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Abstract

The skin microbiome is a diverse ecosystem essential that is for maintaining barrier integrity and regulating immune responses. Dis-
ruptions to this ecosystem (dysbiosis) are associated with a range of dermatological disorders (including acne, atopic dermatitis, and
psoriasis). Probiotic skincare uses live, beneficial microorganisms or their derivatives to restore microbial balance, reduce inflamma-
tion, and strengthen the skin’s barrier. Mechanistically, probiotics produce antimicrobial substances (e.g., lactic acid, bacteriocins, and
H2O2) that inhibit pathogens, lower skin pH, stimulate antimicrobial peptide production, and modulate immunity. Studies have shown
effectiveness in key conditions. For example, probiotic strains (e.g., Streptococcus salivarius) can inhibit Cutibacterium acnes in acne
treatment. Additionally, topical preparations derived from Vitreoscilla filiformis have been shown to reduce S. aureus colonization and
improve clinical outcomes in atopic dermatitis. In psoriasis, oral probiotics have been shown to reduce disease severity and inflammation
markers. Moreover, probiotic promote wound healing through anti-pathogenic and antibiofilm activities and protect against ultraviolet
(UV)-induced damage by boosting antioxidant defenses. Emerging trends include the use of postbiotics (inactive probiotic components)
and research into the gut–skin axis. Ongoing research is focused on identifying new probiotic strains, optimizing formulations, and
developing targeted delivery methods to improve the use of probiotics in skincare applications. Meanwhile, growing consumer interest
and market investment are accelerating translation into cosmetic and therapeutic products. Collectively, current evidence underscores
the significant potential of probiotic-based strategies as adjunctive or novel approaches for the management of dermatological disorders.
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1. Introduction
The skin microbiome is a highly dynamic and intricate

community of microorganisms—including bacteria, fungi,
and viruses-that reside on the skin’s surface and are crucial
for maintaining skin health. Similar to the gut microbiome,
it includes a wide variety of microbial species that support
protective and regulatory functions. From birth, this mi-
crobial ecosystem is influenced by multiple factors, such as
genetics, environmental exposure, hygiene habits, and ag-
ing. Maintaining the diversity and balance of the skin mi-
crobiota is vital for optimal skin function. A healthy micro-
biome helps protect against harmful microbes by competing
with them for nutrients and space, which lowers the risk of
infection. It also enhances the skin’s barrier, regulates im-
mune responses, and plays an important role in controlling
inflammation.

Furthermore, the skin microbiome interacts with im-
mune cells to regulate immune responses, preventing un-
necessary inflammation and allergic reactions. When the
balance of the skin microbiome is disturbed, a condition
called dysbiosis occurs. Dysbiosis allows opportunistic
pathogens to flourish and has been linked to various skin
issues, including acne, eczema, and autoimmune diseases
like psoriasis [1]. Probiotics interact with the existing skin
microbiota and modulate the immune system. This interac-

tion helps in maintaining the skin’s homeostasis and pro-
tecting it from external aggressors. Studies have shown
that topical probiotics can be effective in treating various
inflammatory skin diseases such as acne, rosacea, and pso-
riasis, due to their ability to reduce inflammation and en-
hance wound healing [2,3].

Probiotics, which are live microorganisms conferring
health benefits to the host, have gained significant atten-
tion for their role in enhancing skin health. The skin
is the body’s largest organ, serving as a critical barrier
against environmental threats, and maintaining its health is
paramount. Recent research highlights several mechanisms
through which probiotics can support skin health.

Moreover, probiotics have been found to influence the
skin indirectly through the gut-skin axis. The concept of
a gut-skin axis brings into focus how the balance of in-
testinal microbiota can be reflected in skin health. Probi-
otics help restore and maintain this balance, which, in turn,
can reduce oxidative stress and inflammatory responses on
the skin, potentially improving conditions like eczema and
atopic dermatitis [4,5].

Interest in probiotics is increasing within the realm
of micro-ecological skincare, particularly for their roles
in skin whitening, moisturizing, and anti-aging treatments.
Skincare products that incorporate probiotics have been
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shown to reduce skin wrinkles, boost skin hydration, and
even mitigate body odor [6]. Given the potential of pro-
biotics to enhance skin health, the current review delves
into their mechanisms of action and determines effective
dosages to ensure safety. It also investigates and validates
the effectiveness of specific probiotic strains in skincare,
setting the stage for new therapeutic approaches.

2. Methods
A comprehensive literature search was performed

across major electronic databases, including PubMed, Web
of Science, Scopus, and Embase. The search strategy
employed a combination of keywords and Medical Sub-
ject Headings terms, utilizing Boolean operators (“AND”,
“OR”) to maximize sensitivity and specificity. Key search
terms included: “probiotics”, “prebiotics”, “postbiotics”,
“skin microbiome”, “cutaneous microbiome”, “dermato-
logical disorders”, “skin diseases”, “atopic dermatitis”,
“eczema”, “acne”, “psoriasis”, “wound healing”, “skin
health”, “skin barrier.”

Specific term combinations included: (“probiotics”
OR “prebiotics” OR “postbiotics”) AND (“skin micro-
biome” OR “cutaneous microbiome”) AND (“dermatolog-
ical disorders” OR “skin diseases” OR “atopic dermatitis”
OR “acne” OR “psoriasis” OR “wound healing”). Refer-
ence lists of included articles and relevant reviewswere also
manually screened for additional pertinent studies.

