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Abstract 

Consumption of natural fruit juice as an alternative to the traditional caffeine-containing 

beverages such as coffee, tea or carbonated soft drinks has increased in recent years very 

promptly which endeavour to promote and improve its production to be competitive for both 

domestic demand and export markets. Enzyme is an essential tool in juice processes, both in 

terms of quality improvement and cost saving. These can be obtained from plants, animals and 

microorganisms. However, enzymes from fungal and bacterial sources have dominated 

applications in industrial sectors. Fruit and vegetable juice production is nowadays unthinkable 

without the use of enzymes. The degradation of plant cell walls by enzymatic treatment results 

is easier release of the components contained in cells. The cloudiness in the juices is mainly 

caused by the presence of polysaccharides such as pectin and starch. Commercial pectic 

enzymes and other enzymes like amylases, cellulases, glucose oxidase etc. are now an integral 

part of fruit juice technology. They are used to extract, clarify, and modify juices from many 

fruits including berries, stone, and citrus fruits, grapes, apples, pears. Therefore, enzymatic 

treatment is an effective way to reduce the cloudiness in the fruit juices.  
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1. Intruduction 

 

Over the years, juices have garnered sufficient 
amount of attention as a healthy drink. Mirroring 
the fact, per capita consumption of juices 
exhibited robust growth over the past few years. 
The major problem associated with it is haziness 
in fruit juices. Fruit juices appear cloudy, though 
depending on fruits, especially due to occurrence 
of polysaccharides (pectin, cellulose, 
hemicelluloses, lignin and starch), proteins, 
tannins and metals (Vaillant et al.,, 2001). Clarity 
of juice is a determinant factor for marketing, the 
fruit juice industry has been investing to optimize 
this feature (Tribess and Tadini, 2006). 
 
The production of clarified and stable juice is a 
critical factor for the beverage industries. 
Clarification is associated with removal of pectic 
substances and other polysaccharides as well as 
carbohydrates (Vaillant et al.,, 1999; Kashyap et 

al.,, 2001; Landbo and Meyer, 2007). Generally, 
centrifugation, membrane filtration or addition of 
clarifying agents such as gelatin, bentonite, silica 
sol and polyvinyl pyrrolidone are the keys applied 
for clarification (Chatterjee, 2004). However, the 
drawbacks of these methods are time-consuming, 
inefficiency and requirement of laborious efforts. 
Besides, addition of fining agents and filter aids 
may lead in slight change in flavor which is 
unacceptable (Alvarez, 2000). The development 
of membrane separation processes to replace the 
traditional approach has enabled the automation 
of the whole production resulting in lower labor 
requirement and a considerably shorter process 
time than the traditional process. But membrane 
fouling is a major drawback associated with it. An 
alternative procedure in this chain is enzymatic 
treatment of fruit juices (Grzeskowiak-Przywecka 
and Slominska, 2007). 
 
Enzymes are proteins that act as biological 
catalysts. A catalyst is a substance that speeds up 
the rate of a chemical reaction, but is not itself 
changed by the reaction (Neet, 2008). Enzymes 
act on colloids yielding a crystal clear juice with 
the appearance, stability, mouth-feel, taste and 
texture characteristics preferred by consumers. 
Enzymes mainly used for clarification purposes 
include pectinase, amylase, cellulase, 
hemicellulase, xylanase, glucanase, glucosidase, 

amyloglucosidase and arabanase, etc. In 1995, the 
estimated market value of enzymes was more than 
1 billion US dollars which was expected to be 
double in 2005 (Godfrey and West, 1996). Till 
now, the enzymes have been used for clarification 
of juices of many fruits like orange, apple, 
banana, lemon, grape, carombola, sapodilla, 
berries, etc. 
 
2. Types of enzymes 

 

Out of 4000 known enzymes approximately 200 
are used commercially. Europe contributes around 
60% of the world enzymes. They are used to 
extract, clarify and modify juices from many 
fruits, including berries, stone and citrus fruits, 
grapes, apples, pears and even vegetables. There 
are so many enzymes used to clarify fruit juices 
include pectinases, amylases, cellulases, 
arabanase, fructozyme, dextranase, protease, 
amyloglucosidase, etc. The available commercial 
pectinase preparations used in fruit processing 
generally contain amylases, cellulases and a 
mixture of pectinesterase (PE), polygalacturonase 
(PG), and pectinlyase (PL) enzymes. Some of 
these are described below:- 
 
2.1. Amylases 

 

Amylases are digestive enzymes hydrolyzing 
glycosidic bonds of starch. Amylases are among 
the most important enzymes and are of great 
significance for biotechnology. They contribute 
around 25% of the world market enzymes (Rao et 

al.,, 1998). Several sources are used for the 
manufacturing of amylases including plants, 
animal and chemicals. But the microbial enzymes 
have proved the most significant benefits to the 
food and beverage industries (Tanyildizi, 2005). 
Table 1 shows the list of micro-organisms used 
generally. In beverage industry, these have 
potentially been used in clarification of fruit 
juices. They provide a wide range of temperatures 
of operations required for various industrial 
applications (Haki and Rakshit, 2003). Amylases 
can be divided into two categories, endoamylases 
and exoamylases. Endoamylases randomly cleave 
the interior of the starch molecule whereas 
exoamylases act from the non-reducing end 
successively resulting in short end products 
(Gupta et al.,, 2003). There are three types of 
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enzymes namely: α-amylase, β-amylase, γ-
amylase. Amongst all α-amylase are one of the 

most popular and important form of industrial 
amylases. 

