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ABSTRACT 
This paper examines xanthan production by Xanthomonas campestris on wastewater obtained from different white wine 

production process sections – crushing, pressing, clarification of must and fermentation. Wastewater was analyzed for basic nutrients 
content and, if required it was enriched or diluted to contain amounts suitable for xanthan biosynthesis. Biosynthesis was performed 
in a laboratory-scale bioreactor under identical conditions for all four studied wastewaters. In order to determine if the performed 
biosynthesis was successful, xanthan yield was determined gravimetrically and sugar conversion was calculated based on initial and 
residual HPLC values of sugar content. Obtained xanthan yield was in the range of 4.0 to 10.67 g/L while the value of sugar 
conversion ranged between 62.74 and 68.83 %. Different viscosities of the cultivation media at the end of the process were also 
compared. Due to the fact that the synthesized xanthan had both different yields and viscosities, it can be concluded that different 
fractions of winery wastewater yield different amounts of xanthan of different quality.  

Key words: environmental protection, winery wastewaters, biotechnological process, xanthan production, Xanthomonas 
campestris. 

REZIME 
Otpadne vode prehrambene i industrije pića, među kojima se nalaze i značajne količine otpadnih voda dobijenih proizvodnjom 

vina, predstavljaju nezanemarljiv ekološki problem. Najveće količine otpadnih voda vinarija se generišu u jesenjem periodu, od kraja 
avgusta do novembra, kada traje berba i prerada grožđa. U cilju zaštite životne sredine i obrade značajnih količina generisanog 
otpada neophodno je istraživati i razvijati nove procese među kojima značajno mesto zauzimaju biotehnološki procesi. Biotehnološka 
proizvodnja ksantana na otpadnim vodama vinarije neće samo dovesti do smanjenja organskog i neorganskog opterećenja životne 
sredine već će takođe rezultovati sintezom novog visokovrednog proizvoda. U okviru ovog rada je ispitana proizvodnja ksantana 
primenom Xanthomonas campestris na četiri frakcije otpadne vode dobijene nakon različitih faza proizvodnje belog vina – muljanja, 
presovanja, bistrenja šire i fermentacije. Otpadne vode su analizirane u pogledu sadržaja osnovnih nutrijenata i ukoliko je potrebno, 
obogaćene su ili razblažene do sadržaja koji je pogodan za biosintezu ksantana. Biosinteza je izvedena u laboratorijskom bioreaktoru 
pod identičnim uslovima za sve četiri frakcije otpadne vode. Kako bi se utvrdilo da li je izvedena biosinteza bila uspešna određen je 
prinos ksantana i stepen konverzije šećera. Dobijeni prinosi su se nalazili u opsegu između 4,00 i 10,67 g/l dok je vrednost stepena 
konverzije iznosila od 62,74 do 68,83%. Pored toga, upoređene su i vrednosti viskoziteta kultivacionih tečnosti na kraju procesa 
proizvodnje ksantana. Usled činjenice da je sintetisan ksantan imao različit prinos i različit viskozitet može se zaključiti da se na 
različitim frakcijama otpadnih voda vinarije dobija različita količina ksantana različitog kvaliteta.  

Ključne reči: zaštita životne sredine, otpadne vode vinarije, biotehnološki proces, proizvodnja ksantana, Xanthomonas 
campestris. 

 

INTRODUCTION 
In order to prevent environmental pollution and process 

significant amounts of generated wastewaters which are usually 
difficult and expensive, it is necessary to research and develop 
new processes (Buyukgungor and Gurel, 2009). As opposed to 
chemical and physical methods, biological wastewater 
treatments can more effectively cope with a broad range of 
effluents and is especially suitable for the treatment of 
wastewater that contains common organic pollutants, which is 
why biotechnology is the most commonly used technology for 
wastewater treatment. Biotechnological utilization of wastes and 
wastewaters can be used for the production of products of 
additional value and minimization of waste (Mojović et al., 
2014; Pejin et al., 2014). Food and beverage industries, 
including the winemaking industry generate significant amounts 
of wastewaters that are a large environmental pollutant (Klašnja 
and Šćiban, 2000). The amount of wastewater varies between 
different wineries and different years, but is in the range of 0.1 to 
2.4 m3 per m3 of produced wine (Brito et al., 2007). Wineries 
produce large amounts of wastewater resulting from numerous 

cleaning operations that occur during the production stages of 
wine. This wastewater originates from washing operations after 
the crushing and pressing of grapes, as well as rinsing of 
fermentation tanks, barrels and other equipment or surfaces. 
Therefore, wastewaters from different fractions will necessarily 
have different characteristics and components, and the most 
predominant compounds in these kinds of wastewaters are 
soluble sugars (fructose and glucose), organic acids (tartaric, 
lactic and acetic), alcohols (glycerol and ethanol) and high 
molecular weight compounds, such as polyphenols, tannins and 
lignin (Souza et al., 2013; Chapman et al., 2001). The resulting 
effluent contains various organic and inorganic substances and 
its environmental impact is significant, mainly due to its high 
organic and inorganic load, the large volumes produced and its 
seasonal variability (Petruccioli et al., 2000; Ioannou et al., 
2015).  

