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Abstract
Pectin is an essential polysaccharide that is normally found in the peels of various fruits and vegetables. It acts as a gel-
ling agent and stabilizer in many foods and pharmaceutical industries. The current study was focused on the potential 
of mango peel as a source of pectin. The pectin was isolated from mango (Mangifera Indica) peels powder in the hot 
water bath at five different extraction conditions viz. temperatures (60, 70, 80, 90 and 100 °C), pH (1.0, 1.5, 2.0, 2.5 and 
3.0) and time (60, 80, 100, 120 and 140 min). At different extraction conditions, the yield of pectin ranged between 14.60 
and 28.42%. The highest yield condition was achieved (28.06%, 28.42% and 28.06%) at the temperature of 90 °C, 1.5 pH, 
and the extraction time of 120 min. The quality parameters of pectin such as equivalent weight (450.45 to 1324.24 g), 
methoxyl content (5.15 to 7.90%), anhydrouronic acid content (48.93 to 74.62%), and degree of esterification (43.28% to 
77.14%), were found in satisfactory level. In contrast, the soluble sugar content was higher (12.43 to 23.49%), the anhyd-
rouronic acid (AUA) content was low as compared to the existing data for various pectin sources. This is an indication of 
the existence of protein in the extracted pectin. The mango peel powder was applied in the jelly formulation at different 
concentrations (0.5%, 1.0%, and 1.5%) to identify the quality and the sensory characteristics. The sensory attributes (e.g., 
color, taste, appearance and flavor) was highly appreciable at 1% pectin concentration compared to other concentra-
tion of pectin. The created polynomial model efficiently accounted for the data fluctuation and accurately captured the 
actual correlation between the independent and dependent variables. The extraction temperature, pH, and time had a 
substantial impact on the yield and quality of the extracted pectin, according to the results of both single factor studies 
and RSM. The optimal conditions were determined from the optimization research to be 88.86 °C, pH 1.36, and 79.61 min, 
which produced 23.31% pectin. Lastly, the manufacturer will be able to get information regarding the quality of mango 
peel pectin. It can be utilized as an important source of pectin for application in food and pharmaceutical industries.
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1 Introduction

Mango is the most common and attractive fruit because of its physical appearance and as a rich source of pre-
cious components (polyphenols, carotenoids, dietary fiber, Vitamin C, Vitamin E and pectin) comprised in the peel. 
In the total composition of the fruit, at least 20% peel is assumed as a waste product, responsible as a hazardous 
problem at the time of disposal in the environment [1]. Mango (Mangifera indica L.), the family of Anacardiaceae 
sometimes is called the “king of fruits” produced in different (tropical and subtropical) regions [2]. In 2020, global 
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mango production (including guavas and mangosteens) was 54.83 million metric tons [3]. Commercial production 
of canned mango, frozen slices, dried mango, purée, nectar, juices and other preserved mango products generate 
mango waste. Approximately 200,000 tons of biomass are produced during these processes only in Thailand, with 
peels accounting for up to 24% of the total volume [4]. Byproducts from mango processing account for 35% to 60% 
of the total fruit mass. Peels, stones, and occasionally perishable pulp pieces make up this portion [5]. According to 
reports of Dorta et al. [6], the global mango industry creates 75,000 tons of waste per year. Considering mango peels 
comprise for 15–20% of the fruit’s weight, the annual global production of mango waste is estimated to be between 
11 to 8.2 million metric tons [7].

Pectins are compound structural polysaccharides especially found in the middle lamella of the cell wall at the topmost plants. 
It retains galacturonic acid residue that is connected with α-(1–4) linkages [8, 9]. Pectins are abundant in practically every fruit 
fraction, including the pulp, peels and kernels [10]. In 2019, the global demand for pectin as a biopolymer was $1 billion, and it 
is predicted to climb to $1.5 billion by 2025 [11]. Commercial pectin is mostly extracted from apple pomace or citrus peel, which 
have varying physicochemical functions depending on the availability of pectin esterase in the raw materials [12]. Pectin from 
apple pomace generates a high-viscosity gel that can be used as a medical polymer, although citrus pectin is preferred in the 
confectionery industries because of its lighter colour. Industry-grade biopolymer pectin requires a minimum of 65% galacturonic 
acid on ash and moisture-free materials, limiting other potential new sources of pectin [13]. It has several important multifunc-
tional properties which are applicable in many food industries such as a gelling agent, texturizers, emulsifiers, thickener, and 
stabilizer properties [14].

Pectin also has a variety of other functional features in the food industry, including the ability to act as potential probiotics 
and prebiotics [15]. In the food processing industry, as well as in non-food industries, pectin polysaccharides have been widely 
used as a functional ingredient in packaging materials, cosmetics and pharmaceuticals [16]. Pectin has also played a vital role in 
physiological and health adequacy [8, 17]. In the present years, pectin is not only used as coating materials in many fruits and 
vegetables but also rapidly applied as encapsulating agents in the pharmaceutical industry [18].

