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ABSTRACT

The aim of the study was to examine the influence of the rearing system and age on the phenotypic correlation of the physical
properties of the eggs of the Banat naked neck layers. In both examined systems (extensive and semi-intensive system) there
were 50 Banat naked neck layers each. The egg properties were examined at three evenly distributed time intervals (40, 45 and
50 weeks of age) in the period from May to July. In order to determine the external properties of egg quality, three basic measures
were observed: egg weight, egg length and egg width. Based on the measured length and width of the eggs, the egg shape index
was calculated, and subsequently the volume and surface area of the eggs were determined. For each examined factor, the
correlation between the mentioned characteristics was determined. The obtained results showed a significant effect of the
rearing system on all examined egg properties (P < 0.05), while the influence of age as well as the interaction of the two examined
factors had no significant effect. The highest correlation among all investigated factors was found between surface area and egg
volume.

Keywords: Banat naked neck, breeding system, egg quality.

HN3BOJ

Ll1/b OBUX HCTpaXMBama 6HO je Jja ce UCIIUTA YTULA] CUCTEMA rajera v y3pacTa Ha GeHOTHIICKY TOBe3aHOCT GU3NIKUX 0COOMHA
jaja 6aHaTCKOT roJiolyjaHa. Y 06a HCIUTHBAHA cUCcTeMa (€KCTEH3WBHU U MOJIyMHTEH3UBHH CHCTEM) Hasla3uio ce o 50 Kokomu
GaHaTCKOr rosiomyjaHa. UcnutrBame ocob1Ha jaja BpILEHO je y TPU paBHOMepHO pacnopeheHa BpeMeHcKa uHTepBasna (40, 45. u
50. HefleJpa y3pacTa) y MepHOAY O/ Maja /o jyJia Mecela. Y M/by yTBphHBama CloJpallllbMX OCOOMHA KBaJIMTETA jaja, U3MepeHe
Cy TpY OCHOBHEe Mepe, M TO: Maca jaja, [y>KMHa jaja U lIMpHUHA jaja. Ha ocHOBY u3MepeHe Ay:KHHe U LIMPUHE jaja U3padyyHaT je
MHJeKC 06JIMKa jaja, a 3aTUM cy oApeleHe 3anpeMHHa U MOBPILIWHA jaja. Y OKBUPY CBAKOT UCIMTHBAHOT ¢paKTopa yTBpheHa je n
KopeJslalidja M3Meby HaBeZileHUMX oco6uHa. Jlo6ujeHU pe3yJTaTH Cy MOKasaM Ja CUCTEM Tajea MMa 3HaydajaH yTHUIAj HA CBe
UCIUTHUBaHe ocobuHe jaja (P < 0,05), Aok yTHIAj y3pacTa Kao U UHTepaKlyje JBa UCIMTUBaHa ¢paKTopa HUCY OGUJIM 3HAYAjHHU.
HajBeha noBe3aHOCT KoJ CBUX UCIUTUBaHUX paKTopa je yTBpheHa u3Melhy noBpivHe U 3apeMuHe jajeTa.

K/by4yHe peuun: 6aHaTCKHU roJIOIIMjaH, CUCTEM rajera, KBaJUTeT jaja.

