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INTRODUCTION

Eggs are one of the protein sources that often consumed 
by human other than milk, meat and fish. Egg consists 

of high protein content, lipid, essential vitamins (riboflavin 
and niacin) and minerals (Zaheer, 2015). In Asian coun-
tries such as Malaysia, China, Thailand and Taiwan, hen 
and duck eggs are the most common avian eggs consumed 
as compared to quail, geese and turkey (Quan & Ben-
jakul, 2018a). Domestic duck production is divided into 
meat production and egg production. The Pekin ducks and 
Muscovy ducks are bred to produce meat whereas Khaki 
Campbell and Indian Runner are bred for egg production 

(Ismail et al., 2010; Aronal et al., 2012; Arthur, 2017). In 
Malaysia, the common breeds for egg production are the 
local Java ducks and Khaki Campbell (Nurkhoeriyati et 
al., 2011; Huang & Lin, 2011). Khaki Campbell are well 
known for their laying ability. They can lay about 250-240 
eggs per year on average when they reach 5 to 7 months 
old (Bhattacherjee et al., 2018). 

Eggs consist of three components, which are eggshell (9-
12%), egg white (60%) and egg yolk (30-33%). Egg white 
consists of 88% of water and 11% of protein, and the re-
maining 1% are carbohydrate, ash and trace amounts of 
lipids (Abeyrathne et al., 2013). Egg white is widely used 
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in food industries due to its functional properties such as 
gelling, foaming, emulsifying, binding adhesion, viscosi-
ty enhancement, water holding capacity and moisturiz-
ing (Arzeni et al., 2012; Quan & Benjakul, 2018a). The 
functional properties of egg white are important to bak-
ery products, desserts, meat and fish products because egg 
white gives textural characteristics in term of hardness, 
stickiness, springiness and cohesiveness to food products 
(Zayas, 2012) and build up the food structure. Recent re-
search also studied the use of monosaccharides (i.e. glu-
cose, D-galactose and D-xylose) in molecular structural 
modification of duck egg white protein conjugates to im-
prove emulsifying capacity (Ai et al., 2021), and effect of 
calcium hydroxide addition to the structural enhancement 
of duck egg white gel with or without heating treatment 
(Ai et al., 2020).

Application of ultrasound treatment in food processing 
that involves interaction of sound waves and food matrix 
with frequencies of 16-100 kHz may modify or improve 
some functional, chemical and physical properties of food 
ingredients (Stefanovic et al., 2017). The cavitation phe-
nomenon occurs during ultrasound treatment causes pro-
tein denaturation, which modifies or improves the func-
tional properties of egg white (Gharbi & Labbafi, 2018).  
The main purpose of the present study was to determine 
the effect of different times ultrasound treatment by us-
ing sonicator on physicochemical properties (pH, colour, 
foaming capacity and stability, emulsifying activity, tube 
inverting test, folding test, expressible moisture and texture 
profile analysis) of duck egg white. 

MATERIALS AND METHODS

Experimental Design
All trials were done using completely randomized design. 
Egg white was divided into 7 portions and placed in 500 
mL conical flask. Each conical flask contain 500ml sam-
ple. The egg white samples were treated with ultrasound 
treatment by using sonicator bath (Branson Model 8510, 
America) for 10, 20, 30, 40, 50 and 60 minutes, respective-
ly, at frequency 40±0.2 kHz and a constant temperature 
(25±1℃) was maintained during the treatment (Stefano-
vic et al., 2018). Frequency 40±0.2 kHz used due to the 
previous report that frequencies higher than 100 kHz are 
showed no improvement on the physicochemical proper-
ties of the sample protein. The untreated egg white sample 
served as a control.

Sample Preparation
Khaki Campbell duck eggs were purchased from Tuaran, 
Sabah, Malaysia. The eggs are around less than one week 
old after laying. The weight of duck eggs are between 61 to 
70g.  Eggshell were cleaned to remove dirt and allowed to 

dry. Egg white and egg yolk were separated manually into 
a 5L measuring jug (Wong et al., 2018). Egg white was 
stirred gently manually using glass rod to prepare homoge-
neous mixture without foam formation and was filled into 
conical flask for ultrasound treatment. 

