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Abstract

Select 30 isolate from Bacillus to detect the ability to produce pullulanase enzyme in
liquid and solid state fermentation, and use the isolate Bacillus licheniformis (Bs18)
because the highest production of enzyme, the optimum condition for the production
of enzyme by liquid state fermentation (LSF) in growen with: media contains starch
+ pullulan as a carbon source, peptone as a nitrogen source, inoculums size 2 ml,
and incubated at 40 C° with pH 7 for 48 hrs. In addition pullulanase production by
solid state fermentation (SSF) was investigated using isolated Bacillus licheniformis
(Bs18). Optimization of process parameters were carried out ,the optimum solid
substrate , Temperature , pH , incubation period , inoculation size , hydration
solution and substrate to moisture ratio were found to be corn bran + rice bran (w/w)
, 37°C, 6.0, 48hr, 2ml , (0.2M) phosphate buffer , and 1:2 respectively. Calcium
ions (2mM) enhanced enzyme activity by increasing its activity to 170%. Solid state
fermentation had given higher production of pullulanase than liquid state
fermentation (LSF).

Keywords: Bacillus, Pullulanase, Pullulan, Solid state fermentation (SSF), Liquid
state fermentation (LSF), Optimum condition.
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Introduction

Pullulan is a linear polymer of maltotriose,
linked with a- (1—6) glycosidic linkages and
used in various industries [1]. Pullulanases a
debranching enzyme (pullulan-6-
glucanohydrolase [EC 3.2.1.41]) are classified
as type | or Il (amylopullulanase) depending on
their ability to degrade o -d-(1—4) glycosidic
linkages in starch, amylopectin, and related
oligosaccharides. Both pullulanase types | and |1
attack o -d-(1—6) glycosidic linkages in
pullulan, producing maltotriose. Unlike type II,
pullulanase type | is unable to attack o -(1—4)
glycosidic linkages. All pullulanases known to
date are unable to degrade cyclodextrins. In
contrast,  pullulan  hydrolase  type I
(neopullulanase) and pullulan hydrolase type Il
(isopullulanase) are able to cleave a -d-(1—4)
glycosidic linkages in pullulan, releasing panose
and isopanose, respectively, and are highly
active on cyclodextrins [2]. Recently, pullulan
hydrolase type Il was described. This archeal
enzyme attacks o -d-(1—4) as well as o (1—6)
glycosidic linkages in pullulan forming
maltotriose, panose and maltose  [3].
Bioprocessing of starch into maltose and
maltooligosaccharides by enzymatic means is
gaining importance, because of their potential
use in food, pharmaceutical, beverage and fine
chemical industries [4, 5]. A high value is
placed on thermostable and thermoactive.
amylolytic enzymes in the bioprocessing of
starch, since the bioprocessing of starch at
elevated temperature improves the solubility of
starch, decreases its viscosity, limits microbial
contamination, reduces reaction times and
becomes more economical. [6]. It is considered
advantageous to have microorganisms that
produce thermostable enzyme having properties
of both amylase and pullulanase, because it
cleaves both a-1, 4 and a-1,6 linkages,
respectively [7]. Since, the bacterial systems are
increasingly investigated for the production of
enzymes and metabolites by solid-state
fermentation (SSF) [8]. The SSF has numerous
advantages over submerged fermentation (SmF),
including  superior  productivity,  simple
technique, low capital investment, low energy
requirement and less water output, better
product recovery and lack of foam build-up [8] .
Earlier, the SSF has been employed for the
production of thermostable a-amylase by
Bacillus licheniformis [9,10] ,no need for
complex machinery and sophisticated control
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systems, which could reduce the cost of
downstream processing and subsequent waste
treatment; usage of simple and cheap media for
fermentation; and often a high product yield;
lower risk of contamination due to the inability
of most contaminants to grow in absence of free
flowing water [11].

The purpose of the present study was to
investigate the production of pullulanase by LSF
and SSF condition by B. licheniformis (Bs18),
strain which was isolated and identified.

