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Abstract
AIM: To investigate the impact of agitation speed on 
pectinase production and morphological changing of 
Aspergillus niger  (A. niger ) HFD5A-1 in submerged 
fermentation. 

METHODS: A. niger  HFM5A-1 was isolated from 
a rotted pomelo. The inoculum preparation was 
performed by adding 5.0 mL of sterile distilled water 
containing 0.1% Tween 80 to a sporulated culture. 
Cultivation was carried out with inoculated 1 × 107 

spores/mL suspension and incubated at 30 ℃ with 
different agitation speed for 6 d. The samples were 
withdrawn after 6 d cultivation time and were assayed 
for pectinase activity and fungal growth determination. 
The culture broth was filtered through filter paper 
(Whatman No. 1, London) to separate the fungal 
mycelium. The cell-free culture filtrate containing the 
crude enzyme was then assayed for pectinase activity. 
The biomass was dried at 80 ℃ until constant weight. 
The fungal cell dry weight was then expressed as g/L. 
The 6 d old fungal mycelia were harvested from various 
agitation speed, 0, 50, 100, 150, 200 and 250 rpm. The 
morphological changing of samples was then viewed 
under the light microscope and scanning electron 
microscope.

RESULTS: In the present study, agitation speed was 
found to influence pectinase production in a batch 
cultivation system. However, higher agitation speeds 
than the optimal speed (150 rpm) reduced pectinase 
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production which due to shear forces and also collision 
among the suspended fungal cells in the cultivation 
medium. Enzyme activity increased with the increasing 
of agitation speed up to 150 rpm, where it achieved 
its maximal pectinase activity of 1.559 U/mL. There 
were significant different (Duncan, P  < 0.05) of the 
pectinase production with the agitation speed at static, 
50, 100, 200 and 250 rpm. At the static condition, a 
well growth mycelial mat was observed on the surface 
of the cultivation medium and sporulation occurred 
all over the fungal mycelial mat. However with the 
increased in agitation speed, the mycelial mat turned 
slowly to become a single circular pellet. Thus, it was 
found that agitation speed affected the morphological 
characteristics of the fungal hyphae/mycelia of A. niger  
HFD5A-1 by altering their external as well as internal 
cell structures.

CONCLUSION: Exposure to higher shear stress with 
an increasing agitation speed could result in lower 
biomass yields as well as pectinase production by A. 
niger  HFD5A-1. 
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Core tip: We report the influence of agitation speed on 
pectinase production on our newly isolate Aspergillus 
niger  (A. niger ) HFM5A-1 in submerged fermentation. 
The agitation speed was found to influence pectinase 
production in a batch cultivation system. However, 
higher agitation speeds than the optimal speed (150 
rpm) reduced pectinase production which due to 
shear forces and also collision among the suspended 
fungal cells in the cultivation medium. It was found 
that agitation speed affected the morphological 
characteristics of the fungal hyphae/mycelia of A. niger  
HFD5A-1 by altering their external as well as internal 
cell structures. 
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INTRODUCTION
Pectinases constitute is a unique group of enzymes 
that cleave the glycosidic bonds of galacturonic acid 
residues of pectic substances, which are the complex 
structural polysaccharides of plant cells. Major pec­
tinases are refer to polygalacturonase, pectin lyase, 
pectate lyase and pectin esterase[1]. Pectinases are 

useful industrial enzyme and are largely used in 
various industrial processes such as for solubilization of 
the cell wall of plants, wood, fruit or paper[2,3]. 

There are several parameters influencing the ma­
ximal enzyme production in submerged fermentation, 
usually it consist of physical and chemical parameters. 
Physical parameters involving the optimization of initial 
medium pH, cultivation temperature, inoculum sizes 
and also agitation speed. Microorganisms differ in their 
oxygen requirement. Oxygen acts as a terminal electron 
acceptor for oxidative reactions to provide energy for 
cellular activities. The rate of the agitation speed could 
influenced the extent of mixing in the shake flasks 
system and affected the nutrient availability as well[4]. 
Agitation speed has been affected many enzymes 
activities in different strains of bacteria and fungi[5,6] as 
well as microalgae[7].

