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During Prolonged Storage at Room and Refrigeration
Temperatures
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Abstract: In this study, the efficacy of three surface coatings - propolis, olive oil and paraffin oil - in
preserving the quality of hen eggs and Japanese quail eggs was investigated over 56 days under two
storage conditions: room temperature (22 °C) and refrigeration (12 °C). A total of 1500 eggs were
divided into four treatment groups (control, propolis, olive oil, paraffin 0il) and analyzed for weight,
albumen height, yolk diameter, Haugh units, pH and morphological characteristics. The
measurements were carried out on days 1, 7, 14, 28, 42 and 56. Both the storage temperature and the
type of coating significantly influenced the quality of the eggs (p < 0.05). Refrigeration better
preserved the albumen structure, stabilized the pH and maintained higher Haugh units. Among the
coatings, paraffin oil was the most effective, as it significantly (p < 0.05) reduced moisture loss and
preserved the integrity of the albumen. Olive oil provided moderate benefits, while propolis
improved yolk color (p < 0.05) of hen eggs but was less effective in slowing quality deterioration.
Uncoated eggs stored at room temperature deteriorated the fastest. These results highlight the
combined benefits of coatings and refrigeration in extending shelf life and offer practical applications
for both small-scale and commercial producers, particularly in areas with limited access to
refrigeration.

Keywords: edible coatings; egg quality; paraffin oil; olive oil; propolis; hen eggs; Japanese quail eggs

1. Introduction

Eggs are highly nutritious but naturally perishable foods whose quality begins to deteriorate
shortly after they are laid. This deterioration is primarily due to the loss of moisture and carbon
dioxide through the porous eggshell [1,2], resulting in increased albumen pH, weakening of the yolk
membrane and thinning of the thick albumen. These physicochemical changes impair both the
nutritional and functional properties of the egg [3,4].

Ensuring the microbiological safety and quality of eggs requires a careful balance between
effective preservation techniques and various legal, economic and practical constraints. Refrigeration
is a common method of slowing down microbial and physico-chemical degradation and thus
extending the shelf life of eggs. However, its widespread use may be limited due to high energy
requirements and high operating costs, especially in rural areas or where resources are limited. In the
European Union, refrigeration of eggs at retail level is not mandatory. According to Commission
Regulation (EC) No 589/2008, eggs are usually stored at room temperature to prevent surface
condensation, which could otherwise favor the growth of microorganisms on the eggshell.

In addition to storage considerations, there are also significant limitations to current egg
decontamination procedures. In countries such as the United States, Canada, Australia and Japan,
eggs are routinely washed with water and sanitizers during industrial processing to reduce microbial
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contamination [5]. While this practice effectively removes surface contaminants, it can affect the
natural cuticle of the eggshell, increasing susceptibility to moisture loss and microbial ingress. In
contrast, the European Union prohibits the washing of Grade A eggs and emphasizes the importance
of preserving the natural cuticle as a critical barrier to contamination [6]. Thermal pasteurization
methods are unsuitable for whole eggs as the temperatures required to inactivate pathogens would
lead to coagulation of the egg contents [7]. Non-thermal alternatives such as electron irradiation have
demonstrated their potential; however, higher doses can cause undesirable changes such as loss of
flavor and oxidative degradation [8].

Given these limitations, current research is increasingly focused on the development of edible
surface coatings as a cost-effective and energy-efficient method of preserving the quality and safety
of eggs during storage and distribution. Such coatings based on proteins, lipids, polysaccharides or
combinations thereof can reduce moisture loss, limit gas exchange, increase microbial safety and help
maintain albumen viscosity and internal quality parameters such as Haugh units [5,9-11]. While
mineral oils have long been used for this purpose, more recent studies have investigated the
preservative potential of various vegetable oils, including flaxseed [9], peanut, cottonseed, coconut
[12], rapeseed, corn, grapeseed, olive, soybean and sunflower oils [13]. Another promising natural
coating material is propolis - a resinous substance collected by bees and known for its antifungal,
antimicrobial and antioxidant properties [14-17]. Several studies have demonstrated the effectiveness
of propolis extracts in extending the shelf life of eggs, suggesting their potential as a natural and
bioactive alternative to synthetic coatings [18,19].

Despite these advances, most existing studies have focused on a single poultry species, a single
type of coating or a narrow range of storage conditions. Comparative data on different coating types
and poultry species remain limited. The present study fills these gaps by systematically investigating
the effects of three surface coatings - propolis, olive oil and paraffin oil - on the preservation of hen
eggs and Japanese quail eggs stored both at room temperature and under refrigerated conditions.

2. Materials and Methods

A total of 750 hen eggs (Gallus gallus domesticus) and 750 Japanese quail eggs (Coturnix coturnix
japonica) were included in the analysis. The hens were 52 weeks old and kept in a floor housing system
with ad libitum access to drinking water and a complete feed mixture formulated for laying hens
(16.2% CP; 11.3 MJ ME/kg). There was a 24-hour light regime consisting of 14 hours of light and 10
hours of darkness. The quails were 28 weeks old and were housed as part of a breeding flock in group
cages with a male to female ratio of 1:3-5. They had unrestricted access to drinking water and a
complete laying quail diet (19.0% CP; 11.9 M] ME/kg) with a lighting schedule of 17 hours of light
and 7 hours of darkness. The hen and quail eggs were collected within 12 hours of laying. All eggs
(hen and quail eggs) were randomly assigned to one of four experimental groups: control (uncoated;
210 eggs), coated with propolis (180 eggs), coated with paraffin oil (180 eggs) and coated with olive
oil (180 eggs). Each group was further divided into subgroups of 15 eggs, which were individually
numbered, weighed and analysed (Table 1).

Table 1. Experimental design for a single species (chicken or quail): Number of eggs per group, storage

conditions and day of sampling®.

