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Abstract

The hybrid optimization approach integrating response surface methodology box-behnken design (RSM-BBD) 
and artificial neural network-genetic algorithm (ANN-GA) was employed to enhance extraction of pectin from 
lemon peel via ultrasound-assisted extraction techniques. By using these techniques, extraction conditions were 
improved, and a model was constructed. The extraction time (30–60min), amplitude (25–50%), and pH (1.2–4.2) 
were considered as input variables, while the output variable was pectin yield (PY%). The results showed that the 
prediction efficiency of RSM was higher than ANN-GA. With an ANN as the fitness function, the genetic algo-
rithm determined a maximum pectin yield of 38.67% at a pH of 1.2, 30 min extraction time, and 50% amplitude. 
The experimental pectin extraction yield was found to be 38.92%. At an extraction time of 60 min, with an ampli-
tude of 25% and a pH 4.2, the RSM-predicted value was 39.77%, closely aligning with the actual experimental 
value of 40.23%. FTIR and SEM were employed for further characterization of the extracted pectin. These analy-
ses demonstrated that RSM has proven to be an effective technique for enhancing the extraction of pectin from 
lemon peel.

Keywords: Lemon peel, pectin extraction, response surface methodology (RSM), box-behnken design (BBD), artificial 
neural network (ANN), ultrasound 
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Introduction

Citrus fruits are globally significant and highly valued 
cropsbecause of their economic and nutritional value 
(Kalal et al., 2023). These fruits often result in a consid-
erable amount of waste and byproducts, depending on 
their geographic location, consumption habits, and cul-
tivation methods(Fierascuet  al., 2020). They are among 
the most widely cultivated crops globally, with approxi-
mately 50% of the original mass of the whole fruit con-
sisting of juice and peel. Each year, around 90,000 tons of 
fresh citrus fruits are processed, resulting in about 45,000 
tons of juice and peel waste (Salma et al., 2012). One of 
the major challenges to be addressed for global advance-
ment by 2030 is the sustainable management of resources 
throughout all phases of industrialization, production, 
and consumption. Effectively addressing this challenge 
is crucial for enhancing resource sustainability and effi-
ciency; consequently, a primary goal is to reduce global 
food waste by 50% throughout both the production 
and consumption stages (Ardra and Barua, 2022). This 
decrease not only saves resources but also helps to build 
more resilient and efficient systems that can support sus-
tainable development goals such as improving pectin 
extraction methods and diversifying product manufac-
turing (Luque and Clark, 2013). 

Pectin is an anionic polysaccharide found in almost all 
plant tissues. It is a significant byproduct of the fruit and 
vegetable industry. Previously, an array of bioactive sub-
stances was incorporated into original pectin films to aug-
ment their antioxidant and antimicrobial characteristics. 
This approach was employed to reduce the likelihood of 
pathogen proliferation on food surfaces (Eça et al., 2015). 
In addition, pectin serves as a functional component 
within the food sector, often employed for its proper-
ties, such as its gelling capabilities. It serves as a thick-
ening and stabilizing agent (Lasunon and Sengkhamparn, 
2022). Pectin, a complex polysaccharide, varies in com-
position depending on botanical type, ripening stage, 
plant tissue, and extraction method (Lara-Espinoza 
et  al., 2018). It is commonly extracted using hot water 
(60–100°C), and mineral acids are derived from vegeta-
ble wastes such as apple pomace, citrus peels, sunflower 
heads, sugar beet pulp, etc. Alternatively, traditional acid 
extraction involves using organic acids, particularly citric 
acid, at a pH range of 1.5–3 for a duration of 5–6 hours 
(Saberian et al., 2018). Citric acid, rather than inorganic 
acids, has recently been used as an extractant to extract 
pectin (Van Hung et al., 2021). 

Ultrasound is an innovative technology utilizing radio 
waves with frequencies exceeding 10 MHz. It was first 
intended to preserve food, but in the last decade, it has 
also been used to extract bioactive compounds (Anticona 
et  al., 2020). Ultrasonic cavitation bubbles allow the 

remover to enter deeper into the plant cell wall and 
release plant intracellular products. In addition, by focus-
ing on localized sample zones, ultrasonic probes pro-
vide more effective extraction. Ethanol concentration, 
extraction time, and amplitude are the most extensively 
examined parameters in ultrasound-assisted extraction 
(UAE) (Suhaimi et  al., 2019), However, using statistical 
modeling tools is an effective and widely used technique 
for investigating the independent and collective interac-
tions among the process variables. 

