
 

             Published by https://currentsci.com                                                          Page | 36  

                           

                        JAFSB, 2(1), 36-53, 2024 

https://doi.org/10.58985/jafsb.2024.v02i01.35 

ISSN (Print): 2959-3417 

 

 

This article is an open access article distributed under the terms and conditions 

of the Creative Commons Attribution 4.0 International License (CC BY-NC 4.0). 

 

 
 

 

 
 

 

 

 

 

1. Introduction 

Pectin is a heteropolysaccharide present in plant cell 

walls; it is mostly made up of galacturonic acid, which 

is a naturally occurring sugar generated from 

galactose [1]. This naturally occurring sugar is present 

in most resources such as agricultural wastes, which 

were formerly underutilized. In most areas, 'agro 

wastes' have opened up room for the production of  
 

 
enzymes from some components of the plant cell wall 

such as pectin, cellulose, and lignin, among others [2, 

3]. These plant cell wall components have enabled 

them for use in vast areas as feedstock and source of 

energy as they are abundant and cheap. 

Encouragingly, a host of the vastly available 

substrates (from agro wastes) are utilized by  
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  Abstract 
Article Information  Pectin is known as a polymer of galaturonic acid. Pectins are commonly found in plants 

due to the presence of cell walls; with the pectins categorised into different classes, owing 

to the differences of their solubility in water, percent methyl group and carboxyl group 

esterification of the galacturonate units. Pectinases (pectin enzymes) are biocatalysts that 

split pectin into simpler forms. Over the years, the production of this enzyme has been 

discovered from inexpensive agro wastes and environmental microorganisms which have 

been evaluated for their specific capacities to effectively generate this enzyme. The 

production of pectinase via fermentation is made possible using the substrate, pectin, an 

inducer. Fermentation is the primary mode for pectinase production; as microorganisms 

employed in the fermentation process act by degrading the more complex substrate into 

simpler forms with the production of energy. Solid-state and submerged fermentations 

are the main fermentation methods employed in the industrial production of pectinases. 

The existence of the different types of pectin is indicative of the corresponding pectinases 

produced, and the justification for the mode of action during catalysis. Several factors 

have been implicated in pectinase production, such as the type of fermentation method 

used (solid-state fermentation or submerged fermentation), others are; the substrate type 

employed in fermentation, pH, temperature, duration of fermentation, substrate 

composition, type of metal ion, extraction solvent used, and the type of precipitation 

method used for concentrating the enzyme. This review gives an overview of pectin and 

processes leading to the production of the enzyme and simplifies some major modes of 

action involved in the application of these enzymes and some relevant factors for 

optimum production and application of the enzyme.  The review also shows advances in 

the extraction of pectin. Some challenges and next steps for future research have also been 

pointed out. 
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microorganisms as energy sources and for the 

production of enzymes [4]. Waste in this context is 

therefore defined as reusable materials assuming 

characteristics of co-products or by-products.  

When the degree of esterification is greater than 50%, 

pectin extract is categorized as high methoxyl or high 

ester pectin; however, if the degree of esterification is 

less than 50 %, the pectin is classed as low ester or low 

methoxyl pectin [5, 6].  The degree of esterification is 

defined as the proportion of D-galacturonic acid 

carboxyl groups that have passed through the 

esterification process with ethyl alcohol [123]. 

Amidated pectin is produced by reacting ammonia 

with carboxymethyl groups (-COOCH3) on the pectin 

molecule [7, 8]. The percentage of pectin carboxylic 

acid groups present in amide form is characterized as 

the degree of amidation (DA). Some properties of 

pectin gels are altered when methoxyl groups are 

replaced with amide groups; for example, amidation 

enhances pectin water solubility [9] and allows it to be 

more thermoreversible and sustain more calcium 

variability [10-12]. 

The 2023 world population was estimated to be 8.01 

billion, rich in natural resources accompanied by an 

increase in abundance of resultant waste generation 

across the many continents of the world [13].  

Markets, streets, and some residential facilities are 

also littered with plant wastes such as the cobs from 

corn, fruit peels, and vegetable wastes, among others. 

The inadequate sorting of these agricultural wastes 

from other forms of waste and their employment in 

the transformation of wastes (raw materials) to wealth 

(finished goods) is a challenge. Pectin, a substrate for 

pectin enzyme (pectinase) production can be derived 

from these plant wastes [14]. The pectin enzyme 

(pectinase) can be produced from these natural 

resources for industrial production such as the 

clarification of fruit juices [14-16]. The study harvests 

relevant literature that addressed the classification of 

pectin (the substrate for pectinase production); the 

mode of action of the enzyme and factors influencing 

pectinase production.   
 

