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Abstract Exiguobacterium aurantiacum, a member of the Bacilli class, has the ability to synthesize and secrete
exopolysaccharides. The strain, isolated from Marchica lagoon in Morocco, produced exopolysaccharide (EPS),
mainly during its exponential growth phase but also to a lesser extent during the stationary phase. The optimum pH
and temperature for growth and exopolysaccharide (EPS) production were 8 and 37°C respectively, the dry weight
of the exopolysaccharides products and biomass was found to be 259. 05 ± 1.48 mg/100ml and 150.25 ± 0. 35
mg/100ml respectively. The partially purified exopolysaccharide (EPS) samples were chemically analyzed. The
results showed that the temperature and pH have no effect on the protein amount produced by E. aurantiacum while
the carbohydrate amount varied. The functional groups in the partially purified exopolysaccharides were determined
by the FT-IR. Because of its ability to produce large quantities of exopolysaccharides; this bacterium may prove to
be an excellent model species for the development of biotechnology products.
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1. Introduction
Many species of bacteria possess the ability to
synthesize the polysaccharides in the form of a capsule
surrounding the cell (capsular polysaccharides, CPS) or
completely excreted into the environment (exopolysaccharides,
EPS). It has been shown that bacterial EPS provide
protection from various environmental stresses such as
desiccation, effect of antibiotics and predation [12].
Exopolysaccharides generally consist of monosaccharides
and some non-carbohydrate substituents (such as protein,
nucleic acids, lipids). In recent years, the EPS are
positioned as a privileged field of investigation because of
the variety of their chemical structures and their many
properties. The functional properties of bacterial
exopolysaccharides have been demonstrated in a wide
range of applications, including pharmaceuticals, environment
[1,14], the biosorption of heavy metals [16], food products,
cosmetics and bionanotechnology. Several researchers are
carried on the EPS production by the bacteria and their
biotechnological applications. However, it is important to
study the optimal culture conditions for a good production
of exopolysaccharides, because factors such as the culture
medium, pH, temperature and agitation influence the
production of EPS and their composition. The influence of
the initial pH of the culture medium on the EPS production
by several bacteria has been clearly demonstrated [20].

Exiguobacterium aurantiacum is an alkaliphilic
extremophile [10]. Extremophiles can be used in various
applications due to the presence of rare enzymatic
activities which enable them to gain resistance to xenobiotics;
to produce exopolysaccharide and biosurfactants [18]. E.
aurantiacum has been reported to degrade aliphatic
hydrocarbon, phenol, pyridine, naphtaléne [17]. Many
authors have studied the biodegradation of diverse organic
compounds by Exiguobacterium aurantiacum and their
extracellular biosurfactant production. However, only a
few studies have been carried on EPS production by E.
aurantiacum. The relationship between exopolysaccharide
production and the physiology and growth of the organism
has not been studied.
This work aims to establish the yield of
exopolysaccharide (EPS) in E. aurantiacum isolated from
Marchika lagoon in Morocco. The influence of the
incubation temperature and pH on the amount of EPS
were determined for the first time. To understand better
the characteristics of EPSs and thus be able to apply them
successfully to biotechnological ends it is essential to
optimize their production.

2. Material and Methods
2.1. Microorganism and Culture Media
Exiguobacterium aurantiacum was isolated from water
samples taken from the lagoon of Marchica from Morocco.
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This bacterium was isolated in the context of the project of
the 7th PCRD research ULIXES « Unraveling and
exploiting Mediterranean Sea microbial diversity and
ecology for the xenobiotics and pollutants cleanup » in
Morocco. Bacterial identification was done by sequence
method using GenElute™ Bacterial Genomic DNA Kit
and ABI 3130xl Genetic Analyzer. The identification of
isolated strain was performed by direct sequencing of PCR
amplified 16S rDNA gene fragments. The bacterium have
been purified and maintained in glycerol at -20°C.
For EPS detection, experiments were conducted using
Petri dishes containing the nutrient agar and the bacterium
was maintained at 37°C for 48h. The appearance of the
bacterium and mucoid character is visually detected. The
second test is the coloration with ruthenium red. The
detection of mucoid character is made according to the
method of Bouzar. The color of the bacterium on the
ruthenium nutrient agar indicates if the strain is productive
of EPS or not [4].
For the evaluation of EPS production, the bacterial
strain was cultivated in YPMG medium. Composition per
liter: Glucose: 20g; Peptone: 5g; yeast extract: 5g;
(NH4)2S04: 0,6g; KH2PO4: 3,18g; K2HPO4: 5,2g; MgSO4:
0,3g; CaCl2: 0,05g; ZnSO4: 0,2mg; CuSO4: 0,2mg;
MnSO4: 0,2mg; FeSO4: 0,6mg).

