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Abstract Pectin, found in the cell walls of fruits and

vegetables, is a complex colloidal polysaccharide. In this

study, pectin was extracted using ultrasound and micro-

wave-assisted extraction methods from waste lemon,

mandarin, and kiwi peel to investigate their use as alter-

native source of pectin. Hydrochloric acid (HCl) and nitric

acid (HNO3) were used as the extracting agents. The

effects of microwave power (360–600 W) and irradiation

time (1, 2, 3 min) for microwave-assisted extraction

(MAE) and of temperature (60 and 75 �C) and sonication

time (15, 30, 45 min) on ultrasound-assisted extraction

(UAE) on the yield of extracted pectin from the peels were

investigated. Optimum conditions were determined for the

extraction of pectin from all of the peel samples with the

two extraction methods. The produced pectin yield and the

degree of esterification were determined and, FT-IR and

SEM analyses were performed. Kiwi peel gave the highest

yield of extracted pectin using HCl as the solvent with

17.30% yield via UAE at 75 �C for 45 min and 17.97%

yield via MAE at 360 W for, 3 min. It was concluded that

lemon, mandarin, and kiwi peels all contained pectin and

that MAE gave a better yield than UAE and could thus be

used as an efficient and rapid technique for the extraction

of pectin from the peels. The chemical structures of the

pectin obtained using the two different extraction methods

were similar and showed a high degree of methoxylation.
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Introduction

Pectin is a structural heteropolysaccharide composed of a-

1,4-D-galacturonic acid chains; it is found in the primary

cell walls and intercellular regions of higher plants (Wang

et al. 2018). It is the most complex polysaccharide in

nature, making up approximately 35% of the primary cell

walls in dicotyledonous and non-granular plants, 2–10% in

grass, and 5% in woody tissues (Mohnen 2008). Pectin is a

white, amorphous, colloidal carbohydrate found in fruit,

especially apples and citrus fruits. It is an efficient, non-

hazardous, easy-to-use, kinetically fast, and low-volume

adsorbent that can be obtained from the internal structure

of fruit peels also called agricultural waste, by various

methods. It is widely used in the food, cosmetic and

pharmaceutical industries owing to its thickening and

emulsifying properties and also plays an important role in

the biopolymer sector owing to its properties and applica-

tion areas (Valdes et al. 2015; Kusrini et al. 2018). It is an

additive with wide-ranging applications in the food, cos-

metics, textiles and pharmaceutical industries. It is a nat-

ural polymer that can be used in many food products, such

as jam, marmalade, dairy products, beverages, confec-

tionery, sweets, yogurt, canned fish, mayonnaise, and var-

ious sauces thanks to its gelling, thickening, shine, and

emulsifying properties (Kusrini et al. 2018; Sila et al.

2009). Pectin or pectic substances are effective in physio-

logical processes, such as cell growth and cell differenti-

ation, protecting plants against pathogens and injuries, and

determining the hardness, integrity, and water-retention

capacity of plants. The amount and composition of pectic

& Nurcan Tugrul

ntugrul@yildiz.edu.tr; ntugrul@hotmail.com

1 Department of Chemical Engineering, Faculty of Chemical

and Metallurgical Engineering, Yildiz Technical University,

Davutpasa Campus, Davutpasa Street No. 127, Esenler,

34220 Istanbul, Turkey

123

J Food Sci Technol (February 2021) 58(2):641–650

https://doi.org/10.1007/s13197-020-04578-0

http://orcid.org/0000-0002-1242-704X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-020-04578-0&amp;domain=pdf
https://doi.org/10.1007/s13197-020-04578-0


molecules in fruits or vegetables affect the quality of the

resulting food products (Voragen et al. 2009). Pectin is a

healthy polysaccharide that us extensively used in medi-

cine and pharmacy owing to its anti-tumor activity and the

ability to -prevent the formation of cancer cells, strengthen

and improve the immune system, lower cholesterol, and

reduce post-prandial insulin and glucose concentrations. It

has been shown to have immuno-regulatory effects in the

intestine (Cho et al. 2019; Lefsih et al. 2017). Dietary

pectin prevents the formation of cancer cells and is used in

the treatment of colon cancer. It is used in drug delivery

systems for its gelling potential, non-toxicity, and easily

modifiable functional groups (Zhang et al. 2015). The

carboxyl groups of pectin-forming galacturonic acid units

are esterified with methanol and the degree of esterification

(DE) has an effect on the gel-forming ability of pectin

(Guzel and Akpinar 2017). Pectin is divided into two

classes; high methoxylated (HMP) and low methoxylated

(LMP) according to their degree of esterification. HMP has

a degree of esterification greater than 50% whilst LMP is

less than 50% (Rascon-Chu et al. 2009).

