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Featured Application: The development of inclusive skin care products could be inspired by the
flexibility of the formulation with fewer ingredients at lower doses and the robustness of the
moisturizing effect observed on a wide range of skins and environments.

Abstract: Moisturization is a primary need in skin care. This study aimed to investigate whether
the C12-C20 glucolipid emulsifier could provide minimalist water-in-oil emulsions (i.e., a minimum
number of ingredients, in reasonable quantities) with a significant moisturizing effect across mul-
tiple geographies even if the emulsion structure needed to be adapted to meet local expectations.
Four structures were tested containing a stabilizer and an oily phase that were adapted to address
consumers’ skin feel expectations in each location. In vivo corneometry and transepidermal water
loss (TEWL) measurements were carried out on volunteers with dry skin up to 24 h after application
(leg or forearm; phototypes I to VI). The first investigation was completed in France comparing
corneometry measurements to the control without the emulsifier and an untreated area. Studies
were then performed in Brazil, India and Mauritius, combining corneometry and TEWL assessments.
Significant increase in skin capacitance was observed in the four countries, compared to the untreated
area, at 5/6/8 h after application and up to 24 h. The effect was also significant versus the control in
the French study at 5 h. A significant decrease in TEWL compared to the untreated area was observed
concurrently in Brazil, India and Mauritius.

Keywords: skin care; cosmetic formulation; emulsion; moisturization; skin barrier; in vivo; multiple
geographies; few ingredients; glucolipid emulsifier

1. Introduction

Hydration is a fundamental need in skin care all over the world as evidenced by
regular reviews on moisturizing agents, both for cosmetic and therapeutic uses [1–3]. Water
content, ideally between 10% and 15%, is essential to maintain skin health, with optimized
barrier function. Skin moisturization also supports mechanical properties of the skin
(plasticity) and a smooth surface appearance [4]. Some areas of the body such as the face
and extremities are more likely to dry out; localized, drier facial skin was also found on
subjects presenting with a “normal skin” condition, without visible signs of roughness [5,6].
Aging also increases the propensity for skin dryness, with disparities depending on the
body area [7–9]. Environmental factors (e.g., climatic conditions) additionally impact skin
health. While climatic change and the consequences of global warming on humans are a
matter of debate, excessive temperature and reduction in relative humidity caused by the
land warming faster than the sea, at least during transient extreme climatic events, would
result in more people with dry skin and an increased need for moisturizing care [10].

This background is driving the development of new active ingredients, targeting
different levels of biological moisturization mechanisms and multifunctional ingredients
to ensure long-term biological efficacy. In parallel, increasing consumer demands for
immediate instant efficacy have been observed in recent decades. The advent of social
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media and selfies reinforced these expectations of immediacy. Beyond its role to deliver
the active ingredient, the formulated vehicle (also called the excipient) can bring instant
effects at the skin surface [11]. Excipients can have visible actions, such as blurring lines,
or perceivable effects, such as softened–moisturized–replenished skin or a sensation of
comfort. In some applications, such as daily body moisturizers, formulations often do not
contain any moisturizing active ingredient [10], especially when affordability is becoming
an issue, so excipients should be selected carefully.

Containing both oil and water, emulsions are the most used vehicles when looking
for moisturization [3,11,12]. The emulsion composition brings three mechanisms into play:
occlusive film-forming, emollience (i.e., improved skin plasticity and texture typically
brought by oils and hydrophobic compounds) and attracting/holding water in the skin
through humectant (hygroscopic) ingredients. While water-in-oil emulsions are some-
times used for very dry skins, oil-in-water (O/W) emulsions are the preferred versatile
formulations for moisturization purposes. The wide variety of achievable textures make it
possible to adapt for any skin type, any functionality (e.g., sun protection, make-up) and
any application area (e.g., face care, body care). Moreover, the adjustable external aqueous
phase content, resulting in varying degrees of freshness on contact, makes it suitable for all
types of climates, including hot and humid regions [12].

Multiple surfactant structures are available to stabilize these O/W emulsions. Among
classes of non-ionic environmentally friendly compounds, alkyl polyglucosides (APG) have
achieved a dominant position in the last two decades. In Europe, APGs accounted for
around a 23% share of the global sugar-based surfactants market at the end of 2021 [13].
APGs are glucolipid molecules based on renewable glucose and fatty alcohol. Those with
short and medium-length fatty chains (e.g., C8–C10, C12–C16) exhibit foaming properties,
and longer C16–C18 chains have an emulsifying capacity and are widely used in the
cosmetic industry. An O/W emulsifier based on C16–C18 alcohol (INCI: cetearyl alcohol
(and) cetearyl glucoside) was found to create both lamellar liquid crystalline bilayers around
the oil droplets, visualized as a birefringent Maltese cross by polarized light microscopy, and
lamellar gel networks built in the continuous aqueous phase, substantiated by transmission
electron microscopy (TEM) observation. This dual organization lies behind its ability to
stabilize a wide range of oil types and concentrations. Lamellar structures around oil
droplets help to prevent coalescence and viscoelastic lamellar gel imparts suspending
properties. Moreover, some water can be partially fixed inside the gel network, between
the lamellae, supported by hydrogen bonds [14,15]. The “entrapped water”, acting as a
water reservoir, was assumed to play a role in skin hydration. In vivo moisturizing effects
of simple placebo emulsions containing 5% and 7% emulsifier, combined with 17% and
20% emollient, respectively, were confirmed using corneometry and measurements of
transepidermal water loss (TEWL) [16,17]. Significant effects were described 15 min [16]
and 60 min [17] after a single application on the forearm. The contribution of C16–C18
APG in skin moisturizing was also reported in the presence of various active ingredients,
when used as a single emulsifier, and when coupled with a similar glucolipid structure
based on a C20–C22 fatty chain [18,19].

