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Abstract:

Agriculture and industrial waste are one of the most components that accumulate in the environment
according to the activity of countries. Therefore, these wastes can be used as substrates to produce
useful products like amylase enzyme as a friendly solution for this problem. The present research
aimed to isolate a total of 100 bacterial isolates (50 from each soil type location) were primarily
selected for the isolation of bacteria. Among them, the percentage of G. stearothermophilus bacteria
was higher in Kirkuk soil than in Erbil soil, Bacterial growth was observed on cultured nutrient agar
(14 that % 28) of positive bacteria were in Erbil government and (21 that % 42) of positive bacteria
were in Kirkuk government. The ability of these isolates was tested for starch degradation using a
solid starch medium at 55 °C for 2 days. Results indicated that only thirty-five isolates were selected
for their capability to produce amylase enzyme according to the diameter (mm) of clearing zones.
Secondary screening of thirty-five isolates was achieved in a submerged liquid production medium
with 1% soluble starch at pH (7) and 55° C for 2. All isolated bacteria were identified according to
morphological, and biochemical characteristics and by VITEK® 2 Compact BCL kit. Four
agriculture wastes (wheat bran, broken rice, banana peel and potato peel) were used as a substrate for
amylase production, the most active isolates AB1, AB43 and AB97 were inoculated in a submerged
liquid production medium with 1% of each waste at 55°C for 2 days, then quantitative of amylase
was determined, which shows that potato peel had a greater result among all other substrate and all
food waste had a greater result than positive control which was Nutrient broth with adding %1

soluble starch.

Keywords: Agriculture wastes, Geobacillus stearothermophilus, a-amylase, PCR, Gt-amy gene.
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1. Introduction maltotriose units (25). Amylases can be
obtained from plants, animals and
microorganisms. However, enzymes from
fungal and bacterial sources have dominated
applications in industrial sectors (29). It can be
used in the field related to biotechnology such
as: removing environmental pollutants,
conversion of starch to the desired substrate by
many microorganisms, infiltration of waste
containing starch and  production of

In spite of progress in biotechnology and
enzymology, the enzymes have been
industrialized in recent years for the mounting
up product development in the various area
(13). a- Amylases are enzymes that catalyse
the hydrolysis of internal a-1, 4-glycosidic
linkages in starch in low molecular weight
products, such as glucose, maltose and
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biochemical material with helping starch
substrate (22). Interestingly, the first enzyme
produced industrially was an amylase from a
fungal source in 1894, which was used as a
pharmaceutical aid for the treatment of
digestive disorders (23). Enzymes production

from  thermophilic hosts has several
advantages compared with mesophilic hosts,
including reduced cooling costs, lower

contamination risk, increased substrate and
product solubility, and temperature optima of
these bacteria matching those of enzymes used
for  simultaneous  saccharification  and
fermentation (21).

Glazer and Nikaido, reported that agricultural
wastes, such as wheat straw, corn cobs, oat
hulls, and sugarcane wastes represent a large
number of organic wastes (8). Organic wastes
can be considered microbial food sources or
substrates. (Maier and Sidkey) used different
fermented enviro-agro-industrial wastes as
very cheap and available substrates for
obtaining microbial a-amylases (16;26). Most
species are modest bacteria able to develop
without growth factors or vitamins and to
utilize alkanes as carbon and energy sources
(28). Growth at high temperatures makes
Geobacillus species promising agents in
biotechnological processes. The enzymes from
thermophilic microorganisms are extremely in
high demand for industries such as
biocatalysts, biotransformation and
biodegradation. Thermostable enzymes are
typically hard to denature at -elevated
temperatures (>50 C) while increasing the
temperature will disrupt the shape of the active
site, which will reduce the activity of the
enzyme (33).

The aims of this study are:
To isolate thermophilic G. stearothermophilus

from the soil in different sights of Erbil and
Kirkuk district area. Also, to determine the o-
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amylase production by this bacterium and
Applicate these bacteria in food waste such as
wheat and broken rice and potato and banana
pill. Molecular identification of Gt-amy gene
by PCR.

