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Fermentation is known as a method that improves the nutritional value of foods in addition to
preserving them. Various traditionally produced fermented foods such as yogurt, kefir, kombucha,
some cheeses, sausages and pickles have probiotic potential. Hence, consumption of fermented
foods plays an important role in modulating of gut microbiota and supplying positive effects on
health. With the help of beneficial microorganisms, the intestinal barrier can be improved which
induces the activity of the immune cells associated to the gut. In recent years, probiotics have been
used in foods in order to produce functional foods that have the potential to improve gastrointestinal
health. It is known that intestinal microbiota and probiotics can interact in immune system and these
interactions provide positive health effects like reducing risk of hypertension, improving gut
microbiota, regulating immune system, preventing diabetes, allergies and diarrhea. In this paper,
fermented foods having probiotic potential and the effects of consuming these foods on the immune

Immune system system are revised.
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Introduction

Fermentation is known as a technology for the growth
and metabolic activities of microorganisms which play an
essential role in preservation of foods. Fermentation has
been used since centuries all over the World and is
considered as the most ancient, easy and inexpensive
method (Sanlier et al., 2019). It has been used for different
purposes such as developing new food products with
various aroma profiles, achieving  post-harvest
preservation and improving shelf-life, preventing
physiological deterioration and losses, increasing food
safety and ensuring availability of foods (Patra et al., 2016;
Behera and Panda, 2020). Fermentation process can be
conducted either with natural indigenous microbiota or
with added starter cultures, containing functional activity
that alter biochemically and organoleptically the substrates
to different products during process. Various foods can be
fermented by lactic acid bacteria (LAB) and yeasts, while
molds and Bacillus spp. may also be used for
saccharification of starch or proteolysis or as secondary
ripening microbiota (Marco et al., 2017). This process
makes foods rich in terms of nutritional value, supplies
unique flavours and textures and provides some health
benefits to the consumers (Carvalho et al., 2018).
Moreover, consuming fermented foods regularly has been
linked to benefits on the immune system and metabolic
functions. Some specific metabolites such as lactate,
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acetate and other short chain fatty acids found in these
types of foods have anti-inflammatory and modulation
properties on the gut microbiota that provide positive
effects on health (Cassani et al., 2019).

In the literature, there are various studies that analyze
microbiota of fermented foods. However, only limited
studies have been focused on fermented foods, their
probiotic potential and health benefits. This review aims to
describe the probiotic potential of fermented foods and the
health benefits of consuming these foods especially
focusing on the effects of immune system.

Microbiology of Fermented Foods

Fermentation is a type of natural preservation of food
products induced by microorganisms or enzymes that
change specific substrates, commonly carbohydrates to
alcohols or organic acids. Specifically, lactic acid
fermentation is a basic and beneficial form of
biotechnology in order to maintain and/or improve the
safety degree, nutritional value, sensory qualities and shelf
life of foods. Historically, various fermented products have
been consumed as probiotic foods such as yogurt, kefir,
kombucha, some cheeses, sausages and pickles (Montet et
al., 2014).
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Table 1. Microorganisms found in some traditional fermented products

Food | Raw material Microorganism
Fermented dairy foods
Acidophilus milk Milk L. acidophilus
Ayran Milk L. delbrugckii subsp. bulgaricus and St. salivarius subsp.
thermophiles
Lactobacillus. lactis, St. thermophilus, St. cremoris, L.
helveticus, L. delbrueckii, L. casei, L. paracasei, L.
Cheese Milk plantarum, L. rhamnosus, L. curvatus, Pediococcus
acidilactici, Pe. pentosaceus, Leuconostoc dextranicum,
Leu. mesenteroides
Cultured buttermilk | Milk Lc. lactis subsp. cremoris and Lc. diacetylactis
L. acidophilus, Bifidobacterium  bifidum,  St.
thermophilus, L. bulgaricus, L. helveticus, L.
Kefir Milk kefiranofaciens, L. lactis, Leuconostoc spp, K. marxianus,
K. lactis, Micrococci, Saccharomyces kefir, S. cerevisiae,
Torula kefir
Koumiss Milk E. faecalis and E. faecium
St. thermophilus, L. delbroeckii subsp. bulgaricus, Lc.
Yogurt Milk lactis ssp. lactis, E. faecium, E. durans, L. delbrueckii ssp.
lactis
Non-dairy fermented foods
B Rye, millets, wheat, L. coprophilous, L. plantarum, L. acidophilus, Leu.
0za ; h . : )
cereals, maize reffinolactis, L. brevis, L. fermentum, Leu. mesenteroides
Cucumbers, cabbage, L. plantarum, Leu. mesenteroides, L. brevis, Pe.
Brine green tomatoes, green pentosaceus, E. fecalis