Table 1: Production of α-amylase enzyme using specific micro-organisms. 
Name of micro-organism 

Bacteria 

Type of 

fermentation 

pH Tempe-

rature  

Reference 

Bacillus amyloliquefaciens SMF 7.0 33ºC Tanyildizi et al., (2007) 

Bacillus subtilis DM-03              SSF 6.0-
10.0 

50ºC Mukherjee et al., (2009) 

Bacillus subtilis KCC103           SMF 6.5 37ºC Rajagopalan et al., (2008) 

Bacillus subtilis JS-2004               SMF 7.0 135ºC Asgher et al., (2007) 

Bacillus sp. KR-8104 NA 4.0-
6.0 

70-75ºC Sajedi et al., (2005) 

Bacillus sp. PS-7 SSF 6.5 60ºC Sodhi et al., (2005) 
Bacillus subtilis DM-03 SSF 6.0-

10.0 
50ºC Mukherjee et al., (2009) 

Fungi     
Aspergillus niger UO-1 SMF 4.95 50ºC Hernández e al. (2006) 
Aspergillus niger ATCC  SMF 5.0/6.0 30ºC Dakhmouche et al., (2006) 
Aspergillus oryzae  SSF 7.0 35ºC Rahardjo et al., (2005) 
Thermomyces lanuginosus  SSF 6.0 50ºC Kunamneni et al., (2005). 
Thermomyces lanuginosus   6.0 50ºC Jensen et al., (2002). 

SMF-submerged fermentation, SSF- solid state fermentation, NA-not available 
 
Table -2: Specific conditions required for production of pectinase using micro-organisms 

Microorganism Substrate  Type of 
fermentation 

pH Temperature  Time 
(hrs) 

Reference  

Bacillus sp. 

MFW7. 
Cassava 
waste 

 6.5 35ºC 96  Mukesh kumar 
et al., (2012) 

Aspergillus 

niger 
soil SMF 6.8 30ºC 24-48 Reddy and 

Sreeramulu 
(2012) 

Aspergillus 

Niger 
Wheat bran SMF 3.8 30 ºC 24-48 Khairnar et al., 

(2009) 
A. niger wheat bran SMF 5.5 30 ºC 48  U. A. Okafor et 

al., (2010) 
A. niger pectin SCF 4.5 35 ºC 4 days Abbasi & 

Fazaelipoor 
(2010) 

A. japonicus NA NA 4.0- 
5.5 

50ºC NA Hasunuma et al., 
(2003) 

Penicillium sp 

EGC5 

Orange-
sugar cane 
bagasse and 
wheat bran 
(1:1:1) 

SSF 4.5-
5.5 

40ºC NA Martin et al., 
(2004) 

SCF- Surface culture fermentation, SSF- solid state fermentation, SMF- submerged fermentation 
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Table 3: Micro-organisms used for the production of cellulase 
Micro-
organism 

Substrate Type of 
fermentation 

References 

Bacillus 

pumilus eb3 

Carboxymethyl cellulose  NA Ariffin et al., (2006) 

Aspergillus 

spp. 

Wheat Straw, Wheat 
Bran, Rice Straw and 
Corn Cob for diff sp. 

SSF Abo-State et al., (2010) 

Chaetomium 

sp. 

Cotton seed SSF Ravindran et al., (2010) 

Chaetomium 

sp. 

CMC SMF Ravindran et al., (2010) 

Paenibacillus 

species) 

CMC  Maki et al., (2009) 

Aspergillus 

niger 

Rice straw SMF M. Charitha Devi and M. Sunil 
Kumar(2012) 

 
Table- 4: Micro-organisms used for the production of amyloglucosidase 
Microorganisms Type of 

fermentation 

Substrate pH References 

A. Oryzae SSF Wheat bran and sugar cane 
bagasse) at the ratio of 1:1 

5.0 Parbat and Singhal 
(2011) 

Aspergillus niger SSF Wheat bran 4.8 Imran et al., (2012) 
Rhizopus sp. liquid culture yeast extract and polypepton 4.5 Nahar et al., (2008) 
Aspergillus niger UV-
60 

SMF Food waste (FW) _  Wang et al., (2008) 

Aspergillus oryzae Wheat bran 
supplemented 

with 1%, 
(w/w) starch, 
0.25%, (w/w) 

urea 

Wheat bran supplemented 
with 1%, (w/w) starch, 
0.25%, (w/w) urea 

6.0   Vasudeo 
Zambare, 2010 

Aspergillus awamori SSF Wheat bran containing 25% 
starch and 14% protein 
(w/w, d b 

4.0 Bertolin et al., 
(2003)  

Aspergillus awamori  Molasses and  wheat flour  Al-Turki et al., 
(2008) 

 
2.1.1. α-Amylase 

 

α-amylases (endo-1,4-a-D-glucan 
glucanohydrolase), are extracellular endo 
enzymes that randomly cleave internal α-1,4-
glycosidic linkages in starch and ultimately 
generate low molecular weight products, such 
glucose, maltose and maltotriose units (Kandra, 
2003; Rajagopalan, 2008; Ghorai, 2009). These 
are very specific catalytic groups act neither on α-
1,6-linkages nor terminal glucose but are able to  

produce a mixture of short products containing α-
1,6-linkages and α-1,4-linkages (Whitcomb, 
2007). These are becoming very popular because 
of their widespread applications. They are utilized 
in starch saccharification textile, food, 
fermentation and distilling industries (Pandey et 

al.,, 2000). These are Ca metelloenzymes 
requiring calcium to act on the substrate. 
(Manelius and Bertoft, 1996). 
 

