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Abstract: In the present investigation xanthan gum produchgnthe bacteriunXanthomonas campestris
(ATCC 29497) and a local isolated strain was comgalhe process parameters for xanthan gum praoaducti
were optimized using Response Surface MethodologyAatificial Neural Network. RSM-Central Composite
Design was applied to determine the mutual intevastbetween the four parameters like pH, temperatu
fermentation time and inoculums size and its optilmeels for xanthan gum production usiXgnthomonas
campestris and local isolated strain. The optimum parametduegsare found to be pH; 6.98, temperature;
29.88C, fermentation time; 4.06 day and inoculums s&85ml usingXanthomonas campestris andpH; 6.9,
temperature; 30.0€, fermentation time; 4.1 days and inoculums s&&ml using local isolated strain.
Artificial neural network (ANN) is also employed rfahe modelling of xanthan gum production by
Xanthomonas campestris and local isolated strain. A feed forward backpagation neural network tool is used
for the optimization. ANN predicted and RSM preditivalues are compared with the experimental vdhres
both organisms.

Keywords: Xanthan gumXanthomonas campestris, Banana petioles, Response surface methodologjicrat
neural network and FTIR.

1. Introduction

Xanthan gum, presently the most important and secommercialized microbial polysaccharide [1] is
produced by microbial fermentation with the bacterXanthomonas campestris [2]. It was discovered in 1963
at Northern Regional Research Center (now callesl National Center for Agricultural Utilization Reseh)
of the United States Department of Agriculture (WSD3]. Xanthomonas campestris is being used for the
production of xanthan gunXanthomonas cells are gram-negative, aerobic, straight rodsdlys 0.4—0.7 pum
widex0.7-1.8um long) with a single polar flagellu@olonies are usually yellow, smooth and butyrous o
viscid [4]. It can be cultured at different temperas ranging between 25 and@%n neutral pH [5].

Xanthan gum is widely used in a broad range of strits, such as in foods, toiletries, oil recovery,
cosmetics, as water-based paints, etc., due wufisrior rheological properties and is used asealogical
control agent in aqueous systems and as stabfiizeemulsions and suspensions. The xanthan gum now
become one of the widely used ingredients in fomdipct [6 7 8]. Commercial production of xanthamguses
glucose as the substrate, and generally batch gioduinstead of continuous production due to théch
process having been proven to work successfullja$t been found that the production and the priegeof
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xanthan gum are influenced by pH, temperature, datation time and inoculums size used Xanthan gum
production.

The present study was undertaken to compare xagtimamroductiorby Xanthomonas campestris and
local isolated straiin batch experiments usingsponse surface methodology where, the instantansftects
of the four independent variables (pH, temperatumees of fermentation and inoculums size) were stigated
for optimum xanthan gum production. Response sarfaethodology is a very effective and most popular
statistical tool to optimize the variables havirgual importance and influence on each other inxdrghan
gum production. Recently, artificial neural netw@ANN) is gaining importance as the most populaifieial
learning tool in biotechnology. An artificial nelirdetwork (ANN) trained by back propagation alglonit with
three layers is used to predict the yield of xamtbam. The first layer has input neurons, whichdsdata via
synapses to the second layer of neurons, and thenore synapses to the third layer of output nesiro

2. Materialsand M ethods

2.1. Isolation of strain

A local strain was isolated from infected banantiopes. The diseased petioles tissues were cut into
small pieces, soaked in 10ml sterile distilled wated 1 dilution of the suspension was streaked on to the
agar plates (10 g/l glucose, 3 g/l yeast extragt] &alt extract, 5 g/l peptone and 20 g/l agéhe plates were
incubated at 3 for 24h. Individual bacterial colonies developsdre purified by re-plating on selected
medium and stored at’@ for further use. The inoculum was prepared irt thadium without agar and
incubated for 24 h at 30.

