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The objective of this study was to optimise the extraction parameters for enhancing the 
yield of pectin production from pineapple waste. The production of pectin from the 
pineapple waste was optimised with parameters such as time(120-240s), microwave 
power (270 W, 360 W, and 700 W), and pH 2-4 to achieve the optimal pectin yield.  The 
Minitab Taguchi approach was used to optimise the parameter to get a high yield of 
pectin. Additionally, FTIR analysis was utilised to evaluate the quality of the product. 
The results are a significant yield of 3.7 g and a degree of esterification of 52.4% from 
100 g of pineapple waste. These results may be achieved by using the ideal parameters 
of pH 2, 360 W, and 180 s. To summarise, this study allows for the production of large 
amounts of high-grade pectin from pineapple waste. The extracted pectin can be 
utilised in culinary and medical uses as a renewable and eco-friendly component. 
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1. Introduction 
 

Pineapple, a top fruit globally, ranks third in juice preference. Malaysia, a major producer, 
primarily exports fresh fruit or canned products [1]. The pineapple industry was an important source 
of income for many small-scale farmers, and the fruit was also used as an ingredient in the food 
processing industry. Today, Malaysia remains a significant producer of pineapple, with the majority 
of production concentrated in Johor and Negeri Sembilan. The industry has seen significant growth 
in canned pineapple exports and overall demand. However, pineapple processing generates 
substantial waste, mainly from the peel, core, stem, and crown. Researchers are exploring various 
uses for pineapple waste, including pectin extraction for food applications. Pectin, a vital food 
additive, is derived from sources like citrus peel or apple pomace. Recent efforts focus on utilizing 
fruit waste from mangoes, passion fruit, dragon fruit, sweet potatoes, and chempedak/jackfruit for 
pectin production. 
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Pectin finds extensive use in the food industry as a thickener, stabilizer, and emulsifier, commonly 
added to products like jams, jellies, fruit juices, and dairy items [2]. Additionally, studies have shown 
that incorporating pectin into foods and beverages can enhance mouthfeel, increase satiety, and 
potentially reduce consumption. In pharmaceuticals, pectin has been utilized to lower cholesterol, 
treat diarrheal diseases, and eliminate toxic metals from the digestive and respiratory systems. 
However, traditional extraction methods for pectin are time-consuming and may lead to degradation. 
Microwave-assisted extraction (MAE) [3] and ultrasound-assisted extraction (UAE) [4] have been 
introduced as efficient alternatives, with MAE showing particular promise due to its shorter 
extraction time, reduced solvent consumption, and higher extraction rates. Although MAE may cause 
thermal degradation of active compounds, intermittent microwave extraction can mitigate this issue.  

Recent studies have explored various methods for extracting pectin from pineapple leaves, 
including conventional acidic extraction using inorganic acids like hydrochloric acid, sulfuric acid, and 
nitric acid, which resulted in pectin yields ranging from 0.8% to 2.4% [5]. This research focuses on 
extracting pectin from pineapple leaves, a byproduct of the pineapple industry, promoting waste 
valorization. The study employs innovative extraction methods that enhance yield and quality 
compared to traditional approaches. Comprehensive analysis of the physicochemical properties of 
the extracted pectin, providing insights into its potential applications in food and pharmaceutical 
industries. This study aims to investigate the effects of various factors on the MAE of pineapple peel 
for pectin production, focusing on irradiation time, pH, temperature, solid-to-solvent ratio, and 
microwave power, and characterizing the resulting pectin by its degree of esterification (DE). 

Section 2 describes the extraction techniques used, including the experimental design, materials, 
and analytical methods for pectin characterization. Section 3 presents the findings from the 
extraction process, including yield percentages, physicochemical properties, and implications for 
practical applications. Section 4 summarizes the key findings, discusses their significance, and 
outlines potential avenues for further research in pectin extraction and application. 
 
2. Methodology  
2.1 Preparation of Pineapple Peel Powder 
 

The pineapple peels were sliced into 1 cm thick slices of roughly 2.5 𝑐𝑚! size with a sharp knife. 
The waste was rinsed in potable water to eliminate any leftover pulp. Then the sample was placed in 
a conventional oven at 60 °C for 72 h. Then the dried sample was ground into powder [6]. 
 
2.2 Microwave-Assisted Extraction of Pectin 
 

An acidic solvent was prepared by using citric acid, and the pH was adjusted to 2. Then 10 g of 
pineapple peel powder was dissolved in it and was heated up to 75°C at the same time the solvent 
was spun at 300 rpm for 30 min to break the cell wall and extract out the pectin [7]. 