2.2 MATERIALS AND METHODS:

2.21 Sample collection and culture

initiation

The 100 soil samples were collected from
different district areas in Kurdistan-Iraq (Erbil
and Kirkuk governments). The bacterial
colonies were isolated through the serial
dilution method. Briefly, one gram of soil was
suspended in 9 mL of distilled water and was
further diluted five times. The samples were
then spread on Nutrient agar (NA) plates and
incubated at 55° C for 24-48 hrs. The plates
were examined after every 12 hrs. to select
and inoculate the bacterial colonies on new
NA plates to get pure colonies. The bacterial
colonies were further preserved as liquid
cultures in Nutrient Broth media at 4 C and as
glycerol stocks at 80° C.

2.2.2 Morphological and biochemical tests:

The morphology of the colonies or colonial
characteristics of the isolated bacterial strains
such as size, shape, margin, elevation, opacity,
and colour were observed macroscopically.
The bacterial colonies were streaked on NA
and were observed for different morphological
characteristics after 24 hr. of incubation. The
gram staining was performed using fresh
cultures after 18-24 hrs. of growth following
the standard procedures (4). Bacterial colonies
were identified using  morphological
characteristics, microscopic appearances and a
set of biochemical tests (31).

2.2.3 VITEK 2 compact system and BCL
card
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A VITEK?2 instrument was used for the initial
testing, and subsequent retests used a VITEK2
Compact instrument. Bacterial suspensions
were prepared in 2.5 ml of sterile saline and
adjusted to a McFarland standard of 1.8-2.2
using the VITEK 2 DensiChek (bioMe’rieux).
BCL cards were filled automatically in the
VITEK vacuum chamber, sealed, incubated at
55° C and read automatically every 15 min for
14 h. Data were analyzed automatically using
the VITEK 2 database version 08.01, original
data were compared with it (10).

2.2.4 Screening of
ability

amylase-producing

The ability of bacteria to produce
amylase was observed based on their
ability to degrade starch. Each bacterial
isolate was inoculated on Nutrient agar
media containing starch for 48 hours at
the temperature of their original habitat
and then tested by dripping iodine
solution around the bacterial colony. The
ability to produce amylase was
demonstrated by the formation of clear
zones around bacterial colonies. The
isolate producing the largest clear zone
ratio was chosen for the next subsequent
step. Statistical analysis of the clear zone
ratio used SPSS Duncan's multiple range
tests. The diameters of the halo zone
were measured for selected single
colonies and the ratio between the
diameter of the halo zone to colony
diameter for each isolate was determined
@a7).

Starch hydrolysis ratio (SHR) =

68

Zone diameter (mm) <+ Colony
diameter (mm).

The isolate producing the largest clear
zone ratio was chosen for the next
subsequent step. Statistical analysis of
the clear zone ratio used SPSS Duncan's
multiple range test with a level of 5

2.2.5 Enzyme activity assay

The digestive activity of a-amylases is
measured via several colorimetric methods,
including the dinitro salicylic acid method
(DNS), and the lodine method. DNS is an
alkaline reagent that attaches to the reducing
sugars and then color changes can be detected
by UV absorbance at 540 nm (9). (Figure 1).

Bactaria uftuve + 1% soluble Starch + 20 mM phosphate buffer (pH =7)

\ 4

Incubates at 55« C for 20 minutes

+

3, S-dinitrosalicylic acid {DNS)

.

Measuring at 540 nm by UV-VIS spectrophotometer

Figure 1. Assaying of a-amylase activity by
DNS method.

2.2.6 PCR amplification of Gt-amy gene

A set of oligonucleotide primers (Gt-amy F:5'-
GCCGATGTCGTGTTCGACCAT-3, and Gt-
amy R: 5-TGACGGCATCAAGCCGGA-3)
were designed based on the conserved

nucleotide sequences of thermostable a-
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amylases from Bacillus and Geobacillus spp.
For amplifying partial conserved domain
sequence.

PCR amplification was carried out using
primers designed from the end regions of the
a-amylases for obtaining the complete (1650
bp). Approximately 50-100 ng of genomic
DNA was used as a template for the
amplification of the Gt-amy in a Thermocycler
(Bio-Rad, USA) in a 50 pL reaction mixture
(initial denaturation at 95° C for 5 min
followed by 30 cycles of denaturation at 94° C
for 50 s, annealing at 60° C for 40 s, extension
at 72° C for 2 min and a final extension at 72°

C for 5 min) (19).