2.2. Culturing Procedures
To establish the kinetics of EPS production, 200mL of
the YPMG medium was placed in 500ml Erlenmeyer
flasks and 1mL of 16 hours bacterial pre-culture was
inoculated. The culture was maintained at a temperature of
37 ° C, pH 7 for 6 days. Some samples are taken during
culture to monitor microbial growth and EPS production.
20 ml of culture was taken each time for EPS extraction in
50ml centrifuge tubes and the cell was dried and weighed.
To establish the influence of physicochemical
parameters, we assayed the following variables:
incubation temperature (30°C, 37°C, and 40°C); initial pH
(6, 7, 8, 9 and 10) and incubation either in a rotating
shaker (100 rpm) for 4 days. All Experiments were done
using 250 ml flasks each containing 100ml of the YPMG
medium. 1mL of 16 hours bacterial pre-culture was
inoculated. The test was done in triplicate.

2.3. Analytical Determinations
E. aurantiacum growth was measured based on the dry
weight per 100ml of the culture. The cell dry weight
(CDW) was determined by centrifugation (8600 x g , 4°C,
30min) followed by drying to a constant weight in an oven
at 100°C overnight.
EPS was quantified by dry weight determinations by
the method of Castellane et al. [8] modified. Briefly, the
culture was centrifuged (8600 x g, 4°C) and the
supernatant was filtrated, precipitated with cold 96%
ethanol at a 1:3(v/v) supernatant: ethanol ratio. The
mixture was refrigerated at 4°C overnight. After this
period, the samples were centrifuged once again (8000 x g,
4°C) to separate the precipitate from the solvent. The
precipitated product was dried at 37°C. For the
purification, The EPS was dissolved in the solution of
NaCl (1M and 0,5M) respectively. It was re-precipitated
with two volumes of absolute ethanol and centrifuged
(8000g, 4°C, 20 min). This operation was carried out four
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times. The solvent precipitation achieved a partial
purification of the polymer by eliminating the soluble
components of the culture media. The precipitated product
was dried at 37°C until a constant weight was observed,
and a precision balance used to verify the quantity of EPS
obtained. The weight of the EPS is expressed in
milligrams per 100 ml of culture (mg / 100ml). The values
shown for EPS were calculated by subtracting the amount
of background interference in uninoculated medium
(approximately 10mg of carbohydrate/100ml) from the
amount in fermented broth. This test was triplicated.
For the estimation of carbohydrate and protein content
in the EPS, Polysaccharide sample (4 mg in 1 ml of
distilled water) was placed in a 100- by 15-mm screw-top
glass tube, then 1 ml trifluoroacetic acid 8 N was added,
and the tube was tightly capped (Teflon-lined cap) and
heated for 2 h at 100°C. The hydrolyzed sample was then
cooled to 25°C and uncapped, and samples were dried
under reduced pressure for 48 h until only a residue
remained [7]. The total carbohydrate content was
estimated by phenol sulphuric acid method proposed by
Dubois [13]. The amount of protein present in the
hydrolyzed EPS was estimated by Bradford method [5].
Samples of purified EPS were prepared for I.R. analysis
using Perkin-Elmer FT-IR instrument. One part of extract
was mixed with ninety nine parts of dried potassium
bromide (KBr) separately and then compressed to prepare
a salt disc of 3 mm diameter. These discs were subjected
to IR-spectra measurement in the frequency range of 400
and 4000 cm-1 [25].

3. Results
We reported in this study, for the first time, the
quantification of exopolysaccharides produced by
Exiguobacterium aurantiacum according to the pH and
temperature of incubation. The 16S rDNA gene sequence
of the strain was carefully studied by refereeing to the
GenBank database using a BLAST search and was
revealed to be identical to Exiguobacterium aurantiacum
(GenBank Accession N° NR_113666.1).

