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SUMMARY: This study evaluates the effect of ultrasound-assisted extraction on the extractability of polyphenols from peanut skins
(PS) and their antioxidant, and anticancer activities. The extraction was performed with solid/solvent ratios of 1:20 and 1:30 (w/v) at
ultrasound intensity ranging from 5.8 to 15.4 W/cm? for different extraction times (10, 20, 30 and 40 min). The highest polyphenol yield
was 167.46 mg GAE/g dried PS. The most abundant polyphenols were catechin, syringic acid, and vanillic acid. The PS ultrasound
extract (PSUE) increased the oxidative stability of sunflower oil by four times its initial level. PSUE possessed high inhibitory activity
against MCF-7, HepG-2, HCT-116, and PC-3 cancer cell lines, with IC, ranging from 1.85 + 0.13 to 6.1 £ 0.43 pg/ml. In addition, the
cytotoxicity of PSUE was examined on HFB4 human normal melanocytes using the MTT assay. These results suggest that PSUE can be
used as a natural antioxidant and anticancer agent.
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RESUMEN: Actividades antioxidantes y anticancerigenas del extracto obtenido por ultrasonido de piel de mani (Arachis hypogaea
L.). Este estudio evalua el efecto de la extraccion asistida por ultrasonido sobre la extractabilidad de los polifenoles de la piel de mani
(PS) y sus actividades antioxidantes y anticancerigenas. La extraccion se realizo con relaciones solido/solvente de 1:20y 1:30 (p/v) a una
intensidad de ultrasonido que vari6 de 5,8 a 15,4 W/cm? para diferentes tiempos de extraccion (10, 20, 30 y 40 min). El mayor rendimien-
to de polifenoles fue de 167,46 mg GAE/g de PS seco. Los polifenoles mas abundantes fueron la catequina, el acido siringico y el acido
vanilico. El extracto de ultrasonido PS (PSUE) aumento cuatro veces la estabilidad oxidativa del aceite de girasol. PSUE poseia una alta
actividad inhibitoria contra las lineas celulares de cancer MCF-7, HepG-2, HCT-116 y PC-3, con IC50 que oscilaba entre 1,85 + 0,13
y 6,1 £ 0,43 pg/ml. Ademas, se examino la citotoxicidad de PSUE en melanocitos humanos normales HFB4 utilizando el ensayo MTT.
Estos resultados sugieren que el PSUE puede usarse como un antioxidante natural y un agente anticancerigeno.
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Citation/Cémo citar este articulo: Hammad KSM, El-Roby AM, Galal SM. 2023. Antioxidant and anticancer activities of peanut (4ra-
chis hypogaea L.) skin ultrasound extract. Grasas Aceites 74 (3), e517. https://doi.org/10.3989/gya.0990221

Copyright: ©2023 CSIC. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
(CC BY 4.0) License.


https://doi.org/10.3989/gya.0990221
https://orcid.org/0000-0003-4983-7920
https://orcid.org/0000-0002-2065-5405
https://orcid.org/0000-0002-1859-1641
mailto:asadgalal@agr.cu.edu.eg
https://doi.org/10.3989/gya.0990221

2 + K.S.M. Hammad, A.M. El-Roby, and S.M. Galal

1. INTRODUCTION

Recent studies indicate that many food wastes are
rich sources of bioactive compounds which could be
used as nutraceuticals and functional foods (Leicht-
weis et al., 2021). The peanut (Arachis hypogaea L.)
is an important commercial crop used to produce oil.
It is an ingredient in peanut butter, confections, and
other finished products. The worldwide production
of peanuts with shells in 2020 was 53 million tonnes
(FAOSTAT, 2022). PS is the pink-red coat which is
produced as waste after peanut kernels are roasted
and blanched. It represents 3% of the fruit weight.
It has limited industrial applications due to its high
level of tannins, bitter flavor, low-calorie level, and
poor commercial value. However, it is rich in various
bioactive compounds which belong to polyphenols.
Composite film containing PS polyphenol extract
demonstrated DPPH and ABTS radical scavenging
activity (Dai et al., 2022).