Extraction is an important technique for the isolation of

bioactive products from natural sources for use in food

systems (Bayar et al. 2017). Chemical extraction methods

are widely used, but they can lead to serious environmental

problems as they produce acidic wastewater (Yang et al.

2018). Ultrasound-assisted extraction is a clean, efficient,

and eco-friendly technique that can be completed in min-

utes and gives a final product with higher purity (Maran

et al. 2017). Microwave-assisted extraction is an innovative

method that was developed as an alternative to traditional

methods, benefitting from low energy consumption, easy

controllability, short processing time, low solvent require-

ments, low cost, high efficiency, and cleanliness (Tongk-

ham et al. 2017). UAE extract valuable components from

the source using cavitation bubbles caused by ultrasonic

waves. Ultrasound increases the mass transfer rate and

ensures the recovery of the desired bioactive components

with minimal degradation (Ponmurugan et al. 2017). With

the collapse of cavitation bubbles near the surface of the

plant material, an increase in pressure and temperature is

observed. This causes deterioration of the plant cell walls

and the components pass to the solvent (Liew et al. 2016).

By using ultrasound, solvent consumption is reduced, the

extraction time is decreased, repeatability is increased, the

obtained product has higher purity, and less energy is

consumed compared with extraction using conventional

methods (Colodel and Petkowicz 2019). Microwave energy

is non-ionizing radiation that can penetrate into materials.

It does not change the chemical structure of the target

material because it is non-ionizing. The electromagnetic

radiation generated by the microwaves is transformed into

molecular motion and emitted as heat. In this way, the

target components are dissolved in the solvent as a result of

the pressure generated by the water vapor in the cell walls

in the heated sample (Ciriminna et al. 2016; Wang et al.

2016).

With the increase in the global population, waste gen-

eration is increasing and environmental pollution has

become a common problem around the world. In this study,

lemon, mandarin, and kiwi peels, which are rich in pectin

but usually treated as waste products, were used as an

alternative source for pectin extraction. The aim of this

study is to obtain pectin from lemon, mandarin, and kiwi

peel by UAE and MAE. The effects of extraction param-

eters such as temperature and sonication time for UAE and

microwave power and irradiation time for MAE on the

pectin yield were investigated. HCl and HNO3 were com-

pared as extraction solvents and their effects on the pectin

yield were examined. The yields from three different types

of fruit peels using these two extraction methods are

compared. Thus, the most efficient pectin production

method and source will be determined and the product

quantity and morphological structure will be investigated.

The outcomes of this work will enable, food waste to be

recycled to generate a natural additive, making a contri-

bution to the national economy and environmental

protection.

Materials and methods

Materials

The lemons, mandarins and kiwis used in the experiments

were purchased from a local market in Istanbul, Turkey.

The peels were removed from the fruit, then soaked in a hot

water bath for 5 min to inactivate the enzymes. The peel

samples were then washed with cold tap water followed by

with distilled water. The washed peels were dried in an

oven at 60 �C for 24 h to remove any moisture, then the

dried peels were milled and the resulting peel powder was

stored in low-density polyethylene bags at room tempera-

ture. In this study, HCl (Tekkim, Bursa, Turkey), HNO3

(Merck, Darmstadt, Germany), and ethanol (Isolab, Wer-

theim, Germany) were used as chemical reagents.

Ultrasound assisted extraction

Based on some preliminary experiments 2 g of powdered

peel was mixed with 60 mL of 0.5 M HCl. To determine

the conditions for UAE, some preliminary experiments

were conducted using different ratios of dried peel-HCl and

dried peel-HNO3 and the extraction solution was prepared

as dried peel/solvent ratio 1:30 (g/mL). The samples were

then placed in an ultrasonic water bath (Isolab, Wertheim,
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Germany). The temperature and reaction time were varied

from 60 to 75 �C and 15 to 45 min, respectively, to

determine the optimum temperature and time for the

extraction. At the end of extraction, the solution was cooled

to room temperature, then centrifuged for 20 min at

1500 rpm. The supernatant was removed from the cen-

trifuge tube and coagulated by adding two volumes of

ethanol (120 mL) and leaving to stand overnight at 4 �C.