Glucolipid emulsifier based on wide fat cuts, from medium C12 chains to long C22
chains (i.e., INCI: C14–C22 alcohols (and) C12–C20 alkyl glucoside) is less known and
poorly documented in the literature. Its main specificity lies in obtaining stable sprayable to
thick textures depending on the emulsion composition, associated with a characteristic light
skin feel, very different from the C16–C18 variant [20]. Varying the texture and consistency
allows multiple applications, on the whole body, small and large areas, including the
face and difficult to reach areas such as those with hair. One publication reported the
use of C12–C20 glucolipid emulsifier (at 2%) in combination with short cut C20–C22
glucolipid emulsifier (at 8%) to formulate stable emulsions with up to 10% glycolic acid [21].
Microscopic observation of the placebo with polarized light revealed lamellar phases
formed by the emulsifying system surrounding oil droplets. A short-term moisturizing
effect using assessment of transepidermal water loss (TEWL) was also visualized 30 min
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and 1 h after application of the placebo cream. The absence of irritation in human studies
with 10% glycolic acid led to the assumption that the vehicle based on these emulsifying
combinations could contribute to reducing the undesirable effects of glycolic acid. A second
paper [22] displayed formulations combining the C12–C20 glucolipid emulsifier (at 2%) and
other APGs from C16–C18 or C12–C18 (at 4%) to stabilize mineral waters (thermal spring
waters). Significant moisturizing properties were reported using in vivo corneometry
measurements 1 h and 24 h after application, for all formulations. Mineral waters enhanced
the moisturizing effect compared to the placebo. In both cases, the C12–C20 glucolipid
emulsifier was not used alone. Moreover, the studies reporting moisturizing effects were
conducted in the same European country. Therefore, this work aimed to investigate the
immediate moisturizing effect of four minimalist O/W emulsion structures, using C12–C20
glucolipid emulsifier alone at a realistic dosage of 3%, on various skin types subjected to
different climates and environments on a daily basis. The C12–C20 glucolipid emulsifier
was selected for its light skin feel, suitable for warm climates. The emulsion structures
reflected the formulation habits in different geographical locations. The formulations
had different dosages and nature of oils to meet local consumers’ sensorial expectations
and contained a stabilizing rheology modifier at the concentration required for stability.
As the selection of oily phase was supposed to have an influence on the result, high
concentrations of the oily phase and oils with long fatty chains were hypothesized to be the
most favorable conditions for achieving a moisturizing effect. Experiments were conducted
in four locations: Brazil, France, India and Mauritius. Investigations were performed soon
after application and followed up a few hours later, up to 24 h. The study intended to
determine whether C12–C20 glucolipid emulsifier would allow the composition to be varied
(to adapt to different skin types, environmental conditions, and use preferences) while
providing a significant moisturizing effect of the emulsions, across multiple geographies.

2. Materials and Methods
2.1. Compositions and Characteristics of the Formulations

Four simple O/W emulsions, with as few ingredients as possible and without any
active ingredient, were prepared. The compositions described in Table 1 contained a low
dose of (C14–C22 alcohols (and) C12–C20 alkyl glucoside) emulsifier (Figure 1). The final
ingredient retained the excess fatty alcohol used in the glycosylation reaction. Keeping
formulations as simple as possible was necessary to understand the contribution of ingredi-
ents. The emulsion structure was adapted to be as close as possible to formulation habits
and consumer expectations in the geographical region in which the product was evaluated.
The skin feel was tailored to be more or less light depending on the climate by choosing a
suitable oily phase (nature of oils/emollients, and dosage) [23–26]. To restrict the variations
and number of ingredients, local expert formulators were requested to swap between
4 oils: one mixed decanoyl and octanoyl glycerides (INCI: caprylic/capric triglyceride), one
linear ester (INCI: coco-caprylate/caprate), two branched esters (isononyl isononanoate
and cetearyl ethylhexanoate). As the purpose was to determine whether C12–C20 glucol-
ipid emulsifier would allow the composition to be varied while providing a significant
moisturizing effect, oils without known occlusive effect were preferred to minimize their
interference, assuming that if versatility could be demonstrated on these oils, it would
be even more true with occlusive “heavier” oily phases. Esters with different fatty chain
lengths were proposed to modulate the skin feel based on the previous sensory ranking of
expert panelists (medium light: cetearyl ethylhexanoate, ester of C16–C18 fatty alcohol and
branched C8 fatty acid; light: coco-caprylate/caprate, ester of C12–C16 fatty alcohol and
C8–C10 fatty acid: very light: isononyl isononanoate, ester of branched C9 fatty alcohol
and branched C9 fatty acid). Caprylic/capric triglyceride was proposed as one of the most
frequently used emollients in skin care formulas worldwide but was not used alone due
to its lack of glide and too rich skin feel, as reported by the formulators. For the study in
France, cetearyl ethylhexanoate alone was chosen for its balanced medium light skin feel
and good spreading properties (E1, Table 1). Caprylic/capric triglyceride was basically
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chosen for its popularity in Brazil and India. Both Brazil and India chose to combine it
with coco-caprylate/caprate to improve spreading. In Brazil, isononyl isononanoate was
also added at the minimum concentration to speed-up the absorption time (E2, Table 1;
caprylic/capric triglyceride and coco-caprylate/caprate were used at a higher dosage than
isononyl isononanoate due to their natural origin). For India, the formulator preferred to
keep the 2 oils of natural origin and reduced the total content in the oily phase to lighten
the skin feel (E3, Table 1). The highest concentration of oily phase, adapted to a lower
temperature, was chosen for the study in France. Oily phase content was reduced for
warmer climates to avoid tackiness and oily sensation (Figure A1 in Appendix A visualizes
the formulation adaptations according to the targeted geographical area). For the study
in Mauritius, as less interest was expressed in caprylic/capric triglyceride, it was decided
to keep a simple bio-based emulsion with a light ester with good spreading properties:
coco-caprylate/caprate (E3, Table 1). Skin sensory profile was not assessed but, depending
on the oil phase composition, the skin feel was expected to be from medium light to very
light (opposite to rich) with the following relative positioning on the “light” criterion:
E4 (10% light ester) > E3 (10% combination of medium light triglyceride with very light
ester) > E2 (12% combination of medium light triglyceride with light esters) > E1 (20%
medium light ester based on a longer fatty chain).

