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Abstract Exploration of pectin from Citrus depressa H. peels (CD pectin) could
add value to the waste arising from Citrus depressa H. beverage products.
Preliminary analysis showed that temperature and acidity were insignificantly
affect pectin yield, degree of esterification and DPPH scavenging activity. In order
to optimize the ultrasonication time and solid: solvent ratio (SLR) of CD pectin
extraction, response surface methodology central composite design (RSM-CCD)
was used as the statistical tool. The optimum UAE conditions were: extraction
time 39.96 minutes and solid: iquid ratio 1:20 (w/v). Under these conditions, the
pectin yield was 16.07%, with 83.49% DPPH scavenging activity and 62.46%
degree of esterification. The prediction model with a 0.922 desirability value was
verified with adequate “lack of fit” values and confirmed consistent response in
high and low prediction intervals (95%). Titration analysis, FTIR-ATR, NMR and
XRD spectroscopy had been done to the dried pectin, and found that CD pectin is
considered as high methoxylated (DE > 50%) with amorphous and crystalline
structures. CD pectin peel also exhibited high DPPH scavenging activity (74.14 -
83.56%) that the food industry could potentially use as natural antioxidants.
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INTRODUCTION

Citrus depressa Hayata is a popular citrus plant grown naturally in Japan and
Taiwan (Shiu et al., 2016). The fruit is very sour and consumed fresh as a garnish or
processed into seasoning, snacks, and juice. The textile industry also utilized the fruit
as a stain remover and cleaner (Takenaka et al., 2007; Tamaki et al., 2008; Asikin
etal., 2012; Yamamoto et al., 2017). Previous research reported that Citrus depressa
H. contains high levels of health-promoting polymethoxy flavonoids such as nobiletin,
tangeretin, sinensetin, and natsudaidain, which have antimutagenic,
antiproliferative, anti-inflammatory, hypolipidemic, anti-obesity and anti-diabetic
properties (Asikin et al., 2012; Upadhyay et al., 2014; Shiu et al., 2016; Chien et al.,
2022).

Citrus is one of the most abundant fruits globally, with annual production
exceeding 124 million tons. Approximately 70% of the worldwide production was
processed for juice which led to a massive amount of peels, pulps, and seeds waste
(Guo et al., 2017; Das and Arora, 2021; Liu et al., 2021). Aerobic bacteria cause
environmental problems such as water pollution by decomposing the biodegradable
organic matter from the waste into products such as carbon dioxide, nitrates,
sulfates, and phosphates in water (Umafia et al., 2019; Das and Arora, 2021).
However, these residues are rich in bioactive compounds such as phenolic,
flavonoids, essential oils, pigments, and dietary fibers that could be valuable for the
pharmaceutical, food, and cosmetics industries (Moorthy et al., 2015; S.-Y. Xu et al.,
2018). Fruit by-product utilization to produce economically beneficial products
promotes sustainable development and an eco-friendly environment (Mao et al.,
2019; Picot-Allain et al., 2022). Mainly, citrus fruit pulps and peels are known as a
good source of pectin (Tamaki et al., 2008; Rodsamran and Sothornvit, 2019).

Pectin is a native, complex and heterogeneous polysaccharide in the cell wall
and middle lamellae of many land-growing plants such as fruits and vegetables.
Pectin is a high molecular weight carbohydrate consisting of approximately 300-1000
units of a-(1,4) galacturonic acid backbone that is partially esterified with methyl
alcohol or acetic acid (Xu et al., 2014; Adetunji et al., 2017; Freitas et al., 2020).
The degree of esterification (DE) is one of the properties that determine the gelling
nature of pectin. DE ranged from 56.74 to 84.72%, depending on the fruit type,
maturation degree, extraction parameters, and extractors (Liew et al., 2014; Glzel
and Akpinar, 2019). High methoxylated pectin (HMP) requires high sugar content and
acidic condition for gel formation, while gelling in low methoxylated pectin (LMP)
needs less sugar which is more preferred in the production of dietary products
(Pereira et al., 2016).

The stabilizing, thickening and emulsifying properties are utilized in food
industries such as fat replacer in spreads, ice cream, yoghurt, fruit juices, bakery
glazing, meat products, and carbonated beverages. In non-food industries, pectin is
utilized in cosmetics, personal care (paints, toothpaste, and shampoos), and
pharmaceutical (gel caps) (Karbuz and Tugrul, 2021). Moreover, pectin was reported
to exhibit several human health benefits, including anti-ulcer and cholesterol
decreasing activity, wound healing, anti-tumor activity, antioxidant, prebiotic,
improve the immune systems, and reducing lipase activity (Ciriminna et al., 2016;
Nagash et al., 2017; Mari¢ et al., 2018; Rahmani et al., 2020; Cui et al., 2021;
Karbuz and Tugrul, 2021). The high availability, safety, low price, and functionality
have put pectin in the biopolymers market, with annual demand approximately
40.000 tons worldwide (Valdés et al., 2015; Liu et al., 2021; Moslemi, 2021). The
pectin market is expected to experience a Compound Annual Growth Rate of 7.6%
during 2019 and 2026 due to its growing demand in diverse industries (Das and
Arora, 2021).

Citrus and apple waste from juice manufacture are commonly used for
commercial pectin production. Apple pomace contains 10-15%, while citrus peel
contains 20-30% of pectin. Previous studies also reported several pectin sources such
as apricot, cherries, eggplant, dragon fruit, and carrots (Srivastava and Malviya,
2011; Bayar et al., 2017; Nguyen and Pirak, 2019). Conventional commercial
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extraction in pectin production was using hot water (60 - 100°C) that was acidified
to pH 1.5 - 3 with mineral or organic acid (sulfuric, phosphoric, nitric, hydrochloric,
hydrochloric, or citric acid) for 0.5 - 6 hours. The process involved the disposal of
acidic wastewater, which caused environmental problem. Furthermore, this process
is time-consuming and leads to pectin degradation (Xu et al., 2014; Yang et al.,
2018). Ultrasound-assisted extraction (UAE) is one of the environmentally friendly
technologies to extract pectin from natural sources (Das and Arora, 2021). Adetunji
et al. (2017) and Karbuz and Tugrul (2021) reported several UAE advantages in
polysaccharide extraction, including shorter time, energy-saving, effective mixing, a
lesser solvent used, reduced pectin degradation at high-temperature process,
selective extraction, higher purity of the final product and increased production.
Optimal operating conditions, such as temperature, pressure, particle size, moisture
content, polarity, volatility and toxicity of the solvent, molecular weight, solid-liquid
ratio are several factors to consider in choosing technologies for pectin extraction.

The current study aims to optimize the simple UAE method to extract pectin
from Citrus depressa H. peels. Extraction time and sample/solvent ratio were the
considered factors with pectin yield, degree of esterification, and DPPH scavenging
activity of pectin as the response. The structural properties were also analyzed by
spectroscopic studies.

Cell wall disruption by cavitation, particle size reduction, and mass transfer
across cell membranes was the basic mechanism of ultrasound-assisted extraction.
Cavitation bubbles were collapsed close to the cell walls could induce cell disruption
and intensify solvent contact with the target compounds (Moorthy et al., 2015; Mari¢
et al., 2018; Sabater et al., 2020).

MATERIALS AND METHODS

Materials

Citric acid (99%), hydrochloric acid (37%), sodium hydroxide (=99%), DPPH
(2,2-Diphenyl-1-Picrylhydrazyl), and standard galacturonic acid were bought from
Merck Chemical Co. (Darmstadt, Germany), ethanol (96%) from Echo chemical
(Taiwan), acetic acid, sodium acetate trihydrate, deuterium oxide from Sigma-
Aldrich. Distilled water was purified using a Sartorius arium pro (Gottingen,
Germany).

Methods

Citrus sample preparation

Citrus depressa Hayata from Pingtung region (North Taiwan) were purchased
at ripe (yellow peels) and unripe (dark green peels) maturity stages. Distilled water
were used to remove dirt, microflora, and pesticide residue on the fruits surface.
Peels were separated manually and oven dried at 45°C until constant moisture
content. Dried peels were pulverized by a domestic blender, sieved to 50 mesh, and
stored in a container with desiccant until use.

Preliminary study of extraction parameters

Some factors in ultrasonication affect the yield and functional and chemical
properties of pectin. The factors are pH, acid type, time, fruit ripeness, and sample:
solvent ratio (SLR). Extraction was done using an ultrasonic water bath DC400H (CAE
Tech. Co., Ltd.). The temperature during extraction was adjusted at 25°C with
temperature control panel. Extraction times of 10 - 60 minutes, SLR of 1:10to 1:100
g/mL, solvent pH, and acid type (citric acid and HCl) were also evaluated for
extraction. The influence of each factor on the targeted yield in extracts was
investigated using one-at-a-time method. Experiments were carried out in triplicate
to ensure validity.

Extraction optimization using central composite design (CCD)
RSM is an experimental statistical technique applied for multiple regression
analysis using quantitative data obtained from adequately designed experiments.
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Various parameters that influenced the extraction efficiency were optimized for the
efficient extraction of pectin from Citrus depressa Hayata’s peels. After a preliminary
study, time (X1) and SLR (X2) were selected as independent factors with pectin yield
(%), DPPH scavenging activity (%), and degree of esterification (%) as the
dependent factors to obtain the optimal extraction conditions by using central
composite design. As shown in Table 1, the experimental design sets out the
extraction time and SLR for testing with five center points and two replications.

Table 1. Independent variables and factors level of center composite design.

Factors level

Independent variables

-1.41 -1 0 1 1.41
Time (min.) 1.72 10 30 50 58.28
Sample:solvent 0.04 0.05 0.08 0.1 0.11

The quadratic polynomial step-by-step regression method and data were
analyzed using Design-Expert (version 13 trial, Stat-Ease, Inc., Minneapolis, MN,
USA) software. The model given below was used to predict the response variables.

