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Enzymes are macromolecular biological catalysts that speed up chemical reactions. It possesses features 
such as biodegradability, high in specificity, and fast in action during reaction such as pectinase and cellulase. 
This allows industries, especially beverage industries that use them as a support mechanism for their 
processes, to run under milder reaction conditions, but with higher productivity and less waste generated. 
Application of enzymes in extraction and clarification of juice often result in higher yield and improved juice 
quality. In this review, we have highlighted the uses of different types of enzymes, especially on pectic 
polysaccharide degrading enzymes in fruit juice production, cellulose degrading enzymes, and non-cellulosic 
polymer degrading enzymes. Extrinsic factors that influence enzyme activity during juice processing were 
also covered in this reviewed. Furthermore, effects of enzymes in the extraction and clarification of fruit and 
vegetable juices on product quality were also discussed in this review. Information provided in this review 
could be useful to beverage industries, especially small and medium-sized enterprises, in selecting 
appropriate enzymes for manufacturing fruit and vegetables juices with high consumer acceptability. 
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INTRODUCTION 
Ready-to-drink fruit juices have become an 

important product as more consumers are seeking 
healthy and convenient products. The demand for 
fruit and vegetable juices with fresh, natural taste, 
convenient, nutritious, and safe food products is 
rising (Abid et al., 2013), which leads to the rapid 
growth of beverages industries. Since soft drinks 
and sugar sweetened beverages have no 
nutritional value as compared to fruit and vegetable 
juices, therefore many consumers are deviating 
into consuming natural juices that offer more health 

functionalities and nutritional benefits (Grand View 
Research, 2018). According to Adhikari et al. 
(2004), fruits contain more than 90% of juice, which 
consists mainly of simple sugars (e.g. fructose, 
glucose, and sucrose) and organic acids (e.g. citric, 
malic, and tartaric acids). Thus, fruit juices could 
serve as an important source of energy (Norjana 
and Noor Aziah, 2011). 

Typically, fruits and vegetables are rich in 
minerals, vitamins (especially vitamin A, C, and E), 
dietary fibres, and phytochemical compounds, 
which are essential to enhance human health. 

http://www.isisn.org/
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Sufficient intake of fruits and vegetables can help 
to fight against some chronic diseases, such as 
diabetes, obesity, metabolic syndrome, cancer, 
and cardiovascular disease. In addition, it also 
helps to reduce the risk factors related to these 
diseases (Ülger et al., 2018). Fresh fruits and 
vegetables are highly perishable due to their high 
moisture content (>90% of moisture) (Sharma et 
al., 2014). Thus, fresh fruits and vegetables are 
subjected to rapid microbial and enzymatic 
deterioration during storage. Therefore, it is 
important to process fresh fruits and vegetables 
after harvesting, by converting them into processed 
products (Rosidi et al., 2021) such as juice, to 
extend their shelf life. High moisture content in 
fruits and vegetables makes it suitable candidates 
for juice production, however maintaining the 
quality of the juice after processing is a major 
challenge for manufacturers.  

Pectin is a soluble dietary fiber commonly 
present in the fruits and vegetables. It has a 
complex long chain of polysaccharide that is 
indigestible in the human digestive tract 
(Shoemaker, 2019). Pectin plays an important role 
in extending the primary cell walls and synthesized 
intracellular layer for plant growth. The properties, 
structure, chemical composition, and the amounts 
of pectin vary among plants and parts of the plant, 
as well as maturity of the fruit and vegetable 
(Deepak, 2017). Furthermore, pectic substances, 
such as galacturonas (polymer of galacturonic 
acid), rhamnogalacturonans (mixed polymers of 
rhamnose and galacturonic), arabinans (polymer of 
arabinose), galactans (polymers of galactose), and 
arabinogalactans (mixed polymers of arabinose 
and galactose) are also indigestible in human 
digestive system. However, these pectic 
substances can be hydrolyzed with the aid of 
enzymes into short chain polysaccharides (Walker 
et al., 2017), which are more easily absorbed by 
the human body. 

In addition, raw (untreated) juices are 
colloidal suspensions and naturally appeared to be 
cloudy due to the presence of proteins, metals, 
tannins, and polysaccharides, such as starch, 
cellulose, hemicelluloses, pectin, and lignin 
(Vaillant et al., 2011). According to Norjana and 
Noor Aziah (2011), juices that are turbid or have 
unstable clouds are ‘muddy’, and less undesirable 
(compared to clear juices) to be marketed due to 
its poor acceptability by customers (Tribess and 
Tadini, 2006). Besides, conventional methods, 
such as different types of presses, diffusion 
extraction, screw-type juice extractor, decanter 
centrifuge, and fruits/vegetables pulpier (Sharma 

et al., 2014), employed in fruit juice extraction often 
led to pectin remaining in pulps, which causes 
cloudiness (high turbidity) in juice. In addition, 
these pectins make juice extraction difficult, leading 
to low yield. Therefore, to increase the yield of the 
juice and to meet the consumer demand of 
minimally processed fruit and vegetable juices, 
researchers are exploring enzyme-assisted juice 
extraction techniques. 

Enzymatic treatments during juice 
processing have been proven to be able to improve 
yield compared to other extraction processes 
(Nadaroglu et al., 2010; Joshi et al.,2011; Shefali 
and Sudhir, 2013; Ajayi et al., 2017). Moreover, the 
use of enzymes in juice processing resulted in 
higher juice clarity, as well as a more concentrated 
flavor and color of the juice (Patil et al., 2012; Zahra 
et al., 2019). These improvements on the yield and 
quality of the juice are due to formation of clusters 
and reduced viscosity, which aids separation of the 
formed clusters using filtration and centrifugation 
(Padma et al., 2017). Various enzymes, such as 
pectinase, cellulase, hemicellulase, xylanase, 
amylase, amyloglucosidase, and tannase, can be 
used for extraction of fruit and vegetable juices 
(Shefali and Sudhir, 2013; Ajayi et al., 2017; Mishra 
et al., 2017; Padma et al., 2017). However, the 
application of enzymes during juice production 
depends on the type of polysaccharides present in 
the juices (Prathyusha and Suneetha, 2011). 
Recent years, enzyme-assisted extraction 
techniques are getting more attention due to 
industries’ demand for eco-friendly extraction and 
clarification technologies.  
 
ENZYMES 

Enzymes are complex biocatalysts of tertiary 
or quaternary globular protein structure with 
catalytic properties. They are derived from long 
chains of amino acids with peptide bonds (Kumar, 
2015), which are capable of accelerating chemical 
reaction rate (Singh and Singh, 2015). Almost 
4,000 enzymes are currently identified, and from 
these 4,000, approximately 200 are widely used 
commercially and are produced with the help of 
microbes (Table 1) (Kumar, 2015; Singh and 
Singh, 2015). 

