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ABSTRACT -

The influence of stocking density on.bone development and carcass characteristics of family -
chickens was investigated, A total of 232 unsexed day-old family chicks were used in .a
completely randomized design. Birds were randomly assigned to four stocking densities, i.e., DI
(10 birds/m®), D2 (13 birds/m?), D3 (16 birds/m?) and D4 (19 birds/m?) in the first phase (0-6
weeks). Each treatment was replicated four times. Two birds were slaughtered at 6, 12 and 18
weeks of age from cach replicate to evaluate bone length, bone width, bone weight, bone
chemical composition (ash weight, Ca%, P%, Mg%) and carcass characteristics. In the second
phase (i.e., from 7 10 12 weeks of age) the stocking densities were 8 birds/m* (D1), 11 birds/m?
(D2), 14 birds/m* (D3) and 17 birds/m? and 6 birds/m?(D1), 9 birds/m® (D2), 12 birds/m’ (D3)
and 15 birds/m* (D4) in the final phase, from 13 to 18 weeks of age. General Linear Model
(GLM) procedure of Statistical Analysis System was used to estimate the differences between
treatment means for different stocking densities. Stocking density:in all the three pheses did not
have a significant (p>0.05) cffect on bone dimensions. Tibia length, width and weight, and
humerus length, width and weight in the first phase ranged from 75.71 10 78.41 (+ 17.31) mm,
4.80 10 5.25 (& 4.21) mm, 4.25 to 4.63 (+ 2.77) g, 54.02 to 55.52 (= 1.71) mm, 5.10 to 5.56 (+
1.69) mm and 2.06 to 2.63 (= 1.34) g, respectively. In the second phase, the length, width and
weight of both tibia and humerus ranges, following the same order as in the first phase, were
125.82 to 131.33 (i 43.43) mm, 7.88 10 8.46 (+ 12.53) mm, 13.69 to 15.06 (& 11.04) g, 81.18 to
85.61 (+ 4.89) mm, 7.88 to 8.25 (£ 12.53) and 5.69 to 6.63 (= 17.31) g. In the final phase,
following the same order as in the first phase the length, width and weight of bath tibia and
humerus ranged from 143.28 to 149,67 ( 71.54) mm, 9.39 10 10,11 (= 18.56) mm, 18.31 to
20.69 (= 20.42) g, 88.91 to 93.14 (x 6,49) mm, 9.01 10 9.61 (= 8.26) mm and 8.34 to 8.75 (=
3.70) g. In all the three phases stocking density did not have significant (p>0.05) effect on bone
chemical composition. The levels of ash ranged from 0.79 to 0.86 (£0.07 g), 2.83 10 3.29 (= 0.16
£) and 4.66 to 5.16 (& 0.27 g) in the first, second and final phases respectively. In the first phase
Ca, P and Mg ranged from 32.68 to 32.94 (& 0.20%), 24.23 to 24.35 (& 0.21%) and 0.82 10 0.90
(& 0.02%), respectively. The levels of Ca, P and Mg in the second phase ranged from 32.68 to
33.25 (£ 0.27%), 23.41 10 23.86 ( 0.21%) and 0.78 to 0.83 (= 0.03%), respectively, In the final
phase Ca ranged from 34.19 to 34.31 (= 0.29%), P from 24.52 to 24.76 (= 0.11%) and Mg from
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0.76 to 0.81 (= 0.02%). Stocking density in all the three phases did not have a significant
(p>0.05) effect on carcass weight and primal cuts (i.c., breast weight, back weight, drumstick
weight, thigh weight and wing weight) of family chickens. The carcass weight, breast weight;
back weight, drumsﬁck weight, thigh weight and wing weight in the first phase ranged from
25731 t0 276.13 (x 17.31) g, 58.75 to 64.38 (#4.21) g, 35.88 to 38.50 (= 2.77) g, 18.19 10 20.63
(& 1.71) g, 20.38 10 22.25 (: 1.69) g and 18.94 to 20.38 (+ 1.34) g, respectively, In the second
phase, the carcass weight and primal cuts weights ranges, following the same order as in the first -
phase, were 909.00 to 969.13 (+ 43.43) g, 197.38 to 216.13 (= 12.53) g, 120.00 to 150.00 (=
11.04) g, 66.63 to 75.00 (= 4.89) g, 70.50 to 77.88 (& 17.31) g and 54.13 10 60.44 (£ 17.31) g. In
the final phase, following the order as in the first phase the carcass weight and primal cuts
weights ranged from 1565.63 1o 1719.75 (& 71.54) g, 379.75 to 390.25 (£ 18.56) g, 221.38 to
260.13 (+20.42) g, 119.00 to 135.31 (+ 6.49) g, 135.88 to 155.38 (= 8.26) g and 91.13 to 102.25
(£ 3.70) g. Therefore, it can be concluded that stocking density had no influence on bone
development and carcass characteristics of family chickens raised up to 18 weeks of age under
intensive system. It appeared that family chickens could be raised at a density of 15 birds/m®in
winter without any detrimental effect on bone development and related parameters. Further
studies should be done on the use of identical densities throughout the research period to avoid

disturbing the control which will make blocking by nge possible.

Keywords: Bone development, carcass characteristics, family chickens, intensive system,

stocking density.
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. CHAPTER 1

GENERAL INTRODUCTION

1.1 Background

Of all livestock reared in Botswana, poultry (mainly chickens) is the most widespread. Almost
every family owns chickens, which provide a valuable source of family protein and additional
income (Moreki, 2010). The terms indigenous, native, village, family, free range, traditional or
scavenging chickens are often used interchangeably (Guéye, 1998; Kitalyi, 1998; Badubi ¢t al.,
2006; Moreki, 2006; Kgwatalala ef al., 2013). The population of family chickens is estimated.to
be approximately 1.1 million in Botswana (Central Statistics Office, 2010). Family chickens are
mainly owned and cared for by women (98%) and are kept in flock sizes ranging between 15 and
20 (Badubi ef al., 2006). Likewise, Badhaso (2012) in Ethiopia found the average flock size of
indigenous chickens to range from 7 to 10 in each household. Generally, family chickens are of
small body size, having slow growth rate with different colours of plumage, and of dual purpose
type with varinble body conformation and physical characteristics. Body weight is also variable

indicating that family chickens lack uniformity in growth (Moreki, 2006).

Po'ullry prdduclion systems of tropical regioris are mainly based on the scavénging indigenous

chickens found in virtually all villages and households in the rural arca. Approximately 80% of

the chicken populations in Affica are reared in these systems (Guéye, 1998). With the excc;;tiori

of urban areas in northern and Southern Africa, :most poullryAproduction in Africa is undertaken -
through an extensive system at village or family level Buscd on the scavenging domestic fowl

(Gaflu: domestics) (Dwinger et al,, 2003).

Most family boultfy farmers in Botswana do not house their chickens. As a result, chickens roost
on tree tops and sometimes on any raised item in the homestead such ns piics of bricks/bl'bck‘s,
old vchiélcs, bush fences, walls, under foof‘ overhangs or ‘'on’ tob of the huts, thus cxposing
lhemselvég to the risks of predation, climatic hazards and tl)eﬁ (Bndubi et al., 2006; More}ii; :
2010), ‘ o '



1.2 Stocking Density and Bird Performance i

In the past, the number of birds in a given area was recognized as the only method of expressmg

stocking density. However, many producers in the poultry industry now express stocking density
as mass per unit of space (Shanawany, 1988; Bilgili and Hess, 1995; Puron ef al., 1995; Feddes

et al., 2002). This takes into account the fact that large birds require more floor space per bird.

This expression of stocking density is calculated based on body mass in kilogrammes per metre

squared (kg/m®) (Thaxton er al., 2006). The advantage of using bird weight per unit area is that

the standards are consistent despite the target weight (Abudabos ef al., 2013). Factors to consider

when determining stocking density include but are not limited to bird size, feeder space, drinker

space, house dimensions, bird welfare, nutrition, breed, performance and economic: return’
(Yardimici and Kenar, 2008).

Stocking density is considered as one of the most important environmental factors bécuuse of its
established effect on growth rate of broiler chickens. According to Sekeroglu et al. (2011), the
stocking densities in broilers vary widely by countries, husbandry systems and final body weight.
In many countries, stocking density in broiler production is not regulated, but top limiting values
are determined which don't exceed 35 kg/m*(Elwinger, 1995),

Comfncrcial poultry producers are often tempted to increase the number of breeding stock per
pen as a way of reducing housing, equipment, and labour costs per pen. However, literature
indicutés that hi_gh stocking densitics can have a deleterious cffect on the economics and welfare
of poultry production (Mtileni et al., 2007). Ferrante et al. ("006) reported lhut very hlgh

densities may impair the birds’ welfnrc dlrcclly lhrough physical rcstnctmn of movcmcnl

A previous study by Dozier 111 et al. (2005) indicated that increasing the stockfng density from
30to 45 kg of body weight/m? of floor spucé influenced body weight gain and feed consumption,
but meat yields were not significantly nllcrcd Beg et al. (2011) found that broilers under lower
and higher stockmg densities showed no sxgmfcnm difference in different carcass parts. On the
othcr hand, Sl\rblc et al (2011) observed that broilers reared in lower stocking dcnsxty had

stgmf' cantly better carcass conformation and higher breast yield.



Bone is a complex tissue that is continuously undergoing changes throughout an animal’s life
due to the processes of bone formation and bone resorption. It is a specialized connective tissue
composed of intercellular calcified material, the bone matrix (which is approximately 70%
mineral, 20% organic matter and 10% water), and three major cell types; osteablasts, osteocytes
and osteoclasts. Osteoblasts secrete ‘Type 1" collagen and noncollagenous proteins, while
osteocytes maintain mature bone and osteoclasts resorb bone by acidification (Junqueira and
Cameiro, 1983; Rath et al., 2000; Klein and Enders, 2010).

There are two processes of bone development: intramembranous ossification and endochondral
ossification. Endochondral ossification includes the activities responsible for the formation of
bones that support weight, and also for the clongation of most of the skeletal mass during
growth. In this process, hyaline cartilage is deposited in the shape of the required bone and is
subsequently transformed into bone by mineralization. On the other hand, intramembranous
ossification results in the ultimate shape of a limited number of bones formed, which are not
performed by cartilage (Ham, [969; Almcida Paz ef al., 2005). According to Almeida Paz et al.
(2006), the skeletal growth rate of broiler is very fast between 22 to 70 days of age, and 80% of
the mature size is reached at 56 days of age and at approximately 12 weeks of age, 95% of bone

growth potential is achieved. -

1.3 Justification
Stocking density is considered as one of the most important environmental factors because of the A
established effect on growth rate of chickens. There was little information on how stocking
density influences bone development and carcass characteristics in family chickens. Therefore, 2
study was-undertaken to investigate the influcnce of stocking density on growth parameters and

carcass traits of family chickens up to 18 weeks of age.

1.4 Study Objectives -
Experiment 1: Influence of stocking density on bone development of family chickens reared

up to 18 wecks of age under intensive system
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The overall objective of the study was to determine the influence of stocking density on bone

development of family chickens subjected to different stocking densities under intensive system
up to 18 weeks of age. ‘

1.4.1. Specific objectives
To measure bone dimensions of tibiae and humeri (e.g., bone length, bone width and bone
weight) of family chickens.

