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ABSTRACT 
The purpose of this paper is to examine the viability of using liquid effluents of bioethanol production from molasses, corn and a 

mixture of waste starch raw materials as a basis of the cultivation medium for the biotechnological production of xanthan using 
Xanthomonas campestris ATCC 13951. The dynamics of basic macronutrient consumption was used to monitor the course of xanthan 
biosynthesis, whereas the possibility of biosynthesis was confirmed on the basis of the rheological parameters of the cultivation 
broth. The success of biosynthesis was assessed according to the values of xanthan content and conversion to xanthan, which ranged 
from 8.78 g/L to 11.16 g/L and from 58.13 % to 73.24 % respectively when using the cultivation media based on liquid effluents of 
bioethanol production from different raw materials. 
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REZIME 
Potencijal primene tečnih efluenata industrije bioetanola u biotehnološkoj proizvodnji mnogobrojnih tržišno vrednih proizvoda, 

kakav je biopolimer ksantan, ogleda se u velikom sadržaju različitih organskih materija koje predstavljaju neophodne izvore 
nutrijenata za odgovarajući biokatalizator. Istraživanja iz okvira ovog rada obuhvatila su ispitivanje mogućnosti primene tečnih 
efluenata proizvodnje bioetanola iz različitih sirovina kao osnove kultivacionog medijuma u biotehnološkoj proizvodnji ksantana 
primenom soja Xanthomonas campestris ATCC 13951. Odabrani su tečni efluenti iz tri fabrike bioetanola koje kao sirovinu za 
proizvodnju ovog biogoriva koriste melasu, kukuruz i smešu otpadnih skrobnih sirovina. Efluenti su analizirani u pogledu 
parametara od značaja za biotehnološku proizvodnju i upotrebljeni za pripremu kultivacionih medijuma. Biosinteza je izvedena u 
Vulfovim bocama zapremine 2 l, u trajanju od 96 h. Тоk biоsintеzе ksаntаnа ispitаn је prаćеnjеm dinаmikе pоtrоšnjе оsnоvnih 
mаkrоnutriјеnаtа, а mоgućnоst biоsintеzе је pоtvrđеnа nа оsnоvu vrеdnоsti rеоlоških pаrаmеtаrа dоbiјеnih kultivаciоnih tеčnоsti. 
Tokom kultivacije došlo je do odgovarajuće promene reologije medijuma što potvrđuju vrednosti prividnog viskoziteta, faktora 
konzistencije i indeksa toka. Uspešnost bioprocesa procenjena je na osnovu količine biosintetisanog ksantana i stepena konverzije 
supstrata u proizvod. Dobijene količine ksantana na kultivacionim medijumima koji su kao osnovu sadržali tečne efluente proizvodnje 
bioetanola iz različitih sirovina, su se nalazili u opsegu između 8,78 g/l i 11,16 g/l, dok su vrednosti stepena konverzije iznosile od 
58,13% do 73,24%. Rezultati ovih istraživanja predstavljaju osnovu za optimizaciju proizvodnje ksantana na tečnim efluentima 
proizvodnje bioetanola iz različitih sirovina, sa ciljem povećanja kvaliteta i kvantiteta željenog proizvoda, uz razvoj održivog 
bioprocesa. 

Ključne reči: bioetanol, bioproces, tečni efluenti, ksantan. 

INTRODUCTION 
Bioethanol is predominantly produced in Serbia from sugar 

beet molasses and starch raw materials such as grains and 
potatoes (admittedly to a certain extent and in plants of smaller 
capacity) (Dodić et al., 2018). Based on the data of the Statistical 
Office of the Republic of Serbia for the period 2009–2016, the 
production of bioethanol in Serbia amounted to 60,000–65,000 
hL per year. With regard to the increasing demand for bioethanol 
and the necessity for larger production capacities, the adequate 
utilization of generated effluents is of paramount importance to 
the competitiveness of this biofuel in the market, exerting a 
positive effect on the environment (Mladenović et al., 2016). 
Distillery wastewater, or stillage, is the aqueous by-product from 
the distillation of bioethanol, following the fermentation of 
different carbohydrate substrates such as sugar crops, starch 
crops, dairy products (whey) or cellulosic materials. Liquid 
effluents of bioethanol production pose a considerable pollution 
load, featuring high values of COD and BOD, nitrogen, 
phosphorus, potassium and heavy metals, as well as certain 
nutritional values. However, the characteristics of these effluents 

