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Abstract

Indigenous and local chicken breeds can be used as slow-growing genotypes in non-conventional
production systems, thereby ensuring consumer preferences for meat from these systems while
conserving endangered animal genetic resources. This study aimed to examine and compare the
potential of indigenous Banat Naked Neck (BNN) and Svrljig hen (SH) chickens in meat production
under defined rearing conditions and contribute to the economic interest in the survival of these
breeds. The growth of BNN and SH chickens up to the age of 12 and 14 weeks was analysed for a
total of 240 individuals. Carcass yield and quality were analysed on a sample of 10 male chickens of
each breed and slaughter age, a total of 40 chickens, based on measures of carcass conformation,
processed carcass yield, proportion of main and edible carcass parts, and meat yield in main carcass
parts. The quality of breast meat and leg meat is determined by analysing the basic chemical
composition, fatty acid content and certain physical properties (cooking loss and tenderness). Breeds
BNN and SH have a similar line of growth and final body weight at the ages of 12 and 14 weeks. The
advantages of the BNN breed are in the higher yield of processed carcass, a higher proportion of
breast and breast meat compared to the SH breed. On the other hand, SH chicken meat has a lower
fat content, a higher n-3 fatty acid content and a more desirable n-6/n-3 ratio. Slaughter at an older
age is justified in better carcass conformation and higher yields of carcass, breast and leg meat.

Keywords: meat quality; indigenous breed; Banat Naked Neck; Svrljig hen; slaughter age

1. Introduction

Chicken meat is an important source of animal protein for the growing human population. It
contains all the necessary nutrients with a minimum fat content compared to the meat of other animal
species [1]. The convenience of its use by all age categories, health conditions and without religious
restrictions is emphasised. The genetic progress of chickens for meat production in terms of growth
rate and increase in the proportion of breasts in the carcass is conditioned by the increase in market
needs and requirements for cut-up portions, primarily the breast, as its most valuable part [2]. In
these circumstances, less productive pure breeds, indigenous and local breeds, were completely
neglected, which threatened their survival.

The determination of modern-day consumers towards a healthy diet, the development of
awareness about the welfare of farm animals, and the importance of the origin and safety of animal
products are increasingly focusing on product quality. In many studies dealing with the quality of
broiler meat, it is reported that the appearance of various meat abnormalities (woody, pale, soft,
exudative meat) is related to the genotype, i.e. the growth rate of chickens [3,4]. The aforementioned
phenomena, in addition to the effect on the nutritional quality of meat [5], cause a decrease in the
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technological quality of such meat, causing damage to the poultry industry (processing) [6]. In
addition, the genetic improvement of broiler growth rate has led to problems in their adaptability to
suboptimal rearing conditions [7] and the incidence of various metabolic disorders [8,9].

Locally adapted and indigenous chicken breeds can play a significant role in the development
of non-conventional chicken meat production systems. The needs of these breeds in terms of housing
conditions, nutrition and care correspond to low inputs that result in low productivity, but on the
other hand, meat of a specific quality, characteristic of traditional production [10]. The specificity of
the quality of meat from unconventional production is determined by the choice of breed, the rearing
system, which, to a greater or lesser extent, enables the natural nutrition and activity of the birds, as
well as the age of the birds at slaughter [10,11].

The Banat naked Neck (BNN) and the Svrljig hen (SH) are indigenous breeds of chickens in
Serbia. Their preservation, as an integral part of animal genetic resources, is of national interest. The
population of these breeds of chickens places them in the status of endangered [12]. The population
of BNN hens is slightly larger than that of the Svrljig hen. The area of rearing of BNN has expanded
from Vojvodina to other regions of Serbia. Unlike it, the Svrljig hen has a small population and it is
bred mainly in eastern Serbia, which is the origin of this breed. Both breeds are medium-sized and
dual-purpose, reaching a body weight of 2-3 kg BNN, i.e. 1.5-2 kg SH [13]. The need to preserve these
genetic resources is imposed as an imperative, and the production of meat of specific quality or as an
organic product, based on these indigenous breeds, is one of the possible ways to achieve the set goal.
Non-conventional, free-range or organic meat production based on indigenous breeds, which would
be market-oriented, would have a significant social and economic component because it would
provide income and development to households in rural areas [14].

Carcass characteristics and meat quality of the indigenous Banat Naked Neck and Svrljig hen
breeds have been documented in a few studies. In the study by Pavlovski et al. [15], it was determined
that, from the aspect of the variety used, based on the colour of the feathers of Banat Naked Neck
chickens (white, black, grey), there is no difference in growth and carcass characteristics. Mitrovic et
al. [16] examined the slaughter characteristics of Banat Naked Neck and Svrljig hen at the age of 84
days and found significant differences in the percentage of drumsticks and thighs, that is, back and
pelvis between these two breeds. By comparing the meat quality of Banat Naked Neck chickens and
commercial chicken hybrids [17], i.e., Banat Naked Neck and medium-growing hybrid Redbro [18],
significant differences in the fatty acid composition of meat and carcass yield were established. Given
that until now the Banat Naked Neck and Svrljig hen breeds have not been the subject of intensive
selection work with the aim of genetic improvement, there is a pronounced variability of
reproductive and production potential depending on the locality and growing conditions of these
chicken breeds [19].

