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ABSTRACT 

 
SARRUF, F.D. Cosmetic attributes (oiliness reduction and firmness) from face masks 
composed of red, green and black clays. 2024. Thesis (PhD)  Faculty of 
Pharmaceutical Sciences, University of São Paulo, São Paulo, 2024. 

 
-esteem and well-being. 

Among the characteristics that affect the most, we can cite acne and wrinkles. 
Therefore, minimizing those characteristics by using cosmetics has important value for 
the consumer. Nowadays, there is a demand for natural ingredients, mainly concerning 
cosmetic products. The use of clays in beauty care is old, with therapeutic uses since 
Prehistory. There is an essential advantage in using clays for cosmetic purposes, as it 
is a low-cost, environmentally friendly, natural, and abundant ingredient, which is 
chemically inert with a low level of toxicity (when in adequate conditions), easy to apply 
and remove, dries, and hardens fast. In this research work, we aimed at developing 
and investigating the effect of formulations containing red, green, and black clays as 
active components in oiliness reduction, and firmness and elasticity improvement in 
vivo, as well as characterizing clays mineralogically. All clays presented different 
compositions. Black clay was the one with the simplest mineralogic content, lowest 
density, and smallest particle size. It was the richest in Si and Al. Green clay presented 
expandable smectite and the highest density. Red clay presented the largest particle 
average size and was the richest in iron content. By thermal analysis, clays presented 
two characteristic events: the water loss (dehydration) and the dihydroxylation of 
kaolinite, turning into meta kaolinite. In Sebumetry, clays showed a significant 
reduction of skin oiliness on the forehead in both concentrations after 2h of contact 
compared to control, baseline, and placebo. However, after 4h (2h after removal), no 
significant difference was observed with the control. In the Cutometry, clays did not 
present significant efficacy in skin firmness and elasticity improvement when compared 
to control and placebo sites, thus, further studies should be performed comparing the 
efficacy of different vehicles with dispersed clays. Finally, clay mask formulations were 
developed with black, red, and green clay dispersed in an oil-free gel vehicle, which 
proved to be adequate for oily skin. 
 
 
Keywords: Clay. Mineralogic composition. Efficacy assessment. Face mask. 

 

  



 
 

 
 

RESUMO 

 
SARRUF, F.D. Atributos cosméticos (redução de oleosidade e melhora de firmeza) de 
máscaras faciais compostas por argilas vermelha, verde e preta. 2024. Tese 
(Doutorado) - Faculdade de Ciências Farmacêuticas, Universidade de São Paulo, 
São Paulo, 2024. 

 
A aparência da pele influencia fortemente autoestima e o bem-estar das pessoas. 
Dentre as características que mais afetam podemos citar acne e rugas. Portanto, 
minimizar estas características com o uso de cosméticos tem um valor importante para 
o consumidor. Atualmente existe uma procura por ingredientes naturais, 
principalmente no que diz respeito a produtos cosméticos. O uso das argilas nos 
cuidados de beleza é antigo, com usos terapêuticos desde a Pré-História. Há uma 
vantagem essencial na utilização de argilas para fins cosméticos, pois é um 
ingrediente de baixo custo, ecologicamente correto, natural, e abundante, que é 
quimicamente inerte e tem baixo nível de toxicidade (quando usado em condições 
adequadas), fácil de aplicar e remover, seca, e endurece rapidamente. Neste trabalho 
de pesquisa, objetivamos desenvolver e investigar o efeito de formulações contendo 
argilas vermelha, verde e preta como componentes ativos na redução da oleosidade 
e na melhoria da firmeza e elasticidade in vivo, bem como caracterizar 
mineralogicamente as argilas. Todas as argilas apresentaram diferentes 
composições. A argila preta foi a de conteúdo mineralógico mais simples, mais baixa 
densidade, e menor tamanho de partícula. Foi a mais rica em Si e Al. A argila verde 
apresentou esmectita expansível e mais alta densidade. A argila vermelha apresentou 
o maior tamanho médio de partícula e foi a mais rica em ferro. Segundo a análise 
térmica, as argilas apresentaram dois eventos característicos: a perda de água 
(desidratação) e a desidroxilação da caulinita, transformando-se em meta-caulinita. 
Na Sebumetria, as argilas demonstraram significativa redução na oleosidade da pele 
na testa em ambas as concentrações após 2h de contato comparada ao controle, 
basal e placebo. Porém, após 4h (2h após remoção), nenhuma diferença significativa 
foi observada com o controle. Na Cutometria, as argilas não apresentaram Eficácia 
significativa na melhora da firmeza e elasticidade quando comparadas aos sítios 
controle e placebo, portanto, mais estudos devem ser realizados comparando a 
eficácia de diferentes veículos com argilas dispersas. Finalmente, as formulações de 
máscaras de argilas foram desenvolvidas com argilas preta, vermelha e verde 
dispersas em um veículo em gel livre de oleosidade, o qual provou ser adequado para 
pele oleosa. 
 
Palavras-chave: Argila. Composição mineralógica. Avaliação de eficácia. Máscara 
facial. 
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1. Introduction 
 

-esteem and well-being. Among 

the conditions that affect most, we can cite acne and wrinkles (GUPTA; GILCHREST, 

2005; GUPTA; GUPTA, 1998). Therefore, minimizing characteristics that occur in 

these conditions by using cosmetics has great value for the consumer. 

Clays correspond to the inorganic fraction of several types of soil and are 

composed by inorganic minerals (denominated clay-minerals). They may also contain 

organic matter, impurities in the form of salt, and residual and amorphous minerals. 

Clays used in cosmetics contain metals such as aluminum, iron, magnesium, and 

titanium, which contribute to the functions of their use (BALDUINO, 2016; ZAGUE, 

2007). Clays may be used in cosmetics as active components, for example, for oiliness 

reduction, skin whitening, firmness improvement, hydration, etc. (SARRUF et al., 

2024). Therefore, they are an interesting active to be applied on acneic and mature 

skin to improve their characteristics. 

Clays can be incorporated in several types of cosmetic formulations, both as 

active ingredient and as formulation component, due to their properties such as cation 

exchange capacity, rheological properties, color, particle size, and functional 

properties like the adsorption of secretions, microorganisms, oiliness, sweat and dirt. 

As examples we can mention exfoliants, sunscreens, soaps, shampoos, toothpastes, 

deodorants, makeup products, and face masks (SARRUF et al., 2024). As stated by 

Velasco and co-

absorbency levels on skin surface, such as greases, toxins and even bacteria and 

 Hence, this was the cosmetic form of clays application selected for this 

research work. 

Face masks are cosmetic formulations to be applied on the face with a thick layer 

and further removed after a certain time (normally of 10-30 minutes according to the 

composition and aim), with a frequency of 1-2 times a week. They can have many 

effects according to their components, like cleaning, lifting effect, rejuvenation etc. 

Face masks composed of clay-

(ZAGUE, 2007). 
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Clinical trials in humans are of great importance to understand the real 

effectiveness of active cosmetic components and cosmetic preparations. These 

evaluations must be carried out in accordance with the ethical principles established 

by legislation, to guarantee the protection of research participants (AGÊNCIA 

NACIONAL DE VIGILÂNCIA SANITÁRIA (ANVISA), 2012). 

By the above, this research involved the in vivo instrumental assessment of 

cosmetic attributes related to oiliness, firmness and elasticity of the association of red, 

green, and black clays incorporated into cosmetic face masks. 
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2. Literature review (https://doi.org/10.3390/cosmetics11010007) 

 

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. https://doi.org/10.3390/cosmetics11010007  
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3. Aims 

 

3.1. General aim 

 

Considering the selected active compounds (1) red clay  selected for its 

antiaging properties; (2) green clay  selected by its astringent, stimulating, drying, 

bactericidal, and healing properties; and (3) black clay  selected by its rejuvenating, 

healing, and oil absorption properties, we aimed at developing clay face masks and 

challenging their in vivo efficacy regarding skin oiliness reduction and firmness.  

 

3.2. Specific aims 

 

The specific aims of this research were: 

 

a) Characterization of the clays. 

b) Preparation of samples containing the association of red, green, and black 

clays. 

c) Determination of cosmetic attributes of the samples by in vivo methods in 

humans, involving objective methodologies (oiliness, firmness, and 

elasticity). 
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4. Material and Methods  

4.1. Raw materials 

 

The raw materials used for this research are listed below by INCI name, batch, 

and manufacturer / distributor.  

 

a) INCI: Sodium benzoate  Batch: AUTO275546 (Mapric®) 

b) INCI: kaolin  Green clay  Tersil® G  Batch: 00048/19 (Terramater®) 

c) INCI: kaolin  Black clay  Tersil® CB  Batch: 1997 (Terramater®) 

d) INCI: kaolin  Red clay  Tersil® CDR  Batch: 2097 (Terramater®) 

e) Aristoflex AVC  INCI: Ammonium Acryloyldimethyltaurate/VP Copolymer 

 Batch: AUTO279778 (Mapric®) 

f) INCI: Glycerin  Batch: PS-012153/F01 (PharmaSpecial®) 

g) INCI: Propylene glycol  Batch: PS-012094/F01 (PharmaSpecial®) 

h) INCI: Disodium EDTA  Batch: AUTO279693 (Mapric®) 

i) FocusGuard PE MIT  INCI: Phenoxyethanol (and) Methylisothiazolinone 

 Batch: 220630 (Alianza Magistral®) 

j) Belsil® OW 2100  INCI: PEG-12 Dimethicone  Batch: UC03329 (Alianza 

Magistral®) 

k) DUB B1215  INCI: C12-15 Alkylbenzoate  Batch: 18100546 (Alianza 

Magistral®) 

l) INCI: Citric acid  Batch: 36884 (Purifarma®) 

 

4.2. Packing material 

 

a) Clear Glass Wide Mouth Jars with 60 mL capacity and metal caps 

 

4.3. Equipment, Instruments and Accessories 

 

a) Analytical balance  Model: AUX220  Shimadzu® 

b) Semi-analytical balance  Model: ARD110  Ohaus® 

c) Suntest CPS+ Solar Light® 
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d) pHmeter Digimed DM-22 with glass probe 

e) Heating plate IKA® C-MAG HS 7 

f) Reverse osmosis  Model: Osmose 10 LX - Gehaka® 

g) Scanning Electron Microscope (SEM)  JSM-6460LV with Energy 

Dispersive Spectroscopy system (EDS)  Jeol®  

h) Sputtering  Denton Vacuum Desk II 

i) Multi Probe Adapter (MPA) 580  Courage & Khazaka®  with 

Corneometer, Sebumeter and Cutometer probes  

j) X-ray diffractometer Bruker D8 Da Vinci 

k) X-ray fluorescence (FRX) analyzer Epsilon 4 

l) Rheometer model Haake Mars II with Rheoscope module (Haake, 

Germany) 

m) Thermo-hygrometer Instrutherm® model HT-750 

n) Analytical balance Marte AUW220D (Shimadzu Corporation®, Japan) 

o) Particle size analyzer model CILAS 1090 (Quantachrome Instruments®, 

United States) 

p) Ultrapycnometer 1000 (Quantachrome Instruments®, United States) 

q) Differential Scanning Calorimeter DSC 7020 (Seiko Instruments, Tokyo, 

Japan) 

r) Thermogravimetry/Differential Thermal Analyzer Exstar TG/DTA 7200 

(Seiko Instruments, Tokyo, Japan) 

 

5. Methods 

 

5.1. Characterization of the clays 

 

5.1.1. Scanning Electron Microscopy (SEM) 

 

The clays were submitted to Scanning Electron Microscopy analysis using JSM-

6460LV Scanning Electron Microscope with Energy Dispersive Spectroscopy system 

(Jeol®), to characterize their surfaces.  
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Therefore, the samples were transferred to a carbon double sided tape placed on 

the SEM sample holder (Figure 1). The samples were coded as follows1: AP = black 

clay; AVT = green clay; AV = red clay. 

