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ABSTRACT

The objective of this study was to analyse the effect of the most important factors affecting growth (body weights of 5-, 12- and 
20-week old males and females) in Oravka chickens. In total, 359 individuals of conservation flock (operated by the National 
Agriculture and Food Centre – Research Institute of Animal Production Nitra) were studied. The mixed model included fixed 
effects of sex, age, rooster/breeding season, an interaction of sex and age nested within rooster/breeding season and random effect 
of bird due to repeated weights of each individual. All fixed effects highly significantly (P < 0.01) influenced body weight of birds; 
repeatability attributable to among-individual variation was estimated to be about 35 % proportion of variance. With respect to 
rooster/breeding season, body weights in 5-week old birds (between 384.62 ± 32.11 g and 572.04 ± 23.39 g for males vs. between 
343.33 ± 35.73 g and 497.71 ± 26.10 g for females) were non-significant (P > 0.05); body weights in 12-week old birds (between 
1299.51 ± 26.85 g and 1464.29 ± 23.39 g for males vs. between 1071.90 ± 25.27 g and 1134.83 ± 25.57 g for females) were either 
non-significant (P > 0.05) or significant (P < 0.05); body weights in 20-week old birds (between 2237.24 ± 31.17 g and 2633.76 
± 47.84 g for males vs. between 1615.77 ± 34.80 g and 2056.84 ± 37.56 g for females) were at least significant (P < 0.05). 
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INTRODUCTION

Poultry breeding has undergone enormous 
changes during the last decades. The antagonistic 
relationship between meat and laying performance 
led the poultry industry to the separation of two lines 
of production: meat production and egg production 
(Siegman and Neumann, 2005).

Body weight, a high heritability trait, is an 
important economic factor mainly for broiler chickens 
reflecting the production level and economic benefits 
of a farm. The growth rate is related primarily to 
genetic factors, expression of which depends on the 
environmental factors (Gerken et al., 2003). A common 
practice in poultry production is to measure the increase 
in body mass of birds to control and modify the external 
conditions that affect their weight gain (Oliveira et al., 
2000; Agudelo Gómez et al., 2008; Aggrey, 2009).

At present, with the growing demand for poultry 
products from extensive systems, an opportunity arises 
to increase the importance of native chicken breeds, 
which are particularly suitable for free range and 
organic farming because of their good adaptation to the 
local conditions. This is confirmed by the experience 
of many countries, in which native breeds of slow-
growing chickens provide good-quality meat, which is 
in increasing demand (Fanatico et al., 2005 a, b; Youssao 
et al., 2009; Smith et al., 2012; Yin et al., 2013; Choo 
et al., 2014; Walley et al., 2015). Compared to fast-
growing broilers, native chicken breeds and their hybrids 
show lower weight gain and smaller proportion of breast 
muscle in the carcass compared to fast-growing broilers, 
but their meat has many quality characteristics valued by 
modern consumers (Sokolowicz et al., 2016). 

Oravka chicken is a dual purpose breed of 
Slovakia provenience; originated with the intention 
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of having been well adapted to less favourable 
environment. Population numbers of this breed, which 
has the status of the only native chicken in Slovakia, 
are available from the National/European Farm Animal 
Biodiversity System (http://efabis-sk.cvzv.sk) providing 
data on farm animal breeds from all around the world. 
Development of Oravka chicken started in 1950-ies 
under the guidance of the Research Institute for Poultry 
by combinatorial crossing of regional breeds with breeds 
of Rhode Island Red, New Hampshire and Wyandotte 
White (Chmelničná, 2004). The goal was to develop a 
breed suitable for harsh climatic conditions of northern 
Slovakia, which can be kept in free range. It is adapted 
for egg and meat production and was recognized as an 
independent breed in 1990. According to breed standard, 
it is of hard rectangular frame, body weight of males 
is between 2.8 and 3.3 kg, body weight of females is 
between 2.2 and 2.7 kg, egg laying ranges from 180 
to 200 pcs per year; eggs are of a brownish shell, their 
average weight is about 55 g. 

