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Fermented Dairy Products

C. Pelaez, M. C. Martinez-Cuesta, and T. Requena

Abstract The microbiota of fermented dairy products contributes to the safety,
flavor, and organoleptic qualities of the products. Moreover, metabolites obtained
from the fermentation process enhance the milk nutritive value and digestibility,
whereas dairy microorganisms could be the perfect carriers for reseeding the gut
microbiota. The structural food matrix of fermented milk facilitates the delivery of
viable microorganisms to the intestinal tract. Fermented dairy products may be ben-
eficial to human health by improving lactose intolerance symptoms and for the pro-
duction of bioactive compounds such as vitamins, gamma-amino butyric acid,
exopolysaccharides, and bioactive peptides, among others. Also, fermented dairy
products contribute to the modulation of the gut microbiota and the prevention of
infections, inflammation, and cardiometabolic diseases. Furthermore, fermented
dairy products constitute the hallmark of probiotics supply in the food market.

Keywords Fermented dairy - Yogurt - Kefir - Cheese - Probiotics - Bioactive
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Introduction

The fermented dairy products consumed today are generated through controlled micro-
bial culturing and enzymatic conversions of major and minor milk components (see
(Macori and Cotter 2018) for a recent review). Fermentation improves shelf life,
increases microbiological safety, adds flavor, and enhances palatability and organolep-
tic qualities. The fermentation process involves a series of complex reactions carried
out by microorganisms, which transform milk constituents rendering new molecules of
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enhanced nutritive value and digestibility. Moreover, fermentation generates metabo-
lites that can be major contributors of a daily healthful diet (Marco et al. 2017).

The contributions of milk components and dairy products to human health have
been comprehensively reviewed (Tunick and Van Hekken 2015). These can be sum-
marized as enhancing muscle building, lowering blood pressure, reducing low den-
sity lipoprotein cholesterol, and preventing diabetes, obesity and cancer, among
others. Additionally, due to the reduced consumption of dietary fiber in Western
societies and the overall decrease of microbial diversity in processed foods, fer-
mented dairy products could be the perfect carriers for reseeding the gut microbiota.
The above listed health benefits and the fact that they are viewed as natural products
have placed yogurt, kefir, and cheese in the forefront of consumers’ preferences. In
the present chapter we describe existing data regarding the microbiota found in
fermented dairy products and the advances in knowledge of microbial properties
that may benefit human health.

Fermented Dairy Products

Fermentation is one of the oldest forms of milk preservation and has been used by
humans since ancient times (Markowiak and Slizewska 2017). The beneficial effects
of fermented dairy products was empirically known by Romans, Greeks and
Egyptians. They produced different types of sour milk from buffalo, cow, or goat’s
milk. However, it was not until the twentieth century that the beneficial properties
of lactic acid bacteria (LAB) started to be scientifically substantiated by the immu-
nologist Elie Metchnikoff, who was awarded the Nobel Prize in 1908. He concluded
that the unusual high numbers of Balkan centenarians was due to the consumption
of sour milk containing large numbers of the lactic acid-producing bacterium
Lactobacillus bulgaricus bacillus, currently classified as Lactobacillus delbrueckii
subsp. bulgaricus. In the book ‘The Prolongation of Life’ (Metchnikoff 1908),
Metchnikoff recommended the daily consumption of milk fermented with pure cul-
tures of this Lactobacillus to discourage microbial putrefactive growth in the colon,
setting the stage for further studies on beneficial effects of LAB in fermented
products.

Yogurt

Among fermented dairy products, yogurt is consumed the most in Western societ-
ies, being acommon component in the daily diet of populations from the Netherlands
and Scandinavian countries. Although yogurt has been manufactured commercially
for over a century, its concept has changed over time into a very segmented market.
Today fermented dairy products include a broad catalog of flavored, low-fat, drink-
able, probiotic, and other products marketed as health-promoting. The European
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Codex Alimentarius Commission explicitly defines yogurt as the product of milk
fermentation by Streptococcus thermophilus and L. delbrueckii subsp. bulgaricus
(L. bulgaricus) (Codex-Alimentarius 2003). According to the Codex STAN
243-2003 these microorganisms must reach a minimum of 107 cfu/g, be viable,
active, and abundant in the product until the set expiration date. However, differ-
ences in labeling laws allow, for example in the United Kingdom, to include any
Lactobacillus species in fermented milks labeled as ‘yogurt’. In this case, the term
‘yogurt-like product’ is used and defined as an alternative dairy product in which
L. bulgaricus can be substituted by other Lactobacillus species for the fermentation,
or yogurt containing probiotic bacteria, when probiotic or alternative organisms are
added to yogurt (Guarner et al. 2005).