2
Yo =B+ X B+ X B, +Zi2¢j=1ﬁijxixj (eq. 1)

Statistical Analysis and Model Fitting

Analysis of variance (ANOVA) was utilized to evaluate the model that showed
the interaction between process variables to the different responses: pectin yield,
degree of esterification and DPPH scavenging activity. Software package Design-
Expert ver. 13 (trial), Stat-Ease, Inc. (Minneapolis, USA) was used to generate
regression analysis, develop equation on experimental parameters and the
responses, and also to plot the contour and response surface graphs at the optimized
condition. The outcome interaction between factors and responses were
demonstrated in the three-dimensional surface plots and contours. The established
model were validated through random extraction condition. Significance of the factors
was computed at P-value less than 0.05, and insignificance of lack of fit tests in the
same program. Furthermore, the suitability of the model to the data was evaluated
by the determination of R2.

Pectin Extraction (Ultrasonic-assisted Extraction)

Dried peel powder was mixed with dH20 and ultrasonicated according to the
designed variation parameters. After the extraction process, the solids were
separated from the extracting solution by centrifugation at 6000 rpm for 10 minutes.
Pectin precipitation was achieved with the addition of 98% ethanol to the liquid, with
ethanol:solution ratio of 1:2. The solution is then left to precipitate overnight at 4°C.
Precipitated pectin was recovered by centrifugation for 10 minutes at 6000 rpm.
Isolated pectin pellets were dried at 40°C.

Pectin Characterization

Degree of esterification (DE)

Degree of esterification (%), as one of the most important properties of pectin,
was determined for all pectin samples using the method described by Hosseini et al.
(2019). Briefly, 100 mg of pectin sample was dissolved in 20 mL deionized water and
2 mL ethanol (96%). Adequate amount of phenolphthalein were added to the solution
and titrated with NaOH solution (0.1 M) until the solution color changed to pink (V1).
Afterward, 10 mL of NaOH solution (0.1M) was added, and the mixture was stirred
for 20 min. HCI solution (10 mL, 0.1M) was added and stirred until the pink color
disappeared. At last, the solution was again titrated with NaOH (0.1 M) (V2).

VZ
V4V,

DE (%) = x 100 (eq. 2)
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Equivalent weight (Ew)

Equivalent weights were analyzed using the method by Vellaisamy Singaram
and Ganesan (2021). Briefly, 0.5 g dried pectin was moistened with 5 ml ethanol for
determination EW in 250 ml conical flask. Adequate amount of phenol red indicator
were added. Standardized NaOH (0.1N) was titrated slowly until the color of the
solution changed to pink (pH 7.5) and kept for at least 30 seconds. The neutralized
solution was used to determine methoxyl. The following equation was used to
calculate the EW:

EW = weight Sample (g) x 1000
" mL NaOH x Normality NaOH

(eq. 3)

Methoxyl content (MeO)

The methoxyl (MeO) content was determined using the method by Vellaisamy
Singaram and Ganesan (2021). Briefly add 25 ml of 0.1 N NaOH to the titrated
solution from EW experiment, which was shaken thoroughly, and allowed to stand
for 15 minutes at room temperature in the stoppered flask. 25 mL of 0.1 N HCI will
be added and titrated to the same endpoint pink as before.

meg NaOH X31x100

MeO(%) = weight of sample (mg)

(eq. 4)

Where 31 is the molecular weight of the methoxyl group

Total anhydrouronic acid

The estimation of anhydrouronic acid (AUA) was also determined using the
method by Vellaisamy Singaram and Ganesan (2021). This content was essential to
determine the purity and degree of esterification (DE), by using EW and methoxyl
content value. Total AUA of pectin was obtained by the following formula:

176 X0.1zx100 176 X0.1yx100
w X1000 w X1000

AUA(%) = (eq. 5)

where molecular unit of AUA (1 U) = 176 g, z = ml of NaOH from equivalent
weight determination, y = ml of NaOH from methoxyl content determination, w =
weight of sample.

FTIR/ATR analysis

The FTIR spectra were recorded on a Perkin Elmer FTIR spectrometer equipped
with a diamond crystal cell for attenuated total reflection (ATR) operation.
The spectra were acquired in the range of 4000-600 cm™ at 4 cm™! resolution with
32 scans per sample. Spectra were corrected using background spectrum of air. The
analysis was carried out at room temperature. Dried samples were placed on the
surface of the ATR crystal for measurement. ATR crystal was regularly cleaned and
checked spectrally before acquiring a spectrum from different samples.

NMR

The dried pectin was dissolved in D20 and analyzed by 1H NMR spectroscopy
using the method by Kazemi et al. (2019) with modification. One dimensional proton
NMR spectrum was recorded using Bruker AVANCE 500 MHz NMR spectrometer,
BRUKER SpectroSpin 11.7 Tesla. The internal temperature was 298 °K, and 1024
scans were collected with a relaxation delay of 2 seconds. The pulse sequence used
to suppress the solvent signal is p3919gp (01 = 2347.88 Hz).

Pectin’s functional properties analysis

DPPH scavenging activity

Free radical-scavenging capacity of Citrus depressa Hayata pectin (CD pectin)
was tested according to the reported method by Mokhtar et al. (2021). The maximum
absorbance of color changing of the stable DPPH radical from deep violet to colorless
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were recorded by UV Vis spectrometer at 517 nm. A volume of 0.1 mL of the tested
samples were added to 1 mL of DPPH. After incubation for 30 minutes in a dark room,
the absorbance was measured at 517 nm. DPPH scavenging activity (%) was
calculated by following equation:

DPPH scavenging activity (%) = (AOA;AS) X 100 (eq. 6)
0

where Ao is the absorbance of the blank (methanol) and As is the absorbance
of the sample.

XRD (x-ray diffraction) pattern analysis

The X-ray diffraction pattern of pectin was analyzed by the method by (Kazemi
et al., 2019). The spectra were recorded using an X-ray diffractometer (PHILIPS,
Amsterdam, Netherland). The pectin powder was scanned at a diffraction angle (26)
from 10° to 65°. The step size and time per point were 0.05° (26) and 1 s,
respectively.

Oil holding capacity (OHC) and water holding capacity (WHC)

OHC and WHC of CD pectin were determined using the method by Kazemi
et al., (2019). In brief, 1 g of pectin was mixed into 10 ml of distilled water then the
obtained mixture was vortexed vigorously for 1 min and centrifuged for 30 minutes
at 6000 rpm. The supernatant was removed, and the remnants were weighted. The
WHC was defined as gram of water held per gram of pectin. The OHC measurement
was similar to WHC, except that corn oil (density of oil: 0.92 g/ml) was used instead
of distilled water and OHC was defined as gram of oil held per gram of pectin.

RESULTS

Preliminary Study of Extraction Parameters

Preliminary experiments were conducted before optimization by response
surface methodology. These factors should be evaluated to see which factor affects
the most and set an appropriate range of variables for the extraction process. Factors
that showed negative response to pectin yield, DPPH scavenging activity, and degree
of esterification will be eliminated. In this current study of pectin extraction using
ultrasonic bath, several evaluated factors were fruit ripeness, extraction time, SLR,
and solvent acidity. Three replicates analyses were performed. SPSS version 16.0 for
Windows (SPSS Inc., Chicago, IL) were utilized for the statistical analyses. Significant
differences between groups of data were calculated by one-way ANOVA and Duncan’s
post-test. Statistical significance consideration were obtained when p-value less than
0.05 (P < 0.05).

Effect of fruit ripeness and extraction time

The result showed a significant difference (a < 0.05) in pectin yield between
peels from ripe fruit (yellow peels) and unripe fruit, where ripe peels contain 10 -
15% of pectin while unripe peels contain 6 — 8% (Figure 1).
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60 R10 R30 R60

mPectin yield (%)  ®DPPH scavenging activity (%)  ®DE (%)

Figure 1. Evaluation of fruit ripeness and extraction time on pectin yield,
DPPH scavenging activity, and degree of esterification (U: unripe peels; R: ripe
peels; 10, 30, 60: time in minutes).

This result determined extraction times between 10 to 50 minutes for the
optimization process. Moreover, since beverage products from Citrus depressa
Hayata in Taiwan were mostly from ripe fruit that produces peels waste, ripe peels
were selected as a sample for optimization analysis.

Effect of solvent ratio (SLR)

The result showed insignificant increase of pectin yield between SLR 1:10 and
1:20, but a significant decrease occurred at 1:30 and dropped more in 1:100 SLR
(Figure 2).

70 4

60 4

50 4

(o)

40 4

30 4

20

10 4

S/L 1:100 S/L 1:30 S/L1:20 S/L 1:10

WPectinyield (%)  WDPPH scavenging activity (%)  # DE (%)

Figure 2. Evaluation of SLR on pectin yield, DPPH scavenging activity, and
degree of esterification.

From this result, the selected SLR range for optimization analysis is 1:10 to
1:30.

Effect of solvent acidity

Current experiment was performed by ultrasonication for 28 minutes at room
temperature with 1:20 SLR ratio. pH 1.8 was set by HCI and citric acid. The result
showed an insignificant difference of pectin yield that were extracted with acid or
neutral pH dH20 as solvent (Figure 3).
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Figure 3. Evaluation of acidity on pectin yield, DPPH scavenging activity, and
degree of esterification.

From this result, considering the insignificant difference in pectin yield,
decreased DPPH scavenging activity, and the acid waste issue after using acid
extraction, dH20 was selected for extraction optimization.

Model fitting and optimization process

Central-composite design (CCD) was utilized to optimize the production of
pectin from Citrus depressa H. peels using ultrasonic-assisted extraction. The effect
of extraction time (X1 = A, 10 - 50 minutes) and SLR (X2 = B, 0.05 - 0.1) on pectin
yield, DPPH scavenging activity, and degree of esterification were evaluated. The
experiment matrix and responses are shown in Table 2.

