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Abstract

Egg white is often regarded as a high-quality protein source that contains all essential
amino acids required by humans. A fresh egg in liquid form has a short shelf life, thus
drying it into powder can be the best alternative for a longer short life. This research
aimed to evaluate the physicochemical and functional characteristics of egg white powder
(EWP) as affected by pasteurization as pre-treatment and drying methods. There were six
treatments in the preparation of EWP, i.e., pasteurization, unpasteurization and combined
with three drying methods (spray-, cabinet-, or freeze-drying). The physical and functional
properties of EWP were determined i.e., the yield, color, water activity, bulk density,
flowability, foaming, emulsification, water absorption (WAC), oil absorption capacity
(OAC), and gel strength. The chemical properties i.e. moisture content, fat, ash, protein
content, protein digestibility, and antioxidant activity were also determined. The results
showed that pasteurization and different drying methods affected the physicochemical and
functionality of EWP. Pasteurization treatment significantly increased the bulk density of
EWP prepared by spray- and cabinet drying, WAC of EWP prepared by spray- and
cabinet drying, gel strength of EWP prepared by spray drying, the protein content of EWP
prepared by spray drying, protein digestibility of EWP prepared by spray- and cabinet
drying; however, significantly decreased the aerated and tapped bulk density of EWP
prepared by freeze-drying, gel strength of EWP prepared by cabinet- and freeze-drying,
the protein content of EWP prepared by cabinet- and freeze-drying, protein digestibility of
EWP prepared by freeze-drying, antioxidant activity of EWP prepared by spray-, cabinet-,
and freeze-drying. Different drying methods significantly affected the color parameters,
bulk density, gel strength, moisture content, protein content and protein digestibility. This
study suggested that the best characteristic of EWP was that of unpasteurized and
prepared by freeze-drying method.

1. Introduction

Egg is recognized as nature's most versatile and near
-perfect foods, rich in protein, amino acids, vitamins, and
many mineral components. Egg protein, which is largely
found in the egg white, is often regarded as a high-
quality protein that contains all the essential amino acids
required by humans. Egg white contains various protein
types, such as ovalbumin, ovotransferrin, ovomucoid,
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ovomucin, and lysozyme (Sheng ef al., 2018), and has
excellent foaming and gelling properties that are widely
used in the food industry (Duan ef al., 2018).

In the food industry, egg white powder is more
common than fresh or liquid eggs, because it has longer
shelf life, lower packaging cost and is easier to store and
transport. The egg white protein is extremely susceptible
to heat and drying operations (Lechevalier et al., 2007).
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Pasteurization as pre-treatment and different drying
techniques may affect the functional and physical
properties of egg white powder. The pasteurization
process can change the functional properties of eggs such
as foaming capacity, emulsifying capacity and viscosity.
Pasteurization also may have an impact on egg proteins'
chemical structure and so may affect the interfacial
properties, in vitro digestibility and antigenicity
(Lechevalier et al., 2016). Pasteurization of egg white
may cause a decrease in the viscosity and an increase in
surface hydrophobicity that reduces foam expansion
(Chaiyasit et al., 2019).

There are three drying methods commonly used to
dry food material, i.e., spray drying, cabinet drying, and
freeze-drying. Spray-drying is the most common method
for protein powder preparation in the food, chemical and
pharmaceutical industries. The liquid feed is atomized
and placed in touch with hot gas during the spray drying
process, which can alter protein structure that can affect
the amount of covalent (S—S bonds) and non-covalent
(hydrophobic contacts, ionic and hydrogen bonds)
interactions inside the protein molecules (Denavi ef al.,
2009). Spray drying significantly reduced the foaming
capacity of egg whites (Lechevalier ef al., 2007). Freeze-
drying works by allowing ice to sublimate under low
pressure, resulting in less heat denaturation than spray
drying (Haque and Roos, 2006). Abreha et al. (2021)
evaluated the effect of air- and spray drying on the
nutritional composition and functional properties of local
egg powder, and the result showed that spray drying was
the preferred method with better flowability. Ndife et al.
(2010) studied the effect of oven drying on the functional
and nutritional properties of whole egg powder, they
reported that egg white powder can be produced using
the oven drying method at 44°C without adversely
affecting their functional and nutritional properties.
However, the effect of pasteurization as pre-treatments
and combined with different drying methods on egg
whites has not reported yet. Thus, this study aimed to
determine the effect of pasteurization and different
drying methods (spray-, cabinet-, and freeze-drying) on
the physicochemical and functional properties of egg
white powder.

