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    Chapter 11   
 Human Milk and Infant Formula: Nutritional 
Content and Health Benefi ts                     
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    Key Points 

     1.    Breast milk is acknowledged as the superior source of nutrition for infants.   
   2.    Breast-feeding has been recommended by many professional organizations as an 

adequate and natural way to feed the growing infant due to its wide health 
benefi ts.   

   3.    Infant formula is the only acceptable alternative to breast milk when breast- 
feeding is contraindicated.   

   4.    Breast milk contains complete well-balanced macro-/micronutrients to match 
the growth the infant.   

   5.    Cytokines immune factors, growth factors, hormones, antimicrobial agents, 
nucleotides, antioxidants, and enzymes are the mixture of bioactive components 
of the breast milk that have been shown to infl uence the health of infants.      
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    Introduction: What Is the Best Milk for an Infant? 

    Recommendations from Authoritative Bodies 

 Current recommendations by Health Canada and the  American Academy of 
Pediatrics (AAP)      are to exclusively breast-feed for the fi rst 6 months of life with 
human milk being the primary source of milk [ 1 – 3 ]. Formula feeding is recom-
mended for those who choose not to breast-feed. The consumption of whole or 
reduced fat cow’s milk is not recommended during the fi rst year of life [ 4 ]. As of 
2010, about 75 % of mothers in the USA initiate breast-feeding and 13 % continue 
to exclusively breast-feed to 6 months [ 5 ]. In Canada, the rate of initiation of  breast- 
feeding   is 90.3 %, while the rate of exclusive breast-feeding at 3 months is 51.7 %. 
Six months after birth, the proportions of exclusively breast-fed infants further fall 
to 14.4 % [ 6 ]. 

 The fi rst year of life is a time of more rapid growth, development, and maturation 
than any subsequent year.  Growth   of the body and development of the nervous sys-
tem depends on an appropriate intake of calories and essential nutrients. The joint 
publication by the American and Canadian nutrition working groups, sponsored by 
the American Institute of Medicine, defi nes infancy as the period from birth to 12 
months of age, divided into two 6-month periods [ 7 ]. The determination of the  ade-
quate intake (AI)   during the fi rst 6 months of life for every nutrient is based on the 
average intake by full-term infants born to healthy well-nourished mothers and 
exclusively fed human milk. The mean intake of a nutrient was calculated based on 
the average concentration of the nutrient from 2 to 6 months of lactation and assum-
ing an average volume of milk intake of 780 mL/day [ 8 ]. In the second 6 months of 
infancy, AIs are based on nutrients available from 600 mL/day of human milk and 
that provided by the usual intake of complementary foods. Exclusive human milk 
feeding is the preferred method of feeding normal full-term infants for the fi rst 4–6 
months of life as recommended by most health professionals [ 1 ,  2 ]. While there are 
national regulations for upper and lower limits of nutrient content of infant formu-
las, specifi c  Dietary Reference Intakes (DRIs)      to meet the needs of formula-fed 
infants were not proposed. This was an error since, as a percentage of the total kinds 
of milk consumed during the fi rst year of life [ 9 ], formula is the  milk food   most 
consumed (Fig.  11.1 ). To omit setting recommendations is to penalize infants whose 
parents have chosen not to breast-feed or have switched to formula.

    Breast-feeding   is rarely contraindicated [ 2 ]. Infants who have galactosemia, or 
whose mother uses illegal drugs, has untreated active tuberculosis, or has been 
infected with HIV should not breast-feed [ 2 ]. However, smoking, environmental 
contaminants, moderate alcohol consumption, or the use of most prescription and 
over-the-counter drugs should preclude breast-feeding. 

 With all the best intentions and technological expertise, “humanized” infant for-
mulas do not compare to mother’s own milk. Therefore, it is logical and appropriate 
for health professionals to encourage the consumption of human milk whenever 
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possible. However, once the information is presented, there is no justifi cation for 
attempting to coerce women into making a feeding choice [ 9 ]. 

 Sometimes a formula-fed child and rarely a breast-fed infant develop a sensitiv-
ity to cow’s milk, either  cow’s milk allergy (CMA)      or lactose intolerance. The prev-
alence of  CMA   has been estimated to occur at 2.2–2.8 % [ 10 ]. Secondary lactase 
defi ciency does occur in infancy, usually following a gastrointestinal disorder. 

