International Journal of Scientific Research in

\\A'!g/ Biological Sciences
Eaumak. Vol.5, Issue.4, pp. 125-133, August (2018)

Review Paper

E-ISSN: 2347-7520
Cold-Active Pectinases and their Commercial Applications: A Review

N. Wani'*, F. Shezad?, F.A. Ahanger®, S.M. Malik®*, S. Sahay®, K. Jain®

123458 Government Science and Commerce College, Benazir, Barkatullah University, Bhopal-462 003 (MP) India

*Corresponding Author: Waninajeeb161@gmail.com

Available online at: www.isroset.org
Accepted: 24/Aug/2018, Online: 30/Aug/ 2018

Abstract- Pectinases is a group of enzymes that catalyze hydrolysis of complex pectic polysaccharides of plant tissues into
simpler form, for example, galacturonic acid. They are one of the enzymes that enjoy highest market place. Food industries at
large depend on this group of enzymes. Functionally, these biocatalysts are being utilized widely in different industrial
procedures like liquefaction, clarification, and extraction of fruit juice in food industries including in wine making. Their
importance also lies in the fact that as enzyme they participate in the process that is less aggressive and less energy demanding
vis-a-vis synthetic process. Enzyme mediated processing is thus said to be eco-friendly one. Pectinases utilized currently in the
food industries are mostly derived from mesophilic or thermophilic microorganisms. But, some trends towards obtaining these
enzymes from cold-adapted microorganisms is also being felt. The reason for this is the recognition of the fact that cold
processing saves the nutritious quality and aromatic profile of the product.

Cold-adapted microorganisms producing psychrophillic pectinases which work at low to freezing temperatures are known.
Cold-active pectinases apart from being suitable for food industries for the reasons mentioned above, they are also considered
to be a better alternative for various other applications like bio-refinery of pectic substances, bioremediation etc. This review
describes information available on the cold-active pectinolytic enzymes, their substrates and industrial applicability of these

enzymes in varied sectors.
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l. INTRODUCTION

Cold-active catalysts are recognized by their high catalytic
efficiency at low and moderate temperatures at which
mesophilic enzymes are less or not active, making them
fascinating for both, fundamental research and modern
industrial applications. Among the most recent years
extensive variety of microorganisms producing cold-active
enzymes has been described. Cold-active yeasts are the most
promising hotspot for application in biodegradation
processes and for obtaining enzymes [41, 60]. Cold-active
proteins are appealing for the food preparing, since there is a
modern pattern to treat food stuffs under gentle conditions
with a specific goal to stay away from decay and changes in
taste and nutritious values [59, 90]. In this manner, keenness
for cold-active compounds has been expanding over the
years and literatures describing their application in food
industries are also growing enormously [33, 70].

Psychrophiles are a standout amongst the most underutilized
resources and these psychrophilic and psychotropic
microorganisms occupy extensive space in the colder regions
on our planet having temperature in most part of the year
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under 5°C. In order to keep up metabolic rates even at low
temperatures, psychrophiles contain enzymes that have a
higher life activity at low temperatures. These catalysts are
by and large commonly named as cold-active enzymes and
are thermo labile [16, 61, and 62]. For long time, those
microbes having potential to develop at low temperatures
have been known [37, 66]. Cold adjusted organisms can
develop at 0°C and are psychrophilic if they love to grow
between < 15°C and < 20°C, or as psychrotrophic if their
optimum temperature for growth is above 20°C [88].
Psychrotolerant organisms have an optimum temperature
growth is near 20°C and 40°C but at the same time they are
able to grow at 0°C [67].

Microorganisms are the vital source for the supply of a huge
variety of compounds. Catalysts are the bio-active
compounds that direct numerous chemical changes in living
tissues. Pectins are the fluctuating structural polysaccharides
in higher plants possessing elongated Galacturonic acid
chains along with carboxyl group deposits and with differing
level of methyl esters [54]. They are noticeably found in
middle lamella and primary cell wall comprising 33% of the
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dry weight of plant tissue [102]. Pectins are the
polysaccharides abundantly present in the fruits [119].
Pectinases are a enzymes associated with the breakdown of
pectin from wide array of plants. These are categorized
according to their favored substrate (pectin, pectic acid), the
degradation action (transelimination or hydrolysis) and the
kind of cleavage (random or terminal) [48, 116].

