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ABSTRACT 

In the present investigation the isolated strain producing xanthan gum was studied. The strain was isolated by serially diluting 

the extract of infected banana petioles. Using Response Surface methodology with a Box- Behnken design, three major independent 

variables including Hydrolysis time, H2SO4 concentration and sugarcane bagasse weight were evaluated for reducing sugar extraction 

from acid hydrolysis of sugarcane bagasse. Optimized values from the second order polynomial equation were found to be Hydrolysis 

time 45 minutes; H2SO4 concentration    1 % and sugarcane bagasse weight 10g. The maximum reducing sugar extraction of 4.8g/10g 

of sugarcane bagasse was achieved. The maximum xanthan gum production of 23.8 g/l was achieved at 96 hrs using isolated strain. The 

produced xanthan gum was compared with the commercial xanthan gum by FTIR spectra. The capability of the various growth models, 

namely, Logistic, Monod, Herbert, Shehata & Marr, Tessier and Haldane models in representing the batch kinetic data of the present 

work were analyzed, while Logistic model is best suited in describing the xanthan gum production of the present work. Substrate 

utilization and product formation kinetics were also studied.  

KEY WORDS: Xanthan gum, Kinetics & modelling, Banana petioles, Acid Hydrolysis and Response surface methodology  

INTRODUCTION 
Sugarcane bagasse is a lignocellulose from agro-industry, which provides a low cost material and bioresource for the 

production of bioplastics, biofuels, biochemicals and biomaterials Furthermore (M. Brienzo, 2009), sugar mills generate an enormously 

bagasse at a rate about 135 per metric ton of sugarcane. Lignocellulosic materials have three major components: cellulose, hemicellulose 

and lignin (L. Mesa, 2011). Bagasse is a rich material of cellulose that can be converted to glucose which has been applied to be a 

carbon source in fermentation process (A. A. Silva, 2010). While, hemicelluloses and cellulose of sugarcane bagasse can be readily 

hydrolyzed to monosaccharide in kind of reducing sugars by dilute sulphuric acid (G. Siqueira, 2012). However, the concentration of 

reducing sugar relative with many variables such as; hydrolysis time, % of sulphuric acid concentration and the weight of raw material 

(J. R. A. Santos, 2012). Therefore, optimization of reducing sugar production from acid hydrolysis is an important investigation to apply 

in many researches of energy (C. A. Cardona, 2012; K. K. Cheng, 2008).  

Xanthan gum is a water-soluble hetero-polysaccharide (J.K. Baird, 1989). This polymer is used in a wide variety of foods for 

a number of important reasons. Because of its properties in thickening aqueous solutions, as a dispersing agent and stabilizer of 

emulsions and suspensions, xanthan gum is used in pharmaceutical formulations, cosmetics and agricultural products. It is used in 

textile printing, ceramic glazes, slurry explosive formulations, and rust removers. It is also used in drilling fluids and in enhanced oil 

recovery processes (Garcia-Ochoa F, 2000; Papagianni M, 2001).  

In this present work, xanthan gum is produced by submerged aerobic fermentation by using locally isolated strain extracted 

from infected banana petioles and hydrolysed sugarcane bagasse as a carbon substrate by Response Surface methodology with a Box- 

Behnken design. 

MATERIALS AND METHODS 

Isolation of strain and maintenance: Isolation of strain and maintenance as described in previous publication (Selvi Velu, 2014) 

Acid hydrolysis: To study the effect of acid concentration on the hydrolysis, the experiments were carried out by treating the powdered 

sugarcane bagasse with dilute 1N H2SO4 at different acid concentrations of 0.5, 1and 2% (v/v).  

Batch Fermentations Studies:  One hundred millilitres of the production medium was prepared with the following composition: yeast 

extract 3, peptone 5, KH2PO4 5, MgSO4.7H2O 0.2, (NH4)2SO4 2.7, citric acid 2, H3BO3 0.06, ZnCl2 0.06, CaCO3 0.02 and sugarcane 

bagasse hydrolysate 83.33% (v/v) [4% (w/v) glucose equivalent] and distilled water, 100 ml. The pH of the medium was adjusted to 

7.0 and was sterilized in an autoclave (121oC  and 14 psi) for 20 minutes. The medium was cooled and inoculated with one day pre grown 

culture [10% (v/v)] and incubated for 5 days at 30°C in an orbital shaker. 