2. Materials and methods
2.1 Materials

Fresh good quality chicken eggs were obtained from
a local farmer in Gunungkidul, Yogyakarta, Indonesia.
The eggs were selected by considering their freshness
and cleanliness. The eggs were then deshelled and the
egg white was separated from the yolk. The egg white
liquid was then homogenized using an Ultra-Turrax® T-
25 digital (IKA® Werke GmbH and Co. KG, Staufen,
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Germany) at 22000 rpm for 1 min. After that,
pasteurization as a pre-treatment was conducted at 60°C
for 3 mins before drying. A part of the homogenized egg
white liquid remained unpasteurized.

2.2 Drying process

Pasteurized and unpasteurized liquid egg whites
were dried using 3 different drying methods, i.e. spray-,
cabinet-, and freeze-drying. Spray drying was carried out
using the method described by Ayadi et al. (2008) with
modification. Briefly, a 1000 g of liquid egg white was
injected into a spray drier (B-290, Buchi) under the
following specifications: inlet air temperature (Ti) of
140°C, outlet air temperature (To) of 80°C, atomization
pressure (AP) of 1 bar, feed temperature of 10°C, hot air
flow rate of 1.54 m*/min, for 3 h. The cabinet drying was
carried out based upon the method of Abreha ef al
(2021) by using a cabinet dryer (Memmert, Germany) at
44°C for 24 hrs, while freeze-drying was carried out in a
freeze dryer (Lyovapor L-200, Buchi) at -50°C for 30 hrs
(Wei et al, 2019). For cabinet and freeze-drying, the
liquid egg whites were thinly poured on a petri dish
before drying. The dried egg white powders were
scooped, milled, and sieved through a 60 mesh sieve,
then packaged in self-seal polyethylene bags and kept at
—20°C until further analyses. There were six samples,
WNS (unpasteurized egg white-spray drying), WPS

(pasteurized  egg  white-spray  drying), WNC
(unpasteurized egg white-cabinet drying), WPC
(pasteurized egg  white-cabinet  drying), @WNF
(unpasteurized egg white-freeze-drying), and WPF

(pasteurized egg white-freeze-drying).

2.3 Physical and chemical characteristics
2.3.1 Color parameters and proximate analysis

The color (L, a, b value) of egg white powder was
measured using Chromameter (Konica Minolta
Spectrophotometer, CM-500) and the whiteness index
value was obtained by calculation. Water activity (ay)
was measured using a water activity measurement device
(Aqualab Decagon, USA). Proximate analysis of egg
white powder was conducted, including moisture,
protein, fat, and ash contents (AOAC, 1990), while
carbohydrate content was calculated.

2.3.2 Bulk densities and flowability

Bulk densities and flowability were determined
using the method of Jinapong et al. (2008). The aerated
and the tapped bulk density of the egg white powder
were determined by placing 20 g of egg powder in a 100
mL graduated cylinder. The densities were calculated by
dividing the mass of the powder by the volume occupied
in the cylinder with and without tapping. The flowability
of the egg powders was evaluated as described by
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Abreha et al. (2021), expressed as the Carr index (CI)
which was calculated from the bulk densities of the
powder.

2.3.3 Foaming capacity

The foaming capacity (FC) was performed according
to the method of Abreha et al. (2021) with some
modifications. Egg white powder (1 g) was mixed with
50 mL distilled water in a beaker glass, and the
suspension was homogenized using a homogenizer (IKA
T25 Ultra Turrax, Germany) at 6,600 rpm for 5 mins.
The mixture was then poured into a 100 mL measuring
cylinder and the volume of foam was recorded.

2.3.4 Emulsification capacity

The emulsification capacity (EC) of the egg white
powder was determined using the method described by
Abreha et al. (2021). Briefly, 2 g powder was blended
with 25 mL distilled water and 25 mL palm oil, then
vortexed for 30 s, and centrifuged (PLC-03, Taiwan) at
1966 rpm for 30 mins. Then, the emulsification capacity
was calculated.

