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ABSTRACT

Optimized conditionsfor the levan production are necessary to increaseits
industrial application. Thisstudy aimed to optimize the production of levan
synthesized by Bacillus licheniformis by factorial design and response
surface methodology. The variables involved in this study were sucrose
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concentration (X1), temperature (X2), agitation (X3) and yeast extract
concentration (X4). In view of the independent variables studied, the
experiment showed the best results at: sucrose concentration (300 g/l),
temperature 40°C, agitation 150 rpm and yeast extract concentration 3 g/l

when an average production of 30.66 g/l was obtained.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Levan, ap-(2—6) fructan biopolymer with occa-
siona 3-(2—1) branching, wasfound in many plants
and microbid productg?. It presentslow viscosity, high
solubility inwater and biocompatibility!? aswell asother
propertiesthat can haveindustria applicationsinthe
fields of cosmetics and pharmaceuticalsasan antitu-
moral, immune modulator and hypochol esterolemic
agent®4, Inthefood industry, it isused asafructose
source and for the production of
fructooligosaccharides®, thickener, stabilizer, encapsu-
lating agentsand carrier for flavor and fragrances™.

Thishigh molecular weight polysaccharideispro-
duced from sucrose-based substrate by
transfructosylation reaction of levansucrase (EC
2.4.1.10) by avariety of microorganisms. Thelevan
produced can be of high or low molecular weight, ac-

cording to thefermentation conditionsand thisdefines
itsapplication®17,

Although many investigationson thelevan produc-
tion havebeen reported, al suffer the disadvantages of
low yield and contaminating of impure products. The
application of satistica designsfor experimentsandits
modeling isimportant in ascientific study becauseit
definestheeffect of variousfactorsand itsinteraction
that |eads to the optimization of the process. Thisin-
strument has been used in bi otechnol ogy by various
authorg-3l,

Theresponse surface methodology (RSM) isan
optimization technique based on factoria design that
has been used to model several industrial processes,
minimizing theempiricismthat isinvolvedinthetech-
niqueof trial and error™. Thismethod hasbeen used
successfully by someauthorsin levan productioni*51l,

The objective of the present study wasto assess,


mailto:imenbiologie@yahoo.fr

116

Optimization of levan production from Bacillus licheniformis using response surface methodology

BCAIJ, 8(4) 2014

Regular Peper ===

by statistical methods, the production of levan by B.
licheniformis, varying the sucrose concentration, tem-
perature, agitation and yeast extract concentration.

MATERIALSAND METHODS

Microor ganism and maintenance culturemedium

TheB. licheniformisstrain wasused. Thebacteria
weremaintained at 4°C in a culture medium containing
in g/l: NaHPO, 3.5, NaH,PO, 0.8, MgSO, 0.2,
NaNO, 3.5, yeast extract 5.0 and sucrose 5.0. The
cultureswerekept at 4°C and renewed every 4 weeks.

I noculum preparation

Inoculum was prepared from activated culture us-
ing 125 ml Erlenmeyer flaskswith 25 ml of inoculum
medium, containingin g/l: sucrose5, trypton 10, NaCl
5.0 and yeast extract 5.0, pH 7.4. After incubation for
18 hat 40°C, the inoculum was centrifuged for 20 min
at 9000 rpm. The cellswere decanted and resuspended
ingeriledistilled water. The cell concentration was de-
termined by turbidimetry a 600 nm.

Fer mentation conditions

Thefermentation medium consisted ing/l: Na,HPO,
3.5, NaH,PO, 0.8, MgSO, 0.2, yeast extract 5.0 and
sucrose 200. Following heat sterilization (121°C) for
20 min, each flask wasinoculated with 5% (v/v) of the
subcultureand incubated for 24 h at 40°C on a rotary
shaker (200 rpm). Experimentswerecarried out intrip-
licate. Theculturetime(h), pH, agitation (rpm) and sugar
concentration (g/l) of fermentationswerevaried accord-
ingtothefactorid planning (TABLE 1).