To evaluate the chemical composition (ash, Ca, P, Mg) of tibiac of family chickens.

The hypothesis tested was:

Ho: Different stocking densities have no effect on bone development of family chickens raised

under the same management system.

Hy: Different stocking densities have a significant effect on bone development of family

chickens raised under the same management system.

Experiment 2: Influence of stocking density on carcass characteristics of fumily chickens

reared up to 18 wecks of age under intensive system

The overall abjective of the study was to determine the influence of stocking density on carcass
characteristics of family chickens subjected to different stocking densities under intensive system

up to 18 weeks of age,

1.4.2. Specific objective
To measure carcass traits (carcass weight, dressing percentage, breast, back, drumstick, thigh,
wing and giblets) of family chickens subjected to different stocking densities under intensive

system up to 18 weeks of age.

The hypothesis tested was: o RN
Ho: Different stocking densitics have no effect on carcass characteristics of family chickens

raised under the same management system.



5

H,\ Different stocking densities have a SIgmf cant effect on carcass: chamctcrlstlcs of family

chickens raised under the same management system.

This thesis is presented in the form of two separate articles, augmented by a general introduction,
literature review and conclusion in an effort 10 create a single unit. Although care has been taken
to aveid unnecessary repetition, some repetition has been inevitable,
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

Several studies have illustrated the effects of stocking density on growth performance of
chickens (Puron et al., 1995; Dozier 1 et al., 2005). According to Jayalakashmi (2009), poor
production performance of broilers and meat quality have been attributed to inadequate floor
space as a result of poor micro cnvironmental conditions inside the poultry house and
competition for the feed and water. In broilers, high densities have been nssociated with a decline
in body weight, feed consumption and feed conversion ratio (FCR), increased tibia curvature and
mortality (Proudfoot et al., 1979; Shanawany, 1988; Cravener ef al., 1992; Bilgili and Hess,
1995; Feddes ef al., 2002; Dozier 11 er al., 2006; Buijs et al., 2012). Some studies show large
benefits in reducing stocking density while others show little or no differences (Beg et al., 2011).

Different stocking densities are used, depending on the coumry and production system (Buijs er
al., 2009).

2.2 Growth Performance -

2.2.1 Body weight, body weight gain and final live body weight

A previous study by Skrbi¢ et al. (2007) showed that Cabb 500 and Arbor Acres broilers had
significantly greater body weights (BW) at lower housing den>sily. In another sludy,‘ Mtileni et al.
(2007) found that birds nl‘stocking density of 15 pcr pen were about 183 g hcnvii:r than those at
stocking density of 20 per pen. Moreovcr, Kulxm et al. (2004) rcponcd an increase in BW of
broilers reared at lower stockmg density. A more recent’ study by Sevener al. (2013) reported a
sngmf' cantly decreased BW of quails at high stocking density. Lewis er al. (1997) reported that
broilers at high stocking density had significantly lower BW than bmilcré at lower stocking
density. Similar observations were made by Olympio et al. (1982), Bilgili and Hess (1995),
Puron ef al, (]995), Dozier 111 et al. (2005; "006) and Tong et al. (20]2) The study by Cnrcy .
(1987) found that at hlghcr stocl\mg denslly body weight of pullets was sn;,ml' jcantly reduced.
Increased bird density results in a lincar reduction in BW of bronlcrs (Proudfoot et al 1979

Shanawany, 1988) On the olher hnnd “Yakubu et al, (2010) found that the effect of plucement



density on final BW did not follow a linear trend. Recently, Beloor ef al. (2010) observed. that
increased BW in low density stocked broilers compared to broilers stocked at high density did
not show significant difference, Several studies have shown that stocking density.docs not affect
BW in broilers (Turkyilmaz, 2008; Ventura ¢! al., 2010; Angclovnéova et al., 2012; Houshmand
et al., 2012; Huo and Na-Lampang, 2012).. ’

The study by Sekeroglu et al. (2011) showed that live weight gain of broilers raised at low
stocking density was higher than those at highest stocking density group. Similar observations
were made by Kalita et al. (2004) and Iyasere es al. (2012). A previous study by Sahin er al.
(2007) found that live body weight gain was adversely affected at high stocking density in layers.
Recently, Seven et al. (2013) observed a significant BWG decrease at high stocking density in
quails. Dozier 1II et al. (2005) and Abudabos ef al. (2013) reported a reduction in cumulative
body weight gain (BWG) in broilers as stocking density increased. On the other hand, Thomas ef
al. (2004) observed no influence of stocking density on live weight gain of broilers raised at
densities of 10, 15 and 20 birds/m®. Likewise, Ravindran ef al. (2006) and Houshmand er al.
(2012) found no effect of stocking density on BWG in broilers.

Previous studies by Sorensen ef al. (2000) and Ratsaka ¢f al. (2012) observed that broilers
housed at high stocking density had lower live weight than those housed at low density. Bolton
et al. (1972) reported that at 10 weeks old a decrease in space allowance from 0.093 to 0.047
m%/bird was accompanied by reduced final live-weight. The average live weight of broilers under .
stocking density of 12 birds/m* was significantly higher compared to other density groups (8, 10,
and 14 birds/m® (Beg et al., 2011). Onbasilar er al, (2008)andFeddes ef al. (2002) observed that
BW of broilers decreases with increased stocking density. However, Jayalakshmi et al. (2009)
observed that lower stocking density of 8 bird/m® and 12 bird/m? did not show significant

difference in final live weight. Similar observation was made by Lee and Moss' (1995) in pullets.

2.2.2 Feed conversion ratio

Lewis ef al. (1997), Hassanein, (2009) and Houshmand ef al. (2012) reported a ‘significant
improvement of FCR in broilers at lower stocking density compared to high'stocking density. On
the other hand, Dozier 111 ef al. (2006) and Sevener al, (2013) found that FCR was adversely
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affected by increasing stocking densities in broilers and quails, respectively. Similarly, Bilgili .
and Hess (1995), Mtileni ef af. (2007) and Beg et al. (2011) observed a stgmf cant effect of high
stocking density on FCR in broilers. However, several studies reported ne influence of stocking
density on FCR in broilers (Puro et al., 1995; Imaeda, 2000; El-Deck and Al-Harthi, 2004;
Dhaliwal and Nagra, 2006; Zhao er al., 2009; Ventura ef al., 2010; Abudabos ef al., 2013; Tayeb
et al., 2011; Sckeroglu et al,, 2011; lyasere et al., 2012; Lallo ¢z al., 2013).

2.2.3 Fecd intake

The influence of stocking density and air velocity on behaviour and performance of broilers was
evaluated in a 28-days trial and it was observed that increasing stocking density reduced feed
intake but enhanced feeding behaviour of the broilers (lyasere et al., 2012). The increase in
feeding behaviour at higher stocking density can be related to social hicrarchy. Feed intake
reduced with an increase in stocking density at 5 and 6 weeks of ngé.‘ Similarly, El-Deek and Al-
Harthi (2004) reported that chicks reared under stocking density of 18 chicks/m? consumed
significantly less feed than those kept at 10 chicks/m? Likewise, Shanawany (1988) found that
average feed intake over the whole experimental period declined linearly with densities above 20
birds/m®, Puron et al. (1995) also reported 3.5% reductions in cumulative feed intake of 49 day
birds in response to increased stocking density from 10 to 12 birds/m®. Dozicr 111 ef al. (2006)
_found that increased stocking densities negatively impacted on feed intake in male broilers raised
to 1.8 kg. In a study by Abudabos er al. (2013), feed intoke was reduced by 15.6% as the
stocking density increased from 0,037 m¥/bird to 0.030 m*bird. Moreover, 'Carey (1987) and
Rios et al. (2009) obscrved a signiﬁczintly reduced feed intake at high stocking density in pullets,
Feed intake was significantly affected at high stocking density in qliuilvs (Seven cf al., é013).
Similar findings were reported by Onbasilar ef al. (2008) and Hassanein (2009) in broilers. On
the other hand, Dhaliwal and Nagra (2006) and Ravindran er al. (2006) found nd significant

effect of stocking density on feed intake in Japanese quails and broilers, respectively.

2.2.4 Mortality

Higher mortality (43%) for broilers housed at 18 birds/m? compnred 10 33% for birds housed at
12 birds/m* was observed by Imaeda (2000). Similarly, Tayeb et aI (20[1) observcd high
, vmortullty at a stocking density of 13.36 birds/m* compared to sto;kmg densities of 8.66: and
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10.41 birds/m®. A previous study by Dhaliwal -and Nagra (2006) reported increased mortality
with an increase in stocking density of Japanese quails above 125 birds/m? in summer and above
143 birds/m? in winter, Morcover, Rios ef al (2009) reported an increase in mortality due to high
stocking density in pullets. However, no significant differences were observed in mortality rate
of broilers and pullets due to stocking density (Cravener ef al., 1992; Lee and Moss, 1995; Puron
et al.,, 1995; Onbasilar and Aksoy, 2005; Dozier 111 et al,, 2006; Beg et al., 2011; Abudabos er
al., 2013; Lallo et al., 2013).

2.3 Bone Development

Bone deposition is regulated pﬁmnrily by parathyroid hormone, which is secreted in response to
low serum calcium levels (Klein and Enders, 2010). Vitamin D3 is one of the most important
nutritional factors crucial to Ca and P absorption and proper skeletal development. It is generatly
added to diets in the form of cholecalciferol; however, in order to carry out its physiologicz;l
function, it must be hydroxylated in a two-step process: ih the liver (to._25-OH-D3) and in the
kidneys (to 1.25-OH-D3) (Swiatkiewicz and Arczewska-Wlosek, 2012). v

A previous study by Ventura er al. (2010) rcpoﬁcd that broilers reared at n-density of 18 birds/mi
had significantly longer tibiae (84.61 mm) than those reared at a lower deﬁsi‘ly of 8 birds/ m?
(84.38 mm). Recently, Skrbi¢ et al. (2011) foﬁnd that broilers reared in lower stocking density
(12 bird/rﬁz) improved tibia quality. A more recent study by Buijs et al. (2012) found that
increased stocking density in broilers resulted in a shorter tibine, however, tibin weight remained
unaffected. On the contrary, Simsek ef al. (2011) and Oleviera ef al. (2012) showed that the
length of both tibin and humerus and the width of tibia were not nﬁ'cctéd by stocking density
except for humerus width at stocking densitics of 10 and 16 birds/m®, Similarly, Ventura et al.
(2010) reported no influence of stdcking density on tibin width in broilers. Bone ash ;)f broilers

was not affected by stocking density (Tablantc ef al., 2003).

2.4 Carcass Characteristics

Feddes ef al. (2002) reported decreased carcass weight with increased stocking density. A similar
observation was made by Dozier 111 et al, (2005; 2_006)'. Thé éurcuss' \\}eighf of chickéné on 0.68
m?/chicken stocking density for the pen system was significantly smaller than carcass weight of
chickens from stocking densities of 0.06 m¥/chicken and 0.05 m*/chicken by 165.2 gand 186.6



12

g, respectively (Ratsaka et al., 2012). However, Cravener ef al. (1992) found that birds housed at
0.07, 0.09, and 0.11 m*bird had similar 7-week carcass weights, dll significantly higher than
birds housed at 0.05 m*/bird: Jayalakshmi et al. (2009) recorded significantly higher eviscerated .
carcass weight in 0.075 m % bird density, followed by 0.06 m? 0.09 m® and 0.045 m%bird
density.Similarly, Nahashon et al. (2009) observed higher carcass yiclds in French guinea fowl 
broilers raised in floor densities of 13.6 and 12 birds/m? than those raisedin floor densities of
15.6 and 10.7 birds/m?. On the other hand, Yakubu ef al. (2010) found that stocking density did
not affect carcass yield. A previous study by Thomas ef al. (2004) showed that stocking density
had no influence on carcass characteristics of broilers grown at densities of 10, 15 and 20 birds

\
per m-.

