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Abstract

Introduction and purpose
The term "probiotic" rooted in Latin, signifies 'for life,' reflecting the historical use of
fermented products for therapeutic purposes. Defined by the WHO as living microorganisms
conferring health benefits when consumed adequately, probiotics, mainly bacteria from
Lactobacillus and Bifidobacterium genera, play a vital role in maintaining gut microbiota
balance, regulating digestion, supporting the immune system and influencing mental and
cardiovascular health. While browsing many websites devoted to healthy eating or popular
science topics, we often came across the topic of probiotic food without any confirmation by
scientific research. The aim of this paper is to confirm or exclude the presence of probiotics

in popular foods.
Material and method

In our work, we will look at individual products with an emphasis on verifying whether the

microorganisms they contain meet the WHO criteria of probiotics.
Results

Our review managed to prove the probiotic effect of almost all presented food, except for
miso. By reviewing many articles, we shed a lot of uncertainty on the repeated myth about
the lack of probiotic effect of cucumbers preserved in vinegar and what is more, we found

scientific assumptions about the probiotic effect of vinegar itself.
Conclusion

Fermented food contains numerous strains of bacteria that are resistant to acid, bile and

temperature in the human digestive tract and can be effectively used as a source of probiotics.

What is more, compared with probiotics from the pharmacy, pickles provide not only
probiotics, but also nutritional values, valuable fiber and vitamins. They seem to be a
versatile supplement for our health.

Keywords: probiotic; fermented food; pickled food; bacteria; gut microbiota;
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Introduction

The term probiotic was first used in 1965, comes from Latin and means ‘for life’. Fermented
products such as beer, bread, wine, kefir, kumis and cheese had been frequently used for

therapeutic purposes a long time before the discovery of microorganisms (1,2).

As defined by WHO probiotics are living microorganisms that, when consumed in adequate
amounts, confer health benefits to the host(3). The most commonly utilized probiotics are
bacteria, predominantly strains from the Lactobacillus and Bifidobacterium genera(4).
Probiotics in food play a crucial role in promoting and maintaining a healthy balance of
microorganisms in the digestive system by gut microbiota balance, regulate the digestive
system, immune system support, synthesis of nutrients like B or K vitamins, promotion of
mental health, cardiovascular health by potential of decreasing cholesterol level, management
of allergies by modulating the immune response. There are also opinions about the potential

role of probiotics in the prevention of cancer, especially of the gastrointestinal tract(5).

Probiotics are an important concept for health care in the 21st century. The global probiotics
market size was valued at USD 77.12 billion in 2022. In Asia and Europe, probiotics are
widely used as health foods and medicines. In the global probiotic market, the European
market is the largest and the fastest growing with an average annual growth rate of around

20% (6).

Purpose

The purpose of this study is to examine and provide evidence regarding the effectiveness, or
lack thereof, of commonly consumed food products advertised as sources of probiotics. The
aim of this work is to provide valuable information on the potential health benefits of popular
probiotic-rich foods by analyzing the scientific literature and relevant studies. The study aims
to shed light on the practical implications of incorporating these foods into your dietary

regimen, offering a nuanced look at their impact on overall health.
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Material and methods

The term probiotics is regulated by WHO, candidates to receive it must meet the following

criteria(7):

1. They must be living at the moment of administration and must be microorganisms

2. They must be administered in a dose which is sufficiently high to have a health
promoting effect. The recommended effective dose is strictly connected with the
clinical documentation on which it must be based

3. Microorganisms administered must have a beneficial effect on the host

In our work, we will look at individual products with an emphasis on verifying whether the
microorganisms they contain meet the criteria of probiotics. For this purpose, We browsed

publicly available article databases such as PubMed and Google Schoolar.

Results

Our review managed to prove the probiotic effect of almost all presented food, except for
miso. By reviewing many articles, we shed a lot of uncertainty on the repeated myth about
the lack of probiotic effect of cucumbers preserved in vinegar and what is more, we found

scientific assumptions about the probiotic effect of vinegar itself.

