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/ABSTRACT

20% from botanical garden.

This study was conducted to screen for pectinase production by Aspergillus niger isolated from soil samples collected from three
different locations within Ahmadu Bello University, Zaria, (botanical garden (BG), refuse dump (RD) and sheep pen (SP) sites).
Fifteen (15) soil samples were collected from different locations and used for isolation by cultural method. Isolates suspected to be
Aspergillus niger were further identified by microscopic examination using lactophenol cotton blue stained-preparation and slide
culture technique. The isolates were then screened in a pectin-containing medium for their pectinase activity. The isolates were
further subjected to pectinase production using citrus pectin as the substrate under submerged fermentation conditions. Seven (7)
isolates were confirmed to be Aspergillus niger with percentage occurrence of 60% each from sheep pen, refuse dumpsites and

\\ Keywords: Aspergillus niger, Pectinase, Production, Soil, Screening etc.

INTRODUCTION

Aspergillus niger Pectin is a polymeric material having
carbohydrate group esterified with methanol. It is an
important component of plant cell wall with highest
concentration in the middle lamella (1). This acts as a
connecting substance between adjacent cells. Pectinases
consist of a mixture of complex enzymes that specifically
catalyzes the hydrolysis of pectin-containing substrates (2)
These enzymes are divided into three main classes that
catalyzes  depolymerization, demethylation and de-
esterification  reactions.  (Polygalacturonase is a
depolymerizing enzyme that catalyzes the breakdown of 1,4-
glycosidic bonds between two galacturonic acid residues in
the smooth region of the pectin molecule. Whereas, pectin
lyase (EC 4.2.2) and pectin esterase (EC 3.1.1) are
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demethylating and deesterifying enzymes respectively, these
acts as the elimination reaction between two methylated
residues and splitting of methoxyl groups releasing methanol
Pectinases are derived from different sources such as
bacteria, fungi, plants, insects, protozoans and nematodes (3)
Several bacterial and fungi species have for long been
known to produce pectinolytic enzymes and it is widely
believed that the production of these enzymes is a major
means by which these microorganisms invade the host tissue
(4). Even though the occurrence of pectinolytic enzymes
have been reported in a large number of bacteria and fungi,
almost all the commercial preparations of pectinases are
produced from fungal sources, with Aspergillus niger being
the most commonly used fungi species for industrial
production of pectinolytic enzymes (5). Aspergillus niger are
widely distributed geographically and have been observed in
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broad range of habitats because they can colonize wide
variety of substances.

METHDOLOGY

Extraction of pectin

Orange peels were cut into small pieces and these were kept
for air drying; 100g of dried orange peels were weighed and
transferred into 1000ml beaker containing 400ml warm
ethanol. Keep it aside for few mintues, after trhat peels were
separated from ethanol by filtration process. These peels
were again washed with sufficient quantity of distilled water.
Again filter the solution to separate peels from water. To that
peels add 800ml of distilled water and 12g of sodium
hexametaphosphate and adjust pH with HCL to 2.2+0.1. this
mixture was heated on water bath at 70° C for 1 hr with
continous stirring to avoid sticking of peels to the bottom of
the beaker. The extract was filtered through a muslin cloth
and the residue were washed with 200ml of distilled water.
The washings were added to the filtrate. The filtrate was
concentrated on a hot plate to get 1/5% of the initial volume.
The concentrated pectin was cooled, and it was poured into a
volume of 0.5M HCL-sprit(1:3) ratio solution. The mixture
was stirred for 30 min and allowed to stand for 1 hr. the
precipitate was centrifuged and washed with HCL-sprit
solution again was it centrifuged and finally washed with
acetone to remove traces of HCL and sprit. Again, it was
centrifuged to remove acetone. This pectin was spreaded in
to petri plates. The extracts was dried in oven at 40°C for a
few hours to constant weight. Finally it was stored in
refrigerator. (6).

Pectinolytic activity test

25 ml of production agar medium pectin is sole carbon
source was prepared and sterilized autoclave.
Simultaneously, petri dish were sterilized by hot air
oven(160° for 2 hours). The medium was poured in
petridesh aseptically, leave for solidification. After
solidification fresh mixture Aspergillus niger was stabbed at
the center of petri desh. Incubate for 3 days at room
temperature. Results were observed.

