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KEY POINTS

e An aqueous, or white propolis, extract was tested in vitro and

shown to affect microbiota connected with skin conditions.
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e Invivo trials also demonstrated the ingredient’s safety and efficacy

in reducing skin discomfort, dryness and body odor.
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ropolis is a resin-like material produced by bees including those of the
P genus Apis mellifera, also known as the European honeybee. Brown propolis
(see Figure 1) is perhaps the most well-known, which is transformed by bees
from materials collected from poplar and other secondary tree sources such as
birch, willow and beech. Composed of resinous and balsamic materials,
propolis is used to protect, sanitize and insulate the hive; which explains the

Greek etymology of pro-polis, meaning "in front of the city." 314

Human health applications: Propolis has been widely embraced by humans to
treat bacterial and fungal infections, reduce inflammation and mitigate
respiratory conditions. 1 It also possesses antioxidant, immunomodulatory,
antitumor and anti-ulcer properties. Its topical applications are numerous and
include the prevention of photoaging, treatment of eczema, psoriasis, fungal

2-12

infections and wound healing. '3

In terms of anti-inflammatory action, studies have shown that propolis enhances
innate immunity and modulates inflammatory signaling pathways. 13 Also, its
antimicrobial mechanism acts by inhibiting the replication process of pathogens
and by disrupting the ability of pathogens to invade host cells. Propolis thereby

serves as a barrier against microorganisms and their development.
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o Figure 1. Raw brown propolis; image courtesy of

@® Table 1. Quantification of 12 Major Components of Different Propolis Extracts

EO1 E02 E03 E04-2 E0b-1 E08-2
EtOH 70% MeOH EtOH 95% DcMm Aqueous Mixture
Markers (Content in mg/g of extract)
Caffeic acid (4) 6.0+01 6.6+01 6.9+01 5001 769 +0.6 80x0.1
p-Coumaric acid (7) 111 =01 10.2 + 0.1 10.7 = 0.1 154 =01 614+03 120+01
Ferulic acid (8) 44+01 39+01 41+01 6.2+0.1 208+04 42+01
Isoferulic acid (9) 44+041 41+0.1 4501 6.5+0.1 16202 4601
3,4-Dimethoxycinnamic acid (11) 7701 71x0.1 7.7+041 108 +0.1 9.9+0.1 17+1.0
Pinocembrin (26) 33402 33.0+0.2 352+02 49604 na 36.8+03
Pinobanksin 3-acetate (29) 38705 38102 40203 59105 na 42804
Prenyl caffeate (30) 202+03 195+ 0.2 202+ 05 2714+03 na 220+04
Chrysin (34) 235+02 231+02 24.7 =01 365+04 na 216+02
Caffeic acid phenethyl ester (33) 106+02 104+04 11.2+02 158+ 07 na 118+02
Galangin (35) 207 +0.3 204+05 219+0.2 31.1+08 na 235+04
Pinostrobine (47) 129+03 10.0+0.2 10.7 = 0.1 81104 na 7803
Total 193.7+18 186518 1953=11 271635 1853=x=15 2089=x=24
“includes aqueous; supplied by Ballot-Flurin®

Active constituents: Propolis is comprised of more than three hundred

substances with a predominance of flavonoids; notably galangin, chrysin,

tectochrysin, pinocembrin, kaempferol and quercetin. Additionally present are

aromatic aldehydes, coumarins, phenolic acids, organic acids and certain trace

elements such as aluminum, vanadium, iron, calcium, silicon, manganese,

strontium and vitamins B1, B2, B6 and C.

European poplar propolis is particularly rich in flavonoids, phenolic acids and

esters (see Table 1). To extract them in a form that the human body can absorb,

however, requires an effective method to release them from the resin. 41>18
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[ Figure 2. Five-step evolution model of biofim development
(Ref 26)

Alcoholic vs. aqueous extraction: Indeed, the molecular diversity of a propolis
extract can be greatly influenced by the extraction method used, and the
presence of certain components in the final preparation depends on their
solubility. Hydroalcoholic extracts typically contain the majority of propolis
molecules. On the other hand, due to fewer water-soluble components in

propolis, non-alcoholic extracts are more difficult to achieve. 1?

