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Abstract: This study aimed to extract bioactives from red onion skins for use as edible colorants
that are both natural and functional. The extraction of bioactive chemicals from red onion skins
using a conventional solvent extraction was optimized using a Central Composite Design (CCD).
The influence of extraction parameters, such as ethanol and citric acid concentrations, extraction
temperature, and time, on anthocyanin content and antioxidant activity (DPPH method) was studied.
A quadratic model was suggested for all of the parameters examined and employed. Citric acid con-
centration (0.05-2.64%), ethanol concentration (6.36-73.63%), operation temperature (16.47-58.52 °C),
and extraction duration (10-234.54 min) were the variables studied in the coded form of the experi-
mental plan. The best conditions for maximum anthocyanins and antioxidant activity recovery were:
60% ethanol, 0.87% citric acid, 179.99 min, and 25 °C. The anthocyanins concentration varied from
0.45 to 1.43 mg C3G/g DW, while the antioxidant activity varied from 24.29 to 37.20 mM TE/g DW,
according to the experimental design. Overall, it should be emphasized that the extraction process
can be enhanced by settling the operating factors to maximize the model responses. The current
findings demonstrate that extracts from red onion skins would be useful in developing functional
food products.

Keywords: anthocyanins; extraction; antioxidant activity; red onion skins; CCD

1. Introduction

Since ancient times, the onion (Allium cepa L.) has been one of the most important
vegetable crops and it is the world’s second most developed agricultural crop after the
tomato. Onions are grown in various shapes, colors, sizes, and pungency to fulfill specific
culinary and nutritional needs and have become a nearly universal ingredient in food
preparation worldwide [1]. Onion production has grown over the last decade and it
now reaches about 98 million tons around the world. More than 550,000 tons of by-
products (onion skins) are produced yearly, causing various biological and environmental
problems [2]. Valorization is widely applied to managing agro-industrial by-products,
in which by-products are considered valuable secondary raw materials with potential
functional constituents for developing value-added products [3]. Onion by-products have
been an intriguing challenge for researchers aiming to create efficient reuse strategies for
its bioactive compounds due to onion increased production and a relatively substantial
amount of generated by-products without acceptable disposal.

Onion by-products have generally been recognized as a source of non-structural
carbohydrates, dietary fibers, polyphenols, and flavor compounds. Bioactive compounds
such as phenolics, flavonoids, and anthocyanins are abundant in red onions and their
dry outer layers. Their quantities in the skin of red onion are higher than in the edible
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portion because of their preventive properties against soil microorganisms [4]. The phenolic
compounds in the red onion skin mainly consist of flavonoids. They include two main
groups, namely, flavonols (such as quercetin, kaempferol, and its glucoside derivatives)
and anthocyanins (especially cyanidin derivatives) [5]. Flavonols are generally found in
glycosylated forms; the two most frequent quercetin forms in red onion skin are quercetin
4'-O-B-D-glucoside and quercetin 3,4'-O-B-D-diglucoside, which account for 80-85% of the
total flavonoid content [1]. Cyanidin 3-glucoside is the major anthocyanin found in red
onion skin. Smaller quantities of cyanidin 3-laminaribioside, peonidin, and pelargonidin
glucosides are also present [6]. Red onion skins may be a source of natural colorants that
can be extracted using various methods and utilized in foods as a substitute for synthetic
compounds. These red onion skins can be a natural, low-cost, and widely available source
of beneficial ingredients, including antioxidants [7].

Anthocyanins form an important group of water-soluble plant pigments and are
used as food colorants. Additionally, anthocyanins have health-promoting effects such as
anti-cancer, anti-inflammatory, antidiabetic, anti-obesity, and enzyme inhibitory effects,
contribute to the prevention of cardiovascular disease, and have powerful antioxidant
properties [8].

