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The aim of the research was to investigate the effects of medium-growing broiler genotypes, age of broilers at
slaughter and rearing system in non-conventional meat production on the physical characteristics of the tibia. The study
was conducted on Redbro and Redbro Naked Neck chickens, which were reared in the free range system. The quality
of tibia was tested on Redbro chickens in free range and extensive conditions in the closed facility, until 42 or 84 days
of age. Physical characteristics of tibia: length, mass, cross sectional area of the diaphysis, breaking force and specific
breaking force, were established after slaughtering of the sample of 12 broilers per treatment and separation of the left
tibia from the skeleton. The studied chicken genotypes have not exerted significant effect on osteometrical and biome-
chanical characteristics of the tibia. The effect of rearing system is not statistically confirmed, but the potential for
improving the quality parameters of the tibia in the rearing system with free range could be established. Duration of
fattening period in extensive rearing system in the closed poultry house, as well as gender, have demonstrated a signif-
icant effect on the physical characteristics of the tibia.
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BJIMJAHUE HA TEHOTHUIIOT, CUCTEMOT HA OJAI'VIEAYBAIBE
U BPEMETPAEILETO HA TOEIE BP3 ®PU3NYKUTE KAPAKTEPUCTUKHU
HA TUBUJATA KAJ BPOJJIEPUTE

Ienra Ha ucTpaxyBameTo Oelle Aa ce UCIUTAaT BiIMjaHHjaTa Ha CPEIHOPACTEUKUTE OPOjIepPCKU TeHOTHIIOBH,
BO3pacTa Ha OpojiepuTe 3a KOJICHE U CUCTEMOT Ha OArJIeAyBamhe BO HEKOHBEHIIMOHAIHO IIPOM3BOJICTBO HAa MECO BP3
(u3nukuTe KapakTepucTukH Ha THOMjata. CtyaujaTta Oeme cnpoBeneHa Ha reHotunor Redbro u Redbro ronomu-
jaHepu, Ko Oea oarienanu Bo cinobdozeH cucteM (free range). KBanureror Ha THOMjaTa Oelie TeCTUpaH Kaj MATHbHATA
OJIIJIEaHN BO CIIOOOIHU M €KCTEH3MBHH YCIOBH BO 3aTBOPEH 00jeKT 10 42 u 84 neHa, coonseTHO. PU3HUKUTE Kapak-
TEPUCTUKHU Ha THOWjaTa: JOJDKMHA, Maca, IpeceK Ha AujadusaTa, CHia Ha KpIICHE U CHelu(ruyHa CHila Ha KpIIeHe,
Oea yTBpAyBaHH 110 KOJICEHETO Ha IIPUMEPOKOT 0x1 12 Gpojinepu 1o TpeTMaH U 0IBOjyBabe Ha JieBaTa THOHja OJf CKelle-
TOT. MIcIUTyBaHNTE FEHOTUIIOBU Ha MUJIMIbAaTa HE MOKaXKaje 3HAYUTENeH e()eKT BP3 OCTEOMETPUCKHUTE U OHOMEXaHHY-
KUTE KapaKTepPUCTHKU Ha THOMjaTa. BiijaHHeTo Ha CHCTEMOT 3a O/IJIeAyBamkhe HE € CTATHCTHYKH OTBP/ICHO, HO Oerire
YTBP/ICH MOTEHIIMja 3a T0100pyBakbe Ha MapaMeTPUTE 3a KBAIUTET HAa THOMjaTa BO paMKHUTE Ha CIOOO0JHHOT CHCTEM
Ha OATJEyBambe. S3HAUMTEIHO BIIMjaHUE BP3 (PU3MUKHUTE KAPAaKTEPUCTHKU Ha THOWjaTa MOKa)kaa BPEMETPACHETO Ha
HEpHOJOT Ha TOCHE BO EKCTEH3UBHHUOT CHCTEM Ha OAINIeyBare MIHbA BO 3aTBOPEH IPOCTOP, KAKO U IOJIOT,

Kay4ynu 360poBu: 6pojiepu; THOHja; CpeHOPACTEYKH T'eHOTUI; HEKOHBEHIIMOHAJICH CHCTEM Ha POU3BOJICTBO

INTRODUCTION weeks of life of broilers is not accompanied by ade-

quate development of the skeleton. The conse-

Problems with the skeleton are usually related quences of that, as well as conditions in intensive,

to the commercial broiler genotypes and their ge- commercial rearing systems, with a large density
netic predisposition for early rapid growth. The and minor physical activity of broiler chickens, lead

rapid development of muscle mass in the first two to several leg problems (lameness, deformity, frac-
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tures) which influence the productivity and effi-
ciency of production, the quality of the carcass at
the slaughter and animal welfare (Sanotra et al.
[10]; Bessei [1]; Skrbié et al. [13]). The results of
comprehensive research of Knowles et al. [5] con-
ducted on 176 commercial broiler flocks show that
at the age of 40 days over 27.6% of broilers show
locomotors problems and 3.3% were hardly able to
walk.