Determination of xanthan gum concentration and reducing sugars concentration: Xanthan gum and reducing sugars were 

determined as described in previous publication (Selvi Velu, 2014). 

Spectroscopy of Fourier transform infrared (FTIR): Fourier transform infrared spectroscopic analysis was performed in the 

Department of Chemical Engineering at Annamalai University. Samples of commercial xanthan gum (CX) and produced xanthan gum 

(PX) were analyzed by operating in the spectral window from 400 to 4000 waves/cm using KBR pellets.   

Experimental methodology: Box- Behnken design with three factors was used to test the effect of significant process parameters such 

as Hydrolysis time, H2SO4 acid concentration and sugarcane bagase weight on reducing sugar extraction using commercial software 

Minitab 16 (Letisse F, 2002). Coded and Uncoded levels and experimental design are given in Table 1. The actual level of each factor 

was calculated using the following equation (Esgalhado ME, 2002): 

𝑐𝑜𝑑𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑎𝑐𝑡𝑢𝑎𝑙 𝑙𝑒𝑣𝑒𝑙−(ℎ𝑖𝑔ℎ 𝑙𝑒𝑣𝑒𝑙+𝑙𝑜𝑤 𝑙𝑒𝑣𝑒𝑙)/2

(ℎ𝑖𝑔ℎ 𝑙𝑒𝑣𝑒𝑙−𝑙𝑜𝑤 𝑙𝑒𝑣𝑒𝑙)/2
                                                    (1) 

Kinetics and Modelling: 
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Logistic Model: The logistic model states that the rate of growth of the cell is proportional to the cell mass concentration present at any 

time. When the cell mass reaches the stationary phase there is no growth and hence the rate becomes zero. The growth rate thus depends 

on how far the cell mass concentration is away from the stationary phase.  

𝑑𝑋

𝑑𝑡
= 𝑘𝑋(𝑋𝑆 − 𝑋)                                                                                                                    (2) 

Where, k is a constant defined as the specific growth rate.  The Equation 2 implies that the growth rate increases with an increase in cell 

mass concentration and is independent of the substrate concentration.  

Substrate Utilization Kinetics: Substrate consumption depends on the magnitude of three sink terms, the instantaneous cell mass 

growth rate, the instantaneous product formation rate and a cell mass maintenance function. The assumed kinetic form is a linear 

combination of these terms (Huang T.Y, et.al, 2006) and is given by, 
𝑑𝑆

𝑑𝑡
=  

1

𝑌𝑋 𝑆⁄

𝑑𝑋

𝑑𝑡
                                                                                                                      (3) 

This equation is used for substrate utilization kinetics. The yield coefficient of biomass (YX/S) is based on the substrate utilized which 

is defined as follows:  

𝑌𝑋 𝑆⁄ =
𝐶𝑒𝑙𝑙 𝑚𝑎𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑
= −

∆𝑋

∆𝑆
=

𝑋 − 𝑋0

𝑆0 − 𝑆
                                                            (4) 

These equations are rearranged and integrated with the set of initial conditions X=X0 and S= S0 gives, 

𝑆 = 𝑆0 – [
𝑋 − 𝑋0

𝑌𝑋 𝑆⁄
]                                                                                                                       (5)  

Product Formation kinetics  

Product formation kinetics can be represented by logistic incorporated Luedeking-Piret model which is represented in Eqn 6 and 7 

respectively.  
dp

dt
=  α

dx

dt
                                                                                                                              (6) 

α = 𝑌𝑃 𝑋⁄ = [
𝑃 − 𝑃0

𝑋 − 𝑋0

]                                                                                                          (7) 

Where, p – xanthan gum concentration, g/l 

α – Growth associated product formation constant 

RESULTS AND DISCUSSION 

Process parameter optimization using Box- Behnken design for reducing sugar extraction from acid hydrolysis of sugarcane 

bagasse: The design matrix and their corresponding experimental and the predicted values are given in Table 2. The experimental 

results suggest that the maximum values of reducing sugar extraction were obtained for the runs with the central points. The 

experimental runs of 10, 12, 14, 16 and 17 produced the highest reducing sugar (48 g/l). The results were analyzed using the analysis 

of variance (ANOVA) and the estimated coefficients are presented in Table 3. 