In a study by Skrbié e al. (2011), it was observed that broilers reared in lower stocking density
(12 bird/m?) had significantly higher yield of breast compared to those with a stocking density of
16 birds/m*. Moreover, Toblu and Fidan (2008) reported a significant effect of stocking density
on breast weight of Japanese quail.. Likewise, Osman (1993) observed a decrease in breast
weight of ducks with increasing stocking density. Several studies reported no influence of
stocking density on breast yield of broilers and rock partridges (Feddes et al., 2002;Moreira cf
al., 2004; Dozicr 111 et al., 2005; Esen et al., 2006; Ravindran et al., 2006;Yakubu et al., 2010;
Sekeroglu et al,, 2011; Simsek et al., 2011; Zuowei ¢t al., 2011). A similar observation was

made by Dhaliwal and Nagra (2006) on Japanese quails.

Recently, Beg er al, (2011) reported that lower stocking density produced higher dressing
percentage in broilers. Similarly, Jayalakshmi ef al. (2009) reported significantly higher dressed
weight in 0,075 m? stocking density followed by 0.060 m?, 0.045 m® and 0.090 m¥ bird density
groups. Moreover, Dhaliwal and Nagra (2006) found that dressing percentage increased with
decreased stocking density in Japanese quails. EI-Deck and Al-Harthi (2004) found that dressing

percentage decreased due to increasing stocking density in broiler chicks..

The study by Tong et al. (2012) found that the thigh yield of local chickens was significantly .
affected in the medium-density group (35 birds/m”) compared to those of the low (25 birds/m?)
and high (45 birds/m®) densities. Recently, Skrbié ef al. (2011) observed that broilers reared in
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lower stocking density (12 bird/m?) had significantly high yield of thigh and drumstick compared
to those at a stocking density of 16 birds/m?. A similar observation was made by Dhaliwal and
Nagra (2006) in Japanese quails. Several studies have shown that stocking density does not
affect thigh and drumstick yield in broilers and rock partridges (Lewis ef al., 1997; Mizubuti es
al., 2000; Moreira et al., 2004; El-Deek and Al-Harthi, 2004; Dozier Il et al,, 2005; Esen et al.;
2006; Jayalakshmi et al., 2009; Yakubu et al,, 2010; Beg et al., 2011; Sekeroglu ef al,, 2011;

Simsek ez al., 2011; Zuowei er al., 2011; Tong et al., 2012)

The study by Yakubu et al. (2010) reported that housing density has a significant effect on wing
weight of broilers. However, Lewis er al. (1997), Moreira ef al, (2004), El-Deck and Al-Harthi
(2004), Jayalakshmi er al. (2009), Sekeroglu et al. (2011), Beg et al. (2011), Simsek et al. (2011)
and Tong et al. (2012) found that wing weights of broilers were unaffected by stocking density.
Likewise, Nahashon ef al. (2009) observed no significant difference in mean wing weights of
French guinea fowl broilers due to stocking density. Similar observations were made by Osman

(1993) and Esen er al. (2006) in ducks and rock partridges, respectively.

Broilers reared at high stocking density had high weight percentage of heart that those raised at
low stocking density. Because of warse litter at high stocking density due to overcrowding the
broilers might be having rapid respiration and therefore higher heart percentage (Onbasilar et al.,
. 2008). Similarly, Toplu and Fidan (2008) observed a significant effect of stocking density on
heart weight of Japanese quail: A previous study by Simitzis ef al. (2012) found- that lower
stocking density had a significant effect on the weight of the broiler’s liver. In contrast,Nicol ef
al. (2006) reported that birds housed at 7 and 9 birds/m? had no effect on the weight of the liver,
suggesting that the birds were not chronically stressed, Nahashon ef al., (2009) observed that the
weight of the. gizzard of French guinea fow] broilers was not affected by stocking bdcnsity.
Recently, Beg et al. (2011) observed that different stocking densities had no effect on average
giblet weight percentage in broiler chickens. Also, the study by El-Deek and Al-Harthi (2004)
found no significant effect of stocking density on the weight of internal organs, showing that
internal organs of broilers developed normally under different densities during rearing. Likewise,
Esen ef al. (2006) obscrved that the weight of the gizzard, liver and heart of rock punndges was
not affected by stocking density. :
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2.5 Conc_lusion :

Several studies have been conducted to investigate the effect of stocking density in.broilers ;vilh ,
diverse genctic lines. Majority of these studies reached variable conclusions. Sorﬁc ;tudies show
large benefits “in reducing stocking density, while others have documented: little or ‘no
differences. There is no documented work on how stocking density affects the productivity of
family chickens. The absence of stocking density- standards for family chickens has forced
farmers to rely on personal experience in determining the. space allowances. Therefore, it is
necessary to investigate the influence of stocking density on bone development and carcass
characteristics of family chickens, and establish more. precise stocking density standards for

these chickens to ensure their effective production,
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CHAPTER3 . -

INFLUENCE OF STOCKING DENSITY ON BONE DEVELOPMENT OF
FAMILYCHICKENS REARED UP TO 18 WEEKS OF AGE UNDER INTENSIVE
MANAGEMENT SYSTEM

3.1 Introduction

In poultry management, housing is a method involving the allotment of a definite floor spacetoa
bird to provide a comfortable environment for satisfactory performance. Stocking density is a
‘housing variable that can affect chickens’ development. Bone development is part of animal
growth and the growth of the skeleton determines the size and proportions of the bedy (Martini
et al., 2000; Yakubu et al, 2010; Buijs et al., 2012). Bone is a dynamic tissue influenced by
physiological, nutritional, and physical factors such as mechanical stress and physical activities
(Rath er al., 2000). The deposition of bone is regulated primarily by parathyroid hormone, which

is secreted in response to low.serum calcium levels (Kiein and Enders, 2010).

Several studies have been conducted to study the effect of stocking density on broiler production.
According to Hall (2001), increased stocking ‘density can negatively influence . skeletal
development of broilers, as shown by an increase in leg culls, which may be due to a decrease in
activity as density increases. A study by Skrbié er al. (2009) observed that providing more floor
space per chicken influenced the level of physical activity, development and firmness of the
skeleton, especially legs. Physical activity of broilers influcnced cross section of the cortex and
as a result improved their mechanical characteristics by better supply with blood of cpiphysis of
long bones and sufficient mineralization. Recently, Skebi¢ et af, (2011) observed that more

physical activity of broilers in lower stocking density improved the parameters of tibia quality.

The term “family poultry” was defined as small-scale poultry keeping by houscholds using
family labour and locally available feed resources (Sonaiya and Swan, 2004).Family poultry
production systems of tropical rcgiops are mainly based on family chickens found in nearly all

villages and households in rural arens (Guéye, 1998)
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There is little information.on how stocking density influenced bone development ‘in family
chickens. The absence of stocking density standards for family chicken may have forced farmers ’
to rely on personal experience in determining the space aflowances and this may have affected
productivity. Therefore, a study was undertaken to investigate the influence of stocking density

on bone development of family chickens reared up to 18 weeks of age under intensive system.

3.2 Materials and Mecthods
3.2.1  Study lacation

The experiment was carried out at the Guinea Fowl Unit of the Botswana College of Agriculture
(BCA), Sebele for a period of 18 wecks. The site is at an altitude of 994 m above sea level and
the coordinates are latitude 24° 33' S and Iongltude 24° 54'E (Agnngn and Omphxle, 2000). The
experiment started in April and ended in August 2013, During the study pcnod environmental
temperature averaged 21 °C and ranged from 5 to 21°C.

3.2.2 Experimental Design

A compictcly randomized design (CRD) with four treatments was used in the experiment. Each
treatment was replicated four times. The four treatment levels were D1 (10 birds/m?), D2 (13
birds/m®), D3 (16 birds/m?) and D4 (19 birds/m®) in the first phase (0 to 6 wecks). The
experimental birds were distributed randomly among the four stacking densities. Two birds were
sloughtered at 6, 12 and 18 wecks of age from each replicate. In the second phase (7 to 12
weeks) the stocking densities were 8 birds/m* (D1), 11 birds/m® (D2), 14 birds/m® (D3) and 17
birds/m” and 6 birds/m? (D1), 9 birds/m? (D2), 12 birds/m® (D3) and 15 birds/m® (D4) in the final
phase (13 to 18 weeks).

3.23 Animal management,

A total of 232 unsexed dny-old family chicks were obtained from a fnrmcr in Gaborone north
and reared in a deep litter system. Initial body weights of the birds were dclennmcd by \vclghmg
IO% of the birds prior to allocation to four stocking densities. Birds were mdwndunlly identified
using wing bands. The chicks were housed under deep litter management system in an open-'
sided shed. Thc size of cuch pen was one mctre squurcd (m') All pens were bcddcd with wood-

shavings nnd cqu1ppcd with one xubc fecdcr nnd a 10 L wntcrer Birds were rmsed undcr nmf’ cml

¢
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light for. the first two weeks of acclimatization to the experimental dicts prior to collection of
data and later under natural fight throughout the study period. Feeds and water were provided-ad

libitum throughout the experimental period. Birds in each replicate were group fed. Chickens in
each pen were weighed weekly.

3.2.4 Experimental diets

Birds were fed a commercial broiler starter crumbled diet for the first 6 weeks, pelleted broiler
grower diet (7 to 12 weeks) and pelleted broiler finisher diet (13 to 18 weeks). Commercial
braoiler diets were sourced from some retail shops in Gaborone.

Table 3.1: Chemical composition of experimental diets fed to family chickens from 0 to 18 weeks of nge

Feed type and age of birds . . .

Chemical Hroiler starter crumbles Broiler prower pellets Broiler finisher pellets
Composition (0-6 weceks) {7-12 weeks) (13-18 weeks)

R Amount in g/kg Amount in p/kg Amount in p/kg
Protein (min) 2000 180.0 160
Moisture (max) 120.0 120.0 1200
Fibre (max) 50.0 60.0 700
Calcium (min) 8.0 7.0 6.0
Calcium (max) 120 120 120
Fat (min) 250 250 250
Phasphorus (min) 6.0 55 50
Total lysine (min) 120 100 9.0

Source: OPTI Feeds Botswana (Pry) Lid, 2014,

3.25 Data collection

At 6, 12 and 18 weeks of age, two birds from cach rcplicdle were sacrificed tb determine bone
dimensions and chemical composition. After slnughlcr carcasses \;fcrc pnékcd idenlif‘ ed, and
chilled to 0 °C overnight in a cold room and the bones rcmovcd 24 hours post marlcm The tibiae
(right and leR) and the right humerus from each of the blrds were removed and deﬂeshed without
bo:lmg Therenﬂcr, bones were mdlvndunlly welghcd using an electronic bnlance Wllh a preclsmn
of 0.001 g, (Sartorius AG Gcrmnny, TE 313§ modcl) and their widths and Iengths detcrmmed by
using an elcclromc calhpcr wnh an nccurucy of 0.001 cm, (Smrrctt 798 B l2"/300 mm model)

The left ubluc were used for bone chemical composition nnnIySIS (ash, Cu, P, Mg). Bone samples
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were oven-dried in porcelain crucibles at 105 °C for.48 hours and weighed (Liu ef al., 2003).
Thereafter, bone sumples were ashed in a muffle furnace at 550 °C for 8-hours. Approximately |
g of ash samples was dissolved in 10 ml of 3M hydrochloric acid and boiled for-10 minutes. The
samples were allowed to cool and filtered into a 100 ml volumetric flask. Thereafter, the volume

was topped up to 100 m] with distilled water and later analyzed for minerals (AQAC, 1996).

