
Romanian  Biotechnological  Letters            Vol. 18, No.4, 2013 
Copyright © 2013 University of Bucharest       Printed in Romania. All rights reserved 

ORIGINAL PAPER 
 

Romanian Biotechnological Letters, Vol. 18, No. 4, 2013  8413 

Characterization and optimization of levan production by                    
Bacillus subtilis NATTO 

 
Received for publication, April 10, 2013 

Accepted, May 25, 2013 

 
LEANDRO FREIRE DOS SANTOS1*, FERNANDO CESAR BAZANI CABRAL DE 
MELO1, WAGNER JOSÉ MARTINS PAIVA2, DIONÍSIO BORSATO³, MARIA DE 
LOURDES CORRADI CUSTÓDIO DA SILVA4, MARIA ANTONIA PEDRINE 
COLABONE CELLIGOI1* 

1 Departamento de Bioquímica e Biotecnologia, Centro de Ciências Exatas, Universidade 
Estadual de Londrina, CEP 86051-990 Londrina, Brazil 
2 Departamento de Biologia Geral, Centro de Ciências Biológicas, Universidade Estadual de 
Londrina, CEP 86051-990 Londrina, Brazil 
³ Departamento de Química, Centro de Ciências Exatas, Universidade Estadual de Londrina, 
CEP 86051-990 Londrina, Brazil 
4 Faculdade de Ciências e Tecnologia – Departamento de Química, Física e Biologia, 
Universidade Estadual Paulista, CEP 19060 – 900 Presidente Prudente, Brazil 
*Corresponding author. Tel.: +55 43 33714270; FAX: +55 43 33714058 
E-mail address: leandrofreire@onda.com.br (L. Freire dos Santos), macelligoi@uel.br 
(M.A.P.C. Celligoi) 

 
Abstract 

 
Exopolysaccharides are in evidence due to their applications, especially in the food industry. 

The levan is an exopolysaccharide composed by fructose residues, which has been used as stabilizer, 
carrier of flavours and thickener for foods. Optimized conditions for the levan production are necessary 
to increase its industrial application. This study aimed to optimize the production of levan synthesized 
by B. subtilis isolated from Japanese food called Natto by factorial design and response surface 
methodology, as well as the molecular weight, rheological behaviour and toxicity characterization. In 
view of the independent variables studied, the experiment showed the best results at: sucrose (400 g/L) 
and culture time (16 h); 111.6 g/L of levan. In these optimized condition the sample presented two 
molecular weights of levan, 568.000 Da and <50.000 Da, corresponding to 13.39% and 86.61% 
respectively. The viscosity assay by varying the shear rate demonstrated that the levan presents a 
Newtonian behaviour and no toxic or genotoxic effects were observed by increasing the frequency of 
micronuclei in CHO-K1 cells and MTT. 

 
Keywords: Levan, factorial design, molecular weight, rheological behaviour, cytotoxicity, Bacillus 
subtilis  
 
 

