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Abstract 

Biotechnological industries have exploited the tools that are present in nature; one such eco-

friendly tool is enzymes. The vast range of different varieties of enzymes allows us to explore 

the possibility treating waste water through the use of enzymes. Rising water pollution is a major 

cause of diseases and other health related problems.Treatment of waste water generated through 

various industries such as paper processing industries, food processing industries and agro-based 

industries is a challenge since it releases various plant polysaccharides such as starch and pectin. 

Waste water treatment can be done through chemical, physical and enzymatic methods. 

Chemical methods utilized for the treatment waste water are harsh on the environment and cause 

direct or indirect environmental pollution. Alternatively, enzymes are utilized; enzymes such as 

pectinase is utilized for the pre-treatment of pectin rich wastewater generated through above 

mentioned industries before releasing the water to streams, rivers or sending the pre-treated 

water for secondary treatments as guided by the respective governments. 
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INTRODUCTION 

Microbial Pectinase has drawn great recognitionworldwide from researchers as a potent 

biological catalyst in a vast range of industrial processes. Enzyme that breaks down pectin is 

known as pectinase, the cell walls of plants contain this polysaccharide. Pectinolytic enzymes are 

classified as Protopectinases, Esterases and Depolymerases according to the attack on the 

galacturonansub unit which is essential part of the polysaccharide known as pectin. Pectinolytic 

enzymes are one of the many enzymes that plays a pivotal role in many industrial and has 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 7, July 2018

ISSN NO: 0972-1347

http://ijics.com/308



become essential industrial enzyme with a vast range of applications in fruit juice industry, plant 

blast fibres degumming, treatment of wastewater. The necessity of treating the industrial 

wastewater prior to disposal arises from the range of impurities found in the wastewater which 

are detrimental to the ecosystems and cause environmental degradation along with the risk of 

imparting health related problems in humans. Enzyme immobilization and its use in the 

treatment of biological waste management have been utilized in past for their degradation and 

removal of contaminants. Plethora of wastewater is present such as organic refractory 

wastewater, heavy metal ions containing wastewater, wastewater rich in nitrogen and 

phosphorous. Additionally, the decontamination of various dyes cum colours used in textile 

industry also leads to the creation of wastewater. Used water containing impurities, contaminants 

and debris is considered wastewater therefore; the composition of pollutants present in waste 

water varies greatly depending upon the initial usage of water. The increasing human population 

and the rapid increase in the utilization of water due to urbanisation and increase in demand of 

various goods the quantity of wastewater released has multiplied. Therefore, remediation of 

wastewater has become important to prevent environmental pollution. Pectin is broken down by 

the action of an enzyme known as pectinase; pectin is found in plants and is present in their cell 

wall. The middle lamella is the exact location of the pectin presence and is the basal foundation 

of the cell wall that is synthesized first during the process of cytokinesis. Since the enzyme 

pectinase breaks down the cell wall by degrading or decomposing the pectin, the enzyme has 

been utilised for various purposes. For example, in the food processing industry (Juice 

processing) where pectinase is utilized to increase the yield of juice, clarifies the juice by 

reduction of suspended debris of cell wall and also lowers the viscosity of juice thus, making it 

runny. Pectinases were one of the first enzymes that were utilized by homes across the globe and 

they were first commercially utilized in the 1930 for the production of certain wines and juices 

successfully. It was later found that the enzyme had the potential to be utilised in various other 

industrial fields when the chemical nature of plant tissues were sorted. Therefore, the enzyme 

saw its efficient utilization in the year 1960 this resulted in pectinases being commercially 

produced in large scale. As stated the structural polysaccharides (pectin) present in the middle 

lamella are important in cell walls of plants and are major component of newly synthesized plant 

cells (Kashyap et al., 2001).   
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Structure of Pectin  

Pectinaceous substrates are acidic polysaccharides that are colloids and are mainly composed of 

galacturonic acid subunits attached with (α 1-4) linkages. L -rhamnose, arabinose, galactose and 

xylose are the side chains present in the structure of pectin. The carboxyl groups present in the 

galacturonic acid is eithercompletely or incompletely neutralized by Na2+,K+,  NH4
+ ions and the 

presence of methyl group esterifies it partially. The classification of pectin substances is based 

on the modifications present in the structure and is broadly classified intio protopectin, pectic 

acid, pectinicacis and pectin (Miller, 1986).  

