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Abstract
Pectinases are one of the commercial enzymes that are extensively used in wine and fruit juice 
industries for clarification, and paper industry for bleaching up pulp. This work was focused on 
optimization of culture conditions for production of pectinase by submerged fermentation using 
citrus pectin as an inducer. Pectinolytic Aspergillus niger isolated from citrus pectin culture 
medium was used to determine the best initial pH, temperature, time, and nitrogen source and 
pectin concentration for pectinase production. Studies carried out on the pectin-depolymerizing 
capacity of the organism indicated 1.2 cm clearance zone. Temperature of 30°C, pH of 5.0, 4th day 
of fermentation, (NH4)2SO4 and 1.0% pectin concentration were the optima for pectinase 
production with specific activities of 1.7 U/mg, 1.78 U/mg, 4.23 U/mg, 3.03 U/mg and 3.01 U/mg 
respectively. Results of this work will serve as reference material to researchers whose interest are 
on producing quality fungal pectinases at cheaper cost.

Keywords: Submerged fermentation; Aspergillus niger; Citrus pectin; Pectinase; Ripened 
orange fruits

Introduction
Pectins are a family of complex polysaccharides, primarily composed of α-1→4 linked 

D-galacturonic acid residues with a small number of rhamnose residues in the core chain and 
galactose, arabinose and xylose on their side chains Rangarajan et al. [1]. The highest concentrations 
of pectin are found in the middle lamella of cell wall, with a gradual decrease as one passes through 
the primary wall toward the plasma membrane [2]. Pectins and complex hemicelluloses contribute 
to the structural integrity and consistency of plant tissues as well as for the quality of vegetables and 
fruits [3]. Pectic polysaccharides such as, homogalacturonan, rhamnogalacturonan-1 and substitutes 
galacturonans, have been isolated from primary plant cell wall. Homogalacturonan (HG) is a linear 
polymer consisting of 1,4-linked α-D-galacturonic acid, in which some of the carboxyl groups are 
methyl-esterified at C-6 and carry acetyl group on O-2 and O-3 [4].

Pectinases are group of enzymes which cause degradation of pectin. They catabolize pectic 
substances by degradation reactions through depolymerization (hydrolases and lyases) and de 
esterification (esterases) reactions [5]. Various microorganisms like bacteria, fungi and yeast are 
responsible for their production. However, fungi species especially Aspergillus species are widely 
utilized in production of pectinases which are used in extraction, clarification and removal of pectin 
in fruit juices, in maceration of vegetables to produce pastes and purees and in wine making [6].

Pectinases are commercially produced using either submerged or solid state fermentation 
cultures. Enzyme producing microorganisms are isolated from different sources, such as soil, decayed 
plant parts and contaminated host tissue of plants. In solid state fermentation culture, microbial 
growth and product formation usually occur at or near the surface of solid substrate particles with 
low moisture content [7], whereas in submerged fermentation culture, production of pectinases 
generally depends on medium compositions such as pectin concentration, nitrogen source, pH of 
the medium, temperature and fermentation time. Semi-solid or submerged fermentation medium is 
more favorable to fungal growth since in the medium, the moisture content, agro-waste (substrate) 
and pH are the main factors determining enzyme yield. Thus, the aim of this research is to determine 
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the optimal biotechnological conditions for production of pectinase 
by Aspergillus niger, using industrial citrus pectin as a carbon source.

Materials and Methods
Microbial culture

Ripened orange fruits were purchased from different fruit 
markets in Eke Agbani in Nkanu West Local Government Area 
of Enugu, Nigeria. The fruits were exposed in an open space 
behind Biochemistry Laboratory in Enugu State University of 
Science and Technology and allowed to decay to serve as source of 
Aspergillus niger. Approximately 5 g of the rotten orange fruit were 
cut using sterile blade and homogenized in sterile medium of 1% 
citrus pectin; containing 0.14% of (NH4)2SO4, 0.2% of K2HPO4, 
0.02% of MgSO4.7H2O, 0.1% of nutrient solution containing; 5g/L 
FeSO4.7H2O, 1.6 mg/L MnSO4.H2O, 1.4 mg/L ZnSO4.7H2O, 2.0 mg/L 
CoCl2 and pH 5.0, using a modification of Udewobele et al [8]. The 
pH of the medium was adjusted to pH 5.0 by using 1.0N HCl/1.0N 
NaOH. The mixture was incubated at room temperature (30°C) for 
24 h. A loop of the homogenized medium was then streaked onto 
the same medium containing 3% agar-agar (the gelling agent) and 
incubated at 30°C for 4 days. All morphological contrasting colonies 
were purified by repeated culturing and sub culturing. Pure fungal 
isolates were maintained on Potato Dextrose Agar (PDA) slants for 
further experiment.

