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Improved amylases were developed from protoplast fusants of two amylase-producing Aspergillus species.
Twenty regenerated fusants were screened for amylase production using Remazol Brilliant Blue agar.
Crude enzyme extracts produced by solid state fermentation of rice bran were assayed for activity. Three
variable factors (temperature, pH and enzyme type) were optimized to increase the amylase activity of the
parents and selected fusants using rice bran medium and solid state fermentation. Analysis of this optimization was completed using the Central Composite Design (CCD) of the Response Surface Methodology
(RSM). Amylase activity assays conducted at room temperature and 80℃ demonstrated that Aspergillus
designates, T5 (920.21 U/ml, 966.67 U/ml), T13 (430 U/ml, 1011.11 U/ml) and T14 (500.63 U/ml, 1012.00 U/ml) all
exhibited improved function making them the preferred fusants. Amylases produced from these fusants
were observed to be active over the entire pH range evaluated in this study. Fusants T5 and T14 demonstrated optimal activity under acidic and alkaline conditions, respectively. Fusants T13 and T14 produced
the most amylase at 72 h while parents TA, TC and fusant T5 produced the most amylase after 96 h of incubation. Response surface methodology examinations revealed that the enzyme from fusant T5 was the optimal enzyme demonstrating the highest activity (1055.17 U/ml) at pH 4 and a temperature of 40℃. This
enzyme lost activity with further increases in temperature. Starch hydrolysis using fusant T5 gave the
highest yield of glucose (1.6158 g/100 ml). The significant activities of the selected fusants at 28 ± 2℃ and 80℃
and the higher sugar yields from cassava starch hydrolysis over their parental strains indicate that it is
possible to improve amylase activity using the protoplast fusion technique.
Keywords: Protoplast fusion, Aspergillus species, amylase, solid state fermentation, optimization, response surface
methodology

Introduction
Amylases from microbial sources have become the
most demanded and important enzymes in present day
biotechnology meeting industrial needs [1]. Most of the
developing countries have concentrated studies on fungal
amylases mainly from Aspergillus and Rhizopus species
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probably because of their ubiquitous and nutritionally
non-fastidious nature which favors a growing economy
[2]. The optimum conditions for amylase activities have
been studied by various researchers [3, 4]. The applications and uses of amylases in the industries have been
challenged by the poor stability of enzymes being used,
which results in limited glucose yields and the formation
of condensation products (mainly α-1,6-linked isomaltoseoligosaccharides), during prolonged hydrolysis of α1,6glycosidic bonds in starch. The conventional biocon-

46

Adeleye et al.

version of starch to glucose and other oligosaccharides
involves a two-step process which are; liquefaction and
saccharification. The α-amylase is introduced at a high
temperature (80−95℃) and pH 6.0 during the process of
liquefaction which is then followed by saccharification
process using glucoamylase at pH 4.5−5.0 and at temperature ranges of 40℃ and 60℃ [5]. The enzymatic
hydrolysis of starch is energy intensive, time consuming,
and therefore has high cost implications which is as a
result of the need to lower process temperature and to
bridge the pH differential between the two enzymes
being used [6]. Strain improvement programmes can
however, help to bridge this gap.
Genetic manipulation techniques have made possible
improved characteristics of microbial amylases such as
thermostability and wide pH range of activity [6, 7]. An
example of such important technique in physiological
and genetic research is fungal protoplast fusion. The
genetic recombination of traits in filamentous fungi that
lack the capacity for sexual reproduction can be successfully achieved through fusion of protoplasts [8, 9]. The
technique of protoplast fusion has been used for
improvement of industrial strains for enzymes production [10, 11].
Production of amylases is not commercialized yet and
therefore they have become too expensive for amylaseutilizing industries Nigeria [12]. However, fungal organisms which are known for their ability to synthesize
these enzymes are readily available in our environment.
After isolation, there is a need for the exploration of the
production efficiencies of these organisms by studying
the best conditions for a higher productivity. In other
words, to achieve a successful commercialization of amylase production, optimization of cultural conditions is of
uncompromising importance. Studies on optimization
reveal the cultural conditions under which the microorganisms will grow luxuriantly, produce amylase in maximum amounts and improved activities. Factors such as
incubation period, temperature and pH are important
for the better enzyme yield and activity. These factors
have been found to determine the growth of the enzyme
producing microorganisms as well as the extent to which
they can produce amylase [13−15].
An effective experimental statistical technique such as
Response Surface Methodology (RSM) provides an alternative to the conventional approach in many biotechno-
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logical processes. The RSM reveals the correlations
between the factors and responses as well as predicting
the optimum levels of each factor employed [16]. As an
empirical modeling system, the RSM helps to develop,
optimize and assess the relationships between the independent variables and the response(s) as it defines the
effect of each independent variable or their combinations
in complex processes [17, 18]. Using the RSM, industrial
processes can be validated on a large scale [19].
The aim of this study was to access the effect of protoplast fusion technique in the development of improved
amylases from Aspergillus spp. The effect of incubation
period was studied while the response surface methodology was employed to optimize conditions of temperature,
pH and enzyme type for activities of amylases from parents and selected fusants.