The systematic nomenclature of enzyme is the 
addition of suffix –ase to name of the substrate 
catalyzed (e.g. dehydrogenase, decarboxylase) or 
modified (e.g. urease and tyrosinase) by the 
enzyme (Blanco and Blanco, 2017). Enzymes are 
categorized into seven major classes based on 
their catalytic reactions and denoted by an EC 
(Enzyme Commission) number; oxidoreductases 
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(EC1), transferases (EC2), hydrolases (EC3), 
lyases (EC4), isomerase (EC5), ligases (EC6), and 
translocases (EC7). Enzymes are also assigned by 
code numbers, where the first, second, third, and 
fourth digits of these codes indicate the class, 
subclass, sub-subclass, and the serial number of 
the enzyme in its sub-subclass, respectively 
(Sharma et al., 2016).  
 
Pectinolytic enzymes 

Pectinolytic enzymes, also known as 
pectinases or pectic enzymes, are enzymes that 
break down pectic substances, which are long and 
complex molecule structures of polysaccharide, 
into simple molecules (Anil et al., 2018; Funmilayo 
and Ho, 2021). Pectinases are divided into three 
major types, namely, pectin methylesterase (PME), 
endo- and exo- polygalacturonase (PG), and pectin 
transeliminase (PTE) (Ramos and Malcata, 2011). 
Pectinases are optimally active at pH ranging 
between 4.8 and 5.0 and incubation temperature 
between 45 and 55 °C. Higher temperatures can 
cause protein denaturation of the enzymes (Ramos 
and Malcata, 2011). Generally, upon the action of 
pectinases on the polysaccharides cell wall, neutral 
sugars (e.g. D-arabinose, D-galactose, L-
rhamnose, and D-xylose) that are bound to the 
pectic substances are released and become 
soluble in the medium (Kumar, 2015). Commercial 
enzyme preparations for food application, usually a 
mixture of PME, PG, and PTE, are almost 
exclusively derived from fungal species, especially 
Mucor and Aspergillus (Lang and Dörnenburg, 
2000). 

 
Pectin methylesterase (PME) 

PME is a methyl ester group hydrolytic 
enzyme and the first enzyme acting on pectin, 
which is the major component of plant cell wall. 
PME is produced through extraction from sources 
of plants, bacteria, and pathogenic fungi. It is 
widely applied in winemaking and processing fruit 
and vegetable juices (Kohll et al., 2015). PME 
hydrolyzes the methoxy residues/groups in pectin 
and produces free carboxylic groups (Ramos and 
Malcata, 2011). This enzyme targeted on the 
methyl groups that presents on the galacturonic 
acid backbone of pectin by de-esterification action, 
creating charged regions that can complex with 
divalent cations (majority Ca2+) and resulting in the 
formation of Ca2+ pectate gels through Ca2+ 

crosslinking to the free carboxylic groups of 
adjacent pectin chains. The precipitation of these 
pectate gels entrapped with other components 
such as tannins helps to clarify the juice (Sharma 

et al., 2016). A study by Joshi et al. (2011) used 
PME produced from Aspergillus niger to treat fruit 
juices. The findings in the study showed significant 
increase in the juice yields; 52 to 78% (plum juice), 
60 to 72% (pear juice), 38 to 63% (peach juice), 
and 50 to 80% (apricot juice).  
 
Polygalacturonase (PG) 

PG, also known as pectin depolymerase, 
pectolase, pectin hydrolase, and poly-α-1,4-
galacturonide glycanohydrolase, is widely used as 
commercial pectinase (Singh, 2005). It is usually 
derived from bacteria, fungi, yeast, and plants, and 
plant-parasitic nematodes. PG is one of the 
important groups of pectinases that catalyse the 
hydrolysis of homogalacturonan/polygalacturonic 
acids into galacturonic acid monomers by splitting 
the α-1,4-linkages glycosidic bonds between 
galacturonic acid residues (Parenicova et al. 2000; 
Sarɩoğlu et al., 2001; Torrez et al., 2006; Radha et 
al., 2019). PG usually comes in two forms, namely 
endo-polygalacturonase that attacks randomly on 
the α-1,4-polygalacturonic backbone polymer 
chain and exo-polygalacturonase that attacks on 
the non-reducing end of the α-1,4-polygalacturonic 
backbone polymer chain (Radha et al., 2019). The 
action of PG depends on its preference for acting 
on whether pectin-like substrates (e.g. poly-α-(1,4)-
D-methyl galacturonic acid) or pectin acid-like 
substrates (e.g. poly-α-(1,4)-D-galacturonic acid) 
(Sharma et al., 2016). This enzyme is responsible 
to depolymerize the cell walls in order to soften the 
fruit tissues, particularly in ripened fruits (Ramos 
and Malcata, 2011). 

PG is useful in fruit juice processing, 
especially to accelerate the juice extraction 
process. Acidic pectinases, mainly PG from fungi, 
is used during extraction and clarification of fruit 
juices to reduce the cloudiness and bitterness of 
fruit juices (Glick and Pasternak, 1998; Nighojkar 
et al., 2019). Numerous studies were conducted to 
test the effectiveness of PG treatment on fruit 
juices. Ajayi et al. (2011) extract and clarify apple 
juice using PG (derived from Aspergillus niger) at 
various incubation temperatures (between 25 and 
40 °C) for 30 min. The authors reported that the 
optimum temperature for the highest yield and 
clarity of apple juice was at 25 °C (Ajayi et al., 
2019). Patil et al. (2012) compared the 
effectiveness of purified and commercial enzymes 
of PG derived from Paecilomyces variotii (98.49 
U/100 mL) in the clarification process of various 
fruit (i.e. orange, apple, pomegranate, sapota, 
grape, banana, and guava) juices. It was reported 
that commercial enzymes were more effective in 
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reducing the viscosity of the treated fruit juices 
compared to those treated with purified enzymes. 
Anuradha et al. (2016) applied PG derived from 
Aspergillus awamori in clarification of mango juice. 
From the study, a 60% decrease in the viscosity 
was reported at optimum enzyme treatment (1.5 
U/mL at 40 °C for 30 min). In the recent study by 
Zahra et al. (2019), it was reported that maximum 
clarity of 95% transmittance of apple juice was 
produced when purified acidic PG was used for 
juice clarification under the optimum incubation 
condition (50 °C for 60 min). 

