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ABSTRACT

The present work is devoted to study the effestanbus factors affecting the enzymatic synthesifatty acid
xylose ester using the methodology of experimaetsigns. To optimize the different parameters liaake a direct
influence on the production of lauric xylose es&xperiments were conducted using first a desigPRlatkett-
Burman to initially screen five of which the thrisetors were found to have significant effect otosg ester
production. Response surface methodology underBgtixken design was then employed to analyze thet<etif
important parameters on the preparation of fattydacylose ester. Experimental ester conversiongvi@ind to be
in good agreement with predictions. The searchofttimal conditions, verified by analysis of cont@lots, helped
to locate the optimal value of the conversion, 85%. This corresponds to the following valueshef factors :
temperature 60°C, time 72 hours, and 30 mg of nudesieves.
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INTRODUCTION

Naturally occurring sugar esters [1] are of patticunterest in the field of biocompatible surfatta Because of
their properties of amphiphilic nature, nontoxidp-degradability, among others, they are often usedhe
pharmaceutical, cosmetic and food industry [2,3lg&8 esters can be synthesized using either chkmica
biological catalysts. As a result of regioseledyivind mild reaction condition of enzymatic procg$ks there is
growing interest in the application of lipases @scétalyst for carbohydrate fatty acid esters potida [5, 6].
Numerous reports have shown that lipases are gmaathlyst in non aqueous media [7, 8]. In our ey study,
the enzymatic synthesis of Q-dodecanoyl-D-xylopyranose by esterification of Oese with lauric acid using
immobilized lipases was carried out in organic eatg [9]. In the present study, the esterificabb-xylose was
carried out using immobilize€Candida cylindracealipase as a catalyst and optimized with responséace
methodology. The study is aimed at a better undedstg of the relationships between the importaaiction
parameters (sugar/fatty acid ratio, amount of ergyamount of molecular sieves, temperature andiosatme)
and sugar conversion.

The study of enzymatic sugar ester synthesis isosoplicated because it depends on several facidsgnd
important aspects of this reaction remain to befidd. The use of experimental design has becommernommon

in several sciences such as bioprocess, envirdaimememistry etc...[11]. A well defined statistiexperimental
design is considered to be necessary for dgdiion of suchprocess, since it would be possible to get more
information through conducting fewer measuremesising the process.

The Plackett-Burman design (PBD) has been frequessttd for screening process variables that makethatest
impact on a process [12]. It is a set of small affitient experimental design, which is very pofugrwidely
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applicable and especially well suited for biotedbgy research and development [13]. Recent rspmrtthe use
of PBD include its application toward improvingpdse catalyzed esterification [14].

To carry out this study, a first screening designPtackett-Burmann was used to identify which fastbave
significant effects on xylose ester production.Sfactors are then studied by Box-Benkhen desi§h [Ihe results
were analyzed by response surface methodology (R®8M has been reported to be an effective tool for
optimizing a process [16]. It is defined as thetisti@al tool that uses quantitative data from ajppiate
experimental design to determine and simultaneossllye multivariate equations. The graphical repméstion of
these equations are called as response surfaced,lmused to describe the individual and cumgagiffect of the
test variables on the response and to determinmtitgal interaction between the test variablesthait subsequent
effect on the response [17]. Recently, optimizabbhpase-catalyzed production of various estgr&BEM has been
investigated like synthesis of emulsifier in foodiustry such as lauroyl lactic acid [18] and sysihef antioxidant
such as octyl hydroxyphenyl propionate [19]. Althbithe enzymatic synthesis of highly biodegradabigactants
from renewable resources (sugar and fatty acids) been widely investigated [20,21], statistical igiesof
experiments and RSM have been only applied in astedies [22,23].

The aim of this investigation is to optimize thenthesis of xylose laurate production by immobiizéandida
cylindracealipase (CCL Im) as well as to study the applicatid RSM to assess the relative importance of m®ce
variables.

MATERIALS AND METHODS

Candida cylindracedipase (Type IlI) was purchased from Sigma Co. (YS2xylose from Sigma-Aldrich and
lauric acid from Merck were tested as starting male Ethanol (EtOH), tetrahydrofurane (THF) wéi@m Merck.
Molecular sieves 3A (4-8 mesh) was used as a wateoval adsorbent (Aldrich, USA). All other chenigased in
this work were of analytical grade and used witHacther purification.