3.1. Phenotypic Evaluation
We focused primarily on the choice of media that a
promoted high Exiguobacterium aurantiacum EPS yields,
because factors such as the culture medium, influences the
production of EPS. We found that E. aurantiacum grows
and produces a significant amount of EPS using glucose
as carbon source over the yeast extract and peptone in the
liquid medium. This carbon source is inexpensive and
easy to obtain and has shown satisfactory results in the
production of exopolysaccharides by E. aurantiacum
strain.
Our observations of E. aurantiacum growth and EPS
production showed that the colonies of the strain were
large, bright and mucoid on nutrient agar (results not
shown). The mucoid colonies formed long, viscous
filaments when picked with a platinum loop. The colonies
were then grown on nutrient agar containing the
ruthenium red (pink color) and observed after 24 and 48
hours of incubation. The coloration test showed that the
bacterium had a white color on the nutrient agar +
ruthenium red (pink color) (results not shown). This
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indicates that E. aurantiacum has the ability to produce
exopolysaccharides.

3.2. Growth and EPS Production
To study the synthesis of the EPS as a function of the
growth phase, E. aurantiacum was grown in YPMG
medium. Cell dry weight and exopolysaccharide
production are determined during fermentation for six
days at 37 °C, 100 rpm and pH 7 without control over pH,

as shown in Figure 1. The bacterium has a latency period
of 6 hours and then enters to exponential phase. The
stationary phase starts from 72h. The kinetics of the EPS
production by E. aurantiacum showed that the
exopolysaccharide is produced during the exponential
phase increasingly and reached a maximum value of 0.65
mg/ml after 48h. During the stationary phase, the quantity
of EPS in the culture decreased at 60% after 72 hours of
incubation (0.4mg / ml).

Figure 1. Profile of EPS production and cell dry weight by Exiguobacterium aurantiacum in YPMG medium (pH 7, 37°C)

We studied the influence of different cultural
parameters in order to be able to improve EPS production
by E. aurantiacum strain. The dry biomass and isolated

EPS were weighed and the values obtained are presented
in Table 1 and Table 2.

Table 1. Evaluation of the influence of pH in the exopolysaccharide production and cell dry weight in Exiguobacterium aurantiacum strain
isolated in Morocco
Strain
pH
EPS
Cell dry weight(CDW)
EPS/CDW
mg/100ml (mean ± SD)
Exiguobacterium aurantiacum
6
26,5 ±0,70
58,35 ± 1,90
0,45 ± 0
7
75,2 ±0,28
52,55 ± 0,77
1,43±0,028
8
259,05±1,48
150,25 ± 0,35
1,72±0,014
9
0±0
27,8±2,54
0±0
10
0±0
52,4±1,69
0±0
Mean values (±standard deviation) culture conditions: YPMG medium, 37°C, 100rpm, and 4 days.
Table 2. Evaluation of the influence of the temperature in the exopolysaccharide production and cell dry weight in Exiguobacterium
aurantiacum strain isolated in Morocco
Strain
Temp (°C)
EPS
Cell dry weight(CDW)
EPS/CDW
mg/100ml (mean ± SD)
Exiguobacterium aurantiacum

30

57,6 ±1,97

43 ± 0

1,33±0,049

37

75,2 ±0,28

52,55 ± 0,77

1,43±0,028

40

52,5±0,35

40 ± 0

1,31±0,007

Mean values (± standard deviation) YPMG medium, pH 7, 100 rpm, 4 days.

To evaluate the influence of pH, we grew E.
aurantiacum in YPMG at 37°C and initial pH 6, 7, 8, 9,
and 10. The amount of exopolysaccharides varies
considerably in different culture settings. The best
production was at pH 8 (259.05 ± 1. 48 mg/100ml) (Table 1)
under the conditions used in this study. There was no
production in the pH 9 and 10. To evaluate the influence
of temperature, we grew E. aurantiacum in YPMG at pH
7 at temperatures of 30°C, 37°C and 40°C. The best

production was obtained at 37°C (75. 2 ± 0. 28 mg/ 100ml)
(Table 2). Low EPS production for E. aurantiacum strain
is at the temperature of 40 °C.
The value of cellular biomass at pH 8 (150.25 ± 0. 35
mg/100ml) is higher than that of other pH. One note
worthy result was that YPMG supported growth at pH 9
and 10 but the cells did not produce exopolysaccharides
(Table 1). For the temperatures tested, the value of the
biomass at 37° C is higher than that of 30°C and 40°C.

