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Functions of the Human Intestinal Microbiota in
Relation to Functional Foods
Elisavet Stavropoulou1 , Christina Tsigalou2 , Eugenia Bezirtzoglou3
Interest in functional foods has increased due to their relationship to diet and health. A healthy nutrition preserves the intestinal ecosystem and enhances health. Probiotic Lactobacillus appears to be highly sensitive to diet, environmental factors,
stress, and antibiotics. Functional foods are known to play an important role in the stability of a human intestinal ecosystem.
Moreover, dissemination of antibiotic resistances into consumed dairy and meat products could select some bacterial species.
However, awareness of the relationship between food and health must be constant through permanent surveillance systems.
The European Union guidelines should be imposed for the safe use of functional foods as foods or either as biotherapeutic
agents. Functional foods are foods that surpass classic nutritional habits and have usually beneficial action for their host. They
are classified into three main classes: probiotics, prebiotics, and symbiotics. The use of genetically modified probiotics could
provide further chances for the industrial and pharmaceutical exploitation of probiotic microorganisms. In contrast, prebiotics are not microorganisms but non-digestible components. They stimulate the growth and/or the activity of several bacteria
in a beneficial way. Their action contributes to a healthy and balanced intestinal microbiota. Systematic administration of
prebiotics decreases blood lipid counts, as well as blood pressure, but increases the synthesis and absorption of foods and
maybe has an anticarcinogenic action. They are also used extensively in the food industry. Last but not the least is the class
of symbiotics, which combines a mixture of probiotics and prebiotics with both effects.
Keywords: Functional foods, intestinal microflora, probiotics, prebiotics, symbiotics, microbiota

The Concept of Functional Foods
Functional foods are foods that surpass simple nutrition and have usually beneficial action for their host. Fermented
products were well-known since thousands of years as formerly the term “acid milk” was mentioned in the Bible.
In 1908, Metchnikoff (1) in his thesis dissertation entitled “The prolongation of life” associated the systematic ingestion of Bulgarian fermented milk and yoghurt to the longevity of the Caucasian people, recognizing the health
profits of dairy fermented foods.
Since then, the development and use of many functional foods was introduced in our nutritional habits. Functional
foods were developed nowadays in various countries, and they are categorized into three classes as probiotics,
prebiotics, and symbiotics.
Differences in national policies and legislation differentiate their features on functional foods. Japan is the only
country that highly supports the benefits of functional foods, and in this vein, a plethora of functional foods (>200)
are developed and branded under the name FOSHU (Foods for Specialized Health Use). In addition, the US Food
and Drug Administration (FDA) implemented a legislation for >15 functional foods.
Origin and Chemical Nature
Since ancient times, fermented foods evolved from empirical cultures with profitable action to synthetic probiotic
cultures including selected species of enteric bacteria (2).
Functional foods, such as probiotics, prebiotics, and symbiotics, could modify the activity of the gastrointestinal tract (3).
In 2000, probiotic strains genetically selected with a reinforced profile were used for therapeutic purposes (2).
It is actually more than an axiom that healthful effects are attributed to probiotic lactic acid bacteria (LAB).
The new biotechnological tools were shown to be valuable for the choice of new strains, amendment of several
functional properties, nutritional optimization of foods, and launching of sensory and textural qualities of food.
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The most important feature of functional foods is associated with
the activation of the host immune system that plays a key role in
the microbial intestinal balance. This is called the “barrier effect.”
Among those foods, dairy functional foods were particularly of interest by showing important health profits, such as reinforced nutritional value, promoting intestinal lactose digestion. Moreover, their clear
beneficial action on the urogenital and intestinal microflora is largely
discussed as their extensive use aims the prevention of gastrointestinal illness by prohibiting intestinal colonization by enteric pathogens.
Probiotics play a major role in the protection of the integrity of the
intestinal ecosystem.
Ways of Action
Various pathways of action are connected with these beneficial
bacteria in the intestinal tract and specifically include the following: spatial antagonism (spatial arrangement theory); antagonism
for nutrients present in limited quantities; their acid epithelial pH;
generation of H2O2; generation of antimicrobial features, organic
acids, or bacteriocins; production of nutrients providing energy for
epithelial cells or other bacteria; and immune system activation (2).
Functions Associated with Functional Foods
It is noteworthy that “therapeutic” roles are associated with their
functional ability, as control of the gut peristalsis, reduced occurrence and duration of diarrhea, stabilization of the mucosal integrity, boosting of the immune system, and decrease of the catabolic
products excreted by the kidney and liver.
The authors reported their relationship to the prevention of colon
cancer as having anticarcinogenic and antimutagenic actions (4), as
well as their anti-allergic activities (5).
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Anticancer activity remains to be the most controversial. In this
purpose, dietary intervention studies were conducted by measuring
specific biomarkers, such as colon mucosal markers and immunological markers, as well as fecal water markers (4).
Nevertheless, no experimental data for cancer regression in humans as a result of ingestion of dairy lactic cultures are found.
Meat consumption appears to shift the intestinal microbiota in a
non-beneficial profile and correlates the gut microbiota with cancer
disease (6). Epidemiological studies report the presence of intestinal cancer to follow an increasing course in developed countries
due to the most important consumption of meat (6). In contrast,
plant-based diet could reduce cancer risk (7).
Functional foods are stimulating the production of calcium and appear to play a role in the prevention of osteoporosis. Moreover,
they have a hypocholesterolemic action, and finally, they compensate us with the feeling of well-being.
Prebiotics and Symbiotics
Prebiotics are non-digestible bioactive functional foods with a
beneficial action on the intestinal microbiota of the host (8). They
present many properties (8). They are non-hydrolyzed or absorbable substances in the intestine and participate in several metabolic pathways of the beneficial microbiota. They are also able to
promote the beneficial microbiota growth, as well as its metabolic
potential. Moreover, they develop resistance in stomach acids, bile,
and pancreatic secretions and boost the welfare of the host. They
are carbohydrates, dietetic fibers non-digestible with a specific action, resulting in the increase of intestinal bacterial volume and
mass. Furthermore, they are able to modify the intestinal pH and,
finally, to produce volatile fatty acids and gas (2).