In order to preserve the indigenous Banat Naked Neck and Svrljig hen breeds and their use in
non-conventional production systems, it is necessary to have larger databases that will confirm the
specificity of meat quality in defined growing conditions and thus contribute to the economic interest
in the survival of these breeds.

2. Materials and Methods

2.1. Design, Birds and Management

The experiment and experimental procedures were evaluated by the Ethics Committee of the
Institute for Animal Husbandry (Belgrade, Serbia) and approved by the Veterinary Directorate in
MAFW of the Republic of Serbia (Approval No: 002097079/2025).

The growth of BNN and SH chickens was tested on a total of 240 chickens (120 BNN chickens
and 120 SH chickens) obtained by incubating the eggs of the parent flocks of these two breeds at the
Institute for Animal Husbandry in Belgrade. Day-old chicks were placed in group boxes with a litter
of chopped straw in 3 replicates of 40 chicks for each breed. The chicks were hatched in the spring
and were reared for 3 weeks in a closed facility where they were provided with adequate ambient
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conditions, primarily in terms of temperature, and constant lighting (23L:1D). Subsequently, they
were moved to group mobile cages on natural pasture, in 3 replicates per breed. Stocking density was
8 birds/m2. The chickens were exposed to outside air temperature and daylight. The cages were
equipped with round drinkers, feeders and perches. The cages provided the chickens with protection
from the sun and adverse weather conditions. At the same time, thanks to the movement, the chickens
had constant access to the pasture.

The basal diet consisted of a complete, balanced corn-soybean meal-based mash, formulated and
analysed to contain 18.3% crude protein (CP) and 12.2 MJ/kg metabolizable energy (ME). This diet
was provided ad libitum, supplemented by the forage available from the pasture within the mobile
cage.

2.2. Data Collection

The increase in body weight was recorded by individual measurements of all BNN and SH
chickens at weekly intervals until the age of 12 and 14 weeks, respectively. On a random sample of
10 male chickens for each breed and age (40 chickens in total), the characteristics of carcass
conformation, yield and quality of carcass and meat were examined. On a selected sample of
chickens, feeding was stopped 8 hours before slaughter. The chickens were slaughtered and
processed by hand, and then their carcasses were cooled to 4 °C.

Carcass conformation was evaluated based on morphometric measuring on processed and
cooled carcasses, according to the method by Pavlovski et al. [20]: shank length (SL): the distance
between the foot pad and the hock joint, measured with a caliper on the metatarsus of the right leg;
keel length (KL): the distance between the cranial and caudal ends of the keel bone, measured with a
caliper; breast depth (BD was measured with a caliper placed between the cranial part of the keel and
the dorsal surface above the first thoracic vertebrae; breast angle (BA): measured with a protractor at
1-1.5 cm from the cranial part of the sternum; thigh girth (TG): measured with a measuring tape on
the widest part of the thigh of the right leg. Their index values represent the relation of slaughter
weight (SW) and observed measure (SW/SL, SW/KL, SW/BD, SW/TG) (g/mm).

The weight of the processed carcass was determined for three ways of carcass processing:
"conventional processed carcass" (CC) (carcass with head, neck, lower legs and edible internal
organs), "ready to roast” (RR) (carcass with neck, lungs and kidneys, heart, liver, stomach and spleen)
and "ready to grill" (RG) (carcass with lungs and kidneys). By comparing the weight of the processed
carcasses with the slaughter weight (SW), the yield of the processed carcasses, that is, dressing
percentage, was calculated.

Subsequently, the carcasses were cut into basic parts in accordance with Commission Regulation
(EC) [21] and their weight was measured. The relative proportions of the main parts of the carcass
(head, neck, beak, back, pelvis, wings, breast, thigh with drumstick) and edible internal parts of the
carcass (heart, liver, stomach) were calculated in relation to slaughter weight. By dissection of the
breast and legs (thigh and drumstick), the meat, skin and bones were separated and their weight was
measured. Their yield was determined by calculating the relation to the slaughter weight and the
weight of a conventionally processed carcass.

The determination of the proximate chemical composition, fatty acid content and certain
physical properties (cooking loss and tenderness) of white and dark meat was performed on breast
and leg meat samples. A total of 80 samples were analysed, that is, 10 breast meat samples by breed
and slaughter age and 10 leg meat samples by breed and slaughter age.

The proximate chemical composition of meat was determined in the following manner: dry-
matter content was determined by drying samples at 103 + 2°C [22]; protein content was determined
by the Kjeldahl method, i.e., quantified the total nitrogen content in the sample and multiplied with
a factor of 6.25 to estimate the crude protein content [23]; total fat content was determined by the
Soxhlet method [24]; and ash content was determined by the mineralization of samples at 550 + 25°C
[25].
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The fatty acid composition was determined according to the method of O’Fallon et al. [26]. The
fatty acid methyl esters (FAMEs) were analysed using a Shimadzu GC-2014 gas chromatograph with
flame ionisation detector (Shimadzu Corporation, Kyoto, Japan). The complete analytical procedure,
including sample preparation, derivatisation and instrument parameters, is described in detail in
Stanisic et al. [27]. The individual FAMEs were identified by comparing their relative retention times
with those of a certified standard mixture (Supelco 37 Component FAME Mix, Sigma-Aldrich,
Hamburg, Germany). The fatty acid concentrations were expressed as weight percentages of the total
identified fatty acids. The total amount of saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA) was calculated as the sum of their respective
individual components.

