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Abstract. The aim of the research is to experimentally test and 
scientifically substantiate the mixture of lake clay and a 
natural active agent – essential oil, in perspective of its 
application in cosmetology and dermatology. Sensory 
properties of lake clay and mixtures of lake clay with essential 
oils were tested. The presence and quantity of Staphylococcus 
aureus, Pseudomonas aeruginosa, Candida albicans, 
Escherichia coli, and aerobic mesophilic microorganisms in 
lake clay and lake clay with essential oils mixtures were 
determined. Thyme (Thymus vulgaris), apple mint (Mentha 
suaveolans), and caraway (Carum carvi) essential oils, which 
not only improve the cosmetic value of the product but also 
act as antimicrobial agents and preservatives, showed the best 
results. They meet the requirements of Latvian Cabinet 
Regulation No. 354 “Procedure for Meeting the Significant 
Requirements for Cosmetics” and European Standard EN 
ISO 17516: 2014, Cosmetics - Microbiology - Microbiological 
limits. 
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I. INTRODUCTION 

Currently, a healthy lifestyle is gaining popularity and 
consumers demand for natural products - including 
cosmetics, is soaring. The use of clay minerals, especially 
in biomedical applications, is known from ancient times 
and they are regaining attention in recent years [1]. Clay 
has effectively proven itself in both cosmetology and 
dermatology. Clays have cleansing, moisturizing, soothing, 
regenerative, anti-inflammatory, sedative, anti-septic, and 
detoxifying effects, they rejuvenate, tone, and nourish the 
skin [2] - [5]. Clays can eliminate excess grease and toxins 
from the skin, and hence are said to be effective for 
dermatological diseases such as furunculosis and 

management of ulcers [6]. They are used to treat 
various cutaneous conditions such as seborrheic 
dermatitis, psoriasis, chronic eczema, and acne [7]. An 
overview of the use of clay in skin and hair care 
cosmetics has been published, presenting a general 
introduction regarding these minerals and its wide-
ranging application potential in the biomedical field, 
which could be useful for formulating novel solid 
shampoo formulas [8]. Most of the clays in Latvia are 
brown, they can be applied as pigment in sunscreens or 
tonal creams. At the same time, the addition of the clay 
fraction increases the sun protection factor (SPF) of the 
product, thereby decreasing the necessary amount of 
synthetic UV filters to obtain a certain SPF value [9]. 
Latvia is one of the European countries that have the 
richest clay deposits per resident [10]. Latvia is rich in 
waters; its territory contains 2256 lakes with the water 
surface area over 1 ha and the total area about 1001 
km2, which is 1.5% of the territory of Latvia [11]. 
Latvian lakes are rich in clay deposits, which is a 
valuable, but little studied natural resource. Lake clay 
effect can be different from lithospheric clay 
considering that lake clay has formed in different 
environment and is covered by sapropel layer which 
medical effectivity has been proven. Considering lake 
clay chemical parameters, granulometric content, 
specific surface area and adsorption capacity, lake clay 
is suitable for cosmetic and dermatological application 
[12], [13]. However, the presence of some 
microorganisms in the clay presents the risk of 
infection, spoilage of the product during storage. 
Therefore, in this study, control of microbiological 
contamination of clay and clay essential oils was 
carried out. 
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     Up to 73.3% of individuals have been affected by Acne 
vulgaris by the age of 20, furthermore, up to 12% of 
women and 3% of men have active acne in the age group 
of 25-58 years [14], [15]. Acne is associated with 
decreased quality of life and can sometimes lead to 
depression and even suicidal thoughts; additionally, 
inflammatory lesions tend to resolve with scarring. 
Therefore, prompt and effective treatment is of outermost 
importance [16], [17]. Clay promotes the absorption of 
active substances in the deeper layers of the epidermis [18]. 
The positive effect of the use of certain essential oils on the 
skin and their successful use in cosmetology and 
dermatology have been proven, which means that adding 
essential oils to clay could improve the effectiveness of the 
clay and the Clay - essential oil mixture could be an 
effective treatment aid in cosmetology and dermatology. 
 
     Study aim - to experimentally test and scientifically 
substantiate the perspectives of a mixture of local lake 
clay and essential oils for safe use in cosmetology and 
dermatology. 

