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ABSTRACT: Xanthan is the most important microbial exopolysaccharide used in different branches of
food and non-food industry. Due to high consumption of glucose and sucrose, usually utilized carbon
sources in many bioprocesses, the most prominent research in xanthan production is related to the
isolation of new xanthan producing strains capable to metabolize other carbon sources and to produce
xanthan with characteristics appropriate for usage in food industry. The aim of this study was to
examine the effect of variation of carbon sources in cultivation media on xanthan production by
reference strain Xanthomonas campestris ATCC 13951 and five Xanthomonas strains isolated from
infected pepper leaves. Bioprocess efficacy was estimated based on the quantity and quality of
biosynthesized xanthan. The obtained results show that both, the selection of the carbon source and
selection of producing strain have a statistically significant effect on bioprocess efficacy whereby the
influence of carbon sources on the analyzed parameters is more pronounced. It was confirmed that
Xanthomonas strains responsible for the production of a large amount of xanthan are not suitable for
biosynthesis of good-quality biopolymer. Taking into account all results it can be concluded that the
greatest potential in biotechnological xanthan production has strain PFNS PL4 and glucose or starch
containing media which is the basis for further research.

Keywords: biotechnological production, xanthan, Xanthomonas campestris, cultivation medium
composition, carbon source

INTRODUCTION

Xanthan is a water soluble microbial exo-
polysaccharide, composed of glucose,
mannose, and glucuronic acid units, that is
produced using bacteria of the genus
Xanthomonas (Petri, 2015). Due to its uni-

gland, 2006; de Mobnaco Lopes et al.,
2015; Petri, 2015).

Except of excellent rheological behavior,
biocompatibility, non-toxicity and biodegra-
dability of xanthan are the main reasons

gue rheological properties and insensitivity
to variation in salt concentration, pH value
and temperature, xanthan is commercially
the most important biopolymer widely used
in food, pharmaceutical, petrochemical,
cosmetic, textile and other industries as
well as in agriculture (Rosalam and En-

why novel applications of xanthan appear
continuously (Sharma et al., 2006). The
most advanced application of xanthan is in
food industry as a suspending and thi-
ckening agent (Infee Sherley and Priyad-
harshini, 2015). In addition, xanthan con-
trols the rheology and improves texture,
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volume, viscosity, flavor release, and ap-
pearance of the final food product (Pa-
laniraj and Jayaraman, 2011). Xanthan is
widely used in salad dressings as it pro-
vides easy pourability and keeps the
dressing on the top of the salad (Abe-
dinzadeh et al., 2016). In bakery industry,
xanthan is used primarily to increase water
binding during baking and to improve
texture of the bread and pastry, including
gluten-free bakery products (Preichardt et
al., 2011). The use of xanthan in beve-
rages helps in maintaining the suspension,
resulting in good product appearance and
texture (Saha and Bhattacharya, 2010).
Besides all mentioned, xanthan is an
excellent thickening agent for butter
creams, ice creams, chocolate and other
edible coatings (Palaniraj and Jayaraman,
2011; Suput et al., 2015).

Xanthan is produced industrially by aero-
bic submerged batch cultivation of refe-
rence strain Xanthomonas campestris
ATCC 13951 on the appropriate medium
under optimal conditions (de Ménaco
Lopes et al.,, 2015). Glucose, sucrose,
starch, molasses and corn syrup are the
most commonly used carbon sources in
the production medium but the industrial
production of xanthan is mainly based on
the usage of glucose or sucrose con-
taining media (Becker et al., 1998; de
Ménaco Lopes et al., 2015; Petri, 2015).
However, the rise in prices and the
growing demand for mentioned compo-
nents indicate the need for usage of
another sugar or alternative substrates
with lower price. The lack of this idea is
difficulty of the reference strain to suc-
cessfully metabolize other carbon sources
as glucose or sucrose (Roseiro et al.,
1992).

