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Abstract

The influence of the nature of the oil phase on the zeta potential and the time course evolution of mean droplet-size of emulsions
stabilized with mesquite gum have been investigated. Mesquite gum-stabilized emulsions of D-limonene, n-decane, n-dodecane, n-tetra-
decane n-hexadecane, and orange oil were prepared in the range of 9–22% w/w mesquite gum concentrations to investigate the emulsion
stability by analyzing creaming, zeta potential, and drop size distribution. An electrosteric mechanism of stabilization is proposed to
explain the long term stability observed for orange oil–water emulsions in the range of 9–22% w/w mesquite gum concentrations, similar
to the one suggested to operate for gum arabic interfaces. Experiments of creaming for the different emulsions, showed that orange oil–
water emulsions observed strong stability in time. By contrast, mesquite gum-stabilized emulsions of D-limonene, n-decane, n-dodecane,
n-tetradecane, and n-hexadecane produced less stable emulsions. Light scattering measurements were performed to analyse the Ostwald
ripening phenomenon on diluted oil in water emulsions stabilized with mesquite gum of n-hexadecane, D-limonene, and orange oil. The
averaged hydrodynamic radius showed a linear-like behavior with time except for orange oil drops which kept their size almost constant
for more than hundred hours.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Polysaccharides are known to have significantly less sur-
face activity in comparison to proteins (Dickinson &
Stainsby, 1988; Garti, Slavin, & Aserin, 1999). This is relat-
ed to their pronounced hydrophilicity, low flexibility and
monotonic repetition of the monomer units in the back-
bone (Darling & Birkett, 1987). However, if polysaccha-
rides bear auxiliary hydrophobic groups or some
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proteinaceus moieties attached to their structure, such as
highly substituted methylcellulose (Darling & Birkett,
1987), then we obtain some activity at the air–water inter-
face. An example of a successfully modified biopolymer
with hydrophobic groups is chitosan (Desbrières, Rinaudo,
Babak, & Vikhoreva, 1997). This enhancement of the
hydrophobicity leads to improvement of other physical
properties of the macromolecule, such as its rheological
behavior (Philippova et al., 2001). Recently Garti et al.
(1999) have investigated the emulsification capabilities of
a polysaccharide gum extracted from Portulaca oleracea,
which is known to be contaminated by a small amount
of proteins. However, up to date it has been very difficult
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to find a better natural emulsifier than gum arabic (GA),
the bark exudate from Acacia senegal and A. seyal. This
gum is among the most studied and used hydrocolloid
worldwide due to its ample spectrum of applications and
millenary use.

It has postulated that GA adsorbs at the oil–water inter-
face in the manner shown by Islam, Phillips, Sljivo, Snow-
den, and Williams (1997), where the arabinogalactan (AG)
groups protrude into the solution, while the polypeptide
backbone rests at the interface.

Mesquite gum is also a natural polysaccharide exudated
by the bark of Prosopis spp. trees In previous studies it has
been demonstrated that the functionality of mesquite gum
is comparable and even superior in certain conditions to
that of gum arabic (Beristain, Garcı́a, & Vernon-Carter,
2001; Beristain, Azuara, & Vernon-Carter, 2002; Beristain
& Vernon-Carter, 1994; Goycoolea, Calderón de la Barca,
Hernández, Valenzuela, & Balderrama, 2000; Vernon-
Carter, Beristain, & Pedroza-Islas, 2000). The Ministry of
Health of Mexico has granted authorization for use of mes-
quite gum in soft drinks, tablets, and feeds.