Materials and Methods
Development of Improved Amylases
Improved amylase-producing Aspergillus species were
developed by the protoplast fusion technique. Spore
suspensions for each of the two amylase-producing
Aspergillus species were prepared from cultures obtained
from the culture collection centre, department of Microbiology, Federal University of Agriculture Abeokuta
(FUNAAB), Nigeria.
Protoplast fusion. Cells taken from mid exponential
phase were harvested from the cultures of the parent
Aspergillus species which had been grown in a 500 ml
flask containing 50 ml Potato dextrose broth at 30℃.
5 ml of the broth was withdrawn and centrifuged at
500 g for 20 min at 4℃. The sediment was washed with
5 ml of 0.1 M potassium phosphate buffer (pH 6.4). The
cell suspension was centrifuged to get the pellet and
then resuspended in the protoplasting buffer. Lysozyme
(6 mg/ml) was added at 30℃ and incubated for 3 h. The
mixture was centrifuged at 500 g for 10 min at 28℃. 1 ml
of mixture containing 35% PEG, 10 mM CaCl2 and
0.5 M sorbitol was added to the pellet and incubated at
room temperature (28 ± 2℃) for 30 min. The suspension
was diluted with 0.1M phosphate buffer of pH 6.5 (1:1
ratio). One millimeter of the diluted suspension was
mixed with 10 ml of the regeneration medium SDA
(Sabouraud Dextrose Agar) containing 0.8 M sorbitol,
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and poured into sterile petri-dishes. Plates were incubated at 30℃ for 3−7 days until visible regenerated colonies emerged. The regenerated fusants were screened
for amylolytic activities on the Remazol Brilliant Blue
(RBB) agar, using the methods as previously reported
[20]. The plate medium was made up of nutrient agar
containing RBB-starch (0.2% Remazol Brillant BlueStarch). The medium was autoclaved at 121℃ for 15 min
at a pH of 4.5. 0.1 ml of the spore suspension of the
Aspergillus species were inoculated on the RBB-starch
agar and incubated at 30℃ for 48 h. Amylase production
was detected by the disappearance of the color of the
blue starch around microbial colonies. The clear zones
were measured with vennier calipers by taking two perpendicular diameter measurements. Fusant colonies
showing wider diameters than the parent Aspergillus
were selected for further assay of amylase activity. Pure
cultures were maintained on SDA slants at 4℃ and subcultured bi-monthly.
Screening for improved amylase activities in fusant isolates
The parent and selected fusants were grown on rice
bran solid media for amylase production in solid state
fermentation (SSF) using standard methods [21]. Moldy
bran cultures were harvested and mixed with acetate
buffer pH 6.5 (1:10 w/v). Assay for amylase activity was
done at 80℃ and room temperature (28 ± 2℃). Amylase
activity was determined using dinitrosalicylic acid
(DNSA) method and glucose was used as the standard.
One unit of enzyme activity was defined as the amount
of enzyme which liberates 1 micromole of glucose from
starch in a 1 ml reaction mixture at 60ºC for 1 h. Values
below 400 U/ml were regarded as “not significant”.
Fusants with higher amylase activity than parent
strains at 80℃ and at room temperature were selected
for further studies, molecular characterization and identification.
Molecular characterization of selected isolates
Genomic DNA for each of parent and fusant isolate
was extracted using DNeasy Plant Mini Kit (Qiagen,
Germany) according to the manufacturer’s instructions.
Quality assessment of DNA was performed by agarose
gel electrophoresis and Qubit Fluorometer (Invitrogen,
Germany). The Internal Transcribed Spacer (ITS) region
which is a universal DNA barcode marker for fungi was
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used as primer for the PCR analysis. The 5.8S region
sequences of the ITS 1 and ITS 4 (for the forward and
backward reactions, respectively) regions were used.
ITS 1: 5’ TCC GTA GGT GAA CCT GCG G 3’
ITS 4: 5’ TCC TCC GCT TAT TGA TAT GC 3’
Conditions for the polymerase chain reaction included
a cycle of initial denaturation at 94℃ for 5 min, followed
by 35 cycles of each cycle comprising of 30 sec denaturation at 94℃, 30 sec annealing of primer at 55℃, 1.5 min
extension at 72℃ and a final extension for 7 min at 72℃.
The nucleotide sequences of 5.8S-ITS region were determined using the sequencer (Gene analyzer 3121). The
deduced sequence was aligned using Molecular Evolutionary Genetics Analysis (MEGA) version 5.10 [22]. The
forward and reverse sequences were checked and edited
manually when needed. A consensus sequence was generated from each alignment made. The sequencing data
were compared against the Gene Bank database (http://
www.ncbi.nlm.nih.gov/BLAST/), where a nucleotide blast
program was chosen to identify the homology between
the PCR fragments and the sequences on the Gene Bank
database. A phylogenetic tree was also constructed and
the variations in the branch length were determined.
Effect of incubation period on amylase production
Effect of incubation on amylase production was determined by measuring the amylase activities of isolates 12
hourly. Cultures of parent and fusant isolates were
grown on rice bran medium at 28 ± 2℃ for 120 h in a
rotary shaker at 800 g. Samples were taken 12 hourly
and assayed in 0.01 M phosphate buffer pH 6 at 55℃.
Amylase activity was measured using standard spectrophotometric methods. The reaction mixture for enzyme
assay contained crude enzyme extract, substrate (1%
starch w/v) and 3−5, dinitrosalicyclic acid as coupling
reagent.
Response surface methodology for optimization studies
of Amylase Activity
The Central Composite Design (CCD) of the Response
Surface Methodology (RSM) was used for this study. The
variables assessed were temperature (40−80℃), pH (4−
8) and enzyme type (1−5). Optimization of the experimental data obtained was performed by RSM to fit the
data into a second-order polynomial equation of the form
shown in equation (1).
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Y = β0 + Σi = 1βiXi + Σi = 1βiiXi + ΣΣi < j = 1βijXiXj

