
  INTRODUCTION 
  The genetic architecture of small populations derived 

from a larger population is affected by effective popula-
tion size, mutation, migration, selection, and random 
drift (Falconer, 1989a). Commercial and laboratory 
animal lines may be characterized by limited popula-
tion size, unequal sex ratios in mating systems, and re-
productive segregation (Falconer, 1989b). Doubtlessly, 
long-term artificial selection in such populations could 
fix or differentiate alternative alleles in the quantitative 
trait loci associated with selected traits (Johansson et 

al., 2010). Namely, artificial selection may increase fixa-
tion and loss of alleles. 

  Reconstituting subpopulations of a population can 
partially restore the loss of alleles resulting from chance. 
The Jiuwu chicken is a slow-growing breed native to 
Guangxi province in China. For this experiment, lines A 
and B from this breed were obtained from Guangdong 
and Guangxi provinces, respectively, and introduced to 
our poultry breeding farm in 2008. Prior to that, they 
were bred for more than 10 generations in their respec-
tive original environments. Here we attempted to eval-
uate phenotypic differences between their reciprocal 
crosses, which is important for evaluating their utility 
in further breeding. These considerations are relevant 
for production of chickens for niche markets, which are 
becoming increasingly popular worldwide (Yang and Ji-
ang, 2005; Jaturasitha et al., 2008). 

  Housing system affects broiler characteristics of local 
Chinese breed reciprocal crosses 

  X. L.   Zhao ,*  P. B.   Siegel ,†  Y. P.   Liu ,*  Y.   Wang ,*  E. R.   Gilbert ,†  Q.   Zhu ,*1 and  L.   Zhang *

   * College of Animal Science and Technology, Sichuan Agricultural University, Ya’an, Sichuan, 
P. R. China 625014; and    † Department of Animal and Poultry Sciences 0306, 

Virginia Polytechnic Institute and State University, Blacksburg 24061 

  ABSTRACT   Artificial selection in closed populations 
can fix or differentiate alternative alleles of loci asso-
ciated with selected traits. Two closed chicken popu-
lations, A and B, originating from Jiuwu, a Chinese 
native breed, were bred for more than 10 generations. 
We compared progeny from reciprocal crosses (AB and 
BA) under free range (trial 1) and cage and pen (trial 
2) systems. Traits measured included feed conversion, 
live BW, subcutaneous fat thickness, percentages of 
carcass, semi-eviscerated carcass, eviscerated carcass, 
breast muscle (pectoralis major and minor), leg muscle 
(boneless drum and thigh), heart, gizzard, proventricu-
lus, liver, comb, and abdominal fat, plus moisture and 
fat content in breast muscle at 91 d. In trial 1, there 
were no significant differences between crosses for any 
trait except percentage proventriculus (AB > BA). 
Males were significantly heavier with greater propor-
tions of semi-eviscerated carcass, leg muscle, heart, 
and comb than females, whereas females had thicker 
subcutaneous fat and higher percentage abdominal fat, 
breast muscle, gizzard, and proventriculus than males. 

