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ABSTRACT

Background. The chicken egg is a food product with a rich content of nutrients, such as proteins, vitamins,
lipids, and minerals with high bioavailability. Furthermore, eggs are easy to prepare and a relatively inexpen-
sive component of the human diet. The aim of this study was to compare the quality of eggs from an organic
and a conventional farm and their content of Na and K.

Material and methods. The research material consisted of eggs from laying hens reared in two different sys-
tems — organic (according to standards for organic farming and with access to a chicken run) and cage. Forty
eggs from each group were analysed. Egg quality traits were divided into destructive and non-destructive.
In addition, potassium (K) and sodium (Na) contents were determined in the whole egg, yolk and albumen.
Results. The research results indicated slightly better quality of eggs from organic farming compared to eggs
from cages in the case of most physical properties. The data clearly show that the content of sodium and po-
tassium in the albumen, yolk and whole egg was higher in the eggs of chickens raised organically compared
to the eggs of chickens reared in cages (P < 0.05).

Conclusions. The research results indicate a slightly better quality of eggs from the organic farm compared
to eggs from cages in the case of most physical properties, as well as the content of macro-elements. Eggs
in both systems are produced following scientific management practices. There are many myths among con-
sumers regarding the nutritional quality of eggs produced in different systems. This information can be useful
for raising awareness among consumers selecting eggs.
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INTRODUCTION

The chicken egg is a food product with a rich content of
nutrients, such as proteins, vitamins, lipids, and miner-
als (Abd El-Hack et al., 2018; Seuss-Baum, 2007), with
high bioavailability (Kijowski et al., 2013; Wellman-
-Labadie et al., 2007). In recent years, diverse opinions
have been disseminated about the effect of eggs in the
diet on human health, and in particular about the rec-
ommended quantity of eggs in the diet (Kijowski et al.,
2013; McNamara, 2010; Wezyk and Gilewski, 2018).
This mainly had to do with concern about the adverse
effects of the cholesterol, fat and calories in egg yolks
on human health. Currently, eggs are no longer treat-
ed as foods that should be restricted in the daily diet,
and are even regarded as functional foods (Biesiada-
-Drzazga et al., 2020). For humans, eggs are both food
and a source of life-giving substances (Kijowski et al.,
2013). Furthermore, eggs are easy to prepare and a rela-
tively inexpensive component of the human diet. Eggs
for food are obtained mainly from domestic fowl. Mass
egg consumption around the world is primarily based
on chicken eggs (Anders, 2004a; 2004b). According
to Commission Directive 2002/4/EC of 30 January
2002, four systems for keeping laying hens can be dis-
tinguished: cage, barn, free range and organic (Dyrek-
tywa..., 2002). In addition, since January 1, 2012, the
conventional battery-cage system has been prohibited,
and cages must be ‘enriched’, with space for a nest,
litter, and a perch, with a cage area of not less than 750
cm? per bird (Betkot and Gondek, 2014). The structure
of the rearing system of laying hens in the European
Union is very diverse. In most EU countries the cage
system is dominant (Portugal, Spain, Czech Republic,
Greece, Slovakia, Lithuania, Latvia, and Estonia). In
Germany, the Netherlands, Sweden and Luxembourg,
the majority of laying hens are reared in the barn sys-
tem, whereas in Great Britain and Ireland the free
range system is preferred, and in Denmark nearly 30%
of laying hens are reared in an organic system (https://
kipdip.org.pl/pl/news/struktura-chowu-kur-niosek-w-
unii-europejskiej-w-2017-roku). In Poland, consum-
ers are primarily supplied with eggs from the cage
system. However, recent years have seen an increase
in the consumption of eggs from free range or organic
rearing systems. The organic system of housing laying
hens may have a positive effect on the egg contents,
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in line with consumer expectations (Krawczyk et al.,
2011). Making a chicken run available to layers also
affects the physical characteristics of the eggs, such as
their weight and shell strength (Krawczyk and Gor-
nowicz, 2010). The fundamental requirement in the
production of organic eggs is to provide layers with
green runs and feed them organic feed. However, or-
ganic chicken farming is very costly, which increases
the price of eggs. The physiological properties of eggs
play an important role in determining consumer pref-
erences. Smell, taste and sensory memory are impor-
tant to all consumers. When purchasing food, people
pay attention to the freshness, quality and price of the
product. There is also an increasing focus among the
public on health (Babicz-Zielinska, 2001; Wielewska,
2004), associated with nutrition. The inclusion of eggs
with health-promoting properties in the daily diet is
highly beneficial (Sim, 2006; Surai and Sparks, 2001;
Trziszka, 2009; Trziszka et al., 2013), and egg con-
sumption can reduce the risk of a number of diseases
(Nys et al., 2011), because the substances contained
in them improve body condition and supplement the
human diet with nutrients that may be lacking (Seuss-
-Baum, 2007). In addition, eggs are considered nutra-
ceuticals, i.e. natural food with health-promoting and
therapeutic functions (Nain et al., 2012), and ‘designer
eggs’ may contain several times more biologically ac-
tive substances (Trziszka et al., 2013; Walczak et al.,
2016). An undoubted advantage of eggs is that their
composition can be modulated relatively easily, in the
case of both nutrients and elements (Szymanek et al.,
2019). Specific diets for laying hens enable the produc-
tion of eggs available on the market under many trade
names, such as multi-grain eggs, eggs with marigold
and red pepper extracts, herbal eggs, or eggs enriched
with macro-elements. In addition, the myth of the high
cholesterol content of eggs and its health implications
has been refuted in recent years. Studies show that egg
consumption has no negative effect on serum choles-
terol levels (Hu et al., 2001). It is even recommended
to eat several eggs a week (McNamara, 2010). Hence,
it is worth focusing once again on comparison of eggs,
especially those widely available in retail, their quality,
and their content of selected macro-elements.