Pectinases despite of their use in different industries are
specially applied in fruit processing industries as juice
clearer, color and yield enhancers and in fruit pulp treatment
[19]. Pectinases assume a significant part in clarification [45]
handling of alcoholic beverages, extraction, in viscosity
reduction, to expel off the peels and to get bigger yield [63].
The pectinases has been found to be widely and abundantly
produced in bacteria and filamentous fungi [76, 110].
Aspergillus niger is the principle source of pectinases for
industrial use since it produces large quantity of these
catalysts and also it is a GRAS microorganism [5, 41]. The
possibility of utilizing pectinases from cold-adapted yeasts
for industrial purposes is a recent trend. The cold-active
pectinolyic enzymes such as pectin methylesterase (PME),
endo-polygalacturonase (endo-PG) and exo-
polygalacturonase (exo-PG) from psychrophilic yeasts
Cystophilobasidium capitatum SPY11 and psychrotolerant
yeast Rhodatorula mucilaginosa PT1 showed 50-80% of
their optimum activity under specific set of conditions such
as pH 3 to 5 and temperature 6 to 15°C. These features speak
of their potential to be utilized in wine making and juice
processing at low temperatures [37]. For extraction as well as
processing of wines, such cold-active pectinolytic enzymes
are highly appreciated [64]. Earlier, similar results have been
reported with pectinolytic activity from  psychrophilic
Cystophilobasidium capitatum PPY at 5°C [71].

The expanding energy needs have necessitated the usage of
sustainable resurces, especially agro and forest generated
biomass, the main parts of which are cellulose, starch, lignin,
xylan and pectin. These materials have attracted world-wide
attention as an optional feedstock and energy source, since
they are present in large quantity and easily accessible. A
number of microorganisms are equipped for utilizing these
substances as carbon and energy sources thereby producing a
wide range of enzymes with unique catalytic features [8, 25].
Because of the wide range of commercial uses of pectinases
in the market, improvement of production technology,
streamlining the fermentation protocols and application of
novel retrieval techniques made the microbial generation of
enzymes reasonable [35,43]. Reduction in the capital
investment by utilizing wastes generated in agricultural and
fruit processing operations on the other hand is helping in
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economizing the technology and reducing environmental
loads [74].

Il.  PECTINASES

Pectinases are a complex heterogeneous group of enzymes
which acts particularly on pectic substances. Pectinases act
on and reduce the intracellular viscosity and tissue stiffness
[113]. The activity of pectinases likewise affects the physical
and chemical parameters that are essential for increment in
the vyield [34]. Pectinases comprise of three principal
categories of enzymes; Polymethylesterase (PME),
Polygalacturonase (PG), and Pectate lyase (PAL) [36, 44].
Polygalacturonases causes the breakdown of o (1-4)
glycosidic linkage between the Galacturonic acid deposits.
Pectate lyase [90] acts on pectin giving out oligosaccharides
of a (1-4) connected galacturonic acid residues. Poly methyl
esterase act on pectin methyl esters discharging methanol
[47]. Organisms are known in their capacity to deliver
pectinases active on particular substrate [108]. Psychrophilic
yeast strains C. cylindricus and M. frigida isolated from soil
of Abashiri [71], have been found to secrete numerous cold-
active pectinolytic enzymes [71]. Eight cold adapted
polygalacturonase producing yeasts have been isolated from
frozen samples of Iceland, four of them having potential
pectinases producing ability are C. larimarini, C. capitatum,
C. macerans and C. aquaticus [12]. It has been showed that
yeasts, for example, Kluyveromyces wickerhamii [68] and
moulds such as, Aspergillus niger CH-Y-143 [3], are
equipped with the ability to produce polygalacturonases
constitutively.