Fungal identification
Identification was carried out by relating features and the 

micrographs to “Atlas of mycology” by Barnett and Hunter [9]. 
Species identification was by examining both macroscopic and 
microscopic features of a three day old pure culture. Color, texture, 
nature of mycelia and/or spores produced, growth pattern in addition 
to microscopic features such as separation, spore shapes and so on 
were examined and confirmed Aspergillus niger.

Screening of fungal isolates for pectinolytic activity
The pectinolytic activity was first assayed by well diffusion 

method. The citrus pectin agar plate was prepared and three wells 
were made with sterilized cork borer in the Petri plate under aseptic 
conditions. The wells were filled with culture filtrate and incubated 
at room temperature overnight. The substrate utilized zone around 
the colony was observed using iodine solution Bijesh et al. [10]. The 
diameter of colonies and clear zones were measured. The strains were 
classified as very good producers of pectin depolymerizing enzymes 
when presented clear halos around colonies of at least 1.5 cm, good 
producers when the halos were of at least 1 cm, weak producers when 
halos were at least 0.5 cm and poor producers when no pectinolytic 
activity and no clearly is zones were observed Marcia et al. [11].

Secondary, a modified pectin liquid media was employed using 

250 ml Erlenmeyer flasks containing 100 ml of sterile cultivation 
media optimized for pectinase production with 0.1% NH4NO3, 0.1% 
NH4H2PO4, 0.1% MgS04.7H2O, 0.5% citrus pectin and pH adjusted 
to 5.0. The flasks were stoppered with aluminum foil and autoclaved 
at 121°C for 15 min. Using a flamed and cooled cork borer (10 mm) 
and transfer needle, one disc of fungal hyphae from edge of actively 
growing citrus pectin agar culture was introduced into the liquid 
media. The flask was covered with sterile foil and incubated at 30°C 
for 4days. After incubation, the culture was harvested by filtration 
through what man No.1 filter paper and used for quantitative 
pectinolytic activity screening of the fungal isolate Adeleke et al. [12].

Pectinase assay
Pectinase activity was evaluated by assaying for Polygalacturonase 

(Pg) activity of the enzyme. This was achieved by measuring the 
release of reducing groups from citrus pectins using a modification of 
the 3,5-Dinitrosalicylic acid (DNS) reagent assay method described 
by Miller et al. [13] as contained in Wang et al. [14] with little 
modifications. The reaction mixture containing 0.8 ml of 0.2% citrus 
pectin in 0.05M sodium acetate buffer of pH 5.0 ml and 0.2 ml of 
enzyme solution were incubated for 20 min. 1 ml of DNS Reagent 
was added and there action was stopped by boiling the mixture in a 
boiling water bath for 10 min. The mixture volume was made up to 
4 ml with 1 ml of Rochelle salt solution and 1 ml of distilled water. 
There action mixture was allowed to cool and then absorbance read 
at 575 nm. One unit of enzyme activity was defined as the amount of 
enzyme that catalyzes the release of one micromole of galacturonic 
Acid per minute.

Protein determination
Protein content of the enzyme was determined by the method of 

Lowry [15], using Bovine Serum Albumin as standard. For protein 
standard curve, there action mixture contained 0.0 ml to 1.0 ml 
of protein stock Solution (2 mg/ml BSA) in test tubes arranged in 
triplicates. The volume was made up to1ml with distilled water. But 
for the test mixture, 0.1 ml of sample enzyme was mixed with 0.9 ml 
of distilled water. In either case, 5 ml of solution E was added and 
an allowed to stand at room temperature for about 10 min. 0.5 ml 
of solution C (dilute Folin-Ciocalteau phenol reagent) was added 
with rapid mixing. After standing at room temperature for 30 min, 
absorbance was read at 750 nm using Spectrophotometer. Absorbance 
values were converted to protein concentration by extrapolation from 
the standard curve.

