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ABSTRACT 

Pectins play a vital role in maintaining the structure and firmness of plant tissues, providing resilience to cell 

walls and protecting plants from drought and wilting. Fungi possess a diverse group of extracellular 

pectinolytic enzymes, known as pectinases, which serve as valuable tools for infecting their host plants or 

drawing energy by degrading plant materials. Pectinases specifically target and break down pectin and pectic 

substances into monomers with diverse modes of action. In food processing, winemaking, paper, tea, coffee 

and textile industries, pectinases are widely recognized as the commonly used enzymes. They are employed in 

developing new products, enhancing production of the existing products, physical, chemical and sensory 

properties and increasing overall yield. This review aims at targeting the biochemical characteristics of fungal 

pectinases, with specific focus on their relevance in different industries. Additionally, it provides a 

comprehensive overview of the applications of fungal pectinases in various industrial processes. 
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INTRODUCTION 

Enzymes are essential proteins that catalyse 

countless chemical reactions the living beings by 

reducing the energy required for them to occur. 

Exploitation of enzymes in industrial production 

gave rise to biotechnological processes having 

several advantages such as reduced production 

costs, lower energy consumption and less pollution 

(Haile et al., 2022; El-Enshasy et al., 2018). 

Approximately 25,000 natural enzymes are 

estimated to be present in living beings; 25% of 

these are known and more than 120 of them are 

being used in various industrial applications. 

Enzymes play 

an increasingly important role in industrial 

production processes (Garg, 2016; Yang et al., 

2020). The global enzyme market valued at 6.95 

billion US$ in 2022 and is expected to grow at a 

compound annual growth rate (CAGR) of 6.4% 

from 2023 to 2030 (Grand View Research 2023). 

The global food enzyme market reached a value of 

almost 2.2 billion US$ in 2020. The industry is 

expected to grow at a CAGR of 6.4% between 

2021 and 2026 to reach a value of almost 3.1 

billion US$ by 2026 (Food Enzymes Market - 

Trends; Growth and Forecast Analysis 2021; 

Kotnala, 2021). The major share of industrial 

enzymes lies in detergent, food, feed, paper and 

textile industries (Figure 1). 

 

 

 

 

 

 

 

 

 

Figure 1: Market share of enzymes in various industries. 
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The Indian food enzymes market is projected to 

register a CAGR of 3.8% during 2020-2025.  The 

Indian market reached Rs. 2,525 crores in the last 

financial year. India comprises a large market for 

biotech-based products and most of these products 

are produced by DSM, Novozymes and Advanced 

Enzyme Technologies (Robledo et al., 2020; 

Sharma et al., 2023). 

Enzymes can be found in various forms in living 

organisms, including animals, plants and microbes. 

The industrial sector requires large quantities of 

enzymes, which cannot be met by the limited 

supply from animal and plant sources 

(Venkatanagaraju et al., 2019). Therefore, microbial 

sources have gained greater attention in the enzyme 

production (Sharma and Satyanarayana, 2006; 

Sharma et al., 2023). The microbes are known to 

produce various enzymes like pectinases, proteases, 

phytases, cellulases and several others. 

Microbes produce a number of pectin degrading 

enzymes, which play an essential role in the 

degradation of pectic substances and have 

extensive applications in food processing, 

biological degradation of plant materials, 

fermentation and food spoilage (Kohli and Gupta, 

2015).  

Pectins, the major constituents of cereals, 

vegetables, fruits and fibers, are complex high 

molecular weight heterogeneous and acidic 

structural polysaccharides. They are present in the 

middle lamella of plant cell wall as a thin layer 

(Begam et al., 2020; Nawaz et al., 2018). It acts as 

an adhesive extracellular material attached to 

cellulose microfibrils, surrounded by a matrix of 

hemicelluloses and proteins, (Figure 2 a, b) acting 

as „cementing‟ agent (Sharma et al., 2023). 

Pectin is synthesized in Golgi apparatus as uridine 

diphosphate-D-galacturonic acid during early 

stages of plant growth (Wong et al., 2019).  The 

pectic polysaccharides received attention due to 

their significant role in ripening of fruits and 

widespread application as a gelling agent in food 

processing industries (Verma et al., 2017). The 

presence of pectic material also influences the 

texture of fruits and vegetables, one of the most 

characteristic changes that occur during the 

ripening of fleshy fruits is softening that influences 

the texture and taste as well. In unripe fruits, pectin 

is bound to cellulose microfibrils in the cell walls 

and called protopectin. The protopectin is an 

insoluble polysaccharide and therefore, confers 

rigidity to the cell (Mao et al., 2021). 

 

Figure 2: Distribution and structure of pectin in plants. A, Immunofluorescence micrographs showing the 

distribution of pectin epitopes in roots of Arabidopsis using monoclonal antibodies (Transverse section) (Bacic 

2006); B, Adhesive extracellular material (pectin) attached to cellulose microfibrils, surrounded by a matrix of 

hemicelluloses and proteins (Robledo and Vázquez 2020). 

Pectin molecules consist of several hundred to 

thousands of D- galacturonic acid units that are 

linked together by α-(1,4) linkages in axial 

arrangement, which forms a trans-1,4- 

polysaccharide and it has a tendency of coiling 

around the screw axis (Liu et al., 2018). The 

carboxyl group of D-galacturonic acid unit in 

pectin is partially esterified with methanol or 

neutralized by monovalent or divalent cations like 

K
+
, Na

+
 and Ca

2+
. The degree of esterification is 

100% when the methoxyl content is 16.32% (Ali et 

al., 2023). Sometimes the hydroxyl groups at C3 or 

C4 positions are also acetylated, and the degree of 

acetylation may vary from 0.18 -2.5% (Nighojkar et 

al., 2019). The acetyl groups are important as they 

determine the gelling properties of the polymer. 

These pectic substances are degraded and 

solubilized by naturally occurring enzymes called 

pectinases in the fruits leading to softening of the 

fruits during the process of ripening (Guan et al., 

2020; Hao et al., 2023). 

B 
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The enzymes responsible for breaking down 

pectins are widespread and have diverse modes of 

action. Pectinolytic enzymes include a group of 

enzymes that are able to catalyse the breakdown of 

pectin containing substrates (Abdullah et al., 2021). 

These enzymes have various industrial applications 

such as clarification of fruit juices, improvement of 

yield and flavour of alcoholic beverages, scouring 

of natural fibers in textile industry and 

improvement of quality of paper products. 

PECTIC SUBSTANCES AND THEIR 

STRUCTURES 

Pectic substances are a group of complex 

polysaccharides which are made up of galacturonic 

acid and other sugar residues such as rhamnose, 

arabinose, xylose, galactose. They are categorized 

into three types: homogalacturonan, 

rhamnogalacturonan-I and rhamnogalacturonan-II 

(Sharma and Satyanarayana, 2004; Lu et al., 2018) 

(Figure 3). 

 

Figure 3: The structure and composition of pectin (Zheng et al., 2021). 

Homogalacturonan (HG) is a linear polymer of α-

1,4-linked galacturonic acid. The degree of 

esterification (DE) of HG is an important structural 

feature that refers to the degree to which carboxyl 

groups on the galacturonic acid residues are 

esterified with methanol or other alcohol groups 

(Waldron and Faulds, 2007; Doan et al., 2021). The 

distribution of the ester groups along the HG chain 

affects its physical properties and biological 

functions. Low-esterified HG (LM-HG) with a DE 

of less than 50%; this is commonly found in young 

tissues that is highly soluble in water. High-

esterified HG (HM-HG) with a DE of more than 

50% is more commonly found in mature tissues 

and is less soluble in water (Sénéchal et al., 2014). 

The degree of esterification affects the ability of 

HG to form gels or to interact with other 

components in the cell wall. HG plays an important 

role in the physical and mechanical properties of 

plant cell walls such as cell adhesion, cell 

expansion and plant growth. It is also involved in 

various biological processes like plant-microbe 

interactions, pathogen defence and fruit ripening. 

HG is widely used in the food industry as a gelling 

agent, thickener and stabilizer, particularly in the 

production of jams, jellies and other fruit-based 

products (Wolf et al., 2009; Daher and Braybrook, 

2015).  

Rhamnogalacturonan-I (RG-I) is a branched 

polysaccharide that contains alternating residues of 

galacturonic acid and rhamnose. The rhamnose 

residues can be substituted with various side 

chains, such as arabinan, arabinogalactan and 

galactan. The type and frequency of these side 

chains can vary depending on the plant species and 

tissue type (Naran et al., 2008). Additionally, 

rhamnose constitutes a small component of pectin 

backbone and is present as α-L-rhamnopyranose. 

They are present in various segments of structure: 

α-D-galactopyranosyluronic acid-(1→2)-α-L-

rhamanopyranosyl-(1→4) galactopyranosyluronic 

acid. The presence of rhamnose leads to the 

formation of a T-shaped „kink‟ in the linear chain. 

Other neutral sugars like L-arabinofuranose and D-

galactopyranose occur most frequently in the side 

chains, whereas D-glucopyranose and L-

fucopyranose are less common throughout the 

structure (Mao et al., 2019). D-Adipose, 2-O-

methyl-D-xylose and 2-O-methyl-L-fucose are 

wide spread constituents of pectins present in 

minute quantities (Mohnen, 2008). These side 

chains are composed of neutral sugars that give the 

„hairy‟ edifice to rhamnogalacturonan portion of 

the pectin (Kaczmarska et al., 2022). 

Rhamnogalacturonan II (RG-II) is a complex 

polysaccharide that contains a core of disaccharide 
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repeating units of α-1,4-linked galacturonic acid 

and α-1,2-linked rhamnose, which is extensively 

branched with arabinan, galactan and apiofuranosyl 

residues (Mao et al., 2019). RG-II is considered to 

be one of the most complex plant cell wall 

polysaccharides known to date. RG-II is thought to 

have important biological functions in plant 

development, including cell expansion and division 

and plant-microbe interactions (Gawkowska et al., 

2018). The complex structure of RG-II has made it 

difficult to study and its functions and interactions 

with other components of the plant cell wall are not 

yet fully understood. However, recent advances in 

analytical techniques, such as mass spectrometry 

and NMR spectroscopy, have provided new 

insights into the structure and biological functions 

of RG-II. RG-II has also garnered interest in the 

development of new biomaterials for various 

applications, including drug delivery and tissue 

engineering (Zhang et al., 2021). 

Nomenclature 

In 1944, the Committee for the Revision of 

Nomenclature of Pectic Substances, a former 

subdivision of American Chemical Society, defined 

pectic substances as those complex colloidal 

carbohydrate derivatives, which occur in plants and 

contain a large proportion of anhydro galacturonic 

acid units that are in a chain like combination 

(Wegener et al., 2015). The carboxyl groups may 

be partially esterified by methyl groups and 

partially or completely neutralized by one or more 

bases. The committee has defined complex pectic 

substances as described below:  

 

Protopectin  

Protopectin is water-insoluble pectic substance 

observed in the cell walls of plant tissues, besides 

ripening of fruits. On hydrolysis it produces pectin 

and pectic acids (Garg et al., 2013; Minten et al., 

2014). The insoluble nature of the protopectin 

depends on the polymer size and the presence of 

divalent cations like Ca
2+

.   

Pectinic acids  

These are the colloidal polygalacturonic acids with 

different proportions of methyl ester groups. 

Pectinates are normal or acidic salts of pectic acids; 

pectic acid alone has the unique property of 

forming a gel with sugars and acids or if it has 

reasonably low methyl content with compounds 

such as calcium salts (Oumer et al., 2017). 

Pectin or pectins 

The pectin refers to water-soluble polymeric 

material, which has various degrees of 

esterification with methanol and can form gels with 

sugar and acid under appropriate conditions 

(Hoondal et al., 2002). 

Pectic acid  

Pectic acid is a category designation used to the 

pectic substances mostly composed primarily of 

colloidal polygalacturonic acids and necessarily 

free of methyl ester groups (Table 1). Pectic acids 

are mostly formed after tissue breakdown by the 

action of pectin methylesterases. Natural or acidic 

salts of pectic acid are called pectates (Sharma and 

Satyanarayana, 2006). 

 

 

               

 

 

 

 

 

 

 

Figure 4: Structure of pectin and its functional groups. 
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Table 1: Types of pectic substances 

S. No. Type of Pectin Description Sources 

1 Pectinic acid 
Having variation in methoxyl content and under suitable 

conditions can form gel with sugar. 
Garg et al., 2013 

2 Pectic acid 
Galacturonans lack methoxyl group, soluble and its natural or 

acid salts are called pectate 
Conrad 1930 

3 Protopectin 
Water-insoluble parts of pectic substances, mostly present in 

unripe fruit and it degrading by protopectinases 

Sharma and 

Satyanarayana 
2004 

4 Pectin 
75% of carboxyl groups of galacturonic acid units are esterified 

with methanol 

Thakur et al., 

1997 

FUNGAL PECTINASES 

Pectinases are defined as a group of enzymes that 

hydrolyse pectic substances, mostly present in 

microorganisms and higher plants (Sharma and 

Satyanarayana, 2004; Jayani et al., 2005). The 

majority of commercial pectinases are obtained 

from fungi.  