Protopectin   

Protopectin upon hydrolysis gives pectin or pectinic acid and is considered as their parent pectic 

substance. It is water insoluble and by its use soluble pectic substances can be synthesized 

(Kilara, 1982).  

Pectic Acids   

Galacturonans having trace amounts of methoxyl groups are known as pectic acid. The salts of 

pectic acid are usually referred to as pectases. 

Pectinic Acids   

Pectinic acid is characterized by the presence of fluctuating amounts of methoxyl groups present 

in their structure. Salts of   normal or acid pectinic acid are called pectinates (Kilara, 

1982).Pectinic acid also has interesting property which leads to the gel formation when mixed 

with sugars or certain acids. 

Biotechnological Applications of Microbial Pectinases  

Conventional industrial systems have utilized pectinases extensively in process such as coffee, 

extraction of various oils, industrial wastewater treatment,textile, plant fiber processing, tea etc. 

pectinases have been reported to have been utilized in virus purification(Salazar and Jayasinghe, 

1999) and in forming of paper in paper processing industries (Reid I. and Richard 2004) but 

these are still in the process of commercialization. 
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Pectinases along with amylase are considered the 2 most important industrial enzymes. 

Researchers are diverting their attention towards the pectinase enzyme due to the vast 

biotechnological potential in the near future as biocatalysts in range of industrial processes. 

Alkaline pectinase also has ranging applications in biotechnological industries such as blast fiber 

degumming, pectinaceous wastewater treatment and paper making. The present research focuses 

on the potential applications and implementations of alkaline pectinase isolated from 

microorganisms along with the nature of various pectinaceous substances on which these 

pectinolytic enzymes work upon. Special emphasis has been diverted to the eco-friendly 

implementation and utilization of alkaline pectinases isolated from various microorganisms to 

explore the underestimated potential of the enzyme with wide variety of implications. 

ROLE OF PECTINASE IN WASTE WATER TREATMENT 

Waste treatment processes are broadly classified into physico-chemical or  biological process 

however, treatment through enzymes involves both the physico-chemical process and the 

biological process therefore, it falls in between these two categories. Enzymatic treatment is 

based on the biological catalysts which instigate various chemical processes. 

Citrus-processing industries releases wastewater rich in pectinaceous substrates that are never 

acted upon during the activated sludge treatment by the microbes used (Tanabe et al., 1986; 

Tanabe et al., 1987) have looked for an alternative to treat the wastewater, one such method for 

the treatment of wastewater  is by the use of alkalophilic bacteria, which was developed in the 

process. They screened and isolated alkalophilic Bacillus sp. (GIR 621) from a soil sample and 

found that Bacillus sp. (GIR 621) produces endopectate lyase which is extracellular in nature 

whensubjected to an alkaline media having pH 10. This strain has been proven to remover 

pectinaceous substances from the wastewater. This enzyme has a potential in citrus processing 

industries which treat the waste water through conventional means which includes processes 

such as physical dewatering, spray irrigation, coagulation through various chemical methods, 

direct activated sludge treatment andhydrolysis through chemicals which is then ended by 

thefinal methane fermentation step (Tanabe et al., 1986; Tanabe et al., 1987). The conventional 

methodology has major loopholes like low efficacy which is due to the inherent property of 

pectinaceous substances which imparts chemical resistance furthermore; the longer duration of 

treatment periods along with the complexity of the process creates a major hurdle. Food 
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processing industries releases waste water containing several biological components such as 

pectin and starch as by products, pre-treatment of the wastewaters rich in pectin ensures the 

removal of pectin containing substances effectively and further makes the wastewaters 

acceptable for secondary degradation through the process of decomposition by the activated 

sludge treatment  (Hoondal et al., 2000). 