 

http://www.sciencedirect.com/science/article/pii/S1359511307003443
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Table- 5: Application of various enzymes for fruit juices 
Fruit juice  Enzymes  Optimum 

pH 

Operating 

conditions   

Results  References  

Banana juice  0.084% pectinase 
and 0.02%  amylase  

  

4.6 60 C for 1 
hr for 
amylase and 
43.2ºC  for 
80 min for  
pectinase  

Clarity (0.006 Abs), 
turbidity (0.92 NTU) 
and viscosity (1.89 cps). 

Lee et al., 
(2005) 

Mausambi 
juice  

.0004 % pectinases 
from Aspergillus 
niger  

3.6 41.89ºC  Apparent viscosity 
(1.11 

Mpa s), Clarity 
(83.97%) 

Rai et al., 
(2004) 

Sapodilla 
juice  

0.1% crude pectinase 
along with 
hemicellulase and 
cellulase 

4.7 40ºC for 
120 min 

lowest turbidity, 
absorbance value and 
viscosity with highest L 
value 

Sin et al., 
(2006) 

Carombolla 
juice  

0.10 % crude 
pectinase along with  

b-galactosidase, 
chitinase and 
transgalactosidase 

4.02 30ºC for 20 
min 

minimum turbidity, 
absorbance, viscosity 
and maximum L* value. 

Abdullah et 

al., (2007)  

Apple juice, 
butia palm 
fruit juice 
blueberry 
juice and 
grape juice 

919 U/ml pectinase  5.0 30ºC for 60 
min 

Clarity of juice 
increased. Blueberry 
juice showed 40% 
decrease in turbidity 

Ivana et al., 
(2011) 

Kiwifruit 
juice  

0.025 % Amylases+  
0.025 % pectinases+ 
0.05% mash enzyme  

3.52 ±.02 50ºC for 2 
hr 

Clarity increased and 
haziness reduced.  

Devina et al., 
(2009) 

Apple juice 3.4 U/ml low-
temperature-active 
endo-
polygalacturonase 

3.5 40ºC for 60 
min 

Reduced the intrinsic 
viscosity of apple 
juice by 4.5%, and 
increased the 
transmittance by 71.8% 

Peng et al., 
(2011) 

White grape 
juice 

.048 % Commercial 
pectinase  

NA 27-30ºC for 
30 min 

Clarity increased up to 
98-99%, viscosity and 
total phenols were 
reduced by 25% and 
32% respectively. 

Hassan et al., 
(1992) 

Peach juice Pectinase  NA 25ºC for 60 
min 

Viscosity (68%) 
reduction 

Santin et al., 
(2008) 
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Guava juice Pectinase 0.11 % NA 41.30C 
incubation 
time of 
115.98 min 

Clarity (1.34 Abs), 
turbidity (1.07 Abs), 
titrable acidity 
(0.525%), viscosity (2.4 
cps) 

Sevda et al., 
(2012) 

Guava juice Commercial fungal 
enzymes pectinase 
0.7% 

NA 45.35C, 

incubation 

time 7.23 h 

Clarity (34.54%)  and 

viscosity 1.24 cps 
Sawinder et 

al., (2011) 

Passion 
Fruit Juice 

.001 % Amylase + 
Celluclast+ Pectinex 
(in equal 
quantitities) 

NA 50ºc for 30 
to 120 min 

 53 % reduction in 
viscocity 

Rui et al., 
(2012) 

Orange juice pectinase produced 
by Rhizopusoryzae 2 
% 

3.54 40oc for 1h  Least turbidity of 36 
NTU and 51% 
reduction in viscosity     

Kareem and 
Adebowale 
(2007) 

Papaya 
puree 

Pectic enzymes 
produced from  

Saccharomyces 
cerevisiae (ATCC 
52712) 32 mg of 
total protein per 200 
g of mash 

5.5 -6.0 30 min Maximum rate of juice 
flow (25 ml/min 

Dzogbefia 
and Djokoto 
(2006) 

Carrot juice  Pectinase produced 
from Aspergillus 
aculeatus, 100 ml/t 

4.5-5.0 40-45ºC. 
The 
incubation 
time is 80 
min 

decline in Turbidity 
from 240.33 to 187.33 
NTU and viscosity from 
2.54 to 2.09 mpa·s 

Liao et al., 
(2007) 
 

Passion fruit 
pulp  

0.0136 % Pectinase 
and 0.0024% 
amylase w/w passion 
fruit pulp 

3.8 49ºC for 25 
min 

increase in turbidity and 
decease in viscocity was 
found from 550 to 728 
NTU and 2.4 to 1.82 cp  

Mugwiza 
and Qian 
(2009) 
 

2.2. Pectinases 

 

Pectin is a high molecular weight polysaccharide 
consisted of linear chains of α-1, 4-linked D-
galacturonic acid residues present in middle 
lamella of plant cell wall. (Torres-Fanela et al.,, 
2003). The presence of pectic substances is a 
major factor responsible for cloudiness in juices 
(Borrego, 1989). The impact of increase in 
viscosity due to these substances is in-efficiency 
of filtration during juice processing (Rombouts, 
1980). Pectic enzymes are used to degrade such 
pectins. They have a considerable effect in 
increasing the juice yield and in clarification of 
fruit juices (Whitaker, 1990). The hydrolyzation 
of pectins by pectinase results in pectin-protein 

complex which further flocculates. Thus fruit 
juice of lower viscosity and turbidity is obtained. 
These are broadly classified in three groups. They 
are Pectin methyl esterase (PME), 
Polygalacturonase (PG) and Pectate lyase`s (PAL) 
(Haidar Abbasi, 2010; Ranveer Singh, 2005). 
Microbial pectinase share 25% in global food 
enzymes market (Table 2). These are obtained 
from fungal resources especially A. niger (Naidu, 
1998; Kotzekidov, 1991).  
 