Some knowledge on growth ability in Slovak 
chicken breeds is available from earlier works (Malík 
and Malíková, 1993; Hrnčár et al., 2010). To take into 
account most recent data, this study is aimed at analysis 
of growth in Oravka birds in dependence on various 
effects that are assumed to have an influence on body 
weight. Also, Oravka’s growth ability was compared 
with growth ability of some native and indigenous breeds 
kept worldwide. 

MATERIAL  AND  METHODS

The birds of conservation flock are kept at 
the farm of the National Agriculture and Food Centre 
and operated by the Research Institute for Animal 
Production (RIAP) Nitra, considered as the ex situ flock, 
were included into the experiment. Breeding males, 
assumed to be of no genetic ties with breeding females, 
were used in mating each season (from 2011 to 2015). 
Thus, descendants of mating between breeding females 
produced at the farm of the RIAP Nitra and roosters 
produced out of it were weighed at age of 5, 12 and 20 
weeks using the BAT 1 manual poultry scale (produced 
by VEIT Electronics, Czech Republic). Birds were kept 
in closed heating nurseries on deep litter (20 chickens 
per square meter) until 12 weeks of the age; afterwards, 
they were housed in unheated poultry house, also on 
deep litter (12 chickens per square meter). Birds were fed 
(ad libitum) the same feed for light chicken (according 
to age categories); water was available during the whole 
experiment. Because older birds had to cope with actual 
weather conditions (free range available) which might 
vary among seasons, season was considered as the 
effect that needs to be accounted for. Roosters as sires 

of next generation were replaced each season, therefore, 
variance of roosters was hardly possible to distinguish 
from variance of breeding seasons, and the overlapping 
effect of rooster/breeding season was considered. A total, 
359 individuals that were weighed at least two times 
during the experiment (five-year duration from 2011 to 
2015) were included in analysis. Over rooster/breeding 
season, individuals were distributed as follows: 90 (1), 
47 (2), 80 (3), 54 (4) and 88 (5), respectively.

Statistical analysis was done using the SAS 
9.2 statistical programme (2009); the mixed model 
methodology using MIXED procedure was applied to 
study the influence of effects causing variation of body 
weight in Oravka chicken. The model was as follows:

yijkl = μ + Si + Aj + Rk + Si Aj 
(Rk) + ul + eijkl

where:
yijkl – individual body weights
μ – intercept
Si – fixed effect of sex class (male, female); ∑i S = 0
Aj – fixed effect of age (5, 12, 20 weeks); ∑j A = 0
R

k
 – fixed effect of rooster/breeding season (1, 2,... 5); ∑k R = 0

Si Aj (Rk) – interaction of sex x age nested within rooster/
breeding season; ∑ijk SAR = 0

ul – random effect of bird (1, 2,... 359); ul  ~ N (0, Iσu
2)

eijkl – random error; eijkl  ~ N (0, Iσe
2)

Fixed effects included in the model were estimated 
using the Least Squares Means (LSM) method. Statistical 
significances of fixed effects were tested by Fischer’s 
F-test; statistical significances of individual differences 
between estimated levels of fixed effects were tested 
by Scheffe’s multiple range tests. Differences were 
considered significant when P < 0.05. Bird and residual 
error variances were estimated using the Restricted 
Maximum Likelihood (REML) method. Repeatability 
of body weight in Oravka chicken, estimated taking into 
account individual bird variances and residual variance:

σu
2

r2 =  
σu

2 + σe
2     can be interpreted as the proportion of total

variance attributable to among-individual variation.