Once the solvent completed the heat-up procedure, the solvent was sent to microwave-assisted 
extraction with 2 min with the microwave power of 270 W (defrost). While in the microwave heating, 
strong microwave radiation had absorbed by the pineapple waste and resulting in the pectin in the 
plant cell being released to the solvent [7]. The solvent was then centrifuged for 10 min at 3800 rpm 
and chilled to 25 °C. Then the supernatant part was collected and pellet part was decomposed. In 
order to make the pectin float, the pectin-containing supernatant was coagulated with an equivalent 
volume of 96% ethanol and let to stand for 24 h [8]. 
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After 24 h the solution was centrifuged again to obtain the pure pectin in pellet form. The 
completed item was combined with distilled water, dried in an oven, and store at room temperature 
[7].  

 
2.3 Optimisation of Pineapple Peel Pectin Yield and Degree of Esterification by using Taguchi Method 
 

The Taguchi method's emphasis on robustness makes it particularly suitable for addressing the 
inherent variability in natural raw materials and the sensitivity of the pectin extraction process to 
temperature and pH variations. Consequently, the Taguchi Method offers a reliable approach to 
optimizing these crucial parameters for efficient and consistent pectin extraction as shown in the 
Table 1. It written the details of the three types of method used in Taguchi method [9]. 

The analysis of variance (ANOVA) method was employed to assess the contribution of various 
parameters to the extraction of pectin from pineapple waste. By examining the significance levels of 
each parameter, the most influential factors were identified. This statistical approach aids in 
determining the optimal conditions for pectin extraction, optimizing resource utilization and 
enhancing process efficiency [10]. 

 
Table 1  
Taguchi method on three types of optimisation analysis 
Type of method Explanation 
Smaller-the-better  
(Minimize the deviation from the target): 

S/N = -10 * log10(1/n * Σ(yi - T)^2)           

Larger-the-better  
(Maximize the mean or performance): 

S/N = 10 * log10(1/n * Σyi) 
  

Nominal-the-best (Maximize the mean 
and minimize the deviation): 

S/N = 10 * log10(1/(n * σ^2) * Σ(yi - T)^2) 

 
Where: 
n is the number of experimental runs 
yi is the observed value in the ith experimental run 
T is the target value 
σ is the standard deviation of the observed values 
S/N=Signal-to-noise ratio 

    
Using Design Expert (Version 6), 9 trial runs as shown in Table 2 of the sample were produced. 

The goal of the earlier exploratory research on screening various MAE parameters was to find any 
significant influences on the range of experimental conditions and their impact on the intended 
response. Based on the initial research, the solvent's pH (factor 1), the microwave's strength (factor 
2), and the microwave's duration (factor 3) were chosen, and their responses to pectin were further 
optimized the yields as well as DE content. The value of microwave time microwave power and the 
pH value was varied from 120 to 240 s, 270 to 700 W, and pH 2 to 4. 

 
Table 2 
Pectin extraction parameter by using Taguchi method 

Run pH Microwave power, W Time, s 
1 2 360 180 
2 4 700 180 
3 2 270 120 
4 4 270 240 
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5 4 360 120 
6 3 360 240 
7 3 700 120 
8 3 270 180 
9 2 360 240 

 
2.4 Pineapple Peel Pectin Yield 

 
Pectin yield extracted from pineapple peel can be calculated by using the Eq. (1) below (in the 

form of dry basis), as 𝑊" represent weight after extraction and 𝑊! represent weight of pineapple 
powder used.   

𝑌𝑖𝑒𝑙𝑑	(%) =
𝑊"

𝑊!
	𝑋	100	%																																																																	(1) 

2.5 Structural Analysis by Fourier Transform Infrared (FTIR) Spectroscopy 
 
About 0.10 ± 0.01 g of dried pineapple peel pectin and commercial pectin were subjected for 

structural analysis by using Fourier Transform Infrared (FTIR) Spectroscopy. The pineapple peel pectin 
and commercial pectin were mixed and ground with the potassium bromide powder (spectroscopic 
grade) and pressed to form pellets for the spectra measurements. The infrared data (IR) of both 
pellets were recorded by using Fourier Transform Infrared Spectrometer at room temperature within 
the wavelengths range from 4000 to 400 𝑐𝑚#" [11]. 

