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Abstract: The development of natural oil-based cosmetic and pharmaceutical products presents
great scientific and commercial interest. Herein, we aimed to extract green coffee oil from Arabic
coffee by a sustainable cold-pressing method. Furthermore, this work aimed to characterize the
obtained green coffee oil by Fourier-Transform Infrared (FT–IR) and ultraviolet–visible spectroscopies
(UV–Vis), peroxide analysis, and fatty acids profile by gas chromatography–mass spectrometry
(GC–MS). Moreover, the functional and biological properties of the obtained green coffee oil and a
green-coffee oil-based commercial product (Energy up®, Dermociencia) were investigated. The green
coffee oil presented linoleic and palmitic acids as the major fatty acids showing 44.8% and 35.4%,
respectively. Moreover, this green coffee oil presented an antioxidant activity (EC50 7.64 mg/mL) and
an absence of cytotoxic effects in keratinocyte cultures treated with up to 20 mg/mL. The obtained
green coffee oil showed wound healing properties as well as clonogenic efficiency, a biological
potential to induce the proliferative and migratory capacity of cells of human skin keratinocytes at
2.5 mg/mL. The samples presented high antioxidant activity and the absence of a cytotoxic effect,
suggesting that green coffee oil is a promising natural product for cosmetic applications with wound
healing properties. These results open new ways for the use of green coffee oil for the development
of cosmetic and pharmaceutics natural-based products.

Keywords: green coffee oil; In vitro biological assay; cytotoxicity; wound healing; DPPH

1. Introduction

Brazil is considered the world’s largest producer and exporter of coffee, with about
a third of the total world production. It is the largest producer of Arabica coffee and the
second largest producer of Robusta, after Vietnam [1]. The demand for processed coffee
products has increased every day, with emphasis on the aroma and flavor extracts of roasted
coffee due to the presence of several volatile compounds that are generated in the roasting
process, namely by the Maillard reaction, which have desirable characteristics in so-called
sophisticated foods [2].

The volatile compounds of roasted coffee are mainly represented by aldehydes, ke-
tones, alcohols, esters, pyrazines, furans, acids, and compounds containing nitrogen and
volatile phenolic compounds, with these compounds being variable according to the ge-
ographic location, the type of bean, and mainly the brewing process [3]. Knowing that
roasted coffee oil is one of the main vehicles to concentrate the aroma and flavor, it has been
widely used in the food, pharmaceutical, and also cosmetic industries, being able to act as
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emollients, emulsifiers, carriers, viscosity modifiers, agents spreaders, binders, and lubri-
cants in many products [4]. Lipids present in coffee are a source of phenolic compounds,
fatty acids, terpene alcohols, phytochemicals, tocopherols, carotenoids, and phytosterols,
among others. These compounds have several properties such as being antioxidant and
antimutagenic; having antibacterial and antiviral activity; being a stimulant of the central
nervous and immune system; having analgesic and anxiolytic properties; and are auxiliary
in the release of adrenaline and in the prevention of cardiovascular and rheumatological
diseases, which make them of great interest in the market [5].

In this regard, coffee beans are much explored as a beverage and contain lipids (17%),
proteins (11%), carbohydrates (60%), minerals (4.2%), caffeine (1.3%), trigonelline (2.0%),
diterpenes (1.2%), and chlorogenic acids (up to 7.9%) [6]. Depending on the type of coffee,
the content of the oil and diterpenes may change, for example, arabica coffee has a higher
amount of oil and diterpene compared to robusta coffee. According to the literature,
arabica and robusta coffees show 10.5–17% and 8–10% of oils, respectively. However, the
industrially extracted oil content is always considered lower than that present in the coffee
beans, due to technical limitations that prevent all the oil present in the beans from being
accessed, reaching only levels close to 10%. In addition, the extracted oil content also
depends on the chosen extraction method [7,8].