Materials And Methods
Collection of Samples:

Twenty samples were collected from
different sources of soil, each sample were
collected in sterile containers and transported to
the laboratory until usage.

Isolation of Bacillus spp.

One gm of each soil sample was added to 9
ml of sterile water and mixed vigorously, and
then heated to 80 °C for 15 min in water bath.
Serial dilutions were made for each sample by
using sterile water. 0.1ml of each dilution was
spreaded on a nutrient agar plates, and incubated
aerobically at 37°C for 24 hrs. Bacterial isolated
were obtained and identified as Bacillus spp
.according to the  morphological and
microscopic examination.

Microscopic and Morphological
Haracteristics

The morphology, size, and shape of the
bacterial isolate on nutrient agar plate were
studied. a loopful of the bacterial suspension
was mixed on a slide, and stained by Gram
stain to examine Gram reaction, shape and spore
forming

Determination of Pullulanase Production
Semi-quantitative Method (12)

The activated bacterial isolates were plated
on pullulan agar medium consisted of (w/v) 1%

pullulan , 0.5%  yeast extract, 0.03%
K2HPO4, 0.02%  MgSO4.7H20, 0.1%
(NH4)2504, 0.02% CaCl2.2H20, 0.001%

FeSO4.7H20 , 0.0001 MnCI2.4H20 and 3.5%
agar agar . The pH was adjusted to 6.2 and
sterilized  at 121°C for 10 min. pullulan as
unique carbon source for the screening of
hydrolyzing pullulan strains. The area of
degradation of pullulan was observed by
incubation the growth plates at 37°C for 24 h
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followed by the plates were incubated at 37°C
for 18 h before scraping the colonies from the
agar surface and flooding twice with ethanol, in
order to identify pullulan degradation area,
which become apparent as a bright hallo.

Quantitative Method
Two methods were used for production of
pullulanase enzyme:

1. Liquid State Fermentation (LSF) (13)

The activated bacterial isolates (O.D =0.8 at
600 nm) were inoculated in liquid medium
composed (g/l) 10 starch, 5 yeast extract, 0.3
K2HPO4, 0.2 MgS04.7H20, 1 (NH4)2S04,
0.2 CaCl2.2H20, 0.01 FeSO4.7H20 and
0.001 MnCI2.4H20. The pH was adjusted
to 6.2 ,and incubated at 37C° for 48hr. the
enzyme was extracted by centrifugation for 20
min , the enzyme activity , protein concentration
were assayed in the supernatant (crude enzyme)
, and specific activity was measured .

2. Solid State Fermentation (SSF) (14)

Five grams of rice bran, corn bran,
respectively .was hydrated with 1:1.5 (w/v)
pepton. Yeast extract (PYE) mediumcontaining
(g/L):  NHA4CI, 1.0; MgCI2-6H20, 0.2;
KH2PO4, 0.3; NaHPO4-7H20, 2.0; peptone,
10.0; yeast extract, 3.0; starch, 2; in Roasting
bags , autoclaved at 121C° for 20 min , and
inoculated with (2ml) of 24hr activated bacterial
suspension (OD=0.8 at 600nm) and incubated at
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37C° for 48hr. the enzyme was extracted by
added (50ml) of tap water to the solid substrate
culture and well mixed by agitation for (5 min),
then filtered through a cloth ,the filtered was
centrifuged at (8000rpm) for (20min), the
supernatant was used as crude enzyme, the
activity , protein concentration , and specific
activity were assayed.

Determination of Pullulanase Activity (15)
pullulanase activity was assayed by
measuring the amount of reducing sugar
released from pullulan, A reaction mixture (3
mL) composed of 0.5 mL pullulan (1% w/v) and
0.5 mL of crude enzyme source in 2 mL of
sodium phosphate buffer (0.1 M, pH 6.5).and
0.5 ml Cacl2 (0.02% w/v) was added to the
reaction mixture. After incubation at 40 °C for
20 min, the reaction was stopped by cooling the
tubes in an ice bath and reducing sugar released
by enzymatic hydrolysis of pullulan was
determined by addition of 1 mL of 3, 5-
dinitrosalicyclic acid reagent, then incubated in
a boiling water bath for 5 minutes, and
measured the enzyme activity at (540nm). One
unit of pullulanase is defined as the amount of
enzyme which released one micro mole of
reducing sugars as glucose per min under
standard assay conditions.
Protein concentration in the supernatant was
determined by method described by Lowry etal
[16].