The most often used method for extracting pectin is the traditional approach, which requires for using hot water 
(60–100 °C) that has been acidified to a pH of 1.5–3.0 [19, 20] nonetheless, other alternative techniques have been used 
to maximize the pectin yield. such as enzyme-assisted [21, 22] ultra-high pressure extraction [23], microwave-assisted 
[24, 25] subcritical fluid [26], moderate electric field extraction [27], ultrasound pulses [22, 25], ultrasound [8, 28], micro-
waves or a combination of these techniques [29]. Pectin is also isolated from the sample by using the treatment with 
different minerals and organic acids. Moreover, the characteristics of pectin are affected by the raw material and extrac-
tion conditions such as pH, temperature, and extraction time [17]. In order to obtain a higher yield and higher quality of 
extracted pectin, it is essential to optimize these parameters prior to pectin extraction. A useful technique for developing, 
statistically modeling, and improving biological processes is called response surface methodology (RSM). It may also be 
used to find relationships between one or more process variables [30]. Due to fewer experimental runs and the ability to 
efficiently assess both the individual and interacting impacts of the process variables, optimization using RSM coupled 
with Box-Behnken design (BBD) has recently gained prominence over older optimization approaches [9].

Many studies were revealed that different extraction techniques and extractants used in various types of crops and 
by-products [31], even in mango peel [32] for the extraction of pectin. The yield obtained from modern extraction 
techniques (e.g., Microwave-Assisted Extraction) is lower compare to conventional methods [33] and these traditional 
methods take longer time to extract which is an obstacle for commercial production [34]. The popularity of pectin is 
also rising gradually because of its industrial purposes and frequent research is needed to find out the special source of 
pectin at a low cost [35]. In this concern, mango peel can be an important and primary pectin source used in many food 
and pharmaceutical products. Hence, the present study was conducted to investigate the effects of extraction factors on 
the yield as well as quality of mango peel pectin, to find optimum extraction conditions which can be favorable for com-
mercial production and to make a value-added product (i.e., Jelly) by using extracted pectin from peel (mango) powder.

2  Materials and methods

2.1  Collection and preparation of sample

The fresh mangoes were purchased from the local market at Dinajpur, Bangladesh. Mangoes were cleaned with 
running water and then skinned. The peels were chopped into thin particles and dried in a cabinet dryer at 60 °C for 
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24 h. The dried peels were ground by using a blender. The powders were packed in high density polyethylene bags. 
The powder was wrapped and deposited at 4 °C until further use (Fig. 1).

2.2  Extraction of pectin

The extractant was prepared by mixing one part of unbuffered concentrated hydrochloric acid (30% v/v, HCl) with 
one part of distilled water and used as a stock solution, for preparing the extractants of different pH. The different 
extractants with pH of 1.0, 1.5, 2.0, 2.5 and 3.0 were prepared by diluting the stock solution of hydrochloric acid 
solution. These extractants were used for the extraction of pectin from the dried mango peel powder.

The pectin was isolated from the mango peel powder by using water bath according with few modifications as 
described previously [36]. At first, dried mango peel powder (15 g) was transferred into a beaker (1000 ml) by using 
extractants with several pH such as 1.0, 1.5, 2.0, 2.5 and 3.0 which mixed with sample to the specific ratio of w/v (1:20). 
Subsequently, using shaking water bath (Vision Scientific Co. Ltd., Korea) the beaker was consigned and extracted 
with selected temperature and time such as 60 °C for 60 min, 70 °C for 80 min, 80 °C for 100 min, 90 °C for 120 min 
and 100 °C for 140 min. The extraction time and temperature was predicted from the pectin extraction condition from 
other fruit peel sources [37, 38]. The beaker was cooled down at room temperature and filtered through Whatman 
filter paper No. 1. By using centrifugal machine, the pectin was purified, subsequently added similar volume of 
ethanol 95% (v/v) to precipitate the supernatant and kept overnight at refrigerator at 4 °C temperature. After washing 
two times with 95% ethanol (v/v), the viscous quantity of pectin was apart from mono and disaccharides. Afterward, 
the extracted pectin was dried  (50OC) in hot air oven dryer achieving fixed weight.

The pectin yield was then calculated as follows: 

Each experiment should be carried out in triplicates and the average results was reported.

2.3  Quality evaluation of pectin

Equivalent weight and methoxyl content were evaluated by the method as described previously [36]. The following 
derivations were used to measure the Equivalent weight:

%Yield of Pectin =
Weight(g)of dried Pectin

Weight(g)of sample
× 100

Equivalent weight =
Weight of sample(g) × 1000

Volume of alkali(ml) × Normality of alkali

Fig. 1  Indication of strategies for production of pectin from mango peel
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By using the values of equivalent weight and the methoxyl content, the anhydrouronic acid (AUA) content was 
measured by the method as described previously [36].

When molecular unit of AUA (1 unit) = 176 g.
where, z = ml (titre) of NaOH from equivalent weight determination; y = ml (titre) of NaOH from methoxyl content 

determination.
The degree of esterification (DE) of pectin was deliberate depending upon the methoxyl and AUA content and 

computed in the following equation [39]:

where, MeO = Value from methoxyl content; AUA = Value from Anhydrouronic acid content.
Anthrone reagent was used to estimate the total soluble sugar (TSS) [40]. Known concentration of pure glucose and 

total sugar samples were measured from standard curve which computed with the reference of the standard curve.

2.4  Preparation of pineapple jelly

To begin, mature, edible, and fresh pineapples was collected and sorted. The pineapples was washed away with running 
tap water. Pineapples was peeled and sliced into thin slices after being hulled. After that, the pieces were blended and the 
liquid will be extracted (juice). Afterwards, 55% of the juice and 45% of the sugar were balanced and mixed. The mixture 
was steamed to extract 0.5%, 1.0%, and 1.5% pectin, as well as 4 g of citric acid. The jelly was then curdled at 150 °C and 
the end point was calculated (by bead). After that, any bubble was removed and poured the hot liquid into a sterilized 
bottle. Finally, chilling, topping, and packing were done at room temperature.