Yogurt is an excellent source of macro- and micronutrients like high-quality,
digestible proteins and carbohydrates, minerals, and vitamins. It contributes to the
growth and fitness of muscle mass and helps maintaining bone health due to their
calcium and phosphorus content. The nutritional value of yogurt has been recognized
by the Canadian Food Guide (Health-Canada 2011), USA Department of Agriculture
(USDA 2010), and the British Nutrition Foundation (BNF 2015). These international
agencies recommend the inclusion of fermented dairy products in the daily diet.
Furthermore, they emphasize that food guides must state whether dairy products are
fermented or non-fermented since fermented dairy products have additional health
claims compared to non-fermented products (Chilton et al. 2015). As an example,
studies in the Netherlands and Sweden (Keszei et al. 2010; Sonestedt et al. 2011)
showed that regular consumption of fermented dairy products, but not non-fermented
dairy products, significantly decrease the risk of bladder cancer and cardiovascular
disease. Likewise, a significant positive effect of calcium intake on teeth health was
specifically associated with dairy fermented products (Adegboye et al. 2012). This
may be explained by the breakdown of milk components during microbial fermenta-
tion into more bioavailable and new metabolites of potential health benefits.

Kefir

Kefir is a traditional fermented dairy beverage produced by a complex natural
microbiota from kefir grains. These grains are traditionally obtained from periodic
coagulation of cow’s milk with calf or sheep abomasum (forth stomach) in goatskin
bags. Kefir originated in the Caucasus but gained popularity in Eastern and Central
European countries starting in the second half of the nineteenth century. Kefir can
also be made with milk from other sources including as goat, sheep and buffalo milk
(Bourrie et al. 2016). Distinctive microorganisms in kefir are homofermentative lac-
tobacilli (Lactobacillus kefiranofaciens), which produces a kefiran complex that
surrounds yeasts (Saccharomyces cerevisiae), and other bacteria (Lactococcus,
Leuconostoc, thermophilic and mesophilic lactobacilli and acetic acid bacteria).
Microbiological, technological, as well as nutritional, and health benefits of kefir
have been recently summarized (Bourrie et al. 2016; Kesenkas et al. 2017).
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Cheese

Animal skins and inflated internal organs, particularly the rumen, have provided
storage vessels for a range of foodstuffs since ancient times (Marciniak 2011).
Hence, we can presume that cheese making was discovered accidentally when stor-
ing milk in ruminant stomachs, which resulted in milk curdling by the residual
gastric rennin. Most modern cheeses are manufactured from pasteurized milk coag-
ulated in a vat by recombinant enzymes or proteases of vegetable origin with added
Lactococcus, Lactobacillus and Leuconostoc as starters. However, traditional raw
milk cheeses naturally fermented by its indigenous microbiota are still produced in
some Mediterranean countries. For specific cheeses like blue or soft cheeses, bacte-
ria of the genera Brevibacterium and Propionibacterium and molds of the genus
Penicillium are added to develop their characteristic organoleptical properties. Raw
milk can contain over 400 bacterial species. This microbial biodiversity decreases
in the cheese core usually dominated by few species of LAB but persists on the
cheese surface with high numbers of species of bacteria, yeasts and molds (Montel
et al. 2014; Orla O’Sullivan 2017). It is commonly accepted that cheese flavor
develops as a result of the overall microbial metabolism beginning during clotting,
progressing further during cheese ripening (Weimer 2007).

Semi-hard cheeses typically contain non-starter lactobacilli (NSLAB), which
can reach up to 107—108 cfu/g for long periods of time during production and storage
(Pelaez and Requena 2005). NSLAB have been shown to generate bioactive pep-
tides and gamma-aminobutyric acid (GABA) (Settanni and Moschetti 2010).
Propionibacterium freudenreichii, a ripening culture in Swiss-type cheese, pro-
duces conjugated linoleic acid (CLA) and may have bifidogenic and immunomodu-
latory properties (Thierry et al. 2011).

The Microbes in Fermented Dairy Products

Microorganisms already present in the raw milk, from the environment or added
from a previously fermented product were the main actors of the traditional fermen-
tation process. Because humans have consumed fermented foods since ancient
times, the human gastrointestinal tract (GIT) adapted to a constant supply of live
bacteria on a nearly daily basis. In fact, many of the microbial species found in fer-
mented foods are either identical to or share physiological traits with species known
to promote GIT health (Marco et al. 2017). However, the industrialization of food
production has reduced the variety of foods that humans consume and their associ-
ated microbiota. Hygienic industrial practices, including thermal treatment, have
decreased the microbial diversity of fermented foods, modern dairy fermentations
have to rely on standardized starter cultures and microorganisms as well as cultiva-
tion protocols that extend shelf life, improve food safety and enhance perceived
health benefits (Hill et al. 2017). The consumption of these products limits the
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traditional exposure of the human gut to the highly biodiverse traditional food
ecosystem. In response, artisanal dairy fermentation and consumption of traditional
fermented dairy products as part of Western diets have regained popularity (Prakash
Tamang and Kailasapathy 2010).

