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Abstract In this study the screening of different Xanthomonas strains, isolated from infected 

crucifers and pepper leaves, for xanthan biosynthesis on semi-synthetic media containing 

different carbon sources was performed. The success of xanthan biosynthesis was 

estimated based on xanthan concentration in media and its molecular weight. Glucose 

and glycerol were investigated as carbon sources in a quantity of 20.0 g/L. Xanthan 

biosynthesis by different Xanthomonas isolates on two different cultivation media was 

carried out in Erlenmeyer flasks under aerobic conditions for 168 h. According to the 

obtained results selection of the carbon source, producing strain and their combination 

have a statistically significant effect on xanthan quantity and quality. The results  

obtained in this study indicate that local wild-type Xanthomonas strains isolated from 

pepper leaves have a great potential for application in biotechnological production of 

good-quality xanthan on glycerol-based media. 
  
  

Keywords Biotechnological production, bacterial biopolymer, Xanthomonas isolates, medium composition, 

biopolymer molecular weight. 
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Introduction 

Xanthan is one of the most important non-toxic  

and biodegradable polysaccharide of microbial origin 

(GARCÍA-OCHOA & al [1]). Outstanding rheological 

characteristics make xanthan suitable for application in 

various branches of industries, such as food and food-

packaging, pharmaceutical, cosmetic, paint, chemical, 

petroleum, textile and others (DEMIRCI & al [2]; KASSIM 

[3]). Xanthan is produced by many types of bacteria of  

the genus Xanthomonas but X. campestris is the most 

widely used for the industrial production of xanthan 

(GUMUS & al [4]). It is known that glucose and sucrose 

are the most commonly used carbon sources in cultivation 

media (GARCÍA-OCHOA & al [1]). However, the rise in 

prices and the increasing demands for these sugars indicate 

the need for utilization of alternative substrates of lower 

market value (DEMIRCI & al [2]). The waste streams 

and by-products from food and beverage industry which 

contain glucose and sucrose may be suitable as alternative 

substrates for xanthan production, but their use is limited 

primarily by competitiveness on the market (RONČEVIĆ 

& al [5]; GHASHGHAEI & al [6]) and by their availability, 

which is restricted to the territories where the technological 

processes in which they originate are performed and/or 

generation season (RONČEVIĆ & al [7]). Data from 

available scientific and professional literature indicate 

that certain strains of bacteria of the genus Xanthomonas 

possess the ability to synthesize xanthan on a medium 

with glycerol as the sole carbon source (REIS & al [8]; 

TRINDADE & al [9]). Research related to the develop-

ment of a biotechnological process of the production of 

xanthan on glycerol is still in initial stages, probably due to 

impaired metabolic activity of the applied production 

microorganism (WANG & al [10]). Considering all afore-

mentioned, there is a need for isolation of new strains able 

to metabolize glycerol and produce xanthan, as well as to 

optimize the process of production, with the aim of 

achieving the highest efficiency of bioprocess. 

The aim of this study was screening of reference 

strain X. campestris ATCC 13951 and Xanthomonas 

strains isolated from different vegetable cultures for 

xanthan production on semi-synthetic media containing 

glucose and glycerol as carbon source. The bioprocess 

success was estimated based on xanthan concentration in 

media and biopolymer molecular weight. 
 

Materials and Methods 

1. Producing microorganisms 
The reference strain X. campestris ATCC 13951, 

eight Xanthomonas  strains isolated from crucifers (Am, 

CF, CB, KA, Xp 3-1, Xp 7-2, Mn 7-2, 12-2) and five 

Xanthomonas  strains isolated from pepper leaves (PL1, 

PL2, PL3, PL4, PL5) were used as the producing 

microorganisms in these experiments. All strains were 

stored at 4°C on agar slant (Yeast Maltose Agar, HiMedia, 

India) and subcultured every four weeks. Strains CF, CB, 

KA, Xp 3-1, Xp 7-2, Am, Mn 7-2 and 12-2 were isolated 

from infected crucifers and stored in the Microbial 

Culture Collection of the Faculty of Technology Novi 

Sad, Serbia and strains PL1, PL2, PL3, PL4 and PL5 

were isolated from infected pepper leaves and stored in 

the Microbial Culture Collection of the Faculty of 

Agriculture in Novi Sad. 
 

