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SUMMARY

This paper investigates the physical and chemical quality indicators of table eggs
available on the Croatian market. The research was carried out on eggs produced
by two manufacturers, marked as A and B, on the 7! and 28" day of egg storing.
According to the Regulations on egg quality (0J 115/06, Art. 9), eggs are classified
as class A or fresh eggs and class B or eggs for industrial processing. Referring
to the weight of the eggs, the eggs of class A are divided into four grades: XL, L,
M and S. Our research focused on the M weight grade eggs, because they are
the most represented ones in our conditions. The following external indicators of
egyg quality were analyzed: shape index (%), eqgg weight (g), shell weight (g), shell
strength (kg/cm?) and thickness (mm). Furthermore, the following indicators of
inner egg quality were tested: weight of albumen and yolk (g), yolk colour, Haugh
units (HU), albumen height (mm), pH of albumen and pH of yolk. Results of our
research provided the following conclusions: based on evaluation of energy and
protein value, eggs of the manufacturer B had better nutritive value than eggs of the
manufacturer A. The results of research into quality of eggs on the 7" day of stor-
age proved that there was statistically significant difference (P<0.001) hetween
the A and B egg manufacturer if referring to the egg weight, shape index, shell
thickness, shell weight and strength, as well as albumen weight. After the 28" day
of egg storage, there was statistically significant difference (P<0.001) determined
for albumen height, HU, pH values of albumen and yolk, and yolk colour (P=0.003).
Based on the analysis of nutritive values and physical and chemical properties of
eggs during storage, it was confirmed that eggs produced by the manufacturer B
were of better quality than eggs of the manufacturer A. Eggs of both manufacturers
met the requirements defined by the Croatian Regulations on egg quality.
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INTRODUCTION

Eggs are an animal product consumed quite often
because of their high nutritive value, easy preparation
and diverse purposes. According to the Regulations on
Egg Quality (0J 115/06, Art. 9), chicken eggs are clas-
sified as class A or fresh eggs, and class B or eggs for
industrial processing. Referring to the weight of eggs,
eggs of class A are divided into four grades: XL-very large
eggs weighing from 73 g and more, L-large eggs weigh-
ing from 63 to 73 g, M-middle-sized eggs weighing from
53 to 63 g, and S-small eggs weighing less than 53 g.

In Croatian conditions, consumers usually purchase
eggs of the M grade. Minimum shelf life must be indi-
cated on the packaging of eggs, which is in accordance

with the regulation provisions. The expiry date for eggs
of class A indicates the date until which eggs, if properly
stored, retain their properties, as in the Article 10 of the
aforementioned regulations. The minimum shelf life can-
not be longer than 28 days after laying until being sold to
the end consumer. The laying date shall be visible on all
eggs in a package. This research focused on determin-
ing the changes that occur in egg yolk and albumen by
the 28" day of storage in a refrigerator at +4°C. The
examined eggs were purchased within the recommended
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shelf life. The most significant changes in the quality of
eggs can be assessed by qualitative indicators, such as:
Haugh units, weight of albumen, egg yolk and shell, albu-
men height and pH of yolk and of albumen, as well as
moisture loss through shell pores (Jin et al., 2011). Egg
weight is an important property that affects the quality
and class (Farooq et al., 2001; Sekeroglu and Altuntas,
2009). According to Burley and Vadehra (1989), albumen
consists of an outer layer (23.3%), inner layer (16.8%),
and middle, dense layer (57.3%) and chalazae (2.7%).
The shell protects the content from microorganisms and
small predators (Hincke et al., 2012). During storage of
eggs, chemical processes occur in albumen and yolk.
One part of water evaporates from albumen, and one part
enters the yolk, thus increasing its volume and weight
(Scott and Silversides, 2000). The aim of this research
was to assess the quality of eggs of the M grade (53-63
g) produced by two different manufacturers, referred
to as manufacturer A and manufacturer B. Eggs were
purchased in a supermarket, on the 7" and 28" day of
storage. The intention was to determine whether there
are differences in the quality of eggs of two different
manufacturers, as well as in the physical and chemical
properties that occur in eggs during storage period.

