
Academic Editor: Enzo Berardesca

Received: 29 August 2025

Revised: 20 September 2025

Accepted: 1 October 2025

Published: 4 October 2025

Citation: Sarruf, F.D.; Issa, M.G.;

Velasco, M.V.R.; Rosado, C.; Baby, A.R.

Clay-Based Cosmetic Formulations:

Mineralogical Properties and

Short-Term Effects on Sebum

Regulation and Skin Biomechanics.

Cosmetics 2025, 12, 219. https://

doi.org/10.3390/cosmetics12050219

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Clay-Based Cosmetic Formulations: Mineralogical Properties and
Short-Term Effects on Sebum Regulation and Skin Biomechanics
Fernanda Daud Sarruf 1 , Michele Georges Issa 1 , Maria Valéria Robles Velasco 1 , Catarina Rosado 2,*
and André Rolim Baby 1,*

1 Department of Pharmacy, Faculty of Pharmaceutical Sciences, University of São Paulo,
São Paulo 05508-000, Brazil; fernanda.sarruf@usp.br (F.D.S.); michelegeorges@usp.br (M.G.I.);
mvrobles@usp.br (M.V.R.V.)

2 CBIOS-Research Center for Biosciences and Health Technologies, Lusófona University,
1749-024 Lisbon, Portugal

* Correspondence: catarina.rosado@ulusofona.pt (C.R.); andrerb@usp.br (A.R.B.)

Abstract

The growing demand for dermocosmetics with ingredients of natural origin reflects the
pivotal role of cutaneous health and appearance in consumer self-esteem. Under this
context, clays have attracted attention for their potential applications in dermatological
care. Our research work aimed to increase knowledge on the short-term impact of cosmetic
formulations containing a blend of red, green, and black clays, assessing their effects on
sebum regulation and in cutaneous biomechanical behavior (firmness/elasticity). Unlike
daily skincare products, clay masks are used infrequently and for short durations; thus, an
in vivo assessment was conducted after a 2-h application to reflect typical consumer use.
The mineralogical and physicochemical properties of the different clays were characterized.
Mineralogical analysis revealed distinct compositions among the clays: black clay exhibited
a simpler mineral profile, lower density, and smaller particle size; green clay contained
expandable smectite and was the densest; and red clay displayed the largest average
particle size and highest iron content. Thermal analysis identified two major transitions:
dehydration and kaolinite dehydroxylation. In vivo studies conducted in participants
showed a significant reduction in skin oiliness across all clay-based formulations compared
to baseline, control, and placebo following a 2-h application, and the rebound sebum
production was dependent on clay concentration. Cutometry measurements did not reveal
statistically significant improvements in skin firmness or elasticity compared to the control
and placebo. The findings suggested that while clay-based formulations effectively reduced
skin oiliness in the short term, their impact on sebum regulation and on skin biomechanical
properties was limited after such a short product application period. Additional studies
are warranted to elucidate the distinct effects of each clay, assess their behavior in different
formulation bases, and evaluate their efficacy after repeated use.

Keywords: clays; sebumetry; cutometry; thermal analysis; mineralogical analysis

1. Introduction
In recent years, consumer preference has shifted towards natural and sustainable

cosmetic ingredients [1]. Within this paradigm, clays—mineral materials empirically used
in health and beauty care—have re-emerged as a compelling option. The therapeutic
potential of “medicinal earth” was reported by ancient civilizations, such as those of China,
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Egypt, and Greece [2,3]. However, robust scientific assays have rarely been employed to
substantiate their effectiveness.

Clays are mainly composed of inorganic minerals (clay minerals) and correspond to
the inorganic fraction of several soil types. They may also contain organic matter, impurities,
residual, and amorphous minerals. Clays utilized in cosmetics often incorporate metals like
aluminum, iron, magnesium, and titanium, contributing to their diverse functionalities [4,5].
Different dermatological benefits can result from this blend of materials, such as reducing
sebum production, hydrating the skin, enhancing firmness, and providing a whitening
effect [6]. As a result, clays hold strong potential for applications in products targeting both
acne-prone and mature skin.

As active ingredients, clays are widely employed in skin cleansing, sebum control,
substance adsorption, anti-aging, UV protection, and ion exchange with the skin. These
properties are attributed to their specific mineralogical composition, particle size, shape,
structure, and ion exchange capacity [2,7–10]. However, the unique composition, properties,
and versatility of clays can also render them valuable in Cosmetology. In addition to
serving as active ingredients, clays can play a significant role as adjuvants, influencing key
parameters such as stability, rheology, and color. Additionally, their aesthetic appeal has
led to their incorporation into various makeup formulations.

Clays are categorized based on their color, which reflects their mineral composition
and, consequently, their physicochemical properties [4,5,8,10–12]. This coloration arises
from their crystalline structure, water content, and associated matter [13]. Although the
specialized literature directly correlating specific clay colors with improvements in hair and
skin health remains limited, with most studies emphasizing photoprotective effects [14],
clays continue to be widely utilized worldwide.

Our investigation aimed to comprehensively characterize commercially available
clays and evaluate, through in vivo analysis, the effect of formulations containing varying
clay concentrations on critical skin attributes, including firmness, elasticity, and sebum
regulation. Unlike other facial skincare products that are applied daily, clay masks are
typically used only once or a few times per week or month, with relatively short contact
periods. Therefore, an in vivo assessment was performed following a 2-h application to
reflect realistic consumer usage.

2. Materials and Methods
2.1. Provenance of Clay Samples

The selected clay samples were commercially available cosmetic clays denominated
as “red clay” (Internacional Nomenclature of Cosmetic Ingredients [INCI]: Kaolin), “black
clay” (INCI: Kaolin) and “green clay” (INCI: Kaolin), all supplied by Terramater® (Santo
André, Brazil). Samples were all from the same batch and were not submitted to any
previous treatment.