Storage temperature / 1 7 14 21 28 42 56 Total
Experimental group day days days days days days days

Room temperature storage (22 °C)

Control (uncoated) 30 15 15 15 15 15 15 120
Olive oil - 15 15 15 15 15 15 90
Paraffin oil - 15 15 15 15 15 15 90
Propolis - 15 15 15 15 15 15 90
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Subtotal 30 60 60 60 60 60 60 390
Cold storage (12 °C)

Control (uncoated) - 15 15 15 15 15 15 90
Olive oil - 15 15 15 15 15 15 90
Paraffin oil - 15 15 15 15 15 15 90
Propolis - 15 15 15 15 15 15 90
Subtotal - 60 60 60 60 60 60 360

*Note: The same experimental design was used separately for hen and quail eggs (750 eggs per species).

Eggs coated with propolis were sprayed with a 7% ethanolic propolis solution with added niacin
(Medex, Ljubljana, Slovenia), ensuring complete coverage on both sides before air-drying. Eggs
coated with paraffin oil were dipped in food-grade paraffin oil (Samson, Kamnik, Slovenia). Eggs
coated with olive oil were dipped in a mixture of 80 % refined olive oil and 20 % extra virgin olive oil
with 2 % added vitamin E (Gea, Slovenska Bistrica, Slovenia), while the control eggs were not coated.
Both hen and quail eggs were stored under two controlled environmental conditions: at room
temperature (22.0 °C, 65.0 % relative humidity) and in a cold room (12.0 °C, 80.0 % relative humidity).
The entire experiment was carried out over a period of 56 days. The eggs were analyzed weekly until
the 28th day of storage and every two weeks thereafter (Table 1).

Each egg was weighed individually using an electronic scale, and its width and length were
measured using a digital caliper. The shape index was calculated using the following formula: Shape
Index = (egg width / egg length) x 100. The volume (V) and surface area (S) of hen eggs were
calculated according to the equations proposed by [20]:

V (em?) = (0.6057 — 0.0018 x EW) x EL x EW?2

S (cm2) = (3.155 — 0.0136 x EL + 0.0115 x EW) x EL x EW

where EW is the egg width, EL is the egg length.
For quail eggs, the volume (V) and surface area (S) were determined using the formulas
described by [21]:

V (em?) = 4/3 x 7 x (EL/2) x (EW/2)2

S (cm?2) = 4.835 x (EWt)0.662

where EW is the egg width, EL is the egg length and EWt is the egg weight.
The Haugh units (HU) were calculated using the equation developed by Haugh [22]:

HU =100 x logi x (H-1.7 x EWt0%7 +7.57)

where H is the height of the thick albumen and EWt is the egg weight.

Eggshell strength was measured using a universal testing machine (Instron 3345, Instron
Corporation, Norwood, MA, USA). After measuring the shell strength, the cracked eggs were opened
on a flat glass surface and the yolk diameter was measured with a digital caliper. Other egg quality
parameters were assessed using a range of specialized electronic equipment developed by Technical
Services and Supplies Ltd (Dunnington, York, UK). These included a reflectometer for eggshell color,
a tripod micrometer for thick albumen height, a colorimeter for yolk color and a microprocessor with
an integrated computer. Egg albumen and yolk were separated into individual plastic tubes and their
pH values were measured with a calibrated pH meter (S47-K SevenMulti pH/CON, Mettler Toledo
International Inc., Greifensee, Switzerland). After each measurement, the electrode of the pH meter
was rinsed with distilled water and dried. The yolk color of quail eggs was not evaluated because the
small size of the yolks prevents reliable measurement by colorimetry; likewise, the shell color could
not be determined by reflectometry due to the mottled and uneven pigmentation of the eggshell.
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For the statistical analysis, the data was prepared using Microsoft Excel in the Windows
environment and then analyzed using the SAS statistical package [23]. The UNIVARIATE procedure
was used to test the normality of the data distribution. Normality was assessed by graphical
inspection (histograms), two statistical tests (Kolmogorov—Smirnov and Shapiro-Wilk) and by
assessing skewness and kurtosis. The GLM (General Linear Models) method was used to analyze the
data according to the following statistical model:

yil = i+ Ai + Bj + Ck + ABjj + BCik + ACik + ejju

where:

yijki= observed characteristic (e.g. egg width, albumen pH, yolk diameter, etc.)

= total mean value

Ai=influence of storage temperature (room temperature, cold storage)

Bj = influence of the treatment group (control, olive oil, paraffin oil, propolis)

Cx = influence of the storage period of the eggs (7, 14, 21, 28, 42, 56 days)

ABjj, BCik, ACik = two-way interactions

eijil = random error term

Differences between groups were assessed using the Tukey post-hoc test. Statistical significance
was set at p < 0.05.

3. Results

3.1. Effects of Storage Conditions on the Quality Characteristics of Hen and Quail Eggs

Tables 2 and 3 provide a comparative overview of the external and internal quality
characteristics of hen eggs (Table 2) and quail eggs (Table 3) stored for 56 days under two different
environmental conditions — cold storage and room temperature.

Storage temperature had no significant effect (p > 0.05) on the external morphological
characteristics - such as width, length, shape index, surface area and volume - of hen and quail eggs
(Tables 2 and 3).

However, the internal quality parameters of both species were clearly influenced by the storage
conditions. Eggs stored at room temperature showed significantly (p < 0.05) larger yolk diameters,
higher albumen and yolk pH, lower albumen height and lower HU, all indicating an accelerated
deterioration of albumen quality at higher temperatures. A species-specific difference was found in
the strength of the eggshell: Hen eggs stored at room temperature had significantly (p < 0.05) higher
shell strength than eggs stored at refrigeration temperature (Table 2), while no such difference was
found in quail eggs (Table 3).

These results suggest that the internal quality of eggs is more susceptible to temperature-
induced deterioration than the external characteristics and that there may be species-specific
responses to storage conditions, particularly in shell strength (Tables 2 and 3).

Table 2. Comparison of the characteristics of hen eggs under different storage conditions.

