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Abstract

In nature, microorganisms have been endowed with vast potentials. They
produce an array of enzymes, which have been exploited commercially
over the years. Among them, pectinolytic enzymes are of great significance
and are one of the most important enzymes of the commercial sector.
Microbial pectinases can be produced from bacteria, actinomycetes, yeasts
and fungi. Pectinases are being used in several conventional industrial
processes, such as fruit juice extraction and clarification, textile processing,
tea and coffee fermentation, recovery of vegetable oils, retting and degumming
of plant fibres and paper making. This chapter is aimed at reviewing the

various types of pectinases and their biotechnological applications.

Keywords

Pectinase ¢ Fruit juice extraction and clarification * Degumming ¢ Retting

¢ Pectinase genes

Introduction

Recent years have seen a great increase in indus-
trial applications of pectinases owing to their
significantbiotechnological potential. Pectinases
are a heterogenous group of related enzymes
that hydrolyse the pectic substances present in
the plant cell wall (Whitaker 1990). In nature, a
wide variety of microorganisms, e.g. bacteria,
yeasts, actinomycetes and filamentous fungi have
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been reported to produce pectinases (Kapoor
et al. 2001; Hoondal et al. 2002; Kuhad et al.
2004; Jayani et al. 2005; Torres et al. 2006;
Gupta et al. 2008; Murad and Azzaz 2011,
Maleki et al. 2011). The pectinases have been
used more commonly in the extraction and
clarification of fruit juices and in wine produc-
tion (Ribiero et al. 2010; Prathyusha and
Suneetha 2011; Sandri et al. 2011), while they
are also of great significance in other industrial
applications as well, such as textile processing,
degumming and retting of plant fibres, paper
making and coffee and tea fermentations
(Kashyap et al. 2001; Hoondal et al. 2002; Jayani
etal. 2005; Aggarwal et al. 2008). At present there
are several companies worldwide for producing
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Table 7.1 Some

’ ‘ Supplier
commercial pectinases

Ciba-Geigy, A.G.

Kikkoman Shoyu, Co.
Schweizerische Ferment, A.G.

Wallerstein, Co.
Rohm, GmbH
Grinsteelvaeket

Societe Rapidase, S.A
Clarizyme Wallerstein, Co.

Biocon Pvt. Ltd.

C.H. Boehringer Sohn

Location

Ingelheim, Germany
Basel, Switzerland
Tokyo, Japan

Basel, Switzerland
Des Plaines, USA
Darmstadt, Germany
Aarthus, Denmark
Seclin, France

Des Plaines, USA
Bangalore, India
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Brand name
Panzym
Ultrazyme
Sclase
Pectinex
Klerzyme
Pectinol, Rohament
Pectolase
Rapidase
Klerzyme
Pectinase

Novozyme Denmark Pectinex Mash

Lyven France Ly Peclyve PR

Danisco Denmark MaxLiq

AB Enzymes Finland Rohapect® MA Plus
Table 7.2 Composition Fruit Pectic substance (%)  Fruit Pectic substance (%)
of pectin in different fruits Apple 0.5-1.6 Blackcurrant 0.8-1.1
and vegetables (fresh
weight) Banana 0.7-1.2 Cranberry 0.8-1.2

Peaches 0.1-0.9 Grape 0.1-0.5

Strawberries 0.6-0.7 Lemon 1.8-2.2

Cherries 0.2-0.5 Carrot 1.2-1.5

Peas 0.9-14 Mango 0.3-0.5

Apricot 0.8-1.0 Pineapple 0.04-0.1

Oranges 0.5-3.5 Plum 0.7-0.9

Citrus peel 25-30 Raspberry 0.4-0.6

Blackberry 0.7-0.9

commercial pectinases to be used in various
industrial applications (Table 7.1).

Pectic Substances: Substrate
of Pectinase

Pectic substances are glycosidic macromolecules
of high molecular weight, which form the largest
component of the middle lamella of higher plants
(Alkorta et al. 1998; Kashyap et al. 2001; Jayani
et al. 2005; Almeida et al. 2005; Pedrolli et al.
2009), accounting approximately 0.1-3.0% of
the fresh weight of plants (Table 7.2). Chemically,
they are a complex colloidal acidic polysaccha-
rides composed of galacturonic acid residues
linked by a-1,4-glycosidic bonds (Fig. 7.1),
partially esterified by methyl ester and partially
or completely neutralised by one or more basic
ions such as sodium, potassium or ammonium
(Limberg et al. 2000; Kuhad et al. 2004).

American Chemical Society classified pectic
substances into four main types as follows
(Alkorta et al. 1998):

Protopectin: It is the water-insoluble pectic sub-
stance present in intact plant tissue. Protopectin
on restricted hydrolysis yields pectin or pectic
acids.

