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Abstract
Media composition and culture conditions for levan production by Bacillus mojavensis were optimized
using Plackett–Burman and Box-Behnken designs. The decomposition of levan revealed an optimal
temperature of 228°C, an endothermic peak at 216.58°C and a melting enthalpy of 49.28 J/g. The
rheological parameters of the aqueous solutions from BM-levan were determined according to
temperature and concentration. The solutions were Newtonian at low concentrations and shear thinning
occurred at higher concentrations. Moreover, higher temperature increased pseudoplastic behavior. BM-
levan dispersions at 8% and 10% w/v accentuated the gel-like behavior and the viscosity of the levan
dispersion; while the visual aspect turned similar to milk. Results showed that BM-levan exhibited no
hemolytic activity towards human erythrocytes. These results plead in favor of the suitability of BM-levan
as an additive for the processing of several functional foods.

1. Introduction
Levan is endowed with several characteristics that favor its use for biomedical and nutitional purposes,
notably biodegradability, sustainability, �exibility, biocompatibility, and eco-friendliness. Its composition
was shown to includeD-fructofuranosyl residues bound by β-(2,6) in the main chains and β-(2,1) linkages
in side chains, with D-glucosyl as a terminal residue [1]. It is derived from a wide range of bacterial genera
such as Acetobacter, Bacillus, Erwinia, Gluconobacter, Halomonas, Microbacterium, Pseudomonas,
Streptococcus and Zymomonas are [2]. The microbial biosynthesis catalysis occurs due to the enzyme
levansucrase that allows sucrose hydrolysis and transfructosylation with sucrose molecules or
fructooligosaccharide chains as acceptors [3, 4]. Levansucrases synthetize low and high molecular mass
levan from sucrose [5, 6]. Potential uses of levan have been reported in medicinal, cosmetic and food
industries. It serves as an anti-tumor agent [7, 8] and a hypo-cholesterolemic agent [9]. It is also helps
stimulate the immune system [10, 11], the probiotic bacterial growth [12, 13, 14], the antioxidant activity
[15, 16, 17] and the antibacterial activity [18] (Byun, Lee, & Mah, 2014). In the food processing, levan is
highly recommended as a thickener, stabilizer, viscosi�er, emulsi�er and �avour enhancer [19].

According to Tabilo-Munizaga and Barbosa-Cánovas [20], rheological assays are quite common for the
physical characterization of raw material prior to processing, intermediate products during
manufacturing, and end products. In recent years, the rheological properties of levans have been widely
investgated [21, 22, 23]. They are subject to several factors including sugar composition, linkage type,
branching degree, molecular weight and viscosity. These parameters depend on microorganisms, media,
and culture conditions [24]. The optimization of microbial exopolysaccharide yield has been evaluated
through a statistical approach [25, 19, 26].

Bacterial bio�lms are clusters of bacteria that are �xed to a surface and/or to each other and attached in
a self-produced matrix. Bio�lms are of critical importance because they are implicated in all clinical
infections [27]. Recently, levan received more and more attention due to their wide biological activities,
including immunomodulatory [28] antibacterial [29, 30] antibio�lm [30] and anticancer [30] activities.
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In the present study, Bacillus mojavensis levan yield was optimized by manipulation the medium
composition according to the Response Surface Methodology (RSM). The production dynamics were
depicted using mathematical models for the process variables. In addition, the FTIR, thermal behaviour,
and solution rheology properties of this polymer were also carried out.

2. Materials And Methods

2.1. Microorganism
Bacillus mojavensis producing levan (BM-levan) was isolated from soil sample in Sfax city, Tunisia.
Identi�cation was on the basis of 16S rRNA gene sequencing and biochemical properties. The identi�ed
gene sequence was made available in GenBank database and assigned accession number MT012152.