After the precipitation was completed, the pectin was

separated by vacuum filtration and then washed with

ethanol. The produced pectin was dried in an oven (MMM

Ecocell 111, Munich, Germany) at 60 �C until a constant

weight was reached. The same operations were carried out

with the parameters determined with 0.5 M HNO3 as the

solvent (Shivamathi et al. 2019; Gharibzahedia et al. 2019).

Microwave assisted extraction

Based on some preliminary experiments 2 g of dry peel

powder was mixed with 0.5 M HCl (60 mL) as the

extracting agent. To determine the MAE conditions, some

preliminary experiments were conducted using different

ratios of dried peel-HCl and dried peel-HNO3 and the

extraction solution was prepared as dried peel/solvent ratio

1:30 (g/mL). To determine the optimum microwave power

and irradiation time, the prepared solution was placed in

the center of the microwave oven (Bosch HMT72G420,

Stuttgart, Germany) and the following conditions were

applied: 360 and 600 W microwave power and 1, 2, or

3 min’ irradiation time. After the irradiation, the solution

was removed from the microwave and allowed to reach

room temperature. All steps applied after the extractions

are the same as for the UAE method. The same operations

were carried out with the parameters determined with

0.5 M HNO3 used as the solvent (Gharibzahedia et al.

2019; Hosseini et al. 2016).

Determination of pectin yield and degree

of esterification

Pectin yield was calculated using Eq. (1), where, A is the

amount of pectin produced and, B is the initial amount of

mandarin, lemon or kiwi peel powder. Yields were calcu-

lated by taking the average of three experimental sets of

results for each sample (Zaid et al. 2019; Dranca et al.

2020).

Pectin yield% ¼ ðA=BÞ � 100 ð1Þ

The DE affects the gelling characteristic of pectin. It is

the ratio of the methyl-esterified carboxyl groups present in

a pectin sample to the total number of carboxyl groups. The

chemical structure of the produced pectin was analyzed by

FT-IR (IRPrestige21, Shimadzu Corporation, Kyoto,

Japan) for the samples with the best yield for each

extraction method and solvent. Pectin particles were mixed

with KBr (1:100) and pressed into KBr pellets before FT-

IR analysis. The peaks at 1745 cm-1 and 1630 cm-1 are

known as the pectin’s fingerprint region. The degree of

esterification was determined by FT-IR analysis according

to Eq. (2). Where A1630 and A1745 represent the absorbance

intensity of the non-methyl-esterified carboxyl groups at

1745 cm-1 and methyl-esterified carboxyl groups at

1630 cm-1, respectively (Liew et al. 2016; Singthong et al.

2004).

DE(% ) ¼ A1745ð Þ= A1745 þ A1630ð Þ½ � � 100 ð2Þ

Preparation of pectin gels

In this study, the gel preparation was based on the method

reported by the IFT (Institute of Food Technologists)

Committee (1959). 13 g f sugar and 0.4 g of pectin were

weighed and mixed. The mixture was then made up to

20 mL with distilled water. The volume of sugar in the

solution was adjusted to 65% and the solution was then

stirred magnetically with heating until it reached boiling

point. After boiling 48.8% tartaric acid was added and the

pH was adjusted to 2.2–2.4. The mixture was then left in a

porcelain crucible for 24 h at room temperature. Subse-

quently, the crucible was turned upside down on a flat glass

surface and left for 2 min. The gel height was then mea-

sured and the slump strength was calculated using Eq. (3).

In the equation, A represents the height of the cup and B

represents the height of the gel.

Slump strength ð% ) ¼ A� B

A

� �
� 100 ð3Þ

Scanning electron microscopy analysis

The morphological properties of the dried mandarin,

lemon, and kiwi peels pectin were observed using a scan-

ning electron microscope (SEM, Zeiss EVO LS10) with an

accelerating voltage of 7 kV and a magnification of

10,0009.

