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PAPER

Growth and slaughtering performance, carcase fleshiness and meat quality
according to the plumage colour in Padovana male chickens slaughtered at
18 weeks of age

Chiara Rizzi

Dipartimento di Agronomia, Animali, Alimenti, Risorse naturali e Ambiente, University of Padua, Legnaro (Padova), Italy

ABSTRACT
The aim of this trial was to investigate on the growth and meat quality of Padovana male chick-
ens with different plumage varieties, chamois (PC - light brown feathers with white edge), silver
(PS - white feathers with black edge), and their cross. The body weight of PC during the growth
period was higher (p< .01) than PS, and it was 1.7 and 1.5 kg, respectively, at 126 d of age. At
slaughter, PC showed higher weight of carcase (p< .05), breast and total fleshiness (breast,
wings and legs) (p< .01), and thigh meat:bone ratio (p< .05). PS showed higher shanks weight
on carcase weight (p< .01), Ilio tibialis a� value (p< .01), water losses (p< .01) and shear force
(p< .05) in breast meat than PC. Crossing PC males to PS females gave birds with white (Cross-
W) and silver (Cross-S) plumage (3:1 ratio, respectively). The offspring genotypes showed similar
body weight, and almost all slaughtering, carcase and meat quality traits studied. Cross-W and
Cross-S showed significantly higher final body weight, breast and leg weight, total fleshiness
and thigh meat:bone ratio than PS. For the Padovana breed, the plumage colour can involve
productive and slaughtering performance, and carcase and meat quality, throughout the grow-
ing period. At 18 weeks of age, the Padovana male chickens show body weight and carcase
fleshiness similar to that of a hybrid laying hen belonging to a light strain.

HIGHLIGHTS

� Padovana is an historic Italian chicken breed with a slow growth rate; it is slaughtered
broadly later than hybrid strains and it is important to know the age for achieving favourable
slaughtering performance and good carcase quality.

� Padovana chicken breed has been selected in some plumage colours and the growth rate,
slaughtering performance and carcase quality can significantly differ according to them.

� Crossing chickens with two different plumage colours can exert a positive heterosis effect on
productive and carcase quality traits.
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Introduction

Northern Italy has a long tradition in poultry produc-
tion, given the presence of a wide plain of alluvial ori-
gin crossed by Po river and a large production of
cereals as wheat and corn. Padovana breed is a local
Italian breed; its name origins from the city of Padova,
in Veneto region in Northern Italy, where it was reared
since 1500 (Aldrovandi 1599). It was initially reared in
the houses of Venetian aristocracy that was attracted
by its particular head morphology. Padovana head has
a frontal bony protuberance with a variable number
of openings as well as a variable openings size accord-
ing to the plumage variety (Verdiglione and Rizzi
2018) with a big tuft that partially cover eyes. Sexual

dimorphism involves many body traits, also the comb
that can be absent or less developed in females and
generally consists of two little horns or has an irregu-
lar shape in males. Different plumage varieties exist,
single colour or a combination of two colours, as the
golden, silver and chamois variety with brown, white
and light brown feathers, respectively, with black
(golden and silver varieties), and white (chamois var-
iety) edge. Padovana breed has grey shanks and the
eggshell is white (Veneto Agricoltura 2004). It can be
used as an ornamental hen for these characteristics,
but it is also used for eggs production and gastro-
nomic preparations given the excellent quality of its
meat (Verdiglione and Cassandro 2013).
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It is a slow-growing breed, and the chickens are
usually slaughtered not before the pubertal age,
depending mainly on gender (Cassandro et al. 2015;
Rizzi 2018; Tasoniero et al. 2018).

The goal of this trial was to compare the growth,
the slaughtering performance, and the carcase fleshi-
ness and meat quality of Padovana male chickens
belonging to two plumage varieties and their cross in
order to assess differences between the groups and
the heterosis effect until 18 weeks of age.

