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Introduction

Abstract

The purpose of this research was to examine the impact of storing table hen eggs in
egg cardboard viol, plastic box viol, and cardboard box viols at various temperatures
on the egg qualities. A total of 300 table chicken eggs were used in the study. The
eggs were randomly distributed into three groups: standard cardboard viol, plastic
box viol, and cardboard box viol. The eggs were stored at room temperature and in
the refrigerator for 28 days. On the 0, 7, 14, 21, and 28 days of the experiment, ten
eggs from each group were analyzed for egg weight loss, egg shell strength, Haugh
unit, yolk index, and albumen pH. Viol type x storage temperature interaction effect
was significant (P <0.05) only on egg weight loss, but its effect on other properties
was insignificant. After 28 days of storage, egg weight loss was statistically
insignificant between eggs stored in plastic box viols at 25°C and eggs stored in
cardboard viols at 4°C. The effect of viol types on egg shell strength, yolk index,
Haugh unit, and albumen pH was insignificant. Egg weight loss was found to be
better in plastic box viols than in other groups (P <0.05). Eggs stored in refrigerator
conditions are better than egg stored room conditions in terms of egg quality criteria
except eggshell strength (P <0.05). As a result, it would be more appropriate to store
eggs in plastic box viols in order to preserve egg quality for a longer period of time.

Although eggs are an animal protein source, their
importance in human nutrition is high due to
containing unsaturated fatty acids, vitamins, and
minerals (Senkoyli 2001; Sarica and Erensayin 2014;
Puglisi and Fernandez 2022; Tian et al., 2022). An egg
obtained from a healthy animal has the highest quality
value at the moment it is laid, but its quality may
decrease depending on storage conditions, leading to
marketing problems (Aygun 2017; Brasil et al., 2019;
Yenilmez and Bulancak 2020; Sariyel et al., 2022).

Depending on the storage conditions, it is possible
to observe a decrease in egg weight (Akyurek and Okur
2009; Sariyel et al., 2022), a decrease in albumen
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height and Haugh unit (Aktan and Kampus 2011; Baylan
etal., 2011), an increase in egg yolk index (Copur et al.,
2008), and an increase in albumen pH (Silversides and
Budgell 2004). When eggs are collected from egg
production companies, they need to be stored
appropriately.

In the market, cardboard viols with a capacity of
30 eggs are used for storing or transporting eggs.
However, in recent years, cardboard box viol and
plastic box viol with a capacity of 6, 10, and 15 eggs
have also started to be used. The use of cardboard box
viol with a capacity of 6, 10, and 15 eggs during the sale
of eggs makes it difficult for consumers to choose eggs
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based on their outer appearance, as the dirt on the
surface of the eggshell cannot be seen. On the other
hand, plastic viols provide convenience for consumers
in terms of choice. However, foreign materials on the
surface of eggs in plastic box viol can be seen more
easily, making it easier to evaluate the eggs based on
their appearance. Additionally, during storage or sales,
there is a possibility of condensation on the egg surface
or inside the viols, which can lead to the eggs becoming
wet and causing the preference for viols more
important.

In our literature review, it was observed that
there are a limited number of studies on the effect of
storing table chicken eggs in cardboard box viols or
plastic box viols (with a capacity of 6, 10, and 15 eggs)
on egg quality. Therefore, the main question of the
research is which tray type can preserve egg quality for
a longer period of time during storage under different
storage conditions. Therefore, the aim of this study is
to investigate the changes in egg quality by storing
table chicken eggs in carton, cardboard box viol, and
plastic box viols under room and refrigerator
conditions.

Materials and Methods

Table eggs that were purchased daily from the
Konya commercial egg producer were used in the
study. A total of 300 table eggs were used. The
research was carried out in the Egg Quality Laboratory
of the Department of Animal Science, Faculty of
Agriculture, Selcuk University. Eggs were randomly
distributed into 3 groups: cardboard viol, plastic box
viol, and cardboard box viol. For 28 days, eggs were
stored at ambient temperature (25 °C) and in the
refrigerator (4 °C) in viols. On days 0, 7, 14, 21, and 28
of the experiment, egg weight loss, eggshell strength,
yolk index, Haugh unit, and albumen pH analyses were
conducted on 10 eggs from each group. All eggs were
weighed before the experiment and written on the egg.
Egg weights were weighed with a precision digital
balance (0.01 g). In the specified analysis periods, eggs
(10 eggs from each group) were weighed again before
the analysis, and egg weight loss was determined with
the formula below.

