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Abstract

 Pectinase enzymes are the pectinases that constitute key component of cell wall of plant and hydrolyze the pectic substance. Pectinases can biologically synthesized from fungi and bacteria by using various agricultural substrates. Protopectin, Pectin esterases and Depolymerases are the broadly studied pectinase enzymes. In current biological era, Pectinolytic enzymes play significant role in different industries. Due to its significant use these enzyme are applicable in the extraction of fruit juice, bioscouring of the cotton, wastewater treatment, extraction of oil, tea and coffee fermentation, textile industries, and alcoholic beverages and food industry etc. The present review aims at pectinolytic enzyme, different types of pectinases with their mechanism of action on which they act on substrate. The pectinase enzyme productions are studied through the solid state and submerge fermentation. Explain types of pectin substance and sources. It includes broad ranges application of pectinolytic enzymes in the field of industries. 
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1. Introduction
The modern record of the enzymes technology actually starts in 1874; the Danish chemist Hansen formed first the rennet from extraction of dry calves stomachs in saline solutions. Actually the first enzyme research of the high purity was involved in industrial fields. The German physiologist Wilhelm Kuhne (1837-1900) was first used the term enzyme in 1877. The “enzyme” term is derived from Greek word “enzymos” that means- in the cells or ferment. It’s misconceptions with many that enzymes are living organisms, but the fact is that enzymes are present in living organisms and themselves not living organisms. The enzymes are large molecules of protiens made from a long chain of amino acids and they are produced by living cell in plant, animal and microbes such as fungi and bacteria. All processes occur in living cell required enzymes at significant rates. It’s required for their substrates and speed up some reaction, the sets of enzymes produced in a cell determined which metabolites path occurs in that cell. Therefore, enzymes possess some characteristics properties of protein like they are denatured by heat, precipitated by solvents (ethanol) or the high inorganic salt concentration of ammonium sulphate, further they do not dialyse (pass through the semi permeable membranes). Enzymes are work only on renewable raw supplies. Milk, meat, fats, fruits, cereals, cotton, leather and woods are the some of the typical runner for the enzymatic alterations in industries. The waste and utilizable products of most enzymatic reactions are nontoxic and readily broken down. Finally, the industrial enzymes are produced in an ecologically sound way where the waste sludge was recycled as fertilisers (Harboe et al., 2010; Gaikaiwari et al., 2013; Liu and kokare, 2017; Patel and Shah, 2018; Shah et al., 2022; Shah and Patel, 2022). 
· Catalysts functioning at relatively mild condition of pH, temp, pressure.

· Proteins, specific in action, no by-products, little or reduced purification compound.

· Environment
friendly
and biodegradable.                       

· some work well both in water / organic solvents 

1.1 Enzyme Classification:
The E.C. classification of the enzymes classified first by the nature of the bond hydrolysed, then nature of the substrate and lastly by enzymes.
· Oxido-reductases :-  Carry out transfer of H / O electrons/atoms

·  Transferases        :-  Transfer group (NH2)

· Hydrolases           :-  Cleavage with addition of water (Invertases)

·  Lyases                 :-  Splitting of bonds other than 1, 2.

· Isomerases           :-  Change structural arrangements d / l isomers
· Synthetases          :-  Create new bonds: C-N, C-O and C-C with Breakdown of ATP         

