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Abstract

Context: Currently, the increase in agroindustrial waste generation has encouraged the search for viable
use alternatives. In this paper, four methods to obtain extracts from mango, soursop, and grape peels, as
well as and grape seeds, are studied. Their efficiency is analyzed through extraction yields and antioxi-
dant capacity characterization of the extracts.

Method: The extraction was performed using solvent, Soxhlet, microwave-assisted, and ultrasound
assisted extraction. The characterization of the extracts was made by total phenolic compounds and
flavonoids quantification, as well as antioxidant capacity determination, using the DPPH, FRAP, and
ORAC tests.

Results: It was found that grape seed extracts obtained by different extraction methods, highligh-
ting those obtained by microwave assisted extraction, present a high total content phenolic compounds
(>321.381,41 £ 3.476,85 pg Gallic Acid/g) and flavonoids (>103.232,01 £ 4.638,19 ug Quercetin/g),
in addition to high antioxidant activity, according to the results of the DPPH (<1,06 & 0,01), FRAP
(>152.280,08 % 5.197,53 ug TROLOX/g), and ORAC (>124.566,81 £ 581,96 ug TROLOX/g) tests.

Conclusions: The results presented in this study suggest that the extracts obtained from grape seeds,
especially those obtained by means of microwave-assisted extraction, have a potential use in food and
pharmaceutical industries, due to their high antioxidant capacity and their total phenolic compounds and
flavonoids content.
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Evaluation of Extracts Obtained from Fruit Wastes Using Different Methods

/ Resumen \

Contexto: En la actualidad, el aumento en la generacién de residuos agroindustriales ha incentivado la
biisqueda de alternativas viables de aprovechamiento. En este articulo se estudian cuatro métodos para
la obtencién de extractos a partir de cdscaras mango, guandbana y uva, y semillas de uva. Se analiza su
eficiencia a través de los rendimientos de extraccion y la caracterizacion de la capacidad antioxidante de
los extractos.

Meétodo: La extraccion se realizé mediante extraccion con solvente, extraccion Soxhlet, extraccion asis-
tida por microondas y extraccion asistida por ultrasonido. La caracterizacién de los extractos se realizé
mediante la cuantificacién de compuestos fendlicos y flavonoides totales, asi como la determinacién de
la capacidad antioxidante, utilizando las pruebas DPPH, FRAP y ORAC.

Resultados: Se encontré que los extractos de semilla de uva obtenidos por diferentes métodos de ex-
traccion, destacando los obtenidos por extraccidn asistida por microondas, presentan alto contenido de
compuestos fendlicos totales (>321.381,41 + 3.476,85 ug Acido Gilico/g) y flavonoides (>103.232,01
+ 4.638,19 g Quercetina/g), ademds de una alta actividad antioxidante, segin los resultados de las prue-
bas de DPPH (<1,06 + 0,01), FRAP (>152.280,08 £ 5.197,53 g TROLOX/g) y ORAC (>124.566,81
4 581,96 ug TROLOX/g).

Conclusiones: Los resultados presentados en este estudio sugieren que los extractos obtenidos de las
semillas de uva, especialmente aquellos obtenidos mediante extraccidn asistida por microondas, tienen
un uso potencial en la industria alimentaria y farmacéutica, debido a su alta capacidad antioxidante y su
contenido de compuestos fendlicos totales y flavonoides.

Palabras clave: capacidad antioxidante, extraccién convencional, residuos de frutas, extraccién no con-
vencional

@ioma: Inglés J

1. Introduction

Due to population growth and the need to improve living standards, the intensification of agricul-
tural production and agroindustrial processes have caused an increase in waste volume [ |]. Specifi-
cally, in the department of Caldas, a wide variety of agricultural products are generated, and some
companies located in the department that process different fruits to produce fruit pulps, confec-
tionery products, ice cream and dehydrated fruits, generate waste such as peels, seeds, stems, and
stalks. This type of waste has a negative impact on the environment due to its high concentration
of organic matter and its inappropriate final disposal [|]. Therefore, the interest in the use of agro-
industrial waste has increased to mitigate environmental impacts, give added value to waste, and
improve regional economies.

