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Abstract: Many plants and fruits are rich in antioxidant and antimicrobial compounds, such as
phenolic compounds. Watermelon is one example, as various parts of the fruit present interesting
phytochemical profiles. This study demonstrates that a natural C. colocynthis (watermelon) (W) skin
sap (SS) extract can effectively improve the oxidative stability of microencapsulated soybean (SB) oil.
By employing a combination of alginate–xanthan gums (AXG) in a matrix hydrogel bead model with
WSS extract, high encapsulation efficiency can be obtained (86%). The effects of process variables on
the ultrasound-assisted extraction (UAE) of phenolic compounds from watermelon (W) skin sap (SS)
using the response surface methodology (RSM), as an optimized and efficient extraction process, are
compared with the effects of a conventional extraction method, namely the percolation method. The
WSS extracts are obtained via UAE and RSM or the conventional percolation extraction method. The
two obtained extracts and synthetic antioxidant butylated hydroxytolune (BHT) are added to SB oil
separately and their antioxidant effects are tested and compared. The results show the improved
oxidative stability of SB oil containing the extract obtained via the optimized method (20–30%)
compared to the SB oil samples containing extract obtained via the percolation extraction method,
synthetic antioxidant (BHT), and SB oil only as the control (no antioxidant added). According to
existing studies, we assume that the use of WSS as an effective antioxidant will ensure the prolonged
stability of encapsulated SB oil in hydrogel beads, as it is well known that extended storage under
different conditions may lead to severe lipid oxidation.

Keywords: soybean oil; skin sap; ultrasound-assisted extraction; response surface; stability; phenolic
compound; encapsulation; gum

1. Introduction

In the 2020–2021 crop year, soybean (SB) oil was the most produced type of oilseed
globally; worldwide, around 362 million metric tons of soybeans were produced [1]. The
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oxidation reactions are the important factor involved in oil and fat spoilage, because these
reactions cause unwanted changes in the flavor, color, and texture of fat- and oil-containing
products [2,3].

The speed of the reaction depends on the fatty acid pattern of the oil (rapeseed oil >
peanut oil > soybean oil, linseed oil, safflower oil), which increases with the number of
double bonds (stearic acid < oleic acid < linoleic acid < linolenic acid < arachidonic acid
< pentanoic and hexane fatty acids) [4–6]. Saturated and trans-unsaturated fatty acids
oxidize more slowly than cis-unsaturated acids. Unsaturated fatty acids can be oxidized
spontaneously by atmospheric oxygen at room temperature or at moderately elevated
temperatures. The rate of reaction increases with the number of double bonds in the fat
molecule. Soybean contains highly palmitate, stearic, oleic, linoleic, and linoleic fatty acids,
which increases the oxidation risk [7,8].

These changes are because of the free radicals produced during the oxidation process.
In addition, autooxidation of polyunsaturated fatty acids not only reduces the nutritional
value of soybean oil but also may lead to colds, heart disease, cancer, and the mutagenicity
of other important diseases in living organisms [9].

Through recent advances in genetic modification, a soybean seed containing 83%
oleic acid (rather than containing unsaturated linolenic acid as the major constituent) has
been developed. This new seed provides oils that show about 30 times the oxidative
stability and viscosity stability of conventional oil. Antioxidants still remain one of the
most efficient and cost-effective ways to control the development of oxidative rancidity
and to improve the oxidative stability of oils. Antioxidants from natural sources have been
used for centuries [10].

Antioxidants are divided into two major categories: natural and synthetic. The
consumption of synthetic antioxidants has adverse effects on human health. Some of them
have been removed from lists of appropriate additives. The most frequent synthetic types
are butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT), propyl gallate
(PG), and tert-butyl hydroquinone (TBHQ). Replacing synthetic antioxidants with natural
antioxidants, especially from sustainable sources, is of great interest nowadays [11]. The
sustainable sources of natural antioxidants include plant phenolic compounds, which
can be found in all parts of plants. The results from various studies have indicated that
the antioxidant activity levels of some fruits and vegetables widely depend on the total
content of phenolic compounds [12,13]. A natural antioxidant must be more effective and
economical in order to replace a synthetic one.

Watermelon Abu Jahl or Hanzal (Citrullus colocynthis) belongs to the watermelon
family, although it differs from ordinary watermelon in that it has a smaller size and a
firmer body. Its skin is a rich source of natural antioxidants, containing abundant amounts
of cucurbitacin, lycopenes, citrulline, and various polyphenols. Its skin tastes spicy and
astringent and has calming effects. It works in relieving coughs and calming asthma
attacks, as well as in the disposal of worms (watermelon rind) and the treatment of skin
flakes [14–16]. The skin, together with the seeds and rind, is used as animal feed or ends
up as agricultural waste (biomass waste) [17,18].

Additionally, due to the high content of unsaturated fatty acids, SB oil is a valu-
able source of nutrients (e.g., flavonoids and isoflavonoids, phenolic acids, phytosterols,
proteins, and peptides), B vitamins, minerals (e.g., copper, manganese, molybdenum,
phosphorus, potassium), and omega-3 fatty acids (alpha-linolenic acid)). [19].

