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ABSTRACT

Among fifteen different nutritional factors, resutif statistical analysis that obtained by PlackeBurman design
showed that sucrose, Zng@&nhd MnSQ were the most promising factors affecting levanaserproduction by
Bacillus subtilis M with confidence levels morant97%. For optimum concentrations of the selectmibbles,
central composite design (CCD) was applied. Var@analysis (ANOVA) showed a determination coefficig)
value of 0.86 for levansucrase and 0.911 for lepesduction ensuring a satisfactory adjustment & tjuadratic
model with the experimental data. A high similamtsis observed between the predicted and experinerstalts
reflected the accuracy and model applicability @iptimization. The correlation analysis showed thare was
83% correlation between levansucrase production Ewén production yield. In compare to the basadium,
overall 7.58 and 7.82 folds increase in levansuerasd levan respectively. Investigation of in vitevan
antioxidant activity using different methods showrest 56.25 +0.57 % DPPH inhibition was achieveadiss mg/ml
concentration. Concentration 2.5 mg/ml exhibitewrsgest reducing power (1.023+ 0.015) of FéCN),. Highest
FRAP value (2669 + 74.63mol TE/ 100 g) was obtained at (2.5 mg /ml) le\ienee radical scavenging activity of
levan against ABTSation radical was recorded.
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INTRODUCTION

Fructansucrase is an enzyme responsible for syathédructose polymer by a transfer of the sucrosetosyl
moiety to polymer chain. Levansucrase is one oftlst important fructosyltransferase enzymes (s&cr®.6p-D-
fructan-2.6B-D-fructosyltransferase, E.C.2.4.1.10 [1-2]. It wessponsible forB- (2—6) levan vyield through
transfructosylation reaction. A variety of microargsms in the fermentation process could yieldrdwathe action
of levansucrase [3-6]Different microorganisms, such aBacillus subtilis, Aerobacter levanicuand Erwinia
herbicola could yield high molecular weight levan when groemsucrose medium [7].

Nutrient concentration and environmental conditiars essential parameters for levansucrase produgtid levan
yield. Different statistical methods were appliedetvaluate these parameters which affect enzymduption and
levan yield to great extent. These methods coulduate the effect of several factors and theirrattgon in the
optimization process.

Many chronic diseases as well as aging process earsed by the oxidative damage of reactive oxygpeties
(ROS), such as: superoxide anion radicals andré@ieals that led to functional and pathologidai@malities [8].
Thus, recent researches has been focused on udingidants to enhance the removal of reactive exygpecies
(ROS) [9]. Using of synthetic antioxidants, hasrbeestricted due to their side effects, such ascimagenicity.
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Recently, researchers pay attention to the batfmslgsaccharides as they characterized as a paltamtioxidants.
[10] reported a strong free radical scavengingvagtof levan derivatives (SL1 and SL2) with DPPH.

This study was focused on three points, first painted to evaluate the factors affecting the pradomf Bacillus
subtilis M levansucrase by Plackett—Burman design. Thermgkepoint depended on optimization of the production
medium for maximum levansucrase production andrigiald through central composite design. The ntaiget of
the third point was the evaluation of the levariadant activity by different ways.

EXPERIMENTAL SECTION

Microorganism

The strain was previously isolated from a honey tatecting nectar from desert flower (Libya). Hgnis fresh
non treated ripe honey (directly collected in beeg). The isolate was identified Bacillus subtilisM based on
16S rRNA gene and molecular identification [3]wis cultivated on Luria Bertani (LB) agar mediunmsisted of
(g/L): Tryptone, 10, Yeast extract, 5, NaCl, 10d akgar, 20 (pH 7.0). After 24 h cultivation at 30,°the arisen
colonies were harvested in 50% glycerol solutiofw)(and stored in 2 ml cryovials (Nalgen Nunc IfRgchester,
NY, USA) and stored at -80 °C as master cell bank.

Levansucrase assay

Levansucrase assay was performed according to ¥a&bas. method [11]. Decreasing amounts of sugars produced
were measured by glucose oxidase kits. One unénaiyme activity was defined as the amount of enztmag
produced decreasing sugars equivalent to 1umdlabge/min.

