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Effect of Freezing-Thawing and Stabilizers on the Phase
Behavior of Egg Micro-Particles and Quality Attributes of

Liquid Egg
S. Dadashi, H. Kiani**, H. Rahimi*, and S. M. Mousavi®

ABSTRACT

Freezing can adversely affect the quality of liquid egg through complex inter-particle
interactions of egg micro-particles. The effect of pectin, PG-Alginate (PGA), Arabic Gum,
maltodextrin and defrost temperature on the rheological properties, microstructure and
color of frozen egg was studied. The fresh sample exhibited a light yellow color with high
values of L and positive values of a and b. Freezing resulted in a reduced L value with
slight changes in a and b. The additives could enhance the lightness with the closest values
of L to that of the fresh sample detected for PGA and pectin. Fresh egg with a low
viscosity exhibited near-Newtonian flow behavior. However, the freezing-thawing
significantly increased the viscosity. Accordingly, the flow behavior index of the frozen
samples was decreased significantly along with a sharp increase in the consistency index,
revealing a pseudo-plastic behavior. All frozen samples exhibited higher viscosities than
the fresh sample. Fresh samples contained evenly distributed micro-particles ranging
from 0.05 to 5.50 um centering at 1.27 um. Freezing resulted in aggregated particles with
significantly larger sizes. Maltodextrin significantly reduced the particle size. Further
reduction was achieved by the addition of pectin, PGA, and Arabic gum. Smallest particle
size distributions were achieved at pectin and PGA concentrations of 0.25 and 0.1%,
respectively. The results of this study can be employed for the development of new
products based on frozen egg with no added sugar or salt, while maintaining the physical
and functional properties of the final product.
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INTRODUCTION

Hen’s egg has been known from the
ancient times as an important food product
for humans. Egg has gained major attentions
in the food sector research and development
due to its wide spread consumption and its
application as an ingredient for a varied
range of processed foods (Surai and Sparks,
2001).

Salmonella poisoning outbreaks related to
raw eggs (shell egg), as a serious concern in
terms of food safety, technological
restrictions in consumption of this type of
egg, as well as the development of food

industry and food processing and
preservation methods, has led to increased
production and supply of processed eggs
(whole  eggs, yolks and  whites)
(Mukhopadhyay and Ramaswamy, 2012).
Freezing is an excellent food preservation
method preventing microbial, chemical and
physical alterations by reducing water
activity and temperature (Galetto et al.,
2010). However, appropriate design of the
processing conditions is very critical to
avoid tissue damage and changes in the
functional properties of frozen food
products. Changes in the rheological and
functional properties are caused by changes
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in the molecular arrangement of egg
compounds, dehydration, and changes in the
concentration  of  electrolytes.  Many
researches have been focused on the
prevention of these undesirable changes
(Lovelock, 1957; Smith, 1961). Factors,
such as the freezing rate, supercooling
degree, thawing rate, thawing temperature,
and ice crystal characteristics are critical to
minimize the freezing damage (Ballin and
Lametsch, 2008; Muela et al., 2012).
Application of different additives such as
sugars, salts, and enzymes, and also the
physical and mechanical treatments have
been among different methods tried by
researchers (Chang et al., 1977; Kaloyereas
et al., 1962; Powrie et al., 1963).

Food stabilizers, thickeners, and gelling
agents, which are obtained from a wide
range of natural raw materials, control
moisture and provide structure, flow,
stability and eating qualities to food
products (Imeson, 2011). Among these
materials are hydrocolloids, which prevent
the formation of ice and sugar crystals
(Dickinson, 2003). The use of hydrocolloids
as stabilizers, thickeners and water
preservatives agents in food is dependent on
the type and intensity of polysaccharides
interactions with other ingredients such as
proteins (Hemar et al., 2002; Ibanoglu and
Ercelebi, 2007). Boye et al. (1997) showed
that hydrocolloids can be effective in
prevention of proteins aggregation and
coagulation during heat treatments. As
temperature changes can cause undesirable
changes in food texture, the hydrocolloid
stabilizers can absorb water and prevent the
ice formation (Flores and Goff, 1999).
Chanamai and McClements (2002) reported
that high molecular weight hydrocolloids,
with the ability of water absorption, can
form a thick layer around the particles and
prevent their accumulation under the
unfavorable conditions such as thermal
shock and high salt concentrations.