2.2.7 Amylase production by agricultural
wastes:

The three selected isolates from secondary
screening were used to produce amylase
enzyme using four agricultural wastes as a
carbon source in a liquid production medium.
1% from each waste was added to 25 ml of
liquid production medium without soluble
starch and inoculated with 1 ml from
overnight grown cultures of three isolates
which have approximately 1 + 0.2 x10’ cell/ml
and incubated at 50° C for 2 days in a shaker
incubator at 150 rpm. After the incubation
period, the bacterial cultures were harvested
by centrifugation at 6000 rpm for 20 min. and

the supernatants (culture filtrate) were used to
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determine the enzymatic activity by measuring
the absorbance at 600 nm (12).

3. RESULTS AND DISCUSSION:
3.1 Isolation and morphological:

The incubation of serially diluted soil sample
in the Nutrient agar plates for 48 hrs. at 55 C
resulted in the isolation of bacterial colonies.
The pure cultures of these isolates were further
debated

Morphological traits such as colony colour,

for macroscopic  observations.
shape, margins, elevation, and opacity were
carefully observed to characterize the bacteria.
The different bacterial isolates were named
AB. Between those isolates, the strain was
chosen for further work. Its colonies were
round, whitish, with smooth margins, and a

diameter of 3-4 mm. It forms gram-positive,

spore-forming as shown in Figure (4.1)

Figure (4.1) Bacterial Growth 48h
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3.2 Identification of Bacterial Isolates

3.2.1 The morphological features:

The morphological features of the colonies
were flat, opaque, rough surfaces and they had
the circular irregular edge. All isolates were
Gram-positive, rod-shaped; spore-forming
bacteria after the microscopical examination

was done (Fig 4.2) (2).

~y

Figure (4.2): G. sterothermophilus
under the microscope

3.2.2 chemical identification:

3.2.2.1 Catalase activity: was determined by
the formation of oxygen bubbles with a 3%

hydrogen peroxide solution.
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3.2.2.2 Oxidase activity: was determined by
the TMPD

phenylenediamine dihydrochloride) provided

oxidation  of (tetramethyl-

in form of discs.

3.2.2.3 starch hydrolysis was tested by
flooding Gram’s iodine on the colonies of the
strains grown on the starch agar containing 1%
starch and observing the presence or absence
of clearing around the colony. Show in the
table (4.1) for the Erbil government and (4.2)
for the Kirkuk government (5).

3.2.2.4
fermentation (Parry et al., 1983)

Carbohydrates

Bacteria were grown on a Nutrient
broth medium containing the sugar
to be tested and incubated at 55C°
for 3-5 days, the turn of the
reagent's colour into yellow
indicated utilization of the sugar

and the forming of an acid.
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Table (4-1): ldentification of isolated G. AB25 + + |+ + |+
stearothermophlilus in Erbil Government 233? + : : : -
AB28 + + [+ + |+
Isolate | Gram | Chemical tests AB29 + + | - + |-
No. | stain | 1 [2] 3 |4 AB30 - S+ o+ |-
AB1 + + |+ ] + |+ AB31 + + |+ - |+
AB2 + + |-+ |+ AB32 + + |+ | + |+
AB3 + + |+ + |+ AB33 - - + - -
AB4 + S R I AB34 + i e s
AB5 | - |+ |+] - |- AB35 | + |+ |+]| - |-
AB6 - S R I AB36 + i s R
AB7 | - [+ |+] - [- AB37 | - |+ | +] - |-
ABS8 + + | -]+ |- AB38 + + |+ | - |+
AB9 + + |+ + |+ AB39 + + |+ | + |+
AB10 | - [+ |+][ - |- AB40 | - |+ |+ ] - |-
AB11 - + |+ - - AB41 + - + | + -
AB12 - + |+ - - AB42 - + | + - -
AB13 + + |+ - - AB43 + + |+ + | +
AB14 + + - + - AB44 - + | + +
AB15 - + | + - - AB45 - + | + - -
AB16 | - t |+ - |- AB46 | + T+ - |+
AB17 | + | + |+ + |+ ABAT | + |+ |- + |-
AB18 + - - + - AB48 - + | + - -
AB19 + + |+ | + |+ AB49 + + | + - -
AB20 - - - - - AB50 + + |+ | + | +
AB21 + + |+ + |+ 1: Catalase test, 2; Oxidase test, 3;
23;5 + + + + + Starch  hydrolase  test, 4,
AB24 + i B L Carbohydrates fermentation.
(4.2) Identification of isolated G. AB61 - + | + - | -
stearothermophlilus in  Kirkuk ﬁggg - I I .
Government AB64 + + | + ¥ |+
Isolate Gra_m Chemical tests 2222 + I I + :
No. stain | 1 | 2 3 |4 ABG7 " i PR —
AB51 + + | + + |+ AB63 n 3 . T
ABS2 | + |+ + |+ |+ AB69 | + | + | + | + |+
AB53 + + | + | + |+ AB70 : — T —
AB54 + t ] * i AB71 + + | 4+ | + |+
AB55 - i - - AB72 + + | - + | -
AB56 - + + - - AB73 - - - - -
AB57 | - [+ + [ - 1]- AB7A |+ - - -
ABS8 | + |+ | + | - |- AB75 | + [+ + | + |+
AB59 + + |+ | + |+ AB76 : B B e
AB60 - + ] + - |+
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ABT77
AB78
AB79
AB80
AB81
AB82
AB83
AB84
AB85
AB86 -
AB87
AB88
AB89
AB90 -

