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Can Fermentation “Preserve” the Skin?

S. Hettwer, E. Besic Gyenge, B. Suter, B. Obermayer

Fermentation preserves food by displacing unwanted microorganisms. Does it work in the same way with skin? Fermented
products are becoming increasingly popular in the food sector. Although it is an ancient process for preserving food, fermen-
tation is a very modern topic, including in the cosmetics industry. It is known that certain lactic acid bacteria such as Lactoba-
cillus sakei can positively affect atopic dermatitis (taken orally) [1]. Here we show that millet ferment, produced with lactic acid
bacteria from sourdough production, can also positively influence atopic skin when applied topically. We demonstrated that
bacteria of a healthy skin microbiota can gain a growth advantage and thus lead the skin out of dryness stress. A dermatological
assessment of the atopic condition showed a rapid reduction of symptoms even compared to placebo-treated areas.
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Introduction

Of course, we cannot ferment our skin, but we can explore
the question of why fermentation is a powerful tool to in-
fluence the microbiota. Fermentation is one of the oldest
preservatives used by humans to preserve food. Microorgan-
isms play a crucial role in this process. Today, fermentation
is believed to have played a crucial role in the settlement of
humans in the Neolithic period. Initially, cereals were not pro-
cessed into bread, as was assumed for a long time, but fer-
mented into a beer-like beverage. Here, yeast took over the
task of fermentation by converting the starch from the grain
into sugar and then fermenting it into alcohol [2]. It was only
in times of food abundance that man was able to experiment
with other fermentation methods. One of the first is prob-
ably the production of sourdough, which is still used today
in bread baking and makes the bread more digestible, lon-
ger fresh and durable. The oldest sourdough bread found so
far is almost 6000 years old and comes from Switzerland [3].
The sourdough uses lactic acid bacteria and yeasts that occur
naturally on the cereals. The focus here is not on alcoholic
fermentation, but on heterofermentative lactic acid fermen-
tation (Figure 1). In this process, sugars are fermented to
carbon dioxide, acetic acid, lactic acid and ethanol. The shelf
life is determined less by the alcohol than by the reduction of
the pH value. Hence the name “sourdough”. A low pH value
ensures an environment in which only very few bacteria and
virtually no mold can grow. The advantage is that the lactic
acid bacteria are not harmful to humans. They colonize the
entire “habitat” and displace other bacteria or no longer al-
low the new settlement of undesirable bacteria. In addition,
lactic acid bacteria are probiotic, i.e. they are healthy for the
intestinal flora and positively influence the human immune
system [4]. It is conceivable that heterofermentative lactic

acid fermentation found its way into vegetable fermentation
through the knowledge of sourdough production. It is heter-
ofermentative, here e.g. cabbages are preserved (sauerkraut,
kimchi) but also carrots or cucumbers.

The yeast fermentation of berries, here in particular the grape
berry, to an alcoholic beverage (wine) enabled a subsequent
fermentation, namely the acetic acid fermentation. Although
this is somewhat simple, it is also delicate, since special hy-
giene precautions must be taken to prevent acetic acid fer-
mentation from spreading to a winemaker's wine stocks.
However, the preservative properties of acetic acid are undis-
puted and are the basis for e.g. sour pickles and even sour
roast, but of course also vinegar as a seasoning.

With the cultivation of dairy cattle and a surplus of milk, the
possibility for another form of lactic acid fermentation was
discovered: homofermentative lactic acid fermentation. Here,
the sugars are fermented only to lactic acid. Other fermenta-
tion products do not occur because specific lactic acid bacte-
ria strains that enter the milk from the animal’s udder. These
strains have a different metabolism than the heterofermenta-
tive lactic acid bacteria. Until the discovery of bacteria and mi-
croorganisms in the 17th century and thereafter, everything
depended on experience in fermenting natural products. In
modern food production we can precisely comply with all
conditions to arrive at the perfect product. For generations,
stable lactic acid bacteria communities have been cultivated
in sourdough production. These could be identified using
modern genome sequencing methods. Thus, today it is possi-
ble to achieve the same result every time with these cultures.
However, instead of fermenting only rye and other cereals, to-
day we have all the possibilities to use any plant material con-
taining starch or sugar. Therefore, traditionally used botanical
ingredients that have been used in cosmetics for decades can
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fig.1 Homo and hetero fermantative lactic acid fermentation in summary.

be lifted to the next level. An example of this is the golden
millet Panicum miliaceum, which is particularly promoted for
strengthening keratin structures (hair, fingernails), but has
overall skin-strengthening effects. Fermentation of the millet
seed with a community of specially selected lactic acid bacte-
ria creates a product with completely new properties (DEFEN-
SIL®-PURE, hereinafter “millet ferment”).

