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Abstract 

Citrus peels are produced in large quantities as a by-product of beverage production, leading to underutilization of waste. Sitaya agrihorti citrus is one 
of the citrus varieties used in the beverage industry because of its sweet taste. Wasted sitaya citrus peels contain components such as pectin. Microwave-

assisted extraction (MAE) is a well-known innovative method, currently widely used in pectin extraction due to its efficiency and reduced processing 

time compared to conventional methods. This study used MAE at different power levels: 360, 450, 540, 630, and 720W, each applied for two minutes. 
The extracted pectin was evaluated for key properties, including equivalent weight, methoxyl content, galacturonic acid content, degree of esterification, 

and water content. This study aims to determine the effect of microwave power on pectin yield and quality. The results showed that microwave power 

significantly affected pectin yield (p < 0.01), with the highest yield of 12.103% obtained at 720W power. However, variations in microwave power did 
not significantly affect the physical or chemical characteristics of pectin extracted from Sitaya citrus peel. This study concluded that MAE is an effective 

extraction method for producing pectin from citrus peel waste, which offers a sustainable approach to agro-industrial waste management. The findings 

highlight the potential for increasing the value of orange peel through an efficient extraction process, contributing to economic and environmental 
sustainability while creating value-added products. 
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Pectin is a polysaccharide that is widely used in the 

food and pharmaceutical fields. Pectin is used as a 

thickener and stabilizer for food and drinks, as well as to 

bind tablets or capsules (Gurev et al. 2023). The degree of 

methylation of the galacturonic acid that produces pectin 

determines its functional properties. The demand for 

pectin has increased as a result of its expanding use and 

the growing popularity of natural and health-conscious 

products (Gawkowska et al. 2018). Citrus fruit peels (such 

as oranges and lemons) and apple pulp are the main 

sources of pectin. 

Sitaya Agrihorti is a local variety of citrus originating 

from West Kalimantan, Indonesia. Sitaya Agrihorti citrus 

is used considerably in the beverage industry due to its 

unique sweet flavor. Waste citrus peel is produced during 

the processing of Sitaya Agrihorti citrus into processed 

beverages. Processing Sitaya Agrihorti in the beverage 

industry produces waste citrus peel. The citrus peel 

contains polysaccharide components such as pectin 

(Valdés et al. 2015; Zhang et al. 2016). Research on 

effective and eco-friendly extraction techniques to extract 

pectin from Sitaya Agrihorti citrus peel is encouraged by 

the fruit's potential as a source of pectin that has not been 

properly utilized. 

Conventional techniques for extracting pectin include 

hot water extraction and acid solution extraction (Ilharco 

et al. 2016). Although this method is quite effective, it has 

several limitations, including a long processing time, a 

high temperature, and significant energy consumption. 

Furthermore, pectin produced using conventional 

methods frequently has low extraction yields and low 

purity levels. As a result, improvements in extraction 

technology are required to increase productivity while 

minimizing the negative impact that the extraction process 

causes on the environment (Picot-Allain et al. 2022).  

Microwave-assisted extraction (MAE) is one of the 

methods that is being developed to overcome the 

limitations of conventional extraction methods. Applying 

MAE to pectin extraction can produce more pectin with 

better quality, making it an effective way to traditional 

extraction methods (Widiastuti 2015). Microwave-

assisted extraction is an innovative method that has gained 

interest recently due to its capacity to extract bioactive 

chemicals from plant materials effectively (Rudke et al. 

2022). Utilizing microwave energy in the extraction 

process enables expedited and homogeneous heating, 

leading to increased extraction yields and decreased 

extraction durations compared to conventional 

techniques. Moreover, MAE is renowned for its capacity 

to maintain the integrity of the extracted chemicals as a 

result of reduced extraction durations and decreased 

working temperatures (Widiastuti 2015; Abbas et al. 

2021; Mali and Kumar 2023).  