The aim of the study was to compare the quality
of eggs from an organic and a conventional farm and
their content of Na and K.
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MATERIAL AND METHODS

The research material consisted of eggs from laying
hens reared in two different systems — organic (accord-
ing to standards for organic farming and with access
to a chicken run) and cage (Kajdan-Zasnarska, 2013).
The study was conducted in April 2018. Both groups
of eggs were purchased at a supermarket belong-
ing to one of the local retail chains in the Masovian
Voivodeship in Poland. The eggs were from a con-
ventional farm and an organic farm from the same
voivodeship. Both cage and organic eggs were size
M (Rozporzadzenie..., 2008). The eggs selected for
purchase had a use-by date within 14 days. Forty eggs
from each group were analysed, for a total of 80 eggs.
Eggs were assessed on the day of purchase and the
next day. Prior to the analysis, they were stored under
refrigerated conditions (about 4-5°C).

Egg quality parameters were divided into those
which required the shell to be broken and those that
did not (non-destructive). The egg weight (g) was re-
corded using an electronic scale (RADWAG WPS 360
C scales, Radom, Poland) to within 0.1 g. The depth
of the air cell was measured using an Ovolux candling
lamp and a millimetre scale.

The following characteristics of individual egg
components were assessed:

1. Shell:

* colour — using a colour scale from 0 to 100

» weight — using an electronic scale to within

001g
 thickness — using a micrometer, in three plac-
es: the blunt end, pointed end, and mid-height
(equator).
2. Albumen:

+ thick albumen weight — using an electronic
scale to within 0.01 g

+ thin albumen weight — using an electronic scale
to within 0.01 g

 thick albumen height — after breaking the egg
and emptying its contents onto a glass plate, the
height of the thick albumen was measured with
a micrometer on a tripod at a distance of about
1 cm from the yolk

» length and width of thick and thin albumen —

using an electronic calliper
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» concentration of hydrogen ions (pH) — with
a CP-251 pH meter to within 0.01.
Based on the albumen height and weight of the
egg, Haugh units were calculated according to
the formula given by Williams (1992).

3. Yolk:

+ weight — with an Ohaus electronic scale to
within 0.01 g

+ diameter — with an electronic calliper

* colour — according to Roche’s 15-point scale

» concentration of hydrogen ions (pH) — with

a CP-251 pH meter to within 0.01.