Egg weight loss (%) = [initial egg weight (g) — end
of storage egg weight (g)] / initial egg weight (g) x 100

Shell breaking strength was measured with the
Egg Force Reader device (Orka Food Tech.i China) and
its unit was expressed as kg (Sariyel et al., 2022). After
the albumen height was determined with the Egg
Analyzer (Orka Food Tech.i China ) device, the Haugh
unit was determined according to Haugh (1937).

The egg yolk was separated on a flat surface and
the height of the egg yolk was determined with a
digital height gauge. Egg vyolk diameter was
determined with a digital micrometer and calculated
according to Funk (1948). After separating the egg
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albumen from the yolk, it was measured with a pH
meter (Mettler Toledo, Switzerland).

The experiment was carried out in 2x3 randomized
plots according to a factorial design in order to compare
the qualities of eggs packed in plastic, cardboard, and
standard viols to be stored at room temperature and in
the refrigerator (Diizglines et al., 1987). The MINITAB 16
statistic software was used in the analysis, and the Tukey
multiple range test was used to determine the different
groups. The significance level of 0.05 was used for
statistical evaluation.

Results and Discussion

Table 1 summarizes the effects of storage
temperature, viol types, and the storage temperature x
viol type interaction on egg weight loss (%). During
storage, storage temperature, viol types, and storage
temperature x viol types interaction had a significant
effect on egg weight loss. At the end of storage, the
lowest weight loss was found in the C group (6.94%)
stored at 25 °C, and the lowest egg weight loss was
found in the CB group (2.20%) at 4 °C. After 28 days of
storage, egg weight loss was statistically insignificant
between eggs stored in plastic box viols at 25°C and
eggs stored in cardboard viols at 4°C. When the effect
of the viol type on the egg weight loss was examined,
the lowest egg weight loss was detected in the PL
group during the storage period.

When the effect of storage temperature on egg
weight loss was examined, the weight loss of eggs
stored at 4 °C during storage was found to be lower
than that of those stored at 25 °C. Egg weight loss
during storage occurs as a result of the evaporation of
water from the egg (Drabik et al., 2021; Eroglu et al.,
2021). Egg weight loss is desired to be minimal during
storage. The most important criterion around the
classification of eggs is egg weight. In general, the
market shelf life of eggs around the world is 28 days.
Egg weight loss gains even more importance as eggs
are sold in markets in room conditions in Turkey.
According to the result obtained from our study, it
would be more appropriate to store eggs in plastic viols
when it is necessary to store eggs in room conditions in
terms of egg weight loss. Table 2 summarizes the
effects of storage temperature, viol types, and the
storage temperature x viol type interaction on egg shell
strength (kg).

Viol type, storage temperature, and the storage
temperature x viol type interaction effect were not
significant in any period of storage. It is consistent with
the research indicating that the eggshell strength
during storage is not significantly impacted by the
storage temperature (Jo et al., 2011; Sert et al., 2011;
Sariyel et al., 2022). For egg producers, the strength of
a table egg's shell is a crucial economic factor. The
greater the breaking strength, the less breakage will
occur during egg collection, transport, and storage,
resulting in reduced economic losses.
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Table 1. The effect of storage temperature, viol types and storage x viol type interaction on egg weight loss (%)
Treatment Initial Egg Egg Weight Loss (%)
Weight 7 days 14 days 21 days 28 days
25 63.46 1.44 2.66 3.97 5.86
o 4 61.75 0.64 1.28 1.84 2.62
Storage Temperature (C) SEM 0.93 0.33 0.07 0.12 0.14
P value >0.05 <0.05 <0.05 <0.05 <0.05
C 61.98 1.31° 2.39° 3.66° 4.99°
cB 62.84 1.16° 2.08° 3.01° 4.51°
Viol type! PL 63.01 0.65° 1.45° 2.04° 3.23°
SEM 1.14 0.04 0.08 0.14 0.17
P value >0.05 <0.05 <0.05 <0.05 <0.05
25xC 62.11 1.66° 3.02° 4.92° 6.94°
25xCB 63.05 1.74° 3.15° 4.28° 6.83°
25 x PL 65.24 0.93° 1.80° 2.70° 3.81°
Storage Temperature (°C) x Viol Type 4xC 61.83 0.95" 175 2.39" 3.03"
4 xCB 62.61 0.58° 1.00° 1.74“ 2.20°
4 x PL 60.77 0.37° 1.09° 1.37¢ 2.65°
SEM 1.61 0.05 0.12 0.21 0.24
P value >0.05 <0.05 <0.05 <0.05 <0.05
Table 2. The effect of storage temperature, viol types and storage x viol type interaction on egg shell strength (kg)
Initial Egg Shell Egg Shell Strength (kg)
Strength (kg) 7 days 14 days 21 days 28 days
25 4.45 4.39 4.27 4.48 4.61
S oC 4 4.42 4.60 4.46 4.56 4.58
torage Temperature (°C) SEM 0.106 0.09 0.09 0.11 0.08
P value 0.866 >0.05 >0.05 >0.05 >0.05
C 4.45 4.41 4.48 4.32 4.69
CB 4.37 4.47 4.37 4.67 4.62
Viol type' PL 4.48 461 4.25 4.56 4.48
SEM 0.130 0.11 0.11 0.13 0.11
P value 0.822 >0.05 >0.05 >0.05 >0.05
25xC 4.56 4.45 4.48 4.26 4.67
25xCB 4.41 4.38 4.18 4.38 4.63
25 x PL 4.37 4.34 4.16 4.79 4.53
o . 4xC 4.35 4.38 4.47 4.38 4.72
Storage Temperature (°C) x Viol Type 4% CB 433 456 454 495 461
4 x PL 4.59 4.88 4.34 4.32 4.42
SEM 0.18 0.16 0.16 0.19 0.15
P value 0.481 >0.05 >0.05 >0.05 >0.05

