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Abstract | The effect of ultrasound treatment temperature (25, 35, 45, and 55°C) on physicochemical and functional
properties of chicken and duck egg whites were studied. Egg whites were treated with ultrasound generated by
sonicator (frequency 40kHz) for 15 min, and their colour, pH, expressible moisture, folding test, gel strength, texture
profile analysis, foaming capacity and stability, and emulsification stability were compared. Ultrasound treatment had
caused a significant decrease (p<0.05) in pH and expressible moisture, apart from improving the gel strength and
folding test score of egg white gels. Improvement of gel strength was substantiated by the significantly higher (p<0.05)
hardness and springiness of egg white gels. Hardness and springiness of ultrasound-treated chicken egg white gels were
3019.17-3399.67 g and 8.71-9.23 mm, respectively. While ultrasound-treated duck egg white gels had the hardness
values at 2143.23-2732.50 g, and springiness values in the range of 6.14-6.37 mm. However, ultrasound treatment
did not significantly (p>0.05) affect the functional properties of chicken egg white. The effect of ultrasound was more
pronounced on duck egg white as evidenced by the significantly higher (p<0.05) foaming capacity (140.00%) and
foaming stability (66.67%). Hence, effect of ultrasound temperature is worthy for further investigation with duration
and intensity of ultrasonic waves to improve functional properties of egg white, especially duck egg white.
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INTRODUCTION

gg white is widely used in food products due to its
good functional properties such as gelling, emulsifying,
and foaming properties (Zheng et al., 2021). Egg white is
usually used as an ingredient to improve the gel strength
or water capacity in most of the food products. The rheo-
logical and textural characteristics of a product are mostly

associated to the gelling properties or coagulation of egg
protein (Ren et al., 2010). The unique functional properties
of eggs make it useful in bakery industry to yield a better
quality products such as meringues and cookies. Egg white
can also be used to improve the functional properties of
protein in bakery products.

Apart from gelling properties, emulsification such as emul-
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sifying capacity and stability of egg yolk and egg white,
plays an important role in the food industry and other ap-
plications (Munday et al., 2017). Egg is also known as a
stabilizing agent in reducing the surface tension. Emulsi-
fication activity allows the mixing of ingredients using a
suitable method, and the mixture is protected during the
mechanical handling process (Pyler et al., 2010). Moreo-
ver, the use of egg white protein as an ingredient in bakery
industry is important, as egg has a good foaming capability
to aid in producing a high quality product.

Ultrasound treatment is a process where the ultrasonic
wave is used to change the structure of a food ingredient.
Generally, ultrasound treatment has a frequency ranging
from 20 kHz to 100 kHz. The duration of ultrasound treat-
ment affects the qualities of duck egg white, whereby an
increasing time improved the functional properties of duck
egg white (Hui et al., 2022). With the aid of ultrasound
treatment, physicochemical and functional properties can
be enhanced. Therefore, a high quality and safe product
can be produced and delivered to consumers. This process
changes the protein molecule in egg white caused by the
cavitation phenomenon, heating, dynamic agitation, shear
forces and agitation. The covalent bond in egg white will be
broken down and large aggregate will be split into smaller
particles that will change the functional properties of the
protein (Stefanovi¢ et al., 2014). Based on the study, ultra-
sound treatment has high potential to increase production
efficiency of gelatine peptide (Yu et al., 2016). A recent
study has proved that ultrasonic pretreatment initiates the
interaction of egg white proteins, which influenced the
formation of egg white gel skeleton (Wang et al., 2022).
Hence, this study aims to determine the effects of sonica-
tion temperature towards physicochemical and functional

properties of fresh chicken and duck egg white.

MATERIALS AND METHODS

MATERIALS

Leghorn chicken eggs used in this study was collected from
Eng Peng Poultry Farm, whereas Khaki Campbell duck
eggs were collected from backyard farm located in Tuaran.
Chemical used in this study were of analytical grade.

METHODS

PRE-TREATMENT OF CHICKEN EGG WHITE AND
Duck EcG WHITE WITH SONICATOR

Both egg whites were separated from the egg yolks and 200
mL of egg white were transferred into a 250 mL conical
flask. Conical flasks were placed in the sonicator (Branson
Model 8510, America) for 15 min at 40 kHz with different
temperature (25°C, 35°C, 45°C dan 55°C) (Jambrak et al.,
2009; Stefanovi¢ et al., 2014).

PRrEPARATION OF EGG WHITE GEL

About 300 mL of chicken or duck egg white were poured
into plastic tube. The plastic tubes were immersed in water
bath at 80°C for 1 h and the tubes were cooled at room
temperature for at least 4 h. Then, the cylindrical-shaped
gels were removed from the plastic tube and each of them
was cut using metal wire (diameter (2.9cm) and height

(2cm)) (Lechevalier et al., 2007).