 

II. MATERIALS AND METHODS 

Z/S "Rūķīšu tēja" is a Latvian company that cultivates 
medicinal plants and produces essential oils. The 
experiments utilized 8 essential oils from Z/S "Rūķīšu 
tēja": thyme (Thymus vulgaris), caraway (Carum carvi), 
apple mint (Mentha suaveolens), sage (Salvia officinalis), 
lavender (Lavandula angustifolia), wormwood (Artemisia 
absinthium), German chamomile (Matricaria recutita), 
peppermint (Mentha piperita), and lake clay obtained from 
Lake Zeiļu at a depth of 5-6 meters. 

Microbiological analysis and sensory properties – 
aroma, color, and consistency were determined on the 5th 
day and after 4 months of mixing clay and essential oils. 

Sample preparation: The experiments utilized a 0.3% 
mixture of essential oil and clay. To prepare it, 100 grams 
of clay were weighed in a sterile container, 0.3 grams of oil 
were added, and mixed with a mixer for 5 minutes.    In 
Regulation No. 354 of July 2, 2013, of the Cabinet of 
Ministers, the microbiological cleanliness criteria for 
cosmetics are specified, including the quantity of aerobic 
mesophilic microorganisms (mesophilic bacteria, yeast, 
and mold), Staphylococcus aureus, Pseudomonas 
aeruginosa, Candida albicans, Escherichia coli. Therefore, 
samples of lake clay and clay with essential oil mixtures 
were tested for the presence and quantity of C. albicans, P. 
aeruginosa, S. aureus, aerobic mesophilic microorganisms. 

Sample preparation for the microbiological testing: 10 
g of sample + 90 mL of 2% Tryptone water + LP80, mix 
the sample in a stomacher for 30 seconds, let it rest for 10 
minutes, prepare dilutions of 1:100, 1:1000, 1:10 000, 
which are then plated on 3 parallel Petri dishes. 

Determination of mesophilic aerobic microorganisms: 

1 mL from each dilution is spread on Tryptone soya broth 
(TSB) agar in a volume of 12–15 mL, at a temperature of 
45°C. After pouring the agar, the sample is gently mixed in 
the container. 
Incubation at 32.5°C ± 2.5°C for 72 hours ± 6 hours. 

    Determination of Staphylococcus aureus: 
1 mL from each dilution is spread on Petri dishes with 
Baird Parker agar, leveled with a spatula. 
Incubation at 32.5°C ± 2.5°C for 48 hours. 
   Determination of Pseudomonas aeruginosa: 
1 mL of the sample is spread on Nutrient agar. 
Incubation at 32.5°C ± 2.5°C for 24 hours.  
   Determination of Candida albicans: 
1 mL of the sample is spread on Sabouraud dextrose 
chloramphenicol agar. 
Incubation at 32.5°C ± 2.5°C for 48 hours. 
   Determination of Escherichia coli: 
1 mL of the sample is spread on MacConkey agar.  
Incubation at 32.5°C ± 2.5°C for 24 hours. 
After incubation, colonies are counted on Petri dishes. 
The number of microorganisms per 1 mL of the sample 
is calculated using the formula: 
 

X = a x b / c                            (1) 
 

where a - number of colonies grown on Petri dishes; b - 
dilution factor; c - number of Petri dishes plated; X - 
number of colony-forming units per 1 mL of the sample 
(CFU/1mL). 
 
 

III. RESULTS AND DISCUSSION 

 A. Sensory properties of lake clay and mixtures of lake 
clay with essential oils 
The sensory properties of clay and clay with 

essential oils are summarized in Table 1. The smell of 
clay samples is characteristic of clay, with a 
consistency that is plastic, soft, and smooth, and a color 
that is greenish gray. When oils were added to the clay, 
the color of the mixture remained unchanged, except 
for the clay-chamomile mixture, where the chamomile 
oil has a bluish hue, resulting in a bluish gray color of 
the mixture. The criteria for aroma of the mixtures were 
categorized as - unnoticeable, vague, strong, very 
strong. For all samples, the smell remained unchanged 
and pleasant even after 4 months of storage (see Table 
1). 