2.3. Cellulases          

 
Cellulose is the most abundant constituent of the 
plant (Saha, 2002). It is an acrystalline polymer of 
D-glucose residues linked by β-1, 4 glucosidic 
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linkages associated in a highly ordered manner 
(Ghose, 1984). Thus break down of cellulose 
becomes difficult and needs additional effort. 
Cellulases are the enzymes used for degradation 
of cellulose and are grown in cellulosic materials 
(Lee and Koo, 2001). Complete cleavage of 
cellulose requires synergistic effect of all 
componenets of cellulases. Cellulase is made up 
of three major components as: cellobiohydrolase 
(exoglucanases or exo-β-glucanase), 
endoglucanase (carboxy methyl cellulase 
(CMCase) or endo-β-glucanase) and β-
glucosidase (Bhat, 2000). The combined actions 
of endo- and exo-glucanase cleave the amorphors 
region of cellulase into glucose units whereas β-
glucosidase acts on the crystalline region giving 
the same end product as glucose. Amorphous 
region is hydrolyzed more easily than that of 
crystalline region (Muhlenthaler, 1967). The 
exoglucanase and endoglucanase cleave the β-1, 4 
glucosidic bonds from the chain ends and 
internally respectively (Davies and Henrissat, 
1995). β-glucosidase breaks down cellobiose and 
short cello-oligosaccharides from non-reducing 
end to remove glucose (Bashir, 1989). These 
enzymes act synergistically to cleave the 
glycosidic bonds of cellulose. Table 3 shows the 
Microorganisms used for the production of the 
enzyme. 
 

2.4. Amyloglucosidase 

 

Amyloglucosidase is a hydrolyzing enzyme which 
belongs to the amylase family. It consecutively 
hydrolyzes α-1, 4 glycosidic bonds from the non-
reducing ends of substrate starch releasing the 
glucose as end product (Fogarty, 1983). It also has 
the ability to hydrolyze α-1, 6 glycosidic bonds 
and α-1, 3 glycosidic bonds but to a lesser extent 
resulting in the same end product glucose 
(Mertens and Skory, 2006). Hence it can 
completely break down starch into glucose. It is 
also known as 1, 4-α-glucosidase, γ-amylase, 
lysosomal α-glucosidase, acid maltase; exo-1, 4-
α-glucosidase, glucose amylase; γ-1, 4-glucan 
glucohydrolase, acid maltase and 1,k-D-glucan. It 
plays an important role in starch processing. Its 
importance is next to protease in the usage and 
marketing among all the industrial enzymes 
across the world (Parbat and Singhal, 2011). It is 
majorly produced by fungi like Aspergillus 

awamori, A. saitoi, A. oryzae. Rhizopus sp, 
Mucor sp, Penicillium sp., and yeast (Sen and 
Chakarabarty, 1984) (Table 4). Among these, 
Rhizopus spp. shows the best results for 
production (Jin et al.,, 1999). It can also be used 
for starch liquefaction as well as high fructose and 
glucose syrup production (Nguyen et al.,, 2002). 
Whole grain can be used as substrate for alcohol 
industry for production of alcohol. It is utilized in 
baking, juice, beverages pharmaceuticals 
(Raimbault, 1981) and potentially in textiles and 
paper industries (Quang et al.,, 2002). 
 
2.5 Application of enzymes in clarification of 

fruit juices 

 

The application of enzymes will depend on kind 
of polysaccharides present in different fruit juices. 
Pectin is the major obstacle in citrus juices as well 
as in apple juice (Prathyusha and Suneetha, 2011). 
Pectinase plays a major role in clarification at this 
condition. Whereas amylase is preferred where 
the difficulties are encountered due to the 
presence of starch.  Sometimes these enzymes are 
used in combination with cellulose and 
hemicellulase to effectively reduce haziness in 
juices. The major factors influencing the activity 
of enzyme are temperature, incubation period, pH 
and concentration. These parameters vary for 
different fruits. The incorporation of enzymes in 
fruit juice processing has been proved cost 
effective and efficient method. Till now, these 
have been applied in many fruit juices. Table 5 
demonstrates the few of the studies conducted on 
fruit juices using various enzymes. 
 
3 Conclusion 

 

Enzymes are becoming a basic need for the 
beverage industries now-a-days. The production 
of enzyme will depend on various factors 
including type of strain. Strains useful for the 
continuous process need to be discovered. 
Substrate present in the fruit juice is the deciding 
factor for type of enzyme to be added. There is a 
great potential for application of enzyme kinetics 
in the future era. 
 
4. References  

 



 Article ID: ijbt150415101                                                                                                                         

Int. J. Biol. Technology                                                                                                         ISSN: 0946 - 4313 (Print) 

 

© 2015 GTRP Reserved. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  (http://creativecommons.org/licenses/by-nd/3.0/), which permits unrestricted use, 
distribution, and reproduction in  any medium, provided the original work is properly cited. 
                                                                  http://www.gbtrp.com/ijbt.htm

 8

 

OPEN ACCESS 

Abdullah, A.G. Liew., Sulaiman, N.M., Aroua, 
M.K. and Megat Mohd Noor, M.J. 2007.Response 
surface optimization of conditions for clarification 
of carambola fruit juice using a commercial 
enzyme. J. Food Eng., 81:65–71. 