Considering all mentioned facts it can be
concluded that there is a need for se-
lection of new xanthan producing strains
and alternative fermentable substrates.
Accordingly, researches are focused on
optimization of these segments of xanthan
production process in order to increase the
yield, but also the quality of the syn-
thesized biopolymer (Niknezhad et al.,
2016). The results of published studies in-
dicate that Xanthomonas strains isolated
from brassicas, pepper and cotton leaves

were successfully used for xanthan bio-
synthesis (Selva Mohan and Babitha,
2010; Roncevi¢ et al., 2018). In addition,
since it is possible to isolate the strains
with ability to metabolize different carbon
sources in order to produce xanthan, there
is also a possibility of using waste streams
with that carbon sources as raw materials
in the biotechnological xanthan production
(Baji¢ et al., 2014; Baiji¢ et al., 2015). This
indicates that apart from decrease of the
production costs, reduction of environ-
mental pollution and improvement of al-
ready existing wastewater treatment sys-
tems can be also achieved in this way
(Green et al., 1994). Moreover, new
studies are being focused on isolation of
new strain which can produce xanthan
with better structure and rheological cha-
racteristics.

The aim of this study was to evaluate the
effect of various carbon sources in
cultivation media on xanthan production by
the reference strain Xanthomonas cam-
pestris ATCC 13951 and different Xantho-
monas strains isolated from pepper
leaves. Process efficacy was estimated
based on the quantity and quality of bio-
synthesized xanthan.

MATERIALS AND METHODS

Producing microorganism

The reference strain Xanthomonas cam-
pestris ATCC 13951 and five strains iso-
lated from pepper leaves (PFNS PL1,
PFENS PL2, PENS PL3, PFNS PL4, PFNS
PL5), identified as bacteria of the genus
Xanthomonas (Grahovac et al.,, 2016),
were used as the producing micro-
organism in these experiments. The cul-
tures were stored at 4 °C on agar slant
(YMA®, HiMedia, India) and subcultured
at four-week intervals.

Cultivation media

The commercial medium (YMB®, HiMedia,
India) was used for inoculum preparation,
while xanthan production was performed
on semi-synthetic media with various car-
bon sources. Glucose, lactose and starch
(potato, soluble) 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),
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(NH,4).SO, (1.5 g/L), K;HPO, (3.0 g/L) and
MgS0O,-7H,0 (0.3 g/L). The pH value of all
used media was adjusted to 7.0+£0.2 and
then sterilized by autoclaving at 121°C and
2.1 bar for 20 min.

Xanthan production

The xanthan production was carried out in
300 mL Erlenmeyer flasks with 100 mL of
the cultivation medium with the appro-
priate composition. Inoculation was per-
formed by adding 10% (v/v) of inoculum
prepared in aerobic conditions at 25 °C
and 150 rpm (laboratory shaker KS 4000i
control, lka® Werke, Germany) for 48 h.
The biosynthesis was carried out in batch
mode under aerobic conditions at 30 °C
and 150 rpm for 120 h.

Determination of cultivation medium
rheological properties

The rheological properties of cultivation
medium samples taken after 120 h of
cultivation were determined using ro-
tational viscometer (REOTEST 2 VEB
MLV Prufgerate-Verk, Mendingen,
SitzFreitel) with double gap coaxial cylin-
der sensor system, spindle N. Based on
deflection of measuring instrument (q,
Skt), shear stress (1, Pa) was calculated
under defined values of shear rates (D,
1/s) using the Eq. (1):

1=0.1-z2a (1)

where z is the constant with the value 3.08
dyn/cm?-Skt. The pseudoplastic behavior
of the cultivation medium was confirmed
by fitting the experimental data to the
Ostwald-de-Waele model using the power
regression. The values of the consistency
factor (K, Pa-s"), flow behavior index (n)
and determination coefficient (R?) were
determined by Excel software 2010 and
used for calculation of medium apparent
viscosity (n,, mPa-s) from Eq. (2):

Na =KD" (2)

where D is shear rate with the value of 100
1/s.

