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The Effect of Storage Period and Temperature on Egg Quality in Commercial Eggs
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ABSTRACT Consumers demand fresh and high-quality eggs. Egg quality may be represented by shell color, shell weight,
egg weight, shell thickness, shell density, albumen height, yolk color, albumen pH and viscosity. Various factors such as strain,
age of hen, storage temperature, humidity, the presence of CO, and storage time affect egg quality. Therefore, we investigated
the effects of storage time and temperature on egg quality to define the freshness of Korean market eggs. A total of 1,800
eggs were used for this experiment and were separated into 45 treatments with 40 eggs in each. The treatments were consisted
of 15 storage periods (2 d to 30 d) and 3 storage temperatures (2°C, 12°C, 257C). Each egg was weighed and broken, and
the height of the thick albumen, Haugh units (HU), egg shell color and yolk color were measured by a QCM-+system. We
also observed the physiochemical properties of eggs such as yolk pH, albumen pH and albumen viscosity. The egg weight,
shell weight, albumen height, HU and albumen viscosity significantly decreased with increasing storage time and temperature.
However, the albumen and yolk pH significantly increased with increasing storage period and temperature. The interaction
effects between the storage period and temperature were significant for shell weight, shell density, egg weight, albumen height,
HU, yolk color, yolk pH, albumen pH and albumen viscosity. In the analysis of the correlation with egg quality, the storage
temperature exhibited a higher correlation coefficient than the storage period. In conclusion, storage time and temperature are
the major factors affecting egg quality, but the storage temperature is a more sensitive determinant of egg quality deterioration

compared with the storage period.
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INTRODUCTION

Eggs are an important food resource that contributes to
human public health, as well as an animal protein food with
high nutritional value. Furthermore, eggs are one of the most
widely popular foods because of their relatively low price.
Recently consumers demand fresh and high-quality eggs.
Therefore, fresh and hygienic eggs should be supplied. Egg
quality can be represented by shell color, shell weight, egg
weight, shell thickness, shell density, albumen height, yolk
color, albumen pH and viscosity. These egg quality traits can
be divided into external and internal quality. A standard mea-
sure of internal egg quality is expressed by the albumen
quality or Haugh unit (HU), which is calculated from the
height of the inner thick albumen and the weight of the egg
(Haugh, 1937; Eisen et al., 1962; Hunton, 1987; Williams,
1992). Albumen quality is also an indicator of egg freshness.
Albumen quality is influenced by genetic factors (Johnson,
and Merritt, 1955; Ahn et al., 1997; Hartmann et al., 2003;
Zhang et al., 2005; Wolc et al., 2012) and environmental
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factors such as temperature, humidity, the presence of CO,,
and storage time (Walsh et al., 1995; Scott and Silversides,
2000; Silversides and Villeneuve, 1994; Samli et al., 2005).
Among these factors, storage time and temperature are the
major factors affecting egg quality (Silversides and Scott,
2001; Jones and Musgrove, 2005; Samli et al., 2005; Jin et
al., 2011; Shin et al.,, 2012). Albumen height and HU de-
crease during storage, and albumen quality gradually decreases
with increasing temperature. Eggs stored at 25C showed a
53.5% decrease in HU and a 47.5% decrease in albumen
height after 7 d and showed a significant decrease in vitelline
membrane strength and an increase in yolk index (Kirunda
and McKee, 2000; Carraro and Antunes. 2001; Jones et al.,
2002). Therefore, internal egg quality declines with storage
time. The degradation in egg quality due to storage results in
albumen thinning, increasing pH, weakening and stretching of
the vitelline membrane and increasing water content in the
egg yolk (Scott and Silversides, 2000; Hammershoj et al.,
2002; Silversides and Budgell, 2004; Hidalgo et al., 2006;
Karoui et al., 2006; Huang et al., 2012). The changes of al-
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bumen quality during egg storage were well described by
Silversides and Villeneuve (1994).