3. Role of Probiotics in Restoring Skin
Microbiome Balance
3.1 Empire of Microbials on Skin

The skin, as the body’s largest organ, performs numer-
ous functions, including protection against pathogens, reg-
ulation of body temperature, sensory perception, and stor-
age of lipids and water [7]. Skin acts as a mediator be-
tween internal organs and the external environment. The
microflora present on the skin is categorized into two types:
resident and transient (Fig. 1). Resident microbes, such
as Cutibacterium acnes (formerly known as Propionibac-
terium acnes) [8] and Staphylococcus epidermidis, adhere
to the skin surface, are metabolically active, and play a cen-
tral role in maintaining skin homeostasis. Transient species
(deposited but not adhering and not reproducing on skin sur-
faces) consist of pathogens such as Streptococcus pyogenes
and Staphylococcus aureus, which cause infections [9].

3.2 Microbial Mechanisms Supporting Probiotic Skincare
Efficacy

In contemporary research, a growing scholarly focus
has emerged on the use of probiotics in dermatology, at-
tributed to their potential health benefits. These beneficial
microorganisms, which provide health advantages to their
host, have several mechanisms of action. They can pro-
duce substances such as hydrogen peroxide, organic acids
(including lactic acid), and bacteriocins, which can directly
suppress or eliminate harmful bacteria [10,11].

Additionally, the acids generated by probiotics, partic-
ularly lactic acid, help lower the skin’s pH. This more acidic
environment is less favourable for many pathogenic bacte-
ria, which prefer a neutral pH for optimal growth [10]. Skin
cells can produce more antimicrobial peptides when certain
probiotics are taken. The skin’s innate immune defense in-
cludes antimicrobial peptides, which help shield the skin
from various illnesses [12]. Some probiotics interfere with
quorum sensing, a communication system used by bacte-
ria to coordinate their behavior, including the production of
virulence factors. By disrupting this communication, probi-
otics can diminish the pathogen’s capacity to cause damage
[13].

Bacteria create protective shields called biofilms to
guard themselves against environmental factors and antimi-
crobial agents. Some probiotics can prevent biofilm forma-
tion, thus increasing the susceptibility of infections to elim-
ination by breaking down their protective layers.

Besides lactobacilli and bifidobacterial, other uncon-
ventional probiotics linked to a healthy skin microbiome
have been shown to have beneficial effects on skin healing.
S. thermophilus produces sphingomyelinase, which stimu-
lates the production of phosphorylcholine and ceramides by
keratinocytes in a time-dependent manner [14]. The topical
use of S. thermophilus has been shown to increase ceramide
concentrations in the stratum corneum of normal, healthy
skin. Ceramides play a crucial role in forming extracellular
lipid bilayers, which strengthen the skin’s lipid barrier [15].
Decreased ceramide levels have been linked to epidermal
barrier dysfunction, including reduced defence against mi-
crobes and antigens [16].

Therefore, probiotic therapies that stimulate ceramide
synthesis may support the restoration of the skin barrier dur-
ing wound healing. S. epidermidis, a well-characterized
commensal and probiotic species of the skin, secretes an
extracellular serine protease that impedes the colonization
of S. aureus through multiple actions. This enzyme breaks
down the biofilm structure, degrades host surface proteins
necessary for S. aureus adhesion and infection—such as
Protein A, fibronectin, fibrinogen, and vitronectin—and ef-
fectively prevents the establishment of S. aureus biofilms
[17]. Skin’s outermost layer acts as the primary defense
against external threats. The microbiome influences the
development of the stratum corneum, a protective barrier
composed ofmultiple thin layers of epidermal keratinocytes
that undergo a tightly regulated process of terminal differ-
entiation. Epidermal keratinocytes are held closely together
by tight junctions and adherent junctions, creating an almost
impenetrable barrier against harmful microorganisms [18].

In the epidermis, keratinocytes form a robust defense
against harmfulmicroorganisms through tight junctions and
adherent connections, which maintain their close physical
contact. During wound healing, proteins such as zona oc-
cludent, found in tight junctions, aid in keratinocyte prolif-
eration and differentiation, thus restoring the microbial bar-
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Fig. 1. Composition of resident and transient microorganisms of normal skin microbiota.

rier [19]. The skin’s chemical defense is established by var-
ious lipids and acids produced by both the microbiota and
epidermis. While most skin areas share similar microbial
compositions, variations exist among sebaceous, moist, and
dry regions [1]. The cornified envelope’s cytoskeleton con-
sists of keratin-based intermediate filaments, which con-
tribute to epidermal barrier stability. Keratin mutations lead
to the formation of incomplete intermediate filaments and
compromised barrier function [20]. Filaggrin, a protein cru-
cial for late epidermal development, plays a vital role in ag-
gregating keratin filaments. Multiple studies have demon-
strated that loss of filaggrin function negatively affects skin
barrier function and hinders epidermal development. Lori-
crin, an essential component of the cornified envelope, is
critical for epidermal barrier function [20]. Immunohisto-
chemical images revealed that LR-treated tissues exhibited
increased levels of cytokeratin 5 and 1 in the upper epider-
mal layer, along with elevated loricrin and filaggrin lev-
els, indicating that LR may enhance epidermal differenti-
ation. This was further supported by qPCR analysis of lori-
crin and filaggrin [21]. The improvement in epidermal dif-
ferentiation induced by LR lysate may have enhanced bar-
rier function by strengthening the stratum corneum, as ev-
idenced by H&E-stained tissues [22]. The composition of
skin microbes differs among individuals and across vari-
ous body regions. Both internal and external factors influ-
ence the skin’s microbiome. Internal factors include genetic
makeup, immune response, diet, and hormones, while ex-
ternal factors encompass personal hygiene practices, use of
personal care products, medication exposure, and UV ex-