3.2.6 Statistical analysis . . '
Genera!l Linear Model (GLM) Procedures of Statistical Analysis System (SAS Institute, 2009)

version 9.2.1 was used to analyse the data according to the following statistical model:

Yi=n+7 +ejj. . . : :
Where: Yj= response variables (bone width, bone length, bone weight, and bone chemical
composition).

#t = general mean effect. ;=i stocking densities effects on family chickens’ growth. -

Where i= 1,2,3,4, Where 1= 10 birds/m’, 2=13 birds/m®, 3=16 birds/m’, 19 birds/m".

g;= random error

Least significant difference comparisons were made belween treatment means using paired t-test.

Statistical significance was established at P<0.05.

3.3 Results and Discussion

3.3.1 Bone dimensions - - ' - -

3.3.1.1 Bone length

Stocking density had no significant (p>0.05) effect on tibia and humerus length of family
chickens (Tables 3.2 to 3.4). However, the longest tibin (78.41 mm) and humerus [ength (55.52
mm) was found in the stocking densities of 19 bird/m® ot week 6, 14 bird/m? (131.33 mm;85.61
mm) at week 12 and 9 bird/m® (149.67 mm; 93.14 mm) at week 18, respectively. These results
are consistent with those obtained by Oleviera ef al. (2012) who found that the length of both
tibiae and humeri were not affected by stocking density of 10 and 16 birds/m* A more recent
study by Buijs ef al. (2012) found that increased stocking density (15.5, 18.5 and 21.8 birds/m®)
in broilers resulted in shorter tibiac. The variations in the results for the two studies may be due
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to the differences in genotype. In this study family chickens of slow growing genotype were
used wherens Buijs et al, (2012) used broilers of fast growing genotype. This suu,esls that as
broilers increase in body weight, the tibiae increase in width to.support the muscle mass thus
forcing them to curve. Tibial Icn[,th increased by 65% and 13 8% between 6 and 12 weeks and
12 and 18 weeks, respectively, On the other hand, humerus length increased by 52% and 8%
between 6 and 12 weeks and 12 and 18 weeks, respectively. This indicates that bone
development and growth in fumily chickens were most pronounced durmg the first 12 weeks, a
similar observation was made by Moreki et al. (2011) who found that tibia and humerus length
increased by 46% and 36% in broiler breeder pullets between 6 and 12 weeks, respectively.
According to Ross Breeders (2006) the skeletal size of broiler breeder is fixed at 12 weeks of
age. Rath ef al. (2000) stated that the increment in bone length is correlated with an increase in

the content of hydroxylysylpridinoline and lysylpyridinoline, the collagen crosslinks,

Table 3.2: Least square means for bone dimensions of family chickens at 6 weeks of age reared under
intensive system

. Parameters .

Tr Tibia ITumerus
Bird density/m*  Length(mm)  Width (mm)  Weight(g) ~ Length(mm)  Width(mm)  Weight(g)
10 77.22* 5.5 4.63° 55.07° 5.56* 2.50
13 7571 4.80* 4310 sa02 5.10" 2.63*
16 78.02* 5.10* 4.50° 5491* 5.40* 231
19 7841° 4.86" 25° 5552* -5.30 2.06*
SE 1.74 021 048 113 0.15 021
P-value 0.7103 0.4103 . 09425 0.8211 02377 0.2865
Ccv 4.5045 8.2050 - 218815 . 41286 5.6659 17.3232

Means within the same column within a parameter not h:\mg simifar supmcnpu are significantly different (P<0.05),
SE = Standard Ertar, CV = Cocflicient of variation. '
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Table 3.3: Least square means for bone dimensions of family chickens at 12 weeks of oge reared under
intensive system

. PMarnmeters

Treatments Tibla Humerus .
Bird density/m® Length{mm)  Width (mm) Weight(g)  Length(mm)  Width{mm)  Weight(g)
8 125.82* 7.88¢ 13.81° 83.54* 7.96" 5.69*
1 126.03* 7.89* 13.69* 81.18° 7.88° 515
2] 131.33* 841 14.75% 85.61° 8.25* 6.44*
17 127,79* B.46* 15.06* 8348 - 821* 6.63*
SE 2.16 031 0.88 1.58 0.13 045
Pevalue 0.2939 03983 0.6258 03141 0.1876 03773
cv 3.3858 7.5714 12.2578 3.7764 3.3032 14.6456

Means within the same column within a parameter not having similar superscripts are significantly different (F<0.05),
SE = Standard Error, CV = Cocfficient of variation.

3.3.1.2 Bone width

No significant influence of stocking density on tibial and humerus width of family chickens
could be detected (Tables 3.2 to 3.4). The greatest tibial and humerus width was found in the
stocking densities of 10 bird/m? (5.25 mm; 5.56 mm) at week 6, 17 bird/m® and 14 birds/m?
(8.46 mm for tibiz;8.25 mm for humeruS) at week 12 and 9 bird/m® (10.11 mm; 9.61 mm) at
weék 18, respectively. The present results are consistent with those of Simsck ef al., (2011) who
found that the width of tibia was not affected by stocking densities of 22.5, 18.75, 15, 11.25, 7.5
broilers/m? in broilers. Similarly, Ventura et al. (2010) reported no influence of stocking density
(8 birds/m’, 13 birds/m® and 18 birds/m?) on tibial width in broilers. In contrast to the present
results, Oleviera et al. (2012) obscrved that the width of humerus in Ross 308 and Hybro PG
broilers was affected by stocking density (10 and 16 birds/m?) at 42 days of age. The differences
in the results of the current study and that of Oleviera ef al. (2012)may be attributable to
differences in birds' genotype. Several studies have observed that hybrid broilers raised
iﬁlcnsivcly grow rapidly and as they approach market age and weight, their bodies take up most
of the allotted space, leaving no room to perform simple exercises which may lead to a decrease
in bone mass of the wings (Lewis et al.,1997; Jones, 2010). In this study, tibial width increased
by 63.1% and 18.6% between 6 and 12 wecks and 12 and 18 weeks, respectively, whereas
humcrljs width increased by 51.2% and 16,0% between 6 and 12 weeks and 12 and 18 weeks,
respectively. This suggests that in response to increased body weight, bones of the family )

chickens increased in bone width.
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Table 3.4: Least square means for bone dimensions of family chickens at 18 weeks of age reared under
intensive system

- Parameters:
Trentm:nls‘ Tibia Humerus

Bird density/m® - Length(mm) Width(mm)  Welght(g)  Length{mm)  Width(imm)  Weight(g)
6 143.30* 9.39* 18.31° 90.05* 9.40* . 838!

9 - 149.67 1011 - 20.69* 93.14° 9.61° 875"

12 143.28* 9.68* 19.19* 88.91* : 944° B4

15 145.07* 9.53* 18.81° 8893 201* B4t

SE C 239 038 [ 1§ T = T 021 049
P-value 0.2421 0.5895 0.4925 - 0.1376 . 02876 09478
CvV 3.2834 7.9160 11.5248 29597 4.5447 11.5950

Means within the same column within o parameter not having similar superscripts are significantly different (P<0.03),
SE = Standard Emror,CV = Cocfficient of variation.

3.3.1.3 Bone weight

The weight of tibia and humerus was not significantly influenced by stocking density (Tables 3.2
to 3.4). However, the highest tibial weight observed in week 6 was 4.63 g (10 birds/m?), 15.06 g
(17 birds/m?) in week 12 and 20.69 g (9 birds/m?) in week 18. The highest humerus weight
observed in week 6 was 2.63 g (13 birds/m?), 6.63 g (17 birds/m®) in week 12 and 8.75 g
birds/m?) in week 18, In agreement with the current findings on tibia, Buijs er al. (2012) found
that stocking density had no effect on tibia weight in broilers. Similarly, Oleviera er al. (2012)
observed that weight of tibia and humerus in broilers was not affected by stocking densiiy at 4?;

days of n‘gc.

3.3.2 Bone chemical composition

Stocking density had no significant effect on chemical coﬁlposition of bones (Tables 3.5 to 3.7).
T'hc highest bone ash weight was found in the stocking densities of 16 bird/m® (0.86 g) at week
6, 17 bird/m? (3.29 g) at week 12 and 9 bird/m® (5.16 g) at week 18.These results are consistent
with those obtained by Tablante et al. (2003) who found that bone ash of broilers was not
affected by stocking densities of 10, 15 and 20 birds/m? Although the mean weight of ash did
not differ significantly among birds rearcd at different stocking densities, it incrensed with age.
Similar observation was made by Moreki et al. (2011) who reported a significant increase in
bone ash \vill{ age in broiler breeders up to 18 weeks of age, In the present study, the highest
levels of Ca, P and Mg were observed at 16 birds/m® in week 6 (32.94 %, 24.35%, 0.90%), 14 -
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birds/

. ;Wm in week 12 (33.28%, 23.86%, 0.83%) and 12 birds/m? in week 18 (34.31%, 24. 76%;
ko);respecnvdy The levels of Ca, P and Mg dccrcnscd from 6to 12 wccks of age, and from

‘week 12 to 18 weeks of age only Ca and P contents mcrenscd whereas Mg content continued to

decline. The dcclmc of Ca and P from 6 to 12 wecks of ng,c could be due to the birds increased
demand for nutrients for j increased muscle mass.

Table 3.5: Least square means for bone chemical composition of family chickens at 6 weeks of age

reared under intensive system

Treatments Variables

Bird density/m’  Ash (g) Cn (%) T (%) Mg ('/-)
n 0.84 32,68 2423 - 082

13 0.79* 3283 24.25° 0.83*
16 0.86* 3294 2438* 0.90*

19 0.80* 3284 2427 0.8s*
SE C007 0.20 0.21 002
P-value 0.8236 0.8363 0.9760 0.7086
cv 16.1889 12104 1.6986 34858

Means within the same column within a parameter not having similar superscripts are significantly different
{I"<0.05), SE = Standard Esror, CV = Coeflicient of variation,

Table 3.6: Least square means for bone chemical composition of family chickens at 12 wecks of age

reared under intensive system

Treatments Variables

Bird density/m* Ash(g) Ca (%) P (%) Mg (%)
8 2.83* 32.90° 23.50° 0.78*

11 ' 289" - 32900 23,65 0.78°

14 3.04° 33.28* 23.86" 0.83*

17 329 32.68° 2410 0.82°
SE 0.16 027 021 0.03
P-value . ..0.2383 0.5097 0.4803 03244
d' 10.7187 1.6686 1.7801 6.3518

Means within the same column within a parameter not having similar superscripts are significantly ditlerent
P<005), SE = Standard Ervor, CV = Cocflicicnt of \'nr_ialiun.
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Table 3.7: Least square. means for bone chemical composition of family chickens at 18 weeks of age
reared under intensive system ..

