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This study introduces Alyssum homolocarpum seed gum, as a natural stabilizer for O/W emulsions. The
droplets characteristics, flow properties and physical stability of ultrasonically prepared corn oil-in-water
emulsions were investigated at various gum concentrations. The results indicated that for the freshly
prepared emulsions, the mean diameter of droplets decreased significantly with an increase in gum
concentration from 0.25% to 0.75%. Storage of emulsions for a period of 4 weeks resulted in an increase in
the size of droplets, being substantially greater for the samples containing 0.25 and 0.5% gum and
negligible for those prepared with 0.75 and 1.0% gum. Similar trend was observed for the specific surface
area of droplets but in the opposite direction. Optical microscopy demonstrated that increasing the
proportion of gum up to 0.75% reduced the extent of flocculation and coalescence and enhanced mon-
odispersity. Newtonian and non-Newtonian shear-thinning flow behaviors were observed for emulsions
prepared with 0.25% gum concentration and those containing higher concentrations respectively.
Accordingly, faster creaming was found to be associated with the emulsions prepared with low gum
concentration.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Emulsions consist of two immiscible liquids (usually oil and
water) where one of the liquids is dispersed in the other in form of
small (0.1–100 mm) spherical droplets (McClements, 2005). Emul-
sions are thermodynamically unstable due to the unfavorable contact
between oil and water molecules (Friberg, 1997), and as a conse-
quence their physical structures will tend to change over time by
various mechanisms (e.g., creaming, flocculation, and coalescence),
leading to complete phase separation (McClements, 2005). Two
types of ingredient are important in the formation of an emulsion
system: emulsifier and stabilizer (Dickinson & Galazka, 1992). To
confer substantial shelf-life the presence of the latter (usually poly-
saccharides) is required. Structuring, thickening and gelling are the
major functions of hydrocolloids in aqueous phase of oil-in-water
(O/W) emulsions (Taherian, Fustier, Britten, & Ramaswamy, 2008).

The flow properties, particle size distribution and physical
stability of an emulsion are among the most important features.
The consumer-perceived attributes, such as pouring or extrusion of
: þ98 511 5413599.
hodaee).
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emulsions from packs, are also related to their flow properties
(Barnes, 1994). Most of the food hydrocolloids used to stabilize an
emulsion are shear-thinning, which prevent droplet creaming,
while the emulsion still flows easily when poured from a container
(Taherian, Fustier, & Ramaswamy, 2007).

Stoke’s law states that the velocity at which a droplet moves is
proportional to the square of its radius, thus, by reducing the
droplet size, the stability of emulsion can be increased. Ultra-
sound homogenization has shown a great affinity for producing
emulsions with small droplets size. However, pre-homogenization
has been recommended to reduce energy usage (Jafari, He, &
Bhandari, 2007).

Alyssum homolocarpum seed is known under the local name of
Qudum-e Shirazi in Iran and have been used as a traditional
medicine for hundreds of years. The seeds contain a large amount of
mucilaginous substances diffusing out when soaked in water
(Koocheki et al., 2008). The hydrated gum exhibits non-Newtonian,
pseudoplastic behavior and can be used as a potential thickening
agent in food industry (Koocheki, Mortazavi, Shahidi, Razavi, &
Taherian, 2009).

Although the effect of many polysaccharides such as pectin
(Bonnet, Corredig, & Alexander, 2005; Gancz, Alexander, & Corre-
dig, 2006; Roudsari, Nakamura, Smith, & Corredig, 2006), CMC (Nor
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Hayati, Bin Che Man, Ping Tan, & Nor Aini, 2009) carrageenan
(Alexander & Dalgleish, 2007), guar gum (Nor Hayati et al., 2009),
locust bean gum (Nor Hayati et al., 2009) and xanthan gum (Nor
Hayati et al., 2009; Sun, Gunasekaran, & Richards, 2007; Taherian
et al., 2007) on the particle size distribution and flow properties of
stabilized emulsions has widely been investigated, the influence of
the addition of A. homolocarpum seed gum is yet unknown. The aim
of the present study was, therefore, to investigate the effect of
A. homolocarpum seed gum on the particle size growth, stability
and flow properties of corn oil-in-water emulsion prepared by
using high intensity ultrasound.

