Annals of Warsaw University of Life Sciences - SGGW

Animal Science No 57 (4), 2018: 315-325

(Ann. Warsaw Univ. of Life Sci. — SGGW, Anim. Sci. 57 (4), 2018)

DOI 10.22630/AAS.2018.57.4.30

Analysis of bone mineralization, osteometric and mechanical
properties in turkey hens at slaughter demonstrates a influence
of housing system but not stocking density

MACIEJ BAKOWSKI, RENATA KLEBANIUK?, BOZENA KICZOROWSKA!
ANNA DANEK-MAJEWSKA!, ZWENYSLAVA ZASADNA?,

AGNIESZKA TOMCZYK-WARUNEKS, JAKUB KOSINSKI,

PIOTR JARZYNA!, ADRIAN KUBACZYNSKI?,

KATARZYNA KWIATKOWSKA!, ALICJA BUDZYNSKA!

*Faculty of Biology, Animal Sciences and Bioeconomy, University of Life Sciences in Lublin
2The State Scientific Research Control Institute of Veterinary Medicinal Products and Feed Additives

in Lviv

3Faculty of Veterinary Medicine, University of Life Sciences in Lublin

4Faculty of Medicine, Medical University in Lublin

Abstract: Analysis of bone mineralization, osteo-
metric and mechanical properties in turkey hens
at slaughter demonstrates a infiuence of housing
system but not stocking density. Stocking density
and housing system during rearing may nega-
tively influence skeletal development in poultry.
However, in turkeys, the studies about the influ-
ence of those welfare factors on bone develop-
ment are extremely limited. It this study, female
Big-6 turkeys birds were raised from 7th to 16th
week of age indoors (traditional system) or in
mixed system where birds were allowed during
the day to use veranda at two sticking densities:
3 birds per m? (33 kg of predicted final body weight
per m? of floor space) or 4 birds per m? (44 kg of
predicted final body weight per m? of floor space).
The high stocking density significantly decreased
only Young modulus of elasticity in tibia, while
the positive effect of semi-open housing system
was observed in tibia weight, bone mineralization
and mechanical endurance, especially in indices
describing bone fracture resistance (ultimate load,
ultimate train and ultimate stress). Concluding,

results of this experiment suggest that in turkeys
bone quality is influenced more by housing condi-
tions than by stocking density and open and semi-
open rearing systems may have beneficial impact
on bone development.

Key words: bone quality, turkey welfare, stocking
density, housing system

INTRODUCTION

In modern fast-growing strains of meat
poultry selection work and improvement
of rearing conditions have resulted in
a substantial shortening of the rearing
period accompanied by upgrading of
the carcass tissue composition. The
rate of growth of the muscle tissue has
increased more intensively than the rate
of growth of other parts of the body. Due
to the disproportionate growth of breast
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muscles, the shift of the bird’s center of
gravity towards the front disturbs the
anatomically optimal distribution of body
weight. Impairment of the functioning
of the musculoskeletal system resulting
from problems with maintaining balance,
insufficient bone tissue growth rate and
development induces problems in move-
ment and may also lead to bone fracture
during catching or transport, creating
problems during processing (Rath et al.
2000).

High stocking density during rearing
has been identified as one of the welfare
factor that may negatively influence skel-
etal development in poultry, as shown
in meat broiler chickens, slow-growing
chickens, and lying hens of different
age (Hall 2001, Bradsahw et al. 2002,
Buijs et al. 2012). High stocking den-
sity affects the birds’ locomotion abil-
ity through a higher severity of skeletal
problems (Sorensen et al. 2000), includ-
ing decreased braking strength of tibia
(Skrbi¢ et al. 2009). The high stocking
density of growing birds can lead to heat
accumulation in poultry house, increas-
ing the risk of heat stress and hyperther-
mia (Jankowski et al. 2015). High stock-
ing density also increases litter moisture,
which promotes the prevalence of foot
pad dermatitis.

Anotherfactorthat could directly affect
the birds welfare and skeletal develop-
ment is the type of rearing system (Rath
et al. 2000). In open or semi-open hous-
ing systems birds have more opportuni-
ties to perform their natural behaviours
because of the access to a more natural
environment than in indoor systems
(Ekstrand et al. 1997). Another positive
aspects of that type of open/semi-open
rearing system is the additional space

available to the birds, which could lead
to limit the litter moisture in the poul-
try house (Bassler et al. 2013). On the
other side, in open or semi-open hous-
ing systems birds are exposed to adverse
weather conditions (wind, sun radiation
and rainfall), risk of infection or predator
attack (Stadig et al. 2017).