When enzymatic process of treatment of waste water is compared with other methods, it 

indicates the superiority of this method over others due to lower capital costs and no emission of 

secondary pollution (Spoonza et al., 2005). In this treatment method both aerobic (presence of 

O2) and anaerobic (absence of O2) methods can be utilized. The aerobic process requires the 

aerobic microorganisms which transforms the organic wastes into biomass and CO2 by the 

utilization of free or dissolved O2present whereas, in anaerobic method organic wastes gets 

converted to CH4, CO2 and H2O in the absences of O2 by following the process of hydrolysis 

first followed by acidogenesis including acetogenesis and finally producing methane through a 

process known as methanogenesis. 

Table.1 Contaminants present in wastewater 

Sr.No. Contaminants Importance of removal of these contaminants. 

1 Suspended solids The sludge deposits and anaerobic conditions are created upon the 

discharging of the contaminated wastewater into hydrosphere of various 

kinds. 

2 Organics that can be 

biodegraded 

These are composed of proteins, carbohydrates and fats and are quantified 

through BOD and COD. They can cause depletion of oxygen in the water 

bodies and their release is devastating to the aquatic species. 

3 Priority pollutants This includes several carcinogenic mutagenic and toxic organic or inorganic 

compounds. 

4 Refractory organics These compounds are immune to the treatment through conventional means. 

These methods includes the usage of surfactants, phenols and agricultural 

pesticides. 

5 Heavy metals They are added to the water bodies due to the industrial activities for 

commercial purpose and should be removed before reusing the wastewater. 

6 Dissolved inorganic 

constituents 

Domestic water supplies contain Ca2+, Na2+, S which may have to be treated 

before the utilization of wastewater. 
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Pectic substances present in pectic waste water are easily degraded by pectinases and the 

degraded pectin is further degraded and decomposed by the activation of sludge treatment. Pectin 

present in wastewater is degraded by alkaline pectinases which is obtained from alkalophilic 

bacteria grown at pH 10 and had proven to be effective. 

CONCLUSION: 

Pectinases derived from microbial sources are quintessential part of various industries including 

biotechnological industries.  They are extensively used in industries such as wine, food, tea 

processing, degumming industries and new applications are being discovered every day. Stability 

and efficiency in the production of alkaline pectinase is a major hurdle in implying the enzyme in 

the industries. The research present is usually on acidic pectinases rather than alkaline. The 

studies on alkaline pectinase till now only focused mainly on isolation and purification of 

enzyme that too with limited success. Thus, utilizing the natural tools such as enzymes in an 

environmental friendly manner has yet not achieved its potential. Enzyme product formation is a 

long and tiring process involving screening of various microbes to search for the target organism 

with particular characteristics. For pectinases to have a major impact on the industries especially 

wastewater management we, have to conduct research extensively on pectinase with respect to 

pH and temperature. Therefore, the present data and the potential of pectinases to be used as an 

eco-friendly tool for environment conservation make the enzyme extremely important. 

 

REFERENCES: 

 

1. Alkorta I, Garbisu C, Llama MJ, Serra JL. Industrial applications of pectic enzymes: a 

review. Process Biochem1998; 33:21-28. 

2. Baracat M, Valentim C, Muchovej J, Silva D. Selection of pectinolytic fungi for 

degumming of natural fibers. Biotechnol Lett 1989; 11:899-902. 

3. Brent L. Ridley, Malcolm A. O’Neill, Debra Mohnen. Pectins: structure, biosynthesis, 

and oligogalacturonide-related signalling Phytochemistry 57 (2001) 929–967 

4. Brühlmann F, Kim KS, Zimmerman W, Fiechter A. Pectinolytic enzymes from 

actinomycetes for the degumming of ramie bastfibers. Appl Environ Microbiol 1994; 

60:2107-2112. 

5. Esquivel JCC, Hours RA, Voget CE, Mignone CF. Aspergillus kawachiiproduces an 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 7, July 2018

ISSN NO: 0972-1347

http://ijics.com/313



acidic pectin releasing enzyme activity. J BiosciBioeng 1999; 88:48-52. 

6. Fernandes-SalomaoT.M., AmorimA.C.R., Chaves-AlvesV.M., (1996) J.L.C. Coelho, 

D.O. Silva, E.F. Araujo, Rev. Microbiol. 27 (1996) 15–18. 

7. Hoondal G.S., Tiwari R.P., Tiwari R., Dahiya N. and Beg Q.K., (2000) Microbial 

alkaline pectinases and their applications: A review, ApplMicrobiolBiotechnol, 59, 409-

18. 

