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Production and optimization of xanthan gum from three-step sequential 
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A B S T R A C T   

Xanthan gum was produced by microbial fermentation of enzyme hydrolyzed cassava bagasse. Cassava bagasse 
(CB) contains about 55–60% starch bound in a complex cellulose – hemicelluloses matrix. A mixture of pectinase 
and cellulase was used to release bound starch which was further hydrolyzed by alpha amylase and glucoamylase 
to recover maximum reducing sugar from CB. Up to 68% reducing sugars can be recovered from CB by this three 
step sequential enzyme hydrolysis. This was about 40% higher than that obtained by the acid hydrolysis. Cassava 
Bagasse hydrolysate (CBH) obtained after enzyme hydrolysis was used for xanthan gum production using Xan
thamonas campestris NCIM 2956. Inoculum size, initial sugar concentration, nitrogen source and C/N ratio were 
optimized for xanthan gum production using enzyme CBH. Xanthan gum obtained was characterized using 1H 
NMR, FTIR, and gel filtration chromatography. Under optimized conditions, xanthan gum yield obtained from 
enzyme treated CBH was 0.469 g xanthan gum/g CB.   

1. Introduction 

Xanthan gum is only the second microbial polysaccharide to be 
approved by FDA for use in food additives as stabilizer and thickener. It 
is a water soluble exo-polysaccharide (EPS) produced by a plant path
ogenic bacterium, Xanthomonas campestris. Though Xanthomonas spp. 
like X. phaseoli, X. malvacearum, and X. carotae also produce xanthan 
gum, X. campestris can utilize wide range of carbohydrates to produce 
xanthan gum (Schmid et al., 2015). Therefore, X. campestris is widely 
used for xanthan gum production. Xanthan gum has a wide range of 
application in pharmaceutical, cosmetic, food industries and so forth 
(Kumar et al., 2018). Xanthan gum based nanocomposites are recently 
used as scaffolding materials in tissue engineering. Cellulose nanocrystal 
reinforced xanthan gum – sodium alginate and Xanthan gum/silica glass 
nanocomposites are recognized as promising scaffolding materials for 
tissue engineering application recently (Kumar et al., 2017a, 2017b). 

On a commercial scale, xanthan gum is usually produced from simple 
sugars like sucrose and glucose (Palaniraj and Jayaraman, 2011). As cost 
of raw materials contributes significantly to the overall production cost, 
various low-cost agrowastes like cheese whey, sugar beet pulp, palm 
date, sugarcane stalks, peach pulp, molasses etc., have been considered 
as alternative feedstock for the production of xanthan gum in the recent 
past (Gilani et al., 2011; Niknezhad et al., 2015; Papi et al., 1999; Salah 

et al., 2011; Silva et al., 2009; Yoo and Harcum, 1999). Among various 
agrowastes, cassava bagasse is quite attractive for bio-conversion pro
cesses as it contains about 45–65% wt starch and has very low lignin 
content. 

Cassava is a commercial crop and abundantly available in several 
countries including India, Brazil, Thailand etc. Cassava tubers are used 
for the production of starch and starch derivatives. Nearly 20% of the 
tuber is left as a fibrous residue after the recovery of starch. Starch 
granules present in the root cells are not easily recovered and wasted 
along with fibrous residues (Srikanta et al., 1987). This fibrous residue, 
known as cassava bagasse (CB), typically contains about 55–60% starch, 
17–19% cellulose and 8–9% hemicellulose (Gunasekar et al., 2014). 
Bio-conversion of CB to value added products like xanthan gum not only 
helps to reduce production cost of bio-products, but it also prevents 
possible land/air pollution by providing safe disposal for CB. 

