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Abstract: The pulp oil of Caryocar brasiliense Camb., better known as pequi, is used in the typical cuisine 

of the Brazilian Cerrado region. It is also used in folk medicine to combat several types of disease of the 

respiratory system and skin. However, since its exploration is purely extractive, the exhaustion of this plant 

is already foreseen. Thus, in order to establish the sustainable use of pequi and contribute to its maintenance, 

this study aimed to develop a phytocosmetic with antioxidant and photoprotective properties using the oil of 

this fruit. Initially, the cytotoxicity of the oil was evaluated in order to establish the safety of its use and its fatty 

acid composition. Then, from the cream enriched with the oil, it was evaluated the antioxidant and 

photoprotector potentials, quantified the total phenolic content and examined the quality of the formulation. 

Pequi oil showed high percentages of palmitic (52.11%) and oleic (44.57%) fatty acids and absence of 

cytotoxicity. The analysis of the cream revealed 168.8 mg of total phenols in gallic acid equivalent per 100 g 

of oil. The evaluation of antioxidant activity showed an EC50 of 2.921 mg/mL and a capacity of inhibiting the 

lipoperoxidation process higher than 100%. The obtained sun protection factor was 11.40 at the concentration 

of 6.25 mg/mL. The quality tests revealed small disturbances in the cream stability that can be solved by 

HIGHLIGHTS 
 

 Pequi oil showed high percentages of palmitic and oleic fatty acids.  

 Pequi oil did not present cytotoxicity in mouse fibroblast cells.  

 Phenolic compounds content found in the pequi oil cream was relatively high.  

 The pequi oil cream obtained an EC50 value equal to 2.921 mg/mL. 
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further research and improvement of the formulation. The pequi oil can be converted into a phytocosmetic of 

great commercial value. 

Keywords: antioxidant; UV protection; pulp oil; Caryocar brasiliense Cambess; preservation; sustainability. 

INTRODUCTION 

Phytoconstituents are becoming popular as ingredients in cosmetic formulations because they can 

protect the skin against exogenous and endogenous harmful agents. This is because plant extracts are 

multifunctional in nature. In other words, they possess several properties such as photoprotection, antiaging, 

moisturizing, antioxidant and antimicrobial, which results from the presence of various active natural 

compounds in these extracts, such as polyphenols, monoterpenes, flavonoids, organosulfides and indoles 

[1], which could have synergetic effects and present less toxicity [2].  

In the cosmetic industry, the vegetable oils, an abundant renewable and readily available resource mainly 

derived from seed waste, exhibit a great interest as raw materials in the development of natural and eco-

friendly cosmetics [3,4]. The oils can provide skin protection against reactive oxygen species (ROS) because 

of natural antioxidants present in them, such as tocols, triterpene, carotenoids, flavonoids and polyphenols 

[5-7]. In cosmetic formulations, oils are used as moisturizers and emollients by increasing the hydration of 

the skin [8,9]. Thus, besides their main role as natural constituent of the lipid fraction, vegetable oils also 

have multiple skin benefits and a therapeutic activity by counteracting the oxidative stress. Actually, many 

scientists are exploring natural compounds of plant origin that are capable of absorbing UV radiation and 

possess photoprotective activity. Polyphenols, especially flavonoids, have been widely explored for radiation 

absorptive properties [10]. 

Considering the importance of plant extracts in cosmetology and the richness of plant species in Brazil, 

an important biome to be studied is the Brazilian Cerrado. This biome presents an enormous biodiversity, 

similar to the most exuberant tropical forests. However, the high level of endemism and devastation of 

vegetation cover, mainly due to the deforestation caused by the expansion of pastures and soybean and 

sugarcane crops makes the Cerrado a hotspot. This concept reveals the situation of ecosystems whose 

species are seriously threatened by human activities [11]. In front of this scenario of the Cerrado biodiversity, 

there is the plant Caryocar brasiliense, also known as pequi. It is a native species of the Brazilian Cerrado, 

and can be found from the Amazon to São Paulo [12-15]. Inside its fruit there is a seed covered by a soft and 

yellow edible pulp. Under the pulp, there is a thorny endocarpus that protect an edible, soft and tasty almond 

[16]. The pequi pulp oil, which has higher added value than the fresh fruit because it is used in regional 

culinary, is produced by pulp pressing or hot water extraction. In addition, it is known that this oil has a toning 

effect and is used in folk medicine to combat various types of respiratory diseases (bronchitis, colds and flu), 

to treat inflammatory and tumoral processes of the skin and ophthalmic problems [15,17], as well as the 

treatment of burns [18]. Bezerra and coauthors [19] verified healing activity in cutaneous lesions of rats by 

administering pequi pulp oil. In this way, pequi is considered the plant of greater economic interest of the 

Cerrado, constituting an important source of income for some communities [20-22]. However, the extractive 

activity of the pequi fruit combined with the advance of large monoculture crops [23] may lead to the extinction 

of this plant in a very near future if measures to valorize the pequi are not taken [12]. Between 1990 and 

2008, the social cost of the decrease in the native population of pequi trees, caused by deforestation of the 

biome, was estimated at R$ 922,000 per year, equivalent to 48% of the benefits generated by the 

commercialization of the pequi fruit in the same period [24]. 

