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Abstract

Probiotics are live microorganisms that offer several health benefits when consumed in
adequate amounts. They are found in several fermented foods and dietary supplements. The
objective of this literature review is to evaluate and synthesize the existing research on
probiotics, focusing on their mechanisms of action, efficacy, safety, and potential clinical
applications. The present study is a literature review that evaluated the current research and
reviews on the health, safety, and benefits of probiotics for human and animal health. It can be
concluded that, probiotics are being recognized as a promising dietary supplement that can
positively impact human health by regulating the gut microbiome. Probiotics have shown
promise in reducing the risk and severity of several diseases, including diarrhea, respiratory
infections, inflammatory bowel disease, and liver disease. Additionally, probiotics may have a
positive effect on mental health and cognitive function. However, there are limitations to the
current research, including methodological and interpretational issues. Further research is
needed to fully understand the mechanisms of action of probiotics and to investigate their
potential benefits in different populations and for specific health outcomes. Overall, probiotics
have significant nutritional and health potential and may be a useful addition to a healthy diet
and lifestyle. The reviewed literature indicates that probiotics can potentially modulate several
axes, including the gut-brain axis, gut-liver axis, and metabolism, thereby affecting mental
health, liver function, and insulin sensitivity. However, there are still some limitations in the
studies conducted to date, and further research is needed to fully understand the impact of
probiotics on specific health outcomes in different populations and age groups. Despite these
limitations, incorporating probiotics into a healthy diet may provide a useful strategy for
maintaining overall health and well-being.

Keywords: Probiotics, gut microbiome, health, immune system, metabolism, brain function,
liver function, prebiotics, fermentation, microbial diversity.
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1.1 Introduction:

The International Scientific Association for Probiotics and Prebiotics defines “probiotics™ as
“live microorganisms that, when administered in adequate amounts, confer a health benefit on
the host” [1]. These microorganisms, which consist mainly of bacteria but also include yeasts,
are naturally present in fermented foods, may be added to other food products, and are available
as dietary supplements. However, not all foods and dietary supplements labeled as “probiotics™
on the market have proven health benefits [2].

Probiotics as they are live microorganisms that, when consumed in adequate amounts, can
confer health benefits to the host. The most common types of probiotics are bacteria, such as
Lactobacillus and Bifidobacterium, but other types of microorganisms, such as yeast, can also
be used [3].

The human gut is home to trillions of microorganisms, including beneficial bacteria that help
digest food, produce vitamins, and support immune function [4]. However, various factors such
as poor diet, stress, antibiotics, and environmental toxins can disrupt the balance of gut bacteria,
leading to dysbiosis (an imbalance of microorganisms in the gut) and potential health problems

[5].

Probiotics work by restoring the balance of gut bacteria and promoting the growth of beneficial
microorganisms [6]. They can also stimulate the production of short-chain fatty acids (SCFAS)
in the gut, which have been shown to have numerous health benefits, including reducing
inflammation and improving gut barrier function [7].

Research has shown that probiotics may offer a range of health benefits, including: Probiotics
may help alleviate various digestive problems, such as diarrhea, constipation, and irritable
bowel syndrome (IBS), they exert enhance the immune system by stimulating the production
of antibodies and improving gut barrier function [8]. Some evidence suggests that probiotics
may reduce the risk of developing allergies by modulating the immune system and reducing
inflammation. Preliminary research has suggested that probiotics may improve symptoms of
anxiety, depression, and stress by influencing the gut-brain axis [9].

1.2. Examples of Beneficial Probiotics:

Probiotics are living microorganisms that provide numerous health benefits to the human body.
They are found naturally in fermented foods, such as yogurt, kefir, kimchi, sauerkraut, and
miso. Here are some examples of beneficial probiotics:

1.2.1. Lactobacillus acidophilus:

This probiotic is commonly found in yogurt and helps maintain the balance of good bacteria in
the gut. It also aids in digestion and the absorption of nutrients [10].

© Daffodil International University 2
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1.2.2. Bifidobacterium bifidum:

This probiotic is found in the large intestine and helps break down complex carbohydrates,
such as fiber. It also promotes a healthy immune system.

1.2.3. Lactobacillus rhamnosus:

This probiotic is found in the gut and vagina and helps to prevent and treat diarrhea and other
gastrointestinal issues [11].

1.2.4. Streptococcus thermophilus:

This probiotic is commonly found in yogurt and helps to break down lactose, making it easier
for people who are lactose intolerant to digest dairy products [12].

1.2.5. Saccharomyces boulardii:

This probiotic is a type of yeast that can help prevent and treat diarrhea caused by antibiotics
or infections [13].

1.2.6. Bifidobacterium lactis:

This probiotic is found in the gut and helps to support a healthy immune system and improve
digestion [14].

1.2.7. Lactobacillus plantarum:

This probiotic is commonly found in fermented foods and can help to reduce inflammation in
the gut and improve digestive health [15].

1.2.8. Bacillus coagulans:

This probiotic is known for its ability to survive in harsh environments, such as the acidic
environment of the stomach. It can help to improve gut health and support a healthy immune
system [16].

1.3. Classification of Probiotics:

Classification of probiotics is complex with distinct rationales. Probiotics products can be
sorted to single strain probiotics and multi strain probiotics. Under single strain probiotics,
groups are classified based on genus that probiotics belong to. Scientific name of probiotics is
composed of two parts: genus (italicized) and species (italicized). Sometimes the strain name
is included after species. Genus classification of probiotics is shown on below [17].

© Daffodil International University 3
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Table 1: Classification of Probiotics [17].

Bifidobacterium

Lactobacillus

Lactococcus

Streptococcus

Bacillus

Saccharomyces

Leuconostoc

Breve

Infantis
Longum
Bifidum
Thermophilum
Adolescentis
Animalis
Lactis

Acidophilus
Plantarum
Rhamnosus
Paracasei
Fermentum
Johnsonii
Brevis
Casei

Lactis
Gasseri

Lactis

Thermophilus
Cremoris

Coagulans

Cerevisiae
Pastorianus

Mesenteries
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1.4. How effective are probiotics:

The effectiveness of probiotic supplements in treating various conditions is still uncertain,
despite ongoing research. Although several studies have reported positive outcomes, additional
research is necessary.

