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The dumping of waste banana peels from local chip manufacturing has encouraged 
sustainable food trends to valorize these peels as pectin sources. In this study, soluble 
pectin from banana peels was extracted using a continuous subcritical water extraction 
system (SWE). This method was a promising fast extraction process with a water solvent 
that was environmentally friendly. Temperature (100 to 160 °C) and extraction time (5 to 
50 minutes) were manipulated, with a fixed pressure of 15 MPa, a flow rate of 15 mL/min, 
and a particle size of 0.6 mm. The response surface methodology (RSM) was used to 
generate approximately 13 experimental trials from the central composite design. Based 
on linear and square models, the results revealed that the interaction of temperature and 
time to pectin yield had a significant effect. At 100°C for 5 minutes, an optimal condition 
for producing pectin yield was achieved, which risen the highest pectin yield by 26%. As a 
result, the SWE continuous system promoted increased pectin production in the shortest 
extraction time. In short, banana peel pectin is a powder that serves a primary function 
in numerous food, pharmaceutical, and cosmeceutical applications. 
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1. Introduction 
 

The rapid growth of various manufacturing industries such as foods, cosmetics, and medicines 
has stimulated the need for pectin sources. According to Grand View Research, the pectin market is 
estimated to be worth USD 1.0 billion in 2019 and is expected to grow at a CAGR of 6.5 percent from 
2019 to reach USD 1.5 billion by 2025. The pectin industry is growing due to rising convenience food 
consumption, increased health consciousness, and the multi functionality of pectin that is applicable 
for a wide range of applications. The importance of pectin sources in various applications has 
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triggered many researchers to explore aggressively by extracting the pectin using a current or 
advanced method from various local agriculture sources that are readily available. Every year, 998 
million tons of agricultural waste are generated globally. For instance, apple pomace and citrus peel 
are the main primary waste product in juice manufacturing [1,2]. Contributed locally, banana peel is 
one of the main agricultural wastes in the chips manufacturing sector [3]. 

Banana (Musa spp.) is Malaysia's second most extensively cultivated fruit and it can be consumed 
ripe or unripe [4]. The ripe banana is regularly used to make fried bananas, whereas the unripe 
banana is used to make products such as chips and juices. Banana peels, which account for 
approximately 40 % of the total weight of fresh bananas, were indeed typically discarded in landfill 
space, rotten out without meaningful reuse, and triggered environmental issues [5]. Banana peel 
contains a large number of carbohydrates, a vast quantity of dietary fiber, mainly hemicelluloses and 
pectin polysaccharides at 10 to 21 % by weight, and others constitute is natural sugar [2]. One way 
to utilize this banana peel was by using it as a source of pectin. 

Pectin is known over the past decade that is a basic element holding the cell wall and middle 
lamellae of a plant cell. Pectin consists of a group of heteropolysaccharide block copolymers mainly 
comprised of high proportionate 1,4-α linked galacturonic acid (GA) units attached in a chain-like 
connection. Pectin has a variety function that widely acted as a gelling, thickening, or stabilizing agent 
[6,7]. It is used as a fat or sugar replacer in jams, jellies, frozen foods, and more. It is also used in the 
pharmaceutical industry to lower blood cholesterol levels and treat gastrointestinal disorders. Other 
than that pectin is used for packaging material or known as edible films, paper substitutes, foams, 
and plasticizers. Commercial natural pectin is derived from various fruit peel sources mainly 
contributed from the food manufacturing process [8]. Usually, pectin is produced from the extraction 
process and normally pectin was extracted from citrus fruits in the form of white or light brown 
powder [6]. Commercial pectin production involved strong acid or alkaline as a solvent and this 
results in several drawbacks such as longer process time. 

The extraction process has always been a pivotal unit operation in recovering interest compounds 
such as pectin from plant cell walls. Lately, the advanced extraction technologies such as subcritical 
water extraction (SWE), supercritical fluid extraction (SFE) and others demonstrated high selectivity 
in enrolling a naturally clean process [9,10]. Up till now, the extraction method uses chemical 
substances as the main solvent had promising a high proficiency of production. However, using a 
large volume of organic solvents are utilized by industry might have unwanted effects on the 
surrounding and product components and will eventually harmful to human health and cause 
environmental stress. 

