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Abstract
Probiotics are live microorganisms that confer health benefits to the host when administered in adequate amounts.
In recent years, they have drawn widespread interest owing to their holistic influence on human wellbeing. These
helpful bacteria, predominantly from the Lactobacillus, Bifidobacterium, and Saccharomyces genera, are vital
for preserving gut microbiota equilibrium, enhancing digestive well-being, and fortifying the immune system.
Probiotics help prevent and treat intestinal conditions, including irritable bowel syndrome (IBS), inflammatory
bowel disease (IBD), diarrhea, and constipation, by increasing intestinal wall function, regulating inflammation,
and rival harmful microbes. In addition to their digestive benefits, probiotics have been linked to a range of
systemic benefits. They are also beneficial for metabolic health as they help maintain blood sugar levels, improve
insulin sensitivity, and decrease inflammation associated with obesity. Their impact on cardiovascular health has
also been investigated, with studies indicating their potential advantages in cholesterol reduction, optimization
of blood pressure,and enhancement of endothelial function. In addition, studies conducted on the gut-brain axis
indicate that probiotics might help improve mental health conditions, such as anxiety, depression, stress, and
related disorders, after modulating neurotransmitter modulation and reducing systemic Inflammation. Probiotics
also ferment dietary fibers and create short-chain fatty acids (SCFAs) (as butyrate) which are energy sources
for intestinal cells and decrease inflammation. Although their effects are promising, several challenges remain in
their clinical applicability, including strain specificity, dosage, delivery route, and variability in individual microbiota.
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1. INTRODUCTION

The World Health Organization says that probiotics are
“live microorganisms which, when administered in ade-
quate amounts, confer a health benefit on the host. ”
They have gained worldwide attention over the years
for the various ways they may be able to help human
health [1] Probiotics, mostly the friendly bacteria from
the Lactobacillus and Bifidobacterium families, play a key
role in keeping our gut healthy, which is super important
for our overall well-being. The word “probiotic” comes
from Greek, where “pro” means for and “biotic” means
life [2]. These helpful microbes help maintain balance in
our gut, aid digestion, and support our immune system.
Some common probiotic strains you might come across
are Lactobacillus, Bifidobacterium, and Saccharomyces
boulardii. You can discover probiotics naturally in a bunch
of fermented foods like yogurt, kefir, sauerkraut, miso,

and kombucha, and in dietary supplements [3]. They
help our gut by inducing the mix of bacteria in there,
strengthening the intestinal barrier, and keeping harmful
bacteria at bay [4]. Research has shown that probiotics
can help in gastrointestinal disorders, including irritable
bowel syndrome (IBS) and inflammatory bowel disease
(IBD) [5]. Moreover, there is emerging evidence regard-
ing the relationship between probiotics and mental health
through the gut-brain axis, where probiotics may reduce
anxiety and depression symptoms [6]. With research
into probiotics constant, determining the mechanisms by
which they function and fine-tuning their submission in
the clinic is an area of fixated interest. More research is
needed to identify strain-specific benefits, optimal doses,
and long-term impacts on human health.
Mechanisms of Action

Probiotics exert health-promoting effects via multiple
mechanisms. They synthesize bioactive compounds,
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such as bacteriocins, vitamins, SCFAs, and enzymes,
that aid in different physiological activities [7, 8]. Probi-
otics have been shown to affect gut microbiota balance
through various mechanisms that promote a stable micro-
bial ecosystem. These mechanisms include competition
for nutrients, antimicrobial production, and stabilization of
gut environmental factors [9, 10]. The key ways in which
probiotics affect the gut microbiota include the following:

2. COMPETITIVE EXCLUSION

Probiotics can prevent the colonization and proliferation
of harmful microorganisms by competing for essential nu-
trients, attachment sites, and ecological niches within the
gut. This process, known as viable exclusion, supports a
balanced microbial environment and inhibits overgrowth
of pathogenic bacteria, fungi, and viruses. Competing
with harmful bacteria for nutrients and adhesion sites,
producing antimicrobial compounds to inhibit pathogenic
growth, and enhancing gut barrier integrity and immune
response Nutrient Competition: Probiotic bacteria utilize
available nutrients, thereby depriving harmful microbes,
such as Clostridium difficile and Escherichia coli, which
are important resources needed for their growth [5, 7].
Site Competition: Probiotics adhere to the intestinal mu-
cosa, occupying binding sites and preventing pathogenic
bacteria from attaching to the gut lining [10, 11].