Cured spiced beef
Fermented carrot
juice

Kimchi

Kombucha

Sausage

Sauerkraut

Table olives

Tarhana

Tempe

peppers and other
Meat

Turnip

Cabbage, green onion,
hot pepper

Tea

Meat

Cabbage

Olive

Yoghurt, cereal flours,
different vegetables,

herbs, and spices

Soybean

L. pentosus and L. sakei

L. sanfranciscensis, L. pontis, L. brevis, L. plantarum, L.
alimentarius, L. fructivorans, L. reuteri, L. fermentum
Leu. mesenteroides, Leu. kimchii, Leu. citreum, Leu.
gasicomitatum, Leu. pseudomesenteroides, L. plantarum,
L. brevis, L. curvatus, L. sakei, L. maltaromicus, L.
bavaricus, Pe. pentosaceus, W. confusa, W. kimchii, W.
koreensis

S. cerevisiae, Acetobacter aceti, G. oxydans

L. plantarum, L. curvatus, L. pentosus, L. fermentum, L.
brevis, Pe. pentosaceus, Pe. acidilactici, Lc. lactis subsp.
lactis, Leu. mesenteroides subsp.
mesenteroides/dextranicum, Leu. lactis, Lactobacillus
spp, L. sake, L. agilis, L. carnis, L. casei subs. rhamnosus
Leu. mesenteroides, Pe. pentosaceus, L. plantarum, L.
brevis

L. plantarum, L. pentosus, Leu. mesenteroides, Pe.
pentosaceus,

Pe. acidilactici, St. thermophilus, L. fermentum, E.
faecium, Pe. pentosaceus, Leu. pseudomesenteroides, W.
cibaria, L. plantarum, L. delbrueckii spp. bulgaricus,
Leu. citreum, L. paraplantarum, L. casei

L. fermentum, L. plantarum, Pe. pentosaceus, W. confusa,
L. delbrueckii ssp. delbrueckii

B., Bifidobacterium; E., Enterococcus; L., Lactobacillus; St., Streptococcus; S., Saccharomyces; Pe., Pediococcus; Leu.,
Leuconostoc; Lc., Lactococcus; K., Kluyveromyces; W., Weissella (Adapted from Evren et al., 2011; Sengiin, 2011;
Montet et al., 2014; Panghal et al., 2018; Adewumi, 2019)

1745



Sengiin and Giiney | Turkish Journal of Agriculture - Food Science and Technology, 9(10): 1744-1750, 2021

In table 1, some common fermented products are listed.
According to their food source, fermentation was done by
suitable microorganisms which means that different strains
play an important role in fermentation process and supply
different properties to both food and consumer.
Fermentation of foods can be conducted by natural
microflora of raw materials or inoculated starter cultures.
LAB are commonly used as starter culture for the
production of fermented foods and beverages from various
raw materials. In general, LAB strains belonging to the
genus Lactobacillus and Enterococcus along with bacteria
of the genus Bifidobacterium show probiotic properties.
Since probiotics have unique properties, they can conduct
effective health benefits that make them beneficial for body
functions. Hence, consuming fermented foods increase day
by day because of their health benefits.