posure. These factors collectively impact skin health and
determine the types of bacteria that colonize the skin [23].

The presence of water, lipids, and proteins on the skin
promotes microbial colonization. The colonization of res-
ident bacteria is crucial for maintaining healthy skin, as it
prevents the growth and colonization of pathogens through
competition for nutrients, adherence to mucosal mem-
branes, and production of antimicrobial substances such
as bacteriocins [24,25,26]. Disruption of resident bacteria
by topical antibiotics can reduce or eliminate antimicrobial
substances, allowing potentially pathogenic bacteria, such
as S. aureus, to colonize (Table 1, Ref. [27,28,29,30,31,32];
Table 2, Ref. [10,30,33,34,35,36,37,38,39,40]). A shift
from a healthy to a pathogenic environment can lead to var-
ious skin conditions, including acne vulgaris, atopic der-
matitis, psoriasis, and seborrheic dermatitis [41].

3.3 Use of Probiotics in Different Skin Disorders
Probiotics have emerged as promising therapeutic

agents in the management of various dermatological dis-
orders through both topical application and oral adminis-
tration. Probiotics can directly act on the skin to prevent
and treat skin conditions and represent a new frontier in
skin health. They are promising candidates for treating is-
sues such as acne, psoriasis, and atopic dermatitis, as well
as promoting wound healing due to their antibacterial and
immunomodulatory effects. Scientific data indicates that
certain probiotic strains can influence the lipid barrier, skin
immune system, cutaneous microbiota, and help preserve
skin health [42].
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Table 1. Probiotics bacteria used and their benefits on skin.
Bacteria strain Benefits

Streptococcus thermophilus Increased the production of ceramides and use in atopic dermatitis [27]
Lactobacillus paracasei, Enterococcus
faecalis, Streptococcus salivarius

Inhibited the C. acnes, which increases oil production [28]

Bacillus coagulans It protects the skin from free radicals and UV rays [29]
Bifidobacterium longum Decrease in skin sensitivity and increase in skin resistance against physical and chemical aggression [30]
Heat-treated probiotic strain Lactobacillus
johnsonii NCC

Affects the colonization of S. aureus and is used in atopic dermatitis [31]

Roseomonas mucosa A substantial decrease in disease severity, the need for topical steroids, and S. aureus load [32]
UV, ultraviolet.

Table 2. Probiotic strains and their mechanism of action.
Probiotic strain Mechanism of action Ref

Staphylococcus epider-
midis

Staphylococcus epidermidis inhibits the growth of C. acnes through the production
of short-chain fatty acids as a by-product of fermentation.

[10]

Lactobacillus rhamnosus Lactobacillus rhamnosus inhibits Staphylococcus aureus by competing for binding
sites on skin cells, reducing its colonization and adhesion. It also modulates the
immune response, decreases inflammation, and aids in skin barrier repair, thereby
improving symptoms of atopic dermatitis.

[33]

Lactobacillus reuteri
DSM 17938

Lactobacillus reuteri DSM 17938 helps manage atopic dermatitis by inhibiting
pathogens, such as Staphylococcus aureus, through the production of antimicrobial
substances and competitive exclusion. It also reduces inflammation via immune
modulation and enhances skin barrier function by improving hydration and reduc-
ing water loss.

[34]

Lactobacillus species Lactobacillus species reduce malodour by modulating the axillary microbiome,
thereby increasing the diversity of beneficial bacteria and decreasing the presence
of odour-causing bacteria, such as Corynebacterium and Staphylococcus. This com-
petition leads to a reduction in malodor-producing bacteria and body odor.

[35]

Bacillus coagulans Bacillus coagulansMTCC 5856 protects the skin by exhibiting antioxidant activity,
preventing UV-induced cell death, and inhibiting enzymes such as collagenase and
elastase. It also upregulates genes related to extracellular matrix integrity, promoting
skin health.

[36]

Streptococcus salivarius Streptococcus salivarius inhibited C. acnes growth by producing a bacteriocin-like
inhibitory substance.

[37]

Lactobacillus aci-
dophilus

Production of Lactic Acid: Lowers skin pH, creating an acidic environment unfavor-
able for C. acnes growth. Competition for Nutrients: Competes with C. acnes for
resources like sebum. Enhancement of Skin Barrier: Certain strains may stimulate
ceramide production, thereby strengthening the skin barrier and potentially inhibit-
ing C. acnes colonization.

