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(4):440-451. 
 

Apocrine – Mammary 
homology 

•  Sebum fatty acids 

•  Lysozyme 

•  Melanotransferrin &lactoferrin 40% homology 
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Evolution of Mammary 
gland 

•  Immune and nutrient transfer to offspring 

•  Alternative to mammary provisioning of offspring: 

P1: IZO
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Table VI. Evolutionary Strategies Concerning Immune Functions
of the Lactating Mammary Gland and Infant

Evolutionary strategy Examples of agents in milk

Directly compensate for Secretory IgA, lactoferrin, lysozyme,
developmental delays cytokines, PAF-acetylhydrolase

Indirectly compensate for Oligosaccharides and nucleotides
developmental delays

Enhance poorly expressed Cytokines, anti-idiotypic antibodies
functions

Adapt the GI tract to Epithelial growth factors
extrauterine life

Prevent GI inflammation PAF-acetylhydrolase,
anti-oxidants, IL-10

Enhanced survival of Innate resistance to digestion
defense agents inhibitors of proteolysis

Produce defense agents Liberation of antimicrobial fatty
by partial digestion of acids and monoglycerides from
substrates in milk triacyglycerols

Establish commensal Lactobacillus growth factors
bacterial flora

physiological state of the intestinal tract from one that
is better adapted to intrauterine life to one that is bet-
ter adapted to extrauterine life. 5) Certain agents in
milk are anti-inflammatory. 6) Defense agents from
milk have an enhanced survival in the recipient’s GI
tract. 7) Certain defense agents are created by partial
digestion of substrates in milk in the gastrointestinal
tract of the recipient infant. 8) Agents in milk augment
the growth of commensal enteric bacteria.

These evolutionary strategies have been par-
ticularly well investigated in Homo sapiens. Ex-
amples of the strategies found in humans are as
follows (Table VI). 1) Defense agents in human milk
that directly compensate for developmental delays in
those agents in the recipient infant include secretory
IgA, lysozyme, lactoferrin, platelet activating factor-
acetylhydrolase, and several cytokines. 2) Defense
agents in human milk that do not directly compen-
sate for developmental delays in those agents appear
to include a host of oligosaccharides and nucleotides.
3) Agents in human milk that initiate or enhance func-
tions that are poorly expressed in the recipient include
antiidiotypic antibodies and many types of cytokines.
4) The decrease in the permeability of the intestinal
tract during breast-feeding appears to be an example
of the provision of agents in human milk that change
the physiological state of the intestinal tract from one
adapted to intrauterine life to one adapted to ex-
trauterine life. 5) The paucity of clinical evidence of in-
flammation in the face of enteric infections is evidence
of the anti-inflammatory effects of human milk upon
the recipient. 6) The sixth evolutionary strategy is

evidenced by the enhanced survival of defense agents
from human milk such as secretory IgA, lactoferrin,
and lysozyme throughout the recipient’s GI tract. The
enhanced survival of the factors may be due to intrin-
sic resistance to proteolysis as in the case of human
secretory IgA (100) and lactoferrin (101), possible
protection by coupling with soluble receptors, as
shown with TNF-! in human milk (102), and devel-
opmental delays in the productions of gastric HCl
and pancreatic proteases (103). 7) Examples of the
prodution of defense agents by the partial digestion
of substrates in milk are peptide fragments of lacto-
ferrin (104) and "-casein (105) and the liberation of
antimicrobial fatty acids and monoglycerides from
human milk triacyglycerols by bile salt-stimulated li-
pase in milk or lipases in the recipient infant (106).
8) The eighth evolutionary outcome is an intersec-
tion between human and microbial biology. Human
milk provides growth factors for commensal bacteria
that predominate in large intestines of breast-fed in-
fants. Enteric commensal bacteria also resist natural
low-molecular-weight antimicrobial peptides (107).
The bifidobacteria and lactobacilli in the large intes-
tine produce organic acids that inhibit bacterial en-
teropathogens. Furthermore, commensals stimulate
epithelial cells to produce defensins that kill certain
bacterial pathogens (108).

The effects of mammalian milks upon the devel-
opment and function of the GI tract of the infant
should also be considered in the context of bio-
logic evolution. Two intertwined processes, natural
selection and the slow stream of spontaneous muta-
tions, drive biologic evolution. Positive selection oc-
curs when individuals of a species gain a reproductive
advantage or develop a superior adaptation to either
a static or new environment. It has not been empha-
sized, however, that adaptation pertains not only to
the adult of a species but also to the young. A host of
developmental delays in the fetus and newborn infant
are offset by maternal factors transferred via the pla-
centa or amniotic fluid during intrauterine life and by
milk during postnatal life. In addition, milk provides
agents that either regulate the function or enhance
the maturation of key mucosal structures during early
postnatal life (reviewed in Ref. 99).

There may have been a number of evolution-
ary advantages to the maternal/infant relationships.
Since developmental processes increase nutritional
demands, when some of those events are deferred,
spared energy/nutrients may be used for growth and
development of other organs until such is required
to successfully adapt to the environment or to begin
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Immune and Microbial 
Transfer 

Lara-Villoslada et al. Beneficial effects of  probiotic bacteria isolated from breast milk 
British Journal of  Nutrition (2007), 98, Suppl. 1, S96–S100 

Favorable Microbiota 

Lara-Villoslada et al. Beneficial effects of  probiotic bacteria isolated from breast milk 
British Journal of  Nutrition (2007), 98, Suppl. 1, S96–S100 
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Sialic acid 
•  Carbohydrates on animal cells 

•  Used for cellular signaling and 
normal function 

•  also used by pathogens to gain 
entry into cells 

•  Neu5Gc not made by human 
cells 

•  In beef  and pork but not poultry 
or fish 

•  Diet: anti-neu5Gc antibodies 

•  Autoimmune disease, heart 
disease 

Varki,	  A.:	  Sialic	  Acids	  in	  Human	  Health	  and	  Disease.	  Trends	  Mol.	  Med.,	  14:351-‐360,	  2008.	  

