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Abstract
The approach of converting fruit by-products to produce value-added products contributes to sustainable development and 
environmental protection. Ultrasound assisted extraction technique was applied to extract pectin from waste pomelo peel 
(PP) using eco-friendly organic acid (citric acid). A Box-Behnken design (BBD) of response surface methodology (RSM) 
was employed to optimize the extraction conditions and investigate the individual and interactive effect of process variables 
(citric acid concentration, ultrasound temperature and ultrasound power) on the pectin yield. A second-order polynomial 
model was developed using multiple regression analysis and it showed higher adequate in predicting the pectin yield. The 
results showed that the maximum pectin yield of 21.68% was obtained at optimal conditions of citric acid concentration 
1.66%, ultrasound temperature 75 °C and ultrasound power 191 W. The optimized pectin was classified as high methoxyl 
pectin due to its high esterification degree 67.26 ± 0.32%. The galacturonic acid content and ash content of the pectin were 
82.89 ± 1.35% and 1.47 ± 0.21%, respectively, indicating its higher degree of purity. In addition, the pectin presented higher 
emulsion properties, emulsion activity of 54.3% and the values of emulsion stability of 76.9% to 85.7%. The PP pectin pre-
sented a smooth, but wrinkled and loosen surface. The pectin degradation was found in the temperature range from about 
220 to 280 °C.
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1  Introduction

Pomelo (citrus maxima), as a member of citrus family, is 
widely cultivated in southern east Asia [1, 2]. The world’s 
main pomelo growing country include China, United States, 
Cuba, South Africa, Brazil, Argentina and Japan countries. 
Only in China, the annual output of pomelo fruit was 5.227 
million tons in 2020 and it shows an increasing trend year 
by year. In the future, the consumption of pomelo products 
will no longer be limited to the consumption of fresh fruit, 
and the deep processing will be intensified. All kinds of 
high value-added products will be favored by the market, 

and the products will be diversified. In addition to the edible 
flesh, the pomelo peel also contains great value for devel-
opment and utilization. The spongy mesocarp and exocarp 
covered with oil cells account for approximately 40% of the 
single fruit weight, which has become an important research 
object for scientists [3, 4]. Pomelo peel contains a lot of 
effective ingredients such as pectin, flavonoids, dietary fiber 
and essential oil. If these ingredients are fully utilized, the 
utilization rate of pomelo peel will be further improved.

Pectin, as a complex mixture of heterogenous polysac-
charide, is localized in the middle lamella and primary 
cell of higher plants [5, 6]. Pectin is basically composed 
of α-(1–4)-D-galacturonic acid monomers which can be 
methyl esterified or acetylated [7, 8]. Pectin is widely used 
in the food and drug industries because it has good stabil-
ity, viscosity and gelatinicity, and also has some physi-
ological functions such as lowering blood sugar, lowering 
cholesterol, preventing cancer occurrence and metastasis 
[7]. It is reported that world’s annual demand for pectin 
is about 40,000 tons and experts predict that the demand 
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will continue to grow at an annual rate of 5%-10%. At 
present, citrus peels (85.5%), apple pomace (14.0%) and 
sugar beet pulp (0.5%) are the main raw materials used in 
the production of commercial pectin [9]. In addition, there 
have been extensive studies on the extraction of pectin 
from other byproducts such as walnut processing wastes 
[10], sunflower head [11], potato pulp [12], tomato waste 
[13], hawthorn wine pomace [14], carrot pomace [15], and 
cocoa husks [16], etc. But these raw materials are limited 
to basic laboratory studies. However, it is noted that the 
extracted pectin yield and its physico-chemical properties 
varies greatly depended on the raw materials and extrac-
tion techniques. As for the pectin extraction from pomelo 
peel, Chen et al. [2] used a hot-solvent microwave extrac-
tion for pectin using conventional inorganic acid (HCl). 
Wandee et al. [6] combined conventional inorganic acid 
(HCl) solvent and microwave method to extract pectin. 
However, on the one hand, the mentioned strong mineral 
acids (hydrochloric acid) tend to corrode equipment and/
or pollute water, on the other one hand, they are against 
the principles of “green” chemistry and “green” technol-
ogy due to the production of toxic compounds. Recently, 
organic acids (such as tartaric, malic, and citric acid) have 
been used for pectin extraction due to their eco-friendly 
nature [5, 17]. Besides, compared with inorganic acids, 
organic acids possess lower hydrolyzing abilities ascribed 
to their lower dissociation constant, which could reduce 
the depolymerization ability. Therefore, pectin extracted 
using organic acid always had higher molecular weight, 
viscosity and degree of esterification as compared to inor-
ganic acids [17]. Liew et al. [3] carried out the research 
on the extraction of pectin from pomelo peel using citric 
acid. Conventionally, extraction of pectin by acidic method 
requires long extraction time, high energy input. There-
fore, other non-conventional techniques involving micro-
wave, ultrasound, subcritical water, and enzyme have been 
applied to recovery pectin from fruit by-products. Among 
these methods, ultrasound-assisted extraction using cavita-
tion effect has been reported to present some advantages, 
such as lower energy input, shorter extraction time, less 
solvent usage, and higher yield [7, 18, 19], and so on. 
During the ultrasound-assisted extraction process, some 
processing parameters such as temperature, pH, inten-
sity of ultrasound and time could affect the pectin yields. 
Furthermore, in order to study the effects of extraction 
parameters on pectin yield and optimize the parameters, 
the interaction effects of the process factors should not be 
neglected. Response surface methodology (RSM) applying 
Box-Behnken design (BBD) is a powerful tool for design-
ing, statistical modeling, and optimizing the extraction 
factors, and also to determine the association between one 
or more process parameters. So, in order to achieve the 
maximum pectin yield, the optimal processing conditions 