 ANOVA results of the data indicate that the model terms, A, B, AB, AC, BC, A2, B2 and C2 are significant (P < 0.05). Values 

greater than 0.1000 indicate the model terms are not significant. The reducing sugar extract from acid hydrolysis of sugarcane bagasse 

can be expressed in terms of the following regression equation: 

 

 

where,  A, hydrolysis Time; B,Acid concentration; C,Substrate Concentration. 

The regression equation obtained from the ANOVA showed that the R2 (multiple correlation coefficient) value was 0.999 (a value > 

0.1 indicates the fitness of the model). This is an estimate of the fraction of overall variation in the data accounted by the model, and 

thus the model is capable of explaining 99.9% of the variation in response. Three dimensional surface plots are drawn to determine the 

optimum values of the three parameters and are shown in Figure 1(a - c). The following are the optimum values obatained by solving 

the second order polynomial equation hydrolysis Time 45 minutes, Acid concentration 1% and Substrate Concentration 10 g. These 

optimum values were maintained for all further studies. 

Table.1.Level and code of variables chosen for Box- Behnken design 

Variable Symbols Coded levels 

Un-coded Coded −1 0 1 

Hydrolysis Tme (mins) X1 A 30 45 60 

H2SO4 acid concentration (%) (v/v) X2 B 0.5 1 2 

sugarcane bagase weight (g0 X3 C 5 10 20 

 

  

Y = 48.00 + 1.00A + 2.00B - 0.25C – 1.25AB – 1.75AC + 0.75BC – 4.87A2 –16.87B2 – 6.38C2    (8) 
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Table.2. Box- Behnken design matrix for for Reducing Sugar Extraction from Acid Hydrolysis of Sugarcane 

Run No. Time (mins) H2SO4 Conc. Substrate Conc. Reducind Sugar Concentration (g / 100g of sugarcane bagasse) 

Experimental Predicted 

1 1 -1 0 26 26.50 

2 -1 0 1 37 37.25 

3 0 -1 1 22 21.75 

4 0 1 1 27 27.25 

5 0 1 -1 26 26.25 

6 1 0 -1 40 39.75 

7 -1 0 -1 34 34.25 

8 1 1 0 28 28.00 

9 1 0 1 36 35.75 

10 0 0 0 48 48.00 

11 -1 -1 0 22 22.00 

12 0 0 0 48 48.00 

13 0 -1 -1 24 23.75 

14 0 0 0 48 48.00 

15 -1 1 0 29 28.50 

16 0 0 0 48 48.00 

17 0 0 0 48 48.00 

 

Table.3. Results of the ANOVA of the process parameter optimization data Reducing Sugar Extraction from Acid Hydrolysis 

of Sugarcane by Box- Behnken design matrix 

Source Coefficient Sum of Squares Degrees of Freedom (DF) Mean Square F Value 
P-Value 

Prob > F 

Model 48 1644.06 9 182.67 1278.71 0.0001 

A-Hydrolysis time 1 8 1 8 56 0.0001 

B-H2SO4 Concentration 2 32 1 32 224 0.0001 

C-Substrate Concentration -0.25 0.5 1 0.5 3.5 0.1036 

AB -1.25 6.25 1 6.25 43.75 0.0003 

AC -1.75 12.25 1 12.25 85.75 0.0001 

BC 0.75 2.25 1 2.25 15.75 0.0054 

A2 -4.87 100.07 1 100.07 700.46 0.0001 

B2 -16.87 1199.01 1 1199.01 8393.09 0.0001 

C2 -6.38 171.12 1 171.12 1197.83 0.0001 

Residual  1 7 0.14   

Lack of Fit  1 3 0.33   

Pure Error  0.000 4 0.000   

Total  1645.06 16    

 

Table.4.The time profile of cellmass, xanthan gum and glucose concentration using isolated strain 

Time (day) Cell Mass Concentration (g/L) Substrate Concentration (g/L) Xanthan gum production (g/L) 

0 0.2 40 0 

12 0.7 35.4 1.5 

24 1.8 29.7 4.7 

36 3.1 22.3 9.2 

48 4.3 17.6 12.9 

60 5.4 11.9 15.3 

72 6.2 8.5 18.2 

84 6.5 6.3 21.4 

96 7 5.5 23.8 

108 7 5.2 23.4 

120 7 4.8 22.9 

 