Pectic acid: Tt is the soluble polymer of galac-
turonans that contains negligible amount of
methoxyl groups. Normal or acid salts of pectic
acid are called pectates.

Pectinic acids: It is the polygalacturonan chain
that contains up to 75% methylated galacturonate
units. Normal or acid salts of pectinic acid are
referred to as pectinates.

Pectin (polymethylgalacturonate): It is poly-
meric material in which, at least, 75% of the
carboxyl groups of the galacturonate units are
esterified with methanol. It confers rigidity on
cell wall when it is bound to cellulose in the
cell wall.
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Fig. 7.2 Different types of pectinases and their mode of
action on pectic substances (a) R=H for PG and CH, for
PMGL (b) PE and (¢) R=H for PGL and CH, for PL. The
arrow indicates the place where the pectlna%es reacts with

Pectinolytic Enzymes

Pectic substances are ubiquitous in the plant
kingdom, and their efficient utilisation could
enhance the economic competitiveness of bio-
conversion processes intended to compete with
conventional industrial processes (Kapoor et al.
2001; Kapoor and Kuhad 2002). Therefore,
nowadays a significant interest in the degrada-
tion of pectic substances with pectinases has
been generated. Pectinases based on their mode
of action (Fig. 7.2) can be divided into three
broad groups:

COOH

-

COOH

COOR OH

o-— OH
———
O

COOR

pectic substances. PMGI polymethylgalacturonate lyase,
PG polygalacturonase, PE pectinesterase, PL pectin lyase
(Pedrolli et al. 2009)

(a) Protopectinases: Protopectinases or pectinosi-
nases (PPase) are the enzymes that catalyse the
solubilisation of protopectin to produce highly
polymerised soluble pectin (Brinton et al.
1927). On the basis of their reaction mecha-
nism, protopectinases are classified into two
types, i.e. A type and B type. A type protopec-
tinase reacts with the inner site, i.e. the polyga-
lacturonic acid region of protopectin, whereas
the B type protopectinase reacts on the outer
site, i.e. on the polysaccharide chains that may
connect the polygalacturonic acid chain and
cell wall constituents (Sakai et al. 1993).
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(b) Depolymerising enzymes which break a-1, 4,
linkages in the principal pectin chain such as:
(i) Polygalacturonase: Polygalacturonases

(PGases) are the pectinolytic enzymes that

catalyse the hydrolytic cleavage of the

polygalacturonic acid chain with the intro-
duction of water across the oxygen bridge.

The PGases involved in the hydrolysis of

pectic substances are of two types, i.e.

endo-polygalacturonases and exo-polyga-

lacturonases. Endo-PG also known as
poly(1,4-a-D-galacturonide)  glycanohy-
drolase catalyses random hydrolysis of
o—1,4-glycosidic linkages in the pectic
acid, while exo-PG also known as poly(1,4-
a-D-galacturonide) galacturonohydrolases
catalyses hydrolysis in a sequential fashion
of a-1,4-lycosidic linkages on pectic acid

(Kashyap et al. 2001).
Polymethylgalacturonases: Polymethyl-

galacturonases (PMGL) catalyses the

hydrolytic cleavage of o-1,4-glycosidic
bonds in pectin backbone, preferentially
highly esterified pectin-forming 6-methyl-

D-galacturonate (Jayani et al. 2005; Pedrolli

et al. 2009).

(iii) Lyases: Lyases or transeliminases are
the enzymes that perform non-hydrolytic
breakdown of pectates or pectinates by a
transeliminative split of the pectic polymer
(Sakai et al. 1993; Kashyap et al. 2001;
Jayani et al. 2005; Pedrolli et al. 2009).
They are classified as endo-pectate transe-
liminase (pectate lyase, PGL) and endo-
pectin transeliminase (pectin lyase, PL).
Pectate lyase cleaves glycosidic linkages
preferentially on polygalacturonic acid
forming unsaturated product through
transelimination reaction. Pectate lyases
are classified as endo-PGL that acts towards
substrate in a random way and exo-PGL
that catalyse the substrate cleavage from
nonreducing end. Pectin lyase (PL) cataly-
ses the random cleavage of pectin, prefer-
entially high-esterified pectin, producing
unsaturated methyloligogalacturonates
through transelimination of glycosidic
linkages

(i)
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(c) Demethoxylating enzymes such as pectinest-
erase: Pectinesterase (PE) often referred to as
pectin methylesterase, pectase, pectin meth-
oxylase, pectin demethoxylase and pectoli-
pase is a carboxylic acid esterase and belongs
to the hydrolase group of enzymes (Whitaker
1990). It catalyses the de-esterification of
methyl ester linkages of galacturonan back-
bone of pectic substances to release acidic
pectins and methanol (Cosgrove 1997,
Kashyap et al. 2001; Malvessi and Silveira
2004; Jayani et al. 2005; Pedrolli et al. 2009).