Cold storage Room storage
Trait (hen eggs)
(LSM + SE) (LSM + SE)
Egg width (cm) 4.382+0.009 4.392+0.009
Egg length (cm) 5.872+£0.014 5.882+0.014
Shape index 74.762 + 0.205 74.90° + 0.205
Egg surface area (cm?) 80.552+(0.281 80.872+0.281
Egg volume (cm?) 67.66° £ 0.364 68.18* + 0.364
Fresh egg weight — before storage (g) 63.792 + 0.266 63.952 + 0.266
Egg weight after storage (g) 62.86* +0.267 62.432+(0.267
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Yolk diameter (mm) 41.972+0.125 43.17°+£0.123
Albumen pH 8.212 £ 0.012 8.25>+0.012
Yolk pH 6.25 +0.018 6.32°+0.018
Thick albumen height (mm) 4.90° +0.050 4.320+0.051
HU 64.922 + 0.583 55.44° + 1.698
Shell strength (N) 32.112+£0.380 33.470 +0.381
Shell colour (%) 37.882+ 0,434 37.872+ 0,434
Yolk colour (Roche: values 1-15) 11.662 + 0,057 11.37° £ 0,120

LSM = least square mean; SE = standard error; * different superscript letters indicate statistically significant

differences (p < 0.05) within the same trait.

Table 3. Comparison of the characteristics of quail eggs under different storage conditions.

Cold storage

Room temperature

Trait (quail eggs)
(LSM £ SE) (LSM £ SE)

Egg width (cm) 2.60* +0.004 2.602 +0.004
Egg length (cm) 3.402 + 0.007 3.402+ 0.007
Shape index 76.412+0.177 76.76 +0.177
Egg surface area (cm?) 25.902+ 0.075 25.902 + 0.075
Egg volume (cm?) 12.092 + 0.057 12.112 + 0.057
Fresh egg weight — before storage (g) 12.64° + 0.055 12.632 +0.055
Egg weight after storage (g) 12.40° + 0.057 12.252 +0.057
Yolk diameter (mm) 26.142 + 0.076 28.00° + 0.078
Albumen pH 8.632+0.008 8.67° +0.008
Yolk pH 6.152+0.012 6.24° +0.013
Thick albumen height (mm) 2.642 +0.034 2.19%+0.034
HU 76.73* + 0.266 73.42% +0.272
Shell strength (N) 13.44*+0.146 13.692 £ 0.146

LSM = least square mean; SE = standard error; »* different superscript letters indicate statistically significant
differences (p < 0.05) within the same trait.
3.2. Influence of Surface Coating on the Quality Characteristics of Hen and Quail Eggs

Tables 4 and 5 show the comparative effects of four different surface coatings — control
(uncoated), olive oil, paraffin oil and propolis — on various external and internal quality parameters
of hen (Table 4) and quail (Table 5) eggs.

Table 4. Comparison of hen egg characteristics between treatments.

Control Olive oil Paraffin oil Propolis
Trait (hen eggs)
(LSM + SE) (LSM + SE) (LSM + SE) (LSM + SE)

Egg width (cm) 4.40°+0.012 4.402+0.012 4.372+0.012 4.372+£0.012
Egg height (cm) 5.872 +0.020 5.872 +0.020 5.852 + 0.020 5.90° +0.020
Shape index 75.122 +0.289 75.172 +0.289 74.75* + 0.289 74.272 +0.289
Egg surface area (cm?) 81.022 +0.398 80.982 + 0.398 80.092 + 0.398 80.742 + 0.398
Egg volume (cm?) 68.422 +0.515 68.492 £ 0.515 67.06* + 0.515 67.722+0.515
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Shell colour (%) 39.582+0.613 39.872+0.613 39.96*+ 0.613 32.07°+0.613
Fresh egg weight (g) 64.122 + 0.376 64.022 +0.376 63.312 + 0.376 64.03* +0.376
Egg weight after storage (g) 61.66° +0.379 63.742 + 0.378 63.15% +0.377 62.03b< + 0.377
Yolk diameter (mm) 44.37°+0.183 41.60°+1.174 41.85+0.172 42.45°+0.174
Albumen pH 8.92>+0.018 7.822+0.018 7.812£0.018 8.38<+0.018

Yolk pH 6.322+0.025 6.28°+0.025 6.26° + 0.025 6.27°+0.025

Thick albumen height (mm) 3.37°+0.072 5.18*+0.071 5.282+0.071 4.61¢+0.071

HU 46.99¢+0.841 63.29% + 3.289 68.427 +0.823 62.00° + 0.828
Yolk colour (Roche: 1-15) 11.252 +0.082 11.53% +0.226 11.51 +0.081 11.77° +0.081
Shell strength (N) 33.10° + 0.535 33.85% + 0.540 32.23%+0.540 31.992 +0.537

LSM = least square means; SE = standard error; **< different superscript letters indicate statistically significant

differences (p < 0.05) between treatments within the same trait.

Table 5. Comparison of quail egg characteristics between treatments.

Control Olive oil Paraffin oil Propolis
Trait (quail eggs)

(LSM + SE) (LSM + SE) (LSM * SE) (LSM * SE)
Egg width (cm) 2.602 + 0.006 2.592 +0.006 2.602 +0.006 2.602 +0.006
Egg height (cm) 3.402+0.010 3.402+0.010 3.412+0.010 3.38=+0.010
Shape index 76.612 + 0.250 76.35* + 0.250 76.372 + 0.250 77.00° £ 0.250
Egg surface area (cm?) 25.942+0.106 25.822+0.106 26.01°+0.106 25.842+0.106
Egg volume (cm?) 12.152 + 0.081 12.022 + 0.081 12.16° + 0.081 12.092 + 0.081
Fresh egg weight (g) 12.662 = 0.078 12.572 £ 0.078 12.712 £ 0.078 12.592 +0.078
Egg weight after storage (g) 12.09% + 0.080 12.502 + 0.080 12.542 +0.080 12.17° +0.081
Yolk diameter (mm) 27.99° +0.109 26.58*+0.110 26.84*+0.108 26.872+0.108
Albumen pH 8.902+0.011 8.43>+0.011 8.61°+0.011 8.674+0.011
Yolk pH 6.222+0.018 6.212+0.018 6.182+0.018 6.192+0.018
Thick albumen height (mm) 2.24% +0.048 2.46% + 0.049 2.572+0.048 2.39b +0.049
HU 73.992 +0.381 75.21% + 0.384 76.02° + 0.375 75.07%0 + 0.384
Shell strength (N) 13.642 £ 0.207 13.512 + 0.208 13.262 + 0.206 13.85% + 0.206

LSM = least square means; SE = standard error; **<d different superscript letters indicate statistically significant

differences (p < 0.05) between treatments within the same trait.

