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Health effects of
dairy foods on the

gut microbiome
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urrent scientific opinion agrees that milk
and milk product intake improves dietary
quality and can be linked to a reduced risk

1-3

of obesity and chronic metabolic conditions.
Although several mechanisms may underlie the
health benefits of dairy foods, the recent
emphasis on the structure and function of the
human gut microbiome has focused attention on
the potential role of probiotics and prebiotics in
dairy foods in promoting human health.*

The word ‘probiotic’ comes from Greek, meaning
‘for life’. The current definition, adopted by the
Food and Agriculture Organization of the United
Nations and the World Health Organization in
2002, states that probiotics are ‘live strains of
strictly selected microorganisms which, when
administered in adequate amounts, confer a
health benefit on the host’.’ On the other hand,
prebiotics are defined as non-digestible dietary
compounds that act as a food source for
probiotics, stimulating their growth and
beneficially changing their composition or
activity.”’ Lactose and oligosaccharides present
in dairy foods serve as prebiotics, whereas
probiotics are found in fermented foods that
contain probiotic strains of lactic acid bacteria,
such as cultured (fermented) milk products and
yoghurt that include beneficial probiotic strains.
The capacity to modify the microbiome is
enhanced when probiotics and prebiotics are
combined, and Gibson and Roberfroid
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The current review focuses on the health effects of
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consequently defined the term ‘synbiotic’ to
describe a blend of probiotics and prebiotics
acting in synergy (as cited by Markowiak and
Slizewska’).

The gut microbiome

The gut microbiome refers to the intestinal community of
microbes that contribute to maintaining and influencing
health.*® This community includes trillions of microbes from
more than a thousand bacterial species.”

Various and strain-specific mechanisms of action for the
beneficial effects of probiotics have been identified, including
colonisation of the gut with beneficial microbes; production of
beneficial short-chain fatty acids (SCFAs); production of
antimicrobial substances; competition with pathogens for
adhesion to the epithelium; modulation of immune, endocrine
and neurologic functions; and inhibition of bacterial toxin
production.”

Alarge body of evidence confirms that lower bacterial diversity
in the gut is associated with chronic and inflammatory
diseases,**"” with different disease states being characterised
by unique microbiota profiles.” Many factors influence the
diversity of the gut microbiome and starts at birth already,
when the microbiome is determined by the mode of delivery,
the mother’s health and whether children are breastfed or
formula-fed.”

Bacterial diversity is an indicator of gut health and although
functionally related microbes can compensate for the function
of other missing species, certain conditions, such as obesity
and metabolic complications, are closely associated with low
microbial diversity and dysbiosis.""® A healthy microbiome is
characterised primarily by species from the Firmicutes and
Bacteroidetes phyla, although some from the phylum
Actinobacteria also make a marginal, but important,
contribution.” The phylum Firmicutes is represented
predominantly by the genera Clostridium, Enterococcus,
Lactobacillus and Faecalibacterium, whereas the genera
Bacteroides and Prevotella are the major species from the
phylum Bacteroidetes present in the gut microbiome.™

The phylum Actinobacteria is represented mainly by
Bifidobacteria, contributing to lactose utilisation™ and
protecting against adverse health conditions.”” The species
Bifidobacteria and Firmicutes are generally abundant in the
microbiome of people from non-westernised communities,
whereas Bacteroides are more abundant in the microbiome of
people from westernised communities.”

Composition of the gut microbiome is fairly stable in a healthy
person, but microbial dynamics are influenced by host lifestyle
and diet, with diet and dietary components shaping the
microbiome to a considerable extent.*'* What people eat
directly influences the gut microbiota, which, in turn, affects




metabolism, immunity and neurobehavioural traits and so
ultimately impacts on well-being and disease risk.*"***While
the intake of excessive protein, fructose and saturated fats has
been shown to have negative effects on the microbiome, both
prebiotics and probiotics can beneficially regulate intestinal
health.*™**"* Itis not only the microbes themselves that impact
on health but also the products of their metabolism.
Fermentation supports the growth of specialist microbes that
produce SCFAs and gases closely linked to specific beneficial
metabolic effects,” with important health implications.

