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Effect of cations, pH and sulfate content on the viscosity and
emulsifying activity of the Halomonas eurihalina
exopolysaccharide
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The effects of monovalent and divalent cations on the rheological behavior of Halomonas eurihalina exopolysacchar-
ide (EPS) were studied. Sodium, potassium, magnesium and calcium were added and the relative abilities to increase
viscosity were as follows: KCl . NaCl . MgCl2 . CaCl2. The highest viscosity value was measured in acidic
10−4 M KCl, in which a gel formed. A loss of sulfate content seemed to correlate with the increase of viscosity.
H. eurihalina produced EPS in all growth media. Addition of hydrophobic substrates to culture media produced
changes in chemical composition and emulsifying activity of the EPS. Xylene was the most effectively emulsified
substance and the EPS produced on tetradecane and on corn oil the most active emulsifier.
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Introduction

Halomonas eurihalinais a moderate halophile isolated
from hypersaline soils [16,24]. This species produced extra-
cellular polymeric substances (EPS) [22], with the chemical
composition and physical properties of heteropolysacchar-
ides [5].

Microbial polysaccharides that are useful in industry
show much diversity, which implies the possibility of find-
ing specific biopolymers for specific end-uses. To establish
the utility of a new polymer, it is necessary to know its
chemical composition and physical properties as well as the
influence of physical and chemical factors on its behavior
[6,13,20,26,28].

The exopolysaccharides produced byH. eurihalinahave
interesting properties, such as the increase in viscosity in
acidic solutions, the ability to emulsify hydrocarbons and
the presence of sulfate groups. These polymers have been
the focus of several studies [4,10,14,22,23]. The present
study was undertaken to establish the effects of the addition
of monovalent and divalent cations on the EPS solutions,
the addition of hydrophobic substances to culture media
production on polysaccharide sulfate content, and whether
variations in the sulfate content would influence viscosity
or emulsifying activity of the biopolymers.

Materials and methods

Microorganism
The organism used in this study wasH. eurihalina strain
H96, a moderately halophilic bacterium, with optimal
growth at a total salt concentration of 7.5% (w/v) [24].
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Culture media
The complex medium used was MY [17], modified by
adding a mixture of sea salt [25] to give the final total salt
concentration of 7.5% (w/v); its composition was as follows
(g L−1): glucose 10 (Panreac, Barcelona, Spain); proteose
peptone 5.0 (Difco, Detroit, USA); yeast extract 3.0
(Difco); malt extract 3.0 (Difco); NaCl 51.3; MgSO4·7H2O
13.0; MgCl2·6H2O 9.0; KCl 1.3; CaCl2·2H2O 0.2; NaBr
0.15; NaHCO3 0.05. The pH was adjusted to 7.2 with
NaOH.

To study the influence of hydrocarbons on the emul-
sifying activity of the EPS, glucose as carbon source was
substituted by the following hydrophobic substrates:n-
tetradecane,n-hexadecane,n-octane, xylene, petrol, crude
oil, corn oil (vegetable oil) and two mineral oils (light white
oil and heavy white oil) supplied by Sigma Co.

Production and isolation of EPS
As previously described [22], 500-ml Erlenmeyer flasks
containing 100 ml of medium were inoculated with a suit-
able inoculum (1 ml, OD520nm= 2.5) made in the same
medium and incubated at 32°C for 8 days.

Cell-free supernatant fluids were obtained by centrifug-
ation of cultures at 36 000× g for 60 min. The EPS was
precipitated with three volumes of cold ethanol, suspended
in distilled water and purified by ultracentrifugation
(226 000 × g for 60 min) and dialyses against distilled
water. Then it was lyophilized.

Chemical analysis
EPS extracted from each culture medium was subjected to
colorimetric analysis of proteins [9], total carbohydrates
[11], uronic acids [7] and acyl residues [15].