 While human milk is “ uniquely superior  ” for infant feeding and is species spe-
cifi c, the most acceptable alternative is commercial formulas. Manufacturers do 
their utmost to mimic human milk. At present all substitute feedings differ mark-
edly from human milk [ 2 ]. A “formula” is just an equation that is proprietary, con-
sisting of a composite mix of nutrients, emulsifi ers, and stabilizers that will differ 
between manufacturers. Recently,  polyunsaturated fatty acids   such as arachidonic 
acid (ARA) and docosahexaenoic acid (DHA) acid have been added to infant for-
mula due to their potential benefi cial effects on the brain development of infants. 
More recently, probiotics have begun to emerge as a possible new ingredient added 
to some brands of infant formula [ 11 ]. Formulas in  North America   that are marketed 
for term infants are either (a) cow milk based (casein or whey predominant), (b) soy 
protein based, or (c) protein hydrolysate based. The use of soy-based formulas, 
speciality formulas, or formulas for the feeding of the premature infant is beyond 
the scope of this review. 

 The success of  formula manufacturers   is due to (a) aggressive marketing; (b) 
lack of support for breast-feeding from family, friends, and the medical profession; 
(c) cultural and public perception; (d) convenience; and (e) some government pro-
grams giving infant formula away for free. With the increase in working mothers, 
formula feeding becomes a practical and attractive alternative. Guidelines for for-
mula composition have evolved over the years to provide not only what must be in 
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a formula but  minimum   and maximum levels as well. Standards may vary between 
countries.  

     Developing Countries   

 Historically, breast-feeding has been the preferred method of feeding in all coun-
tries. The introduction of formula feeding in developing countries has been 
extremely controversial. In 1981 the WHO/UNICEF “International Code of 
Marketing of Breast-milk Substitutes” [ 12 ] was endorsed by many countries world-
wide. The code seeks to prevent formula promotion at the expense of breast- feeding. 
It does not ban infant formula but outlines inappropriate marketing practices. This 
is important because marketing techniques can be very subtle. Organizations such 
as the Infant Feeding Action Coalition (INFACT) promote and protect breast- 
feeding. They believe that if the WHO code is properly implemented, breast- feeding 
rates would increase and infant health would improve. Unfortunately, these goals 
have been diffi cult to achieve. One reason for this is that the implementation of the 
WHO code may have a negative impact on the profi ts made by formula 
manufacturers.   

    Nutrient Content of Breast Milk and Infant Formula 

 Specifi c  nutrient requirements   are expressed as the amount of nutrient needed per 
100 kcal of total food intake. This refl ects nutrient interaction and can be applied to 
feeds of different caloric concentration. Human milk has a caloric density of 670 
kcal/L. Most term formulas are designed to have the same caloric density. 

 The composition of a formula depends on many factors and differs between man-
ufacturers. For example,  cholesterol   exists in human milk but is not added to for-
mula because the public perceives cholesterol as “bad.” Low-iron formulas are 
marketed even though health professionals do not recommend their use as a stan-
dard feed. They remain on the market because the public and some health profes-
sionals perceive them as benefi cial in dealing with problems such as  colic and 
constipation  . As well, companies will not remove their low-iron formula until “the 
other guy does” and as long as substantial consumer demand exists. To facilitate 
marketing, manufacturers in the USA use the label  Generally Recognised As Safe 
(GRAS)      for any new ingredient added to infant formula. 

 The composition of human milk changes during feeding so that most of the fat 
appears in the latter part of feeding, probably saturating the infant and providing a 
signal for terminating feeding. This does not occur in the formula-fed infant as the 
composition of formula is constant. It appears that the infant who is breast-fed has 
more control over the amount consumed at a feeding than does the formula-fed 
infant [ 9 ]. Furthermore, frequent feedings with small amounts at each feeding, as is 
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seen in infants who are breast-fed ad libitum, may lead to favorable changes in 
 metabolism   [ 13 ]. These differences may affect feeding habits later in life. 