Emerging demand for the products has provided good
opportunity to identify unexplored foods and beverages for
isolation of LAB strains having potential role in probiotic
researches (Gulbandilar et al., 2017; Patel, 2017,
Adewumi, 2019). Das et al. (2020) studied with traditional
fermented foods including fish, curd and rice from
Meghalaya in India, in order to justify microflora of their
ethnic fermented foods. A few indigenous Lactobacillus
isolates (L. fermentum and L. rhamnosus spp.) from
traditional fermented foods of Meghalaya were studied
extensively for their technological and probiotic attributes
and results showed that these indigenous isolates have high
probiotic potentials. In another study, Angmo et al. (2015)
identified the probiotic LAB strains from various
fermented foods and beverage of Ladakh consisting of
brown sourdough bread, curd, buttermilk, cottage cheese,
dried cottage cheese and vegetable, and alcoholic
beverages (chhang and aarak). Twenty-five LAB strains
were determined in vitro for probiotic potentials based on
their specific properties such as low pH tolerance, bile-salt
resistance, lysozyme tolerance, cholesterol assimilation
and exopolysaccharide production. The results showed that
Lactobacillus plantarum KJ722784 had similar properties
to Lactobacillus casei Shirota as reference probiotic strain.
In the same study, L. plantarum KJ722784 was used as a
starter culture for production of fermented milk and the
results showed that viable count was greater than 7 log
CFU/mlI after 28 day storage, which makes L. plantarum
KJ722784 a valuable candidate for the production of
probiotic products. In a study performed by Bengoa et al.
(2019), Lactobacillus paracasei strains were isolated from
kefir grains in order to determine the probiotic properties
and then to use it as starter cultures for the development of
functional dairy products. The results of the
physicochemical and immunomodulatory properties of
milks fermented with L. paracasei CIDCA8339,
CIDCAB83123 and CIDCAB83124 showed that L. paracasei
CIDCAB8339 can be considered as a potential probiotic
strain for developing functional foods. Adesulu-Dahunsi et
al. (2018) identifed the probiotic potential of 11 cereal-
based foods from Nigeria and analyzed the potential of
exopolysaccharide (EPS) production of LAB isolated from
these fermented foods. Specifically, 3 isolates (L.
plantarum YO175, L. plantarum OF101 and P.
pentosaceus OF31) showed strong probiotic properties
since they had ability to withstand and adapt to
gastrointestinal (GI) conditions and broad antibacterial

activity. The study performed by Trzaskowska et al. (2014)
showed the microbiological quality and stability, sensory
acceptability and dietary value of raw-fermented sausages
produced by the addition of Lactobacillus casei LOCK
0900. In the study, L. casei was inoculated in different
sausage samples with 6 log CFU/g and 7 log CFU/g. Then,
microbiological quality of sausages after the fermentation
and in the following 6 months storage was evaluated. The
number of probiotic cells in raw-fermented sausages was
nearly 9 log CFU/qg at the end of storage time. Also, the
sensory evaluation results were directly correlated with the
aroma of cured meat, the taste of dried meat and muscle
tissue fragmentation following the fermentation. Pavli et
al. (2019) studied with dry fermented sausages and
considered probiotic properties of L. plantarum L125,
previously isolated from a traditional Greek fermented
sausage. The probiotic was added in meat batter with the
commercial starter cultures (P. pentosaceus and S.
carnosus) and the microbial populations were estimated
during fermentation, ripening and storage periods (at 4 and
12°C). Overall, L. plantarum L125 provided equal or better
characteristics to products which make it a promising
probiotic starter culture in order to be used in fermented
sausages. The other study analyzed probiotic potential and
amylase properties of amylolytic lactic acid bacteria
isolated from fermented cereal-based foods in China.
Totally 132 LAB strains were isolated and among all
isolates, three L. plantarum strains were confirmed to be
probiotic in terms of tolerance to low pH, bile salt
resistance, and antimicrobial and aggregation activities.
These three strains showed different antimicrobial
activities against five food-borne pathogens and similar
intrinsic and non-transmissible antibiotic susceptibilities.
Researchers concluded that these three isolates are good
candidates to be used as starter cultures in cereal-based
probiotic foods (Xu et al., 2019). Oliveira et al. (2017)
evaluated the probiotic potential of 16 yeast strains,
previously isolated during the natural fermentation of
green table olives, in terms of enzymatic activity,
antimicrobial  activity, auto-aggregation  capacity,
antioxidant activity and survival in gastrointestinal tract
conditions. The highest antioxidant activity was observed
for Saccharomyces cerevisiae, similar to the reference
strain (S. boulardii). Candida norvegica 7A and
Galactomyces reessii 34A showed antifungal ability to
Cryptococcus neoformans. Pichia guilliermondii 25A and
C. norvegica 7A were the most resistant strains to the
simulated digestive conditions, similar to S. boulardii.
These results suggested that some yeast strains involved in
the fermentation of table olives is potentially probiotic.
Zhang et al. (2011) evaluated the probiotic properties of
four different lactobacilli strains, which were L. paracasei
subp. paracasei M5-L (isolated from kumiss made in local
households), L. rhamnosus J10-L (isolated from fermented
vegetable juice made in local households), L. casei Q8-L
(isolated from yaks’ yoghurt made in local households) and
reference strain, L. rhamnosus GG (LGG). Also, strains
were analyzed for the production of antimicrobial
substances active towards some pathogens. The nature of
antimicrobial substances was also investigated and shown
to be dependent on the production of organic acids,
particularly to lactic acid. Furthermore, the aggregation
properties, adherence properties and tolerance to simulated
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gastrointestinal conditions were also investigated in in
vitro tests. The results showed that M5-L, J10-L and Q8-L
strains have desirable antimicrobial activity and probiotic
properties as LGG. So, they have potential to be used as
novel probiotic strains in the food industry. In another
study, Ragul et al. (2019) studied with traditional
fermented brine mango pickle and 8 selected bacterial
strains were investigated in terms of antioxidative,
antidiabetic and antityrosinase activities. The results of in
vitro tests revealed that both intact cells and intracellular
cell-free extracts of PUFSTP35 (Bacillus licheniformis
KT921419), PUFSTP38 (Bacillus amyloliquefaciens
KT921420) and PUFSTP39 (Bacillus subtilis KT921421)
strains have significant antioxidative, antidiabetic and
antityrosinase properties. According to the results, these
microorganisms could be evaluated as a new starter or
adjunct culture in fermentation process for better health
benefits.