All polyphenolic constituents of propolis have similar therapeutic value. The
alcohol in hydroalcoholic extracts can, however, cause formulation issues with
other ingredients and potentially irritate skin. Or it may be undesired due to
cultural or medical reasons. Aqueous extracts have therefore drawn interest to
make propolis-based treatments more accessible, especially for compromised

skin. 20.21

As such, an aqueous extraction method based on maceration in spring water was
developed that can target the phenolic acid fraction of propolis, yielding an
extract rich in caffeic, ferulic and p-coumaric acids. 2 These molecules are
present in propolis extracts other than European poplar-type propolis, such as

22

Brazilian green propolis, and are of great therapeutic interest.

The aim of this study was to evaluate in vitro the potential of the aqueous
propolis extract, or white propolis 2 , to regulate microorganisms associated with
skin conditions and other ailments. In addition, assessments were made in vivo to
determine the safety and efficacy of dermocosmetic products containing the

extract at different concentrations (data proprietary; available upon request).

Microbiota Evolution and Film Formation

To determine potential interactions between white propolis and microbiota, it is
helpful to first understand microbiota behavior in skin. Microorganisms evolve to

form biofilms following a five-stage model (see Figure 2). 26 The planktonic state
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(stage one - Reversible Attachment) refers to microorganisms suspended in a
medium before they adhere to one of two types of surfaces: biotic, referring to
living surfaces and tissues including organs, mucous membranes, skin, etc.; or

abiotic, including surfaces such as sinks, floors, etc.

After adhesion, they form a biofilm (stage 2 - Irreversible Attachment), i.e., a
protective polymeric coating (EPS), to shield them against external threats (such
as antibiotics) and promote their proliferation (stage 3 - Maturation I). At the
biofilm stage of maturation, attachment becomes irreversible except through
mechanical action (e.g., washing with a washcloth and soap, or cleaning surfaces).
Maturation continues from cell clusters to microcolonies (step four - Maturation
I1), following which some disperse (stage five - Dispersion) to detach and form a

new biofilm, colonizing the host's surface. %72

® Table 2. Microbial Strains Used in MIC and CV Assays

. Growth : Reference
Strain Type Condition Habitat o Role

Staphyloc: G ; . .
gpyrden;r.qcrdif b;";‘;:ia Aerobic Dermal ATCC 12228 Supports skin immunity [41]

. Dermal Lo
Candida ; ' Causes oral thrush, vaginal infections,
albicans Yeast Aerobic oral, D5SM 3454 onychomycosis [42]
vaginal
Slaphylococcus  Gram+ : Overgrowth in atopic dermatitis, infections
o bacteria Aerobic Dermal CIP 4.83 [41, 43]
Pseudomonas Gram+ : Found in wounds, nosocomial and eye
aeruginosa bacteria Aerobic Dermal CIP82.118 infections [43]
Cutibacterium Gram+ . Commensal strains in healthy skin vs
acnes bacteria Aerobic Dermal Ok S3.017 pathogenic strains in acne vulgaris [41, 43]
Streptococcus Gram+ ‘ Major role in dental caries and infectious
mutans bacteria Anzeovicly  Oral DSM 20523 endocarditis [44]
Porphyromonas ~ Gram- ; . N .
gingivalis bacteria Anaerobic  Oral DSM 20709 Major pathogen in periodontitis [44]

e . (@ram- : .
Escherichia coli bacteria Aerobic Vaginal DSM 1576 Vaginitis [45]

Lactobacillus Gram+
acidophilus bacteria

: P Balances vaginal flora, inhibits pathogen
Anaerobic  Vaginal DSM 20079 arowth [45]

. Skin
Malassezia - '
o Yeast Agrobic scalp,

feet

Seborrheic dermatitis, pityriasis, dandruff [46],
ATCC 12078 found in onychomycosis [47]

