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Ultrahigh temperature (UHT) pasteurization is often used to sterilize liquid whole eggs in egg processing enterprises in China.
Although this treatment generates satisfactory sterilization effect, there are few studies on the processing characteristics and
physical and chemical properties of the liquid whole eggs treated by UHTpasteurization. We compared the physical and chemical
properties (i.e., foaming ability and stability, emulsification ability and stability, viscosity, thiol content, gel strength, and color) of
unsterilized eggs and liquid whole eggs pasteurized with UHTover five weeks of storage. 5e emulsifying properties of sterilized
liquid whole eggs were initially low and decreased further with the storage time. 5e emulsification stability index of UHT-
pasteurized liquid whole eggs was higher than that of unsterilized eggs and increased by 21.9%, from 7.850 to 9.567. 5e foaming
ability of UHT-pasteurized and unsterilized liquid whole eggs increased by 33.38% and 15.48%, respectively. 5e viscosity, gel
strength, and soluble protein content were higher in UHT-pasteurized liquid whole eggs than those in unsterilized liquid whole
eggs and increased further with storage time. Our results demonstrate that UHT pasteurization preserves and improves the
processing characteristics and shelf life of liquid whole eggs.

1. Introduction

Eggs are a kind of food with comprehensive nutrition and
balanced nutrient proportions [1]. Eggs are rich in proteins
with a biological value of 94%, generally known as standard
proteins by nutritionists. Eggs not only provide a balanced
protein contents for the human body but also contain rich
nutrients such as lipids, carbohydrates, minerals, and vitamins,
which play important roles in the growth and development of
infants, children, and adolescents [2, 3]. Besides their high
nutritional values, eggs also have many important functional
properties, such as coagulation, emulsification, foaming, and
thermodynamics. 5ese functional characteristics make eggs
widely used to help improve color, aroma, taste, and

nutritional values in various foods, which cannot be simply
replaced by any other additives [4–6].

Liquid whole eggs refer to the products that the eggshells
are removed and the liquid portions are processed and
packed to replace the fresh eggs. To make liquid whole eggs
effectively solves the problems of being fragile, difficult
transportation, and difficult storage generated by the fresh
eggs. 5ey can also meet various technological requirements
according to the different nutrient compositions and
functional characteristics of egg white and yolk. More im-
portantly, by efficient packaging, liquid whole eggs could
avoid the contamination by bacteria and viruses in the
environments during storage and transportation [7]. Since
the 1990’s, due to the food poisoning incidents caused by
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Salmonella in fresh eggs, strict regulations have been enacted
to prohibit shelled eggs from entering food factory appli-
cations in the EU countries, the United States, and Japan [8].
Furthermore, it is required to use sterilized egg products in
foods and beverages in these countries [8]. 5e pasteurized
liquid whole eggs account for 30–40% of egg production in
the United States, Japan, Europe, and Australia. In contrast,
the sterilized eggs are only less than 1% in China [9].

Pasteurization is the most commonly used sterilization
method for liquid whole eggs worldwide, though there are
slightly different requirements in sterilization temperature
and time in different countries [10, 11]. However, because
proteins are sensitive to temperature, pasteurization causes a
negative impact on egg processing, physical and chemical
properties, nutritional values, and sensory properties (e.g.,
color and texture) [12]. Studies have been focused on the
nonthermal sterilization of liquid whole eggs [13–17]. For
example, de Souza and Fernández [18] sterilized liquid whole
eggs by UV-C method, which significantly inactivated Sal-
monella enteritidis. Specifically, S. enteritidis in the liquid
whole eggs decreased by about four log values, while the effect
of low-dose UV light resulted in a darker color of the liquid
whole egg [18]. de Souza et al. [19] reported that the flow
behaviors were not changed in UV-C-treated egg white,
whole egg, and egg yolk, and the relevant protein denatur-
ation or aggregation was not significant. Monfort et al. [20]
treated liquid the whole eggs with both high-pressure ho-
mogenization and pasteurization. 5eir results showed that
the number of E. coli in liquid whole eggs was reduced by
about five logarithms, while the processing characteristics
maintained as similar to those of untreated liquid whole eggs.
Hermawan et al. [21] demonstrated the bactericidal effect on
Salmonella in the liquid whole eggs by the pulsed electric field
(PEF) technology. Geveke et al. [22] treated liquid whole eggs
with both radio frequency (RF) heating and pasteurization to
show that the number of E. coli in liquid whole eggs was
reduced by more than six logarithms, while the number of E.
coli was reduced only slightly more than one logarithmic
value in the liquid whole eggs treated with both strong PEF
and pasteurization [23]. In general, these studies have shown
common limitations in industrial production, e.g., the small
amount of liquid whole eggs treated and the high cost of
treatment, subsequently not meeting the requirements of
industrial production. Further studies are necessary to make
significant improvement in these areas to find sterilization
methods with low cost and high efficiency in reducing the
bacteria in the liquid whole eggs.

