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Abstract

This study aimed to investigate new bacterial sources with the ability to produce inulinase and
to optimize fermentation conditions for inulinase production. The inulinase production was
carried out using newly isolated Bacillus licheniformis and Bacillus velezensis among
identified sixteen bacterial strains. The four essential variables incubation time (1-3 days),
temperature (25-40°C), pH (5-7), and Wheat Bran (WB) level (1-5%) determined by the
Plackett—-Burman design (PB) were selected for optimization studies with Box-Benhken
Design (BBD). These parameters were found to be very effective on inulinase production.
The maximum inulinase activities for B. licheniformis and B. velezensis were 401.18 EU/mL
and 344.61 EU/mL. Both inulinases sustained 50% of their initial activity at 30°C for 9 days.
The results point out that bacteria are an important source as inulinase producer. The new
isolates can be used in production of inulinase for industrial processes.

Keywords: Bacteria inulinase, response-surface methodology, optimization, submerged
fermentation
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1. INTRODUCTION

Inulin is present in many plants and is a fructose
polymer consisted of fructose residues and a
glucose moiety at the terminal end. It is an
essential source in the production of fructose and
fructooligosaccharides, which are used in
industrial areas such as food, pharmaceutical, and
medical applications [1]. Moreover, fructose is 1.5
times sweeter than sucrose and it is generally
considered the preferred safe sweetener in several
foods and beverages. In addition, fructose has
advantages such as less production costs and
increased flavor, color, and product stability [2].
Fructose can be obtained from inulin by acid
hydrolysis. However, that process leads to fructose
degradation and low yield production. Therefore,
the use of inulinases is considered to be a desirable
approach to obtain high fructose syrups from
inulin because of 95% pure fructose yield in a
single-stage process [3, 4].

Inulinases are industrially significant enzymes, but
the production cost of the enzyme continues to be
a major problem in its large-scale application.
Using microorganisms as potential sources for
inulinase production can result in high enzyme
yield and stability, which reduces the cost [5].
Although fungi such as Aspergillis, Penicillium,
Kluyveromyces sp. are the most common
microorganisms to produce inulinase, bacteria and
yeast also can produce inulinase. There are
previous reports on the production of inulinase
from bacteria such as Bacillus sp., Streptomyces
sp., Xanthomonas sp., Clostridium sp. that can
grow in environmental conditions such as high
temperature, alkalinity, acidity, and salinity [1].
However, there is still a need to explore
microorganisms for inulinase production with high
yield and superior properties. Moreover, the
synthesis of the enzyme by microorganisms is
dependent on growth conditions, mainly the
carbon source. The type of carbon source used in
the medium affects growth, sporulation, and cell
wall structure in microorganisms, which in turn
can affect the secretion of the enzyme [1,6].
Inulinases have different catalytic properties
depending on the microbial origin such as
molecular mass, optimum pH, optimum
temperature, thermal and pH stabilities [7].
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Therefore, the appropriate carbon source and

optimal fermentation conditions should be
determined to increase enzyme production.
Previously, the conventional ‘“one-factor-at-a-

time” approach or statistical approaches have been
used to determine optimal conditions for enzyme
production. Statistical optimization facilitates
determining parameters effective in enzyme
production and the interactions between these
parameters with lesser experiments while
conventional methods are both laborious and time-
consuming. Factor design and response surface
analysis, which are among the current statistical
methods, are considered significant tools for
optimization analysis. Especially, the statistical
approach using PB design and response surface
methodology (RSM) have a larger and wider
application for optimization due to their
advantages [8, 9]

Based on all these findings, this study aims to
investigate new bacterial sources with the ability
to produce inulinase with high activity. For this,
the  fermentation  conditions  of  these
microorganisms are optimized for the production
of inulinase with a low-cost substrate using
statistical methods and increase the yield of
enzyme production. After that, the obtained
inulinases from B.licheniformis and B. velezensis
were characterized by determining their optimum
pH, temperature, and thermal stability.

2. MATERIALS AND METHODS

2.1. Materials

Inulin from Alfa Aesar, Sucrose from Sigma,
glucose from Sigma, fructose from Merck, and
3.5-dinitrosalicylic acid from Sigma were
purchased. Other chemical reagents used in
experiments were analytical grade.