Precipitation of levan from Bacillus subtilis M culture

Bacillus subtilisM Levan was isolated from culture filtrate throughecipitation with (2:1, v/v) ethanol (96%)
culture filtrate. The resulting mixture were mixaadd left for 24 h at 4°C. Precipitated levan wasmsated from the
culture filtrate by centrifugation at 5000 rpm % min. A dialysis process was performed after thgturify the
polymer by using dialysis bags with porous sizeKD2 to 14 kDa).

Chromatographic analysis for Levan identification

Acid hydrolysis was done using 0.1 N HCI in boilimgter bath for 1 h. Hydrolysis product was anadybg
descending paper chromatography using Whattmanlnand solvent system n-butanol: acetone: water.14:5
VIVIV).

Experimental designs

Plackett—Burman design

Plackett—-Burman experimental design was used tluateathe relative importance of various nutridotsBacillus
subtilis M levansucrase production [12]. Fifteen componentse selected for the study, each variable was
represented in two levels, high concentration (@il low concentration (-1) in 16 trials as showrTable (1).
Each row represented a trial run and each columpresented an independent variable. The testedréaictduded
sucrose, glucose, starch, yeast extract, peptbie){S0,, NaNG;, K,HPO,, MgSQ,, NaCl, CuSQ, FeSQ, ZnSQ,

and MnSQat pH 7, 30 °C in Erlynmyer flask contained 50 nddium.

Plackett—Burman experimental design is based ofirdteorder model:
Y=Bg +ZBX .eiiiie e e Eq. (1)

Where,Y was the response (levansucrase productioyyweB® the model intercept angBas the variables estimates.
The effect of each variable was determined by falhgy equation,

EX)=2CEM{"-M )N oo Eq. (2)
Where,E (X;) was the effect of the tested variatg. andM,” represented levansucrase production from the trials
where the variable (Xmeasured was present at high and low concenisgtiespectively and N was the number of

trials in Eq. (2).

The standard errorSE of the concentration effect was the square rdothe variance of an effect and the
significance levelfg-valug of each concentration effect was determined usindent’s t-test

£(X) = EOG SE e Eq. (3)
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E (X)) was the effect of variabDg.

Central composite design

After the identification of components affectingetinzyme production by Plackett—-Burman design thegmbles
(sucrose, ZnSpand MnSQ concentrations) were selected for response surfatbodology of central composite
design (CCD). CCD proposed by Adinarayana et alBoxd et al. [13-14]. For this study, 23 factori@sin with
six star points and six replicates at the centoéthis were employed to fit the second order polyiadmodel, the
experimental design consisted of 20 runs and tbepiendent variables were studied at five diffetemels. The
experimental design used for the study was shovifalrie (3). All the experiments were done in tdpte and the
average of levansucrase production and levan yialte taken as the dependent variable or respofjseTlke
second order polynomial coefficients were calculated analyzed using the ‘SPSS’ software (VersiérD)l
Second degree polynomials, Eqg. (4), which includ#édinteraction terms, were used to calculate thediscted
response:

Y =R+ B g Xq +8 X +B 5Xg + B 1.0 + B poXo% + B 3gXs? + RBoXoXo + B 15X Xs + B23X2X.vviiieieen, Eq. (4)

Where,Y was the predicted levansucrase activity (U/ml) fomdevan yield (g/)X;, X, andX; were the independent
variables corresponding to the concentration ofaae; ZnSQand MnSQ respectivelyf3, was the intercepfy, 3,
and 3; were linear coefficients,3;;, %, and (%3 were quadratic coefficients(y,, 33 and 3 were cross product
coefficients. Statistical analysis of the model \wasformed to evaluate the variance analysis (ANQ\Siatistical
significance of the model equation was determimgdrisher’s test value and the proportion of vareae&plained
by the model was given by the multiple coefficiemts determine each variable, the quadratic modedsew
represented as contour plots (3D) and responsacsucfirves were generated by using STATISTICA (0.6)

