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Abstract

The high global production of Mangifera indica generates a considerable amount of waste, such as peels and seeds that
are often discarded. The use of these by-products promotes a more sustainable approach, reducing environmental impacts
and opening new perspectives in the phytocosmetics area. The peel presents secondary metabolites known mainly for their
antioxidant properties, highlighting phenolic compounds. These antioxidants are capable of slowing down the rate of oxidation
promoted by free radicals formed by external or pathophysiological factors. Thus, natural antioxidants extracted from plant
species are increasingly being studied for application in the cosmetic and pharmaceutical industry. The phytocosmetic potential
of the glycolic extract from the peel of M. indica L. var. Tommy Atkins in three galenic bases (Carbopol® gel, cream gel and
Estagel® gel) was evaluated through antioxidant activity tests, the DPPH radical scavenging method, and stability studies. The
formulations with the extract were stable and compatible for topical use, as there were no signs of instability such as changes in
organoleptic characteristics and pH. Regarding antioxidant activity, formulations with the extract showed antioxidant potential,
however the formulation with Carbopol® and gel-cream showed better performance compared to Estagel®. After 30 days of
preliminary stability in different temperature conditions (40.0 = 2<0°C, 20.0 £ 5.0°C, 5.0 £ 2.0°C) there was a reduction in
antioxidant activity only in the gel of Carbopol® stored at high temperature, indicating the best form of storage. Therefore, the
results suggest the promising incorporation of M. indica L. var. Tommy Atkins in cosmetic foundations.

Keywords: Mangifera indica. Antioxidant. Flavonoids. Phenolic compounds. Stability of Cosmetic Products.

#Article selected through the abstract presented at the VII Multiprofessional Congress of Centro Universitario Sao Camilo,
in November 2023. This study was subjected to the analysis process and meets the scope and assessment specifications
of the editorial board of the journal O Mundo da Sadde.
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INTRODUCTION

Mangifera indica L., popularly known as
mango, belongs to the Anacardiaceae fa-
mily'?345 According to the Brazilian Institute
of Geography and Statistics (IBGE), Brazil is
the seventh world producer of M. indica L., in
the Tommy Atkins and Palmer varieties, nota-
bly in the S3o Francisco Valley3.

The increased global production and con-
sumption of tropical and subtropical fruits
rich in macronutrients and micronutrients has
resulted in a large waste of high-value-added
waste, including seeds and peels, reaching
approximately 30% from harvest to consump-
tion"*%7, The Food and Agriculture Organi-
zation of the United Nations (FAO) pointed
out that this waste was one of the causes of
greenhouse gas emissions and atmospheric,
aquatic and terrestrial pollution*, which also
affected the quality of food, thus generating
a cycle vicious relationship between environ-
mental impact and waste?. In the current sce-
nario, the revaluation of agri-food waste can
provide financial returns for cosmetic, phar-
maceutical and food industries. According to
FAO, appropriate measures must be taken to
ensure sustainability.

The peel of M. indica L. var. Tommy Atkins
presents a variety of compounds, such as total
carbohydrates, proteins, amino acids, lipids,
organic acids and dietary fiber, in addition to
bioactive compounds such as phenolics (man-
giferin (2-C-beta-D-glucopyranosyl-1,3,6,7-te-
trahydroxyxanthone), protocatechuic acids

METHODOLOGY

Preparation of Glycolic Extract From the
Peel of Mangifera Indica L. Var. Tommy Atkins

The peels of M. indica L. var. Tommy Atkins
were dried in an air circulation oven at 40°C
for 4 days, then pulverized in a knife mill and
sieved in 20 mesh sieves (850 um). The extrac-
tion method was carried out using ultrasound,
with indirect contact, frequency of 40 KHz and
power of 123 W for a period of 60 minutes. The
extracting solvent used was propylene glycol:

and flavonoids) and B-carotene*>7891011.12,
These compounds are associated with va-
rious biological activities, such as antioxidant
action, which helps combat oxidative stress,
responsible for lipid peroxidation and oxida-
tive damage to DNA and proteins. Peroxida-
tion reduces membrane fluidity, impairing se-
lectivity in ionic transport and signaling, also
affecting cellular transport. Additionally, these
compounds are beneficial in treating hyper-
pigmentation, acne, and aging'#>81314,