Diversity of fungal pectinases and their 

categorization 

There is a great diversity of fungal pectinases, 

which can be classified into several categories 

based on their mode of action, substrate specificity 

and amino acid sequence (Chen et al., 2015). On 

the basis of their pH optima for activity, they are 

categorized into acidic and alkaline pectinases. 

 On the basis of pH optima for activity: 

Acidic pectinases 

The pectinases with pH optima below 7 are called 

acidic pectinases. These are primarily produced by 

fungal strains such as Aspergillus niger, A. flavus, 

A. oryzae, Penicillium italicum, Trichoderma 

viride, T. reesei and others. These are most widely 

exploited for the large-scale production of acidic 

pectinases (Haile and Ayele, 2022). 

Alkaline pectinases 

Optimum pH for the activity of alkaline pectinases 

is above 7. Alkaline pectinases are generally 

produced by bacteria, but are also produced by 

some filamentous fungi and yeasts. Alkalophilic 

bacteria, such as Bacillus spp. are primarily used 

for the commercial production alkaline pectinases 

(Hamdy et al., 2005).  On the other hand, fungal 

spp. such as Fusarium, Rhizopus, Penicillium, 

Aspergillus etc., are also reported as potent alkaline 

pectinase producers (Thakur et al., 2021). 

On the basis of mode of action: 

 

Esterases  

Pectinesterases (PMGE, EC 3.1.1.11)/ Pectin 

pectylhydrolase/Polymethylgalacturonate 

esterases 

Pectin esterases are enzymes that specifically remove 
the methyl ester group from pectic substances, 
resulting in the formation of pectic acid. This process 
involves the formation of an intermediate acyl-enzyme 
complex and the release of methanol. Eventually, the 
acyl-enzyme complex undergoes diacylation, leading 
to the restoration of both the enzyme and pectic acid 
(Oumer et al., 2017). The enzyme tends to target the 
methyl ester groups that are positioned adjacent to free 
carboxyl groups along the length of the polymer in a 
sequential manner (Patidar et al., 2018). Some pectin 
esterases only act on the reducing end of the chain, 
while others target the non-reducing end. The 
specificity for different substrates can vary depending 
on the source of the enzyme and the reaction 
conditions (Figure 5). Pectin esterases are widely 
distributed in nature and can be found in 
microorganisms, plants and animals; fungal pectin 
esterases are of peculiar interest (Rebello et al., 2018). 
Pectin esterases derived from microbes have a broad 
pH range for activity, functioning effectively at pH 
between 4.5 and 9.0. Fungal pectin esterases tend to 
have a lower optimal pH compared to bacterial pectin 
esterases (Patidar et al., 2016). Notably, alkaline and 
acidic pectin esterases exhibit different de-
esterification patterns, leading to the formation of 
pectin with varied properties (Kant et al., 2013). 
Alkaline pectin esterases produce de-esterified pectin 
that forms weak gels with calcium ions, while the 
product of acid pectin esterase form stronger gels with 
calcium ions. 

In a study conducted by Jenkins et al. (2001), the 

crystalline structure of pectin esterase was 

examined. The molecule had a molecular mass of 

36.91kDa and consisted of 342 residues. The 

molecule had an α content of 6.43 and a β content 

of 34.80. The structure of the molecule included 

four sheets and two β-hairpins with one disulphide 

bond.

.  
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Pectin esterases have an optimum temperature 

ranging between 25 and 55°C. Pectin esterases 

mostly originate from plants, bacteria and 

pathogenic fungi belonging to the class 8 of 

carbohydrate esterases (Figure 6). PMEs are 

biologically active in monomeric form and bear a 

molecular mass within the range of 25-45kDa. The 

molecular mass of pectin esterases of Aspergillus 

oryzae is about 34kDa and 400kDa that of 

Clostridiummu ltifermentans (Rebello et al., 2018). 

The precise mechanism of action of pectinesterases 

(PEs) is still debated, but it is generally believed 

that there are three different modes of action 

depending on the source of the enzyme. Fungal 

pectinesterases (PEs) primarily operate through the 

multiple-chain mechanism, while bacterial and 

plant PEs typically exhibit single-chain and 

multiple-chain mechanisms (Singh et al., 2019). 

One of the commonly used methods to measure the 

activity of pectinesterases is the titrimetric method, 

where the amount of carboxylic acid produced is 

measured by the amount of alkali used to neutralize 

the reaction mixture (Chawafambira, 2021). 

Another method involves measuring the amount of 

methanol produced through distillation and 

oxidation to formaldehyde. Wood and Siddiqui 

(1971), suggested a simplified spectrophotometric 

method that eliminates the need for methanol 

distillation. The most accurate and sensitive 

method involves converting methanol to methyl 

nitrite and measuring it through HPLC. 

Polygalacturonases (PG, EC 3.2.1.15) / Poly (1,4-

-D-galactosiduronate) glycanohydrolase/Endo 

-polygalacturonase  

Polygalacturonases are enzymes that break down 

pectin by adding water molecules to the glycosidic 

bonds. These enzymes are typically classified as 

acidic pectinases and specifically target the alpha-

1,4-glycosidic linkages in pectic acid or 

polygalacturonic acid (Patidar et al., 2018). 

Although there are some reports of alkaline endo-

polygalacturonases, they are relatively rare. Most 

of the fungal pectinases produced by Aspergillus 

japonicus, Rhizopus stolonifer, Alternaria mali, 

Fusarium oxysporum, Neurospora crassa, 

Penicillium italicum ACIM F-152 and many others 

have optimal pH range between 3.0 and 6.0 (Jayani 

et al., 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Crystalline structure of pectinesterase of Erwinia chrysanthemi (Jenkins et al., 2001).

Figure 5: Reaction mechanism of pectinesterases. 
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Lyases  

The Lyases (transeliminases) form a group of 

pectinolytic enzymes that catalyze the breakdown of 

either pectic acid (polygalacturonate lyases) or pectin 

(polymethylgalacturonate lyases) by β-elimination 

reaction. Two types of lyases are known.  

Endopolygalacturonate lyases (Endo-PGL, EC 

4.2.2.2)/ Poly (1,4--D- galactosidu-ronate) 

endolyase/Endopolygal-acturonate lyase 

(endopectate lyase) 

They are a group of hydrolytic enzymes, which 

randomly cleave -1,4-glycosidic bonds by -

elimination in pectates and pectic acid, resulting in a 

rapid decrease in viscosity compared to the number of 

bonds broken (Figure 7). The pectate lyases are 

isolated from Aspergillus flavus, Fusarium oxysporum 

and others. It degrades the substrates in endo-acting 

manner (Figure 8) well-known enzymes come from 

the Erwinia and Bacillus genera and are known to 

cause soft rot symptoms in plants, as reported by 

Kabli et al. (2007). Endo-polygalacturonate lyases 

typically adopt a beta-helix fold, which consists of 

repeated beta- strands connected by loops, forming a 

twisted and elongated structure. 

 

Endo-polygalacturonate lyases are enzymes mostly 

produced by microorganisms. The active site of 

endo-polygalacturonate lyases contains amino acid 

residues critical for substrate binding and catalysis. 

These residues are usually located within a cleft or 

pocket in the enzyme structure. However, endo-

polygalacturonate lyases can also be found in other 

microorganisms like Aspergillus, Fusarium and 

Streptomyces and others. The temperature optima 

for endo-polygalacturonate lyases can vary 

depending on the enzyme source. Most endo-

polygalacturonate lyases are active within a 

temperature range of 30-50°C (Zheng et al., 2021). 

Exopolygalacturonate lyases (Exo-PGL, EC 

4.2.2.9)/ Poly (1, 4-α-D-galactosiduronate) 

exolyase/ Exopolygalacturonate lyase 

(exopectate lyase) 

Exo-polygalacturonates primarily act on pectates 

instead of pectins and they do not affect 

polymethyl-galacturonate-methylglycoside. They 

hydrolyze oligo-galacturonic acid from the 

reducing end of the substrate chain and the smallest 

substrate that they can degrade is a trimer. Both exo 

and endo-polygalacturonases have an average 

molecular mass of 38-65 kDa, the enzymes are 

reported from various microbial sources (Jayani et 

al., 2005). They are most active in the pH range of 

8.0 to 9.5. Exo-PGLs also have about similar 

thermostability as endo-PGL. Most exo-

polygalacturonate lyases are active within a 

temperature range of 30-50°C (Shevchik et al., 

1999). When working together on pectin, the 

complex of polygalacturonate lyase and pectin 

esterase allows the pectin chain to move directly 

from the esterase site to the polygalacturonate lyase 

site without dissociation or rebinding (Wong and 

Ng, 2011). Heating can cause the polygalacturonate 

lyase to be released from the pectin esterase. Exo-

polygalacturonate lyases are stabilized by Ca
2+

and 

Mn
2+

, but not by Mg
2+

or Zn
2+

 

Poly-methylgalacturonate lyases (PMGL)  

These are all endo-acting enzymes that catalyze the 

β-elimination between the fourth and fifth carbons 

of pectin at the non-reducing end, causing a quick 

Figure 7: Reaction mechanism of polygalacturonase. 

Figure 8: Reaction mechanism of polygalacturonate lyase. 
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drop in viscosity (Figure 9, 10). They are mostly of 

fungal origin and can degrade pectin directly, 

although they prefer highly esterified pectin as a 

substrate (Ankita et al., 2000). PMGL enzymes are 

expected to exhibit a degree of thermal stability. 

The optimum temperature stability range may vary 

among bacterial and fungal enzymes, they are 

generally active within a moderate to high 

temperature range which is from 30 °C to 70 °C or 

higher. However, further studies specific to PMGLs 

are necessary to determine their optimal 

temperature range and thermal stability. They are 

most active when the pH is between 5.0 and 9.0. 

They do not require metal ions for their activity. 

Depending on the pH and degree of esterification 

of pectin, a few authors have reported the need for 

Ca
+2

 and other cations. The optimum pH and 

temperature were 5.0 and 55 ℃ (Patidar et al., 

2017). 

 

 

 

 

 

 

 

 

 

 

Figure 9: Crystal structure of polygalacturonate lyase (Ankita et al., 2000). 

 

 

As the chain length of the substrate decreases, the 

activity of polymethyl galacturonate lyases falls 

rapidly. Aspergillus fonsecaeus enzyme degrades 

smallest substrates, tetramethyl tetra galacturonate. 

While that of Aspergillus niger degrades trimethyl-

tri-galacturonate. They are further divided into endo 

and exo-polymethyl galacturonate lyases based on 

their cleavage patterns. By trans-elimination, endo-

polymethyl galacturonate lyases cause random 

cleavage in pectin molecules. While, exo-polymethyl 

galacturonate lyases cause sequential cleavage in 

pectin by a trans-elimination process. 

Protopectinases (EC 3.2.1.99)  

Protopectinases are enzymes that convert insoluble 

protopectin into highly polymerized water-soluble 

pectin. They are classified as A- and B-type based 

on their mode of action (Tapre and Jain, 2014). A-

type protopectinases react with the smooth regions 

of protopectin, which are composed of partially 

methoxylated galacturonic acid residues, while B-

type protopectinases react with the hairy regions 

consisting of rhamnogalacturonans and neutral sugar 

side chains (Figure 11).  

Figure 10: Reaction mechanism of poly-methylgalacturonate lyase. 



Diversity and Industrial Applications of Fungal Pectinases 

 9 

 

Figure 11: Crystalline structure of protopectinase C (Arabinan endo-1,5-alpha-L-arabinosidase) (Nurizzo et al., 

2002). 

As a result, B-type protopectinases are considered 

as glycan hydrolases such as arabinases and 

galactanases (Nurizzo et al., 2002). Some fungal 

protopectinases have been reported to have 

molecular masses in the range of 30-40 kDa, while 

others can be larger, with molecular mass 

exceeding 100 kDa (Nurizzo et al., 2002). Kabli 

(2007) isolated protopectinases showed that the 

enzyme was fairly stable at 50ºC since it retained 

65% of activity by exposure to this temperature for 

30 min at pH 5.0. The optimal temperature for most 

of the fugal the protopectinases lies between 50 to 

55

C (Silva et al., 2002). Protopectinases have a 

similar and positive effect of Ca
+2

 and Mg
+2

 ions 

and exhibit maximum enzyme activity in their 

presence, whereas it lost most of the activity in the 

presence of Cu
+2

 and Hg
+2

 ions (Sharma et al., 

2023). 