2.2. Characterization of Clay Samples

Clays used in the formulations were characterized by thermal analysis concerning
differential scanning calorimetry (DSC), thermogravimetry (TG), and differential thermal
analysis (DTA), particle size distribution, X-ray diffraction, and X-ray fluorescence.

2.2.1. DSC Analysis

The DSC analysis of the clay samples was performed with Differential Scanning
Calorimeter DSC 7020 (Seiko Instruments, Tokyo, Japan) using hermetic aluminum pans.
The assay was performed under a heating ramp of 30–450 ◦C and a heating rate of
10 ◦C/min. As an inert atmosphere, nitrogen was employed at a 50 mL/min flow.
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2.2.2. TG/DTA

The TG/DTA of clay samples was performed with Exstar TG/DTA 7200 Analyzer
(Seiko Instruments, Tokyo, Japan). Samples were transferred to hermetic alumina pans, and
the assay was performed under a 30–600 ◦C heating ramp and heating rate of 10 ◦C/min.
Nitrogen was selected as an inert atmosphere at a 100 mL/min flow.

2.2.3. Particle Size Distribution Analysis

The particle size distribution was determined by laser diffraction using a CILAS
1090 high-resolution laser analyser (CILAS, Orléans, France). A wet dispersing module
was used for green clay samples: purified water was used as a dispersing agent without
sonication; stirring activation and measurement time of 60 s were employed, maintaining
obscuration between 15 and 20%. A dry dispersing module was employed for black and
red clays: samples were dispersed in a compressed air jet at a pressure of 200 mbar, and
measurement time of 30 s, with obscuration between 1 and 5%. For both wet and dry dis-
persion modules, the Franhoufer model was used to calculate the diameters, and the graphs
were obtained using CILAS SizeExpert software version 9.51 (CILAS, Orléans, France).

2.2.4. X-Ray Diffraction Determination

Mineralogical composition analysis was performed by X-ray diffraction analysis,
where clay diffractograms were obtained. The analysis was performed with Bruker D8 Da
Vinci X-ray diffractometer, with copper K-alpha radiation (ň = 1.5418 Angstrom), operating
at 40 KV and 40 mA, and angle sweep of 2 to 70◦ 2-teta. Data were analyzed with Match!
Software from the Crystallographic Open Database.

2.2.5. X-Ray Fluorescence Assessment

Clay samples were submitted for chemical assessment (elements’ determination)
by X-ray fluorescence diffraction technique. Samples were prepared and pressed into a
briquette and inserted in the X-ray fluorescence analyzer Epsilon 4.

2.3. Formulation Development

Three formulations were developed and coded as F01 (placebo), F02 (low clay concen-
trations) and F03 (high clay concentrations). Their compositions are described in Table 1.
The previously characterized commercially available red, green, and black clays were incor-
porated as active components in the formulations. Red clay was chosen for its antiaging
activity, green clay for its astringent and acne reduction efficacy, and black clay due to its
rejuvenating, antioxidant, and oil absorption effect [5].

Table 1. Formulations’ qualitative and quantitative compositions.

Formulation Composition
Concentration (%w/w)

F01 F02 F03

Base formulation with pH between 5.5 and 6.5
(gel base with Ammonium Acryloyldimethyltaurate/VP

Copolymer as thickener at 2%)
Until 100% * Until 100% * Until 100% *

Active
compounds

Tersil® CDR (red clay) INCI: Kaolin 0.0 3.0 7.0
Tersil® G (green clay) INCI: Kaolin 0.0 3.0 7.0
Tersil® CB (black clay) INCI: Kaolin 0.0 3.0 7.0

Legend: * Enough quantity to obtain 100% formulation weight. INCI = International Nomenclature of
Cosmetic Ingredients.
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2.4. In Vivo Efficacy Assessment of Red, Green, and Black Clay-Based Cosmetic Formulations

This protocol was approved by the Ethics Committee of the Faculty of Pharmaceutical
Sciences, University of São Paulo, located in São Paulo, Brazil (approval code 5.532.318).
All participants gave their written informed consent before participating in the study. The
authors have no ethical conflicts to disclose.

2.4.1. Specific Inclusion Criteria

The specific inclusion criteria for the study participants were the following: both
genders; healthy participants with intact skin on their face; skin phototypes between I and
IV; neither irritation nor allergy history to the material used; agreement to participate in
the research and aptitude to accomplish protocol demands.

2.4.2. Specific Exclusion Criteria

The specific exclusion criteria were: participants allergic to the test product category;
pregnant or lactating (for female participants); immunodeficient; participants with active
atopic dermatitis; participants that had received kidney, heart and/or liver transplant; solar
erythema on the face due to intense solar exposure up to one month before study begin-
ning; use of corticoids, antihistamines, immunosuppressants, retinoids, anti-inflammatory
medications; forecast of intense UV rays exposure (either sun or UV lamps) during the
study; history of non-adherence to study protocols; participants that refuse to participate in
the study; people who are directly involved with the protocol and their families; and any
other conditions not mentioned that may interfere with the research study according to
the investigator.

2.4.3. Assessment of Skin Firmness and Elasticity by Cutometry

Skin firmness and elasticity was analyzed by cutometry assessment using Multi
Probe Adapter—MPA (Courage & Khazaka, Köln, Germany) equipment coupled with the
Cutometer® (Courage & Khazaka, Germany) probe. The technique is based on suction,
where the equipment and probe generate a negative pressure on the skin, causing it to enter
the probe’s opening (suction) followed by its release to the original position (return). The
probe’s sensor detects skin dislocation inside the probe during suction and return [15–17].