1. Introduction

Banat naked neck layers originate from primitive
domestic layers created by crossbreeding with foreign
breeds, with the greatest influence of Naked neck or
Transylvanian hens, because the property of naked
neck was dominantly inherited (MiloSevi¢ et al.,, 2013).
These chickens tolerate poor feeding conditions, they
are resistant to high and low external temperatures,
they are very mobile and diligent in searching for food.
They are characterized by tolerance to poor housing
conditions; therefore, they can provide satisfactory
production results in extensive conditions. The Banat
naked neck is a medium-sized breed, it lays between 5
and 6 months, 120-160 eggs per year, with an average
weight of about 60 g. The body weight of adult birds is
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2.5 to 3.0 kg (rooster) and 2.0 to 2.5 kg (hens) (Mitrovi¢
etal, 2012). In terms of meat quality, it is second to the
Astal breeds (MiloSevi¢ and Peri¢, 2011). The original
color of the feathers of the Naked Neck hens was gray.
Today's feather color of this breed is very different,
from black to white (Mitrovi¢ and Peki¢, 2013). The
Naked Neck chickens have good production capabilities
both in terms of laying capacity and in terms of
quantitative and qualitative slaughter values.
Nowadays, there is a high demand on the market
for meat and eggs from chickens that are not reared in
an intensive way, i.e., the production of the so-called
"healthy food" is of particular importance. There are
two main reasons for the introduction of alternative
rearing systems: the production of better and healthier
products for human consumption and the provision of
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a higher level of well-being for animals (Rakonjac et al,,
2017). The price of the products obtained in this way
can be several times higher than the products obtained
in the usual intensive rearing system (Vidovi¢, 2020).
From the point of view of animal welfare, advantage is
given to less intensive poultry rearing systems (Amato
and Castellini, 2022). However, the disadvantages are
the possibility of infection diseases, parasites and
predator attack (Bonnefous et al.,, 2022).

The semi-intensive production system as an
alternative to the intensive method is characterized by
certain specificities. Poultry uses built facilities (poultry
houses) which can be adapted or strictly intended for
the category that is to be reared. Large ranges are
needed where the poultry can move freely. In such
conditions, the environment is not strictly controlled;
semi-open facilities are frequently used without
modern equipment for feeding and water supply, with
no lighting system, but also without large labor
requirements. On the other hand, extensive poultry
production involves the free rearing of poultry in a
large area such as meadows and pastures, ponds where
mobile poultry houses are located with very simple
(primitive) equipment. This equipment usually consists
of handy feeders and waterers. In this way, poultry is
not reared for the mass market.

Local breeds have significant socio-cultural and
ecological relevance, and their rearing may enhance
local communities and reduce the negative impact of
intensive farming systems (Franzoni et al, 2021).
These genotypes have several advantages: they are
agile and can run fast, fly and roost in trees, and
therefore they can escape predators, they are more
resistant to bacterial and protozoan diseases and
parasitic infestations than commercial layers, their eggs
are generally preferred to those from commercial birds
(Pym, 2013). This is also the way to affect the
preservation of biodiversity, i.e., the preservation of
some breeds and the sustainability of the environment.
The main obstacle in using autochthonous breeds in
poultry production is their poorer production
performance compared to hybrids (Rakonjac et al,
2021). Although this way of rearing has been
overcome, because it cannot provide enough eggs and
meat for the market, it also has prospects.

2. Materials and methods
2.1. Trial material

The research was carried out on Banat naked neck
hens according to the system of a two-factorial
experiment. The effect of the rearing system, which
included extensive and semi-intensive methods of
rearing, was examined. For the second investigated
factor, data for hens of three different ages (40, 45, and
50 weeks of age) were processed. A total of 100 hens
were divided into two groups of 50 hens each at the age
of 25 weeks so that they had uniform initial body
weight in both tested systems. The examination of the
physical properties of the eggs began after the 15th
week of rearing in these systems and was done at three
equal time intervals (40, 45, and 50 weeks of age) in
the period from May to July.
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2.2. Rearing system and nutrition

In the extensive rearing system, the hens were
reared on a grassy pasture where there was an
improvised wooden building with an area of 10 m2 with
a canopy built on an earth surface, where the hens
could shelter from the weather. The facility contained
nests with straw for laying eggs and wooden perches.
Nutrition was provided ad libitum. In addition to the
range area of 30 mZ/hens, the hens received a mixture
of grains (maize and wheat in a ratio of 1:1) as a
supplement to their diet. The semi-intensive system
involved accommodation in a solid building with a
range. The dimensions of the building used were 4 x 5
m, and the stocking density was 2.5 hens/mz2. The hens
had a range area of 10 mZ/hens, most of which was
covered with grass. The floor in the building was
covered with a sawdust mat, which was periodically
changed and added as needed. In the building, wooden
boards were placed and served as perches, and nests
for laying eggs were placed along the walls. Diet was
limited to 100 g feed/bird/day. For feeding, a complete
mixture for layers of table eggs based on corn and
soybean with 16.5% crude protein was used, while
water consumption was ad libitum. In addition to the
mixture, the hens met the rest of their nutritional needs
by feeding on the range. The lighting was natural,
without controls, and there was no heating or cooling
during the entire production cycle.