In 1873, Lister (1873) first isolated Bacterium lactis [later renamed as
Streptococcus lactis and more recently Lactococcus lactis subsp. lactis (Schleifer
et al. 1985)]. This bacterium together with other species of the genera Lactococcus,
Lactobacillus and Leuconostoc are usually included in well-defined starter cultures
currently used in modern cheese fermentation. Likewise, most common starters for
yogurt and fermented milks include species of Lactobacillus, Streptococcus,
Bifidobacterium and some yeast used in the manufacture of kefir and koumiss
(Carminati et al. 2016). Nevertheless, undefined starter communities composed of a
complex undefined mixture of LAB strains are still in use in dairy fermentation due
to advantages in reducing sensitivity to bacteriophage attack. State of the art
advances in high-throughput DNA sequencing technology and the potential of pre-
dictive metabolic modelling of the multi-strain cultures, are emerging as powerful
tools to investigate structure and function of these complex communities (Smid
et al. 2014).

The structural food matrix of fermented milk facilitates the delivery of viable
microorganisms to the intestinal tract by contributing to the microorganisms’ sur-
vival during transit, enhancing their interaction with the gut microbiota, and partici-
pating in the reinforcement of the intestinal barrier. Similarly, the solid matrix of
cheese and its buffering capacity may protect bacteria during the intestinal transit
more efficiently than yogurt or fermented milks (Karimi et al. 2011). The fact that
semi-hard ripened cheeses like Cheddar, Gouda or Manchego, maintain viable bac-
teria for up to 12 months, is a good reason to consider cheeses as excellent carriers
of health promoting bacteria into the gastrointestinal tract (Ross et al. 2002).

Do Microbes in Fermented Dairy Products Survive Passage
Through the Gastrointestinal Tract?

Upon entering the human gastrointestinal tract, fermentation-associated microor-
ganisms must survive environmental challenges including acidity of the stomach
and bile salts and enzymes in the small intestine to reach the colon. Hence, survival
of fermentative bacteria within the gastrointestinal tract became an important
research topic since the beginning of the last century. As early as 1920, Cheplin and
Rettger (1920) were able to recover live Lactobacillus acidophilus but not L. bul-
garicus from rat stools after daily consumption. Since then, there has been conflict-
ing evidence concerning the viability of the yogurt cultures in the gastrointestinal
tract. In a double-blind placebo prospective study including 114 healthy young vol-
unteers that were usual yogurt consumers the authors did not detect S. thermophilus
nor L. bulgaricus in feces by culturing or by specific PCR and DNA hybridization
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of total fecal DNA (del Campo et al. 2005). Detection of LAB from yogurt in total
fecal DNA was consistently negative, even after repeated yogurt consumption dur-
ing 15 days. In a contrasting study, out of 39 samples recovered from 13 healthy
subjects over a 12-day period of fresh yogurt intake, 32 and 37 samples contained
viable S. thermophilus and L. bulgaricus, respectively (Mater et al. 2005).
Furthermore, in a population of 51 healthy subjects living in the Paris area, the
yogurt species L. bulgaricus was detected in 73% of fecal samples from consumers
(200400 g yogurt/day) vs. 28% from non-consumers (Alvaro et al. 2007).
Accordingly, Elli et al. (2006) demonstrated that yogurt bacteria survived gastroin-
testinal transit being recovered in feces from 20 healthy volunteers fed commercial
yogurt for 1 week.

Lactose Hydrolysis by Microbes in Fermented Dairy Foods

During milk fermentation, most lactose is converted into lactic acid by fermentative
microorganisms. Although the final product still contains traces of the carbohydrate,
lactose-intolerant populations are able to consume yogurt without experiencing
adverse symptoms. The improvement in lactose absorption was also demonstrated
when healthy subjects with lactose maldigestion consumed yogurt containing live
bacterial cultures in comparison with heated yogurt (Rizkalla et al. 2000). This can
be attributed to the intestinal release of f-galactosidase by yogurt cultures that must
be viable when ingested (Guarner et al. 2005; Savaiano 2014). In the study carried
out by Alvaro et al. (2007) with 51 healthy adult subjects of yogurt and non-yogurt
consumers, they found that among the nine metabolic bacterial enzyme activities
investigated, the only significant difference concerned $-galactosidases.

Lactose intolerance is caused by a decreased expression of the enzyme
[-galactosidase or lactase normally secreted by the epithelial cells within the villi.
This enzyme is required to digest the lactose from milk and dairy products.
Undigested lactose consequently enters the colon where it is fermented by gas pro-
ducing microbes, resulting in symptoms including abdominal pain, bloating, diar-
rhea, and flatulence (Misselwitz et al. 2013). Expression of lactase decreases after
weaning in most individuals and as a result become relatively lactose intolerant. It
is, therefore, not surprising that as adults, as much as 75% of the world’s human
population is intolerant to ingested dietary lactose (Silanikove et al. 2015). Over
centuries of evolution, humans have adapted to lactose ingestion by several mecha-
nisms including genetic mutations that allow lactose digestion in a classic example
of evolutionary nutrigenetics. But also, colonic microbiome adaptation and the
development of fermented dairy products have contributed to lactose tolerance in
humans. As a result, the intolerance to lactose occurs in the Central European popu-
lation at a 5% rate, while Asia and Latin America populations observe up to 90%
intolerance rates. Furthermore, some authors have proposed to modulate the colonic
microbiome of lactose-intolerant individuals, increasing the abundance of lactose
metabolizing bacteria that are non-gas producers (i.e. Bifidobacterium), by admin-
istration of short-chain galactooligosaccharides (Azcarate-Peril et al. 2017).
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The generation and release of p-galactosidases is a species-related trait in the
yogurt-associated species (L. bulgaricus and S. thermophilus). The European Food
Safety Authority Panel on Dietetic Products, Nutrition and Allergies in 2010 for-
mally approved yogurt’s beneficial effects on reverting lactose intolerance. They
indicated that the dose of live microorganisms should be at least 10® cfu/g (EFSA
2010). This claim does not require survival and reproduction of the bacterial cells
during intestinal transit.