2.3.5 Water absorption capacity

The water absorption capacity (WAC) of the egg
white powder was determined as described by Lili et al.
(2015) with modification. Approximately 1 g egg white
powder was weighed into a conical graduated centrifuge
tube, and 10 mL distilled water was added and
centrifuged at 5000 rpm for 30 mins at 25°C. After that,
it was allowed to stand for 30 mins. The free water
volume (W) as well as the weight of the tube before
mixing with water (Wb) and after decanting (Wd) were
recorded. Then, the WAC was calculated.

2.3.6 Oil absorption capacity

The oil absorption capacity (OAC) of the egg
powders was determined using the centrifugation method
as described by Lili et al. (2015) with modification. One
gram of egg white powder was mixed with 10 mL of
canola oil in 50 mL centrifuge tubes. The dispersions
were occasionally vortexed for 30 s, followed by
centrifugation for 30 mins at 5000 rpm, 25°C. It was then
allowed to stand for 30 mins. Then, the OAC was
measured.

2.3.7 Gel strength

Gel strength was determined as described by Ma et
al. (2019). Egg white powder was dissolved in 0.01 mol/
L phosphate buffer (pH 7.6) at a concentration of 100 g/
L, then centrifuged at 4000 rpm for 10 mins before being
transferred to a beaker glass. The beaker was sealed,
heated at 90°C for 30 mins in a water bath to prepare a
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gel and then cooled to room temperature. The gel was
stored in a refrigerator at 4°C overnight before being
tested. Gel strength was determined using a Universal
Testing Machine.

2.3.8 Protein digestibility

In vitro protein digestibility analysis was carried out
according to Tanaka et al. (1978). Briefly, 100-200 mg
of egg white powder was mixed with 9.0 mL of buffer
Walpole (pH 2.0) solution, then added with 1.0 mL of
pepsin 2% solution. The sample solution was thoroughly
stirred for 6 hrs at 37°C followed by centrifugation at
2000 rpm for 20 mins. A 5.0 mL of the supernatant was
mixed with 5.0 mL of trichloro acetic acid 20% and then
incubated at 25°C for 15 hrs. The solution was filtered
with Whatman 41, and then the filtrate was analyzed for
the total Nitrogen (mikro Kjeldahl).

2.3.9 Preparation of extract for antioxidant activity

Egg white powder was extracted as described by
Indrianingsih et al. (2021). Methanol was used to extract
the egg white powder [at a solid—liquid ratio of 1:10 w/
w] for 24 hrs at room temperature. The residue was re-
extracted twice with methanol under the same conditions
after the mixture was filtered. The crude methanol
extracts were then obtained after being evaporated.

2.3.10 DPPH radical scavenging activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl)
scavenging activity was assayed according to the method
of Indrianingsih et al. (2021) with some modifications.
Methanol was used as a solvent for dissolving samples.
Samples were treated with DPPH (1.01 mM in methanol)
and left to stand for 30 mins at room temperature in the
dark condition. Absorbance was measured at 517 nm
using an Epoch microplate reader (Biotech, Japan).

2.4 Statistical analysis

Data were expressed as means+tstandard error of the
mean (SE). All statistical analyses were performed using
the SPSS 23. The results were analyzed using one-way
Analysis of Variance (ANOVA), followed by Duncan’s
multiple-range test to determine significant differences
between groups (p-values <0.05).

3. Results and discussion

Pasteurized liquid egg whites were dried using 3
different drying techniques, i.e. spray drying, cabinet
drying, and freeze-drying, compared with that of
unpasteurized. The results showed that the yield of the
egg white powder was in the range of 4.33 to 7.39%
(Figure 1). The highest yield was egg white powder
prepared by spray drying, and the lowest was egg white
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powder prepared by cabinet drying, with or without
pasteurization treatment.

Pasteurization treatment increased the yield of the
egg white powder prepared by cabinet as well as freeze-
drying method, on the contrary, pasteurization decreased
the yield of the egg white powder prepared by spray
drying method.