  

http://www.jchps.com/


National Conference on Green Engineering and Technologies for Sustainable Future-2014 
Journal of Chemical and Pharmaceutical Sciences                                                                                                                      ISSN: 0974-2115 

JCHPS Special Issue 4: December 2014                                                   www.jchps.com      Page 98 

Table.5.Values of the kinetic parameter and regression coefficient (R2) for xanthan gum production using isolated strain from 

sugarcane bagasse extract 

Model Parameter Estimation Regression coefficient (R2) 

Logistic k=0.084 hr-1 , β=0.142 L/g 0.9887 

Substrate utilization YX/S = 0.192  

Product formation YP/X = 3.3  

 

Table.6.Growth kinetic parameters and regression obtained for different models during xanthan gum production using 

isolated strain from sugarcane bagasse extract 

Model Parameter estimation Regression coefficient (R2) 

Monod model µm  = 0.09824, ks = 35.95 0.3425 

Herbert model µm =6.506, ks =29.6, m = -6.506 0.3425 

Shehata  & marr model 
µm =0.06049, µ1 = 7.924, 

k1 =0.8234, k2 = 0.7767 
0.4414 

Tessier model µm =0.05966, T =  21.57 0.3548 

Haldane model 
µm = 2.395, ki  = 0.6514 

ks  = 948.2 
0.3963 

 

Xanthan gum production from sugarcane bagasse extract using isolated strain in batch cultures: The experiments were performed 

at concentrations ranging 4% (w/v) (glucose equivalent). The time profile of cellmass, xanthan gum and reducing sugar concentration 

are presented in table 4.  

   (a)   (b) (c)  

Figure 1 (a-c) 3D plots showing the interactive effects between the significant process parameters on Reducing Sugar 

Extraction from Acid Hydrolysis of Sugarcane Bagas 

 
Figure.2.Comparison between experimental data (points) and theoretical predictions (lines) for different substrate, product 

and cell mass concentrations of xanthan gum production using isolated strain 
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  A: Time    C: Substrate Concentration  
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Figure.3. (a-b) FTIR spectra of commercial xanthan gum and produced Xanthan gum from sugarcane extract using isolated 

strain 

Model evaluation: Various growth, substrate utilization and product formation kinetic models were analyzed using the experimental 

data. The models which showed maximum fit are represented in Table 5 along with the estimated parameters. The optimized model 

parameter values are evaluated using MATLAB coding. Comparisons are made between the experimental data and the theoretical 

predictions as shown in Figure 2. The regression coefficient values (R2) were estimated for the substrate concentration and are presented 

in Table 6. From the regression coefficient values, it is clear that the correlation between the experimental data and the theoretical 

predictions are good. Thus, the Logistic model represents xanthan gum production very well using isolated strain. 

Spectroscopic analysis (FT-IR): The Fourier Transform-infrared spectrum (FT-IR) is a methodology to detect similarities or 

differences in chemical structures of compounds. The functional groups present in commercial xanthan (CX) gum and produced xanthan 

gum (PX) were analyzed and compared. Figure 3(a-b) shows that the infrared spectrum of the CX is very similar to that obtained for 

the PX using local isolated strain. Based on the results obtained from FTIR, the remote polysaccharide was found to follow the same 

spectral behavior as the standard. 

CONCLUSION 

The production of xanthan gum by the locally isolated strain was carried out.  The process parameters namely hydrolysis Time, 

Acid concentration  and Substrate concentration were optimized using Box- Behnken Design of RSM. The optimum conditions were 

found to be hydrolysis Time 45 minutes, Acid concentration 1% and Substrate Concentration 10 g for reducing sugar extract from 

sugarcane bagasse. The maximum xanthan gum production of 23.8 g/l was achieved using the isolated strain from extracted reducing 

sugar. The batch kinetic data obtained for substrate utilization growth kinetics and product formation and fitted into various models. 

The substrate utilization data best fits with substrate utilization kinetics with yield co efficient of 0.192, the growth kinetic data fits with 

the Logistic model with a correlation coefficient of 0.9887 and Luedeking-Piret model fits for the product formation with yield co 

efficient of 3.3. Functional group of the produced xanthan gum was confirmed with that of the commercial xanthan gum by FTIR 

spectra. 
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