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Abstract: Guarana (Paullinia cupana) is a fruit native to the Amazon region. Due to its widespread use,
primarily in beverages, its production has grown over the years. The seed is the only commercially
valuable part of the fruit so the guarana production chain generates byproducts, including peel, husk,
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and spent seed. Both the husk and peel can be used as raw materials for oil extraction. The use of new
oil sources is important for the food and pharmaceutical industries, as their constituents can be used

in various applications. This study aimed to extract oil from guarana byproducts (peel and husk) using
Soxhlet extraction, characterize it by gas chromatography-mass spectrometry (GC-MS), and evaluate

its biological potential through cytotoxicity and antitumor assays. The peel oil mainly contained the
compound 8-androsten-3-ol, 17-(2-methylallyl)-4,4,14-trimethyl, followed by cycloartenol and (E)-14
a-methyl-5 a-ergosta-8,23-dien-3 f-ol. In husk oil, the main compounds were 7-octadecenoic acid
methyl ester and palmitic acid methyl ester. In L929 cells, peel oil showed cytotoxicity at concentrations
above 250pg mL~", and husk oil at concentrations above 100g mL™". Regarding antitumor activity, at
concentrations where the oils did not exhibit cytotoxicity, husk oil reduced metabolic activity by up to
21% and peel oil by up to 67% in C6 cells. For A549 cells, metabolic activity decreased to approximately
65% for peel oil and 76% for husk oil; both oils showed a decrease in GL261 cell activity to approximately
50%. © 2026 The Author(s). Biofuels, Bioproducts and Biorefining published by Society of Industrial

Chemistry and John Wiley & Sons Ltd.
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Introduction

Amazon region. The species has potential due to

its properties which are important in different
industries.! Commercially, its main application is in the
soft drinks industry, but it is also highly valued in the
pharmaceutical and cosmetics industries.” The guarana
fruit consists of a red skin with a seed inside, which is
partially covered by a white aril. The seed is the only part
of the fruit that is consumed and marketable, due to its
bioactive content, which includes methylxanthines (caffeine,
theobromine, theophylline) and polyphenols.

In 2022, total guarana production in Brazil stood at 2400 t,
with an average productivity of 237 kg ha™'.* As the seed is
the only part of the fruit of commercial interest, the guarana
production chain generates byproducts such as the husk, peel,
and depleted seed. After the guarand fruit has been harvested,
the seeds are pulped to separate them from the peel and
aril. The seeds are then roasted and the husk is removed.’

In the beverage industry, the roasted seed is subjected to
hydroalcoholic extraction to obtain the extract, a process that
produces the depleted seed as waste.®

The byproducts of the guarand production chain represent
biomass with potential for exploitation.” Santana and Macedo®
investigated the performance of hydroalcoholic extraction and
aqueous enzymatic extraction for the recovery of catechins
and methylxanthines from depleted guarana seeds and found
that the processes were promising. Pinho et al.” evaluated the

G uarana (Paullinia cupana) is a fruit native to the

extraction of carotenoids from guarana peel and determined
that the antioxidant capacity of the extract was high. Pinho et
al.'® evaluated the microencapsulation of guarand peel extract
rich in carotenoids, a process that improved stability during
storage. Studies such as these should be carried out more
frequently, as they add value to the guarand production chain,
which has underutilized biomass that could have been used to
extract different bioproducts.

The appropriate use of byproducts from the guarand
production chain, through the recovery of higher value
bioproducts with untapped distribution and marketing
potential, could integrate the guarana production chain into
the circular economy, as agricultural waste is considered
a sustainable resource for value addition. Pinho et al.’
identified the composition of guarana peel as 9.7% water,
85.5% carbohydrates, 2.3% proteins, and 1.7% lipids. Despite
the predominance of carbohydrates in guarana peel, studies
exploring its minor components could reveal potential uses
for this byproduct. Studies into the extraction of vegetable
oils and oleoresins have shown the presence of bioactive
compounds in these bioproducts, associated with functional
properties such as antioxidant and antimicrobial activity.'>'?