The oxidation of oils deteriorates the quality char-
acteristics of food during storage. The use of synthetic
antioxidants in the food sector is increasingly restrict-
ed because they have the potential to cause cancer
(Bhadresha et al., 2022). This trend is accompanied
by the expansion of the use of natural antioxidants
such as polyphenols from plant sources. The cyto-
toxicity of polyphenols from different plant sources
has been investigated in cancer cell lines. Olive pom-
ace methanolic extract showed anticancer activity
against HepG2, MCF-7, PC3 and HCT116 cell lines
(Mahmoud et al., 2018). Meanwhile, moringa leaf
aqueous extract exhibited the same effect on human
lung cancer A549 cells (Bhadresha et al., 2022).

Ultrasound-assisted extraction (UAE) is becom-
ing more widely used because of issues with tradi-
tional extraction processes. Compared with conven-
tional techniques, the recent ones are more efficient,
require less energy, and yield high-quality extracts
(Sridhar et al., 2021). Khaopha et al. (2015) indi-
cated that PS methanolic extract obtained by macer-
ation had an anticancer effect against HeLa, HT29,
HCT116 and Jurkat cells.

There is a lack of studies about the antioxidant
and cytotoxic activities of PSUE which is rich in
polyphenols on colon, breast, and prostate carcinoma
cells. The objectives of the present study were max-
imizing the recovery of polyphenols from PS using
ultra-sound assisted extraction, the characterization

of the phenolic extract, and evaluating its ability to
extend the shelf-life of refined sunflower oil, besides
its cytotoxicity on different carcinoma cell lines.

2. MATERIALS AND METHODS

2.1. Materials

Three kg of skins from roasted peanuts were
obtained from the local Roasting and Peeling Plant
of peanuts, Cairo, Egypt. Completely refined sun-
flower oil (RBD) without added antioxidants was
provided by Cairo Oil and Soap Company (Egypt).
Folin—Ciocalteu reagent, 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), butylated hydroxytoluene (BHT),
Trypan blue dye, 0.25% Trypsin-EDTA solution,
L-glutamine,  gentamycin,  3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium (MTT) and all
the HPLC standards used for the identification of
polyphenols were purchased from Sigma (St.Louis,
MO, USA). Fetal Bovine serum (FBS) and Dulbec-
co’s Modified Eagle’s medium (DMEM) were pur-
chased from Lonza (Walkersville, USA). HepG-2,
HCT-116, MCF-7, and PC-3 cells were obtained
from the VACSERA Tissue Culture Unit.

2.2. Preparation and chemical composition of PS

A PS sample (500 g) was ground and sieved in a
20-30 mesh. The chemical composition of PS pow-
der was determined according to AOAC (2012). The
Kjeldahl method was used to determine the total ni-
trogen content. The protein content on a nitrogen ba-
sis was measured using a conversion factor of 6.25.
Ether extract was obtained using diethyl ether in a
Soxhlet system. The ash content was determined by
incineration in a muffle furnace at 550 °C. Crude
fiber was determined gravimetrically after digestion
of the sample with 1.25% sulfuric acid solution and
1.25% sodium hydroxide solution.

2.3. Extraction of polyphenols

Polyphenols were extracted from a roasted pea-
nut skin powder sample with 80% ethanol aqueous
solution (v/v). Extraction was performed for 10, 20,
30, and 40 min using a Fisher Sonic Dismembrator
(Model 300, USA) and solid/solvent ratios of 1:20
and 1:30 (w/v). Ultrasound power (P) and ultra-
sound intensity (UI) were calculated using the fol-
lowing equations by Vernes et al. (2019).
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Power (W) = (%) XCp XM Eq. (1)
Where (dT/ dt) is the increase of °C/min of 200 ml
of aqueous ethanol, Cp is the heat capacity of 80%
aqueous ethanol (2746 J/kg-°C), and M is the mass
(kg) of 80% aqueous ethanol. When the generator
was set to 95, 100, 105, and 110 W, the estimated P
was 16.5, 26, 37.8, and 43.7 W, respectively.
The UI (W/cm?) was calculated as follows

Ul = 4P/nD* Eq. (2)
where D is the diameter (cm) of the ultrasound probe.
Supernatants were saved after extraction and kept at
-20 °C until analysis.

2.4. Total polyphenols

The total polyphenol content of the PSUE was
determined using the Folin-Ciocalteu method as de-
scribed by Arnous et al. (2002) at 760 nm. Results
are expressed as mg gallic acid equivalent (GAE)/g
dried PS.

2.5. Total flavonoids

The flavonoid content in the extracts was deter-
mined as described by Formagio ef al. (2014). The
absorption of the reaction mixture against the blank
was recorded at 510 nm. The analysis was performed
in triplicate. Values are expressed as mg quercetin
equivalents (QE)/g dried PS.