1. PECTIN

Pectin is a structural polysaccharide found in cell wall and
middle lamella of fruits and vegetables. The primary
structure of pectin comprises of homopolymeric chain of
partly methylated poly-a-(1, 4) - galacturonic acid [38, 46,
48]. Side chains of a-(1, 2) -L-rhamnosyl-a-(1, 4)- D-
galacturonosyl containing branch-points with L-arabinose
and D-galactose can join the primary polymeric chain.
Pectin may likewise contain residues of D-glucuronic acid,
D-apiose, D-xylose and L-fucose connected to poly-a-(1, 4) -
D-galacturonic acid segments [77, 121]. Pectic substances
are generally dispersed in fruits and vegetables and
subsequently they form regular substrates for pectinases [35].
The carboxyl groups of galacturonic acid are esterified to
some extent with methyl groups and neutralized by sodium,
potassium or ammonium particles partly or totally. Different
modifications of the backbone chain yields protopectin,
pectic acid, pectinic acid and pectin [9].
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Pectinases can be classified as given in the Table 1.
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CLASSIFICATION OF PECTINASES

Table 1 Classification of pectinases based on mode of action, substrate preferences and products Adopted from Sahay, [92].

Enzyme EC No Substrate  Mode of action Product (s)

Protopectinase Protopectin  Hydrolyse glycosidic bond at

sites with >3 nonmethylated GA

Water-soluble pectin

De-esterifyer

PMGE 3.1.1.11 Pectin Random cleavage of methyl ester Pectic acid +Methanol
PEE 3.1.1.6 Pectin Random cleavage of ethyl ester  Pectic acid + Ethanol
De-polymeriser
a) Hydrolases Pectate Cleave a-1,4-glycosidic bond
(i) PolyGAses
EndoPG 3.2.1.15 Pectate Random cleavage Oligo-GA
ExoPG 13.2.1.67 Pectate Terminal cleavage Mono-GA
(ii) PolymethylGAses
EndoPMG Pectin Random cleavage Oligomethyl-GA
ExoPMG Pectin Terminal cleavage Methylmono-GA
(b) Lyases Cleave a-1,4-glycosidic bonds Unsaturated GA

by transelimination
i) PolyGA lyases (PGL)
EndoPGL 4.2.2.2 Pectate Random cleavage Unsaturated GA
ExoPGL 4.2.29 Pectate Cleave penultimate bonds Unsaturated di-GA

Oligo GA lyase 4.2.2.6  Oligo-GA
ii) Polymethyl GA Lyase

mono-GA
Cleave a-1,4-glycosidic bonds

(PMGL) in pectin by trans-elimination
EndoPMGL  4.2.2.1  Pectin Random cleavage Unsaturated Methyl
Oligo-GA
ExoPMGL Pectin Terminal cleavage Unsaturated methyl
Mono-GA

GA, Galacturonic acid; oligo-GA, oligogalacturonic acid; mono-GA, monogalacturonic acid

V. BIOTECHNOLOGICAL APPLICATIONS OF
COLD-ACTIVE PECTINASES

Any industry trying to improve its performance needs to
continue refining its methods to manage three essential
variables: cost, time, and quality. The food industry isn't an
exception. Currently food industries focus on the nutritional
and sensory quality of the product [2, 71].

Food industry which is the biggest buyer of pectinases
utilizes it to eliminate pectin in organic product (fruit) juice
preparing. The crude juice acquired after tissue grinding and
squeezing, contains suspended pectin originating from the
fruit. This results into higher thickness and cloudiness,
interfering in filtration causing a general drop in the
productivity. Pectinases are added to expel this suspended
pectin and enhance the process, but the enzyme being
mesophilic in nature as majority of currently available
pectnases are, requires higher temperatures (50-60°C). At
this temperature, there is risk of juice contamination and loss
of unpredictable fragrant compounds. In the event if the
enzymes are cold-active or psychrophilic pectinases, similar
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processes can be conducted at lower temperatures and
thereby one can control contamination [12, 71], maintain the
product’s flavor [117] and increase potential of storage [82].
All the processes if carried out at low temperature, it results
into massive saving of energy [12]. Commercial “pectinases”
covers around 10% of the total general enzyme preparations
which are broadly used in the food industry for juices, fruit
drinks and wine generation [98]. The primary industrial use
of pectinases was accounted for in 1930 [50] for the
processing of apple juice.