Fermentation experiments
Submerged Fermentation (SmF) technique was employed using 

the method described by Ezugwu et al. [16], with the following 
modifications; 250 ml Erlenmeyer flask containing 100 ml of sterile 
cultivation media made up of 0.1% NH4NO3, 0.1% NH4H2PO4, 0.1% 

Figure 1: Pure culture of Aspergillus niger. Figure 2: Effect of fermentation period on pectinase production.
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MgS04.7H2O and 0.5% citrus pectin, adjusted to pH 5.0 by using 
1.0N HCl/1.0N NaOH. Inoculation was carried out as in quantitative 
pectinolytic activity screening. The culture was incubated for 4 days 
at 30°C and the mycelia biomass separated by filtration through 
what man No.1 filter paper. The filtrate was stored at 4°C and used 
as the crude enzymes for pectinase (polygalacturonase) activity and 
extracellular protein concentration.

Optimization of pectinase production by submerged 
fermentation technique

Optimization of physico-chemical parameters such as the 
incubation period, pH, temperature, pectin concentration and 
nitrogen source was performed to determine the best fermentation 
condition for enhanced pectinase production. Temperature range of 
30°C to 50°C (interval of 10°C) and pH range of 3.5 to 6.0 (at interval 
0.5) was screened for optimization of temperature and pH parameters. 
Incubation time of day 1, day 2, day 3, day 4, and day 5 were used to 
study the optimal incubation time for pectinase production. Effects 
of various citrus pectin concentration (0.2, 0.4, 0.6 and 1.0%) and 
inorganic nitrogen compounds (ammonium nitrate, ammonium 
sulphate, sodium nitrate and ammonium chloride) on pectinase 
production were also examined. Enzyme activity was determined 
using a modification of the 3,5-Dinitrosalicylic acid (DNS) reagent 
assay method described by Miller [13] as contained in Wang et al. 
[14] with little modifications. Also protein content of the enzyme was 
determined in each step by the method of Lowry et al. [15].

Results and Discussion
Screening of Isolate: In this study, attempt was made to isolate 

pectinase producing Aspergillus niger responsible for fruit decay. 
Fungal species isolated from rotten orange fruit sample was 
examined based on its morphological characteristics and confirmed 
Aspergillus niger (Figure 1). Pectinase activity of the organism was 
determined using agar well diffusion assay method where the fungal 
strain presented a clearance zone of 12 mm (1.2 cm). This result was 

in agreement with the statement of Marcia et al. [11] who said that 
pectin depolymerizing enzymes when presented clear halos around 
colonies of at least 1 cm are classified as good producers of pectinase. 
Also quantitative secondary screening of pectinase activity of the 
organism on 4th day of production presented a specific activity of 4.23 
U/mg. This culture was used for optimization of pectinase production 
using submerged fermentation process.

Optimization of culture conditions
Pectinase production by filamentous fungi varies according 

to the strain, culture condition such as pH temperature time of 
incubation, nitrogen and carbon sources [17]. Effect of time on 
pectinase production was carried out over a period of five days by 
determine pectinase daily activity and protein concentration of crude 
enzyme filtrate. The result indicated the highest specific activity on 4th 
day of fermentation (Figure 2). Reported maximal pectinase activity 
from Aspergillu niger at the end of a fermentation period of 4 days 
[18]. Hence 4th day was considered the maximum day of pectinase 
production in this work.

Studies on the effect of inorganic nitrogen sources such as 
ammonium chloride ammonium nitrate, ammonium sulphate and 
sodium nitrate indicated ammonium sulphate best for pectinase 
production by Aspergillus niger and sodium nitrate least with specific 
activities of 3.03 u/mg and 1.57 u/mg respectively (Figure 3). This 
result is in agreement with the work of Abbasi et al. [19] who reported 
maximum production of exo and endo pectinase in ammonium 
sulphate than sodium nitrate as nitrogen source by Aspergillus niger. 
Also four days submerged fermentation with 0.2%, 0.4%, 0.6% and 
1.0% of citrus pectin showed 1.0% citrus pectin best and 0.2% least for 
pectinase production with specific activities of 3.01 u/mg and 1.3U/mg 
respectively (Figure 4). Ezike et al. [20] produced pectinase with 1.0% 
orange pectin under submerged fermentation condition.