To address these drawbacks, the continuous system subcritical water extraction (SWE) method 
that is efficient, economical, eco-friendly, harmless, and fast is vital. Continuous SWE using water as 
the solvent is one of the most exciting methods because water is non-flammable, non-toxic, 
inexpensive, and sustainable. Subcritical water, also called pressurized hot water, compressed hot 
water, or superheated water; is hot water that needs to maintain its condition in a liquid state under 
temperatures between 100°C and 374°C and pressure between 1MPa and 22.1 MPa [11]. Thus, 
continuous system SWE was the best solving extraction process to extract pectin from agricultural 
waste since SWE gave a higher efficiency, lower extraction time, and is not harmful to the 
environment. There are very few studies on pectin from banana peels using advanced technology. 
For that reason, it promoted the idea of using one of the advanced technologies with maximizing 
output. 

The empirical statistical modeling procedure known as response surface methodology (RSM) 
implements the multiple regression analysis has been used to explain simultaneous multivariate 
equations [12]. It is a greatly resourceful statistical tool that brings out optimization for manifold 
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processes. The experimental trials desired to evaluate independent factors and their interfaces can 
be reduced. In this study, RSM was used to boost the continuous system SWE (temperature and time) 
extraction of pectin from banana peels. The study attentions on optimizing the extraction factors to 
increase pectin yield using the central composite design (CCD). Hence, the objective of this study is 
to boost the production of pectin sources from banana peels using the continuous system SWE and 
the CCD is used to develop the regression model and optimize the effect of temperature and time 
towards maximized the pectin yield. 
 
2. Methodology 
2.1 Sustainable Source of Banana Peels 
 

Routinely abundance of banana peels has been discarded as agricultural wastes from the food 
industry, Azhar Food Manufacturing Sdn. Bhd is located at Rengit, Pontian Johor. These banana peels 
have been utilized properly as it is taken more than a year to biodegrade. Thus, the collection of 
banana peels mainly from of 'Pisang Tanduk' variety collected from that factory. 

In this initiative, the banana peels were kept in a zipper bag to minimize an oxidation reaction. 
Then, the banana peels were cut into 1 cm sizes and soaked in fruit detergent to remove any 
impurities. Wash thoroughly and oven-dried the banana peels at a temperature of 50°C. The dried 
banana peels were ground using the commercial blender and sieved with particles size of 0.6 mm. 
Then, the banana peel powder was kept in a tight container and stored at room temperature for 
further process. 
 
2.2 Simplified Experimental Design 
 

A Design Expert 13th software was used to simplify the experimental work consisting of 
temperature and time as parameters. The Central Composite Design (CCD) of 2 independent 
variables was fitted to the response function. The selection of design is based on a few experimental 
combinations of the variables required to approximate the complex response function. Thus, the 
response surface second-order polynomial model is expected to take the following form of Eq. (1) 
below: 
 

𝑌 = 𝐵𝑂 +  ∑ 𝐵𝑖𝑋𝑖 +  ∑ 𝐵𝑖𝑖𝑋𝑖
2 + ∑ ∑ 𝐵𝑖𝑗𝑋𝑖𝑋𝑗𝑗𝑖

𝑘
𝑖=1

𝑘
𝑖=1         (1) 

 
Where Y is the predicted response; B0 is a constant; Bi, Bii, and Bij represent the interactions of the 
effect; Xi and Xj are the coded value parameters.  

For this extraction process, 13 experimental run order under the Central Composite Design (CCD) 
with 2 parameters were generated and the level of parameters are shown in Table 1: 
 

Table 1  
Level of Extraction Parameters 
Parameters Point Type 

Minimum 
level (-1) 

Central 
point (0) 

Maximum 
level (+1) 

Temperature 
(°C) 

100 130 160 

Time  
(min) 

5 10 15 
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2.3 Continuous System Subcritical Water Extraction 
 

The production of pectin was established using the continuous system of subcritical water 
extractor (SWE) at the Centre of Lipid Engineering and Applied Research (CLEAR) laboratory, UTM 
Skudai Johor as represented in Figure 1. 
 