Chemically, mesquite gum is a highly branched complex
proteoglycan. The primary structure of the polysaccharide
component has been described in detail (Anderson &
Farquhar, 1982; Aspinall & Whitehead, 1970a; Aspinall
& Whitehead, 1970b): a central backbone comprised of
b(1 fi 3)-linked D-galactose residues, to which side oligo-
saccharide chains of varying size are attached at O(6); these
branches contain predominantly D-galactose and L-arabi-
nose (known to occur in both furanose and pyranose
forms) and minor proportions of D-glucoronate, 4-O-meth-
yl-D-glucuronate, and L-rhamnose. A very similar sugar
residue composition is shared by the carbohydrate compo-
nents of gum arabic from A. senegal and other exudate
gums from acacia species (Biswas, Biswas, & Phillips,
1995; Defaye & Wong, 1986; Jurasek & Phillips, 1993;
Osman, Williams, Menzies, & Phillips, 1993; Street &
Anderson, 1983; Stephen, 1990). Besides the carbohydrate
components, mesquite gum bears a proteinaceous compo-
nent that accounts for about 4% of its weight (Goycoolea
et al., 2000). Hence mesquite gum can be regarded as an
arabinogalactan proteoglycan (AGP) of the Type II (Fin-
cher, Stone, & Clarke, 1983) as gum arabic and related
gums. Up to now, the macromolecular structure of mes-
quite gum has been rationalized as highly branched driving
it to a globular disordered conformation in solution. This
would account for its high solubility in water and Newto-
nian rheology even at very high polymer concentration
(ca. 50%) (Goycoolea, Morris, Richardson, & Bell, 1995).

Although the overall composition of carbohydrate
domains of mesquite gum seems to be closely related to
that of gum arabic, both materials can exquisitely be distin-
guished by different sets of isoantibodies which specifically
recognize non-reducing chain termini of the peripheral
chains (Miskiel & Pazur, 1991) as well as by crossed
immunoelectrophoresis (Goycoolea, Calderón de la Barca,
Balderrama, & Valenzuela, 1997). In a recent paper
centered on the relation between the macromolecular struc-
ture of mesquite gum and its hydrophobic and interfacial
properties, it has been suggested that a coiled structure is
present for all fractions (López-Franco et al., 2004). In gen-
eral MG fractions increase the pressure of the air–water
monolayer interface much more efficiently than do gum
arabic species. In general, mesquite gum (MG) has received
much less attention than gum arabic, so that the aim of this
paper was to gain further understanding of the emulsifying
properties of MG. The role of the nature of the oil phase in
MG emulsions was considered an important aspect to
address, in line with previous studies conducted on gum
arabic (Dickinson, Galzaka, & Anderson, 1991).

The influence of the oil type and emulsifier type on drop-
let growth in emulsions has been studied recently by Cha-
nami, Horn, and Mc Clements (2002). As they have
noticed, gum Arabic has a low interfacial activity and has
to be used at much higher concentrations than other types
of emulsifier commonly used to stabilize emulsions and the
samples vary from batch to batch. Their results indicate
too, that in some cases the size of the oil droplets follows
a linear dependence with time and others the cubic depen-
dence is the best fit as the oil solubilizes or the interfacial
tension increases. Several techniques have been used to
analyze the Ostwald ripening phenomenon. The dynamic
light scattering (DLS) method and the microscopic conven-
tional method used to measure stability, requires dilution
of the samples destroying the organization of the original
emulsion (Novales, Papineau, Sire, & Axelos, 2003). How-
ever, several investigators have used DLS to directly mea-
sure the hydrodynamic radius of non diluted emulsions
(Kiokias, Reszka, & Bot, 2004). By reducing the sample
thickness to reduce multiple scattering, Lindner, Iritz,
and Glatter (2001) have used DLS to measure the hydrody-
namic radius of concentrated emulsions by analyzing the
structure factor. However, as has been indicated long time
ago, multiple scattering must be considered absent for a
correct interpretation of the data (Cazabat, Langevin, &
Pouchelon, 1980). Some investigators have analyzed the
variation of hydrodynamic radius with the volume fraction
by using DLS methods (Holmberg, Piculell, Schurtenber-
ger, & Olsson, 2004). In this work, we analyze the evolution
in time of the hydrodynamic radius of two different emul-
sion concentrations by using DLS with different oils (D-lim-
onene, orange oil, n-hexadecane) and MG as stabilizer.