According to our bibliography, until now,
no Scientific study has been reported about
the effect of adding hydrocolloids on the
properties of frozen eggs. So, due to
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limitations in consumption of the egg
products containing salt and sugar in
different food industry, and also according
to the aforementioned  ability of
hydrocolloids in controlling ice crystals and
texture, the main objective of this study was
to evaluate the effect of four additives,
including maltodextrin, pectin, Propylene
Glycol Alginate (PGA) and Arabic Gum, in
various concentrations on color, rheological
properties, and microstructure of frozen-
thawed whole egg. In addition, we aimed to
study the effect of thawing temperature on
the mentioned properties and evaluate the
microstructure to explore the behavior of
egg micro-particles.

MATERIALS AND METHODS
Raw Materials

Fresh eggs (Hy-Line breed, single mass
around 45 g, after laid within 7 days) were
obtained from Telavang Co. (Tehran, Iran)
and stored under refrigeration at 8°C until
use. Propylene Glycol Alginate (PGA),
Arabic gum, and high methoxyl pectin were
provided by ZamZam Iran Co (Tehran,
Iran). Maltodextrin (DE= 20) was purchased
from Peyvandi Co. (Tehran, Iran).

Sample Preparation

The eggs were manually broken and, after
removing the chalaza, transferred to a
stomacher bag and then homogenized for 2
minutes at 230 rpm in a laboratory mixer. In
order to achieve uniform samples, in each
series of sample preparation, at least twenty
eggs were used. Before each treatment, to
obtain the corresponding final samples, the
additives were added directly to the raw
whole egg according to Table 1 while the
samples were being mixed (IKA Eurostar
Power control Visc, Germany). After
preparing of different samples, they were
packed in polyethylene containers (3
samples for each formulation) with 300 mL
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Table 1. The concentration (% wt) of
additives in whole egg.

Additive Percentage (% wt)
Maltodextrin 0,2

Pectin 0,0.1,0.25,05
PGA 0,0.1,0.25,05
Gum Arabic 0,123

volume and used for freezing. The freezing
process was performed in a laboratory
freezer (Pars, Tehran, Iran) at -18+2°C and
before thawing the samples they were kept
for a week at -18°C. The frozen eggs were
thawed at 4 or 20°C and were subsequently
analyzed. To ensure that the core of the
samples reached the desired temperature, a
thermocouple was placed in the center of
each container.

Rheological Properties

The rheological properties of the whole
egg samples were measured by a viscometer
(Brookfield DV  lI+Pro,  Brookfield
Engineering Lab. Inc., MA, USA) equipped
with a cylindrical spindle (LV-1) (cylinder
diameter 18.84 mm, length 115 mm, beaker
diameter 86.30 mm and 40 mL of sample
volume). A shear ramp test was performed
and the power low model was used to
calculate the rheological parameters.

r= k" (1)

Where, zis shear stress (Pa), yis shear rate
(s, k is consistency coefficient (Pa s") and
n is flow behavior index. In each
formulation for each prepared samples at
least 3 measurements were done.

Color and Microstructure

The color of the samples was measured
using a calibrated image processing system
equipped with a DNT color camera (DNT,
Germany) based on reflectivity and the
Image Pro Plus software (Ver. 6.2, Media
Cybernetics Inc., Washington, US). The Lab
color parameters (L, a, and b) were
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calculated and were used to study the
samples.

The microstructure of the samples was
analyzed using a Leica S20 microscope
(Leica, Germany) equipped with a digital
camera. The magnification of the system,
including the microscope and the camera,
was 1,000 folds. For particle size analysis,
the samples were first diluted 100 times in
distilled water and were mixed using a
vortex. Then, one drop of the sample was
placed on a microscope slide and was
analyzed in the phase contrast mode. The
images were first calibrated and then
processed using the Image Pro Plus software
to calculate the size of micro-particles. For
each prepared sample, at [least 3
measurements were done.

Statistical Analysis

Statistical analysis was carried out using
the SAS software (Ver. 9.1.3, NC, USA).
Analysis Of Variance (ANOVA) test was
done to find differences between the
treatments and means (LSD) comparison test
was performed, if necessary (95%
confidence). Differences were presented by
alphabetic letters.