  
(a) (b) 

Fig. 1. Fabricated Continuous System Subcritical Water Extractor (a) Photograph (b) Schematic 
Diagram 

 
About 1 g of dried banana peels were loaded into the sample extractor vessel and about 200 mL 

of distilled water flowed in during the extraction process. The extraction condition consisted of 
temperature and time ranging from 100°C to 160°C, 5 to 15 min at a fixed pressure of 15 MPa. The 
continuous system SWE is fabricated with a continuous flow rate at 15mL/min associated with high 
pressure to maximize the pectin yield from banana peel wastes. 
 
2.4 Wetted to Dried Banana Peel Pectin 
 

After the extraction process, about 100 mL of banana peel extracts were produced and 
precipitated by adding 95% of ethanol into the extracts in a ratio of 2:1 (v/v). The mixture of ethanol 
and the extracts was stirred using a magnetic stirrer for about 10 min at room temperature to 
homogenize the mixture as referred to Canteri-Schemin et al., [7] study. The mixture was left 
overnight at room temperature to allow the precipitation of pectin polysaccharides. Then, pectin 
precipitates were collected, which is known as the wetted pectin shown in Figure 2(a). 

Initially, the wetted pectin that still contained 95% ethanol was vortexed and centrifuged 
(Centrifuge 5840, Eppendorf, Germany) at 7000 rpm for 5 min. The supernatant was removed and 
the residue was washed using 70% ethanol. This procedure was repeated twice. After that, about 
two drops of acetone were dropped on the residue to remove the unwanted color. Then, banana 
peel pectins were collected using ashless filter paper (Munktell Filter, Sweden) and dried using an 
oven (Memmert, UM100, Germany) at 50°C approximately for 3 hours until a constant weight was 
achieved. The dried banana peel pectin as shown in Figure 2(b) was grounded using a porcelain 
mortar and kept stored in a glass bottle before further analysis. 
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(a) (b) 

Fig. 2. Banana Peel Pectins (a) Wetted Form (b) Dried Powder Form 

 
Determination of pectin yield percent was calculated as a gram of dried pectin obtained per gram 

(g) of the dried peel of raw material used as shown in Eq. (2) below: 
 

𝑃𝑒𝑐𝑡𝑖𝑛 𝑌𝑖𝑒𝑙𝑑 (𝑤𝑡 %) = (
𝐷𝑟𝑖𝑒𝑑 𝑝𝑒𝑐𝑡𝑖𝑛 (𝑔)

𝐷𝑟𝑖𝑒𝑑 𝑝𝑒𝑒𝑙 𝑟𝑎𝑤 (𝑔)
) 𝑥 100         (2) 

 
2.5 Statistical Analysis 
 

The statistical analysis is generated and analyzed from Design Expert 13th, USA, which comprises 
of individual desirability (D) and evaluates the effect of factors to optimize a single response. As a 
reference, if the Desirability, D value is close to 1, it designates the factors seem to achieve favourable 
results for all responses as a whole. Also, the D indicates that the settings are more effective at 
maximizing or minimizing responses. Meanwhile, the probability of an upper 95% exact confidence 
level is set to exclude 0.05 is calculated for each resulting group testing design. 
 
3. Results 
3.1 Development Regression Model Equation 
 

From the central composite design (CCD), there are thirteen (13) run orders of the experiments 
were carried out according to the temperature and extraction time conditions. Table 2 illustrated the 
overall design of two factors and responses that have been used to obtain the quadratic models. 
 

