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HIGHLIGHTS
¢ Marine environment has been an important source of cosmetic ingredients.
e Caviar extract (2%) has scavenged 10.9% + 0.58 of DPPH radical.
¢ Ca-alginate beads has been obtained successfully.

¢ Formulation showed good stability and sensory acceptance.

Abstract: The high consumption of antiaging cosmetics represents an outstanding opportunity for the
development of new processes and attractive products in the cosmetic industry. Stability studies and sensory
analyses are critical steps in the development process and production chain. Here we present a potential
antiaging cosmetic product with innovative sensory characteristics. Caviar extract antioxidant properties were
firstly evaluated by the DPPH method since it is an important mechanism against skin aging. Ca-alginate
beads containing 2% of caviar extract and 0.2% of black pigment were prepared to obtain spheres similar to
caviar. The beads were incorporated in a gel phase (hydroxyethylcellulose 2.5%) containing 3% of
dimethylaminoethanol. Stability was evaluated in different storage conditions (sunlight exposure, 5 + 2 °C,
37 + 2 °C and r.t.) through the parameters: appearance, color and odor, pH (6-7), density (0.98-1.14 g.mL™?),
centrifugation and average size. After approval by the Committee for Ethics in Research (n° 3.503.061), 30
volunteers tested the new formulation and answered a questionnaire. At 2%, caviar extract was able to
scavenge 10.9% + 0.58 of DPPH radical. Formulations showed good stability after 90 days, even considering
the average size (7.47 £ 0.41 - 8.4 £ 0.65 mm?). 90% of the sensory test participants reported that they would
buy the new product. Therefore, the new product developed demonstrates a promising potential as an
attractive cosmetic product.
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INTRODUCTION

The increase in life expectancy, growing of elderly global population, and higher expectations on looking
young, are some of the factors that promote great interest in all aspects related to the aging process. In what
concern to the cosmetic sector, the consumption of antiaging products is becoming more expressive and new
ones are frequently launched to the market [1]. Cutaneous or skin aging is characterized by the progressive
loss of structural integrity of skin that occurs due to intrinsic and extrinsic factors. Intrinsic aging is a
physiological genetically determined process, which results in discrete dermal atrophy, thin wrinkles, and dry
skin. External environmental factors, such as smoking, nutritional habits, pollution, and especially sunlight
exposure, promote a more aggressive scenario called extrinsic aging. The results are irregular pigmentation,
rough wrinkles, thickening of the cornified layer, elasticity loss, and higher risk of skin cancer [2-4].

There are several mechanisms proposed to explain skin aging and, possibly, it is a result of all of them.
Undoubtedly, oxidative stress plays an important role in this process and chronic UV exposition, also called
photoaging, produces even more reactive oxygen species (ROS). This fact makes antioxidants common on
skincare formulations to enrich the endogenous cutaneous protection, which has a consistently attested
efficacy for this purpose [2]. Despite antioxidant popularity, tocopherol and ascorbic acid are the most used
in cosmetics, even with problems such as low stability, reflecting the lack of innovative materials on this field
[5].

The green consumption trend and the growing demand for products made with natural ingredients are
confronting the environmental impact caused by the cosmetic industry, stimulating companies to incorporate
natural origin agents on formulations [6,7]. The exploration of the vast marine biodiversity has shown the
potential to discover a wide range of active ingredients, making cosmetic companies interested. The
application of algae and its derivatives, such as natural colorant or polysaccharides, in cosmetics is one of
the most recurrent and versatile options, varying as the active ingredient, sensory adjuvant, or as a
technological tool [8-10].

Moreover, in the past few years, cosmetic brands have been strongly investing in caviar-based products.
Caviar consists of unfertilized salt-cured sturgeon eggs (Acipenser spp.) and is considered a luxury
gastronomic delicacy. The strong interest of the food industry is related to its nutritional content, such as
proteins, unsaturated fatty acids [11], vitamins, and minerals, which makes caviar to be considered for
cosmetic purposes as well [12,13]. Also occurring in fish like sardines and salmon, dimethylaminoethanol
(DMAE) is a substance frequently used with antiaging appeal due to several possible mechanisms that are
constantly investigated [14-17].
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Within this scenario, besides the need to invest in natural raw materials, cosmetic product developers
are more than ever investing in new sensory technologies to survive in this competitive market. Therefore,
sensory assessments turned out to be an important tool in formulation development to guarantee product
success [18]. Here, we have developed and studied an innovative cosmetic formulation using marine
ingredients, highlighting its antiaging potential. In addition, a sensory evaluation was conducted with
untrained consumers.