2.2. Media optimization

2.2.1. Determination of the signi�cant variables by Plackett-
Burman design
The screening of signi�cant nutrients was performed with Plackett–Burman design (PBD) [31]. To obtain
a proper linear model for the evaluation of the key variables affecting levan yield, six nutrient factors
chosen for the present study were sucrose (X1), yeast extract (X2), K2HPO4 (X3), KH2PO4 (X4),
MgSO4,7H2O (X5), and CaCl2 (X6). All the selected variables were denoted as numerical factors and
examined at two widely spaced intervals at a high level (coded + 1) and a low level (coded − 1),
respectively. The six assigned variables were screened in twelve experimental designs. Each experiment
was carried out in duplicate and a mean value was taken as the response (Table S1).

The results of PBD were �tted to the following �rst-order polynomial model:

Y = β0 + ΣβiXi

where Y was the response variable, β0 the model intercept, βi the linear coe�cient, and Xi the coded
independent variable.

BM-levan production was measured in triplicate and the average value was taken as the response. The
variables signi�cant at 95% level (p < 0.05) were selected for further optimization as their effect on levan
production was deemed important.

2.2.2. Box-Behnken design in Response Surface
Methodology
Box-Behnken design (BBD) for three factors, including �ve replicates at the center point, were used for
�tting a second order response surface to provide a measure of process stability and inherent variability
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[32, 33]. Seventeen trials for three different variables of the medium consisted of sucrose, MgSO4,7H2O
and CaCl2 were designed. Three levels, “high (+ 1)”, “middle (0)” and “low (-1)” are illustrated in Table S2.

The experimental results of BBD were �tted into the second order polynomial model using a multiple
regression method.

Y = β0 + ∑βiXi + ∑βiiXi2 + ∑βijXiXj

where Y is the predicted response, Xi and Xj are coded input variables which in�uence the response
variable Y, β0 is the intercept term, βi is the linear coe�cient, βii is the quadratic coe�cient and βij is the
interaction coe�cient. The statistical adequacy and signi�cance of the model were veri�ed using
analysis of variance (ANOVA) and Fisher's test (F-test). The quality of the polynomial model equation was
predicted using the coe�cient of determination (R2) and adjusted R2.

2.2.3. Validation of experimental model
To validate the statistical model and optimization, the production of BM-levan in RSM-optimized medium
composition by BBD was compared with those obtained in normal production medium and the value
predicted by the experimental model.

2.3. Levan extraction and puri�cation
Levan was extracted by precipitation using ethanol. The culture was centrifuged at 4,000 rpm for 10 min
at 4°C. The supernatant obtained was mixed with two volumes of ice-cold ethanol and kept at 4°C for 24
h. The mixture was then centrifuged at 10,000 rpm for 20 min at 4°C. The levan pellet was suspended in
distilled water and dialyzed (cut-off 14 kDa) against running water for at least two days to completely
remove low molecular range impurities. The EPS obtained was freeze-dried using a lyophilizer and
weighed.

The freeze-dried crude EPS of B. mojavensis was dissolved in distilled water and fractionated by graded
ethanol precipitation. Brie�y, the sample was solubilized in water (10 mg/mL), the non-solubilized
material (water insoluble fraction–WIF) was separated by centrifugation from the supernatant and
absolute ethanol (EtOH) was added to obtain the material that precipitated in 50% ethanol (Et50). EtOH
was added to the remaining supernatant to obtain the material that precipitated in 75% ethanol (Et75),
that was separated from the supernatant (EtSn) by centrifugation. Et50, Et75, and EtSn fractions were
dissolved in water, concentrated, dialysed (cut-off 12–14 kDa), and freeze-dried. Fraction Et50 was used
for this study as described by Haddar et al. [34].