 

 

Figure 1. SEM sample holder with clays 

 

The sample holder containing the samples was then submitted to the sputtering 

procedure to cover samples with gold to improve electron conductivity. 

Afterwards, the sample holder was inserted on the SEM equipment for surface 

morphology analysis. 

 

5.1.2. pH measurement 

 

The pH (hydrogen potential) values of each clay were obtained in replicates of 

three using a calibrated pHmeter equipment. Therefore, clays were previously 

dispersed in distilled water in a proportion of 1:9 immediately before measurements in 

accordance with current Brazilian Pharmacopoeia (AGÊNCIA NACIONAL DE 

VIGILÂNCIA SANITÁRIA (ANVISA), 2019). 

 

  

 
1 Codes AB, CAF, AR, and AVM are irrelevant to this research work and were used elsewhere. 
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5.1.3. Thermal Analysis  

 

The thermal properties of clay samples were determined by Differential Scanning 

Calorimetry (DSC) and Thermogravimetry (TG) assessments at DEINFAR Laboratory 

 

 

5.1.3.1. Differential Scanning Calorimetry (DSC) 

 

The DSC analysis was performed with the equipment Differential Scanning 

Calorimeter DSC 7020 (Seiko Instruments, Tokyo, Japan), using a heating ramp of 30 

to 450°C, and a heating rate of 10°C/min. Therefore, clay samples were placed in 

hermetic aluminum pans, using masses between 3 and 6 mg. As inert atmosphere, 

nitrogen was employed at a 50 mL/min flow. The equipment was previously calibrated 

using metallic indium standard ( Hfusion = 28.57 J/g and Tonset melting point = 

156.6°C) (ZAGUE, 2007). 

 

5.1.3.2. Thermogravimetry (TG)  

 

The thermogravimetry (TG) was performed with the equipment 

Thermogravimetry/Differential Thermal Analyzer Exstar TG/DTA 7200 (Seiko 

Instruments, Tokyo, Japan), using a heating ramp of 30 to 600°C, and a heating rate 

of 10°C/min. Sample mass for each analysis lied between 3 and 6.5 mg (according to 

atmosphere, nitrogen was employed at a 100 mL/min flow. The equipment was 

previously calibrated and verified concerning mass loss using calcium oxalate 

standard. 

 

5.1.4. Real density assessment 

 

For the real density assessment, clay samples were transferred to the 
3 until three quarters of it 

was fulfilled. The holder containing each sample was weighted in analytical balance 

(Marte AUW220D - Shimadzu Corporation, Japan) and inserted in the equipment 
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Ultrapycnometer 1000 (Quantachrome Instruments®, United States) for volume and 

density reading, as described in United States Pharmacopeia (UNITED STATES 

PHARMACOPEIAL CONVENTION, 2019). Five volume measurements were performed 

using helium gas (He) as purging gas, in replicates of three, to determine average 

density value per sample. 

 

5.1.5. Particle size distribution by Laser Diffractometry  

 

Particle size analyzer model CILAS 1090 (Quantachrome Instruments®, United 

States). For green clay we used wet dispersing module, and for the other clays dry 

dispersing module. 

 

5.1.5.1. Wet dispersion analysis (green clay) 

 

Samples were dispersed in purified water (dispersing agent) and submitted to 

reading without using ultrasound. Only stirring activation and measurement time of 60 

seconds were employed. The amount of sample was enough to maintain obscuration 

between 15 and 20%. The Franhoufer model was used to calculate the diameters and 

the graphs were obtained using the Size Experts program. 

 

5.1.5.2. Dry dispersion analysis (other clays) 

 

Samples were dispersed in a compressed air jet at a pressure of 200 mbar, and 

measurement time of 30 seconds, with obscuration between 1 and 5%. The Franhoufer 

model was used to calculate the diameters and the graphs were obtained using the 

Size Experts program. 
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5.1.6. X-ray diffraction 

 

The mineralogical composition analysis was performed using X-ray Diffraction 

 Institute of Geosciences of 

the University of São Paulo (IG-USP).  

Clay samples were transferred to the sample holder, and the diffractograms were 

obtained using a Bruker D8 Da Vinci X-ray diffractometer, with copper K-alpha 

to 70° 2-teta. Data were analyzed with Match! Software from the COD database 

(Crystallographic Open Database). 

 

5.1.7. X-Ray Fluorescence 

 

by X-ray fluorescence diffraction technique, in Alex Stewart International do Brasil 

Ltda. Laboratory. Therefore, samples were prepared and pressed into a briquette 

before inserting in the equipment X-ray fluorescence analyzer Epsilon 4. This chemical 

semiquantitative analysis aimed to characterize clays concerning oxides (CORRÊA, 

2006). 

 

5.2. Development of the face masks 

 

The development of the cosmetic formulations involved elaborating facial clay 

masks containing red, green, and black clays as active components.  
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5.2.1. Formulation composition and preparation 

 

Red clay was selected for its antiaging properties. Green clay was selected due 

to its astringent and healing properties. As to black clay, it was selected due to its 

rejuvenating, healing, antioxidant and oil absorption properties (BALDUINO, 2016). 

Formulations containing the association of red, green, and black clays were 

prepared in three different concentrations: F01 - placebo or control formulation (where 

no actives were added), F02 - minimum concentration formulation (with 3% of each 

active component), and F03 - maximum concentration formulation (with the addition of 

7% of each active component). The concentration of each substance was established 

in accordance with Brazilian legislation. Compositions are described in Table 1. 

 

Table 1. Composition of the cosmetic samples 

Components 
Concentration 

(%w/w) 
 Component name INCI name F01 F02 F03 

Base 
formulation 

Aristoflex® AVC 
Ammonium 

Acryloyldimethyltaurate/VP 
Copolymer 

2.0 2.0 2.0 

Glycerin Glycerin 3.0 3.0 3.0 
Propylene glycol Propylene glycol 3.0 3.0 3.0 
Disodium EDTA Disodium EDTA 0.1 0.1 0.1 

FocusGuard PE MIT 
Phenoxyethanol (and) 
Methylisothiazolinone 

0.5 0.5 0.5 

Belsil® OW 2100 PEG-12 Dimethicone 4.0 4.0 4.0 
DUB B1215 C12-15 Alkylbenzoate 4.0 4.0 4.0 

Distilled water Aqua q.s. q.s. q.s. 
Citric acid (50% w/w 

solution) 
Citric acid ** ** ** 

Active 
compounds 

Red clay - Tersil® 

CDR 
Kaolin 0.0 3.0 7.0 

Green clay - Tersil® 
G 

Kaolin 0.0 3.0 7.0 

Black clay -Tersil® 
CB 

Kaolin 0.0 3.0 7.0 

Legend: INCI = International Nomenclature of Cosmetic Ingredients; q.s. = quantum sufficit (enough 

amount to complete weight); w/w = weight/weight. 

** Enough amount added to achieve final formulation pH value of 5.5-6.5. 

 

Clays were individually sieved in 60 mesh sieve and transferred to a previously 

identified open mouth jar. This process enabled better incorporation of all clays in the 
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prepared formulation. Then, sieved clays were weighted and transferred to a porcelain 

mortar to be homogenized and grinded.  

C12-15 Alkylbenzoate, PEG-12 Dimethicone and Glycerin were weighted and 

transferred to the same beaker and stirred with glass stick. This mixture was then 

transferred to the porcelain mortar with the clays and stirred with the pistil until 

ter was then 

weighted and added to this mixture under stirring (10% of total formulation for F01 and 

F02, and 20% of total formulation for F03). 

In a stainless-steel mug, the EDTA was solubilized in the remaining amount of 

water. Then, the preservative and Propylene glycol were weighted and added. This 

mixture was homogenized before the addition of the polymer (Ammonium 

Acryloyldimethyltaurate/VP Copolymer). The polymer was incorporated slowly under 

stirring until the formation of a gel and stirred until no lump was observed.  

Finally, the content of the porcelain mortar was added to the stainless-steel mug 

to be incorporated in the gel under agitation with a mixer until complete 

homogenization.  

The final formulations were transferred to the proper packing material.  

 

5.3. Efficacy assessment of the developed face masks 

 

5.3.1. Ethical Assessment of the Study Protocols 

 

The research was conducted in accordance with current Brazilian legislation and 

following the ethical principles described in RDC 466/2012. The study protocol and 

product information were previously submitted to the approval of the Research Ethics 

Committee of Faculty of Pharmaceutical Sciences, University of São Paulo, to protect 

all study participants. 

 

5.3.2.  

 

Before each assay, the aim and methodology of all assessments were clarified 

to the participants, and they signed an informed consent term previously approved by 
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the Ethics Committee (Annex C). The informed consent term was read aloud to the 

participants before they signed it.  

The selected participants were all capable of accomplishing each research 

protocol and of understanding all stages of the process. 

 

5.3.3. Inclusion Criteria 

 

The general inclusion criteria determined in the protocols are listed below. 

General inclusion criteria: 

 Gender: male and female 

 Healthy participants 

 Intact skin on the experimental region 

 Phototypes I to IV 

 Absence of irritation or allergy history to the material used in the studies. 

 Having signed the informed consent term 

 Participants that want to be part of the study without financial profit. They 

were compensated for the transportation and feeding expenses. 

 Participants apt to accomplish the study protocol demands. 

 

5.3.4. Exclusion Criteria 

 

The general exclusion criteria determined in the protocols are listed below. 

 Allergy to the test product category 

 Pregnant or lactating women 

 Immunodeficiency 

 Active atopic dermatitis 

 Kidney, heart and/or liver transplant 

 Solar erythema on the test region caused by intense sun exposure of 1 

month before the study. 