On the other hand, one of the studies performed to
understand the behavior of hydrocolloids at the oil–water
interface is the zeta potential. Several attempts have been
done with GA (Jayme, Dunstan, & Gee, 1999) and other
hydrocolloids (Garti et al., 1999) where it has been demon-
strated the presence of an electrosteric interaction at the
oil–water interface due to the macromolecular adsorption.

In the present work, mesquite gum and gum arabic-sta-
bilized emulsions were studied in terms of the stability
against creaming and time evolution of the mean oil drop
size. Zeta potential measurements by using different oils
were performed. To this end, various alkanes hydrocarbon
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oils, D-limonene as well as orange essential oil were com-
pared and in some instances, comparisons with GA-stabi-
lized emulsions were established.

2. Experimental

2.1. Materials

Mesquite gum was from a batch obtained from various
local suppliers in Hermosillo, Sonora, México. A hand-
sorted sample comprising entire, clear, and clean nodules
of mesquite gum (classified as ‘‘Grade A’’) was ground in
a hammer mill and used throughout this study without
any further treatment. Gum arabic was an authenticated
sample from A. senegal (Ex-Sudan) crude nodules, a gift
from Prof. P. Williams of NEWI (Wales, UK). Orange
oil was obtained from a Mexican Company (Esencı́tricos
S. de R.L.) and was kept at 8 �C and used as received.
D-Limonene, n-decane, n-dodecane, n-tetradecane, and
n-hexadecane were of reagent grade, all from Sigma–Al-
drich (México). The water used throughout was of
18.3 MX cm and obtained from an Easy Pure Instrument
from Barnstead.

2.2. Mesquite gum solutions

Mesquite gum (MG) solutions of 9, 15, 17, 20, and 22%
w/w were prepared by dissolving the gum by magnetic stir-
ring at room temperature, filtered through Whatman No.1
paper and stored for 24 h at 8 �C.

Emulsions with different oils were prepared by mixing
with an Ultra Turrax T25 homogenizer (Janke and Kun-
kel, Germany) during 4 min at 4000 rev/min. All emul-
sions were prepared by adding 5 ml oil to 15 ml of MG
solution. Hence, the ratios of gum to oil for each of
the studied emulsions were 2.7:10, 4.5:10, 5.1:10, 6.0:10,
and 6.6:10. Emulsions were used the same day of
preparation.

2.3. Particle size

The particle size was measured using a Coulter LS 100 Q
instrument, which analyses the intensity of scattered light
to produce a particle size distribution, via the Mie theory.
We varied the MG concentration of samples and kept some
emulsions at 8 �C for 7 days and repeated the particle size
measurements to compare the size distribution of the
emulsions.

2.4. Emulsification stability index

Emulsification stability index (ESI) is defined as
ESI = V7/V0, where V0 and V7 are the percent by volume
of droplets in the range of 2–10 lm, immediately after
the emulsion preparation and after 7 days of storage at 8
C (Garti et al., 1999). High ESI numbers indicate better
stability to coalescence.
2.5. MG load on emulsion droplets

In order to determine the amount of MG adsorbed at
the oil–water interfaces, 20 ml orange oil–water emulsions
of 15, 17, 20, and 22% w/w MG concentrations were first
centrifuged at 2800g for 30 min at 25 �C to separate the
oil droplets from the aqueous phase. Serum was then with-
drawn with a syringe and the residual MG was obtained by
vacuum drying. For the calculation of the mesquite gum
content of emulsions, we prepared orange oil–water emul-
sions with 5, 9, 15, 17, 20, and 22% w/w MG
concentrations.