Nutraceutical and pharmaceutical food products are gaining an increasing market
share due to the aging global population, increasing the interest in preventive and curative
foods, as well as food supplements (dietary supplement) containing oils. The utility of
solubilizing lipid-based formulations for improving the gastrointestinal (GI) absorption of
poorly water-soluble, hydrophobic bioactives is well documented in the literature [20].

Alginate encapsulation of lipids in the form of beads was suggested to be a potential
method for manipulating the profile of lipid absorption in healthy subjects [21] or in
reducing food intake and appetite sensations [22].
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The encapsulation of oils using various techniques has become increasingly popular as
a promising preservation method [23]. Therefore, studies have been carried out to optimize
process factors for the encapsulation of oils with maximum efficiency [24,25].

Microencapsulation (ME) is one such technique, whereby small particles or liquid
droplets (e.g., oil droplets) are coated or embedded in a homogenous or heterogonous
matrix (hydrogel) to form small capsules or beads in both dry- and wet-form products.
Microcapsule types can be classified into basic categories, such as simple microcapsules,
irregular microcapsules, multiwall microcapsules, multicore microcapsules, matrices (hy-
drogel beads), and microcapsule assemblies [26,27].

Several encapsulation techniques for SB oil have been studied in order to protect
it against environmental conditions and improve its oxidative stability, including spray-
drying of SB oil emulsions made of whey protein and lactose, maltodextrin, chitosan,
and CS-EGCG covalent conjugates (CSEG); electrostatic atomization of SB oil WO emul-
sions made of glycine and taurine; and ultrasound-assisted microcapsules made solely of
unmodified or bare bovine liver, rabbit liver, and oyster glycogen or phytoglycogen.

The response surface methodology (RSM) is used to model the effects of different
independent variables (parameters) on the extraction of phenolic compounds from different
plants [28–31]. In the present study, RSM was applied in the optimization of ultrasound-
assisted extraction (UAE) of skin sap (SS) rich in phenolic compounds from watermelon
(W) (Citrullus colocynthis) regarding 3 factors (intensity, concentration, extraction time) and
3 levels and including 20 tests (runs). The obtained results were compared with the results
obtained using percolation as a conventional extraction method [28].

The WSS extract obtained using the optimized UAE method applying RSM was added
to SB oil and its antioxidant effect was compared to the antioxidant effect of the WSS extract
obtained using the percolation method and by adding synthetic antioxidant BHT to SB oil.
A control sample of SB oil (without antioxidants) was used as the reference.

2. Materials and Methods

The experimental design is represented in Figure 1.

Figure 1. Experimental design.
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2.1. Materials
2.1.1. Plant Material

Fresh fully-grown fruits of C. lanatus (colocynth or Abu Jahl watermelon type) were
purchased from a local market in Peshwar city, Pakistan (shortest time to mature, about 70
to 75 days).

To reduce the respiratory and biological activity, the fruits were stored until exam-
ination in a refrigerator at 4 ◦C. The skin was peeled off from the whole fruit, washed,
then used further in our study. The skins of the fruits were separated using a sharp knife
and the thickness of the skins was measured using a caliper to equal 3 mm. Then, a large
volume of skins (around 20 kg) was prepared and stored in the refrigerator for extraction
and other experiments. The skins were sun-dried (exposed to direct sunlight for 5 days at
temperatures of 35 to 40 degrees) in metal trays with high heat transfer and nets placed
over them, then they were powdered and milled using an electric mill passing over a
40 mesh sieve (electric grinder, mkm6000, Bosch, Gerlingen, Germany), with particles
ranging between 0.42–0.5 mm. The skins were further stored for the next tests in a dark,
cold, and dry area at 15 ◦C and with humidity of less than 1%.

2.1.2. Materials

Natrium alginate and xanthan gum were purchase from FMC Biopolymer Germany
GmbH (Hamburg, Germany). All materials, solvents, and chemicals used in this study
were of the highest purity grade and were purchased from Merck (Hamburg, Germany) and
Sigma-Aldrich (Hamburg, Germany), including thiobarbituric acid (≥98%), trichloroacetic
acid (≥99%), calcium chlorides (CaCl2) (0.96%), heptane (99.00%), ethanol (70%), hydrochlo-
ric acid, gallic acid, and soybean oil.

2.2. C. colocynthis Watermelon Skin Extration
2.2.1. Percolation Extraction

The percolation protocol used by [32,33] was slightly adapted. The powdered sample
was mixed with a solvent mixture at a ratio of 1:8 and stirred with a magnetic stirrer
for 15 min at ambient temperature (25 ◦C). The solvent mixture was as follows: ethanol
70% and hydrochloric acid 1 N, at a ratio of 15:85. This was then filtered under vacuum
conditions using a Buchner funnel with Whatman No. 1 filter paper, then it was condensed
using a rotary evaporator (Laborate Model 400, Arian Company, Sabzevar, Iran) at 35 ◦C.
Finally, the obtained sap extract was dried under vacuum conditions at 40 ◦C (vacuum
dryer, VACDR600-1500, Sabzevar, Iran) and stored in an enclosed container that was
impervious to air at 4 ◦C.