Evaluation of antioxidant activity for precipitated levan

DPPH free radical scavenging assay

The free radical scavenging activity using DPPHyess was determined by Brand-Williams et al [15jud® levan
was dissolved in 85% methanol. To 0.5 ml of theategample (2.5, 3, 3.5,4 and 4.5 mg/ ml) and 1.0frfleshly

prepared methanolic DPPH solution (20 pugwas added and stirred. Decolorizing process wasrded after 5
min of reaction at 517 nm and compared with a bleottrol. All samples were analyzed in triplicatée ability to

scavenge the DPPH radical was calculated usinfptlosving equation:

DPPH scavenging activity (%) = [(control absorbansample absorbance)/ control absorbance] x 100

Reducing power assay

Levan reducing power (0.5 ml of each concentratiea$ evaluated by Oyaizu [16], (0.5, 1, 1.5, 2 2ridmg/ ml)
was added to phosphate buffer (2.5 ml, 0.2 M, @) &nd 1% potassium ferric cyanide (2.5 ml). Thetare was
incubated at 50 °C for 20 min. Aliquots of trichdacetic acid (2.5 ml, 10%) were added to the méstwhich was
then centrifuged at 1000 rpm for 10 min. The udpger of solution (2.5 ml) was mixed with distilledater (2.5
ml) and a freshly prepared FgGQolution (0.5 ml, 0.1%). The intensity of the blgeeen color was measured at
700nm. In this assay, the yellow color of the tesutioh changes to green depending on the reducingipof test
specimen. The presence of reluctant in the solutirses the reduction of the*Feferricyanide complex to the
ferrous form. Therefore, Fecan be monitored by the measurement of the abscebat 706 im. Increasing the
absorbance of their action mixture indicated insieg of reducing power.

Ferric reducing antioxidant power (FRAP) assay

The assay was done according to Benzie and dJitdin with some modifications. The stock solutiansluded
300 mM acetate buffer, pH 3.6, 10 mM of TPTZ (264 tripyridyl-s-triazine) solution in 40 mM HClnd 20 mM
FeCkL.6H,0O solution. The fresh working solution was prepabgd mixing 25 ml acetate buffer, 2.5 ml TPTZ
solution, and 2.5 ml Fe€l6H,0 solution and then warmed at 37 °C before usimyah concentrations (0.5, 1, 1.5,
2 and 2.5 mg/ml) 500 pl were allowed to react V@890 pl of the FRAP solution for 30 min in the dadadition.
Readings of the color product (ferrous tripyridyhtine complex) were then taken at 593 nm. Resuéisxpressed
in pmol Trolox/ 100 g dry matter. Additional dilati was needed if the FRAP value measured was bedirtear
range of the standard curve.

ABTS radical scavenging activity

ABTS radical scavenging activity was measured lgyABTS cation decolorization assay as describeRédgt al
[18] with some moadifications. Stock solutions irsdal 7 mM ABTS solution and 2.4 mM potassium pesdalf
solution. The working solution was then preparedniying the two stock solutions in equal quantigesl allowing
them to react for 12 h at room temperature in td.dThe solution was then diluted by mixing 1 nBPS radical

ar7



Mona A. Esawyet al J. Chem. Pharm. Res., 2016, 8(8):475-485

solution with 60 ml methanol to obtain an absorlganic0.706 + 0.001 units at 734 nm using the spptistometer.
ABTS radical solution was freshly prepared for easkay. From each levan concentration (0.5, 12 &g 2.5 mg
/ml), 0.5 ml was allowed to react with 2.5 ml oEtABTS reagent and the absorbance were taken atm3after 7
min using the spectrophotometer. The ABTS radic#tion decolorization assay capacity of the extraot
percentage inhibition calculated as ABTS radicavenging activity:

ABTS radical scavenging activity (%) = [(Abs. cait- Abs. sample)]/ (Abs. control)] x100

Where Abs. control is the absorbance of ABTS rddiesion methanol; Abs. sample is the absorbancaB¥S
radical cation sample extract.

RESULTS AND DISCUSSION

Estimation of factors affecting levansucrase produ@n

Plackett—Burman design was applied to exhibit tative importance of different medium componeAtgerages
of levansucrase activity in U/ml were given by difint trials Table (1). Data in Table (1) showeslignificant
variation from 158.1 to 285.2 U/ml of levansucrasévity.