Results and discussion

Pectin yield

Pectin was extracted from lemon, mandarin, and kiwi peels

using UAE and MAE. The yield of pectin depends on the

type of raw material, extraction technique, acid type,

extraction time, microwave power and irradiation time for

MAE, and temperature and sonication time for UAE.
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Effects of UAE on pectin yield

When the yield results were examined, it was seen that

increasing the extraction temperature and extraction time

increases the yield of the product obtained by UAE. The

temperature was varied from 60 to 75 �C and the time

effect was studied at 15, 30, and 45 min. The two major

factors that could affect the extraction yield are cavitation

and thermal effect. Ultrasound produces cavitational bub-

bles with a high cavitation threshold and it exploded with

higher force in the medium which leads to augment the

disruption of plant materials during extraction. Increasing

the temperature above 75 �C reduces the surface tension

and viscosity of the solvent, which decreased the extraction

yield by modifying the characteristics of the ultrasonic

cavitation and the mass transfer rate. The recovery of

pectin was increased as the extraction time increased from

15 to 45 min and then decreased because ultrasound waves

prompted the cavitational effect in the solvent medium

leading to increased solvent penetration into the fruit peels

and the release of pectin into the solvent. Beyond 45 min,

modification and fragmentation of the pectin polysaccha-

ride structure occurred, reducing the pectin recovery

(Maran et al. 2017; Ponmurugan et al. 2017; Sengar et al.

2020). The maximum pectin yields using UAE were

obtained at 45 min and 75 �C: 10.11% for lemon peel, and

11.29% for mandarin peel using HNO3 as the solvent, and

17.30% for kiwi peel using HCl as the solvent. The yields

obtained for lemon and mandarin peels were higher than

those reported previously from studies on waste heads of

Helianthus annus (8.89%) (Ponmurugan et al. 2017), cus-

tard apple peel (8.93%) (Shivamathi et al. 2019), and apple

pomace (9.18%) (Dranca et al. 2020), whilst the pectin

yield obtained from the kiwi peel was higher than those

reported for UAE from sisal waste (11.9%) (Yang et al.

2018), pomelo peel (14.25%) (Liew et al. 2016) and tomato

waste (15.21%) (Sengar et al. 2020).

Effects of MAE on pectin yield

With MAE, the highest pectin yield for lemon peel was

9.71% and the highest pectin yield for mandarin peel was

7.60%, both using HNO3 as the solvent at 360 W micro-

wave power for 1 min. The highest pectin yield for kiwi

peel was 17.97% using HCl as the solvent at 360 W

microwave power for 3 min. Pectin extraction from lemon

and mandarin peels could not be performed at 360 W for

longer than 1 min or at 600 W for any duration. This is

because the resulting mixtures could not be centrifuged

under the specified centrifugation conditions. After cen-

trifugation at 1500 rpm for 20 min, the liquid phase could

not be separated by Pasteur pipette because the mixture

was very thick in consistency. The absorption of micro-

wave energy in the extraction system supports thermal

accumulation in the extraction solution and causes the

dissolution of pectin into the solution until 1 min. How-

ever, prolonged microwave processing of pectin chain

molecules causes their deterioration, whilst affecting the

pectin recovery rate and decreasing efficiency. Similar

outcames have been reported for pectin extraction from

orange peel, waste Citrullus lanatus fruit rinds and waste

Carcia papaya L. Peel, and pectic polysaccharide extrac-

tion from waste mango peel (Maran et al. 2013, 2014;

Maran and Prakash 2015; Maran et al. 2015). Under the

same conditions, pectin production was successfully real-

ized by MAE from kiwi peel because an increase in the

microwave power provided more irradiation energy, which

enabled the penetration of the extraction solvent into the

pectin source. The cell material was ruptured and the pectin

release from the plant material to the solvent increased. At

the same time, with increased irradiation time, there was a

bigger accumulation of heat within the extraction solution

and the dissolution of pectin increased. The use of HNO3 as

the solvent in the extraction of pectin from lemon peel

yielded more efficient results than HCl. Otherwise, the use

of HCl as solvent was more effective than HNO3 in the

production of pectin from kiwi and mandarin peels. The

pectin yields from the lemon, mandarin, and kiwi peels

were lower than those reported from studies with MAE

with orange peel (29.1%) (Hosseini et al. 2016), pomelo

peel (27.65%) (Liew et al. 2016), apple pomace (23.32%)

(Dranca et al. 2020), and tomato waste (20.83%) (Sengar

et al. 2020). However, the pectin extraction yield from kiwi

peel was higher than those reported from previous studies

on dragon fruit (Hylocereus polyrhizus) peel (17.2%)

(Rahmati et al. 2019) and Opuntia ficus indica (12.57%)

(Lefsih et al. 2017).