are highly variable and greatly depend on the substrates used and 
several other aspects of the bioethanol production process 
(Wilkie et al., 2000; Banković Ilić et al., 2007). The potential of 
utilizing liquid effluents of the bioethanol industry for the 
biotechnological production of multiple profitable products, such 
as lactic acid and probiotics (Mojović et al., 2014), 
biodegradable plastic, poly β-hydroxybutyrate (Khardenavis et 
al., 2007), and biogas (Moestedt et al., 2013), is reflected in the 
large amount of different organic substances, i.e. necessary 
sources of nutrients for a suitable biocatalyst. 

Xanthan gum is an important industrial biopolymer of great 
commercial significance. Its widespread application, particularly 
in the food, pharmaceutical and petroleum industry, cosmetics, 
paper milling and textiles, is due to its unique rheological 
characteristics (Garcia-Ochoa et al., 2000). One of the biggest 
limiting factors for the utilization of xanthan in large-scale 
fermentation processes is its production cost compared to similar 
biopolymers. Therefore, it is important to find a more cost-
effective and abundant substrate in order to increase the 
efficiency of this bioprocess (Lopez and Ramos-Cormenzana, 
1996). Based on a number of previous studies, it can be 
concluded that xanthan production is possible using effluents 
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from the food industry and agricultural waste as a basis of the 
cultivation media (Bajić et al., 2017). 

In order to assess the possibility of using liquid effluents of 
the bioethanol industry as raw materials to produce xanthan, they 
are required not only to be characterized but also experimentally 
confirmed as viable for biosynthesis, i.e. the effluents used 
cannot contain substances exerting an inhibitory effect on the 
production microorganism. Therefore, the objective of this study 
was to perform the xanthan biosynthesis by means of a 
cultivation media based on liquid effluents of bioethanol 
production from molasses, corn and a mixture of waste starch 
raw materials using Xanthomonas campestris ATCC 13951. 

MATERIAL AND METHOD 
Production microorganism 
Xanthomonas campestris ATCC 13951 was used as the 

production microorganism in the experiments conducted. The 
production microorganism was stored at 4 ˚C on yeast-maltose 
(YM) agar slants (containing: 15.0 g/L glucose, 3.0 g/L yeast 
extract, 3.0 g/L malt extract, 5.0 g/L peptone and 20.0 g/L agar) 
and subcultured every four weeks. 

 
Cultivation media 
Liquid effluents from three bioethanol plants in Vojvodina, 

using molasses (W1), corn (W2) and a mixture of waste starch 
raw materials (W3) for biofuel production, were collected and 
analysed relative to the parameters of crucial importance to the 
biotechnological production of xanthan. The following amounts 
of carbon, nitrogen and phosphorus were recorded in the 
effluents collected: 8.42 g/L, 4.75 g/L and 0.12 g/L in W1, 5.30 
g/L, 2.80 g/L and 0.12 g/L in W2, and 6.12 g/L, 2.61 g/L and 
0.14 g/L in W3. On the basis of the results obtained, all the 
effluents analysed were diluted in order to decrease the initial 
nitrogen content, after which they were enriched with carbon 
(glucose) and phosphorus (K2HPO4) sources. Each media was 
prepared to contain a carbon source content of 15.00 g/L, a 
nitrogen content of 0.2 g/L and a phosphorus content of 0.045 
g/L. The pH value was adjusted to 7.0 prior to sterilization by 
autoclaving at 121 °C and a pressure of 2.1 bars for 20 min. 