 
Pectin transeliminase (PTE) 

PTE, known as pectic lyases, is 
responsible for the degradation of pectic 
substances (Gummadi and Kumar, 2005). Among 
all pectinases, PTE is of particular interest to food 
manufacturers because of its ability to break down 
pectic substances directly by cleaving the α-1,4 
linkages via a β-elimination mechanism to produce 
4,5-unsaturated oligogalacturonates (Gummadi 
and Kumar, 2005; Yadav et al., 2009; Ramos and 
Malcata, 2011), which is different when compared 
to other pectinases that act sequentially to break 
down pectin polymer completely (Yadav et al., 
2009). PTE has pectolytic activities that mainly 

depolymerizes approximately 65−98% of high 

esterified pectin (Sarɩoğlu et al., 2001). PTE can be 
grouped into four major classes based on their 
basis of substrate acted upon by them and mode of 
action; endo-polygalacturonate lyase, exo-
polygalacturonate lyase, endo-polymethyl 
galacturonate lyase, and exo-polymethyl 
galacturonate lyase (Sharma et al., 2016). 

PTE used for food and beverage 
applications is mostly produced commercially from 
bacteria and fungi (Gummadi and Kumar, 2005). It 
is extensively used in fruit juice industries due to its 
ability to degrade pectin without disturbing the ester 
group that contribute to specific aroma of the juice, 
as well as it does not lead to the formation of 
methanol, which is toxic, in the final product (Yadav 
et al., 2009). Numerous studies have reported the 
effectiveness of PTE in juice clarification. 
Nadaroglu et al. (2010) had applied 3 versions of 
PTE; purified, crude extract, and commercial PTE 
(Pectinex 100L Plus) in the extraction and 
clarification of juices made from fruits and 
vegetables (apple, orange, banana, and carrot). 
The results showed that there is significant 
increase in the yield of these juices in comparison 
with controls (juices without enzymatic treatment). 
When comparing between these versions of PTE, 

treatment with commercial PTE produced the 
highest juice yield, while treatment with purified 
PTE produced juice with the highest viscosity 
reduction. 

 
Cellulases 

Cellulases are enzymes that are 
synthesized by microorganisms during their growth 
on cellulosic materials (Saranraj et al., 2012; 
Nurhayati and Ali, 2020). These enzymes are 
commonly used to hydrolyze the β-1,4-glycosidic 
linkages of cellulose that are present in plants 
(Lynd et al., 2002). Cellulases are made up of 3 
major components; endo-glucanase 
(carboxymethyl cellulase)/endo-β-glucanase, 
cellobiohydrolase (exo-glucanases/exo-β-
glucanase), and β-glucosidase (Bhat and Bhat, 
1997; Singh and Singh, 2015). The combination of 
reaction modes of endo- and exo-glucanase split 
the amorphous region of cellulase into simple 
sugar units, whereas β-glucosidase attacks the 
crystalline region giving the similar end product as 
simple sugar. The endo-glucanase breaks down 
the β-1,4-glycosidic bonds from the chain 
internally, while the exo-glucanase breaks down 
the β-1,4-glycosidic bonds from the chain ends. On 
the other hand, β-glucosidase cleaves cellobiose 
and short cello-oligosaccharides from non-
reducing end to release simple sugar (Singh and 
Singh, 2015). The synergistic effect of all these 
components of cellulases is required to achieve a 
complete cleavage of the specific β-1,4-glycosidic 
bonds of cellulose into the simple sugar (Koivula, 
1996; Bhat and Bhat, 1997; Saranraj et al., 2012).  

Cellulases present in almost all species of 
fungi, bacteria, and protozoa, but are absent in 
humans and animals' bodies. Thus, its breakdown 
is of considerable economic importance, because 
it makes a major constituent of plants available for 
consumption and use in chemical reactions (David 
and Roy, 2019). Cellulases are commonly 
employed in food industries with the aim to 
increase the bioavailability of nutrients and 
antioxidants in treated food products (Edward, 
2018). Various studies related to juice processing 
had been conducted using cellulases. Both studies 
by Shefali and Sudhir (2013) and Ajayi et al. (2017) 
had used cellulases during the extraction of various 
fruits. The outcome of these studies managed to 
improve the yield of the juices when compared to 
the controls (untreated juices). Recent study by 
Santana et al. (2020) used cellulases for tangerine 
juice clarification, whereby the findings showed that 
the cellulases were able to reduce the juice 
viscosity at optimum rate of 65% (Santana et al., 

https://www.globalhealingcenter.com/natural-health/health-benefits-of-antioxidants/
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2020).  
Table 1. Enzymes used in fruits and vegetables juice production 
 

Enzymes Fruits/Vegetables juice Sources Author/Year 

Pectinase 
 

Araca 
 

Aspergillus niger and 
commercial enzyme 

(Ultrazyme) 
 

Sandri (2014) 
 

Apple 
 

Aspergillus niger Mahmoodi et al. (2017) 
 

Apple 
 

Bacillus species 
 

Berutu (2018) 
 

Pectin methyl 
esterase 

Apple Aspergillus niger Joshi et al. (2011) 
 

Lemon 
 

Commercial enzyme 
 

Filiz Ucan et al (2014) 
 

Polygalacturonase Apple 
 

Aspergillus niger 
 

Ajayi et al. (2011) 
 

 Banana, orange, 
pomegranate, grape, 

apple, guava and sapota 
 

Paecilomyces variotii Patil et al. (2012) 
 

 Apple 
 

Aspergillus awamori 
 

Dey and Banerjee, (2014) 
 

 Mango 
 

Aspergillus awamori 
 

Anuradha et al.  (2016) 
 

 Orange 
 

Aspergillus flavus and A. niger 
 

Aruri and Singara (2018) 
 

 Apple 
 

- 
 

Zahra et al. (2019) 
 

Pectin lyase Apple, orange, carrot, 
and banana 

 

Bacillus pumilus 
 

Nadaroglu et al. (2010) 
 

 Apple Aspergillus niger Xu et al. (2014) 
 

Cellulase Oranges, soursop, 
apples, pear 

Aspergillus niger 
 

Ajayi et al. (2017) 
 

Hemicellulase Guava, papaya - Kumar and Singh (2019) 
 

Amylase Apple Commercial enzyme 
 

Ceci and Lozano (2002) 
 

Apple 
 

Aspergillus oryzae 
 

Dey and Banerjee, (2014) 
 

Tannase Pomegranate seeds Aspergillus niger Soumya and Annalakshmi 
(2016) 

 

Mangaba and tamarind 
 

Aspergillus carneus 
 

Vanilla et al. (2017) 
 

Aonla fruit 
 

Aspergillus niger 
 

Srivastava and Kar (2009) 

Dextranase Sugar cane Paecilomyces lilacinus 
 

Bhatia et al. (2010) 
 

Sugar cane Pochonia chlamydosporia 
 

Sufiate et al. (2018) 

Xylanase 
 

Orange and grape Bacillus pumilus 
 

Kumar et al (2014) 
 



