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Abstract

Fermented plant extracts have recently become popular ingredients in various
cosmetic and dermal applications, mainly because of their superior biological
activities. In fermentation by microorganisms, the concentration of the useful
compound is increased or new phytochemicals are introduced, enhancing
their biological activity in anti-inflammatory, antibacterial, wound-healing,
anti-melanogenic, and antioxidant applications. The fermented state of
Panax ginseng shows higher anti-wrinkle and whitening effects than its non-
fermented counterpart. Black ginseng promotes collagen synthesis and inhibits
melanogenesis after fermentation. Fermented extracts of Magnolia denudata,
organic Indica rice bran, and unpolished Black rice also show very good antioxidant
and skin-whitening activities. Hyaluronic acid, kojic acid, citric acid, glycolic acid,
and ascorbic acid are acids produced by the fermentation of natural products,
forming smaller molecules size that are more effective than high molecular size
and able to penetrate deeply into the skin, maintaining its microbiota balance
and providing antioxidant protection. Fermented vitamins include B3, A, and E
produced through microbial fermentation with added stability and bioactivity to
contribute toward better skin health, promotion of absorption, anti-inflammation,
and antioxidant properties. Skin health is modulated by its resident microbiota
and their metabolites, among which fermented microorganisms have gained
interest as active skincare ingredients. It is known that metabolites from skin-
associated bacteria improve skin pigmentation and wrinkle appearance, such as
Nitrosomonas eutropha, which oxidizes ammonia produced from sweat into nitric
oxide derivatives. Similarly, antimicrobial peptide from Enterococcus faecalis strain
proved to be potent against Cutibacterium acnes; hence, anti-acne treatments
have been commercialized. In addition, Vitreoscilla filiformis found in hot springs
significantly ameliorated symptoms of atopic dermatitis and photoaging while
Streptococcus thermophilus enhanced levels of the natural ceramides, thereby
enhancing skin barrier and hydration.

Keywords: Fermented plant extracts; Anti-melanogenic; Antioxidant protection;
Skin barrier; Anti-wrinkle effects; Anti-inflammatory; Wound healing; Skin microbiota
balance
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1. Introduction

Dermatology and cosmetic science increasingly embrace
the use of fermented plant extracts (FPEs) with their
profound effects on skin health and beauty. Fermentation is
a time-honored process that avails itself of microorganisms
in the deconstruction of organic materials into their
constituent parts, therefore increasing bioavailability
and allowing the creation of new phytochemicals with
superior properties. This biotechnological development
has had very positive results on the formulation of
skincare products that are much more effective than
their non-fermented counterparts. Fermentation will
enhance the anti-inflammatory, antibacterial, wound-
healing, anti-melanogenic, and antioxidant properties of
plant materials substantially, which makes them valuable
addenda in today’s skincare regimens.! One impressive
example regarding the benefits of fermentation involves
the transformation of Panax ginseng. This traditional herb
shows a more powerful anti-wrinkle and whitening effect
when fermented, higher in efficacy to reduce the visible
signs of aging and hyperpigmentation than the one that is
non-fermented.” This improvement is due to an increase
in the concentration of bioactive compounds and the
generation of new phytochemicals produced through
fermentation. Similarly, fermented black ginseng enhanced
the synthesis of collagen and reduced melanogenesis,
further supporting the maintenance of skin that is young
and evenly toned.?

Besides plant extracts, other natural materials subjected
to a fermentation process also serve beneficial purposes,
including extracts from fermented extracts of Magnolia
denudata (Common name: Yulan Magnolia) Scientific
name: Magnolia denudata, unpolished black rice (Common
name: forbidden rice or purple rice) Scientific name: Oryza
sativa japonica, which have major antioxidant and skin-
whitening properties.*> These fermented materials also
have strong protective activity against oxidative stress, one
of the major causative agents in skin aging and damage.
The increased efficiency of the extracts in question would
be in turn a direct result of the fermentation process as a
method enabling an increase in active ingredient content
and introducing metabolic products not present within
raw materials. Another group of valuable metabolites
produced by fermentations are fermented acids, such as
hyaluronic, kojic, citric, glycolic, and ascorbic acids. With
a smaller molecule size than their non-fermented cousins,
these acids are well recognized for superior penetration
through the skin. This superior level of skin penetration
enables them to exhibit deeper therapeutic effects, maintain
microbiota balance, and provide antioxidant protection.®
Moreover, the fermentation process generally enhances

the stability of these acids, which may be one more
reason for their effectiveness in cosmetic formulations.
Besides acids, microbial fermentation of vitamins, such
as B3, A, and E has also been shown to improve stability
and bioactivity. Fermented vitamins help improve skin
health by enhancing better skin absorption, reducing
inflammation, and providing defense against oxidation.
Fermentation enhances the bioactivity of such vitamin
manifold, which thereby allows them to be much more
effective in mitigating various skin concerns related to
inflammation, dryness, and oxidative damage.” However,
the role of fermented microorganisms in skin care does
not stop at the mere fermentation of plant extracts and
acids. Skin metabolites generated by skin-associated
bacteria, such as Nitrosomonas eutropha and Enterococcus
faecalis, have provided immense benefits to skin health.
N. eutropha is known to convert ammonia that is formed
from sweat to nitric oxide compounds that are known to be
beneficial for toning down pigmentations and wrinkling,
while E. faecalis excretes out antimicrobial peptides which
are active against Cutibacterium acnes and hence result in
new anti-acne treatments.*® In addition, probiotics, such as
Lactobacillus paracasei and Lactobacillus rhamnosus have
other advantages, such as enhancing immune responses,
inhibiting inflammation, and improving the skin barrier.’
This review elucidates the heightened awareness in regard
to fermentation playing a better role in skin health and
further developments that are likely to emerge on the
care of the skin. The aim of this review is to find different
functional fermentation products from deferent source as
plant, vitamins, amino acids, and microbiome metabolites
as shown in (Figure 1).