 

B. Microbiological properties of lake clay and mixtures 
of lake clay with essential oils   
None of the samples were found to contain 

Staphylococcus aureus, Pseudomonas aeruginosa, 
Candida albicans, or Escherichia coli. The quantity of 
mesophilic aerobic microorganisms (bacteria, yeasts, 
and molds) in the lake clay is ≤ 1x103 CFU per 1 mL. 
Therefore, based on the conducted microbiological 
analysis, the lake clay meets the requirements of 
Latvian Cabinet Regulation No. 354 “Procedure for 
Meeting the Significant Requirements for Cosmetics” 
and European Standard EN ISO 17516: 2014, 
Cosmetics - Microbiology - Microbiological limits. 

Thyme (T. vulgaris) essential oil, which not only 
improved the cosmetic value of the product but also 
acted as antimicrobial agent and preservative, showed 
the best results.   
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In the clay without additives, the quantity of mesophilic 
aerobic microorganisms was 7.1 x 102 CFU/1mL, but in 
the clay and thyme oil mixture on the 5th day, the number 
of microorganisms decreased to 7.4 x 10 CFU/1mL. After 
4 months, the number of microorganisms in the clay 
sample increased to 9.0 x 102 CFU/1mL, while in the clay-
thyme oil mixture, it increased to 1.1 x 102 CFU/1mL (see 
Table 2). Thus, the thyme oil possesses antimicrobial 
properties. 

 T. vulgaris essential oil prevents premature hair loss 
and dandruff [19] - [21]. Due to its antiseptic properties, 
thyme essential oil prevents wound infections. The oil 
improves acne and scar healing; it can be used to treat 
eczema, dermatitis. Thymol, the most prevalent terpene in 
thyme oil, has antimicrobial properties [22]. One study 
found that thyme oil was effective in treating bacterial 
infections, especially caused by Staphylococcus spp. and 
treatment-resistant strains like methicillin-resistant S. 
aureus. Thyme essential oil has also shown to be effective 
against bacterial strains Enterococcus and Escherichia 
[23]. Thyme oil has strong antibacterial activity against 
Propionibacterium acnes [24]. Along with action against 
bacteria, thyme essential oil also has anti-fungal properties 
which might be effective against Candida albicans, a type 
of yeast commonly found in and on the body [25].  

Clay masks have been historically used as auxiliary 
treatment measures for acne [26]. Acne is a chronic 
inflammatory condition that involves the formation of non-
inflammatory lesions known as comedones. Comedones 
are formed due to the hyperkeratosis of the follicular unit 
that causes retention of sebum produced by the sebaceous 
gland [27]. Overgrowth of the commensal Gram - positive 
bacteria Propionbacterium acnes and rupture of the 
follicular wall promotes inflammation that clinically 
manifests as inflammatory lesions such as papules and 

pustules [28]. Local tissue and systemic oxidative stress 
have also been demonstrated in acne patients [16]. 
Acne prone skin has impaired epidermal barrier 
function that is associated with increased TEWL, 
furthermore, common medication used to treat acne, 
including benzoyl peroxide and retinoids, can cause 
skin irritation and even damage the skin barrier [29] – 
[31]. Administration of appropriate skin care is crucial 
to improve the epidermal barrier [32]. In long–term 
tests lake clay applications showed a statistically 
significant impact on skin elasticity and hydration with 
no significant changes in skin pH. Even though 
statistically insignificant, TEWL had a tendency to 
decrease [33]. Clay has been reported to remove 
excessive sebum and hyperkeratosis from the acne-
prone skin, thus impeding the formation of comedones 
[26]. Zhang et al. [34] study demonstrated the clay 
mask's efficacy in managing acne and oily skin, 
improving hydration and texture. Therefore, the 
combination of clay and thyme oil could be an effective 
aid in acne treatment. 

The mesophilic aerobic microorganism count also 
decreased in the clay mixture with apple mint and 
caraway essential oil (see Table 2). Apple mint (Mentha 
suaveolens) essential oil possesses cell regenerative, 
antioxidant, antiseptic, and insecticidal properties. The 
oil's anti-aging activity has been demonstrated [35] – 
[36]. Therefore, this oil and clay mixture could also be 
an effective aid in acne treatment. 