Pomelo peel extracted with MAE at 560 W microwave 

power for 30 minutes produced a pectin yield of 26.70% 

(Zhang et al. 2024). Microwave-assisted pectin extraction 

of banana peel showed positive effects on pectin 

extraction for HGA and RG-I regions. The highest AIS 

yield of 12.5% was achieved at 70 ◦C, 15 min (Mao et al. 

2024). The pectin produced by using MAE at   110 ◦C, 
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pH 2.2, for 10 minutes with a 1:2 supernatant to ethanol 

ratio demonstrated higher purity than commercial citrus 

pectin and had an equivalent weight of 833 mg, a 

methoxyl content of 7.44%, a degree of esterification of 

66.67%, and content of galacturonic acid of 63.15% 

(Duggal et al. 2024).  

An important benefit of MAE is its capacity to 

improve the extraction of pectin from plant sources 

(Sahraoui et al. 2011; Angiolillo et al. 2015). Studies 

involving the extraction of pectin from fruit peels by the 

MAE method have shown promising results. Factors such 

as raw materials, extraction time, temperature, microwave 

radiation strength, and the type of solvent used can affect 

the properties of the resulting pectin (Benmebarek et al. 

2024). This study aims to determine how different MAE 

strengths affect the properties of Sitaya Agrihorti orange 

pectin. 

 

 

 

Material 
Sitaya Agrihorti peel was collected from KPRI Citrus 

Industry, Batu City East Java. Sitaya Agrihorti peel was 

dried with a food dehydrator at a temperature 550C for 6 

hours. Dried citrus peel, then ground with a blender and 

stored in a vacuum before further treatment. Chemical 

materials such as HCL (Merck) and NaOH (Merck) from 

Kridatama Persada, Malang. 

Pectin extraction 

The method for pectin extraction refers to research 

(Widiastuti 2015) with modification. The Sitaya Agrihorti 

peel powder that has been obtained is first weighed in the 

amount of 5 grams. Then put it in a 250 ml Erlenmeyer 

flask and add 0.5 N HCl solvent with a volume of 100 ml. 

Next, the sample is put into the microwave. The 

microwave is turned on and set to power according to the 

treatment: 360, 450, 540, 630, and 720W. After that, start 

the microwave and wait for 2 minutes. After 2 minutes, 

the sample was removed and cooled first. When cool, the 

sample was then centrifuged at 3000 rpm for 10 minutes. 

After that, the sample will fall into 2 phases, namely 

filtrate and residue. Then, the filtrate was taken and put 

into a 250 ml beaker. Next, 96% ethanol was added to the 

filtrate in a ratio of 1:1. The function of 96% ethanol is to 

precipitate pectin. Then, the sample was closed and left at 

400C for 24 hours. The washed pectin was dried using a 

dehydrator at 500C for 3 hours. After obtaining dry pectin, 

the pectin is then crushed until it forms powder. 

Pectin analysis 

Pectin yield 

The pectin yield is calculated by weighing the dry 

weight of the extracted pectin and entering it into the 

following formula (Benmebarek et al. 2024) : 

 

𝑃𝑒𝑐𝑡𝑖𝑛 𝑦𝑖𝑒𝑙𝑑: 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑝𝑒𝑐𝑡𝑖𝑛 (𝑔)

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔𝑡ℎ 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
𝑥100 

 

 

Moisture content 

Moisture content analysis by preparing a cup as a 

container to place the pectin sample (Sulihono et al. 2012). 

Dry the cup in the oven at a temperature of 100-105℃ for 

3 hours. Remove the cup and put it in a desiccator for 10 

minutes. Weigh and record the weight of the cup. Add 

0.25 grams of dry pectin sample. Reweigh the cup 

containing the sample. The cup containing the sample is 

put in the oven for 3 hours. Remove the cup and put it back 

in the desiccator for 10 minutes. Do the same process until 

a constant weight is obtained. 

Equivalent weight 

Equivalent weight was analyzed by weighing 0.5 

grams of dry pectin (Sulihono et al. 2012). Moisten the 

dry pectin with 5 mL of 96% ethanol. Add 1 gram of NaCl 

to sharpen the titration point and add 100 mL of distilled 

water. The mixture is stirred until there are completely 

dissolved.  The mixture is added with 6 drops of PP 

indicator and titrated with 0.1 N NaOH until the color 

changes to pink (constant) for approximately 30 seconds. 