2.2.2. Ultrasound-Assisted Extraction (UAE)

Saps were prepared according to the plant material extraction method, except the
sample and solvent mixtures were exposed to ultrasound waves at ambient temperature
for 10, 20, and 30 min and intensities of 20, 60, and 100 kHz, respectively [34]. Ultrasound
treatment was performed at 400 W (Vira Bakr Trade Model: vCLEAN1—L2, Sabzevar,
Iran), with H probes made of titanium measuring 7 mm in diameter and 100 mm/cycle
in length.

2.3. Sample Preparation for Antioxidant Tests in Soybean Oil

A standard amount of 0.04% of each WSS antioxidant extract (obtained by percolation
and UAE extractions) and 0.1% w/v of BHT were separately added in 15 g of SB oil. As
the control sample, soybean oil without any added antioxidants was used under the same
conditions mentioned above. All samples were heated on a hot plate at 180 ◦C for 2 h by
maintaining a constant temperature throughout the study. Then, the samples were cooled
down to room temperature (25 ◦C) and subjected to further characterization immediately.
Experiments were carried out in triplicate.
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2.4. Analytical Methods
2.4.1. Measuring the Amounts of Phenolic Compounds of WSS

The total amounts of phenolic compounds were measured using the Folin–Ciocalteau
method, an antioxidant assay based on electron transfer, which measures the reductive
capacity of an antioxidant [35]. Gallic acid (Merck, Hamburg, Germany) was used to draw
standard curves. The total amount of gallic acid in the sap was calculated by using the
obtained equation from the standard curve and the results were expressed as milligrams of
gallic acid per gram of extract [36].

2.4.2. Measuring DPPH Radical Scavenging Activity Assay

Evaluation of antioxidant activity was measured by examining the free radical scaveng-
ing activity of 2,2-diphenyl-1-picrylhydrazyl (DPPH). DPPH is a stable radical compound
with a purple color that is revived by electron donor elements or hydrogen (antioxidant
compounds), whereby it turns to a yellow color.

The ability of different compounds and saps to give hydrogen atoms or electrons
can be measured based on the color or by reducing the amount of UV absorbance of the
diphenyl-1-picrylhydrazyl solution in methanol. A stable radical composition of diphenyl-
1-picrylhydrazyl can be used as an indicator in this way. Thus, 50 mL samples of different
concentrations of sap in methanol, each in 2 mL of 0.004% diphenyl-1-picrylhydrazyl, were
added separately. After 90 min of incubation at room temperature, the absorbance levels of
the samples at 517 nm were read in front of a witness (gallic acid solution was used for the
calibration curve). The percentages of free radical scavenging diphenyl-1-picrylhydrazyl
were calculated using Equation (1):

scavenging activity (%) = [(A − B)/A] × 100 (1)

where: A = absorption of control samples; B = absorption of extract samples.

2.4.3. Measuring the Acid Value of Oil

Here, 25 mL of neutralized ethyl alcohol was added to the sample using sodium
hydroxide 0.1 M. Then, the consumption rate of the sodium hydroxide 0.1N in terms of
oleic acid was determined based on titration (AOAC method) according to the following
equation, with the help of three drops of phenolphthalein indicator (2):

Acid value = N × V × 56.1/W (2)

N = normality
V = volume of sodium hydroxide titrant used (mL)
W = weight of the fatty oil being examined (g)

2.4.4. Thiobarbituric-Acid-Reactive Substances (TBARS) Assay

In a 250 mL Erlenmeyer flask, 1 g of sample and 1 mL of 0.75% solution of thio-
barbituric acid and 2 mL of a solution of 35% trichloroacetic acid (≥99%) were added.
The mixture was placed in a boiling water bath for 20 min, after which time the solution
was dissolved. The sample was centrifuged at 3000 rpm for 3 min. The aqueous phase
was removed with a syringe and transferred to a spectrophotometric tube. The sample
absorbance was recorded at 532 nm (UV-VIS-NIR Spectrophotometer UV-3600 Plus Series,
Shimadzu, Kyoto, Japan). The absorbance of the sample at the mentioned wavelength was
considered an indicator of thiobarbituric acid. The final concentration of thiobarbituric
acid was 0.67%.

2.5. Response Surface Methodology

The response surface methodology (RSM) is a statistical approach that involves a mul-
tivariate quadratic regression equation to study the combined effects between independent
variables and the response and to obtain the optimal conditions [37]. This experimental
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methodology is an effective tool that clarifies the chemical or biochemical processes by
using the shortest time with the least number of experiments. It is also a good way to
analyze the influences among different variables. The effects of the intensity of sound
(X1), concentration of sap (X2), and extraction time (X3) were chosen in the extraction
process. According to the results from preliminary experiments, a three-level, four-factor
Box–Behnken design (BBD) was employed in this investigation. The extended values for
these parameters for the three levels are tabulated in Table 1. Design Expert software
version 11 (StatEase, MN, USA) was used for the optimization method and the diagrams
were drawn using the neural network method.

Table 1. Extended values of parameters.

Levels
Factors

Upper Center Lower

100 60 20 (X1) (kHz) (Intensity of sound)
150 100 50 (X2) (ppm) (Concentration of sap)
15 10 5 (X3) (min) (Extraction time)

With 8 replications in the central point, the total number of experiments was measured
as 20 according to Formula (3):

N = 2k(k − 1) + NC, (3)

where k is the number of factors and NC is the number of replications in the central point.
The matrix of the design experiments with the corresponding responses is shown in

Table 2.