 Forecast of intense sun or ultraviolet lamps exposure during the study 

 Use of the following medications: corticoids, antihistamines, 

immunosuppressants, retinoids, anti-inflammatory 
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 Any conditions that may interfere with the assessments according to the 

principal investigator. 

 History of non-adherence to the study protocol 

 People directly involved with the protocol and their family. 

 Participants who refuse to participate in the study. 

 

The participants were also asked not to alter their diet, cosmetic and hygiene 

habits, exercise routine and contraceptive methods during the research. They were 

also asked not to use products from the same category of the investigational sample 

on the test region along the study. 

 

5.3.5. Sebumetry 

 

The assessment of skin oiliness (sebumetry) of the participants was performed 

using the probe Sebumeter® (Courage & Khazaka) coupled to the equipment Multi 

Probe Adapter - MPA (Courage & Khazaka).  

It consists of a non-invasive, fast, safe, and effective method for the assessment 

of product efficacy in skin oiliness reduction. It is based on the skin oiliness adsorption 

(RIZER, 1999). 

collect the produced sebum, culminating in the increase of the tape transparency 

proportional to the amount of sebum produced. The transparency change is measured 

by a sensor inside the equipment MPA, leading to obtaining a value between 50 and 

300 µg/cm2 to indicate the amount of sebum per skin area (COURAGE & KHAZAKA, 

2020). 

In this assay, 20 participants with oily skin on the face T-zone, aged between 18 

and 45 years, were selected. They were submitted to an acclimatization period of 30 

min under standardized environmental conditions (20 ± 2°C temperature and 50 ± 5% 

relative humidity) before all measurements. Then, a site was marked on the 

experimental region (forehead) of the participants using a template, inside which the 

baseline oiliness measurements were taken in replicates of three (t0). 
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After the baseline measurement, the investigational products were applied 

standardizedly on the marked sites using a 1 mL disposable syringe and were spread 

with finger covered with a disposable latex finger cot at a ratio of 2.0 mg/cm2. 

Afterwards, new oiliness measurements were taken on the following 

experimental times: 2 hours after application (t2h); and 4 hours after application (t4h). 

 

5.3.6. Cutometry 

 

The cutometry assessment was performed using the Cutometer® (Courage & 

Khazaka) probe coupled to the equipment Multi Probe Adapter - MPA (Courage & 

Khazaka) for firmness and elasticity determination.  

The principle of the technique is based on the suction method. The system 

creates negative pressure, and the skin is pulled inside the probe aperture. Then the 

pressure stops, and the skin is released to return. Inside the probe, sensors determine 

the skin penetration depth. The cutaneous resistance to the negative pressure applied 

corresponds to firmness (the lower the penetration inside the probe, the more the skin 

the 

closer to the original position the skin returns, the more this skin is elastic) (COURAGE 

& KHAZAKA, 2021). 

In this assay, 20 participants aged between 30 and 60 years were selected to 

participate. They were submitted to an acclimatization period of 30 min under 

standardized environmental conditions (20 ± 2°C temperature and 50 ± 5% relative 

humidity) before all measurements. Then, a site was marked on the experimental 

region (malar region on the cheeks) of the participants using a template, inside which 

the baseline firmness and elasticity measurements were taken with three suction-

relaxation cycles (t0).  

After the baseline measurement, the investigational products were applied 

standardizedly on the marked sites using a 1 mL disposable syringe and were spread 

with finger covered with a disposable latex finger cot at a ratio of 2.0 mg/cm2.  

Afterwards, new firmness and elasticity measurements were taken on the 

following experimental times: 2 hours after application (t2h); and 4 hours after 

application (t4h).  
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5.4. Statistical treatment of the obtained data 

 

All data was statistically assessed (where applicable) to determine whether 

clays and their concentrations influenced on product efficacy. Statistical analyses 

were performed using Minitab software. 
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6. Results and Discussion 

 

The SEM allows obtaining a magnified, three-dimensional image of unmodified 

clay surface to observe features, like surface, morphology, texture (particle 

arrangements), and growth mechanics of crystals and crystallites (BOHOR; HUGHES, 

1971). Green, red, and black clays were submitted to SEM coupled with an Energy 

Dispersive Spectroscopy (EDS) to allow a semi-quantitative assessment of the 

elements present in their composition. To confirm their mineralogical composition, an 

X-ray diffraction analysis was additionally performed. Figures 2 to 4 illustrate the 

results for each clay for the EDS analysis. Table 2 presents the percentual weight of 

each element per sample (reminding that the analysis is semi-quantitative). 

 

 

Figure 2. EDS analysis of Black Clay. 
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Figure 3. EDS analysis of Green Clay 

 

 

Figure 4. EDS analysis of Red Clay 

 

 



53 
 

 
 

Table 2. Weight percentage of each element on clay samples by SEM coupled with 

EDS. 

 Black Clay Green Clay Red Clay 

Element 
% 

Weight 
% Weight 

Error 
% 

Weight 
% Weight 

Error 
% Weight 

% Weight 
Error 

C 43.15 +/- 1.01 17.45 +/- 0.90 41.51 +/- 0.88 
O 35.33 +/- 0.49 37.46 +/- 0.45 28.76 +/- 0.67 

Mg 0.02 +/- 0.02 0.23 +/- 0.04 --- --- 
Al  6.81 +/- 0.08 9.76 +/- 0.12 --- --- 
Si 12.64 +/- 0.09 21.16 +/- 0.15 3.19 +/- 0.08 
K 0.28 +/- 0.02 1.75 +/- 0.04 --- --- 

Ca 0.17 +/- 0.02 0.49 +/- 0.04 --- --- 
Ti 0.62 +/- 0.06 0.16 +/- 0.05 0.75 +/- 0.08 
Fe 0.97 +/- 0.06 3.19 +/- 0.18 4.87 +/- 0.18 
Na --- --- 0.59 +/- 0.09 --- --- 
Ni --- --- --- --- 0.17 +/- 0.08 

Total 100.00 --- 100.00 --- 100.00 --- 
 

The size of the peak is proportional to the amount of that element in the sample. 

Gold (Au) is always detected in the referred graphs, as the samples are covered in 

gold during preparation to improve electron conductivity (sputtering) (ERIK LUYK, 

2019). As we can observe from the graphs: 

 Elements found in black clay:  

o Higher amounts: carbon (C), oxygen (O), aluminum (Al), and silicon 

(Si). 

o Lower amounts: iron (Fe), titanium (Ti), potassium (K), and calcium 

(Ca). 

 Elements found in green clay:  

o Higher amounts: carbon (C), oxygen (O), aluminum (Al), silicon (Si) 

and Iron (Fe). 

o Lower amounts: titanium (Ti), sodium (Na), magnesium (Mg), 

potassium (K), and calcium (Ca). 

 Elements found in red clay:  

o Higher amounts: carbon (C), oxygen (O), silicon (Si) and Iron (Fe). 

o Lower amounts: titanium (Ti), and nickel (Ni). 
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The SEM micrographs from each clay, with 2000x and 5000x magnifications, are 

illustrated in Figures 5 to 7 and each type of sample presented a different morphology. 

 

Black clay  2000x Black clay  5000x 

  
  

Figure 5. Micrographs of Black clay for morphology assessment by SEM (2000x and 

5000x). 

 

Green clay  2000x Green clay  5000x 

  
  

Figure 6. Micrographs of Green clay for morphology assessment by (2000x and 

5000x). 

Red clay  2000x Red clay  5000x 
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Figure 7. Micrographs of Red clay for morphology assessment by (2000x and 

5000x). 

 

When comparing the morphology of the three types of clays assessed in this 

research, we observed that they presented different structures. Red clay has smaller 

particles with a more rounded shape and does not form a layer pattern. Among all 

three, green clay is the one with the most layer-like appearance, with different layers 

forming a cohesive structure. As to black clay, it appears to have several layered 

structure blocks, and we can see the layers better when increasing the micrograph 

magnification to 5000x. 

SEM technique allows morphology visualization, to better understand and 

visualize differences between clay types. According to Bohor and Hughes (1971), SEM 

technique allows the analysis of morphology/configuration, texture (particle 

arrangements) and growth mechanics of crystalline units. According to the authors, 

SEM offers a magnified, 3D-view of unmodified clay surface with dept of focus 

(BOHOR; HUGHES, 1971). 

Keller and co-workers (1986) mention that crystal morphologies of clay-mineral 

families, as observed in SEM, are characteristically unique, and that the morphology 

and texture assessment by SEM can be used to identify individual species (KELLER; 

REYNOLDS; INOUE, 1986). 

the results with his findings from X-ray diffraction analysis. The author observed 

aspects related to morphology, particle dimensions and mineralogic composition. His 

findings showed that the SEM analysis corroborated with the X-ray diffraction analysis, 
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where kaolinite hexagonal darker plates were found beside gibbsite lighter 

agglomerates. The author described the gibbsite as agglomerates of whiteish particles 

sometimes with tubular forms. Kaolinite was described as normally smaller than 1µm, 

appearing as small plates occasionally with hexagonal profiles with lighter color 

(CORRÊA, 2006). These lighter gibbsite agglomerates could be also observed for red 

clay, as it has a different pattern and morphology compared to the other two clays 

assessed. X-ray diffraction detected the presence of this clay-mineral in red clay, and 

not in black and green ones (data shown further in results and discussion). Kaolinite 

was detected in all clays assessed, but the plates' shape was clearer to be observed 

in green and black clays. 

When we consider clays' INCI names, all the assessed clays are considered as 

same clay-mineral. Therefore, when looking at a cosmetic product composition only, 

we cannot differentiate these types of clays. However, when assessing the morphology 

by SEM technique, we can observe that they have different characteristics, which 

justify their different behavior and efficacy when in contact with hair and the skin. For 

cosmetics, clays are mainly identified by their color. Based on that, further research 

should be performed exploring clays commercialized for cosmetic use with the 

comparison between clays of the same color (sold as the same raw material) from 

different suppliers.  

The pH values obtained for each clay are described in Table 3. All assessed 

clays presented pH values tending to acid, with green clay being the only one near 

neutrality. This pH result was different from the one observed by Zague, 2007, 

concerning green clay (ZAGUE, 2007).The author also assessed the pH value of green 

clay used for cosmetic formulations and detected an alkaline behavior, with average 

pH of 8.7 ± 0,01, to which was attributed to the presence of calcium carbonate. This 

difference proved that even though commercialized with the same name and INCI, 

green clays from different suppliers may have different compositions and therefore 

they behave differently. 
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Table 3. pH values of each clay. 