Table 1. Microorganisms applied in probiotic products
Yeasts

LAB

Bifidobacterium sp.

Lactobacillus sp.

Saccharomyces cerevisiae

Enterococcus faecalis

B. adolescentis

L. rhamnosus

Saccharomyces boulardii

Enterococcus faecium

B. animalis

L. kefir

Lactococcus lactis subsp. lactis

B. bifidum

L. delbrueckii subsp.

Lactococcus lactis subsp. cremoris

B. breve

L. helveticus

Leuconostoc mesenteroides subsp. dexiranicus

B. infantis

L. casei GG

Pediococcus acidilactici

B. lactis

L. curvatus

bulgaricus

Sporolactobacillus inulinus		

L. brevis

Propionibacterium freudenreichii		

L. acidophilus

Streptococcus thermophilus		

L. casei

			

L. crispatus

			

L. gallinarum

			

L. gasseri

			

L. johnsonii

			

L. paracasei subsp. paracasei

			

L. plantarum

			

L. reuteri

			

L. cellobiosus
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The combination of probiotics and prebiotics as functional foods
results in the “symbiotic” approach (from the Greek word to live
together), collecting both effects.
The current generation of functional foods is based on the super
induction of targeted substances (e.g., conjugated linoleic acids or
polyunsaturated fatty acids).
Recently, the role of dairy functional foods as mild therapeutic
agents (9) has been examined.
Functional Foods and Intestinal Microbiota
The role of functional foods in the balance of the intestinal ecosystem is largely discussed (8). However, the specific action of prebiotic and probiotic microorganisms in not only regulating the balance
of the microbial intestinal flora but also participating actively in the
metabolism must be clear.
The human gastrointestinal tract harbors a large variety of microorganisms. First, a human newborn lacks microorganisms before
delivery (10). Bacteria colonize newborns from the very first days
of life (10). In this way, newborns develop their normal bacterial
flora, which originates mainly from the surrounding environment
(10, 11), the hospital personnel (12, 13), and the diet (14-16). The
profile of the newborn gut microflora is associated definitely with
age, race, and mainly on feeding habits (15-19).
Different parts of the gastrointestinal tract harbor different bacterial
populations during its downward course. Qualitative and quantitative
differences are observed (12). Increasing counts of bacteria are recorded
as they move down the digestive tract where the bacterial numbers observed could be as high as >10 million bacteria/mL of fecal fluid (12).
Lactobacillus spp. are normal inhabitants of the human gastrointestinal tract.
Lactobacillus spp. show beneficial effects and improve the human intestinal microbiota (20). Then, they belong to probiotics.
Probiotics produce nutrients, bacteriocins, and antimicrobial substances and are capable of removing toxins and preserving food
from putrefaction.
Probiotics clearly play a key role in the intestinal microflora by
maintaining its balance.
Lactobacillus is a facultative anaerobic or aerobic rod that inhabits
the normal human microbiota without showing any pathogenic effect (9, 20). Nevertheless, which particular factors are involved in
the evolution of the lactic acid microflora is not yet clear. Lactobacillus shows selective adherence to the intestinal ecosystem (21).
It is also noteworthy that some enterobacterial strains possess specific adhesins that facilitate the adhesion and colonization of the
gastrointestinal mucosa. This could play a role to their pathogenicity potential (21).
Non-pathogenic anaerobic bacteria species, such as Lactobacillus and
Bifidobacterium, interfere in the adhesion and invasion potential of
some enteropathogenic bacterial strains (22). Although there are many
studies on probiotics Lactobacillus sp., concrete information on their
colonization capacity in the gut microbiota is not yet satisfactory.
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Dairy Functional Foods and Intestinal Microbiota
Lactic acid Bacteria (LAB) are involved in dairy fermentation since
the ancient years. Researchers worldwide identify the microbiota of
various “ethnic” products (23-28).
Fermentation could occur through raw milk’s microbiota spontaneously or following inoculation of a starter culture. In Greece and
specifically in the Epirus area, “pytia” (rennet) is known for centuries as a probiotic starter containing LAB (2).
Dairy preparations, such as yoghurt and kefir, contain probiotics
that promote the well-being of the intestinal ecosystem. Various
mechanisms are involved as described previously.
