room Break time A room and Other?/unsure P-value
n (%) n (%) break time n (%)
n (%)
Age 0.270
18-20 4 (0.8) 1(7.1) 1(0.4) 0 (0.0)
21-29 91 (19.3) 2 (14.3) 51 (22.5) 5(19.2)
30-39 231 (48.9) 6 (42.9) 118 (52.0) 14 (53.8)
40-49 146 (30.9) 5(35.7) 57 (25.1) 7 (26.9)
Marital Status 0.359
Married/Cohabiting 399 (84.5) 13 (92.9) 202 (89.0) 23 (88.5)
Single 73 (15.5) 1(7.1) 25(11.0) 3(11.5)
Education 0.245
<HS/GED 9(1.9) 1(7.1) 5(12.2) 2(7.7)
Some college/Technical training | 67 (14.2) 2(14.3) 33 (14.5) 6 (23.1)
College graduate 210 (44.5) 8 (57.1) 95 (41.9) 13 (50.0)
> Graduate school degree 186 (39.4) 3(21.4) 94 (41.4) 5(19.2)
Geographical Region 0.021
Northeast 53 (11.3) 0 (0.0) 23 (10.1) 3(11.5)
South 322 (68.5) 12 (85.7) 138 (60.8) 15 (57.7)
Midwest 47 (10.0) 0 (0.0) 38 (16.7) 1(3.8)
West 48 (10.2) 2 (14.3) 28 (12.3) 7 (26.9)
Household Size 0.692
1 12 (2.6) 0 (0.0) 2(0.9) 1(3.8)
2 61 (13.1) 3(21.4) 29 (12.8) 2(7.7)
3 122 (26.1) 2 (14.3) 63 (27.8) 7 (26.9)
4 159 (34.0) 7 (50.0) 71 (31.3) 7 (26.9)
>5 113 (24.2) 2 (14.3) 62 (27.3) 9 (34.6)
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Employment 0.149
Full time 305 (64.6) 9 (64.3) 129 (56.8) 13 (50.0)

Part-time 70 (14.8) 4 (28.6) 39 (17.2) 7 (26.9)
Unemployed 97 (20.6) 1(7.1) 59 (26.0) 6 (23.1)

Race 0.603
White 373 (79.4) 11 (78.6) 179 (79.2) 21 (84.0)
Black/African American 63 (13.4) 2(14.3) 24 (10.6) 1(4.0)
Other®/Multiracial 34 (7.2) 1(7.1) 23 (10.2) 3 (12.0)

Hispanic/Latino/Spanish Origin 0.663
Yes 43 (9.2) 0 (0.0) 18 (8.0) 2(7.7)

No 424 (90.8) 13 (100.0) 208 (92.0) 24 (92.3)

Health Insurance 0.058

Government funding 42 (9.0) 2(14.3) 20 (8.8) 5(19.2)
Insured through employer 359 (76.5) 7 (50.0) 172 (76.1) 17 (65.4)
Private insurance 63 (13.4) 5(35.7) 26 (11.5) 3(11.5)

Uninsured 5(1.1) 0 (0.0) 8(3.5) 1(3.8)

Household Annual Income 0.526
< $20,000 12 (2.7) 0 (0.0) 3(1.4) 2 (8.3)
$20,000-$49,999 25 (5.6) 1(8.3) 8(3.6) 1(4.2)
$50,000-$99,999 92 (20.6) 2 (16.7) 52 (23.6) 3 (12.5)
> $100,000 318 (71.1) 9(75.0) 157 (71.4) 18 (75.0)

Number of Children 0.471
None 96 (20.3) 5(35.7) 42 (18.5) 7 (26.9)

1 125 (26.5) 2(14.3) 58 (25.6) 7 (26.9)
2 161 (34.1) 6 (42.9) 78 (34.4) 4(15.4)
3 65 (13.8) 1(7.1) 30 (13.2) 5(19.2)
4 or more 25(5.3) 0 (0.0) 19 (8.4) 3(11.5)
Recipient of Food Assistance Program 0.834
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Yes
No

99 (21.0)
372 (79.0)

3(21.4)
11 (78.6)

41 (18.1)
186 (81.9)

5(19.2)
21 (80.8)

20ther includes, “Yes” (did not specify what should be provided), “Anything they want,” “Varies by state.”
Other race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

Table 7 Awareness of the Regulations Surrounding Paid Break Time to Pump by Participant Characteristics

Paid breaks Non-paid breaks Unsure/Other? P-value
n (%) n (%) n (%)
Age 0.400
18-20 1(0.8) 0 (0.0) 5(1.0)
21-29 30 (23.1) 22 (23.2) 92 (18.9)
30-39 64 (49.2) 53 (55.8) 238 (48.9)
40-49 35(26.9) 20 (21.1) 152 (31.2)
Marital Status 0.204
Married/Cohabiting 107 (82.3) 86 (90.5) 412 (86.4)
Single 23 (17.7) 9(9.5) 66 (13.6)
Education 0.968
<HS/GED 3(2.3) 3(33.2) 9(1.8)
Some college/Technical training | 19 (14.6) 14 (14.7) 67 (13.8)
College graduate 57 (43.8) 38 (40.0) 219 (45.0)
> Graduate school degree 51(39.2) 40 (42.1) 192 (39.4)
Geographical Region 0.077
Northeast 10 (7.7) 13 (13.7) 51(10.5)
South 89 (68.5) 50 (52.6) 333 (68.7)
Midwest 16 (12.3) 18 (18.9) 50 (10.3)
West 15 (11.5) 14 (14.7) 51 (10.5)
Household Size 0.140