MATERIAL AND METHODS

Materials

The following materials were used to perform this study: caviar extract (InfinityPharma®); DPPH (1,1-
diphenyl-2-picrylhydrazyl) (SigmaAldrich®); sodium alginate (Dinamica®, low viscosity); black pigment
(117260 Colorona® Mica Black Merck); DMAE (dimethylaminoethanol) (SigmaAldrich®); phenoxyethanol and
caprylyl glycol (Optiphen®); spectrophotometer Novainstruments® 2000, Peristaltic Pump P-1 (Pharmacia
Biotech).

Free radical scavenging potential

The antioxidant potential of caviar extract (InfinityPharma®) was evaluated through DPPH (1,1-diphenyl-
2-picrylhydrazyl) radical scavenging method with some modifications [19]. Serial dilutions were performed to
obtain sample concentrations varying between 0-100% (v/v) in methanol. In a test tube, 200 pL of DPPH
solution (0.5 mmol.L? in methanol) and 800 pL of each solution were mixed and incubated at 25 °C for 30
min, protected from light. After that, sample absorbances were measured using a spectrophotometer
Novainstruments® 2000 at 517 nm. Sample dilutions were used as blank and methanol plus DPPH as
negative control. Moreover, ascorbic acid was used as positive control. Results indicated the percentage of
DPPH scavenging. The experiment was performed in triplicate and the results were expressed as the mean
+ SD (standard deviation).

Formulation study

Ca-alginate beads were obtained according to De-Bashan and coauthors with some modifications [20].
Briefly, sodium alginate (Dinamica®, low viscosity) solution (0.8%, 1.0%, 1.5%) containing 2% (v/v) of caviar
extract and 0.2% of black pigment (117260 Colorona® Mica Black Merck) was dropped using a Peristaltic
Pump P-1 (Pharmacia Biotech) with a flow rate of 270 mL h! into a 5% CacCl, solution. The suspension was
stirred to prevent beads aggregation. The Ca-alginate beads were stabilized in CacCl; solution for 30 min, and
then rinsed twice in 0.85% NacCl solution and once in distilled water.

Four formulations were studied for the external phase using two gelling polymers: hydroxyethylcellulose,
Natrosol® (2.5 and 3.0%), and carbomer, Carbopol® (2.5 and 5.0%). Polymers were firstly dispersed in water
(gsp. 100%) under stirring (and heating for Carbopol®). Then, 1% of phenoxyethanol and caprylyl glycol
(Optiphen®) and 5% of propylene glycol were poured under mechanical stirring; pH was correct using
triethanolamine (gs. pH 7-8). DMAE (SigmaAldrich®) (3%) was then added to the formulation chosen, which
was used for Ca-alginate beads incorporation (2:1).

Stability study

The final formulation was stored in glass vessels to be evaluated at 0, 7, 15, 30 60 and 90 days, in
different conditions: sunlight exposure, refrigerator (5 + 2 °C), oven (37 £ 2 °C) and room temperature (r.t.).
Organoleptic evaluation (appearance, color, and odor) and physicochemical characteristics (pH, density, and
stability after centrifugation) were performed [21]. Centrifugation was done with 5 g of the product only at time
zero (3000 rpm, 30 min) (Centribio®). pH was determined using colorimetric indicator strips (MColorpHast™)
and density was done using a metal pycnometer. The average size (mm?) was determined at 0 and 90 days.
To proceed with size determination, photos from the spheres were taken and evaluated using the software
Image J to calculate the average size of each sphere. Average size experiments were performed in triplicate
(n=10) and the results were expressed as the mean + SD (standard deviation). Significant differences were
determined using a one-way analysis of variance (ANOVA). Differences between mean values were tested
using Tukey’s test, and averages followed by the same letter do not significantly differ (p <.05).