The action of polygalacturonase, pectin
methyl esterase and pectin lyase leads to exten-
sive degradation of middle lamella and cell
wall pectin, and this property of pectinases
makes them useful in various industrial applica-

tions (Ribiero et al. 2010).

Properties of Pectinases

During the last few decades, pectinases from
various microorganisms have been studied
extensively for their use in various industries.
Various properties of pectinases, viz. molecular
weight, pH and temperature optima and stability
have been summarised in Table 7.3.

Applications of Pectinases

Acidic pectinases are mainly used for the
extraction and clarification of fruit juices and
wines. Alkaline pectinases are employed for the
processing and degumming of plant fibres, in
paper making, etc. (Gupta et al. 2008). Some of
the industrial applications of pectinases have
been discussed as follows:

Fruit Juice Industries

The juices from a wide variety of fruits such as
apple, pear, plum, mango, banana, grape, apricot,
orange, guava, papaya, strawberry, raspberry
and blackberry can be extracted to produce
natural beverages. However, the most important
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Table 7.3 Characterisation of some microbial pectinases

Molecular
Pectinase producer ~ Nature weight (kDa) pl
P. italicum PMGL 22 8.6
B. macerans PGL 35 10.3
A. japonicas PMGL - 7.7
A. carbonarius Endo-PG 61 (PG1I) -
42 (PG 1I) -
47(PG 1) -
Pythium splendens PMGL 23 8.0
Bacillus sp. PGL 38 -
Bacillus sp. KSM-P7 PGL(Pel 7) 33 10.5
S. cerevisiae Endo-PG 39 -
Bacillus sp. DT7 PL 106 -
A. japonicas PE 46(PE 1) 3.8
47(PE II) 3.8
A. japonicas Endo-PG 38 (PGI) 5.6
Endo-PG 38 (PG II) 33
A. Japonicas PL 50 3.8
A. japonicas Pectin 46 3.8
esterase |
Pectin 47 3.8
esterase 11
Mucor flavus Endo-PGL 40 8.3
F. moniliforme PGL - -
A. kawachii Endo-PG 60 -
R. oryzae Endo-PG 31 -
B. macerans PGL - -
B. pumilus PGL 37.3 8.5
B. subtilis PGL(Pel C) 42 7.8
A. flavus - -
Streptomyces lydicus Exo-PG 43
A. giganteus Exo-PG - -
A. giganteus PL - -
P. citrinum PL 31 -
B. pumilus PL 25 -
B. subtilis RCK Exo-PG 54 9.1
A. niger URM4645  Endo-PG - -
PL
Exo-PG

m

Optimum Optimum

temperature (°C) pH References

40 6.0-7.0 Alana et al. (1990)

60 9.0 Miyazaki (1991)

55 6.0 Dinnella et al. (1994)
55 4.0 Devi and Rao (1996)
50 4.1

55 4.3

- 8.0 Chen et al. (1998)

69 11.0 Singh et al. (1999)
60-65 10.5 Kobayashi et al. (1999)
45 5.5 Ganivors et al. (2000)
60 8.0 Kashyap et al. (2000)
- 4.0-5.5 Hasunuma et al. (2003)
- 4.0-5.5

30 4.0-5.5 Semenova et al. (2003)
30 4.0-5.5

40-50 4.5-5.5 Semenova et al. (2003)
40-50 4.5-5.5 Semenova et al. (2003)
40-50 4.5-5.5

45 3.5-5.5 Gadre et al. (2003)

- 8.5 Dixit et al. (2004)

37 4.0 Esquvel and Voget (2004)
45 4.5 Saito et al. (2004)
63-67 8.0-8.5 Morozova et al. (2006)
70 8.5 Klug-Santner et al. (2006)
65 10.0 Soriano et al. (2006)
50 8.0 Yadav et al. (2008)

50 6 Jacob et al. (2008)

55 6.0 Pedrolli et al. (2008)
50 8.5 Pedrolli et al. (2008)
50 6.5 Rasheedha Banu et al. (2010)
60 6 Nadaroglu et al. (2010)
60 10.5 Gupta et al. (2008)

50 5 Maciel et al. (2011)

50 5

40 7

characteristic affecting the extraction of juice is
the fruit cell wall, which is a complex structure
of interwoven polymers composed of bundles of
crystalline cellulose microfibres embedded in an
aqueous gel of hemicellulose and pectin (Alkorta
et al. 1998).