Treatmenty . . Variables

Bird density/m? ~ Ashi(p) Ca (%) P(%) Mg (%)
6 466 3 sy 0.76*
9 516 3423 - 2485 0.79"
12 . S48 33 2476 - - - 081°
15 : 472 3425 24.57* 079
SE ¥ B TY 0.1 0,02
Pvalue . 05812 0.9933 0.4586 © 02904
cv 11.17686 16891 09188 4.4908

Means within the same column within a parameter not having similar superscripts are significantly dlﬂ’:r:nl
(P<0.05),SE = Standand Error, CV = CoefTicient of variation.

3.4 Conclusion , ) -
Bone dimensions and bone chemical composition were not influenced by stocking density.
Therefore, it can be concluded that stocking density had no influence on bone development in
family chickens raised under intensive system up to 18 weceks of age. It appeared that family
chickens could be raised at a density of 15 birds/m’in winter without any detrimental effect on
bone development and related parameters. Further studies should be done on the use of identical
densities throughout the rescarch period to avoid disturbing the control which will make
blocking by age possible.
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CHAPTERY . . .

INFLUENCE OF STOCKING DENSITY ON CARCASS CHARACTERISTICS OF
FAMILY CHICKENS REARED UP TO 18 WEEKS OF AGE UNDER INTENSIVE
MANAGEMENT SYSTEM

4.1 Introduction

Family pouliry production systems of tropical regions are mainly based on family chickcﬁs
found in nearly all villages and households in rural areas (Guéye, 1998). The term “family
poultry” is defined as small-scale poultry keeping by households using family labour and locally
available feed resources (Sonaiya and Swan, 2004).Family chickens are usually kept in places of

varying sizes in houscholds with some chickens being crowded while others are extensively
spaced (Gabanakgosi et al., 2014).

In brailer production, stocking density is a very important environmental factor.which directly
ind indirectly influences and determines the growth performance of chickens. The influences are
1ssociated with physical restricted movement which is shown on development of locomotive
ipparatus, forms of broiler behavior, quality of air and litter, conditions of legs, effect on
ncidence of diseases and body feathering (lesions, blisters and dermatitis) (Skrbié er al,
1009).The ull‘imntc goal of poultry producers glabally is to maximize kilogrammes of chicken
woduced per square metre of space while preventing production losses due to overcrowding to
ichieve a satisfactory economic return (Abudabos ef al., 2013). According to Thaxton ef al.
2006), stocking density is currently expressed as a mass per unit space rather than numbers of
iirds being reared in n given aren. Several studies have shown that rearing broilers in lower
tocking density provides more intensive growth and higher absolute yield of processed carcass,
ietter body development, ie., carcass conformation which represents the basis for development
f musculature and higher shares of carcass parts which contain more meat, especially breast
Skebié et al., 2008; 2009).
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There is litle information on how stocking density influénces carcass characteristics in family
chickens, Therefore, a study was undertaken to investigate the influence of stocking density on

carcass characteristics of family chickens reared up to 18 weeks of age under intensive system.

4.2 Materials and Methods
4.2.1 Study location

The experiment was carried out at the Guinea Fow! Unit of the Botswana College of Agriculture
(BCA), Scbele fora period of 18 weeks, The site is at an altitude of 994 m above sea level and
the coordinates are latitude 24° 33'S and longitude 24° 54' E (Aganga and Omphile, 2000). The
experiment started in April and ended in August 2013, During the study period, cnvironmental
temperature averaged 21°C and ranged from 5 to0 21°C.

4.2.2 Experimental design

A completely randomized design (CRD) with four treatments was used in the experiment. Each
treatment was replicated four times. The four treatment levels were D1 (10 birds/ml), D2 (13
birds/m?), D3 (16 birds/m®) and D4 (19 birds/m®) in the first phase (0 to 6 weeks). The
experimental birds were distributed randomly amang the four stocking densities. Two birds were
slaughtered at 6, 12 and 18 weeks of age from each replicate. In the second phase (7 to 12
weeks) the stocking densitieswere8 birds/m? (DI ), 11 birds/m* (D2), 14 birds/m® (D3) and 17
birds/m® and 6 birds/m*(D1), 9 birds/m® (D2), 12 birds/m® (D3) and 15 birds/m® (D4) in the final
phase (13 to 18 weceks).

4.2.3 Animal management .

A total of 232 unsexed day-old family chicks were obtained from a farmer in Gaborone north
and reared in a deep litter system. Initial body weights of the birds were determined by weighing
10% of the birds prior to allocation to four stocking densities. Birds were individually identified
using wing bands, The chicks were housed under decp litter management system in an open-
sided shed. The size of each pen was one metre squared (mz). All pens were bedded with wood-
shavings and equipped with one tube feeder and a 10 litre waterer, Birds were raised under
artificial light for the first two weeks of acclimatization to the experimental diets prior to

collection of data and later under natural light throughout the study period. Feeds and water were
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- provided ad libitim throughout the experimental period. Birds in each replicate were group fed.
Chickens in each pen were wcighcd weekly,

4.2.4 Experimental diets

Birds were fed a commercial broiler starter crumbled diet for the first 6 weeks, pelleted broiler
grower diet (7 to 12 weeks) and pelleted broiler finisher dict (13 to 18 weeks). Commercial
broiler diets were sourced from some retail shops in Gaborone,

Table 4.1: Chemical composition of experimental diets fed from 0 to 18 weeks of age

Feed type and age of birds

Chemical Broller starter crumbles Broiler grower pellets Broiler finisher pellets
Composition (0-6 wecks) (7-12 ﬁ‘eelu) (13-18 \\ulu)

Amount in g/kg Amount in g/kg Amount in g/kp
Protein (min) 200.0 180.0 - [ [TV
Moisture (max) 120.0 120.0 120.0
Fibre (max) 500 60.0 700
Calcium (min) 80 7.0 6.0
Calcium (max) 120 120 120
Fat (min) 250 250 . 25.0
Phosphorus (min) 6.0 ' 55 50
Total lysine (min) 120 100 90

Source: OPTI Feeds Batswana (Pry) Lud, 2014,

4.2.5 Data collection

At 6, 12 and 18 weeks of age, two birds from each replicate were sacrificed to estimate dressing
percentage and weight of breasts, thighs, drumsticks, backs, necks, wings, livers, gizzards,
hearts, and intestines. All birds to be slaughtered were fasted overnight and weighed the
following day. Afer slaughter the heads, shanks, hearts, livers, intestines and gizzards were
removed and individually weighed. Thereafler, the eviscerated carcasses were weighed. The
weight of breast, thigh, drumstick, back, wing, head, shank and neck were also determined. The
following formulae by Beg et al. (2011) were used to calculate carcass weight and dressing

percentage:

Carcass ;veigllt = Live weight - (blood + feathers + head + shank+ digestive systém) ‘



. L Carcass weight .
Dressing% = —x 100

Live weight

Giblet weight = weight of liver + heart + gizzard + neck

4.2.6 Statistical analysis .

General Linear Model (GLM) procedure of Statistical Analysis System (SAS.Institute, 2009)
version 9.2,1 was used to analyse the data:

Yij=p + 1 +g;,

Where: Y= response variables (carcass weight, dressing percentage, breast weight, back weight,
drumstick weight, thigh weight and wing weight).

1t = general mean effect. 7; =i stocking densities effects on family chickens' growth.

Where i= 1,2,3,4. Where 1= 10 birds/m?, 2=13 birds/m?, 3=16 birds/m?, 19 birds/m®.
&;= random error

Treatment means separation was by paired t-test and statistical significance was established at
P<0.05.

4.3 Results and Discussion

4.3.1 Carcass weight .

Carcass weight was not significantly (p>0.05) influenced by stocking density (Tables 4.2 to 4.4).
The highest carcass weight recorded in week 6 was 276.13 g (10 birds/m?), 969.13 g (17
birds/m?) in week 12 and 1719.75 g (9 birds/m?) in week 18. These results are consistent with
those obtained by Gabanakgosi er al. (2014) who found that stocking density did not have any
'effcct on carcass weight of family chickens at 6, 12 and 18 weeks of age. The similarities may be
brought by the fact that they were raised under similar conditions in which their metabolizable
energy was used to maintain uniform internal body. temperature. Conversely, Dozier 11l et al:
(2006) reported decreased carcass weight with increased stocking density of 45 kg of body
weight per m*, The differences in the results in the two studies may be due to differences in

genotypes used. In this study, family chickens of slow growing genotype were used, whereas
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Dozier 111 ¢f i, (2006) used broilers of fast growing gcnolypc and the environmental conditions
were controlled, : ‘

4.3.2 Dressing percentage

There was no significant difference in dressmg percentage among the stockmg dcnsmes (T nbles
4.2 to 4, 4) The highest dressing percentage recorded in week 6 was 56.83% (16 blrds/m )
64.08% (17 birds/m? ) in week 12 and 68.98% (12 birds/m?) in week 18, In contrast to the present
results, Beg ¢f al, (2011) reported that lower stocking densities (8 birds/m%; 10 birds/m?)
produced higher dressing percentages in 6 weeks old broilers. The difference in the results of lhe
current study and that of Beg ef al. (2011) may be attributable o the dnﬂ'crcnces in
environmental conditions. In this study, family chickens were raised in winter where greater
portion of their nutrient intake was used to generate heat in order to maintain their thermal
balance thus adversely affecting drcssmg percentage, whereas Beg er al, (2011) raised them in
summer where average temperature and humidity at bird level were 31.9°C and 78%
respectively. Moreover, Dhaliwal and Nagra (2006) found that dressing percentage increased
with decreased stocking density (125 birds/m?) in Japanese quails. The differences in the results
of the current study and that of Dhaliwal and Nugrzi (2006) may be attributable to differences in
bird species used.

4.3.3 Breast weight

Stocking density had no significant effect on breast weight (Tables 4.2 to 4.4).The highest breast
weight observed in week 6 was 64.38 g (lé birds/m?), 216.13 g (17 birds/m?) in week 12 and
390.25 g (15 birds/m?) in week 18. Similar observations were made by Feddes er al. (2002),
Moreira et al. (2004), Ravindran et al. (2006), Sekeroglu er al. (2011) and Zuowei et al, (’01 1)
in broilers. In contrast to the present resuits, Skrbié ef al. (2011) observed that broilers reared at
lower stocking density (12 birds/m?) had signifi icantly higher yield of breast compared to those
with a stocking density of 16 birds/m?, The variations in the results for the two studies may be
due to the differences in their genotype. In this study, family chickens of slow growing genotype
were used whereas Skrbi¢ er al. (2011) used broilers of fast growing genotype. The growth of
breast muscle in broilers of the. fast growing genotype is rapid such that provision of wider space

helps them to reach their full potential. Similarly, Osman (1993) observed a decrease in breast



37

WCIght of ducks with incrensing stocking densny (16 birds/m?). Thc differences in the resulls of -7

the current study and that of Osman (1993) mny be due to differences in bird specxes used

Table 4.2:

mlenslvc system

Least square means for carcass traits of famlly clnckens at 6 weeks of age reared undcr

Treatments Weight of carcass parts (g)

Rird Carcuss  Dressing(%) Breast Back Drumstick  Thigh Wing Giblet  shank
density/m? -

10 276.13* 56.63* 62.75* 38.50° 19.94* 21.88° 20.38* 70.88"  9.63*
13 259.81° 55.85* 61.63* 37.38* 18.19 20.81* 18.94* 62.75* - 8.94*
16 27478 56.83* 64.38* 36.13* 20.63* 2225 20.31* 64.88°  9.88°
19 25731 55.20* 58.75* 35.88* 18.81* 20.38* 18.94* 65.00° 9,19
SE 1731 0.89 421 277 171 1.69 1.34 37 122
P-value 0.8098 0.5643 0.8126 0.8996 0.7491 0.8456 0.7764 04763 09471
Ccv 129642 3.1538 13.5930 14.9706 17.6670 15.8738 13.6067 11.2591  36.5492
Means within the s2me column within @ parameter not having similar sup pts are 8i y d

Coeflicient of variation.