104




1 1 (0.8) 1(1.1) 12 (2.5)
2 19 (14.7) 11 (11.7) 60 (12.4)
3 45 (34.9) 27 (28.7) 112 (23.1)
4 41 (31.8) 30 (31.9) 167 (34.5)
>5 23 (17.8) 25 (26.6) 133 (27.5)
Employment 0.008
Full time 91 (70.0) 63 (66.3) 287 (58.9)
Part-time 16 (12.3) 21 (22.1) 77 (15.8)
Unemployed 23 (17.7) 11 (11.6) 123 (25.3)
Race 0.107
White 102 (79.1) 69 (72.6) 393 (81.2)
Black/African American 17 (13.2) 19 (20.0) 49 (10.1)
Other®/Multiracial 10 (7.8) 7(7.4) 42 (8.7)
Hispanic/Latino/Spanish Origin 0.079
Yes 15 (11.6) 3(3.2) 41 (8.5)
No 114 (88.4) 91 (96.8) 441 (91.5)
Health Insurance 0.860
Government funding 14 (10.8) 10 (10.5) 45(9.3)
Insured through employer 99 (76.2) 70 (73.7) 362 (74.9)
Private insurance 16 (12.3) 14 (14.7) 64 (13.3)
Uninsured 1 (0.8) 1(1.1) 12 (2.5)
Household Annual Income 0.030
< $20,000 6 (4.9) 3(3.2) 8 (1.7)
$20,000-$49,999 6 (4.9) 6 (6.4) 22 (4.8)
$50,000-$99,999 25(20.3) 9 (9.6) 112 (24.3)
> $100,000 86 (69.9) 76 (80.9) 318 (69.1)
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Number of Children 0.331
None 29 (22.3) 14 (14.7) 98 (20.1)
1 41 (31.5) 26 (27.4) 117 (24.0)
2 44 (33.8) 35 (36.8) 165 (33.9)
3 11 (8.5) 13 (13.7) 73 (15.0)
>4 5(3.8) 7(7.4) 34 (7.0)
Recipient of Food Assistance Program 0.306
Yes 20 (15.4) 22 (23.2) 99 (20.4)
No 110 (84.6) 73 (76.8) 387 (79.6)

20ther includes, “Depends on your state,” “Depends on the policy at a job,” “Depends on salaried vs hourly vs contract workers,’

“This was detailed in the PUMP Act,” “Must allow breaks” (did not specify paid or unpaid)
Other race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

b

Table 8 Awareness of Allowable Duration a Women Has to Pump at Work After Childbirth by Participant Characteristic

<1 year 1 year > 1 year Unsure?/Other® | P-value
n (%) n (%) n (%) n (%)
Age 0.008
18-20 1(3.7) 2(0.9) 1(2.9) 2 (0.5)
21-29 11 (40.7) 51 (21.8) 10 (29.4) 75 (17.4)
30-39 9(33.3) 123 (52.6) 18 (52.9) 212 (49.3)
40-49 6 (22.2) 58 (24.8) 5(14.7) 141 (32.8)
Marital Status <0.001
Married/Cohabiting 15 (55.6) 205 (87.6) 30 (88.2) 378 (87.9)
Single 12 (44.4) 29 (12.4) 4(11.8) 52 (12.1)
Education 0.107
<HS/GED 1(3.7) 4 (1.7) 0 (0.0) 11 (2.6)
Some college/Technical training | 5 (18.5) 28 (12.0) 7 (20.6) 64 (14.9)
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College graduate 16 (59.3) 99 (42.3) 9 (26.5) 196 (45.6)
> Graduate school degree 5(18.5) 103 (44.0) 18 (52.9) 159 (37.0)

Geographical Region 0.161

Northeast 3(11.1) 29 (12.4) 3(9.1) 42 (9.8)
South 20 (74.1) 149 (63.7) 19 (57.6) 292 (68.1)
Midwest 3(11.1) 32 (13.7) 2(6.1) 47 (11.0)

West 1(3.7) 24 (10.3) 9(27.3) 48 (11.2)

Household Size <0.001
1 4 (14.8) 3(1.3) 0 (0.0) 7 (1.6)

2 4 (14.8) 21 (9.0) 1(2.9) 67 (15.7)

3 4 (14.8) 65 (27.9) 10 (29.4) 107 (25.1)
4 11 (40.7) 81 (34.8) 14 (41.2) 138 (32.4)
>5 4 (14.8) 63 (27.0) 9(26.5) 107 (25.1)

Employment 0.135
Full time 16 (59.3) 158 (67.5) 18 (52.9) 255(59.3)

Part-time 4 (14.8) 38 (16.2) 9 (26.5) 68 (15.8)
Unemployed 7 (25.9) 38 (16.2) 7 (20.6) 107 (24.9)

Race 0.559
White 20 (74.1) 183 (78.2) 27 (79.4) 341 (80.0)
Black/African American 4 (14.8) 36 (15.4) 3(8.8) 47 (11.0)
Other¢/Multiracial 3(11.1) 15 (6.4) 4(11.8) 38 (8.9)

Hispanic/Latino/Spanish Origin 0.286
Yes 4 (14.8) 14 (6.0) 4(11.8) 37 (8.7)

No 23 (85.2) 219 (94.0) 30 (88.2) 387 (91.3)

Health Insurance 0.312
Government funding 5(18.5) 20 (8.6) 4(11.8) 40 (9.4)

Insured through employer 15 (55.6) 181 (77.7) 26 (76.5) 320 (74.9)
Private insurance 6(22.2) 25(10.7) 4(11.8) 61 (14.3)
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Uninsured 1(3.7) 7 (3.0) 0 (0.0) 6(1.4)

Household Annual Income 0.259
< $20,000 2(8.3) 6 (2.7) 2(5.9) 7 (1.7)
$20,000-$49,999 2(8.3) 12 (5.4) 3 (8.8) 18 (4.4)
$50,000-$99,999 7 (29.2) 51 (23.1) 6(17.6) 81 (19.8)
> $100,000 13 (54.2) 152 (68.8) 23 (67.6) 304 (74.1)

Number of Children 0.003
None 13 (48.1) 34 (14.5) 6(17.6) 91 (21.2)

1 1(3.7) 67 (28.6) 7 (20.6) 113 (26.3)
2 10 (37.0) 85 (36.3) 17 (50.0) 136 (31.6)
3 3(11.1) 36 (15.4) 2(5.9) 58 (13.5)
>4 0 (0.0) 12 (5.1) 2(5.9) 32 (7.4)