Breast milk sialic 
acids 

•  Human milk 

 25g/l colostrum 

 13g/l mature milk 

•  Cow’s milk 

 0.025 g/l colostrum  

  0.01 g/l in mature milk 

Cow-based and soy-based 
formula has little sialic acid 

Wang The role and potential of sialic acid in human nutrition 
European Journal of Clinical Nutrition (2003) 57, 1351–1369. 
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Breastfeeding 

•  Predictive adaptive response (PAR) 

•  Breast milk nutrients predicts a more favorable 
microbiota and more robust immunologic status 

•  Can this explain some of the developmental 
associations with breast vs. formula feeding? 
- less obesity, less cardiovascular disease 
•  Parihk et al. Breastfeeding in infancy and adult cardiovascular disease 

risk factors. Am J Med. 2009 Jul;122(7):656-63.e1. 

- less diabetes 
-  Manco et al. Insulin dynamics of breast- or formula-fed overweight and 

obese children. J Am Coll Nutr. 2011 Feb;30(1):29-38. 

 
 

Height and Breast Feeding 

Haines. "Can Breast Feeding Help You in Later Life? Evidence from 
German Military Heights in the Early 20th Century"Econ Hum Biol. 2008 
December; 6(3): 420–430.  
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Breast-fed babies different 
microbiota? 

•  Breast-fed newborn microbiota is dominated by 
Bifidobacterium (≥69%), with less diverse intestinal 
ecosystem. 

•  Breast-fed infant fecal microbiota has 2x higher 
Bifidobacterium compared to formula-fed infants.  

Bezirtzoglou, Microbiota profile in feces of breast- and formula-fed newborns by using 
 fluorescence in situ hybridization (FISH). doi:10.1016/j.anaerobe.2011.03.009 

Kalliomaki, Early differences in fecal microbiota composition in children may predict  
overweight. Am J Clin Nutr. 2008 Mar;87(3):534-8. 
 

Milk later in life? 

Diversity of  milk 
protein alleles 

Contemporary 
human lactase 
persistence 
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Lactose intolerance 

•  Lactose is sugar found only in milk 

•  Lactase is the enzyme that digests lactose 

•  “ Late-onset lactase deficiency  is a common 
disorder…90% American blacks…60-80% Mexican –
Americans. Native Americans, Indians, Asians, Middle 
Eastern populations have abnormal lactose tolerance” 
AAP, 1985 

Lactase Persistence 

•  Northern Europeans   95% 

•  Middle-East    30% 

•  Africa (herders)    80% 

•  Africa (nonherders)   10% 

•   Asians     5% 

•  Native American    0-30% 
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Dinner 

Paleolithic diet 

•  Gene-environment mismatch  

•  Perhaps we are best off  eating what our ancestors ate. 

•  Question – what foods were they? 
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Turkeys 

Thanksgiving Turkey 
•  White meat mostly protein 

•  Much more massive in farmed 
turkey 

•  Less fat in wild game 

•  Fewer antibiotics 
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Salt 
•  Most turkey is injected with 

brine solution 

•  Cooks often soak bird in salt 
water 

•  Some chefs sprinkle table salt on 
turkey a day before cooking 

•  Why does it taste better this way? 

Salt and Hypertension 
•  Some hypertensives are sensitive 

to salt 

•  Salt has anti-diuretic properties 

•  Regulates blood volume and 
pressure 

•  Stress makes kidneys hold onto 
salt 

•  Fight or Flight 
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Poultry vs Ham? Which is 
healthier? 

Color - Phytopigments 
•  Primates selected for preference 

for colorful fruits. 

•  Higher calorie density, fewer 
toxins 

•  Anthocycanins in cranberries 
antioxidant effects? 

•  Antibacterial effects? 
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Fruitcake – full of 
spices 

•  Why do we spice food? 

•  What is the most salient feature 
of  a fruitcake? 

Function of spices? 
•  Spices more often used in meat 

dishes than vegetarian dishes 

•  Spices used more when ambient 
temperature is high 

•  More spice when latitude is low 

(Parker	  and	  Tavassoli,	  2000)	  
(Sherman	  and	  Hash	  2001)	  
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Dessert – Pie and Ice 
cream 

Healthy? 
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Vitamins 

•  Except deficiency syndromes, vitamins have no benefit 

•  C & E no effect on cancer or heart disease 

•  E & Selenium increase rate of  prostate cancer 

•  E increases risk of  death, cancer recurrence, heart 
failure 

•  A & Beta carotene increased lung cancer in smokers 

http://well.blogs.nytimes.com/2008/11/20/news-‐keeps-‐getting-‐worse-‐for-‐vitamins/	  

Summary 

•  Wild game better than factory farm meat 

•  Taste for salt may reflect paleolithic scarcity 

•  Poultry lacks immunogenic sialic acids 

•  Spice may prevent food-borne illnesses 

•  Pigments/phytochemical coadaptation 

•  Lactose intolerance – geography, human evol 

•  Vitamins – evidence agrees with evolutionary 
predictions 