Table 2. Experimental design and response of pectin extraction using ultrasonic-assisted

method.
Level Factor A Factor B Response 1 Response 2 Response 3
No. Time SLR Time(min.) SLR(W/V) Pectin Yield Scal:\)/zzging Egc:g;ﬁ:ztci)gn
(%) Activity (%) (%)

1 -1.00 -1.00 10.00 0.05 11.40 78.91 59.33
2 -1.00 -1.00 10.00 0.05 12.01 78.81 59.67
3 0.00 -1.41 30.00 0.04 15.90 83.42 62.50
4 0.00 0.00 30.00 0.075 14.82 83.13 66.23
5 0.00 0.00 30.00 0.075 14.57 83.11 65.80
6 -1.00 1.00 10.00 0.10 12.19 77.70 62.44
7 1.00 1.00 50.00 0.10 13.57 80.11 58.27
8 0.00 0.00 30.00 0.075 13.52 82.93 65.21
9 0.00 0.00 30.00 0.075 12.72 83.23 66.33
10 -1.41 0.00 1.72 0.075 8.63 74.14 57.14
11  0.00 0.00 30.00 0.075 13.85 83.12 65.80
12 0.00 0.00 30.00 0.075 13.74 83.03 65.80
13 -1.41 0.00 1.72 0.075 8.05 74.14 57.33
14 0.00 1.41 30.00 0.11 14.53 81.45 64.57
i5 0.00 0.00 30.00 0.075 14.00 82.88 65.80
16 1.41 0.00 58.28 0.075 14.05 78.84 55.00
17 141 0.00 58.28 0.075 13.54 78.76 54.78
18 0.00 0.00 30.00 0.075 13.89 83.03 66.00
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Level Factor A Factor B Response 1 Response 2 Response 3

No. Time SLR Time(min.) SLR(W/V) Pectin Yield Scal:\)/zzging Eg:g;ﬁ%g{m
(%) Activity(%) (%)

19 0.00 0.00 30.00 0.075 14.00 83.05 65.11
20 1.00 -1.00 50.00 0.05 16.93 81.79 59.16
21 1.00 1.00 50.00 0.10 12.89 82.20 58.94
22 0.00 o0.00 30.00 0.075 14.33 83.18 65.67
23 1.00 -1.00 50.00 0.05 15.15 82.20 58.77
24 -1.00 1.00 10.00 0.10 10.99 77.80 62.89
25 0.00 1.41 30.00 0.11 13.56 81.35 64.71
26 0.00 -1.41 30.00 0.04 16.21 83.56 61.00

Lack of fit test were used to verify the suitability of the model to fit the
experimental data. The results of ANOVA (Table 3) for the models of extraction yield
(eq. 7), DPPH scavenging activity (eq. 8), and degree of esterification (eq. 9) are
listed in Table 2. The high F-value, high regression, and low P-value (< 0.001) for
both factors and insignificant lack-of-fit indicated that the predicted models are
significant on the respective response variables.

Table 3. ANOVA analysis of model for optimization of pectin extraction in Citrus
depressa Hayata.

Source Sum of squares Df Mean F value P-value
Pectin Yield (Y1)
Model 94.911 5 18.982 51.564 < 0.001
Xi-time 46.877 1 46.877 127.339 < 0.001
X2-SLR 8.311 1 8.311 22.577 < 0.001
X1 Xz 3.647 1 3.647 9.906 0.005
X12 27.945 1 27.945 75.911 < 0.001
X22 4.569 1 4.569 12.412 0.002
Residual 7.363 20 0.368
Lack of Fit 0.781 3 0.260 0.672 0.581
Total 102.273 25
R2 (model) 0.928
DPPH (Y>)
Model 190.364 5 38.073 212.332 < 0.001
Xi-time 43.088 1 43.088 240.304 < 0.001
X2-SLR 6.027 1 6.027 33.612 < 0.001
X1 Xz 0.037 1 0.037 0.205 0.655
X12 140.518 1 140.518 783.673 < 0.001
X22 0.519 1 0.519 2.895 0.104
Residual 3.586 20 0.179
Lack of Fit 1.186 3 0.395 2.799 0.071
Total 193.950 25
R2 (model) 0.982
DE (Y3)
Model 356.568 5 71.314 341.949 < 0.001
Xi-time 15.669 1 15.669 75.133 < 0.001
X2-SLR 11.891 1 11.891 57.015 < 0.001
X1 X2 6.196 1 6.196 29.710 < 0.001
X12 317.889 1 317.889 1524.278 < 0.001
X32 20.481 1 20.481 98.205 < 0.001
Residual 4.171 20 0.209
Lack of Fit 1.191 3 0.397 2.265 0.118
Total 360.739 25
R2 (model) 0.988
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Effect of extraction time and solvent ratio on pectin yield

Response surface analysis of the experimental data demonstrates that both
extraction time and SLR have quadratic effect on pectin yield ability with a good
regression coefficient (R?> = 0.928), as shown in Table 2. The relationship between
extraction factors and pectin yield is shown in eq. 7 as follows:

2 2
Y, =13.94 + 1.72X, — 0.72X, — 0.68X, X, — 142X, + 0.57X, (eq.7)

Figure 4 and the equation model showed that pectin yield was significantly
(P < 0.01) affected by extraction period, while SLR shows a significant negative linear
effect (P < 0.01).

@ . (b)

Pecus Yield (4)

BSL(gml)

A time (i)

Figure 4. Contour plot (a) and response surface plot (b) of pectin yield as a
function of extraction time and SLR

Effect of extraction factors on dpph scavenging activity

Response surface analysis of DPPH scavenging activity shown in Table 2
demonstrated that the relationship between DPPH scavenging activity and extraction
parameters is quadratic with a good regression coefficient (R? = 0.982), and eq. 8
shows the relationship as follows:

2 2
Y, =83.07 + 1.64X, — 0.61X, + 0.07X X, — 3.18X, — 0.19X, (eq.8)

Equation model showed that extraction time and SLR both had significant linear
effects (P < 0.01) and no significant interaction effect (P > 0.05) observed (Table 3).
DPPH scavenging activity of 1 mg/mL Citrus depressa H. peels pectin ranged from
74.14 to 83.56%. The maximal DPPH scavenging activity predicted by response
surface analysis was 83.69 %, with the optimum extraction time of 34.96 minutes
and 1:20 SLR

o D scaveagiog sciviy () o )

e "
s

ST

DPPH scaveapng acty ()

B S/L(ginil)

A Tire fanin)

Figure 5. Contour plot (a) and response surface plot (b) of DPPH scavenging
activity as a function of extraction time and SLR.
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Effect of extraction factors on degree of esterification

Quadratic relationship with a good regression coefficient (R*>=0.98) between
extraction parameters and degree of esterification were obtained through the
response surface analysis. The relationship were shown in Eq. 9 below:

2 2
Y, = 65.78 — 0.99X, + 0.86X, — 0.88X X, — 4.78X, — 1.21X, (eq.9)

Extraction time and SLR both exhibit significant negative quadratic effect
(P < 0.01) on the DE value. Significant negative interaction effects between
extraction time and SLR (P < 0.01) were also observed (Table 3).
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Figure 6. Contour plot (a) and response surface plot (b) of degree of
esterification (DE) as a function of extraction time and SLR.

Figure 6 shows the contour and response surface plot of DE with the effect of
extraction time and SLR variation.

Pectin Characterization

Equivalent weight, methoxyl content, and total anhydrouronic acid

Table 4 showed methoxyl content, equivalent weight, and anhydrouronic acid
(AUA) content of Citrus depressa H. pectin extracted under optimum ultrasonication
compared to commercial pectin and Citrus depressa H. pectin extracted using
ultrasonication in citric acid pH 1.8.

Table 4. Chemical and functional properties of Citrus depressa H. pectin extracted
under optimum ultrasonication conditions compared to commercial pectin.

UAE pectin Commercial pectin
Methoxyl content (%) 7.63 £ 1.53P 5.51 + 0.742
Equivalent weight (g) 671.88 + 2.41° 629.17 + 1.28¢°
AUA (%) 60.56 = 1.242 66.59 + 0.84b
OHC (g/9) 5.11 £ 1.12b 2.17 £ 0.07°2
WHC (g/9) 6.89 + 0.552 9.72 £ 0.33P

Current methoxyl content results showed that pectin from Citrus depressa H.
extracted by ultrasonication is high methoxylated (> 7%), while commercial pectin
resulted in low methoxylated pectin (< 7%).

Structural properties of Citrus depressa H. pectin

According to the FTIR spectrum in Figure 7, the broad characteristic peaks
ranging from 3,000-3,500 cm~! were due to stretching vibration of hydroxyl groups
related to the galacturonic acid units (X. Yang et al., 2018; Y. Yang et al., 2018;
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Wathoni et al., 2019). The weak band between 2,850 and 3,000 cm™! was attributed
to CH vibrational modes of galacturonic acid units, including CH, CH2, and CHs
stretching and bending vibrations (Xu et al., 2018; Glizel and Akpinar, 2019;
Rahmani et al., 2020). The signal at around 1,736 cm™! was caused by the C=0
stretching vibration of methyl esterified carboxyl groups (Wang et al., 2016; Umafa
et al., 2019). While the absorption at around 1,600 cm™ was caused by stretching
vibration of the esterified and unesterified carboxyl groups (-COOR) of galacturonic
acid polymer (Kazemi et al., 2019; Sabater et al., 2020). The peak region between
1,350 and 1,500 cm™ represented aromatic amines, alkanes, the presence of a CHs
group, uronic acids, and other nitro compounds (Bayar et al., 2017; Muthusamy
et al., 2019; Karbuz and Tugrul, 2021). The absorption band at 1233 cm™ was from
the cyclic C-C bond (-CHsCO stretching) in the ring structure of pectin (Pereira et al.,
2016; Munoz-Almagro et al., 2021). Intense peaks related to polygalacturonic acid
as pectin polysaccharides characteristics appeared at 1223, 1156, 1099, 1024, and
962 cm, assigned to C=0, C-0, C-C, C-H stretching, and C-O bending, respectively
(Rodsamran and Sothornvit, 2019). Furthermore, absorption peaks between 1,101
and 1,018 cm! indicate the potential presence of pyranose ring (X. Yang et al.,
2018), while the characteristic bands at 919 to 829 cm™ were attributed to the
rocking mode of CHs and CCH and COH bending at the C-6 position (Mufioz-Almagro
et al., 2021).
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Figure 7. FTIR-ATR spectra of CD pectin compared to commercial pectin and
galacturonic acid standard.