Moreover, it is crucial to note that unlike medications, the Food and Drug Administration
(FDA) does not require dietary supplements to undergo approval. Consequently, manufacturers
can make claims about their supplements' safety and effectiveness without verification.

Therefore, it is always advisable to consult your healthcare provider or pediatrician before
consuming supplements or giving them to your child, as they could interact with our medication
[18].

1.5. Current Status of Probiotics Prescribing in Bangladesh: Statistics and
Information:

According to current study oral rehydration therapy was found as a cornerstone for treating
pediatric diarrhea. In addition, it was observed that average 3.2 drugs prescribed per encounter
and more than 26.4% prescriptions contained probiotic products. Approximately 35%
probiotics were prescribed by pediatricians. Bacillus and Lactobacillus were found to be the
most frequently prescribed probiotic species for treating childhood diarrhea in Bangladesh.
Both antibiotics and probiotics were prescribed to one-third of pediatric patients suffering from
diarrhea. Only oral solid (63.7%) and oral liquid (36.3%) were prescribed as probiotic products
for pediatric patients [19].

© Daffodil International University 5
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2. Objective:

The purpose of this literature review is to critically evaluate and synthesize the existing
research on the use of probiotics in promoting health and preventing disease, with a focus on
their mechanisms of action, efficacy, safety, and potential applications in clinical practice.
Through a comprehensive analysis of the available evidence, this review aims to provide a
deeper understanding of the role of probiotics in human health and to identify gaps in
knowledge and areas for future research. Ultimately, the objective is to provide healthcare
professionals, policymakers, and consumers with evidence-based information to guide
decision-making and improve health outcomes.

© Daffodil International University 7
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3. Literature Review:
3.1. Health benefits of probiotics: [20]

A study published in online by Cambridge University Press: 11 January 2019 found that The
ability of probiotics to enhance the nutritional content and bioavailability of nutrients and the
scientific evidence for the usefulness of probiotics in alleviating the symptoms of lactose
intolerance and in enhancing growth development .

3.2. Probiotic yogurt improves antioxidant status in type 2 diabetic patients: [21]

One study published in the Journal of Nutrition found that Probiotic yogurt was found to
improve blood glucose control and antioxidant status in a study. It decreased fasting blood
glucose and hemoglobin Alc levels and increased antioxidant enzyme activities and total
antioxidant status. However, there were no significant changes in insulin concentration or
erythrocyte catalase activity.

3.3. Yogurt and other fermented foods as sources of health-promoting bacteria: [22]

Another study published in the Journal of Nutrition reviews showed that the increased
consumption of fermented foods such as yogurt and kefir is associated with reduced risks of
type 2 diabetes, metabolic syndrome, and heart disease, as well as improved weight
management. Fermentation-associated microorganisms present in these foods, including
probiotic strains, may contribute to these health benefits by influencing the gut microbiome.
Studies have shown that consuming yogurt and other fermented foods may improve intestinal
and extraintestinal health, and could potentially be used to treat lactose malabsorption,
infectious diarrhoea, respiratory infections, and enhance immune and anti-inflammatory
responses .

3.4. Probiotics in Irritable Bowel Syndrome: A Review of Their Therapeutic Role: [23]

A relevant study published in 2022, where the researchers found that adding probiotics to the
routine of patients with Irritable Bowel Syndrome (IBS) led to symptomatic relief. They
observed that a variety of strains in the probiotic mixtures were beneficial for IBS patients.
Based on their findings, they concluded that probiotics have a beneficial role in treating chronic
disorders like IBS .

3.5. Benefits of Probiotic Supplementation on Immune Response in Soldiers: A
Randomized, Double-Blinded, Placebo-Controlled Trial: [24]

A study published in the Annals of Military and Health Sciences Research journal found that
taking a daily probiotic supplement can improve immune function. Participants who took the
supplement had higher levels of immune cells and a lower risk of respiratory infections
compared to those who didn't take the supplement. These findings suggest that probiotics have
potential health benefits, such as enhancing nutrient absorption, promoting gut health, reducing
symptoms of IBS, and boosting the immune system. However, further research is required to
identify the optimal strains and dosages of probiotics for various health issues.

© Daffodil International University 9
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4. Method & Materials

e Study Design: The present study is a literature review that aimed to evaluate the current
research and reviews on the health, safety, and benefits of probiotics for human and
animal health.

e Data Sources: Multiple databases, including Google Scholar, Pubmed, Springer,
Elsevier Science Direct, and Web of Science, were searched for studies published
between 2010 and 2023. The search focused on the research and reviews of the last 10
years, with a major emphasis on 2016-2022. The Mendeley software was used for this
review purpose.

e Inclusion and Exclusion Criteria: The articles chosen exclusively contained English
texts and searches were carried out for the following keywords and headings:
Probiotics; Health, Safety, Benefits, Farm and Abstract, Introduction, Methodology,
Probiotics and Their Benefits, Association of Probiotics in Prevention of Diseases,
Probiotics for Animal Health, Safety of Probiotics, Conclusions and future perspective.
The duplicate articles were excluded, screened the data, factored out the unrelated
works, and finally screened the full-text documents. Numerous elements that involved
original articles or review papers were part of the inclusion criteria. Articles lacking
access to full text and those with insufficient or irrelevant information were among the
exclusion criteria.

e Data Collection and Analysis: Around 30 papers were reviewed for this study. All the
data analysis was done in Microsoft Excel to make the working process easy. To ensure
that no data was missing or conflicting, every information was reviewed for accuracy
and internal consistency.

e Timeline: The study was initiated in December 2022 and completed at the end of

March 2023.To ensure that no data was missing or conflicting, every information was
reviewed for accuracy and internal consistency.

