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Abstract
Background: Owing to the importance of enzyme in fruit processing, demand in quality pectinase has
increased. As a result, understanding the properties of locally produced pectinase is very important to
encourage promotion in its application in the industry. In this study, Aspergillus niger was isolated,
screened for its ability to secrete pectinase. The screened Aspergillus niger was used to produce
pectinase using solid state fermentation of orange peels.

Results: The effect of temperature and its stability, pH and its stability, substrate concentration, metal
ions (Na+, Ca2+, Mg2+, K+, Mn2+, Zn2+, Co2+, and Fe2) were also investigated. The characterized pectinase
was applied in the clari�cation of both orange and pineapple juices. The �ndings revealed that the
enzyme was most effective at 50oC and relatively stable at 20oC activity of about 0.50 mg/ml for both.
The optimal pH of 5  at about 0.50 mg/ml, and stabilized pH of 4 with approximately similar activity was
also obtained. Of the metals ions investigated, Na+ gave the highest activity of about 0.61 mg/ml
compared to ethylenediamine tetraacetic acid (EDTA) which displayed an inhibitory effect. On further
optimizing for the concentration of Na+, low concentration of the ion (10 mM) had higher activity of
about 0.61 mg/ml. The (Km) and Vmax was about 0.36 mg/ml and 4.39 U/ml.

Conclusion: The characterized pectinase clari�ed both orange and pineapple juices, with enhanced
clari�cation in orange juice compared to pineapple juice. Therefore, the characterized crude pectinase
was suitable for application in the clari�cation of juices.

Background
The abundance of agrowastes has created suitable breeding ground for pathogens and this is a cause
for concern, with negative implications on the environment and health. However, these agrowastes can be
used in the production of enzymes [1,2] which are used for various industrial applications. One of such
signi�cant enzymes is pectinase which depolymerizes/splits polygalactouronic acid to monomers
through glycosidic and esteri�cation cleavages [3-5].

In contrast to plants, microbial pectinases account for 25% of the global food and industrial enzyme
sales [6,7] and their market is increasing day by day [8]. Microbial pectinases are used extensively for fruit
juice clari�cation and extraction [4] wastewater treatment, degumming of vegetables �ber, tea/coffee
processing etc. [9, 10].

Unlike bacteria, fungi like Aspergillus spp, Penicillium spp and Moniliella SB9 have been studied for
production of extracellular pectinase. These fungi are also mostly subjected to solid-state fermentation
for the production of extracellular pectinase, because of high secretion and ease of extraction [11-13].

Different factors such as temperature, pH, substrate concentration has been shown by studies to
in�uence the properties of enzymes [4,8,14]. In fruit processing, the performance of pectinase
signi�cantly affects the outcome or quality of product and processes such as yield and turbidity, thereby,
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leading to enhancement of the clari�cation process. Since the performance of enzyme is signi�cant for
intended application, the characterization of pectinase is vital. Hence, the present study aimed at
characterizing the pectinase produced from Aspergillus niger, and determining its suitability for the
clari�cation of orange and pineapple juices.

Methods
Substrate collection

The fruits were sourced from the bulk fruit section in the Nigerian Army Shopping Arena, Oshodi, Lagos
State; Nigeria. The substrates (orange peels) were derived from the peeling of the oranges sourced. The
substrates were then washed and dried in an oven for 48 hours at 58 oC before milling into a particle size
of 0.06 inch in a Hammer mill to allow for an increase in surface area for effective microbial action.

 Isolation and screening of pectinase producing Aspergillus spp.

Deteriorated fruits were sourced from dumpsites and soils in the Federal Institute of Industrial Research,
Oshodi (FIIRO), Lagos State, Nigeria. Serial dilution was carried out. Each dilution was subjected to pour-
plating technique using streptomycin as the antibiotic, and incubated for 5 days at 25 oC. The isolate was
selected and sub cultured to purity. The puri�ed isolate was microscopically identi�ed [15] and
molecularly identi�ed using the method [16,17].

The preliminary screening of the isolated microbe for pectinase production was done using the Czapek
medium [16,18].

 Production and extraction of pectinase

Solid-state fermentation of orange peel was carried out: 2 grams were weighed into each labeled �ask
and moistened with 2 ml of a nutrient medium composed of: (g/l) 0.6 KCl, 0.60 KH2PO4, 0.60 KNO3, 0.60

K2HPO4, and 0.10 MgSO4 at pH of 4. This mixture was autoclaved at 121 oC for 15 minutes. After that,
the �asks were cooled to room temperature. One percent of citrus pectin as an inducer was aseptically
added to the contents. The mixture was inoculated with the identi�ed Aspergillus niger and incubated at
30 oC for six days [4,19]. Extraction of the enzyme was done using 0.1 M NaCl solution [4].

Assay for pectinase activity

The procedure by Miller [20] was employed with modi�cations: 3 ml of 1 % pectin solution was measured
into 1ml of the crude pectin enzyme. The mixture was incubated at 50 oC in a water bath for 10 minutes.
After which, 1 ml of freshly prepared Dinitrosalicylic acid (DNSA) solution was added and boiled for 5
minutes. This was left to cool to room temperature. The absorbance was taken using UV-Vis
spectrophotometer which was preset at 540 nm and galacturonic acid was used as standard.

Biochemical characterization of the crude pectinase
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The effect of temperature and its stability, pH and its stability and metal ions (Na+, Ca2+, Mg2+, K+, Mn2+,
Zn2+, Co2+, and Fe2+) were also investigated prior to application in orange and pineapple juices by the
method described [21] with modi�cations. Concentrations (10, 20, 30, 40, and 50 mM) varied for the best
metal ion determination. 