As a result, application of pectinases, cellu-
lases and hemicellulases (collectively called
macerating enzymes) has been observed useful in

the extraction and clarification of fruit and vege-
table juices (Kaur and Satyanarayana 2004;
Unejo and Pastore 2007; Ribiero et al. 2010;
Prathyusha and Suneetha 2011). Pectinases
degrade pectin and other high molecular weight
components in the cell wall, resulting in increased
juice yield and decreased viscosity, thus giving
a crystalline appearance to the final product
with reduction in filtration time up to 50%
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Fig. 7.3 Figure illustrating various steps in enzymatic processing of fruit juice

(Sandri et al. 2011; Maleki etal. 2011). Figure 7.3
depicts various steps of fruit juice processing
with pectinases, which are as follows:

A. Peeling

Peeling is the first step in the processing of fruits
and vegetables for juice extraction. Conventional
methods of peeling (chemical, mechanical, steam
and freeze peeling) cause high peeling losses and
damage the flesh, affecting the quality of the fruit.
Enzymatic peeling is thus suggested a more
recent alternative (Pagan et al. 2006). The main
advantages of enzymatic peeling are good quality
of the final product, as well as reduced heat treat-
ment and industrial waste.

It is an advantageous fact that the process
does not require extensively harsh treatments
(high temperatures), and as a result, the peeled
fruits retain their structural integrity and fresh
fruit properties. Pectin, cellulose and hemicel-
lulose are the polysaccharides responsible for
the adherence of the peel to the fruit. Therefore,
treating the fruit with the corresponding
enzymes provides the peeling of the fruit.
Toker and Bayindirli (2003) used commercial
enzymes (concentrated enzyme with pectinase,
hemicellulase and cellulase activities) for

enzymatic peeling of apricots, nectarines and
peaches (stone fruits) and observed that enzy-
matic peeling was successful at moderately
high temperatures concluding that the enzymatic
peeling could thus be an alternative to mechanical
or chemical peeling of stone fruits. Similarly,
Pagan and co-workers (2006) optimised the
conditions of temperature and concentration of
the enzymatic preparation (polygalacturonases,
hemicellulases and arabinases) for peeling of
oranges and concluded that by treating the fruit
with pectinase concentration of 5.0 ml/30 g
peel for 28 min at 40.4°C produced the maxi-
mum weight loss, indicating a good peeling
efficiency. In yet another report, Pretel and
group (2007a, b) observed that peeling of dif-
ferent varieties of orange can be achieved with
pectinases at 40°C.

B. Enzymatic Maceration

In the process of extracting juice, pectinases can
be used to obtain a higher yield of sugar and
soluble solids, resulting in a higher juice yield
(Ribiero et al. 2010). In the production of white
grape and red grape juice, pectinases have an
important role in depectinisation to increase
juice yield with the highest extraction of the
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pigment that is naturally present in the grape. In
general, more than 95% of the soluble solids
from the fruit can be extracted by enzymatic
treatment that would otherwise cause haze. By
reducing fruit mash viscosity and improving
solid/liquid separation, pectinases also increase
colour extraction and juice volume (Rashmi
et al. 2008). Moreover, the enzymatic macera-
tion also results in subtle but generally beneficial
changes in fruit juice flavour. Demir and co-
workers (2001) observed that pectinase treat-
ment of carrot puree decreased its viscosity from
90 to 6.5 poise, while the dry matter content and
the total yield were found to be increased due to
polysaccharide degradation. In the production
of white grape and red grape juice, pectinases
have an important role in depectinisation to
increase juice yield. Significant improvements
were obtained in the extraction, colour intensity
and stability of wine treated with the recombi-
nant yeast strains expressing pectate lyase and
polygalacturonase genes by Louw and group
(2006). Dzogbefia and Djokoto (2006) treated
200 g of papaya mash with different doses of the
pectic enzyme extract and observed a rapid
increase in flow rate of the free-run juice.
Interestingly, Oliviera and co-authors (2006)
observed that apple juice processing by enzy-
matic liquefaction yielded 83.5% sugars with
16.5% of pomace, while processing by pressing
resulted in a yield of 64.5% sugars with 35.5%
of pomace, thereby demonstrating that the enzy-
matic liquefaction process presents practical
advantage over the process of extraction by
pressing by minimising the production of pom-
ace, the main factor that accounts for the high
water retention in the conventional extraction
systems, thereby providing a clean technology
for apple juice processing. In another report,
Lieu and Le (2010) observed that enzymatic
treatment after sonication treatment of grape
mash increased extraction yield by 7.3% and
shortened the treatment time four times.
Similarly, there are also several reports on the
enhanced recovery and clarification of juices
from dates, peach, plum, apricot and pineapple
(Abbes et al. 2011; Joshi et al. 2011; Tran and
Lee 2011).
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C. Clarification