2. Cultivation media 
The commercial medium (Yeast Maltose Broth, 

HiMedia, India) was used for inoculum preparation, while 

xanthan production was performed on semi-synthetic 

media with two different carbon sources. Glucose and 

commercial glycerol (HiMedia, India) were investigated  

as sources of this nutrient and used in a quantity of  

20.0 g/L. The cultivation media also contained yeast 

extract (3.0 g/L), (NH4)2SO4 (1.5 g/L), K2HPO4 (3.0 g/L) 

and MgSO4·7H2O (0.3 g/L). The pH value of all used 

media was adjusted to 7.0±0.2 and then sterilized by 

autoclaving (121°C, 2.1 bar, 20 min). 
 

3. Inoculum preparation 
Xanthomonas strains were subcultured on agar slant 

and incubated at 25°C for 48 h. Further, inoculum 

preparation procedure was included suspending of pro-

ducing microorganism cells in Yeast Maltose Broth.  

The prepared suspension was then incubated in aerobic 

conditions at 25°C and 150 rpm (laboratory shaker KS 

4000i control, Ika® Werke, Germany) for 48 h. 
 

4. Xanthan production 
The xanthan production was carried out in 300 mL 

Erlenmeyer flasks with 100 mL of the cultivation medium 

with the appropriate composition. Inoculation was per-

formed by adding 10% (v/v) of inoculum prepared as 

previously described. The biosynthesis was performed 

under aerobic conditions at 30°C and 150 rpm (laboratory 

shaker KS 4000i control, Ika® Werke, Germany) for  

168 h. 
 

5. Xanthan separation 
At the end of biosynthesis, the xanthan was separated 

from the supernatant of cultivation medium by preci-

pitation with cold 96% (v/v) ethanol, as described in 

previous research (RONČEVIĆ & al [5]).  
 

6. Determination of xanthan molecular weight 
The average molecular weight of the separated 

xanthan was estimated based on the intrinsic viscosity  

of its solution in 0.1 M sodium chloride using the Mark-

Houwink type equation (MILAS & al [11]). 
 

7. Data analysis 
All experiments were carried out in triplicate and 

the results were averaged. The experimental data were 

processed by analysis of variance (Two-Way ANOVA)  

at the significance level of α = 0.05 using Statistica 13.2 

software (Dell Inc., USA). 
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Results and Discussion 

1. Statistical analysis of experimental results 
In order to examine the effect of different Xantho-

monas strains and carbon sources on xanthan production, 

statistical analysis of experimental data was carried out. 

The summary results of Two-Way ANOVA analysis  

for xanthan concentration in media and xanthan 

molecular weight are given in Table 1 and Table 2, 

respectively. 

 

 

Table 1. Two-Way ANOVA results for the effect of different Xanthomonas strains  

and carbon sources on xanthan concentration in media 

Xanthomonas  strain Variability SS DF MS F-value p-value 

Isolates from  

crucifers 

Strain 189.510 8 23.689 119.020 < 0.000001 

Carbon source 64.587 1 64.587 324.490 < 0.000001 

Strain and carbon source 153.670 8 19.209 96.510 < 0.000001 

Error 7.165 36 0.199 - - 

Isolates from  

pepper leaves 

Strain 17.399 4 4.350 22.245 < 0.000001 

Carbon source 85.629 1 85.629 437.931 < 0.000001 

Strain and carbon source 11.820 4 2.955 15.113 < 0.000001 

Error 3.911 20 0.196 - - 

    SS – sum of squares; DF – degrees of freedom; MS – mean square 

 

 

The results presented in Table 1 show that the  

p-values for the analyzed parameters and their interaction 

are much lower than 0.05, which indicates that all 

applied Xanthomonas strains and carbon sources as well  

as their combination have a statistically significant effect 

on xanthan concentration in cultivation media. This is in 

agreement with results from research where different 

xanthan yield was obtained when various carbon sources 

such as glucose, galactose, sucrose, maltose and lactose 

were used for xanthan production by X. campestris isolated 

from soil (KUMARA & al [12]), and other research 

where xanthan yield varied when eighteen different 

strains of X. campestris pv. pruni isolated from plum, 

peach or tangerine leaves were cultivated on sucrose 

containing medium (MOREIRA & al [13]). However, if 

attention is paid to the mean square values presented in 

the same table, it can be concluded that the carbon source 

has a much greater effect on both groups of results for 

xanthan concentration in media, while the effect of 

Xanthomonas strains is considerably lower. Combination 

of Xanthomonas strains and carbon sources proved to have 

the lowest effect on xanthan production, due to the lowest 

mean square value for both group of results. This indicates 

that the composition of cultivation medium, i.e. selection  

of carbon source is of critical importance for this bio-

process efficacy. An explanation for this can be found in 

available literature where it is reported that different 

Xanthomonas species possess different metabolic path-

ways and cycles (BRENNER & al [14]). 