The external morphological parameters including egg size, surface area and volume of both hen
and quail eggs were not significantly affected by the application of surface coatings (p > 0.05) (Tables
4 and 5).

In contrast, significant and consistent effects on the internal quality of the eggs were observed.
In both species, eggs treated with paraffin and olive oil retained significantly (p < 0.05) more weight
during storage than uncoated and propolis-coated eggs. Among the coatings, paraffin oil was the
most effective for maintaining internal quality, as it had the highest values for thick albumen height
and HU (p < 0.05), followed by olive oil, while uncoated eggs had the poorest internal quality
indicators. Yolk diameter was significantly (p < 0.05) reduced by all coatings, with the greatest
reduction observed in the olive oil treatment. Conversely, uncoated eggs had the largest yolk
diameters, indicating a greater deterioration. Species-specific differences were only observed in the
parameters of hen eggs. Propolis treatment significantly (p <0.05) reduced the intensity of shell color,
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while it significantly (p < 0.05) improved the color of the yolk compared to the control (Table 4). The
shell strength remained unaffected by the coating treatment in both species (Tables 4 and 5).

The results confirm that surface coatings, especially paraffin and olive oil, can effectively
mitigate internal quality loss during egg storage, with additional pigment-related effects observed in
propolis-treated hen eggs.

3.3. Temporal Changes in the Quality Characteristics of the Eggs During Storage

Tables 6 and 7 show the changes in the most important quality parameters of hen (Table 6) and
quail (Table 7) eggs during a storage period of 7, 14, 21, 28, 42 and 56 days.

Table 6. Changes in hen egg characteristics over storage time.

7 days 14 days 21 days 28 days 42 days 56 days
Trait (hen eggs)
(LSM+SE) (LSM*SE) (LSM*SE) (LSM*SE) (LSMz*SE) (LSM *SE)
Egg width (cm) 4.392+0.015 4.372+0.015 4.392+0.015 4.402+0.015 4.372+0.015 4.392+0.015
Egg height (cm) 590°+0.024 5.86°+0.024 5.892+0.024 5.87°+0.024 5.86°+0.024 5.86* +0.024
74.64> £ 74742 7476 £ 74.98 £ 74772 75.072 £
Shape index
0.355 0.355 0.355 0.355 0.355 0.355
Egg surface area 81.212 % 80.212 81.03* = 80.872 80.223 80.707 =
(cm?) 0.488 0.488 0.488 0.488 0.488 0.488
68.43 + 67.24° + 68.392 + 68.15% + 67.223 + 68.092 +
Egg volume (cm?)
0.631 0.631 0.631 0.631 0.631 0.631
39.13 + 38.60° + 38.35% + 38.20° + 36.742 + 36.20° +
Shell colour (%)
0.751 0.751 0.751 0.751 0.751 0.751
Egg weight after 63.992 + 62.64 + 63.042 + 63.08® + 61.69° + 61.43b0 +
storage (g) 0.466 0.462 0.462 0.462 0.464 0.462
Yolk diameter 41.792 + 42.20° + 4241 + 42.102 + 43.27b¢ + 43.62¢ +
(mm) 0.212 0.212 0.212 0.211 0.219 0.224
8.25% + 8.30° + 8.30° + 8.31° +
Albumen pH 8.05¢+ 0.022 8.202 £ 0.022
0.022 0.022 0.022 0.022
6.30% + 6.42b + 6.40b +
Yolk pH 6.07<+0.031 6.25°+0.031 6.252+0.031
0.031 0.031 0.031
Thick albumen 5.424 + 4.57% + 4.50° + 4.22b +
4.86* +0.087 4.08< +0.087
height (mm) 0.088 0.087 0.087 0.087
HU 69.294 + 62.53 + 60.33% + 58.43qbc + 56.37b + 54.10¢ +
1.173 1.436 1.436 1.436 1.451 1.436
Yolk colour (Roche: 11472 + 11.46° + 11.602 + 11.422 + 11.542 + 11.60° +
1-15) 0.100 0.129 0.129 0.129 0.130 0.130
33.94b + 30.732 + 29.98 + 33.530 + 33.87° + 34.71° +
Shell strength (N)
0.659 0.654 0.662 0.662 0.659 0.657

LSM = least square means; SE = standard error; **<d different superscript letters indicate statistically significant

differences (p < 0.05) between storage periods within the same trait.
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The external morphological characteristics - width, height, shape index, surface area and volume
- remained stable in both hen and quail eggs throughout the storage period, with no statistically
significant changes observed over time (p > 0.05) (Tables 6 and 7).

Table 7. Changes in quail egg characteristics over storage time.

7 days 14 days 21 days 28 days 42 days 56 days
Trait (quail eggs)
(LSM+SE) (LSM*SE) (LSM*SE) (LSM+SE) (LSM+SE) (LSM=SE)
Egg width (cm) 2.602+0.007 2.592+0.007 2.592+0.007 2.602+0.007 2.612+0.007 2.592+0.007
Egg height (cm) 3.382+0.012 3.40°+0.012 3.392+0.012 3.412°+0.012 3.40°+0.012 3.412+0.012
77.09* £ 76.32% £ 76.62% £ 76.43% £ 76.872 £ 76.172 £
Shape index
0.307 0.307 0.307 0.307 0.307 0.307
Egg surface area 25.81 25772 25.852 26.06° + 26.112 + 25.812 +
(cm?) 0.130 0.130 0.130 0.130 0.130 0.130
12.112 £ 11.992 + 12.012 + 12.212 + 12.262 + 12.032 +
Egg volume (cm?)
0.100 0.100 0.100 0.100 0.100 0.100
Egg weight after 12.46% = 12.34%> + 12372+ 12.452 + 12372 + 11.96° +
storage (g) 0.098 0.099 0.100 0.098 0.098 0.098
Yolk diameter 25.03b + 25.83< + 27.264 £ 27.96% + 27912 28.44° +
(mm) 0.131 0.133 0.133 0.132 0.137 0.135
8.612 8.66 =
Albumen pH 8.69<+0.014 8.66°+0.014 8.572+0.014 8.72¢+0.014
0.014 0.014
6.12 + 6.19° + 6.18°+
Yolk pH 6.092 £ 0.022 6.29+0.023  6.31<+0.022
0.022 0.022 0.022
Thick albumen 3.05 + 1.81° + 1.90° +
2.39¢+0.058 2.70°+0.059 2.64* +0.058
height (mm) 0.059 0.061 0.060
74.79¢ + 79.984 + 77223 76.84% £ 70.25b + 71.36° +
HU
0.460 0.464 0.465 0.458 0.479 0.473
13.29% + 13.06% + 13.48% + 13.30% + 14.24° + 14.012 +
Shell strength (N)
0.254 0.253 0.255 0.253 0.253 0.253