2. Materials and methods 

Related articles were the electronic materials sourced 

for the review from 2014 to 2023 (the last decade). The 

method of search showed that publications 

considered were review & research articles in the 

fields of Agricultural and Biological Sciences 

&Biochemistry, Genetics and Molecular Biology and 

were Open access & Open archive (Chart 1). The 

method used for the elimination of articles was 

undertaken based on duplication of the same or 

closely similar findings and the relevance of the 

articles to the study from mostly the myriad of articles 

on ScienceDirect database as shown in the charts in 

Figs. 1 & 2, and Charts 1 & 2. The filters used are as 

indicated in Figs. 1-2.  

 

 
 

Figure 1. Systematic review flow chart for protopectin on 

ScienceDirect database 
 

Figure 2. Systematic review flow chart for pectinase on 

ScienceDirect database 
 

3. Results and discussion 

3.1 Pectin and its extraction 

Pectin is a complex heteropolysaccharide and can be 

found in the cell walls and middle lamella of plants. 

This complex heteropolysaccharide is used as a 

stabilizer, encapsulant, hydrocolloid, and gelling 

agent in foods [17].  Pectin can be extracted from fruits 

using the ‘precipitation and alcohol’ method by 

Maskey and colleagues [18]. In the Maskey and 

colleagues study, distilled water was measured in a 

conical flask, the temperature was raised to 120 oC 

with the addition of plant pulp powder, and the pH 

lowered with acid to 1.5; the mixture was stirred and 

extracted for about 60 minutes. The mixture was then 

allowed to cool to 55 oC in an ice water bath before 

centrifuging for 10 minutes at 257g and vacuum 

filtering with Whatman filter paper. Alcohol was 

added to the filtered solution, and precipitation was  
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Chart 1. Pictorial representation of search for Figure 1. 
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Chart 2: Pictorial depiction of search for Figure 2. 

 

allowed overnight. The next day, pectin was 

separated from the alcohol solution using Muslin 

cloth before being dried in an oven [18].  For instance, 

another study showed that bell pepper and carrot 

powder were washed twice in 2.5 hours with 85% 

aqueous ethanol at ambient temperature and once in 

1.5 hours at 80 oC for lab-scale extraction of 

polysaccharide-rich fractions. Centrifugation was 

used to separate the alcohol-insoluble residue (AIR). 

The polysaccharides (PS) were extracted by boiling 

the AIR twice in water for 3 hours (air: water ratio 

approx. 10), then combining and lyophilizing the 

aqueous phases. This substance is known as bell 

pepper and carrot extract. Polysaccharide extract was 

diluted in 35 mM sodium acetate pH 5.0, and MACER 

8W, a polysaccharide degrading enzyme mixture with 

broad specificity (Biocatalysts Ltd., Cardiff, UK), was 

added. The reactions were allowed to run for 24 hours 

at 37 degrees Celsius before being halted by boiling 

for 5 minutes. 1H-NMR spectroscopy confirmed 

polysaccharide hydrolysis; followed by saponification 

of the polysaccharide extracts and solid-phase C-18 

silica of the polysaccharide samples [19]. Other 

advances in pectin extraction using innovative 

approaches can be found in the review of Kumar et al. 

[17], as the authors stated that, microwave, ultrasonic, 

and enzyme-assisted extraction technologies are 

ecologically friendly and efficient. Extraction of pectin 

using ‘superfine grinding pretreatment’ and the use of 

‘surfactant and microwave-assisted processes have 

also been investigated with a good yield of pectin [3, 

20].  A review of pectin content in various fruits has 

been reported such as apple, banana, carrot, guava, 

lemon pulp, mango, pineapple, and strawberries 

among others [21]. The antioxidant and anti-

inflammatory effects of carob pectin extract after 

drying and grinding have been demonstrated in 

conjunction with some polyphenols. [1].  
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A similar process for extracting pectin is utilized using 

alcohol. It is the preferred method for pectin 

extraction; however, both the conventional heating 

method with an oven and electromagnetic induction 

(EMI) heating have been used. The yield of pectin was 

calculated based on the ratio of the dried weight of 

pectin to the weight of the dried fruit. The result 

showed that electromagnetic induction (EMI) heating 

resulted in a higher yield of pectin than the 

conventional oven heating method [22].  Prior to the 

EMI heating method, pretreatment of the raw material 

is critical for removing low molecular carbohydrates, 

color pigments, and organic chemicals, and 

inactivating pectic enzymes, as it involves washing 

and drying of the albedos followed by the dried 

residues treated with ethanol and filtering and drying 

to give the alcohol insoluble solids (AIS). A part of the 

AIS was suspended in acidic pH water for 

approximately 90 minutes in magnetizable and 

enameled containers put on an induction plate, with 

constant stirring [22].    

The four distinct polysaccharide types that makeup 

pectin are displayed along with their structures (Fig. 

3). Kdo stands for 3-DeoxyD-manno-2-octulosonic 

acid, and DHA for 3-Deoxy-D-lyxo-2-heptulosaric 

acid. Compared to other components, HG and RGI are 

significantly more prevalent. 
 

Figure 3. Structure of pectin (Kdo, 3-DeoxyD-manno-2-

octulosonic acid; DHA, 3-deoxy-D-lyxo-2-heptulosaric acid. 

