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Abstract: In starch degrading industry, the first step to be performed is gelatinization of starch granules at elevated
temperature. This process tends to form a viscose suspension, thus making mixing and pumping a huge challenge. Therefore,
to lower the viscosity of starch paste thermostable enzymes are added for breaking down the polysaccharides into
oligosaccharides by a process known as liquefaction. Therefore, the availability of these enzymes can be considered a
prerequisite to start successful starch liquefaction and saccharification industry. The main objective of this study was, therefore,
to produce efficient microbial amylolytic enzymes for starch hydrolysis. One bacterial isolate designated as BACC 2107 was
isolated from locally collected samples. The enzyme has optimum activity at pH of 5.0 and 70°C. The addition of calcium in
the reaction mixture was shown to stabilize the enzyme. The isolate BACC 2107 was able to grow under solid-state
fermentation (SSF) using wheat bran as a solid substrate. Optimum enzyme production was recorded at 32°C, and at 120 h of
incubation and at a moisture content of 75%. Addition of peptone to the SSF medium as an organic nitrogen supplement
enhanced enzyme production. The enzyme was used to hydrolyze a 25% (w/v) of starch at 70°C and pH 5.0, and the resulting
hydrolysate was analyzed on TLC plates. After 4 h hydrolysis, the TLC chromatogram showed the release of glucose, maltose,
maltotriose, and other oligosaccharides, indicating that the enzyme is endo-acting alpha-amylase. The results of this study
show that amylase from BACC 2107 has a good potential to be used in starch liquefaction and saccharification processes. The
ability of the isolate to grow and produce the enzyme under SSF using cheap agro-industrial wastes could help to greatly
reduce the production cost of the enzyme.
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kottee harree [9].

Starch can be hydrolyzed both enzymatically and chemically.
Chemically, starch is converted into ordinary glucose and
glucose syrup by mixing wetted starch with a weak solution of
hydrochloric acid and heating it under pressure [10].
Enzymatically, amylases are used to break down the glycosidic
bonds of the starch [11]. Upon hydrolysis, starch is converted
to a variety of derivatives such as glucose, maltose, and syrups
of various dextrose levels [12].

From a commercial and environmental point of view, many
of the chemical processes used in starch processing industries
have inherent drawbacks [13]. As a result, the use of enzymes
as industrial catalysts offers a better option and is gradually
replacing chemical catalysts [14]. At the moment, the presence
of a large number of microbial amylases is almost completely

1. Introduction

Starch is a polysaccharide made of glucose molecules
linked together with an alpha-D-(1-4) linkage and alpha-D-
(1-6) linkages at branching points [1]. Apart from its food use,
starch can be used in different applications such as the paper
and textile industries, pharmaceuticals, adhesives, beverages,
plastics, and such derivatives as dextrin and nitro starch [2].
Commercially, starch is isolated from such agricultural crops
as tubers (potato), cereals (e.g maize, sorghum, millet, and
rice), and root (cassava, sweet potato, arrowroot) [3]. In
Ethiopia agriculture is considered the backbone of the
national economy. Among the common crops in Ethiopia that
can serve as a commercial source of starch include enset [4],
Ethiopian yam [5], godare [6], anchote [7], cassava [8], and
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replacing the chemical hydrolysis of starch in the starch
processing industry. On the other hand, recent advancements in
biotechnology enabled the use of amylase enzymes to expand
in many fields of application, including the food, fermentation,
and pharmaceutical industries [15].

Amylolytic enzymes can be obtained from
microorganisms, plants, and animals [16]. However, at
present, a larger part of the commercial amylases is
obtained from microorganisms, mainly from the genus
Bacillus and actinomycetes genera like Thermonspra and
Thermonactinomyces), fungi (mainly from the genera
Aspergillus and Penicillium) [16]. The different amylases
used for industrial application are alpha-amylase, beta-
amylase, and glucoamylase [17]. These enzymes are used
as detergent additives, as desizing agents in the paper and
textile industries, beverages, fuel ethanol production, food
fermentation, and as analytical reagents [18].

In the starch processing industry, enzymes are used in the
conversion of starch into high fructose corn syrup. Thus, for
complete conversion of starch into high glucose syrup, the starch
must pass through a three-step process, namely gelatinization,
liquefaction, and saccharification. In the liquefaction process,
the starch undergoes soluble oligomaltodextrins. The starch
slurry (30-35%) of pH 6 is mixed with a-amylase and passed
through a jet cooker and kept in a temperature range (95-105°C)
for 90 min to assure the removal of lipid—starch complexes. In
this process, the dextrose equivalent value of starch hydrolysate
syrup depends on the time of incubation and the amount of
enzyme added. In this process, the drawback of using primitive
o-amylases is that they are not active at a pH below 5.9 and at
the high temperatures level. Therefore, the pH of the starch
slurry has to be adjusted from the natural pH of 4.5 to pH 6, and
calcium must be added to stabilize the enzyme [19]. Therefore,
there is a need to develop o-amylases having enhanced
thermostability, tolerant to acidic pH values, and Ca*'-
independent [18]. The advantages of using these thermostable a-
amylases in industrial processes include decrement in the risk of
contamination, an increased diffusion rate of starch slurry, and
also decrement in the cost of external cooling.