LSM = least square means; SE = standard error; *><d different superscript letters indicate statistically significant

differences (p < 0.05) between storage periods within the same trait.

Shell strength also did not follow a consistent trend, although slight fluctuations were observed
in hen eggs at certain time points (Table 6).

In contrast, internal egg quality was significantly (p < 0.05) influenced by the duration of storage
in both species. A significant (p <0.05) decrease in egg weight was observed in hen eggs from day 42
and in quail eggs from day 56. The yolk diameter increased progressively in both species, indicating
a weakening and flattening of the yolk membrane.

The pH values of albumen and yolk increased significantly over time in both hens and quails (p
< 0.05), indicating ongoing biochemical changes. Thick albumen height, an important indicator of
freshness, decreased continuously during storage, with a significant decrease in hen eggs from day
14 (Table 6) and in quail eggs from day 42 (Table 7).

In summary, the external characteristics of the eggs remained largely unaffected by storage
duration, while the internal quality deteriorated significantly over time in both species (p <0.05), with
overall similar trends observed, albeit with some species-specific differences in the onset and extent
of changes.
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3.4. Interaction Between Treatment and Storage Conditions

The interaction analysis between the experimental treatment and the storage conditions revealed
several significant effects (p < 0.05) on the characteristics of both the hen eggs (Figure 1) and the quail
eggs (Figure 2), but particularly in the hen eggs, where the internal quality parameters were most
affected. The most pronounced interactions were observed for albumen pH, thick albumen height
and HU values.

Hen eggs from the uncoated control group stored at room temperature had the poorest
internal quality, with the highest albumen pH (8.99), the lowest thick albumen height (2.72 mm)
and the lowest HU (37.63). In contrast, paraffin-coated eggs showed better preservation of
albumen quality, with HU reaching up to 70.66 and thick albumen height up to 5.48 mm under
refrigerated storage (Figure 1).

A significant interaction (p < 0.05) was also found for yolk diameter. This parameter increased
during storage at room temperature, especially in uncoated and propolis-coated eggs. Conversely,
eggs coated with olive or paraffin oil maintained consistently smaller yolk diameters regardless
of storage conditions, indicating better structural stability.

Significant interactions (p < 0.05) were also observed for shell color and strength (Figure 1).
The propolis coating led to a visible darkening of the shell, probably due to interactions between
the dark propolis pigments and the natural shell color. While the differences in shell strength
were generally small, uncoated and olive oil-coated hen eggs stored at room temperature had
statistically significantly (p < 0.05) higher shell strength than propolis-coated eggs, although no
such difference was observed compared to paraffin-coated eggs (Figure 1).

= Cold storage == = Room temperature

9.0
-
\ )
5 40 Qo \ z
= 2 44
S g \ S 85
T 35 s \ 7 5
& 3 @ \ - < 80
L < &
1 1 & 1 i
QIS > &° s d & &
S 2 S o ¢ @ &
(/o(\ o\\\\ ‘fs{\\ QKOQ (400 \\\\ (3{\\ QKOQ
" <P ®
o
o
=) 70 -
g Q /’\ %\ ” \
5 <€ 60 - o g 34 \
£ = / 5 \
3 gsof-4 = \
® T 2
T 23 /\)/
~ v N\
E 40 / I 1 1 1 1 1 ’
= (\éo\ \\z(')\\ \(\0\ Qo'\\") Q“'\O\ \\06\\ \(\0\\ Qé{*)
SN ‘,5{\ <© S <§\ ©
P P

Figure 1. Statistically significant interaction effects between experimental treatment and storage conditions on

six characteristics of hen eggs.

In quail eggs, statistically significant interactions (p < 0.05) were found between treatment
and storage conditions for yolk diameter and albumen pH (Figure 2).
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Figure 2. Statistically significant interaction effects between experimental treatment and storage conditions on

two characteristics of quail eggs.

Storage at room temperature led to an increase in yolk diameter in all treatments, with the
effect being most pronounced in the uncoated control group (29.42 mm). Albumen pH increased
significantly (p < 0.05) during room temperature storage in the control group and in the paraffin-
coated group, while pH remained relatively stable in the propolis- and olive oil-coated eggs,
indicating better resistance to biochemical changes in different storage conditions (Figure 2).

These results confirm that the coating materials and storage temperature interact in complex
ways to influence egg quality, with paraffin oil providing the most effective protection of internal

parameters in both species.

3.5. Interaction Between Storage Duration and Storage Conditions

The interaction analysis of storage duration and storage conditions revealed significant effects
on the internal quality characteristics of both hen eggs (Figure 3) and quail eggs (Figure 4), especially
when the storage duration was extended beyond 14 days.

= Cold storage == = Room temperature

'2‘45- ’,/ 5.4 /‘~\\

T oaat B S83f / ==
g ’ S IS/

£ a3t /\\ 7 g 821 4

z diaas 2
§42—M\ <81}

>°- 1 s 1 1 i Il 1 1 1 1

10 20 30 40 50
Storage duration (days)

3

£ 70 |

-

5 ) \

[} c \

'E 3 60 <

@ S S

£ 2 N

S % N~ - =

1 -~ 50 -~

© -~ -~

] | 1 | I ) 1 I 1 | j ™~

E 10 20 30 40 50 10 20 30 40 50
Storage duration (days) Storage duration (days)

Figure 3. Statistically significant interaction effects between storage duration and storage conditions on four

characteristics of hen eggs.