2.2. ldentification of bacterial strains
Materials and Methods

Soil samples were collected aseptically from
Buharkent, Aydin geothermal sources and brought
back to laboratory. Soil samples for isolation of
microbes were obtained from the 15 to 20 cm
layers below soil surface.
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Nutrient agar was used for all experiments
concerning screening, isolation and culture of
microbes. Ten grams of each soil sample was
added to 90 ml of autoclaved physiologic saline
water (0.85%) and homogenized with shaker (150
rpm). Ten-fold dilutions were prepared from 107
to 107 and 100 pl of these dilutions were
inoculated on growth media and incubated at 55°C
for 24-48 hours. Each different colony were
selected from the mixed culture and inoculated
and incubated at 55°C for 24-48 hours until pure
cultures were obtained [10]. Each isolate were
stored in 20 % Skim milk solution at -20°C.

DNA isolation of the samples were made with
GeneMark Bacterial Genomic DNA purification
kit according to the manufacturers instructions.
After isolations DNA concentration and purity
was measured with nanodrop spectrometer
(Thermo Scientific). 16S universal rDNA primers
were used (27F: 5’-AGA GTT TGA TCM TGG
CTC AG-3’, 1492R: 5’-CGG TTA CCT TGT
TAC GAC TT-3’) [11]. PCR reactions were
carried out at initial denaturation 95°C 5 min,
denaturation 94°C 30 sec, annealing 58°C 30 sec,
extension 72°C 45 sec with 35 cycles and final
extension at 72°C 10 mins. Reagents
concentrations were 10X Taq Buffer, 0.5M dNTP
mix, 10 pM from each primer, 7.5 mM MgCI2 and
1U Taq polymerase with the final volume of 25 pl.
Table 1

PCR products were sent to sequencing (Atlas
Biotechnology, Turkey).

Evolutionary analysis and tree construction were
made with MEGA X software. The evolutionary

history was inferred using the Maximum
Likelihood method [12, 13, 14].
2.3. Determination ~ of  bacterial  strain

producing inulinase

A rapid plate screening assay was used to screen
for inulinase-producing bacterial strains [14, 15].
For this, nutrient agar (NA) plates containing 1%
w / v inulin were used to grow the bacterial
strains, incubating at 40°C for 2 days. Lugol's
iodine solution (5 mL) was added to plates and
incubated for 10 min at room temperature.
Afterward, the plates were washed with distilled
water. The hydrolytic zone around the colony
obtained is evidence of extracellular inulinase.

2.4. Submerged fermentation medium and
inoculum preparation

Before starting the study, the strains were grown
on NA slants at 40°C for two days.

The activity of enzyme obtained with basal mediums selected according to the previous literature

Medium Enzyme activity (EU/mL) Reference
B.licheniformis B. elezensis

1%inulin, 0.3% K:HPQ4, 0.1% KH:PO4, 0.3% yeast extract, 35.21+0.01 45.77+£0.01 [17]

0.3% peptone

0.5 % inulin, 0.3% NaNOs;, 0.5% CaCl;,0.3% yeast 47.32+0.09 66.32+0.2 [18]

extract

2%inulin, , 0.5% (NH4)2SO4, 0.5% yeast extract 11.49+0.03 15.78£0.06 [19]

0.02%inulin, 0.04% K;HPOQO,, 0.008%MgSO. 0.2%peptone, 24.11+0.9 4521+0.11 [20]

0.2%yeast extract
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1% inulin, 0.1% K;HPO4, 0.05% MgSO4

7H20, 64.012+0.7

69.23+0.14 [21]

0.015%CaCl..2H,0, 0.05% NaCl, 0.2% yeast extract, 0.3%

peptone

1% inulin, 0.2%KH:PO4, 0.05% MgSOa, 0.5% NaNO3

101.45+0.04 89.13+0.07 [22]

In 250 ml Erlenmeyer flask, a loopful of bacteria
was used to inoculate nutrient broth (NB,
100 ml).After that, the flasks were incubated at
37°C and 150 rpm for one day. The optical density
of NB was measured at 600 nm until it reached at
1.0. 1 mL of NB was used for inoculation of the
inulinase production medium [21, 23]

In SmF where the production of enzyme takes
place, the media components were determined
according to the literature research (Table 1).
After 100 mL of medium was prepared in 250 mL
Erlenmeyer flask, the pH was adjusted to 6.5. The
media was incubated at 30 °C, and 150 rpm for 2
days for enzyme production after the medium was
autoclaved. Among those tested the medium
which provided the highest activity was used as
medium components in SmF for enzyme
production.