 

 

Table 2. Two-Way ANOVA results for the effect of different Xanthomonas strains  

and carbon sources on xanthan molecular weight 

Xanthomonas  strains Variability SS DF MS F-value p-value 

Isolates from  

crucifers 

Strains 3.325·1011 8 4.156·1010 105.764 < 0.000001 

Carbon sources 1.244·1011 1 1.244·1011 316.596 < 0.000001 

Strains and carbon sources 3.032·1011 8 3.790·1010 96.467 < 0.000001 

Error 1.415·1010 36 3.929·108   

Isolates from  

pepper leaves 

Strains 5.325·1011 4 1.331·1011 343.330 < 0.000001 

Carbon sources 2.362·1012 1 2.362·1012 6090.530 < 0.000001 

Strains and carbon sources 4.611·1011 4 1.153·1011 297.320 < 0.000001 

Error 7.755·109 20 3.878·108   

SS – sum of squares; DF – degrees of freedom; MS – mean square 
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The quality of xanthan depends of various factors 

such as the producing strain, the cultivation medium 

composition and the process conditions, and can be 

estimated based on several parameters, such as the viscosity 

of its solutions, the composition of the macromolecules,  

the molecular weight, etc. (BAJIĆ & al [15]). Within  

this research, the quality of the produced biopolymer  

was estimated based on the average molecular weight.  

The results given in Table 2 show that the p-values for the 

analyzed parameters and their interaction are much lower 

than 0.05, which indicates that the applied Xanthomonas 

strains and carbon sources as well as their combination 

have a statistically significant effect on the average 

molecular weight of xanthan. This is in accordance with 

results from research where light yellow mucoid colonies 

and small darker yellow mucoid colonies of X. campestris 

NRRL8-1459 produced biopolymer with structural diffe-

rences on glucose containing media (CADMUS & al [16]). 

If attention is paid to the mean square values presented in 

the same table, it can be concluded that the carbon source 

has a much greater effect on both groups of results, while 

the effect of Xanthomonas strains was also very high but 

lower than effect of carbon source. This indicates that the 

composition of cultivation medium, i.e. selection of carbon 

source is of great importance for xanthan quality. Despite 

the fact that genetic characteristics of Xanthomonas strains 

determinate chemical structure of produced xanthan 

(MOREIRA & al [13]), its structure is also greatly affected 

by environmental conditions, which include the compo-

sition of cultivation medium, i.e. the carbon source 

selection and bioprocess parameters (GARCÍA-OCHOA  

& al [1]). 

The results of the statistical analysis for xanthan 

concentration in media and xanthan molecular weight are 

also presented graphically with Box & Whisker Plots in 

Figure 1-4. 
 

2. Effect of Xanthomonas strains and carbon 

source on xanthan concentration in media 
The results of statistical analysis of the effect of 

different Xanthomonas strains isolated from infected 

crucifers and pepper leaves on xanthan concentration in 

media at the end of biosynthesis are presented in Figure 1. 

 

 

 

Figure 1. Effect of different Xanthomonas strains isolated from crucifers (A)  

and pepper leaves (B) on xanthan concentration in media. 

 

 

Considering the results presented in Figure 1A, it can 

be noted that the CB isolate proved to be the best strain for 

xanthan production in applied experimental conditions for 

both used carbon sources. It can be noticed that, in addition 

to the reference strain, crucifers’ isolates KA and Mn 7-2 

showed good productivity, while other strains also 

produced xanthan, but in a significantly smaller amount. 

The obtained results of xanthan yield varied from around  

4 g/L to 12 g/L and are much higher comparing to  

the results obtained in other research where the highest 

xanthan yield of 6.8 g/L was obtained by X. campestris 

isolated from infected cabbage leaves (KASSIM [3]). 