(1)

where Y is the response (amylase activity), k represents the number of factors (3) studied, Xi, Xj (i = 1, 4;
j = 1, 4; i ≠ j represents coded independent variables)
are the model coefficients, βo, βi, βii and βij are intercepts, linear, quadratic and interaction coefficients
respectively.
Effect of variables factors on activity of amylases from
parental and fusant Aspergillus species. The effect of each
of pH (4−8) and temperature (40−80℃) was determined
on the amylase activities of selected fusants and parent
Aspergillus. The relative enzyme activity was determined using cassava starch (5% w/v) as a substrate [23].
Briefly, 1ml of starch in 50 mM phosphate buffer (pH 4−
8) with 1 g moldy bran was mixed and incubated at 60℃
for 30 min. The enzymatic reaction was stopped by the
addition of 2 ml of DNSA. After 5 min of heating at
100℃, the reaction mixture was chilled on ice for 2 min
and then diluted to 5 ml by adding distilled water. The
absorbance measurements were performed at 530 nm
using spectrophotometer (Shimadzu UV-1 700, Japan).
Enzyme activity was calculated using a calibration curve
prepared with D-glucose as a standard by following the
same procedure described above.
Statistical analysis
Five different levels used to study the independent
variables as stated in section 2.5. Enzyme activity was
taken as a dependent variable (Y). The Design Expert
9.0.3 statistical software (Stat-Ease) was used to provide
the required experimental runs for all the variables and
levels. The statistical approach using CCD (Central
Composite Design) developed by the Design Expert software was used to generate a set of 85 experimental runs.
A quadratic polynomial regression model was used to
describe the relationship between dependent and independent variables. Analysis of Variance (ANOVA) of
values obtained from the quadratic polynomial equation
was used to describe the model and also to determine
significant terms.
Effect of amylases from parents and fusant Aspergillus on
starch hydrolysis
The effect of amylases on starch hydrolysis was stud-
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ied by measuring the ribose sugars present in starch
hydrolyzed by parent and fusant Aspergillus using a
modified gas chromatographic as previously described
[24]. Partially purified enzyme extracts were used in
hydrolysis of cassava (5% w/v) starch at individual optimum pH and temperature. 5 ml of sample was heated at
60℃ with 50 ml of 80% ethyl-alcohol and the mixture
was centrifuged. 10 ml of the extract was heated in boiling water for 4 min to inactivate the enzymes and protein was precipitated and clarified by centrifugation.
The residual starch was removed by centrifuging at
500 g for 15 min. 0.1 ml of the filtrate was placed in 5 ml
vial and dried at room temperature with nitrogen steam.
The extract was derivatised by the addition of 0.05 ml
mixture of pyridine: hexamethyldisilane:trimethylchlorosilane in the ratio of 10:2:1. The derivatization was
completed in 2 h. The derivatised extract was concentrated to 1 ml in the vial for the gas chromatography
analysis. 1.0 µl of extract was injected into the injection
port of the column for the sugar analysis.