Recipient of Food Assistance Program 0.549
Yes 7 (25.9) 42 (17.9) 9 (26.5) 87 (20.3)

No 20 (74.1) 192 (82.1) 25(73.5) 342 (79.7)

aUnsure includes, “Depends on the woman,” Depends what job she has,” “Depends on the employer”

®Other includes, “Immediately/as soon as she returns” (did not answer the question correctly)

°Other race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander
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What employers should provide

Regulation on paid break time

Regulation on pumping in a bathroom

Recommended months to exclusively
breastfeed

Recommendation on extra water for
infants <6 months

Recommendation on extra supplements
for infants <6 months

Recommended infant age to stop
exclusive breastfeeding

0 25 50 75 100

Percentage Correctly Responded

Figure 2 Correct Response for Breastfeeding Laws and Recommendation

Table 9 Multivariate Logistic Regression Models for Sociodemographic Predictors of Knowledge on Workplace Pumping Rights for
Mothers and Paid vs. Unpaid Break Legislation for Pumping at Work

Workplace Pumping Rights® Awareness of Break Time Paid Pumping®
n Odds Ratio | 95% C.I. p-value n Odds Ratio | 95% C.L p-value
Education
<HS/GED 16 1.00
Some college/Technical 102 1.82 0.53,6.25 10.343
College graduate 317 2.06 0.63,6.77 |[0.233
> Graduate school 285 2.93 0.89,9.64 10.078
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Employment

Full time 445 1.00 416 1.00

Part-time 118 0.94 0.61,1.45 |0.773 109 2.09 1.10,3.97 ]0.024

Unemployed 157 0.55 0.36,0.83 | 0.005 145 1.58 0.93,2.67 ]0.088
Household Size

1 14 1.00

2 93 1.37 0.34,5.42 ]0.659

3 186 3.52 0.93, 13.36 | 0.064

4 244 3.62 0.95, 13.71 | 0.059

>5 183 445 1.16,17.17 | 0.030
Home Ownership

Owned 541 1.00

Rented 122 1.57 0.83,2.95 ]0.166

Occupied without rent 7 - - -
Ethnicity

Hispanic 56 1.00

Non-Hispanic 614 1.80 0.94,3.44 10.075
Household Annual Income

< $20,000 17 1.00

$20,000-49,999 34 3.62 0.90, 14.61 | .070

$50,000-99,999 144 4.64 1.40, 15.37 | .012

> $100,000 475 4.53 1.36,15.10 | .014

Adjusted for age of participant
*Hosmer-Lemeshow Test chi-square 7.56, p-value 0.474
®Hosmer-Lemeshow Test chi-square 8.73, p-value 0.189

Table 10 Multivariate Logistic Regression Models for Sociodemographic Predictors of Knowledge on General Breastfeeding

Recommendations and Knowledge of US Breastfeeding Laws

General Breastfeeding Recommendations®

Knowledge of US Breastfeeding Laws”
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n Odds Ratio | 95% C.L p-value n Odds Ratio | 95% C.L p-value
Home Ownership
Owned 586 1.00 537 1.00
Rented 133 1.16 0.75,1.79 10.518 124 1.24 0.65,2.34 |[0.518
Occupied without rent 8 4.15 0.49,35.18 |1 0.192 7 - - -
Household Size
1 12 1.00 12 1.00
2 92 1.31 0.34,5.01 |0.698 87 0.73 0.08,6.46 |[0.777
3 194 0.86 0.23,3.22 |0.822 173 0.27 0.03,2.22 (0.222
4 241 0.84 0.22.3.17 |0.797 225 0.36 0.04,3.00 |[0.344
>5 189 0.76 0.20,2.90 | 0.686 171 0.32 0.04,2.73 [ 0.299
Education
<HS/GED 15 1.00
Some college/Technical 103 0.74 0.23,2.40 |0.615
College graduate 322 0.69 0.22,2.16 |0.528
> Graduate school 288 0.46 0.15,1.46 |0.189
Marital Status
Married/cohabiting 628 1.00
Single 100 1.66 0.99,2.77 10.053
Geographical Region
Northeast 77 1.00
South 481 0.89 0.54,1.48 |0.655
Midwest 86 0.61 0.32,1.15 |0.127
West 84 0.49 0.25,0.93 |0.030
Employment
Full time 415 1.00
Part-time 108 1.29 0.71,2.34 [ 0.396
Unemployed 145 2.41 1.30,4.47 | 0.005

Household Annual Income
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> $100,000

< $20,000 17 1.00 0.74,16.19 [ 0.116

$20,000-49,999 34 3.46 0.62,7.32 [0.230

$50,000-99,999 143 2.13 0.92,11.29 { 0.069
474 3.21

Adjusted for age of participant
*Hosmer-Lemeshow Test chi-square 9.33, p-value 0.315
®Hosmer-Lemeshow Test chi-square 6.03, p-value 0.536
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3.3.4 Knowledge of the Use of Animal Milk as Breast Milk Alternative

Perceptions of suitable animal milk for infants, by infant age group are presented in
Figure 3. Among infants under 6 months, goat milk was the most reported option (41%), while
multiple animal milks were the most reported choice (40%) for those aged 6-12 months. Overall,
two or more animal milks was the most reported option with a slight increase in the older age
group. Nearly half of the participants gave different reasons to feed animal milk to infants
(Figure 4). Reasons given for feeding animal milk included responses like “convenience,”
“infant has acid reflux,” “because of infection,” “double mastectomy,” and “to avoid formula.”
Table 11 shows that most participants correctly reported that animal milk is not recommended
for infant feeding before 12 months of age, with awareness significantly associated with age,
marital status, household size, and number of children (p < 0.05). Participants aged 30-39 (51%)
and married (87%) demonstrated greater awareness of timing of feeding animal milk. Awareness
of the recommendations on feeding raw/unpasteurized animal milk was significantly associated
with education, household size, employment, race, Hispanic/Latino origin, insurance, and
income (p < 0.05) (Table 12), with non-Hispanic (92%) and employer-insured (75%) participants
showing greater awareness. Table 13 presents awareness of recommendations on introducing
cow’s milk to infants. Significant associations were observed for awareness of recommendations
for introduction of cow’s milk to infants with participant age, marital status, household size, race,
insurance, and number of children, with married (89%) and White (74%) participants
demonstrating higher awareness. Most participants were aware that whole cow’s milk is more
appropriate for children older than 12 months old (Table 14). Awareness was significantly
associated with participant age, marital status, household size, race, Hispanic/Latino origin,