Zainab et al.                                          Enzymatic Approach to an Efficient Fruit and Vegetable Juice Production 
 

 

    Bioscience Research, 2022 volume 19(SI-1): 318-337                                                             323 

 

Enzyme 
combinations 

 

   

Pectinase + Cellulase 
 

Pineapple - Sreenath et al. (1994) 

Pectinase + Cellulase 
 

Date 
 

- Al-Hooti et al. (2002) 
 

Pectinase + Amylase 
+ Cellulase 

 

Kiwi 
 

- Vaidya et al. (2009) 
 

Pectinase + Cellulase 
 

Date 
 

- Abbes et al. (2011) 
 

Pectin methyl 
esterase + 

Polygalacturonase 
 

Blackcurrant 
Plum 

- Mieszczakowska-Frac et al. 
(2012) 

 

OTHER ENZYMES 
Hemicellulases 

Hemicellulases are a diverse group of 
enzymes involved in the hydrolysis of 
hemicelluloses (e.g. galactans, xylans, mannans, 
and arabans), which are polymers of carbohydrate 
that present naturally along with cellulose in the 
plant cell walls. As polysaccharides, 
hemicelluloses present abundantly in nature and 
are bonded with lignin along with cellulase via 
covalent bonding (Shallom and Shoham, 2003; 
Meena et al., 2018). According to Scheller and 
Ulvskov (2010), hemicelluloses (random and 
amorphous structures) are weaker than that of 
cellulose that has crystalline and strong structure. 
In addition, hemicelluloses, which are branch 

polymers that are made up of 500−3,000 units of 

sugar, are shorter chains when compared with 
cellulose, which is an unbranched polymer that has 
7,000-15,000 units of glucose. Hence, 
hemicelluloses are more prone to hydrolysis 
(Gibson, 2013). 
 
Xylanase 

Xylanases are enzymes that are 
responsible for the hydrolysis of xylan through the 
hydrolysis of β-1,4 bonds in the xylan backbone, 
which resulted in the production of short chain 
xylooligomers (Patel and Savanth, 2015). β-
mannanases are responsible for hydrolyzing 
mannan-based hemicelluloses, yielding short 
chain β-1,4-manno-oligomers, which can be further 
hydrolyzed into mannose by β-mannosidases 
(Sharma et al., 2016). Hemicellulases are 
extensively produced by aerobic fungi, such as 
Trichoderma and Aspergillus. β-glucanase, 
galactomannase, and xylanases are mostly 

produced from Aspergillus niger (Shallom and 
Shoham, 2003; Motta et al., 2013).  

In recent years, interests in xylanases 
have increased due to their popularity in various 
agro-industrial processes, which include bleaching 
non-cotton cellulosic fibers, melting hemp and linen 
fibers, and clarifying fruit juice and wines (Murugan 
et al., 2011). ManjuPhadke and ZaheraMomin 
(2015) used xylanase produced by Bacillus 
megaterium for saccharification, juice clarification, 
and oil extraction. The findings from the study 
suggested that xylanase (10−20 U/g, 37 °C for 4 h) 
efficiently clarified pineapple, tomato, and apple 
juices at 44, 16, and 20%, respectively. 
Furthermore, Mishra et al. (2017) successfully 
created immobilized xylanase and achieved the 
highest efficiency for tomato juice clarification at 20 
IU/mL, 60 °C at pH 9. The clarified tomato juice has 
0.697 transmittance compared to 0.49 for the 
control (untreated juice).  
 
Amylase  
 Amylase is defined as a digestive 
enzyme responsible for degrading or hydrolyzing 
starch, in particular the glycosidic bonds, into 
amylose and amylopectin (Singh and Singh, 2015; 
Padma et al., 2017). In general, amylases can be 
classified into two classes; endo-amylases and 
exo-amylases. Endo-amylases split the interior of 
the starch molecule randomly, while exo-amylases 
cleave from the non-reducing end successively 
resulting in short end products. Among the three 
types of amylases (α-, β-, and γ-amylases), α-
amylase is the most popular type of industrial 
amylase (Singh and Singh, 2015).  

Amylases increase fruit juice yield and can 
reduce viscosity and turbidity of the juice (Alkorta 
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1998; Padma et al., 2017). Amylase can be used in 
combination with other enzymes. For example, 
combinations of α-amylase (Termamyl), cellulase 
(Celluclast), and pectinase (Pectinex) were used to 
treat apple juice (Shefali and Sudhir, 2013). The 
authors reported that the use of amylase (1 mL, pH 
6) and pectinase (1 mL, pH 5) managed to yield the 
highest apple juice, i.e. 48 mL/100 g, whilst other 
combinations yielded between 35 to 45 mL/100 g. 
In another study, Padma et al. (2017) reported that 
the combination of amylase, pectinase, and 
cellulase (1 U/mL for each enzyme) significantly 
reduced the viscosity of the treated apple juice. 
Dey and Banerjee (2014) had used α-amylase from 
Aspergillus oryzae for clarification of apple juice, 
whereby 0.4% α-amylase (899 U/mL, 50 °C for 2 h) 
were used to produce apple juice with optimum 
clarity value of 97%. 
 
Tannase 

Tannase, also known as tannin acyl 
hydrolase, is one of the hydrolytic enzymes that 
acts on tannins. Tannins represent the fourth most 
abundant compounds found in plants, after 
cellulose, hemicellulose, and lignin constituents 
that can be depolymerized by the action of tannase 
(Yadav et al., 2008). The presence of tannin in 
plants causes bitter taste to the processed food 
product, thus resulting in lower commercial value. 
Tannase is extensively used in the beverage 
industry to remove tannins during the beverage 
processing (Banerjee et al., 2005; Lima et al., 
2014). 

Tannase is an inducible extracellular 
enzyme produced by bacteria, filamentous fungi, 
and yeast via fermentation (submerged 
fermentation or solid-state fermentation). Several 
filamentous fungi have been previously reported to 
produce tannase. Aspergillus and Penicillium have 
been identified as the most efficient producers of 
tannase (Silva et al., 2017). Tannase targets the 
ester and depside bonds in gallotannins (a 
hydrolysable tannins), which lead to the formation 
of gallic acid and glucose (Lekha and Lonsane, 
1997; Dhiman et al., 2018).  

Immobilized tannase was used in a study 
by Srivastava and Kar (2009) to remove tannins 
from myrobalan (Phyllanthus emblica) juice. The 
authors reported that tannase effectively removed 
68.8% of tannins from the juice that was incubated 
at 37 °C for 3 h. In addition, another study done by 
Soumya and Annalakshmi (2016) showed that a 
56% reduction of tannins was obtained in 
pomegranate juice treated with tannase at 37 °C for 
2 h. More recently, Silva et al. (2017) applied 

purified tannase in the production of mangaba 
(Hancornia speciosa) and tamarind juices, 
whereby it was reported that the tannins content in 
mangaba and tamarind juices was reduced by 
49.66 and 51.82%, respective following the 
treatment. 