Mango, soursop, and grape peels, in addition to grape seeds, are some of the waste generated in
the agroindustry of Caldas. These wastes have valuable compounds with antioxidant properties in
their structure, which could be used as food ingredients, due to their benefits to human health [2].
The extraction of these compounds represents a viable and innovative alternative for the use of was-
te and for the development of regional industries, given that most of the waste of this type is used
for the generation of energy or the production of concentrates for animals [ |]. Valuable compounds
could be extracted through conventional techniques, for example, through solvent, Soxhlet, and
mechanical extraction [3]; and non-conventional techniques such as supercritical fluids extraction
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(SFE), ultrasound-assisted extraction (UAE), and microwave-assisted extraction (MAE) [4]. Con-
ventional extraction techniques have several disadvantages, since they consume too much time, are
arduous, and have less selectivity and poor yield. They also use organic solvents that could be toxic.
The basis of these techniques is basically the extraction power of the solvent and the heat applied
or its combination [4].

Several authors have reported valuable compounds extraction using different techniques. Extrac-
tion yields of 60,00 % were reported for grape peel using soxhlet extraction [5], and extraction
yields between 29,00 and 34,00 % in solvent extraction of mango peel compounds was obtained [6].
Some authors found yields around 2,00 % in the MAE of compounds from grape wastes, [7], [&].
On the other hand, the UAE of compounds from the soursop peel has an approximate yield of
15,00 % [©]. The results obtained previously in other studies are an indication of the potential of
mango, soursop, and grape peels, as well as grape seeds, to be used to obtain valuable compounds
with high added value.

Bioactive compound quantification and antioxidant capacity determination are carried out by
spectrophotometric or colorimetric methods [10]. Some of the most used methods are the quanti-
fication of total phenolic compounds and flavonoids [ 1], ferric reducing antioxidant power (FRAP)
determination [ 1 0], the 2,2 -diphenyl-1- picrylhydrazyl (DPPH) assay, the 2,2’-azinobis-(3-ethylben
zthiazoline-6-sulphonic acid) (ABTS) assay, and oxygen radical absorption capacity (ORAC) de-
termination [ 2]. The different antioxidant capacity assays are divided into hydrogen atom transfer
(HAT) and single electron transfer (ET) reaction-based assays [10].

The aim of this article is to obtain extracts from four fruit wastes (mango peel, soursop peel, grape
peel, and grape seed) using solvent extraction, Soxhlet extraction, microwave-assisted extraction,
and ultrasound-assisted extraction. Also, the antioxidant capacity of the extracts was evaluated by
determining total phenolic compounds and flavonoids, as well as performing DPPH, FRAP, and
ORAC tests.

2. Methodology

2.1. Waste obtaining and pretreatment

Mango peel (MP), soursop peel (SP), grape peel (GP), and grape seeds (GS) were selected consi-
dering their antioxidant capacity, which was previously reported in the literature. The wastes were
obtained from the industry in Manizales, Colombia. Fruit wastes were classified and sanitized for
subsequent dehydration. These were cut manually to reduce size and dried at 45 °C in a Terrigeno
brand muffle until constant weight. Once dry, the wastes were ground in a disk mill until a particle
size of 1 mm or less was reached.

2.2. Solvent extraction (SOL)

The dried wastes were placed in a container with ethanol 60 % in a 1:20 solid-liquid ratio. The
procedure was carried out for 8 hours at a temperature of 25 °C and with stirring of 65 rpm [13].
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Subsequently, the liquid fraction was separated from the solid fraction by vacuum filtration and
subjected to rotaevaporation at 40 °C and 180 mbar in order to recover the solvent and concentrate
the obtained extracts.

2.3. Soxhlet extraction (SOX)

The dried sample of the wastes was deposited in filter paper cartridges and placed on the Soxhlet
equipment. The extraction was carried out for 8 hours, using ethanol at 60 % with a 1:25 solid-
liquid ratio [14]. The liquid fraction obtained was subjected to rotaevaporation at 40 °C and 180
mbar to recover the solvent and concentrate the extracts obtained.

2.4. Microwave-assisted extraction (MAE)

The dried wastes were deposited in a container with ethanol at 60 % in a 1:10 solid-liquid ratio.
For this procedure, a 22 factorial experimental design was used, in which the power and extraction
time were selected as factors. Both factors had two levels, 700 W and 420 W for power and 1
and 3 min for time [15]. Subsequently, the liquid fraction was separated from the solid fraction by
vacuum filtration and subjected to rotaevaporation at 40 °C and 180 mbar to recover the solvent
and concentrate the obtained extracts.

2.5. Ultrasound-assisted extraction (UAE)

Wastes were deposited in a container with ethanol at 60 % in a 1:20 solid-liquid ratio. The pro-
cedure was carried out for 1 hour at a constant temperature of 50 °C and a power of 50 W [13].
Subsequently, the liquid fraction was separated from the solid fraction by vacuum filtration and
subjected to rotaevaporation at 40 °C and 180 mbar to recover the solvent and concentrate the
obtained extracts.