Record the volume of titrant used to be included in the 

following formula: 

 

𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡: 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑥 1000

𝑚𝑙 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖 𝑥 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖
 

 

Methoxyl content (MeO) 

Methoxyl content analysis was carried out using a 

neutral solution from the equivalent weight analysis 

results (Sulihono et al. 2012). The solution is added with 

25 mL of 0.25 N NaOH. The solution is stirred and left for 

30 minutes in a closed state at room temperature. Add 25 

mL of 0.25 N HCl solution and 5 drops of phenolphthalein 

indicator (PP). Titrate with 0.1 N NaOH until the color 

changes to pink (constant). Record the volume of titrant 

used to be included in the following formula: 

𝑀𝑒𝑂: 
𝑀𝐿 𝑂𝐹 𝑁𝑎𝑂𝐻 𝑋𝑐𝑜𝑛𝑐𝑟𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖 𝑥 31

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
𝑥100 

Galacturonic acid (GalA) 

Calculation of galacturonic acid levels was carried out 

using titrant data from measurements of equivalent weight 

and methoxyl content (Devi et al. 2014). The titrant data 

is entered into the following formula: 

 

𝐺𝑎𝑙𝐴: 
176 𝑥 0.1 𝑧 𝑥 100

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑥1000
+ 

176 𝑥 0.1 𝑦

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑥1000
  

 

While : z = titrant (mL) of equivalent weight and y = 

titrant (mL) of methoxyl content 

Degree of esterification (DE) 

The analysis of the degree of esterification is carried 

out from the methoxyl and galacturonic acid content 

values into the following formula (Devi et al. 2014): 

 

𝐷𝐸: 
176 𝑋 % 𝑚𝑒𝑡𝑜𝑥𝑖𝑙

31 𝑥 % 𝐺𝑎𝑙𝐴
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Statistical analysis 

Characterization of the pectin obtained will be 

analyzed by Analysis of Variant (ANOVA) using the 

Minitab software. If a significant difference is shown, it 

will be continued with the Tukey test through a 5% 

confidence interval. 

 

 

Pectin characteristics 

The sample solution was separated into two distinct 

phases during the precipitation process. At the bottom of 

the bottle, pectin created a thick, sticky layer after 

purification. After purification, pectin turned into a gel-

like substance, and after drying, pectin solidified into 

coarse granules. The isolated pectin is shown in Figure 1. 

Wet pectin in Figure 1(a) resembles a white gel in both its 

form and its consistency. A compact texture is produced 

when 96% ethanol is added to the filter during the washing 

procedure. Wet gel pectin is created when this ethanol is 

added because it affects the stability of the colloidal 

dispersion.  

Pectin is a hydrophilic polysaccharide that can interact 

extensively with water molecules in a solution. The 

interaction between pectin and water occurs because the 

pectin chain can form a hydrogen bond with the molecule 

of water (Saadah Said 2023). Pectin molecules interact 

with one another as a result of reduced water activity, 

forming a three-dimensional helical structure that 

eventually gels. The dehydration properties of each 

organic solvent may be related to the density and 

compactness of the pectin gel structure that results from 

their addiction (Gawkowska et al. 2018). Dried pectin, as 

shown in Figure 1(b), has a hard color, flaky texture, and 

irregular shape. Pectin turns white color when washed, 

although it still contains organic materials, pigments, and 

sugars (mono-and disaccharides). After drying, ethanol is 

evaporated, reducing the volume of pectin and showing 

the mass composition of the mixture (Wang et al. 2023).  

Dried pectin, as shown in Figure 1(b), has a hard color, 

flaky texture, and irregular shape. Pectin turns white color 

when washed, although it still contains organic materials, 

pigments, and sugars (mono-and disaccharides). After 

drying, ethanol is evaporated, reducing the volume of 

pectin and showing the mass composition of the mixture 

(Wang et al. 2023).  