Results
Screening for amylase production by regenerated fusants
Aspergillus species
Table 1 shows zones of clearing of 7 randomly selected
regenerated fusants and parent isolates, on RBB agar
and also the individual amylase activities at 80℃ and at
room temperature. Fusants, T15, T13 and the parent,
TC had the least diameter of clearing (2.0 cm) while
Table 1. Screening for amylase production by parent and
fusant isolates of Aspergillus species.

Isolates
PARENT A

Diameter of Activity at 28 ± 2 ℃ Activity at 80 ℃
Clearing on
(U/ml)
(U/ml)
RBB (cm)
(mean±SE)
(mean±SE)
3.0

586.14 ± 0.49

933.33 ± 1.67

PARENT C

2.0

332.00 ± 0.56

420.00 ± 0.50

*T5

4.0

920.21 ± 0.72

966.67 ± 1.34

*T13

2.0

430.00 ± 0.00

1011.11 ± 5.56

*T14

2.2

500.63 ± 0.74

1012.16 ± 0.58

T15

2.0

420.32 ± 0.34

920.11 ± 4.56

T16

2.1

467.12 ± 1.05

910.00 ± 0.00

T17

2.0

400.00 ± 0.59

700.77 ± 0.12

T18

2.1

300.56 ± 0.22

710.16 ± 0.42

KEY*-Selected fusants.
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fusants, T14, T17, T16 and T18 had a slightly wider
clearing (2.1 cm). Parent TA had a 3.0 cm diameter of
clearing. Fusant, T5 showed a clearing zone of 4.0 cm
which is wider than that of both parents and other
selected fusants. Activity at room temperature (28 ± 2℃)
was highest in T5 (920.21 U/ml) and lowest in T18
(300.56 U/ml). At 80℃, all the fusant isolates and one of
the parents (TA) had high amylase activity. At room
temperature, only T5 had amylase activity higher than
both parents (TA and TC). At 80℃, improved amylase
activity over the parents was observed in T5 (966.67 U/
ml), T13 (1011.11 U/ml) and T14 (1012.16 U/ml) while
parent, TC, showed the least activity (420 U/ml).
Fusants T5, T13 and T14 were thus selected for further
comparative studies with the parents, TA and TC.
Molecular identification and phylogenetic tree representation of sequences
Results of the molecular characterization of parental
and selected fusants are represented in Fig. 1 which
shows the phylogenetic tree representation of the parental and fusant isolates, respectively. The evolutionary
history was inferred using the Neighbor-Joining method
[25]. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000
replicates) is shown next to the branches [22]. Branches
corresponding to partitions reproduced in less than 50%
bootstrap replicates were collapsed. The evolutionary
distances were computed using the p-distance method
[26] and are in the units of the number of base differences per site. The sum of branch lengths was calculated
as 0.62235915. Parent and selected fusants were identi-
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Fig. 2. Effect of incubation period on amylase production
by parent and fusant Aspergillus spp.