Enzyme activity (U/ml) =O.D (540 nm) / (slope x volume of enzyme x incubation period)
Protein concentration (mg/ml) =O.D (600 nm) / (slope x 1000)

Calculation of specific activity

The specific activity of the enzyme was calculated as following

Specific activity (U/mg protein) =

Determination of Optimum Conditions
for Pullulanase Production by Liquid
State Fermentation (LSF):
Effect of Incubation Temperature on Enzyme
Production

LSF medium was inoculated with 2ml of
activated bacterial suspension (OD=0.8 at 600
nm) and incubated at different temperature (37,
40, 45, 50, and 60°C) for 48 hr. the cells were
precipitated by centrifugation at 8000rpm.

37

Enzyme activity (U/ml)

Protein concentration (mg/ml)

Supernatant were assayed for enzyme activity,
protein concentration, and specific activity was
measured.

Effect of Incubation Period on Pullulanase
Production

LSF medium (10ml) was inoculated with
2ml of activated bacterial suspension (OD=0.8
at 600 nm) and incubated at 37C° for different
times (24 ,48 , and 72hr) . The cells were
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precipitated by centrifugation at 8000rpm.
Supernatant were assayed for enzyme activity,
protein concentration, and specific activity was
measured.

Effect of Initial pH on Enzyme Production

LSF medium (10ml) was prepared at
different PH values (4-9) adjusted with 1N HCL
or IN NaoH. The medium was inoculated with
2ml of activated bacterial suspension (OD=0.8
at 600 nm) and incubated at 37C° for48 hr. the
cells were precipitated by centrifugation at
8000rpm. Supernatant were assayed for enzyme
activity, protein concentration, and specific
activity was measured

Effect of Inoculum Size on Pullulanase
Production

LSF medium (10ml) was inoculated with
(0.5, 1, 15, 2, and 2.5 ml) of 24hr activated
bacterial suspension (OD=0.8 at 600 nm) and
incubated at 37C° for 48 hr at PH 7. the cells
were precipitated by centrifugation
at 8000rpm. Supernatant were assayed for
enzyme activity, protein concentration, and
specific activity was measured.

Effect of carbon sources on pullulanase
production

LSF medium (10ml) was inoculated with
(2ml) of activated bacterial suspension (OD=0.8
at 600 nm),at different carbon sources (pullulan,
starch, pullulan+starch, glucose, sucrose) and
incubated at 37C° for 48 hr at PH 7. the cells
were precipitated by centrifugation at 8000rpm.
Supernatant were assayed for enzyme activity,
protein concentration, and specific activity was
measured.

Effect of Nitrogen Sources on Pullulanase
Production

LSF medium (10ml) was inoculated with
(2ml) of activated bacterial suspension (OD=0.8
at 600 nm),at different nitrogen sources
(peptone, yeast extract, tryptone, gelatin) and
incubated at 37C° for 48 hr at PH 7. the cells
were precipitated by centrifugation at 8000rpm.
Supernatant were assayed for enzyme activity,
protein concentration, and specific activity was
measured.
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Determination of Optimum Conditions
for Pullulanase Production by Solid State
Fermentation
Effect of Various Complex Organic Solid
Substrates on Enzyme Production

The isolate was grown in Roasting bags
containing 10 g of each various solid substrates
such as wheat bran , corn bran , rice bran , soya
bean, and mixed two substrate to gather in the
same time, coarse as well as fine types and rice
bran, then hydrated with 1:1.5 phosphate buffer,
sterilized, inoculated with 2ml of activated
bacterial suspension (OD=0.8 at 600 nm) and
incubated at 37 °C for 48 hr. the cells were
precipitated by filtration . Supernatant was
centrifuged at 8000rpm and enzyme activity,
protein concentration, and specific activity was
measured.

