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ABSTRACT

Facial masks have evolved from traditional methods to modern
formulations, incorporating natural ingredients and technologies such
as hydrogels, which promote hydration, regeneration, and skin
protection. Ingredients like Camellia sinensis L. and Aloe vera stand
out for their antioxidant and moisturizing properties, reflecting the
growing demand for effective and safe cosmetics. This trend
strengthens pharmaceutical innovation and emphasizes skin health by
combining aesthetics and functionality. This experimental and
laboratory-based study evaluated the development of a hydrogel facial
mask containing bioactive compounds from Aloe vera and Camellia
sinensis L., aiming to assess the formulation’s efficacy and stability.
The mask was prepared using sodium alginate and xanthan gum as the
main raw materials. Physicochemical quality control tests, including
pH, mass, and shrinkage, were conducted on two groups of masks: one
stored under controlled conditions and another exposed to high

temperatures. Additionally, the swelling index was analyzed. The

collected data indicated that controlled storage better preserved themask’s physical and

organoleptic characteristics, whereas heat exposure led to moisture loss and structural
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changes. The formulation maintained a stable pH, suitable for facial use, and the high
swelling index favored the controlled release of bioactive compounds. The hydrogel mask
demonstrated stability and potential for cosmetic application. Further clinical studies and
additional testing are recommended to confirm the benefits of the bioactives on the skin. This
research reinforces the use of hydrogels with natural bioactives as an effective and safe
alternative for topical treatments, offering benefits that meet the demands of the modern

cosmetic market.

KEYWORDS: Aloe vera. Camellia sinensis L.. Hydrogels. Cosmetology. Quality Control.

Dermocosmetics.

INTRODUCTION

Facial masks, widely used since antiquity, have evolved from traditional methods to
increasingly sophisticated formulations, incorporating natural ingredients while meeting strict
safety and efficacy standards. From the earliest masks in ancient Greece and Rome, through
Elizabethan England, to the development of kaolin- and clay-based formulations in the 19th
century, the use of facial masks has reflected the desire to care for and maintain healthy
skin.M@ with the growth of industrial cosmetic production in the 20th century, regulatory
agencies emerged to ensure product compliance, guaranteeing consumer safety and quality.["
At the same time, the interest in natural ingredients, such as plant extracts, has gained
strength in modern cosmetics, responding to the demand for products that promote both
aesthetics and skin health, protecting against external aggressions.®! In Brazil, legislation
establishes strict standards for the manufacture of cosmetics, reinforcing the importance of
the pharmacist specialized in product formulation and ensuring compliance with good
practices.”!™® This trend highlights the value of skin health and functionality in addition to
aesthetic benefits, promoting a safe and effective approach to beauty for consumers. Constant
exposure to factors such as ultraviolet radiation and pollution can damage the skin barrier,
accelerating aging and causing dermatological problems. In this context, the development of
facial masks with natural ingredients that possess antioxidant, moisturizing, and regenerative
properties is of great scientific, social, and economic importance, as it promotes quality of

life and strengthens the pharmaceutical profession in cosmetic innovation.!l”

Camellia sinensis L. and Aloe vera are examples of widely valued natural raw materials due
to their benefits. Camellia is rich in bioactive compounds such as polyphenols and vitamins,

which have antimicrobial and antioxidant activity, making it a promising ingredient for
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cosmetics with both aesthetic and therapeutic effects.' Aloe vera gel is recognized for its
regenerative and moisturizing properties, as well as its ability to form a protective barrier on
the skin, favoring healing and protection."! These ingredients complement the advancement
of natural components in facial masks and other cosmetics, meeting the demand for products
that combine aesthetic benefits with skin health, supported by safety and efficacy. Hydrogels
are three-dimensional polymers capable of absorbing large amounts of water and are widely
used in cosmetics due to their ability to retain moisture and release active compounds in a
controlled manner, making them suitable for moisturizers and skin and hair care.™ Based on
natural proteins and polysaccharides (such as alginate) or synthetic materials, they present
high hydrophilicity, stability, and biodegradability, which make them appropriate for
controlled release of ingredients. 21314

The integration of hydrogels with natural components thus strengthens facial mask
formulations. The incorporation of natural raw materials into modern formulations such as
hydrogels represents a promising approach to developing cosmetic products that meet the
demands of increasingly discerning consumers for quality and safety.!*>*®! The present study
aimed to develop and evaluate a cosmetic hydrogel formulation enriched with Camellia
sinensis L. and Aloe vera extracts, seeking to explore the synergy between natural raw
materials and hydrogel technology, as well as to provide relevant data to support future

formulations and practices in cosmetic science.

