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Abstract: Ultrasound pretreatment and microwave-assisted extraction (MAE) techniques were used
to extract pectin from watermelon rind. This work investigated the effect of the power and time of
pretreatment on the yield and characteristics of the extracted pectin. Imaging studies showed that
ultrasonic pretreatment changed the morphology of the raw powder, leading to a greater porosity,
and facilitated the extraction process. The highest extraction yield of pectin was 19.08% (w/w), for
5 min of extraction at 500 W ultrasonic pretreatment. Ultrasonic pretreatment affected the degree of
esterification and the galacturonic acid content of pectin. The galacturonic acid content of all samples
was higher than 69.0%. Extraction pretreatment reduced the surface tension value of the aqueous
solution of pectin and affected the foam capacity of pectin and its monosaccharidic composition.
The ultrasonic pretreatment caused significant changes in pectin characteristics, such as intrinsic
viscosity, viscosity average, molecular weight, ratio of homogalacturonan to rhamnogalacturonan
and the water holding capacity. In addition, kinetic studies showed that a kinetic empirical model
adequately describes the effect of ultrasonic pretreatment on foam stability and its half-time.

Keywords: pectin; watermelon rind; microwave-assisted extraction; ultrasonication pretreatment

1. Introduction

Watermelon (Citrullus lanatus) is a popular fruit with great economic and nutritional
value. It is adaptable to most tropical and subtropical regions, such as Iran. According
to the statistical database of the Food and Agriculture Organization, China is the largest
producer of watermelon, with a production of 60.25 million tons, followed by Turkey
(3.47 million tons), India (3.25 million tons) and Iran (1.25 million tons) [1]. The flesh (68%),
seeds (2%) and rinds (30%) are three major components of watermelon biomass [2]. Water-
melon rind as agro-waste is usually discarded, leading to the generation of environmental
waste and loss of plant materials. Nevertheless, it can be used as a source of citrulline as
an antioxidant, dietary fibers and phenolic compounds [3], and/or it can be considered a
valuable source of pectin because it contains a significant amount of this polysaccharide.

Pectin is an acidic heteropolysaccharide mainly composed of D-galacturonic acid
(D-GalA). Pectins consist of three sequences: homogalacturonan (HG), rhamnogalacturo-
nans type I (RG-I) and rhamnogalacturonans type II (RG-II). The RG-I region compositions
depend on the plant source, and may contain arabinan, galactan and/or arabinogalactan
side chains [4]. RG-II has a very complex structure, with a HG backbone and very complex
side chains attached to the GalA residues [5]. Pectin is widely used in the food industry
as a gelling and thickening agent and stabilizer, and a fat replacer in jams, dairy products,
fruit juices and emulsified meat products [6]. Commercially, pectin is extracted from cit-
rus peels (85%), apple pomace (14%) and sugar beet (less than 1%) [4]. This extraction
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process uses acidified water and high temperatures, which is associated with environ-
mental concerns and the generation of waste water from acidic extractions [7]. Moreover,
this traditional extraction method has a low efficiency and is time consuming. Therefore,
many novel or green extraction methods have been introduced to reduce waste waters
and improve the extraction yield. These methods include the application of power ultra-
sound in directed modification and destruction of pectin, pulsating hydrodynamic function,
microwave-assisted extraction, ultrasound-assisted extraction (UAE) and supercritical fluid
extraction [8]. Generally, any process with a lower temperature and shorter extraction
time is supposed to protect the structure and functionality of the extracted samples. Pectin
characteristics, such as molecular weight, the degree of esterification (DE), neutral sugar
and galacturonic acid composition, could be affected by the source of feed and the extrac-
tion method, and influence the functional properties of this polysaccharide [9]. Previously,
MAE was used to extract pectin from lime peels, passion fruit peels and banana peels [8,10].
Microwave heating involves electromagnetic radiation in the microwave frequency range,
to produce thermal energy in the solvent. Microwave heating rapidly increases the tem-
perature of the samples and the efficiency of the extraction process. This method has been
shown to be more effective than the conventional method for extracting pectin with a
better polysaccharide quality [8], lower production cost, shorter processing time and less
solvent used.

Foam is defined as a complex of air/gas bubbles (dispersed phase) trapped in the
fluid medium (continuous phase) [7]. This type of foam is used in food, cleaning, surface
treatment, cosmetics and as a reducing pollution agent [11]. Some hydrocolloids can be
used in cosmetic products, such as shampoo, due to their hydrophilicity and stabilizing
capacity [6]. Foam products are widely used in the cosmetic industry, including foam-like
shampoos, conditioners, aerosol hair dyeing and hair colourants. Cosmetic foam can
include complex formulations with surfactants, lubricating agents, polymers, keratolytic
and germicide agents [7]. Biopolymers that are mostly used for cosmetic applications
include starch, guar gum, xanthan gum, carrageenan, pectin, alginate, gelatin and agar. In
cosmetic formulations, these natural polymers are used to promote a variety of functions,
such as rheology modifiers, thickeners, foam stabilizers, emulsifiers, conditioning and
film formers [8]. Pectin is used as an emulsifier or thickener in cosmetic preparations,
i.e., creams and lotions [9]. In the cosmetic and pharmaceutical industries, it is also used as
a natural texturizer, thickener and stabilizer, lotion and tonic [3].

Materials with a high foam capacity (FC) and foam stability (FS) could be used in the
aerated food product formulation [7]. These dispersion systems are thermo-dynamically
unstable. Stability is an important property of food foam, because consumer perception
of quality is influenced by the appearance of a product. FS depends on the properties
of the foaming agent in the system. Studies reported that the most important surface-
active components in foods are proteins and low-molecular-weight emulsifiers [11–13].
As mentioned earlier, pectin is used as a gelling and stabilizing agent; however, we can
consider other applications for pectin, such as foaming activity. Therefore, the appropriate
extraction method for biopolymers, such as pectin, is selected based on the yield, as well as
the desired functional properties.

We hypothesized that pectin extraction using microwave-assisted extraction could
be improved using ultrasonic pretreatment and that ultrasonic could (favourably or un-
favourably) affect the structure. Therefore, the objective of this study was to investigate
the effect of ultrasonic pretreatment under microwave heating on the extraction yield and
structure of pectin from watermelon rind. It aims also to evaluate the effect of this method
on techno-functional characteristics of extracted pectin, such as foaming properties, water
holding capacity (WHC) and colour parameters. These parameters are essential for pectin
utilisation in food, pharmaceutics and cosmetics.
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2. Materials and Methods
2.1. Sample Preparation

Watermelon (Citrullus lanatus) was obtained from a local market in Isfahan, Iran.
Watermelon rinds were removed from the flesh and blanched by saturated steam for
28 min, and washed in flowing water to remove free sugar. The blanched slices were dried
in a hot-air oven at 50 ◦C for approximately 24 h, to reach a constant weight. The dried
watermelon rinds were powdered by a grinder (KG-250 model, Korea) and passed through
a 60-mesh sieve. The fine powder was transferred to an airtight bag and stored in a dry
place until further use.