In trial 2, chickens raised in cages were significantly 
heavier, had superior feed efficiency, thicker subcutane-
ous fat, higher fat content and percentage abdominal 
fat, carcass, semi-eviscerated carcass, liver, and comb 
than those reared in pens. Those reared in pens exhib-
ited significantly greater proportions of breast muscle, 
gizzard, and proventriculus than those raised in cages. 
The only significant 2-way interaction was cross × sex 
for percentage semi-eviscerated and eviscerated car-
cass, because BA males were greater than other combi-
nations. Interactions of cross × sex × housing system 
for percentage liver and abdominal fat were significant; 
cage-reared AB females displayed higher percentages 
than pen-reared BA males. Results implied that sub-
populations should be considered rather than a single 
larger population as a way to reduce loss of genetic 
variation in local and heritage stocks. Although perfor-
mance of reciprocal crosses was similar across housing 
systems, caging during the finishing stage of a slow-
growing breed enhanced feed efficiency, BW, and meat 
composition. 
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The phenotypic value of an individual is the com-
bined effect of its genotypic value and environmental 
deviations. Environments may be defined as geography, 
type of management, type of nutrition, or seasonal at-
tributes (Misztal and Lovendahl, 2011). There are a 
variety of production systems, ranging in the type of 
housing and degree of rearing intensity (e.g., Castellini 
et al., 2002; Zerehdaran et al., 2005). One is brooder 
to free range. Under this system the chickens are raised 
in brooders during the brooding period and then trans-
ferred to pastures sheltered by simple housing until 
slaughter. It may be regarded as a system where chick-
ens are in their natural physiological and behavioral 
settings (Lay et al., 2011), and their meat may contain 
more protein (Fanatico et al., 2007), and be juicier with 
greater tenderness (Brown et al., 2008). Higher protein 
content may be the result of more exercise and mus-
cle development in the free-range chickens. However, 
chickens raised in this system may be at higher risks 
for bacterial, parasitic, and viral infections than those 
produced under less extensive systems (Lay et al., 2011; 
Marin et al., 2011). A second system is brooder to pen 
where chickens are confined to indoor pens until market 
weight. A third system is brooder to cage. Compared 
with other systems, the cage system may decrease en-
ergy expenditures, reduce incidence of disease, and in-
crease uniformity (Elson, 2010). Obviously, all of these 
systems have their advantages and disadvantages.

Although some studies focused on the influence of 
housing on layer performance (Holt et al., 2011) and 
welfare (Lay et al., 2011), comparisons among hus-
bandry systems for carcass and meat traits are gener-
ally lacking. Fanatico et al. (2007) reported that for 
fast-growing chickens, although pectoralis tenderness 
was influenced when they were provided outdoor ac-
cess, DM, fat, and ash were largely unaffected. Wang 
et al. (2009) reported that under a free-range system, 
growth, abdominal fat, and tibia strength of Gushi 
chickens were reduced with no effect on carcass traits 
and meat quality.

In the present study, our objective was to compare 
carcass characteristics and meat composition traits 
between reciprocal crosses of subpopulations of Jiuwu 
chickens raised under free range (trial 1) and between 
different housing systems (trial 2).

MATERIALS AND METHODS
Chickens were treated in accordance with the Na-

tional Regulations for the Administration of Affairs 
Concerning Experimental Animals (State Scientific and 
Technological Commission, P. R. China, 1988).

Chicken Populations
The populations used in the current study, AB and 

BA, were reciprocal crosses between pure lines A and B 
of Jiuwu chickens, a native breed that had been main-
tained for more than 10 generations in Guangdong and 

Guangxi provinces, respectively. Both pure lines are 
characterized by spotty feathers with a yellow back-
ground and black skin. Line A has fewer black spots 
in lighter yellow breast feathers than line B (Figure 
1). During the 2 generations at our facility, phenotypic 
selection emphasized BW in line A and egg production 
in line B with breeding populations containing 54 sires 
and 486 dams in each line.

Trial 1
Housing Systems. Eggs obtained from reciprocal 

matings (by artificial insemination) of lines A and B 
between 250 and 255 d of age were incubated in the 
same machine on March 21, 2010. At hatch, chicks were 
vaccinated for Marek’s disease and then transported to 
farm ZS whose location is 30.02′N and 102.36′E with an 
altitude 1,079 m. From 1 to 42 d, 400 chicks with sexes 
intermingled were reared in concrete floor pens with 
wood shavings as litter. Heat was provided by chimney 
flue. The photoperiod was gradually decreased from 24 
to 18 h during the first 3 wk posthatch and then main-
tained at 18 h. Chickens were vaccinated for bird flu 
(H9 subtype), Newcastle, and bird flu (H5 subtype) on 
d 8, 10, and 24, respectively. From 43 to 91 d, the chick-
ens had access to a grass paddock measuring 1,334 m2 
during daylight hours. Flock density was 0.3 bird/m2.