PHYSICOCHEMICAL ANALYSES

CoLour

Colour for both egg white and egg white gel of chicken
and duck were determined using colorimeter (Hunter-
lab Colorflex Spectrophotometer, America). Colorimeter
was first calibrated using zero calibration plate and white
calibration plate. The fresh samples and gel samples were
placed into the petri dish. Egg samples were shaken hori-
zontally to shuffle the contents to get a more accurate
result. Parameter obtained in this measurement were L*
(lightness), a* (redness), and b* (yellowness). L *,a * and b *
of white standard tile were used as a reference. The overall
colour difference was calculated by the following equation
(Flores-Jiménez et al., 2019):
AE=\/(LS*—L*)2+(a5*—a*)2+(bs*—b*)2

L x=94.43
ax= 0.19
bs*= 3.87
pH

'The pH of fresh chicken and duck egg white were measured
at 20°C using a pH meter (Eutech Instruments pH2700,
America). The instrument was calibrated by using stand-
ard buffers with a known pH. The measurement was done
at triplicates to get the average and standard deviation

(Alamprese et al., 2012).

EXPRESSIBLE MOISTURE (EMm)

EM was carried out according to the method described
by Buamard et al. (2017). The cylindrical-shaped gel sam-
ples were sliced into 5 mm thick, weighed accurately and
recorded. The sliced samples were placed between What-
man filter paper No. 1 (3 pieces at the bottom and 2 piec-
es on the top of the samples). A standard weight of 5 kg
was placed on the gel samples for 2 min. Samples were
transferred out from the filter paper and weighed again.
The EM can be calculated with the formula below and it is
known as sample weight percentage:

Sample weight before compression (g)- Sample weight after compression(g)

EM (%) =
(%) Sample weight before compression (g)

x 100

FoLDING TEST
Folding test was carried out according to Huda et al.

December 2022 | Volume 10 | Issue 4 | Page 530

@ =] .
ot Links
OResearchers



Journal of Animal Health and Production

(2013). The gel samples were sliced into 3 mm thick for
each sample. The gel pieces were folded by the thumb and
index finger and the cracking process of the gel were ob-
served. The scale used to determine the strength were: 1=
cracked by the finger pressure, 2= cracked into two piec-
es immediately when folding, 3= cracked gradually when
folding, 4= no cracks after folding, and 5= no cracks after
folding twice.

GEL STRENGTH (TUBE INVERTING TEST)
Approximately 10 samples with different concentration of
egg white to distilled water (0, 20, 30, 40, 50, 60, 70, 80,
90 and 100%) were prepared inside the test tubes (Mar-
tins et al., 2019). The solutions were mixed homogenously,
and the samples were heated for 10 min until the gel were
formed (Nichoff et al., 2013). Next, the gel prepared were
allowed to cool for 5 min and the tube inverting test was
carried out for 5 min in order to observe the effects of the
gel. The gels that collapsed were considered not stable and
concluded as a negative output for tube inverting test.

TEXTURE PROFILE ANALYSIS (TPpA)

TPA of samples were analysed following the method by
Zhou et al. (2014). Hardness, cohesiveness, springiness,
chewiness and adhesiveness of the gel samples were tested
using a texture profile analyser (Brookfield CT3 Texture
Analyzer, America). The instrument was calibrated with
load cell weight and probe height prior to analysis. The set-
tings used were pre-test speed: 5Smm/s, test speed: 2mm/s,
post-test speed: Smm/s, strain: 50%, and trigger force: 5 g.
Measurement was carried out at triplicates and the average
was taken to scale the strength of the gel sample.

FuNcTIONAL PROPERTIES ANALYSES

FoamMING ABILITY

About 20 mL of fresh egg white sample was poured into a
200 mL beaker and blended using a Waring blender (War-
ing Commercial Laboratory Blender 7010HS, America)
for 3 min. The solution was then poured into a 200 mL
measuring cylinder. The volume of the foam and volume
of the egg white solution were measured after 30 min. The
foaming ability and stability were calculated using the for-
mula below (Sze et al., 2018):

vt

— % 100
Foaming ability = V0

Vo-— (V30-V1)

Foaming stability = Vo
V, = Volume of egg white solution before blended (m?)
V. = Volume of foam (m’)
V. = Volume of egg white solution after blended (m?)
V., = Volume of foam after 30 min (m?)

00

EMULSIFYING STABILITY

Approximately 10 mL of fresh egg white sample was add-
ed into 10 mL of soybean oil and blended using homog-
enizer to prepare the egg white solution. The homogeni-
zation process was carried out for 1 min by using vortex
mixer (VELP Scientifica ZXClassic Vortex Mixer, Italy).
The solution was then placed into centrifuge and being
separated at 3200 rpm for five minutes (Eppendorf Cen-
trifuge 5702, German). Next, the stability of emulsification
was determined using formula below (Mun et al., 2009;

Nikzade et al., 2012):

— X 100
Emulsification stability (%) = FO

F, = Original sample weight (g)
F, = Sample weight after separated (g)

STATISTICAL ANALYSIS

All analyses were carried out at three replicates (n=3).
'The outputs were analysed using one-way ANOVA (IBM
SPSS Statistics 25) along with the post hoc Tukey’s test.
The significance differences were tested at p<0.05.