Based on egg freshness and food safety, the laws and re-
gulations regarding market eggs are vary by country. In the
US, the USDA requirement for shell eggs is to be washed
and sanitized before they reach the consumer and to store
them at temperatures below 7.2°C to inhibit the growth of
pathogens. The sell by date of market egg is 30 d after packing
(USDA-FSIS, 2015; American Egg Board, 2015). EU egg
marketing laws states that class A eggs must not be washed
or cleaned in any way. EU law also states that eggs should
in general not be refrigerated before sale to the final con-
sumer. The best before date of market eggs must not exceed
28 d after being laid (EUR-Lex, 2015). The current egg
grading regulations in Korea have existed since 2007 (Act
No. 8852, 2015). The regulations stipulated that shell eggs
must be stored and distributed at 0~15C, and processed egg
products must be stored below 10T. The term of validity of
market eggs is not specified. The regulations of Korean market
eggs do not reflect the current market because the breed of
chickens, raising management system, egg distribution channels
and customer demands are very different from the past. Thus,
we investigated the effects of the storage period and tem-
perature for shell eggs on the egg quality to define the fresh-

ness of eggs.

MATERIALS AND METHODS

Eggs were obtained from 60-wk-old Hyline Brown commer-
cial layers that were raised at Sangol Farm, Sancheong, Korea.
All hens were housed in windowless and environmentally
controlled rooms and in battery cages with five hens per cage
(420 cm’/hen) equipped with nipple drinkers, automatic chain
trough feeders and a wire egg collector. The hens were fed
a compound feed and were given water ad libitum. The room
temperature was kept at 21~22C and artificial light consisted
of 15 h of light and 9 h of dark. A total of 1,800 eggs were
used for this experiment. Fresh eggs were collected within 2
h of being laid. Each of the 40 sampled eggs was stored in
chambers for 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28 or 30 d in a refrigerator (27C), at cool temperature (127),
or at high temperature (25C). The relative humidity was 50

to 60% for all treatments. Thus, 1,800 eggs were collected
and separated in to 45 treatments (15 storage periods x 3
storage temperatures) with 40 eggs in each. Each egg was
weighed and broken, and the height of the thick albumen,
egg shell color and yolk color were measured by a QCM+
system (TSS Ltd. York, England). Haugh units (HU) were
calculated from the egg weights and albumen heights using
the HU formula [HU=100 log (H—1.7 W**7+7.57)]. The egg
shell thickness was measured by micrometer (Series 293-IP65,
Mitutoyo Corp. Kanagawa, Japan) and the egg shell density
(mg/cm?) was calculated using QCM egg ware soft ware (TSS
Ltd. York, England). The pH of the albumen and yolk was
measured for 10 eggs in each treatment by pH meter (Hanna
HI 99161, Woonsocket, RI, USA). The viscosity of the abumen
was measured using a Brookfield DV-E viscometer (Brook-
field Engineering Laboratories Inc., Middleboro, MA, USA)
following the manufacturer’s recommended procedure and was
standardized using a liquid silicon standard provided by the
company. The data were analyzed using the SAS statistical
package (SAS Institute Inc., Cary, NC, USA). An ANOVA
using a general linear model included the main effects of sto-
rage period and storage temperature of the eggs and the two-
way interactions between these factors. Significant differences
between means were determined by the Tukey’s honestly
significant difference procedure. Correlation coefficients bet-
ween the storage factors and the egg quality parameters were

also analyzed by the Pearson correlation coefficients procedure.

RESULTS AND DISCUSSION

The effects of storage period and temperature on egg quality
traits are shown in Table 1, 2 and 3. The storage period and
temperature significantly affected almost all of parameters of
internal and external egg quality. Egg weight, shell weight,
albumen height, HU and albumen viscosity significantly de-
creased with increased storage period and temperature (p<0.01).
However, the albumen and yolk pH significantly increased
with increasing storage period and temperature. Egg shell
density and yolk color significantly increased with storage
period. The interaction effects between storage period and
temperature were significant for shell weight, shell density,

egg weight, albumen height, HU, yolk color, yolk pH, albumen
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Table 1. Effects of the storage period and temperature on the egg shell qualities

Sources Egg shell color Shell thickness (cm) Shell weight (g) Shell density (mg/cm?)
2 27.14® 0.01316 8.21° 112.28°
6 25.98° 0.01339 8.13® 111.54°
Storage period 12 27.25% 0.01349 7.99% 111.80°
©) 18 27.37% 0.01215 7.92% 111.51°
24 28.52° 0.01277 7.87° 114.52°
30 27.68" 0.11657 7.89% 115.13*
2 25.62° 0.03375 8.19° 112.55
Temperature 12 27.42° 0.01311 8.01° 111.57
(©) 25 28.14° 0.01301 7.78¢ 112.10
SEM 0.11 0.00700 0.01 0.25
Period <0.0001 0.44450 <0.0001 0.0084
P values Temperature <0.0001 0.36660 <0.0001 0.0583
PxT 0.0729 0.46910 0.0018 <0.0001