Table 2. Matrix of design experiments with responses.

Intensity of Sound
(kHz)

Concentration
(ppm)

Time
(minutes)

DPPH
(%)

Folin–Ciocalteau (Milligrams of
Gallic Acid per Gram of Extract)

100 200 10 56.80 ± 0.2 18.25 ± 0.2
60 200 5 49.60 ± 0.3 14.85 ± 0.1
20 200 10 39.14 ± 0.25 15.85 ± 0.25
60 200 15 44.79 ± 0.4 14.37 ± 0.5
60 120 10 49.54 ± 0.5 14.88 ± 0.2
20 120 15 25.39 ± 0.2 11.80 ± 0.3

100 120 5 49.2 ± 0.25 15.00 ± 0.15
100 120 15 43.17 ± 0.4 14.37 ± 0.4
100 40 10 50.52 ± 0.2 16.07 ± 0.1
60 40 5 39.65 ± 0.1 12.80 ± 0.5
20 40 10 30.79 ± 0.3 12.57 ± 0.3
60 40 15 36.50 ± 0.2 11.39 ± 0.1

2.6. Preparation and Evaluation of Emulsion
2.6.1. Emulsion Preparation

A mixture of sodium–alginate and xanthan gum (AXG) (1.5:0.5 w/w) was dissolved in
deionized water under magnetic stirring for ~30 min at 1000 rpm and at room temperature.
The polymers solution was blended with SB oil (5:1 ratio) containing WSS antioxidant was
extracted via UAE using a high-shear homogenizer (Ultra-Turrax, Cluj-Napoca, Romania;
5000 rpm) to form an oil-in-water (OW) emulsion.

2.6.2. OW Emulsion Stability Evaluation

The OW emulsion stability was evaluated according to Gangurde et al. [38] and as
previously described by Rusu et al. [39].
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The OW emulsion stability was measured based on the % of separation (4):

% separation = H1/H0 × 100 (4)

where H0 represents the OW emulsion’s initial height and H1 represents the stable OW
emulsion after 24 h (upper phase height) at room temperature

2.7. Preparation of Hydrogel Beads

The stable OW emulsion obtained was then dropped (dropping method) into a stirred
2% (w/v) solution of CaCl2 at a concentration of 1 mM in water (as a hardening water bath),
using a peristaltic pump with an injector measuring 0.4 mm × 20 mm, and was then stirred
for ~1 h [25,39]. After 1 h of curing, the hydrogel beads obtained using ionotropic gelation
and the cross linking technique were separated from the hardening bath, washed with
deionized water, then they were put on Petri dishes covered with filter paper to remove
the remaining water.

2.8. Determination of Encapsulation Efficiency

The normalized absorption spectrum of SB oil with WSS antioxidant extracted via
UAE was performed in heptane and measured in the wavelength range of 300–550 nm,
which was related to the presence of unsaturated fatty acids, using a Lambda 2 ultraviolet
(UV) spectrophotometer. The maximum absorbance was detected and recorded.

The encapsulation efficiency (EE) was calculated by taking into consideration the
maximum absorption peaks before and after encapsulation. The maximum absorption of
SB oil with antioxidant was assayed spectrophotometrically using heptane as a solvent.
The hydrogel beads were crushed using a mortar after the encapsulation but the prior to
spectrophotometric assay.

The previously described Formula (5) was used with the following modifications [8]:

(EE%) = C1/(DF × C2) × 100 (5)

where C1 is the maximum absorption peak in hydrogel beads containing SB oil with
antioxidant, C2 is the maximum absorption peak of SB oil with antioxidant before encap-
sulation, and DF is the dilution factor of SB oil with antioxidant according to the added
encapsulation material (in our case DF = 1)

2.9. Analysis of Hydrogel Beads
2.9.1. Size Analysis

The obtained hydrogel bead areas, perimeters, and diameters were measured using
the UTHSCSA ImageTool 3.0 software (University of Texas Health Science Center in San
Antonio, TX, USA) [40,41].

2.9.2. Morphological Characterization

The obtained hydrogel beads sizes and aspects were characterized under light mi-
croscopy with a Zeiss Axioskop 2 microscope (Cluj-Napoca, Romania).

2.10. Statistical Analysis
Analysis of Variance (ANOVA)

An ANOVA table was used in order to determine the significant parameters and the
proposed model for measuring antioxidant activity, with the table given below. P values
below 0.05 for each parameter indicate significance at the confidence level of 0.95. P values
are also related to a lack of fit greater than 0.05, indicating a lack of significance of the
related error to the model error, with the remainder related to the net error (random).

The results are expressed as the mean value with the standard deviation (mean ± S.D.)
for each sample, with samples measured in triplicate (n = 3). Statistical analysis was
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performed using Student’s t-test and differences were considered significant if the p-values
were under 0.05.