RESULTS AND DISCUSSION

COLOUR ANALYSIS

Table 1 shows the colour of fresh (control) and ultrasound-
treated chicken and duck egg white, as well as their gels.
Overall, there were significant differences (p<0.05)
between the control and ultrasound-treated samples
for both egg white and egg white gels. According to the
results, sonication caused an apparent effect on the colour
of both chicken and duck egg white. It is worth noting
that fresh foods normally have bright colour that affects
the consumers’ desire and satisfaction towards the food
(Beardsworth et al., 2004). Thus, colour plays an important
role in evaluating food quality. Based on the Hunter Lab
colour scale system, L* indicates brightness (whiteness (+)
or darkness (-)), a* indicates redness (+) or greenness (-),
b* indicates yellowness (+) or blueness (-), and delta value
(AE) shows the differences between standard and each
sample in terms of L*, a*and b* (Sze et al., 2018).

As tabulated in Table 1, L* value for chicken egg white
increased with the increase of sonication treatment
temperature. Control showed the highest value (37.48
+ 1.80) among samples that was also evidenced by a
significant difference (p<0.05) between control and
ultrasound-treated samples. Ultrasound-treated sample at
25°C had the lowest value (20.04 + 0.17) which indicates
that it had a darker colour as compared to other samples.
For a* value, there was a significant difference (p<0.05)
between ultrasound-treated samples in comparison to the

control. Ultrasound-treated sample at 45°C (-3.42 + 0.23)
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Table 1: Colour of fresh and ultrasound-treated chicken and duck egg white, and egg white gel

Egg white Egg white gel
Treatment time (°C) L* a* b* AE L* a* b* AE
Chicken
0 37.48 + -1.97 + 28.46 + 62.10 = 85.06 + -3.82 + 13.66 * 14.14 +
1.804 0.13¢ 1.43¢ 1.11# 0.53* 0.07° 0.03* 0.31°
25 20.04 -3.24 + 13.65 + 75.11 + 84.05 + -4.16 =+ 16.02 + 16.56
0.17* 0.20? 0.40? 0.16¢ 0.10° 0.02¢ 0.05¢ 0.10°
35 20.87 -3.38 = 14.03 74.35 + 85.27 + -3.82 + 15.82 + 15.59
0.24* 0.67* 0.61° 0.16¢ 1.09* 0.07° 0.47¢ 1.02°
45 23.92 -3.42 + 17.45 = 71.90 = 84.45 + -3.90 = 15.72 16.02 +
0.78P 0.23* 1.04b 0.58¢ 0.112 0.09° 0.08" 0.05P
55 26.70 = -2.57 = 19.56 + 69.65 + 84.40 =+ -3.60 = 15.12 15.54
1.00¢ 0.22° 1.10° 0.69° 0.52° 0.09¢ 0.24° 0.54®
Duck
0 34,56 = -1.55 = 0.61 = 61.35 = 83.63 = -3.14 = 6.35 +0.16* 11.57
3.79° 0.49° 0.44¢ 4.18 0.51b¢ 0.04> 0.51¢
25 21.85 = -2.11 + -4.34 + 73.08 79.24 -3.46 7.52 +0.11¢ 16.05 =
0.21# 0.10% 0.16* 0.22° 1.742 0.05* 1.65°
35 21.99 -2.17 = -4.17 = 72.92 + 81.36 = -3.18 = 7.35 13.92
0.05* 0.12* 0.08* 0.05P 0.23 0.02° 0.03¢ 0.23P
45 23.73 = -2.24 + -4.47 + 71.44 + 83.98 = -2.64 = 6.67 £0.02> 11.18
0.74* 0.05* 0.06P 0.17° 0.03¢ 0.024 0.022
55 25.61 + -2.36 + -3.42 + 69.26 + 83.54 -2.76 7.07 £ 0.16° 11.67
0.45* 0.15* 0.08° 0.45P 0.52b¢ 0.07¢ 0.38*

*=-d Values are mean * standard deviation. Different letters in the same column indicate significant differences (p<0.05) in respective

source of egg (chicken or duck).

Table 2: pH for fresh chicken and duck egg white, and expressible moisture and folding test of their gels

Egg white
Treatment time (°C) pH
Chicken
Control 9.45 + 0.03¢
25 9.33 + 0.01°
35 9.33 +0.02°
45 9.32 +0.02°
55 9.22 + 0.02*
Duck
Control 9.49 + 0.02°
25 9.28 + 0.12*
35 9.27 + 0.03*
45 9.21 + 0.01*
55 9.30 + 0.01*

Egg white gel

Expressible moisture (%) Folding test
25.58 + 1.70° 2.00 £ 0.00?
17.26 + 2.25° 3.33 £ 0.58°
18.43 +0.72¢ 3.33 £0.58°
19.49 + 2.31* 3.00 + 0.00°
16.77 £ 1.42¢ 2.00 £ 0.00?
32.46 £ 2.16° 2.00 £ 0.00?
16.24 + 3.54* 2.00 £ 0.00?
18.04 + 1.08* 2.67 + 0.58%
19.16 + 0.47° 3.00 + 0.00°
20.77 + 0.68* 2.67 £0.58®

*¢ Values are mean * standard deviation. Different letters in the same column indicate significant differences (p<0.05) in respective

source of egg (chicken or duck).

had the highest a* value (in the negative direction) whereas
control sample with -1.97 + 0.13 was the lowest. Hence,
ultrasound-treated sample at 45°C had a greater greenness
intensity while the colour of control sample had a higher
degree of redness.