RESULTS  AND  DISCUSION

Analysis of variance of fixed effects affecting 
body weight of chicken is given in Table 1. All fixed 
effects (sex, age of bird, rooster/breeding season as 
well as interaction between sex and age nested within 
rooster/breeding season) included in the model were of 
highly significant influence (P < 0.01). The difference 
in body weights between males (1433.24 ± 12.24 g) 
and females (1115.01 ± 10.24 g) was 318.22 ± 15.83 g 
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in favour to males (Table 2). 
According to age, the differences in body weights 

of Oravka chicken found in this study were following: 
829.21 ± 10.31 g (between 5- and 12-week old birds), 
901.55 ± 15.89 g (between 12- and 20-week old birds) 
and 1730.76 ± 15.90 g (between 5- and 20-week old 
birds) in favour to birds of a higher age. Body weights 
of 5-, 12- and 20-week old birds were estimated as 
following: 420.80 ± 9.05 g, 1250.01 ± 9.05 g and 
2151.56 ± 15.10 g (Table 2). Body weights of 12- 
and 20-week old birds were found similar to values 
reported by Hrnčár et al. (2010): 1128.53 ± 118.85 g and 
1871.85 ± 146.86 g for Oravka breed in field test. Estimated 
body weights were higher than values reported by 
Galeano-Vasco et al. (2014) for Colombian Lohmann LSL 
chicken evaluated at the age of 36 days (301.23 ± 49.51 g), 
at the age of 85 days (902.33 ± 80.79 g) and at the age 
of 144 days (1561.72 ± 95.04 g). In addition, Zhao et al. 
(2015) reported both lower and higher body weights 

Table 1:  Analysis of variance of fixed effects on body weight 

 
Source of variance

  Body weight (g)

  DF2 Mean Squares P

 Sex (S) 1 404.1 < 0.0001
 Age (A)  2 7060.8 < 0.0001
 Rooster/Breeding season (R) 4 24.2 < 0.0001
 SxA (R)1 22 24.0 < 0.0001

 1Interaction SxA nested within R, 2Degrees of freedom

Table 2:  Least squares means and standard errors (µ ± sµ ) of body weights by sex, age and rooster/breeding season

 Effect  Individual levels of investigated single effects   
 Sex Females (F) Males (M)   

 N 479 406   
 Body weight (g) 1115.01 ± 10.04 1432.24 ± 12.24   
 Scheffe’s test F:M++   

 Age 5 weeks 12 weeks 20 weeks  

 N 357 356 172  
 Body weight (g)  420.08 ± 9.05 1250.01 ± 9.05 2151.56 ± 15.10  
 Scheffe’s test 5:12++, 20++, 12:20++   

 Rooster/breeding s. 1 2 3 4 5

 N 205 113 204 132 231
 Body weight (g) 1393.24 ± 15.50 1239.23 ± 20.99 1188.87 ± 14.66 1286.87 ± 21.72 1262.42 ± 14.10
 Scheffe’s test 1:2++, 3++, 4++, 5++, 3:4++, 5+   

 N - number of observations, +P < 0.05, ++P < 0.01

for indigenous China chicken breeds: 281.81 ± 69.32 g 
(Shaobo), 512.69 ± 79.96 g (Youxi) and 519.97 ± 88.63 g 
(Huaixiang) evaluated at the age of 5 weeks. With four 
varieties of native Assel chicken in Pakistan, Jatoi et al. 
(2014) reported almost two times lower body weights 
for 4-week old birds when comparing with 5-week old 
Oravka birds: 202.05 ± 4.29 g (Lakha), 219.79 ± 5.60 g 
(Mianwali), 229.60 ± 7.24 g (Mushki), 210.60 ± 5.90 g 
(Peshawari) indicating that body weights of 5-week old 
Pakistan chicken were unable to reach the same values 
as Oravka chicken. Also, body weights of 12-week old 
chicken were lower: 1062.50 ± 34.10 g, 1074.20 ± 25.42 g, 
1088.30 ± 30.22 g, 997.30 ± 23.90 g. Similarly low body 
weights for 4- and 12-week old birds were reported by 
Adedeji et al. (2015) for purebred and crossbred chicken 
in Nigeria (kept at university operated poultry flock). 
Ekka et al. (2016), who analyzed body weights of native 
Hansli, Coloured synthetic male line chicken and their 
crosses from week 1 to week 8 under intensive rearing 
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Fig. 1:  Body weight according to sex (males, females), age (5-, 12- and 20-week old birds) 
and nested within rooster/breeding season (1, 2,… , 5)