2.6. Identification and quantification of polyphenols
using HPLC

The PSUE with the highest level of polyphenols
was concentrated at 40 °C under vacuum using a
rotary evaporator. The HPLC analysis of the concen-
trated extract was carried out according to Kim et al.
(2006). An Agilent Technologies 1100 series liquid
chromatograph equipped with a diode-array detector
was used. The Eclipse XDB-C , column (150 mm x
4.6 um x 5 um) with a C ; guard column (Phenome-
nex, Torrance, CA) was also used. Before injection,
the sample was filtered through an 0.45 um Acrodisc
syringe filter (Gelman Laboratory, MI). The injec-
tion volume was 20 pl. The mobile phase contained
(A) acetonitrile and (B) 2% acetic acid. Gradient
flow was conducted at 0.8 ml/min. Peaks were ob-

served simultaneously at 280, 320, and 360 nm. The
peaks were identified by UV spectra and retention
times and their values were compared with those of
the standards.

2.7. Antioxidant assays

2.7.1. DPPH assay

The assay was carried out as described by
Brand-Williams ef al. (1995). An aliquot (0.2 ml) of
the extract was mixed with 2.7 ml of DPPH solution
(45 mg/L) and the mixture was kept for 30 min in
the dark. The absorbance was read at 515 nm using a
Vis-UV spectrophotometer. BHT was used as a ref-
erence. The following formula was used to calculate
the percentage of radical inhibition:

A0 — A1l
A0

Inhibition percentage = [ ] x 100

A, denotes absorbance in the absence of sample,
while A denotes absorbance in the presence of sam-
ple. The IC, value represented the concentration of
the extract required to decrease the initial absorb-
ance of the DPPH solution by 50%.

2.7.2. Reducing power assay

The reducing power of various concentrations of
the PSUE was measured according to the method
described by Chang et al. (2002) at 700 nm. From
the linear regression analysis, the extract concen-
tration which produced 0.5 absorbance (IC ;) was
determined. Results were compared with BHT as a
standard.

2.8. Quality characteristics of oil

The acid value and peroxide value of the RBD
sunflower oil were determined according to the rec-
ommended methods of AOCS (2009). The color of
the oil samples was measured with the Lovibond
Tintometer (Tintometer Ltd., United Kingdom), and
a 5.25-inch cell, according to ISO 15305 (1998).

2.9. Rancimat analysis

The efficiency of the investigated PSUE (concen-
trated extract) in protecting sunflower oil against ac-
celerated oxidation was carried out using Rancimat
743 (Metrohm, Switzerland) according to AOCS
(2009). The concentrated extract was added direct-
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ly to the oil samples at the investigated levels. The
oil samples enriched with 200 and 400 mg GAE
from PSUE (concentrated extract)/kg oil were heat-
ed at 110 °C and 120 °C, respectively. Sunflower
oil without any added antioxidants was used as a
control. BHT was used at a concentration of 200 mg/
kg oil. The oxidative stability was expressed by the
induction period (h). The airflow rate was set at 20
L/h.

2.10. Determination of anti-cancer activity

The investigated human cancer cell lines and hu-
man normal melanocytes (HFB-4) were propagated
in DMEM supplemented with 10% heat-inactivated
FBS, 1% L-glutamine, and 50 pg/ml gentamycin.
All cells were kept at 37 °C in a humidified atmos-
phere which contained 5% CO,. The colorimetric
method of Mosmann (1983) was used to assess the
PSUE’s cell cytotoxicity. The absorbance was read
at 570 nm with a microplate reader (SunRise, TE-
CAN, Inc., USA). IC, values were calculated from
a dose-response curve.

2.11. Statistical analyses

All analyses were carried out in triplicate, ex-
cept for the Rancimat analysis (two repetitions) and
HPLC analysis (single determination). Statistica
software (StatSoft Inc., Tulsa, OK, USA) was used
to analyze the variance of the results. The results
were presented in terms of means and standard de-
viation.

3. RESULTS AND DISCUSSION

3.1. Chemical composition of the PS

The ether extract, protein, ash, and crude fiber
contents of PS were 8.32 +£0.22, 11.57 £ 0.27, 2.57
+ 0.08, and 48.04 + 2.14% on a dry weight basis,
respectively. These results supported earlier findings
of Mufioz-Arrieta ef al. (2021) and proved that PS
is a relatively rich source of protein and could be
used in the future for the extraction and purification
of this nutritional component. PS composition varies
with seed maturity and cultivar.