Probiotics in fermented food

Kimchi

Kimchi is a dish originating from Korean cuisine. The first mentions of consuming fermented
vegetables in Korea date back 2000 years. The composition of kimchi may vary depending
on the region, affluence, and ingredient availability. The most common ingredients in kimchi
include baechu cabbage, radish, red pepper powder, garlic, ginger, fermented anchovy juice,
sugar, green onion, salt, mustard, pear, apple, pine nut, chestnut, ginkgo nut, cereals, fishes,
and crabs.(8,9) It contains high levels of vitamin C, b-carotene, vitamin B complex and

minerals like Na, Ca, K, Fe, and P.(8)

171


https://www.zotero.org/google-docs/?yJIKJF
https://www.zotero.org/google-docs/?EcJwPN
https://www.zotero.org/google-docs/?uwKJs2

Bacterial composition varies depending on the stage of fermentation. Bacteria present in the
product include Leuconostoc mesenteroides, Lactobacillus sakei, Lactobacillus plantarum,
Leuconostoc citreum, Leuconostoc gasicomitatum, Leuconostoc gelidum, and Lactobacillus

brevis, Akkermansia muciniphila.(8,10-12)

The health benefits of consuming kimchi have a wide range. It exhibits anti-cancer properties,
prevents obesity, regulates digestive function, reduces cholesterol levels, combats free
radicals, acts as an anti-aging agent, positively affects the brain, immune system, and

skin.(8,12,13)

Sauerkraut

Sauerkraut is one of the oldest and most popular forms of preserving cabbage, the first
historical traces of consumption date back to 4th century BC. Production is based on a
process of lacto-fermentation, where cabbage is fermented by lactic acid bacteria (14). These
bacteria, particularly strains of Lactobacillus, thrive in the fermentation process and are
responsible for transforming the sugars in the cabbage into lactic acid. What is more,
sauerkraut is considered to be low-calorie, high-fiber food that provides essential nutrients
such as vitamin C, vitamin K, and various antioxidants (14).

In their comprehensive study Touret T. et al. analyzed 114 sauerkraut samples. Their findings
revealed a diverse microbial landscape, with 52% of the identified bacteria belonging to the
Lactobacillus spp. genus and 33% to the Leuconostoc spp. genus. Remarkably, 88% of the
bacteria exhibited bile resistance, showcasing their ability to withstand the difficult
conditions of the digestive system. Additionally, 20% of the bacteria demonstrated survival
capabilities in the acidic environment, highlighting their potential to endure the stomach's low
pH (15). This result suggests that at least 16% of the bacteria present in the sauerkraut

samples may possess the capability to establish themselves in the intestinal environment.

It's common to hear that not all store-bought sauerkraut may contain live probiotics because
some commercial varieties are pasteurized, which kills the beneficial bacteria. It's hard to
disagree about the bactericidal effect of pasteurization, but is sauerkraut devoid of its
beneficial effect? Maybe it's not just live probiotics that have a positive effect on our bodies?
- This is the question asked by researchers from Norway. They divided people suffering from

irritable bowel syndrome (IBS) into two groups. One group received pasteurized sauerkraut
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(PS) and the other group received sauerkraut that was not subjected to any preservation
processes (UPS). Both groups experienced significant improvements in IBS symptoms in
IBS-Symptom Severity Score (IBS-SSS), group with UPS achieved a result that was 48%
better on the point scale, but there was no statistically significant difference in symptom
improvement between the pasteurized and unpasteurized sauerkraut groups. What is
important the sauerkraut intervention, regardless of pasteurization, led to significant changes
in gut microbiota composition confirmed by 16S rRNA gene amplicon sequencing of feces
samples.(16) To sum up if we expect probiotic use of sauerkraut, the only option is to use

UPS, the long-term effect of PS remains questionable.
Pickled “fermented” cucumbers

None of the foods we have presented have caused as much confusion as cucumbers.

First of all, we must point out the problems of the English nomenclature, in which "pickled
cucumber" means its preservation in both salted and vinegar water (17). This is not without
significance, as it turns out, only cucumbers conserved in salted water take full advantage of
lactic fermentation. To make a clear distinction, we divide cucumbers preserved with vinegar
into pickled ones, and those preserved with salt into fermented ones. Both fermented and
pickled cucumbers are preserved but the process is different. The pickled cucumber is
preserved in vinegar, so it’s not fermented. The vinegar marinade retains some of the
cucumber's nutrients, but is not believed to provide any of the probiotic benefits of fermented
cucumber. While reviewing the literature, we did not find many articles assessing pickled
cucumbers, but in those in which the microbiota of cucumbers with vinegar was checked,
lactic acid bacteria were detected.