Material and methods

Extract preparation to obtain DEFENSIL®-PURE: ground millet
seed was fermented with a proprietary mixture of lactic acid
bacteria used for sourdough production. The fermentation
supernatant was filtered and preserved (INCI: Water, Panicum
Miliaceum (Millet) Seed Extract, Lactobacillus Ferment, Sodi-
um Benzoate, Potassium Sorbate).

Analysis of saccharides and organic acids by 'H-NMR spec-
troscopy (Bruker Avance Il HD 500 MHz). The same for cal-
cium and magnesium. Silicon analysis by inductively coupled
plasma atomic emission spectrometry according to DIN EN
ISO 11885:2009-09.

Bacterial growth was determined in liquid cultures. Growth
of different strains in buffered chloride-peptone solution
(NPP, Biolife 4013952) and transfer of 100 - 1000 cfu/ml into
phosphate/citrate buffer (10 mM citrate, 20 mM disodium
hydrogen phosphate, 1.09 g/I NaCl, 0.37 g/l KCl, 0.055 g/I
CaCl,:2H,0, 0.011 g/l MgCl,-6H,0). Growth of the strains
was determined after 24 hours by plating and counting the
colony forming units (cfu).

Caspase-1 activation was determined by fluorescence micros-
copy. Primary human keratinocytes (47-year-old donor with
Caucasian skin) were cultured for 24 hours and then treat-
ed with a cytokine cocktail (TNF-a,, IL-4, IL-5, and IL-13, and
Staphylococcus aureus toxin) to induce atopic conditions for
6 hours. The success of induction was verified with quanti-
fication of TSLP. The active was added at 1% before (24 h),
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during, or after induction of the atopic condition (6 h). Fluores-
cence staining with 5-carboxyfluorescein-Tyr-Val-Ala-Asp-flu-
oromethyl ketone covalently bound to activated caspase-1.
The in-vivo study was performed in accordance with the Dec-
laration of Helsinki of the World's Medical Association. All
study participants signed a written informed consent at the
beginning of the study. The active ingredient (3% Panicum
Miliaceum (Millet) Seed Extract, Lactobacillus Ferment) or
placebo was administered in an emulsion (INCI: Water, Ca-
prylic/Capric Triglyceride, Glyceryl Stearate Citrate, Pentylene
Glycol, Cetearyl Alcohol, Glycerin, Sodium Anisate, Sodium
Levulinate, Xanthan Gum, Citric Acid, Panicum Miliaceum
(Millet) Seed extract, Lactobacillus Ferment, Sodium Benzo-
ate, Potassium Sorbate) was applied to the face and atopic
site twice daily for 8 weeks. It was tested on 20 study partici-
pants (10 verum, 10 placebo). Skin hydration was determined
by corneometry, transepidermal water loss by TEWAmetry.
The severity of the atopic site was determined dermatolog-
ically using a 100 mm analog scale.

Results

To obtain the millet ferment, the ground millet seed was
broken down in a multi-culture fermentation process. Vari-
ous lactic acid bacteria are used in a stable ratio to form an
ecosystem that effectively displaces competitors and opti-
mally breaks down nutrients. The ecosystem comes from a
sourdough base that has been sampled and preserved over
decades and must be kept stable by carefully monitoring and
adjusting the culture parameters.

A comparison was made between non-fermented millet ex-
tract and fermented millet extract. Analysis of (poly)saccharides
and AHA acids (alpha-hydroxy acids: malic acid, lactic acid) as
well as acetic acid and ethanol showed complete degradation
of polysaccharides in the ferment and their conversion into the
fermentation products of a hetreofermentative lactic acid fer-
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mentation (Table 1). The acidic pH between 4 and 5 reflects  To study the effects of the active ingredient towards the skin
the accumulation of organic acids. Interestingly, fermentation ~ microbiota, representatives of bacterial strains found on the
significantly increased the content of important calcium and  skin were used. L. sakei was used as a representative of the
magnesium. In the case of magnesium by more than double, Lactobacili, which is found, for example, in the nose, but is
and in the case of calcium by 9 times. A similar phenomenon best known for its isolation from kimchi, the Korean sauer-
was also observed in the fermentation of moringa leaves [5].