1. MATERIALS AND METHODS

The study is characterized as an experimental laboratory research, conducted at the
Pharmaceutics Laboratory of the Universidade Cat6lica Dom Bosco (Laboratory A102). Over
the course of one year of research, a hydrogel facial mask containing bioactive compounds
from Aloe vera and Camellia sinensis L. was developed and subjected to a series of physical

and chemical quality control tests.

1.1 Materials

The raw materials used in the formulation were obtained from a compounding pharmacy and
specialized companies, selected based on strict quality criteria. These companies and
pharmacies were chosen considering parameters such as positive reviews, proven reliability,
and affiliation or partnerships with the university, ensuring that the materials complied with

best pharmaceutical practices to guarantee the safety and efficacy of the formulation.
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1.2 Hydrogel Mask Preparation

The preparation process begins with the dispersion of sodium alginate in warm distilled
water, followed by homogenization for 20 minutes. In a separate container, xanthan gum was
previously mixed with glycerin using indirect heating at 50°C and then incorporated into the
alginate gel with circular movements, forming the hydrogel base. Sodium metabisulfite was
dissolved in 20 mL of distilled water, and the Aloe vera and Camellia sinensis L. extracts
were added. This solution was then poured into the hydrogel base and homogenized. In
parallel, the preservatives methylparaben and propylparaben were dissolved in propylene
glycol and incorporated into the base; the fragrance was added at the final stage of
preparation, where it was adjusted and evenly distributed. The resulting product was a
slightly yellowish gel. The gel was poured into a mold and immersed in a 2% calcium
chloride solution for 30 minutes. The composition and concentrations used in the hydrogel

mask formulation and the 2% calcium chloride solution are detailed in Table 1.

Table 1: Composition and mass for the preparation of hydrogel mask and 2% calcium

chloride solution.

COMPOSITION MASS (G) [FUNCTION

Hydrogel mask:

Camellia sinensis L. extract 10.00 Active

Aloe vera extract 6.00 Active

Sodium alginate 2.00 Gelling agent

Xanthan gum 0.50 Thickener, stabilizer
Propylene glycol 2.50 Humectant

Glycerin 10.00 Humectant

Sodium metabisulfite 0.02 Antioxidant, preservative
Methylparaben 0.02 Antimicrobial preservative
Propylparaben 0.10 Antimicrobial preservative
Distilled water 200.00 Solvent

Essence g.s. Fragrance

2% Calcium Chloride Solution:

Calcium chloride 60.00 Thickener

Distilled water 3000.00 |Solvent

Source: Author, 2024.
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Figure 1: Hydrogel mask submerged in 2% calcium chloride solution.

Quality Control of the Hydrogel Mask

The hydrogel masks were subjected to stability tests addressing physical aspects such as size,
color, odor, average weight, and shrinkage, as well as chemical aspects such as pH.
Evaluations were performed once, in triplicate, for two distinct groups of masks, using the
same analytical methods. The first group was stored under a thin protective plastic film,
exposed to environmental conditions and high temperatures ranging from 37°C to 40°C over
the course of one week. The second group was packed in sealed individual containers,
maintained under controlled temperatures of 25°C to 35°C during the same period. This
approach allowed for the observation and comparison of the effects of different storage
conditions and temperatures on the integrity and characteristics of the hydrogel masks. In

addition, a swelling test was performed on the hydrogel developed.

