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The aim of the research was to determine the changes occurring in table eggs depending
on storage time at room temperature and in refrigeration conditions. The experimental
material consisted of 75 eggs, which were randomly divided into five groups of 15. The first
group (the control) comprised fresh eggs, which were tested on the day they were collected.
The remaining 60 eggs were divided into two groups (30 eggs in each) and stored under
different conditions for a period of 28 days. Eggs from the first group (I) were stored at
room temperature, which was about 20°C with 50% humidity. Eggs from the second group
(II) were placed in cold storage at 4°C and about 30% humidity. After 14 and 28 days of
storage, the physicochemical properties of the eggs were analysed: the height of the air
space, egg density, egg weight loss, albumen and shell quality, and yolk colour. The results
indicate that the storage method had a significant (P<0.05) effect on most of the egg quality
traits analysed. Eggs stored at 4°C were of good quality and were classified as EXTRA class
eggs even after 28 days. Eggs stored at 20°C were eliminated as Class A eggs as early as day
14, and on day 28 their quality disqualified them as fit for consumption. To sum up, food
eggs should be refrigerated before being sold to the consumer to prevent premature ageing
and thus deterioration of quality.
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The egg is a product of animal origin that has all the desired nutrients in the right pro-
portions, as well as high digestibility [4]. It is one of the oldest food products [12, 17],
considered a low-energy food with many vitamins and minerals [29].

The egg has a characteristic layered structure which has a protective function, preven-
ting the migration of microorganisms to the interior of the egg while at the same time
allowing the diffusion of matter and energy between the cell and the internal and external
environment [26].

From the moment the egg is laid, metabolic processes begin in its interior. Natural
ageing of the egg is a fundamental problem that leads to biophysical and chemical
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changes in its contents [20, 28]. As a consequence of these changes, the natural protec-
tive capacity of the egg is lost, and thus more microorganisms penetrate its interior. As
a result, the eggs spoil faster. How quickly microorganisms penetrate the egg and the
degree of deterioration of its quality depend on the hygienic condition of the egg and
the surrounding environment. Changes in egg quality have been shown to be associa-
ted with the temperature and length of storage [2, 18]. These factors primarily affect
the number of Haugh units, the pH of the albumen, and the size of the air space, which
are the most important quality indicators [22]. According to Olivier and Olivier [19],
changes in the yolk and albumen resulting from ageing of the egg lead to changes in
its taste.

The most intensive processes occurring inside the egg concern the loss of water and
gases. The evaporation of water leads to a reduction in the volume of the albumen, re-
sulting in an increase in the size of the air space, while the release of dissolved carbon
dioxide leads to alkalization of the albumen. The pH of the albumen increases from 8.2
to even 9.5 during advanced ageing of the egg. As a consequence, the thick albumen
changes from a gelatinous, stable form into a thin liquid form. The height of the albu-
men decreases, resulting in a decrease in the number of Haugh units, which for fresh
eggs should range from 72 to 110 [27]. During egg ageing, an increase in yolk volume
and weakening of its structure may be observed as well, which leads to independent
breakage of the vitelline membrane [13, 15] due to the penetration of water from the
white to the yolk. Another important factor that leads to spoilage of eggs is the increase
in the number of pathogenic bacteria in the contents, which occurs after 12-30 days
of storage. Bacteria produce various lipolytic or proteolytic enzymes, whose activity
depends on pH and temperature [29].

Many means of storing eggs have been developed to prolong their shelf-life. Accor-
ding to Giampietro-Ganeco et al. [9], packaging in a modified atmosphere preserves
the high quality of eggs up to 28 days. However, the basic and at the same time the
easiest method is refrigeration [10]. According to Feddern et al. [7], eggs kept at room
temperature should be consumed within two weeks, while refrigerated eggs retain good
quality up to eight weeks. According to Commission Regulation 589/2008 of 23 June
2008 [21] on marketing standards for eggs, eggs ‘should in general not be refrigerated
before sale to the final consumer’. This is explained by the possibility of condensation
when the eggs are later placed at room temperature, which may be conducive to the
growth of bacteria on the shell. According to the regulation, the shelf-life of the egg
after laying is 28 days. However, it should be emphasized that eggs in retail outlets are
usually stored at ambient temperatures of up to 20-25°C, which highly accelerates their
ageing process. Thus it is very likely that the consumer will buy eggs that are about
two weeks old, still suitable for consumption, but of much poorer quality.