Sensory analysis
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Sensory analysis was performed with 30 volunteers aged 18-50 years (15 male and 15 female). The
volunteers that reported allergic sensitivity to any component of the formulation and people with visible
dermatological conditions were excluded from this study. All the selected volunteers were informed previously
about the whole procedure before signing the consent form. This study protocol was previously filed and
approved by the Committee for Ethics in Research (CEP), n° 3.503.061, according to legislation related to
research involving humans. 5 g of the formulation was available to the volunteers that were oriented to apply
on the back of the left hand in circular movements. Then, a questionnaire related to cosmetics consumption
behavior, perceptions, and product opinion was made available [22].

RESULTS

Free radical scavenging potential

In this study, we evaluated hydrosoluble caviar extract free radical scavenging capacity through the
DPPH method. Different extract concentrations were evaluated in a range of 0-100% v/v. It was noticed that
at 2% v/v, the concentration used in this study formulation, caviar extract was able to scavenge 10.9% + 0.58
of DPPH free radical.

Formulation study

Caviar extract was encapsulated in Ca-alginate beads to achieve sensorial characteristics similar to
caviar, which were added to a gel formulation containing dimethylaminoethanol (DMAE) (Figure 1).

Q O
. 0%000
OO
° (@)
Alginate beads
containing + Gel phase Final
caviar extract containing : formulation
and pigment DMAE

Figure 1. Experimental strategy to obtain final formulation.

Among the different sodium alginate concentrations tested, we notice that polymer concentration
influences the final beads aspect and the ideal concentration found was 1.0% w/v. Caviar extract and black
pigment were mixed to alginate solution prior to dropping so it could be encapsulated into the jelly sphere.
Visually, it was not possible to observe the colored extract nor black pigment residues into CacCl, solution
that indicates full encapsulation.

The gel phase containing DMAE was studied with different polymers commonly used in cosmetics,
varying their concentrations [23,24]. Hydroxyethylcellulose at 2.5% was the condition chosen because it
presented a desirable consistency to maintain the beads in suspension. After incorporation, the final
formulations presented an aspect similar to caviar (Figure 2).

Brazilian Archives of Biology and Technology. Vol.64: €21200429, 2021 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Marine ingredients based formulation 5

-~ 1

Figure 2. Final caviar-like formulation obtained.

Stability study

A 90 days stability study was performed to observe the formulation behavior towards stress storage
conditions. The formulation remained stable, with intact Ca-alginate beads after the 30 minutes centrifugation
test. Results obtained for all parameters evaluated on different conditions and periods are presented in Table
1.

Table 1. Stability study data obtained for the formulation tested

Time (days)
Parameter Condition

0 7 15 30 60 90

r.t. + + + + + +

Organoleptic light * * * * * *

characteristics 5+2°C + + + + + +

37+2°C + + + + + +

r.t. 6 7 7.5 6.5 6.5 6.5

light 6 6 7 7 7 7

pH

5+2°C 6 6 7 7 7 7

37+2°C 6 6 6 6 6 6
r.t. 0.98 1.03 1.11 1.03 1.05 1.09
Density light 0.98 1.02 1.11 1.10 1.09 1.10

-1

(9-mL™) 5+2°C 0.8 1.04 1.06 1.04 1.07 1.05
37+2°C 0.98 1.14 1.07 1.00 1.05 1.10

No alteration (+), slightly altered (), altered (-), strongly altered (--).

Caviar-like formulation collected at days 0 and 90 were submitted to average size evaluation through
Image J software to verify differences in size over stability time. The beads at day 0 presented an average
size of 12.98 + 0.39% mm?, whereas caviar-like formulation stored in the following conditions: sunlight
exposure, refrigerator (5 £ 2 °C), oven (37 + 2 °C) and room temperature, after 90 days, showed 8.07 *
0.58¢, 7.47 + 0.41°, 8.4 + 0.65" and 8.36 + 0.9° mm?, respectively.