In hen eggs, the yolk diameter increased significantly (p < 0.05) on days 42 and 56 of storage
under room temperature conditions, whereas no statistically significant (p > 0.05) changes were
observed across storage durations in cold-stored eggs (Figure 3). Albumen pH showed a general
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upward trend over time in both storage environments, with a slight acceleration at room temperature
on day 28. However, these pH changes were generally small and often not statistically significant (p
> 0.05). The height of the thick albumen decreased significantly more in eggs stored at room
temperature. On day 56, hen eggs stored at room temperature had a significantly lower thick albumen
height (3.63 mm) than cold-stored eggs (4.52 mm) (p < 0.05) (Figure 3). This decrease in albumen
quality was reflected in the HU values, which decreased from approximately 69 on day 7 to 46.36 on
day 56 at room temperature, whereas the values for refrigerated eggs remained above 60 throughout
the storage period (Figure 3).

Similar interactions between storage time and temperature were also observed in quail eggs,
with significant effects (p < 0.05) on yolk diameter, albumen pH, thick albumen height and HU
(Figure 4). Yolk diameter was significantly (p < 0.05) larger in room-stored quail eggs at all time
points, with the most significant difference observed at day 56 (30.14 mm vs. 26.75 mm). The pH of
the albumen gradually increased, with a significant difference (p < 0.05) observed on day 56 between
room-stored (pH 8.78) and cold-stored eggs (pH 8.66). The decrease in albumen height was more
abrupt in room-stored eggs, decreasing from 2.23 mm on day 7 to 1.61 mm on day 56, with a
corresponding decrease in HU from 73.65 to 68.99 over the same period (Figure 4).
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Figure 4. Statistically significant interaction effects between storage duration and storage conditions on four

characteristics of quail eggs.

These results show that prolonged storage, especially at room temperature, leads to a
measurable deterioration in the internal quality of eggs in both hens and quails, with more
pronounced and rapid changes in albumen structure and functional indices such as HU.

3.6. Interaction Between Storage Duration and Treatment

Regarding the interaction effects between storage duration and treatment group in both hen and
quail eggs, the most consistent and biologically relevant differences were observed between coated
and uncoated eggs, especially in the later stages of storage (Figures 5 and 6).

In hen eggs, yolk diameter increased most significantly (p < 0.05) over time in uncoated (control)
eggs, reaching 46.68 mm after 56 days, compared to significantly (p < 0.05) lower and more stable
values in all coated groups (e.g. ~42 mm in olive oil and paraffin coated eggs) (Figure 5).

Albumen pH increased steadily in the control group, peaking at 9.02 on day 14 and remaining
high thereafter. In contrast, oil-coated eggs maintained significantly (p < 0.05) lower albumen pH
values (~7.8-7.9) throughout the storage period compared to uncoated eggs and after 14 days of
storage also compared to propolis-coated eggs.
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Thick albumen height and HU decreased significantly over time in the control eggs (from 4.61
mm to 2.60 mm and from 63.14 to 37.12 HU), while the paraffin and olive oil coatings helped to
maintain higher thick albumen height (up to ~5.0 mm) and better HU values (up to ~70).

Shell strength and yolk pH did not show consistent patterns over time or treatment, although
slight variations were noted (Figure 5).

The observed interactions in quail eggs followed similar trends as in hen eggs, although the
differences were slightly less pronounced compared to hen eggs (Figure 6).
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Figure 5. Statistically significant interaction effects between storage duration and experimental treatment for six

characteristics of hen eggs.
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Figure 6. Statistically significant interaction effects between storage duration and experimental treatment on five

characteristics of quail eggs.

The yolk diameter increased with age. However, a statistically significant difference (p < 0.05)
was only observed after day 42, when the control group eggs had a significantly larger yolk diameter
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compared to all other treatment groups, reaching almost 30 mm on day 56, while the coated eggs
maintained smaller diameters of around 27-28 mm (Figure 6).

Compared to the control group, the pH of the albumen remained lower in the oil-coated eggs
throughout the experiment (e.g. 8.33-8.45 in olive oil), while the control eggs had consistently higher
values (up to 8.98-8.93). In absolute terms, the height of the thick albumen was best maintained in
paraffin-coated eggs throughout the storage period, although the difference to the control group was
only statistically significant on day 28 (p < 0.05). The differences in yolk pH were less variable
between treatments (Figure 6).

4. Discussion

4.1. Influence of Storage Conditions on the Quality Parameters of Hen and Quail Eggs

In both species, the external morphological characteristics such as width, length, shape index,
surface area and volume of the eggs were not significantly influenced by the storage temperature.
This was to be expected, as temperature-induced changes in external dimensions are generally
minimal and can only be detected with very high-precision measuring devices. This result is
supported by the study by [24], in which they observed no significant influence of storage
temperature on the shape index, shell thickness or shell weight of hen's eggs.

In contrast, internal quality parameters showed clear and consistent responses to storage
conditions, highlighting the critical role of temperature in egg preservation. Eggs stored in the cold
room (12 °C) maintained their internal quality significantly better than eggs stored at room
temperature (22 °C). In hen and quail eggs, storage at room temperature resulted in significantly
larger yolk diameters, higher pH values in both the albumen and the yolk and lower values for thick
albumen height and HU. These changes reflect the accelerated aging of the eggs, which is due to the
increased diffusion of carbon dioxide through the eggshell at elevated temperatures, leading to
alkalization of the albumen [2,25,26]. According to [27], lower storage temperatures slow down the
increase in the pH value of the albumen, while [28] found no significant temperature effect after 28
days of storage. The resulting alkalization not only contributes to an increased albumen pH, but also
to the dilution of the albumen [29], the weakening of the yolk membrane and the enlargement of the
yolk [25] - all processes that reduce the functional and nutritional quality of the eggs. Higher albumen
alkalinity reduces the ovomucin content [30], which leads to the breakdown of the thick, gelatinous
albumen layer [29] and liquefaction of the albumen. Consequently, both hen and quail eggs stored at
room temperature exhibited lower albumen height and lower HU values. The significant decrease in
thick albumen height at room temperature is consistent with the results of other studies [31-33]. Since
HU is strongly and positively correlated with thick albumen height, this also explains the lower HU
values observed at room temperature.