However, in turkeys, the studies
about the influence of housing system
or stocking density on bone develop-
ment are extremely limited. As the bone
quality is directly related to the amount
bone mineral material, bone spatial
structure (geometry and cortical thick-
ness) and mechanical strength of bones,
the purpose of this study was to inves-
tigate the effect of stocking density and
housing system, and its interaction, on
tibia osteometric properties, densitom-
etry, and mechanical strength of tibia in
female turkeys.

MATERIAL AND METHODS

Animal breeding and experimental
design

A total of 144 healthy Big-6 female
turkeys were housed indoor during the
initial period (up to 7th week of life)
under standard turkey rearing condi-
tions (litter maintenance system) and
air temperature was set at the optimal
level depending on the age. The tur-
keys had constant access to fresh water
and were fed ad libitum with standard
feed concentrates (Agropol, Motycz,
Poland) for particular rearing periods
(Table 1).

After the 7th week of life, the birds
were individually weighed, and ran-
domly allocated to four experimental
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TABLE 1. Composition and nutritive value of the basal diet

Age of birds (weeks)

Item

1-3 | 46 | 79 | 1012 | 13-16

Ingredient (%)
Corn 15.10 15.10 25.00 25.00 25.00
Wheat 34.70 37.50 32.16 38.32 44.80
Soybean meal* 42.00 39.20 32.70 26.80 20.30
Soybean oil 1.50 1.50 3.80 4.00 4.50
Phosphate 1-calcium 1.66 1.66 1.46 1.16 0.85
Limestone 1.59 1.59 1.40 1.26 1.10
Sodium bicarbonate 0.04 0.04 0.04 0.04 0.04
Sodium chloride 0.31 0.31 0.31 0.31 0.31
Premix vita-min 0.502 0.502 0.50° 0.50* 0.50°
Concentrate protein-fat® 2.00 2.00 2.00 2.00 2.00
DL-methionine 99% 0.34 0.34 0.32 0.26 0.25
L-lysine-HCI 78% 0.26 0.26 0.26 0.25 0.25
L-threonine 99% - - 0.05 0.10 0.10

The nutritional value of 1 kg diet:

“Metabolic Energy (kcal-kg™) 2784 2744 3016 3070 3161
“Total protein (%) 27.2 24.81 21.98 20.57 18.50
*Crude fiber (%) 2.80 3.24 3.11 3.26 3.26
“Crude fat (%) 4.62 5.13 5.78 6.91 7.52
“Lysine (%) 1.76 1.53 1.32 1.22 1.12
“Methionine + Cysteine (%) 1.12 1.10 0.98 091 0.86
“Total calcium (%) 1.31 1.15 1.03 0.95 0.83
“Total phosphorus (%) 0.92 0.80 0.73 0.67 0.60
“Available phosphorus (%) 0.61 0.53 0.47 0.41 0.34
“Total calcium/available phosphorus 2.15 2.17 2.19 2.34 2.48

L 46% total protein in dry matter

2 content of vitamins and minerals per 1 kg: Mn 60 mg, J 0.80 mg, Fe 50 mg, Cu 10 mg, Se 0.20 mg,
vitamin A 15 000 Ul, vitamin D; 3 166 Ul, vitamin E 60 Ul, vitamin K; 3.5 mg, vitamin B; 2.3 mg,
vitamin B, 6.5 mg, vitamin Bs 4.2 mg, vitamin B,, 10.01 mg, biotin 0.13 mg, folic acid 1.2 mg, nico-

tinic acid 30 mg, pantothenic acid 17 mg, choline 40.30 mg;

34 content of vitamins and minerals per 1 kg: Mn 60 mg, J 0.80 mg, Fe 50 mg, Cu 10 mg, Se 0.20 mg,
vitamin A 14 100 Ul, vitamin D; 3 325 U, vitamin E 40 Ul, vitamin K; 2.75 mg, vitamin B; 1.9 mg,
vitamin B, 5.5 mg, vitamin B¢ 3.6 mg, vitamin B;, 15.01 g, biotin 0.11 mg, folic acid 1.00 mg, nico-

tinic acid 25 mg, pantothenic acid 14.5 mg, choline 20.00 mg;