2.2. Xanthomonas campestris - gr owth conditions and inoculums prepar ation

Xanthomonas campestris (ATCC 29497) was obtained from the National Cdltat of Industrial
Microorganisms (NCIM), Pune, India. It was cultigdtin MGYP medium containing (g/l); glucose 10, toee
5, yeast extract 3, malt extract 3 and agar 20. ibeulums was prepared in the medium without ayaf
incubated for 24 h at 80. Sub culturing was carried out once in every 2kseand culture was stored 8€4n
refrigerator.

2.3. Production media and cultur e conditions

The production of Xanthan gum was carried out i@rBDErlenmeyer flasks with 200ml medium
containing (g/l) : glucose 40, yeast extract 3,tpep 5, KHPQ, 5, MgSQ.7H,O 0.2, (NH4)SO, 2.7, citric
acid 2, HBO; 0.06, ZnC} 0.06 and CaCg0.02. The initial pH of the medium was adjusted 10 with 1 N
NaOH and incubated for 4 days at 30°C in an orsiaker.

2.4. Fermentations

Experiments were carried out in 500ml Erlenmeyask$s containing 90ml of medium and 10 ml of the
inoculums (grown for 24 h on MGYP medium). Prodostimedium was incubated for 4 days at 30°C in an
orbital shaker at 200 rpm (constant agitation wastained throughout the experiments) and a cohateiow
rate of 1 vvm was maintained.

2.5. Determination of xanthan gum concentration

Xanthan gum was recovered from the samples by ifiggdtion at 10000g for 30 minutes atC4
Xanthan gum in the supernatant was precipitateagustihanol (1:2 v/v). The solution was maintained’€
for 24h and re-centrifuged at 10000g for 30 mintedC. The centrifuged precipitate was collected whsch
to be the required product, xanthan gum [9]. Théstace was removed from precipitate by lyophilieati

2.6. Determination of residual sugar concentration

The supernatant of samples centrifuged at 5000 fgsnl0 min was used for the determination of
residual sugar concentration by the dinitrosalccgitid method.

2.7. Spectroscopy of Fourier transform infrared (FTIR)

Fourier transform infrared spectroscopic analysiaswperformed at the Facility of Chemical
Engineering at Annamalai University, Tamil Nadundia. Samples of commercial xanthan gum (CX) and
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produced xanthan gum (PX) were analyzed by operatirthe spectral window from 400 to 4000 waves/cm
using KBR pellets.

2.8. Experimental methodol ogy

Central composite factorial plan with four factaasd five levels was used to test the effect of
significant process parameters such as pH, temperdermentation time and inoculums size on xamtiam
production byXanthomonas campestris and local isolated strain using commercial softwdiritab 16 [10].
Coded and Uncoded levels and experimental desgmigen in Table 1. The actual level of each fagtas
calculated using the following equation:

Coded value= actual level- (high level + low leved) (2)
(high level - low leyel

Thirty one experiments were carried out each & lgwels (Table 2 & 3) in a batch experiment far th
production of xanthan gum usixgnthomonas campestris and isolated strain. Xanthan gum concentration was
analyzed using second-order polynomial equation ted data were fitted to the equation by multiple
regressions [11]. The model equation for the amgalgggiven below:

V= By + B X+ B Xy + BXs 4 BX, 'ﬁnxi: i 16k T Bssxe‘; T Bﬁ-r:: By X Xy +

BiaX Xy + By Xy Xy 1 B Xy X5 + By XKy + B X3, (2)

where X, X,, X3z and X, are the levels of the factors ad B,, Bz andp, are linear coefficient$ 1, B2z, B3z and

B4q are quadratic coefficients, arfid,, Bis, B4, P23, P24 @nd P4 are interactive coefficient estimates with
playing the role of scaling constant. Analysis afiance (ANOVA), and regression analysis were edrout
and 3D plots were drawn using the software desigpert 8. The design allows to vary the factors
simultaneously and to give the individual, inteheetand square effects of the parameters associdthdhe
xanthan gum production through a second order pofyal equation.