UHT pasteurization using high temperature (135°C or
higher) in short time (2-3 seconds) has been used to sterilize
liquid whole eggs in egg processing enterprises in China [9].
5is approach has showed satisfactory sterilization effect and
to reduce the negative impact of pasteurization on all aspects
of egg characteristics. However, studies on the processing
characteristics and physicochemical properties of liquid
whole eggs treated by UHTpasteurization are sparse. In the
present study, we compared the physical and chemical
properties (i.e., foaming ability and stability, emulsification
and emulsion stability, viscosity, thiol content, gel strength,
and color) of unsterilized eggs and UHT-pasteurized liquid

whole eggs over five weeks of storage. Our results showed
that UHT pasteurization preserves and improves the pro-
cessing characteristics and potentially increases the shelf life
of liquid whole eggs, demonstrating the feasibility and ad-
vantages of using UHT pasteurization in processing the
liquid whole eggs in comparison with the conventional
methods of sterilization.

2. Materials and Methods

2.1. Materials and Instruments. UHT-pasteurized (135°C or
higher treated for 2-3 seconds) liquid chicken eggs were
purchased from Jilin Jinyi Egg Co. (Liaoyuan, China). A
water bath (HW.SY Changfeng Instrument Co., Beijing,
China), Elias Infinite M200 NanoQuant (Tecan, Switzer-
land), viscometer (NDJ-4; Scientific Instrument Co.,
Shanghai, China), high-speed emulsification instrument
(FA25; FLUKO Equipment Co., Shanghai, China), and
texture analyzer (TA-XT Plus; Stable MicroSystem Co.,
Surrey, UK) were used in this study. All chemicals and
reagents used in this study were of analytical grade.

2.2. Evaluation of Foaming Ability and Stability. Foaming
ability and foam stability were performed according to the
methods reported previously [24]. 5e mixture of liquid
whole eggs (40ml) and water (800ml) was emulsified at
10,000 rpm for 1min. For foaming ability analysis, volume
(V1) was recorded immediately after homogenization; for
foam stability analysis, volume (V2) was recorded after
30min of continuous homogenization. Foaming ability and
foam stability were calculated using the following
equations:

Foaming ability(%) �
V1(ml)
840

  × 100,

Foaming stability(%) �
V2(ml)
840

  × 100.

(1)

2.3. Evaluation of Emulsification Ability and Emulsification
Stability. 5e analyses of emulsification activity and
emulsification stability were based on the methods reported
previously with minor modifications [25]. Saline (2.92% of
NaCl) and detergent (0.1% sodium dodecyl sulfate (SDS))
solutions were prepared in double-distilled water. Liquid
whole eggs (2.5 g) were mixed with 500ml saline solution.
5e mixture (180ml) was combined with 120ml soybean oil
and emulsified for 1min.5en, 0.3ml of the mixed emulsion
was collected three times (0, 3, and 6min), and each sample
was mixed with 6ml SDS solution. Absorbance was mea-
sured at 500 nm with SDS solution used as a standard. 5e
emulsification activity index (EAI) was expressed as A0,
which is the absorbance at 0min, while the emulsification
stability index (ESI) was calculated with the following
equation:

ESI �
A0 × ΔT
ΔA

, (2)
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where ΔT is the time interval (min), ΔA is the difference in
absorbance between the 0- and 3-min time points, and A0 is
the absorbance at 0min.

2.4. Measurement of Liquid Whole Egg Viscosity. 5e vis-
cosity of the liquid whole eggs was measured according to
the method of Sánchez-Gimeno et al. [26]. 5e viscosity of
liquid whole eggs was determined by applying various rotors
and speeds.5e sample with the highest percentage viscosity
was selected for further analysis. Liquid whole eggs (500ml)
were added to the rotary viscometer, and the final viscosity
of the liquid whole eggs was measured by equilibrating rotor
#2 at room temperature for 10min, with rotating speeds of
30 and 60 rpm, respectively.