2.5  Sensory test of pineapple jelly

Sensory test of prepared jelly by of the extracted and commercial pectin at three different concentration such as 0.5%, 
1.0% and 1.5% were examined such as color, appearance, flavor, taste and overall acceptability by 20 panel members. 
The jelly prepared from commercial pectin at the same percentage (as standard) also tasted for the same parameters. 
For statistical analysis of sensory data, three varieties of jellies were further subjected to sensory evaluation. Hedonic 
ranking test (9-point) was used to test the products degree of acceptability. 20 panel members were offered the parts 
(three) of each sample coded randomly to point out (9) the hedonic scale (1 = Extremely dislike and 9 = Extremely like).

2.6  Optimization of process conditions

An optimization research has been conducted utilizing the Box-Behnken Design (BBD) of response surface approach 
based on the early single factor trials (RSM). Pectin yield was chosen as the dependent (response) variable, while the 
independent variables, temperature (60–100 °C), time (60–140 min), and pH (1.0–3.0), were chosen from the single factor 
experiments. Based on the experimental design (Table 1), fifteen experiments were carried out. The data collected were 
then fitted to a second-order polynomial model equation as follows to assess the correlation between the independent 
and dependent variables.

%Methoxyl Content(MeO) =
Volume of alkali(ml) × Normality of alkali × 31 × 100

Weight of sample(g) × 1000

%AnhydrouronicAcid =
176 × 0.1z × 100

Weight of sample(g) × 1000
+

176 × 0.1y × 100

Weight of sample(g) × 1000

%Degree of Esterif ication(DE) =
176 × %MeO

31 × %AUA
× 100

Y = 𝛽o +

K
∑

j=1

𝛽jXj +

K
∑

j=1

𝛽jjX
2

J +
∑

i

K
∑

<j=2

𝛽ijXiXj
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where Y = response;  Xi and  Xj = variables, where i and j vary from 1 to k; βo = model intercept; βj, βjj and βij = interaction 
coefficients, k = independent variables (k = 3 in this work). Design of Expert trial version 13 (Stat-Ease Inc., Minneapolis, 
USA) was employed to create and evaluate the optimization process.

2.7  Statistical analysis

IBM SPSS Statistics, version 22 (SPSS Inc., Chicago, IL) was used to analyse the obtained data. In the tables, the results were 
presented as the mean ± standard error of the mean of three replicates. To determine statistically significant differences 
among the means, one-way analysis of variance (ANOVA) was used at 5% level of significance.

3  Results and discussion

3.1  Evaluation of processing factors on the yield of pectin

3.1.1  Effect of extraction parameters on pectin yield

The percentage of pectin yield at different pH (ranged from 1.0 to 3.0) is shown in Fig. 2 which was extracted from 
mango peel powder. The isolation was carried out using an aqueous solution containing HCl at the pH of 1.0, 1.5, 2.0, 
2.5, and 3.0, as well as a constant isolated duration and temperature of 90 °C and 120 min, respectively. The pectin 
yield was varied between 14.60–28.42%, with the maximum and minimum pH being 1.5 and 2.5, respectively (Fig. 2). 
Similar findings were reported for pectin from pumpkin by-products and passion fruit peel, respectively, by Kulkarni 
and Vijayanand [41] and Lalnunthari et al. [42] respectively. One of the most crucial parameters in the pectin extrac-
tion process is pH [43, 44]. The yield of pectin was found to be between 14.60% and 28.42%, with the maximum 
yield at pH 1.5 and the lowest yield at pH 2.5 (Fig. 2). When the pH was increased, the amount of pectin production 
increased significantly (p < 0.05). It was continued up to pH 1.5, although increasing the pH further reduce the 

Table 1  Box-Behnken Design (BBD) along with actual and predicted values for pectin

Variables Range and levels of independent variables

− 1 0  + 1

Temperature (°C) 60 80 100
pH 1 2 3
Time (min) 60 140

Run order Independent variable % Yield of pectin

Temperature (°C) pH Time (min) Actual Predicted

1 90 1 120 25.94 29.13
2 90 1.5 120 28.24 25.98
3 90 2 120 20.96 22.76
4 90 2.5 120 14.9 19.48
5 90 3 120 18.73 16.14
6 60 1.5 120 14.07 14.09
7 70 1.5 120 19.15 19.42
8 80 1.5 120 24.36 23.38
9 90 1.5 120 28.06 25.98
10 100 1.5 120 27.57 27.22
11 90 1.5 60 20.17 20.12
12 90 1.5 80 22.73 22.72
13 90 1.5 100 24.32 24.68
14 90 1.5 120 28.06 25.98
15 90 1.5 140 26.46 26.63
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pectin output (Fig. 2). The hydrolysis of protopectin has been accelerated by the presence of a high concentration of 
hydrogen ions in the solvent [45]. Protopectin is a compound made up of cellulose molecules and pectin molecules. 
Ionization of the carboxylate groups is repressed at low pH when the hydrogen ion concentration of the solution 
increases, i.e., the highly hydrated carboxylate group is transformed into hydrated carboxylic acid groups. The loss of 
carboxylate groups reduces polysaccharide molecule repulsion, promoting pectin gelation qualities and resulting in 
more precipitated pectin at lower pH [46]. This observation agreed with Canteri-Schemin et al. [47]. and Yapo et al.’s 
[31] work who extracted pectin from apple pomace and sugar beet pulp where the yield increased with increasing 
acid strength. Nevertheless, the solubility and breakdown of pectic substances as well as neutral sugar side chains 
(i.e., glycosidic bonds) at higher pH is low, which might decrease the pectin extraction rate [48].