Moreover, green coffee oil and its products have been commercially explored due to
the presence of bioactive compounds (e.g., diterpene esters, fatty acids, and unsaponifiable
matter), its pharmacological properties (such as antioxidant and cancer-preventive proper-
ties), and consequent use in food, cosmetics, and pharmaceutical industries. Additionally,
its use has been frequently applied in cosmetic industries as an emollient and moisturizer
because this oil has the ability to maintain natural skin humidity due to its fatty acid content.
In addition, green coffee oil was reported to protect the skin against UV radiation and may
be a potential candidate to replace toxic and synthetic chemicals in sunscreens [6,9–11].

Regarding the extraction of green coffee oil, there are several techniques to extract this
oil. Among them is extraction using supercritical fluid and CO2, extraction by ultrasonic
waves, and extraction by solvent (Soxhlet methodology) in which several toxic solvents are
used including hexane as well as using about 12 to 15 kg of raw coffee to produce one liter
of green coffee oil [12–14]. However, over the past few years, there has been a great deal of
interest in developing sustainable methods of analytical analysis, extraction, and synthesis
that conform to the 12 Principles of Green Chemistry. These methods aim to reduce the use
of toxic reagents, generating less waste for the environment [15].

Thus, in view of the expanding market for vegetable oils and the need to optimize
extraction processes, the objective of this work was to evaluate the best conditions for
extracting vegetable oil from green and roasted coffee, with subsequent pharmacopeial
tests being carried out to sample analysis. Herein, green coffee oil was extracted by a
solvent-free extraction method and characterized by FT–IR and UV–Vis spectroscopies,
peroxide analysis, and fatty acids profile by GC–MS. Moreover, its biological and functional
properties were studied by assessing cytotoxicity profile, antioxidant property, clonogenic
efficacy and wound healing properties. Additionally, the pharmacological and physical
chemical properties of a commercial product (Energy up, Dermociencia®, São Carlos, SP,
Brazil) produced using the extracted oil was studied and compared to green coffee oil.

2. Materials and Methods
2.1. Chemicals and Solvents

All chemicals and solvents were commercially obtained from Sigma Aldrich (São Paulo,
Brazil) and Êxodo Científica (Sumaré, São Paulo, Brazil). The green coffee oil-based
commercial product (Energy up) was acquired from Dermociencia®, São Carlos, SP, Brazil.
The cytotoxicity studies were carried out using a human keratinocyte cell line (HaCaT).
Cells cultured in Dulbecco’s Modified Eagle Medium (DMEM) medium (Sigma Aldrich,
São Paulo, Brazil) were supplemented with 10% fetal bovine serum (GIBCO) and antibiotics
(0.01 mg/mL streptomycin and 0.005 mg/mL penicillin) (Sigma Aldrich, São Paulo, Brazil).
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2.2. Green Coffee Oil Extraction by Cold-Pressing

Green coffee beans (Arabica coffee) were selected and screened, free from impurities
(PVA—Black, broken, and impurities such as sticks, stones, and dirt) and were stored
in raffia sacks at room temperature until processing. The beans were pressed to obtain
the green coffee oil and the cake using a radial tubular extractor, Prensa Scottech model
ERT75, (AGTTEC® company, Dois Córregos, São Paulo, Brazil). For pressing, 60 kg of
green coffee beans were processed and the green coffee oil obtained was stored in an amber
glass container at room temperature.

2.3. Spectroscopic Analysis
2.3.1. FT–IR

Infrared spectra were measured on an Agilent Cary 630 FTIR spectrometer (Santa Clara,
CA, USA) equipped with an attenuated total reflectance (ATR) accessory, at room tempera-
ture, from 4000 to 650 cm−1, and using a spectral resolution of 16 cm−1 [16].

2.3.2. UV–Vis

UV–Vis spectra were obtained on a Cary 5000 UV–Vis–NIR spectrophotometer
(Santa Clara, CA, USA) in a range between 200 and 800 nm, at room temperature, using a
square quartz cuvette with an optical path of 1 cm. For a spectroscopic measurement, the
samples were diluted in ethanol so that the absorbance was given between 0.1–1 A.U [17].