Table 1 Level and code of variables chosen for Central Composite Design

Variable Symbols Coded levels

Uncoded Coded -2 -1 0 1 2
pH X1 A 5 6 7 8 9
Temperature®C) X5 B 26 28 30 32 34
Fermentation time (day) X C 2 3 4 5 6
Inoculums size, ml (v/v) X D 5 7.5 10 12.5 15

2.9. Artificial Neural Network

Neural network feed forward back propagation, whiclwidely used ANN, consists of three layers
namely input, output and hidden layer. Neuronsiput layer simply direct input data to the neurohkidden
layer without any processing. The processing irdéidlayers consists of collecting the data fronvipres
layer, multiplying them by their corresponding weigy summing the values, putting the results ir@linear
or linear activation function (f), and finally addj a constant value called bias, mathematically:

Yi :éf(""u Xi)+bi (3)

where x and y are input and output of neuron, sy, n is number of inputs to the neuror),isithe weight
of the connection between neuron i and neurond pis the bias associated withrjieuron.

In this work, tangent sigmoid transfer function (Y8IG) is used in hidden layer, while a linear
transfer function (PURELIN) is applied in the outpayer. The two layers of hidden neurons are usddis
study. The input layer consists of the nutrienteecged in the experimental values of CCD desigd, tha
output layer contains the xanthan gum production.
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Table 2. Five level Central-Composite design matrix for dpimization of significant process parameters in
Xanthan gum production usingnthomonas campestris

Fermentation Inoculums Size, Xanthan gum production (g/|)

Temperature ;

RunNo. pH (°C) time (day) ml (V) Experimental Predicted
1 -1 1 -1 -1 6.5 6.204167
2 0 0 0 0 18.3 18.3
3 -1 1 -1 1 7.2 7.191667
4 0 0 0 0 18.3 18.3
5 1 -1 1 -1 7.4 8.025
6 0 0 -2 0 10.3 10.45417
7 -1 -1 -1 -1 6.9 7.208333
8 1 1 1 1 5.8 6.108333
9 0 0 0 0 18.3 18.3
10 0 0 0 0 18.3 18.3
11 1 -1 -1 -1 6.2 6.320833
12 0 2 0 0 4.3 3.654167
13 2 0 0 0 2.5 1.520833
14 -1 -1 -1 1 7.9 8.070833
15 0 0 0 2 8.3 8.220833
16 -1 -1 1 1 7.7 7.375
17 1 -1 1 1 55 6.4875
18 1 -1 -1 1 4.9 4.808333
19 0 0 0 -2 10 8.770833
20 -1 1 1 1 6 6.570833
21 0 0 0 0 18.3 18.3
22 0 0 2 0 13 11.5375
23 -2 0 0 0 3.2 2.870833
24 -1 1 1 -1 4.9 5.608333
25 0 0 0 0 18.3 18.3
26 -1 -1 1 -1 5.7 6.5375
27 1 1 -1 -1 4.8 5.741667
28 1 1 -1 1 4.5 4.354167
29 0 0 0 0 18.3 18.3
30 1 1 1 -1 7 7.520833
31 0 -2 0 0 5.7 5.0375

In this study, experimentally collected data (RSKIED) are divided into two groups. Alternative data
can be used for training (50%) and testing (50%e Tirst partition is used to perform the trainiofythe
network and the last partition is utilized for esiting the performance of the trained network ow data,
which never was seen by the network during thaitgi

Back-propagation algorithm with the momentum-leagmiule is used to implement supervised training
of the network. Back propagation is based on s@aydm error surface using gradient descent fantf)i with
minimum error [12]. In this algorithm, training gi® with randomly initialized connection weightshél
response to each neuron in the output layer is th&ulated and is compared with the correspondesired
output. Errors associated with the output neuroepeopagated from output layer to the input ldiieough the
hidden layer to modify the weights. Correlation fioient (R?) is calculated based on testing data and applied
to study the performance of ANN in prediction oh#zan gum production.