® Table 3. strains and Cutture Conditions of MIC Analysis

Strain Reference Number Fr:’:;;?::r: Experimental Medium
Staphylococcus epidermidis ATCC 12228 BHI
Candida albicans DSM 3454 BHI
Staphylococcus aureus CIP 4.83 BHI
Pseudomonas aeruginosa CIP 82.118 BHI
Escherichia coli DSM 1576 37C BHI
Streptococcus muitans DSM 20523 BHI
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Porphyromonas gingivalis DSM 20709 Thioglycolate

Lactobacillus acidophilus DSM 20079 Thioglycolate
Cutibacterium acnes CIP53.117 M20
Malassezia furfur ATCC 12078 30C mDixon

The role of microbiota in the body is essential for many physiological processes,
such as protecting the intestinal epithelial barrier, regulating the immunity of the
gastrointestinal mucosa, and defending against pathogenic microorganisms. 3
On the skin, the complex and constantly evolving microbiota community also

contributes to the regulation of skin immunity.

Any changes in this community can compromise the integrity of barrier function
and lead to increased inflammatory responses, promoting conditions such as
atopic dermatitis, psoriasis, rosacea, seborrheic dermatitis, folliculitis and

acne. 31 Dysbiosis, which leads to an overgrowth of certain microorganism
species at the expense of others, can be caused by external or internal stress,

changes in diet or alterations in skin care routines. 32

Interest in the skin microbiome has significantly increased in recent years, with
research highlighting its crucial role in various processes, such as reducing body
odors and protecting against UV radiation. As well, the connection between the
gut microbiota, the brain and the skin is increasingly being studied, leading to

approaches that combine internal and external care to improve skin health. 323°

Propolis has been shown in various models to significantly affect digestive
microorganisms; for example, it has been shown to modulate the flora, improve
the mucosal barrier and impart antibacterial activity against pathogens. 3639 |t
was therefore of interest to study the activity of the white propolis against

microbiota associated with skin conditions.

In vitro Materials and Methods

Aqueous propolis extracts/white propolis: Two aqueous extracts of white
propolis were prepared by combining raw propolis (various batches from France,
Spain, Italy) in water using a reproducible and patented manufacturing process
that supports self-preservation. 4% The organoleptic and physicochemical quality

of the obtained batches was evaluated according to a control plan, and the


https://openlightbox/

polyphenol content was measured using the Folin-Ciocalteu method. The average

concentration of total polyphenols was 0.18% (g/100 g).

Microbial strains: Ten microbial strains were selected (see Table 2) to measure
the white propolis extract’'s Minimum Inhibitory Concentration (MIC) and to
perform Crystal Violet (CV) assays, which relate to the microbes’ planktonic and
maturation (biofilm formation) evolutionary phases, respectively. The role of each
strain in relation to body site (i.e., dermal, oral, vaginal, scalp, feet) is outlined in
Table 2.

MIC measurements: MIC represents the lowest concentration of an active
ingredient that completely (100%) inhibits the growth of a microbial strain. It is
expressed in pg/mL and determined in a liquid medium (planktonic) by successive

dilutions of the tested active compound.

Ten dilutions of white propolis were prepared (2%, 5%, 7.5%, 10%, 15%, 20%, 25%,
30%, 50% and 75% w/v). Each strain was sub-cultured twice from stock solutions
to experimental medium agar plates and incubated before the tests in aerobic
conditions, except for P. gingivalis, S. mutans and L. acidophilus, which were under

anaerobic conditions (see Table 3).

One hundred fifty microliters of each product concentration were distributed into
three microplates (i.e., three wells per concentration). For microbial inoculation,
the initial suspension was prepared in experimental media and the microbial
concentration was adjusted at 105 CFU/mL for bacteria and 103 CFU/mL for yeast

(Malassezia and Candida) and 50 pL were filled per well.

In parallel, several controls were prepared, including: the strain control
(suspension of microorganism + pure water), product control (product + medium)
and medium control. The plates were incubated according to the conditions
described in Table 3 until a visual growth of the strain was observed. After
incubation, the absorbance was measured at 600 nm for each well after shaking

the plates.