2.5. Optimization of inulinase production from
isolates

2.5.1. Determining  carbon  source and
fermentation parameters by PB experimental
design

PB design was used to test the effect of eleven
variables (carbon sources in media and
fermentation parameters). For this, the effect of
fructose, glucose, maltose, sucrose, lactose, onion
peel, wheat bran, oat bran concentrations as
carbon sources on enzyme production were

evaluated, ranging from low to high.
Concentrations of 0.1% and 1% levels
Fermentation parameters including incubation

period (1-4 days), incubation temperature (25-45
°C), and initial pH (5-8) were also tested at 2
levels as high and low. For all tests, inulinase
activity was taken as a response. The variables and
their levels are presented in Supplementary Table
S1.

Sakarya University Journal of Science 25(4), 1086-1101, 2021

2.5.2. Optimization of fermentation parameters
by using BBD

The four variables obtained from PB Design were
further analyzed for optimization of inulinase
production using BBD. The variables determined
were incubation time (24-72 hours), incubation
temperature (25-40°C), initial pH (5-7), and WB
concentration (1-5%) as carbon source. For BBD
analyses, three levels as high (+1), medium (0)
and, low (-1) were described (Table 2).

Table 2
Levels of the factors tested in Box-Behnken Design
independent variables

Symbol Variable Units Coded levels
1 0 1
A
Initial pH 5 6.25 7.5
B Incubation
temperature °C 25 | 325 | 40
C Wheat Bran
(WB) % 1 3 5
D Incubation
time h 24 48 72

The experimental design method was carried out
by 29 experiments in duplicates. The response
function coefficients were identified by regression
using the experimental data and Design-Expert V7
trial version. The model equation for 4 variable
systems is as follows:

Y =Bo + B1A + B2B + B3C + BaD + P11A? + PB? +
B33C? + PaaD? +B12AB + B13AC + P14AD + B2sBC
+ B24BD + B3sCD 1)

Where Y is the predictable response (inulinase
activities of B. licheniformis and B. velezensis), Bo
is the model constant; independent variables are
A, B, C, and D term; B1, B2, B3, and P4 are linear
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coefficients, and P11, P22, P33, and Pas are the
quadratic coefficient.

2.6. Enzyme assay

Activity assays were performed based on the
previous study [24]. The crude enzyme was used
to analyze inulinase activity. One unit of inulinase
activity was the amount of enzyme that catalyzes
the release of 1 umol of fructose per minute per
mL.

2.7. Effect of pH and temperature on enzyme
activity

To determine the effect of pH on inulinase
activity, three buffer solutions including Na-
acetate (0.1 M, pH 4.0-5.0), K-phosphate (0.1 M,
pH 6.0-7.0), and Tris-HCI (0.1M, pH 8.0-9.0)
were used in activity assay.

The effect of temperature on the inulinase activity
was determined at different temperatures between
30-60 °C. Also, the thermal stability of enzymes
was evaluated at 60°C by the standard assay
procedure after 1h incubation at different
temperatures between 30-60 °C. Enzyme activities
were determined as relative activities by taking
100% of the activity at the start of the experiment.

3. RESULTS AND DISCUSSION

3.1. Identification of bacterial strains

Sixteen bacteria were isolated and identified by
molecular characterization (Supplementary Table
S2). From 16 samples, 1 Genus and 4 different
species were found.

Sakarya University Journal of Science 25(4), 1086-1101, 2021

Bacillus velezensis HBB392

3 Bacillus velezensis HBB385

Bacillus amyloliquefaciens HBB390

Bacillus velezensis strain FZB42

Bacillus licheniformis strain ATCC 14580

Bacillus licheniformis HBB396
o 5 Bacillus licheniformis HBB394
{
Bacillus sp. HBB388

Bacillus glycinifermentans HBB391

Bacillus licheniformis HBB387

’7 Bacillus licheniformis HBB389

17
Bacillus licheniformis HBB384

Bacillus licheniformis HBB383

Bacillus licheniformis HBB382

— Bacillus sp. HBB395

—— Bacillus licheniformis HBB381

— Bacillus sp. HBB393

—— Bacillus sp. HBB386

Figure 1 Phylogenetic relationships of Bacillus
species

The evolutionary history was inferred by using the
Maximum Likelihood method and Hasegawa-
Kishino-Yano model (Fig. 1). The percentage of
trees in which the associated taxa clustered
together is shown next to the branches.
Evolutionary analyses were conducted with
MEGA X software.

All species isolate were Bacillus species. Different
strains of Bacillus licheniformis were abundant in
soil samples. This result is similar to the results of
Llarch et al [25], Balsam et al [26].