In clay mixtures with oils such as chamomile, 
lavender, peppermint, and thyme, the count of 
mesophilic aerobic microorganisms increased on the 
5th day already and exceeded the requirements of 
Latvian Cabinet Regulation No. 354 after 4 months (see 
Table 2)

TABLE 1 SENSORY PROPERTIES OF LAKE CLAY AND MIXTURES OF LAKE CLAY WITH ESSENTIAL OILS 
Parameter Smell Consistency Color 

Time 1* 2* 1 2 1 2 
Clay Unnoticeable Unnoticeable Applies easily on 

the skin 
Applies not so 
well on the skin 

 
 

 
 

Greenish gray 

Clay + T. vulgaris Strong Strong, 
pleasant 

 
 
 
 
Slightly softer, applies easier on the 
skin 
 
 

Clay + C. carvi Very strong   
 
 
 
Vague, 
pleasant 

Clay + M. suaveolen Vague 
Clay + S. officinalis  

 
 
 
Strong 

Clay + L. angustifolia 
Clay + A. absinthium 
Clay + M. piperita  
Clay + M. recutita  Bluish gray 
 
1* - 5th day after mixing 
2* - 4 months after mixing 

TABLE 2. MICROBIOLOGICAL PROPERTIES OF LAKE CLAY AND MIXTURES OF LAKE CLAY WITH ESSENTIAL OILS   
Types of 

microorganisms 
Stafilococcus 

aureus 
Pseudomona 
aeruginosa 

Candida albicans Escherichia coli Total Aerobic Mesophilic 
Microorganisms (AMC) 

Measurement unit CFU/1 mL 
Time 1* 2* 1 2 1 2 1 2 1 2 
Clay Not detected; < 10 7.1 x 102 9.0 x 102 
Clay +  
T. vulgaris 

Not detected; < 10 7.4 x 10 1.1 x 102 

Clay +  
C. carvi 

Not detected; < 10 6.9 x 10 6.1 x 102 

Clay +  
M. suaveolen 

Not detected; < 10 1.1 x 102 8.0 x 102 

Clay +   
S. officinalis 

Not detected; < 10 1.2 x 102 1.0 x 104 
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Clay +    
L. angustifolia 

Not detected; < 10 3.1 x 103 4.7 x 103 

Clay +   
A. absinthium 

Not detected; < 10 3.4 x 103 6.7 x 105 

Clay +  
 M. recutita 

Not detected; < 10 3.5 x 103 1.1 x 104 

Clay +    
M. piperita 

Not detected; < 10 2.3 x 105 2.8 x 105 

1* - 5th day after mixing 
2* - 4 months after mixing 

 

Cellulite is a condition that affects 85-95% of post-pubertal 
females and manifests as skin dimpling in specific body 
areas such as pelvis, thighs, and abdomen. The skin in 
these areas can sometimes resemble an orange peel. There 
is a gender predilection and men usually do not develop 
cellulite. Diet rich in carbohydrates, sedentary lifestyle, 
pregnancy and increased body mass index usually facilitate 
development of the condition. Cellulite forms due to 
protrusions of subcutaneous fat tissue between fibrous 
septae. Subcutaneous tissue in women prone to cellulite 
differs from men and women without cellulite in a 
structural level. Women with cellulite have a higher 
number of thinner perpendicularly oriented hypodermal 
septae, whereas in men there is a higher number of fibrous 
septae organized in a criss-cross pattern [37]. At the 
moment there is no single method for the treatment of 
cellulite that is completely effective. Therefore, a 
combination of topical therapies and procedures such as 
massages, laser therapy, ultrasound, and radiofrequency are 
frequently administered due to the possible synergistic 
effect of several methods. The goal of these procedures is 
not only to decrease the amount of subcutaneous fat tissue, 
but also to tighten the skin and enhance the fibrous septae 
in the subcutaneous layer and in the reticular dermis [38]. 
To our knowledge topical clay applications have not been 
widely studied as an auxiliary for the treatment of cellulitis. 
However, clay has shown promotion of collagen synthesis 
in vivo and even improves wound healing [39], [40]. 

CONCLUSIONS 
The mixtures of lake clay with essential oils of thyme 

(T. vulgaris), apple mint (M. suaveolans), and caraway (C. 
carvi) showed the best compatibility, enhancing the 
cosmetic value of the product and acting as antimicrobial 
agents and preservatives. 