Time is most important factor for isolating the pectin from mango peel. The pectin has been extracted by using 
separated time duration such as 60 min, 100 min, 120 min, 140 min based on condition ‘HCl-NaOH buffer. It has 
been showed that the yield was separated from 20.17 to 28.06% depending upon the time. The uppermost pectin 
yield was gained at 120 min whereas the lowermost at 60 min (Fig. 3). Pectin yields varied between 20.17 to 28.06% 
in this study. The amount of pectin yielded increased significantly (p < 0.05) as the extraction time was increased. 
After 120 min of extraction time, the maximum yield of pectin was recorded (Fig. 3). Previous research has shown 
that extraction time has a significant impact on pectin yield [41]. Under constant pH and temperature, the higher 
the pectin obtained the longer the extraction time [49]. This is because pectin, a carbohydrate polymer made up of 
(1, 4) linked galacturonic acid units, requires time to soften its structure before being extracted. At the start of the 
extraction, the pectin yield increased with time since longer periods allow for greater reaction time. However, after 
120 min, pectin yield decreased, probably due to the influence of acid, which may have broken the glycoside and 
ester bonds of pectin, resulting in lesser yield [50]. However, other investigations have shown that the best pectin 
yield can be achieved in as little as 60 min of extraction [41].

The yield of pectin is greatly influenced by its isolated temperature which represented as Fig. 4. The different tempera-
ture such as 60 °C, 70 °C, 80 °C and 100 °C were used to extract pectin from peel at pH (1.5), ratio (1:20) and isolation period 
(120 min). The pectin was ranged from 14.40 to 28.16% according to its origin of temperature. The yield has been increased 
(28.06%) at 90 °C temperature and decreased temperature 60 °C at 14.40% (Fig. 4). Pectin extraction was carried out at various 
temperatures with a peel to extractant ratio of 1:20 (w/v), extractant pH of 1.5, and an extraction time of 120 min, as shown 
in Fig. 4. The results showed that as the temperature increases, the production of pectin increased considerably (p < 0.05). It 
was continued up to a temperature of 90 °C, however when the temperature was increased more, the pectin output declined 

Fig. 2  Pineapple jelly formulated with extracted mango peel pinch
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(Fig. 4). It is illustrated in the figure that at 60 °C, the total production of pectin was lowest (14.19%). The production of pectin 
increased as the extraction temperature increased, with the highest pectin yield of 28.16 percent reported at 90 °C. Gragasin 
et al. [51] observed similar findings for dried mango peels of several varieties, and Kulkarni and Vijayanand [41] reported 
similar findings for passion fruit peel. According to earlier research [41, 52], separation duration significantly affects pectin 
yield, which keeps rising with time at a constant temperature and pH. This could be because the solute (in this case, sweet 
orange peel) has enough time to extract pectin from solvent [53]. However, thermal degradation occurs at higher tempera-
tures and lower pH after the optimal time has passed, which may result in a decline in the quality of the extracted pectin [48].

3.2  Effect of processing factors on the quality of pectin

3.2.1  Effect on equivalent weight

Equivalent weight (EW), the factor which affected the quality of pectin is shown in Tables 2,  3 and 4. The extractant of 
pH was greatly affected by the quality of pectin that was observed to vary between 450.45 to 1324.24 g. The pH 1.0, 
1.5, 2.0, 2.5 and 3.0 at different extractant ratio (1:20), temperature (90 °C) and time (120 min) were presented 450.45, 
980.39.1015.23, 1124.29 and 1324.24 g equivalent weight of pectin. The value was identified 471.69 to 979.39 g and 
769 to 980.39 g depends on extraction time and temperature. The highest EW was 979.39 g at 120 min whereas low-
est EW was 471.69 at 100 min (Table 3). The topmost and lowermost values (Tables 2, 3, 4) were found at 3.0 and 1.0 
pH, 90 °C and 100 °C temperature and time 100 and 120 min. The total quantity of free galacturonic acid (not esteri-
fied) in the molecular chains of pectin is the equivalent weight of pectin [54]. Table 2 shows the equivalent weight 

Fig. 3  Pineapple jelly formulated with commercial pectin

Fig. 4  Effect of extractant pH 
of on the yield of pectin
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of pectin extracted from mango peel powder using hydrochloric acid in this study. Table 4 shows that, depending 
on the extractant pH, the equivalent weight of pectin ranged from 450.45 to 1324.24. This value varies from 471.69 
to 979.39 depending on the extraction time (Table 3). The equivalent weight was observed to vary between 769.23 
and 980.39 based on extraction temperature (Table 4). This finding is similar to the findings of Nahar et al. [55], who 
reported that the equivalent weight of mango peel powder pectin ranged from 506.58 to 2142 depending on extrac-
tion conditions. Table 2 shows that increasing pH resulted in a significant (p < 0.05) increase in equivalent weight. On 
the other hand, it was discovered that when time and temperature increased, the value of EW increased significantly 
(p < 0.05) (Tables 3, 4). The influence of these factors might vary greatly depending on the manner and composition 
of citrus fruits utilized, as well as the amount of free acid present in pectin powder, as found in this study [56, 57]. 
Pectin with a higher equivalent weight may have a larger gel-forming capacity, while pectin with a lower equivalent 
weight may have a stronger partial degradation effect [58].