Introduction 
Levan is an extracellular polysaccharide composed predominantly of D-fructose residues 
joined by glycosidic bonds β (26); it may also present branching β (21) and a terminal 
glucose residue [1].  
The levan has wide industrial and technological applications. It highlights on the food 
industry which has been used as stabilizer, flavour, colour carrier and food thickener [2]. 
In view of the current and future applications of the levan, it is necessary to find alternative 
sources of production, as well as its optimization. In the last decade, several microorganisms, 
have been proposed as potential levan producers. Oliveira et al. (2007) [3] concluded that the 
Zymomonas mobilis is a potential producer of levan. These authors obtained, under optimized 
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conditions by factorial design and response surface methodology, a levan production 
corresponding to 21.68 g / L. 
The determination of the molecular weight of the levan is an important step for the correct 
application; it is known that certain functions or biological activities are related to certain 
ranges of molecular weight. Calazans et al. (2000) [4] related the antitumour activity of the 
levan with the molecular weight of the same exopolysaccharide (EPS). The results indicated 
that levan antitumour activities depend on the polysaccharide molecular weight. Ammar et al. 
(2002) [5] stated that the levan of high molecular weight have beneficial effects on the serum 
cholesterol and triacylglycerides in humans and animals.  
The rheological characterization of the levan is indispensable for its industrial applicability 
especially in the food industry. There are a small number of reports in the literature about the 
rheological characterization of the levan produced by Bacillus isolated from Natto. The 
viscosity behaviour of the levan by variation of the shear rate is an important test in the 
context of methodologies for the rheological characterization [6]. 
The cellular toxicity tests provide the first information about the safety of the target 
compounds. Many promising molecules (compounds with biological activities) can be 
discarded early due to its high cytotoxicity . Thus the cytotoxicity test using methyl 3 - (4,5-
dimethylthiazol-2-yl) -2,5- diphenyltetrazolium bromide ) (MTT) was used to verify the levan 
security for  the application in the food industry. Genotoxicity is also necessary to predicting a 
mutagenic potential and/or carcinogenic activity of these target compounds [7]. 
The present study aimed, primarily, to optimize the production of levan. Bolstering this main 
goal, further studies about the molecular weight, rheological characterization and 
toxicological data were studied in order to expand the industrial applicability of levan. 
 

Materials and Method 
 
Levan Production 
Microorganism and fermentation conditions 
B. subtilis, isolated from the Japanese food Natto by Departamento de Bioquímica e 
Biotecnologia da Universidade Estadual de Londrina and identified by Fundação André 
Tosello Pesquisa e Tecnologia - Campinas SP, was maintained in culture medium containing 
(g/L): peptone 5.0; meat extract 3.0 and agar 2.0. The medium was autoclaved at 121 °C for 
15 min. The cultures were maintained at 4 °C and renewed every 45 days. The seed culture 
medium was composed by 100 g/L of sucrose and salts according to Calazans et al. (2000) 
[4]. The concentration of cells was determined by turbidimetry at 600 nm and standardized at 
0.2 g/L. The batch fermentations were carried out using Erlenmeyer flasks of 250 mL with 50 
mL of fermentation medium at 37 °C in a rotary shaker (Novatecnica®-Brazil) at 150 rpm. 
The fermentation time is included in table 1 and 3. After each fermentation, proteinases 
(Solabia®-Brazil) were added (40.0 mg.L-1, pH 8.5) to the fermentation medium to interrupt 
the fermentation. The culture medium was filtrated to remove the bacterial cells, and then the 
levan was harvested by precipitation with the addition of absolute ethanol - Farmanilquima®, 
Brazil (1:3) at low temperature (5 °C). The precipitate was dried by lyophilisation 
(Modulyod®–USA). The cell growth was determined in the cell – free extract by turbidimetry 
at 400 nm relating it to biomass with a dry matter calibration curve.  The residual sugar was 
determined by sulfuric phenol method [3].  
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Fermentation medium  
The fermentation was performed using the following culture medium (g/L): commercial 
sucrose according to the factorial design proposed (Table 1); yeast extract 2.0, KH2PO4 1.0, 
(NH4)2SO4 3.0; MgSO4.7H2O 0.06, MnSO4 0.02 and distilled water.  
Factorial Design 
A complete factorial design with two factors at three levels of variation (23) to identify the 
effects of the variables: culture time (x1) and sucrose concentration (x2) on levan production 
(Table 1) was initially used. After obtaining the responses from the first factorial design, the 
experiment was carried out using steepest ascent followed by a fractional factorial design of 
second order (22) with two central points and star points (Table 2). The generated model was 
validated using the best obtained conditions. The statistical analysis was performed using the 
software Statistic 6.0.  
Analytical methods 
Protein contamination was detected by the reaction with ninhydrin [8]. The production of 
levan was estimated by reducing sugars released, according to Somogy (1952) and Nelson 
(1944) [9; 10] methodology, after acid hydrolysis with 1 mL of HCl 0.1 N (100 °C, 1 h). 
Characterization of levan from B. subtilis NATTO 
Analysis of monosaccharide composition by high performance anion-exchange liquid 
chromatography (HPAEC) 
The monosaccharide composition of levan was evaluated  after precipitation and hydrolysis. 
The units of monosaccharides were quantified by High Performance Anionic Exchange 
Chromatography with Pulsed Amperometric Detection (HPAEC/PAD); Dionex 
Chromatograph DX 500. The chromatograms were recorded on an integrator model 4600. 
Sugars were separated isocratically (NaOH 14mM) using a CarboPac PA1 analytical column 
(4x250 mm) equipped with a PA1 guard column (pre-columm) at flow rate of 1.0 mL/min. 
The elution conditions were performed using deionised water (solvent 1) and 200 mM NaOH 
(eluent 2). The column was regenerated after 25 min of running with 100% of eluent 2 for 10 
min, followed by the return of deionised water. 
Estimate of levan molar mass by molecular exclusion chromatography 
The levan molar mass was estimated by a Sepharose 6B (Sigma) resin. The levan was applied 
in a volume of 0.5 mL at 4 mg/mL. The gel was packed in a 1.6 cm-diameter column (40 cm 
of length and a volume of 80.43 mL). The phosphate buffer (50 mM; pH 7.0), previously 
aerated in a vacuum system, was used as eluent. The flow rate of the eluent was 14 mL/h, 
controlled by peristaltic pump where the fluid is contained within a flexible tube fitted inside 
a circular pump casing.  The volumes collected each 15 minutes were 3.5 mL. The eluted 
sugars were measured by phenol-sulfuric acid methodology [3]. A calibration curve was used 
from the Leuconostoc mesenteroides dextran patterns.  