The results showed that pasteurization as a pre-
treatment and drying method significantly affected the
egg white powder's lightness. The highest L-value and
whiteness index were egg white powder prepared by
spray drying method. As shown in Table 1, the lightness
level was much decreased in egg white powder prepared
by cabinet drying methods. The brown pigments formed
during the Maillard reaction would cause a decrease in
L* values (Cai et al., 2016). The highest b* values were
egg white powder prepared by cabinet drying methods,
which was probably due to the occurrence of a non-
enzymatic browning reaction (Maillard reaction). Egg
white contains glucose which is a reducing sugar and an
amino group in the egg white protein thus, the darker
yellow in egg white powder prepared by cabinet drying
methods (WNC, WPC) may have been caused by the

. 6.87
6 1 493
0 .
WPF

Sample

Yield (%)
=y

Figure 1. Yield (%) of egg white powders obtained from
different methods of preparation. WNS: unpasteurized egg
white-spray drying, WPS: pasteurized egg white-spray drying,
WNC: unpasteurized egg white-cabinet drying, WPC:
pasteurized egg white-cabinet drying, WNF: unpasteurized
egg white-freeze-drying, and WPF: pasteurized egg white-
freeze-drying.

Maillard reaction during cabinet drying process

(Katekhong et al., 2016).

As described in Table 2, pasteurization as a pre-
treatment decreased the foaming capacity of egg white
powder prepared by spray-drying (10.71%), cabinet
drying (31.84%), and freeze-drying method (13.24%).
This result was in agreement with Chaiyasit et al. (2019)
which showed that pasteurization lowered the foam
expansion of chicken albumens, showing that membrane
strength at the liquid-air interface was decreased by
pasteurization. These findings may be explained by
excessive protein denaturation brought on by heat
treatment, which lowers the protein's capacity to
generate foam. Denatured proteins may be less
competent than partially denatured proteins to create a
two-phase colloidal system and trap air (Chaiyasit et al.,
2019).

As shown in Table 3, the protein content of egg
white powder was high, therefore the foam capacity was
high, the types of egg white protein are ovomucin,
lysozyme, ovomucid, ovotransferrin, and ovalbumin
(Lomakina and Mikova, 2006). The high foaming
capacity of egg white powder shows that the three drying
methods did not cause significant protein denaturation in
agreement with Oboroceanu et al. (2014) and Xiong
(1997).

The highest emulsification capacity, water
absorption- and oil absorption capacity were egg white
powder prepared by freeze-drying methods without or
with pasteurization. This might be due to less compact
and more porous particles in morphology so it would
help higher water and oil absorption in the protein
diffusion process (Sreerama et al., 2012; Liu et al,
2020).

Pasteurization treatment could decrease the
emulsification capacity of egg white powder with three
different drying methods although the change was not

significantly ~ different. ~ Pasteurization  treatment

Table 1. Color parameters of egg white powder obtained from different methods of preparation.

Color parameter

Sample . .
L* a* b* Whiteness index
WNS 96.99+0.02°  -1.15+0.01° 13.13+0.01° 86.48+0.01"
WPS 98.21+0.08"  -0.74+0.02° 14.04+0.03° 85.83+0.03¢
WNC 90.29+0.04° -2.3240.02°  21.1240.16° 76.64+0.14°
WPC 89.46+0.05°  -2.24+0.09°  21.43+0.16 76.01+0.17°
WNF 91.96+0.10°  -1.30+0.02¢  20.49+0.26 77.95+0.28¢
WPF 96.30+0.08°  -0.99+0.03" 15.610.03° 83.92+0.05¢

Values are presented as meantSD. Values with different superscripts within the same column are statistically significantly
different at a significance level of 95%. WNS: unpasteurized egg white-spray drying, WPS: pasteurized egg white-spray drying,
WNC: unpasteurized egg white-cabinet drying, WPC: pasteurized egg white-cabinet drying, WNF: unpasteurized egg white-
freeze-drying, and WPF: pasteurized egg white-freeze-drying.
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significantly increased the water absorption capacity of
egg white powder prepared by spray and cabinet drying
methods, meanwhile, pasteurization treatment did not
significantly impact the water absorption capacity of egg
white powder prepared by freeze-drying method.
Pasteurization treatment decreased the oil absorption
capacity of egg white powder prepared by spray drying
method, but the oil absorption capacity increased in egg
white powder prepared by cabinet and freeze-drying
methods. Pasteurization treatment did not significantly
affect the oil absorption capacity of egg white powder
prepared by three drying methods.

The parameters of emulsification capacity, water
absorption capacity, and oil absorption capacity are
helpful when using egg white powders in different food
matrices. The high emulsification and oil absorption
capacity of egg white powder found in this research
suggest the high potential application of the product in
the food industry (Zayas, 1997).