Figure 1. function of probiotics on health([12]

2.1. Production of Antimicrobial Com-
pounds

Many probiotic strains produce antimicrobial substances
that can suppress or remove harmful microorganisms.
These include organic acids, hydrogen peroxide, bacteri-
ocins, and antimicrobial peptides that create an uncom-
plimentary environment for pathogenic bacteria. Organic
Acids: Lactobacillus species generate lactic acid, low-
ering gut pH and making it less hospitable for harmful
bacteria [13, 14]. Bacteriocins: Probiotics such as Lacto-

bacillus and Bifidobacterium produce bacteriocins that
are protein-based antibiotics that prevent or terminate
pathogenic bacteria [15]. Hydrogen Peroxide: Certain
Lactobacillus strains produce hydrogen peroxide, which
damages the cell membranes of harmful microbes and
exerts antimicrobial effects [13, 9].

3. BENEFIT OF PROBIOTICS
3.1. Gastrointestinal Health
Promotion of Microbial Diversity:A well-balanced and
diverse gut microbiota is more resilient to external dis-
turbances, such as infections, antibiotic treatments, and
dietary shifts. Greater microbial diversity reduces the
likelihood of pathogenic dominance and strengthens im-
mune defenses [10, 5].

i. Strengthening the Gut Barrier Function A diverse
microbiome supports the integrity of the intestinal bar-
rier by encouraging the proliferation of beneficial mi-
crobes that reinforce the mucosal lining and epithelial
cell connections. This enhances gut permeability and
helps prevent harmful bacteria and toxins from en-
tering the bloodstream [15]. Probiotic strains, such
as Lactobacillus and Bifidobacterium, promote the
growth of beneficial bacteria, boost mucus production,
and strengthen tight junctions between epithelial cells,
thereby reducing the risk of leaky gut syndrome [16,
17].
ii. Strengthening Immune Function Diverse gut mi-

crobiota play a crucial role in regulating immune re-
sponses by maintaining a balance between the Th1
and Th2 pathways. Beneficial microbes stimulate reg-
ulatory T cells (Tregs) and promote the production
of anti-inflammatory cytokines, which helps decrease
chronic inflammation and enhance overall immune
function [15, 11]. Specific probiotic strains have been
identified for their roles in improving microbial variety
and immune support [18, 6]. Lactobacillus species:
These probiotics boost the growth of beneficial lactic
acid bacteria, while inhibiting harmful pathogens. Bifi-
dobacterium species: They enhance microbial diversity
by supporting the proliferation of other beneficial bacte-
ria, such as Akkermansia muciniphila, which is related
to gut health and metabolic balance [17]. Saccha-
romyces boulardii: This probiotic yeast is particularly
effective in restoring gut microbiota balance following
disruptions such as those caused by antibiotic use [19].
iii. Metabolic Health Functions A well-balanced gut
microbiota is associated with improved metabolic func-
tion, including better weight regulation, enhanced in-
sulin sensitivity, and ideal gut motility. Probiotics sup-
port these processes by promoting microbial diversity,
which influences the production of short-chain fatty
acids (SCFAs) that play a key role in metabolism and
fat storage [9, 20]. Weight Regulation: Diverse micro-
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Table 1. Common Probiotics Starians and Their Health Benefits
Probiotic Strains Health Benefit
Lactobacillus acidophilus Supports digestion, reduces diarrhea risk
Bifidobacterium bifidum Enhances immune function
Lactobacillus rhamnosus Alleviates IB symptom
Saccharomyces boulardii Prevents antibiotic-associated diarrhea

Table 2. Common Probiotic Strains and Their Effects on Gut Microbiota
Probiotic Strains Mechanism of Action Health Benefit
Lactobacillus rhamnosus Competition for binding sites, Prevention of diarrhea, enhancement

production of lactic acid of gut barrier integrity
Bifidobacterium bifidum Fermentation of prebiotics, Support of digestive health,

production of short-chair fatty acids (SCFAs) immune system modulation
Lactobacillus acidophilus Production of hydrogen Inhibition of pathogenic bacteria

immune system modulation like Clostridium difficile
Saccharomyces boulardii Competition for nutrients, Prevention of antibiotic

modulation of immune response associated diarrhea
Streptococcus thermophiles Acid production, competition Relief from lactose intolerance,

for intestinal niches gut microbial balance

biota contribute to effective energy extraction from food,
balanced fat storage, and optimized calorie consump-
tion, all of which support healthy weight management
[20].
iv. Regulation of Immune Function Probiotics interact
with intestinal epithelial and immune cells, influencing
both the innate and adaptive immune responses. They
stimulate the production of cytokines and chemokines,
which are essential for immune regulation. Research
suggests that probiotics help maintain immune balance,
potentially reducing the severity of allergic reactions
and autoimmune diseases [21, 5].