Abo-State, M.A.M., Hammad, A.I., Swelim, M. 
and Gannam, R.B. 2010. Enhanced Production of 
Cellulase (s) By Aspergillus spp. Isolated From 
Agriculture Wastes by Solid State Fermentation. 
American-Eurasian J Agric & Environ Sci., 8 
(4):402-410. 

Al-Turki, A.I., Khattab, A.A. and Ihab, A.M. 
2008. Improvement of glucoamylase production 
by Aspergillus awamori using microbial 
biotechnology techniques. Biotechnology, 7:456-
462. 

Alvarez, S., Riera, F.A., Alvarez, R., Coca, J., 
Cuperus, F.P. and Bouwer, S.T. 2000. A new 
integrated membrane process for producing 
clarified apple juice and apple juice aroma 
concentrate. J. Food Eng., 46:109-25. 

Ariffin, H., Abdullah, N., Umi Kalsom, M.S., 
Shirai, Y. and Hassan, M.A. 2006. Production and 
characterisation of cellulase by Bacillus pumilus 
eb3. Int. J. Eng. and Tech., 3(1):47-53. 

Asgher, M., Asad, M.J., Rahman, S.U. and Legge, 
R.L. 2007. A thermostable α-amylase from a 
moderately thermophilic Bacillus subtilis strain 
for starch processing. J. Food Process Eng., 
79:950-955. 

Bashir, B., Ashfaq, S.R., Rajoka, M.I., Malik, 
K.A. and Batt, C.A. 1989. Cloning of cellulase 
gene using PUC18 and Lambda 2001 vector. 
Proc. Int. Symp. Biotechnology for Energy, 55-63. 

Bertolin, T.E., Schmidell, W., Maiorano, A.E., 
Casara, J. and Costa, J.A. 2003. Influence of 
carbon, nitrogen and phosphorous sources on 
glucoamylase production by Aspergillus awamori 
in solid state fermentation. J. Biosci., 58(9-
10):708-712. 

Bhat, M.K. 2000. Cellulases and related enzymes 
in biotechnology. Biotech Adv., 1:355-383. 

Borrego, F., Tari, M., Manjon, A. and Iborra, J.L. 
1989. Properties of pectinesterase immobilized on 
glycophase-coated controlled-pore glass. Appl. 

Biochem. Biotechnol.,22:129-140. 

Charitha Devi, M. and Sunil Kumar, M. 2012. 
Production, Optimization and Partial purification 
of Cellulase by Aspergillus niger fermented with 
paper and timber sawmill industrial wastes. J. 

Microbiol. Biotech. Res., 2(1):120-128. 

Chatterjee, S., Chatterjee, S., Chatterjee, B.P. and 
Guha, A.K. 2004. Clarification of fruit juice with 
chitosan. Process Biochem., 39:2229-32.  

Davies, G. and Henrissat, B. 1995. Structures and 
mechanisms of glycosyl hydrolases. Structure, 
3:853-859. 

Devina, Vaidya., Manoj, Vaidya., Surabhi, 
Sharma. and Ghanshayam. 2009. Enzymatic 
treatment for juice extraction and preparation and 
preliminary evaluation of Kiwifruit wine. Natural 

Product Radiance, 8(4):380-385. 

Djekrif, Dakhmouche., Gheribi-Aoulmi, Z., 
Meraihi, Z. and Bennamoun, L. 2006. Application 
of a statistical design to the optimization of 
culture medium for α-amylase production by 
Aspergillus niger ATCC16404 grown on orange 
waste powder. J. Food Process Eng., 73:190-197. 

Dzogbefia, V.P. and Djokoto, D.K. 2006. 
Combined effects of enzyme dosage and reaction 
time on papaya juice extraction with the aid of 
pectic enzymes-A preliminary report. J. Food 

Biochem., 30:117–122. 

Fogarty, W.M. 1983. Microbial amylases. In 
Microbial Enzymes and Biotechnology, Appl. 
Science Publishers, London 1-29. 

Ghorai, S., Banik, S.P., Verma, D., Chowdhury, 
S., Mukherjee, S. and Khowala, S. 2009. Fungal 
biotechnology in food and feed processing. Food 

Res. Int., 42:577–587. 

Ghose, T.K. and Mishra, S. 1984. Role of 
biochemical in food and energy production. Symp 

Proc., 123-147. 

Godfrey, T. and West, S. 1996. Introduction to 
industrial enzymology. In: T. Godfrey, S. West, 
editors. Industrial enzymology, 2nd ed. London: 
Macmillan Press, pp. 1–8. 

Grzeskowiak-Przywecka, A. and Slominska, L. 
2007. Saccharification of potato starch in an 
ultrafiltration reactor. J. Food Eng., 79:539–545. 

Gupta, R., Gigras, P., Mohapatra, H., Goswami, 
V.K. and Chauhan, B. 2003. Microbial α-



 Article ID: ijbt150415101                                                                                                                         

Int. J. Biol. Technology                                                                                                         ISSN: 0946 - 4313 (Print) 

 

© 2015 GTRP Reserved. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  (http://creativecommons.org/licenses/by-nd/3.0/), which permits unrestricted use, 
distribution, and reproduction in  any medium, provided the original work is properly cited. 
                                                                  http://www.gbtrp.com/ijbt.htm 

9

 

OPEN ACCESS 

amylases: a biotechnological perspective. Process 

Biochem., 38:1599-1616. 

Haidar, Abbasi., Mhammad, Hassan. and 
Fazaelipoor. 2010. Pectinase Production in a 
Defined Medium Using Surface Culture 
Fermentation. Int. J. Ind. Chem., 1(1):5-10. 