2.4. Physical analysis
Color, water activity, pH and conductivity (1% solution at 25°C) of BM-levan were determined. Color
parameters of the BM-levan were recorded on the top of a ~ 10 mm deep sample using a
spectrophotocolorimeter Mini Scan XETM (Hunter Associates Laboratory Inc., Reston, VA, USA).
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The CIELab system coordinates, namely (L* (lightness), a*(greenness to redness) and b* (blueness to
yellowness) were considered. The color was expressed using the polar coordinates L* (lightness) C*
(chroma) and h° (hue angle). Simple transformations were used to convert a* and b* coordinates to C*
and h° chromatic parameters:

Water activity (aw) was measured at 25°C using a Novasina aw Sprint TH-500 Apparatus (Pfä�kon,
Switzerland) with automatic calibration for up to 8 points between 0.04 and 0.98 aw.

Conductivity was measured using a conductivimeter (Model 18.38 pH/EC meters, Eijkelkamp Agrisearch
Equipment, Giesbeek, Netherlands).

2.5. Fourier transform-infrared spectrometric analysis
The FT-IR spectrum of BM-levan was obtained using a Fourier transform infrared spectrophotometer
(Perkin Elmer Spectrum BX FT-IR, USA). The ground sample was incorporated into spectroscopic grade
potassium bromide (KBr) powder and then pressed into a 1mm disk. The results were recorded in the
wave number range of 4000 cm− 1 and 650 cm− 1.

2.6. Determination of thermal properties
The levan thermal gravimetric analysis (TGA) was performed with a thermo-gravimeter analyser
(PerkinElmer Pyris 6 TGA). Temperature range was varied with a ramp rate of 10°C/min from 30 to 800°C
under a nitrogen atmosphere. The DGT trace was obtained by taking the �rst derivative of the TGA line.

Differential scanning calorimetry (DSC) was used to characterize the phase transition. Thermal analysis
of the BM-levan was conducted with a PerkinElmer DSC4000 equipped with a mechanical cooling
system. The BM-levan (3 mg) was placed in aluminum pans [35]. It was then scanned from 40°C to
430°C at a rate of 10°C min− 1 in a nitrogen �ow rate of 20 mL min− 1, using an empty aluminum pan as
reference.

2.7. Rheological analysis
To account for the apparent viscosities of BM-levan solutions, the lyophilised levan was dissolved in
different concentrations of ultrapure water at 0.1, 1, 5 and 8%. The solutions, obtained at room
temperature, were allowed to rest before each analysis. The viscosity data were generated on a Haake



Page 6/21

Roto Visco1 Thermo Electron Corporation. The shear rate was varied from 1 to 200 L/s and the viscosity
variation according to temperature (40, 50, 60 and 80°C) was determined. All rheological measurements
were reported as the mean of three replicates.

2.8. Texture pro�le analysis
A texture analyzer (Stable Micro Systems TA-XT Plus Texture Analyzer, Lloyd Instruments, Fareham, UK)
interfaced to a personal computer (Windows-based software, Nexygen Plot, Lloyd Instruments) was used
for texture pro�le analysis (TPA) of BM-levan and xanthan gels. A cylindrical cell was used as well as a
cylindrical �at probe (25 mm in diameter). The samples were originally of 4 cm in height and 4 cm in
diameter. After a room temperature compression at a rate of 1.0 mm/s, they reached 50% of the original
height of the gel. The 2 cycles of compression were separated by a period of 5 s. All analyses of texture
were performed at room temperature. In addition to the TPA characteristics, �rmness (N), cohesiveness
adhesiveness (N/mm), and elasticity (mm) were sought. Firmness is determined in terms of the force that
is necessary to reach a given deformation. However, adhesion refers to the the maximum force that is
necessary to remove the probe from the sample that had underwent a compressive force. The ratio
obtained from the comparison of the second compression’s area under the curve (AUC) and the AUC of
the �rst compression. Elasticity is the rate at which the deformation of a material is restored after the
removal of the deforming force. It refers to the ratio of the deformation of the recovered sample in the
second compression to that in the �rst compression. Measurements were performed in triplicate for each
gel.