+
=+
+
+

+ |1
+ |1
+ |1

+ |+
+ |+
+l+[+]|+]
+ |+

|+ |+ |+ |+ ]+

+ |+ |
+ |+
+ |1

+ |+
+ |+
+ |+ [+

[+ [+ |+
[+ [+ |+

3.2.3 VITEK® 2 Compact
For further investigation and the identification

of G. stearothermophilus VITEK® 2 compact
system was applied. Figure (4.3) shows the
VITEK® 2 card after analyzing the samples.

After the required time for the identification of

GP
242338440001487744

ABIL [ - [+ [ + [ - [-
AB2 | - |+ | + -
AB93 + + 0+ | + |+
ABY | - [+ [+ | - [+
AB% | - |+ | + | - |-
AB% | - |+ | + -
AB97 + + | + + |+
AB98 -+ + | - |+
AB99 | + |+ | + | - |-
AB100| + |+ | + | + |+

1; Catalase test, 2; Oxidase test, 3;
Starch  hydrolase  test,  4;
Carbohydrates fermentation.

the isolates, the results were registered in the
VITEK® 2 compact system program and
printed. The probability of the results was high
(99%) with

identification of G.

in the range excellent
stearothermophilus

species.

r

Figure (4.3): Sample unit of Vitek®2 BCL Kit after use

(Halket et al., 2010) used the VITEK® 2
system (BCL) card for bacillus species which
%100 for G.
stearothermophilus  (10). this

showed identification
Overall, in

study, all selected isolate has been identified
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in an excellent range. which has been done 46
different chemical tests on bacteria in a short
time if we do all these tests by ourselves will
need more time and more economical needs.so

VITEK® 2 Compact system is one of the
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most ideal ways to the identification of Bactria processing of tests. All specific tests that the

and it also prevents contamination during the BCL kit will do it shows in the table (4.3).

Table (4.3) Shows test substrates on BCL Card.

Well Test | Mnemoni result
c

1 BETA-XYLOSIDASE BXYL -
2 L-Lycine—ARYLAMIDASE LycA -
3 L—Acpartate ARYLAMIDASE ACpA +
4 Leucine—ARYLAMIDASE LeuA +
5 Phenyl alanine ARYLAMIDASE PheA +
6 L—Proline ARYLAMIDASE ProA -
7 BETA-GALACTOSIDASE BGAL -
8 L—PyrroLydonyL—ARYLAMIDAE PyrA +
9 ALPHA-GALACTOSIDASE AGAL +
10 ALanine ARYLAMIDASE ALaA +
11 Tyrocine ARYLAMIDASE TyrA +
12 |BETA-N-ACETYL-GLUCOSAM BNAG -

INIDASE
13 ALa—Phe—Pro ARYLAMIDASE APPA +
14 CYCLODEXTRIN CDEX -
15 D—-GALACTOSE dGAL +
16 GLYCOGEN GLYG -
17 myo—INOSITOL INO -
18 | METHYL-A-D-GLUCOPYRAN MdG +
OSIDE acidification
19 ELLMAN ELLM +
20 METHYL-D—XYLOSIDE MdX +
21 ALPHA-MANNOSIDASE AMAN -
22 MALTOTRIOSE MTE +
23 GLycine ARYLAMIDASE GLyA -
24 D—MANNITOL dMAN -
25 D—MANNOSE dMNE +
26 D—MELEZITOSE dMLZ +
27 | N-ACETYL-D-GLUCOSAMINE NAG +
28 PALATINOSE PLE +
25 L-RHAMNOSE IRHA -
30 BETA-GLUCOSIDASE BGLU +
31 BETA—MANNOSIDASE BMAN -
32 PHOSPHORYL CHOLINE PHC -
33 PYRUVATE PVATE +
34 ALPHA—-GLUCOSIDASE AGLU +
35 D-TAGATOSE dTAG -
36 D-TREHALOSE dTRE -
37 INULIN INU -
38 D—GLUCOSE dGLU +
39 D—RIBOSE dRIB -
40 PUTRESCINE accimiLation PSCNa -
41 GROWTH IN 6.5% NaCL I\(Isagol/_ -
. 0