General procedure for xylose ester synthesis

D-xylose (200 mg, 1,33 mmol) was first dissolvedTiHF for one night. After that, lauric acid (from3B to 1,99
mmol) was added, the mixture equilibrated for 1% mnd the biocatalyst (CCL Im) finally incorporatédiquots
were removed at intervals, filtered and analyzedlitptively by thin layer chromatography and queatively by
volumetric titration.

Analysis

The sugar content was quantified by calculatingrésgdual fatty acid amount in the reaction mixtiBamples were
analyzed by volumetric method : 0.1 g of sampleredction mixture was diluted in 20 mL of 0.1 wt %
phenolphthalein solution in absolute ethanol armh ttitrated with standardized sodium hydroxide sotuof 0.1 M

in water.Samples were withdrawn at definite time intervalsl ¢he extent of esterification monitored by a back
titration procedure which estimated the decreadetal acid content of the reaction mixture.

Lipase immobilization

Celite (60 mg) was added to 10 mL of 0,1 M phosplmiffer (pH = 8) containing th@andida cylindracedipase
(100 U/mL). The reaction was then stirred with agmetic bar at 4 °C and 100 rpm for 30 mn. 20 mlcalfi

acetone were then added. After 2 h, the suspemsgrfiltered. The immobilized enzyme was washeth aitetone,
dried in a vacuum desiccator and then stored atC18

Experimental designs and data analysis

Before applying the response surface methodolo@MRto determine the conditions which  will gitlee best
conversion for xylose laurate synthesis, two expental designs were conceived and applied : anpirery
experiment based on Plackett-Burman Design (PByvied by a Box-Behnken Design (BBD). The first id@ss
objective was to highlight the most influential pareters, which were studied in more depth with gbeond
experimental design.

The Plackett-Burman statistical experimental desgmreliable method to short-list the most siigaifit parameters
from a wide range or understand the extent of distion possible under a given set of conditiam& very small
number of experiments. PBD considers the stadistiinteractions between variables to obtain imam
interferences for a minimum number of tests, theducing process variability, time of developmend awverall
costs. The parameters selected for the experimeme wylose/acid lauric ratio (LA), immobilize@andida
cylindracealipase concentration (CCL Im), amount of molecidmves (MS), temperature (T°) and reaction time
(). All trials were performed in triplicate andetlsugar conversion (C) was used as the respond® present study
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the five independent variables were organized ategrto the PBD matrix. For each variable, high)(afd low (-
1) levels were tested (Table 1).

Table 1. Process variables and levels in PlackettsBmnan design

Levels
Parameter Symbol  Unit Low(-) High(+)
Xylose/Lauric acid ratio LA 0,5 1
Candida cylindracedipase CCLIm mg 10 30
Molecular sieves MS mg 10 30
Temperature T® °C 40 60
Time t h 24 72

As per the design, various combinations of the fiseameters used, along with the results obtaeredsummarized
in Table 2.

Table 2. Plackett-Burman design matrix with coded ad actual values for 5 independent variables

Run. Coded values Actual values C (%)
N° LA CCLIm(mg) MS(mg) T (°C) t(h)
1 11 1 1 -1 0,5 30 30 60 24 35
2 -1 01 -1 -1 1 0,5 10 10 40 24 20
3 1 1 -1 1 1 1,0 30 10 60 24 40
4 11 -1 -1 1 0,5 30 10 40 24 20
5 101 1 1 1 0,5 10 30 60 72 50
6 1 -1 1 -1 1 1,0 10 30 40 24 10
7 1 1 1 -1 1 1,0 30 30 40 72 20
8 1 -1 1 1 1 1,0 10 30 60 24 45
9 1 -1 -1 -1 1 1,0 10 10 40 72 30
10 -1 1 1 -1 1 0,5 30 30 40 72 32
11 1 1 -1 1 1 1,0 30 10 60 72 70
2 -1 -1 -1 1 1 0,5 10 10 60 72 60

To obtain a proper model for the optimization ofloge ester synthesis, the Box-Benhnken design thiere
variables was then applied. This design was prdebecause relatively a few experimental combinatiof the
variables are adequate to estimate the responséidnnA3 -factor, 3-level design used is suitafue exploring
guadratic response surfaces and constructing sexrded polynomial model.

Statistical analysis
The experimental data were analyzed by the statistsoftware package Minitab 14. The goodnes§tadf the
model was evaluated by the coefficient of detertioma(R?) and the analysis of variances.