2.6. Calculation of extraction yield

The extracts were weighed, and the crude extraction yield (EY) was calculated according to Eq.

(1):
EY = [MgMy] %100 % (D

where Mp, is the extract mass (g) and My is the waste mass (g).

2.7. Extract characterization

The characterization of the obtained extracts was carried out by quantifying the total phenolic
compounds and flavonoids, as well as determining the antioxidant capacity with the DPPH, FRAP,
and ORAC methods.

2.7.1. 'Total phenolic compound determination

The total phenolic compounds were determined following the methodology described in [16].
During the analysis, 60 uL. of the sample were added to an assay tube that contained 4,75 mL
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of distilled water. 300 pL. of FolinCiocalteu 1 N were added, homogenized, and allowed to react
for 8 minutes. After this time elapsed, 900 uL. of Na,CO3 20 % were added and allowed to react
for 2 hours. The absorbance was measured at 765 nm. A pattern of gallic acid (GA) was made,
and distilled water was the photometric target. To this effect, the testing Spectroquant® Prove 300
spectrophotometer was utilized. The result was expressed as milligram equivalents of GA per gram
of sample on a dry basis.

2.7.2. Flavonoid determination

Flavonoids were determined according to the methodology described in [ 1], with some modifi-
cations. For this test, 20 uL of the sample were taken, and 115 pL of water and 7,5 uL. of NaNO,
5 % were added, homogenized, and allowed to react for 5 minutes. Then, 30 puL of AlCl; 2,5 % we-
re added, homogenized, and allowed to react for 6 minutes. Finally, 50 pL. of NaOH 1M and 50 puL.
of water were added, homogenized, and the absorbance was measured at 500 nm 5 minutes later.
A pattern of quercetin was made, and the photometric blank was distilled water. This test was per-
formed with a Multiskan GO UV/Vis Thermo Scientific microplate spectrophotometer. The result
of this test was expressed in equivalent micrograms of quercetin per gram of dry-based sample.

2.7.3. Antioxidant activity determination

To determine the antioxidant capacity, the methodology proposed by [14] was used. According
to this methodology, 5 dilutions of the sample were made, 150 pL of the dilution were taken and
added to an assay tube that contained 3 mL of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 6x10~° M.
The solution was stirred using a vortex for 30 seconds. Subsequently, the sample was stored in a
dark place for 1 hour. Finally, the absorbance was recorded at 515 nm. For this test, a Spectroquant®
Prove 300 spectrophotometer was utilized. The inhibition percentage was determined using Eq. (2),
and the dilutions with values between 20 and 80 % were taken to construct a graph of inhibition
against concentration. From this graph, the equation to calculate the IC5, was found, which refers
to the concentration of sample necessary to obtain a 50 % inhibition of free radicals with DPPH.

%]nh = [1 — AbSDlnAbSBT] * 100 % (2)

where Inh is Inhibition, Abspy, is the dilution absorbance, and Absgr is the blank test absorbance.

2.7.4. Ferric reducing antioxidant potential determination (FRAP)

The ferric reducing antioxidant potential was determined following the methodology described
in [17]. For FRAP measurement, the FRAP reagent was prepared, which consists of a mixture
of acetate buffer 300 mM, TPTZ 10 mM, and FeC1® 20 mM in a 10:1:1 ratio. First, 150 uL of the
FRAP reagent were taken and incubated for one minute at 37 °C. They were then homogenized, and
absorbance was measured at 600 nm. Subsequently, 20 uL of the sample were added, homogenized,
and allowed to react for 8 minutes. Finally, absorbance at 600 nm was again measured. TROLOX
was the standard substance, and the photometric blank was distilled water. For this test, a Multiskan
GO UV/Vis Thermo Scientific microplate spectrophotometer was utilized. The result was expressed
as equivalent micrograms of TROLOX per gram of dry-based sample.
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2.7.5. Oxygen radical absorbance capacity determination (ORAC)

Oxygen radical absorbance capacity was determined according to the methodology described
in [18]. For ORAC determination, 20 puL of the sample were taken, and 120 uL of fluorescein 120
nM are added and incubated for 15 minutes at 37 °C in the absence of light. Subsequently, 60
uL of AAPH 40 mM were added, and the fluorescein intensity was read every minute for 2 hours
using 538 and 485 nm emission and excitation filters. For this analysis, TROLOX was used as the
reference substance. The photometric target and positive control of the test was a phosphate buffer.
This test was performed with a Fluoroskan Ascent Thermo Scientific microplate fluorimeter. The
result was expressed as equivalent micrograms of TROLOX per gram of dry-based sample.