Table 1. Formulations tested.

Ingredients % (w/w AS *)/Formula Code E0 E1 E2 E3 E4

Demineralized Water Up to 100 Up to 100 Up to 100 Up to 100 Up to 100
C14–C22 Alcohols (and) C12–C20 Alkyl

Glucoside 0.0 3.0 3.0 3.0 3.0

Cetearyl Ethylhexanoate a 20.0 20.0 0.0 0.0 0.0
Caprylic/Capric Triglyceride b 0.0 0.0 5.0 5.0 0.0

Coco-caprylate/Caprate c 0.0 0.0 4.0 5.0 10.0
Isononyl Isononoate d 0.0 0.0 3.0 0.0 0.0

ATBS rheology modifier e 0.8 0.2 0.8 0.6 0.7
Preservative system f 1.5 1.5 1.5 1.5 1.5

pH at D1/M3 ** 6.2/6.2 6.2/6.2 6.1/6.1 5.9/6.0 6.2/6.1
Viscosity (Brookfield™ LV Speed 6 in

mPa.s) at D1 72,000 7500 23,300 67,000 65,000

Stability at Room temperature
Stability at 45 ◦C

Stable M3
Stable M1 ***

Stable M3
Stable M3

Stable M3
Stable M3

Stable M3
Stable M3

Stable M3
Stable M3

* AS: active substance; ** D1/M3: 1 day after manufacturing/3 months after manufacturing. M1 ***: 3 months
after manufacturing a: Oil phase (Seppic, La Garenne-Colombes, France). b: Oil phase (Stéarinerie Dubois,
Boulogne-Billancourt, France). c: Oil phase (Seppic, France). d: Oil phase (Seppic, France). e: Stabilizing polymer
based on acrylamide tertiary-butyl sulfonic acid (Seppic, France). f: Preservative system: phenoxyethanol and
ethylhexylglycerin 0.8% + phenyl propanol and caprylyl glycol and propanediol and tocopherol 0.5% (Schulke &
Mayr, Norderstedt, Germany).
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Figure 1. Structure of C12–C20 glucolipid emulsifier. Average molecular weight: 333 g·mol−1.

A stabilizing polymer was added at the concentration required to stabilize the for-
mulation for at least three months at room temperature and 45 ◦C (variations from 0.2%
AS—active substance—to 0.8% depending on composition). Stability of formulations was
followed by a periodic macroscopic observation both at room temperature and after storing
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in an oven at 45 ◦C (observation time: one day, seven days, one month and three months
after manufacturing). All the formulas studied were stable up to 3 months after manu-
facturing (Table 1) except the control formulation E0, which was only stable up to one
month at 45 ◦C. Stability was confirmed by the technician before starting measurements. In
addition, pH monitoring confirmed the stability of the materials during aging in accordance
with small viscosity variations (less than the error of the device around 20%). This kind of
rheology modifier is widely used for its soft and non-sticky skin feel and is not known to
trigger any moisturizing effect. A control formulation without the glucolipid emulsifier
(E0) containing only the rheology modifier (at the maximum concentration used in the
emulsions) and the emollient was added in the first study in France to check any potential
effects. The respective controls of each formulation with the same oily phase as E2, E3, E4
(without emulsifier) were not stable enough to be tested but it was hypothesized that if
a moisturizing effect was not visible to E0, there was very little chance that it would be
visible to other controls with a lower concentration of ingredients.

All formulations were prepared by emulsifying the oily phase, containing the emulsi-
fier and the rheology modifier, in water at 75 ◦C using a rotor/stator turbine for 10 min.
Emulsions were then cooled under stirring, and a preservative was added at 30 ◦C. The pH
was adjusted around 6.0 (±0.2) after complete cooling using citric acid.

A safety assessment was conducted on all formulations by an expert toxicologist (ERT)
on all formulations, according to the toxicological profile of each ingredient. Microbiological
cleanliness was also verified and a single patch test protocol, applied for 48 h, confirmed
good skin tolerance of each formulation prior to the study.

2.2. Design of Clinical Studies

Nowadays, with populations moving all over the world, trying to fix skin types
becomes more and more complex. In this context, skin phototype, a clinical ranking
developed by Thomas B. Fitzpatrick [27], and based on self-reported sensitivity to the
damage induced by ultraviolet exposure, was used as a tool to reflect skin diversity. The
countries in which the studies were carried out were therefore chosen to represent the
diversity of both phototypes and living conditions (climate: variations in temperature and
humidity; environment: wind, pollution). Recruitment in France focused on phototypes II
to IV, in Brazil on phototypes III to V, in Mauritius on phototypes IV to VI, and in India on
phototypes III to V (Table 2). Measurements were taken from dry skin areas according to
corneometry inclusion criteria [28].

Table 2. Summary of the design of the studies.