American Journal of Microbiological Research

The temperature and pH for the higher production of EPS
by E. aurantiacum is the same as the optimal growth
temperature and pH (Table 2).
We evaluated the specific yield of EPS production. This
yield is given by the ratio of the total EPS to the cellular
biomass. The best yield was obtained at pH 8 (1.72 ±0,014)
followed by pH 7 (1.43±0,028) and pH 6 (0. 45 ± 0). 37 °
C (1.43 ±0.028) is the temperature at which there is a
higher production of EPS followed by 30°C (1.33±0.049)
and 40°C (1.31±0.007).

3.3. Compositional Characterization
Here, Carbohydrate and protein estimation in the
hydrolyse EPS was done (Figure 2). The optical density
for carbohydrate was higher at pH 8 (2.08 ± 0. 02
mg/100ml) than that of pH 7 (1.377 ± 0.0 1 mg/100ml)
and pH 6 (0. 40 ± 0. 003 mg/100ml ). For the influence of
température, the optical density for carbohydrate was 0.4
± 0.06 mg/100ml at 30°C, 1.377 ± 0.01 mg/100ml at 37°C
and 0.60 ± 0.06 mg/100 ml at 40°C. The amount of
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Carbohydrate was higher at pH 8 and 37°C than other pH
(6 & 7) and temperatures (30°C & 40°C). One noteworthy
result was that the amount of protein was the same
(0.32 ± 0.02 mg/100ml) for different pH and temperatures.
The temperature and pH have no effect on the protein
amount produced by E. aurantiacum while the
carbohydrate amount varied.
Figure 2 shows the Infrared (I.R.) spectroscopy of the
isolated EPSs produced from E. aurantiacum at pH (6, 7 & 8)
and temperature (30°C, 37°C & 40°C). The results
demonstrate shows that there is no significant difference
in I.R. spectra of the EPSs produced at different culture
conditions. Many functional groups were observed: Hbonded hydroxyl groups which are typical for
exopolysaccharides were found (3600-3200 and 10501100 cm -1). The list of the bands at 500-950 cm -1 is
present. Polysaccharides C-O-C and C-O-P was at
1100 cm -1, absorption at 1000 cm -1 was typical for
glucose in pyranose form.

Figure 2. Comparative FT-IR spectra of polysaccharides: EPS 30°C (a), EPS 40°C (b); EPS 37°C & EPS pH 7 (c) , EPS pH 8 & EPS pH 6 (d)