Egg White Gel Preparation
About 300 mL of each treated and untreated egg white 
were stirred evenly and filled into plastic tube (diameter 
25 mm) with the end of tubes tightly tied. Samples were 
heated in water bath at 90 ℃ for 30 minutes. Gel samples 
were cooled in refrigerator at 4℃ for 24 hours (Quan & 
Benjakul, 2018b) prior to expressible moisture test, folding 
test and texture profile analysis. 

pH Measurements
The pH of egg white treated for 10 to 60 minutes, and un-
treated egg white were measured by using pH meter (Eu-
tech Instruments pH2700, America). The pH meter was 
calibrated with the known pH buffer standard solution. 
The measurement of each sample was repeated three times 
and reported as average and standard deviation.  

Expressible Moisture 
Egg white gels were cut into slices with thickness of 5 
mm. The initial weight of sample was recorded and placed 
between two pieces of Whatman filter paper No. 41. A 
standard 5 kg weight was placed on top of the sample and 
held for 2 minutes. The final weight of sample was weighed 
and recorded. The expressible moisture of each sample was 
calculated as follows (Huda et al., 2013a; Nik Aisyah et al., 
2017): 

Folding Test
Egg white gels were cut into slices with thickness of 3 mm. 
Samples were folded slowly with thumb and index finger. 
The way the gels broke were observed and rated with the 
following scales: 1 = breaks by finger pressure, 2 = cracks 
immediately when folded in half, 3 = cracks gradually 
when folded in half, 4 = no cracks showing after folding in 
half, 5 = no cracks showing after folding twice (Huda et al., 
2013b; Nik Aisyah et al., 2017). 

Colour
The colour of egg white samples, and egg white gel samples 
were analysed by colourimeter (Hunterlab Colorflex Spec-
trophotometer, America). The colourimeter was calibrated 
with a black calibration plate followed by white calibration 
plate. Each sample was filled in a glass cup designed for 
colourimeter and covered with an opaque cup for analysis. 
The parameters analysed were L* (lightness), a* (redness) 
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and b* (yellowness) (Quan & Benjakul, 2018a). 

Tube Inverting Test
Each treated and untreated egg white solution sample with 
the ratio of egg white: distilled water (10:90; 20:80; 30:70; 
40:60; 50:50) were prepared in test tube (Martins et al., 
2019). Egg white solution was heated in water bath at 90 
℃ for 10 minutes until gel was formed. The samples were 
cooled at room temperature for a few minutes and test tube 
were inverted for 5 minutes to observe the formation of 
stable gel. Unstable gel will collapse (Niehoff et al., 2013) 
and was recorded as negative result. 

Texture Profile Analysis
Egg white gels were cut into a cylindrical shape with the 
height of 20 mm. Gel hardness, springiness, cohesiveness, 
gumminess and chewiness were analysed by using texture 
analyzer (Brookfield CT3 Texture Analyzer, America). 
Analyzer was calibrated with load cell weight and probe 
height before analysis of samples. The parameters were set 
as: pre-test speed = 5 mm/s, test speed = 2 mm/s, post-
test speed = 5 mm/s, strain = 50% and trigger force = 5 g 
(Wong et al., 2018).

Foaming Properties
Approximately 20 mL of each treated and untreated egg 
white sample were required to determine the foaming 
properties. About 20 mL of the sample was whipped at 
1500 rpm for 3 min using blender (Waring Commercial 
Laboratory Blender 7010HS, America) and immediately 
transferred the solution into a 100 mL measuring cylin-
der. The volume of foam and solution was recorded (Wang 
et al., 2013). Foaming capacity (FC) and foaming stability 
(FS) of treated, and untreated egg white solution were cal-
culated as follows:

where V0 is the volume of egg white solution before whip-
ping (m3); Vf is the volume of bubbles (m3); V1 is the 
volume of solution after whipping and V30 is the volume 
of bubbles after whipping for 30 min (m3) (Wong et al., 
2018).