Cations (Na+, K+, Ca2+, Mg2+) and sulfate as anionic
components were determined with a Dionex DX-300 Gradi-
ent Chromatography System with chemical suppression of
the eluent conductivity. For cations, the eluent was 18 mM
HCl acid, whereas the regenerant (chemical suppressor)
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was a 10-mM tetrabutylammonium hydroxide solution. For
anions, the eluent was 1.7 mM Na2CO3/NaHCO3. Finally,
a 35-mM H2SO4 was used as acidic regenerant. These
assays were carried out at the Water Institute of Granada
University.

Rheological studies
NaCl, KCl, MgCl2 and CaCl2 were dissolved in deionized
water to a final concentration of 10−4 to 10−1 M. EPS lyo-
phile (10 mg ml−1) was dissolved in these solutions and for
comparison EPS was also dissolved in deionized water
without addition of salt. The rheological behavior of these
solutions was studied at neutral and at pH 3. Solutions were
acidified with 1 N HCl.

Viscosity measurements were determined with a Bohlin
CSR-10 rheometer at 25°C [10].

To study if acidification of EPS salt solutions produces
changes of chemical composition, all solutions were
dialyzed against distilled water for 48 h, lyophilized and
tested as previously described.

Emulsifying activity
A standard emulsification assay described by Navon-Vene-
zia et al [18] was used. Samples (2.5 mg EPS) were intro-
duced into a 125-ml flask containing 7.5 ml TM buffer
(20 mM tris-hydroxymethyl aminomethane, pH 7.2 plus
10 mM MgSO4), added to 0.1 ml of the hydrophobic sub-
strate:n-tetradecane,n-hexadecane,n-octane, xylene, pet-
rol, crude oil, corn oil (vegetable oil) and the two mineral
oils (light white oil and heavy white oil) supplied by Sigma
Co. Samples were incubated at 30°C with reciprocal shak-
ing, 160 rpm, for 1 h. Then, turbidity was determined in a
Perkin Elmer spectrophotometer at 660 nm.

Results

To study the effect of monovalent and divalent cations on
viscosity, EPS was dissolved in NaCl, KCl, MgCl2 and
CaCl2 at between 10−1 to 10−4 M, stored overnight at 4°C
and the rheology of neutral and acid solutions (pH near 3)
was measured (Table 1). The viscosities of EPS salt sol-
utions at neutral pH ranged from 100 to 200 cps at shear
stress between 20 to 30 Pa (with the exception of EPS in
high Mg2+ and Ca2+ solution). After acidification, the effect
of monovalent and divalent cations on the viscosity of EPS
was noticeable. At several salt concentrations, viscosity of
monovalent chlorides was more than 1000 cps, at shear
stress superior to 50 Pa.

To find out the rheological behavior of these polymer
solutions, viscosity was measured at different shear stresses
and the relationship between shear rate and shear stress was
established. All EPS solutions showed a non-Newtonian
behavior as the solutions’ viscosity was influenced by shear
rate. The relationship between shear stress and shear rate
was that of a Bingham plastic fluid. These materials exhibit
an infinite viscosity when a low stress is applied.

Acidic potassium solutions were the most viscous and
data corresponding to their rheology can be seen in Figure
1. When mathematical expression of Bingham fluid was
applied to these data (Shear Stress= Shear Stresso + A ×
Shear Rate), the coefficient of correlation was near 1 and

Table 1 Effect of cations on viscosity of EPS solutions

Salt solution Shear stress Shear rate Viscosity
(M) (Pa)a (L s−1) (cps)b

Neutral K 10−4 30 138 213
10−3 30 138 213
10−2 30 179 165
10−1 30 300 98

Acidic K 10−4 57 11 5026
10−3 62 27 2313
10−2 50 36 1375
10−1 50 37 1329

Neutral Na 10−4 30 195 151
10−3 30 146 201
10−2 30 172 171

Acidic Na 10−4 65 92 708
10−3 65 60 1084
10−2 65 75 865
10−1 65 196 332

Neutral Mg 10−4 20 204 100
10−3 20 140 146
10−2 20 240 85
10−1 20 306 63

Acidic Mg 10−4 25 194 129
10−3 30 25 1191

Neutral Ca 10−4 20 129 158
10−3 20 118 172
10−2 20 285 72
10−1 12 246 49

Acidic Ca 10−4 35 108 327
10−3 35 203 174
10−2 12 88 136

a Pascals;b centipoises.

