
White biotechnology is an economical
beneficial technology has drawn a great interest in
food processing industries. Nevertheless, enzymes
are becoming increasingly important in sustainable
technology and green chemistry rather than
traditional chemical process1.  The utilization of
microbial pectinases comprises a vast spectrum in
industrial application processes. Pectinases are
heterogenouos group of enzyme hydrolyzes pectic
substances mainly found in plants and fruits.
Pectinases are divided into three groups:
hydrolases which consisting of polygalacturonase
(EC 3.2.1.15); lyase/trans-eliminases which
comprising pectinlyase (EC 4.2.2.10), and pectate
lyase (EC 4.2.2.2); pectin esterase (EC 3.1.1.11)2, 3.

Pectins are polysaccharides in the plant
kingdom and constitute the major component of
middle lamella and plant cell walls that covers one
third of plant tissues4. Pectic substances represent
between 0.5 - 4.0% of fresh weight plant material5.
Pectinases commonly used in fruit juice industry
for juice extraction and clarification of fruit juices6.
Besides that, it has been also applied in coffee and
tea fermentation7, 8, vegetable oil extraction9,
improvement of chromaticity and stability of red
wines10, textile11, paper and pulp industries and in
waste treatment5.  Microbial pectinases can be
produced by both submerged fermentation and
solid state fermentations. Submerged fermentation
system has been extensively employed in
production of highly priced materials and
physiology aspects of synthesis enzymes.

Pectinase is produced by a large number
of microorganisms12 including bacteria13,
actinomycetes14, yeasts15, and filamentous fungi.
Among the microbial pectinases, filamentous fungi
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such as Aspergillus spp.7, 16, Penicillium spp.17, 18,
Trichoderma viride, Mucor piriformis and
Yarrowia lipolytica were studied extensively19, 20.
However, industrial production of pectinases makes
use almost exclusively of A. niger strains21.
Moreover, A. niger is classified as GRAS
(Generally Regarded As Safe) claimed that it is
acceptable for used in food industry15.

In the present study, we are reporting the
production of pectinase by a strain of Aspergillus
niger HFD5A-1 which we had successfully
isolated from a rotten Malaysia pomelo (Citrus
grandis). This fungal strain has an ability to
produce extracellular acidic pectinase and therefore
improvements through physicochemical
parameters were carried out.

MATERIALS  AND METHODS

Microorganisms, culture maintenance and
inoculum preparation

Aspergillus niger HFD5A-1 which was
isolated from rotten oranges was supplied by the
Industrial Biotechnology Research Laboratory,
School of Biological Sciences, Universiti Sains
Malaysia, Penang, Malaysia. The fungal culture
was maintained on potato dextrose agar slant
supplemented with 1.0% citrus pectin (w/v) at 30°C
for 72 hours aerobically until sporulate before
storing them at 4°C until further used. The
subculturing was performed every month to ensure
its survival.
Inoculum preparation

The inoculum preparation was performed
by adding 5.0 mL of sterile distilled water
containing 0.1% Tween 80 to a sporulated culture.
The spores were dislodged using sterile inoculation
loop and shaking vigorously. The spore
suspension was adjusted to 1 × 107 spores/mL
using haemocytometer chamber (Neubauer
Germany) and 1.0 mL was taken as the inoculum.
Cultivation medium

Cultures were grown in 250 ml Erlenmeyer
flasks containing 50 mL of modified medium
proposed by Maldonado and Strasser de Saad22.
The medium consisted of (w/v): KH

2
PO

4
, 0.4%;

Na
2
HPO

4
, 0.2%; FeSO

4
.7H

2
O, 0.02%; CaCl

2
,

0.001%; (NH
4
)

2
SO

4
, 0.2%; MnSO

4
.7H

2
O, 0.007%;

H
3
BO

3
, 0.001% and citrus pectin, 1.5%. The initial

pH of the medium was adjusted to 5.0. Fermentation

was carried out after inoculation with 1 × 107

spores/mL suspension and incubated at 30ºC and
150 rpm of agitation for 10 days. The samples were
withdrawn at every 48 hourly intervals and were
assayed for pectinase activity and fungal growth
determination.
Enzyme recovery and fungal biomass
determination

The culture broth was filtered through
Whatman No. 1 filter paper to separate the fungal
mycelium. The cell-free culture filtrate containing
the crude enzyme was then assayed for pectinase
activity.