2.2. Pectin Extraction
Ultrasonic Pretreatment

Ultrasonic pretreatment was performed using an ultrasonic probe system (10 mm horn
tip) with a frequency of 20 kHz (topsonic-UHP-400, Iran, Tehran). The watermelon rind
powder was exposed to distilled water (150 mL) at a ratio of 1:40. Ultrasonic pretreatment
was carried out at two ultrasonic powers, i.e., 150 and 300 W, for 10 and 20 min. The
pulse duration (5 s) and pulse interval (5 s ON/5 s OFF) were kept constant during
the pretreatment.

2.3. Microwave-Assisted Extraction

An experimental microwave oven (Panasonic, model NN-SM330W, China) was used
for the extraction process. The pH of the extraction effluent was adjusted to 1.5 adding HCl.
The temperature of each extraction treatment was set at 90 ◦C ± 1.5 ◦C. The net microwave
exposure times were 3, 4, and 5 min at 500 W. After cooling the glass container, the
mixture was filtered through a cloth filter and the supernatant was centrifuged at 7500 rpm
(5280× g at 4 ◦C for 10 min). The pectin was precipitated at 4 ◦C by adding ethanol 96%
(v/v), at a 1:1 (v/v) ratio during the 24 h period. Wet pectin was collected by centrifugation
at 10,000 rpm (9390× g at 4 ◦C in 10 min). The polymer was dried using a vacuum oven
at 50 ◦C, until a constant weight was obtained. The yield of the watermelon rind pectin
(WRP) was calculated as follows [14]:

Pectin Extraction Yield (%) =
WRP (g)

dried watermelon rind powder (g)
× 100 (1)

2.4. Morphology of Watermelon Rind Powder

The morphology of watermelon rind powder before and after ultrasonication was
examined via SEM (XI30 model-Philips). The micrographs of the samples, coated with gold,
were taken at an accelerating voltage of 10 kV. The obtained micrographs (scale of 50 µm)
were analysed by the ImageJ software (National Institutes of Health, Bethesda, MD, USA).
The thresholding tools (Otsu and the manual) were used for image segmentation [15], then
the porosity and pore size were measured.

2.5. Pectin Characteristics

A titration method was used to determine the degree of esterification (DE) value of the
samples, as described by Wai et al. [16]. The carbazole–sulfuric acid method, introduced by
Taylor in 1993, was used to measure the GalA content of pectin [17]. The protein content of
WRP was estimated using the Kjeldahl method (N × 6.25) [7].

The WHC of samples was evaluated in triplicate at room temperature. The samples
(0.3 g) were added to 10 mL of distilled water, the mixture was vortexed for 1 min and
incubated for 30 min before centrifugation at 7500 rpm (5280× g) for 10 min at 25 ◦C.
The pellet was weighted after the supernatant removal. The WHC value of samples was
expressed as grams of water retained by 1 g pectin [18].
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2.6. Monosaccharide Composition of Pectin

The monosaccharide composition was determined using a high-performance anion-
exchange chromatography-pulsed amperometric detector (HPAEC-PAD). WRP monosac-
charide composition was analyzed by HPAEC with an ICS 3000 system (Dionex Corpo-
ration, Sunnyvale, CA, USA), equipped with pulsed amperometric detection (PAD) and
an AS 50 autosampler. Twenty-five µL of samples was injected in the system and eluted
into a pre-column CarboPac PA1-column (4 × 50 mm) and an analytical CarboPac PA1-
column (4 × 250 mm), equilibrated for 15 min with 18 mM NaOH. Data were collected and
analysed using the Dionex Chromeleon 6.80 software (Sunnyvale, CA, USA). L-rhamnose,
L-arabinose, D-xylose, D-galactose and D-GalA were used as standards.

2.7. Surface Tension and Foaming Properties

The equilibrium surface tension was measured by the du Nouy ring method, using
a Kruss K20 Easy Dyne Tensiometer. For this test, the sample solutions (1% w/w) were
prepared by dissolving 0.3 g of WRP in 30 mL distilled water at 60 ◦C. Sample solutions
were kept at 4 ◦C for 24 h before the measurements. Fresh Milli-Q water surface tension,
71.0 mN/m, was used as a reference.

The foaming properties of WRP solutions were expressed as the foam capacity (FC)
and foam stability (FS), and were determined by the method explained by Kazemi et al.,
with slight modifications [19]. The foam was prepared by the homogenization of the pectin
solution (1% w/v) at 11,000 rpm for 1 min at 25 ◦C, using T10 basic Ultraturax (IKA). The
foam volume was recorded every 5 min to 35 min using a digital camera, and then analysed
by the ImageJ software 1.46r. The FC and FS were determined by measuring the ratio of
foam height to total height immediately after foam formation and after 35 min, respectively.

Regarding the kinetics modelling of foam stability, the empirical models (Equation (2))
were used to correlate experimental data of the foam ratio, which was expressed as the foam
height to the total height ratio from t = 0 to t = 35 min. The half-time (t1/2) that represents the
stability of the foam was calculated as shown below (Equation (3)). The kinetics parameter,
k1 (foam volume per minute), and constant term, Vr, were determined through non-linear
regression using the curve fitting toolbox of MATLAB R2008a (Te Mathworks, Natick,
MA, USA).

Vr = Vr0 − k1t0.1 (2)

t1/2 =

(
Vr0

2 × ks

)10
(3)

2.8. Intrinsic Viscosity and Viscosity Average Molecular Weight

The intrinsic viscosity of the dilute pectin solutions (5 mg/mL) was measured with a
capillary viscometer (Ostwald, haian Co., Shiraz, Iran) immersed in a water bath at 25 ◦C.
Pectin samples were dissolved in 0.2 mol L−1 NaCl solution. The intrinsic viscosity was
measured using the equations described below. t0 and ts were noted as the time required
by the sample solution and solvent to flow out of the capillary, and [η] was the intrinsc
viscosity [20].

[η] =
1
c

√
2
(
(ts − t0)

t0
− ln

(
ts

t0

))
(4)

The Mark–Houwink equation was used to determine the relationship between molec-
ular mass and intrinsic viscosity. The a and k values were selected from previous research,
in which the intrinsic viscosity was measured at various molecular weights. “α” was
measured from the slope of the log–log graph between intrinsic viscosity and molecular
weights, and “k” was from the intercept of the graph. The α and K values were 1.34 and
1.4 × 10−6, respectively [21].