[37]

B. amyloliquefaciens B. amyloliquefaciens produces bacillomycin D, macrolactin, and bacitracin, which
have shown antagonistic effects against Malassezia spp. (a yeast associated with
dandruff and other skin conditions).

[38]

Staphylococcus lug-
dunensis

Lugdunin, an antimicrobial substance produced by S. lugdunensis, amplifies innate
immune responses in the skin in synergy with host- and microbiota-derived fac-
tors. It demonstrates Lugdunin’s ability to inhibit the growth of S. aureus, including
methicillin-resistant strains, acting as an antibiotic.

[39]

Bifidobacterium longum B. longum lysate shows promise in alleviating skin sensitivity and reducing inflam-
mation.

[30]

Micrococcus luteus Highlights that M. luteus produces a pigment that absorbs UV wavelengths (350–
475 nm), which is linked to skin cancer. This natural sunscreen’s potential makes it
intriguing for cosmetics.

[40]
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4. The Role of Probiotics in Treating
Dermatological Disorders
4.1 Acne

Cutibacterium (C. acnes) is a bacterial colonization of
hair follicles in the face, neck, chest, and back that causes
increased sebum production, inflammation, immunologic
processes, and altered keratinization [43]. Acne is a chronic
skin disease that affects the pilosebaceous unit. Anaerobic
gram-positive bacteria, including P. acnes, are known to
colonize and persist in human skin, particularly in pilose-
baceous follicles. This bacterium is well-known for play-
ing a significant role in the development of inflammatory
acne vulgaris [44]. Probiotic strains, such as Streptococcus
salivarius and Enterococcus faecalis, have demonstrated
the ability to directly suppress the growth of C. acnes in
vitro by producing antibacterial agents. One such com-
pound is a bacteriocin-like inhibitory substance (BLIS),
which has shown potential antimicrobial activity against P.
acnes. In addition to its antibacterial effects, BLIS exhibits
immunomodulatory actions in keratinocytes and epithelial
cells, suggesting a physiological basis for its potential role
as an adjunctive therapy in acne management [45]. Despite
its promise, the use of probiotics in acne treatment remains
relatively underexplored. However, clinical evaluation of a
lyophilized preparation containing enterocins derived from
Enterococcus faecalis SL-5 has shown encouraging results.
In a study involving patients with acne, this preparation
resulted in a 60% reduction in inflammatory lesions after
eight weeks compared to the control group [37].

4.2 Atopic Dermatitis
Atopic dermatitis (AD) is a highly variable, multifac-

torial, chronic inflammatory disease characterized by scaly,
erythematous, and itchy lesions that are often found on the
body’s flexural surfaces [46]. It is thought that a genetic
flaw in filaggrin that disrupts the epidermis is the cause of
AD [47]. Live bacteria known as probiotics can be taken
orally and may be beneficial in the prevention or treatment
of certain diseases. It has recently been shown that oral
bacteriotherapy can help prevent AD [48]. In earlier re-
search, giving the probiotic L. rhamnosus GG to babies
who had both cow’s milk allergy and AD considerably less-
ened the severity of their eczema. L. rhamnosus GG has
been demonstrated to prevent antigen-induced IgE forma-
tion in mouse lymphocytes in vitro [49]. In atopic dermati-
tis, colonization of pathogenic bacteria like Staphylococcus
aureus increased, and there was a decrease in microbial di-
versity [38]. When coagulase-negative Staphylococci were
applied to the skin of an atopic dermatitis patient, the appli-
cation resulted in a decrease in S. aureus pathogenic bacte-
ria [39].

4.3 Psoriasis
Psoriasis is an immune-mediated ailment with a sig-

nificant hereditary predisposition that presents numerous

obstacles for affected persons, including chronic sickness,
and is connected with various comorbidities such as cardio-
vascular disease, metabolic syndrome, inflammatory bowel
disease, and psychosocial issues [50]. The innate and adap-
tive immune systems interact intricately in the underlying
pathomechanisms. T cells can interact with keratinocytes,
macrophages, and dendritic cells through the release of cy-
tokines. The primary clinical signs, which can affect the
entire body, are erythema and scaly skin. Patients experi-
ence a lengthier illness course and are more likely to relapse
[51].

Probiotics are currently being studied in preclinical
and clinical research for treating psoriasis. They have
shown how probiotics can decrease the Psoriasis Area and
Severity Index in patients, reduce psoriasis inflammation,
regulate immune cells, and change the microbiota com-
position [52]. Supplementing with a probiotic blend con-
taining five Bacillus strains—B. indicus HU36, B. sub-
tilis HU58, B. coagulans SC208, B. licheniformis SL307,
and B. clausii SC109—led to increased diversity in the gut
microbiota. This was linked to higher beneficial bacterial
populations, increased production of short-chain fatty acids,
and a noticeable drop in inflammatory biomarkers.

4.4 Wound Healing

Probiotics are widely recognized for their benefi-
cial effects on human health and have shown potential
in the treatment of various diseases. Their decisive anti-
pathogenic, antibiofilm, and immunomodulatory actions
also contribute to accelerated wound healing. Both in vitro
and in vivo studies have explored these therapeutic mecha-
nisms, and probiotic formulations—administered orally or
topically—have demonstrated promising outcomes in der-
matological applications [53].