2.6. Creaming

Emulsion stability was evaluated by measuring the
extent of gravitational phase separation. This method
was used by several authors (Bylaite, Nylander, Venskuto-
nis, & Jönsson, 2001; Flinger, Flinger, & Mangino, 1990)
transferring the emulsions into test tubes with an inner
diameter of 5.7 mm and length of 22 cm. Tubes were
capped and stored at room temperature. The creamed pro-
cess was registered by measuring the serum layer height in
the test tube.

2.7. Time dependence of hydrodynamic radius

DLS measurements were performed using an ALV -
5000 digital correlator system (Langen-GmbH, Germany)
fitted with a temperature control set at 25 ± 0.1 �C. The
scattered light, vertically polarized with a k0 = 632 nm
argon laser (30 mW), was measured at 90�, the refractive
index was measured with a refractometer (Mettler-Toledo,
model RE4OD). The hydrodynamic radius, RH, was
obtained for diluted samples from the Stokes–Einstein
relation

D0 ¼
kBT

6pgRH

; ð1Þ

where kB is the Boltzmann constant, T is the absolute tem-
perature D0 is the diffusion coefficient and g the viscosity of
the solvent.

The solvent and emulsions for hydrodynamic radius
measurements at different times were prepared as follows.

Solvent was prepared as phosphate buffer solution
(20.7 g dibasic sodium phosphate and 1.691 g monobasic
sodium phosphate diluted in 1 L Milli Q water). Sodium
azide (0.1% wt) was added as bactericide. n-Hexadecane,
D-limonene, and orange oil were mixed with mesquite
gum solutions and D-limonene with gum Arabic. Two dif-
ferent concentrations of oil in water emulsions were pro-
duced. The most concentrated emulsions were produced
by mixing 0.5 ml oil and 9.5 ml mesquite or gum Arabic
1% wt solutions. Emulsions were homogenized with the
same instrument described above at 8000 rpm for 1 min.
Diluted emulsions were produced by adding and gently
mixing 1.5 ml solvent with 1.5 ml of the original emulsions



Table 1
Average droplet diameter and emulsion stability index (ESI) of different
oil droplets of oil in water emulsions stabilized with 15% w/w MG
concentration, measured immediately after emulsion preparations (day 1)
and after a week (day 7)

Oil phase Diameter (lm)a day 1 Diameter (lm)a day 7 ESI

Orange oil 2.5 (2.0) 2.3 (1.5) 0.98
D-Limonene 3.2 (2.0) 6.0 (2.0) 0.53
n-Decane 4.0 (1.8) 3.6 (1.7) 0.98
n-Dodecane 4.0 (2.0) 3.5 (1.7) 0.97
n-Tetradecane 4.3 (2.0) 5.0 (1.8) 0.95
n-Hexadecane 4.5 (1.6) 5.0 (1.6) 0.93

a Mean values and standard deviation (in brackets) of triplicate analysis.
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to get a volume fraction of 0.025. All solutions were kept at
room temperature in capped cells used for light scattering
and gently agitated before each measurement. Averaged
measurements were obtained with three runs of 30 s each.

2.8. Zeta potential measurements

For the measurements of zeta potential for different pH
and salt concentrations, we picked up a drop of an oil–
water emulsion stabilized with 9% w/w MG and dissolved
it in 100 ml milli Q water. For all the measurements, we
added to the water 0.001 M NaNO3 to fix the ionic
strength. Two different NaCl salt concentrations were used:
0.001 and 0.01 M. pH was adjusted with 0.1 M solutions of
HNO3 and NaOH; finally the suspension was conditioned
for 20 min before used to measure zeta potential or the size
of particles.

Zeta potential was measured with a Zeta-Meter 3+ unit
(Zeta Meter, Inc., New York). This apparatus includes a
microprocessor that first measures the electrophoretic
mobility of colloidal particles dispersed in aqueous solu-
tions, and then automatically calculates the zeta potential
using the Smoluchowski equation. The values obtained
are average values obtained by tracking at least 20 different
particles. The average deviations of the measurements were
less than 5%.

