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ABSTRACT 

Matured banana pulp was treated with pectinase enzyme (Pectinex Ultra SP-L) at various 

concentrations (0.05-0.15%), incubation temperature (30-50
0
C) and time (60-180 minutes). 

The effect of these enzymatic conditions on per cent juice yield, viscosity of banana pulp and 

clarity of banana juice were studied by employing Central Composite Design. The coefficient 

of determination (R
2
values) for juice yield, viscosity and clarity were 0.9109, 0.9927 and 

0.8370 respectively. Based on response surface and desirability graph, the optimum 

conditions for clarification of banana pulp were: 0.15% enzyme concentration, 35.90
0
C 

incubation temperature and 177.70 minute of incubation time resulted juice yield, viscosity of 

pulp and clarity of juice under above conditions were 49.28%, 539.19 cps and 62.31% 

respectively. 
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INTRODUCTION  

Banana (Musa spp.) is the fourth most important food crop in the world after rice, 

wheat and maize with a world production of around 99.9 million metric tons in 2010 [1].  

Banana is a climacteric fruit. During ripening, fruit passes through 7 stages of peel colour 

considered as ‘Ripening stages’. Commercial standard colour charts are available in which 7 

stages of peel color were reproduced and translated to a numerical scale where Stage 1=all 

green, 2= green with trace of yellow, 3= more green than yellow , 4= more yellow than green, 

5= yellow with trace of  green, 6= full yellow, 7= full yellow with brown spots [2]. As 

ripening progressed, various biochemical changes occur within the fruit viz. skin colour 

changes from green to yellow, firmness is decreased, fruit gets softened and starch is 

converted into sugar[3] [4] [5].   

Due to highly perishable nature of fruit, shelf life of fully matured banana under 

tropical conditions is limited to a short period. It is estimated that about 30% of the produce 

do not reach to the consumer. Once the process of ripening starts, crop is even not suitable for 

shipment [6]. Ultimately during peak season, due to a large volume of fruits available, the 

producers are faced with low returns. In order to minimize losses due to wastage, to avoid 

distress sales and to ensure reasonable returns to the farmer, there is a necessity to develop 

long lasting products and by-products of banana which have commercial importance such as 

banana powder, flour, figs, chips, canned slices, jams etc. Bananas have a high sugar and a 

recognizable desirable flavour could also be utilized to produce banana juice with nutritional 

value and desirable acceptable flavour. The juice can be served as alone or blended with other 

fruit juice. Banana juice can also be applied to wine production. However, banana juice is 
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turbid, gray in colour, very viscous, tends to settle during storage and therefore must be 

clarified prior to commercialization.  

Pectin and starch in banana makes the banana juice turbid and viscous. One of the most 

effective methods for the clarification is the enzymatic liquefaction technique. Pectinases and 

cellulases are group of enzymes that contribute to the breakdown of pectin and cellulose 

materials, respectively [7]. The commercial pectinolytic enzymes are used as processing aids 

for pectin degradation which settled down organic particles in suspension. The use of 

pectinolytic enzymes not only resulted in higher yield of juice but also preserves the 

nutrients, original colour and flavour [8] [6] [9] [10]. The enzymatic clarification is 

influenced by a number of variables [11] [12]. However, in this study the effect of 

concentration of the enzyme, temperature and incubation time of the treatment are studied at 

one stage of maturity. 

Despite various reports on enzymatic depectinization, no work on the optimization of 

pectinase and cellulase treatment with respect to ripening or maturity stages of banana fruit is 

reported. Most of the researchers used fully ripened stage i.e. stage 7 for enzymatic 

clarification study. During ripening as there is drastic change in the composition of pulp viz. 

starch, sugar content; enzyme requirement for clarification will also be vary at different 

ripening stages.   Hence, in the present investigation out of the three advanced maturity stages 

(stage 5, 6 and 7) initial stage i.e. stage 5 has been selected to optimize the enzymatic 

conditions viz. enzyme concentration, temperature and incubation time using response 

surface methodology (RSM). Banana fruits at this stage are more firm than stage 6 and 7, 

hence can be handled and transported without much damage [13].   