2.9. Hemolytic activity of BM-levan
Levan was tested for hemolytic e�ciency on human erythrocytes. Blood testing solution was prepared by
diluting 1 ml of fresh human blood with 9 ml saline buffer (0.9%; w/v). After that, the suspension of
erythrocytes was washed three times with saline buffer. After each washing step, cells were pelleted by
centrifugation (at 5000 × g for 15 min at 4°C). The supernatants were then removed by a gentle
aspiration. The erythrocytes were �nally resuspended in phosphate buffered saline (PBS) to make 1% of
solution for hemolytic assay. The diluted blood (0.1 ml) was added to each sample (0.9 ml) at different
concentrations (100–1000 µg/ml) and then incubated for 60 min at 37°C. Then, the resulted solutions
were centrifuged at 5000 × g for 15 min and the absorbance of the supernatant was measured at 450
nm. Positive (100% hemolysis) and negative (0% hemolysis) controls were performed by incubating
erythrocytes with 1% Triton X-100 in PBS and saline solution, respectively. Hemolysis cells percentage
was calculated as described by Dey and Ray [36] as follow:

Hemolysis (%) = [𝐴−𝐴 0 /𝐴−𝐴 100 ] × 100

where A, A0, and A100 were the absorbances of sample, negative, and positive controls, respectively. All
the haemolysis experiments were performed in triplicate.

2.10. Statistical analyses
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All experiments were performed in triplicate, and average values with standard deviation errors are
reported. Correlation and regression analysis were computed on the Microsoft EXCEL program.

3. Results And Discussion

3.1. Isolation and puri�cation of levan
As described in our previous work, levan was microbially produced by Bacillus mojavensis and puri�ed by
ethanol precipitation fractionation [34]. Glycosidic linkage analysis revealed that levan is composed
predominantly of d-fructose residues linked by (β2→6) glycosidic bonds with 9% of branching (β2→1)-
Fru residues. The BM-levan showed an average molecular weight of 2.3 MDa with an homogeneous
micro-porous and rough structure matrix as observed by SEM. The BM-levan exhibited interesting
interfacial properties.

3.2. Statistical optimization of levan production

3.2.1. Selection of signi�cant variables by Plackett-Burman
design
Six variables were analysed with regard to their effects on BM-Levan production using the Plackett-
Burman design. Table S1 illustrates the sceening design matrix of the variables that were deemed
optimal for maximum levan yield and their corresponding responses. The model adequacy could
therefore be calculated. Also, Student’s t-test for ANOVA was used for the screening of the variables
considered to have statistically signi�cant effects (Table S2). Factors with P-values of less than 0.05
were considerd to have signi�cant effect on the response.

Based on the experimental data analysis, responses were signi�cantly affected by all factors. Sucrose,
CaCl2 and K2HPO4 exerted a positive effect, whereas the other variables, namely yeast extract, KH2PO4

and MgSO4,7H2O had negative effects on levan production. Sucrose, CaCl2 and MgSO4,7H2O were the
most in�uential factors as indicated by their t ratio. The optimal levels of the three selected variables
(sucrose, CaCl2 and MgSO4,7H2O) and their interactions were then examined by a Box-Behnken design.

3.2.2. Optimization of signi�cant variables using RSM
The optimum concentration of the three variables that were signi�cant for the levan production was
determined with Box-Behnken design (BBD). Seventeen combinations of the three selected variables were
tested. The BBD experiment results of the design matrix and predicted ones are presented in Table S3.
Levan yield ranged from 3.56 g/L to 21.37 g/L, indicating the in�uence of the selected parameters on B.
mojavensis metabolism and subsequent production of levan. The BBD employed to determine the
optimum levels of the screened factors, and the results of the second-order response surface model
�tting from variance (ANOVA) analysis are illustrated in Table S4. The corresponding second-order
polynomial equation was:
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Y = 15.108 + 4.069 × X1 -2.615 × X5 + 2.499 × X6 + 0.200 × (X1×X1) -2.978 × (X5×X5)

-5.415 × (X6×X6) -2.355 × (X1×X5) + 2.793 × (X1×X6) -1.040 × (X5×X6)

where Y represents levan production (g/L) by B. mojavensis; 15.108 is the intercept; 4.069, -2.615 and
2.499 are the linear coe�cients; 0.200, -2.978 and − 5.415 are the quadratic coe�cients, -2.355, 2.793 and
− 1.040 are the interactive coe�cients, and X1, X5 and X6 are the concentrations of sucrose, MgSO4,7H2O
and CaCl2, respectively.