Measurements of the levan viscosity 
The viscosity was determined by a LVDV-I + - Brookfield ® viscometer and was estimated at 
33.1% (w/v) of aqueous solution, based on the weight of levan not lyophilized. The readings 
were recorded in torque (%) (rpm) and centipoise (cP). 
 
Cytotoxicity assay 
The Cytotoxicity assay was performed using  three plates with 100 μL of culture medium 
DMEM - F12 GibcoBRL ®, supplemented with 10% fetal bovine serum, containing 2.5 x 104 
cells of Chinese hamster ovary cells (CHO-K1) (donated by Universidade Federal de São 
Carlos) in each well. Two columns were reserved for the blank, one line for the Methyl 
sulfonate MMS (3.33 x 10-5 mol / mL) (inductor) and one line for the control. After 24 h of 
incubation at 37 °C (to stabilize the culture) the culture medium was removed from wells and 
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200 μL of levan was added at different concentrations (80, 160, 240, 320 and 400 mg/mL). At 
this stage, the culture medium was free of fetal bovine serum and each plate, after treatment 
with different concentrations of levan, was incubated at 37°C for 24 h. After incubation, the 
treatments were removed and 150 μL of MTT (3 - (4,5-dimethylthiazol-2-yl) -2,5-diphenyl 
tetrazolium bomídico - Sigma ®) (3.33 g/mL) was added in each well for 4 h. Then the MTT 
was removed and was added 150 μL of dimethyl sulfoxide. The samples were read at 550 nm 
in Microelisa readers. 
Mutagenicity assay: Cytokinesis-Block micronucleus  
The CHO-K1 cells were grown in DMEM - F12 GibcoBRL ® for 24 hours in cell culture 
flasks to stabilize the culture. The treatments conducted were: a) control containing only 
culture medium; b) a promoter of DNA damage (MMS - 2.10-4 M); c) Levan 400 mg/mL and 
d) Levan 1200 mg/mL. After treatment the cultures were incubated for 24 h at 37°C. At the 
end of this period, the cultures were washed twice with 5 mL of phosphate - buffered saline 
(PBS) at room temperature and incubated for 24 hours. After this period 50 uL of 
cytochalasin B (300 mg/mL) was added in the cell culture flasks. The cytochalasin produces a 
cytokinesis blockage. The harvested procedures and fixation of cells were performed as 
Menoli et al. (2001) [11]. The criterion used for determination of micronuclei in binucleated 
cells was established according to the Fenech (2000) [12]. 
 