METHODS FOR PRODUCTION OF 

PECTINASES  

Production of enzyme on large scale is a necessity 

for their utilization in the industries (Kumar et al., 

2012). Various fermentation processes are 

developed for their production which can be 

classified under the following two categories: 

Solid-State Fermentation: In this, 

microorganisms are grown on a solid agro-residue, 

such as wheat bran or rice husk, which provides the 

necessary nutrients for growth. The substrate is 

inoculated with pectinase-producing 

microorganism and the mixture is incubated under 

controlled conditions (Garminha et al., 2008). 

Several fungal strains such as A. niger, A. awamori, 

Trichoderma reesei, Penicillium etc.  have been 

used extensively for the solid-state fermentation 

(SSF) for the production of fungal pectinases 

(Samreen et al., 2019).  

Submerged Fermentation: This method involves 

the cultivation of microorganisms in a liquid 

medium. For submerged production of pectinases, 

fungal species such as Rhizopus oryzae, R. 

stolonifer, Trichoderma reesei, Penicillium 

chrysogenum P. digitatum, Aspergillus oryzae, A. 

niger etc., are most common because these can 

grow vigorously in submerged condition (Abdullah 

et al., 2018). Corn cobs, citrus waste, apple 

pomace, corn steep liquor etc. are the most 

preferable substrates for submerged fermentation. 

During SmF, apple pomace substrate is best suited 

substrates for the exponential growth of A. niger 

and T. reesei (Mahmoodi et al., 2017). 

FACTORS THAT INFLUENCE THE 

PRODUCTION OF PECTINASES 

The production can be influenced by various 

physical and chemical factors, including the 

microorganism used, nutrients, pH, temperature, 

oxygenation, inoculum size, fermentation time and 

substrate used etc. Common parameters influencing 

pectinase production are 

Substrates 

The selection of substrate to grow the producer 

fungal strain is an important aspect. Pectinases are 

generally produced in response to the presence of 

pectin or other pectin-containing substrates (Singh 
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et al., 2017). Different substrates can have different 

levels of pectin and the type and amount of 

substrate used can affect the yield of pectinases 

because the producer fungal strains may have 

variation in utilization of the substrate molecules 

(Samreen et al., 2019). Here are some ways in 

which the substrate can influence pectinase 

production. 

Substrate type 

Different substrates contain varying amounts and 

types of pectin, which can affect pectinase 

production. For example, citrus peel waste is a 

good source of pectin and has been shown to 

enhance pectinase production by Aspergillus and 

Fusarium spp. (Panchami and Gunasekaran, 2015). 

Different agro-wastes, such as sawdust, pineapple 

peel, orange peels, sugarcane pulps and wheat bran, 

as the sole carbon source reported the highest 

pectinase activity by Aspergillus niger, A. 

fumigatus, A. giganteus, A. terreus and Penicillium 

chrysogenum (Okafor et al., 2010). 

Substrate concentration 

The concentration of the substrate affects pectinase 

production. A low concentration of pectin may not 

provide enough induction for producing pectinases, 

whereas a high concentration of pectin may result 

in product inhibition (Mohandas et al., 2018). 

Therefore, the optimal concentration of the 

substrate needs to be determined for efficient 

pectinase production. The production with different 

concentration of carbon sources (0.5%, 1%, 1.5%, 

2%, 2.5%, and 3% w/v) resulted maximum 

production of polygalacturonase at 1% 

concentration (Darah et al., 2013). 

Particle size 

The particle size of the substrate also affects 

pectinase production. Smaller particle sizes can 

improve oxygen transfer in SSF. The increased 

surface area allows better aeration and oxygen 

penetration into the substrate, facilitating fungal 

growth and enzyme production. This improved 

contact leads to increased enzymatic degradation of 

the pectin, resulting in higher pectinase production 

(Rehman et al., 2015). In SmF, increased surface 

area allows for better contact between the fungal 

biomass and the substrate, potentially leading to 

improved enzymatic activity and higher pectinase 

production (Poondla et al., 2016). 

Pre-treatment of substrate 

The effect of substrate pre-treatment on pectinase 

production from Aspergillus niger vary depending 

on the method used like thermal, chemical, 

enzymatic and biological pre-treatments are 

commonly employed (Jalil et al., 2023). Thermal 

pre-treatment can enhance pectinase production by 

breaking down complex polysaccharide structures. 

Chemical pre-treatment solubilizes pectin, 

increasing its availability for enzymatic 

degradation (Belkheiri et al., 2021). Enzymatic pre-

treatments with cellulases or hemi-cellulases 

degrade other components, improving pectin 

accessibility whereas biological pre-treatments, 

involves microbial cultures which facilitates the 

breakdown of substrate (Rebello et al., 2017). 

Substrate availability 

The availability of the substrate affects pectinase 

production. Microorganisms require a continuous 

supply of nutrients for efficient growth and 

pectinase production (Minten et al., 2014). 

Therefore, the fermentation process should be 

designed to ensure a constant supply of substrate. 

 pH 

The pH of the growth medium has a significant 

influence on the production of pectinases. The 

pectinase retained 60-90% activity in the range 

between 6.2 and 9.2 (Khatri et al., 2015). 

Optimal pH range 

Each microorganism has an optimal pH range for 

its growth and enzyme production. For most 

pectinases, the optimal pH range lies between 4.5 

and 5.5. Maciel et al. (2011) reported the wide pH 

range (3.5-11.0) for enzyme production by 

Aspergillus niger. Therefore, maintaining the pH 

within this range during fermentation affects 

pectinase production (Sharma and Satyanarayana, 

2006; Suresh, 2010). 

Enzyme stability 

The stability of pectinases is influenced by pH. 

Most pectinases are stable at acidic pH values, but 

their stability decreases as the pH becomes more 

alkaline (Irshad et al., 2014). Fungal alkaline 

pectinases showed high stability and active at 

alkaline pH. Therefore, maintaining the pH within 

the optimal range can help in maintenance of 
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enzyme stability and activity. The partially purified 

pectinase from Aspergillus niger strain MCAS2 

was significantly active over a pH range from 6.2 

to 9.2 with an optimum of 8.2 (Khatri et al., 2015). 

Exo-polygalacturonase produced by Rhizomucor 

pusillus A13.36 possessed optimal activity at pH 

4.0 but found stable in the pH range of 3.5 to 9.5 

(Trindade et al., 2016). 

pH shift 

A sudden shift in pH can negatively impact 

pectinase production. For example, if the pH of the 

medium becomes too acidic or too alkaline, the 

microorganisms may not be able to grow and 

produce pectinases efficiently (Joshi et al., 2008). 

Enshasy et al. (2018) noted that a pH shift from 5.5 

to 3.6 decreased the cell growth from 3.28 g/L to 

2.38 g/L during the process optimization for A. 

niger in submerged cultivation system. 

pH control 

pH control during fermentation is important for 

efficient pectinase production. The pH can be 

controlled using a buffer system or by adding acid 

or base to the medium (Ahmed et al., 2016). 

However, the method of pH control used can affect 

pectinase production. Selection of buffer is also an 

important parameter. The most frequently used 

buffers include phosphate, citrate or acetate salts. 

The choice of buffer should be based on the desired 

pH range and the fungal strain being used. A. niger 

IBT-7 strain produced optimal pectinases 

production when sodium acetate buffer was used 

(Abdullah et al., 2018). 

Temperature 

Temperature is another important factor that can 

influence pectinase production. Here are some 

ways in which temperature can affect pectinase 

production: 

Optimal temperature range 

Each microorganism has an optimal temperature 

range for growth and enzyme production. Cheng et 

al., (2016), evaluated the thermal stability and 

activity for pectinases, produced by Aspergillus 

spp. and found the optimal temperature range 

between 30°C and 50°C. Pectinase produced by 

Aspergillus species have been reported to get 

inactivated due to denaturation at temperature 

above 50°C (Khatri et al., 2015). 

 Enzyme stability 

The stability of pectinases is influenced by 

temperature. Most pectinases are stable at moderate 

temperatures but can be denatured at high 

temperatures (Biz et al., 2014). Therefore, 

maintaining the temperature within the optimal 

range helps maintaining enzyme stability and 

activity. 

Temperature shift 

A sudden shift in temperature negatively impacts 

pectinase production (Jalil and Ibrahim, 2021). 

Exposing the microorganisms to extreme 

temperature scan led to cell death or denaturation 

of pectinases. In case of fungal pectinase 

production Joshi et al. (2008) reported that there 

was a constant increase in production up to 50

C 

and after that it started declining slowly up to 65

C 

and then a sharp decline up to 80

C. 

Temperature control 

Temperature control during fermentation is 

important for efficient pectinase production. 

Temperature can be controlled using a heating or 

cooling system (Chaudhary et al., 2020). Use of 

heat exchangers to regulate temperature by 

exchanging heat between the fermentation medium 

and a heat transfer fluid is very common method of 

temperature control. Cooling water or refrigerated 

liquid can be circulated through the heat 

exchangers to lower the temperature, while heated 

liquid or steam can be used to raise the 

temperature. After application of the temperature 

control system, Begum et al. (2020) recorded 2% 

excess production of all pectic enzymes in 

submerged fermentation by Aspergillus niger and 

Aspergillus flavus. 

Agitation 

Agitation or mixing of the fermentation medium is 

known to influence the production of pectinases in 

several ways: 

Oxygen supply 

Agitation affects oxygen supply to the 

microorganisms, which is essential for their growth 

and metabolism. Improved oxygen supply can lead 
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to increased pectinase production. Adequate 

oxygen supply is crucial for the growth and 

metabolism of microorganisms (Sharma and 

Rishishwar, 2015). 

Nutrient availability 

Agitation can help in distribution of nutrients 

evenly throughout the medium, ensuring that all 

growing cells have access to sufficient nutrients. 

Ibrahim (2015) evaluated the enzyme activity of 

pectinases produced by Aspergillus niger HFD5A-

1strain from static to 50, 100, 150, 200 and 250 

rpm and reported optimal pectinase production at 

150 rpm (1.559 U/mL). Jalil et al. (2023), achieved 

highest pectinases activity produced at 150 rpm, 

and the fungal growth was 2.49 ± 0.02 g/L for 

Aspergillus niger LFP-1. Maximum production of 

pectinases by A. niger MTCC281 was attained at 

170 rpm. With an increase in the rpm level from 

100 rpm with a gradation of 20 there has been an 

increase in pectinases production and maximum 

activity of 5.04 U/ml was recorded (Palaniyappan 

et al., 2009). 

Shear stress 

High agitation rates result in high shear stress on the 

fungal mycelia, which can damage their cell walls 

and reduce pectinase production. Therefore, optimal 

agitation rates need to be determined to avoid 

excessive shear stress (Jalil et al., 2023). 

Mixing efficiency 

The efficiency of mixing can also affect pectinase 

production. Poor mixing can lead to uneven 

distribution of nutrients and oxygen, resulting in a 

decline in pectinase production. The influence of 

agitation speed was found to lay a great impact on 

the morphology of A. niger HFD5A-1. At static 

condition, the mycelial mat was discovered on the 

top of the cultivation broth and sporulation occurred 

all over the fungal mycelial mat (Ibrahim, 2015). 

Foam Accumulation 

High agitation rates can also lead to excessive foam 

production. Excessive foam formation leads to 

increased viscosity, reduced mass transfer and 

decreased oxygen availability that negatively affects 

microbial growth and enzyme production. 

Additionally, foam can cause mechanical stress on 

the fungal mycelium, leading to cell damage and 

reduction in enzyme production (Ogueji et al., 

2017). 

CHARACTERISTICS OF FUNGAL PECTINASES 

Enzymatic breakdown of the substrates and the rate 

of enzymatic reactions depend upon the 

characteristics of the enzyme like pH, temperature, 

incubation time, metal ions, substrate concentration 

etc. (Rani et al., 2012). 

Km value 

The Km value represents the substrate 

concentration at which the enzyme-catalyzed 

reaction rate is half of its maximum velocity 

(Vmax). A lower Km value indicates a higher 

affinity of the enzyme on its substrate, while a high 

Km value indicates a lower affinity. Km value for 

fungal pectinases can vary according to the 

condition of analysis. The kinetics of pectinase 

produced by Aspergillus niger in submerged 

fermentation was found that, the Km value for the 

enzyme was 0.125 mM under optimal conditions of 

pH 4.5 and temperature 50°C (Alqahtani et al., 

2022). Hao et al. (2022) analyzed the kinetics of 

purified endo-polygalacturonase of Penicillium 

griseoroseum and found that the Km value for the 

enzyme was 1.01 mM at pH 4.0 and 50°C. A study 

that investigated the kinetics of purified pectinase 

of Aspergillus flavus found that the Km value for 

the enzyme was 28.9 mM at pH 5.5 and 45°C 

(Gophanea et al., 2016). Fungal pectinases with 

low Km values (ranging from 0.01 to 0.3 mM) 

have been reported to exhibit high catalytic 

efficiency and activity towards pectin. 