Main effects of the factors that were examined ozyee activity were calculated and presented imueid which
introduced the vision for the ranking of factoriesttes that were obtained by Plackett—Burman design

Table (2) showed the regression coefficients, dated t- test, P- values of the examined varial8esrose, ZnSg)
MnSQ,, glucose, yeast extract, peptone and MgSkibwed a significant effect on levansucrase dgtiBtarch,
NaNGQ;, (NH,),S0O,, NaCl, KHPQ,, CuSQ and FeS@showed a negative contribution.
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Fig. (1): Effect of medium composition on levansuase (U/ml) produced byB. subtilis M
Table 1. Coded levels and real values for PlackeBerman experiment
-ll—\ll'loal X, X, Xs X, Xs Xs X, Xs Xo X0 X1 X1z Xis X4 X1s me
activity
Glucose | Sucrose Starch ;?;5(; Peptone | (NH,),SO, | NaNG; | K,HPO, | KH,PO, | MgSQO, NaCl CusQ FeSQ ZnsSQ, MnSO, (U/ml)
1 -1(80) | +1(120) [ +1(120) [ +1(3) -1(1) +1(3) -1(1) -1(1) +1(5) | +1(0.4) [ +1(0.4) -1(0) +1(0.001) -1(0) +1(0.001) 162.2
2 +1(120) | -1(80) | +1(120) | -1(1) -1(1) -1(1) 1(1) +1(5) +1(5) | +1(0.4) | -1(0.1) | +1(0.001) -1(0) +1(0.001) 1(0) 158.1
3 +1(120) | +1(120) | -1(80) [ +1(3) -1(1) -1(1) +1(3) -1(1) +1(5) | -1(0.1) [ +1(0.4) -1(0) +1(0.001) | +1(0.001) [ +1(0.001) 263.3
4 -1(80) | +1(120) [ +1(120) [ -1(1) +1(3) -1(1) +1(3) +1(5) -1(1) +1(0.4) [ -1(0.1) [ +1(0.001) -1(0) +1(0.001) | +1(0.001) 205.2
5 +1(120) [ -1(80) -1(80) 1(1) +1(3) +1(3) +1(3) +1(5) +1(5) | -1(0.1) | +1(0.4) -1(0) +1(0.001) -1(0) 1(0) 158.8
6 -1(80) [ +1(1120) [ -1(80) 1(1) +1(3) +1(3) -1(1) -1(1) -1(1) +1(0.4) | -1(0.1) | +1(0.001) | +1(0.001) | +1(0.001) | +1(0.001) 240
7 -1(80) -1(80) -1(80) [ +1(1) -1(1) +1(3) +1(3) +1(5) +1(5) | -1(0.1) | +1(0.4) [ +1(0.001) -1(0) -1(0) -1(0) 185.5
8 -1(80) -1(80) | +1(120) [ +1(3) +1(3) -1(1) -1(1) -1(1) -1(1) +1(0.4) [ +1(0.4) -1(0) +1(0.001) | +1(0.001) -1(0) 197
9 +1(120) | -1(80) [ +1(120) [ +1(3) -1(1) +1(3) +1(3) -1(1) +1(5) | +1(0.4) | -1(0.1) | +1(0.001) -1(0) -1(0) -1(0) 238.8
10 | +1(120) | +1(120) | +1(120) [ -1(1) +1(3) -1(1) -1(1) -1(1) +1(5) | -1(0.1) | +1(0.4) -1(0) 1(0) +1(0.001) | +1(0.001) 285.2
11 | +1(120) | +1(120) | -1(80) | +1(3) -1(1) +1(3) +1(3) +1(5) -1(1) +1(0.4) | -1(0.1) 1(0) -1(0) +1(0.001) | +1(0.001) 285.2
12 -1(80) -1(80) +1(120) [ -1(1) +1(3) -1(1) +1(3) +1(5) +1(5) | -1(0.1) | -1(0.1) -1(0) +1(0.001) -1(0) -1(0) 163.7
13 | +1(120) | +1(120) | -1(80) [ +1(3) +1(3) +1(3) -1(1) +1(5) 1(1) -1(0.1) | -1(0.1) [ +1(0.001) | +1(0.001) | +1(0.001) | +1(0.001) 235.5
14 -1(80) -1(80) | +1(120) | -1(D) 1(1) +1(3) +1(3) -1(1) 1(1) -1(0.1) | +1(0.4) | +1(0.001) | +1(0.001) -1(0) 1(0) 162.2
15 | +1(120) | +1(120) 1(80) | +1(3) +1(3) -1(1) -1(1) +1(5) -1(1) +1(0.4) [ +1(0.4) | +1(0.001) -1(0) -1(0) +1(0.001) 280
16 -1(80) -1(80) -1(80) 1(1) 1(1) -1(1) 1(1) 1(1) 1(1) -1(0.1) [ -1(0.1) -1(0) -1(0) -1(0) 1(0) 224.4

