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Abstract

Pectin is a hetero-polysaccharide molecule with 1,4-linked a-D- galacturonic acid as principle component. Pectinase enzyme is responsible for the
breakage of glyosidic bonds of galacturonic acid’s residue present in pectic substances. For the production of pectinase enzyme both types of submerged
and solid-state fermentation (SSF) are usually used. Mostly, the production of enzyme is found better in SSE There are certain different techniques like
filtration, dialysis, ammonium salt precipitation, gel filtration chromatography, lon exchange chromatography and SDS-PAGE which can be applied for
purification of pectinase enzyme. Pectinase plays an important role in industrial processes such as fruit juice extraction, degumming of plant fiber, waste
water treatment, oil extraction, coffee and tea fermentation, paper and pulp industry.
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Introduction

The use of living organisms in industrial process for
development of different products becomes vital due to less energy
consumption. Micro-organisms are beneficial for society as they
are responsible for producing important products like enzymes,
antibiotics, vaccines, cheese, bread and many others [1]. Enzymes
extracted from microbes are used in industrial sector because of
environmental friendly nature. Microbial enzymes replace the
use of chemicals in both technical and industrial process which
lowers the pollution rate. One such enzyme is pectinase to be used
in different industries that can be produced from different micro-
organisms such as bacteria and fungi [2]. The compounds which
are catalyzed by pectinolytic enzymes have a generic name known
as pectic substances (Figure 1). These are acidic and have negative
charge [3].

Pectic acid

Pectic
substances

Protopecti

Figure 1: Classification of pectic substances [3].

There are four types of pectic substances classified by American
chemical society [4]:

A.  Pectic acid: It is the galacturonan’s polymer having a
property of solubility and the methoxyl groups are negligible.
Pectate is the acidic or normal salt of pectic acid [5].

B.  Protopectin: This pectic substance is insoluble in water.
Intact tissues of plants contain protopectin. Due to restricted
hydrolysis protopectin produces pectic acid or pectin [6].

C.  Pectinic acids: The cahin of polygalacturon is pectinic acid
having methylated units of galacturonate. Normal and acidic salts of
pectinic acid are called pectinates [5].

D. Pectin: Pectin

galacturonate. In pectin, galacturonate units carboxyl groups from

is generally known as polymethyl

which upto 75% are linked with methanol by estrification. By
binding to cellulose in cell wall, it provides rigidity to cell wall [3].

Fruits are major pectin source and the high viscosity of fruit
juicesis due to mechanical crushing of fruits which are rich in pectin.
To extract juice by mechical method is difficult [7]. Pectinase along
with some other enzymes replaces the mechical extraction process
and clarify the jucie obtained from pectin containing fruit (Table
1). Pectinase enzyme is responsible for the breakage of glycosidic
bonds of galaturonic acid’s residues present in pectic substances
[8]. Pectinase is a complex of enzymes enzyme also known as
pectic enzyme complex which includes pectozyme, pectolyase and
polygalacturonase involved in pectin breakdown. Polygalacturonase
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is commercially used pectinase. The pectinolytic enzyme has been
divided into three major groups that are Protopectinase, Esterase,
and Depolymerase [6].

Table 1: Pectic content of different fruits.

Sources Pectin Content (%) Sources
Orange 29 [1]
Apple 0.5-1.6 [7]
Peach 0.3-1.6 [7]
Sugar beet pulp 30 [1]

Proto-pectinases act by degrading the insoluble protopectin
and produce in soluble proteins. Esterases remove methoxy ester
D-galaturonic acids by the deesterification of pectin while o-(1-
4)-glycosidic bonds present in D-galaturonic acid, is subjected
to hydrolytic cleavage by deploymerases [3]. For the production
both solid-state
fermentation can be employed. The use of stirred tank bioreactors

of pectinolytic enzymes, submerged and

is preferred in the submerged process because it has the upside
of controlled aeration and agitation rate which facilitates in the

maximum transfer of Oxygen [9]. Conditions for culture medium
are provided such that they are in accordance with the natural
habitat of filamentous fungi. It gives the added benefit of maximum
production because the fungi acclimatize to the culture conditions,
thus escalating its efficiency. Moreover, these processes provide an
uplift in the economy of the countries which are rich in deposits of
biomass and agricultural waste [10].

Production and Extraction of Pectinase Enzyme
Submerged fermentation

Submerged fermentation and SSF, both can be employed to
produce pectinase. The process which uses liquid broth to culture
organisms is called submerged fermentation (Table 2). The
prerequisites for submerged fermentation are continuous agitation,
provision of large amount of water. A colossal amount of effluents
is released in this process [11-15]. After production of enzyme, it
is easily extracted by using Whatman filter-paper 4. Biomass stays
on the filter paper and liquid as supernatant passes through it [16].
The broth is centrifuged for measuring activity of pectinase [17].

Table 2: Comparison of different media used for submerged fermentation.