An extracellular microbial polysaccharide, xanthan is 
produced by bacteria of the genus Xanthomonas. Due to its 
rheological properties, xanthan has a wide range of applications 
in food and non-food industries as a stabilizer, thickener, 
emulsifier and suspending agent. Xanthan gum produces highly 
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viscous solutions, even at low concentrations because of its high 
molecular weight and secondary structure, but the viscosity 
decreases with decreasing molecular weight (Klaic et al., 2011). 
Several factors have an influence on xanthan production 
including the type of bioreactor used, mode of operation, culture 
conditions such as temperature, pH, dissolved oxygen 
concentration and medium composition so it is very important to 
know the optimal nutrient content in order to obtain the highest 
amount of product of satisfying quality (Zabot et al., 2012). 
Xanthan  has been  produced  in  a  wide  range  of  both  
synthetic and complex  cultivation  media (Roseiro et al., 1992). 
The majority of commercial xanthan production processes use 
glucose or invert sugar but other substrates has also been 
examined, including sucrose, hydrolyzed rice, barley, corn flour, 
acid whey, sugar cane molasses, coconut juice, sugar cane and 
various industrial and agricultural by-product or waste materials 
(Palaniraj et al., 2011). Glucose is the best raw material for 
xanthan biosynthesis regarding product yield and product quality 
(Rosalam and England, 2006). 

The objective of this paper was to investigate the possibility 
of winery wastewaters utilization as raw materials in 
biotechnological production of xanthan by using Xanthomonas 
campestris as a production microorganism. Wastewaters from 
white wine production collected from different parts of the 
process, after crushing, pressing, clarification of must and 
fermentation, were used and in order to examine the success of 
performed biosynthesis, xanthan yield and rheological 
parameters were determined. 

MATERIAL AND METHOD  
Production microorganism 

Xanthomonas campestris ATCC 13951 was used as the 
production microorganism in these experiments. The strain of 
producing microorganism was stored at 4 oC on yeast maltose 
(YM) agar slant (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 
Wastewaters from white wine production were obtained 

from a domestic winery located in vineyards of Fruska Gora, 
Vojvodina, Serbia and were collected during the washing 
operations of the crusher (W1), press (W2) and tanks after 
clarification of must (W3) and fermentation (W4). Obtained 
wastewaters were analyzed to determine the initial content of 
sugar, total nitrogen and phosphorus. Initial values of total sugar 
content (glucose and fructose) in collected wastewaters were: 
4.02 g/L for W1, 4.64 g/L for W2, 137.8 g/L for W3 and 2.54 
g/L for W4. Based on obtained results, winery wastewaters were 
diluted or enriched by adding glucose to achieve total sugar 
content of 25 g/L. CaCO3 in concentration of 2 g/L was added to 
the cultivation media and pH value was adjusted to 7.0 prior to 
sterilization by autoclaving at 121 °C and pressure of 2.1 bars 
for 20 min. 

Biosynthesis parameters 
Production of xanthan was carried out in a laboratory 

bioreactor Biostat A plus (Sartorius AG, Germany) with 2 L of 
cultivation media. The cultivation media was inoculated by 
adding 10 % (v/v) of inoculum prepared by double passaging in 
aerobic conditions, 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 

biosynthesis was carried out in batch mode under aerobic 
conditions (air flow rate of 1 vvm in the first 48 h, and 2 vvm 
afterwards) for 120 h. In the first 48 h, biosynthesis temperature 
and agitation rate were 26 °C and 200 rpm, after which they 
were increased to 32 °C and 300 rpm, respectively. The 
regulation of process parameters were done in accordance with 
the literature data  (Garcia-Ochoa et al., 2000b).  