Agitation provides adequate mixing, mass, heat 
transfer and also improving dissolved oxygen in the 
culture medium. At lower agitation speed insufficient 
oxygen in the culture medium usually affects the 
microbial growth, whereas higher agitation speeds 
sometimes also lowering the enzymes production[8]. 
Higher agitation speed develop shear forces among 
the suspended microbial cells in the culture medium 
and the production drops due to cell damages which 
results from cell collision. Shear forces also can give 
several effects on the fungal cell. It can cause the 
morphological changes to the fungal by damaging the 
external and internal cell structures, variation in fungal 
growth and yield formation[9]. Therefore, the optimal 
agitation speed is necessary to be determined in order 
to obtain maximal enzyme production. The aim of 
this study was to determine the influence of agitation 
speed on pectinase production and morphology of 
Aspergillus niger (A. niger) HFD5A-1 in submerged 
fermentation using a flask system.

MATERIALS AND METHODS
Microorganisms, culture maintenance and inoculum 
preparation
A. niger HFM5A-1 which was isolated from a rotted 
pomelo 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 (Merck, 
Germany) slant supplemented with 1.0% citrus 
pectin (w/v) (Sigma, Denmark) at 30 ℃ for five days 
aerobically (until sporulation) before storing them at 
4 ℃ until further use. The cultures were sub-cultured 
regularly at every month to maintain viability.

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 by using a sterile inoculation loop and 
shaking vigorously. The spore suspension was adjusted 
to 1 × 107 spores/mL using haemocytometer chamber 
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(Neubauer Germany) and 1.0 mL was taken as the 
inoculum.

Cultivation medium and fermentation
The cultivation medium used for fermentation was 
a modified medium of Maldonado and Strasser de 
Saad[10]. The medium consisted of (w/v): KH2PO4, 0.4%; 
Na2HPO4, 0.2%; FeSO4.7H2O, 0.02%; CaCl2, 0.001%; 
peptone, 0.4%; MnSO4.7H2O, 0.007%; H3BO3, 0.001% 
and citrus pectin, 1.8%. The initial pH of the medium 
was adjusted to 4.5. Cultivation was carried out after 
inoculated with 1 × 107 spores/mL suspension and 
incubated at 30 ℃ with different agitation speed for 6 d. 
The samples were withdrawn after 6 d cultivation time 
and were assayed for pectinase activity and fungal 
growth determination. 

Enzyme recovery and fungal biomass determination
The culture broth was filtered through filter paper 
(Whatman No. 1, London) 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 was dried at 
80 ℃ until constant weight and the fungal cell dry 
weight was obtained by deducting the weight of filter 
paper and the fungal biomass from the weight of 
filter paper alone. 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.

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 mol/L citrate buffer with 
pH 4.5. After incubation at 45 ℃ for 30 min, reducing 
sugars were determined by the dinitrosalicylic 
acid (DNS) method[11] 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 the assay conditions.

Scanning electron microscopy studies
The 6 d old fungal mycelia were harvested from 
various agitation speed, 0, 50, 100, 150, 200 and 250 
rpm, washed three times with sterile distilled water 
and then blotted dry in Whatman filter papers. The 
samples for scanning electron microscopy (SEM) were 
prepared as described previously by Darah et al[5] and 
Darah and Ibrahim[12] and observed under FESEM LEO 
Supra 50VP, Carl Zeiss, Germany.

Statistical analysis
In order to evaluate and determine the significant 
of the findings and also to compare the differences 

among the findings, the statistical analysis was used. 
One way Analysis of Variance (ANOVA) and Duncan 
Multiple Range Test (DMRT) with PASW Statistics 18 
version were used to analyze the significant different of 
the mean of experimental data. A 5% confidence level 
or α = 0.05 were used to test all experimental data. 
All enzyme activities and fungal growth were made 
in triplicates. The error bars showed the standard 
deviation of triplicates.

RESULTS
Enzyme activity rises up with the increasing of agi­
tation speed up to 150 rpm (Figure 1), where it 
achieves its maximum pectinase activity of 1.559 U/
mL. There were significant different (Duncan, P < 0.05) 
of the pectinase production with the agitation speed at 
static, 50, 100, 200 and 250 rpm. However, its highest 
fungal growth was showed at 200 rpm with 1.938 g/L. 
The agitation speed which not at 150 rpm resulted 
in low pectinase production. The lowest pectinase 
production was from the non-agitated culture (static 
condition) with about 0.111 U/mL and of 0.972 g/L of 
fungal growth. 