The stability of enzymes is also another limiting factor in
the selection of enzymes for industrial applications due to the
elevated temperature or extreme pH of many
biotechnological processes. In regard to this, there is a
continuing demand to improve the stability of the enzymes
and thus meet the requirements set by specific applications,
which become a huge interest for searching for a new
enzyme that is cost-effective and suitable for applications.
Protein engineering is also the other option in finding
thermostable enzymes [20]. However, our present day
knowledge and available technology in relation to protein
structure and function are incomplete to use the tools of
protein engineering to develop novel enzymes. Another
option is, therefore, to look for better enzymes from nature.
The aim of this study was, therefore, to isolate new
thermostable amylase producing microbial isolates for the
production of the enzyme using cheap agro-industrial wastes.

2. Materials and Methods

2.1. Media and Culture Conditions for Isolation, Screening
and Enzyme Production for Amylolytic Organisms

Bacterial isolates were obtained from a water sample
collected from hot spring water at Afdera, Afar region,
Ethiopia, and soil samples collected from Addis Ababa
University Arat Kilo campus. The water sample was diluted
using 20 ml of sterile distilled water and 5 ml of the water
sample was aseptically transferred into a 250 ml Erlenmeyer
flask containing 50 ml sterile enrichment liquid medium with
the composition of (g/l): soluble starch 1.25; peptone 0.5;
yeast extract 0.5; CaCl,.2H,O 0.1; MgS0,.7H,O 0.1;
K,HPO, 0.5; NaCl 2.5; 50 ml of soil extract. The flask was
then incubated on a shaker at 45°C-55°C. After 24 h
incubation, 1ml of culture was taken and serially diluted (10°
1077y with sterile distilled water. Thereafter, 100 pl of the
diluted culture was inoculated and spread on sterilized agar
plates aseptically, with the same enrichment media
composition mentioned in the above with the addition of 7.5
(g/l) agar. The plates were then placed in an incubator and
incubated at 45°C for 48 h. Isolation from the soil sample
was carried out as follows. First, 1g of soil was mixed with 9
ml of sterile water, and then serially diluted (10"-107) with
sterile distilled water. One hundred pl of the diluted culture
was spread on agar plates. The media used for the growth of
bacterial isolates was composed of (g/l): peptone 1.5, yeast
extract 2.5; soluble starch 2.5; MgS0O,4.7H,0 0.1; NaCl 2.5;
K,HPO, 0.3; KH,PO, 0.2; CaCl,.2H,0 0.05. For solid media
7.5 (g/l) agar was added and incubated at 32°C [23, 24].
After 48 h incubation, distinct colonies were picked and
streaked on freshly prepared agar plates and incubated for
48h. For fungal isolation, soil samples and plant samples
were collected from different environments. First, the plant
samples were cleaned with 75% ethanol for 1 min then
washed with 3% hypochlorite for 3 min after this, cleaned
with 96% ethanol for 30 min. In the end, cleaned three times
with sterile distilled water and cut the edge of the plant and,
put on solid media agar. The root of the plants was firstly
cleaned with 75% ethanol for 3 min then cleaned by 3%
hypochlorite for 10 min. After this, it was cleaned with 96%
of ethanol for 2 min lastly cleaned three times with sterile
distilled water and cut down the edges of the root of the plant
and, put on solid media agar with the same media
composition as mentioned in the bacterial growth media with
the addition of 0.05 (g/1) of chloramphenicol [25]. The plates
were placed in an incubator and incubated at 32°C for 168 h.
The soil sample was grounded and 1g of soil sample was
serially diluted (10"-107) with sterile distilled water. Then,
100 pl of the diluted culture was inoculated and spread on
agar plates aseptically and placed in an incubator and
incubated at 30°C for 168h. After successive rounds of
purification pure isolates were obtained [21, 22].

2.2. Screening for Amylase Productions

To select amylase producing strains all fungal and bacterial
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isolates were grown on solid media. Then the isolates were
screened for amylase production by flooding the agar plates
with Lugol’s Iodine solution (1 g iodine and 2 g of potassium
iodide in 100ml of distilled H,O) [26]. The appearance of a
clear zone around the colonies indicated the production of the
amylolytic enzymes. The positive isolates for screening were
grown in liquid media (50 ml broth in 250 ml capacity
Erlenmeyer flasks) on a shaker incubator, 120 rpm. The
bacterial isolates were grown at 32°C in shaker incubator for
48 h while the fungal isolates were grown at 30°C for 168 h.
The crude enzyme of both bacterial and fungal cultures was
harvested by centrifugation at 10,000 rpm for 10 min in the
centrifuge. The supernatant was harvested, which was used
as a crude enzyme and, stored under a refrigerator (-22°C).
The crude 16 enzymes from the selected bacterial isolates
and fungal isolates were assayed with the standard enzyme
assay method described in (section 2.5) with phosphate
buffers, pH 7.00 (final concentration of 50 mM) in the
absence of 5SmM CaCl, solution and incubated in a water
bath with a temperature range of (50-85)°C with a slight
modification of Mc Tigue et al. ‘s study [27]. Then the
selected isolate for maximum production of the enzyme was
preserved on agar slants.