Lactoseintolerance

The disaccharide lactose, which is the main source of energy
in milk, consists of the two monosaccharides galactose and
glucose linked together. The enzyme lactase is needed to
hydrolyse lactose to glucose and galactose for these sugars to
be absorbed and transported across the intestinal mucosa.”
Lactase is produced in the intestinal mucosa of most
mammals and full-term infants generally have sufficient
lactase activity to digest milk. However, lactase activity
declines after weaning in most humans (lactase non-
persistence), especially those from East Asian and African
heritage,* resulting in different degrees of lactose
maldigestion.”* According to Leonardi et al.* only about 35%
of the human population can digest lactose beyond the age of
about seven or eight years.

Lactose intolerance refers to the digestive symptoms
associated with lactose maldigestion. Undigested lactose
moves from the small intestine to the colon, where it serves as
a prebiotic that is fermented by bacteria. This sometimes
produces gas, which may lead to symptoms such as
abdominal discomfort, nausea, cramps, bloating, flatulence
and diarrhoea.”"* Despite this, lactose intolerance is not
considered a disease, as only about 50% of lactase activity is
required for the effective digestion of lactose. Most people
who are lactose intolerant can eat small amounts of dairy
foods without experiencing discomfort.

Those who consider themselves lactose intolerant may
decrease their dairy intake, resulting in the compromised
intake of the nutrients and other beneficial compounds in
dairy.*However, total avoidance of dairy foods is unnecessary,
as several easily applied strategies can assist in reducing
undesirable symptoms:*"#*%"%

« Alow lactose load is unlikely to cause symptoms, even in
lactose-intolerant persons. Using small amounts of dairy
atatime (e.g. less than one serving of milk, which contains
12 g lactose) or consuming milk with a meal slows the
release of lactose into the small intestine and so reduces
the load to be digested. Less discomfort is subsequently
experienced.

+ Dairy foods such as cheese (especially hard cheeses),
active-culture yoghurt and fermented products such as
buttermilk contain only small amounts of lactose and can
be eaten without causing gastrointestinal discomfort.
Lactic acid bacteria already convert some of the lactose to
lactic acid during production of these foods.

« The semi-solid state of yoghurt slows gastric emptying
and gastrointestinal transit, providing more time for
lactose digestion.

+ Reduced-lactose or lactose-free milk is also available.
Although a more expensive dairy product, it has many
health benefits over replacing dairy altogether by a
substitute such as soy milk.

« Taking a lactase tablet with milk improves digestion.

« Milk and dairy products are better tolerated if consumed
with other foods orincorporated in a dish. When taken with

a meal, milk is digested more slowly and as a result,
lactose is released more slowly into the small intestine,
thereby reducing the digestive lactose load. Foods high in
soluble fibre also delay gastric emptying and combining
their intake with that of milk therefore provides additional
time for intestinal lactase action.

- Tolerance can be built up gradually. Consuming lactose-
containing foods encourages an intestinal flora population
with active lactase to form. This can improve the ability of
the bacteria in the gut to break down lactose and so
tolerance of lactose-containing foods is gradually
increased.

Effects of dairy as a prebiotic

Fermentable fibres and prebiotics have the potential to shape
the diversity of the microbiome by stimulating the growth of
specific genera of the gut microbiota. In addition to the
prebiotic lactose, milk also contains oligosaccharides (e.g.
galactooligosaccharides), which are composed of three to ten
sugar molecules linked together. They do not serve as a source
of energy, but rather provide nutrients to intestinal bacteria,
therefore performing a major role in gut health.”

In persons with lactase non-persistence, lactose is not fully
digested and thus proceeds to the colon. In contrast, most of
the lactose will be digested in the small intestine of lactase-
persistent persons, although a small amount may reach the
large intestine.” Lactose and oligosaccharides in milk are
considered to be bioactive ingredients with bifidogenic
effects,”* serving as a substrate for the growth of the
beneficial Bifidobacteria and Lactobacillus bacteria. In
inflammatory bowel disease, the bifidogenic effects of
prebiotics such as lactose may prevent the growth of potential
pathogens.*"'

Colonic microbiota ferment the lactose and oligosaccharides
in dairy foods in the colon, producing metabolites such as
SCFAs (primarily acetate, propionate and butyrate) and
gases.” These metabolites lead to the uncomfortable
symptoms experienced by persons who are lactose intolerant
when they ingest large amounts of milk. The SCFAs produced
when prebiotics are fermented have several important
functions: they are metabolised by the colonocytes; promote
colon motility; reduce inflammation; increase visceral
irrigation; induce apoptosis, and inhibit tumour cell
progression. Furthermore, SCFAs have been shown to protect
against diet-induced obesity, probably through an effect on
gut hormones that reduce appetite and food intake. SCFAs can
also be absorbed into the portal circulation and transported to
the liver, where they may have beneficial systemic effects.*"*
Moreover, fermentation of lactose in the colon has a positive
effect on the absorption of minerals, particularly calcium and
magnesium, owing to increased mineral solubility or
enhanced osmotic pressure.*

With regard to immune function, lactose may have beneficial
effects on gut immunity in both children and adults through
interactions with other carbohydrates or SCFAs.*® Lactose may
further promote immunity through the cathelicidin
antimicrobial peptide, which ideally occurs synergistically with
other colonic fermentation metabolites such as butyrate.”