Effect of Incubation Temperature on Enzyme
Production

The rice bran + corn bran as solid substrate
was inoculated with 2ml of activated bacterial
suspension (OD=0.8 at 600 nm) and incubated
at different temperature 37, 45, 50, and 60°C for
48 hr.the cells were precipitated by filtration.
Supernatant was centrifuged at 8000rpm and
enzyme activity, protein concentration, and
specific activity was measured.

Effect of Incubation Period on Pullulanase
Production

The rice bran +corn bran as solid substrate
was inoculated with 2ml of activated bacterial
suspension (OD=0.8 at 600 nm) and incubated
at 37C° for different times (24 , 48 , and 72hr) .
The cells were precipitated by filtration.
Supernatant was centrifuged at 8000rpm and
enzyme activity, protein concentration, and
specific activity was measured.

Effect of Initial pH on Enzyme Production

The rice bran + corn bran as solid substrate
was prepared at different pH values (4-9)
adjusted with IN HCL or 1IN NAOH. The
medium was inoculated with 2ml of activated
bacterial suspension (OD=0.8 at 600 nm) and
incubated at 37C° for48 hr. the cells were
precipitated by filtration. Supernatant was
centrifuged at 8000rpm and enzyme activity,
protein concentration, and specific activity was
measured.
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Effect of Hydration Ratio on Enzyme
Production

The rice bran + corn bran as solid substrate
ws moistened by varying thesubstrate to oisture
Ratio (w/v) with 1:1.5, 1:2, and 1:2.5 of (0.02M)
phosphate buffer (pH=6), the medium was
inoculated with 2ml of activated bacterial
suspension (OD=0.8 at 600 nm) and incubated
at 37C° for 48 hr. the cells were precipitated by

filtration. Supernatant was centrifuged at
8000rpm and enzyme activity, protein
concentration, and specific activity was

measured.protein concentration, and specific
activity was measured.

Effect of Hydration Solution on Pullulanase
Production

Different solution were used for production
of pullulanase from the corn bran + rice bran as
solid substrate including Tap water, phosphate
buffer, and peptone yeast extract medium PYE,
The medium was inoculated with 2ml of
activated bacterial suspension (OD=0.8 at 600
nm) and incubated at 37C° for 48 hr. the cells
were precipitated filtration. Supernatant was
centrifuged at 8000rpm and enzyme activity,
protein concentration, and specific activity was
measured.
Effect of Inoculum Size on Pullulanase
Production

The corn bran + rice bran medium was
inoculated with 0.5, 1, 1.5, 2, and 2.5 ml of 24hr
activated bacterial suspension (OD=0.8 at 600
nm) and incubated at 37C° for 48 hr. the cells
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were precipitated filtration. Supernatant was
centrifuged at 8000rpm and enzyme activity,
protein concentration, and specific activity was
measured.

Results and Discussion
Isolation and Identification of Bacillus spp.
(17)

Thirty isolates of Bacillus were obtained
from different sources of soil in Irag. bacterial
isolates were  identified as Bacillus spp
.according  to the  morphological and
microscopic examination in which the growing
colonies on the nutrient agar medium showed
opaque with dull to rough surface, mounds and
lobes consisting largely of slime often
accumulate on colony. The growing colonies
were purified by sub culturing on nutrient agar
for many time until pure culture was obtained
then stored at 4°C as stock culture and
recultured every two weeks .

Screening for Pullulanase Producing
Bacillus
Semi-quantitative Screening

Pullulan agar medium containing 1%
pullulan as a carbon source was used for
screening the pullulanase  production. The
results showed that 20 isolates from 30 isolates
were able to produce pullulanase with different
diameter of pullulan hydrolysis zones at 37°C
incubation. The ratio of pullulan hydrolysis
zones * (diameter of the clear zones/diameter of
the colony) ranged between 0.1-5.5 , as shown
in Table 1

Table 1- The ability of Bacillus isolates to produce pullulanase and their pullulan degradation on the pullulan
agar medium after incubated at 37°C for 24hrs.