should be obtained. Response surface methodology (RSM) 
has been applied extensively to optimize the extraction 
conditions [11, 20–22].

Therefore, the objective of this study is to investigate and 
optimize the processing parameters on the maximum pec-
tin yield by ultrasound assisted method using organic acid 
employing Box-Behnken experimental design, as well as 
to further study the physico-chemical characteristics of the 
pectin extracted from pomelo peel (PP).

2 � Materials and methods

2.1 � Sample preparation and reagents

Fresh commercial pomelos (a pomelo is about 1300 g) used 
in this work were purchased from a local fruit market. The 
pomelo peels, approximately 8.85% of its fruit weight, were 
removed from pulp and chopped into small pieces with a 
sharp knife. Afterwards, the peels with 62.6% moisture 
content were soaked in 95% ethanol solvent for half an 
hour. Then, the peels were washed two times with distilled 
water and dried (50 °C) in an oven with air circulation to a 
constant weight. Subsequently, the dried peels were pow-
dered and sieved (40-mesh size). The powdered sample was 
packed in sealed plastic bags and stored in a dry environment 
for further use, and its proximate analysis is as follows: 3.5% 
moisture content, 8.1% protein content, 3.0% ash content.

All reagents used in this study were bought from Macklin 
biochemical Co.,Ltd (Shanghai, China) and were of analyti-
cal grade.

2.2 � Ultrasound‑assisted pectin extraction

The pretreated pomelo peels powder (2.0 g) was poured into 
a 250 mL glass beaker and blended in a certain concentra-
tion of citric acid solution, ranging from 1 to 2%, making 
the liquid–solid ratio (20:1 mL/g). After stirring the mixture 
completely, sonication was made with different ultrasonic 
power (120W, 160W, and 200W) at different temperatures 
(55, 65, 75 °C) for 30 min. After extraction, the mixture 
was filtered using four sheets of gauze and then, the filtrate 
was centrifuged at 4000 rpm for 10 min to remove the solid 
particles. Then, the supernatant was cooled to room tem-
perature and precipitated with cold ethanol (95%) in a ratio 
(1:2 v/v). In order to allow the pectin product to better pre-
cipitate completely, the prepared mixture was left at 4 °C for 
24 h. Then, the cool mixture was centrifuged at 4000 rpm 
for 10 min. Afterwards, the coagulated pectin was collected, 
washed with ethanol (95%) for two times using centrifuge. 
Finally, the wet pectin was dried (50 ℃) in a hot air oven 
(approximately 12 h) to a constant weight. The pectin yield 
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of extraction was calculated using the following formula 
(Eq. 1):

m0	� the weight of dried pectin (g)

m	� the weight of dried pomelo peels powder (g)

2.3 � Experimental design and statistical analysis

The extraction parameters were optimized by applying RSM. 
A Box-Behnken design (BBD) was used to optimize and 
investigate the effect of independent variables on the pec-
tin extraction yield, selected as a response. Based on our 
previous studies, three major processing parameters, i.e., 
citric acid concentration (A), ultrasound temperature (B), 
and ultrasound power (C) were selected in this study. Each 
variable has three levels presented in Table 1. All the cal-
culations and graphical analysis were conducted using the 
software Design-Expert 8.0 and origin 8.0.