5 content of vitamins and minerals per 1 kg: Mn 60 mg, J 0.80 mg, Fe 50 mg, Cu 10 mg, Se 0.20 mg,
vitamin A 12 460 U, vitamin D5 2 995 UI, vitamin E 32 Ul, vitamin K3 2.45 mg, vitamin B; 1.74 mg,
vitamin B, 5.1 mg, vitamin B, 3.36 mg, vitamin B,, 15.00 ug, biotin 0.11 mg, folic acid 0.92 mg,
nicotinic acid 23 mg, pantothenic acid 13.5 mg, choline 12.30 mg;

6 concentrate protein-fat: protein — 65%, fat — 15%

*analysed values; ** calculated values
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groups (N = 36 in each group) accord-
ing to the experimental treatment: two
indoor groups and two indoor + veranda
groups. The birds in indoor groups were
kept in indoor throughout the whole
rearing period, and the stocking den-
sity was set to 3 birds per m? (33 kg of
predicted final body weight per m? of
floor space) in the “indoor 3” group and
4 birds per m? (44 kg of predicted final
body weight per m? of floor space) in the
“indoor 4” group. The birds in the indoor
+ veranda groups were allowed during
the day to use veranda, however birds
were confined to indoor pen at night. The
stocking density was set to 3 birds per m?
in the “indoor + veranda 3” group and
4 birds per m? in the “indoor + veranda
4” group. Feed and water also provided
outdoors using trough feeders and water
pans with reservoirs.

In the 16th week of life, 8 birds from
each group (N =32 in total) were random-
ly selected, weighted and slaughtered by
cutting the carotid arteries. Immediately
after slaughter, the tibiae from individual
birds were dissected, cleaned from the
remnants of adherent tissues, wrapped
in gauze soaked in isotonic saline and
frozen prior to analysis at a temperature
of —25°C.

Bone analysis

The mechanical properties of right tibiae
were determined using the three-point
bending test on a Zwick Z010 universal
testing machine (Zwick-Roell GmbH &
Co., Germany) after overnight thawing
at room temperature. The bone, placed
on the supports with length span equal
to 40% of total bone length, was loaded
in the anterior-posterior plane with a

displacement rate of 10 mm/min until
fracture. Bone structural properties (stiff-
ness, yield strength, ultimate strength,
elastic energy and work to fracture) were
determined on the basis of recorded
force-displacement curves. Whole-bone
material properties were calculated on
the basis of determined structural proper-
ties and geometry of the bone diaphysis
using engineering beam-theory equations
(Muszynski et al. 2017). The ascertained
structural properties included: elastic
stress, elastic strain, Young modulus,
ultimate strain and ultimate stress.

The bone diaphysis cross-sectional
geometry was determined on the basis
of osteometric measurements performed
on the corresponding left tibiae. The
measurements included determination of
bone weight, length, and both external
and internal diameters of the diaphysis
cross-section (both in medial-lateral and
anterior-posterior plane). The calculated
geometric properties were: cortical cross
section area, cortical index, mean rela-
tive wall thickness, diaphysis volume
and the cross-sectional moment of inertia
(Muszynski et al. 2017).

After evaluating the osteometric
properties, the bones were subjected to
the measurement of whole-bone mineral
density (BMD) and bone mineral con-
tent (BMC). The analysis was performed
using the dual-energy X-ray absorpti-
ometry (DXA) method on a Discovery
W densitometer (Hologic Inc., USA)
equipped with a software with a Small
Animals Studies option for investigation
of bones from various types of animals.
Also, the bone weight to length ratio
(WLR), as the indicator of whole bone
density, was calculated.



Analysis of bone mineralization, osteometric and mechanical properties...

Statistical Analysis

The data were analysed using a 2 x 2
factorial design with the housing system
and stocking density as the factors. The
interaction between housing system and
stocking density was added to the model.
An individual animal was considered
as the experimental unit. Whenever
significant differences were found be-
tween treatments (P < 0.05), values were
compared by Tukey’s HSD test. Prob-
ability values with 0.05 < P < 0.1 were
described as trends.

RESULTS

The stocking density or housing system
had no effect on birds final body weight
(data not shown). The mean body weight
in all groups was within the range of
11.0-11.5 kg.