MATERIAL AND METHODS

The research was carried out on a total of 120 eggs
produced by manufacturer A and manufacturer B. After
the 7™ day of storage, 30 eggs of each manufacturer
were analysed for their external and internal indica-
tors of egg quality. The same analysis was performed
after the 28t day of storage, also on 30 eggs of each
manufacturer, with the aim to determine physical and
chemical changes that occurred during storage period
in the yolk and albumen.

The following indicators of external egg quality were
analysed: length and width of eggs (mm), shape index
(%), egg weight (g), shell weight (g), strength (kg/cm?)
and thickness (mm) of shell. The following internal indi-
cators of egg quality were analyzed: weight of albumen
and of yolk (g), yolk color, Haugh units (HU), albumen
height (mm), pH of albumen and pH of yolk. Shape index
was calculated from the measures of length and width of
eggs according to the pattern: index of shape (%)=width
of eggs/length of eggs*100 (Panda, 1996). The weight of
the eggs and main parts (albumen, yolk and shell) was

Table 1. Indicators of table eggs quality
Tablica 1. Pokazatelji kvalitete konzumnih jaja

measured by the PB 1502-S scales. An automatic device
Eggshell Force Gauge Model-ll was used to measure
the egg shell strength. Shell thickness was measured in
the middle of the shell by an electronic micrometre with
precision of 0.001 mm. The measurement was performed
three times to calculate the average. Values of pH of albu-
men and yolk were measured by the pH meter MP 120.
Yolk color, Haugh units (HU) and height of albumen were
measured by the Egg Multi-Tester EMT-5200.

Research results were processed by Statistica
v.13.2. (Dell Inc., 2016.). The significance of differences
testing between and within the groups was performed
by applying the GLM procedure of the variance analysis
(ANQVA). The following statistical plan was applied:
2 x 2 treatments; treatments: manufacturer A and B,
storage 7 and 28 days. The calculated F value was com-
pared with critical theoretic F value at the significance
level (P<0.05, P<0.01 and P<0.001). Significance of
differences between mean values was determined by
the Fisher’s LSD test.

RESULTS AND DISCUSSION

The Table 1 presents indicators of table egg quality
referring to the weight of whole eggs, shape index, the
weight of albumen and of yolk, as well as weight, thick-
ness and strength of the shell. Although both groups of
eggs were of the M grade (53-63 g), it was determined
that eggs of the manufacturer A weighed less on the
7t storage day than eggs of the manufacturer B (55.75
g : 57.89 g) and that they also had lower shape index
(76.67% : 79.04%; P<0.01). Eggs of the manufacturer
B had stronger shell (3.52 kg/m? : 2.51 kg/m?), and this
property is related to thickness and strength of shell
(P<0.001). Our research confirmed that eggs of both
manufacturers had thicker egg shell than it was reported
by Suksombat et al. (2006) and Hanusova et al. (2015).
The albumen weight (g) analysis indicated statistically
significant influence of the manufacturer (P<0.001).

Eggs of the manufacturer B had better results for
the stated indicators. Interaction of the influence of egg
manufacturers and the storage period was not statisti-
cally significant (P>0.05). Egg weight is an important
indicator that affects quality and classification of eggs
(Farooq et al., 2001). It is in direct proportion to weights
of albumen, yolk and shell. Portion of albumen (%) was
lower in lighter eggs, and that of yolk was greater in
heavier eggs (Kaminska and Skraba, 1991), which was
also confirmed in our research.