3.2. Polyphenol extraction yield

The results in Figure la illustrate that increasing
extraction time to 20 min at the highest solid/solvent

ratio increased the yield of polyphenols, after which the
yield decreased significantly (p <0.05) at each Ul used.

The extracted polyphenols with the lowest sol-
id/solvent ratio and at each UI did not significant-
ly (p > 0.05) increase when the extraction duration
was extended to 40 min (Figure 1b). The yield in
polyphenols increased significantly (p < 0.05) with
the increase in Ul from 5.8 to 9.2 W/cm? during ex-
tractions lasting 30 and 40 min, regardless of the sol-
id/solvent ratio. However, increasing Ul from 9.2 to
15.4 W/cm? did not significantly (p > 0.05) enhance
polyphenol extraction. The decrements of extrac-
tion yield of polyphenols at higher ultrasonic power
could be due to the decomposition of the compo-
nents (Wang et al., 2018). The maximum polyphenol
yield (167.46 + 0.89 mg GAE/g) was obtained with
a relatively high solid/solvent ratio for 20 min at Ul
of 5.8 W/cm? (Figure 1a).

The results of the current study demonstrated that
the yield of polyphenols achieved with ultrasonic
assistance was superior to that of other researchers
(Taha et al., 2012) who relied on conventional tech-
niques (41.5 mg GAE/g dry PS). This proved that
ultrasound-assisted extraction is an efficient method
for extracting polyphenols as reported by Sridhar et
al. (2021).

The results of this investigation indicated that the
highest level of flavonoids reached 321.76 +2.26 mg
of QE/g of PS. Meng et al. (2020) found that the
flavonoid content in the PS methanolic extract was
234.33 mg rutin equivalents/g PS. These differences
in total polyphenol and flavonoid contents could be
attributed to cultivar variations, growing conditions,
and extraction techniques.

3.3. Identified phenolic compounds in the PSUE

The phenolic composition of PSUE (concentrat-
ed extract, 41.55 mg/ml) was analyzed by HPLC.
The results are presented in Figure 2 and Table 1.

The PSUE was characterized by a high level of
syringic acid and vanillic acid, followed by protocate-
chuic and p-coumaric acids. Rosmarinic, caffeic, and
chlorogenic acids were also identified in the examined
extract. The analysis demonstrated that catechin was
the most abundant flavonoid compound. This result is
in line with the results found by Bodoira et al. (2022).
Moderate amounts of kaempferol, chrysin, and api-
genin were also detected in the extract. Francisco
and Resurreccion (2009) examined the polyphenols
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FiGure 1. Total phenolic contents (mg GAE/g dry skin) of the ultrasound extract obtained by, (a) peanut skin/aqueous ethanol ratio of 1:20
(w/v) and (b) peanut skin /aqueous ethanol ratio of 1:30 (w/v). Values are means + standard deviation of three replicates. Bars with diffe-
rent letters indicate significant difference (p < 0.05) by Tukey’s test
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Ficure 2. HPLC profiles of phenolic compounds of peanut skin extract simultaneously recorded at 280 nm, 320 nm, and 360 nm. The
values refer to a single determination
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TaBLE 1. Phenolic and flavonoid compounds of peanut skin ultra-

sound extract

Identified compounds &)gglclltrl;lzz?ract)
Polyphenols

Gallic acid ND*
Protocatechuic acid 19.70
p-hydroxybenzoic acid ND*
Gentisic acid ND*
Chlorogenic acid 1.14
Caffeic acid 1.54
Syringic acid 64.74
Vanillic acid 42.29
Ferulic acid ND*
Sinapic acid ND*
p-coumaric acid 17.74
Rosmarinic acid 2.92
Cinnamic acid ND*
Flavonoids

Catechin 119.98
Rutin 1.36
Apigenin-7-glucoside ND*
Quercetin ND*
Apigenin 5.11
Kaempferol 22.30
Chrysin 21.50

* Not detected. The values refer to a single determination

composition of skin extracts from three peanut types
(Runner, Virginia, and Spanish). They reported that
the discrepancy in the polyphenol levels could be due
to the differences in peanut cultivar and skin type.

3.4. Antioxidant activity

The scavenging activity of PSUE against DPPH
radicals is shown in Figure 3a.