Each reading was set to be performed with 3 suction and relaxation cycles (2 s each).
For each cycle, a graph was obtained. From the graph, firmness and elasticity results were
determined as follows:

• Skin firmness: R0 (or Uf) parameter—Maximum amplitude—highest point in the curve
• Skin biologic elasticity: R7 (Ur/Uf)—Skin’s ability to return to its initial position

after deformation.

We selected twenty participants of 30 to 60 years old and submitted them to a 30 min
acclimatization period at 20 ± 2 ◦C temperature and 50 ± 5% relative humidity before
measurements. Three sites were marked on the malar region on the cheeks for baseline
measurements (t0). Then, each product was applied on the marked sites in a standardized
manner with disposable syringes (2.0 mg/cm2), according to a randomization table. After
2 h of contact, the products were uniformly removed with a cotton pad, and subsequent
measurements were performed at t2h (immediately after removal) and t4h (4 h after ap-
plication, corresponding to 2 h after removal). To minimize the effect of inter-individual
variability, the results were expressed as the ratio of each sample site value to the corre-
sponding basal value for all volunteers across the analyzed parameters. The ratios were
calculated for each time point (t2h/t0h and t4h/t0h).
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2.4.4. Assessment of Skin Oiliness by Sebumetry

Oiliness assessment was conducted by sebumetry, using Multi Probe Adapter—MPA
(Courage & Khazaka, Germany) equipment coupled with the Sebumeter® (Courage &
Khazaka) probe. The probe contains a matte synthetic tape, the exposed surface of which
contacts the participant’s skin for 30 s. Meanwhile, sebum from the skin is adsorbed onto
the tape, causing it to become partially transparent (an effect proportional to the amount
of sebum collected) [18]. After sebum collection, the probe is inserted in the equipment’s
aperture, where a photocell is located to measure transparency. The light transmission
represents sebum content, measured as µg sebum/skin cm2.

We selected twenty participants who were 18 to 45 years old with oily skin on the face
T-zone and submitted them to a 30 min acclimatization period at 20 ± 2 ◦C temperature and
50 ± 5% humidity before measurements. Then, three sites were marked on the forehead
for baseline measurements (t0). Subsequently, each product was applied on the marked
sites in a standardized manner with disposable syringes (2.0 mg/cm2), according to a
randomization table. After 2 h of contact, the products were uniformly removed with a
cotton pad, and new measurements were performed on t2h (immediately after removal)
and t4h (4 h after application, corresponding to 2 h after removal). The same type of data
analysis was conducted, with ratios in comparison to the basal values being calculated
for each time point (t2h/t0h and t4h/t0h). Statistical comparisons between ratios were
conducted using ANOVA (alpha = 0.05) followed by the Tukey post-test using Minitab®

Statistical Software 21.1.0 (Minitab LLC, State College, PA, USA).

2.4.5. Statistical Treatment

Statistical comparisons between ratios were conducted using ANOVA (alpha = 0.05)
followed by the Tukey post-test using Minitab® Statistical Software 21.1.0 (Minitab
LLC, USA).

3. Results
3.1. Clay Sample Characterization
3.1.1. DSC

Figure 1 presents the DSC curves for black, green, and red clays. Data is summarized
in Table 2.

Figure 1. DSC curves of black, green, and red clays.
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Table 2. Clays’ DSC data (exothermic events).

Clay Sample Event’s Start (◦C) Event’s End (◦C) Event’s Peak (◦C) Area (mJ/mg) Area (uV.s/mg)

Black 201.7 263.0 217.7 21.2 -
Red 322.5 345.6 337.7 161.7 152

Green 203.4 245.9 230.6 8.74 -

All clays presented exothermic peaks: black clay’s peak was at 217.7 ◦C (from 201.7
to 263.0 ◦C), red clay at 337.7 ◦C (from 322.5 to 345.6 ◦C) and green clay at 230.6 ◦C (from
203.4 to 245.9 ◦C).

3.1.2. TG/DTA

Figure 2 presents the obtained TG curves for black, green, and red clays. Data is
summarized in Table 3.

Figure 2. TG curves of black, green, and red clays.

Table 3. TG data for each clay type.

Clay Sample
Mass Loss

Between 25 and
125 ◦C

Mass Loss
Between 425 and

550 ◦C
Residue at 540 ◦C

Black 2.87% 6.10% 86.64%
Red 1.08% 3.80% 85.57%

Green 0.98% 1.95% 96.61%

All clays presented two thermal events: one at lower temperatures (between 25 and
125 ◦C), and one at higher temperatures (between 425 and 550 ◦C). Black, red and green
clays have shown mass loss, respectively, of 2.87%, 1.08% and 0.98% at lower temperatures,
and of 6.10%, 3.80% and 1.95% at higher temperatures.
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3.1.3. Particle Size Distribution

Clay samples’ particle size distribution (granulometric assessment) is summarized in
Table 4.

Table 4. Particle size distribution profile (CILAS readings) per clay type.

Clay Sample 10% DM 50% DM 90% DM Average DM

Black 4.10 59.62 121.86 61.70
Red 22.65 91.33 189.12 101.64

Green 7.44 81.47 157.78 82.67
DM = diameter.

Analysis of particle size distribution showed mean diameters of 61.70 µm for black
clay (smallest), 82.67 µm for green clay, and 101.64 µm for red clay (largest).

3.1.4. X-Ray Diffraction

Diffractograms were obtained for clay samples under different conditions to allow
mineralogical composition determination. Results and assay conditions are described in
Table 5.

Table 5. X-ray diffraction results (clays’ mineralogical compositions).

Clays Sample Treatment
Condition

Mineralogical Composition

Kaolinite Illite Smectite * Quartz Hematite Gibbsite
(Al(OH)3)

Black
TC ✓ ✓
CF ✓ ✓

Red
TC ✓ ✓ ✓ ✓
CF ✓ ✓ ✓
EG ✓ ✓ ✓

Green
TC ✓ ✓ ✓
EG ✓ ✓ ✓

Legend: TC = total clay sample was pressed on the glass slide; CF = clay fraction sample was decanted on
glass slide; EG = clay fraction sample was saturated with ethylene glycol. * Expandable clay mineral, possibly
montmorillonite. ✓ indicates the presence of the claymineral for each clay and experimental condition.

