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Abstract Thirty-one bacterial isolates out of 133 isolates, were obtained from rhizosphere of
Egyptian clover plants, and had variant capability for starch degradation on starch agar medium.
The isolate E109 was the most potent being 72.5 U ml~! and 2.5 for amylase activity and starch
hydrolysis ratio (SHR), respectively, at 50 °C. The potent isolate E109 was identified based on phe-
notypic characteristics, phylogenetic positions based on 16S rRNA gene analysis and base
sequences (submitted to NCBI Gen Bank). 16S rRNA gene analysis confirmed that this isolate
belonged to the genus Bacillus and it was most closely related to B. amyloliquefaciens (95% similar-
ity). For the production of amylases, nine agro-industrial residues were added as carbon sources o
the basal medium. The medium supplemented with potato starchy waste as the sole carbon source
enhanced the enzyme activity more than soluble starch as control for o, B and y amylases activity, as
it increased by B. amyloliquefaciens about 1.26 & 4 and 8-fold, respectively after 48 h at 50 °C using
rotary shaker at 150 rpm. B. amyloliquefaciens gave the maximum values of o, B and y amylases
activity on medium supplemented with 2% potato starchy waste after 30, 30 & 36 h of fermentation
periods at 50 °C using shake flasks technique as a batch culture. These values were 155.2 U ml™!
(R* =0.93), L.OUmI™" (R?* = 0.94) and 2.4 Uml™ ! (R* = 0.95), respectively. 1t could be stated
that productive medium supplemented with 2% potato starchy waste as a low price substrate could
be more favorable than basal medium containing 1% starch for amylases production in submerged
fermentation, as it increased a, B and y amylase activity by 1.98, 7.69 and 12-fold than that pro-

duced in basal medium (control), respectively.
© 2015 Production and hosting by Elscvier B.V. on behalf of Faculty of Agriculturc, Ain Shams
University.

Introduction

Enzymes are defined as biocatalysts protein in nature, pro-
duced by living cells to bring about specific biochemical reac-
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the cell. Enzymes are highly specific in their action on
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substrates. The production of amylases is overshadowing all
other enzymes; hence, amylases account 65% of enzyme mar-
ket in world (van der Maarel et al., 2002; Balkan and Figen,
2007). a-amylase is an endo-acting enzyme and hydrolyzes
linkages in a random fashion that hydrolyzes o-1,4 bonds
and bypass a-1, 6 linkages and leads to the formation of linear
and branched oligosaccharides and limit dextrins. B-amylase is
an exo-acting enzyme that attacks the substrate from the non-
reducing end and hydrolyzes o-1, 4 and cannot bypass a-1, 6
linkages thus producing oligosaccharide maltose (2 units of
adjacent glucose) as a major end product. y-Amylase (glu-
coamylase) is an exo-acting enzyme that attacks the substrate
from the non-reducing end and hydrolyzes o-1, 4 and o-1, 6
linkages thus producing monosaccharides (1 unit of glucose)
as a major end product (Gupta et al., 2002).

Amylases are used commercially for starch liquefaction,
paper, desizing of textile fabrics, in preparing starch coatings
of paints, in removing wall paper, food in the brewing indus-
try, sugar induction by production of sugar syrups from starch
which consist of glucose, maltose and higher oligosaccharides,
pharmaceutical and in preparing cold water dispersible laun-
dry starches. To meet the demands of these industries low cost
medium is required for the production of amylases (Balkan
and Figen, 2007). Nowadays the potential of using microor-
ganisms as a biological source of industrially economic
enzymes has stimulated interest in the exploitation of extracel-
lular enzymatic activity in several microorganisms. Amylases
can be obtained from several sources such as plant, animal
and microbes such as bacteria and fungi (Murakami et al.,
2008). The microbial source of amylases is preferred to other
sources because of its plasticity and vast availability. Until
now all commercial enzymes have been derived from cultivated
bacteria or fungi. Bacterial amylases are generally preferred for
starch processing. Among bacteria, Bacillus species such as B.
subtilis, B. stearothermophilus, B. macerans, B. megaterium and
B. amyloliquefaciens were the best producers of thermostable
a-amylase using submerged fermentation and these have been
widely used for commercial production of the enzyme for var-
ious applications (Enhasy, 2007; Boz¢ et al, 2011),
Clostridium thermosacharolyticum, Cl. thermohydrosulfuricum
and Pseudomonas sp. (Mrudula et al., 2011).