Different methods have been used to obtain phytochemicals, and extraction is the
most important stage in providing bioactive compounds. Developing effective extrac-
tion procedures is crucial to improve the extraction of valuable compounds in terms of
cost-effectiveness and environmental friendliness. The principal elements to consider in
extraction processes include matrix properties, solvent selection, temperature, liquid-to-
solid ratio, pressure, and extraction time. The most common method for the extraction
of bioactive compounds is solvent extraction (such as extraction based on ethanol and
methanol) [9].

Solvent extraction is used to increase the extraction efficiency, extraction time, extrac-
tion quality, and solvent consumption. Anthocyanins are more soluble in polar solvents
than in non-polar solvents. In addition, because anthocyanins are unstable in alkaline
solutions, highly acidic aqueous solvents are used. Due to the swelling of the tissue walls,
adding acid to a solvent enhances the extraction yield [10]. Aqueous ethanol (50 to 75%) is
often used to extract flavonoids from onion skin waste. Temperature, extraction duration,
and the solvent-to-raw material ratio also affect the extraction of flavonoids from onion
skin waste [11].

In the current study, a conventional solvent extraction method with four variable
factors was developed (ethanol concentration, citric acid, temperature, and time). Further-
more, a central composite design (CCD) was employed to optimize the extraction technique
and enhance the antioxidant activity. Anthocyanins extraction from red onion skin extracts
under stirring was also studied for a more efficient solid /liquid extraction of bioactive
compounds. This research offers new insights into the impact of conventional extraction
methods on and the determination of the optimal extraction conditions for anthocyanin-rich
by-products.

2. Materials and Methods
2.1. Reagents and Chemicals

HPLC-grade methanol, ethanol, Folin—Ciocalteu reagent, glacial acetic acid,
2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-hydroxy2,5,7,8 tetramethylchromane-2-carboxylic
acid (Trolox), gallic acid, potassium chloride, sodium nitrite, sodium hydroxide, sodium
bicarbonate, sodium acetate, sodium carbonate, aluminum chloride were obtained from
Sigma Aldrich Steinheim (Darmstadt, Germany). All other reagents used in the experiments
were of analytical grade.

2.2. Red Onion Skins Preparation

Red onions were purchased from a local market in Galati, Romania. The outer layers
of the red onions were collected, washed with ultrapure water, and dried for 2 h at 40 °C in
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a typical oven (Stericell 111, MMM Medcenter, Miinchen, Germany) to a moisture content
of 11.0%. The red onion skins were powdered (mean particle diameter of 1 mm), stored at
room temperature in an airtight glass jar in the dark, and utilized for extraction.

2.3. Conventional Solvent Extraction

The extraction was carried out using 1 g of red onion skin and 15 mL of ethanol in
various concentrations, ranging from 6.36 to 73.63%. The plant material-to-solvent ratio
was 1 to 15. Each extraction was acidified with a citric acid solution (ratio 14:1, v/v), using
varying quantities from 0.05 to 2.64%. The extractions were carried out using an orbital
shaker (SI-300R Medline Scientific, Chalgrove, UK) at 150 rpm at 16.47-58.52 °C for 10 to
234.54 min. The samples were centrifuged for 10 min at 14,000 rpm and 4 °C using a Hettich
Universal 320R equipment, Germany, and the supernatant was phytochemically examined.

2.4. Determination of the Total Anthocyanins Content (TAC)

TAC was calculated using the pH differential method with two reagents, i.e., potassium
chloride buffer (pH 1.0) and sodium acetate buffer (pH 4.5). The absorbances at 520 and 700 nm
were measured using a UV-VIS spectrophotometer (Libra S22, Biochrom, Cambridge, UK).

The total anthocyanin content (TAC) was expressed in mg cyanidin 3-O-glucoside
(C3G)/g dry weight (DW) and was calculated according to Equation (1) as described by
Lee et al. [12], with slight modifications.