Host cells such as epithelial cells, adipocytes, and
mast cells play a crucial role in producing antimicrobial
peptides (AMPs), which are central to maintaining skin in-
tegrity. These peptides help to minimize inflammation, hin-
der microbial adhesion, and prevent biofilm development,
forming the basis of the antimicrobial defense mechanism
[54].

Probiotics can also interfere with quorum sensing
(QS) pathways through the secretion of lactic acid, which
lowers the local pH, as well as other bioactive substances
such as hydrogen peroxide, reuterin, and bacteriocins.
These metabolites can either disrupt or attenuate the vir-
ulence of common pathogens involved in chronic wound
infections [55]. Among probiotic species, lactic acid bac-
teria (LAB)—including L. plantarum, L. acidophilus, L.
fermentum, L. paracasei, L. rhamnosus, L. bulgaricus, L.
reuteri, L. delbrückii, L. salivarius, and Bifidobacterium
lactis—are the most extensively studied for their wound
healing capabilities, making them attractive candidates for
novel therapeutic interventions [56].
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4.5 Skin Photo Aging

Photoaging refers to the premature aging of the skin
caused by chronic exposure to ultraviolet (UV) radiation
from sunlight [57]. Probiotics, defined as live microor-
ganisms that beneficially alter the host’s microbial com-
position, have shown promise in counteracting the effects
of photoaging [58]. For instance, a fermented extract of
Agastache rugosa (ARE-F), processed with Lactobacillus,
has been shown to mitigate UVB-induced oxidative stress
in HaCaT keratinocytes by boosting total glutathione lev-
els and superoxide dismutase activity, while reducing reac-
tive oxygen species (ROS) and matrix metalloproteinases
(MMP-2 and MMP-9) [59].

Topical application of L. acidophilus IDCC 3302 has
also demonstrated protective effects against UVB-induced
skin damage. It enhanced antioxidant enzyme activity, im-
proved skin hydration, and downregulated MMP expres-
sion by modulating the MAPK signaling pathway [60].
Similarly, L. acidophilus KCCM12625 exhibited potent
antioxidant properties, significantly reducing ROS levels in
UVB-irradiated HaCaT cells and thereby alleviating oxida-
tive damage and photoaging [61]. Furthermore, oral sup-
plementation with Bifidobacterium breve Yakult has been
shown in animal studies to inhibit ROS generation and pro-
tect the skin barrier from UV-induced oxidative stress [62].

5. Clinical Study of Probiotic-Loaded
Cosmetics

The exploration of probiotics in cosmetic formulations
has gained attention in recent years, with various studies in-
vestigating their potential benefits for skin health. These
clinical studies aim to assess the efficacy of different probi-
otic strains in improving skin appearance, hydration, elas-
ticity, and overall dermatological health [63]. By employ-
ing diverse methodologies and considering participant de-
mographics, researchers can gain valuable insights into the
role of probiotics in enhancing cosmetic products.

The following Table 3 (Ref. [29,34,64,65,66]) sum-
marizes key clinical studies that evaluated the effects of
probiotics in cosmetics. Each entry includes information
on the specific probiotic strain used, study type, participant
details, duration, and significant findings.

6. Currently Marketed Cosmetic Product
Containing Probiotics

Probiotics in cosmetic products have gained popular-
ity due to their ability to support the skin’smicrobiome, pro-
viding a range of benefits for various skin concerns. Probi-
otics, recognized for their role in maintaining gut health, are
now being incorporated into skincare formulations to pro-
mote a healthy balance of bacteria on the skin, which can
enhance overall skin health and appearance [4].

One key role of probiotics in cosmetics is their ability
to soothe inflammation and decrease redness, making them

perfect for sensitive skin. For example, products like Clin-
ique Redness Solutions Soothing Cleanser and ESSE Sen-
sitive Serum, which contain Lactobacillus and Bifidobac-
terium, are designed to calm irritation while gently cleans-
ing or hydrating the skin [67].

Probiotic strains like Lactococcus ferment lysate and
Bifidobacterium longum are also included in moisturizers
such as TULA Skincare Hydrating Day &Night Cream and
Aurelia Probiotic Skincare Miracle Cleanser. These prod-
ucts help strengthen the skin’s natural barrier, boost hydra-
tion, and support a healthy microbiome. The aim is to pre-
vent issues like dryness, irritation, or skin imbalance that
could lead to acne or eczema [68].

For those with acne-prone skin, probiotics can help
balance the bacteria that cause breakouts. Products like
Yun Probiotherapy ACN Cream, containing Staphylococ-
cus epidermidis, and Naturopathica Probiotic Acne Control
Daily Serum, formulated with Lactobacillus and Bifidobac-
terium, work to reduce inflammation and treat acne by sup-
porting a healthier skin microbiome [69].

Additionally, probiotic-infused products like Algenist
Alive Prebiotic Balancing Moisturizer and Biossance
Squalane + Probiotic Gel Moisturizer aim to restore bal-
ance to the skin’s microbiome while providing deep hy-
dration. These products are especially beneficial for those
experiencing skin sensitivity or dryness, as they help im-
prove skin tone, soothe irritation, and promote smoother,
healthier-looking skin [70].