The filter paper containing biomass were
dried at 80°C until constant weight and the fungal
cell dry weight was obtained by deducting the
weight of filter paper. The fungal cell dry weight
was then expressed as g/L. All the experiments
were performed in triplicate and the values were
reported as standard deviations.
Improvement of cultural conditions

Various physical parameters for maximal
pectinase production were studied. These included
initial pH medium (2.0, 4.0, 4.5, 5.0, 6.0, and 8.0),
temperature (20, 30, 37, 40 and 50ºC), agitation
speed (0, 50, 100, 150, 200 and 250 rpm), and
inoculums sizes (1 × 104, 1 × 105, 1 × 106, 1 × 107,
and 1 × 108 spores/mL). All the experiments were
performed in triplicate and the values were reported
as standard deviations.
Improvement of chemical compositions

Pectinase production was enhanced by
adding various nutritional factors. Carbon sources
including pectin, glucose, fructose, lactose,
sucrose, starch, carboxy methyl cellulose (CMC)
with final concentration of 1.0% (w/v) were tested.
The selected carbon source with maximal pectinase
activity was then investigated with different
concentration (0.9%, 1.2%, 1.5%, 1.8% and 2.1%;
w/v). Different organic and inorganic nitrogen
sources such as ammonium sulphate, ammonium
chloride, ammonium nitrate, sodium nitrate,
peptone, yeast extract and urea were supplemented
separately to a final concentration of 0.2% (w/v)
were also studied. Nitrogen source that exhibited
maximal pectinase activity was tested with different
concentration (0.05%, 0.1%, 0.2%, 0.3%, 0.4%, and
0.5%; w/v). All the experiments were performed in
triplicate and the values were reported as standard
deviations.
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Assay for pectinase activity
Pectinase assay was carried out by

measuring reducing sugars release from pectin
hydrolyzation. One aliquot of sample was added
to a solution containing one aliquot of 1% pectin
in 0.1 M citrate buffer, pH 4.5. After incubation at
45°C for 30 min, reducing sugars were determined
by the dinitrosalicylic acid (DNS) method (Miller,
1959) using galacturonic acid as a reference. The
enzymatic activity was expressed in terms of Unit
(U). One unit of enzyme activity was defined as
the amount of enzyme that catalyzes the release of
1 µmol of galacturonic acid per mL of culture filtrate
per minute under assay conditions.

RESULTS  AND DISCUSSION

Environmental and nutritional factors
(physicochemical) are known to have marked
effects on enzyme production by microorganisms.
There are variations in optimum conditions for
pectinase enzyme production that needed to be
investigated in order to have maximal yield.
Cultivation time for maximal pectinase activity

Study on the cultivation time was
investigated prior to the improvement of
physicochemical parameters. Aspergillus niger
HFD5A-1 was cultured in submerged fermentation
to determine the fungal growth and pectinase
activity at an interval of 48 hours for 10 days. It is
important to determine the optimal day of
cultivation for maximal pectinase production in
order to carry out other followed up parameters
involved in this study. The results obtained is
shown in Figure 1 which indicated the production
of pectinase  was increased with cultivation time
and achieved its maximal production on the 6th
day of cultivation time of 1.27 U/mL. The enzyme
production dropped gradually after achieving its
maximal production. This may be due to the
depletion of nutrients and accumulation of toxic
metabolites in the cultivation medium23. Maximum
production of different fungi varies from 1 to 6
days of cultivation time24. Moreover, Sarvamangala
and Dayanand25 observed a gradual increased in
the production of pectinase from deseeded
sunflower head by Aspergillus niger after 72 hours
of cultivation in submerged fermentation. The time
of incubation depends on nature of the medium,
concentration of the nutrients, growth rate of the

microorganism, and its enzyme production pattern.
In addition, the fungus was also observed to attain
it's dramatically growth on the 4th day of cultivation
time with about 2.92 g/L. This indicated that
pectinase production by this fungus was not
directly growth related as the higher fungal biomass
was achieved approximately 2 days earlier than
the maximal enzyme production.
Effect of temperature

Temperature is one of the prime factors
contributing in affecting various types of cell
metabolic process.  These include enzymatic
inhibition, promotion or inhibition on the
production of a particular metabolite, protein
denaturation and cell death26. Figure 2 shows that
maximal pectinase production of 1.40 U/mL was
obtained at the incubation temperature of 30°C,
where the maximal fungal growth (2.77 g/L) was
also achieved. Results obtained in this study were
similar to those observed by Kutateladze et al.,27

and Mathew et al.,28 whom also found that their
strain grew well at 30ºC. However, Fawole and
Odunfa29 reported that 40°C as optimal for
pectinase production by their strain of Aspergillus
niger. The enzyme activity and fungal growth
predominantly decreased due to inactivation of
enzymes at temperature higher than that of 30°C,
indicating mesophilic nature of the fungus. Besides
that, temperature less than 30°C may have resulted
in freezing of protoplasmic membrane which leads
to stress condition in solute transport systems in
the cells30. Another possible reason for initial
increase in pectinase activity and then decreased
was because atoms in the enzyme molecule
received more energy with increased temperature
which have greater tendency to overcome the weak
interactions forces holding the globular protein
structure together that finally deactivate enzymes.
Effect of pH