[η] = k × Mα
W (5)
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2.9. Colour

The colour parameters (L*, a*, b*) of the WRP were analysed with a colourimeter
(ZE-6000 model, Nippon, Japan) based on the CIE LAB colour system, using illuminant D65
and a 10◦ observer angle. The total colour differences were calculated using Equation (6).
L0, a0 and b0 were the colour properties of the sample obtained from the MAE.

∆E =

√(
L∗ − L∗

0
)2

+
(
a∗ − a∗0

)2
+
(
b∗ − b∗0

)2 (6)

2.10. Statistical Analysis

The expreimental data were analysed using the statistical software SPSS. The signifi-
cant difference between treatments was determined using an ANOVA and a Tukey–Kramer
post hoc test, at p < 0.05.

3. Results and Discussion
3.1. Extraction Yield

The yield values of the extracted pectin, using MAE and MAE with ultrasonic pretreat-
ment (MAUPE), are shown in Figure 1. The yield of extracted pectin significantly increased
from 10.85 ± 0.7 to 14.4 ± 0.3%, when the duration of microwave heating (MAE) increased
from 3 to 5 min. In the extraction process, microwave heating creates significant pressure
inside a watermelon rind and it can alter the raw material physical properties, such as
porosity, and improve the penetration of the solvent into the tissue, energy transfer to the
mixture and the release of target compounds in the extraction medium [22]. According
to the obtained results and analysis of variance, MAUPE can significantly increase the
extraction yield, and the pretreatment time showed a greater effect on pectin yield than
ultrasonic power. The maximum yield of pectin (19.08% ± 0.5) was achieved using pre-
treatment for 20 min and a power of 300 W before the microwave-assisted extraction (at
500 W for 5 min). Jiang et al. (2012) showed that the extraction yield of pectin from wa-
termelon rind was 19.6% by MAE at a power of 500 W, pH of 1.5 and extraction time of
7 min [23]. A similar magnitude of extraction yield (19.75%) was reported by Korish et al.
using the conventional method to extract pectin from watermelon rind (pH 2, 80 ◦C for
60 min) [4]. Moreover, Jiang et al. optimized the conventional extraction from watermelon
rind, with a temperature of 90 ◦C, a pH of 1.0, a time of 150 min and an SLR of 1:20. The
extraction yield was 17.6% [5], which was lower than the yield of pectin extraction with the
ultrasonic pretreatment. Therefore, pretreatment could reduce the extraction time.

The extraction rate can be assessed by dividing the yield value by time. In the early
stages (from t = 0 to t = 3 min) of pectin extraction, the process rate was higher than in later
ones. This is probably due to the lower viscosity of extraction media at this stage compared
to the latter. Ultrasonic pretreatment (300 W for 20 min) increased the extraction rate from
2.88 to 3.8% per minute.

This non-thermal pretreatment affects the cell wall of the raw material, and promotes
the interaction between the substrate and the solvent by generating cavitation in the mixed
solution [5], finally increasing the mass transfer coefficient [24]. The cavitation effect
includes a high temperature and local pressure, turbulence in the fluid, high stress near the
air bubble and microjets near the solid surface, which affect the raw material and result
in the facility of the extraction process [25]. Therefore, MAUPE can be used to improve
the pectin extraction yield. Compared to other sources of pectin, such as passion fruit and
banana, the pectin yields were 14.8 and 11.63%, respectively [26,27], and the watermelon
rind showed a higher extraction yield of pectin.



Appl. Sci. 2023, 13, 5558 6 of 14

Appl. Sci. 2023, 13, 5558 6 of 15 
 

banana, the pectin yields were 14.8 and 11.63%, respectively [26,27], and the watermelon 

rind showed a higher extraction yield of pectin. 

 

Figure 1. Yield values of extracted pectin using microwave-assisted extraction (MAE) and micro-

wave-assisted extraction with ultrasonic pretreatment (MAUPE), which were shown using ultra-

sonication pretreatment power and time. 

3.2. Degree of Esterification 

The application of pectin largely depends on its degree of esterification (DE). The 

results showed that the DE value of pectin from MAE (3,4 and 5 min of extraction) varied 

between 47.5 and 48.5%. No significant difference was observed in the DE value of pectin 

obtained with different extraction durations; they all belonged to low-methoxy pectin, as 

evidenced by the DE values, which were lower than 50%. According to this result and 

Figure 2, the effect of extraction time on DE values depends on the pretreatment used. The 

DE values of the samples obtained by MAUPE decreased from 44.7 ± 0.5% to 42.9 ± 0.5%. 

Cavitation and reaction by ionized groups produced during ultrasonic pretreatment can 

reduce the pectin DE [11]. Statistical analysis of the three factors, i.e., extraction time, ul-

trasonication time and ultrasonication power, showed that the DE value decreased with 

an increase in extraction pretreatment time and power (Figure 2). Moreover, the DE re-

duction was more substantial with the increase in extraction time when MAUPE was used. 

In this case, the time and power of extraction pretreatment had an equal effect on the DE 

value. It was previously reported that the DE value depends on the nature of the pectin 

source and extraction conditions [11]. Jiang et al. reported that the DE value of watermelon 

rind pectin extracted by MAE was 44.3–48.7% [21]. 

Figure 1. Yield values of extracted pectin using microwave-assisted extraction (MAE) and microwave-
assisted extraction with ultrasonic pretreatment (MAUPE), which were shown using ultrasonication
pretreatment power and time.

3.2. Degree of Esterification

The application of pectin largely depends on its degree of esterification (DE). The
results showed that the DE value of pectin from MAE (3,4 and 5 min of extraction) varied
between 47.5 and 48.5%. No significant difference was observed in the DE value of pectin
obtained with different extraction durations; they all belonged to low-methoxy pectin,
as evidenced by the DE values, which were lower than 50%. According to this result
and Figure 2, the effect of extraction time on DE values depends on the pretreatment
used. The DE values of the samples obtained by MAUPE decreased from 44.7 ± 0.5% to
42.9 ± 0.5%. Cavitation and reaction by ionized groups produced during ultrasonic pretreat-
ment can reduce the pectin DE [11]. Statistical analysis of the three factors,
i.e., extraction time, ultrasonication time and ultrasonication power, showed that the
DE value decreased with an increase in extraction pretreatment time and power (Figure 2).
Moreover, the DE reduction was more substantial with the increase in extraction time when
MAUPE was used. In this case, the time and power of extraction pretreatment had an equal
effect on the DE value. It was previously reported that the DE value depends on the nature
of the pectin source and extraction conditions [11]. Jiang et al. reported that the DE value
of watermelon rind pectin extracted by MAE was 44.3–48.7% [21].

