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delivers nutrients as well as non-nutritive, bioactive molecules, 
including carbohydrates known as human milk oligosaccharides 
(HMOs). Back in the mid-1900s, Paul György, a world-renowned 
biochemist, nutritionist, and pediatrician from the Hospital of 
the University of Pennsylvania, and colleagues unknowingly 
referred to HMOs when they proposed the existence of a “bifi-
dus factor,” something unique in breast milk that fed Bifidobac-
terium.10 While humans cannot digest HMOs, it turns out that 
Bifidobacterium, especially B. infantis, can. In 2007, our group 
at UC Davis used mass spectrometry–based tools coupled with 
microbiology to show that B. infantis gobbles up HMOs as its 
sole energy source, while other species of Bifidobacterium con-
sume only some HMOs11 in addition to plant-, animal-, and host-
derived carbohydrates.12

HMOs are a diverse class of complex carbohydrate mole-
cules synthesized by the mammary gland. With approximately 
200 different molecular species, they represent the third most 
abundant solid component in human milk following lactose 
and fat. Because HMOs are complex and vary in structure, 
they are expensive to manufacture. Current infant formulas 
may contain one or two simple HMO structures, but at a frac-
tion of the concentration found in breast milk. Infant formu-
las lack the abundance and complexity of HMOs to selectively 

feed beneficial gut microbes and to bind and neutralize patho-
gens from the gut. 

The bacterial species in the infant gut capable of consuming 
HMOs can be considered the milk-oriented microbiome (MOM). 
Although B. infantis appears to be the most efficient consumer of 
HMOs, other species of Bifidobacterium, in particular, B. breve 
and B. bifidum, can and do consume some HMOs but also con-
sume plant-, animal-, and host-derived carbohydrates. The Bifi-
dobacterium species that colonize the gut change throughout 
life in response to available carbohydrates in the host diet. For 
instance, B. infantis, B. breve, and B. bifidum are MOM bifidobac-
teria typically found in the stool of exclusively breastfed infants, 
while B. longum and B. adolescentis, which preferentially con-
sume plant- and animal-derived carbohydrates, are typically 
found in the stool of adults. Yet there is variation and overlap in 
the species present at different life stages.12 

Of the MOM bifidobacteria found in the infant gut micro-
biome, different species may have different implications for the 
microbiome. For example, when we gave exclusively breastfed 
infants a supplement with the probiotic B. infantis EVC001, 
their gut became dominated by the genus Bifidobacterium—
upwards of 80 percent relative abundance of the gut micro-
biome—and potential pathogens made up less than 10 percent 

THE CHANGING INFANT MICROBIOME
Historically, the breastfed infant gut microbiome was a near monoculture of Bifidobacterium (J Pathol Bacteriol, 18:527–51, 1913).  
The formula-fed infant gut microbiome was much more diverse. The breastfed infant gut microbiome and the formula-fed infant gut 
microbiome are now more similar to the historical formula-fed infant gut microbiome, although modern breastfed infants do 
have more Bifidobacterium than modern formula-fed infants.
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