insurance, income, number of children, and food assistance program participation (p < 0.05).
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Non-Hispanic (92%) and married (87%) participants were more likely to be aware of the correct
recommendation. Lastly, Table 15 presents a multivariate logistic regression model predicting
knowledge of the recommended age for introducing cow’s milk to infants. Single participants
had significantly higher odds of correct knowledge (OR: 4.49, 95% CI: 1.56—12.94, p = 0.005).
Having one child (OR: 3.06, p =0.011) or two children (OR: 2.24, p = 0.042) was also

associated with greater knowledge compared to participants who did not have a child.
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Table 11 Awareness of CDC Recommendation on Animal Milk Feeding by Participant Characteristics

CDC Recommends Animal | CDC Does Not Recommend | P-value
Milk Before 12 Months Old | Animal Milk Before 12
n (%) Months Old
n (%)
Age 0.017
18-20 2(2.7) 4 (0.6)
21-29 23 (31.5) 121 (19.1)
30-39 32 (43.8) 321 (50.8)
40-49 16 (21.9) 186 (29.4)
Marital Status 0.002
Married/Cohabiting 54 (74.0) 552 (87.3)
Single 19 (26.0) 80 (12.7)
Education 0.137
<HS/GED 1(1.4) 14 (2.2)
Some college/Technical training | 15 (20.5) 90 (14.2)
College graduate 37 (50.7) 274 (43.4)
> Graduate school 20 (27.4) 254 (40.2)
Geographical Region 0.290
Northeast 11 (15.1) 66 (10.5)
South 51 (69.9) 414 (65.6)
Midwest 5(6.8) 76 (12.0)
West 6 (8.2) 75 (11.9)
Household Size <0.001
1 34.1) 11 (1.8)
2 19 (26.0) 70 (11.1)
3 11 (15.1) 176 (28.0)
4 26 (35.6) 208 (33.1)
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>5 14 (19.2) 163 (26.0)
Employment 0.380
Full time 44 (60.3) 393 (62.2)
Part-time 15 (20.5) 93 (14.7)
Unemployed 14 (19.2) 146 (23.1)
Race 0.815
White 57 (79.2) 498 (79.2)
Black/African American 8 (11.1) 81 (12.9)
Other?/Multiracial 7(9.7) 50 (7.9)
Hispanic/Latino/Spanish Origin 0.933
Yes 6 (8.3) 54 (8.6)
No 66 (91.7) 572 (91.4)
Health Insurance 0.122
Government funding 6(8.2) 62 (9.9)
Insured through employer 49 (67.1) 478 (76.1)
Private insurance 16 (21.9) 78 (12.4)
Uninsured 2(2.7) 10 (1.6)
Household Annual Income 0.340
< $20,000 3(4.2) 14 (2.3)
$20,000-$49,999 5(7.0) 28 (4.7)
$50,000-$99,999 19 (26.8) 128 (21.3)
> $100,000 44 (62.0) 431 (71.7)
Number of Children <0.001
None 29 (39.7) 115 (18.2)
1 13 (17.8) 169 (26.7)
2 21 (28.8) 218 (34.5)
3 6 (8.2) 89 (14.1)
>4 4 (5.5) 41 (6.5)
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Recipient of Food Assistance Program 0.276
Yes 11(15.1) 129 (20.4)
No 62 (84.9) 502 (79.6)

a0ther race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

Table 12 Awareness of CDC Recommendation on Raw/Unpasteurized Animal Milk Feeding by Participant Characteristics

CDC Recommends Feeding | CDC Does Not Recommend | P-value
Raw/Unpasteurized Animal | Feeding Raw/Unpasteurized
Milk Animal Milk
Age 0.745
18-20 0 (0.0) 6 (0.8)
21-29 2 (40.0) 143 (20.2)
30-39 2 (40.0) 354 (50.1)
40-49 1 (20.0) 204 (28.9)
Marital Status 0.693
Married/Cohabiting 4 (80.0) 609 (86.1)
Single 1 (20.0) 98 (13.9)
Education <0.001
<HS/GED 1 (20.0) 15(2.1)
Some college/Technical training | 4 (80.0) 101 (14.3)
College graduate 0 (0.0) 313 (44.3)
> Graduate school 0 (0.0) 278 (39.3)
Geographical Region 0.658
Northeast 0(0.0) 78 (11.0)
South 4 (80.0) 464 (65.7)
Midwest 1 (20.0) 81 (11.5)
West 0 (0.0) 83 (11.8)
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Household Size 0.041
1 0 (0.0) 14 (2.0)
2 0 (0.0) 91 (12.9)
3 0 (0.0) 187 (26.6)
4 5(100.0) 233 (33.1)
>5 0 (0.0) 178 (25.3)
Employment 0.006
Full time 0 (0.0) 440 (62.2)
Part-time 3 (60.0) 108 (15.3)
Unemployed 2 (40.0) 159 (22.5)
Race 0.005
White 1(25.0) 560 (79.5)
Black/African American 1 (25.0) 88 (12.5)
Other®/Multiracial 2 (50.0) 56 (8.0)
Hispanic/Latino/Spanish Origin 0.011
Yes 2 (40.0) 58 (8.3)
No 3 (60.0) 642 (91.7)
Health Insurance 0.002
Government funding 3 (60.0) 66 (9.4)
Insured through employer 1(20.0) 530 (75.4)
Private insurance 1 (20.0) 93 (13.2)
Uninsured 0 (0.0) 14 (2.0)
Household Annual Income 0.035
< $20,000 1(25.0) 16 (2.4)
$20,000-$49,999 0 (0.0) 34 (5.0)
$50,000-$99,999 1(25.0) 147 (21.8)
> $100,000 2 (50.0) 477 (70.8)
Number of Children 0.731
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None 1 (20.0) 145 (20.5)