The data were used to calculate the yolk index and
the percentage share of each morphological compo-
nent of the egg in the weight of the whole egg.

In addition, the potassium (K) and sodium (Na)
content of the egg yolk and albumen were determined
separately. The content of K and Na in a homogene-
ous mixture was also calculated based on the percent-
age of yolk and albumen in the egg. The sodium and
potassium content were determined by inductively
coupled plasma optical emission spectrometry (ICP-
OES) on an Optima 8300 spectrometer (Perkin Elmer,
Waltham, Massachusetts, USA). The determinations
were made at wavelengths of 589.592 nm for sodium
and 766.491 nm for potassium.

The instrument was operated under the following
conditions:

» nebulizer spray chamber — Meinhard/Cyclonic

* injector — Quartz 2.0 mm ID

* resolution — normal

+ read time — 20 s (min) — 50 s (max)

» resolution — normal

* plasma gas — 15 L/min, auxiliary gas — 0.2 L/min,

nebulizer gas — 0.6 L/min, power — 1400 W
* plasma view — radial.

The influence of the rearing system on the content
of elements was assessed by one-way analysis of vari-
ance using the following mathematical model:

Yij:}’l+ai+eij

where:
Yij — value of trait,
p —mean for population,
a, — effect of i-th level of factor (rearing system),
e, —sampling error.

161


http://dx.doi.org/10.17306/J.AFS.2020.0797

Banaszewska, D., Biesiada-Drzazga, B., Marciniuk, M., Hrnéar, C., Arpasova, H., Kaim-Mirowski, S. (2020). Comparison of the qual-
ity of cage and organic eggs available in retail and their content of selected macro-elements. Acta Sci. Pol. Technol. Aliment.,

19(2), 159-167. http://dx.doi.org/10.17306/J).AFS.2020.0797

Data were analysed by ANOVA using STATIS-
TICA PL (2011) 10.0 software (STATISTICA version
10.0, StatSoft Inc., PL). The mean values and the SD
of measured traits were calculated, and the signifi-
cance of differences between groups was verified by
Tukey’s test at P < 0.05.

RESULTS

The data on selected morphological features of eggs
from laying hens reared in an organic system and
a cage system are presented in Table 1. Organic eggs
weighed nearly 5 g less (P < 0.05) than eggs from the
cage system. The shape of eggs from the two rearing
systems was very similar. It is worth noting that de-
spite the smaller weight of eggs from the organic farm,
the share of yolk was over 4 percentage points higher,
while that of albumen was lower than in eggs from the

Table 1. Selected physical characteristics of eggs depending
on the rearing system

Chicken rearing system

Feature T S

mean +£SD mean +£SD
Egg weight, g 60.36*+3.43 65.25°+2.13
Egg length, mm 56.48 +1.74  57.74°+1.48
Egg width, mm 43.91°£1.01 45.22+0.87
Egg shape index* 1.28*+0.03 1.27¢40.03
Shell weight, g 6.36* £0.33 8.15* +0.38
Total albumen weight, g 33.81°+3.83  38.10°+3.38
Yolk weight, g 20.19* £2.53 19.00° +1.43
Depth of air cell, mm 6.45* +0.75 4.95°+0.82

Percentage of egg weight

Shell 10.54*+0.66 12.49°+0.61
Albumen 56.01*+6.53  58.39*£5.62
Yolk 33.45°+4.72  29.12°+2.31

Means in rows with superscripts (a, b) differ significantly at
P <0.05.
*Egg shape index — ratio of long axis to short axis.
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cage system (P < 0.05). The depth of the air cell was
also statistically (P < 0.05) greater in the organic eggs,
which in this case may indicate a slightly longer stor-
age period and thus less fresh eggs.

The shells of eggs from the organic system were
much lighter in colour than those of cage eggs (P <
0.05). The thickness of the shell of eggs from both
systems differed only at the blunt end of the egg (Ta-
ble 2). The shell of eggs from caged hens was 0.03 mm
thinner at the pointed end than that of eggs from hens
raised on the organic farm (P < 0.05).