3. Results and Discussions
3.1. Optimization Process Variables

The optimal process variables for a response may provide an unfavorable answer
according to analyzed the charts, meaning models should be introduced that satisfactorily
optimize all the answers as much as possible. For this purpose, different time and logics
contour plots that estimated the details of all answers were introduced in the optimal area.
Under these circumstances, the inhibition power levels of free radicals were determined
as 57.084% and 18.248 g of the amount of phenol compounds. The aim of the extraction
optimization in this study was to maximize the UAE extraction amount of antioxidants
from WSS using RSM. In Table 3, the obtained values for the optimized extraction method
vs. the conventional percolation method were determined. The extraction method used for
the different natural compounds had an influence on their extraction rates and efficiency
levels. Table 3 shows a comparison of the extraction rates of the phenolic compounds from
WSS using UAE and percolation methods under the best extraction process conditions.

Table 3. Ultrasound-assisted extraction (UAE) (optimized extraction method) compared with the
percolation method (conventional solvent extraction).

Extraction Method Power Inhibitory Free
Radical (%)

Phenolic Compounds
(Grams)

Optimized extraction 57.084 a 18.248 a

Percolation 41.19 b 15.32 b

a,b—in each column, averages with common letters were not statistically significantly different.

Finally, the obtained WSS optimal sample results were selected and compared with
MWSS samples extracted via percolation method with an optimal concentration of 200 ppm.
The results of the comparison showed the impact of the extraction type on the parameters,
showing significant differences between the two extraction methods (p < 0.05). Finally,
these two samples and the synthetic antioxidant BHT were added to soybean oil and were
studied against the control sample.

3.2. Interpretation of Free Radical Scavenging Activity of Diphenyl-1-Picrylhydrazyl (DPPH)

Figure 2 shows the time and intensity of the sound effects in the extraction method.
The amount of antioxidant activity increased significantly by increasing the time and
intensity. The antioxidant activity increased as time and sound intensity increased from
5 min to 10 min with the highest DPPH radical scavenging potential of 54 ± 0.44%, although
decreased from minute 10 to minute 15 under 32 ± 0.2% activity, as shown in Figure 2.

The intensification of the mass transfer due to the collapse of cavitation bubbles near
the cell walls is the reason the extracted amount of phenol compounds increased in this
section, resulting in better contact between the solvent and plant material. In addition, the
rapid flow of ultrasonic waves produced at the time of the collapse of cavitation bubbles
had an effect, which acted as a micro pump, meaning the solvent was forcibly driven into
the cell to produce the intended combinations [42].

Cycles of expansion and contraction caused by the environment and the propagation
of sound waves in the solid–liquid phase lead to the formation of bubbles, which continue
to grow and then finally disintegrate. This act causes the solid and liquid particles to change
and speed up under ultrasonic action. As a result, the solvent material spreads rapidly
from a solid to a solvent. In addition, other effects such as the spread of emulsifier fixation
and damage to tissues also help to increase the extraction of raw material components. It is
possible to reduce the extraction across longer time periods because of the oxidation (due
to ultrasound exposure) [43].
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Figure 2. Response surface plot representing the effects of sound and time on diphenyl-1-
picrylhydrazyl (DPPH).

Ma and colleagues [44] tested the extraction of hesperidin from mandarin (Citrus
reticulata) skins with the help of ultrasound waves. The outputs of the antioxidant com-
pounds for the 3 frequencies of 20, 60, and 100 kHz were time-dependent and significantly
increased. These outputs increased from 20 to 60 min at a high rate but increased slowly
from 60 to 100 min. The most effective extraction period to achieve the best antioxidant
compound concentrations across the 3 frequencies was considered to be around 60 min.
Zou et al. [45] assessed the extraction of mulberry antioxidants with ultrasonic assistance
from 20 to 100 min. It was found that the amount of antioxidant extract increased from
20 to 40 min and then was approximately constant from 40 to 100 min, due to the balance
between the solvent and extracted plant materials.

Figure 3 shows a three-dimensional display of time and sap concentration effects on
DPPH. By increasing the time and sap concentration, the antioxidant activity increased
significantly. The antioxidant activity increased with increasing time and sap concentration
from 5 to 10 min but decreased from 10 to 15 min. The results showed the effects of
different concentrations of the WSS on the inhibitory activity of free radicals, while the
scavenging activity of the extract significantly increased by increasing the sap concentration.
As mentioned above, the WSS extract concentration of 200 ppm (parts per million) had
the highest amount of phenol compounds, meaning it had higher antioxidant properties
and scavenging activity than the other treatments. It has been reported that DPPH has
dose-dependent effects on plant saps. The free radical scavenging activity increased dra-
matically by increasing the sap concentration. The high contents of phenol compounds and
flavonoids in this sap were consistent with the high levels of free radical and peroxidation
inhibition. The time factor increases the mass transfer duration; therefore, the increasing
trend of sap extraction with time seems logical. Khan et al. [46] studied the extraction
of antioxidants from orange sap (Citrus sinensis L.) via UAE. The amount of antioxidant
activity from the extracted sap was 54% compared to 42% when using a conventional
extraction method (solvent extraction). The increased antioxidant capacity was attributed
to the higher concentrations of phenol compounds.
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Figure 3. Three-dimensional figure showing the interactive effects of 3 factors (intensity, concentra-
tion, and time). The response surface plot represents the effects of the concentration and time on
diphenyl-1-picrylhydrazyl.