 

MATERIALS AND METHODS 

Banana Fruits 

Bananas (Musa sp.) of variety ‘Robusta’ were procured at the maturity stage 1(all 

green) from selected banana orchards near Anand city (India). The procured material was 

sorted, tagged and kept for ripening as per the method suggested by Kulkarni et.al., (2010) 

[14] upto 5
th

 stage of maturity (yellow with trace of  green). 

Commercial Enzymes 

Commercial pectinolytic enzyme i.e. Pectinex Ultra SP-L and cellulase enzyme i.e. 

Celluclast 1.5L were obtained from Novozymes South Asia Pvt. Ltd., Bangalore.  

Banana Pulp Clarification Process 

Banana pulp of maturity stage 5 has been clarified by using the commercial 

pectinolytic enzyme i.e. Pectinex Ultra SP-L and cellulase enzyme i.e. Celluclast 1.5L. 

The banana fruits were washed, peeled manually and cut into small pieces. Pieces 

were then pulped using a kitchen blender for 2 minute into pulp. After the pulping, the pulp 

was divided into equal portions for enzymatic treatment. For each experiment 500g pulp was 

subjected to different pectinase enzyme treatment conditions as shown in Table 1. 

The required quantity (0.05-0.15%) of pectinase enzyme i.e. Pectinex Ultra SP-L pulp 

was added to 500g batches of banana pulp and incubated at different temperature (30-50
0
C) 

and time (60-180 min) and then treated with 0.05% cellulase enzyme i.e. Celluclast 1.5L. At 

the end of the treatment, the enzymes in the pulp was inactivated by heating at 90
0
C for 5 

minute and immediately cooled to room temperature. At this stage viscosity of the pulp 

samples were measured. The enzyme treated pulp was centrifuged at 2900g/15 minute. The 

supernatant was filtered through a fine mesh nylon cloth spread on glass funnel and juice was 

collected. Viscosity of treated pulp, yield and clarity of juice were used as basis for 

optimization study. 
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Yield 

The juice yield was estimated as percentage of the juice obtained based on the initial 

pulp. 

Viscosity 

The viscosity of clarified banana juice was determined by using a Brookfield 

Viscometer (Model LVDV-II+, Brookfield Engineering Laboratory, Inc.) at 100 rpm with 

spindle No. LV3 and LV4. 

Clarity 

The clarity of the juice obtained was determined by measuring % transmittance at a 

wavelength of 660 nm using ‘Shimadzu UV–VIS’ spectrophotometer. Distilled water was 

used as the reference. 

Experimental Design and Statistical Analysis 

RSM was used to generate the experimental designs, statistical analysis and 

regression model with the help of Design Expert Software Version 8 (Statease Inc.).  

 The Central Composite Design (CCD) with a quadratic model [15] was employed. 

Three independent variables namely enzyme concentration (x1), temperature (x2) and time 

(x3) were chosen. Each independent variable had 3 levels which were coded as (-)1, 0 and 

(+)1. A total of 20 different combinations (including six replicates of the of the centre point 

each signed the coded value 0) were chosen in random order according to a CCD for three 

factors [16]. The experimental design in the coded (x) and actual (X) levels of variables is 

shown in Table 1. 

Table 1. The Central Composite Experimental Design Employed For Enzymatic 

Clarification of Banana Juice 

Sr. No. 

Enzyme 

Concentration (%) 

Temperature 

(
0
C) 

Time 

(min) 

X1 (x1) X2 (x2) X3 (x3) 

1 0.15(+1) 50(+1) 60(-1) 

2 0.1(0) 40(0) 120(0) 

3 0.15(+1) 30(-1) 180(+1) 

4 0.1(0) 40(0) 120(0) 

5 0.05(-1) 50(+1) 180(+1) 

6 0.05(-1) 30(-1) 60(-1) 

7 0.05(-1) 30(-1) 180(+1) 

8 0.1 (0) 40(0) 120(0) 

9 0.1(0) 40(0) 120(0) 

10 0.05(-1) 50(+1) 60(-1) 

11 0.15(+1) 50(+1) 180(+1) 

12 0.15(+1) 30(-1) 60(-1) 

13 0.1(0) 40(0) 120(0) 

14 0.15(+1) 40(0) 120(0) 

15 0.1(0) 40(0) 120(0) 

16 0.1(0) 50(+1) 120(0) 

17 0.1(0) 40(0) 60(-1) 

18 0.05(-1) 40(0) 120(0) 

19 0.1(0) 40(0) 180(+1) 

20 0.1(0) 30(-1) 120(0) 
                       x  represents the coded level of variables. 