© Daffodil International University 11
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5. Result and Discussion:

5.1. Benefits of Probiotics on Human Health:

5.1.1. Result:

Probiotics are living microorganisms when consumed in adequate amounts, confer health
benefits on the host. The health potential of probiotics has been extensively studied, and
numerous studies have reported their positive benefits on various aspects of health. Here are
some of the ways probiotics can benefit human health: (Table-2).

Table- 2: Beneficial effects of probiotics on Human Health

in the gut, which is crucial for digestive health. They
can also alleviate symptoms of conditions like IBS,
IBD, Crohn’s disease and diarrhea.

Aspect Summary Reference
Heart health Probiotics have the potential to maintain heart health | [37] [38]

by decreasing levels of LDL ("bad") cholesterol and

blood pressure.
On Certain | Previous studies indicate that specific strains of | [25]
Allergies and | probiotics may help lessen the severity of eczema in
Eczema infants and children.
Gut Health Probiotics help maintain a healthy balance of bacteria | [25] [25] [26]

Immune Function

Probiotics can stimulate the production of immune
system components, which can help fight off infections
and diseases. They also have anti-inflammatory
properties and can help modulate the immune response.

[41] [42][27]

anxiety and depression by influencing the gut-brain
axis.

Weight loss and | Probiotics have the potential to aid in weight loss | [25] [28]
Belly Fat through various mechanisms. [29]
Nutrient Certain  probiotic  strains can enhance the | [45] [46] [47]
Bioavailability bioavailability of vitamins and minerals, such as B | [30] [31]
vitamins, vitamin D, zinc, and iron, by increasing their
solubility and absorption in the gut. They are also a
good source of protein, vitamins and minerals.
Infections Probiotics can help prevent and treat various infections, | [32] [33]
including those caused by harmful bacteria like C.
difficile and H. pylori.
Mental Health Probiotics can improve mood and reduce symptoms of | [33]

© Daffodil International University
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Inflammation Probiotics can help reduce inflammation in the body, | [34]
which is linked to numerous chronic health conditions
like heart disease, diabetes, and cancer.

Skin Health Probiotics can improve the health of the skin by | [35]
reducing inflammation and promoting the growth of
beneficial bacteria.

Insulin sensitivity | Probiotics have a modest but significant effect on | [36]
improving insulin sensitivity, although the evidence is | [37]
not entirely consistent [38]

Energy metabolism | Probiotics can increase energy expenditure, decrease | [39] [40]
energy intake, and reduce fat storage

5.1.2. Discussion:

Specific types of lactic acid-producing bacteria can aid in reducing cholesterol by breaking
down bile in the gut [41]. Bile is primarily composed of cholesterol and is a natural digestive
fluid. By breaking down bile, probiotics prevent it from being reabsorbed in the gut and
potentially entering the bloodstream as cholesterol [42]. Current evidence suggests that
probiotic strains available today may not significantly improve eczema compared to not using
any probiotics. The correlation between probiotics and reduced eczema severity is not yet
strong enough, and further research is necessary [25]. Inflammatory bowel disease (IBD)
affects more than one million people in the US, and includes conditions like ulcerative colitis
and Crohn’s disease. Studies have shown that certain strains of probiotics, such as those from
the Bifidobacterium and Lactobacillus families, may improve symptoms in people with mild
ulcerative colitis [25]. However, probiotics may have limited effect on symptoms associated
with Crohn’s disease. Nonetheless, there is promising early research indicating that probiotics
could be beneficial for other bowel disorders, including irritable bowel syndrome (IBS) [43].
Past studies suggest that the consumption of probiotics may decrease the occurrence and
duration of respiratory infections. Nonetheless, the quality of the evidence supporting this
claim was low [44]. Furthermore, the probiotic strain Lactobacillus crispatus has been
demonstrated to reduce the probability of urinary tract infections (UTIs) in women by 50%
[45]. Certain types of probiotics can hinder the absorption of dietary fat in the intestines,
resulting in excretion of fat through feces instead of storing it in the body [25]. An investigation
showed that synbiotic supplementation increased the number of beneficial bacteria species in
the gut, particularly Bifidobacterium and Lactobacillus, and enhanced the diversity of gut
microbiota [28]. However, additional research is required to fully comprehend the relationship
between probiotics and weight loss [29]. Some strains of probiotics have also been found to be
a good source of protein, vitamins, and minerals [46]. Protein is an essential nutrient for the
human body, as it is necessary for the growth and maintenance of muscle mass and other
tissues. Some strains of probiotics, particularly those from the genera Lactobacillus and
Bifidobacterium, have been found to contain high amounts of protein [47]. In addition to
protein, certain strains of probiotics also contain vitamins and minerals. For example, some

© Daffodil International University 14
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strains of Lactobacillus and Bifidobacterium, can de novo synthesize and supply vitamins to
human body. In humans, members of the gut microbiota are able to synthesize vitamin K, as
well as most of the water-soluble B vitamins, such as cobalamin, folates, pyridoxine, riboflavin,
and thiamine [48]. A meta-analysis of randomized controlled trials showed that probiotic
supplementation improved fasting blood glucose levels and insulin sensitivity in patients with
type 2 diabetes [36]. One study showed that the consumption of a probiotic yogurt containing
Lactobacillus acidophilus and Bifidobacterium lactis for 6 weeks improved insulin sensitivity
in overweight and obese individuals [38].

5.2. Mechanism of Benefits of Probiotics on Human Health:
5.2.1. Benefits of Probiotics in Mental Health:
5.2.1.1. Result;

The connection between gut health and mood or mental health is becoming more evident in
numerous studies [49]. Several studies have suggested that probiotics may have potential
benefits in improving anxiety, stress, and cognitive function [50].