The 'H NMR spectrum of CD pectin compared to commercial citrus pectin is
shown in Figure 8. In the case of CD pectin spectrum, signals appeared between 1
and 5.7 ppm, while commercial citrus pectin showed signals in the range of 3.2 to
5.4 ppm. Signals at around 1.1 to 1.2 ppm in the high-field region of the 1H NMR
spectrum of CD pectin were certainly caused by the methyl group (C-6) (Wu et al.,
2020) or methoxyl groups of O-2 and 0O-2,4 linked of rhamnose residues (Wang
et al., 2016). Two strong characteristic signals at 3.7 and 2.1 ppm were derived from
methyl and acetyl groups of the esterified galacturonic acid units in the structure of
CD pectin. Signals of protons from arabinose residue were only observed in CD pectin
at H-1 around 5.0 ppm, H-2 4.2 ppm, H-3 4.0 ppm, H-4 4.1 ppm, and H-5 3.8 ppm
(Wang et al., 2016). Indication of multiple types of sugars in CD pectin was shown
in proton signals at the regions between 4.9 - 5.7 ppm. Strong proton peaks at 5.02-
5.71 ppm were only observed in CD pectin, indicating the presence of a-glycosidical
linkage (Wu et al., 2020). Chemical shifts at 4.0-5.0 ppm indicate that the pectin
contained B-glycosidical configuration (X. Yang et al., 2018). Both pectins exhibited
typical distribution signals of polysaccharides at 3.0-5.3 ppm. Five major signals
were assigned as the proton of C-1, C-2, C-3, C-4 and C-5 of the esterified
D-galacturonic acid units. The signals for H-1 have appeared at 4.8 - 5.1 ppm; H-2,
3.4 - 3.8 ppm; H-3, 3.9 ppm; H-4, 4.1 - 4.4 ppm and H-5, 4.5 - 4.9 ppm (Tamaki
et al., 2008; Wang et al., 2016; Kazemi et al., 2019;).
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Figure 8. NMR spectra of pectin extracted under optimal time and SLR
condition (a) and commercial citrus pectin (b)

The XRD patterns of CD pectin extracted under optimum conditions are shown in
Figure 9.
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Figure 9. XRD diffractogram of CD pectin extracted under optimal time and
SLR.

As can be seen, CD pectin showed several intense peaks at 16.06, 18.92, and
21.19° which represent some crystalline structure. Diffractogram pattern were similar
compared to commercial pectin, only that commercial pectin showed intense peaks
at 20.84, 25.59 and 30.3°. However, narrow diffraction peaks that represent
amorphous structure also observed in both pectins spectrum.

Functional properties (WHC and OHC)

Water holding capacity (WHC) is the quantity of bound water per gram of
sample, while oil holding capacity (OHC) is the amount of oil fixed by one gram of
the sample after homogenization, incubation, and centrifugation. WHC and OHC
values compared to commercial pectin were presented in Table 5. In this study, WHC
of CD pectin extracted in optimum ultrasonic time and SLR is 6.89 = 0.55 g water/g
pectin which is lower than commercial citrus pectin (10.35 g/g) reported by (Asgari
et al., 2020). This result is higher than several WHC of non-commercial pectin from
different sources. OHC of CD pectin extracted in optimum ultrasonic time and SLR is
5.11 £ 1.12 g water/g pectin.
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DISCUSSION

Preliminary study of extraction parameters

Effect of fruit ripeness and extraction time to the yield of pectin

Current result showed that mature Citrus depressa fruit peels contain higher
amount of pectin than immature fruit peels. This result is consistent with a previous
report on grapefruit pectin by Ferguson et al. (2021), where pectin yields on a dry
weight basis of mature fruit (14.8%) were higher than immature fruit (12.9%). The
galacturonic acid levels of fruit peel were increased due to the insoluble
carbohydrates as fruit matures. Lekhuleni et al. (2021) also reported a higher pectin
content in mature South African prickly pear than the immature fruit. However,
Sirisakulwat et al. (2008) and Azad et al. (2014) researched on pectin from mango
and lemon peels showed that pectin content were depend more on the plant source
and extraction condition than fruit ripeness.

Pectin from ripe fruit peels showed higher DPPH scavenging activity than pectin
from unripe peels. This result is in accordance to previous report by Chien et al.
(2022) on antioxidant and phenolic compounds in Citrus depressa Hayata dried peels
that showed unripe peels contain more polymethoxyflavonoid (PMF), which could
decrease the antioxidant activity.

The degree of esterification showed insignificant difference between samples
with different maturity (50 — 60%), which is considered as high methoxyl pectin. This
result is consistent with several research reports on pectin’s functional properties,
where extraction process and pectin source were more responsible to the value of DE
(Ferguson et al., 2021; Lekhuleni et al., 2021; Sirisakulwat et al., 2008).

Furthermore, extraction time also affects the pectin yield and functional
properties. Karbuz and Tugrul (2021) reported that the recovery of pectin was
increased as the UAE time increased from 15 to 45 minutes. Ultrasound waves
generate cavitational effect in the solvent medium that intensify the solvent
penetration into the fruit peels. The release of pectin into the solvent were
accelerated by the amount of waves and turbulent vibration that increase solvent-
solid interfaces. However, cell wall disruption could release soluble and insoluble
molecules that saturate the surrounding medium. Heating effect of ultrasonication
caused modification and fragmentation of pectin’s structures that reduce pectin
recovery (Muthusamy et al., 2019). Pectin yield produced from lemon peel using UAE
in acidic solvent was 10.11%, while mandarin and kiwi peels were 11.29 and 17.30%,
respectively (Karbuz and Tugrul, 2021).

Effect of solvent ratio (SLR) on pectin yield

The solvent quantity is also an important factor that affects pectin yield. SLR is
a typical parameter that significantly influences the extraction efficiency. Current
research evaluated 1:10, 1:20, 1:30 and 1:100 SLR for pectin extraction with dH20
as the solvent. The ultrasonication were performed for 28 minutes (Moorthy et al.,
2015).

Lower SLR caused higher imposed ultrasound intensity to the average vegetal
tissue which contribute to the fragmentation of raw material. Excessive material
swelling caused by large solvent volume resulted in the disruption of cell wall, which
resulted in the release of pectin to the medium. Polysaccharide concentration in the
solution affect the extraction rate. Low concentration of raw material gives less
protection to the dissolved pectin, facilitating pectin degradation, while high
concentration also negatively affect the mass transfer and supress the transfer of
desired compound to the solution that could reduce pectin yield (Prakash Maran et
al., 2013; Xu et al., 2014; Saberian et al., 2018). DPPH scavenging activity increased
with the increase of SLR. Meanwhile, the DE of high and low SLR showed insignificant
difference.

Effect of solvent acidity
Since pectin is trapped in the protopectin, high concentration of hydrogen ions
in low pH solvent is essential to spilt soluble pectin and cellulose. Pectin extraction is
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commonly performed in aqueous medium pH 1.5 - 3 at 75 - 100°C for 1 - 3 hours
with continuous stirring (Xu et al., 2018).

Chemical extraction methods using mineral or organic acids are commonly used
in pectin production. Hot acid method requires high production costs, and the disposal
of acid wastewater can cause serious environmental problems (Yeoh et al., 2008;
Adetunji et al., 2017; Yang et al., 2018; Belkheiri et al., 2021). Higher and neutral
pH could cause pectin degradation and accumulate pectin that prevents its release
from plant material (Adetunji et al., 2017; Lekhuleni et al., 2021).

However, the result showed an insignificant (a > 0.05) difference of pectin yield
that were extracted with acid or neutral pH dH20 as solvent (Figure 3). This result
was similar to the pectin extraction of orange peels in previous study by Yeoh et al.,
(2008). A report by He et al., (2021) in the optimization of pectin extraction from
clementine peel stated that the effect of extraction pH was minimal at low
temperatures, but it diverged widely at high temperatures. The neutral extraction
condition also showed higher DPPH (82.93 £+ 5.05%) scavenging activity than the
acid condition (14.68 £ 1.94 - 28.14 + 6.46%). Bayar et al. (2017) found a negative
effect of pH in pectin extraction by ultrasound waves. Ultrasonication could affect the
structure of protopectin, making it soluble in water even in slight acidic pH conditions.

Pectin extracted using HCl showed higher degree of esterification (DE) than
citric acid and neutral pH. Kurita et al. (2008), Oliveira et al. (2016), Rodsamran and
Sothornvit (2019); Sayah et al. (2016), and Yapo (2009) reported the opposite result
where pectin that was extracted using organic acid (citric or acetic acid) showed
higher DE value of pectin that was extracted by using mineral acid. Organic acids
exhibit lower dissociation content that causes lower hydrolysis reaction,
polymerization, and fragmentation ability than mineral acids. However, this result is
consistent with the previous research on acid type effect to degree of esterification
by Li et al. (2019) that showed the DE of sugar beet pulp pectin extracted using
mineral acid was higher than DE of pectin extracted by organic acid. As a weak acid,
citric acid could provide more protons to improve the hydrolysis of methyl ester than
mineral acid under the same pH. (Yapo, 2009) stated that the degree of esterification
of isolated pectin could be slightly overestimated because of the low acetyl groups in
acid-extracted pectin from citrus peel.

Model fitting and optimization process

Temperature was excluded from the analyzed factors because, although it is
considered as one of the most influential factors in pectin extraction, a report by Das
and Arora (2021) showed that temperature combined with ultrasonication could
induce the degradation of the compound.

According to the results, pectin yield extracted from Citrus depressa H. peels
ranged from 8.05 to 16.93%, with DPPH scavenging activity from 74.14 to 83.56%
and degree of esterification from 54.78 to 66.33%. Moreover, at the optimum
extraction point (39.96 minutes of ultrasonication and 1:20 SLR), the pectin yield of
16.07% with 83.49% DPPH scavenging activity and 62.46% degree of esterification
was achieved using the predicted model for Citrus depressa H. pectin extraction with
0.922 desirability.