6.1 Postbiotics: Definition and Composition
In 2021, the International Scientific Association for

Probiotics and Prebiotics (ISAPP) introduced a formal def-
inition for postbiotics. According to this, postbiotics are
preparations consisting of inactivatedmicrobial cells and/or
their structural components that offer beneficial effects on
the host’s health [71]. These preparations encompass a
broad spectrum of elements, including non-living microbial
cells, fragments of cell walls, functional proteins, bioactive
peptides, short-chain fatty acids (SCFAs), polyamines, vi-
tamins, bacteriocins, and a variety of metabolites with ther-
apeutic potential. In contrast to probiotics—which are live
bacteria or yeast strains that, when consumed in sufficient
quantities, benefit the host—and prebiotics—which are typ-
ically indigestible dietary fibers that encourage the prolif-
eration or activity of helpful gut microbes—postbiotics are
devoid of live organisms but still exert positive biological
effects [71].

6.2 Therapeutic Roles of Postbiotics in Dermatological
Conditions
6.2.1 Atopic Dermatitis (AD)

Inactivated microbial-based therapies are emerging as
effective alternatives to live probiotics for treating inflam-
matory skin disorders such as atopic dermatitis. Studies
investigating oral administration of Lactobacillus-derived
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Table 3. Clinical study of probiotic-loaded cosmetics.
Probiotic Study type & duration Participants Key findings Ref

Lactiplantibacillus plan-
tarum HY7714

Double-blind, random-
ized study for 12 weeks

110 women (age
41–59)

Improved facial gloss and decreased wrinkle depth.
13.2% elasticity increase at week 4, 21.7 % at week
12. Significant increase in skin moisture and de-
creased trans-epidermal water loss (p < 0.01).

[64]

Nitrosomonas eutropha
(D23)

Prospective study for 1
week

29 volunteers Significant improvement in facial wrinkles and skin
radiance. A high concentration of N. eutropha en-
hanced results more effectively.

[65]

Lactiplantibacillus pen-
tosus KCA1

Topical application 25 young adults Participants reported absence of axillary malodor.
96% decrease in C. striatum and 73% in C. jeikeium.
38.5% increase in Lactobacillus diversity.

[34,66]

Lactiplantibacillus
plantarum LB244R
(Commercial Ointment)

Controlled study 46 post-
menopausal
women (mean age
58.7)

Significant improvement in dermal density, hydra-
tion, and crow’s feet wrinkles compared to the
placebo. Increased collagen fiber density and skin
firmness.

[29]

postbiotics in both children and adults have reported symp-
tom relief. Specifically, L. rhamnosus has demonstrated
substantial efficacy in pediatric AD cases [71]. Ad-
ditionally, extracts from Smilax china L., rich in com-
pounds like flavonoids, polyphenols, steroidal saponins,
and polysaccharides, have shown promise due to their anti-
inflammatory actions. Chemokines such as TARC and
MDC, known mediators in inflammatory and immune pro-
cesses, are closely associated with AD symptom sever-
ity [72]. Postbiotic components from Lactobacillus and
Bifidobacterium species may help regulate the Neuro–
Immune–Cutaneous–Endocrine (NICE) system, offering a
multifactorial approach to managing AD [73].

6.2.2 Acne Vulgaris

Postbiotic ingredients integrated into collagen-based
systems (such as TAC/Collagen) have been found effective
in suppressing the growth of C. acnes and reducing the ex-
pression of inflammatory cytokines like TSLP and IL-33
in vitro. These formulations also promoted healing in ker-
atinocyte (HaCaT) cultures and visibly reduced facial pig-
mentation and porphyrin levels [74]. Another compound,
LactoSporin (a cell-free extract from B. coagulans), ex-
hibited strong antimicrobial activity, remained stable under
acidic pH and high temperatures (70–90 °C), and inhibited
the enzyme 5-alpha reductase, which plays a role in acne
pathogenesis [75].

A topical lotion formulated with a ferment lysate of
L. plantarum VHProbi E15 demonstrated both safety and
tolerability in individuals with mild to moderate acne. No-
ticeable improvements in skin lesions, hydration, and pH
balance were observed after four weeks of treatment [76].
Fermenza postbiotic gel has also emerged as a dual-purpose
product targeting bothMalassezia folliculitis and acne, with
additional applications in scalp and hair care [77].

6.2.3 Dandruff and Alopecia
Topical formulations derived from Bifidobacterium

lactis are effective in alleviating dandruff by restoring the
skin microbiota balance and enhancing the skin’s defen-
sive barrier. These actions contribute to scalp homeostasis
and immune regulation [78]. In another study, a formula-
tion known as TR-PRP plus-Celsi—comprising plantaricin
A peptides, postbiotics from L. kunkeei, and Tropaeolum
majus extract—showed therapeutic benefits in patients with
alopecia areata [79].

6.2.4 Acne, Seborrheic Conditions, and Skin
Strengthening

A skin cream featuring a lysate of L. plantarum VH-
Probi V22, isolated initially from infant gut flora, was
shown to improve acne symptoms in mild-to-moderate
cases. Similarly, LactoSporin®—containing both the cell-
free supernatant from B. coagulans and heat-killed B.
longum cells—demonstrated effectiveness in treating acne
and seborrheic conditions [35].