A X MW x DF x Vt
ex1xM

where A is the difference between (A520-A700) at pH 1.0 and (A520-A700) at pH 4.5, MW is
the molecular weight (449.2 g /mol) of cyanidin-3-glucoside, DF is the dilution factor, Vt is
the total volume (mL), € is the molar extinction coefficient (26,900) of cyanidin-3-glucoside,
1is the path length, and M is the weight of red onion skins (g).

TACmg/g = @D

2.5. Determination of the Antioxidant Activity (AA)

The DPPH free radical-scavenging method was used to determine the antioxidant
activity, which was expressed as mM Trolox Equivalents (TE)/g DW [13]. To measure the
in vitro antioxidant activity, 100 pL of the extract was mixed with 3.9 mL of a DPPH stock
solution. The mixture was then kept at room temperature for 30 min in complete darkness.
The absorbance was measured at 515 nm, and the results were quantified using a Trolox
calibration curve.

2.6. Experimental Design

The Central Composite Design (CCD) method was used to determine experimentally
the antioxidant activity and optimize the TAC in the red onion skins extract. A central
component of five factors, three central points, and the design of 21 experimental variants
were used in an experimental factorial model. Table 1 shows the maximum and minimum
values of the variables explored in the experimental plan in their current and coded forms.
In addition, for response variables, the CCD creates a quadratic model.

Table 1. Range of values for the factors investigated and encoded values.

Independent

Code Vari Units Minimum Maximum Coded Low Coded High
ariables
A Citric acid % 0.0500 2.64 —-1=0.10 +1=2.00
B Ethanol % 6.36 73.63 —1=20.00 +1 =60.00
C Temperature °C 16.47 58.52 —1=25.00 +1=150.00
D Time min 10.00 234.54 —1=20.00 +1 =180.00
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A second-order polynomial model (2) can be used to represent the software used to
test the experimental conditions:

R=bo+Y b -xi+) ,  bii-xj+ Y bijXi-xjg 2)

where R is the predicted response, by is the intercept, b;, b;;, and b;; are the regression
coefficients, x; and xj; are the independent variables analyzed, n is the number of factors.

2.7. Statistical Analysis

In the study, we utilized the statistical software Design Expert (v. 13) from Design-Expert®
to examine the experimental model (Stat-Ease, Inc., Minneapolis, MN, USA). All analyses
were carried out in triplicate, and the findings are expressed as mean =+ standard deviation.

3. Results

A Central Composite Design (CCD) and surface response modeling were utilized
to establish the ideal parameters for optimizing the extraction process. Additionally, the
content of anthocyanins and the antioxidant activity were determined. The complete CCD
matrix used to optimize the principal variables evaluated and the corresponding values are
shown in Table 2.

Table 2. Actual values of the principal variables analyzed in the CCD matrix.

Run Factor 1 A: Factor 2 B: Factor 3 C: Factor 4 D: Response 1 AA  Response 2 TAC
Citric Acid % Ethanol % Temperature °C Time min mM TE/g DW mg C3G/g DW
1 1 40 37 100 26.92 1.02
2 1 40 16.47 100 27.71 1.05
3 2 60 50 20 27.24 1.34
4 1 73.63 37 100 37.2 1.43
5 1 40 37 100 26.84 1.03
6 0.1 20 50 20 28.7 0.6
7 2 60 25 20 25.01 1.32
8 0.1 60 25 180 32.53 1.18
9 1 40 37 100 26.74 1.02
10 1 40 58.52 100 26.73 1.09
11 2.64 40 37 100 25.32 1.11
12 0.1 20 25 20 30.39 0.62
13 2 20 25 180 29.51 0.52
14 1 6.36 37 100 29.41 0.45
15 0.1 60 50 180 31.07 1.21
16 1 40 37 10 24.29 0.52
17 1 40 37 100 26.73 1.04
18 0.05 40 37 100 26.63 1.05
19 1 40 37 234.54 31.14 1.22
20 1 40 37 100 27.64 1.01
21 2 20 50 180 27.24 0.51