One work that counters this myth is an extensive analysis comparing cucumbers prepared
with different concentrations of vinegar and salt. Yekta Gezging and Ozge Inang showed that
even a solution containing 10% vinegar has a level of lactic acid bacteria comparable to a
solution consisting of 8% salt (18). Other researchers in work published in early 2024 also
came to interesting conclusions (19). They discovered a presence of lactic acid bacteria
represented by six genera and 26 species in almost all types of vinegar. Moreover, they
hypothesized that vinegar itself may have probiotic properties. However, we have not found
any more research confirming this thesis, it is certainly a very interesting topic that requires

further exploration and research.
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Traditionally fermented cucumbers have many studies confirming their probiotic properties.
One of the most important for our methodology is the 2015 study conducted in Poland.
Dorota Zielinska and her colleagues isolated 38 different strains from fermented cucumbers
and exposed them to temperature, high and low pH and bile (20). Of the isolated strains, as
many as 17 were Lactic acid bacteria, of which 10 strains tolerated the conditions prevailing
in the human digestive system, which meets the WHO definitions for probiotics.

Fermented cucumbers contain not only bacteria from the lactobacillus family, in 2018
researchers S. Talebi et al. isolated three new strains of bacteria belonging to the Bacillus
family. The bacteria showed high resistance to acidic pH and bile. They exhibited
antagonistic activity against various pathogens. Antioxidant activity, auto- and co-
aggregation ability as well as their surface hydrophobicity and attachment capacity to the
Caco-2 cells were in the range of other well-known probiotic strains. They were susceptible
to various antibiotics. (21)

It is through the action of these bacteria that fermented products show their probiotic activity,
animal studies show also that lactic acid bacteria contained in fermented cucumbers can even
reduce blood cholesterol levels (22) which may have an invaluable impact on the control of
metabolic diseases such as heart failure or NAFLD.

However, many commercially produced pickles are heat-processed or pasteurized after
fermentation to prolong shelf life and ensure food safety. Unfortunately, this heat treatment
kills the live bacteria, including the probiotics, in the pickles. As a result, most store-bought

pickles do not contain significant amounts of live probiotics.

Yogurt

Its history date back as far as 5000 BC Mesopotamia, although it was found out
independently in many places around the world. Yogurt is made through the process of
fermentation in temperature between 30°C and 45°C, most commonly by Lactobacillus
bulgaricus, Streptococcus thermophilus, and Lactobacillus acidophilus. Although for it to be
considered prebiotic it should contain additional strains of Lactobacilli: L. casei, L.
rhamnosus, as well as strains of Bifidobacteria: B. bifidum, B. lactis. (23) Yogurt is thought
to improve intestine health by enhancing innate and adaptive immune responses, intestinal
barrier function, lipid profiles, and by regulating appetite which leads to reducing chronic
inflammation. (24). Promising results have been observed in patients with type 2 diabetes and

obesity. In meta-analysis by Gijsbers et. al. it was proven that yogurt consumption was
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associated with lower risk of type 2 diabetes. (25) It has proven to have antidiabetic
properties, decreasing fasting and postprandial glucose, and improving insulin sensitivity and
lipid profile. (26) Those features may lead to improvement of overall cardiovascular health of
individuals consuming probiotic yogurt. The most common species found in yogurts, L.
acidophilus apart from lowering cholesterol levels in blood, has been associated in reduction

of developing colon cancer. (27)

Kefir

Kefir is a probiotic beverage made of fermented milk in temperature between 10 °C and 25°C
by strains of bacteria and yeasts, which include among others Lactobacillus kefiri, L.
kefiranofaciens, Lactobacillus kefirgranum, Lactobacillus parakefir, Candida kefyr. In spite
of its North Caucasian origins and stardom in Eastern Europe, the name kefir originates from
Old Turcic meaning “happiness” or “satisfaction”. It is a good source of various vitamins
like A, B1, B2, B6, B12, D, B11, B3 as well as calcium and magnesium. Kefir does not
contain lactose, which widens the scope of potential consumers, moreover Hertzler & Clancy
have shown it improves lactose digestion and tolerance in those with lactose intolerance. (28)
The improvement of life expectancy was proven over a century ago. Strains contained in
kefir can have antifungal and antibacterial activity as they can compete with harmful
pathogens. (29) The benefits are also viable to the cardiovascular system. In clinical trials it
has shown to have strong improvement in serum lipid profile as well as serum apolipoprotein
Al levels in overweight or obese individuals. In mice it showed to be able to decrease levels
of triglycerides and uric acid. 10.1007/s00253-023-12630-0 The benefits in hypertension
have been shown, although if it is wvalid remains controversial (30,31) It is important to
highlight that the compositions of strains in a product is a key factor, as the commercial kefir
can contain poorer composition to the one made by traditional methods. Which in result can
lead to lesser health benefits. Bourrie showed that traditional kefir has a greater impact on
lowering LDL cholesterol and plasma markers of inflammation than commercial kefir. (32)
The anti-inflammatory properties are explained by ability to activate macrophages, increasing

production of cytokines, phagocytosis and immunoglobulins in gut.(33)
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Kvass