2.5. Analysis of Physical Properties of Egg Gel. Egg gels were
prepared as described previously [27]. To determine the
physical properties of the egg gel, 40ml of egg gel was
collected in a 50-ml tube and incubated for 30min in a water
bath (90°C). 5e tubes were immediately cooled for 15min
in an ice water bath and stored at 4°C for 24 h in order to
equilibrate the gel. 5e gel was then re-equilibrated at room
temperature, and its hardness was determined with probes
(type: P 0.5S), with a pretest speed of 5.0mm/s, test speed of
2.0mm/s, and posttest speed of 5.0mm/s.

2.6. Egg Surface $iol Content. Determination of thiol
content on egg surface was performed according to the
methods reported previously [28]. 5e liquid whole eggs
(0.2 g) were diluted to 10mg/ml in Tris glycine buffer
(0.1mol/l, pH 8.0). 5en, 1ml of diluted liquid whole egg
and 3ml of buffer were mixed with 40 μl of 5,5′-dithio bis-2-
nitrobenzoic acid (DTNB) solution, followed by incubation
in a water bath (25°C) for 30min. 5e absorbance was
measured at 412 nm with Ellman reagent used as a blank.
Turbidity was determined by adding samples instead of
Ellman reagent. 5e thiol content was calculated using the
equation SH (μmol/g)� (75.53×A412 ×D)/C, where A412 is
the difference between the absorbance of the samples with
DTNB and the samples without DTNB at 412 nm, C is the
concentration of liquid whole eggs, and D is the dilution
factor for the sample.

2.7. Color Evaluation. Color parameters were determined
using a colorimeter according to Koç et al. [5]. Each sample
was measured nine times to determine the Lightness (L∗)
index, which represents the lightness of a sample where red
and green contents are represented by positive and negative
values of a∗ (redness), respectively, while yellow and blue
contents are indicated by positive and negative values of b∗
(yellowness), respectively.

2.8.Determination of Soluble ProteinContent in LiquidWhole
Eggs. Soluble protein contents were measured as described
by Hamid-Samimi et al. [29]. Liquid whole eggs were diluted
with physiological saline at a ratio of 1 : 9 and then

centrifuged at 10,000 rpm for 10min. 5e supernatant was
diluted with 1% of the egg homogenate by adding nine times
the volume of physiological saline as a test solution. 5e test
solution (1ml) was added to a test tube with 5ml of Coo-
massie brilliant blue solution followed by incubation for
5min. 5e absorbance was measured at 595 nm, and a
standard curve was generated to determine the soluble
protein contents.

2.9. Statistical Analysis. All experiments were performed
three times, and data were shown as mean± standard de-
viation. Differences between groups of samples were eval-
uated by analysis of variance (ANOVA) using SPSS v.18.0
software (SPSS Inc., Chicago, IL, USA). Significant differ-
ences among treatments were analyzed with Duncan’s
multiple range test (P< 0.05).

3. Results and Discussion

3.1. Foaming Ability and Stability of UHT-Pasteurized and
Unsterilized Liquid Whole Eggs. Foaming ability is a desir-
able property for eggs mainly determined by the content and
interactions of egg white proteins but inhibited by egg yolk
proteins [30]. In our study, the foaming ability of both
unsterilized and UHT-pasteurized liquid whole eggs grad-
ually decreased over time during the first week of storage
(Figure 1(a)). However, the foaming ability started to in-
crease in the second and the third weeks of storage for the
UHT-pasteurized and unsterilized liquid whole eggs, re-
spectively, with the latter decreasing thereafter. 5ese results
showed that the foaming ability varied with storage time. For
example, in the first week, the foaming ability of UHT-
pasteurized liquid whole eggs (0.168) was lower than that of
unsterilized liquid whole eggs (0.18), with the former
showing a higher foaming index than the latter. For the next
four weeks of storage, the UHT-pasteurized liquid whole
eggs showed higher foaming ability than that of the un-
sterilized eggs with an overall decreasing trend in foaming
ability (Figure 1(a)). We speculate that the decline in
foaming ability over time may be attributable to the for-
mation of insoluble macromolecular aggregates that cross-
link and polymerize with egg proteins, a phenomenon
observed previously [31]. 5ese macromolecules may not
expand or be readily adsorbed at the gas-water interface,
leading to the reduced foaming ability.