All these studies showed that traditional fermented
foods can be considered as potential natural sources of
lactic acid bacteria with probiotic characteristics. Besides,
strains isolated from fermented products can be used safely
for consumption and further used as a starter culture for
fermentation of novel functional foods with enhanced
health benefits in addition to improving the safety of food.

Probiotics of Fermented Foods and Health Effects

Some fermentative microorganisms provide functional
activity which are known as probiotics. They are defined
by Food and Agriculture Organization of the United
Nations (FAO) and by the World Health Organization
(WHO) as “live microorganisms which, when
administered in adequate amounts, provide health benefits
on the host (Kolady et al., 2019). Probiotics are mainly
composed of LAB and Bifidobacterium. Besides, some
yeasts and molds such as Saccharomyces spp. and
Aspergillus spp. are also crucial probiotics (Bell et al.,
2018; Boricha et al. 2019; Chugh and Kamal-Eldin, 2020).
The most important factors for maintaining the adequate
amount of living probiotics in the intestine are stability of
intake and productivity. Also, the viability of probiotics
changes their efficacy after consumption. Thus, the amount
of input must be at least 10%-107 CFU/g in order to
colonize, to survive in the gut and produce the necessary
metabolites (Carvalho et al., 2018; Kim et al., 2020). Daily
consumption of fermented foods has been linked to
benefits on the immune system and metabolic function
(Cassani et al., 2019).

Probiotic microorganisms provide various health
effects such as improving or restoring the gut flora with
different mechanisms involving a wide range of bioactive
compounds (George Kerry et al., 2018). They create a
competitive environment in gut for inhibition of the
pathogens by changing the pH value of the environment
and reducing the oxygen availability, necessary for the
growth of some pathogens. Metabolites produced by
probiotic strains have substantial effects on health. The
main byproducts that are considered important for immune
system are bacteriocin and exopolysaccharides (EPS).
Bacteriocin  produced by probiotics causes non-
competitive inhibition against harmful microorganisms
present in the gut (Chugh and Kamal-Eldin, 2020), while