3.1. Influence of the Extraction Parameters on AA

This research aimed to determine the effect of a suitable optimal pattern of variables
on the antioxidant activity of the extract from red onion skins. The antioxidant activity
varied from 24.29 to 37.20 mM TE/g DW depending on the values of the various variables
(Table 2). According to the variables of the extraction environment, the regression equations
developed after the ANOVA explained the antioxidant activity values of the red onion
skin extract obtained (Table 3). For the AA, the Model F-value of 112.73 implied the
model was significant. In this case, B, C, D, AB, AC, AD, BC, BD, CD, A?, and B? were
significant model terms. According to the regression model used for the DPPH free radical-
scavenging potential, the determination coefficient of R? was 0.99, indicating that only 0.01
of the variation of the antioxidant activity could not be specified by the current model.
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The predicted determination coefficient R? of 0.95 was in reasonable agreement with the
adjusted determination coefficient R? of 0.98.

Table 3. ANOVA for the reduced quadratic model for AA and TAC.

AA TAC

Source SS df MS F-Value p-Value Source SS df MS F-Value  p-Value
Model 17239 14 1231 112.73 <0.0001*  Model 1.84 14 0.1316 868.48 <0.0001 2
A-Citric acid 0.1126 1  0.1126 1.03 03491 A-Citric acid 0.0001 1 0.0001 0.9003 0.3793
B-Ethanol 3249 1 3249 297.46 <0.0001  B-Ethanol 0.5410 1 0.5410 3569.82  <0.0001
C-Temperature 163 1 1.63 14.91 0.0083  C-Temperature 0.0006 1 0.0006 3.65 0.1045
D-Time 1945 1 1945 178.09 <0.0001  D-Time 0.3096 1 0309 2043.28  <0.0001
AB 422 1 4.22 38.59 0.0008  AB 0.3111 1 03111 2052.61 <0.0001
AC 119 1 1.19 10.92 0.0163  AC 3.422 x 1077 1 3422 x1077 0.0023 0.9636
AD 19.08 1 19.08 174.65 <0.0001  AD 0.0049 1 0.0049 32.31 0.0013
BC 280 1 2.80 25.60 0.0023  BC 0.0008 1 0.0008 5.28 0.0613
BD 454 1 4.54 41.59 0.0007  BD 0.0000 1 0.0000 0.1077 0.7540
CD 228 1 2.28 20.87 0.0038 CD 0.0001 1 0.0001 0.3299 0.5866
A? 127 1 1.27 11.59 0.0144 A2 0.0042 1 0.0042 27.54 0.0019
B? 7635 1 7635 698.99 <0.0001 B? 0.0144 1 00144 95.30 <0.0001
c? 01926 1 0.1926 1.76 02325 (2 0.0033 1 0.0033 21.48 0.0036
D? 0.0442 1 0.0442 0.4045 0.5483 D? 0.1175 1 01175 775.31 <0.0001
Residual 0.6554 6  0.1092 Residual 0.0009 6 0.0002
Lack of Fit 0.0767 2 0.0383 0.2649 0.7797°  Lack of Fit 0.0004 2 0.0002 1.50 0.3271°
Pure Error 0.5787 4 0.1447 Pure Error 0.0005 4 0.0001
Cor Total 173.05 20 Cor Total 1.84 20

Sum of Squares—SS; Mean Square—MS; ? Significant; ® Not significant.

After eliminating the minor model terms, a model reduction was accomplished. Equa-
tion (3) illustrates the model equation for the relationship between the antioxidant activity
(R1) and the variables in coded units.