HG and RGI are much more abundant than the other 

components) [23]. 
 

The application of pectin in drug delivery has also 

been uncovered along with the nanoemulsion 

formation. This application is made possible because 

of the structure (Fig. 4) having several hydroxyl and 

carboxyl groups along its backbone thereby enabling 

its functionalization and ease of modification with 

other bioactive compounds [17].  

Figure 4. Structure of pectin (Source: 

https://healthjade.net/pectin) 
 

3.2 Classification of pectin 

Of the many classification types, the American 

Chemical Society classifies pectic substances as: 

1. Protopectin: this constitutes the substances of 

pectin origin that are insoluble in water, and the 

products obtained from protopectin hydrolysis 

are pectin or pectic acids [24-28].  

2. Pectic acid: this is part of the polymer of 

galacturonans, which are soluble but contain very 

little or no noticeable number of groups of 

methoxy origin. So, acids or normal salts of pectic 

acid are known as pectates [24].  

3. Pectinic acid: this makes up more than 'zero and 

less than 75% methylated galacturonate units. 

Pectinates are known to be normal or acid salts of 

pectinic acids [24].  

4. Pectin (polymethyl galacturonate):  not less than 

75% of the carboxyl groups of the galacturonate 

units are esterified with methanol on the 

polymeric material. This explains the rigidity of 

the cell wall when bound to cellulose, thereby 

showing the covalent linkage of pectin to cellulose 

[29,30].  

In nature, pectin occurs in the insoluble form in fruits 

that are not ripe and bound to cellulose microfibrils, 

therefore accounting for the cell wall rigidity [2]. The 

alteration of pectin structure in fruits by pectin 

enzymes leads to the breaking of the pectin bonds. 

The formation of pectin gel structure results from the 

3-dimensional crystalline network in pectin obtained 

from the cross-linking of the portions of D-

galacturonic acid [31].  

Muller-Maatsch et al. [32] studied the amount of 

pectin in twenty-six food wastes; orange peels, onion 

hulls, fresh pumpkins, apple pomace, a whole apple, 

and tomato skins, among other wastes, with the report 

of different contents of calcium-bound pectins to ester 

rich pectins. The presence of multiple hydroxyl and 

carboxyl groups throughout the backbone of pectin 
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gives it a distinctive structure that allows for easy 

modification and functionalization with diverse 

bioactive substances [17]. The need for enzymes to 

split the bonds in pectins using enzymes.  
 

3.3 Enzymes 

The existence of living things is aided in no small 

measure by the chemical reactions occurring in nature. 

Though some of the naturally occurring reactions 

could take place without enzymes, however, enzymes 

act as catalysts to enhance such reactions hence 

affecting in no small measure the sustenance of life [33, 

34]. Thus, the simple definition of enzymes as 

biocatalysts that increase the rate of reactions, 

indicates that not only humans are endowed with 

these vital substances; microorganisms also secrete 

enzymes while feeding. 

It is evident in the symbiotic relationships humans 

share with microorganisms in the gut, where the 

microorganisms understandably secrete enzymes to 

further degrade the undegraded materials in the colon 

before their expulsion from the body [35, 36].  

It is expedient to say that enzyme action has been 

exploited for many years, such as in the production of 

alcohol, where fermentation occurred by imploring 

microorganisms like fungi; however, until reasonably 

recent in enzyme application, the roles of enzymes 

have been understood [37, 38].  The understanding of 

the functions of an enzyme in biological reaction 

processes has now aided the merging of this 

knowledge with other fields of human endeavors 

such as engineering, and computer science 

programming for the design and construction of 

instruments to further optimize its production for 

human needs [39].  Many enzymes exist as numerous 

studies have engaged this field, and more insights are 

still revealed for industrial applications, among other 

needs. The clamor for enzymes is mainly due to the 

ability of enzymes to be specific in their mode of 

action, their high precision, the need for a relatively 

mild environment for their action, and not forgetting 

their environmentally friendly characteristic (known 

fact). 

The reason microorganisms are predominantly used 

is that microorganisms produce enzymes in shorter 

duration as compared to other sources for industrial 

production [40].  Various microorganisms have been 

utilized to produce enzymes in the industries 

comprising eukaryotic and prokaryotic 

microorganisms, such as fungi, yeasts, and bacteria in 

enzyme production for multiple purposes [41].  

3.4 Pectinases (pectin enzymes) 

Pectinases could be described as an enzyme group 

that through hydrolysis, trans-elimination, and de-

esterification reactions, act on pectin and hydrolyze 

the ester bond between methyl and carboxyl pectin 

groups [42]. So, pectinases are enzymes that degrade 

pectin [43, 44]. They are embedded with high catalytic 

properties [45]. 

Microbial pectinases account for about 25% of the 

global food enzyme sales and are useful for clarifying 

fruit juices [7]. Numerous microorganisms like yeasts, 

bacteria, and molds produce pectinase [43]. 