Besides the improvement in lactose intolerance symptoms, the conversion of
lactose into lactic acid reduces the intestinal pH and confers a protective effect
against foodborne pathogens infection. The low pH also increases peristalsis,
thereby indirectly removing pathogens by accelerating their transit through the
intestine (Kailasapathy and Chin 2000). Moreover, LAB cultures enhance pathogens
elimination by other mechanisms including competitive exclusion and production
of antimicrobial metabolites like bacteriocins (Arqués et al. 2015). Alvaro et al.
(2007) showed significantly lower numbers of Enterobacteriaceae in human feces of
yogurt consumers versus non-consumers. Accordingly, Van der Meer and Bovee-
Oudenhoven (1998) reported that lactic acid in yogurt and calcium in other dairy
products inhibit the gastrointestinal survival and colonization of Salmonella
Enteritidis.

Bioactive Compounds

One important mechanism by which the fermented dairy foods and its associated
microbiota (LAB, propionibacteria, yeasts, and molds) may be beneficial to human
health is through the production of bioactive compounds. Some of these bioactive
compounds include vitamins, bioactive peptides, exopolysaccharides (EPS), GABA
and CLA. See Ferndndez et al. (2015) for a recent overview of the impact of metab-
olites produced by microorganisms found in fermented dairy products.

Particular attention to bioactive components resulting from the fermentation of
milk and their impact on health is rapidly been explored using high throughput,
multi-omic approaches. Over the last decades these new technologies have allowed
for more sophisticated metabolite analysis, which integrates fermented dairy prod-
ucts composition and functional assessments following ingestion (Zheng et al.
2015; Hagi et al. 2016). Still, we should consider that the acidic environment of the
stomach and the subsequent stages of digestion can lead to early inactivation of
certain bioactive compounds (Stanton et al. 2005).

Vitamins Vitamins are compounds essential for human individuals that are insuf-
ficiently or not synthesized at all by the human organism. Although they are present
in foods, vitamin deficiencies still exist due to malnutrition or lack of a daily bal-
anced diet (Arth et al. 2016). Furthermore, food processing and cooking may destroy
or remove some vitamins such as vitamins of the B-group. This group of vitamins
includes thiamine (B1), riboflavin (B2), niacin (B3), pyridoxine (B6), pantothenic
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acid (BY), biotin (B7 or H), folate (B9, B11 or M) and cobalamin (B12). Although
shown beneficial, programs with synthetic vitamin B fortification of foods to correct
vitamin deficiencies has not been adopted in many countries due to the potential

side effects from excessive intake in populations with normal vitamin B levels (Atta
et al. 2016).

Folate vitamin deficiency is associated with megaloblastic anemia as well as
congenital malformations, including spina bifida and anencephaly, although only a
small fraction of these diseases is actively being prevented worldwide (Arth et al.
2016). Today, it is recognized that the yeast S. cerevisiae, used as starter in fer-
mented milks like kefir or koumiss, is a folate producer (Moslehi-Jenabian et al.
2010). As for LAB, production of folate still remains controversial. It has been
shown that S. thermophilus can produce folate whereas L. bulgaricus is a folate
consumer. Still, the concentration of the vitamin in yogurt may reach values up to
200 pg/L (Wouters et al. 2002). In addition to S. thermophilus, other bacteria pres-
ent in dairy fermentations such as L. lactis, L. acidophilus, L. plantarum, L. fermen-
tum, Leuconostoc lactis, Bifidobacterium longum, and some strains of
Propionibacterium, also have the ability to produce folate (Iyer and Tomar 2009;
LeBlanc et al. 2017). Therefore, the consumption of fermented dairy foods could be
an attractive approach for improving the world wide nutritional deficiencies of
folate (Saubade et al. 2017).

Gamma-amino butyric acid Gamma-aminobutyric acid (GABA) is a major
inhibitory neurotransmitter in the adult mammalian brain. GABA also has different
functions in the central and peripheral nervous systems, and in some non-neuronal
tissues (Watanabe et al. 2002). In general, anti-hypertensive and antidepressant
activities are the major functions of GABA or GABA-rich foods. However, the
mechanisms responsible for these activities are still unknown due to scarce studies
carried out on the pathway for GABA absorption (Dhakal et al. 2012).