Emulsion Activity
About 10 mL of egg white and 10 mL of sunflower oil 
were filled into a 50 mL centrifuge tube. Solution of egg 
white with oil was vortexed for 1 minute by using vortex 
mixer (VELP Scientifica ZXClassic Vortex Mixer, Italy) 
and centrifuged at 3200 rpm for 5 minutes (Eppendorf 

Centrifuge 5702, German). Emulsion activity (EA) was 
calculated as follows (Lim et al., 2019):

Statistical Analysis
All tests were carried out in triplicate (n = 3) and the data 
were expressed as means ± standard deviation. Data was 
statistically analyzed with IBM SPSS Statistics 26. One-
way analysis of variance (ANOVA) was performed to 
determine the significance level at p<0.05 (Arzeni et al., 
2012).

RESULTS AND DISCUSSION

pH
The pH result of egg white treated with ultrasound from 
0 to 60 minutes are shown in Table 1. When the dura-
tion of ultrasound treatment increased, pH value of egg 
white increased. There was a significant difference (p<0.05) 
between untreated egg white and ultrasound-treated egg 
white. Sert et al. (2011) reported that ultrasound treatment 
increases pH of egg white due to loss of carbon dioxide in 
egg white. Degradation of gel structure of egg white causes 
carbon dioxide migration and the pH of egg white increas-
es. Egg white contains around 0.35% of carbon dioxide 
with pH 7.6 to 8.5. Release of carbon dioxide increases the 
pH of egg white to 9.7 (Banerjee et al., 2011). Ultrasound 
treatment causes degassing of carbon dioxide. When ultra-
sound wave is transmitted to the sample, cavitation phe-
nomenon occurs causing formation and expansion of air 
bubbles in liquid sample, follows by flotation of air bubbles 
to the surface of sample and releasing gas (Eksin, 2015). 

Foaming Properties And Emulsion Activity
Table 1 shows the foaming capacity, foaming stability and 
emulsion activity of egg white at different treatment time. 
There was a significant difference (p<0.05) among the sam-
ples in foaming capacity and foaming stability. Foaming 
capacity increased as ultrasound time treatment increased 
due to the exposure of egg white protein to ultrasound. 
Surface denaturation of egg white protein during the treat-
ment increases protein surface hydrophobicity and flexibil-
ity. Protein molecules are adsorbed more efficiently onto 
the air-liquid interface (Zhang et al., 2011; Stefanovic et 
al., 2018). Jambrak et al. (2008) reported that ultrasound 
treatment on whey protein for 30 minutes showed an im-
provement on foaming capacity but a decrement afterward. 
The homogenization effect of ultrasound treatment caused 
a more even dispersion of protein with improved foaming 
properties. Foaming capacity decreased after certain treat-
ment period due to the over denaturation of protein, that 
insufficient amounts are adsorbed onto air-liquid interface 
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Table 1: Physicochemical properties of egg white and egg white gel at different ultrasound time
Time (min) pH Foaming 

capacity (%)
Foaming sta-
bility (%)

Emulsion 
activity (%)

Expressible 
moisture (%)

Folding 
Test Score

0 8.97±0.31b 61.33±4.37cd 55.83±3.82a 15.17±7.32 26.70±1.78a 2.00±0.00b

10 9.17±0.05ab 59.67±8.02d 56.67±7.64a 15.33±4.73 27.13±2.54a 2.00±0.00b

20 9.43±0.07a 74.67±5.60bc 51.33±7.09ab 17.33±8.74 26.37±2.88a 2.00±0.00b

30 9.37±0.11a 83.33±4.27b 40.17±2.57bc 16.67±6.66 25.73±1.75a 3.00±0.00a

40 9.37±0.06a 94.50±0.87a 38.21±2.93c 23.34±7.64 17.65±1.48b 3.00±0.00a

50 9.53±0.06a 73.83±3.81bcd 41.67±2.89bc 25.00±8.66 22.78±0.55ab 3.00±0.00a

60 9.47±0.06a 65.00±5.00cd 49.83±2.75abc 25.00±8.54 26.22±1.42a 2.00±0.00b

Data presented as mean ± standard deviation (n = 3). Different letters in the same column indicate significant differences (p <0.05). 