 
2.6 Degree of Esterification (DE) of Pineapple Peel Pectin 

 
From the result of FTIR, the absorbance from wavelengths range from 4000 to 400 cm-1 and 

estimated by using Eq(2) [12] where A1630 and A1745 represent the absorbance intensity for methyl-
esterified and non-methyl-esterified carboxyl groups, respectively, at 1630 and 1745 cm-1 [12]. Hence 
by using Eq. (2), the value of degree of esterification was estimated. 

 
  	𝐷𝐸(%) = $!"#$

$!"#$%$!%&'
	𝑥	100																																								(2)					(2)			 	 

2.7 Proximate Analysis for Pineapple Peel Pectin 
 

The AOAC method was utilized for assessing moisture, ash, and total protein content [13]. Total 
dietary fiber (TDF) was determined following AOAC method 991.43 [14]. Soxhlet method was 
employed to determine fat content [15]. Carbohydrate content (CHO) was calculated using the AOAC 
method outlined in Eq. (3) [14]. 

 
𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒(%) = 100 − (𝑎𝑠ℎ + 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 + 𝑓𝑎𝑡 + 𝑓𝑖𝑏𝑟𝑒)																					(3)	

 
3. Results  
3.1 Screening of Solvent 
 

Pectin yield from pineapple peels extracted with sodium bicarbonate, citric acid, and acetic acid 
as extraction solvents is shown in Table 3. As increase the mM the more pectin yield was obtained 
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but for sodium bicarbonate after screening done, it was found it was not pectin. Hence citric acid was 
the best solution among the acetic acid and sodium bicarbonate. 
 

Table 3 
Pectin yield using different screening solvent 
For 50 mM 

Type of solvent Weight of Pectin, g Pectin Yield, % 
Sodium Bicarbonate 0.14 1.4 
Citric Acid 0.06 0.6 
Acetic Acid 0.04 0.4 

 
For 200 mM 

Type of solvent Weight of Pectin, g Pectin Yield, % 
Sodium Bicarbonate 0.26 2.6 
Citric Acid 0.07 0.7 
Acetic Acid - - 

 
For 500 mM 

Type of solvent Weight of Pectin, g Pectin Yield, % 
Sodium Bicarbonate - - 
Citric Acid - - 
Acetic Acid 0.09 0.9 

 
For 1000 mM 

Type of solvent Weight of Pectin, g Pectin Yield, % 
Sodium Bicarbonate - - 
Citric Acid 0.26 2.6 
Acetic Acid 0.1 1.0 

 
3.3 Factors Influencing Pineapple Peel Pectin Yield in MAE 
 

Figure 1 indicates the signal-to-noise (S/N) ratio for yield and %DE which represents the 
dispersion around the intended value, where the desired value is the "signal" and the unwanted value 
is the "noise." The higher S/N ratio is indicative of a higher quality feature, regardless of the quality 
attributes. However, while optimizing multi-quality features, a higher-quality feature of one quality 
characteristic may have an impact on the product quality since a lower-quality feature may be 
needed for another quality characteristic [16].  

 

 
                           (a)                                                                                     (b) 

Fig. 1. (a) S/N ratio for yield (b) S/N ratio for Degree of esterification 
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In the investigation of the influence of microwave power and duration on pH levels, the analysis 
of the S/N ratio with the highest value assumes significance as it provides insights into the optimal 
conditions for achieving desired pH outcomes. By prioritizing the S/N ratio with the highest value, 
researchers can identify the combination of microwave power and duration that maximizes the 
quality characteristic under consideration, in this case, pH levels [17]. 

Initially, the experiment involves varying microwave power levels while keeping the duration 
constant to isolate the effect of power on pH. Subsequently, microwave duration is manipulated 
while maintaining a consistent power level to assess its impact on pH. The S/N ratio was calculated 
for each combination of pH, microwave power, and duration, reflecting the signal (yield and %DE) 
relative to the noise (variability) [18]. 

Upon analysis, if the S/N ratio exhibits its highest value in response to a specific combination of 
pH it indicates that this particular setting yields the most favourable pectin yield outcome. This 
optimal condition signifies the ideal balance between the mean pH level and its variation, thereby 
indicating the most efficient operating parameters for the microwave process. Furthermore, the 
identification of the highest S/N ratio underscores the significance of microwave power as the 
primary factor influencing %DE, followed by duration. This hierarchical understanding facilitates the 
refinement of process parameters to enhance pectin stability and reproducibility, thereby 
contributing to the overall quality improvement of the product or process under investigation. 