8. Hoondal G, Tiwari R, Tewari R, Dahiya N, Beg Q. (2002) Microbial alkaline pectinases 

andtheir industrial applications: a review. ApplMicrobiolBiotechnol, 59:409-418. 

9. Kapoor M, Kuhad RC. Improved polygalacturonase production from Bacillus sp. MG-cp-

2 under submerged (SmF) and solid state (SSF) fermentation. Lett ApplMicrobiol 2002; 

34:317-322. 

10. Kashyap DR, Vohra PK, Chopra S, Tewari R. Applications of pectinases in 

thecommercial sector: a review. Bioresourc Technology 2001; 77:215-227. 

11. KilaraA., (1982), Enzymes and their uses in the processed apple industry: A review, Proc. 

Biochem, 23; 35-41. 

12. Kuhad RC, Kapoor M, Rustagi R. Enhanced production of an alkaline pectinase from 

Streptomyces sp. RCK-SC by whole-cell immobilization and solid-state cultivation. 

World J MicrobiolBiotechnol 2004; 20:257-263. 

13. Lowry O H, RosebroughN.J., FarrA.L., RandallR.J., (1951) J. Biol.Chem. 193 265–275. 

14. MillerJ.N. Be, (1986) An introduction to pectins: Structure and properties, In: M.L. 

Fishman and J.J.   Jem (Eds.), Chemistry and Functions of Pectins, ACS Symposium 

Series 310, American Chemical Society, Washington, DC,. 

15. MillerG.L., Anal. Chem. 31 (1959) 426–428. 

16. Pedrolli DB, Carmona EC. Purification and characterization of the exopolygalacturonase 

produced by Aspergillus giganteusin submerged cultures. J Ind MicrobiolBiotechnol 

2010; 37:567-573. 

17. Reid I.and Richard M., Purified pectinase lowers cationic demand in peroxide-bleached   

mechanical pulp, Enzyme Microbial Technol, 34(2004), 499-504. 

18. Rehman HU, Aman A, Zohra RR, Qader SAU. Immobilization of pectin degrading 

enzyme from Bacillus licheniformis KIBGE IB-21 using agar-agar as a support. 

CarbohydrPolym 2014; 102:622-626. 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 7, July 2018

ISSN NO: 0972-1347

http://ijics.com/314



19. Sathyanarayana NG, Panda T. Purification and biochemical properties of microbial 

pectinases—a review. Process Biochem 2003; 38:987–96. 

20. Salazar L. and Jayasinghe U., (1999) Fundamentals of purification of plant viruses, In: 

Techniques in Plant, C.I.P. Virology, J.O. Training Manual, Virus Purification, 

International Potato Centre, Peru 

21. Sponza, Delia Teresa, and AyşenUluköy(2005) Treatment of 2, 4-dichlorophenol (DCP) 

in a sequential anaerobic (upflow anaerobic sludge blanket) aerobic (completely stirred 

tank) reactor system. Process biochemistry 40.11: 34193428.  

22. Sharma D, Satyanarayana T. A marked enhancement in the production of a 

highlyalkaline and thermostable pectinase by Bacillus pumilusdcsr1 in submerged 

fermentation by using statistical methods. BioresourcTechnol 2006; 97:727-733. 

 

23. Tanabe H., YoshiharaK., K. Tamura, Y. Kobayashi, I. Akamatsu, N. Niyomwan and P.      

Footrakul, (1987) Pretreatment of pectic wastewater from orange canning process by an 

alkalophilic bacillus sp., J. Fermentation Technol, 65, 243-246. 

24. Tanabe H., Kobayashi Y. and Akamatsu I., Pretreatment of pectic wastewater from 

orange canning by soft-rot Erwinia carotovora, J. Fermentation Technol, 64(1986), 265-

268. 

25. Vaillant F, Cisse M, Chaverri M, Perez A, Dornier M, Viquez F. Clarification 

andconcentration of melon juice using membrane processes. Innov Food Sci 

EmergTechnol 2005;6:213-220. 

 

 

 

 

 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 7, July 2018

ISSN NO: 0972-1347

http://ijics.com/315