3. Results

In the present study, the droplet diameter from different
emulsions prepared with varying oil phases, namely
n-alkanes of varying chain length, D-limonene and orange
oil were measured by using 15 w/w% MG concentration.
Emulsions were produced at 4000 rpm for 4 min and the
Coulter instrument was used as described before. It was
observed that the mean diameter of droplets of n-decane,
n-dodecane, n-tetradecane, and n-hexadecane immediately
after preparation was in the range of 4–4.5 lm. For the
case of orange oil, we found an average diameter ranging
from 2.5 to 3.0 lm. A small variation of the mean diameter
after 1 week for orange o/w emulsions containing 15, 17,
20, and 22% w/w MG concentrations was noticed; however
the standard deviations resulted high, so that the effect can
be considered as negligible. The behavior observed for all
alkanes was similar without showing any important change
in the droplet mean diameter after a week. For the case of
D-limonene, we obtained an increase of the mean droplet
size after 1 week, as observed in Table 1. We calculated
the average area of the orange oil in the emulsions and
compared it with the area of the D-limonene after a week
and found that orange oil covered two times more area
than D-limonene. This is probably due to the affinity of
MG molecules with the orange oil–water interface (Bylaite
et al., 2001) and, as pointed out by Buffo and Reineccius
(2001), to the Ostwald ripening process which can be
increased with essential oils somewhat soluble in water
(Dickinson, 1986).
ESI results for orange o/w emulsions containing 15, 17,
20 and 22% w/w MG revealed a low tendency to coalesce in
all cases and the ESI values were in the range (0.80–0.98).
For the case of the other oils used, as observed in Table 1,
only D-limonene decreased significantly its ESI.

The influence of the nature of the oil phase on the emul-
sifying behavior of gum arabic has been investigated by
Dickinson et al. (1991). They reported the time dependence
of droplet-size distribution of oil in water emulsions made
with n-hexadecane, D-limonene, and orange oil and found a
different tendency of droplets coalescence between n-hex-
adecane on the one hand and D-limonene and orange oil
on the other, caused principally by the Ostwald ripening
process (Dickinson, 1986). In our case, emulsions prepared
with the first homogenization method (4000 rpm), MG and
D-limonene showed evidences of the Ostwald ripening pro-
cess as can be observed in Fig. 1a. In Figs. 1a and b, we
show the oil drops distribution of D-limonene and orange
oil emulsions stabilized with 15% wt MG an hour and 7
days after the emulsions preparation. The differences of
these two oil drop distributions with time were evident
and we decided to analyze the drop behavior with the
DLS method.

The time dependence of the droplet size distribution of
different emulsions were measured with the DLS method
as described in the experimental part. The results are
shown in Figs. 2a and b, where the behavior of RH is shown
for different times. In Fig. 2a, we show the behavior for RH

for an oil volume fraction of 0.05. The behavior of the
droplet size for D-limonene emulsions stabilized with MG
showed a higher rate of change with time as compared with
the corresponding one stabilized with gum arabic. It is
interesting to notice that the average diameter obtained
resulted smaller as the ones shown in Table 1 for the same
emulsions homogenized at lower revolutions and higher
concentrations of MG and gum arabic. Notice however,
that orange oil droplets remain almost without change in
time as observed for emulsions at higher concentrations.
This behavior of MG on the orange oil emulsions to stop
or control Ostwald ripening can be explained, among other
arguments, due to the fact that orange oil is less water soluble
than D-limonene. The control of the Ostwald ripening pro-
cess was demonstrated by Welin-Berger and Bergenstahl



Fig. 1. Particle size distribution of orange oil and D-limonene emulsions
stabilized with 15% wt MG solutions measured with a Coulter LS 100 Q
instrument. Solid lines correspond to measurements an hour after
emulsions preparation and dotted curves correspond to drop size
distributions measured 7 days after emulsions preparation. The oil volume
fraction used was 0.25. (a) Orange oil–water emulsions, (b) D-limonene–
water emulsions.