A Hydrolases enzyme includes Pectinases, Phytases, Xylanases, Proteases, Lipases, Cellulases, and Amylases etc. Pectinolytic enzymes; classified accordings to its modes of secretion as intracellular and extracellular pectinases. Extracellular enzymes are secreted outside the cella into the production media in which the cell survive. An extracellular enzyme are usually converted larger molecules (i.e. food for cell or an organism) into the smaller molecules of the substrate which can then be more easily transport to cell, whereas the intracellular enzyme operates inside the confines of cell membrane. Membrane protein remains attached in some way to the cell membrane. Extracellular as well as intracellular pectinases classified based on their mode of their attacks on the galacturonan parts of the pectin molecule (Pilnik & Voragen, 1993; McDonald and Tipton, 2014; Kour et al., 2019).
· Pectin-methylesterases: (EC 3.1.11.1) It is specific enzymes that act on slowly removing units of methanol & pectic acid from the terminal chain of pectin (Pilnik & Voragen, 1993; Haile and Ayele, 2022)
· Pectin depolymerase: (EC 3.2.1.15) There are endo-pectinases attacking on links α 1-4 pectin chains i.e. they attack in the middle of the chain and not from the terminals (Haile and Ayele, 2022)
· Endopolygalaturonase: (EC 3.2.2.15) Polygalacturonase; they split glycosidic linkages next to free carboxyl groups by hydrolysis (Kaur et al., 2021).
· Pectate lyase: (EC 4.2.2.2) Pectic acid lyase; they splits glycosidic linkage next to free carboxyl groups by (- elimination (Saharan and Sharma, 2018).
· Endopectin transeliminase: (EC 4.2.2.3) Endopectin transliminase; they split glycosidic bonds of highly methylated pectin  (Satapathy et al., 2020)
· Pectin lyase: (EC 4.2.2.10) These enzymes act on highly methylated pectins (Saharan and Sharma, 2018).

· Exopolygalaturonase: (EC 3.2.1.67) They releases the galacturonic acid from terminal chain of pectin (Kaur et al., 2021). 

2. Pectinolytic enzymes
Pectinases; a heterogeneous group of related enzymes which involved in hydrolysed pectic substance that present mostly in the plants. They are shown prime importance to plant as to help cell wall extension and softening of tissues of the plant during maturation and storage. Pectinase; a general term for the enzyme such as pectolyase, pectozyme & polygalacturonase, commonly reffered to in brewing as the pectic enzyme that break down pectin, polysaccharide substrate which are found in the cell walls of the plant and break down the central parts of the cell wall of plant. Polygalacturonase is the one of the most study and widely used commercial pectinolytic enzyme. Pectin is the jelly-like matrix which is useful to cement plant cells together and also other cell components such as fibers of cellulose are embedded. So the pectinolytic enzymes commonly used in degradation process of plant material, like speeding up the fruit juice extraction from the fruits, include sapota and apples. They were also used in wine production since 1960s. The pectinase function in brewing is two-fold, firstly helps in breakdown the plant (typically fruit) material and so helps the extraction of flavours from mash. Secondly the presence of the pectin in finished wine cause haze or slight cloudiness; further pectinase used to break this down and so clear wine. They are added as feed livestock to help animals in better digestion of their feed. They are sold as nutritional supplements for human to aid digestion. Pectinolytic enzymes are also used in waste water treatment, addition to chealetic agents or pre-treatment of plant material with acid enhances to the effect of enzyme.  In the other cases the fungi & bacteria produce pectinolytic enzyme to break down cell walls as a part of their invasion of tissue of plants so the fungi that genetically alter are the major sources for the industries. A powerful alkaline pectinases have been recently isolated. This alkaline enzymes are produced in large volume and was cheap to commercial used in biopreparation  on worldwide basis. The main benefits of the alkaline pectinase in biopreparation are that enzyme did not destroycellulose of the cotton fibers. The enzyme pectate lyase, and as such very rapidly catalysed hydrolysis of the sats of polygalacturonic acids (pectin) in primary matrix of wall. The alkaline pectinase in biopreparation alone cause less weight loss than caustic scouring. Pectinases along with cellulases gives better scouring performance than pectinases alone. Pectinase can destroy the structure of cuticle by digesting the inner layers of the pectins in cotton cutical (figure 1). Biological scouring is the process by which stable alkaline pectinase remove pectin and wax selectively from fiber of cotton. Best kinds of pectinases are those, which can utilized under slightly alkaline condition even in presence of chelating agent and these enzyme called as alkaline pectinase. Most of the conventional pectinases are usually inactive in commercially useful conditions, their optimum activity lying in slightly acidic conditions. The studies have undertaken in applications of celluloses, pectinases, lipases and proteases to bioscouring. Pectinase enzyme investigations have found suitable as they are able to removing the impurities from the raw cotton substrates wituout damaging the substrate properties (Kapoor and coworkers, 2001; Rocky, 2012; Saranraj P., 2014; Saharan and Sharma, 2018; Satapathy et al., 2020).
2.1 Pectinases