Table 2 
Experimental Runs of Central Composite Design 
Run 
Order 

Parameters Response 

Temp (°C) Time (min) Pectin Yield (%) 

1 100 5 24.51 
2 130 5 13.64 
3 160 5 0.38 
4 130 10 17.01 
5 100 10 26.48 
6 160 10 21.09 
7 130 10 18.02 
8 100 15 15.81 
9 130 15 10.62 
10 160 15 21.43 
11 130 10 18.82 
12 130 10 16.91 
13 130 10 14.21 
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Table 2 showed, that at 100°C, the pectin yield achieved was from 15.81 to 26.48 %, while at 
130°C the pectin yield was from 10.62 to 18.02 % was obtained, followed by 160°C, which obtained 
the pectin yield is from 0.38 to 21.43 %. At a high temperature of 160°C with exceeded of extraction 
time 15 min, the increment of solubility extracted pectin has occurred. It is caused by the extraction 
condition in continuous system SWE giving a higher rate of extraction. Otherwise, in our previous 
study using the batch system of SWE was in ranging from 0.72 to 4.88 %. At higher temperatures in 
the batch system, SWE would activate to break down the pectin molecules as pectin is composed of 
α-(1–4) linked units of galacturonic acid (GA) or methyl ester (–CH3), that happened at 160°C [13]. 
Contrarily, Swamy and Muthukumarappan [14] reported a lower banana peel pectin yield that was 
only achieved at 2.58 %, as they use the intermittent microwave extraction method. Thus, it could be 
related to the efficiency of the extraction method within the dominant parameters such as 
temperature, time, and pressure which play an important role in maximizing the output of pectin 
yields. 

Extraction time is also a crucial parameter in the extraction of pectin yield. Most of the findings 
reported the extraction time is mainly related to the yield extraction. So, extraction yield increase 
with time increase [15]. Throughout the continuous system, SWE agreed as the pectin yield was 
significantly increased as time increased to 15 min and it is different by using the batch system SWE. 
However, both studies produced the highest yield within 5 min and the selection of 5 min is the most 
efficient and promising more economic. 

From the assortments of 13 CCD matrixes, data were used to determine the coefficient model. 
The estimated coded coefficients were shown in Table 3 along with the coefficient of determination 
R2, adjusted R2, and predicted R2. 
 

Table 3 
Coded Coefficients for Pectin Yield 
Source Coded 

Coefficients 
p-value 

Regression Model +166.874 0.0023 

Linear   
A -2.1179 0.0095 
B -0.9350 0.2097 

Interaction   
AB +0.04966 0.0010 

Quadratic   
A2 +0.0057 0.0172 
B2 -0.2600 0.0058 

R2 0.8984  
Adjusted R2 0.8259  
Predicted R2 0.2189  

 
As can be seen from Table 3, the coefficient determination of yield revealed R2 value of 0.8984. 

It was indicated that the model could be described at 89.84 % of the data variation and only 10.16 % 
of the total variations were not described by the model. For a model to be acceptable, the R2 value 
should not be less than 0.75 [16]. However, Koocheki et al., [17] proposed that a large value of R2 did 
not always denote that the regression model was a good one. Such inference could only be made 
based on a similarly high value of adjusted R2 [17]. The adjusted determination coefficient (adj R2) for 
yield was comprised of 0.8259. The p-value obtained was 0.0023 which is less than 0.05 indicating 
model terms are significant and important. The predicted R2 shown is relatively lower at 0.2189 than 
the adjusted R2 as it can guard against models that are too complicated. 
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In this case, A, AB, A2, and B2 are significant model terms. Therefore, it was confirmed that the 
quadratic model was equitable significant, which specified a respectable agreement between the 
experimental and predicted values of extraction parameters. 