CV assays: To complement the MIC data and evaluate the ability of the white
propolis to inhibit or promote biofilm formation in the tested strains, the total

biomass of biofilms was quantified by staining with a dye absorbed by the



microorganisms using the Crystal Violet method.

Results suggested products containing the white propolis extract could affect
skin microbiota in beneficial ways; for example, reducing discomfort and
dryness in sensitive skin. Image by Tuan Nguyen at Adobe Stock

The global propolis market is projected to reach $955.0 million by 2034,
growing at a CAGR of 3.4% from 2024 to 2034.

Source: Allied Market Research

® Table 4. Biofim Formation Time of the 10 Strains
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used 10r UV Analysis

Strain Reference Time _uf
Number Adhesion

Staphylococcus epidermidis ATCC 12228 24 hr
Candida albicans DSM 3454 72 hr
Staphylococcus aureus CIP 4.83 24 hr
Pseudomonas aeruginosa CIP 82.118 48 hr
Escherichia coli DSM 1576 48 hr
Streptococcus mutans DSM 20523 72 hr
Lactobacillus acidophilus DSM 20079 8 days
Porphyromonas gingivalis DSM 20709 b days
Cutibacterium acnes CIP 53.117 72 hr
Malassezia furfur ATCC 12078 72 hr

The dilutions of white propolis, incubation concentrations and controls remained
unchanged. The same strains were used under identical culture conditions (see

Table 3) except for L. acidophilus experimental medium, where thioglycolate was
replaced by de Man - Rogosa - Sharpe agar (MRS); and for M. furfur experimental

medium, where mDixon was replaced by modified M20.

Again, 150 pL of each product concentration (1.33x concentrate) were filled in the
microplates in triplicate. For the L. acidophilus strain, the plates were coated with

blood to allow this strain to settle into a biofilm. The plates were incubated under
the conditions previously described until reaching a biomass strong enough to be

analyzed with CV (see Table 4).

After incubation, supernatants were gently removed to eliminate the planktonic
cells and reveal the biofilm mass. Biofilms were fixed with ethanol (96%) before
dyeing them with Crystal Violet for 30 min. Microwells were then washed with
physiological water and acetic acid (33%) was filled in the wells before measuring
the absorbance at 630 nm. The higher the optical density (OD630), the higher the

amount of biofilm biomass.
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@ Table 5. MIC Determination for Each Tested Strain

Strain MIC(%) ““1:::]9;}'"“"
Staphylococcus epidermidis 15 24
Candida albicans 50
Staphylococcus aureus 20 24
Pseudomonas aeruginosa - 24
Cutibacterium acnes - 48
Streplococcus mutans 24
Porphyromonas gingivalis 48
Escherichia coli 24
Lactobacillus acidophilus 24
Malassezia furfur 2 48

White Propolis MIC Results

The MICs of the strains tested are listed in Table 5. Low MIC values (below 20%)
are represented in light magenta/pink, while medium MIC values (between 25%

and 50%) are represented in dark magenta/pink.

Except for C. acnes, an MIC could be determined for all other microorganisms.
This indicated the extract, formulated at equal or higher MIC concentrations, had

antimicrobial activity on a wide range of bacteria and yeasts.

For example, the white propolis extract inhibited the growth of S. aureus at a low
MIC of 20%, and the growth of M. furfur at a very low MIC of 2%. S. aureus
overgrowth is implicated in atopic dermatitis and skin infections, while M. furfur
plays a role in sebhorreic dermatitis, pityriasis, dandruff and onychomycosis

(fungal nail infections).

The white propolis had a more moderate inhibitory activity on E. coli and C.

albicans (MIC 50%). which have been implicated repectivelv in vaginitis. and oral
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thrush, vaginal infections and onychomycosis. The white propolis extract
therefore appeared promising for use as an active ingredient in formulations to
regulate microbial imbalances.