Biosynthesis of amylases was performed on agro-industrial
wastes and by-products such as starchy materials to solve pol-
lution problems and obtain a low cost medium (Haq et al.,
2005; Djekrif-Dakhmouche et al., 2006; Anto et al., 2006;
Mukherjee et al., 2009). Rice husk, wheat bran and potato
starchy waste were used as a low cost carbon substrate for
amylase activity by B. subtilis (Baysal et al., 2003; Shukla
and Kar, 2006; Asgher et al., 2007).

The objective of this study was to investigate the agro-
industrial residues as an alternative carbon source to produce
amylases by Egyptian local bacteria in order to reduce envi-
ronmental pollution and product cost.

Materials and methods

Samples collection from soil environment

Rhizosphere samples were collected from the fertile fields
planted with Egyptian clover (Trifolium alexandrinum), in

Qalyubia governorate. Soil samples were taken from 3 to
5cm depth after removing 5cm from the ground surface.
These samples were collected into sterilized plastic bags and
stored in ice-boxes during their transport to the laboratory.
In the laboratory all samples were kept refrigerated until
isolation.

Media used

Medium (1): Nutrient agar medium (DIFCO Manual, 1984)
was used for maintenance and preservation of bacteria.
Medium (2): Starch agar medium (Madigan et al., 2011) was
used fur isolation of starch-degrading bacteria. Its composition
was as follows (gl '): soluble starch, 10; KNO;,0.5; K,HPOy,,
1; MgS0,4.7H,0, 0.2; CaCl,, 0.1; FeCl,, traces; agar, 15 and
adjusted to pH 7.0. *Starch broth medium was the same as
starch agar medium without adding agar.

Isolation and screening of the amylolytic bacteria

Ten gram representative soil sample was suspended in 90 mi
of sterile tap water and shaken thoroughly for 10 min.
Starch-degrading microorganisms were isolated from collected
samples by the soil dilution plate technique using starch agar
medium according to Clark et al. (1958). Serial dilutions up to
1077 of each soil sample were prepared using sterilized water.
Suitable dilutions were plated (in triplicates) on the above
solid medium. The poured plates were incubated at 30 and
50°C for 48 h. After 48 h plates were flooded with 1%
Lugol’s iodine reagent for 20 min. and washed with water to
remove the excess color. The clear halo-zone around colonies
were measured to calculate starch hydrolysis ratio (SHR)
according to Thippeswamy et al. (2006) and Bahadure et al.
(2010). The selected isolates were preserved on agar slant for
further use.

Submerged fermentation process

It was carried out in 250 mi plugged Erlenmeyer flasks, each
containing 100 mi sterile starch broth medium and inoculated
with 1% of standard inoculum (2.3 x 10° CFU ml™!) for the
tested bacterial isolate which incubated at 50 °C on rotary sha-
ker at 150 rpm for 48 h. The fermented medium was cen-
trifuged at 10,000 rpm for 10 min in order to determine
periodically the cell dry weight and amylases activity in the
precipitate and supernatant, respectively. All the experiments
were carried out at least in triplicate (Fossi et al., 2011).

Preparation of agro-industrial residues

Nine agriculture by-products namely, wheat bran, wheat
straw, rice bran, rice straw, rice husk, broken rice, maize
starch, potato starchy waste and corncobs were washed with
cold water and subsequently with warm water to get rid of dust
and impurities. The washed substrates were then dried at 50 °C
overnight in order to get constant weight. The dried substrates
were grinded in a laboratory grinder and a particle size of
5mm was selected by sieving to remove the large particles
and used for further studies (Singh and Rani, 2014).
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Effect of agro-industrial residues as starch substrates on
enzymes activity

In submerged fermentation, growth and enzymes activity were
studied on different starch substrates as carbon sources during
different fermentation periods. The appropriate carbon source
was selected by replacing the original carbon source of the
used medium with equivalent carbon amount of each of the
tested carbon sources (wheat bran, wheat straw, rice bran, rice
straw, rice husk, broken rice, maize starch, potato starchy
waste and corncob). Different potato starchy waste concentra-
tions ranging between 0.5% and 2.5% were used to select the
proper treatment for enzyme production by the tested strain
on the productive medium.

