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Production of raw starch degrading amylase by Bacillus subtilis TLO3 and its
application in bioethanol production using starch-rich flours

Abstract
Since the 20" century, oil became indispensable in fields of energy and chemical industry,
leading to a global dependence and causing great damages to environment. Bioethanol is
currently the most widely used liquid biofuel in the world. The starch pre-treatment for
ethanol production requires the use of amylolytic microorganisms, or starch degrading
enzymes, such as a-amylases and glucoamylases, to convert it into fermentable sugars.
In this study, an amylase hyperproducer strain Bacillus subtilis TLO3 newly isolated from
natural soil, was used for amylase production. The crude enzyme was used thereafter for raw
corn and wheat starches pre-treatment. After that, the yeast Saccharomyces cerevisiae was
inoculated into the saccharified starch solutions for fermentation. The total reducing sugars
released during saccharification were measured, and the amount of ethanol produced, as well
as, the reducing sugars were monitored all along the fermentation process. Thus, 70% and
91% reducing sugars were obtained after saccharification of wheat and corn starch,
respectively, by B. subtilis TLO3 amylase. The fermentation process monitoring showed a
continuous decrease in the total sugars, concurrently with an increase in ethanol production
that reached 0.92 g/l (2%) for wheat flour and 1.1 g/l (2.4%) for corn flour after 24 h.
Keywords: amylase; Bacillus subtilis TLO3; bioethanol; pre-treatment; raw starch.
Introduction
Throughout the 20™ century, oil and its derivatives became the main energy source, thus
leading to a global economic dependence [1]. Besides this, fossil fuels are responsible for the
emission of greenhouse gases, contributing to global climate changes. Biomass can make a
substantial contribution to supplying future energy demand in a sustainable way. It is

presently the largest global contributor of renewable energy [2]. Bioethanol is currently the
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most widely used liquid biofuel in the world. Global ethanol production was about 13000
million gallons in 2007, and production has almost doubled over the past years, with a
production approaching 26000 million gallons for 2015 [3]. At present, bioethanol is
produced exclusively via 1* generation technologies, utilizing sugar and starch-rich
feedstocks, as no commercial size 2™ generation cellulosic ethanol facilities are presently in
operation [4]. Starch is a natural, cheap, available, renewable, and biodegradable
carbohydrate polymer produced by many plants as a source of stored energy. Bioethanol
production using starch rich materials, represents a cost-effective means for the production of
bio-alcohol comparing to the use of lignocelluloses [5]. Corn is the dominant material in the
starch to ethanol transformation industry worldwide [6]. However , wheat is the first
available material for the production of bioethanol in some regions [4]. Traditional
conversion of starch into alcohol requires a two-stage process: hydrolysis of starch by acid or
amylolytic enzyme and fermentation by anaerobic bacterium or yeast. Simultaneous
saccharification and fermentation with mixed is an effective method for the direct
fermentation of starch offering the advantages of realization in one reactor and the glucose
produced is rapidly converted into ethanol (Beschkov et al.,1984). However, in this system
the ethanol yield decreases because starch is consumed by the growth of amylolytic
microorganisms. To increase the production of ethanol, it is necessary to breed a
microorganism by a genetic manipulation, which can directly ferment starch into ethanol [7,
8]. In the present study, two starch-rich products ie: wheat and corn flours; were used as
biomass for the production of ethanol. The raw starch contained in the flours was pre-treated
with crude amylase produced by the strain B. subtilis TLO3, which optimal production
conditions were previously investigated. Thereafter, the released sugars were fermented using
the yeast S. cerevicea. A comparison between the two substrates was done concerning the

reducing sugars obtained and the ethanol produced.
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Methodology

1. Biological material
Wheat (Triticum durum) and corn (Zea mays) flours were used as starch-rich substrate for the
production of bioethanol. The strain Bacillus subtilis TLO3 (accession number KR262718)
was isolated from rhizosphere of olive tree in Tlemcen (Algeria) after a screening program
from different sources based on amylase production and physiological features (data not
shown). The yeast S. cereviseae was obtained from a commercial source.

2. Amylase production optimization

Medium composition and production conditions were optimized to obtain the best
combination for optimal amylase production by the strain B. subtilis TLO3. The optimization
was done using the OVAT (One-Variable-at-Time) method and amylase activity was
analysed by estimating the released reducing ends of sugar according to the dinitrosalicylic
acid (DNS) method of [9]. The experiments were realized using basal media containing 0,5%
starch and 0,2% yeast extract with pH 7 and shaking at 150 rpm. The production media were
sterilized by autoclaving at 121° for 20min. The flasks were then cooled and inoculated with
the 24h culture seed 4%. The following paramaters were tested: Secondary carbon sources
(Glucose, cellobiose, saccharose, xylose, galactose, lactose, cellulose, tween 20, tween 80,
glycerol (0,5%)) ; Nitrogen sources (peptone, casein, yeast extract, Urea, gelatine (0,25%),
Sodium nitrate and sodium nitrite (0,5%)); NaCl concentration (2,5 , 5, 10, 15, 20%, 25%) ;
pH (S, 6,7, 8,9, 10) ; Temperature ( 28°C, 37°C, 50°C, 60°C and 80°C) ; Inoculum size (0,5,
1, 2, 3, 4, 5%) and Incubation time (24, 48, 72 hours).