2.4 � Physicochemical characterization

2.4.1 � Galacturonic acid content

Galacturonic acid, as the main component of pectin, can 
reacts with carbazole reagent in sulfuric acid solution and 
generate purple red complex, which has maximum absorp-
tion at wavelength 525 nm. Based on the above principles, 
the galacturonic acid content of pectin was analyzed by car-
bazole colorimetry method applying a UV-2501PC UV–Vis 
spectrophotometer (Shimadzu Corporation, Tokyo, Japan). 
The content of galacturonic acid was measured by means of 
the method developed by Florina Dranca and Mircea Oroian 
with some modifications [23]. In brief, 1 mL of the sample 
solution (20 μg/mL) was taken into a glass tube, then 6 mL 
98% H2SO4 was added under cold water bath conditions. 
The tube was placed in 85 °C water bath for 25 min in order 
to make the pectin hydrolysis adequately. After that, the 
tube was cooled to room temperature and 0.5 mL 0.15% 

(1)Yield(%) =
m

0

m
× 100

carbazole anhydrous ethanol solution was added. The mix-
ture was shaken for 5 min and was placed in the dark. After 
about 30 min, the absorbance was read at 525 nm immedi-
ately and the reagent blank was applied as reference. The 
galacturonic acid content was calculated according to a 
standard curve drawn from a series of standard galacturonic 
acid solutions (0–100 μg/mL).

2.4.2 � Protein content

The protein content of the extracted PP pectin was analyzed 
according to Kjeldahl method (N × 6.25).

2.4.3 � Degree of esterification

The degree of esterification (DE) of the extracted PP pectin 
was determined using the titration method described previ-
ously by other researchers [9, 10, 23] with minor modifica-
tions. In brief, dried pectin sample (100 mg) was moistened 
with ethanol (2 mL) and was then dissolved completely in 
distillated water free of CO2 (20 mL). Subsequently, the 
obtained solution was titrated with 0.1 M solution of NaOH 
(V1) using phenolphthalein as an indicator. Afterwards, 
10 mL 0.5 M solution of NaOH was added, and the mixture 
was set for about 25 min at continuous stirring in order to 
adequately hydrolyze. After this, 10 mL 0.5 M solution of 
HCl was added for neutralization, and the obtained solution 
was stirred constantly until the pink color disappeared. At 
last, a final titration was made with 0.1 M solution of NaOH 
(V2). The DE of the pectin was calculated using Eq. (2).

2.4.4 � Ash content

The ash content of the extracted PP pectin was determined 
as follows: a certain amount of pectin was selected and its 
weight is denoted as m. Then the pectin sample was placed 
in a crucible and a lid was covered on it. Then put them in a 
Muffle furnace and maintain continuous burning at 700 °C 
for 4 h. Subsequently, as the temperature dropped to room 
temperature, the residual was weighed, denoted as m0. The 
ash content calculation formula (Eq. 3) is as follows:

where m0 (g), the weight of residue; m (g), the weight of 
dried pectin.

(2)DE(%) =
V
2

V
1
+ V

2

× 100

(3)Ash(%) =
m

0

m
× 100

Table 1   Independent variables and their levels used in the Box-
Behnken design

Variables Symbols Levels

-1 0 1

Citric acid concentration (w/v, %) A 1 1.5 2
Ultrasound temperature (°C) B 55 65 75
Ultrasound power (W) C 120 160 200



20132	 Biomass Conversion and Biorefinery (2024) 14:20129–20141

1 3

2.4.5 � Molecular weight analysis

The molecular weight of the sample was determined on a Gel 
Permeation Chromatography (GPC, Waters 1515, USA). For 
GPC analysis, the pectin sample was dissolved in distilled 
water to prepare solution with a concentration of 1.5 mg/
mL. Distilled water was used to be as a mobile phase and the 
solvent flow rate was 1 mL/min. The molecular weights were 
calibrated with a set of standard dextran samples.

2.5 � Emulsifying properties

Emulsion activity (EA) and emulsion stability (ES) of 
PP pectin were evaluated using the method previously 
reported by Jafari et al. [15] with some modifications. 
Briefly, 5 mL olive oil was mixed with 5 mL aqueous pec-
tin solution (0.5%, w/v) containing 0.02% sodium azide 
as a bacteriocide. The prepared mixture was mixed thor-
oughly for 10 min by means of ultrasound method and then 
centrifuged at 4000 rpm for 10 min. At last, the EA was 
calculated using Eq. (4) as follows:

where the volume of the whole mixture was recorded as VT (mL) 
and the volume of the emulsified phase was recorded as VE (mL).

Furthermore, the ES was evaluated using the prepared 
emulsion as mentioned above. The prepared emulsions 
were stored at 4 and 23 °C for 1 and 30 days, respectively. 
The ES was determined according to the formula as fol-
lows (Eq. 5):

where the initial volume of the emulsified phase was 
recorded as VI (mL) and the volume of the remained emul-
sified phase was recorder as VR (mL).