5e results showed that the foam stability of UHT-
pasteurized liquid whole eggs first increased in the first three
weeks and then decreased during the next two weeks over
time (Figure 1(b)), with stability index differing significantly
between the UHT-pasteurized and unsterilized liquid whole
eggs during weeks 1, 2, and 5. 5e foam stability index of
UHT-pasteurized liquid whole eggs reached the highest
during the third week of storage (0.913). 5e unsterilized
eggs showed initially increased foam stability but then de-
creased in the third week and reached the highest value
during week 5 (0.89). 5ese results showed that the foaming
stability varied with storage time except during the first two
weeks. 5e foam stability of UHT-pasteurized liquid whole
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eggs was higher than that of unsterilized eggs during weeks 2
to 4 of storage, but the reverse was true during week 5,
possibly because the denaturation of egg proteins exposed
their thiol and hydrophobic groups, resulting in polarization
and formation of large molecular aggregates due to non-
covalent bonding [32]. 5is presumably decreases the sta-
bility of the air-water interface, leading to the loss of foam
stability.

Our results showed that the UHT-pasteurized liquid
whole eggs maintained substantially the similar foaming
ability and foaming stability as the untreated eggs. 5e
similar results showing the maintained foaming ability and
foaming stability in treated liquid whole eggs were also
reported by Ma et al. [33], who sterilized the liquid whole
eggs with UV-C to reveal the improved foaming ability and
stability of the eggs. 5ese results are also supported by the
consumer survey studies conducted by de Souza and
Fernández [34]. In contrast, studies have shown that treating
eggs with the conventional pasteurization significantly re-
duces their foaming ability and stability [35].

3.2. Emulsification Ability and Stability of UHT-Pasteurized
and Unsterilized Liquid Whole Eggs. Egg white proteins
exhibit poor emulsification due to their globular structures
and low hydrophobicity, while egg yolk shows evident
emulsification properties [36]. Our results showed that the
emulsification ability of both UHT-pasteurized and un-
sterilized liquid whole eggs decreased (from 0.806 to 0.439
and from 1.101 to 0.514, respectively) over the five weeks of
storage, with the former showing reduced emulsification
ability (Figure 2(a)). 5e emulsification stability of UHT-
pasteurized and unsterilized liquid whole eggs increased
during the third week of storage from 7.403 to 9.779 and
from 7.073 to 7.962, respectively (Figure 2(b)), with the
UHT-pasteurized liquid whole eggs showing the higher ESI
than the unsterilized eggs. Previous studies showed that the

pulsed electric fields (PEF) treatments with 30 kV/cm for
800 μs at 40°C significantly increased the emulsifying ca-
pacity and stability of liquid whole eggs by 6.4% and 11.3%,
respectively [25]. 5e improved emulsification ability and
stability were also reported in the liquid whole eggs treated
in a coiled tube UV-C reactor in comparison with the
unsterilized eggs [19].

Studies have shown that the emulsification of the liquid
whole eggs is affected by the proteins in egg yolks and egg
white and the pH values during the storage [37]. Specifically,
these proteins influence the emulsification of the liquid
whole eggs by their structures and surface hydrophobicity,
while the pH values affect the emulsification by changing the
absorption at the oil-water interface. 5e pH values in-
creased first and then decreased rapidly during the storage
when the number of microorganisms increased and the
proteins denatured, causing the decrease of the emulsifying
ability in our UHT-pasteurized liquid whole eggs. Fur-
thermore, studies have also shown that as the pH values
increased, the emulsification ability decreased evidently,
while the emulsification stability increased gradually [38].
Our result showed that as the storage time increased in the
first three weeks, the emulsification ability of the UHT-
pasteurized liquid whole eggs decreased, while emulsifica-
tion stability of the UHT-pasteurized liquid whole eggs
increased (Figure 2). As the time of storage is further
prolonged, proteins in the liquid whole eggs increased the
degree of denaturation to ultimately becoming completely
denatured and formed the polymers with other substances,
causing the decreased emulsifying ability. Furthermore, the
hydrophobic groups in proteins were exposed and aggre-
gated to increase the degree of flocculation, subsequently
causing the decreased emulsification stability.

3.3. Viscosity of UHT-Pasteurized and Unsterilized Liquid
Whole Eggs. Previous studies demonstrated that the eggs
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Figure 1: Foaming ability (a) and foaming stability (b) of unsterilized and UHT-pasteurized liquid whole eggs. Values showing statistically
significant differences in foaming ability and stability indices are indicated with different letters a, b, c, d, or e (P< 0.05).
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treated by traditional pasteurization, PEF sterilization, and
other technologies showed increased viscosity in compari-
son with those of unsterilized eggs [10, 21, 29]. Our results
showed that the viscosity differed significantly between
UHT-pasteurized and unsterilized liquid whole eggs
(P< 0.05). In the third week of storage, the viscosity of UHT-
pasteurized egg was low (14.0mPa·s) but increased to
26.0mPa·s by week 5 (Table 1), while the viscosity of un-
sterilized liquid whole eggs initially increased to the highest
value of 32.6mPa·s in three weeks and then decreased to the
lowest value of 20.0mPa·s by week 5. 5e viscosity of un-
sterilized eggs decreased during weeks 3–5 of storage, while
the UHT-pasteurized liquid whole eggs showed increasing
trend in their viscosity. 5ese results indicated that the UHT
pasteurization could potentially extend the storage time of
liquid whole eggs in comparison with the unsterilized liquid
whole eggs.