I¢: cardboard viol; CB: Cardboard box viol; PL: Plastic box viol; SEM: Mean of standard errors

Table 3 summarizes the effects of storage
temperature, viol types, and the storage temperature x
viol type interaction on the Haugh unit. The storage
temperature x viol type interaction effect did not have
a significant effect on the Haugh unit during storage.
The effect of viol type on the Haugh unit was only
significant on day 21 of storage (P<0.05). On the 21st
day of storage, the Haugh unit of the eggs in the PL
group (74.12) was higher than the Haugh unit of the
eggs in the C group (67.24) (P<0.05), but the difference
between the Haugh unit of the eggs in the PL group
(74.12) and the Haugh unit of the eggs in the CB group
(70.96) was statistically insignificant.

The effect of storage temperature on the Haugh
unit in all periods was found to be statistically
significant. The effect of storage temperature on the
Haugh unit in all periods was found to be statistically
significant.

It was determined that the Haugh unit value of
eggs stored at 4 °C during storage was higher than that
of those stored at 25 °C. In the egg industry, the Haugh
unit is the main criterion for quality, and the greater
the Haugh unit, the higher the albumen quality of the
egg. During storage, the Haugh unit decreases due to
the increase in clusterin and ovoinhibitory
concentrations in albumen and the disordering of
ovalbumin structure (Sheng et al., 2018).

Table 4 summarizes the effects of storage
temperature, viol types, and the storage temperature x
viol type interaction on the yolk index. The effect of
storage temperature x viol type interaction on the yolk
index of eggs was significant only on day 28 of the
storage period (P<0.05). On the 28" day of storage, the
lowest yolk index value was found in group C eggs
stored at 25°C, and the highest yolk index value in
group C eggs stored at 4°C (P<0.05).
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Viol type did not have a significant effect on the
yolk index value in all periods of storage. The effect of
storage temperature on the yolk index in all periods was
found to be statistically significant. It was determined
that the yolk index value of eggs stored at 4 °C during
storage was higher than those stored at 25 °C. This
finding appears to be consistent with research that
demonstrates that as storage temperatures increase, the
yolk index dramatically declines (Samli et al., 2005;
Akarca et al., 2021; Giler et al, 2022; Sariyel et al.,
2022). The egg yolk index, which assesses the resistance
to stretching of the vitelline membrane in the yolk, can
be used to determine how fresh an egg is. The quality of
the egg yolks improves as the egg yolk index increases
(Stadelman 1995). The egg yolk index drops as a result of
the water in the egg white diffusing into the egg yolk as
the vitelline membrane of the egg yolk deteriorates
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(Didar 2019). Table 5 summarizes the effects of storage
temperature, viol types, and the storage temperature x
viol type interaction on albumen pH. Storage
temperature x viol type interaction and viol type did not
have a significant effect on the albumen pH in all periods
of storage. The effect of storage temperature on the
albumen pH in all periods was found to be statistically
significant. It was determined that the albumen pH of
eggs stored at 4 °C during storage was lower than that
of those stored at 25 °C. This result is consistent with
the studies stating that the pH value of egg whites also
increased due to the increase in storage temperature
(Sariyel et al., 2022; Tan et al, 2022). Albumen's pH
increases as a result of a shift in the carbonic acid-
bicarbonate buffer system caused by the release of
carbon dioxide from the eggshell's pores during storage
(Shin et al., 2012; Mathew et al., 2016).