Country of the Study France Brazil India Mauritius

Number of Volunteers 20 22 36 19
Age 44 to 65 19 to 58 18 to 40 19 to 52

Phototypes II, III, IV III, VI, V III, IV, V IV, V, VI
Inclusion criteria:

Dry skin
Corneometry (a.u.) <50 ≤40 <30 ≤40
TEWL (g/m2/h) ND * ≥6 ND * ≥6

Tested area Leg
35 cm2

Forearm
10 cm2

Forearm
9 cm2

Forearm
24 cm2

Controlled
environment

Temperature 22 ± 2 ◦C 22 ± 2 ◦C 20 to 25 ◦C 22 ± 2 ◦C
Relative humidity 50 ± 10% 55 ± 5% 50 ± 10% 50 ± 10%

Tested formula E1, E0 E2 E3 E4
Applied dose 5.7 µL/cm2 2 µL/cm2 2 µL/cm2 2 mg/cm2

Outcomes
Skin capacitance T0/1 h 30/5 h T0/8 h/24 h T0/6 h/24 h T0/6 h/24 h

TEWL ND * T0/8 h/24 h T0/6 h/24 h T0/6 h/24 h

* Not Done.
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The studies were carried out, using non-invasive biophysical measurements, in ac-
cordance with ethical rules, following the principles of the Helsinki declaration and local
rules in each country. Volunteers gave written informed consent to participate and all steps
were taken to protect the privacy rights and welfare of the participants. Each study was
monocentric and randomly conducted after a wash-out period of 48 h: no personal care
products were applied in the 48 h preceding the inclusion visit.

The studies were deployed in other geographical regions after obtaining the results
of the study carried out in France which represented the most favorable formulation
conditions for skin moisturization considering the oily phase composition and dose (ester
based on a long fatty chain at the highest dosage: 20%). This progression in the development
of the work explains why the measurement points were extended from the first study
carried out in France only up to 5 h (corneometry assessment only) to later measurement
points up to 24 h in the subsequent studies (corneometry and TEWL).

2.2.1. Clinical Study in France

The products were double-blind tested on the legs (IDEA, Bordeaux, France; study
performed in spring). Twenty women volunteers from phototypes II to IV were recruited,
aged from 44 to 65 years old (mean age: 53 years) presenting with dry skin on the legs:
corneometer value at inclusion <50 a.u. At T0, a 0.2 mL single dose of E0 (control) and
O/W emulsion E1 (described in Table 1) were applied by the study technician on an area of
35 cm2 (7 cm × 5 cm) on the anterior-outer part of the legs, according to the randomization.
An untreated area was selected on each leg. The evaluations were carried out under a
controlled temperature (22 ± 2 ◦C) and relative humidity (50 ± 10%) at T0 (before any
application), then one and a half hours (T1h30) and 5 h (T5h) after application.

2.2.2. Clinical Study in Brazil

The study was planned and conducted per the determinations of Resolution 466/12
of the National Health Council for Regulatory Guidelines and Standards for Research
Involving Humans (Kosmoscience, Campinas, Brazil; study performed in spring). Twenty-
two Brazilian women volunteers were recruited, aged from 19 to 58 years old (mean age:
46) and phototype III to V (15 phototype III, 3 phototype IV and 4 phototype V). They had
to present dry to very dry skin on the forearms: at inclusion, corneometer value ≤40 a.u.
(68% dry skin, between 30 a.u and 40 a.u., and 32% extra dry skin, <30 a.u.) and TEWL
value ≥6 g/m2/h. At T0, a single 20 µL single dose of O/W emulsion E2 (described in
Table 1) was applied by the study technician on an area of 2.5 cm × 4 cm on the inner
forearms, according to the randomization. An untreated area was selected on each forearm.
The evaluations were carried out under a controlled temperature (22 ± 2 ◦C) and relative
humidity (55% ± 5) at T0 (before any application), then 8 h (T8h) and 24 h (T24h) after
application.

2.2.3. Clinical Study in India

This study was carried out in compliance with the most recent recommendations
of the World Medical Association (64th WMA Declaration of Helsinki, Fortaleza, Brazil,
October 2013). This study complied with the “Schedules of the Drugs and Cosmetics Act”.
Thirty-six Indian women volunteers were recruited, aged from 18 to 40 years old (Mascot
Spincontrol, Mumbai, India; study performed in rainy/Monsoon season) and phototype
III to V (4 phototype III, 29 phototype IV and 2 phototype V). Volunteers had to present
very dry skin on the forearms with a Corneometer value at inclusion <30 a.u. At T0, a
18 µL single dose of O/W emulsion E3 (described in Table 1) was applied by the study
technician on an area of 3 cm × 3 cm in the inner forearms, according to the randomization.
An untreated area was selected on each forearm. The evaluations were carried out under a
controlled temperature (20 ◦C to 25 ◦C) and relative humidity (50 ± 10%) at T0 (before any
application), then 6 h (T6h) and 24 h (T24h) after application.
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2.2.4. Clinical Study in Mauritius

The study complied with the Mauritius Data Protection Act 2017 and Clinical Trial Act
(N◦8, 2011); Government of Mauritius. Nineteen women volunteers with phototypes IV–VI
(nine phototypes IV, seven phototypes V and three phototypes VI) were recruited (CIDP,
Curepipe, Mauritius, study performed in dry winter season), aged from 19 to 52 years old
(mean 39 years). Volunteers had to display very dry skin and altered skin barriers on the
forearm: at inclusion, corneometer value ≤ 40 a.u. and TEWL ≥ 6 g/m2/h. At T0, a single
dose of 2 mg/cm2 of O/W emulsion E4 (described in Table 1) was applied by the study
technician on an area of 6 cm × 4 cm of the inner forearms, according to the randomization.
An untreated control area was also selected. The evaluations were carried out under a
controlled temperature (22 ± 2 ◦C) and relative humidity (50 ± 10%) at T0 (before any
application), then 6 h (T6h) and 24 h (T24h) after application.

2.3. Outcome Assessment

A 30-min acclimatization period in the air-conditioned room was ensured prior to the
measurements. Volunteers remained acclimatized in standard room conditions on the first
day of study.

