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Abstract-The optimal conditions for the enzymatic treatment of a mixture of apple, banana and sapodilla fruit juices 
were investigated in order to minimize the turbidity of the mixed juices.Results showed that enzyme preparations 
containing a combination of pectinase and amylase (in the ratio 2:1 respectively) activities presented superior levels 
of viscosity reduction. Enzyme volume and temperature were the two main constraints on the enzymatic liquefaction, 
whereas the deactivation time did not have much influence. The permeate flux of the enzymatically treated mixed 
fruit juice was found to be higher than the crude mixed fruit juice. The recommended enzyme clarification condition 
is a mixture of pectinase and amylase (P:A::2:1) with an enzyme volume of 180µl (Pectinase concentration- 0.08% 
and Amylase concentration-0.05%) at 62.5°C for 30 minutes with a deactivation time of 7 minutes. 
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I. INTRODUCTION 

Fruit juices are naturally cloudy and viscous, yet in different degrees, especially due to presence of 
polysaccharides (pectin, cellulose, hemicelluloses, lignin and starch), proteins, tannins and metals [ 1]. As the 
clear appearance of the juice is a determinant factor for consumers, the fruit juice industry has been investing in 
methods that optimize this feature. The high concentration of pectin leads to colloid formation, which 
constitutes one of the main problems during the processing of clear fruit juices. However, although the 
suspended pulp particles can be removed through filtration, the presence of pectin may make this method 
difficult [2].  
The depectinisation of fruit juices through the use of pectinases & amylases has been presented as an efficient 
alternative to reduce turbidity, in many studies [1,3]. Pectinases degrade pectin hence resulting in viscosity 
reduction and cluster formation, which facilitates separation through centrifugation or filtration. As a result, the 
juice presents higher clarity, as well as more concentrated flavour and colour[4,5] 
Pectinolytic enzymes, or pectinases, act in different forms on their substrate, the pectin. The commercial 
pectinase preparations normally contain one or more types of microbial pectinolytic enzymes, as well as 
cellulases, hemicellulases, proteases and amylases[6,7] 
However, the successful use of pectinolytic enzymes in fruit juices clarification depends on the involved 
substrate, which may not only present different pectin concentrations, but also cellulose, hemicelluloses, lignin 
and other components [1] 
Mixed fruit juice, banana juice and sapodilla (sapota) juices are enjoyed worldwide due to their pleasant unique 
aroma and flavour. However, conventional clarification processes induce general losses in the juice’s original 
aroma, flavour and nutritive content. Membrane-based techniques are an alternative to obtain clarified mixed 
fruit juices. However, the high pectin and starch content makes the achievement of enhanced flow rates of 
permeate only possible after an enzymatic liquefaction of the juice. 
Raw mixed fruit juice obtained after pressing the apples is turbid, brown in colour and very viscous. The 
resulting expelled juice may be further treated by enzymatic and centrifugal clarification to remove the starch 
and pectin, which holds fine particulate in suspension.  
Banana, with its widely appreciated flavour and aroma, is able to compete in the market, either as banana juice 
or as mixtures with other juices. Banana juice has high pectin content. However, raw banana juice is turbid, gray 
in colour, very viscous and tends to settle during storage, and therefore must be clarified prior to 
commercialization. 
Sapodilla (Sapota) has a thin rusty brown scurfy skin and a yellowish brown or red pulp with a pleasant, mild 
aroma and an excellent taste[8].Crude sapodilla juice obtained after extraction is turbid, yellowish brown in 
colour, very viscous and tends to settle during storage, necessitating the use of enzymes to clarify the juice. The 
suspended solids are mainly polysaccharides (pectin, cellulose, hemicellulose, lignin and starch), proteins, 
tannin and metals [1]The objective of this work was to establish the optimal conditions for enzymatic 
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clarification of mixed fruit juice containing Apple, Banana and Sapodilla ( Sapota ) and perform fruit juice 
clarification by microfiltration using polymeric and ceramic membranes and compare the efficiency of different 
membranes.  

II. METHODOLOGY 

 Materials  

Unclarified juices of apple, banana and sapotawere  prepared in our laboratory using a juice processor .The juice 
was obtained from a mixture of several varieties of apple, banana and sapota.  

Pectinase enzyme  

Standard pectinase enzyme, obtained from HiMedia was used during the study .The enzyme showed an activity 
of 3.5units/mg. The enzyme preparation was isolated from Aspergillusniger and contained pectin esterase, 
polygalacturonase, pectate lyase and hemicellulases .It had an activity of 3000FDU at 55ºC.  

