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The virtues of fermentation within 
the human body are ancient 
knowledge and have become well-
known, as fermented foods such as 
kombucha, kimchi and kefir have 
grown in popularity and demon-

strate benefits1, 2 to intestinal flora for general human 
well-being and health. The cosmetics industry looks to 
fermentation, too, to derive innovative ingredients whose 
sustainable sourcing will no doubt support the future 
direction of the market. In fact, the global market for 
fermentation chemicals overall is expected to reach 
$78.2 billion by 2025, rising at a CAGR of 5.5% 
between 2019 and 2025.3 

Bioferments are obtained via enzymatic 
actions, typically by bacteria and yeast, 
that break large, complex molecules into 
smaller, simpler ones. These materials 
are more readily absorbed by the 
skin, increasing their bioavailability, 
and have a greater affinity to 
hair, improving their efficacy. 
The current article reviews 
various bioferments and their 
benefits for skin and hair 
care applications.
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KEY POINTS

• The current article reviews various types of 
bioferments and their reported benefits for 
skin and hair care, such as antioxidant and 
probiotic effects.

• It also demonstrates the antioxidant activity 
of one bioferment and provides select 
commercial examples of others. 

Editor’s note: This article is a continuation of the discussion in: Singh, 
V.K. (2017). Fermentation cosmetics: Bubbling over with innovation, 
literally. Available at https://bit.ly/3pUGM0l.
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Bioferments in Beauty

Bioferments and Benefits
Bioferments can be categories in various 

ways.4 By ingredient type, they include amino 
acids, organic acids, industrial enzymes, antibi-
otics, polymers, vitamins and biogas. These are 
provided in dry and liquid forms. On the basis 
of process, bioferments can be characterized 
by batch, continuous, aerobic and/or anaerobic 
fermentation. The fermented ingredients market 
also has been segmented by application, includ-
ing food and beverage, feed, pharmaceutical, 
paper, biofuel, textile and leather, and personal 
care. Ferments such as probiotics, enzymes, 
bacteria or yeast have been used in cosmetics 
and personal care for years.2

Biofermented products for cosmetic and 
personal care applications employ the principles 
of fermentation, which can be optimized to 
allow for the isolation and concentration of 
various phytochemicals with specified actions 
that benefit the skin. For example, bioferments 
can be developed to help stimulate natural skin 
defenses,2 address photodamage5, 6 and reduce 
inflammation. They also can be focused to 
purify acne-prone skin, help rebuild the skin 
barrier and protect the skin against pollution 
thanks to their antioxidant properties.2, 7, 8 
Indeed, most phytochemicals from plants show 
antioxidant activity; however, fermentation 
augments this activity thanks to an increased 
release of actives, which will be shown later in 
this paper.9, 10 

Fermented ingredients also are symbiotic11 
with the skin and do not disrupt natural 
processes, making them less likely to cause 
sensitivity.12 This is mainly due to their acidic pH, 
which aligns with skin’s natural pH.2

Finally, as noted, the fermentation process 
creates entities with smaller molecular struc-
tures, which can not only penetrate the skin more 
deeply and quickly2, 11, 12 for desired effects, but 
also deliver nutrients such as amino acids and 
peptides. Ferments rich in polyunsaturated fatty 
acids, e.g., omega-3 and omega-6, can impart 
moisture into deeper levels of the skin.13-17 

Fermented ingredients additionally can 
impart microbiome effects. These are explored 
next in greater detail.

Enzymatic and Probiotic 
Microbiome Management 

The fermentation process yields bioferments 
that are rich in enzymes. These can eliminate 
pathogenic bacteria in skin and replace them 
with commensal bacteria by creating an eco-
logical competition in favor of commensal 
species.2, 18, 19 

As is well-known, beneficial and mutualistic 
bacteria help to keep skin healthy and radi-
ant, while a shift in the microbiome balance in 
the wrong direction may allow pathogenic or 
opportunistic bacteria to wreak havoc, caus-
ing inflammation, infection and other skin 
diseases.2, 20 Indeed, the microbiome is a key 
regulator for the immune system, as it aims to 
maintain homeostasis by communicating with 
tissues and organs in a bidirectional manner. As 
such, dysbiosis in the skin and/or gut microbiome 
is associated with an altered immune response, 
promoting the development of skin diseases such 
as atopic dermatitis, psoriasis, acne vulgaris, 
dandruff and even skin cancer.21

By targeting undesired microbes and support-
ing commensal ones, bioferment enzymes help 

Through the principles of fermentation, 
products can be optimized to isolate and 
concentrate various phytochemicals with 

specified actions that benefit skin.