Haki, G.D. and Rakshit, S.K. 2003. Developments 
in industrially important thermostable enzymes: a 
review. Bioresource Technol., 89: 17-34. 

Hassan, K., Sreenath and Krishnaswamy, 
Santhanam. 1992. The use of commercial 
enzymes in white grape juice clarification. J. 

Ferment. Bioeng., 73(3):241-243. 

Hasunuma, T., Fukusaki, E.I. and Kobayashi, A. 
2003. Methanol production is enhanced by 
expression of an Aspergillus niger pectin 
methylesterase in tobacco cells. J. Biotechnol., 
106:45–52. 

Hernández, M.S., Rodríguez, M.R., Guerra, N.P. 
and Rosés, R.P. 2006. Amylase production by 
Aspergillus niger in submerged cultivation on two 
wastes from food industries. J. Food Process 

Eng., 73:93-100. 

Liao, Hongmei., Sun, Ying., Ni, Yuanying., Liao, 
Xiaojun., Hu, Xiaosong., Wu, Jihong. and Chen, 
Fang, 2007. The effect of enzymatic mash 
treatment, pressing, centrifugation, 
homogenization, deaeration, sterilization and 
storage on carrot juice. J. Food Process Eng., 
30:421–435. 

Ivana Greice Sandri., Roselei Claudete Fontana., 
Débora Menim Barfknecht., Mauricio Moura da 
Silveira. 2011. Clarification of fruit juices by 
fungal pectinases.  LWT - Food Science and 

Technology., 44:2217-2222. 

Jensen, B., Nebelong, P., Olsen, J. and Reeslev, 
M. 2002. Enzyme production in continuous 
cultivation by the thermophilic fungus, 
Thermomyces lanuginosus. Biotechnology 

Letters, 24:41–45. 

Jin, B., Leeuwen, H.J., Patel, B., Doelle, H.W. 
and Yu, O. 1999. Production of fungal protein and 
glucoamylase by Rhizopus oligosporus from 
starch processing wastewater. Process 

Biochemistry, 34:59-65. 

Kandra, L. 2003. α-Amylases of medical and 
industrial importance. J. Mol. Struct., (Theochem) 
666–667, 487–498. 

Kareem, S.O. and Adebowale, A.A. 2007. 
Clarification of orange juice by crude fungal 
pectinase from citrus peel. Nigerian Food Journal 
25(1):130-137. 

Kashyap, D.R., Vohra, P.K., Chopra, S. and 
Tewari, R. 2001. Applications of pectinases in the 
commercial sector: a review. Bioresource 
Technology 77:215-227. 

Khairnar, Yogesh., Vamsi Krishna, K., Amol, 
Boraste., Nikhil, Gupta., Soham, Trivedi., Prasad, 
Patil., Girish, Gupta., Mayank, Gupta., Amol, 
Jhadav., Adarsh, Mujapara,, Joshi, B. and Mishra, 
D. 2009. Study of pectinase production in 
submerged fermentation using different strains of 
Aspergillus Niger. Int J of Micr Res 1(2):13-17. 

Kunamneni, A., Permaul, K. and Singh, S. 2005. 
Amylase production in solid state fermentation by 
the thermophilic fungus Thermomyces 
lanuginosus. J Biosci Bioeng 100:168-171. 

Lakshminarasimha Reddy, P. and Sreeramulu, A. 
2012. Isolation, identification and screening of 
pectinolytic fungi from different soil samples of 
chittoor district.  Int. J. Life Sc. Bt & Pharm. Res 
1(3): 186-193. 

Landbo, A.K. and Meyer, A.S. 2007. Statistically 
designed two step response surface optimization 
of enzymatic prepress treatment to increase juice 
yield and lower turbidity of elderberry juice. 
Innovative Food Science and Emerging 
Technologies 8:135-142. 

Lee, S.M. and Koo, M.Y. 2001. Pilot-scale 
production of cellulose using Trichoderma reesei 
Rut C-30 in fed-batch mode. J Microbiol 
Biotechnol 11:229-233. 

Lee, W.C., Yusof, S., Hamid, N.S.A. and Baharin, 
B.S. 2005. Optimizing conditions for enzymatic 
clarification of banana juice using response 
surface methodology (RSM). J Food Eng 73:55–
63. 

Maki, M., Leung, K.T. and Qin, W. 2009. The 
prospects of cellulase-producing bacteria for the 
bioconversion of lignocellulosic biomass. Int J 
Biol Sci 5(5):500-516. 



 Article ID: ijbt150415101                                                                                                                         

Int. J. Biol. Technology                                                                                                         ISSN: 0946 - 4313 (Print) 

 

© 2015 GTRP Reserved. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  (http://creativecommons.org/licenses/by-nd/3.0/), which permits unrestricted use, 
distribution, and reproduction in  any medium, provided the original work is properly cited. 
                                                                  http://www.gbtrp.com/ijbt.htm 

 

10 

 

OPEN ACCESS 

Manelius, R. and Bertoft, E. 1996. The effect of 
Ca+-ions on the α-amylolysis of granular starches 
from oats and waxy-maize. J Cereal Sci 24 139-
150. 

Mertens, J.A. and Skory, C.D. 2006. Isolation and 
characterization of a second glucoamylase gene 
without a starch binding domain from Rhizopus 
oryzae. Enzyme Microb Technol 40:874-880. 