In Greece, people in the agrarian sector prepare traditionally unpasteurized dairy foods and containing live cultures of Lactobacillus, Bifidobacterium, or other probiotic microorganisms.
Knowledge on the nutritional habits of a population is important.
Children are ingesting milk and dairy products more commonly
than the adult population. In this vein, their intestine is expected
to be colonized by probiotics, such as Lactobacillus paracasei,
Lactobacillus delbrueckii lactis, Lactobacillus lactis lactis, Leuconostoc, and Bifidobacterium (10%). These species are sparsely
found (5%) in an old person’s microflora (29).
It should be noted that old people have particular alimentary and are
consuming often fermented traditional foods. Their intestine is colonized
by bacterial strains used classically in traditional food preparations (30).
Healthy subjects in all ages are harboring a predominant lactoflora
(100%). Qualitative and quantitative differences are observed with
increasing age (12, 18). During aging, Lactobacillus biotypes and
numbers seem to be constant (31).
Environment, Stress, Antibiotics, and Other Factors Altering
the Intestinal Microbiota
Furthermore, extended isolation of a person, as in the case of a
long space flight or special trainings, modifies the intestinal microbiota (32). It is also extensively discussed that stress influences the
gut microbiota. Putrefactive bacteria increase Clostridium perfringens in numbers in this last case (33).
Gut diseases, bacterial or viral diarrheas, pseudomembranous colitis,
and antibiotic-associated diarrhea have been cured by the use of pharmaceutical probiotics, such as Saccharomyces boulardii, Lactobacillus
casei GG, Lactobacillus acidophilus, and Enterococcus faecium.
Increased numbers of Lactobacillus and/or Enterococcus were
observed in the intestine of infants with rotavirus diarrhea (34), as
well as inhabitants of the Chernobyl nuclear accident (35).
Missing fecal Lactobacillus is reported in elderly people by some studies
(17,18,21). However, it seems that there is a universal scientific agreement on the preponderance of Lactobacillus in all ages (17, 18, 21, 29).
As stated, Lactobacillus is very sensitive to environmental factors,
diet, antibiotics, and stress (30).
Overuse of antibiotics in animals could spread antibiotic resistances into dairy products and consumer (30). C. perfringens strains
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originating from foods developed resistances in various antibiotics
ranging from 8% to 49% (30). Resistant C. perfringens strains
overwhelm the intestinal flora of an elderly individual (36, 37).
In Greece, multi-resistance in hospitalized patients and outpatients is
unregistered (38, 39). It is noteworthy that outpatients had not been
treated regularly with antibiotics. In this vein, the observed antibiotic
multi-resistance was not expected in outpatients. These acquired resistance patterns may be due to the ingested feed. It is reported that
unfortunately in Greece for boosting the quality of animals, antibiotics are placed illegally in their alimentation. In this way, antibiotics
could be found at high levels in animal tissues and flesh, as well as in
their products consumed by man. Undoubtedly, consumers ingesting such foods will develop antibiotic resistance profiles (30).
Differentiation between autochthonous microorganisms of the gut
microflora and transient ones associated with food, environment,
and personal habits is not always easy to determine.
Lactobacillus is reported to harbor the normal vaginal flora in high
numbers (1). However, excessive antiseptic use during delivery may
repress and limit the bacterial species able to colonize the newborn
gut (37). Lactobacillus is very sensible to antiseptic exposure.
Lactobacillus adheres to the epithelial cells as these species have
the ability to ferment monosaccharides of mucin (40). Antibiotics
are able to breach the mucosal integrity (40).
Moreover, Lactobacillus showed inhibitory action against some
pathogenic bacteria, ensuring the safety of many food products (29).
Bacteriocins are bactericidal peptides that could suspend the growth
of other bacterial species (41). LAB are able to produce bacteriocins.
C. perfringens and Escherichia coli were found in high numbers in
adult and elderly microflora. C. perfringens (25%) was often present in
children microflora, followed by E. coli (10%) (37). Lower levels of Bacillus sp. (2.5%) and Staphylococcus aureus (2.5%) were found (37).
C. perfringens was present in both vegetative and spore forms at all