1 1 (20.0) 181 (25.6)

2 3 (60.0) 241 (34.1)

3 0(0.0) 95 (13.4)

>4 0(0.0) 45 (6.4)

Recipient of Food Assistance Program 0.261

Yes 2 (40.0) 140 (19.8)

No 3 (60.0) 566 (80.2)

a0ther race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

Table 13 Awareness of When Cow’s Milk is Recommends by Participant Characteristics

<1 Year Old 1 Year Old >1 Year Old Unsure/Other? P-value
Age <0.001
18-20 1(2.7) 3(0.5) 2 (3.8) 0 (0.0)
21-29 10 (27.0) 99 (17.0) 24 (45.3) 9 (26.5)
30-39 19 (51.4) 305 (52.5) 17 (32.1) 10 (29.4)
40-49 7 (18.9) 174 (29.9) 10 (18.9) 15 (44.1)
Marital Status <0.001
Married/Cohabiting 32 (86.5) 518 (89.2) 28 (52.8) 31(91.2)
Single 5(13.5) 63 (10.8) 25 (47.2) 3 (8.8)
Education 0.915
<HS/GED 1(2.7) 13 (2.2) 1(1.9) 1(2.9)
Some college/Technical training | 3 (8.1) 84 (14.5) 10 (18.9) 7 (20.6)
College graduate 15 (40.5) 256 (44.1) 23 (43.4) 14 (41.2)
> Graduate school 18 (48.6) 228 (39.2) 19 (35.8) 12 (35.3)
Geographical Region 0.122
Northeast 8 (21.6) 61 (10.5) 5(9.4) 2(5.9)
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South 19 (51.4) 389 (67.1) 39 (73.6) 19 (55.9)
Midwest 7 (18.9) 63 (10.9) 5(9.4) 6(17.6)
West 3(8.1) 67 (11.6) 4 (7.5) 7 (20.6)

Household Size <0.001

1 0 (0.0) 10 (1.7) 4(7.7) 0 (0.0)
2 5(13.5) 55(9.5) 18 (34.6) 10 (29.4)
3 8 (21.6) 161 (27.9) 10 (19.2) 5(14.7)
4 16 (43.2) 202 (34.9) 13 (25.0) 6(17.6)
>5 8 (21.6) 150 (26.0) 7 (13.5) 13 (38.2)

Employment 0.949
Full time 24 (64.9) 355 (61.1) 36 (67.9) 20 (58.8)

Part-time 6 (16.2) 91 (15.7) 8 (15.1) 6(17.6)
Unemployed 7 (18.9) 135 (23.2) 9(17.0) 8 (23.5)

Race <0.001
White 31 (86.1) 465 (80.4) 33 (62.3) 25(73.5)
Black/African American 3(8.3) 74 (12.8) 5(09.4) 7 (20.6)
Other®/Multiracial 2(5.6) 39 (6.7) 15 (28.3) 2(5.9)

Hispanic/Latino/Spanish Origin 0.375
Yes 3(8.1) 48 (8.3) 8 (15.1) 2(6.1)

No 34 (91.9) 527 (91.7) 45 (84.9) 31(93.9)

Health Insurance 0.008

Government funding 3(8.1) 60 (10.4) 2 (3.8) 4 (11.8)
Insured through employer 32 (86.5) 436 (75.4) 37(71.2) 20 (58.8)
Private insurance 1(2.7) 74 (12.8) 12 (23.1) 7 (20.6)

Uninsured 1(2.7) 8(1.4) 1(1.9) 3 (8.8)

Household Annual Income 0.194
< $20,000 0 (0.0) 14 (2.5) 2(4.2) 1(3.3)
$20,000-$49,999 3 (8.6) 23 (4.1) 4(8.3) 4 (13.3)
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$50,000-$99,999 10 (28.6) 115 (20.6) 10 (20.8) 9(30.0)
>$100,000 22 (62.9) 405 (72.7) 32 (66.7) 16 (53.3)
Number of Children <0.001
None 9(24.3) 84 (14.5) 35 (66.0) 14 (41.2)
1 9(24.3) 163 (28.1) 6 (11.3) 4 (11.8)
2 14 (37.8) 215 (37.0) 7(13.2) 6 (17.6)
3 3(8.1) 79 (13.6) 50.4) 8(23.5)
>4 2(54) 40 (6.9) 0(0.0) 2(5.9)
Recipient of Food Assistance Program 0.66
Yes 5(13.5) 125 (21.6) 4 (7.5) 8(23.5)
No 32 (86.5) 455 (78.4) 49 (92.5) 26 (76.5)

29 ¢¢

a0ther includes, “never,

when they are old enough to eat solids,

2 ¢

when you finish breastfeeding,”

Other race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

Table 14 Opinion on the Appropriateness of Different Cow’s Milk by Participant Characteristics