3.4.1 Classification of pectinases  

a). Protopectinases 

This class of pectinases acts on the protopectin 

substrate and makes it soluble by polymerization [29]. 

b). Pectin Methyl Esterases (PME) 

PME, through de-esterification of the methoxy pectin 

group, produces methanol and pectic acid; so, it 

selectively first acts on a methyl ester galacturonate 

unit group close to a non-esterified galacturonate unit. 

So, PME exhibits its action before polygalacturonases 

and pectate lyases, as these enzymes act on substrates 

that are not esterified [50, 51].  

c). Polymethylgalacturonases (PMG) 

They are known to catalyze the splitting of α-1, 4-

glycosidic bonds (Fig. 5), with a preference for the 

more esterified pectin giving rise to 6-methyl-D-

galacturonate [31]. Saccharomyces cerevisiae is known 

for this pectinase production [14].  Both the exo and 

endo polygalacturonase are the two main pectin 

enzymes for the complete degradation of the substrate 

to a simple form (i.e., the monomer of pectin) [46]. 

d). Polygalacturonases (PG). 

PG catalyzes the hydrolysis of α-1, 4-glycosidic 

linkages in the polymer of galacturonic acid (i.e., 

polygalacturonic acid), thereby producing D-

galacturonate. PG and PMG act in both the endo and 

exo modes. Simultaneously, random substrate 

cleavage is catalyzed by endo-PMG and endo-PG, 

exo-PG, and exo-PMG act by hydrolytically 

catalyzing the splitting of the non-reducing end of the 

substrate [46].  

e). Pectate lyases (PGL)  
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PGL acts by catalyzing the cleavage of the glycosidic 

linkages with a preference for polygalacturonic acid-

producing unsaturated products [2].  

f). Pectin Lyases (PL) 
 

Pectin lyases catalyze the random cleavage of pectin 

by acting on the more esterified pectin (Fig. 5), which 

via trans-elimination of glycosidic linkages produce 

unsaturated methyl-oligogalacturonates [31].  

3.4.2 Modes of action of pectinases 

The existence of different forms of pectin accounts for 

the differences in the forms of pectinase existence and 

their unique modes of action. 

The reason for the existence of the various types of 

pectinases further shows that polygalacturonase (PG); 

pectinesterase (PE); polymethyl galacturonase (PMG), 

and pectin lyase (PL) exist due to their ability to act on 

their unique substrates.  Pectinases can be classified 

into three types: they include; protopectinases, de-

esterifying enzymes (pectin esterases), and 

depolymerizing enzymes (pectinases, hydrolases, and 

lyases) [29]. As depolymerase split β- (1, 4) glycosidic 

bonds between monomers of galacturonic acid in the 

pectin substrates via hydrolysis or β-elimination 

(lyases), pectin esterases, and protopectinases as 

described above, lyases through trans-elimination 

cleave the polymer of galacturonic acid [47]. a) R=H 

for PG and CH3 for PMG; b) PE cleaves the bond 

between COO- and CH3, and c) R=H for PGL and CH3 

for PL (Fig. 5). 
 

 

Figure 5.  Modes of action of pectinases [35]. 
 

 

Note: The arrow shows the site or sites for the various 

pectinase actions with the substrates. PG, 

polygalacturonase; PE, pectin esterase; PMG, 

Polymethylgalacturonase and PL, pectin lyase [48]. 

3.4.2.1 Protopectinases 

These are a diverse class of enzymes known to liberate 

pectins soluble in water from the protopectin in the 

tissue of plants [49]. In other words, when protopectin 

in the presence of water reacts with protopectinase, 

the substrate pectin, which is soluble in water, is 

released. 

A study to examine the expression of gene changes in 

the growth of banana from the unripe stage all 

through the ripening process obtained that the unripe 

banana had more of the proto pectin than the ripe 

banana; thereby giving credence to the function of 

proto pectinase action in the unripe stage [50].  

3.4.2.2 De-esterifying pectin enzyme (pectin esterases) 

Pectin esterases or pectin methylesterases are referred 

to as pectin methyl esterases [31]. This enzyme is 

utilized in the catalysis of the removal of ester in 

methyl ester linkages in the backbone of the pectin, 

thereby releasing methanol and pectic substances that 

are acidic [51]. The product from the de-esterification 

process is then acted upon by lyases [52, 53].  

3.4.2.3 Depolymerizing enzymes (pectinases; hydrolases, 

and lyases) 

A. Hydrolases 

These are mainly for the hydrolysis of the soluble 

pectin (that is, in the presence of water). 