3.2. Mental Health and the Gut-Brain

Recent studies have examined the role of probiotics in
regulating the gut-brain axis. Certain probiotic strains,
known as "psychobiotics," affect neuro-transmitter pro-
duction, reduce inflammation, and alleviate stress-related
disorders (Dinan et al., 2013). This suggests that probi-
otics may help ease anxiety and depression symptoms,
stressing their potential benefits for mental health [22,
6]. Probiotics and Metabolic Health:Growing body of re-
search has shown that probiotics may support metabolic
health by enhancing insulin sensitivity and improving lipid
metabolism. A systematic review by [23] found that pro-
biotic supplementation could lead to small reductions in
body weight, cholesterol levels, and inflammatory mark-
ers in individuals with metabolic disorders.

3.3. Probiotics and Skin Health

The role of probiotics in maintaining skin health has
received significant attention owing to their ability to
regulate the gut-skin axis, reduce inflammation, and
strengthen the skin’s protective barrier. Studies suggest
that probiotics may aid in the management of conditions
such as acne, eczema, psoriasis, and skin aging.[24, 22].

Mechanisms of Action

i. Gut-Skin Axis The connection between gut health
and skin function is well established, with probiotics in-
fluencing skin health by decreasing systemic inflamma-
tion, which can exaggerate skin conditions, strengthen
the gut barrier to prevent pro-inflammatory molecules
from entering circulation, and modulate immune re-
sponses to maintain skin homeostasis.[25]
ii. Anti Inflammatory and Immunomodulatory Effects

Probiotics contribute to immune regulation and inflam-
mation control, which can benefit various skin condi-
tions:Acne: Regulation of Cutibacterium acnes and
reduction in sebum production,Eczema: Strengthening
the skin barrier and reducing allergic responses. Psori-
asis: Suppression of pro-inflammatory cytokines like
TNF-α and IL-6 [26, 5].
iii. Enhancement of Skin Barrier Function Probiotics
promote skin hydration, protect against harmful mi-
crobes, and improve the overall skin resilience. Benefi-
cial strains, such as Lactobacillus and Bifidobacterium,
assist in boosting ceramide production for improved
hydration and skin repair, restoring the microbial bal-
ance to prevent irritation and infections, and defending
against oxidative stress and UV-induced skin damage
[27, 11].

3.4. Probiotics and Women’s Health

Women’s health is influenced by hormonal, microbial,
and immune interactions, with conditions such as bacte-
rial vaginosis (BV), yeast infections, urinary tract infec-
tions (UTIs), and pregnancy-related complications often
managed with antibiotic and antifungal treatments. How-
ever, growing evidence suggests that probiotics offer a
natural alternative for balancing the microbiota and pre-
venting recurrent infections [13, 4]

Mechanisms of Action
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i. Regulation of Vaginal Microbiota A healthy vagi-
nal microbiome, primarily dominated by Lactobacillus
species, plays a vital role in reproductive and gyneco-
logical health by [27] maintaining an acidic environment
(pH = 4.5) that deters pathogens, producing antimicro-
bial agents such as lactic acid and bacteriocins, and
preventing opportunistic infections such as Candida
and Gardnerella vaginalis.
ii. UTI Prevention and Management Recurrent UTIs

are a common concern in women, and probiotics sup-
port urinary tract health by competing with pathogens
(E. coli and Klebsiella) for adhesion sites in the uri-
nary tract, strengthening local immune defenses., and
restoring beneficial bacteria after antibiotic treatment
[28, 23]
iii. Gut Microbiota and Hormonal Balance The gut mi-
crobiota plays a critical role in metabolizing hormones,
such as estrogen, influencing conditions such as poly-
cystic ovary syndrome (PCOS) and menopause. Probi-
otics help by modulating estrogen metabolism via the
estrogen bolome. Reducing inflammation associated
with PCOS and endometriosis, supporting bone health
and metabolic stability during menopause [29, 16].
iv. Maternal and Pregnancy Health Probiotics con-
tribute to maternal and fetal health by lowering the risk
of gestational diabetes and preeclampsia, reducing
the likelihood of preterm birth and atopic conditions in
infants, strengthening the immune system, and allevi-
ating digestive issues during pregnancy [30, 31].