ages (19, 37). The occurrence of C. perfringens spore forms was higher in children (20%) and aged population (87.5%). Vegetative forms of
C. perfringens do not appear in children and old people when Lactobacillus predominates the microflora. C. perfringens vegetative forms
were common (70%) in healthy adults (15, 37, 40). Environmental factors and personal habits of hygiene are involved (37).
The presence of Lactobacillus is outnumbered by obligate anaerobes in the intestine.
The characterization of the mucosal lactoflora seems to be difficult
as methodological limitations of collecting biopsy samples from
healthy subjects are not always obvious.
In conclusion, the composition of the human lactoflora remains
obscure and speculative despite the many studies undertaken.
Microbial Balance
The plethora of microorganisms inhabiting the human gut is described
as the “autochthonous microflora.” There is a very complex relationship of bacteria harboring our intestine and our body. Their role is to
mediate the gastrointestinal balance between health and disease (37).
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When exogenous invaders are introduced in the intestine, the ecosystem fights against these foreign species. In case where the intestinal barrier is damaged, the disease develops (37). However,
how the disease occurs is not yet clear as several diseases require
an important bacterial bulk in order to initiate illness, and others
require much lower bacterial numbers.
Pathogenic Salmonella species require large ingested numbers
in order to initiate disease. Moreover, not all Salmonella species
are pathogenic. However, Salmonella is susceptible to stomach
acidity (42). In contrast, Shigella species are pathogenic, and only
a few cells of the microorganisms are able to cause the disease
(n=200). Shigella is able to bear stomach acidity and thereafter
resides in the intestine and develops into illness (42).
As already stated, the overall nutritional habits and maintenance of a
healthy and functional immune system could protect us from these invading organisms. The type of diet and aging are closely related to the
microbial population of our intestine. In a diet rich in starches, the bacterial species that ferment starches will amplify their presence in the intestine. In this vein, the classic example is the excess consumption of sugar.
Certain types of microorganisms that live within our intestine thrive on
a high sugar diet, most notably Candida albicans. A symptom of a
swollen abdomen after consuming sugar is an indication of Candida
blooming as the Candida microflora produces poisonous endotoxins.
Metchnikoff believed that premature senescence is the result of
bacterial activity (1) and the so-called autointoxication, resulting in
chronic infection in the gut. Additionally, when the infection is
removed, the symptoms disappeared. These toxemias are generally accepted as due to the absorption of putrefactive substances
at the lumen of the intestine as a result of bacterial proteolysis on
proteins.
Some of these substances are absorbed and excreted by the kidneys (43).
Although the therapeutic advantages of the lactoflora for the host
are previously known, it is obvious that more research must be
conducted in this topic in order to provide enough explanations of
the involved mechanisms.
Microorganisms Applied in Probiotic Products
Fermented dairy products are considered as complete food providing us with the feeling of fullness by increasing human intestinal
bacterial volume and numbers.
Probiotic bacteria introduced by food in the large intestine are participating in the fermentation of alimentary-derived indigestible carbohydrates. This type of fermentation results in the production of
short-chain fatty acids (SCFAs) that decrease circulatory cholesterol
levels by restricting hepatic cholesterol synthesis or by allocating cholesterol from plasma to the liver (44). Cholesterol, as a precursor of
bile acids, participates actively in the de novo bile acid synthesis (44).
Moreover, interesting bacterial activity levels in the intestine appear
to enhance bile acid deconjugation. Deconjugated bile acids are
known to be non-absorbable at the level of the intestinal mucosa
and therein eliminated (44).
Many bacterial strains belong to probiotics (Table 1).
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However, Lactobacillus and Bifidobacterium are more commonly
isolated from yoghurts or other fermented dairy products and play
an important role in the treatment of gastrointestinal infections by
reinforcing the intestinal system against adhesion and invasion of
pathogens.