Determination of xanthan quantity

At the end of biosynthesis, the xanthan
was separated from the supernatant of
cultivation medium by precipitation with

cold 96% (v/v) ethanol in the presence of
the potassium-chloride as electrolyte.
Supernatant was obtained using an ultra-
centrifuge (Hettich Rotina 380 R, Ger-
many) at 10000 rpm for 10 min. The
preparation of starch-containing medium
samples included hydrolysis prior to cen-
trifugation, using the commercial enzymes
(Alkozym Plus and Alkozym HT, Alkozym
GmbH, Germany) at conditions defined by
the producer. Ethanol was gradually ad-
ded to the supernatant at constant stirring
until the alcohol content in mixture was
60% (v/v). Prior to this, a saturated so-
lution of potassium-chloride was added
into the cell-free supernatant in a quantity
to obtain a final content of 1% (v/v). The
obtained mixture was kept at 4 °C for 24 h
in order to dehydrate the precipitated xan-
than, and then centrifuged at 4000 rpm for
15 min (Tehtnica LC-321, Slovenia). The
precipitated biopolymer was dried to
constant weight at 60 °C in order to deter-
mine the xanthan quantity. Ethanol used
for xanthan precipitation was recycled by
distillation.

Determination of xanthan solution ap-
parent viscosity

Apparent viscosity of 0.5% (w/v) aqueous
xanthan solution was calculated based on
results of measurement on rotational vis-
cometer (REOTEST 2 VEB MLV
Prufgerate-Verk, Mendingen, SitzFreitel)
with double gap coaxial cylinder sensor
system, spindle N, as previously des-
cribed.

Statistical analysis

All experiments were carried out in tripli-
cate and the results were averaged. The
experimental data were processed by two-
way analysis of variance (two-way
ANOVA). Significant differences between
the means were determined by Duncan's
multiple range test at the significance level
of a=0.05 using Statistica 13.2 software
(Dell Inc., USA).

RESULTS AND DISCUSSION

In accordance with the defined aim of this
research, xanthan biosynthesis was
performed by several Xanthomonas
strains on cultivation media with different
carbon sources, i.e. glucose, lactose and
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starch which represent substrates for xan-
than production (Leela and Sharma,
2000). Since the xanthan solutions and
xanthan cultivation broths are highly vis-
cous even at low biopolymer con-cen-
trations and show pseudoplastic behavior
(Garcia-Ochoa et al., 2000), the metabolic
activities of examined bacterial strains and
the possibility of xanthan production under
the applied experimental conditions were
evaluated comparing the rheological pro-
perties of cultivation media before inocu-
lation and after biosynthesis. The rheolo-
gical parameters were determined from
the relationship between shear rate and
shear stress, and obtained values are
presented in Table 1 as well as in Table 2
along with other indicators of xanthan bio-
synthesis.

Flow behavior index (n) shows a level of
deviation from Newtonian flow behavior.
For a Newtonian fluid, flow behavior index
is equal to 1, greater than 1 for a dilatant
and less than 1 for a pseudoplastic fluid
(Bjorn et al.,, 2012). In this research,
values of flow behavior index for cultiva-
tion media obtained after biosynthesis
were in the range of 0.3900-0.5377 (Table
2), which is similar to the results from avai-
lable literature (Roncevi¢ et al., 2017).
Considering that these data are different in
relation to the values of the same para-
meter determined before inoculation
(0.4079-0.5549; see Table 1), it can be
assumed that metabolic activity of all used
producing microorganisms occurred under
the applied experimental conditions on all

investigated media.

Table 1.
Rheological properties of cultivation media with various carbon sources before inoculation
Carbon source n K (Pa's") R® Na (MPa's)
Glucose 0.4678 0.0676 0.956 5.83
Lactose 0.4079 0.0871 0.963 5.70
Starch 0.5549 0.1102 0.980 14.19

n - flow behavior index; K - consistency factor; R? - determination coefficient;

Na - apparent viscosity

Table 2.