Whole Cow’s Milk is More | Lower Fat Cow’s Milk P-value
Appropriate for Children is More Appropriate for
>12 Months Old Children >12 Months Old
Age < 0.001
18-20 6 (0.9) 0 (0.0)
21-29 121 (18.4) 24 (44.4)
30-39 338 (51.4) 14 (25.9)
40-49 193 (29.3) 16 (29.6)
Marital Status < 0.001
Married/Cohabiting 575 (87.4) 37 (68.5)
Single 83 (12.6) 17 (31.5)
Education 0.274
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<HS/GED 15(2.3) 1(1.9)
Some college/Technical training | 92 (14.0) 12 (22.2)
College graduate 286 (43.5) 25 (46.3)
> Graduate school 265 (40.3) 16 (29.6)
Geographical Region 0.313
Northeast 70 (10.7) 7 (13.0)
South 441 (67.1) 31(57.4)
Midwest 75 (11.4) 6 (11.1)
West 71 (10.8) 10 (18.5)
Household Size 0.013
1 15(2.3) 0 (0.0)
2 77 (11.8) 15 (27.8)
3 173 (26.5) 14 (25.9)
4 224 (34.3) 15 (27.8)
>5 165 (25.2) 10 (18.5)
Employment 0.914
Full time 408 (62.0) 35 (64.8)
Part-time 102 (15.5) 8 (14.8)
Unemployed 148 (22.5) 11 (20.4)
Race <0.001
White 531 (81.1) 31(57.4)
Black/African American 71 (10.8) 16 (29.6)
Other®/Multiracial 53(8.1) 7 (13.0)
Hispanic/Latino/Spanish Origin 0.022
Yes 50(7.7) 9(16.7)
No 601 (92.3) 45 (83.3)
Health Insurance 0.049
Government funding 57 (8.7) 11(20.4)
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Insured through employer 496 (75.8) 35 (64.8)
Private insurance 88 (13.5) 7(13.0)
Uninsured 13 (2.0) 1(1.9)
Household Annual Income 0.002
<$20,000 13 (2.1) 4(8.2)
$20,000-$49,999 30 (4.8) 4(8.2)
$50,000-$99,999 131 (20.9) 17 (34.7)
> $100,000 454 (72.3) 24 (49.0)
Number of Children <0.001
None 124 (18.8) 25 (46.3)
1 171 (26.0) 11 (20.4)
2 235 (35.7) 9(16.7)
3 86 (13.1) 7 (13.0)
>4 42 (6.4) 2(3.7)
Recipient of Food Assistance Program 0.028
Yes 125 (19.0) 17 (31.5)
No 532 (81.0) 37 (68.5)

a0ther race includes American Indian or Alaska Native, Asian, Native Hawaiian or other Pacific Islander

Table 15 Multivariate Logistic Regression Model for Sociodemographic Predictors of Knowledge on Recommended Age for

Introducing Cow's Milk to Infants

n Odds Ratio 95% C.L p-value
Marital Status
Married/cohabiting 581 1.00
Single 85 4.49 1.56, 12.94 0.005
Geographical Region
Northeast 70 1.00
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South 442 2.04 0.90, 4.59 0.087

Midwest 76 0.81 0.31,2.13 0.674

West 78 1.51 0.53,4.29 0.436
Student

Yes 70 1.00

No 596 2.02 0.90, 4.55 0.091
Health Insurance

Government funding 63 1.00

Insured through employer | 506 0.78 0.28, 2.17 0.634

Private insurance 85 1.04 0.31,3.52 0.948

Uninsured 12 0.13 0.03, 0.64 0.012
Household Annual Income

<$20,000 17 1.00

$20,000-49,999 34 0.15 0.01, 1.54 0.109

$50,000-99,999 141 0.35 0.04, 3.26 0.355

> $100,000 474 0.70 0.07, 6.65 0.755
How Many Children

None 131 1.00

1 171 3.06 1.30, 7.20 0.011

2 230 2.24 1.03, 4.89 0.042

3 90 1.48 0.61, 3.60 0.384

4 or more 44 2.71 0.78,9.45 0.118

Adjusted for age of participant

Hosmer-Lemeshow Test chi-square 3.27, p-value 0.916
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3.4 Discussion

This study explored knowledge of infant feeding recommendations and perceptions of
breastfeeding, awareness of breastfeeding legislation, and knowledge and use of animal milk as
breast milk or infant formula alternative among women of childbearing age. Our sample included
women who were majority 30-39 years old, married, White, non-Hispanic, college educated,
resided in the South, lived in four person households in one family detached houses,
homeowners, worked full time, not students, insured through employer, earning over $100,000
annually, food secure, and mothers of 2 children. While our target population was childbearing
age women in the U.S., our sample differs from national averages in some areas. In 2023, 34.5%
of childbearing age women were 30-39 years old.* However, this source defines childbearing
age as 15-44 years old. In 2022, roughly 46% of women were married.*’ In 2024, 75% of U.S.
women were White.’® Additionally, 39% of U.S. women completed four years of college or more
in 2022.3! In 2023, the average number of people per household in the U.S. was 2.5.32 Roughly
66% of the U.S. population owned their home in 2024, and 66% of women were employed full
time in 2022.%%5% In 2023, 41% of U.S. households were making > $100,000 annually and 87%
were food secure.>>¢ As of 2014, 41% of mothers aged 40-44 had 2 children.’® Our sample
population compared to the target population overrepresented women who were 30-39 years old,
married, highly educated, came from a household with more members, owned their home, and
had higher household incomes. This difference shows that our sample may include more
socioeconomically advantaged women, which could limit generalizability to a more diverse

group of women in the U.S.
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The results suggest that while a majority of the participants were aware of exclusive
breastfeeding recommendation for the first six months of life, no significant associations were
observed between sociodemographic factors and awareness of this recommendation. However,
other aspects of breastfeeding knowledge, like the necessity of water and nutrient supplements
during exclusive breastfeeding, did show significant associations with age, marital status, and
race. Additionally, awareness of breastfeeding legislation varied, with higher awareness among
married/cohabiting participants, those with full-time employment, and higher income. Although
two or more animal milks (cow, goat, sheep, camel, or buffalo milk) were the types of animal
milk reported as appropriate for infant feeding, most participants were unsure of the reason and
recommendation to feed animal milk to infants. Significant associations existed between
understanding the appropriateness of animal milk and sociodemographic factors like marital
status (p < 0.001) and race (p < 0.001).