 
3.4 Optimization of Pineapple Peel Yield and Degree of Esterification using MAE 

 
From the Design Expert, optimal parameters obtained for extracting pectin from pineapple waste 

were pH 2, 360 W, and 180 s to obtain 3.7 g of pectin and 52.4% degree of esterification from 100 g 
of pineapple waste. Figure 2 shows the FTIR spectra of commercial pectin (CP) and pineapple waste 
pectin (PWP) extracted under optimized conditions (microwave power of 260 W, solvent pH of 2, and 
microwave time for 180 s).  

The main functional groups in pectin were identified using the FTIR spectra in the                          
1000–2000 cm-1 range [7]. The pineapple waste pectin (PWP) spectrum (Figure 2) demonstrates that 
the stretching of the –OH group as a result of moisture adsorption in the sample occurred at the peak 
frequency of 3438.00 cm-1. Alkane groups (CH, CH2, and CH3) were identified as C-H at the peak, which 
measured 2923.9 cm-1. Around 1750.3 cm-1, the peak was caused by the methyl esterified carboxyl 
group's CO group stretching. 

The carboxylate group is assigned to two peaks, which appear to be weak asymmetrical vibrating 
at 1636.1 cm-1 and weak symmetric vibrating at 1446.4 cm-1 [19]. Conversely, the maximum at 1105.6 
cm-1 and stretching in the glycosidic bond between the sugar monomers was indicated by values of 
1016.2 cm-1. As seen in Figure 2, the structure and spectrum of pectin derived from pineapple peel 
are comparable to those of commercial pectin. The DE value was defined as the carbonyl bands of 
free and esterified carboxyl groups with absorption of 1636.1 cm-1 and 1750.3 cm-1, respectively. 
Hence in Figure 2(b), 1680 cm-1 and 1780 cm-1 shown the same chemical properties. 
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                               (a)                                                                                  (b) 
Fig. 2. Comparison of (a) commercialized pectin and (b) pineapple peel pectin from this study  

 
3.5 Proximate Analysis of Pineapple Peel Pectin 
 

The variance in moisture and ash content between pineapple pectin and commercial pectin in 
proximate analysis can be attributed to several factors. By comparing in Table 4 pineapple peel 
pectin, derived from the peels and cores of pineapples, tends to retain more moisture due to its 
natural origin and processing methods hence giving a huge number of carbohydrate due to its origin 
when compare to the commercial pectin. During extraction, residual moisture from the fruit may 
contribute to higher moisture content in pineapple pectin compared to commercial varieties, which 
often undergo more extensive drying processes to achieve lower moisture levels. The moisture 
percentages of the pineapple waste pectin varied from 29.23% to 32.98% but there is some moisture 
increase due to bad packing (leakage to environment) hence the moisture content increase to 41.07% 
[20]. The functioning and quality of the pectin might be negatively impacted by excessive moisture, 
thus it's important to keep it correctly in a dry environment to avoid moisture absorption [21]. 
Additionally, pineapple pectin may contain a higher ash content due to the presence of minerals 
naturally occurring in the fruit, as well as any soil or environmental contaminants absorbed during 
cultivation. Commercial pectin, on the other hand, is typically purified and processed to remove 
impurities, resulting in lower ash content. The pectin that was acceptable generated had an ash level 
of 6.20 % hence it is still acceptable for 3.26% of ash content [21]. Furthermore, variations in the 
composition of the raw materials and processing techniques between the two types of pectin can 
also influence their proximate analysis profiles [22]. Overall, the disparities in moisture and ash 
content between pineapple pectin and commercial pectin underscore the importance of considering 
the source and processing of pectin products when interpreting proximate analysis data. 

 
Table 4 
Comparison of result for proximate analysis for Pineapple waste pectin and commercial pectin [23]  
Parameter Pineapple peel pectin Commercial Pectin 
Moisture 41.07±0.05 7.02±0.21 
DE(%) 52.4±0.10 42.68±0.19 
Ash 3.26±0.05 1.16±0.01 
Carbohydrate(g/100g) 46.69±0.05 61.83±0.29 
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4. Conclusions 
 
Microwave-assisted extraction (MAE) proved highly effective in extracting pectin from pineapple 

waste, achieving the highest yield and degree of esterification under optimized conditions. The 
Taguchi method was used for optimization, revealing pH as a significant factor affecting pectin yield, 
while microwave power and pH influenced the degree of esterification. MAE outperformed 
conventional methods in yield, although conventional methods showed a higher degree of 
esterification. In conclusion, the optimal parameters for extracting pectin from pineapple waste are 
pH 2, 360 W, and 180 s to obtain 3.7 g of pectin and 52.4% degree of esterification from 100 g of 
pineapple waste. Chemical and physicochemical analyses confirmed the quality of MAE-extracted 
pectin, comparable to commercial pectin, with promising attributes for various applications. 
Pineapple waste utilization not only yields valuable products but also addresses environmental 
concerns in Malaysia. 
 