Methodology 

Optimization of pectinase enzyme concentration, incubation time and deactivation time for maximal enzymatic 
clarification  

The enzymatic treatment was carried out in 50mL boiling test tubes (corning ) which were placed in a regulated 
thermostatic water bath with mechanical stirring. The optimal concentration of the pectinase enzyme and the 
incubation time were investigated. The optimal conditions so obtained were used for determining the 
deactivation time. The experiments were carried out at the recommended optimal temperature of 55ºC with 
minimal constant stirring.[5].All the experiments were carried out in triplicate. 

Optimization of concentration and time of incubation of pectinase enzyme. 

Pectinase enzyme at concentrations ranging from 0.04% - 1.25% was added to the raw unclarified juice and the 
samples were mixed thoroughly using a cyclomixer. The set of samples with varying concentrations of pectinase 
were incubated in a water bath at 55ºC for different time intervals ranging from 20-60 min. respectively.  

After incubation, the samples were deactivated by increasing the temperature to 90°C, in a water bath for 10 
min., cooled and centrifuged at 10,000 rpm for 10 min. The supernatants thus obtained were assayed for 
turbidity, clarity, pH, total starch and pectin content.

Determination of the optimal deactivation time  

The pectinase concentration of 0.08% and incubation time of 30min were found to be optimal for maximal 
clarification and were used to determine the optimal deactivation time. Samples of crude mixed fruit juicewere 
treated with  pectinase enzyme at a concentration of 0.08% and incubated  for 30min. in a water bath at 
55ºC.After incubation ,the samples were deactivated by increasing the temperature to  90°C in a water bath for 
varying time periods ranging from 3-15 min. After cooling, the samples were centrifuged at 10,000 rpm for 10 
min. The supernatants thus obtained were assayed for turbidity, clarity, pH, total starch and pectin content. 

Physical and chemical analysis  

Turbidity  

Turbidity was determined using a turbidometer and the results were reported as nephelometric turbidity units 
(NTU).,[8] 

Clarity  

Clarity was determined by measuring the absorbance at 660nm using a UV-Visible spectrophotometer 
(Sartorius, India), [8].  

pH 

The pH of the samples was read in a digital pH meter (Sartorius, India) 
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Assay of starch:  

Assay of starch was carried out based on the method adopted by Tureceket al[9].The starch content in samples 
was analyzed using the iodine-starch reaction .The reagent was an aqueous solution containing iodine and 
potassium iodide in 1:2 ratio.0.5mL of permeate samples were diluted to 10mL and 20µl of the iodine reagent 
was added. The colour was measured spectrophotometrically at 580nm. 

Assay of total pectin: 

The total pectin content was assayed as per the procedure followed by Alvarez et al [4].It involves the addition 
of  30 mL of 96% of boiling ethanol to 10 mL of filtrate obtained after enzymatic treatment. Presence of pectin 
is indicated by the appearance of turbidity. The resulting sample is then centrifuged at 10,000rpm for 10 min 
.and the precipitate obtained washed several times using 73 % ethanol.The alcohol insoluble precipitate is then 
dissolved in distilled water and the volume made up to 50mL. 1mL of this sample is mixed with 6mL of 
concentrated sulphuric acid in an ice water bath and analyzed in triplicate. The OD was read using a UV-Visible 
spectrophotometer at 550nm.  

III. RESULTS 

Optimization of pectinase concentration, incubation time and deactivation time for maximal enzymatic 
clarification  

Unclarified pressed mixed fruit juice was prepared in our laboratory using a juice processor .The juice was 
obtained from a mixture of several varieties of apple, banana and sapota. The average pectin content in the raw 
mixed fruit juice was 8g/L and the average starch content was 10.2g/L 

Optimization of concentration and time of incubation of pectinase enzyme.

Varying concentrations of pectinase enzyme ranging from 0.04%-1.5% were added to the freshly prepared raw 
mixed fruit juice and incubated at different time intervals from 20-40 min. The enzyme treatment was carried 
out using standard pectinase enzyme (3.5units/mg) at 55ºC and constant stirring at 200rpm. The effect of 
varying pectinase concentrations with different incubation time periods is shown in Figure 1. Concentration of 
0.8% pectinase at 30 min of incubation time was found to be optimal. 