Effect of metal ions on pectinase activity 

Metallic ions display a significant role in 

modulating the activity of fungal pectinases (Jalil et 

al., 2023). The effect of metal ions on pectinase 

activity depends on their charge and concentration. 

The impact of metal ions on pectinases activity is 

listed in Table 2. The presence of Na
+
, Mn

+
, Cu

2+
 

and Zn
2+ 

led to a significant increase on enzyme 

activity, particularly polygalacturonase (PG). 

Conversely, the presence of Fe
2+

 and Mg
2+

 caused a 

significant decline in PG activity (Dranca and 

Oroian, 2018). For pectin lyase, the activity was 

significantly enhanced by Fe
2+

, Mn
+
 and Zn

2+
, 

while it was significantly reduced by Cu
+
, Mg

2+ 
and 

Na
+
. Hamdy (2005) observed that ions of Mg

++
, 

Na
+
 and K

+
 showed a stimulatory effect, whereas 



Diversity and Industrial Applications of Fungal Pectinases 

 13 

Zn
2+

, Co
2+

, Mn
2+

 and Hg
2+

 showed inhibitory 

effects on pectin lyase of Rhizopus oryzae. Daniel 

et al. (2014) also observed that manganese ions 

stimulated pectinlyases.  However, Yadav et al. 

(2013) reported that Ca
2+

, Cu
2+

, Fe
3+

, Mn
+
, Mo

2-
, 

Ba
2+

, Co
2+

, Ni
2+

, Pb
2+

 and Ag
+
 did not stimulate 

pectin lyase activity. 

Effect of pH on pectinase activity 

The pH optima of pectinase is likely due to the fact 

that the enzyme's active sites have variable charge 

at different pH (Joshi et al., 2008). At other pH 

values, the active site may be too charged or too 

uncharged to bind to its substrate, resulting in 

decreased enzyme activity. Additionally, the 

activity of pectinases can also be affected by the 

pH of the substrate. Kumar et al. (2012) found that 

the activity of pectinase of Aspergillus niger was 

low on pectin substrates at a higher pH than the 

enzyme's optimal pH. This could be due to the fact 

that the pectin substrate is also charged and the 

interaction between the charged pectin substrate 

and the charged enzyme active site can disrupt the 

enzyme's ability to bind to its substrate and catalyze 

the reaction. 

The greatest activity of pectinases are recorded at 

acidic pH values, with an optimum pH of around 

4.0. Joshi et al. (2015), found that the optimal pH 

for pectinase activity of Aspergillus niger was 3.5. 

Other studies have found that the optimal pH for 

pectinase activity from other sources, such as 

Bacillus subtilis and Trichoderma viride, is around 

5.0.  

Effect of temperature on pectinase activity 

Thermostability of an enzyme is the ability to resist 

thermal unfolding in the absence of substrates. 

Several studies have investigated the thermostability 

of pectinases. Hasunuma et al. (2003), found that 

endo-PG produced by A. niger T0005007-2 lost 

about 40% of its enzymatic activity after exposure 

to 50°C for 60 min. Ortega et al. (2004) reported 

similar results for a commercial pectinase 

preparation called CCM. The CCM preparation 

retained 57% of activity after exposure to 50°C for 

60 min. However, the commercial fungal pectinases 

Rapidase C80 and Pectinex 3X were much less 

stable at this temperature. Only 5.0 to 10.0% of 

activity was retained after 60 min at 50°C. Cordeiro 

and Martins (2009) found that the optimum 

temperature for the activity of Polygalacturonase 

produced by Bacillus sp. was 70°C. The enzyme 

retained 90% of activity after exposure to 70°C for 

120 min. Fungal pectinases are most stable at 30 - 

50°C (Sandri and Silveira, 2018). However, there is 

some variation in thermostability depending on the 

source of the enzyme. The decrease in enzyme 

activity at higher temperatures may be due to 

enzyme denaturation. Denaturation is a process in 

which the protein's structure is disrupted, which can 

lead to a loss of activity. The higher the 

temperature, the faster the rate of denaturation. In 

case of fungal pectinases, the optimum temperature 

for activity is 35°C (Trindade et al., 2016). At this 

temperature, the enzyme is most stable and has the 

highest activity. If the temperature is increased 

beyond 35°C, the enzyme begins to denature and 

loses its activity. This is why the fungal pectinase 

activity decreased as the temperature increased 

beyond 35°C.  

POTENTIAL INDUSTRIAL APPLICATIONS OF 

FUNGAL PECTINASES  

Global research is focusing on improving the 

activity of pectinases and expand their applications. 

Pectinases are in high demand worldwide and their 

applications vary depending on the physical 

conditions. Pectinases have been used in 

conventional industrial processes such as textile, 

plant fiber processing, tea, coffee, oil extraction 

and industrial wastewater treatment.  

Food biotechnology 

Pectinases offer numerous advantages, including 

increased efficiency, milder processing conditions 

and improved product quality. They are widely 

employed in various food processing and 

manufacturing processes, contributing to the 

development of innovative and improved food 

products (Atta and Larrea, 2022). It is used in 

processes such as juice extraction, fruit juice 

clarification, winemaking, coffee and tea 

fermentation, refining vegetable fibers, curing 

coffee, cocoa and tobacco, canning orange 

segments and extracting sugar from date fruits etc. 

Pectinases are widely used in the fruit industry for 

juice extraction. They help to reduce the viscosity 

and enhance clarity of juice. High pectin content of 

fruits makes their juice cloudy, which creates issues 

for clear juice processing and marketability (Garg 

et al., 2016). As traditional juice extraction 

methods are energy-intensive and unappealing, 

pectinase is used as a pre-treatment before 

clarification to prevent pectin-protein flocculation 

and reduce viscosity, the early use of pectinase in 
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fruit juice to improve permeation flux in 

microfiltration, ultrafiltration and reverse osmosis 

processes (Kashyap et al., 2001). Pectinase has 

been found to effectively reduce juice viscosity, 

increase yields and contribute to the release of 

phenolic compounds from fruit skin. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Application of pectinases

Pectinases are also used in winemaking to quicken 

the maceration process, increase the amount of juice 

extracted, hastening filtration and enhancing the 

flavor and color of wine. The fruits are macerated 

with pectinases before the alcoholic fermentation is 

introduced to improve wine quality. By adding 

pectic enzymes during the crushing of fruits, the 

juice yield is increased and pressing time is reduced 

(Praveen and Suneetha, 2015). Additionally, the 

filtration process is improved, resulting in clearer 

juice and the stability and color of red wines. 

In tea and coffee fermentation, use of pectinases in 

processing is important for improving the quality 

and appearance of the final product. Instant tea 

powder is widely used in the preparation of tea, as it 

is made from tea leaves and contains a high 

concentration of pectin (Oumer et al., 2017). 

However, the use of this powder can lead to the 

formation of foam on the surface of the tea, due to 

the high pectin content. To improve the quality and 

appearance of the tea, polygalacturonase is used in 

the tea-making process. It helps to break down the 

pectins in the instant tea powder, thereby reducing 

the foam-forming property of the tea. This can result 

in a change in the color of tea and can increase its 

market value (Patidar et al., 2016). 

Pectinase is also utilized in the coffee fermentation 

process to improve the quality of the coffee beans. 

The coffee beans are surrounded by a hardcover 

called mucilage, which has viscous and gelatinous 

properties that are undesirable for making coffee. In 

the alkaline process, pectinase is used to break down 

the pectin in the mucilage coat, making it easier to 

remove from the coffee beans before roasting (Haile 

and Ayele, 2022). During the fermentation of coffee, 

pectinolytic microbes are also used to improve the 

quality of coffee beans and to remove the mucilage 

coat. Overall, the use of pectinases in the coffee and 

tea production processes can improve the quality of 

the final products and lead to better flavor and 

texture. 

Textile industry 

The use of pectinases in the textile industry offers 

several advantages. They provide an eco-friendly 

alternative compared to traditional chemical 

processes, as pectinases are derived from natural 

sources such as microorganisms and plants. 

Pectinases also offer versatility in their application, 

as they can be used on various types of fibers, 

including cotton, linen and blends (Rajendran et al., 

2011). Furthermore, they contribute to the 

production of high-quality textiles with improved 

performance, comfort and aesthetic appeal. Sizing 

agents such as starch are applied to the fibers to 

improve their handling and weaving properties. 

These sizing agents need to be removed before 

further processing.  
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Table 2: Physiochemical and Kinetic Properties of Pectinases 

Enzyme 
Molecular 

weight (kDa) 

Michaelis 

constant 

(mg/mL) 

Optimum 

temperature 

(ºC) 

Optimum 

pH 

Temperature 

stability (°C) 

pH 

stability 
Enhanced Reduced 

Effects of ions on enzyme 

stability References 

Endo PG 38 1.27 65 5 50 2.2-7 Na, K, Ca, Mg, Fe Mn, Co, Zn, Cu Cheng et al., 2016 

 40 0.19 40 4.5 40 3.5-5.5 K Ca, Mn, Mg, Cu Tan et al., 2020 

 42 - 35 6 30-40 4-9 Mg 
Na, Ca, Fe, Ba, Zn, 

Cu 
Sassi et al., 2016 

 71 1.25 55 3.5 55 2-7 Mn, Mg Ca, K, Na, Ni Yang et al., 2011 

 60 2.45 70 4.5 50-60 6-8 - Ca, Fe, K, Mg Carli et al., 2019 

Exo PG 

106 

29 

102 

75.28 

50 

60 

0.083 

2.08 

2.56 

5.44 

0.31 

0.29 

45 

40 

50 

60 

72 

50 

4.8 

5 

5 

5 

5.2 

10.5 

25 

10-40 

50 

30-50 

70 

- 

3.5-5.5 

5-11 

3-5 

3-11 

- 

- 

Mg, Cu 

Co, K, Cu 

Mg 

Cu, Zn, Na, K, Mg 

- 

Ca, Mn 

Ca, K, Al, Zn 

Ag, Ca, Hg 

Ca, Na, K, Cu 

Hg, Ba 

Co, Ni, Ca, Mg 

Pb, Sn, Cu 

Kant et al., 2013 

Anand et al., 2017 

Pognonceli et al., 2019 

Lu et al., 2016 

Chen et al., 2014 

Sharma and Satyanarayana 
2020 

Pectin lyase 

31 3.87 50 7.5 50-60 7-9.5 Ca, K, Mg, Na Co, Cu, Mn, Zn Hamdy 2005 

23.3 5.2 40 8 - - Mg, Ca, Fe, Na K, Co Porturcu et al., 2017 

50 1.7 55 8 10-40 3-11 Mn, Ca Hg, Ag, Zn Yadav et al., 2013 

40 - 50 4.5 30-40 3-5 Na, Mg, Zn, Ni K, Ca, Cu He et al., 2018 

31 1.75 40 9 10-50 5-7 Ca, K, Na, Zn, Ag - Yadav et al., 2017 

Pectate lyase 

44 1.78 55 9.8 - 4-10 Ca, K Ba, Mn Wang et al., 2014 

38 1.64 50 8 40-60 5-10 Ca Ni, Mn, Zn, Cu Guan et al., 2020 

41 - 50 4 40 6-9 Al, Mg Fe, Ba, Cu Yang et al., 2020 

43.1 0.312 50 9.5 30-60 5-11 Ca, Mg, Mn, Ba Cu, EDTA Zhou et al., 2017 

34 0.45 60 10.5 70-90 7.5-12 Ca, Mn, Ba, Mg Hg, Cu, Sn, K Saoudi et al., 2015 

Pectin methyl 

esterase 

141 1.3 30 6.5 - - Ca, Na, Mg, K Pb, Hg Arotupin et al., 2008 

33 0.008 60 9 40-60 - Na - Dixit et al., 2013 

27 0.22 60 7 30-60 4-10 Na, K, Mg, Ca Zn, Ni, Cu, Fe Kotnala et al., 2018 

37 3.27 45 3.8 20-30 2-6 - - Zhang et al., 2018 
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Pectinases are used in desizing to break down and 

removal of pectin-based sizing agents effectively 

(Nawaj et al., 2018). This process improves the 

fabric's absorbency, prepares it for dyeing or 

printing and enhances its overall quality. Pectinases 

are employed in bio-polishing treatments to 

improve the surface appearance and handle of 

fabrics (Kumar et al., 2021). When applied to 

cotton or other cellulosic fibers, pectinases 

selectively remove the protruding fiber ends, pills 

and fuzz, resulting in a smoother and softer fabric. 

This process enhances the fabric's aesthetic appeal, 

reduces the potential for pilling and improves its 

comfort and drapability (Oumer, 2017). 