2. Natural-derived functional substances
using microbial fermentation

2.1. Plant fermentation effect on skin health

FPEs are practical liquids that are made by the fermentation
of fresh plants by microorganisms, mostly bacteria and
fungi. Fermentation must be carried out to provide a
suitable matrix of biologically active molecules with a
range of biological characteristics. Presenting verified
data on the biological activity of FPEs for cutaneous and
cosmetic applications is the aim as well as some potential
applications for the skin. Furthermore, fermentation can
increase the antioxidant activity of plant extracts associated
with increased concentrations of phytochemicals, mainly
by causing microbial hydrolysis or biotransformation to
produce antioxidant peptides, antioxidant polyphenols,
and antioxidant polysaccharides.’

Lactobacillus brevis has been used to assess P. ginseng
(red ginseng [RG]) and fermented RG (FRG) as
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Figure 1. The mechanism of activity of the fermented compounds on skin

cosmetic components, specifically focusing on their
anti-aging potential and skin safety. Compared to RG,
FRG demonstrates higher concentrations of uronic
acid, flavonoids, and polyphenols, as well as elevated
antioxidant activity. Notably, no significant changes have
been observed in the total ginsenoside content, although
FRG exhibits higher levels of ginsenoside metabolites
than RG. The tyrosinase inhibitory activity (half-maximal
inhibitory concentration [IC*) of FRG (27.63 pug/mL) is
more potent than that of RG (34.14 pug/mL). Similarly,
the elastase inhibitory activity (IC,)) of FRG (117.07 ug/
mL) surpasses that of RG (157.90 ug/mL). Both 10% RG
and 10% FRG are classified as essentially non-irritating
materials in initial skin irritation tests. However, in skin
sensitivity assessments, the RG group demonstrated a
sensitization rate of 100% and an average irritation score
of 1.4, as opposed to the FRG group, which demonstrated
a sensitization rate of 20% and an average irritation score
of 0.2. After fermentation, FRG possesses elevated levels
of ginsenoside metabolites, including Rg3, Rg5, Rkl,
compound K, Rh1, F2, Rg2, and flavonoids. Consequently,

when compared to RG, FRG has better anti-wrinkle
and whitening properties and lower toxicological
potency.'

Fermented Panax notoginseng polysaccharide (FPNP)
prevents the decline in antioxidant activity and the
expression of the antioxidant enzymes catalase, glutathione
peroxidase, and superoxide dismutase, which are typically
induced by hydrogen peroxide (H,0,) and reduces
reactive oxygen species (ROS) and malondialdehyde
levels. Moreover, it was reported that FPNP, fermented by
Saccharomyces cerevisiae, prevented the damage produced
by H,O, in collagen and elastin in human fibroblast cells."

Using human fibroblasts (HS68), an in vitro experiment
assessed FBG as a potential skin-whitening and anti-
wrinkle ingredient. At concentrations below 10 ug/mL,
FBG did not exhibit cytotoxicity, while at doses up to
100 pg/mL, the bio ferment was harmless to the eyes. In
human fibroblasts, it significantly increased the type I
procollagen expression level at doses ranging from 0.3 to 10
ug/mLwhen fermented by S. cerevisiae. > FBG’santi-wrinkle
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action was accompanied by an increase in type I collagen
synthesis and a decrease in matrix metalloproteinase-1
activity. Moreover, FBG has skin-whitening qualities as it
inhibits tyrosinase, reduces melanogenesis, and decreases
dihydroxyphenylalanine oxidation."

The flower petal extract of Magnolia denudate,
fermented by Pediococcus acidilactici, exhibits antioxidant
and anti-cancer properties. The concentration of the
fermented extract is 3 times higher than its non-fermented
counterpart. Moreover, the radical-scavenging activity
of fermented M. denudate against 1,1-diphenyl-2-
picryl-hydrazyl (DPPH) increased from 85.1% to 91.4%,
depending on the duration of fermentation.**

Fermented organic Oryza sativa L. (indica rice
bran) has emerged as a key ingredient in skincare
products, offering hydration, brightening, and anti-
wrinkle benefits. Its effects are comparable to Pitera - a
naturally occurring byproduct of sake lees fermentation
- but it is free from alcohol-related irritation, making
it highly effective for sensitive skin. It is fermented
in a clean, safe environment by lactic acid bacteria.
In terms of anti-oxidative properties, a 100.0 mg/mL
bran fermentation solution demonstrates 71.4% higher
DPPH radical-scavenging activity than Vitamin C at
the same concentration and chelate Fe** ions 79.0%
more effectively than ethylenediaminetetraacetic acid.
Moreover, the superoxide anion-scavenging capacity of
10.0 mg/mL bran fermentation solution was 42.9% higher
than butylated hydroxytoluene at the same dosage. The
bran fermentation solution also inhibits the formation of
dopachrome, a melanin intermediate, in a concentration-
dependent manner, with higher concentrations providing
greater inhibition. The IC_/ of the bran fermentation
solution and arbutin were 9.23 mg/mL and 0.52 mg/mL,
respectively.'” Fermented unpolished black rice (FUBRS),
processed using a mixture of microbes isolated from
loog-pang, demonstrates superior capacity to reduce
melanin concentration in melanoma cells. In addition,
it prevents melanogenesis in other melanoma cells by
phosphorylating AKT, ERK, and p38. The marked decline
in intracellular tyrosinase activity is in line with melanin
reduction activity. The human fibroblast and melanoma
cell lines are not cytotoxically affected by FUBRS. In
addition, it decreases the expression levels of tyrosinase,
tyrosinase-related protein 1 (TYRP-1), TYRP-2, and
microphthalmia-associated transcription factors in both
transcript and protein levels.'¢