According to the performed microbiological analysis, 
lake clay and clay-thyme (T.vulgaris), clay- apple mint (M. 
suaveolans) and clay-caraway (C. carvi) essential oil 
mixtures meet the requirements of Latvian Cabinet 
Regulation No. 354 “Procedure for Meeting the Significant 
Requirements for Cosmetics” and European Standard EN 
ISO 17516: 2014, Cosmetics - Microbiology - 
Microbiological limits. 

According to the performed microbiological analysis 
and literature data, the lake clay – thyme (T.vulgaris) 
essential oil mixture has a high potential as an acne 
vulgaris treatment aid. 

Chamomile, lavender, peppermint, wormwood essential 
oil mixtures with lake clay exceed the requirements of 
Latvian Cabinet Regulation No. 354 and European 

Standard EN ISO 17516: 2014, Cosmetics - 
Microbiology - Microbiological limits, therefore these 
oils are not suitable for combination with clay. 

 

REFERENCES 
 
[1] M. Massaro, C.G. Colletti, G. Lazzara and S. Riela, “The use of 

some clay minerals as natural resources for drug carrier 
applications,” Funct. Biomater., vol. 9(4), 58, pp. 1-22, 2018. 

[2] K.D. Morrison, R. Misra and L.B. Williams, “Unearthing the 
antibacterial mechanism of medicinal clay: A geochemical 
approach to combating antibiotic resistance,” Sci. Rep. 6(1), 
19043, pp. 1-13, 2016.  

[3] L.B. Williams, “Geomimicry: Harnessing the antibacterial 
action of clays,” Clay Miner., vol. 52, pp. 1–24, 2017. 

[4] C. Viseras, C. Aguzzi, P. Cerezo and A. Lopez-Galindo, “Uses 
of clay minerals in semisolid health care and therapeutic 
products,”. Appl. Clay Sci., vol. 36, pp. 37–50, 2007. 

[5] S.F. Mpuchane, G.I.E. Ekosse, B.A. Gashe, I. Morobe and S.H. 
Coetzee, “Microbiological characterisation of southern African 
medicinal and cosmetic clays,” Int. J. Environ. Health Res., vol. 
20, pp. 27–41, 2010. 

[6] M.I. Carretero, C.S.F. Gomes and F. Tateo, “5 clays and human 
health,” Dev. Clay Sci., vol.1, pp. 717–741, 2006. 

[7] M.I. Carretero and M. Pozo, “Clay and non-clay minerals in the 
pharmaceutical and cosmetic industries Part II. Active 
ingredients,” Appl. Clay Sci., vol. 47, pp. 171–181, 2010.  

[8] J. Gubitosa, V. Rizzi, P. Fini and P. Cosma, “Hair care 
cosmetics: From traditional shampoo to solid clay and herbal 
shampoo, a review,” Cosmetics, vol. 6(1), 13, pp. 1-16, 2019. 

[9] I. Dušenkova, I. Kusiņa, J. Mālers and L. Bērziņa-Cimdiņa, 
Application of latvian illite clays in cosmetic products with sun 
protection ability, In Proceedings of the 10th International 
Scientific and Practical Conference “Environment. 
Technologies. Resources,” 18–20 June, 2015, Latvia, Rezekne, 
Rezekne Academy of Technologies, 2015. 

[10] B. Andersons, Latvian State Inst. of Wood Chemistry, Riga 
(Latvia), Jansons, J. (comp.) Forest and earth entrails resources: 
research and sustainable utilization – new products and 
technologies. National research programme ResProd, 2014–
2018: proceedings 2018. 

[11] M. Leinerte, Deg ezeri! [Lakes are Burning!] Rīga: Zinātne, p. 
92, 1988. 

[12] R. Tretjakova, S.M. Misiņa and J. Lukašenoks, Chemical and 
Biological Properties of the Lake Blue Clay, In Proceedings of 
the 11th International Scientific and Practical Conference 
“Environment. Technology. Resources,” 15-17 June, 2017, 
Rezekne, vol. I, pp. 296-300, 2017.  

