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Abstract
Objectives: To extract value added product (pectin) from banana peel, its
optimisation by Response Surface Methodology and its characterisation.
Method/Analysis: This study is carried out for the isolation of pectin from
banana peel by using the acid extraction method, its optimization was done
by using a software of design expert, version 8.0 based on three factors-
Time, Ph, and Temperature. On the basis of three factors yield of a pectin
was calculated and find out the optimum condition of pectin extraction.
Hence, its characterization based on its equivalent weight, methoxyl content,
anhydrouronic acid, degree of esterification, moisture content and ash content
were also analysed to know the nature of a pectin. Findings: The most
suitable condition for pectin extraction was (pH –2.5, Temperature-90°C, Time-
2.5 hours) by using 0.5 N of hydrochloric acid where the pectin yield was
highest obtained i.e., 23-24%. For optimization, the Central Composite Design
of RSM was performed at different parameters. RSM was used to optimize the
pectin at different time (1,2,3,4 hours), temperature (60,70,80 and 90°C) and
pH (1.5,2.5,3.5 and 4.5) respectively. Under optimum conditions, the pectin was
characterized based on their equivalent weight, methoxyl content, ash content,
moisture content, degree of esterification, anhydrouronic acid. Novelity: The
novelty of this study is that the pectin has been extracted with a yield of 23-
24%.As compared to other studies , the pectin was characterized based on their
equivalent weight, methoxyl content, ash content, moisture content, degree of
esterification, anhydrouronic acid where it was found to be 1428.57 g/ml, 9.3%,
4.57%, 12.42%, 62%, 31.68% respectively. A few studies have been done about
the optimisation of a pectin from banana peel.
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1 HIGHLIGHTS
• Proper by-product utilization of resources available in abundance in the country of study (India).
• Protecting the environment by proper waste management.
• Recognizing pectin as a value-added product.
• Standardization of extraction process of pectin from banana peel.
• Potential uses of pectin in the food Industry.

2 Introduction
India ranks second in the world production of fruits and vegetables and is the second-largest banana producer i.e, 25MT (FAO).
A large amount of fruits and vegetables by-products get wasted by food-producing industry which will further cause a problem
to the environment and from the environment to the human hence it is a challenging task for all the food technologists to get rid
of this problem by utilizing a by-product and underutilised part of fruits and vegetables i.e, its peel, stem, seed, etc. According
to compiled data in a new report by Emerson Climate Technologies India, 18% of India’s fruits and vegetable production valued
at 13,300 crores is wasted annually. There are many beneficial substances present in by product of fruits and vegetables.

Banana is an important tropical fruit all over the world. Production of banana is around 102028.17 thousand tons globally
out of which India accounts for 29.19% in which Tamil Nadu, Maharastra, Gujarat, Karnataka are the leading states (APEDA).
Although the fruit is mostly consumed fresh but also can be processed into different types of products in small-scale industries,
that includes chips, smoothies, ice cream, dried fruits, bread, flour, its also used as an ingredient for functional foods (1).
Nowadays banana peel being considered waste is discarded into landfills without using its potential materials present in it (2).
Banana peels are a pectin-rich material (ranging from 15.89% to 24.08%) depending on the type and variety of bananas (3). 40%
weight of fresh banana fruit is banana peel (4). Pectin is found in the cell wall and middle lamellae of all plants and is a high
molecular weight carbohydrate polymer. It is an amorphous and colloidal polysaccharide, which is the backbone of α (1,4)
galacturonic acid (5) . Pectin is a Greek word that comes from PEKTOS which means firm and hard. Pectin can form a gel under
a certain temperature, its gelling properties mostly depend on the ”Degree of methylation”. Generally, pectin is classified into
three groups- i) Pectin more than 75% of methylation, ii) Pectin less than 75% of methylation, and, iii) Pectin without methyl
of esterification (6)