Antioxidant activity may vary according to
the structure and physicochemical properties
of flavonoids. The intermediates formed by
the action of phenolic antioxidants are relati-
vely stable, due to the resonance of the aro-
matic ring present in the structure of these
substances due to the donation of electrons
by functional hydroxyl groups. Therefore,
plant extracts can be advantageous because
they contain a variety of these compounds,
acting on different reactive oxygen species,
and because they have a more powerful an-
tioxidant effect than synthetic antioxidants
Combined15,16,17,18,19.

Considering this scenario, the development
of formulations with antioxidant potential and
cosmetic application is promising. The objec-
tive of the work was to evaluate the potential
cosmetic use of the glycolic extract from the
peel of M. indica L. var. Tommy Atkins in for-
mulations by evaluating their antioxidant acti-
vity and preliminary stability for 30 days.

water (70 : 30). The proportion of 1.0 g of man-
go peel was used for 10 mL of propylene glycol:
water (70: 30)%.

Preparation of Cosmetic Formulations

The glycolic extract from the peel of M. indi-
ca L. var. Tommy Atkins was incorporated into
three cosmetic bases (Carbopol® gel, Estagel®
2.0 gel and cream gel) at a concentration of 5%
(w/w) (Table 1).
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Table 1 - Quali-quantitative composition of cosmetic formulations.

Ingredients INCI nomenclature* F1 F2 B3 F4 F5 F6
% (plp)

Disodium EDTA Disodium EDTA 0.05 0.05 0.1 0.1

Carbopol® 980 Carbomer 1.0 1.0

Purified water Aqua qsp 100 qsp 100 qsp 100 qsp 100 qgsp 100  qsp 100

Propylene glycol Propylene glycol 5.0 5.0 - - 5.0 5.0

: Methylparaben,

Preservative Propylparaben, Propylene 05 05 0.2 0.2 0.8 0.8

solution
Glycol

AMP-95 Aminomethylpropanol qspH6.5-7.0 qspH65-7.0
Polyacrylamide & C13-14

ESTAGEL® 2.0 Isoparaffin & Laureth-7 50 50

fr?gﬁggéﬁ?dpe’g'“ acid  conrviic/Capric Triglyceride 15 15
Cetearyl Alcohol and

Polawax™ NF Polysorbate 60 6.0 6.0
Ammonium

Aristoflex® AVC Acryloyldimethyltaurate/VP 0.5 0.5
Copolymer

Glycolic extract

from the peel of M. ) 50 ) 5.0 i 5.0

indica L. var. Tommy
Atkins

*International Nomenclature of Cosmetic Ingredients.

Caption: F1: Carbopol® gel base; F2: Carbopol® gel containing plant extract; F3: Estagel® gel base; F4: Estagel® gel containing plant extract; F5:

Gel-cream base; F6: Gel-cream containing plant extract.

Centrifugation Test

The samples were centrifuged at 3,000 rpm
for 30 minutes, 24 hours after handling. After
the test, the formulations were macroscopi-
cally analyzed for appearance and classified
as:

i. (N)Normal-no change in appearance.

ii. (M) Modified - phase separation, color
or appearance change, cloudiness or precipita-
tion?22,

Thermal Stress Test

Approximately 5 g of samples were subjec-
ted to heating in a thermostated bath in a con-
trolled temperature range between 40.0 and
80.0° C, with a progression of 10.0° C every
30 minutes. After cooling to room temperatu-
re, the formulations were evaluated for possib-
le changes in appearance, being classified as:

i.  (N)Normal-no change in appearance.

ii. (M) Modified - changes in appearance,
viscosity, color, odor, occurrence of turbidity

or phase separation??.