3.5. Probiotics and Cardiovascular
Health

Probiotics have been associated with multiple cardio-
vascular benefits, including cholesterol reduction, blood
pressure regulation, and anti-inflammatory effects. Re-
search suggests that they may help lower the risk of
coronary heart disease and support the overall heart
function.[31]
Mechanisms of Action

i. CholesterolRegulation Specific strains of Lacto-
bacillus and Bifidobacterium aid in lowering low-density
lipoprotein (LDL) cholesterol by breaking down bile
acids and reducing cholesterol absorption [32].
ii. Blood Pressure Management Several studies have

indicated that probiotics contribute to significant reduc-
tions in systolic and diastolic blood pressure, particu-
larly in hypertensive individuals.
iii. Anti-Inflammatory Properties By modulating inflam-
matory markers, probiotics help reduce systemic in-
flammation, which is a key contributor to atherosclero-
sis and other cardiovascular diseases.

3.6. Probiotics and Respiratory
Health

Growing evidence indicates that probiotics may support
respiratory health by modulating immune responses to
infections, such as the common cold and influenza. A
previous study [33, 30] found that probiotic supplemen-
tation can help reduce both the incidence and duration
of upper respiratory tract infections by strengthening mu-
cosal immunity.
Mechanisms of Action

i. Regulation of the Gut-Lung Axis The gut-lung axis
refers to the bidirectional interaction between the gut
microbiota and respiratory system, facilitated by im-
mune signaling pathways. Probiotics contribute to this
connection by enhancing mucosal immunity through
the increased production of secretory IgA and sup-
pression of pro-inflammatory cytokines, such as IL-6
and TNF-α.Specific probiotic strains, including Lacto-
bacillus and Bifidobacterium, also exhibit antimicrobial
properties by producing bacteriocins that inhibit respi-
ratory pathogens, compete with harmful microbes for
adhesion sites, and strengthen epithelial barriers to
prevent pathogen colonization in the airways [33, 23].
ii. Anti-Inflammatory and Antioxidant Properties Pro-

biotics help to mitigate lung inflammation and oxida-
tive stress, improve lung function, and reduce the
severity of respiratory infections. They achieve this
through the production of short-chain fatty acids (SC-
FAs), such as butyrate, which has anti-inflammatory ef-
fects,Suppression of NF-B signaling pathways involved
in inflammation, and activation of regulatory T cells
(Tregs), which modulate immune responses and pre-
vent excessive inflammation [34, 21].

3.7. Probiotics and Bone Health

neProbiotics have attracted significant interest for their
potential to support bone health by modulating the gut
microbiota, reducing inflammation, and improving cal-
cium absorption. Research suggests that probiotics may
help prevent osteoporosis, enhance bone mineral density
(BMD), and contribute to overall skeletal health [35, 31].
Mechanisms of Action

i. Gut Microbiota and Calcium Absorption Probiotics
enhance calcium absorption in the intestine, which
is essential for maintaining bone strength. Specific
Lactobacillus and Bifidobacterium strains contribute
to this by increasing the production of SCFAs, which
improves calcium solubility and uptake and strengthens
the gut barrier to optimize nutrient absorption [36, 14].
ii. Regulation of Inflammation Chronic low-grade in-

flammation is a major contributor of osteoporosis and
bone loss. Probiotics help counteract this by re-
ducing pro-inflammatory cytokines, such as IL-6 and
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TNF-α,Enhancing anti-inflammatory cytokines like IL-
10.,Modulating immune cell activity to prevent exces-
sive bone resorption.
iii. Influence on Bone Metabolism Probiotics play a
role in bone remodeling by affecting both osteoblast
(bone-forming) and osteoclast (bone-resorbing) activi-
ties. Their effects include stimulating osteoblast differ-
entiation through gut-derived metabolites and inhibiting
osteoclast activity, thereby preventing excessive bone
loss and enhancing bone mineralization via microbiota-
produced bioactive compounds [31, 11].

4. FACTORS AFFECTING THE EFFEC-
TIVENESS OF PROBIOTICS IN EN-
HANCING MICROBIAL DIVERSITY

Probiotics play a key role in improving gut health by pro-
moting the microbial diversity. However, their efficacy
depends on several factors, including probiotic strain,
dosage, duration of use, diet, individual health condi-
tions, medication use, and environmental influences. Un-
derstanding these factors can help optimize probiotic
supplementation to improve gut health.

4.1. Duration of Probiotic Use
The length of time probiotics are taken significantly af-
fects their effectiveness in modulating the microbial diver-
sity. Since gut microbiota can fluctuate due to diet, stress,
and medications, probiotics may require time to establish
long-lasting changes [32]. Short-term vs. Long-Term
Use: Short-term probiotic use may lead to temporary
shifts in gut microbiota composition, but these changes
often revert once supplementation is stopped. In con-
trast, long-term probiotic use is more likely to produce
sustained improvement in microbial diversity [37].