Considering that pequi fruit can be converted in products of high commercial value due to its important 

therapeutic properties [25, 26] and contribute to the valorization and preservation of the Cerrado biome, the 

main objective of this study was to develop an antioxidant and photoprotective formulation enriched with 

pequi pulp oil, in the form of cream. For this purpose, therapeutic activities, toxicity and quality control tests 

were performed to ensure the product safety. In addition, in order to establish a relationship between the 

pharmacological actions and the chemical composition of the pequi oil, phytochemical analysis was 

performed. 
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MATERIAL AND METHODS  

Obtaining the pequi pulp 

The pequi fruits were obtained from the city of Mirabela, state of Minas Gerais, in the Brazilian southeast 

region (latitude: 16º 15 '46' 'S; longitude: 44º 09' 52 '' W, altitude: 800 m). The fruits were first washed and 

peeled. Then, the pulp (inner mesocarp) was separated from the endocarp, packed in plastic bags and stored 

under refrigeration (-18 °C). The species under study was identified as Caryocar brasiliense Cambess in the 

Herbarium Assisense (HASSI) of the São Paulo State University where a voucher specimen was deposited 

under the number 1998. 

Oil extraction from the pequi pulp 

In order to obtain the pequi pulp oil, the pulp was manually cut in small pieces and dried in a forced air 

oven at 40ºC for 24 h. The oil extraction was performed using a mini hydraulic press (PH 10, Nowak, Brazil) 

with an applied force of 0.5 ton/cm2 for 1 h. After that, the obtained oil was weighed in order to calculate the 

yield, then it was packed in an amber glass bottle and stored in a freezer (-18 °C) for further analysis. 

Analysis of fatty acids in the pequi pulp oil 

Initially, by the transesterification procedure of pequi oil, the methyl esters of the fatty acids were 

prepared according to the method described by Maia [27]. The lipid extracts (60 mg) were saponified in a 

screw cap test tube containing 5 mL of methanolic solution of sodium hydroxide (0.5 N) at 90 °C for 5 min. 

The fatty acids were methylated using 4 mL of a solution containing ammonium chloride, sulfuric acid and 

methanol in a ratio of 1:1 and 5:30, respectively, under heating (90 °C) for 5 min. Subsequently, 4 mL of 

saturated sodium chloride solution were added to the test tube under stirring (30 s) and, finally, it was added 

5 mL of hexane (Tedia, chromatography grade). After the phases being separated, the upper phase (hexane 

phase) was transferred to a flask with cap using a Pasteur pipette and it was kept under refrigeration. 

Afterwards, the qualitative analysis of the methyl esters was carried out in a gas chromatograph coupled to 

a mass spectrometer (GC-MS, Shimadzu, QP-5000), operating by electron impact (70eV), and the 

quantitative analysis was performed in a gas chromatograph with flame ionization detector (GC-FID, 

Shimadzu, GC2010/AOC-20i), both with fused-silica capillary column OV-5 (Ohio Valley Specialty Chemical, 

Inc. 30.0 mm x 0.25 mm x 0.25 μm), helium as carrier gas (1.7 mL/min), injector at 240 °C, detector at 230 °C 

and split 1/30. 1 µL of the hexane phase was injected in the following temperature program: 110 °C (1 min), 

110 °C-170 °C, 10 °C/min; 170 °C (2 min); 170 °C-173 °C, 1.5 °C/min; 173 °C-180 °C, 1°C/min; 180 °C (7 

min); 180 °C-230 °C, 6 °C/min; 230 °C, (20 min). The substances were identified by comparing the retention 

time and mass spectrum to the standards of the methyl esters of the following fatty acids: oleic (Sigma, L-

37H846), palmitic (Sigma, L-80H8431), linoleic (Serva L-27908), myristic (L-126H3446) and stearic (Sigma, 

L-26H8491), analyzed under the same operating conditions of the samples. 

Determination of cytotoxicity of the pequi pulp oil by MTT assay [3-(4,5-dimethylthiazol-2-yl) -2,5-

diphenyltetrazolium bromide] 

This assay was performed according to the protocol described by Mosmann [28] with some modifications 

[29].Using a 96-well cell culture plate, 3x104 mouse fibroblast cells were seeded in 25 wells, in five replicates. 

Cells were incubated in culture medium for a period of 24 h at 37 °C, 5% CO2. After a confluence of 

approximately 75% (24 h), these cells were exposed to three different concentrations of pequi oil (50%, 25% 

and 12.5% oil dissolved in 0.5% DMSO), to the negative control (physiological solution with 0.5% DMSO) 

and the positive control (2% Tween 80). The treatment time was of 24 h. After this time, the culture medium 

was removed, 750 μL of MTT solution (CAS 298-93-1, Sigma Aldrich - 0.005g MTT, 5 mL PBS, 10 mL culture 

medium serum-free) was added in each one of the 25 wells and it was incubated for 4 h at 37 °C, 5% CO2. 

