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Abstract. Industrial important enzymes have traditionally been obtained by using submerged fermentation
technology. Many organisms are able to produce these enzymes, but only a few of them exhibit satisfactory
characteristics for industrial application. The ability of bacterial strains from the genus Bacillus to secrete
large amounts of extracellular 4-amylase has made them well suited for commercial production. Amylase
production using Bacillus subtilis SY134D strain was conducted in flasks and bioreactor. In flasks, our
results showed that soybean cake, beet pomace and tomato pomace were the best carbon source used in
submerged fermentation (SmF) after 72 h of incubation. In bioreactor, the rates of air flow and agitation
speed are important factors that affect oxygen transfer rate which influence on product formation. When
the aeration rate was increased from 0.25 to 0.75 vvm, amylase production increased at the speed of
agitation 100 and 200 rpm. The best enzyme yield 127 IU/mL was obtained at 0.25 vvm an aeration rate
and 300 rpm agitation speed in a 3L Electro-lab bio-reactor.
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Introduction

The hydrolytic enzymes are among the enzymes which
increasing their industrial applications. Within these,
a-amylase receive special attention. Because of the
importance of a-amylase, commercial production began
from 1940s and currently accounts for more than 30%
of the world’s total enzyme production. ai-amylase plays
a critical role in a wide variety of industries such as
starch conversion processes, baking, brewing, bio-
alcohol, detergents, paper and textile desizing,
pharmaceutical and sugar industries, therefore, efforts
have been made to reduce its extraction and production
costs (Haq et al., 2010; Sivaramakrishnan et al., 2006;
Konsula and Kyriakides, 2004). Isolation of new micro-
organisms suitable for enzymes production could provide
potential new sources of the enzyme (Aullybux and
Puchooa, 2013). Among many micro-organisms Bacillus
spp. is considered one of the most important sources of
amylase (Rajput et al., 2013; Bakri ef al., 2012) which
supplies around 60 % of the industrial world enzymes
market (Burhan ef al., 2003). The selection of a suitable
substrate is critical for fermentation processes and
investigating the potential of agro-wastes for producing
amylase could lead to the availability of new alternative
substrates for this purpose (Asrat and Girma, 2018).
The industrial demand for most of the enzymes is met
by the production using submerged fermentation (SmF)
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(Couto and Sanroman, 2006; Gangadharan et al., 2006;
Kunamneni ef al., 2005). The utilization of agro-residues
for the production of enzymes has gained renewed
interest as it solves solid waste disposal problem and
also produces less wastewater (Aullybux and Puhooa,
2013). The production of enzymes on a large scale is
mostly carried out by batch fermentation in stirred tank
bio-reactors. The fermentation process with complex
agro-residue as a substrate requires more adequate levels
of aeration and agitation than a synthetic medium to
facilitate optimum and uniform mass transfer due to
particulate and fibrous nature of the substrate(Singh ez
al., 2014).

The aim of the present study was to evaluate a new
bacterial strain, Bacillus subtilis SY134D for
extracellular ai-amylase production under submerged
fermentation condition in flask and in 3L lab-bench
scale fermenter.

Materials and Methods

Bacterial strain and growth conditions. Bacillus
subtilis 134D used in this study was isolated from Syrian
soil and selected as an 4-amylase producing strain (Bakri
et al., 2012). The strain was routinely cultured on
nutrient agar plates (NA), incubated at 30 °C until
bacterial colonies appear, kept at 4 °C and sub cultured
every fifteen days. The inoculum was prepared by
transferred aseptically a loopfull of Bacillus subtilis
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134D from nutrient agar plates to a sterilized 50 ml
tube with 20 ml of nutrient broth medium. The incubation
was carried out at 30 °C and rotated at 200 rpm in a
rotary shaker overnight. This prepared inoculum was
used for the fermentation experiments.