Pectinolytic enzymes are a group of enzyme which attack pectin and depolymerises it by the hydrolysis and traseliminations as well as by deesterification reaction, which hydrolyse the ester bond between carboxyl and methyl group of pectin. Pectinases acts on pectin; classof the complex polysaccharides present in cell wall of the higher plant and cementing material for cellulose. Pectinases accounts for 10% of the global industrial enzymes produced.

pectinases have an optimum temperature and pH at which they are most active. For example, a commercial pectinase might typically be activated at 45 to 55 °C and work well at a pH of 4.5 to 5.5. pectinases have an optimum temperature and pH at which they are most active. For example, a commercial pectinase might typically be activated at 45 to 55 °C and work well at a pH of 4.5 to 5.5.
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Figure 1: The schematic representation of the mature cotton fibre shows its different layers (Rocky, 2012).

2.1.1 Extensive Classification of Pectinolytic enzyme

The pectinases may be divided in three groups as follow:

(1) Protopectinases: Protopectinases degrade insoluble protopectin & giving rise to highly polymerized soluble pectin. Enzyme that catalysed the protopectin solubalization was originally called protopectinase by Briton et al. Pectinosinase also synonymous with protopectinase (PPase). Protopectinase catalyse the reaction:
Protopectin ( insolubles) + H2O    Protopectinases( Pectin (soluble)
Protopectinases were classified into two types based on their reaction mechanism. A-type of PPase react with inner site; i.e. polygalacturonic acid region of protopectin, where as the B-type PPase that react on outer site, i.e. on polysaccharide chains that may connect the polygalacturonic acid chain and cell wall constituents. A type PPases were found in culture filtrates of yeast and yeast-like fungi. B type had also been found in the culture filtrate of a wide range of Bacillus spp. (Braconnot et al. 1995; Patel et al., 2022).
(2) Esterases: Pectinesterase referred as pectinmethylesterase, pectin demethoxylase, pectomethoxylase,Pectolipase and pectase are carboxylic acid esterase and belong to hydrolase group enzymes. It catalyse the deesterification of methylester linkages of galacturonan backbone of the pectic substance to release acidic pectin and methanol. The pectin resulted then act upon by polygalacturonases & lyases. The mode of action of PE varies according to its origin. PEs from fungi act by a multi-chain mechanism and removing methyle groups at random. In contrast, PEs from plant tends to acts either at the nonreducing end or next to free carboxyl group and proceed along molecules by a single chain mechanism (Patel et al., 2022).

Pectin + H2O  Pectinesterase( Pectate + CH3OH

(3) Depolymerases: They catalysed the hydrolytic cleavage of the α-1,4 glycosidic bonds in the D-galacturonic acid moieties of pectic substances. Depolymerase acts on substance of pectin through different mechanism, hydrolysis; in which they catalyse the hydrolytic cleavage with introduction of water across oxygen bridge and trans elimination lysis, in which they break the glycosidic bond by trans-elimination reaction without any participation of water molecule. Depolymerases can be subdivided into four different categories, depending on preference of enzyme for substrate, the cleavage mechanism and splite of glycosidic bonds. Polygalacturonases (PGases) are pectinolytic enzymes that catalyse hydrolytic cleaveage of the polygalacturonic acid chain with introduction of water across oxygen bridge. They are the extensively study among the family of pectinases. The PGase involved in hydrolysis of pectic substance are endo-PGase (EC 3.2.1.15) and exo-PGase (EC 3.2.1.67). PGases have the biological, functional & technical application in the food processing and the plant fungal interaction. Endo PGases are widely distributed among microorganisms. They are found in higher plants and plant parasitic nematodes. Whereas the exo-PGase occurring less frequently. Exo-PGase can distinguished into two type; fungal and bacterial exo-pGase. Fungal exo-PGase produce monogalacturonic acids as main end product whereas bacterial exo-PGase produce digalacturonic acid as main end product. The occurrence of Plant PGase has also been reported. Lyases/ trans-eliminase has carried out non hydrolytic breakdown of pectinates or pectates, further characterized bt the trans-eliminative split of pectic polymers. The lyases break the glycosidic linkage at C-4 and simultaneous eliminate H form of C-5, produce a D 4:5 unsaturated product. Polygalacturonate lyases produce by many bacteria and few pathogenic fungi associated with the food spoilages & soft rot with endo-PGLs are being more lavish than exo-PGLs (Braconnot et al. 1995; Patel et al., 2022).
3. Pectinase production