Then, the MTT was discarded and DMSO was added to each well in order to solubilize the formazan crystals. 

Finally, the absorbance was measured using a UV-vis spectrophotometer (Thermo Scientific Multiskan FC 

type 357) at 560 nm. 

Development of pequi oil cream formulation 

A nonionic emulsion was developed consisting of two phases, an oily and an aqueous. Preservatives 

suitable for bases and cosmetic assets already known and used in Brazil [30] were used. The oil phase was 
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composed of emollient agent (mineral oil 2%) and emulsifier (polysorbate - polyoxyethylene sorbitan 

monoleate 2.5% - and cetostearyl alcohol 10%) and the aqueous phase was composed of thickening agent 

(carbopol 0.5%) and humectant (glycerine 4%). To prepare the formulation the aqueous and oily phases were 

weighed in beakers and heated to 80 °C. Then, the aqueous phase was poured into the oil and the mixture 

was emulsified under agitation at the same temperature for approximately 10 min until cooling (20-25 °C) 

[31, 32]. To prepare the cream with pequi pulp oil, the oil was added to the oil phase at 5% concentration 

(w/w).  

Determination of total phenolic content of the pequi oil cream 

In order to analyze the concentration of total phenols in the cream enriched with pequi oil, it was used 

the Folin-Ciocalteau method according to Singleton and Rossi [33], using Gallic acid as standard for the 

calibration curve. It was added 5 mL of distilled water and 0.25 mL of the Folin-Ciocalteau reagent (molybdate, 

tungstate and phosphoric acid) to each 0.5 mL of the pequi oil cream sample dissolved in ethyl alcohol (3.12 

mg/mL). After 3 min, 1 mL of 10% (w/v) saturated Na2CO3 solution was added and the mixture was left to 

rest for 1 h. The absorbance was measured at 725 nm using a UV-Vis spectrophotometer (FEMTO 800 XI). 

Under the same conditions, the sample volume was replaced by gallic acid solutions at increasing 

concentrations of 10, 25, 50, 75 and 100 μg/mL, obtaining the calibration curve. The test was performed in 

triplicate, the results were obtained from the calibration curve constructed previously and they were 

expressed as mg of gallic acid equivalent per 100 g of pequi oil present in the cream (mg GAE/100 g). 

Determination of flavonoids content of the pequi oil cream 

In order to analyze the concentration of flavonoids in the cream enriched with pequi oil it was used the 

method described by Serdar and coauthors [34] with some modifications. The calibration curve was 

constructed with quercetin as standard. A 0.5 mL aliquot of the pequi oil cream sample dissolved in ethyl 

alcohol (3.12 mg/mL) was mixed with 1.5 mL of ethyl alcohol and 0.1 mL of 10% AlCl3 (w/v). 0.1 mL of 1M 

CH3COONa (sodium acetate) was added and the tubes were filled up to 5.0 mL with distilled water. The 

tubes were then homogenized and kept in the dark for 30 min. The absorbance was measured at 425 nm 

using a UV-Vis spectrophotometer (FEMTO 800 XI). Under the same conditions, the sample volume was 

replaced by quercetin solutions at increasing concentrations of 10, 25, 50, 75 and 100 µg/mL, obtaining the 

calibration curve. The test was performed in triplicate, the results were obtained from the calibration curve 

constructed previously and they were expressed as mg of quercetin equivalent per 1 g of pequi oil present in 

the cream (mg EQ/1 g).  

Evaluation of the antioxidant activity of the pequi oil cream 

DPPH● method 

This analysis was carried out by sequestration of 2,2-diphenyl-1-picryl-hydrazyl radicals (DPPH●). This 

method consists of reducing the absorbance values in the wavelength of 515 to 530 nm due to the action of 

antioxidants added to an alcoholic solution of the DPPH● [34]. The experiments were performed in triplicate 

for statistical purposes, using 1 mL of the cream samples with different concentrations of pequi oil (6.25; 3.12; 

1.56 and 0.78 mg/mL) and 1 mL of the DPPH● solution, both dissolved in methyl alcohol. The cream samples 

reacted with the DPPH● for 30 min in the dark. The solution was then analyzed using a UV-Vis 

spectrophotometer (FEMTO 800 XI) at a wavelength of 517 nm. As negative control (CN) was used a cream 

sample without pequi oil and as blank was used methyl alcohol. Under the same conditions, the standard 

curve was performed using quercetin as the reference standard at concentrations of 1 to 9 μg/mL. The 

antioxidant activity of pequi oil cream was determined by its ability of sequestering DPPH● and was expressed 

in two ways:  

1) Definition of the percentage of oxidation inhibition of the radical according to the equation below: 

Antioxidant activity (%) = {[(ACN – AB) – (AA – AB)] / (ACN – AB)} x 100      (1) 

Where: AA is the absorbance of the samples, ACN is the absorbance of the negative control and AB is the 

absorbance of the blank. 