4.2. Microbiota Adaptation
It takes several weeks for the gut to adapt to probiotics.
Extended use has been shown to encourage stable
changes in the microbiota composition, promoting a
more diverse microbial environment.
Diet and Prebiotic Intake

Diet plays a crucial role in shaping gut microbiota
and influences the effectiveness of probiotics on micro-
bial diversity. Prebiotics are non-digestible food compo-
nents that nourish beneficial microbes. Found in foods
such as inulin, fructooligosaccharides (FOS), and galac-
tooligosaccharides (GOS), prebiotics work synergistically
with probiotics to improve the gut microbiota balance [38,
39]. High-Fiber Diet: A diet rich in vegetables, fruits,
whole grains, and legumes supports beneficial bacterial
growth. Dietary fibers are fermented into short-chain
fatty acids (SCFAs), such as butyrate, acetate, and propi-
onate, which enhance gut health and microbial diversity.

Figure 2. Benefits of probiotics

Dietary Fat Influence: Diets high in saturated fats and pro-
cessed sugars can decrease microbial diversity, thereby
allowing harmful bacteria to thrive. Conversely, diets rich
in omega-3 fatty acids and polyphenols help create an
environment that supports probiotic functions [39].

4.3. Individual Health Factors

Age, health status, and immune function influence how
well probiotics colonize the gut and exert their effects.
Age-Related Differences: Gut microbiota composition
evolves throughout life. Elderly individuals, who often ex-
perience reduced microbial diversity, may show weaker
responses to probiotics than young children, whose mi-
crobiota are more adaptable [40, 32]. Preexisting Health
Conditions: Individuals with gut dysbiosis, irritable bowel
syndrome (IBS), inflammatory bowel disease (IBD), obe-
sity, or allergies often experience more noticeable bene-
fits from probiotics. However, achieving microbiota bal-
ance may take longer for those with chronic conditions.
Immune System Interactions: The immune system plays
a role in the effect of probiotics on gut bacteria. For
individuals with autoimmune disorders or compromised
immunity, probiotic effectiveness may vary owing to al-
tered microbiota-immune interactions [16, 15].

4.4. Antibiotic Use and Medications

Antibiotics and other medications can suggestively im-
pact gut microbiota, influencing how probiotics function.

i. Effects of Antibiotics: Antibiotics disrupt microbial
diversity by eliminating both harmful and beneficial
bacteria. Probiotics can help restore gut balance after
antibiotic use, but their effectiveness depends on the
strictness of disruption and the timing of supplementa-
tion.
ii. Impact of Other Medications: Nonsteroidal anti-

inflammatory drugs (NSAIDs), proton pump inhibitors
(PPIs), and antidiabetic medications can alter gut mi-
crobiota. These changes may affect the ability of probi-
otics to restore microbial diversity [40, 41]
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4.5. Environmental Factors
External factors such as stress, sleep, and geographic
location also affect the effect of probiotics on the gut mi-
crobiota. Stress: Chronic stress can reduce gut microbial
diversity by increasing the abundance of harmful bac-
teria. Probiotics may help counteract these effects, but
their success differs depending on individual stress levels
and probiotic strains. Sleep Patterns: Poor sleep quality
can disrupt gut microbiota by altering hormone levels
and immune function. Probiotic supplementation may
help sustain the microbiota balance in individuals with
irregular sleep patterns. Geographic and Dietary effects:
Gut microbiota structure varies across populations owing
to regional dietary habits. For example, individuals with
an uncontrollable Western diet high in processed foods
may have lower microbial diversity than those following
traditional, fiber-rich diets [41, 12].

5. CONCLUSION
Probiotics have significant potential for promoting over-
all health by supporting gut function, metabolic balance,
heart health, and mental well-being. Their ability to en-
hance immunity, prevent harmful microbial growth, and
maintain microbial equilibrium make them valuable for
therapeutic use. However, more in-depth research is
required to determine the most effective strains, suitable
doses, and delivery systems tailored to individual health
profiles for optimal clinical outcomes.

REFERENCES
[1] Food and Agriculture Organization/World Health Organiza-

tion (FAO/WHO). Health and nutritional properties of pro-
biotics in food including powder milk with live lactic acid
bacteria. Tech. rep. Córdoba, Argentina: Report of a Joint
FAO/WHO Expert Consultation, 2001.