Acidic pectic enzymes utilized in the fruit juice enterprises
and wine making frequently originate from fungal sources,
particularly from Aspergillus niger. These enterprises are
concerned with the formation of commercial juice such as
bright clear juices, (juice of apple, pear and grapes), juices
with clouds (citrus juices, tomato juice and nectars), and
unicellular products where the expectation is to protect the
integrity of the plant cells by specifically hydrolyzing the
polysaccharides of the middle lamella. The targets of
enzymes differ in these three kinds of fruit and vegetable
juices. These enzymes are added to upgrade the juice yield
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during pressing and stressing activities and to eliminate the
suspensions to give shining clear juice without haze. In fruit
and vegetable handling, the general method is the mash
treatment with proper enzymatic preparations [18, 51 and
83]. Juices with low viscosity, high clarity and high in
nutrition are more attractive by consumers.

Cold-active pectinases plays a vital part to lessen the
viscosity, increment in the yield and clarification of juice by
liquefaction of pulps, evacuate off the peels [18, 47, 48, and
58] and in maceration of vegetables to deliver the products
like pastes and purees [28, 108, and 115]. Depectinization
relies on the organization of juice, the kind of catalyst
utilized and the time consumed [118]. For depectinization of
juices (orange, apple, pear, grapes, guava, and so forth) with
pectinases the pH conditions needs from 3-6 [23, 107],
action time from 5 min to 6 hours [4, 105, 107, and 115],
temperature underneath 50°C [4, 48, and 105] and enzyme
amount about 0.06 to 0.135 % v/w [4, 24].

Pectinolytic enzymes have additionally been coupled in
relationship with other cell wall degrading enzymes, for
example, cellulases and hemicellulases [11]. Around 25 %
increase in pineapple juice recovery was acquired, when a
blend of two commercial catalysts pectinase and
hemicellulase was utilized at the extraction temperature of
40°C against control [114]. The utilization of pectinases and
hemicellulase in the processing of pineapple mash expanded
the juice extraction as well as guaranteed the most elevated
quality of the finished products [48, 52]. Expanded juice
yield is predominantly because of the capacity of enzymes to
degrade the cell walls, in this manner essentially brings down
the viscosity of the cloud juices and subsequently limits
membrane clogging in the course of filtration activities [18,
26]. Soares and colleagues [107] explained that the yield of
fruit (pear, guava, banana, papaya) and vegetable (carrot,
beet) juice was enhanced essentially by pectinases treatment
and the material was pressed more effortlessly than the
control and the residual dry weight of solid deposits
diminished in the range from 5 to 64 %.

Natural product treatment with pectinases assists in the
release of phenolic contents from the fruit-skin [100]. These
phenolic components have many health benefits as
antioxidant such as protection from coronary illness and
certain cancers [65]. Phenolic content was higher up to 15 %
in the enzyme treated dragon fruit beverage then unprocessed
beverage [4]. A few reports also report the utility of
simultaneous utilization of ultrasound and pectinases for this
purpose [24, 55]. When acerola and grape mashes were
treated with ultrasound and pectinases together the amount of
juice extracted was more as compared to ultrasonic or
enzymatic treatments used singly [24]. As of late, scientific
and industrial endeavors to find and develop novel cold
adapted enzymes have expanded significantly. The natural
qualities of cold adapted enzymes, high action at low
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temperatures and destruction in response to heat, are to a
great degree profitable for wvarious biotechnological
applications in a wide range of industries for food and
beverage preparation [17, 30]. As a result, psychrophilic
enzymes are eliminating mesophilic enzymes in a wide range
of industrial procedures.