Product separation 
After biosynthesis, pasteurization of cultivation broths was 

performed in order to inactivate cells of producing 
microorganism. Supernatant of the cultivation broth was 
obtained using an ultracentrifuge (Hettich Rotina 380 R, 
Germany) at 10000 rpm for 10 min. Precipitation of xanthan was 
achieved by adding 96 % (v/v) ethanol and saturated solution of 
KCl. Ethanol was gradually added to the supernatant (cooled to 
15 °C) until alcohol content in the mixture was 60 % (v/v). A 
saturated solution of KCl was added in a quantity to obtaine a 
final content of 1 % (v/v). Obtained mixture was kept at 4 °C for 
24 h in order to dehydrate the precipitated xanthan, and then 
centrifuged at 3500 rpm for 15 min. The precipitated biopolymer 
was then dried to constant weight at 60 °C in order to determine 
xanthan yield in cultivation broth and ethanol used for 
precipitation was recycled by distillation. 

Analytical methods 
At the end of process, reological characteristics of cultivation 

broth were analyzed using a rotational viscometer (REOTEST 2 
VEB MLV Prüfgeräte-Verk, Mendingen, SitzFreitel), with a 
double gap coaxial cylinder sensor system, spindle N. Volume of 
samples was 10 ml. Based on deflection of measuring 
instrument, α (Skt) under defined values of shear rates, shear 
stress τ (Pa) was calculated using the equation: 

 

 (1) 
 

Value of constant z (dyn/cm2·Skt) is 3.08. According to the 
Ostwald de Vaele equation, which describes viscosity of 
pseudoplastic fluids, and calculated values of shear stress, 
rheological parameters were calculated. 

In order to analyze the amounts of sugar, nitrogen and 
phosphorus, the separation of solid and liquid phases in the 
cultivation broth samples were carried out by a centrifuge at 
10000·rpm for 10 min. To determine content of sugars obtained 
supernatants were filtered through a 0.45 μm nylon membrane 
(Agilent Technologies, Germany) and then analyzed by HPLC 
(Thermo Scientific Dionex UltiMate 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. 75 % (v/v) 
acetonitrile was used as eluent with a flow rate of 1.2 mL/min 
and an elution time of 20 min at column temperature of 25 oC. 
Standard methods were used to determine residual contents of 
total nitrogen and phosphorus, the Kjeldahl method (Herlich, 
1990) for nitrogen and the spectrophotometric method (Gales et 
al., 1966) for phosphorus. A conversion rate of each analyzed 
nutrient (%) was calculated using the equation: 

   (2) 
S0 (g/L) represents initial nutrient content while S (g/L) is the 

final content of nutrient in the cultivation broth.  

Data analysis  
All samples were analyzed in triplicates and the average 

value of three measurements was reported. The results were 
statistically tested by analyzing variance and the means were 
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compared by the Scheffe test at a significance level of 0.05, 
using software Statistica 12.6. 

RESULTS AND DISCUSSION 
Four wastewater fractions, obtained from different stages of 

white wine production process were used as the basis of 
cultivation media for xanthan production. All used wastewaters 
were prepared to contain same initial content of sugar and 
performed under identical conditions. According to the plan of 
experiment, xanthan was precipitated in order to determine the 
success of the performed biosynthesis in terms of xanthan yield. 
Table 1 shows values of xanthan yield as well as conversion of 
sugar, nitrogen and phosphorus in analyzed wastewaters.  

 

Table 1. Xanthan yield and conversion of sugar, nitrogen 
and phosphorus after biosynthesis 

Media Xanthan 
yield [g/L] 

Sugar  
conversion 

[%] 

Nitrogen 
conversion 

[%] 

Phosphorus 
conversion 

[%] 

W1 4.004 ± 
0.30a 

62.74 ± 
0.28a 

44.12 ± 
1.23a 

52.68 ± 
2.83a 

W2 7.596 ± 
0.24b 

67.21 ± 
0.50b 

48.84 ± 
1.08b 

54.82 ± 
1.64a 

W3 10.67 ± 
0.43c 

68.74 ± 
0.52c 

53.99 ± 
1.04c 

67.98 ± 
3.24b 

W4 7.488 ± 
0.49b 

64.82 ± 
0.32d 

52.38 ± 
1.67bc 

65.27 ± 
2.23b 

Each value represents a mean ± SD of 3 replicates 
Within each column, means followed by the same letter are 

not significantly different (p<0.05) 
 