The aim of the research was to determine changes occurring in table eggs depending
on storage time at room temperature and in refrigeration conditions.
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Material and methods

The experimental material comprised table eggs from Lohmann Brown laying hens
kept in a battery system. The eggs (75) were collected at the peak of laying (about
the 16th week), marked, and submitted for analysis in the Egg Quality Assessment
Laboratory of the Department of Poultry Science, University of Warmia and Mazury
in Olsztyn.

The first step was assessment of the quality of fresh eggs, which was performed
on 15 eggs immediately after collection. The remaining 60 eggs were divided into
two groups (30 in each) and stored under different conditions for 28 days. Eggs from
the first group (I) were stored at room temperature, which was about 20°C with 50%
humidity. Eggs from the second group (II) were refrigerated at 4°C and about 30%
humidity.

On the 1st, 14th and 28th days of the experiment, the physicochemical properties
of the eggs were tested to assess changes indicative of ageing. The eggs were weighed
individually to determine weight losses and the air space was measured. The density of
the eggs was measured using an Axis Hydro AD densitometer (Gdansk, Poland). Then
the eggs were broken and the quality of the albumen was assessed, based on its height
and the weight of the egg, and expressed using Haugh units [11]. The yolk colour was
specified using the 15-point DSM scale. Next, the yolk was separated from the white
and weighed in order to determine the percentage share of each part of the egg. Shell
thickness was expressed as the mean of measurements on three parts of the egg (the
blunt and narrow ends and the short axis), made with a micrometer. The strength of the
shell was determined using an Egg Force Reader (ORKA Food Technology).

The results were statistically analysed by one-way analysis of variance in Statistica
13.0 software, at a significance level of P<0.05 [23]. The significance of differences
between means was determined using Duncan’s test.

Results and discussion

The physicochemical characteristics of eggs stored at room temperature are shown
in Table 1. Most of the features analysed deteriorated significantly with storage time.
There was a significant (P = 0.001) increase in the height of the air space (4.47 vs.
2.07 mm) after just 14 days of storage. After 28 days, the height of the air space had
increased to 6.4 mm. The height of the air space is the basic measure of egg freshness
[1]. According to the Commission Regulation (EC) on marketing standards for eggs
[21], the height of the air space of Class A eggs must not exceed 6 mm. It follows that
28-day-old eggs stored at room temperature should not be sold to the consumer as a
high quality product. This is confirmed by the results of a study by Calik [2], which
showed that the height of the air space in eggs stored at 24°C may reach 8.9 mm by
day 21.
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Table 1
Quality of chicken eggs depending on storage time at room temperature (20° C)

Day
Trait SEM P
1 14 28

Height of air space (mm) 2.07¢ 4.47° 6.40° 0.313 0.001
Egg weight loss (g) 0° 1.96° 4.13¢ 0.264 0.001
Egg density (g/cm?®) 1.08° 1.05° 1.01° 0.004 0.001
Shell strength (kg/cm?) 3.60 3.59 3.53 0.114 0.068
Shell thickness (mm) 0.353 0.358 0.339 0.004 0.066
Egg yolk percentage (%) 25.0° 25.4° 29.1° 0.451 0.001
Egg albumen percentage (%) 65.7* 64.5° 60.7° 0.502 0.001
Egg shell percentage (%) 9.38° 10.09* 10.21# 0.119 0.007
Haugh units 86.3° 31.2° 28.7° 4214 0.001
pH of albumen 8.64° 9.45° 9.45° 0.061 0.001
Yolk colour (pts) 8.67° 7.80° 8.27¢ 0.106 0.002

