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ABSTRACT

Xylitol is a natural polyol and most widely known for its sugar substitute properties in diabetic patients. It is alsgaursstdthee oral bacterial
population. Most fascinating approach for commercial production of xylitol involves the suitable yeesttégion. In this present investigation,
factorials Optimization of these medium and process conditions are studied. Xylitol produdBandigia parapsilosistrain BKR1 using Plackett

Burman and RSM are reported in modified minimal medium. The PlaBketan screening design reports the significant medium components are
Xylose, yeast extract, Pottasium Dihydrogen phosphate and magnesium sulphate. Further factorial optimization usingdazent@httomposite

design reveals the optimum levels betsignificant medium components as Xylés&04.69 g/l, Yeast Extradt 4.12 g/l; KHPO, i 2.84 g/l and
MgS0O47H201 2.09 g/l. Also the process parameters such as agitation, pH, Temperature and Inoculum level were optimized and validated as
Agitation: 107rpm, pHi 5, Temperaturé 29.9°C, Inoculum levél 1 ml.

KEYWORDS: Xylitol, Candida parapsilosiBKR1, medium optimization, Response surface methodology, pentose sugar pathway

INTRODUCTION xylose to xylitol isbeneficial especially due to relativdbnient
process anavasionof toxic catalysts such as nicklXylitol
Xylitol is one of the expensiveatural sweeteners andains production through btechnological apmaches has been
considerable attention in the food processargl healthcare recommendeddue to the involvement of microbes such as
industries. They havenumerousapplications such as tooth bacteria, fungi and yed&t Amongother microorganismsyeast
decay, ear infection for children and sugar substitutalfabetic has someappropriateproperties and wasecognizedto be a
patientsin the medical/ pharmaceutical seétdr Xylitol does prospective candidate fowylitol produdion®? 2 In the present
not undergo Maillard reaction, and so it does not darken study, thefermentative productionpptimization of medium
reduce the nutritional value of the proteins. Hence in the foatbmposition using PlackeBurman Design, Factorial Design of
industry, xylitol is used in the ingredients and formulations oprocess variablessing Response Surface Methodology (RSM)
food to improve storage propertiesplour and taste bfood and its corresponding analysis of variance by novel isolate
products. It is used solely or in combination with other sugatandida parapsilosisBKR1 were reported. The Plackett
substitutes in the manufacture of sugarless chocolates. ChewBigrman screening design is applied fadentifying the most
gums, hard caramelbgquorice sweets, wafer fillings, chocolate, significant nutrient stimulating the xylitol production. Face
pastilles, and other confectioneries for diabéti¥ylitol can be Centred central composite design (ECD) and BoxBehnken
metabolized in the absence of insulin and can replace sugar odesign(BBD) were applied to determine the optimum |esvel
weight for weight basfsmaking it a suitable sweetener for each significant nutriertnd process variablegspectively.
diabetic patienfs Production of xylitol from lignocellulosic
hydrolyzates without detoxificaion, in which the xylose MATERIALS AND METHODS
fermentation strain Candida sp. is showed high furfuraMedia and Microorganism
tolerance and is used to convert xylose into xylitol from various
source of nordetoxified lignocellulosic hydrolyzates The The yeast strainCandida parapsilosisstrain BKR1 (NCBI
overall utilization of xylose inhydrolyzate reachesover 95 Accession No:KC462059 was isolated asdescribed earliét
percent. Bioconversion of xylitol is invariably affected by and the strains were maintainedat #C in culture medium
medium composition and process conditievisich emphasize supplemented with 20 g agar. The medium composition (g/l) is
the importance ofoptimization study Response surface given as: malextract- 3.0; yeast extract 3.0; peptone 5.0;
methodology (RSM) is sasignificant statistical analysigool glucose- 10.0, with pH 7. It wastored at 4°C agjar slants and
useful for optimization of mediumequirementsand process subcultured every thirty days to maintain viability.
conditiong. Using factorial design model equationswere Composition of the modified minimal mediunAmmonium
developedor optimizing different biotechnologicéhtervention  sulphate- 3 g/l; KH2POy 7 5 g/l; Yeast extract 3 g/l; MgSQ, i
of xylitol productior. In chemical method of xylitol production, 0.2 g/l; ZnSQ T 6 mg/l; CuSQ i 0.4 mg/l; FeGd 1 15 mgll;
severalenergy expensivateps involved irthe purification of CoCk 1 0.45 mg/l; MnSQ@1 5 mg/l; CaCti 200 mg/l; Xylose
xylose from wood hemicellulose The microbial conversion of
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T 100 g/l. Optimization studies were carried out in the minimal Xi=(XiT Xo) /i (Empx 1)
medium.
where xi coded value of théhivariable, Xi uncoded value of
Fermentation conditions the i" test variable and i uncoded value of thé'test variable
at center point. The regression analysis is performedatuate
Xylitol Fermentation was carried out in Erlenmefiasks of  the response function as a second order polyn@rakssion,
250 ml with 100 ml of modified minimal medium (MMM) .
Each flasks are supplemented with different nutrient k k k-1 k
concentration for tests accordit@the selected factorial design Y = g0 + Z,BiXi + Z,Bi.Xi.Xi + z ZBinin
and maintained asepticallyAfter cooling the flasks at room = =
temperatureall the flasks were inoculated with 1 ml gfown
culture broth individually. All the inoculated flasks were (Eqn. 2)
maintained at 3 under agitation a00 rpm for 48 thased on
the results obtained from preliminary screening carried out fathereY is the predicted responsg) constant,Bi, fj and Bij