    Macronutrients:  Protein, Lipids, and Carbohydrate   

 The protein content of human milk is high during early lactation (colostrum) and 
then gradually declines to a low level of 0.8–1 % in mature milk. The high protein 
concentration of colostrum is largely due to very high concentrations of secretory 
IgA and lactoferrin. These proteins provide protection against bacteria giving ben-
efi ts in early life beyond the role of building blocks for tissue synthesis. Indeed, 
human milk is truly the fi rst and foremost “functional food.” 

 Milk proteins are separated into various classes, mainly caseins (10–50 % of 
total) and whey (50–90 % of total) proteins [ 14 ]. Milk fat globule membrane pro-
teins and protein derived from cells present in milk comprise 1–3 %. For some 
years, manufacturers prepared their formula with either a whey or casein base. For 
the term infant, there appears to be no  advantage   nutritionally of whey-predominant 
over casein-predominant formulas. Interestingly, digested fragments of human 
casein, but not bovine casein, which is less well digested, may exert physiological 
effects, such as enhancing calcium uptake by cells and playing a role in infant sleep-
ing patterns [ 14 ]. Little is known about the role of hormones that are present in 
human milk and that may play a role in the developing infant. 

 Human milk contains signifi cant amounts of linoleic acid (18:2,  n –6; 10–12 %), 
linolenic acid (18:3,  n –3; 1–2 %), and a small but signifi cant amount of long-chain 
( n –6 and  n –3) fatty acids [ 15 ]. While the level of total polyunsaturated fatty acids 
(PUFA) in human milk varies with the intake of the mother, it is generally 13–20 %. 
The marketed formulas contain 0.15 and 0.40 % of DHA and ARA, respectively 
[ 11 ]. 

 The primary carbohydrate source in human milk is lactose with very small 
amounts of other sugars. This is also the principle carbohydrate of formulas. No 
minimum or maximum level of carbohydrate is set for North America. Corn syrup 
solids and/or maltodextrin may be used in certain formulas.  

    Micronutrients: Minerals and Vitamins 

     Minerals      

 Minerals can be divided broadly into macro (calcium, phosphorus, magnesium, 
sodium, potassium, chlorine, and sulfur) and micro (iron [Fe], zinc [Zn], copper 
[Cu], molybdenum [Mo], manganese [Mn], rubidium [Rb], cobalt [Co], iodine [I], 
and selenium [Se]). Lead and aluminum [ 16 ] are present in human milk and may 
ultimately prove to be essential in trace amounts for humans, as has been shown in 
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other species; however, in excess, they are problematic for human health. Our study 
of 19 women who gave birth to full-term infants demonstrated that mineral concen-
trations differed in human milk over the fi rst 3 months of lactation [ 17 ]. Zn, Cu, Rb, 
and Mo decreased with time. As with Zn and Cu, the decline in Mo suggests 
homoeostatic regulation, implying possible essentiality for human infants. Cerium, 
cesium, lanthanum, and tin have not been shown to be essential, and no consistent 
pattern in our data occurred that would indicate either maternal or dietary regula-
tion. In general, the mineral content of human milk is not infl uenced by maternal 
diet, parity, maternal age,    time of milk collection,    different breasts, or socioeco-
nomic status [ 18 ]. 

 The ultra-trace elements [<1 μg/g dry diet] exist naturally in human milk but 
depend on protein sources in formulas where they occur as contaminants. Although 
many of these elements have no specifi ed human requirement, we believe that rec-
ommendations for ultra-trace elements need to be established. Our concern is that 
as preparation techniques for making more purifi ed ingredients becomes available, 
less of these elements will occur in the normal diet of the formula-fed infant. A 
particular example is Mo which is not usually added to infant formula but appears 
to be essential [ 19 ].  

     Vitamins      

 Human milk has all the vitamins required by the infant but is low in vitamins D and 
K. Vitamin K is given to all infants at birth, and vitamin D (also considered to be a 
hormone) is usually recommended as a supplement for breast-fed infants. Minimum 
and maximum levels of vitamins are regulated for formulas so that they are com-
plete. The AAP and Health Canada recommend a daily dose of 400 IU of vitamin D 
supplementation for breast-fed infants and infants receiving less than 1 L of formula 
[ 3 ,  20 ]. Formula labels state the amount of all nutrients, including vitamins, that 
must be present when the shelf life expires. Because of this, “overage” is necessary 
as some vitamins will break down over time. Thus, as much as 60 %  over      label 
claim might be present for different nutrients, primarily vitamins [ 21 ].  