1.3 Weight Evaluation

For the evaluation of the physical characteristics of the masks, mass measurements were
performed using an analytical balance, model Sartorius BP3105. Initially, three mask units
were weighed in order to determine the average mass. The mean values obtained were used
for subsequent analysis. The samples were weighed on the day of formulation and again after

one week, with the purpose of calculating the difference between the two evaluation periods.
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1.4 pH Evaluation

To determine the acidity of the samples, three mask units were individually immersed in
three glass beakers, each containing 10 mL of distilled water (pH 6.5 £ 0.1), for a period of 2
hours at room temperature. After the immersion period, the pH of the resulting solutions was
measured using a pH meter, model PHS3BW BEL. Measurements were performed in

triplicate, and the mean values obtained were used for result analysis.

1.5 Shrinkage Evaluation

Accordingly, to evaluate the shrinkage of the hydrogel masks, three samples were measured
in triplicate using two parameters: the distance from one cheek to the other (width) and from
the forehead to the chin (height). Measurements were taken on the first day after sample
formulation. Subsequently, the masks were stored for one week and then measured again. The

values obtained at both stages were used for the comparative analysis of shrinkage.

1.6 Swelling Index

The swelling index was subsequently evaluated as described in the Brazilian Pharmacopoeia,
6th edition.l'”7 For controlled-release applications, hydrogels are suitable due to their
characteristics of biodegradability, biocompatibility, hydrophilicity, chemical stability, and
their capacity for solute sorption and desorption ™. The swelling index is essential, as it
allows for a quantitative assessment of the hydrogel’s ability to absorb liquids, directly
influencing its efficiency in the controlled release of drugs and its functionality in therapeutic
systems.

The initial weight of three mask units was recorded, and each was individually immersed in
three glass beakers. Weight measurements were taken using an analytical balance, model
Sartorius BP3105, at intervals of 12, 24, 36, 48, 60, and 72 hours throughout the week. The
swelling index of the hydrogel masks was then calculated from the measured values by
applying the corresponding formula. The graph was subsequently plotted using the average
values of the masks, with an uncertainty of 5%.

«  Wn = weight of the hydrogel mask after hydration;

« Wo = weight of the hydrogel mask before hydration;

« Swelling Index = ¥""V° x 100%;
Wo
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2. RESULTS AND DISCUSSION

The tests demonstrated that the hydrogel facial masks containing Aloe vera and Camellia
sinensis L. bioactives presented good initial quality, with adequate physical and chemical
properties, including uniform dimensions, consistent weight, and pleasant texture. However,
storage conditions had a significant influence on these characteristics, resulting in alterations
that varied according to the type of packaging and temperature over time. The measurement
uncertainty used for the weight, height, and width graphs of the three masks, defined as the
interval that expresses the reliability of the measurements by considering the inherent
variations of the measurement process, was determined using the standard deviation of the
means for each data set. This calculation reflects the dispersion of individual values in
relation to the mean, providing a quantitative estimate of the precision of the measurements

performed.

Figure 2: Hydrogel mask ready inside protective packaging.

The hydrogel masks exhibited satisfactory organoleptic characteristics immediately after
production, with an elastic texture, absence of ruptures, a refreshing sensation, and a well-
perceptible fragrance of the chosen essence. Visually, they appeared transparent and thin,
providing user comfort. After one week, the masks kept under constant light and protected
only with plastic film preserved their pleasant odor and desired transparency; however,
exposure to high temperatures resulted in significant moisture loss, making them thinner and
drier, which compromised their original texture. In contrast, the masks stored in sealed

packaging and kept at milder temperatures preserved their organoleptic and physical
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characteristics after one week, maintaining satisfactory levels of moisture, thickness,
fragrance, elasticity, and structural integrity, thus ensuring comfort and preservation of
texture.

2.1 Weight Evaluation

The results regarding the mass of the hydrogel masks exposed to heat indicate a significant
weight loss over time. Initially, the average weight of these masks was 6.48g, which
drastically decreased to 0.60g after one week, as shown in Graph 1, suggesting substantial
water loss due to evaporation. The samples were stored only with plastic film and exposed to
light and heat, conditions that explain this pronounced mass reduction. In contrast, the masks
stored in sealed packaging showed a weight reduction within the expected range for a one-
week period, decreasing from an initial average of 13g to 10g, as shown in Graph 2. These
results highlight the importance of storing hydrogel masks in hermetic packaging that
preserves moisture and controls temperature,” which are essential to maintaining physical
integrity, application efficacy, and the stability of bioactive properties throughout the storage
period.!?!