One of the major problems encountered in the
preparation of fruit juices and wine is the cloudi-
ness which is primarily due to the presence of
pectins. Several authors have successfully used
pectinolytic enzymes for clarification of fruit
juices and wine. Singh and Gupta (2003) clarified
apple juice using pectinolytic enzyme and gelatin.
Lee and co-workers (2006) optimised conditions
for enzymatic clarification of banana juice and
achieved better clarity (decreased viscosity
and turbidity) in the enzyme-treated juice. Sin and
group (2006) used pectinase enzyme for
clarification of sapodilla juice and recommended
0.1% enzyme concentration at 40°C for 120 min
optimum for efficient clarification. In another
report, Rai and co-workers (2007) studied the
effect of various pretreatment methods on the
clarification of mosambi juice and observed that
maximum permeate flux during ultrafiltration was
observed with enzymatic treatment followed by
adsorption using bentonite. Similarly, Kareem
and Adebowale (2007) clarified orange juice using
crude fungal pectinase and obtained 51% reduc-
tion in the viscosity of the treated juice with a
yield of 97% compared to the 73% yield in the
untreated juice. Liew Abdullah and group (2007)
established the optimum conditions for the enzy-
matic treatment of carambola fruit juice and
reported that 0.1% enzyme concentration at 30°C
for 20 min gave the highest clarity of the juice
compared to the control. Cheirslip and Umsakul
(2008) achieved fourfold higher clarity in the
enzyme-treated banana wine compared with the
control. Pinelo and co-authors (2010) concluded
that pectin contributes to turbidity development
during cold storage of cherry juice. Thus, the use
of pectinases will help in increasing clarity of
cherry juice. Vijayanand and group (2010) opti-
mised clarification of litchi pulp with different
doses of pectinase. The enzyme facilitated removal
of insoluble solids and increased juice extraction.
Nakkeeran and co-authors (2011) used polygalac-
turonase produced from Aspergillus carbonarius
for the extraction and clarification of apple juice
and achieved better yields and clarity (decreased
viscosity) in enzymatically treated juice than the
untreated juice. While, Yuan and co-workers
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(2011) showed that the addition of endo-PG 1
from Penicillium sp. CGMCC 1669 and a com-
mercial pectate lyase increased the efficiency of
juice clarification reducing the intrinsic viscosity
of apple juice by 33.1% (Yuan et al. 2011). In
another report, Diaz and group (2011) used exo-
polygalacturonase for clarification of grape must
and achieved decrease in turbidity by 97.5%. A
significant improvement in colour and clarity
scores of plum, peach, pear and apricot juices was
achieved using pectinase from A. niger (Joshi
et al. 2011). Sandri and co-workers (2011) used
fungal pectinases for clarification of apple, butia
palm fruit, blueberry and grape juices and obtained
greater clarification in enzyme-treated juice than
in untreated juice.

Degumming of Plant Fibre

The removal of heavily coated, noncellulosic
gummy material from the cellulosic part of plant
fibres is called degumming and is necessary
prior to the utilisation of fibres for textile mak-
ing (Said et al. 1991). In a classical degumming
process, this gum is removed by treatment of
decorticated fibres with hot alkaline solution
with or without application of pressure (Cao
et al. 1992). In addition to the high consumption
of energy, this process also results in serious
environmental  pollution.  Biotechnological
degumming using pectinases presents an ecof-
riendly and economic alternative to the conven-
tional chemical process (Jayani et al. 2005). The
use of pectinases in industrial processes is usu-
ally linked to a reduced consumption of energy
as well as chemicals and thus beneficial for the
environment (Demarche et al. 2011). Several
authors have successfully used pectinolytic
enzymes for degumming of plant fibres. Sharma
and Satyanarayana (2006) applied pectinase
produced from B. pumilus dcsrl for treatment of
ramie fibres and observed that the enzyme selec-
tively degraded only the noncellulosic gummy
material of the fibre, making the enzyme choice
for degumming process. Jacob and co-workers
(2008) treated handstripped sun-dried fibres
with crude pectinase obtained from Streptomyces
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lydicus and observed that the fibre cells were
intact in the control, while the cells were sepa-
rated in the enzyme-treated sample when
observed under scanning electron microscope.
Sharma and group (2011) used pectinase from
Pseudozyma sp. for degumming of flax fibres
and achieved 4471 +19.5 ng g=! dry fibre galac-
turonic acid with maximum weight loss of
11£1.2% after 12 h of incubation.

A combined microbial and enzymatic process
can also be used to reduce the consumption of
energy and chemicals and achieve a better
degumming (Deshpande and Gurucharanam
1985). Kapoor and co-workers (2001) observed
that neither of the two treatments (chemical and
enzymatic) alone is sufficient for an efficient
degumming process. When chemically treated
fibres were subsequently treated with polygalac-
turonase from Bacillus sp. MG-cp-2, a complete
removal of gummy material was observed in
ramie and sunn hemp fibre. The reason to this
effect may be that when the fibre was treated
with chemical, it would have caused greater
porosity, softness, swelling and separation of the
fibre, thus rendering it more accessible to enzy-
matic attack. Similarly, Kashyap and co-authors
(2001) used combined (chemical and enzymatic)
treatment to degum buel bast fibres and observed
that the chemically treated buel fibres when sub-
sequently treated with optimised (400 U/ml)
doses of crude pectinase resulted in the release
of maximum amount of galacturonic acid
(575 pmol/g dry fibres) and a decrease in dry
weight (43%) of the fibres. Basu and group
(2009) also used combined degumming (enzy-
matic and chemical) process with B. pumilus
strain DKS1 to degum ramie bast fibres on a
large scale (400 kg) and achieved more than
20.81% increase of single fibre tenacity.