3.2. Bacteria strains selection for inulinase

production and identification

The microorganism and medium selection are
significant factors in determining the outcome of
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inulinase production. Extracellular hydrolytic
enzymes are detected by plate screening assay
[16]. In this work, bacteria were screened out
based on the assay of plate screening. Among the
sixteen molecularly identified microorganisms,
Bacillus licheniformis strain SCRSW1 HBB387
and Bacillus velezensis strain KKLV HBB392
shown a clear zone indicating the presence of
extracellular inulinase on their agar plates on agar
plates (Supplementary Fig. S1). Hence, the
bacteria strains were used to produce inulinase
through the study.

3.3. Optimization of inulinase production
3.3.1. Determination of basal medium

Micronutrients are critical for enzyme production
for making significant contribution to maintain the
osmotic pressure of the environment. Moreover,
suitable concentrations of trace elements are
reported to be essential for the substrate usage of
microorganisms [27]. In previous studies, a
medium consisting of different components was
used for inulinase production, and enzyme
production was successfully performed. In this
study, the media used in the previous studies given
in Table 1 were tested to obtain maximum enzyme
production. Maximum inulinase activity was
observed as 101.45+0.04 for B.licheniformis and
89.13+£0.07 U/mL for B. velezensis in medium
containing 0.5% NaNOs, 0.2% MgSOs, 0.2%
KH2POg4, 0.4% yeast extract, 1%inulin on a rotary
shaker at 30°C, 150 rpm, pH 7.0 for two days [22].
Hence, this medium was selected as a basal
medium for further experiment.

The complex nitrogen sources have been reported
to be better than inorganic nitrogen sources. Jain et
al. [28] found that yeast extract was the best
nitrogen source to conjunct with dahlia extract for
inulinase production, followed by the beef extract.
The lowest inulinase activities from B.
licheniformis and B. velezensis when (NH4)2SO4
was used as a nitrogen source in the fermentation
medium. It can be associated with acidic
conditions caused by ammonium salts because
highly acidic conditions may inhibit the synthesis
of inulinase [29].

Sakarya University Journal of Science 25(4), 1086-1101, 2021

3.3.2. Determination of significant variables by
PB design

Various bacterial sources as inulinase producers
have been reported to exploit sucrose, starch
inulin, and inulin-rich plant extracts to produce
inulinase. Characteristically, inulinases syntheses
require an inducer. Inulin takes a function as a
carbon source as well as an inducer for inulinase
production [1, 30]. However, catabolic
suppression may occur due to a high inulin
concentration, which reduces enzyme yield [31].
In this study, 1% raw inulin was used in the
production medium.

Plackett Burman design was carried out to identify
factors that can affect inulinase production from
bacterial sources. All cultivations were performed
at 30°C under agitation (150rpm) in a rotary
shaker. Eleven variables were screened for their
influence on enzyme production, and the inulinase
activities are illustrated in Table 3. The maximum
activities for B. licheniformis and B. velezensis
were observed at run number 12 for two bacteria,
with 14.41 and 34.3 EU/mL, respectively.

In the PB design, the p values of the model by
ANOVA analysis show that the model is
significant (p < 0.05). Also, the productions of
inulinase from both bacteria were found to be
affected by WB, incubation temperature, initial
pH, and incubation time (p<0.05) (Supplementary
Table S3). Hence, other insignificant variables
were neglected, and the optimum levels of these
four variables were determined by the BBD
design. The effects of variables are presented in
Pareto charts (Supplementary Figures S2 and S3).
One of the four significant variables that screened,
WB concentration, exerted a positive effect.
However, incubation temperature, initial pH, and
incubation time exerted negative effects on
enzyme production. In another study where 11
parameters were scanned affecting inulinase
production from Arthrobacter mysorens strain
no.l by PB, pH and temperature were not
significant [32]. It has been reported that the cost
of enzyme production is reduced by the use of
low-cost complex substrates as a carbon source
[33]. This study indicates that WB was more
effective than other carbon sources. In previous
studies in which inulinase production was
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optimized, the effects of different carbon sources

were evaluated.

Ezg:evilues of the variables in PB experimental design with values of inulinase activity

o - c ¢ E . E g
g 8 3 8 g 8 & B 5 2 . 88 53
° 2 5 5 £ f 52§51z E -3
s & o © = 31 5 § £ £ &S g3
~ i ]