Enzyme production using submerged fermentation
(SmF). Amylase production was carried out in 100 mL
Erlenmeyer flasks containing 25 mL of basal culture
medium (g/L) (K2HPO4)1; (NaCl)s; (MgS04.7H20)
0.3; (yeast extract) 3.0 and (peptone) 5.0 and the pH
adjusted at 5 before sterilization. The flasks were
sterilized at 120 °C for 20 min. One milliliter of the
prepared inoculum from the Bacillus SY134D was
added to the sterilized medium and incubated at 30°C
for 5 days in a rotary shaker (200 rpm). Fermented
broth were then centrifuged for 10 min at 10000/rpm,
clear supernatant was collected and used as a crude
enzyme.

Bioreactor cultivation conditions. A 3-L Electro-lab
fermenter (Electro-lab limited, UK) was used as the
base mechanical vessel for amylase production from
Bacillus SY 134D in batch culture. The agitation system
is made of two Rushton turbine DT6. The diameter of
these turbines was d = 50 mm. The clearance above the
base of the bio-reactor and the distance between the
two turbines were equal to turbine diameter (d). The
bio-reactor was filled with 1.5 L of culture medium and
then sterilized at 121°C for 20 min. After sterilization,
the bio-reactor was inoculated with a 5% of prepared
inoculum. A regulation system was used to control the
temperature at 30°C throughout of the experiment. The
fermentation medium contained 40 g/L of soybean cake
as a carbon source and the nutrients had the same
concentrations that used in the flask experiment. The
effects of agitation speed (100, 200, 300 and 400
rpm/min) and aeration rate (0.25, 0.50 and 0.75 vvm)
were examined. Foaming was controlled with the
addition of 0.05% (v/v) Tego antifoam KS911
(Goldschmidt, Essen, Germany). Fermentation was
carried out for 96 h and the samples were withdrawn
at 24 h intervals to check the enzyme production.

Amylase assay. o-Amylase activity was determined as
described by Okolo ef al. (1995). The reaction mixture
consisted of 1.25 mL of 1.0% soluble starch, 0.25 mL
of 0.1 M acetate buffer (pH 5.0), 0.25 mL of distilled
water, and 0.25 mL of crude enzyme extract. After 10
minutes of incubation at 50 °C, the liberated reducing
sugars (glucose equivalents) were estimated by the
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dinitrosalicylic acid (DNS) method of Miller (1959).
The blank contained 0.5 mL of 0.1 M acetate buffer
(pH 5.0), 1.25 mL of 1.0% starch solution and 0.25 mL
of distilled water. One unit (IU) of a.-amylase is defined
as the amount of enzyme releasing 1 pmol glucose per
minute under the assay conditions. All experiments
were repeated twice.

Results and Discussion

The effect of carbon source on amylase production
by Bacillus SY134D. The enzymes production by
micro-organisms mainly depends on genetic nature of
the organism, components of fermentation medium and
their concentration and physiological growth conditions.
Hence, the formulation of medium is an essential
prerequisite to get higher productivity (Pandey et al,
2000). The concentration and nature of carbon source
included in the culture medium plays a critical role in
the growth of a micro-organism and its enzymes
production. Some of the agricultural residues like wheat
bran, wheat straw, tomato pomace, corn cobs hulls,
cotton seed cake, beet pomace, soybean cake, olive
seed cake, sawdust, corn starch, potato starch and
molasses, and the following sugars: glucose, maltose,
sucrose, mannitol, and lactose were studied to determine
the best one for amylase production. Results showed
different impact on amylase production with different
substrates. Figure 1 demonstrates that soybean cake,
tomato and beet pomace enhanced the alpha amylase
production, while other sources particularly olive seed
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Fig. 1. The effect of carbon sources on amylase

production by bacillus SY134D in SmF.
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cake and sawdust declined it, which might be due to
the lack of starch in these substrates. On the other hand,
molasses that enhanced amylase production in our work
are considered as an important industrial waste for
amylase production in several studies (Bhutto and Umar,
2011). Soybean cake was the best one among all used
sources with 41.15 (IU/mL) which is in agreement with
another scientific results which referred to a high yield
of amylase enzyme using agro-industrial wastes (Prakash
et al., 2009; Sexana et al., 2007).