Retting of Plant Fibres

Retting is a fermentation process in which certain
bacteria and fungi decompose the pectin of the
bark and release fibre to be used for linen making
in textile industry. Commercially, retting is done
by one of the two basic forms (anaerobic retting
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and dew retting). Anaerobic retting or water
retting is achieved by submerging straw sheaves
in water pits, in concrete tanks or in running
freshwater. However, the process produces envi-
ronmentally unacceptable fermentation waste
(Sharma and Van Sumere 1992) and was therefore
discontinued in western countries. While in dew
retting (an aerobic process), plant straw is thinly
spread on the ground and exposed to the action of
the fungi and aerobic bacteria for 2—-10 weeks.
However, there are also several major disadvan-
tages of dew retting such as dependence on geo-
graphical regions, coarser and lower-quality fibre,
less consistency in fibre characteristics and occu-
pation of agricultural fields for several weeks
(Van Sumere 1992). Dew retting further results in
a heavily contaminated fibre that is particularly
disadvantageous in cotton textile mills. Enzyme
retting was thus evaluated as a replacement for
traditional microbial retting methods. Enzymatic
retting is faster, readily controlled and produces
fewer odours. Van Sumere and Sharma (1991)
evaluated Flaxzyme, a commercial enzyme mix-
ture from Novo Nordisk (Denmark) which con-
sists of pectinases, hemicellulases and cellulases,
at a concentration of 3 g/l for enzyme retting and
produced fibre fineness, strength, colour and
waxiness comparable to the best water-retted fibre.
Akin and co-workers (2001) used Viscozyme L, a
pectinase-rich commercial enzyme product, and
ethylenediaminetetraacetic acid (EDTA) for
treating Ariane fibre flax and North Dakota seed
flax straw residue and produced the best test
yarns. Evans and group (2002) compared enzyme
retting of flax fibres with the water-retted fibre
and achieved 62% increase in enzyme-retted fibre
yield, while fibre strength did not differ between
the two treatments. Akin and co-authors (2007)
optimised enzyme retting of flax with pectate
lyase and observed that enzymatic treatment at
for 1 h at 55°C followed by treatment with EDTA
for 24 h provided the best fibres. Saleem and co-
workers (2008) observed that treating bast fibres
with pectinases also improves mechanical char-
acteristics of reinforced polypropylene in terms
of decreased tensile strength and reduced cross-
sectional area. Alix et al. (2012) compared
mechanical properties of pectate lyase treated
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green flax fibres with dew-retted fibres and
observed improvement in the properties of
enzyme-treated fibres. Thus, apart from being
environment-friendly, enzymatic method also
improves the properties of the retted fibre.

Bioscouring of Cotton Fibres

Pectinases have been used in conjunction with
amylases, lipases, cellulases and hemicellulases
to remove sizing agents from cotton in a safe
and ecofriendly manner, replacing toxic caustic
soda used for the purpose earlier (Hoondal et al.
2002; Sawada and Ueda 2001). An additional
asset of this process is that besides being energy
conservative and more environmental friendly,
pectinolytic enzymes do not affect the cellulose
backbone, thus drastically limiting fibre dam-
age. Klug-Santner and co-workers (2006)
reported up to 80% of pectin removal from
the outer layer of cotton by a purified endo-pectate
lyase from B. pumilus BK2. Wang and
co-authors (2007) optimised bioscouring con-
dition of cotton-knitted fabrics with an alkaline
pectinase from B. subtilis WSHB04-02 by using
response surface methodology and achieved a
desired pectin removal percentage companied
with adequate wettability. In another report,
Aggarwal and group (2008) employed cutinase
and pectinase for cotton bioscouring and
reported that the treatment is effective in the
degradation of cotton waxes and pectin, allow-
ing the design and introduction of a competitive
innovative enzymatic scouring process. Hebeish
and co-workers (2009) investigated conditions
for effective bioscouring of cotton-based fabrics
and observed that the bioscoured substrates
exhibit fabrics performances comparable to the
conventional alkali scouring. Recently, Abdel-
Halim and co-authors (2010) carried out bio-
scouring of cotton fabrics with combinations of
different pectinase preparations and different
surfactants followed by emulsification posttreat-
ment and achieved higher hydrophilicity along
with smooth and clear fibre surface in the treated
fibre when visualised under scanning electron
microscopy.
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Paper Making