3. Results and Discussion

3.1. Process parameter optimization using Central-Composite Design for Xanthan gum production
using Xanthomonas campestris

The design matrix which consists of 31 experiment@ls was constructed, in order to arrive at a
second order polynomial equation for the predictibrxanthan gum production. The design matrix dredrt
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corresponding experimental and the predicted vaoegiven in Table 2. The experimental resultgeagthat
the maximum values of xanthan gum production wdrtained for the runs with the central points. The
experimental runs of 2, 4, 9, 10, 21, 25, and 28lpced the highest xanthan gum (18.3 g/l). Theltestere
analyzed using the analysis of variance (ANOVA) Hralestimated coefficients are presented in Table

Table 3. Results of the ANOVA of the process parameter agtition data of Xanthan gum production using
Xanthomonas campestris by Central-Composite design of experiments

Source Sum of Degrees of Mean E Value P-Value
Coefficient Squares Freedom (DF)  Square Prob > F
Model 18.3 781.43 14 55.82 82.79 0.0001
A-pH -0.34 2.73 1 2.73 4.06 0.0623
B-Temperature -0.35 2.87 1 2.87 4.26 0.0568
:i:r;]';erme”ta“on 0.27 1.76 1 1.76 261 0.1269
D-Inoculums 0.14 0.45 1 0.45 0.67 04248
AB 0.11 0.18 1 0.18 0.27 0.6123
AC 0.59 5.64 1 5.64 8.37 0.0112
AD -0.59 5.64 1 5.64 8.37 0.0112
BC 0.019 0.0056 1 0.0056 0.00834 0.9284
BD 0.031 0.016 1 0.016 0.023 0.881
CD -0.00625 0.000625 1 0.000625 0.000927 0.9761
A? -4.03 444 .59 1 444 59 659.47 0.0001
B? -3.49 333.8 1 333.8 495.14 0.0001
C? -1.83 91.46 1 91.46 135.66 0.0001
D? -2.45 164.78 1 164.78 244.42 0.0001
Residual 10.11 15 0.67
Lack of Fit 10.11 10 1.01
Pure Error 0.000 5 0.000
Total 791.55 29

ANOVA results of the data indicate that the motigins, A, B, AC, AD, &, B2, C2 and T are
significant (P < 0.05). Values greater than 0.10@lcate the model terms are not significant. Tlhiuis clear
that the linear effects of pH and temperature, sxjeffects of pH, temperature, microbial load afftuent
concentration and interactive effects of pH andnfartation time & pH and inoculums size are sigaific The
model F-value was 82.79. The high F-value and ngmifgant lack of fit indicate that the model iggaod fit.
The P-values for the model (<0.0001) from the asialglso suggested that the obtained experimeatalwias
in good fit with the model. The regression equatioefficients were calculated and the data wasdfitb a
second-order polynomial equation. The xanthan guodyction usingxanthomonas campestris can be
expressed in terms of the following regression gqoa

Y = 18.3-0.34A-0.35B+0.27C—0.14D+0.11AB+0.538G9AD +0.019BC
+0.031BD-0.00625CD — 4.03/3.498 — 1.83C¢-2.45 B

where, A, pH; B, temperature; C, Fermentation Tand D, Microbial Load.

The regression equation obtained from the ANOVAwgt that the R(multiple correlation coefficient) value
was 0.9872 (a value > 0.1 indicates the fitnesthefmodel). This is an estimate of the fractionoweérall
variation in the data accounted by the model, dns the model is capable of explaining 98.72% ef th
variation in response. The ‘adjuste [.9753) and the ‘predicted’R(0.9264) are in reasonable agreement,
which indicates that the model is good. The ‘adégpaescision value’ of the present model was 28m@l this
also suggests that the model can be used to navigatdesign space. The ‘adequate precision vauah
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index of the signal-to-noise ratio, and valuesighkr than 4 are essential prerequisites for a iod#e a good
fit.