a, b, ¢ — values with different superscripts differ significantly at P<0.05

Changes taking place in the egg during storage can be monitored by determining
the loss of egg weight and its density. In our study, a significant (P = 0.001) decrease
in egg weight was noted: 1.96 g by day 14 and as much as 4.13 g by day 28. Similar
results have been obtained by other authors [8]. Loss of egg weight may be caused
by an increase in pore area and permeability, as a result of drying out of the cuticle
and shell membrane in stored eggs [6]. In our research, no significant changes in the
thickness and strength of the shell were found depending on storage time, but the eggs
kept at room temperature had a significantly (P = 0.007) higher percentage share of
shell (10.09% vs. 9.38%) after 14 days. After 28 days, the percentage of shell in the
egg was 10.21% and was nearly 9% higher than in fresh eggs. At the same time, a si-
gnificantly (P = 0.001) larger share of yolk and significantly (P = 0.001) smaller share
of albumen (by about 7%) were found in comparison to fresh eggs and those stored for
14 days. According to Swierczewska [25], shell quality is closely correlated with the
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density of the egg. Smiechowska and Podgérniak [24] state that eggs whose density is
lower than 1.021 g/cm? should be classified as a product on the verge of spoilage. In
our study, egg density decreased significantly (P = 0.001) with the storage time, with
the oldest eggs having a density of 1.011 g/cm’. Therefore, these results also suggest
that eggs stored at room temperature for 28 days should be considered unfit for human
consumption.

Albumen quality depends on the quality of the thick albumen, which can be de-
termined by measuring its height and calculating the number of Haugh units. The
number of Haugh units for fresh eggs should be between 72 and 110 [6]. In our study,
storing eggs at room temperature resulted in significant (P = 0.001) deterioration of
albumen quality after just 14 days, as the number of Haugh units decreased from 86.3
to 31.2, and by the 28th day to 28.6. These changes are caused by the loss of carbon
dioxide from the egg and the significant (P =0.001) increase observed in the pH of the
albumen, whose thick fraction becomes looser and loses strength. As a consequence,
the albumen becomes watery and homogeneous, which is reflected in the drop in the
number of Haugh units. The loss of carbon dioxide from the egg depends on the am-
bient temperature. It is faster at higher temperatures and continues until equilibrium
between the egg white and ambient air is reached [5].

According to consumers, one of the most important characteristics distinguishing
egg quality is the yolk colour. In our study, no clear influence of storage time on
changes in yolk colour was found. The statistical analysis showed that eggs stored for
14 days had statistically significantly (P = 0.002) the lightest yolk colour. It should be
emphasized, however, that this is a trait that is easily controlled, as it largely depends
on how the laying hens are fed.

Table 2 presents the physicochemical characteristics of refrigerated eggs. The re-
sults indicate that refrigeration significantly slowed down the unfavourable changes
occurring in the egg.

Although refrigeration time significantly (P = 0.004) increased the size of the air
space in eggs stored for 14 and 28 days, it was still less than a millimetre higher
than in fresh eggs (3.00 and 2.87 mm vs. 07 mm). This meant that all eggs analysed
qualified as a class EXTRA product [21]. For comparison, the air space in the eggs
stored at room temperature was 2.4 mm higher than in fresh eggs after just 14 days,
and after 28 days it disqualified the eggs as Class A eggs [24]. Similar dependencies
were obtained in the assessment of other egg quality traits.

Our research showed that refrigeration of eggs significantly (P = 0.001) reduces
egg weight loss, which even after 28 days of storage did not exceed 1 g. The albumen
quality, expressed in Haugh units, was significantly reduced (P = 0.001), but the va-
lues obtained on days 14 and 28 were similar and, importantly, still indicative of high
quality (77.1 and 76.0, respectively). These results are comparable to those obtained
by Jones et al. [14] and more favourable than those reported by Kokoszynski et al.
[16], in which the loss of weight of refrigerated eggs decreased by about 1.5% after
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Table 2
Quality of chicken eggs depending on storage time in refrigerated conditions (4°C)

Trait Day SEM P
1 14 28

Height of air space (mm) 2.07° 3.00? 2.87° 0.104 0.004
Egg weight loss (g) 0° 0.376° 0.803° 0.611 0.001
Egg density (g/cm?) 1.08° 1.073° 1.067¢ 0.001 0.001
Shell strength (kg/cm?) 3.60 3.97 3.92 0.092 0.199
Shell thickness (mm) 0.353 0.341 0.360 0.003 0.162
Egg yolk percentage (%) 25.0° 26.2¢ 26.4° 0.242 0.032
Egg albumen percentage (%) 65.7* 64.6% 63.7° 0.288 0.017
Egg shell percentage (%) 9.38° 9.21° 9.92¢ 0.101 0.008
Haugh units 86.3* 77.1° 76.0° 1.023 0.001
pH of albumen 8.64° 8.92° 9.05 0.250 0.001
Yolk colour (pts) 8.67° 8.60° 9.00° 0.799 0.001

a, b, ¢ — values with different superscripts differ significantly at P<0.05

just 21 days, and the number of Haugh units dropped from 75.7 on the first day of
storage to 69.6 on the 21st day.