Treatments - Tretmani Shape index Shell Eggshell Shell weight | Yolk weight
Egg weight, Indeks thickness _ strength, TeZina TeZina Albumen weight
Manufacturer Storage Masa jaja oblika Debljina ljuske | Cvrstoca ljuske ljuske Zumanjka TeZina bjelanjka
Proizvodaé Skladistenje (g) (%) (mm) (kg/cm?) (g) (g) (g)
7 55.75 76.67° 0.362% 2.513b 7.57° 16.19 31.98°
A 28 55.44 76.71° 0.4232 2.8870 7.38 15.99 32.06°
7 57.89 79.04° 0.380° 3.5182 7.892 15.81 34.182
B 28 57.45 77.97% 0.442° 3.911° 8.07° 15.84 33.52°
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Treatments - Tretmani Shape index Shell Eggshell Shell weight | Yolk weight
Egg weight, Indeks thickness _ strength, TeZina TeZina Albumen weight
Manufacturer Storage Masa jaja oblika Debljina ljuske | Cvrstoca ljuske ljuske Zumanjka TeZina bjelanjka
Proizvoda¢ Skladistenje (9) (%) (mm) (kg/cm?) (g) (g) (g)
SEM 0.473 0.500 0.009 0.141 0.099 0.313 0.501
P 0.001 0.001 0.059 0.001 0.001 0.401 0.001
P-value/ S 0.891 0.304 0.001 0.007 0.063 0.704 0.461
Vrijednost PxS 0.430 0.271 0.927 0.948 0.991 0.780 0.569

P = manufacturer's influence/utjecaj proizvodaca; S = storage influence/utjecaj skladistenja; P x S = interaction of manufacturer and storage/interakcija

proizvodaca i skladistenja; #°P<0.05; SEM = mean standard error

Table 2 presents average nutritive value of eggs per
100 g that is calculated as average weight of eggs of
manufacturers A and B. Although eggs belonged to the
same weight grade, eggs of the manufacturer B weighed
2.45 g more than the eggs of the manufacturer A, which
further proves that the eggs of the manufacturer B had

Table 2. Average nutritive value of eggs
Tablica 2. Prosjecna nutritivna vrijednost jaja

energy value greater than 13 KJ and 4 g of protein more
than the eggs of the manufacturer A. Accordingly, in
human nutrition, the eggs of the manufacturer B satisfy
daily requirements for energy and protein slightly better
than the eggs of the manufacturer A.

Manufacturer A Manufacturer B
Proizvodac A Proizvodac B
Egg Egg

In 100 g of egg weight Jaje % of defined intake Jaje % of defined intake
Indicator/Pokazatelj U 100 g jajcane mase 55.7¢ % propisanog unosa 5799 % propisanog unosa
Energija/Energy (KJ) 545 302 3.6 315 3.7
Masti/Fat (g)
-zasi¢ene masne kiseline/satu- 8.7 4.9 7.0 5.0 7.0
rated fatty acids (g) 3.2 1.8 9.0 1.8 9.0
Ugljikohidrati/ Carbohydrates, g 0.5 0.3 <1 0.3 <1
Bjelancevine/
Protein (g) 12.7 7.0 14 1.4 15
Sol/Salt (%) 0.5 0.3 5 0.3 5.0

Source/lzvor: Own calculation according to the nutritive declaration/Vlastiti izracun prema nutritivnoj deklaraciji

Table 3 overviews indicators of egg freshness that
affect egg quality. The height of albumen depended on
the duration of storage (P<0.01) and in eggs of both
manufacturers it was higher on the 71" day of storage
in comparison with the 28t day of storage. If consider-
ing this indicator, as well as the Haugh units, eggs of

Table 3. Indicators of table eggs freshness
Tablica 3. Pokazatelji svjeZine konzumnih jaja

the manufacturer B were of better quality. According
to the research of Batkowska et al. (2016), the values
of HU after the 28™ day of storage were lower in eggs
originating from different keeping systems of laying
hens (57.7-60.4 HU) than in our research (64.53 and
66.67 HU).

Treatments/Tretmani Albumen height Yolk color
i$teni Visina bjelanjka HU Boja Yolk pH Albumen pH
Mar}ufactlirer Skladistenje jelan)| _ boja pH Zumanjka pH bjelanjka
Proizvodac Storage (mm) Zumanjka
A 7 5.03% 70.36% 12.80° 6.03° 8.75¢
28 4.39¢ 64.53¢ 13.10° 6.21° 9.032
B 7 5.27° 71.332 12.80° 6.06° 8.80°
28 4.68 66.67° 13.06% 6.17° 8.99°
SEM 0.173 1.534 0.096 0.023 0.014
P 0.130 0.313 0.862 0.994 0.674
P _value S 0.001 0.001 0.003 0.001 0.001
Vrijednost PxS 0.901 0.705 0.863 0.193 0.006