R1 (AA) = +26.92 + 2.41B — 0.3454C + 2.50D + 1.37AB + 2.41AD + 0.5912BC + 1.51BD — 0.5337CD — 0.4301A2

+2.26B2 ©)

The regression equation’s b coefficients showed that the temperature had a minor neg-
ative effect on the antioxidant activity. Additionally, the interactions between temperature
and time (CD) and temperature (C) and quadratic citric acid concentration (A?) significantly
negatively affected the antioxidant activity of the red onion skins extract. Additionally, the
antioxidant activity of the extract was enhanced by ethanol concentration (B) and extraction
time (D). The interaction between citric acid concentration and ethanol concentration (AB),
between citric acid concentration and time (AD), and between ethanol concentration and
extraction time (BD) also had a favorable impact on the antioxidant activity. In contrast,
citric acid concentration and temperature (AC) and ethanol concentration and temperature
(BC) moderately affected the antioxidant activity.

The correlation between the independent and dependent variables was predicted
using second-order contour plots (Figure 1A), which were also used to show the synergistic
effects of the independent variables on the antioxidant activity of the extract obtained. The
three-dimensional response area describes the correlative impact of the chosen parameters
on the extract’s antioxidant activity.

Figure 1A displays the 3D surface and second-order contour plots for the AA deter-
mination. Figure 1A(a,b) show that the ethanol concentration and time influenced the
antioxidant activity; AA increased as the citric acid concentration decreased. The maximum
antioxidant activity could be attained at a nearly 60% ethanol concentration and about
180 min extraction time. Further, as the plots show, lower extraction times and higher
percentages of citric acid led to a decreased DPPH free radical-scavenging potential. Addi-
tionally, reducing the temperature and ethanol concentration decreased the red onion skin
extract’s antioxidant activity (Figure 1A(c)). As shown in Figure 1A(d), the AA increased
when the ethanol concentration increased at a constant extraction temperature. Higher
temperatures may improve phenolic component solubility, resulting in an AA increase.
Still, as temperature and time continued to rise, the extracted phenolic compounds started
to degrade and stopped showing AA after reaching equilibrium, reducing AA levels.
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Figure 1. Second-order contour and 3D surface plots screening the variables’ effect on the antioxidant
activity (A) and extraction yield of anthocyanins (B).

The perturbation plot for several parameters illustrates how each element affected the
current response (Figure 2a). When analyzing the deviation from a reference point, a slope
with a large or curved inclination for a specific factor shows that the response is sensitive
to this factor. At the same time, a relatively flat line demonstrates insensitivity to changes
in this factor. In the perturbation graph, curve B appeared to be critical in determining AA,
indicating that the impact of the ethanol value was very substantial. The curves A and C,
corresponding to citric acid and temperature, respectively, indicated a lesser effect of these
factors on the extraction than ethanol.
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Figure 2. Perturbation graphs representing the effect of each independent variable (A, B, C, and D)
on AA (a) and TAC (b) of the red onion skins extract.

3.2. Influence of the Extraction Parameters on TAC

This study aimed to find the best parameters for extracting anthocyanins from red
onion skins. The TAC ranged from 0.45 to 1.43 mg C3G/g DW, based on the experimental
design (Table 2). Subsequently, from Table 3, it was noticed that for TAC, a Model F-value
of 868.48 implied the model was significant, and p-values less than 0.05 implied that the
model terms were significant. The ANOVA revealed that the significant model terms were
B, D, AB, AD, A2, B2, C2, and D?. Only a 0.01 variation in TAC could not be explained by
the existing model, according to the determinant coefficient of R?> = 0.99. Moreover, the
predicted R? of 0.98 agreed with the adjusted R? of 0.99.

R2 (TAC) = +1.03 + 0.3114B + 0.3152D + 0.3727AB — 0.0386AD + 0.0247A% — 0.0311B? + 0.0148C? — 0.1208D>  (4)

A model reduction was achieved by neglecting the insignificant model terms. Equation (4)
represents the model equation showing the correlation between the TAC (R2) and the vari-
ables in coded units. The regression equation’s b coefficients showed that the ethanol
concentration and extraction time positively affected the anthocyanins extraction. The inter-
action between citric acid and ethanol concentration (AB) had an appreciably positive effect
on anthocyanins extraction. In contrast, citric acid concentration (A%) and temperature (C?)
had a more negligible contribution. Furthermore, moderately negative effects on the an-
thocyanins yield were shown by the interaction between citric acid concentration and
extraction time (AD), between ethanol concentration and ethanol concentration (B?), and
between time and time (D?).