The models were evaluated by three replicates on randomly selected time and
SLR conditions (30 minutes and 1:20 SLR) to ensure that the prediction model for
extraction process was in high accuracy. From the selected condition, obtained pectin
yield, DPPH scavenging activity, and degree of esterification were 15.98 %, 82.89%
and 62.36%. These results are in the range of 95 % predicted interval (PI) low and
95% PI high (Table 5), which means that the formula is consistent.

Table 5. Confirmation of predicted extraction parameters at the random point.

Response Predicted Data 959% PI 959% PI
mean Mean Low High
Pectin Yield (%) 16.07 15.98 15.18 16.96
DPPH scavenging activity (%) 83.49 82.89 82.86 84.11
DE (%) 62.46 62.36 61.79 63.14
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Effect of extraction factors on pectin yield

Current result shows that the pectin yield was increased by decreasing SLR and
increasing extraction time. Extraction time and SLR also exhibit significant interaction
effect (Table 3). The amount of pectin yield was the lowest when samples were
ultrasonicated for 1.72 minutes (8.05 - 8.63%), but then increased to maximum at
50 minutes (16.93%) and decreased at further prolonging ultrasound time beyond
50 minutes. The maximum pectin yield predicted by response surface analysis was
16.24 %, with the optimum extraction time of 46.85 minutes and 1:20 SLR
(Figure 4). Solvent penetration into the samples was increased through the
cavitational effect of ultrasound waves. This phenomenon consists of the formation,
growth, and implosion of gas nano/microbubbles into the liquid due to pressure
fluctuations generated by the ultrasonic waves. The collapse of cavitation bubbles
near the surface of the plant material increases the pressure and temperature,
causing the deterioration of plant cell walls and enhanced solvent entrance into the
cells, and intensify the mass transfer. Modification and fragmentation of the
polysaccharides at prolonged ultrasonication time that leads to decreased pectin
recovery, lack of energy distribution were the disadvantages of ultrasonication
(Adetuniji et al., 2017; Mari¢ et al., 2018; Umana et al., 2019; Karbuz and Tugrul,
2021). This finding was most likely because ultrasonic cavitation could accelerate the
expansion and hydration of plant materials in the early stage of extraction.
Furthermore, as solvent permeated into the substrate, the dissolution of pectin
content from plant material was improved, resulting in more time for pectin mass
transfer from solid particles into solution and thereby improving the extraction
performance. (Kazemi et al., 2019).

Low SLR (1:20) showed more pectin yield than high SLR. The ratio between
solid material to extractant solvent, known as liquid-solid (L/S) or solid-liquid ratio
(S/L), is also important and should be optimized. SLR is typically represented in mass
units per volume (g/ml) for most investigations. Increasing solvent percentage could
improve the concentration gradient and reduce the viscosity of the solution which
increase the contact surface area between plant matrix and solvent that generate
higher extraction rate and pectin yield (Adetunji et al., 2017; Saberian et al., 2018).
A lower sample concentration could dissolve more polysaccharide molecules in the
solvent and decrease the yield because of the increasing degradation rate of
polymers. Moreover, excessive SLR would require higher energy and cost more in
wastewater disposal. However, when the ratio is less than 1:10, the amount of
solvent is inadequate to dissolve and extract the pectin, and hydrolysis could occur
due to solution over dilution (Adetunji et al., 2017; Belkheiri et al., 2021).

Reports on pectin extraction of Citrus depressa H. peels were rarely found.
Tamaki et al. (2008) reported 4.1% polysaccharide yield from Citrus depressa H.
endocarp extracted using hot acid method (pH 4.5, 85°C, 1 h). Pectin yield of Citrus
depressa H. peels extracted by dH20 and ultrasonication in the current study were
comparable to other reports on different citrus or other fruit peels pectin extraction
that uses hot acid and longer extraction time. Ferguson et al. (2021) extracted 10.8
- 14.8% pectin from grapefruit peels using hot acid for 3 hours. Pasandide et al.
(2017) extracted 5.94 - 20.00% pectin from Citrus medica using hot water (70 -
90°C) for 1 — 3 hours. Y. Yang et al. (2018) were using hot nitric acid solution (pH
1.7, 86°C) for 80 minutes to extract 8.5% pectin from pomegranate peels.
Commercial pectin is extracted from citrus (lemon, lime, orange) peels (85.5%),
while a small proportion comes from apple pomace (14.0%) and sugar beet pulp
(0.5%) (Picot-Allain et al., 2022). Pectin yield extracted from Citrullus alain using a
microwave for 60 - 180 minutes in pH 1 - 1.5 were 13.09 - 24.18% (Prakash Maran
et al., 2014).

Effect of extraction factors on DPPH scavenging activity
DPPHe free radicals (purple) would shift to the non-radical form (yellow) when
scavenged by the samples (Bayar et al., 2017; Xu et al., 2018).

Figure 5 showed that DPPH scavenging activity of Citrus depressa H. peels
pectin was increased at prolonged extraction time (30 to 40 minutes) yet decreased
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at higher SLR (1:10). This result is consistent to DPPH scavenging activity result of
Citrus depressa H. peels extract reported by Chien et al. (2022) where the highest
antioxidant activity were achieved by ultrasonication of samples from 30 to 40
minutes.

Current DPPH scavenging activity results of pectin from Citrus depressa H. are
comparable to different samples such as DPPH scavenging activity of 1 mg/mL
polysaccharides extracted from Citrus maxima Merr. (Wu et al., 2020), extract of
jackfruit peels (Xu et al., 2018) showed 60 to 70% activity. Meanwhile, pectin from
Opuntia ficus indica cladodes needs a higher concentration (20 mg/mL) to get 80%
DPPH scavenging activity (Bayar et al., 2017). The free radical scavenging activities
were probably generated by pectin structures or its interaction with phenolic
compounds. Dietary fiber with different molecular weights might exhibit different
antioxidant capacities. Ramification type such as carboxymethylcellulose,
hydroxyethylcellulose, hydroxypropyl methylcellulose and methylcellulose of pectin
also influences antioxidant capacity. High numbers of active hydroxyl and carboxyl
groups on galacturonic acid residues of pectin are vitally important to its antioxidant
activities. Phenolic compounds were found in the structure of pectin from the peels
of dragon fruit and showed 81.91% antioxidant capacity. The type and amount of
phenolic compounds present in the polysaccharide matrix influence the antioxidant
capacity. Consequently, the dietary fiber protects the phenolic compounds from
oxidation, favoring an excellent antioxidant capacity (Cui et al., 2019; Mercado-
Mercado et al., 2020).

Effect of extraction factors on degree of esterification

The complex pectin molecules contain D-galacturonic acid linked by a-1,4
galacturonosyl linkages. This poly-galacturonic acid is interfered by
L-rhamnose or xylose units as side chains. Carboxyl groups on the galacturonic acid
backbone chain were esterified by methyl groups that cause the variation in the
degree of methyl esterification (DE or DM). Pectin could be classified as high methyl-
esterified (DM>50%) and low methyl-esterified (DM<50%). Moreover, the degree of
methylation of the extracted pectin depends on the type of plant and degree of
maturation (particularly for fruits). The degree of esterification of pectin is important
to the functional properties in the plant cell wall and also affects its application as
gelling and thickening agent (Pereira et al., 2016; Adetunji et al., 2017; Mari¢ et al.,
2018; S.-Y. Xu et al., 2018; Umafa et al., 2019; Belkheiri et al., 2021; Rahmani
et al., 2020).

DE values of pectin from Citrus depressa H. extracted using ultrasonication
ranged from 54.78 to 66.23%, which considered as high methoxylated pectin.
The degree of esterification was observed to increase at moderate extraction time
(30 minutes) and SLR (1:13). An increase of DE was observed with prolonged
ultrasonication time from 20 to 30 minutes, and SLR below 1:14 decreases the DE
value. The maximal DE predicted by response surface analysis was 64.79%, with the
optimum extraction time of 26.87 minutes and 1:17 SLR.

The pectin extracted by ultrasound wave and microwave showed similar high
levels of esterification (> 50.51%) that require both high concentration of sugar
(usually >55%) and acidic conditions (pH < 3.5) to stabilize the hydrophobic
interactions between methoxyl groups when used as gelling agent or stabilizer in food
products such as dessert fillings, fruit juices, ice creams, yoghurt, and dairy drinks
(Talekar et al., 2020; Karbuz and Tugrul, 2021; Ciriminna et al., 2022). The values
of the DE of pectin extracted from lime and orange peel were in the range of 70 -
91.58% (Rodsamran and Sothornvit, 2019; Liu et al., 2021). Orange peels pectin
extracted by varying green extraction methods showed 60 - 80% DE values (Benassi
et al., 2021). Pectin mainly present in nature as high methoxylated pectin depends
on the type and extraction condition. Extracted pectin from several other fruit peels
also showed high DE values, such as mango peels (67%), cubiu fruit peels (62%),
ponkan peels (85.7%), pomegranate peels (75%), citron peels (77%) and kiwi fruit
(82 - 90%) (Umafia et al., 2019; Picot-Allain et al., 2022). Furthermore, (Karbuz
and Tugrul, 2021) reported that ultrasonication did not have a significant effect (P >
0.05) on the DE value.
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Pectin characterization

Equivalent weight, methoxyl content, and total anhydrouronic acid.

Methoxyl content represents the amount of moles of methyl alcohol in 100 mol
galacturonic acid. Methoxyl content value determine the ability of pectin solution to
form gels, sensitivity to metal ions and gel setting times. Higher methoxyl content
increases the spreading quality and sugar-binding capacity of pectin. Methoxyl
content of pectin varies from 0.2% to 14%, depending on the source and mode of
extraction. Methoxyl content above 7% was considered as high methoxyl pectins
(HMP) with degrees of esterification between 50 and 80%, while pectins with
methoxyl contents below 7%, corresponding to a DE below 50%, are regarded as low
methoxyl pectins (LMP) (Pereira et al., 2016; Nguyen and Pirak, 2019; Lekhuleni et
al., 2021).