The content of bioavailable silicon remained constant.

Difference of CFU to untreated control

A CFU, relative to initial condition (%)

Ingredient before fermentation after fermentation 400 B Millet ferment 0.5 %
*k

Polysaccharides 253 mg/l 0 mg/l S50
Glucose 452 ma/l 0 mg/l
Malic acid 15 mg/I 63 mg/I 200
Lactic acid 0 mg/l 1379 mg/I
100
Acetic acid 110 mg/l 194 mg/l i o Mean + SEM;
n=2;
Ethanol 0 mg/l 1747 mg/| g ==
*=p<0.05
Mg 18.2 mg/l 40.9 mg/l ok ** =p<0.01
c 6.3 mg/l 56.6 Mg/ 100 e
a .> Mg .6 mg 0@ ) 60\\% 50\*?} \_Q,\S ((\@\
Si 9.0 mg/l 10 mg/l A o
(,-' Q,Q\
%.
Tab.1 Comparison of ingredients before and after fermentation. Poly-
saccharides and sugars are completely converted into organic Fig.2 Promotion of the growth of various skin germs. Staphylococcus
acids and ethanol. Minerals can be released more effectively. epidermidis is strongly positively requlated.
Improvement in skin hydration
Relative to initial condition (%), face (left), atopic site (right)
30 250 = Placebo
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i 200
— *
20 Aok
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s ek
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10 .
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0 0
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Reduction of TEWL
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i [ 10 l
1
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-20
0 1
*k
1 30 *kk
- Mean + SEM;
1 .40 L n=20;
*=p<0.05
< **=p<0,01
20 50 k= < 0.001
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fig.3 Skin hydration and transepidermal water loss on the face and atopic sites. The active ingredient can increase skin hydration at atopic sites by up to 140%.
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kraut. It was determined how the growth of the bacteria be-
haves when exposed to a buffer having approximately the
composition of human sweat (citrate/phosphate buffer with
mineral salts, see Material and Methods) in the presence of
the active. It was found that the growth of Staphylococcus
epidermidis in particular, was stimulated (Figure 2).

This germ is crucial for a healthy skin flora by limiting or even
preventing the growth of undesirable microbiota, such as S. au-
reus, a potential trigger of atopic dermatitis. Similarly, it limits ex-
cessive growth of Bacillus subtilis, a commensal skin germ that is
significantly but only slightly increased in our experiment. Based
on current research, neither explicit good nor bad properties are
attributed to B. subtilis. Nevertheless, it is known that there is
quorum sensing between it and S. epidermidis, with S. epider-
midis having the upper hand. Bacillus subtilis can be responsible
for an unpleasant foot odour. The promotion of the growth of
Corynebacterium variabile and Lactobacillus sakei suggest that
the agent may promote a microbiota found on somewhat moist-
er skin regions. As a consequence, the milieu could change from
dry skin to slightly more moist skin. Micrococcus luteus, another
commensal germ also known as an “air germ”, is negatively
regulated. This bacterium can create malodour.

It was shown that 1% of the millet ferment resulted in a sig-
nificant reduction of caspase-1 expression in a skin model
that was exposed to S. aureus toxin and a cytokine cocktail
to induce an atopic state. Caspase-1 is part of the inflam-
masome and leads to apoptotic processes (mainly pyroptosis)
and strong inflammatory responses. In a preventive applica-
tion, the expression of this cell death-inducing enzyme was
pushed to basal levels. A limit-significant reduction was also
observed with immediate (-71%; p = 0.07) or curative appli-
cation (-61%; p = 0.08) (n = 6, not shown).