fied as Aspergillus flavus (parent TA and fusant T5) and
Aspergillus tamarii (parent TC, fusant T13 and T14).
The sequences were submitted to the GenBank
MH836320 and identified as Aspergillus sp. strain
TMOD 01.
Effect of incubation period
The results illustrated on Fig. 2 shows the gradual
increase in amylase activities of parent isolates after
24 h of incubation. While increase in amylase activities
of enzymes from fusants T13 and T14 (EZ4 and EZ5)
reached a peak after 72 h and on further incubation,
there was a decline. Enzymes from parent isolates and
fusant T5 (EZ1, EZ2 and EZ3) respectively showed peak
of activities (737.87 U/ml, 490.82 U/ml and 780.77 U/ml)
after 96 h after which a decline was observed on further
incubation. This result shows that for all isolates stud-

Fig. 1. Phylogenetic tree showing diversity of the 5.8S-ITS region sequences and the evolutionary relationship of taxa of
parental and selected fusants. Fungi 1-5; TA, TC, T5, T13 and T14 respectively. Note: The evolutionary history was inferred using
the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.62235915 is shown. The analysis involved 5 nucleotide sequences. Codon positions included were 1st + 2nd + 3rd + Noncoding. All ambiguous positions were removed for each
sequence pair. There were a total of 568 positions in the final dataset. Evolutionary analyses were conducted in MEGA6.
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Table 2. Analysis of variance (ANOVA) for response surface model for amylase activity.
Source

Sum of squares

Df

Mean square

F value

p-value Prob> F

6.866E+005

15

45775.83

4.28

<0.0001

A-Temperature

4570.56

1

4570.56

0.43

0.5154

B-pH

38300.86

1

38300.86

3.58

0.626

3.940E+005

4

98494.74

9.21

<0.0001

229.46

1

2289.46

0.21

0.6450

AC

70327.30

4

17581.83

1.64

0.1730

BC

1.772E+005

4

44292.56

4.14

0.0046

Residual

7.377E+005

69

Cor Total

1.424E+006

84

Model

C-Enzyme
AB

Significant

Standard Deviation = 103.40; Mean = 864.66; R- Squared = 0.4821;Adj R- Squared = 0.3695; Pred R- Squared = 0.2729; Adeq Precision = 11.626.

ied, amylase activities increased linearly until certain
points of decrease for individual enzyme types studied.
Effect of the model parameters on amylase activities of
parents and selected fusants of Aspergillus
Table 2 shows the experimental runs generated by the
RSM while the analysis of variance (ANOVA) of the significant model terms, which showed the low p-values,
high determination coefficients (R-Squared) and high
values of adjusted determination coefficient (Adj RSquared), is described in Table 3. The low p-value
obtained indicated that the model accurately represented the relationship between response and variables.
The Model F-value (variation between sample means) of
Table 3. Optimized amylase activity obtained for optimum
levels of pH, temperature and enzyme.
Number

Temperature
(℃)

pH

Enzyme

Activity
(U/ml)