The following are the optimum values obatained blving the second degree polynomial equation:
pH, 6.98; temperature, 29%8 fermentation time, 4.06 days and inoculums s&z85 ml. These optimum
values were maintained for all further studies.

3.2. Artificial neural network based modelling for Xanthan gum production by Xanthomonas campestris

The data obtained from RSM experiments are usethéatelling the xanthan gum production. 50% of
the data are used to train the ANN. The modekisi¢d using different combinations of the paranseseras to
achieve maximum determination coefficient values.(i100% correlation between measured and preldicte
values). This is achieved by a vigorous trial amreapproach. Xanthan gum production is predicisithg
various nutrient concentrations as the input véembANN predicted values are compared with remagitti0%
data. It can be observed that all the data poartgdnthan gum production are predicted accurdgliyne ANN
model. The correlation coefficientRs found to be 0.99yhich is very close to 1 and can explain up to 99%
variability of the model Figure 1 shows the comparison of predicted valoEsANN and RSM with
experimental values. From the figure it is cleat tIANN fits the data well to experimental valuesfi RSM.
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Figure 1: Comparison of experimental values with RSM and ANfedicted values for the production of
Xanthan gum production usi@nthomonas campestris

3.3. Process Parameter Optimization using Central-Composite Design for Xanthan Gum Production by
Local Isolated Strain

The design matrix which consists of fpeximental runs was constructed, in order to aratva second
order polynomial equation to predict the xanthammgproduction system. The design matrix and their
corresponding experimental and the predicted vadvegjiven in Table 4. The experimental resultgeagthat
the maximum values of xanthan gum production wdrtained for the runs with the central points. The
experimental runs of 6, 10, 15, 18, 20, 21, ang@duced the highest xanthan gum production (24)8The
results were analyzed using the analysis of vaeidANOVA) and the estimated coefficients are presented in
Table 5.

ANOVA results of the data indicate that thedel terms, A, C, D, AB, AC, AD, BC, A B2, C2, D? are
significant (P < 0.05). Values greater than 0.1bf@lcate the model terms are not significant. Thius, clear
that the linear effects of pH, fermentation timedanoculums size, square effects of all the termd a
interactive effects of pH and temperature, pH ardhéntation time, pH and microbial load & temperatand
inoculums size are significant. The high F-valu¢.02) and non-significant lack of fit indicate thlaé model is
a good fit. The P-values for the mod@t0.0001) from the analysis also suggested that thtaired
experimental data was in good fit with the modéie Tegression equation coefficients were calculatetithe
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data was fitted to a second-order polynomial equafThe xanthan gum production using local isolatedin
can be expressed in terms of the following regoessquation;

Y = 18.3-0.63A+0.058B+0.95C~0.725D-0.762AB8FRXC—-0.55AD .
+0.675BC-0.062BD-0.112CD — 4.245A 428 — 1.408C — 1.830 )

where, A, pH; B, temperature; C, Fermentation Tand D, Microbial Load.

The regression equation obtained from the ANOVA vei that the R (multiple correlation
coefficient) value was 0.9981 (a value > 0.1 intsathe fitness of the model). This is an estinuit¢he
fraction of overall variation in the data account®dthe model, and thus the model is capable ofagxpg
99.81% of the variation in response. The ‘adjus®d (0.9963) and the ‘predicted R(0.9888) are in
reasonable agreement, which indicates that the Imedmod. The ‘adequate precision value’ of thespnt
model was 30.018, and this also suggests that th#elncan be used to navigate the design space. The
‘adequate precision value’ is an index of the digoaoise ratio, and values of higher than 4 asseatial
prerequisites for a model to be a good fit.