A signi�cant correlation was recorded between the predicted and measured experimental values. The
response model is thus deemed valid and the optimum point was veri�ed. The predicted yields of levan
from the above designed equation were in close agreement with the obtained experimental values; thus
indicating that suitability of the designed equation to represent the fermentative production of levan
under a speci�ed set of experiments. In addition, the regression coe�cients and ANOVA indicated the
high adequacy of this model. The high R2 value (0.988) illustrates the congruency betweenthe
experimental results and the theoretical values predicted by the model [40]. The adjusted (R2 = 0.973) and
predicted (R2 = 0.812) determination coe�cients also scored high values; which pleads in favor of the
high relevance of this model [41].

The 3D response surface plots were drawn to determine the interactive effects of the variables and the
optimal levels of each variable. Results (Figure S1A and Figure S1B) show the prominent effect of
sucrose on BM-levan production. Sucrose is the most effective carbon source for the biosynthesis of
levan. Figure S1A shows a linear increase in levan synthesis at increased sucrose and CaCl2
concentrations, and no associated decline in levan yield was observed. Figure S1B shows that as Mg2+

concentration increases, the yield of levan initially increases and then decreases. At low Mg2+

concentrations, Ca2+ has a linear positive effect on levan yield. A negative interaction between Mg2+ and
Ca2+ was recorded at high concentrations of Mg2+ (Figure S1C). The model predicted that the maximum
levan production of 21.37 g/L could be obtained in the medium containing (g/L): sucrose, 49.52; CaCl2,
0.41; MgSO4,7 H2O, 0.15; yeast extract, 2; KH2PO4, 0.2; K2HPO4, 1.5; pH 7.0.

3.3. FTIR analysis of BM-levan
The structural and functional group analysis results of the BM-levan are illustrated in Fig. 1. The broad
absorption peak at 3665 cm− 1 was associated with the hydroxyl groups (O–H) stretching vibration, which
is characteristic of polysaccharide [42]. The weak bands at 2950 and 2910 cm− 1 were due to the C–H
stretching vibration [19]. The peak at 1654 cm− 1 is attributed to the bound water [43]. The peaks observed
at 1129 cm− 1 and 1015 cm− 1 represent the pyranose form of sugars. According to Mamay,
Wahyuningrum, and Hertadi [44], the region between 900 cm− 1 and 1200 cm− 1 corresponding to the
�ngerprint region are a unique characteristic pattern for polysaccharide functional groups. Characteristic
absorptions were also depicted at 900 cm− 1 and 800 cm− 1, which proves the presence of furanoid rings
of the sugar units [45]. Furthermore, the signal at 890 cm− 1 suggests a β-type glycosidic linkage [46, 47].
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3.4. Physical analysis of BM-levan
BM-levan physical properties including pH, conductivity, Aw and color are presented in Table 1. The pH
and conductivity values of the 1% BM-levan solution at 25°C were around 6.24 ± 0.01 and 1951 ± 0.05
µs/cm, respectively. The water activity of levan powder (0.335) was lower than 0.61, the minimum level
for microorganism's growth [48]. Color is one of the most important quality parameters in dried powders
and one of the esthetic properties that determine the suitability of BM-levan to the application for which it
is intended. The high values of L* (78.97) and h° (101.98) combined with the low values of a* (  1.26)
and b* (6.00) as well as of C* (6.12) indicated that levan had a light color. Thus, the color properties of
the dried levan are likely to be acceptable as an ingredient for many food products as it probably would
not affect the color of the �nal product.