Table 3: Selected studies investigating the impact of probiotics on mental health

Study | Probiotic Strains Participants Results
[51] Lactobacillus helveticus and | 55 healthy Significant  reduction  in
Bifidobacterium longum volunteers psychological  stress  and
improvement in overall mood
[52] Lactobacillus  acidophilus, | 40 patients with Significant ~ reduction  in
Lactobacillus  casei, and | major depressive depression scores
Bifidobacterium bifidum disorder
[53] Lactobacillus rhamnosus | 423 pregnant Reduced symptoms of anxiety
HNO001 women and depression during
pregnancy and postpartum
period
[54] Lactobacillus plantarum | 40 patients with Significant improvement in
PS128 major depressive anxiety and depression scores
disorder

Probiotic supplements have shown potential in improving certain mental health conditions in
both animal and human research. A recent analysis of 13 human studies revealed that taking
probiotic supplements containing Bifidobacterium and Lactobacillus strains for 1-2 months can
enhance memory, anxiety, depression, autism, and obsessive-compulsive disorder (OCD) [55].

© Daffodil International University 15
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oD
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A A
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Figure-1: Beneficial effects of Probiotics on Mental Health

5.2.1.2. Discussion:

Probiotics can affect the functioning of the central nervous system through direct and indirect
mechanisms. By altering the level of corticosteroid (CORT) and adrenocorticotropic hormone
(ACTH), probiotics can influence the hypothalamic-pituitary-adrenal (HPA) axis. Probiotics
also affect the immune system by reducing the production of pro-inflammatory cytokines and
inflammation, which indirectly affects the central nervous system. Additionally, probiotics can
have a direct effect on the biochemistry of the central nervous system by changing the levels
of brain-derived neurotrophic factor (BDNF), c-Fos, and dopamine (DA), thus impacting brain
function and behavior. Furthermore, probiotics can modify the gut microbiota (GM) by
increasing the diversity and composition of beneficial bacteria [56].

A study involving 70 chemical workers, conducted for 6 weeks, revealed that daily intake of
100 grams of probiotic yogurt or a probiotic capsule resulted in an improvement in overall
health, along with reduced levels of anxiety, stress, and depression [57]. Additionally, another
study of 40 individuals diagnosed with depression indicated that taking probiotic supplements
for eight weeks resulted in a reduction of depression levels, as well as decreased levels of
inflammation markers such as C-reactive protein and hormones like insulin, compared to those
who did not consume probiotics [58].
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5.2.2. Benefits of probiotics the bioavailability of nutrients:

5.2.2.1. Result:

The amount and type of calcium available at the site of absorption determine the absorption
pathway [59]. (Figure -2)
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Figure 2: Intestinal Calcium Absorption [59]

Another study found that the bioavailability of iron was improved in rats fed a probiotic strain
of Lactobacillus plantarum. In rats on high-fat iron-deficient diet, the supplementation of L.
curvatus and L. plantarum increased serum ferroportin concentration, and L. curvatus enhanced
liver expression of the Tfrc gene [60]. (Figure 3)
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Figure 3: The impact of supplementing the probiotic bacteria Lactobacillus plantarum and
Lactobacillus curvatus on specific liver iron metabolism parameters in rats fed a high-fat,

iron-deficient diet [60].

5.2.2.2. Discussion:

Several studies have demonstrated the bioavailability of nutrients from probiotics. For
example, Calcium bioavailability that is influenced by various factors such as the source of
calcium, age, transit time, amount of calcium ingested, intestinal content, and diet. Calcium is
absorbed in an ionized and soluble form and through two pathways: transcellular and
paracellular. The transcellular pathway is vitamin D dependent and occurs through cytosolic
calcium binding protein, while the paracellular pathway is concentration-dependent and occurs
through tight junctions between mucosal cells. Most calcium absorption occurs in the small
intestine, but probiotics can enhance calcium uptake in the colon through colonic fermentation.

Calbindin D9K in mucosal cells regulates hormone-mediated plasma calcium levels.[48]
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5.2.3. Benefits probiotics in digestion:
5.2.3.1. Result:

Probiotics (e.g. Lactobacillus, Bifidobacterium)

2

Positive influence on gut microbiota [61]

3

Aid in digestion of carbs, proteins, and fats [62]

3

Breakdown of dietary fiber [62]

3

Production of short-chain fatty acids (SCFAS) such as acetate, propionate, and butyrate
[62] [63]

¢

Energy for colonocytes [63]

.

Lower risk of colon cancer, obesity, and other diseases [63]

.

Production of lactic acid [63]

.

Maintenance of gut pH [63]

.

Hostile environment for harmful bacteria [63]

.

Prevent and alleviate digestive disorders (e.g. IBS, IBD, diarrhea) [64]

J

Modulate immune system and reduce inflammation in the gut [65]
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5.2.3.2. Discussion

Probiotics have been shown to play a significant role in maintaining overall digestive health
by positively influencing the gut microbiota and impacting digestion [61]. The gut microbiota
consists of various microorganisms, such as bacteria, fungi, and viruses, that play a crucial role
in digestion and the absorption of nutrients [66]. Probiotics produce enzymes that aid in the
digestion of carbohydrates, proteins, and fats, and help break down dietary fiber into short-
chain fatty acids (SCFAS) such as acetate, propionate, and butyrate [62]. These SCFASs provide
energy for the colonocytes and have been linked to a lower risk of colon cancer, obesity, and
other diseases [63]. Additionally, probiotics produce lactic acid, which helps to maintain the
pH of the gut and creates an environment that is hostile to harmful bacteria [63]. Studies have
also shown that probiotics can help prevent and alleviate various digestive disorders, such as
irritable bowel syndrome (IBS), inflammatory bowel disease (IBD), and diarrhea [64].
Probiotics may also reduce symptoms of IBS and IBD by modulating the immune system and
reducing inflammation in the gut [65].
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5.2.4. Benefits of probiotics in nutrient absorption:
5.2.4.1. Result:

Probiotics

2

Enhancement of digestive enzyme activity [67]

@

Improved breakdown and absorption of carbohydrates, proteins, and fats [65]

.