For effective and maximum utilization of CB, suitable pretreatment is 
essential to recover reducing sugar from CB for subsequent fermentation 
(Chen et al., 2008; Cuevas et al., 2014). Various chemical, thermal and 
enzyme pretreatments are possible and in practice (Kapoor et al., 2015; 
Shen et al., 2011; Kamalini et al., 2018). Among chemical methods, acid 
treatment is reported to be superior when compared to alkali or hot 
water treatment (Yu et al., 2018). Acid treatment often requires harsh 
reaction conditions and result in the formation of intermediate 
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substances/byproducts, which may inhibit subsequent fermentation 
reactions. The poor fermentability of acid Cassava Bagasse Hydrolysate 
(CBH) and low product yield may be attributed to high concentration of 
5- HMF, furfural and sugar degradation compounds (Gunasekar et al., 
2014; Mohsin et al., 2018; Taherzadeh et al., 1997; Yu et al., 2018). But 
as enzymes are very specific, and therefore, such inhibitors are not 
produced during enzyme pretreatment. Therefore, fermentability of 
enzyme treated CBH is superior to acid treated CBH. (Wang et al., 
2017a). As the major component of CB is starch, amylolytic enzymes like 
alpha amylase and amyloglucosidase are most commonly used (Valer
iano et al., 2018; Ona et al., 2019). However, since starch is bound in 
cellulose/hemicelluloses fibers prior to amylolytic enzyme treatment 
often mild hydrothermal/acid (Yu et al., 2018)/alkali/microwave 
treatments (Pooja et al., 2018; Sudha et al., 2017) are used. But, this 
would lead to formation of inhibitory substance again. Thus, the 
objective of the present work is to completely eliminate thermal/acid 
treatment and to use only enzyme treatment for efficient reducing sugar 
recovery. Enzymes like pectinase had been shown to possess synergy 
with cellulase and improve cellulose hydrolysis in various lignocellu
losic residues (Li et al., 2014; Zhang et al., 2013). Thus, cellulase and 
pectinase enzyme mixture is used in this study prior to use of amylolytic 
enzymes to improve the overall fermentable sugar recovery efficiency 
and to minimize inhibitory substances. The resulting hydrolysate was 
then subjected to fermentation to produce a commercially important 
microbial exopolysaccharide, xanthan gum. 

2. Experimental 

2.1. Materials and methods 

2.1.1. Chemicals 
Acetonitrile (HPLC grade) was obtained from Sigma-Aldrich Co. St 

Louis, Missouri, USA. All other chemicals used were obtained from 
Merck & Co., Inc., Kenilworth, New Jersey (USA). Cellulase, pectinase, 
xylanase, glucoamylase were purchased from Thai biotech, Thiruchir
apalli (India). Standard pullulan kit WAT034207 was purchased from 
Waters, Massachusetts, US. 

2.1.2. Microorganism and culture media 
The organism used in this study, Xanthamonas campestris NCIM 2956, 

was procured from National Collection of Industrial Microorganisms 
(NCIM), National Chemical Laboratory, Pune, India. This culture was 
maintained on MGYP medium and was sub-cultured once in every two 
weeks. Composition of MGYP medium is as followed: (g/l) malt extract - 
3; glucose - 10; yeast extract - 3; peptone - 5; and agar - 20. 

Production media has the following composition: (g/l) carbon source 
- 20, yeast extract - 10, calcium carbonate - 3, Magnesium sulphate 
heptahydrate - 0.25, potassium nitrate - 1%. Either dextrose or CBH was 
used as carbon source in the production medium as required. 

2.1.3. Substrate collection 
Cassava bagasse was collected from a sago industry, located in Salem 

District, Tamil Nadu, India. This CB was dried, milled, and sieved and 
BSS #150/170 mesh size particles were collected. The particles were 
then dried to a constant weight at 80 �C and stored in moisture free 
condition. 

2.1.4. Acid hydrolysis 
Dilute acid hydrolysis was performed by adding 1% H2SO4 to the CB 

slurry containing 200 g CB/l and the mixture was maintained at 120 �C 
and 15 psi for 15 min. The pretreated slurry was vacuum filtered to 
obtain a clear hydrolysate. The filtered hydrolysate was treated with 
activated charcoal at 60 �C for 30 min to remove soluble impurities from 
the hydrolysate. 