Table 2  Effect of pH on the quality attributes of mango peel pectin

Values are means (n = 3) ± standard deviation

Means separated by different lowercase letters in the same row are significantly different at 5% level of significance

Quality parameters Extractant pH

1.0 1.5 2.0 2.5 3.0

Equivalent weight 450.45 ± 1.87e 980.39 ± 1.63d 1015.23 ± 1.69c 1124.29 ± 4.07b 1324.24 ± 1.11a

Methoxyl content (%) 5.25 ± 0.05e 5.46 ± 0.07d 6.38 ± 0.04c 6.94 ± 0.07b 7.90 ± 0.05a

Anhydrouronic acid (%) 68.88 ± 0.11a 58.16 ± 0.28b 53.54 ± 0.20d 55.08 ± 0.33c 48.93 ± 0.39e

Degree of esterification (%) 43.28 ± 0.33e 63.31 ± 0.36d 67.62 ± 0.18c 71.58 ± 0.27b 77.14 ± 0.13a

Soluble sugar (%) 14.49 ± 0.63c 16.31 ± 0.52b 23.17 ± 0.44a 23.04 ± 0.35a 23.49 ± 0.14a

Table 3  Effect of extraction time on the quality attributes of mango peel pectin

Values are means (n = 3) ± standard deviation

Means separated by different lowercase letters in the same row are significantly different at 5% level of significance

Quality parameters Extraction time (min)

60 80 100 120 140

Equivalent weight 666.67 ± 1.87b 520.83 ± 2.07d 471.70 ± 1.03e 979.39 ± 0.87a 649.35 ± 1.21c

Methoxyl content (%) 7.65 ± 0.19a 6.95 ± 0.08b 6.57 ± 0.08c 5.46 ± 0.07d 5.17 ± 0.07e

Anhydrouronic acid (%) 49.83 ± 0.43e 56.48 ± 0.36d 69.84 ± 0.05c 74.62 ± 0.38a 73.26 ± 0.36b

Degree of esterification (%) 63.31 ± 0.36a 62.19 ± 0.68b 49.99 ± 0.36e 53.87 ± 0.40c 52.01 ± 0.39d

Soluble sugar (%) 16.67 ± 0.23bc 17.50 ± 0.27b 16.09 ± 0.59c 16.31 ± 0.30c 21.62 ± 0.29a

Table 4  Effect of extraction 
temperature on the quality 
attributes of mango peel 
pectin

Values are means (n = 3) ± standard deviation

Means separated by different lowercase letters in the same row are significantly different at 5% level of 
significance

Quality parameters Extraction temperature (oC)

60 70 80 90 100

Equivalent weight 892.86 ± 4.5c 877.19 ± 1.18d 961.53 ± 1.71b 980.39 ± 1.63a 769.23 ± 1.08e

Methoxyl content (%) 7.25 ± 0.01a 7.07 ± 0.04b 6.94 ± 0.04c 5.46 ± 0.04d 5.15 ± 0.03e

Anhydrouronic acid (%) 48.93 ± 0.40d 57.73 ± 0.36c 60.60 ± 0.32b 66.52 ± 0.52a 52.10 ± 0.23e

Degree of esterification (%) 68.29 ± 0.25a 67.62 ± 0.15b 66.67 ± 0.24c 63.30 ± 0.36d 56.09 ± 0.26e

Soluble sugar (%) 12.47 ± 1.06c 14.44 ± 0.71b 12.43 ± 0.56c 16.31 ± 0.52a 12.59 ± 0.58c
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3.2.2  Effect of methoxyl content (MeO)

Tables 2, 3 and 4 represents the methoxyl content of mango peel pectin. The values were contained about 5.25%, 5.46%, 
6.38%, 6.94 and 7.90% but in Table 3 the methoxyl content attained 7.65%, 6.95%, 6.57%, 5.46% and 5.17% at the time of 
60 °C, 80 °C, 100 °C, 120 °C and140 min. The methoxyl content ranged from 7.25%, 7.07%, 6.94%, 5.46% and 5.15% with 
the temperature of 60, 70, 80, 90, and 100 °C temperature (Table 4). The methoxyl content increased at 60 °C temperature, 
pH 3.0 and 60 min whereas it was decreased at 100 °C temperature, pH 1.0 and time 140 min (Table 4). The methoxyl 
content of pectin extracted from mango peel powder using hydrochloric acid increased significantly (p < 0.05) when the 
pH of the extractants increased from 5.25 to 7.90% (Table 2), with pH 3.0 being the highest and pH 1.0 being the lowest 
[59]. The methoxyl content (which ranged from 5.17 to 7.65%) varied significantly (p < 0.05) depending on the extraction 
times. It indicates that as extraction time was extended, methoxyl concentration decreased significantly (p < 0.05) [60]. 
Table 4 shows that methoxyl content varied between 5.15 and 7.25%, and that it decreased significantly as extraction 
temperature increased [61]. These results were greater than those reported for dragon fruit pectin [62], which ranged 
from 2.98 to 4.34%, and passion fruits (5.25%) [41]. This could be due to pectin’s partial breakdown.