2.3. Determination of physical properties of egg
quality

To determine the external properties of egg
quality, all eggs laid 3 days in a row (40, 45 and 50
week of age) in the period from May to July were
collected from both investigated rearing systems. In
order to determine the physical properties of egg
quality, three basic measures were observed/recorded,
namely: egg weight, egg length and egg width. Based on
the measured egg length and width, the egg shape
index was calculated. In addition to the egg shape
index, the egg volume and surface were determined.
The formula was used to determine the volume: V =
(m/6) x LW2 (V - volume, m - 3.1415926, L - length, W
- width). In order to determine the surface, the
geometric diameter was first calculated: Gd =
(LW2)1/3 (Gd - geometric diameter, L - length, W -
width). After determination of the geometric diameter,
the surface was calculated using the formula: P = mGd2
(P - surface, m - 3.1415926, Gd - geometric diameter)
(Permanovi¢, 2016).

2.4. Statistical data processing

The obtained data were processed using the
program package "STATISTICA" (Stat Soft Inc, 2012).
The analysis of the obtained data was performed on the
basis of calculated mean values and their standard
deviations. Testing the significance of the differences of
the average values of the tested traits between the
experimental groups of hens was performed using the
appropriate variance analysis model for two factors
(rearing system and age). In addition to the variance
analysis, a correlation was established between egg
quality traits in each rearing system and in each of the
mentioned ages.
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3. Results and discussions

The effects of the rearing system and the age of the
hens on the physical properties of the examined eggs
are shown in Table 1.

The obtained results indicate a significant effect
(P < 0.05) of the rearing system on all investigated

traits. The mean values of egg weight, length, width,
shape index, surface and volume were significantly
higher in hens reared in the semi-intensive system
compared to the extensive system. The different ages of
the laying hens as well as the interaction of the
examined factors did not have a significant effect on the
examined traits (P > 0.05).

Table 1.
Physical properties of the examined eggs
Investigated traits
Rearing system Age Weight, g Length, mm Width, mm Index, % Surface, mm? Volume, mm3
B
] —_ — — — — —
ks X SD X SD X SD X SD X SD X SD
o g Semi intensive 59.662 | 3.77 | 57.062 | 2.39 | 43.032 | 0.97 | 75.532 | 3.30 | 6967.82 | 319.4 | 55370.92 | 3835.3
£3
DUZJ‘ 2| Extensive 54.05P | 4.00 | 55.92b | 2.10 | 41.55> | 1.12 | 74.39> | 2.91 | 6564.0> | 326.8 | 50630.2> | 3809.1
Week 40 57.53 4.49 | 56.57 2.21 | 42.53 1.24 | 75.26 2.94 | 68219 373.3 | 53656.8 4430.9
Week 45 57.06 4.78 | 56.45 2.34 | 4235 1.26 | 75.11 3.12 | 67749 380.6 | 53106.8 4485.5
E’J Week 55 57.01 4.97 | 56.66 2.44 | 42.29 1.30 | 74.75 3.42 | 6778.2 384.7 | 53145.9 45449
Week 40 60.19 3.54 | 57.18 2.27 | 43.18 1.01 | 75.61 297 | 7011.2 331.2 | 55892.1 3994.3
@ | Semiintensive | Week45 59.35 3.47 | 57.03 223 | 4294 0.96 | 75.40 3.40 | 6944.6 2829 | 55084.9 3397.9
<
; Week 55 59.52 | 4.20 | 56.99 2.66 | 43.00 0.94 | 75.60 3.48 | 6955.9 343.7 | 55236.1 4112.4
jo
2 Week 40 54.12 3.04 | 55.78 1.88 | 41.68 0.98 | 74.80 2.85 | 6578.9 270.5 | 50788.3 3133.1
%0 Extensive Week 45 54.17 4.66 | 55.72 2.29 | 41.61 1.20 | 74.74 2.72 | 6560.7 381.4 | 50608.2 4462.4
—
E Week 55 53.87 3.99 | 56.24 2.07 | 41.40 1.14 | 73.70 3.05 | 6555.4 311.5 | 50526.0 3624.0
ANOVA (p value)
Rearing system 0.000 0.000 0.000 0.000 0.000 0.000
Age 0.550 0.632 0.147 0.256 0.461 0.474
Rearing system x Age 0.603 0.388 0.491 0.149 0.808 0.776

a-b The average values in each row without common marks are significantly different at the level of 5%