RESULTS AND DISCUSSION
Color

In Figures 1 and 2, the color parameters of
different whole egg samples containing
different stabilizers and processed at
different thawing temperatures are shown.
The color components L, a, and b for the
fresh sample were 92.43, 4.85, and 24.83,
respectively. This observation indicated that
the fresh whole egg sample analyzed in this
study exhibited a light yellowish color
developed from the combination of egg yolk
and egg white. Statistical analysis revealed
that the freezing-thawing cycle reduced L
value significantly (P< 0.05) indicating that
the process resulted in a darker product.
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Figure 2. The effect of pectin (A), PGA (B)
and Arabic gum (C) concentrations on the
color parameters of whole frozen-thawed egg
samples.
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Usually, darker colloids are produced
when the size of the suspended particles
become larger and reflect the light to
increase the cloudiness (Min et al., 2005).
No significant differences were detected
between L values for different thawing
temperatures (P< 0.05). The redness was not
affected by the freezing process, but the
yellowness (b value) was increased
significantly (P< 0.05) for the samples
thawed at 20°C. However, a decrease of b
value was observed for the samples thawed
at 4°C. Maltodextrin increased the value of
L in comparison with the control frozen
samples. This could be attributed to the
lower degree of aggregation and will be
discussed in the next sections. The presence
of maltodextrin resulted in decreased values
of both a and b factors for the thawing
temperatures of 20°C, while a and b were
increased when the samples were thawed at
4°C. It should be noticed that the final color
perception of liquid egg mostly depends on
the chemical and physical properties,
interaction of the ingredients and their
conformation (Min et al., 2005). For
example, Su and Lin (1993), in a study on
the effect of heat treatment on the color of
egg, reported that denaturation of specific
proteins could alter the transparency or
turbidity of the samples depending on the
type and intensity of the product. Therefore,
color changes in egg during freezing could
be explained by the changes in the water
state from free and available water to frozen
water that resulted in the concentration of
the micro-particles and ingredients of the
liquid whole egg.

In Figure 2-A, the effect of different
concentrations of pectin on the color
changes of frozen-thawed egg samples is
displayed. The lowest and the highest
applied concentrations (0.1 and 0.5%,
respectively) increased the L value of the
samples while the sample with 0.25% pectin
reduced this color component. Evaluation of
a component of color showed no significant
effect of pectin on this parameter. The same
could be observed for b values excluding the
concentration of 0.5% pectin that increased
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the b wvalue, significantly. MacDougall
(1982) indicated that changes in the
lightness of food can be resulted from
changes in the configuration of proteins
including denaturation. Microparticles and
their interaction can also affect the lightness
strongly and they have proteins on their
surface. In general, changes in the structure
and configuration of food components can
affect the reflection and absorption of light.

In Figure 2-B the effect of different
concentrations of PGA on the color
parameters of whole egg samples is
displayed. In comparison with the control
frozen-thawed  sample, the  samples
containing PGA showed higher values for
lightness with the peak value of lightness
observed for 0.1 and 0.25% PGA. No direct
relationship was observed between PGA
concentration and a value but the maximum
a value was detected for the concentration of
0.1%. The yellowness component, b, was
not affected by PGA concentration.

The effect of Arabic gum on the color
parameters are displayed in Figure 2-C. The
results indicated that the highest lightness (L
value) was observed for the sample
containing 1% Arabic gum (L= 87.17)
followed by the sample with 2% gum.
Further increase in the gum concentration
resulted in the reduced L value. It means that
upon the addition of Arabic gum the L value
was increased, but a reverse relationship
between the gum concentration and L value
was observed. The yellowness was also at its
maximum for 1% gum (35.24) but higher
concentrations gave lower b value.
However, the b value of all concentrations
was higher than the control sample. Similar
to the results observed for PGA, the changes
in a value did not exhibit a distinct pattern.