 

Figure 2 is a micrograph of SEM results at different 

magnifications. The purpose of SEM analysis is to 

visually determine the characteristics of the 

morphological structure on the surface of dry pectin 

particles from extraction. The extracted pectin has a large 

and flaky particle size. Liew et al., (2014) explained that 

mound-shaped pellets appeared on the pectin surface 

when the extracted pectin was dried, suggesting that 

drying had certain detrimental and swelling effects on the 

pectin structure. The source of raw materials and 

extraction methods can affect the morphology of the 

resulting pectin. Pectin particles with a porous structure 

have better solubility than particles with a rigid structure 

and lower porosity. This is because the surface area is 

larger so that it can absorb and retain more water (Begum 

et al. 2017). 

 
a) 

 
b) 

Figure 2. SEM of dry pectin at 50x and 500x magnification 
 

Characteristics yield, moisture content, and 

galacturonic acid 

Using various microwave power levels had a 

statistically significant impact on pectin yield. Table 1 

displays the mean pectin yield obtained using the MAE 

technique. The pectin output from Sitaya Agrihorti citrus 

peel varies between 7.798% and 12.103%. The highest 

yield was obtained in extraction with a power of 720W, 

and the lowest yield was obtained in an extraction with a 

power of 360W. The greater the microwave power used, 

the higher the pectin yield produced. At high power, the 

temperature increases, causing a decrease in viscosity and 

surface tension, which facilitates the solvent to dissolve 

the sample  and increase wetting and penetration into the 

medium (Assous et al. 2007).

 

         
        a)           b) 

Figure 1. a) wet pectin; b) dry pectin 

Result & Discussion 
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The power on the microwave provides local heating 

within the sample, which acts as a driving force for the 

microwave to destroy the medium. The interaction of 

molecules with electromagnetic fields causes rapid energy 

transfer and can destroy matrix components. HCL, as a 

solvent, can absorb microwave energy well and produce 

heat efficiently. In addition, microwave irradiation 

accelerates cell rupture with a sudden increase in 

temperature. It increases the internal pressure inside plant 

cells, which promotes the destruction of the surface of the 

medium. Therefore, the solute can diffuse out and dissolve 

in the solvent quickly (Tongkham et al. 2017). 

The use of different microwave power did not have a 

significantly different effect on the moisture content of 

pectin. The moisture content of pectin produced from 

Sitaya Agrihorti citrus peel ranges from 16.8-19.8%. The 

highest water content was obtained in extraction with a 

power of 720W and the lowest water content was obtained 

in an extraction with a power of 630W. An increase in 

temperature and extraction duration increases the volume 

of water evaporated during the extraction process, 

consequently facilitating the drying process and resulting 

in a reduced pectin water content. High temperatures can 

hydrolyze pectin polymers, resulting in the reduction of 

molecular chain length. The shorter the pectin polymer 

chain, the more facile the drying process due to reduced 

water retention  (Injilauddin et al., 2015). 

The use of different microwave power had an effect 

that was not significantly different at the level of p<0.05 

on pectin galacturonic acid levels. The galacturonic acid 

pectin content produced from Sitaya orange peel ranges 

from 46.46-55.04%. The highest galacturonic acid levels 

were obtained in extraction with 540W power, and the 

lowest galacturonic acid levels were obtained in extraction 

with 720W power. The galacturonic content of pectin 

increases with increasing extraction temperature due to 

the hydrolysis reaction of protopectin into pectin, the basic 

component of which is D-galacturonic acid. High 

temperatures break the glycosidic bonds of the methyl 

ester group to produce galacturonic acid, which causes 

glucuronate levels to increase. Pectin is composed of 

galacturonic acid molecules linked by α-(1 -4)-glycoside 

bonds to form polygalacturonic acid. The carboxyl group 

is partly certified with methanol, and the secondary 

alcohol group is acetylated (Musita 2021). 