system in India, reported body weights of 5-week old 
birds as follows: 970.02 ± 32.87 g, 317.77 ± 11.09 g and 
589.30 ± 23.38 g. McCrea et al. (2014), who analyzed 
body weights of Delaware chicken from week 1 to week 
15, reported values of about 500 g (5-week old) and 
1600 g (12-week old). The body weight of 15-week old 
Delaware chicken was 2100 ± 40 g, that indicates that 
Oravka chicken, compared with this breed, were of a 
slower growth. In contrast, as these authors mentioned, 
broilers achieved body weight 2100 ± 40 g at the age 
of six weeks (despite Delaware and broiler chicken were 
raised under the same conditions).

According to rooster/breeding season (Table 2), 
body weights of birds in this study were  following: 
1393.24 ± 15.5 g (1), 1239.23 ± 29.99 g (2), 1188.87 ± 
14.66 g (3), 1286.87 ± 21.72 g (4) and 1262.42 ± 14.1 g 
(5). The differences were highly significant (P < 0.01) or 
significant (P < 0.05) between rooster/breeding season 
(1) and the remaining ones (2, 3, 4, 5) and between (3) 
and (4, 5). The differences in body weights tended to 
decrease along with duration of the experiment, indicating 
an increasing conformity of body weights among birds. 
This needs, however, to be considered with caution due 
to limitations in available information. 

Findings from analysis of interaction between 
sex and age nested within rooster/breeding season 
revealed that the differences were also higher in favour of 
males (Figure 1). The older birds, the higher differences 
between males and females were found. With 5-week old 
birds, body weights within individual rooster/breeding 
season (1, 2, 3, 4 and 5) were estimated as follows: 
between 384.62 ± 32.11 and 572.04 ± 23.39 g for males vs. 
between 343.33 ± 35.73 and 497.71 ± 26.10 g for females. 
The differences were non-significant. With 12-week old 
birds, body weights within individual rooster/breeding 
season were estimated as follows: between 1299.51 
± 26.85 and 1464.29 ± 23.39 g for males vs. between 
1071.90 ± 25.26 and 1134.83 ± 25.57 g for females. The 
differences were either non-significant or significant. 
With 20-week old birds, body weights within individual 
rooster/breeding season were estimated as follows: 
between 2237.24 ± 31.17 and 2633.76 ± 47.84 g for 
males vs. between 1615.77 ± 34.80 and 2056.84 ± 37.56 g 
for females. The differences were significant. Similar 
values of body weights found in Oravka chicken were 
reported by Aggrey (2002) for unselected Athens-
Canadian chicken population evaluated at the age of 36 
days (417.41 ± 59.22 g for males vs. 355.13 ± 49.12 g for 
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females), at the age of 85 days (1326.49 ± 176.84 g for 
males vs. 1009.48 ± 130.78 g for females) and at the age 
of 141 days (2142.31 ± 243.44 g for males vs. 1619.34 
± 212.78 g for females). Malík and Malíková (1993) 
reported body weights for 12-and 20-week old birds of 
Oravka breed as follows: between 1090 g  and 1280 g for 
males vs. between 1000 g and 1100 g for females, and 
between 1900 g and 2100 g for males vs. 1710 g and 1800 g 
for females, respectively. This comparison indicates 
that the ongoing breeders’ preference of morphology 
traits did not influence Oravka chicken’s growth in the 
negative way.

Repeatability treated as a random effect of bird 
was moderate, accounting for about 35 % of total variance 
of body weight.

CONCLUSION

Analyses showed significant effects of selected 
factors (sex, age, rooster and/or breeding season and 
interaction between sex and age nested within rooster/
breeding season) on body weights in Oravka chicken 
breed. Along with increasing age of birds, body weights 
of males were higher than body weights of females. 
Further research taking into account body weights of 
birds weighed more often during growth phase of their 
life, and also including evaluation of body weights 
weighed at a higher age is needed to be done for 
describing growth curves in detail. 
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