 
Xanthan biosynthesis  
The cultivation media was inoculated by adding 10 % (v/v) 

of inoculum prepared, under aerobic conditions, by two passages 
on YM broth (containing 15.0 g/L glucose, 3.0 g/L yeast extract, 
3.0 g/L malt extract and 5.0 g/L peptone) at 26 °C in a laboratory 
shaker at 150 rpm for 48 h. The production of xanthan was 
carried out in 2 L Woulff bottles under aerobic conditions (an air 
flow rate of 1 vvm in the first 48 h, and 2 vvm thereafter) for 96 
h. In the first 48 h, the biosynthesis temperature and agitation 
rate recorded were 26 °C and 200 rpm respectively, 
subsequently increasing to 32 °C and 300 rpm. The regulation of 
process parameters was done in accordance with the literature 
data (Garcia-Ochoa et al., 2000).  

 
Product separation 
After biosynthesis, the cultivation broths were pasteurized, 

centrifuged and used for the precipitation of the xanthan 
obtained in accordance with the previously described procedure 
(Bajić et al., 2015). 

 
Analytical methods 
Rheological properties of the cultivation broth samples were 

determined using a rotational viscometer (REOTEST 2 VEB 
MLV Prüfgeräte-Verk, Mendingen, SitzFreitel) with a double 
gap coaxial cylinder sensor system, spindle N. On the basis of 

the measuring instrument deflection (α, Skt), shear stress (τ, Pa) 
was calculated relative to the defined values of shear rates (D, 
1/s) using the following equation: 

 

τ = 0.1·z·α  (1) 
 

where z is the constant with a value of 3.08 dyn/cm2·Skt. 
The pseudoplastic behavior of the cultivation broth was 
confirmed by fitting the Ostwald-de-Waelle model (Garcia-
Ochoa et al., 2000) to the experimental data evaluated by a 
regression of the power law. The values of the consistency factor 
(K, Pa·sn), flow behavior index (n) and regression coefficient 
(R2) were determined by the Excel software 2010 and used for 
apparent viscosity calculation (ηa, mPa·s) using the following 
equation: 

 

ηa = K·Dn-1  (2) 
 

In order to analyze the amounts of carbon source, nitrogen 
and phosphorus, the separation of solid and liquid phases in the 
cultivation broth samples was carried out by centrifuge at 10,000 
rpm for 10 min. To determine the content of sugars, the 
supernatants obtained were filtered through a 0.45 μm nylon 
membrane (Agilent Technologies, Germany) and then analyzed 
by HPLC (Thermo Scientific DionexUltiMate 3000 series). The 
HPLC was equipped with a HPG-3200SD/RS pump, WPS-
3000(T)SL autosampler (10μl injection loop), ZORBAX NH2 
column (250 mm x 4.6 mm, 5 μm) and RefractoMax520 
detector. Acetonitrile (75 % (v/v)) was used as an eluent with a 
flow rate of 1.2 mL/min and an elution time of 20 min at a 
column temperature of 25 ˚C. Standard methods were used to 
determine residual contents of the total nitrogen and phosphorus, 
i.e.  the Kjeldahl method (Herlich, 1990) for nitrogen and the 
spectrophotometric method (Gales et al., 1966) for phosphorus. 
A conversion rate of each nutrient analyzed (%) was calculated 
using the following equation: 

 

Nutrient conversion = (S0-S)/S0·100 (3) 
 

S0 (g/L) represents the initial nutrient content, whereas S 
(g/L) is the content of nutrient at the end of the bioprocess.  

A conversion of carbon source into xanthan (%) was 
calculated using the following equation: 

 

Conversion = P/C0·100 (4) 
 

C0 (g/L) represents initial content of carbon source, whereas 
P (g/L) is the obtained xanhan content at the end of the 
bioprocess.  