 
EXTRINSIC FACTORS THAT AFFECT ENZYME 
ACTIVITY DURING JUICE PROCESSING 

Effective enzymatic hydrolysis of the 
biomaterial of fruits and vegetables depends upon 
several environmental factors, such as enzyme 
and substrate concentrations, incubation 
temperature and time, pH, and the use of single- or 
multi-enzymes. The following subsections provide 
detailed information about how these factors affect 
the enzyme activities. 
 
Concentrations of enzyme and substrate 

The enzyme and substrate concentrations 
in a solution play an important role in the enzymatic 
activity (Grahame et al., 2015). The rate of 
enzymatic activity is directly proportional to the 
concentration of enzyme and substrate, whereby 
the reaction rate increases with the increase in the 
concentration of the enzyme. An enzyme only 
catalyzes a reaction of one substance by binding to 
the available substrate. Once all the substrate is 
bounded, the reaction will cease due to the 
unavailable enzyme for the substrate to bind to. 
This indicates that as the reaction rate decreases, 
the enzyme concentration lowers. Furthermore, the 
curve for the enzyme activity versus enzyme 
concentration will eventually reach a plateau 
(called optimum), when the enzyme concentration 
increases to a level identical to the substrate 
concentration (Bingly, 2019). Lee et al. (2006) 
optimized the enzyme concentration (0.01−0.10%) 
and incubation time (30−120 min) and temperature 
(30−50 °C) to enzyme clarification. The results of 
the study showed that maximum clarity of banana 
juice was obtained when treated at optimum 
enzyme treatment (0.084%, 43.2 °C at 80 min). 
Moreover, Joshi et al. (2012) also studied the effect 
of PME concentration (0.25−7.5%) on plum, pear, 
apricot, and peach juice yields. The maximum juice 
recovery was obtained at 7.5% enzyme 
concentration in all tested fruits. Recently, Santana 
et al. (2020) studied the effect of cellulase 
concentration (0.25−1.25%, v/v) on tangerine juice 
clarification. The produced juice had the highest 
viscosity reduction (65.56%) at optimum enzyme 
concentration of 1.25% (v/v).  
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Incubation temperature 
The enzyme activity is directly proportional 

to the incubation temperature, whereby the 
incubation temperature increases the rate of 
enzymatic reactions due to increased molecular 
movement rate. However, enzyme activity declines 
gradually when it reaches the optimum 
temperature (ranges between 37 and 40 °C) due to 
enzyme denaturation, which is an irreversible 
change in the unfolding of tertiary and quaternary 
structures of the enzyme via heat (Robinson, 2015; 
Vitolo, 2020). In general, enzyme denaturation 
occurred at temperature up to 50−60 °C, with 
exception of thermophilic enzymes, whereby the 
enzyme activity of these enzymes only stopped at 
80−90 °C (Vitolo, 2020). According to Amulu et al. 
(2017), the increase in the kinetic energy (heat) of 
the molecules that increases the dissolution of the 
soluble solids, thus increased the clarity. Besides, 
the authors also reported that the increase in 
temperature during the enzyme treatment 
contributed to pectin cells destruction. 
Furthermore, enzymatic reactions with application 
of heat accelerate the hydrolysis of the residual 
pectin that leads to juice clarification through 
neutralization of electrostatic charges between 
uronic acid, tannins, and proteins (Danalache et al., 
2018). Consequently, an increased rate of 
clarification was obtained. 

 
Incubation time 

The duration of incubation has a 
generalized influence on reaction rate. Generally, 
the longer the incubation time of enzymes with its 
substrate, the higher the number of product(s) 
formed. When the reaction reaches its equilibrium, 
the rate of product formation leveled off. However, 
this rate is not a simple linear function of the 
incubation time (Berg et al., 2002). Kothari et al. 
(2013) also studies the effect of time (1−8 h) on the 
clarification of apple juice. Various enzymes were 
used (pectinase, cellulase, amylase and mixtures 
of enzymes) and apple juice treated with mixtures 
of enzyme (for 4 h) had the highest clarity rate with 
50% of juice clarification. In addition, Rosmine et 
al. (2017) reported that xylanase-treated fruit juices 
incubated at the optimum incubation times; 150 
(orange juice), 120 (sweet lime juice), and 90 min 
(pineapple juice) gave maximum yield of 20.8, 
23.64, and 27.89%, respectively. Nguyen and 
Nguyen (2018) studied the effect of incubation time 
(60−240 min) on enzyme-treated (commercial 
enzyme, Pectinex Ultra SP-L and Viscozyme L) 
mulberry fruit. Pectinex Ultra SP-L treated mulberry 
juice was found to have the highest yield (87.1%) 

when the treatment was carried out at the optimum 
incubation time (120 min). Recently, Santana et al. 
(2020) studied the effect of incubation time 
(40−120 min) on clarification of cellulase (produced 
from Pseudoyma species) for tangerine juice. The 
optimum clarification was obtained at optimum time 
of 80 min.  
 
pH of the medium 

Enzyme activity is also influenced by the 
pH that is associated with the presence of basic 
amino groups (NH2) and acidic carboxylic groups 
(COOH) on the protein substances (Grahame et 
al., 2015). According to Robinson (2015), the 
ionization groups at the active site of enzyme and 
on the substrate can be altered by changing the pH 
value. Thereby, affecting the rate of binding of the 
substrate to the active site (reversible effects). The 
pH where the enzymes work at maximum efficiency 
is called the optimal pH. Enzymes work optimally 
within specific pH ranges, whilst losing its ability to 
bind to a substrate in sub-optimal conditions, i.e. 
pH is either lower or higher than the optimal pH. 
Extreme pH conditions can cause enzymes to 
denature as a result of changing in the charges that 
are often characterized by the protonation or 
deprotonation of residues within the enzyme 
(Grahame et al., 2015; Vitolo, 2020). The optimum 
pH of an enzyme may not be like that of its normal 
surrounded intracellular. Hence, the local pH can 
exert a controlling influence on enzyme activity 
(Robinson, 2015). Kothari et al. (2013) studied the 
effect of pH on apple juice clarification after 
treatment with pectinase, cellulase, amylase, and 
mixture of enzymes separately. All the enzymes 
treated apple juice had maximum clarity in acidic 
range between pH 3−6. 
 