The absorbance values decreased with increasing concentration of enzyme up to 0.8%. Further increase in the 
pectinase concentrations showed negligible decrease in absorbance. Studies on the incubation time showed that 
an incubation time of 30 min was optimal. There was a gradual decrease in absorbance with increase in 
incubation time upto 30 min. A further increase in incubation time up to 40 min. resulted in an increase in 
absorbance.  

Pectinolytic enzymes breakdown pectin molecules which facilitates flocculation of pectin, leaving a clear 
supernatant. The amount of total pectin in the juice decreases as the enzymatic treatment progresses, while 
galactouronic acid monomers and oligomers concentration increases. These galactouronic compounds do not 
precipitate with 96% ethanol and also do not contribute to the turbidity. [4].The extent of clarification therefore 
depends mainly on the process parameters like concentration of the enzyme and the incubation time which 
influence the enzymatic action on the crude juice.  

In our studies, a gradual decrease in absorbance with increase in incubation time up to 30 min was observed. A 
further increase in incubation time up to 40 min. resulted in an increase in absorbance. , 

This phenomenon may be due to the formation of protein complexes as the time increased.[2,7]. A 
corresponding decrease in pH and the total pectin content with increase in clarity was observed with an increase 
in pectinase concentrations with time. This is due to the enzymatic action of pectinase resulting in the formation 
of galactouronic acid monomers which are acidic in nature[4].Clarity is an important index of the extent of 
depectinization and depends on the concentration of the enzyme [8]. Also, it has been reported that the time 
required to obtain a clear juice is inversely proportional to the concentration of the enzyme used at constant 
temperature [7].  

Determination of the optimal deactivation time  

For the determination of optimal deactivation time, crudemixed fruit juice was treated with pectinase enzyme at 
a concentration of 0.08% and incubated for 30min. in a water bath at 55ºC. After incubation, the samples were 
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deactivated by increasing the temperature to 90°C in a water bath and incubating for varying time periods 
ranging from 3-15 min.The results are shown in Figure.2 .It was observed that an holding time of 7 min. was 
optimal. A gradual increase in absorbance with increase in holding time from 3 min to 6 min was observed 
followed by a sudden decrease in absorbance at 7 min. Further increase in the holding time lead to increase in 
absorbance. 

Deactivation of the enzyme used in pre-treatment is crucial for maintaining the clarity of fruit juices as the 
presence of the active enzyme in the permeate leads to the development of turbidity during and after bottling of 
the juices. This is due to the formation of protein complexes and other condensation products, which cause an 
increase in turbidity with time. [2,7].The optimization of deactivation time is therefore essential to utilize the 
maximal enzymatic activity during pre-treatment with minimal flocculant formation. We observed a gradual 
increase in absorbance with increase in holding time from 3 min to 6 min followed by a sudden decrease in 
absorbance at 7 min. Further increase in the holding  time lead to increase in absorbance. 

 The gradual increase in absorbance initially may be due to the action of the enzyme which was not completely 
deactivated. The increase in absorbance later on may be due to prolonged deactivation time which could have 
denatured the enzyme and other protein adducts [2] 

There was no significant change in pH and the total pectin content of the samples assayed to study the influence 
of deactivation time. Also there was no pronounced difference in the total starch content of the samples prior to 
and after enzymatic treatment.

IV. CONCLUSION 

The largest industrial application of pectinases is in fruit juice extraction and clarification. Pectins contribute to 
fruit juice viscosity and turbidity. A mixture of pectinases and amylases is used to clarify fruit juices. It 
decreases filtration time up to 50%. Treatment of fruit pulps with pectinases also showed an increase in fruit 
juice volume from banana, grapes and apples. Pectinases in combination with other enzymes, viz., cellulases, 
arabinases and xylanases, have been used to increase the pressing efficiency of the fruits for juice extraction. 
Vacuum infusion of pectinases has a commercial application to soften the peel of citrus fruits for removal. This 
technique may expand in future to replace hand cutting for the production of canned segments. Infusion of free 
stone peaches with pectinmethylesterase and calcium results in four times firmer fruits. This may be applied to 
pickle processing where excessive softening may occur during fermentation and storage. 

Studies on the optimization of process parameters viz., pectinase concentration, incubation time and 
deactivation time for the enzymatic pre-treatment was carried out. A concentration of 0.8%, incubation time of 
30 min. and deactivation time of 7 min. was found to be optimal when the average pectin content of the 
unclarified juice was 8g/mL. 
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Figure 1 Optimization of concentration and time of incubation of pectinase enzyme 
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Figure 2Determination of the optimal deactivation time of pectinase enzyme 
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