The results illustrated the positive correlation be-
tween PSUE concentration and its activity against
DPPH radicals. Compared to BHT, PSUE had a
significantly (p < 0.05) lower scavenging action on
DPPH radicals. PSUE inhibited more than 92% of
the DPPH radicals at 157.3 pg GAE/ml. However,
the IC, values of PSUE and BHT were 30.5 & 0.43
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FiGuRE 3. Antioxidant activity of the peanut skin extract compared
to BHT as assessed by: (a) DPPH radicals, (b) Ferric reducing
power. The results are represented as average values of three
replicates + SD. Bars with different letters indicate significant
differences (p < 0.05) by Tukey’s test

pg GAE/ml and 21.65 £ 0.3 pg/ml, respectively. A
decrease in the IC, value indicates better antioxi-
dant activity (Brand-Williams et al., 1995).

The reduction in ferric ions (Fe’) from K Fe
(CN), to ferrous ions (Fe*") by the PSUE is shown in
Figure 3b. Increasing extract concentration was ac-
companied by an increase in reducing power. The re-
sults indicated that PSUE had lower reducing power
(IC,=17.51 £ 0.75 mg GAE/ml) than BHT (4.48 +
0.5 mg/ml). At a concentration of 15.6 png/ml, PSUE
and BHT had reducing power values corresponding
t0 0.39 £ 0.038 and 0.88 = 0.057, respectively. These
results demonstrate that the PSUE showed concen-
tration-dependent antioxidant activity as reported by
Wang et al. (2018).
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3.5. Oxidative stability of PSUE enriched oil

The acid and peroxide values for the oil were 0.21
+0.01 mg KOH/g and 0.73 £+ 0.004 meq/Kg, respec-
tively, which supported Codex (2021) requirements
for acceptable quality. The results in Table 2 show
that the addition of PSUE (concentrated extract) at
200 mg GAE/Kg sunflower oil prolonged the in-
duction period of the oil (tested at 110 °C) by 29%.
Meanwhile, enriching oil with BHT at the same level
enhanced its stability against oxidation by only 21%.

The addition of 400 mg GAE from PSUE (con-
centrated extract)/kg oil increased its oxidative sta-
bility (measured at 120 °C) by 354%. These results
prove that PSUE inhibits lipid oxidation without
pro-oxidative effects at a higher concentration.

No significant difference was found in oxidative
stability (measured by peroxide value) between sun-
flower oil samples (control) and those mixed with
0.2% (w/w) of PS ethanol extract, obtained by mac-
eration at room temperature, after 3 days of storage
at 60 °C (Larrauri et al., 2016). The addition of 1.56
g GAE of PS subcritical fluid extract/kg chia oil in-
creased its oxidative stability to that obtained with
TBHQ at 0.2 mg/kg (Bodoira et al., 2022).

Color is an important oil quality parameter, which
increased as the extract level increased. The addition
of PSUE at the highest investigated level produced
a more highly colored oil (0.8 = 0.05 Red/4 Yellow)
than the oil prepared with half the concentration of
the same extract (0.5 = 0.05 Red/4 Yellow) or 200 mg
BHT/kg oil (0.3 + 0.00 Red/4 Yellow). However, the
color of the studied oil samples was less intense than
the red and yellow hues of the bleached sunflower
oil (2.5 Red/25 Yellow), according to American trad-
ing rules as reported by Guliyev et al. (2018).

3.6. Cytotoxic activity of PSUE

The cytotoxicity of the concentrated PSUE (con-
centrated extract, 41.55 mg GAE/ml) was studied
on HepG2, HCT-116, MCF-7, and PC-3 carcinoma
cells (Figure 4). The inhibitory activity of the inves-
tigated extract against HFB4 human normal melano-
cytes was also assayed.

The PSUE demonstrated a concentration-depend-
ent reduction in cancer cell viability. The inhibitory
activities (IC,, value) of the PSUE against HepG-2
(Figure 4a), HCT-116 (Figure 4b), MCF-7 (Figure
4c), and PC-3 (Figure 4d) carcinoma cells were 1.85
+0.13,1.99+0.07,5.32+£0.62 and 6.1 = 0.43 pg/ml,
respectively, compared to 2.93 +0.18, 3.5+ 0.46, 5.9
+0.71 and 42.4 £ 2.7 pg/ml for the standard drug. A
low IC, value indicates the high sensitivity of a cell
line to PSUE or Vinblastine sulphate.