The use of ultrasonic irradiation has made UAE more 
common than other extraction techniques because it can 
improve repeatability, decrease extraction times, use less 
solvent, use less energy, and operate at a lower tempera-
ture (Suhaimi et al., 2019).

The basis of UAE is cavitation, a process that releases the 
target chemicals from their natural matrices by ruptur-
ing cell walls. This cavitation process improves the con-
tact interface and results in a greater dispersion of the 
solid phase in the liquid. This explains why UAE is fre-
quently chosen over more conventional techniques since 
it enables the production of larger yields in less time 
with less solvent. This makes it a more environmentally 
friendly method with lower running costs (Yerena-Prieto 
et al., 2022).

Response surface methodology (RSM) serves as a statis-
tical and mathematical tool widely applicable in numer-
ous engineering contexts. It facilitates the streamlining 
and optimization of procedures and explores the correla-
tions that relate the predicted response and selected fac-
tors (Simić et al., 2016). Artificial neural network (ANN) 
which incorporates multiple input layers, hidden layers, 
and an output layer, the configuration of which depends 
on the selected variables, is an excellent technology for 
nonlinear multivariate modeling. Because of its ability 
to provide universal approximation, ANN has proven to 
be useful in optimizing a wide range of application fields 
(Muthusamy et  al., 2019). Further example is genetic 
algorithm (GA), which is an optimization method based 
on biological evolution theory. Because ANN and RSM 
modeling offer different benefits in terms of the ability of 
a process’s to forecast outcomes and optimize its opera-
tions, researchers compare the results of the two meth-
odologies to gain a better understanding of the processes 
under investigation (Pradhan et al., 2020).

The purpose of this study is the evaluation of the UAE 
as a technique for extracting pectin from lemon peel, 
to determine the impact and cumulative impacts of 
the three primary extraction factors (pH, extraction 
time, and amplitude), and to optimize operational 
parameters using hybrid approach based on RSM-
ANN to achieve the highest pectin yield. FTIR and 
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morphological analyses were additionally employed for 
the characterization of the pectin extracted under opti-
mal conditions.

Material and Methods 

Sampling

The lemon peels were collected from coffee shops and 
restaurants and oven-dried overnight at 60°C (He et al., 
2021), crushed to a fine powder using a grander, and 
sieved using a sieve shaker under 250  μm of porosity.
After ward, the powder was subsequently stored at room 
temperature for later use (Kanmani et al., 2014).

UAE for the extraction of pectin from lemon peel 

An ultrasonic device operating (Sonics & Materials Inc, 
CT, Newtown, USA) with a 13 mm diameter probe was 
operated at a frequency of 20 kHz and 70 W of power 
to remove pectin from the powder of peel lemons 
prepared. The sample and distilled water used in the 
extraction combination were both pH-acidified with 
citric acid (pH 1,2) and NaOH to increase pH (1.2, 2.7, 
and 4.2). For 30, 45, and 60 min, different amplitudes of 
sonication (25, 38, and 50%, respectively) were applied. 
After the ultrasonic treatment, the solution was refined 
and mixed in equal proportions with chilled ethyl alco-
hol (>96%, v/v) before being allowed to float for 2 h. The 
pectin that floated was isolated using centrifugation 
(4000rpm, 40min), rinsed thrice with 96% ethyl alcohol, 
subjected to additional cleaning with acetone, dried at 
50°C in a hot air oven until they attained a stable weight. 
The yield of extraction was calculated using the follow-
ing Equation 1:

	 0mPectin yield(%) 100
m

= × 	 (1)

where m is the sample weight (g), and m0 is the weight of 
dried pectin (in grams) (Dranca and Oroian, 2019).

FTIR and morphological analyses

FTIR/ATR
On a brand-name FTIR-ATR spectrometer (Alpha-
Brucker), the pectin was analyzed in the 400–4000 cm–1 
range of mid-infrared wave numbers. This equipment is 
controlled using Opus 6.5 software and features a robust 
attenuated total reflectance (ATR) accessory with dia-
mond crystals, designed to streamline analysis without 
the requirement of a KBr pellet, ensuring convenience 
and efficiency. The total number of carboxyl groups 

as represented by the sum of the bands at 1745 and 
1630 cm−1. The percentage of DE was calculated accord-
ing to Equation 2 (Liew et al., 2016).