Phosphoproteins play an important role in maintaining
egg protein structure. With the extended storage time, the
structure of proteins in eggs is denatured and the protein
mixtures become watery. 5e viscosity of unsterilized liquid
whole eggs decreased as a result of the changes in protein
structure and microbe-induced protein degradation causing
the decrease in cross-linkage among proteins. In our study,
the viscosity of UHT-pasteurized liquid whole eggs in-
creased as the proteins in the eggs were slowly denatured due
to the decreased microbial load.5erefore, the normal cross-
linkage and polymerization between proteins are preserved
and protein structures are maintained by pasteurization
[39].

3.4. $iol Contents of UHT-Pasteurized and Unsterilized
Liquid Whole Eggs. Changes in thiol content reflects the
changes in the protein contents and structures in the liquid
whole eggs [32]. In our study, the thiol contents of UHT-

pasteurized liquid whole eggs declined to the lowest con-
centration of 4.75 μmol/mg during week 2 of storage and
then increased to the highest concentration of 12 μmol/mg
during week 5 (Figure 3), while the thiol contents in the
unsterilized liquid whole eggs reached the highest concen-
tration of 12.5 μmol/mg in the first week of storage and
decreased to the lowest of 6 μmol/mg at week 4.

5e high temperatures (135°C or higher) used in the
UHTsterilization process cause the denaturation of proteins
in eggs, particularly the ovalbumin and ovotransferrin,
exposing the free sulfhydryl groups (thiol) inside the pro-
teins and leading to an increase in sulfhydryl content [40].
However, the protein structure remains mostly intact if the
treatment of pasteurization is short (i.e., 2-3 seconds),
allowing some proteins to repolymerize, consequently de-
creasing the sulfhydryl content. Degradation and denatur-
ation of proteins in liquid whole eggs take place with the
prolonged storage time and the interactions between these
two processes increase the sulfhydryl content. 5e unster-
ilized eggs are infected easily by microorganisms during
storage. In our study, we speculate that some proteins be-
came denatured during week 1 of storage, exposing the
interior sulfhydryl groups and increasing the sulfhydryl
content in the liquid whole eggs. However, the exposed
sulfhydryl groups were later oxidized to form disulfide
bonds or crosslinks, leading to a decrease in sulfhydryl
content. Furthermore, the increased interactions between
denatured proteins may also contribute to the reduction of
the sulfhydryl content.

3.5. Gel Strength of UHT-Pasteurized and Unsterilized Liquid
Whole Eggs. 5e strength of UHT-pasteurized liquid whole
eggs gradually decreased over time (Table 2). In the first
week of storage, the UHT-pasteurized liquid whole eggs
showed the highest gel strength (1504.39 g/cm2) and was
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Figure 2: Emulsification ability (a) and stability (b) of UHT-pasteurized and unsterilized liquid whole eggs. Values showing statistically
significant difference in emulsification ability and stability are indicated with different letters a, b, c, d, or e (P< 0.05).
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higher than that of the unsterilized eggs (1345.27 g/cm2).5e
gel strength of unsterilized eggs increased slightly reaching
the highest gel strength (1348.14 g/cm2) during the second
week of storage then decreased gradually for the next three
weeks of storage. 5ese results showed that the gel strength
of UHT-pasteurized eggs was higher than that of unsterilized
eggs, indicating that the changes in the proteins of the eggs
occurred more slowly in the former than in the latter and
suggesting that the UHT pasteurization has the potential of
increasing the shelf life of liquid whole eggs. Similar results
were also reported by Monfort et al. [35]. Specifically, the
liquid whole eggs showed significantly increased gel strength
when treated with PEF and then heated in the presence of
triethyl citrate. Furthermore, the increased gel strength of
the sterilized eggs helped improve the mouthfeel of liquid
whole egg-derived products [10].