Similarly, b* value of chicken egg white increased with the
increasing treatment temperature. b* value for control and
ultrasound-treated sample at 25°C was the greatest (28.46

+ 1.43) and the lowest (13.65 + 0.40), respectively. This
showed that control had a significantly greater (p<0.05)
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degree of yellowness than that of other samples. Besides,
there was a significant difference (p<0.05) in delta value
(AE) between ultrasound-treated samples in comparison
to the control. According to Table 1, control had the lowest
AE value (62.10 + 1.11) as compared to ultrasound-treated
sample at 25°C with the highest AE value (75.11 + 0.16).
It was found that AE value decreased with the increasing
treatment temperature. Duck egg white demonstrated the
similar trends in L*, a*, b* and AE values. Interestingly, b*
values for ultrasound-treated samples were in the range of
-4.34 to -3.42, which implied a greater degree of blueness
for the samples.

On the other hand, L* value of raw and ultrasound-treated
chicken egg white gels did not show a significant difference
(p>0.05) among the samples. Ultrasound-treated chicken
egg white gel at 35°C showed the highest L* value (85.27
+ 1.09), whereas the gel treated at 25°C had the lowest L*
value (84.05 + 0.10) which was the darkest as compared
to other samples. While for duck egg white gels, L*
value for ultrasound-treated gel at 25°C (79.24 + 1.74)
was significantly the lowest (p<0.05) than that of other
samples. The L* values showed a trend of increasing with
the increase in treatment temperature. In addition, a*, b*
and AE values for both chicken and duck egg white gels
depicted the similar trends whereby ultrasound-treated
sample at 25°C had a significantly higher (p<0.05) value
in comparison to control but it had gradually reduced with
the increasing treatment temperature. Interestingly, the de-
gree of yellowness had become more pronounced (6.35 to
7.52) in duck egg white gels if compared with the greater
blueness intensity in duck egg white (-4.47 to 0.61).

The ultrasound treatment, therefore, was found to cause
changes of colour in food due to internal factors of food, as
well as the ultrasound conditions (Bi et al., 2015). Sample
with a higher b* value is probably caused by the browning
process (Maillard reaction). Egg white contains protein
glucose with reducing sugars and amino group, hence the
dark yellowish colour in the sample might be caused by
the Maillard reaction during the ultrasound process with
the increasing treatment temperature (Katekhong and
Charoenrein, 2017). Besides, Pingret et al. (2013) reported
that degradation or losses of other compounds occur during
ultrasound process especially when the medium used is
liquid, as water content is one of the factors that chang-
es the AE value. Maillard reaction may occur in sample
with a high water content, which has more molecules with
mobility that eventually causes a higher browning rate
(Katekhong and Charoenrein, 2017). Ultrasound treatment
is recognized as a pyrolysis reaction mechanism and
oxidation by OH- radical formed by cavitation. Therefore,
ultrasound treatment with higher temperature will cause

more changes especially the in darkening of duck egg gel

(Quan and Benjakul, 2018).

PH ANALYSIS

pH analysis was carried out to determine the effect of
sonication at different temperatures for both chick-
en and duck egg white. Table 2 shows the pH values for
both fresh and ultrasound-treated chicken and duck egg
white. The pH values for all ultrasound-treated chicken
egg white were seen to demonstrate a significant differ-
ence (p<0.05) as compared to control. Furthermore, pH
of ultrasound-treated chicken egg white at 55°C had been
greatly reduced (pH 9.22 + 0.02) that it was significantly
the lowest (p<0.05) among the samples. Similarly, ultra-
sound-treated duck egg whites had a significantly lower
(p<0.05) pH in comparison to control but there were no
significance differences (p>0.05) observed between the egg
whites treated at different temperatures.

Based on a study by Yuceer et al. (2014), pH values of fresh
egg white fall in the range of pH 7.5 - 8.5. Thus, the in-
crease of pH value in egg white can be associated with the
deterioration of the egg quality. Increase of pH value from
pH 7.0 to 9.5 could be induced by an increase of storage
time, whereby carbon dioxide was found to release as a re-
sult of breakdown of carbonic acid that occurred in the egg
white (Scott and Silversides, 2000). This will cause chang-
es in the bicarbonate buffer system, since carbon dioxide
released through the pores on the surface of the egg shell
turns it into alkaline as evidenced by the increase of pH
value. Not only that, the increase of pH value in egg white
will also cause an increase in viscosity, penetration force

and elasticity of the gel (Croguennec et al., 2002).

EXPRESSIBLE MOISTURE (EMm)

Table 2 shows the EM for chicken and duck egg white
gels. EM is an useful technique in determining the amount
of liquid squeezed from the protein system using force
(Huda et al., 2013). There were significant differences
(p<0.05) between the control and ultrasound-treated sam-
ples in both types of gels. Both chicken and duck egg white
gels had demonstrated the same trend whereas the con-
trol had a significantly higher (p<0.05) EM as compared
to samples that were ultrasound-treated at different tem-
peratures. However, there were no significant differences
(p>0.05) observed between the ultrasound-treated samples
at different temperatures.