It can be concluded that mandarin, lemon and kiwi peels

are suitable alternative sources for pectin production. It can

be seen from the results presented in Table 1, and Figs. 1

and 2 that MAE is a more effective and efficient method

than UAE for pectin extraction from lemon, mandarin, and

kiwi peels because it has a shorter extraction time and

lower; solvent and energy consumption.

Effect of pH on pectin yield

Extraction experiments were conducted at various pH

(1–3) in order to examine its influence on extracted pectin

yield. The results indicated that pH 2 gave the best pectin

extraction yield, which is because the acidic solvent

hydrolyzes insoluble pectin and converts it to a soluble

state. The solubilized pectin was extracted and the pectin

yield increased. Precipitation of pectin occurred above pH
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2, reducing the yield. Thus, a pH of 2 gave the best pectin

extraction yield. (Ponmurugan et al. 2017; Shivamathi

et al. 2019; Maran et al. 2017).

Degree of esterification

The degree of esterification is a significant parameter

affecting pectin quality, its application and extraction

method. Pectin with a degree of esterification above 50% is

called HMP and those with less than 50% are called LMP.

The degree of esterification (%) of the extracted pectin

samples is presented in Table 2 and Fig. 3. The pectin

extracted by UAE and MAE showed similar levels of

esterification; ranging from 50.51 to 51.63%, being classed

as HMP and thus suitable for use as a gelling agent and in

other food applications.

Previous reports shoved that, the pectin extracted by

UAE has a higher degree of esterification compared to

pectin extracted by MAE; the degree of esterification of

pectin extracted from tomato peel waste was 66.43% for

UAE and 59.76 for MAE (Sengar et al. 2020). The degree

of esterification of pectin extracted from dragon fruit by

MAE ranged from 45.82 to 46.95% so it was classed as

LMP (Rahmati et al. 2019). The degree of esterification of

sisal pectin extracted using UAE was 44.35%; suggesting

that sisal pectin is LMP (Yang et al. 2018). Hosseini et al.

(2016) studied MAE of pectin from sour orange peel

(SOPP). The SOPP extracted in this study showed a degree

of esterification of 1.7–37.5% and thus can be classified as

LMP. They concluded that pectin extracted under very

severe conditions (high power, long irradiation interval)

has a low degree of esterification because these conditions

increase the de-esterification of polygalacturonic chains.

The degree of esterification pectin obtained from lime peel

by MAE was in the range of 70.81–91.58% (Rodsamran

and Sothornvita 2019). Thus, lime peel pectin can be

classified as HMP with a rapid-set gel formation. Dranca

et al. (2020) studied the use of non-conventional techniques

(MAE, UAE) for the extraction of pectin from Malus

domestica ‘Fălticeni’ apple pomace. The MAE pectin

showed a lower degree of esterification (73.80%) than the

UAE pectin (77%).

Pectin gel formation and slump strength

When the gel formation of the pectin samples extracted

from lemon, mandarin, and kiwi peels were examined, the

slump strength results were the same for all extraction

methods with both solvents. The slump strengths of the

gels prepared using pectin extracted from lemon peel using

HCl and HNO3 were calculated as 83.3% and 79.2%,

respectively. The amount of pectin gel produced from

lemon peel using HNO3 as the extraction solvent is rela-

tively low and the gels formed were viscous, fluid, and they

were unable to retain their structure. Thus, the gel forma-

tion capacity of the lemon peel derived pectin samples is

low and the gels formed are not strong. The slump

Table 1 Pectin yields (%) of ultrasound and microwave assisted

extraction at different parameters

Extraction conditions Raw material Pectin yield (%)