PRODUCTION OF PECTINASE ENZYME

In the production of Pectinase enzyme it mainly contains 2
steps:

1. Inoculum medium

2. Production medium

INOCULUM MEDIUM

Prepare SAB broth medium and sterilize for 15 min by using
autoclave at 121° C, 15 Ib pressure. Cool the medium for
few minutes and add inoculum aseptically in laminar air
flow chamber. Keep the mixture on rotary shaker for 24 hrs

PRODUCTION MEDIUM

Prepare production medium (pectin sole carbon source), up
to 100ml with distilled water. This medium is sterilized by
autoclave at 121° C at 15 Ib pressure for 15 min. Cool the
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medium, then inoculum is added aseptically in laminar air
flow chamber. Keep the mixture on rotary shaker for 4 days.
Medium is centrifuged, then supernatant was collected and it
is further proceed for purification process.

PARTIAL PURIFICATION OF PECTINASE
ENZYME

Supernatant was precipitated by adding ammonium sulphate,
upto saturation level and freeze it over night at 4° C. After
freezing the precipitate is centrifuge for 10 min at
1000rpmthen separation of precipitate take place. The
superintant layer was discarded and the remaining purified
enzyme was collected. These were stored by adding sodium
acetate buffer (7).

STANDARDIZATION PROCEDURE

Prepare different volumes of 0.001N galacturonic acid from
stock solution. To each add 1ml of sodium acetate buffer.
Incubate for 15 min at 30° C, Then add 4ml DNS reagent to
each tube and boil for 15 min. Measure the absorbance at

575nm, galacturonic acid omitted solution was taken as
blank.(8)

ASSAY PROCEDURE

Polygalatcuronase activity was determined by measuring the
amout of realsed reducing groups by pectin hydrolysis
within 3,5 dinitrosalicyclic acid reagent. Different
volumes(100, 300)partially purified enzyme was taken. To
each stock tube add 1ml of pectin solutions and 1 ml of
sodium acetate buffer. Incubates the tube for 15 mints at 30°
C, after incubation add 4 ml of DNS reagent for boil for 15
mints at 40° C. then cool it for few mints and measure
absorbance at 575nm.galacturonic acid was taken as
standard. Pectinase omitted was taken as blank . one unit of
polygalacturonase activity was defined as the amount of
enzyme required to release to 1mmol of galacturonic acid
per minte under standard assay conditions.(9)

Microbiology

Freshly sub cultured and fully sporulated slants of isolate
was taken 2ml spore suspensions was prepared by
inoculating a loopful of fungal isolate to sterile water . 3ml
of sterile SAB agar medium was poured in petri dish after
solidification 0.5ml of culture suspensions was poured over
the medium the plate was inoculated. after proper incubation
growth morphology was observed under microscope.(10)

RESULTS AND DISCUSSION

ISOLATION OF FUNGI FROM ONION PEELS
Block molds containing onions were collected from market
and it was transported to laboratory. By using inoculating
loop streak the organism in a test tube containing SAB agar
medium aseptically in laminar air flow chamber. Incubate at
room temperature for 3 days, these slants were further used
for pectinase production.
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Fig 1: Black molds containing onions

COLLECTION OF ORANGES

v Fresh Oranges were collected from local market, perecherla

Fig 2: Strains of Aspergillus niger

v' Orange peels were cut in small pieces and they were kept for shade drying.

v' Further these were used for the extraction of pectin.

Fig 4: Shade dried orange peels

EXTRACTION OF PECTIN
PEELS

100g of dried orange peels were weighed And these were
transferred in to 1000ml beaker containing 400ml of warm
ethanol, then keep it aside for few minutes. After that peels
were separated from ethanol by filtrations process. These
peels were again washed with sufficient quantity of distilled

FROM ORANGE
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water, again filter the solution to separate the peels from
water. To that peels add 800ml of distilled water and 12g of
sodium hexameta phosphate and adjust the pH with 3N HCI
to 2.2 + 0.1.The mixture was heated on water bath at 70° C
for 1 hr with continous stirring.

The extract was filtered through a muslin cloth and residue
was washed with 200ml of distilled water. The filterate was
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concentrated on hot plate to get 1/5% of the initial volume.
Concentrated pectin was cooled and it was poured into a
volume of 0.5M HCI-Spirit (1:3) ratio solution. This mixture
was stirred for 30min and allowed to stand for 1 hr. The
precipitate was centrifuged, and washed with HCI and spirit
solution. Again it was centrifuged and finally washed with

acetone to remove traces of HCl and spirit. Again it was
centrifuged to remove acetone. Finally pectin was spread
into petri plates, and it was dried in an oven at 40° C for a
few hours to constant weight. Finally it was stored in
Refrigerator.