The results allowed us to infer that black clay sample was composed mostly of kaolinite
clay mineral and quartz. As the assay did not detect manganese minerals in black clay
samples, we inferred that its color probably comes from its content of organic matter.

We also found that red clay sample’s composition was kaolinite and quartz, as well
as gibbsite (Al(OH)3), and hematite. Hematite is the component likely to cause this clay’s
reddish color. Gibbsite indicates that red clay is a material lixiviated by weathering.
Green clay was composed of kaolinite and quartz, as well as illite, and smectite. The
identification of the expandable clay mineral (smectite) in the sample was carried out after
sample saturation with ethylene glycol, where a peak expansion from 14 to 17 Angstrom
was observed.

3.1.5. X-Ray Fluorescence

The X-ray fluorescence assay allowed a semi-quantitative determination of elements
in oxide state in clay samples, described in Table 6.

The X-ray fluorescence analysis revealed that all assessed clay samples were predom-
inantly composed of Al2O3 and SiO2, with black and green clays containing a notably
higher proportion of the latter. Red clay was distinguished by its elevated levels of Fe2O3

and TiO2. These findings are further explored in the Discussion Section.
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Table 6. Clays’ X-ray fluorescence results.

Element/
Clay

Multielement Calibration/Screening (%)

Black Green Red

Na2O 0.0 ppm 1.148 0.0 ppm
MgO 0.0 ppm 0.643 0.0 ppm
Al2O3 24.658 19.749 37.259
SiO2 56.417 58.182 33.948
P2O5 0.028 0.018 0.025
SO3 0.212 0.151 0.120
Cl 0.003 0.002 0.0 ppm

K2O 0.416 1.840 0.264
CaO 0.235 0.721 0.027
TiO2 1.157 0.303 2.151
V2O5 0.022 0.006 0.047
Cr2O3 0.011 0.014 0.030
MnO 0.017 0.013 0.015
Fe2O3 1.539 2.330 13.295
NiO 0.002 0.001 0.005
CuO 0.002 0.001 0.004
ZnO 0.003 0.006 0.004

Ga2O3 0.004 0.002 0.007
As2O3 4.2 ppm 1.1 ppm 0.006
SeO2 0.9 ppm 0.0 ppm /
Rb2O 0.002 0.005 0.001
SrO 0.014 0.032 0.002

Y2O3 0.004 0.001 0.004
ZrO2 0.053 0.016 0.136

Nb2O5 0.010 0.011 0.022
MoO3 3.1 ppm 2.2 ppm 7.5 ppm
PdO 2.4 ppm 2.6 ppm 0.2 ppm

Ag2O 0.077 0.077 0.112
CdO 0.0 ppm 0.4 ppm 1.2 ppm
SnO2 0.008 0.007 0.011
Sb2O3 0.002 0.002 0.003
BaO 0.032 0.051 0.013

CeO2 0.022 0.007 0.012
Eu2O3 0.008 0.010 0.038
HfO2 7.1 ppm 4.1 ppm 0.004
Ta2O5 0.006 0.010 0.022
WO3 8.9 ppm 0.003 0.0 ppm
IrO2 0.0 ppm 0.0 ppm 0.0 ppm
PtO2 0.0 ppm 0.0 ppm 0.0 ppm
HgO 5.0 ppm 0.0 ppm 1.7 ppm
Tl2O3 0.0 ppm 0.0 ppm 0.0 ppm
PbO 0.005 0.001 0.002

Bi2O3 0.0 ppm 0.0 ppm 0.0 ppm
ThO2 0.002 2.5 ppm 0.005

F 15.026 14.628 12.397
Rh 0.0 ppm 0.0 ppm 0.9 ppm
Re 0.0 ppm 0.0 ppm 0.0 ppm
Au 0.1 ppm 0.0 ppm 0.0 ppm
U 4.0 ppm 1.3 ppm 7.2 ppm

Yb2O3 8.8 ppm 0.003 0.006
Nd2O3 0.0 ppm 0.0 ppm /
TeO2 / 0.006 /
GeO2 / 0.4 ppm /

Br / / 3.0 ppm
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3.2. Skin Parameters: Cutometry (Firmness and Elasticity) and Sebumetry (Oiliness)

The ratio of skin firmness and elasticity values per experimental time (t2h/t0h and
t4h/t0h) and treatment (Control, F01, F02 and F03) were determined and are described in
Figures 3 and 4, whereas the ratios for skin oiliness values per experimental time (t2h/t0h
and t4h/t0h) and treatment (Control, F01, F02 and F03) are in Figure 5.
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Figure 3. Average ratio cutometry per time (t2h and t4h) and treatment (Control, F01, F02, F03)—R0
(skin firmness) (mean ± SD, n = 20). No statistically significant difference (p > 0.05) was observed
either between times or treatments concerning R0 ratio values (skin firmness).

 

1.
01

08

1.
11

11

1.
07

18

1.
20

03

1.
11

43

1.
06

67

1.
05

56

1.
12

64

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

t2h t4h t2h t4h t2h t4h t2h t4h

Control F01 F02 F03

Cu
to

m
et

ry
 ra

tio
 (t

fin
al

/t
ba

se
lin

e)

Time and Treatment

CUTOMETRY DATA (R7 - ELASTICITY)

Figure 4. Average ratio cutometry values per time (t2h and t4h) and treatment (Control, F01, F02,
F03)—R7 (skin elasticity) (mean ± SD, n = 20). The same behavior was observed regarding R7 ratio
values (skin elasticity).