i=1,i<j j=2

five days are coefficients estimated from regression. They represent the
linear, quadratic and cross products Xif and Xj on output
Analytical methods functions(responses)

The quantification of xyloseand xylitol were characterizedby  Model fitting and statistical analysis

high performance liquid chromatography using ion moderated

partition chromatography column SHODEX SC 1011 sugaThe regression analysis with statistical significanaad
columnof 300 X 7.8 mm dimensiorSamples are eluted with graphical interferencevere carried out usinBesign Experts 7.0
deionized HPLC grade water at a flow rate of 0.5 ml/min software In order to visualize theassociationbetween the
80°C and detected with a differential refractomedetector experimental and respons@riables the surface and contour

(WATERS 410})'*. plots wereobservedrom the modelslisplayed through software
options The optimum values of the process variablesre
Optimization of xylitol production obtained from the regression equatigenerated based on the

response values
Plackett Burman experimental factorial design is a fractional
approach and the main outputs of such a design may ®ae competenceof the models was furtharindicatedthrough
estimated as the diffence between the average ofanalysis of veance (ANOVA). Lackof-fit is exceptional
measurements made at the high level (+1) and low le¥ebf diaghostic test forinspecting the proficiencyf a model and
the factor.For the screening of significant medium componengompares therror, based on the replicate measurements to the
in xylitol production, PlacketBurman experimental design other lack of fit, based on the model performahce-value,
assumes there isnly linear correlation ando interaction calculated ratio between the laokfit mean square and the pure
amongthe variablesTo identify the most significant variables error nmean square are statistic parameters used to determine
affecting the xylitol production, PlackéBurman design was whether the laclof-fit is acceptable or npat significantlevel.
employed. The low level-1) and high level (+1) oEleven The statistical models were validated with respect to xylitol
variables are tabulated(Tale 1) and were screened in3l production under the conditions predicteg the model in
experimental rungs shown irTable 2 The insignificant ones  laboratorylevel experimentsSamples were drawn at the desired
were eliminated in order to obtainraasonableset of factors intervals and xylitol productiowas determined as described
convenient to derive a conclusive resiile statisticaboftware  elsewheré
package Design Expert 7.0.0 (Staase Inc., USA)was
employedto interpret and analysthe experimentaldata The RESULTS
significantfactors wereenlisted based on PBD approach which
leads tothe usage oftentral compositelesign (CCD)and Box  PlackettBurman experiments (Tab®) showed aconspicuous
Behnken Design(BBD) to obtain a quadratic modfr medium  variation in xylitol production. The deviations reflected the

components and process parametespectively importance of optimization to attain higheylitol productivity
from the industrial perspectiverom theParetochart (Figure 1)
Response Surface Methodology the variables, viz.Xylose, PotassiumDihydrogen Phosphate