3.3. Interpretation of the Total Phenolic Content

Figure 4a shows a three-dimensional display of the effects of the time and concen-
tration. By increasing the time and sap concentration, the amount of phenol compounds
increased significantly. The phenol compound concentration increased from 5 to 10 min
with the increases in time and concentration, but decreased after 5 min (minute 15).

Figure 4. Three-dimensional figures of the interactive effects of 3 factors (intensity, concentration, time). Response surface
plot representing the effect of: (a) concentration and time factors on Folin–Ciocalteau extraction; (b) sound and time factors
on Folin–Ciocalteau extraction.

Figure 4b shows the effect of the extraction time and frequency on the performance
of the watermelon skin sap, as can be seen from Table 4. The frequency had a significant
effect over time on the extraction of phenol compounds. The results showed that the sap
output increased with increasing frequency.

The reason for the higher extraction amount of phenol compounds using UAE can be
attributed to the capitation phenomenon. In fact, cycles of expansion and contraction in
the environment caused by the emission effect of sound waves in the solid–liquid phase
lead to the formation bubbles, which continue to grow and then finally disintegrate. Wang
et al. [47] also showed that the amount of phenol compounds extracted from wheat bran
can be increased using the optimized UAE method. The phenol compound concentration
increased significantly from 10 to 30 min but decreased significantly after 30 min and until
50 min.
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Table 4. ANOVA results for Folin–Ciocalteau extraction.

Source S. Squares df M. Square F. Value p-Value Significance

Model 47.42 9 5.27 194.54 <0.0001 Sig
A-intensity of sound 15.12 1 15.12 558.41 <0.0001

B-concentration 13.76 1 13.76 508.03 <0.0001
C-time 1.27 1 1.27 47.02 <0.0001

AB 0.3 1 0.3 11.17 0.0075
AC 4 × 10−4 1 4 × 10−4 0.015 0.9057
BC 0.22 1 0.22 8.02 0.0178
Aˆ2 0.85 1 0.85 31.24 0.0002
Bˆ2 0.63 1 0.63 23.39 0.0007
Cˆ2 16.55 1 16.55 611.05 <0.0001

Residual 0.27 10 0.027
Lack of Fit 0.15 3 0.049 2.76 0.1215 N.Sig
Pure Error 0.12 7 0.018
Cor Total 47.69 19

As can be seen in Figure 4b, the results show increases in the amount of phenolic com-
pounds in the sap with increases in the sap concentration from 50 to 200 ppm, leading the
antioxidant properties being enhanced. The antioxidant properties of fruits and vegetables
are due to the high concentrations of phenolic compounds. There is a positive correlation
between the amount of phenolic compounds and the antioxidant power of a plant.

An ANOVA table is given below for all variables (Table 5 shows DPPH extraction and
Table 4 shows Folin–Ciocalteau extraction). There were at least four affective variables for
each direct variable, as can be seen.

Table 5. ANOVA results for DPPH extraction.

Source S. Squares df M. Square F. Value p-Value Significance

Model 1353.53 9 150.39 157.82 <0.0001 Sig
A-intensity of sound 713.1 1 713.1 748.32 <0.0001

B-concentration 135.05 1 135.05 141.73 <0.0001
C-time 38.02 1 38.02 39.9 <0.0001

AB 1.07 1 1.07 1.12 0.314
AC 1.66 1 1.66 1.75 0.2158
BC 0.69 1 0.69 0.72 0.4151
Aˆ2 143.74 1 143.74 150.84 <0.0001
Bˆ2 0.65 1 0.65 0.68 0.4276
Cˆ2 242.61 1 242.61 254.6 <0.0001

Residual 9.53 10 0.95
Lack of Fit 1.99 3 0.66 0.62 0.6267 N-Sig
Pure Error 7.54 7 1.08
Cor Total 1363.06 19

The coefficient of determination (R2, R2
Adj, R2

Pred) values for the two responses are
given in Tables 6 and 7. Large determination coefficients values were adjusted, while
the proximity to the coefficient of determination determined the validity of the proposed
model. If the R2 is closer to 1, the models are more powerful and the response can be
predicted better. Values related to the predicted determination coefficient were greater than
0.94, indicating the validity of the model for data that were not mentioned in the model.

Table 6. Determination parameters used to assess and validate the model for DPPH extraction.

R-Squared 0.9943

Adj R-Squared 0.9892
Pred R-Squared 0.9474
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Table 7. Determination parameters used to assess and validate the model for Folin–Ciocalteau
extraction.

R-Squared 0.9837

Adj R-Squared 0.9711
Pred R-Squared 0.9303

According to variance analysis tables and parameters used determine the validity of
the model and taking into account the main factors, quadratic polynomial models used to
measure the antioxidant activity via Table 5 were used to form Equation (6):

DPPH = +49.54 + 9.44 A + 4.11 B − 2.18 C − 0.52 AB − 0.65 AC − 0.42 BC − 5.61 A2 + 0.38 B2 − 7.29 C2, (6)

3.4. Effect of Antioxidants on Oxidation of Soybean Oil
3.4.1. Determination of Acidity Index

According to Figure 5, due to the effect of the sap type, the most acidity was observed
in the control sample with a rate of 0.53, while the lowest acidity was observed in the
optimum sample (optimized extraction UAE) with a rate of 0.42, with significant differences
(p < 0.05). Reviewing the effects of the sap type on the acidity index, it was observed that
the acidity index decreased significantly when the antioxidant compound concentration
increased by 20%. This was due to the presence of certain phenol compounds in the skin of
watermelon (C. colocynthis), which neutralize free radicals of fatty acids and proxy radicals,
meaning the oxidation of glucose increases, ultimately leading to oxidation reductions.