[2] A. C. Ouwehand, S. Salminen, and E. Isolauri. “Probiotics:
an overview of beneficial effects”. In: Antonie van Leeuwen-
hoek 82.1-4 (2002), pp. 279–289.

[3] A. O. Hassan, Q. H. A. Al-Jabari, and N. A. Mustafa. “Im-
pact of Adding Chitosan and Probiotic to Broiler Dietary on
carcass traits”. In: J. Kirkuk Univ. for Agric. Sci. 14.3 (2023).

[4] G. R. Gibson et al. “The International Scientific Association
for Probiotics and Prebiotics (ISAPP) consensus statement
on the definition and scope of prebiotics”. In: Nat. Rev. Gas-
troenterol. & Hepatol. 14.8 (2017), pp. 491–502.

[5] J. Suez et al. “The pros, cons, and the underlying mecha-
nisms of personalized nutrition”. In: Nat. Food 1.5 (2019),
pp. 226–236.

[6] J. F. Cryan and T. G. Dinan. “Mind-altering microorganisms:
the impact of the gut microbiota on brain and behavior”. In:
Nat. Rev. Neurosci. 13.10 (2012), pp. 701–712.

[7] M. C. Collado et al. “Mechanisms of probiotic action”. In: Int.
J. Food Microbiol. 115.2 (2007), pp. 136–144.

[8] H. J. Flint et al. “Microbial fermentation in the colon”. In: Nat.
Rev. Gastroenterol. & Hepatol. 9.10 (2012), pp. 577–589.

[9] W. D. Fahem, S. S. Z. Alabden, and A. A. Tawfeeq. “Molec-
ular Investigation of Lactobacillus plantarum isolated from
Raw cow milk in Kirkuk/Iraq”. In: Nat. Volatiles Essent. Oils
8.5 (2021), pp. 9162–9172.

[10] F. L. Collins et al. “The impact of probiotics on bone health”.
In: Trends Endocrinol. Metab. 29.8 (2018), pp. 556–567.

[11] N. Bernbom, N. Saad, and K. Madsen. “Probiotics and gut
microbiota in human health: A review”. In: Gut 61.6 (2012),
pp. 875–888.

[12] K. Matusheski, D. Gantert, and E. Freedman. “Effects of
nonsteroidal anti-inflammatory drugs on gut microbiota and
gastrointestinal health”. In: World J. Gastroenterol. 21.17
(2015), pp. 5294–5304. DOI: 10.3748/wjg.v21.i17.5294.

[13] A. Corsetti and M. Calasso. “Microbiota and probiotics in
health and disease: a review of their role and benefits”. In:
Italian J. Food Sci. 29.3 (2017), pp. 341–357.

[14] H. M. Thaker, A. A. Tawfeeq, and A. A. Ali. “Docking of vagi-
nal Lactobacillus isolates as a potential bactericidal agent in
Kirkuk 2022”. In: Med. J. Babylon 20.Supplement 1 (2023),
S136–S140.

[15] M. G. Gänzle. “Lactic metabolism revisited: metabolism of
lactic acid bacteria in food fermentations and food spoilage”.
In: Food Res. Int. 72 (2015), pp. 82–92.

[16] K. Hkeem Ibrahem, F. A. Ali, and S. M. Abdulla Sorchee.
“Biosynthesis and characterization with antimicrobial activ-
ity of TiO2 nanoparticles using probiotic Bifidobacterium
bifidum”. In: Cell. Mol. Biol. 66.7 (2020), pp. 111–117. DOI:
10.14715/cmb/2020.66.7.17.

[17] S. Ménard, C. Neut, C. Darcha, et al. “Lactobacillus rhamno-
sus GG restores the epithelial barrier in experimental colitis
by enhancing tight junctions”. In: Gastroenterology 126.3
(2004), pp. 1053–1066.

[18] P. Chandrasekaran, S. Weiskirchen, and R. Weiskirchen. “Ef-
fects of Probiotics on Gut Microbiota: An Overview”. In: Int. J.
Mol. Sci. 25.11 (2024), p. 6022. DOI: 10.3390/ijms25116022.

[19] M. Kalliomäki et al. “Probiotics in the management of atopic
dermatitis”. In: Clin. & Exp. Allergy 33.5 (2003), pp. 590–
593.

[20] L. V. McFarland. “Systematic review and meta-analysis of
Saccharomyces boulardii in adult patients”. In: World J. Gas-
troenterol. 16.18 (2010), pp. 2202–2222. DOI: 10.3748/wjg.
v16.i18.2202.