Table 2: Colour analysis result of egg white and egg white gel at different ultrasound time
Time (min) Egg white Egg white gel

L* a* b* L* a* b*
0 26.11±0.46a -0.88±0.03a -2.70±0.54a 89.35±0.07c -2.09±0.15b 4.46±0.02b

10 24.76±0.06ab -1.57±0.01bc -3.51±0.01ab 89.12±0.04d -2.18±0.02c 4.47±0.01a

20 23.48±0.14bcd -1.13±0.01a -4.49±0.02bc 89.84±0.03a -2.16±0.01c 3.54±0.04d

30 24.11±0.71abc -1.20±0.29ab -3.66±0.76ab 88.82±0.01e -2.09±0.01b 3.34±0.01e

40 22.62±0.24cd -1.13±0.11a -4.46±0.07bc 89.57±0.03b -1.88±0.01a 3.63±0.01c

50 19.95±1.65e -1.78±0.10c -5.39±0.80c 89.32±0.08c -2.31±0.01d 3.51±0.01d

60 22.05±0.28d -1.64±0.18c -4.49±0.21bc 88.47±0.13f -2.49±0.02e 3.12±0.03f

Data presented as mean ± standard deviation (n = 3). Different letters in the same column indicate significant differences ().  L*: 
lightness, a*: redness, b*: yellowness

Table 3: Tube inverting test result for egg white at different ultrasound time
Time (min) Concentration of egg white to form gel (%)

10 20 30 40 50 60 70 80 90 100
0 - - - + + + + + + +
10 - - - + + + + + + +
20 - - - + + + + + + +
30 - - - + + + + + + +
40 - - - + + + + + + +
50 - - - + + + + + + +
60 - - - + + + + + + +

Note: + present; - absent

Table 4: Textural properties of egg white gel at different ultrasound time
Time (min) Hardness (g) Springiness 

(mm)
Cohesiveness Gumminess (g) Chewiness

 (g/mm)
0 1853.17±184.85a 6.20±0.47a 0.74±0.01 1429.01±137.96 82.28±14.34a

10 1703.83±22.67ab 5.51±0.21b 0.73±0.04 1347.50±77.46 72.67±2.51ab

20 1685.66±43.00ab 5.62±0.15ab 0.73±0.04 1317.51±83.87 72.49±2.67ab

30 1636.00±39.25ab 5.54±0.18ab 0.76±0.05 1309.67±44.50 71.17±1.56ab

40 1534.67±59.82b 5.36±0.19ab 0.75±0.04 1227.50±77.79 66.68±2.93b

50 1612.67±96.07b 5.54±0.11b 0.72±0.07 1239.92±121.91 65.33±8.72b

60 1688.00±28.97ab 5.55±0.15ab 0.78±0.03 1386.67±62.57 75.40±2.00ab

Data presented as mean ± standard deviation (n = 3). Different letters in the same column indicate significant differences (p <0.05).
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for foaming (Lomakina & Mikova, 2006). 