Figure 3. Estimation of carbohydrates and protein content of E. aurantiacum exopolysaccharide as a function of pH and temperature
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4. Discussion
We report here for the first time the influence of the
incubation temperature and pH on the growth and the EPS
production by E. aurantiacum isolated from Marchica
lagoon in morocco. E. aurantiacum reveals a mucoid
character on the nutrient agar. In general, the nature of
mucoid bacteria can be detected in different ways or by
visual inspection on an agar medium, UV light [8], the
electron microscopy or coloration [19]. The bacterium has
a white color on the nutrient agar containing ruthenium
red (pink color). In fact, the ruthenium red is a cationic
colorant which gives a pink color to the culture medium.
The polysaccharides (anionic) of the mucoid bacteria
mask the pink color and it appears white on the pink
medium. Non-mucoid colonies are pink. Bouzar et al
selected strains of Lb. delbrueckiissp. Bulgaricus
producing different levels of extracellular polysaccharides
by the ruthenium coloration test [4].
The fermentation profile of E. aurantiacum strain is
characterized by an increase in the EPS production during
the exponential phase and a decrease during the stationary
phase. The EPS production by E. aurantiacum strain
exhibited a fermentation kinetic similar to that of Liamas
[19]. Under optimal growth conditions, the production of
EPS starts during the exponential phase and increased
concomitantly with the rise in number of viable cells. The
highest quantity of EPS was obtained at 48h. These results
are similar to those obtained by Boukahil and Czuprynski
[3], who reported that a strain of M. haemolytica forms a
robust biofilm at 37 °C, with maximal biofilm formation
at 48 h. The decrease of amount of polysaccharides during
the stationary phase of growth could be due to the
activation of a glycohydrolase, degrading the polymers as
suggested by Pham et al [23].
Microorganisms belonging to Bacilli have been known
to
produce
exopolysaccharides.
Exiguobacterium
aurantiacum is an alkaliphilic extremophile [10]
belonging to the Bacilli class. Extremophiles can be used
in various applications due to the presence of rare
enzymatic activities which enable them to produce
exopolysaccharides [18]. It has been reported that the
production of EPS is a response to the nutrient
composition of the growth medium. In the present study,
High level of EPS production was achieved by E.
aurantiacum in YPMG medium. In fact, the YPMG
medium is a rich medium containing the yeast extract,
peptone and glucose. The yield of EPS could be strongly
associated with the yeast extract concentration [2]. These
results agree with those of some other authors. Other
bacterium, such as Serratia produced the EPS on mannitol
glutamate medium with yeast extract [15]; Serratia ficaria
are also capable to produce the EPS under optimized
conditions of yeast glucose medium [14]. Other bacterial
species are known for their high production of EPS such
as S. meliloti and Rhizobium tropici strains, e.g., S.
meliloti SU-47 exhibited a maximum EPS yield of 7.8
g.L−1 under optimized conditions of yeast mannitol
medium [6] . The MUTZC3 mutant of R. tropici and
Rhizobial isolate JAB6 exhibited the EPS productions
(5.52 ± 0.36 and 5.06 ± 0.20 g.L−1 EPS, respectively) in
liquid medium PSYL containing the yeast extract [8]. In

general, the pH, the temperature and the carbon source
influence the production of EPS [11,21]. In the present
study, the best EPS production was obtained at pH 8 and
37°C under the conditions used.
As a result, from the present study it is evident that the
E. aurantiacum strain can be considered as potential
microbial cell factories for EPS production. In the present
study, low EPS production is at the temperature of 40 ° C.
According to Sutherland, reduction of the cultivation
temperature by 10°C below optimal level inhibits the EPS
biosynthesis by microbial cells. However, under low
temperature of growth, environment profiles of the high
productivity of exopolysaccharide occur by bacterial cells
[25]. The synthesis of polysaccharides by the E.
aurantiacum strain would also be associated with growth.
The polymers are mainly synthesized during cell growth,
and once the exponential phase of growth completed, the
EPS production would stabilize and decrease. De Vuyst et
al. [11] also observed that the biosynthesis of EPS
associated with growth in Sc. Thermophilus result of a
direct relationship between optimal growing conditions
and yields higher EPS. Polymer production is inversely
proportional to the bacterial growth index, in general,
which suggests a regulatory relationship between the
bacterial metabolism and catabolism in which, up to some
point on the growth curve, the cells do not invest in
carbon skeletons for growth, to the detriment of their
metabolic activity [8].
With regard to the chemical composition of our EPS,
the amount of total carbohydrates in the EPS varies
depending on the culture conditions used. However, the
amount of protein produced is the same. The amount of
carbohydrates in the EPS is higher than that of proteins. In
general, the EPS of most bacteria consists of a
polysaccharide [24]. These results are similar to those who
showed that the EPS of other members of the family
Bacillus, including. B. subtilis, was found in large part to
consist of polysaccharides with lesser amount of proteins
[25]. Future experiments could be performed to identify
the osidic composition and the molecular weight of these
cell molecules.
The bacterial EPS extracts at different pH and
temperature gave characteristics bands for EPS. Here,
carbonyl (C=O) stretching peak and OH stretching peak
was at broad and the maximum peak and the band at
1000-1500 cm -1 showed the presence of polysaccharide.
Similar finding was also recorded by Osman et al [22].

5. Conclusions
In conclusion, the pH and temperature influence the
exopolysaccharide production by Exiguobacterium
aurantiacum isolated from Marchica lagoon in morocco.
Under optimum growth conditions, E. aurantiacum has
the ability to produce significant quantities of
exopolysaccharides. This hypothesis is supported by the
results of the EPS quantification and FT-IR analyses of
the studied EPS. This bacterium may prove to be an
excellent model species for the development of
biotechnology products. We are currently studying its
chemical structure and therefore its biotechnological
applications.
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