Nowadays, many researchers concerning about the extraction methods, their optimization, and characterization. The
galacturonic acid content in pectin must be 65% according to FAO, methanol is used to esterify the effect of galacturonic
acid residues. Pectin is a valuable by-product, to be utilized as a value-added product through adopting relevant methods. It
has many applications in the food and dairy industries, as it is widely used in bakery and confectionery products, such as jams,
jellies, marmalades, and in the dairy industry, used in yogurt, to stabilize milk drinks. It is also used as emulsifiers, gelling
agents, thickening agents, etc (7). Pectin contains a high amount of fiber and very less amount fat and cholesterol that’s why it
helps in the dietary supplements Industry. Pectin is also known as a ”Vegan Product”. As the coronavirus disease (covid 19)
spread all over the world, the demand and consumption of functional and nutritional food products have been increased. As
a result, the demand for pectin also increases in dairy products and fruit beverages. According to the IMARC (International
Market Analysis Research and Consulting Group), Europe represents the largest market of pectin followed by Germany, Japan,
and China. According to CAGR (Compound annual growth rate), the demand for pectin in India is expected to exceed 8-12%.
So, a suitable method has to be adopted to utilize the peel of the banana and turn the problem into a solution

Many research has been studied by several authors about the extraction method (8), its characterization, and the factors
affecting the yield of pectin. (4)had extracted pectin from saba banana peel and found that at 4 hours the outcome of pectin was
13.5% only, while at 1, 2, and 3 hours it was 7.5%,10.5%, and 12% respectively. (9) resulted that pectin yield from ripe bananas
was 11.87% whereas 16.54% from unripe banana. (3) compared five varieties of banana out of which KluaiLeb Mu Nang variety
contain a high amount of pectin yield i.e., 24.08% among all.

This work is therefore intended at extracting and assessing pectin from the banana peel in aspects of its optimization and
characterization. The main objectives of this research were: a) To isolate the pectin from the peel of a banana, b) To investigate
various factors such as pH, temperature, time that affect the yield of pectin c) To determine the standard optimum condition for
pectin extraction by its optimization (RSM), d) To characterize pectin based on various parameters such as equivalent weight,
anhydrouronic acid, methoxyl content, moisture content, ash content, degree of esterification, etc.
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3 Material and Method

3.1 Material

Theexperimentwas carried out at the laboratory of food andnutrition, BabasahebBhimraoAmbedkarUniversity Lucknow.The
banana peels taken for research were purchased from the local market of the south city Lucknow. All the chemicals, glassware,
and equipment used for the isolation and optimization of pectin are of analytical grade. All the glassware used in a laboratory
was sterilized properly and proper safety rules were also followed.

3.2 Methods

3.2.1 Pre-treatment of banana peel
Thebanana peel was cleaned andwashed under running tap water. It was weighed 500 gm for each treatment and blended. Peels
were separated based on their type and cut into slices to increase the surface area for a faster drying rate. It was then soaked in
0.5% metabisulphite solution for an hour to prevent discoloration and browning of peels, peels were placed in a hot air oven at
65°C for 24 hours followed by cooling at room temperature. Followed by grinding of dried peels in an 80 meshes sieve size and
put in an airtight glass container.

3.2.2 Chemicals used for isolation
0.5 N HCl, Ethanol (Absolute), Distilled water

3.2.3 Pectin Isolation from banana peel
Pectin was isolated based on the best optimization result obtained by using Response Surface Methodology. 40 gm of
homogenized banana peel was taken in 500 ml of a previously sterilized beaker, add 500 ml of distilled water (1:10) (3). To
this mixture, add 21 ml of 0.5 N Hydrochloric acid (pH 2.5). Continuously stir the mixture for 2.5 hours at 90°C with the help
of a glass rod in a hot plate. The suspension is then allowed to cool down at normal room temperature and is filtered through
a muslin cloth (1mm mesh size). To the filtrate, add the same amount of ethanol (absolute) and left overnight for precipitation
of pectin. The next day, discard the supernatant and centrifuge at 5000 rpm for 15 min at temperature 5°C to obtained pectin.
The flocculant was then skimmed off and the resulted pectin was dehydrated using a hot air oven to achieve a constant weight.
A sealed container is used to store dried pectin to prevent moisture absorption. Figure 1 shows a schematic diagram of pectin
isolation from the banana peel (9). The pectin yield can be calculated using the following expression:

Pectin yield (%) = Final weight − Initial weight ×100÷ sample weight

3.3 Pectin Characterization

The isolated pectin obtained from the peel of the banana undergo the following characteristics quantitatively:
a) Moisture content b) Ash content c) Amide content d) Equivalent content e) Methoxyl Content f) Total Anhydrouronic

acid content g) Degree of Esterification

3.3.1 Moisture content
According to Ranganna’s method (10), the Moisture content of pectin can be determined by taking 1 gram of sample in a
previously sterilized Petri plate, weighed it in an electronic weighing balance, place them in hot air oven for about 4-5 hours at
80°C. Cool it in a desiccator for 15 minutes to absorb extra moisture and then the final reading of a Petri plate was taken.

Moisture content can be calculated by using the following formula:

Moisture content (%) =Weight o f residue×100÷Weight o f pectin

note-The sample was not used for further evaluation as the pectin gets degraded after exposure to the atmosphere.

3.3.2 Ash content
One of the pectin important characteristics is its Ash content from the gel formation point of view. In this method,2 grams of
sample were weighed in a crucible by using an electronic weighing balance. The sample was ignited on the hot plate at 100°C
for 15-20 minutes until the fumes get stopped evaporating (charring). Crucible is then placed in a muffle furnace for about 3
hours at a very high temperature i.e, 520°C. Cool the crucible in a desiccator to absorb extra moisture and weighed it (4)
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Fig 1. Steps for Isolation of pectin from banana peel

The formula for ash content was determined by Ranganna:

Ash content (%) = weight o f ash ×100÷weight o f pectin

3.3.3 Determination of amide content
According to Pratik.B.Kamble (4), 0.1 gram of the pectin sample was placed in a test tube, and 5 ml of sodium hydroxide was
added to it. Few drops of hydrochloric acid were then added. Let it stand for few minutes for precipitation. If the mixture gets
precipitated indicated the presence of amide in it. The reaction involved in this solution are as follows:

CH3CONH2+NaOH →CH3COONA+NH2

CH3COONa+HCL →CH3COOH +NaOH

3.3.4 Equivalent weight determination
Pectin’s equivalent weight is likely to depend on the free acid present in pectin. A small amount of equivalent weight indicated
the degradation of pectin. Equivalent weight can be measured using the Ranganna method. Take 0.5 g of the pectin sample
into 250 ml of the Erlenmeyer flask, and add 50 ml of 90% ethanol. Then add 1 gram of sodium chloride followed by 100 ml
of distilled water. Next, add 6-7 drops of phenol red indicator, titrate with 0.1N sodium hydroxide solution until light pink
continues for 30 seconds. Equivalent weight can be measured by using the following equation:

Equivalent weight = weight o f pectin×100÷ titre value o f alkali×normality o f alkali

3.3.5 Determination of methoxyl content
The methoxyl content of pectin is also considered to be an important factor because it determines the setting of the pectin
and its gelling ability. Here, the above neutral solution is then collected to determine the methoxyl content. Add, 25 ml of 0.25
N sodium hydroxide. The mixture should be stirred and kept at room temperature for 30 minutes. Then add 25 ml of 0.25 N
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hydrochloric acid and titrate with 0.1N sodium hydroxide until a light pink color appears. The calculation formula of methoxyl
content is as follows:

Methoxyl content (%) = ml o f Alkali×Normality o f alkali×3.1÷weight o f the sample

3.3.6 Total anhydrouronic acid
Determining the methoxyl content of pectin and the equivalent weight of pectin, total anhydrouronic acid content can
be determined. This is an important characteristic in determining the purity of pectin. The molecular formula of total
anhydrouronic acid is :

AUA(%) = (176×0.1z×100÷w×1000)+(176×0.1y×100÷w×1000)

The molecular weight of AUA=176 gm
W=Sample weight
Z=Titre value of sodium hydroxide from equivalent weight determination
Y= Titre value of sodium hydroxide from methoxyl content determination (11)

3.3.7 Degree of Esterification
It can be determined by the percentage of methoxyl group content and the percentage of anhydrouronic acid content. This
is considered to be an important parameter in determining the functional properties of pectin (9). Formula to determine the
degree of esterification is-