A fermented extract of soybean, fermented with Bacillus
bacterium and processed into a dry powder form, provides
the skin with essential nutrients. By incorporating skin-
aging inhibitors and whitening agents as active ingredients,

the composition moisturizes the skin, improves elasticity,
enhances skin tone, and provides antioxidant benefits.”
Moreover, an extract of Zanthoxylum schinifolium, fermented
with L. rhamnosus A6-5, showed greater antibacterial activity
than raw extract when tested against Propionibacterium
acnes and Staphylococcus epidermidis. Similarly, fermented
blueberry fruit extract demonstrated antibacterial activity
against Brevibacterium linens, P. acnes, Bacillus cereus, and
S. epidermidis when fermented with particular probiotic
bacteria (Bacillus amyloliquefaciens and L. brevis) and yeast
(Starmerella bombicola) isolated from fermented starfish.'®

2.2. Production of acids through fermentation for
skin care

In the cosmetics industry, fermented acids are gaining
attention by combining innovative and traditional
methods to improve skincare regimens. Fermented acids
are produced through fermentation, breaking down
natural substances into smaller, more potent molecules.
This increases the concentration of active chemicals and
improves bioavailability, allowing them to penetrate the
skin more deeply. Fermented acids have many advantages,
including the capability to maintain the skin’s microbiota.
These compounds assist in minimizing acne, reduce
inflammation, and relieve skin problems such as rosacea
and eczema by maintaining a healthy balance of bacteria
on the skin. Furthermore, the high antioxidant content
of fermented acids shields the skin from ultraviolet (UV)
rays and free radical damage. Moreover, the fermentation
frequently yields novel, health-promoting compounds,
including vitamins, peptides, and amino acids that
improve the skin’s overall appearance and health. These
components greatly complement any skincare routine
since they increase moisture retention, boost collagen
production, and improve skin texture."

Hyaluronic acid (HA) is a glycosaminoglycan widely
distributed in humans and other mammalian tissues.
It has numerous applications in both the medical and
cosmetic industries, however, it excels as a humectant due
to its capacity to form viscoelastic hydrogels in aqueous
solutions, making it an ideal ingredient as a natural
skincare moisturizer. The low yield of this polysaccharide
when extracted from animal sources (such as rooster
combs) was a key factor that prompted the commercial
release of the biotechnologically produced version. Gram-
positive endotoxins and proteins present in the membrane
of the Streptococcus strain used to produce high molecular
weight HA are potentially hazardous substances and must
be removed through a sequence of filtration processes.
These laborious purification steps are avoided by using
recombinant Bacillus subtilis, which secretes HA into a
fermentation medium. The medium is then sprayed and
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dried at a high temperature to produce HA powder.”* HA
serves several functions based on its molecular weight.?!
High-molecular HA (about 1 MDa) increases the viscosity
and stability of the product film that forms on the skin,
hence decreasing transepidermal water loss and improving
the hydration of the upper layers of the epidermis. At a
lower molecular weight (about 250 kDa), HA interacts
with skin cells and extracellular components, providing
deeper hydration and wrinkle reduction. This enables HA
to function as a signal molecule that triggers the synthesis
of natural HA. Reports have suggested that more potent
anti-aging effects may arise from molecules with smaller
molecular weights.?

Another molecule that is becoming increasingly
important is kojic acid, which primarily acts as a skin-
lightening agent. It is synthesized by strains from the
genera Aspergillus and Penicillium. Kojic acid improves
the ability of skin care products to shield users from UV
rays and reduces skin hyperpigmentation by inhibiting the
production of tyrosinase. According to the Global Industry
Analysts, there is a high demand for whitening creams
in the Middle East, Asia, and Africa. Moreover, given its
economic potential, kojic acid consistently draws attention
for its environmentally friendly synthesis, with research
continually being conducted to enhance its production.®

Citric acid is a member of the class of molecules
known as alpha hydroxyl acids (AHAs) and functions
as an exfoliating agent in skin care products. AHAs
can eliminate dead skin cells from the skin’s outermost
layer, a process known as exfoliation, leaving the skin
radiant and youthful. Over the past few years, there has
been a steady increase in demand for cosmetic products
containing AHAs, particularly in the Western European
and Asian markets. In 1916, research conducted by James
Currie enabled the profitable industrial synthesis of citric
acid from Aspergillus niger using molasses and sucrose as
primary carbon sources. He discovered that several strains
of A. niger can produce significant amounts of citric acid.
The two most important findings were: (i) citric acid
production could succeed at a pH of approximately 2.5 —
3.5, which inhibited the formation of gluconic and oxalic
acid, and (ii) citric acid production increased as sugar
content rose.* In addition, since the 1960s, scientists have
made significant efforts to introduce Yarrowia lipolytica
yeast as an alternative to conventional fungal technology.
Y. lipolytica can produce citric acid using a variety of
carbon sources. Furthermore, Y. lipolytica possesses
several desirable properties, such as withstanding lower
pH levels, making it more economical and tolerant to high
quantities of carbon sources and contaminants found in
substrates.”