DISCUSSION
The integrity of the intestine seems to be largely dependent on
the presence of a healthy microbiota as probiotics are involved in
promoting the intestinal defense barrier by regulating the intestinal
permeability and microecology (45).
Therefore, probiotic dairy products promote the integrity of the
intestinal system by activating the immunological response through
the production of immunoglobulin A (46).
Probiotics may reduce the levels of intestinal enzymes, mutagens,
and secondary bile salts that are potentially incriminated in colon
carcinogenesis. SCFAs, such as acetate, propionate, and butyrate,
are known to be produced following the fermentation procedure in
the intestine. Elevated levels of SCFA were associated with a low
intestinal pH (47) favorable in fighting colon cancer.
In this vein, the relationship between fecal low pH value and total
fecal SCFA concentration argues the fact that high concentrations of
fecal SCFA could provide protection against chronic bowel diseases.
The human intestine defines a characteristic microflora with specific actions as production of secondary compounds that could lead
to health promotion. These secondary compounds include SCFAs,
as well as short bioactive peptides originating usually from milk
intestinal cleavage.
In contrast, prebiotics play a different role by decomposing the provided substrate in the intestine.
It is somewhat of interest to discuss the damaging effect on the
intestinal flora balance of chlorine and sodium fluoride, which are
substances that are present in most treated city water systems, and
by extension found in most consumed beverages. Additionally,
drinking alcoholic beverages contributes to the destruction of the
intestinal flora, as well as adding antibiotics in animals or other
foods and systematic drug intake.
Particular problems occur when food-ingested bacteria growth remains unchecked (48). Then, probiotics seem to play an important role in keeping in control these pathogenic bacteria that could
cause disease. The beneficial probiotic microflora contains live bacteria that inhibit harmful pathogenic microorganisms (49).
Today, healthy eating is promoted shifting toward the potential
health benefits of functional foods.
The actual knowledge of innovative technologies, such as nutrigenomics (50), imaging techniques, and converging technologies, is
applied currently in nutrition research (51).
Nutrigenomic technology (50, 51) explores the shifts in gene and
protein expression and metabolite pathways following the shifts
in diet. Where such shifts occur (52), markers could be used to
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determine the effect of bioactive food components. It is obvious
that more time is required to proceed to the identification of the
appropriate markers for functional foods.
Glossary
LAB
Lactic Acid Bacteria
FOSHU Foods for Specialized Health Use
FDA

Food and Drug Administration

Pytia

Rennet
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