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Abstract

Probiotics, defined as live microorganisms that confer a health benefit to the host, have gained widespread attention in
recent years for their potential to treat and prevent a variety of health conditions. In this comprehensive review, we ex-
plore the current evidence on the efficacy of probiotics, including their mechanism of action and clinical applications.
We also discuss the challenges and limitations facing the field, including the lack of regulation and standardization of
probiotic products, and the difficulty in conducting high-quality clinical trials of probiotic therapies. Finally, we outline
future directions for probiotic research, including the identification and characterization of novel probiotic strains, the
development of engineered probiotics, and the potential applications of probiotics in the prevention and treatment
of mental health disorders. Overall, this review provides a comprehensive overview of the current state of the field of

probiotics and highlights the potential for future advancements in probiotic therapies.
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Probiotics are microorganisms that can provide a range
of health benefits when consumed. They are often re-
ferred to as “good bacteria” because they can help to bal-
ance the microbial ecosystem in the gut and support diges-
tive health." Probiotics are found in a variety of foods and
supplements, and their popularity has grown significantly
in recent years due to the increasing interest in natural and
holistic approaches to health and wellness. The human gut
is home to trillions of microorganisms, including bacteria,
viruses, and fungi.’? While some of these microorganisms
are harmful and can cause disease, many of them are bene-
ficial and play important roles in maintaining overall health.
181 Probiotics are one type of beneficial microorganism that
can help to keep the gut microbiome in balance.™ Probi-
otics can be found in a variety of foods, including yogurt,
kefir, sauerkraut, kimchi, and other fermented foods.>®
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These foods are made by adding live cultures of beneficial
bacteria to the ingredients and allowing them to ferment.
) During the fermentation process, the bacteria consume
the sugars and other nutrients in the food, producing lactic
acid and other compounds that give the food its character-
istic tangy flavor.'®

In addition to being found in fermented foods, probiotics
are also available in supplement form. Probiotic supple-
ments typically contain a combination of different strains
of beneficial bacteria, such as Lactobacillus and Bifidobac-
terium, which are known to have specific health benefits.
.12 There are many potential health benefits associated
with probiotics. One of the most well-known benefits is
their ability to support digestive health.'! Probiotics can
help to improve the balance of bacteria in the gut, which
can reduce symptoms of digestive issues such as bloating,



https://orcid.org/0000-0001-8032-1258

154

constipation, and diarrhea." Probiotics have also been
shown to support immune function. Because the majority
of the body’s immune system is located in the gut, having
a healthy balance of gut bacteria is important for overall
immune health.'! Studies have shown that probiotics can
help to improve the body’s immune response and reduce
the risk of infections.!®

Other potential health benefits of probiotics include im-
proved mental health, reduced inflammation, and better
skin health.l'? Research is ongoing to fully understand the
many ways that probiotics can support overall health and
wellness.'® While probiotics are generally considered safe,
it's important to note that not all probiotics are created
equal. Different strains of bacteria can have different effects
on the body, and some may be more beneficial than others.
Additionally, the quality of probiotic supplements can vary
widely, and some products may not contain the amount or
type of bacteria that they claim to.'"! It's also important to
note that while probiotics can be beneficial for many peo-
ple, they may not be appropriate for everyone. People with
compromised immune systems or other underlying health
conditions should talk to their healthcare provider before
taking probiotic supplements.”!

What Are Probiotics?

Probiotics are living microorganisms that confer health
benefits on the host when ingested in adequate amounts.
These beneficial bacteria are found in fermented foods,
dietary supplements, and in some cases, in prescription
drugs.?"They are primarily composed of strains of the Lac-
tobacillus and Bifidobacterium genera, but other types of
bacteria and yeasts can also function as probiotics.?? The
health benefits of probiotics are largely attributed to their
ability to maintain the balance of the gut microbiota, the
complex community of microorganisms residing in the
digestive tract.?® The gut microbiota plays a crucial role
in many physiological processes, including digestion, im-
mune function, and metabolism. When the microbiota is
imbalanced, dysbiosis can occur, which is associated with a
range of health problems such as inflammatory bowel dis-
ease, obesity, and allergies.”?”