2.1.5. Enzyme hydrolysis 
A three step enzyme pretreatment with cellulase, pectinase, alpha 

amylase and glucoamylase was carried out. Optimum pH for cellulase, 
pectinase, α amylase and glucoamylase are 4.8, 4.8, 6 and 4.7 respec
tively. Therefore, in each step pH was adjusted to the corresponding 
optimum level. Cellulase 100 Filter Paper Units (FPU)/g dry CB and 
pectinase 33 (Polygalactouronase units) PGU/g dry CB each were added 
to 20 wt % CB slurry in the first step. The slurry pH was adjusted to 4.8 
and the mixture was maintained at 50 �C for 72 h. In the second step, 50 
U/g dry CB of alpha amylase was added to the mixture. The mixture pH 
was adjusted to 6and it was maintained at 100 �C for 15 min to reduce 
the viscosity of the hydrolysate to facilitate subsequent enzyme hydro
lysis. The slurry was then cooled to 60 �C and another 200 U/g dry CB 
alpha amylase was added to the slurry and the mixture was maintained 
at 60 �C for 2 h. In the third step, glucoamylase (300 U/g dry CB) was 

Fig. 1. Schematic Process diagrams illustrating different pretreatments ET1, ET2, ET3 and AT used for reducing sugar recovery from cassava bagasse.  
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added to the liquefied slurry and the mixture was kept at 60 �C and pH 
4.7 for 60 h. Both α amylase and glucoamylase are starch degrading 
enzymes. While α amylase is an endo-amylase, glucoamylase is an exo- 
amylase. Once starch is released from the substrate (CB), enzyme hy
drolysis of starch is carried out in two steps as shown in Fig. 1. In the first 
step, starch is gelatinized and liquefied by α amylase to produce water 
soluble dextrin. During this step, α amylase breaks linear amylose chains 
(α, 1 → 4 linkages) at random positions but does not break branch chains 
linkages (α, 1 → 6 linkages) to produce dextrin, a mixture of low mo
lecular weight carbohydrates. In the second step, glucoamylase convert 
dextrin to more fermentable monomeric sugars by breaking α, 1 → 4 and 
α, 1 → 6 glucosidic linkages. Thus, α amylase followed by glucoamylase 
is the preferred sequence. There are reports on simultaneous use of these 
two enzymes but as the optimum pH and temperature differ for these 
enzymes two step process is recommended. Schematic representation of 
the mechanism is shown in Fig. 2. The resulting hydrolysate was vacuum 

filtered and the pH of the filtrate was adjusted to 7. The neutralized 
hydrolysate was stored at – 20 �C until further use. For the purpose of 
comparison alpha amylase and amyloglucosidase enzyme treatments 
were used without cellulase and pectinase treatment independently as 
shown in Fig. 1. 

2.1.6. Fermentation 
Fermentation was done with 100 ml of production media in 250 ml 

Erlenmeyer flasks without pH control. Production media was autoclaved 
at 120 �C, for 15 min and inoculated with 10% (v/v) of X. campestris 
culture. The culture was kept at 30 �C at 200 rpm in an incubated shaker 
for five days. 

2.1.7. Analytical determinations and characterization 

2.1.7.1. Determination of cell dry weight. Samples were collected at 
regular intervals and centrifuged at 10,000 rpm for 10 min to remove 
cells. Cell dry weight was obtained by washing and drying the recovered 
cells to a constant weight at 90 � 1 �C. 

2.1.7.2. Determination of sugars in the fermentation broth. Waters HPLC 
system, equipped with a Waters 2535 Quaternary gradient pump, and a 
2414 Refractive Index detector was used to determine reducing sugar 
composition. An analytical amino column (4.6 � 250 mm) was used as 
stationary phase and Acetonitrile – Water (80:20) mixture was used as 
mobile phase at a flow rate of 1 ml/min to determine reducing sugar 
composition. Glucose, galactose, arabinose, xylose and mannose HPLC 
standards were used for the calibration of the sugars. 

2.1.7.3. Recovery of xanthan gum. Samples collected from fermentation 
broth were autoclaved at 120 �C for 15 min and centrifuged at 
10,000 rpm for 15 min to obtain a cell free supernatant. The cell free 
supernatant was added with three volumes of ice cold acetone and left 
undisturbed for 2 day at 4 �C to allow precipitation to occur. The 
resulting precipitate was vacuum filtered, dried at 55 �C and stored. The 
process flow is shown in Fig. 3. The yield was calculated on the basis of 
raw CB according to the equation given below: 

%Y ¼
Xanthan gum obtained ðg=LÞ

reducing sugar used for fermentation ðg=LÞ

�
reducing sugar obtained ðg=LÞ

CB feed ðg=LÞ
(1)  