Pectinases also play an important role in dyeing 

processes by enhancing the penetration and fixation 

of dyes on textile fibers. Pectin substances naturally 

present in fibers can hinder dye diffusion and 

bonding (Kashyap et al., 2001). By removing or 

modifying these pectic substances, pectinases 

facilitate better dye penetration into the fibers and 

improve color fastness, resulting in more vibrant 

and even dyeing. Pectinases are used in fabric 

finishing treatments to enhance various properties 

of the textiles.Pectinases can be used to modify the 

surface characteristics of fabrics, leading to 

improved moisture absorption and wicking 

properties (Nighojkar et al., 2019). Additionally, 

pectinases can be employed in wrinkle-resistant 

finishing processes, where they help in the 

controlled relaxation of fabric fibers, resulting in 

reduced wrinkling and improved fabric appearance 

blends (Rajendran et al., 2011). Specific enzyme 

formulations and application conditions may vary 

depending on the fabric type and desired effects, 

making careful consideration of the specific 

requirements and characteristics of the textiles 

being processed, 

Paper production 

Enzymes are becoming increasingly popular in the 

paper industry because they transform the substrate 

of interest in the presence of other chemically 

related molecules. Pectinase is used to overcome 

retention problems in mechanical pulps which have 

been bleached with hydrogen peroxide (Bajpai, 

2018). The papermaking process involves 

continuous filtering a slurry of fibers, fiber 

fragments (fines) and inorganic filler particles (clay 

or CaCO3) into sheets. Water must be removed 

regularly (Verma et al., 2017). A filter cloth with 

pores is used for this, allowing the fiber fragments 

and filler particles to flow through. Some drainage 

mechanisms are used to keep the "fines" and 

"filler" in the paper sheets in place, allowing for 

faster water drainage. Various cationic polymers 

with different architectures are commonly used as 

retention aids (Liu et al., 2017).  

Bleaching pulps with alkaline peroxide solubilize 

the polysaccharides present in the pulp, the most 

notable things are pectins or polygalacturonic acid, 

which are interfering compounds. Polygalacturonic 

acids have a tendency to form gels with cationic 

polymers (cationic demand). Cationic demand is 

highly influenced by the degree of polymerization; 

monomers, dimers and trimers have low cationic 

demand, whereas hexamers and long chains have a 

high cationic demand (Reid and Ricard, 2000). 

This can cause the retention devices to clog. To 

reduce the cationic demand, pectinase is used to 

degrade the polysaccharide into monomers, dimers 

and trimers. This helps in improving the retention 

of fines and filler particles in the paper sheets, 

resulting in a stronger and more durable paper 

product (Kumar et al., 2012). 

Fodder production 

Pectinases also play a significant role in the 

production of animal feed or fodder. Pectin can 

limit the digestibility of feed for livestock, poultry 

and other monogastric animals. Therefore, the use 

of pectinases in the processing of animal feed can 

help to break down the pectin and increase the 

nutrient availability for the animals (Azzaz et al., 

2019). One common application of pectinases in 

fodder production is in the processing of sugar beet 

pulp. Sugar beet pulp is a by-product of sugar 

production from beet root and is used as a feed 

ingredient for livestock. However, sugar beet pulp 

contains high levels of pectic substances, which can 

limit its nutritional value (Bajpai, 2018). Pectinases 

can be added to the pulp during processing to break 

down the pectic substances and improve the 

digestibility of the feed. Pectinases can be used in 

the processing of other feed ingredients, such as 

soybean hulls and citrus pulp.  

Biofuel production 

Although lignocellulosic biofuels are a promising 

renewable energy resource, the recalcitrance of 

biomass to degradation presents a major roadblock 

to their production. To increase biofuel yields, one 

strategy is to improve the conversion efficiency of 

plant cell walls to bioethanol (Jordan et al., 2012). 

The conversion process can be simplified by altering 

lignocellulose composition in bioenergy crop plants 

through genetic and molecular engineering.  

Pectinases can be used to break down the pectic 

substances in feedstocks, such as sugarcane bagasse, 

corn stover and other lignocellulosic materials 

(Somerville et al., 2010). Pectinases can increase the 

efficiency of the hydrolysis process, allowing for 

higher yields of fermentable sugars that can be 

converted into biofuels. Pectinases are often used in 
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combination with other enzymes, such as cellulases 

and hemicelluloses, to maximize the breakdown of 

lignocellulosic materials. This process is commonly 

known as enzymatic hydrolysis and is a crucial step 

in the production of biofuels from lignocellulosic 

materials (Edwards et al., 2011). 

Pharmaceutical industry 

Pectinases are one of the most significant industrial 

enzymes and some of the notable contributions in 

pharmaceutical sectors such as dietary or nutritive 

fibre preparation, essential oil extractions, drug 

tablet formulations, formulation for lowering blood 

glucose and cholesterol and cosmetic formulations 

(Edwards et al., 2011; Sharma et al., 2023). 

Depolymerized pectins through pectinases are used 

to increase stool volume and viscosity and treat 

diarrhoea and constipation. Enzyme treated pectic 

substances are utilized as a decongestant, 

demulcent and wound-healing aid the pectins along 

with sulfate can reduce clotting time and useful as 

an alternative to heparin (Thakur et al., 2021). 

Essential oils from medicinal plants are valued for 

their medicinal properties and are widely used in 

the cosmetics and perfume industries. However, the 

process of extracting these oils using organic 

solvents can damage important functional groups 

(Ribeiro et al., 2015).  To avoid this, pectinases are 

used in the extraction process to destroy the 

emulsifying properties of pectin and promote the 

liquefaction of cell wall components, resulting in a 

better yield of products (Yabukarski et al., 2020). 

The enzymatic extraction process allows the 

retention of high concentrations of beneficial 

phytocompounds, such as polyphenols, 

antioxidants and vitamin E and improving their 

storage stability (Mwaurah et al., 2019). 

Hydrolysed pectin beads are used as a sustained-

release drug delivery system and are formulated 

using the ionotropic gelation method. The use of 

low-methoxy pectin and calcium pectinate gel 

beads in the formulation of the beads helps in the 

administration of drugs (Venkatanagaraju et al., 

2019). Calcium pectinate is preferred because it 

creates insoluble hydrophilic coatings that interact 

with each other in the host cell, allowing for the 

smooth release of the targeted medicine. 

Scientists suggest that pectin has potential in 

preventing and treating severe diseases like 

diabetes and obesity. The effectiveness of pectin 

for this purpose depends on its viscosity, molecular 

weight and degree of esterification (Kashyap et al., 

2001). More soluble fibers are believed to enhance 

gut viscosity, which reduces the re-absorption of 

bile acids and increases the synthesis of bile acids 

from cholesterol, thereby improving blood 

cholesterol levels. Herbal formulations containing 

digested pectins from apple, citrus, soybean peels, 

etc. were tested using both in vitro and in vivo 

models (Kohli and Gupta, 2015). 

Pectic products are commonly used in cosmetics 

and personal care due to their effectiveness against 

various skin ailments (Haile and Ayele, 2022). 

They are used as emulsifiers to thicken and gel face 

creams and their complex polysaccharides have 

anti-oxidative and anti-aging properties that can 

prevent skin damage. However, the efficacy of 

these products may vary depending on the source 

from which they are extracted or fermented using 

pectinase enzymes (Thakur et al., 2021). 

FUTURE PERSPECTIVES 

Enzymes have applications in various industrial 

processes, such as food, feed and pharmaceuticals, 

and thus, justify their demand. The stability and 

cost of enzymes are important for their use in 

commercial processes. For commercialization, 

enzymes must be stable against harsh conditions 

such as elevated temperatures, organic solvents and 

extreme pH. Various methods are used to optimize 

pectinase production, but the instability of enzymes 

results in higher costs for their broad applicability. 

Research is focused on producing pectinases from 

selective microorganisms under specific 

environmental conditions. Immobilization of 

pectinase enzyme for reuse purposes and genetic 

engineering are more effective options. Future 

research must focus on molecular mechanisms and 

distinct pectinolytic enzymes with activity on the 

desired pectic substrates. Pectinases have the 

potential for significant development in various 

industrial processes. Protein engineering and 

production optimization must be considered for the 

successful use of microbial pectinases. 

CONCLUSIONS 

Microbial research has led to significant 

developments in finding new applications for 

microorganisms and their enzymes. Pectinases and 

pectins have been found to play important roles in 

various industrial processes, with promising results. 

However, ensuring the cost-effective production 

from selected microorganisms under specific 

environmental conditions remains a challenge. 

Moreover, there is a need to explore the potential of 

pectinase and pectic substances in the 

pharmaceutical industry. In order to achieve this, 

biotechnological approaches may be employed in 

developing a broad-spectrum pectinase with high 

catalytic efficiency with in-depth understanding of 

the expression mechanism at the biochemical and 

molecular levels are needed. 

 



Asheesh Kumar Mishra, Kaushal Kishor Mishra, Chaudhary Shalu Singh, Manyata Sharma, Deepak Chand Sharma* 

 

 18 

ACKNOWLEDGEMENT 

Authors are grateful to Prof. T. Satyanarayana, not 

only for inspiring the authors to write this 

manuscript but also for his critical evaluation 

valuable feedback. 

REFERENCES 

Abdullah, R., Farooq, I., Kaleem, A., et al., 2018. 

Pectinase production from Aspergillus niger 

IBT-7 using Solid State Fermentation. 

Bangladesh Journal of Botany, 47(3):473-478; 

doi: 10.3329/bjb.v47i3. 38714. 

Agrawal, S. and Kango, N. 2019. Development and 

catalytic characterization of L-asparaginase 

nano-bioconjugates. International Journal of 

Biological Macromolecules,1142-1150; doi: 

10.1016/j.ijbiomac.2019.05.154. 

Ahmed, I., Zia, M.A., Hussain, M.A., et al., 2016. 

Bioprocessing of citrus waste peel for induced 

pectinase production by Aspergillus niger; its 

purification and characterization. Journal of 

Radiation Research and Applied Sciences, 

2:148-154; doi: 10.1016/j.jrras. 2015.11.003. 

Akita, M., Suzuki, A., Kobayashi, T., et al., 2000. 

Crystallization and preliminary X-ray analysis 

of high-alkaline pectate lyase. Acta 

Crystallographica Section D Biological 

Crystallography, 6:749-750; doi:  

10.1107/s0907444900003334. 

Ali, S., Khan, S.A., Hamayun, M., et al., 2023. The 

Recent Advances in the Utility of Microbial 

Lipases: A Review. Microorganisms, 2:510; 

doi: 10.3390/microorganisms11020510. 

Alqahtani, Y.S., More, S.S., R.K., et al., 2022. 

Production and Purification of Pectinase from 

Bacillus subtilis 15A-B92 and Its 

Biotechnological Applications. Molecules, 

13:4195; doi: 10.3390/molecules 27134195. 

Amande, T., Adebayo-Tayo, B., Ndubuisi-Nnaji, U., 

et al., 2013. Production and partial 

characterization of pectinases from mango 

peels by Aspergillus tomarii. Journal of 

Microbiology, Biotechnology and Food 

Sciences, 3(1):59-62. 

Anand, G., Yadav, S., Yadav, D. 2017. Purification 

and biochemical characterization of an exo-

polygalacturonase from Aspergillus flavus 

MTCC 7589. Biocatalysis and Agricultural 

Biotechnology, 264-269; doi: 10. 

1016/j.bcab.2017.03.018. 

Arotupin, D.J., Akinyosoye, F.A., Onifade, A.K., et 

al., 2008. Purification and characterization of 

pectinmethylesterase from Aspergillus repens 

isolated from cultivated soil. African Journal 

of Biotechnology, 12:1991-1998; doi: 

10.5897/ajb2008.000-5046. 

Azzaz, H.H., Murad, H.A., Hassaan, N.A., et al., 

2019. Pectinase Production Optimization for 

Improving Dairy Animal‟s Diets Degradation. 

International Journal of Dairy Science, 1:54-

61; doi: 10.3923/ijds.2020.54.61. 

Bacic, A. 2006. Breaking an impasse in pectin 

biosynthesis. Proceedings of the National 

Academy of Sciences, 15:5639-5640; doi: 

10.1073/pnas.0601297103. 

Bajpai, P. 2018. Pectinases in Papermaking. In: 

Biotechnology for Pulp and Paper Processing. 

Springer Singapore. pp. 443-451; doi: 

10.1007/978-981-10-7853-8_20. 

Bassim Atta, M. and Ruiz-Larrea, F. 2022. Fungal 

Pectinases in Food Technology. In: Pectins - 

The New-Old Polysaccharides (Ed. Martin 

Alberto Masuelli). IntechOpen; doi: 

10.5772/intechopen.100910. 

Begam, G. and Munjam, S. 2020. Optimization of 

Cultural Conditions Temperature and pH for 

Production of Pectinases by Two Species of 

Aspergillus. Bioscience Biotechnology 

Research Communications, 13(1); doi: 

10.21786/bbrc/13.1/56. 