In addition to citric acid, glycolic acid is another AHA
known in the skincare industry. Fermentation of glycolic
acid breaks it down into smaller molecules, allowing for
easier absorption into the skin. This helps with exfoliation,
resulting in a smoother and more radiant complexion.
Glycolic acid improves skin hydration and barrier
function by boosting collagen production, which helps to
reduce the appearance of fine lines and wrinkles, giving
the skin a more youthful and firmer appearance. It can
also introduce beneficial antioxidants that protect the skin
from environmental stressors and free radical damage.
Currently, glycolic acid is primarily produced using
petrochemical resources, which involves the usage of
hazardous formaldehyde. Alternatively, a biotechnological
production pathway offering a sustainable approach
is more desirable. Producing glycolic acid from
lignocellulosic biomass feedstocks would be more
economically and environmentally viable. Numerous
bacteria naturally produce glycolic acid by hydrolyzing
glycolonitrile and oxidizing ethylene glycol. However,
developing a pathway that allows for the flexible usage of
alternative, more abundant carbon sources under standard
bioprocessing conditions would be more advantageous, as
current production pathways depend on ethylene glycol
or glycolonitrile, and specific environmental conditions.
One less-explored but promising production pathway is
the glyoxylate cycle, where C2 molecules, such as ethanol
are naturally converted into glyoxylate, which can be
further converted into glycolic acid through metabolic
engineering. Other than that, several methods have been
proposed for modifying Escherichia coli’s glyoxylate cycle
to enhance glycolic acid production.?

Ascorbic acid, also known as Vitamin C, is a water-
soluble essential vitamin and functions as a crucial
cofactor for several enzymatic reactions in the body.””*
The antioxidative ability of ascorbic acid to scavenge
free radicals and minimize oxidative stress has led to its
growing use in cosmetic products.”® Ascorbic acid is
produced through a fermentation process that frequently
uses several microorganisms. In the first stage of the
fermentation, the bacterium Gluconobacter oxydans
converts D-Sorbitol into L-Sorbose. In the next stage, a
mixed culture of Ketogulonicigenium vulgare and Bacillus
species converts L-sorbose into 2-keto-L-gulonic acid,
a pre-cursor of ascorbic acid. Together, these microbes
perform a two-step fermentation process that effectively
produces ascorbic acid.*

2.3. Production of vitamins through fermentation
for skin care

Fermented vitamins are revolutionizing the cosmetics
market with their potent skin benefits and enhanced
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bioavailability. The fermentation process, driven by
beneficial microbes, transforms the vitamins into more
stable and bioactive forms that are particularly effective
in skincare products. During fermentation, complex
vitamin structures are broken down, enhancing the
skin’s ability to absorb and utilize the nutrients. The use
of fermented vitamins in cosmetics includes two key
benefits: (i) improved absorption and (ii) increased
effectiveness. Moreover, fermented vitamins exhibit
stronger antibacterial and anti-inflammatory properties
compared to their non-fermented counterparts, making
them valuable in treating various skin issues, such as aging
and acne. Research on fermented vitamins in cosmetics
can result in novel formulations with improved advantages
for skin health, opening doors to more sustainable and
effective beauty products.”

Niacinamide, also known as Vitamin PP, Vitamin B3,
or nicotinamide, is a component of coenzymes involved in
hydrogen transfer and has several positive effects on the
skin. The topical application of niacinamide helps to cure
atopic dermatitis by stabilizing the skin barrier, reducing
transepidermal water loss, and promoting the synthesis
of ceramides and proteins such as filaggrin, keratin, and
involucrin. It has been observed that topical treatment
with niacinamide lowered transepidermal water loss in dry
skin and improved the synthesis of cholesterol, free fatty
acids, and ceramide - the main pathogenic components
responsible for barrier failure in atopic dermatitis. The
anti-inflammatory properties of niacinamide and its
ability to reduce the production of several inflammatory
cytokines (interleukin [IL]-1f, IL-6, IL-8, and tumor
necrosis factor), make it a promising treatment for acne,
rosacea, and other inflammatory skin diseases.” As for the
production of niacinamide, reports have demonstrated
that Vitamin B3 can be produced using recombinant E. coli
expressing Rhodococcus rhodochrous nitrile hydratase.™

Another vitamin of interest in skin care applications
is Vitamin A, also known as retinoid or [-carotene.
Vitamin A can be derived from several sources, such as
animal products (meat, dairy products, and fish), colored
fruits and vegetables (PB-carotenoid or provitamin A),
as well as retinol and retinyl ester. In addition to retinol
and its natural counterparts, the retinoid family includes
numerous synthetic compounds. Retinoids interact with
several cellular and nucleic acid receptors, such as the
nuclear retinoic acid receptor family, the cellular retinol-
binding protein, and the cellular retinoic acid-binding
protein types I and II. The mechanism of action of retinoids
involves regulating cellular differentiation, which enhances
photoaging by promoting epidermal proliferation, leading
to epidermal thickening, and stimulating the deposition

of glycosaminoglycans. In addition, Vitamin A, as an
antioxidant, helps to reduce DNA damage from free
radicals, thereby preventing neoplastic transformation
and carcinogenesis.’ In terms of production, Vitamin A
or B-carotene is produced by the yeast, Y. lipolytica. The
production of B-carotene is increased by overexpressing
heterologous carotene synthase in Y. lipolytica. After
screening for the most effective promoter, the modified
strain achieved a fermentation yield of 1.5 g/L. By
employing fed-batch fermentation and perfectly adjusting
the fermentation conditions, the production titer of
[-carotene was further increased to 6.5 g/L and 90 mg/g
dry cell weight.”