Figure 1 Rheological behavior of acidic EPS solutions at different
potassium chloride salt concentrations.
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the limiting shear stress (stress yield) and the A (viscosity
divided by the Newtonian conversion factor) values
were similar with the exception of KCl 10−4 M solution
(Table 2).

It would be of interest to determine whether the ionic
content of EPS varied with acidification of EPS salt sol-
utions. Therefore, each of the above-mentioned solutions
was extensively dialyzed against distilled water for 48 h
and lyophilized. The compounds were dissolved in deion-
ized water and the most viscous solutions were studied.

Sulfates played an important role in physical properties
of H. eurihalina EPS. Thus, a decrease from 14% to 6.9%
of sulfate content was detected in the lyophiles coming
from gel-like systems. With respect to cation percentages,
a slight loss of sodium, potassium and magnesium was
detected; in contrast, no significant change in calcium was
found. Carbohydrates, proteins, uronic acids and acetyls
were not modified.

H. eurihalinawas able to grow in all culture media tested
with a similar rate, indicating that none of these substrates
was toxic and that the cells have the ability to produce EPS
in all media. To better evaluate the influence of hydro-
carbons on bacterial growth and on EPS produced, we have
also assayed the MY complex medium (control), without
addition of carbohydrate or hydrocarbon as carbon source.
The yield production varied from 0.8 to 1.2 g L−1 and crude
and corn oils were the most suitable substrates for pro-
duction.

The emulsifying activity of exopolysaccharides was
tested on each of the hydrophobic substances used as car-
bon source (Table 3). Xylene was the substrate most effec-
tively emulsified followed by tetradecane and corn oil; in
contrast, other substrates were poorly or not at all emulsi-
fied. As has been reported [13], specificity was modified
by culture conditions. Some EPS showed selective activity,
as the polymer synthesized on xylene and on mineral light
oil reacted differently compared with tetradecane.

Because the chemical composition of polymers synthe-
sized may be influenced by nutritional and environmental
culture conditions [19,27], we determined that the presence
of hydrophobic substances in the culture media correlates
with changes in relative composition of the exopolysacchar-
ides (Table 4). When comparing to exopolysaccharide syn-
thesized on MY medium [5], an increase of uronic acids
and sulfate contents, with a decreasing percentage of carbo-
hydrates was detected on all polymers produced on media
supplied from hydrophobic substances.

The viscosity of these EPS solutions, with a high content
of sulfates, was always less than 60 cps at a shear stress of

Table 2 Rheology of acidic EPS potassium chloride solutions

KCl solutions SS0 (Pa)a Ab Correlation coefficient
(M)

0.1 25 0.67 0.999
0.01 25 0.69 0.996
0.001 46 0.63 0.996
0.0001 34 1.95 0.837

a Stress yield;b conversion factor.
Data correspond to application of Bingham plastic equation.

5 Pa. These data demonstrated that the increasing of sulfate
groups is correlated with a loss of viscosity. Low viscous
emulsions are generally required in oil recovery industry
since they are easily pumped [2].

Discussion

The effect of cations on the rheological behavior of bipoly-
mer solutions has been extensively described [8,29]. Mono-
valent and divalent cations cause an increase in viscosity
[21]. The optimal salt concentration, for viscosity of
H. eurihalinaseems to be 10−3 M, with slightly higher vis-
cosities for monovalent cation solutions. On the other hand,
all these solutions were more viscous than solutions of the
EPS in deionized water (61.8 cps at 20 Pa of shear stress);
but it was potassium solutions which yielded maximal vis-
cosity (Table 1 and Figure 1). In 10−4 M KCl, the EPS
solution became exceedingly viscous or gelled, so that with
the measuring system used in our assays, the viscosity
could not be measured at the optimal conditions. On the
other hand, viscosities could be determined only at low con-
centrations of Mg2+ and Ca2+ because at high concen-
trations the polysaccharide precipitated. This explains the
absence of such data in Table 1.