Figure 5. The optimization factors for diphenyl-1-picrylhydrazyl and Folin–Ciocalteau extraction.

3.4.2. Determination of Thiobarbituric Acid

The results showed that WSS had higher antioxidant activity and the lowest amount
thiobarbituric acid. According to a comparison of the results, the highest mean value for
thiobarbituric acid was from the control sample (no antioxidant) with a value of 0.49, while
the lowest value was for WSS at 0.34.

The extraction of natural antioxidants could be beneficial, as they could be competitors
or even replacements for synthetic antioxidant BHT. The thiobarbituric acid index values
decreased with the increasing antioxidant activity of the WSS.

Watermelon skin, an important by-product, is a rich source of phenolic compounds
(with catalytic antioxidant effects). The RSM was applied in this study to determine the
optimal extraction conditions in terms of the time (minutes), concentration (ppm), and
sound intensity (kHz). The procedure was evaluated in terms of the sap extraction yield
and antioxidant activity. The results of the present study can be applied to obtain the
optimum conditions for WSS. The results suggest that watermelon skin has great potential
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as a raw material for the extraction of natural antioxidants and can be successfully used for
food processing.

Recently, several researchers investigated the best extraction conditions for the UAE
of different phenolic compounds from plants, fruits, and vegetables through the RSM.
This seems to be a good method for optimizing experimental processes by examining the
influence of process variables and their interactions on the investigational outcomes, while
at the same time reducing the number of tests [48–53]. Most studies have proven that RSM
is an effective method for optimizing the extraction of flavonoids from various plants.

Additionally, the UAE of some bioactives from different watermelon parts (e.g., seeds,
peel) was investigated using the RSM [44–56]. To our knowledge, this is the first study
investigating the antioxidant effects on edible oils; in our study we used SB oil, the most
commonly produced oil crop in the world, which is associated with numerous health
benefits [57].

Further, the SB oil containing the antioxidants extracted under optimized conditions
was subjected to coating using a blend of natural polysaccharides, namely alginate and
xanthan gum, in hydrogel beads via ionotropical gelation.

3.5. Evaluation of Oil-in-Water Emulsions

The OW emulsion (Figure 1) had a milky, slightly yellow appearance. No creaming or
phase separation was observed under centrifugation.

The light microscopy imaging of the OW emulsion revealed the presence of oil
droplets, whose size varied between 5 and 40 µm (majority ≥ 10 µm), which were highly
dispersed (Figure 6a). We assume that the stability of the obtained OW emulsion could
be to the emulsifying function of SB oil, as it is a major source of lecithin, which is most
commonly used as an emulsifier.

Figure 6. (a) Microscopic image of OW emulsion droplets (under 20× light microscopy magnitude, scale represents 100 µM).
(b) SB oil droplets in calcium-crosslinked AGX hydrogel bead (under 20× light microscopy magnitude, scale represents
100 µM).

Encapsulation Efficiency

The EE% was calculated as 86%, which was good according to other references [26,58].

3.6. Hydrogel Bead Characterization

The results of the measurements are presented in Table 8. The size of the hydro-
gel beads was determined from the apparent diameter, which came from the calculated
diameter of an ideal circle with exactly the same area as the measured bead [59].
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Table 8. Characteristics of hydrogel beads.

Beads Mean Area (mm2) Mean Roundness Mean Diameter (mm)

Hydrogel beads obtained 3.48 ± 0.01 0.84 ± 0.04 2.1 ± 0.03

The roundness values varied from 0 to 1. Almost spherical hydrogel beads were
obtained, with diameters between 1.5 and 3.2 ± 0.01 mm.

Discussions

The results of this study have proven the positive effects of natural and synthetic
antioxidants on the oxidative stability of vegetable oils for both edible and industrial uses,
as already proven by numerous experimental studies. Ruger et al. [60] investigated the
ability of various antioxidants and chelators (including TBHQ, BHT, hydroquinone, and
ascorbyl palmitate) to delay viscosity in soybean oil, with autoxidation with TBHQ being
the most effective approach.

Natural antioxidants from red pepper (Capsicum frutescens) oil added to soybean and
sunflower oils showed their effectiveness by providing variable protection against light-
induced autoxidation [61]. Olive leaf extract encapsulated (microwave-assisted) by Arabic
gum and maltodextrin was used in order to stabilize soybean oil, showing more oxidative
protection activity compared to BHT [62].

A methanol extract of sesame cake in soybean, sunflower, and safflower oils was tested
for its antioxidant activity, showing that the sesame cake extract had better antioxidant
effects than BHT at 200 ppm; unfortunately it is still not economical to use sesame for
antioxidant extraction [63].