Probiotics work in several ways to restore and maintain gut
microbiota balance. They can compete with harmful bacte-
ria for nutrients and adhesion sites in the gut, produce anti-
microbial substances that inhibit the growth of pathogens,
and modulate the immune response to reduce inflamma-
tion.””! Probiotics can also help break down dietary fiber
and other complex carbohydrates that are otherwise indi-
gestible by the human digestive system, producing short-
chain fatty acids that provide energy to the colon cells and
promote their growth.?®! The health benefits of probiotics
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are supported by a large body of scientific evidence. Stud-
ies have shown that probiotics can improve symptoms of
irritable bowel syndrome, reduce the risk of antibiotic-asso-
ciated diarrhea and Clostridioides difficile infection,?” and
enhance the immune response to vaccines. Probiotics may
also have a positive impact on mental health, as they have
been shown to reduce anxiety and depression symptoms in
some individuals.’®

Probiotics can be found in a variety of foods, however, the
amount and type of probiotics in these foods can vary
greatly, and some products may not contain enough pro-
biotics to confer significant health benefits.”” To ensure
a consistent and adequate intake of probiotics, dietary
supplements are also available in various forms, such as
capsules, powders, and gummies.B’” These supplements
can contain a single probiotic strain or a combination of
strains, and the dosage and duration of use should be
determined by a healthcare provider.®" While probiotics
are generally considered safe, individuals with weakened
immune systems or underlying health conditions should
exercise caution when using probiotic supplements, as
they may be at increased risk of infection.®? In rare cases,
probiotic use has been associated with adverse effects
such as gastrointestinal symptoms, infections, and aller-
gic reactions.?¥ Therefore, it is important to consult with a
healthcare provider before starting probiotic supplemen-
tation, especially if you have any underlying health condi-
tions or are taking medications that could interact with
probiotics.4

Potential Health Benefits of Probiotics

Probiotics are living microorganisms that can confer a wide
range of health benefits to the host when ingested in ad-
equate amounts (Table 1).

The primary function of probiotics is to restore and main-
tain the balance of the gut microbiota, which plays a crucial
role in many physiological processes, including digestion,
immune function, and metabolism.5®

Here are some potential health benefits of probiotics.

Improved Digestive Health

Probiotics can improve digestive health by reducing
symptoms of digestive disorders such as irritable bowel
syndrome, inflammatory bowel disease, and diarrhea. For
example, a review several randomized controlled trials
found that probiotics significantly reduced the severity
and frequency of symptoms in people with irritable bowel
syndrome.®” Similarly, a meta-analysis of 20 randomized
controlled trials found that probiotics reduced the risk of
antibiotic-associated diarrhea by 42%.8 Probiotics can
also help break down dietary fiber and other complex
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Table 1.
Probiotic Strain Health Condition Potential Benefits Refferences
Bifidobacterium bifidum Irritable Bowel Syndrome Reduced abdominal pain and bloating [ERY
Lactobacillus acidophilus Antibiotic-Associated Diarrhea  Reduced risk of diarrhea (=
Lactobacillus rhamnosus GG Eczema Reduced risk of eczema in infants and young children E7A
Saccharomyces boulardii Clostridium difficile Infection Reduced risk of infection By
Bifidobacterium lactis BB-12 Immune System Function Reduced incidence of respiratory tract infections in [EE1
people with weakened immune systems
Streptococcus thermophilus Inflammatory Bowel Disease Reduced inflammation and improved gut health 40
Lactobacillus reuteri Infant Colic Reduced crying time in infants with colic e
Escherichia coli Nissle 1917 Ulcerative Colitis Improved remission rates in people with ulcerative colitis 2
Bifidobacterium longum Anxiety and Depression Reduced symptoms of anxiety and depression !
Bifidobacterium bifidum Irritable Bowel Syndrome Reduced abdominal pain and bloating £
Bifidobacterium animalis Immune System Function Reduced incidence of respiratory tract infections in =
subsp. lactis older adults
Lactobacillus acidophilus Antibiotic-Associated Diarrhea  Reduced risk of diarrhea 26]
Lactobacillus fermentum Cardiovascular Health Reduced cholesterol levels and blood pressure L
Lactobacillus plantarum Irritable Bowel Syndrome Reduced symptoms of IBS and improved gut health £
Lactobacillus helveticus Stress and Anxiety Reduced symptoms of stress and anxiety 1
Bacillus coagulans Digestive Disorders Improved symptoms of IBS and IBD (£
Lactococcus lactis Immune System Function Increased production of immune cells ol
Enterococcus faecium Gut Health Improved gut barrier function and reduced inflammation 52
Pediococcus acidilactici Digestive Health Improved symptoms of IBS and IBD 53]
Propionibacterium freudenreichii  Gut Health Improved gut barrier function and reduced inflammation 54
Streptococcus thermophilus TH-4  Digestive Disorders Improved symptoms of lactose intolerance and &2

digestive discomfort

This table includes a range of probiotic strains and their potential benefits based on studies and research.

carbohydrates that are otherwise indigestible by the hu-
man digestive system, producing short-chain fatty acids
that provide energy to the colon cells and promote their
growth. This can improve the overall health of the digestive
tract and reduce the risk of colon cancer.®