Cooking loss was determined by measuring the weight difference of standardised muscle
samples (3 x 4 x 1.5 cm) before and after thermal treatment. The samples were vacuum sealed in
polyethylene bags and cooked in a water bath at 100 °C for 10 minutes. The cooking loss was
expressed as a percentage of the initial sample weight. To determine the tenderness of the meat, the
cooked samples were cut into 1 x 1 cm strips aligned parallel to the muscle fibres. Shear force was
measured using a Volodkevich-type texture analyser [28] by cutting the samples perpendicular to the
fibre direction. The results were expressed in relative (arbitrary) units as the instrument does not
provide absolute force measurements in standardised units. Higher recorded values indicated
greater shear resistance, which corresponds to less tenderness (i.e. tougher meat).

2.3. Statistical Analysis

The obtained results were processed with the statistical software package Statistica, version 8
(StatSoft Inc., Tulsa, OK, USA), using the Factorial ANOVA procedure. If the significance of the effect
of the main factors (breed, age at slaughter) or their interaction effect was determined, the significance
of the differences in treatment means was tested using the Least Significant Difference (LSD) test at
the 5% significance level.

3. Results

The growth of chickens was without significant differences between the BNN and SH breeds
based on the shown average body weights on a weekly basis (p>0.05). The growth lines of BNN and
SH chickens (Figure 1) mostly overlapped, except in the periods of 2-5, 9-11 and 11-13 weeks of age,
when slightly lower average body weights of SH compared to the BNN breed were recorded. At the
age of 12 weeks, SH chickens had an average body weight of 1005.48 g, and at the age of 14 weeks,
1308.45 g. At the same ages, the body weight of BNN chickens was 1072.58 g and 1338.96 g,
respectively.

0 1 2 3 5 6 7 8 9 10 11 12 13 14

Age, week

— BN N c— SH

Figure 1. Increase in body weight of Banat Naked Neck (BNN) and Svrljig hen (SH) chickens up to 14 weeks of
age.
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The sample of slaughter chickens showed without significant differences (p>0.05) in slaughter
weight between breeds. In this way, the effect of body weight on slaughter indicators was eliminated.
The BNN breed had a significantly higher yield of processed carcass (% SW) (conventional
processing, ready to cook, ready to grill) compared to the SH breed. Rearing of chickens up to 14
weeks of age resulted in significantly higher slaughter weight, yields and carcass yields, with the
exception of the ready-to-cook carcass yield (Table 1). Abdominal fat content was higher in BNN
chickens and was 0.61% at the age of 12 weeks and 0.75% at the age of 14 weeks. The carcass of SH
breed chickens had a lower content of abdominal fat in both slaughter ages (0.35% and 0.59%,
respectively).

Table 1. Yields of processed carcasses of BNN and SH at the ages of 12 and 14 weeks.

BNN SH p-value
12 14 12 14 Breed Age BxA

SW 1226.10+£79.13  1457.10£157.93  1092.90+224.70  1461.10+206.62  0.254 <0.01 0.227
Processed carcass yield, g

CC 1000.09+£58.28  1206.51+139.47  806.36+194.89 1171.12+174.33  0.075 <0.01 0.282
RR 902.37+51.66 1087.76+130.10  773.07+183.20 1052.65+159.51  0.072 <0.01 0.295
RG 783.40+44.84 952.41+113.87 660.33+158.72 920.53+137.43 0.051 <0.01 0.243
Processed carcass yield, % SW

CC 81.62+2.20 82.75+1.24 78.30+3.01 80.07+1.81 <0.01 0.042 0.646
RR 73.66+2.10 74.58+1.35 70.20+£3.42 71.97+2.26 <0.01 0.084 0.582
RG 63.95+1.97 65.31+1.78 59.90+3.47 62.93+1.70 <0.01 <0.01 0.269

Data are expressed as mean + standard deviation. SW-slaughter weight; CC-conventional processed carcass; RR-
ready to roast; RG-ready to grill.

The absolute values of body conformation measures (Table 2) show that BNN chickens had a
larger thigh circumference and breast angle compared to SH. Index values of all conformation
measures were without differences between breeds. In accordance with the higher body weights of
chickens of both breeds, all measures of body conformation (absolute and index values) were
significantly higher at 14 weeks of age compared to 12 weeks of age. The interaction effect of breed
and age on carcass conformation was not determined (p>0.05).

Table 2. Conformation of processed carcass BNN and SH at the ages of 12 and 14 weeks.