Lysates from Vitreoscilla filiformis interact with toll-
like receptors on skin cells, reducing inflammation and en-
hancing skin immunity. They also help fortify the skin bar-
rier by upregulating tight junction proteins [80].

Postbiotics from L. plantarum K8 were shown to in-
crease the gene expression of hydrating factors, such as
HAS2 and AQP3, making them suitable for inclusion in
moisturizing cosmetic products. Additionally, the ferment
lysate from L. plantarum significantly reduced acne sever-
ity and improved skin parameters, such as transepidermal
water loss and sebum levels, after four weeks of topical use
[67].

The lysate of S. thermophilus, which includes the
enzyme sphingomyelinase, was found to elevate ceramide
concentrations in the stratum corneum. This contributed to
improved skin lipid barrier function and reduced water loss
through the skin [81].
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Table 4. Clinical study of postbiotic-loaded cosmetics.
Probiotic Study Type Participants Intervention Duration Key findings Ref

S. thermophilus
S244

Randomized
controlled trial

17 healthy sub-
jects

Sonicated S. ther-
mophilus S244
cream vs. placebo
cream

7 days Increased ceramide levels, improved skin
hydration, and enhanced lipid barrier.
Function has no effect on trans-epidermal
water loss.

[85]

B. longum lysate Randomized
double-blind
study

66 female vol-
unteers

10% B. longum
reuter lysate cream

2 months Reduced skin sensitivity, improved skin
barrier recovery, decreased roughness,
and dryness.

[89]

L. brevis
DSM17250

Randomized
controlled trial

30 volunteers
(mean age 39)

Ointment with L.
brevis vs. placebo

1 month Significant improvement in xerosis pa-
rameters, alongwith increased commensal
skin bacteria.

[86]

L. plantarum-
GMNL6

Randomized
controlled trial

15 healthy vol-
unteers

Cream with
heat-killed L. plan-
tarum-G MNL6
vs. placebo

2 months Improved skin hydration, decreased wrin-
kles and skin erythema, and increased ben-
eficial bacteria.

[84]

E. keratini (EPI-
7)

Randomized
split-face study

55 Korean
women

EPI-7 ferment fil-
trate vs. control

3 weeks Enhanced skin barrier performance, skin
elasticity, and skin microbiome diversity.

[83]

L. plantarum
HDB

Randomized
controlled trial

21 healthy fe-
males

Essence with L.
plantarum HDB
vs. placebo

2 weeks Enhanced skin hydration, reduced
transepidermal water loss, and decreased
redness.

[87]

Fermented
lysates VH-
Probi® Mix R

Randomized
controlled trial

52 adults with
sensitive skin

Lotion with VH-
Probi® Mix R vs.
placebo

1 month Significant reductions in skin redness,
transepidermal water loss (TEWL), and
enhanced moisturization; 75% of respon-
dents said their skin condition had im-
proved.

[88]

6.2.5 Wound Repair and Skin Recovery
Cold cream formulations infused with postbiotics

from L. fermentum, Lactobacillus reuteri, and Bacillus
subtilis natto have demonstrated wound-healing potential.
Among these, L. reuteri notably enhanced epithelial regen-
eration while avoiding any signs of inflammation, under-
scoring its role in skin repair strategies [82].

7. Clinical Study of Postbiotic-Loaded
Cosmetics

Recent advancements in cosmetic science have high-
lighted the role of postbiotics—beneficial metabolic by-
products of probiotics—in enhancing skin health. These
postbiotic compounds are increasingly being incorporated
into cosmetic formulations, with various studies investigat-
ing their effects on skin hydration, barrier function, and
overall dermatological health [67]. This emerging area of
research aims to provide insights into how postbiotics can
improve skin conditions and enhance cosmetic products.

The following Table 4 (Ref. [83,84,85,86,87,88,89])
summarizes key clinical studies that evaluated the effects
of different postbiotics in cosmetics. Each entry includes
the specific postbiotic strain used, study design, participant
details, intervention type, duration, and significant findings.

8. Patents in Probiotic Use in Cosmetic
Probiotics have garnered significant attention in in-

dustrial sectors of the cosmetics and pharmaceutical be-
cause of their beneficial effects on the skin and mucosal
health [86]. When used in sufficient quantities, probiotics
can strengthen the skin’s barrier function, aid in the restora-
tion of the natural microbiome, and offer defense against in-
fections. Probiotic-containing products are increasingly be-
ing created to treat a variety of skin and mucosal disorders,
including dandruff, psoriasis, eczema, and acne, as well as
to enhance general skin health and lessen inflammation [4].

The integration of probiotic bacteria into pharmaceuti-
cal and cosmetic products has become a growing area of re-
search, leading to advances that combine microbiology and
skincare science. These products aim to utilize the antimi-
crobial, anti-inflammatory, and immune-modulating prop-
erties of probiotics, providing new options for both cos-
metic improvements and treating dermatological conditions
[90].

The following Table 5 summarizes key patents that
represent recent advancements in probiotic formulations for
cosmetic and pharmaceutical uses. These patents describe
innovative approaches to combining probiotic strains with
other active ingredients to develop effective treatments for
various skin and mucosal disorders.
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Table 5. Patents on probiotic use in cosmetic.
Patents Application number Inventor Description Mechanism/method of use Uses

Cosmetic Composi-
tion having Probiotic

2016338321 De Miranda
Chaves Vasquez
Pinto, Luciana

Microbiota, betaines,
prebiotic agents, and
cosmetically accept-
able carrier.