According to Calik [2], the means of storing eggs also affects the acidity of the
albumen, as the pH of the albumen of eggs stored at 21°C increased much faster than
in eggs stored at 6°C. Our research confirmed the positive effect of a low storage
temperature on albumen pH, which increased significantly (P = 0.001) in comparison
with fresh eggs only after 28 days of storage.

In the refrigerated eggs, no influence of storage time on shell quality was observed.
Both the thickness of the shell and its strength were comparable in fresh eggs and
those stored for 14 or 28 days. However, the storage time did affect the proportions of
individual egg components. In comparison with day-old eggs, a significant (P = 0.032)
increase in the share of yolk and a significant (P = 0.017) decrease in that of albu-
men were observed in eggs stored for 14 days and 28 days. This correlation was also
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observed by Calik [2] and by Campo et al. [3], who showed that exchange of water
and gases takes place between the albumen and yolk during storage of eggs, which
weakens the vitelline membrane. Water permeates the yolk, thereby increasing its
weight.

The results of the study indicate that storage time significantly (P<0.05) influenced
the increase in the size of the air space, loss of egg weight, deterioration of albumen
quality, and changes in the proportions of albumen and yolk in the egg. Eggs stored
at 4°C were of good quality and were classified as class EXTRA even after 28 days.
Eggs stored at 20°C were eliminated as Class A eggs by the 14th day, and by the 28th
day they were unfit for consumption. In summary, before being sold to the consumer,
eggs should be refrigerated to prevent premature ageing and thus deterioration in
quality.

REFERENCES

1. BIESIADA-DRZAZGA B., BANASZEWSKA D., WERESZCZYNSKA A., OLEDZKI L.,
2016 — Wplyw przechowywania na wybrane cechy jaj pochodzacych od kur rasy
zielonondzka kuropatwiana. Zywnos$é. Nauka. Technologia. Jakos$é 1 (104), 79-87.

2. CALIK]., 2013 —Zmiany cech jako$ciowych jaj, pochodzacych od kur niesnych zéttonozka
kuropatwiana (Z-33), w zalezno$ci od warunkéw ich przechowywania. Zywnosé. Nauka.
Technologia. Jakosé 2 (87), 73-79.

3. CAMPOJ.L., GARCIA G.M. MUNDOZ I., ALONSO M., 2000 — Effects of breed, hen age,
and storage on the indirect prediction of the albumen quality. Archiv fiir Gefliigelkunde
64 (3), 109-114.

4. CHWASTOWSKA-SIWIECKA 1., SKIEPKO N., KLEKOTKO K., DRAZBO A., 2013 —
Wplyw czasu chlodniczego przechowywania na barwg jaj gotowanych pakowanych
prozniowo. Chiodnictwo XLVIII (9), 18-21.

5. DRABIK K., PUK M., CHABROSZEWSKA P., BATKOWSKA J., 2017 — Wskazniki
$wiezosci i jakosci konsumpcyjnych jaj kurzych w czasie ich przechowywania w §wietle
obowiazujacych aktéw prawnych. Badania i Rozwo6j Mtodych Naukowcoéw w Polsce —
Hodowla Zwierzat i Weterynaria. Poznan, 51-58.

6. EKE M.O., OLAITAN N.I., OCHEFU J.H., 2013 — Effect of Storage Conditions on the
Quality Attributes of Shell (Table) Eggs. Nigerian Food Journal 31 (2),18-24.

7. FEDDERN V., PRA M.C., MORES R., SILVEIRA NICOLOSO R., COLDEBELLA A.,
ABREU P.G., 2017 — Egg quality assessment at different storage conditions, seasons and
laying hen strains. Ciéncia e Agrotecnologia 41 (3), 322-333.

8. GAVRIL R., USTUROI MG., 2011 — Effects of temperature and storage time on hen eggs
quality. Lucrari stiintifice, seria Zootehnie 56,259-264.

9. GIAMPIETRO-GANCECO A., SCATOLINI-SILVA A. M., BORBA H., BOIAGO M.M.,
LIMA TM.A., SOUZA P.A., 2012 — Comparative study of quality characteristics of egg
stored in domestic refrigerators. Ars Veterinaria 28 (2), 100-104.