Table 4. Five level Central-Composite design matrix for tdptimization of significant process parameters in
Xanthan gum production using local isolated strain

Fermentation Inoculumn Size, Xanthan gum production (g/l)

Temperature

RunNo.  pH (°C) time (day) mi (vIv) Experimental Predicted
1 -1 1 1 1 13.0 13.1583
2 -1 1 -1 1 10.5 10.6083
3 -1 -1 1 1 104 10.0417
4 1 1 -1 1 6.7 6.2417
5 0 -2 0 0 4.2 4.0000
6 0 0 0 0 21.8 21.8000
7 0 0 2 0 18.0 18.0667
8 1 -1 1 -1 13.0 12.5750
9 0 0 0 -2 18.3 18.5167
10 0 0 0 0 21.8 21.8000
11 1 1 1 1 9.6 9.7417
12 1 -1 1 1 9.5 9.6750
13 0 2 0 0 4.0 4.2333
14 1 -1 -1 1 8.7 8.8750
15 0 0 0 0 21.8 21.8000
16 2 0 0 0 3.4 3.5500
17 -1 1 1 -1 14.1 13.6083
18 0 0 0 0 21.8 21.8000
19 0 0 -2 0 14.3 14.2667
20 0 0 0 0 21.8 21.8000
21 0 0 0 0 21.8 21.8000
22 1 -1 -1 -1 11.2 11.3250
23 -1 -1 -1 -1 10.9 10.4417
24 -2 0 0 0 6.2 6.0833
25 0 0 0 2 15.8 15.6167
26 1 1 1 -1 12.5 12.3917
27 0 0 0 0 21.8 21.8000
28 -1 1 -1 -1 10.5 10.6083
29 -1 -1 -1 1 9.8 10.1917
30 1 1 -1 -1 8.4 8.4417
31 -1 -1 1 -1 10.0 10.7417
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Table 5. Results of the ANOVA of the process parameter agtition data of Xanthan gum production using
local isolated strain by Central-Composite desigexperiments

Sum of Degrees of Mean E Value P-Value
Source Coefficient ~ Squares Freedom (DF) Square Prob > F
Model 21.8 959.28 14 68.52 94.01 0.0001
A-pH -0.63 7.82 1 7.82 10.73 0.0001
B-Temperature +0.058 0.034 1 0.034 0.046 0.0436
:i:r;q';erme“ta“on 0.95 21.09 1 21.09 28.94 0.0001
D-Inoculums 0.725 11.9 1 11.9 1633 0.0001
AB -0.762 5.88 1 5.88 8.07 0.0001
AC 0.237 0.33 1 0.33 0.45 0.017
AD -0.55 5.88 1 5.88 8.07 0.0001
BC 0.675 7.43 1 7.43 10.19 0.0001
BD 0.062 0.14 1 0.14 0.19 0.495
CD -0.112 0.005625 1 0.005625 0.0077 0.227
A® -4.245 494.22 1 494.22 678.09 0.0001
B” -4.42 526.75 1 526.75 722.73 0.0001
c’ -1.408 59.25 1 59.25 81.3 0.0001
D? -1.18 46.88 1 46.88 64.32 0.0001
Residual 10.93 15 0.73
Lack of Fit 10.93 10 1.09
Pure Error 0.000 5 0.000
Total 970.21 29

3.4. Artificial neural network based modelling for Xanthan gum production by local isolated strain

The data obtained from RSM experiments are usethéatelling the xanthan gum production. 50% of
the data are used to train the ANN. The modeliméd using different combinations of the paranselige so
as to achieve maximum determination coefficientugal (i.e., 100% correlation between measured and
predicted values). This is achieved by a vigoroias &nd error approach. Xanthan gum productigoréslicted
using various nutrient concentrations as the inpuiables. ANN predicted values are compared véthaining
50% data. It can be observed that all the datatpéon xanthan gum production are predicted acelydty the
ANN model. The correlation coefficienRalue is found to be 0.99hich is very close to 1 and can explain
up to 99% variability of the modekigure 2 shows the comparison of predicted vatiesSNN and RSM with
experimental values. From the figure it is cleat tIANN fits the data well to experimental valuemi RSM.
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Figure 2 : Comparison of experimental values with RSM and Apiddicted values for the production of
Xanthan gum production using local isolated strain
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3.5. Spectroscopic analysis (FT-IR)