Applying the probiotic
cosmetic formulation to
the skin.

Skin treatment.

Probiotic Formula-
tion and Uses

PCT/IN2019/050234 Kaur, Indu Pal Probiotic bacterial
spores (106 to 1014

CFU/mL), hydropho-
bic agent, aqueous
phase.

Germination of probiotic
spores upon contact with
the epidermal surface, pro-
viding slow, sustained re-
lease.

Maintain vaginal
health, anti-acne,
anti-inflammatory,
and immunomodula-
tory effects.

Probiotic, Color,
Cosmetic Composi-
tion and Methods

2011224690 Dao, Khanh
Ngoc

Probiotic microorgan-
ism extract, non-clay
lamellar phyllosilicate
mineral particulate,
anti-inflammatory
ingredients.

Treat skin inflammation by
applying the composition.

Improve skin condi-
tion, reduce inflam-
mation.

Use of probiotic Lac-
tobacillus Paracasei
for treating greasy
scalp disorders.

09166247 Castiel, Isabelle Lactobacillus para-
casei, probiotic frac-
tions/metabolites, and
antidandruff agents.

Topical application of each
active agent in separate
formulations.

Prevents dandruff
and scalp disorders.

Cosmetic Use of
Microorganisms
for Treating Scalp
Disorders

PCT/IB2009/053208 Castiel, Isabelle Probiotic microorgan-
isms and anti-dandruff
agents for treating dan-
druff and scalp disor-
ders.

Apply both agents sepa-
rately to the scalp in differ-
ent compositions.

Prevent and treat
dandruff, and im-
prove scalp health.

Probiotic Skin Bar-
rier Formulation

2/2017/000146 Ludan, Arturo
C.

Bacillus coagu-
lans, Saccharomyces
boulardii, zinc, mineral
oil, cetearyl.

Probiotics provide antimi-
crobial protection, and zinc
aids in tissue repair

Relief from acne,
atopic dermatitis,
eczema, and psoria-
sis.

Formulation and De-
vice Including Probi-
otic Bacteria Strains

PCT/EP2023/078874 Biazzo,
Manuele

(i) Primary powder
phase: Freeze-dried
probiotic bacteria
strain, gelling agent.
(ii) Complementary
aqueous phase: Sterile,
physically separated
from the powder phase.

The two phases are com-
bined to create an active
probiotic formulation for
cosmetic or pharmaceuti-
cal use.

Treatment of skin
and mucosa dis-
orders in cosmetic
and pharmaceutical
applications.

9. Future Scope

Probiotics hold significant promise for improving hu-
man health in the future, including through topical applica-
tions. Increased opportunities now exist for applying bac-
terial strains in skincare due to the discovery that many can
support the natural processes of maintaining healthy tissue,
especially in the skin. The ability to modify the skin mi-
crobiota to treat various skin conditions has opened new
therapeutic possibilities. Although probiotic formulations
are becoming more popular for their potential to enhance
skin health by maintaining a balanced microbiota, their ef-
fectiveness via topical application varies depending on the
strains used and the individual’s microbiota composition.
Probiotics in skincare products face challenges such as the
slow-acting nature of natural compounds, high costs, and

limited shelf life. Techniques like prebiotic stimulation,
skin bacteriotherapy, and microbiome transplantation are
used to manipulate the skin microbiome to treat different
conditions. Studies show that altering bacterial strains in
the skin microbiome to improve medical outcomes can sig-
nificantly boost skin health and attractiveness. Worldwide,
the market for probiotic skincare products is rapidly grow-
ing, driven by positive scientific findings and the belief that
probiotics are inherently healthier than other bioactive com-
pounds, such as synthetics.

10. Conclusion
This thorough review highlights the considerable and

encouraging therapeutic potential of probiotics in the field
of dermatology. By skillfully altering the skin’s microbial
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ecosystem, probiotic treatments present a flexible strategy
for addressing a broad range of skin issues, from speed-
ing up the healing of chronic wounds through strong anti-
pathogen and antibiofilm effects to alleviating inflamma-
tion. Although the effectiveness of these treatments is
clear, their success largely hinges on the careful selection
of strains and individual host characteristics. Addressing
current obstacles, especially in creating stable topical for-
mulations due to the sensitivity of many probiotics to en-
vironmental conditions and their short shelf life, is essen-
tial. Probiotic- and postbiotic-based cosmetics must meet
strict microbiological standards for safety. According to
EU Regulation (EC) No. 1223/2009 and ISO 17516:2014,
high-risk products (e.g., for children, eyes, mucous mem-
branes) must have ≤102 CFU/g, while low-risk products
allow ≤103 CFU/g. Live probiotics pose challenges for
safety and stability, whereas postbiotics offer a safer, more
stable alternative. Compliance with these standards is cru-
cial for clinically safe and marketable microbiome-based
cosmetics. Future progress will require improved delivery
techniques, such as cell encapsulation or the use of resilient
spore-formers, along with thorough clinical trials, to fully
leverage the healing potential of a healthy microbiome in
dermatological treatment.
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