MacDougall (2002) reported that changes
in the visible color might not only be
affected by the direct influence of
processing conditions on the pigments but
may arise from their indirect effect on other
ingredients in the food sample. Although
during the processing of egg pigments such
as xanthophyll may undergo oxidative or
heat induced degradation, the results of this
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study suggested that the main factors
determining the color changes in the frozen-
thawed egg samples could be configuration
and interaction of egg particles and proteins.
In most of the samples studied here, a and b
were affected to a smaller extent in
comparison with L. The color component of
L, as described previously, represents the
lightness or darkness and accounts for light
absorption or reflection. This behavior of
light is mainly controlled by larger colloidal
particles. About the effects of thawing
temperature (4 and 20°C) on color
parameters, no significant differences were
observed for pectin, PGA, and Arabic gum
containing samples.

Rheological Properties

The rheological properties of frozen-
thawed samples are displayed in Figures 3
and 4 for different conditions. As indicated
in Figure 3, the apparent viscosity, flow
behavior index, and consistency index of the
fresh whole egg samples were 1.75 mPa s,
0.81, and 0.0025 Pa s, respectively. The
results showed that the fresh samples
exhibited a near Newtonian behavior with
low viscosities, complying with the results
of the literature. Review of the literature
indicated that whole egg has been known to
exhibit a Newtonian rheological behavior at
temperatures below 60°C (Hamid-Samimi
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Figure 3. The effect of maltodextrin
addition and thawing temperature on the
rheology parameters attributes of whole
frozen-thawed egg.



Dadashi et al.

and Swartzel, 1985; Hmid-Samimi et al.,
1984; Scalzo et al., 1970). Atilgan and
Unluturk (2008) reported that whole egg
was a near-Newtonian fluid at room
temperature. Freezing and thawing of whole
egg resulted in a significant increase in the
apparent  viscosity for both thawing
temperatures of 4 and 20°C with values
reaching 13261 and 97.87 mPa s,
respectively. Meanwhile, flow behavior
index exhibited a sharp decline such that at
the thawing temperature of 4°C its value
decreased to 0.53. Accordingly, consistency
index showed a significant increase after
thawing. These observations suggested that
the freezing-thawing process changed the
nature of the fresh sample and produced a
viscous material with a distinct non-
Newtonian behavior. This behavior was
dominant for the thawing temperature of
4°C, probably due to the prolonged low
temperature exposure. Studies have shown
that denaturation, coagulation, and gelation
of proteins and granules in whole egg caused
by different processes could alter the
viscosity  considerably  (Dawson and
Martinez-Dawson, 1998; Herald and Smith,
1989; Hmid-Samimi et al., 1984). The
results of color measurement confirmed this
observation and, as will be discussed in the
next sections, microstructural measurements
also support this result. The components
originating from yolk have been confirmed
to play a major role in this regard (Jaax and
Travnicek, 1968; Moussa et al., 2002).

As shown in Figure 3, Maltodextrin was
able to prevent the gelation of whole liquid
egg to some extent and lower consistencies
were achieved. However, this assumption
needs further microstructural investigations
that will be discussed later.

Analysis of rheological parameters for
different defrost temperatures revealed that
the changes were dominant for the thawing
temperature of 4°C, probably due to a
prolonged process time required for the
complete thawing. Thawing at higher
temperatures can increase the rate of heat
transfer and, therefore, a quicker process can
be achieved. However, thawing at higher
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temperatures can increase the risk of
microbial spoilage and in some cases it may
be necessary to use refrigerator temperatures
for defrosting the samples to avoid
microbiological risks.

According to Figure 4-A, no significant
differences were observed between the
samples containing 0.1 and 0.25% pectin
and the control sample, but an increase in
the apparent viscosity was detected for the
sample with 0.5% pectin. In addition, the
flow behavior index exhibited a declining
trend by increasing the concentration of
pectin. The consistency index of egg
samples was also increased by the addition
of pectin. These observations indicated that
the frozen-thawed samples containing pectin
were thick pseudo-plastic materials. Since
pectin is considered as a gelling and
thickening agent, it could be expected that it
can create a network within the samples.
Particle size evaluations might help to
clarify the role of pectin versus the role of
particle aggregation in the rheological
behavior of the samples.