Ultrasound-treated duck egg white for 40 minutes had the 
highest foaming capacity (94.50%) but the lowest foaming 
stability (38.21%). Zhou et al. (2015) reported that foam-
ing capacity has an opposite trend to foaming stability due 
to the prolong ultrasound treatment that caused a greater 
damage on foam stability of egg white protein. As higher 
foam volume is produced during whipping, more foam will 
collapse due to drainage and thinning of foam film after 
leaving the foam for a certain period (Chang, 2016). Yu et 
al. (2020) reported that ultrasound-irradiation combined 
pretreatment increased the solubility and reduced the pH 
and particle size of ovalbumin and lysozyme, thus enhanc-
ing the foamability of egg white.  Based on the result of 
emulsion activity of egg white in Table 1, emulsion activ-
ity increased as the treatment time increased. Emulsion 
activity of egg white protein gradually increased with the 
time of ultrasound treatment (Stefanovic et al., 2017). Ai 
et al. (2021) also reported the ability of high-intensity ul-
trasound together with heat treatment to improve the in-
terfacial properties of egg white peptides and to enhance 
the stability of prepared emulsions. The improvement of 
emulsifying properties that are related to conformational 
changes during treatment, results in an improved inter-
facial adsorption of protein molecules onto oil interface. 
Partial unfolding of protein after ultrasound treatment 
leads to the exposure of hydrophobic amino acid residue 
and enhances protein adsorption at oil-water interface for 
emulsifying (Zhou et al., 2014). 

Expressible Moisture
Table 1 shows the expressible moisture content of egg 
white gels from egg white treated with ultrasound. Ex-
pressible moisture of ultrasound-treated egg white gel for 
40 minutes is the lowest (17.65%) as compared to other 
gels. Low expressible moisture content indicates that more 
water are retained in gel network due to the high water 
holding capacity (WHC) of gel (Hamzah et al., 2015).  
In the research of Huda et al. (2013b), the amount of en-
trapped water in protein gel decreased as the expressible 
moisture increased. Gels with a higher expressible mois-
ture content was probably due to the denaturation of pro-
tein during treatment that causes formation of weak gel 
network with lower gel strength. Gel matrices fail to im-
bibe water and more water are being released (Panpipata 
& Chaijan, 2017). 

Folding Test
Folding test is a simple method to determine the gel qual-
ity and a high test score indicates a good quality gel (Huda 
et al., 2013a). A significant difference (p<0.05) was found 
between untreated and ultrasound-treated egg white based 
on the result in Table 1. Gels from egg white treated for 

0,  10 and 20 minutes cracked immediately when folded 
in half (score 2). When a little folding pressure was ap-
plied, the gels cracked immediately even though they were 
not completely folded in half. The increase of folding test 
in sample treated for 30, 40 ad 50 minutes (score 3) re-
lated with the increase number of crosslink sites.  Jing et 
al. (2020) reported that number of cross-linking sites in 
egg white protein was increased significantly after ultra-
sound-assisted treatments 40kHz.  These gels also had 
lower hardness and higher springiness as shown in Table 4. 
Gel samples with a higher hardness caused a higher fractu-
rability (Mochizuki, 2001). Folding test is a subjective test 
and cannot represent the overall result of texture profile 
because this test is less sensitive to distinguish the func-
tional properties of gel (Nik Aisyah et al., 2017). 

Colour
The parameters of colour measured are lightness (L*), 
redness (a*) and yellowness (b*). The results of ultra-
sound-treated egg white and their gels are shown in Ta-
ble 2. A significant difference (p<0.05) was found between 
parameters of untreated and ultrasound-treated egg white 
and their gels. Untreated egg white showed the highest 
values whereas egg white treated for 50 minutes had the 
lowest values. According to Zhou et al. (2015), the colour 
parameters of egg white and gels changed after ultrasound 
treatment because of the increment in exposure of protein 
surface hydrophobicity and reduction of sulfhydryl group 
content, that increases exposed area of riboflavin molecule 
embedded inside the macromolecular proteins. Riboflavin 
is a component that gives colour of egg white. Reduction 
of riboflavin has resulted in the decreasing of egg white 
colour. 