    Supplements 

 The use of  supplements   for infants fed with human milk is controversial. Some see 
supplements as undermining the integrity of human milk and implying that it is not 
adequate. Suggesting that human milk can be improved upon is “....like entering a 
minefi eld, one must tread carefully” [ 22 ]. Nonetheless, human milk is neither a 
perfect nor a complete food [ 23 ]. There is good data to support the administration 
of vitamin K soon after birth to prevent hemorrhagic disease of the newborn and 
vitamin D supplements during early infancy to prevent rickets [ 3 ,  20 ,  23 ]. 

 Iron is a contentious infant formula ingredient because the amount of fortifi ca-
tion required is not yet certain. Current practice is for iron supplements to be 
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deferred until 4–6 months of age, but formulas with a low content (<4 mg/L) may 
lead to anemia. In the USA, the AAP recommends iron supplementation of 1 mg/
kg/day for the exclusively breast-fed infants at 4 months of age until weaning is 
commenced with iron-rich foods [ 1 ]. Unpublished data from our laboratory support 
this recommendation as we found a signifi cant increase in iron status in these infants 
receiving a modest iron supplement (7.5 mg/day). It was believed that consuming 
iron-fortifi ed formulas would result in intolerance and gastrointestinal distress, the-
ories which have been discredited [ 24 ]. Fluoride supplements, once recommended 
for all infants, are no longer recommended during the fi rst year of life [ 1 ]. Formulas 
that conform to specifi cation of Canadian/American guidelines do not require sup-
plementation with any minerals or vitamins as they are complete. For a review of 
regulations for the nutrient content of infant formulas, see Fomon [ 9 ].   

     Maternal Infl uences   on Milk Content 

 In general, the content of protein, lipid, carbohydrate, energy, minerals, and most 
water-soluble vitamins in human milk is not affected by poor maternal nutrition 
[ 25 ]. Fat-soluble vitamins and fatty acids are affected by the maternal diet [ 26 ]. It 
appears that there are mechanisms to ensure constant supply and quality of nutrients 
to the breast-fed infant. The major difference between a breast-fed and a formula- 
fed infant is that many of the components of human milk also facilitate the absorp-
tion of nutrients and have a function beyond nutrient requirements. Adding more of 
a nutrient to formula is not necessarily as good as having a  bioactive   component in 
human milk even if present in small amounts (e.g., lactoferrin for both iron absorp-
tion and as a bactericide). There are many properties of human milk that attend to 
such detail for the benefi t of the infant.   

    Bioactivity of Human Milk and Formulas 

     Bioactive Compounds      in Human Milk: An Overview 

 Human milk is “alive,” that is, it has functional components that have a role beyond 
simply the provision of essential nutrients. According to Dorland’s Medical 
Dictionary, a tissue is “an aggregation of similarly specialized cells united in the 
performance of a single function.” Human milk could be classifi ed as a “tissue” 
which would alter the perspective on how human milk is viewed. There are active 
and functional ingredients in human milk whose role is evident and others for whom 
no clear role has been defi ned. 

 Bioactive compounds in human milk can be divided into several broad catego-
ries: (a) those compounds involved in milk syntheses, nutritional composition, and 
bioavailability and (b) compounds that aid in protection and subsequent develop-
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ment of the infant. To date many bioactive compounds have been identifi ed in 
human milk including cytokines immune factors, growth factors, hormones, antimi-
crobial agents, nucleotides, antioxidants, and enzymes (see reference  27  for a 
review). Hormones, enzymes, cytokines for immunity, and cells present in milk 
have physiologically active roles in other tissues so that it is reasonable to assume 
they play a role in infant growth and development [ 11 ]. Indeed, many bioactive 
compounds can survive the environment of the neonatal gut, thereby potentially 
exerting important physiological functions [ 27 ,  28 ]. 