3.3. Pectin Compositions (Monosaccharide, Galacturonic Acid Content and Protein Content)

The MAE and MAUPE pectins had a GalA content of 73.5% and 69.5–72.5%, respec-
tively. The pretreatment influenced the GalA content of pectin. The total GalA content
indicates the pectin purity [28]. From Table 1, it is understood that the decrease in GalA
content of pectin corresponded to the rise in extraction pretreatment power and time.
Therefore, this result is probably related to the existence of higher impurity, according to
the protein content and monosaccharides composition.
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Table 1. Monosaccharide composition (%) of WRP extracted by MAE and MAUPE.

MAE MAUPE
150 W–10 min 150 W–20 min 300 W–10 min 300 W–20 min

Rhamnose (%) 0.29 0.47 0.41 0.39 0.31
Arabinose (%) 0.55 0.70 0.65 0.86 0.77
Galactose (%) 3.28 6.04 3.85 6.01 5.51
Glucose (%) 2.50 3.23 2.95 3.28 4.82
Xylose (%) 0.13 0.15 0.18 0.12 0.15

Galacturonic acid (%) 73.5 72.5 71.6 70.0 69.5
HM (%) 73.40 72.08 71.19 69.51 69.19
RG-I (%) 4.37 7.68 5.32 7.64 6.92
R1 (%) 31.10 24.66 25.85 23.53 15.79

Protein (%) 5.84 8.22 8.57 8.37 8.81

Pretreatment increased the total neutral sugar content of the samples. The total amount
of rhamnose, arabinose and galactose, which form the side chain of the pectin polymer, was
significantly lower than GalA. Results showed that the HG index (GalA–Rha) [29] of pectin
from MAE and MAUPE was 73.40%, and varied between 69.19% and 72.08%, respectively.
Galactose and arabinose from the rhamnogalacturonan side chains, and rhamnose, which
form the branching point of the main chain, are involved in creating the branching parts
of the pectin polymer [30]. Petkowicz et al. (2017) reported that pectin isolated from
watermelon rind contained HG and RG-I fractions [31].

From Table 1, it can be seen that the samples from MAUPE were richer in RG-I (5.32%
to 7.68% of RG-I). However, in both methods, the proportion of HG was dominant. Based on
the literature, pectin is physically trapped in the cellulose matrix, or strongly interacts with
cellulose. The linkage between pectin and cellulose was found in RG-I rather than HG [32].
Broxterman et al. proposed that in the RG-I side chains, galactose or arabinose units are
covalently linked to cellulose [33]. According to these results, ultrasonic pretreatment can
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have the ability to increase the extraction yield and affect pectin monosaccharides which
introduce the pectin with a higher RG-I content. Therefore, the higher amount of RG-I side
chains obtained by MAUPE can probably be explained by the ultrasonic effect on covalent
bonds (celloles–RG-I) in raw materials. Xylose was detected at a small percentage, which is
due to the low presence of rhamnogalacturonan-II [7,19] in the structure of the samples.
Thus, WRP is predominantly composed of HG and a small fraction of RG-I.

The presence of glucose can be explained as a result of non-pectin polysaccharid
degradation during extraction [30]. A lower glucose content of the sample from MAE
than MAUPE indicates the lower amounts of co-extracted hemicelluloses, cellulosic
oligomers or starch (impurity) in this sample compared to other samples. Morever, the
(Rha + Ara + Gal + GalA)–Glc ratio reveals the pectin purity [29]; it compares the amount
of pectin components to any co-extractants. As shown in Table 1, when a harsher extraction
pretreatment was used, the extract becomes richer in impurities. These results were in
agreement with the high protein content of the sample obtained from MAUPE (300 W).

Commercial pectin must contain at least 65% of GalA [34]. Thus, the extracted pectin
from MAE and MAUPE fulfils this requirement. WRP had a protein content in the range of
5.84 ± 0.47 to 8.57 ± 0.20%, which was higher than the pistachio green hull pectin (6.3%) or
eggplant peel pectin (2.53%) [7]. FAO suggests that the protein content of pectin should not
be higher than 15.6% [35]. Hence, the extracted pectin from MAE and MAUPE fulfils this
requirement. As can be seen in Table 1, the protein content of samples was increased as the
power and duration of pretreatment were increased.

3.4. Morphology of the Watermelon Rind Powder

Watermelon rind powder, before (Figure 3A) and after ultrasonic pretreatment
(Figure 3B), was scanned and the effect of ultrasonic pretreatment, which produced the
highest extraction yield (300 W for 20 min), is shown in Figure 3. As can be seen, the
physical structure of the raw powder was extremely affected by ultrasonic pretreatment,
which resulted in an extensive decomposition of the raw materials. After the ultrasonic pre-
treatment, the porosity of the samples was increased from 33 to 44%, and the average pore
size from 13 to 42 µm. This effect of pretreatment on the watermelon rind was attributed to
cavitation. This phenomenon improved the heat and mass transfer, followed by increasing
the extraction efficiency of pectin.
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3.5. Water Holding Capacity and Surface Tension

WHC can be effective for viscosity, texture and the bulk volume of formulated food
products. As can be seen in Table 2, the WHC of the WRP powder obtained from MAE and
MAUPE was in the range of 11.72 to 12.43 g/g, which showed proper values for WHC as
compared to the WHC of commercial citrus pectin (10.3 g water/g pectin) [36]. According
to experimental results (Table 3), the WHC value of pectin from MAE was higher than that
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obtained by MAUPE, while the only significant difference was observed between samples
from MAE and MAUPE when using pretreatment for 20 min at 300 W. The pectin physical
structure and chemical composition could be effective for WHC [37]. Therefore, ultrasonic
pretreatment (300 W for 20 min) can change the physical structure or chemical composition
of pectin, which affects this parameter and reduces the hydrophilic property of the samples.

Table 2. Water holding capacity, foam properties and surface tension of 1% (w/v) pectin solutions at
25 ◦C.

MAE MAUPE
0 W 150 W–10 min 150 W–20 min 300 W–10 min 300 W–20 min

Surface tension 45.75 ± 0.21 b 45.5 ± 0.14 b 44.6 ± 0.28 a 44.4 ± 0.28 a 44.2 ± 0.20 a

WHC 12.43 ± 0.19 b 11.95 ± 0.32 ab 11.94 ± 0.5 ab 11.97 ± 0.27 ab 11.72 ± 0.30 a

FC 81.5 ± 0.7 a 83.9 ± 0.5 ab 86.3 ± 0.8 bc 86.5 ± 0.8 bc 87.25 ± 0.7 c

FS 30.0 ± 0.8 a 30.5 ± 0.7 ab 31.2 ± 1.2 b 31.8 ± 0.7 b 31.5 ± 0.9 b

Values in the same row with different letters are significantly different (p < 0.05).

Table 3. Kinetics parameters for the foaming characteristics of WRP.