Acknowledgment 
This research was funded by a grant from Ministry of Higher Education of Malaysia (FRGS Grant 
R.K130000.7843.5F672) and Contract Research (R.K130000.7643.4C722) from Josa Pina Trading Sdn 
Bhd under Universiti Teknologi Malaysia.  

 
References 
 
[1]  Jaji, Khadijat, Norsida Man, and Nolila Mohd Nawi. "Factors affecting pineapple market supply in Johor, 

Malaysia." International Food Research Journal 25, no. 1 (2018): 366-375. 
http://ifrj.upm.edu.my/25%20%2801%29%202018/%2849%29.pdf  

[2]  Barrera, A. M., J. A. Ramırez, J. J. González-Cabriales, and M. Vázquez. "Effect of pectins on the gelling properties 
of surimi from silver carp." Food hydrocolloids 16, no. 5 (2002): 441-447. 
https://doi.org/https://doi.org/10.1016/S0268-005X(01)00121-7  

[3]  Mahmoud, Marwa Hanafy, Ferial Mohamed Abu-Salem, and Dina El-Sayed Helmy Azab. "A comparative study of 
pectin green extraction methods from apple waste: Characterization and functional properties." International 
journal of food science 2022, no. 1 (2022): 2865921. https://doi.org/ https://doi.org/10.1155/2022/2865921  

[4]  Zhang, Wang-bing, Jing-jing Xue, Xin-an Yang, and Shang-bing Wang. "Determination of inorganic and total 
mercury in seafood samples by a new ultrasound-assisted extraction system and cold vapor atomic fluorescence 
spectrometry." Journal of Analytical Atomic Spectrometry 26, no. 10 (2011): 2023-2029. 
https://doi.org/https://doi.org/10.1039/C1JA10145E  

[5]  Riyamol, Jeevitha Gada Chengaiyan, Sandeep Singh Rana, Faraz Ahmad, Shafiul Haque, and Esra Capanoglu. 
"Recent advances in the extraction of pectin from various sources and industrial applications." ACS omega 8, no. 
49 (2023): 46309-46324. https://doi.org/10.1021/acsomega.3c04010 

[6]  Meena, L., Animesh Singh Sengar, Rooman Neog, and C. K. Sunil. "Pineapple processing waste (PPW): bioactive 
compounds, their extraction, and utilisation: a review." Journal of Food Science and Technology 59, no. 11 (2022): 
4152-4164. https://doi.org/10.1007/s13197-021-05271-6 

[7]  Kalapathy, U., and A. Proctor. "Effect of acid extraction and alcohol precipitation conditions on the yield and purity 
of soy hull pectin." Food chemistry 73, no. 4 (2001): 393-396. https://doi.org/10.1016/S0308-8146(00)00307-1 

[8]  Silva, Iolanda MDA, Luciano V. Gonzaga, Edna R. Amante, Reinaldo F. Teófilo, Márcia MC Ferreira, and Renata DMC 
Amboni. "Optimization of extraction of high-ester pectin from passion fruit peel (Passiflora edulis flavicarpa) with 
citric acid by using response surface methodology." Bioresource technology 99, no. 13 (2008): 5561-5566. 
https://doi.org/10.1016/j.biortech.2007.10.058 

[9]  Shojaei, Siroos, Saeed Shojaei, Shahab S. Band, Amir Abbas Kazemzadeh Farizhandi, Milad Ghoroqi, and Amir 
Mosavi. "Application of Taguchi method and response surface methodology into the removal of malachite green 
and auramine-O by NaX nanozeolites." Scientific reports 11, no. 1 (2021): 16054. https://doi.org/10.1038/s41598-
021-95649-5   

[10]  Ukiwe, Luke N., and Jude I. Alinnor. "Extraction of pectin from pineapple (Ananas comosus) peel using 
inorganic/organic acids and aluminum chloride." Fresh Produce 5, no. 1 (2011): 80-83. 