Micro-organism Media Composition (g/L) Spore Suspension for Inoculation (Spores/mL) Conditions | Source
Citrus pectin: 10 Temp: 30 °C
Penicillium K,HPO,: 6 at 150rpm
chrysogenum (NH,)250,: 1.4 10° Duration: (12]
7593 MgS0,.7H,0: 0.1 o
KH,PO,: 2 4
Pectin; 5
Yeast extract: 1
MgSl\?;gll.-léo: L Temp: 30 °C
Streptomyces sp. KH.PO : 4 106 at 150.1”pm [13]
GHBA10 zo4 Duration:
MnSO0,: 0.05 Sdavs
CaCl,2H,0: 2 4
NH,CL: 2
FeSO,.7H,0:0.05
Rice bran: 10 Temp: 30 °C
A. oryzae, K,HPO,: 6.0 at 150rpm
A ﬂavusl (NH,)250,: 6 10° Duration: (14]
’ MgSO0,.7H,0: 0.1 48hrs ’
KH,PO,: 6
MgSO, 7H,0: 0.1 Temp: room
. . NH,NO,: 0.1 . . . . . temp
4 3
Aspergillus niger NH,H,PO,: 0.1 One disc of actively growing Aspergillus niger Duration: 4 [15]
Ground mango peels: 1% days

Solid state fermentation

The process in which growth is proceeded on a solid surface
or particles, in the absence or partial presence of water is termed
as solid-state fermentation [18,19]. For extraction of enzyme after

fermentation, the particular amount of specific buffer and water
added into the fermented flask and allowed to mix well by using
mechanical stirring. Filtration and centrifugation was done after
mixing and centrifugation was carried out for obtaining the clear
extract of enzyme [20]. Different fungal strains are metabolically
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different and grow differently in different media (Table 3). Some
fungal strains are not able to produce enzyme under solid state

Microbial sources

Table 3: Comparison of different media used for SSF.

fermentation but become active when submerged conditions were
provided [21,22].

Micro-or- | Solid Sub- Media Composition for Spore Suspension for Inoculation Incubation Source
ganism strate 100mL (Spore/g per Dry Matter) Conditions
KH,PO,;: 0.04g
Asperrgillus Sugar beet Na,HPO,12H,0: 0.02g 2x10°spores Teml.): 30°C [19]
niger pulp: 10g Water: 11ml Duration: 96h
Nitrogen source: appropriate
Wheat
Penicillium bran
NH,NO.: 0.1% Temp: 30 °C
sp EGC5 Sugarcane v )
. MgS0,x7H,0: 0.1% 107 spores Duration: 15 [20]
P. viridica- bagasse NH Itl POZ- 0.1% davs
tum REC3 | (9:1) or 4l Dg D0 4
(1:9)
Sucrose: 3.14g
Pectin: 1.5g
) Potassium phosphate: 0.65g
Aspergillus | Sugar cane )
. Ammonium sulfate: 1.26g
niger CH bagasse: ) 2x107 Temp: 35 °C [21]
ot Magnesium sulfate: 0.02g
strain 23.1g
Urea: 0.3g
Ferrous sulfate: 0.029g
Water: 80%
Yeast extract: 0.5g
Ground Glucose: 2.5g
Trichoder- powder Peptone: 0.1g
ma harzia- of peel KH,PO,: 0.4g 107-108 Temp: 28 °C [22]
num of Citrus Trisodium citrate: 0.5g
sinensis: MgS0,.7H,0: 0.2g
(NH,)250,: 0.4

Aspergillus niger, Aspergillus. awamori, Penicillium restrictum,
Trichoderma viride, Mucor piriformis and Yarrowia lipolytica are
the filamentous fungi employed in both submerged as well as
solid state fermentation for production of various industrially
important products such as citric acid, ethanol etc. [23,24].
Aspergillus niger, Aspergillus oryzae, Penicillium expansum, are
the types of fungi which are considered as safe (GRAS) by United
States Food and Drugs Administration (USFDA) and are put to use
in food industry. Some bacteria (Bacillus licheniformis, Aeromonas
cavi, Lactobacillus, etc), yeasts like Saccharomyces, Candida and
Actinomycetes like Streptomycetes are also used. Amongst these,
the filamentous fungi are most commonly employed [11].

Importance of solid state fermentation over submerged
fermentation

Solid state fermentation is opted in place of submerged
fermentation because it has more advantages [10] as the one is
that it uses substrates which are considered as waste but actually
contains nutrients. These substrates are important for long term
use in fermentation because of their slow utilization rate [25].
Solid state fermentation gives more products after extraction as
compared to submerged fermentation [22]. As in the example
Penicillium citrinum produced more percentage yield of pectinase
in solid as compared to submerged fermentation and is shown
below (Table 4) [26].
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Table 4: Comparison of units obtained from solid state and submerged fermentation.
Fermentation Type Source SSF (units/gds) SmF (umol/ml/min) Source
Pectin lyase Penicillium citrinum 2.07 0.052 [26]
Polygalacturonase Penicillium citrinum 34.2 0.067 [26]

Purification

The enzyme, pectinase may have extracted from different
sources by using fermentation techniques. It is necessary to purify
it for further processing. The purification steps are following [17]:

Filtration

If enzyme and the spore’s bodies are required to separate, then
filtration is the best technique. In this filtration is done using Filter
paper and centrifugation is carried out for 15 minutes at a rpm of
10,000. The resulting enzyme extract is used for pectinase activity
assay [17].