The low methoxyl content obtained may be attributed to the low pH and
medium extraction power that depolymerized galacturonan chains into shorter
polygalacturonic acid chains (Lekhuleni et al., 2021). Rodsamran and Sothornvit
(2019) also reported high methoxyl content of pectin from lime peels. Meanwhile,
pectin from sweet lemon peels, dragon fruit peels, and all colors of prickly pear fruit
was grouped as low methoxyl pectin (Devi et al., 2014; Nguyen and Pirak, 2019;
Lekhuleni et al., 2021).

Equivalent weight is the total content of non-esterified galacturonic acid in the
pectin molecular chains. High equivalent weight would have high gel formation,
whereas low equivalent weight would have low gel formation because the pectin
would be highly degraded. Pectin with the equivalent or combining weight in the
range of 250-350 will form the gel in the presence of calcium or magnesium ions
regardless of the presence of sugar (Nguyen and Pirak, 2019; Lekhuleni et al., 2021).
Current result showed a high equivalent weight (671.88 + 2.41 g) in pectin extracted
from Citrus depressa H. using optimized UAE compared to acid extracted (206.29 +
1.77 g) and commercial pectin (629.17 £ 1.28 g). (Devi et al., 2014) reported
equivalent weight value of pectin extracted from sweet lemon peel ranged from 312.5
to 833.33. (Altaf et al., 2015) also reported 455.1 to 912.17 equivalent weight of
pectin from papaya.

Meanwhile, dragon fruit peels and all color prickly pear fruit showed low
equivalent weight value (119.73 - 446.41 g) (Nguyen and Pirak, 2019; Lekhuleni
et al., 2021). This parameter as reported in the literature varies widely depending on
the method and the nature of the citrus fruits used for extraction. A high equivalent
weight would have higher gel-forming effect, and the lower equivalent weight could
be higher partial pectin degradation. The increased or decreased of the equivalent
weight might be also dependent upon the amount of free acid (Nguyen and Pirak,
2019).

The total anhydrouronic (AUA) content determines the purity and DE. It also
evaluates the physical characteristics of extracted pectin, and it should be not less
than 65% as suggested by Food Chemicals Codex 2016. Generally, the AUA content
obtained was less than 65% which points out that the pectin may not be adequately
pure because of the existence of proteins, starch, and sugars in the precipitated
pectins (Devi et al., 2014; Nguyen and Pirak, 2019; Lekhuleni et al., 2021). Since
the anhydrouronic acid (AUA) content express the purity of the extracted pectin, AUA
value not less than 65% were recommended for pectin utilization as food additives
or pharmaceutical. This requirement has limited the potential sources of food and
pharmaceutical pectins pectin (Khamsucharit et al., 2018). Current result showed
AUA value of pectin from Citrus depressa H. was less than 65% (60.56 £ 1.24%)
which means that the extracted pectin was less pure than commercial pectin (66.59
+ 0.84%). Similar results were also reported in previous pectin studies. The average
AUA content for pectin extracted from orange, purple, and green prickly pear pectin
was 25.58, 25.93, and 38.84% (Lekhuleni et al., 2021). Moreover, the AUA contents
of different banana peel pectins ranged from 34.56 to 69.10 % (Khamsucharit et al.,
2018). Ismail et al. (2012) reported AUA content of pectin from dragon fruit pectin
were 45.3-52.2%.
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Structural properties of Citrus depressa H. pectin

The structural features of Citrus depressa H. pectin extracted under optimal
time and SLR conditions were indicated using FTIR, H-NMR, and XRD spectroscopy.
The FTIR, NMR, and XRD spectra were compared to commercial pectin from citrus
peels. In this part, FTIR, H-NMR, and XRD spectroscopies were used to illuminate the
structural information of CD pectin.

FTIR-ATR spectra showed a similar spectra pattern between the samples and
galacturonic acid, only that galacturonic acid and commercial pectin showed narrower
peaks. This result indicates that the extracted pectin composed of galacturonic acid
as the major compound that formed the pectin backbone, but not adequately pure.

NMR signal of CD pectin showed strong characteristic signals of esterified
galacturonic acid. The higher intensity of these signals shows a higher degree of
esterification in the pectin samples, which consistent to high degree of esterification
result. The intensity of these peaks represents a higher amount of methyl esterified
than acetyl esterified galacturonic acid units (X. Yang et al., 2018; Kazemi et al.,
2019; Asgari et al., 2020; Rahmani et al., 2020). CD pectin also exhibit signal of
rhamnose, arabinose, multiple sugar, a- and B-glycosidical configuration. This
spectrum indicate that CD pectin is a galacturonic acid polymer comprising
homogalacturonan, rhamnogalacturonan and arabinogalacturonan arranged in a-
and B-glycosidical configuration. Commercial citrus pectin showed more simple NMR
signals. De-esterification of carboxyl groups galacturonic acid contributed to the
complexity of the NMR spectra. This result is similar to previous research by Tamaki
et al. (2008) on pectin from the endocarp of Citrus depressa, where the signal at 2.1
ppm that represent acetyl groups were disappeared after de-esterification treatment.

XRD (X-ray diffraction) spectroscopy was applied to investigate the crystalline
structure and assess the compatibility of CD pectin (Nisar et al., 2019; Asgari et al.,
2020). XRD diffractograms showed a series of sharp peaks for crystalline material,
while amorphous product produces a broad background pattern (Gizel and Akpinar,
2019). Previous studies reported that pectin has several characteristic XRD
diffractogram peaks representing the pure pectin crystallinity at 12.70, 16.30, 18.40,
25.32, and 40.14° in the citrus sample (Nisar et al., 2019). Walnut pectin showed
sharp peaks at 14.61, 17.19, 20.86, 32.36 and 36.66° of 26 (Asgari et al., 2020),
sweet lemon pectin at 12.36, 13.96, 14.91, 19.61, 18.91, 21.36, 32.46 and 36.66°
(Rahmani et al., 2020) while sweet orange pectin showed peaks at 17, 18, 19, 21,
24, 29, 31 and 36° (Hosseini et al., 2019).

The obtained diffractogram pattern suggested both crystalline and amorphous
structures for CD pectin. Pectin with crystalline and amorphous structures was similar
to several reports on pectin from different resources (Glizel and Akpinar, 2019;
Hosseini et al., 2019; Rahmani et al., 2020). XRD diffractogram of standard pectin
reported by (Wathoni et al., 2019) showed an amorphous structure. (Kazemi et al.,
2019) stated that raw material source and extraction procedure affect the crystallinity
of pectin.

Functional properties

Water holding capacity is the tendency of powder to absorb and retain water.
This property is crucial to select the proper treatment such as drying process and the
selection of suitable packaging. The differences between these values could be due
to various intrinsic factors such as pectin source, extraction process, chemical
composition, and concentration of free hydroxyl groups in the pectin structure (Bayar
et al., 2017; Asgari et al., 2020; Mufioz-Almagro et al., 2021).

Hosseini et al. (2019) reported 3.10 £ 0.12 g water/g pectin WHC value of sour
orange peel pectin. Eggplant peel, pistachio green hull, Opuntia ficus, walnut, and
chayote (Sechium edule) pectin which exhibited 6.22, 4.21, 4.84, 5.84, and 3.14 g
water/g pectin (Bayar et al., 2017; Kazemi et al., 2019, 2020; Asgari et al., 2020;
Ke et al., 2020). WHC could lock up moisture that improves textural properties,
increase the bulk volume of foods, improve sensorial and textural properties
effectively and avoid syneresis problems in some food products such as yogurt.
Dietary fiber with high WHC could induce intestinal peristalsis and accelerate the
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release of toxins (Asgari et al., 2020; Kazemi et al., 2020; Ke et al., 2020; Huang
et al., 2021).

The OHC is a parameter having high importance in food industries and it can
be influenced by various factors such as the overall surface charge density and the
hydrophilic nature of constituents related to the chemical composition of compounds
as well as their affinity to oil (Bayar et al., 2017; Hosseini et al., 2019; Kazemi et al.,
2019; Asgari et al., 2020; Mufoz-Almagro et al., 2021).

The OHC value is in accordance to pectin sample from berries extracted using
enzymatic (cellulose) and ultrasonication reported by Mufioz-Almagro et al., (2021)
that showed OHC value in the range of 4.6 to 17.8 g oil/g pectin. Moreover, this result
is significantly higher than commercial and non-commercial pectin reported in
previous research. Sweet orange peel, Opuntia ficus indica, eggplant peel pectin,
commercial apple pectin and commercial citrus pectin which exhibited 1.32, 1.01,
2.12, 2.22, 2.59 g oil/g pectin OHC (Bayar et al., 2017; Hosseini et al., 2019; Kazemi
et al., 2019; Asgari et al., 2020). OHC is an important property and essential
characteristic of hydrocolloids that can allow the stabilization of high-fat emulsions
and food products (Asgari et al., 2020; Kazemi et al., 2020; Mufioz-Almagro et al.,
2021).