2.3.3. Peroxide Test

A total of 0.5 g of the sample was weighed and placed in a sealed 50 mL Erlenmeyer
flask. Then, 3 mL of a v/v mixture of glacial acetic acid and chloroform (3:2 ratio) was
added. The sample was stirred until the sample dissolved and 50 µL of a saturated
solution of potassium iodide was added, left to rest for exactly 1 min, and then 3 mL of
water and 0.6 mL of starch solution were added. It was titrated with the slow addition
of 0.01 M sodium thiosulfate and without ceasing vigorous stirring until the blue color
disappeared (n1 mL of 0.01 M sodium thiosulfate). A blank test was performed under the
same conditions (n2 mL of 0.01 M sodium thiosulfate). The blank assay consumed no more
than 0.1 mL of 0.1 M sodium thiosulfate [18].

The peroxide index was calculated by the expression:

PV =
10(n1 − n2)

m

2.3.4. Determination of the Fatty Acids Profile by GC–MS

The methodology to determine the composition of fatty acids/AOCS is according to
the American Oil Chemists’ Society (AOCS) [18,19]. The Capillary Gas Chromatograph—
CGC AGILENT 68650 SERIES GC SYSTEM (Santa Clara, CA, United States) Capillary
column: DB-23 AGILENT (50% cyanopropyl)—methylpolysiloxane, dimensions 60 m, with
inner diameter 0.25 mm, 0.25 µm film, was used. The chromatograph operating conditions
were column flow = 1.00 mL/min; linear velocity = 24 cm/s; detector temperature: 280 ◦C;
injector temperature: 250 ◦C; oven temperature: 110 ◦C (5 min), 110–215 ◦C (5 ◦C/min),
and 215 ◦C-24 min; carrier gas: helium; and injected volume: 1.0 µL.

2.4. Biological and Functional Evaluation of Green Coffee Oil

The biological and functional tests were performed using the green coffee oil obtained
by cold-pressing (100% green coffee oil) and green coffee oil-based commercial product
(Energy up, from Dermociencia®, São Carlos, Brazil).

2.4.1. Antioxidant Activity

The samples’ antioxidant activity profile was measured by the scavenging of the DPPH
free radical assay according to the method described by [20] and the relevant modifications.
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In total, 100 µL of the DPPH solution in methanol (0.25 mM) was added to 100 µL of
various concentrations of green coffee oil in methanol (2.5–80 mg/mL) and allowed to
stand in the dark at room temperature for 30 min. The absorbance of the sample solution
was measured at 527 nm using the microplate reader SPECTRA max PLUS 384, Molecular
Devices (San Jose, CA, USA). A curve of green coffee oil concentration against %DPPH was
generated to estimate the concentration of green coffee oil needed to cause a 50% reduction
of the initial DPPH concentration. This value of IC50/EC50 was expressed in units of
µg/mL or mg/mL. The assay was performed in triplicate and the mean values were used
to calculate the IC50/EC50.

2.4.2. Cytotoxicity Assay

The cytotoxicity assay was measured using an in vitro MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-tetrazolium bromide, Sigma, São Paulo, Brazil) Colorimetric Assay to
assess the metabolic capacity of the cell as an indicator of cell viability [21]. The HaCaT
cells were plated onto a 96-well microplate (104 cells/well). The cell lines were exposed
to different concentrations of green coffee oil or commercial product raining from 0 to
50 mg/mL for 24 h. The stock MTT solution was added to all wells of the assay and plates
were incubated at 37 ◦C for 3 h. Afterwards, DMSO was added and mixed to all wells
to dissolve the dark blue crystals and then the plates were read on a microELISA reader
Kazuaki, DR-200-BS-NM-BI (Waltham, Massachusetts, United States), using a wavelength
of 400 at 850 nm. The effect of the samples on cell growth was assessed as a percentage
of cell viability. IC50 (concentration needed to inhibit the growth of 50%) values were
estimated following 24 h treatment.