Liquid whole eggs solidify as they are heated. 5is co-
agulation process is an important property of proteins. 5e
thermal gelation process includes various physical and
chemical interactions. Yolk protein and LDL in egg yolk
plasma play an important role in yolk gelation [41]. Physical
and chemical interactions mainly occur between denatured
proteins that form polymers with other proteins through
crosslinking between sulfhydryl groups [42], which con-
tributes to the protein gel formation [43]. 5erefore, in our
study, we speculate that the higher gel strength of UHT-

pasteurized liquid whole eggs in comparison to the un-
sterilized eggs was due to the pasteurization inducing the
unfolding of protein structure to expose the interior sulf-
hydryl groups and allow the crosslinking of disulfide bonds,
which in turn increases the gel strength.

3.6. Analysis of Liquid Whole Egg Color. 5e chroma values
of both the UHT-pasteurized and unsterilized liquid whole
eggs increased initially and then decreased over the five
weeks of storage (Table 3). Both the UHT-pasteurized and
unsterilized liquid whole eggs reached their highest chroma
values during week 2 of 66.1 and 67.7, respectively, while
reaching their lowest at week 5 of 63.3 and 63.4, respectively.
5e UHT-pasteurized liquid whole eggs showed the highest
value of their yellowness index (43.96) during week 2 of
storage. 5e yellowness index value of the UHT-pasteurized
eggs was lower than that of the unsterilized eggs during the
first week of storage with 41.62 and 46.32, respectively.
Similar results were reported by Monfort et al. [35], dem-
onstrating that the color of sterilized eggs showed lower
redness and yellowness values than those of untreated eggs.
However, in the remaining weeks 2–5, the yellowness index
values of UHT-pasteurized eggs were consistently higher
than those of unsterilized eggs.

Values showing statistically significant difference in
color in each group of eggs are indicated with different
superscript letters a, b, c, d, or e (P< 0.05). Positive and
negative values in a (redness) are indicated by red and
green, respectively, while positive and negative values
in b (yellowness) are indicated by yellow and blue,
respectively.

5e color from egg yolk affects the acceptability of many
food products. 5erefore, customers may not accept dis-
coloration and color changes in food products due to
processing, considered as a decrement of egg quality [18].
Both the egg white and yolk contain riboflavin, which is a
carotenoid pigment making the liquid whole eggs appear
yellow and plays an important role in antioxidation as well.
Egg white contains mostly proteins but with only a small
amount of riboflavin and is therefore pale yellow in color. In
our study, we speculate that the color of liquid whole eggs
changes over timemainly because of changes in pigment, fat,
and protein contents. Egg yolk also contains a high fat
content. During storage, fat oxidation and rancidity cause
the degree of yellowness of egg yolk to gradually decrease [5].
Furthermore, the formation of colloids from protein and fat
is advantageous for light transmission but may also diminish
the yellowness of egg yolk.

Table 1: Viscosity of UHT-pasteurized and unsterilized liquid whole eggs. Values showing statistically significant difference in each group of
eggs are indicated with different superscript letters a, b, c, or d (P< 0.05).

Storage time (week) Unsterilized liquid whole eggs (mPa·s) UHT-pasteurized liquid whole eggs (mPa·s)
1 26.0± 0.00b 14.2± 0.57ab
2 30.0± 0.50c 15.0± 0.00b
3 32.6± 0.57d 14.0± 0.00a
4 25.0± 0.00b 17.0± 0.50c
5 20.0± 0.50a 26.0± 0.50d
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Figure 3: 5e thiol content of UHT-pasteurized and unsterilized
liquid whole eggs.
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3.7. Soluble Protein Contents of the UHT-Pasteurized and
Unsterilized Liquid Whole Eggs. Studies have shown corre-
lations between the functionality of the egg proteins and the
soluble protein contents of the liquid whole eggs [4, 44, 45].
5erefore, a reduction in the soluble protein contents
suggests a potentially decreased functionality of egg pro-
teins. 5e soluble protein contents of both the UHT-pas-
teurized and unsterilized liquid whole eggs increased in the
first three weeks of storage, reaching the highest values of
0.4699 and 0.3355, respectively, in week 3; then deceased in
weeks 4 and 5 (Table 4). 5e soluble protein contents of
UHT-pasteurized and unsterilized liquid whole eggs showed
the lowest values of 0.2656 in week 1 and 0.1529 in week 5 of
storage, respectively. 5e soluble protein contents of both
the UHT-pasteurized and unsterilized liquid whole eggs
showed significant difference across the entire timepoints of
the five weeks of storage (P< 0.05), with the UHT-pas-
teurized liquid whole eggs showing the higher soluble
protein contents than that of the unsterilized liquid whole
eggs. 5ese results indicated that the UHT pasteurization
increased the soluble protein contents of liquid whole eggs.