RESULTS AND DISCUSSION 
Liquid effluents from three different plants producing 

bioethanol from molasses, corn and a mixture of waste starch 
raw materials were used as a basis of the cultivation media in 
order to examine the possibility of xanthan biosynthesis. The 
effluents obtained were analysed and prepared to contain the 
same initial content of basic nutrients, inoculated with 
Xanthomonas campestris ATCC 13951, followed by a 
biosynthesis performed under identical conditions.  

The possibility of biosynthesis was confirmed based on the 
rheological parameters and cultivation broth apparent viscosity 
determined during 96 h of xanthan biosynthesis from liquid 
effluents of bioethanol production from different raw materials 
(Table 1). The viscosity of xanthan solutions is affected by the 
structure, level of acetyl and pyruvate groups, molecular mass 
and biopolymer concentration (Carignatto et al., 2011). The 
results obtained show an increase in the values of apparent 
viscosity (from 19.85 mPa·s to 66.22 mPa·s for W1, from 14.00 
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mPa·s to 41.47 mPa·s for W2, and from 16.83 mPa·s to 47.82 
mPa·s for W3) and consistency factors (from 0.2109 Pa·sn to 
1.5435 Pa·sn for W1, from 0.1385 Pa·sn to 1.0135 Pa·sn for W2, 
and from 0.1378 Pa·sn to 1.2845 Pa·sn for W3) of the cultivation 
broths obtained, which indicates an increase in the quantity of 
the produced biopolymer that affects the rheology of the system. 
Provided the W1, W2 and W3 values of cultivation broth 
apparent viscosity at the end of the bioprocess are compared, it 
can be seen that the highest value (66.22 mPa·s) is obtained 
using the liquid effluent of bioethanol production from molasses. 
Flow behaviour index (n) values that are lower than 1 and 
decrease during the bioprocess (from 0.5257 to 0.3680 for W1, 
from 0.5400 to 0.3585 for W2 and from 0.5780to 0.3395for W3) 
confirmed the pseudoplastic properties of the cultivation broths 
obtained, which is characteristic of xanthan solutions (Garcia-
Ochoa et al., 2000).  

 

Table 1. Rheological parameters and apparent viscosity of 
cultivation broths based on bioethanol production liquid 
effluents during xanthan biosynthesis  

Media 
Cultivation 

time 
[h] 

Consistency 
factor  
[Pa·sn] 

Flow 
behaviour 
index [1] 

Apparent 
viscosity 
[mPa·s] 

W1 
48 0.2109 0.5257 19.85 
72 1.0327 0.3775 46.46 
96 1.5435 0.3680 66.22 

W2 
48 0.1385 0.5400 14.00 
72 0.5255 0.4239 29.79 
96 1.0135 0.3585 41.47 

W3 
48 0.1378 0.5780 16.83 
72 0.6640 0.3994 33.31 
96 1.2845 0.3395 47.82 

 
In order to examine the course of biosynthesis, samples of 

the cultivation broths were analysed relative to carbon source, 
nitrogen and phosphorus contents (Figure 1). Furthermore, the 
success of the biosynthesis was assessed on the basis of the 
values of xanthan content, conversion to product and basic 
macronutrient conversion values (Table 2). The results obtained 
show that the carbon source content decreased during 
biosynthesis regardless of the media containing bioethanol 
production liquid effluents. When using W1, i.e. the cultivation 
media based on the effluent of bioethanol production from 
molasses, the content of carbon source decreased from its initial 
value of 15.24 ± 0.34 g/L to 3.77 ± 0.14 g/L, whereby the 
conversion of the most important nutrient was 75.23 %. The 
content of carbon source during xanthan biosynthesis using W2 
decreased from 15.11 ± 0.24 g/L to 5.38 ± 0.23 g/L, whereas in 
the instance of W3 it decreased from 15.33 ± 0.22 g/L to 4.72 ± 
0.21 g/L. However, the W2 and W3 conversion values were 
64.37 % and 69.24 %, respectively. Nitrogen and phosphorus are 
nutrients essential for the growth of the production 
microorganism (Lopes et al., 2015), which is why their 
concentrations are expected to decrease more intensively in the 
first phase of biosynthesis, i.e. during the first 48h. Additionally, 
the value of nitrogen conversion using media based on 
bioethanol production effluents ranged between 44.01–54.15 %, 
whereas the value of phosphorus conversion ranged between 
65.47–74.58%. The obtained conversion values of carbon 
source, nitrogen and phosphorus are particularly significant 
when considering that nutrients that are not utilized during 
biosynthesis remain in the wastewater and pose both economic 
and environmental losses (Bajić et al., 2017).  