Furthermore, optimization studies at pH ranges of 3.5 to 6.0 (at 
internal 0.5) revealed pH 5.0 best for pectinase production with specific 
activity of 1.73 U/mg (Figure 5). Also studies at temperature ranges 
of 30°C to 60°C (at interval of 10°C) for 2 days revealed temperature 
of 30°C best for pectinase production with a specific activity of 1.78 

Figure 3: Effect of inorganic nitrogen sources on pectinase production.

Figure 4:  Effect of pectin concentration on pectinase production.

Figure 5:  Effect of pH on pectinase production.

Figure 6:  Effect of temperature on pectinase production.



Chukwunonso Anthony Nsude, et al., Annals of Clinical Immunology and Microbiology

Remedy Publications LLC. 2019 | Volume 1 | Issue 1 | Article 10054

u/mg (Figure 6). Gummandi et al. [21] analyzed the biochemical 
properties of microbial pectinase extracted from Aspergillus niger 
U-86 and found that the enzyme was stable at 30°C and at a pH of 
3.0 to 6.0. According to Palaniyappan et al. [22] Aspergillus niger 
MTCC 281 showed highest pectinase activity of 5.15 u/mg at 30°C 
and 5.5 u/mg at pH of 5.5. The results of pH and temperature in this 
research are comparable with that of the above two authors [23].

Conclusion
This research work has shown that on day 4, at 30°C and 

pH 5.0, 1% concentration of citrus pectin and with ammonium 
sulphate, pectinase production by Aspergillus niger is maximum. The 
pectinase needed in fruit juice and textile industries can be produced 
commercially when the resources are highly made available.

References
1. Rangarajan V, Rajasekharan M, Ravichandran R, Sriganesh K, 

Vaitheeswaran V. Pectinase production from orange peel extract and 
dried orange peel solid as substrates using Aspergillus niger. Int J 
Biotechnol Biochem. 2010;6(3):445-53.

2. Kertesz ZJ. The pectic substance. Interscience Publishers. New York. 
1951:68.

3. Pilnik W, Voragen AGJ. The significance of endogenous and exogenous 
pectic enzyme in fruit and vegetable processing. In: Fox PF, editor. Food 
Enzymology, Elsevier Science Publishers, Amsterdam. 1991: 330-6.

4. Niture SK. Comparative biochemical and structural characterizations of 
fungal polygalacturonases. Biologia. 2008;63(1):1-19.

5. Tariq A, Latif Z. Isolation and biochemical characterization of bacterial 
isolates producing different levels of polygalacturonases from various 
sources. Afr J Microbiol Res. 2012;6(45):7259-64.

6. Khan F, Latif Z. Molecular characterization of polygalacturonase 
producing bacterial strains collected from different sources. J Animal Plant 
Sciences. 2016;26(3):612-8.

7. Ogunlade, Oluwayemisi A. Effect of blanching, ripening and other 
treatments on the production characteristics of pectinolytic enzymes 
from banana peels by Aspergillus niger. Global J Sci Frontier Res Chem. 
2012;12(2):37-46.

8. Udenwobele DI, Nsude CA, Ezugwu AL, Eze SOO, Anyawu CU, Uzoegwu 
PN. Extraction, partial purification and characterization of pectinase 
isolated from Aspergillus speius cultured in Mango peels. African J 
Biotechnol. 2014;13(24):2445-2454.

9. Barnett HL, Hunter BB. Illustrated general of imperfect fungi. Burgess, 
Minneapolis, Minnesota, USA, 3rd ed. 1972:20-130.

10. Bijesh K, Steni KT, Denji S. Co-production of pectinase and biosurfactant 
by the newly isolated train bacillus subtills bkosi. Bristish Microbiol Res J. 
2015;10(2):1-12.

11. Márcia MCNS, da Siva R, Gomes E. Screening of bacterial strains for 
pectinolytic activity: characterization of the polygalacturonase produced 
by Bacillus s. Revista de Microbiologia. 1999;30(4):299-303.