Enzyme sour ceand assay

Thefermentationswere harvested by centrifuga-
tion at 9000 rpm, 4°C for 20 min. The supernatant was
used asenzyme source. Levansucrase activity wases-
timated according to themethod of Yanaseet d Y with
somemodification. 0.5 ml of culturefiltratewasincu-
bated with 1 ml of 20% sucrose and 1ml of 0.1 M
acetate buffer at pH 5.2 and incubated at 30°C for 15
min. Thereducing sugars produced were measured by
glucose oxidasekits. One unit of enzymeactivity was
defined asthe amount of enzymethat producesreduc-
ing sugarsequivaent to 1umol of glucose per min.

TABLE 1: Full factorial design for investigation of thefac-
tors: Sucroseconcentration, temper atur e, agitation and yeast
extract concentration on the levan production by B.

licheniformis
Variables
Runs Levan (g/l)
X1 Xz X3 X4
1 -1 -1 1 -1
2 1 -1 1 -1
3 -1 1 1 -1
4 1 1 1 -1
5 -1 -1 1 -1
6 1 -1 1 -1
7 -1 1 1 -1 8
8 1 1 1 -1 30.66
9 -1 -1 1 1
10 1 -1 101
11 -1 1 1 1
12 1 1 1 1
13 -1 -1 1 1
14 1 -1 1 1
15 -1 1 1 1 10.66
16 1 1 1 1 28.25
17 0 0 0 O 11.33
18 0 0 0 O 10.66
19 0 0 0 0 9.21
Real levels
-1 0 1
X1 Sucrose concentration (g/l) 10 20 30
X, Temperature (°C) 20 30 40
X3 Agitation (rpm) 50 100 150
X4 Yeast extract concentration (g/l) 3 55 8

L evan deter mination

Thelevan concentration wasdetermined for al the
fermentationsafter centrifugation a 9000 rpmand 4°C
for 20 min. Thelevan formed was estimated by reduc-
ing sugar using thedinitrosalicylic acid method*® after
preci pitating the supernatant withice-col d absol ute etha:
nol andacid hydrolysis.

Cdlular biomass

The biomasswas determined in aspectrophotom-
eter based on 600 nmacdibration curve. Thefermented
broth was centrifuged at 4000g for 20 minutes. The
sediment was suspended in distilled water and centri-
fuged again twiceat the same conditionsand the cell
sediment wasdilutedin gppropriatevolumesfor spectro-
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photometric determinations.
Factorial design

Oncethevariableshaving thegreatest influenceon
theresponseswereidentified, aCCD!*% was used to
optimizethelevelsof thesevariables. A factorid design
was performed in order to determinethe optimal con-
ditionsfor the production of levan by B. licheniformis.
In thisstudy, theindependent variables chosen were
sucrose concentration, temperature, agitation and yeast
extract concentration.

The studied dependent variable (Y) waslevan pro-
duction, expressedin g/, and theresultswere analyzed
by the STATISTICA applicative 7.0 (multipleregres-
sion) including parameters estimation and analyses of
variance (ANOVA).

RESULTSAND DISCUSSION

Based on earlier gudies, sucroseconcentration, tem-
perature, agitation and yeast extract concentration me-
diumwereidentified asthemgor factorsaffectinglevan
production by B. licheniformis. In the present work,
thesevariablesweregatisticaly optimized withthehel p
of afactoria design usng RSM. Theexperimental de-
signandtheresultsareshownin TABLE 1. The best
resultsobtainedin thelevan production occurred with
the highest sugar concentration (300 g/l), observedin
thetrials8 and 16 with production of 30.66 and 28.25
o/l levan, respectively. Different authorshad noticed the
importance of carbohydrate concentration on
levansucrase activity. At high sucrose concentrations,
oligosaccharidesand polysaccharide polymerization was
the reaction most catalyzed by levansucrasg®. Sucrose
was considered a good inducer of the synthesis of
levansucrase. Shih et al. (2005)!?! observed that 200
g/l of sucrose produced 40-50 g/l of levan from B.
subtilisisolated from Natto. TABLE 1 showed that
the sucrose concentration had apositivelinear effect
ontheproduction of levan. Theseresultsindicated that
inorder to maximizethe production of levan, the con-
centration of sucrose must beincreased. Accordingto
results, the best levan production (30.66 g/l) was ob-
tained using 300 g/l of sucrose, a temperature 40°C,
orbital agitation at 150 rpm and yeast extract concen-
tretion.