. Code
Code * Ratio of Code Ratio of Code Ratio of number Ratio of
number number number | pullulan
pullulan pullulan . of pullulan
of hydrolysis of hydrolysis of hydrolysis isolates | hydrolysis zone
isolates yaroly isolates yaroly isolates zone ydroly
zone zone
BS1 0.1 BS6 1.8 BS11 34 BS16 0.3
BS2 0.3 BS7 0.3 BS12 0.8 BS17 2.5
BS3 0.1 BS8 3.2 BS13 3.8 BS18 55
BS4 2.1 BS9 2 BS14 2.5 BS19 3.7
BS5 0.6 BS10 1.6 BS15 0.9 BS20 0.1
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The diameter and clearance of hydrolytic

zone varied among Bacillus isolates according
to genetic expression of pullulanase and species
of Bacillus.
Bacillus is known as a producers of a wide
range of useful extracellular enzymes such as
protease , glucanase , amylase ,and pullulanase.
[18].

Quantitative Screening

Five isolates (BS18, BS13, BS19, BS11, and
BS8) which have largest pullulan hydrolysis
zones were selected for quantitative screening of
pullulanase production. The results showed that
the activity of pullulanase produced by these
isolates ranged between 10-18 U/mg proteins
Table 2, these differences in the production of
enzyme among isolates may be due to different
sources of isolates or the variation in genes
coded pullulanase synthesis

Table 2- The production of pullulanase quantitatively by
Bacillus isolates after incubation at 37°C for 4hrs

Code of isolates | Specific activity(U/mg
protein)
BS 18 18
BS 13 14
BS 19 16
BS 11 13
BS 8 10
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According to the results indicated that Bacillus
BS18 showed the highest specific activity for
the production of pullulanase (18U/mg protein)
with largest pullulan hydrolysis ability (5.5),
thus it was selected for further study.

Identification of Bacillus BS18 Isolate

The strain BS18 which showed the highest
pullulanase activity in the plate test was chosen
for further analysis. The isolated BS18 strain
was a spore forming, motile; rod shaped,
aerobic, anaerobic growth, gram-positive
bacterium. According to Bergey’s Manual of
determinative bacteriology [19], the isolates*
BS18 belong to the genus Bacillus. The spores
of this strain were ellipsoidal in shape and
terminal in position, with a swollen sporangium.
The strain grew at the pH of 4-9 and the
temperature of 40-70 -C, was positive in the
Voges—Proskaver test and produced catalase and
H2S. It produced acid from mannitol and
glucose, reduced nitrate and utilized citrate but
not propionate. BS18 hydrolyzed gelatin, which
is the main diagnostic character of this strain
with Bacillus lichenoformis, Table 3.
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Table 3- Morphological and Biochemical characteristics of the Bacillus BS18 isolate.

Characteristics Bacillus licheniformis
Cell shape Rod
Spore shape Ellipsoidal
Spore site Terminal
Motility *
Gram stain +
Catalase *
Oxidase +
Methly Red -
Vogas — Proskuer +
Starch hydrolysis +
Gelatin liquefaction +
Indol test -
Citrate utilization +
Anaerobic growth +
Growth at 50°C +
Carbohydrate fermentation
glucose +
Sucrose +
Maltose *
Fructose +
+ = positive result. - = negative result.

Determination of Optimal Conditions for with peptone as nitrogen source then inoculated
Pullulanase Production in Liquid State with 2ml of bacterial suspension and incubation
Fermentation (LSF) at 40°C for 48hrs at pH 7 was the best media for

The result Table 4 showed that the media pullulanase production with specific activity
containing starch and pullulan as carbon source 20.6U/mg protein.

Table 4- Optimal conditions for pullulanase production by using liquid state fermentation medium

parameter Optlmum for enzyme activity (U/mg
production protein)
Carbon sources Starch+ 18
pullulan
Nitrogen Peptone 18.4
sources
Temperature 40C° 18.7
Inoculum size 2ml 18.9
Incubation time 48hr 19.5
pH 7 20.6
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Studies provided that production of pullulanase
can be enhanced by pullulan, maltose, and
maltotriose [20].