The eggs produced in the semi-intensive rearing
system had significantly higher (P < 0.05) weights
compared with extensively produced eggs. The results
of Ferrante et al. (2009) and Rakonjac et al. (2018) also
showed that different rearing systems can cause
significant differences in egg quality properties, and
reported higher egg weight in indoor-reared laying
hens compared to organic eggs. On the other hand,
Sokotowicz et al. (2018b) and Dikmen et al. (2017)
reported that eggs produced in a free-range system had
a higher weight compared to indoor produced eggs.
Contrary to these results, a number of researchers have
shown that the rearing system does not necessarily
affect egg weight. Basmacioglu and Egrul (2005)
reported no significant differences in egg weight in Isa
Brown layers reared in cage and floor systems; similar
results were determined by Zemkova et al. (2007) for
the same genotype in cages, enriched cages, floor and
free range systems. Consistent results reporting no
effect of the rearing system on egg weight were also
published by Sokotowicz et al. (2018a) and Rakonjac et
al. (2019). The results obtained for egg weight in the
present study correspond with the results of Petricevié¢
et al. (2017), who indicate absence of significant
differences (P = 0.05) in egg weight depending on the
age of the hens. On the other hand, some authors found
that the egg weight increased with the aging of the
laying hens (Skrbi¢ et al.,, 2011; Rakonjac et al., 2019).
An explanation for these differences can be provided by
the research published by Padhi et al. (2013), who
found that egg weight increased only at the beginning
of the production cycle while it remained unchanged in
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later phases. Hens at the age of 14 months reach their
maximum egg weight and from then on the egg weight
starts to decrease slightly (Milosevi¢ and Peri¢, 2011).
In addition to genotype, nutrition and age, egg weight is
also influenced by the intensity of laying. Castellini et
al. (2006) determined that the total egg weight was
negatively correlated with the intensity of laying.
Different authors reported that eggs produced in free
range systems had higher weight than eggs produced
on the floor or in a cage. Some of them believe that the
differences in weight between the eggs produced in the
free range system and those produced in closed
facilities were due to the different air temperature.
According to Krawczyk (2009), the use of the free
range rearing system increased egg weight. Also, there
are studies in which lower egg weight was determined
in birds reared in systems that included free range
(Minelli et al,, 2007). These studies suggest that rearing
system is not necessarily of decisive importance for egg
weight.

Eggs from the semi intensive rearing system had a
higher egg shape index compared to extensively
produced eggs (P < 0.05), which is in agreement with
the results by Kralik et al. (2013), who reported that
free range rearing decreased egg shape index.
Conversely, Dikmen et al. (2017), Rakonjac et al. (2018)
and Sokotowicz et al. (2019) did not find a significant
effect (P 2 0.05) of the rearing system on this trait. The
age of the hens had no significant effect on egg shape
index (P 2 0.05), which is consistent with the results of
Skrbi¢ et al. (2011) for Banat naked neck and
Sokotowicz et al. (2019) for Araucana and Green-legged
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Partridge breeds. The results of the authors who found
the opposite, i.e., a significant effect of hen age on egg
shape index (Ledvinka et al., 2012; Rakonjac et al,
2018), can be explained by the following: in these
studies they used hybrids whose egg elongation
decreased with aging, which in this experiment was not
the case. Also, these discrepancies may be partially

attributed to the longer time period of trait testing in
previous studies, as opposed to the testing period in
this study.

The following tables show the correlation
coefficient between the tested traits in both production
systems and for all three ages (Tables 2, 3, 4, 5 and 6).