A growing number of brands are harnessing 
the wonders of fermented ingredients to 
create effective, barrier-boosting skin care 
that also fosters a healthy skin microbiome.

Source: British Vogue
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the skin to better protect itself and maintain 
its health. A healthy epidermis, in turn, looks 
healthy and radiant and regenerates itself 
more efficiently whereas a weak and damaged 
epidermis is susceptible to dryness, sensitivity 
and breakouts. 

A well-balanced skin microbiome also can be 
promoted naturally through the use of probiot-
ics.2, 22-24 Having already transformed the health 
and wellness industry, probiotic treatments have 
been trending in skin and hair care globally. 
Recognized mostly for their digestive benefits, 
probiotics have been shown in recent clinical 
research to confer systemic benefits that extend 
to the skin, e.g., improving immunity, treating 
acne, etc.25, 26

Interestingly, according to one source,19 
similarly to microbial competition via fermenta-
tion in ripening fruit, bacterial interference via 
fermentation has been found in anaerobic skin 
abscess microenvironments, allowing bacteria 

to ferment carbohydrates to short-chain fatty 
acids (SCFA). These SCFAs were shown in 
previous studies to play a role in influencing the 
predominant residence of bacteria on normal 
human skin. It is therefore hypothesized that 
fermentation products of human skin com-
mensal bacteria can function as skin probiotics 
for the treatment of skin infections caused 
by pathogens.19 

It is important to note that probiotics are 
defined by the World Health Organization27, 28 as 
live microorganisms that, when administered 
in adequate amounts, confer a health benefit 
to the host. However, within cosmetics, restric-
tions are placed on the microbial content of 
a product; e.g., as indicated by U.S. Food and 
Drug Administration (FDA) guidelines.29 Yet, 
in order for probiotics to deliver benefits to the 
skin, they must be present in billions of colony 
forming units (CFU).20 This level of probiotic 
incorporated into a cosmetic product would 

Most phytochemicals show antioxidant activity; however, 
fermentation augments this activity.
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exceed the microbial limit as designated by the 
FDA, creating an adulterated product—and the 
sale of adulterated products is prohibited. 

An alternative approach for skin care associ-
ated with probiotic bioferments is through 
bacterial lysates. Bacterial lysates are the product 
of lysis, a process of inducing stress and ruptur-
ing the bacterial cell, rendering it non-viable. The 
ruptured cell then releases its valuable intracellu-
lar components, providing the benefits of the live 
bacteria without the live bacteria. Such probiotic 
byproducts offer increased bioavailability, 
efficacy and even antimicrobial protection.30  

Bioferment Filtrates
Bioferment filtrates are another variation of 

bioferments. Most are water-soluble and hence, 
can be readily incorporated into a wide range 
of skin and hair care formulations. They offer 
the same benefits as bioferments, e.g., skin 
moisturization, vitamins and minerals, which 
improve skin and hair texture and increase 
health, elasticity and firmness. They also can 
address photodamage, inflammation and 
provide enhanced antioxidant defense, as the 
following study of a Bacillus/carrot root ferment 
filtratea demonstrates.31

Here, the ferric reducing antioxidant power 
(FRAP) assay was used to directly measure 
the antioxidants, or reductants, in a sample 
cream containing the bioferment filtrate as 
the only antioxidant. This method relies on 
the reduction of ferric ion-TPTZ (2,4,6-tri(2-
pyridyl)-1,3,5-triazine) by the antioxidants 
present, which forms Fe+2 ligands and pro-
duces an intense blue color that is correlated 
with the antioxidant content.