DE (%) = 176× percentage o f methoxyl content ×100÷31× percentage o f anhydrouronic acid

3.4 OPTIMISATION OF PECTIN

Optimization is very important to obtain the best pectin yield. Pectin yield is usually affected by three factors. That is
temperature, time, and pH. The range of variables was selected based on the literature (12). Using design expert software
to achieve optimized conditions for pectin extraction from peels, the predicted values of the design conditions are
90◦C(temperature),2.5 hours (time), and pH 2.5,and the optimal pectin value ranges are obtained respectively (20% to 24.0%).
Compared to data obtained in the literature, the pectin yield was within the acceptable range of the banana peel extraction
conditions. Therefore, this study indicates that banana peel is a quite rich source of pectin. All experiments are conducted
randomly to minimize errors. All 20 experiments were performed, and the data were analyzed statistically by expert design
software 8.0 to find the yield of pectin. Based on these variables, the yield of Pectin was calculated. The importance of the
results is established by analysis of variance (ANOVA). Select variables based on the literature (6). The experimental value and
the predicted value are compared to verify the model, and the error between the two values is less than 5 indicating a good
result (13). The variables are coded as extraction time (X1), temperature (X2), pH (X3). The variables have been standardized
and coded as levels (-1 to +1), and their actual values are shown in Table 1 :

Table 1. Coded level of three variables and their actual values
Extraction parameters Units Code Levels

-α -1 0 +α +1
Time
Temperature
pH

Hour
°C

X1 -0.02 1 2.55 4 5.022
X2 49.77 60 76.50 90 100.2
X3 0.818 1.5 2.37 3.5 4.181

4 RESULT AND DISCUSSIONS

4.1 Percentage yield

Pectin was extracted at optimum condition (90°C, pH- 2.5,2.5 hour). The percentage yield of the pectin extracted from the peel
powder by using 0.5N HCl at pH 2.5 ranges from 20% - 23.43%. The yield of pectin was higher by using hydrochloric acid as
compared to other acids due to the higher ionic strength of HCl (9). Unripe banana has more yield as compared to ripe due to
the degradation of pectin enzymes such as pectin acid lyase and pectin methyl ester hydrolase (14). According to my study, at
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2.5-hour yield of pectin, was between 20-23% it decreases as time increases due to the breakdown of pectin bonds. Thus, 2.5
hours was considered as the optimum time for pectin extraction which gives a higher yield of pectin. Other researchers found
that yield of pectin lies between 13-13.5% from ripe banana and 16.54 % from unripe banana at 4 hours (9).

4.2 Effect of extraction process variables

4.2.1 Effect of Temperature on pectin Extraction
Figure 2(a) demonstrates that temperature affects the yield of pectin. As the temperature rises, the yield of pectin also increases.
At 90°C pectin gives a higher yield but after 90°C yield of pectin will get decreases due to the breakdown of pectin molecules
made up of α (1,4) galacturonic acid. Thus, high temperature also increases the extraction process cost in industries and
the process will no more cost-effective. While the previous study by (15) stated that pectin yield decreases after reaching the
temperature of 76°C and Ermias Girma stated that the yield of pectin is higher between 80-82°C As the temperature rises
further from 82 ◦C to 89 ◦C, the pectin yield of the banana peel tends to decrease.

4.2.2 Effect of pH on Pectin yield
According to Figure 2(b), the yield of pectin decreases as the pH increases. At pH 2.5, pectin offers the highest yields. A previous
study of (6) found similar results. He said that the pectin yield decreases with increasing pH, as some pectin is connected to the
components of the cell wall, but the pectin molecule isnot degraded in a weakly acidic solution and is partially solubilize from
the plant tissue.