2.6 � Fourier transform infrared (FT‑IR) spectroscopy 
analysis

FT-IR spectroscopy of the pectin was determined by apply-
ing an FT-IR spectrometer (Perkin Elmer Co., MA, USA) 
using KBr method in the frequency of 4000 – 500 cm−1 at 
a resolution of 4 cm−1.

2.7 � Nuclear magnetic resonance (NMR)

The 1H-NMR was collected with a spectrometer operating 
at 400 MHz (Varian-FT-80A, USA). The main technical 

(4)EA(%) =
V
E

V
T

× 100

(5)ES(%) =
V
R

V
I

× 100

parameters were as follows: a flip angle 45°, a repetition 
rate 3 s. Deuterated water (D2O) was used as solvent.

2.8 � Scanning electron microscopy analysis

The morphological properties of the dried pectin particles 
was observed using scanning electron microscope (SEM, 
JSM-6610LV, JEOL, Japan). The particles were dispersed 
uniformly on a conductive sample table and was coated 
using a thin gold layer under argon atmospheric condi-
tions by an iron sputter coater. The images of the sample 
were obtained at an accelerating voltage of 15 kV with a 
magnification of 1000 ×  ~ 5000 × .

2.9 � Thermal analysis

Before the thermal analysis, the sample was dried at room 
temperature. The thermal behavior (thermogravimetry 
analysis, TGA) of PP pectin sample was investigated using 
a STA 449C device (Netzsch, Selb, Germany) according to 
Einhorn-Stoll et al.[24]. The conditions were as follows: 
linear heating rate 10 °C /min from 60 to 600 ˚C, nitrogen 
atmosphere, sample weight approximately 20 mg.

3 � Results and discussion

3.1 � Effects of different liquid–solid ratio 
and extraction time on PP pectin yield

The effect of different liquid–solid ratios (10:1, 15:1, 20:1, 
25:1 and 30:1 v/w) on PP pectin yield was presented in 
Fig. 1a while other parameters were fixed as follows: citric 
acid concentration 1.5%, ultrasound temperature 65 °C, 
ultrasound power 200 W and extraction time 30 min. The 
extraction yields of PP pectin increased from 12.8% to 
20.5% with an increase in liquid–solid ratio from 10:1 to 
25:1 (v/w). The increase in yield is due to the enhanced 
contact surface area between the solvent and the plant 
matrix. However, the pectin yield decreased with further 
increase in liquid–solid ratio. The reason for this was that 
with an increase in liquid–solid ratio beyond an optimal 
value, the solution starts to get saturated with a solute, 
leading to decrease in mass transfer of pectin into the solu-
tion. In addition, higher liquid–solid ratio will need higher 
energy consumption in the next stage of pectin separation. 
Therefore, the liquid–solid ratio of 20:1 (v/w) was used as 
the optimal ratio for all experiments.

The effect of different extraction time (15, 20, 25, 30, 35, 
40 min) on PP pectin yield was shown in Fig. 1b, the other 
conditions were fixed as follows: citric acid concentration 
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1.5%, ultrasound temperature 65 °C, ultrasound power 200 
W and liquid–solid ratio 20:1 (v/w). The results showed 
that with an increase in the extraction time, pectin yield 
increased. This might be due to the prolonged reaction time 
between plant matrix and solvent. However, it could be 
found that longer time would lead to degradation of the pec-
tin. The results indicated that 30 min was the most favorable 
time for pectin extraction.

3.2 � Model fitting and statistical analysis

BBD is a collection of mathematical and statistical technique 
and could be employed to examine the process conditions 
for a maximum pectin yield. Factorial BBD of type 33 was 
applied to evaluate the effect of citric acid concentration 
(1 ~ 2%), ultrasound temperature (55 ~ 75 °C), and ultrasound 
power (120 ~ 200 W) on extracted pectin yield. The experi-
mental and predicated values of PP pectin yield obtained 

from 17 different experiments were given in Table 2. By 
applying multiple regression analysis on the achieved exper-
imental data, a second-order polynomial equation (Eq. 6) 
was developed which could express the relationship between 
variables and the response (pectin yield).

where Yield is PP pectin yield (%), and A, B, C are coded 
independent factors (A = citric acid concentration, B = ultra-
sound temperature, C = ultrasound power).