Changes in the soluble protein contents of the liquid
whole eggs reflect changes of protein structure during
storage. 5e increase in the soluble protein contents might
be caused by the disassembly of HDL in the egg yolk and the
breakdown of egg yolk proteins into subunits of smaller
molecular weight, which are released into the egg white and
thereby increasing the soluble proteins content of the eggs
[46]. Several proteins in protein-fat compounds also pro-
mote protein dissolution. However, the decrease of soluble
protein contents with storage time could be caused by the
charge effects between dissolved and soluble proteins, the
combination of proteins and fat, or the action of crosslinking
[47]. In our study, the UHT-sterilized liquid whole eggs were
hardly affected by microorganisms and the change in protein
structure was also slow (Table 4). 5erefore, the UHT-
pasteurized eggs are potentially more suitable and appro-
priate for long-term storage.

3.8. Correlation Analysis of the Physical and Chemical
Properties of UHT-Pasteurized andUnsterilized LiquidWhole
Eggs. Results of the correlation analysis showed that the EAI
of UHT-pasteurized liquid whole eggs was negatively cor-
related with the soluble protein content (r� − 0.884,
P< 0.01), while being positively correlated with the gel
strength (r� 0.732, P< 0.01) (Table 5). Significantly positive
correlations were also revealed between ESI and the soluble
protein content and between foam stability and the soluble
protein content (r� 0.904 and 0.836, P< 0.01), respectively.
Foaming ability was negatively correlated with thiol content
and viscosity (r� 0.760 and 0.848, P< 0.01), respectively, but
positively correlated with gel strength (r� 0.658, P< 0.01).
Viscosity was positively correlated with thiol content
(r� 0.697, P< 0.01) and negatively correlated with gel
strength (r� − 0.722, P< 0.01), while the thiol content and
gel strength showed a significantly negative correlation
(r� − 0.888, P< 0.01).

Results of the correlation analysis showed that the EAI of
unsterilized liquid whole eggs was negatively correlated with
ESI (r� − 0.791, P< 0.01) (Table 5), while being positively
correlated with foaming ability, thiol content, and solid
content (r� 0.735, 0.842, and 0.906, P< 0.01), respectively.
5e ESI was negatively correlated with solid content
(r� − 0.722, P< 0.01) and thiol content (r� − 0.595, P< 0.05)
but positively correlated with the soluble protein content
(r� 0.613, P< 0.05). 5ere was a negative correlation be-
tween foaming ability and foam stability (r� − 0.754,
P< 0.01) and a negative correlation between ESI and thiol
content (r� − 0.595, P< 0.05), solid content (r� − 0.722,
P< 0.01), and gel strength (r� − 0.186, P< 0.05), respectively.
Negative correlations were also detected between foam sta-
bility and viscosity, gel strength, and soluble protein content
(r� − 0.895, − 0.86, and − 0.782, P< 0.01), respectively. Vis-
cosity was positively correlated with gel strength (r� 0.755,
P< 0.01) and the soluble protein content (r� 0.845,P< 0.01),
while the gel strength and the soluble protein content were
positively correlated (r� 0.593, P< 0.05).

Table 3: Color of UHT-pasteurized and unsterilized liquid whole eggs.

Storage time (week)
UHT-pasteurized liquid whole egg Unsterilized liquid whole egg

L (lightness) a (redness) b (yellowness) L (lightness) a (redness) b (yellowness)
1 65.4± 1.18c 14.2± 0.41d 41.6± 1.11a 64.9± 0.07ab 15.4± 0.00e 46.3± 0.24d
2 66.1± 0.04d 13.4± 0.06c 44.0± 0.11b 67.7± 0.02d 14.9± 0.05d 42.8± 0.17c
3 65.0± 1.12c 13.1± 1.11c 41.6± 1.15a 66.3± 0.07c 13.7± 0.00c 41.5± 0.05b
4 64.9± 0.00b 10.6± 4.51b 41.4± 1.59a 65.3± 0.04bc 12.9± 0.06b 40.9± 0.05b
5 63.3± 0.02a 8.0± 0.88a 41.4± 0.28a 63.4± 0.24a 12.3± 0.28a 38.9± 0.05a

Table 2: Gel strength of UHT-pasteurized and unsterilized liquid whole eggs.