Table 2. Effects of the storage period and temperature on internal egg qualities

Sources Egg weight (g) Albumen height (mm) Haugh unit Yolk color
2 61.99" 7.51° 85.04° 6.14°
6 61.68° 6.51° 77.66° 5.46"
Storage period 12 59.97° 5.87° 72.28° 7.07°
@ 18 59.27" 5.42¢ 67.04° 7.12%
24 57.78¢ 5.30¢ 68.67° 7.67°
30 57.58° 5.04¢ 64.56° 7.34%
2 61.52° 7.78 87.03° 7.00*
Temperature 12 60.25° 6.26° 77.17° 6.76"
(©) 25 57.37° 342 50.08° 6.41°
SEM 0.09 0.05 0.46 0.03
Period <0.0001 <0.0001 <0.0001 <0.0001
P values Temperature <0.0001 <0.0001 <0.0001 <0.0001
PxT <0.0001 <0.0001 <0.0001 <0.0001

pH and albumen viscosity (p<0.05).

For the interaction effects on egg qualities, egg weight was
not significantly decreased by storage from 0 to 10 d at 2C
and 12°C. When the storage temperature was increased to 25

C, however, the egg weight dramatically decreased from 62.9

to 52.6 g at 2 and 30 d of storage period (Fig. 1). These re-
sults are in agreement with those of Jin et al. (2011) and Samli
et al. (2005), who reported significant egg weight reductions
of approximately 3% within 10 d of storage at 29°C. Similar
weight losses were also reported by Akyurek and Okur (2009).
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Table 3. Effects of storage period and temperature on the phy-

siochemical properties of eggs

Yolk Albumen Albumen
Sources . .
pH pH viscosity
10 5.46° 8.46° 7.03°
Storage
period 20 5.76 8.60° 3.55°
@ 30 5.73° 8.31° 3.98°
2 5.64 8.03° 7.79°
Temper 12 562 8.68° 523
ature . .
(C) 25 5.68 8.83 0.31
SEM 0.02 0.05 0.55
Period <0.0001 <0.0001 <0.0001
P values Temperature 0.0229 <0.0001 <0.0001
PxT 0.0315 <0.0001 0.0165
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Fig. 1. The interaction effect of storage period and temperature
on egg weight.

Significant deteriorations were observed in albumen height
and HU due to storage period and temperature. The albumen
height decreased from 8.5 to 7.3 mm at 2°C and from 8.5 to
5.4 mm at 12C during 30 d of storage, and this decline was
further extended to 2 mm at 25C storage (Fig. 2). The
patterns of HU were similar as those of albumen height.
Storage at temperatures greater than 12°C also caused con-
siderable deterioration in HU, which decreased from 91.5 to
84.6 at 2C and from 91.5 to 70.7 at 12°C and to 32 at 25T
during 30 d of storage. The HU decreased below 70 from 4

d storage at 25°C (Fig. 3). These results were consistent with
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Fig. 2. The interaction effect of storage period and temperature
on egg albumen height.

previous studies (Tona et al., 2004; Jones and Musgrove,
2005; Akyurek and Okur, 2009; Shin et al., 2012). Scott and
Silversides (2000) reported a significant decrease from 9.16
to 4.75 mm in albumen height during 10 d storage at room
temperature. Samli et al. (2005) reported that the albumen
height decreased from 8.6 to 6.2 at 5C during 10 d of
storage, and this decline was further extended to 3.8 and 2.8
at 21 and 29C storage. Jin et al. (2011) demonstrated that
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Fig. 3. The interaction effect of storage period and temperature
on the Haugh unit of eggs.
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HU decreased from 91.3 to 72.63 at 21C and from 87.62 to
60.92 at 29°C during 10 d of storage, whereas no decline was
found at 5C. The results showed that the storage period and
temperature adversely affected HU. According to the USDA-
Agricultural Marketing Service guidelines (USDA-AMS, 2015),
grade A determinations begin at HU less than 72. In our
study, this level was not reached until after 30 d of storage
at cold temperature. Jones et al. (2002) and Jones and Mus-
grove (2005) reported that a decline to grade A in HU values
in commercial eggs occurred after 6 wks of storage at refri-
gerated temperatures.