LAB can generate GABA as end product from the decarboxylation of glutamic
acid. The enzyme that converts glutamic acid into GABA is the glutamic acid decar-
boxylase (GAD). Genes encoding GADs are broadly distributed in Lactobacillus
brevis, L. plantarum, L. fermentum, L. reuteri, S. thermophilus, L. lactis subsp.
cremoris, L. lactis subsp. lactis and some Bifidobacterium species, indicating that
these bacteria may be able to synthesize GABA (Wu and Shah 2017). In fact, pro-
duction of GABA has been demonstrated in L. lactis, S. thermophilus, and L. bul-
garicus isolated from milk, a trait that could be used to produce GABA-rich
fermented milk products. Other high GABA producers are L. brevis strains, which
are not usually associated with the dairy environment. Hence, to enhance GABA
concentrations in fermented dairy products, strategies have been proposed that
include co-culturing L. brevis with conventional dairy starters in dairy fermentation
(Wu and Shah 2017). Enhancement of GABA production in fermented products has
shown hypotensive effects on rats (Quilez and Diana 2017). Additionally, with the
aim of producing GABA enriched cheeses, GABA producing LAB have been iso-
lated from several cheeses made from raw milk such as Spanish artisanal cheeses
(Diana et al. 2014) and traditional alpine Italian cheeses (Franciosi et al. 2015).
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Exopolysaccharides Exopolysaccharides (EPS) are high molecular weight carbo-
hydrate polymers loosely connected to the cell surface of microorganisms. EPS
protect against food processing promoting biofilm formation, and also mediate cell-
to-cell interactions in the human gut, facilitating microbial adhesion to intestinal
mucosa and preventing adhesion of pathogens. Multiple strains including the yogurt
starter species L. bulgaricus and S. thermophilus have been reported generate
EPS. Also many probiotic strains of Lactobacillus and Bifidobacterium are being
investigated for their ability to produce EPS (Salazar et al. 2016). The use of EPS
producers in dairy fermentation can be beneficial not only for intestinal health but
also technologically to improve texture and flavor of the final products (Ryan et al.
2015; Nampoothiri et al. 2017).

Bioactive peptides Bioactive peptides are released from animal and plant proteins
by endogenous proteolytic enzymes or enzymes of microbial origin. They usually
contain between two and 20 amino acids, which can be naturally resistant to gastro-
intestinal digestion due to partial protection conferred by their high hydrophobicity
and the usual presence of proline. The hydrolysis degree of bioactive peptides can
vary depending on peptide chain length, nature of the peptide, presence of other
peptides in the medium and the food texture (Fang et al. 2016).

Bioactive peptides have been the subject of intensive research due to their poten-
tial physiological effects on various human systems such as cardiovascular, diges-
tive, endocrine, immune, and nervous systems [see recent review of
(Martinez-Villaluenga et al. 2017)]. Furthermore, industrial-scale technologies suit-
able for the commercial production of bioactive milk peptides have been developed
(Korhonen and Pihlanto 2006; Urista et al. 2011). By far, the most studied bioactive
peptides are those derived from milk proteolysis (Nagpal et al. 2011; Beermann and
Hartung 2013). Several peptides have been isolated from yogurt, kefir, other fer-
mented milks and cheese and a number of them have shown to be released by the
proteolytic system of the LAB from these fermented products (L6pez-Expdsito
et al. 2017).

Microbial antihypertensive properties have been related to peptides with the
capacity to inhibit the angiotensin converting enzyme (ACE) that suppresses angio-
tensin II-mediated vasoconstriction. The responsible inhibitor peptides of the anti-
hypertensive effect derive mainly from p-casein and have been found in milk
fermented by strains of Enterococcus faecalis, L. lactis, and Bifidobacterium
(Martinez-Villaluenga et al. 2017). The most studied antihypertensive peptides are
the tripeptides VPP and IPP, released from f-casein after fermentation of milk. VPP
and IPP are now added to fermented sour-milk products that claim antihypertensive
effects launched in Japan and Finland. The Japanese product called “Calpis” con-
sists of milk fermented with L. helveticus CP790 and S. cerevisiae containing both
peptides VPP and IPP. This fermented milk has demonstrated properties to prevent
the development of hypertension (Sipola et al. 2002). The Finnish product called
“Evolus” contains the tripeptide IPP and claims to have similar antihypertensive
effects. It is produced by L. helveticus LBK-16H strain as starter in milk fermentation
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(Seppo et al. 2003). A comprehensive meta-analysis of data from relevant human
studies showed a modest reduction in blood pressure in individuals consuming
VPP and IPP compared to antihypertensive drugs (Fekete et al. 2015) demonstrat-
ing a potential for use in cardiovascular therapy as a complement to traditional
medications.