Indicators of xanthan biosynthesis by different Xanthomonas strains on media with various carbon

sources after 120 h of cultivation under applied conditions (30 °C, 150 rpm)

Xanthomonas strain Carbon source n K (Pa-s") R’ n. (mPa-s)

Glucose 0.4656 0.3250 0.992 27.74

ATCC 13951 Lactose 0.4912 0.0899 0.995 8.63
Starch 0.4699 0.1449 0.908 12.61

Glucose 0.5377 0.0952 0.993 11.32

PFNS PL1 Lactose 0.4869 0.0872 0.923 8.21
Starch 0.4820 0.0913 0.903 8.40

Glucose 0.5205 0.1557 0.994 17.11

PFNS PL2 Lactose 0.4968 0.0730 0.972 7.19
Starch 0.4449 0.1243 0.947 9.64

Glucose 0.4978 0.2379 0.998 23.55

PFNS PL3 Lactose 0.5100 0.0998 0.950 10.45
Starch 0.5106 0.0941 0.975 9.88

Glucose 0.4719 0.2944 0.999 25.87

PFNS PL4 Lactose 0.5252 0.0794 0.998 8.92
Starch 0.3900 0.0995 0.914 6.00

Glucose 0.5164 0.1078 0.996 11.63

PFNS PL5 Lactose 0.4513 0.0865 0.965 6.91
Starch 0.4883 0.0756 0.971 7.16

n - flow behavior index; K - consistency factor; R” - determination coefficient; . - apparent viscosity
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In addition, high values of the coefficient of
determination (R*>0.908) indicate a very
good corresponding of the measured va-
lues with the Ostwald-de-Waele model,
which further confirms pseudoplastic be-
havior of all tested samples.

The viscosity of xanthan solution depends
on the concentration of the biopolymer, but
also on its structure (Garcia-Ochoa et al.,
2000). Taking into account that the con-
sistency factor is proportional to the visco-
sity, the different values of this parameter
shown in Table 2 indicate the difference in
the quantity and quality of xanthan pro-
duced under the applied experimental
conditions using different Xanthomonas
strains on media with various carbon
sources. This is in accordance with the
values of apparent viscosity shown in the
same table. Also, it can be noticed that
media based on glucose and lactose were
more viscous at the end of cultivation than
before inoculation for all investigated
strains (Table 1), which was not the case
with the starch containing medium. This is
probably due to the fact that both, the
reference strain Xanthomonas campestris
ATCC 13951 and Xanthomonas strains
isolated from the environment have the
ability to synthesize amylolytic enzymes
responsible for hydrolysis of starch (de
Crecy-Lagard, et al., 1990).

The values of rheological parameters and
the highest values of apparent viscosity
given in Table 2 indicate that the greatest
bioprocess success was most likely
achieved by cultivation of all applied Xan-
thomonas strains on glucose containing
medium. It can also be noticed that there
was no significant difference between the
lactose and starch containing medium.
However, in order to select the most pro-
ductive strain and the most suitable
carbon source, it is necessary to carry out

Table 3.

a more detailed analysis of the effect of
mentioned parameters on the quantity and
quality of xanthan. To accomplish this, it is
necessary to perform statistical analysis of
experimentally obtained values for indica-
tors of process efficacy and to make ap-
propriate data interpretation.

Effect of producing strain and carbon
source on xanthan quantity

In order to examine the effect of different
Xanthomonas strains and carbon sources
on xanthan concentration in media at the
end of biosynthesis, statistical analysis of
experimental data was carried out. The
results of Two-Way ANOVA analysis are
given in Table 3.

The results presented in Table 3 show that
the p-values for the analyzed parameters
and their interaction are much lower than
0.05, which indicate that the applied
Xanthomonas strains and carbon sources
as well as their combination have a sta-
tistically significant effect on xanthan con-
centration in cultivation media as evi-
denced during other investigations (Rot-
tava et al., 2009; Gumus et al., 2010; Ku-
mara et al., 2012). However, if attention is
paid to the mean square values presented
in the same table, it can be concluded that
the carbon source had a much greater
effect on this group of results, while the
effect of Xanthomonas strain is con-
siderably lower indicating that the compo-
sition of cultivation medium is of critical
importance for this bioprocess efficacy.
The results of the statistical analysis are
also presented graphically in Figures 1 a-
b. In order to select the combination of the
Xanthomonas strain and carbon source for
which the highest concentration of xanthan
in cultivation media was achieved, the ex-
perimental data was analyzed using
Duncan's multiple range test (Table 4).