2.3.1. Skin Capacitance

The measurements were taken using a CM 825 PC Corneometer® (Courage & Khazaka,
Köln, Germany). Each measurement was repeated three times on each test site and the
mean was calculated. The corneometer measures the dielectric capacity of the epidermis,
reflecting the amount of water in the top layers of the skin. Values are expressed in arbitrary
units (a.u.) ranging from approximately 0 (no water at all) to 120 (on water).

2.3.2. TEWL

The measurements were taken using a Tewameter® 300 probe (Courage & Khazaka,
Germany). One TEWL measurement was taken on each test area. Results, reflecting the
rate of water loss from the skin surface, were expressed in g/m2/h.

2.4. Analysis of Results

The descriptive data (mean, SEM) were calculated for each measurement time and
product. Percentage variation was calculated on the means.

The statistical analyses were performed with ANOVA two-way repeated-measures
(factors time and product), followed by a Tukey test for pairwise comparisons. Variations
were considered significant when the p value was <0.05.

3. Results
3.1. Study Carried out in France

The control formula without emulsifier, E0, significantly increased skin capacitance
at T1h30, by +13% compared to baseline (i.e., T0; p < 0.001), but the change was no more
significant at T5h. E0 did not show any significant effect compared to the untreated area,
whatever the measurement time (Figure 2).

Skin capacitance increased significantly 1 h 30 min and 5 h after application of E1
emulsion compared to baseline, by +33% and +20%, respectively (p < 0.001 at both measure-
ment times). The increase was also significant compared to the untreated area (p < 0.001 at
T1h30; p < 0.05 at T5h). Moreover, skin hydration was significantly higher compared to the
effect of formula E0, without emulsifier (p < 0.001 at T1h30; p < 0.05 at T5h).
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Figure 2. Changes in skin capacitance during the study carried out in France. Corneometry measure-
ments (a.u.) at T0, 1 h 30 min and 5 h after a single application. Values are expressed as mean ± SEM;
ns: not significant, *** p < 0.001 vs. T0.

3.2. Study Carried Out in Brazil

The E2 emulsion increased skin capacitance, while decreasing transepidermal water
loss (TEWL) compared to baseline (T0), while no change was found on the untreated area.
A statistically significant increase in skin hydration was demonstrated by corneometry
8 h and 24 h after application of E2, by +21.5% and +9.8%, respectively (p < 0.001 at
both measurement times; Figure 3). E2 also significantly improved skin barrier function
compared to T0, as indicated by the decrease in TEWL of −9.9% at T8h and −3.8% T24h
(p < 0.001 at both measurement times; Figure 4). In addition, changes in values of skin
capacitance and TEWL versus the untreated area were found to be significant, both at T8h
(p < 0.001) and T24h (p < 0.01).
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Figure 3. Changes in skin capacitance during the study carried out in Brazil. Corneometry measure-
ments (a.u.) at T0, 8 h and 24 h after a single application. Values are expressed as mean ± SEM; ns:
not significant, *** p < 0.001 vs. T0.
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3.3. Study Carried Out in India

Increased skin moisturization (Figure 5) and strengthened barrier function (Figure 6)
were highlighted at T6h and T24h after application of the E3 emulsion compared to T0
(before application). The absence of effect at the same time was observed for the untreated
area. At 6 h after E3 application, skin capacitance was significantly increased by +27.6%
(Figure 5) compared to T0 (p < 0.001 for both measurements). After 24 h, skin capacitance
was significantly higher by 14.8% (Figure 5) and TEWL decreased by −5.4% (Figure 6)
compared to T0 (p < 0.001 for both parameters). Moreover, increases in skin capacitance
versus the corresponding untreated area were significant, 6 h and 24 h after E3 application
(p < 0.001 for both changes). TEWL showed a reducing trend versus the corresponding
untreated area at T6h, but the reduction was significant at T24h.
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ments (a.u.) at T0, 6 h and 24 h after a single application. Values are expressed as mean ± SEM; ns:
not significant, *** p < 0.001 vs. T0.
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3.4. Study Carried Out in Mauritius

Application of E4 significantly increased skin capacitance by 30.6% after 6 h and by
24.5% after 24 h compared to baseline (p < 0.001 for both measurements; Figure 7). No
effect was found for the untreated area at the same time. In addition, the changes were also
found to be significant when compared to the untreated area (p < 0.001 at both times, T6h
and T24h). E4 emulsion also significantly decreased TEWL compared to baseline (p < 0.01
and p < 0.05 at T6h and T24h, respectively; Figure 8). Changes compared to the untreated
area were also significant at both times (p < 0.001).
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Figure 7. Changes in skin capacitance during the study carried out in Mauritius. Corneometry
measurements (a.u.) at T0, 6 h and 24 h after a single application. Values are expressed as mean ± SEM;
ns: not significant, *** p < 0.001 vs. T0.
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4. Discussion