Kvass is a popular drink common in the Slavic cuisine in Eastern European countries. It is
made in a process of dry bread fermentation, with the usage of brewing yeast and lactic acid
bacteria. The result of the process is a reddish-brown drink with an appearance similar to beer,
however the alcohol content usually does not exceed 1% volume. The beverage is popular as
a natural, soft-drink alternative to beer. It contains amino acids, vitamins, and other nutrients
beneficial to the gastrointestinal system.

In a study conducted on rats by Shao and Zhong, Kvass has been observed to improve
functional dyspepsia. The intake of Kvass increased the level of pepsin and decreased the
gastric residual rate in the treatment group. A high dose of Kvass increased the level of
ghrelin, motilin and gastrin in the blood plasma and decreased the level of the vasoactive
intestinal peptide. The proposed mechanism was the regulation of the expression of short-

chain fatty acids in the colon.(34)

Miso

Miso, produced through the fermentation of soybean paste, stands as a key seasoning in
Japanese culinary traditions since ancient times.(35) Miso undergoes a two-phase
fermentation procedure. In the initial stage, koji is created usually by introducing spores of
the filamentous fungi Aspergillus ozyrae species onto a growth substrate, although
Saccharomyces cerevisiae and lactic acid bacteria may also be employed in the
process.(36,37) During the second phase, the koji undergoes a blending process with an
additional growth substrate and salt. This mixture is then placed into crocks or vats and left to
ferment at room temperature. The taste of miso is subject to variation based on factors such
as the type and proportion of raw materials used, the amount of salt added, and the duration

of the fermentation period. (36)

The fermented product encompasses bioactive compounds and diverse nutrients such as soy
proteins and isoflavones, that exhibit potential therapeutic properties. (35) Genistein and
daidzein represent the primary isoflavones found in soy. These isoflavones derived from soy
function as antioxidants and inhibitors of tyrosine kinase, offering preventive effects against
conditions like cardiovascular diseases, post-menopausal issues such as osteoporosis, and
cancer. (38-40) A study conducted on mice also showed that miso could prevent the

progression of obesity and fatty liver. (38) Another research presents a hypothesis that long-
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termin miso intake, despite its high salt concentration, does not increase daytime blood

pressure, meanwhile reducing nighttime blood pressure. (41,42)

It has been found that genistein, obtained from natural food sources, demonstrates its anti-
carcinogenic effects through a multifaceted molecular mechanism, showing promise as a
therapeutic agent. However, further investigation through both fundamental and clinical
research in the growing domain of isoflavones is anticipated to provide valuable insights for

its eventual utilization in the field of cancer.(43)

As of now, two studies assessed the examination of microbial communities in commercially
bought Japanese miso. In one study, prevalent fungal species identified in the miso samples
were Aspergillus oryzae and the yeast Zygosaccharomyces rouxii. Additionally, the two most
frequently observed bacterial species were Tetragenococcus halophilis and Staphylococcus
gallinarum. (44) However, the study did not provide information on factors such as
fermentation duration, ingredients, manufacturer details, pre-purchase storage conditions, or
expiration dates for these samples. In the second study, 7. halophilus and the nonhalophilic
(moderately salt-tolerant) Enterococcus faecium species were identified as the predominant
lactic acid bacteria (LAB) in the ultimate miso product. The presence of E. faecium species is
noteworthy in miso fermentation, as the bacteriocins produced by this species have been

shown to exhibit antibacterial effects against spoilage bacteria in miso. (45)

Further research is warranted to thoroughly explore the microbial population in miso. As of
now, there have been no published studies that have measured the quantity of
microorganisms in koji or miso, nor have they determined whether these microorganisms
possess a consistent microbial profile indicative of the presence of probiotic microorganisms.
Consequently, in accordance with the definition provided by the World Health Organization
(WHO), neither koji nor miso can be classified as probiotic. (36)