Other beneficial effects attributed to peptides derived from milk include immu-
nomodulating, antioxidant, antimutagenic, mucin-stimulating, and opioid effects
(Martinez-Villaluenga et al. 2017). Some peptides have multifunctional characteris-
tics such as the peptide YQEPVLGPVRGPFPIIV (fragment 193-209 of p-casein)
obtained after fermentation of milk with the strain L. casei Shirota. This peptide
showed an inhibition efficiency ratio for ACE (antihypertensive activity) of 0.14%/
peptide concentration (mg/mL), and a thrombin inhibition efficiency ratio of 4.6%/
peptide concentration (mg/mL) (Rojas-Ronquillo et al. 2012). Some strategies
employed to enhance the release of bioactive peptides during fermentation by LAB
include supplementing milk with milk peptide fractions. This strategy facilitates the
proteolytic activity of L. acidophilus, L. helveticus, L. bulgaricus, and S. thermophi-
lus and enhances the production of ACE-inhibitory peptides (Gandhi and Shah 2014).

Cheese can also contain peptides with antihypertensive, antioxidant, opioid, anti-
microbial, antiproliferative, mineral absorption and modulatory effects (Ldépez-
Expésito et al. 2017). As example, an intensive ACE-inhibitory activity (75.7%)
was detected with peptides isolated from Gouda cheese aged for 8 months (Saito
et al. 2000). Dimitrov et al. (2015) evaluated the ACE inhibitory activity of 180
LAB and selected as starters several L. helveticus, L. bulgaricus and L. casei strains
for Bulgarian cheese production, which led to increased production of bioactive
peptides. Finally, addition of L. casei 279 or L. casei LAFTI® L26 as adjuncts in
Cheddar cheese production increased the ACE-inhibitory activity during ripening at
4 °C, possibly due to increased proteolysis (Ong et al. 2007).

Scientific Evidence for Health Promoting Effects
by Fermented Dairy Products

Although the presence of beneficial microbiota and their biological active metabo-
lites in fermented dairy products is well documented, many of their claimed physi-
ological actions have only been assayed in vitro and in animal models. Thus, there
is a significant challenge in trying to extrapolate animal studies to humans. Scientific
evidence from human interventions and clinical trials that include the evaluation of
the fermented products and their matrices are needed to validate their functional
properties.

Modulation of the gut microbiota It has been postulated that the live microorgan-
isms in yogurt and fermented milks benefit gastrointestinal health by modulating
the resident gut microbiota. However, it is worth pointing out that this modulation
is based on the notion that a “normal” healthy gut microbiota exists; however, a
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normal healthy gut microbiota has not been defined, except perhaps as microbiota
without a pathogenic bacteria overgrowth. The type and amount of microbes in the
human intestine differ substantially between individuals, which means that the phy-
logenetic composition could be considered a subjective fingerprint (Schmidt et al.
2018). However, while our microbiota varies phylogenetically, metagenomic analy-
ses have revealed that at the highest functional level, the functional potential of the
microbiome of healthy individuals remains very similar (Heintz-Buschart and
Wilmes 2018). This could be a good starting point for developing the concept of
“normal” healthy gut microbiota.

To exert their benefits, transient dairy bacteria entering the human gastrointesti-
nal tract not only must survive the hostile conditions of the stomach and the small
intestine to reach the colon, they also need to survive and compete in a colon envi-
ronment fully seeded with resident microorganisms (Hillman et al. 2017). Fermented
food and beverages represent between 5 and 40% of the daily food intake in the
world (Prakash Tamang and Kailasapathy 2010), which corresponds to 0.1-1.0% of
the bacteria present in the gastrointestinal tract. The bacteria that survive the condi-
tions of the gastrointestinal tract are an extra source of microbial metabolites being
conceivable that they might alter the proportions of autochthonous bacteria, impact-
ing diversity and functionality.

Unno et al. (2015) investigated changes in the human gut microbial community
structure after consumption of fermented milk containing probiotics. The microbi-
ota was stable at the phylum level, although the relative abundance of Bacteroidetes
increased during the ingestion of the fermented milk and decreased during the non-
ingestion period. This suggested that consumption of the fermented milk can tem-
porarily alter the gut microbial community structure maintaining its stability.
Nevertheless, interactions between resident and transient microorganisms are yet
insufficiently clear and can be highly dependent on the colonization resistance of
the autochthonous microbes. In another study, conventional and gnotobiotic rats fed
fermented milk containing five strains of Bifidobacterium animalis, L. lactis subsp.
lactis, L. bulgaricus and S. thermophilus over a 15-day period showed that the clear-
ance kinetic of L. lactis was strongly dependent on the structure of the resident gut
microbiota and its susceptibility to be modulated by the transient strain (Zhang et al.
2016). One group of rats promptly eliminated L. lactis after fermented milk inges-
tion, whereas another group shed the strain over an additional 24—48 h. Overall, the
specific contribution of dairy fermentative bacteria to the human gut ecosystem
composition and functionality remains unclear.