2.4.3. Clonogenic Efficiency

The clonogenic efficiency assay is an in vitro cell survival assay based on the prolifera-
tion ability of cells. The HaCaT cells were plated in 96 wells at a density of 2 × 105 cells/well,
and after 24 h of cellular acclimatization they were exposed to the samples (green coffee oil
and commercial product) for another 24 h. After the treatment time, the cells were removed
from the plate to obtain a pellet and resuspension, counted, and were again plated at an
appropriate dilution for colony formation in a period of approximately 10 days, in which
only one cell fraction retains the ability to reproduce by forming colonies. After the time of
cultivation, colonies were fixed, stained, and analyzed using a microscope (ZEEIS, software
Zen Blue) followed by the calculation of the concentration–survival fraction curve [22].

2.4.4. Wound Healing

Keratocyte strain (HaCaT) in monolayer culture were scratched manually with a
yellow plastic pipette tip, washed with PBS, and treated with 0, 2.5, 10, and 20 mg/mL
samples (green coffee oil and Energy up), a negative control, and Mitomycin C (MMC).
A microscope ZEISS (Jena, Germany) was used to obtain images of the wound in different
times of treatment (0 h, 24 h, and 48 h) [23].

2.5. Statistical Analysis

For antioxidant activity, the IC50 values were calculated by non-linear intelligent
curvature. The data obtained in MTT, clonogenic efficiency, and wound healing assays
were statistically analyzed by analysis of variance (ANOVA). Then, the Tukey’s method
was used to compare the different treatments. The GraphPad Prism 8 program was used.

3. Results and Discussion
3.1. Extraction and Characterization of Green Coffee Oil

The green coffee oil was extracted from Arabic coffee (60 kg) by using a radial tubular
extractor, namely the Prensa Scottech model ERT75, yielding 3% w/w of green coffee
oil. Infrared spectroscopy was used to identify the chemical composition of coffee oil, as
presented in Figure 1. The analysis of the spectra allows the identification of characteristic
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bands whose frequencies and intensities can clearly reveal the functional groups of the
investigated samples.
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Figure 1. ATR-FTIR spectrum of green coffee oil. The analysis were performed in triplicate (n = 3).

The first absorption region observed in Figure 1, around 3000 cm−1, is dominated
by a series of aliphatic vibrations, due to a the large number of -CH3 and -CH2 groups
present in the fatty acids of the sample [16]. The vibration of stretching -CH bonds lead
to high absorptions recorded around 2922 and 2852 cm−1 associated with caffeine [24].
Furthermore, the unsaturated fatty acids present in the coffee oil gave a small peak at
3009 cm−1, characteristic of the -C–H stretching vibration of the cis double bonds. The
intense peak observed at 1744 cm−1 and a smaller one between 1750 and 1720 cm−1

correspond to the carbonyl group, present in the bonds between glycerol and fatty acids.
In the region of 1730–1680 cm−1, the aldehyde compounds are found, whose carbonyl
groups have high absorptivity and overlap with the strong band of the carbonyl ester
group at 1744 cm−1 [16]. The 1400–900 cm−1 range is characterized by vibrations of various
bond types, including C-H, C-O, C-N, and P-O. Chlorogenic acids show strong absorption
between 1300 and 1150 cm−1. In addition, carbohydrates have already been shown to
contribute to the appearance of bands in this region [24].

Moreover, the obtained green coffee oil was analyzed by UV–Vis spectroscopy (Figure 2).
For the quality control of vegetable oils, UV–Vis spectroscopy presents itself as a quick method
to evaluate the adulteration of oils. As reported by Popa et al. (2020) [25], when adulterating
cold-pressed oils with refined oils, it is observed that the maximums in the absorbance
spectra disappear as the percentage of adulteration increases. Didham et al. (2020) [26]
reported that this can be a reliable analytical tool to detect and quantify levels greater than
10% of adulteration. Furthermore, it was described that the variations observed in the
spectra can be explained by different fatty acids, lipid oxidation products, and changes in
pigment profiles derived from different oil samples. According to Figure 2, it is possible to
observe that the spectrum of green coffee oil is characterized by absorption in the region
of 250–315 nm, with a maximum absorption peak at 275 nm. This peak at 275 nm may be
related to the caffeine molecule, as described in the literature [27].
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Figure 2. UV/Vis absorption spectrum of green coffee oil diluted in ethanol. The analysis was
performed in triplicate (n = 3).