Conformation measures BNN SH p-value

12 14 12 14 Breed Age BxA
Absolute values
SL, mm 84.0£#4.85 91.0+5.77  78.2+7.93 90.0£5.62 0.089  <0.01 0.225
KL, mm 104.4+4.03 108.2#5.61 99.1+7.32 107.5+11.25 0.217  0.015 0.342
BD, mm 96.4+5.40  99.6£8.03  92.8+7.80 103.1+7.26 0982  <0.01 0.128
TG, mm 112.5+4.03 119.3+t3.40 106.1+8.49 116.5+7.96 0.03 <0.01 0.379
BA, degree 96.1£3.96  101.4+6.33 93.2+4.71 94.9+5.63 <0.01 <0.05 0.284
Index values
SW/SL, g/mm 14.62+0.98 16.00£1.25 13.84+1.67 16.21+1.91 0547  <0.01 0.304
SW/KL, g/mm 11.74+0.58 13.46+0.96 11.00+1.93 13.57+1.05 0.420  <0.01 0.280
SW/BD, g/mm 12.77+0.86  14.65+1.31 11.69+1.70 14.14+1.30 0.067  <0.01 0.511
SW/TG, g/mm 10.90+0.66 12.21+1.23 10.23+1.58 12.50+1.15 0.616  <0.01 0.211

Data are expressed as mean + standard deviation. SW-slaughter weight; SL-shank length; KL-keel length; BD-
breast depth; TG-thigh girth; BA-breast angle.

The weight of the main carcass parts and the edible internal parts of the carcass, as well as their
proportion in the slaughter weight, are shown in Table 3. The differences between the BNN and SH
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breeds were determined in the weight of the head, back and breast. SH had a higher percentage of
the neck and a lower percentage of the back and breast compared to BNN, which indicates certain
differences in the body structure of these two breeds. The age of chickens for slaughter influenced
the decrease in the proportion of head and stomach, and the increase in the proportion of thighs with
drumsticks. An interaction effect of breed and age of chickens was recorded for breast % of SW, which
resulted in the lowest (p<0.05) proportion of breast of SH at the age of 12 weeks. Also, the interaction
effect of breed and age was determined for head weight in % of SW, and it was the highest (p<0.01)
in SH at 12 weeks of age.

Table 3. Proportions of main carcass parts and edible internal carcass parts of BNN and SH at the ages of 12 and

14 weeks.
Carcass parts BNN SH p-value

12 14 12 14 Breed Age BxA
Weight, g
Head 42.62+3.51  51.51+4.89  36.52#532  46.21+5.37 <0.01 <0.01 0.795
Neck 52.50+4.96  59.99+8.47  50.74+14.46 70.15+13.44 0.236 <0.01 0.096
Metatarsus 55.18+6.72  67.31+8.26  50.08+8.26  62.35+10.89 0.074 <0.01 0.98
Back 102.06+£11.14 122.60+16.94 86.19£19.65 116.15+18.86 0.044 <0.01 0.386
Pelvis 102.28+£11.70 125.22+16.54 86.09+21.53 122.76+21.01 0.112 <0.01 0.238
Wings 113.18+10.18 134.77+12.79 99.52+20.94 129.66+18.91 0.77 <0.01 0.412
Breast 190.78+12.82 225.20£29.91 148.39+43.42 219.90+35.31 0.026 <0.01 0.078
Thighs & drumstick ~ 265.22+19.98 328.86+36.01 233.21+58.37 321.11+51.03 0.161 <0.01 0.388
Heart 6.18+1.40 7.03+0.93 5.59+1.18 6.55+1.74  0.178 0.031 0.991
Liver 25.03+4.29  27.36+5.69  21.88+£3.52  27.73+4.13 0.333 <0.01 0.222
Stomach 35.69+3.27  41.16+12.86  34.79£9.11  37.48+10.83 0.460 0.192 0.653
% SW
Head 3.768+0.54 3.558+0.29  4.714+1.30  3.18%+0.20 0.214 <0.01 <0.01
Neck 4.28+0.30 4.11+0.31 4.57+0.48 4774040 <0.01 0.871 0.124
Metatarsus 4.50+0.40 4.63+0.41 4.64+0.47 4.28+0.56  0.494 0.449 0.105
Back 8.34+0.88 8.39+0.46 7.85+0.56 796x0.76  0.04 0.71 00911
Pelvis 8.34+0.81 8.58+0.34 7.85+0.74 8.37+0.60 01 0073 05
Wings 9.23+0.60 9.27+0.39 9.09+0.58 8.88+0.37 0.1 0.566 0.428
Breast 15.60+1.22  15.44°+0.91  13.31»+1.61  15.04>+0.89 <0.01 0.045 0.017
Thighs & drumstick 21.63+0.70  22.59+1.00  21.12#1.80  21.94+1.02 0.136 0.024 0.856
Heart 0.51+0.12 0.49+0.05 0.51+0.05 0.44+0.07  0.394 0.094 0.272
Liver 2.04+0.31 1.87+0.28 2.05+0.35 1.90+0.18  0.82 0.096 0.883
Stomach 2.92+0.26 2.81+0.76 3.20+0.49 2.54+0.49  0.975 0.03 0.11

Data are expressed as mean + standard deviation. > Means in rows with different superscripts differ significantly
at p < 0.05 as a result of the interaction effect of factors. 4% Means in rows with different superscripts differ

significantly at p < 0.01 as a result of the interaction effect of factors.