Combination of enzymes 

The use of enzymes in fruit juice 
processing is one of the greatest impacts on the 
biotechnology sector. The types of enzymes to be 
used in food processing vary depending on the 
compositions/cell wall of fruits and vegetables. 
Enzymes, such as pectinase, cellulase, 
hemicellulase, and amylase, are widely used to 
increase the juice yield during extraction (Table 2). 
Different types of enzymes may have different 
mechanisms of catalyzed reaction, whereby some 
enzymes can catalyze reaction without requiring 
cofactors such as protease and lipases, while the 
catalytic activity of other enzymes is dependent on 
the presence of metal ions for example pectinase 
(Palmer and Bonner, 2007; Agarwal, 2019). 
Ametefe et al. (2021) studied the effect of different 



Zainab et al.                                          Enzymatic Approach to an Efficient Fruit and Vegetable Juice Production 
 

 

    Bioscience Research, 2022 volume 19(SI-1): 318-337                                                             326 

 

metal ions on pectinase activity during its crude 
enzyme production. An increased effect of Na+ and 
Mg2+ ions on the pectinase activity to function well 
indicated that the ions forms an essential part of the 
enzyme complex. 

Single-enzyme treatment cannot catalyze 
the reaction completely. Hence, multi-enzymes 
working concurrently can create a synergistic effect 
to promote the overall catalytic efficiency (Jia et al., 
2014). Numerous studies have been carried out in 
the past decade to prove that the use of multi-
enzymes treatment can improve the juice yield 
(Table 3). Findings from these studies have shown 
that the use of multi-enzymes can improve the 
enzymatic reaction rate by increasing the yield of 
kiwi, date, blackcurrant, apple, and guava juices 
(Al-Hooti et al., 2002; Vaidya et al., 2009; Abbes et 
al., 2011; Mieszczakowska-Fac et al., 2012; Shefali 
and Sudhir, 2013; Kumar and Singh, 2019). In 
addition, the use of multi-enzymes combinations, 
such as 2 types (amylase and cellulase, pectinase 
and amylase), and 3 types of enzymes (amylase, 
pectinase, and cellulase) in the extraction of apple 
juice was reported in the study conducted by 
(Padma et al., 2017). The combination of 
pectinase, cellulase, and xylanase in the extraction 
of orange and apple juices greatly improve the juice 
viscosity and clarity due to the synergistic effect 
(Padma et al., 2017).  

 
EFFECT OF ENZYMATIC TREATMENT ON 
EXTRACTION YIELD AND CLARITY OF JUICE 
 
Juice extraction yield  

Several studies have proven that high juice 
extraction yield can be obtained with the aid of 
enzymatic treatment (Joshi et al., 2011; Soumya 
and Annalakshmi, 2016; Ajayi et al., 2017; Zahra et 
al., 2019). Table 2 shows the juice extraction yield 
for various types of fruits and vegetables treated 
with different types of enzymes. The high extraction 
yield is owed to the fact the enzymatic treatment 
breaks down the polysaccharides present in fruits 
and vegetables into smaller cell wall fragments. 
Thus, this phenomenon helps to reduce the haze, 
cloudiness index, and viscosity of the juice 
produced. Consequently, the yield of the juice also 
increased (Voragen, 1992; Plocharski et al., 1998; 
Lee et al., 2006; Patil et al., 2012). 

Enzymes treatment on plum, peach, pear, 
and apricot was able to improve the juices 
extraction yield from 52 (plum), 38 (peach), 60 
(pear), and 50% (apricot) to 78, 63, 72, and 80%, 
respectively (Joshi et al., 2011). This is due to the 
pectin degradation by the enzymes, leading to the 

reduction in water holding capacity of pectin, 
whereby the saps inside the cells of the pomace 
were released. Thus, the yield increases (Broeck 
et al., 1999; Kashyap et al., 2001). The 
improvement on the juice yield due to this mode of 
action is dependent on the amount of pectin in the 
fruits and vegetables. Generally, fruits and 
vegetables with more pectin will have better 
improvement of the juice yield after the enzymatic 
treatment.  

A study conducted by Oszmianski et al. 
(2009) showed that enzymatic treatment of mixed 
juice and puree from pomace of apple resulted in 
yield ranging from 92.3 to 95.3%, which is 
significantly higher than that of control (without 
enzymatic treatment), i.e. 81.8%. A lot of modern 
methods of vegetables and fruit juice production 
frequently use pectinases during their processing. 
However, the use of different enzyme combinations 
was reported to reduce the viscosity and turbidity 
of the juice, as well as increase the juice yield, total 
soluble solids, and clarity of the juice (Bhat, 2000).  

The use of pectinase and cellulase 
(0.025% at ratio of 1:1) in enzymatic treatment of 
pineapple resulted in 74.75% juice recovery 
(Sreenath et al., 1994). Joshi et al. (1991) used 
pectinolytic and cellulolytic enzymes for juice 
extraction on plums, peaches, and apricots. This 
enzymes combination increased the extraction 
yield, reducing sugars, titratable acidity, and 
soluble dry matter of the fruit juices.  A control 
sample (without enzyme treatment) of kiwi fruit 
yield 58.44%, while a significantly higher 78.46% 
was obtained when a combination of amylase, 
pectinase, and cellulases was used in ratio of 1:2:1 
(0.025, 0.050, and 0.025 g/kg, respectively), which 
are found to be the best result when compared to 
other combinations.  

The composition of fruit and vegetables will 
determine the type and combination of enzymes to 
be used in the treatment. Numerous studies had 
been conducted on the use of pectinase for 
extraction of various types of fruits and vegetables 
(Table 2). It has been reported that a significant 
increase in the yield of various juices, with the 
lowest yield of 59% for mango juice (variety 
Amrapali) by Chauhan et al. (2001) and the 
highest, 92.4% for tamarind juice (variety Ajanata) 
as reported by Joshi et al. (2012). Past studies 
have applied dextranase in the extraction of sugar 
cane juice with the aim to increase the juice 
extraction yield. The highest yield was reported in 
a recent study by Sufiate et al. (2018), whereby 
75% juice yield was obtained after enzymatic 
treatment (15 U of dextramase for 12 hrs). 
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Table 2. Extraction yield of various fruits and vegetables treated with different types of single 
enzyme  

Fruits/vegetables Enzyme used Enzyme 
concentration 

Juice 
yield 
(%) 

Author/Year 

Banana Pectinase 0.4% 69 Shahadan and Abdullah (1995) 

Apricot  Pectinase 0.5% 78 Chauhan et al. (2001) 

Mango (variety amrapali) Pectinase 0.9% 59 Chauhan et al. (2001) 

Pineapple Pectinase 0.02% 63-64 Dzogbefia et al. (2001) 

Sugar cane Dextranase 10 mg/ L 46 Gillian and Adrian (2004) 

Black currant Pectinase 0.18% 66-78 Landbo and Meyer (2004) 