 
 

Fig. 1. Course of xanthan biosynthesis using liquid effluents 
of bioethanol production from  

a) molasses, b) corn, and c) starch waste 
 
The main indicator of the xanthan biosynthesis success was 

its concentration in the cultivation broth. Based on the results 
shown in Table 2, the highest concentration of xanthan, 11.16 
g/L, was obtained using the W1 medium, followed by the W3 
medium with 10.08 g/L and the W2 medium with 8.78 g/L of 
xanthan. The conversion to xanthan values obtained for all the 
media applied ranged between 58.13 % and 73.24 % and is in 
accordance with the literature data (Rosalam and England, 
2006). 
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CONCLUSION 
The research performed in this paper confirmed that the 

biopolymer xanthan gum can be produced using the cultivation 
media based on liquid effluents of bioethanol production from 
different raw materials. The largest amount of xanthan (11.16 
g/L) was obtained using liquid effluents of bioethanol 
production from molasses as a basis of the cultivation media for 
xanthan production. Furthermore, the use of this effluent resulted 
in the highest values of all the parameters important to xanthan 
biosynthesis such as the conversion to xanthan (73.24 %), 
conversion of carbon source (75.23 %), nitrogen (54.15 %) and 
phosphorus (74.58 %). The results obtained in this study 
represent a basis for the optimization of xanthan production 
using liquid effluents of bioethanol production from various raw 
materials with the aim of increasing the quality and quantity of 
desired products, while developing a sustainable bioprocess. 

 

ACKNOWLEDGMENT: The authors gratefully acknowledge 
the support of the Ministry of Education, Science and 
Technological Development of the Republic of Serbia within the 
framework of TR-31002 project: “Improving bioethanol 
production from products of sugar beet processing”. 

REFERENCES 
Bajić, Bojana, Rončević, Zorana, Puškaš, V., Miljić, U., Dodić, 

S., Grahovac, Jovana, Dodić, Jelena. (2015). White wine 
production effluents used for biotechnological production of 
xanthan. Journal on Processing and Energy in Agriculture, 19 
(1), 52-55. 

Bajić, Bojana, Vučurović, D., Dodić, S., Rončević, Zorana,  
Grahovac, Jovana, Dodić, Jelena. (2017). The biotechnological 
production of xanthan on vegetable oil industry wastewaters 
(Part I): Modelling and optimization. Chemical Industry & 
Chemical Engineering Quarterly, 23 (3), 329−339. 

Bаnkоvić Ilić, Ivana, Lаzić, М., Vеlјkоvić, V., Мојоvić, 
Ljiljana. (2007). Džibrа-sеkundаrni prоizvоd аlkоhоlnе 
fеrmеntаciје. Zbоrnik rаdоvа Теhnоlоškоg fаkultеtа, 
Lеskоvаc, 16, 100-107. 

Carignatto, Cintia, R.R., Oliveira, Kassandra, S.M., de Lima, 
Valeria, M.G., de Oliva Neto, P. (2011). New Culture Medium 
to Xanthan Production by Xanthomonas campestris pv. 
campestris. Indian Journal of Microbiology, 51(3), 283–288. 