Reducing the intensity of the early growth of
broilers in order to reduce the incidence of leg prob-
lems can be achieved using the slower growing gen-
otypes and less intensive growing conditions. This
is corroborated by the results obtained by Vitorovié¢
et al. [17], who have established differences in mor-
phometric and biomechanical parameters of tibio-
tarsus between broiler hybrids with different genetic
potential for growth. Duki¢-Stoj¢i¢ and Bessei [2]
have demonstrated that broiler chickens of reduced
body mass show higher activity, thus confirming the
importance of body weight for physical activity of
broiler chickens. The influence of gender of chick-
ens on the incidence of broken and deformed bones,
as well as the gait score, Oviedo-Rondon et al. [8]
associate with body mass. However, there are re-
sults indicating that the reduction in the rate of
growth does not improve the quality of the bones
(Leterrier et al. [6]) and that the leg problems
mainly relate to the interaction of genetic, nutri-
tional and management factors (Waldenstedt [18]).

The aim of the experiment was to examine the
physical properties of the tibia of broilers in non-
conventional production, as an effect of broiler gen-
otype of moderate growth, rearing systems, i.e. du-
ration of fattening. Together with the determined
production parameters and the quality parameters of
the carcass (Skrbi¢ ez al. [14]), the study of the qual-
ity of the tibia shall provide a more complete under-
standing of the production and qualitative indica-
tors, as well as indicators of animal welfare in non-
conventional chicken meat production.

MATERIALS AND METHODS

The study was conducted in several stages. In
the first trial, the effects of genotype broilers mod-
erate growth on the quality of the tibia were studied,
using the Redbro Naked Neck and Redbro variety
of chickens with feathers, reared in the system with
the free range by the age of 84 days, according to
the technology of Skrbi¢ er al. [15]. The research
was conducted on a total of 300 broiler chickens di-
vided into two groups and 3 repetitions. Access to

the free range/pasture was provided on a daily basis
after the age of 42 days. In the second and third trial,
the quality of the tibia was tested on Redbro variety
of chickens with feathers. In the second trial, the ef-
fect of the rearing system was studied on total of 300
chickens divided into two groups. The first group of
Redbro chickens was grown extensively in the poul-
try house and the other on the free range. The dura-
tion of the fattening period was 84 days. In the third
trial, Redbro chickens were reared extensively in the
poultry house by the age of 42 and 84 days. In each
group there were 150 chickens, distributed in boxes,
with 3 repetitions per group. The physical charac-
teristics of the tibia: length, mass, cross-sectional
area of the diaphysis, breaking force and the spe-
cific breaking force, were determined after slaugh-
tering of the sample of 12 broilers per treatment,
with the equal share of genders. After the separation
of the left tibiae from the skeleton, the mass of the
wet bone and the length from the proximal to the
distal end of the bone were measured. Based on the
measured outer diameter, anteroposterior and
latero-medial, using the equation for the surface of
an ellipse (Vitorovi¢ [16]) the cross sectional area
of the diaphysis of the bone was calculated. Bone
strength was determined by the direct method for
the determination of the breaking force (Masic et al.
[7]). Specific breaking force was calculated as the
ratio of breaking force and cross-sectional surface
of the tibia diaphysis.

Statistical analysis was performed by analysis
of variance One-way ANOVA using statistical soft-
ware STATISTICA package, version 8, StatSoft,
Inc. (www.statsoft.com [12]).

RESULTS AND DISCUSSION

The measured parameters of the tibia of Red-
bro and Redbro Naked Neck broiler chickens at the
age of 84 days, are presented in Table 1.