Yeast extracand Magnesium sulphateere selecta for further
The face centredcentral composite desigand BoxBehnkan  optimization to attain a maximumylitol yield. The level of
design were used to study the effects of variables on theifactors Xylose, PotassiunDihydrogen Phosphate, yeast extract
responses and subsequemtitheresponse surfacgptimization & magnesium sulphatand the effect of their interactions on
studies Both themethods are suitable for fitting the model to axylitol production wereassessed througlace centredcental
quadratic surface and alsed to optimize theactualparameters composite design of RSM.
with least number of experiments, as well as study the
interactionamongthe process/ mediurparameters. In order to Thirty experiments werperformedat different combinations of
determine the existence of a relationship between the factors ang factorsas shown in Table 3 and the central point was
response variables, thmprocessedatawereanalysedhrough repeated six times (1, 2, 7, 9, 15 and W8jch is evident from
statisticalmeans using correlation andregressionmethods A the table itself The predicted andxperimentaresponses along
regression design tgpically employed to model a response as ayith design matrix are presented in TableABLOVA was most
mathematicalequationsof a few continuous factors and goodsuccessful and prominent tool for analysis of statistical

model parameteassessmentre desiretd _ _ information which was employed in this studyjhe second
The coded values of the process parameterssiimated using order polynomial regression equatiorexhibits the different
the following equation: levels of xylitol production as a function offluencing

variables, Xylose, Potassium Dihydrogen Phosphate, yeast

53



Balakrishnaraja Rengaraju et al. Int. Res. |. Pharm. 2017, 8 (7)

extract and magnesium sulphate, which carrdpeesented in increase very large due to noise signals/ standard deviations.
terms of coded factors as: The smaller themagnitude of P value, more significant is the
corresponding coefficient which signifies the model can be
Y = 0.56+ 0.03*A+ 0.01*B- 0.018*C+ 0.023*D+0.01*AB — technically adopted for the response chosen such as xylitol
0.032*AC -0.005*AD — 0.01*BC — 0.0025*BD+ 0.0125*CD-  productiori. From the P value, it was found that the interaction
0.082*A2-0.13*B?>-0.082*C>-0.117*D* (Egn. 3) among the variables AB, ABC, CD was found to be in good
agreement with the enhancement of xylitol production. Also the
where Y is the xylitol yield (g/g), A, B, C and D are Xylose,interaction among the above stated variables could decide the
PotassiunDihydrogen Phosphate, yeast extract and magnesiurate of xylitol production and it is rationale to understand that
sulphate, respectively. this is the rate limiting stepf xylitol formation in the isolated
novel Candida parapsilosiBKR1. The above derived model
Box-Bemken design was used for optimization of the processan be used to predict the xylitol production within the limits of
parametersuch as agitation (rpm)emperature (°C), pH and the experimental conditions that the tangible response values
inoculum level (ml/l)based orits influence to affect theylitol — agree well with the predicted mense valués.
yield during fermentation processRange of theprocess
parameters werassessed at 4 coded leveldistedin Table 4. The production of Xylitol with variable interactions were
The xylitol yield was selected as response due to differeanalyzed by plotting surface curves against any two independent
experimentakuns. Twenty nineexperiments were performed in variables, while keeping another variable at its central (0) level.
triplicates taanalysethe outputresponses tabulated iTable5  The curves of calculating response (viz., Xylipobduction) and
which shows considerable reduction in standard error contour plots from the interactions between the variables are
depicted in Figures -2. Figures 2 show the dependency of
The quadratic models in terms of coded variables are shownxylitol on xylose substrate against yeast extract and magnesium
the following equation (4), where (Y) represents xylitol yieldsulphate as independent variable. The Xylitol productio
(g/g), as a@unction of Agitation (A), pH (B), Temperature (C) increased with increase of yeast extract concentration up to 4 g/l
and Inoculum level (D). and then Xylitol production decreases with further growth in
yeast extract. Similar effects were noted in Figures 3 and 4.
Y = 0.534+ 0.04*A + 0.013*B- 0.02*C + 0.017*D + Increase in KHPQu concentration resulted in the increase in
0.0025*AC — 0.02*AD + 0.017*BC + 0.037*BD + 0.04*CDB-  Xylitol production up to 2.8 g/l. The optimal concentrations of