The statistical significance of the constructed quadratic 
model was evaluated using the results of analysis of vari-
ance (ANOVA) shown in Table 3. The ANOVA results 
showed that, the higher model F- value (80.40) for pectin 
yield, lower p-value (< 0.0001) less than 0.05 implied that 
this developed model was significantly. Moreover, F-value 
(0.7420) and p-value (0.5802) of the lack-of-fit indicated 
that the model was not significantly relative to the pure error. 
All these results indicated that this model was adequate and 
could be selected to explain and predict the variation of 
pectin yield. In addition, the values of the determination 
coefficient R2 for pectin yield, adjusted R2 and predicted 
R2 were 0.990, 0.978 and 0.936, respectively. Furthermore, 
the value of coefficient of variation was low (C.V. = 2.14%). 
These results further confirmed the higher confidence for 
the proposed model in predicting the pectin yield [19, 25, 
26]. The significance of each coefficient was also analyzed 

(6)
Yield(%) = 20.23 + 1.66A + 1.22B + 0.5788C + 0.6AB

+0.53AC + 0.1875BC − 4.02A
2 − 0.2127B

2 − 0.2478C
2Fig. 1   Effects of (a) liquid–solid ratio and (b) extraction time on PP 

pectin yield

Table 2   Box-Behnken design with experimental and predicted values 
for the yield of PP pectin

Run no Independent variables Response variable (pectin 
yield) (%)

A (%) B (°C) C (W) Experimental Predicated

1 1 65 120 14.07 14.25
2 1.5 65 160 19.79 20.23
3 1.5 55 120 18.21 18.15
4 1.5 75 120 20.13 20.23
5 1.5 65 160 20.65 20.23
6 1.5 55 200 19.03 18.93
7 2 75 160 19.36 19.49
8 2 65 120 16.74 16.52
9 2 55 160 15.56 15.84
10 1 65 200 14.13 14.35
11 1.5 75 200 21.70 21.76
12 2 65 200 18.92 18.74
13 1.5 65 160 20.12 20.23
14 1 75 160 15.24 14.96
15 1 55 160 13.84 13.71
16 1.5 65 160 20.67 20.23
17 1.5 65 160 19.91 20.23
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by contrasting their p-values and the results were as fol-
lows: most variables in each coefficient including linear (A, 
B, C), interactive (AB, AC) and quadratic (A2) were lower 
than 0.05, indicating their significant effect on the pectin 
yield [5].

3.3 � Effect of process variables on PP pectin yield

The pectin yield extracted from PP in Table 2 ranged from 
13.84% (citric acid concentration 1%, ultrasound tempera-
ture 55 °C, ultrasound power 160 W) to 20.67% (citric acid 
content 1.5%, ultrasound.temperature 65 °C, ultrasound 
power 160 W). Generally, F and p values analyzed using 
ANOVA can be used to determine the degree of influence 
of each variable on response value. Based on this, the results 
could be obtained that, among all the process parameters the 
most influential factor was citric acid concentration. Also the 
interaction between citric acid concentration and ultrasound 
temperature had great effect on the pectin yield. The effects 
of all the process parameters and their interactions on pectin 
yield response could also be studied using three-dimensional 
(3D) response surface plots and two-dimensional (2D) con-
tour plots, as depicted in Fig. 2. It was noted that, in each 
figure, the plots were obtained by keeping the variables not 
shown at constant level 0, whereas the two tested variables 
were varied in the testing ranges.

The response surfaces showing the effects of citric acid 
concentration on the pectin yield were shown in Fig. 2a, c. 
It was observed that the citric acid concentration factor had 
a significant effect on pectin yield. The results showed that 

the extracted pectin yield increased with an increase in acid 
concentration. According to the experimental results listed 
in Table 2, the lowest pectin yield extracted from PP was 
obtained under the lowest acid concentration. High acidic 
condition was useful for extraction solvent to hydrolyze the 
insoluble pectin constituents into the soluble form. Further-
more, the high acidity extraction solvent could release the 
pectin from plant matrix and in consequence, increased the 
pectin yield. These results were in close accordance with the 
results obtained from melon peel [25], sugar beet pulp [27] 
and sour orange peel [28].

Ultrasound temperature was also an important factor 
that influenced the pectin extraction efficiency. Accord-
ing to the Fig. 2a, e, it was observed that the pectin yield 
increased with an increase of ultrasound temperature. This 
was probably due to that high temperature processing had 
stronger disruptive influence on the plant cell wall, thereby 
increasing solvent diffusivity and pectin solubility from 
plant matrix hence giving a higher pectin extraction rate 
[29]. However, pectin extraction at higher temperature 
beyond the optimum limit would result in a decrease in 
pectin extraction. This was because at higher tempera-
ture the pectin was hydrolyzed into short-chain molecules 
through the breakdown of a-1, 4 linked units of galactu-
ronic acid or methyl ester which couldn’t be precipitated 
in ethanol [7]. Furthermore, high temperature processing 
would promote substantial energy consumption resulting 
in higher production costs.