Cosmetics 2025, 12, 219 10 of 15

 

1.
07

1.
33

0.
71

1.
26

0.
59

1.
18

0.
41

1.
04

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

t2h t4h t2h t4h t2h t4h t2h t4h

Control F01 F02 F03

Se
bu

m
et

ry
 ra

tio
 (t

fin
al

/t
ba

se
lin

e)

Time and Treatment

SEBUMETRY DATA

Figure 5. Average ratio sebumetry values per time and treatment (mean ± SD, n = 20). At 2 h (t2h),
Sebumetry ratios showed a statistically significant reduction in all treatment groups compared to
the control. No significant differences were observed between F01 and F02 or between F02 and
F03, whereas F01 and F03 differed significantly, indicating greater sebum reduction with higher clay
concentrations. At 4 h, no significant differences were detected among any groups (p > 0.05).

4. Discussion
The DSC analysis revealed that all three clays exhibited exothermic peaks, likely

attributed to the decomposition of kaolinite. However, the amplitude and intensity of
these peaks varied among the clays, aligning with Bretzke’s findings [19]. Previous studies
mention that kaolinite dihydroxylation’s extent can vary depending on clays’ chemical,
physical, and mineralogical characteristics, resulting in exothermic peaks with different
temperatures. When kaolinite suffers dihydroxylation (removal of hydroxyl group), it is
converted to metakaolinite. This occurs, because elevated temperatures induce kaolinite’s
calcination, leading to structural water loss. The resulting metakaolinite is an amorphous
aluminum silicate characterized by a disordered structure [19]. In our findings, exothermic
events occurred with peaks at 217.7 ◦C for black clay (201.7–263.0 ◦C); 337.7 ◦C for red clay
(322.5–345.6 ◦C); and 230.6 ◦C for green clay (203.4–245.9 ◦C). In 2007, Zague conducted
thermal behavior assessment of green clay and reported distinct findings [4]. Her study
identified an endothermic peak at 96.93 ◦C, attributed to clay dehydration, corresponding
to the evaporation of water from the particles’ internal and external surfaces. She observed
no thermal events for green clay near 200 ◦C. However, an additional endothermic event
was detected for pink clay and aluminum–magnesium silicates at approximately 270 ◦C,
which the author associated with the onset of dihydroxylation of the layers within the
crystalline lattice [4].

Thermogravimetric (TG) analysis of clays typically reveals two distinct thermal events.
At lower temperatures (50–200 ◦C), dehydration occurs, involving the evaporation of water
from both internal and external surfaces. At higher temperatures (usually above 400 ◦C),
mass loss is predominantly attributed to the dihydroxylation of kaolinite [4,19,20].
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In the present study, the first thermal event, corresponding to dehydration, was
observed between 25 and 125 ◦C. Black clay exhibited a 2.87% mass loss, while red and
green clays showed lower losses of 1.08% and 0.98%, respectively. These findings suggest
that black clay undergoes more substantial dehydration compared to the other clays.

The other (second) thermal event, associated with kaolinite dihydroxylation, occurred
at 425–550 ◦C. Black clay experienced a mass loss of 6.10%, significantly higher than the
losses observed for red clay (3.80%) and green clay (1.95%). These results indicate that
black clay is more prone to mass loss under thermal conditions in both dehydration and
dihydroxylation phases.

Granulometric and compositional analyses provide additional insights. Black clay ex-
hibited the smallest average particle diameter (61.70 µm), compared to red clay (101.64 µm)
and green clay (82.67 µm). The smaller particle size of black clay likely results in a larger
exposed surface area, which could enhance its susceptibility to dehydration and ther-
mal reactions. Moreover, black clay’s simpler composition may further contribute to its
thermal behavior.

While these observations suggest a correlation between particle size, composition,
and thermal sensitivity, further research is needed to confirm these hypotheses and better
understand the mechanisms driving these differences.

When analyzing TG assay’s results, green clay had the lowest mass loss. Also, it
was the only sample with an expandable clay mineral (smectite), as determined by X-ray
diffraction analysis. Clays are complex mixtures of substances with varying particle sizes,
composed of at least two clay minerals combined with differing proportions of non-clay
components such as quartz, feldspars, carbonates, oxides, amorphous phases, and organic
matter [19,21–24]. Clays with higher quartz content, often characteristic of lighter-colored
clays, typically exhibit larger particle sizes, which contribute to a rougher texture when
applied to the skin [19]. Based on our findings, black clay is likely to provide the smoothest
application, while red clay is expected to be the roughest. This aligns with observations
from Silva-Valenzuela et al. (2018), who emphasized that “softness and small particle size
are important for skin therapeutic and cosmetic applications, such as face masks and clay
body creams” [24].

Mineralogical analysis revealed the presence of kaolinite in all three clays and smectite
(an expandable clay mineral) exclusively in green clay. These mineral components suggest
significant potential for dermatological applications, including protective effects against ex-
ternal agents (e.g., pollution), absorption of exudates, and management of liquid secretions.
These minerals adhere to the skin, forming a protective film that absorbs exudates, and
creates a low-moisture environment unfavorable to microbial growth. Furthermore, they
are capable of adsorbing bacteria, viruses, grease, and toxins, thereby exhibiting antiseptic
properties [2,25–27]. Kaolinite and smectite, with their high sorption capacity, are effective
in forming protective films, concealing imperfections, and reducing excessive oiliness
and toxins. These properties make them particularly suitable for oily and acne-prone
skin [6,26–28].