Pasteurization treatment increased the gel strength of
egg white powder prepared by spray drying method
(4.76%), on the contrary, pasteurization decreased the
gel strength of egg white powder prepared by cabinet
(33.33%) as well as freeze-drying method (5.06%). The
highest gel strength of the product was unpasteurized egg
white powder prepared by freeze-drying method (WNF).
Heating conditions could decrease the quality of egg
white proteins, especially with regard to the gelling
properties (Ma et al., 2019).

Unpasteurized egg white powder prepared by freeze-
drying method (WNF) had the lowest moisture content,
and that prepared by pasteurized combined with cabinet
drying method (WPC) had the highest moisture content,
and this was in line with a,, value.

Pasteurization as pre-treatment did not affect the ash
and fat content of egg white powder. Pasteurization as
pre-treatment and drying methods significantly affect the
protein content and protein digestibility of egg white
powder. Pasteurization treatment increased the protein
content of egg white powder prepared by spray drying
method (4.21%), on the contrary, pasteurization
significantly decreased the protein content of the egg
white powder prepared by cabinet (1.62%) and freeze-
drying method (3.44%). Egg white powder prepared
without pasteurization and dried with a freeze dryer
(WNF) had the highest protein content. Denaturation of
egg white protein occurred during the spray drying
process, because ovotransferrin and ovalbumin may
undergo denaturation at 61°C and 84°C respectively. The
denaturation level of proteins (ovotransferrin and
ovalbumin) of egg white powder prepared by spray
drying method was higher than by freeze-drying method,
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due to the higher temperature during the spray-drying
(Zhao et al., 2020).

The highest protein digestibility level was egg white
powder prepared by pasteurization and drying by cabinet
dryer (WPC). Pasteurization could increase the protein
digestibility of egg white powder prepared by spray-
(1.42%) and cabinet drying method (4.31%), on the
contrary, pasteurization decreased the protein
digestibility of the egg white powder prepared by freeze-
drying method (6.95%). Egg white treated at high
temperatures can have  significantly  enhanced
digestibility due to the unfolded protein structure that
forms aggregates and modulates the enzymes'
accessibility (Lasse et al., 2015; Wang et al., 2018).

The egg white powder showed antioxidant activity in
the range of 17.45 - 23.98% RSA as evaluated by the
DPPH method. The highest antioxidant activity was
unpasteurized egg white powder prepared by the spray
drying method (WNS), but the value was not
significantly different from that prepared by the other
drying method. On the other hand, pasteurization
significantly decreased the antioxidant activity of egg
white powder prepared by spray (25.73%), cabinet
(18.27%), and freeze-drying (21.47%). It was probably
caused by changes in the protein structure of the eggs
due to high temperature during drying. Heating
temperatures at specific times have an impact on protein
breakdown and form a sequence of amino acids
(peptides), which are known to have antioxidant activity
(Remanan and Wu, 2014; Chen et al., 2021).

4. Conclusion

Pasteurization treatment significantly increased the
aerated- and tapped bulk density of EWP prepared by
spray- (6.45%; 17.95% respectively) and cabinet drying
(11.86%; 12.67% respectively), WAC of EWP prepared
by spray- and cabinet drying, gel strength of EWP
prepared by spray drying (4.76%), protein content of
EWP prepared by spray drying (4.21%), protein
digestibility of EWP prepared by spray-(1.42%) and
cabinet drying (4.31%). However, pasteurization
significantly decreased the aerated- and tapped bulk
density of EWP prepared by freeze-drying (10.00%;
3.92% respectively), gel strength of EWP prepared by
cabinet- (33.33%) and freeze-drying (5.06%), protein
content of EWP prepared by cabinet- (1.62%) and freeze
-drying (3.44%), protein digestibility of EWP prepared
by freeze-drying (6.95%), antioxidant activity of EWP
prepared by spray- (25.73%), cabinet- (18.27%), and
freeze-drying (21.47%). Different drying methods
significantly affected the color parameters the highest L-
value and whiteness index was EWP prepared by spray
drying, aerated and tapped bulk density with the highest
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was EWP prepared by spray drying, gel strength with the
highest was EWP prepared by freeze-drying, moisture
content with the lowest was EWP prepared by freeze-
drying, protein content with the highest was EWP
prepared by freeze-drying, protein digestibility with the
highest was EWP prepared by cabinet drying. This study
suggested that the best characteristic of EWP was that of
unpasteurized and prepared by freeze-drying method.
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