2.3. Biochemical and Morphological Characterization of
BACC 2107

2.3.1. Gram Reaction, Microscopic Examination and
Morphology of Colony

To test the organism for gram reaction the organism was
fixated on the slide. Consequently, the slide was immersed in
crystal violate solution for 1 min and it was instantly washed
for 5 min by running water. Next, the slide was put in iodine
containing solution for 1 min then washed by running water
for 5 min. Subsequently, the slide was deepened in 96% of
ethanol for 30 sec and then washed away by running water.
After this, the slide was immersed in saffranine for 1 min and
washed by running water for 5 min. Finally, the slide was
observed under the microscope [28].

2.3.2. Catalase Test

The catalase reaction was determined by adding 3% H,0,
drop by drop on a liquid culture media grown for 48h and
mounted on a slide and the presence or absence of bubbles or
foam formation was observed.

2.4. Solid-state Fermentation (SSF) Medium for Bacterial
Amylase Production

SSF media was used for enzyme production for the selected
isolates using wheat bran as a sole carbon source with the
addition of the following nutrients g in 13ml of distilled water
(%): NaCl 0.5; CaCl,.2H,0 0.01; MgS0,.7H,0 0.02; KH,PO,.
1; 10g wheat bran was moistened with the above nutrient
solution to a moisture level of 60% (v/w ratio) in 250 ml
Erlenmeyer flasks for the cultivation of the bacterial isolates.
After sterilization, each SSF media was inoculated with 2 ml
of overnight-cultured inoculums of bacterial isolates. They
were incubated in an incubator at 32°C for 120 h. The crude

enzyme from SSF media was harvested by adding 100 ml of
distilled water and shaken for 1 h at 120 rpm on the shaker,
then filtered using a cotton sheet [29].

2.5. Enzyme Assay

The enzyme assay was carried out using the dinitro
salicylic acid (DNS) method [30]. The assay mixture was
composed of 1% starch dissolved in 50 mM acetate buffer,
pH 5.0 (or phosphate buffer, pH 7.0). To 0.9 ml of the assay
substrate, 0.1 ml of the diluted enzyme was added and
incubated at 70°C for 10 min in a water bath. The reaction
was stopped by adding 2 ml of DNS solution followed by
boiling for exactly 5 min. After cooling in running water for
about 5 min, the optical density of the resulting colored
solution was measured at 540 nm against a reagent blank.

2.6. Enzyme Characterization

2.6.1. Effect of pH on the Activity of Amylase

To determine the pH profile of the bacterial amylase
enzyme, the enzyme was assayed using 2% soluble starch in
3 buffer systems pH 3.5 to 9.0 (final concentration 5S0mM).
The buffers are acetate buffer (pH 3.5, 4.0, 4.5, 5.0, 5.5),
phosphate buffer (pH 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0) and Tris
buffer (pH 7.5, 8.0, 8.5 and 9.0). To determine the effect of
pH on enzyme stability, the crude enzyme was diluted by
acetate buffer pH 5.00 (v/v enzyme: buffer 1:10). The diluted
enzyme was mixed with different buffer systems with a final
concentration of 50 mM, then enzyme was assayed in the
same procedure mentioned in (section 2.5) but, the enzyme
was incubated at 60°C in a water bath.

2.6.2. Effect of Temperature on the Activity Amylase
Enzyme with or Without Ca®*

To determine the effect of temperature on the activity of
amylases, the crude enzyme from the bacterial isolate was
diluted by acetate buffer pH 5.00 (v/v enzyme: buffer 1:10)
and assayed in temperature ranges of 45-85°C (within 5°C
intervals). The assay methods used for the bacterial enzyme
was mentioned in (section 2.5), but the substrate solution was
prepared in 50 mM acetate buffer pH 5.00. Then the residual
activity of the enzyme was determined by assaying the
incubated enzyme as mentioned above. The Ca** requirement
of a bacterial enzyme on the effect of temperature was
determined by incubating the enzyme at a temperature range
of 45-85°C (within 5°C intervals) with 5 mM CaCl, solution.
After incubation, the residual activity was determined [31].