 The composition of human milk can vary. Nutrient content changes over time so 
that the makeup of colostrum, transitional milk, and mature milk is quite different. 
Nutrient content also changes within the same feed, whereas formula clearly con-
tent does not. This appears to be of importance to infant regulation of food intake. 

 Early postnatal exposure to fl avor passed into human milk from the mother’s 
own diet  can   predispose the young infant  to   respond to new foods. The transition 
from the breast-feeding period to the initiation of a varied solid food diet can be 
made easier if the infant has already experienced these fl avors. Cues from breast 
milk can infl uence food choices and make safe new foods with fl avors already expe-
rienced in breast milk [ 29 ]. Again this does not happen with formula feeding. 

 A variety of cells exist in human milk. Macrophages, polymorphonuclear leuco-
cytes, epithelial cells, and lymphocytes have been identifi ed in human milk and 
appear to have a dynamic role to play within the infant gut. These cells may offer 
systemic protection after transport across the “leaky gut,” particularly in the fi rst 
week of life [ 30 ]. Antiviral and antibacterial factors exist in human milk with secre-
tary IgA produced in the mammary gland being one of the major milk proteins [ 14 ]. 
There may even be a pathway from the infant back to the mother which tailors 
production of antibodies against microbes to which the infant has been exposed.  

     Enzymes      

 Enzymes serve to catalyze reactions and need be present only in small amounts to 
be effective. Hamosh [ 27 ] classifi es enzymes in human milk into three categories: 
(a) those that function in the mammary gland, e.g., lipoprotein lipase, phosphoglu-
comutase, and antiproteases; (b) enzymes that might function in the infant, e.g., 
proteases, α-amylase (facilitates digestion of polysaccharides), and lysozyme (bac-
tericidal); and (c) enzymes whose function is unclear, namely, lactate dehydroge-
nase, DNase, and RNase. It is only recently that the physiological signifi cance of 
enzymes in human milk has become appreciated. More than just protein, and not 
present at all in infant formulas, enzymes are another example of why human milk 
must be seen as alive. The enzymes in human milk appear to have a more highly 
organized tertiary structure than enzymes from other tissues, which may be to pro-
tect function by resisting denaturation in the gut [ 27 ]. For example, in human milk, 
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the enzyme catalase has been found to protect against bacterial breeches of  the 
  intestinal barrier [ 31 ]. We think that as well as serving an immediate function in the 
intestine, some enzymes may be transported across  the   gut or act within the body to 
offer protection to the infant. 

 Interestingly, amylase digests polysaccharides that are not present in human 
milk. Amylase is important after the initiation of such starch supplements as cereals 
[ 27 ]. It is as if the mammary gland is “thinking ahead” and assisting the infant gut 
in the transition to weaning. Milk digestive lipase assists the newborn whose endog-
enous lipid digestive function is not well developed at birth. 

  Glutathione peroxidase (GHSPx)      activity appears to correlate with milk sele-
nium concentration [ 32 ]. It may be related to fatty acid function or maintain milk 
integrity by neutralizing free radicals. We measured both GHSPx and superoxide 
dismutase over 3 months in full-term milk and found high activity of both enzymes 
[ 33 ]. Since there are at least 44 enzymes whose substrates could be lipid peroxides 
or hydrogen peroxide [ 27 ], it may be that these enzymes protect the infant’s gut.  

     Antioxidants      

 Recent interest has focussed on the antioxidant properties of human milk. Several 
groups have reported the ability of colostrum [ 34 ] and mature milk [ 35 ] to resist 
oxidative stress, using a variety of end points. This ability in human milk appears to 
be heterogeneous rather than attributable to a specifi c compound. Infant formulas 
appear to be less resistant to oxidative stress than is human milk. This is noteworthy 
since formulas always have considerably more vitamins E and C, considered to be 
two of the more important antioxidants, than is found naturally in human milk [ 36 ]. 
Some have suggested that the attainment of adult levels of some  antioxidants during 
     infancy is dependent on human milk feeding [ 21 ].  