As the EM increases, the amount of water entrapped de-
creases (Ramirez et al., 2007). Sonication can prevent the
water loss from protein system (egg white gel) as compared
to the one in control. This was evidenced by the signifi-
cantly lower (p<0.05) EM of ultrasound-treated egg white
gels which implied that the water holding capacity of egg

white gel had improved, due to the use of sonication. Pro-
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tein in egg white can form a strong gel matrix, thus, higher
amount of water could be entrapped in the egg white gel
network (Klomklao et al., 2016).

FoLDING TEST

Folding test is the easiest and fastest way to analyze the
gel strength and the ability of a gel to fold (Nowsad et
al., 2000). A gel with good strength would not be broken
down easily. Generally, folding test is a subjective analysis
that can be used as an indicator to compare the strength of
the gel samples. Nevertheless, it does not have the ability
to evaluate other functionalities of the gel sample (Huda
et al., 2013). Result of folding test for chicken and duck
egg white gels had been recorded in Table 2. Interestingly,
control and ultrasound-treated sample at 55°C showed no
significant differences (p>0.05) by having the same score
(2.00 + 0.00). However, there were significant differences
(p<0.05) between the control chicken egg white gel sam-
ple and samples treated at 25°C (3.33 + 0.58), 35°C (3.33
+ 0.58) and 45°C (3.00 = 0.00). Samples treated at 25°C
and 35°C had a higher springiness with the score of 3.33.
It is worth noting that the ability to withstand folding
force is related to the concentration of protein, hardness
and springiness of the gel. When a high concentration of
protein is used to construct the 3-D gel network, a strong
and elastic gel can be formed (Ren et al., 2010). This is
because a gel with high springiness can withstand more
folding force than that of a gel with high hardness.

While for duck egg white gel, there was no significant dif-
terences (p>0.05) between control and gel ultrasound-treat-
ed at 25°C. Nonetheless, gels that were ultrasound-treated
at 35°C, 45°C and 55°C showed a significantly high-
er (p<0.05) score at 2.67 + 0.58, 3.00 + 0.00 and 2.67 =+
0.58, respectively. Sample treated at 45°C had the highest
strength of gel as compared to other samples whereby it
was deduced that it had a higher ability to withstand fold-
ing force due to its higher score. Hence, sonication could
be useful in improving the quality of chicken and duck egg
white gel.

GEL STRENGTH (TUBE INVERTING TEST)

Table 3 shows the gel strength analysis using tube invert-
ing test with different ratios between chicken or duck egg
white, and water. Figure 1 shows the formation of gel from
fresh chicken and duck egg white samples whereby the
stability and gel strength can be observed when the tubes
were inverted. As a parameter for this type of gel, mini-
mum concentration of the egg white should be fixed in

order to carry out the tube inverting test (Nichoff et al.,
2013).

As depicted in Figure 1, the minimum concentration for
chicken egg white in control and samples that were ul-

trasound-treated at 25°C and 55°C to form gel was 60%.
Meanwhile, ultrasound-treated samples at 35°C and
45°C required only 50% of egg white to form a gel. No
gel formation was observed with the use of egg white at
concentration of 10%, 20%, 30% and 40%. However, the
formation of gel using 50% of egg white was not stable.
Hence, higher concentration of egg white in the range of
60% to 100% could be used to form a stable gel with a
stronger network structure. Hardness and stability of egg
white gel increase logarithmically with the increase of pro-
tein concentration (Quan and Benjakul, 2019). When the
concentration of protein is high, the 3-D gel network will
be formed through the linkage between linear aggregation
of this solution (Ren et al., 2010).

£ § : 2 T LE
I mgmmmwmmw:aim

_ Chicken egg whitegel (45°C)

...lvl.,*-r
--++++

—

0% X% W A 4
]}lckegguhtege](ﬂ *C)

o+ Chicken epz white gel (35 "C)

Figure 1: Tube inverting test using different concentrations
and temperatures of control and ultrasound-treated chicken

and duck egg white.

Similarly, the minimum amount of duck egg white need-
ed to form a gel is 60% for the control. Nevertheless, the
amount of egg white needed for ultrasound-treated sam-
ples were lower as compared to control, which was only
40%. When the concentration of egg white is high enough,
the stronger the ionic strength and the closer the pH value
to the iso-electric point, which are the main factors that
contribute to the formation of the 3-D network of a gel
(Campbell et al., 2003).
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Table 3: Gel strength (Tube inverting test) for fresh chicken and duck egg white