Depolymerases can be produced by microorganisms 

such as bacteria, fungi, and yeasts. Additionally, 

enzymes such as some cellulases and pectin enzymes 

catalyze reactions by hydrolysis. Reducing sugars 

such as glucose are released and measured to 

determine the activity of such enzymes on their 

respective substrates [31]. A variety of hydrolases 

exists, some of which are: 

a. Polygalacturonases (PG) 

These are enzymes that split the polymer of 

galacturonic acid by introducing water. They are the 

predominantly studied subtype of hydrolases in 

comparison to other pectin enzymes. The subtype of 

PGs known to involve reactions could split 

polygalacturonic acids via the exo- or the endo-modes 

[54]. While the endo polygalacturonases are mostly 

secreted by microorganisms such as bacteria, fungi, 
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and some species of yeasts; they are found in some 

plants and nematodes that are parasitic [55-58].  
 

 

b. Oligo galacturonate hydrolase 

This type of hydrolase enzyme is known to hydrolyze 

the substrate oligo galacturonates; this enzyme, in 

comparison to endo polygalacturonases, is secreted 

via autolysis [59].  

c. Lyases 

Lyases are known to give rise to unsaturated products.  

3.5. Sources of pectinases 

The drive towards operations that reduce global 

warming is giving rise to embracing green 

biotechnology; hence, enzymes from microbial origin 

have led to the realization of this drive by excluding 

harmful alternatives [60]. Microorganisms are the 

primary organisms utilized for industrial-scale 

production of pectinase, with yeasts and molds 

contributing to about 50%, bacteria 35%, and plants 

and animal pectinases accounting for 15% [61]. 

Aspergillus niger from the literature is reported as 

being the most studied microorganism for pectinase 

production. However, yeasts such as Saccharomyces 

cerevisiae have also been used to produce pectinase 

and applied in the processing of fruit juice [14].  

Alkaline and acidic pectinases are secreted by 

prokaryotic and eukaryotic microorganisms, 

respectively [31]. Though bacteria also produce pectin 

enzymes, many of these bacteria are not in the class of 

microorganisms regarded as safe; that is, many of 

these bacteria do not belong to the class Generally 

Regarded as Safe with the acronym GRAS [62]. It is 

also essential to recognize the production of enzymes 

without the need for fermentation as the endogenous 

extraction of pectinase from organisms has been 

reported [63, 64].  

3.6. Isolation and screening of pectinolytic microorganisms 

It is now common knowledge that pectinolytic 

microorganisms are sourced from our immediate 

environment [65]. A common method of screening for 

pectinolytic microorganisms based on the zone of 

clearance has been the preferred method of choice. A 

variety of modifications to the method have been 

employed; of which, recent studies were based on the 

microbial ability of each isolate to form a zone of 

hydrolysis or clearance before its molecular 

identification [66-70]. Before the microbial screening 

for confirming pectinase secretion potential, the 

microorganisms are usually isolated from the 

environment using also simple microbiology 

techniques, where an environment containing the 

deteriorated substrates (pectins) is carefully collected 

and transported to the laboratory for isolation of the 

variety of microorganisms present. After that, the 

samples were ground for ease in obtaining the 

microbial population in each deteriorated sample. 

Dilution is usually undertaken to extract the 

microorganisms in the solvent and further dilutions 

are to reduce the microbial community, thereby 

reducing the challenge of microbial identification of 

cultured colonies. Potato Dextrose Agar (PDA) is 

generally used as a suitable medium for the isolation 

process of the microorganisms using the pour plate 

method and incubated at room temperature for 

usually about two to five days [71]. 

After that, each colony formed a sub-cultured for the 

derivation of pure culture for each microbial isolate. 

The sub-cultured microbial populations are screened 

on media preparation containing pectin as the only 

source of carbon and acting as the inducer; such as in 

the modification of Czapek medium by substituting 

the carbon source (cellulose) as used in Chinedu et al. 

[72] with pectin and incubation of each of the pure 

isolated microbe left for a few days [73].  

After that, the formation of ‘spherical’ zones often 

referred to as zones of hydrolysis or clearance, is 

observed after smearing the incubated medium with 

an indicator, usually a solution of iodine-potassium 

iodide, and measured in millimeters to obtain the best 

microbe with the ability to secrete the enzyme for the 

degradation of the pectin. Usually, the microorganism 

with the largest diameter after measurement of the 

clearance zones on the media is taken as the best 

microbe for producing the enzyme [69]. It is worth 

mentioning that, this simple microbial technique has 

been employed in the identification of novel 

microorganisms with the potential for pectinase and 

the production of other enzymes [74, 75].  

3.7. Production of pectinase 

Fermentation is regarded as the primary mode of 

enzyme production (e.g., pectinase) for industrial uses. 