Many bacteria and archaea, B.
sterothermopbhilus,Clostridium  sp.,Thermotoga
produce pullulanaseutilizing starch and related
carbohydrate [21]. It has high ability to produce
pullulanase enzyme during growth the
Raoultella on starch as compared to maltose
[22].

The highest value of pullulanase activity was
achieved in medium containing peptone thus
indicated that peptone could be one of favorable
organic nitrogen source that enhance the cell
growth of the culture as well as the pullulanase
production [22].

The optimum pH at enzyme pullulanase was 7
is comparable to those of pullulanase from other

Iraqi Journal of Science,2013, Vol.54,No.1,Pp.35-49

bacteria, B. sterathermophilus [23], while the
optimum condition with the production of
glucoamylopullulanase from Bacillus subtilis
showed at pH 9.5 [24], other worker were
reported that a high level of pullulanase
production observed at pH 5 from Bacillus sp.
[1].

The highest value for glucoamylopullulanase
production from Bacillus subtilis was 70°C [24],
other results were reported for Aspergillus niger
at 35°C [25].

Similar results were reported from Bacillus sp.
in the production of amylase enzyme was 48h
[26], other worker showed a high level of
enzyme  production  from  Anoxybacillus
flavithermus was 72h [27].

Comparison between solid state fermentation SSF medium and liquid state fermentation LSF
medium for the production of pullulanase enzyme

!

ln

ln

[+

Spﬁaﬂc &ctrwry IWEME pLotaIu

m pullulanase

!

Liquid skate fermentation Solid skate fermentaton
Different Media

Figure 1- Pullulanase activity by solid state fermentation medium and liquid state fermentation medium

The use of LSF medium in the optimum
condition and SSF medium composed of wheat
bran as a substrate, hydration ratio 1:2(w/v),
inoculated with 2ml, phosphate buffer as a
hydration agent, and were incubated at 37C ° for
48hrs at PH7. The results Figure 1 observed that
SSF was more efficient in pullulanase
production than LSF, the highest specific
activity for enzyme (24 U /mg protein) by SSF,
while LSF had the highest specific activity for
enzyme (10.5 U /mg protein). Solid substrate
fermentation (SSF) have been defined as the
microbial transformation of biological materials
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in their natural state, in contrast with liquid or
submerged fermentation that is carried out in
dilute solution or slurries [28]. The solid
substrate in SSF provides a rich and complex
source of nutrient that may be sufficient or
sometimes in sufficient and in compete with
respect to the overall nutritional requirement of
that particular microorganism that is cultivated
on that substrate [28].SSF is preferred to LSF
because of simple technique, low capital
investment, lower levels of catabolic repression
and end product inhibition, low waste output,
better product recovery, and high quality
production[29].
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Pullulanase
Solid State

Optimal Conditions for
Production by Using
Fermentation medium
Effect of Various Complex Organic Solid
Substrates

Different solid substrates were used as solid
substrate media for pullulanase production from
B. lichenoformis. (BS18), the result showed in
Figure 2 that the enzyme gave highest activity
in media containing mixed of rice bran and corn
bran as a substrate in SSF in mixed rice bran and
corn bran , the specific activity was reached to
(29 U/mg), while the media containing rice bran
and soya bean gave the lowest specific activity
(7U/mg), similar results were reported for
Anoxybacillus flavithermus in the production of
amylase was used of rice husk as the best
substrate [27],0ther worker showed a high level
of enzyme production from B.pumilus by using
wheat bran as a substrate [30,31].,The optimum
condition for amylase production by B. cereus
was observed at wheat bran + gingely oil cake
gave the highest enzyme activity [29]. The
nature of solid substrate is the most
important factor in SSF. this not only supplies
the nutrient to the culture but also serves as an
anchorage for microbial cells . Therefore, the
particle size and the chemical compositions of
substrate are of critical importance [32].