Table 1
Physical analysis of BM-levan. Values represent averages ± 

standard deviations for triplicate experiments.
Parameters of levan Value

pH (1% solution at 25°C) 6.24 ± 0.01

Conductivity (µs/cm) (1% solution at 25°C) 1951 ± 0.05

Aw 0.335 ± 0.02

Color Value

  Levan powder Levan 10% Xanthan 10%

L* 78.97 ± 0.04 65.65 ± 0.02 62.72 ± 0.02

a*  1.26 ± 0.01  1.82 ± 0.02  1.94 ± 0.01

b* 6.00 ± 0.02 5.78 ± 0.01 9.64 ± 0.02

C* 6.12 ± 0.01 6.07 ± 0.03 9.83 ± 0.01

h° 101.98 ± 0.06 107.47 ± 0.02 101.38 ± 0.03

3.5. Thermal behaviour of BM-levan
Industrial applications and the structure of EPS is in�uenced by its thermostability. Thermal kinetics of
the levan from B. mojavensis, thermal gravimetric analysis (TGA) and differential scanning calorimetric
analysis (DSC) were performed and the results are shown in Fig. 2.

BM-levan showed approximately three primary stages of thermal degradation upon heating (Table 2). In
the �rst stage, approximately 8% of initial weight loss was secored between 30 and 105°C. This could be
attributed to the evaporation of water in BM-levan. Above 200°C, the levan was broken down. The largest
weight loss (approximately 48%) of the the second degradation stage was observed from 205 to 300°C,
and the decomposition temperature was of 228°C. The gradual rupture of levan β-(2, 1) branch linkages
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was probably responsible for this stage, and the breaking of bonds in the ring units as well [49]. The third
stage of BM-levan degradation is detected between 300 and 500°C, and weight was approximately 30%
lighter than the initial value. Stivala et al. [50] and Srikanth et al. [19] reported that the levan β-(2, 6) chain
linkages and the pyranose rings breaking might have occured during this phase, occasionally with other
char-forming reactions. Finally, when the temperature was above 500°C, only 14% of the solid residue
remained. Compared to the sequential decomposition of levans produced by Brenneria sp. EniD312 [49]
and Erwinia amylovora [22], three phases were also observed, and degradation temperatures 216.67°C
and 237.04°C were recorded, respectively. According to Bostan et al. [51], the decomposition point of
levan was around 225°C, which indicates that this polymer has a high thermal stability. Melting point of
BM-levan was determined by DSC with heat �ow from 0 to 450°C (Fig. 3). The �rst peak between 36°C
and 110°C could be attributed to evaporation of residual bound water that was not removed in the
sample drying protocol. The melting point of the BM-levan started at about 216.58°C, corresponding to a
melting enthalpy value of 49.28 J/g (Table 2), which re�ects its high thermoresistance. Mantovan et al.
[52] reported that the levan from Bacillus subtilis natto CCT 7712 showed various endothermic peaks
between 200–225°C, possibly related to thermal degradation. Chen et al. [53] also reported that the onset
of thermal decomposition of levan occurred at approximately 200°C, as observed by thermogravimetric
analysis. The DSC analysis of the levan produced by the strain Bacillus megaterium PFY-147 revealed a
high thermal stability of this polymer with a melting point at 265.63°C [54]. The melting process is
associated with the thermal degradation process of this compound.

Table 2
Thermal characteristics of levan produced by B. mojavensis.