The results suggest that knowledge of breastfeeding recommendation is not consistent
across women of childbearing age who participated in this study. These trends in the results
provide insight into potential disparities. For example, being younger, non-white, and lower
income, was associated with less awareness of breastfeeding recommendation. A recent study
found that older, non-black women with higher levels of education and income were more likely
to intend to breastfeed.> Although this study by Baumgartner et al. (2022) did not look at
awareness of breastfeeding recommendations, it is known that women who are more aware of
breastfeeding recommendations are more likely to intend to breastfeed their child.*® This
highlights potential disparities in access and exposure to reliable information, which could be
due to differences in educational exposure, healthcare access, and cultural beliefs surrounding

infant feeding practices.’®4° Awareness of the recommendation for exclusive breastfeeding
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duration was higher among older participants compared to their younger counterparts. This trend
highlights a potential correlation between age and awareness of breastfeeding recommendations.
However, there was a lack of significant associations between other sociodemographic
characteristics and awareness of exclusive breastfeeding duration, which indicates that general
knowledge of the six-month recommendation is widely known. Nevertheless, deeper gaps exist
in understanding the nuances of infant feeding practices, such as supplementation with water or
additional nutrients during exclusive breastfeeding. Most participants (80.9%) correctly reported
the recommendation on the timing of introducing extra water during exclusive breastfeeding.
Similarly, the majority of participants (69.5%) correctly knew the recommendation for the use of
extra nutrient supplements for exclusively breastfeeding infants less than six months old.
Knowledge of the recommendation for the introduction of water and nutrient supplements during
exclusive breastfeeding was significantly associated with participant age, marital status,
household size, race, and number of children. An article by Newhook et al. (2017) found that
being unmarried was a key determinant among mothers that had a higher likelihood to stop
breastfeeding after one month.*! Similarly, another study done in Kenya showed that if fathers
and grandmothers increase their knowledge of infant feeding and are encouraged to provide
social support for the mother, infant feeding practices are more likely to improve.>’ These
associations show the importance of demographic characteristic of women of childbearing age
and their awareness of appropriate infant feeding practices.

A key finding from the current study is the significant association between income and
awareness of breastfeeding laws. Higher-income participants reported more aware of their rights
as required under both state and federal breastfeeding legislation, potentially reflecting their

access to breastfeeding programs and resources, employer accommodation, and better workplace
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environments. Conversely, lower-income participants may not have the same access to
breastfeeding knowledge and resources, and may have issues with job insecurity, emphasizing
the need for policy initiatives to fill this gap in awareness of breastfeeding laws.** 4!-38 The US
Department of Labor released a report acknowledging lower income workers are less likely to
have knowledge of their workplace rights than higher income workers.*® Previous research also
acknowledges that lower income women have less access to breastfeeding support and
education, face greater childcare workload, and experience cultural shame for breastfeeding in
public.’® Lower wage jobs often provide little to no lactation support for mothers, however,
higher wage jobs often provide lactating women with an abundant of resources and support.>
This disparity is observed in this study. These burdens make it even more difficult for a woman
to successfully breastfeed her child for the recommended duration. Marital status was another
demographic factor significantly associated with awareness of breastfeeding laws in the United
States. As mentioned previously, marital status plays a crucial role in infant feeding and infant
health. Additionally, Figure 2 illustrates the correct response rates to various questions related to
breastfeeding laws and recommendations. Most participants correctly reported that a bathroom
cannot be the designated room to pump breast milk, however, only 18% of participants were
aware of the legislation on paid break time to pump at work. These findings highlight areas
where there may be a lack of understanding and underscores the importance of awareness in
promoting breastfeeding practices that comply with established laws and recommendations.
Moreover, there was a strong association between employment status and awareness of
breastfeeding laws. One study found that women who were employed, specifically employed
full-time, were more likely to follow breastfeeding recommendation compared to unemployed

women.>® This association suggests that strengthening workplace lactation policies and
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expanding outreach efforts could improve compliance and provide additional support for
working breastfeeding mothers. Investing more effort into employer education on breastfeeding
rights/laws could address these disparities by ensuring all employees, regardless of income or job
type, are aware of their legal protections and rights. Increasing employer education and support
could lead to better workplace environments for new mothers, ultimately contributing to higher
breastfeeding rates and reducing barriers for working mothers.

There were disparities in awareness of the appropriate use of animal milk in infant
feeding among the sociodemographic groups; however, participants from households with more
members and have children were more likely to be aware of the recommendations on animal
milk alternatives. Most participants thought two or more animal milks (cow, goat, sheep, camel,
or buffalo milk) were appropriate for infants less than 12 months old, however, they gave various
reasons for feeding animal milk to infants. Previous literature also observed that first-time
parents had less awareness of breastfeeding recommendation.’” This highlights the importance of
educating caregivers and first-time parents on safer infant feeding alternatives, as CDC
guidelines recommend that infants under 12 months should not consume animal milk due to
potential health risks.® Misinformation about infant feeding practices poses public health risks.
Addressing these misconceptions through targeted education could help ensure that first-time
parents make informed infant feeding decisions based on evidence-based guidelines and
recommendations.

The association between marital status and breastfeeding knowledge has been reported in
the literature, indicating that social support plays a critical role in infant feeding practices and
decisions.* > Married or cohabiting women’s awareness of breastfeeding recommendations and

laws, could be attributed to shared decision-making and support from partners or family.
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Conversely, single parents or parents without support may experience greater challenges in
accessing maternal resources or social reinforcement that support breastfeeding. This calls
attention to an area where community-based breastfeeding support interventions could be
valuable.

Findings from the current study support existing literature while also providing new
insights into the relationship between sociodemographic characteristics and infant feeding
knowledge. Existing literature report on the relationship between higher socioeconomic status
and greater access to healthcare, maternal education, and social support.®> 3¢ 38 However, this
study provides new insights into gaps in awareness related to the appropriateness of animal milk
in infant feeding, emphasizing the need for tailored public health education campaigns.

While the findings are consistent with existing literature on breastfeeding knowledge
disparities, they also suggest that general breastfeeding recommendations are more widely
understood. There was a lack of significant association between knowledge of the recommended
duration for exclusive breastfeeding with sociodemographic characteristics. This suggests that
awareness of this recommendation is more widely known than previously thought. However, this
finding should be interpreted with caution due to the characteristics of participants in the current
study. Nevertheless, we observed significant associations between sociodemographic
characteristics and knowledge of breastfeeding laws and alternative feeding practices among
women of childbearing age. Targeted interventions are needed to address the knowledge gap in
this area of infant feeding.