RESULTS AND DISCUSSION

Plackett-Burman Design

A preliminary screening was carried out based o R#th 5 variables (xylose/acid lauric ratio, imnilized
Candida cylindracedipase concentration, amount of molecular sietemperature and reaction time) and 2 levels
(Table 2).

According to theip-value (> 0.05), the less significant factorgavdiscriminated, whilst the parameters that
significantly influenced the sugar conversion weetected later for the BBD.

From the statistical analysis, it was found tha¢meproduction was affected by the amount of mdeecsieves, the
temperature and the reaction time [24] as evidemh ftheirp-values as shown in Table 3gavalue less than 0.05 is
considered significant).

Moreover the model coefficients allow to assesdrifiaence of factors on the response (Table 3)al$ found that
coefficients with high values are the most imparfactors.

The final response equation obtained with the cddetbrs values is as follows:
C (%) = 36 + 14T° + 7,667t —4MS + 0,167CCL Im,26¥YLA 1)
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Table 3. Estimated effects and coefficients for carrsion

Term Effect Coefficient p-value
Constant - 36,000 0,000
LA -0,333 -0,167 0,934
CCL Im 0,333 0,167 0,934
MS -8,00 -4,0 0,085
T° 28,000 14,000 0,000
t 15,333 7,667 0,008

R?=92,28% R’adj = 91.5%.

Model fitting and analysis of variance (ANOVA)

It is always necessary to examine the fitted meol&nsure that it provides an adequate approximatidhe true
system. The ANOVA results of the developed modelaikulated using the statistical software Minifaband are
shown in Table 4. The significance of the mdued been analyzed by the F-test (Table 4). Thelde and the
p-value of the model are 14,34 and 0,003 respdgtivehowing a statistical relation between thepoese and the
selected factors and therefore the significancin@fmodel at 95% probability level. The fit of thedel has been
tested by the analysis of the regression equatidrttee B. The Rof 0.9228 is concordant and confirms that 92,28
% of variation in the ester formation can be axmd by the fitted model.

Table 4. Analysis of variance for the expenental PBD.

Source DF* SS* MS*** F-value p-value
Model 5 3250 650 14,34 0,003
Residual Error 6 272 45,33
Total 11 3522

* Degrees of freedoff¥ Sum of squaré** Mean of square

Figure 1, representing the plot of experimentabgalcompared to predicted values, shows a goodomienace
between them.

80 -
ko] 2 =
g 60 4 R2=0,9228 *
[}
(%)
5 40 -
S
~ 20 o
O
O T L] L] 1
0 20 40 60 80
C(%) Predicted

Figure 1. Plot of experimental versus predicted valkes of conversion

Therefore, ANOVA can be validated since Figargprove that the model accurately represetite
influence of the chosen factors on theaswgnversion. This means that there is a gooclation between
the theoretical and measured responses. This atorelis confirmed by the value of adjusted R sqdar(Radj=

91.5%).

Main effect plots
The main effect is calculated as the differencevbenh the average of measurements made at thedvighsetting

(+1) and the average of measurements observew dVel setting (-1) of each factor (figure 2).

Diagram of main effects informs us about the siamébus influence of all factors on conversion. Aditw to this
diagram (Figure 2) we found that the temperatunee and amount of the molecular sieves, are the mfisential
factors on the progress of the enzymatic estetifinaof D-xylose. Increasing the temperature aratctien time
increases the conversion. Increasing the amountabécular sieves causes a decrease of the resgemstactors,
xylose/lauric acid ratio and lipase concentratimmsignificant effect on the conversion is observed
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The Plackett-Burman design was proved to be a galvirol to determine the effects of various partane on
xylose conversion. However the optimal conditiofigach factor that significantly affect xylose egpeoduction
could not be obtained. Further work needed to e do find out this information.

Main Effects Plot (data means) for C(%)

LA CClim MS

20 A

0,5 10 ] 30 0 0

Mean of C({%)

20

Figure 2. Main effects plot for the conversion C (%

Optimization

The enzymatic production of xylose laurate was thptimized by RSM under Box-Benhken design [25&7 the
influence of parameters as well as their intecastion the response was studied. The experimemditons for
BBD were selected according to PBD results for eagfable based on prior studies. Experiments warged out
according to the design points with independenialsde such as temperature (T°), reaction timer{t) mmolecular
sieves concentration (MS). Three levels, suchas heedium and high, denoted as -1, 0, +1, were eyepl to fit a
full quadratic response surface model and latercqimated to obtain the optimal response (Table 5).