HCl HNO3

UAE

60 �C
15 min Lemon 5.97 ± 0.15 7.19 ± 0.11

Mandarin 8.03 ± 0.05 5.72 ± 0.09

Kiwi 8.33 ± 0.06 8.02 ± 0.05

30 min Lemon 6.42 ± 0.05 8.26 ± 0.07

Mandarin 9.41 ± 0.06 7.97 ± 0.10

Kiwi 9.59 ± 0.09 8.15 ± 0.05

45 min Lemon 7.52 ± 0.05 9.61 ± 0.09

Mandarin 10.35 ± 0.05 8.00 ± 0.05

Kiwi 11.55 ± 0.11 8.32 ± 0.14

75 �C
15 min Lemon 7.73 ± 0.12 8.57 ± 0.05

Mandarin 10.00 ± 0.07 8.86 ± 0.05

Kiwi 15.17 ± 0.05 9.21 ± 0.07

30 min Lemon 7.89 ± 0.10 9.80 ± 0.05

Mandarin 10.57 ± 0.07 9.96 ± 0.05

Kiwi 15.23 ± 0.09 9.54 ± 0.08

45 min Lemon 8.60 ± 0.06 10.11 ± 0.05

Mandarin 11.29 ± 0.17 10.33 ± 0.12

Kiwi 17.30 ± 0.05 12.60 ± 0.11

MAE

360 W

1 min Lemon 7.31 ± 0.10 9.71 ± 0.07

Mandarin 7.47 ± 0.06 7.60 ± 0.05

Kiwi 10.48 ± 0.09 9.18 ± 0.06

2 min Lemon – –

Mandarin – –

Kiwi 14.43 ± 0.08 12.25 ± 0.11

3 min Lemon – –

Mandarin – –

Kiwi 17.97 ± 0.40 14.40 ± 0.10

600 W

1 min Lemon – –

Mandarin – –

Kiwi 16.27 ± 0.06 12.87 ± 0.05

2 min Lemon – –

Mandarin – –

Kiwi 15.98 ± 0.09 12.63 ± 0.07

3 min Lemon – –

Mandarin – –

Kiwi 12.18 ± 0.05 7.20 ± 0.07

Values are mean of three replicates ± SD
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strengths of the gels made using pectin extracted from

mandarin peel with both HNO3 and HCl were calculated as

83.3%. The mandarin pectin gels do not have strong gel-

forming properties but have a highly fluid structure. The

slump strengths of the gels made using pectin extracted

from kiwi peel with both HNO3 and HCl were calculated as

87.5%. The kiwi pectin gels were more precipitated than

the lemon and mandarin pectin gels so they were less

potent and less effective at gel formation.

Chemical structure analysis by FT-IR

The structures of the pectin samples extracted by UAE and

MAE from lemon, mandarin, and kiwi peels were deter-

mined using Fourier-transform infrared spectroscopy. The

FT-IR spectra for the lemon, mandarin, and kiwi pectin

samples extracted by UAE (75 �C, 45 min, HCl and 75 �C,

45 min, HNO3) and MAE method (360 W, 1 min, HCl and

360 W, 1 min, HNO3) are shown in Figs. 4, 5 and 6

respectively. The spectra for all of the extracted lemon,
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Table 2 Degree of

esterification of pectin samples

(%)

Raw material Extraction conditions Degree of esterification (%)

HCl HNO3

Lemon UAE 75 �C and 45 min 51.13 ± 0.19 50.51 ± 0.41

MAE 360 W and 1 min 51.08 ± 0.08 50.65 ± 0.24

Mandarin UAE 75 �C and 45 min 51.63 ± 0.58 51.16 ± 0.27

MAE 360 W and 1 min 51.09 ± 0.08 51.07 ± 0.85

Kiwi UAE 75 �C and 45 min 50.75 ± 0.34 50.73 ± 0.69

MAE 360 W and 3 min 50.95 ± 0.15 50.67 ± 0.10

Values are mean of three replicates ± SD
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mandarin, and kiwi pectin samples showed the typical

fingerprint of HMP.

The FT-IR spectra show peaks typical of the functional

groups found in pectin. Absorption in the 800–1200 cm-1

wave range is defined as the fingerprint zone for carbo-

hydrates (Tongkham et al. 2017). The peaks at around

3600–3400 cm-1, which are characteristic absorption

peaks for polysaccharides, are attributed to the stretching

vibrations of hydroxyl (O–H) groups and these peaks

indicate that there are large numbers of OH- bonds in

pectin molecules (Shivamathi et al. 2019). The absorption

bands in the range of 2800–3000 cm-1 are related to the

C–H of CH2 and CH3 of carbohydrates (Kazemi et al.