Q 9]
L

w
L

w
L

specficactivity(J/mg protgin)
o =

w
L

Q

A B C D E F G H 1 J
Different media

Figure 2-Effect of solid substrate on pullulanase
production by B.lichenoformis.BS18.in
SSF after incubation at 37C° for 48 hr. A:
rice bran ,B: rice bran + wheat bran, C:
rice bran + soya bean, D: rice bran +
corn bran, E: corn bran + soya bean , F
corn bran + wheat bran , G:wheat bran +
soya bean , H: wheat bran , I: soya bean,
J: corn bran
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Effect of Incubation Temperature

The result showed that the optimum

temperature for enzyme production from B.
lichenoformis..(BS18) was 37C°, the specific
activity was (33U/mg), then the production of
enzyme was decreased with increasing
incubation temperature to reach (20U/mg) at
60C° Figure 3 .
Similar results were reported for Aspergillus
niger at 35°C [25], and for amylase production
by Bacillus sp. at 37°C [26], other worker
showed a high level of enzyme production from
Raoultella was 30°C [22], the optimum
condition for amylopullulanase production by
Clostridium thermosulfogenes was observed at
60°C [31].

Temperature is one of the important factors
affecting the growth and metabolism of
Microorganism it influences the activity of the
enzyme and solubility of the substrates, and
hence the growth and enzyme production can be
improved when the incubation temperature is
suitable for the cell metabolism [33],
Temperature control in the substrate bed is very
important for SSF since growth and production
of enzymes or metabolites are usually sensitive
to temperature [34, 35]. Large number of weak
non covalent bonds maintains the tertiary
structure of an enzyme, when it absorbs too
much energy the tertiary structure will disrupt
and the enzyme will be denaturized [36].

g U llulznase
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Figure 3- Effect of incubation temperature on pullulanase production by B. lichenoformis.BS18. Under solid state
fermentation, incubated at different temperatures for 48 hr.

Effect on Incubation Time

The results observed that the higher specific
activity for pullulanase production was
(33U/mg) from B. lichenoformis..(BS18)
appeared after 48h, and decreased gradually
with increasing of incubation time to reach
(26U/mg) at 72h, Figure 4. Similar results were
reported from Bacillus sp. in the production of
amylase enzyme was 48h [26], other worker
showed a high level of enzyme production from
Anoxybacillus flavithermus was 72h [27], while
the optimum condition for the tannase
production was observed at 96h [25]. The
production of enzyme by using the SSF
technique requires less fermentation time, 24-48
h [37]. During the time course study enzyme
activity was detected in the culture supernatant
from 24 hto 72 h,
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b= pullulanase
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Specfic Activitv'g‘)u/mg protein)
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Figure 4- Effect of incubation time on pullulanase
production by B. lichenoformis.BS18. Under
solidstate fermentation incubated at 37C° for
different times (24, 48, and 72hr).

The reason for this might have been due to the
depletion of the nutrients or denaturation of the
enzyme caused by the interaction with other
components in the medium or a change in the
pH of the medium [38].

Effect of pH on Pullulanase Production

The optimum pH for production enzyme
from B. lichenoformis .(BS18) showed at 6, the
specific activity was 32U/mg , then the activity
was decreased with increased pH value
Figure 5 ,Similar results were worked for
Bacillus sp. [26], and for Anoxybacillus
flavithermus [27], while other worker were
reported the optimum condition in the
production of amylase for Bacillus cereus at pH
7 [29].
pH can influence the growth and product
formation due to its effect on the solubility
of nutrient, ionization of the substrate and its
availability to the microorganism [28] , also the
acidic or basic media may lead to denaturation
of the enzyme [39], An attempt to overcome the
problem of pH variability during the SSF
process is obtained by the
substrate formulation considering the buffering
capacity of the different components employed
or by the use of buffer formulation with
components that have no deleterious Influence
on the biological activity [28].
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Effect of Hydration Ratio