Elderberry Pectinase 0.34 mg/ 100 g 77 Landbo et al. (2007) 

Mayhaw Pectinase 0.20% 76 Trappey et al. (2008) 

Guava Pectinase 0.70 mg/100 g 62 Kaur et al. (2009) 

Sugar cane Dextranase 15 U/ 100 mL 70 Bhatia et al. (2010) 

Apricot Pectinase 2.5% 80 Joshi et al. (2011) 

Pear Pectinase 2.5% 72 Joshi et al. (2011) 

Peach 
Apricot 
Plum 

Pectin methyl 
esterase 

7.5% 63 
80 
78 

Joshi et al. (2011) 
 

Bael  Pectinase 20 mg/ 100 g 86.6 Singh et al. (2012) 

Tamarind (variety ajanta) Pectinase 5 mg/ 100 g 92 Joshi et al. (2012) 

Apple Cellulase 1 mg/ mL 52 Shefali and Sudhir (2013) 

Apple Pectinase 10g /mL 68 Shefali and Sudhir (2013) 

Apple Amylase 10g/ mL 17 Shefali and Sudhir (2013) 

Grape   Xylanase 5-30IU/gfp 20 Kumar et al. (2014) 

Orange Xylanase 20IU/gfp 16 Kumar et al. (2014) 

Pomegrate Tannase 17 U/ mg 56 Soumya and Annalakshmi (2016) 

Grape Acidic poly 
galacturonase 

5 U/ mL 77 Zahra et al. (2019) 

Several studies were conducted using 
cellulase. Shefali and Sudhir (2013) used cellulase 
(1 mg/mL) for the extraction of apple juice and 
managed to yield 52% of juice. Later, Ajayi et al. 
(2017) also used cellulase in the extraction of 
apple, soursop, pear, and orange juice at enzyme 
concentration of 0.6 mg/mL. Moreover, some past 
studies have been conducted using other 
enzymes, such as amylase (Ceci and Lozano, 
2002), pectin lyase (Nadaroglu et al., 2010; Xu et 
al., 2014), PME (Filiz Ucan et al., 2014), tannase 
(Vanilla et al., 2017), and xylanase (Kumar et al., 
2014) on the extraction and clarification of fruit and 
vegetable juices. 

In addition, several past studies had 
utilized combinations of two enzymes in fruit and 

vegetable juices extraction (Table 3). For example, 
a combination of PME and polygalacturonase was 
used for blackcurrant juice extraction (Mieszcza 
kowska-Frac et al., 2012), pectinase and amylase 
on kiwi juice extraction (Vaidya et al., 2009), and 
amylase with cellulase or pectinase on apple juice 
(Shefali and Sudhir, 2013). Furthermore, many 
studies had been carried out using combination of 
pectinase and cellulase for juice extraction on 
carrot, date (Birhi and Safri variety), apple, and 
pineapple. The highest yield was obtained for 
pineapple juice (74.75%) (Sreenath et al., 1994). 
Moreover, Al-Hooti et al. (2002) conducted 
research on the use of these enzyme combinations 
(pectinase and cellulase) on extraction of date juice 
and the respective juice yield significantly.
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Table 3. Extraction yield of various fruits and vegetables treated with enzyme combinations 
Fruits/vegetables Enzyme used Enzyme 

concentration 
Juice 
yield 
(%) 

Author/Year 

Date  (birhi) Pectinase + 
Cellulase 

1% 68 Al-Hooti et al. (2002) 

Date (Safri) Pectinase + 
Cellulase 

1% 68 
 

Al-hooti et al. (2002) 
 

kiwi Pectinase + 
Amylase 

0.025 g/ kg 73 Vaidya et al. (2009) 
 

kiwi Pectinase + amylase 
+ cellulase 

0.05 + 0.025 + 
0.025 g / kg, 
respectively 

78 Vaidya et al. (2009) 

Black currant Pectin methyl 
esterase + 

Polygalacturonase 

0.2 g/ kg 59 Mieszczakowska-Frac et al. (2012) 

apple Amylase + cellulase 
Amylase + 
pectinase 

Pectinase + 
cellulase 

1 mg/ mL 
 

1 mg/ mL 
 

1 mg/ mL 

23 
 

24 
 

23 

Shefali and sudhir (2013) 

guava Pectinase + 
Cellulase + 

hemicellulase 

0.96% 
0.57% 
0.77% 

65 Kumar and Singh (2019) 
 

papaya Pectinase + 
Cellulase + 

hemicellulase 

0.87% 
0.50% 
0.50% 

79 Kumar and Singh (2019) 
 

 Multi-enzymes usage had also been 
studied with the use of three enzyme combinations. 
Vaidya et al. (2009) used pectinase + amylase + 
cellulase in extraction of kiwi fruit pulp at enzyme 
concentration of 0.050, 0.025, and 0.025 g/kg, 
respectively and has juice yield of 78.46% in 
compared with when only two enzymes (pectinase 
+ amylase) was used for the same fruit (kiwi) at 
enzyme concentration of 0.025 g/kg with yield of 
72.68%. Recent study by Kumar and Singh (2019) 
used combinations of pectinase + cellulase + 

hemicellulase on the extraction of guava and 
papaya juice at different enzyme concentrations. 
Each of the fruit juice yield significantly by 64.7% 
and 78.8% respectively. 

Most of the commercial enzymes are 
combinations of several types of enzymes and 
almost all the commercial enzymes used for juice 
processing are composed of pectinase. Using 
commercial enzymes in juice extraction, yield 
significantly compared to extraction using purified 
enzymes (Table 4). 

 

Table 4. Extraction yield of various fruits and vegetable using commercial enzymes 
Fruits / 
vegetables 

Enzyme used Enzyme 
concentration 

Juice  
yield 
(%) 

Author/Year 

Soursop Pectinex ultra SP-L 0.05% 68 Yusof and Ibrahim (1994) 
 

Apple Pectinex Ultra SP-L 10-50mL/ 
100kg 

73 Oszmianski et al. (2009) 
 

Plum Pectinex BE XXL 
 

0.2g/kg 95 Mieszczakowawska-Frac et al. 
(2012) 

Black currant Pectinex BE XXL 0.2g/kg 75 Mieszczakowska-Frac et al. 
(2012) 

Guava 
passion fruit 

Vegazyme, Fructozym and pectinase 20 mg/ L 
180 mg/ L 

- Pham et al. (2019) 
 

Mulberry Pectinex Ultra SP-L 
Viscozyme L 

1:5 v/w 87.1 
83.4 

Nguyen and Nguyen 2018 
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Table 5.  Optimum conditions for clarification of various fruit and vegetable juices using various enzymes. 
Fruits/vegetables Type of enzymes Enzyme 

concentration 
pH Temperat

ure (0C) 
Incubation 

time 
Juice Viscosity Juice Clarity Author/Year 

White grape pectinase 0.048% - 27-30 30 mins - 0.031 Abs Sreenath and Santhanam 
(1992) 
 