With respect to the effect of storage period and tempera-
ture on the physiochemical properties of eggs, we observed
a significant increase in albumen pH with increasing storage
temperature and period (Fig. 4). The albumen pH is not
affected by storage time at 2°C. Albumen alkalizing was ac-
celerated by increasing storage temperature with the interaction
of storage period. The yolk pH value significantly increased
with increasing storage period (Fig. 5). High storage tempe-
rature also significantly increased the yolk pH after 20 d.
Although the pH of the egg albumen and yolk increased along
with the storage time and temperature, the changes of yolk
pH were not as large as that of the albumen pH. Previous
studies reported that the yolk pH was significantly affected
by storage period but not by temperature (Samli et al., 2005;
Akyurel and Okur, 2009; Jin et al., 2011). Significant physical
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Fig. 4. The interaction effect of storage period and temperature
on egg albumen pH.
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Fig. 5. The interaction effect of storage period and temperature
on egg yolk pH.

changes occurred in the albumen viscosity with increasing
temperature and storage period. Albumen viscosity was 19.7
in the fresh eggs but declined to 0.781 during 30 d of storage
at 25C. Albumen viscosity decreased rapidly during the first
10 d of storage at all storage temperatures. Increasing storage
time and temperature diluted the egg albumen. Increasing the
internal temperature of the egg results in breakdown of the
protein structures of the thick albumen and vitelline mem-
brane (Jones, 2007). Increasing storage time and temperature
accelerates to the passage of some components of the albumen

pass through the yolk membrane, reducing egg viscosity (Heath,
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Fig. 6. The interaction effect of storage period and temperature
on the viscosity of the egg albumen.
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1977, Ahn et al., 1999).

In this study, storage period and temperature significantly
affected almost all of the internal and external egg quality
parameters. As shown in Table 4, we calculated the correla-
tion coefficients of storage period and temperature on egg
quality traits. Storage time and temperature were negatively
correlated with egg weight, albumen height, HU, egg shell
weight and albumen viscosity but were positively correlated
with egg shell color, yolk pH and albumen pH. Among these
correlation coefficients, storage temperature showed the highest
negative correlation coefficients with albumen height (r=—
0.78). The parameters of egg quality deterioration were simi-
larly affected by storage time and temperature. However, the
interaction effects between storage period and temperature
were significant in most of the parameters of internal egg
quality. As shown in Table 4 and Fig. 1 to 6, storage tem-
perature was a more sensitive determinant of egg quality
deterioration than storage period. Fig. 2 and 3 showed that
the storage temperature was an absolute factor in determining
the internal egg quality because the albumen height and HU
dramatically decreased after being stored for 2 d at storage

temperatures up to 25C. Similar interaction effects also occu-

Table 4. Correlation coefficients of the storage period and tem-
perature on egg quality traits

Storage period Storage temperature

r p r p

Egg shell color 0.05854  0.0060 0.16893 <0.001

—0.40123 <0.001  —0.35508 <0.001

Egg weight (g)

Albumen height (mm) —0.32256 <0.001 —0.77717 <0.001

Haugh unit —0.31920 <0.001  —0.75989 <0.001

Yolk color 0.51333 <0.001  —0.33969 <0.001

Egg shell thickness

0.03709  0.0820
(cm)

—0.02768 0.1944

Egg shell weight (g) —0.11522 <0.001  —0.27535 <0.001

Egg shell density

0.10291 <0.001  —0.06002 0.0049

(mg/en’)
Yolk pH 0.54976 <0.001 0.02322  0.8280
Albumen pH 0.06684 0.1569 0.60833 <0.001

Albumen viscosity —0.14181 0.1824  —0.65363 <0.001

rred for the albumen pH and albumen viscosity (Fig. 4 and 6).
With increasing storage period and temperature, the deteriora-
tion of egg quality was attributed to water loss by evaporation
through the pores in the shell and the escape of carbon dioxide
from the albumen (Robinson, 1987; Samli et al., 2005). Con-
sequently, the egg storage temperature and storage period are
the most important factors to be considered to define the

freshness of eggs.
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