These findings emphasize the need for improved workplace policies that support
breastfeeding mothers, especially those of lower income. Employers should be equipped with the

knowledge of breastfeeding rights and motivation to encourage mothers to feel comfortable
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pumping in the workplace. Employers should also be aware of public health initiatives that aim
to bridge the knowledge gap among lower-income and single mothers. Moreover, healthcare
professionals and health educators should focus on targeted maternal education campaigns that
address misconceptions about infant feeding practices, ensuring that parents receive reliable and
accessible information.

Data for this study was self-reported, therefore there was potential for a number of biases,
including recall, information and social desirability bias, to be present. Additionally, our sample
mainly consisted of women of higher socioeconomic status, which may limit the generalizability
to the general women of childbearing age across the United States. Although this study was
intended to be a nationwide survey, respondents were skewed more toward southern United
States suggesting selection bias.

Future research should target a more diverse and representative sample of the population
to assess whether the trends observed in this study are the same for a different population.
Conducting longitudinal studies could better capture changes in infant feeding knowledge over
time. Additionally, interviews with parents could provide more in-depth, qualitative reasoning as
to why certain groups have lower awareness of infant feeding recommendations and
breastfeeding legislation. Public health initiatives should focus on improving awareness of
breastfeeding rights in the workplace and within communities and enhancing education on safe
infant feeding practices. Lastly, targeted interventions for young, single mothers and those with
lower incomes may help fill the knowledge gap and improve breastfeeding awareness among
women of childbearing age in the United States. This could be done by incorporating
breastfeeding rights and laws into prenatal education offered by WIC, obstetricians, Cooperative

Extension, and other community-based programs/resources. Implementing comprehensive
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breastfeeding education in existing community resources can increase access to accurate
breastfeeding information among women of childbearing age. WIC clinics could expand existing
prenatal and postnatal nutrition education to include breastfeeding recommendations and legal
rights. Obstetricians who implement breastfeeding education into their care could reach
additional women who may not receive these other resources. Additionally, Cooperative
Extension could spread breastfeeding education to women in rural and underserved areas that
may not be able to access this education any other way. By reaching these women through
various existing avenues will help inform a broader range and more diverse group of women

about their breastfeeding rights and safe infant feeding practices.
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3.5 Conclusion

This study highlights disparities in infant feeding knowledge and awareness of
breastfeeding legislation among women of childbearing age in the U.S. Participant income,
employment, and marital status were associated with knowledge of breastfeeding
recommendations and awareness of breastfeeding legislation. Lower-income and single women
of childbearing age showed less awareness of breastfeeding recommendations and laws, which
may explain the lower breastfeeding rates among these women reported in the literature. Women
from households with more members and those who have children were more likely to be aware
of recommendations for use of animal milk as alternatives in infant feeding. This may highlight
the prevalence of misinformation about the appropriateness of animal milk in infant feeding.
These findings underscore the need for targeted interventions, through healthcare, community,
and federal programs. Increasing employer knowledge and strengthening workplace policies
would help create a supportive environment for new mothers, guaranteeing them proper space

and time to pump at work.
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CHAPTER 4
CONCLUSION

This study aimed to examine infant feeding knowledge, breastfeeding laws and
legislation awareness, and perceptions of animal milk as breast milk and infant formula
alternative. The results of this study show the association of sociodemographic characteristics
with breastfeeding knowledge and legislation among childbearing age women in the U.S.
Disparities were noticed in breastfeeding knowledge across different sociodemographic groups.
While most participants knew the general recommendation to exclusively breastfeed for six
months, understanding specific infant feeding recommendations, such as the necessity of water
and nutrient supplements during exclusive breastfeeding, varied based on factors like age,
marital status, household members, race, and number of children. Awareness of breastfeeding
laws was associated with higher income and full-time employment. Lower-income individuals
may have limited access to workplace accommodations and breastfeeding resources.
Additionally, misinformation was prevalent surrounding the appropriateness of animal milk in
infant feeding practices. Most participants reported multiple types of animal milk to be
appropriate for infants under 12 months old contradicting general CDC guidelines, however, they
were unsure of the rationale for doing so. These findings prove that there is a need for targeted
maternal education campaigns that address lack of knowledge and misconceptions about infant
feeding practices to ensure that parents receive reliable and accessible information.

Our findings show that there are gaps in knowledge of breastfeeding laws and awareness.

These gaps highlight disparities in access to maternal resources, especially among lower-income
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and single women. Our findings suggest that these populations have a lack of awareness of
recommendations and therefore may contribute to lower breastfeeding rates in the U.S. As
mentioned, targeted interventions are needed for these underserved populations to increase
accurate knowledge of infant feeding practices and women’s rights when it comes to
breastfeeding. This could take the form of implementing education programs through healthcare
providers, community organizations, and federal assistance programs. This would fill the
knowledge gap and promote healthier infant feeding practices. Additionally, employers play an
impactful role in breastfeeding rates and success. Increasing employer knowledge and
strengthening workplace policies would help create a supportive environment for new mothers,
guaranteeing them proper space and time to pump at work. Increasing supportive workplace
environments would ultimately improve breastfeeding rates and maternal well-being. While this
study underscores disparities in knowledge of infant feeding recommendations and breastfeeding
laws awareness, some limitations should be considered. These include reliance on self-reported
data and higher socioeconomic status participants who are predominantly White. Future research
should target a more diverse population including participants of lower socioeconomic and
minority status to assess whether the trends observed in this study are the same for the general
U.S. population.

The importance of addressing these knowledge gaps in infant feeding practices is to
ensure that all mothers have reliable information and support needed to make healthier infant
feeding decisions. Limited access to reliable infant feeding education and knowledge can lead to
misconceptions, therefore lower breastfeeding rates and unhealthy infant feeding practices,
especially among marginalized communities. By improving access to reliable information on

infant feeding practices and increasing awareness of breastfeeding policies among employers,
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initiatives can effectively support mothers with the resources they need to successfully
breastfeed. Maternal and infant health outcomes can improve with the implementation of
targeted health initiatives and the widespread accurate, evidence-based information, whether that
is through healthcare providers, community organizations, or federal assistance programs to
women of childbearing age. Strengthening support systems and awareness of healthy infant
feeding practices are critical steps toward increasing breastfeeding rates and reducing disparities

among marginalized communities.
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