To carry out the test, 1 g of a cream con-
taining the ingredient was extracted with 9 
mL of 50% methanol, centrifuged and filtered 
to obtain a clear extract. The standard FRAP 
assay then compared the test cream with 
commercial creams containing other natural 
extracts as antioxidants—i.e., aloe vera, vita-
min C, vitamin E, green tea extract, mulberry 
extract and Galactomyces filtrate. Although 
exact percentages of the extracts in the 
commercial products were unknown, the 5% 
ferment filtrate cream showed comparative, if 
not higher, antioxidant efficacy (see Figure 1). 

Figure 1. Antioxidant activity comparison of carrot ferment filtrate cream with 
commercial creams

a Kopcarotol (INCI: Bacillus/Carrot Root Ferment 
Filtrate), is a product of Kumar Organic Products.
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Commercial 
Bioferment Examples

In addition to the carrot ferment filtrate 
described, the following are select examples of 
some commercial bioferments and the benefits 
they claim per their manufacturers.

Wasabi root: Also called Japanese horserad-
ish, wasabi has been used as a condiment for 
centuries due to its extremely strong, comple-
mentary flavor. According to the manufacturer, 
interestingly, wasabi is widely thought to have 
powerful antimicrobial properties. The chemical 
in wasabi responsible for its initial pungency is 
the volatile allyl isothiocyanate, produced by the 
hydrolysis of natural rhizome thioglucosides.

One commercially available wasabi 
ingredientb is created via fermentation with Lac-

An alternative approach for skin care 
associated with probiotic bioferments is 

through bacterial lysates.

tobacillus and harnesses the benefits associated 
with this botanical. This process allows for the 
isolation of phytochemicals and phenolic com-
pounds such as oxidoreductases, isocyanates 
and glucosinolates. The ingredient is said to 
protect DNA against free radical damage while 
promoting the activity of other antioxidants. 
Additionally, its strong antimicrobial properties 
can impart natural preservation properties.32

Lemon peel: Traditionally sourced for their 
vitamin C content, lemons have been used as 
a natural remedy for ailments ranging from 
scurvy to sunburn. Given their relatively high 
acid content and potent antioxidant properties, 
they are often promoted as a natural means 

d ACB Tonka Bean Bioferment (INCI: Lactobacillus/
Dipteryx Odorata Seed Ferment Filtrate) are products of 
Active Concepts. 
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to even skin tone. Indeed, recent research has 
unveiled that the peel of the lemon itself has 
potent anti-tyrosinase activity. In relation, 
one lemon-based ingredientc is created by 
macerating the lemon and incubating it with 
Lactobacillus lactis. The fermentation process 
thereby is said to enhance the anti-tyrosinase 
activity of the lemon peel.33, 34

Tonka bean: Another example is a tonka 
bean-based ingredientd fermented with 
Lactobacillus. This bioferment is reportedly 
capable of absorbing harmful UV light and 
emitting it in the colored spectra. This helps to 
reduce the appearance of wrinkles associated 
with photoaging.35

Mannitol and maltodextrin: Lactobacillus 
bioferments of mannitol and maltodextrine-g 
are available that act as postbiotics. These can 
help protect against allergens, free radicals, 
photoaging and pollutants by rebalancing the 
native microbiota to reinforce the mechanical 
skin barrier and modulate its immune defenses. 
Additional benefits claimed include: promoting 
the synthesis of hyaluronic acid and acting as an 
epidermal growth factor to enhance skin repaire; 
strengthening the barrier of sensitive and reac-
tive skin by sealing epithelial layers, reducing 
redness and irritation, and significantly reduc-
ing the pruritogenic trigger involved in skin 
inflammationf; bacteriostatic action against skin 
pathogens such as Staphylococcus aureus, and 
promoting skin redensification to counteract 
mechanical stress, e.g., due to the prolonged use 
of face masksg.36