42 KANAMYCIN RESISTANCE KAN +
43 |OLEANDOMYCIN RESISTANCE OoLD -
44 ESCULIN hydroLycic ESC +
45 TETRAZOLIUM RED TTZ -
46 POLYMIXIN B RESISTANCE [POLYB_R -
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3.3 a-amylase Production assay:

3.3.1 Primary screening for amylase:

After identification of G. stearothermophilus
all 35 isolate bacteria have been chosen for
screening of amylase activity, isolates were a-
amylase producing according to the clear zone

around the growing colony on the 1.5% starch
for 24 hours at 55° C (15). Eight isolates were
recognized by the higher production of the a-
amylase on the solid media supplemented with
1.5% soluble starch as shown in the table (4.4

Table (4.4): Screening of G. stearothermophilus isolates for their ability to produce a-

amylase.
H H
Isolat G (clear H/ G Isolate G (clear H/ G
diamete . diamet :
e zone) rati No. zone) rati
No r (mm) _ o er _ G
' diameter diameter
(mm)
(mm) (mm)
AB 1 2 12 6] AB63 3 4] 1.33
AB3 2 14 7| AB64 2 14 7
AB9 4 131 3.25] AB65 5 16 3.2
AB17 4 12 3 AB67 3 14| 4.66
AB19 4 16 4 AB69 5 16] 3.2
AB21 3 141 4.66 AB71 3 14] 4.66
AB22 3 14| 4.66 AB75 3 12 4
AB25 4 15| 3.75 AB77 4 13| 3.25
AB27 3 14| 4.66 AB79 4 15| 3.75
AB28 2 13] 65 ABS1 3 14| 4.66
AB32 2 151 7.5 AB82 4 16 4
AB39 4 15| 3.75 ABS5 3 14| 4.66
AB43 3 18 6 ABSS 3 14| 4.66
AB50 3 16| 5.33 ABS9 4 15| 3.75
AB51 4 13| 325 | AB93 3 12| 4
AB52 3 12 4 | AB97 2 16| 8
AB53 4 15| 3.75 AB10 4 16 4
0
AB59 3 20| 6.66

H: halo, clear zone

G: Growth diameter
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3.3.2 Secondary screening:

The ability of G. stearothermophilus isolates
to produce a-amylase enzyme was tested by
using a fermentation medium. It might be due
to the fact that this fermentation medium
provided an adequate amount of nutrients
necessary for the production of a-amylase as
Sema and Baris, Enez have done before.
medium supplemented with 1.5 % starch to
determine the optimal temperature for the a-
amylase activity assay. The results, shown in
table (4.5) for the specific activity of a-
amylase, produced by the eight selected
isolates AB1, AB3, AB28, AB32, ABA43,
AB59, AB64, and AB97.That three isolates
were the highest among them, which were

Table (4.5) Secondary screening of a-
amylase produces by G.
stearothermophilus in Nutrient broth by

adding %1 soluble starch.

No. | Isolates Conc. (ug/mi) Egtsz
(Unit\ ml)
1 | AB1 |21665.8263 126.66
2 AB3 | 18443.151 107.82
3 | AB28 | 15110.998 88.34

3.3.3 PCR amplification and
analysis of the Gt-amy

sequence

PCR method indicated that ~400 bp amplicon
was obtained using the primers GT-intF and
GT-intR. Its displayed 99%

homology with a-amylases of Geobacillus

sequence
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AB3, AB43, and AB97 had measured 126.60,
130.23 and 169.33 unit\ml respectively in the
crude

extract, produced by this isolate and it was
after incubation at 55 °C for 24 hrs. (Sarabjeet
and Sema and Baris) have also reported the
production of a-amylase by same species (27;
3). Hence, these isolates were selected for
further experiments to produce amylase
enzymes by using agricultural wastes. G.
stearothermophilus can produce large amounts
of extracellular enzymes such as amylases and

proteases, the o-amylase is  highly
thermostable and is desirable for industrial
applications (20; 6).