The compositional analysis of the clays revealed that all evaluated samples were
predominantly composed of Al2O3 and SiO2. Clays with high silicon content exhibit
hydrating properties, help mitigate skin inflammatory responses and contribute to skin
regeneration and protection. Conversely, clays enriched with aluminum demonstrate
hydrating effects, facilitate pigment dispersion, and enhance melanin adsorption [6,29].
Among the clays analyzed, red clay exhibited the highest Fe2O3 content, which can be
attributed to the presence of hematite identified via X-ray diffraction analysis. Iron oxide-
rich clays have been associated with enhanced photoprotective properties in cosmetic
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formulations [8]. This finding aligns with the results reported by Bretzke (2015), who also
identified red clay as having the highest iron content among various clay types tested [19].

Clay minerals are capable of absorbing substances such as heavy metals, depending
on their characteristics. Therefore, heavy metals’ content of clays is an important aspect
to be considered for cosmetic applications regarding toxicology [6]. The FDA established
limits for heavy metal content in cosmetic products, as exemplified: mercury cannot exceed
65 ppm in the finished product (1 ppm = 1 µg/g) and 1 ppm in colorants; lead cannot
exceed 10 ppm as impurity in cosmetics including lip care products and 20 ppm in colorants;
arsenic limit for color additives in cosmetics is 3 ppm (ABED, MOOSA, ALZUHAIRI, 2024;
FDA, 2025). X-ray fluorescence showed the presence of 5.0 ppm of HgO in black clay and
1.7 ppm in red clay; 0.005 ppm of PbO in black clay, 0.001 ppm in green clay and 0.002 ppm
in red clay; and 4.2 ppm of As2O3 in black clay, 1.1 ppm in green clay and 0.006 ppm in red
clay. Therefore, green and red clays fulfill FDA requirements and black clay must be more
accurately studied concerning fulfillment of arsenic limits.

When statistically analyzing skin firmness values (R0), we did not observe significant
differences over time for any site. These findings contrast with some of the existing
literature, as clays similar to those incorporated into these formulations have been reported
to cause a lifting effect [30]. Previous studies, such as those by Balduino et al. (2016) and
Silva et al. (2011), have highlighted the use of red and black clays in skin rejuvenation,
attributing to them lifting properties and other characteristics that justify their inclusion in
anti-aging cosmetic formulations [5,10]. However, despite claims regarding clays’ potential
to enhance skin firmness, few studies to date have shown significant improvements in
cutometry measurements between clay-treated and control sites. Velasco et al. evaluated
the effects of clay-based face masks on skin firmness and elasticity using cutometry [12].
Their findings showed no significant differences in cutometry values across time points
or formulations, suggesting that variations in clay composition had little impact on skin
viscoelasticity over the short duration of the study.

Sebumetry measurements taken after 2 h of product application demonstrated that
all formulations significantly reduced superficial sebum levels compared to the untreated
control site, including the placebo. We hypothesize that the activity of the placebo may
be attributed to its polymer component, which possesses mild emulsifying properties,
facilitating the emulsification of skin lipids during contact with water during product
removal. However, the formulations with clays caused a more marked reduction in skin
oiliness at both tested concentrations, with statistically significant differences relative
to the placebo detected at the maximum concentration (7% of each clay). These results
highlight the efficacy of the active components and confirm the importance of concentration
under the tested conditions. The findings were consistent with existing literature, which
attributes clays’ effectiveness in adsorbing skin lipids, exudates, and impurities to their
porosity and cation exchange capacity, conferring excellent astringent properties [2,6,14,20].
Nevertheless, more studies are needed to evaluate each clay individually and identify
which exhibits the greatest efficacy in sebum reduction. Based on existing evidence, green
clay is hypothesized to be the most effective in this regard.

For the t4h reading (2 h after product removal), the objective was to assess whether the
clays could influence a possible rebound effect in sebum production. The results showed
that the mean ratios at t4h were greater than 1 across all application sites, indicating that
sebum levels not only recovered but exceeded the baseline values. This upward trend
suggests that the skin resumed its natural sebaceous activity after the initial reduction,
with no evidence of a compensatory regulation induced by the clays. Consequently,
these findings do not support a sustained sebum-regulating effect of the formulations
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when applied only once, highlighting the transient nature of their action and the need to
investigate repeated or long-term applications for a more reliable evaluation of efficacy.

5. Conclusions
Commercially available clays used in the cosmetic industry, identified by their color

(black, green, and red), were selected for characterization and evaluation following their
incorporation into a cosmetic formulation. Each clay exhibited distinct mineralogical
compositions, elemental profiles, and particle sizes, with variations in compositional
complexity. Among them, black clay was found to be the simplest in composition and had
the smallest particle size.

The combination of these three clays, incorporated into an oil-free cosmetic formula-
tion, demonstrated efficacy in reducing skin oiliness immediately after application. How-
ever, under the conditions of this study, the clays did not regulate sebum production or
improve skin firmness and elasticity. Further research is warranted to investigate the
isolated effects of each clay and their performance in different formulation vehicles and
after repeated applications.

Author Contributions: Conceptualization, F.D.S. and A.R.B.; methodology, F.D.S., M.G.I., M.V.R.V.,
C.R. and A.R.B.; software, M.G.I. and F.D.S.; validation, F.D.S., C.R. and A.R.B.; formal analysis,
F.D.S., M.V.R.V., C.R. and A.R.B.; investigation, F.D.S., M.G.I., C.R. and A.R.B.; resources, F.D.S.,
A.R.B., M.V.R.V. and C.R.; data curation, F.D.S.; writing—original draft preparation, F.D.S. and A.R.B.;
writing—review and editing, A.R.B., M.V.R.V. and C.R.; visualization, F.D.S. and C.R.; supervision,
A.R.B.; project administration, F.D.S. and A.R.B.; funding acquisition, F.D.S., A.R.B., M.V.R.V. and
C.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Conselho Nacional de Desenvolvimento Científico e Tec-
nológico CNPq, grant numbers 140259/2019-8 and 303862/2022-0; Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior-Brasil (CAPES), grant number 001; Fundação de Amparo à Pesquisa do
Estado de São Paulo (FAPESP), grant numbers 2019/16169-0, and 2024/01920-0; FCT—Foundation
for Science and Technology, I.P. [DOI 10.54499/UIDP/04567/2020, DOI 10.54499/UIDB/04567/2020].