[13] R. Tretjakova, G. Noviks and G. Mežinskis, “Investigation of 
structure and composition of Latgale lakes clay for their 
practical use,” Environment. Technology. Resources. 
Proceedings of the 12th International Scientific and Practical 
Conference. Volume I, pp. 298-303, 2019. 

[14] Collier C.N., J.C. Harper, J.A. Cafardi, W.C. Cantrell, W. 
Wang, K.W. Foster and B.E. Elewski, “The prevalence of acne 
in adults 20 years and older,” Am Acad Dermatol., vol. 58(1), 
pp. 56-9, 2007. 



Environment. Technology. Resources. Rezekne, Latvia 
Proceedings of the 15th International Scientific and Practical Conference. Volume I, 383-387 

 

387 

[15] J. A. Zeichner,  H. E. Baldwin, F. E. Cook-Bolden, L. F. 
Eichenfield, S. F. Friedlander and D. A. Rodriguez, “Emerging 
Issues in Adult Female Acne,” Clin Aesthet Dermatol., vol. 10(1), 
pp. 37–46, 2017.  

[16] H. P. M. Gollnick, “From new findings in acne pathogenesis to new 
approaches in treatment,” Eur Acad Dermatol Venereol., vol. 29(5), 
pp.1-7, 2015. 

[17] F. Dalgard, U. Gieler, JØ. Holm, E. Bjertness and S. Hauser, “Self-
esteem and body satisfaction among late adolescents with acne: 
results from a population survey," Am Acad Dermatol., vol. 59(5), 
pp. 746-51, 2008. 

[18] M.I. Carretero, “Clay minerals and their beneficial effects upon 
human health. A review,” Appl. Clay Sci., vol. 21, pp. 155–163, 
2002. 

[19] I. Manou, L. Bouillard, M. J. Devleeschouwer and A.O. Barel, 
“Evaluation of the preservative properties of Thymus vulgaris 
essential oil in topically applied formulations under a challenge 
test,” Appl Microbiol., vol. 84(3), pp. 68-76, 1998.  

[20] K M U. Kumari, N.P. Yadav, S. Luqman, “Promising Essential 
Oils/Plant Extracts in the Prevention and Treatment of Dandruff 
Pathogenesis,” Curr Top Med Chem., vol. 22(13), pp. 1104-1133, 
2022. 

[21] I.C. Hay, M. Jamieson and A.D. Ormerod, “Randomized trial of 
aromatherapy. Successful treatment for alopecia areata,” Arch 
Derm., vol. 134(11), pp.1349-52, 1998. 

[22] O. Borugă, C. Jianu, C. Mişcă, I. Golet, A.T. Gruia and F.G. Horhat, 
“Thymus vulgaris essential oil: chemical composition and 
antimicrobial activity,” Med Life, vol. 7(3), pp. 56–60, 2014. 

[23] M. Sienkiewicz, M. Łysakowska, J. Ciećwierz, P. Denys and E. 
Kowalczyk, “Antibacterial activity of thyme and lavender essential 
oils,” Med Chem., vol. 7(6), pp. 674-89, 2011. 

[24] Y. Zu, H. Yu, L. Liang, Y. Fu, T. Efferth, X. Liu and N. Wu, 
“Activities of Ten Essential Oils towards Propionibacterium acnes 
and PC-3, A-549 and MCF-7 Cancer Cells,” Molecules, vol.15, pp. 
3200-3210, 2010. 

[25] V. Tullio, N. Mandras, V. Allizond, A. Nostro, J. Roana, C. 
Merlino, G. Banche, D. Scalas and A. M. Cuffini, “Positive 
interaction of thyme (red) essential oil with human 
polymorphonuclear granulocytes in eradicating intracellular Candida 
albicans,” Planta Med., vol. 78(15), pp.1633-5, 2012.  

[26] L. Meier, R. Stange, A. Michalsen and B. Uehleke, “Clay jojoba oil 
facial mask for lesioned skin and mild acne – results of a 
prospective, observational pilot study,” Complementary Med. Res., 
vol. 19 (2), pp. 75–79, 2012. 

[27] A. L. Zaenglein and D. M. Thibouto, “Acne Vulgaris,” J. L. 
Bolognia, J. L. Jorizzo and J. V. Schaffer, Eds., Dermatology, 3rd 
Edition, Elsevier Saunders Company, Amsterdam, 2012, pp. 545-
560. 