The ultrasound power was another important parameter 
influencing pectin extraction yield, as observed in Fig. 2c, 

Table 3   Analysis of variance 
(ANOVA) for the constructed 
model of PP pectin yield

Source Sum of squares Degree of 
freedom

Mean square F-Value p-Value

Model 109.10 9 12.12 80.40  < 0.0001
A 22.11 1 22.11 146.65  < 0.0001
B 11.98 1 11.98 79.46  < 0.0001
C 2.68 1 2.68 17.77 0.0040
AB 1.44 1 1.44 9.55 0.0176
AC 1.12 1 1.12 7.45 0.0293
BC 0.1406 1 0.1406 0.9327 0.3663
A2 67.88 1 67.88 450.21  < 0.0001
B2 0.1906 1 0.1906 1.26 0.2980
C2 0.2584 1 0.2584 1.71 0.12318
Residual 1.06 7 0.1508
Lack of fit 0.3774 3 0.1258 0.7420 0.5802
Pure error 0.6781 4 0.1695
Total 110.16 16
R2 0.990
Adjusted R2 0.978
Predicted R2 0.936
C.V. (coefficient of variation) % 2.14
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e. It was seen that the extracted pectin yield increased with 
increasing of the ultrasound power. As reported by Wang 
et al. [19], increased ultrasound power would enhance the 
extractability of pectin by disrupting plant cell which was 

related to the cavitation effects of ultrasound waves in the 
solvent medium, thereby improving pectin yield. However, 
it was also indicated that high ultrasound power would cause 
an adverse effect, i.e., a decrease in pectin yield. This was 

Fig. 2   Response surface plots and contour plots for effects of: (a, b) citric acid concentration and ultrasound temperature; (c, d) citric acid con-
centration and ultrasound power; (e, f) ultrasound temperature and ultrasound power on PP pectin yield
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attributed to “saturation effect” which might reduce energy 
efficiency of bubbles collapsing [30].

The significance of interaction effect between the two 
studied variables can be estimated by the shape of contour 
lines. The elliptical contour plots shown in Fig. 2b, d indi-
cated that the interactions between ultrasound temperature/
ultrasound power and citric acid concentration were signifi-
cant, whereas the circular contour plot in Fig. 2f indicated 
that the interactions between ultrasound temperature and 
ultrasound power were insignificant (p > 0.05). These results 
indicated that the effect of ultrasound temperature or ultra-
sound power on the pectin yield was significantly influenced 
by the varying of citric acid concentration, and vice versa.

3.4 � Optimization and Validation of optimized 
experimental conditions

Based on the above-mentioned findings and discussions, 
the optimal conditions for obtaining maximum pectin yield 
were determined using the Derringer’s desirability function 
method [31]. An optimization study was performed using the 
selected experimental range of process variables by means 
of the design of expert program. The obtained optimal con-
ditions were as follows, citric acid concentration 1.66%, 
ultrasound temperature 75 °C and ultrasound power 191 W 
and the highest predicted pectin yield was 22.24%. Accord-
ing to Wandee et al., the highest pectin yield extracted from 
pomelo peel using combined conventional inorganic acid 
(HCl) solvent and microwave method was 20.5% [6]. Chen 
et al. [2] used a hot-solvent microwave extraction for pectin 
from oil-free pomelo peelusing conventional inorganic acid 
(HCl) and the yield was lower 3.29%. To validate the devel-
oped model, three repeated experiments were carried out 
under these optimal conditions, and the mean pectin yield 
was 21.68%, which was very close to the predicted value. 
This result demonstrated the validation of the optimized 
conditions and also the adequate of the developed model.

3.5 � Physicochemical characterization

A set of physicochemical properties of PP pectin extracted at 
the obtained optimal conditions were evaluated in Table 4. 
It could be seen that the ash content of PP pectin was 
1.47 ± 0.21%, which was lower than the reported data about 
pectin extracted from sour orange peel by ultrasound assisted 
method (1.89 ± 0.51) [32], and also the pectin microwave-
assisted extracted from pistachio hull (5.16% ± 0.19) [33]. 
The result revealed the purity of PP pectin. It’s worth noting 
that the different contents are probably attributed to plant 
sources, extracting methods and processing conditions. 
According to the results in Table 4, the average molecular 
weights of PP pectin were 8.86 × 104 Da and 7.75 × 104 Da 
for Mw and Mn, respectively. Compared with average 

molecular weights of the pectin extracted from pomelo peels 
[4], these values were lower probably ascribed to ultrasonic 
degradation. In addition, the polydispersity (PD) represented 
the distribution of molecular weight of pectin was 1.14. It 
was narrower.