The Microbial enzymes are produced through submerged fermentation (SmF) as well as solid state fermentation (SSF). SmF technique; production of enzyme are generally conducted in the stirred tank reactors under aerobic condition and use batch or fed batch system. Infrastructural required for large scale production, high capital investments and enegy costing, and further production make the applications of SmF technique in production of enzyme, not practical in most of the developing countries environment. In SmF is the cultivation of microbes on liquid broth, it required high volume of water, agitation with generation of huge amount of effluent. In contrast; SSF incorporate microorganism growth and product formation on or within particles of solid substrate under aerobic conditions, in the absence or near absence of free water and does not generally require aseptic condition for production of enzymes (J.R.Whitaker, 1984; Kaur et al., 2021).                                                                             

3.1 Microorganism involved in submerged and solid state fermentation for Pectinolytic enzymes 

Microbes are primary sources of industrial enzyme: 50% enzymes are originated from fungi and yeast; 35% enzymes from the bacteria while only 15% are either from plant or animal origin. For pectinase enzyme production; filamentous microbes are mostly used in submerged and solid state fermentations. Microbes have ability to colonized substrate through apical growth and penetration gives rised into considerable advantage than non-motile yeast and bacteria; wich are least able to multiply and colonized onto low moisture substrates. All among three filamentous fungal classes had gaind most practical important in solid state fermentation; phycomycetes such as genera of mucor; ascomycetes such as genera of Aspergillus and basidiomycetes specially the white and rot fungi. Pectin degrading microbesare associated in raw agriculture product & soils. Upto the 10% of microbes have been shown to be a pectinolytic microbes. These includes, but no limits to, bacteria in the genera Aeromonas, Achromobacter, Agrobacterium, Artrobacter, Bacillus, Enterobacter, Clostridium, Flavobacterium, Pseudomonas, Xanthomonas, Ervinia and other yeast, protozoa etc. Many these microbes are plant pathogen. Recently, pectinolytic activities were found in Leuconostoc mesenteroides. This is the first reported pectolytic activity in Lactic acid bacteria. Yeast and bacterial species usually grow on solid substrates at 40% to70% of the moisture level. Bacillus licheniformis, Lactobacillus, Aeromonas cavi etc bacteria are in use. Saccharomyces and Candida yeast are in used and Species of Actinomycetes are Nocardia asteroids, Streptomyces spp. and Dermatophilus spp. The pectinolytic enzyme production have been observed by Aspergillus strain to be in SSF than in SmFs process (J.R.Whitaker, 1984; Saranraj P., 2014; Haile and Ayele, 2022; Kaur et al., 2021).                                                                              

3.1.1 Comparison between Solid State & Submerged Fermentation.

Factor involved in Solid State & Submerge Fermentation seen in the table 1. 
Table 1. Comparison between the Solid State & Submerge Fermentation.
	Factor
	Submerge fermentation
	Solid state fermentation

	Substrate
	Soluble substrate (sugar)
	Insoluble polymer Substrate: Starch, Pectinase Cellulose and Lignin

	Aseptic condition
	Sterilization by heat and aseptic controls
	Vapor treatments, Non- sterile condition

	Water
	The high volume of the water consume and the effluent discarded
	Lower level of water consumption, no effluents

	Metabolic heatings
	Temperature control easy
	Lower heat transfer capacity, easy aeration & high surface exchange air or substrate

	The control of pH
	Easy to control pH
	Buffered Solid substrate

	Mechanical Agitation
	Good homogeneize
	Static condition preferred

	Scales Up
	Industrial equipment available
	Engineering needed and new equipment  design