Avato et al."? evaluated the chemical composition of oil
extracted from guarand seeds. They reported the presence of
acylglycerols, cyanolipids, and fatty acids, including oleic,
cis-11-octadecenoic, and cis-11-eicosenoic acids. Benoni
1" verified bioactive compounds such as carvacrol,
a-copaen, and limonene in guarana essential oil. These
compounds are known for their antioxidant and anti-
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inflammatory properties.””*° A study using roasted guarana
seeds also found that guarana extracts can act as a powerful
antioxidant in vivo, exhibiting anti-aging properties.”!

To add value to the guarana production chain, this study aimed
to extract oil from guarand peel (derived from the removal of the
peel and pulp) and guarana husk (from the removal of the seed
husk after roasting), characterize it by gas chromatography-mass
spectrometry (GC-MS), and evaluate its biological potential
through cytotoxicity and antitumor assays. To the best of our
knowledge, this is the first study to identify compounds in
guarana byproducts and evaluate their biological potential.

Material and methods

Sample preparation

The guarana peel samples were collected manually from

fresh guarand fruit in the municipality of Urucard, Amazonas.
The peels were dried in an air-circulating oven (NOVA
ETICA-400-9D 300°C, Sao Paulo, Brazil) at 50°C for 24h to
remove excess moisture. The dried sample was ground in a
mill (Lucadema - Luca-226/2, Sao Paulo, Brazil) equipped
with a 30 mesh sieve (595 pm aperture) to obtain fine powder.
The resulting powder was sieved again through the same
mesh to ensure particle size homogeneity and stored in sealed
containers until analysis. Compositional and oil extraction
analyses were carried out on the homogeneous powdered
sample.

The husk samples, manually separated from roasted
guarana seeds collected in the municipality of Urucara,
Amazonas, were ground under the same conditions (30 mesh,
595 um) to obtain a uniform powdered husk fraction used for
composition and oil extraction assays.

Composition

Moisture content was determined following the NREL/
TP-510-42621 procedure, and ash content was determined
following the NREL/TP-510-42622 procedure, as described
by Sluiter et al.** Lipids were measured according to AOCS?
method Ba 3-38, and protein content was determined by the
Kjeldahl method (AOAC 920.87).%*

Extraction of oils from guarana peel
and husk

The process consisted of solid-liquid extraction using hexane
in a Soxhlet apparatus (500 mL). To extract the oils from
guarand peel and husk, the extractor system was refluxed for
around 6h. The extract in the flask was then recovered from
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the solvent in a rotary evaporator under vacuum (Tecnal-
TE-211, Piracicaba, Brazil). The lipids extracted from both
samples were stored separately in glass vials wrapped in
aluminum foil to protect against light and frozen in a freezer
for later analysis.

Gas chromatography-mass spectrometry

The extracted oils were characterized by GC-MS after fatty
acid methylation to obtain their respective fatty acid methyl
esters, as described by O’Fallon et al.”® In this step, 40 pL of
oil was added to a glass tube with 0.7 mL of KOH (10 mol
L-1) and 5.3 mL of methanol. After stirring, the mixture was
heated at 55°C for 1.5h in a shaker (TE-424, Refrigerated
Incubator with shake, TECNAL), with the tube shaken every
10 min for 10s in a vortex. The tube was then removed and
cooled to room temperature in cold tap water, followed by
the addition of 0.58 mL of H,SO, (12mol L-1). The tube was
heated again (55°C for 1.5h), after which 3mL of hexane
was added, vortexed for 5min, and centrifuged at 2500 g for
5min. The supernatant containing fatty acid methyl esters
was then collected and analyzed by GC. The supernatant was
analyzed on an Agilent 7890A GC-MS (Agilent Technologies,
Santa Clara, CA, USA). The column used was an HP-5MS.
The compounds were identified by area percentage.