(1<0.05), SE = Standard Error, CV =

Table 4.3: Least square means for carcass traits of family chickens at 12 weeks of age reared under

intensive system

Treatments Weight of carcass parts (g) )

Bird Carcass  Dressing(%6)  Breast Back Drumstick  Thigh Wing Giblet Shank
denslty/m?

8 943.50°  59.13* 203.00° 13550* 6725 70.50° 57.00° 175.88°  28.86*
11 909.00*  55.55* 197.38*  128.13"  66.63* 7169 54.13* 175.88"  26.94°
14 959.50" 6233* 207.00° 12000 70.56° 73.25¢ 58.81° 17125 3338
17 969.13*  64.08° 216.13* 15000  75.00* 77.88°  60.44* 14328 3019
SE 4343 3.19 12.53 1.4 4.89 5.19 297 1358 . 230
P-value 07766 02943 0.7578 03078 0.6171 0.7633 0.5019 03089 02684
cv 9.1895 10.5798 12,1727 165118 13.9878 14, 146§ lb,}OJO 163066  21.8240

Means within the same column wathin a parameter not having similar superscripts ase significantly dilferent (P<0 05), SE = Standard Error, CV =

CoefTicient of variation.
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Table 4.4; ’ '
Least square means for carcass traits of family chickens at 18 wecks of nge reared undcr
intensive system

Treatments \\’:lgh;nrcnrcaupnm(g) L oo
tird . Carcass Dressing(%)  Dreast — Back Drumstick  Thigh Wi Giblet Shank.
density/m? - i e o T s .
6 1565.63*  67.50° 3IB7.88': 22638 119.00° .. 13588° - OLIZ* 26438 39.50°
v 171995 67.60° 30130 248631 135314, 15538 10031 (20413 46.00°
2 e eaow 9IS 26043 13225 M6IS 102250 2916 4363
15 1597.06*  67.80° 39025 221380 12525 I3731°  95.50° 28525  42.19°
SE TS L9 1856 o042 649 826 370 . M0 247
P-value 04235 07614 09742 05140 03295 03486  0.1962 04565 03246
cv 87186 32000 95938 170763 10.1419 114894 6091 9.8729 163316

Means within the same column within a parameter nat having similar superscripts are significantly different (P<0.05), SE = Standard Error, CV =
Cocfficient of variation,

4.3.4 Back weight

Stocking density had no signif‘chnt effect on back weight (Tables 4.2 10 4 4) of fnmiiy chickens.
The highest back weight was found in stocking densities of 10 birds/m* (38.50 g) at week 6, 17
birds/m* (150.00 g) at week 12 and 12 birds/m® (260.13 g) at week 18. These results are in
agreement with Thomas ef al. (2004) who found no influence of stocking dcnsny on carcass
characteristics of broilers grown at densities of 10, 15 and 20 birds/m>

4.3.5 Drumstick weight

It is evident from Tables 4.2 to 4.4 that drumstick \\"eight of family chickens was not
significantly affected by stocking density. However, the highest drumstick welght was found in
the stocking densities of 16 birds/m? (20.63 g) at week 6, 17 birds/m? (75.00 g) at weel\ l” and 9
birds/m? (135.31 g) at weck 18, In agreement with the current results, El- -Deek und Al-Harthi
(2004) found that stocking density does not affect drumstick yield in broilers. The results of the
present study are not in-line with §krbié ef al, (2011) who observed that at 42 days old broilch
reared at a stockmg density of 12 bird/m? had significantly high drumstick weight compnred 10
those at a stocking dcnsny of 16 birds/m?. The differences in the results of the current study and
that of Skrbi¢ er al. (2011) may be attributable to differences in birds’ genotype. In this study
family chickens of slow growing genotype were used, whereas Skrbic et al. (2011) used bmiler;

of fast growing genotype and the environmental conditions were controlled.
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4.3.6 Thigh weight
No signiﬁcﬂnnt difference in thigh weight was found among different stocking densities (T aﬂles '
42t0 4;4). The highest thigh weight observed in week 6 was 22.25 g(16 birds/mzj; 77.88 g(17
birds/m®) in week 12 and 155.38 g (9 birds/m?) in week 18. The present results are in consonance
with those of Lewis ef af. (1997), Mizubuti ef al, {2000), Jayalakshmi et al. (2009), Beg et al.
(2011) ond Simsek ef al. (2011) who found no influence of stocking density on the weight of the
thigh of broilers, However, Tong ef al. (2012) found that the thigh yield of local chickens at 8
weeks old was sipnificantly affected at stocking density of 35 birds/m® compared to 25 birds/m®
and 45 birds/m™. Environmental factors might have contributed to variations in the results of this
study. The local chickens in the study of Tong ef al. (2012) were raised in an environmentally
controlled house compared to naturally ventilated house in this study.

4.3.7 Wing weight

The wing weight of family chickens was not affected by stocking density. The highest wing
weight was recorded at stocking density of 10 birds/m? (20.38 g) at week 6, 17 birds/m® (60.44
g) ot week 12 and 12 birds/m® (102.25 g) at week 8. Similar observations were made by
Moreira ef al. (2004), El-Deck and Al-Harthi (2004), Jayalakshmi er al. (2009), Sekeroglu et al.
(2011) and Simsck et al. (2011) in broilers. Likewise, Nahashon et al. (2009) observed no
significant difference in mean wing weights of French guinea fowl broilers due to stocking
density. However, Yakubu et al. (2010) reported that stocking densities of 8.3 birds/m?®, 11.1
birds/m® and 14.3 birds/m* had significant effect on wing weight of broilers. The difference in
the results of the current study and that of Yakubu et al. (2010) may be attributable to the
differences in breeds of chickens used. In this study, family chickens of slow growing genotype
vwe.re used, whereas Yakubu et al. (2010) used hybrid broilers of fast growing genotype.
Intensively raised hybrid broilers grow rapidly and as they approach market age and weight, their
bodies take up most of the allotted space, leaving no room to perform simple exercises needed
for muscular development (Whitchead, 2008; Jones, 2010), and this may have an effect on wing

development since they are late maturing traits (Nsoso ef al.,2006).



4.4 Conclusion

Carca: . . . i . ;
ss characteristics of family chickens were not influenced by stocking density. However,

ca
reass weight was highest at 10 birds/m?in the first phase, 17 birds/m® in the second phase and 9

birds/
irds/m® in the third phase, Therefore, it appears that raising family chickens at 10 birds/m® to’

market age of 18 weeks during winter has no eﬁ'cct on growth parameters.

4.5 References

Abudabos, A.M.,, Samara, E.M., Hussein, E.O.S., Al-Ghadi, M.O. and Al-Atiyat, R.M. (2013).
Impacts of stocking density on the performance and welfare of broiler chickens. Jralian
Journal of Animal Science, 12(1):66-71.

Aganga, A.A. and Omphile, U.J. (2000), Forage resources of Botswana. Government Printers,
Gaborone.pp. 6. , .

Beg, M.A.H.,, Baqui, M.A., Sarker, N.R. and Hossain, M.M. (2011). Effect of stocking density
and feeding regime on performance of broiler chickens in summer season, International
Journal of Poultry Science,10(5): 365-375, :

Dhaliwal, A.P.S. and Nagra, S.S. (2006). Effect of stocking density on growth performance of
Jepanese Quail. Indian Journal of Research,43(3):218-220. :
Dozier I1I, W.A., Thaxton, J.P., Purswell J.L., Olanrewaju, H.A., Branton, S.L and Roush, W.B
(2006). Production, modeling, und education: Stocking density effects on male broilers

grown to 1.8 kilograms of body weight. Poultry Science, 85:344-351,

El-Deck, A.A. and Al-Harthi, M.A. (2004). Responses of modern broiler chicks to stocking
density, green tea, commercial multi enzymes and their interactions on productive
performance, carcass characteristics, liver composition and plasma constituents.
International Journal of Poultry Science, 3(10):635-645. R

Feddes, J.J.R., Emmanuel, EJ. and Zuidhof, M.J. (2002). Broiler performance, body weight
varionce, feed and water intake, and carcass quality at different stocking densities.
Poultry Science, 81:774-779.

Gabanakgosi, K., Moreki, J.C., Nsoso, S.J. and Tsopito, C.M. (2014). Influence of stocking
density on growth performance of family chicks. reared up to 18 weeks of age in an

intensive system. International Journal of - Current Microbiology and Applied -

Sciences,3(3): 291-302.



4L

~ Gueye, E.F. (1998). Village egg and fowl meat production in Africa. World's I’oullry Scicncc -

Journal ,54(1):73-86.

Jayalakshmi, T, Kumararaj, R., Sivakumar, T, and Vanan, T.T. (2009). Carcass chumctensncs'

~ of commercial broilers reared under varying stocking densities. Tamilnadu Journal af ,

Veterinary and Animal Science,5(4):1132-135.

Jones, D, (2010). The welfare of chickens raised for meat. Retrieved on 7/13/2013 from
http://nwinnlinc.org[si(cs/defnult/ﬁlcs/uQloddsllcaucy-unlouds/documems/Web-Welfarc -
of Chickens Raised for Meatfactsheet-1279568551-document-22539.pdf =~ .

Lewis, P.D,, Perry, G.C., Farmer, 1.J, and Patterson, R.L.S. (1997). Responses of two genotypes
of chicken to the diets and stocking densities typical of UK and *Label Rouge’ production

system: Performance, behaviour and carcass composition. Meat Science, 45(4):501-516.

Mizubuti, I.Y., Mendes, A.R., AzambujaRibeiro, E.L.de., Da Rocha, MA. and Camargo, D.S.
de.(2000). Efeito de diferentesdensidadespopulacionais ¢ restricoesalimentaressobre as
cacteristicas de carcaca de frangos de corte. Verterinaria Noticias,6(2):73-79.

Moreira, J., Mendes, A.A., Roga, R.0., Garcia, E.A., Naas, L.A., Gareia, R.G. and Paz, .C.L.A.
(2004). Effect of stocking density on performance, carcass yield and meat quality in
broilers of different commercial strains. RevistaBrasileira de Zootecnia, 33(6):1506-
1519. )

Nahashon, S.N., Adefope, N.; Amenyenu, A., Tyus 11, J. and Wright, D. (2009). The effect of
floor density on growth performance and carcass characleristics of French guinea
broilers. Poultry Science, 88:2461-2467.