Pectinases depolymerise polymers of galacturonic
acids, subsequently reducing the cationic demand
of pectin solutions and the filtrate resulting from
the peroxide bleaching, thereby solving retention
problems in pulp bleaching (Reid and Ricard
2000; Viikari et al. 2001). During paper making,
it has also been found that bleached pulp contains
a substantial amount of undesired pectins. By
incorporating pectinase in the bleached or alkali-
treated pulp, such harmful pectins in the aqueous
phase of the pulp are degraded. Ahlawat and
co-workers (2007) investigated the suitability of
pectinase produced from B. subtilis SS in pulp
bleaching for paper making and showed an
increase in brightness (4.3%), whiteness (14.8%)
and florescence (65.3%) and reduction in kappa
number (15%), permanganate number (6.1%)
and chemical oxygen demand in the treated pulp.
In another study, the enzymatic prebleaching of
kraft pulp with xylano-pectinolytic enzymes from
the same bacterial isolate resulted in 25% reduc-
tion in active chlorine consumption in subsequent
bleaching stages without any decrease in bright-
ness along with improvement in pulp properties
(Kaur et al. 2010).

Extraction of Vegetable Oils

Canola, coconut, sunflower seed, palm and olive
oil are traditionally produced by extraction with
organic solvents, most commonly hexane that is a
potential carcinogen. Addition of cell wall
degrading enzymes also improves the oil quality
in terms of increased phenolic compounds with
high antioxidant activities (Vierhuis et al. 2001).
Cell wall degrading ability of pectinolytic
enzymes also allows their use for vegetable oil
extraction in aqueous process (Kashyap et al.
2001). The mild conditions during the process
ensure the stability of the extracted components,
resulting in better oil quality in terms of oxidative
stability parameters. As the process takes place in
water, degumming of the extracted oil is unnec-
essary since the phospholipids are retained in the
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residual solid phase (Latif et al. 2008). Moreau
and co-workers (2004) achieved corn oil yields of
about 35% using commercial pectinase as against
27% in hexane-extracted sample, while the
chemical composition of oil obtained by both
the treatments was similar. Latif and group (2008)
concluded that an aqueous enzyme-assisted
extraction process for canola oil has the potential
to be an environment-friendly alternative to sol-
vent extraction and has the added benefit that it
can simultaneously recover high-quality protein
for human consumption.

Functional Foods

Pectin and pectic polysaccharides are emerg-
ing as bioactive food ingredients. Grapefruit
pectin used industrially as a stabiliser and as a
supplement to baby food improves nutrition
and physical development of children. These
oligogalacturonides and their breakdown prod-
ucts by pectinolytic enzymes are classified as
‘probiotics’ because they are not hydrolysed in
the upper gastrointestinal tract and can be used
as health promoters in human and animal nutri-
tion, stimulating selective growth of species of
resident bacteria in the intestinal lap (Lang and
Dornenburg 2000).

Coffee and Tea Fermentation

Fermentation of tea and coffee with pectinases
accelerates the fermentation process. Enzymatic
treatment removes mucilagenous coat from cof-
fee beans and destroys the foam-forming prop-
erty of instant tea powders by destroying pectins,
thus improving the quality of the final product
(Jayanietal. 2005; Pedrolli etal. 2009). According
to Angayarkanni and co-workers (2002), adding
pectinases in association with cellulases and
hemicellulases to the tea-leaf fermenting bath
raises the tea quality index by 5%. Masaud and
Jespersen (2006) concluded that pectinolytic
enzymes of yeast are involved in the degradation
of pectin during coffee fermentation.
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Improvement in the Extraction
of Cassava Starch

Cassava pulp, the solid residue produced after
extraction of starch, contains a significant pro-
portion of starch granules (68%, dry basis) and
fibre (27%, dry basis). The high fibre content
probably reduces the extraction of remaining
starch keeping the beads together and stuck in a
fibrous network. This network can be disrupted
by enzymatic methods, based on the application
of a mixture of pectinases and cellulases that
destroy the structural integrity of the matrix
responsible for trapping of beads, exposing and
releasing the starch (Sriroth et al. 2000).