Extremophiles are powerful sources of extremozymes, which
demonstrate utmost strength under extreme conditions.
Subsequently, much consideration has been given to the
microorganisms that can flourish in extraordinary conditions
as source of extremozymes. Biocatalysis applying
extremophiles and also extremozymes is quickly being
changed from academic science to industrially applicable
innovation. Each set of the extremophiles has one kind of
uniqueness, which can be cultivated to yield enzymes with an
extensive variety of application possibilities [1, 40].
Psychrophilic enzymes obtained from psychrophilic yeasts
display high action at low and moderate temperatures and
hence offer potential economic advantages [6, 53]
promulgate that as a part of low temperature fermentation
psychrophilic yeast could be utilized. Cold-active enzymes
have pulled in awesome consideration as biocatalysts since
they can oppose very unfavorable response conditions in
industry [27, 91, and 104]. There are almost 4000
compounds known today and of these around 200 are utilized
commercially [101]. Psychrophilic yeast has been accounted
for being utilized as a part of low temperature fermentation
[56, 79]. The higher catalytic action of psychrophiles at low
and modest temperatures put forth potential economic
advantages [17]. There is industrial trend to treat foodstuffs
under mild conditions with a specific aim to avoid decay, and
changes in taste and nutritional value at ambient surrounding
temperature. Thus, for food processing cold-active enzymes
are utilized [33, 90]. With appealing molecular adaptabilities
cold-active enzymes have opened up new potential regions of
applications [91, 104]. Processes catalyzed by cold-active
enzymes have two favorable benefits, they can possibly
manage the procedures by saving energy [17, 27], and they
shield the process from contamination [33]. Industrial
enzymes are mostly of microbial origin.

The capacity of thermo labile enzymes has specific
significance to the food industry where it is critical to evade
any change to heat-sensitive substrates and product. This is
additionally of advantage in successive procedures (example,
molecular biology) where the activities of enzyme should be
ended before the next procedure is undertaken; with cold-
adapted catalysts this may be possible by heat inactivation as
opposed to chemical extraction [33, 90]. In food industry,
juice clarification at low temperature could be done utilizing
cold-active enzymes from psychrophilic yeasts.

The enzymes generated by microorganisms are exploited in

different industries, for example, dairy, food, detergents,
textile, pharmaceutical, cosmetic, biodiesel industries, and to
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assemble agrochemicals and new polymeric materials [42,
97]. A few yeast strains have been investigated with respect
to the biological treatment of industrial and domestic waste
water [72, 114]. It was reported that psychrophilic yeast
Candida sp. obtained from water test samples from Lake
Vanda in Antarctica can be utilized for dissolved organic
matter treatment at low temperatures [49].

Grape juice isn't consumed in vast amount because of its
sweetness (around 200 g/l sugars) or excessively acidic
nature (around 10 g/l tartaric acid) despite the fact that, it is
employed in combination with other juices such as apple.
This grape juice innovative assimilation has looked into by
Pederson as well as by Luh and Kean [57, 75]. Because of
high pectic substances (5-10 g/l) grapes are hard to crush and
press. They are destemmed, pressed and heated to 60°C or
80°C to discharge color from skins such as for red grapes and
thus the endogenous polyphenoloxidase is destroyed. Pectic
enzymes from organisms especially Aspergillus niger,
Penicillium notatum or Botrytis cinerea are valuable in
making wine. The juices of berries, peaches, apples, pears
and diverse fruits are exploited and wines from grapes are
produced in vast volumes [31, 80]. Wine processing industry
likewise perceives the significance of acidic pectinases [89]
where the enzymes can be utilized at various stages. The
pectinases added for the fruit crushing increases the juice
yield and furthermore quickens the arrival of anthocyanins
into the juice. Suspended particles are settled out when
pectinases are added during the pre-fermentation or
fermentation stage. To increase wine clarity and filtration
rate, enzyme is added after fermentation [48, 73].