	Inoculum
	Continuous easy inoculation process
	Spore inoculation in batch

	Problem of contamination
	The risk of contamination for single bacterial strain 
	The risk of contamination for low rate growth of fungi

	Energetic consideration 
	Energy consumption is high
	Energy consumption is low

	Volume of the equipment
	Technology is high volume and high cost
	Low volume and low cost of the equipment

	Effluent pollution 
	High volume polluting effluent
	No effluent and less amount of pollution

	Concentration S/Product
	30- 80 g/l
	100-300 g/l


3.2 Substrate for fermentation.                                                                                                                                              

The medium required presences of bioavailable nutrient and absence of toxic/ inhibitory constituent medium such as carbon, nitrogen growth factors media required plenty of water. In Submerged fermentation beside carbon and nitrogen plenty of water require. The widely used substrate in SSf for pectinase production such as material of plant that includes starch like rice corn, tubertuber, root legume  further lignin, and lipid raw material. The agriculture waste and food processing waste like wheat bran sugar beet pulp, citrus waste, corn cob, saw dust and cassava are the commonly utilized for solid state pectinase enzyme productions                                                                                (J.R.Whitaker, 1984; Haile and Ayele, 2022).                                                                              
3.3 Regulatory aspect of pectinase enzyme

The pectinase enzyme production are included by low concentration of the galacturonic acids. The 5% highest concentration of sugur gives to lower production level into stationary phase, that indicates at higher concentration of galacturonic acid or one of its metabolite exhibit catabolite repression. The glucose presences the production reduces to the basal level (J.R.Whitaker, 1984).                                                                             

4. Applications of Pectinases 
4.1 Industral application

Pectinases production occupies around 10% of the overall manufacturing of enzyme preparations. These enzymes are extensively used in the food industry in the production of juices, fruit drinks and wines (Hoondal et al., 2002).
4.2 Acid Pectinases

Acid pectinases, which are broadly used in extraction, clarification & removal of pectin in fruit juices, in maceration of vegetables to produce pastes and purées, in wine making, are often produced by fungi, especially Aspergillus niger. The crushing of pectin-rich fruits results in high viscosity juice which stays linked to the fruit pulp in a gelatinous structure, hindering the juice extraction process by pressing. Pectinase addition in the extraction process improves the fruit juice yield through an easier process, decreases the juice vicosity and degrades the gel structure, thus improving the juice concentration capacity. In the case of fruit juice, extraction by enzymatic maceration can increase yields by more than 90% compared to conventional mechanical juicing, besides improving the organo-leptic (color, flavor) & nutritional (vitamins) properties and technological efficiency (ease of filtering). In several processes, pectinolytic enzymes are applied associated with other cell wall degrading enzymes such as cellulases and hemicellulases. The mixture of pectinases and cellulases has been reported to improve more than 100 % of juice extraction yields. Soares and coworkers reported an improvement between three and four times in juice yields from Papaya, Pear and Banana using enzymic extraction instead of the conventional pressing process. The enzymatic treatment can help decrease 62 % of the apple juice viscosity. When the de-pectinized apple juice is ultrafiltered, the permeate flux is much higher than when undepectinized juice is processed. The increase in the permeation rate is a result of both the reduction in apple juice thickness and the reduction in total pectin content. Pectin is a fiber shaped colloid that causes severe fouling of ultrafiltration membranes. The commercially available pectinases preparations used in food processing are traditionally associated of polygalacturonases, pectin lyases and pectin methyl esterases. These preparations are usually derived from fungi, mainly the genera Aspergillus. (Kapoor and coworkers, 2001; Bhardwaj et al., 2017).