CONCLUSION

The current study aims to optimize the simple ultrasonication method to extract
pectin from Citrus depressa Hayata’s peels. The result showed that optimum time
was 39.96 minutes with 1:20 SLR could extract comparable amount of pectin than
other methods that use hot acid and longer extraction time. The prediction formula
for time and SLR was also confirmed to be consistent. UAE pectin from Citrus
depressa H. was high methoxylated pectin and exhibited DPPH scavenging activity.
Profound research on the application and functional properties of CD pectin needs to
be done.
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	MATERIALS AND METHODS
	Materials
	Citric acid (99%), hydrochloric acid (37%), sodium hydroxide (≥99%), DPPH (2,2-Diphenyl-1-Picrylhydrazyl), and standard galacturonic acid were bought from Merck Chemical Co. (Darmstadt, Germany), ethanol (96%) from Echo chemical (Taiwan), acetic acid,...
	Methods
	Citrus sample preparation
	Citrus depressa Hayata from Pingtung region (North Taiwan) were purchased at ripe (yellow peels) and unripe (dark green peels) maturity stages. Distilled water were used to remove dirt, microflora, and pesticide residue on the fruits surface. Peels we...
	Preliminary study of extraction parameters
	Some factors in ultrasonication affect the yield and functional and chemical properties of pectin. The factors are pH, acid type, time, fruit ripeness, and sample: solvent ratio (SLR). Extraction was done using an ultrasonic water bath DC400H (CAE Tec...
	Extraction optimization using central composite design (CCD)
	RSM is an experimental statistical technique applied for multiple regression analysis using quantitative data obtained from adequately designed experiments. Various parameters that influenced the extraction efficiency were optimized for the efficient ...
	Table 1. Independent variables and factors level of center composite design.
	The quadratic polynomial step-by-step regression method and data were analyzed using Design-Expert (version 13 trial, Stat-Ease, Inc., Minneapolis, MN, USA) software. The model given below was used to predict the response variables.
	Statistical Analysis and Model Fitting
	Analysis of variance (ANOVA) was utilized to evaluate the model that showed the interaction between process variables to the different responses: pectin yield, degree of esterification and DPPH scavenging activity. Software package Design-Expert ver. ...
	Pectin Extraction (Ultrasonic-assisted Extraction)
	Dried peel powder was mixed with dH2O and ultrasonicated according to the designed variation parameters. After the extraction process, the solids were separated from the extracting solution by centrifugation at 6000 rpm for 10 minutes. Pectin precipit...
	Pectin Characterization
	Degree of esterification (DE)
	Degree of esterification (%), as one of the most important properties of pectin, was determined for all pectin samples using the method described by Hosseini et al. (2019). Briefly, 100 mg of pectin sample was dissolved in 20 mL deionized water and 2 ...
	𝐷𝐸 ,%.=,,𝑉-2.-,𝑉-2.+,𝑉-1..×100     (eq. 2)
	Equivalent weight (Ew)
	Equivalent weights were analyzed using the method by Vellaisamy Singaram and Ganesan (2021). Briefly, 0.5 g dried pectin was moistened with 5 ml ethanol for determination EW in 250 ml conical flask. Adequate amount of phenol red indicator were added. ...
	𝐸𝑊=,𝑤𝑒𝑖𝑔ℎ𝑡 𝑆𝑎𝑚𝑝𝑙𝑒 ,𝑔. × 1000-𝑚𝐿 𝑁𝑎𝑂𝐻 ×  𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑁𝑎𝑂𝐻.    (eq. 3)
	Methoxyl content (MeO)
	The methoxyl (MeO) content was determined using the method by Vellaisamy Singaram and Ganesan (2021). Briefly add 25 ml of 0.1 N NaOH to the titrated solution from EW experiment, which was shaken thoroughly, and allowed to stand for 15 minutes at room...
	𝑀𝑒𝑂,%.=,𝑚𝑒𝑔 𝑁𝑎𝑂𝐻 ×31×100-𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 ,𝑚𝑔..  (eq. 4)
	Where 31 is the molecular weight of the methoxyl group
	Total anhydrouronic acid
	The estimation of anhydrouronic acid (AUA) was also determined using the method by Vellaisamy Singaram and Ganesan (2021). This content was essential to determine the purity and degree of esterification (DE), by using EW and methoxyl content value. To...
	𝐴𝑈𝐴,%.=,176 ×0.1𝑧×100-𝑤 ×1000.+,176 ×0.1𝑦×100-𝑤 ×1000.   (eq. 5)
	where molecular unit of AUA (1 U) = 176 g, z = ml of NaOH from equivalent weight determination, y = ml of NaOH from methoxyl content determination, w = weight of sample.
	FTIR/ATR analysis
	The FTIR spectra were recorded on a Perkin Elmer FTIR spectrometer equipped with a diamond crystal cell for attenuated total reflection (ATR) operation.  The spectra were acquired in the range of 4000–600 cm-1 at 4 cm-1 resolution with 32 scans per sa...
	NMR
	The dried pectin was dissolved in D2O and analyzed by 1H NMR spectroscopy using the method by Kazemi et al. (2019) with modification. One dimensional proton NMR spectrum was recorded using Bruker AVANCE 500 MHz NMR spectrometer, BRUKER SpectroSpin 11....
	Pectin’s functional properties analysis
	DPPH scavenging activity
	Free radical-scavenging capacity of Citrus depressa Hayata pectin (CD pectin) was tested according to the reported method by Mokhtar et al. (2021). The maximum absorbance of color changing of the stable DPPH radical from deep violet to colorless were ...
	DPPH scavenging activity ,%.= ,,,A-0−.,A-s..-,A-0..×100  (eq. 6)
	where A0 is the absorbance of the blank (methanol) and As is the absorbance of the sample.
	XRD (x-ray diffraction) pattern analysis
	The X-ray diffraction pattern of pectin was analyzed by the method by (Kazemi et al., 2019). The spectra were recorded using an X-ray diffractometer (PHILIPS, Amsterdam, Netherland). The pectin powder was scanned at a diffraction angle (2θ) from 10  t...
	Oil holding capacity (OHC) and water holding capacity (WHC)
	OHC and WHC of CD pectin were determined using the method by Kazemi  et al., (2019). In brief, 1 g of pectin was mixed into 10 ml of distilled water then the obtained mixture was vortexed vigorously for 1 min and centrifuged for 30 minutes at 6000 rpm...
	RESULTS
	Preliminary Study of Extraction Parameters
	Preliminary experiments were conducted before optimization by response surface methodology. These factors should be evaluated to see which factor affects the most and set an appropriate range of variables for the extraction process. Factors that showe...
	Effect of fruit ripeness and extraction time
	The result showed a significant difference (α < 0.05) in pectin yield between peels from ripe fruit (yellow peels) and unripe fruit, where ripe peels contain 10 – 15% of pectin while unripe peels contain 6 – 8% (Figure 1).
	Figure 1. Evaluation of fruit ripeness and extraction time on pectin yield, DPPH scavenging activity, and degree of esterification (U: unripe peels; R: ripe peels; 10, 30, 60: time in minutes).
	This result determined extraction times between 10 to 50 minutes for the optimization process. Moreover, since beverage products from Citrus depressa Hayata in Taiwan were mostly from ripe fruit that produces peels waste, ripe peels were selected as a...
	Effect of solvent ratio (SLR)
	The result showed insignificant increase of pectin yield between SLR 1:10 and 1:20, but a significant decrease occurred at 1:30 and dropped more in 1:100 SLR (Figure 2).
	Figure 2. Evaluation of SLR on pectin yield, DPPH scavenging activity, and degree of esterification.
	From this result, the selected SLR range for optimization analysis is 1:10 to 1:30.
	Effect of solvent acidity
	Current experiment was performed by ultrasonication for 28 minutes at room temperature with 1:20 SLR ratio. pH 1.8 was set by HCl and citric acid. The result showed an insignificant difference of pectin yield that were extracted with acid or neutral p...
	Figure 3. Evaluation of acidity on pectin yield, DPPH scavenging activity, and degree of esterification.
	From this result, considering the insignificant difference in pectin yield, decreased DPPH scavenging activity, and the acid waste issue after using acid extraction, dH2O was selected for extraction optimization.
	Model fitting and optimization process
	Central-composite design (CCD) was utilized to optimize the production of pectin from Citrus depressa H. peels using ultrasonic-assisted extraction. The effect of extraction time (X1 = A, 10 – 50 minutes) and SLR (X2 = B, 0.05 – 0.1) on pectin yield, ...
	Table 2. Experimental design and response of pectin extraction using ultrasonic-assisted method.
	Lack of fit test were used to verify the suitability of the model to fit the experimental data. The results of ANOVA (Table 3) for the models of extraction yield (eq. 7), DPPH scavenging activity (eq. 8), and degree of esterification (eq. 9) are liste...
	Table 3. ANOVA analysis of model for optimization of pectin extraction in Citrus depressa Hayata.
	Effect of extraction time and solvent ratio on pectin yield
	Response surface analysis of the experimental data demonstrates that both extraction time and SLR have quadratic effect on pectin yield ability with a good regression coefficient (R2 = 0.928), as shown in Table 2. The relationship between extraction f...
	Figure 4 and the equation model showed that pectin yield was significantly  (P < 0.01) affected by extraction period, while SLR shows a significant negative linear effect (P < 0.01).
	Figure 4. Contour plot (a) and response surface plot (b) of pectin yield as a function of extraction time and SLR
	Effect of extraction factors on dpph scavenging activity
	Response surface analysis of DPPH scavenging activity shown in Table 2 demonstrated that the relationship between DPPH scavenging activity and extraction parameters is quadratic with a good regression coefficient (R2 = 0.982), and eq. 8 shows the rela...
	Equation model showed that extraction time and SLR both had significant linear effects (P < 0.01) and no significant interaction effect (P > 0.05) observed (Table 3).  DPPH scavenging activity of 1 mg/mL Citrus depressa H. peels pectin ranged from 74....
	Figure 5. Contour plot (a) and response surface plot (b) of DPPH scavenging activity as a function of extraction time and SLR.
	Effect of extraction factors on degree of esterification
	Quadratic relationship with a good regression coefficient (R2=0.98) between extraction parameters and degree of esterification were obtained through the response surface analysis. The relationship were shown in Eq. 9 below:
	Extraction time and SLR both exhibit significant negative quadratic effect  (P < 0.01) on the DE value. Significant negative interaction effects between extraction time and SLR (P < 0.01) were also observed (Table 3).
	Figure 6. Contour plot (a) and response surface plot (b) of degree of esterification (DE) as a function of extraction time and SLR.
	Figure 6 shows the contour and response surface plot of DE with the effect of extraction time and SLR variation.
	Pectin Characterization
	Equivalent weight, methoxyl content, and total anhydrouronic acid
	Table 4 showed methoxyl content, equivalent weight, and anhydrouronic acid (AUA) content of Citrus depressa H. pectin extracted under optimum ultrasonication compared to commercial pectin and Citrus depressa H. pectin extracted using ultrasonication i...
	Table 4. Chemical and functional properties of Citrus depressa H. pectin extracted under optimum ultrasonication conditions compared to commercial pectin.