Preliminary Stability Assessment

The formulations were subjected to Pre-
liminary Stability Assessment, with the aim
of evaluating the occurrence of physical ins-
tabilities and changes in pH values. The for-
mulations were subjected to different storage
temperature conditions (40.0 = 2.0 °C, 5.0
2.0 °C, 20.0 £ 5.0 °C) for 30 days**?°. Both or-
ganoleptic characteristics and pH values were
evaluated at TO and T, **%.

Organoleptic Characteristics

The formulations were evaluated macrosco-
pically by adding an aliquot of each to a watch
glass, being analyzed on a white background,
being classified as:

i.  (N)Normal - no change in appearance.

ii. (M) Modified - changes in appearance,
viscosity, color, odor, occurrence of turbidity
or phase separation?’.
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Determining the PH

The pH was determined by dispersing the
formulation in distilled water resulting in a
concentration of 10% (w/v) with the aid of a
magnetic stirrer for 15 minutes for homoge-
nization. The results were determined in tri-
plicate with a pH meter previously calibrated
with pH 4, pH 7 and pH 10 buffer solutions.
The results were expressed as mean * stan-
dard deviation21. Values compatible with the
pH of the skin (between 4.5 and 6.0) were
used as stability criteria®.

Evaluation of Antioxidant Activity

The antioxidant activity of the formula-
tions was evaluated using the DPPH radical
scavenging method (2,2-diphenyl-1-picrylhy-
drazyl) based on the ability of phenolic com-
pounds to donate a proton to the DPPH ra-
dical, in order to stabilize the free radical®™.
The analytical curve was prepared with gallic
acid solutions at different concentrations (2,
3.2, 6,8, 10 and 12 ug/ml) in P.A. ethanol.
The stock solution was obtained from the so-
lubilization of 20 mg of gallic acid in a 1000
ml volumetric flask with P.A. ethanol. Subse-
quently, serial dilutions were preparedina 10
ml volumetric flask. The reaction with the free
radical DPPH was carried out by adding an
aliquot of 500 pL of the diluted solutions to
2.5 ml of 100 uM ethanolic solution of the
DPPH radical. After 30 min of reaction in the
dark, spectrophotometric reading was carried
out at 517nm using P.A. ethanol as reading
blank. The negative control was prepared by
adding 0.5 mL of PA ethanol to 2.5 mL of 100
UM DPPH radical solution. The percentage of
DPPH free radical inhibition was calculated
according to Equation 1" From the results
obtained, an analytical curve was constructed

relating the concentration of gallic acid (ug/
ml) and the percentage of inhibition of the
DPPH radical

% de inibi¢ao do radical DPPH - =% X 100 (Equation 1)

Where: Abs,: Negative control absorbance; Abs,,,: Sample ab-
sorbance.

To evaluate the samples, aliquots of 1.0
g of the formulations were dispersed in 5.0
ml of P.A. ethanol using a vortex. In order to
ensure total dispersion, the formulations re-
mained in an ultrasound bath for 10 min and
were subsequently centrifuged at 3000 rpm
for 15 min. The preparation of the glycolic
extract sample was carried out by adding an
aliquot of 0.2 g of extract to 5.0 ml of P.A.
ethanol, following the same preparation des-
cribed previously.

Exactly 2.5 ml of the glycolic extract su-
pernatant and each diluted formulation were
transferred to a volumetric flask, completing
the volume to 10 ml with P.A. ethanol. Ali-
quots of 500 uL of these solutions were ad-
ded to 2.5 ml of ethanolic radical solution
DPPH 100 pM, following the methodology
described previously. Antioxidant activity
was expressed as gallic acid equivalent per
gram of formulation or per gram of glycolic
extract'>?%, The analysis was performed in tri-
plicate at T and T, .