The influence of agitation speed was found had a 
great impact on the morphology of A. niger HFD5A-1 
(Figure 2). At static condition, a mycelial mat was 
discovered on the top of the cultivation broth (Figure 
2A) and sporulation occurred all over the fungal mycelial 
mat. Nevertheless increased in agitation speed, the 
mycelial mat turned to form a single spherical pellet. 
It was noted that at 50, 100 and 150 rpm of agitation 
produced slimy mycelial clumps that were small (2.8 
cm; Figure 2B), medium (3.6 cm; Figure 2C) and big 
(4.7 cm; Figure 2D) sizes, respectively. There were no 
sporulation observed at 50, 100 and 150 rpm. However, 
mycelial clumps formed at 150 rpm were in intense 
yellow in coloration. At 200 rpm, a few spherical and 
elongated pellet of fungal growth with the sizes between 
0.6-1.0 mm were formed (Figure 2E). Besides, at 250 
rpm a mixture of small and bigger sizes of fungal pellets 
were formed, and the small fungal pellet were those 
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Figure 1  Effect of agitation speeds on pectinase, fungal growth and 
protein content by Aspergillus niger HFD5A-1 at 6 d cultivation time.
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mycelia. There was no formation of fruiting bodies at 
200 rpm. In addition, fungus grown in static condition 
showed branched mycelia and numerous formations 
of fruiting bodies (Figure 4A). At 100 rpm (Figure 4B) 
fungal growth more on the formation of hyphae with 
less fruiting body. This condition can be seen in the 
formation of tight packing structures. However, agitation 
speed of 150 rpm (Figure 4C) exhibited dense and 
branched mycelia with increasing formation of fruiting 
bodies. The fungal growth was best at the agitation of 
200 rpm (Figure 4D) which exhibited smoother, not 
well rounded of hyphae and dense with high branched 
mycelia. The formations of chlamydospores also ob­
served at 200 rpm.

DISCUSSION
Generally, filamentous fungi have a typical polarized 
growth pattern in the form of cannular filaments name 

that detached from big pellets (Figure 2F).
In order to have a closer view of the fungal pel­

lets, they were further analyzed under stereo light 
microscope at different agitation speeds (Figure 3). 
Figure 3A (static condition) shows loosely packed 
mycelium with sporulation, but the density of the 
mycelium were observed to increase with increasing 
agitation speeds from 50 rpm to 150 rpm (Figure 
3B-D). Conversely, at 200 and 250 rpm (Figure 3E and 
F) there were decreasing in density of mycelium. 

Observations under scanning electron microscope 
were also carried out to have a clearer view of Figure 3. 
SEM micrographs (Figure 4) show the mycelia of fungal 
are cylindrical in shape and branched with fruiting 
bodies. This condition occurred to the fungal culture 
agitated at low agitation speeds, i.e., at static (Figure 
4A), 100 rpm (Figure 4B) and 150 rpm (Figure 4C), 
whereas at higher agitation speeds of 200 rpm (Figure 
4D) the fungal culture exhibited lesser branching 

Figure 2  Mycelial morphology of Aspergillus niger HFD5A-1 observed with naked eyes at different agitation speeds at 6 d cultivation time. A: Static 
condition; B: 50 rpm; C: 100 rpm; D: 150 rpm; E: 200 rpm; F: 250 rpm.
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as hyphae[9]. The hyphae then grow in branches to 
form mycelium. In submerged cultures, the fungal 
culture exhibits two major morphologies observed 
as pellets and free mycelium. The pellets are clumps 
and dense agglomerates of hyphae which may be 
spherical or ellipsoidal agglomerates[13,14], whereas 
the free mycelia, are freely spread throughout the 
culture medium[9]. These morphologies are very 
much influenced by some environmental and genetic 
factors such as type of organism, pH and composition 
of the media, inoculation ratio, agitation speed and 
aeration rate, feeding rate and genetic factors of 
the culture[15,16]. The morphology of filamentous 
fungi in submerged fermentation has great effect on 
metabolite production as well as productivity. These 
two morphologies exhibit significant differences during 
the cultivation period[17].