2.1.7.4. Characterization of xanthan gum using HPSEC, FTIR and 1H 
NMR. Average molecular weight of the product was determined using 
high pressure size exclusion chromatography (HPSEC). A Waters SEC 
(Ultrahydrogel 1000, 7.8 � 300 mm) column with 0.5 M sodium nitrate 
was used for determining the molecular weight of the water soluble 
xanthan gum. Standard pullulan kit was used for calibration. Fourier 
Transform Infrared Spectroscopy (FTIR) was used for functional group 
analysis. KBr pellet method was used for preparing the sample and was 
operated in a spectral window of 400–4000 waves/cm. To confirm the 
structure of the obtained polymer 1H NMR analysis was performed. 
20 mg of xanthan gum sample was solubilized in deuterated water and 
scanned at room temperature in Bruker 500 MHz instrument. 

3. Results and discussion 

3.1. Enzymatic pretreatment and hydrolysis 

It can be seen from Fig. 4 that based on reducing sugar yield the four 
treatment methods can be arranged in the following order 
ET3 >AT > ET2 > ET1. Total reducing sugars obtained from ET 3 
enzyme pretreatment (135.98 g/l) was 1.4 times higher than that ob
tained from acid pretreatment (96 g/l). Lower RS yield obtained in ET1 

Fig. 2. Schematic diagram showing the mechanism of enzyme actions on 
the substrate. 
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and ET2 is due to the fact that the starch content in CB is not accessible 
to starch degrading enzymes owing to the complex structure of CB. 
Enzyme hydrolysis after pretreating with pectinase and cellulase, ET3, 
showed threefold increase in the total reducing sugar yield than ET1 & 
ET2 (Fig. 4). This can be attributed to the action of pectinase and 
cellulase on the complex cellulose – hemicellulose – starch three 
dimensional network structure of CB leading to efficient release of 
bound starch. Cellulose degrading enzymes like cellulase and pectinase 
enable the release of the trapped starch granules from the fibers leading 
to enhanced starch recovery (George et al., 1991). Once starch is 
released, alpha amylase and glucoamylase have improved access to the 
starch and this leads to better enzyme-substrate interaction and 

enhanced sugar yield. The composition of hydrolysate obtained from 
ET3 was 95.4% glucose and 4.6% galactose. 

Woiciechowski et al. (2004) obtained 62.4% conversion of CB into 
reducing sugar by acid hydrolysis and 64.75% by enzyme hydrolysis 
using alpha amylase and glucoamylase. Gaewchingduang et al. (2010) 
converted 57% CB to sugar by acid hydrolysis along with hydrothermal 
treatment. Kosugi et al. (2009) reported 61.1% conversion of CB to 
sugars using cellulase, alpha amylase and glucoamylase. Shamala and 
Sreekantiah (1986), showed that by using Aspergillus ustus enzyme 
preparation having cellulase, xylanase, glucosidase, alpha amylase, 
amyloglucosidase and pectinase activities, 45% CB could be converted 
to reducing sugar. Single and two step pretreatment process used with 
commercial enzymes namely Liquozyme® SC DS, Spirizyme® Fuel, 
Novozyme® NS 50,012 and Novozyme® NS 50,013 were found to 
release 0.37–0.51 g/g RS (Virunanon et al., 2013). Cassava peel waste 
upon hydrolysis by Cellulase, alpha amylase and amyloglucosidase en
zymes produced 0.58 g of RS/g (Aruwajoye et al., 2019). A two step 
enzyme treatment of cassava peels by amylolytic enzymes (amylase and 
glucoamylase) followed by cellulase enzymes resulted in 62% reducing 
sugar yield (Ona et al., 2019). In our work, 48% CB has been converted 
to sugar by acid hydrolysis and 68% by enzymatic hydrolysis. This sugar 
yield obtained from the 3 step enzyme hydrolysis is higher than earlier 
reports in literature thus proving that the multi enzymatic hydrolysis 
enhanced the conversion of CB to sugar. Reducing sugars produced from 

Fig. 3. Block diagram of fermentation and product recovery.  

Fig. 4. Total reducing sugar yield from different pretreatment methods. (ET1, 
ET2, ET3 and AT refer to Enzyme and Acid pretreatment conditions as illus
trated in Fig. 1.) 

Table 1 
Cost of enzyme used for pretreatment in ET3 (Basis: 1 kg of cassava bagasse 
feed).  