 

Characteristics degree of esterification, equivalent 

weight, and methoxyl content 

The degree of esterification (DE) is used to classify 

pectin because the degree of esterification will determine 

the gelling properties of the pectin. Pectin can be divided 

into 2 groups based on its DE. High methoxyl pectin 

(HMP) has an esterification degree value of greater than 

50%, that is, more than half of the carboxyl groups are in 

the form of methyl esters and low methoxyl pectin (LMP), 

namely pectin that has an esterification degree value of 

less than 50%. HMP and LMP have different gelation 

mechanisms (Picot-Allain et al. 2022).  

DE pectin produced from Sitaya citrus peel ranges 

from 42.50% -52.17%. The highest DE was obtained in 

extraction with 540W power and galacturonic acid content 

the lowest was obtained at extraction with a power of 

630W. DE pectin shows the percentage of carbonyl 

groups esterified with methanol. DE pectin will decrease 

with increasing temperature. High temperatures in the 

extraction process can cause degradation of the methyl 

ester groups in pectin into carboxyl acids due to the 

presence of acid. The acid used in pectin extraction will 

hydrolyze hydrogen bonds. The glycosidic bonds of the 

methyl ester groups of pectin tend to be hydrolyzed to 

produce galacturonic acid (Chandel et al. 2022). 

Table 2 shows that the methoxyl content of Sitaya 

citrus peel pectin ranged between 3.526% and 5.022%, 

with all results remaining below 7%. This indicates that 

the extracted pectin is included in the category of low 

methoxyl pectin (Low Methoxyl Pectin), indicating that 

the methoxyl content is low (Devi et al. 2014). The 540W 

microwave power produced the highest methoxyl content 

of 5.022%, while the 450W and 720W microwave powers 

produced the lowest methoxyl content of 3.534% and 

3.526%, respectively. The statistical results showed that 

the microwave power treatment did not affect the 

methoxyl content of pectin. 

 

 

Previous research that conducted pomelo pectin 

extraction using the subcritical water extraction method 

produced low methoxyl pectin with a yield of 19.6% 

(Liew et al. 2018).  The final texture of a food is greatly 

influenced by the gel formation of pectin. The addition of 

sugar at a concentration of 10–20 percent can reduce 

syneresis and improve texture in pectins with low 

methoxyl content by changing the calcium to pectin ratio. 

High pectin content with relatively little calcium will 

produce an elastic gel, while the use of more calcium with 

less pectin will produce a much more fragile product 

(Lara-Espinoza et al. 2018). Low methoxy pectin is 

suitable when applied to food products such as low-calorie 

jam and dairy products such as ice cream and yogurt 

(Singhal and Swami Hulle 2022). 

 

Table 1. The Characteristics of yield, moisture content, and 
galacturonic acid of Citrus Pectin 

No. Power 

(W) 

Yield 

(%) 

Moisture 

content (%) 

Galacturonic 

acid (%) 

1. 360  7.798a 18.6a 48.88a 

2. 450 9,168ab 17.5a 47.39a 

3. 540 9,462ab 19a 55.04a 

4. 630 10,660bc 16.8a 50.86a 

5. 720 12,103c 19.8a 46.46a 

Table 2. The Characteristics degree of esterification, equivalent 

weight, and methoxyl level of citrus pectin 

No. 
Power 

(W) 

Degree of 

esterification 

(%) 

Equivalent 

weight (mg) 

Methoxyl 

level (%) 

1. 360  45.38a 
696.2a 3.891a 

2. 450 43.35a 
700a 3.534a 

3. 540 52.17a 
715a 5.022a 

4. 630 42.50a 
635,7a 3.743a 

5. 720 43.03a 
707,5a 3.526a 
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Sitaya citrus peel waste can be utilized and increase its 

economic value by extracting the natural pectin content in 

orange peels. Pectin is extracted using the Microwave 

Assisted Extraction method with power treatment. The 

microwave power used affects the pectin yield produced. 

The highest yield was obtained from extraction with 

720W power treatment for 2 minutes, namely 12.103%. 

The pectin is then analyzed for its characteristics which 

include equivalent weight, methoxyl content, galacturonic 

acid content, degree of esterification, and water content. It 

is known that microwave power treatment has no 

significant effect on the pectin characteristics of sitaya 

orange peel. 
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