2.8. Statistical analysis

All analyses conducted in this study were performed in triplicate, and the values reported are
presented as average values, along with their standard deviations. For the statistical analysis, the
t-test was performed to identify whether the results obtained by every extraction method were
significantly different. Solvent extraction was taken as the base case, so that the results obtained for
the wastes by means of different extraction methods were compared with the results obtained by
solvent extraction. p<0,05 was defined for significantly different data, and p<0,01 for significantly
very different data. Statistical analysis was performed using Microsoft Excel®.

3. Results and discussion

3.1. Solvent extraction

Table I presents the extraction yield obtained using solvent (SOL) and soxhlet (SOX) extraction.
In SOL, the wastes with a highest content of extracts were grape peel (GP) and soursop peel (SP),
with an extraction yield of 61,89 and 44,61 %, respectively. According to literature reports, the SOL
yields for mango peel (MP) are between 29,00 and 34,00 % [6], while the yield for grape seed (GS)
is approximately 10,40 % [19]. It was observed that the results obtained in this study (38,66 % for
MP and 12,72 % for GS) are slightly higher compared to those reported in the literature. This is
due to the extraction times used in previous studies [60], [19].

3.2. Soxhlet extraction

In Table I, it is possible to observe that GP (64,65 %) and MP (52,28 %) present the highest con-
tent of extracts. Likewise, the yield through SOX extraction has significant differences in the case
of GP and very significant differences for MP, SP, and GS, with respect to the extraction yield ob-
tained through SOL extraction, which can be identified with asterisks presented in the Table and
were obtained through statistical analysis.

In the literature, SOX extraction yield of GP is approximately 60,00 % [5], a value close to that
obtained by this study (64,65 %). However, in the case of SP, values from 0,23 to 16,50 % are re-
ported [20], showing a significant difference with the ones found in this work (50,63 %). This is
possibly due to the use of other solvents, for example, methanol, hexane, or ethyl acetate, as well
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as the extraction temperature (room temperature) [20].

The differences obtained between the extraction yields with the SOX and SOL methods are
mainly due to the fact that, in SOX extraction, waste is in contact with the pure solvent, while
it is not recovered in SOL extraction, so it could become saturated [3]. Considering this, the per-
formance of SOX extraction is expected to be higher.

3.3. Microwave-assisted extraction

Table I also presents the extraction yield obtained using microwave-assisted extraction (MAE). It
is possible to observe that GP yields the highest content of extracts when powers of 700 W and 420
W and 3 minutes of extraction are used, with an EY of 65,35 and 62,18 %, respectively. According
to previous studies, MAE has obtained yields of around 2,00 % for grape wastes [7], [£], values
much lower than those obtained in the present study, which vary between 15,08 and 65,35 % for
GS and GP. This information suggests that the selected operating conditions optimize the extraction
process.

Table I also shows that, when the extraction time is set, if a higher power is used, higher extrac-
tion yields are obtained. On the other hand, if the extraction process power is set, increasing the
time also increases the extracted compound yields, except for MAE, with a power of 420 W for the
MP case. Therefore, it can be concluded that the use of higher potential and longer extraction times
positively influences the performance of the MAE process.

Similarly, it is observed that the extraction yield of MP by MAE (47,97-53,82 %) has very sig-
nificant differences compared to SOL extraction (38,66 %). In the case of SP, only very significant
differences are observed in MAE, with operating conditions of 420 W and 1 minute (26,85 for
MAE and 44,61 for SOL). The extracts from GP show significant differences with respect to SOL
extraction (61,89 %) when MAE is used at a power of 700 W and times of 1 and 3 minutes (65,35
and 59,02 %), while, if a power of 420 W is used for 1 minute (45,96 %), the differences are very
significant. When GS is used to obtain extracts, it is observed that the yields obtained from these by
MAE for 3 minutes (16,40 and 16,12 %) present significant differences compared to SOL extrac-
tion (12,72 %). Meanwhile, if the extraction is performed for 1 minute, no significant differences
are reported.