The results showed that PSUE at 31.2 and 15.6
pg/ml had significantly (p < 0.05) similar inhibition
effects on HepG-2 (Figure 4a) and HCT-116 (Figure
4b) cells as vinblastine sulfate, respectively. It is in-
teresting to note that PSUE at 62.5 pg/ml inhibited
80% of the viability of MCF-7 cells (Figure 4c). The
standard drug at 125 pg/ml (Figure 4c) recorded this
level of inhibition of the same cells. PSUE at 31.25
pg/ml had a significantly (p < 0.05) similar inhibi-
tory effect (~75%) on PC-3 cells as did vinblastine
sulfate at 125 pg/ml (Figure 4d).

The PSUE proved more effective than vinblastine
sulphate at inhibiting the human cancer cells under
investigation. The presence of syringic acid, protocat-
echuic acid, and catechin might have contributed to
the cytotoxic effect of the investigated extract as re-
ported in different studies against cancers of different
origins (Elansary et al., 2019; Mihanfar et al., 2021).

TABLE 2. Induction time and protection factor of sunflower oil enriched with peanut extract at different concentrations

Sample

Induction time (h)  Protection factor ©

Sunflower oil *

Sunflower oil ®

BHT (200 mg/kg oil)

Extract (200 mg GAE /kg oil) *

Extract (400 mg GAE /kg oil) ®

3.23+0.28 1.00
1.37£0.11 1.00
3.92+0.40 1.21
4.17+0.32 1.29
6.22+£0.53 4.54

The values are expressed as mean = SD of two independent experiments. * The induction time was determined at 110 °C. ® The induction
time was determined at 120 °C. ¢ Induction time of oil containing antioxidant/Induction time of oil measured at the same temperature.
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FiGURE 4. Cytotoxicity effect of peanut skin extract and Vinblastine sulfate concentrations (png/ml) against (a) HepG-2 hepatocellular can-
cer cell line, (b) HCT-116 human colon cancer cell line, (c¢) MCF-7 human breast cancer cell line, (d) PC-3 prostate cancer cell line, and
(e) HFB4 human normal melanocytes. The results are represented as average values of three replicates + SD. Values with different letters
indicate significant differences (p < 0.05) by Tukey’s test

The investigated extract had a low toxicity (CC, = 7.3
+ 0.5 pg/ml) to HFB4 human normal melanocytes
(Figure 4e). The selective toxicity levels (IC, values
for normal fibroblast cells/IC, value for cancer cells
ratio) for HepG-2 and HCT-116 were 3.9 and 3.80,

respectively, showing considerable selective ability (>

2) against those cancer cells according to Valderrama
et al. (2016). Rossi et al. (2020) indicated that the PS
ethanolic extract did not exert cytotoxicity against hu-
man peripheral blood mononuclear cells.

On the other hand, PS methanolic extract was
found to have IC values of 10.9 and 19.3 pg/ml
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on HCT-116 and HepG-2 cancer cells, respectively,
but did not affect breast carcinoma cells (Taha et al.,
2012). Furthermore, PS methanolic extract which
was obtained by maceration induced the apoptosis of
HCT-116 cancer cells (IC,; =50.68 pg/ml) (Khaopha
et al., 2015). They found that MCF-7 cells were less
sensitive to the extract (IC,, > 90 pg/ml). The results
of this study showed that the ultrasound-investigated
extract was a more effective anticancer agent than
those acquired using other methods from earlier in-
vestigations.

Plant-derived medications can advance into clin-
ical trials for further therapeutic development if they
are non-toxic to normal cell lines, exhibit cytotoxici-
ty in cancer cell lines, and have high selective toxic-
ity (Rossi et al., 2020).

4. CONCLUSIONS

At room temperature, a high yield of polyphe-
nols was successfully extracted from PS with aque-
ous ethanol using ultrasound. Within the examined
ranges, increasing Ul and duration had a favorable
impact on extraction yields. The incorporation of
PSUE into sunflower oil at 200 and 400 mg/kg in-
creased its oxidative stability compared to the sam-
ples containing the synthetic antioxidant BHT. The
extract proved to have in vitro anticancer activity on
HepG2, MCF-7, HCT-116, and PC-3 with lower IC,
values than those of the standard drug (Vinblastine
Sulfate). This suggests that PSUE can be safely used
in the preparation of functional foods with antioxi-
dant bioactive ingredients.
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