2. Materials and methods

2.1. Materials

Commercial corn oil was purchased from local market. Tween
80 and sodium azide were supplied by Merck KGaA (Germany).

2.2. Extraction of gum and preparation of aqueous dispersions

A. homolocarpum seed gum was extracted, purified and dried
based on the method described in previous work (Koocheki et al.,).
The dispersions were prepared by adding 0.25, 0.5, 0.75 and 1 g
dried hydrocolloid powder into 80 g deionized water while stirring
at 80 �C for 30 min using a magnetic stirrer. The dispersions were
then cooled to room temperature and left overnight at 4 �C (to
ensure a complete hydration) prior to use in emulsion preparation.

2.3. Preparation of emulsion

All emulsion samples were prepared through a two-stage
process. The dispersion was prepared by mixing 20 g corn oil with
80 g gum dispersion, with or without 0.1 g Tween 80, using
a magnetic stirrer for 3 min followed by pre-homogenization with
a laboratory rotor-stator homogenizer, Ultra Turrax T-25 (IKA
Instruments, Germany) at a speed of 9500 rpm for 1 min at room
temperature. The coarse emulsion was then sonified for 3 min by
using a 25 kHz ultrasonic processor (model VCX 750, Sonics &
Materials, Inc., USA) at a nominal maximum power output of 750 W
and a cylindrical titanium sonotrode of 19 mm in diameter. The
ultrasonic energy was set at 750 W and the sonotrode tip immersed
1 cm below the surface of liquid. Since the temperature increased
during sonication process, a water-ice bath was used to maintain
the temperature at about ambient. A thermometer was also placed
inside the sonifying chamber to record the temperature rise during
sonication.

The final pH of emulsions was measured to be 7 and independent
of the gum concentration. A 0.01% W/W sodium azide was added to
all samples to prevent bacterial growth during storage at 4 �C.

2.4. Emulsifying properties

The emulsions were prepared with no emulsifier added and
centrifuged at 1200 g for 10 min immediately after sonication. The
emulsifying capacity (EC) was calculated using Equation (1):

EC ¼
�

ev

tv

�
� 100 (1)

where ev is the emulsion volume and tv is the total volume
including serum and cream phase.

Emulsion stability (ES) against high temperature was determined
based on the method provided by Sciarini, Maldonado, Ribotta,
Perez, and Leon (2009) by heating emulsions in a water bath at 80 �C
for 30 min followed by centrifuging at 1200 g for 10 min. ES was
calculated using Equation (2):

ES ¼
�

fev

iev

�
� 100 (2)

where iev and fev are the initial and final volume of emulsion,
respectively.

2.5. Droplet size measurement

The size of droplets was measured by a laser diffraction particle
sizer (Fritsch Analysette 22, Germany) relating the scattering of laser
beam to the size of droplets based on Mie theory. Drops of emulsion
were introduced into the sample diluting chamber of the instru-
ment until the beam obstruction level fell within the optimum
range displayed on the screen. The diluting chamber was an inte-
grated ultrasonic water bath equipped with a propeller-type stirrer
exposing sample to a shear force high enough to ensure breakage of
flocs and aggregates and hence homogenous dispersity of droplets.
The mean diameter of droplets was calculated using Equation (3)
and expressed as surface volume or Sauter diameter (D32):

D32 ¼
Snid

3
i

Snid2
i

ðmmÞ (3)

where ni is the number of droplets of diameter di.
The specific surface area of droplets was related to the Sauter

diameter according to the Equation (4):

S ¼ 6f

D32

�
m2 ml�1 emulsion

�
(4)

where 4 is the oil volume fraction of the emulsion (0.2).
To determine the variations in the distribution of droplets size,

a term known as ‘span’ was calculated (Equation (5)) and expressed:

Span ¼ ½dðv;90Þ � dðv;10Þ�
dðv;50Þ (5)

where d (v,10), d (v,50), and d (v,90) are diameters at 10%, 50%, and
90% cumulative volume, respectively.

The size of droplets was measured immediately after prepara-
tion of emulsions and also after 7, 14, 21 and 28 days storage at 4 �C.