[21] E. E. Canfora et al. “Gut microbial metabolites in obesity,
NAFLD and T2DM”. In: Nat. Rev. Endocrinol. 15.5 (2019),
pp. 261–273. DOI: 10.1038/s41574-019-0156-z.

[22] P. A. Bron, P. van Baarlen, and M. Kleerebezem. “Emerging
molecular insights into the interaction between probiotics
and the host intestinal mucosa”. In: Nat. Rev. Microbiol. 10.1
(2012), pp. 66–78. DOI: 10.1038/nrmicro2690.

[23] T. G. Dinan, C. Stanton, and J. F. Cryan. “Psychobiotics:
a novel class of psychotropic”. In: Biol. Psychiatry 74.10
(2013), pp. 720–726. DOI: 10.1016/j.biopsych.2013.05.001.

[24] R. S. Kootte, E. Levin, J. Salojärvi, et al. “Improvement of in-
sulin sensitivity after lean donor feces in metabolic syndrome
is driven by baseline intestinal microbiota composition”. In:
Cell Metab. 26.4 (2017), 611–619.e6. DOI: 10.1016/j.cmet.
2017.09.008.

[25] L. C. Lew and M. T. Liong. “Bioactives from probiotics for
dermal health: functions and benefits”. In: J. Appl. Microbiol.
114.5 (2013), pp. 1241–1253. DOI: 10.1111/jam.12149.

[26] T. H. Zhu et al. “Probiotics and topical therapy for skin condi-
tions: a systematic review”. In: Dermatol. Ther. 9.1 (2019),
pp. 25–35. DOI: 10.1007/s13555-018-0270-1.

© 2025 JCHM Sana’a University Journal of Medical and Health Sciences 237

https://doi.org/10.3748/wjg.v21.i17.5294
https://doi.org/10.14715/cmb/2020.66.7.17
https://doi.org/10.3390/ijms25116022
https://doi.org/10.3748/wjg.v16.i18.2202
https://doi.org/10.3748/wjg.v16.i18.2202
https://doi.org/10.1038/s41574-019-0156-z
https://doi.org/10.1038/nrmicro2690
https://doi.org/10.1016/j.biopsych.2013.05.001
https://doi.org/10.1016/j.cmet.2017.09.008
https://doi.org/10.1016/j.cmet.2017.09.008
https://doi.org/10.1111/jam.12149
https://doi.org/10.1007/s13555-018-0270-1
https://journals.su.edu.ye/index.php/jchm
https://journals.su.edu.ye/index.php/jchm


Kawther Hkeem Ibrahem

[27] G. W. Jung et al. “Prospective, randomized, open-label trial
comparing the efficacy of probiotics versus benzoyl peroxide
in the treatment of acne vulgaris”. In: J. Cutan. Med. Surg.
17.2 (2013), pp. 114–122. DOI: 10.2310/7750.2012.12079.

[28] A. E. Stapleton. “The vaginal microbiota and urinary tract
infection”. In: Microbiol. Spectr. 4.6 (2016). DOI: 10.1128/
microbiolspec.UTI-0025-2016.

[29] G. Reid et al. “Oral use of Lactobacillus rhamnosus GR-
1 and Lactobacillus reuteri RC-14 significantly alters vagi-
nal flora: randomized, placebo-controlled trial in 64 healthy
women”. In: FEMS Immunol. Med. Microbiol. 35.2 (2003),
pp. 131–134. DOI: 10.1016/S0928-8244(02)00465-0.

[30] J. M. Baker, L. Al-Nakkash, and M. M. Herbst-Kralovetz.
“Estrogen–gut microbiome axis: physiological and clinical
implications”. In: Maturitas 103 (2017), pp. 45–53. DOI: 10.
1016/j.maturitas.2017.06.025.

[31] M. Xu, H. Liu, H. Liang, et al. “Probiotics for the prevention
of preterm birth: a systematic review and meta-analysis”. In:
Am. J. Perinatol. 36.8 (2019), pp. 797–805. DOI: 10.1055/s-
0039-1684845.

[32] J. Kang, Y. Lee, S. Lee, et al. “The impact of probiotics on
cardiovascular risk factors: A systematic review and meta-
analysis of randomized controlled trials”. In: J. Clin. Lipidol.
13.4 (2019), pp. 551–564. DOI: 10.1016/j.jacl.2019.04.006.

[33] M. M. Sung, M. Yu, S. Bae, et al. “Effects of probiotics
on cholesterol and blood pressure: a systematic review and
meta-analysis”. In: Am. J. Clin. Nutr. 102.4 (2015), pp. 1056–
1072. DOI: 10.3945/ajcn.115.111857.