3.4. Ultrasound-assisted extraction

Table I presents the extraction yield obtained using ultrasound assisted extraction (UAE). Was-
tes such as MP (53,53 %) and GP (61,29) yield a higher percentage of extracts compared to GS
(13,93 %). According to a previous study [21], the yield of UAE for MP is 14,30 %, a value that
differs considerably from the results obtained in this work (53,53 %). This is because the tempera-
ture used in the study was room temperature [21]. Similarly, a yield of 15,74 % for SP was reported
using operating conditions of 5 minutes and 25 °C [9]. This value is lower than the one obtained in
this study (39,56 %). These data indicate that, at a higher temperature (50°C) and extraction time
(1 h), it is possible to obtain better yields through UAE.
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Table I. Extracts obtained by the different methods
Extraction method Conditions Waste Extraction yield [ %]
MP 38,66 + 0,74
25°C SP 44,61 £ 1,05

Solvent 8h GP  61,80£0,72
GS 12,72 £ 0,37
MP 52,28 + 1,28%**
SP 50,63 + 0,87%**
Soxhlet 8h Gp 4652052
GS 18,45 + 0,53%**
MP 53,82 + 1,76%*
700 W SP 46,51 + 1,68
3 min GP 65,35 + 1,43*
GS 16,40 + 0,06*
MP 52,50 + 0,38%**
700 W SP 45,18 £2,68
1 min GP 59,02 + 0,24*
Microwave GS 15,62+ 0,16
assisted MP 47,97 + 0,65**
420 W SP 42,56 £ 0,71
3 min GP 62,18 +2,85
GS 16,12 + 0,07*
MP 50,12 + 1,04%*
420 W SP 26,85 + 0,58%**
1 min GP 45,96 £ 0,77%*
GS 15,08 £ 0,10
50 °C MP 53,53 £ 1,18%*
Ultrasound SOW SP 39,56 + 0,54**
assisted 1h GP 61,29 + 1,01

GS 13,93 £ 0,55

*: p<0,05; **: p<0,01

When the results obtained by the two non-conventional techniques are compared, slightly more
favorable values are observed in the case of MAE at 700 W and 3 min, with 17 % higher values
for SP and GS. This may be due to the high lignin content present in the waste used for extrac-
tion, which has the function of giving resistance to the cell wall [22]. Considering the principle of
acoustic cavitation that is applied in UAE, it could be suggested that the bubbles formed would not
cause an easy rupture of the cell wall that allows a better diffusion of the solvent, and therefore a
greater extraction yield [23].

Considering the consumption of time and energy of every extraction method, the time used in con-
ventional extractions is significantly greater than the time required by non-conventional methods to
obtain close extraction yields. This demonstrates that non-conventional extraction techniques repre-
sent a viable alternative to obtain valuable compounds, since operating times are noticeably shorter,
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which could be related to increased production. The energy consumption in non-conventional tech-
niques is much lower, which translates into lower costs and, similarly, less environmental impact.
On the other hand, it is important to highlight the use of ethanol as a solvent, as well as its possibility
of recovery, which, in turn, translates into lower costs for the acquisition of raw materials, in addi-
tion to generating a low environmental impact by not disposing of organic solvents, characterized
by negative impacts on the environment [24].

3.5. Extract characterization

Table II shows the results obtained for the total phenolic compounds (TPC) of the extracts, with
values from 62.915,99 + 889,91 ug GA/g for MP extracts to 700.936,84 + 5.564,79 ug GA/g for
GS extracts. In general, it is observed that the TPC contents of the extracts obtained by the different
techniques for each of the wastes show significant differences with respect to the extracts obtained
by solvent extraction, with 32 and 64 % higher values for MP and GP extracts, respectively. On
the other hand, when the extracts obtained by different methods were analyzed, it was found that
there is no relationship between the extraction method and the TPC content of the extract. Howe-
ver, in the case of grape waste extracts, better results were found through MAE and SOX extraction.

According to the results reported in the literature, the TPC values for GP extracts can vary from
5.000,00 to 48.600,00 ug GA/g with different extraction methods [25]. Previous studies also report
TPC values between 3.512,00 and 5.617,00 ug GA/g for MP extracts [26]. When comparing data
found in the literature with the results obtained in this study, it is observed that they differ in an
order of magnitude (62.915,99 + 889,91 to 147.193,63 + 1.643,39 ug GA/g for MP extracts and
268.546,27 + 9.779,74 to 613.037,87 £ 1.885,09 for GP extracts), which may be due to the con-
centration of the solvent, the time, and the extraction temperature, which are determining factors in
extraction performance.

Table II also shows the results obtained from flavonoids for the extracts. Asterisks mark the sig-
nificant (*) and very significant (**) differences in the flavonoid content of each extract obtained
through the different methods with respect to solvent extraction. In general, GP and MP show signi-
ficant differences, whereas for GS and SP, the differences between the results are not significant. On
the other hand, according to the results presented in the literature, the GS extracts obtained by SOL
extraction have a flavonoid content of 6.398,00 ug Quercetin/g [27], while the SP extracts obtained
with SOX extraction present a flavonoid content of 36.100,00 pg Quercetin/g [20]. The differences
between the results reported in the literature and those found in the present study (207.832,52 +
13.996,46 pg Quercetin/g for GS extracts and 17.198,74 + 780,13 pug Quercetin/g for SP extracts)
are due to the different operating conditions and the use of solvents other than ethanol.