Breast meat yield was significantly influenced by breed and age (Table 4). BNN chickens had a
higher breast meat yield compared to SH chickens, expressed in absolute values and as % of SW, i.e.,
% of CCW. Slaughter at an older age of chickens influences an increase in breast meat yield (p<0.05).
Breast meat yield expressed as % of CCW was under the interaction effect of breed and age (p<0.05).
As aresult, the significantly lowest yield of breast muscle tissue was recorded in the SH carcass at 12
weeks of age. Weight, as well as percentage of breast bone and skin, did not differ between breeds.
There was an effect (p<0.001) of chicken age on the weight of bones and breast skin, but not on % of
SW and % of CCW.

The effect of breed was not determined for the weight and the percentage of meat, bones and
skin of the legs in the slaughter weight and the weight of the classically processed carcass (Table 4).
Similar to the breast, the age of slaughter chickens significantly influenced the meat yield of thighs

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1651.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 September 2025 d0i:10.20944/preprints202509.1651.v1

7 of 15

and drumsticks, while for bones and skin, the effect of slaughter age was confirmed only on their
weight (p<0.001) but not on % of SW and % of CCW.

Table 4. Proportions of certain tissues of the chest and legs (thighs & drumsticks) of the BNN and SH breeds at
the ages of 12 and 14 weeks.

BNN SH p-value
12 14 12 14 Breed Age BxA
Breast
g 124.07 £10.25 150.06 +21.77 94.19 +32.06 143.05+24.05 0.017 <0.001 0.131

Muscle tissue % SW  10.15+098 10.28+0.74 837+1.44 9.78+0.74  0.001 0.022 0.055
% CCW 12.422+1.02 12.42:+0.84 10.66*+1.62 12.222+0.95 0.01 0.039 0.039
g 4527 +£532 51.79+7.59 3828+892 51.08+7.28 0.108 <0.0010.187
Bone tissue % SW 3.70+0.47 3.56+04 349+038  3.50x0.26 0.287 0.6  0.533
% CCW 453+048  430+044 446+045 438+034 0964 0.262 0.593

g 14.06+1.84 16.69+229 10.85+3.19 16.57+3.82 0.077 <0.001 0.1
Skin %SW 115+0.15 1.15+0.12 099+0.18 1.13+0.18 0.082 0.169 0.154

% CCW 141+0.18 139+0.14 126+022 141+023 0.333 0.293 0.163
Thighs & Drumsticks

g 164.56 +14.14 209.37 +24.46 143.83 +40.38 205.26 +34.37 0.199 <0.001 0.387

Muscle tissue % SW = 13.42+0.65 14.38+0.84 1294+149 14.02+0.85 0.199 0.003 0.866
% CCW 1644 +0.70 1738+097 1650+146 17.51+0.89 0.785 0.005 0.918
g 64.35+6.38 78.40+10.82 58.41+11.18 74.21+11.67 0.126 <0.001 0.788
Bone tissue % SW 525+0.39  5.38+0.51 537+047 509+044 0551 0.597 0.149
% CCW 6.43 +0.44 6.50 £ 0.59 6.87 +0.61 6.35+0.48 0.406 0.193 0.086
g 26.02+3.83 29.72+529 2034+739 2991+64  0.148 0.001 0.123
Skin %SW 212+026  2.05+0.37 1.82+042 2.04+0.28 0.152 049 0.186
% CCW 2.60 +0.33 248+045 231+049 254+035 0.402 0.678 0.181

Data are expressed as mean + standard deviation. SW — slaughter weight; CCW-conventional processed carcass

weight. *» Means in rows with different superscripts differ significantly at p < 0.05 as a result of the interaction

effect of factors.

The chemical composition of the breast meat (Table 5) differed between the BNN and SH breeds
in terms of fat content (p<0.05). A higher fat content was recorded in BNN breast meat in both
slaughter age groups. Between the two breeds, there were no differences in the total content of SFA,
MUFA and PUFA, but the n-6/n-3 ratio was less favourable in the breast meat of BNN (p<0.001), and
it increased with the age of chickens of this breed (p<0.05). The interaction effect of breed and age of
broiler chickens was also determined for water and protein content in breast meat. Higher water
content (p<0.05) and lower protein content (p<0.05) were recorded in breast meat of the SH breed at
the age of 12 weeks. There was no significant effect of breed and age (p>0.05) on the physical
properties of meat (cooking loss and tenderness).

Table 5. Quality of breast meat of BNN and SH at the ages of 12 and 14 weeks.