2.6. Creaming stability measurement

A 10 ml freshly prepared emulsion was transferred into a test
tube, capped, and stored for 28 days at 4 �C. Creaming of emulsions
was monitored after 1, 7, 14, 21 and 28 days storage. During storage,
some of the samples separated into an opaque cream layer at the
top and a transparent serum layer at the bottom. The total height of
the emulsion (HE) and the height of the serum layer (HS) were then
measured. The creaming index (CI) was expressed as the ratio of the
height of the serum layer to the total height of the emulsion in the
tube (Equation (6)):

CI ¼ HS
HE
� 100 (6)

The CI provides indirect information about the extent of droplet
aggregation in an emulsion; typically the more the aggregation, the
larger the effective particle size and hence the faster the creaming.

2.7. Microscopic examination

A small drop of emulsion sample was diluted with 1 g l�1 SDS
solution (1:10000 SDS) and placed directly onto a glass slide,
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Fig. 2. Particle size distribution curves for the emulsions prepared with 0.25%, 0.5%,
0.75% and 1% A. homolocarpum seed gum in the absence of emulsifier.
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covered with a slip and observed at �40 magnifications under an
optical microscope (Olympus BX41 TF, Olympus Corporation,
Tokyo, Japan) equipped with a digital camera (Olympus DP12,
Olympus Corporation, Tokyo, Japan). Microscopic examination was
carried out immediately after preparation of emulsion and 28 days
after being stored at 4 �C.

2.8. Viscosity measurement

The viscosity of emulsions was measured by a rotational
viscometer (Model RVDV-II, Brookfield Engineering, Inc., USA) at
25 �C using the spindle No. 3 at 10, 20, 50,100, 150 and 200 rotations
per minute (rpm). The volume of sample and also the immersion
depth of spindle were kept constant throughout the experiments.
Measurements were performed in triplicate with 30 s intervals and
the data were averaged. The shear rate, _g, was calculated using the
empirical Equation (7) provided by the manufacturer:

_g ¼ N � 0:27 (7)

where N is the rotational speed of spindle. Knowing the apparent
viscosity, ha, and the shear rate, _g, the shear stress, s, was then
obtained (Equation (8)):

s ¼ ha � _g (8)

Flow behavior of emulsions was described by fitting the
experimentally measured shear stress-shear rate data to the power
law model (Equation (9)):

s ¼ k _gn (9)

where k is the consistency coefficient (Pa sn) and n is the flow
behavior index (dimensionless).

3. Results and discussion

3.1. Emulsifying properties

Fig. 1 represents the emulsifying properties of A. homolocarpum
seed gum. As illustrated, increasing the gum concentration
enhanced the emulsifying capacity and improved the heat stability
of emulsion. This observation, however, does not prove that the
gum necessarily possesses a high surface activity. On the other
hand, the droplet size distribution curves for the emulsions were
found to be wide, tailed to the right and bimodal at lower concen-
trations of the gum (Fig. 2) indicating the high degree of
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Fig. 1. Emulsifying capacity (EC) and emulsion heat stability (ES) of Alyssum homo-
locarpum seed gum as a function of concentration before and after heating freshly
made emulsions.
polydispersity in the emulsions. Huang, Kakuda, and Cui (2001)
reported the same observation for the emulsions prepared with
various gums in the absence of emulsifier. The results clearly
demonstrate that, similar to previously studied hydrocolloids,
A. homolocarpum seed gum is a poor emulsifier owing to its high
hydrophilic nature, low molecular flexibility and hence low surface
activity (Darling & Birkett, 1987; Dickinson & Stainsby, 1982;
Gaonkar,1991). Accordingly, the negligible surface activity observed
for this gum could be attributed to the proteins co-extracted from
the seed that was not completely removed during gum purification
process. According to Dickinson (2003), to retain the small droplets
size produced during emulsification, the time for droplets to collide
and coalesce should be long compared to the time for emulsifier
molecules to adsorb at the new oil–water interface and to create
a transient stabilizing layer. This does not seem to happen in the
presence of A. homolocarpum seed gum even at high concentration.
It is, therefore, reasonable to conclude that the gum has a poor
surface activity, although it may contribute to the stability of
emulsion by increasing the medium viscosity and formation of
a network in which oil droplets are entrapped. Similar conclusion
has been made by Huang et al. (2001) who studied the emulsifi-
cation properties of different hydrocolloids. This can be inferred
from Fig. 1 by comparing the histograms representing the emulsi-
fying capacity, EC, and heat stabilizing effect, ES, of the gum. The ES
was always smaller than EC, except for the concentration of 1%,
denoting the formation of a loose network that kept the droplets
apart and easily broke by heating. However, the contribution of gum
to the viscosity increase of medium was dominant in reducing the
mobility of droplets and delaying their coalescence.