MAE MAUPE
150 W–10 min 150 W–20 min 300 W–10 min 300 W–20 min

a 82.56 85.12 86.43 86.5 86.98
k 37.04 37.24 39.52 37.91 39.47

t1/2 2.78 3.69 2.49 3.73 2.64
R2 0.99 0.99 0.99 0.99 0.99

RMSE 1.135 0.68 0.86 0.52 1.06

The WHC value of watermelon pectin, with or without pretreatment, was higher
than the WHC value of guar gum (4.8 g/g) and carboxymethyl cellulose (10.0 g/g) [10]
used in cosmetic products as a thickener and to reduce the phenomenon of water loss [11].
Because pectin is classified as a thickening agent and has a WHC value, watermelon pectin
can be suggested for uses in cosmetic products. There is a large demand in the food and
cosmetic industries to obtain products with better foam properties [12]. Easy and fast
foam formation and foam stability are desirable for cosmetic products [7]. Anionic sur-
factants are more popular for cosmetic applications, which may be due to the hair charge
being negative, and consequently, anionic detergents absorb the positively charged oils
of hair. As a result, the surfactant can be washed off easily. The viscosity and foaming
capability of the cosmetic product (shampoo) is a desirability factor, and it is generally
accepted that the higher the foaming obtained, the better the quality of the shampoo [13].
Therefore, due to its anionic composition, the thickening and stabilizing effect, and the
foaming properties of watermelon pectin make it a suitable candidate for cosmetic uses.
The surface tension of deionized water—the reference—was measured at 71.0 mN/m.
As shown in Table 3, the values of surface tension of the WRP solution, 1% (w/v), were
less than 71.0 mN/m, indicating that WRP can reduce the surface tension of the solution.
This parameter is one of the most important physical properties of biopolymers for foam
formation: the lower the surface tension, the greater the ability to form a foam [38–40].
The surface tension values of the WRP extracted by MAE, at 45.75 ± 0.21 mN/m, was
higher than the value from MAUPE, which ranged from 44.2 ± 0.20 to 45.5 ± 0.14 mN/m.
However, the surface tension value of the WRP solution (1% w/v) was less than that of com-
mercial pectin (50.8 mN/m) derived from a citrus pectin solution (1% (w/v)), reported by
Schmidt et al. [41].

3.6. Foaming Property

The FC and FS of aqueous solutions of WRP are shown in Figure 4 and Table 2. The
FC of the WRP solution was in the range of 81.5 ± 0.7% to 87.25 ± 0.7%. Statistical analysis
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revealed that the power and duration of the extraction pretreatment could significantly
affect the FC. The pectin obtained using MAUPE (ultrasonic power 300 W) showed a
significant difference in the FC and FS from the MAE sample. These results for the FC of
WRP solutions agreed with the surface tension measurement and protein data. The FS of
the samples was in the range of 30.5 ± 0.7% to 31.8 ± 0.7%.
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In the foam formation process, the foaming agent adsorbs at the air–water inter-
face [11]. Then, the foam was stabilized by inter-molecular interactions of the foaming
agent to create a cohesive viscoelastic film [42]. The branching of the RG-I domains in some
pectin molecules can provide a steric stabilization of some dispersions [43]. The molecular
weight reduction probably leads to a faster adsorption of pectin molecules to the interface
of dispersion. It is also possible that hydrophobic–hydrophilic groups, such as protein
groups, were more accessible by pectin depolymerization [41]. Therefore, according to
the molecular weight results (Section 3.7) and increasing of the sample protein content,
ultrasonic pretreatment probably affects the FC. Basak et al. also reported an increase
in the foaming capacity due to a reduction in particle size of apple pectin after plasma
treatment [44].

The results showed that the FS of pectin from MAUPE at 300 W for 20 min
(31.8 ± 0.7) was higher than that of pectin from MAE (30.5 ± 0.7). No significant dif-
ference was observed among the samples obtained from MAUPE. Figure 4 shows that
the foam instability rate is very fast in the early stages of storage and slows down with
increasing storage time. The results of the kinetic evaluation (Table 3) revealed that the
empirical model fit the foam properties properly, by evaluating the highest R2 and the least
RMSE values. A decrease in the kinetics rate (k) indicates a decrease in the foam destruction
rate. Therefore, the prolonged pretreatment had the greatest effect on the half-time and
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the foam destruction rate. The half-time of the foam system using MAUPE ranged from
2.4 to 3.93 min. An increase in k and a decrease in t 1

2 showed a decrease in viscosity
after pretreatment.

3.7. Intrinsic Viscosity and Viscosity Average Molecular Weight

The intrinsic viscosity is used to specify the volume occupied by single-sample
molecules in dilute solutions and is also relevant to the molecular weight of the poly-
mer in the solution [45,46]. The intrinsic viscosity of watermelon rind pectins from MAE
and MAUPE ranged from 28.9 ± 0.4 to 37.7 ± 0.3 mL/g (Table 4). Pretreatment had a
significant effect on intrinsic viscosity and the viscosity average molecular weight (MW),
except for 150 W–10 min. A decrease in intrinsic viscosity was associated with a decrease
in molecular weight. Regarding intrinsic viscosity, this study concludes that MAUPE had
more degradative effect on pectin structure than MAE.

Table 4. Molecular characteristics of pectins from watermelon rind.

MAE MAUPE
0 W 150 W–10 min 150 W–20 min 300 W–10 min 300 W–20 min

Intrinsic viscosity (mL/g) 37.7 ± 0.3 b 33.1 ± 0.3 b 29.6 ± 0.4 a 30.4 ± 0.3 a 28.9 ± 0.4 a

Mw (KDa) 322.8 ± 2.0 b 318.1 ± 2.3 b 292.8 ± 2.7 a 298.1 ± 2.1 a 287.2 ± 2.7 a

Values in the same row with different letters are significantly different (p < 0.05).

The Mark–Houwink–Sakurada equation was used to calculate the MW. The MW of
pectin from MAUPE was lower than the sample obtained from MAE. This result was in line
with that previously reported by Ma et al., which showed a reduction in MW of pectin (from
451 KDa to 210 KDa) extracted by enzymes with ultrasonic pretreatment [47]. Bagharian
previously reported that continued heating of pectin may lead to the disintegration of pectin
networks [48]. According to Section 3.1, ultrasound pretreatment significantly accelerated
the extraction of pectin. Molecules extracted from MAUPE were then suspected to be
heated more. From the results of pectin MW, it can be concluded that the pectin chain
of MAUPE was partially degraded. However, these fragments were large enough to be
separated by alcohol precipitation, and retained a significant portion of the RG-I side chains.
The MW of WRP was lower than the values of 432.8–564.0 kDa mango peel pectins [21].

3.8. Colour Attributes

The colour attributes, including lightness (L*), redness (a*) and yellowness (b*) values
of watermelon pectin, are shown in Table 5. Samples obtained using MAUPE had a darker
appearance than samples obtained from MAE, with less L*.