2.6.3. The thermostability of the Amylase Enzyme with or
Without Ca**

The thermostability of the bacterial amylase enzyme was
determined after incubating the enzyme at temperature values
of 70 and75°C for 1 h in a water bath. First, each labeled
eppendorf filled with enzyme was placed in the water bath and
the other eppendorf was taken out and stored in a refrigerator
(+4°C) at 10 min interval. After incubation, the enzyme was
diluted (1:10 (v/v) ratio) with acetate buffer pH 5.00 (final
concentration of 50 mM) then assayed and residual activity
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was determined. To determine the Ca® requirement for
thermal stability of the bacterial enzyme, the crude enzyme
was incubated at a temperature of 75°C for 1 h in the water
bath with SmM CaCl, solution. After incubation, the enzyme
was assayed and residual activity was determined [32].

2.7. Thin Layer Chromatographic (TLC) Analysis of
Reaction Products

To identify the type of amylase enzyme produced by the
bacterial isolate. The reaction mixture was made of 25% (w/v)
raw starch mixed with 22.8 U concentrated crude enzyme from
the bacterial isolate and 10.85 U of malt enzyme extracted
using (section 2.9) method which was incubated at 70 and
60°C for 4 h in the water bath but the malt enzyme was
included in the reaction after 3 h of the incubation period. One
ml of the hydrolysate was collected in an eppendorf within 1 h
interval and stored in a refrigerator (4°C). Then the
hydrolysate was spotted on the TLC plate along with standard
known sugar (glucose and maltose) solutions (as used by [33]
with some modification). A one dimensional ascend was done
using a solvent system (v/v) of butanol: ethanol: water (5:5:2).
After a total of 4 ascends air-dry TLC plates were sprayed with
50% (v/v) methanol-H,SO, mixture and heated for 5 min at
about 160°C. The dark brown sugar spots that appeared were
identified by comparing with the standards.

2.8. Optimization of Culture Conditions for Amylase
Production of BACC 2107

2.8.1. Time Course of Enzyme Production

The maximum period for the production of the bacterial
enzyme was determined by growing the bacterial isolate on
SSF media (section 2.4) at 32°C. The relative activity of the
enzyme was measured after 24, 48, 72, 96, 120, and 144 hrs,
respectively. By harvesting the enzyme from cultivating
flasks at a time [29].

2.8.2. Effect of Moisture Level on Enzyme Production

The optimum moisture level for amylase enzyme production
of the bacterial isolate was determined by growing bacterial
isolate in SSF media at 32°C at a moisture level (v/w) of 33.3%,
50%, 60%, 66.7% and 75%. Then the enzyme was harvested
after 120 h of incubation period and assayed to determine the
enzyme activity of the bacterial isolate [34].

2.8.3. Effect of Nitrogen Source on Enzyme Production

The appropriate nitrogen source for amylase enzyme
production of the bacterial isolate was produced by growing
the bacterial isolate in SSF media within 75% (v/w) with the
following nitrogen sources: inorganic nitrogen source
(NH4(So0,), and NaNOs) and organic nitrogen source (peptone
and yeast extract) and also without a nitrogen source. After 120
h of incubation the crude enzyme was harvested and assayed to
determine the enzyme activity [35, 36].

2.9. Beta-amylase Extraction and Enzyme Hydrolysis of
Raw Starch

Beta amylase was extracted from a barely malt flour

following the method of Buttimer et al, 1998 with slight
modification [37]. To 0.5 g malt powder, 5 ml of acetate buffer
(pH 5.0) was added and intermittently vortex mixed for 1 h.
The mixture was then incubated in a refrigerator (+4°C) for 5
min followed by centrifugation at 12,000 rpm for 5 min. The
supernatant was collected and kept at (+4°C) until used.

A 2 g of raw potato starch was mixed with 6 ml acetate
buffer, pH 5.0 containing 10 mM CaCl,. Then 22.8 Units of
concentrated crude bacterial enzyme preparation and incubated
at 70°C. After 3h the reaction mixture was taken out, 10.85 U
of malt enzyme extract was added, and incubated at 60°C for a
further 4 h. At 1 h interval 1 ml of the hydrolysate was
collected in eppendorf and stored (+4°C) and the amount of
reducing sugar was measured following the DNS method after
1:200 dilution with distilled water [38, 39].

2.10. Drop in Starch Viscosity

In order to measure the viscosity of the starch hydrolysates
produced by alpha amylase, the following method was used.
3 ml of water was taken in a funnel sealing it at the bottom. It
was then released to flow downward and the speed was
measured in time. The water completed its flow in 9 seconds.
Using this method, the flow of the starch hydrolysates in 9
seconds was measured in volume.

3. Result

3.1. Isolation and Screening of Organisms

A total of 289 (226 bacterial and 63 fungal) isolates were
screened for amylolytic activity on starch-agar plates. A total
of 180 isolates (130 bacterial isolate and 50 fungal isolates)
were positive for extracellular amylase production. The
activities of fungal enzymes were very low compared to the
bacterial enzymes. Based on this, bacterial isolates were
further evaluated for the level of amylase production based
on the diameter of the halo zone formed (Figure 1).