Tube Inverting Test
According to Table 3, ultrasound treatment did not cause 
negative effect to duck egg white. There was no gel forma-
tion at concentration less than 40% of untreated or ultra-
sound-treated egg white and they present in a liquid state. 
However, when the egg white concentration was more than 
40%, gel formation can be observed. Gelling properties of 
egg white are influenced by protein concentration. Protein 
interaction occurs within molecules instead of between 
molecules, and gel network fails to form at low protein 
concentration. High concentration of protein enhances in-
termolecular interaction, and a firmer gel will be formed 
when more water bind tightly to protein molecules (Zayas, 
2012; Kuan et al., 2017). For gel formation at high protein 
concentration, denatured protein will form crosslinked sol-
uble linear aggregates and three-dimensional gel structure. 
However, at low concentration, gel network cannot be de-
veloped but a viscous transparent sol is formed (Mine & 
Yang, 2010). 
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Texture Profile Analysis
Table 4 shows that textural properties of egg white at dif-
ferent treatment time were significantly different (p<0.05) 
among some of the egg white gels. Based on the result, 
when ultrasound treatment time increased, gel hardness, 
springiness, gumminess and chewiness decreased. Gel from 
egg white that was ultrasound-treated for 40 minutes had 
the lowest gel hardness (1534.67g) whereas untreated egg 
white gel had the highest hardness (1853.17g). Gel hard-
ness is influenced by covalent crosslinking of egg white 
protein. Gel with higher degree of hardness was developed 
when numerous covalent bonds were formed in aggrega-
tion of protein molecules (Chen et al., 2015). Ultrasound 
treatment has caused partial denaturation of protein which 
decreased the number of crosslinking between protein 
molecules and weakened hydrogen bonds that resulted in a 
lower gel hardness (Zhang et al., 2011). 

Springiness measures the amount of gel structure broken 
down by the first compression (Lau et al., 2000). Egg white 
gel that had undergone 40 minutes of treatment showed 
a significantly (p<0.05) lower gel springiness (5.36 mm) 
than other gels. Untreated egg white has the highest gel 
springiness (6.20 mm) as compared to ultrasound-treated 
egg white. As the treatment time increased, gel springiness 
decreased. Chen et al. (2015) reported that gel springi-
ness is affected by pH of egg white. Increasing egg white 
pH causes a decrease in gel springiness due to the exten-
sive formation by electrostatic repulsive forces of internal 
bonding of gel network structure. 

Cohesiveness measures the strength of endurance of gel 
at second deformation or difficulty in breaking internal 
structure of gel (Lau et al., 2000; Kaewmanee et al., 2011).  
No significant difference (p>0.05) was observed in gel co-
hesiveness among egg white at different treatment time. 
Based on the result, ultrasound treatment increased the 
gel cohesiveness. Egg white that had undergone 60 min-
utes of treatment had the highest value of gel cohesiveness 
whereas egg white with 50 of minutes treatment had the 
lowest cohesiveness. High cohesiveness value indicates the 
strength of gel network structure, whereas low cohesive-
ness indicates the risk of gel to collapse (Chen et al., 2015). 

Gumminess is an attribute of semisolid food that has low 
degree of hardness and high degree of cohesiveness. Chew-
iness measures the energy to masticate food (Chandra & 
Shamasundur, 2015). No significant difference (p>0.05) 
was found in gel cohesiveness among egg white at different 
treatment time. Gel gumminess and hardness are propor-
tional. Gumminess is an important attribute for semisol-
id food (Rahman & Al-Mahrouqi, 2009). Gel chewiness 
from egg white treated for 40 and 50 minutes were sig-
nificantly different (p<0.05) to untreated egg white. Ul-

trasound treatment had reduced the gel gumminess and 
chewiness of egg white.

CONCLUSION

The qualities of duck egg white are influenced by the du-
ration of ultrasound treatment. According to the results 
obtained in this research, pH values, foaming capacity, and 
emulsion activity of duck egg white increased as time taken 
for ultrasound treatment increased to 60 minutes. Howev-
er, the texture profile of duck egg white gel decreased after 
longer ultrasound treatment. Hence, it was suggested to 
subject the egg white samples to ultrasound treatment for 
40 minutes in order to produce duck egg white with better 
functional properties in term of foaming capacity, emul-
sion activity, expressible moisture and folding test.
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