4.2.3 Effect of time on Pectin Extraction
Figure 2(c) shows the increase in the quantity of pectin by lengthening the time. The yield of pectin rises to 2.5 hours, after
that pectin yield gradually decreases, causing the thermal degradation effect on pectin yield. Also, the color of pectin is dark
brown. Previous studies of (6) have demonstrated that the yield of pectin is maximal at 120 minutes. But after that, the yield
decreases over time. He said that the extraction step increases the pectin concentration in the solution, so that the extraction
rate is further lowered due to the reduction of concentration gradient, and the second solution becomes more viscous. On the
other hand, (15)explains that the extraction time varies with the solid-liquid ratio (S:L). With low SLR, pectin yield increases
with time of extraction, while pectin yield decreases overtime with high SLR.

Table 2. Anova table for a quadratic model of response surface
SOURCE Sum of squares df Mean Squares F value P-value
Model 14.09 9 1.57 25.99 0.0001
X1 6.47×103 1 6.47×103 0.11 0.7498
X2 2.45 1 2.45 40.63 0.0001
X1X2 1.78 1 1.78 29.52 0.0003
X1X3 0.084 1 0.084 1.39 0.2655
X2X3 0.29 1 0.29 4.74 0.0544
X12 3.17 1 3.17 52.62 0.0001
X22 0.18 1 0.18 3.00 0.1137
X32 0.022 1 0.022 0.37 0.5568
Residual 0.60 10 0.060 - -
Lack of fit 0.46 5 0.092 2.80 0.1414
Pure of Error 0.12 5 0.024 - -
Cor Total 14.69 19 - -

X1−Time, X2-Temperature, X3-pH

The following polynomial given by the Surface model is the relationship between the variable and Pectin yield

Y(%) = +2.39259−0.23342∗X1 +8.69602E−003∗X2 −0.020847∗X3 +0.025463∗X1X2 −0.084269∗X1X3
+0.015559∗X2X3 −0.28894∗X2

1 −5.52657E−004∗X2
2 −0.066593∗X2

3

Where Y = pectin yield, X1= time, X2= temperature, X3=pH. This equation shows the effects of the individual variables and
their parameters ( pH, time, temperature). Therefore, the results show that these parameters affect the pectin yield. ANOVA for
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Response surface quadraticModel for the pectin illustrated that themodel is significant with its F value i.e., 25.99.There are only
0.01% chances that a ”Model F Value” this large could occur due to noise. Values of ”Prob>F” less than 0.0500 indicate model
are significant. The ”Lack of fit” value of 2.80 implies the Lack of fit is not significant relative to the pure error. An insignificant
Lack of fit indicates a good fit of the model. The predicted R squared of 0.9221 is closed to Adj R squared i.e., 0.9590 as expected
in normal conditions. A ratio greater than 4 is desirable and my ratio is 14.295 indicates an adequate signal. The experimental
response for banana peel pectin are given in Table 3 :

Table 3.Design tests of various parameters set by RSM and the responses obtained
Run Factor 1:

Time(hour) X1

Factor 2:
Temperature(◦c) X2

Factor 3: PH X3 Response Yield (%)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

0
0
0
-1
0
-1
0
-1
0
0
+1
+1
0
-1
0
0
+α
0
0
+1

0
+1
+1
-1
0
+1
0
+1
0
+α
+1
-1
+1
-1
-α
0
0
+1
+1
-1

0
0
0
-1
0
+1
-α
-1
0
0
-1
+1
0
+1
0
0
0
0
0
-1

15.87
22.32
21.43
9.28
14.28
16.08
9.08
5.26
17.82
20
12.52
7.09
22.43
17.82
9.18
19.65
5.98
23.43
21.49
5.69

X1 represents Time, X2 representsTemperature, X3 represents pH

Fig 2. (a) Effect of temperature and time at constant pH, (b) Effect of time and pH at a constant temperature, (c) Effect of temperature and
pH at constant time

4.3 Characterization of pectin

The physicochemical properties of banana peel pectin dependent on the source and extraction method (8). Extraction of
pectin under optimum condition (90°C,150 min, pH 2.5) was carried out further for characterization of pectin. Results of
characterization of pectin are given in Table 4 :
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Table 4. Results of determination of physicochemical Properties of pectin extracted from banana peels under optimal conditions (90°C,150
minutes and 2.5 pH)

CHARACTERISATION PECTIN
Moisture content 12.42%
Ash content 4.57%
Total anhydrouronic acid 31.68%
Methoxyl content 9.3%
Degree of esterification 62%
Equivalent weight 1428.57g/ml

4.3.1 Moisture content
The moisture content of pectin was found to be between 10-12%. Hence low moisture content increases the shelf life of pectin
and prevents it from microbial degradation (16). Pectin is hygroscopic so it should be stored in an airtight sealed glass container
while the previous study by Castillo Isarael has found moisture content between 10-14%.