Figure 1. Clear zone formed around bacterial colonies after flooding them
with Lugol's iodine regent.

To select the best amylase producing isolate (s) all the 180
positive isolates on starch agar was grown in liquid media
and the relative activity of the crude enzyme was assayed at
50°C - 85°C.

Four of the amylase enzymes from the bacterial isolates were
found to be active at 70°C. When thermostability of the four
enzymes that were tested and compared, only one bacterial
isolate designated as BACC 2107 produced an enzyme that was
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more heat stable and selected for further study.

3.2. Biochemical and Morphological Characterization of
Isolate BACC 2107

For gram reaction the organism was found to be rod shape
and purple in color when seen under microscope. This,
indicates that the organism was gram positive bacteria. In
catalase reaction, the organism was able to produce a gas
(oxygen) bubble indicating the organism was able to produce
catalase enzyme. On the other hand, the colonies of the
organism were yellow, creamy, and circular edged.

Table 1. Summary of the biochemical and morphological features of isolate
BACC 2107.

Parameter Observation Result

1. Gram reaction Purple in color Gram positive
2. Catalase test Produce a gas bubble Catalase positive
3. Microscopic exam.  Rod shape

4. Colony features Yellow, Creamy, Circular edged

3.3. Properties of the Engyme

3.3.1. Effect of pH on Activity of Amylase

For determination of pH profile, the bacterial amylase
enzyme was assayed in 3 buffer systems with a pH range of
3.5 —9.0. Based on this, the optimum pH of the enzyme was
observed at pH 5.0. The least activity of the enzyme was
observed at pH 3.5 (Figure 2).

120 4
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40 -
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Figure 2. Effect of pH on the activity of BACC 2107 amylase.

3.3.2. Effect of Temperature on Activity and Stability of
Amylase

To test the thermal activity and calcium requirement of
BACC 2107 amylase, the crude enzyme was assayed in
temperature ranges of 45-85°C with and without 5 mM Ca™.
The optimum relative activities of the enzyme were
measured in the absence of 5 mM Ca™ in a temperature
range of 55-65°C. Maximum activity was recorded at
70°C and after 75°C the relative activity of the enzyme
started to decline as shown in (Figure 3). In the presence
of 5 mM Ca™, the maximum activity of the enzyme was
recorded at 65°C (100%). The relative activity measured
at 70°C and 75°C was 92.81% and 70.76%, respectively.
This result showed that the enzyme activity in the
presence of 5 mM Ca*? after 70°C tend to decline slowly,

showing that the enzyme was more stable in the presence
of 5 mM Ca™* (Figure 3).
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Figure 3. Effect of temperature on the activity of BACC 2107 enzyme in the
presence and absence of Ca™.

The thermal stability of bacterial amylase enzyme was
determined by incubating the enzyme for 60 min in the
presence and absence of SmM Ca* in the temperature values
of 70°C and 75°C. In the absence of Ca™ and 70°C, the
enzyme retained about 24.51% of its original

Residualactivity (%)
a
S

=—4=—70°C
40 ~—fi—-75°C
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Figure 4. The thermostability of the bacterial enzyme with or without Ca™?.

3.4. Thin layer Chromatographic (TLC) Analysis of
Reaction Products

TLC analysis of the starch hydrolysate produced by BACC
2107 amylase showed production of glucose, maltose,
maltotriose, and different types of oligosaccharides indicating
that it is an endo-acting alpha-amylase (Figure 5).

a) G1-Glucose

b) G2-Maltose

Figure 5. Spots developed from starch hydrolysatese on TLC by the action of
bacterial amylase.
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3.5. Optimization of Culture Conditions for Amylase
Production

3.5.1. Time Course of Enzyme Production

Amylase production by BACC 2107 through SSF reached
to maximum production at 120 h of incubation (Figure 6)
after which enzyme production declined.

Enzyme activity (U/g)
=R NN
w =] w o v
o o o o o

o

incubated at 60°C for a further lh. Thus after 4 h of
incubation the enzyme released 413.27 pmol/ml of reducing
sugar equivalents corresponding to 27.90% hydrolysis of raw
starch (Figure 9)

= o= N NW
o o unn o un O

Starch hydrolzed (%)

o 4
-

2 3 4
Time (h)

24 48 72 9% 120 144
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Figure 6. Time course of enzyme production by BACC 2107.

3.5.2. Effect of Moisture Level on Engyme Production

The optimum moisture level for alpha-amylase production
by BACC 2107 was observed at a moisture level of 75%
(Figure 7). At lower moisture level enzyme production was
low.

400
%0350
"E’ 300
E 250
€ 200
<
g 150
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333 50 60 66.7 75
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Figure 7. The moisture level of SSF for enzyme production of BACC 2107.