Clays Average pH value (n=3) 
Green  6.39 ± 0,01 
Red  4.49 ± 0,02 

Black  3.96 ± 0,06 
 

Keller and Matlack (1990) assessed the pH values of several clay suspensions 

collected from soils at different locations (KELLER; MATLACK, 1990). The authors found 

that pH behaved differently according to soil composition: 

 The pH of clear supernatant water over halloysite is around 4 (acid). 

 Like its polymorph halloysite, kaolinite suspensions presented pH values 

between 3.9 and 4.6. 

 Dickite also generated acid pH (3.7). 

 Illite presented pH of 5.5  6.0. 

 Smectite presented pH of 4.5  5.0. 

 

natural field occurrences and in laboratory suspensions tends to be on the acid side, 

pH 4- 4 and K 

content in mobile positions, tend to present higher pH values, around 5.5  8.0 

(KELLER; MATLACK, 1990). 

When analyzing X-ray diffraction results, we found that green clay was the only 

one composed by illite and smectite, together with kaolinite (results shown further in 

Table 8). This is probably the reason why it presented the highest pH value among 

them, corroborating with Keller and Matlack, 1990.  

Thermal analysis methodologies have been used in cosmetic analysis for quality 

control and product development, as they consist of techniques involving 

measurement of physical properties of a substance and/or its reaction subproducts in 

function of temperature and/or time, while submitted to a controlled temperature 

program under controlled environment (BRETZKE, 2015; LIMA, 2016).  

The DSC thermo-analytical technique measures the difference between the 

energy supplied to a thermally stable reference material and the test sample in function 

of temperature while the materials are submitted to a controlled temperature program. 

Both sample and reference were placed in identical capsules located on the 
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thermoelectrical disc and were heated by a single heat source to obtain the DSC 

curves (LIMA, 2016). This allows the assessment of thermal transitions (which are 

transformations where the substance can gain or lose energy in heat form), such as 

exothermic (thermal transitions where the material releases heat  example: 

crystallization temperature, oxidation temperature), and endothermic processes 

(thermal transitions where the material absorbs heat  example: fusion temperature, 

evaporation temperature, glass transition temperature). Each type of transformation 

demands a certain amount of energy to occur (BRETZKE, 2015). In the DSC curves, 

the ascending peaks correspond to exothermal events, while descending peaks 

correspond to endothermal events (LIMA, 2016). The DSC curves for each clay (black, 

green, and red) are presented in Figures 8 to 10 and the DSC results are in Table 4. 

 

 

 

Figure 8. DSC curve obtained for black clay. 
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Figure 9. DSC curve obtained for green clay. 

 

 
Figure 10. DSC curve obtained for red clay. 
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Table 4. DSC obtained results for each clay type. 

Clay sample 
On set 

(°C) 
End set 

(°C) 
Exothermic 
peak (°C) 

Area 
(mJ/mg) 

Area 
(uV.s/mg) 

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

Green clay 203.4 245.9 230.6 8.74 - 
 

The TG analysis supplies information about mass variations in function of time 

and/or temperature under standardized atmospheric conditions. Therefore, the 

equipment used has a precise balance, to weight the sample and register mass along 

the assay, as temperature increases. In the end, a thermogram is obtained to verify 

products and of formed residue. The DTG is the first derived from the TG curve, and 

tation is easier to 

visualize (BRETZKE, 2015; LIMA, 2016). A substance may gain or lose mass according 

to the occurred phenomenon. For example, it may gain mass after oxidation reactions 

where non-volatile oxides are formed; it may lose mass after the evaporation of 

components such as water or other volatiles. The obtained TG curves for each clay 

(black, green, and red) are presented in Figures 11 to 13. 

 

 
Figure 11. TG/DTG curve obtained for black clay. 
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Figure 12. TG/DTG curve obtained for green clay. 

 

 
Figure 13. TG/DTG curve obtained for red clay. 
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The obtained TG results for each clay type, with mass loss percentages per 

temperature rate, are summarized in Table 5. 

 

Table 5. TG obtained results 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 clay 2.87% 6.10% 86.64% 
Red clay 1.08% 3.80% 85.57% 

Green clay 0.98% 1.95% 96.61% 
 

When verifying thermal analysis of clays, they normally present two types of 

events: (1) at lower temperatures, normally between 50 and 200°C, they present 

dehydration events, with the evaporation of water from internal and external surfaces; 

and (2) at higher temperatures, normally above 400°C, they lose mass probably due 

to dihydroxylation of kaolinite (BRETZKE, 2015; FAVERO et al., 2016; ZAGUE, 2007). The 

dihydroxylation of kaolinite causes its transformation into meta kaolinite, as high 

temperatures provoke calcination of this clay-mineral, with loss of the reticulate water. 

The formed meta kaolinite is an amorphous aluminum silicate with a disordered 

structure (BRETZKE, 2015). 

By the results on Table 5, we noticed a first thermal event (dehydration) at lower 

temperatures, between 25 and 125°C, with 2.87% mass loss for black clay, 1.08% for 

red clay, and 0.98% for green clay. This meant that dehydration was more significant 

for black clay compared to the others. Concerning the second thermal event 

(dihydroxylation of kaolinite) that occurred at 425  550°C, there was an amount of 

6.10% mass loss for black clay, 3.80% for red clay, and 1.95% for green clay. 

Considering these results, black clay was more sensitive to mass loss when submitted 

to temperature compared to other clays for both thermal events.  

When observing granulometry and composition assays (described in the 

following topics), black clay was the one with smallest average diameter (smallest 

particle size) and simplest composition amongst all. This might have affected its 

capacity to dehydrate and suffer reactions when submitted to temperature compared 

to the others, as smaller particles are more exposed. Small particles present a bigger 

exposed contact surface area, thus being more susceptible to reactions (SCHWARZE 

et al., 2007). However, further research should be conducted to prove this hypothesis. 
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Green clay, on the other hand, presented the lowest mass loss in TG assay, and is the 

only clay where expandable clay mineral (smectite) was found in X-ray diffraction 

assessment.  

As to the DSC values, shown in Table 4 all clays presented exothermic peaks 

probably due to kaolinite decomposition. Still, the amplitude and intensity of this event 

was different for each clay, what corroborated with the findings from Bretzke (2015). 

According to literature, the extent of kaolinite dihydroxylation may vary depending on 

chemical, physical and mineralogical characteristics of clays, thus leading to a variation 

emperatures (BRETZKE, 2015). In our research, exothermic 

peaks occurred at 217.7°C for black clay (event from 201.7 to 263.0°C), at 337.7°C for 

red clay (event from 322.5 to 345.6°C), and at 230.6°C for green clay (event from 203.4 

to 245.9°C). 

Zague (2007) studied thermal behavior of green clay and found different results. 

dehydration (water evaporation from the internal and external surfaces of the particles). 

No event was observed for green clay around 200°C. Still, another endothermal event 

was observed for pink clay and aluminum and magnesium silicate (around 270°C), 

which was attributed to the beginning of dihydroxylation of the layers of this reticle 

(ZAGUE, 2007). 

Beside thermal analysis, the real density of clays was determined. The weighted 

mass (g), volume (cm2), and real density (g/cm2) values obtained for each clay are 

described in Table 6.  

 

Table 6. Mass, volume, and density values of each clay (n=3). 

Results / Sample Green clay Black clay Red clay 
Weighted mass (g) 4.260 3.839 3.576 

Volume 
(cm2) 

M1 2.5721 2.4339 2.2150 
M2 2.5497 2.4198 2.1817 
M3 2.5326 2.4129 2.1808 
A 2.5514 2.4222 2.1925 

Density 
(g/cm2) 

M1 1.6563 1.5773 1.6145 
M2 1.6708 1.5865 1.6391 
M3 1.6821 1.5910 1.6398 
A 1.6696 1.5849 1.6310 

Legend: M1 = measurement 1; M2 = measurement 2; M3 = measurement 3; A = average value 
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determined by laser diffraction and the results are represented in Figures 14 to 16 and 

detailed in ANNEX E. The results are also summarized in Table 7.  

 

 

Figure 14. Particle size distribution volume (bars) and cumulative distribution volume 

(dashed line) of clays by laser diffraction  Black clay 
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Figure 15. Particle size distribution volume (bars) and cumulative distribution volume 

(dashed line) of clays by laser diffraction  Red clay 

 

 

Figure 16. Particle size distribution volume (bars) and cumulative distribution volume 

(dashed line) of clays by laser diffraction  Green clay 



66 
 

 
 

 

Table 7. Particles size distribution profile (average) for each clay type assessed 

(CILAS readings). 

Clay sample 
10% Diameter 

(µm) 
50% Diameter 

(µm) 
90% Diameter 

(µm) 
Average 

Diameter (µm) 
Black clay 4.10 59.62 121.86 61.70 
Red clay 22.65 91.33 189.12 101.64 

Green clay 7.44 81.47 157.78 82.67 
 

Black clay had the smallest particle sizes (average diameter 61.70 µm) and 

presented the lowest real density average (1.5849 g/cm2). Red clay presented the 

highest diameter average and therefore biggest particles (101.64 µm) although its 

density was similar to 2 respectively). 

Bretzke (2015) assessed granulometry of several types of clays, including green, 

black, and red, and observed different results. According to the author, clays presented 

an average size between 2 and 16 µm and kaolin was the material with the smallest 

size

(BRETZKE, 2015). 

Clays contain a mixture of substances with several particle sizes, from smallest 

to biggest (such as quartz). They are composed of two or more clay minerals mixed 

with variable amounts of non-clay materials (for example quartz, feldspars, carbonates, 

oxides, amorphous materials, and organic matter) (BRETZKE, 2015; GHADIRI; 

CHRZANOWSKI; ROHANIZADEH, 2015; MORAES et al., 2017; SILVA-VALENZUELA et al., 

2018; VISERAS et al., 2007). Higher amounts of quarts in clays, which normally occur in 

lighter-colored ones, tend to present bigger size particles, and, therefore, a rougher 

feel on the skin (BRETZKE, 2015).  

Considering our findings, among the three clays, black one should be the 

smoother to be applied on skin, and red clay should be the roughest. However, all 

three assessed clays are commercialized for cosmetic use in clay masks. Among the 

commercially available clays from this supplier, they are the ones with bigger 

granulometry due to their application. To apply on non-rinsible products such as 

sunscreens or makeup powders, this is not the clay of choice, as granulometry for this 

category should be smaller. 
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Silva-Valenzuela and co-

size are important for skin therapeutic and cosmetic purposes, such as face masks 

(SILVA-VALENZUELA et al., 2018). 

According to literature, inorganic fractions from the soil can be classified 

according to their particle size as: (1) sand (particles larger than 50 µm); (2) silt 

(particles between 2 and 50 µm); and (3) clay (particles smaller than 2 µm) (BESQ et 

al., 2003; ZAGUE, 2007). All clays presented an average diameter above 50 µm, thus 

indicating that part of them is not classified as clay and there is the presence of other 

minerals, such as quartz. The presence of quartz was proved in all three clays by X-

ray diffraction analysis. 