[34] Y. J. Huang, Z. Li, Y. Kang, et al. “Probiotics for prevention
and treatment of respiratory tract infections: a systematic
review and meta-analysis”. In: Eur. J. Clin. Nutr. 70.1 (2016),
pp. 51–61. DOI: 10.1038/ejcn.2015.144.

[35] M. Sun, L. Yang, Y. Liu, et al. “Probiotics and lung health:
the role of short-chain fatty acids and regulatory T cells”. In:
J. Immunol. Res. 2018 (2018), p. 6231257. DOI: 10.1155/
2018/6231257.

[36] M. B. Roberfroid, G. R. Gibson, J. F. Beaulieu, et al. “Pre-
biotics and bone health: from the perspective of the gut
microbiota”. In: Bone 73 (2015), pp. 206–213. DOI: 10.1016/
j.bone.2015.01.011.

[37] M. Di Rosa, L. Malaguarnera, N. Ferlazzo, et al. “Probi-
otics in osteoporotic patients: effects on bone mineral den-
sity and bone turnover markers”. In: J. Clin. Gastroen-
terol. 51.9 (2017), pp. 739–745. DOI: 10 . 1097 / MCG .
0000000000000866.

[38] M. E. Sanders, D. J. Merenstein, C. A. Merrifield, et al.
“Probiotics and prebiotics in human health and disease:
From microbiology to clinical practice”. In: Curr. Opin. Gas-
troenterol. 35.2 (2019), pp. 110–118. DOI: 10.1097/MOG.
0000000000000535.

[39] G. R. Gibson, R. Hutkins, M. E. Sanders, et al. “Expert
consensus document: The International Scientific Associa-
tion for Probiotics and Prebiotics (ISAPP) consensus state-
ment on the definition and scope of prebiotics”. In: Nat. Rev.
Gastroenterol. & Hepatol. 14.8 (2017), pp. 491–502. DOI:
10.1038/nrgastro.2017.75.

[40] M. J. Claesson, I. B. Jeffery, S. Conde, et al. “Gut microbiota
composition correlates with diet and health in the elderly”.
In: Nature 488.7410 (2012), pp. 178–184. DOI: 10.1038/
nature11319.

[41] T. Yatsunenko, F. E. Rey, M. J. Manary, et al. “Human gut
microbiome viewed across age and geography”. In: Nature
486.7402 (2012), pp. 222–227. DOI: 10.1038/nature11053.

© 2025 JCHM Sana’a University Journal of Medical and Health Sciences 238

https://doi.org/10.2310/7750.2012.12079
https://doi.org/10.1128/microbiolspec.UTI-0025-2016
https://doi.org/10.1128/microbiolspec.UTI-0025-2016
https://doi.org/10.1016/S0928-8244(02)00465-0
https://doi.org/10.1016/j.maturitas.2017.06.025
https://doi.org/10.1016/j.maturitas.2017.06.025
https://doi.org/10.1055/s-0039-1684845
https://doi.org/10.1055/s-0039-1684845
https://doi.org/10.1016/j.jacl.2019.04.006
https://doi.org/10.3945/ajcn.115.111857
https://doi.org/10.1038/ejcn.2015.144
https://doi.org/10.1155/2018/6231257
https://doi.org/10.1155/2018/6231257
https://doi.org/10.1016/j.bone.2015.01.011
https://doi.org/10.1016/j.bone.2015.01.011
https://doi.org/10.1097/MCG.0000000000000866
https://doi.org/10.1097/MCG.0000000000000866
https://doi.org/10.1097/MOG.0000000000000535
https://doi.org/10.1097/MOG.0000000000000535
https://doi.org/10.1038/nrgastro.2017.75
https://doi.org/10.1038/nature11319
https://doi.org/10.1038/nature11319
https://doi.org/10.1038/nature11053
https://journals.su.edu.ye/index.php/jchm
https://journals.su.edu.ye/index.php/jchm

	Introduction
	 Competitive Exclusion 
	Production of Antimicrobial Compounds 

	 Benefit of probiotics
	Gastrointestinal Health
	Mental Health and the Gut-Brain
	Probiotics and Skin Health 
	Probiotics and Women's Health 
	Probiotics and Cardiovascular Health
	Probiotics and Respiratory Health
	Probiotics and Bone Health

	Factors Affecting the Effectiveness of Probiotics in Enhancing Microbial Diversity
	 Duration of Probiotic Use
	Microbiota Adaptation
	 Individual Health Factors
	 Antibiotic Use and Medications
	Environmental Factors

	Conclusion