Results and Discussion 
 
Levan Production: Factorial Design and Response Surface Methodology 
The experimental design (Table 1) was planned to evaluate the influence of two factors 
(independent variables), culture time (x1) and sucrose concentration (x2), to obtain levan from 
B. subtilis NATTO. The first step was to establish the levels of the independent variables to 
be tested. 
 
Table 1 – Complete factorial design (32) to analyze the effects of the culture time (X1) and sucrose concentration 
(X2) on levan production by B. subtilis NATTO 
 

Runs Fermentation time 
(h) 

Sucrose  
(g/L) 

Levan production 
(g/L) 

1 12 100 12.93 
2 24 100 8.7 
3 36 100 34 
4 12 200 50.16 
5 24 200 35.24 
6 36 200 7.79 
7 12 300 73.79 
8 24 300 82.02 
9 36 300 76.69 

 
 
   The analysis of the effects (fermentation time and sucrose concentration)  on 
the first factorial design (Table 2) showed that the sucrose concentration (x2) had a positive 
linear effect on the production of levan (p < 0.05). These results indicated that in order to 
maximize the production of levan, the concentration of sucrose must be increased. 
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Table 2 – Analysis of variance (ANOVA) and the effects of the culture time (X1) and sucrose concentration (X2) 
on levan production by B. subtilis NATTO 
 

Factor Effect p 
Fermentation time (linear) -6.13 0.73 

Fermentation time 
(quadratic) 

1.11 0.97 

Sucrose concentration 
(linear) 

58.98 0.035 

Sucrose concentration 
(quadratic) 

33.94 0.31 

Interaction between factors -9.09 0.68 
  Based on these results, a steepest ascent was realized in order to locate the 
region of maximum production of levan. On using the results shown in Table 3, we obtained 
the surface, which was represented in Figure 1. 

 50 
 0 
 -50 
 -100 
 -150 

 
Figure 1 – Response surface of the culture time (h) and sucrose concentration (g/L) on levan production by B. 
subtilis NATTO. 
 
Table 3- Central composite design and star design on levan production (g/L) by B. subtilis NATTO 

Runs Coded Variables Fermentation 
time (h) 

Sucrose 
(g/L) 

Levan 
production 

(g/L) 
1 -1 -1 8 200 17.41 
2 -1 1 8 600 13.7 
3 1 -1 24 200 40 
4 1 1 24 600 23 
5 -1.4 0 1.5 400 4.96 
6 1.4 0 30.5 400 80.2 
7 0 -1.4 16 40 7.8 
8 0 1.4 16 760 7.6 
9 0 0 16 400 112.09 
10 0 0 16 400 111.1 

 
*= (0) central runs, (-1,1) axial points, (-1,4;1,4) star points
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 The analysis of the effects of the second factorial design showed that the levan 
production is maximum, because the linear term on the sucrose concentration was not 
significant (p = 0.83) and quadratic term was significant (p = 0.025). The value of the 
adjusted R2 was acceptable (p = 0.80) and lack of fit of the model was not significant (p = 
0.55). The predictive ability of the model is shown in Figure 2. There are a good correlation 
between the observed values and predicted values.  The regression equation obtained after 
analysis of variance provided the levels of levan production as a function of the values of 
sucrose concentration (x) and fermentation time (y). Levan production (z) could be predicted 
by the following model: 

z=-151.36+13x-0.32x2+0,64y-0.0008y2-0.002xy 
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Figure 2 –  Predictive ability of the model: Predicted and observed values. 
  