% % % % % % % % °C Day EU/mL EU/mL

1 1.00 1.00 1.00 0.10 0.10 100 3.00 1.00 45.00 8.00 100 0.39 0.61
2 1.00 0.10 0.10 0.10 100 1.00 3.00 3.00 25.00 8.00 4.00 21 15.1
3 0.10 0.10 0.10 1.00 0.10 3.00 3.00 1.00 4500 8.00 4.00 0.18 2.66
4 1.00 1.00 0.10 100 100 3.00 1.00 1.00 25.00 800 100 3.52 15.1
5 1.00 1.00 0.10 0.10 0.10 3.00 1.00 3.00 45.00 5.00 4.00 5.64 13.99
6 0.10 0.10 1.00 0.10 1.00 3.00 1.00 3.00 4500 8.00 1.00 5.65 10.8
7 0.10 100 1.00 0.0 1.00 3.00 3.00 1.00 25.00 5.00 4.00 5.05 15.9
8 0.10 100 0.0 1.00 1.00 1.00 3.00 3.00 4500 5.00 1.00 8.32 18.09
9 0.10 100 1.00 1.00 0.10 1.00 1.00 3.00 25.00 8.00 4.00 5.75 15.4
10 010 0.10 0.10 0.10 0.10 100 1.00 1.00 25.00 500 1.00 8.34 25.64
11 100 0.10 1.00 100 1.00 1.00 1.00 1.00 4500 500 4.00 0.81 7.3
12 100 0.10 100 100 0.10 3.00 3.00 3.00 25.00 500 1.00 14.41 343

Rawat et al. [33] obtained maximum inulinase
activity in medium with the dahlia extract. In
another study, Tithonia rotundifolia was reported
to be effective in inulinase production [34].
Trivedi et al. [35] obtained maximum inulinase
production using chicory root powder (21.9
EU/mL). However, glucose, fructose, and
sugarcane bagasse were reported to be poor
inducers for inulinase production, 5.8 EU/mL, 5.1
EU/mL, and 4.7 EU/mL, respectively. The highest
inulinase activity from X. campestris pv. Phaseoli
KM 24 mutant was observed in sucrose (5.19
EU/mL) [36]. The maximal activities of B.
polymyxa 722, B. subtilis 68, and B. polymyxa 29
were observed in the presence of sucrose,
starch/molasses, and starch, respectively [37].
There are previous studies in parallel with our
study, which support that WB is an important
source of carbon to increases production of
inulinase [31, 38]. WB contains 1-4% inulin and
has a high nutritional value for microorganisms
[35]. Apart from this, WB is a cheap and available

Sakarya University Journal of Science 25(4), 1086-1101, 2021

substrate. All these features make them an
essential resource for large scale fermentation.

3.3.3. BBD for optimization of fermentation
medium

The relation between the significant variables
(initial pH, incubation temperature, incubation
time, and WB concentration) obtained by PB
experiment was developed using BBD to produce
maximum enzyme [34]. The enzyme productions
from both bacteria were carried out by
experimental designs and the results are shown in
Table 4.

ANOVA analysis showed the significant of the
model (p < 0.0001) (Supplementary Table S4).

The regression equations for inulinase activity
responses (Y) were obtained, and these equations
are given below:
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Y Inulase activity for B.Iicheniformis=+374.l8 -22.54 *A-
25.14 *B -88.56*C+26.15 *D-4.46 *A*B+ 9.08
*A *C -5.36*A*D+32.87 *B*C-16.23 *B*D-

17.23*C*D-145.54 *A2-112.43*B2-111.8

123.31*D2

Y Inulase activity for B. velezensis=+328.65+82.42 *A

)

*C2-

+34.98 *B+34.10
11.70*A*C+48*A*D-5.80*B*C+ 15.63

*C+15.27

*D+17.18*A*B+

+32.58*C*D-108.8*A2-102.57*B2-94.23

82.11 *D2

©)

*B*D

*C2-

The coefficients of determination (R?) for

inulinase activities of B.

licheniformis and B.

velezensis were calculated as 0.99.
Table 4
Experimental design-based BBD for the optimization of inulinase production
Run order Initial Incubation Incubation WB B.licheniformis B. velezensis
pH Temperature time (%) Inulinase Inulinase
(°C) (h) activity(EU/mL) activity(EU/mL)

1 7.5 25.00 48.00 3.00 105.54 147.4
2 6.25 32.50 72.00 1.00 40.09 132.22
3 6.25 32.50 48.00 3.00 375.18 325.25
4 5 32.50 72.00 3.00 39.1 74.66
5 6.25 40.00 48.00 5.00 121.3 221.74
6 6.25 32.50 48.00 3.00 385.11 315.25
7 6.25 40.00 48.00 1.00 108.36 159.74
8 6.25 32.50 48.00 3.00 371.27 335.25
9 6.25 25.00 24.00 3.00 315.57 33.51
10 7.5 32.50 48.00 1.00 73.24 205.85
11 6.25 25.00 72.00 3.00 59.24 168.14
12 5 32.50 24.00 3.00 236.3 14.85
13 6.25 25.00 48.00 1.00 123.03 102.25
14 7.5 32.50 24.00 3.00 176.34 158