Table 2. Selected characteristics of the egg shell depending
on the chicken rearing system

Chicken rearing system

organic
n=40

cage

Feature n =40

mean £SD  mean £SD

Shell weight, g 6.36°+0.33 8.15°+0.38

Shell colour, points 44.50°+6.86 80.00°+5.61

Shell thickness at blunt end, mm 0.36°+0.02 0.36*+0.02
Shell thickness at equator, mm 0.36*+0.02 0.37*+0.03

Shell thickness at pointed end, mm 0.40° +0.03 0.37°+0.01

Means in rows with superscripts (a, b) differ significantly at
P <0.05.

Table 3 presents data on albumen traits depend-
ing on the housing system. The albumen of eggs from
caged hens had a higher total weight, and thus the
weight of the thin and thick albumen was also greater
than in organic eggs (P < 0.05). Despite the greater
weight of the albumen of eggs from the cage system,
the height of the thick albumen in these eggs was
smaller (P < 0.05). The number of Haugh units, which
indicate the quality and freshness of eggs, was also
lower (P <0.05).

Table 4 shows that the organic eggs had a larger
yolk diameter and height, which resulted in a larger
yolk index compared to cage eggs (P < 0.05). Yolk
colour can range from pale yellow to dark orange. In
the present study, the yolks of cage eggs were lighter
in colour than organic egg yolks.
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Table 3. Characteristics of albumen depending on the
chicken rearing system

Chicken rearing system

Feature oanie - cage
mean +SD mean +SD
Total albumen weight, g 33.81*°+3.83  38.10°+3.38
Thin albumen weight, g 10.712 £2.15 12.14* +£1.54
Thick albumen weight, g 23.10°+2.62  25.96"+2.74
Thick albumen width, mm  86.04*+6.88  86.20* +7.69
Thin albumen width, mm  117.96*4+2.40  93.06"+10.04

Thin albumen length, mm  138.54*£19.62 136.15*+12.98

Thick albumen length, mm 100.63*+8.52  107.32*+6.99

Albumen pH 7.91* £0.59 8.93*+20.73
Albumen height, mm 3.70* +0.57 3.25°+0.63
Haugh units 54.53+6.92  44.77°+10.09

The data clearly show that the content of sodium
and potassium in the albumen, yolk and whole egg
was significantly (P < 0.05) higher in eggs of chickens
raised organically compared to the eggs of chickens
reared in cages (Table 5-7).

Table 5. Content of Na and K in albumen depending on the
rearing system

Rearing system

Element in albumen (ilrgjzgc ncig:()
mean +SD mean +SD
Na, mg/100 g 171.18*+1.74  150.37°+2.65
K, mg/100 g 159.72¢ +2.08  138.91°+2.02

Means in rows with superscripts (a, b) differ significantly at
P<0.05.

Table 6. Content of Na and K in egg yolk depending on the
rearing system

Means in rows with superscripts (a, b) differ significantly at
P<0.05.

Table 4. Characteristics of the yolk depending on the chick-
en rearing system

Chicken rearing system

Feature (ilrgjzgc ncig:()
mean £SD mean +SD
Yolk weight, g 20.19°+2.53  19.00°+1.43
Yolk diameter, mm 43.212£2.02 42.25+0.88
Yolk height, mm 11.85*+1.59 8.45£1.05
Yolk index 0.27*4£0.04 0.20° +0.03
Yolk pH 6.63*+0.82 6.58*+0.36
Yolk colour, points 11.45*£1.27 8.30° +1.30

Means in rows with superscripts (a, b) differ significantly at
P <0.05.
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Rearing system

Element in egg yolk (izrfiazioc ncig:()
mean +SD mean +SD
Na, mg/100 g 58.03*£1.02  47.74*+1.84
K, mg/100 g 109.92:+1.84 101.97°+2.83

Means in rows with superscripts (a, b) differ significantly at
P<0.05.