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Faculty of Pharmaceutical Sciences, University
of São Paulo (protocol approval code: 5.532.318, date of approval: 18th of July 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: F.D. Sarruf is highly thankful for the Conselho Nacional de Desenvolvimento
Científico e Tecnológico, CNPq, for the doctorate scholarship. A. R. Baby is extremely thankful for the
Conselho Nacional de Desenvolvimento Científico e Tecnológico, CNPq, for the Research Productivity
Scholarship, and the FAPESP. The authors are immensely thankful for Terramater®, for supplying
the clay samples; the Geology Department of University São Paulo (USP), for assisting with the
X-ray diffraction analysis; DEINFAR (Laboratório de Desenvolvimento e Inovação Farmacotécnica),
FCF-USP, for assisting with the particle distribution and thermal analysis; Alex Stewart International
do Brasil Ltd.a., for performing the X-ray fluorescence assay; and IPclin and Technotests for lending
the equipment for the in vivo assays.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.



Cosmetics 2025, 12, 219 14 of 15

References
1. Gubitosa, J.; Rizzi, V.; Fini, P.; Cosma, P. Hair Care Cosmetics: From Traditional Shampoo to Solid Clay and Herbal Shampoo, A

Review. Cosmetics 2019, 6, 13. [CrossRef]
2. Carretero, M.I. Clay minerals and their beneficial effects upon human health. A review. Appl. Clay Sci. 2002, 21, 155–163.

[CrossRef]
3. Nardy, B.C. Caracterização do Material Pelítico Utilizado Para Fins Terapêuticos, Cosméticos e de Higiene Pessoal no Vale do

Capão, Chapada Diamantina, Bahia, Trabalho de Conclusão de Curso. Master’s Dissertation, School of Mines, Federal University
of Ouro Preto, Ouro Preto, Brazil, 2018; p. 81.

4. Zague, V. Desenvolvimento e Avaliação da Estabilidade Física e Físico-Química de Máscaras Faciais Argilosas. Master’s
Dissertation, Universidade de São Paulo, São Paulo, Brazil, 2007; p. 160.

5. Balduino, A.P.Z. Estudo da Caracterização e Composição de Argilas de Uso Cosmético. Master’s Dissertation, Universidade
Federal de Jatai, Jataí, Brazil, 2016; p. 55.

6. Sarruf, F.D.; Contreras, V.J.P.; Martinez, R.M.; Velasco, M.V.R.; Baby, A.R. The Scenario of Clays and Clay Minerals Use in
Cosmetics/Dermocosmetics. Cosmetics 2024, 11, 7. [CrossRef]

7. Daneluz, J.; Favero, J.D.S.; dos Santos, V.; Weiss-Angeli, V.; Gomes, L.B.; Mexias, A.S.; Bergmann, C.P. The influence of different
concentrations of a natural clay material as active principle in cosmetic formulations. Mater. Res. 2020, 23, e20190572. [CrossRef]

8. Matike, D.M.E.; Ekosse, G.I.E.; Ngole, V.M. Physico-chemical properties of clayey soils used traditionally for cosmetics in Eastern
Cape, South Africa. Int. J. Phys. Sci. 2011, 6, 7557–7566. [CrossRef]

9. Ng’etich, W.K.; Mwangi, E.M.; Kiptoo, J.; Digo, C.A.; Ombito, J.O. In vitro determination of Sun Protection Factor on Clays Used
for Cosmetic Purposes in Kenya. Chem. Mater. Res. 2014, 6, 25–31.

10. Silva, M.L.D.G.D. Obtenção e Caracterização de Argila Piauiense Paligorsquita (Atapulgita) Organofilizada Para Uso em
Formulações Cosméticas. Master’s Dissertation, Universidade Federal do Piauí, Piauí, Brazil, 2011; p. 106.

11. Mattioli, M.; Giardini, L.; Roselli, C.; Desideri, D. Mineralogical characterization of commercial clays used in cosmetics and
possible risk for health. Appl. Clay Sci. 2016, 119, 449–454. [CrossRef]

12. Velasco, M.V.R.; Zague, V.; Dario, M.F.; Nishikawa, D.O.; Pinto, C.A.; Almeida, M.M.; Trossini, G.H.G.; Coelho, A.C.V.; Baby, A.R.
Characterization and Short-Term Clinical Study of Clay Facial Mask. J. Basic Appl. Pharm. Sci. 2016, 37, 1–6.

13. Rautureau, M.; Figueiredo Gomes, C.D.S.; Liewig, N.; Katouzian-Safadi, M. Clays and Health; Springer International Publishing:
Cham, Switzerland, 2017.

14. Sarruf, F.D. Cosmetic Attributes (Oiliness Reduction and Firmness) from Face Masks Composed of Red, Green and Black Clays.
Ph.D. Thesis, Universidade de São Paulo, São Paulo, Brazil, 2024.

15. Bonaparte, J.P.; Ellis, D.; Chung, J. The effect of probe to skin contact force on Cutometer MPA 580 measurements. J. Med. Eng.
Technol. 2013, 37, 208–212. [CrossRef] [PubMed]

16. Camargo Junior, F.B.D. Estabilidade e eficácia de formulações cosméticas contendo extrato de Myrtus communis e um complexo
polivitamínico hidratante. Ph.D. Dissertation, Faculdade de Ciências Farmacêuticas de Ribeirão Preto, Universidade de São
Paulo, São Paulo, Brazil, 2010.