Values of xanthan yield achieved in this study are in the 

similar range with results reported in research conducted 

in Brazil obtained by X. campestris strains collected from 

infected cauliflower, broccoli and cabbage (NITSCHKE  

& RODRIGUES [17]). 

Graphically presented results in Figure 1B indicate 

that the production of xanthan under the applied 

experimental conditions is possible on both media by all 

applied Xanthomonas strains isolated from pepper leaves. 

However, it can be observed that xanthan yield was 

significantly higher when cultivation was performed by 

PL2, PL4 and PL5 isolates. The results of xanthan yield 

obtained in this study were in range from around 6 g/L to 

10 g/L and are in accordance with results conducted in 

Turkey were xanthan yield of 6.4 g/L was achieved by  

X. axonopodis pv. vesicatoria strain isolated from pepper 

(GUMUS & al [4]). 

In Figure 2 the results of statistical analysis of  

the effect of different carbon sources on xanthan concen-

tration in media obtained by cultivation of Xanthomonas 

strains isolated from crucifers and pepper leaves are 

presented. 
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The results given in Figure 2A show that higher 

xanthan concentration in media was achieved when 

bioprocesses were performed on glucose-based cultivation 

media. It can be noted that glucose is more suitable carbon 

source for xanthan biosynthesis when using Xanthomonas 

strains isolated from crucifers. This result is in accor-

dance with findings from literature data where the highest 

xanthan yield was obtained by X. campestris GK6 strain 

isolated from infected cabbage leaves on media with 

glucose as a carbon source, among others (LEELA & 

SHARMA, [18]). On the other side, from the results 

shown in Figure 2B it can be seen that glycerol is more 

preferred carbon source for xanthan biosynthesis when 

Xanthomonas strains isolated from pepper leaves are used. 

 

 

 

Figure 2. Effect of different carbon sources on xanthan concentration in media obtained by cultivation  

of Xanthomonas strains isolated from crucifers (A) and pepper leaves (B). 

 
 

Summary, the results presented in Figure 2A and 

Figure 2B suggest that the best results for xanthan 

production by Xanthomonas strains isolated from crucifers 

were achieved when medium with glucose was used, while 

isolates from pepper leaves were the most productive on 

media with glycerol. This is in accordance with literature 

data where it is noted that nutrients need and biopolymer 

yield may be different among various strains (CADMUS  

& al [17]). 

Afore mentioned results indicate that glycerol 

potentially may be suitable carbon source for industrial 

xanthan production by Xanthomonas strains isolated from 

pepper leaves. This opens the possibility for usage of 

crude glycerol, a major by-product of the biodiesel 

industry, as raw material in xanthan production. Since 

there has been a significant increase in the biodiesel 

production due to the growing demand for biofuels, it may 

be a suitable substrate for cost-effective xanthan produc-

tion but there is still a need for further research and 

optimization in order to ensure that impurities from 

crude glycerol do not have negative effect on xanthan 

production (NWACHUKWU & al [19]). 
 

3. Effect of Xanthomonas strains and carbon 

source on xanthan molecular weight 

The results of statistical analysis of the effect of 

different Xanthomonas strains isolated from crucifers and 

pepper leaves on xanthan molecular weight are presented 

in Figure 3. 

 

 

 

Figure 3. Effect of different Xanthomonas strains isolated from crucifers (A)  

and pepper leaves (B) on xanthan molecular weight. 
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Considering the mean value of molecular weight of 

xanthan produced by Xanthomonas strains isolated from 

crucifers for both carbon sources (Figure 3A), it can be 

noted that the biopolymer with the highest quality was 

achieved by cultivation of CB isolate. In addition, 

graphically presented results indicate that there is no 

statistically significant difference in the average molecular 

weight of xanthan when other crucifers’ isolates were used. 

On the other hand, results obtained by analysis of xanthan 

separated from media after cultivation of Xanthomonas 

strains isolated from pepper leaves presented in Figure 3B 

suggest that there is no statistically significant difference in 

biopolymer quality when PL1, PL3, PL4 and PL5 strains 

were applied. Among Xanthomonas strains isolated from 

pepper leaves, strain PL2 produces xanthan of the lowest 

quality regardless of which carbon source is added in 

cultivation medium. 