The optimal pH for the highest pectinase
production by A. niger HFD5A-1 was 4.5 with
about 1.58 U/mL (Fig. 3).  However the highest
fungal growth was achieved at pH 4 which was
2.32 g/L. The acidic pH where the fungus revealed
its maximal pectinase activity was due to the nature
of this fungus, which was isolated from rotten
pomelo that was in acidic base. Besides,the fungal
growth was highest (2.32 g/L) at pH 4.0, this
condition again showed the nature of the fungus.
Therefore, the pectinase produced by this A. niger
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Fig. 6. Effect of carbon sources
on biomass and polygalacturonase

production by Aspergillus niger HFD5A-1

Fig. 5. Effect of inoculums size on biomass &
polygalacturonase production by

Aspergillus niger HFD5A-1

Fig. 4. Effect of agitation speed on biomass and
polygalacturonase production by Aspergillus niger

HFD5A-1.

Fig. 3. Effect of pH on biomass and polygalac-
turonase production by Aspergillus niger HFD5A-1

Fig. 2. Effect of incubation temperature on biomass
and polygalacturonase production by

Aspergillus niger HFD5A-1

Fig. 1. Time course profile of polygalacturonase
production in shake flask system by
Aspergillus niger HFD5A-1 before

enhancement of physicochemical characteristics

HFD5A-1 was an acidic pectinase. Bacteria
produce mainly alkaline and thermostable
pectinases, whilst fungi are the major producers of
acidic ones31. They also reported that A. aculeatus
produced pectinase (polygalaturonase) at pH 3.0.
These results were in agreement with pectinase
production by Penicillium griseoroseum32 and

Penicillium viridicatum17 which were acidic
pectinases. Optimum production of pectinase
enzyme from many filamentous fungi has been
reported to be within the acidic range of 3.0 to
6.531, 33. The drop of pectinase production could be
due to the instability of enzymes at very low or
very high pH values with the fact that they are
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Fig. 10. Time course profile of polygalacturonase
production in shake flask system by

Aspergillus niger HFD5A-1 after enhancement
of physicochemical characteristics

Fig. 9. Effect of concentration of nitrogen
source on biomass and polygalacturonase

production by Aspergillus niger HFD5A-1

Fig. 8. Effect of nitrogen sources on biomass
 and polygalacturonase production by

 Aspergillus niger HFD5A-1

Fig. 7. Effect of concentration of carbon source on
biomass and polygalacturonase production by

Aspergillus niger HFD5A-1

proteins which are generally denatured at extreme
pH values. Moreover, it is well established that
production of enzymes at different pH values also
depends on the nature of strains especially in the
variation of metabolic activities, architecture of the
microbial cell and specific genetic diversity.
Effect of agitation speed

Enzyme activity increased with the
increasing of agitation speed up to 150 rpm (Fig.
4), where it achieved its maximal pectinase activity
of 1.56 U/mL. However, its highest fungal growth
was achieved at 200 rpm with 1.94 g/L. The
agitation speed higher than 150 rpm resulted in
low pectinase production due to fungal cell
disturbances caused by shear stress or shear force.
On the other hand, decrease in enzyme activity at
lower than 150 rpm could be due to lower dissolved
oxygen34. Friedrich et  al.,35 reported that the range
of agitation speed could be from 100-300 rpm

depending on the types of isolates and its growth.
Palaniyappan et al.,36 reported that pectinase
produced by Aspergillus fumigatus MTCC 870 was
optimal at 160 rpm. Therefore, sufficient dissolved
oxygen supply is needed by the fungus to grow
and produced its secondary metabolites, and this
condition can be obtained from optimal agitation
speed.
Effect of inoculums size

Different inoculum sizes were studied and
the results showed that there was an increased in
pectinase production until it achieved its maximal
production at the inoculums size of 1 x 106 spores/
mL with 1.64 U/mL (Fig. 5). This result was almost
similar with the results obtained by Mosjov37 who
achieved the optimal pectinase production at 6×
106 spores/mL.  Pectinase production was found
to be decreasing before optimal inoculums size
because lower levels of inoculum size may not have
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sufficient viable spores for initiating growth and
enzyme synthesis. An increased in the number of
spores however, ensures a rapid proliferation of
biomass and enzyme synthesis38. On the other
hand, a decreased in pectinase production after
optimal inoculums size may be due to depletion of
nutrients. Roheena et al.,39 reported that decreasing
in enzyme production by A. oryzae after the optimal
inoculums size could be due to the over growth of
the fungus that may produced anaerobic
conditions during the fermentation, and it
consumed majority of substrate for growth and
metabolic processes.
Effect of carbon sources