0.137 *A>—0.193* B -0.173*C?-0.142*D% (Eqn. 4) (NH4):SQi, KH2PQi, MgSQ:»7H.O and yeast extract for
enhancing xylitol yield were dogged by response surface plots
DISCUSSION and estimated by regression equafion

Statistical tools are prominent in analysing the experimental datalidation of the Experimental Model: der the optimized
with the response function usually evaluated through ANOVAperating concentration in modified minimal medium: Xyldse
significance test and found to express significant results fdi04.69 g/l, Yeast Extract 4.12 g/l; KHPQs 712.84 g/l and
second order polynomial equation. Regression coefficieft (RMgSO47H201 2.09 g/l as suggested by the regression model,
was gatistically calculated as 0.9954 for the xylitol yield (Y), batch experiments were performed to validate the résufisur
which accounts for only 99% of the variability in response antepeated experiments were performed to check the consistency.
purely found to show no lack of fit with the model developedThe xylitol production (0.555g/g) obtained from experiments
The predicted regression coefficient value of 0.9787 was was in close agreement to the actual response (0.568 g/g)
reasonableagreement with the adjusted? Ralue of 0.9912 predicted by the regression model equations, which proved the
which is evident from the analysis of variance and the contogogeng of the model. The response surface methodology was
plots shown in the figure 24. The adequate precision value ofexhibiting similar analysis and interpretation as described
39.116 indicates satisfactory signal and suggests that the modi@sewheres,

can be used tmavigate in the given design space, since the

threshold cubff of undesired precision is mere 4. Based on the

statistical report, there is only 0.01% chance thaatl® might

Table 1: Placket Burman Design for Eleven medium components

S No Factor Code Factor — Medium Composition (-) level (+) level
1 A Ammonium Sulphate (g/l) 2 4
2 Potassium Dihydrogen Phosphate (g/l) 3 7
3 C Yeast Extract (g/1) 2 4
4 D Magnesium Sulphate (g/l) 0.1 0.3
5 E Zinc Sulphate (mg/l) 4 8
6 F Copper Sulphate (mg/l) 0.3 0.5
7 G FerricChloride (mg/l) 10 20
8 H Cobalt Chloride (mg/l) 0.3 0.6
9 J Manganese Sulphite (mg/l) 3 7
10 K Calcium Chloride (mg/l) 150 250
11 L Xylose (g/l) 50 150
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Table 2: Nutrient screening using Placket Burman Experimental Design
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Table 3: FaceCentred Central Composite design (FCCCD) in coded levels with xylitol yield as response

Run A: Xylose B: Yeastextract C: KH2.PO4 | D: MgSO4 Xylitol yield (g/g)
Experiment Prediction
1 100 4 3 2 0.55 0.54
2 100 4 3 2 0.58 0.57
3 100 2 3 2 0.39 0.38
4 100 4 3 3 0.45 0.44
5 100 6 3 2 0.45 0.44
6 120 2 2 1 0.19 0.19
7 100 4 3 2 0.57 0.56
8 120 2 4 3 0.15 0.15
9 100 4 3 2 0.56 0.55
10 80 6 4 3 0.15 0.15
11 100 4 3 1 0.42 0.41
12 100 4 4 2 0.46 0.45
13 80 6 4 1 0.07 0.07
14 80 2 2 3 0.09 0.09
15 100 4 3 2 0.58 0.57
16 120 2 2 3 0.23 0.23
17 80 2 2 1 0.08 0.08
18 100 4 3 2 0.58 0.57
19 80 4 3 2 0.45 0.44
20 120 6 4 1 0.12 0.12
21 80 2 4 1 0.09 0.09
22 80 2 4 3 0.19 0.19
23 120 6 4 3 0.17 0.17
24 80 6 2 3 0.14 0.14
25 80 6 2 1 0.09 0.09
26 120 4 3 2 0.49 0.48
27 120 6 2 1 0.26 0.25
28 100 4 2 2 0.48 0.47
29 120 6 2 3 0.26 0.25
30 120 2 4 1 0.08 0.08

Table 4: Ranges of coded values in Box Benhem design

Process variable Code (-) Level (+) Level
Agitation A 50 150
pH B 4 6
Temperature C 28 32
Inoculum level D 0.5 15
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Table 5: Box Benhem Design in coded levels with xylitol yield as response