	 1745

1745 1630

ADE 100
A A

= ×
+

	 (2)

Here, A1630 and A1745 represent the absorbance intensity at 
1630 and 1745cm−1, respectively, indicating nonmethyl-
esterified carboxyl groups and methyl-esterified carboxyl 
groups.

Morphological analysis

Scanning electron microscopy (SEM) was performed 
using a Quanta 250 from the company “FEI”. The FEI 
Quanta 250, with an acceleration voltage of 10–15 kilo-
volt and low vacuum imaging mode. The prepared pec-
tin powder, witha moisture content of 8.98 ± 0.86%,was 
applied on an aluminum support that had previously 
been covered in a sticker made of carbon (graphite). The 
sample is then placed in the microscope chamber for 
analysis.

Experimental design 

BBD-RSM
A mathematical and statistical approach known as RSM 
was employed, utilizing the box-behnken design (BBD) 
within the Minitab 19.0 software. This method opti-
mized responses and established mathematical correla-
tions among the independent variables. It was specifically 
designed to create experimental models and evaluate the 
relative importance of each chosen variable. Moreover, 
RSM was instrumental in defining the optimal conditions 
necessary to achieve the desired outcomes (Smaali et al., 
2022).

To anticipate the performance of the variables, a poly-
nomial regression model was created from the BBD. 
The following parameter ranges were fixed: extraction 
time (30–60min), ultrasonic amplitude (25–50%), and 
pH (1.2–4.2) To attain maximum pectin production 
(Table  1), the enhancement of pectin extraction condi-
tions involved the execution of the 15 experiments gener-
ated from the BBD (Table 2).

The analysis of variance (ANOVA) was conducted to 
validate the theoretical assumptions made during the 
optimization process. The generation of 3D response 
surface plots aimed to depict the correlations between 
each independent variable and the dependent vari-
able. Identification of the optimal conditions was 
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ANN-GA Modeling

An ANN is a computational model designed to auto-
matically discover the most suitable linear or nonlin-
ear relationship (Bouizzar et  al., 2023; Kadmi et  al., 
2023). In this study, the appropriate model, which accu-
rately describes the system, was developed using ANN, 
and GA was utilized as an optimizer to work with the 
model. MATLAB 14a and its associated toolboxes were 
utilizedto optimize the modeling process, resulting in 
the creation of an additional dataset that included 205 
forecasted outcomes. These data were derived from 
the box-behnken polynomial regression detailed in our 
prior study (Vasseghian et  al., 2020). The ANN model 
was developedand enhanced utilizing the feed-forward 
back propagation (BP) or Levenberg-Marquard (trainlm) 
technique. This approach also facilitated the determina-
tion of the optimal number of neurons for the hidden 
layer.

ANN creates a network that may represent intricate 
operational relationships by connecting mathematical 
nodes, or neurons. In the 1940s, neural networks were 
developed to help cognitive scientists comprehend the 
fundamental behavior of the neurological system. The 
first clue for the creation of ANNs’ numerical structures 
came from the way the human brain learns. As a result, 
they were created and used as substitute mathematical 
tools to address many issues that arise in the fields of pro-
cess control, pattern recognition, system identification, 
prediction, and classification, among others (Bahmani 
et al., 2018).

accomplished through the utilization of a second-order 
polynomial equation (Muthusamy et al., 2019).

A second-order polynomial model was fitted to the 
response variable and factors (Equation 3).

	 Y = β0 +∑βiXi + ∑βiiXi
2 + ∑βijXiXj	 (3)

The evaluation of the model’s efficacy involved the scru-
tiny of regression coefficients, ANOVA outcomes, as well 
as F- and P-values. In this context, Y represents the pec-
tin yield (%), X signifies the factors, and βi denotes the 
coefficients (Mamiru and Gonfa, 2023).

The anticipated response values were calculated based 
on the regression equation. To evaluate the model’s sta-
tistical reliability, a variance analysis was carried out. The 
significance of the factors and the regression model was 
determined through F- and P-values. The reliability of 
the regression model was affirmed by a robust Student’s 
t-test, as evidenced by a low P-value (Berkani et al., 2020; 
Vasseghian et al., 2020).