Real values (given in parentheses) are in g/l
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Table (2): Statistical analysis of Plackett- Burmardesign showing coefficient values;and P- values and percent of confidence level for
each variable on levansucrase activity

Variables | Coefficient | t-statistics| P-value | Confidence level (%)
Intercept 214.23

glucose 0.75 2.949716 | 0.0012 99.88
sucrose 0.11 4.714112| 0.0001 99.99
starch -0.58 -3.07137 | 0.0039 99.61
yeast 13.33 2.504055| 0.0122 98.78
peptone 15.69 0.841444 | 0.2067 79.33
(NH,),SO, -4.48 -1.1249 0.1392 86.08
NaNO3 9.10 -1.24655 | 0.1158 88.42
KoHPO, -13.08 -1.05434 | 0.1542 84.58
KH,PO, -4.30 -2.21006 | 0.0215 97.85
MgS0O4 -41.76 0.851582 | 0.0690 93.09
NaCl -49.03 -0.60827 | 0.2761 72.39
CuS0O4 -5585.08 | -0.38524 | 0.3527 64.73
FeSO4 74008.00 | -2.86861 | 0.0059 99.41
ZnS0O4 2400.62 | 3.659773| 0.005 99.5
MnSO4 32941.00 | 4.714112| 0.0001 99.99

The correlation between the fifteen factors and ldwvansucrase activity was described by the firsteo linear
model and presented as follows:

Y acivity = 214.23+ 0.78;+ 0.11X- 0.58X3+ 13.33K,+ 15.6Ks- 4.48Xs+ 9.10X-13.08X5- 4.30Xy- 41.76X¢-
49.03X;- 5585.0&;,+ 74008.0(K15+ 2400.6K 4+ 3294L.00K15 +evveervrrereenirireeerirreee s eeiree e srre e Eqg. (5)

According to the calculated t- test and p- valuabl& (2), it was noticed that medium componentsiase, ZnSQ
and MnSQ were the most significant variables affecting lesiacrase activity. Based on this result,a mediuthef
following composition (g/L): yeast extract, 3; pepe, 3 and MgS§) 0.4 was used for further investigations.

Table (3): Factors evaluated and respectively lelsof performed experiments

Range of levels

Factors concentration (g/) Actual | Coded| Actual | Coded| actual | Coded| Actual | Coded| Actual | Coded
Sucrose (X1) 60 -2 80 -1 100 0 120 +1 140 +2
MnSO,(X2) 0.001 -2 0.002 -1 0.003 0 0.004 +1 0.005 +2
ZnS0, (X3) 0.001 -2 0.002 -1 0.003 0 0.004 +1 0.005 +2

Table (4): Central composite design (CCD) consistinof 20 experiments for three experimental factorin coded and actual values for the
production of levansucrase and levan bacillus subtilisM

No. of i | % | x Levansucrase activity (U/ml) Levan yield (g/L)
trials Y| 72| ™ | Experimental Predicted| Experimental  Predicted

12 1 -1 -1 244 257 41 54.8
22 +1 | -1 | -1 60 67 59 69

i 1| -1 ] +1 222 177 40 62.9
4 +1 | -1 | +1 180 183 57 60.5
52 1| 41 -1 222 209 38 41