Phenotypic and genotypic identification

ldentification of selected isolate was carried out according to
their morphological (Gram and endospore staining were
observed under light microscope) and biochemical tests (cata-
lase, starch hydrolysis, gelatin hydrolysis, casein hydrolysis,
indole production and Voges—Proskauer test) based on
Bergey’s Manual of Systematic Bacteriology 2nd ed. (Niall
and Paul, 2009). 1t was then confirmed with 16S rRNA
sequencing, pure cultures of the target bacteria were grown in
nutrient broth medium on a rotary shaker (150 rpm) at 30 °C
for 24 h for the isolation of genomic DNA using the method
described by Hiney and colleagues (Yadav et al., 2009).
Amplification of 16S rDNA by PCR was done using universal
bacterial primers (27F) forward F (5-AGA GTT TGA TCC
TGG CTC AG-3) and (1492R) reverse R (5- GGT TAC
CTT GTT ACG ACT T-3') described by Raji et al. (2008).
Amplification was carried out in a 50 pul reaction volume. The
thermal cycle (PCR) steps were applied as follows: 5 min initial
denaturation at 95 °C, followed by 30 cycles of 1 min denatura-
tion at 95 °C, 1 min primer annealing at 55 °C, 1 min extension
at 72 °C and a final 10 min extension at 72 °C. The amplified
DNA fragment was separated on 1% (w/v) agarose gel elec-
trophoresis, eluted and purified using the Qiaquick gel extrac-
tion kit (Qiagen, Germany) following the manufacturer’s
protocol (Nimnoi et al., 2010). The purified PCR product was
sequenced using the Big-Dye terminator kit ABI 310 Genetic
Analyzer (Applied Biosystems, USA). Sequence data of partial
16S rDNA were aligned and analyzed for finding the closest
homologous microbes. The unknown query 165 rRNA nucleo-
tide sequence was compared to nucleotide databases using
BLASTN program that is available from the National Center
for Biotechnology Information (NCBI, 2014) and retrieved
from Gene Bank database. Then multiple sequence alignment
was developed for these homologous sequences using the algo-
rithm described in Clustal Omega. A phylogenetic tree was then
drawn using the neighbor joining method.

Analytical procedures

Cell dry weight was determined by washing the pellets with dis-
tilled water in order to remove the starchy material attached to
the pellet where the cellular mass was suspended and homoge-
nized with 20 ml of distilled water, following centrifugation at
10,000 rpm for 10 min at 4 °C, and the supernatant was put
aside during three cycles. Finally, the biomass was suspended

in 1 mi of distilled water. The suspension was added to pre-
weighted caps and dried in an oven at 60 °C for 1-2 days to
a constant weight for the measurement of cell dry weight
(gl™1) (Tamilarasan et al., 2012).

Alpha amylase activity was assayed using starch—iodine
method described by Sudharhsan et al. (2007). The activity
was estimated using 0.5 ml of 1% soluble starch (Sigma S-
2630) gelatinized in water (15 min; 100 °C; continuous mixing)
soaked in 0.5ml 0.1 M phosphate buffer (pH 7.0), 1 ml of
crude enzyme was mixed and incubated at 60 °C for 30 min,
where the assayed enzymes were most active, and 1 ml of
1 M HCI was added to stop the enzymatic reaction, followed
by the addition of 1ml of iodine reagent (SmM I, and
5mM KI). Following color development the absorbance at
620 nm was measured using spectrophotometer (Unico S2100
series UV/Vis). Starch—-iodine assay is defined as the disappear-
ance of an average of 1 mg of iodine binding starch material
per min in the assay reaction. Uml™' was calculated using
the following formula:

U ml™" = (Agzg am control — Agyg n sample)/
(Ae20 am/mg starch)/30 min/1 mi/dilution factor.

where Ag20 nm control is the absorbance obtained from the
starch without the addition of enzyme, Agg nm Sample is the
absorbance for the starch digested with enzyme, and
Ag0 nm/mg starch is the absorbance for 1 mg of starch as
derived from the standard curve (Yoo et al.,, 1987; Pfueller
and Elliot, 1999; Xiao et al., 2005).