Table 1.  Actual values of independent variables.

Factor Coded variable Unit Level

–1 1

X1 pH – 1.2 4.2

X2 Time min 30 60

X3 Amplitude % 25 50

Table 2.  Box-behnken design matrix and experimental yields.

Run Coded variable Real variable Observed response
Y %A B C pH Time min Amp %

1 1 −1 0 4.2 30 38 10.5

2 1 0 1 4.2 45 50 17.8

3 −1 1 0 1.2 60 38 34.5

4 0 −1 1 2.7 30 50 21.9

5 1 0 −1 4.2 45 25 25.5

6 0 1 −1 2.7 60 25 36.5

7 1 1 0 4.2 60 38 20

8 −1 0 −1 1.2 45 25 11.4

9 0 0 0 2.7 45 38 19.6

10 0 1 1 2.7 60 50 19.6

11 −1 −1 0 1.2 30 38 22.6

12 −1 0 1 1.2 45 50 7.2

13 0 0 0 2.7 45 38 6.6

14 0 0 0 2.7 45 38 13.6

15 0 −1 −1 2.7 30 25 11.9

X1, pH; X2, Time; X3, Amplitude (%) and represents the pectin yield (%).
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results indicate that the terms are not statistically signif-
icant except the linear term extraction time (X2). To test 
lack of fit, the test statistic F0 becomes crucial. If F0 is 
greater than or equal to F at the 0.05 significance level for 
the degrees of freedom (3-2), this indicates that the actual 
regression function does not adhere to a linear pattern. 
In this study, F0 was calculated as 3.72, which is signifi-
cantly lower than the critical F-value of 19.16 at the 0.05 
significance level for the degrees of freedom (3-2)). This 
finding indicates that the true regression function could 
be linear. Therefore, the adjusted R² decreases when addi-
tional terms do not providea substantial improvement to 
the model sufficiently. In our case, all interaction terms 
are statistically insignificant, suggesting that it would be 
preferable to test a new model generated using an ANN.
Consequently, employing ANN modeling with linear 
and nonlinear regression appears to be a more suitable 
approach for explaining the obtained data.

Impact criterion 

Effect of  pH (X1)
The pectin yield showed an increasing trend when pH 
increased between 1.2 and 4.2, accompanied by an 
increase in exposure time from 30 to 60 min, as illus-
trated in Figure 1. In particular, an increased acid-
ity level at pH 3 has been documented to promote the 
hydrolysis of protopectin, resulting in the formation 
of soluble pectin, facilitating its extraction (Dao et  al., 
2021). Conversely, some studies indicate that pectin 

Results 

Analysis of the models

The experiments were conducted with diverse param-
eter combinations, leading to varying yields under dif-
ferent experimental conditions. The obtained data were 
subsequently analyzed by fitting them to a quadratic 
model, with R2 value of 83.89% and an adjusted R2 value 
of 54.89% for both linear and interactive models.

As indicated by ANOVA results presented in Table 3, the 
following second-order equation was obtained using the 
following equation (Equation 4):

Pectin yield (%) = �15.47 − 1.45 X1 + 6.09 X2  
− 3.16 X3 − 1.12 X1X1  
+ 7.50 X2X2 − 0.50 X3X3  
− 0.65 X1X2 − 4.55 X1X3  
− 6.72 X2X3	

(4)

ANOVA presented in Table 3 provides a comprehen-
sive overview of the results. It is crucial to emphasize 
that, among the various parameters considered, only the 
linear effect of X2 (time) significantly influences pectin 
extraction (p < 0.05). The parameters pH, extraction time 
(X2), and amplitude (X3) are denoted as X1, X2, and X3, 
respectively; the rationale for this can be attributed to the 
computed F-value. The value of F(2.89) is smaller than 
the corresponding F-value obtained from Fisher Table, 
where the tabulated value at (0.05, 9-5) is 4.77. ANOVA 

Table 3.  ANOVA results of polynomial quadratic model of pectin yield.