    Effects on  Microbiome      

 The gut microbiome is a complex ecosystem consisting of more than 1000 species 
of live bacteria which play major roles in nutrition and in the development of the 
immune system [ 37 ]. It has been shown that there are variations in the gut microbi-
ome composition between formula-fed and breast-fed infants. The microbiome of 
breast-fed infants is predominated by the benefi cial  Bifi dobacterium  and 
 Lactobacillus  bacteria. In contrast,  Enterococci ,  Clostridium , and  Escherichia  are 
the abundant bacteria observed in the microfl ora of formula-fed infants [ 38 ]. The 
predominance of these unfavorable bacteria may lead to a less acidic gut environ-
ment, which will further promote the growth of pathogenic-type bacteria. Colonic 
bacterial imbalance has long-term implications as a result of infl ammation which is 
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the key pathophysiological factor in gastrointestinal disorders such as infl ammatory 
bowel disease [ 39 ].   

    Health Benefi ts of Human Milk 

    Overview 

 The  health benefi ts   of human milk are signifi cant. Breast-feeding protects against a 
wide variety of illnesses, particularly incidence and severity of diarrhea, otitis 
media, upper respiratory illnesses, botulism, and necrotizing enterocolitis [ 1 ]. Prior 
to advancements in hygiene, infants who were not breast-fed did not fare well and 
mortality rates could be as high as 90 % [ 7 ,  26 ]. Even with the use of current formu-
las, breast-fed infants have a lower incidence of many illnesses and are generally 
sicker for shorter times [ 40 ] than formula-fed infants.  Breast-fed infants   are reported 
to have decreased incidence of diabetes, cancer, and cardiovascular disease later in 
life [ 2 ]. However, the recent fi ndings from the  National Longitudinal Survey of 
Youth (NLSY)      suggested that longer duration of breast-feeding may not necessarily 
result in long-term healthier childhood and well-being [ 41 ].  

     Growth   

 Growth is the most practical measure of the overall health and well-being of infants. 
One would expect that with all the advantages of human milk, a breast-fed baby 
would gain weight faster [ 42 ]. It is a puzzling phenomenon that growth of the exclu-
sively breast-fed infant is lower in weight-for-age than a formula-fed infant. The 
average difference at 12 months is 600 to 650 g, with no difference in height so that 
a breast-fed infant is leaner. There is probably more energy intake by a formula-fed 
infant. The relevance of less growth in breast-fed infants is questionable as no nega-
tive effects on functional outcomes have been observed. We found that infants who 
had consumed home formulas made of evaporated milk grew more than either 
formula- fed or breast-fed babies [ 43 ]; however, they did not perform as well as 
infants fed with human milk on tests of visual function [ 44 ].  

     Cognitive Development   

 There is controversy in this area as it is diffi cult to carry out the ideal study. Breast- 
fed infants appear to have enhanced cognitive and neurological outcomes in com-
parison to formula-fed infants [ 45 ]. Results from the largest clinical trial of 
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breast-feeding (Promotion of Breastfeeding Intervention Trial) provided evidence 
that former breast-fed infants scored higher in intelligence scores than formula-fed 
infants [ 46 ]. Increased duration of breast-feeding has been linked with higher verbal 
IQ scores. Increasing the period of exclusive breast-feeding appears to enhance 
infant motor development [ 47 ]. We found enhanced visual acuity in full-term breast-
fed infants compared to formula-fed infants; this is related to blood fatty acid levels 
[ 44 ]. The explanation for these consistent observations is highly controversial. 
Possibly there are components of human milk that enhance  cognitive development. 
  Other factors that may be responsible are the act of breast-feeding itself, maternal 
education, and social class. 

 A paper by Allan Lucas reporting improved neurological development in infants 
fed with human milk sparked much debate concerning which factors really explain 
the increased cognitive development in the human milk-fed infant [ 48 ]. It is reason-
able to assume that breast milk, as it contains long-chain PUFA, enzymes, hor-
mones, trophic factors, peptides, and nucleotides, may enhance brain development 
and learning ability. Further, it would be sensible to feed human milk whenever 
possible if any or all of the above differences turn out to be true. Whether an infant 
fed with human milk has better development because of maternal factors or biologi-
cal factors does not lessen the value of enhanced development to the infant.   