Sensory analysis

The formulation studied was made available for 30 volunteers, including men and women. In the first
step of the questionnaire applied, we asked questions related to the customer’s habits. It was observed that
77% of the volunteers use at least one cosmetic product daily. The sensory attributes evaluated were aspect,
color, odor, sensation, absorption, hydration, and spreadability. The volunteers were guided to choose
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between 1 to 5 (horrible to great, respectively) which sensory experience they had with the formulation. As
showed on the sensory map presented (Figure 3), all parameters evaluated showed good evaluation. As a
final question about the possible product acquisition, 90% of the volunteers reported that they would buy it.

Aspect
100

Spreadability Color

Hydration Odor

Absorption Sensation

Figure 3. Sensory profile obtained using volunteers questionnaires

DISCUSSION

It is well known that the use of topical antioxidants is essential to prevent ROS damage on the skin. The
most commonly used are tocopherol, ascorbic acid, their derivatives, and combinations. The main limitation
to develop products with these compounds is their liability, which makes necessary the search for new
antioxidant agents capable of maintaining activity, percutaneous absorption, and formulation integrity [5,25].
Caviar has been studied as an option of antiaging agents for its potential beneficial effects, such as
antioxidant property, enhancement of the mRNA expression of type | procollagen, and upregulation of
antioxidant genes [12,26]. DPPH scavenging activity presented an intrinsic relationship related to caviar
extract concentration that not only provides an insight into the importance of marine derivatives in cosmetics
but also demonstrates an option to incorporate natural compounds into breakthrough technologies.

The caviar-like formulation was obtained by exploring an interesting property observed for alginate.
Alginate is a polysaccharide obtained from brown algae, composed of linear chains of mannuronic acid (M)
and guluronic acid (G) units [27]. In the presence of calcium ions, a strong complex called egg-box structure
could be reached. Using a dropping technique it was possible to obtain spherical shape Ca-alginate beads
[28,29] (Figure 4). Alginate is frequently applied to carry and deliver a wide range of compounds for different
applications. Other polysaccharides could also be explored to enrich formulation sustainability, performance,
and marine appeal, by replacing the synthetic gelling polymer.
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Figure 4. Schematic representation of the dropping technique performed and the formation of an egg-box structure

The development of a new cosmetic product includes several steps between initial research and the final
commercial product. The stability study is important to better understand the physical chemistry properties,
to ensure organoleptic attributes consistency and to detect any instability [30,31]. Critical parameters that
determine cosmetic stability are temperature, pH variation, and light exposure. Samples remained stable
throughout the study. pH determinations showed no significant alterations during the whole storage period,
with pH values between 6.0 and 7.5, adequate for topic use. The slight alteration of organoleptic
characteristics after day 7, for refrigerator and oven samples, indicates that the better storage condition for
this formulation is room temperature. All size results after 90 days stability presented significant differences
when compared with average size from day 0. This decrease could be explained by the Ca-alginate bead
slightly disintegration, evidenced by the calcium ions loss started around 30 days after encapsulation [32].
Although the results showed a substantial difference in average size decrease over time, parameters such
as organoleptic and physicochemical characteristics remained stable after 90 days.

Cosmetic companies need to constantly develop new products and improve their existing ones in order
to stay ahead in a highly competitive market. In this context, consumer research is a key tool for product
developers. Previous research showed that untrained consumers are able to provide relevant information
about their perception using tools like guestionnaires [18,22,33]. The high consumption pattern was
highlighted by the questionnaire related to the customer’'s habits. Moreover, the product characteristics
judged by the volunteers were positively evaluated and the majority declared that would buy it. Previous
studies have been performed to establish relationships between in vitro efficacy, physicochemical
characteristics, and others to sensory analyses, which reinforce the importance of this tool. Therefore, the
new marine-based formulation has the potential to be explored as a new cosmetic product.

CONCLUSION

An antiaging cosmetic formulation with innovative sensory features has been developed. Caviar extract
showed radical scavenging capacity, which is an important feature for antiaging products. Ca-alginate beads
containing caviar extract were obtained with spherical shape and homogeneous size dispersion. Although
differences in average size, formulation presented good stability during the accelerated stability study
performed. Through the sensory analysis with 30 volunteers, it was possible to conclude that the new
cosmetic product has a high potential for a new antiaging cosmetic product. To further evaluate the potential
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of the cosmetic formulation, future research might involve the optimization of caviar extract concentration
addition as well as an in-depth study on the balance of the cutaneous microbiome.

Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.
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