Diets. Feed, in pellet form, was provided ad libitum. 
Diets fed were 19% CP and 2,897 kcal of ME/kg to 28 
d, 17% CP and 2,998 kcal of ME/kg from 28 to 43 d, 
and 15% CP and 3,819 kcal of ME/kg from 43 to 91 
d. Formulation of the diets was based on the feeding 
standards for yellow-feather chickens in China (NY/T 
33, 2004).

Figure 1. Males and females in lines A and B. Color version avail-
able in the online PDF.
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Carcass Traits. At 91 d of age, after a 12-h feed 
withdrawal, chickens were weighed (g) live and then 
slaughtered. Carcass weight (g) was obtained after re-
moval of blood and feathers. Semi-eviscerated weight 
(g) was chilled carcass minus trachea, esophagus, crop, 
intestine, spleen, pancreas, gonads, gallbladder, con-
tents of the proventriculus, and gizzard lining. Evis-
cerated weight was minus head, neck, shank, heart, 
liver, gizzard, proventriculus, and abdominal fat based 
on semi-eviscerated carcass weight. Organ weights (g) 
were recorded for abdominal fat (including gizzard fat), 
heart, gizzard, proventriculus, liver, comb, breast mus-
cle (left pectoralis major and minor), and boneless left 
drum plus thigh (leg muscle weight). Thickness of sub-
cutaneous fat (mm) included the skin and fat in front of 
the caudal spondyles. The ratios of carcass, semi-evis-
cerated carcass, and eviscerated carcass weight to live 
weight were the percentage of carcass, semi-eviscerated, 
and eviscerated, respectively. The ratios of abdominal 
fat, heart, gizzard, proventriculus, liver, and comb 
weight to semi-eviscerated carcass weight were the per-
centage of abdominal fat, heart, gizzard, proventricu-
lus, liver, and comb, respectively. For muscle percent-
ages, left breast and leg muscle weights were multiplied 
by 2 and divided by eviscerated carcass weight.

Meat Composition Traits. Chemical analyses were 
conducted to determine the content of water and fat 
in breast muscle. Each 3.0-g sample of fresh muscle 
packed in filter paper was dried in 105°C oven until 
its weight was constant (approximately 4 h). The dif-
ference in weight before and after baking divided by 
fresh weight represented the moisture content. Fat con-
tent was determined using the ether-Soxhlet extraction 
method (AOAC, 1990) and calculated as difference in 
weight before and after extraction divided by pre-ex-
tracted dry weight.

Trial 2
A group of chicks hatched concurrently with those for 

trial 1 were transported to farm CN located at 29.93′N 
and 103.02′E and an altitude of 500 m. The same hus-
bandry procedures, including diet, lighting, heating, 
and vaccination programs used on farm ZS were car-

ried out from 1 to 42 d. Chickens were then randomly 
assigned to 1 of 2 housing systems, conventional cages 
or indoor floor pens, where they remained until 91 d. 
Floors of cages contained plastic hollowed pads. Twenty 
chickens were raised in each of 10 cages with 5.3 birds/
m2. Indoor concrete floor pens were covered with wood 
shavings. Chicken raised in these pens had access to 
the outdoors. The area ratio of indoors to outdoors was 
1:1. There were 50 sex-intermingled chickens in each of 
4 pens (3.3 birds/m2). Carcass and meat composition 
traits were measured the same as in trial 1.

Statistics: Procedures and Model
Data were analyzed by ANOVA, using the ANOVA 

(trial 1) and GLM (trial 2) procedures of SAS 9.2 (SAS 
Institute Inc., Cary, NC). The models for carcass and 
meat composition traits were as follows:

trial 1: Yij = µ + Ci + Sj + (CS)ij + eij,

where Yij = the performance of chicken in cross i of sex 
j, µ = the general mean, Ci = the effect of cross i (i = 
1 and 2; A and B), Sj = the effect of sex j (j = 1 and 
2; male and female), (CS)ij = the interaction effect of 
cross i × sex j, eij = the random residual effect;

trial 2: Yijk = µ + Ci + Sj + Hk + (CS)ij  

+ (CH)ik + (SH)jk + (CSH)ijk + eijk,

where Yijk = the performance of chicken in cross i of 
sex j raised in housing system k, Hk = the effect of 
housing system k (k = 1 and 2; cage and pen), (CH)ik 
= the interaction effect of cross i × housing system k, 
(SH)jk = the interaction effect of sex j × housing sys-
tem k, (CSH)ijk = the interaction effect of cross i × sex 
j × housing system k, eijk = the random residual effect. 
Other parameters were the same as in trial 1 model. 
When interactions were significant, means were tested 
by Tukey-Kramer multiple comparisons. Significance 
was assigned at P < 0.05.

