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Abstract

Drying kinetics, functional properties and quality attributes of (whole egg, egg white and egg
yolk) were investigatedby using a mixed-mode forced convection solar dryer .The results showed
that, the moisture content decreased continuously with drying time. The drying rates were higher at
the beginning, then decreased later with decreasing moisture content and increasing drying time.
The drying time required to reduce the moisture contents from the initial moisture contents of 73.48,
88.21 and 50.37% to final moisture contents of 2.74, 2.13 and 2.07% was 4, 3 and 5 hours for the
whole egg, egg white and egg yolk, respectively. The results also showed a slight decrease in
protein, fat and ash contents. On the other hand, there was no remarkable changes observed in the
pH values for the dried samples compared with the fresh ones. The quality attributes of solar dried
eggs were as good as that of the fresh ones. Solar drying revealed optimum color values and good
functional properties. In the light of the obtained results, it could be concluded that solar drying had
no remarkable changes on either nutritious qualities or functional properties for the final products.
Therefore, it can be used to produce whole egg, egg white and egg yolk in powder forms without

adversely affecting their quality attributes, nutritional and functional properties.
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INTRODUCTION

Eggs are highly nutritious as well as low
cost protein source. Egg proteins are
extensively utilized in many food products
due to their unique functional properties.
However, the egg is a highly perishable food
product, which could lose its quality rapidly
during the period between collection and
consumption [39], [21], [35] and [6].
Recently, there has been an increased
demand for dried egg products in the food
industry for ready-to-use products and
handling considerations. Spray-drying is one
of the techniques frequently used to obtain
powdered eggs from liquid eggs [13] and [3].
Dried eggs are widely used in food
preparations because of their microbiological
safety and their reduced volume with respect
to un-shelled or liquid eggs [5]. Moreover,
the appeal of dried eggs is their conveniently
and long shelf-life. In fact, this product is
usually stored without particular care.
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However, the quality of raw material,
processing and storage conditions, strongly
influence the quality and safety of egg
powder [11]. The high energy consumption
of drying operation, sharp rise in energy costs
and importance of environmental protection
have directed interest towards the application
of solar energy to agricultural and industrial
processes. Solar energy is preferred because
it is natural, free, abundant, renewable,
inexhaustible and non-polluting. It can be
tapped at relatively low cost and has no
associated environmental dangers. Therefore,
using solar energy can considerably reduce
energy costs [4], [25], [26] and [37].
Knowledge of drying kinetics is important in
the design, simulation and optimization of
drying processes. It is affected by drying
conditions, types of dryer and characteristics
of materials to be dried. The drying curve
will give information on the time necessary
for a product to be dried under certain
conditions [14], [33], [30] and [12].
Functional properties denote those physico-
chemical properties of food proteins that
determine their behavior in foods during
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processing,  storage,  preparation  and
consumption. These properties and the
manner in which proteins interact with other
components, directly and indirectly affect
processing applications, food quality and
ultimately acceptance. The type of functional
property required in a protein or a protein
mix varies with the particular food system in
question [18].

The fundamental objectives of this
investigation were to study the drying
kinetics, functional properties and quality
attributes of whole egg, egg white and egg
yolk dried under the solar drying conditions.

MATERIAL AND METHODS

Preparation of fresh materials for drying
process: Freshly laid eggs (two-days-old)
were purchased from a local poultry farm
(Minia, Egypt). The eggs were cleaned,
manually broken and separated as whole egg,
egg white and egg yolk then gently whipped
for 3 minutes to provide homogeneous
mixtures. The mixtures were spread in a
single layer on the drying trays (about 6-8
mm thickness) and dried at 48 + 2°C using a
mixed-mode forced convection solar dryer.
The air velocity was kept constant at 1.9 - 2.4
m/s [41]. The dried samples were ground
separately in an electric laboratory mill and
sifted through a 60 mesh screen to obtain fine
powders. The powders were packed in
polyethylene bags and stored in airtight
containers for analysis and use.

Drying kinetics: Drying curves were
obtained by periodic determination of weight
and moisture content of samples. The weight
loss from the samples was recorded at certain
intervals using an electronic balance with
least count of 0.1g. Drying was continued till
the sample attained the desired moisture level
(equilibrium  moisture  content). The
instantaneous moisture contents at any given
time were computed according to [9] using the
following equation:

( 1- M. owb) Wo
M =1 — [——]
Wi
Where: Mwb = moisture content at
time, t (decimal, wet basis); Mowb = initial
moisture content (decimal, wet basis); W, =

initial weight of fresh product (kg); Wi =
weight of product at time, t (kg) and
Percentage Miwb = Mwb x 100.