The degree of esterification is a vital property of pectin, 
reflecting the molar ratio of methyl-ester to galacturonic 
acid, is used to classify pectin. Commercially, the pectin 
is classified into two groups based on the degree of esteri-
fication, namely high methoxyl pectin (DE > 50%) and low 
methoxyl pectin (DE < 50%) [7]. The two groups have differ-
ent applications because of their different physicochemical 
properties. According to the result obtained in our study, 
the measured degree of esterification was 67.26 ± 0.32% 
(Table 4), indicating that the pectin extracted from PP can 
be categorized as high methoxyl pectin. Therefore, it can be 

Table 4   Characterization of PP pectin extracted at optimal conditions

Parameter Value

Protein content (%) 1.82 ± 0.26
Molecular weight, Mw (Da) 8.86 × 104

Mn (Da) 7.75 × 104

Polydispersity (PD) 1.14
Degree of esterification (DE %) 67.26 ± 0.32
Galacturonic acid content (%) 82.89 ± 1.35
Ash content (Ash %) 1.47 ± 0.21
Emulsion activity (EA, %) 54.3
Emulsion stability (ES, %)
at 4 °C for 1 day 85.7
at 23 °C for 1 day 80.2
at 4 °C for 30 days 78.4
at 23 °C for 30 days 76.9

Fig. 3   FT-IR spectroscopy of PP pectin extracted under optimal con-
ditions
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used at relatively strong acidic conditions in the presence of 
soluble solids and is suitable in jam and jellies preparation.

The galacturonic acid content is another vital property 
indicating the purity of extracted pectin. According to Food 
and Agriculture Organization (FAO) guidelines, the galac-
turonic acid content of pectin at least 65% is one of the pre-
requisite for use in food ingredient [9, 21]. The galacturonic 
acid content of PP pectin was found to be 82.89 ± 1.35%, 
which was higher than most of other pectin sources such as 
sugar beet pulp (60.2–77.8%) [34], Snot apple (6.03–67.6%) 
[35], citrus limetta (67.81%) [5], and also the same source 
of pomelo peel (76.62%) [36]. The higher degree of purity 
for PP pectin might be related to ultrasound irradiation 
treatment during the process of extraction, what could 
break the some covalent linkages between pectin and non-
pectic polysaccharides [37]. As reported, pectin with higher 
galacturonic acid content is effective on diverse functional 
characteristics such as emulsifying properties and radical-
scavenging activity [38].

3.6 � Emulsifying properties

The determined values of emulsion activity (EA) and emul-
sion stability (ES) of PP pectin extracted at optimal con-
ditions were listed in Table 4. According to the results, 
the value of EA for the pectin 54.3% was higher than the 
reported commercial citrus pectin (44.87%) and apple pec-
tin extracted from potato pectin (45.34%) [12], and was 
close to the reported pectin extracted from sour orange peel 
(53.42% ± 2.14%) [32]. In addition, the emulsion stability 
were 85.7% and 80.2% at 4 °C and 23 °C for 1 day, respec-
tively. Also, the emulsions were 78.4% and 76.9% at 4 °C 
and 23 °C after 30 days of storage. The results indicated 

that the emulsions were more stable stored in lower tem-
perature. Furthermore, compared with other reported results, 
these values were higher than the pectins extracted from 
sugar beet [34] and Citrus limetta peels [5]. Presumably, its 
higher emulsion properties were related to the higher galac-
turonic acid content [32]. Therefore, it could be inferred that 
PP pectin was suitable for emulsifier and stabilizer in food 
industries.

3.7 � Chemical structure analysis by FT‑IR

FT-IR is always used to analyze the primary functional 
groups. The FT-IR spectrum of PP pectin obtained under 
optimal conditions was illustrated in Fig. 3. For PP pec-
tin, the broad and strong peaks at around 3200 ~ 3500 cm−1 
were due to the stretching vibrations of inter and intramo-
lecular hydrogen of O–H [19]. The peaks in the range of 
3000 ~ 2800 cm−1 and 1500 ~ 1300 cm−1 were the bending 
and stretching vibrations of saturated C-H groups, includ-
ing CH, CH2 and CH3 [9]. Furthermore, the peaks at 1641 
and 1718 cm−1 were related to the free and esterified car-
boxyl groups, respectively. The adsorption bands between 
1250 and 1000 cm−1 were mainly related to glycosidic link-
ages (C–O–C functional groups) in galacturonic acid mol-
ecules. Additionally, the absorption signals in the ranges 
of 1200 ~ 500 cm−1 were considered as the “finger print” 
region of carbohydrates which was unique for every kind 
of pectin [39].