Treatment time ("C) Concentration of egg white (%)
10 20 30 40 50 60 70 80 90 100
Chicken egg white gel
Control = = = - - + + + + +
25 - - - - - + + + + +
35 - - - - + + + + + +
45 - - - - + + + + + +
55 - - - - - + + + + +
Duck egg white gel
Control - - - - - + + + + +
25 - - - + + + + + + +
35 - - - + + + + + + +
45 - - - + + + + + + +
55 - - - + + + + + + +
Note: - No gel formation observed. + Gel formation observed.
Table 4: Texture profile analysis of chicken and duck egg white gels
Treatment time (C)  Hardness Cohesiveness Springiness Chewiness Adhesiveness
(® (ratio) (mm) (m]) (m])
Chicken egg white gel
Control 2619.33 £181.93*  0.52 +0.12* 6.28 + 0.43* 111.8 +21.05*  0.36 + 0.07*
25 3199.67 = 184.79*  0.61 = 0.04® 9.23+0.19° 196.57 £ 16.89°  1.00 + 0.44*
35 3019.17 = 622.33*  0.66 = 0.09° 9.02 + 0.24° 179.80 £ 16.89°  0.87 + 0.49*
45 3399.67 = 193.87*  0.63 = 0.03* 9.12+0.28 203.97 +17.65>  0.53 = 0.21*
55 3193.33 £75.41*  0.64 = 0.04® 8.71+0.31° 198.50 £ 10.75*  1.33 + 0.08"
Duck egg white gel
Control 1760.50 + 131.19*  0.72 £ 0.04° 5.53 £0.03* 83.67 +7.79* 0.97 £ 0.47¢
25 2732.50 + 149.92<  0.82 = 0.02° 6.14 + 0.16 141.60 + 6.38¢ 1.60 + 0.26
35 2602.00 + 165.47>  0.84 = 0.01° 6.26 £ 0.07° 135.00 + 3.70¢ 1.60 + 0.35*
45 2432.67 + 259.67>  0.73 + 0.03* 6.37 +0.23° 121.67 + 11.29> 1.73 + 0.21*
55 2143.23 +243.80® 0.77 £ 0.0* 6.30 + 0.06° 99.37 +16.52*  1.40 + 0.00°

*> Values are mean * standard deviation. Different letters in the same column indicate significant differences (p<0.05) in respective

source of egg (chicken or duck).

TEXTURE PROFILE ANALYSIS (TPA)

TPA of chicken and duck egg white gels were carried out
by measuring several parameters, which are hardness, co-
hesiveness, springiness, chewiness and adhesiveness (Ta-
ble 4). Significant differences (p<0.05) can be observed
from the textural parameters between control and ultra-
sound-treated samples.

Hardness is related to strength of the gel structure under
pressure and is measured from the peak force during the
first compression cycle (Chandra and Shamasundar, 2015).
'The formation of egg white gel normally is controlled by
different intermolecular interactions such as hydrogen
bond, electrostatic and hydrophobic interactions, Van der
Wiaals forces and covalent bond (disulphide cross-linkage)

(Eleya and Gunasekaran, 2002). For hardness of chick-
en egg white gel, no significant differences (p>0.05) were
observed among the samples. Ultrasound-treated samples
had a higher hardness than that of control in this exper-
iment. Gel formed from control had the lowest hardness
value with 2619.33 + 181.93 g as compared to other ultra-
sound-treated samples. Sample with the highest hardness
value is the sample that was ultrasound-treated at 45°C
(3399.67 = 193.87) g. 'This is probably because sonication
changes the internal structure of the gel that has enhanced
the gel strength (Zhang et al., 2014). The increase of hard-
ness and strength of the gel also showed a better consist-
ency of the product.

For duck egg white gel, there were significant differ-
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ences (p<0.05) in hardness between control and ultra-
sound-treated samples. Ultrasound-treated samples had
a significantly higher (p<0.05) values than that of con-
trol, and the hardness values decreased with the increase
of treatment temperatures. Sonication had improved the
hardness (strength) of duck egg white gel. However, ultra-
sound treatment at a higher temperature had caused the
denaturation of protein in gel and reduced its hardness.
The texture of gel is associated to the structure network
such as density, size, uniformity or distribution of the pores
of gel. Sonication causes the exposure of hydrophobic res-
idue that are found in the protein molecules. The increase
of hydrophobic interaction in protein molecules promotes
the formation of protein gel network structure. Hence, the
gel network formed is rigid and uniform with a high gel
strength (Phillips and Williams, 2011).

Cohesiveness is one of the parameters to identify the break-
down of a gel’s internal structure. Based on Table 4, there
were significant differences (p<0.05) observed between
control and ultrasound-treated chicken egg white gel sam-
ples. Control showed the significantly lowest (p<0.05)
cohesiveness (0.52 = 0.12) among the samples, whereas
sample that was ultrasound-treated at 35°C had the signif-
icantly highest (p<0.05) cohesiveness (0.66 + 0.09). Cohe-
siveness is often regarded as an ability indicator of a gel to
retain its intact structure network, which is related to how
good the product undergoes structural changes during the
second compression as compared to the first compression
(Raikos et al., 2007).If the cohesiveness value increases, the
gel product can withstand the second compression better.
Tabilo-Munizaga and Barbosa-Céanovas (2004) stated that
the extent of sample recovery after the first compression
could be indicated by the closeness of cohesiveness value to
1. The increase of cohesiveness value in ultrasound-treated
samples indicates that the gels formed were more stable
and able to retain the structure during compression, which
promote better biting or chewing properties. This could be
due to the increase of cross-linkage in protein network, re-
sulting a stronger, more elastic and packed gel.

While for duck egg white gel, data shows significant dif-
terences (p<0.05) in cohesiveness between control and
ultrasound-treated samples at 25°C and 35°C. However,
there were no significant differences (p>0.05) observed
between control and samples treated at 45°C and 55°C.
Control had the lowest cohesiveness value with 0.72 + 0.04
among the samples, while sample treated at 35°C had the
highest cohesiveness value at 0.84 + 0.01. Based on Table
4, the data shown is not consistent, but the cohesiveness of
duck egg white gel decreased as the treatment temperature
increased. The decrease of cohesiveness value could be due
to the disruption of high temperatures on the ability of
product to hold together during formation of gel (Chandra

and Shamasundar, 2015).