Based on obtained results it can be 
seen that using wastewater from 
clarification of must (W3) as a basis for 
cultivation media produced the highest 
yield of xanthan (10.67 g/L). The 
obtained value is somewhat lower 
compared to values obtained when using 
glucose as carbon sources (Lo et al., 
1997). Wastewaters from press (W2) and 
fermentation tank (W4) washing also 
produced high amounts of this 
biopolymer (7.596 and 7.488 g/L, 
respectively). The lowest yield (4.004 
g/L) was obtained using wastewater from 
crusher washing (W1) as basis for 
cultivation media. Winery wastewaters 
contain all substances from grapes and 
wine, such as sugars, nitrogen, 
phosphorus, higher alcohols, organic 
acids, vitamins, tannins etc. and their 
amount is higher in fractions after must 
clarification and fermentation than in 
initial grape preparation phases. This is 
the reason that the W3 fraction was most suitable for xanthan 
production and produced the highest yield. Wastewater from 
fermentation tank washing produced a somewhat lower yield 
possibly due to increased cultivation broth viscosity, since it has 
a negative impact on xanthan production due to diffusion 
limitations and decreased oxygen solubility (Garcia-Ochoa et 
al., 2000a). 

In addition to xanthan production, conversion of important 
nutrients is very significant. Based on the obtained values it can 
be seen that sugar conversion was in the range of 62.74-68.74 %, 
nitrogen conversion was 44.12-53.99 % while phosphorus 

conversion was 52.68-67.98 %. Highest conversion values of 
sugar, nitrogen and phosphorus were obtained using must 
clarification wastewater, which is an additional indicator that 
xanthan biosynthesis was most successful using this wastewater 
as a basis for cultivation media. Nitrogen and phosphorus 
conversion values are particularly significant because these 
nutrients were not added to the cultivation media, which means 
that their content in raw wastewaters was sufficient for the 
biosynthesis of this high value product. This is very significant 
when keeping in mind that the amount of nutrients the 
microorganism doesn’t metabolize during cultivation remains in 
the broth and represents a problem for separation and 
purification of product. Lower amounts of sugar, nitrogen and 
phosphorus in the wastewaters after xanthan production reduce 
the negative impact these wastewaters have on the environment. 
This means that xanthan production is a viable option for 
biotechnological treatment of winery wastewaters. 

Rheological behavior of the cultivation broth was determined 
in order to evaluate the quality of the obtained biopolymer. 
Figure 1 shows pseudoplastic flow curves that are characteristic 
for xanthan solutions of four different wastewater fractions used 
as a basis of xanthan production cultivation media.  

Concentration of xanthan as well as its structure has 
considerable effect on rheological characteristics of xanthan gum 
(Ahmed and Ramaswamy, 2004) and given that the consistency 
factor is proportional to viscosity, values of the consistency 
factor indicate different quality as well as quantity of produced 
xanthan. Obtained results of the consistency factor, flow 
behavior index and coefficient of correlation are presented in 
Table 2. 

Based on consistency factor values (Table 2) as well as the 
flow curves (Figure 1)  it can be seen that the highest quality 
xanthan was produced from fermentation tank washing 
wastewater (W4). Values of the consistency factor obtained 
using W3 wastewater (1.1751 Pa·sn) were somewhat lower 
compared to W4 (1.7786 Pa·sn) which indicates that the 
produced xanthan also had good quality. Flow behavior index 
values in the range of 0.3687-0.6548 confirm the 
pseudoplasticity of the fluid which is characteristic for xanthan 
solutions (Garcia-Ochoa et al., 2000b). 

 

 
Fig. 1. Shear stress as a function of shear rate in analyzed wastewaters after biosynthesis 
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Table 2. Rheological parameters and coefficient of 
correlation for cultivation broths after biosynthesis 

Media K [Pa·sn] n [1] R2 
W1 0.0703 0.6548 0.9631 
W2 0.1246 0.6134 0.9610 
W3 1.1751 0.3785 0.9976 
W4 1.7786 0.3687 0.9988 

 

Obtained values also show that the lowest quality xanthan 
was produced from crusher washing wastewater. Based on yield 
values and rheological parameters it can be seen that xanthan 
production is viable on all tested fractions of white wine 
production wastewaters, but it is necessary to further optimize 
the production process in order to increase its efficiency.  

CONCLUSION 
This paper examined the possibility of xanthan production on 

four wastewater fractions obtained from different sections of the 
white wine production process. Wastewaters from the washing 
of crusher, press, tanks after must clarification and fermentation 
were used as basis for cultivation media, and were enriched only 
by the addition of sugar. Must clarification wastewater as 
cultivation media produced the highest yield (10.67 g/L) of good 
quality xanthan, while the highest quality xanthan with a 
somewhat lower yield (7.488 g/L) was produced from 
fermentation tank washing wastewater. The other two 
wastewater fractions were also shown as viable for xanthan 
production, but they produced lower yields of lower quality 
xanthan. The obtained results are the basis for further 
optimization of cultivation media based on winery wastewaters 
and process parameters, which leads to the practical application 
of this production process.   
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