                       X represents the actual level of variables. 
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The responses function (y) measured were the yield, viscosity and clarity of the 

banana juice. These values were related to the coded variables (xi, i = 1, 2 and 3) by a second 

degree polynomial using the equation below. 

y = b0 + b1x1 + b2x2 + b3x3 + b12x1x2 + b13x1x3 + b23x2x3 + b11x1
2
 + b22x2

2
 + b33x3 

2
  

The coefficients of the polynomial were represented by b0 (constant term), b1, b2 and 

b3 (linear effects), b11, b22 and b33 (quadratic effects), and b12, b13 and b23 (interaction effects). 

The analysis of variance (ANOVA) tables were generated and the effect and regression 

coefficients of individual linear, quadratic and interaction terms were determined. The 

significances of all terms in the polynomial were judged statistically by computing the F-

value and compared with standard significance level of 0.1%, 1% and 5%. The regression 

coefficients were then used to make statistical calculation to generate contour maps from the 

regression models. 

 

RESULTS AND DISCUSSION 

Different enzymatic treatment conditions viz. enzyme concentration, temperature and 

time were applied for clarification of banana pulp of stage 5. The experimental results 

obtained from 20 run experiments for yield, viscosity and clarity under different treatment 

conditions are  given in Table 2. The regression coefficients for second order polynomial 

equations and results for linear, quadratic and interaction terms are presented in Table 3. The 

statistical ananlysis indicates that the proposed model was adquate, possessing no lack of fit 

and with satisfactory values of the R
2
 for all the responses. The R

2
 values for yield, viscosity 

and clarity were 0.9109, 0.9927 and 0.83 respectively.  

 

Table 2. Effect of enzyme concentration, temperature and time on three dependent   

variables for pulp of maturity stage 5 

  

Run 

  

Independent  Variables Dependent  Variables 

Enzyme 

Concentration 

(%) 

Temperature 

(
0
C) 

Time 

(Min) 

Yield 

(%) 

Viscosity 

(cps) 

Clarity 

(% T) 

1 0.15 50 60 42.6 620 49.24 

2 0.1 40 120 45.3 615 54 

3 0.15 30 180 48.1 580.14 59.1 

4 0.1 40 120 47.2 595 56 

5 0.05 50 180 42.2 728.12 50.33 

6 0.05 30 60 35.2 1162.23 46.2 

7 0.05 30 180 37.7 1050.32 46.8 

8 0.1 40 120 45.8 610 56.34 

9 0.1 40 120 45.02 592 53.12 

10 0.05 50 60 39.6 850.13 49.33 

11 0.15 50 180 44.14 610.9 52.02 

12 0.15 30 60 47.6 582.12 56.12 

13 0.1 40 120 45 595 54.24 

14 0.15 40 120 50.18 520.3 62.33 

15 0.1 40 120 44 608 54.12 

16 0.1 50 120 44.6 595.8 51.18 

17 0.1 40 60 41.5 728.7 52 
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18 0.05 40 120 38.6 852.13 51.23 

19 0.1 40 180 48.2 580.12 62.18 

20 0.1 30 120 42.7 725.8 53.29 

 

 

Table  3. Regression Coefficients, R
2
 and Mean and SD Value for Dependant Variables 

 

Regression 

coefficient 

Yield (%) Viscosity (cps) Clarity (%) 

b0 45.55 603.91 55.02 

b1 3.93* -172.95* 3.49* 

b2 0.18 -69.57* -0.94 

b3 1.38** -39.36* 1.75*** 

b12 -2.23* 87.87* -2.58** 

b13 -0.38 27.86* 0.52 

b23 0.14 -2.15 0.025 

b11 -1.08 76.27* 0.31 

b22 -1.82 50.85* -4.23** 

b33 -0.62 44.46** 0.62 

R
2
 0.9109 0.9927 0.8370 

Mean 43.76 690.09 53.46 

SD 1.75 21.80 2.60 

Subscripts 1= Enzyme concentration, 2= Temperature, 3= Incubation time 
* Significant at 0.01 level  

** Significant at 0.05 level 

*** Significant at 0.1 level 

 

To aid visualization, the response surfaces for yield, viscosity and clarity are shown in 

Figs. 1 to 3 

 

Effect of Enzyme Concentration, Temperature and Incubation Time on Yield of 

Banana Juice 

The effect of various process parameters on yield of banana juice is given in Table 3. 