https://doi.org/https://doi.org/10.1016/S0268-005X(01)00121-7
https://doi.org/
https://doi.org/10.1155/2022/2865921
https://doi.org/https://doi.org/10.1039/C1JA10145E
https://doi.org/10.1021/acsomega.3c04010
https://doi.org/10.1007/s13197-021-05271-6
https://doi.org/10.1016/S0308-8146(00)00307-1
https://doi.org/10.1016/j.biortech.2007.10.058


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 60, Issue 5 (2026) 127-135 

135 
 

[11]  smail, Norazelina Sah Mohd, Nazaruddin Ramli, Norziah Mohd Hani, and Z. J. S. M. Meon. "Extraction and 
characterization of pectin from dragon fruit (Hylocereus polyrhizus) using various extraction conditions." Sains 
Malaysiana 41, no. 1 (2012): 41-45. https://doi.org/10.3303/CET1756135 

[12]  Wang, Furong, Chao Du, Junjun Chen, Lisheng Shi, and Hailong Li. "A new method for determination of pectin 
content using spectrophotometry." Polymers 13, no. 17 (2021): 2847. https://doi.org/10.3390/polym13172847  

[13]  Horwitz, William, ed. Official Methods of Analysis of AOAC International. 17th ed. Gaithersburg, MD: Association 
of Official Analytical Chemists, 2000 

[14]  Helrich, K., ed. Official Methods of Analysis. Vol. 1. Arlington, VA: Association of Official Analytical Chemists, 1990 
[15]      Nielsen, S. Suzanne. Food Analysis Laboratory Manual. Cham: Springer International Publishing, 2017. SpringerLink 

(Online Service). 
[16]  Koç, M., and Tugrul Özel. Modern Manufacturing Processes. Hoboken, NJ: John Wiley & Sons, 2019..  
[17]  Weber, Hans-Georg, and M. N. Ultrahigh-Speed Optical Transmission Technology. Vol. 3. Berlin: Springer, 2007. 
[18]  Seol, Seung Kwon, Daeho Kim, Sunshin Jung, and Yeukuang Hwu. "Microwave synthesis of gold nanoparticles: 

effect of applied microwave power and solution pH." Materials Chemistry and Physics 131, no. 1-2 (2011): 331-
335. https://doi.org/10.1016/j.matchemphys.2011.09.050. 

[19]  Pasandide, Bahare, Faramarz Khodaiyan, Zeinab E. Mousavi, and Seyed Saeid Hosseini. "Optimization of aqueous 
pectin extraction from Citrus medica peel." Carbohydrate polymers 178 (2017): 27-33. 
https://doi.org/10.1016/j.carbpol.2017.08.098 

[20]  Chalchisa, Teklu, Adamu Zegeye, Belay Dereje, and Yohannes Tolesa. "Effect of sugar, pectin, and processing 
temperature on the qualities of pineapple jam." International Journal of Fruit Science 22, no. 1 (2022): 711-724. 
https://doi.org/10.1080/15538362.2022.2113598. 

[21]  Mada, Tanje, Ramesh Duraisamy, and Fisseha Guesh. "Optimization and characterization of pectin extracted from 
banana and papaya mixed peels using response surface methodology." Food Science & Nutrition 10, no. 4 (2022): 
1222-1238.. https://doi.org/10.1002/fsn3.2754. 

[22]  Lekhuleni, Isobel Lerato Gosh, Tsietsie Ephraim Kgatla, Mpho Edward Mashau, and Afam Israel Obiefuna Jideani. 
"Physicochemical properties of South African prickly pear fruit and peel: Extraction and characterisation of pectin 
from the peel." Open Agriculture 6, no. 1 (2021): 178-191. https://doi.org/10.1515/opag-2021-0216. 

[23]  Virk, B. S., and D. S. Sogi. "Extraction and characterization of pectin from apple (Malus Pumila. Cv Amri) peel 
waste." International journal of food properties 7, no. 3 (2004): 693-703. https://doi.org/10.1081/JFP-200033095  

https://doi.org/10.3390/polym13172847
https://doi.org/10.1016/j.matchemphys.2011.09.050
https://doi.org/10.1016/j.carbpol.2017.08.098
https://doi.org/10.1080/15538362.2022.2113598
https://doi.org/10.1002/fsn3.2754
https://doi.org/10.1515/opag-2021-0216
https://doi.org/10.1081/JFP-200033095