Likewise, it is observed that the higher flavonoid content corresponds to the extracts obtained
from GS (103.232,01 + 4.638,19 to 270.954,93 + 10.582,09 ug Quercetin/g), followed by the ex-
tracts obtained from MP (62.674,99 + 1.547,61 to 147.483,54 + 4.269,63 ug Quercetin/g). A daily
quercetin intake of approximately 50 mg has anti-inflammatory and antioxidant effects [28]. The-
refore, MP and GS extracts, could supply of the recommended daily amount of quercetin. Conse-
quently, these extracts could be used as food additives or dietary supplements [29].
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Table II. Total phenolic compounds and flavonoids in the extracts

Method TPC [ug GA/g] Flavonoids [ug Quercetin/g]
MP SOX 147.193,63 + 1.643,39%* 147.483,54 £ 4.269,63*
MP SOL 111.120,65 £ 1.112,96 111.820,59 +5.438,03
MP M700-3  86.595,18 + 855,74** 85.431,69 +£4.110,64*
MP M700-1 126.169,67 + 1.266,06** 124.054,56 + 2.376,74*
MP M420-3  145.541,26 + 621,14%* 142.485,21 £ 5.872,08%*
MP M420-1  62.915,99 + 889,91 *%* 62.674,99 + 1.547,61%*
MP UAE 139.940,09 + 2.542,73%* 123.926,89 + 1.942,57
SP SOX 269.015,53 £ 926,25%* 17.198,74 + 780,13
SP SOL 355.419,40 + 8.092,43 20.314,46 + 579,93
SP M700-3  137.268,52 £+ 1.266,57** 22.410,37 + 769,94
SP M700-1 126.134,26 + 1.300,19%** 21.068,22 + 832,49
SP M420-3 196.416,13 £4.713,81%* 33.039,75 + 2.039,08*
SP M420-1 68.901,15 £ 754,04%** 11.912,81 + 236,20**
SP UAE 151.057,28 £ 3.911,89% 23.016,83 + 1.358,45
GP SOX 613.037,87 £ 1.885,09** 39.787,67 + 1.833,13*
GP SOL 373.978,77 + 18.850,94 51.831,11 + 880,61
GP M700-3 494.441,06 + 1.717,77* 31.404,00 £ 699,93**
GP M700-1 556.535,97 £1.983,51** 36.574,89 £ 2.260,79**
GP M420-3  384.483,95 +2.224,78 24.765,14 £ 1.253,72%*
GP M420-1 281.706,16 + 4.150,73* 16.712,21 + 499,66**
GP UAE 268.546,27 £9.779,74 22.323,72 + 283,92%*
GS SOX 700.936,84 £ 5.564,79 246.527,30 £ 11.729,74
GS SOL 622.591,25 £ 3.579,55 207.832,52 + 13.996,46
GS M700-3 436.124,74 £ 1.885,09** 169.230,74 £ 6.553,75
GS M700-1 321.381,41 £3.476,85** 103.232,01 £ 4.638,19%*
GS M420-3 669.390,00 £ 2.525,35%* 225.661,61 £5.273,43
GS M420-1 470.132,10 £ 1.246,87** 154.329,72 £ 5.932,83
GS UAE 291.277,55 + 1.564,76* 270.954,93 £ 10.582,09

*: p<0,05; **: p<0,01
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The results obtained in the determination of the antioxidant capacity are presented in Table III.
In general, it is observed that the antioxidant capacity (IC 50 , FRAP and, ORAC) of the extracts
obtained by each of the methods presents significant differences with respect to the results obtained
through SOL. In the case of the antioxidant activity (IC 50 results), the values could be 55 and
36 % higher for MP and SP extracts, respectively, compared to the results obtained through solvent
extraction. In the FRAP test, the results may differ in percentages of 37 and 62 % for the extracts
of MP and GS, compared to the values obtained for the extracts obtained with SOL. Likewise, dif-
ferences of greater than 85 % were found for the extracts of each waste, according to the results of
the ORAC test. This can be seen in Table III, where * corresponds to a significant difference and
** is a very significant difference.