P = manufacturer influence/utjecaj proizvodaca; S = storage influence/utjecaj skladistenja; P x S = interaction of manufacturer and storage/interakcija proizvodaca

i skladitenja; & °P<0.05; SEM = mean standard error
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The yolk colour is an indicator that attracts atten-
tion when eggs are used for industrial processing. In our
research, as opposed to statements of Jin et al. (2011),
eggs stored for 28 days had higher intensity of yolk
colour than eggs examined on the 7™ day of storage
(P<0.003). It was expected that the penetration of water
from albumen into the yolk through its membrane would
cause the yolk to dilute, to become lighter in colour and
heavier. The processes of decomposition of nutrients
that occur in yolk and albumen affect the increase of pH
in yolk, which is a consequence of longer storage time
(P<0.01). Increased pH values in the albumen were
influenced by the origin of eggs (P<0.001) and by stor-
age time (P<0.006). These results are in accordance
with those published by Scott and Silversides (2000)
and Samli et al. (2005). The eggs produced by manufac-
turer B had higher albumen height than eggs produced
by manufacturer A. During storage, mucin threads of
albumen decompose, the content spills, thus reducing
the albumen height. The quality of albumen is a standard
indicator of egg quality. It depends on breed, egg weight,
and environment temperature (Samli et al., 2005). Height
and pH of albumen are indicators of its quality (Scott
and Silversides, 2000). During storage, eggs develop
oxidative processes, which cause pH value to increase
(Fasiangova and Borilova, 2017). Scheideler et al. (2010)
stated that pH value of fresh egg albumen was 7.6-8.5,
and during storage it increased to 9.7, while pH of yolk at
the same time increased from 6.0 to 6.9. The disulphide
bonds got broken, ovomucin was decomposed, which
changed the structure of the solid layer of albumen and
caused the loss of water (Gajcevic et al., 2009; Sheikh
et al., 2009). Albumen gets diluted, it spills more and
Haugh units get lowered (Lomakina and Mikova, 2006;
Kralik et al., 2014). Haugh units (HU) are used as an
indicator of egg quality, which are calculated on a basis
of albumen thick layer height and egg weight (Haugh,
1937). Papas et al. (2005) pointed out that Haugh units
were statistically significantly reduced from 88.5 in fresh
eggs to 75.62 in eggs stored for 14 days. Albumen is
the highest after laying of eggs, and it decreases during
storage period (Silversides and Scott, 2001). Suksombat
et al. (2006) tested 60 g eggs and determined albu-
men height to be 7-8 mm and HU 89-90, values of
which were greater than in our research, because their
research was performed on fresh eggs. Batkowska et al.
(2016) determined that during storage of eggs, their air
chamber and pH of albumen got increased, and the HU
decreased. Hanusova et al. (2015) stated that internal
quality of eggs started to change right after eggs were
laid, therefore it is important that eggs are consumed as
soon as possible. They determined that there were dif-
ferences in quality of eggs laid by different laying hens’
breed. Jin et al. (2011) confirmed that shell weight, % of
shell and albumen weight (P<0.001) decreased during
storage. Absolute and relative portion of yolk and pH of
albumen significantly increased (P<0.001) along with
the increase of storage temperature (Jianping, 2014). Jin
etal. (2011) pointed out that the decrease in egg weight,
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pH of albumen and HU was significantly influenced by
duration of egg storing. Indicators of albumen qual-
ity decrease are pH values, which are increased during
storage period (Samli et al., 2005; Scott and Silversides,
2006). Kralik et al. (2015) stated that the values of albu-
men pH and yolk pH were significantly higher in eggs
from younger flock of hens compared to an older flock
(pH 8.94 and pH 6.07, pH 8.85 and pH 6.01), while the
storage conditions influenced the pH value in such a way
that at higher temperature with a longer storage time pH
values were higher. Batkowska et al. (2016) reported pH
values of yolk after the 28™ day of storage (6.57-6.75)
that were higher than our values (6.17-6.21). There was
high correlation between egg size and shell thickness
(Harms et al., 1990). Iposu et al. (1994) and Silversides
(1994) determined significant negative correlation
between egg weight and albumen height (-0.021) and
between egg weight and Haugh units (-0.108). Similar
results were obtained by Sekeroglu et al. (2000) for cor-
relation between egg weight and shape index (0.227),
as well as shell strength (-0.461). Scott and Silversides
(2000) stated that storing eggs at a room temperature
over a longer period of time resulted in the decrease of
albumen weight and the increase of pH values.