Drying ratio: Drying ratio of the dried
materials was calculated according to [38]
as follows:

Drying ratio = weight of the fresh material /
weight of the dried material

Chemical analysis: Moisture, crude
protein, crude fat and ash contents were
determined according to the methods of [27].
Carbohydrates were calculated by difference.
All  determinations were performed in
triplicates and the means were reported.

Sensory evaluation: Sensory evaluation
for the color, flavor, appearance, and overall
quality were done in order to determine
consumer acceptability. A numerical hedonic
scale which ranged from 1 to 10 (1 is very
bad and 10 for excellent) was used for
sensory evaluation [20)].

Determination of color: The color
characteristics of samples were measured by
a color difference meter (model color Tec-
PCM, USA) using different color parameters
(L, a, b) according to [10]. In addition,
numerical total color difference (AE), hue
angle and color intensity (chroma) were
calculated according to [34].

Functional properties:

Bulk density: A calibrated glass centrifuge
tube was accurately weighed and filled up to 5
ml with the powdered sample. The tube was
reweighed and from the difference in weights,
the bulk density of the sample was calculated
and expressed as g/ml [17].

Water absorption capacity and oil
absorption capacity: The water absorption
capacity and the oil absorption capacity were
determined for the dried powdered samples
according to the method of [15].

Gelation properties: Gelation properties
for the solar dried egg powders were
determined according to the methods of [32]
and [16].

Emulsification capacity: Emulsification
capacity for the dried samples were
determined according to the method of [16].

Foaming capacity and Foam stability:
The capacity (FC), and foam stability (FS)
for the dried egg powders were determined
according to the methods of [23] and [16].
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RESULTS AND DISCUSSIONS

Drying kinetics of egg samples: The drying
curves (moisture content versus drying time)
the whole egg, egg white and egg yolk samples
under the solar drying conditions are shown in
Fig. (1). From which, it could be seen that
moisture content decreases continuously with
drying time. The drying process was continued
until the material achieves its final moisture
content at which the moisture content does not
decrease substantially with increasing drying
time. This final moisture content was
considered as the value of equilibrium moisture
content [9]and [30]. It is obviously observed
from the figure that the moisture content is
decreased rapedly at the initial stages of drying
and thereafter became slower as drying
proceeds. The drying rates were high at the
beginning of the process probably due to the
evaporation of moisture from the surface of
samples and decreased as the moisture content

decreased too. The accelerated drying rates
may be attributed to internal heat generation
[28], [8], and [31]. It is evident from the curves
that the drying time required to reduce the
moisture contents from the initial moisture
contents of 73.48, 88.21 and 50.37% to final
moisture contents of 2.74, 2.13 and 2.07%
were 4, 3 and 5 hours for the whole egg, egg
white and egg yolk, respectively.

The quality attributes of egg samples:
The drying ratio, weight and percentage of
egg components are presented in Table (1).
The data showed that egg white, yolk and
shell represent 57.61, 31.85 and 10.54%,
respectively as a percentage from the whole
egg. The drying ratio values were about 3.67
for whole egg, 8.30 for egg white and 1.97
for egg yolk. The results showed that the
drying ratio is dependent on the moisture
content of the fresh and dried food materials.
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Fig. 1 Drying curves of solar dried egg samples (whole, white and yolk)

Table 1 Drying ratio, weight and percentage of egg components

. Egg components
Parameters Whole White Yolk Shell
Weight (gm) 59 +2.50 33.99+1.44 18.79 £ 0.80 6.22 +0.26
Percentage of components 100 57.61 31.85 10.54
Drying ratio** 3.67 £0.02 8.30 £+ 0.03 1.97 £ 0.01 -

*Means of three determinations + SD. **Weight of fresh material / Weight of dried material

Chemical composition and pH values of
fresh and solar dried egg powder: The
proximate chemical composition of the fresh

and solar dried whole egg, egg white and egg
yolk are shown in Table (2). It could be seen
that the drying process caused a sharp
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decrease  in  moisture  content and
consequently led to an increase in the dry
matter content of all the studied materials.
The results showed a slight decrease in
protein, fat and ash contents, however,
carbohydrates were slightly increased. On the
other hand, there was no remarkable changes
observed in pH values in the dried samples
compared with the fresh ones. In the light of
the obtained results, it could be concluded
that solar drying had no remarkable changes
on the nutritious qualities of the final
products. [27] studied the effect of oven
drying on the functional and nutritional
properties of whole egg and its components.
He found that the whole egg, egg yolk, and
egg white powders can be produced using the

oven drying method, at controlled
temperature of 44°C with no adversely effect
on their functional and nutritional properties.
Hence they could be incorporated as nutritive
ingredients in the production of healthy food
products.