To fit a normal distribution, percentages were trans-
formed to arc sines of the square roots. Other data were 

Table 1. Traits for lines A and B in generation 1 

Trait1

♀ ♂

Line A 
(n = 516)

Line B 
(n = 544)

Line A 
(n = 84)

Line B 
(n = 84)

AFE (d) 170.0 ± 12.7a 166.5 ± 13.3b  / /
BWFE (g) 2,455 ± 244a 2,413 ± 966b  3,362 ± 425a 3,218 ± 400b

WFE (g) 40.7 ± 6.4a 40.7 ± 7.2a  / /
BW300 (g) 2,835 ± 317a 2,858 ± 351a  3,596 ± 450a 3,600 ± 336a

EW300 (g) 59.1 ± 5.0a 59.4 ± 4.1a  / /
ON300 (n) 85.9 ± 15.6a 87.9 ± 17.4a  / /

a,bMeans within a row for lines with a sex without a common superscript differ significantly (P < 0.05).
1AFE = age at first egg; BWFE and WFE = BW at first egg and weight of first egg, respectively; BW300, 

EW300, and ON300 = BW, egg weight, and ovulation numbers to 300 d of age, respectively. BWFE for males in 
lines A and B was measured at 147 d of age. Values are mean ± SD.
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transformed to common logarithms. Transformations 
were made before ANOVA.

RESULTS

Performance of Pure Lines A and B
Means and standard deviations for the performance 

of lines A and B are summarized in Table 1. Lines were 
similar except for age and BW at first egg. Line B 
reached sexual maturity at an earlier age with lighter 
BW than line A (P < 0.05).

Feed Conversion: Trial 1 and 2
There was no significant difference between crosses 

for feed conversion in trial 1 (3.09 and 3.13 for crosses 
AB and BA, respectively). In trial 2, chickens raised 
in cages had superior feed conversion compared with 
those raised in pens (P < 0.05, Table 2). The effects of 
cross and interaction of cross × housing system were 
not significant.

Carcass and Meat Composition  
Traits: Trial 1

Interactions of cross × sex were not significant for 
any trait measured. Cross effects for carcass and meat 
composition traits were not significant except that the 
percentage of proventriculus was higher for AB (0.4 ± 
0.1%) than BA (0.3 ± 0.1%) chickens (P < 0.05). Sex-

ual dimorphism was evident (P < 0.05) for most traits 
(Table 3). Males were heavier and had higher percent-
ages of semi-eviscerated carcass, leg muscle, heart, and 
comb than females (P < 0.05), whereas females had 
thicker subcutaneous fat and higher percentage of ab-
dominal fat, breast muscle, gizzard, and proventriculus 
than males (P < 0.05).

Carcass and Meat Composition  
Traits: Trial 2

Interactions. Interactions of sex × housing system 
and cross × housing system were not significant for 
any trait. For cross × sex, interactions were significant 
for percentages of semi-eviscerated and eviscerated car-
cass. This was because values were higher for BA than 
AB males (Table 4), whereas there were no differences 
between BA and AB females (P > 0.05). Although 
there were no significant differences between AB males 
and females for either trait, percentages for BA males 
were greater than for BA females (P < 0.05).

Interactions of cross × sex × housing system were 
significant for percentages of abdominal fat and liver 
(P < 0.05). The AB females reared in cages had a high-
er percentage of abdominal fat (2.6 ± 0.3%) than BA 
males raised in pens (1.7 ± 0.2%; P < 0.05), whereas 
other combinations did not differ from each other (rang-
ing from 2.0 to 2.2%). The same pattern was found for 
percentage of liver, where values for AB females reared 
in cages were higher (6.0 ± 1.3%) than for BA males 
raised in pens (2.8 ± 1.4%; P < 0.05).