Table 5. Process variables and levels in Box-Benhkeesign

Parameters Levels
Low (-1) Medium (0) High (+1)
T° 40 50 60
t 24 48 72
MS 10 20 30

Table 6. Box-Behnken three variables experimentalesign

Run

N° Coded values  Actual values C (%)
T° 't MS Experimental values Predicted values

1 1 0 -1 60 48 10 10 08,37
2 -1 0 1 40 48 30 22 23,62
3 0O 1 1 50 72 30 48 54,87
4 0 O O 50 48 20 25 31,66
5 -1 1 0 40 72 20 41 32,50
6 0O 1 -1 50 72 10 29 31,37
7 0 O O 50 48 20 35 31,66
8 1 0 1 60 48 30 80 73,87
9 -1 -1 0 40 24 20 25 25,75
10 0 O O 50 48 20 35 31,66
11 0 -1 1 50 24 30 55 52,62
12 1 1 0 60 72 20 61 60,25
13 -1 0 -1 40 48 10 12 18,12
14 1 -1 0 60 24 20 30 38,50
15 0 -1 -1 50 24 10 12 05,12
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The design variables selected in this study wittualcand coded levels along with response variabligls 3
replicates are shown in Table 6.

The aim of the study is to find the best reactionditions to obtain the highest conversion [28] of the 15
designed experiments were performed and the reseits multi-regression analyzed. Coefficients wevaluated

by regression analysis and tested for their sigaifte (Table 7). Finally, the best-fitting modelswdetermined by
regression.

Table 7. Estimated regression coefficients and R-sgred values of the models

Term Coefficient p-value
Constant 31,667 0,002
T 10,125 0,024
t 7,125 0,074
MS 17,750 0,002
T2 1,292 0,792
T? 6,292 0,234
MS? -1,958 0,691
Tt 3,750 0,439
T°.MS 15,000 0,020
T.MS -6,000 0,237

R=92,65% R?adj=79,41

The resulting fitted second-order polynomial equuativith the coded factors values is given below :

C(%) = 31,667 + 10,125T° + 7,125t +17,750MS +1,282/6,292f — 1,958M$ + 3,750T°.t + 15T°.MS 6t.MS
(2) Model fitting and analysis of variance (ANOVA)

For estimation of significance of the model, thalgsis of variance (ANOVA) was applied. Results gigen in
Table 8.

Table 8. Analysis of variance for the conversion

Source DF* SS** MS***  F-value p-value
Regression 9 5018,92 557,66 7,00 0,023
Linear 3 3746,75 1248,92 15,67 0,006
Square 3 171,92 57,31 0,72 0,582
Interaction 3 1100,25 366,75 4,60 0,067
Residual error 5 398,42 79,68 - -
Lack-of-fit 3 331,75 110,58 3,32 0,240
Pure error 2 66,67 33,33 - -
Total 14  5417,33 - -

* Degrees of freedoftf Sum of squarg** Mean of square

The irrelevant coefficients including quadratic ffiméents (T2, MS?, ) and the cross-product  coefficients (T.t,
t.MS) were eliminated according to theivalue (Table 8) in order to refine the model£ 0.05). Thus, the non
significant terms were eliminated (Table 10).

Therefore, the simplified polynomial expression éguation (3) in terms of coded factors values @iqeessed as
follows :

C(%) = 34,667+10,125T°+7,125t+17,750MS+15T°.TM ©)

Table 9: Estimated regression coefficients and R-s@red values of the models
(after elimination of no-significant terms)

Terme Coefficient T p-values
Constant 34,667 15,295 0,000
T° 10,125 3,262 0,009
t 7,125 2,296 0,045
MS 17,750 5,719 0,000
T°.MS 15,000 3,418 0,007

R®=85,78% R®(adj)=80,09%

266
www.scholarsresearchlibrary.com



Nadia Bouzaouit and Chahra Bidjou-Haiour Der Pharma Chemica, 2015, 7 (1):261-269

Table 10: ANOVA after elimination of no-significant terms

Source Degrees of freedon Sum of squares F-values p-values
Model 4 4646,75 1161,69 15,08 0,000
Linear 3 3746,75 1248,92 16,21 0,000
Interaction 1 900,00 900,00 11,68 0,007
Residual error 10 770,58 77,06 - -
Lack- of - fit 8 703,92 87,99 2,64 0,304
Pure error 2 66,67 33,33 - -
Total 14 5417,33 - - -