Fig 5: Pectin extracted from orange peels

PRODUCTION OF PECTINASE ENZYME

In the production of Pectinase enzyme it mainly contains 2
steps:

1. Inoculum medium

2. Production medium

INOCULUM MEDIUM
Prepare SAB broth medium and sterilize for 15 min by using
autoclave at 121° C, 15 Ib pressure.Cool the medium for few

minutes and add inoculum aseptically in laminar air flow
chamber. Keep the mixture on rotary shaker for 24 hrs.

PRODUCTION MEDIUM

Prepare production medium (pectin sole carbon source), up
to 100ml with distilled water.This medium is sterilized by
autoclave at 121° C at 15 b pressure for 15 min.Cool the
medium, then inoculum is added aseptically in laminar air
flow chamber.Keep the mixture on rotary shaker for 4
days.Medium is centrifuged, then supernatant was collected
and it is further proceed for purification process.

Fig 6: Production medium

PARTIAL PURIFICATION OF PECTINASE ENZYME
Supernatant was precipitated by adding ammonium sulphate, upto saturation level and freeze it over night at 4° C.After it
centrifuge for 10 min at 1000rpm,crystal form of purified enzyme gets separated to it add sodium acetate buffer.
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STANDARDIZATION

Prepare different volumes of 0.001N galacturonic acid from stock solution.To each add 1ml of sodium acetate buffer. Incubate for
15 min at 30° C, Then add 4ml DNS reagent to each tube and boil for 15 min. Measure the absorbance at 575nm, galacturonic acid

Fig 7: Partially purified enzyme

omitted solution was taken as blank.

= % §

lr*-ll }

[}
Q:-'sr | loﬂr 92" :

k1.

-
L
=

Fig 8: Standardization of Galacturonic acid

Table 1: Standardization of Galacturonic acid

S.No | Vol of Galacturonic acid (pl) | Amount of galacturonic acid (pg) | Absorbance at 575nm
1 100 20 0.158
2 200 40 0.22
3 300 60 0.318
4 400 80 0.392
5 500 100 0.48
Table 2: Estimation of enzyme activity
S.No | Vol. of pectinase (ul) | Absorbance at 575 nm | Pectinase activity IU/min
1 100 0.126 13.95
2 300 0.260 46.63
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Fig 9: absorbance vs concentration of enzyme activity

By performing these studies we were confirmed that 100pl
of partially  purified enzyme produce 13.95pmol of
galacturonic acid per minute this revealed that it contain
13.95 international units of pectinase whereas, 300ul of
partially purified enzyme produce 46.63pmol of galacturonic
acid per minute this revealed that it contain 46.63
international units of pectinase. One unit of pectinase
activity was defined as the amount of enzyme required to
release 1 pmol of galacturonic acid per minute.(12)

ASSAY

Different volumes (100,300pl) of partially purified enzyme
was taken.To each tube add 1ml of pectin solution, 1ml of
sodium acetate buffer solution. Incubate the tubes for 15min
at 30° C. After incubation add 4ml of DNS reagent and boil
for 15min at 40° C. Then measure the absorbance at 575nm.
Pectinase omitted solution was taken as blank.

(13)

Fig 10: Partially purified emzyme

MORPHOLOGY

Allow to solidification.
2ml of spore suspension medium was prepared

AN N NN

3ml of sterile SAB agar medium was poured in to petri plates.

After that 0.5ml of culture suspension was added over the medium, incubate for 3-4 days.
Morphology was observed under Trinocular microscope.
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Fig 11: Microscopic image of Aspergillus niger

CONCLUSION

It was concluded that orange peel could be an attractive and
most useful substrate for the production of pectinase enzyme
by using Aspergillus niger. From this work we want to
explore the possibilities of converting waste to wealth. By
this process we are readily accessible as waste with little or

Fig 12: Macroscopic image of A. niger

no cost and it also contain an appreciable amount of pectin,
which is regarded as low cost substrate for efficient and
economical production of pectinases using Aspergillus niger.
Pectinases has wide applications in industries, which is
produced with low cost through waste. It produce markable
amount of pectinase while compared with marketed product.
In this study we were isolated Aspergillus niger from onion

peels.

REFERENCES

1.

10.

11.

12.
13.

14.

Dominguez H, Ntfiez MJ, Lema JM. Enzymatic pretreatment to enhance oil extraction from fruits and oil seeds: a review.
Food Chem. 1994;49(3):271-86. doi: 10.1016/0308-8146(94)90172-4.

Gams W, Christensen M, Onions AH, Pitt JI, Samson RA. Intrageneric taxa of Aspergillus. In: Samson RA, Pitt JI, editors
Advances in Penicillium and Aspergillus systematics. Plenum Press; 1985. p. 55-62.