The research intended to investigate if C12–C20 glucolipid emulsifier, used as the sole
emulsifier at a realistic dosage of 3%, would allow flexibility in the formulation of moistur-
izing emulsions across different geographies or if the desired moisturizing effect would
be strongly dependent on the emollient composition and/or user skin type and climatic
conditions. Investigations were conducted on O/W emulsions with a reduced number of
ingredients for an easier understanding of their contribution. Apart from this technical con-
sideration, “minimalist formulation” is a topical subject, reported as a consumer-requested
solution for a more sustainable approach and communication transparency [29]. Digitally
connected consumers are keen to know more about the ingredients and their role in the
formulation. At the same time, a great deal of research is being conducted on consumer mo-
tivations for a more sustainable consumption [30]. Shrinking the ingredient list is one way
to reduce dependency on materials [29]. An analysis of personal care products launched on
the market reflects the development of that trend: the number of products that include the
word “minimalist” or “minimalism” in their descriptions was multiplied by six between
2017 and 2022, driven by the European and Asia-Pacific area [31]. In this context, interest
in studying the efficacy of simple formulations has resurged, as formulation requirements
have evolved compared to the literature. More inclusivity is expected. Lower doses have
become the norm and represent a challenge to ensure stability, a positive sensory experience
and efficacy. Pleasant skin feel and efficacy are linked for a positive consumer perception.
A recent study performed on the forearms of thirty female volunteers showed that increase
in stratum corneum hydration measured by skin capacitance enhanced the pleasantness
rating when submitted to a gentle brushing movement [32]. But to be pleasant, skin feel
should be appropriate to skin type and environmental conditions. Therefore, the ability
of a modernized emulsion base to withstand changes in composition while keeping its
targeted moisturization efficacy is of interest.

Carrying out more inclusive tests was the first step to complete knowledge compared
to the literature on APGs. One of the concerns for any formulator is whether one selected
ingredient and the resulting formulation could have the same effect, moisturization in the
present case, on very different users seeking the same skin benefit [33]. Variations in degree
of skin moisturizing efficacy versus baseline, using corneometric measurements, were
pointed out in a multicentric study (349 volunteers in six centers in Germany, Switzerland
and USA) one day after two applications of the same O/W emulsion base [28], despite a
similar standardized protocol. In the current work, recruitment of volunteers with the full
range of phototypes was firstly taken as a way to involve as diverse a panel of many users
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as possible, based on their own perception of their skin [34]. For example, self-perception
of facial aging of more than 3000 multinational women aged 18 to 75 years, collected by
comparison with photonumeric scales, was found to be correlated to phototypes. Women
with phototypes V/VI and III/IV reported facial aging characteristics 10 to 20 years later
than those with phototypes I/II. Most women reported using facial moisturizers: 63%
among phototypes I/II to 39% among phototypes V/VI [35]. Secondly, the user’s daily
environment influences the state of their skin upon arrival and may contribute to the
variation in individual responses when applying a cosmetic product [36]. Environmental
factors are known to have a decisive influence on skin biophysical parameters [33,37].
Past publications have shown that a humid climate increases skin moisturization (corneo-
metric measurements) and friction behavior with more sticky sensations; stronger effects
were observed on the forearm compared to the cheek [38,39]. More recent investigations
demonstrated a clear influence of seasonal climate variation on skin biophysical parame-
ters of volunteers living in the same country and city [40,41]. Impacts of air temperature,
relative humidity, amount of precipitation, air pressure and duration of sunshine were
found on skin scaliness (Visioscan® analysis, Courage & Khazaka, Köln, Germany) and
moisturization (corneometer) in a cohort of 89 Korean women, 20 minutes’ acclimatization
at 22 ± 2 ◦C and 50 ± 5% relative humidity [40]. A second analysis, carried out in China
on 178 women with phototypes II to IV, resulted in a positive correlation between skin
hydration (corneometer) and temperature and to a lesser extent with humidity [41]. In the
same work, TEWL was negatively correlated with average temperature and, to a lesser
extent, with humidity and ultraviolet radiation levels.

The current studies were conducted between April and September which represented
very different climatic conditions depending on the location, as featured in Table 3. The
Brazilian volunteers lived in a polluted megacity with large temperature fluctuations
(amplitude of 24 ◦C) and a high amount of sunshine. The French volunteers lived in a
medium-sized city near the ocean and were subjected to the lowest temperatures (average
of 13 ◦C; amplitude of 25.5 ◦C), associated with the lowest relative humidity and the highest
amount of sunshine. The Indian volunteers lived in a polluted megacity and were exposed
to the most humid conditions with very high precipitation levels and the most stable
temperature (amplitude of 11 ◦C; low amount of sunshine). The Mauritian volunteers lived
in the lowest polluted environment with the most temperate weather (dry winter season,
low amount of sunshine). Only volunteers from Mauritius were exposed to constant windy
conditions at an average speed of 42.5 km/h, because of their location in the Indian Ocean
(wind speed ≤ 25 km/h in other locations). The common point between these different
natural surroundings was a high relative humidity.

Table 3. Average climatic conditions in the month before each test (year of the study).

Country Brazil France India Mauritius

City Sao Paulo Bordeaux Mumbai Curepipe

Lowest temperature (◦C) 9 i 2.5 i 24 i 15 i

Highest temperature (◦C) 33 i 28 i 35 i 25 i

Mean temperature (◦C) 19 i 13 i 29.7 i 20 i

Air pressure at sea level (hPa) 1017 i 1015 i 1004 i 1018 i

Relative humidity (%) 81 j 71 j 83 j 79 n

Cumulative precipitations (mm) 143 i 40 i 487 m 73 i

Cumulative sunshine (h) 102 i 197 i 55 k 43 k,m

i: infoclimat.fr; j: weatheronline.co.uk; k: world-weather.info; m: fr.climate-data.org; n: historique-meteo.net.

Given the diversity of volunteers to which cultural and individual variability must be
added, consistent effects were observed.

Experiments were conducted on two body sites: leg and forearm. Both areas are likely
to be exposed to the sun which could affect skin hydration [8]. In the literature, volunteers
who were located in diverse geographical areas consistently showed no variation in TEWL
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between the two body sites, even across different age groups and gender [42,43]. Conversely,
a tendency of higher skin conductivity was reported [42], while in the second publication
significantly higher skin conductivity was reported in two groups of volunteers from 25
to 50 years old [43]. Thus, the site of the body could affect the result. Previous studies
on glucolipid emulsifiers were conducted on forearms [16–19,21]. Therefore, the effects
observed on leg and forearm contributed to showing the ability to achieve the desired
outcome with flexibility.