The result showed that the optimum
hydration ratio for pullulanase production from
B. lichenoformis. (BS18) was 1:2 (w/v), the
specific activity reached 32U/mg, while it
decreased to 25U/mg, when the hydration ratio
was increased to 1:2.5 (w/v) Figure 6.Worker
provided the same results in the production of
amylopullulanase by Clostridium
thermosulforegenes was 1:2.25 (w/v) [31], other
worker showed that 1:3 ratio (w/v) of substrate
to moistening agent is the best for the
production of xylanase by Bacillus pumilus [30],
while the optimum condition for the production
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of amylase by Bacillus sp. was at ratio of 1:1.5
(w/v) [26].

the critical importance of moisture level in SSF
media and its influence on the biosynthesis of
enzyme has been attributed to the interference of
moisture in the physical properties of solid
particles, higher moisture level decreases
porosity , limitation of oxygen transfer and
addation to that the substrate become more
compact at high water content [32]. The
moisture content is an important factor that
influences the growth and product yield in SSF
[9]. Moisture is reported to cause swelling of the



Khalaf and Aldeen

substrates, thereby facilitating better utilization
of the substrate by microorganisms [40].

Effect of Hydrating Solution

Different hydration solution was used; the
result showed that phosphate buffer (0.2M at pH
6.0) gave highest pullulanase activity than PYE
and tap water Figure 7. The specific activity was
32U/mg, 25U/mg, 20U/mg respectively, Tap
water or phosphate buffer are the common
moistening agents used by various workers.
Worker provided that results were showed a
high level of enzyme production from Bacillus
cereus was distill water as ahydration solution
[29], while the optimum condition for xylanase

Iraqi Journal of Science,2013, Vol.54,No.1,Pp.35-49

production was high in the using of tap water
[30]. The nature of the moistening agent and the
level of moisture content in the fermentation
medium are the other main factors in SSF which
often determine the success of a process [32],
however, the enzyme vyield from medium
hydrated by phosphate buffer was 20 ml of the
maximum yield. Phosphate buffer —was most
suitable for large scale production of enzyme
.Therefore, phosphate buffer was used as
hydration agents for further research in the
present study[26].
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Figure 7- Effect of hydration solution on pullulanase production by B. lichenoformis.BS18. by solid state fermentation
incubated at 37C° for 48 h at different hydration solutions.

Effect of Inoculum ize on enzyme production
The result showed that the optimum
inoculums size for pullulanase production from
B.lichenoformis. . (BS18) was (2 ml), the
specific activity reached 31 U/mg , while it
decreased to 20U/mg , when the inoculums size
was increased to (2.5 ml) Figure 7 .Similar
results were worked that the optimum condition
in the production of amylopullulanase at
inoculums size 2ml [8], other worker showed
that the maximum enzyme yield at 1.5ml for the
production of enzyme [35], while other results
observed that the maximum enzyme production
was obtained with 4ml of inoculation size by
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Anoxybacillus flavithermus sp. [27]. The less
enzyme production at lower inoculum level (<2
ml) might be because less number of viable cells
in the production medium require more time to
grow to an optimum number to utilize the
nutrients in substrate and for enzyme production
[41]. However, less enzyme production at higher
inoculum level (>2 ml) may be due to decreased
nutrient availability for the large number of
viable cells, or rapid accumulation of toxic
metabolites [42].
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Conclusion

Pullulanase , produced by B. lichenoformis.
BS18, was capable to attack specifically the a-
1,6 linkages in pullulan to generate maltotriose
as the major end product, as well as the a-1,4
linkages in amylopectin and soluble starch
leading to the formation of a mixture of maltose
and glucose. B. lichenoformis. BS18 is an
efficient local isolate for pullulanase production,
the study of the optimum conditions of solid
state fermentation SSF medium , liquid state
fermentation medium and comparison between
them, indicated that the use of SSF gave higher
production of enzyme than LSF, SSF technique
is a suitable and economic method for
pullulanase production , the enzyme is active at
a wide range of pHs (4-9) and temperature (37-
60C°), showed its potential for usage in
industrial application.
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