2) Determination of the effective concentration EC50, which represents the amount of antioxidant 

substance required to reduce by 50% the initial DPPH● concentration [35], that is, the concentration of pequi 

oil required to reduce the DPPH● to 50% of the total hydrazine. 
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In this analysis, a regression curve was elaborated with the average values of antioxidant activity as a 

function of the different analyzed concentrations and a line equation could be obtained from that. From this 

equation, the antioxidant capability of sequestering the DPPH● of the pequi oil cream was also expressed by 

the EC50 value. 

Lipid Peroxidation (LPO) method 

To evaluate the ability of pequi oil cream to inhibit the LPO process, an assay was performed according 

to the model proposed by Daker and coauthors [36], with modifications. The egg yolk was used as a source 

of lipids. Thus, 10 g of yolk was homogenized in 100 mL of phosphate buffer 0.1 M. Screw cap test tubes 

were filled with 0.5 mL of the previous mentioned solution, 0.4 mL of distilled water and 0.1 mL of the cream 

samples with different concentrations of pequi oil (6.25; 3.12; 1.56 and 0.78 mg/mL) dissolved in ethyl alcohol. 

0.1 mL of solution of 2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH) 0.12 M was added and 

incubated at 37 °C for 30 min. Finally, 1.5 mL of 20% (w/v) trichloroacetic acid (TCA) and 1.5 mL of 1% (w/v) 

thiobarbituric acid (TBA) were added. The resulting mixture was incubated at 95 °C for 60 min. Then, it was 

added 5.0 mL of butyl alcohol and it was centrifuged at 3500 g for 10 min (Thermo Scientific MEGAFUGE 

16R Centrifuge). 1 mL of supernatant was withdrawn and measured in a UV-Vis FEMTO 800 XI 

spectrophotometer at 532 nm. As negative control, 0.1 mL of a solution containing the cream sample without 

the pequi pulp oil and dissolved in ethyl alcohol was analyzed. As positive control, 0.1 mL of a cream solution 

enriched with quercetin at the concentration of 0.2 mg/mL and dissolved in ethyl alcohol was used. The blank 

was made with only ethyl alcohol. In this method, the antioxidant activity was related to the ability of pequi oil 

cream to inhibit the lipid peroxidation process. This ability to inhibit the lipoperoxidation was calculated 

according to Li and coauthors [37] using the following equation: 

Inhibition of lipidic peroxidation (%) = {[(ACN – AB) – (AA – AB)] / (ACN – AB)} x 100   (2) 

Where: AA is the absorbance of the samples, ACN is the absorbance of the negative control and AB is the 

absorbance of the blank. 

Determination of the Sun Protection Factor (SPF) of the pequi oil cream 

The determination of SPF is a technique that proves the effectiveness of the sunscreen filters for the 

portion of the ultraviolet B (UVB) radiation of the electromagnetic spectrum. With wavelengths of higher 

energy (290-320 nm), UVB is responsible for causing erythema in the skin and cellular changes that 

predispose to skin cancer. Thus, a very effective filter is one that is able to protect exposed skin against 

sunburn [38]. The methodology developed by Mansur and colleagues [39] for the determination of SPF is 

effective and fast, and has also shown a good correlation with the results obtained in vivo, allowing its use in 

preliminary evaluations of photoprotectors [40-42]. For the determination of the SPF spectrophotometric were 

performed readings of the diluted samples using the UV-Vis FEMTO 800 XI spectrophotometer and, 

subsequently, the obtained absorbance values were applied to the equation below: 

𝑆𝑃𝐹 = 𝐶𝐹𝑥 ∑ 𝐸𝐸(𝜆)𝑥𝐼(𝜆)𝑥|(𝜆)|320𝑛𝑚
290𝑛𝑚      (3) 

Where: SPF is sun protection factor, CF is correction factor equal to 1030, EE (λ) is erythematogenic 

effect of solar radiation in each λ, I (λ) is intensity of the solar radiation in each λ and Abs (λ) is absorbance 

in each λ. The EE (λ) and I (λ) values are previously known obtained from the literature. 

The cream enriched with pequi oil was analyzed at the concentration of 5% (w/w). In addition, in order 

to verify a possible potentialization of the photoprotective effect of octyl methoxycinnamate in the presence 

of pequi oil, they were associated in the same formulation, both at 5% (w/w) concentration. All emulsions 

were diluted in ethyl alcohol at the concentration of 6.25 mg/mL and subjected to scanning.  

In this test, as a negative control was used the cream without the addition of pequi oil and as positive 

control methoxycinnamate, a synthetic UVB sunscreen, incorporated in a concentration of 5% (w/w). Ethyl 

alcohol was used as blank and the experiment was performed in triplicate. 

Preliminary quality evaluation of the pequi oil cream 

In this stage was analyzed the cream enriched with pequi pulp oil at 6.25 mg/mL concentration. As 

negative control was used only the cream without the addition of the pequi oil.  
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Accelerated stability test or centrifugation test 

After 24 h of the cream preparation, about 4.5 g of each of the creams were weighed into centrifuge 

tubes. The centrifugation test (Thermo Scientific MEGAFUGE 16R Centrifuge) was performed at room 

temperature with a rotational speed of 210 g for 30 min. After this time, the cream samples were analyzed 

macroscopically by their appearance [43, 44]. This test was performed in triplicate. 