Table 5. Colour property of pectin powder.

MAE MAUPE
150 W–10 min 150 W–20 min 300 W–10 min 300 W–20 min

L* 66.4 ± 0.2 b 62.5 ± 1.0 a 62.4 ± 0.5 a 60.6 ± 0.2 a 61.1 ± 0.2 a

a* 0.3 ± 0.06 a 0.2 ± 0.1 a 0.7 ± 0.2 a 0.4 ± 0.2 a 0.7 ± 0.1 a

b* 17.3 ± 0.7 a 18.4 ± 0.5 a 18.6 ± 0.8 a 22.3 ± 0.8 b 25.3 ± 0.7 b

∆E - 4.05 4.22 7.65 9.60

Values in the same row with different letters are significantly different (p < 0.05).

The colour of pectin powder and or solution of pectin is one of the most important
factors affecting the appearance of pectin gel. Indeed, a dark colour can limit the application
of the products is some formulations. The ultrasonic pretreatment before the extraction
affected the colour of the extracted pectin, which showed a darker appearance, and de-
creased the L* value of these samples. Moreover, the results did not show a difference in
the redness value of the samples. The sample yellowness value was obtained by using
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MAUPE with ultrasonication at 300 W, which was more than the other. The L* value of
watermelon pectin powder was higher than the L* value of sugar beet pectin (41.27) and
tomato pectin (50.96), which were previously extracted using MAE [27,28]. As can be seen,
the colour difference, was increased using MAUPE as an increase in ∆E values. The power
of extraction pretreatment was a dominant factor affecting this parameter. The colour
difference between the samples indicated the magnitude of the colour difference between
samples obtained from the MAE and MAUPE methods. These results were probably due
to the degradation of the side chains, followed by a higher monosaccharide content, and a
partial demethylation of the samples using intense extraction pretreatment (300 W) that
influenced the colour properties of the samples, as reported by Ramos-Aguilar [29].

4. Conclusions

Ultrasonic pretreatment can be used to improve the extraction yield of pectin, due to its
effect on the rind powder porosity. WRP can reduce the surface tension of the solution and,
therefore, be used as a foaming agent in different formulations. The FC was increased and
WHC values decreased by increasing the power and duration of extraction pretreatment.
Pretreatment changed the linearity of the pectin chain, also partially degrading it. The
kinetics studies showed that the empirical model introduced in this research matched the
foam ratio well, and demonstrated the stability kinetics of the foam.

The results of this study show that combining an ultrasonic pretreatment with mi-
crowave gives a higher extraction yield than the MAE method. The properties of the
extracted pectin make it a good candidate as a thickening and foaming agent, with a high
potential in formulations within the food and cosmetic industries.

Author Contributions: Conceptualization, N.H. and A.F.; methodology, A.F., G.P., A.V.U. and C.G.;
formal analysis, A.F., G.D. and N.H.; writing—original draft preparation, N.H., A.F. and P.M.;
writing—review and editing, N.H., A.F. and P.M.; project administration, N.H. and P.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was funded by the Hubert Curien Program PHC Gundishapur (45069SL) and
the Center for International Scientific Studies & Collaboration (CISSC), Ministry of Scientific Research
and Technology.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are included in the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Food and Agriculture Organization of the United Nations. Available online: http://faostat.fao.org (accessed on 5 April 2023).
2. Kumar, P. Watermelon-utilization of peel waste for pickle processing. Indian Food Pack. 1985, 39, 49–52.
3. Naknaen, P.; Itthisoponkul, T.; Sondee, A.; Angsombat, N. Utilization of watermelon rind waste as a potential source of dietary

fiber to improve health promoting properties and reduce glycemic index for cookie making. Food Sci. Biotechnol. 2016, 25, 415–424.
[CrossRef] [PubMed]

4. Wang, W.; Chen, W.; Zou, M.; Lv, R.; Wang, D.; Hou, F.; Feng, H.; Ma, X.; Zhong, J.; Ding, T.; et al. Applications of power
ultrasound in oriented modification and degradation of pectin: A review. J. Food Eng. 2018, 234, 98–107. [CrossRef]

5. Zhang, G.; Zheng, C.; Huang, B.; Fei, P. Preparation of acylated pectin with gallic acid through enzymatic method and their
emulsifying properties, antioxidation activities and antibacterial activities. Int. J. Biol. Macromol. 2020, 165, 198–204. [CrossRef]

6. Naqash, F.; Masoodi, F.; Rather, S.A.; Wani, S.; Gani, A. Emerging concepts in the nutraceutical and functional properties of
pectin—A Review. Carbohydr. Polym. 2017, 168, 227–239. [CrossRef]

7. Kazemi, M.; Khodaiyan, F.; Hosseini, S.S. Eggplant peel as a high potential source of high methylated pectin: Ultrasonic extraction
optimization and characterization. LWT 2019, 105, 182–189. [CrossRef]

8. Rodsamran, P.; Sothornvit, R. Microwave heating extraction of pectin from lime peel: Characterization and properties compared
with the conventional heating method. Food Chem. 2019, 278, 364–372. [CrossRef]

9. Wang, W.; Ma, X.; Jiang, P.; Hu, L.; Zhi, Z.; Chen, J.; Ding, T.; Ye, X.; Liu, D. Characterization of pectin from grapefruit peel: A
comparison of ultrasound-assisted and conventional heating extractions. Food Hydrocoll. 2016, 61, 730–739. [CrossRef]

http://faostat.fao.org
https://doi.org/10.1007/s10068-016-0057-z
https://www.ncbi.nlm.nih.gov/pubmed/30263285
https://doi.org/10.1016/j.jfoodeng.2018.04.016
https://doi.org/10.1016/j.ijbiomac.2020.09.195
https://doi.org/10.1016/j.carbpol.2017.03.058
https://doi.org/10.1016/j.lwt.2019.01.060
https://doi.org/10.1016/j.foodchem.2018.11.067
https://doi.org/10.1016/j.foodhyd.2016.06.019


Appl. Sci. 2023, 13, 5558 13 of 14

10. Swamy, G.J.; Muthukumarappan, K. Optimization of continuous and intermittent microwave extraction of pectin from banana
peels. Food Chem. 2017, 220, 108–114. [CrossRef]

11. Sánchez, C.C.; Patino, J.M.R. Interfacial, foaming and emulsifying characteristics of sodium caseinate as influenced by protein
concentration in solution. Food Hydrocoll. 2005, 19, 407–416. [CrossRef]

12. Alves, T.F.R.; Morsink, M.; Batain, F.; Chaud, M.V.; Almeida, T.; Fernandes, D.A.; da Silva, C.F.; Souto, E.B.; Severino, P.
Applications of Natural, Semi-Synthetic, and Synthetic Polymers in Cosmetic Formulations. Cosmetics 2020, 7, 75. [CrossRef]