This is because the microorganisms employed in the  
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Table 1. Some advantages and disadvantages of SSF 
 

Advantages of SSF Disadvantages of SSF 

a. The lesser water content in substrates used in SSF 

selectively excludes the growth of bacteria as a 

contaminant 

Microorganisms requiring more moisture content like 

bacteria may not produce optimally in this method of 

fermentation 

b. Relatively cheaper substrate preparation compared to 

submerged fermentation (SMF) 

Substrates used in SSF usually need more pre-treatment 

c. A more considerable quantity of enzyme produced 

compared to SMF, due to the higher growth rate of the 

microbe(s) makes SSF a preferred choice for enzyme 

production 

Only microorganisms that strive in relatively low moisture 

environments are favored in SSF [60,85]  

 

d. The generated effluents are lower The frequent need for more concentrations of inoculum in 

SSF over SMF 

e. The simulation of the natural habitat of the microorganisms 

used in SSF enhances enzyme production from fungi 

The passage of air (aeration) as a result of the higher 

concentration of solid in SSF poses a challenge as it leads 

to an extended duration of cultivation as compared to SMF  

f. The enzyme produced is easier to recover from the 

fermented medium than in SMF 

The challenge of expelling metabolic heat is more in SSF 

than in SMF 

 

fermentation process act by degrading the more 

complex substrates into simpler ones with the 

production of energy [76, 77].  Fermentation is also 

seen as the use of biological methods to convert sugar 

to other products anaerobically; with other products 

like gases, acids, enzymes, and alcohols, also released, 

and ATP -through substrate-level phosphorylation 

[44]. As said earlier, Aspergillus niger is the most 

harnessed microbe in enzyme production. Khan and 

colleagues [78], report that pectinases are among the 

few enzymes in demand by industries involved in 

food processing. 
 

However, the primary fermentation methods for 

producing enzymes are the solid-state and submerged 

fermentation methods [79, 80]. Solid-state 

fermentation (SSF) technique for enzyme production 

simulates or mimics the original habitats of these 

microorganisms as in ensiling and composting 

practices with the microorganisms growing in a small 

amount of water in or on insoluble materials with the 

production of useful products [81]. In SSF, the water 

present is not required beyond the point of saturation 

[7, 82, 83]. After the production of the enzyme, the 

next stage is the extraction from the solid medium, or 

media to recover and purify the required enzyme(s) 

from solid-state fermentation (SSF) media [84].  

In the second fermentation method, the submerged 

fermentation (SMF), the microorganisms and the 

nutrients are immersed in water (moisture). This 

method uses the substrates in liquid form (which 

flows freely like broths and molasses). The 

compounds of biological activity are secreted into the 

fermentation broth. The existence of the nutrients in 

their free-flowing state aids the rapid utilization of the 

substrate(s). The need for supplementation with 

nutrients, like bacteria, is best suited for the SMF 

medium [85].  Table 1 shows some merits of SSF over 

SMF and its accompanying demerits [44]. 
 

It is, however, necessary to state that submerged 

fermentation comes with merits such as in 

instrumentation with regards to the monitoring of 

parameters like pH, temperature, dissolved oxygen, 

and sterilization, thereby making this process less 

difficult to scale up [86, 87]. So, nearly all enzymes of 

industrial relevance are produced through SSF by the 

common wild-type microorganisms with the 

relatively recent emergence in the use of genetically 

modified microorganisms. 

The advances in the strategies for the production of 

pectinase using microorganisms in fermentation have 

been studied [88].  

3.7.1 Microorganisms used in the production of pectinase 

A variety of microorganisms are employed in the 

fermentation process to produce pectinases, such as 

bacteria and fungi [14, 89]. However, fungi are 

generally preferred for enzyme production due to the 

relative safety of their products when consumed by 

man. These selected microorganisms are Generally 

Regarded as Safe (GRAS) in comparison to most 

bacteria; moreover, fungi such as molds and yeasts are 
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closely related to animals as they are eukaryotes in 

contrast to bacteria [90, 91].  

3.7.2 Recovery of the microbial-secreted pectinase 

After the fermentation process involving microbial 

secretion of the pectin enzyme in the medium (usually 

trapped in the ‘fermented medium’), solvents are 

usually added to the fermented substrates and 

agitated to extract the enzyme into the solution and 

filtered with either Muslin cloth or Whatman filter 

paper [14]. Thereafter, the filtered enzyme 

precipitated to concentrate the enzyme and purified 

based on the application area of the enzyme [14, 84, 

92].  

The production of crude pectin enzymes has been 

applied (i.e. without the purification process) [14, 93], 

as well as with purification [94]. Any application of 

pectin enzymes with purified pectinases could be an 

indication that the substrate to be cleaved is the main 

substrate of interest in the medium. In contrast, for 

those utilizing crude enzymes, the primary substrate 

to be cleaved has other accompanying substrates 

needed to be acted upon by their corresponding 

enzymes in the crude enzyme mixture; as each 

enzyme is specific in its action [14, 95]. This, therefore, 

may account for the reason why not all enzymes 

undergo purification before their application. 

3.7.3 Some factors influencing pectinase production & 

application 

As pectin enzymes are inducible, substrate 

availability is a crucial factor in their production. 