However, there was an effect of
housing system on bone length which
decreased in birds reared in indoor +
veranda system (Table 2). There was also
an effect of housing system and stocking
density interaction on bone length which
decreased in birds reared in indoor at
density of 4 birds/m2. The decrease of
tibia mean relative wall thickness in birds
reared in the indoor + veranda system at
lower density can be described as a trend.
There was also a strong trend for reduc-
tion of diaphysis volume in tibiae of
birds reared in greater stocking density.
There was an effect of housing system
on BMC and BMD, which were greater
in tibiae of birds reared in the indoor +
veranda system (Table 2). Bone mineral
density was also dependent on stocking
density (decreased in birds reared at den-
sity of 4 birds/m?). No changes in other
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osteometric and densitometric properties
were observed (Table 2).

Irrespective of stocking density,
the indoor + veranda housing system
positively influenced ultimate load
(increase of approx. 6 10%,). Simi-
larly, the ultimate strain and ultimate
stress were significantly increased in
birds from both groups reared in mixed
housing system (an increase of 12.8%
and 10.1%, respectively). The stocking
density influenced the Young modulus,
which was increased in groups housed
at lower stocking density. There was
also a trend in increasing the yield load
of bones from birds housed in indoor
+ veranda system (Table 3). No other
changes or trends in tibia mechanical
properties were observed.

DISCUSSION

Despite the fact that stocking density
has been identified as one of the main
factors affecting turkey welfare and
growth (Marchewka et al. 2013), to the
best of our knowledge, only one study
on the effect of stocking density on bone
quality have been conducted previously
(Jankowski et al. 2015). Similarly, there
is only one previous study, where the
effect of housing system on the growth
and mechanical strength of bones in
turkeys was analyzed (Burs et al. 2008).

In our study, high stocking density
negatively influenced bone length in
birds reared in indoor system, not affect-
ing the bone weight. Also in both hous-
ing systems increased stocking density
led to (a strong tendency for) reduction
of bone diaphysis volume and had a
negative effect on bone mineral den-
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sity. This might be caused by the bone
shape, as bone length was measured in
a straight line. In meat type birds tibia
deformations are common (Bradshaw et
al. 2002) and high stocking density can
additionally lead to increased tibia curva-
ture (Buijs et al. 2012). This suggestion
is supported by the lack of a influence of
stocking density on tibia weight as well
as other determined osteometric indi-
ces of bone quality (mean relative wall
thickness, cross section area, moment of
inertia) and bone mineral content. This is
also in agreement with other studies per-
formed on poultry, showing that stocking
density generally is not influencing bone
mineral content or bone ash percentage
in broiler chickens (Tablante et al. 2003,
Baitshotlhi et al. 2014, Vargas-Galicia et
al. 2018).

Moreover, in our study, stocking
density did not influence bone mechani-
cal properties in turkeys, except Young
modulus. However, Young modulus is
strongly dependent (cube exponent) by
the bone length (Muszynski et al. 2017,
Tomaszewska et al. 2018). Our results
are in partially agreement with the
previous study examining the effect of
stocking density on bone quality in tur-
keys. The study performed on 18-weeks
old male meat-type turkeys housed in
indoor system showed that, like in pre-
sented study, some indices character-
izing bone diaphysis geometry (cortical
index, mean relative wall thickness) or
bone densitometry characteristic (bone
volumetric density and bone ash percent-
age) were not affected by the stocking
density (Jankowski et al. 2015). On the
other hand, increased stocking density
negatively affected tibia, its length and
weight, bone diaphysis cross-sectional

area, moment of inertia and bone break-
ing strength (Jankowski et al. 2015).
However, that study examined the effect
of both stocking density and heat stress
temperature and, as the effects of stock-
ing density and temperature were con-
founded, it is not possible to conclude
how stocking density alone affected bone
quality.

In chickens, birds welfare is influ-
enced more by housing conditions than
by stocking density (Dawkins et al.
2004). Likewise, in our study showed
that in turkeys housing system exerts
greater influence on bone properties
than stocking density. Moreover, our
results about the influence of housing
system on bone quality are generally in
correspondence with findings of similar
study performed on turkey-toms raised
from 7th to 22nd week of age indoors
or in semi-open system under a shelter
with access to open-air runs (Burs et
al. 2008). Like in presented study, the
semi-open system positively influenced
tibia weight and the values of ultimate
strain, while the yield strain and elastic
energy were not affected by housing
system (Burs et al. 2008). The main
discrepancy between both studies is
that in our female turkeys the effect of
housing system on tibia yield and ulti-
mate load was observed. This could be
result of increased bone mineral content
observed in tibias of turkeys reared in
open housing system. However, this
could be only speculated, as bone densi-
tometry parameters were not examined
in that previous study.