Storage time (week) Unsterilized liquid whole eggs (g/cm2) UHT-pasteurized liquid whole eggs (g/cm2)
1 1345.27 1504.39
2 1348.14 1459.54
3 1330.65 1333.79
4 1308.94 1315.14
5 1099.09 1246.23
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5ese results showed that the correlations among var-
ious processing characteristics changed greatly after the
liquid whole eggs were treated with the UHTpasteurization
(Table 5). For example, the negative correlation between
foaming stability and emulsification stability became sig-
nificantly positive correlation. Changes from positive cor-
relation to negative correlation were also observed between
viscosity and foaming ability, emulsification ability, and gel
strength, respectively, and between gel strength and soluble
protein content. 5e correlations between thiol content and
most of the processing characteristics, except for viscosity
and solid content, changed between positive and negative
correlations. 5is is probably due to the effect of thiol
content on the other processing characteristics after the
liquid whole eggs are treated with UHT pasteurization. We
further speculate that the high temperatures of the UHT
pasteurization change the protein structures, reduce the
number of microorganisms, and alter the pH values in the
liquid whole eggs, subsequently causing the changes between
positive and negative correlations among various processing
characteristics. Further studies are necessary to confirm and
verify these observations.

4. Conclusions

We investigated the effects of UHT pasteurization on the
liquid whole eggs by comparing several processing char-
acteristics between the UHT-pasteurized and unsterilized
liquid whole eggs. 5e emulsifying properties of sterilized
eggs were initially low and further decreased with storage
time. 5e ESI of UHT-pasteurized liquid whole eggs was
higher than that of unsterilized eggs and increased by 21.87%
(from 7.850 to 9.567) before decreasing. 5e foaming ability
of UHT-pasteurized and unsterilized eggs increased by
33.38% and 15.48%, respectively, while foam stability in-
creased in the former.5e viscosity, gel strength, and soluble
protein content were higher in UHT-pasteurized liquid
whole eggs than in unsterilized eggs and increased with
prolonged time of storage. 5ese results indicate that UHT
pasteurization is a low-cost, safe, and highly efficient method
for enhancing the shelf life of liquid whole eggs while
preserving and improving many of the functional properties,
which can increase their nutritional values, appeal to con-
sumers, and expand their uses in the food industry. 5is
study also demonstrates the feasibility and advantages of

Table 5: Correlation analysis of the physical and chemical properties of unsterilized and UHT-pasteurized liquid whole eggs.

EAI ESI Foaming
ability

Foaming
stability Viscosity 5iol

content
Solid

content
Gel

strength
Soluble protein

content
EAI 1

ESI − 0.791∗∗ 1
− 0.978∗

Foaming ability 0.735∗∗ − 0.272 1
0.095 − 0.077

Foaming stability − 0.455 − 0.058 − 0.754∗∗ 1
− 0.760∗ 0.835∗∗ 0.174

Viscosity 0.107 0.326 0.511 − 0.895∗∗ 1
− 0.293 0.226 − 0.848∗∗ − 0.161

5iol content 0.842∗∗ − 0.595∗ 0.820∗∗ − 0.473 0.087 1
− 0.451 0.529∗ − 0.760∗∗ 0.301 0.697∗∗

Solid content 0.906∗∗ − 0.722∗∗ 0.751∗∗ − 0.343 − 0.042 0.966∗∗ 1
0.162 − 0.033 0.303 0.198 − 0.392 0.027

Gel strength 0.603∗ − 0.186 0.620∗ − 0.860∗∗ 0.775∗∗ 0.339 0.319 1
0.732∗∗ − 0.752∗ 0.658∗∗ − 0.529 − 0.722∗∗ − 0.888∗∗ 0.083

Soluble protein
content

− 0.163 0.613∗ 0.355 − 0.782∗∗ 0.845∗∗ − 0.106 − 0.262 0.593∗ 1
− 0.884∗ 0.904∗∗ 0.333 0.836∗∗ − 0.142 0.163 0.022 − 0.412

∗ and ∗∗ indicate P< 0.05 and P< 0.01, respectively. 5e correlation coefficient values r for the unsterilized and UHT-pasteurized liquid eggs are given on the
top and at the bottom in each pair of r values, respectively.

Table 4: Soluble protein contents of UHT-pasteurized and unsterilized liquid whole eggs. Values showing statistically significant difference
in soluble protein contents in each group of eggs are indicated with different superscript letters a, b, c, d, or e (P< 0.05).

Storage time (week) UHT-pasteurized liquid whole eggs Unsterilized liquid whole eggs
1 0.2656± 0.002a 0.1942± 0.005b
2 0.3920± 0.013d 0.2499± 0.014d
3 0.4699± 0.006e 0.3355± 0.019e
4 0.3690± 0.065c 0.2144± 0.026c
5 0.3464± 0.102b 0.1529± 0.045a
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using UHT pasteurization in processing the liquid whole
eggs in comparison to the conventional methods of
sterilization.
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