Enzyme Enzyme added (Units) Cost of enzyme (in Indian Rupees) 

Cellulase 500 2.51 
Pectinase 165 0.61 
Alpha amylase 250 0.96 
GAM 1500 7.94 
Total cost  12.05  

Fig. 5. Effect of inoculum size using enzyme treated Cassava Bagasse Hydro
lysate on biomass, xanthan gum, residual sugar (pH 7, 30 �C, 5 days, 200 rpm, 
inoculum size – 5–20% v/v, initial sugar concentration for- 25 g/l). 
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1 kg CB was 0.68 kg. At a conservative price of Rs. 60 per kg of glucose, 
the cost of sugar produced from 1 kg of CB is estimated to be around Rs. 
40.8. The actual cost of enzyme used in the process was Rs. 12.05 per kg 
of CB used (Table 1). Thus, enzyme cost is only about 30% of the product 
value. Considering the fact that CB is a waste to be disposed off, the 
process has very good economic potential. 

3.2. Fermentation 

Enzyme hydrolysate of CB was subjected to fermentation as 
described above to investigate the effect of fermentation conditions on 
the exo-polysaccharide production. Effect of process variables like 
inoculum size, sugar concentration, nitrogen source and C/N ratio were 
studied. 

3.2.1. Effect of inoculum size 
The effect of inoculum size on xanthan gum production using 

enzyme hydrolysate as carbon source is shown in Fig. 5. Inoculum size 
had a significant effect on xanthan gum yield (p < 0.005). A maximum 
yield of 0.181 g/g CB was achieved at an inoculum concentration of 10% 
v/v. With further increase in inoculum size, xanthan gum yield 
decreased and biomass concentration increased. Similar trend was re
ported by Salah et al. (2011) [6] while producing xanthan gum from 
date juice palm by-products using Xanthomonas campestris. 

They have reported that optimum inoculum size was 5% for xanthan 
gum production and beyond this only biomass accumulation was 
favored. However, inoculum size required for maximum production of a 
metabolite depends on the strain and the desired product. 

3.2.2. Effect of nitrogen source 
Nitrogen source had a significant role in the production of xanthan 

gum. Organic and inorganic nitrogen sources namely, yeast extract, 
peptone, urea, NH4Cl, NaNO3, KNO3 were studied with a C/N ratio of 
25. The results are shown in Fig. 6. Urea resulted in most efficient 
conversion of reducing sugar into xanthan gum. A maximum product 
yield (YPS) of 0.287 g xanthan gum/g CB was achieved when urea was 
used as a nitrogen source. Urea also resulted in the maximum reducing 
sugar consumption among all the nitrogen sources examined. KNO3 
showed similar sugar utilization but, in this case the sugars were 
directed mostly towards biomass growth rather than xanthan gum 
production. Woiciechowski et al. (2004) studied the effect of different 
nitrogen sources on xanthan gum production from HCl treated CB 
hydrolysate. 

It was reported that among the nitrogen sources yeast extract, 
peptone, urea, potassium nitrate and ammonium sulphate, urea was the 
least efficient for biomass production. But for xanthan gum production 
both urea, potassium nitrate had a positive effect. 

Fig. 6. Effect of nitrogen source using enzyme treated cassava bagasse hydro
lysate on biomass, xanthan gum, residual sugar (pH 7, 30 �C, 5 days, 200 rpm, 
initial sugar concentration- 25 g/l, C/N ratio- 25, inoculum size- 10% v/v), Y. E. 
- Yeast extract. 

Fig. 7. Effect of C/N ratio on (a) biomass, xanthan gum, residual sugar (b) 
product yield (pH 7, 30 �C, 5 days, 200 rpm, initial sugar concentration- 30 g/l, 
inoculum size – 10% v/v, nitrogen source – urea, substrate: Enzyme treated 
cassava bagasse hydrolysate). 