Enhanced Immune Function

Probiotics can enhance immune function by modulating
the immune response and reducing inflammation. Stud-
ies have shown that probiotics can increase the production
of natural killer cells, which are a type of white blood cell
that plays a key role in immune defense against infections
and cancer.®” Probiotics can also stimulate the production
of antibodies, which are proteins that recognize and neu-
tralize pathogens such as viruses and bacteria.*" Probiotics
can also reduce the production of pro-inflammatory cyto-
kines, which are signaling molecules that contribute to the
development of inflammation.®? Chronic inflammation is
associated with a wide range of health problems, including
autoimmune diseases, cardiovascular disease, and cancer.
By reducing inflammation, probiotics may help prevent
and treat these conditions.6364

Improved Mental Health

Probiotics may improve mental health by reducing symp-
toms of anxiety and depression. The gut-brain axis is a
bidirectional communication system that links the gut
microbiota with the central nervous system.’® Probiotics
can modulate this communication system by producing
neurotransmitters such as serotonin and gamma-amino-
butyric acid (GABA),*® which are involved in regulating
mood and behavior. Several studies have shown that pro-
biotics can reduce symptoms of anxiety and depression in
both healthy individuals and those with clinical disorders.
671 For example, a randomized controlled trial found that a
combination of Lactobacillus helveticus and Bifidobacterium
longum reduced symptoms of depression and anxiety in in-
dividuals with major depression.’®

Lowered Cholesterol Levels

Probiotics may help lower cholesterol levels by breaking
down bile in the gut. Bile is a substance produced by the
liver that helps digest fats.®® When bile is broken down
by probiotics, the liver needs to produce more bile acids,
which in turn requires more cholesterol to be used as a
precursor.”® This reduces the amount of cholesterol in the
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blood. Several studies have shown that probiotics can re-
duce total cholesterol levels by up to 11% and LDL (bad)
cholesterol levels by up to 9%.7" These effects are modest,
but they may be beneficial for people with high cholesterol
levels or a high risk of cardiovascular disease.”

Improved Skin Health

Probiotics may improve skin health by reducing inflam-
mation and enhancing the skin's barrier function. Inflam-
mation is a key contributor to many skin disorders,”374 in-
cluding acne,”® eczema,” and psoriasis.”” Probiotics can
reduce inflammation by modulating the immune response
and promoting the growth of beneficial bacteria on the
skin.’®

Probiotics can also enhance the skin's barrier function by
increasing the production of ceramides, which are lipids
that help keep the skin hydrated and prevent the entry of
harmful substances.”

Safety and Efficacy of Probiotics

Probiotics are generally considered safe for most people, al-
though there are some potential risks associated with their
use. For example, some people may experience digestive
symptoms such as gas, bloating, and diarrhea when they
first start taking probiotics. These symptoms are usually
mild and temporary, and they usually subside within a few
days to a week.®% In rare cases, probiotics can cause more
serious health problems. For example, people with weak-
ened immune systems, such as those with HIV/AIDS, may
be at increased risk of developing infections when they
take probiotics.®” Additionally, some strains of bacteria
used in probiotics have been associated with infections in
certain populations, such as premature infants and people
with heart valve problems. Despite these potential risks,
probiotics are generally considered safe for most people.
However, it is important to note that the safety and efficacy
of probiotics can vary depending on the specific strain and
dose used, as well as individual factors such as age and
health status.!s?

Conclusion

In conclusion, probiotics have gained widespread popular-
ity due to their potential health benefits, particularly for
digestive disorders, allergies, and immune system func-
tion. However, the safety and efficacy of probiotics remain
a topic of debate. While most studies report few adverse
effects associated with the use of probiotics, rare cases of
infections and other adverse effects have been reported,
particularly in people with weakened immune systems or
serious underlying medical conditions. Moreover, the effi-

Mishra, Exploring the Efficacy of Probiotics / doi: 10.14744/ejma.2023.06078

cacy of probiotics varies depending on the strain and dos-
age used. Therefore, it is important for healthcare providers
to carefully evaluate the potential benefits and risks of pro-
biotic use in individual patients. Further research is needed
to determine the optimal strains, dosages, and duration
of probiotic therapy for various health conditions. Overall,
probiotics have the potential to be a valuable addition to
traditional medical treatments, but their safety and efficacy
must be carefully evaluated in each individual case.

Future Direction

While the future of probiotics is promising, there are still
significant challenges that need to be addressed. One of
the biggest challenges is the lack of regulation and stan-
dardization of probiotic products. This makes it difficult
for consumers and healthcare professionals to determine
which probiotics are safe and effective. Additionally, con-
ducting high-quality clinical trials of probiotics is chal-
lenging due to the complexity of the microbiome and
the individual variation in gut bacteria. Nevertheless, with
continued research and development, probiotics have the
potential to become a powerful therapeutic option for a
range of health conditions.
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