Therefore, obtained models could be applied to determine the relative effects of factors. In 
achieving the optimum combination of factors for a maximum pectin yield as well as to predict the 
test results for other conditions. The quadratic models were stated as in Eq. (3) 
 
𝑃𝑒𝑐𝑡𝑖𝑛 𝑌𝑖𝑒𝑙𝑑 = 166.8742 –  2.1179A +  0.0497AB +  0.0057A2 –  0.2600B2     (3) 
 
where A is the temperature coefficient and B is the extraction time coefficient. From the equation 
model, the positive (+) and negative (-) signs indicate the interaction effects of factors [18]. The 
positive (+) meant the synergetic effects of a factor, while the negative sign (-) indicated an 
antagonistic effect [19]. The synergetic effect has been raised between two or more factors that 
produced an effect greater than the sum of their individual effects. Moreover, the antagonistic effect 
is wherein two or more factors in combination have an overall effect that was less than the sum of 
their individual effects. Eq. (3) also reveals that the effect of temperature was the most influential 
variable during the extraction process. This is due to the high value of coefficient (2.1179) and low 
p<0.0095 and the effect of extraction time was not significant due to the low coefficient value and 
large p>0.2097. 

To avoid poor or misleading response surface results, the adequacy and fitness of the model have 
been verified using regression analysis and analysis of variance (ANOVA) [20]. Thus, the statistical 
model was checked by f-tests and summarized in Table 4 and definite that the equation could 
efficiently describe the correlation among the factors and responses. 
 

Table 4 
ANOVA Table for the Response of Pectin Yield 

Source Sum of 
Squares 

Degrees of 
Freedoms 

Mean 
Square 

f-value p-value 

Model 470.85 5 94.17 12.38 0.0023 

Linear      
A 95.20 1 95.20 12.52 0.0095 
B 14.51 1 14.51 1.91 0.2097 

Interaction      
AB 221.27 1 221.27 29.10 0.0010 

Quadratic      
A2 73.40 1 73.40 9.65 0.0172 
B2 116.68 1 116.68 15.35 0.0058 

Residual 
Error 

53.23 7 7.60   

Lack of Fit 41.08 3 13.69 4.51 0.0898 
Pure Error 12.14 4 3.04   
Total 524.07 12    

 
Table 4 indicated yield response as showed the model f-value of 12.38 implies that the model is 

significant. There is only about a 12 % chance that the model of f-value could occur because of noise. 
For linear terms of B (p<0.2097, f=1.91) has no significant effect during extraction process. Otherwise, 
Wang et al., [21] stated that changing the extraction time had highly significant effects on the yield 
(p<0.0001). It was observed that the f-values for interaction term gave highest at 29.10. Thus, a large 
f-value showed that the deviation in the responses could be clarified by the regression equation, 
indicating that the model term is greatly significant [14]. Another piece of confirmation is the lack of 
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fit f-value. The lack of fit f-value for yield gave at 4.51, which implies the lack of fit is significant relative 
to the pure error. According to Yolmeh and Jafari [22], a significant lack of fit has indicated the 
unsuitability of the model. However, in this case, all the model coefficients for namely A, AB, A2, and 
B2 are significant. 

Furthermore, comparing residual plots were investigated to determine whether the quadratic 
model meets the assumptions of the analysis. The residual plot was displayed in Figure 3 which 
included the value of predicted versus actual data. It also illustrated that the model has successfully 
fitted due to the 0.23% minor difference between the values of predicted and actual. 
 

 
Fig. 3. Residual Plot of Pectin Yield 

 
As can be seen in Figure 3, the residual analysis consists of normal probability presented the 

quadratic model successfully captured the correlation between the process conditions of extraction 
owing to the predicted values were nearly close to the actual values. Thus, it is clear that the values 
resulting experimentally match closely with that developed by the model. Related studies have been 
reported for pectin extraction from durian rinds and pomelo peels [23,24]. 
 
3.2 Interaction Effect towards Pectin Yield 
 

To visualize the correlation between the response and process factors, a three-dimensional (3D) 
response surface was generated from the model equation. The coefficient of the 3D dimension 
response surface plot showed mutual interactions between the extraction temperature and time. 
Initially, the 3D response surfaces were plotted to explore the interaction factors at middle holding 
values at temperature 130°C and time 10 min against the pectin yield. Hence, the interaction effect 
of temperature*time and time*temperature on pectin yield was illustrated in Figure 4(a) and Figure 
4(b). 