® Table 6. cv Analysis - Percent Inhibition of Biofilm Formation by 10 Strains in Presence of 10 White
Propolis Concentrations

% Inhibition of the studied microorganisms relative to
% concencentrations of white propolis extract

Extract concentration

% (u/): 2 5 15 10 15 20 25 30 50 5
Staphylococcus
Candida albicans 50 36 36 49 15 8 14 23 0 -131
Pseudomonas

aeruginosa 12 38 26 9 55 19 -133 36 16 -120

Streptococcus mutans -102 476  -713  -1122  -1005  -962 -1041 -665 -230  -178

Po’gfng;‘.’v‘;}?sm 61 - 55 50 66 28 8 2 77 133
Escherichia coli 44 26 -4 3 2 54 58 62 70 34
Lacfa{:aciﬂqs 63

acidophilus

Malassezia furfur 40

White Propolis CV Results

In Table 6, CV results are expressed as the percentages at which biofilm
formation was inhibited for each of the 10 strains in the presence of white
propolis at different concentrations (from 2% to 75%). Results above 80% (dark
blue) indicated a total or almost total inhibition of the strains’ biofilm formation.
Between 25% and 80% inhibition (light blue), the white propolis partially inhibited
biofilm formation. Finally, negative inhibition percentages showed a boost in

biofilm formation.

All results were dose-dependent, as the table clearly shows. For example, S.
aureus biofilm formation was inhibited by 93-99% at white propolis
concentrations of 15% to 75%; at lower white propolis concentrations of 2% to
10%, however, the extract boosted the biofilm formation of S. aureus from 125%
to 270%. In the case of M. furfur, all white propolis concentrations (2% to 75%)

reduced biofilm formation from 36% to 100%.
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MIC, CV Discussion

The results of both analyses showed that where white propolis strongly inhibited
planktonic strains (i.e., showed a low MIC), it also strongly inhibited biofilm
formation (CV results). This was the case for S. epidermidis, S. aureus, L. acidophilus
and M. furfur, suggesting the potential for white propolis to assist in the
prevention of acne, atopic or seborrheic dermatitis, dandruff or vaginal

microbiota rebalancing, respectively (see Table 2).

Similarly, for strains such as C. albicans, P. aeruginosa, P. gingivalis and E. coli,
where white propolis had average MICs (25-50%), a partial inhibition of the biofilm
was revealed by the CV analysis. These results suggested that white propolis
could potentially help in the prevention of candidiasis infections or periodontitis,

aligning with other published studies. 43

Regarding the results obtained for C. acnes, despite the absence of a measurable
MIC, a very good (98%) inhibition of biofilm formation was observed starting with
white propolis at 20%. This suggests that, while the extract does not inhibit its
proliferation, it can prevent biofilm development. Thus, it may be able to play a
role in regulating the proliferation of C. acnes biofilms, helping to rebalance the

microbiota of acne-prone skin.

As for the results on S. mutans, despite an MIC of 30%, the CV analysis showed
that white propolis impacted biofilm formation, which seemed to slow down and
decrease starting at this concentration. The propolis extract therefore showed an
ability to regulate the microorganism'’s capacity to function, even though it
permitted an albeit-reduced proliferation. These in vitro studies highlighted the

activity of the white propolis extract on strains representative of skin microbiota.

In vivo Effects in Dermocosmetics

The results of the in vitro tests were then compared with in vivo tests (data
proprietary; available upon request) evaluating the safety and microbial impact of
three dermo-cosmetic products with high concentrations of the white propolis
extract (> 99.0%). The products included three sprays: one for atopic skin ° , one

C

for sensitive intimate areas “ and one for sensitive eyelids dj,

Atonic skin snrav: A treatment snrav de<isned for atonic <kin to imnart snothine
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effects, relieve sensations of itch and dryness, and control malodor was evaluated
for both skin tolerance and deodorant benefits in two tests. The product

contained 99.9% propolis extract, with the remainder being water and honey.