Fig. 8. Fermentation of enzyme treated hydrolysate. Effect of initial sugar concentration using enzyme treated cassava bagasse hydrolysate on (a) biomass, xanthan 
gum, residual sugar and (b) product yield (pH 7, 30 �C, 5 days, 200 rpm, inoculum concentration – 10% v/v, initial sugar concentration- 20–65 g/l, nitrogen source 
- urea). 
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3.2.3. Effect of carbon to nitrogen ratio 
Carbon to nitrogen (C/N) ratio was varied as 10, 20, 30, 40 and 60 

using urea as carbon source. The results are shown in Fig. 7. Upon 
increasing the C/N ratio, xanthan gum production increased constantly. 
Sugar utilization also increased resulting in 2.05 g/l residual reducing 
sugar for the C/N ratio 60. Biomass production did not change signifi
cantly and the utilized sugars were directed only towards xanthan gum 
production. Nitrogen is essential for cell growth but is not needed for 
xanthan gum formation. Therefore, lower C/N ratio favors cell growth 
while higher C/N ratio favors xanthan gum formation. By limiting ni
trogen availability, metabolic flux is shifted towards xanthan gum for
mation rather than cell growth. Mostly, a C/N ratio between 35 and 40 
has been widely reported as optimum C/N ratio in previous literature for 
different nitrogen sources like, NH4NO3, (NH4)2PO4, peptone (Casas 
et al., 2000; Garcia-Ochoa et al., 1995; Garcıa-Ochoa et al., 2000). A 
maximum of 77 C/N ratio was used by Yoo and Harcum (1999) to for 
waste sugar beet pulp to obtain a xanthan gum yield of nearly 80%. 
Since the xanthan gum yield did not improve significantly when C/N 
ratio was changed from 40 to 60 for further studies C/N ratio of 40 was 
used. With a C/N ratio of 40, xanthan gum yield obtained was 0.390 g/g 
of CB. 

3.2.4. Effect of sugar concentration 
To study the effect of sugar concentration on biomass and poly

saccharide yield, the purified and concentrated hydrolysates were 
diluted to 20, 30, 40, 50, 60 and 65 g/l initial reducing sugar concen
trations using distilled water. For effective fermentation, initial sugar 
concentration is critical. Sugars will be used for the formation of cell 
components and product synthesis and for cell maintenance. Product 
yield typically increases with increasing sugar concentration (Li et al., 
2016). However, if sugar concentration is too high, substrate inhibition 
may occur, resulting in low product yield (Leela and Sharma, 2000; 
Niknezhad et al., 2015). 

From Fig. 8 (a) it can be seen that the initial sugar concentration had 
a significant effect on xanthan gum yield (p < 0.05) from enzyme treated 
CBH. Xanthan gum production had shown increasing trend with in
crease in initial sugar concentration. However, as evident from Fig. 8 (b) 
the specific yield of xanthan gum decreased beyond an initial sugar 
concentration of 50 g/l. Maximum yield 0.469 g/g was obtained at this 
initial sugar concentration (50 g/L), and then it dropped slowly with 
further increase in initial sugar concentration. The results were consis
tent with the previous literature on effect of initial sugar concentration. 
Carbon source in the range of 1–4% were shown to be conducive for 
xanthan gum production by several researchers (Palaniraj and Jayara
man, 2011; Souw and Demain, 1980; El Enshasy et al., 2011). The in
crease in xanthan gum yield obtained may be attributed to two reasons. 
First, enzyme pretreatment results in higher sugar yield from cassava 
bagasse without formation of inhibitory compounds. Absence of inhib
itory compounds and favorable fermentable sugar composition had a 
positive effect on xanthan gum yield per gram of cassava bagasse. Sec
ond, optimization of fermentation medium and composition, in partic
ular, optimum C/N ratio had a favorable effect on carbon flux towards 
product formation. 

3.3. Production in laboratory scale fermentor 

Fermentation was carried out with optimized medium as discussed 
above under optimized conditions in a 3 L laboratory scale fermentor 
(Hygiene Bioreactor supplied by Lark Innovative Fine Teknowledge) 
with 2.5 L working volume. Glucose was autoclaved separately and 
added to the broth to prevent Millard reaction. Dissolved oxygen and pH 
were monitored using Broadley James Oxyprobe and Fermprobe, 
respectively. pH was maintained between 6.4 and 6.8 during fermen
tation. Five days after inoculation, fermentor was stopped and xanthan 

Fig. 9. FTIR spectra of xanthan gum from enzyme and acid treated hydroly
sates. (AH –Acid pretreated cassava bagasse hydrolysate; ET1 - Enzyme pre
treatment 1; ET2 Enzyme pretreatment 2; ET3 - Enzyme pretreatment 3). 