[28] J. McLaughlin, S. Watterson, A.M. Layton, A. J. Bjourson, E. 
Barnard and A. McDowell, “Propionibacterium acnes and Acne 
Vulgaris: New Insights from the Integration of Population 
Genetic, Multi-Omic, Biochemical and Host-Microbe Studies,” 
Microorganisms, vol. 7(5);128, pp. 1-29, 2019. 

[29] A. Pappas, A. C. Kendall, L. C. Brownbridge, N. Batchvarova, 
A. Nicolaou, “Seasonal changes in epidermal ceramides are 
linked to impaired barrier function in acne patients,” Exp 
Dermatol., 27(8), pp. 833-836, 2018. 

[30] K. Meyer, A. Pappas, K. Dunn, G. Cula, I. Seo, E. Ruvolo, N. 
Batchvarova, “Evaluation of Seasonal Changes in Facial Skin 
With and Without Acne,” Drugs Dermatol., vol.14(6), pp. 593-
601, 2015. 

[31] D. Thiboutot and J. Q. Del Rosso, “Acne Vulgaris and the 
Epidermal Barrier,” "Clin Aesthet Dermatol.," vol. 6(2), pp. 18–
24, 2013.  

[32] J. Schwartz and A. Friedman, “Exogenous Factors in Skin 
Barrier Repair,” Drugs Dermatol., vol. 15(11), pp. 1289-1294. 
2016.  

[33] S. M. Misiņa, R. Tretjakova, S. Kodors and A. Zavorins, “Lake 
Zeiļu Clay Application Induced Changes in Human Skin 
Hydration, Elasticity, Transepidermal Water Loss and PH in 
Healthy Individuals,” Cosmetics, vol. 7(3), 51, pp. 1-10, 2020. 

[34] X. Zhang, Z. Zhang, H. Tao,  X. He, K. Hsu, W. Wang, X. Fang 
and  A. Steel, “Comprehensive assessment of the efficacy and 
safety of a clay mask in oily and acne skin,” Skin Res Technol., 
vol. 29(11), pp. 1-7, 2023. 

[35] D. Son, M. Kim, H. Woo, D. Park and E. Jung, “Anti-Thermal 
Skin Aging Activity of Aqueous Extracts Derived from Apple 
Mint (Mentha suaveolens Ehrh.) in Human Dermal Fibroblasts,” 
Evidence-Based Complementary and Alternative Medicine, vol. 
2018, pp. 1-7, 2018. 

[36] M. Božović, A. Pirolli and R. Ragno, “Mentha suaveolens Ehrh. 
(Lamiaceae) Essential Oil and Its Main Constituent Piperitenone 
Oxide: Biological Activities and Chemistry,”Molecules, vol. 
20(5), pp. 8605-8633, 2015. 

[37] M. H Khan, F. Victor, B. Rao and N. S Sadick, “Treatment of 
cellulite: Part I. Pathophysiology,” Am Acad Dermatol., vol. 
62(3), pp. 361-70, 2010. 

[38] N. Sadick, “Treatment for cellulite,” Womens Dermatol., vol. 
5(1), pp. 68–72, 2019. 

[39] D.M.Z. Valenti, J. Silva, W.R. Teodoro, A.P. Velosa and S.B.V. 
Mello, “Effect of topical clay application on the synthesis of 
collagen in skin: An experimental study,” Clin. Exp. 
Dermatol., vol. 37, pp. 164–168, 2012. 

[40] G. M. Dário, G. Gomes da Silva, D. L. Gonçalves, P. Silveira, 
A. Teixeira Junior, E. Angioletto and A. M. Bernardin, 
“Evaluation of the healing activity of therapeutic clay in rat skin 
wounds,” Materials Science and Engineering, vol. 43, pp. 109-
116, 2024.

 



<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalCMYKProfile (ISOcoated_v2_FullGamut4)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /CMYK
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 300
  /ColorSettingsFile ()
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /ENU ([Based on 'LD_175'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /DetectBlends true
  /DetectCurves 0
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.17323
        14.17323
        14.17323
        14.17323
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISOcoated_v2_FullGamut4)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputIntentProfile ()
  /PDFXRegistryName ()
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