Desirability

1

40.00

4.00

EZ3

1055.17

*0.816

2

40.15

4.00

EZ3

1054.79

0.815

3

41.00

4.00

EZ3

1052.61

0.813

4

42.75

4.00

EZ3

1048.12

0.806

5

40.00

4.00

EZ2

972.832

0.705

6

80.00

8.00

EZ4

964.165

0.693

7

80.00

8.00

EZ5

944.371

0.667

8

77.99

8.00

EZ5

940.156

0.661

9

80.00

7.17

EZ5

938.783

0.659

10

40.00

4.00

EZ1

923.182

0.638

11

40.00

4.25

EZ1

920.313

0.634

KEY*- Selected combination.
Note; Enzyme 1-5; Enzyme from TA, TC, T5, T13 and T14 respectively.
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4.28 implied that the model was significant. Similarly,
values of “Prob > F” less than 0.0500 indicated that the
model terms were significant. In this case C (Enzyme),
BC (pH-Enzyme) are significant model terms that had a
significant effect on amylase activity. Values greater
than 0.1000 indicate the model terms are not significant.
The “Pred (Predicted) R-Squared” of 0.2729 is in reasonable agreement with the “Adj R-Squared” of 0.3695. The
adequate precision measured a ratio of 11.626 indicating
an adequate signal.
Effect of temperature and pH on amylase activities of parents and fusants Aspergillus spp
The 3D response surfaces as shown in Fig. 3(A−E) are
model graphs which are the graphical representation of
the regression equation showing the combination effects
of pH and temperature on activities of each amylase produced by parents TA and TC and selected fusants T5,
T13 and T14, respectively in order to establish optimum
values of variables such that response is maximized. As
shown on the plots for fusants T5 and T13, increase in
pH and temperature as individual variable factors
resulted in an increase in amylase activity. However,
keeping one of the variables constant, an increase in the
other resulted in decrease in amylase activities with an
exception in the plot for enzyme from parent TA (Fig.
3A), where a curvature occurred at some point indicating the possibility of an increase in amylase activity,
beyond the experimental set up. As shown in Fig. 3E,
amylase activity of enzyme from Fusant T14 increases
with increase in temperature but decreases with
increase in pH. Also, keeping temperature constant, an
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Fig. 3. 3D response surface plot showing effect of temperature and pH on amylase activity of parent, TA (A), TC (B), and
fusants T5 (C), T13 (D), and T14 (E).
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increase in pH resulted in decreased enzyme activity.
While low pH favoured amylase activities of parents,
TA, TC and fusant T5, optimum activity was achieved at
high pH for enzymes from fusants, T13 and T14.
Optimization of pH and temperature for amylase activities of enzymes from parents and fusants Aspergillus spp.
Optimized amylase activities obtained for optimum
levels of pH, temperature and type of enzymes are
shown in Table 3. Amylase activity was observed to be

highest in EZ3 (1055.17 U/ml) which is enzyme from
fusant T5 at a pH of 4 and temperature of 40℃ while the
least activity (920.313 U/ml) was observed in EZ1 which
is enzyme from Parent, TA at a temperature of 40℃ and
pH 4.25.
Effect of amylases from parent and fusant Aspergillus spp
on starch hydrolysis
This is illustrated in Fig. 4(A−E). Glucose production
was predominant over other ribose sugars present in the

Fig. 4. Chromatogram of samples obtained from hydrolysis of starch under predicted optimum pH and temperatures by parent,
TA (A), TC (B) and fusants T5 (C), T13 (D) and T14 (E).
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Fig. 4. Continued.

samples. Samples hydrolysed by enzymes from parent
TA, parent TC, fusant T5, fusant T13 and fusant T14
are designated as A, B, C, D and E, respectively. Glucose
production was least in Sample B (1.1018 g/100 ml) and
highest in Sample C (1.6518 g/100 ml).

Discussion and Conclusion
Analysis of the sequences generated from the amplification of the ITS regions of the parent and fusant strain
suggests trace occurrence of genetic recombination in
the fusants, especially T5, as observed in the slight variation in the branch lengths of the phylogenetic tree representation. This likely genetic recombination occurs
when cell fusion is followed by nuclear fusion between
the protoplasts of the two isolates being fused [28]. The
variations observed in amylase activities of fusants at
the range of temperature and pH studied could have
been made possible by certain additions, duplications or
deletions in the genes responsible for amylase activity.
Regenerated fusants from the Aspergillus spp were
selected based on the individual improved amylase