However, vital factors such as temperature, pH, 

inoculum size, and agitation of the fermented 

substrates [96, 97] along with other factors below and 

many others equally influence pectinase production, 

include the following: 

a) the substrate type utilized for fermentation 

In producing pectinase, the medium used is essential 

in that each type of pectin enzyme (pectinase) is 

affected by the type of substrate and the 

microorganism used in the fermentation process [86, 

98, 99]. Production of pectinase needs the 

corresponding substrate, pectin, for actualization as 

done for apple pomace [100].  

b) the effect of pH 

pH influences the production of pectinase as seen  

with Pseudopestalotiopsis theae 

 [101]. As it affects the growth of the microorganism(s)  

responsible for the pectinase produced; in 

unfavorable pH levels, the enzyme could be 

denatured, thereby significantly reducing its activity. 

The use of xylano-pectinolytic enzymes by industries 

engaging in bio-bleaching is reported to produce the 

enzyme optimally at a pH of 8.5 [102]. Pectinase 

secreted by Bacillus subtilis was obtained at pH 9.5, 

and the production of polygalacturonase was 

produced at acidic pH [103]. So, pH indeed influences 

the growth of microorganisms and aids its rate of 

product formation in any medium.  

c) Effect of temperature on the production of 

pectinase 

The protein attribute of enzymes cannot be 

overlooked in considering temperature, as high 

temperature denatures enzymes, thereby negatively 

affecting their activity. Studies undertaken 

concerning optimizing the effect of temperature on 

pectinase production have shown that temperature 

affects pectinase production. The temperature, 30oC 

with Saccharomyces cerevisiae (ATCC 52712), also 

Pseudopestalotiopsis theae showed the best activity for 

pectinase production at 30oC and Aspergillus niger, 

and 37oC with Bacillus subtilis were the optimal 

temperatures obtained beyond which there was a 

decline in pectinase activity [14, 97, 101, 104]. 

Polygalacturonase's best activity from the mold was 

obtained at 50oC and 40oC to 60oC for yeasts in another 

study [105], as 25oC was reported for another strain of 

Saccharomyces cerevisiae by Magdy [106]. So, 

differences in strains of microorganisms could lead to 

differences in the optimum temperature for the best 

activity. 

d) Effect of fermentation time and substrate 

composition on pectinase production 

Hussain and colleagues [104] reported the production 

of pectinase on the 4th day using the conventional 

approach of one factor at a time (OFAT). The 7th day 

was for endoglucanase production with the best 

activity using Aspergillus niger, Aspergillus flavus, and 

Penicillium atrovenetum. 

Agrowastes like the peels of pineapple and orange as 

well as sawdust, wheat bran, and sugar cane pulps 

were also used as substrates for the production of 

pectinase with strains of Aspergillus clavatus, 

Aspergillus niger, Fusarium sp., Penicillium chrysogenum, 

and Trichoderma sp [107].  
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e) Effect of solvents on pectinase extraction 

Some extraction solvents like distilled water have 

been used in the recovery of some enzymes from the 

fermentation medium, buffer, and salts among many 

other extraction solvents [108, 109]. 

The rationale for the use of solvent for extraction is 

that it aids in the splitting of the bond between 

proteins and carbohydrates of such substrates, 

thereby, releasing the ‘trapped enzyme’.  

The extraction solvent for the recovery of the enzyme 

from the fermented substrate is essential. Where the 

solvent volume is too much, it gives rise to a dilute 

solution with reduced enzymatic activity [110]. In 

another report, in cases of reduced volume of buffer, 

decreased enzyme activity is obtained with the same 

report advocating for more extraction solvent volume 

[111]. So, researchers need to optimize the actual 

volume of extraction solvent necessary for the best 

activity of such enzyme as a reduced volume of 

solvent leads to the insufficiency of the solvent to 

permeate the solid fermented mass in cases of SSF.  

f) Effect of ammonium sulfate precipitation for 

practical application of enzyme 

The effect of ammonium sulfate salt primarily 

precipitates the protein from the extract [99]. The 

groups on the molecules of proteins with charges are 

stabilized in the concentration of low salts. This 

process increases the solubility of such proteins; hence, 

resulting in a phenomenon referred to as salting-in. In 

some situations, increased salt addition leads to 

insoluble protein due to a reduction in water, making 

the proteins precipitate, a phenomenon referred to as 

salting out in response to excess salt.  

A study by Joshi and colleagues showed that in 

purifying PME (pectin methyl lyase), using 20 - 80% 

NH4(SO4)2, an increase in the salt concentration 

further led to an increase in enzyme activity with 

about 160.6% increase in 80% (i.e., 21.50 for 80%) of 

the salt in comparison to 8.25 for 0%. In the same 

study, however, the soluble content of protein was 

reduced from 62 mg/ml to 21 mg/ml, with an 80% 

ammonium sulfate concentration of the protein in its 

crude state [112]. The use of ammonium sulfate has 

also increased by 30% of the yield of pectinase [113]. 

Dialysis with ammonium sulfate precipitation has 

proven to increase the purification of the crude 

enzyme from orange peel [114]. 