Gut-brain axis

Food rich in natural probiotics can significantly reduce body weight and serum levels of pro-
inflammatory cytokines. Healthy bacteria intake can lead to reduction of the high fat

diet(HFD)- induced inflammation caused by activation of astrocytes and microglial cells,
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resulting in damage in the hypothalamus region. Furthermore the IgG accumulation test
revealed that probiotics can lead do decrease blood-brain barrier (BBB) damage caused by
HFD by enhancing the expression of tight junction molecules in cerebral endothelial cells.(12)
Silage may exert beneficial effects in preventing and alleviating obesity and associated
neuroinflammation by altering the composition of gut microbiota and the production of short-
chain fatty acids.(12,46) Lactobacillus and Bifidobacterium are commonly found in pickled
products are currently used to treat depression. Natural probiotics could be used as enhancer

in depression therapy by improving mood through the gut-brain axis.(46—48)

Discussion

Gastrointestinal diseases have become increasingly prevalent in modern society due to a
combination of lifestyle factors, dietary changes, and environmental influences. The adoption
of Western dietary habits, characterized by high levels of processed foods, refined sugars, and
low fiber intake, has been linked to an elevated risk of gastrointestinal disorders (49). The
lack of dietary fiber can compromise the condition of the gut microbiota, leading to
imbalances such as irritable bowel syndrome (IBS) and inflammatory bowel diseases (IBD)
(50). Sedentary lifestyles and high-stress levels further compound the issue, as physical
inactivity and chronic stress can negatively impact digestive function. Environmental factors,
including the widespread use of antibiotics and exposure to pollutants, may also disrupt the
delicate balance of the gut microbiome, predisposing individuals to gastrointestinal issues.
Moreover, an increase in the prevalence of certain risk factors like obesity and the overuse of
medications, such as nonsteroidal anti-inflammatory drugs (NSAIDs), contribute to the rising
incidence of gastrointestinal diseases in the modern era. Addressing these lifestyle factors and
promoting a more balanced and gut-friendly approach to diet and well-being is crucial in

mitigating the prevalence of gastrointestinal diseases in contemporary society.

Lactic acid bacteria play a crucial role in maintaining a healthy balance in the digestive
system. These microorganisms are naturally present in the human body, particularly in the
gastrointestinal tract, where they contribute to various essential functions. Incorporating

probiotics into the diet is vital for several reasons.
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First and foremost, probiotics aid in the digestion and absorption of nutrients. Their enzymes
help in the digestion process of complex carbohydrates, proteins, and fats, facilitating their
absorption and utilization of essential vitamins and minerals from food. This digestive
support not only promotes nutrient absorption but also helps prevent digestive issues such as

bloating, gas, and constipation.

Probiotics are integral to maintaining a balanced gut microbiota. The gut microbiome plays a
crucial role in supporting the immune system and protecting against harmful pathogens.
Probiotics contribute to this microbial diversity, preventing the overgrowth of harmful

bacteria and promoting a healthy environment in the gut.

Research suggests that a well-balanced gut microbiome may have positive effects on mental
health, as the gut-brain axis influences mood and cognitive function. Probiotics can

potentially help regulate this axis, contributing to improved mental well-being.

In addition to their digestive and immune benefits, probiotics may also aid in managing
certain health conditions, such as irritable bowel syndrome (IBS), inflammatory bowel
diseases (IBD), and allergies. While more research is needed to fully understand the extent of
their therapeutic effects, the evidence so far suggests a promising role for probiotics in

supporting various aspects of human health.

To incorporate probiotics into the diet, individuals can consume fermented foods like kimchi,
sauerkraut, pickled vegetables, yogurt, kefir, kvass and kimchi. Additionally, probiotic
supplements are available for those who may have difficulty obtaining an adequate amount
through food alone. Including these sources of probiotics in the diet can contribute to overall
health and well-being by fostering a harmonious relationship between the body and its

microbial inhabitants.

Conclusion

Fermented food contains numerous strains of bacteria that are resistant to acid, bile and
temperature in the human digestive tract and can be effectively used as a source of probiotics.

Natural probiotics represent a fascinating area of research in medicine, offering potentially
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novel approaches to the treatment and prevention of various health conditions. Despite
promising results, further studies are necessary to precisely define the mechanisms of action,
optimal dosages, and probiotic strains for effective utilization in clinical practice. The
evolving field of probiotics holds significant promise for the future of medical interventions,

emphasizing the importance of ongoing research and development.
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