	Current methoxyl content results showed that pectin from Citrus depressa H. extracted by ultrasonication is high methoxylated (> 7%), while commercial pectin resulted in low methoxylated pectin (< 7%).
	Structural properties of Citrus depressa H. pectin
	According to the FTIR spectrum in Figure 7, the broad characteristic peaks ranging from 3,000-3,500 cm−1 were due to stretching vibration of hydroxyl groups related to the galacturonic acid units (X. Yang et al., 2018; Y. Yang et al., 2018; Wathoni et...
	Figure 7. FTIR-ATR spectra of CD pectin compared to commercial pectin and galacturonic acid standard.
	The 1H NMR spectrum of CD pectin compared to commercial citrus pectin is shown in Figure 8. In the case of CD pectin spectrum, signals appeared between 1 and 5.7 ppm, while commercial citrus pectin showed signals in the range of 3.2 to 5.4 ppm. Signal...
	Figure 8. NMR spectra of pectin extracted under optimal time and SLR condition (a) and commercial citrus pectin (b)
	The XRD patterns of CD pectin extracted under optimum conditions are shown in Figure 9.
	Figure 9. XRD diffractogram of CD pectin extracted under optimal time and SLR.
	As can be seen, CD pectin showed several intense peaks at 16.06, 18.92, and 21.19o which represent some crystalline structure. Diffractogram pattern were similar compared to commercial pectin, only that commercial pectin showed intense peaks at 20.84,...
	Functional properties (WHC and OHC)
	Water holding capacity (WHC) is the quantity of bound water per gram of sample, while oil holding capacity (OHC) is the amount of oil fixed by one gram of the sample after homogenization, incubation, and centrifugation. WHC and OHC values compared to ...
	DISCUSSION
	Preliminary study of extraction parameters
	Effect of fruit ripeness and extraction time to the yield of pectin
	Current result showed that mature Citrus depressa fruit peels contain higher amount of pectin than immature fruit peels. This result is consistent with a previous report on grapefruit pectin by Ferguson et al. (2021), where pectin yields on a dry weig...
	Pectin from ripe fruit peels showed higher DPPH scavenging activity than pectin from unripe peels. This result is in accordance to previous report by Chien et al. (2022) on antioxidant and phenolic compounds in Citrus depressa Hayata dried peels that ...
	The degree of esterification showed insignificant difference between samples with different maturity (50 – 60%), which is considered as high methoxyl pectin. This result is consistent with several research reports on pectin’s functional properties, wh...
	Furthermore, extraction time also affects the pectin yield and functional properties. Karbuz and Tugrul (2021) reported that the recovery of pectin was increased as the UAE time increased from 15 to 45 minutes. Ultrasound waves generate cavitational e...
	Effect of solvent ratio (SLR) on pectin yield
	The solvent quantity is also an important factor that affects pectin yield. SLR is a typical parameter that significantly influences the extraction efficiency. Current research evaluated 1:10, 1:20, 1:30 and 1:100 SLR for pectin extraction with dH2O a...
	Lower SLR caused higher imposed ultrasound intensity to the average vegetal tissue which contribute to the fragmentation of raw material. Excessive material swelling caused by large solvent volume resulted in the disruption of cell wall, which resulte...
	Effect of solvent acidity
	Since pectin is trapped in the protopectin, high concentration of hydrogen ions in low pH solvent is essential to spilt soluble pectin and cellulose. Pectin extraction is commonly performed in aqueous medium pH 1.5 – 3 at 75 – 100 C for 1 – 3 hours wi...
	Chemical extraction methods using mineral or organic acids are commonly used in pectin production. Hot acid method requires high production costs, and the disposal of acid wastewater can cause serious environmental problems (Yeoh et al., 2008; Adetunj...
	However, the result showed an insignificant (α > 0.05) difference of pectin yield that were extracted with acid or neutral pH dH2O as solvent (Figure 3). This result was similar to the pectin extraction of orange peels in previous study by Yeoh et al....
	Pectin extracted using HCl showed higher degree of esterification (DE) than citric acid and neutral pH. Kurita et al. (2008), Oliveira et al. (2016), Rodsamran and Sothornvit (2019); Sayah et al. (2016), and Yapo (2009) reported the opposite result wh...
	Model fitting and optimization process
	Temperature was excluded from the analyzed factors because, although it is considered as one of the most influential factors in pectin extraction, a report by Das and Arora (2021) showed that temperature combined with ultrasonication could induce the ...
	According to the results, pectin yield extracted from Citrus depressa H. peels ranged from 8.05 to 16.93%, with DPPH scavenging activity from 74.14 to 83.56% and degree of esterification from 54.78 to 66.33%. Moreover, at the optimum extraction point ...
	The models were evaluated by three replicates on randomly selected time and SLR conditions (30 minutes and 1:20 SLR) to ensure that the prediction model for extraction process was in high accuracy. From the selected condition, obtained pectin yield, D...
	Table 5. Confirmation of predicted extraction parameters at the random point.
	Effect of extraction factors on pectin yield
	Current result shows that the pectin yield was increased by decreasing SLR and increasing extraction time. Extraction time and SLR also exhibit significant interaction effect (Table 3). The amount of pectin yield was the lowest when samples were ultra...
	Low SLR (1:20) showed more pectin yield than high SLR. The ratio between solid material to extractant solvent, known as liquid-solid (L/S) or solid-liquid ratio (S/L), is also important and should be optimized. SLR is typically represented in mass uni...
	Reports on pectin extraction of Citrus depressa H. peels were rarely found. Tamaki et al. (2008) reported 4.1% polysaccharide yield from Citrus depressa H. endocarp extracted using hot acid method (pH 4.5, 85 C, 1 h). Pectin yield of Citrus depressa H...
	Effect of extraction factors on DPPH scavenging activity
	DPPH• free radicals (purple) would shift to the non-radical form (yellow) when scavenged by the samples (Bayar et al., 2017; Xu et al., 2018).
	Figure 5 showed that DPPH scavenging activity of Citrus depressa H. peels pectin was increased at prolonged extraction time (30 to 40 minutes) yet decreased at higher SLR (1:10). This result is consistent to DPPH scavenging activity result of Citrus d...
	Current DPPH scavenging activity results of pectin from Citrus depressa H. are comparable to different samples such as DPPH scavenging activity of 1 mg/mL polysaccharides extracted from Citrus maxima Merr. (Wu et al., 2020), extract of jackfruit peels...
	Effect of extraction factors on degree of esterification
	The complex pectin molecules contain D-galacturonic acid linked by α-1,4 galacturonosyl linkages. This poly-galacturonic acid is interfered by  L-rhamnose or xylose units as side chains. Carboxyl groups on the galacturonic acid backbone chain were est...
	DE values of pectin from Citrus depressa H. extracted using ultrasonication ranged from 54.78 to 66.23%, which considered as high methoxylated pectin.  The degree of esterification was observed to increase at moderate extraction time (30 minutes) and ...
	The pectin extracted by ultrasound wave and microwave showed similar high levels of esterification (> 50.51%) that require both high concentration of sugar (usually >55%) and acidic conditions (pH < 3.5) to stabilize the hydrophobic interactions betwe...
	Pectin characterization
	Equivalent weight, methoxyl content, and total anhydrouronic acid.
	Methoxyl content represents the amount of moles of methyl alcohol in 100 mol galacturonic acid. Methoxyl content value determine the ability of pectin solution to form gels, sensitivity to metal ions and gel setting times. Higher methoxyl content incr...
	The low methoxyl content obtained may be attributed to the low pH and medium extraction power that depolymerized galacturonan chains into shorter polygalacturonic acid chains (Lekhuleni et al., 2021). Rodsamran and Sothornvit (2019) also reported high...
	Equivalent weight is the total content of non-esterified galacturonic acid in the pectin molecular chains. High equivalent weight would have high gel formation, whereas low equivalent weight would have low gel formation because the pectin would be hig...
	Meanwhile, dragon fruit peels and all color prickly pear fruit showed low equivalent weight value (119.73 – 446.41 g) (Nguyen and Pirak, 2019; Lekhuleni  et al., 2021). This parameter as reported in the literature varies widely depending on the method...
	The total anhydrouronic (AUA) content determines the purity and DE. It also evaluates the physical characteristics of extracted pectin, and it should be not less than 65% as suggested by Food Chemicals Codex 2016. Generally, the AUA content obtained w...
	Structural properties of Citrus depressa H. pectin
	The structural features of Citrus depressa H. pectin extracted under optimal time and SLR conditions were indicated using FTIR, H-NMR, and XRD spectroscopy. The FTIR, NMR, and XRD spectra were compared to commercial pectin from citrus peels. In this p...
	FTIR-ATR spectra showed a similar spectra pattern between the samples and galacturonic acid, only that galacturonic acid and commercial pectin showed narrower peaks. This result indicates that the extracted pectin composed of galacturonic acid as the ...
	NMR signal of CD pectin showed strong characteristic signals of esterified galacturonic acid. The higher intensity of these signals shows a higher degree of esterification in the pectin samples, which consistent to high degree of esterification result...
	XRD (X-ray diffraction) spectroscopy was applied to investigate the crystalline structure and assess the compatibility of CD pectin (Nisar et al., 2019; Asgari et al., 2020). XRD diffractograms showed a series of sharp peaks for crystalline material, ...
	The obtained diffractogram pattern suggested both crystalline and amorphous structures for CD pectin. Pectin with crystalline and amorphous structures was similar to several reports on pectin from different resources (Güzel and Akpınar, 2019; Hosseini...
	Functional properties
	Water holding capacity is the tendency of powder to absorb and retain water. This property is crucial to select the proper treatment such as drying process and the selection of suitable packaging. The differences between these values could be due to v...
	Hosseini et al. (2019) reported 3.10 ± 0.12 g water/g pectin WHC value of sour orange peel pectin. Eggplant peel, pistachio green hull, Opuntia ficus, walnut, and chayote (Sechium edule) pectin which exhibited 6.22, 4.21, 4.84, 5.84, and 3.14 g water/...
	The OHC is a parameter having high importance in food industries and it can be influenced by various factors such as the overall surface charge density and the hydrophilic nature of constituents related to the chemical composition of compounds as well...
	The OHC value is in accordance to pectin sample from berries extracted using enzymatic (cellulose) and ultrasonication reported by Muñoz-Almagro et al., (2021) that showed OHC value in the range of 4.6 to 17.8 g oil/g pectin. Moreover, this result is ...
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