13. Noreen, A.; Akram, J.; Rasul, I.; Mansha, A.; Yaqoob, N.; Iqbal, R.; Tabasum, S.; Zuber, M.; Zia, K.M. Pectins function-alized
biomaterials; a new viable approach for biomedical applications: A review. Int. J. Biol. Macromol. 2017, 101, 254–272. [CrossRef]
[PubMed]

14. Sengar, A.S.; Rawson, A.; Muthiah, M.; Kalakandan, S.K. Comparison of different ultrasound assisted extraction techniques for
pectin from tomato processing waste. Ultrason. Sonochem. 2019, 61, 104812. [CrossRef] [PubMed]

15. Gonzales-Barron, U.; Butler, F. A comparison of seven thresholding techniques with the k-means clustering algorithm for
measurement of bread-crumb features by digital image analysis. J. Food Eng. 2006, 74, 268–278. [CrossRef]

16. Wai, W.W.; Alkarkhi, A.F.; Easa, A.M. Effect of extraction conditions on yield and degree of esterification of durian rind pectin:
An experimental design. Food Bioprod. Process. 2010, 88, 209–214. [CrossRef]

17. Taylor, K.A.C.C. A colorimetric method for the quantitation of galacturonic acid. Appl. Biochem. Biotechnol. 1993, 43, 51–54.
[CrossRef]

18. Xu, M.; Qi, M.; Goff, H.; Cui, S. Polysaccharides from sunflower stalk pith: Chemical, structural and functional characterization.
Food Hydrocoll. 2019, 100, 105082. [CrossRef]

19. Kazemi, M.; Khodaiyan, F.; Labbafi, M.; Hosseini, S.S.; Hojjati, M. Pistachio green hull pectin: Optimization of microwave-assisted
extraction and evaluation of its physicochemical, structural and functional properties. Food Chem. 2019, 271, 663–672. [CrossRef]

20. Chen, X.; Qi, Y.; Zhu, C.; Wang, Q. Effect of ultrasound on the properties and antioxidant activity of hawthorn pectin. Int. J. Biol.
Macromol. 2019, 131, 273–281. [CrossRef]

21. Nguyen, H.H.D.; Savage, G.P. Properties of Pectin Extracted from Vietnamese Mango Peels. Foods 2019, 8, 629. [CrossRef]
22. Kratchanova, M.; Pavlova, E.; Panchev, I. The effect of microwave heating of fresh orange peels on the fruit tissue and quality of

extracted pectin. Carbohydr. Polym. 2004, 56, 181–185. [CrossRef]
23. Na Jiang, L.; Shang, J.J.; He, L.B.; Dan, J.M. Comparisons of Microwave-Assisted and Conventional Heating Extraction of Pectin

from Seed Watermelon Peel. Adv. Mater. Res. 2012, 550–553, 1801–1806. [CrossRef]
24. Xu, Y.; Zhang, L.; Bailina, Y.; Ge, Z.; Ding, T.; Ye, X.; Liu, D. Ultrasound-assisted heating extraction of pectin from grapefruit peel:

Optimization and comparison with the conventional method. Food Chem. 2015, 178, 106–114.
25. Gogate, P.R.; Sutkar, V.S.; Pandit, A.B. Sonochemical reactors: Important design and scale up considerations with a special

emphasis on heterogeneous systems. Chem. Eng. J. 2011, 166, 1066–1082. [CrossRef]
26. Kulkarni, S.; Vijayanand, P. Effect of extraction conditions on the quality characteristics of pectin from passion fruit peel (Passiflora

edulis f. flavicarpa L.). LWT 2010, 43, 1026–1031. [CrossRef]
27. Marenda, F.R.B.; Colodel, C.; Canteri, M.H.G.; Müller, C.M.d.O.; Amante, E.R.; Petkowicz, C.L.d.O.; Amboni, R.D.d.M.C.

Investigation of cell wall polysaccharides from flour made with waste peel from unripe banana (Musa sapientum) biomass. J. Sci.
Food Agric. 2019, 99, 4363–4372. [CrossRef]

28. Fakayode, O.A.; Abobi, K.E. Optimization of oil and pectin extraction from orange (Citrus sinensis) peels: A response surface
approach. J. Anal. Sci. Technol. 2018, 9, 20. [CrossRef]

29. Denman, L.J.; Morris, G.A. An experimental design approach to the chemical characterisation of pectin polysaccharides extracted
from Cucumis melo Inodorus. Carbohydr. Polym. 2015, 117, 364–369. [CrossRef]

30. Ogutu, F.O.; Mu, T.-H. Ultrasonic degradation of sweet potato pectin and its antioxidant activity. Ultrason. Sonochem. 2017, 38,
726–734. [CrossRef]

31. Petkowicz, C.; Vriesmann, L.; Williams, P. Pectins from food waste: Extraction, characterization and properties of watermelon
rind pectin. Food Hydrocoll. 2017, 65, 57–67. [CrossRef]

32. Popper, Z.; Fry, S.C. Widespread occurrence of a covalent linkage between xyloglucan and acidic polysaccharides in suspension-
cultured angiosperm cells. Ann. Bot. 2005, 96, 91–99. [CrossRef] [PubMed]

33. Broxterman, S.E.; Schols, H.A. Interactions between pectin and cellulose in primary plant cell walls. Carbohydr. Polym. 2018, 192,
263–272. [CrossRef] [PubMed]

34. Naghshineh, M.; Olsen, K.; Georgiou, C. Sustainable production of pectin from lime peel by high hydrostatic pressure treatment.
Food Chem. 2013, 136, 472–478. [CrossRef] [PubMed]

35. Cortés-Camargo, S.; Román-Guerrero, A.; Alpizar-Reyes, E.; Pérez-Alonso, C. New Sources of Pectin: Extraction, Processing, and
Industrial Applications; InTech Open: London, UK, 2023. [CrossRef]

36. Rubio-Senent, F.; Rodríguez-Gutiérrez, G.; Lama-Muñoz, A.; Fernández-Bolaños, J. Pectin extracted from thermally treated olive
oil by-products: Characterization, physico-chemical properties, in vitro bile acid and glucose binding. Food Hydrocoll. 2015, 43,
311–321. [CrossRef]