In the presence of undigested lactose, enzymes that
metabolise sugars are stimulated, leading to a decrease in
harmful bacterial metabolites such as hydrogen and
ammonia.”

Hirahatake et al.” have shown that the intestinal production of
glucagon-like peptide (GLP-1) is influenced by components in
foods that provide a substrate for colonic microbiota. In
particular, prebiotics and probiotics from dairy may influence



gut microbiota in such a way that insulin sensitivity and the
action of GLP-1 are positively affected.”* The low glycaemic
index of lactose also contributes to improved glycaemic
control.”

Probiotic effects of fermented dairy foods

In addition to beneficial fatty acids, micronutrients and
bioactive peptides, fermented foods also contain live microbes
(probiotics) that can influence the diversity and composition
of the gut microbiota favourably.**

How fermented foods are manufactured, processed and
stored determines the types and number of microbes that are
present.” Cultured dairy products and cheese are commonly
made using starter cultures chosen for specific performance
characteristics. Lactic acid bacteria are preferred for milk
fermentation as they do not affect the taste and nutritional
value of dairy. The growth of these bacteria is furthermore
enhanced by the vitamins, amino acids and nucleotides
present in milk.*

Lactic acid bacteria such as Lactobacillus, Streptococcus and
Leuconostoc are commonly used at levels of 107-109 colony
forming units per gram lactic acid bacteria. Starter cultures of
Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus are most often used in the production of
yoghurt.” According to Marco et al.,** the food matrix of dairy
can protect bacteria during their transit through the gut,
improving the delivery of viable bacteria.

Although probiotics consumed in microbe-containing foods
are transient components of the microbiome (they seldom
persevere for more than a few days),”*they have numerous
beneficial effects on the diversity, structure and function of the
gut microbiota, especially when they are habitually
consumed.” Fermented dairy foods such as cultured milk
products and yoghurt beneficially regulate intestinal health
through direct effects on the gut and through immune effects.
A recent study by Gonzélez et al.” assessed the association
between the consumption of fermented dairy foods, microbial
diversity and biomarkers of health in an observational cohort.
The authors found that study participants who consumed
natural yoghurt had higher levels of the beneficial Akkermansia
bacteria and lower levels of inflammation than those who did
not consume natural yoghurt (although consumption of
sweetened yoghurt was associated with lower levels of
Bacteroides). These findings have been confirmed in probiotic
yoghurt intervention studies,” suggesting that fermented
dairy products may protect against chronic low-grade
inflammation common in many chronic conditions, such as
metabolic syndrome."**** Proposed mechanisms include the
possible induction of anti-inflammatory cytokines such as
IL-1011,60,61 and an increase in total serum IgA to potentiate
the humoral immune response.*

Other health benefits of fermented dairy products include
improved lactose tolerance and alleviation of gastrointestinal
intolerance symptoms,™® accelerated intestinal transit time,
inhibition of pathogen adhesion to the intestinal mucosa,”™®
prophylactic prevention of traveller's diarrhoea® and improved
glucose metabolism.* Cheese consumption is associated with
increased Bifidobacteria counts and decreased Bacteroides
and Clostridium counts (some strains are associated with
intestinal infections), providing potential protection against
pathogens through increased production of SCFAs and
decreased production of trimethylamine oxide.”**

Conclusion

There is substantial evidence that the human
microbiome can be modified by diet and that
specific dietary components are closely
linked to health and disease. A balanced diet
has a positive impact on the microbiome,
decreasing the risk of developing metabolic
and inflammatory diseases. Milk and
fermented dairy foods contain microbial,
nutritive and bioactive components that
benefit the gut microbiome and,
consequently, general health. Research
related to the potential lasting impact of
habitual dairy intake on the microbiome and
the potential to promote shifts in microbiota
species is, however, needed. This is
especially important in poverty-stricken
communities, where the risk for
gastrointestinal infections is high.
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