The optimum conditions found here for the levan production from B. subtilis were as follows: 
400 g/L of sucrose; the culture time, 16 h, when an average production of 111.6 g/L was 
obtained (Table 3). To confirm the validity of the statistical experimental model, two runs of 
additional confirmation experiments were conducted. Shih et al. (2005) [13] observed that 
200 g /L of sucrose produced 40-50 g/L of levan from B. subtilis isolated from Natto, which 
was a relatively similar result with ours obtained at the concentration of sucrose used in this 
study. The phenol sulfuric method indicated sugar consumption by about 30%. However, 
under these conditions, the excess sugar was important to promote a osmotic stress and 
therefore greater incentive to produce levan since B. subtilis produces levan to protect 
themselves against osmotic stress [14]. The biomass growth in the optimum condition was 
around 17.31 g/L. 
 Recently Oliveira et al. (2007) [3] conducted a factorial design to evaluate the levan 
production from Zymomonas mobilis using low-cost and regional sources of carbohydrate. The 
factorial planning was carried out to evaluate the dependent variable (levan) with the same 
variables used in this study, sucrose concentration and culture time. The authors produced 21.7 
g/L of levan in the optimized condition, using 250 g/L of sucrose in 24 h of culture.  
 Abdel-Fattah et al. (2005) [15] stated that sugar concentrations above the 10% may 
create problems in the culture growth due to the high viscosity caused by the polymer. 
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However, the use of 40% of sucrose by B. subtilis NATTO, in this study, does not interfere 
with development of the culture and high production of levan. 
Characterization of levan from B. subtilis NATTO by HPAEC 
The chromatograms of hydrolyzed levan showed two peaks, which were assigned to glucose 
(21%) and fructose (79%) (Figure 3). Bekers et al. (2005) [16] also found monomers of 
glucose and fructose in all levan solutions tested after hydrolysis with hydrochloric acid and 
organic acids (lactic, acetic and gluconic). Abdel-Fattah et al. (2005) [15] noted the presence 
of fructose and fructo-oligosaccharides in the hydrolysates of levan. These oligosaccharides 
were composed primarily of fructose, with small amounts of glucose. Shih et al. (2005) [13] 
observed high amounts of fructose when the levan was hydrolyzed with oxalic acid 0.5%. 
These studies about acid hydrolysis of levan indicate as possible products of the hydrolysis 
the glucose and fructose monosaccharides.  

 
Figure 3 – Analysis of hydrolyzed levan from B. subtilis NATTO by high performance anionic exchange 
chromatography (HPAEC). 
 
Estimate of the levan molar mass by molecular exclusion chromatography 
 The levan obtained in the best condition of fermentation, determined by the factorial 
design and response surface methodology, was precipitated, lyophilized and analyzed by 
molecular exclusion chromatography. The sample presented levans with two molar masses, 
namely one with about 568 kDa and another one with less than 50 kDa, which were in 
13.39% and 86.61%, respectively. These results suggest that the polymeric nature was mainly 
composed by levan of low molar mass or fructo-oligosaccharides. Abdel-Fattah et al. (2005) 
[15] studied the enzymatic synthesis of levan and fructo-oligosaccharides from Bacillus 
subtilis NRC 33a, and observed a 568 KDa levan. The authors produced the high molar mass 
levan when the concentration of levansucrase was increased from 5 to 1000 μg/ mL. 
  According to the observations made in this study, the low molar mass levan 
was produced in 16 hours of fermentation, considering the inducible character of the 
levansucrase. Euzenat et al. (1996) [17] stated that the size of the chain of levan decreases 
with increasing concentration of sucrose; which explains the predominance of levan of low 
molecular weight in the initial times of the fermentation, due to the high concentrations of 
sucrose tested (400 g/L). 
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 The molar mass of levan seems to be dependent on the fermentation conditions; due to 
the dynamic character of constant alteration of the culture medium during fermentation, it is 
possible to obtain levan with different molar masses. 
Measurements of levan viscosity from B. subtilis NATTO 
 The levan obtained from B. subtilis NATTO, at a concentration of 33.1% (w/v), based 
on the weight of the levan not lyophilized, was submitted to evaluate its viscosity. The solution 
of exopolysaccharide showed, in the spindle S1, a viscosity of 546.5 (cP) with application of 50 
rpm at 90.0% of torque. Other viscosities were measured by varying the shear rate observing 
readings that ranged among 70-90% of torque between the spindles S1 and 2.  The Figure 4 
shows the results of the viscosities in according to the shear rate.  The viscosity (cP) remained 
almost constant over the different rates of shear (s-1). This indicated a Newtonian behaviour 
(viscosity independent of the shear rate). These results corroborate with those by Arvidson et al. 
(2006) [1] who studied various concentrations of levan solutions obtained from Bacillus sp. In 
this study, the authors also found a Newtonian behaviour around 30%. 