According to Table 3, juice yield was positively related to the linear effect of enzyme 

concentration (p<0.01) and time (p<0.05). The quadratic terms of these variables were not 

found to be significant. There was an interaction effect between enzyme concentration and 

temperature on juice yield (p<0.01). At the lower level of temperature (30- 40
0
C), the yield of 

juice was found to be increased rapidly with an increase in enzyme concentration (Fig 1). But 

further increased in temperature (above 40
0
C), the yield of juice increased to a cetetain level 

then decreased owing to the contribution by the interaction term (p<0.01) of enzyme 

concentration and incubation temperature. The enzymatic action leads to degradadtion and 

solubilization of otherwise insoluble materials (pectin, hemicellulose and some cellulosic 

materials) from the fruit pulp cell wall resulting in increased in juice yield [17].   

Viquez et al, (1981) [18] studied the production of clarified banana juice using 

pectinase enzyme and observed same trend of increased in juice yield when treated with 

pectinase enzyme. 
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Fig.1 Response Surface for Yield of Banana Juice as a Function of Enzyme  

       Concentration and Temperature (at Time 120 min) 

 

Effect of Enzyme Concentration, Temperature and Incubation Time on Viscosity of 

Banana Pulp 

Viscosity is usually considered as an important physical property related to the quality 

of liquid food products. 

Viscosity of banana pulp was negatively related to linear effects of enzyme 

concentration, temperature and time (p<0.01) (Table 3). The viscosity showed a positive 

relationship with quadratic effects of enzyme concentration, temperature (p<0.01) and time 

(p<0.05). Viscosity was mainly a function of  enzyme concentration. The viscosity decreased 

markedly as enzyme concentration was elevated (Fig 2 a and b). The interactions of enzyme 

concentration and temperature (p<0.01) ; and enzyme concentration and time (p<0.01) were 

also significant (Table 3). These interaction effects were positive on viscosity means that the 

action of enzyme was dependent on the temperature and incubation time. Increased in 

enzyme concentration and incubation time or temperature might decrease the viscosity. 

Reduction in viscosity may be due to the hydrolytic action of enzymes on the cellulosic and 

pectic materials present in the juice. The pectinaceous substances possess a high water 

holding capacity and developed a cohesive network structure. Degradation of pectin by 

enzyme led to the reduction in water holding capacity and thus released the free water into 

the system which is responsible for further reduction in the viscosity [19] .The viscosity of 

the juice generally decreased after enzyme treatment as noted by other researchers[20] [21].   

 

Time=  120 min 
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Fig. 2 Response Surface for Viscosity of Banana Juice as a Function of a) 

Enzyme Concentration and Time (at 40
0
C temperature) b) Enzyme 

Concentration and Temperature (at Time 120 min) 

 

Effect of Enzyme Concentration, Temperature and Incubation Time on Clarity of 

Banana Juice 

Clarity is an important index of clarified juice [19]. Clarified juice is a natural juice 

that is pulpless and do not have cloudy appearance. From Table 3 , it is evident that clarity 

was influenced by linear effects of enzymes concentration (p<0.01)and time (p<0.1).The 

quadratic effect of these two variables were not found significant but that of third variable i.e. 

temperature was negatively significant (p<0.05). There was an interaction effect between 

enzyme concentration and temperature  on clarity (p<0.05).  