Thermal stress test 

About 3.5 g of each cream was transferred into test tubes in triplicate. The tubes were submitted to 

thermal stress in a thermostat water bath (SOLAB SL 150/10) with temperature ranging from 40 to 80ºC, with 

elevation of 10ºC every 30 min up to 80ºC. The creams were analyzed macroscopically by their appearance 

after reaching the room temperature [44]. 

Determination of organoleptic aspects 

The evaluated organoleptic characteristics were appearance, color and odor. Three cream samples were 

stored at room temperature, three at 45 °C in the oven (SOLAB SL-100) and another three at 4 °C in the 

refrigerator. Weekly, for a period of 28 days, an aliquot of the pequi oil cream was placed on watch glass for 

comparison with the control group. The appearance and color were evaluated visually and the odor directly 

through the smell [43, 44]. 

pH evaluation 

The pH evaluation of the creams was performed weekly for the period of 28 days using a calibrated pH 

meter (MS TECNOPON mPA210). The measurements were carried out in a solution diluted in the ratio of 

1:10 with distilled water, performed in triplicate, and three samples were stored at room temperature, three 

at 45 °C in the oven and three at 4 °C in the refrigerator [45]. 

Determination of spreadability  

A glass plate mold (D=20 cm, e=0.3 cm) with a central hole (D=0.9 cm) was placed on a glass plate 

support. Under this plate was placed a sheet of graph paper and a light source. The cream samples were 

introduced into the orifice of the plate and the surface was leveled with a spatula. Thereafter, the plate mold 

was removed. After 1 min, it was calculated the covered surface by measuring the diameter in two opposite 

positions with the aid of a graph paper and then calculating the average diameter. This procedure was 

repeated until there were 4 overlapped glass plates. The surface covered by the sample and the weight of 

the last added plate were registered for each iteration [43]. The plates placed over the samples had the 

following weights: plate 1 presenting 284.97 g; plate 2, 283.67 g; plate 3, 295.93 g and plate 4, 296.45 g. The 

spreadability (Si), determined at room temperature, was calculated by the equation: 

Si = (d2 x π) / 4      (4) 

Where: Si is spreadability of the sample for weight i (mm²) and d is mean diameter (mm). 

Statistical analysis 

Quantitative data were expressed as mean ± standard deviation. Statistical analysis was performed 

using BioEstat® (version 5.0) software (Brazil).Statistical variations between groups were determined using 

one-way ANOVA analysis followed by Tukey post-test. Values of p˂0.05 were considered significant. 

RESULTS AND DISCUSSION 

Fatty acids present in the pequi pulp oil 

As shown by the Figure 1, pequi pulp oil is composed of palmitic (52.1%, peak 2), oleic (44.6%, peak 3) 

and stearic (1.84%, peak 4) acids. According to recent studies, during the analysis of fatty acids profile of 

pequi pulp oil by GC-FID, high concentrations of palmitic (35.25 to 37.05%), oleic (56.48 to 57.42) and stearic 

(2.11 to 2.12%) acids were detected, as shown in this work [46,47].  

The importance of the vegetable oils characterization for the emulsions development was described by 

Penagos-Calvete and coauthors [48]. These authors analyzed the profile of the Sacha inchi (Plukenetia 
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volubilis L.) oil and observed the presence of high concentrations of linolenic (48.39%), linoleic (35.01%), 

oleic (9.34%), palmitic (3.89%) and stearic (2.80%) acids. They concluded that the physicochemical 

characterization of vegetable oil represents a starting point for the advanced formulation of several industries, 

such as cosmetics, pharmaceuticals and food. For example, in the cosmetic industry, palmitic acid is often 

used as an opacifier, surfactant, emulsifier, and emollient, and in cosmetic formulations at a concentration of 

up to 13% it is not considered to be a primary irritant, cumulative or sensitizer agent [49]. On the other hand, 

the oleic acid, because of its oxidation stability, is capable of retarding the process of rancification both at 

high and room temperatures. Therefore, as oils with large amounts of oleic acid are more stable, they can 

generate cosmetic formulations with adequate stability [49]. In addition, fatty acids are structural components 

of membranes, participate in processes that involve cell growth and differentiation, signal transduction, 

regulation of gene expression, besides acting as an energy source for metabolism. Thus, the presence of 

these fatty acids in the skin is essential for the maintenance of skin hydration, skin barrier and hydrolipidic 

mantle [50]. 

 
Figure 1. Chromatogram of pequi pulp oil obtained on gas chromatograph with flame ionization detector (GC/FID). Peak 

1: tR = 20.17 min (unidentified), Peak 2: tR = 21.33 min (palmitic acid), Peak 3: tR = 30 min (oleic acid) and Peak 4: tR = 

30.75 min (stearic acid).  