Belkheiri, A., Forouhar, A., Ursu, A.V., et al., 2021. 

Extraction, Characterization, and Applications 

of Pectins from Plant By-Products. Applied 

Sciences, 14:6596; doi: 10.3390/app 

11146596. 

Biz, A., Farias, F.C., Motter, F.A., et al., 2014. 

Pectinase Activity Determination: An Early 

Deceleration in the Release of Reducing 

Sugars Throws a Spanner in the Works! PLoS 

ONE, 10, e109529; doi: 10.1371/ 

journal.pone.0109529. 

Carli, S., Meleiro, L.P., Ward, R.J. 2019. Biochemical 

and kinetic characterization of the recombinant 

GH28 Stereum purpureum 

endopolygalacturonase and its biotechnological 

application. International Journal of Biological 

Macromolecules, 469-474; doi: 

10.1016/j.ijbiomac.2019.06.165. 

Chaudhary, S.K., Upadhyaya, J., Joshi, D.R., et al., 

2020. Production, Characterization, and 

Industrial Application of Pectinase Enzyme 

Isolated from Fungal Strains. Fermentation, 

2:59; doi: 10.3390/fermentation 6020059. 



Diversity and Industrial Applications of Fungal Pectinases 

 19 

Chawafambira, A. 2021. Extraction and 

Characterization of Pectin from Snot Apple 

(Azanzagarckeana) Fruits with Potential Use 

in Zimbabwe. International Journal of Fruit 

Science, 1:791-803; doi: 10.1080 

/15538362.2021.1932693. 

Chen, J., Liu, W., Liu, C.M., et al., 2015. Pectin 

Modifications: A Review. Critical Reviews in 

Food Science and Nutrition, 12:1684-1698; 

doi: 10.1080/10408398.2012.718722. 

Chen, Y., Sun, D., Zhou, Y., et al., 2014. Cloning, 

Expression and Characterization of a Novel 

Thermophilic Polygalacturonase from 

Caldicellulo siruptorbescii DSM 6725. 

International Journal of Molecular Sciences, 

4:5717-5729; doi: 10.3390/ijms15 045717. 

Cheng, Z., Chen, D., Lu, B., et al., 2016. A Novel 

Acid-Stable Endo-Polygalacturonase from 

Penicillium oxalicum CZ1028: Purification, 

Characterization, and Application in the 

Beverage Industry. Journal of Microbiology 

and Biotechnology, 6:989-998; doi: 

10.4014/jmb.1511.11045. 

Conrad, C.M. 1930. A Furfural-Yielding Substance 

as A Splitting Product of Protopectin During 

the Ripening of Fruits. Plant physiology, 

5(1):93-103; doi: 10.1104/pp.5.1.93. 

Daher, F.B. and Braybrook, S.A. 2015. How to let 

go: pectin and plant cell adhesion. Frontiers in 

Plant Science, 6:523; doi: 10.3389/ 

fpls.2015.00523. 

Daniel, I.U., Chukwunonso, A.N., Arinze, L.E., et 

al., 2014. Extraction, partial purification and 

characterization of pectinases isolated from 

Aspergillus species cultured on mango 

(Mangifera indica) peels. African Journal of 

Biotechnology, 24:2445-2454; doi: 

10.5897/ajb2014.13771. 

Darah, I., Nisha M., Lim, S.H. 2013. Enhancement of 

polygalacturonase production from 

Enterobacter aerogenes NBO2 by submerged 

fermentation. Advanced Studies in Biology, 

5(5):173-189. 

Dixit, S., Upadhyay, S., Singh, H., et al., 2013. Pectin 

Methylesterase of Datura species, 

purification, and characterization from Datura 

stramonium and its application. Plant 

Signaling and amp; Behavior, 10, e25681; 

doi: 10.4161/psb.25681. 

Doan, C.T., Chen, C.L., Nguyen, V.B., et al., 2021. 

Conversion of Pectin-Containing By-Products 

to Pectinases by Bacillus amyloliquefaciens and 

its applications on hydrolyzing Banana Peels 

for Prebiotics Production. Polymers, 9:1483; 

doi: 10.3390/polym13091483. 

Dranca, F. and Oroian, M. 2018. Extraction, 

purification and characterization of pectin 

from alternative sources with potential 

technological applications. Food Research 

International, 327-350; doi: 

10.1016/j.foodres.2018.06.065. 

Edwards, M.C., Henriksen, E.D., Yomano, L.P., et 

al., 2011. Addition of Genes for Cellobiase 

and Pectinolytic Activity in Escherichia coli 

for Fuel Ethanol Production from Pectin-Rich 

Lignocellulosic Biomass. Applied and 

Environmental Microbiology, 15:5184-5191; 

doi: 10.1128/aem.05700-11. 

El-Enshasy, H.A., Elsayed, E.A., Suhaimi, N., et al., 

2018. Bioprocess optimization for pectinase 

production using Aspergillus niger in a 

submerged cultivation system. BMC 

Biotechnology, 1; doi: 10.1186/s12 896-018-

0481-7. 

Garg, G., Singh, A., Kaur, A., et al., 2016. Microbial 

pectinases: an eco-friendly tool of nature for 

industries. 3 Biotech, 1; doi: 10. 1007/s13205-

016-0371-4. 

Gawkowska, D., Cybulska, J., Zdunek, A. 2018. 

Structure-Related Gelling of Pectins and 

Linking with Other Natural Compounds: A 

Review. Polymers, 7:762; doi: 

10.3390/polym10070762. 

Gophanea, S. R., C.N.K., Jayebhayea, S.G. 2016. 

Extracellular Pectinase Activity from Bacillus 

Cereus Gc Subgroup A: Isolation, Production, 

Optimization and Partial Characterisation. 

Journal of Microbiology, Biotechnology and 

Food Sciences, 2:767-772; doi: 

10.15414/jmbfs.2016.6.2.767-772. 

Graminha, E.B.N., Gonçalves, A.Z.L., Pirota, 

R.D.P.B., et al., 2008. Enzyme production by 

solid-state fermentation: Application to animal 

nutrition. Animal Feed Science and 

Technology, 1-2:1-22; doi: 

10.1016/j.anifeedsci.2007.09.029. 

Guan, Y., Wang, D., Lv, C., et al., 2020. Archives of 

Microbiology: Screening of pectinase-

producing bacteria from citrus peel and 

characterization of a recombinant pectate lyase 

with applied potential. Archives of 

Microbiology, 5:1005-1013; doi: 

10.1007/s00203-020-01807-0. 



Asheesh Kumar Mishra, Kaushal Kishor Mishra, Chaudhary Shalu Singh, Manyata Sharma, Deepak Chand Sharma* 

 

 20 

Haile, S. and Ayele, A. 2022. Pectinase from 

Microorganisms and Its Industrial 

Applications. The Scientific World Journal, 1-

15; doi: 10.1155/2022/1881305. 

Hamdy, H. S. 2005. Purification and characterization 

of the pectin lyase produced by Rhizopus 

oryzae grown on orange peels. Annals of 

Microbiology, 55(3):205-211. 

Hao, M.J., Wu, D., Xu, Y., et al., 2022. A Novel 

Endo-Polygalacturonase from Penicillium 

rolfsii with Prebiotics Production Potential: 

Cloning, Characterization and Application. 

Foods, 21:3469; doi: 10.3390/foods 

11213469. 

Harholt, J., Suttangkakul, A., Vibe Scheller, H. 2010. 

Biosynthesis of Pectin. Plant Physiology, 

2:384-395; doi: 10.1104/pp. 110.156588. 

Hasunuma, T., Fukusaki, E., Kobayashi, A. 2003. 

Methanol production is enhanced by 

expression of an Aspergillus niger pectin 

methylesterase in tobacco cells. Journal of 

Biotechnology, 1:45-52; doi: 

10.1016/j.jbiotec.2003.07.008. 

He, J., Xu, Y., Ma, H., et al., 2006. Effect of surface 

hydrophobicity/hydrophilicity of mesoporous 

supports on the activity of immobilized lipase. 

Journal of Colloid and Interface Science, 

2:780-786; doi: 10.1016/j.jcis. 2005.12.063. 

He, Y., Pan, L., Wang, B. 2018. Efficient Over-

expression and Application of High-

performance Pectin Lyase by Screening 

Aspergillus niger Pectin Lyase Gene Family. 

Biotechnology and Bioprocess Engineering, 

6:662-669; doi: 10.1007/s12257-018-0387-1. 

Hoondal, G., Tiwari, R., Tewari, R. et al., 2002. 

Microbial alkaline pectinases and their 

industrial applications: a review. Applied 

Microbiology and Biotechnology, 59:409-418; 

doi: 10.1007/s00253-002-1061-1. 

Ibrahim, D. 2015. Effect of agitation speed on the 

morphology of Aspergillus nigerHFD5A-1 

hyphae and its pectinase production in 

submerged fermentation. World Journal of 

Biological Chemistry, 3:265; doi: 

10.4331/wjbc.v6.i3.265. 

Irshad, M., Anwar, Z., Mahmood, Z., et al., 2014. 

Bio-processing of agro-industrial waste orange 

peel for induced production of pectinase by 

Trichoderma viridi; its purification and 

characterization. Turkish Journal of 

Biochemistry, 1:9-18; doi: 

10.5505/tjb.2014.55707. 

Jayani, R. S., Saxena, S., Gupta, R. 2005. Microbial 

pectinolytic enzymes: A review. Process 

Biochemistry, 9:2931-2944; doi: 

10.1016/j.procbio.2005.03.026. 

Jenkins J, Mayans O, et al., 2001. Three-dimensional 

structure of Erwinia chrysanthemi pectin 

methylesterase reveals a novel esterase active 

site. Journal of Molecular Biology, 4:951-960. 

Jordan, D.B., Bowman, M.J., Braker, J.D., et al., 

2012. Plant cell walls to ethanol. Biochemical 

Journal, 2:241-252; doi: 10.1042/bj20111922. 

Joshi, M., Nerurkar, M., Adivarekar, R. 2014. 

Characterization, Kinetic, and 

Thermodynamic Studies of Marine Pectinase 

from Bacillus subtilis. Preparative 

Biochemistry and Biotechnology, 3:205-220; 

doi: 10.1080/10826068.2014.907181. 

Joshi, V. K., Parmar, M., Rana, N. 2008. Purification, 

characterization of pectinase produced from 

apple pomace and its evaluation in the fruit 

juice extraction and clarification. Journal of 

Biotechnology, S294; doi: 

10.1016/j.jbiotec.2008.07.1866. 

Kabli, S.A. 2007. Purification and Characterization 

of Protopectinase produced by Kluyveromyces 

marxianus. Journal of King Abdulaziz 

University, 19:139-153. 

Kaczmarska, A., Pieczywek, P.M., Cybulska, J., et 

al., 2022. Structure and functionality of 

Rhamnogalacturonan I in the cell wall and in 

solution: A review. Carbohydrate Polymers, 

11890; doi: 10.1016/j.carbpol.2021.118909. 

Kango, N., Jana, U.K., Choukade, R. 2019. Fungal 

Enzymes: Sources and Biotechnological 

Applications. In: Advancing Frontiers in 

Mycology and amp; Mycotechnology. 

Springer Singapore. Pp. 515-538; doi: 

10.1007/978-981-13-9349-5_21. 

Kant, S., Vohra, A., Gupta, R. 2013. Purification and 

physicochemical properties of 

polygalacturonase from Aspergillus niger 

MTCC 3323. Protein Expression and 

Purification, 1:11-16; doi: 10.1016/j.pep. 

2012.09.014. 

Kashyap, D.R., Vohra, P.K., Chopra, S., et al., 2001. 

Applications of pectinases in the commercial 

sector: a review. Bioresource Technology, 

3:215-227; doi: 10.1016/s0960-

8524(00)00118-8. 

Khatri, B. P., Bhattarai, T., Shrestha, S., et al., 2015. 

Alkaline thermostable pectinase enzyme from 

https://doi.org/10.1007/s00253-002-1061-1


Diversity and Industrial Applications of Fungal Pectinases 

 21 

Aspergillus niger strain MCAS2 isolated from 

Manaslu Conservation Area, Gorkha, 

Nepal. SpringerPlus, 4, 488; doi: 

10.1186/s40064-015-1286-y. 

Kohli, P. and Gupta, R. 2015. Alkaline pectinases: A 

review. Biocatalysis and Agricultural 

Biotechnology, 3:279-285; doi: 10. 

1016/j.bcab.2015.07.001. 

Kotnala, B., N, S.M., Vasu, P. 2018. Purification and 

Characterization of a Salt-Dependent Pectin 

Methylesterase from Carica papaya Fruit 

Mesocarp-Exocarp Tissue. Journal of Food 

Science, 8:2062-2070; doi:10.1111/1750-

3841.14215. 