6.5

Weight (g)
F=Y

0.6
&=

Initial A Week After
Time

Graph 1: Average weight of masks exposed to high temperatures, initial weight and
weight after one week.
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Weight (g)
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Time

Graph 2: Average weight of masks exposed to lower temperatures, initial weight and

weight after one week.

2.2 pH Evaluation

In the study, the average pH of the hydrogel masks stored under high temperature and low
protection conditions was 5.83 immediately after production, a slightly acidic value probably
related to the residual presence of the 2% calcium chloride solution. After one week, the pH
of these samples stabilized at 6, demonstrating that the formulation has good buffering
capacity, correcting initial variations.!*®! In comparison, the masks stored in sealed packaging
and at lower temperatures maintained a constant pH of 6 both at the beginning and after one
week, indicating that the pH of the formulation remains stable and reliable regardless of
storage and temperature conditions.!*®! The ideal pH for facial cosmetics is between 4.5 and
6.5, which is compatible with the natural pH of the skin and is essential to preserve its
protective barrier and minimize the risk of irritation.*¥ These results confirm the stability of
the mask’s pH over time, ensuring both the efficacy of the bioactives and safety for

application on sensitive skin.

2.3 Shrinkage Evaluation

The results regarding the width and height measurements of the hydrogel masks exposed to
high temperatures indicate significant shrinkage after one week of storage, as shown in Graph
3 (A and B). The initial average width of these masks was 13.8cm, which decreased to
13.4cm after one week, while the height decreased from 11.8cm to 11.3cm during the same
period. This shrinkage can be attributed to water evaporation, since the masks were stored
only wrapped in plastic film and exposed to light and heat, conditions that favored moisture
loss and the consequent reduction in dimensions. In contrast, the masks stored in sealed
packaging and kept at mild temperatures showed minimal reduction in height and width
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dimensions between the time of manufacture and one week later, as observed in Graph 4 (A
and B).

These results highlight the importance of proper storage conditions, such as the use of
hermetic packaging and controlled temperatures, to preserve the physical integrity of
hydrogel masks, maintaining their properties and effectiveness over time.[?”

14

10

Height (cm)
Width (cm)

Initial A Week After Initial A Week After

Time Time

(A) (B)
Graph 3: Average height (A) and width (B) of masks exposed to high temperatures after

formation and after one week.

101

Width (cm)
Height (cm)
o

Initial A Week After
Time Time

Initial A Week After

(A) (B)
Graph 4: Average height (A) and width (B) of masks exposed to lower temperatures

after formation and after one week.

2.4 Swelling Index

Hydrogels, the basis of the formulation, are three-dimensionally crosslinked hydrophilic
polymers with a high capacity to absorb water molecules.[*?) Therefore, analyzing swelling
values through graphs is necessary for the quality control of the masks.™ In this formulation,
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sodium alginate was chosen, as it provides the hydrogel with hydrophilic characteristics and a
high water absorption capacity. Sodium alginate has properties that facilitate the rapid
formation of hydrogels, especially in the presence of bivalent or trivalent ions (Ca?*, Ba?",
Fez*, Fe3*, AIR*), which promote crosslinking due to interactions between alginate and the
ions, resulting in improvements in mechanical strength, cohesion, and rigidity.*? As
illustrated in Graph 5, the swelling index of the hydrogel masks increased rapidly within the
first 12 hours, followed by a gradual growth until stabilizing after approximately 36 hours.
This initial rapid increase in the swelling index indicates a high water absorption capacity,
favored by the formation of hydrogen bonds that promote the expansion of the hydrogel’s
polymeric structure. The stabilization of the index in the subsequent hours suggests that the

hydrogel reached its maximum water retention capacity.

-

400 4

300

200 A

Swelling index (%)

100 +

01 @

0 10 20 30 40 50 60 70
Time (h)

Graph 5: Average swelling index of hydrogel masks in distilled water.