CONCLUSION

The results of the research into the quality of table
eggs produced by manufacturer A and B on Croatian
market, in conditions of storage that lasted for 7 and 28
days, the following conclusions can be drawn:

- Based on the assessment of energy and
protein values, eggs of the manufacturer B had better
nutritive value than the eggs of the manufacturer A,

- The results of the research into quality of eggs
on the 71" day of storage indicated that there was statis-
tically significant difference (P<0.001) between manu-
facturer A and manufacturer B referring to: egg weight,
shape index, shell thickness, weight and strength of
shell, as well as albumen weight,

- After 28" day of storage, there was statisti-
cally significant difference (P<0.001) determined for
the albumen height, HU, pH values of albumen and yolk,
and yolk color (P=0.003),

- Based on the analysis of nutritive values and
physical and chemical properties of the eggs during
storage, the eggs produced by manufacturer B had bet-
ter quality than the eggs of the manufacturer A.

The eggs of both manufacturers met the require-
ments defined by the Croatian Regulations on Egg Quality.
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KVALITETA KONZUMNIH JAJA NA HRVATSKOME TRZISTU

SAZETAK

U radu se istrazuju fizikalno-kemijski pokazatelji kakvoée konzumnih jaja na nasem trZistu. IstraZivanje je
provedeno na jajima dvaju razlicitih proizvodaca, ,A” i B”, i to 7. i 28. dana skladistenja jaja. Prema Pravilniku
o kakvodéi jaja (NN 115/06. ¢l. 9.), jaja se klasiraju na jaja ,A” klase” ili svjeZa jaja i jaja ,,B” klase, namijenjena
industrijskoj preradi. S obzirom na teZinu, jaja ,,/A” klase razvrstavaju se u cetiri razreda: ,XL", ,L", ,M" i ,S".
Nase istrazivanje odnosi se na jaja ,,M" teZinskoga razreda, jer se taj razred jaja najvise koristi u nasim
uvjetima. Od pokazatelja vanjske kvalitete jaja analizirani su indeks oblika (%), teZina jaja (g), teZina ljuske
(g), évrstoéa (kg/cm?) i debljina (mm) ljuske, a od unutrasnjih pokazatelja teZina bjelanjka i Zumanjka (g), boja
Zumanjka, Haugh jedinice (HJ), visina bjelanjka (mm), pH bjelanjka i pH Zumanjka. Rezultati nasih istraZivanja
dopustaju sljedece zakljucke: temeljem procjene energetske i proteinske vrijednosti, jaja proizvodaca ,B”
odlikuju se holjom nutritivnom vrijednoséu od jaja proizvodaca , A”. Rezultati istraZivanja kvalitete jaja 7.
dana skladistenja pokazali su da postoji statisticki znacajna razlika (P<0,001) izmedu proizvodaca jaja ,, A"
i ,B” u teZini jaja, indeksu oblika, debljini ljuske, tezZini i ¢vrstoéi ljuske, kao i tezZini bjelanjka. Nakon 28.
dana skladistenja, utvrdena je statisticki znacajna razlika (P<0,001) u visini bjelanjka, HJ, pH vrijednostima
bjelanjka i Zumanjka te bhoji Zumanjka (P=0,003). Temeljem analize nutritivne vrijednosti i fizikalno-kemijskih
svojstava jaja tijekom skladistenja, jaja proizvodaca ,,B” odlikuju se boljom kvalitetom od jaja proizvodaca ,A".
Jaja obaju proizvodaca zadovoljavaju uvjete propisane hrvatskim pravilnikom o kakvoéi jaja.

Kljuéne rijeci: konzumno jaje, kvaliteta, skladistenje, ,M" teZinski razred
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