Sensory characteristics of solar dried egg
samples: Sensory evaluation for color, flavor,
appearance, and overall quality of the whole
egg, egg white and egg yolk samples as
affected by the drying process were done in
order to determine consumer acceptability.
The results are shown in Fig. (2). From
which, it could be seen that the sensory
quality attributes of the solar dried egg
samples were as good as that of fresh ones.

Table 2 Chemical composition and pH values of fresh and solar dried egg samples (dry weight basis)

Constituents Whole egg Egg white Egg yolk
(%)* Fresh Dried Fresh Dried Fresh Dried
Dry matter 26.52+0.04 | 97.26£0.05 | 11.79+0.04 | 97.87 £ 0.03 | 49.63 £ 0.06 | 97.93 + 0.04
Protein** 48.19+0.07 | 47.74+0.05 | 89.17+0.05 | 88.65 +£ 0.05 | 32.15 £ 0.04 | 31.72 £ 0.03
Crude fat 44.72+0.04 | 44.63+0.02 | 0.06 £ 0.01 | 0.05+0.01 |63.17 £0.05| 63.03 £ 0.07
Ash 3.66+0.06 | 3.61 £ 0.05 |5.87 +0.04 | 5.81 £+ 0.06 | 3.21 £ 0.03 3.12+0.03
Carbohydrates** | 3.43+0.05 | 4.02 +0.04 |4.94 +0.05| 549 +0.05 | 1.47 £0.05 1.86 + 0.05
pH values’ 7.28+0.06 | 7.35+0.07 | 8.04 +0.06 | 8.21 £0.08 | 6.06 £ 0.06 6.36 + 0.06
* Means of three determinations + SD. **T.N. x 6.25. *** Calculated by difference
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Fig. 2 Sensory characteristics of solar dried egg samples

Color parameters of fresh and solar dried
eggs: The results of color parameters (L, a, b,
AE, hue angle and chroma) for the fresh and
solar dried whole egg, egg white and egg
yolk are presented in Table (3). The results
showed that, a-values and b-values increased
for all the dried samples as compared to the

fresh ones. L-values followed the same
pattern (except for whole egg) as a- and b-
values.

It could be seen from the data that the hue
angle values were decreased in the case of
whole egg and egg yolk as a result of the
drying process. However, the values were
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increased in the case of egg white as
compared to the fresh samples. This could be
due to the change in the values of both
redness (a-value) and yellowness (b-value).
Chroma values were increased for all the
dried samples as compared to the fresh ones.

It was reported that chroma is the indicator of
color saturation and intensity. The higher the
values, the more desirable they are [22], [1],
and [34]. In the light of the obtained results,
it could be concluded that solar drying
revealed optimum color values.

Table 3 Color parameters of fresh and solar dried egg samples (whole, white and yolk)

. Whole egg Egg white Egg yolk
Color parameters Fresh Dried Fresh Dried Fresh Dried
L (Lightness) 72.24+1.85 | 70.50+1.16 | 73.03+1.63 | 89.41+1.21 | 56.56+1.63 | 76.06 + 0.47
a (redness/greenness) 2.91+0.15 18.25+0.76 | 2.35+0.14 | 548+0.26 |9.64+1.02| 10.79+1.01
b (yellowness/blueness) 25.63+1.32 | 37.84+0.57 | 4.05+0.37 | 11.81+0.02 | 44.56+1.27 | 45.73+1.65
AE” 00.00 19.68 00.00 18.39 00.00 19.57
Hue angle™ 83.52 64.25 59.88 65.11 77.79 76.72
Chroma™ 25.79 42.01 4.68 13.02 45.59 46.99

*Means of three determinations + SD.
*** Hue angle = [tan-" (b/a)].

Functional properties of solar dried egg
samples: Functional properties of the solar
dried whole egg, egg white and egg yolk are
presented in Tables (4 and 5). It could be
seen that the solar dried whole egg and egg
white had the same values of bulk density
(0.44g/ml) which were higher than that of
egg yolk (0.38g/ml).