Mineralogical analyses of the clays were carried out by X-ray diffraction and the 

result allowed us to verify that the clays were different from one another in composition 

(Table 8). Data were analyzed using Match! Software from Crystallographic Open 

Database. 

 Black clay was mainly composed of kaolinite and quartz. It is 

mineralogically simpler than the other two, and its color is probably due to 

the presence of organic matter, as no manganese minerals were detected. 

 Red clay was composed of kaolinite, quartz, gibbsite (aluminum 

hydroxide), and hematite. Hematite is the component responsible for its 

reddish color. The presence of gibbsite indicates that it consists of a 

material that is lixiviated by weathering. 

 Green clay was composed of kaolinite, quartz, illite, and smectite. Smectite 

is an expandable clay-mineral. The identification of the expandable clay-

mineral in the sample was carried out after sample saturation with ethylene 

glycol, where a peak expansion from 14 to 17 Angstrom was observed. 
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Table 8. X-ray diffraction results obtained for black, red, and green clays. 

Clay 
Assay 

condition 
Kaolinite Illite Smectite* Quartz Hematite Gibbsite 

Black 
A X     X     
B X     X     

Red 
A X     X X X 
B X     X   X 
C X     X   X 

Green 
A   X X X     
C X X X       

Legend: A = total sample pressed on a glass slide; B = clay fraction sample decanted on glass 

slide; C = clay fraction sample saturated with ethylene glycol. * Mineral from smectite group, possibly 

montmorillonite. 

 

Figures 17 to 23. The presence of 

kaolinite in all clays and of smectite in green clay indicated application capacity in 

dermatological care products to protect skin against external agents (for example, 

antipollution effect), exudations, and liquid excretions. Those minerals adhere to skin, 

forming a film that provides mechanical protection against external agents and take up 

skin exudations. They also produce a water-poor medium unfavorable to bacterial 

growth and sorb bacteria, viruses, grease, and toxins, thus presenting some antiseptic 

activity (CARRETERO, 2002; CARRETERO; GOMES; TATEO, 2006; CARRETERO; POZO, 

2010; DARÉ et al., 2015). Kaolinite and smectite also have high sorption capacity, form 

protective film, cover imperfections, and adsorb excessive oiliness and toxins. Hence 

its indication for oily and acneic skin (CARRETERO; POZO, 2010; DARÉ et al., 2015; 

LÓPEZ-GALINDO; VISERAS, 2004). 
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Figure 17. Diffractogram obtained from X-ray diffraction analysis of natural clay 

samples  Black clay (total sample pressed on a glass slide). 
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Figure 18. Diffractogram obtained from X-ray diffraction analysis of natural clay 

samples  Black clay (clay fraction sample decanted on glass slide). 
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Figure 19. Diffractogram obtained from X-ray diffraction analysis of natural clay 

samples  Red clay (total sample pressed on a glass slide). 
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Figure 20. Diffractogram obtained from X-ray diffraction analysis of natural clay 

samples  Red clay (clay fraction sample decanted on glass slide). 
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Figure 21. Diffractogram obtained from X-ray diffraction analysis of natural clay 

samples  Red clay (clay fraction sample saturated with ethylene glycol). 



74 
 

 
 

 

Figure 22. Diffractogram obtained from X-ray diffraction analysis of natural clay 

samples  Green clay (total sample pressed on a glass slide). 
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Figure 23. Diffractogram obtained from X-ray diffraction analysis of natural clay 

samples  Green clay (clay fraction sample saturated with ethylene glycol). 

 

Clays were submitted to semi-quantitative determination of elements in oxide 

state by X-ray Fluorescence using the equipment Epsilon 4, in accordance with the 

method developed by Alex Stewart International Laboratory. The results are described 

in Table 9. 
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Table 9. X-ray Fluorescence results of each clay. 

Element 
Multielement Calibration / Screening (%) 

Black Clay Green Clay Red Clay 
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 
P.F 0.0 ppm 0.0 ppm 0.0 ppm 
F 15.026 14.628 12.397 
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Element 
Multielement Calibration / Screening (%) 

Black Clay Green Clay Red Clay 
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 
 

All clays were rich in Al2O3 and SiO2. This profile corroborates with the findings 

from Favero and co-workers (2016), as they mentioned that Si, Al, Fe and K were the 

elements constituting the major amount of the studied samples after fluorescence 

diffraction analysis (FAVERO et al., 2016).  

Clays with high amount of Si indicates its efficacy in skin tissue reconstitution, 

skin hydration, and mitigation of cutaneous inflammatory processes (SARRUF et al., 

2024). Clays with high amount of Al is relevant for cosmetic preparations, due to their 

healing activity, hydration, and melanin absorption (CARRETERO; POZO, 2010; 

FAVERO et al., 2016). Clays having Si, Al, Fe, Ca, Ti and K can be employed as 

antibacterial, regenerative, antiseptic, and contribute to cell renewal, impurity 

adsorption, and circulation activation (CARRETERO; POZO, 2010; FAVERO et al., 2016). 

Red clay was the richest in the amount of Fe2O3. This could be justified as it is 

the only clay where hematite was detected by X-ray diffraction (FAVERO et al., 2016). 

Clays rich in iron oxides are likely to improve sun protection of cosmetic products 

(MATIKE; EKOSSE; NGOLE, 2011). The same result was obtained by Bretzke (2015), 

who tested several clays and found that red clay also presented the highest amount of 

iron content (BRETZKE, 2015). 

There is an advantage to using clays for cosmetic purposes, as it is a low-cost, 

natural, and abundant component, which is chemically inert and presents low toxicity 

when used in adequate conditions (COSTA, 2015). Cosmetics with clays can be 

formulated in several cosmetic forms, such as ointments, gels, creams, and pastes. 

Those products must be formulated considering their viscosity (must be appropriate to 

maintain contact with application region) and sensory aspects (must be cosmetically 

acceptable), which are influenced by the clay physicochemical properties (MATIKE; 

EKOSSE; NGOLE, 2011). According to Velasco and co-workers (2016), the most used 
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form concerning clays in cosmetics is face masks. This is due to their high absorption 

of substances on skin surface like oiliness, grease, toxins, and microorganisms. 

Hence, this was the cosmetic form of clays application selected for this research work. 

In cosmetics, clays can act either as active or as starting material, influencing the 

stability and rheology (SARRUF et al., 2024). As actives, they are widely used for skin 

cleansing, substances adsorption, detoxification, UV filter in sunscreens, and ion 

exchange with skin, due to their color, composition, particle size, structure, and ion 

exchange capacity 

al., 2014). 

According to the manufacturer literature, black clay is the most noble among 

clays, and has rejuvenating properties besides favoring cell renewal (MAPRIC, 2021). 

According to Balduino (2016), black clay properties include rejuvenation, whitening, 

healing, and oil absorption (BALDUINO, 2016).  

Several previous formulation prototypes were developed until achieving the one 

elected to this research. 

for minimum concentrations 3% of each clay (sum = 9%), and for maximum 

concentrations 7% of each clay (sum = 21%). Polymer concentration adopted was 2% 

for best viscosity. Table 10 below summarizes the first obtained formulations and 

preparation techniques.  

 

Table 10.  First obtained formulations and preparation techniques (F-a and F-b) 

 Components 
Concentration 

(%w/w) 
 Component name INCI name F-a F-b 

1 Aristoflex® AVC 
Ammonium Acryloyldimethyltaurate/VP 

Copolymer 
2.0 2.0 

2 Glycerin Glycerin 3.0 3.0 
3 Propylene glycol Propylene glycol 3.0 3.0 
4 Disodium EDTA Disodium EDTA 0.1 0.1 

5 FocusGuard PE MIT 
Phenoxyethanol (and) 
Methylisothiazolinone 

0.5 0.5 

6 Belsil® OW 2100 PEG-12 Dimethicone 4.0 4.0 
7 DUB B1215 C12-15 Alkylbenzoate 4.0 4.0 
8 Distilled water Aqua q.s. q.s. 
9 Citric acid Citric acid * * 
10 Green clay (Terramater) Kaolin 3.0 7.0 
11 Red clay (Terramater) Kaolin 3.0 7.0 
12 Black clay (Terramater) Kaolin 3.0 7.0 
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Preparation technique: 
Clays were weighted and transferred to a porcelain mortar to be grinded and 
homogenized. Then, 6 and 7 were added to the mixture to wet the clays and form a paste.  
In a stainless-steel mug, 4 was solubilized in water. Then, 2, 3 and 5 were added and 
homogenized. After, 1 was added slowly and stirred with glass stick until complete polymer 
hydration.  
At last, the content of the porcelain mortar was added to the stainless-steel mug under 
agitation with a mixer until complete homogenization. 

 
Final aspect observed and conclusion: 

in the formulation which did not disappear even after thorough agitation with the mixer 
(images not taken). Therefore, preparation technique was modified maintaining the same 
formulations. 

Legend: INCI = International Nomenclature of Cosmetic Ingredients; q.s. = quantum sufficit (enough 

amount to complete weight). *Enough amount to obtain adequate pH for preparation technique. 

 

For formulation prototypes F-  and F-  all clays were sieved before 

incorporating to avoid the formation of black dots. Also, glycerin was tested together 

with part of the water to wet clays before incorporating them into the gel, to ease the 

dispersion. Both formulations were approved for the following steps. Final formulations 

and preparation technique are described in Table 11

functions in the investigational product.  

 

Table 11. 
(approved) versions. 

 
Concentration 

(%w/w) 

 
Component name 

(commercial and INCI) 
Function F-c F-d 

Base 
formulation 

Aristoflex® AVC - 
Ammonium 

Acryloyldimethyltaurate/VP 
Copolymer 

Gelling agent for aqueous 
system. Forms anionic gels 

with cold process and 

viscosity 

2.0 2.0 

Glycerin 
Humectant, retains water in 

the formulation to avoid 
mask drying 

3.0 3.0 

Propylene glycol 
Humectant, retains water in 

the formulation to avoid 
mask drying 

3.0 3.0 

Disodium EDTA Chelating agent 0.1 0.1 
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FocusGuard PE MIT - 
Phenoxyethanol (and) 
Methylisothiazolinone 

Broad spectrum 
preservative agent with low 

allergenic potential 
0.5 0.5 

Belsil® OW 2100 - PEG-12 
Dimethicone 

Improves formulation 
sensorial and stability 
besides acting as co-

emulsifier. Also improves 
spreadability and reduces 
tacky sensation. Avoids 

complete mask dehydration 
while drying 

4.0 4.0 

DUB B1215 - C12-15 
Alkylbenzoate 

Emollient without oily 
sensorial. Avoids complete 

mask dehydration while 
drying 

4.0 4.0 

Distilled water - Aqua 
Formulation vehicle and 

solvent 
q.s. q.s. 