The effect of soybean cake concentration on amylase
production by bacillus SY134D. The optimum amount
of substrate in the medium is an important factor due
to its influence on the cost spending for any commercial
products. A significant increase in amylase was seen
when the substrate concentration increased in the culture
medium from 1.0% (41.15 IU/mL) to 4% (141.9 IU/mL)
(Fig. 2). In contrast, substrate abundance up to 5.0 %
decreased the production to 132.50 (IU/mL). Aiyer
(2004) observed that Bacillus licheniformis SPT 27 had
a decrease in amylase production when high substrate
concentration (above 1.0%). On other works, amylase
production by Bacillus licheniformis showed an increase
when starch concentration was lifted up till 5% and up
to 5% the amylase production decreased as reported by
Oziengbe and Onilude (2012).

The effect of incubation time on amylase production
by bacillus SY134D. The incubation time is a sensitive
factor for any microorganism used in any industrial
sector. Maximum enzyme production could be obtained
only after a certain incubation time which allows the
culture to grow at a study state (Pandey et al, 2000).
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Fig. 2. The effect of soybean cake concentration
on amylase production by bacillus SY134D
in SmF.
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The specific growth rate of the strain. Growth rate and
enzyme synthesis of the culture are the two main
characteristics which are mainly influenced by incubation
time (Ellaiah ef al., 2002). The best yield of amylase
production by Bacillus SY134D was at 72 h of
incubation (Fig. 3). More time lead to a dramatic drop
in amylase production since enzyme production depends
mainly on the micro-organism conditions growth which
is heavily affected by the lack of minerals in the medium.
Several studies demonstrated the same results when
worked on amylase production by B. licheniformis
ATCC 12759 in submerged fermentation (Ackan et al.,
2011; Nusrat et al., 2007).

Amylase production by bacillus SY134D in a 3-L
bio-reactor. Oxygen transfer can often be very crucial
parameter which determines the cell growth and product
formation during fermentation due to its low solubility
in the medium (Garcia-Ochoa and Gomez, 2009).
Oxygen could be provided by aeration and agitation in
the medium. Aeration rate and agitation speed are the
main critical parameters for the growth and activation
of micro-organisms in a bio-reactor. They are the
sensitive factors used in a scaleup process and play an
important role in the process productivity (Alves et al.,
2010; Kao et al., 2007). Aeration activity affected by
agitation speed causing more exchanging surfaces
between gas/liquid resulting in oxygen abundance for
cells( Jafari ef al., 2007). Alpha amylase production by
Bacillus SY134D in a 3L Bioreactor was increased at
the agitation rates 100-200 rpm when the aeration rate
increased from 0.25 to 0.75 vvm (Fig. 4 and 5). Many
researchers reported a positive increasing aeration rate
on enzyme production by micro-organisms (EIl-Enashasy
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Fig. 3. The effect of incubation time on amylase
production by bacillus SY134D in SmF.
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Fig. 4. o- amylase production by Bacillus SY 134D
in a 3L fermenter at 100 rpm of agitation
speed with different aeration rates.
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Fig. 5. o- amylase production by Bacillus SY 134D
in a 3L fermenter at 200 rpm of agitation
speed with different aeration rates.

et al., 2008; Jafari et al., 2007; Bakri et al., 2002). At
an agitation rate of 300 rpm, amylase productivity
increased as the aeration rate increased from 0.5 to 0.75
vvm after 48 h (Fig. 6). The maximum amylase
production was 127 IU/mL at 0.25 vvm aeration rate
and 300 rpm agitation speed after 48 h.

Conclusion

This study demonstrates the effective using agro-residual
substrates for industrial enzyme production. The
maximum yield of amylase production by Bacillus
SY 134D was found in soybean cake at a concentration
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Fig. 6. o- amylase production by Bacillus SY 134D
in a 3L fermenter at 300 rpm of agitation
speed with different aeration rates.

of 4%. In a scaleup process, the results clearly
demonstrate the importance of aeration and agitation
on amylase production. The best enzyme production
was obtained at aeration rate of 0.25 vvm and agitation
speed of 300 rpm.
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