Substrate concentrations was determined and the Lineweaver Burk plot was used to calculate   the Vmax

and Km.

Application in clari�cation of the juice

The procedure of Roy and colleagues [22], with modi�cation was employed for the pineapple and orange
juice clari�cations: 2.5 ml of the each of the juices were evenly dispensed into (0.5, 1.0, 1.5, 2.0, and
2.5ml) labeled test tubes and corresponding volumes of the crude pectinase were added using juice with
no crude enzyme as control. The mixtures were swirled to mix, incubated at 50oC for one hour as
described in Barman [23].

Spectrophotometry method was used for determining the effect of the enzyme on the clari�cation
process: Samples incubation was increased from 50 oC to 90 oC for 7 minutes before allowing to cool
and reading in the UV-Vis spectrophotometer at 660 nm. Statistical analysis was conducted by plotting
the bar charts, analysis of variance (ANOVA), and t-test (for comparison) were undertaken using
Microsoft Excel version 2016.  

RESULTS AND DISCUSSION

This study was investigated to determine the effect of temperature, pH, substrate concentrations, metal
ion effect on pectinase activity, as well as the effect of the characterized enzyme on clari�cation of fruit
juices.

The increase in activity of pectinase from 20 to 50 oC and decline in the activity afterwards (Fig. 1) is
indicative of the enzyme working best at 50 oC. The reduction in activity beyond 50 oC could be indication
of denaturation of the enzyme. With regards to Fig. 2, the continuous reduction in activity was indicative
of the loss in activity during storage at higher temperatures, thereby also resulting the enzyme’s
denaturation [24].

The enzyme for application purpose is shown to function best at pH of 5 (Fig. 3), while the stability of the
enzyme is best achieved at pH of 4 (Fig. 4). The decline in activity after the optimum pH in Figures 3 and
4, could be due to denaturation of the protein. The optimum pH so obtained is an indication of the
enzyme being acidic; and, further showing its suitability for application in acidic condition.

The effect of the metal ions as investigated varied as shown (Fig 5). A higher activity was observed with
Na+ and Mg2+ ions with an increase of about 3.08 and 2.22 %, compared to EDTA. The increased effect
of Na+ and Mg2+ ions on the enzyme activity to function well (preferable cofactors), is indicative of these
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ions forming an essential part of the enzyme complex [25]. From values obtained for other metal ions, the
negative values obtained (decrease in activity relative control) indicate the inhibitory action of each of the
metal ions with highest rate of enzyme inhibition attributed to EDTA. It is possible that EDTA, functioned
as a chelating agent [26, 27] which drastically reduced the e�cacy of the enzyme to effectively function.
The effect of various concentrations of the Na+ ions as shown in Figure 6, led to reduction in activity of
the enzyme with increase in concentration. This suggests higher concentration beyond 10 mM probably
occupied the active sites on the enzyme, and further reducing the interaction of such active sites with the
substrates, leading to loss in activity of the enzyme on the available substrates. 

As Km is the substrate concentration at which the enzyme is active, therefore, the pectin enzyme
produced was active at 0.3620 mg/ml of substrate concentration [14]. The equation of the Lineweaver-
Burk plot was obtained as y = 0.0824x + 0.2276 with R² of 0.9685. The V max was found to be 4.39
U/ml. 

The effect for the action of the enzyme in the clari�cation of the orange juice was shown to be signi�cant
in the splitting the pectin for 30% and 40% (Fig. 7).    More of the enzyme was required for the clari�cation
action of the juice to be obtained. It is worthy to note that, 40% pectinase in relation to the amount of
juice led to higher activity. However, the clari�cation of the enzyme on pineapple juice (as shown in Figure
8) did not result in similar signi�cant reduction in pectinase activity. It was however shown to have
similar effect on the clari�cation of the juices. The higher effect on orange juice clari�cation (Fig.7) in
comparison to pineapple juice (Fig. 8) could result from the substrate used in the production of the
enzyme.

Conclusion
Crude pectin enzyme produced from locally sourced Aspergillus niger has been characterized and applied
in the clari�cation of orange and pineapple juices. The characterized crude pectinase was found to clarify
both orange and pineapple juices.
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Signi�cance statement

This study showed the characterization of pectinase for clari�cation of fruit juices (orange and pineapple
juices). This shows the importance of different factors that in�uence pectin enzyme activity. This
includes temperature, pH, substrate concentration and metal ion. It also indicates the importance of
determining and understanding the preferable conditions for maximizing pectin enzyme potential prior to
its application. 
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Figure 1

Effect of temperature on the pectinase activity Where * denotes signi�cant difference with 50 oC

Figure 2
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Effect of temperature stability on activity Where ‘a,’ ‘b,’ ‘c’ and’ ‘d’ denotes signi�cant difference with 30 oC

Figure 3

pH effect on the enzyme’s activity (pH 5 as control)
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Figure 4

Effect of pH stability on enzyme’s activity
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Figure 5

Different metal ions and their effect on the pectinase activity
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Figure 6

Effect of various concentration of Na+ ions on pectinase activity
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Figure 7

The crude pectinase effect on the clari�cation of orange juice Where ‘a’ and ‘b’ indicates a signi�cant
decrease in activity relative to the control
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Figure 8

The crude pectinase effect on the clari�cation of pineapple juice