Spring DF Adj SS Adj MS F-value P-value

Model 9 880.71 97.857 2.89 0.127

Linear 3 393.29 131.097 3.87 0.089

X1 1 16.82 16.820 0.50 0.512

X2 1 296.46 296.461 8.76 0.032

X3 1 80.01 80.011 2.36 0.185

Square 3 222.02 74.005 2.19 0.208

X1X1 1 4.64 4.639 0.14 0.726

X2X2 1 207.92 207.923 6.15 0.056

X3X3 1 0.91 0.908 0.03 0.876

2-Way interaction 3 265.40 88.468 2.61 0.163

X1X2 1 1.69 1.690 0.05 0.832

X1X3 1 82.81 82.810 2.45 0.178

X2X3 1 180.90 180.902 5.35 0.069

Error 5 169.16 33.832 - -

Lack-of-fit 3 143.45 47.817 3.72 0.219

Pure error 2 25.71 12.853 - -

Total 14 1049.87 - - -
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Figure 1.  Three-dimensional plot of pectin yield as a 
function of pH and time at constant amplitude.
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Figure 2.  Three-dimensional plot of pectin yield as a 
function of pH and amplitude at constant time.
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Figure 3.  Three-dimensional plot of pectin yield as a 
function of time and amplitude at constant pH.

aggregation is more efficient above pH 3, leading to a 
delay in its release (Maran and Prakash, 2015). According 
to (Pandharipande et  al., 2012), in relation to pectin 
derived from orange peel at a pH of 1, the extraction 
medium yields its maximum; however, at pH values of 4 
and 5, very little yield is produced. 

Effect of  time (X2)
Figure 3 illustrates the variation of time and the yield of 
extracted pectin versus pH and frequency. After 60 min 
of mixture heads being exposed to ultrasonic waves, it 
was possible to achieve the maximum yield. The facil-
itation of mass transfer from plant tissues to the solu-
tion was notably enhanced by employing appropriate 
extraction duration. Pectin was released after the cell 
wall was damaged. Nevertheless, the extended extraction 
time led to the improvement of pectin yield by the pec-
tin decomposition. Previous studies have identified the 
optimal extraction time for pectin from citrus peel to 
be between 60 and 70 min (Hamidon and Zaidel, 2017). 
The ideal extraction time for the maximum produc-
tion of pectin was determined to be 60 min (Kulkarni 
et al., 2010); according to Belan and Israel ( ), after 1 h, 
the pectin output reached its maximum of 2.95%. At all 
extraction time levels, there is very little variation in the 
yield values, and they do not change substantially.As the 
extraction period was extended, a general decline in the 
production of pectin was noticed. The extraction pro-
cess often takes between 20 and 60 min. Furthermore, in 
this range, a longer extraction period frequently yields a 
higher pectin yield.

Effect of  amplitude (X3)
Figures 2 and 3 show the effect of ultrasound amplitudes 
on the yield of pectin over time and pH. Pectin yield was 
observed to be the highest atan ultrasonic wave ampli-
tudeof 25% and the lowest at 50%. The diminish might 
be clarified by the decreased cavitation movement at tall 
bubble volume concentrations. The immersion impact, 
which was shaped when numerous cavitation bub-
bles were created around the test tip, can decrease and 
screen the vitality transmission in the response medium. 
In the meantime, these bubbles would diminish the 
energy productivity through the inter-bubble impacts, 
such as advancing their collapse and misshapening in 
a non-spherical (Hu et  al., 2020). In addition, the sam-
ple was stirred thoroughly with the solvent, citric acid, 
using the ultrasonic shock wave and high-velocity jet. 
This would therefore cause the sample’s pores to enlarge 
(swell) (Luque-Garcıa and De Castro, 2003). 

ANN-GA optimization of  pectin extraction
As Figure 4 shows, the least average of mean squared 
error (MSE) between the predicted output values of the 
test data is when the hidden layer has three neurons. The 
best possible design for the pectin ANN involves three 
input layer neurons, two hidden layers (with m=12 neu-
rons in each hidden layer), and one output layer neuron, 
as Figure 5 shows. The model demonstrated excellentac-
curacy and a strong correlation, as indicated by an R2 of 
0.99. Figure 4 demonstrates the convergence of training, 
revealing the lowest MSE after 112 epochs. Giving a max-
imum R-value of 0.999 (Figure 5) and a minimum MSE 
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The GA algorithm employed time, pH, and amplitude as 
entering factors for optimization; the employed popu-
lation size was 200. The lower and upper ranges shown 
in Table 1 were used to select the ideal values for the 
process variables. The GA optimization was carried out 
using the “Ga” function available in MATLAB software, 
with the algorithm par parameters detailed in Table 4. 
Considering that the MATLAB® GA implementation 
is intended for minimization tasks, it is significant that 
the selection function’s output was multiplied by −1. The 
results indicated a peak pectin level of 38.6705, as illus-
trated in Figure 6, achieved under the optimized condi-
tions of the three variables.