3.5.3. Effect of Nitrogen Source on Enzyme Production

Amylase production by isolate BACC 2107 was slightly
higher in the presence of an organic nitrogen supplement
peptone (Figure 8). However, enzyme production in the
presence of other nitrogen supplements or in the absence
of any nitrogen supplement showed no significant
difference.

Tinnl

Peptone NH4(S04)2

Nitrogen content

300

NN

B
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O O © O © o

Enzyme activity (U/g)

Yeast extract NaNos None

Figure 8. Effect of nitrogen source on alpha amylase production.
3.6. Enzyme Hydrolysis of Raw Starch

A 25% (w/v) paste was hydrolyzed using 22.8 U of alpha-
amylase at 70°C. After 3 h incubation
10.85 U malt enzyme (B-amylase) was added and

Figure 9. A profile of hydrolysis by BACC2107 enzyme against incubation
period.

3.7. Drop in Starch Viscosity

The viscosity of starch hydrolysates produced by alpha
amylase enzyme was determined by comparing the volume of
the starch hydrolysates for down flow speed within 9 second.
Based on this, 2.9 ml of a starch hydrolysate which were
incubated for 4h was able to follow in 9 second (Figure 10).

w
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Figure 10. A profile of viscosity starch hydrolyzed by BACC 2107 enzyme.

4. Discussion

Amylases are among the most important enzymes for
industrial application, with applications in different industrial
processes [40]. The existence of diverse applications
indicates the need for amylases having different properties.
The production of amylases can be carried out by submerged
fermentation (SmF) or through solid state fermentation (SSF).
Submerged fermentation has been a traditionally used
method for the production of amylolytic enzymes. Whereas,
solid state fermentation involves growth in the absence of
free flowing water using cheap agro industrial wastes. Thus,
SSF involves low capital investment for machinery and
substrate making preferred technology for developing
countries.

In addition to low capital cost, some of the advantages of
solid-state fermentation include lower levels of catabolic
repression and end product inhibition, low wastewater output,
better product recovery, and high quality production [41].
Enzyme production under SSF is affected by various physical
and chemical parameters such as temperature, pH, period of
incubation, carbon sources acting as inducers, surfactants,
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nitrogen sources, phosphate, different metal ions, moisture
and agitation with regards to SSF. Amylase production by

isolate BACC 2107 reached to the maximum at 120 h growth.

In most bacterial isolates enzyme production starts at around
the logarithmic stage of the growth and reaches to maximal
point at the stationary growth phase [35]. In the case of the
BACC 2107 enzyme, the increment of incubation period
beyond 120 h led to a decrease in enzyme production could
be because of depletion of essential nutrients or due to
accumulation of toxic substance produces.

Moisture is one of the most important parameters affecting
enzyme production through SSF [42]. For isolate BACC
2107, the highest enzyme production was observed at 75%
(v/w) moisture level (Figure 7). Some researchers reported
that at high moisture content substrate porosity is reduced
thus or limiting the transfer of oxygen in the particle [43].
However, for isolates BACC 2107 enzyme production
progressively increased with increasing moisture level. It has
been proposed that at high moisture content solubility of
nutrients of substrate particle is high causing a better facility
for utilization of the substrate by microorganisms [44, 45].

Another parameter that determines enzyme under SSF
addition of nitrogen supplements. The requirement of a
specific nitrogen source differs from organism to organism.
From all the nitrogen sources, BACC 2107 showed the
highest enzymatic production for the organic nitrogen source
which is peptone (273.58 U/g) (Figure 8). Some studies
showed that organic nitrogen sources are preferred for the

production of a-amylase than inorganic nitrogen sources [46].

Organic nitrogen sources contain readily available amino
acids and peptides that are easily taken by the cell directly
and incorporated into protein or changed into other cellular
nitrogenous constitutes [47].

Peptone is the richest nitrogen source among other organic
nitrogen sources. It is also rich in vitamins and other growth
stimulating compounds [48]. However, the reason why
amylase production was low in the presence of yeast extract
(213 U/g) is not clear. Other authors have also reported that
peptone resulted in an increased enzyme production while
yeast extract exhibited no effect on alpha amylase production
[49]. Aiyer (2004) also reported that peptone is the better
nitrogen source for enzyme production by B. licheniformis
SPT 278 than ammonium hydrogen phosphate [50]. When
the SSF was supplemented with inorganic nitrogen content
(NaNO;), the organism showed (212.03 U/g) in the
enzymatic production (Figure 8). Inorganic nitrogen sources
have a less complex nitrogen content which makes the cell
spend more energy and time in synthesizing amino acids for
protein synthesis.