Vitamin E, including tocopherols and tocotrienols, is a
group of lipid-soluble antioxidants. Vitamin E serves as the
primary defense against lipid peroxidation by inhibiting
the synthesis of ROS molecules, thereby preserving the
integrity of cell membranes. The antioxidant activity of
Vitamin E can be significantly enhanced by ascorbic acid,
Vitamin B3, selenium, glutathione, and other biological
factors. The potent antioxidant properties of Vitamin
E make it an ideal compound for avoiding skin aging,
treating several skin disorders such as atopic dermatitis,
and melasma, and preventing scar formation. Topical
application of Vitamin E is generally safe, with minimal
reportedsideeffectsand alow frequencyof minorirritations.
Reports have shown that formulations containing 0.2%
o-tocopherol effectively increased Vitamin E levels in the
stratum corneum (SC) and decreased lipid peroxidation in
vivo, thereby protecting the skin from the damaging effects
of photoaging and oxidative stress.**** Moreover, it has been
recently discovered that the bacterium Euglena gracilis is
highly effective in creating high-value compounds, such as
Vitamin E. It is characterized by rapid growth and a high
production of a-tocopherol, which accounts for over 97%
of the total tocopherol content in the organism.

In addition to the vitamins mentioned, many other
vitamins are produced through microbial fermentation
and exert beneficial effects on the skin. A summary of these
vitamins and their respective functions on skin health is
tabulated in Table 1.7

2.4. Production of amino acids through
fermentation for skin care

Fermented amino acids are revolutionizing the fields
of nutrition and skincare. Fermentation increases the
bioavailability and efficacy of amino acids, allowing better
absorption by the body than their synthetic counterparts,
thereby improving overall skin health and general
wellness. Fermented amino acids help strengthen the
skin’s protective barrier, enhance moisture retention, and

Volume 2 Issue 1 (2025)

24

doi: 10.36922/imo.5020


https://dx.doi.org/10.36922/imo.5020

Innovative Medicines & Omics

Fermentation in dermatology

Table 1. Examples of other vitamins produced by microorganisms and their respective functions on skin

Vitamin

Chemical structure

Microbes involved

Function on skin

Description of benefits

Vitamin B2 (Riboflavin

) [}
CH,ﬁN\r‘\N ”
CH; N N/ko

NH H

H
Hobfa)
H

Staphylococcus
epidermidis,
Corynebacterium
Spp.

Acts as an antioxidant,
supports cellular
energy production,

enhances skin integrity,

and repair

Riboflavin protects skin cells

from oxidative damage and helps

in repairing skin exposed to
environmental stressors, such as UV
rays.”

Vitamin B3 (Niacin/

x

Staphylococcus

Functions as an

Niacinamide helps in building

Niacinamide) I epidermidis, anti-inflammatory keratin, keeps skin firm and healthy,
N NH Cutibacterium acnes agent, improves skin ~ improves skin barrier function, and
F 2 hydration, helps reduce reduces signs of aging.*®
redness
o
Vitamin B5 (Pantothenic H oH Propionibacterium  Functions as an Pantothenic acid supports the
acid) 'L spp., Staphylococcus  anti-inflammatory synthesis of coenzyme A which is
o o, spp. agent, enhances wound important for cell regeneration and
o OH healing, maintains skin soothing irritated or damaged skin.*
OH HC hydration
Vitamin B6 (Pyridoxine) N CH, Cutibacterium acnes, Reduces skin irritation, Pyridoxine supports skin health
I Streptococcus spp. enhances immune by helping enzymes that regulate
= defense metabolism and protein production,
HO OH providing protection against
athogens.*
H,N pathog
Vitamin B7 (Biotin) S, Propionibacterium  Improves skin barrier ~ Biotin maintains skin hydration,
acnes, function, supports elasticity, and smoothness, aiding in
HN Corynebacterium anti-inflammatory the formation of fatty acids essential
NH spp. processes for skin health.*!
O
(o)
OH

Vitamin B9 (Folate)

Lactobacillus spp.,
Bifidobacterium spp.

Promotes cell
renewal, supports
DNA synthesis, helps

maintain youthful skin

Folate is essential for cell division,
and in the skin, it can promote faster
regeneration, beneficial for healing
wounds and blemishes.*

Vitamin B12 Propionibacterium  Regulates microbiota, ~Cobalamin supports cellular energy
(Cobalamin) acnes, Staphylococcus essential for DNA production and may help control
aureus synthesis and cell inflammation and acne by regulating
metabolism skin microbial balance.*®
Vitamin K2 0o Staphylococcus Supports blood Menaquinone helps with wound
(Menaquinone) CH, N epidermidis, Bacillus ~ clotting, provides healing due to its role in blood
A NH spp. antioxidant benefits clotting and provides antioxidant
:C[ /‘k protection, which may reduce
CH; N \N 0 wrinkles and sunspots.**
NH H
H
HO
H

(Cont'd...)
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Table 1. (Continued)

Vitamin Chemical structure Microbes involved Function on skin Description of benefits
Vitamin D3 CHs CH3 UV-activated Enhances skin Cholecalciferol, produced in
(Cholecalciferol) synthesis on skin immunity, reduces response to sunlight, is vital for
e Ncn with Staphylococcus  inflammation, skin immunity, protecting against
| ? ? spp. strengthens skin pathogens and inflammation.*
| barrier
CH;
HO
Vitamin E Skin microbiota Acts as an antioxidant, Though primarily acquired through
contribution not protects skin from UV diet, Vitamin E on the skin provides
fully established damage, promotes photoprotection and repairs cell
healing membranes damaged by free
radicals.*
Coenzyme Q10 Cutibacterium acnes ~ Acts as an antioxidant, Although not a vitamin, coenzyme

H,¢”
H,C\o

and other anaerobes

helps in collagen
production, protects
skin cells from
oxidative stress

Q10 functions similarly by
protecting the skin from oxidative
stress and maintaining cellular
energy levels.