BNN SH p-value

12 14 12 14 Breed Age BxA
Chemical composition, %
Water 74.41°+0.60  74.22*+0.85 75.15°+0.59  73.96*+0.71  0.283 0.003 0.023
Fat 0.50+0.12 0.54+0.13 0.41+0.11 0.46+0.13 0.04 0278 0.837
Proteins 24.102£0.61 24.242+0.76  23.45°+0.53  24.592+0.76  0.495 0.005 0.024
Ash 0.78+0.41 1.00+0.05 0.88+0.29 0.98+0.05 0.625 0.059 0.464
Fatty acid content
SFA 40.26£3.85  40.33x3.79  41.87+#3.55  42.21+412  0.158 0.866 0.913
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MUFA 26.50+2.93 25.20+3.94 25.28+2.41 24.52+3.31 0.352  0.315 0.795
PUFA 33.13+2.33 34.23+3.13 32.74+3.63 33.31+4.16 0.540 0.438 0.805
SFA/PUFA 1.23+0.19 1.19+0.17 1.30+0.24 1.30+0.27 0.203 0.774 0.829
n-6 31.19+2.00 32.84+3.09 30.68+3.28 30.76+4.27 0.218 0.405 0.449
n-3 1.97+0.55 1.63+0.21 2.05+0.48 2.08+0.43 0.063 0.262 0.188
n-6/n-3 16.66"+3.33  20.562+3.50  15.46P+2.62  15.15b+2.51 0.001 0.068 0.035

Physical properties
Cooking loss, % 26.59+£1.68  26.61+1.12  26.77¢1.97  26.43+0.92  0.996 0.734 0.701
Tenderness, kg 3.57+1.02 3.11+0.37 3.14+0.87 2.88+0.44 0.157 0.129 0.673

Data are expressed as mean + standard deviation. *» Means in rows with different superscripts differ significantly

at p <0.05 as a result of the interaction effect of factors.

Analyses of the leg meat of BNN and SH (Table 6) showed differences in water and fat content,
as well as in the content of n-3 fatty acids and the n-6/n-3 ratio. A lower percentage of water (p<0.05)
and a higher percentage of fat (p<0.001) were found in the leg meat of the BNN breed. Leg meat of
the SH breed had a higher content of n-3 fatty acids (p<0.01) and a more desirable n-6/n-3 ratio
(p<0.01). Regarding the examined physical properties, significant differences between the breeds
were recorded for the cooking loss, which was higher (p<0.05) in SH, indicating a lower water binding
capacity.

The age of broiler chickens significantly (p<0.05) affected the water content in the leg meat,
which was lower at 14 weeks compared to 12 weeks, with no significant difference (p>0.05) in the
ability to retain water. Contrary to expectations, dark meat was softer (p<0.001) in older chickens. In
contrast to breast meat, the interaction effect of breed and age was not established for leg meat quality
parameters.

Table 6. Quality of leg meat of BNN and SH at the ages of 12 and 14 weeks.

BNN SH p-value

12 14 12 14 Breed Age BxA
Chemical composition, %
Water 75.58+0.78  75.09+0.57  76.32+0.93  75.60+0.74  0.014 0.017 0.637
Fat 2.60+0.28 2.55+0.59 1.66+0.69 2.06+0.60 <0.001 0.330 0.212
Proteins 20.86+0.83  21.27+0.87  21.06+1.27 21.35x0.87 0.664 0.259  0.849
Ash 0.95+0.04 0.98+0.04 0.96+0.06 0.98+0.09 0.760 0.165 0.922
Fatty acid content
SFA 34.67£2.16 ~ 35.97+2.65  35.23+2.92 33.98+2.73 0394 0981 0.135
MUFA 32.68+2.05 30.94+3.05 30.06+3.61 30.90+5.19 0.257 0.700 0.273
PUFA 32.46+3.07 33.09+4.48 34.71+4.63 34.62+530 0.187 0.847 0.798
SFA/PUFA 1.08+0.16 1.11+0.21 1.04+0.18 1.01+0.21 0224 0984 0.632
n-6 30.97+2.64  31.48+4.26  32.72+4.52  32.93+533 0247 0.795 0914
n-3 1.68+0.16 1.62+0.31 1.99+0.30 1.92+0.40 0.003 0.496 0.947
n-6/n-3 18.56+1.59  19.78+2.72  16.67+2.60 17.46+2.52 0.009 0.193 0.780
Physical properties

Cooking loss, % 28.49+1.93  27.77¢1.20 29.54+1.75 28.86x1.22 0.037 0.165 0.970
Tenderness, kg 3.47+0.87 2.58+0.49 3.33+0.90 2.44+0.31 0.520 <0.001 0.990

Data are expressed as mean + standard deviation.

4. Discussion

In the conservation programs of indigenous breeds, which are based on the use of these breeds
in the production of meat and eggs of a specific quality, after selection, male chickens that are not
needed for reproduction and multiplication of flocks can be used for meat production. For the
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aforementioned reason, in the study, we focused on the production and quality of meat only in male
chickens.