4.3 Alkaline Pectinases

Alkaline pectinases are generally produced by bacteria, particularly Bacillus spp. but are also made by some filamentous fungi and yeast. They may be used in the pretreatment of waste water from vegetable food processing that contains pectin residues; the processing of textile fibers such as jute, flax, hemp, coffee and tea fermentation, vegetable-oil extraction and the treatment of paper pulp. Pectinolytic enzymes have been applied to the degumming of ramie, sunn hemp, flax, jute and coconut fibers for textile application. Degumming can be done by adding pectinolytic mixtures or by fiber fermentation (dewretting) using pectinases producing microorganisms. In order to remove the non-cellulosic gummy material composed mainly of pectin and hemicellulose, Kapoor and coworkers had run three treatments on ramie and sunn hemp bast fibers: enzymic, chemical and chemical associated with enzymic treatment. Of the three treatments, the third one was the most promising for degumming. The scanning electron microscopic studies revealed a complete removal of non-cellulosic gummy material from the surface of ramie and sunn hemp fibres. Bio-scouring is an alternative and more environmentally friendly method to remove non-cellulosic “impurities” from raw cotton by specific enzymes to make the surface more hydrophilic. Pectins are responsible for the hydrophobic properties of raw cotton and its degradation by pectinolytic enzymes was suggested to facilitate also removal of waxes and could thus lead to a considerable reduction rate of water and chemicals consumption and of effluent discharge. In contrast to drastic alkaline conditions conventionally used, this treatment with pectin degrading enzymes would not affect the cellulose backbone and thus avoid fiber damage. Klug-Santner and coworkers reported up to 80 % of pectin removal from the outer layer of cotton by a purified endo-pectate lyase from Bacillus pumilus BK2. During paper making, alkaline peroxide bleaching of mechanical pulps solubilizes acidic polysaccharides which are troublesome interfering substances. Some of these acidic polysaccharides are pectins, or polygalacturonic acids. The ability of polygalacturonic acids to complex cationic polymers (cationic demand) depends strongly on their degree of polymerization, so monomers, dimers, and trimers of galacturonic acid did not cause measurable cationic demand, but hexamers and longer chains had high cationic demand. Pectinases can depolymerize polymers of galacturonic acid, and consequently lower the cationic demand of pectin solutions and the filtrates from peroxide bleaching. Enzymes involved in the breakdown of plant cell wall polyssaccharides can be used to extract vegetal oils, coconut germ, palm, sunflower seed, rape seed olives and kernel oils which are traditionally extracted with organic solvents, such as the hexane. Cell wall degrading component such as pectinase promote oil libration. As per Angayarkanni and his coworker, add pectin enzyme In order to remove the non-cellulosic gummy material composed mainly of pectin and hemicellulose, Kapoor and coworkers had run three treatments on ramie and sunn hemp bast fibers: enzymic, chemical and chemical associated with enzymic treatment. Of the three treatments, the third one was the most promising for degumming. The scanning electron microscopic studies revealed a complete removal of non-cellulosic gummy material from the surface of ramie and sunn hemp fibres. Bioscouring is an alternative and more environmentally friendly method to remove non-cellulosic “impurities” from raw cotton by specific enzymes to make the surface more hydrophilic. Pectins are responsible for the hydrophobic properties of raw cotton and its degradation by pectinolytic enzymes was suggested to facilitate also removal of waxes and could thus lead to a considerable reduction rate of water and chemicals consumption and of effluent discharge. In contrast to drastic alkaline conditions conventionally used, this treatment with pectin degrading enzymes would not affect the cellulose backbone and thus avoid fiber damage. Klug-Santner and coworkers reported up to 80 % of pectin removal from the outer layer of cotton by a purified endo-pectate lyase from Bacillus pumilus BK2. During papermaking, alkaline peroxide bleaching of mechanical pulps solubilizes acidic polysaccharides which are troublesome interfering substances. Some of these acidic polysaccharides are pectins, or polygalacturonic acids. The ability of polygalacturonic acids to complex cationic polymers (cationic demand) depends strongly on their degree of polymerization, so monomers, dimers, and trimers of galacturonic acid did not cause measurable cationic demand, but hexamers and longer chains had high cationic demand. Pectinases can depolymerize polymers of galacturonic acid, and consequently lower the cationic demand of pectin solutions and the filtrates from peroxide bleaching. Enzymes involved in the breakdown of plant cell wall polyssaccharides can be used to extract vegetal oils, coconut germ, palm, sunflower seed, rape seed olives and kernel oils which are traditionally produced by extraction with organic solvents, such as the potentially carcinogen hexane . By degrading cell wall components like pectin enzymes promote the oil liberation. According to Angayarkanni and co workers, adding pectinases in association with cellulases, hemicellulases & proteinases to the tea-leaf fermenting bath raises the tea quality index by 5 %(Kapoor and coworkers, 2001; Kohli and Gupta, 2015).
4.4 In Fruit juices extractions