Analysis of variance (Two-Way ANOVA) of the effect of different Xanthomonas strains and carbon
sources on xanthan concentration in media after 120 h of cultivation under applied conditions (30 °C,

150 rpm)

Variability

DF MS F-value p-value

Xanthomonas strains

Carbon sources

Xanthomonas strains and carbon sources
Error

102.670 5 20.534 75.91 < 0.000001

233.377 2 116.689 431.40 < 0.000001

239.859 10 23.986 88.68 < 0.000001
9.738 36 0.270

SS — sum of squares; DF — degrees of freedom; MS — mean square
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Figure 1. Effect of different Xanthomonas strains (a) and carbon sources (b) on xanthan concentration
in media after 120 h of cultivation under applied conditions (30 °C, 150 rpm)

Figure la shows the results of statistical
analysis of the effect of the Xanthomonas
strains on xanthan concentration in media
at the end of biosynthesis. Considering the
mean value of biopolymer content for all
carbon sources, the strain PFNS PL5
proved to be the best strain for xanthan
production in applied experimental con-
ditions. However, individual experiments
carried out using this Xanthomonas strain
vary widely depending on the carbon
source used for medium preparation
(Table 4). The highest xanthan concen-
tration (12.55+£0.78 g/L) was achieved by
cultivation of PFNS PL5 strain on medium
based on starch, while biosynthesis con-
ducted with the same strain on the glucose
containing medium was less successful as
the product content was much lower
(7.19+£0.43 g/L) but similar to the result
from literature data (Roseiro et al., 1992).
According to graphically presented results,
there is no statistically significant dif-
ference in the xanthan concentration in
media when reference strain, PFNS PL 3
strain, PFNS PL 4 strain or PFNS PL 5
strain are used.

The results of the statistical analysis of the
effect of carbon sources on xanthan con-
centration in cultivation media at the end
of biosynthesis are shown in Figure 1b.
Graphically presented results indicate that
the highest yields were achieved by cul-
tivation of all examined Xanthomonas
strains on the starch containing medium.
The obtained results also show that there
was no statistically significant difference in

biopolymer concentration in media prepa-
red with starch and glucose which is in ac-
cordance with the literature data indicating
that the mentioned components are the
most suitable carbon sources for the
xanthan biosynthesis (Leela and Sharma,
2000).

The lowest concentration of xanthan in
media was achieved using lactose as a
carbon source (Figure 1b), in line with
reported literature data (Leela and Shar-
ma, 2000; Nikam et al., 2011). Lactose is
a disaccharide consisting of B-D-galactose
and B-D-glucose molecules that are bound
by a B-1,4 glycosidic bond. Due to the low
level of B-galactosidase present in Xantho-
monas campestris the bacterium meta-
bolize lactose in a lesser degree (Walsh et
al., 1984). On the other hand, starch is a
polymeric carbohydrate consisting of a
large number of glucose units linked by a-
1, 4 glycosidic bonds (Ogunsona et al.,
2018). Considering the fact that Xantho-
monas strains have the ability to synthe-
tize amylolytic enzymes (de Crecy-Lagard,
et al., 1990) responsible for hydrolysis of
starch to glucose and that the most glu-
cose (about 90%) is primarily catabolized
via the Entner-Doudoroff pathway in Xan-
thomonas campestris spieces (Garcia-
Ochoa et al.,, 2004), it is clear why the
results obtained by cultivation of different
Xanthomonas strains on media with glu-
cose and starch as carbon sources were
at the same level of significance. From the
results of Duncan's multiple range test
presented in Table 4, it can be seen that

Mean:
T Meant1,96*SE

+SE
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the highest xanthan content was accom-
plished when the cultivation of PFNS PL4
was performed on starch containing me-
dium (13.20+0.76 g/L).