15 5 40.00 48.00 3.00 123.88 55.33
16 7.5 32.50 72.00 3.00 15.45 264.6
17 6.25 32.50 72.00 5.00 64.42 233.29
18 6.25 25.00 48.00 5.00 200.9 101.74
19 6.25 40.00 72.00 3.00 62.12 151.25
20 5 25.00 48.00 3.00 155.79 23.25
21 5 32.50 48.00 5.00 160.18 61.33
22 6.25 40.00 24.00 3.00 186.96 159.81
23 6.25 32.50 24.00 1.00 167.34 139.04
24 7.5 32.50 48.00 5.00 115.21 231.77
25 6.25 32.50 48.00 3.00 371.11 335.25
26 5 32.50 48.00 1.00 96.76 37.33
27 6.25 32.50 48.00 3.00 368.24 332.25
28 6.25 32.50 24.00 5.00 260.57 109.79
29 7.5 40.00 48.00 3.00 55.78 248.22

* Experimental results

The “Predicted R-Square” of 0.97 and 0.98 was in
reasonable agreement with the “Adjusted R-
Square” of 0.99 and 0.97 for B. licheniformis and
B. velezensis, respectively. This model can be used
in navigating the design space.

Sakarya University Journal of Science 25(4), 1086-1101, 2021

These variables have been shown by statistical
analysis to significantly affect inulinase activity.
In this case, the model F-value of 206.27 and
185.51, for B. licheniformis and B. velezensis,
respectively, imply that the model is significant.
There is only a 0.01% chance that a "Model F-
Value™ this large could occur due to noise. Values
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of "Prob > F" less than 0.05 indicate model terms
are significant. In this case, for B. licheniformis;
the linear, square, and interaction coefficients for
all parameters were statistically significant for all
parameters, except for the interaction of pH and
incubation  temperature, time, and WB
concentration (AB, AC, and AD). When analyzed
for B. velezensis, significant model terms are
statistically significant for all parameters, except
for the interaction of pH and WB concentration

(AD). The "Lack of Fit" of 0.1029 and 0.3210 for
B. licheniformis and B. velezensis, respectively,
implie the Lack of Fit is not significant relative to
the pure error. Non-significant lack of fit is good
for the model fitness (Table 5).

All parameters had the same effective impacts on
enzyme production (based on the p-value). The
interactions between parameters are analyzed with
contour graphics. The two-dimensional contours
(2D) were drawn by using BBD.

Table 5
ANOVA analyses for models obtained from the BBD
Factor df Inulinase activity of Inulinase activity of
B.licheniformis B. velezensis
Coefficient Prob > F Coefficient Prob > F
Estimate Estimate
Bo 14 374.18 < 0.0001* 328.65 <0.0001*
B: 1 -22.54 <0.0001* 82.42 <0.0001*
B 1 -25.14 <0.0001* 34.98 <0.0001*
B3 1 -88.56 <0.0001* 34.10 <0.0001*
B, 1 26.15 <0.0001* 15.27 0.0002*
B1 1 -4.46 0.4498 17.18 0.0054*
Bis 1 9.08 0.1361 11.70 0.0420*
Bis 1 -5.36 0.3660 0.48 0.9281
B2s 1 32.87 <0.0001* -35.80 <0.0001*
Bas 1 -16.23 0.0134 15.63 0.0097*
Bss 1 -17.23 0.0095 32.58 <0.0001*
B 1 -145.54 <0.0001* -108.80 <0.0001*
B2 1 -112.43 < 0.0001* -102.57 <0.0001*
Bss 1 -123.31 < 0.0001* -94.23 <0.0001*
Bus 1 -111.80 < 0.0001* -82.11 <0.0001*
Lack of Fit 14 0.1029 0.3210

*Significantly different at p < 0.05. fo: intercept; Pi, B2, Ps, and Pa: linear regression coefficients for pH,
temperature, time, and WB; P12, P13, B1s, P23, P24, and Psa: regression coefficients for interaction between pH and
temperature, pH and time, pH and WB concentration, temperature and time, temperature and WB concentration;
Time and WB concentration; Bi1, P22, Pss and Pas. quadratic regression coefficients for pH x pH, temperature x
temperature, time x time, WB concentration x WB concentration.

variables. The circular contour plots show the
insignificant interactions between the
correspondent variables; whereas an elliptical

2D contour plots enable visualizing the
relationship between responses and each variable
as well as the type of interactions between two test
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contour plots show important interactions [32].
Therefore, the relationships between parameters
for optimization of fermentation conditions are
analyzed based on the results obtained through
experiments and their interpretation is made based
on diagrams. It was determined that enzyme
productions were remarkably affected by all
parameters in the model (p <0.05).