Fig. 10. GPC chromatogram of purified xanthan gum. Peak at retention time (RT) 9 min corresponds to polymer molecular weight of 3 � 106 Da.  
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gum was recovered from the broth as described in section 2.1.6. Xanthan 
gum yield was found to be 0.491 g/g CB. At the end of fermentation, 
residual sugar and biomass concentrations in the medium were found to 
be 6 g/L and 3.28 g/L., respectively. Viscosity of fermentation broth was 
measured using Brookfield LV DV –II þ Pro extra with spindle S 64 at 
200 rpm (shear rate ¼ 264 s� 1) at the beginning and end of fermenta
tion. Viscosity was 1.34 cP and 158 cP, respectively at the beginning (0th 

day) and end (5th day) of fermentation. 

3.4. Characterization of xanthan gum 

Fourier transform IR spectra of xanthan gum obtained from all four 
hydrolysate obtained from different enzyme treatments and acid treat
ment are shown in Fig. 9. The spectra were nearly identical. While 
pretreatment was carried out in multiple stages, fermentation was car
ried out in single stage as shown in the flow sheets (Figs. 1 and 2). We 
believe that while the composition of fermentation feed (cassava 
bagasse hydrolysate) influence the product yield, it does not affect the 
structure of the product. Comparison of FTIR spectra of xanthan gum 
samples produced from cassava bagasse hydrolysate obtained by all the 
four different pretreatment methods were nearly identical confirming 
our hypothesis. Strong and wide absorption bands at 3400 cm� 1 and 
3430 cm� 1 were due to hydroxyl stretching. Absorption bands between 
2900 and 3050 cm� 1 correspond to the C–H stretching from aldehyde, 
CH2 or CH3 groups. Strong carbonyl group absorption was detected in 
the wave number range of 1640–1700 cm� 1

. C–H deflection angle and 
C–O stretching vibration were observed in the range of 1410–1420 cm� 1 

and 1020- 1125 cm� 1
. The FTIR spectra of xanthan gum from acid and 

enzyme hydrolysates were similar to the spectra obtained for xanthan 
gum in the literature (Gunasekar et al., 2014). 

Molecular weight for xanthan gum obtained through HPSEC was 
3 � 106 Da (Fig. 10). Typically, average molecular weight of xanthan 
gum range from 3 � 105 to 7.5 � 106 Da (Cano-Barrita and 

Leon-Martínez, 2016). At lower C/N ratio, xanthan gum with different 
molecular weights 4 � 106, 6 � 105 and 1 � 105 were produced. Kalo
giannis et al. (2003) observed a molecular weight of 0.8–1.4 � 106 Da 
upon using molasses as substrate. They stated that increase in sugar 
concentration lead to production of xanthan gum with lower molecular 
weight (Kalogiannis et al., 2003). Moreover, differences in fermentation 
conditions impart differences in molecular weight (Z. Wang et al., 
2017). Therefore, by adjusting the sugar concentration and other 
fermentation conditions with yield, desired molecular weight range can 
be achieved. 

1H NMR spectra of xanthan gum (Fig. 11) indicates the presence of 
H-1α anomeric proton with a peak at 5.28 ppm. The hydrogen located 
near the hydroxyl group can be identified at 4 ppm. Peak at 1.286 and 
2.09 ppm corresponds to pyruvate and acetate groups. The results are 
consistent with previous literature and confirm the presence of xanthan 
gum. 

4. Conclusion 

A three stage enzyme treatment with pectinase, cellulase, α-amylase 
and glucoamylase was proven to be a more effective way of recovering 
fermentable sugars from the agro industry waste, cassava bagasse. 
Reducing sugar obtained by three step enzyme treatment was subjected 
to microbial fermentation for the production of xanthan gum. Effect of 
fermentation conditions like initial sugar concentration, nitrogen 
source, inoculum size and C/N ratio were studied and optimized. Under 
optimum fermentation conditions enhanced xanthan gum yield of 
0.469 g/g CB was obtained. The multi stage enzyme hydrolysate yielded 
better xanthan gum through maximum utilization of substrate. FTIR and 
1H NMR results confirm the structure of xanthan gum. The molecular 
weight of xanthan gum obtained was 3 � 103 kDa. 

Fig. 11. Proton nuclear magnetic resonance (1H NMR).  
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