Production of proteases, lipases, and lactases [65]

.

Breakdown of proteins, fats, and lactose into absorbable molecules [65]

.

Improved absorption of micronutrients such as iron, calcium, and zinc [65]

.

Fermentation of indigestible carbohydrates [68]

.

Production of short-chain fatty acids [68]

.

Utilization of SCFAs as a source of energy by gut epithelial cells [60]

3

Maintenance of healthy gut environment, Improvement of gut motility and
Reduction of inflammation in the gut [60]

3

Enhanced absorption of iron in the liver [60]
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5.2.4.2. Discussion

Probiotics have been shown to play a crucial role in nutrient absorption, especially in the
digestion and absorption of carbohydrates, proteins, and fats. The presence of probiotics in the
gut has been shown to improve the breakdown and absorption of these nutrients by enhancing
the activity of digestive enzymes and increasing the surface area of the intestinal wall for
nutrient uptake [67].

Probiotics produce a range of enzymes, including proteases, lipases, and lactases, which aid in
the digestion of proteins, fats, and lactose, respectively. These enzymes help break down these
macronutrients into smaller, more easily absorbable molecules, allowing for more efficient
nutrient uptake by the body. In addition, probiotics have been shown to improve the absorption
of micronutrients such as iron, calcium, and zinc [65].

Probiotics can also ferment certain indigestible carbohydrates, such as dietary fiber, producing
short-chain fatty acids (SCFAs), which can be utilized as a source of energy by the gut
epithelial cells [68]. SCFAs also help maintain a healthy gut environment, improve gut
motility, and reduce inflammation in the gut. A study conducted on rats fed with a high-fat diet
showed that supplementation with Lactobacillus plantarum and Lactobacillus curvatus
improved the absorption of iron in the liver by enhancing the expression of proteins involved
in iron metabolism, such as transferrin and ferritin [60].
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5.2.5. Benefits of probiotics for breaking down complex carbohydrates and fibers:

5.2.5.1. Result

Probiotics

4

Breakdown of fibers and oligosaccharides [69]

2

Degradation of resistant starch [70]

2

Production of short-chain fatty acids [68]

2

Improved gut barrier function [71]

4

Growth of other beneficial bacteria [72]

2

Increased production of enzymes for carbohydrate and fiber digestion [73]

2

Improved nutrient absorption [74]
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Figure 4: Gut bacteria are able to detect and break down particular plant cell wall
polysaccharides and improve human digestive abilities due to the presence of specialized
membrane protein complexes [75].

5.2.5.2. Discussion:

Research has shown that probiotics, such as Lactobacillus and Bifidobacterium species, can
break down different types of fibers and oligosaccharides, including fructooligosaccharides
(FOS) and galactooligosaccharides (GOS) [69]. Additionally, probiotics can also degrade
resistant starch, a type of complex carbohydrate that escapes digestion in the small intestine
and reaches the colon intact. Resistant starch can be found in foods such as legumes, whole
grains, and green bananas [70]. Besides, probiotics have been found to increase the production
of enzymes involved in the breakdown of carbohydrates and fibers. For example,
Bifidobacterium infantis has been shown to enhance the activity of a-glucosidase, an enzyme
that breaks down carbohydrates, resulting in improved digestion and absorption of nutrients
[76]. In short, probiotics play a significant role in breaking down complex carbohydrates and
fibers that are not fully digested by humans. This process results in the production of SCFAs
that provide numerous benefits to the colon's health [68], including improved gut barrier
function and the growth of other beneficial bacteria. Additionally, probiotics can increase the
production of enzymes involved in carbohydrate and fiber digestion, further promoting nutrient
absorption [73] [74].
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5.2.6. Beneficial effects of probiotics in gut microbiota composition:
5.2.6.1. Result:

Table- 4: Examples of probiotic strains and their benefits on the gut microbiota

Probiotic strain Benefits on the gut microbiota
Lactobacillus Increases bifidobacteria and lactobacilli [77].
acidophilus

Lactobacillus rhamnosus | Increases lactobacilli and bifidobacteria, decreases enterobacteria
GG and clostridia [78].

Saccharomyces boulardii | Increases beneficial bacteria, decreases pathogenic bacteria [79]

Streptococcus Increases lactobacilli, bifidobacteria, and other beneficial bacteria
thermophilus [80]

5.2.6.2. Discussion:

The human gut is colonized by a complex community of microorganisms that together make
up the gut microbiota. The gut microbiota consists of trillions of microorganisms, including
bacteria, archaea, viruses, and fungi, which reside in the lumen of the intestine, as well as in
the mucus layer and the intestinal epithelium. The gut microbiota is involved in various
physiological processes, such as digestion, nutrient metabolism, immune system development,
and protection against pathogens [63] [81]. The composition of the gut microbiota is
influenced by various factors, such as diet, genetics, age, and lifestyle. A disruption in the gut
microbiota, called dysbiosis, has been linked to various diseases, such as inflammatory bowel
disease, obesity, type 2 diabetes, and colorectal cancer [82]. Therefore, maintaining a healthy
gut microbiota is crucial for overall health. Probiotics, as live microorganisms, can positively
influence the gut microbiota and improve gut health. Probiotics can modify the gut microbiota
by colonization, transient interactions, or metabolic activity, resulting in changes in the
composition and metabolic function of the gut microbiota [83].
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5.2.7. Beneficial effects of probiotics in the absorption of specific nutrients:

5.2.7.1. Result:

The (Table-5) below summarizes the probiotic strains, mechanisms, and studies related to the

enhancement of nutrient absorption.