Regarding the peroxide index, the green coffee oil presented a value of 0.96 meq/kg.
According to Anvisa Resolution RDC-No. 481, as of 15 March 2021, the maximum recom-
mended Peroxide Value (PV) value is 15 meq/kg for unrefined oils. This index, also called
oxidative rancidity, is one of the most used methods to measure the oxidation state of oils
and fats as it quantifies hydroperoxides, which are primary products formed when a fat
deteriorates. However, this method may present problems related to the lack of sensitivity
to interference from colored and fat-soluble components or to the additional oxidation that
occurs during lipid extraction [28].

The fatty acid composition of the coffee oil samples obtained is shown in Table 1.
The data obtained are similar to those reported by [29], in which coffee oil is mainly
composed of linoleic and palmitic acids, with 44.8% and 35.4%, respectively. Linoleic acid
has interesting properties in relieving eczema and helping to treat and cure dermatitis,
working as an excellent emollient, while palmitic acid provides good skin protection and
potential application in the pharmaceutical and cosmetics industry [29].

Table 1. Composition in fatty acids of samples of green coffee oil by GC–MS.

Composition in Fatty Acids (% w/w) Green Coffee

C 12:0 lauric -
C 14:0 myristic -
C 15:0 pentadecanoic -
C16:0 palmitic 35.4
C 16:1 palmitoleic 1.5
C 17:0 margaric -
C 18:0 stearic 8.1
C 18:1 oleic 9.4

C 18:2 trans t-linolenic -
C 18:2 linoleic 44.8
C 18:3 linolenic 1.9
C 20:0 arachidic 3.2
C 20:1 eicosenoic -
C 22:0 behenic -
C 24:0 lignoceric -
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3.2. Biological and Functional Evaluation of Green Coffee Oil
3.2.1. Antioxidant Activity

The DPPH free radical scavenging method allowed the observation of the antioxidant
activity of green coffee oil and commercial product, as shown in Figure 3.
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Figure 3. DPPH scavenging activity for green coffee oil. The assay was performed in triplicate and
the mean values were used to calculate the IC50/EC50.

The results in Figure 3 show the dose–response curve and the antioxidant activity
that was represented by the EC50 comparison, which expresses the amount of antioxidant
required to reduce the initial concentration of free radial DPPH in the reaction medium by
50% in a determined time: the lower the EC50, the greater the antioxidant potential. In the
human body there is a balance between antioxidants and free radicals in which antioxidant
enzymes and antioxidant compounds (e.g., vitamins C and E) may protect membrane lipids,
proteins, DNA, and other macromolecules against several reactive species (e.g., hydroxyl
radicals (OH), superoxide anion radicals, (O2

−), and nitroxide radicals (NO)). Although
reactive species play an important role in host defense and physiological processes, when in
excess, they can disrupt the antioxidant protection and lead to a situation of oxidative stress
and this condition has been associated with the development of several skin problems,
such as skin accelerated aging, dermatites, eczemas, or even cancer [2].

The samples analyzed in this study are composed of natural products and, as expected,
showed lower antioxidant activity when compared to the ascorbic acid standard (EC50 of
13.36 mg/mL, 7.64 mg/mL, and 8.37 mg/mL for ascorbic acid standard, the commercial
product, and green coffee oil, respectively) but higher activity when compared to the others
natural products such grape seed oil, which demonstrated a higher EC50 value (EC50 of
31.441 w/w DPPH) and pomegranate seed oil (EC50 1065 w/w DPPH) and Passiflora setácea
seed oil (EC50 of 6054 w/w DPPH) which were both extracted by cold pressing which is the
same way of extracting green coffee oil from this analysis.