Table 7. Content of Na and K in the mixture of egg yolk and
albumen depending on the rearing system

Rearing system

Element in the mixture of organic cage
egg yolk and albumen n=40 n=40
mean +SD mean +SD
Na, mg/100 g 147.40°+5.01  129.84°+2.03
K, mg/100 g 139.82:+1.42  125.98°+1.67

Means in rows with superscripts (a, b) differ significantly at
P<0.05.
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DISCUSSION

Studies on egg quality in relation to housing sys-
tems has been carried out by Pistékova et al. (2006),
Minelli et al. (2007), Golden et al. (2012), Lordelo et
al. (2017), Kucukkoyuncu et al. (2017), and Gatazka-
-Czarnecka et al. (2019). However, the present study
was conducted not to compare chicken housing sys-
tems, but only to compare the quality of the final
product available to consumers. In this study, laying
hens from the organic farm were found to lay slightly
smaller eggs than laying hens from the cage system.
The average weight of eggs from organic farming
was 60.36 g, while that of eggs from caged hens was
65.25 g. Similar findings were reported by Minelli et
al. (2007). This was also demonstrated in the present
study. The eggs from both groups had a similar shape,
with an egg shape index (ratio of long axis to short
axis) of 1.27-1.28, which indicates the correct elon-
gated shape. The eggs of smaller weight laid by hens
from the organic system had a larger air cell than eggs
from caged hens. Given the size of the air chamber, the
eggs from both groups can be considered fresh, as the
size of the air chamber ranged from 4.95 to 6.45 mm,
with a standard deviation of about 0.8. The thickness
of the egg shell was within the recommended range,
which according to Swierczewska and Siennicka
(2002) is 0.25 to 0.45 mm for chicken eggs. Previous
studies do not indicate differences in the shell thick-
ness of free range and cage eggs (Artan and Durmus,
2015; Yenice et al., 2016). Another important feature
for consumers is the colour of the yolk. KaZzmierska et
al. (2011) has shown that egg yolks from cage farm-
ing have a higher degree of colour on the La Roche
scale. Similar observations have been made by Kucuk-
koyuncu et al. (2017), which may be due to synthetic
pigment used in the diet of caged chickens. Our find-
ings are in contrast with these reports, as the cage eggs
had a lower degree of yolk colour than those obtained
using organic methods, which is in agreement with the
findings of Galgzka-Czarnecka et al. (2019). This may
be explained by the green diet used on organic farms.
The intensity of yolk colour is an important criterion
for the consumer (Pigtkowska et al., 2014). Polish
consumers prefer eggs whose yolks have a yellow-
-orange colour (Smiechowska and Podgorniak, 2013).
There is a conviction among potential buyers that eggs
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with an intense yolk colour are more nutritious and
are a valuable source of vitamins in the daily diet.
For this reason consumers increasingly choose eggs
with an orange yolk, corresponding to a value of 12 or
more points on the La Roche scale (Kazmierska et al.,
2011). Another important feature for consumers and
for processing is the size of the yolk, defined by its
weight. Our research found that the yolks of eggs from
organic farming weighed more, which is in conformity
with Kucukkoyuncu et al. (2017).

In the present study, the albumen of eggs from caged
hens had a significantly (P < 0.05) higher total weight,
and thus the weight of the thin and thick albumen was
also greater than in organic eggs. The height of the
thick albumen in the cage eggs was smaller, as was the
number of Haugh units, which indicate the quality and
freshness of eggs. The quality of the albumen was as-
sessed based on Haugh units. Albumen quality is bet-
ter when its height is greater and its spread is smaller
after being broken out of the egg (Smiechowska and
Podgorniak, 2013). In a study by Calik et al. (2004),
eggs obtained from a cage system had a slightly higher
Haugh unit value than organic eggs. Similar observa-
tions have been reported by other authors (Gatazka-
-Czarnecka et al., 2019; Golden et al., 2012; Hidalgo
et al., 2008; Yenice et al., 2016). Contrasting observa-
tions are found in the work of Castellini et al. (2006)
and Lordelo et al. (2017), according to which Haugh
units indicated that cage eggs were of poorer quality
than organic eggs.