6% +1 | +1| -1 310 360 55 65.7
7 1| 41| +1 222 186 40 68.3
g +1 | +1| +1 288 290 58 68

oP -2 0 0 244 230 32 48.1
10° +2 | 0 0 360 387 86 87

1P 0 0 -2 333 320 51 60.3
12 0 0 +2 288 350 56 60.3
13 0 -2 0 288 298 48 37.3
14 0 +2 0 310 340 49 54.3
15 0 0 0 470 460 56 66.5
16 0 0 0 470 460 45 66.5
17 0 0 0 470 460 47 66.5
18 0 0 0 470 460 47 66.5
19 0 0 0 470 460 47 66.5
20° 0 0 0 470 460 47 66.5

Application of central composite design for optimiation of the culture conditions
Concentrations of the most significant medium congmis (Sucrose, Zng@nd MnSQ) were optimized according
to the CCD experimental. Coded and uncoded levielsree independent variables were listed in TgB)e CCD
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experimental plan observed and predicted levansagreoductivity and levan yield Table (4). Thedaling second
order polynomial equation (6) was given by multipgression analysis of experimental data.

Y actity= -1863.924+ 29.849 + 308490.41B,+ 20771240X— 0.123,* 0.000004X,> 0.000004978;>
1336.63%,X,- 120.68X; X5~ 0.000002658,Xs ................ Eq.6

Yieva= 4.497- 0.028;- 599.88¢,- 162.98%s+ 0.001X,%+ 96821.X,> 19299.2K;2- 6.868(,X,-5.092¢; Xa+
Y £ 1oV e O O Eq.7

Where, Yaciviy Was the response (levansucrase production) whilg, represented (levan yield) and, X, and X
were the code values of the tested variables (sachnSQ and ZnSQ) respectively. The regression equation was
graphical represented by the three-dimensionaloresp surface and the two dimensional contour pidisy can
helpf in understanding the main and the interactffects of the factors on the response value. @pgA, B, C

showed the response surface of sucrose and Z®Q Sucrose and MnSOB) and ZnSQ & MnSQO, (C) on
levansucrase productivity respectively, keepirgydther components at the fixed zero level.

Fig. (2) E, F, G showed the response surface ofoSecand ZnS¢XE), sucrose and MnSOF) and ZnSQ &
MnSO, (G) on levan productivity respectively, the oteemponent was kept at the zero level.
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Fig. (2) A,B,C: Response surface plot of levansucsa production byB.subtilis M showing the Interactive effects of different
concentrations of Sucrose and MnSgat X3= 0 (A) Sucrose and ZnSgat X2= 0 (B) ZnSQ, and MnSO, at X1=0 (C)

ANOVA analysis represented in Table (5, 6) showedigmificant F- value (6.863, 11.342) for levanswser
productivity and levan yield respectively which ileg the significance of the model. Model termsihgwalues of
Prob> F (0.003, 0.0001) levansucrase productivitgl devan yield respectively less than 0.05, conside
significant. To check the model goodness, coefiic{&) and correlation coefficient (R) could be deteretinThe
R? value is always between 0 and 1. The results ateit that coefficient # was calculated as 0.861 for
levansucrase activity and 0.911 for levan yielddaie of B> 0.75). The value of R was (0.928) for Eq. (6) &mel
value of R was (0.954) for Eq. (7). The correlatianalysis showed that there was 83% correlatidwedsn

levansucrase production and levan yield. In compgaréghe basal medium, 7.58 and 7.82 folds incrdase
levansucrase and levan respectively was being eethiafter application of RSM.
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Ly e Roaserany

Fig. (2) E, F, G:Response surface plot of levan pdaction by B.subtilis M showing the Interactive effects of different cacentrations of
Sucrose and MnS@Gat X3= 0 (E) Sucrose and ZnSgat X2= 0 (F) ZnSQ, and MnSQ, at X1=0 (G)

Table (5): Model coefficients estimated by multiple linear regression (significance of regression dfieients) for levansucrase

Term Regression coefficient Standard errof t- test | P-value
Intercept -1863.924 651.434 -4.228  0.002
X1 29.849 8.142 4.741 0.001]
X2 308490 140415.074 5.24% 0.00p
X3 207712 142696.475 7.132 0.00p
X4 -0.123 0.030 -4.319 0.002
X5 -0.000004 0.000001149 -6.684  0.000
X3 -0.000004973 0.00000121 -6.628  0.000
XXz -1336.636 1096.609 -0.03p  0.976
X1X3 120.681 1242.187 -3.856  0.003
X2X3 0.000002658 0.00000219 -2.978  0.014

F value = 6.863; P>F = 0.003 ; & 0.861; R = 0. .928; Adjusted’R 0 .735.