It is worth mentioning that previously reported data (Garti &
Aserin, 1999; Garti, Madar, Aserin, & Sternheim, 1997) indicated
that gum molecules move slowly to the dispersion interface,
showing certain surface and interface activities. In contrast, others
including Dickinson (2003) and Fernandes, Goncalves, and Lefebvre
(1989) have suggested that hydrocolloids stabilize emulsions by
modifying rheological characteristics of the aqueous phase in that
droplets of dispersed phase are prevented from interacting among
themselves, and hence avoiding destabilization processes such as
coalescence and flocculation.
3.2. Emulsion stabilizing effect of gum

Fig. 3 shows time-induced changes in droplet size distribution
for the emulsion samples containing 0.1% Tween 80 and various
amounts of A. homolocarpum seed gum. As illustrated, with the
exception of those representing the lowest gum concentration, all
curves are monomodal and bell-shaped indicating the uniformity
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Fig. 3. Changes in the droplet size distribution for the O/W emulsions containing 0.1% Tween 80 and various amounts of Alyssum homolocarpum seed gum during storage at 4 �C. a:
fresh emulsion; b: week 1; c: week 2; d: week 3 and e: week 4.
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of droplets size distribution in the emulsions. It is noticeable that
increasing the gum concentration from 0.25% to 0.5% shifted the
curves to the left and made them sharper and narrower, whereas
further increase in the concentration of gum had no significant
effect on the droplet size distribution curves.

It is also evident that storage of emulsions could result in
changing the shape of droplet size distribution curves. They grad-
ually became wide and shifted to the right, denoting the number of
large droplets increased in the emulsion during storage. These
alterations were more pronounced in the emulsion containing 0.25%
gum over the first 3 weeks and thereafter no significant changes
occurred. In general, emulsions made with higher concentrations
of gum (>0.5%) were stable during the storage period and the
size distribution of droplets did not show remarkable variations.
Similar results were reported earlier by Nor Hayati et al. (2009) for
the emulsions prepared with xanthan, CMC, guar and locust bean
gum.

The cumulative droplet size distribution for the emulsion con-
taining 0.25% A. homolocarpum seed gum is shown in Fig. 4. The
plots appear to follow the same trend encompassing a wide range
of sizes from 0.39 to 6.04 mm for the fresh emulsion and 0.39–
15.81 mm for the sample stored for 4 weeks. The median diameter
derived from the cumulative distribution curve, was calculated to
be 2.14 mm for the fresh emulsion which means 50% of the droplets
were smaller than this value. During storage, the median diameter
increased to 2.48 mm within the first 2 weeks and remained



Table 1
Changes in the span values for the emulsions prepared with different A. homo-
locarpum seed gum concentrations and 0.1% Tween 80 during storage at 4 �C.

Storage time Concentration (%)

0.25 0.5 0.75 1

Day 1 1.38 � 0.02 1.19 � 0.02 1.18 � 0.05 1.10 � 0.02
Day 7 2.00 � 0.10 1.30 � 0.05 1.16 � 0.07 1.13 � 0.02
Day 14 2.41 � 0.07 1.46 � 0.04 1.37 � 0.02 1.49 � 0.04
Day 21 2.50 � 0.05 1.46 � 0.02 1.39 � 0.03 1.43 � 0.07
Day 28 2.56 � 0.02 1.66 � 0.03 1.55 � 0.02 1.58 � 0.02
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unchanged afterwards (Fig. 4). The increase of median diameter by
only 0.34 units after 4 weeks compared to the broad expansion in
the size range of droplets within the same period of time clearly
indicates that the gum substantially prevented the growth of small
droplets. However, the viscosity and the network developed by the
gum were not sufficient to stop the interactions between large
droplets.