The largest application of pectinases is in extraction of fruit juice and its clarification. Pectin contribute to the fruit juice viscosity and the trbidity. The pactinases and amylases enzyme mixture are used to clarify the fruit juises. It decrease the time of filtration upto 50 %. Fruit pulp treatment with pectinases shown increase in juice volume from apples, graps and banana.Pectinolytic enzyme with other enzyme combination; viz arabinases, cellulases and the xylanases, have been utilized in increase pressing efficiency of the fruit for extraction of juices. Vacuum infusion of pectinolytic enzyme has application  to softening the peel of the citrus fruit for removal. In future these technique may be extended to replace hand cutting for production of canned segment. Infusion of thefree stone peaches with pectinmethylester and calsium result in four time firmer fruit. This may apply to pickles processing where the excessive softening may occur during storage and fermentation (J.R.Whitaker, 1984; Kohli and Gupta, 2015; Shah et al., 2019).                                                                             

4.5 Textile process and cotton fiber bioscouring 
Pectinolytic enzyme have been utilized in conjuction with lipases, amylases, cellulases and hemicellulases that remove sizing agents from cotton in safe and ecofriendly manner, replacing toxic caustic soda utilization for the purpose earlier. The new bioscouring process for the removal of noncellulosic impurities from fiber with specific enzymes. Pectinolytic enzyme has utilized for purpose without negative side effect on degradation of cellulose (Kapoor and coworkers, 2001; Kohli and Gupta, 2015).
4.6 Degumming of the plant bast fibers
Bast fibers are soft fibers formed in groups outside the xylem, phloem or pericycle, e.g. Ramie and sunn hemp. The fibers contain gum, which must be removed before its use for textile making. The chemical degumming treatment is polluting, toxic and non-biodegradable. Biotechnological degumming using pectinases in combination with xylanases presents an ecofriendly and economic alternative to the above problem (Kapoor and coworkers, 2001).
4.7 Retting of plant fibers

Pectinases have used in retting of flax to separate the fibers and eliminate pectins (Kohli and Gupta, 2015).  

4.8 Waste water treatment                                                                 

Vegetable food processing industries release pectin, containing wastewaters as by-product. Pretreatment of these wastewaters with pectinolytic enzymes facilitates removal of pectinaceous material and renders it suitable for decomposition by activated sludge treatment (Jayani et al., 2005).

4.9 Coffee and tea fermentation
Pectinase treatment accelerates tea fermentation and also destroys the foam forming property of instant tea powders by destroying pectins. They are also used in coffee fermentation to remove mucilaginous coat from coffee beans (Jayani et al., 2005).                                       

4.10 Paper and pulp industry                                                                         

During papermaking, pectinase can depolymerise pectins and subsequently lower the cationic demand of pectin solutions and the filtrate from peroxide bleaching (Kohli and Gupta, 2015).

4.11 Animal feed                                                                                                                                                                               

Pectinases are used in the enzyme cocktail, used for the production of animal feeds. This reduces the feed viscosity, which increases absorption of nutrients, liberates nutrients, either by hydrolysis of non-biodegradable fibers or by liberating nutrients blocked by these fibers, and reduces the amount of faeces (Kavuthodi and Sebastian, 2018).
                                                                                                               

4.12 Purification of plant viruses 


                                                                                                                                                          

In cases the virus particle is restricted to phloem, alkaline pectinases and cellulases can be used to liberate the virus from the tissues to give very pure preparations of the virus (Bhardwaj et al., 2017; Kavuthodi and Sebastian, 2018).