Apart from the two parameters that had been discussed,
springiness is the parameter which demonstrates the abil-
ity of a gel to recover after the end of the first bite and the
beginning of the second bite. If the gel has a high springi-
ness, more forces are required during the chewing process
(Chandra and Shamasundar, 2015). There were significant
differences (p<0.05) between control and ultrasound-treat-
ed samples of both chicken and duck egg white gel. Springi-
ness for chicken egg white gel in control sample showed
the significantly lowest (p<0.05) springiness value at 6.28 +
0.43 mm, whereas ultrasound-treated sample at 25°C had
the significantly highest (p<0.05) springiness (9.23 + 0.19
mm). There was a decreasing trend observed in springiness
values as the treatment temperature increased. Springiness
is related to folding test, whereby a sample with high hard-
ness and springiness results in a higher score for folding
test, that were evidenced by the better quality in the gels
formed from ultrasound-treated egg white samples. On the
other hand, there were no significant differences (p>0.05)
between the ultrasound-treated duck egg white samples as
the treatment temperature increased. Ultrasound-treated
samples with a greater springiness in comparison to con-
trol, implied a greater gel strength in folding test and they
are more capable to withstand the forces of being folded.
Springiness is also known as “elasticity” or “rubbery” of gel
in the mouth. It is the textural parameter that shows the
ability of a gel structure to be broken down by early com-
pression (Lau et al., 2000).

In addition, textural attributes such as chewiness and ad-
hesiveness for chicken and duck egg white gels are also
tabulated in Table 4. Chewiness can be calculated based
on the hardness, which is the durability towards compres-
sion force (Yilmaz et al., 2012). There were significant
differences (p<0.05) in chewiness between control and
ultrasound-treated samples of chicken egg white gels, but
ultrasound-treated samples were not significantly different
(p>0.05) from each other despite the increasing treatment
temperature. Control had the significantly lowest (p<0.05)
chewiness value (111.80 + 21.05) m] whereas ultra-
sound-treated sample at 45°C had the significantly highest
(p<0.05) value of chewiness (203.97 + 17.65) m]. Interest-
ingly, cohesiveness of duck egg white samples showed a
decreasing trend as the treatment temperature increased,
and they were significantly higher (p<0.05) than that of
control. These changes are mostly resulted by the changes
of protein conformation caused by heat.

Adhesiveness can be defined as the force needed for the at-
traction between the product and certain surfaces (Raikos
et al., 2007). There were significant differences (p<0.05)
in adhesiveness parameter between control and ultra-
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sound-treated samples of chicken egg white gels. Control
had the significantly lowest (p<0.05) adhesiveness value
(0.36 + 0.07) m]J, while ultrasound-treated sample at 55°C
showed the significantly highest (p<0.05) adhesiveness
value (1.33 + 0.08) mJ. For duck egg white gel, there were
no significant differences (p>0.05) observed among all
samples despite the higher adhesiveness values recorded in
ultrasound-treated samples. Adhesiveness of control sam-
ple (0.97 + 0.47) m] was the lowest and ultrasound-treated
sample at 45°C had the highest adhesiveness value (1.73 +
0.21) mJ. The higher adhesiveness value indicates that the
gel formed is softer (Chandra and Shamasundar, 2015).

FOAMING ANALYSIS

Foaming ability has two main characteristics. The first one
is the foaming capacity which measures the amount of the
foam formed, and could be defined as the extra output per-
centage and measurement of time for the foam to collapse
(Tan et al., 2016). Foam formation in food is normally
caused by physical methods, such as whipping, shaking and
kneading, or other methods which affect the characteristics
of a foam. To ensure a good foaming ability, protein should
be moved and adsorbed as fast as possible on the air-liquid
interface, which is followed by surface denaturation and
changes in molecular configuration. Reduction in surface
tension and association of partially unfolded molecules
build a stabilising film around the bubbles, that eventually
contribute to the stability of a foam (Lomakina and Miko-
va, 2006). Table 5 shows the foaming capacity and foaming
stability of fresh and ultrasound-treated samples for both
chicken and duck egg white.

Interestingly, there was no significance difference (p>0.05)
in foaming capacity between control and ultrasound-treat-
ed chicken egg white samples despite the higher foaming
capacity observed in ultrasound-treated samples. Control
had the lowest foaming capacity (108.33 + 2.89)% while ul-
trasound-treated chicken egg white at 45°C had the high-
est value (140.00 = 5.00)%. On the other hand, there were
significant differences (p<0.05) between foaming capacity
of control and ultrasound-treated duck egg white samples.
Control showed the significantly lowest (p<0.05) foaming
capacity (105.00 * 5.00)% among all duck egg white sam-
ples. Similar to chicken egg white, duck egg white samples
that were ultrasound-treated at different temperatures did
not show a consistent trend as the treatment temperature
increased. Although the increase of protein denatura-
tion increased the foaming capacity, sonication may have
changed the protein conformation by reducing the ability
of protein to unfold on the interface and lead to weaker
surface activities (Karki et al., 2009).