Nsoso, S.J., Mareko, M.H.D. and Molelekwa, C. (2006). Comparision of growth and
morphological parnmeters of guinea fowl (Numida meleagris) raised on concrete and
earth floor finishes in Botswana. Livestock Research Jfor Rural Developmenl,lS(lZ)_.
Retrieved on 15/05/2014 from http:/Awww.lrrd.org/Ired 18/12/ns0s18178.htm

Osman, A.M.A. (1993). Effect of stocking rate on growth performance; carcass traits and meat
quality of male Peking ducks. Der Tropenlandiwirs, Zeitschrififur dmLandw:rlschqﬁ in
“ den Tropen and Subtropen, 94:147-156.

Ravindran, V., Thomas, D.V., Thomas, D.G. nnd -Morel, P.C.H. (2006). Performance and
welfare of broilers as afTected by stocking density and zinc bacitracin supplementnuon
Retrieved on 28/06/2013 from http:/sydney.cdu.au



a2

'SAS lnsulute 2009. User’s Guide Versxon, 9.2.1, 2002- 2009, SAS Insmute lnc Cury, Norlh
Carolina, USA. . -

Sekeroglu, A, Sarica, M., Gulay; S.M., and Duman, M.,(2011). Effect of stocking density on
chick performance, internal organ weights and blood parameters in broilers. Journal of
Animal and Veterinary Advances, 10(2): 746-250 : :

Simsek, U.G,, Ciftci, M., Cerci, LH,, Bayraktar, M., Dalkilic, B., Arslnn, 0. and Bnlcn, T.A.
(2011). Impact of stocking density and feeding regimen on broilers: performance, carcass
traits and bone mineralization. Journal of Applied dnimal Research, 39(3): 230-233.

Skrbig, Z., Pavlovski, Z. and Lukié, M. (2008). The effect of housing density on certain
slaughter traits of broilers of Cobb genotype. Biotechnology in Animal Husbandry,
24(1):51-58.

Skrbi¢, Z., Pavlovski, Z. and Lukié¢, M. (2009), Stocking density — factor of production
performance, quality and broiler welfare. Biotechnology in Animal Husbandry, 25(5-
6):359-372.

Skebi¢, Z., Paviovski, Z., Luki¢, M. and Mili¢, D. (2011). The effect of rearing conditions on
carcass slaughter quality of broilers from intensive production. African Journal of
Bioteclnology, 10(10):1945-1952.

Sonaiya, E.B. and Swan, S.EJ. (2005). Small-scale poultry production, technical guide
manual.FAO. Animal Production and Health 1. Food and Agriculture Organization of the
United Nations (FA0), Rome.

Thaxton, J.P., Dozier I, W.A., Branton, S.L., Morgan, G.W., Miles, D.W., Roush, W.B., Lott,
B.D. and Vizzier-Thaxton, Y. (2006). Stocking density and physiological adaptive
responses of broilers. Pouliry Science, 85(5): 819-824, ‘

Thomas, D.G., Ravindran, V., Thomas, D.V., Camden, B.I., Cottam, Y.H., Morel, P.C. and
Cook, CJ. (2004). Influence of stocking density on the performance, carcass
characteristics and selected welfare indicators of broiler chickens. New Zealand
Veterinary Journal,52(2):76-81.

Tong, H.B.,, Lu, J., Zou, J.M., Wang, Q. and Shi, S.R. (2012). Effects of stocking density on o

growth performance, carcass yield, and immune status of a local chicken breed. Poultry
Science,91:667-673.



Whitchead, C.C. (2004);' Overview of bone biology in ;the egg laying 'h:ern._‘]’b_ull_ry‘
Science 83:193-199, - e o

Yakubu, A., Ayoade, J.A. and Dahiru, Y.M. (2010). Effects of gcnotypc and populniiop density -
on groivth performance, carcass characteristics, and cost-benefits of broiler chickens in '
north central Nigeria. Trbpical Animal Health and Production, 42(4):719-727. '

Zuowei, Z., Yan, L., Yuan, L., Jino, H., Song, Z., Guo, Y. and Lin, H. (2011). Stocking density
affects the growth performance of broilers in a sex-dependent fashion. Poultry Science,

90(9): 1878-1889.



Intemational Journal of Poull
ISSN 1682-8356
© Astan Network for Scientific Information, 2014

ry Sclence 13 (11): 652-656, 2014

Influence of Stocking Density on Bone Development in Family Chickens
Reared up to 18 Weeks of Age Under Intensive System

J.C. Baitshotlhi, J.C. Moreki, C.M. Tsopito and S.J. Nsoso
Department of Animal Science and Production, Botswana College of Agricultura,
Privale Bag-0027, Gaborone, Botswana

Abstract: This study investigated the influence of stocking density on bone development of family chickens
up lo 18 woeks of age. A total of 232 unsexed day-old family chicks were used in a completely randomized
dasign. Birds were randomly asslgned to four stocking densities, Le., D1 (10 birds/m?), D2 (13 birds/m?), D3
(6 birds/m?) and D4 (19 birds/m?) in the first phase (0-6 weeks). Each treatment was replicated four imes.
Two birds were slaughtered at 6, 12 and 18 weeks of age from each replicate fo evaluate bone length,
bone width, bone weight and bone chemical composition (ash weight, Ca, P and Mg). In the secand phase
(7 to 12 weeks) the stocking densities were 8 birds/m? (D1). 11 birds/m?(D2), 14 birds/m 103) and 17
birds/m? and 6 birds/m? (D1), 9 birds/m? (D2), 12 birds/m?® (D3) and 15 birds/m? (D4) in the final phase (13
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INTRODUCTION

Stocking density is a housing variable that can affect
chickens' development. Bone development is part of
animal growth and the growlh of the skeleton
_determines the size and proportions of the body (Yakubu
etal., 2010; Buijs et af,, 2012). Bone Is a dynamic tissue
that is Influenced by physiological, nutritional and
physical factors such as mochanical sirass and physical
activities (Rath ef af,, 2000). The deposition of bone is
regulated primarily by parathyroid hormone, which is
secreted In response to low serum calcium lavels (Kioin
and Enders, 2010).

Several studies have been conducted to study tho effact
of stocking density on broller production, Accarding to
Hall (2001), Increased stocking density can negatively
Influence skelatal development of broilers, as shown by
an increase in log culls, which may be due lo a
dacrease In activity as density Incraases, Skrbic of al,
(2009) observed that providing more floor space per
chicken . influenced the level of physical activity,
development and firmness of tha skeleton, especlally
legs. The author noted that physical activity of brollers
influenced cross section of the cortex and as a result
improved their mechanical characteristics by beller
supply with blood of epiphysis of  long bones and

sulficlent mineralization. In another study, Skrbic et al,
(2011) observed that more physical activity of broilers in
lower stocking density improved the parameters of tibla
quality, . ’
According 1o Sonalya and Swan (2005), the term “family
poultry® is defined as small-scale poultry rearing by
households using family labour and locally avallable
feed resources. Family poullry production systems of :
tropical regions are malnly based on family chickens
found in nearly all villages and households in rural
aroas (Guoye, 1998), Generally, feeding, health contro!
&nd housing are inadequate in family chicken rearing.
There is ittle information on how stocking density
Influences bone davelopment In family chickens. The
absence of stocking density standards for family
chickens forces farmers to rely on personal experience
In determining the space allowances and this may affect
thelr productivity. Therefore, a study was undertaken to
Investigate the Influence of stocking density on bone
development of family chickens reared up to 18 weeks -
of age under intensive system,

MATERIALS AND METHODS . .

Study site: The experiment was carried out at the
Guinea Fowl Unit of the Botswana College of Agriculture
(BCA), Sebele fora period of 18 weeks. Tha site is at an

Corresponding Author: J.C. Morekl, Department of Animal Sclence and Production,

Gaborpna. Botswana
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altitude of 894 m above sea lavel and the coordinates
are latitude 24*33' 5 ang longitude 24°54' E (Aganga
and Omphile, 2000). The experiment ran from April {o
August 2013, During the study period, environmental
temperature averaged 21°C and ranged from 5 o 21°C.

Experimantal design: A completely randomized design
(CRD) with four treatments was used in the pesriment

model) and their widths and lengths determined using
an elactronic calliper with an accuracy of 0.001 cm,
{Starrett® 798 8 12*/300 mm madel). The left tibiae were
used for bone chemical composition analysis (ash, Ca,
P, Mg) and the right tiblae for bone dimensions, Bone
samples were oven-dried in porcelain crucibles at
105°C for 48 h and weighed (Llu et af., 2003), Thoreafter,
bone wera ashed In a muffle furnace at 550°C

Each treatment was replicated four times. The four
treatment levels were D1 (10 birds/m?), D2 (13 birds/m?),
D3 (16 birds/m?) and D4 (19 birds/mJ in the first
phase (l.e., 0 to 6 weeks). The oxperimental birds were
distributed randomly among the four stocking densities.
Two birds were slaughtered at 6, 12 and 1B weeks of
age from each replicate. In the second phase (i.e., 7 o
12 weeks) the stocking densities were 8 birds/m? {D1),
11 birds/m? (D2), 14 birds/m? (D3) and 17 birds/m? and
6 birds/m?(D1), 9 birds/m? (D2}, 12 birds/m? (D3)and 15
birds/m® (D4) in the final phase (i.e.. 13 to 18 weeks).

Animal management: A total of 232 unsexed day-cld
family chicks were obtained from a farmer in Gaborone
north and reared In a deep litter system. Initial body
weights of the birds were detenmined by weighing 10%
of the birds prior to allocation to four stocking densities.
Birds were Individually Identified using wing bands.
Chicks were housed under deep litter management
system in an open-sided shed. The size of each pen
was one metre squared (m?). All pens were bedded
with wood-shavings and equipped with one tube feeder
and a 10 L waterer. Birds were raised under artificial
light for the first two weeks to acclimatize birds to the
experimental diets prior to collection of data and
thereafter natural light throughout the study period.
Feeds and water were provided ad /ibitum throughout
the study period. Birds In each replicate were group fad.
Chickens In each pen were individually weighed on a
weekly basis. .

Experimeontal diets: Birds were fod a commarcial broiler
starter crumbled diet up to 6 weeks of aga, pellated
broiler grower dist from 7 to 12 weeks and pelleted
broiler finisher diet from 13 to 18 weeks, C clal

for 8 h. Approximately 1 g of ash samples was dissolved

in 10 mL of 3M hydrochleric acid and bolled for 10 min.

The samples were then allowed to cool and filtered into

a 100 mL volumetric flask. Thereafter, the volume was

topped up to 100 mL with distiled water and later
lyzed for mineral. ding to AOAC (1996).

Statistical analysis: General Linear Modse!. (GLM)
Pracedures of Statistical Analysis System (SAS Instituts,
2009) version 9.2,1 was used o analyze the data
according to the following statistical model:

Yisp+d+g

whers, Y¢ Response variables (bone width, bone length,
bone weight and bone chemical compesition). p:
General mean effect. J: i" stocking densities effects on
family chickens' growth, Where, t = 1, 2, 3, 4. Where 1 =
10 birds/m®, 2 = 13 birds/m?, 3 = 16 birds/m?, 19
birds/m’. gy = random error.