Statistical Analysis

The results were subjected to statistical
treatment, using analysis of variance (ANO-
VA) followed by the Tukey test, using the Gra-
phPrisma® software. The results were consi-
dered statistically different when the p-value
was less than or equal to 0.05 (p<0.05).
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RESULTS

Cosmetic Formulations

The Carbopol®gel (F1) was presented as an
anionic, colorless, odorless, homogeneous and
stable aqueous gel at a pH between 5.5 and
7.3, in accordance with the physicochemical
characteristics described in Batistuzzo®. After
incorporation of the glycolic extract of M. indica
L. var. Tommy Atkins (F2), demonstrated a gel
consistency, homogeneous, yellowish in color
and odorless.

The Estagel® gel (F3) appeared as a milky
white, odorless, homogeneous gel, with a pH
between 6 and 6.5 and a gel-cream consisten-
cy??. With the incorporation of the glycolic ex-
tract of M. indica L. var. Tommy Atkins (F4), pre-
sented a milky, homogeneous appearance, with
a slightly yellowish color and odorless.

The cream-gel, that is, a gel that has an
aqueous and oily portion®® (F5) appeared milky
white, odorless, with a more fluid consistency,
with a pH between 5 and 6. When incorpora-
ted with the glycolic extract of M. indica L. var.
Tommy Atkins (F6), had a milky appearance,
homogeneous, slightly yellowish in color and
odorless.

Centrifugation and Thermal Stress Test
After being subjected to the centrifugation
process, all samples were stable, except for the

gel-cream containing glycolic extract from the
peel of M. indica L. var. Tommy Atkins (F6),
which showed slight phase separation (Figure
1). In the thermal stress test, after visual evalua-
tion of the samples at different temperatures, all
showed no instability, indicating stability of the
manipulated formulations.

Preliminary Stability Test

After preliminary stability of 30 days, the for-
mulations did not show any indication of insta-
bility, such as changes in appearance, color and
odor (Table 2).

The pH of the formulations was compati-
ble with the pH of the skin, between 4.5 and
6.0, indicating stability under different storage
conditions (refrigerated, room temperature
and laboratory oven) after 30 days. There was
a small change in the pH value (6.62-6.45)
in the formulations with Carbopol® gel (F2)
after stability testing under different storage
conditions, but the pH remained acceptable.
With Estagel® gel (F4), the variation was also
small (5.56-5.23), remaining biocompatible
with the skin's pH. In the case of the gel-cre-
am (F6), there was a change in pH outside the
product's stability range, but the formulation
still remained within the biocompatible range
(Table 3).

Figure 1 - Samples after centrifugation test.
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Table 2 - Aspect of the formulations during the preliminary stability study, under different storage conditions.

Formulations Ty T3¢ Laboratory T30 Room T30 Refrigerated

Oven Temperature

F1

F2

F3

F4

F5

Fé6

Caption for Tables 2 and 3: F1: Carbopol® gel base; F2: Carbopol® gel containing plant extract; F3: Estagel® gel base; F4: Estage'® gel containing plant extract; F5: Gel-
cream base; F6: Gel-cream containing plant extract.
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Table 3 - pH values (mean * standard deviation) of the formulations at different temperature conditions at
T andT,.
0 30

T, T,, Refrigerated T,,Room Temperature T,, Laboratory Oven
F1 6.94 +0.03 6.63+0.02 6.43+0.04 6.56+0.03
F2 6.63£0.02 6.55+0.00 6.55+0.03 6.46£0.04
F3 561+0.09 5510.00 6.78£0.00 6.33+0.00
F4 5.57+0.13 5.23+0.01 5.01+0.01 5.68 + 0.1
F5 5410.08 4.910.01 4.5+0.01 5.56£0.09
F6 546+0.23 4.85+0.02 4.48+0.1 5341018

Evaluation of Antioxidant Activity

From the analytical curve (Graph 1) prepared with gallic acid solutions, the straight-line equa-

tion expressed in Graph 1 below was obtained:

DPPH inhibition (%)

L DL B T T

o © © © © © ©
L]

0 20

y =0.9027x +3.9398 e
R?=0.9909 o

40 60 30

Gallic acid concentration pmol/L

Graph 1 - Analytical curve with gallic acid.