3.2.3  Effect of anhydrouronic acid (AUA)

The anhydrouronic acid content ranged from 68.88%, 58.16%, 55.08% and 48.93% for pH 1.0, 1.5, 2.0, 2.5 and 3.0, 
respectively (Table 2). This value was changed at 49.83%, 56.16%, 74.62%, 69.84% and 73.62% to a specific time 60, 80, 
100, 120 and 140 min (Table 3). Conversely depending upon the temperature this value was obtained 48.93%, 57.73%, 
60.60%, 66.52% and 52.10% (Table 4) at different fixed temperature such as 60, 70, 80, 90 and 100 °C, respectively. It 
was investigated that the extracted mango peel pectin had highest amount of methoxyl content at appropriate pH 1.0, 
120 min and 90 °C temperature, while the lowest amount found at pH 3.0, 60 min, 60 °C temperature. Table 1 shows the 
anhydrouronic acid (AUA) content of pectin extracted from mango peel powder in this investigation. Mango peel with 
the highest anhydrouronic acid (AUA) value was achieved at pH 1.0, time 120, and 90 °C temperature. Anhydrouronic acid 
content was significantly (p < 0.05) different at various pH, time, and temperature levels. Extraction pH was decreased, 
anhydrouronic acid levels increased significantly (p < 0.05), which is almost identical to Rehman et al. [63] where AUA 
was 66.73% to 68.72% for mango peel pectin at the same pH levels.

3.2.4  Effect of degree of esterification

In a hydrochloric acid (HCl) extraction method, the effects of pH on Degree of Esterification were investigated. For pH 
1.0, 1.5, 2.0, 2.5, and 3.0, the values of degree of esterification (DE) of pectin were 43.28%, 63.31%, 67.62%, 71.58%, and 
77.14%, respectively (Table 2). The DE value derived based on extraction time was 63.31%, 62.19%, 49.99%, 52.01% for 
durations 60, 80, 100, 120, 140 min (Table 3). Again, the DE value reached 68.29%, 67.62%, 66.67%, 63.30%, and 56.09% 
depending on extraction temperature of 60, 70, 80, 90, and 100 °C (Table 4). The maximum degree of esterification was 
obtained at pH 1.0, 60 min, and 60 °C temperature, while the minimum degree of esterification was obtained at pH 1.0, 
60 min, and 100 °C temperature. The degree of esterification was lowest (43.28%) at low pH (1.0) and highest (77.14%) 
at high pH (3.0) (Table 2). DE increased significantly (p < 0.05) with increasing pH, which was consistent with the findings 
of Woo et al. [64]. The degree of esterification ranged from 49.99 to 63.31%, (Table 3) and when the extraction time was 
increased, the degree of esterification decreased significantly (p < 0.05), with the exception of the temperature 100 °C 
which decreased slightly. The degree of esterification varied significantly at different extraction temperatures, ranging 
from 56.09–68.29%, and the degree of esterification decreased significantly (p < 0.05) as the extraction temperature 
was increased. When the extraction conditions are kept constant, the DE decreases as the temperature increases 
(Table 4). Because the pectin extraction and de-esterification processes are influenced by the high acid concentration 
and temperature at the same time [65]. The degree of esterification reported in this study corresponds to Azad et al. [66] 
for citrus maxima (76.30%) and D’Addosio et al. [67] for passion fruit peels (69.7%). Because the degree of esterification 
(DE) was greater than 50% at optimum conditions, the produced pectin was categorized as high methoxyl pectin in 
this study. It can form gels in aqueous systems with high soluble solids content and a low pH value as a high methoxyl 
pectin. For soft drinks, high methoxyl pectin viscofiers are appealing. In the food industry, only pectin with a degree of 
esterification greater than 60% is usually used [68].
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3.2.5  Effect of soluble sugar content

The anthrone reagent technique was used to calculate the soluble sugar concentration. The soluble sugar content of 
mango pectin were 14.49%, 16.31%, 23.17%, 23.04%, and 23.49% at pH ranged from 1.0 to 3.0 while other parameters 
such as time and temperature were maintained constant at 120 min and 90 °C (Table 4). The value of soluble sugar 
increased significantly (p < 0.05) with increasing extraction pH, but there was no significant difference was observed in 
pectin’s sugar content when time and temperature were taken into account (Tables 3 and 4). The soluble sugar content 
of pectin obtained in this study was found to be slightly above average. This is because the peels of overripe and matured 
fruits contain more soluble sugar than those of premature or unripe fruits [66]. The neutral sugar content of citrus pectin 
ranged from 15.45 to 19.40% in a previous study [69]. The amount of soluble sugar in plants varies depending on the 
source of the plants and the extraction method used [70].

3.3  Sensory characteristics of prepared jelly

The three distinct varieties of jelly with various concentration such as 0.5%, 1.0% and 1.5% were used to analyze the 
hedonic ranking test among 20 panel members (Fig. 5). Tables 5 and 6 present the results of three different types of 
jelly (extracted mango peel pectin) which compared to normal jelly prepared with the same concentration as com-
mercial grade (Fig. 6).