It can also be seen in Fig. 5 that for the freshly made emulsion,
the Sauter diameter (D32) decreased gradually from about 1.92 to
1.59 mm when the concentration of gum increased from 0.25% to
0.75%. The data given in Table 1 also confirm that the droplet size
distribution became narrow under these conditions, indicating the
positive contribution of higher concentrations towards the main-
tenance of monodispersity in the emulsion. However, when 1% of
gum was used the mean diameter of droplets increased to 1.64 mm.
This could be due to the high viscosity developed at this concen-
tration which increased the threshold of acoustic cavitations
beyond the output power of the device, hence, resulting in
a substantial reduction in the number of active bubbles. As a result,
the energy dissipated into the medium subsequently decreased
upon the collapse of bubbles that was required for the disintegra-
tion of oil droplets and making fine emulsion. Accordingly, it should
be noted that increasing the viscosity of the continuous phase
slows down the mobility of droplets leaving enough time for the
emulsifier to adsorb at the oil–water interface and thus stabilizes
the oil droplets against coalescence (Makri & Doxastakis, 2006).
Therefore, there should be a balance between the ultrasonic energy
input and the viscosity of the medium in order to achieve a desir-
able droplet size. Moreover, it seems that under the experimental
conditions used in this study the concentration of 0.75% for the
gum was optimum in relation to the ultrasonic energy delivered to
the medium.

It was found that the mean diameter of droplets increased
during storage. This growth in the size of droplets was more
distinctive for the emulsions prepared with 0.25 and 0.5% gum and
almost negligible for the ones containing 0.75 and 1% gum. This is
probably due to the increase in the viscosity of the dispersion that
reduced mobility of the oil droplets preventing them from coming
into contact with each other.

Despite the fact that the emulsion containing 1% gum had an
initial Sauter diameter greater than the one made with 0.75% gum,
they both showed similar mean droplet diameter after 4 weeks.
This clearly confirms that increasing the concentration of gum
effectively reduced the interactions among droplets as shown
before.
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Fig. 5. Alterations in the mean diameter of droplets for the emulsions prepared with
0.1% Tween 80 as a function of A. homolocarpum seed gum concentration and storage
time.
It should be noted that the specific surface area of droplets
(Fig. 6) changed during storage with the same trend observed for
the mean diameter but in the opposite direction. Therefore, the
same explanations can likely be given for these changes.

The emulsions prepared with 0.5–1% had considerably lower
span values compared to the one prepared with 0.25% gum
concentration (Table 1). This feature changed during storage but as
expected its variations for the emulsions comprising lower
concentrations of the gum, i.e. 0.25 and 0.5%, were more pronounced
compared to those with higher proportions. This indicates that the
latter largely retained their initial droplet size distribution over time.
3.3. Optical microscopy

Fig. 7 shows the microstructure of emulsions immediately after
preparation. The micrographs are in agreement with the results
obtained for size measurement. It is obvious that increasing the
proportion of gum up to 0.75% considerably reduced the size of
droplets and enhanced the monodispersity of emulsions. The size
of droplets, on the other hand, slightly increased when 1% gum was
used as shown in Fig. 3. Nevertheless, the number of large droplets
and their size in this emulsion was smaller compared to the
emulsion prepared with 0.25% gum.

The micrographs taken after 4 weeks also indicate that the
number of large droplets increased during storage (Fig. 8). Again, this
was more pronounced when 0.25% gum was used. For the other 3
levels of gum concentration, the alterations in the morphology of
droplets were almost comparable, despite the fact that the corre-
sponding fresh emulsions showed different droplet morphologies. It
is obvious from Fig. 8 that the increase in the size of droplets was
mainly due to the coalescence of droplets. However, in combination
with coalescence, aggregation and flocculation also took place which
reflected themselves in broadened size distribution curves and
increased spans.
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concentrations of A. homolocarpum seed gum during storage.



Fig. 7. Microstructure of fresh emulsions containing different concentrations of A. homolocarpum seed gum. a) 0.25%; b) 0.5%; c) 0.75% and d) 1%.

Fig. 8. Microstructure of emulsions containing different concentrations of A. homolocarpum seed gum after 4 weeks. a) 0.25%; b) 0.5%; c) 0.75% and d) 1%.
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3.4. Creaming

The stability of emulsions against creaming and phase separa-
tion is shown in Fig. 9. The curves clearly show that the emulsion
stability can be enhanced by increasing the gum concentration.
At lower concentrations of gum (0.25 and 0.5%), distinctive creaming
was observed within 7 day and increasingly progressed afterwards,
while at higher concentrations (0.75 and 1%), no visual changes took
place and the emulsions kept their initial integrity during storage.
This is due to the increased viscosity of the aqueous phase combined
with the small size of droplets at higher proportions of the gum that
drastically reduced the mobility of the oil droplets and hence their
upward movement according to Stock’s law.