12. Adeleke AJ, Odufo SA, Olanbiwonninu A, Owosen MC. Production of 
cellulose and pectinase from orange peels by fungi. Nature and science. 
2012;10(5):201-8.

13. Miller GI. Use of dimitrosalicylic acid reagent for determination of 
reducing sugars. Analytical chemistry. 1959;31(3):426-8.

14. Wang G, Michailides TJ, Bostock RM. Improved detection of 
polygalacturonase activity due to Mucor piriformis with a modified 
dinitrosalicylic acid reagent. Phytopathology. 1997;87(2):161-3.

15. Lowry OH, Rosenbrough PJ, Fass AL, Randall RJ. Protein measurement 
with folin-phenol reagent. J Biol Chem. 1951;193(1):265-75.

16. Ezugwu AL, Ezike TC, Ibeawuchi A, Nsude CA, Udenwobele DI, Eze 
SOO, et al. Comparative studies on pectinase obtained from Aspergillus 
fumigatus and Aspergillus niger in submerged ferminatation system using 
pectin extract from mango, orange and pineapple peels as carbon sources. 
Nigeria J Biotechnol. 2014;28:26-34.

17. Patil SR, Dayanand A. Production of pectinase from deseeded sunflower 
head by Aspergillus niger in submerged and solid-state conditions. 
Bioresources Technol. 2006;97(16):2054-8.

18. Suresh B, Viruthagiri T. Optimization and kinetics of pectinase enzyme 
using Aspergillusniger by solid-state fermentation. Indian J Sci Technol. 
2010;3(8):867-70.

19. Heydar A, Fazaelipoor HM. Pectinase production in a defined medium 
using surface culture fermentation. Int J Industrial Chem. 2010;1(1):5-10.

20. Ezike TC, Eze SOO, Nsude CA, Chilaka FC. Production of pectinases 
from Aspergillus niger using submerged fermentation with orange peels as 
carbon source. Sylwan. 2014;158(8):434-40.

21. Gummadi SN, Panda T. Purification and biochemical properties of 
microbial pectinase- a review. Process Biochemistry. 2003;38(7):987-96.

22. Palaniyappan M, Vijayagopal V, Renukal V, Viswanathan R, Viruthagiri T. 
Screening of natural substrates and optimization of operating variables 
on the production of pectinase by submerged fermentation using 
Aspergillus niger MTCC 281. Afr J Biotechnol. 2009;8(4):682-6.