The 3D surface plots of significant interaction effects display the ethanol concentra-
tion, acid, time, and temperature of extraction and the interaction among various factors
influencing the conventional extraction of red onion skins anthocyanins, characterized by
curved surfaces, as exhibited in Figure 1B(a—d).

In examining the effects of ethanol concentration and citric acid, it was noticed that
the TAC increased as the ethanol concentration increased to 50% and the citric acid concen-
tration was over 0.86% (Figure 1B(a)). According to the surface graphs, the concentration
of anthocyanins was not influenced by temperature variation and extraction time but
was influenced by ethanol concentration (Figure 1B(b,c)). The yield of anthocyanins con-
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stantly improved as the extraction time and ethanol concentration increased simultaneously,
according to an analysis of the impacts of both variables (Figure 1B(d)).

The variation in the output response range concerning the reference point revealed
how sensitive the response was to that variable. This plot helped to identify the factor
that most influenced the TAC extraction response. The perturbations graph showing
each independent variable’s impact revealed that time extraction and ethanol concentra-
tion significantly affected the TAC. To a lesser extent, the temperature also influenced it
(Figure 2b).

3.3. Optimization and Validation of the Extraction Parameters

The model recommended optimal factors based on maximizing the response desir-
ability to validate the model equation. A desirability score of 1 (0.929) indicated that all
selected conditions were correct (Figure 3, Table 4). The optimal conditions for generating
the highest extraction of anthocyanins and the highest antioxidant activity were 0.87% citric
acid, 60% ethanol, 25 °C, and an extraction time of 180 min.

Desirability

AcCitric acid

B:Ethanol Aitric acid = 0.86913 B:Ethanol =60

C:Temperature
® Py

] |

25 50 20 180

D:Time

CTemperature = 25.0048 D:Time =179.998

AA

372 143

| 1

I I
2429 372 045 143

Combined

AA =3545 TAC=143

0.000 0.250 0.500 0.750 1.000

(a) (b)

Figure 3. Optimization desirability bar chart (a) and ramps (b).

Table 4. Validation of the mathematical model.

Dependent Variable Predicted Value  95% Confidence Intervals Experimental Value

AA (mM TE/g DW) 35.45 24.29-37.20 37.20
TAC (mg C3G/g DW) 1.43 0.45-1.43 1.43

The model predicted the maximum concentration of antioxidant activity and antho-
cyanins were 35.45 mM TE/g DW and 1.43 mg C3G/g DW, respectively. At the same
time, the experimental data showed immediate responses to those predicted by the model,
particularly 37.20 mM TE/g DW and 1.43 mg C3G/g DW (Table 4).

4. Discussion

This study optimized the conventional extraction process parameters to extract antho-
cyanins from red onion skins and enhance their antioxidant activity. Four variables (ethanol
concentration, citric acid, temperature, and time) were used to optimize the extraction pa-
rameters screened by CCD. Under the optimum conditions, the antioxidant activity was at
the highest level at an ethanol concentration of around 60% and a low temperature (25 °C).
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However, Corrales et al. [14] reported that extracting red grape skins at 70 °C with 50%
ethanol concentration increased the extract’s antioxidant activity. These different results
could potentially be due to variations in the principles or reaction times used to measure
the antioxidant activity [15]. Our findings for red onion skin extracts” antioxidant activity
approach those of Viera et al. [16]. The most significant DPPH radical scavenging activity,
measured by the authors as 116.58 + 4.9 mol TE/g DW, was found in red onion skin extracts
obtained by conventional extraction under ideal conditions of 80% ethanol and 120 min of
extraction at 25 °C. In a different study, Ifesan [17] asserted that the activity to scavenge
DPPH radicals was highest in an onion skin extract obtained by conventional extraction
(maceration for 24 h at 25 °C with 80% ethanol), reaching a value of 27.76 + 0.91 ug TE/mL.
Prokopov et al. [18] used 70% aqueous ethanol, 15 min as the extraction time, and 45 °C
to find that the extract of red onion skins exposed to ultrasound had higher antioxidant
activity (490.54 = 9.43 mM TE/g DW). Additionally, to assess the optimum antioxidant
activity of onion solid waste extracts, Khiari et al. [19] utilized a conventional extraction
method (40 °C, 6 h). In comparison to our findings, the 90% ethanol acidified with 0.1%
HCI produced a decreased antiradical activity (0.32 = 0.02 mM TE/g DW).