Prevention of infection by pathogens Cheese has been associated with the pre-
vention of bacterial gastroenteritis caused by the foodborne pathogen Campylobacter
Jjejuni. A case control study carried out in South Australia involving children aged
1-5 years diagnosed with C. jejuni infection, showed that frequent consumption of
foods including Cheddar and soft processed cheese was associated with a lower risk
of gastroenteritis symptoms (Cameron et al. 2004). This fact reinforces the body of
evidence pointing to traditional fermented products such as cheese be considered
and included regularly in the daily diet.
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Inflammation Maturation, function and defense mechanisms of the immune
system are built up over the first years of life and are greatly influenced by the
established gut microbiota (Nash et al. 2017). Inflammation is part of the human
host defense system for facing unwanted environmental challenges. The immune
system reacts with the production of proinflammatory mediators that causes sys-
temic inflammation.

Human cross-sectional studies have supported the premise that the consumption
of yogurt can be associated with a lower inflammatory state. Meyer et al. (2007)
studied the effect of daily intake of conventional yogurt containing S. thermophilus
and L. bulgaricus on cytokine production in 33 healthy women aged 22-29 years.
The subjects consumed 100 g of yogurt per day for 2 weeks, and then 200 g for the
subsequent 2 weeks. Consumption of yogurt enhanced cellular immune function,
stimulating significant production of TNF-« (63% compared with baseline). On the
other hand, Olivares et al. (2006) studied the immunological effects of the dietary
deprivation of fermented foods in 30 healthy adult human volunteers (15 females
and 15 males) aged from 23 to 43 years. After deprivation for 2 weeks, a decrease
in phagocytic activity in leukocytes was observed. The fall in immune response was
counteracted after the ingestion of conventional yogurt. Nevertheless, methodologi-
cal factors limit comparisons between these studies and do not allow differentiation
between a beneficial or neutral impact of dairy products on inflammation. Hence,
further studies specifically designed to assess inflammation-related outcomes are
warranted.

Chronic intestinal inflammation has been associated with development of
colorectal cancer. Several studies have shown that LAB present in fermented prod-
ucts may protect against cancer by binding mutagens, inhibiting bacterial enzymes
that form carcinogens and reducing inflammation (Zhong et al. 2014). Accordingly,
Perdigén et al. (2002) demonstrated in BALBc mice that yogurt may exert antitu-
mor activity by decreasing the inflammatory immune response mediated by IgA(+),
apoptosis induction and IL-10 release. Likewise, Pala et al. (2011) conducted a pro-
spective study on 45,241 (14,178 men; 31,063 women) volunteers of the EPIC-Italy
cohort and found that high yogurt intake can be significantly associated with
decreased colorectal cancer risk in humans.

Cardiometabolic diseases Studies have concluded that yogurt may help to
improve diet quality and maintain metabolic well-being as part of a healthy, energy-
balanced dietary pattern. A cross-sectional study that examined whether yogurt con-
sumption was associated with better diet quality and metabolic profile among
American adults (n = 6526) participating in the Framingham Heart Study Offspring
(1998-2001) and Third Generation (2002-2005) cohorts, concluded that yogurt
consumption was associated with lower levels of circulating triglycerides, glucose,
and lower systolic blood pressure and insulin resistance (Wang et al. 2013). Healthier
insulin profile after frequent yogurt consumption was also observed with children in
a cross-sectional study using data from the National Health and Nutrition
Examination Survey (NHANES) in the USA (Zhu et al. 2015). Accordingly, the
PREDIMED study following prospectively 3454 non-diabetic individuals
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concluded that consumption of yogurt was inversely associated with type 2 diabetes
risk in the elderly at high cardiovascular risk (Diaz-Lopez et al. 2016). Association
of high yogurt intake with a reduced risk of diabetes type 2 was also observed in a
meta-analysis of 14 prospective cohorts with 459,790 participants (Chen et al.
2014).

Unlike type 2 diabetes, an inverse correlation between yogurt consumption and
obesity has not been clearly established. A prospective study in an elderly popula-
tion at high cardiovascular risk (PREDIMED study), concluded that consumption of
whole-fat yogurt was associated with positive changes in waist circumference and
higher probability for reversion of abdominal obesity (Santiago et al. 2016).
Furthermore, a comprehensive literature search on MEDLINE and ISI Web of
Knowledge from 1966 through June 2016 (Sayon-Orea et al. 2017) indicated that an
inverse association between yogurt consumption and the risk of becoming over-
weight or obese was not fully consistent in prospective cohort studies although the
results showed a tendency to improvement of most parameters of weight gain, risk
of overweight or obesity, and risk of metabolic syndrome associated to yogurt
consumption.

Finally there is evidence suggesting a moderate cholesterol-reducing action by
fermented dairy products (St-Onge et al. 2000). Nevertheless, there is still a need for
more prospective studies and high-quality randomized clinical trials to confirm
improvement of metabolic markers apparently associated to yogurt and fermented
milk consumption.