The inulinase activity from B. licheniformis
increased evidently at first as pH increase as well
as incubation temperature and time also increased.
However, these values decreased when the two
variables ascended continually (Fig. 2).

The linear effect of the initial pH (A) was
significant (p< 0.0001), and its quadratic (A?) had
a significant (p<0.05), which is the negative effect
on the enzyme activity of B. licheniformis.
Moreover, the negative and insignificant effects of
pH and incubation time, pH and incubation
temperature and pH and WB concentration on

inulinase activity (p>0.05) could be seen from Fig.
2a, ¢, e for the presence of circular contour, which
was consistent with results of coefficients of the
regression equation in Table 5. The maximum
activity was obtained at pH 6.25 (385.11 EU/mL).
However, Fig. 2b, ¢, and d demonstrate that
inulinase activity was maximum at 32.5°C.
Inulinase activity remarkably decreased up 36°C.
It is seen that high temperature and long
incubation time negatively affect enzyme
production. Differently, the singular effect of WB
concentration on enzyme activity was positive for
its plus coefficient. The activity of inulinase was
maximum  between 3% and 4% WB
concentrations (Fig. 2d, e, and f). Fig 2d and f
graphed the effects of incubation temperature and
incubation time with WB concentration on
enzyme activity and their interactions. However,
interactions of WB concentration with incubation
temperature and incubation time had a negative
effect on enzyme activity (Table 5).

(:Time

L

B:Temperature

(b)

D:WB concentration
D:WB concentration

B: Temperature

D

D:WB concentration

Figure 2 2-D plots of the combined effect of two variables on the inulinase activity from B.licheniformis

The enzyme activity was the maximum at 3% WB
concentration at 32.5°C and 36h, and then
exhibited a decreasing trend.

In the study, all parameters affected the enzyme
production from B. velezensis (p<0.05).
However, the interaction between WB
concentration and pH (AD) was insignificant
(p>0.05) (Table 5). Inulinase activity from B.
velezensis was constant, almost in the range of pH
6.25-6.8. The highest activity was found at pH
6.25, like inulinase activity from B. licheniformis

Sakarya University Journal of Science 25(4), 1086-1101, 2021

(see in Fig. 3a, ¢, and e). Also, Fig. 3b, ¢, and d
illustrate that the highest inulinase activity from B.
velezensis is obtained at ranged of 32.5°C (335.25
EU/mL). The relationship between temperature
and time was negative; it could be seen that it
retained its activity for a longer time at low
temperatures as seen in Fig. 3b. However, the
inulinase activity from B. velezensis decreased
significantly after 60h of incubation. Furthermore,
inulinase productions of both bacterial decreased
significantly at higher temperatures than 36°C.
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The result shows that the increase in temperature
may have caused the denaturation of enzymes.

The pH and temperature of the fermentation
medium in inulinase production are the most
significant  variables.  Generally,  bacterial
inulinases are produced in fermentation media
with pH between 4.8 and 7.0, and a temperature of
35-37°C is optimal for bacterial growth and
enzyme production [30]. Zherebtsov et al. [37]
suggested that Bacillus sp. viz. B. polymyxa 29, B.
polymyxa 722, and B. subtilis 68 were obtained
inulinase in the optimal parameters for the growth
to be pH 7.0 and 33-35°C. In addition, optimal
culture conditions for inulinase production from
Marinimicrobium sp. LS-A18, were pH 7.5, 37°C,
and 96 h with inulinase activity of 14.6 EU/mL
[39]. According to experimental results, the
maximum inulinase activities were obtained in the
midpoint of the response plot as 385.11 EU/mL
for B. licheniformis, and 335.25 EU/mL for B.

velezensis. The findings were acquired at 48h of
incubation time, 32.5°C of incubation temperature,
initial pH of 6.25, and 3% (v/v) WB (Table 4).

By employing the software of Design-Expert, the
optimum values of the independent variables
tested for B. licheniformis were predicted as 6.1 of
initial pH, 30.5°C of incubation temperature,
35.05h of incubation time, and 3.1% of WB
concentration with 396.504 EU/mL of inulinase
activity. For B. velezensis, the optimum values
were predicted as 6.7 of pH, 33.9°C, 55.7h, and
3.59% WB concentration with 350.171 EU/mL of
inulinase activity. These predictions were
validated by experiments in which 401.18 EU/mL
of inulinase activity for B .licheniformis and
344.61 EU/mL of inulinase activity for B.
velezensis. Experimental activity results were
close to the activity predictions for both bacteria.
The statistical model made a strong prediction of
the experimental results.