Fig. 2. Time evolution of the average hydrodynamic radius of diluted o/w
emulsions, measured with the ALV -5000 digital correlator system. Orange
oil (open squares), D-limonene (filled squares) and hexadecane (open
circles) emulsions were stabilized with 1% (w/w) MG. D-Limonene
emulsions (filled circles) were stabilized with 1% (w/w) gum arabic. (a)
U = 0.05 oil volume fraction and (b) U = 0.025 oil volume fraction.
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(2000) by adding a less soluble oil to their emulsions
producing stable oil drops for long time. Alternatively,
any increase of the viscosity of the emulsion due to an
increase in the effective volume fraction of the present
droplets as a result of either attractive or repulsive forces,
can result in a sol–gel transition and will also contribute
to arrest Ostwald ripening. In an accompanying paper
(Valdez et al., 2006), evidence is given that MG-stabilized
orange oil emulsions do exhibit a true liquid–solid rheolog-
ical transition.

The time dependence of the diluted solutions obtained at
the volume fraction 0.025 is shown in Fig. 2b. Notice that
almost all emulsions showed a linear-like behavior, except
again in the case of orange oil which shows an almost con-
stant RH value. Chanami et al. (2002) have also obtained in
some cases a linear behavior for some emulsifiers and dif-
ferent oil types and in others, a cubic behavior of RH with
time when the oil solubilizes.

In Fig. 3, we show the first and the last drop size dis-
tributions for orange oil and D-limonene (U = 0.025),
both stabilized with MG. We observe a broader distribu-
tion for the case of D-limonene droplets similar to the
droplet distribution found by Dickinson (1986). In the
case of orange oil droplets, we notice a sharper distribu-
tion and the particle size range does not seem to change
significantly after more than 100 h. This behavior was
also observed with the Coulter instrument for more
concentrated orange oil emulsions, where the ESI index
showed values around 98% indicating great stability with
time.

The aging effect of MG emulsions is shown for three
different oils in Fig. 4. It was noticed that for D-limonene



Fig. 3. Particle size distribution of orange oil and D-limonene emulsions
stabilized with 1% wt MG solutions measured with the ALV-5000 digital
correlator instrument. Solid lines correspond to D-limonene emulsions an
hour and 120 h after the emulsion preparation; dotted curves correspond
to orange oil emulsions measured at the same times. The oil volume
fraction used was 0.025.
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Fig. 4. Aging time of oil in water emulsions for different MG concentra-
tions and different oils at pH 7. The height in the y-axis corresponds to the
serum layer in%. (a) D-Limonene, (b) n-decane, and (c) orange oil.
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and n-decane, phase separation starts within the first 24 h
after preparation and this process practically ends in 7
days. For the case of orange oil on the contrary, the for-
mation of the creamed phase is slower, specially for the 20
and 22% w/w MG concentration. These aging time differ-
ences between orange oil and the other oils (alkanes and
D-limonene) can be explained (among others) due to the
larger particle size of the oil droplets of alkanes and
D-limonene with respect to orange oil, to the oil density
differences and to the greater viscosity of orange oil
emulsions (Bylaite et al., 2001; Buffo, Reineccius, &
Ochlert, 2001). Finally it deserves to mention, that, at
the same concentration range, gum arabic emulsions
showed a similar aging time behavior as the one observed
for MG by using D-limonene and n-decane. This corrobo-
rates the observations of Chanami et al. (2002), indicating
the need of larger gum Arabic concentrations to stabilize
emulsions.