Table-5: Summary of the probiotic strains, mechanisms, and studies related to the

enhancement of nutrient absorption

Nutrient Probiotic Strains Mechanism Study

Calcium Lactobacillus acidophilus, | Increase expression of calcium-binding | [84]
Bifidobacterium lactis proteins and activity of alkaline

phosphatase

Iron Lactobacillus plantarum, | Increase expression of iron transporters [85]
Lactobacillus fermentum

Magnesium | Lactobacillus acidophilus, | Increase  expression  of  magnesium | [86]
Bifidobacterium lactis transporters

5.2.7.2. Discussion:

Probiotics such as Lactobacillus acidophilus, Bifidobacterium lactis, Lactobacillus plantarum,
and Lactobacillus fermentum have been shown to enhance the absorption of calcium, iron, and
magnesium, which are essential minerals required for various physiological processes.
Probiotics increase the expression of transporters and enzymes required for absorption, leading
to increased serum levels of these minerals. However, more research is needed to identify the
specific strains and doses of probiotics required for optimal nutrient absorption. [84] [85] [86]

5.2.8. Beneficial effects of probiotics in oral drug bioavailability:

5.2.8.1. Result:

The activity of microbial enzymes in the gut microbiota can affect the absorption and transport
of orally administered drugs, as well as alter gastrointestinal properties. This information can
help prevent potential drug interactions and inform the design of drug delivery systems

(Figure-5) and (Table-6) [87].
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Table-6. The influence of gut microbiota on bioavailability of oral drugs [87].

Drug Class Examples of Drugs Influence of Gut Microbiota

Analgesics Morphine, Tramadol Gut microbiota affects analgesic efficacy and
toxicity

Antidiabetic Metformin, Acarbose Gut microbiota affects drug efficacy and glucose-

lowering effect

Cardiovascular

Digoxin, Propranolol

Gut microbiota affects drug metabolism and
bioavailability

Chemotherapy

Cyclophosphamide

Gut microbiota affects drug metabolism and
toxicity

Immunomodulatory

Tacrolimus, Sirolimus

Gut microbiota affects drug metabolism and
bioavailability

acidophilus,
Bifidobacterium
bifidum

NSAIDs Celecoxib, Naproxen Gut microbiota affects drug metabolism and
toxicity
Steroids Prednisolone, Gut microbiota affects drug metabolism and
Dexamethasone toxicity
Antibiotics Penicillin, Amoxicillin | Antibiotics alter gut microbiota composition and
drug efficacy
Probiotics Lactobacillus Can interact with drugs and alter their

bioavailability
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5.2.8.2. Discussion:

Probiotic strains have been shown to impact the bioavailability of several nutrients, including
vitamins and minerals. For instance, Lactobacillus acidophilus has been shown to enhance the
bioavailability of vitamins B1, B2, B6, B12, and folate by increasing their production and
absorption in the gut [88]. In addition, probiotic strains such as Bifidobacterium bifidum and
Lactobacillus reuteri have been shown to enhance the bioavailability of vitamin D by
promoting its synthesis and absorption in the gut [89].

5.2.9. Beneficial effects of probiotics in immune function:

5.2.9.1. Result:
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Figure 6: Intestinal microbiota-immunity interplay in homeostasis [90].
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Table- 7: Examples of Probiotics and their Impact on the Immune System

Probiotic Strain Impact on Immune System

GG

Lactobacillus  rhamnosus | Increases production of IgA antibodies and reduces inflammation [91]

12
[91]

Bifidobacterium lactis BB- | Increases the production of cytokines and enhances immune function

Lactobacillus casei Shirota | Enhances natural killer cell activity and reduces inflammation [92]

diseases [93]

Saccharomyces boulardii Enhances mucosal immunity and reduces the risk of infectious

5.2.9.2 . Discussion:

Commensal microbes colonize the host's mucosal surfaces during early life, which is crucial
for the maturation of the immune system. The microbiota composition displays high variability
in the first few years of life before reaching a stable configuration around age three. This
variability creates a window of opportunity for environmental incursions to the microbiota,
which may have long-lasting harmful impacts on immunity. Newborns and infants have an
immature immune system, making them more susceptible to various infectious pathogens and
leading to infectious diseases as the leading cause of mortality in children. Premature infants
are more prone to excessive inflammation, leading to the potentially devastating disorder
necrotizing enterocolitis. Germ-free animal models have shown that the absence of commensal
microbes is associated with profound intestinal defects of lymphoid tissue architecture and
immune functions. The intestinal mucosa is the best-studied interface for host-microbiota
interactions. In a healthy state, the host's immune response to the intestinal microbiota is
compartmentalized to the mucosal surface, where mechanisms such as the dense mucus layer,
tight junctions, and enteric dendritic cells are employed to achieve microbiota
compartmentalization. The host immune system establishes immune tolerance towards an
enormous and constantly changing wealth of harmless microorganisms while preserving
immune responses against pathogenic infection or commensal intrusion into the sterile body
milieu. [90]. Moreover Probiotics have a positive impact on the immune system by modulating
the immune response, enhancing immune function, and reducing the risk of infectious diseases.
Different probiotic strains may have different beneficial effects on the immune system, and the
specific mechanisms by which they exert their beneficial effects are still being investigated.
Nevertheless, the evidence suggests that probiotics can be a useful tool for improving immune
function and preventing infectious diseases. [90] [91]
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5.2.10. Beneficial effects of probiotics in immune cell function:
5.2.10.1. Result:

Probiotics have been shown to have a positive effect on immune cell function. (Table-7)
summarizes some of the studies that have investigated the effect of probiotics on different
immune cells.