The extraction process is determined by the values of the extraction parameters em-
ployed while extracting bioactive compounds from plant matrices. Likewise, the different
polarities of the compounds extracted using an experimental model may have an unpre-
dictable effect on the extraction conditions. As a result, the extractions were conducted
using solvents with varying polarities and varying the water and ethanol proportions.
Adding water to ethanol may enhance the yield of anthocyanins extraction [20], and the
resulting extracts are simple to introduce into biological systems. Highly glycosylated
phenolics found in red onion skins cannot be extracted entirely only with pure organic
solvents and require the application of mixtures containing water and acids. Water plays
an important role in the swelling of plant material. In contrast, ethanol is responsible for
disrupting the bonding between the solutes and the plant matrix, thus enabling a better
mass transfer of the compounds. Therefore, a mixture of water and ethanol as solvent
agents displays a synergistic effect that facilitates phenolics extraction. In addition, the
citric acid used in a solvent mixture ruptures the cell membranes and releases phenol
compounds [21]. The flavylium cation is the dominant species at pH = 3 or lower and
contributes to the purple, orange, and red colors. A high solubility of anthocyanins in water
is obtained by lowering the pH, increasing the structure transfer to the flavylium cation,
and enhancing the stability. Hence, to optimize the extraction, citric acid is added to the
extraction blend to acidify the medium [22]. When protic polar solvents such as ethanol
are utilized, the acidification of the solvent improves the capacity to extract phenolics. The
phenol-phenolate equilibrium moves toward the less polar phenyl form when the medium
is acidified, making organic solvent extraction easier [23]. For anthocyanins, acidified
ethanol is frequently used, which denatures the cell membranes while dissolving and
stabilizing them [24]. Even anthocyanins that are structurally dependent on the medium’s
pH could be extracted through acidification, which changes their solubility characteristics
and affects their stability [23]. Therefore, the use of weak organic acids, such as citric acid,
is recommended besides the addition of water to maximize the effectiveness of solvent ex-
traction. As previously noted, acids are typically used for effective anthocyanin extraction.
To avoid the degradation or change of the native forms of the phenolic compounds, weak
organic acid citric acid at the concentration of 0.05-2.64% was chosen in the experiments.
It is also important to mention that the ethanol and citric acid combination was preferred
as a food-grade solvent component for phenolics extraction. For example, the extraction
of anthocyanins in conditions such as 30% ethanol with 3% of citric acid and 24 h at room
temperature has been reported to give good results for blueberry leaves extraction [25]. In
the past, mixtures of ethanol and citric acid were employed to extract phenolic compounds,
particularly anthocyanins [26-28], and ethanol and its combination with citric acid have
been reported to contribute to a successful extraction.
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The CCD findings revealed that ethanol concentration and extraction time positively
affected anthocyanins extraction. The findings support the results of Khazaei et al. [29],
who found that by increasing the ethanol percentage and time, the TAC increased, which
indicated a positive effect on anthocyanins extraction. In a Box-Behnken optimization
study [30], 90% aqueous glycerol extracts of red onions under optimum sonication condi-
tions with a 90/1 solvent/solid ratio at 45 °C for 60 min generated a high concentration of
total pigments (1.87 £ 0.39 mg C3G/g DW). The TAC of the red onion skin extract reported
by Bordin Viera et al. [31] was greater than that obtained in the present study, ranging from
0.82 to 4.31 mg C3G/g DW. Using ultrasound extraction, the anthocyanin yield was greater
as the ethanol concentration increased (60-80%).