Citric acid (50% w/w 
solution) 

pH corrector ** ** 

Active 
compounds 

Red clay - Tersil® CDR 
(Terramater) - kaolin 

Active component for skin 
rejuvenation 

3.0 7.0 

Green clay - Tersil® G 
(Terramater) - kaolin 

Active component for 
oiliness reduction, 

astringency, healing, and 
antibacterial effect 

3.0 7.0 

Black clay -Tersil® CB 
(Terramater) - kaolin 

Active component for skin 
rejuvenation, whitening, 

healing, and oil absorption 
3.0 7.0 

 
Preparation technique: 

Clays were individually sieved in 60 mesh sieve and transferred to a previously identified 
open mouth jar. Then, sieved clays were weighted and transferred to a porcelain mortar 
to be homogenized and grinded. 
C12-15 Alkylbenzoate, PEG-12 Dimethicone and Glycerin were weighted and transferred 
to the same beaker and stirred with glass stick. This mixture was then transferred to the 
porcelain mortar with the clays and stirred with the pistil until homogenization and 

ter was then weighted and added to this 
mixture under stirring (10% of total formulation for F-c and 20% for F-d). 
In a stainless-steel mug, the EDTA was solubilized in the remaining amount of water. Then, 
the preservative and Propylene glycol were weighted and added. This mixture was 
homogenized before the addition of the polymer (Ammonium Acryloyldimethyltaurate/VP 
Copolymer). The polymer was incorporated slowly under stirring until the formation of a 
gel and stirred until no lump was observed. 
Finally, the content of the porcelain mortar was added to the stainless-steel mug to be 
incorporated in the gel under agitation with a mixer until complete homogenization. 
 

Formulation images: 
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F-c:   

F-d:   
Legend: INCI = International Nomenclature of Cosmetic Ingredients; q.s. = quantum sufficit (enough 

amount to complete weight); w/w = weight/weight. 

** Enough amount added to achieve final formulation pH value of 5.5-6.5. 

 

Based on formulation prototypes F-c and F-d, formulations F01, F02 and F03 

were developed and corresponded to placebo, minimum concentration version (3% of 

each clay) and maximum concentration version (7% of each clay), respectively. 

Efficacy assessment was performed for formulations F01, F02 and F03 compared 

to a control site (untreated) using MPA equipment (Courage & Khazaka) after 2 and 4 

hours of application, compared to t0 (baseline). Raw data is presented in ANNEX A. 

Data was statistically compared to verify the influence of time and treatment on the 

ANNEX B. 

Oiliness assessment was performed using the Sebumeter® equipment 

ecomes 

partly transparent (the transparency is proportional to the amount of sebum collected). 

photocell is located and 
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represents sebum content, given as µg sebum / skin cm2. The oilier the skin, the more 

transparent the tape (COURAGE & KHAZAKA, 2020).

the influence of clays on skin oiliness. This area was selected due to the higher sebum 

production tendency in the T-Zone (forehead, nose, and chin) as well as the space 

available to mark all 4 required sites (untreated control, F01, F02 and F03). Average 

sebumetry values per experimental time and treatment are presented in Figure 24.

Figure 24. Average sebumetry values per time and treatment

For the sebumetry analysis, each formulation was applied on the marked test site 

after baseline measurement, in accordance with a randomization table. This procedure 

allows to avoid bias concerning site location, thus making the study more robust and 

reliable (JUNIOR, 2006). 

After 2 hours of contact with the product (t2h), each formulation was removed 

with a cotton pad slightly moistened with water, which was passed 3 times in each site 

with standardized pressure. In each passage, the cotton pad area was renewed. The 

same procedure was applied to the control site, where no product was applied. This 

standardized procedure assured complete product removal for all sites without wetting 
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the skin, which avoided interference in the measurements. This lack of interference 

 

When comparing t2h with baseline sebumetry measurements, we observed that 

clays were able to reduce skin oiliness significantly for both concentrations (maximum 

and minimum), with more significant reduction in maximum amounts (7% of each clay). 

This proves both efficacy of the active components as well as concentration relevance 

in the conditions applied. These findings corroborated with literature, as clays are 

known to adsorb skin oiliness and impurities (CARRETERO, 2002; CARRETERO; 

GOMES; TATEO, 2006). They have high absorption capacity of skin grease and 

exudates, and great astringency efficacy, due to their porosity and cation exchange 

capacity (FAVERO et al., 2016; VELASCO et al., 2016). Still, further research could be 

performed to compare each clay separately and verify which is more effective 

concerning sebum reduction. Literature leads us to believe that green clay would 

perform better than the others. 

We also observed that the placebo (F01) caused significant decrease in oiliness 

in t2h compared with baseline value, which was unexpected, as no component of the 

formulation is known to adsorb sebum. We can discard methodology inadequacy, as 

this behavior was not observed in the control site. However, the sebumetry decrease 

observed for the placebo was significantly smaller compared with the sites treated with 

clay formulations, therefore not invalidating their efficacy. Still, efficacy 

indicates that it would be a good vehicle for oil control formulations. 

The average values at t4h indicated that the skin reestablished its baseline conditions 

concerning sebum amount, thus becoming comparable with the control in all sites. This 

to excessive sebum removal, nor did they regulate sebum production along time. 

Therefore, clays were effective to remove skin sebum by adsorption during their 

contact with skin surface, corroborating with literature (SARRUF et al., 2024). When 

developing an anti-acne formulation, sebum regulation is a relevant factor; so, as clays 

did not present this effect, it should be associated with other anti-acne sebum-regulator 

active components for better product efficacy against acne. 
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It is noteworthy to mention that sebum values in control (untreated) site increased 

along time, even though participants remained in an acclimatized room at 20 ± 2°C 

during the whole study. All participants initiated the research earlier in the morning 

(between 8-10h am, with most of them around 8-9h am) and finished around midday 

(12-14h). We suggest that this behavior was caused by the cutaneous increase in 

sebum production along time. However, to establish a correlation between time of the 

day and sebum production, further research needs to be performed. 

Verschoore and co-workers (1993) studied the influence and correlation of the 

circadian rhythm hormonal factors and sebum excretion on the chest and forehead, 

assessed with Sebutape. They showed that increase in sebum excretion was related 

to the increase in the number of secreting follicles. The authors found that the number 

of secreting follicles on the forehead presented significant differences along the 

circadian cycle, where in the chest it was almost constant. On the forehead, the number 

of active follicles increased considerably between 8 and 14h (VERSCHOORE et al., 

1993). These findings corroborate with our results in the control site measurements. 

Firooz and co-workers (2016) assessed the daytime changes of skin biophysical 

characteristics, such as skin hydration, sebum amount, and color index, among others. 

Concerning sebum assessment, it was performed using sebumetry technique on the 

forearm at 8, 12, and 16h under standardized environmental conditions. When 

comparing skin oiliness results over time, the authors did not find statistically significant 

differences, unlike our findings (FIROOZ et al., 2016). Still, the authors used a different 

measurement site (forearm). This leads us to believe that skin sebum secretions 

behave differently according to body region. 

Cutometry assessment was performed to analyze the influence of clays on skin 

firmness and elasticity. The Cutometer is a non-invasive device that consists of a probe 

with a small circular opening connected to a device that generates negative pressure 

(vacuum bomb). Therefore, when placed on the skin, a defined period of suction is 

applied, followed by release, causing the skin to enter the probe opening and return 

when suction is released. The sensor located inside the probe detects how deep skin 

went inside the probe and how far from the original point it returned after suction 

(BONAPARTE; ELLIS; CHUNG, 2013; CAMARGO JUNIOR, 2010; COURAGE & KHAZAKA, 

2021). 
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Each reading was set to be performed using 3 cycles consisting of suction (2 

seconds) and relaxation (2 seconds). For each cycle, a graph was obtained with 

curve) is presented in Figure 25 below. The parameters given by the skin deformation 

curve are described in Table 12. Firmness and elasticity results were calculated from 

the parameters generated in the graph. 

 

 

Figure 25. Skin deformation curve obtained by Cutometer® (Courage-Khazaka)  

suction and relaxation cycle. 

Source: Adapted from (CAMARGO JUNIOR, 2010; COURAGE & KHAZAKA, 2021) 

 

Table 12. Parameters obtained from the skin deformation curve. 

Calculated 
Parameter  

Meaning 

R0 = Uf Maximum amplitude  corresponds to skin firmness 
R1 = R Minimum amplitude 

R2 = Ua/Uf 
Situated between maximum amplitude and skin recovery capacity 
(rough elasticity). The closer to 1 the value (corresponding to 100%), 
the more elastic the curve. 

R3 Last maximum amplitude 
R4 Last minimum amplitude 

R5 = Ur/Ue 
Liquid elasticity. The closer to 1 the value (corresponding to 100%), the 
more the elasticity. 

R6 = Uv/Ue Ratio between skin viscoelasticity and immediate distension. 
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R7 = Ur/Uf
Biologic elasticity. Ability of the skin to return to its initial position after 
deformation. Corresponds to skin elasticity

R8
Area above the curve, given by Uf and by suction time. The lower the 
value, the more elastic the curve.

Source: Adapted from (CAMARGO JUNIOR, 2010; COURAGE & KHAZAKA, 2021)

For the current research, skin firmness (R0 values) and skin elasticity (R7 values) 

were compared between test sites for each experimental time. Average cutometry 

values per experimental time and treatment are presented in Figures 26 and 27.

Figure 26. Average cutometry values per time and treatment R0 (skin firmness)



87

Figure 27. Average cutometry values per time and treatment R7 (skin elasticity)

For the cutometry analysis, each formulation was applied on the marked test site 

after baseline measurement, in accordance with a randomization table. After 2 hours 

of contact with the product (t2h), each formulation was removed with the same 

procedure described for Sebumetry. This standardized procedure assured complete 

product removal for all sites without wetting the skin, which avoided interference in the 

readings.