Kumar, M., Shukla, S.R., Arputharaj, A., et al., 2021. 

Biopolishing of Cellulosic Fabrics: A Study 

on Low-Stress Mechanical Properties, 

Microstructure, and Dye Uptake. Fibers and 

Polymers, 10:2803-2814; doi: 10. 

1007/s12221-021-0356-8. 

Kumar, Y.S., Kumar, P.V., Reddy, O.V.S. 2012. 

Pectinase Production from Mango Peel Using 

Aspergillus foetidus and its Application in 

Processing of Mango Juice. Food 

Biotechnology, 2:107-123; doi: 

10.1080/08905436.2012.670830.  

Liu, X., Jiang, Y., Yang, S., et al., 2017. Effects of 

pectinase treatment on pulping properties and 

the morphology and structure of bagasse fiber. 

BioResources, 4:7731-7743; doi: 

10.15376/biores.12.4.7731-7743. 

Lu, X., Lin, J., Wang, C., et al., 2016. Purification 

and characterization of exo-polygalacturonase 

from Zygoascus hellenicus V25 and its 

potential application in fruit juice clarification. 

Food Science and Biotechnology, 5:1379-

1385; doi: 10.1007/s10068-016-0215-3. 

Maciel, M.D.H.C., Herculano, P.N., Porto, T.S., et 

al., 2011. Production and partial 

characterization of pectinases from forage 

palm by Aspergillus niger URM4645. African 

Journal of Biotechnology, 10(13):2469-2475. 

Mahmoodi, M., Najafpour, G. D., Mohammadi, M. 

2017. Production of pectinases for quality 

apple juice through fermentation of orange 

pomace. Journal of Food Science and 

Technology, 12:4123-4128; doi:10. 

1007/s13197-017-2829-8. 

Malik, M.S., Rehman, A., Khan, I.U., et al., 2023. 

Thermo-neutrophilic cellulases and chitinases 

characterized from a novel putative antifungal 

biocontrol agent: Bacillus subtilis TD11. 

PLOS ONE, 1,e0281102; doi:10. 

1371/journal.pone.0281102. 

Mao, G., Wu, D., Wei, C., et al., 2019. Reconsidering 

conventional and innovative methods for 

pectin extraction from fruit and vegetable 

waste: Targeting rhamnogalacturonan I. 

Trends in Food Science andamp; Technology, 

65-78; doi: 10.1016/j.tifs. 2019.11.001. 

Mao, Y., Lei, R., et al., 2019. Understanding the 

influence of processing conditions on the 

extraction of rhamnogalacturonan-I “hairy” 

pectin from sugar beet pulp. Food Chemistry: 

X (2)100026. 

Martins Cordeiro, C.A.M., Martins, M.L.L. 2009. 

Production of a polygalacturonase, by 

thermophilic Bacillus sp. and some properties 

of the enzyme. Food Science and Technology, 

29(1): 135-141. 

Mat Jalil, T. and Ibrahim, D. 2021. Partial 

Purification and Characterisation of Pectinase 

Produced by Aspergillus niger LFP-1 Grown 

on Pomelo Peels as a Substrate. Tropical Life 

Sciences Research, 1:1-22; doi: 

10.21315/tlsr2021.32.1.1. 

Mat Jalil, T., Zakaria, N.A., Salikin, N.H., et al., 

2023. Assessment of cultivation parameters 

influencing pectinase production by 

Aspergillus niger LFP-1 in submerged 

fermentation. Journal of Genetic Engineering 

and Biotechnology, 1; doi: 10.1186/s43141-

023-00510-z. 

Minten, I.J., Abello, N., Schooneveld-Bergmans, 

M.E.F., et al., 2014. Post-production 

modification of industrial enzymes. Applied 

Microbiology and Biotechnology, 14:6215-

6231; doi: 10.1007/s00253-014-5799-z. 

Mohandas, A., Sindhu, R., Binod, P., et al., 2018. 

Production of Pectinase from Bacillus 

sonorensis MPTD1. Food Technology and 

Biotechnology, 1; doi: 10.17113/ftb. 

56.01.18.5477. 

Mohnen D. 2008. Pectin structure and biosynthesis. 

Current opinion in plant biology, 11(3):266-

277; doi: 10.1016/j.pbi.2008.03.006. 

Mwaurah, P.W., Kumar, S., Kumar, N., et al., 2019. 

Novel oil extraction technologies: Process 

conditions, quality parameters, and 

optimization. Comprehensive Reviews in Food 

Science and Food Safety, 1:3-20; doi: 

10.1111/1541-4337.12507. 

https://doi.org/10.1016/j.pbi.2008.03.006


Asheesh Kumar Mishra, Kaushal Kishor Mishra, Chaudhary Shalu Singh, Manyata Sharma, Deepak Chand Sharma* 

 

 22 

Naran, R., Chen, G., Carpita, N. C., 2008. Novel 

Rhamnogalacturonan I and Arabinoxylan 

Polysaccharides of Flax Seed Mucilage. Plant 

Physiology, 1:132-141; doi:10. 

1104/pp.108.123513. 

Nawaz, A., Javed, R., Muneer, M., et al., 2018. 

Extraction, purification and industrial 

applications of pectinase: A review. Journal of 

Biotechnology and Bioresource, 1(1). 

Nighojkar, A., Patidar, M.K., Nighojkar, S. 2019. 

Pectinases: Production and Applications for 

Fruit Juice Beverages. In Processing and 

Sustainability of Beverages. Elsevier. pp. 235-

273; doi: 10.1016/b978-0-12-815259-

1.00008-2. 

Nurizzo, D., Turkenburg, J., Charnock, S., et al., 

2002. Cellvibrio japonicus α-L-arabinanase 43 

A has a novel five-blade β-propeller fold. 

Nature Structural Biology, 9:665-668; doi: 

10.1038/nsb835. 

Ogueji, E.O., Iheanacho, S.C., Dada, A.O., et al., 

2017. Effect of Roselle (Hibiscus sabdariffa) 

and ginger (Zingiber officinale) as feed 

additives, on growth and haematology of 

Clarias gariepinus Juvenile. African Journal 

of Biotechnology, 48:2242-2247; doi: 

10.5897/ajb2017.16261. 

Okafor, U.A., Okochi, V.I., Chinedu, S.N., et al., 

2010. Pectinolytic activity of wild-type 

filamentous fungi fermented on agro-

wastes. African Journal of Microbiology 

Research, 4(24):2729-2734. 

Ortega, N., de Diego, S., Rodriguez-Nogales, J.M., et 

al., 2004. Kinetic behaviour and thermal 

inactivation of pectinlyase used in food 

processing. International Journal of Food 

Science and Technology, 6:631-639; doi: 

10.1111/j.13652621.2004.00822.x 

Oumer, O.J. 2017. Pectinase: Substrate, Production 

and their Biotechnological Applications. 

International Journal of Environment, 

Agriculture and Biotechnology, 3:1007-1014; 

doi: 10.22161/ijeab/2.3.1. 

Pagnonceli, J., Rasbold, L.M., Rocha, G.B., et al., 

2019. Biotechnological potential of an exo‐
polygalacturonase of the new strain 

Penicillium janthinellumVI2R3M: 

biochemical characterization and clarification 

of fruit juices. Journal of Applied 

Microbiology, 6:1706-1715; doi: 

10.1111/jam.14426. 

Palaniyappan, M., Vijayagopal, V., Viswanathan, R., 

et al., 2009. Screening of natural substrates 

and optimization of operating variables on the 

production of pectinase by submerged 

fermentation using Aspergillus niger 

MTCC281. African Journal of Biotechnology, 

8(4):682-686. 

Panchami, P. S., and Gunasekaran, S. 2015. Citrus 

Peel as Substrate for Pectinase Production by 

Aspergillus spp. International Journal of 

Science and Research, 6(3).  

Parmar, I. and Rupasinghe, H.P.V. 2013. Bio-

conversion of apple pomace into ethanol and 

acetic acid: Enzymatic hydrolysis and 

fermentation. Bioresource Technology, 613-

620;doi: 10.1016/j.biortech.2012.12.084. 

Patidar, M.K., Nighojkar, A., Nighojkar, S., et, al., 

2017. Purification and Characterization of 

Polygalacturonase produced by Aspergillus 

niger AN07 in Solid State Fermentation. 

Canadian Journal of Biotechnology, 1:11-18; 

doi: 10.24870/cjb.2017-000102. 

Patidar, M.K., Nighojkar, S., Kumar, A., et al., 2018. 

Pectinolytic enzymes-solid state fermentation, 

assay methods and applications in fruit juice 

industries: A Review. 3 Biotech, 4; doi: 

10.1007/s13205-018-1220-4. 

Pawar, K.S., Singh, P.N., Singh, S.K. 2023. Fungal 

alkaline proteases and their potential 

applications in different industries. Frontiers 

in Microbiology, doi: 10.3389/ 

fmicb.2023.1138401. 

Pentari, C., Zerva, A., Dimarogona, M., et al., 2023. 

The xylobiohydrolase activity of a GH30 

xylanase on natively acetylated xylan may 

hold the key for the degradation of recalcitrant 

xylan. Carbohydrate Polymers, 120527; doi: 

10.1016/j.carbpol.2022.120527. 

Poondla, V., Yannam, S.K., Gummadi, S.N., et al., 

2016. Enhanced production of pectinase by 

Saccharomyces cerbevisiae isolate using fruit 

and agro-industrial wastes: Its application in 

fruit and fiber processing. Biocatalysis and 

Agricultural Biotechnology, 40-50; doi: 

10.1016/j.bcab.2016.02.007. 

Poturcu, K., Ozmen, I., Biyik, H.H. 2016. 

Characterization of an Alkaline Thermostable 

Pectin Lyase from Newly Isolated Aspergillus 

niger _WHAK1 and Its Application on Fruit 

Juice Clarification. Arabian Journal for 

Science and Engineering, 1:19-29; doi: 

10.1007/s13369-016-2041-6. 

https://doi.org/10.1038/nsb835
https://doi.org/10.1038/nsb835
https://doi.org/10.5897/ajb2017.16261
https://doi.org/10.5897/ajb2017.16261


Diversity and Industrial Applications of Fungal Pectinases 

 23 

Praveen, K.G. and Suneetha, V. 2015. Efficacy of 

pectinase purified from Bacillus VIT sun-2 

and in combination with xylanase and 

cellulase for the yield and clarification 

improvement of various culinary juices from 

South India for pharma and health benefits. 

International Journal PharmTech Researh, 

7(3):448-452. 

Rajendran, R., Karthik Su, S., Radhai, R., et al., 

2011. Bio scouring of Cotton Fabrics using 

Pectinase Enzyme its Optimization and 

Comparison with Conventional Scouring 

Process. Pakistan Journal of Biological 

Sciences, 9:519-525; doi: 

10.3923/pjbs.2011.519.525. 

Rani, G.B., Chiranjeevi, T., Chandel, A.K., et al., 

2012. Optimization of selective production 

media for enhanced production of xylanases in 

submerged fermentation by Thielaviopsis 

basicola MTCC 1467 using L16 orthogonal 

array. Journal of Food Science and 

Technology, 10:2508-2516; doi: 

10.1007/s13197-012-0784-y. 

Rebello, S., Anju, M., Aneesh, E.M., et al., 2017. 

Recent advancements in the production and 

application of microbial pectinases: an 

overview. Reviews in Environmental Science 

and Bio/Technology, 3:381-394; doi: 

10.1007/s11157-017-9437-y. 

Rehman, H.U., Siddique, N.N., Aman, A., et al., 

2015. Morphological and molecular based 

identification of pectinase producing Bacillus 

licheniformis from rotten vegetable. Journal of 

Genetic Engineering and Biotechnology, 

2:139-144; doi: 10.1016/j.jgeb.2015.07.004. 

Reid, I. and Ricard, M. 2000. Pectinase in 

papermaking: solving retention problems in 

mechanical pulps bleached with hydrogen 

peroxide. Enzyme and Microbial Technology, 

2-4:115-123; doi: 10.1016/s0141-

0229(99)00131-3. 

Ribeiro, S.A.O., Nicacio, A.E., Zanqui, A.B., et al., 

2015. Application of Enzymes in Sunflower 

Oil Extraction: Antioxidant Capacity and 

Lipophilic Bioactive Composition. Journal of 

the Brazilian Chemical Society. Doi: 

10.5935/0103-5053.20150335. 

Robledo, V.R. and Vázquez, L.I.C. 2020. Pectin - 

Extraction, Purification, Characterization and 

Applications. In: Pectins - Extraction, 

Purification, Characterization and 

Applications. IntechOpen; doi: 

10.5772/intechopen.85588. 

Roth, C., Moroz, O.V., Turkenburg, J.P., et al., 2019. 