Cell culture
Sample preparation

The oil samples were resuspended in dimethyl sulfoxide
(DMSO), filtered through a 0.22 pm membrane, and diluted
in culture medium to obtain different concentrations (0-1000
pg mL™"). All treatments were prepared in quadruplicate.

Cytotoxicity by evaluation of metabolic
activity

Cell viability after direct contact with extracts was evaluated
with a murine cell line of fibroblasts (1929, Thermo
Scientific, Sao Paulo, Brazil) seeded in 96-well cell culture
plates (Corning Life Sciences, Durham, USA). Cells were
kept under a moist atmosphere at 37 °C with 5% CO,, and
cultured in Dulbecco’s Modified Eagle Medium (DMEM),
supplemented with 10% fetal bovine serum (FBS) and

1% penicillin/streptomycin. The cell culture medium was
refreshed every 2 days until cells reached 90% to 95%
confluence. Cells were detached using Tryplex and placed
in 96-well plates at 10 000 cells per well. After 24 h of cell
adhesion, different extract concentrations were added to the
cell wells. The cells were then incubated at 37°C, 5% CO,,
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and 90% humidity for 24, 48, and 72 h. After that, the cells
were rinsed with phosphate buffered saline (PBS) (Thermo
Fisher Scientific, Sao Paulo, Brazil), and cell viability was
measured with the Aqueous One solution proliferation assay
(CellTiter 96, MTS, Promega, Madison, USA). In each well,
a mixture of 20 uL cell MTS reagent (Promega Corporation,
Madison, USA) and 100 pL. medium was added and cultured
in an incubator (Ultrasafe HF 212UV, Sao Paulo, Brazil)

at 37 °C for 2h with 5% CO,. The remaining medium was
then transferred into 96-well plates for optical density
measurements at 490 nm wavelength. The analyses were
performed on a spectrophotometer (Molecular Devices,
Spectra Max Plus 348, San Jose, USA) with four parallel
replicates for each sample. The culture medium was used as a
control group, and the results showed metabolic activity.2®

Antitumor activity

Rat glioma cells (C6), lung adenocarcinoma cells (A549), and
mouse glioma cells (GL261) were seeded in 96-well plates at
a density of 10 000 cells per well and kept for 24h at 37 °C

in a CO, incubator for attachment. After 24 h, the cells were
treated with 500 pg mL™" of extracts. Doxorubicin (10 ug
mL ") was used as a positive control, DMSO was the negative
control, and the blank control used only the culture medium.
The treated cells were incubated for 24 and 48h at 37 °Cin

a CO, incubator. After incubation, the culture medium was
removed, and the cells were washed twice with PBS. The cell
viability of extracts was measured using the MTS colorimetric
assay as described in the previous section.”

Statistical analysis

Metabolic activity of L929 cells was analyzed using OriginPro
(OriginLab Corporation, Northampton, MA, USA),

and expressed as the mean * standard error from three
independent assays and their triplicates. Statistical evaluation
was performed using one-way analysis of variance (ANOVA),
followed by Tukey’s test with the statistical significance level
at P<0.05.

Results and discussion

Proximate composition of guarana
byproducts

Fresh guarand peel, before drying at 50 °C, had a moisture
content of 82.84% +0.56%. The lipid content was 1.70% on a
dry basis. In a study evaluating the potential of guarana peel
extract as a source of bioactive and as a natural antioxidant,
a moisture content of 84.50% was observed, demonstrating

Original Article: Valorization of guarana peel and husk

the importance of drying to avoid enzymatic activity that can
affect the chemical stability of bioactive compounds.’

After drying the guarana peel, the moisture content
was 12.39%+0.03%, the ash content was 1.30% +0.02%,
the proteins were 8.04% +0.39%, and the lipids were
10.78% +0.82%. Morais et al.*® evaluated the peels of several
tropical fruits after drying and reported values between 6.4%
and 16.9% of proteins and between 0.7% and 5.9% of lipids,
respectively. Romelle et al.”
3.4% and 12.6% when evaluating the peel of several fruits,
closer to those reported in our study.