Abbreviation: UV: Ultraviolet.

promote a youthful appearance, making them valuable
in skincare applications. They are renowned for their
ability to boost collagen synthesis, a crucial process in
maintaining skin elasticity and reducing the appearance
of wrinkles and fine lines. Furthermore, fermentation is
both sustainable and environmentally friendly, aligning
with the growing demand for eco-friendly and clean
beauty products. Harnessing the power of fermentation
enables the production of potent and natural ingredients
that benefit the skin and contribute to a more
sustainable planet. The production of fermented amino
acids frequently uses two bacteria: Corynebacterium
glutamicum and E. coli.*® These bacteria can create a wide
range of amino acids, and their productivity as amino acid
producers has increased by applying different metabolic
engineering modifications. For instance, genetically
engineered C. glutamicum is utilized to manufacture high
yields of glutamic acid or lysine (up to 50% w/w), whereas
E. coli has been modified to produce aromatic amino
acids such as L-tryptophan, L-phenylalanine (L-Phe),
and L-tyrosine (L-Tyr).*

C. glutamicum is an aerobic, non-pathogenic Gram-
positive soil bacterium primarily used in amino acid
production. Amino acids produced by C. glutamicum,
such as L-glutamate, L-lysine, L-serine, L-proline,
L-arginine, and L-isoleucine, have a favorable effect on
the skin. The bacterium primarily prefers glucose as a
carbon source in amino acid production but can also
utilize other sugars such as sucrose, fructose, ribose,

mannose, and maltose.*® Glutamic acid is an amino acid
involved in the central nervous system, known for its
ability to enhance the antioxidant activity of the skin,
regulate redox balance, prevent apoptosis, and play a vital
role in the development of fibroblasts and keratinocytes.
It is also recognized for its beneficial effects in treating
various conditions such as large wounds, surgical
wounds, and wounds from radiation and chemotherapy.
Despite these benefits, glutamic acid’s low water solubility
(7.5 g/L at 20°C) limits its applications in cosmetics and
ointments at high doses.*

Arginine, a semi-essential amino acid known for its role
in skin immunity, wound healing, collagen synthesis, and
cell division, is metabolized by the enzymes nitric oxide
synthase II or arginase I. It has been reported to play a role
in the management of serious wounds, including burns,
diabetic wounds, bedsores, and UV-induced erythema.*

L-lysine has been noted for its beneficial effects in
managing pityriasis rosea (PR), a skin condition primarily
affecting young individuals aged 10 — 35. PR typically
presents as an erythemato-papulosquamous eruption on
the trunk and extremities in otherwise healthy individuals.
The condition generally resolves on its own within six
to eight weeks but may persist for three to six months,
sometimes causing reversible skin discoloration. L-lysine
can reduce the frequency of yearly symptoms and accelerate
lesion healing, offering potential benefits in managing PR.>

Serine, an amino acid containing a hydroxyl group,
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is found in keratin and naturally occurring moisturizing
agents. Its ability to interact actively with water molecules
suggests that it could improve the skin’s ability to retain
moisture when effectively delivered into the skin’s SC.**

L-proline is a crucial amino acid for collagen synthesis,
providing stability to skin, bones, tendons, and connective
tissues. As humans age, collagen levels decline, leading
to changes in skin texture. L-proline supports collagen
synthesis, aiding skin repair and maintaining its structural
integrity. It plays a key role in the four stages of wound
healing - hemostasis, inflammation, proliferation, and
maturation - facilitating the growth of new, healthy tissue
in damaged areas. I addition, L-proline contributes to anti-
aging by promoting collagen production to help delay
or repair age-related skin changes. It also supports the
healing of burns, cuts, and wounds by boosting collagen
synthesis.”>’

L-isoleucine is an amino acid used in the treatment
of atopic eczema. It stimulates epithelial cells to produce
antimicrobial peptides, strengthening the skin’s innate
immune response. L-isoleucine, used topically, has
been demonstrated to enhance skin barrier function,
lower inflammation, and reduce eczema symptoms,
including itching and redness. Research has shown that
L-isoleucine-containing creams, used in combination with
ceramides and rhamnosoft, significantly improved clinical
outcomes for individuals suffering from mild-to-moderate
eczema.”®

E. coli, is a naturally occurring Gram-negative aerobic
bacteria mostly found in plants and the gut flora of
mammals. It produces numerous amino acids, including
the aromatics, L-Phe, L-Tyr, L-methionine (Met),
L-cysteine (Cys), and L-threonine (Thr). Although there is
no direct evidence linking the availability of these amino
acids and the production of skin proteins, these volatile
amino acids play a crucial role as melanin pre-cursors.
Melanin is the primary cutaneous photoprotective
pigment preventing DNA damage and certain forms
of skin cancer by absorbing harmful UV rays from the
sun.*! Melanocytes, the specialized cells responsible for
the creation of melanin, contain the enzymes tyrosinase
(a copper enzyme) and Phe (a tetrahydrobiopterin-
dependent enzyme).*? After activation, Phe hydroxylase
in human melanocytes converts Phe into Tyr. Phe
hydroxylase can be activated by ROS and the oxidant
condition produced following UV exposure.*® Tyrosinase
then further oxidizes Tyr to produce melanin.®
Melanosomes, the subcellular organelle of melanocytes,
transport the melanin to keratinocytes.®® Freckles and
moles are areas of the skin with a higher concentration
of these melanocytes and melanin. The amount of Phe

and Tyr required for melanin production depends on sun
exposure and skin type. The type and amount of melanin
determine an individual’s tanning response and overall

skin health.®®

Met is a sulfur-containing amino acid required to
synthesize glutathione and Cys. Sulfur is needed to sustain
the skin’s elasticity and strength. Met serves as a pre-cursor
to glutathione, an effective antioxidant that shields the
skin from UV ray damage and oxidative stress, which can
cause pre-mature aging. Moreover, it serves as an essential
amino acid in collagen and elastin synthesis, preserving
the firmness and elasticity of skin, while promoting skin
restoration and wound healing. In addition, Met can improve
the skins natural barrier against environmental stressors
while helping to keep the skin clear through detoxification.
Furthermore, in the context of Cys in keratins, it can be
obtained endogenously from oral consumption of Met.
Cys is crucial in producing the disulfide bridges found in
integumentary skin structures. These sulfur-containing
amino acids and other sulfated molecules provide
sulfur, which is needed for several purposes.” The body
requires an adequate intake of Met and Cys to produce
glycosaminoglycans and skin structural polysaccharides.
Besides that, Met can serve as an antioxidant complex to
treat inflammatory cutaneous lesions and acne by acting as
a zinc carrier rather than a sulfur provider.®®