17. Courage & Khazaka. Information and Instruction Manual for the Cutometer MPA 580 Probe; Courage + Khazaka electronic GmbH:
Köln, Germany, 2021; pp. 1–49.

18. Courage & Khazaka. Information and Instruction Manual for the Sebumeter SM 815 Probe; Courage + Khazaka Electronic GmbH: Köln,
Germany, 2020; pp. 1–31. Available online: https://www.courage-khazaka.de/en/downloads-en (accessed on 29 August 2025).

19. Bretzke, P.E. Caracterizacão e Disponibilidade Biológica In Vitro e Ex Vivo de Argilominerais Utilizados Como Insumos
Farmacêuticos e Cosméticos. Ph.D. Dissertation, Universidade do Vale do Itajaí (UNIVALI), Itajaí, Brazil, 2015.

20. Da Silva Favero, J.; Parisotto-Peterle, J.; Weiss-Angeli, V.; Brandalise, R.N.; Gomes, L.B.; Bergmann, C.P.; dos Santos, V. Physical
and chemical characterization and method for the decontamination of clays for application in cosmetics. Appl. Clay Sci. 2016, 124,
252–259. [CrossRef]

21. Ghadiri, M.; Chrzanowski, W.; Rohanizadeh, R. Biomedical applications of cationic clay minerals. RSC Adv. 2015, 5, 29467–29481.
[CrossRef]

22. Viseras, C.; Aguzzi, C.; Cerezo, P.; Lopezgalindo, A. Uses of clay minerals in semisolid health care and therapeutic products. Appl.
Clay Sci. 2007, 36, 37–50. [CrossRef]

23. Moraes, J.D.D.; Bertolino, S.R.A.; Cuffini, S.L.; Ducart, D.F.; Bretzke, P.E.; Leonardi, G.R. Clay minerals: Properties and applications
to dermocosmetic products and perspectives of natural raw materials for therapeutic purposes—A review. Int. J. Pharm. 2017,
534, 213–219. [CrossRef] [PubMed]

24. Das Graças Silva-Valenzuela, M.; Chambi-Peralta, M.M.; Sayeg, I.J.; de Souza Carvalho, F.M.; Wang, S.H.; Valenzuela-Diaz, F.R.
Enrichment of clay from Vitoria da Conquista (Brazil) for applications in cosmetics. Appl. Clay Sci. 2018, 155, 111–119. [CrossRef]

25. Carretero, M.I.; Gomes, C.S.F.; Tateo, F. Chapter 11.5 Clays and Human Health. In Development in Clay Science; Elsevier:
Amsterdam, The Netherlands, 2006; pp. 717–741.

https://doi.org/10.3390/cosmetics6010013
https://doi.org/10.1016/S0169-1317(01)00085-0
https://doi.org/10.3390/cosmetics11010007
https://doi.org/10.1590/1980-5373-mr-2019-0572
https://doi.org/10.5897/ijps11.1249
https://doi.org/10.1016/j.clay.2015.10.023
https://doi.org/10.3109/03091902.2013.779325
https://www.ncbi.nlm.nih.gov/pubmed/23631522
https://www.courage-khazaka.de/en/downloads-en
https://doi.org/10.1016/j.clay.2016.02.022
https://doi.org/10.1039/C4RA16945J
https://doi.org/10.1016/j.clay.2006.07.006
https://doi.org/10.1016/j.ijpharm.2017.10.031
https://www.ncbi.nlm.nih.gov/pubmed/29038067
https://doi.org/10.1016/j.clay.2018.01.011


Cosmetics 2025, 12, 219 15 of 15

26. Carretero, M.I.; Pozo, M. Clay and non-clay minerals in the pharmaceutical and cosmetic industries Part II. Active ingredients.
Appl. Clay Sci. 2010, 47, 171–181. [CrossRef]

27. Daré, R.G.; Estanqueiro, M.; Amaral, M.H.A.R.; Truiti, M.D.C.T. Significância dos argilominerais em produtos cosméticos. Rev.
Cienc. Farm. Basica Apl. 2015, 36, 59–67.

28. López-Galindo, A.; Viseras, C. Pharmaceutical and cosmetic applications of clays. Interface Sci. Technol. 2004, 1, 267–289.
29. Wargala, E.; Sławska, M.; Zalewska, A.; Toporowska, M. Health Effects of Dyes, Minerals, and Vitamins Used in Cosmetics.

Women 2021, 1, 223–237. [CrossRef]
30. Viseras, C.; Sánchez-Espejo, R.; Palumbo, R.; Liccardi, N.; García-Villén, F.; Borrego-Sánchez, A.; Massaro, M.; Riela, S.; López-

Galindo, A. Clays in Cosmetics and Personal-Care Products. Clays Clay Miner. 2021, 69, 561–575. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.clay.2009.10.016
https://doi.org/10.3390/women1040020
https://doi.org/10.1007/s42860-021-00154-5

	Introduction 
	Materials and Methods 
	Provenance of Clay Samples 
	Characterization of Clay Samples 
	DSC Analysis 
	TG/DTA 
	Particle Size Distribution Analysis 
	X-Ray Diffraction Determination 
	X-Ray Fluorescence Assessment 

	Formulation Development 
	In Vivo Efficacy Assessment of Red, Green, and Black Clay-Based Cosmetic Formulations 
	Specific Inclusion Criteria 
	Specific Exclusion Criteria 
	Assessment of Skin Firmness and Elasticity by Cutometry 
	Assessment of Skin Oiliness by Sebumetry 
	Statistical Treatment 


	Results 
	Clay Sample Characterization 
	DSC 
	TG/DTA 
	Particle Size Distribution 
	X-Ray Diffraction 
	X-Ray Fluorescence 

	Skin Parameters: Cutometry (Firmness and Elasticity) and Sebumetry (Oiliness) 

	Discussion 
	Conclusions 
	References