For the guarand husk, the seed husk after the roasting
process, the moisture values were 7.86% +0.10%, the
ash values were 3.45% +0.15%, and the lipid values were
2.80% % 0.12%. No data on the characterization of the
husk was found in the literature. In a study by Santana and
Macedo,® the composition obtained with the residual guarana
seed was 10.82% moisture, 1.6% ash, and 6.25% lipids.

reported lipid values between

Gas chromatography-mass spectrometry
Guarana peel oil

Figure 1 presents the chromatogram obtained in the GC-MS
analysis for the oil extracted from the guarana peel. Peaks
were identified at the initial retention times (20-30 min)
related to low molecular weight sesquiterpene compounds.
The peaks at the final times (above 60 min) are related to

the higher molecular weight compounds. Table 1 identifies
the compounds related to the peaks highlighted in the
chromatogram, including the peak areas, Chemical Abstracts
Service (CAS) number, molecular formula, and molar mass
of each compound.

Peak 1 presented a CAS number corresponding to a-
copaene, a tricyclic sesquiterpene with broad application
prospects in the pharmaceutical, food, and agricultural
industries. Studies with essential oils rich in this compound
reported antioxidant, antimicrobial, antimutagenic,”
analgesic, anti-inflammatory,®' hepatoprotective,** and
antiplasmodial® properties. It is a bioactive phytochemical
that occurs naturally in the essential oils of many medicinal
and aromatic plants, such as Piper cubeba, Vateria copallifera,
and Cinnamomum zeylanicum.>*

Peak 2 corresponds to caryophyllene, a natural bicyclic
sesquiterpene. Among its various biological effects
caryophyllene displays anti-inflammatory activity by
inhibiting key inflammatory mediators. Many in vitro and
in vivo studies indicate that treatment with caryophyllene
improves phenotypes of animals used to model various
inflammatory pathologies, such as diseases of the nervous
system (Parkinson’s disease, Alzheimer’s disease, multiple

© 2026 The Author(s). Biofuels, Bioproducts and Biorefining published by Society of Industrial Chemistry and John Wiley & Sons Ltd.
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Figure 1. Chromatogram of oil extracted from guarana peel using gas chromatography-mass spectrometry (GC-MS).

Table 1. Compounds identified in the chromatogram for the guarana peel using gas chromatography-

mass spectrometry (GC-MS).

Peak Area (%) Compound Chemical Abstracts Molecular Molar mass
Service (CAS) number  formula (g mol™)
1 1.7353 a-Copaene 3856-25-5 CisHoq 204.35
2 1.0328 Caryophyllene 000087-44-5 C15Haq 204.35
3 2.5032 5-Cadinene 000483-76-1 CisHag 204.35
4 7.5758 9,19-Cyclocholest-24-en-3-ol,14-methyl-, (3 4,5 a)- 068654-82-0 CogH460 398.70
5 16.1428 (E)-14 a-Methyl-5 a-Ergosta-8,23-dien-3 f-ol 090195-44-1 CogHsg0 412.00
6 33.869 8-Androsten-3-ol, 17-(2-methylallyl)-4,4,14-trimethyl- 1000197-34-3 CpgHa405 412.60
7 17.4761 Cycloartenol 000469-38-5 CzoHs500 426.70

sclerosis, amyotrophic lateral sclerosis, stroke),3>~38
atherosclerosis and tumors (colon, breast, pancreatic cancer,
lymphoma, melanoma, and glioma).”*

Peak 3 corresponds to §-cadinene, a bicyclic sesquiterpene,
usually extracted from the plant species Eupatorium
adenophorum, native to Mexico.***” Studies have reported
that the sesquiterpene cadinene extracted from this plant
species has antifungal,*® antimicrobial,** antiviral,”
antiparasitic,”’ antioxidant,* and anticancer effects.