Agitation speed has been shown to affect many 
enzyme productions by microorganisms. In the present 
investigation, A. niger HFD5A-1 showed highest 
pectinase activity at 150 rpm after 6 d of cultivation. 

This is probably due to aeration of the culture medium 
was increased and dissolved oxygen in the media was 
sufficient. Nutrient uptake by fungus increased resulting 
in increased pectinase production. At 200 rpm, the 
enzyme production was dropped even though the fungal 
growth increased considerably. The adequate aeration 
and nutrient might caused the fungus to grow well but 
shear forces and cell damage finally had negative effect 
on enzyme production[18]. However, the different strains 
of fungus demonstrated different optimal agitation 
speeds for maximize the enzyme production yield in 
submerged fermentation. Darah et al[19] reported that A. 
niger FETL FT3 has shown the maximum production of 
tannase activity at 200 rpm agitation speed instead of 
150 rpm agitation speed.

Agitation speed and dissolved oxygen concentration 
on pectinase production are important factors leading 
to successful progress of fermentation. Sufficient 
dissolved oxygen in medium is an important for 
microbial cells in mass transfer characteristics example 
substrate and product[5]. Agitation provides adequate 

A B

C D

E F

Figure 3  Mycelial morphology of Aspergillus niger HFD5A-1 observed under light microscope at different agitation speeds at 6 d cultivation time. A: Static 
condition; B: 50 rpm; C: 100 rpm; D: 150 rpm; E: 200 rpm; F: 250 rpm.
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mixing, mass and heat transfer. However, agitation also 
creates shear forces, causing morphological changes, 
and eventually damage to the cell structure[5,20]. 

In industrial applications submerged cultures of 
filamentous fungi are widely used to produce com­
mercially products and pellet form is usually preferred 
in downstream fermentation process due to the non 
viscosity of fermentation medium[14]. Hence, the mass 
transfer of oxygen and nutrients is much easier and 
also the separation of the pellets from the medium is 
noncomplex[21]. Furthermore agitation and aeration are 
simple technique in fermentation system, therefore the 
operating cost is not costly. Thus, agitation rate need to 
be controlled in order to obtain maximum production. 

Agitation speed is an important factor in enhancing 
pectinase yield produce by A. niger HFD5A-1 in sub­
merged fermentation. However, agitation speeds beyond 
than the optimum speed (150 rpm) resulted in low 
pectinase production. 

COMMENTS
Background
Agitation speed is a crucial factor affected the enzyme production in submerged 
fermentation system. Therefore, the optimal agitation speed is necessary to be 
determined in order to obtain maximal enzyme production. The purpose of this 
study was therefore to evaluate the influence of agitation speed on pectinase 
production as well as morphology of Aspergillus niger (A. niger) HFD5A-1 in 
submerged fermentation using a flask system which has not been studied yet.

Research frontiers
The author aimed to to evaluate the influence of agitation speed on pectinase 
production as well as morphology of A. niger HFD5A-1 in submerged 

fermentation using a flask system.

Innovations and breakthroughs
This study demonstrates agitation speed plays an important role in enhancing 
pectinase production by A. niger HFD5A-1 in submerged fermentation. 
However, higher or lower agitation speeds than the optimum speed (150 rpm) 
resulted in low pectinase production. Even though agitation increases the 
dissolved oxygen level in the cultivation medium, higher agitation speed can 
cause damage to the fungal cells that was due to shear forces and collision 
among the fungal pellets. Therefore, the relationship among morphology and 
rheology as well as the factors influencing them has to be fully investigated. 

Applications
The authors hypothesize that agitation speed plays an important role 
in enhancing pectinase production by A. niger HFD5A-1 in submerged 
fermentation. The information obtained should assist progress towards the large 
scale production of pectinase by submerged cultivation of A. niger HFD5A-1.

Peer-review
In this paper, Darah et al report the effect of agitation speed on the morphology 
of A. nige HFD5A-1 hyphae and its pectinase production in submerged 
fermentation. The findings are interesting.
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