The antioxidant activity related to green coffee oil can be associated with its compo-
sition which is rich in free radical scavengers such as tocopherols and linoleic acid [9,30].
These antioxidants can eliminate reactive oxygen species (ROS) contributing to the preven-
tion of cellular damage to the skin [9]. The commercial product showed better antioxidant
activity (EC50 of 7.64 mg/mL) when compared to green coffee oil (EC50 of 8.37 mg/mL),
which can be related to its composition, which has a high content of green coffee oil mixed
with other components that also have antioxidant activity, such as avocado oil, passion
fruit oil, peppermint essential oil, and alpha bisabolol [31,32].
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3.2.2. MTT Assay

The commercial product (Energy up) and green coffee oil exhibited an absence of
cytotoxic effects against human keratinocyte cells in doses corresponding to the ascending
order 0–20 mg/mL, as shown in Figure 4.

Fermentation 2023, 9, x FOR PEER REVIEW  8  of  13 
 

 

setácea seed oil (EC50 of 6054 w/w DPPH) which were both extracted by cold pressing which 

is the same way of extracting green coffee oil from this analysis. 

The antioxidant activity related to green coffee oil can be associated with its compo-

sition which is rich in free radical scavengers such as tocopherols and linoleic acid [9,30]. 

These antioxidants can eliminate reactive oxygen species (ROS) contributing to the pre-

vention of cellular damage to the skin [9]. The commercial product showed better antiox-

idant  activity  (EC50  of  7.64 mg/mL) when  compared  to  green  coffee  oil  (EC50  of  8.37 

mg/mL), which can be related to its composition, which has a high content of green coffee 

oil mixed with other components that also have antioxidant activity, such as avocado oil, 

passion fruit oil, peppermint essential oil, and alpha bisabolol [31,32]. 

3.2.2. MTT Assay 

The commercial product  (Energy up) and green coffee oil exhibited an absence of 

cytotoxic effects against human keratinocyte cells in doses corresponding to the ascending 

order 0–20 mg/mL, as shown in Figure 4. 

 

Figure 4. Cell viability of human keratinocytes after exposure to different concentrations of green 

coffee oil, for a period of 24 h. The assay was performed in triplicate.   

Currently, there are several types of tests to assess cytotoxic effects and the MTT as-

say was selected because it is a valid, easy-to-use, safe, and widely used test for cytotoxi-

city evaluation. Moreover, it has good reproducibility and is suitable for studies in adher-

ent cells, such as in human keratinocytes cells [29]. Green coffee oil and commercial prod-

ucts demonstrated the absence of cytotoxic effects in keratinocyte cultures treated with up 

to 20 mg/mL and indeed this result was also identified in terms of the clonogenic efficacy 

and cell proliferation assays and agreed with other scientific studies such as [9,29], thus 

confirming that its samples are safe for use in humans. 

3.2.3. Clonogenic Efficiency   

The assessment of cytotoxicity in keratinocyte cell monolayers using the clonogenic 

efficiency  assay  revealed  an  absence  of  cytotoxicity  in  the  samples  and  the  samples 

demonstrated the proliferative capacity of skin keratinocyte cells at concentrations of 2.5 

and 10 mg/mL (Figure 5). 
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Currently, there are several types of tests to assess cytotoxic effects and the MTT assay
was selected because it is a valid, easy-to-use, safe, and widely used test for cytotoxicity
evaluation. Moreover, it has good reproducibility and is suitable for studies in adherent
cells, such as in human keratinocytes cells [29]. Green coffee oil and commercial products
demonstrated the absence of cytotoxic effects in keratinocyte cultures treated with up to
20 mg/mL and indeed this result was also identified in terms of the clonogenic efficacy
and cell proliferation assays and agreed with other scientific studies such as [9,29], thus
confirming that its samples are safe for use in humans.