Application of the active ingredient to atopic patients in the
non-treatment interval showed a skin moisturizing and barrier-
strengthening effect both on the face (non-atopic area) and
directly on the atopic site (Figure 3). However, while skin hy-
dration in the face increased by about 20% after 8 weeks, it
increased by 140% on the very dry atopic site compared to the
baseline condition. Transepidermal water loss was similar, but
not quite as pronounced. On the face, TEWL was reduced by a
maximum of 12%, and on the atopic site by more than 30%

2 weeks 8 weeks

#1, 19 years
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fig.4 Dermatological assessment of atopic conditions. Symptoms of
atopic dermatitis are highly significantly reduced with active
ingredient after 2 weeks, significantly faster than with placebo.

compared to the initial condition. Placebo had no significant
effect on the face; at the atopic site, the effect was signifi-
cantly better with the active substance. This is also reflected in
the dermatologist’s evaluation of the atopic lesions (Figure 4):
the parameters redness, scaling, lichenification and thickening
were each reduced highly significantly with the active sub-
stance after just 2 weeks, by a total of 28%, which was not
the case with placebo. After 8 weeks, the placebo and active
ingredient were similar in their effects, with an advantage for
the active. The atopic lesions visibly decreased and the appear-
ance of the facial skin improved significantly (Figure 5).

-
1

Forearm # 1
19 years

Ellbow # 6
21 years

Neck # 9
22 years

2 weeks 8 weeks

Day 0

Fig.5 Improvements in facial skin (left) and atopic sites (right) with the active ingredient.
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Discussion

The active ingredient is of probiotic origin, i.e. the end product
of a bacterial lactic acid fermentation of millet seed. The filtered
clear culture supernatant contains the fermentation products
but no living components of the lactic acid bacteria. Thus, the
compound can be classified as postbiotic. Its action is likely to
function via correction of the very dry skin environment in atop-
ic dermatitis, where the postbiotic fermentation products may
play a crucial role: application may optimize the pH and me-
tabolome of the skin for a healthy skin microbiota. It is known
that metabolites of lactic acid fermentation can suppress unde-
sirable germs and promote the growth of desirable ones. Fur-
thermore, it has already been shown in a 3D epidermal model
that fermentation products from lactic acid fermentation have a
positive influence on epidermal health, e.g. reducing TEWL and
increasing the moisture content of the stratum corneum [6],
analogous to the results from our in vivo study.

Overall, it can be said that the skin microbiota is positively reg-
ulated by the active ingredient, in particular S. epidermidis, a
germ that can displace undesirable microbes or prevent their
colonization. The promotion of more moisture-loving germs
such as C. variabilis and Lactobacilli suggests that the active
ingredient promotes an appropriate skin environment, which
is of great importance in atopic dermatitis with extremely dry
skin areas. The question arises whether the active ingredient
itself creates a moister skin environment (significant increase in
skin moisturization and reduction in TEWL) or whether this is
first brought about by a correction of the skin microbiota. This
would require extensive studies on the microbiome and its tem-
poral development over the entire course of the study, which
unfortunately was not possible at the time of the study due to
the Corona pandemic. It is a fact that the active substance alle-
viates the symptoms of atopic skin (redness, scaling, lichenifica-
tion, thickening) more quickly. A more acidic skin environment
and fermentation products from lactic acid fermentation have
already been described as beneficial for the care of atopic skin
[7-9]. The good effect of the placebo is not surprising, since
the formulation used a base that should be suitable for people
with atopic dermatitis to achieve appropriate compliance.

The difference between our millet ferment and other fer-
mented cosmetic actives lies in the slow and highly controlled
fermentation process similar to sourdough bread. In bread
production, this leads to a more digestible product with-
out intolerances, as can be the case with the breads of the
wholesale and bakery industry that are optimised for speed.
A 9-fold improvement in calcium concentration was shown
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compared to the unfermented millet extract. The slow and
controlled fermentation favours the complete degradation of
polysaccharides and thus the release of bound calcium [5]. By
that and the use of special alpine millet as the basis for our
active ingredient, we take a very sustainable approach, in line
with the trend of increasingly popular natural foods. Perfect
for providing the right care for sensitive skin such as that of
people having atopic skin.

In summary, the active ingredient rapidly moisturizes dry
skin areas, strengthens the skin barrier and can compensate
for deficiencies, especially on atopic skin. It alleviates atopic
symptoms and is particularly well suited for sensitive and dry
skin. o return to the initial question: A postbiotic cosmetic
active ingredient can indeed “preserve” the skin by making
it more resistant to external influences, as evidenced by in-
creased skin hydration and an improved skin barrier.
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