Probiotics in Fermented Dairy Foods

The International Scientific Association for Probiotics and Prebiotics has agreed to
define probiotics as “live microorganisms that, when administered in adequate
amounts, confer a health benefit on the host” (Hill et al. 2014). Traditionally,
Lactobacillus, Bifidobacterium and the yeast Saccharomyces boulardii are added
fermented milks as probiotics (Aryana and Olson 2017). However, new species
recently identified as relevant to intestinal health like Faecalibacterium prausnitzii,
Akkermansia muciniphila and Roseburia could be added to fermented products as
probiotics (El Hage et al. 2017). These species contribute to intestinal homeostasis,
mucus integrity, and generation of short chain fatty acids.

Viability and functionality of probiotics in both food matrix and the gastrointes-
tinal tract are essential to exert their beneficial effects. Therefore fermented prod-
ucts containing probiotics must have a minimum 10° cfu/g live bacteria at the
expiration date, since the minimum therapeutic dose per day is suggested to be
108-10° cfu. Nevertheless, the presence and activity of probiotics in fermented
products is sometimes far from being optimal. Although specific strains are inher-
ently resistant to the conditions of production and transit through the gastrointesti-
nal tract, like Lactobacillus salivarius CECT5713 and PS2, both isolated from
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human milk, which were shown to survive during storage for 28 days at 4 °C with
only a significant reduction in their viable counts was observed after 21 days
(Cardenas et al. 2014), some strains of bifidobacteria added to commercial fer-
mented milks do not survive gastric transit and their numbers decline during storage
(Ladero and Sanchez 2017). Consequently, technological strategies for improving
viability and functionality of probiotics have been developed (Tripathi and Giri
2014) and include control of the product’s final pH, the addition of oxygen scaven-
gers, the use of probiotics producing protective EPS, microencapsulation or addi-
tion of prebiotics to the fermented milk in order to improve survival (Fernandez
et al. 2015). The review by Castro et al. (2015) summarizes different aspects related
to the technological stability barriers encountered in the development of cheeses
containing live probiotics.

Bifidobacterium and Lactobacillus have been exploited as probiotic beneficial
microorganisms for centuries; however, the molecular mechanisms by which these
bacteria exert their beneficial effects are still under investigation. Genome sequenc-
ing has provided insights into the diversity and evolution of commensal and probi-
otic bacteria to reveal the molecular basis for their health-promoting properties
(Ventura et al. 2009). Full genome sequences of lactobacilli and bifidobacteria are
publicly available and have significantly expanded our understanding of the biology
of these microorganisms and how they have adapted so well to the human gastroin-
testinal tract despite their distant original niches. Combined with advanced postge-
nomic mammalian host response analyses, the molecular interactions that underlie
the host-health effects observed are being elucidated (Sommer and Backhed 2016).
Following metagenomics, the current metaproteomic and metatranscriptomic anal-
yses have revealed that although there are similarities at the highest functional level
among individuals, the microbiota is affected by a variety of factors, including diet,
host genetics, and health status. As example, a placebo-controlled intervention trial
of 16 healthy subjects that consumed Lactobacillus rhamnosus GG for 3 weeks
found a common core of shared microbial protein functions in all subjects but no
significant changes in the metaproteome attributable to the probiotic intervention
(Kolmeder et al. 2016).

A new era in the probiotic field to be considered is the link between bacteria and
brain activity in humans, the so called psychobiotics (Bambury et al. 2018). The
link between the gut microbiota and brain was first demonstrated in germ free mice
showing impaired emotional behaviors and brain biochemistry (Diaz Heijtz et al.
2011). In this model, microbial colonization of the gut initiates signaling mecha-
nisms that affect neuronal circuits involved in motor control and anxiety behavior.
A recent randomized, double-blind placebo controlled clinical trial conducted
among 60 patients with Alzheimer’s disease showed that patients drinking 200 mL/
day of a probiotic milk containing L. acidophilus, B. bifidum and L. fermentum dur-
ing 12 weeks were positively affected in its cognitive function (Akbari et al. 2016).
Although promising, this field is still in infancy and high-quality clinical trials are
needed to provide enough evidence before probiotics could be therapeutically used
in neurodegenerative and emotional disorders. Furthermore, human randomized
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control trials and hypothesis-driven mechanistic-based experimental studies are
needed to validate health claims before fermented dairy products including probiot-
ics can be advocated for specific disease prevention.

Conclusions

Fermented dairy products are ideal carriers of live microorganisms and their metab-
olites allowing for specific delivery where they will exert their physiological func-
tionality. Moreover, dairy products constitute the hallmark of probiotics supply in
the food market. Although industrialized processes have reduced the microbial
diversity in milk and dairy products contributing to the limited exposure to a tradi-
tionally rich and highly biodiverse microbiota in food products, recent efforts are
addressing this issue by applying diversification methods to dairy starters and by
enriching fermented dairy products with bioactive compounds. New omics tech-
nologies are providing a better understanding of the microbial metabolism, interac-
tion between transient and resident microbiota, and contribution of the microbiota
to the host homeostasis at a molecular level essential to increase our understanding
of the beneficial effects of milk and their microbially generated products.
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