Temperature = 40.00 

Time = 120 min 

a 

b 
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Fig. 3 indicates that for initial increased in temperature (upto 40
0
C) clarity of juice 

was found to be increased rapidly with an increase in enzyme concentration. However further 

increased in temperature (above 40
0
C) was found to decrease the clarity which may be due to 

the effect of higher temperature on activity of enzyme. Upon enzyme treatment, pectolytic 

enzymes break down the pectin molecules, which facilitate the formation of pectin–protein 

flocs, leaving a clear supernatant and significantly removing the colloidal aspect of the juices 

[22] [10]. Rastogi and Rashmi (1999) [23] observed a similar dependence for the significant 

independent variables viz. incubation time and enzyme concentration when studying the 

liquefaction of mango pulp using RSM. 

 

Fig.3 Response Surface for Clarity of Banana Juice as a Function of Enzyme 

                   Concentration and Temperature (at Time 120 min) 

  

Optimization of Process Parameters for Clarified Banana Juice 

The optimum enzymatic conditions for the clarification of banana pulp were 

determined by Numerical Optimization. The final condition would be considered optimum if 

yield and clarity of juice were as high as possible while viscosity of treated pulp was 

minimum. Therefore the criteria applied for numerical optimization were as follows: 

a) Maximum yield b) Minimum viscosity c) Maximum clarity 

The criteria set above produced the graphs of optimum enzymatic conditions of the 

clarification process for respective responses viz. yield, viscosity and clarity as shown in Figs 

(4 to 6). The overall desirability graph of the most desirable combination was also produced 

as shown in Fig. 7. 

 Fig. 4 shows the contour plots of yield of banana juice as a function of process 

variables. It is observed that as increased in enzyme concentration yield of banana juice also 

gets increased. At optimum conditions of enzyme concentration (0.15%), incubation 

temperature (35.03
0
C) and time (167.63 min) the maximum yield 49.32 ± 2.89 per cent could 

be obtained. From Fig. 5 it can be noted that as increased in enzyme concentration decreased 

the viscosity. At optimum conditions of concentration (0.15%), temperature (39.33
0
C) and 

time (114.36 min) the pulp viscosity could be decreased up to 507.69 ±35.39 cps. Fig. 6 

depicts the contour plots of clarity of banana juice as a function of process variables. The 

maximum level of clarity 62.31±4.78 per cent could be obtained in clarified banana juice at 

Time =   120 min 
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optimum conditions within experimental range of enzyme concentration (0.15%), 

temperature (35.90
0
C) and time (177.70 min).  

 

Fig. 4 The Contour Plots of Yield of Banana Juice as a Function of Enzyme  

                      Concentration, Temperature and Time 

 

 

 
 

Fig. 5 The Contour Plots of Viscosity of Banana Juice as a Function of Enzyme  

                   Concentration, Temperature and Time 

Time = 167.63 

Time =  114.36 
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Fig. 6 The Contour Plots of Clarity of Banana Juice as a Function of Enzyme 

                    Concentration, Temperature and Time 

 

Fig. 7 shows the overall desirability graphs for the most desirable enzymatic 

combination for clarification of banana pulp at stage 5. On the basis of desirability graph it 

can be concluded that at stage 5 the most satisfactory conditions for the preparation of 

clarified banana juice were incubating the pulp with 0.15% enzyme concentration at 

temperature 35.90
0
C for 177.70 min. The response functions were calculated from the final 

polynomial and the response at this optimized combination were yield (49.28%), viscosity 

(539.19 cps) and clarity (62.31%). Slight variations in these optimized enzymatic 

combinations were observed as compared to those recommended by previous researchers 

[24] [25]. This may be due to utilization of bananas of different ripening stages and type of 

enzymes utilized during clarification study.    

 

 

 
Fig. 7 Desirability Graph as a Function of Enzyme Concentration, Temperature and 

Time 

Time = 177.70 

Time = 177.70 
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CONCLUSION 

Statistical analysis using RSM appeared to be a valuable tool for optimizing the 

effects of enzyme concentration, incubation temperature and time on enzymatic clarification 

of banana pulp. Enzymatic treatment of 0.15% enzyme concentration, 35.90
0
C incubation 

temperature for 177.70 minute incubation time was the most adequate in achieving the 

maximum yield (49.28%) and clarity (62.31%) with minimum pulp viscosity (539.19 cps) for 

the banana pulp of maturity stage 5. 
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