The fundamental functions of pectinolytic enzymes in the
process of wine making are to help the extraction procedure,
increased juice yield, make easy filtration and improve the
flavor and color [18]. Enzymatically treated wines
demonstrated greater stability with less filtration time in
contrast with control wines [14, 44]. Before the inoculums
addition, pectinolytic treatment of macerated fruits brought
the enhanced attributes of wine [85, 81]. Clarification of
must before the beginning of alcoholic fermentation likewise
enhances the sensory attributes of white wine [84]. It was
also revealed that the larger amounts of liquor generation in
matured grape must, pretreated with pectinolytic enzymes
and observed increment in iso-amyl liquor and 2-phenyl
ethanol and a decline in n-propanol concentration [15].
Combined impact of fermentation by yeast cultures and
pectinases treatment on ethanol production was displayed by
Reddy and Reddy [84]. Different reports have demonstrated
that, by adding pectinolytic enzymes in the winemaking
process, the higher levels of methanol in wine are obtained
because of the pectin esterase activity [86, 99]. Methanol is
harmful and its most extreme focus in wine is its regulation
to be directed. In this way, pectin esterase ought to be in low
amount in commercial products.
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The present food and wine industry aim to replace high-
temperature processes with low-temperature processes.
Processing at low-temperature provides economic and
ecologically favorable advantage. A few advantages of low-
temperatures  processing are energy saving, avoid
contamination and decay, maintenance of labile and unstable
flavor compounds, minimization of unfortunate chemical
responses that may happen at higher temperatures, and a
higher level of control over cold-active compounds as they
can be inactivated at increased temperatures [82, 94].
Pectinases demonstrating high polygalacturonase activity are
added to fruit juices to balance out the cloud juices of citrus,
purees and nectar, for example apricot nectar depicts cloud
loss that can be evaded by homogenization [103]. Fruit pulp
cells contain primary cell wall just comprises of around 90 %
polysaccharide and 10 % protein [120]. Addition of pectic
enzymes gives cloud-stable apricot nectar, where as
homogenization alone fails to accomplish cloud stability. To
enhance juice extraction exogenous compounds are used to
treat fruit pulps [20].

Additionally pectinases are being exploited as a part of bio-
refineries for pectin hydrolyzation that occurs in pectin-rich
agro-industrial wastes [13]. These wastes are changed into
basic sugars with the goal that they could be changed over
into bio-ethanol or utilized as fermentable sugars [22, 39]. To
modify polysaccharides present in the plant cell wall into
basic sugars distinctive enzymes for example pectinases,
hemicellulases and cellulases are being employed [10].
Duckweed (Landoltia punctata) treated with a pectinases
amount of 26.54 pectin transeliminase unit/g mash at 45°C
for 5 hours results aboutl4.2 % increase in glucose when
compared with the raw mash. This glucose is additionally
exploited in preparation of 30.8 + 0.8 g/L ethanol utilizing
duckweed as the feedstock [21].

The wastewater from the citrus-preparing industry contains
pectinaceous  materials that are deteriorated by
microorganisms during the activated sludge-treatment [112].
Vegetable food preparing enterprises discharge pectin
containing wastewaters as by-product. Pretreatment of these
wastewaters with pectinolytic catalysts encourages removal
of pectinaceous material and renders it appropriate for
deterioration by activated sludge-treatment [38, 44]. A
delicate rot pathogen, Erwinia carotovora (FERM P-7576)
which privileged interior endo-pectate lyase, has been
accounted for to be helpful in the pretreatment of
pectinaceous wastewater [111].

VI. CONCLUSION AND FUTURE SCOPE
More microbes from cold areas on the earth need to be
explored as source cold active enzymes. Cold-active

pectinolytic enzymes with specific set of catalytic features
need to be studied and further studies to employ these
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pectinases to various industrial processes are also urgently
required in view of the above said benefits.
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