This result is in accordance with the lite-
rature data where similar xanthan concen-
tration (12.10 g/L) was obtained on me-
dium with starch using Xanthomonas
strain isolated from infected cabbage
leaves (Leela and Sharma, 2000). It can
also be noticed that there is no statistically
significant difference between this results
and the results of experiments where xan-
than production were carried out by culti-
vation of the reference strain on glucose
containing medium (12.99+0.79 g/L) and
cultivation of PENS PL5 strain on starch
containing medium (12.55+0.78 g/L) which
is confirmed by the p-values of 0.303566
and 0.154671, respectively. It is important
to note that the productivities of the
examined strains on the glucose contai-
ning media obtained in this study are
higher than those reported in literature
data where xanthan content in the medium
with higher concentration of glucose
(40g/L) was from 6.40+0.55 to 8.22+1.52
g/L (Gumus et al., 2010).

Table 4.

Effect of producing strain and carbon
source on xanthan quality

The quality of xanthan depends on several
factors, among which the producing strain,
the cultivation medium composition and
the process conditions are emphasized,
and can be estimated based on several
parameters, such as the composition of
the macromolecules, the molecular weight,
the viscosity of its solutions, etc. (Tait et
al., 1986). Within this research, the quality
of the produced biopolymer was estimated
based on the apparent viscosity of its
agueous solutions. In order to determine
the effect of different carbon sources and
Xanthomonas strains on values of this
parameter, a statistical analysis of the
experimental data was performed. The re-
sults of Two-Way ANOVA analysis are
given in Table 5. The results presented in
Table 5 suggest that the p-values for the
analyzed parameters and their interaction
are much lower than 0.05, which indicate
that the applied Xanthomonas strains and
carbon sources as well as their combi-
nation have a statistically significant effect
on the apparent viscosity of xanthan so-
lution.

Duncan's multiple range test: mean + standard deviation for xanthan concentration in media with
various carbon sources obtained by cultivation of different Xanthomonas strains

Xanthomonas strain Carbon source Xanthan (g/L)
PFNS PL1 Lactose 2.24+0.32°%
PFNS PL4 Lactose 3.32+0.27°
PFNS PL2 Lactose 3.35+0.37°
PFNS PL3 Lactose 3.46+0.33"

ATCC 13951 Lactose 4.40+0.43°
ATCC 13951 Starch 4.86+0.42°
PFNS PL2 Glucose 6.43+0.41°
PFNS PL1 Glucose 6.82+0.59°
PFNS PL4 Glucose 7.05+0.43°
PFNS PL5 Glucose 7.19+0.43°
PFNS PL2 Starch 7.32+0.43°
PFNS PL1 Starch 7.37+0.50°
PFNS PL3 Starch 8.73+0.51°
PFNS PL5 Lactose 9.03+0.64°
PFNS PL3 Glucose 9.57+0.56°
PFNS PL5 Starch 12.55+0.78
ATCC 13951 Glucose 12.99+0.79"
PFNS PL4 Starch 13.20+0.76'

a,b,...

Values in the same column marked with the same letter are not significantly different at a=0.05
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Table 5.

Analysis of variance (Two-Way ANOVA) of the effect of different Xanthomonas strains and carbon

sources on apparent viscosity of xanthan solution

Variability DF MS F-value p-value
Xanthomonas strains 174.822 5 34.964 187.03 < 0.000001
Carbon sources 364.256 2 182.128 974.22 < 0.000001
Xanthomonas strains and carbon sources 62.467 10 6.247 33.41 < 0.000001
Error 6.730 36 0.187
SS — sum of squares; DF — degrees of freedom; MS — mean square
a) 16 b) 16
;‘ 14 T = 14 T
ié, 12 ° % ?
z | 1 4 ..
g 10 T o § 10
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Figure 2. Effect of different Xanthomonas strains (a) and carbon sources (b) on apparent viscosity of
xanthan solution

The mean square values presented in the
same table show that the carbon source
has a much greater effect on this group of
results, while the effect of Xanthomonas
strain is considerably lower. The results of
the statistical analysis are also presented
graphically in Figures 2 a-b and the ex-
perimental data was analyzed using Dun-
can's multiple range test whose results are
presented in Table 6.