MG load on o/w emulsions droplets for orange oil and
increasing MG concentrations is shown in Fig. 5. The val-
ues in the y axis indicate the amount of MG retained in the
emulsion after phase-separation by centrifugation and
analysis of the liquid phase as a function of varying
amounts of MG in the solution. We observed that for the
sample prepared with 22% w/w MG, virtually no phase
separation was noticed and the whole MG is almost com-
pletely retained in the creamed phase. This result is in
agreement with the time course stability experiment
observed at this same concentration (Fig. 4c). However,
the typical protein concentrations found by other authors
are lower (Buffo et al., 2001; Garti et al., 1999). This could
indicate that MG at the orange oil–water interface build
more complex structures than simple monolayers and
hence the involved molecular species can be joined to form
aggregates and possibly a gel network as we deduce from
the rheological measurements (Valdez et al., 2006).
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3.1. Zeta potential

Our calculations of zeta potential were performed by
using the Smoluchowski equation without taking into
account any other approach. This was done due to the fact
that the particle size of our emulsions is relative large and
that the electrokinetic radius, ka, (k is the inverse of the
Debye length and a the drop radius) resulted larger than
400. According to the results of Moncho, Martı́nez-López,
and Hidalgo-Álvarez (2001), at this limit, the approaches
of O’Brien and White (1978) and Dukhin (1995) converge
to the Smoluchowski equation, so that differences are
expected to be small.

The effect of pH at different NaCl concentrations for
orange oil in water 9% w/w MG emulsions on the zeta
potential is illustrated in Fig. 6. As it is noticed, an increase
in pH results in accompanied by an increase in zeta poten-
tial values magnitude reaching an approximated constant
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Fig. 6. Zeta potential of orange oil–water emulsions stabilized with 9%
w/w MG versus pH at different NaCl concentrations. The water contained
0.001 M NaNO3 to fix the ionic strength. (triangles) water, (circles)
10�3 M NaCl, (squares), and 10�2 M NaCl.
value at pH around 7 in all cases. We observed that as
the NaCl concentration rises from 10�3 to 10�2 M NaCl,
leading to a compressed electrical double layer, the repul-
sion is reduced obtaining comparatively low zeta potential
values at all pHs. Similar behavior was observed for gum
arabic by Jayme et al. (1999) and for other hydrocolloids
(Garti et al., 1999). This similar behavior of gum arabic
and mesquite gum could be a consequence of the presence
of protein–polysaccharide complexes in both samples and
as demonstrated by these authors, the mechanism by which
both gums stabilizes microemulsions is electrosteric rather
than of purely steric or electrostatic. This means that stabil-
ization arises from the mutual repulsion between the elec-
trical double layer of particles and from the adsorption
of macromolecules at the oil drops. The calculated zeta
potential values ranged from �24 for 10�2 M NaCl to
�32 mV for 10�3 M NaCl at pH > 7. These values are near
to the one reported by Anderson (1988), who found a value
of �20 mV for a 10�2 M NaCl in gum arabic emulsions
and to the one reported by Jayme et al. (1999) around
�25 mV for a 10�2 M NaCl solution.

Anderson (1988) has explained the inadequacy of the
DLVO approach to understand the emulsions stability
according to his zeta potential measurements. The DLVO
model shows that the positive primary maximum in the
potential plot, serving as the energy barrier to the irrevers-
ible flocculation, should to be >1.5kT (>37.5 mV) at room
temperature to prevent particle contact and produce a
metastable system (Ingersen, Klein, & Pincus, 1990). As
observed in Fig. 6 for all salt concentrations and pH used,
according to this model, an irreversible flocculation should
occur. Due to the protein content of mesquite gum, similar
to the protein content of gum arabic (López-Franco et al.,
2004), we assume that the polypeptide chains remain
attached to the oil surface and the polysaccharide tails stay
in the water phase producing the net charge at the oil sur-
face and along with the steric (repulsive) effect it contrib-
utes to the emulsion stability.