2019). The peak at 1740–1760 cm-1 represents the C=O

stretching of esters and shows the presence of acetyl groups

(COCH3) in pectin whilst the peak at 1630–1660 cm-1 is
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(%) of pectin samples

Fig. 4 FT-IR spectra of lemon pectin samples a MAE, 360 W,

1 min, HNO3 b UAE, 75 �C, 45 min, HNO3, c MAE, 360 W, 1 min,

HCl, and d UAE, 75 �C, 45 min, HCl

Fig. 5 FT-IR spectra of mandarin pectin samples a MAE, 360 W,

1 min, HNO3, b UAE, 75 �C, 45 min, HNO3, c MAE, 360 W, 1 min,

HCl, and d UAE, 75 �C, 45 min, HCl

Fig. 6 FT-IR spectra of kiwi pectin samples a MAE, 360 W, 1 min,

HNO3, b UAE, 75 �C, 45 min, HNO3, c MAE, 360 W, 1 min, HCl,

and d UAE, 75 �C, 45 min, HCl
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an –OH vibration band (Ponmurugan et al. 2017). The

1600–1800 cm-1 region is used for the identification and

determining the quality of pectin. The absorption bands at

1380–1445 cm-1 indicate the presence of a CH3 group.

The absorption bands at 1000–1200 cm-1 consist of C–O

tensile vibrations and indicate the presence of methyl esters

in pectin (Lefsih et al. 2017; Singthong et al. 2004; Xu

et al. 2018). Thus, the FT-IR spectra for all of the pectin

samples obtained from lemon, mandarin, and kiwi peels

confirm the existence of polygalacturonic acid (pectin).

Results of SEM analysis

The surface morphology of the pectin samples produced

using the optimized parameters for each of the fruit peels

was analyzed by SEM to investigate the influence of the

extraction method. Previous studies have indicated that the

surface of MAE pectin appears very rough and slightly

ruptured. The morphology seemed to be influenced by the

rapid increase in temperature and the high internal pressure

associated with this extraction method (Liew et al. 2016;

Dranca et al. 2020; Kazemi et al. 2019). With UAE, the

rapid increase in temperature and internal pressure, and

penetration of ultrasound energy to the sample and solvent

lead to the, cell wall being destroyed and ruptured, whereas

no destruction was observed in samples not subjected to

ultrasound treatment. The ultrasonic treatment led to a

partially collapsed and relatively coarse morphology in the

microstructure of the extracted pectin (Yang et al. 2018;

Singthong et al. 2004; Sengar et al. 2020). SEM images of

pectin obtained in this work from lemon, mandarin, and

kiwi peel are presented in Fig. 7. There are some clear

differences in the microstructures of the samples: the

lemon and mandarin pectin shows a slight tendency to curl,

while the kiwi pectin seems to be ruptured. From the

results obtained in this work, it can be concluded that both

ultrasonic and microwave extraction methods changed the

surface morphology of pectin.

Fig. 7 SEM image of pectin samples extracted under optimum conditions: 7 kV, 10000 magnification. a Lemon peel (UAE, 75 �C, 45 min,

HNO3), b mandarin peel (UAE, 75 �C, 45 min, HCl), and c kiwi peel (MAE, 360 W, 3 min, HCl)
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Conclusion

Pectin was extracted from lemon, mandarin, and kiwi peel

using ultrasound and microwave assisted extraction meth-

ods. Among these three raw materials, the highest amount

of pectin was obtained from kiwi peel with a yield of

17.97%. It was concluded that kiwi peel could be used as

an alternative source of pectin. During the experiments,

two different acids, HCl and HNO3, were investigated as

extraction solvents. The pectin yield from lemon peel was

higher with HNO3 whilst kiwi and mandarin peels gave

higher yields with HCl. The results showed that these both

acids were suitable solvents for pectin extraction. In this

work, MAE was found to be more efficient that UAE since

it requires less time (only 1, 2, or 3 min). The degree of

esterification of the extracted pectin samples ranged from

50.51 to 51.63%, so all of the obtained pectin was HMP

and could be used as gelling agents. The FT-IR spectra of

extracted pectin proved that they were HMP and confirmed

the presence of polygalacturonic acid. The observed dif-

ferences in the surface morphology might be owing to the

structural characteristics, which were influenced by the

extraction processes. In conclusion, the MAE method is

preferred for extraction of pectin from peel because it can

be performed quickly and it is a clean, efficient, and simple

technique. As a continuation of this study, the produced

pectins will be used for edible film production for food

packaging.
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