In Figure 4-B, the effect of different
concentrations of PGA is shown. The
concentration in the range of 0.1 to 0.5% did
not show a significant effect on the apparent
viscosity in comparison with the control
sample, while the flow behavior index
decreased significantly by the addition of
PGA. Consistency index was increased by
the addition of 0.1% PGA and reached its
peak. Further increase in the PGA
concentration caused a reduction in the
consistency index in a linear manner.
Increasing the concentration of gums usually
increases the apparent viscosity and
consistency of a product (Kayacier and
Dogan, 2006). However, a diverse
relationship between the concentration and
consistency was detected in the case of PGA
in frozen-thawed whole egg. Initially, it
could be noticed that, in addition to the gum
concentration, freezing induced aggregation
and gelation of egg particles, which is
important for the determination of the
consistency of the product. Secondly, such a
behavior is usually observed when the added
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Figure 4. The effect of pectin (A), PGA (B)
and Arabic gum (C) concentrations on
rheology parameters of frozen-thawed whole
egg samples.

gum undergoes interactions (such as
protein-poly-saccharide interaction) with the
ingredients of the sample (Huang et al.,
2012).

Due to the desirable functions of Arabic
gum in food products and emulsions, it has
been widely used in different formulations.
This gum provides lower viscosities at similar
concentrations compared to other
polysaccharides and, therefore, can be used at
higher concentrations in the final product
(Buffo et al., 2001; Saha and Bhattacharya,
2010). The effect of different concentrations of
Arabic gum on the rheological properties of
frozen-thawed egg is shown in Figure 4-C.
The results of this study indicated that the

Size (pum)

apparent viscosity was not affected by the
addition of this hydrocolloid. For flow
behavior index, only concentrations of 2 and
3% were effective and reduced this parameter.
Consistency was decreased for 1% gum and
increased for 2 and 3% gum, although no
significant differences were detected between
the consistency index of the control sample
and the samples containing the gum. Similar to
color section, the effect of thawing
temperature on rheological parameters of
samples containing pectin, PGA, and Arabic
gum was not significant.

Microstructure and Particle Size
Analysis

The size of particles and colloids can
directly affect different properties of liquid
whole egg including viscosity, flow-ability,
texture, functional properties (such as
emulsifying and foaming properties), and
color (Afoakwa et al., 2008). Since the
above mentioned properties depend on the
structure and conformation of egg
constituents,  especially  proteins and
lipoproteins, the micellar behavior of egg
was studied by light microscopy and image
processing. The particle size analysis
indicated that the particles in the fresh
sample ranged from 0.05 to 550 pm
centering at 1.27 um (mean diameter). The
measured particle size parameters, as shown
in Figure 5, were DimMean, Perim, SizeL,
SizeW and the corresponding values for the
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fresh sample were 1.27, 4.30, 1.63, and 1.05
um, respectively. After the freezing and
thawing processes, all the measured values
were increased significantly at both thawing
temperatures of 4 and 20°C. The largest
particle sizes were detected in the samples
thawed at 20°C.

As mentioned in the rheological properties
section, egg components are sensitive to
temperature changes and, in particular,
subzero temperatures can induce major
structural changes and aggregation due to
the conversion of liquid water to frozen
water. Since proteins play an important role
in the properties of both egg yolk and egg
white, it appears that these components
might possess a key function during the
structural changes throughout the freezing
process.

The Low Density Lipoprotein (LDL)
incorporated in egg granules is sensitive to
low temperatures and, therefore, during
freezing (especially at temperatures below -
6°C), the water layer existing at the vicinity
of the molecules is eliminated in the form of
ice. The water layer is critical for the
stability of the particles and its removal
through the freezing process results in the
conformational changes in the molecules at
the surface of particles and eventually leads
to the aggregation and gelation of egg
(Cotterill, 1986; Wakamatu et al., 1983).
Telis and Kieckbusch (1997) reported that
the breakage of LDL micelles could be
considered as the initial step of structural
changes of egg during freezing and by the
development of freezing within the product;
apo-proteins could be dehydrated resulting
in the aggregation of LDL. Kurisaki et al.
(1980) reported that the release of the active
components from the surface of LDL during
the freezing-thawing cycle and then
incorporation of new exposed active sites in
the inter-particle linkage and aggregation
could be considered as the main cause of
structural changes in egg. However, other
researchers such as Wakamatu et al. (1982)
disagreed with the sole role of the above
mentioned mechanism for the gelation of
egg and supposed that the information
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regarding the particle-particle interactions is
not enough to describe the structural
changes in liquid egg. In addition to that,
whole egg consists of both egg yolk and egg
white and therefore it is likely that proteins
originating from white can also play a role
in the structural changes.