The oleoresin of the copaiba tree, which has been widely
studied, is composed of volatile oil formed mainly by
sesquiterpene hydrocarbons, such as low molecular weight
compounds identified in the chromatogram (Fig. 1): a-
copaene, caryophyllene, and §-cadinene.” Most of the
bioactive properties attributed to copaiba oleoresin are
caused by the action of these compounds. The presence of
different sesquiterpenes in the chromatogram of the lipid
extracted from guarand peel demonstrates the potential
of this bioproduct, as studies show that sesquiterpenes are

© 2026 The Author(s). Biofuels, Bioproducts and Biorefining published by Society of Industrial Chemistry and John Wiley & Sons Ltd.
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bioactive, with a wide range of biological effects, including
anti-inflammatory, antimicrobial, antitumor, antimalarial,
immunomodulatory properties, and pesticide action.™*

Peak 4 corresponds to 9,19-cyclocholest-24-en-3-ol,
14-methyl-, (3 4,5 a)-, a compound not found in the literature
regarding its presence in raw materials. Peak 5 indicates
(E)-14 a-methyl-5 a-ergosta-8,23-dien-3 f-ol. There is little
information in the literature regarding its functions. This
compound was identified by GC-MS of leaves of the plant
species Telfairia occidentalis, with a peak area of 2.09% at a
retention time of 23.967 min.> The most relevant peak in the
chromatogram is 6, referring to 8-androsten-3-ol, 17-(2-
methylallyl)-4,4,14-trimethyl-, a compound identified in
chromatograms of different plant species such as Terminalia
chebula (peak area 0.81%) and Allium cepa L. (peak area
7.78%),” Euphorbia inarticulata (peak area 3.45%),>® and
others. However, none of the studies cited showed that
this compound presented a significant peak, and in-depth
discussions about the compound are scarce in the literature.
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Peak 7 refers to cycloartenol, a phytosterol compound and
precursor of the biosynthesis of several sterol compounds.

It has anti-inflammatory, antitumor, antioxidant, antibiosis,
and anti-Alzheimer properties. Cycloartenol also acts in plant
growth and development.”

Guarana husk oil

Figure 2 presents the chromatogram obtained in the GC-MS
analysis for the oil extracted from the guarana husk. Peaks
were identified at retention times of 30-40 min, corresponding
to low-molecular-weight compounds (Table 2).

Table 2 identifies the compounds related to the peaks
highlighted in the chromatogram.

Peak 1, one of the major peaks, was identified as palmitic
acid methyl ester (methyl palmitate), a fatty acid methyl
ester derived from lipids. This compound is reported as a
major antimicrobial and antifungal agent in microalgal fatty
0001 in Celtis australis L. fruit extract,®? Andrographis
paniculata root oil,* Halimodendron halodendron flower oil,**
and oils from three Phlomis species.®” Palmitic acid methyl

acids

Original Article: Valorization of guarana peel and husk

ester has also been associated with anticancer activity,*®

neuroprotection against cardiac arrest,*”°®

prevention of
cardiac hypertrophy,® and protection against nonalcoholic
steatohepatitis.”’ These properties indicate that guarana
husk oil may have considerable potential for therapeutic
applications.

Peak 2, found in guarand husk oil - linoleic acid methyl
ester (or methyl linoleate) — was verified in several
matrices, such as soybean, corn, and sunflower vegetable
oil,”"2 flixweed (Descurainia sophia L.) seed,” Anacyclus
cyrtolepidioides (Pomel),”* quince (Cydonia oblonga Miller)
seed,”” and macroalgae (Gracilariopsis persica).”® It is known
for its antibacterial and antifungal effects.””®””

Peak 3 was identified as 7-octadecenoic acid methyl ester,
primarily known for its antibacterial activity, and has been
reported in several matrices, including Guiera senegalensis
root,”® Sudanese Ziziphus spina-christi seeds,” Cassytha
Sfiliformis L. (Lauraceae),® Trachyspermum ammi seeds,’! and
leaves of Psidium guajava Linn.** Peak 4, 11-octadecenoic
acid methyl ester, has been found in Nigerian Vigna radiata
root,”* Acacia nilotica Linn seeds,** Celtis integrifolia Lam,*
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Figure 2. Chromatogram of oil extracted from guarana husk using gas chromatography-mass spectrometry (GC-MS).