The growth of microorganisms on hydrocarbons is often
associated with the production of surface-active com-
pounds, which are useful to emulsify these hydrophobic
substances in the growth medium, enhancing their uptake
[3,13]. Since H. eurihalina produces exopolysaccharides
with emulsifying activity, it is possible that some of these
substances are used as carbon and energy source by this
microorganism. Currently HPLC chromatography assays
are being performed in order to establish the ability of sev-
eral H. eurihalina strains to degrade some hydrophobic
compounds.

In comparison to EPS synthesized on MY medium [4],
chemical composition of exopolysaccharides was strongly
influenced by the presence of hydrophobic substrates in the
culture medium; a low content of carbohydrate and an aug-
mentation of sulfates and uronic acids was detected. The
decrease in carbohydrates has already been observed in the
EPS synthesized byH. eurihalina strain F2-7 growing on
phosphorus, sulfur or magnesium-deficient medium [5].
Highly sulfated polysaccharides have been described in
some marine bacteria and some archaebacteria [1,12]. Con-
centrations of sulfates ranged from 2 to 21% in the poly-
mers synthesized by deep sea bacteria [12]. Furthermore,
high sulfate-containing polymers, along with high uronic
acid-containing polysaccharides are of great interest
because of their heavy metal-binding capability [12]. Thus,
these new biopolymers could be expected to also have
applications in the field of biodetoxication and waste-
water treatment.
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208 Table 3 Emulsifying activity ofH. eurihalinaEPS produced on control medium and on medium added with
organic solvents

EPS Substrates

Xylene Hexadecane Corn Petrol Tetradecane

Tetradecane 0.85± 0.1 0.01± 0.001 0.03± 0.001 0.06± 0.003 1.16± 0.02

Corn oil 0.68± 0.03 0.02± 0.003 0.03± 0.001 0.08± 0.002 0.03± 0.001

Hexadecane 0.53± 0.003 0 0.07± 0.003 0.02± 0.002 0

Heavy 0.37± 0.01 0.03± 0.002 0.13± 0.003 0.04± 0.001 0.05± 0.004

Crude 0.38± 0.003 0.01± 0.001 0.26± 0.002 0.1± 0.006 0.16± 0.015

Petrol 0.19± 0.006 0.05± 0.003 0.06± 0.002 0.02± 0.001 0.01± 0.045

Light 0.11± 0.010 0.12± 0.006 0.02± 0.001 0.02± 0.002 0.39± 0.025

Xylene 0.02± 0.104 0.09± 001 0.06± 0.002 0.03± 0.001 0.56± 0.046

Octane 0.01± 0.005 0.04± 0.001 0.34± 0.008 0.01± 0.001 0.04± 0.003

Control 0.09± 0.002 0 0.01± 0.001 0.02± 0.001 0

Results are expressed as absorbance at 660 nm.

Table 4 Chemical composition of EPS produced on culture media supplemented with hydrocarbons

EPS

Tetradecane Corna Hexadecane Crude Heavyb

Protein 11± 1 6 ± 0.6 11± 1 7 ± 0.5 10± 0.1
Carbohydrates 21± 1.3 23± 1.1 27± 0.9 20± 1 19± 1
Uronic acids 6± 0.1 6± 0.1 7± 0.3 7± 0.1 5± 0.03
Acetyls 0.5± 0.01 1.6± 0.2 0.4± 0.01 0.3± 0.02 0.5± 0.03
Sulfates 30± 1.3 35± 1 29± 1 35± 1.4 29± 0.5
Na+ 17 ± 0.6 18± 0.5 20± 0.5 20± 0.6 20± 0.6
Mg2+ 3 ± 0.01 2± 0.1 3± 0.03 2± 0.2 3± 0.02
Ca2+ 3 ± 0.1 5± 0.2 2± 0.1 2± 0.2 4± 0.1

Results are expressed as percentage of total dry weight of the polymer; values are means of at least
three determinations.
a Vegetable oil;b mineral oil.
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