Figure 4(a) and Figure 4(b) represented the three-dimensional (3D) response surface plot of the 
interaction effect between temperature and time toward the pectin yield percent. In Figure 4(a), a 
low point of the temperature of 100°C and time of 5 min contributed the highest percent of pectin 
yield. Moreover, at the middle point of the temperature of 130°C and time of 10 min, the pectin yield 
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is gradually decreased. At the high point of the temperature of 160°C and time, 15 min has 
progressively increased the pectin yield. These changes are due to the transition state of pectin that 
is affected by thermal changes during the subcritical extraction process [3]. In subcritical conditions, 
the temperature is the most dominant parameter for the flow deformation properties. As 
temperature rises, the dielectric constant of the solvent decreases, resulting in enhanced pectin 
solubility in water [25,26]. 

Meanwhile, in Figure 4(b), the interaction of time and temperature towards pectin yield showed 
similar trends. This proves that the combination of both interactions on pectin yield is very significant. 
 

  
(a) (b) 

Fig. 4. Interaction Effect of (a) Temperature*Time towards Pectin Yield (b) Time*Temperature towards 
Pectin Yield 

 
3.3 Pectin Yield Optimization 
 

To achieve the maximum response that jointly satisfied all process conditions, thus the response 
optimization plot was generated. The response optimization is associated with several constraints as 
described in Table 5 and followed the optimization solutions with its desirability, D as shown in Table 
6. The selected extraction condition was based on the highest D which was more than 70%. 
 

Table 5 
Optimization Constraints 
Name Goal Lower Limit Upper Limit Importance 

Temperature (A) Minimize 100 160 5 
Time (B) Minimize 5 15 5 
Pectin Yield Maximize 0.38 26.48 5 

 
Table 6 
Optimization Solutions 
Number Temperature (°C) Time (min) Pectin Yield (%) Desirability, (D) 

1 100.000 5.000 25.983 0.994 
2 100.000 5.125 26.156 0.992 
3 100.000 5.315 26.405 0.988 
4 100.000 5.361 26.642 0.988 
5 100.771 5.000 25.427 0.982 
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As highlighted in Table 6 is the optimum condition that denoted at a temperature of 100°C and 5 
min of extraction time with its highest desirability, D of 0.994. Therefore, the point of optimum 
condition was illustrated in Figure 5. 
 

 
Fig. 5. Optimization Plot for Maximum Pectin Yield 

 
Figure 5 shows the prediction of response was based on yield targeted settings at the maximum 

set. It also provides an overview of the current setting factors of temperature at 100°C, a time of 5 
min was highlighted to fulfil the best extraction condition and be more economical. As supported by 
Pasandide et al., [15] the temperature range is the most significant parameter because it frequently 
has a resilient effect on the yield. As the results revealed, the pectin yield was lower at 160°C, 5 min, 
and the pectin yield became increased as exceeded the extraction time of 15 min. At 160°C, the 
extraction rate increased giving a significant reaction to banana peels being fully broken causing 
pectin solubility in the water to increase. Another factor affecting yield was extraction time. Many 
researchers described that the extraction time is continuously related to the yield extraction so that 
the extraction yield increase by increasing time [15]. Yet, other features must be considered, such as 
the use of different extraction methods within a low-temperature range, which could increase the 
yield percent even in excess time. 
 
4. Conclusions 
 

This study puts forward that the CCD design establishes to be effective and adequate in 
constricting down the optimal results of the continuous system SWE extraction of pectin from banana 
peels. The observational data present that the independent factors have a significant, important 
effect on the extraction process and response surface plots assessed the interaction effect input 
factors on the reaction. Second-order polynomial models projected the pectin yield. ANOVA results 
specified a high coefficient of determination values R2 of 0.8984 for continuous system SWE of pectin 
yield. Hence, the fit of the regression model with the experimental values was assessed and 
established to be fit. Thus, the optimum condition with desirability, D is 0.994 using the continuous 
system SWE at 100°C, 5 min successfully produced the maximum pectin yield until 26 %. The 
interaction effect of temperature showed the most significant parameter which boosted pectin yield 
within the shortest extraction time. 
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