Results presented in Figure 3A and Figure 3B suggest 

that regardless to the carbon source used in cultivation 

media, molecular weight of xanthan biosynthesized by 

isolates from pepper leaves is higher, which indicates 

better quality of produced biopolymer and potentially 

wider possibilities of application. The obtained results of 

xanthan molecular weight were in range from 1·105 g/moL 

to 8·105 g/moL, which is similar to the result from lite-

rature where average molecular weight of xanthan obtained 

by X. campestris ATCC 33913 was around 5·105 g/moL 

(PSOMAS & al [20]). 

This indicates that different Xanthomonas strains may 

produce macromolecules with different composition, as 

reported in other study where the polysaccharide produced 

by the variant (small-colony type) differs adversely in 

solution properties from that of the parent strain (large-

colony type) but also in its lower content of pyruvic acid 

and 0-acetyl substituents (CADMUS & al [17]). In some 

research, viscosity of biopolymer solution is considered as 

an indicator of xanthan quality (CADMUS & al [21]). So, 

GUMUS et al [17] reported in their study that xanthan 

produced by some strains is exhibited higher viscosity 

than commercial xanthan and the xanthan obtained by 

cultivation of some other strains. 

Figure 4 shows the results of statistical analysis of 

the effect of different carbon source on molecular weight  

of xanthan produced by Xanthomonas strains isolated 

from crucifers and pepper leaves. 

 

 

 

Figure 4. Effect of different carbon sources on molecular weight of xanthan obtained by cultivation  

of Xanthomonas strains isolated from crucifers (A) and pepper leaves (B). 

 
 

The results given in Figure 4A and Figure 4B indicate 

that there is a statistically significant difference in bio-

polymer quality when glucose and glycerol were used as  

a carbon source in xanthan production media. According  

to graphically presented results, xanthan with higher 

molecular weight was obtained when local wild-type 

Xanthomonas strains were cultivated on glycerol-based 

medium. Further, it can be noticed that xanthan produced 

on glycerol containing medium by pepper leaves’ isolates 

was characterized as the highest quality biopolymer. 

Literature data is mainly based on the effect of carbon 

sources on the viscosity of xanthan solutions as an indicator 

of quality and there are a very small number of researches 

focused on the effect of carbon sources on the xanthan 

molecular weight. Results from literature indicate that 

molecular weight of xanthan obtained by cultivation of  

X. campestris CGMCC 1.1781 strain, obtained from 

China General Microbiological Culture Collection Center, 

is greatly affected by xylose and glucose content in 

cultivation media and that there is a positive correlation  

between viscosity and xanthan molecular weight (ZHANG 

& CHAN [22]).The results obtained in their study suggest 

that the molecular weight of xanthan derived from media 

with glucose/xylose mixture were higher than those for 

xanthan derived from glucose containing medium.  

Results discussed above suggest that glycerol, and 

potentially crude glycerol, are suitable carbon source not 

only for the xanthan production in large quantities but also 
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for the biosynthesis of good-quality biopolymer since the 

xanthan with the highest molecular weight was obtained  

by cultivation of both groups of Xanthomonas strains, i.e. 

strains isolated from crucifers and pepper leaves, on 

glycerol-based medium. Despite the fact that crude 

glycerol is an attractive and low cost raw material there 

is still a need to investigate how all impurities present in 

crude glycerol affect productivity of Xanthomonas strains 

and xanthan quality in order to ensure economically 

justified xanthan production. 

 

Conclusion 

In this research, screening of Xanthomonas strains, 

isolated from different vegetable cultures with charac-

teristic symptoms of bacteriosis, according to their 

production of xanthan and its molecular weight on two 

semi-synthetic media was carried out. The experimental 

data show that all applied Xanthomonas strains and carbon 

sources as well as their combination have statistically 

significant effect on xanthan concentration in cultivation 

media and molecular weight of produced biopolymer. 

The Xanthomonas strains isolated from crucifers were 

more productive on medium with glucose, while the 

xanthan production by Xanthomonas strains isolated from 

pepper leaves was more successful using a glycerol-based 

media. According to the obtained results, glycerol is more 

suitable carbon source for production of xanthan with the 

highest molecular weight by all applied Xanthomonas 

strains. Considering all results discussed above, it can be 

concluded that Xanthomonas strains isolated from pepper 

leaves have the greatest potential for application in 

biotechnological production of xanthan on glycerol-based 

medium. Results obtained in this research may be a suitable 

background for future investigations and optimization of 

the economically justified production of xanthan. 
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