In our discussion of the micro-element content of
eggs, reports by Kunachowicz et al. (2016) are used as
a reference for the content of sodium and potassium
in eggs. According to that study, the average sodium
content in conventionally farmed eggs is 52 mg/100 g,
200 mg/100 g and 141 mg/100 g in the yolk, albu-
men and whole egg (edible parts), respectively. In
comparison with these results, in our research Na
content was lower in the yolk of cage eggs, higher in
the yolk of organic eggs, and lower in the albumen
of eggs from both systems. Szablewski et al. (2013)
analysed the content of selected elements in whole
eggs (edible parts) from laying hens of four breeds
subject to genetic resources conservation. They ob-
tained the following results: Sussex — 160.1 mg/100 g,
Rhode Island Red — 179.4 mg/100 g, Green-leg-
ged Partridge — 167.4 mg/100 g and Yellow-legged
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Partridge — 182.0 mg/100 g. In all four breeds the con-
tent of Na in the egg was higher than in the reference
publication. Comparison of the Na content in the or-
ganic eggs tested in our study with the results reported
by Szablewski et al. (2013) revealed significantly low-
er levels of this element (our study — 147.4 mg/100 g).
Similar research has been conducted by Bologa et al.
(2013) on the eggs of Lohmann Brown crossbreds
from conventional and organic farms. The authors
showed a very large difference in the content of Na in
the egg albumen depending on the housing system, by
over 100 mg/100 g. The content of this element was
95.77 mg/100 g in eggs from organic farming and up
to 197.85 mg/100 g in eggs from conventional farm-
ing. The reverse relationship was shown in our study,
i.e. higher Na content in the albumens of organic eggs
(171.18 mg/100 g) as compared to caged eggs. In ad-
dition, in our research lower values for this element
were obtained in both the egg yolk and the mixture in
comparison with the research of Bologa et al. (2013),
irrespective of the housing system. However, the re-
lationships found were the same, i.e. Na content was
higher in the yolk and mixture of organic eggs com-
pared to cage eggs.

According to Kunachowicz et al. (2016), the po-
tassium content in conventionally farmed eggs is 127
mg/100 g, 154 mg/100 g, and 133 mg/100 g, in the yolk,
albumen, and mixture of these components, respec-
tively. In our research, the content of this element was
lower in the yolk of both cage eggs and organic eggs.
Potassium content in the albumen and the mixture was
higher than the results reported by Kunachowicz et al.
(2016) in the case of organic eggs, but lower in cage
eggs. Szablewski et al. (2013) obtained the following
potassium content in eggs: Sussex — 124.0 mg/100 g,
Rhode Island Red — 137.7 mg/100 g, Green-legged
Partridge — 137.3 mg/100 g and Yellow-legged Par-
tridge — 113.9 mg/100 g. In the present study, we ob-
tained a very similar potassium level in the organic
eggs to that reported for the eggs of Green-legged
Partridge laying hens. Bologa et al. (2013) obtained
the following results for potassium content: conven-
tional farming — 512.03 mg/100 g, 10.38 mg/100 g,
and 173.58 mg/100 g in the yolk, albumen, and mix-
ture, respectively; organic farming — 480.96 mg/100 g,
11.12 mg/100 g, and 158.17 mg/100 g in the yolk, al-
bumen, and mixture, respectively. Our study found
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lower P content in the yolk and mixture of cage eggs
and higher content in the albumen. The same pattern
was shown for the organic eggs; only in the mixture
was the potassium content about 20 mg/100 g higher.

CONCLUSION

The research results indicate a slightly better quality
of eggs from organic farming compared to eggs from
cages in terms of most physical properties as well as
the content of macro-elements. The eggs in both sys-
tems are produced following scientific management
practices. There are many myths among consumers
regarding the nutritional quality of eggs produced in
different systems. The information presented here can
be useful for raising awareness among consumers se-
lecting eggs. Nevertheless, irrespective of the chicken
housing system, eggs are a highly valuable product and
a source of many bioactive substances and elements,
which can correct deficiencies in the human diet.
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