The research’s pragmatic nature can be criticized as emulsion compositions were
introduced as a second variable. The adaptation of the skin feel to each geographical region
could be considered as a bias in analysis and prevents comparing the results between the
data sets. However, testing a formula that corresponds to realistic conditions is equally
important. Indeed, evaluating the effects of a formula that would contain 20% of a “heavy”
oil with a long fatty chain in a country where the proposed formulations instead contain
10% oils with a lighter touch due to a hot and humid climate, could lead to a misleading
conclusion disconnected from reality.

Different oil compositions associated with different doses of stabilizing polymer
resulted in different viscosities. However, a pronounced shear thinning profile, supported
both by the glucolipid emulsifier and stabilizing rheology modifier, suggested a minor
impact on spreading properties. As illustrated by the examples of flowing profiles in
Figure 9a, viscosity of the emulsions subjected to shear, regardless of its value when the
formula is in its packaging, was below 100 mPa·s when the shear rate exceeded 100 s−1,
which is representative of the shear applied when spreading on skin [44]. This is the
case with all the oils studied and is even reinforced when the dose of stabilizing polymer
increases (the examples here represent the lowest polymer concentration). In addition, this
shear thinning characteristic is stable over time, as illustrated in Figure 9b. This pronounced
shear thinning profile associated with a low thixotropic character (i.e., quick recovery of
viscosity initial value, visualized in Figure 9 by the gap between up and down ramps)
suggests an easy and even distribution at the skin surface with no difference between
the studied emulsions [45]. Emulsion viscosity was also reported to have no effect on
moisturizing properties (skin capacitance and TEWL measured on hand) in a previous study
using acrylate-based polymers of different natures and at different concentrations [46].

Appl. Sci. 2023, 13, x FOR PEER REVIEW 13 of 18 
 

who were located in diverse geographical areas consistently showed no variation in TEWL 

between the two body sites, even across different age groups and gender [42,43]. Con-

versely, a tendency of higher skin conductivity was reported [42], while in the second 

publication significantly higher skin conductivity was reported in two groups of volun-

teers from 25 to 50 years old [43]. Thus, the site of the body could affect the result. Previous 

studies on glucolipid emulsifiers were conducted on forearms [16–19,21]. Therefore, the 

effects observed on leg and forearm contributed to showing the ability to achieve the de-

sired outcome with flexibility. 

The research’s pragmatic nature can be criticized as emulsion compositions were in-

troduced as a second variable. The adaptation of the skin feel to each geographical region 

could be considered as a bias in analysis and prevents comparing the results between the 

data sets. However, testing a formula that corresponds to realistic conditions is equally 

important. Indeed, evaluating the effects of a formula that would contain 20% of a “heavy” 

oil with a long fa�y chain in a country where the proposed formulations instead contain 

10% oils with a lighter touch due to a hot and humid climate, could lead to a misleading 

conclusion disconnected from reality. 

Different oil compositions associated with different doses of stabilizing polymer re-

sulted in different viscosities. However, a pronounced shear thinning profile, supported 

both by the glucolipid emulsifier and stabilizing rheology modifier, suggested a minor 

impact on spreading properties. As illustrated by the examples of flowing profiles in Fig-

ure 9a, viscosity of the emulsions subjected to shear, regardless of its value when the for-

mula is in its packaging, was below 100 mPa·s when the shear rate exceeded 100 s−1, which 

is representative of the shear applied when spreading on skin [44]. This is the case with 

all the oils studied and is even reinforced when the dose of stabilizing polymer increases 

(the examples here represent the lowest polymer concentration). In addition, this shear 

thinning characteristic is stable over time, as illustrated in Figure 9b. This pronounced 

shear thinning profile associated with a low thixotropic character (i.e., quick recovery of 

viscosity initial value, visualized in Figure 9 by the gap between up and down ramps) 

suggests an easy and even distribution at the skin surface with no difference between the 

studied emulsions [45]. Emulsion viscosity was also reported to have no effect on mois-

turizing properties (skin capacitance and TEWL measured on hand) in a previous study 

using acrylate-based polymers of different natures and at different concentrations [46]. 

  

Figure 9. (a,b) Emulsion flowing profiles at 25 °C using a controlled stress rheometer (AR 2000; TA 

Instruments, New Castle, DE, USA; cone-plate geometry 4 cm/2°; 2 min shear rate ramp, 1 min at 

maximum shear rate before down ramp); (a) Measurements conducted after 7 days of storage at 

room temperature on two examples of simple emulsions. Viscosity is expressed as a function of 

shear rate; (b) Comparison of measurements after seven days and one year after storage of one ex-

ample of simple emulsion to show the stability of the shear thinning profile expressed by the evo-

lution of the shear stress as a function of the shear rate. 