An adequate supply of carbon as energy
source is critical for optimum growth which later
affecting the fungal growth and its secondary
metabolite production. Among the various sole
carbon sources studied for pectinase production,
maximal enzyme production was observed in the
medium supplemented with citrus pectin (Fig. 6)
with about 1.66 U/mL and 2.42 g/L of fungal growth.
Similar results were reported by Phutela et al.40

stated that pure pectin gave maximum yield of
pectinase production by a thermophilic
Aspergillus fumigatus. Aguilar and Huitron41

reported that the pectinase production from many
filamentous fungi induced by the presence of pectic
substrates in the cultivation medium with four times
higher. The results obtained from this study
revealed that pectinase production by A. niger
HFD5A-1 was substrate inducible. In addition,
Fawole and Odunfa29 observed that pectin and
polygalacturonic acid promoted the production of
pectic enzyme by A. niger but unfortunately
decreased the pectinolytic activity in cultures
supplemented with glucose. Low pectinase activity
with other carbon sources was probably due to
catabolite repression11, 19. Pectinase production was
further increased by enhancement of pectin
concentration. It is found that 1.8% of pectin yield
the highest activity of pectinase production with
2.33 U/mL (Fig. 7), beyond that pectinase activity
was decreasing probably because of excessive
accumulation of galacturonic acid after pectin
degradation.
Effect of nitrogen sources

Both, organic and inorganic nitrogen
sources were tested in this study (Fig. 8).  A. niger
HFD5A-1 produced the highest pectinase yield in

the pectin medium supplemented with peptone
which was about 1.95 U/mL and fungal growth of
4.82 g/L. Moreover, maximal pectinase production
was found to be with the addition of 0.4% peptone
with 2.47 U/mL and fungal growth of 6.06 g/L (Fig.
9). Vivek et al42 found that the fermentation medium
supplemented with organic nitrogen produced
higher yield of enzyme compared to inorganic
nitrogen. Kashyap et al.,43 reported that yeast
extract, peptone and ammonium chloride were
found to enhance pectinase production but the
addition of glycine, urea and ammonium nitrate
suppressed pectinase production.

The results obtained were in agreement
with studies done by Mathew et al28 and Anguilar
et al.,44 who observed that organic nitrogen
sources were the best inducer in pectinase
production by A. niger. Reda et al.,45 also found
that maximal value of pectinase production by
Bacillus firmus-1-10104 in the presence of peptone
as a nitrogen source. Moreover, Vivek et al.,42 (2010)
reported that organic nitrogen sources showed
higher endo-, exo- pectinase activities than
inorganic nitrogen sources.
Enzyme production using improved
physicochemical parameters

After the improvement of
physicochemical parameters, a time profile study
was conducted to view the cumulative effect of
various parameters. The experiment was conducted
by incorporating all the improved physical and
chemical parameters, and the samples were
observed at 2 days interval. Figure 10 shows the
time profile of the pectinase producion after
improvements. The maximal pectin production of
2.51 U/mL and 6.58 g/L fungal growth were
obtained at the cultivation period of 6 days. There
was about 97.6% of increment in pectinase
production after improvement compared to before
improvement of physicochemical parameters (1.27
U/mL).

Since acidic pectinase play an important
role in bringing down the cloudiness and bitterness
of fruit juices, pectinase produced by this fungal
strain has good demand in food and beverage
industries. Thus, we are now trying to further
enhance the enzyme production by immobilizing
the fungal cells in scouring sponge based on
entrapment method as described previously34,46, 47.
The results will be published later.
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CONCLUSION

This study revealed that a locally isolated
fungal strain Aspergillus niger HFD5A-1 was a
potential pectinase producer. It produced maximal
pectinase production of 2.51 U/mL and fungal
growth of 6.58 g/L on the 6th day of cultivation
after physicochemical parameters improvement
which consisted of initial medium pH of 4.5,
cultivation temperature of 30°C, agitation speed of
150 rpm with inoculums size of 1 × 106 spores/mL
and supplemented with 1.8% citrus pectin and 0.4%
peptone in submerged fermentation using shake
flask system. There were many factors contributing
to the maximal production of enzymes.
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