Table-8. The beneficial effect of probiotics on immune cell function

Probiotic Immune cell Effect
type

Lactobacillus casei Shirota Natural killer Enhanced activity [94]
cells

Lactobacillus rhamnosus GG IgA-producing Increased production [95]
cells

Bifidobacterium lactis HN019 T cells Increased activity [96]

Lactobacillus acidophilus and Macrophages Increased phagocytic

Bifidobacterium bifidum activity [97]

5.2.10.2 Discussion:

Probiotics have been shown to have a significant impact on immune cell function. Immune
cells are crucial for defending the body against harmful pathogens and maintaining overall
health. Several studies have shown that probiotics can enhance the activity of NK cells. For
example, a study of healthy adults found that consuming Lactobacillus casei Shirota for 3
weeks resulted in a significant increase in NK cell activity compared to a placebo group.
Another study found that daily consumption of a probiotic mixture containing Lactobacillus
acidophilus, Lactobacillus casei, and Bifidobacterium bifidum for 12 weeks significantly
increased NK cell activity in elderly individuals. A study found that consuming Lactobacillus
acidophilus for 6 weeks increased the production of T cells in healthy adults. Another study
found that daily consumption of a probiotic containing Lactobacillus rhamnosus for 6 months
increased the production of regulatory T cells, which help to prevent autoimmune diseases.
Probiotics have been shown to enhance the phagocytic activity of macrophages. For example,
a study found that consuming Lactobacillus fermentum for 4 weeks increased the phagocytic
activity of macrophages in healthy adults [96] [97] [98].
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5.2.11. Beneficial effects of probiotics in immune signaling pathways:
5.2.11.1. Result:

Probiotics have been shown to modulate immune signaling pathways, which are crucial for
regulating immune responses. These pathways involve a complex network of cytokines,
chemokines, and other immune molecules that communicate between immune cells and tissues.
Probiotics can stimulate the production of anti-inflammatory cytokines while suppressing pro-
inflammatory cytokines, resulting in a balanced immune response.
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Figure 7: Impact of Probiotics on Immune Signaling Pathways [98].

5.2.11.2. Discussion:

Studies have shown that probiotics can modulate various immune signaling pathways,
including Toll-like receptors (TLRs). Probiotics can modulate TLR signaling, which can lead
to a reduction in inflammation and an increase in immune tolerance. For example, some strains
of Lactobacillus and Bifidobacterium have been shown to downregulate TLR signaling,
reducing the production of pro-inflammatory cytokines. Probiotics can modulate IL
production, which can lead to a reduction in inflammation and an increase in immune tolerance.
For example, some strains of Lactobacillus and Bifidobacterium have been shown to stimulate
the production of anti-inflammatory cytokines, such as IL-10, while reducing the production
of pro-inflammatory cytokines, such as IL-6.Probiotics can modulate NF-kB activation, which
can lead to a reduction in inflammation. For example, some strains of Lactobacillus and
Bifidobacterium have been shown to suppress NF-«kB activation, reducing the production of
pro-inflammatory cytokines. Probiotics can modulate STAT signaling, which can lead to a
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reduction in inflammation. For example, some strains of Lactobacillus and Bifidobacterium
have been shown to modulate STAT3 signaling, reducing the production of pro-inflammatory
cytokines. Again, some strains of Lactobacillus and Bifidobacterium have been shown to
reduce the expression of pro-inflammatory cytokine receptors on immune cells, reducing the
response to pro-inflammatory cytokines. [98]

5.2.12. Beneficial effects of probiotics in inflammatory bowel disease:
5.2.12.1. Result:

Probiotics have been extensively studied as a potential therapeutic option for IBD due to their
ability to modulate the gut microbiota and immune system. Here are some examples of the
impact of probiotics on IBD: (Table-9)

Table-9: The following table summarizes some of the key studies investigating the benefits

of probiotics on IBD

Probiotic Strain IBD Type | Study Design Findings
Lactobacillus acidophilus Crohn's Double-blind, No significant effect on
Disease placebo-controlled | disease activity, but improved
trial [99] quality of life
Bifidobacterium bifidum, | Ulcerative | Randomized Reduced disease activity and
Lactobacillus acidophilus, | Colitis controlled trial | improved mucosal
Lactobacillus rhamnosus [100] inflammation
VSL#3 (mixture of 8 probiotic | Ulcerative | Randomized Induced remission in active
strains) Colitis controlled trial | discase and  maintained
[101] remission in quiescent disease
E. coli Nissle 1917 Ulcerative | Double-blind, Induced and maintained
Colitis placebo-controlled | remission
trial [102]
Lactobacillus rhamnosus GG | Ulcerative | Randomized Reduced disease activity and
Colitis controlled trial | improved mucosal
[103] inflammation
Lactobacillus plantarum 299v | Ulcerative | Randomized Reduced disease activity and
Colitis controlled trial | improved mucosal
[104] inflammation
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5.2.12.2. Discussion:

The available evidence suggests that probiotics may have a beneficial effect on IBD. However,
further research is needed to fully understand the mechanisms underlying these beneficial
effects and to identify the most effective probiotic strains and dosages for the treatment of IBD.
[104]

5.2.13. Beneficial effects of probiotics in the gut-brain axis:
5.2.13.1. Result:

Several studies have shown that probiotics have potential benefits in the prevention and
treatment of metabolic disorders.
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Figure-8: The gut microbiota of obese and diabetic individuals exhibit significant
differences in their composition and function compared to healthy individuals [105].
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5.2.13.2. Discussion:

One meta-analysis of randomized controlled trials found that probiotic supplementation
significantly reduced body weight, body mass index (BMI), and fat percentage in overweight
and obese adults [106]. Another meta-analysis showed that probiotics improved glucose
metabolism, insulin sensitivity, and glycemic control in people with type 2 diabetes [107].
Probiotics have also shown promise in the prevention and treatment of NAFLD. A meta-
analysis of clinical trials found that probiotics significantly improved liver enzymes, liver fat,
and inflammation in people with NAFLD [108].