In starch degrading industries the rate of hydrolysis of
starch by amylase enzyme depends on many process
conditions such as pH, temperature, stability, nature of
substrate, substrate concentration, enzyme concentration,
presence of Ca®" ions, and other stabilizing agents [43]. On
the basis of a temperature profile of the BACC 2107 amylase
enzyme, in the absence of 5 mM Ca’" the highest residual
activity was observed when the enzyme was incubated at

70°C (Figure 3). This is because, when the temperature
increases the rate of the enzyme activity will be high because
substrates collide with active sites of the enzyme more
frequently as the molecules move rapidly [51]. However, the
enzyme activity starts to decline when it reaches 75°C. Some
evidence shows that the activity of an enzyme is dependent
upon enzyme flexibility [52]. Enzyme flexibility could be
affected due to an increment of temperature on the covalent
and hydrogen bonds of the enzyme.

The chemical bonds that make up the shape of the enzyme
and enzymes' function is related to its shape; thus, the
temperature increment causes the weaker hydrogen and ionic
bonds of the enzymes to be broken resulting a
conformational change in the active site of the enzyme
causing a decrement in the activity of the enzyme [51]. The
activity of an enzyme can be demonstrated at temperatures
below the glass transition where mobility does not occur but
catalytic-center activities are very low [53]. In the presence
of 5 mM Ca®" the activity of the enzyme in the temperature
range 65°C - 75°C was relatively similar. This implies that
calcium ions have the ability to stabilize the conformational
structure of the catalytic and/or substrate binding site [43].
Some of the findings show that Ca*" ion has the ability to
increase the a-amylase activity of an alkaliphilic Bacillus sp.
ANT-6 [40]. The other challenge in the starch degrading
industry is the stability of an enzyme. Scientifically, the
stability of an enzyme is the result of a delicate balance
between large stabilizing (nature of an enzyme) and large
destabilizing forces which could be the increment of
temperature. Based on this, the thermostability of alpha-
amylase in the absence of 5 mM Ca®" the enzyme was able to
sustain 24.51% of its original activity at 70°C, and at 75°C
the enzyme only retains 5% of its original activity within 20
min of incubation (Figure 4).

Some reported that the conformational stability of an
enzyme is the result of a compromise between two opposing
factors: flexibility, for the catalytic function of the enzyme
and rigidity, for conformational stability [54]. In the case of
the BACC 2107 enzyme, the enzyme resulted in a
conformational change of the active site after 20 min
incubation (denaturation) at 75°C. It has been reported that
the conformational stability of an enzyme depends upon a
stabilizing force arising from a large number of weak
interactions between the hydrophobic residues, which are
opposed by almost an equal large destabilizing force due
mostly to conformational entropy [52]. The rigidity of the
hydrophobic interaction protects them from unfolding and
preserves their catalytically active structure [54]. Soni et al.,
(2003), reported the a-amylase of a Bacillus species to have
an optimum temperature 70°C and thermal stability were
greater than 60°C [55].

On the other hand, in the presence of 5 mM Ca®" the
enzyme retained 6.05% of its original activity at 75°C within
50 min of incubation (Figure 5). It is well documented that;
calcium ions enhance the thermostability of bacterial amylase
by binding on the surface of the protein so that it salts out the
hydrophobic residues. Eventually, the enzyme adopts a
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compacted structure and reduced the flexibility of the
enzyme [56, 57]. Some researchers reported that the
thermostabilities of Bacillus licheniformis CUMC 305 was as
high as 4 h at 100°C have been reported [58]. In general, the
enzyme was a thermostable enzyme. In the starch industry,
starch slurry is heated in a jet cooker at a temperature range
of 100 - 175°C in order to disrupt the starch granules and
release the amylose and amylopectin into the water
(gelatinization). Then the heated starch slurry is passed
directly into a hydrolysis reactor for further enzymatic
treatment (liquefaction). To make the process economical, a-
amylases used for this application are preferred to be active
and stable at the high temperatures of gelatinization (100-
110°C) and liquefaction (70-90°C) [43]. This shows that
amylase BACC 2107 has a good potential to be used in the
process of starch liquefication.

pH is another factor affecting the rate of hydrolysis of
starch by a-amylase. In a starch degradation process, the
starch slurry containing (30-40%) dry solids is cooked in a jet
cooker. The enzyme will be added after the starch has been
cooked and cooled, in this process, the pH may be in the
range of 2- 5 [12]. Every enzyme has its own optimum pH. In
the case of alpha amylase of BACC 2107, the enzyme was
able to maintain its optimum activity in the pH range of 4.0 —
8.0 and the highest activity of the enzyme was observed at
pH 5.0 (Figure 2). This indicates that pH 5.0 is an optimum
pH for amylase BACC 2107.