The results shown in Figure 2a represent
statistical analysis of the effect of Xantho-
monas strains on apparent viscosity of
xanthan solution. Considering the mean
value of this parameter for all carbon
sources, the strain PFNS PL2 proved to
be the best strain for good-quality xan-
than production. The experiments carried
out by cultivation of mentioned Xantho-
monas strain on medium with glucose
resulted in biosynthesis of xanthan which
solution had the highest values of ap-
parent viscosity (17.51+£0.57 mPa-s). On
the other hand, cultivations of PFNS PL2
strain on lactose and starch containing
media was less successful as the ap-
parent viscosity of xanthan solutions was
significantly lower (Table 6). According to

graphically presented results (Figure 2a), it
can be noticed that the PFNS PL4 strain
also produced good-quality xanthan. The
obtained results are in accordance with
findings of Gumus et al. (2010) about the
dependency of the used Xanthomonas
strains and the viscosities of produced
xanthan solutions.

Statistical analysis of the effect of carbon
sources on apparent viscosity of xanthan
solution is shown in Figure 2b. Graphically
presented results indicate that xanthan
solutions had the highest values of ap-
parent viscosity when produced in a glu-
cose containing medium, regardless of the
Xanthomonas strain used as a producing
microorganism.

This is in accordance with the results gi-
ven in Table 6, as well as with literature
data indicating that xanthan of the highest
quality can be biosynthesized on media
with glucose as a carbon source (Rosalam
and England, 2006). It can also be noticed
that there was no statistically significant
difference in the values of the analyzed
parameter if lactose and starch are used
as carbon sources for biopolymer pro-
duction.
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Table 6.

Duncan's multiple range test: mean * standard deviation for apparent viscosity of xanthan solution

produced by different Xanthomonas strains on media with various carbon sources

Xanthomonas strain

Carbon source

Apparent viscosity (mPa-s)

PFNS PL5
PFNS PL1
PFNS PL3
ATCC 13951
PFNS PL1
PFNS PL4
PFNS PL5
ATCC 13951
PFNS PL4
PFNS PL3
PFNS PL3
PFNS PL2
PFNS PL2
PFNS PL5
PFNS PL1
ATCC 13951
PFNS PL4
PFNS PL2

Starch 4.73+0.27°
Lactose 5.13+0.58%
Starch 5.47+0.23%°
Lactose 5.69+0.54"
Starch 5.83+0.34"
Starch 5.94+0.39°
Lactose 7.00+0.41°
Starch 7.34+0.38"°
Lactose 8.77+0.46°
Lactose 8.83+0.55°
Glucose 9.64+0.33'
Lactose 10.01£0.34
Starch 10.18+0.37"
Glucose 11.06+0.31°
Glucose 11.10+0.32°
Glucose 11.58+0.68°
Glucose 14.23+0.42"
Glucose 17.51+0.57'

a,b,...

The data presented in Table 6 are the re-
sults of the Duncan's multiple range test.
These results suggest that the xanthan
solutions with the highest values of ap-
parent viscosity (17.51£0.57 mPa-s) oc-
cured when the cultivation of PFNS PL2
strain was performed on the glucose con-
taining medium. In addition, results of post
hoc testing indicated that there was a sta-
tistically significant difference between the
quality of xanthan obtained under the
mentioned conditions and that obtained in
other conditions, for example from xanthan
produced on the starch containing medium
by PFNS PL5 strain (p=0.000017).

CONCLUSIONS

In this research the success of xanthan
production using the reference strain Xan-
thomonas campestris ATCC 13951 and 5
Xanthomonas strains isolated from pepper
leaves (PFNS PL1, PFNS PL2, PFNS
PL3, PFNS PL4, PFNS PL5) on semi-syn-
thetic media with various carbon sources
(glucose, lactose and starch) was exa-
mined. The experimental data showed that
both, the selection of the carbon source
and selection of Xanthomonas campestris