Improvement in Antioxidant Property
of Juices

Treatment with pectinases also increase the phe-
nolic and antioxidant content of fruit juices whose
potential benefits for human health have been rec-
ognised in recent years. The addition of commer-
cial pectolytic enzymes is a common practice in
winemaking to increase phenolic content of wines,
especially anthocyanins. These enzymes may also
improve the stability, taste and structure of red
wines, because not only anthocyanins are released
from the skins but also tannins bound to cell walls
may be extracted because of enzymatic action.
Landbo and Meyer (2004) reported that the yield,
anthocyanin level, level of total phenolics as well
as clarity of black currant juice were improved by
using pectinolytic enzymes. Similarly, Kelebek
and co-workers (2007) observed that the wines
produced by pectinase treatment were higher in
total phenolics, tannins and colour intensity and
concluded that the increase in colour intensity
may be due to an increase in polymeric anthocya-
nin content and/or due to co-pigmentation effects
caused by the enhanced extraction of other pheno-
lic fractions by pectinase treatment. In another
report, Markowski and co-authors (2009) applied
two commercial pectinolytic enzymes in apple
juice processing and found an increase in the con-
tent of phenolic compounds. Armada and co-
workers (2010) observed that the wines obtained

17

from the enzymatic maceration showed highest
content of varietal compounds and other desirable
compounds such as ethyl esters or phenylethyl
acetate.

Cloning of Pectinase Genes

In the light of economic benefits and biotechno-
logical applications of pectinolytic enzymes,
screening and designing of new pectinases with
higher efficiency and specificity via genetic
manipulations has become a major focus of
researchers. Use of recombinant DNA technol-
ogy facilitates the economic production of large
quantities of pure pectinases and the engineering
of tailor-made enzymes for specific applications.

Many microbial pectinase genes have been cloned

over the past years and still the research is focused

in this area. A few of them have been listed in

Table 7.4.

The advantages of use of recombinant DNA
technology in pectinase production are listed as
follows:

(a) Increased Yield of Enzyme: There are several
reports where mutagenesis and protoplast
fusion had shown significant improvement in
the yield of pectinase production. Cao and co-
workers (1992) identified two mutants of
alkalophilic Bacillus sp. NTT33 resistant to
catabolic repression, producing polygalactu-
ronase activities up to 82.4% higher than wild
type. Pol6, a P. occitanis mutant presented
improved cellulase and pectinase production
as compared to wild type strain (Jain et al.
1990). A prototrophic hybrid was developed
after protoplast fusion of auxotrophic mutants
of Aspergillus sp. CH-Y-1043 and A. flaviceps
ATCC 16795, which showed 15-fold increase
in endo-PGase production than the wild strain
of Aspergillus sp. Similarly, interspecific pro-
toplast fusion of A. niger and A. carbonaria
resulted in hybrids with higher production
of both endo- and exo-pectinases (sixfold
higher than the wild type strain) and improved
growth on SSF with wheat bran as a sole
source of nutrients (Kavitha and Kumar 2000).
Antier and group (1993) isolated pectinase
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hyperproducing UV mutants of A. niger by
looking for a deoxyglucose resistance phe-
notype. Sieiro and co-workers (2003)
reported that the recombinant endopolyga-
lacturonase produced by heterologous
expression of the Saccharomyces PGUI1
gene in Schizosaccharomyces pombe had
higher Km value, thermostability and pH
stability than native enzyme and was more
efficient in reducing the viscosity of polyga-
lacturonic acid.

(b) Production of Pure Enzymes: Large varieties
of industrial applications of the pectinases
require action of a single pectic enzyme of
high purity or that of several enzymes in the
appropriate proportions (Ceci and Lozano
1998). Accordingly, it would be of consider-
able use to produce the different pectic enzyme
individually, and in large quantities, so that
they can be mixed as required. Pure pectin
lyases are suitable for reducing viscosity of
cloud stable fruit juices rather than conven-
tional enzymes which contain interfering
enzyme activities such as pectinesterase, which
leads to production of methanol. Using the
pure enzyme avoids this problem. In certain
instances the use of enzymes becomes feasible
only when they are pure like in production of
low esters pectins using pure pectinesterase.

Single component retting enzyme, endopoly-
galacturonase such as one from Rhizopus
oryzae, has been used effectively by Zhang
and co-workers (2005) for retting flex fibres.

(c) Evolutionary Links: On the basis of cloning of
polygalacturonase genes and other proteomic
tools, Schiott and co-workers (2010) sug-
gested that the pectinolytic enzymes from
fungal symbionts of Acromyrmex echinatior
leaf-cutting ants represent secondarily evolved
adaptations that are convergent to those nor-
mally found in phytopathogens.

Conclusion

There are a number of industrial processes to
which pectinases can be applied to improve the
quality and yield of final products. Thus, it is
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important to investigate the production conditions
and physicochemical characteristics of new
pectinolytic enzymes for specific industrial
process. Screening a large number of microor-
ganisms for high active enzymes combined with
protein engineering, direct evolution and metag-
enome approaches can lead to more efficient and
stable enzymes. Moreover, research on the develop-
ment of novel bioreactors to carry out efficient
hydrolysis of pectic substrates by pectinases has
not received much attention. In order to develop
novel bioreactors, an understanding of the stability
characteristics of pectinases is required. This
poses a challenging task for protein and biochem-
ical engineers. In the near future, biochemical
techniques and innovative experiments in cellular
and molecular biology could offer real break-
through in pectinase research.
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