Figure 9. (a,b) Emulsion flowing profiles at 25 ◦C using a controlled stress rheometer (AR 2000; TA
Instruments, New Castle, DE, USA; cone-plate geometry 4 cm/2◦; 2 min shear rate ramp, 1 min at
maximum shear rate before down ramp); (a) Measurements conducted after 7 days of storage at
room temperature on two examples of simple emulsions. Viscosity is expressed as a function of shear
rate; (b) Comparison of measurements after seven days and one year after storage of one example of
simple emulsion to show the stability of the shear thinning profile expressed by the evolution of the
shear stress as a function of the shear rate.
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On the contrary, the impact of variations in the oil phase composition cannot be
ignored [26,47,48]. The four emollients are not expected to provide strong occlusive proper-
ties as described for mineral and silicone oils with a high molecular weight [2,3,11,49] but
partial occlusive effects cannot be excluded. Caprylic/capric triglyceride could be classified
as occludent by some authors [11] while esters were generally reported to act by filling
the spaces between corneocytes leading to smoother skin [4,11,50]. The characteristics of
the four emollients in Table 4 seem to converge to suggest a greater penetrating ability
for isononyl isononanoate followed by coco-caprylate/caprate and the resulting lower
propensity to maintain a continuous film over the skin surface. Molecules with a low molec-
ular weight, low viscosity and low polarity tend to penetrate more easily in the stratum
corneum [51]. Results reported by Berkey et al. [51] showed a linear correlation between
emollient penetration volume and improvement of the stratum corneum’s mechanical
properties (i.e., with an emollient softening role) but did not show data supporting the
direct correlation with TEWL. Isononyl isononanoate shows the lowest molecular weight
and viscosity, while logP (increasing with decreasing polarity) does not seem to vary much
compared to coco-caprylate/caprate. Depending on the oil composition of the emulsions,
variations in the partial occlusive effect would be expected with the most likely contribution
for E1, probably followed by E2 and E3 combining caprylic/capric triglyceride (highest vis-
cosity and molecular weight) with other emollients. E4, containing coco-caprylate/caprate
alone (at 10% only), would be expected to bring the lowest occlusive contribution. However,
E2, E3 and E4 significantly reduced the TEWL, compared to baseline and compared to the
untreated area. Further investigation of the film-forming capacity through advanced scan-
ning electron microscope observation (i.e., SEM-FEG) and characterization of the eventual
film formed using the atomic force microscopy (AFM) technique could be an interesting
perspective to support the hypotheses discussed. All the formulations demonstrated a
significant moisturizing effect, regardless of the chosen oily phase, including one that
only contains 10% of the isononyl isononanoate, which is most quickly absorbed during
spreading. Microscopic examination with an optical microscope (ECLIPSE NI-U; Nikon,
Tokyo, Japan) did not show significant differences between emulsions: oil droplet size
ranged from 1 µm to around 8 µm for larger ones. Birefringent structures around the oil
droplets observed under polarized light indicated the presence of lamellar liquid crystalline
bilayers regardless of chosen oily phase (examples of microscopic appearance with oils
having the highest and lowest molecular weight can be seen in Appendix B, Figure A2).
The droplet size is relatively small compared to a previous publication in combination
with a C20–C22 APG that showed a size from around 10 µm to 50 µm [22] and a second
work with C16–C18 APG that reported a size from around 5 µm to around 40 µm [14].
Although C12–C20 glucolipid emulsifier was used alone and at a much lower dosage than
that reported in previous publications [21,22], the lamellar phases could play a role in the
moisturizing effect.

Table 4. Emollient characteristics.

Ingredient (INCI Name) Average Molecular Weight
(g·mol−1)

Viscosity g at 20 ◦C
(mPa·s) LogP h

Caprylic/Capric Triglyceride 500 30 8.2–10.9
Cetearyl Ethylhexanoate 369 14.5 >10
Coco-caprylate/caprate 335 11 6.76–8.72
Isononyl Isononanoate 285 5 6.92–7.90

g: ECHA, Europa registration dossier; h: Estimated by QSAR calculations with KOWWIN (v1.68).

Another formulation adjustment related to the dose of rheology modifier used to
ensure optimum stability of the formulation. This type of widely used polymer is not
known to trigger any moisturizing effect. Polymer concentration was also reported to have
no significant impact on emulsion skin capacitance containing an increasing concentration
of three acrylate-based polymers [46]. In addition, in the study conducted in France,
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the control formulation E0, containing the highest dose of oil (20%) combined with this
stabilizer but without the glucolipid emulsifier, did not show any significant effect on skin
capacitance, compared to the untreated area. A rapid effect was observed compared to
baseline, but was no more significant after 5 h. This finding suggests that the emulsion
organization provided by the glucolipid surfactant is necessary to obtain a significant
moisturizing effect a few hours after application. As E1 emulsion represents the most
favorable structure to a possible effect of the oil due to the highest rate of oily phase and its
nature (ester with the longest fatty chain), this deduction can likely be extended to other
tested formulations. This initial study will have to be duplicated for TEWL evaluation and
monitoring up to 24 h.

All investigations have shown a significant increase in skin capacitance compared to
before treatment and compared to the untreated area, at 5 or 6 or 8 h and up to 24 h after
application of the emulsion. A significant decrease in TEWL was observed concurrently in
studies in Brazil, India and Mauritius.

It would be interesting to complete this work with investigations in countries with a
cold and dry climate. Systematic collection of volunteers’ perceptions during their stay in
the controlled humidity room could also be added to the measurements.

5. Conclusions

Minimalist O/W emulsions (with a low number of ingredients in reasonable quantities)
were able to provide significant in vivo moisturizing effects throughout the day and up
to 24 h after application. The limited number of ingredients highlighted the key role
of the emulsifier in the effect with less dependence on the nature and concentration of
the oily phase: esters or triglyceride or combination thereof from 10 to 20%. Building
on the entire set of results, C12–C20 glucolipid emulsifier used as sole emulsifier at a
realistic dosage of 3% allowed flexibility in the formulation of moisturizing emulsions
across different geographies. The effects were observed on a great diversity of volunteers,
from phototypes I to VI, living in four countries with different lifestyles, climates and
geographical environments (Brazil, France, India and Mauritius), after application on the
leg (in France) and the forearm (in other locations). Corneometer measurements showed a
significant increase in skin moisture compared to baseline and the untreated area. TEWL
measurements (in Brazil, India and Mauritius) highlighted a strengthened skin barrier
whatever the chosen emollients’ composition.

In the current economic context, this work using recognized measurement methods,
can offer a robust and inclusive basis for more complete formulations with additional
claims as well-hydrated skin is known to be more receptive to other active ingredients.
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