Least significant differenca comparisons were made
between treatment means using paired Itest and
statistical significance was established at p<0.05.

RESULTS AND DISCUSSION

Bone dimenslons: Stocking densily had no significant
(p>0.05) influence on tibia and humerus fength of family
chickens (Tables 2 to 4). However, the longest tibia
(78.41 mm) and humerus length (55.52 mm) was found
in the stocking densitles of 19 bird/m® at week 6, 14
bird/m? {131.33 and 85.61 mm) at week 12 and 9 bird/m?
(149.67 and 93.14 mm) at week 18, respectively. These

Tabis 1: Chemical composition of . experimental diets ' fed to

broiler diets were purchased from some relail shops In
Gaborone. -

Data collection: At 6, 12 and 18 weeks of age, two birds
from each replicate were sacrificad to determine bone
oJi jons and chemical ttion. After slaughter
carcasses werae placed in plastic bags, identified and
chilled to 0°C ovemlight in a cold room and bones
ramoved 24 h past mortem. Tha right and left tibiae and
the right humerus from each of the birds wers removed
and defleshed without bolling.- Therealter, bones were
individually weighed using an electronic balance with a
precision of 0.001 g, (Sartorius AG Germany, TE 3138
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family chickens from 0 to 18 weeks of aga
Feed type and age of birds
Broiler Brofler Brofler |
. starler grower finisher.
Chemical crumbles | pelets pellets
o {0-6 whs) (1-12wks) (1318 wks)
Amount In g/kg eeee—on—
Protein (min) 200.0 180.0 160 .
Moisture (max) 1200 1200 1200 °
Fibre (max) - 50.0 60.0 ' 700"
Calcium (min) 8.0 70 80, ¢,
Calcium {max) . 120 - 120 .10
Fat(min} | 250 250 . 250
Phosphorus (min}) = 6.0 55 .. 80
Total

8 {min) 120 10.0 80
Source: OPTI Feeds Botswana (Pty) Ltd, 2014 : T
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Table 2: Lsast square means for bone di

of family at 8 weeks of age roared under intansive system
;::::::‘ = Tibla . Humerus
w\"ugm(m_m) Width (mm) Weight (g} Length (mm) Width (mm) - Weight {g)
oy UES 5.25 463 55.07° 5.56° 2504 .
1 s 4.80¢ 431 54.02* 510 263
18 78,02+ S0 450 5491 540 231
sE 7841 4.88° 425 8552 530 206*
174 o1 048 113 015 021
p-value 0.7103 0.4103 0.9425 0.B211 o2 0.2865
;\:am — 4.5045 8.2050 21.8815 4.1286 5.6659 173232
n the same column within a parameter not having simiar i ignificantly 1
SE: Standard Error, CV: Coefficlent of variation i HOperRCpts Bro it ierent (005}
Table 3: Lsast squara means for bona di of family chickens at 12 weeks of age reared under i ive system
T Tibia Humerus
Bird density/m? Length (mm) Width (mm) Weight (g) Length (mm) Width (mm) Weight (g)
8 12582+ 7.88° 1a.e1 83.54* 7.96° 569
n 126,03 789 1369 81.18 7.8 575
14 13133 241 14.75¢ 85614 8.25* 844
17 127,79+ 8.45* 15.06* 8348 821 863
SE 216 0.1 .88 1.58 013 045
p-value 0.2929 03983 0.6258 03141 0.1876 03773
::I‘V 3.3858 7.5774 122578 3.7764 . 33032 14.6458
2ans within the same colurnn within a parameter not ha similar superscripts are significantly different {<0.05]
SE: Standard Efror, CV: Coeffident of variation vra spena (peoes)
Table 4: Least squara maans for bone of family chi at 18 wecks of age rearsd under & ive system
T Tibia Humerus
Bird donstyim® __Langth (mm) Width (mm) Weight (g) Length (mm) Width (mm) Weight (g)
8 14230 939 1831 80.05* 940 838
9 149.67* 10.11* 2063 93.14¢ 961 8.75*
12 143.28¢ 268 19.19* 88.91° 9.45° 844
15 145.07* 9.53* 1381 ‘8802 9.01* 844
SE 239 0.38 111 134 021 049
p-value 02421 0.5895 0.4825 .0.4378 0.2878 09478
3.2834 7.9160 11.5248 2.9557 45447 11.5050

Msans within the same column within a parametar not having similar superscripts are significantly different (p<0.05}

SE: Standard Error, CV: Coefficient of variation

results are consistent with those obtained by Oliveira
et al. (2012) who found that the lengths of both tiblae and
humeri were not affected by stocking density of 10 and
16 birds/m® In disagreement with cument results,
Buijs et al. (2012) found that increasod stocking density
(15.5, 18.5 and 21.8 birds/m?) In brollers resulted In
shorter tibiae. The variaticns in the results for the two
studies may bo due to the differences In genotype. In
this study famlly chickens of slow growing genotype
were used compared lo broilers of fast growing
genotype in the study of Buijs et al (2012}, This
suggests that as broilers increase In body weight, the
tiblae increase in width to support the muscle mass
thus forcing them to curve. In this study, the length of
tibia Increased by 65 and 13.8% between 6 and 12
weeks and 12 and 18 weeks, respectively. On the other
hand, humerus length Increased by 52 and 8% between
6 and 12 weeks and 12 and 18 weeks, respectively, This
indicates that bona development and growth in family
chickens were most pronounced during the first 12
waeks, a similar observation was made by Morekl et al.
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(2011) who found that tibia and humerus length
Increased by 46 and 36% in broller breeder pullets
batween & and 12 weeks, respectively.. According to
Ross Breeders (2006) the skeletal size of broiler
breeder is fixed at 12 weeks of age. Rath ef al. (2000)
stated that the Increment in bone length is correlated
with an Increasa in the content of hydroxylysylpridinofine
and lysylpyridinoline, the collag link
No significant Influence of stocking density on tiblal and
humerus width of family chickens could be detected
(Tables 2 to 4). However, the grealest tibial and
humerus width was found in the stocking densitles of 10
bird/m? (525 and 5.56 mm) at waek 6, 17 bird/m? and 14
birds/m? (8.48 mm for tibla; 8.25 mm for humerus) at
week 12 and 9 bird/m? (10.11 mm; 9.61 mm) at week 18,
respectively. Similarly, Simsek et al. {2011) found that
the width of tibla was not affected by stocking densities
of 22.5, 18.75, 15, 11.25, 7.5 broilers/m™. Ventura et al.
{(2010) also reported no influence of stocking densily
(8 birds/m’, 13 birds/m® and 18 birds/m?) on width
of tibia In broilers. In disagreement with the present
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Table 5: Least square means for bone chemical composition of family
Chickens at 6 weeks of 29 ro8red under intansive system

Variables
Dirddenutyim? _ Ashig) _Capw) P (%) Mg (%)
10 0.8 3268¢ 2423 062°
13 ore 3283 2428 083
18 0.86° 284 245 0.80*
18 08 3284 42 0.85*
SE o7 020 021 0.02
pvalue 08238 0.8383 0.9760 0.7086
cv 16,1889 1.2104 16986 34858

Maans within the sama column within & parameter not having simiar
SUPBrITipts are sigruficantty differant (p<0.05)
SE: Standard Error, CV: Coaffident of variation

Table 6: Least squaro means for bone chemical composition of famiy
chickens at 12 weeks cf age reared undet Intensive system

T Varisblas

Bird dersym® __ Asn(g) Cai%) P (x] Mg (%)
a8 283 32.90* 2350 o078
11 - 289 32.00° 2365 o.ra
14 o 3328 2386 os3
17 329 3268 2341 082
SE 0.18 ozr o2t 003
p-valua 02383 0.5097 0.4803 03244
cv 10.7487 1.6688 1.7801 8.3518

M--nsmm-mmm-mmmmm
superscripts are significantly dfferent p<0.05
SE: Standard Enror, CV; Coefficient of variation

Table 7: Lsast square means for bone chemical composition of famity
thickens at 18 weeks of age rearvd under intansive system

T Variables

Birddenstymmi___ Ash (q) Ca (%) B (%) Wy (%)
8 466 e 2452 0.76°
] s.16° 3423 2458 079
12 481 3 24760 081
15 472 3425 2457 07e
SE 027 029 on 002
pvatue 05812 09933 04588 02904
cv 1147685 16891 08188 44308

Means within the same cclumn within & parsmeter nct having simitar
superscripts are significantty different (p<0.05)
SE: Standard Error, CV; Coefficient of variation

results, Oliveira ef al. (2012) observed that the width of
humerus in Ross 308 and Hybro PG broilers was
affected by stocking density of 10 and 16 birds/m? at 42
days of age. The differences In the results of the current
_study and that of Oliveira et al. (2012) may be duo lo
differences In birds' genotype. Several studies have
observed that hybrid broilers raised intensively grow
rapidly and that as they approach market age and
weight, their bodies take up most of the allotted space,
leaving no room {o perform simple exercises which may
lead to a decrease in bone mass of tha wings (Lewis a!
al., 1997; Jones, 2010). In this study, width of tibla
Increased by 63.1 and 18.6% between 6 and 12 weeks
and 12 and 18 weoks, respactively, whereas humerus
width increased by 51.2 and 16.0% between 6 and 12
weeks and 12 and 18 weeks, respectively. This
suggests that In response fo Increased body welight,
bones of the family chickens increased In bone width.
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The weight of tibla and humerus was not significantly
{p>0.05) influenced by stocking density (Table 2 to 4). In
agreement with the current findings on tibla, Buijs et al.
(2012) found that stocking density had no effect on tibia
weight In broilers. Similarly, Oliveira et al. (2012)
observed that weight of tibla and humerus in broilers
was not affected by stocking density at 42 days of age.

Bone chemical composition: Stocking density had no
significant (p>0.05) effect on chemical composition of
bones (Tabla 5 to 7). The highest bone ash weight was
found in the stocking densities of 16 bin/m? (0.86 g) at
week 6, 17 bird/m? (3.29 g) at week 12 and 9 bird/m?
(5.16 g) at week 18. In agreement with current results,
Tablante et al. (2003) found that bone ash of brollers
was not affected by stocking densities of 10, 15 and 20
birds/m®. Although the mean weight of ash did not differ
significantly among birds reared at different stocking
densities bone weight increased with age. Simitar
observation was made by Morekl et al. (2031} who
reported a significant Increase in bone ash with age in
broiler breeders up to 18 weeks of age. In the prasent
study, the highest levels of Ca, P and Mg were observed
at 16 birds/m? in week 6 (32.94, 24,35 and 0.90%), 14
birds/m? in week 12 (33.28, 23.86 and 0.83%) and 12
birds/m? in week 18 (34.31, 24.76 and 0.81%),
respectively. The lavels of Ca, P and Mg decreased from
6 to 12 weeks of age and from 12 to 18 weeks only Ca
and P contents increased, whereas Mg content
tinued to decline. The decline of Ca and P from 6 to
12 weeks of age could be due to the birds increased
demand for nutrients for increased muscle mass.

Conclusion: Bone dimensions and bone chemical
composition were not influenced by stocking density.
Therefors, it can be concluded that stocking density had
no influence on bone development probably because of
slaughtering that occurred at 6, 12 and 18 weeks of age.
Further studles should be done using identical densities
throughout the research period to aveid disturbing the
control which will make blocking by age possible.
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