Table III shows that the extracts obtained from GS (1,00 + 0,01 to 1,14 + 0,01) and GP (1,83 +
0,01 to 6,77 £ 0,08) have a greater inhibitory capacity expressed in terms of inhibitory concentra-
tion (IC 50 ), while the extracts obtained from SP (19,21 + 0,56 to 30,28 + 0,49) and MP (10,48 +
0,43 to 23,37 £ 0,09) have the lowest inhibitory capacity. A literature study reports an IC 50 value
of 1.180,00 for SP extract obtained through conventional extraction [30]. This value is higher than
the one found in this work (30,28 + 0,49), which is due to the extraction time of 1 hour and the
use of pure ethanol as a solvent. On the other hand, an IC 50 value of 2,44 is reported for the GS
extract, which does not differ greatly with the values obtained in this study (1,00 = 0,01 to 1,14 +
0,01).

In the case of the ferric reducing antioxidant potential (FRAP), it is observed that the extracts ob-
tained from GS have the best results, highlighting those obtained by MAE (152.280,08 + 5.197,53
to 181.331,54 + 1.292,64 ug TROLOX/g). In previous studies, it has been found that the extracts
of grape waste can reach FRAP values of 132.653,70 ug TROLOX/g [31], values close to those
obtained in this study for GS (between 152.280,08 + 5.197,53 and 181.331,54 + 1.292,64 ug TRO-
LOX/g). On the other hand, it is observed that GS, GP, SP, and MP extracts present a greater FRAP
value compared to raspberry and blackberry, which have a FRAP value of 9.828,89 and 9.999,09
ug TROLOX/g, respectively, and stand out for having a high antioxidant capacity [32].

Similarly, in this Table shows that the results obtained for oxygen radicals absorbance capacity
(ORAC) range from 4.429,21 + 32,68 ug TROLOX/g for SP extracts obtained by MAE at 700 W
for 3 minutes, up to 756.094,60 £ 1.002,33 ug TROLOX/g for GS extract obtained by MAE at 700
W for 3 minutes. When comparing the results obtained with data reported in the literature for GP
extracts, it is observed that ORAC values found in the pre- sent study are up to 12 times higher.
In the case of MAE using methanol 60 % as a solvent, an ORAC value of 31.982,06 ug TRO-
LOX/g [33] was reported, whereas for SOL, a value of 68.204,03 ug TROLOX/g was found [25].
This indicates that the operating conditions used in the extraction significantly affect the antioxi-
dant capacity of the extracts.

In the daily diet, it is recommended to consume foods that provide an ORAC value greater than
2.502.900 pg of TROLOX [34]. According to this information, the extracts obtained from wastes
can contribute an important percentage of these requirements, as is the case of the GS extracts
obtained by microwave-assisted extraction at 700 W and 3 minutes (756.094,60 + 1.002,33 pg of
TROLOX), which can supply 30 % of the antioxidants recommended for daily intake with 1 g of
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Table III. Antioxidant capacity of extracts

Method 1C50 FRAP [pg TROLOX/g] ORAC [pg TROLOX/g]
MP SOX 21,14 +£0,08%* 109.573,31 +2.829,32%* 607.741,88 + 31.622,11
MP SOL 2337+0,00  91.391,63+2.01721  596.853,03 = 1.968.,66
MP M700-3 20,74 £0,23%%  72.773,95 + 1.950,52%  79.664,22 + 528,23**
MP M700-1 2022 +£0,14%%  60.934,57 + 2.688,25%*  60.835,67 £ 255,77**
MP M420-3 20,92 £0,12%*%  57.388,13 £ 1.607,64**  176.766,53 + 980,33**
MP M420-1 20,48 £0,01%*  66.558,70 + 1.600,01%*  194.937,72 + 1.023,83**
MPUAE 1048 £043**  84.19538 + 1.046,73*  160.388,21 + 442, 82**
SP SOX 26,56+ 0,05%  76.340,75 £ 3.620,05%*  15.849,36 + 48,20%*
SP SOL 30,28+ 0,49  120.280,83 £2.629,18  638.840,77 + 2.077,63
SP M700-3  25,65+0,35% 116.998,10 + 3.832,97* 442921 + 32,68%*
SPM700-1 2723 +£0,23*%  103.748,95 £2.597,18*  11.248,93 + 55,66%*
SP M420-3 2634 +0,08*  127.828,11 £993.47*  51.937,50 + 250,91%*
SPM420-1 2551 £0,07%  89.956,15 £2.899,19%  454.416,72 + 1.962,09%
SP UAE 1921 £0,56%*  91.500,15 + 3.424,06*  36.535,31 £ 156,60%*
GP SOX 2,15+ 0,01% 4525417 + 814,16%%  158.034,18 + 417,13%*
GP SOL 2,23 0,01 33.208,97 + 389,54 95.463,49 + 244,33
GPM700-3 1,92+0,01%*  31.45325+1.073,72  180.532,45 + 818,58%*
GPM700-1 1,90+ 0,01%% 322502397352  400.151,65 + 2.006,49%*
GP M420-3 1,90 +0,02%*  26.321,56 + 344,13%*  134.880,93 + 840,99%
GP M420-1 1,83+ 0,01%%  22.427,80 +286,85%*  270.431,50 + 1.174,70%*
GP UAE 6,77 +0,08*%*  41.118,45+ 1.230,51%  137.871,37 + 642,90%*
GS SOX 1,I0£0,01  146.597,12 £ 4.223,36%  248.462,09 = 1.990,96%*
GS SOL 1,14 £0,01 111.656,79 + 721,40 447.823,12 + 569,93
GSM700-3 1,06 +0,01*  175.835,57 2.798,28** 756.094,60 + 1.002,33**
GSM700-1  1,00+0,01*  172.721,78 £ 414,45%%  607.455,46 + 2.716,77*
GSM420-3  1,02+0,01*  181.331,54  1.292,64%*  124.566,81 % 581,96%*
GSM420-1  1,00+0,01*  152.280,08 +5.197,53%  701.047,14 + 3.028,81%*
GS UAE 1,53 £0,05%%  151.350,86 + 1.704,15%*  237.008,67 + 363,09%*