Values in the same column marked with the same letter are not significantly different at a=0.05

strain had a statistically significant effect
on the xanthan quantity and quality. Ac-
cording to the results of statistical analysis,
glucose and starch were the best carbon
sources for accumulation of xanthan in
media, whereas only glucose favors the
biosynthesis of high quality xanthan. Ta-
king into account other results, it can be
concluded that Xanthomonas strains res-
ponsible for the production of a large
amount of xanthan are not suitable for
biosynthesis of good-quality biopolymer.
However, the greatest potential for appli-
cation in biotechnological production of
xanthan was demonstrated by the strain
PFENS PL4. The results obtained in this re-
search may be a suitable background for
future investigations.
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YTULUAJ M3BOPA YITbEHUKA HA NPOM3BOAHY KCAHTAHA COJEBUMA
XANTHOMONAS SPP. U30JTIOBAHUX CA JIMCTOBA NANPUKE

3opaHa 3. Ponuesuh®, Mga E. 3axosuh**, MBana C. Majunk’, Muna C. Mpaxosau’®, CvHuwwa H.
,El,op,mhl, JoBaHa A. I'paxosau,l, JeneHa M. ﬂop,mhl

lyH|/|Bep3v|TeT y Hoeom Cagy, TexHonowkn dpakyntet Hoeu Cag, 21000 Hoen Cag, byneBap uapa
Jlazapa 6p. 1, Cpbuja
2yH|/|Bep3v|TeT y Hoeom Cagpy, MNorvonpuspeaHun dakyntet, 21000 Hoen Cag, Tpr Jocuteja
O6paposuha 6p. 8, Cpbuja

CaxeTtak: KcaHTaH je HajBakHMju MUKPOOMOMOLLKM ersononucaxapug Koju ce npumMmemyje y
pasnMunTMM rpaHama npexpambeHe n HenpexpambeHe uHaycTpuje. 360r BENUKE NOTPOLUHE NyKOo3e
N caxapose, Hajuyewhe kopuwheHUXx u3Bopa YribeEHUKa y OGpojHUM OGuonpouecuma, HajakTyernHuja
UCTpaXkuBara y Npo3BoHN KCaHTaHa OAHOCE Ce Ha M3orauunjy HOBOr MPOU3BOAHOr COja KOju MOXe
ycrnewHo fa meTtabonuwie Heke Apyre W3BOpE YribeHMKa M [a npu TOMe MNpPOAYKyje KcaHTaH ca
KapakTepucTukama norogHum 3a npuMeHy y npexpambeHoj uHgyctpumju. Linms oBor uctpaxmsama 61o
je bAa ce vcnuta yTuuaj Bapujaumje M3Bopa yribeHuka y KynTMBaLMOHMM Meaujuma 3a npounsBoahy
KCaHTaHa npumeHoM pedyepeHTHor coja Xanthomonas campestris ATCC 13951 1 net Xanthomonas
CojeBa M30M10BaHNX ca MHMUMpaHux nuctosa nanpuke. EdukacHocT Guonpoueca npoueweHa je Ha
OCHOBY KONMMYMHE N KBanuTeTa OMOCMHTETUCAHOr KcaHTaHa. [JobujeHn nogaumn nokasyjy oa v nsbop
n3Bopa yribeHunka u cenekuuvja Npon3BogHOr coja nMajy CTaTUCTUYKM 3HavajaH yTuuaj Ha epukacHocT
Ovonpoueca, Npu 4Yemy je yTuuaj u3Bopa YribeHWKA Ha BPEOHOCT aHanuMavpaHux napameTtapa
nspaxeHuju. [lokasaHo je ga Xanthomonas cojeBuM OOrOBOPHM 3a NPOU3BOAHY BESIMKE KONMUYMHE
KCaHTaHa HWCYy MOorogHyn 3a OMOoCuHTe3y KBanuTeTHor Ouononumepa. Ysumajyhu y ob3up cse
pesyntaTte, MOXe ce 3aKkibydnTu Aa Hajsehu noteHuujan y GUOTEXHOMOLLKO] NPOM3BOAHN KCaHTaHa
uma coj PFNS PL4, kao 1 Megujym Koju cagpXu rnykosy unm ckpob LWTO npeacTaBiba OCHOBY 3a
Aarba ucTpaxunsama.

Krby4dHe peun: 6uomexHornouwika npouseodra, kcaHmaH, Xanthomonas campestris, cacmas
KynmueayuoHoe mMedujyma, U3eop yarbeHUKa
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