Statistical comparison between ANN and RSM models

T﻿he efficacy of the models was assessed through model-
ing and optimizing the extraction of pectin. The training 
data sets were not the same as the six recently completed 
sets of experiments. Table 5 provides the actual and pre-
dicted response values. Statistical measures including 
RMSE, R2, and ADD were used to assess the prediction 
accuracy of the recently created ANN and RSM models 
(Shanmugaprakash and Sivakumar, 2013).

The ANN-GA presents higher prediction accuracy 
in terms of pectin response prediction, the higher R2 
and the lower MSE compared to RSM, regarding the 
neglected possibility of the model getting into overfitting 
or underfitting after optimization. This performance is 
attributed to the overall ability of ANN-GA to analyze 
the nonlinear behavior of the system. At the same time, 
the response surface model is limited by second-order 
polynomial regression. Therefore, these findings confirm 
the suitability of the ANN-GA-assisted modulization as 
an alternative to RSM-based models in predicting pectin 
production.

value of 3.25×10−3 (Figure 4), the configuration with 12 
neurons in the hidden layer utilizing the tangent-sigmoid 
transfer function was identified. Consequently, the most 
efficient network architecture, exemplified by the 4-6-1 
configuration, was utilized for process optimization. In 
this configuration, the first layer has three input nodes, 
the intermediate hidden layer has 12 neurons, and the 
last layer has one output node. The hidden layer nodes in 
this investigation were subjected to the tangent-sigmoid 
transfer function, whereas the output layer node received 
the application of the pure-linear transfer function. These 
functions demonstrated the lowest MSE values and the 
highest R2 values, indicating their remarkable efficiency. 
In order to prevent overfitting, a large number of data-
sets were used in the construction of the ANN, and 
each iteration was preceded by stringent auto-tests and 
validations. 

The selection of transfer functions incorporated into the 
network architecture affects the overall efficacy of the 
simulated ANN (Amid et al., 2017). Previous studies have 
shown that choosing the right number of hidden neu-
rons was done carefully since it affects simulation perfor-
mance and establishes the best possible network layout 
(Sheela and Deepa, 2013). The modeling process moves 
slowly when there are few neurons. On the other hand, 
too many neurons may cause over-fitting, in which the 
network takes in noise from the training set, reducing the 
ANN model’s resilience and generalizability. To mitigate 
over-fitting, regularization techniques can be applied. 
These techniques introduce a penalty term into the loss 
function, reducing prediction errors and preventing the 
over-fitting issue (Xu et al., 2023).

GA optimization 
In addition, the ANN model was optimized using the 
GA technique, and the ideal values of particular parame-
ters were found to produce the maximum pectin output. 
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Figure 5.  Regression plot illustrating the correlation between predicted and experimental output values.

Table 4.  GA configuration for the IAA production model 
implementation.

Parameters Value

Population size 200

Number of  elit 2

Crossing fraction 1

Migration fraction 0.2000

Migration interval 20

Direction of  migration Forwad

Stall generation limit 20

Stall time limit 20

Plot interval 1

Generations 100

The noteworthy pectin yield achieved under optimal 
conditions adds substantial credibility to the study and 
enhances the raw material’s profitability. This outcome 
validates the accuracy of both ANN and RSM models 

in predicting and optimizing the extraction of pectin. 
Moreover, it demonstrates the effective valorization of 
lemon peels with minimal experimental setup, reducing 
reagent consumption and consequently lowering effluent 
treatment costs. This approach plays a significant role in 
optimizing the nation’s economy.