Table (6): Model coefficients estimated by multiple linear regression (significance of regression dfieients) for levan production

Term Regression coefficient Standard errof t- test | P-value
Intercept 4.497 4.943 0.91 0.384]
X1 -0.028 0.062 -0.446 0.665
X2 -599.88 1065.391 -0.568  0.58¢
X3 -162.989 1082.702 -0.1501  0.883
X4 0.001 0 2.631 0.025
X5 96821.168 87165.877 1.111 0.298
X3 -19299.27 92442.794 -0.209  0.83p
XXz -6.868 8.32 -0.825  0.428
X1X3 -5.092 9.425 -0.54 0.601
X2X3 237364.96 166409.14 1.42p 0.18¢4

F value = 11.342; P>F = 0.0001 ; R 0.911; R = 0 .9540.; Adjustec®R0 .830

Polynomial model was used to predict the validatiomder medium optimum conditions. The experimental
levansucrase production of 470 U/ml which was aldsehe predicted levansucrase production of 460l@fter

24 h incubation validating the proposed model. \&/Hile experimental levan yield of 86 g/L was olsdimnhich, is
closer to the predicted levan yield of 87 g/L.

A second order polynomial model was applied byuke of central composite design to identify thatrehship
between the three variables and the levansucradelesan yield. Optimization of the concentratiornfs fimal
medium components for both levan and levansucresguptions were the same except sucrose concemirdtd0
g/L was favor for levansucrase production and igl boncentration 140 g/L for levan yield.

The other medium components were (g/L): yeast eitr® peptone, 3; MgSQ 0.4, ZnSQ.7H,O, 0.003 and
MnSQ,.7H,0, 0.003.

Levan identification

Ten levan samples achieved the highest yield veetified based on paper chromatography. The semdicated
that all the tested samples were mainly fructose.
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Evaluation of antioxidant activity for precipitated levan

DPPH Radical Scavenging Activity

As shown in Fig. (3) A for the various concentraioof levan extract, the highest concentration atéd the
highest Scavenging Activity of the DPPH the othgtowed 56.25 + 0.57 % antioxidant potentialof DP&tHa
concentration of 4.5 mg/ ml.

Reducing power assay

Levan extract showed concentration dependent redypmwer. However, the concentration of 2.5 mgéntiibited
the strongest reducing power (1.023 + 0.015). Téwucing power activity of the lowest concentratanlevan
extract (0.5 mg/ ml) was found to be 0.282 + 0.013.

Ferric reducing antioxidant power assay

Antioxidant potential of different levels of levaxtract (0.5, 1, 1.5, 2 and 2.5 mg/ml) were cakedlaand the
results are presented in (Fig. 3 C). Ferric ioruocgay activities of levan extracts was increased tuthe formation
of the Fé" TPTZ complex by the increase in levan concentafithe highest FRAP value (2669 + 74,680l TE/
100 g) was obtained at 2.5 mg/ml extract. Whiledbecentration of 0.5 mg/ml showed a lower FRARIgg[1695
+ 9.165).

ABTS free radical scavenging activity

Free radical scavenging activity of Levan againBT/&" cation radical was examined. The results #ated in
Fig. 3 (D) recorded 14.32 + 0.43, 20.21 + 0.35925¢+ 0.55, 32.013 = 0.29 and 40.97 £ 0.21 for @,51.5, 2, 2.5
mg/ml levan respectively.

Improvement of the levansucrase productivity andrteyield is the aim for many researches. Thisuie t their

urgent demand in industrial field especially foadustry [19-20]. PrevioushBacillus subtilisM was evaluated as
levansucrase producers and levan yield. Till noerghis scarce publication concerning levan andniswerase
optimization and levansucrase through factoriaigtes
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Fig. (3): Antioxidant activity of Levan extract using different antioxidant assays: (A) Scavenging ality on DPPH radical, (B) Reducing
power, (C) Antioxidant capacity FRAP assay and (DHcavenging ability on ABTS radicals
Data are means of triplicate experiments
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In this study factorial design was achieved acewydwo steps, first one aimed to optimize the lsw@nase through
Plackett—-Burman design and the second steps focimséean and levansucrase optimization throughtraén
composite design.