Genetically engineered soybean seed (containing 83% oleic acid) provides oils that
have about 30 times more oxidative and viscosity stability than conventional oil. However,
as genetically modified organisms are a sensitive subject, the use of antioxidants is well
recognized and accepted as a relatively cheap and effective method for obtaining oxidative
stability improvements in oils. An ideal antioxidant is effective in low concentrations with
minimal toxicity. The applicability of natural extracts that have been found to possess
antioxidant activity, which have yielded encouraging results, is a topic of ongoing research.
The next generation of safer, environmentally friendly, effective antioxidants is undoubtedly
soon to come [64].

However, the extraction process used for phenolic compounds is a major factor in
the antioxidant properties of the sap, along with the power, solvent, and time, which
all significantly the composition of phenolic compounds in the sap [65]. The variability
depends on the differences in the inner affinities of these compounds, especially the polarity
of the forming molecules of the solvent [66]. Therefore, the type of solvent and extraction
time are very important factors in the extraction process.

In addition, the extraction of molecules from biological materials using conventional
methods, for example percolation, requires a lot of time and a large amount of solvent [19].
Applying new extraction methods over shorter extraction times is preferred (less time-
consuming), using low or moderate volumes of organic solvents, as such approaches
are especially environmentally friendly. Extraction methods such as accelerated solvent
extraction (ASE), microwave-assisted extraction (MAE), ultrasound-assisted extraction
(UAE), and supercritical fluid extraction (SFE) are fast and effective methods for extracting
effective components of plant origin [67]. UAE uses acoustic waves and is considered a
simple alternative to many other extraction methods due to its low costs and impressive
effects in maintaining and processing foodstuffs. As such, its application prospects are
growing. The mechanical effects of ultrasound waves and the cavitation phenomenon
created by the waves increase the permeability of solvents into plant cells, thereby in-
creasing the mass transfer and the extraction efficiency at lower temperatures [68,69]. The
samples in the ultrasonic probe are continuously placed in contact with the probe and have
high capability and repeatability. In addition, the risks of sample contamination and foam
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generation are high, although the ultrasonic bath can operate on a wide range of samples
simultaneously [70].

The encapsulation efficiency, storage stability, and minimization of oil release through-
out digestion are very important for oils [71–77]. The encapsulation efficiency of SB oil
using different matrices and capsule types was moderate. When using whey protein, the
EE was moderate and of low quality when compared to sodium caseinate under certain
storage conditions. On the other hand, the improved oxidative stability of SB oil was
observed when encapsulated into a WO emulsion made of glycine and taurine [72].

The in vitro gastrointestinal digestion results revealed that coating SB oil bodies with
maltodextrin and CS-EGCG covalent conjugates prior to spray-drying greatly decreased
the release of oil from 85.2% to 45.3%, demonstrating that this formulation has the potential
to overcome stability drawbacks and minimize the degree of SB oil release throughout
digestion [77].

Laccase-cross-linked, beet-pectin-coated SB oil bodies showed better stability under
different conditions. It was shown that SB oil body emulsions stabilized with ι-carrageenan
were more stable in terms of creaming due to decreased flocculation than the emulsions
stabilized with κ or λ-carrageenan after 7 d storage. Additionally, SB oil body emulsions
coated with a ι-carrageenan layer at pH 3.0 and 7.0 showed improved stability under
environmental stress [78–81]. Apparently, SB oil bodies can be used as carriers to deliver
phenolic compounds such as curcumin in order to improve the stability of the oil bodies
and their release rate during digestion [82–84].

4. Conclusions

In this study, saps extracted from the skins of mountain watermelon were used suc-
cessfully as an alternative source of natural antioxidants, as compared to BHT, a synthetic
antioxidant. In general, the results of the analysis involving the response surface method-
ology, which was used to extract phenolic compounds, and the scale of the scavenging
activity of free radicals further indicated that the optimal conditions were an extraction
time of 31.9 min at 200 ppm concentration and with an intensity of 100 kHz. According to
the results, the extracted phenolic compounds amounted to 18.24 mg and the scavenging
activity of the free radicals from plant sap at the optimal point was reported as 57.842%. The
oxidative stability of the soybean oil in the control, percolation extraction, and optimization
samples, as well as in the synthetic antioxidant, showed that ultrasound-assisted extraction
using the response surface methodology has greater antioxidant effects in reducing the
peroxide index, thiobarbituric acid index, and acidity index compared to control samples
(without antioxidant) and synthetic antioxidant BHT. In this study, it has been proven
again that natural additives have greater antioxidant activity than synthetic ones.

The three UAE process variables (time, concentration, and intensity) had significant
impacts on the total phenolic extraction rates and their antioxidant effects on the oxidation
stability of soybean oil.

In conclusion, the present study has demonstrated that a natural plant extract from
mountain watermelon skin that was obtained via ultrasound-assisted extraction effectively
protected soybean oil from lipid oxidation. Hydrogel beads were successfully prepared for
use with soybean oil containing mountain watermelon skin sap extracted using sodium
alginate as the major polymer and combined with hydrophilic xanthan gum to improve the
entrapment of the oil via ionotropic gelation and the cross-linking technique. In this regard,
the use of this technique will ensure the prolonged stability of encapsulated soybean oil for
further applications.
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