4.3.2 Ash content
Ash content is the criteria that define the purity of pectin.The purity of the pectin is inversely dependent on Ash content i.e., the
pectin with lower Ash content is high in purity. The ash content obtained from pectin was 4-5%. Good quality pectin contains
ash content between 9-10% for gel formation (17)

4.3.3 Methoxyl content
The methoxyl content obtained with pectin was 8%. According to (6), the banana peel contains high levels of methoxyl content.
The methoxyl content of pectin generally ranges from 0.2 to 13% based on the extraction method and source (18). Commercial
pectin methoxyl content is generally diverse at 8-11% and forms high sugar gels, while low methoxy pectin is diverse at 3-7%
and forms low sugar gels. Also, the methoxyl content affects the dispersibility of pectin, with higher methoxy pectin dispersing
more in water than the less than methoxyl content below 70%

4.3.4 Total Anhydrouronic Acid
Anhydrouronic acid is also considered to be an important factor for calculating the purity of pectin and the degree of
esterification. According to my research, the total anhydrouronic acid being pectin was 31.68%. According to Norazelina, when
the AUA content is less than 65%, it shows the presence of impurities such as protein, starch, and sugar. The pectin of immature
banana peel is becoming less pure compared to commercial pectin.

Phaviphu Khamsucharit (3) found that 82.05% and 76.08% of the AUA% of citrus peel and apple residue are of high purity,
respectively. Another study by (19) found that the % AUA present in saba banana was 40.0-69.1%, but Kluai Nam Wa variety of
banana found that only more than 65% AUA% met the requirements of commercially used pectin (20)

4.3.5 Degree of Esterification
Gelling properties of pectin are determined by their degree of esterification and lies in the range of 60 to 90% (21) In previous
studies, it was reported that the degree of esterification is affected by temperature (22). Depending on the degree of proportion,
pectin can be divided into two parts-rapid settings (DE> 72%), slow setting (DE,58-65%) (23)

4.3.6 Equivalent Weight
This is an important parameter of high molecular weight pectin; high equivalent weight could occur as a consequence of higher
partial degradation of pectin (24).Thus, unripe banana has a high equivalent weight as compared to ripe. The equivalent weight
of pectin was found at 1428.57 g/ml in a banana peel.

5 Conclusion
Pectin was successfully isolated from the unripe banana peel with HCl. The optimum condition of pectin was found 2.5 pH,
temperature 90°C, and time 2.5 hours to obtain a higher yield. The yield of pectin was between 20-24%. Pectin yields are
generally dependent on the source and extraction method. Pectin was successfully isolated from the unripe banana peel with
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HCl. Based on the optimum condition of pectin its characterization takes place. Further increases in time, temperature, and
pH resulted in the degradation of pectin. Thus, pectin extracted from the banana peel in this study could be of higher quality.
This study revealed that Response Surface Methodology was an effective software for the optimization of pectin. The statistical
analysis indicates that time, temperature, and pH affect the yield of pectin significantly, and also it concluded that banana
peel is a good source of pectin that can be commercially used in food industries and the pharmaceutical industry. Finally, it
concluded that the industries that utilize the banana peel for pectin extraction could not only resolve the waste disposal and
pollution problem but also it saves foreign exchange imports of pectin. In this regard, the current research going on towards the
development of edible film/coatings from pectin. Based on this research two distinctive future directions are found i) The cost-
effective and efficient methods used to extract pectin, ii) the Extraction of other potential substances by utilizing the by-product
of the banana.

Limitations

• The limitation of this study is that pectin can be extracted in controlled temperature.
• Increase in temperature leads to degradation of pectin and its yield.
• More characterisation of pectin, should be evaluated in future.
• other sources of pectin and its characterisation should be done.
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