In general, there are two main theories
describing the aggregation of micelles in egg
during freezing. The first theory explains the
aggregation by the hydrophobic interactions
after the exposure of hydrophobic regions
during the dehydration of proteins (Rao and
Labuza, 2012). The second theory relies on
the disulfide bonds and assumes that during
the freeze-thaw cycle, the sulfhydryl groups
hidden within the structure of the proteins
are exposed by the disassociation of the
protein structure and form intermolecular
bonds (Ferry, 1948). Kiosseoglou and
Paraskevopoulou (2005) implied that the
primary mechanism of egg gelation were
hydrophobic interactions while covalent
disulfide bonds could support the gelation
by their secondary effect. In addition, it has
been assumed (Au et al., 2015) that not only
the components present in the granules but
also plasma proteins could play a role in the
gelation phenomenon. Au et al. (2015),
according to the earlier studies as well as
their own results, supported the first theory
and proposed that after the formation of ice
crystals followed by the elimination of water
layers from the vicinity of the egg particles,
the hydrophobic sites that were not exposed
in the normal situation became available for
protein-protein interactions. There are also
other factors affecting the gelation and its
extent including the rater of freezing and
thawing, storage temperature, stabilizers,
homogenization, etc. (Cotterill, 1986; Lopez
et al., 1954; Pearce and Lavers, 1949;
Powrie et al., 1963; Zeidler, 2002). In this
regard, some researchers reported that the
gelation of egg yolk is reduced when faster
freezing and thawing processes are used.
This could be because of less damages to the
structure of proteins and reduced ionic
changes in the product (Lai, 2006; Powrie et
al., 1963; Xiong, 1997).
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In Figure 5, the particle size analysis of the
samples  containing  maltodextrin s
displayed. The results indicated that
maltodextrin was able to significantly
decrease the particle size of the samples at
both defrost temperatures. The results of
microstructure visualization also confirmed
this observation (Figure 7). According to the
hydrophilic nature of maltodextrin, this
substance was able to absorb some parts of
free water and keep it from being frozen
and, therefore, could reduce the aggregation
of particles in whole egg.

In frozen food products, pectin and its
derivatives have been used to limit ice
crystal size, reduce drip loss, and improve
the texture and stability (Thakur et al.,
1997). No reports have been found in the
literature studying the behavior of pectin in
egg products. In Figure 6-A, the effect of
different concentrations of pectin on the
particle size distribution of whole frozen-
thawed egg is depicted. The mean particle
diameter was decreased by the addition of
pectin at the level of 0.1 and 0.25% with the
lowest diameter observed for the latter
concentration (1.41 um). Other particle size
parameters including perimeter, length, and
width were also decreased but they were not
significantly ~ different among  these
concentrations. Further increase in the
concentration of pectin increased the ice

crystal size. Hydrocolloids are
macromolecular structures and can limit
particle aggregation through different

mechanisms. Among these are the steric
stabilization, viscous effect, and three-
dimensional network formation. Pectin has
been known to exhibit all of these
mechanisms in different products (Laurent
and Boulenguer, 2003; Pérez et al., 2000;
Surh et al., 2006; Thibault and Ralet, 2001;
Yilmazer et al, 1991). Very high
concentrations of hydrocolloids can cause
instabilities  through  the  depletion
flocculation  mechanism  (McClements,
2000). It seems that, according to the results
of our studies, pectin was able to provide a
steric stabilization at concentrations of 0.1
and 0.25% by reducing the size of the
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particle size of whole frozen-thawed egg
samples.

particles and inhibiting them from
aggregation, but the concentration of 0.5%
resulted in larger particles possibly due to
the depletion fluctuation mechanism. Further
investigations might be necessary to validate
these observations. It should be noted that
the functions of pectin strongly depend on
its molecular weight, the degree and pattern
of esterification and polysaccharide chains.
Furthermore, other factors such as
temperature, pH, and ions can affect the
properties and behavior of pectin (L6fgren et
al., 2005). The pectin used in this study was
a high methoxyl pectin, which can act as a
steric stabilizer since it contains both
hydrophobic and hydrophilic sites. It can
also create a three dimensional network at
high concentrations (Fishman et al., 2007).
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Figure 7. Microscopic micrographs of the microstructure of different egg sample: (a) Fresh; (b)
Control; (c) Maltodextrin, (d) Pectin; (e) PGA, (f) Arabic gum.