Beta or gamma amylases activity was determined by mea-
suring the amount of glucose liberated from starch (Bryjak,
2003). A 0.5ml of 1% soluble starch (Sigma S-2630) gela-
tinized in water (15 min; 100 °C; continuous mixing), 0.5 ml
0.1 M acetate buffer (pH 4.8 or 4.5) and 0.5 ml sample of crude
enzyme were mixed and incubated for 3 min at 45 or 55 °C,
respectively. The glucose released was measured by the glucose
oxidase peroxidase kits from (BIO-ADWIC) EL NASR
PHARMACEUTICAL CHEMICALS Co. (Egypt). Beta or
gamma amylases activity was calculated from the amount of
reduced sugar produced, by the following formula recom-
mended by Haq et al. (2003) and Karnwal and Nigam (2013):

Uml™' = (amount of reducing sugar X dilution
factor)/(1000 x MW of glucose (180.2) x time X enzyme vol-
ume). One unit (U) of beta and gamma amylases is that
amount of enzyme which liberates 1 umole of glucose in 1 min.

Parameters calculation

Specific growth rate (¢) (h™!) and doubling time (1) (h), mul-
tiplication rate (MR) and number of generations (¥) were cal-
culated using the following equations according to Doelle
(1975). The following formulas were used to calculate these
parameters: specific growth rate per hour (1) = (InX — In Xy)
(t — 19)”"', doubling time (zg) = In2 ()", multiplication rate
(MR1) = 1(tg)"! and number of generation (N) = (1 — )
(ta) .

Starch hydrolysis ratio (SHR) was calculated using the fol-
lowing equation

SHR = Clear halo zone diameter (mm)/colony growth
diameter (mm) (Thippeswamy et al., 2006; Bahadure
et al., 2010).
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Fig. 4 Neighbor-joining tree based on 16S rRNA sequences of the genus Bacillus obtained from BLAST search showing the position of
isolate and related strains.
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Fig. 5 Growth patterns of B. amyloliquefaciens as influenced by different carbon sources during 48 h at 50 °C using shake flasks as a
batch culture. (A) Sigmoidal growth curve, (B) growth paramelters.

which indicated that growth and amylases activity were high Generally, it could be stated that the medium supplemented
when maize starch was used as carbon source followed by with potato starchy waste as the sole carbon source could be
potato starch. more favorable than soluble starch as control for o, B and y
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Table 1 Effect of different agro-industrial waste as starch substrates on growth and amylases actmty of 8 mnylaltquefaczens on
med.2 at 50 °C during 48 h using shake flasks as batch culture.