3. Amylase production
Two flasks containing 120 ml amylase production optimized medium were prepared. The
strain B. subtilis TLO3 was cultivated on nutrient broth for 24h at 60°C. Five per cent of the

culture was inoculated to the amylase production medium. After 24h of incubation at 37°C
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under orbital shaking 150 rpm, the medium was centrifuged at 10000 rpm during 10 min at
4°C and the supernatant was used as crude amylase for the saccharification of the flours.

4. Wheat and corn flours saccharification
Ten grams of each flour was added to the crude supernatant then incubated under orbital
shaking 150rpm at 45°C for 4h for wheat flour, and at 35°C for 24h for corn flour, in
accordance with time and temperature of saccharification necessary for each starch [10, 11].
Samples were taken every hour and centrifuged at 10000 rpm for 10min to determine the
amount of reducing sugars released. Media were finally centrifuged at 10000 rpm for 10 min
at 4°C ; then the supernatants autoclaved at 121°C for 20 min.

5. Reducing sugars fermentation using Saccharomyces cereviseae
The strain S. cereviseae was cultivated on a Peptone-yeast-glucose medium for 48h at 30°C.
Each saccharification medium was inoculated with 5% yeast culture. The media were then
incubated at 30°C for 24h and samples were taken each hour for the monitoring of reducing
sugar and ethanol concentrations.

6. Determination of reducing sugars and ethanol production
The amount of reducing sugars was measured before and after flours saccharification and
throughout the fermentation process using the DNS method [9]. Concerning the ethanol
production, it was determined by the colorimetric method described by [12]. A mixture
containing 0.5ml sample to be assayed, mixed with 0.5ml sodium dichromate reagent; 0.5ml
acetate buffer pH 4.3 and 2.5ml sulphuric acid IN. The solution was then vortexed for 1min
then incubated at room temperature for 120min. The absorbance was read at 578nm using a
spectrophotometer and a standard curve was plotted using different ethanol concentrations.
Results and discussion

1. Amylase production optimization
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The highest amylase production was obtained using 0.5% starch as essential carbon source,
0.5% xylose as secondary carbon source, 0.25% urea as nitrogen source, 2.5% NaCl and 3%
inoculum size. The production was optimum at initial pH: 7, temperature 50°C and 24 h
incubation period at 150 rpm shaking. The high production yield noted at high temperature
(50°C), pH range from 6 to 9 and in short time (24h), are promising results for application at
large scale allowing high amylase production and consequently elevated concentrations of
fermentable sugars for bioethanol production.

2. Wheat and corn flours amylase pre-treatment
Flours starch saccharification was performed using crude amylase produced by B. subtilis
TLO3 (Figure 1, Figure 2). A good yield of released reducing sugars was noted for both
flours. Thus, a percentage of 70% and 91% of reducing sugars was obtained during the
saccharification of wheat and corn flours, respectively; proving the efficiency of starch
saccharification of the crude amylase produced by B. subtilis TLO3. Several studies reported
raw starch saccharification for bioethanol production using amylase produced by Bacillus
spp. strains [13, 14].

3. Reducing sugars fermentation and ethanol production
The monitoring during 24h of reducing sugars fermented and ethanol produced is shown in
Figure 3 and Figure 4. The choice of duration of 24h for the fermentation was motivated by
the advantage of production of ethanol in a short time which allows doing considerable
energy savings. The reducing sugars concentration at the beginning of the fermentation was
142 pg/ml and 214 pg/ml, for wheat and corn flours, respectively. This difference could be
due to the starch content of corn 79% [15], which is superior to that of wheat 62% [16]. The
presence of resistant starch inaccessible to amylase enzymes up to 13% for wheat flour and
8.1% for corn flour [17], can also explain that difference. The monitoring of reducing sugars

concentration during the fermentation showed a slight increase in the 3 first hours, which can
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be explained by a secretion of amylase by the yeast S. cereviseae. This was followed by a
continuous decrease reaching 42% and 79% less for wheat flour and maize, respectively,
comparing to initial concentrations. This decrease indicates clearly that the yeast transformed
the reducing sugars, glucose in particular, obtained after the saccharification of the flours
starch. Concerning ethanol production, the monitoring showed a production yield of 0.92 g/l
(2%) for the wheat flour and 1.1 g/l (2.4%) for the corn flour after 24h. For the wheat flour
the production was steady during the 4 first hours, then a continuous increase was noticed
from the fifth hour. For the corn flour, after an increase during the 3 first hours, the amount of
ethanol declined during 3 hours, then resumed the increase in a continuous manner until 24h.
This decrease could be due to a contamination by an acetic acid bacteria, which could
ferment ethanol and transform it to acetic acid by and oxydo-reduction reaction [18], which
represents a limiting factor in bioethanol production process. The best ethanol yield was
obtained using corn flour because of the higher starch content, and thus fermentable sugars.
Evaluative studies concerning starch for ethanol yield optimization described five criteria that
influences the functional properties of starch : amylose/ amylopectin content [19-23], the
morphology of starch granule [24], the fine structure of amylopectin [25-27], thermal
properties [20, 22] and pasting properties [22].

Conclusion:

Bioethanol production using starch rich substrates, in particular corn, represents a cost-
effective means for the production of bio-alcohol comparing to the use of lignocelluloses.
Amylase pre-treatment of starchy materials gave encouraging results in ethanol production,
especially for corn flour. The flours composition affects the fermentable sugars yields and
thus the ethanol production. The prior optimization of amylase production conditions is an
essential step for an optimal hydrolysis of starch. The bioethanol production conditions could

be optimized to achieve a successful scale-up to industrial level production.
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Figure 1. Reducing sugars released during the saccharification of wheat flour.
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