The goodness of fit of the regression equation exasuated by the determination coefficienf)(RThe value of
determination R(0.8578) indicates that the response model cataiex5.78% of the total variations. The value of
adjusted determination coefficienﬂla (80.09%) was also high enough to indicate theifsigince of the model.
The corresponding analysis of variance (ANOVA yiigen in Table 10. In addition, the calculated Fsea(15.08)
obtained in Table 10 is greater than the previoodifained F-value (7.00) before removing non-sigaift terms
(Table 8). In this case, the ANOVA of the regreasimodel demonstrates that the model is highly St and is
capable of representing the system under the gixeerimental domain. Thus the improved model ifistieally
better. It should be noted that polynomial modeésraasonable approximations of the true functisektionship
over relatively small regions of the entire spatthe independent variables.

Furthermore, the analysis of variance indicated tha variance due to the lack-of-fit is not siggant. The lack-of-
fit value increases from 0.240 (Table 8) to 0.30dhje 10), which means a better fitting model.

The clustering of the points around the diagona lin Figure 3 indicates a satisfactory correlati@tween the
experimental and predicted values, thereby confignihe soundness of the model.

100 1
T 801 Rz = 0,9265
e
? 60
o
O
= 40 -
S
O 20 1

0 T T T T ]
0 20 40 60 80 100
C (%) Predicted

Figure 3. Plot of experimental versus predicted vales of conversion C (%)

The predicted values were in good agreement wighettperimental values showing that the cubic modald be
used to predict and optimize the esterificationcpatage by determining the optimal operating cawwst
(temperature, molecular sieves and reaction tiffieg optimization process was carried out basedhercontour
plots.

Contour plots

The final step consists in finding the values dftéas that give the optimal response [29]. From thédated
mathematical model, using the software, we perfdrgraphically 2D contours. The boundary curvesgamerated
using MINITAB software 14 by the combination of ¢lerfactors induced. To visualize the combined &ffe€ the
three factors on xylose ester synthesis, contauts pllere generated for the fitted model that digptae effects of
the three variables. Figure 4 shows the respons$acsuplots as function of temperature (T°), reactime (t) and
molecular sieves concentration (MS).

According to the interpretation of the contour d&gs, the highest values of the conversion (C> 8&8)btained
when the three factors are fixed at high levelsigiteration of the set of graphs allowed the sieleaf the optimal
point : T° =60 °C, t = 72 h, MS = 30 mg and thewersion value at this point is equal to C = 85.09¢1
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Model verification

The validity of the predicted model waerified by performing the lipase-assisteghthesis of xylosyl
laurate under the predicted optimum conditionstesonding to a temperature, molecular sievestijyamd time

of 60 °C, 30 mg, 72 h respectively. Therefore, tin@del represented by the equation (3) accurategligts the
optimal conversion of the lipase-catalyzed synthexi 1.0-dodecanoyl-D-xylopyranose. Hence, this statistical
model showed that the chosen parameters and tHpistments have a significant influence on the sabes
conversion.

£5%)

= 20

200 - 40

W o- &

Hold Values M0 =

™ & m -
t 72
M5 30

ln T T T T T
30 40 50 &0 70

Figure 4. Contour plots of C (%) versus (T°, t, MS)onstant at high levels
CONCLUSION

Statistical experimental designs combined with RBMoptimization of enzymatic synthesis ofQtdodecanoyl-D-
xylopyranose were developed. First, Plackett-Burntgsign was implemented to screen the variables tha
significantly influence the conversion. This prelary design displayed a model withpavalue of 0.003 and

a coefficient of determination’Rf 0.9228, thus indicating that the modelhighly significant and the
relationship between the conversion and the fad®radequately represented. It made it possiblaigalight,
among the five tested parameters, the three mgsifisant ones : the temperature, the reactior tamd molecular
sieves concentration.

In the second step, the optimum values were deteaniby Box-Benhken design under response surface
methodology. The determination coefficierftias 0.8578, which ensure an adequate credibilith@imodel. The
statistical analysis showed that the optimum reaatonditions led to the maximum conversion (85@gmparison

of predicted and experimental values revealed goaithing between them, implying that empirical msdkerived
from RSM can be applied to adequately describeedlaionship between the factors and responselosgyaurate
synthesis. This model can then be used to preukctonversion under any given conditions withinékperimental
range.
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