When statistically comparing R0 values (regarding skin firmness), no significant 

difference was observed along time for any test site. However, when looking at average 

firmness values, F02 (minimum clay concentration), there was a tendency to increase 

firmness at t2h (after removal from 2h of contact) and a return to baseline at t4h, which 

could be indicative of a lifting effect (JUNIOR, 2006; VISERAS et al., 2021). However, 

this behavior was not observed for F03 (maximum clay concentration), for which 

average firmness values remained constant. Our findings concerning firmness values 

were unexpected when compared to the literature, as, in theory, clays used in these 

formulations are known for their lifting effect (VISERAS et al., 2021). According to 

Balduino (2016) and Silva (2011), both red and black clays are used for skin 

rejuvenation and have lifting effect, as well as other relevant characteristics which 

could justify their use in antiaging cosmetics (BALDUINO, 2016; SILVA, 2011). Still, 
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theory, no literature was found showing statistically significant cutometry improvement 

concerning the use of clays against control sites. Velasco and co-workers (2016) also 

assessed firmness and elasticity of clay face masks applied on the skin by cutometry 

and found that there were no statistically significant differences in cutometry values 

between times and between formulations. They ther

composition of the different clays did not affect the skin viscoelasticity behavior in the 

short-  

After water evaporation, clay masks tend to harden and contract, causing 

mechanical tension (DARÉ et al., 2015; ZAGUE, 2007). Our formulation tended to take 

longer to harden and did not dry completely as does a mask composed by the simple 

mixture of water and clay, as observed by experience. This might have been the reason 

why the lifting effect was neither observed nor mentioned to have been felt by the study 

participants. Still, further research comparing the same clays incorporated in different 

formulation vehicles should be conducted to test this hypothesis. 

As far as elasticity results are concerned (R7 values), no significant difference 

was observed between treatments, with a slight tendency in all test sites to increase 

with time, including in control and placebo sites. Our elasticity results also corroborated 

with findings from Velasco and co-workers (2016), who assessed skin elasticity after 

application of clay mineral face masks in a short-term study (experimental times: 

baseline, t20min, t1h, and t2h after mask removal). The authors too found no significant 

differences between the experimental times per treatment.  

Concerning the obtained results for cutometry assessments and the sensations 

informed to have been felt by study participants, further research should be conducted 

to assess the firmness and elasticity of clays incorporated into different vehicles 

compared to clay applied after its simple mixture with water to verify the influence of 

the dispersion medium in the short-term results. Also, long-term assessments should 

be analyzed, with measurements at least after 30 days of treatment.  
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7. Conclusions 

 All clays were characterized and presented different compositions. Black clay was 

the one with the simplest mineralogic composition, lowest density, and smallest 

particle size. It was rich in Si and Al. Green clay presented expandable clay mineral 

(smectite) and the highest density. Red clay presented the largest particle average 

size and was the richest in iron content. 

 All clays were characterized by thermal analysis and presented two characteristic 

events: water loss (dehydration) and dihydroxylation of kaolinite, turning into meta 

kaolinite. 

 In Sebumetry assessment, clays showed significant reduction of skin oiliness on 

the forehead in both concentrations adopted after 2h of contact compared to 

control, to baseline, and to placebo formulation. However, after 4h (2h after 

removal), no significant difference was observed compared with the control.  

 In Cutometry assessment, clays did not present significant efficacy in skin firmness 

and elasticity improvement when compared to both control and placebo test sites. 

Further studies should be performed comparing the efficacy of different vehicles 

with dispersed clays. 

 Clay mask formulations were developed with black, red, and green clay dispersed 

in an oil-free gel vehicle, which proved to be adequate for oily skin. 
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ANNEX A  RAW DATA (SEBUMETRY AND CUTOMETRY) 

SEBUMETRY DATA 
Part. 
Nb. 

Participants Characteristics Control F01 F02 F03 
Initials Gender Age Phototype t0h t2h t4h t0h t2h t4h t0h t2h t4h t0h t2h t4h 

1 CSS F 35 III 166 133 157 162 51 185 157 94 145 164 49 169 
2 VHSM M 29 III 194 211 242 192 119 220 128 154 213 187 157 216 
4 ABB F 29 IV 121 124 220 171 135 218 178 96 195 161 42 204 
5 LPPS M 42 III 121 103 202 156 99 211 86 78 114 99 58 150 
6 JPV F 23 II 155 148 170 157 119 159 172 116 176 129 125 132 
9 AAH F 45 III 128 182 190 166 94 180 152 86 201 185 92 190 

10 FDS F 36 III 107 162 211 85 128 128 75 69 131 88 26 123 
12 NSN F 26 III 197 188 185 163 129 110 184 121 149 86 11 79 
13 GRS F 26 IV 151 147 153 145 167 193 157 110 177 167 113 159 
15 JRP F 23 III 126 162 168 156 31 74 133 19 73 80 14 52 
16 MBA F 33 III 73 86 59 90 77 82 103 16 56 90 13 56 
17 CFH F 24 III 78 157 183 91 33 143 93 24 171 85 19 90 
19 LND F 33 III 66 55 78 67 46 98 54 14 69 62 24 123 
23 CIVR F 41 III 93 94 105 74 75 135 97 76 142 102 56 131 
26 BBS F 27 IV 78 74 161 75 26 145 71 18 126 92 17 72 
29 DLF F 23 IV 73 68 85 133 84 89 121 91 124 98 57 90 
30 SPC M 31 III 96 58 94 99 53 232 131 78 173 92 26 99 
31 ARP F 30 III 197 204 202 228 152 213 192 157 204 194 110 192 
32 GBL F 25 III 69 60 60 93 96 152 105 60 107 124 48 78 
33 ARM F 18 IV 122 145 176 128 99 119 129 52 79 128 29 71 
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ANNEX B  STATISTICAL ANALYSIS (SEBUMETRY AND CUTOMETRY) 

 

Statistical analysis of Sebumetry  Skin Oiliness (Minitab) 

Modelo Linear Generalizado: Sebumetria versus Tempo; 
Tratamento 
 
Método 

Codificação de 
fator 

(-1; 0; +1) 

Informações dos Fatores 

Fator Tipo Níveis Valores 
Tempo Fixo 3 0; 2; 4 
Tratamento Fixo 4 0; 1; 2; 3 

Análise de Variância 

Fonte GL SQ (Aj.) QM (Aj.) Valor F Valor-P 
  Tempo 2 131002 65501 29,41 0,000 
  Tratamento 3 40810 13603 6,11 0,001 
Erro 234 521193 2227     
  Falta de 
ajuste 

6 31262 5210 2,42 0,027 

  Erro puro 228 489931 2149 * * 
Total 239 693006       

Sumário do Modelo 

S R2 R2(aj) R2(pred) 
47,1945 24,79% 23,19% 20,89% 

Coeficientes 

Termo Coef EP de Coef Valor-T Valor-P VIF 
Constante 118,54 3,05 38,91 0,000   
Tempo           
  0 6,12 4,31 1,42 0,157 1,33 
  2 -31,18 4,31 -7,24 0,000 1,33 
Tratamento           
  0 16,01 5,28 3,03 0,003 1,50 
  1 6,96 5,28 1,32 0,189 1,50 
  2 -4,01 5,28 -0,76 0,448 1,50 

Equação de Regressão 

Sebumetria = 118,54 + 6,12 Tempo_0 - 31,18 Tempo_2 + 25,06 Tempo_4 
+ 16,01 Tratamento_0 
+ 6,96 Tratamento_1 - 4,01 Tratamento_2 - 18,96 Tratamento_3 

Ajustados e Diagnósticos para Observações Atípicas 

Obs. Sebumetria Ajuste Resíd Resíd Pad  
22 211,00 103,37 107,63 2,31 R 
38 204,00 103,37 100,63 2,16 R 
51 59,00 159,61 -100,61 -2,16 R 
59 60,00 159,61 -99,61 -2,14 R 
78 228,00 131,62 96,38 2,07 R 

R  Resíduo grande 
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Statistical analysis of Cutometry  Firmess R0 (Minitab) 

Modelo Linear Generalizado: Cutometria R0 (firmeza) versus 
Tempo; Tratamento 
 
Método 

Codificação de 
fator 

(-1; 0; +1) 

Informações dos Fatores 

Fator Tipo Níveis Valores 
Tempo Fixo 3 0; 2; 4 
Tratamento Fixo 4 0; 1; 2; 3 

Análise de Variância 

Fonte GL SQ (Aj.) QM (Aj.) Valor F Valor-P 
  Tempo 2 0,00507 0,002537 0,28 0,757 
  Tratamento 3 0,00935 0,003116 0,34 0,795 
Erro 234 2,13520 0,009125     
  Falta de 
ajuste 

6 0,01264 0,002107 0,23 0,968 

  Erro puro 228 2,12256 0,009309 * * 
Total 239 2,14962       

Sumário do Modelo 

S R2 R2(aj) R2(pred) 
0,0955237 0,67% 0,00% 0,00% 

Coeficientes 

Termo Coef EP de Coef Valor-T Valor-P VIF 
Constante 0,25825 0,00617 41,88 0,000   
Tempo           
  0 0,00187 0,00872 0,21 0,830 1,33 
  2 0,00446 0,00872 0,51 0,610 1,33 
Tratamento           
  0 -0,0004 0,0107 -0,04 0,969 1,50 
  1 -0,0068 0,0107 -0,64 0,525 1,50 
  2 0,0101 0,0107 0,94 0,347 1,50 

Equação de Regressão 

Cutometria R0 
(firmeza) 

= 0,25825 + 0,00187 Tempo_0 + 0,00446 Tempo_2 
- 0,00633 Tempo_4 
- 0,0004 Tratamento_0 - 0,0068 Tratamento_1 
+ 0,0101 Tratamento_2 
- 0,0028 Tratamento_3 

Ajustados e Diagnósticos para Observações Atípicas 

Obs. 
Cutometria 

R0 (firmeza) Ajuste Resíd Resíd Pad  
6 0,5160 0,2597 0,2563 2,72 R 
8 0,4820 0,2597 0,2223 2,36 R 

62 0,4460 0,2533 0,1927 2,04 R 
66 0,5490 0,2533 0,2957 3,13 R 
81 0,4790 0,2559 0,2231 2,37 R 

106 0,4400 0,2451 0,1949 2,07 R 
126 0,5050 0,2702 0,2348 2,49 R 
141 0,5230 0,2728 0,2502 2,65 R 
166 0,4650 0,2620 0,2030 2,15 R 
186 0,4560 0,2573 0,1987 2,11 R 

R  Resíduo grande 
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Statistical analysis of Cutometry  Elasticity R7 (Minitab) 

Modelo Linear Generalizado: Cutometria R7 (elasticidade) versus 
Tempo; Tratamento 
 
Método 

Codificação de 
fator 

(-1; 0; +1) 

Informações dos Fatores 

Fator Tipo Níveis Valores 
Tempo Fixo 3 0; 2; 4 
Tratamento Fixo 4 0; 1; 2; 3 

Análise de Variância 

Fonte GL SQ (Aj.) QM (Aj.) Valor F Valor-P 
  Tempo 2 0,05229 0,026144 3,26 0,040 
  Tratamento 3 0,01586 0,005285 0,66 0,578 
Erro 234 1,87848 0,008028     
  Falta de 
ajuste 