Zeta potential of o/w MG-stabilized emulsions using
both D-limonene and orange oil at varying MG concentra-
tions is shown in Fig. 7. As observed, the behavior of the
emulsions is different and depends strongly on the oil and
the MG concentration used. Emulsions containing D-limo-
nene attained much larger zeta potential values Even when
D-limonene is known to be the major component of orange
oil, there are differences in chemical composition between
both oils as evidenced by FTIR spectroscopy (results not
shown). These differences may suggest a very specific inter-
action between components of MG and orange essential oil
other than D-limonenene (e.g., terpenes, among other). Fat-
ty acids and other impurities present in orange oil may also
play a role in the zeta potential behavior.

As observed in Fig. 7, for the orange oil emulsion and
highest concentration used (22% w/w), the zeta potential
value is close to the energy barrier obtained from the
DLVO model by Anderson (1988) to explain the floccula-
tion phenomenon of microemulsions. We conclude that,
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Fig. 7. Zeta potential of emulsions with different MG concentrations at
pH 7 for two different oils: orange oil (solid curve), D-limonene (dotted
curve).
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in spite of the fact that zeta potential values of MG emul-
sions prepared with D-limonene resulted higher than the
ones obtained by using orange oil, the orange oil emulsions
showed longer stability due probably to a different steric
interaction, to the different chemical compositions of the
used oils, different oil drop sizes or to differences in
viscosity.

Zeta potential of emulsions of aliphatic hydrocarbons in
water, stabilized with 15% w/w MG at the pH of water
(�6.1), were also measured to observe the influence of
the chain size of the emulsified oil. In Fig. 8, we observe
the results for 10, 12, 14, and 16 carbons in the aliphatic
chain at fixed MG concentration. We notice that zeta
potential decreases slightly in magnitude when the chain
size increases (�44 to �36 mV). This variation is very
reduced, taking account that the error bars are around
5% (not shown). Comparing our results with the ones of
Stachurski and Michalek (1996), for the same hydrocar-
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Fig. 8. Zeta potential of oil in water emulsions with different chain length
of different alkanes in the oil phase, fixing pH (7), and MG concentration
(15% w/w).
bons and pH 6 (around �80 mv), we observe a drastic
reduction of the magnitude of the zeta potential due to
the presence of the MG at the oil–water interface. Stachur-
ski and Michalek (1996) found that from 9 to 16 carbons in
the chain, the zeta potential varies slightly on the hydrocar-
bon length as pH of the aqueous solutions was varied.
They claim that the origin of the negative value of the zeta
potential of hydrocarbon droplets is caused by a selective
adsorption of �OH ions which makes the excess of negative
charge to build up at the oil–water interface. In our case,
the protein–polysaccharides complexes substitute the
�OH at the oil–water interface due probably to the more
strong non-polar interactions established between non-po-
lar polypeptides and hydrocarbons than that between
hydrocarbons and the �OH molecules and therefore the
obtained values are similar to the ones obtained when
orange oil or D-limonene were used (Fig. 7).

4. Conclusions

In this work, we have investigated the influence of differ-
ent oils (D-limonene, n-decane, n-dodecane, n-tetradecane,
n-hexadecane, and orange oil) on the stability and elektr-
okinetic behavior of mesquite gum-stabilized oil in water
emulsions.

The time evolution pattern of the growth of the particle
size showed that orange oil emulsions were more stable
against gravitational separation and coalescence than the
emulsions obtained with the other oils when mesquite
gum was used as stabilizer. Different oils tested, other than
orange oil, showed an Ostwald ripening-like behavior for
both mesquite gum and gum Arabic-stabilized emulsions.
By contrast, orange oil drops maintained their smaller
average size for longer times, probably due to a strong elec-
trosteric interaction similar to the one mediating in gum
Arabic emulsions. This strong interaction observed for
mesquite gum and orange oil, as probed by zeta potential
measurements, originates a large mesquite gum load at
the oil–water interface, a condition that results in a gel-like
behavior at low mesquite gum concentrations, a phenome-
non that is not observed for Gum Arabic.
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