43



M. Kopacz and A. Drazbo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

44

GRASHORN M., JUERGENS A., BESSEI W., 2016 — Effects of storage conditions on egg
quality. Logmann information 50 (1), 22-27.

HAUGH R.R., 1937 — The Haugh unit for measuring egg quality. The U.S. Egg & Poultry
Magazine 43, 522-555.

JANKOWSKIJ., 2012 — Hodowla i uzytkowanie drobiu. Powszechne Wydawnictwo Rol-
nicze i Le$ne, Warszawa.

JINY.H., LEE K.T., LEE W.I.,, HAN Y.K., 2011 — Effect of storage temperature and time
on the quality of eggs from laying hens at peak production. Asian-Australasian Journal
of Animal Sciences 24 (2), 279-284.

JONES D. R., MUSGROVE M.T., 2005 — Effects of extended storage on egg quality fac-
tors. Poultry Science 84 (11), 1774-1777.

KAMINSKA B., 1996 — Budowa jaja kurzego, jego wlasciwosci oraz zmiany zachodzace
podczas przechowywania i procesu starzenia si¢ jaj. Magazyn Drobiarstwo 1, 18-20.
KOKOSZYNSKI D., KORYTKOWSKA H., BAWEJ M., 2008 — Wplyw czasu prze-
chowywania jaj kurzych w warunkach chtodniczych na ich jakos¢. Prace Komisji Nauk Rol-
niczych i Biologicznych. BTN seria B, nr 64, 31-37.

KRAWCZYK J., OBRZUT J., 2016 — Ksztaltowanie si¢ jakoS$ci jaj przechowywanych
w zrdznicowanych warunkach pochodzacych od wybranych populacji kur objetych pro-
gramem ochrony. Wiadomosci Zootechniczne 1, 53-60.

KRAWCZYK J., SOKOLOWICZ Z., 2015 — Effect of chicken breed and storage conditions
of eggs on their quality. Acta Scientiarum Polonorum Zootechnica 14 (4), 109-118.
OLIVEIRA B.L., OLIVEIRA D.D., 2013 — Qualidade e tecnologia de ovos. UFLA (ISBN
9788571270319).

PIKUL J., 1994 — Ocena technologiczna jaj i przetwordw z jaja. Wydawnictwo Akademii
Rolniczej w Poznaniu.

ROZPORZADZENIE KOMISJI(WE)NR 589/2008 zdnia 23 czerwca 2008 r. ustanawiajace
szczegdtowe zasady wykonywania rozporzadzenia Rady (WE) nr 1234/2007 w sprawie
norm handlowych w odniesieniu do jaj (Dz.U. UE L 163 z 24.06.2008, str. 6-23).

SAMLI H.E., AGMA A., SENKOYLU N., 2005 — Effects of Storage Time and Tempera-
ture on Egg Quality in Old Laying Hens. The Journal of Applied Poultry Research 14
(3), 548-553.

STATSOFT Inc. STATISTICA (data analysis software system), 2013. Version 12 (http://
www.statsoft.com).

SMIECHOWSKA M., PODGORNIAK P., 2013 — Badanie i ocena wybranych parametrow
jakosciowych ekologicznych jaj kurzych dostepnych na rynku Trojmiasta. Journal of Re-
search and Applications in Agricultural Engineering 58 (4), 186-189.
SWIERCZEWSKA E., 2000 — Hodowla drobiu i technologia jego chowu. Wydawnictwo
SGGW, Warszawa.

TRZISZKA T., 2000 — Jajczarstwo. Wydawnictwo Akademii Rolniczej we Wroclawiu,
Wroctaw.

UNITED STATES DEPARTMENT OF AGRICULTURE (USDA), 2000 — Egg-grading
manual. Washington: Department of Agriculture (Agricultural Marketing Service 75),
p. 56.



Changes in the quality of table eggs depending on storage method and time

28. ZINA M., 2008 — Utrwalanie i przechowywanie zywno$ci. Wydawnictwo Uniwersytetu
Rzeszowskiego, Rzeszow.

29. ZINAM., 2009 — Ocena zywnosci i zywienia. Wydawnictwo Uniwersytetu Rzeszowskiego,
Rzeszow.

45