Ethanol precipitation

For ethanol precipitation, crude enzyme must be dialyzed and
the resultant supernatant has been mixed with chilled ethanol.
Up to 3 volumes of ethanol were used and the mixture was placed
undisrupted at a temperature of 4 °C overnight [27]. Centrifugation
of resultant precipitate after overnight incubation was carried out
at same temperature at 9,000xg. Time for centrifugation was 30
minutes. 10mL Sodium citrate buffer with a pH of 6.5 was used for
dissolving the precipitate [28].

Ammonium sulfate precipitation

Supernatant was used as an enzyme source obtained by the
centrifugation of cultural medium. The enzyme precipitated by
the addition of 60 percent ammonium sulfate [27]. Incubate it for
overnight at a temperature of 40 °C after that centrifugation was
done for twenty minutes at a rpm of 5000. Dissolved the resultant
pellet in appropriate buffer such as T.E. buffer (pH 7.0) [6].

Dialysis

Activation of dialysis membrane is mainly achieved by
sodium bi carbonate, and by boiling in hot water. This membrane
contains dialysis tubing and after the activation of membrane the
partially purified sample was added in to it and sealed it [28]. The
salt impurities from protein extract was allowed to remove by
suspending the tube in water and then incubated overnight [17].

Ion exchange chromatography

This chromatography technique helps mainly in the removal
of proteins either bound or unbound [27]. Sephadex G 150 is used
for packing the glass column. After packing, the sample have been
loaded into column. Tris HCI was used for protein elution in this
method, having a pH 7.5. The volume collected after void volume
were fractions of 1.5ml and their absorbance were taken. Those
fractions having positive results for pectinase activity were saved
by pooling out and concentrated them for further processing [23].

Gel filtration chromatography: The sample which was
properly dialyzed, loaded in a column which is Sephadex G-250.

0.2M solution of phosphate buffer having a pH of 7.5 was used
for column equilibration. The same buffer was used for protein
elution. The flow rate was 0.1ml/min and with this rate the which
were collected were ten. Factions having pectinase activity were
separated out for further analysis [7].

SDS- Page

SDS PAGE was used for purity checking. Molecular weight was
determined by running the marker and purified enzyme. Coomassie
brilliant blue is used for staining the gel band for clear visualized
[29].

Different purification techniques having different conditions
become suitable for one but not for other proteins [30]. The slight
change in pH above or below the optimum value change the activity
of enzyme which could be a reason for variation in percentage yield
of same proteins using different purification strategies.

Application

One of the enzymes, that are the reason of unprecedented
success of the textile and fruit industries, is pectinase [1]. Pectinases
have a variety of applications in the industrial sector. This particular
enzyme is used in the extraction of fruit juices such as apples, grape
wine, strawberries, grapes, raspberries etc [31]. Pectin have a
vital role in the turbidity and viscosity of fruits. For the purpose
of clarifying fruit juices, a mixture of amylases and pectinases is
used. The time of filtration is decreased upto 50% [32]. Pectinases
are applied for the treatment of waste water coming from different
industries [33]. Textile processing and bioscouring of cotton also
finds a role of pectinase in their process. Pectinases combined with
lipases, amylases, cellulases and hemicelluloses, is being used in
place of caustic soda which is toxic in nature [34]. Pectinase is also
used in paper making. It has the ability to depolymerize pectin.
Pectin has a higher cationic demand which is lowered by the
implementation of pectinase and the filtrate from peroxidase [35].
Besides all these, fermentation of tea and coffee [36], oil extraction
and [37], and animal feed production also requires pectinase [34].

Conclusion

Pectinases are of humongous importance as they can be
employed in a variety of industrial processes which ultimately
leads to an escalation in the quality and yield of the product. A
great deal of work done on pectinases involves its screening,
isolation, production, purification, characterization and application
in the arena of fruit juice production and clarification. Apart from
fruit industry, other industries also enjoy the perks of pectinases
according to some reports. In the coming times, protein engineering
and the technique of site directed mutagenesis should be applied to
search for the molecular aspects of pectinases which can increase
its robustness regarding the pH and temperature kinetics. The main
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focus of research on pectinase should be its regulatory mechanism
of secretion at a molecular level in the future. This will also aid in
the understanding of how different pectinolytic enzymes act on

pectin substances.
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