Fig. 10 illustrates changes in the overall appearance of emulsion
samples after 4 weeks. The emulsions containing lower concen-
trations of gum (0.25% and 0.5%) exhibited creaming with obvious
boundary lines separating the cream layer from the serum phase.
The cream layer in the emulsion with 0.25% gum was evidently
more compact, indicating free mobility of droplets and higher
degree of their interaction with each other due to weak viscous
forces in the aqueous phase. The emulsions with 0.75–1% gum, on
the other hand, showed no distinguishable serum separation
during 28 days storage. The observations are in consistence with
the data reported by other researchers confirming the positive
effect of gums on the inhibition of creaming in the emulsions
(Huang et al., 2001; Sun et al., 2007; Taherian et al., 2007).
However, due to the difference in molecular structure, net electrical
Fig. 10. Overall appearance of emulsion samples after storage for 4 weeks. From right
to left: 0.25%, 0.5%, 0.75% and 1% A. homolocarpum seed gum, respectively.
charge, degree of hydrophilicity and the strength of the network
that gums form in the aqueous phase, as well as, the impact of
surrounding environment and the experimental conditions on
their physicochemical properties, all types of gums will not
necessarily prevent creaming to the same extent (Djordjevic,
Cercaci, Alamed, McClements, & Decker, 2008).

3.5. Flow properties

The relationship between apparent viscosity (ha) and shear rate
for the emulsions containing different gum concentrations is
plotted in Fig. 11 as a function of time. The rheological flow prop-
erties were calculated using Power Law model. This model has
widely been used by other researchers to describe the flow
behavior of food emulsions in response to external shear stress
(Heikal & Chhinnan, 1990; Sun et al., 2007; Taherian, Fustier, &
Ramaswamy, 2006; Taherian et al., 2007).

The calculated Power Law parameters, consistency coefficient
(k) and flow behavior index (n) are tabulated in Table 2. In general,
increasing the shear rate decreased the apparent viscosity of all
samples with a rate being dependent on their gum content and the
magnitude of the shear rate applied. On moving from low to high
shear rates, the apparent viscosity initially decreased sharply to
a point after which it leveled off or very slightly changed with
further increase in the shear rate.

The magnitude of decrease in the apparent viscosity with
increasing the shear rate appeared to be large when high concen-
tration of gum was used. This occurrence has been related to the
flow alignment of high molecular weight polymers (Coia & Stauffer,
1987). The presence of a large number of high molecular weight
molecules in the continuous phase promotes the resistance to flow
which, in turn, increases the consistency coefficient and apparent
viscosity of the emulsion system. This increase minimizes the
droplet mobility and the collision frequency, weakens the attrac-
tion forces among the droplets and helps formation of the three-
dimensional network in the continuous phase (Nor Hayati et al.,
2009). As a result, partial or full coalescence is reduced and through
the formation of an elastic gel, creaming of the emulsion is
prevented.

The emulsions containing 0.25% gum revealed flow behavior
indices close to unity and behaved as Newtonian fluids (n z 1),
while those consisting of higher gum proportions exhibited shear-
thinning behavior (n < 1). According to Taherian et al. (2006, 2007)
the reversible shear-thinning viscosity of the emulsions could
improve the distribution of oil droplets and prevent droplet coa-
lescence and gravitational separation which is in consistence with
the results obtained in this study. Changing the flow behavior of
emulsions towards pseudoplasticity or shear-thinning with added
gum has also been observed by other researchers (Coia & Stauffer,
1987; Hennock, Rahalkar, & Richmond, 1984; Nor Hayati et al.,
2009; Sun et al., 2007).