The Fourier Transform-infrared spectrum (FT-IRpisnethodology to detect similarities or differences
in chemical structures of compounds. The functiagr@ups present in commercial xanthan (CX) gum and
produced xanthan gum (PX) were analyzed and cordpdiee region studied included all the spectraldsan
located in the window between the wave numbersa#@D4000 c. The infrared spectrum of the CX is very
similar to that obtained for the PX using the stsabf Xanthomonas campestris (NCIM 5028) and local isolated
strain. Based on the results obtained from FTIR, riemote polysaccharide was found to follow the esam
spectral behavior as the standard.

4, Conclusion

The current work optimized the parameters for thedpction of xanthan gum using the bacterium
Xanthomonas campestris (ATCC 29497) and local isolated strain by respossegace methodology and
artificial neural network modelling. Central comgesdesign technique was found to be useful fontifigng
the most influential variables of the system. Optimvalues of pH, temperature, fermentation time and
inoculums size for Xanthomonas campestris and isoddted strains were found to be 6.98, 29038.06 days
and 9.95ml and 6.9, 30.W, 4.1 days and 9.3ml respectively. Under the amintonditions, the maximum
xanthan gum production of 21.8 g/l was achievedgitiie local isolated strain which is found to le¢tdr than
that of Xanthomonas campestris 18.3 g/I. Functional group of the produced xantbam was compared with
that of the commercial xanthan gum by FTIR spectra.

References

1. Paul F, Morin A, Monsan P (1986). Microbial polysharides with actual potential industrial

application. Biotechnol. Adv. 4: 245-259

Galindo E (1994). Aspects of the process for xamfir@duction. Trans. |. Chem. E. 72: 227-237.

Margaritis, A., Zajic, J.E., 1978. Biotechnologyviev: mixing mass transfer and scale-up of

polysaccharide fermentations. Biotechnology andeBgineering 20, 939-1001

4.  Sandvic EL, Maeker JM (1977). Application of xanthgum for enhanced oil recovery. Extracellular
microbial polysaccharides. Am. Chem. Soc. Symp. 8&r242-264.

5. F.-O. Garcia,V.E. Santos, J.A. Casas, E. Gomezthéangum: production, recovery, and properties,
Biotechnol. Adv. 18 (2000) 549-579.

6. Bradford PA, Baid J (1983). Industrial utilizatiasf polysaccharide. In: Aspinall GO (ed) The
polysaccharides, Academic Press, New York, 2: A0.-4

7.  Cottrel IW, Kang KS (1978). Xanthan gum a uniqueteaal polysaccharide for food applications.
Dev. Ind. Microbiol. 19: 117-131.

8. J.F. Bradbury, Genus IIXanthomonas, in: N.R. Krieg, C.G. Holt (Eds.), Manual of Systatic
Bacteriology, Williams & Wilkins, Baltimore, MD, B3, pp. 199-210.

9. Shu, C. H., & Yang, S. T, Effects of temperature catl growth and xanthan production in batch
cultures of Xanthomonas campestBgotechnol ogy and Bioengineering, 35(1990) 454-468.

10. Haaland PD. Experimental design in biotechnology. Ntdrcel Dekker(1989).

11. StatSoft, Inc. (1995). Statistica for windows, ede 5.0. Tulsa, OK. Tuinier, R., ten Grotenhuis &E.
de Kruif, C. G. (2000). The effect of depolymerisggar gum on the stability of skim milk. Food
Hydrocolloids, 14, 1-7.

12. Rumelhart D, Hinton G, Williams R. Learning repnetsgions by back propagating errors. Nature
(1986) 323:533.

wn

*kkk*x