37. Elleuch, M.; Bedigian, D.; Roiseux, O.; Besbes, S.; Blecker, C.; Attia, H. Dietary fibre and fibre-rich by-products of food processing:
Characterisation, technological functionality and commercial applications: A review. Food Chem. 2011, 124, 411–421. [CrossRef]

https://doi.org/10.1016/j.foodchem.2016.09.197
https://doi.org/10.1016/j.foodhyd.2004.10.007
https://doi.org/10.3390/cosmetics7040075
https://doi.org/10.1016/j.ijbiomac.2017.03.029
https://www.ncbi.nlm.nih.gov/pubmed/28300586
https://doi.org/10.1016/j.ultsonch.2019.104812
https://www.ncbi.nlm.nih.gov/pubmed/31704498
https://doi.org/10.1016/j.jfoodeng.2005.03.007
https://doi.org/10.1016/j.fbp.2010.01.010
https://doi.org/10.1007/BF02916430
https://doi.org/10.1016/j.foodhyd.2019.04.053
https://doi.org/10.1016/j.foodchem.2018.07.212
https://doi.org/10.1016/j.ijbiomac.2019.03.077
https://doi.org/10.3390/foods8120629
https://doi.org/10.1016/j.carbpol.2004.01.009
https://doi.org/10.4028/www.scientific.net/AMR.550-553.1801
https://doi.org/10.1016/j.cej.2010.11.069
https://doi.org/10.1016/j.lwt.2009.11.006
https://doi.org/10.1002/jsfa.9670
https://doi.org/10.1186/s40543-018-0151-3
https://doi.org/10.1016/j.carbpol.2014.09.081
https://doi.org/10.1016/j.ultsonch.2016.08.014
https://doi.org/10.1016/j.foodhyd.2016.10.040
https://doi.org/10.1093/aob/mci153
https://www.ncbi.nlm.nih.gov/pubmed/15837720
https://doi.org/10.1016/j.carbpol.2018.03.070
https://www.ncbi.nlm.nih.gov/pubmed/29691020
https://doi.org/10.1016/j.foodchem.2012.08.036
https://www.ncbi.nlm.nih.gov/pubmed/23122086
https://doi.org/10.5772/intechopen.109579
https://doi.org/10.1016/j.foodhyd.2014.06.001
https://doi.org/10.1016/j.foodchem.2010.06.077


Appl. Sci. 2023, 13, 5558 14 of 14

38. Karaman, S.; Kesler, Y.; Goksel, M.; Dogan, M.; Kayacier, A. Rheological and some Physicochemical Properties of Selected
Hydrocolloids and their Interactions with Guar Gum: Characterization using Principal Component Analysis and Viscous
Synergism Index. Int. J. Food Prop. 2014, 17, 1655–1667. [CrossRef]

39. Mitura, S.; Sionkowska, A.; Jaiswal, A. Biopolymers for hydrogels in cosmetics. J. Mater. Sci. Mater. Med. 2020, 31, 1–14. [CrossRef]
40. Kitabatake, N.; Doi, E. Surface Tension and Foaming of Protein Solutions. J. Food Sci. 1982, 47, 1218–1221. [CrossRef]
41. Schmidt, U.S.; Koch, L.; Rentschler, C.; Kurz, T.; Endreß, H.U.; Schuchmann, H.P. Effect of Molecular Weight Reduction,

Acetylation and Esterification on the Emulsification Properties of Citrus Pectin. Food Biophys. 2014, 10, 217–227. [CrossRef]
42. Martínez, K.D.; Sánchez, C.C.; Patino, J.M.R.; Pilosof, A.M. Interfacial and foaming properties of soy protein and their hydrolysates.

Food Hydrocoll. 2009, 23, 2149–2157. [CrossRef]
43. Kpodo, F.M.; Agbenorhevi, J.K.; Alba, K.; Oduro, I.N.; Morris, G.A.; Kontogiorgos, V. Structure-Function Relationships in Pectin

Emulsification. Food Biophys. 2018, 13, 71–79. [CrossRef] [PubMed]
44. Basak, S.; Annapure, U.S. Atmospheric pressure pin-to-plate cold plasma modification of high methoxyl apple pectin: Impact on

functional properties. J. Agric. Food Res. 2022, 9, 100356. [CrossRef]
45. Khubber, S.; Kazemi, M.; Samani, S.A.; Lorenzo, J.M.; Simal-Gandara, J.; Barba, F.J. Structural-functional Variability in Pectin

and Effect of Innovative Extraction Methods: An Integrated Analysis for Tailored Applications. Food Rev. Int. 2021, 39, 1–26.
[CrossRef]

46. Xu, S.-Y.; Liu, J.-P.; Huang, X.; Du, L.-P.; Shi, F.-L.; Dong, R.; Huang, X.-T.; Zheng, K.; Liu, Y.; Cheong, K.-L. Ultrasonic-microwave
assisted extraction, characterization and biological activity of pectin from jackfruit peel. LWT 2018, 90, 577–582. [CrossRef]

47. Ma, X.; Wang, D.; Chen, W.; Ismail, B.B.; Wang, W.; Lv, R.; Ding, T.; Ye, X.; Liu, D. Effects of ultrasound pretreatment on the
enzymolysis of pectin: Kinetic study, structural characteristics and anti-cancer activity of the hydrolysates. Food Hydrocoll. 2018,
79, 90–99. [CrossRef]

48. Bagherian, H.; Ashtiani, F.Z.; Fouladitajar, A.; Mohtashamy, M. Comparisons between conventional, microwave-and ultrasound-
assisted methods for extraction of pectin from grapefruit. Chem. Eng. Process. Process Intensif. 2011, 50, 1237–1243. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/10942912.2012.675612
https://doi.org/10.1007/s10856-020-06390-w
https://doi.org/10.1111/j.1365-2621.1982.tb07651.x
https://doi.org/10.1007/s11483-014-9380-1
https://doi.org/10.1016/j.foodhyd.2009.03.015
https://doi.org/10.1007/s11483-017-9513-4
https://www.ncbi.nlm.nih.gov/pubmed/29503599
https://doi.org/10.1016/j.jafr.2022.100356
https://doi.org/10.1080/87559129.2021.1952422
https://doi.org/10.1016/j.lwt.2018.01.007
https://doi.org/10.1016/j.foodhyd.2017.12.008
https://doi.org/10.1016/j.cep.2011.08.002

	Introduction 
	Materials and Methods 
	Sample Preparation 
	Pectin Extraction 
	Microwave-Assisted Extraction 
	Morphology of Watermelon Rind Powder 
	Pectin Characteristics 
	Monosaccharide Composition of Pectin 
	Surface Tension and Foaming Properties 
	Intrinsic Viscosity and Viscosity Average Molecular Weight 
	Colour 
	Statistical Analysis 

	Results and Discussion 
	Extraction Yield 
	Degree of Esterification 
	Pectin Compositions (Monosaccharide, Galacturonic Acid Content and Protein Content) 
	Morphology of the Watermelon Rind Powder 
	Water Holding Capacity and Surface Tension 
	Foaming Property 
	Intrinsic Viscosity and Viscosity Average Molecular Weight 
	Colour Attributes 

	Conclusions 
	References