Structural and Functional Characterization of 

Three Novel Fungal Amylases with Enhanced 

Stability and pH Tolerance. International 

Journal of Molecular Sciences, 19:4902; doi: 

10.3390/ ijms20194902. 

Samreen, P., Manipuri, M., Grover, S., et al., 2019. 

Production of Pectinases and Pectinolytic 

Enzymes: Microorganisms, Cultural 

Conditions and Substrates. Advances in 

Biotechnology and Microbiology, 

14(2):555884. 

Sandri, I. and Silveira, M. 2018. Production and 

Application of Pectinases from Aspergillus 

niger obtained in Solid State Cultivation. 

Beverages, 3:48; doi: 10.339 

0/beverages4030048. 

Saoudi, B., Habbeche, A., Kerouaz, B., et al., 2015. 

Purification and characterization of a new 

thermos-alkaliphilic pectate lyase from 

Actinomaduraker atinilytica Cpt20. Process 

Biochemistry, 12:2259-2266; doi: 

10.1016/j.procbio.2015.10.006. 

Sassi, A.H., Tounsi, H., Trigui-Lahiani, H., et al., 

2016. A low-temperature polygalacturonase 

from P. occitanis: characterization and 

application in juice clarification. International 

Journal of Biological Macromolecules, 158-

164; doi: 10.1016/j.ijbiomac.2016.05.075. 

Satapathy, S., Rout, J.R., Kerry, R.G., et al., 2020. 

Biochemical Prospects of Various Microbial 

Pectinase and Pectin: An Approachable 

Concept in Pharmaceutical Bioprocessing. 

Frontiers in Nutrition. Doi: 10.3389/ 

fnut.2020.00117. 

Sénéchal, F., Wattier, C., Rustérucci, C., et al., 2014. 

Homogalacturonan-modifying enzymes: 

structure, expression, and roles in plants. 

Journal of Experimental Botany, 18:5125-

5160; doi: 10.1093/jxb/eru272. 

Sharma D.C. and Satyanarayan T. 2004. Production 

and application of pectinolytic enzymes of 

Sporotrichumthermopohile and Bacillus 

pumilus. In: Biotechnolgical approaches for 

sustainable development (Eds. Reddy M. S. 

and Khanna S.)  Allied Publishers, India, pp 

164-169. 

Sharma, D.C. and Satyanarayana, T. 2006. A marked 

enhancement in the production of a highly 

alkaline and thermostable pectinase by 

Bacillus pumilus dcsr1 in submerged 

fermentation by using statistical methods. 

https://doi.org/10.1007/s11157-017-9437-y
https://doi.org/10.1007/s11157-017-9437-y
http://dx.doi.org/10.5772/intechopen.85588
http://dx.doi.org/10.5772/intechopen.85588
https://doi.org/10.1093/jxb/eru272


Asheesh Kumar Mishra, Kaushal Kishor Mishra, Chaudhary Shalu Singh, Manyata Sharma, Deepak Chand Sharma* 

 

 24 

Bioresource Technology, 5:727-733; doi: 

10.1016/j.biortech.2005.04.012. 

Sharma, D.C. and Satyanarayana, T. 2020. 

Thermostable and alkali stable exo 

polygalacturonase of Bacillus pumilus dcsr1: 

Characteristics and applicability. International 

Journal of Biological Macromolecules, 3340-

3348;doi: 10.1016/j.ijbiomac. 2020.08.204. 

Sharma, D.C., Mishra, A.K., Mishra, K.K. 2023. 

Fungal Pectinases: Diversity and Multifarious 

Applications. In: Fungi and Fungal Products 

in Human Welfare and Biotechnology (Eds. 

Satyanarayana, T. and Deshmukh, S. K.). 

Springer Nature Singapore, pp. 435-464; doi: 

10.1007/978-981-19-8853-0_15. 

Sharma, V. and Rishishwar, P. 2015. Effect of pH on 

commercially applicable pectinase enzyme 

derived from strain improved Aspergillus 

niger using agro-industrial waste by solid-state 

fermentation process. Research Journal of 

Science and IT Management, 5(1):11-14. 

Shevchik, V.E., Condemine, G., Robert-Baudouy, J., 

et al., 1999. The Exopolygalacturonate Lyase 

PelW and the Oligogalacturonate Lyase Ogl, 

Two Cytoplasmic Enzymes of Pectin 

Catabolism in Erwinia chrysanthemi3937. 

Journal of Bacteriology, 13:3912-3919; doi: 

10.1128/jb.181.13.3912-3919.1999. 

Silva, D., Martins, E., Da Silva, R., et al., 2002. 

Pectinase production by Penicillium 

viridicatum RFC3 by solid state fermentation 

using agricultural wastes and agro-industrial 

by-products. Brazilian Journal of 

Microbiology, 33:318-324. 

Singh, J., Kundu, D., Das, M., et al., 2019. 

Enzymatic Processing of Juice from 

Fruits/Vegetables: An Emerging Trend and 

Cutting-Edge Research in Food 

Biotechnology. Enzymes in Food 

Biotechnology, 419-432; doi: 10.1016/b978-0-

12-813280-7.00024-4. 

Singh, R., Sharma, D.C., Gupta, M.K. 2017. 

Optimization of critical process parameters for 

amylase production by Bacillus sp. using 

statistical approach (RSM). Journal of 

Microbiology and Biotechnology Research, 

3(7); doi: 10.24896/jmbr.2017732. 

Somerville, C., Youngs, H., Taylor, C., et al., 2010. 

Feedstocks for Lignocellulosic Biofuels. 

Science, 5993:790-792; doi: 10. 

1126/science.1189268. 

Suresh, B. 2010. Optimization and kinetics of 

pectinase enzyme using Aspergillus niger by 

solid-state fermentation. Indian Journal of 

Science and Technology, 8:867-870; doi: 

10.17485/ijst/2010/v3i8.16. 

Tan, H., Yang, G., Chen, W., et al., 2020. 

Identification and characterization of 

thermostable endo‐polygalacturonase-II B 

from Aspergillus luchuensis. Journal of Food 

Biochemistry, 3; doi: 10.111 1/jfbc.13133. 

Tapre, A.R. and Jain, R.K. 2014. Pectinases: 

Enzymes for fruit processing 

industry. International Food Research 

Journal, 21(2):447. 

Thakur, B.R., Singh, R.K., Handa, A.K. 1997. 

Chemistry and uses of pectin--a 

review. Critical reviews in food science and 

nutrition, 37(1):47-73; doi: 

10.1080/10408399709527767. 

Thakur, P., Singh, A.K., Singh, M., et al., 2021. 

Extracellular Alkaline Pectinases Production: 

A Review. Journal of Microbiology, 

Biotechnology and Food Sciences, e3745; doi: 

10.55251/jmbfs.3745. 

Trindade, L.V., Desagiacomo, C., Polizeli, M., et al., 

2016. Biochemical Characterization, Thermal 

Stability, and Partial Sequence of a Novel 

Exo-Polygalacturonase from the Thermophilic 

Fungus Rhizomucor pusillus A13.36 Obtained 

by Submerged Cultivation. Bio Medical 

Research International, 1-10; doi: 

10.1155/2016/8653583. 

Unluturk, S., Oncu, S., Tari, C., et al., 2006. Various 

Factors Affecting the Pellet Morphology, 

Broth Reology and Pectinase Enzyme 

Production in Submerged Fermentation of 

Aspergillus Sojae.13th World Congress of 

Food Science andamp; Technology. Doi: 

10.1051/iufost:20060271. 

Venkatanagaraju, E., Bharathi, N., Sindhuja, R.H., et 

al., 2019. Extraction and purification of pectin 

from agro-industrial wastes. Pectins-

extraction, purification, characterization and 

applications. 

Verma, H., Narnoliya, L.K., Jadaun J.S. 2018. 

Pectinase: a useful tool in fruit processing 

industries. Nutrition and Food Science 

International Journal, 5:555673; doi: 

10.19080/NFSIJ.2018.05.555673. 

Waldron, K.W. and Faulds, C.B. 2007. Cell Wall 

Polysaccharides: Composition and Structure. 

In Comprehensive Glycoscience. Elsevier. pp. 

http://dx.doi.org/10.1007/978-981-19-8853-0_15
http://dx.doi.org/10.1007/978-981-19-8853-0_15


Diversity and Industrial Applications of Fungal Pectinases 

 25 

181-201; doi: 10.1016/B978-044451967-

2/00005-2. 

Wang, H., Li, X., Ma, Y., et al., 2014. 

Characterization and high-level expression of 

a metagenome-derived alkaline pectate lyase 

in recombinant Escherichia coli. Process 

Biochemistry, 1:69-76; doi: 10. 

1016/j.procbio.2013.10.001. 

Wegener, S., Bornik, M.A., Kroh, L.W. 2015. D-

Galacturonic Acid: A Highly Reactive 

Compound in Nonenzymatic Browning. 2. 

Formation of Amino-Specific Degradation 

Products. Journal of agricultural and food 

chemistry, 63(28):6457-6465; doi:  

10.1021/acs.jafc.5b01121. 

Wolf, S., Mouille, G., Pelloux, J. 2009. 

Homogalacturonan Methyl-Esterification and 

Plant Development. Molecular Plant, 5:851-

860; https://doi.org/10.1093/mp/ssp066 

Wong, J.H., T.B., Ng, T.B. 2011. Plant Biochemistry. 

In: Comprehensive Biotechnology. Elsevier. 

pp. 745-756; http://dx.doi.org/10.1016/B978-

0-08-088504-9.00013-1 

Wong, L.Y., Saad, W.Z., Mohamad, R., et al., 2017. 

Optimization of cultural conditions for 

polygalacturonase production by a newly 

isolated Aspergillus fumigatus R6 capable of 

retting kenaf. Industrial Crops and Products, 

175-183; https://doi.org/10.1016/j.indcrop. 

2016.12.019 

Wood, P.J. and Siddiqui, I.R. 1971. Determination of 

methanol and its application to measurement 

of pectin ester content and pectin methyl 

esterase activity. Analytical Biochemistry. 2: 

418-428. 

Yadav, S., Dubey, A. K., Anand, G., et al., 2013. 

Purification and characterization of pectin 

lyase secreted by Aspergillus flavus MTCC 

10938. Applied Biochemistry and 

Microbiology, 4:400-405; https://doi.org/ 

10.1134/s0003683813040145 

Yadav, S., Maurya, S. K., Anand, G., et al., 2017. 

Purification, characterization and retting of 

Crotolariajuncea fibres by an alkaline pectin 

lyase from Fusarium oxysporum MTCC 1755. 

3 Biotech, 2; doi: 10.1007/s13205-017-0750-

5. 

Yang, G., Chen, W., Tan, H., et al., 2020. 

Biochemical characterization and evolutionary 

analysis of a novel pectate lyase from 

Aspergillus parasiticus. International Journal 

of Biological Macromolecules, 180-188; doi: 

10.1016/j.ijbiomac.2020.02.279. 

Yang, J., Luo, H., Li, J., et al., 2011. Cloning, 

expression and characterization of an acidic 

endo-polygalacturonase from Bispora sp. 

MEY-1 and its potential application in juice 

clarification. Process Biochemistry, 1:272-277; 

doi: 10.1016/j.procbio. 2010.08.022. 

Zdunek, A., Pieczywek, P.M., Cybulska, J. 2020. The 

primary, secondary, and structures of higher 

levels of pectin polysaccharides. 

Comprehensive Reviews in Food Science and 

Food Safety, 1:1101-1117; doi: 10.1111/1541-

4337.12689. 

Zhang, B., Gao, Y., Zhang, L., et al., 2021. The plant 

cell wall: Biosynthesis, construction, and 

functions. Journal of Integrative Plant 

Biology, 1:25-272; doi: 10.1111/ jipb.13055. 

Zhang, Z., Dong, J., Zhang, D., et al., 2018. 

Expression and characterization of a pectin 

methylesterase from Aspergillus niger ZJ5 and 

its application in fruit processing. Journal of 

Bioscience and Bioengineering, 6:690-696; 

doi: 10.1016/j.jbiosc.2018.05.022. 

Zheng, L., Xu, Y., Li, Q. et al., 2021. Pectinolytic 

lyases: a comprehensive review of sources, 

category, property, structure, and catalytic 

mechanism of pectate lyases and pectin lyases. 

Bioresources and Bioprocessing, 8,79; doi: 

10.1186/s40643-021-00432-z. 

Zhou, M., Wu, J., Wang, T., et al., 2017. The 

purification and characterization of a novel 

alkali-stable pectate lyase produced by 

Bacillus subtilis PB1. World Journal of 

Microbiology and Biotechnology, 10; doi: 

10.1007/s11274-017-2357-8. 

 

https://doi.org/10.1016/j.jbiosc.2018.05.022