3.8 � 1H‑NMR spectrum analysis

The 1H-NMR spectrum of PP pectin extracted under opti-
mal conditions was illustrated in Fig. 4. The sharp peak at 

Fig. 4   1H-NMR spectrum of PP 
pectin

ppm (t1)
1.02.03.04.05.06.0
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3.7 ppm was assigned to the methoxyl group protons from 
the esterified units of galacturonic acid [32]. The proton sig-
nals of non-esterified galacturonic acid units were observed 
at anomeric H-1 (5.1 ppm) and H-5 (4.9 ppm). The signals 
around 1.0 ppm were probably indicative of the presence of 
methyl group links of rhamnose. Further, proton signals at 
3.4, 3.8 and 1.1 ppm were related to H-4, H-5, and H-6 of 
rhamnose units, respectively. Moreover, the region at around 
3.7—5.28 ppm contained typical signals of protons originat-
ing from arabinose units. The signals of H-1 (4.8 ppm), H-2 
(3.6 ppm), H-3 (3.9 ppm), H-4 (4.4 ppm) and H-5 (4.6 ppm) 
were ascribed to esterified galacturonic acid monosaccharide 
[40]. Thus, the above-mentioned results further confirmed 
the presence of pectin structure in the sample.

3.9 � SEM analysis

The surface morphology of the pectin obtained from PP 
using the optimal conditions was analyzed by SEM seen in 
Fig. 5a, c, e. In order to further compare with the conven-
tional method, the pectin was extracted from PP by using 
mineral hydrochloric acid (c-pectin), mainly according to the 
steps described in 2.2 (pH 2.0, temperature 85, liquid–solid 
ratio 20: 1, time 60 min), the images with different magnifi-
cations in Fig. 5b, d, f. SEM images with different magnifi-
cations (Fig. 5) indicated that ultrasonic treatment influenced 
the microstructures of pectin. As shown in Fig. 5b, d, the 
PP c-pectin exhibited a flat, but rough surface, while the PP 
pectin in Fig. 5a, c exhibited a smooth, but wrinkled sur-
face. Moreover, the PP c-pectin in Fig. 5f showed a impact 

Fig. 5   SEM images of pectin 
particles with different mag-
nifications (PP pectin: pectin 
extracted from PP by using 
ultrasound-assisted method; 
PP c-pectin: pectin extracted 
from PP by using conventional 
method; a b 1000 × , c d 2000 × , 
e f 5000 ×)
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surface, but the PP pectin in Fig. 5e appeared very loosen. 
This phenomenon is similar to the results reported by Wang 
et al. [19]. The different microstructures indicated that ultra-
sound plays an important role in breaking up the vegetal 
tissue or disrupting the crosslinks between pectin molecules.

3.10 � Thermal analysis

As one typical of diagram of the thermal degradation, the 
TG curves records the weight loss during heating. The ther-
mal investigation of PP pectin was shown in Fig. 6. The 
result showed that the first weight loss transition at 120 °C 
could be due to evaporation of free and bound water in pec-
tin. This water content was found to be 4%. The second con-
siderable weight loss was about 50%, which was ascribed 
to pectin degradation. It started at temperatures of about 
230 °C and ended at about 280 °C. The thermal degrada-
tion features of PP pectin were similar to the citrus pectin 
described in Einhorn-Stoll et al. [41].

4 � Conclusions

In this study, ultrasound assisted extraction of pomelo 
peel (PP) pectin using organic citric acid was investigated 
under different processing parameters. Box-Behnken 
design (BBD) of response surface methodology (RSM) 
was used for extraction optimization. The second-order 
polynomial model developed using multiple regression 
analysis showed higher adequate in predicting the pec-
tin yield. The highest pectin yield 21.68% was achieved 
in the optimal conditions, citric acid concentration of 
1.66%, ultrasound temperature of 75 °C and ultrasound 
power of 191 W. The extracted pectin at the optimal condi-
tions was categorized as high methoxyl pectin according 

to its esterification degree of 67.26 ± 0.32%, which was 
confirmed by FTIR and 1H-NMR results. In addition, the 
pectin had higher purity because of its higher galacturonic 
acid content of 82.89 ± 1.35%, also lower ash content of 
1.47 ± 0.21% and lower protein content of 1.82 ± 0.26. 
SEM analysis indicated that ultrasonic treatment was 
conducive to break up the vegetal tissue or disrupt the 
crosslinks between pectin molecules. Thermal analysis 
indicated that PP pectin showed better thermal stability. 
Thus, the proposed method of ultrasound assisted extrac-
tion using citric acid can be an eco-friendly process for 
extraction of pectin from pomelo peel. The eco-friendly 
organic citric acid can be substituted for traditional inor-
ganic acids in pectin extraction from pomelo peel.
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