For foaming stability, there were no significant difterences
(p>0.05) observed among the chicken egg white samples.

Furthermore, foaming stability of the ultrasound-treated
samples did not show a trend as the treatment tempera-
ture increased. The inconsistent trend can be observed in
ultrasound-treated duck egg white samples as well despite
of their significant differences (p<0.05) in foaming stabil-
ity as compared to control. Although the data obtained
shows a non-consistent manner, there were significant
differences (p<0.05) between ultrasound-treated samples
at 25°C (36.67 + 2.89)% and 45°C (38.33 + 5.77)%, in
comparison to the ultrasound-treated sample at 55°C
(66.67 + 15.28)%. According to Morales (2015), the use of
high sonication temperature (70°C, 80°C and 85°C) will
increase the foaming stability as compared to samples at
room temperatures (25°C). It was also proven that a longer
time was taken for foam of ultrasound-treated samples at
80°C and 85°C to collapse, that indicates a better foam
stability. It is deduced that low sonication temperatures
may not improve the foam stability as evidenced by the
insignificant differences (p>0.05) for ultrasound-treated
samples at lower treatment temperatures.

Application of ultrasound resulted in an improvement of
protein foam. Sonication improves foaming properties as
partial denaturation of protein affects the ability for foam
forming due to the decrease of particle size. This has en-
hanced the foam stability as the size reduction improved
solubility and increased surface area that facilitate protein
adsorption at the interface. Moreover, cavitation developed
during protein aggregation breakdown process leads to the
increase rate of protein absorption on the surface system
(Higuera et al., 2016). Denatured protein caused by ultra-
sound treatment has a different number of hydrophobic
residues, charge, electrostatic repulsion, and ionic hydra-
tion that could improve protein foaming ability (Karki et
al., 2009).

EMULSIFICATION ANALYSIS

Based on Table 5, emulsification stability for both chick-
en and duck egg white showed no significant difterences
(p>0.05) among the samples. Nonetheless, emulsification
stability for ultrasound-treated samples had a higher val-
ue as compared to control. For both type of egg whites,
data obtained shows a non-consistency, whereby no trend
was observed as the treatment temperatures increased. The
improved emulsification stability can be explained by the
better oriented protein produced from sonication and the
integration of oil droplets in the emulsion process (Yanjun
et al., 2014). Besides, higher temperatures alter the emul-
sion properties by changing the particle size, secondary
structure and surface hydrophobicity of the protein. In-
crease in surface hydrophobicity of protein is caused by the
unfolding of protein molecules upon heat, as well as the
molecular size via hydrophobic interaction and formation
of disulphide (Yu et al., 2007). According to Zhou et al.
(2016), stability for emulsification decreases owing to the
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Table 5: Foaming capacity, foaming stability and emulsification stability for chicken and duck egg white

Treatment time (°C) Foaming capacity (%) Foaming stability (%) Emulsification stability (%)
Chicken egg white

Control 108.33 + 2.89* 50.00 + 5.00° 31.97 + 1.15*
25 125.00 + 18.03* 52.67 + 12.58* 34.19 + 0.65*
35 116.67 + 11.55° 58.33 + 7.64* 39.44 + 5.10*
45 140.00 + 5.00* 36.67 +5.77* 35.21 +4.75*
55 121.67 + 18.93* 55.00 + 8.66° 32.43 + 2.50°
Duck egg white

Control 105.00 = 5.00* 45.00 + 8.66 26.08 + 9.66*
25 140.00 = 5.00P 36.67 + 2.89* 30.13 +1.10°
35 121.67 + 15.28% 43.33 +12.58® 30.92 + 5.36*
45 128.33 + 7.64® 38.33+5.77* 29.87 + 4.65*
55 140.00 + 10.00° 66.67 + 15.28° 30.61 + 1.072

*b Values are mean * standard deviation. Different letters in the same column indicate significant differences (p<0.05) in respective

source of egg (chicken or duck).

changes of flexibility in the protein molecules. Extreme
temperature and pressure resulted by ultrasound might be
the main factor that change the emulsification properties.
Protein which undergoes denaturation exposes its hydro-
phobic side, followed by aggregation of protein. Hence,
tuture studies are required to gain a better understanding
on relationship between the ultrasound duration, intensity
or frequency of ultrasonic waves, and their influences on
functional properties of foods (Soria and Villamiel, 2010).

CONCLUSION

Qualities of both chicken and duck egg white had im-
proved after ultrasound treatment but the effect of increas-
ing treatment temperatures was not significant in general.
Ultrasound-treated egg whites and their gels were dark-
er with reduced pH and expressible moisture, as well as a
higher score in folding test, gel strength and texture pro-
file analysis. Functional properties of egg whites were en-
hanced with the use of ultrasound treatment but the impact
was more pronounced in duck egg whites. Data obtained
in this preliminary study were inconsistent that no trend
could be observed with the increasing treatment temper-
ature. Hence, it was suggested to explore the relationship
between the ultrasound duration, intensity or frequency of
ultrasonic waves with the treatment temperature on the
functional properties of egg white especially on duck egg
white that demonstrated a more promising result.
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