The differences found between the properties
of the tibia in the Naked Neck Redbro genotype and
Redbro chickens with feather showed no statistical
significance. Redbro chicks had greater length and
mass of the tibia (15.33 cm; 38.11 g vs. 15.14 cm;
34.51 g), as well as the absolute and relative indica-
tors of the tibia strength (40.01 kg; 0.65 kg/mm? vs.
38.64 kg; 0.62 kg/mm?), while the cross sectional
area of the tibia was greater in Redbro Naked Neck
chickens (63.01 mm? vs. 61.96 mm?). The lack of
significant differences in body mass of Redbro and
Redbro Naked Neck broilers (Skrbié ez al. [14]) can
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be brought into connection with the lack of signify-
cant differences in the quality parameters of the
tibia, which is in accordance with the determined
unfavourable genetic correlations between leg
health indicators and body mass of broilers (Kapell
et al. [4]). A statistically significant effect of the
gender was determined, wherein all the values ex-
cept for the specific breaking force were higher for

the male chickens. In contrast, in the study of
Oviedo-Rondon et al. [8], problems with the legs
are more pronounced in male chickens, based on the
higher incidence of broken, deformed bones and
poorer gait scores, compared to female chickens.

Data on the quality parameters of the tibia in
Redbro chickens, depending on the studied rearing
systems, are shown in Table 2.

Table 1
The properties of tibia in Redbro and Redbro Naked Neck broilers
Length Mass ! Cross-section surface ! Breaking force : Specific breaking
Factors (cm) (g) i of the diaphysis (mm?) (kg) force (kg/mm?)
DX SD | x SD X SD | «x SD X SD
Genotype
RB 15.33 1.38 38.11 11.37 61.96 1453 140.01 993 0.65 0.10
RBNN Po15.14 1.93 34.51 9.29 63.01 11.02 {3864 791 0.62 0.10
Pol
M L1656 1.22 45.18 5.78 71.85 8.07 4484 828 0.63 0.13
F . 1391 0.59 2743 4.18 53.12 8.75 3381 522 0.64 0.07
Genotype x Gender
RB xM 1 16.53 0.33 48.12 | 4.43 73.65 5.48 46.65 7.97 0.64 0.12
RB x F L1412 0.76 28.10 4.95 50.27 1030 3337 691 0.67 0.09
RBNN x M 16.58 1.77 4225 5.76 70.05 1026 143.03 891 0.63 0.15
RBNN x F 13.70 0.30 26.77 3.59 55.98 6.55 3425 3.43 0.61 0.04
Significance
Genotype ns ns ns ns ns
Gender E p<0.01 p<0.01 p<0.01 p<0.01 ns
Genotype x Gender ns ns ns ns ns
RB — Redbro; RBNN — Redbro Naked Neck; M — male; F — female
Table 2
The impact of rearing system on physical properties of tibia
Length Mass Cross-section surface of | Breaking force;  Specific breaking
Factors (cm) (2) the diaphysis (mm?) (kg) force (kg/mm?)
X SD X SD X SD X SD X SD
Rearing system
EPH 1495 1.78 35.66 11.10 61.30 1591 38.99 5.27 0.66 0.11
FR 1533 1.38 38.11 11.37 61.96 14.53 40.01 9.93 0.65 0.10
Gender
M 1637 1.12 | 4643 6.26 73.36 10.52 4480 597 0.62 0.11
F 1391 0.76 | 27.33 421 49.90 7.32 3421 5.50 0.69 0.09
Rearing system x Gender
EPHxM 1620 1.61 44.75 7.74 73.07 14.60 4294 257 0.60 0.10
EPHxF 13.70  0.77 26.57 3.61 49.53 3.37 35.05 4.13 0.71 0.10
FR xM 16.53 0.33 | 48.12 4.43 73.65 5.48 46.65 17.97 0.64 0.12
FRx F 14.12 0.76 | 28.10 4.95 50.27 10.30 3337 691 0.67 0.09
Significance
Rearing system ns ns ns ns ns
Pol p<0.01 p<0.01 p<0.01 p<0.01 ns
Rearing system x Gender ns ns ns ns ns

EPH - extensive in poultry house; FR — free-range; M — male; F — female
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The chickens reared extensively in the poultry
house had lower values for length, mass, cross secti-
on surface of the diaphysis and the breaking force
of the tibia (14.95 cm; 35.66 g; 61.30 mm?; 38.99
kg/mm?) in comparison with free-range chickens
(15.33 cm; 38.11 g; 61.96 mm?; 40.01 kg/mmz). 1d-
entified differences in these parameters between the
studied rearing systems were not statistically con-
firmed. The male chickens had significantly greater
length, mass, surface of the cross-section and the ab-
solute breaking force of the tibia relative to the fe-
males, however the relative indicator of the strength
of the tibia was not under the significant influence
of the chicken gender. The effect of the rearing sys-
tem is based on a variety of conditions for the phys-
ical activity of broilers and, respectively, the impact
on the quality of bones. A direct impact of physical
inactivity on the development and firmness of the
tibia is presented by Foutz et al. [3]. In their study,
the immobilization of tibia for two weeks reduced
the length of the shank by 58—-85% and the strength
of the tibia by 40% compared to the control group.
Based on the presented results it can be concluded
that favourable conditions for the physical activity
of the free range system had no significant effect on
the development of the tibia. Sherlock et al. [11]
have inferred the importance of broiler genotype in
semi-intensive rearing conditions for the quality of
the bones and have concluded that the fast-growing
broiler genotype does not increase their physical ac-
tivity sufficiently in order to positively impact on
the quality of the bone. This may be the explanation