5.2.14. Beneficial effects of probiotics in the gut-brain axis:

5.2.14.1. Result:

The gut-brain axis refers to the bidirectional communication network between the gut and the
brain. Some studies have found that certain probiotic strains can increase the production of
neurotransmitters such as serotonin and GABA in the gut, which may have a positive impact
on mood and behavior [109] [110]. Other studies have shown that probiotics can reduce levels
of stress hormones such as cortisol, and may also have anti-inflammatory effects that can
benefit both the gut and the brain [111].
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5.2.14.2. Discussion:

The mechanisms underlying the beneficial effects of probiotics on the gut-brain axis are
complex and not yet fully understood. However, several potential mechanisms have been
proposed, including the Regulation of the hypothalamic-pituitary-adrenal (HPA) axis, which is
a key regulator of the stress response, and dysregulation of this system has been implicated in
the pathogenesis of stress-related disorders. Probiotics have been shown to modulate the HPA
axis, reducing stress-induced activation of the axis and resulting in reduced anxiety- and
depression-like behaviors [112] [113]. Probiotics can alter the levels of neurotransmitters such
as serotonin and dopamine, which are involved in the regulation of mood and behavior [114]
[115]. Again, the gut microbiota plays a crucial role in the development and function of the
immune system, and dysregulation of the immune system has been linked to the pathogenesis
of neuropsychiatric disorders. Probiotics can modulate the immune system, resulting in
reduced inflammation and improved mental health outcomes [116] [117]. Additionally,
Lactobacillus and Bifidobacterium strains have been found to increase the production of
neurotransmitters such as serotonin, gamma-aminobutyric acid (GABA), and acetylcholine
[110]. Some strains of probiotics may produce neurotransmitters directly [118].
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5.2.15. Beneficial effects of probiotics in the gut-liver axis:
5.2.15.1. Result:

The gut microbiota plays a significant role in liver metabolism and homeostasis [119].
Dysbiosis, or an imbalance in gut microbiota, can lead to an increased risk of liver disease,
including non-alcoholic fatty liver disease (NAFLD) and cirrhosis [108]. A study in patients
with alcoholic cirrhosis found that a probiotic containing Lactobacillus rhamnosus and
Bifidobacterium lactis improved liver function and reduced markers of inflammation [120].

Table-10: Probiotic strains and their benefits on the gut-liver axis

Probiotic Strain Benefits on Gut-Liver Axis

Lactobacillus rhamnosus and | Improved liver function and reduced markers of
Bifidobacterium lactis inflammation in patients with alcoholic cirrhosis [120].

Lactobacillus plantarum Reduced liver damage and inflammation in animal
models of liver disease [121].

Saccharomyces boulardii Reduced liver damage and fibrosis in animal models of
liver disease [122].

5.2.15.2. Discussion:

Certain probiotic strains, such as Lactobacillus plantarum, have been shown to reduce liver
damage and inflammation in animal models of liver disease by promoting the production of
enzymes involved in liver detoxification [123]. Probiotics have also been shown to improve
liver function by modulating the gut microbiome composition. Studies have found that
probiotics can reduce the levels of harmful bacteria in the gut, such as Escherichia coli and
Enterococcus, and increase the levels of beneficial bacteria, such as Lactobacillus and
Bifidobacterium [124]. This modulation of the gut microbiome can improve liver function by
reducing inflammation and oxidative stress in the liver. In addition, a study found that treatment
with the probiotic strain Saccharomyces boulardii improved liver function and reduced liver
damage and fibrosis in animal models of liver disease [125].
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5.3. Limitations and future directions:
5.3.1. Discussion of the limitations of the study:
5.3.1.1. Methodological limitations:

One of the main methodological limitations of studies investigating the beneficial effects of
probiotics is the lack of standardization of the strains and doses used. The efficacy of a specific
probiotic strain may differ depending on the dose and the population studied. Additionally, the
beneficial effects of probiotics may also depend on the specific health condition and the
duration of the intervention. Therefore, future studies should aim to use standardized doses of
specific probiotic strains in well-designed randomized controlled trials.

5.3.1.2. Interpretational limitations:

Another limitation is the complexity of the gut microbiome and the gut-brain axis, which makes
it challenging to establish clear causal relationships between probiotic interventions and their
benefits on mental and metabolic health. Moreover, the heterogeneity of the study populations,
the differences in study designs and outcome measures, and the lack of long-term follow-up
data further complicate the interpretation of the results. Therefore, more studies are needed to
elucidate the mechanisms of action of probiotics and to identify the specific subpopulations
that may benefit the most from their use.

Overall, while the existing evidence suggests that probiotics may have promising effects on the
gut-brain and gut-liver axes and on metabolic health, further studies are needed to overcome
the limitations of current research and to establish their clinical relevance.

5.3.2. Recommendations for future research on the topic

5.3.2.1. The need for further research on the impact of probiotics on specific health
outcomes:

While there is increasing evidence to suggest that probiotics can have a positive impact on
health outcomes, the exact mechanisms and specific health benefits are not yet fully
understood. Future research should focus on investigating the impact of probiotics on specific
health outcomes, such as inflammatory bowel disease, irritable bowel syndrome, allergies, and
mental health conditions, to better understand their potential benefits and mechanisms of
action.

5.3.2.2. The need for studies investigating the beneficial effect of probiotics on different
populations and age groups:

Most studies on probiotics have focused on healthy adults, and there is limited research on the
effect of probiotics on different populations, such as children, older adults, and those with
underlying health conditions. Future studies should investigate the impact of probiotics on
different populations to determine whether there are any age-related or health-related
differences in their effectiveness. Additionally, studies should investigate the optimal dose and
duration of probiotic use for different populations and health outcomes.
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6. Conclusion:

In conclusion, probiotics have gained attention as a potential dietary supplement with numerous
health benefits. The gut microbiome is a complex system that plays a crucial role in human
health, and probiotics have shown promising results in regulating and maintaining a healthy
gut microbiome. The reviewed literature suggests that probiotics can modulate the gut-brain
axis, gut-liver axis, and metabolism, which in turn affects mental health, liver function, and
insulin sensitivity. However, there are still methodological and interpretational limitations in
the studies, indicating the need for further research. Therefore, it is recommended to conduct
more randomized controlled trials investigating the beneficial effects of probiotics on specific
health outcomes in different populations and age groups. Despite these limitations, the potential
health benefits of probiotics suggest their inclusion in a healthy diet, and their use as a dietary
supplement may prove to be an effective strategy for maintaining overall health and well-being.
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