Using the DPPH radical scavenging method,
it was observed that the glycolic extract from the
peel of M. indica L. var. Tommy Atkins showed
antioxidant activity with a value of 248.93 *
13.99 pM of gallic acid/g of extract.

The evaluation of the antioxidant activity of
the formulations indicated high antioxidant po-
tential in the glycolic extract of the peel of M. in-
dica L. var. Tommy Atkins, since the bases used

Mundo Satide. 2024,48:¢15832024

in the work did not demonstrate appreciable
results, as can be seen in Figure 2. Carbopol®
gel (F2) and cream gel (F6) showed better per-
formance in terms of antioxidant activity when
compared to Estagel® gel with extract (F4). It
was not possible to assume that the cream gel
(F6) showed greater activity than the Carbopol®
gel (F2).

In the preliminary stability study, comparing
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the formulations containing the glycolic extract
under different storage conditions, statistically
significant differences (p<0.05) were observed
only for the Carbopol® gel (F2). This indicates
that this formulation lost antioxidant activity af-
ter being subjected to heating, probably due to

the increase in temperature, which accelerates
physical-chemical and chemical reactions. The-
se reactions can result in changes in the antio-
xidant activity, viscosity, appearance, color and
odor of the products??, phenomena not detec-
ted in other formulations (Figure 3).
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Caption for Figure 2: : F1: Carbopol® gel base; F2: Carbopol® gel containing plant extract; F3: Esta?el® gel base; F4: Estagel® gel containing plant extract; F5: Gel-cream

base; F6: Gel-cream containing plant extract. Results expressed as gallic acid equivalent per gram of

formulation + standard error. *** p < 0.05.

Figure 2 - Statistical analysis of the antioxidant activity of the formulations at T .
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Caption for Figure 3: F1: Carbopol® gel base; F2: Carbopol® gel containing plant extract; F3: Estagel® gel base; F4: Estagel® gel containing plant extract; F5: Gel-cream
base; F6: Gel-cream containing plant extract. Results expressed as gallic acid equivalent per gram of formulation + standard error. *** p < 0.05.

Figure 3 - Statistical analysis of the antioxidant activity of formulations at T, under different storage conditions.
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DISCUSSION

The increase in consumption and waste
of tropical fruits has stimulated growing inte-
rest in the revaluation of these high-value by-
-products, such as phenolic compounds with
high bioactive potential. M. indica var. Tommy
Atkins was chosen with a view to reusing its
peels, which have a high concentration of
bioactive compounds, mainly mangiferin and
flavonoids with antioxidant action, conside-
ring that the reuse of this high-value waste
minimizes the environmental impacts genera-
ted by its disposal*®'. For the incorporation of
plant extracts into bases for topical cosmetic
purposes, the appropriate choice of the base
and active ingredients is crucial, in order to
guarantee the absorption and stability of the
formulation, and, consequently, the expected
efficacy of the product. Stability studies are
fundamental requirements for the quality and
safety of products before reaching consumers,
such as centrifugation and thermal stress tests,
in order to visualize possible instabilities, such
as precipitation, phase separation, caking and
coalescence?.

In view of the stability, organoleptic cha-
racteristics and pH tests, it was notable that
semi-solid cosmetic bases proved to be stable
and compatible for topical use, being widely
used to incorporate active ingredients due to
their good sensorial characteristics and good
acceptance by consumers?®?, considering the
pH stability of Carbopol® from 5.5 to 7.3%°, Es-
tagel® from 2 to 113, and gel-cream from 5.5
to 6.5%2. Glycolic extracts are frequently used
for cosmetic purposes, as they have wide com-
patibility with galenic bases, in addition to gua-
ranteeing a certain rheological characteristic
to the formulations'.