Bone mineral phase is the dominant
factor determining the bone ultimate
endurance while the bone elastic proper-
ties are also depended on bone organic
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phase, mostly collagen matrix. In our
study, most of the mechanical indices
characterizing the bone mechanical
endurance (ultimate load, ultimate strain,
ultimate stress) were influenced by the
housing system while the yield load was
the only parameter describing the bone
elasticity which was housing system
dependent.

The mechanisms by which the semi-
-openhousing system may have improved
bone mineral density and mineral content
are not clear. One of the possible factor
responsible for the change in bone min-
eralization may be a different physical
activities of turkeys in both housing sys-
tems. Martrenchar et al. (1999) showed
that stocking density had little effect on
male turkey activity except more fre-
quent disturbances of resting birds by
other birds at the high density (4 birds
per m? of floor space, the same as in our
study). Thus, it is possible that the physi-
cal activity of our turkeys as the same
in both stocking densities. However,
despite the same floor space, our birds
reared in semi-open system might have
been forced to perform more physical
activity (for example, due to the weather
conditions), which increased their
bones’ mineralization (Rath et al. 2000).
Moreover, it has been shown that light
intensity and light source affect activity
levels and bone health in poultry (Bailie
et al. 2013). The provision of sunlight
UVA may lead to increase exploratory
and foraging behaviours as these wave-
lengths play an important role in avian
colour vision (Maddocks et al. 2001),
while UVB wavelengths are involved in
the synthesis of vitamin D, which stimu-
late the absorption of calcium from the
gut (Stanford 2006). Nevertheless, it is
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not certain whether the birds housed in
semi-open system actually took more
steps than the indoor birds as physical
activity had not been monitored. This
should be further investigated.

CONCLUSIONS

In conclusion, findings of this experi-
ment suggest that in turkeys bone quality
is influenced more by housing condi-
tions than by stocking density and open
and semi-open rearing systems may have
beneficial impact on bone development
and its mechanical strength compared to
conventional housing system. However,
the mechanisms by which this occurs are
unknown and further research is needed
to understand the interactions among
stocking density, rearing system and
turkey behaviour in order to improve
birds health and welfare.
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Streszczenie: Analiza mineralizacji kosci, wfa-
sciwosci osteometrycznych i mechanicznych u in-
dyczek w zaleznosci od obsady i systemu utrzyma-
nia. Gestos¢ obsady ptakéw na m? powierzchni
oraz system utrzymania podczas chowu moga
wptywaé na rozwoj szkieletu ptakéw. W przy-
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padku indykéw badania dotyczace wptywu tych
czynnikdw na rozwoj kosci sa niezwykle ubogie.
Celem przedstawionych badan byta ocena wpty-
wu systemu utrzymania i obsady indykow, na
wskazniki mineralizacji i wytrzymatosci mecha-
nicznej kosci ptakow. Badaniami objeto indycz-
ki Big-6 w okresie pomiedzy 7. a 16. tygodniem
zycia. Ptaki utrzymywano w pomieszczeniach
zamknigtych (system tradycyjny) lub w systemie
mieszanym, w ktérym ptaki mogty w ciagu dnia
korzysta¢ z wybiegu, w dwoch zageszczeniach:
obsada 3 ptaki na m? (33 kg przewidywanej kon-
cowej masy ciata na m? powierzchni) lub 4 ptaki
na m? (44 kg przewidywanej koncowej masy ciata
na m? powierzchni). Zageszczenie obsady znacz-
nie zmniejszyto jedynie modut Younga sprezysto-
sci w kosci piszczelowej, natomiast pozytywny
wplyw pdtotwartego systemu utrzymania obser-
wowano w masie kosci piszczelowej, mineraliza-
cji kosci i wytrzymatosci mechanicznej, zwtasz-
cza w indeksach opisujacych odpornos¢ kosci na
ztamanie. Podsumowujac, wyniki tego ekspery-
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mentu sugeruja, ze u indykow jako$¢ kosci zalezy
bardziej od warunkéw utrzymania niz od obsady,
a otwarte i pototwarte systemy hodowlane moga
mie¢ korzystny wplyw na rozwoj kosci.

Stowa kluczowe: jakos¢ kosci, dobrostan indy-
kow, gestos¢ obsady, system utrzymania
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