The uncertainty presented in the graph is 5%. The high swelling index is a desirable
characteristic for hydrogels in cosmetic applications, as it indicates an excellent capacity for
water absorption and retention. This property is essential for the controlled release of active
ingredients onto the skin, allowing the formulation to deliver them effectively and over a

prolonged period, which is beneficial for continuous skin hydration and treatment.

3. CONCLUSIONS

The results obtained during the quality tests of the hydrogel facial mask with Aloe vera and
Camellia sinensis L. bioactives provided relevant data on the stability and effectiveness of the
product. In summary, the study showed that the hydrogel masks exhibited adequate
organoleptic and physicochemical characteristics immediately after production. The masks

kept under controlled storage conditions, with sealed packaging and mild temperatures,
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preserved theirmoisture, texture, and pH properties over the course of one week,
demonstrating stability and safety for skin application. On the other hand, storage in
environments with high temperatures and low protection resulted in significant changes in the
structure and moisture of the masks, negatively affecting the texture and thickness of the

product.

The stability of the pH, which remained within the ideal range for facial products, and the
high swelling index confirm the efficacy and safety of the hydrogel formulated with sodium
alginate, highlighting its high water retention capacity and potential for the controlled release
of bioactives. The development of hydrogel masks containing Aloe vera and Camellia
sinensis L. bioactives proved to be promising for the cosmetic sector, combining efficacy in
moisture retention, chemical stability, and sensory comfort. The analyses carried out
confirmed that storage conditions directly influence the physical and organoleptic properties
of the product, with storage in hermetic packaging and under mild temperature being
essential to preserve its original characteristics. Thus, the study reinforces the feasibility of
using hydrogels with natural extracts as an effective and safe alternative for topical
treatments, offering aesthetic and functional benefits that meet the demands of the modern

cosmetic market.

4. REFERENCES

1. TREVISAN, C. A. Histéria dos cosméticos. [S.L.]: crg4.org.br, Disponivelem,
2011. http://www.crg4.org.br/historiadoscosmeticosquimicaviva

2. Nilforoushzadeh M.A., Amirkhani M.A., Zarrintaj P., Salehi Moghaddam A., Mehrabi T.,
Alavi S., Mollapour Sisakht M. Skin care and rejuvenation by cosmeceutical facial mask.
J. Cosmet Dermatol., 2018 Oct; 17(5): 693-702. Doi: 10.1111/jocd.12730. Epub 2018
Aug 21. PMID: 30133135.

3. Chen F, He L., Li Q, Li P, Shi L., Zhang W., et al. Characterization of tea (Camellia
sinensis L.) Flower extract and insights into its antifungal susceptibilities of Aspergillus
flavus. BMC Complement Med. Ther., 2023; 23(1).

4. Brasil. Lei n° 6.360, de 23 de setembro de Diario Oficial da Unido., 1976.

5. Conselho Federal de Farmécia (CFF). Resolugdo n° 406, de 15 de dezembro de Diario
Oficial da Unié&o., 2003.

6. Svobodova A., Walterova D., Vostalova J. Ultraviolet light induced alteration to the skin.
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub., 2006; 150: 25-38.

www.wijpps.com | Vol 14, Issue 10, 2025. | 1SO 9001:2015 Certified Journal | 962



http://www.crq4.org.br/historiadoscosmeticosquimicaviva

Hildebrand et al. World Journal of Pharmacy and Pharmaceutical Sciences

7. Mitura S., Sionkowska A., Jaiswal A., Biopolimeros para hidrogéis em cosméticos:
revisdo. Journal of Materials Science. Materials in Medicine. Maio de., 2020; 31(6): 50.
DOI: 10.1007/s10856-020-06390-w. PMID: 32451785; PMCID: PMC7248025.

8. Shang A, Li J, Zhou DD, Gan RY, Li HB. Molecular mechanisms underlying health
benefits of tea compounds. Free Radic. Biol. Med., 2021 Aug 20; 172: 181-200. Doi:
10.1016/j.freeradbiomed.2021.06.006. Epub 2021 Jun 10. PMID: 34118386.