In the evaluation of antioxidant activity, a
high antioxidant potential was found in the
glycolic extract in the peels of M. indica var.
Tommy Atkins, as well as after incorporation
into galenic bases. The gel-cream with the gly-
colic extract (F6) showed antioxidant activity,
however, a small phase separation was obser-
ved in the centrifugation test and pH outside
the stability range of the formulation (between

5.5 and 6.5), requiring reformulation. Accor-
ding to Rowe?*, non-ionic emulsifiers, such
as Polawax®, are incompatible with tannins
and phenolic compounds, which may be the
cause of the slight phase separation obser-
ved in the gel-cream with the glycolic extract
(F6) after centrifugation. However, new tests
and studies need to be carried out to confirm
this proposition. Carbopol® gel (F2) was the
formulation that performed best; however,
it showed a loss of antioxidant activity after
being subjected to the oven, and storage at
low temperatures was recommended. Lange?!
evaluated a non-ionic based emulsion added
with resveratrol and found that increasing the
temperature (45 °C for 15 days) can cause
loss of antioxidant activity.

Antioxidant activity can vary according to
the functional group and its arrangement arou-
nd the fundamental nucleus, mainly in rings B
and C. Functional hydroxyls can donate an elec-
tron and a hydrogen, stabilizing the structure
of phenolic compounds through resonance. As
most flavonoids are in glycosylated form, the
position of their sugar also affects their antioxi-
dant capacity'®. The presence of a 3-ring sys-
tem linked to a sugar via C-C-glucoside in the
structure makes the molecule even more sta-
ble to chemical and enzymatic hydrolysis. On
the other hand, the aglycone form has greater
antioxidant capacity, however, its availability
is limiting®'7313536 According to Souza'?, the
method of drying the peels of M. indica L. var.
Tommy Atkins can influence the antioxidant
activity of the extract obtained by ultrasound
using ethanol as a solvent. The evaluation of
the extracts (500 mg/ml) by the DPPH radical
scavenging method indicated that peels subjec-
ted to natural drying and oven drying showed
94.4% £ 0.4% and 72.4% % 0.7% inhibition
of DPPH radical, respectively, suggesting that
increased temperature can degrade bioactive
compounds with antioxidant properties pre-
sent in the ethanolic extract, such as pheno-
lic compounds. According to Aradjo®’, flour
extracts from freeze-dried peels of M. indica
L. var. Tommy Atkins demonstrated significant

Mundo Saiide. 2024,48:¢15832024
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antioxidant capacity against the DPPH radical,
showing no statistically significant difference in
relation to gallic acid.

The pharmaceutical, cosmetic and food
industries show great interest in obtaining ex-
tracts and oils from raw materials of plant ori-
gin, as several studies have reported long-term
harmful effects of synthetic antioxidants, such
as carcinogenesis, being the natural ones a sa-
fer, sustainable, cheap and practical alternati-
ve'?. Although little explored in the scientific li-
terature, the bioactive potential of the Tommy

CONCLUSION

The glycolic extract of the peels of Man-
gifera indica L. var. Tommy Atkins presented
an antioxidant potential, particularly stan-
ding out in Carbopol® gel. This characteristic
can be attributed to the presence of phenolic
compounds, particularly flavonoids, present
in the glycolic extract. The results obtained
in the work indicate the promising investiga-
tion of bioactive compounds in by-products,
such as the peels of M. indica L. var. Tommy

CRediT author statement

Atkins variety of Mangifera indica mango for
use in cosmetics offers promising perspectives.
Rich in antioxidants, such as vitamin C, carote-
noids and polyphenols, Tommy Atkins mango
can help neutralize free radicals in the skin,
responsible for oxidative stress and premature
aging. Therefore, considering its compatibility
with galenic bases and demonstrated antioxi-
dant activity, the incorporation of M. indica L.
var. Tommy Atkins proves to be an interesting
choice in anti-aging cosmetic foundations and
skin protectors?®.

Atkins for its incorporation into new phyto-
cosmetic formulations, promoting a sustai-
nable approach. Furthermore, Brazil, as one
of the largest food producers in the world,
has enormous potential to take advantage of
these byproducts. The use of peels, which
are often discarded, can contribute to redu-
cing waste and adding value to agricultural
products, promoting a more sustainable and
innovative economy.
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