Ghosal S, Biswas K, Chakrabarti DK. Toxic naphtho-ypyrones from Aspergillus niger. J Agric Food Chem.
1979;27(6):1347-51. doi: 10.1021/j£60226a018, PMID 544666.

Gielkens MMC, Visser J, de Graaff LH. Arabinoxylan degradation by fungi: characterization of the arabinoxylan-
arabinofuranohydrolase encoding genes of Aspergillus niger and A. tubingensis. Curr Genet. 1997;31(1):22-9. doi:
10.1007/5002940050172, PMID 9000377.

Godfrey T, Reichelt J. Industrial enzymology. The application of enzymes in industry. Nature Press, New York Graaf LH
de, van den Broek HC, van Ooijen AJJ, Visser J (1994) Regulation of the xylanase-encoding xInA gene of Aspergillus
tubingensis. Mol Microbiol. 1983;12:479-90.

Grassin C, Fauguenbergue P. Enzymes, fruit juice processing. In: Flickinger MC, Drew SW, editors Encyclopedia of
bioprocess technology: fermentation, biocatalysis, and bioseparation. Wiley & Sons, Inc, New York; 1999 Groot GSP.
Herweijer MA, Simonetti ALM, Selten GCM, Misset O. Enzymes in food and feed: past, present and future. Prog Water
Technol Food Biotechnology — progress in biotechnology. 2000;17:95-9 Hang YD (1976) Fungal treatment of beet waste
8:325-327.

Hang YD, Splittstoesser DF, Woodams EE, Sherman RM. Citric acid fermentation of brewery waste. J Food Sci.
1977;42(2):383-4. doi: 10.1111/j.1365-2621.1977.tb01504.x.

Hang YD, Woodams EE. Characterization of baked bean processing wastewater and its assimilation by Aspergillus
foetidus. J Food Sci. 1979;44(5):1548-9. doi: 10.1111/j.1365-2621.1979.tb06485.x Hang YD. Hang YD, Splittstoesser DF,
Woodams EE. Utilization of brewery spent grain liquor by Aspergillus niger. Appl Microbiol. 1975;30(5):879-80. doi:
10.1128/am.30.5.879-880.1975, PMID 1200633.

Hanssen E. Schddigung von Lebensmitteln durch aflatoxin bl. Naturwissenschaften. 1969;56(2):90-. doi:
10.1007/BF00590582:90 Harmsen JAM. Harmsen JA, Kusters-van Someren MA, Visser J. Cloning and expression of a
second Aspergillus niger pectin lyase gene (pelA): indications of a pectin-lyase gene family in A. niger. Curr Genet.
1990;18(2):161-6. doi: 10.1007/BF00312604, PMID 2225145.

Hasany SM, Basu PK, Kazdan JJ. Production of corneal ulcer by opportunistic and saprophytic fungi. 1. The effect of
pretreatment of fungi with steroid. Can J Ophthalmol. 1973;8(1):119-31. PMID 4574559.

Heenan CN, Shaw KlJ, Pitt JI. Ochratoxin A production by Aspergillus carbonarius and A. niger isolates and detection
using coconut cream agar. J Food Mycol. 1998;1:67-72.

Verma H, Narnoliya Lk, Jadaun JS. Pectinases: A Useful Tool in fruit processing industries; 2018.

Horie Y. Productivity of ochratoxin of Aspergillus carbonarius in Aspergillus section Nigri. Nippon Kingakkai Kaiho.
1995;36:73-6.

Horikoshi K. Enzymes of alkalophiles. In: Fogarty WM, Kelly CT, editors Microbial enzymes and biotechnology. 2nd ed.
London: Elsevier Applied Science; 1990. p. 275-94.

291


https://doi.org/10.1016/0308-8146(94)90172-4
https://doi.org/10.1021/jf60226a018
https://www.ncbi.nlm.nih.gov/pubmed/544666
https://doi.org/10.1007/s002940050172
https://www.ncbi.nlm.nih.gov/pubmed/9000377
https://doi.org/10.1111/j.1365-2621.1977.tb01504.x
https://doi.org/10.1111/j.1365-2621.1979.tb06485.x
https://doi.org/10.1128/am.30.5.879-880.1975
https://www.ncbi.nlm.nih.gov/pubmed/1200633
https://doi.org/10.1007/BF00590582
https://doi.org/10.1007/BF00312604
https://www.ncbi.nlm.nih.gov/pubmed/2225145
https://www.ncbi.nlm.nih.gov/pubmed/4574559