Mugwiza Télesphore and Qian, He. 2009. 
Optimization of Processing Parameters for Cloudy 
Passion Fruit Juice Processing Using Pectolytic 
and Amylolytic Enzymes. Pak J Nutri 8(11):1806-
1813. 

Muhammad, Imran., Muhammad, J. Asad., 
Muhammad, Gulfraz., Nazia, Mehboob., Nyla, 
Jabeen., Saqib, H. Hadri., Irfan, M., Zahid, 
Anwar. and Dawood, Ahmed. 2011. Hyper 
production of glucoamylase by Aspergillus niger 
through the process of chemical mutagenesis. Int J 
Phys Sci 6(26):6179-6190. 

Muhlenthaler, K. 1967. Ultrastructure and 
formation of plant cell walls. Annual Rev Plant 
Physiol 18:1-24. 

Mukesh kumar, D. J., Saranya, G. M., Suresh, K., 
Andal Priyadharshini, D., Rajakumar, R. and 
Kalaichelvan, P.T. 2012. Production and 
Optimization of Pectinase from Bacillus sp. 
MFW7 using Cassava Waste. Asian J Plant Sci 
Res 2 (3):369-375. 

Mukherjee, A.K., Borah, M. and Raí, S.K. 2009. 
To study the influence of different components of 
fermentable substrates on induction of 
extracellular α-amylase synthesis by Bacillus 
subtilis DM-03 in solidstate fermentation and 
exploration of feasibility for inclusion of α-
amylase in laundry detergent formulations. 
Biochem Eng J 43:149–156. 

Nahar, S., Hossain, F., Feroza, B. and Halim, 
M.A. 2008. Production of glucoamylase by 
rhizopus sp. In liquid culture. Pak J Bot 
40(4):1693-1698. 

Neet, K.E. 1998. J Biol Chem 273: 25527-25528. 

Nguyen, Q.D., Rezessy-Szabo, J.M., Laeyssens, 
M., Stals, I. and Hoschke, A. 2002. Purification 
and characterization of amylolytic enzymes from 
thermophilic fungus Thermomyces lanuginosus 

strain ATCC 34626. Enzyme Microb Technol 31: 
345-352. 

Okafor, U.A., Okochi, V.I., Shalom, Nwodo. 
Chinedu., Ebuehi, O.A.T. and Onygeme- 
Okerenta, B.M. 2010. Pectinolytic activity of 
wild-type filamentous fungi fermented on agro-
wastes. Afr J Microb Res 4(24):2729-2734. 

Pandey, A., Nigam, P., Soccol, C.R., Soccol, 
V.T., Singh, D. and Mohan, R. 2000. Advances in 
microbial amylases. Biotechnol Appl Biochem 
31(2):135-152. 

Peng, Yuan., Kun, Meng., Huoqing, Huang., 
Pengjun, Shi., Huiying, Luo., Peilong, Yang. and 
Bin, Yao. 2011. A novel acidic and low-
temperature-active endo-polygalacturonase from 
Penicillium sp. CGMCC 1669 with potential for 
application in apple juice clarification. Food 
Chem 129:1369–1375. 

Quang, D., Judit, N., Rezessy-Szab, M., 
Claeyssens, M., Stals, I. and Hoschke, A. 2002. 
Purification and characterisation of amylolytic 
enzymes from thermophilic fungus Thermomyces 
lanuginosus strain ATCC 34626. Enzyme Microb. 
Technnol 31:345-352. 

Rahardjo, Y.S.P., Weber, F.J., Haemers, S., 
Tramper, J. and Rinzema, A. 2005. Aerial mycelia 
of Aspergillus oryzae accelerate α-amylase 
production in a model solid-state fermentation 
system. Enzyme Microb. Technol. 36, 900–902. 

Rai, P., Majumdar, G.C., Das, Gupta. S.D. 2004. 
Optimizing pectinase usage in pretreatment of 
mosambi juice for clarification by response 
surface methodology. J Food Eng 64:397–403. 

Raimbault, M. 1981. Fermentation en milieu 
solid. Croissance dechampignons filamenteux 
sursubstrat amylace. Trav Doc ORSTOM, 127:1-
291. 

Rajagopalan, G. and Krishnan, C. 2008. Alpha-
amylase production from catabolite derepressed 
Bacillus subtilis KCC103 utilizing sugarcane 
bagasse hydrolysate. Bioresour Technol 99:3044-
3050. 

Ranveer, Singh. Jayani., Shivalika, Saxena. and 
Reena, Gupta. 2005. Microbial pectinolytic 
enzymes: A review. Process Biochemistry 
40:2931–2944. 



 Article ID: ijbt150415101                                                                                                                         

Int. J. Biol. Technology                                                                                                         ISSN: 0946 - 4313 (Print) 

 

© 2015 GTRP Reserved. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  (http://creativecommons.org/licenses/by-nd/3.0/), which permits unrestricted use, 
distribution, and reproduction in  any medium, provided the original work is properly cited. 
                                                                  http://www.gbtrp.com/ijbt.htm 

 

11 

 

OPEN ACCESS 

Rao, M.B., Tanksale, A.M., Gathe, M.S., 
Deshpande, V.V. 1998. Molecular and 
Biotechnological aspects of microbial proteases. 
Microbial. Microbial. Rev. 62:597-635. 

Ravindran, C., Naveenan, T. and Varatharajan, G. 
2010). Optimisation of alkaline cellulase 
production from marine derived fungi, 
Chaetomium sp., using agricultural and industrial 
wastes as substrates. Bot. Mar. 53(3):275-282. 