—— Regdular Peper

The second degreepolynomid, whichincludesthe
guadratic terms, presentsonly those coefficientsthat
were considered significant by analysis of variance
(TABLE2):

Y =3.11+1.68X +4.18X,+3.28X,+0.01 X, + 252X X,+
252X, X,-0.32X, X, +4.85X,X,+0.016 X,X,+0.016 X, X,

Thevaueof the adjusted coefficient of determina
tion (R?), observed for thelevan production response
(90%) and non-significant lack of fit (TABLE 3) sug-
gested agood fit of themodd tothe experimentd data
and that it could be used for prediction purposes.

TABLE 2 : Results of regression analysis of the factorial
design

Term Coefficient T-statistic P-value
Intercept 311 5.209 0.007
X1 1.68 2.67 0.1172
X5 418 16.555 0.0006*
X3 3.23 9.915 0.0048*
X4 0.01 0 0.9920
X1 X, 252 4.004 0.0585
X1 X3 252 4.004 0.0585
X1 X4 _0.32 0.064 0.8034
X5 X3 4.85 14.873 0.0009*
Xo Xy 0.016 0 0.9902
X3 X4 0.016 0 0.9902

X,: Sucrose concentration, X,: Temperature, X_: Agitation, X,
Yeast extract concentration, * Significant (p<0.05)

TABLE 3: Analysisof variance (ANOVA) for themodel re-
gression representing levansucr ase activity

Source SS DF MS F-value P-value
Model 1316.995 10 131.699 5.209 <0.001
Residual 530.987 21  25.285
Lack of Fit 431556 14  30.825 2.170 0.1531
Pure Error 99.431 7 14.204

Total (corr.) 1847.982 31

R2=10.9; SS, sum of squares,; DF, degrees of freedom; M S, mean
square

Results show apositive effect of theindependent
variables X, (temperature) and X, (agitation) inlevan
production (Figure 1). Belghith et d .2 studied the pro-
duction of levanin Bacillusp. and found optimal con-
ditionsat pH 6.5 and temperature of 50°C. Likewise,
Dolleet a.[? verified that 25°C at pH 5.0 is the ideal
condition for levan production. Moreover, Reiss &
Hartmeier'®! demonstrated good productivity of this
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polymer at temperature varying between 27-30°C at
pH 5.0. Furthermore, low temperatures stimulate
transfructol ysation reactions and yet |lengthen enzyme
activity. Onthe other hand, higher temperatures stimu-
late sucrose hydrolysig?>27,
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Figurel: Responsesurface/contour plot showing effect of
independent variables: Sucroseconcentration, temperature,
agitation and yeast extr act concentration on thelevan produc-
tion by B. licheniformis

The optimum conditionsfound herefor thelevan
production from B. licheniformiswereasfollows: 300
o/l of sucrose, temperature40°C, agitation 150 rpm
and yeast extract concentration 3 g/l, when an average
production of 30.66 g/l was obtained.

Maga haes?® demonstratesthat agitation facilitates
medium homogeneity, allowing the access of the mi-
croorganism tothe substrate. Infact, increasing agita-
tion (> 100 rpm), improves|evan yield and increase
cons derably medium oxygenation.

CONCLUSION

The experiments showed that yeast extract does
not affect levan production by B. licheniformis. How-
ever, levan productionisaffected by initial concentra-
tion of sucrose, temperatureand agitationin the experi-
mental ranges studied. The best conditionsfor levan
production (30.66 g/l) were 300 g/l of sucrose, at tem-
perature40°C, orbital agitation at 150 rpm and yeast
extract concentration 3g/l.
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