 
Figure 4 – Viscosity of aqueous levan solution (33.1%) of B. subtilis NATTO at 25 °C.  

Cytotoxicity assay 
The tetrazolium salt or MTT (methyl 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium) 
develops a quantitative colorimetric assay for survival and proliferation of mammalian cells, 
implying a possible cytotoxicity. According to Mosmann (1983) [18] and Slater et al. (1963) 
[19], the tetrazolium ring, present in the MTT, is cleaved by active dehydrogenases enzymes 
of the mitochondria, which only occur in living cells of mammals, forming crystals of 
formazan with intense dark blue colour. Less intense blue colour could be evidence of 
reduction of the survival and proliferation of mammalian cells. The results of the MTT test for 
levan from B. subtilis NATTO it is shown in the Figure 5; different concentrations of levan 
were tested by evaluating the mitochondrial activity. 
The results showed that the treatments are not cytotoxic to the CHO-K1 cells. These results 
are comparable to those described by Kang et al. (2009) [20] that analysed the cytotoxicity of 
levan in human fibroblasts cell lines. The levan did not show cytotoxicity against these cell 
lines incubated with 100 μg/mL and 1 mg/mL of the exopolysaccharide. In these studies, the 
cytotoxicity tests were also evaluated by MTT.  

Calazans et al. (1997) [21] also evaluated the in vivo toxicity of levan produced by 
strains of Zymomonas mobilis. The researchers observed no mortality or adverse effects after 
intraperitoneal administration of levan, and it was not possible to determine the LD50. 
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Figure 5 – Cytotoxicity assay of Chinese hamster ovary cells (CHO-K1) in different treatments of levan. After 
addition of levan the incubation period was 24 h. 
 

Mutagenicity assay: Cytokinesis-Block micronucleus 
 According to Coutand et al. (2009) [22] and Bonassi et al. (2007) [23], the 
micronucleus are resulted by acentric fragments (originated from isochromatics breaks or 
chromatid chromosome) or dysfunctions in the mitotic spindle. Those genetic damages may 
suggest a mutagenic potential from the tested compounds due to its genotoxicity. The results 
of the mutagenicity for the levan from B. subtilis NATTO are presented in the Table 4. 

Table 4 – Mutagenicity analyzes of levan, produced by B. subtilis NATTO, in Chinese hamster ovary cells 
(CHO-K1)  

Treatments Binucleus cells analized Frequency of micronucleus 
Control 1000 1.0% 
MMS 1000 5.7% 

Levan 200 µg/mL 1000 0.9% 
Levan 1.2 mg/mL 1000 0.9% 
Levan 2.0 mg/mL 1000 0.9% 

Control (PBS pH 7,4); Inductor - MMS – Methylmethane Sulfonate 2.10-4 M 

The results show that, none of the treatments with levan increased the frequency of 
micronuclei in CHO-K1 cells when compared with the control, which shows no mutagenic 
potential. These results confirm that the levan is safe from the toxicological and mutagenic 
view point and may be used as a food additive, which already happens in Japan [20]. 
Reviewed studies demonstrated only antimutagenic activity of the levan. Yoon et al. (2004) 
[24] evaluated the antimutagenic activity of the levan produced by Microbacterium 
laevaniformans KCTC 9732, in various types of carcinomas, among them liver, ovarian and 
colorectal. A similar result was found by Yoo et al. (2004) [25] that evaluated the antitumour 
activity of the levan produced by Zymomonas mobilis, Rahnella aquatilis and Microbacterium 
laevaniformans, also on various types of carcinomas. 
 

Conclusions 

 The results showed a promising ability to produce high amounts of levan using 
sucrose – a cheap substrate widely available in Brazil. This compound is safe, as well as our 
study will allow the feasibility of new industrial applications. 
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