Plackett—Burman design was applied to evaluatsitiréficance of various medium components. The reéfiect of
each variable upon levansucrase activity was etgiinas the difference between both averages ofurezasnts
made at the high level (+1) and at the low levé) @f that factor. The analysis of the data frora flackett—
Burman experiments involved a first order (maineef§) model. Our results indicated a wide variation
levansucrase activity which reflected the imporéaatoptimization of medium for higher productivity

In order to search for the optimum concentratibthe most significant medium components, sugrdgaSQ and
MnSQ, showing confidence level 99% above in the Plaelitman design for levansucrase productivity;
experiments were performed according to the CC2ement. In this finding, Esawy etal [19] reportbdt sucrose
and ZnSQ showed positive effect on levansucrase produgtivitm Bacillus subtilisNRClaza. On the other hand,
Babu etal [21] used factorial design and found tii@® most important factors in levansucrase praduchy
Bacillus subtiliswere the carbon and nitrogen sources used in theefegation medium.

Multiple regression analysis of the experimentabda an appropriate way to analyze the experinhelastta. The
production ofBacillus subtilisM levansucrase using statistical methodologies sldbWwigher values than that
obtained from recombinarBacillus megateriurunder the optimized conditions using sucrose () [22].
While the experimental levan yield of 86 g/L wastashed which is closer to the predicted levan yiefd87
g/L.[23] reported that the yield of levan with thptimized variables was increased significantlyrfr9.54 to 13.25
g/L. A second order polynomial model was estabtisheing central composite design to identify thatrenship
between the three factors and the levansucraseaigiiod and levan yield. Final optimized medium fath levan
yield and levansucrase production were similar pkeeicrose concentration, 100 g/L was favor foatsucrase
production and the high concentration 140 g/L &aln yield. These results in agreement with [24p indicated
that, at high sucrose concentrations, oligosacdbarand polysaccharide polymerization reaction roatstlyzed by
levansucrase. On the contrary of our result, Betéd, [25] reported that 300 g/L sucrose was the optimum for
levansucrase production. Finally, ten samples vdrehave the highest molecular weights were andlysepaper
chromatography. The results pointed to the mainpsesnstructure was fructose. This result confirnieat the
variation in medium components had no effect oateyield.

DPPH free radical scavenging assay is based omethection of DPPH (a stable free radical with apdemlet
color) to a stable diamagnetic molecule by any sutze [26]. Imeret al. [27] explained the effect of levan against
oxidative stress linked atherosclerosis.

Reducing power was measured by electron donatioinglthe reduction of F&(CN)® to FE%CN)® to form the
intense Prussian blue color complex and then medsath700 nm.Bacillus subtilisM levan has good reducing
power. Antioxidant compounds are able to reduegdactive radicals into more stable and unreaspesies [28]
Ferric reducing antioxidant power assay(FRAP) isedaon the ability of antioxidants to reducé'fe F€ in the
presence of tripyridyltriazine (TPTZ) to form anénse blue F& -TPTZ complex with an absorbance maximum at
593 nm [29]. The results showed that the formatibthe F&"-TPTZ complex was increased Bacillus subtilisM
levan concentration increased. To the best of aomkedge no one has evaluated the FRAP assayani.lev

The ABTS free radical scavenging activity assaypased on hydrogen donating ability of the antiomtdaThe
antioxidant potential against ABTS or DPPH wererelated with the concentration, chemical structumsasd
polymerization degrees of organ antioxidants [3ble results of the antioxidant of levan revealgubtent activity
against different oxidizing species at a conceiuna?.5 mg/ml.

CONCLUSION

In recent years, levansucrase production and lgigld were the aim for many researchers. This is tutheir

importance in the food and pharmaceutical industrie this finding, levansucrase froBacillus subtilisM was

optimized by Plackett—-Burman design. Then centoahmosite design was achieved successfully for |esach

levansucrase optimizatioBacillus subtilisM levan showed a promising antioxidant activityiethrecommended it
to be used in industrial applications.
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