The presence of hydrophobic propylene
glycol groups in the chain of PGA renders it
a valuable emulsifier with thickening
properties. This stabilizer has also a good
resistance to acids and is widely used in
different food products as a thickening and
emulsifying  agent  (Imeson,  2011).
According to the surface activity and water
binding capacity of this additive, its effect
on the frozen egg was studied in this
research and the results are shown in Figure
6-B. The addition of PGA reduced the size
of microparticles with the lowest value
observed for 0.1% concentration. Further
increase in the concentration of PGA
increased the size of particles. As described
for pectin, in a similar way, PGA can
incorporate into the steric stabilization since
it is a surface active gum. It can also bond
the free water, increase the viscosity and
create the network. All of these mechanisms
could play a role in the stabilization.
However, the direct relationship between the
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gum concentration and particle size implied
that the emulsifying effect of PGA could be
considered as the dominant stabilization
mechanism (Imeson, 2011).

Figure 6-C shows the effect of Arabic gum
concentration on the size of micelles in
whole egg. At the gum concentrations of 2
and 3%, the particle size was significantly
smaller than that detected for the control
sample and the sample with 1% gum. In
addition, the length and perimeter of
particles was significantly decreased at the
presence of Arabic gum, but no significant
difference was observed between different
concentrations. Arabic gum is also a surface
active hydrocolloid. It is consisted of a
protein part which is covalently linked to the
carbohydrate section to form
arabinogalactan-protein structures.
Therefore, Arabic gum was assumed to be
able to limit the particle to particle
aggregation by its surface active
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characteristics (McNamee et al., 1998;
Nakauma et al., 2008).

Figure 8 compares the optimum
concentration of each stabilizers used in this
study with the fresh and frozen-thawed egg
sample. The corresponding micrographs of
the samples are displayed in Figure 7. As
can be observed in both the measured size
values and microstructural evaluations, the
fresh sample contained the smallest
particles. Freezing caused a considerable
increase in the particle size and, as the
micrographs indicate, micelles  were
aggregated in the control sample. The
addition of maltodextrin, Arabic gum, PGA,
and pectin reduced the size of particles in
the frozen sample. The smallest particles
could be achieved by the addition of pectin
followed by PGA.

CONCLUSIONS

The results of this study showed that
freezing could decrease the lightness,
increase the viscosity, and increase the
particles size (through aggregation of
particles in egg) of liquid whole egg. The
application of maltodextrin, PGA, Arabic
gum, and pectin could enhance the lightness,
and the closest values of L to that of the
fresh sample was detected for PGA and
pectin. The additives could also inhibit
particle aggregation during freezing.
Maltodextrin was able to significantly
reduce the particle size. Further reduction

4

m Mean diameter size

a

Mean particle size (pm)
©

o

Control ~ Maltodextrin  ArabicGum PGA Pectin Fresh
Treatment

Figure 8. Comparing the optimum
concentration of additives in terms of mean
diameter and particle size with fresh and control
samples.

I b b b be
j bII iI iI 1 C%

was achieved by the addition of pectin, PGA
and Arabic gum. Smallest particle size
distributions were achieved at pectin and
PGA concentrations of 0.25 and 0.1%,
respectively. The results of this study
showed that the selected stabilizers could
enhance the quality of frozen thawed whole
egg and the findings can be employed for
the development of new products based on
frozen egg with no added sugar or salt, while
maintaining the physical and functional
properties of the final product.

Nomenclature

AppVis Apparent viscosity (Pa s)

Cont20 Control sample thawed at 20°C

Cont4 Control sample thawed at 4°C

DimMean Mean diameter of particle

Fresh Fresh sample

k Consistency index (Pa s")

Malto20 Sample containing 2%
Maltodextrin thawed at 20°C

Malto4 Sample containing 2%
Maltodextrin thawed at 4°C

n Flow behavior index (-)

Perim Perimeter of particle

SizeL Length of particle

SizeW Width of particle
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