The skin tolerance test was carried out under dermatological control in 11 women
(mean age ~49 years) with sensitive skin, who applied the test product to the
underarm area once daily for 21 days. Results were determined by self
evaluations and clinical examinations by dermatologists. The product

demonstrated good tolerance, and passed patch testing.

In another 11-volunteer panel (mean age ~41 years), the deodorant efficacy of
the spray product was evaluated in a blind sniff test scored by experts. Subjects
applied five sprays to a randomly selected armpit; assessments were made 8 hr
after application. Deodorant effects were particularly of interest since body odors

54-56

are often caused by bacteria and biofilm formation allows them to

proliferate and produce even more malodorous molecules. 3758

The atopic skin spray showed a slight deodorant effect, as measured by clinical
scoring, and 82% of volunteers reported a perceived reduction in underarm odor.
The observed effects supported the hypothesis that the product may have

microbiota-regulating effects (data available upon request).

Intimate spray: A second spray based on the same ingredients as the atopic skin
spray (99.9% propolis), designed for sensitive intimate areas to soothe skin, calm
irritation and neutralize odor, was evaluated under gynecological control in 22
women (mean age ~45 years). Subjects applied the product to their sensitive
intimate areas once daily for 28 days. Results were determined by self evaluations

and clinical examinations by a gynecologist to evaluate skin tolerance.

The intimate spray was shown to reduce irritation and discomfort as well as
neutralize odor in more than 82% of participants. Furthermore, > 90% also
reported less dryness, soothing effects and a reduction in tightness. The product
demonstrated good tolerance as well, and passed patch testing (data available

upon request).

Eyelid spray: Finally, and eyelid spray designed to reduce puffiness, soothe skin

. . . o . . - ~a A



ana reduce dryness and flakiness - containing the propolis extract (> Y9%),
sodium chloride, water propolis wax, pollen and honey - was evaluated under
ophthalmologist control in 20 women (mean age ~33 years) having sensitive eye

areas.

Subjects applied the product twice daily for 21 days. Results were determined by
self evaluation and clinical examination by an ophthalmologist to evaluate skin
tolerance. The product was shown to reduce dryness and discomfort in more
than 90% of participants (data available upon request). Again, the product also

demonstrated good tolerance, and passed patch testing.

Taken together, the results suggested that products containing the white propolis
extract could affect skin microbiota in beneficial ways; for example, reducing
discomfort and dryness in sensitive skin - which is often linked to the overgrowth

of S. aureus. #1:43.59.60

Conclusion

This study demonstrated in vitro the effects of an aqueous white propolis extract
on skin microbiota proliferation and biofilm formation. In addition, in vivo, the
safety, tolerance under medical supervision and perceived effectiveness of
products containing high concentrations of the extract were demonstrated (data

available upon request), which opens new avenues for additional clinical trials.

Thus, the aqueous propolis could be a promising active for formulations designed
to regulate microbial imbalances observed in skin, oral or vaginal flora. Screening
a broad spectrum of pathogens showed the most convincing activities were
against S. aureus, C. acnes and M. furfur. Thus, by controlling their activities, white
propolis could potentially assist in the prevention of acne, dandruff formation or

wound healing, respectively.
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To enhance our understanding of the action of white propolis aqueous extract on
various skin microbiota, the current MIC and CV tests could be supplemented
with analyses on microbial strains collected from healthy and unhealthy hosts, or
co-culture analyses could be conducted. In vivo double-blind tests on volunteers,
with swabbing and microbial gene sequencing analysis, could also be carried out

in a future phase.

Gaining a deeper understanding of the described aqueous propolis extract will
further efforts to integrate this active ingredient into increasingly effective
dermocosmetic treatments, providing efficient solutions for skin issues related to
dysbiosis.

@ European poplar propolis, or White Propolis, is made by Ballot-Flurin and is used

exclusively in the company’s dermocosmetics. The propolis is produced in

compliance with certified organic standards and using Gentle Beekeeping, a method

developed by the company to respect bees and other pollinators and to "transcend
exploitation."”

b Exyma,
¢ DermoSpray Intime

9 DermoSpray Eyelids are products of Ballot-Flurin.
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