Soursop Pectinex Ultra SP-L 0.05% 3.64 35-40 180 mins 5.0 mPa·s - Yusof and Ibrahim (1994) 

Mousambi  pectinase 0.0004% 3.6 42 99 mins 1.11 mPa·s 84% T Rai et al. (2004) 
 

Banana  Pectinase  
 
amylase 
 

0.084% 
 
0.02% 

4.6 
 
4.6 

43 
 
60 

80 mins 
 
1hr 

1.89 cps 0.006 Abs Lee et al. (2006) 

Sapodilla pectinase 0.1% 
 

- 40 120 mins - 0.023 Abs Sin et al. (2006) 

Banana pectinase 0.084% - 43.2 80 mins - 0.009 Abs Lee et al. (2006) 
 

Carambola pectinase 0.10% - 30 20 mins - 0.0199 Abs Abdullah et al. (2007) 
 

Apple Pectinex Ultra SP-L 10-50 Ml/100kg 
 

- 20 60 mins 7.2 mPa·s - Oszmianski et al. (2009) 

Kiwi Pectinase and amylase 0.025 g/ kg 3.5 50 120 mins 1.34 mPa·s - Vaidya et al. (2009) 
 

Lichi pectinase 500 mg/ L - 40 120 mins - 80% T Vijayanand et al. (2010) 
 
 

Orange 
 
Apple 
 
Pomegranate 
 
Sapota 
 
Grape 
 
Banana 
 
Guava 
 

polygalacturonase 98.49 U/ g 6 40 30 mins 42.49% 
 
50.14% 
 
22.72% 
 
43.77% 
 
27.93% 
 
47.68% 
 
17.67% 

- Patil et al. (2012) 
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Grape 
 

Xylanase 
 

50 IU/ gfp - 50 30 mins - 27% T Kumar et al. (2014) 

Orange xylanase 20 IU/ gfp - 50 30 mins - 20% T Kumar et al. (2014) 
 

Mosambi polygalacturonase 1% - 50 2hrs - 96% Dey and Banerjee (2014) 
 

Banana pectinase 0.03% 4.5 33 108 mins 1.42 mPa·s - Sagu et al. (2014) 
 

Apple 
 
Tomato 
 
Pineapple 
 

xylanase 20 U/ g 
 
20 U/ g 
 
10 U/ g 

- 37 4 hrs - 16% T 
 
20% T 
 
44% T 

Manjuphadke and 
Zaheramomin (2015) 

Mango polygalacturonase 1.5 U/ mL 5 40 30 mins 60% - Anuradha et al. (2016) 
 

Apple  Pectinase 
 
Amylase+ cellulase 
 
Pectinase +amylase 
 
Cellulase 
 
Amylase+pectinase+cellulase 

1 U/ mL 5 40 
 
40 
 
50 
 
50 
 
50 

30 mins 1500 cP 
 
500 cP 
 
510 cP 
 
609 cP 
 
400 cP 
 

- Padma et al. (2017) 

Tamarind tannase  77.67 U/ Ml 
 

- 37 12 mins - 51.82% T Vanilla et al. (2017) 

Mangaba juice tannase  77.67 U/ Ml 
 

- 37 90 mins - 49.66% T Vanilla et al. (2017) 

Tomato juice xylanase 20 IU/ mL 9 60 - 5% 0.697 Abs Mishra et al. (2017)   
 

Grape Acidic polygalacturonase 5 U/ mL 4.5 50 60 mins 46% 0.28 Abs 
(95% T) 

Zahra et al 2019 
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Juice clarification rate 
Fruit juices are naturally cloudy due to the 
presence of naturally occurring polysaccharides, 
such as pectin, cellulose, hemicelluloses, starch, 
lignin, and non-starch polysaccharides (Sharma et 
al., 2016). Juice clarified with enzymes resulted in 
cluster formation and reduced viscosity. These 
facilitate the separation of solids through 
centrifugation or filtration, resulting in juice with 
higher clarity and more concentrated color and 
flavor (Padma et al., 2017).  
Viscosity is one of the important physical properties 
for fluid systems due to its interference with the flow 
rate of the fluid in equipment. Pectic enzymes, 
especially PME, affect the viscosity of juice 
because it is responsible for the juice consistency 
and PME can make media to be highly viscous, 
even at low concentrations, depending on its pH 
conditions, degree of methoxylation, and solid 
soluble contents of the juice (Lee et al., 2006; 
Tiwari et al., 2009; Giap, 2010).  

According to Sin et al. (2006), an increase 
in enzyme concentration increases the rate of juice 
clarification. This is done by revealing some of the 
positively charged proteins that are beneath. With 
these, electrostatic repulsion between cloud 
particles reduces and will eventually cause the 
particles to aggregate into larger particles and later 
settle out. Furthermore, increase in incubation time 
at fixed temperature decreases the absorbance 
values during clarity.  

Different fruits and vegetables have 
different clarification conditions to attain desired 
and optimum viscosity and juice clarity. Various 
optimum conditions for clarification of various fruit 
and vegetable juices using different enzymes can 
be referred to Table 5. The highest clarity rate 
(83.97%) was observed in mosambi juice when 
pectinase (0.0004%, w/v) at incubation condition of 
41.89 °C for 99.27 min (Rai et al., 2004). 
Meanwhile, higher viscosity reduction was reported 
in a study by Anuradha et al. (2016), whereby 60% 
viscosity reduction was obtained from mango juice 
clarification using polygalacturonase (1.5 U/mL) at 
optimum conditions of pH 5 and 40 °C for 30 min. 

CONCLUSION 
There are many enzymes available for food 
application, however only specific enzymes can be 
used for juice processing. The type of enzyme to 
be used in juice processing depends on the cellular 
components (e.g. pectin, cellulose, hemicellulose, 
xylan, starch, and tannins) of the respective fruits 
and vegetables. Applications of multi-enzymes 
have shown to increase juice production when 

compared to the use of a single enzyme. These 
enzymes can be extracted from various 
microorganisms and used raw or could be obtained 
commercially (commercial enzymes). The 
commercial enzymes are mostly made from 
combinations of different types of enzymes, which 
is reported to be more effective than crude 
enzymes. There are extrinsic factors (incubation 
time, incubation temperature, pH, and enzyme 
concentration) which influenced the activity of 
enzymes to attain an optimum juice quality. The 
use of enzymes can significantly help 
manufacturers to improve the yield, clarity, and 
viscosity of the fruit and vegetable juices. 
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