Starch substrates 'I}':me{ CD?)/ £ Enzyme activity (U m]“) Stz;rsch Time CD? ~ Enzyme @cﬁvityf(l} ‘ml"}
( } i & (gl— : 'm_‘——“s“’“—'*""—y__‘ substrates (h) o (gl- ) %m 5 - Y g
Soluble starch 0 0.074 0.00" 00000 0000  Rice bran 0 0074 000" 0,000 0.000
{control) 6 0.08 7204 0.021% - 0009 6 0:074 325 0002 0003
12 0.104 12,95 0.051f - 00155 12 0004 7:63% 0002 - 0.003
18 0.16% 2498 0075 0050™ : 18 0.10% 123k 0003 0006
24 0255 364 0.098° 00888 24 0134 1919 0008 0011
30 0.36° 5214 0.130° 0.131° 30 0.18™ 25.18" 0008 0,022
36 0.53%¢ 782° 01268 02000 36 02650 339 90109 - 0.0400F
48 050> 723%4 0116 0.176%° 48 0.37°5F 23188 90094 00345
Broken rice 0 0074 0.00"  0.0000 0000'  Rice husk 0 0.074 0.00% . 0000  0.000'
6 0.08% 150"  0.010° 00708 6 0074 380" 0004 0005
12 0.1 23.78% . 0.030° - 0.150° 12 0.094 8205 "0.0079 0007
18 025" 36.8%% 0:0500 0.220¢ 18 0.10% 1794 poigd oo
24 0.41%¢ 50.1%° - 0.1507 © 0.350° 24 0.16% 27.8%%  poie'd 0.029%
30 0,555 93.4%  0.240° - 0.480%¢ 30 02481 4220 00208 0.039F
36 060° 88.1° 02305 0610 36 0.35% 66.2%¢ 0019" 0.060"
48 0.58>° 79.7%¢ - 0.230° T 0.570%° 48 0458 544%  p017" 0052
Corncobs 0 006 0.00” © 00000 . 0000  Ricestraw 0 0078 . 0007 00000 0000
6 0.08" 3105 0.006% . 0.010% 6 0.084 5605 0004 po19%!
12 0.09% 6195 gotl  oo19k 12 0.094 108" 00069 p031*
18 0104 1135 00205 00538 18 0124 - 1734 o013 0056
24 0.16™ 1795 7 00305 (0917 24 0.19% 2745" 00228 007280
30 020 238%"  poed’  0.131° 30 0258" - 47.0%° . 00328 00957
36 025&: 3L.8%R - 0.090° 0.200: : . 0.33"’; 70.6; 0.050; L 0.140°
48 0.30% 20.8%  00B® D182 48 047" 604%° 0045 0128
Corn starch 0 0074 0.00™ " 0000 0.0000  Whest bran 0 0074 0.00" 00000 0000
6 0.084 4805 0.010° - 00400 . 6 0.074 3254 0002  0:003
12 0.09% 1LOHE 00208 0.0500 12 0.09% 7.63% 0002 0,003
18 0.258" 29280 00408 - 0.0705" 18 0.10% 1237 003 00065
24 0.37°F 50.1% 0.060°  0.130° 24 0.134 1904 go0sY o011
30 049 . 895° . 01105 0170% o 30 018% . o5 1sR 00089 0022%
36 0.62° 80.2%¢  0.100° . 0.250¢ 36 0.26%" 33908 po010"  0040F
48 0.585¢ 7129 0090 02208 48 0375 23080 0.009" 0.034%
Potato starchy 0 0.06 0007 0.000° - 0000  Wheat sttaw 0 0.06) 0.00" 0000 0.000
waste 6 0.08% 116" - 0.040%  0.096%¢ 6 0.084 419 0002 0003
12 0.104 25850 . 0.080° 0.363% 12 0104 146% o005  0.006%
18 017% . . 406% . 0140° 0523 8 0.16% 2665" 0007% 0015F
24 0.298h 6639 0305~ 0.881° 24 021 3567 0010% 004k
30 0 50°¢ 98.4%  0.520° 1.265%° 30 02720 51.3% 00225 0.065%
36 0.72* 94.4Y . 0505 1.600% 36 0.35%f 70.3% - 0.040f - 0.090%
48 0.69*° 8017 0.484> 14522 48 0.445¢ 6177 00328 pos0

CDW = cell dry weight.
Values in the same column followed by the same letter do not significantly differ from cach other, according to Duncan (1955) at 5% level:

amylases activity, as it increased the enzymes produced by B.
amyloliquefaciens about 1.26 & 4 and 8-fold, respectively.

Different potato starchy waste concentrations

Five concentrations of potato starchy waste ranging between
0.5% and 2.5% were used for amylases activity by the tested
strain. Data presented in Fig. 6(A) and (B) clearly show that
B. amyloliquefaciens grew exponentially during 36 h in medium
containing potato starchy waste concentrations ranged from
0.5% to 2.5%. The highest figure of growth (0.84 gl™! of cell
dry weight) was recorded at 2% potato starchy waste after
36 h of fermentation periods, which increased about 16.6%,
as compared with that produced at 1% potato starchy waste

(control). The highest figures of specific growth rate (i), mul-
tiplication rate (MR) and number of generations (N) were
0.092h™', 0.13 and 3. The lowest doubling time (1) was
achieved after 8 h.

Also, data presented in Table 2 clearly show that there was
a gradual increase in activity of amylases by the tested strain
with increase of potato starchy waste concentrations from
1.5% to 2.5% reaching a maximum growth and amylases
activity at 2%. This treatment resulted to the highest values
of a, B and vy amylases activity after 30, 30 & 36 h of fermen-
tation periods being 1552, 1.0 & 2.4 U mi~!, respectively.

Statistical analysis revealed a high positive correlation coef-
ficient (r*) between potato starchy waste concentrations and
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Fig. 6 Growth patterns of B. amyloliquefaciens as influenced by different potato starchy waste concentrations during 48 h at 50 °C using
shake flasks as a baich culture. (A) Sigmoidal growth curve, (B) growth parameters.

Table 2 Effect of different potato sfarchy waste wneentrations on growth and amy}ascs actmty of B. amylafzquefaaem on med. 2

; mcubated at 50 °C during 48 h using shake flasks as a batch culture. ‘
‘ PSW conc. = Time.