Table 2. Compounds identified in the chromatogram for guarana husk using gas chromatography-mass

spectrometry (GC-MS).

Peak Area (%) Compound Chemical Abstracts Molecular formula  Molar mass
Service (CAS) number (g mol™)
1 20.3857 Palmitic acid, methyl ester 000112-39-0 C17H3405 270.54
2 13.4011 Linoleic acid, methyl ester 000112-63-0 C1oH3405 294.74
3 22.578 7-Octadecenoic acid, methyl ester 057396-98-2 C19H3502 296.48
4 8.1153 11-Octadecenoic acid, methyl ester 052380-33-3 C19H3605 296.48
5 8.8406 Stearic acid, methyl ester 000112-61-8 C19H3805 298.5
© 2026 The Author(s). Biofuels, Bioproducts and Biorefining published by Society of Industrial Chemistry and John Wiley & Sons Ltd.
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and the stem bark of Mangifera indica and Azadirachta
indica.®® According to Kwaji and Martin,® this methyl

fatty acid exhibits broad-spectrum antibacterial activity,
particularly against Escherichia coli, and Shigella dysenteriae.

The last compound verified by the chromatogram for
guarand husk oil is stearic acid methyl ester (peak 5), one of
the most common fatty acids (along with palmitic). It has
been found in several matrices, such as mango (Mangifera
indica L.) kernel 0il,¥” marine fish oils from Indonesia,®®
Abutilon hirtum (Lam.) sweet leaves®® and walnut oils.”® This
acid has been reported to accelerate cartilage defect repair,
provide neuroprotection, improve functional outcomes after
cardiac arrest,” and serve as a surface modifier in polymer
formulations and composite processing.**

In general, both oils contain fatty acids with strong
potential, which has already been demonstrated. However,
cytotoxicity analyses are necessary to ensure that they are
not harmful to human health. Possible cytoprotective and
antitumor potential must also be evaluated.

Cytotoxicity effects of guarana oil
byproducts

Cytotoxicity assessment is essential for a wound-healing
product, as it helps understand contact with infected
wound tissue and its neighboring eukaryotic cells.” As
Fig. 3 shows, the cytotoxicity of guarana peel and husk oils
was assessed in 1929 cells. Guarand peel oil at 250 pgmL™
maintained 73.8% metabolic activity, whereas guarand husk
oil at 100 pgmL ™" maintained 105%. At concentrations
above these levels (> 250 pgmL™), the oils exhibit
cytotoxicity in L929 cells, according to ISO 10993-5:2009%%;
in which the minimum cell viability is 70%.

These results are important to ensure the use of oil
concentrations that are not cytotoxic and to evaluate other
potential effects, such as antitumor activity.
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In the study by Marinas et al.,”” essential oil extracted
from Amorpha fruticosa fruits showed just over 80%
1929 cell viability at 288 pgmL™", but viability dropped to
approximately 10% at 576 pgmL™". Javanshir et al.”® observed
cytotoxicity (viability <70%) at 62.5 pgmL™" of Ricinus
communis L. essential oil nanoemulsions. Different oils
therefore exhibit varying cytotoxicity. In our study, guarana
peel and husk oils also differed in cytotoxicity, primarily due
to their distinct lipid profiles, as shown in Tables 1 and 2.