Fig. 5  Effect of extractant 
time of on the yield of pectin

Table 5  Sensory 
characteristics of prepared 
(extracted pectin) Jelly

J1  Jelly with 0.5% pectin, J2  Jelly with 1.0% pectin, J3 Jelly with 1.5% pectin

Sample Color Appearance Taste Flavour Overall acceptability

J1 7.20 ± 0.77ab 6.95 ± 0.76a 7.50 ± 0.76ab 7.55 ± 0.82ab 7.10 ± 0.79a

J2 7.60 ± 0.75ab 7.50 ± 0.89b 7.75 ± 0.71ab 7.50 ± 0.69ab 7.50 ± 0.76a

J3 6.85 ± 0.74b 6.75 ± 0.78b 7.20 ± 0.83a 7.00 ± 0.79a 7.05 ± 0.82a

Table 6  Sensory 
characteristics of prepared 
standard (commercial pectin) 
jelly

The mean difference is significant at the 0.05 level. Uses Harmonic Mean Sample Size = 20.0

Where, S1 = Jelly with 0.5% pectin, S2 = Jelly with 1.0% pectin, S3 = Jelly with 1.5% pectin

Standard 
sample

Color Appearance Taste Flavour Overall acceptability

S1 7.70 ± 0.80a 7.60 ± 0.94ab 7.65 ± 0.99ab 7.60 ± 0.88a 7.65 ± 0.81ab

S2 7.15 ± 0.74b 7.25 ± 0.78ab 7.60 ± 0.94ab 7.75 ± 0.72a 7.30 ± 0.66ab

S3 6.90 ± 0.718b 7.00 ± 0.72b 7.30 ± 0.86b 7.25 ± 0.91a 7.10 ± 0.72b
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3.4  Color

Color is one of the most crucial quality detective factors. The extracted mango pectin values were determined to 
be 7.20, 7.60, and 6.85 at the concentrations of 0.5, 1.0, and 1.5% whereas the commercial pectin was 7.70, 7.10 and 
6.90%. The color of isolated and commercial mango pectin jelly had maximum scores of 7.60 and 7.70 at 1.00% and 
0.50% pectin concentrations, and minimum scores of 6.85 and 6.90% at 1.50% pectin concentrations (Tables 5 and 6).

3.5  Appearance

Product identification varies depending on its appearance. The extracted mango pectin values were determined 
to be 6.95, 7.50, and 6.75 at the concentrations of 0.5, 1.0, and 1.5%. It can be seen that the color of isolated and 
commercial mango pectin jelly had the highest scores of 7.50 and 7.60 at 1% and 0.5% pectin concentrations, and 
the minimum scores of 6.75 and 7.0% at 1.5% pectin concentration.

3.6  Taste

Taste is a key component that affects a product’s acceptance and has the greatest influence on the product’s 
commercial performance. At the concentrations of 0.5%, 1.0%, and 1.5%, the taste values of extracted mango pectin 
jellies were nearly identical to those of commercial pectin (Tables 5 and 6).

3.7  Flavour

There was no significant difference in flavor among jelly produced with varied pectin concentrations, according to 
sensory analysis (Tables 5 and 6). The sensory analysis for flavor revealed that the scores obtained of jelly formulated 
with extracted mango peels pectin were very similar to those obtained of jelly prepared with commercial pectin at 
0.5%, 1.0%, and 1.5% concentrations, respectively.

3.8  Overall acceptability

Overall acceptability, which is an important parameter in organoleptic assessment, has a wide range of implications. 
The total acceptance score achieved with extracted mango peels pectin at concentrations of 0.5%, 1.0%, and 1.5% was 
7.10, 7.50, and 7.05, respectively (Table 5). On the other hand, the overall acceptability of jelly prepared with commer-
cial pectin at concentrations of 0.5%, 1.0%, and 1.5% was 7.65, 7.30, and 7.10, respectively (Table 6). The highest overall 

Fig. 6  Effect of extractant 
temperature of on the yield 
of pectin
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acceptance scores (7.50) were obtained which formulated with extracted mango peels pectin at 1.0% concentration, 
while the lowest overall acceptability scores (7.05) were obtained from jelly; formulated with 1.5% pectin concentration 
(Table 5). In contrast, the highest overall acceptability value (7.65) was obtained at a concentration of 0.5% commercial 
pectin, while the lowest appearance scores (7.10) were obtained at a concentration of 1.5% pectin.

3.9  Analysis of sensory characteristics

Hedonic testing was performed on the three formulated jellies with different pectin concentrations. The results of the sensory 
evaluation of the three formulations compared to standards are presented in Tables 5 and 6. The findings clearly demonstrated 
that the amount of pectin added to each formulation has a distinct effect. The J1 formulation scored well in terms of color, taste, 
and flavor (7.20, 7.50, and 7.55, respectively), but only moderately in terms of appearance and overall acceptability (6.95 and 
7.10), which could be due to the use of less pectin in the formulation. J2 was found to be comparable to jelly made with regular 
pectin. J2 jelly received similar scores for color, appearance, taste, flavor, and overall acceptability (e.g. 7.60, 7.50, 7.75, 7.50, and 
7.50, respectively) as standard jelly S1 (7.70, 7.60, 7.65, 7.60 and 7.65 respectively). J3 formulation was the least acceptable; the 
amount of pectin used in this formulation was the most, which had a significant impact on its sensory evaluation. J3 received 
the lowest marks of all the preparations because the jelly became harder than normal jellies, affecting its color, appearance, and 
overall acceptability (6.85, 6.75 and 7.05 respectively). In terms of color, appearance, and overall acceptability, S3 formulation 
got similar results. The low color, appearance, and overall acceptability scores of formulations J1 and J3 can be attributed to 
caramelization during cooking as well as pectin hydrolysis [71]. Due to the high amount of pectin used as a thickening agent in 
the jelly formulation, the color and appearance of J3 and S3 formulations received the lowest scores. As a result, the more pectin 
in the formulation, the thicker the jelly became, which had an impact on its appearance, color, and spreadability. Higher pectin 
concentrations seemed to affect flavor and taste as well [72].