PSW;_T _ Time CDW Enzyme activity Uml™) CDW Enzyme activity (Uml™)
coned%) | ®  @hH § B ¥ (%’ m  @h o B "
0s ‘ 0 o0 W ,00003 . goop? 15 s = ,,,032‘1 : 75300 0.526d . g9t
. 6 0085, . 5o1f  0048' 007950 30 054 133875 0750 1.006°
12 0.10%8 1587 g9 02170 36 078 - 1250°  0739°  1.800°
18 0.1 2867 p1I8E 0.333% 48 076 120.9° 0678  1.765°
4 o2 . 416y 025t 0468 . ‘ . i
30 044 - 7768 T 0 A10° . 0784 20 0 0.07° 0.000°  0.000° 0.000"
36 063" - mge . g3y jgg0t - 6 0.0 20.70™2. 0.098™  (.2518
48 0.61° 60.6%. 0355  0930° 12 0.157 43505 01788 0.505%
: ; : S & &= ; 18 023 7180 0327° 0815
10 0 . 006 . 000° 0000 - 6.000%: 24 037 9830 06965 1304%F
. =B S1L7™E 00400 . 0.096%" 20 055 15522 1.000° 1.749°
12 0.10"¢ 258" 0079%% 03638 36 0.84° 149.2° . 0969 - 2.400°
18 0.18 40.9%  0.140%  0503%f 48 psl® . o U pagob 0949® 2135
S - 24 &29¢ L 66‘5&1; 0.305*’ 0»8814 ,,,,,,,,,,,,,,,,,,,,,,,, ‘ E 4 .
- 30 051 C o4 o0t 1265 25 0 - oor 0000° 00000 0.000"
36 0P - oo 0505  1.600° 6 . 009 17.10™° 01248 01788t
48 069  802% 04847 1452 12 010k 3820 0224' - 00848
. : : 8 0.20° 657088 0355 0471%
15 0 oo 0.000" 0000 0.000" 24 0.35¢ 88.98%¢ "~ pso9t 0.706%
6 0.09% 155077 01498 0068E 30 056 149.0° 0900 1250
12 012 302000 0240 - pasost 36 0.81° 140.9° 0.842" 2100
18 022 45704 0348 - 0616 48 078 1299 071 1716

: PSW patato starchy waste CDW = cell dry we1ght

Values in the same column followed by the same letter do not significantly differ from each other, according to Duncan (1955) at 5% level:

each of cell dry weight, enzyme activity (a, p and y amylases). r?
values ranged from 0.87 to 0.95. Moreover, significant effect on
bacterial growth and amylases synthesis by the tested strain was
observed at all potato starchy waste concentrations. In similar
studies, Mishra and Behera (2008) and Kanimozhi et al. (2014)
noticed that the highest enzyme activity by Bacillus sp. was
attained at 2.0% starch, whereas the maximum activity of
enzyme by Pseudomonas fluorescence was ranged from 1.5%
to 2.5% starch and decreased at 3.5% starch which have been
reported by Karnwal and Nigam (2013). So, it could be stated
that 2% potato starchy waste was the best concentration for the

growth and enzymes activity by B. amyloliquefaciens resulting
in 1.98, 7.69 and 12-fold for a, § and y amylase activity, respec-
tively as compared to control (1%).

Conclusion

Several bacterial isolates were isolated from Egyptian soil and
were capable to grow and produce amylases. Among these iso-
lates, E109 was found to produce the highest amylases activity
on productive medium supplemented with 1% starch at 50 °C
for 48 h using shake flasks as a batch culture. This isolate was

/
;
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identified as B. amyloliquefaciens according to phenotypic tests
and was confirmed by 16S rRNA gene sequencing. The present
work has been taken up with a view of exploring the possibil-
ities of using agro-industrial residues as a starch substrate for
the production of amylases by the tested strain in submerged
fermentation, which can hydrolyze starch to glucose. The use
of inexpensive substrates can economize the process of produc-
tion. This strain was capable to produce the highest o and
amylases after 30 h as well as y amylase after 36 h in the med-
ium containing 2% potato starch waste, respectively incubated
at 50 °C using shake flasks (150 rpm) as a batch culture
technique.
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