  Levan Status

TGA degradation Stage I (lost weight) 8%

  Temperature 30–105°C

  Stage II (lost weight) 48%

  Temperature 205–300°C

  Stage III (lost weight) 30%

  Temperature 300–500°C

  Stage III (remained weight) 14%

  Temperature > 500°C

  Decomposition temperature 228°C

DSC Melting enthalpy 49.28 J/g

  Peak temperature 216.58°C

3.6. Rheological properties of BM-levan
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The utilization of natural polysaccharides in the food industries is conditioned by the rheological and
thermal properties. Rheology can provide information on the �uid type, solution state, and solution phase
transform of the polysaccharide solution [55]. In this study, four concentrations of BM-levan (0.1, 1, 5 and
8%, w/w) were ptested for rheological properties. Andr et al. [56] reported the effect of biopolymer
concentration on the colour of solutions. Therefore, the appearance of aqueous solution of BM-levan at
different concentrations was evaluated. The colour of the levan solution was found to turn from
opalescent at a 0.1% (w/v) concentration to a milk-white colour at 8.0% (w/v). Xu et al. [49] reported the
same colour of levan from Brenneria sp. EniD312 at a concentration range from 3–12%.

3.6.1. Effect of concentration on apparent viscosity
The shear rate of BM-levan solutions at four concentrations (0.1, 1, 5 and 8%, w/v) and 25°C was
determined (Fig. 4). BM-levan solutions at all tested concentrations exhibited a typical shear-thinning
behavior due to the orientations of its molecular components [57]. The apparent viscosities declined with
the increase of shear rate at 5% and 8%. Results prove that the apparent viscosities of BM-levan solutions
increased in parallel with the concentration. The BM-levan apparent viscosity is shear-rate dependent at
high concentrations (5% and 8%), while it can be shear rate independent (Newtonian) at low
concentrations (0.1% and 1%). This indicates a disruption of the entanglement between the molecular
chains at higher shear rates. Thus, the molecular chains are more randomly oriented. In this condition, the
adjacent chain interactions and, subsequently, viscosity decrease [58]. Durand [59] reported an increase
of the hydrodynamic and thermodynamic interfaces between macromolecules and aggregates due to
increased concentrations of biopolymer molecules.

3.6.2. Effect of temperature on apparent viscosity
The temperature increase results in a notable decrease of rheological properties of natural
polysaccharides, notably the apparent viscosity [60]. This phenomenon was highlighted in the present
work. The in�uence of temperatures (40, 50, 60 and 80°C) on the apparent viscosities of the BM-levan
solution (5% and 8%) is shown in Figs. 5A and B. At 40 and 50°C, BM-levan could keep its entangled
structure, thus showing a high apparent viscosity. However, high temperatures (60 and 80°C), could
reinforce thermal motion of molecules among BM-levan solution, which enlarged the intermolecular
distance and weakened the interactions, accounting for a slow decrease in the apparent viscosity [61].
Alves et al. [62] reported that some bonding force between molecules could be weakened at high
temperatures, which displays a similar negative effect on apparent viscosity.

3.6.3. Gelling properties of BM-levan
Gels and gelling processes have been important stakes for many years in food industry. Polysaccharide
sources and gel-set conditions potentially in�uenced gelling capacity and gel properties. Under
appropriate conditions, polysaccharide gels with varying physical and textural properties can be obtained.
In this context, the gel-forming ability of the BM-levan was studied. The gel formed by BM-levan at 10%
had a high
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value of L* (65.65) combined with low values of a* (  1.82) and b* (5.78) as well as C* (6.07), which
indicates that levan gel had a light color (Table 1). This characteristic enhanced its suitability in food and
non-food formulations. As contrasted with xanthan gel, the values of b* and C* were less signi�cant for
levan gel, reaching 9.84 and 9.64, respectively.

3.6.3.1. Texture of BM-levan gel
The impact of BM-levan on texture parameters is illustrated in Table 3. BM-levan gels at concentrations
of 8% and 10% were tested and contrasted with commercial xanthan.