The body weights of BNN and SH chickens were not significantly different from each other.
Based on the achieved body weights, it can be stated that these breeds have a modest potential for
meat production compared to genetically improved fast-growing hybrids in standard broiler meat
production. Differences in body weight can be noted in relation to certain hybrids of moderate and
slow growth intended for free range and traditional meat production [29-31], as well as in
comparison with certain other indigenous and local breeds intended for meat production [32]. The
BNN and SH breeds are dual-purpose, which is one of the reasons for the lower body weight
compared to breeds intended for meat production. Another reason is the absence of significant
selection work aimed at the genetic improvement of these breeds, given that body weight is a highly
heritable trait. However, by comparing the performance of BNN chickens in this study with previous
results for this breed [15], a certain improvement in body weight and carcass properties at the same
slaughter age can be noted. In addition to the genetic improvement of the performance of indigenous
breeds, through selection and/or crossbreeding, changes in rearing, nutrition and health care can also
be a way to achieve better production results [33]. This can explain the deviations from earlier
research [16] in which significantly higher body weights of BNN and SH male chickens (1686.86 g
and 1651.71 g) at the age of 84 days were reported compared to the results of this study. Similar lines
of growth and final body weight of BNN and SH chickens indicate that there were no great
differences in the adaptability of these breeds to the growing conditions in the experiment. Growth
lines are considered a better indicator of adaptability in free-range conditions compared to measured
pre-slaughter live weights [8]. In our study, both indicators confirmed the absence of differences
between breeds in terms of adaptability. Regarding the duration of rearing, the results of the study
justify the rearing of chickens to an older age based on significantly higher pre-slaughter live weights
at older ages for both breeds. Similarly, by analysing the fixed effects on the growth of the Slovakian
indigenous breed of Oravka chicken, the effect of bird age on body weight was confirmed [34].

Yields of processed carcass were significantly influenced by breed and age. BNN chickens had
a higher processed carcass yield (conventional processing, ready for roast and ready for grill)
compared to SH chickens, contrary to the previous comparison of these two breeds in which no
differences were found in the yield of BNN and SH carcasses [16]. By comparing the dressed carcass
yield of BNN chickens with the available results of previous research on this breed, it can be stated
that higher carcass yields are recorded compared to those reported by Pavlovski et al. [15] and
Mitrovic¢ et al. [16] and lower compared to the study by Pavlovski et al. [18]. Based on the obtained
results, it can be stated that the carcass yield of the BNN breed is in the rank of the Italian indigenous
breeds in the combined direction, with a recorded carcass yield of 82.9% (Polverara) and 81.8%
(Padovana) at the age of 183 days [35]. The carcass yields of SH were below the specified range. If we
compare the yield of the carcass ready for grill (net carcass weight), it is significantly lower in the
Padovana and Polverara breeds compared to the BNN and SH breeds. However, a more precise
comparison with the results of other studies is impossible due to different conditions of nutrition,
housing, and age at slaughter.

With the age and higher body weight of the chickens, an increase in the processed carcass yield
and all carcass conformation parameters was recorded. Carcass conformation is an important
indicator of carcass value. Based on the confirmed effect of carcass conformation on breast yield in
chickens of different genotypes, including the indigenous BNN breed, the authors [18] conclude that
breeding and selection work aimed at improving carcass conformation can significantly increase
carcass yield and breast meatiness. Even though none of these breeds (BNN and SH) were in the
previous period under significant selection pressure aimed at improving the body conformation,
which is confirmed by the insignificant differences between the indices of conformation indicators in
this study, the differences were recorded in the absolute values of thigh circumference and breast
angle. The mentioned traits indicate better development of thighs and breasts of the BNN breed,
which contributed to a higher yield of processed carcass and breast yield (% SW) compared to the SH
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breed. In a previous comparison of BNN and SH breeds [16], no differences were noted in the
proportion of breasts, thighs and drumsticks. Also, in earlier studies [15], lower yields of breasts,
thighs and drumsticks of the BNN breed (13.37%, 10.91%, and 9.51%, respectively) were recorded
compared to our results for that breed. Comparison between local breeds cannot be considered
precise due to the high variability of most traits between populations. However, the general
specificity of slow-growing genotypes is a lower proportion of breasts and a higher proportion of
legs compared to fast-growing genotypes [36,37], which is a response to growing conditions and
greater freedom of movement in non-conventional production systems. The most prevalent recorded
differences between local, i.e. indigenous breeds, refer to the proportion of the breast, legs, head and
neck [35,38], which is also confirmed by our results. The advantage of the BNN breed compared to
the SH is in the higher percentage of muscle tissue of the breast compared to the percentage of breast
bone and skin in slaughter weight and conventional carcass weight. Taking the percentage of leg
bones as a criterion for evaluating the robustness of the skeleton [11], the similarity in the robustness
of the skeleton of these two breeds of chickens can be confirmed. At a higher age for slaughter, the
yields of breast and leg meat increase (absolute and percentage indicators), and the skin and bones
of the breast and legs increase only in absolute values, which is expected for the growth and
development process of the individual. The above indicators are in favour of a longer period of
rearing of these breeds, and according to some authors, rearing until close to sexual maturity is
desirable. Rearing of indigenous and slow-growing breeds to an older age approaching sexual
maturity is justified not only in higher carcass yields but also due to better sensory attributes of the
meat, primarily aroma and taste [39].