Table 2. Table 3.
Correlation coefficient in the semi-intensive system Correlation coefficient in the extensive system
Traits Weight | Length | Width Index | Surface Traits Weight | Length | Width | Index | Surface
Length, Length,
mm 0.774 mm 0.627
Width, Width,
mm 0.682 0.761 mm 0.749 0.292
Shape Shape
index, % 0.015 -0.198 0.483 index, % -0.087 -0.755 0.404
Surface, - Surface, -
mm? -0.025 -0.286 | -0.640 | 0.521 mm? 0.864 0.717 0.875 0.087
Volume - Volume -
mm3 0.151 -0.112 -0.479 | 0.506 | 0.980 mm?3 0.866 0.717 0.875 0.087 | 0.999

The correlation coefficient varied from 0 to *1; if
the value was closer to one, the connection is stronger.
Also, it is considered that the correlation is weak up to r
= 0.3, medium at r = 0.5 and strong above r = 0.7
(Petrovi¢ and Panteli¢, 2015).

The established correlation coefficients in different
rearing systems show that egg weight is strongly

related to egg length and width. Egg width is associated
with a moderately strong negative correlation with egg
surface area and egg volume. The shape index is
negatively correlated with egg surface and volume,
while the strongest positive correlation was recorded
between surface and volume.

Table 4. Table 5.
Correlation coefficient at 40 weeks of age Correlation coefficient at 45 weeks of age
Traits Weight | Length | Width Index Surface Traits Weight Length | Width Index Surface
Length, Length,
mm 0.775 mm 0.694
Width, Width,
mm 0.765 0.885 mm 0.828 0.372
Shape Shape
index, % 0.390 0.229 0.653 index, % | -0.098 -0.739 0.349
Surface, Surface,
mm? -0.182 -0.518 -0.696 -0.537 mm? 0.926 0.757 0.887 -0.121
Volume Volume
mm3 -0.008 -0.357 -0.546 -0.476 0.981 mm3 0.927 0.758 0.887 -0.122 0.999
Table 6.
Correlation coefficient at 50 weeks of age
Traits Weight | Length | Width | Index | Surface
Length,
mm 0.638
Width,
mm 0.790 0.290
Shape
index, % | -0.073 | -0.756 0.405
Surface,
mm? 0.899 0.721 0.872 -0.094
Volume
mm3 0.899 0.722 0.870 | -0.096 0.999

At 40 weeks of age, egg weight was positively
related to egg length and width (Table 4). However,
there was a negative correlation of weight, length and
width with the surface and volume of eggs. There was a
moderate to strong positive correlation between
almost all observed egg quality properties at 45 weeks
(Table 5). The only property that stands out is the egg
shape index, whose correlation with all properties,
except width, is negative. Comparing all ages, the egg
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shape index showed the greatest variation between 40
and 50 weeks of age of hens. At 40 weeks of age, there
was a positive correlation between the egg shape index
and the length, while at 50 weeks of age, with the
increase in laying age, a significant decrease in the egg
shape index was observed in the negative direction in
relation to egg length. This indicates that, as egg length
increases, the egg shape index decreases. These results
are consistent with the results of Nikolova and
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Kocevski (2006), who also report that the egg shape
index decreases with laying age, given that hens at a
later age are more likely to lay a higher percentage of
elongated eggs. The egg shape index is a property that
represents the ratio of egg width and length, expressed
in percentages, and can also be expressed as a
coefficient value (without a unit of measurement). The
obtained result indicates whether the egg is elongated
and narrow (lower index value) or short and wide
(higher index value). This property is important for
designing egg packaging, but also for designing
production equipment in facilities. Ledvinka et al.
(2012) confirmed that the egg shape index, apart from
the rearing system, is significantly influenced by the
age and genotype of the laying hens. This index is also
important for eggs intended for breeding, i.e. for
incubation.

4. Conclusions

Based on the results of the examination of the
influence of the production system and age on the
phenotypic correlation between the physical
properties of the eggs of the Banat Naked neck, it
was determined that:

e The semi-intensive system of egg production
shows significantly better results in terms of egg
weight, length, width, shape index, surface and
volume compared to the extensive system.

e The age of hens and the interaction of the
examined factors had no significant effect on all
the examined egg properties.

e The strongest correlation between the physical
properties of eggs was determined between
surface area and volume.
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