activities at high and room temperatures, over the
parental strains. This ability is of great industrial importance. Amylases that are active at room temperatures
have great potentials in digesting raw starch as they will
save costs that would have been incurred in the process
of gelatinization of starch with the conventional starch
hydrolysis. One of the fusants designated, T5 showing
the highest activity of 920 U/ml at room temperature (28
± 2℃) can be recommended for such purpose unlike
either of the parents. Primarily, the commercial application of amylases is the production of glucose syrups from
starch which require enzymes with high activity at a
high temperature. Fusant T5 still maintained a high
activity (966.67 U/ml) at a temperature of 80℃ but
higher activities observed in fusants T14 (1012.16 U/ml)
and T13 (1011.11I U/ml) makes them preferred options
to fusant T5 and both Parents TA (A. flavus) and TC (A.
tamarii). When carried out at high temperatures, enzymatic reactions have increased reaction rates and
decreased contamination risk. Fusant T5 was more stable at a wider range of temperature than either of the
parents or other selected fusants and thus most suitable
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for industrial purposes. It had been reported in previous
research works that 76% of maximum activities of fungal glucoamylases were lost at high temperatures [23,
29, 30]. However, amylases produced by fusants T13 and
T14 in the present research maintained high activity at
high temperature. This agrees with the results obtained
with glucoamylase produced by a mutant strain of Rhizopus oligosporous SK5 showing optimum enzyme activity at a temperature of 80℃ [6]. There is also a report on
a strain of Aspergillus flavus having an optimum temperature of 70℃ [31]. The results obtained from this
study on the effect of pH on enzyme activities of parent
and the selected fusantts agree with most of the previous researches, that amylases are active over a range of
pH 4−8 [23, 31, 32]. Optimum pH of 4 observed for
enzyme activity of amylase produced by fusant, T5 is
similar to the observations Ajayi and Fagade [33] on the
effect of pH on amylase from Bacillus sp. Others have
also reported acidic optima pH for amylases from A.
niger [34−36]. It has been observed that glucoamylases
are active at acidic pH values. In contrast to this, amylase from fusant T14 in this study showed increased
activity with increasing pH and particularly having an
optimum pH of 8. This property of the enzyme can be
exploited for its industrial application in the making of
detergents. Bacterial amylases having alkaline pH have
been reported by different researchers [37, 38]. Studies
on the effect of pH on α-amylase from A. niger JG124
which gave a maximum enzyme yield of 75 U/mg at pH
9.5 has also been documented [39].
Determination of an optimum incubation time is
important for maximum enzyme yield [15]. This is
because maximum enzyme production is obtained only
at a certain incubation time which allows for a steady
growth rate of the culture [40, 41]. The present study
also agrees with previous observations that enzyme production by each strain or isolate is highly specific to the
growth rate of such isolates [40]. Amylases studied in
the present work were observed to have shorter optimum incubation periods (72 h and 96 h) compared a previous research works by [12, 42] where maximum
amylase production was achieved at 120 h of incubation.
A study on amylases produced by certain strains of
Aspergillus reported a maximum incubation period for
amylase production, at 72 h [40]. This finding is at par
with the results obtained in this study on amylases pro-
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duced by fusants T13 and T14 (EZ3 and EZ4, respectively). Researchers have attributed the decline observed
in amylase production on further incubation beyond the
optimum time, to a possible depletion of essential nutrients for enzyme production and growth and or the accumulation of toxic metabolic products in the growth
medium [12, 42]. The variations in the optimum incubation period and also rate of decline in amylase production beyond the optimum incubation period could be an
impact of the protoplast fusion technique employed in
this study on the amylolytic properties of Aspergillus
spp. However, this can only be confirmed by further
investigtaions in future studies.
The low p-value obtained from the analysis of variance
of data from the optimization of amylase activity using
Response Surface 2FI model, indicates that the model
accurately represented the relationship between response
and the variables. The derived equations in terms of
coded factors can be used to make pedictions about the
response for given levels of each factor. By default, the
high levels of the factors are coded as +1 and the low
levels of the factors are coded as -1. The coded equation
is useful for identifying the relative impact of the factors
by comparing the factor coefficients. Moreover, the equations derived in tems of actual factors can also be used to
make predictions about the response for given levels of
each factor, where the levels will be specified in the original units for each factor. This equation however, cannot
be used to determine the relative impact of each factor
because the coefficients are scaled to accommodate the
units of each factor and the individual intercepts are not
at the centre of the design space. The adequtate precision (11.626) which measured the signal to noise ratio,
was greater than 4, was desirable indicating an adequate signal. This ratio indicates the model can therefore be used to navigate the design space satisfactorily
[43−45]. Results of the optimization studies presents
enzyme from Fusant T5 as the most preferred as compared to the parents and other selected fusants.
One approach to discriminate α-amylase and glucoamylase is via the evaluation of their hydrolysis product. αAmylase action results in various kind of oligomeric sugars whilst glucoamylase hydrolysis product is predominantly glucose (monomers) [46]. Results obtained from
the analysis of type of sugars present in samples
obtained from the hydrolysis of cassava starch (5% w/v)
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by amylases (1% w/v) produced in this study showed
that glucose was the most abundant ribose sugar. The
production of glucose from a one-step hydrolysis of cassava starch in this study indicates the presence of αamylase in the enzyme used for hydrolysis as glucoamylases can only act on liquefied starch and not directly on
starch granules. Variation observed in the amount of
glucose obtained in each sample, is a function of the
presence of α-amylase and glucomylases in varying concentrations.
In conclusion, this study describes the significance of
the protoplast fusion technique as a tool for the development of improved amylases from Aspergillus species.
Results of optimization studies and starch hydrolysis
indicate an enhanced amylase production in fusants
over the parent isolates. It can be concluded therefore
that protoplast fusion is an inexpensive technique to
achieve strain improvement for industrial applications.
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