Apart from using ammonium sulfate for partial 

purification through precipitation of crude protein, 

ethanol, and ethylene glycol are reportedly used, as 

chilled acetone or ethanol are added slowly to the 

enzyme solution and incubated in an ice-salt bath 

with continuous stirring [100, 115-117].  

g) Effect of enzyme dosage for effective extraction of 

fruit juice 

In the extraction of apple juice, 2.5% was obtained for 

the best activity, though apple and pear juice 

clarifications were best achieved with 1.0 and 0.5%, 

respectively [112]. The scanning electron microscope 

found that pectinases used to treat fruits led to the 

hydrolysis of the middle lamella (made up of xylan 

and pectin), thereby releasing more quantity of juice 

[117].  

h) Effect of metal ions and inhibitors 

Enzymes are known to have active sites that 

participate in the reaction process. However, on each 

enzyme's active sites are functional groups or groups 

that aid catalysis, though the substrate changes in the 

orientation relative to the functional group on the 

active site [34].  

For catalytic stability in the conformation of the 

enzyme to be maintained, metal ions could accept or 

give out electrons, thereby restricting mainly the 

desired reaction process to take place as it limits other 

undesired reactions; this process keeps hold of the 

substrate and enzyme bond, before the product 

formation [84, 118]. Most enzymes with pectin 

enzymes inclusive are known to be metalloenzymes. 

Hence, they need metal ions such as Ca2+, Mn2+, Fe2+, 

and Mg2+, among many other ions, to increase their  

activity [119].  

However, some elements reduce the interaction of the 

substrate with the enzyme’s active sites, and these are 

given the term inhibitors [84].  

Interestingly, a systematic review in the last decade on 

the production and application of pectinases and the 

investigation into both pectin and pectinase activity 

using flavedo and albedo citrus fruit peels have been 

investigated [15, 16].   
 

4. Conclusions  

Pectinases are produced from cheap raw materials 

such as agro-wastes (through fermentation). The 

production of pectinase is ‘hinged’ on the substrate, 
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pectin; which is a component in the cell wall of plant 

materials and is also known as the inducer. The 

classification of pectin shows that pectins are distinct 

in their properties hence accounting for the 

differences in their pectinase production tendencies 

and the relative modes of action in a catalytic process; 

since the alteration of pectin structure in fruits by 

pectin enzymes leads to the breaking of the bonds. 

Though animals could be used to produce pectin 

enzymes (pectinases), microorganisms through 

fermentation have proven over time from findings to 

have a shorter duration and ease of harvest of the 

enzyme among other benefits, compared to 

producing pectinases using animal sources. Hence, 

their predominant utilization in the production of 

pectinases. A number of factors have been considered 

to aid pectinase production; ranging from the type of 

pectin substrate used, pH, temperature, fermentation 

duration, extraction solvents, metal ions, the 

purification method used; and, the dosage used for 

the enzyme application purpose.  The classification of 

pectinases and modes of action is indicative of the 

different pectin enzymes produced during 

fermentation and their corresponding application 

areas. Purification of pectin enzymes was not given 

much credence in this study because, studies have 

emerged on the utilization of crude pectinase for 

application purposes; such as, in the extraction and 

clarification of fruit juices.    

4.1 Related current challenges  

The existence of many microorganisms (uncultured) 

has limited their application for use in the 

fermentation process for pectinase production. The 

fungi ‘kingdom’ is common knowledge in the 

scientific world; however, with the increase in 

technology comes the emergence and updating of the 

data of the 'uncultured microorganisms.' It is 

interesting to know that this and other 

microorganisms are now determined using 

deoxyribonucleic acid (DNA) sequencing techniques 

[75]. Hence, there is a need for simple and relatively 

cheaper technique for the cultivation and 

identification of the many ‘uncultured 

microorganisms’ and the investigation of their 

pectinase production potentials.   

4.2 Next steps for future research and approaches  

Owing to the notion that the present commercial  

extraction procedure destroys the pectin (limiting the 

potential product uses) and is hazardous to the 

environment, hence alternative pectin extraction 

processes are urgently needed.  The steps for future 

research are expected to be more on the use of 

Microwave-Assisted Extraction to provide a 

sustainable method of extracting pectin from a variety 

of food wastes and agricultural leftovers [120]. 

Additionally, deep eutectic solvent (DES) had a larger 

pectin yield, a lower degree of esterification, and a 

slightly different monosaccharide composition than 

acid extraction (AE) and ultrasonic-assisted extraction 

(UAE), according to the testing data. Infrared 

spectroscopy and scanning electron microscopy 

studies revealed that DES had a fine microstructure 

and a coarser surface, but the basic chemical structure 

of DES remained unchanged; the results showed that 

a green source of pectin extraction with a high pectin 

yield and good performance is possible with DES 

[121,122]. Hence, there is a need for future research to 

optimize the conditions for the improved use of 

natural eutectic solvents, microwave-assisted 

extraction and ultrasonic-assisted extraction for 

pectin (extraction). Harnessing these technologies 

may reduce the adverse effects on the environment 

occasioned by the use of strong acids due to pectin 

extraction [123].  
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