Antitumor effects of guarana byproduct
oils

An antitumor (or antiproliferative) effect was observed for
both oils (Fig. 4). As the concentrations of both oils increased,
the metabolic activity of all tested cells decreased. For C6
cells, at concentrations that did not induce cytotoxicity (250
pgmL ! for peel oil and 100 pgmL™" for husk oil), both oils
reduced metabolic activity to 66.9% and 21.3%, respectively.
In A459 cells, metabolic activity at the same concentrations
decreased to 65.2% for peel oil and 75.8% for husk oil.
For GL261 cells, metabolic activity was 52.8% for peel oil
and 48.0% for husk oil. Both oils demonstrated potential
antitumor effects, with husk oil showing the greatest impact
in C6 cells, peel oil in A459 cells, and both oils in GL261 cells.
As mentioned above, some of the major compounds present in
the peel oil (peaks 5 and 6 in Fig. 1) have not yet been studied, so
there is still little information about their antitumor properties.
However, cycloartenol, another major compound, showed
an antiproliferative effect on glioma U87 cells, indicating an
anticancer effect.”” Zaghlol et al.*® found that cycloartenol was
present in Euphorbia greenwayi extracts. These fractions showed
antitumor activity for MCF-7, HepG-2, and SW620 cells.
Among the main compounds present in guarana husk
oil (Table 2), 7-octadecenoic acid methyl ester (22.6%)
and palmitic acid methyl ester (20.4%) were the majority.
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Figure 3. Metabolic activity of L929 cells treated for 24 h with (a) guarana peel oil and (b) guarana husk oil.
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Figure 4. Antitumor activity (%) of guarana peel oil (a, ¢, €) and guarana husk oil (b, d, f) in rat glioma cells (C6), lung

adenocarcinoma cells (A549), and mouse glioma cells (GL261).

Leyva-Peralta et al.”’ reported that an active fraction obtained
with ethyl acetate (FAg-4A) from Argemone gracilenta
exhibited antitumor activity against M12.C3F6, RAW 264.7,
HeLa, and L929 cells, with 7-octadecenoic acid methyl ester
as the major compound (40.8%). Mota et al.'® also identified
7-octadecenoic acid methyl ester (10.4%) and palmitic acid
methyl ester (4.9%) in extracts of Passiflora edulis f. flavicarpa
Deg. They proposed that the antitumor activity of medium-
and long-chain fatty acids may result from mitochondrial
damage leading to intracellular overproduction of reactive
oxygen species (ROS), which causes oxidative damage to
lipids, proteins, and DNA, cell cycle arrest, and apoptosis.
Zafaryab et al.'”" verified the antitumor effect of palmitic
acid on MCF-7 breast cancer cells. Lin et al.®® found that
palmitic acid methyl ester could increase p53 expression in
the A549 cancer cell line (inducing both cell cycle arrest and
cell death) and reduce human bone marrow-derived MSCs, a
potential application in treating cancerous diseases. Djeghim
et al.'% reported that oleic acid, palmitic acid, and stearic acid
exhibited antiproliferative activity against several cancer cell
lines, but further research is needed to analyze pathways and
gene expression profiles to fully elucidate their mechanisms of
action and ultimately establish their true therapeutic potential.
Although the biological activity of guarana oil has not been
reported previously, the synergistic effect of its main fatty

acids may exert an antitumor effect on the tested cells. Future
studies should be conducted to elucidate these effects and to
investigate the potential of these oils as alternative anticancer
agents or for treatment in patients with glioma.

Conclusion

Reusing guarana byproduct strengthens its production
chain and supports the circular economy. Oil was obtained
from both the peel and the husk during guarana processing.
The oils had distinct compositions: the main compound in
peel oil was 8-androsten-3-ol, 17-(2-methylallyl)-4,4,14-
trimethyl, whereas the major compounds in husk oil were
7-octadecenoic acid methyl ester and palmitic acid methyl
ester. Cytotoxicity analysis in 1929 cells showed that
concentrations of 250 and 100 pgmL ™" reduced metabolic
activity by more than 70%, indicating cytotoxicity. At
noncytotoxic concentrations, both oils exhibited antitumor
activity: husk oil was most effective in C6 cells, peel oil in
A459 cells, and both oils showed similar effects in GL261
cells.

Overall, oils from guarana peel and husk exhibited in vitro
antitumor effects and may offer a strategy for valorizing waste
in the food and pharmaceutical industries. However, the
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molecular mechanisms underlying their antitumor activity
remain unclear, including whether they induce apoptosis,
inhibit proliferation, arrest the cell cycle, or affect cell
migration and invasion.
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