3.10  Statistical analysis for model fitness

The data from the experimental runs (Table 1) were fitted to a second-order polynomial equation with linear, interactive, 
and quadratic factors to describe the connection between independent and response variables. The results of the ANOVA 
(analysis of variance) approach used to assess the model fitness are shown in Table 7. It is clear that the resulting model 
can explain the majority of the response’s variation and was significant (P < 0.05). Additionally, the majority of the model 
terms (both individual and interactive) demonstrated the value of the developed model. The established model’s high  R2 

Table 7  ANOVA (analysis of 
variance) for response surface 
quadratic model for the 
pectin yield

Source Sum of squares df Mean Square F-value p-value

Model 258.06 6 43.01 6.12 0.0113
 A-Temperature 131.09 1 131.09 18.65 0.0026
 B-pH 128.63 1 128.63 18.30 0.0027
 C-Time 32.36 1 32.36 4.60 0.0642
 AB 0.0000 0
 AC 0.0000 0
 BC 0.0000 0
  A2 7.45 1 7.45 1.06 0.3333
  B2 0.0164 1 0.0164 0.0023 0.9627
  C2 1.70 1 1.70 0.2419 0.6360

Residual 56.24 8 7.03
 Lack of fit 56.22 6 9.37 867.59 0.0012
 Pure error 0.0216 2 0.0108

Cor total 314.30 14
R2 0.8211
Adjusted  R2 0.6869
Predicted  R2 0.7735
Adeq precision 8.3010
C.V. % 11.57
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(0.8211) value demonstrated that it accurately captured the relationship between the independent and response vari-
ables, which was also reflected in the values of adjusted-R2 (0.6869) and anticipated  R2 (0.7735). Additionally, a smaller 
coefficient of variance (11.57) indicates that the studies were accurate and acceptable [73]. Adequate precision (> 4) 
denotes the intended model’s highest level of accuracy [74, 75].

Additionally, as shown in Fig. 7a–c, numerous diagnostic plots (predicted against actual, normal percentage 
probability, and internally studentized residuals) were used to assess the model’s fitness. The normal percentage 
probability plot of the residuals for the response and the close proximity of the values predicted by the model to 
the experimental values to the straight diagonal line indicated appropriate relevance with the actual data (Fig. 7a 
and b). To help with the model’s acceptable fit, an internally studentized residuals graphic was created (Fig. 7c), 
which states that all of the data points have fallen inside the ± 3δ limits.

Three-dimensional (3D) plots were created from the established model to investigate the interaction influence 
of process factors on the pectin yield (Fig. 8a–c). The graphs in Fig. 3a and c showed that the pectin production 
increased to a point eventually dropping down. Figure 8b and c show that extraction duration significantly affects 
pectin production, which is in accordance with the theory that prolonged exposure to an acidic extractant at a 
higher temperature may increase pectin output [37].

Fig. 7  a–c Diagnostic plots for model competency
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3.11  Optimization of process conditions

The method of Derringer’s desire function was used to determine the ideal circumstances for the pectin extraction 
[9] 52. The output variable, or pectin yield, was set at the maximum while the process factors, such as temperature, 
pH, and extraction time, were maintained in the range of 80–100 °C, 1.0–2.0, and 90–120 min, respectively (since 
we desired to have the highest yield of pectin). The expert program’s design was used to run the solutions in ideal 
circumstances. Temperature of 88.86 °C, pH of 1.36, and duration of 79.61 min. were the optimum input variables, 
producing 23.31% pectin with a desirability of 0.251. The optimization process conditions are close to the findings 
of Kamal et al. [37].

4  Conclusion

The goal of this study was to extract pectin from mango peel powder and see how different extraction parameters 
affected the yield and quality of pectin. According to the findings of this study, all process variables have a signifi-
cant impact on pectin yield. The extraction conditions also influenced quality parameters such as equivalent weight, 
methoxyl content, anhydrouronic acid, and degree of esterification. Except for anhydrouronic acid, which was found 
to be below the standard limit, all of the quality parameters were found to be within the standard and acceptable 

Fig. 8  a–c Response surface (3D) plots showing the effects of process variables on the yield of pectin
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limits. The highest pectin yield was obtained at a pH of 1.5, 120 min, and a temperature of 90 °C. The contents of 
anhydrouronic acid in pectin ranged from 48.93 to 74.62%, which was found to be within acceptable limits. At dif-
ferent conditions, the degree of esterification of extracted pectin ranged from 43.28 to 77.14%. The pectin obtained 
from mango peel was mostly High Methoxyl pectin, according to the value of degree of esterification (DE) (HMP). 
The pectin obtained from mango peels also had good quality characteristics, particularly the jelly grade, which is 
linked to the product’s good jelly formation. According to the sensory evaluation, the jelly made with 1.0% extracted 
mango pectin was excellent and more acceptable than the other pectin concentrations. When compared to other 
percentages of pectin used in jelly formulation, the color, taste, appearance, flavor, and overall acceptability were all 
excellent. The extracted pectin could be used in a variety of food and pharmaceutical products.

This study paved the way for further research into extracting pectin using cutting-edge extraction techniques 
such as microwave, ultrasonic, electromagnetic heating, high hydrostatic pressure, pulse-electric field processing, 
and other environmentally friendly solvents, as well as characterizing and evaluating the mango peel pectin.
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