6 0,01834 0,003057 0,37 0,895 

  Erro puro 228 1,86014 0,008159 * * 
Total 239 1,94663       

Sumário do Modelo 

S R2 R2(aj) R2(pred) 
0,0895975 3,50% 1,44% 0,00% 

Coeficientes 

Termo Coef EP de Coef Valor-T Valor-P VIF 
Constante 0,36449 0,00578 63,02 0,000   
Tempo           
  0 -

0,01543 
0,00818 -1,89 0,060 1,33 

  2 -
0,00446 

0,00818 -0,55 0,586 1,33 

Tratamento           
  0 -0,0014 0,0100 -0,14 0,887 1,50 
  1 -0,0127 0,0100 -1,27 0,205 1,50 
  2 0,0075 0,0100 0,75 0,456 1,50 

Equação de Regressão 

Cutometria R7 
(elasticidade) 

= 0,36449 - 0,01543 Tempo_0 - 0,00446 Tempo_2 
+ 0,01989 Tempo_4 
- 0,0014 Tratamento_0 - 0,0127 Tratamento_1 
+ 0,0075 Tratamento_2 + 0,0067 Tratamento_3 

Ajustados e Diagnósticos para Observações Atípicas 

Obs. 
Cutometria R7 
(elasticidade) Ajuste Resíd Resíd Pad  

27 0,1361 0,3586 -0,2225 -2,52 R 
100 0,5434 0,3473 0,1961 2,22 R 
102 0,5867 0,3717 0,2150 2,43 R 
103 0,5651 0,3717 0,1934 2,19 R 
104 0,6053 0,3717 0,2336 2,64 R 
120 0,5568 0,3717 0,1851 2,09 R 
140 0,5632 0,3565 0,2067 2,34 R 
160 0,5455 0,3675 0,1780 2,01 R 
164 0,6471 0,3919 0,2552 2,89 R 
178 0,1727 0,3919 -0,2192 -2,48 R 
199 0,5972 0,3557 0,2415 2,73 R 



104 
 

 
 

208 0,1576 0,3667 -0,2091 -2,36 R 
240 0,5987 0,3911 0,2076 2,35 R 

R  Resíduo grande 
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ANNEX C  INFORMED CONSENT TERMS 

 
Universidade de São Paulo 

Faculdade de Ciências Farmacêuticas 
 
 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO  TCLE 

 
AVALIAÇÃO INSTRUMENTAL DA EFICÁCIA DE PRODUTO COSMÉTICO - CINÉTICA 

 

1. Informações do Participante da Pesquisa (para preenchimento) 
 
Nome: ___________________________________________________________________ 

Documento de Identidade (número): __________________________   Sexo:  (   ) M   (   ) F 

Local de Nascimento: ______________________ Data de Nascimento: ___ / ___ / ______ 

Endereço: ________________________________________________________________ 

Complemento: ________________ Bairro: _________________ CEP: ________________ 

Cidade: _____________________________________________ Estado: ______________ 

Telefone (residencial): ___________________ Telefone (celular): ____________________ 

 
 
2. Dados sobre a Pesquisa 
 
Título da Pesquisa: Atributos cosméticos provenientes da associação entre argilas: ensaios 
ex vivo e in vivo 
 
Pesquisador Responsável: Dr. André Rolim Baby / fone: (11) 3091-2358 e (11) 94225-0033 
- Professor Doutor da Universidade de São Paulo (Faculdade de Ciências Farmacêuticas) 
 
Pesquisador Associado: Fernanda Daud Sarruf / fone: (11) 97152-3795 
- Pesquisadora da Universidade de São Paulo (Faculdade de Ciências Farmacêuticas) 
 
 
Tempo de duração do ensaio: 1 dia por participante 
 
Tempo de permanência do participante na Instituição: 5 horas                          
 
Risco da Pesquisa: Mínimo 
 
Faixa etária dos participantes da pesquisa: 18 a 60 anos 
 
 
Você está sendo convidado a participar de uma pesquisa que tem como objetivo avaliar a 
eficácia na melhora da firmeza e da elasticidade, e na redução de oleosidade da pele de 
produtos cosméticos. Pedimos que leia detalhadamente este Termo de Consentimento e, 
apenas se concordar com os itens mencionados, assine-o em duas vias (uma delas será 



107 
 

 
 

entregue a você). Todas as dúvidas que surgirem durante ou após o estudo serão 
prontamente esclarecidas. 
 
Para a realização deste estudo, você comparecerá ao local da pesquisa (Laboratório IPclin - 
Instituto de Pesquisa Clínica Integrada Ltda, situado à Rua Doutor Leonardo Cavalcante, 314 

 Centro  Jundiaí/SP) em apenas um dia, permanecendo no local por um período máximo 
de cinco horas.  
 
Nesse dia, serão marcados locais no seu rosto com caneta cirúrgica para delimitar as regiões 
da pele onde os produtos serão aplicados. Então, serão realizadas medidas iniciais com os 
equipamentos que avaliam a oleosidade da pele (Sebumeter®) e a firmeza / elasticidade 
(Cutometer®). Essas medidas não são invasivas e não causam dor nem desconforto. Na 
medida, usamos sondas que são colocadas em cima do seu rosto, e lemos o valor obtido no 
visor do computador do equipamento.  
 
Então, os produtos serão aplicados nas regiões demarcadas usando seringa descartável sem 
agulha. Uma das áreas será mantida virgem (sem aplicação de produto). Essa área virgem 
será mantida como controle.  
 
Depois de duas e de quatro horas da aplicação dos produtos, serão realizadas novas medidas 
com os dois equipamentos. Durante esse período, você permanecerá em uma sala, com ar 
condicionado ligado, e não poderá remover os produtos do seu rosto. 
 
Solicitamos que durante o período de estudo (incluindo três dias antes do início do ensaio) 
você não altere seus hábitos de higiene, dieta, medicamentos, cosméticos e exercícios; e não 
se exponha excessivamente ao sol. Solicitamos que você não aplique qualquer produto no 
local de realização do teste desde três (03) dias antes até a finalização da pesquisa. 
 
Todas as substâncias que compõem o produto são de uso habitual e são consideradas 
seguras para a finalidade que se destinam e na forma de aplicação proposta. No entanto, 
ainda que raras, ressaltamos que reações inesperadas, decorrentes da aplicação tópica do(s) 
produto(s) em teste, podem ocorrer, incluindo dermatites de contato e/ou alérgica com 
intensidades variáveis, podendo ser graves.  
 
Garantimos que os cuidados e acompanhamento necessários serão fornecidos pelos 
pesquisadores e médico dermatologista durante todas as etapas do estudo. Caso você 
necessite de assistência médica, decorrente da pesquisa, ou esclarecimentos, favor entrar 
em contato com os pesquisadores responsáveis pela pesquisa: Dr. André Rolim Baby, nos 
telefones (11) 3091-2358 e (11) 94225-0033 e/ou Fernanda Daud Sarruf, no telefone (11) 
97152-3795, ou pessoalmente no Laboratório de Cosmetologia da Faculdade de Ciências 
Farmacêuticas da Universidade de São Paulo, localizada na Avenida Professor Lineu Prestes, 
n°580, Bloco 15; ou ainda no Laboratório IPclin - Instituto de Pesquisa Clínica Integrada Ltda, 
situado à Rua Doutor Leonardo Cavalcante, 314  Centro  Jundiaí/SP onde será realizada a 
pesquisa. Os pesquisadores estarão disponíveis 24 horas por dia para atendê-lo, inclusive em 
feriados e finais de semana. 
 
Em caso de reações adversas que necessitem de acompanhamento ambulatorial e/ou 
internação, os responsáveis pela pesquisa lhe acompanharão até o Hospital Universitário 
da Universidade de São Paulo (Av. Professor Lineu Prestes, 2565, Cidade Universitária, 
São Paulo, SP, 05508-000, telefone: (11) 3091-9200) ou no SUS, que possui infraestrutura 
adequada para qualquer tratamento que se faça necessário. Garantimos que todas as 
despesas decorrentes do tratamento serão arcadas, de forma integral, pelos responsáveis por 
esta pesquisa. 
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Você não obterá nenhum benefício financeiro e à sua saúde, pois este é um produto 
cosmético. No entanto, você estará ajudando, como participante desta pesquisa, a ampliar o 
conhecimento sobre a segurança e eficácia de produtos cosméticos. Garantimos que as suas 
despesas, decorrentes exclusivamente da participação nesta pesquisa, serão completamente 
ressarcidas. 
 
Nota: em decorrência do tempo de permanência dos participantes (até 5 horas), será fornecido 
um lanche a estes entre as medidas de duas e de quatro horas com os equipamentos. 
 
Todas as informações obtidas e declaradas por você serão tratadas de maneira confidencial, 
sendo que apenas as pessoas diretamente ligadas a este estudo e autoridades legais poderão 
ter acesso, sem com isso, violar a confidencialidade. Se os resultados do estudo forem 
publicados, sua identidade continuará sendo preservada.  
 
Você pode retirar sua participação a qualquer momento do estudo, comunicando sua 
desistência ao pesquisador responsável pelo seu acompanhamento, sem que isso acarrete 
qualquer consequência negativa a você.  
 
 
 

Consentimento Pós-Esclarecido 
 
 
Declaro que, após ter sido convenientemente esclarecido pelo pesquisador e ter entendido o 
que me foi explicado, consinto em participar do presente Protocolo de Pesquisa. 
Declaro ter recebido uma via (não uma cópia) original deste Termo com todas as páginas 
rubricadas e com a assinatura do pesquisador responsável. 
 

 

São Paulo, ______ de _________________ de ________. 

 
 

_________________________________
_ 

Assinatura do Participante de Pesquisa 

 _________________________________
_ 

Assinatura do Pesquisador Responsável 
 
 
 
Para qualquer questão, dúvida, esclarecimento ou reclamação sobre aspectos éticos relativos 
a este protocolo de pesquisa, favor entrar em contato com o Comitê de Ética em Pesquisa 
da Faculdade de Ciências Farmacêuticas da Universidade de São Paulo: Av. Prof. Lineu 
Prestes, 580, Bloco 13 A, Butantã, São Paulo, CEP: 05508-000, telefones (11) 3091-3622 e 
(11) 3091-3677, e-mail: cepfcf@usp.br. 
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ANNEX D  ETHICS COMMITTEE APPROVAL LETTER 

FIRST APPROVAL (INITIAL PROJECT) 
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SECOND APPROVAL (AMENDMENT) 
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ANNEX E  PARTICLE SIZE DISTRIBUTION GRAPHS / RESULTS 

 

Particle size distribution of Black clay  graphs per sample and overlapped curves: 
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Particle size distribution of Red clay  graphs per sample and overlapped curves: 
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Particle size distribution of Green clay  graphs per sample and overlapped curves: 
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APPENDIX A  CERTIFICATE OF ANALYSIS OF CLAYS (SENT BY THE 

MANUFACTURER) 
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