Effect of Cross. There were no significant differ-
ences between crosses for carcass and meat composi-
tion traits. The only significant differences were for 
live weight and percentages of proventriculus and liver 
where AB had heavier live weights (2,927 ± 413 g) and 
percentage of liver (2.12 ± 0.3%) than BA (2,790 ± 
391 g and 2.02 ± 0.4%, respectively; P < 0.05). Cross 
BA had a larger percentage of proventriculus (0.35 ± 
0.01%) than AB (0.31 ± 0.01%; P < 0.05).

Effect of Sex. As shown in Table 3, there was sig-
nificant sexual dimorphism for most traits. Males were 

Table 2. Mean ± SD of feed conversion for chickens at 91 d of 
age in trial 2 

Housing system Cross n1 F:G2

Cage AB 5 2.97 ± 0.04
 BA 5 3.00 ± 0.02
Pen AB 2 3.06 ± 0.04
 BA 2 3.10 ± 0.01

1Sex pooled. n = the number of flocks. 
2F:G = the ratio of feed to gain.

Table 3. Carcass and meat composition traits by sex in trials 1 and 2 

Trial Sex

Carcass trait1

Meat 
composition

LW 
(g)

SFT 
(mm)

% BW % Muscle % Organ

C SE E BM LM H G P L CO AF MC FC

1 ♀ (n = 34) 2,435 7.8 85.6 77.3 60.3  21.0 23.7  0.5 1.7 0.4 2.1 0.1 4.9  69.5 4.2
 ** * NS * NS ** ** ** ** ** NS ** ** NS NS
♂ (n = 34) 3,202 7.1 86.0 78.3 61.2 19.0 25.7  0.6 1.4 0.3 2.0 0.5 3.5 69.0 4.2

 Pooled SD 298 1.4 1.5 1.9 2.2  1.9 1.7  0.1 0.4 0.1 0.3 0.4 1.7  2.0 1.2
2 ♀ (n = 52) 2,513 8.8 88.1 80.0 62.2  21.6 23.3  0.5 1.8 0.4 2.2 0.1 5.2  69.5 4.2

 ** ** NS * ** ** ** ** ** ** ** ** ** NS NS
♂ (n = 56) 3,173 7.4 87.7 81.0 63.2 18.9 26.4  0.6 1.2 0.3 2.0 0.5 3.4 69.0 4.2
Pooled SD 234 2.1 3.3 2.6 1.7  1.8 2.5  0.1 1.5 0.1 0.4 0.2 1.4  1.8 1.6

1LW = live weight; SFT = subcutaneous fat thickness; C, SE, E, BM, LM, H, G, P, L, CO, and AF = percentage of carcass, semi-eviscerated, evis-
cerated, breast muscle, leg muscle, heart, gizzard, proventriculus, liver, comb, and abdominal fat, respectively; MC and FC = moisture and fat content 
in breast muscle, respectively. Values represent mean ± SD.

*P < 0.05; **P < 0.01.
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heavier with higher percentages of semi-eviscerated car-
cass, eviscerated carcass, leg muscle, heart, and comb 
than females (P < 0.05), whereas females had thicker 
subcutaneous fat and higher percentages of abdomi-
nal fat, breast muscle, gizzard, proventriculus, and liver 
than males (P < 0.05).

Effect of Housing System. Significant differences 
between production systems were found for feed con-
version and most carcass and meat composition traits 
(Table 5). Chickens raised in cages were heavier with 
thicker subcutaneous fat, higher fat content, and per-
centages of abdominal fat, carcass, semi-eviscerated 
carcass, liver, and comb than those raised in pens (P < 
0.05). In contrast, those reared in pens had higher per-
centages of breast muscle, gizzard, and proventriculus 
than those raised in cages (P < 0.05).