    International Aspects of Breast-Feeding 

    Overview 

 The WHO attributes seven of ten  childhood deaths   in developing countries to just 
fi ve main causes: pneumonia, diarrhea, measles, malaria, and malnutrition. All of 
them can be prevented, some specifi cally by breast-feeding [ 49 ]. 

 In nonindustrialized countries, the  advantages   of feeding human milk are easily 
seen and the use of a commercially available or home-prepared formula is not rec-
ommended [ 9 ]. Home-prepared formulas are usually poorly designed and nutrition-
ally inadequate. These problems are aggravated when there is an absence of a safe 
water supply, hygienic conditions, and adequate storage facilities. 

 Evidence from developing countries indicates that infants breast-fed for less than 
6 months or not at all have a mortality rate 5 to 10 times higher in the second 6 
months of life than those breast-fed for 6 months or more [ 12 ]. Improper marketing 
of breast milk substitutes still occurs and can lead to inappropriate feeding prac-
tices, resulting in malnutrition, illness, and death in developing countries [ 50 ].  
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    The  Economics   of Breast-Feeding 

 It has been estimated that $13 billion would be saved each year in the USA if 90 % 
of mothers exclusively breast-feed for 6 months [ 51 ]. Benefi ts of breast-feeding 
include reduced health-care costs, reduced employee absenteeism, and savings on 
the cost of formula. The impact of savings on formula purchase is more pronounced 
in developing countries. In fact, formula has gotten so expensive that it may not be 
an option in poorer countries. In countries “in transition,” this may be more of an 
issue.  

    The  Politics   of Breast-Feeding 

 Historically, most human infants have been breast-fed. To enhance infant feeding 
practices, WHO and UNICEF launched the Baby-Friendly Hospital Initiative in 
1992. This policy encourages exclusive breast-feeding in hospital soon after birth, 
with no other food or drink to be given unless medically indicated. This was done to 
encourage exclusive breast-feeding and discourage the introduction of supplemen-
tary formula feeding. It is known that women who receive a “discharge pack” when 
leaving hospital, containing a breast pump rather than infant formula, will breast- 
feed longer [ 52 ]. 

 “Exclusive” breast-feeding is defi ned as no other food or drink, not even water, 
except breast milk for at least 4 and if possible 6 months after birth. Using this cri-
terion, rates for exclusive breast-feeding for the fi rst 6 months is 33 % in African 
countries. In Europe, the rate is 24 %. Where the advantages of breast-feeding have 
been widely publicized, breast-feeding rates are increasing, e.g., Australia, Canada, 
and the USA (  http://apps.who.int/gho/data/view.main.NUT1710?lang=en    ). 

 In underdeveloped countries,    breast-feeding is so ingrained into the many cul-
tures and traditions of society that the pressure to breast-feed is intense. In fact a 
woman can be ostracized from her community for formula feeding. This is why 
“free samples” are so insidious. If the milk supply dries up and a woman is forced 
to formula feed, she may become an outcast. HIV has altered perception on formula 
feeding as even UNICEF, who have been stanch supporters of breast-feeding, at one 
time considered providing formula to HIV-positive mothers in order to protect the 
infant. This idea has since been dropped. How this issue will be dealt with has not 
been decided. 

 If milk is not continually removed from the mother’s breast, the ability to secrete 
milk is lost within one to two weeks. It is common practice to offer an occasional 
bottle of formula. A better alternative would be for a mother to acquire a breast 
pump in order to have milk frozen for those times she is unable to feed.   
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    Conclusion 

 There is no doubt that human milk is the best food for a human infant. The reasons 
are endless and convincing. Nonetheless, it is a challenge for the formula industry 
to make the best suitable alternative to human milk. There are, were, and always 
will be some women who are unable or choose not to follow recommendations to 
breast-feed for whatever reason (  http://www.who.int/topics/breastfeeding/en/index.
html    ). We have a responsibility to those mothers and their infants to produce a for-
mula that meets their needs. Future changes in infant formulas are likely to be 
designed to have a positive effect on physical, mental, and immunological outcomes 
[ 53 ]. Our hope is that formula will include bioactive ingredients that perform some 
of the same functions found in that exemplary fl uid, human milk.     
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