Run A: Agitation B: pH C: Temperature D: Inoculum Xylitol yield (g/g)
(rpm) (°C) level (ml) Experiment Predicted

1 100 4 30 0.5 0.21 0.20
2 150 5 30 15 0.3 0.28
3 50 4 30 1 0.16 0.15
4 150 6 30 1 0.25 0.24
5 100 6 30 15 0.25 0.24
6 100 6 30 0.5 0.16 0.15
7 100 5 30 1 0.52 0.49
8 100 5 28 15 0.24 0.23
9 50 5 30 0.5 0.18 0.17
10 150 5 32 1 0.23 0.22
11 100 6 32 1 0.19 0.18
12 100 6 28 1 0.19 0.18
13 100 5 32 15 0.28 0.26
14 100 5 30 1 0.53 0.50
15 100 5 30 1 0.54 0.51
16 50 5 32 1 0.16 0.15
17 100 4 32 1 0.12 0.11
18 50 5 30 15 0.23 0.22
19 100 4 30 15 0.15 0.14
20 50 6 30 1 0.18 0.17
21 100 5 30 1 0.55 0.52
22 100 5 30 1 0.53 0.50
23 150 5 30 0.5 0.33 0.31
24 100 5 32 0.5 0.12 0.11
25 100 4 28 1 0.19 0.18
26 150 5 28 1 0.27 0.25
27 150 4 30 1 0.23 0.22
28 50 5 28 1 0.21 0.20
29 100 5 28 0.5 0.24 0.23
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Figure 1: Pareto chart showingthe effect of media component on xylitol Production
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Box-Behnken Design CONCLUSION

To accommodate the response function and experimental ddta, the presentinvestigation PlackettBurman design was
regression analysis were performed and the second order moadbpted to understandthe relative importance oflifferent
for the reactionwas valued by ANOVA which reveals the medium componentsvolved with xylitol production. Among
results are statistically significaritack of fit was not displayed the medium constituentsPotassiumDihydrogen Phosphate,
by the chosen model during the statistical analysis and Magnesium sulphate, yeast extract and xylwsee foundto be
regression coefficient of 0.9890 was obtained accounting f@redominant variables majorly regulating the fermentative
98% variability in responseif thexylitol yield (Y) as response production of xylitol in Candida parapsilosisBKR1 under
function. The predicted Rvalue of 0.9411 was irsensible optimized conditionsRecurrentfactorial desigs usingCentral
agreement with the adjusted Ralue of 0.9780. The adequate Composite Desigreveals the optimized value afgnificant
precision value of 29.334 indicates amceptablesignal and variables for xylitol production areXylosei 104.69 g/l, Yeast
suggests that the model can lgedto navigatein the design Extracti 4.12 g/l; KHRPOy 7 2.84 g/l and MgSOZH201 2.09
spaceF ratio of 90.09 implies the model is significafrom the g/l. The presentstudy showedthe significance of medium
P value it was found that, theteraction between the variables components during theommercialylitol production Based on
BD and CD wascrucial and significantate limiting regimefor  the Box Behnken Methodthe optimized conditions for the
enhancingxylitol yield. The discussedmodel can be used to procesgparameters were found to Begitation - 107 rpm, pH-
predict the xylitolyield within the limits of the experimental 5, Temperature 30°C, yeastinoculum level- 1 ml. The xylitol
factors that the actual response values agree well with thield was determinetb be0.55 g/gwhich supports the technical
predicted response valdes and commercial feasibilityln future, the strain improvement
strategies could also help in the enhancement of the xylitol
The response surface curves for the xylitol yieldd its yield.
interaction with dter independent variablegere shown in Fig.
5-7. From the diagrams, it was observed that increase in t#MCKNOWLEDGEMENT
agitation beyond 107 rpm reduces the xylitol yialtich is in
corroboration with many of the earlier research findifigkh  Authors would like to express their thanks Rsincipal &
general, he ovoid/ elliptical shape of the curve indicates goodManagement of Bannari Amman Institueé Technologyfor
interaction between the two variables and circular shaghkeir financial supporandproviding thelaboratory facilities.
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