Table 3. The effect of storage temperature, viol types and the storage temperature x viol type interaction on Haugh unit

Treatment Initial Haugh Unit Haugh Unit
7 days 14 days 21 days 28 days
25 83.06 71.29 63.84 62.02 55.94
Storage Temperature (°C) 4 83.35 81.87 84.24 79.53 77.00
SEM 1.07 1.005 0.991 1.263 1.067
P value 0.849 <0.05 <0.05 <0.05 <0.05
C 81.80 76.07 71.9 67.24° 65.27
CB 83.20 76.55 75.37 70.96°° 67.28
Viol type' PL 84.60 77.10 74.78 74.11° 66.84
SEM 1.31 1.22 1.21 1.54 1.31
P value 0.334 >0.05 >0.05 <0.05 >0.05
25xC 82.49 72.39 61.03 58.30 53.91
25xCB 81.91 69.82 64.77 63.84 57.92
25 x PL 84.79 71.66 65.72 63.91 56.00
Storage Temperature (°C) x Viol 4xC 81.13 79.77 82.91 76.19 76.63
Type 4xCB 84.51 83.31 85.96 78.06 76.68
4 xPL 84.43 82.54 83.84 84.31 77.72
SEM 1.85 1.74 1.72 2.19 1.85
P value 0.543 > 0.05 > 0.05 >0.05 > 0.05
Table 4. The effect of storage temperature, viol types and storage x viol type interaction on yolk index
Treatment - Yolk Index
Initial Yolk Index 7 days 14 days 21 days 28 days
25 0.44 0.38 0.33 0.27 0.20
Storage Temperature (°C) 4 0.42 0.45 0.45 043 0.41
SEM 0.01 0.010 0.010 0.010 0.010
P value 0.068 <0.05 <0.05 <0.05 <0.05
C 0.42 0.41 0.40 0.34 0.32
CB 0.44 0.41 0.39 0.35 0.30
Viol type1 PL 0.43 0.42 0.39 0.36 0.29
SEM 0.01 0.01 0.01 0.01 0.01
P value 0.365 >0.05 >0.05 >0.05 >0.05
25xC 0.43 0.37 0.34 0.26 0.19°
25xCB 0.44 0.37 0.32 0.26 0.20°
25x PL 0.45 0.39 0.33 0.27 0.21°
Storage Temperature (°C) x Viol 4xC 0.41 0.46 0.46 0.41 0.46°
Type 4xCB 0.44 0.46 0.46 0.43 0.40°°
4 xPL 0.41 0.45 0.44 0.44 0.37°
SEM 0.01 0.02 0.01 0.01 0.02
P value 0.442 >0.05 >0.05 > 0.05 <0.05

*Significant differences exist between the means of a column using different superscripts (P<0.05); 'C: Cardboard viol; CB: Cardboard box viol;

PL: Plastic box viol; SEM: Mean of standard errors
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Table 5. The effect of storage temperature, viol types and storage x viol type interaction on aloumen pH
Treatment Initial Alboumen pH Albumen pH
7 days 14 days 21 days 28 days
25 9.08 9.59 9.75 9.63 9.77
Storage Temperature (°C) 4 9.10 9.16 9.21 9.12 9.35
SEM 0.04 0.01 0.01 0.02 0.01
P value 0.731 <0.05 <0.05 <0.05 <0.05
C 9.07 9.37 9.47 9.40 9.57
CB 9.14 9.41 9.47 9.36 9.57
Viol type! PL 9.06 9.34 9.48 9.36 9.55
SEM 0.05 0.02 0.01 0.02 0.01
P value 0.538 > 0.05 > 0.05 >0.05 > 0.05
25xC 9.09 9.56° 9.74 9.64 9.77
25 x CB 9.07 9.63° 9.75 9.64 9.78
25x PL 9.08 9.59° 9.76 9.60 9.74
Storage Temperature (°C) x 4xC 9.04 9.19° 9.21 9.16 9.36
Viol Type 4 xCB 9.20 9.18° 9.19 9.09 9.35
4xPL 9.06 9.10° 9.23 9.10 9.33
SEM 0.07 0.03 0.02 0.03 0.02
P value 0.399 <0.05 > 0.05 >0.05 >0.05

IC: Cardboard viol; CB: Cardboard box viol; PL: Plastic box viol; SEM: Mean of standard errors

Conclusions

According to the results obtained from our study,
it was determined that the type of viol affects only egg
weight loss. In terms of egg weight, it was observed
that storage in plastic box viol preserves egg weight
better than other viol types. It is seen that storing eggs
in plastic box viols will preserve their shelf life longer.
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