Studies that have dealt with the specifics of the meat quality of indigenous and local breeds of
chickens in relation to broiler meat from commercial production are in agreement regarding the
differences in the chemical composition of the meat. Higher content of dry matter, high content of
protein and low content of fat in the meat of local breeds is reported in several studies [5,32,36].
Analysis of the amino acid composition of the meat of the local breed shows that this meat is a better
source of essential amino acids compared to broiler meat [40]. Such findings are related to the genetic
basis and slow growth of these breeds, but also to greater locomotor activity, nutrition, as well as to
slaughter at an older age. In our study, we recorded specificities in the chemical composition of meat
between two indigenous breeds. The breast and leg meat of the BNN breed had a higher fat content,
while the leg meat had a lower water content compared to the SH breed. In addition to the lower
content of lipids in the SH meat, the advantage of this breed is also reflected in the higher content of
n-3 fatty acids in the leg meat, as well as the overall more desirable n-6/n-3 ratio. Given that both
breeds had the same diet and access to pasture, the resulting differences are likely the result of the
ability of the genotype to use natural sources of a-linolenic acid to increase the content of n-3 PUFA
in its tissues [41]. Similar results are reported by Dalle Zotte et al. [42] for two Italian autochthonous
breeds that differed in the content of dry matter, fat and ash, as well as in the fatty acid profile and
n-6/n-3 ratio in leg meat, while differences in breast meat were absent. The reason for the observed
differences only in the meat of the legs, the authors state, is the greater variability of fatty acids in the
meat of the legs as a consequence of the higher content of intramuscular fat.

For the acceptability of meat of local breeds from non-conventional farming systems, in addition
to the more desirable, "natural" way of farming that ensures greater activity of chickens and
slaughtering at an older age, the physical and sensory properties of the meat are extremely important
for consumers [43]. In our study, we focused on meat tenderness and cooking loss, which are
important indicators of meat consumption and functional quality [44]. The increasingly present
problem of woody and spaghetti breast meat from commercial broiler production reduces the
technological quality, sensory acceptability and nutritional quality of the meat, and accordingly, one
of the possible strategies to overcome this problem is production systems with slow-growing
genotypes [45]. The development and frequency of myopathies are related to the growth rate, and in
breeds with similar growth rates, increased development and yield of breast meat is considered the
main factor related to muscle abnormalities [4]. Baeza et al. [46] state that genotype, i.e. growth rate
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and slaughter age, has a greater effect on yields, organoleptic and technological properties of meat in
relation to nutritional quality; on the other hand, growing conditions have the greatest effect on
carcass and meat yields in relation to quality. Meat from non-conventional production is often less
tender, which some studies link to intensive physical activity of chickens [47], higher slaughter age
[48], and genotype of chickens with longer growth cycles [44]. The mentioned factors contribute to
the specific morphometric properties of muscles, i.e. larger diameter of muscle fibres, higher content
of connective tissue and total collagen and low content of soluble collagen, which are related to harder
meat [48]. In addition to the above, Faria et al. [49] note the effect of gender on soluble collagen
content and meat tenderness, with higher content being recorded in male chickens. One of the reasons
why we limited the rearing period to 12 or 14 weeks in our study is the physical properties, primarily
the tenderness of the meat of indigenous breeds in non-conventional systems, which we expected to
decrease with the age of the chickens. However, some studies indicate that the age at slaughter is not
decisive for the tenderness of the meat, which is also confirmed by our findings. Owens et al. [50]
report that the meat of the slow-growing genotype at an older age is more tender than the meat of
the fast-growing genotype at a younger age. This finding is explained by lower post-mortem
proteolysis and reduced meat softening in broilers with larger body masses. Breast fillet weight is a
significant factor for sensory properties, meat tenderness and water holding capacity when genotype
and slaughter age are excluded [51]. Differences were found between the categories of heaviest and
lightest fillets, whereby the shear force was higher for heavier fillets. Fanatico et al. [52] report lower
shear force and lower cooking loss of slow-growing compared to fast-growing chickens. In addition
to the main effects of breed and slaughter age, the significance of the interaction effect of breed and
age on meat tenderness is reported by Horsted et al. [53] and Deng et al. [54]. In our study, a
significant interaction effect of breed and slaughter age was manifested on the nutritional quality of
breast meat, i.e. water and protein content, as well as the n-6/n-3 ratio. Different adaptability of certain
breeds to stress factors before slaughter and the impact on peri-mortem metabolism and the rate of
pH decline can have a significant role in regard to meat quality, affecting the ability to retain water
in the meat [43], which differed between breeds in our study.

5. Conclusions

Indigenous breeds BNN and SH are characterised by a similar line of growth, as well as final
body weights at the age of 12 and 14 weeks. The BNN breed of chickens has higher yields of processed
carcass, a higher proportion of breast, as well as a higher percentage of breast meat compared to
chickens of the SH breed. On the other hand, SH chicken meat has a lower fat content, a higher n-3
fatty acid content and a more desirable n-6/n-3 ratio, but also a higher cooking loss, which indicates
alower water holding capacity. Rearing these breeds to a higher age for slaughter is justified in higher
yields of processed carcass, better conformation of the carcass, higher yields of breast and legs, i.e.
higher yields of breast and leg meat, without negative effects on the meat tenderness, which is
significant for consumer acceptability.

Based on the obtained results, we conclude that the indigenous breeds BNN and SH have
potential in terms of yield and meat quality for rearing in non- conventional, market-oriented
systems, which would ensure the survival and preservation of these breeds. The directions of future
research should be the potential of these local breeds for the production of meat at an older age for
slaughter, with the aim of achieving higher yields, as well as a more detailed analysis of the
nutritional and sensory quality of the meat.
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