Ritesh, Parbat. and Barkha, Singhal. 2011. 
Production of Glucoamylase by Aspergillus 
Oryzae Under Solid State Fermentation Using 
Agro Industrial Products. International Journal of 
Microbiological Research 2(3):204-207. 

Rombouts, F.M. and Pilnik, W. 1980. Pectic 
enzymes. In Microbial Enzymes and 
Bioconversions, Vol. 5, ed. A. H. Rose. Academic 
Press, London, 227-202.  

Rui, Carlos. Castro. Domingues., Sebastião, Braz. 
Faria. Junior., Rafael, Bernardes. Silva., Vicelma, 
Luiz. Cardoso., Miria Hespanhol Miranda Reis. 
2012. Clarification of passion fruit juice with 
chitosan: Effects of coagulation process variables 
and comparison with centrifugation and 
enzymatic treatments. Process Biochemistry 
47:467–471. 

Saha, S., Roy, R., Sen, S.K. and Ray, A.K. 2006. 
Characterization of cellulase-producing bacteria 
from the digestive tract of tilapia, Oreochromis 
mossambica (Peters) and grass carp, 
Ctenopharyngodon idella (Valenciennes). Aquac 
Res 37:380-388. 

Sajedi, R.H., Naderi-Manesh, H., Khajeh, K., 
Ahmadvand, R., Ranjbar, B., Asoodeh, A. and 
Moradian, F. 2005. A Ca-independent α-amylase 
that is active and stable at low ph from the 
Bacillus sp. KR-8104. Enzyme Microb Technol 
36:666–671. 

Santin, Márcia. M., Helen, Treichel., Eunice, 
Valduga., Lourdes, M.C. Cabral, Marco Di 
Luccio. 2008. Evaluation of enzymatic treatment 
of peach juice using response surface 
methodology. J Sci Food Agric 88(3):507-512.  

Sawinder, Kaur., Sarkar, B.C., Sharma, H.K. and 
Charanjiv, Singh. 2011. Response surface 
optimization of conditions for the clarification of 

guava fruit juice using commercial enzyme. J 
Food Process Eng  34(4):1298–1318. 

Sen, S. and Chakarabarty, S.L. 1984. Amylase 
from Lactobacillus cellobiosus isolated from 
vegetable wastage. J Ferm Technol 62(5):407-
413. 

Sevda, Surajbhan., Singh, Alka., Joshi, Chetan. 
and Rodrigues, Lambert. 2012. Extraction and 
optimization of guava juice by using response 
surface methodology. Am J Food Tech 7(6):326-
339. 

Sin, H.N., Yusof, S., Sheikh, Abdul. Hamid. N. 
and Abd. Rahman, R. 2006. Optimization of 
enzymatic clarification of sapodilla juice using 
response surface methodology. J Food Eng 
73:313–319. 

Sodhi, H.K., Sharma, K., Gupta, J.K. and Soni, 
S.K. 2005. Production of a thermostable  α-
amylase from Bacillus sp. PS-7 by solid state 
fermentation and its synergistic use in the 
hydrolysis of malt starch for alcohol production. 
Process Biochem., 40:525–534. 

Prathyusha, K. and Suneetha, V. 2011. Bacterial 
Pectinases and their Potent Biotechnological 
Application in Fruit Processing/Juice Production 
Industry: A Review J. Phytol., 3(6):16-19.  

Tanyildizi, M.S., Ozer, D. and Elibol, M. 2005. 
Optimization of α-amylase production by Bacillus 
sp. using response surface methodology. Process 

Biochem., 40:2291–2296. 

Tanyildizi, M.S., Ozer, D. and Elibol, M. 2007. 
Production of bacterial α-amylase by B. 
amyloliquefaciens under solid substrate 
fermentation. Biochem Eng. J., 37:294-297. 

Torres-Favela, E., Aguilar, C., Esquivel-
Contreras, C.J. and Gustavo, G.V. 2003. 
Pectinase. In Enzyme Technology. Asiatech 
Publisher Inc. Delhi 273-296.  

Tribess, T.B. and Tadini, C.C. 2006. Inactivation 
kinetics of pectinmethyesterase in orange juice as 
a function of pH and temperature-time process 
conditions. J. Sci. Food Agr., 86:1328-1335. 

Vaillant, F., Millan, A., Dornier, M., Decloux, M., 
and Reynes, M. 2001. Strategy for economical 
optimization of the clarification of pulpy fruit 



 Article ID: ijbt150415101                                                                                                                         

Int. J. Biol. Technology                                                                                                         ISSN: 0946 - 4313 (Print) 

 

© 2015 GTRP Reserved. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License  (http://creativecommons.org/licenses/by-nd/3.0/), which permits unrestricted use, 
distribution, and reproduction in  any medium, provided the original work is properly cited. 
                                                                  http://www.gbtrp.com/ijbt.htm 

 

12

 

OPEN ACCESS 

juices using crossflow microfiltration. J. Food 

Eng., 48:83-90. 

Vaillant, F., Millan, P., Brien, G.O., Dornier, M., 
Decloux, M. and Reynes, M. 1999. Crossflow 
microfiltration of passion fruit juice after partial 
enzymatic liquefaction. J. Food Eng., 42:215-224. 

Vasudeo and Zambare. 2010. Solid State 
Fermentation of Aspergillus oryzaefor 
Glucoamylase Production on Agro residues. Int. J. 

Life Sci., 4:16-25.  

Wang, Qunhui., Wang, Xiaoqiang., Wang, 
Xuming. and Ma, Hongzhi, 2008. Process 

Biochem., 43(3):280–286. 

 

 

 

 

 


	Manuscript 1- front.pdf
	Manuscript