9. Chen H, Liu Y, Zhang Y, Xu Q. Green Chemistry Approaches for the Development of
Cosmeceuticals J. Cosmet. Sci., 2023; 74(2): 101-15.

10. Surjushe A, Vasani R, Saple DG. Aloe vera: a short review. Indian J Dermatol, 2008;
53(4): 163. Doi: 10.4103/0019-5154.44785. PMID: 19882025; PMCID: PMC2763764.
11. Patil, Sachinkumar & Dhanraj, Jadge, Crosslinking Of Polysaccharides: Methods And

Applications. Pharmaceutical Reviews, 2008; 6.

12. Fernandes, Renan S., Moura, Marcia R. De; Aouada, Fauze A. OPTIMIZATION OF
SYNTHESIS OF INTERCALATED NANOCOMPOSITE HIDROGELS FOR
FUTURE APPLICATION IN THE MEDICAL AREA. Scielo
journals. Dataset, 2017. Https://doi.org/10.6084/m9.figshare.19945185.v1

13. Ahmed EM. Hydrogel: Preparation, characterization, and applications: A review. J Adv
Res., 2015 Mar; 6(2): 105-21. Doi: 10.1016/j.jare.2013.07.006. Epub2013 Jul 18. PMID:
25750745; PMCID: PMC4348459.

14. Buchholz FL, Graham AT Wiley- VCH; Nova York: 1998. Tecnologia moderna de
polimeros superabsorventes. [capitulos 1-7].

15. MARINA, Alexia-Desirée & FILIP, Lorena & MARC, Romina. Camellia sinensis L.
(Green Tea): Bioactive Compounds and Pharmacological Properties — A Comprehensive
Review. Hop and Medicinal Plants., 2024; 32: 102-118. 10.15835/hpm.v32i1-2.15020.

16. Nasim N, Sandeep IS, Mohanty S. Plant-derived natural products for drug discovery:

current approaches and prospects. Nucleus (Calcutta), 2022; 65(3): 399-411. Doi:
10.1007/s13237-022-00405-3. Epub 2022 Oct 18, PMID 36276225, PMCID,
PMC9579558.

17. Brasil. Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Farmacopeia Brasileira. 62
ed. Brasilia: ANVISA, 2019.

18. Teixeira S.C., Soares N. de F.F., Stringheta P.C. Desenvolvimento de embalagens
inteligentes com alteracdo colorimétrica incorporadas com antocianinas: uma revisdo
critica. Braz J. Food Technol [Internet]. 2021; 24: 2021033. Available from:
https://doi.org/10.1590/1981-6723.03321

www.wijpps.com | Vol 14, Issue 10, 2025. | 1SO 9001:2015 Certified Journal | 963




Hildebrand et al. World Journal of Pharmacy and Pharmaceutical Sciences

19. Luki¢, M.; Panteli¢, 1.; Savi¢, S.D. Rumo ao ph ideal da pele e formulagdes topicas: do
estado da arte atual aos produtos personalizados. Cosméticos, 2021; 8: 69.
Https://doi.org/10.3390/cosmetics8030069

20. Morel, S.; Mura, G.; Gallarate, M.; Sapino, S. Embalagens de Cosméticos: Aspectos

Regulatérios  Europeuse  Sustentabilidade. = Cosmeéticos, 2024; 11:  110.
Https://doi.org/10.3390/cosmetics11040110
21. Halla, N., Fernandes, I.P., Heleno, S.A., Costa, P.; Boucherit-Otmani, Z.; Boucherit, K.;

Rodrigues, AE; Ferreira, ICFR; Barreiro, MF Preservacdo de Cosmeéticos: Uma Reviséo
das Estratégias Atuais. Moléculas, 2018; 23; 1571.
Https://doi.org/10.3390/molecules23071571

22. Garcia-Cruz, Crispin & Foggetti, Ulisses & Silva, Adriana. Alginato bacteriano: Aspectos

tecnoldgicos, caracteristicas e producdo. Quimica Nova - QUIM NOVA., 2008; 31.
10.1590/S0100-40422008000700035.

www.wijpps.com | Vol 14, Issue 10, 2025. | 1SO 9001:2015 Certified Journal | 964