The optimum pH of an enzyme means that the
concentration of H' ions in the solution is the right
concentration to give the tertiary structure the best overall
shape. As stated, that an important part of catalysis in the
active site relies on charged groups of on the R-groups of the
amino acids that make up the active site. So, increasing or
decreasing the pH (the concentration of H' ions) will alter the
charges that are around the active site. This would happen
because more H' ions would be attracted towards any
negatively charged groups that are in the active site (amino
acids form part of the active sites and are negatively charged.
These H' ions are therefore attracted to these groups and
cluster around them. By doing this, it interferes with the
binding of the substrate to the active site and it, therefore,
changes the rate of activity of the enzyme - the rate of an
enzyme controlled reaction). Based on this, when the H" ions
of the solution decrease the activity of amylase BACC 2107
starts to decrease. The excessive increment and decrement of
H" ions concentration in the solution can cause an effect on
the intramolecular forces and change the enzyme's shape --
potentially to the point where it is rendered ineffective. In
conclusion, o-amylase of BACC 2107 is an acidic
thermostable enzyme.

In the starch degradation process, the gelatinization of
starch requires a high-energy input forming starch-based
products with an increased production cost. The hydrolysis
of raw starch below gelatinization temperatures has gained
an important point of view in energy costs, effective
utilization of natural resources, and viscosity problems. In
the starch liquefying and saccharifying industry, the

sweetness of a starch syrup depends on the degree of
hydrolysis, and complete hydrolysis of starch results in the
formation of only glucose or dextrose. The amount of
dextrose in syrup is given by the DE (amount of reducing
equivalents expressed as glucose per unit dry weight). As
far as reducing power is concerned, BACC 2107 amylase
was able to hydrolyze a 25% (w/v) of gelatinized starch in 4
h of incubation and released 413.3 pmol/ml of reducing
sugar equivalents corresponding to 27.9% hydrolysis of
starch. This implies that when the incubation period
increases the enzyme would be able to catalyze the
hydrolysis of internal o- 1,4-glycosidic linkages of the
starch into a low molecular weight product, such as glucose,
maltose, and maltotriose units [43]. This indicates that the
amylase is a liquefying and saccharifying enzyme [59]. A
thermostable alpha-amylase of Bacillus sp. 1-3 was also
reported for the hydrolysis of raw potato starch at a
concentration of 12.5% within 12 h [60]. Therefore,
enzymes that are capable of digesting raw potato starch are
economically attractive for the increased range of starch
sources for direct saccharification [33].

The other main problem in starch liquefying and the
saccharifying industry is viscosity. Viscosity is a result of
further heating of a starch granule above its gelatinization
temperature. In this research, the viscosity of the raw starch
was measured by comparing the volume of starch
hydrolysates produced by alpha-amylase for downflow speed
within 9 seconds. The result shows that in the presence of a-
amylase the viscosity of the starch starts to drop as the
incubation period increases as result the fluidity of a starch
increases (Figurel0). Since the viscosity of starch is related
mainly to the swelling of amylopectin molecules and the
reduction of viscosities of hydrolyzed starches in relation to
the original starches can be explained by the enzyme action
on the amylose and amylopectin molecules [61]. Thus, by
using the amylase enzyme as a thinning agent when alpha-
amylase starts to hydrolyze the gelatinized starch, the
swollen granules will be converted into another molecule or
degraded into their lowest form (unit). Some of the scientific
reports indicate that the viscosity of starch is essentially the
principal measure of the potential application of starch in the
industry [62, 63]. Some of the researchers also indicated that
the concentration, temperature, volume fraction of the
swollen granules, the deformability of the granules, and the
degree of molecular entanglement affect the viscosity of
starch pastes during pasting [64, 65].

5. Conclusion and Recommendation

The recent development of industrial biotechnology has
promoted a renewed interest in an investigation of
microorganisms capable of producing an extracellular
enzyme. East Africa region has a unique microbial diversity
that could serve as a source of novel enzymes for industrial
application. Alpha-amylase of BACC 2107 has a property of
low pH activity and a thermo stability (70°C - 75°C) and
thermal activity (60°C - 75°C) that can also be enhanced with
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the addition of 5SmM Ca’". Based on this, the amylase
enzyme of BACC 2107 could be a good candidate for use for
starch  liquefaction and saccharification  processes.
Additionally, the presence of abundantly available year round
agricultural by products such as wheat bran in the country
like Ethiopia could enable the production of amylase enzyme
by BACC 2107. Since East Africa is a potential region for the
production of starch based products the maximal production
of amylase using easily available carbon sources coupled
with a rapid starch hydrolyzing ability of the enzyme is one
of the great economic advantages. The ability of Alpha
amylase of BACC 2107 to hydrolyze different types of
botanical source like potato makes it a favorable enzyme for
the production of candies, jams, jellies, etc. It can also be
used to supplement malt amylase in breweries and the
hydrolysates produced by this enzyme can also be used as a
carbon source in the fermentation process, which makes
BACC 2107 strain a potential candidate for the production
alpha amylase enzyme acceptable by the commercial
standard of enzyme production. Therefore, it is recommended
that the enzyme should be characterized further, purified and
produced on large scale to be easily accessible for large scale
industrial applications. Additionally, the gene coding for
BACC 2107 the strain should be cloned and modify some of
the properties through protein engineering.
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