Thr, produced from the formation of collagen and
elastin, aids in preserving the moisture balance of the
skin, giving it a smoother, more youthful appearance.
However, there is limited information regarding the
dietary requirement for maintaining skin or any other
tissues. Thr and serine are amino acids essential in
maintaining the moisture of the SC. Both amino acids
can be phosphorylated by many kinases, and this
phosphorylation is crucial for proper structural function
and regulation of skin metabolism.®

Other than the mentioned amino acids, various types
of amino acids possess functional effects on skin health, as
shown in Table 2.7°

3. Benefits of microorganism-derived
metabolites on the skin

The skin is home to 1,000 species of commensal bacteria,
viruses, fungi, and other microorganisms. It has been
shown that metabolites, such as glycerol and fatty acids
produced by naturally occurring skin microorganisms,
benefit skin health. As a result, probiotic cosmetics
and skin-domesticating microorganisms and their
metabolites are common constituents in skincare
products. Currently, traditional Japanese fermented
ingredients are employed as fermented cosmetics

Volume 2 Issue 1 (2025)

27

doi: 10.36922/imo.5020


https://dx.doi.org/10.36922/imo.5020

Innovative Medicines & Omics

Fermentation in dermatology

Table 2. Amino acids and their respective beneficial compounds for skin health

Amino Chemical structure Microbes involved Function on skin Description of benefits
acid
L-glutamic o (o] Staphylococcus epidermidis, Functions as a moisturizer L-glutamic acid helps retain moisture and
Corynebacterium spp. promotes hydration maintain the skin’s natural hydration barrier.’
HO OH
NH2
L-arginine NH o Cutibacterium acnes, Acts as an antioxidant, L-arginine plays a role in collagen synthesis,
JJ\ Staphylococcus spp. promotes wound healing supporting wound repair and skin elasticity.”
HoN N OH
H
NH2
L-serine (0] Staphylococcus spp., Hydrates skin, maintains L-serine is essential for skin hydration and
Micrococcus luteus elasticity softness, contributing to the skin’s natural
moisturizing factor.”
HO OH
NH3
L-alanine O Staphylococcus epidermidis, Strengthens skin barrier, L-alanine provides hydration and supports
Corynebacterium spp. enhances moisture retention  the skin barrier, helping protect against
H3C environmental stress.*
OH
NH->
L-proline (o] Cutibacterium acnes, Synthesizes collagen, improves L-proline aids in collagen formation, enhancing
Corynebacterium spp. skin texture skin firmness and reducing the appearance of
fine lines.”
OH
NH
L-lysine o Cutibacterium acnes, Acts as an anti-inflammatory  L-lysine contributes to collagen formation,
HzN\/\/\|)L oH Staphylococcus aureus agent, supports skin repair aids in wound healing and inflammation
3 73
NHz reduction.
L-glycine (@] Corynebacterium spp., Provides hydration, enhances L-glycine supports collagen production,
Micrococcus luteus skin texture maintains hydration, and improves overall skin
H2N texture.”*
OH
L-histidine (0] Staphylococcus epidermidis, Acts as an antioxidant, L-histidine is an antioxidant that hydrates the
N Corynebacterium spp. enhances moisture retention  skin, promoting softness and resilience.”
(/ y OH
HN NH,
L-tyrosine o Propionibacterium acnes, ~ Regulates skin pigmentation  L-tyrosine is a pre-cursor for melanin synthesis,
Staphylococcus spp. regulates pigmentation, and protects against UV
OH radiation.”
NH2
HO
L-cysteine O Cutibacterium acnes, Acts as an antioxidant, L-cysteine helps with collagen production and

Staphylococcus aureus

supports skin healing

provides antioxidant protection, aiding skin
regeneration.”

Abbreviation: UV: Ultraviolet.

after using these ingredients as food for more than
1,300 years. It is anticipated that fermented cosmetics
will continue to expand as a category of products in the
natural skincare product market and offer many health
benefits.”

N. eutropha is an ammonia-oxidizing bacterium that
oxidizes sweat-derived ammonia to create nitric oxide and
nitrogen on the skin.” Clinical trials on topical treatment
of N. eutropha showed improvement in pigmentation and

wrinkles between the eyebrows and on the forehead.® This
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discovery prompted the creation of a mist lotion with N.
eutropha, currently available for purchase and has been
demonstrated to improve the appearance and texture of
skin. E. faecalis is a type of lactic acid bacterium found
in the intestines and is known to benefit human health.
Studies have demonstrated that the antibacterial peptides
produced by E. faecalis possess antibacterial activity
against C. acnes, confirming its potential as an effective
new anti-inflammatory drug for acne. This has led to the
commercialization of E. faecalis in skincare cosmetics
and other therapies, intended to reduce inflammation
associated with acne.®!