Pequi pulp oil cytotoxicity 

In the evaluation of the cytotoxicity of pequi oil, three groups were analyzed: positive control (Tween 80 

2%), negative control (DMSO 0.5%) and oil samples (50%, 25% and 12.5% oil dissolved in 0.5% DMSO). 

The Figure 2 shows that the results obtained with pequi oil, at all the concentrations analyzed did not differ 

significantly in relation to the negative control. Thus, Tukey's post-hoc test shows that cell survival rates 

(represented by absorbance) were not affected by the pequi oil. On the other hand, the positive control 

differed significantly from the negative control, indicating that 2% Tween 80 is capable of promoting cell death 

(high toxicity represented by low absorbance value).  

Despite of the lack of data about the pequi oil cytotoxicity in the scientific literature, a study by Ferreira 

and coauthors [51] using the Meyer method, pointed out that pequi oil presents cytotoxicity when in 

concentrations higher than 827.62 ± 4.67 μg/mL in Artemia nauplii. In view of the fact that in this study the 

survival rate was higher than that of the negative control group, at all analyzed concentrations, it is evident 

the importance of future investigations in order to explain the in vitro toxicity of this oil, since these results 

differ from the expected by the literature. 
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Figure 2. Mean ± DP of the absorbance of the different treatment groups. The pequi oil was analyzed at concentrations 

of 50%, 25% and 12.5%, dissolved in 0.5% DMSO. The C+ group, positive control, represents the culture medium 

added with Tween 80 at 2% concentration, and the C- group, negative control, corresponds to the physiological solution 

with 0,5% DMSO. One-way ANOVA followed by the Tukey’s post-hoc test. The different letters indicates if there was a 

significant difference (p <0.05) between the group. 

Total phenolic compounds present in the pequi oil cream 

In order to analyze the concentration of total phenols in the cream enriched with pequi oil, a calibration 

curve was constructed using gallic acid as standard, generating following line equation: Y = 0.0104.X + 0.008, 

with determination coefficient (R2) equal to 0.9919. Then, the absorbance value of the sample of pequi oil 

cream (3.12 mg/mL) was inserted in this equation to obtain the concentration in milligrams of gallic acid. The 

results showed that pequi cream has high concentrations of phenolic compounds (163.24 ± 9.45 mg GAE/100 

g pequi oil). That is, for every 100 g of pequi oil present in the formulation, 163.24 mg of total phenolic 

compounds in gallic acid equivalents were detected.   

In the literature, total phenolic compounds, in gallic acid equivalents, are reported in other vegetable oils, 

that were obtained by cold-pressing, such as soybean oil, pumpkin, hemp, pear-rio orange seed and guava 

seed, in the amounts of 1.48; 2.46; 2.45; 4.91 e 92.3 mg of gallic acid/100 g, respectively [52-54]. 

Furthermore, it has been reported that approximately 80% of phenolic compounds and tocopherols are 

removed from oils during the refining process, which involves sudden temperature conditions and chemical 

reagents [55]. The extraction by mechanical pressing of oils, especially in cold-pressing, tends to preserve 

the nutritional properties of the oils since it does not involve heating or subsequent chemical treatment [52, 

56]. Thus, considering the capable of promoting health benefits, most oils should preferably be obtained by 

the cold mechanical pressing process [57], as in this study. 

In relation to the concentration of phenols present in pequi pulp, from which the oil was extracted for this 

study, it has 209 mg/100 g of pulp, according to Lima and coauthors [16], higher than that found by the same 

researchers for most fruit pulp consumed in Brazil, such as: açaí (Euterpe oleracea Mart.), with 136.8 mg/100 

g; guava (Psidium guajava L.), with 83.1 mg/100 g; strawberry (Fragaria ssp L.), with 132.1 mg/100 g; 

pineapple (Ananas sativa L.), with 21.7 mg/100 g; graviola (Annona muricata L.) with 84.3 mg/100 g and 

passion fruit (Passiflora edulis Sims.), with 20.2 mg/100 g, being only inferior to acerola (Malpighia glabra 

L.), with 580.1 mg/100 g, and mango (Mangifera indica L.), with 544 mg/100 g. In short, the results presented 

in this study indicate that the pequi oil has a concentration of phenolic compounds much higher than the other 

oils and still maintains 78.10% of the concentration of these metabolites that are present in the pulp from 

which it was obtained. 
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Flavonoids present in the pequi oil cream 

In order to analyze the concentration of flavonoids in the cream enriched with pequi oil, a calibration 

curve was constructed using quercetin as standard, resulting in the following line equation: Y = 0.0082.X - 

0.0039, with determination coefficient (R2) equal to 0.9999. Then, the absorbance value of the sample of 

pequi oil cream (3.12 mg/mL) was inserted in this equation to obtain the concentration in milligrams of 

quercetin. The results showed that pequi cream has high concentrations of flavonoids (76.65 ± 1.21 mg QE/1 

g pequi oil). That is, for every 1 g of pequi oil present in the formulation, 76.65 mg of flavonoids in quercetin 

equivalents were detected. 