3.2.3. Clonogenic Efficiency

The assessment of cytotoxicity in keratinocyte cell monolayers using the clonogenic
efficiency assay revealed an absence of cytotoxicity in the samples and the samples demon-
strated the proliferative capacity of skin keratinocyte cells at concentrations of 2.5 and
10 mg/mL (Figure 5).
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3.2.4. Wound Healing

Concentrations of 2.5, 10, and 20 mg/mL of each sample (coffee oil and commercial
product) were evaluated, and it was possible to verify that the 2.5 mg/mL showed more
promising results in the process of wound healing, as shown in Figure 6, corroborating
clonogenic efficiency data.
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Figure 7 shows that there is a spontaneous closure of the “wound/injury” according
to the process and phases of the cell cycle characteristic of human keratinocytes. Indeed,
the presence of the cell proliferation inhibitor, Mitomicyn C (MMC), “delays/inhibits” this
closure by impeding cell cycle progress and consequently cell proliferation. The presence
of different samples in the lowest concentration (2.5 mg/mL) demonstrated complete
closure of the “wound/lesion” suggesting an effect promoting tissue proliferation and
recovery (Figure 8). The wound healing assay is simple and an inexpensive method that
was developed to investigate directional cell migration in vitro. This method mimics cell
migration during wound healing in vivo [33].
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The initiation of a wound promotes complex events to repair the injured region, such
as increased cell proliferation, deposition of extracellular matrix, and infiltration of in-
flammatory immune cells as part of the process elimination of necrotic tissue [34]. The
wound-healing process begins with the polarization of cells towards the wound, followed
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by migration and closure of the area injured. These processes reflect the behavior of indi-
vidual cells as well as tissue complexity. The evaluated samples showed similar behavior
and no statistically significant difference, demonstrating that at the lowest concentration
(2.5 mg/mL) there was complete closure of the “wound/lesion” suggesting an effect
promoting tissue proliferation and recovery (Figure 8).
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In the study conducted by [35], it was revealed that green coffee oil increases the
synthesis of extracellular matrix compounds by human skin fibroblasts in vitro due to the
upregulation of the production of growth factors. Green coffee oil is also able to increase
iAQP-3 mRNA expression, thereby improving skin hydration [35]. The topical application
of green coffee oil in wound healing was evaluated by [36] in a model of cutaneous incision
in rats and the resulting fast wound healing action [36]. In addition, the use of green coffee
oil formula associated with propolis was able to maintain the physical characteristics of
the skin and your hydration: besides its anti-inflammatory, antioxidant, and antiaging
properties, italso reduces the roughness of the skin and helps to reduce and prevent stretch
marks [37].

Natural plant-based oils are gaining enormous visibility and applicability within
traditional medicine. In the case of green coffee oil, which is still a little explored product,
and even in cases where it is being exploited, adequate evidence is still lacking. Specifically,
in the case of healing acceleration, the results create great perspectives for use in situations
of bedridden patients where decubitus ulcers are relevant and difficult to solve. Another
aspect of green coffee oil is its potential for use in conjunction with other techniques such
as photobiostimulation and photodynamic therapy, among others. This is a new port for
exploring these properties. In this regard, the pharmacological properties of green coffee oil
combined with photoactive compounds could result in a synergistic effect to treat infection
diseases and cancer.
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4. Conclusions

The green coffee oil was obtained by cold pressing as a sustainable and green approach.
The green coffee oil was fully characterized by FT–IR, UV–Vis, and GC–MS. The green coffee
oil demonstrated an antioxidant activity (EC50 7.64 mg/mL) and the absence of cytotoxic
effects in keratinocyte cultures treated with up to 20 mg/mL. Green coffee oil and a green-
coffee oil-based commercial product (Energy up®, Dermociencia) have shown clonogenic
efficiency, namely a biological potential to induce the proliferative and migratory capacity
of cells of human skin keratinocytes, which was demonstrable in the wound healing
assay. The samples presented high antioxidant activity and an absence of a cytotoxic effect,
suggesting that green coffee oil is a promising natural product for cosmetic applications
with wound healing properties. These results open new ways for the use of green coffee oil
for the development of cosmetic and pharmaceutical natural-based products.
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