EPS play role in immune-stimulating, antioxidant and
antitumor activity, cholesterol-lowering, and inhibiting or
binding mutagenic agents (Sanlier et al., 2019; Novik and
Savich, 2020). For example, EPS produced by
Lactobacillus plantarum and Lactobacillus reuteri has an
antiviral effect against human rotavirus and anti-
inflammatory properties (Chaisuwan et al., 2020).
Moreover, probiotics synthesize nutrients like vitamins,
amino acids and enzymes which are necessary for human
body and enhance the bioavailability of dietary nutrients.
Sufficient amounts of probiotic cells can colonize in the
gastrointestinal system (GIT) and prevent many diseases
such as allergic and viral diseases, Helicobacter pylori
infection, diabetes, obesity, and relieve inflammation and
other symptoms associated with intestinal bowel disorders.
They are considerably important in stimulating host
immune system (Kim and Shin, 2019; Chugh and Kamal-
Eldin, 2020; Kazemi et al., 2020). Kato-Kataoka et al.
(2016) studied with milk fermented by Lactobacillus casei
Shirota, and reported that consuming fermented milk helps
to reduce stress related to gastrointestinal symptoms.
Furthermore, gut microbial dysbiosis might be implicated
in neuropsychiatric problems such as schizophrenia,
bipolar disorder, and depression since gut microbiota can
affect brain functions (Y1lmaz and Gékmen, 2019).

Host Immune System

In GIT of adults, the number of commensal bacteria,
microbiota, in the lumen consists of approximately
400—1,000 species. They are responsible for the
development and maintenance of the immune system in
human body (Shimojo et al., 2005). The mucosal immune
system coordinates a network of immunological responses
that supply not only protection against pathogens but also
tolerance to harmless antigens and bacteria. Intestinal tract
is known as one of the biggest surfaces in the human body
exposed to environmental antigens and to a large number
of commensal bacteria. In order to live together under this
antigenic pressure, the epithelium and the mucosal immune
system coordinate a network of immunological response.
By this way, protection against pathogens and tolerance to
innocuous antigens and bacteria can be achieved (Trejo and
Sanz, 2013). The gut microbiota conducts an important role
in body functions. This microbiota has a unique property
as an infant and consistently develops starting at childhood
and then continues for a long period of time. While
microbial growth increases significantly during first years
of life, abnormal development of intestinal bacteria or a
decrease in the complexity of the microbiota might happen.
Hence, principal development patterns might be altered
and the development of the immune system might be
disturbed (Mousavi Khaneghah et al., 2020). More
specifically, the microbiota can develop the intestinal
epithelial barrier function by modulating mucin gene
expression and glycosylation which affect bacterial
adhesion and invasion. Some studies report that the
bacteria colonizing the newborn intestine directly alter the
production of salivary secretory IgA, numbers of
circulating IgA and IgM antibody producing cells and
expression of innate immune receptors such as Toll- like
receptors (Trejo and Sanz, 2013). Alterations in the
intestinal microbiota system can influence mucosal
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immunity. Different types of diseases are correlated with
unbalanced gastrointestinal microbiota such as diarrhea,
allergic reactions, inflammatory diseases (atopic diseases
and inflammatory bowel disease), obesity and diabetes. In
order to prevent these diseases, consumption of fermented
products including probiotics or consuming probiotic
supplements could be better than taking antibiotics, which
have many side effects. As a result, taking probiotics could
improve the nonspecific intestinal barrier in gut and
decrease the inflammatory condition as well as resulting in
a gut immune system modulation (Watson et al., 2017,
Esaiassen et al., 2018; Niu and Xiao, 2020). Probiotics,
mainly LAB strains have an essential role in regulating the
GIT microbiota since they can prevent the growth of
opportunistic bacteria. Thus, the activity of probiotic
strains in human GIT can be considered to control immune
system modulation (Mousavi Khaneghah et al., 2020).

Effects of Probiotics on Immune System

Probiotics and the immune system interaction help
regulation of immune responses in the human body. Health
benefits of probiotics have a remarkable mechanism and it
starts at the physical interaction between the probiotic and
the epithelium of the human GIT. After entering the
intestinal epithelium, probiotic strains can adhere the
intestinal wall if they are adequate and then produce mucus
used for reinforcement of the intestinal barrier. Also, with
the help of this adhesion property of probiotics, pathogens
can be avoided from intestinal barriers giving protective
property against enteral infections, celiac disease and
intestinal infection. In intestines, the epithelial cells
support physical barriers which provide a natural
protective system. This system gives ability to the host in
order to show faster responses to activity of pathogens.
Some materials produced by probiotics are linked to the
protection system. One of these materials is mucins.
Mucins has a glycoprotein structure and promotes
protection of the mucus layer in GIT providing a physical-
chemical barrier, avoiding the adherence, colonization,
release of toxin and invasion of pathogens. Researchers
reported that consuming foods fermented by probiotics
help increasing mucins nearly 60% in the lumen (Alizadeh
Behbahani et al., 2019; Mousavi Khaneghah et al., 2020).
Furthermore, probiotics can increase the IgA production
which can hold together the intestinal mucosa that has a
crucial property for protecting the intestinal epithelium
against invasions or colonization of pathogens (Zanini et
al., 2007). Probiotics also enhance the activity of natural
killer (NK) cells which are found in body's defense system
and help increasing the mucus secretion. In order to
regulate the immune system directly, probiotics release
cytokines and express of co-stimulating molecules (Miller
et al., 2019; Chaisuwan et al., 2020; Mohr et al., 2020).