B:Temperature

D:WB concentration

D:WB concentration

B: Temperature
(d)

(b)

D:WB concentration

C:Time

(€Y}

Figure 3 2-D plots of the combined effect of two variables on the inulinase-specific activity B. velezensis

In another study, the highest level of inulinase
production (9.24 EU/mL) was observed at 35-40,
pH 7.0, and medium with 3% sucrose [36].
Kamble et al. [32] tested Tithonia rotundifolia as
a substrate for inulinase production from
Arthrobacter mysorens and obtained the
maximum inulinase activity with 1669.45

Sakarya University Journal of Science 25(4), 1086-1101, 2021

EU/mL 30°C in the rotary shaker at 120 rpm
after 48 h.

3.4. Effect of pH and temperature on enzyme
activity

To date, all microbial inulinases have generally
been shown to have optimum pH ranging from
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3.5 to 7.0 and temperature stability in the range
10-80°C [1, 39]. As seen in Fig. 4a, the inulinase
from B. licheniformis showed optimum activity
at pH 5.0, while optimum activity at pH 6.0 was
observed for inulinase from B. velezensis.
Bacteria inulinase generally exhibit optimal
activity in the pH range of 6.0-7.0, while the
optimal pH ranges of 3.0-6.0 for fungal
inulinases [39]. The Inulinase enzyme from
Bacillus sp. demonstrated optimum activity at
55°C and pH 6.5. [22] while inulinase from
Acetobacter diazotropicus SRT4 exhibit optimal
activity at pH 5.5 [40].

In order to determine the optimum temperatures
of the enzymes obtained in this study, enzyme
activities were tested at 30°C-60°C. The
activities of inulinase from both bacteria were
preserved at 30°C for 120 minutes (Figure 4b).

A
100
)
\a\ 80
<
£ 60 u B, velezensis
-
g " B.licheniformis
@
Z 0
-
]
=
é 0

=]

100
B30°C
80
m40°C
60 50°C
40 m60°C
20
0

30min - 60min 120 min 30min - 60 min 120 min

Relative activity (%)

B.licheniformis B. velezensis

Incubation temperature (°C)

Figure 4 Effect of pH and temperature on inulinases
activity from B.licheniformis and B. velezensis

Similarly, Kwon et al. [41] found the optimum
temperature for the inulinase obtained from B.
polymyxa MGL21 as 35°C. In the study, enzyme
thermostability was investigated by incubating
both inulinases at 30°C for 11 days and the
remaining activity was determined. The enzymes

Sakarya University Journal of Science 25(4), 1086-1101, 2021

retained 50% of their activities until 9 days,
indicating that they were quite stable at 30°C
(Fig. 5). After 11 days, the inulinase from
B.licheniformis and B. velezensis sustained 28%
and 33% of its initial activity, respectively. This
study found that both inulinases have remarkable
thermostability.

120

=
=

1 B.licheniformis

| ‘ | | | | 1 B. velezensis

9 10d 11d

=

Relative activity (%)

3
=

Tlme Dags)

Figure 5 Thermalstability of inulinases from
B.licheniformis and B. velezensis at 30°C

4. CONCLUSION

In this study, sixteen bacteria were isolated from
soil samples, and molecular identifications were
made. All species isolated were Bacillus. Among
the tested microorganisms for inulinase activity,
B. licheniformis strain SCRSW1 and B.
velezensis strain KKLV showed a clear zone on
agar plate containing 1% wi/v inulin. The bacteria
strains were selected to produce inulinase.
Fermentation parameters and different substrates
were evaluated to find the fermentation
conditions  supporting maximum  enzyme
productions by PB. WB and the fermentation
parameters (pH, temperature, and time) were
found to be very effective on inulinase
production. Also, fermentation conditions were
optimized by using BBD for the maximum value
of inulinase for both bacteria. The maximum
inulinase activities for B. licheniformis and B.
velezensis were 401.18 EU/mL and 344.61
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EU/mL under predicted optimum conditions by
the software of Design-Expert. The obtained
inulinases were found to be quite stable at 30°C.

Moreover,  optimizations  were  achieved
successfully with high enzyme activities. The
results point out that the bacteria are significant
source as inulinase producers. The new isolates
B. licheniformis and B. velezensis can be used to
produce inulinase for industrial processes.
Moreover, the highest inulinase production was
obtained with WB, which is an inexpensive
carbon source. It means that industrial use of
WB is possible.
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