Table 3

for our results, given that the Redbro chickens have
moderate genetic potential for growth and can attain
a body mass close to fast-growing broiler geno-
types. Similarly, Ozhan et al. [9] have found differ-
ences in mass, length and width of the tibia of broil-
ers in the floor and cage rearing system, while re-
duced ash content in the cage system is explained
by the reduced physical activity that leads to oxida-
tive stress.

By prolonging the fattening period, Redbro
chickens in extensive rearing system in the poultry
house up to age at slaughter of 84 days increased
significantly all absolute parameters of the tibia in
relation to chickens at slaughter age of 42 days (Ta-
ble 3). The relative indicator of the tibia strength
was greater at the age of 42 days compared to 84
days (0.73 kg/mm* vs. 0.66 kg/mm?), but without
statistical confirmation of established difference. A
significant effect of age of broilers on the physical
activity, wherein the younger chickens were active
than older (Sherlock et al. [11]), despite less load of
bones by the body mass, are the reasons for the
greater specific breaking force of the tibia at the age
of 42 days compared to 84 days. A significant inter-
action effect of the duration of fattening and gender
of chickens was determined on the tibia length and
mass. The effect of gender on the length and mass
of the tibia was not manifested at the age of 42 days,
indicating the lack of maturity of the skeleton at this
age, while at the age of 84 days, male chickens had
significantly greater length and mass of the tibia.

The impact of duration of fattening period in extensive rearing system in poultry house
on physical properties of tibia

Length Mass Cross-section surface of | Breaking force : Specific breaking
Factors (cm) (2) the diaphysis (mm?) (kg) force (kg/mm?)
X SD X SD X SD X SD X SD
Duration of fattening in EPH
42 10.50 0.40 20.93 3.00 42.09 7.11 3062  7.70 0.73 0.13
84 1495 1.78 35.66 11.10 61.30 1591 39.00 5.27 0.66 0.11
Pol
M 13.44  3.09 33.73 12.68 59.95 17.16 38.99  6.07 0.68 0.13
F 12.01 1.87 22.87 5.05 43.44 7.86 3062  7.08 0.71 0.12
Duration of fattening x Gender
42xM 10.68€ 0.26 | 22.708 1.48 46.83 4.67 35.04  6.09 0.75 0.13
42x F 10.31€ 044 = 19.178 3.18 37.35 5.95 26.19  6.80 0.70 0.14
84xM 16204 1.61 | 44.75% 7.74 73.07 14.60 4294 257 0.60 0.10
84 xF 13.708 077 | 26.57° 3.61 49.53 3.37 3505 413 0.71 0.10
Significance
Duration of fattening p<0.01 p<0.01 p<0.01 p<0.01 ns
Gender p<0.01 p<0.01 p<0.01 p<0.01 ns
Duration of fattening X Gender p<0.01 p<0.01 ns ns ns

EPH - extensive in poultry house; M — male; F — female
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CONCLUSION

Based on the presented results, it can be con-
cluded that osteometrical and biomechanical char-
acteristics of the tibia were not under significant in-
fluence of studied broiler genotypes and imple-
mented non-conventional rearing systems.

The lack of the impact of genotype is associ-
ated with a similar genetic potential of studied mod-
erate growth broilers and achieved increase in body
mass. The effect of rearing system was not fully
manifested, although there was a tendency of better
physical properties of the tibia in free-range condi-
tions, which is associated with physical activity
broilers.

By prolonging the fattening period of Redbro
chickens in extensive rearing system in the poultry
house, all absolute quality parameters of the tibia in-
creased significantly. The relative strength indicator
of the tibia had a tendency to decrease with the pro-
longation of the fattening period. Length and mass
of the tibia were under significant interaction influ-
ence of the duration of fattening period and broiler
gender.
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