During the storage, both viscosity and consistency coefficient of
all samples increased (Fig. 11 and Table 2). The emulsions showed
a gradual decrease in their flow behavior index being more
noticeable for those containing lower levels of gum concentration.
For the emulsion with 1% gum concentration, n value remained
almost unchanged. The development of shear-thinning during
storage has been attributed to the onset of flocculation and
aggregation of oil droplets (McClements, 2005; Taherian et al.,
2006). When the shear rate is high enough to overcome Brownian
motion the hydrodynamic forces become dominant making the
droplets remain aligned with the shear field. This lowers the
resistance to flow and hence the viscosity reaches a constant low
value. At low shear rate, an emulsion with flocculated droplets has
a greater viscosity than the one containing the same concentration
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Fig. 11. Effect of A. homolocarpum seed gum concentration and storage time on the viscosity–shear rate profile of emulsions. �, 0.25%; B, 0.5%; A, 7.5%; >, 1%.
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of isolated droplets. This is because the effective volume fraction of
a floc is greater than the sum of the volume fraction of the
individual droplets due to the presence of the continuous phase
trapped within it (Quemada & Berli, 2002). Upon applying the
shear, the hydrodynamic forces disrupt the flocs and along with the
intact droplets become aligned with the shear field and decrease
the resistance to flow, hence, viscosity drops. The results of this
study are in agreement with the previously reported data (Coia &
Stauffer, 1987; Ibanoglu, 2002; McClements, 2005; Taherain et al.,
2007). However, Papalamprou, Makri, Kiosseoglou, and Doxastakis
(2005) reported that the viscosity declined with the time of storage.

On the other hand, it has been shown that the occurrence of
droplets coalescence is normally associated with a decrease in the
emulsion viscosity (Tadros, 2004). Considering the opposing effect
of flocculation and coalescence on emulsion viscosity, it can be
postulated that both phenomena took place during storage but the
former to a grater extent that counterbalanced the impact of the
latter.

4. Conclusions

It was shown in this study that the incorporation of
A. homolocarpum seed gum in O/W emulsion greatly enhanced
the stability against flocculation, coalescence and gravitational
phase separation. It also helped control the mean diameter as
well as the size distribution of droplets through modifying the
viscosity of aqueous phase. As a result of increasing the
viscosity, the mobility of droplets reduced, leaving enough time
for the emulsifier to reach the oil–water interface to stabilize
the newly formed droplets. In addition to its beneficial effect
on the emulsification stage, it also reduced the droplet–droplet
interactions during storage of emulsion and thus delayed the



Table 2
Power law parameters for emulsions containing different concentrations of
A. homolocarpum seed gum.

Gum concentration (%) Day (s) k (Pa sn) n r2

0.25 Fresh emulsion 43.42 � 3.24 0.96 � 0.01 0.96
7 45.56 � 2.41 0.95 � 0.01 0.95
14 56.54 � 1.50 0.95 � 0.00 0.96
21 62.78 � 3.32 0.92 � 0.00 0.95
28 68.63 � 2.73 0.90 � 0.01 0.97

0.5 Fresh emulsion 584.89 � 7.15 0.55 � 0.01 0.97
7 595.31 � 9.52 0.54 � 0.00 0.98
14 665.40 � 10.50 0.49 � 0.01 0.99
21 871.65 � 8.39 0.44 � 0.02 0.97
28 1041.99 � 5.48 0.40 � 0.02 0.96

0.75 Fresh emulsion 2413.51 � 4.74 0.37 � 0.00 0.99
7 2431.45 � 5.54 0.37 � 0.01 0.98
14 2575.02 � 3.52 0.36 � 0.01 0.95
21 2672.40 � 8.72 0.34 � 0.00 0.97
28 2768.96 � 4.49 0.33 � 0.01 0.96

1 Fresh emulsion 4632.17 � 5.36 0.29 � 0.00 0.99
7 4686.79 � 4.49 0.29 � 0.01 0.98
14 4699.28 � 7.15 0.28 � 0.01 0.99
21 4803.06 � 6.68 0.28 � 0.01 0.99
28 4833.86 � 4.51 0.28 � 0.00 0.99
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occurrence of destabilizing phenomena. These effects were
found to be all dependent on the concentration of gum. Our
results indicated that Alyssum homolocarpum seed gum with
0.75% concentration was more effective for producing small
droplets during ultrasonic homogenization. However, energy
input considerations should be taken into account when higher
levels of gum are to be used. Considering the excellent stability
of emulsions against phase separation as well as their
improved texture and consistency the A. homolocarpum seed
gum could be accounted as a potential stabilizer for O/W
emulsions.
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