In addition, it was observed that the extraction temperature displayed a minor effect
on the extraction yield of anthocyanins. Backes et al. [32] revealed that mild temperatures
and a high content of ethanol increased the yield of anthocyanins extraction. Therefore, the
authors confirmed that a solvent consisting of ethanol 100% acidified with citric acid, mixed
and centrifuged with a powdered sample in a solid /liquid ratio of 50 g/L for 13.74 min at
35.64 °C was the optimal analytical factor to increase the TAC in extracts from fig skin (a by-
product of fruit). Higher temperatures damage anthocyanins (may cause their degradation)
and result in a loss in yield, according to several earlier studies [33,34].

In our study, the TAC range was close to the one obtained by Oancea and Draghici [20],
that reported 0.99 mg C3G/g fresh matter for the outer skins of the Sibiu red onion
(Allium cepa L.) cultivar after extraction at 4 °C for 2 h with a mixture of ethanol/acetic
acid/water (50:8:42, v/v/v), but lower than that reported by Samir et al. [35] (20 mg
C3G/100 g), who used acidified ethanol with 1.5 N HCl (85:15, v/v) by maceration at 4 °C
for 24 h.

The concentration of anthocyanins in the red onion skin extracts obtained through
conventional extraction was examined by Viera et al. [16]. The extract obtained using 60%
ethanol with an extraction time of 60 min at 25 °C yielded a concentration of anthocyanins
of 470.2 £ 16.2 mg C3G/100 g DW. Additionally, with 90 min of extraction using 70%
ethanol at 40 °C provided a more significant amount of anthocyanins extracted from red
onion skins (847.47 + 34.23 mg C3G/100 g DW) [36]. Makris [37] obtained a higher TAC
of 183.85 mg C3G/100g DW by conventional extraction under the optimal conditions of
25 °C and 3.7 h extraction time from onion skins extract using 60% ethanol. Furthermore,
the cultivar/origin of the plant material and its extraction conditions impact the amount of
the extracted bioactive compounds.

According to the results of the optimization experiment, increasing ethanol concentra-
tion and time (up to 2 h) can be favorable to achieve a higher antioxidant activity. These
findings are in agreement with the study conducted by Bordin Viera et al. [31], who sug-
gested that ethanol concentration has a significant influence on the DPPH scavenging
activity. Therefore, the red onion skin extracts obtained with ethanol at 20%, 40%, and 60%
presented antioxidant activities of 26.12, 44.47, and 83.27 umol TE/g DW, respectively.

5. Conclusions

A CCD and response surface methodology was used to optimize the variables of
the conventional solvent extraction process (citric acid concentration—0.87%, ethanol
concentration—60%, temperature—25 °C, and extraction time—179.99 min) to obtain red
onion skin extracts with a high content of anthocyanins and high levels of antioxidant
activity. The interaction of optimal time, temperature and acid and solvent concentrations
improved the extraction of the antioxidant compounds yielding higher concentrations of
anthocyanins (1.43 mg C3G/g DW) and DPPH radical scavenging activity levels (37.20 mM
TE/g DW).

The optimization of the extraction process proved that the conventional solvent ex-
traction could be an effective method for obtaining valuable extracts from natural and
inexpensive sources such as food by-products with potential antioxidant and free radical
scavenging activities.
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These findings display an economically efficient extraction considering the low cost of
by-product materials. Due to the high concentration of functional bioactive components in
red onion skins, these compounds have a variety of uses in the food, pharmaceutical, and
nutraceutical industries.
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