*: p<0,05; **: p<0,01
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the extract. Therefore, these extracts could be a potential source of valuable compounds with the
ability to inhibit lipid oxidation reactions [10].

According to the results, it is observed that GS extracts present the highest content of phenolic
compounds (291.277,55 + 1.5647,58 to 700.936,84 + 5.564,79 ug GA/g) and a better antioxidant
capacity, regardless of the way in which the extracts were obtained. Previous studies have reported
the presence of compounds, for example, gallic acid, catechin, epicatechin, and proanthocyanidins
in GS. These compounds contribute to the high antioxidant capacity of this waste [35], [36]. Con-
sidering the antioxidant capacity of GS extracts, the valuable compounds present in them would
be expected to be good electron donors and can inhibit the Fe®/Ferricyanide complex, which is
reflected in the high values of the FRAP test (111.656,79 + 721,40 to 181.331,54 + 1.292,64 ug
TROLOX/g) [37]. The results obtained in the ORAC test (124.566,81 £+ 581,96 to 756.094,60 +
1.002,33 ug TROLOX/g) indicate that GS extracts contain compounds capable of trapping the pe-
roxyl radical, which is relevant in the oxidation of lipids in food [10].

Considering the presence of antioxidant compounds in GS, this waste becomes a raw material
of great interest in the food industry due to its benefits to human health [29]. The use of extracts
obtained from fruit waste as food ingredients is an interesting alternative for obtaining compounds
with a high antioxidant capacity, since it represents the possibility of valorization of this type of
waste, which not only brings economic benefits for the industry, but also avoids inappropriate dis-
posal, thus reducing environmental impact [38]. On the other hand, microwave-assisted extraction
is a viable method for obtaining valuable compounds, since, in short periods of time and with low
energy requirements and water consumption, it is possible to obtain high yields from the bioactive
compounds with antioxidant capacity. However, it is necessary to analyze the composition of the
extracts and carry out toxicity tests in order to define their possible applications and guarantee their
safety.

4. Conclusions

The results obtained in this study show that the extraction yields of conventional and non-
conventional methods turn out to be significantly different. Grape peel was the waste with the
highest extraction yields, followed by mango peel, soursop peel, and grape seed. Obtaining gra-
pe and mango peel extracts proved to have higher yields when microwave-assisted extraction was
used (700 W and 3 min), while the highest yield was obtained with Soxhlet extraction in the case
of soursop peel and grape seed.

In contrast, grape seed extracts presented the highest antioxidant capacity, followed by mango
peel, grape peel, and soursop peel. Grape peel, soursop peel, and grape seed extracts presented
higher antioxidant capacity when microwave-assisted extraction was used. As for mango peel, the
best results were for the extracts obtained through Soxhlet extraction.

These results indicate that there is no relationship between the extraction method, its efficiency,
and the quality of the extracts obtained. This is due to the composition of the wastes, which may

present compounds in their structure whose extraction is facilitated by a specific technique. Howe-
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ver, microwave-assisted extraction presented very good results for each waste, and, considering the
short extraction times, it is the technique with the highest efficiency.

The results of this study give rise to future research in which the composition of the extracts
obtained is analyzed, especially those obtained from grape seeds by microwave-assisted extraction,
in order to identify different metabolites and their concentration, and similarly, carry out toxicity
tests to guarantee the safety of the extracts, so that they can be used as food ingredients with a
potential specific benefit.
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