According to the literature, the flavonoids content are reported in some vegetable oils as follows, in 

decreasing order: to Finola hemp seeds oil (cold-pressing), 278.04 mg QE/g [58]; to Persea americana Mill. 

(avocado) seed oil (solvent extraction), 80.00 ± 1.41 mg QE/g [59]; to Pistacia lentiscus L. (aroeira) oil (cold-

pressing), 13.76 ± 0.58 mg QE/g [60]. The cashew nut (Anacardium occidentale L.) oil showed flavonoids 

content around 17.39 ± 1.80, 10.72 ± 0.11 and 9.49 ± 0.98 mg QE/100 g of oil extracted by cold-pressing, by 

solvent method and by enzyme assisted aqueous extraction, respectively [61]. These results again prove 

that cold-pressing is considered as a method that helps to preserve the content of bioactive compounds. 

Besides that, it was reported that the extraction technique significantly affects the content of bioactive 

compounds [62]. 

In relation to the concentration of flavonoids present in pequi pulp, according to the literature, the 

concentration found was 741.2 ± 1.41 mg QE/100 g or 7,412 mg QE/g of dry sample [63]. 

In short, the results presented in this study indicate that the flavonoids content found in the pequi oil 

cream was relatively high when compared to other oils, except Finola hemp seeds oil and avocado oil. 

However, as the values of flavonoids found in the pequi pulp [63] were much lower than that found in this 

study, it is likely that the cosmetic formulation caused interference in this analysis. It has been described that 

excipients and adjuvants present in cosmetic formulations can interfere with the quantification of flavonoids 

[64]. 

Antioxidant activity of the pequi oil cream  

The antioxidant activity (AA) of the pequi oil cream evaluated by the DPPH● method is shown in the 

Figure 3. In this test, the antioxidant activity was proportional to the concentration of pequi oil present in the 

cream. 

From the regression curve, elaborated with the average values of the antioxidant activity as a function of 

the different concentrations analyzed, could be obtained the line equation Y = 7.7414.X + 27.39, with linear 

regression coefficient of 0.9602. From this equation, the antioxidant capability of the pequi oil cream of 

sequestering the DPPH● was also expressed by the EC50 value, which corresponds to the concentration of 

pequi oil required to reduce the DPPH● to 50% of the total hydrazine. The EC50 value of the emulsion with 

pequi oil was 2.921 mg/mL. In order to calculate the EC50 value of quercetin, used as standard, it was first 

obtained its line equation, which had a value of Y = 10.257.X – 6.3158, with linear regression coefficient (R2) 

of 0.9987. Then, the EC50 value of quercetin could be determined as 0.005 mg/mL. 

From this result, it is possible to suggest that the intensity of this biological activity is probably correlated 

to the presence of phenolic compounds, given that these substances act as donors of hydrogen to highly 

reactive radicals, have antioxidant capacity and prevent cell death due to their chemical structure and 

reducing property [65]. According to Pereira [66], in the DPPH● test emulsions enriched with olive oils and 

grape seed, which have a high concentration of phenolic compounds, presented EC50 values of 1.76 and 

2.30 mg/mL, respectively. Thus, the emulsion with pequi oil presented a value close to EC50 when compared 

to the reported oils. 
In order to confirm the antioxidant activity of the cream enriched with pequi oil, the ability to inhibit the 

lipoperoxidation process was evaluated. The Figure 3 shows that the pequi oil cream had an expressive 
ability to inhibit the lipid peroxidation process at the same concentrations analyzed in the DPPH● test. Only 
the highest concentration sample of pequi oil cream (6.25 mg/mL) differed statistically from the others 
concentration samples. The lipid peroxidation method was validated by the cream enriched with 0.2 mg/mL 
quercetin, which showed an inhibition of 103.1%.  

The importance of these results should be considered as lipid peroxidation, induced by free radicals is 

one of the most significant molecular damages of the molecular degenerative metabolic process [67], and 

the pequi oil could retard cell aging. In addition, as phenolic compounds also have the ability to inhibit lipid 
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peroxidation and lipoxygenase in vitro [68], it is likely that these metabolites are responding to the ability of 

pequi oil cream to inhibit this process. 

 
Figure 3. Mean ± SD of antioxidant activity of the pequi oil cream evaluated at four different concentrations by the 
DPPH● method and by the ability of lipid peroxidation inhibition. One-way ANOVA followed by the Tukey’s post-hoc test. 
The different letters indicate if there is a significant difference (p <0.05) between the group. 

Pequi Oil Cream Sun Protection Factor (SPF) 

According to Saewan and coauthors [69], the presence of phenolic compounds in photoprotective 
emulsions take a prominent position in terms of the spectral absorption of the solar radiation in the UVB range 
with antiaging and photoprotection purposes [70]. The Mansur method, used to determine the sun protection 
factor (SPF), resulted the photoprotective activity of the pequi oil present in the formulation. 