Immune system of the body identifies intestinal
microorganisms with the help of Toll-like-TLR receptors.
Various biological interactions happen after adhesion of
probiotics like secretion of cytokines, used for stimulation
of immune system. It was reported that Lactobacillus and
Bifidobacterium spp. can stimulate the immune response
because of their ability to produce antibodies, activate
macrophages, proliferating T cells and interferon
(Kawashimaet al., 2011; Mousavi Khaneghah et al., 2020).

Bogsan et al. (2014) studied with milk both unfermented
and fermented by Bifidobacterium animalis subsp. lactis
HNO019 and considered the modulation of the mucosal
cellular immunity. The results of the study showed that
fermented milk can increase mucus and cellularity
production, changes in immune pattern and preservation of
mucosal epithelia. It was concluded that fermentation of
milk with Bifidobacteria and/or the metabolites produced
during fermentation is effective in improving host’s gut.
The study performed by Boricha et al. (2019) showed that
Lactobacillus spp. can produce health beneficial products
in GIT. Lactobacillus strains isolated from fruits,
fermented foods and humans were able to survive and
adhere to intestinal mucin. Also, the isolates could prevent
growth of food spoilage microorganisms and various
intestinal pathogens.

Bacillus coagulans which is a spore-forming probiotic
bacterium is investigated by Cao et al. (2020) in terms of
health effects on immune system. The research results
showed that B. coagulans can increase intestinal digestion
by producing some enzymes, which help digestion,
organize microbiota, normalize both the quantitative
parameters of the immune system and immune cells’
functional activity and prevent the growth of pathogenic
bacteria. Based on these results, B. coagulans can be
considered as an important strain effective on the immune
system. In another study (Jia et al., 2019), Lactobacillus
salivarius AR809 isolated from human oral cavity was
evaluated and characterized for its functional and
immunomodulatory properties. Researchers found that L.
salivarius could adhere epithelial cells, inhibit
Staphylococcus aureus and stimulate host immunity with
potentially protective effects. Also, milk could be
fermented by L. salivarius successfully. Hence, they
concluded that L. salivarius AR809 can be used for
producing probiotic milk products and also for regulating
the immune system. Lactobacillus plantarum YU was
isolated from a fermented food and used in another study
(Kawashima et al., 2011) for investigating its immune
functions. The results showed that viable L. plantarum YU
could resist to digestive juice in addition to its IgA-
inducing activity, resulting in an enhancement of Thl
immune responses. Also, the strain could show protective
activity for influenza virus infection.

Conclusion

Probiotic strains preferred in food fermentation mainly
include L. casei, L. paracasei, L. plantarum, L. fermentum,
L. rhamnosus, L. salivarius, Bifidobacterium animalis, P.
pentosaceus, Bacillus licheniformis, B. coagulans, B.
amyloliquefaciens, B. subtilis and S. boulardii, which were
evaluated by various researchers as starter or adjunct
cultures in fermentation process for better health benefits.
Consuming probiotics have positive health effects such as
reducing risk of hypertension, boosting gut microbiota,
regulating immune system, and preventing diabetes,
obesity, high cholesterol, diarrhea and thrombosis. In GIT,
the gut microbiota performs a significant role in body
functions. A relation between gut microbiota and health
has been identified. There have been various impacts on
health coming from microorganisms and/or its metabolites
after fermentation. Hence, fermented products help
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modulating of gut microbiota and positively affect GIT.
When fermented foods containing probiotics are consumed
regularly, they provide positive impacts on the immune
system and promote metabolic functions.
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