Higher storage temperatures promote the diffusion of alkaline compounds and water from the
egg albumen into the yolk [34], which increases the pH of the yolk. This process is accelerated by the
thermal weakening of the yolk membrane [35], while cooling helps to maintain membrane integrity
and slow down this exchange. This could be the reason for the significantly higher yolk pH observed
in both hen and quail eggs stored at room temperatures.

Refrigerated hen eggs had a darker yolk color, which is probably due to less degradation of
carotenoid pigments such as lutein and zeaxanthin. Due to their highly unsaturated structure, lutein
and zeaxanthin are particularly sensitive to higher temperatures, but also to light and oxygen. This
makes them susceptible to spontaneous oxidation, isomerization and degradation in food matrices
[36]. Lower temperatures inhibit oxidative and enzymatic reactions that would otherwise lighten
yolk color, and limited water transfer into the yolk helps maintain pigment concentration. These
results are consistent with those of [4], who reported higher yolk brightness at room temperature, but
are in contrast to [37], who found no temperature effect on yolk color between 3 °C and 10 °C.

Similar trends observed in hen and quail eggs confirm that quail eggs, like hen eggs, are very
sensitive to deterioration at sub-optimal storage temperatures. An interesting observation was that
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shell strength was slightly higher in hen eggs after storage at room temperature, whereas no
significant difference in shell strength was observed in quail eggs, suggesting species-specific
responses probably related to differences in eggshell structure and composition.

Although many studies [3,25,38-40] reported greater egg weight loss at room temperature due
to enhanced moisture and gas diffusion [25], our results showed no significant difference between
storage conditions. This could be due to active ventilation in the cold room [41,42], which probably
disrupted the moist boundary layer around the eggshell despite the higher relative humidity. Such
air circulation maintains a steep vapor pressure gradient that favors moisture loss and thus negates
the expected benefit of lower temperature to reduce weight loss.

4.2. Influence of Surface Coatings on the Quality Characteristics of Hen and Quail Eggs

Compared to uncoated controls, all coatings showed positive effects, although there were
significant differences between the individual coating types. In particular, both hen and quail eggs
coated with olive oil or paraffin oil showed significantly less weight loss during storage. These results
highlight the effectiveness of oil-based coatings in minimizing moisture evaporation, probably by
forming a physical barrier that restricts water diffusion through the eggshell. Similar results were
reported by [11,13,43,44], who demonstrated that oil coatings effectively seal the pores of the shell,
thereby reducing water loss during storage.

In addition to lower weight loss, paraffin oil also resulted in the highest HU values and thick
albumen heights in both species. This result indicates better preservation of albumen structure and
freshness, which is due to the ability of the oil coating to reduce CO, loss and consequently slow
down the alkalization of the albumen.

Hen eggs coated with propolis showed a distinct color profile of the yolk. Although treatment
with propolis did not significantly reduce weight loss during storage, it was associated with an
increase in yolk color intensity. This effect may be attributed to the antioxidant properties of propolis,
which can reduce lipid oxidation and delay pigment degradation in the yolk. Propolis is rich in
bioactive compounds such as flavonoids, phenolic acids and flavones, which are known for their
strong antioxidant capacity [45], and can indirectly contribute to the preservation and stabilization of
yolk pigments. In addition, the antimicrobial properties of propolis, as well as the antimicrobial
activity of the ethanol used in the propolis extract, may help to inhibit microbial growth on the
eggshell surface, thereby reducing the risk of pigment degradation by microbial metabolism [17,46].
The observed preservation of yolk pigmentation in propolis-coated eggs could therefore be due to a
synergistic effect of antioxidant and antimicrobial mechanisms. These observations are consistent
with the findings of [19], who reported that eggs coated with a 30% ethanolic propolis extract showed
significantly lower microbial contamination, including complete inhibition of aerobic mesophilic
bacteria and Staphylococcus spp. after 35 days of storage at 25 °C. While the study also showed a
significant reduction in weight loss - in contrast to the present results - the consistent maintenance of
thick albumen height, HU levels and microbial suppression supports the proposed protective role of
propolis for yolk and albumen stability. Additional support comes from the study by [47], who
investigated the effects of propolis coatings on Japanese quail eggs. In their study, eggs treated with
10 % and 15 % propolis extract showed the lowest weight loss, the highest HU values and the most
delayed increase in albumen pH during five weeks of storage at 25 °C. Although these results differ
from those of the present study in terms of weight loss, they emphasize the role of propolis in
maintaining the internal quality of the eggs.

Regarding pH measurements, no significant differences in yolk pH were found between
treatments in both species. However, significant differences were found in the pH of the albumen.
Uncoated eggs had a significantly higher albumen pH than coated eggs, suggesting a greater loss of
CO; during storage. In the coated eggs, the eggs treated with propolis had a significantly higher
albumen pH than those treated with oils. This indicates that the oil coatings were more effective in
reducing CO, diffusion and the resulting pH increase, while the propolis coating was comparatively
less effective in this respect.
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4.3. Temporal Changes in the Quality Parameters of Eggs During Storage

The temporal development of the quality characteristics of hen eggs and Japanese quail eggs
was systematically evaluated over a storage period of 56 days. The results show that the external
morphological parameters — including the width, height, shape index, surface area and volume of
the eggs — remained largely unchanged throughout the study, indicating that these characteristics
are stable and are not significantly affected by the storage period.