The SPF result presented by the pequi oil cream (SPF 11.40) is in accordance with the literature, which 
reports that plant products have the potential to be considered as sunscreens [71, 72], due to the capability 
of the chromophore groups present in plant products of absorbing radiant energy [73, 74]. It is worth to note 
that the pequi oil cream can be considered a photoprotector because it complies with the regulations of the 
Brazilian Health Regulatory Agency - Anvisa (RDC 30, dated June 1, 2012) [75], which determines that a 
sunscreen must have a minimum protection factor of 6.  

The association of synthetic sunscreen with pequi oil (SPF 30.00) did not show synergism capable of 
enhancing the photoprotective action of octyl methoxycinnamate, because this synthetic sunscreen was used 
as a positive control at the concentration of 5% (w/w) and obtained the SPF value equal to 30.00. Similar 
results were obtained in several studies that aimed to verify the photoprotective efficacy of plant extracts 
added to formulations containing synthetic sunscreens [73, 76-78].  

Different, Busalacchi and coauthors [79] reported that the synergism is verified between synthetic 
sunscreens. The authors showed that the (E, Z) -2-ethylhexyl 2-cyano-3- (furan-2-yl) acrylate, an innovative 
UV radiation absorber synthetic, when added to a photoprotective formulation at a concentration of 5% (w/w), 
increased the SPF values by about 2 units. In this way, this new molecule can be used in combination with 
other filters to enhance the photoprotective action of formulations. 

Quality of pequi cream 

Finally, considering the possibility of developing a phytocosmetic in accordance to the demands of the 

consumer market, the stability of the formulation enriched with pequi oil at the concentration of 6.25 mg/mL 

was evaluated. As negative control, was used the cream without the addition of the oil, denominated base 

cream. The first test performed was the centrifugation test, in which all analyzed formulations (pequi oil cream 
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and base cream) did not present any movement of the dispersed particles upwards, that is, the creaming 

index was zero. 

The following test evaluated the stability of the formulation in relation to thermal stress. It was possible 

to verify that only the samples of the cream enriched with pequi oil presented separation of phases when 

reaching the temperature of 80ºC, becoming biphasic. However, the two analyzed formulations showed 

coalescence upon returning to room temperature. It could be also observed a color change of the pequi oil 

cream, that became opaque and had the odor intensified. It is known that the surfactants decrease the 

interfacial tension between the internal and external phases of the emulsion, facilitating the phases mixing 

and the emulsion stability. However, it is already known that the severe increase in temperature in an 

emulsion causes the dehydration of the surfactant favoring the occurrence of coalescence [80]. Thus, as the 

pequi oil cream presented phase separation, besides the coalescence, it will be necessary to optimize the 

formulation and the proportion of the surfactants used. 

The analysis of organoleptic characteristics during a period of 28 days under three different storage 

conditions (refrigerator, room temperature and oven) revealed that the color of the base cream, initially 

described as opaque white, changed to whitish and almost transparent when stored in the oven, by the 1st 

day of analysis, and at room temperature, by the 21st day. Thus, this tone change is associated with time and 

storage condition. These same variables similarly influenced the color of the cream enriched with pequi oil 

that changed from strong yellow to medium yellow by the 28th day of the evaluation at room temperature and 

by the 8th day in the oven. Nonetheless, it was possible to observe that the presence of pequi oil in the 

formulation delayed the appearance of the color change at room temperature and in the refrigerator. 

In the evaluation of odor variation, both the base cream and the cream enriched with the pequi oil 

presented increased odor when stored in the oven. However, after the 2nd day of analysis the odor normalized 

in the two creams being analyzed. 

In relation to the analysis of the appearance of the formulations could be verified the influence of the high 

temperature on this characteristic. When stored in the oven, the base cream and pequi oil cream had their 

brightness reduced. Though, the presence of pequi oil in the formulation prevented the formation of grumes. 

In the pH analysis, the measured values of the base cream and pequi oil creams did not present any 

statistically significant differences at all the storage conditions, even though the pH values differed for the 

pequi oil cream stored in the oven compared to samples storage at refrigerator and room temperature.  

Regarding to spreadability, it was observed that the temperature variation due to storage conditions 

(refrigerator, room temperature and oven) did not affect this variable in the base cream and pequi oil creams. 

On the other hand, both the base cream and the pequi oil cream showed decrease of spreadability over the 

storage time. The data obtained in this study differ from those obtained by Friedrich and coauthors [81], who 

reported that the spreadability of non-ionic creams is always altered due to the different storage conditions, 

and are similar to the results presented by Czepula [82], which describe that non-ionic formulations always 

present reduction in the value of spreadability over time. 

CONCLUSION 

It was possible to realize that the pequi oil can be used in cosmetic formulations in the form of an 

emulsion, since it has shown to be free of toxicity. In addition, the cream enriched with pequi pulp oil showed 

high concentration of phenolic compounds and antioxidant and photoprotective properties. However, as the 

quality tests evidenced small changes in the organoleptic, physical-chemical and stability parameters, the 

composition of the formulation should be optimized to meet with the requirements of the consumer market. 

Finally, the results showed that pequi oil can be converted in a product of great commercial value and, 

consequently, generate social and economic growth for the population that depends on this plant for its 

subsistence. 
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