Vitreoscilla  filiformis is a fungus present in hot
spring water and hydrothermal vents. The fungal extract
was observed to balance the skins immunological
homeostasis. According to a previous study, patients
with mild to moderate atopic dermatitis showed a
reduction in the level of pruritus upon application of
ointments containing V. filiformis twice daily to the site
of inflammation.*> Moreover, an extract of V. filiformis
cultured in Vasi Volcanic Mineral Water is known to
fortify the skin against exposome attack, mend damaged
skin, regenerate the skin barrier, and avoid photoaging
through increased immunological response. The results
showed that V. filiformis is highly effective in repairing
damaged skin, reducing photoaging, and enhancing
immunological function by restoring the skin barrier.®
Moreover, clinical trials have proven the benefits of fungus

Table 3. Effects of microbiome metabolites on skin health

in balancing the skin flora and relieving itching in skin
prone to allergies and the condition. Consequently, body
washes and lotions containing V. filiformis cultures have
been commercialized in the market.®

Another lactic acid bacterium, Streptococcus
thermophilus, sometimes known as the cheese and yogurt
seed, was observed to elucidate positive effects on skin
health. An increase in ceramide levels was observed in
healthy individuals who were given creams containing S.
thermophilus. Ceramides are essential in maintaining the
barrier and moisture of a healthy SC.* In addition, atopic
dermatitis patients who received topical treatment of S.
thermophilus also demonstrated elevated ceramide levels
in their skin, followed by improvements in erythema,
scaling, and pruritus.®

L. paracasei, a lactic acid bacterium inhabiting the
digestive tract and oral cavity, was reported to improve
atopic dermatitis and benefit the skin.* Furthermore,
an investigation on the impact of Pueraria lobata extract
fermented with L. paracasei on the skin’s immune response
revealed differential expression of seven skin-related proteins
and a moisturizing effect on the skin upon treatment. Hence,
L. paracasei can be used as a nutricosmetic resource for its
hydrating and anti-inflammatory properties. In addition,
it has been discovered that L. paracasei produces the same
antioxidant and bioactive peptides, which reduce wrinkles
and may be utilized as a more advantageous probiotic for

Microorganism Metabolite

Effect on skin

Nitrosomonas eutropha Nitric oxide compounds

Improves skin pigmentation and reduces wrinkle appearance by oxidizing

sweat-derived ammonia.”

Enterococcus faecalis Antimicrobial peptides

Effective against Cutibacterium acnes, leading to reduced acne and commercialization

of anti-acne treatments.”

Vitreoscilla filiformis Unknown metabolites

properties.®

Streptococcus thermophilus ~ Ceramide synthesis enhancement

Lactobacillus paracasei Unknown metabolites

function.”

Lactobacillus rhamnosus Unknown metabolites

Bifidobacterium breve Polysaccharide A

Reduces symptoms of atopic dermatitis and photoaging due to its anti-inflammatory

Increases ceramide levels, supporting skin barrier function and hydration.**

Improves immune response, reduces inflammation, and enhances skin barrier

Reduces inflammation and promotes skin barrier repair.”®

Modulates immune responses and enhances skin hydration by stimulating

T-regulatory cells.”

Lactobacillus plantarum Lipoteichoic acid

function.”®

Cutibacterium acnes Short-chain fatty acids

Staphylococcus epidermidis ~ Phenol-soluble modulins

Lactobacillus reuteri Reuterin

Bacillus subtilis Surfactin

Enhances skin defense mechanisms by promoting antimicrobial peptide production.

101

Reduces skin sensitivity, provides anti-inflammatory effects, and improves skin barrier

Modulates skin pH and inhibits pathogenic bacteria, promoting a healthy skin
microbiome.”

100

Displays antimicrobial activity against skin pathogens and promotes skin barrier
function.

Provides anti-inflammatory and wound-healing properties.'*

Volume 2 Issue 1 (2025)

29

doi: 10.36922/imo.5020


https://dx.doi.org/10.36922/imo.5020

Innovative Medicines & Omics

Fermentation in dermatology

the skin.®® ™ rhamnosus is a probiotic known to enhance
the intestinal barrier’s performance and is anticipated to
be used in cosmetics.* Research has indicated that topical
application of L. rhamnosus lysate to a human epidermal
model for 16 days increased the expression of skin barrier
proteins and promoted SC formation, which may have
beneficial effects in preserving skin barrier function.”
Although more investigation is necessary, these results imply
that topical probiotics could have potential applications in
skincare products. In addition, L. rhamnosus showed a high
inhibition of tyrosinase and melanin synthesis and increased
collagen production when co-cultured with L. paracasei.’*
Besides the mentioned microorganisms and metabolites,
there are many other examples of microorganism-derived
metabolites affecting the skin, as shown in Table 3.

4, Conclusion

FPEs are superior among the reviewed skincare
ingredients, due to their increased biological activity and
varied benefits. In these extracts, fermentation enhances
anti-inflammatory, antibacterial, and antioxidant
properties, and accelerates wound-healing processes,
making these fermented extracts more potent than their
non-fermented counterparts. For example, fermented
P ginseng is remarkably effective in anti-aging and
skin whitening, while fermented M. denudata and rice
bran have significant antioxidant and skin-brightening
properties. Fermentation enhances the bioavailability of
bioactive phytochemicals toward better skin hydration,
collagen synthesis, and barrier function. The integration of
microorganisms and their metabolites in skincare products
highlights the tendency of industry productions to shift
toward more advanced natural solutions. Probiotic strains,
including N. eutropha, E. faecalis, and V. filiformis, impart
beneficial properties such as skin texture improvement,
anti-inflammation, and barrier support. Fermented acids,
vitamins, and amino acids enhance the functionality of
ingredients, thereby increasing hydration, skin lightening,
and exfoliation. These advancements within fermentation
technology would enable the development of innovative
skincare products, offering better and more sustainable
solutions for achieving healthier, brighter skin.
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