Dodić, Jelena, Grahovac, Jovana, Rončević, Zorana, Pajović-
Šćepanović, Radmila, Dodić, S., Bajić, Bojana, Vučurović, D. 
(2018). Challenges in bioethanol production from intermediate 

and by-products of sugar beet 
processing in the Republic of Serbia. 
Journal on Processing and Energy in 
Agriculture, 22 (1), 34-39. 
Gales, M.E.J., Julian, E.C., Kroner, 
R.C. (1966). Method for quantitative 
determination of total phosphorus in 
water. Journal of American Water 
Works Association, 58, 1363-1368. 
Garcia-Ochoa, F., Santos, V.E., Casas, 

J.A., Gomez, E. (2000). Xanthan gum: production, recovery, 
and properties. Biotechnology Advances, 18, 549-579. 

Herlich, K. (1990). Official Methods of Analysis of the 
Association of Official Analytical Chemists, fifth ed. 
Association of Official Analytical Chemists, Arlington, 758-
759.  

Khardenavis A.A., Kumar, M.S., Mudliar, S.N., Chakrabarti, T. 
(2007). Biotechnological conversion of agro-industrial 
wastewaters into biodegradable plastic, poly b-
hydroxybutyrate. Bioresource Technology, 98 (18), 3579–
3584. 

Lopes, M.Bruna, Lessa, V.L., Silva, M. Bárbara, Carvalho Filho, 
M.A.S., Schnitzler, E., Lacerda L.G. (2015). Xanthan gum: 
properties, production conditions, quality and economic 
perspective. Journal of Food and Nutrition Research, 54 (3), 
185-194. 

Lopez, M.J., Ramos-Cormenzana, A. (1996). Xanthan 
Production from Olive-Mill Wastewaters, International 
Biodeterioration and Biodegradation, 38 (3-4), 263-270. 

Mladenović, Dragana, Pejin, Jelena, Kocić-Tanackov, Sunčica, 
Stefanović, Andrea, Djukić-Vuković, Aleksandra, Mojović, 
Ljiljana. (2016). Potato stillage and sugar beet molasses as a 
substrate for production of lactic acid and probiotic biomass. 
Journal on Processing and Energy in Agriculture, 20 (1), 17-
20. 

Moestedt, J., Påledal, S.N., Schnürer, Anna, Nordell, E. (2013). 
Biogas Production from Thin Stillage on an Industrial Scale—
Experience and Optimisation. Energies, 6, 5642-5655. 

Mojović, Ljiljana, Đukić-Vuković, Aleksandra, Nikolić, 
Svetlana, Jelena Pejin, Kocić-Tanackov, Sunčica. (2014). 
Production of lactic acid and microbial biomass on distillery 
stillage by using immobilized bacteria. Journal on Processing 
and Energy in Agriculture, 18 (4), 141-146. 

Rosalam, S., England, R. (2006). Review of xanthan gum 
production from unmodified starches by Xanthomonas 
campestris sp. Enzyme and Microbial Technology, 39 (2),197–
207. 

Statistical Office of the Republic of Serbia: 
http://www.stat.gov.rs 

Wilkie, Ann, C., Riedesel, Kelly, J., Owens, J.M. (2000). 
Stillage characterization and anaerobic treatment of ethanol 
stillage from conventional and cellulosic feedstocks. Biomass 
and Bioenergy, 19, 63-102. 

 

 
Received: 15. 05. 2018. Accepted: 30. 08. 2018. 

 
 
 
 

Table 2. Xanthan content, conversion to xanthan and basic macronutrient conversion 
values for cultivation broths based on bioethanol production liquid effluents after xanthan 
biosynthesis  

Media Xanthan 
content [g/L] 

Conversion to 
xanthan [%] 

Carbon source 
conversion [%] 

Nitrogen 
conversion [%] 

Phosphorus 
conversion [%] 

W1 11.16 ± 0.34 73.24 ± 0.58 75.23± 1.06 54.15 ± 1.30 74.58 ± 1.11 
W2 8.78 ± 0.15 58.13 ± 0.91 64.37 ± 2.12 44.01 ± 0.90 65.47 ± 1.94 
W3 10.08 ± 0.18 65.75 ± 0.37 69.24 ± 0.94 45.16 ± 1.85 71.36 ± 2.16 
 