FT-IR (ATR)
The ultrasonically extracted pectin’s FTIR spectra are 
depicted in Figure 7. The main chemical groups in the 
pectin were determined by FTIR spectra in the range 
of 1000–2000 cm−1 (Kalapathy and Proctor, 2001). The 
reference region for carbohydrates is thought to be the 
wavelength range of 950–1200 cm-1 in FT-IR spectra 
because it makes it possible to identify the main chem-
ical groups in polysaccharides. The spectrum displays 
characteristic bands at 2904.14 cm−1 corresponding to 
C-H vibrations, indicative of a carbohydrate ring struc-
ture, along with a significant C=O stretching vibration 
for the COOMe group observed in the range of1710 
–1665 cm−1. The strong peak in the range of 1014.36 cm−1 
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Figure 6.  The best and average fitness (pectin yield) over 100 generations using the GA approach.

Table 5.  Optimal conditions with predicted and experimental response values.

Factor
Unit

Actual value of predicted  
optimum

Predicted max. Y-value
(%)

Desirability Experimental Y-value
(%)

RSM-BBD

pH 4.2 39.77 1 40.23

Time (min) 60

Amplitude (%) 25

ANN-GA

pH 1.2 38.67 38.92

Time (min) 30

Amplitude (%) 50
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Figure 7.  FTIR-ATR spectra of ultrasonically extracted pectin.
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contain more than 60% sugar and soluble fruit solids due 
totheir reduced sugar requirements, amidated and low-
ester pectincan be effectively utilized in the formulation of 
diet-oriented meals (Sundarraj and Ranganathan, 2017).

Scanning electron microscope (SEM)

Figure 8 presents the SEMimage of the extracted pectin 
obtained under various experimental conditions using 
ultrasound. The SEM image reveals irregular and fila-
mentous structures within the pectin sample. It is note-
worthy that the type of raw material utilized and the 
extraction circumstances can have an impact on the sur-
face shape of the extracted pectin.

Conclusion

In this research study, the process of ultrasonic pec-
tin extraction was optimized by employing RSM and 
ANN-GA; various process variables were optimized, 
and in-depth investigations were carried out to under-
stand  the interactions among these variables. The 
extracted pectin under went comprehensive characteri-
zation, evaluating its chemical functionality using FTIR-
ATR and its morphology through SEM. Under these 
optimized conditions, the DE was identified to be 42.23%, 
classifying the extracted pectin as low methoxyl pectin. 
This study underscores the effectiveness of ultrasoni-
cation as a highly efficient method for the extraction of 
pectin, resulting in the highest yield. The obtained pectin, 
characterized as low methoxyl pectin, holds significant 
promise for a wide array of biotechnological applications. 
This study advances the science of pectin extraction while 
providing valuable insights into the potential applications 
of the extracted pectin across varioussettings and sectors 

suggests the stretching vibration of alcohols, carboxylic 
acids, and esters.

Furthermore, the emergence of peaks at 1728.22 and 
1242.16 cm−1 indicates the existence of functional groups 
associated with aliphatic amines and unsaturated esters 
(Kanmani et al., 2014). The esterification degree of pectin 
was determined to be 42.23% based on the surface areas 
of the peaks that were located at 1740 and 1630 cm−1. 
Low esterification degree (DE<50) of the pectin was 
discovered.

According to Ciriminna et  al. (2017) The DE varies 
according to the source, with pectin derived from lemon 
waste (exo-, meso-, and endocarp) having a maximum of 
40% and pectin from lemon exocarp having a minimum 
of 24%. The pectin of grapefruits and red oranges (Citrus 
sinensis) have intermediated DE values. In addition, in red 
orange pectin, the DE rises from waste to the outer peel. 

This implies that the pectin from the red orange pulp 
must contribute significantly and have a very low DE 
(compared to the pectin of blond Valencia orange). 
On the other hand, the waste of lemon pectin had the 
highest DE and the outer skin the lowest. Remarkably, 
pectin obtained from the peel exhibits comparable lev-
els of esterification (about 30%) regardless of the fruit. 
Specifically, high-quality pectinis identifies as anappro-
priate for use as food additives, particularly in the for-
mulation of low-fat products. In addition,the gelling 
mechanisms of pectin and its gel strength are signifi-
cantly influenced by the degree of esterification (DE) 
(Singthong et al., 2004).

Pectin (E440), which has gelling and thickening qualities, 
istypically employed as food additive in jams, confections, 
etc. High-ester pectin is utilized in traditional jams that 

(A) (B)

Figure 8.  The SEM image of pectin obtained under different experimental conditions utilizing ultrasound (A and B).
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