Table 3
Textural parameters of prepared BM-levan and xanthan gelling solutions (8% and 10%)

Polysaccharides Firmness

(N)

Cohesiveness Elasticity

(mm)

Adhesiveness (N/mm)

Xanthan        

8% 0.73 ± 0.03 0.63 ± 0.02 12.60 ± 0.02 0.49 ± 0.04

10% 0.98 ± 0.05c 0.66 ± 0.02 14.56 ± 0.04c 0.69 ± 0.05c

BM-levan        

8% 0.64 ± 0.02 a 0.72 ± 0.05 a 6,23 ± 0.02 a 0.46 ± 0.03 a

10% 0.75 ± 0.03 bd 0.83 ± 0.05 bd 14.04 ± 0.05 bd 0.62 ± 0.05 bd

Data are shown as means of three separate experiments.

a p < 0.05: 8% Xanthan vs 8% BM-levan

b p < 0.05: 10% Xanthan vs 10% BM-levan

cp < 0.05: 8% Xanthan vs 10% Xanthan

dp < 0.05: 8% BM-levan vs 10% BM-levan

BM-levan concentration improved the texture pro�les of gels as it improved its �rmness, elasticity and
adhesiveness. BM-levan and xanthan gels �rmness increased with increased concentration. Indeed, at
10% xanthan, the �rmness was higher (0.98 N) than that of BM-levan gel (0.75 N). The adhesiveness of
xanthan gel was not signi�cantly different at 10%. However, it was signi�cantly different when compared
with those of BM-Levan gels. The adhesiveness values of all gels increased at a higher polymer
concentration. A signi�cant increase of elasticity was observed relative to the increase of BM-levan from
8–10% (P < 0.05). For the xanthan gel, there was a progressive increase in this parameter from 12 mm to
14 mm for 8% and 10% concentrations, respectively. Thus, it is useful for food composition as a water-
soluble hydrogel. It is comparable to Inulin that commonly serves as an e�cient fructan for the
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amelioration of the gel strength and suitability of several dairy products [63]. Evageliou et al. [64] reported
a threshold of 10% inulin supplementation into the gellan gels to minimize turbidity and enhance gel
strength. This behaviour was assigned to segregative interactions between gellan and inulin. Both levan
and inulin are fructans only distinguished by the β-(2,6) and β-(2,1) fructosyl linkages. However, to date,
little attention has been attributed to the industrial application of levan as a hydrogel.

3.7. Hemolytic activity
The cytotoxicity of BM-levan on normal human cell was investigated. This assay allowed measuring the
release of hemoglobin which indicates the membrane-damaging capacity of isolated levan. It is
interesting to note that BM-levan did not cause hemolysis and thereafter no disturbances of the cell
membranes of erythrocytes were detected. These results show that BM-levan would be non-toxic even if
used at high concentrations, so it may be safe for use in mammalian cells. In the same context, Domżał-
Kędziaa et al. [65] reported that levan produced by Bacillus natto KB1 showed no hemolytic activity on
human erythrocytes.

4. Conclusion
Optimal levan production obtained by statistical experimental design was 0.44 ± 0.05 g/g sucrose as a
carbon source. The decomposition temperature of the BM-levan was recorded at 228°C, and the
endothermic peak appeared at 216.58°C, with a melting enthalpy of 49.28 J/g. A 0.1% and 1% levan
solutions showed a Newtonian behaviour between 1 and 200 L/s shear rates, whereas the 5% and 10%
levan solutions showed a non-Newtonian pseudoplastic behaviour (shear thinning) at shear rates ranging
from 1 to 200 L/s; while viscosity decreased at lower shear rates. In addition, 8% and 10% BM-levan
showed a gel-forming strength.

BM-levan could be an interesting food additive, as well as a potential bio-based component in the
medicinal and pharmaceuticals industries.
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Figures

Figure 1

FT-IR spectrum of the levan sample obtained from B. mojavensis.
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Figure 2

TGA curve of the BM-levan
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Figure 3

DSC thermogram curve of the BM-levan.

Figure 4

Flow curves of different BM-levan concentrations.
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Figure 5

Flow curves of BM-levan at different temperatures. (A) Levan at 5%, (B) Levan at 8%
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