4 | AB32 |17887.2213 104.57

5 | AB43 |22276.4926 130.23

6 | AB59 |13415.8436 78.43

7 | AB64 | 15554.0311 90.93

8 | AB97 |23721.9074 169.33

*Each value is an average of three replicates

of isolated strains.

spp. and G. stearothermophilus. Using the end
regions of this amplicon, and the end regions
of the nucleotide sequences of G.
stearothermophilus a-amylases, internal (intFl
and intRIl) and external (extFl and extRI)

primers had been designed. These amplicons



Euphrates Journal of Agriculture Science-14 (3): 65-80, (2022)

Abdalhakim & jarjees

were sequenced and then, all these sequences
were overlapped to obtain the full-lenGth

gene, as shown in figure (4.4).

400bp

Ladder

Figure (4.4) PCR products on agarose gel electrophoresis for the detection of Gt-amy. L: 400 bp

DNA ladder.

Similar to our study, (Deepika and Satyanarayana 2013) used G. sterothermophilus for

the detection of isolates a gene that can produce amylase enzyme (Gt-amy) (19).

3.4 Amylase production using agricultural

wastes:

Agricultural wastes are becoming an

increasing environmental problem;
therefore, the current study was focusing on
using different wastes as available and
cheap materials to produce amylase. The
three isolates AB1 AB43 and AB97 were
selected as a good isolate to produce
amylase enzyme by using four agricultural
wastes as starchy materials in a liquid
production medium show in figure (4.5).

Results in Table (4.9) investigated that all
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three isolates could grow and amylase
production in a liquid medium with

different types of agriculture wastes.
Moreover, broken rice and Potato peel were
the best wastes that stimulated and gave the
highest enzyme productivity in all isolates
compared with the medium have 1% soluble
starch, whereas other wastes gave decreased
amylase productivity than the standard
medium. Also, the results illustrated that the
highest amount of amylase production

(187.2 unit\iml) was recorded by G.
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stearothermophilus AB43 when used potato
peel as substrate, while the lowest value in
amylase production was obtained by AB97
in a medium supplemented with 1% wheat

Table 4.6 Amylase production byAB1, AB43
and AB97 isolates using 1% of five

Enzyme activity (Unit\
Agriculture
No. : mi)
wastes
ABl1 |AB43 |AB97
1 |Wheatbran | 133.1 |139.8 (117.8
2/ Broken rice | 156.9 |183.4 |147.2
3 |Bananapeel | 144.6 |169.2 |130.4
4 | Potato peel | 159.3 |187.2 [151.6
Positive
. control 126 130.2 |169.3
3 3
(1% starch)

bran.

different agricultural wastes as the
carbon source in a liquid medium.

Figure (4.5) Show (A) Wheat bran (B) Banana peel (C) Potato peel (D)Broking rice.
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The contents of synthetic media are very
expensive and these contents might be
replaced with more economically available
agricultural by-products to reduce the cost
of the media (11). Therefore agro-industrial
wastes and by-products such as starchy
materials had been used for the Biosynthesis
of amylases to solve the pollution problems
and obtain a low-cost media (1;14). The use
of agricultural wastes makes solid--state
fermentation (SSF) an attractive alternative
method (7).

Conclusion

Bacterial strains isolated from the soil of
Kurdistan-Irag were isolated and characterized
for production of the a-amylase enzyme,
carried out

Bacterial identification was

through  morphological and biochemical
methods and confirmed via VITEK® 2
BCL KIT method as G.

stearothermophilus. Distinguishable capability

Compact

for producing a-amylase in a different method
and determining quantitative of enzyme and
detection of Gt-amy by gel electrophoreses
PCR. also using several food wastes as a
substrate for producing enzyme. The results of
this study suggest the importance of local
isolate of G. stearothermophilus because these
bacteria are very efficient to produce the
thermostable industrial enzymes Also, this
study indicates the importance of using the
food waste fermentation technique, since it is

very simple in application, obtaining high

78

yield products, less energy and aeration

requirements in comparison with liquid state

fermentation.
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