DISCUSSION
The consistency in values for carcass and meat com-

position traits between reciprocal crosses in trial 1 im-
plied that progeny can be produced from crosses in 
either direction for meat production. This finding is 
relevant for small populations because selection within 
each population may be more practical regarding loss 
of genetic diversity due to genetic drift and artificial se-
lection than a single population. This is because, being 
derived from the same base, they can be reconstituted 
and then subpopulated again.

Males and females displayed major differences in 
BW, muscle growth, organ proportion, and fat accu-
mulation. Values for males were greater than for fe-
males for BW, muscle growth, and percentages of heart 
and comb, whereas females had a proportionally larger 
gizzard and proventriculus and greater deposition of 
abdominal and subcutaneous fat. The fact that these 
values were greater in females than males, regardless 
of housing system, suggested that enhanced fat de-
position and digestive organ expansion in females are 
evolutionarily hard-wired to prepare and maintain her 
for egg production. Because resources available to an 
individual are finite in both sexes (Siegel et al., 2008), 
their allocation to maintenance, growth, reproduction, 
behavior, and health are interdependent, depending on 
the homeostatic mechanisms involved both short and 
long-term (Johnson et al., 2009).

Expression of potential performance is ensured by an 
appropriate environment, which is composed of health, 
diet, housing system, and general husbandry proce-
dures. In our study, chickens reared in cages exhibited 
more efficient feed conversion, heavier body and car-
cass weights, greater fat content, and proportionally 
larger combs than their pen-reared counterparts (P < 
0.05). Proportionally heavier gizzard and proventricu-
lus in the pen system may be associated with enhanced 
digestive activity due to a greater proportion of forage 
in the diet (de Verdal et al., 2010). Perhaps chickens 
housed in cages display less energy expenditures than 
those in pens, which may explain differences in feed 
efficiency, growth performance, and meat composition. 
Thus, caging slow-growing chickens during the finishing 
stage may be a useful strategy to maximize BW and 
feed conversion during a short period. However, fur-
ther evaluations of chicken plumage integrity, carcass 
appearance, meat nutrition composition, and sensory 
characteristics from both production systems are neces-
sary. This caveat may be relevant to other local chick-
ens that serve niche markets.
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Table 4. Mean ± SD of carcass traits for interaction of cross × 
sex in trial 21 

% BW Cross

Sex

♂ (n = 52) ♀ (n = 56)

SE2 AB 79.9 ± 3.9 NS 80.1 ± 2.0
  *  NS
 BA 81.9 ± 2.0 * 79.9 ± 1.6
E2 AB 62.5 ± 1.5 NS 62.4 ± 1.5
  *  NS
 BA 63.8 ± 1.7 * 62.1 ± 1.6

1Multiple comparisons were conducted between crosses AB and BA for 
the same sex and between sexes for the same cross.

2SE and E = percentage of semi-eviscerated carcass and eviscerated 
carcass weight, respectively. Values represent mean ± SD.

*P < 0.05.

Table 5. Means and pooled SD for carcass and meat composition traits by housing system, trial 2 

Housing  
system n

Carcass trait1
Meat 

composition

LW 
(g)

SFT 
(mm)

% BW % Muscle % Organ
MC 
(%)

FC 
(%)C SE E BM LM H G P L CO AF

Cage 53 2,903 8.6 88.6 81.2 63.0  19.6 25.1  0.6 1.1 0.3 2.2 0.34 4.7  72.5 4.6
  ** * ** ** NS ** NS NS ** ** ** * ** NS *
Pen 55 2,809 7.6 87.2 79.9 62.5 20.7 24.7 0.5 1.8 0.4 1.9 0.28 3.9 72.2 3.8
Pooled SD  404 2.1 3.2 2.6 1.7  2.2 2.9  0.1 1.5 0.1 0.3 0.2 1.6  1.8 1.6

1LW = live weight; SFT = subcutaneous fat thickness; C, SE, E, BM, LM, H, G, P, L, CO, and AF = percentage of carcass, semi-eviscerated, evis-
cerated, breast muscle, leg muscle, heart, gizzard, proventriculus, liver, comb, and abdominal fat, respectively; MC and FC = moisture and fat content 
in breast muscle, respectively. Values represent mean ± SD.

*P < 0.05; **P < 0.01.
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