Carrot root: In addition to its previously 
described antioxidant activity, carrot root fer-
ment filtratea taps into the reservoir of vitamins 

A, B, C and K, and phytonutrients such as 
carotenes and pigments present in carrots. Intro-
ducing the bacterium Bacillus ginsengisoli into 
the rich matrix mobilizes these bioactives. The 
resulting ingredient imparts the aforementioned 
antioxidant activities, improving skin dullness 
and signs of aging by inhibiting tyrosinase activ-
ity, improving collagen production, maintaining 
skin elasticity, and repairing skin tissues.6, 34 

Radish root: Another commercial biofer-
menth is radish root ferment filtrate, obtained 
via the fermentation of white radish roots by 
the organism Lactobacillus casei. Radishes are 
rich in vitamins and phytonutrients and have 
cleansing and detoxification properties.37 These 
properties are transferred through fermenta-
tion, resulting in a ferment filtrate that imparts 
antioxidant activity, heals damaged cells, clears 
toxins and nourishes the skin—including the 
scalp, for hair benefits. It also demonstrates anti-
tyrosinase activity.34

Soybean: One solution dually ferments soy-
bean by Saccharomyces cerevisiae and Bacillus 
subtilis to produce an ingredientj that contains 
the active form of phytohormones and isofla-
vones. It demonstrates antioxidant, anti-aging 
and skin-nourishing and moisturizing activities.

Sea kelp: Sea kelp serves as the source of 
another commercial bioferment derived using 
Lactobacillusk, which as noted, makes natu-
rally occurring chemical compounds such as 
vitamins, proteins, amino acids and minerals 
more readily bioavailable to skin.38 Sea kelp 
bioferment is a natural film former that acts as 
an excellent oil-free moisturizer in skin or can 
be used in hair as a styling gel to add bounce 
and shine.

Pumpkin enzyme: Finally, pumpkin is the 
source of another biofermentm created utilizing 
Lactobacillus, which releases proteases and 
nutrients from the plant cells similarly to the 
way it transforms milk into yogurt. According 
to the manufacturer,39 the ferment can act as a 
gentle enzyme skin peel alone or when added 

Check out our May 2021 edition 
for the challenges, approaches, 
and future directions.

Microbiome Focus

b ACB Wasabi Extract PF (INCI: Lactobacillus/Wasabia 
Japonica Root Ferment Extract),  
c ACB Lemon Peel Extract G (INCI: Glycerin (and) Water 
(Aqua) (and) Lactobacillus/Lemon Peel Ferment Extract) 

e Kalibiome Age (INCI: Lactobacillus Ferment (and) 
Mannitol (and) Maltodextrin),
f Kalibiome Sensitive (INCI: Lactobacillus Ferment (and) 
Mannitol) and
g Kalibiome Ecogenetic (INCI: Lactobacillus Ferment 
(and) Maltodextrin (and) Mannitol) are products of 
Kalichem Italia.

h Kopraditol (INCI: Lactobacillus/Radish Root Ferment 
Filtrate) and
j Kopsoyatol (INCI: Bacillus Subtilis and Saccharomyces 
Cerevisiae/Soya Bean Ferment Filtrate) are products of 
Kumar Organic Products. 
k Sea Kelp Bioferment (INCI: Lactobacillus/Nereocystis 
Luetkeana Ferment Filtrate) is a product of Lotioncrafter.
m Pumpkin Enzyme Peel (INCI: Lactobacillus/Cucurbita 
Pepo (Pumpkin) Fruit Ferment Extract) is a product of 
BulkActives.
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to lotions or creams. The pumpkin proteases 
hydrolyze skin proteins, exfoliating dead skin 
cells and impurities while also delivering vita-
mins and nutrients to the skin. This additionally 
stimulates cell turnover, improves skin texture and 
decreases hyperpigmentation.

Conclusion
Fermented ingredients have grown ever popu-

lar in cosmetics and personal. This is due in part 
to advances in biotechnologies that have opened 
up new horizons.
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Tonka bean bioferment is reportedly capable of absorbing UV light and emitting it in the colored spectra.
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