Bulk density is important in determining
how much space (volume) the material will
occupy when packed [19]. Data in Table (4)
revealed that, egg yolk had the highest value
of oil absorption capacity (151.78 g 0il/100g
sample) followed by whole egg (146.90 g
0il/100g sample) and egg white (144.63 g
0il/100g sample). The results clearly showed
an irreversible relationship between bulk
density and oil absorption capacity of the
studied samples. It is probable that most of the
oil held by protein is actually physically
entrapped and therefore the amount is
influenced mainly by the surface area and bulk
density of the protein preparation [7], [36], and
[18]. The data also showed that whole egg had
the highest water absorption capacity (WAC)
value (167.36g water/100g sample). The water
absorption capacity for the egg white did not
determine because it is highly soluble in water.
Table (4) illustrates the emulsification capacity
(EC) values for the solar dried egg powders
(expressed as ml oil emulsified by 100 ml of
8% w/v sample suspension). The results
showed that solar dried egg white had the
lowest EC value (145 ml oil) as compared to

**AE =[(L — Lo)? + (a—ao0)? + (b — bo)?]
****Chroma = [(a® + b?)

whole egg (190 ml oil) and egg yolk (200 ml
oil). Emulsifying activity (EA) had the same
trend of (EC). The highest value was found to
be (91.33%) for whole egg followed by egg
yolk (90.86%), however, egg white had the
lowest value (62.86%). On the other hand, the
whole egg had highest value (84.62%) of
emulsion stability (ES) compared to the egg
yolk (79.17%). The ES for the egg white did
not determine due to the partial protein
denaturation that might be caused by the
heating process at 80°C for 30 minutes during
the determination of (ES). [6] reported that
heating at temperature higher than 64°C
resulted in gelation of the egg proteins and as a
result emulsions could not be prepared. It was
reported that EA is the ability for a surfactant
to form an emulsion under given conditions
and is directly related to oil droplet size, the
smaller the size the greater the activity. By
nature, emulsions are thermodynamically
unstable and eventually separate into oil and
water phases [29]. Therefore, (ES) is the
measure of how slowly an emulsion separates
into oil and water phases. Gelation properties
(expressed as least gelation concentration,
LGC) are necessary to the structure of many
foods and are related to the rheological
properties of a variety of food system. The
results in Table (4) showed that, the minimum
concentration percentages required to obtain
strong gels were 14.0, 8.0 and 16.0% for
whole egg, egg white and egg yolk,
respectively. Gelation has evident importance
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given the amount of available products to
consumers, such as desserts, puddings,
reformulated meat products, tofu, and surimi
[24]. Foaming properties of whole egg, egg
white and egg yolk are presented in Table (5).
The data showed that egg white had the
highest foaming capacity (FC) (expressed as
percentage volume increase) value (70%)
compared whole egg (62%) or egg yolk

(44%). The results also showed that whole egg
had the highest foam stability (FS) value
(78.57%), whereas whole egg and egg yolk
had the values of (77.42% and 72.73%)
respectevely.

In the light of the obtained results, it could
be concluded that solar drying revealed good
functional properties of the final products
(whole egg, egg white and egg yolk).

Table 4 Functional properties of solar dried egg samples (whole, white and yolk)

) L Solar dried egg samples
Functional properties -

Whole White Yolk
Bulk density (g sample/ml) 0.44 +0.01 0.44 +0.01 0.38 £ 0.01
Oil absorption capacity (g oil/100g) 146.90 £ 3.45 | 144.63 £ 3.69 151.78 £ 3.52
Water absorption capacity (g water/100g)” | 167.36 + 2.55 ND 148.71 £ 2.36
Emulsification capacity™ 190 + 5.00 145 +5.00 200 + 5.00
Emulsifying activity (%) 91.33 £ 2.00 62.86 + 1.43 90.86 + 2.00
Emulsion stability (%) 84.62 £ 2.00 ND 79.17 £ 2.00
Least gelation concentration (% wiv) ™ 14.00 8.00 16.00

* Means of three determinations + SD.
of 8% (w/v) sample suspens
tube did not fall down or slip.

** Corrected for soluble solids.
*** Concentration at which the sample from inverted test

*** ml 0il/100 ml

Table 5 Foaming capacity (FC) and foam stability (FS) for solar dried egg samples (whole, white and yolk)

Solar dried egg samples
Time(of .st)ability Whole White Yolk
min
Volume after o Volume after o Volume after o
whipping (ml) | T %) | whipping (ml) | F€ %) | whipping (m1y | FC (%)
0.5 162 62 170 70 144 44
5 160 60 165 65 142 42
10 156 56 165 65 138 38
15 156 56 165 65 138 38
20 156 56 162 62 136 36
25 154 54 162 62 136 36
30 152 52 160 60 134 34
60 148 48 155 55 132 32
90 146 46 150 50 130 30
120 144 44 147 a7 130 30
150 144 44 144 44 130 30
180 142 42 142 42 128 28
“FSé0min 77.42 78.57 72.73

* Values are average of three determinations

CONCLUSIONS

In the light of the obtained results, it
could be concluded that solar drying had no
remarkable changes on the nutritious
qualities and functional properties of the final
products. Hence, it can be used to produce
whole egg, egg white and egg yolk in powder

MFS(;(Jmin = (FCGO min / FC) x 100

forms with good quality attributes nutritional
and functional properties
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