23. McCready R. Methods on food analysis. Academic Press, New York and 
London, 2nd ed. 1970:365.

https://www.researchgate.net/publication/264719033_Pectinase_Production_from_Orange_Peel_Extract_and_Dried_Orange_Peel_Solid_as_Substrates_Using_Aspergillus_niger
https://www.researchgate.net/publication/264719033_Pectinase_Production_from_Orange_Peel_Extract_and_Dried_Orange_Peel_Solid_as_Substrates_Using_Aspergillus_niger
https://www.researchgate.net/publication/264719033_Pectinase_Production_from_Orange_Peel_Extract_and_Dried_Orange_Peel_Solid_as_Substrates_Using_Aspergillus_niger
https://www.researchgate.net/publication/264719033_Pectinase_Production_from_Orange_Peel_Extract_and_Dried_Orange_Peel_Solid_as_Substrates_Using_Aspergillus_niger
https://link.springer.com/article/10.2478/s11756-008-0018-y
https://link.springer.com/article/10.2478/s11756-008-0018-y
https://www.researchgate.net/publication/291157882_Isolation_and_biochemical_characterization_of_bacterial_isolates_producing_different_levels_of_polygalacturonases_from_various_sources
https://www.researchgate.net/publication/291157882_Isolation_and_biochemical_characterization_of_bacterial_isolates_producing_different_levels_of_polygalacturonases_from_various_sources
https://www.researchgate.net/publication/291157882_Isolation_and_biochemical_characterization_of_bacterial_isolates_producing_different_levels_of_polygalacturonases_from_various_sources
https://pdfs.semanticscholar.org/f7c4/f8297c4f9df640d3b6c61bbdbec03f3d062b.pdf
https://pdfs.semanticscholar.org/f7c4/f8297c4f9df640d3b6c61bbdbec03f3d062b.pdf
https://pdfs.semanticscholar.org/f7c4/f8297c4f9df640d3b6c61bbdbec03f3d062b.pdf
https://www.ajol.info/index.php/ajb/article/view/120815
https://www.ajol.info/index.php/ajb/article/view/120815
https://www.ajol.info/index.php/ajb/article/view/120815
https://www.ajol.info/index.php/ajb/article/view/120815
http://www.journalrepository.org/media/journals/BMRJ_8/2015/Aug/Sebastian1022015BMRJ19627.pdf
http://www.journalrepository.org/media/journals/BMRJ_8/2015/Aug/Sebastian1022015BMRJ19627.pdf
http://www.journalrepository.org/media/journals/BMRJ_8/2015/Aug/Sebastian1022015BMRJ19627.pdf
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0001-37141999000400002
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0001-37141999000400002
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0001-37141999000400002
https://www.researchgate.net/publication/232726273_Production_of_Cellulase_and_Pectinase_from_Orange_Peels_by_Fungi
https://www.researchgate.net/publication/232726273_Production_of_Cellulase_and_Pectinase_from_Orange_Peels_by_Fungi
https://www.researchgate.net/publication/232726273_Production_of_Cellulase_and_Pectinase_from_Orange_Peels_by_Fungi
https://pubs.acs.org/doi/abs/10.1021/ac60147a030
https://pubs.acs.org/doi/abs/10.1021/ac60147a030
https://www.ncbi.nlm.nih.gov/pubmed/18945136
https://www.ncbi.nlm.nih.gov/pubmed/18945136
https://www.ncbi.nlm.nih.gov/pubmed/18945136
https://www.ncbi.nlm.nih.gov/pubmed/14907713
https://www.ncbi.nlm.nih.gov/pubmed/14907713
https://www.ajol.info/index.php/njb/article/view/112485
https://www.ajol.info/index.php/njb/article/view/112485
https://www.ajol.info/index.php/njb/article/view/112485
https://www.ajol.info/index.php/njb/article/view/112485
https://www.ajol.info/index.php/njb/article/view/112485
https://www.ncbi.nlm.nih.gov/pubmed/16263274
https://www.ncbi.nlm.nih.gov/pubmed/16263274
https://www.ncbi.nlm.nih.gov/pubmed/16263274
https://www.researchgate.net/publication/266092929_Optimization_and_kinectics_of_pectinase_enzyme_using_Aspergillus_niger_by_solid-state_fermentation
https://www.researchgate.net/publication/266092929_Optimization_and_kinectics_of_pectinase_enzyme_using_Aspergillus_niger_by_solid-state_fermentation
https://www.researchgate.net/publication/266092929_Optimization_and_kinectics_of_pectinase_enzyme_using_Aspergillus_niger_by_solid-state_fermentation
https://www.sid.ir/en/journal/ViewPaper.aspx?id=189777
https://www.sid.ir/en/journal/ViewPaper.aspx?id=189777
https://www.researchgate.net/publication/265602302_Production_of_Pectinases_from_Aspergillus_niger_using_submerged_fermentation_with_orange_peels_as_carbon_source
https://www.researchgate.net/publication/265602302_Production_of_Pectinases_from_Aspergillus_niger_using_submerged_fermentation_with_orange_peels_as_carbon_source
https://www.researchgate.net/publication/265602302_Production_of_Pectinases_from_Aspergillus_niger_using_submerged_fermentation_with_orange_peels_as_carbon_source
https://www.sciencedirect.com/science/article/pii/S0032959202002030
https://www.sciencedirect.com/science/article/pii/S0032959202002030
https://www.ajol.info/index.php/ajb/article/view/59913
https://www.ajol.info/index.php/ajb/article/view/59913
https://www.ajol.info/index.php/ajb/article/view/59913
https://www.ajol.info/index.php/ajb/article/view/59913

	Title
	Abstract
	Introduction
	Materials and Methods
	Microbial culture
	Fungal identification
	Screening of fungal isolates for pectinolytic activity
	Pectinase assay
	Protein determination
	Fermentation experiments
	Optimization of pectinase production by submerged fermentation technique

	Results and Discussion
	Optimization of culture conditions

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