In contrast, the internal quality parameters of both species deteriorated more and more over
time. Significant weight loss occurred after 42 days in hen eggs and 56 days in quail eggs, most likely
due to moisture loss through the eggshell. This is in line with previous studies [25,38,39], which
emphasized the role of shell permeability and ambient humidity in influencing evaporation losses.
A clear sign of egg aging was the progressive increase in yolk diameter observed after 42 days in hen
eggs and 28 days in quail eggs. This increase in size reflects the flattening of the yolk and the
weakening of the yolk membrane, a process supported by the findings of [48], who describe the
migration of water from the albumen into the yolk as a contributing factor to yolk expansion. A
gradual increase in the pH of the albumen and yolk was observed in hen eggs. In quail eggs, however,
only the pH of the yolk increased significantly over time, while the pH of the albumen remained
relatively stable. In fresh eggs, carbon dioxide is present in the albumen in the form of bicarbonate.
During storage, CO; diffuses through the pores of the egg shell, which leads to alkalization and a
subsequent decrease in the viscosity of the albumen [31,32,49]. On day 56, both hen and quail eggs
had the lowest values for thick albumen height and HU. This trend reflects albumen liquefaction,
which has been widely documented [32,50] and is characterized by a decrease in thick albumen
height over time. The strong decrease in thick albumen height is an indication of reduced albumen
quality and contributes directly to the reduced HU values [25,33,51].

Shell strength remained relatively stable in both species. However, a slight but statistically
significant decrease was observed in hen eggs after 14 and 21 days, while a significant increase was
observed in quail eggs after 42 days. These results suggest that the structural integrity of the shell is
largely maintained at controlled temperature and humidity, although subtle microstructural changes
may still occur.

Interestingly, the color of the yolk of hen's eggs did not change significantly during the 56-day
storage period. This stability can be attributed to the chemical nature of the pigments responsible for
yolk coloration, primarily carotenoids such as lutein and zeaxanthin. These compounds are relatively
stable in the absence of light and oxygen [36], especially if the eggs are stored under controlled
conditions (e.g. low temperature and humidity). In addition, the yolk is enclosed by the yolk
membrane and surrounded by albumen and shell, which act as physical barriers and limit exposure
to oxidative stress. These results suggest that yolk color is relatively stable under controlled
environmental conditions and that pigment degradation requires either more severe environmental
stressors or longer storage times to become apparent.

4.4. Interaction Effects Between Storage Temperature, Coating Treatment and Storage Duration

In addition to the individual effects of storage temperature, coating treatment and storage
duration, several significant interactions between these factors were found in this study, highlighting
the complex and dynamic nature of egg quality deterioration under different storage conditions.

The interaction between storage temperature and coating treatment was particularly evident in
relation to albumen height and HU, especially in hen eggs. While both olive and paraffin oil coatings
were effective in slowing the deterioration of these quality parameters, their protective effect was
more pronounced at room temperature, where deterioration would otherwise progress more rapidly.
These results emphasize the importance of coating choice in non-refrigerated environments, where
oil-based barriers appear to partially compensate for the lack of refrigeration.

A further interaction was observed between the type of coating and storage time, particularly in
influencing the pH of the albumen. In uncoated eggs, the pH of the albumen increased steadily over
time, indicating a loss of CO, and alkalization of the albumen [2,25,26]. In contrast, oil-coated eggs -
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especially those treated with paraffin oil - showed a delayed increase in pH, supporting the
hypothesis that hydrophobic coatings [52,53] reduce gas permeability. Although propolis-treated
eggs also showed some buffering effect, the results indicate a weaker barrier function compared to
lipid-based coatings, probably due to the more hydrophilic nature [54] of the propolis matrix.

The interaction between storage temperature and duration reinforced the expected pattern of
accelerated quality loss under room conditions. Albumen thinning, HU reduction and yolk
enlargement were significantly more pronounced over time in eggs stored at room temperature.
These effects were partially attenuated by coatings, especially oils, but remained significant in the
uncoated and propolis-treated groups. The stabilization of yolk pH across all treatments and
temperatures indicates that the yolk reacts less strongly to environmental changes within the time
frame studied, which is probably due to the selective permeability [55] of the yolk membrane.

Similar interaction trends were observed in quail eggs, although the magnitude of treatment
effects was generally less pronounced than in hen eggs. This could be due to species-specific
differences in shell structure, surface area to volume ratio or yolk buffering capacity. For example,
the variability of yolk diameter as a function of treatment and storage time was greater in quail eggs,
indicating possible differences in the dynamics of water migration.

Overall, the interaction analysis emphasizes that the effectiveness of a particular coating
treatment cannot be fully evaluated in isolation, but must be interpreted in the context of the storage
environment and storage duration.

4.5. Implications and Future Prospects

When recommending suitable coating materials for egg quality preservation, it is critical to
evaluate not only their effectiveness in maintaining internal freshness at different storage
temperatures and times, but also their economic feasibility, toxicological safety, biodegradability,
water resistance, migration and regulatory compliance [5]. Under USDA and European Union
regulations, edible coatings are classified as food additives or ingredients; therefore, the materials
used must be food grade, non-toxic and applied under strict sanitary conditions [5].

Importantly, many commonly used edible coatings are derived from allergenic foods such as
milk, soy, peanuts or wheat, requiring allergen labeling and potentially restricting their use [5,56]. In
contrast, paraffin oil and olive oil offer significant advantages. Both are widely available, relatively
inexpensive and recognized as safe for food contact. Paraffin oil, a purified mineral oil, is specifically
recommended for egg coatings due to its low volatility and excellent barrier properties that slow
down moisture and CO; loss and help maintain albumen structure. It is inert, protein-free and non-
allergenic, making it a practical choice for large-scale use in the egg industry. Similarly, olive oil is a
natural, food-grade lipid with minimal allergenic potential and proven effectiveness in reducing
weight loss and maintaining internal egg quality, especially when stored at room temperature.
Although both oils are functionally effective, their use must also be evaluated in terms of consumer
acceptance and industrial scalability. Although the coating process drives up the overall cost of the
product, simple oil coatings offer a cost-effective and safe alternative to refrigeration, especially in
resource-limited areas. Therefore, further research on scaling, automation and microbiological
impact is warranted to facilitate the commercial application of such coatings. The development of
hybrid formulations - combining oils with natural bioactives (e.g. propolis) - could also improve
barrier and antimicrobial performance and offers a promising direction for future innovation in egg
preservation technologies.
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