4.13 Oil extracts 

Citrus oils such as lemon oil can be extracted with pectinases. They destroy the emulsifying properties of pectin, which interferes with the collection of oils from citrus peel extracts (Kohli and Gupta, 2015).
4.14 Improvement of chromaticity and stability of red wines
Pectinolytic enzymes added to macerated fruits before the adding of wine yeast in the process of producing red wine resulted in improved visual characteristics (colour and turbidity) as compared to the untreated wines. Enzymatically treated red wines presented chromatic characteristics, which are considered better than the control wines. These wines also showed greater stability as compared to the control (J.R.Whitaker, 1984)                                                                              
5. Pectin

Pectin is a structural heteropolysaccharide contained in the primary cell walls of terrestrial plants. It was first isolated and described in 1825 by Henri Braconnot. It is produced commercially as a white to light brown powder, mainly extracted from citrus fruits, and is used in food as a gelling agent particularly in jams and jellies. It is also used in fillings, sweets, as a stabilizer in fruit juices and milk drinks and as a source of dietary fiber.

5.1 Pectic Substance Nomenclature
· Protopectin high methyl ester content

· Pectinic acid-intermediate methyl ester content, soluble 

      ―Salts are pectinates                                                                            

· Pectin intermediate methyl ester content, Colloidal

· Pectic Acid little methyl ester content

            ―Salts are pectates

5.2 Pectin-- structure
Pectins are a family of compound polysaccharides that contain 1-4 linked α-D-galactosyluronic acid residues. Three pectic polysaccharides have been isolated as of plant primary cell walls and structurally characterized. These are: 
· Homo-galacturonans, 

· Substituted-galacturonans 

· Rhamno-galacturonans

Homogalacturonans are linear chains of α-(1-4)-linked D-galacturonic acid.
Substituted galacturonans are characterized by the presence of saccharide appendant residues (such as D-xylose or D-apiose in the respective cases of xylogalacturonan and apiogalacturonan) branching from a backbone of D-galacturonic acid residues.
Rhamnogalacturonan I pectins (RG-I) contain a backbone of the repeating disaccharide: (1, 4)-α-D-galacturonic acid-(1, 2)-α-L-rhamnose-(1. From many of the rhamnose residues, side chains of various neutral sugars branch off. The neutral sugars are mainly D-galactose, L-arabinose and D-xylose, the types and scope of neutral sugars varying with the origin of pectin. Another structural type of pectin is rhamnogalacturonan II (RG-II), which is a less frequent complex, greatly branched polysaccharide. Rhamnogalacturonan II is classified by some authors inside the group of substituted galacturonans since the rhamnogalacturonan II backbone is finished entirely of D-galacturonic acid units (Saharan and Sharma, 2018).       

5.3 Types of pectins
· HM                           LM                    Amidated LM
                      




                                                                         -COOCH3
     -COOCH3                -COOCH3
(> 50%)
                   (<50%) 
         (<50%)

-COOH 
                   -COOH
         -COOH

-COO-Na+               -COO-Na+             -COO-Na+

                                                                -CONH2

                                                                   (15-25%)  

· HM = high methoxyl pectin

· LM = low methoxyl pectin

· Amidated LM =  Amidated low methoxyl pectin

5.4 Sources and production
Apples, guavas, quince, plums, gooseberries, oranges and former citrus fruits, contain huge amounts of pectin, even as soft fruits similar to cherries, grapes and strawberries have little quantity of pectin.

characteristic levels of pectin in plant life are (fresh weight):
 ∙ apples, 1–1.5%                         ∙  apricot, 1%                                    ∙   cherries, 0.4%                                                                   


∙ orange,
0.5–3.5%                     ∙  carrots approx. 1.4%     
       ∙ citrus peels, 30% 

The minerals for pectin manufacture are dried citrus peel or apple pomace, both by-products of juice making. Pomace from sugar-beet is also worn to a small extent. (J.R.Whitaker, 1984).  
5.5 Legal status
At FAO/WHO joint expert committees on Food additive and in EU, no numerical acceptable daily intake has been sets, as the pectin is considered as safe. In US pectin is Generally regarded as safe-GRAS. In food it can be utilized according to GMP in the levelneeded for application; ‘quantum satis’ (J.R.Whitaker, 1984).  
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