Materials and methods

Animals and rearing conditions

The birds were handled according to the principles
stated in EC Directive 86/609/EEC. The trial was carried
out on Padovana male chickens belonging to different
plumage varieties, chamois (Padovana camosciata – PC)
and silver (Padovana argentata – PS) plumage and the
cross between PC males and PS females. The cross birds
showed two plumage colours, white plumage (Cross-W)
and silver plumage (Cross-S) at a ratio of 3:1, respectively.
PC has light brown feathers with white edge, PS has
white feathers with black edge; the cross has a com-
pletely white plumage or a silver plumage similar to that
of PS. The birds came from an institute of Padovana
breed conservation located in Padua. The chicks of the
four groups were reared from 1 d until 126 d (18 weeks)
of age under the same environmental conditions and
prophylaxis procedures (Newcastle disease, Marek and
Infectious bronchitis vaccines). The birds were kept in a
breeder house from the hatching until the end of the
trial. One–day old chicks of each strain were sexed (by
cloacal inspection) and reared separately on wooden lit-
ter (at a mean stocking density of a final body weight of
3.3 kg/m2) from the start until the end of the trial. The
chicks were fed ad libitum the same feed (Table 1) and
water. Formulation and composition did not change
throughout the trial; the feed form was administered as

crumbled for the first 8 weeks of age, and then in pel-
leted form. The trial started in May and lasted until
September. The birds (PC¼ 36 birds; PS¼ 23 birds; Cross-
W¼ 26 birds; Cross-S¼ 18 birds) were weighed from the
3rd week of age (after the first two weeks of life, when
the mortality rate was high for some genotypes, as indi-
cated later in the discussion) every 2 weeks until 70 d of
age, and then every month.

Indoor temperature and relative humidity were
checked during the experimental period (Figure 1);
the photoperiod was natural, and it decreased during
the trial according to the season. Throughout the first
4 weeks of life, the chicks were kept under infra-red
lamps and the temperature under them was gradually
lowered from 33 to 24 �C, and then it changed accord-
ing to the seasonal values.

Slaughtering procedures

At 126 d of age, the birds (7–10 birds/group) were
weighed and brought to the slaughter-house. Feed was
withdrawn 12h before slaughtering; the birds, previ-
ously weighed, were electronically stunned, killed by
exsanguination, plucked, and eviscerated (intestines;
perivisceral, perineal and abdominal fat; gall bladder;
oesophagus; full crop; proventriculus; and spleen). Cold
carcase (after air chilling at 0 �C for 90min and then
stored at 4 �C) weights were recorded. From the refri-
gerated carcase, the head and neck, shanks, and giblets
(heart, liver and gizzard) were removed to obtain the
ready-to-cook carcase (WPSA 1984). Successively,
breasts, thighs, drumsticks and wings were weighed.
The shanks, and the head and neck were also weighed.
The wing (drumette - humerus, surrounding muscula-
ture and skin; wingette – radius and ulna, surrounding

Table 1. Formulation and chemical composition of the feed.
Ingredients % Chemical composition %

Corn meal 48.0 Dry matter 87.5
Soybean 23.0 Crude protein 21.0
Corn flour 17.4 Crude fat 5.1
Corn gluten meal 5.0 Crude fibre 4.5
Soybean oil 2.5 Ash 7.2
Calcium carbonate 2.0 Ca 1.7
Bicalcium phosphate 1.5 P 1.8
Sodium chloride .30 Lisine .92
Supplementa .30 Methionine .42
DL-methionine .05 MEb (kcal/kg) 2,847
aIntegration per kg: vitamin A 15,000 U; vitamin D3 3,000 U; vitamin E
(a-tocoferol 91%) 30mg; vitamin B2 35mg; Cu (Cu sulphate) 10mg.
bMetabolisable Energy.
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Figure 1. Environmental temperature (T) and relative humidity
(RH) patterns according to the age of the chickens. Age: is
referred to the weeks of life; II (5–7th week); III (8–10th
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musculature and skin; tip – carpal bones, cartilage and
skin) and the leg (thigh and drumstick), after weighing,
were dissected and the weight of skin, muscles and
bones were recorded.

pH and physical parameters of breast, wing
and leg

On the breast muscle, Pectoralis major, at 48 h post
mortem, the ultimate pH by a Delta Ohm HI-8314
pHmeter (Delta Ohm, Padova, Italy), and Crison elec-
trode (Crison, Barcelona, Spain) was recorded. Colour
measurements on breast skin and muscle, Pectoralis
major, and on thigh skin and muscle, Ilio tibialis, were
recorded by a Minolta Chroma metre CR-300 tristimu-
lus analyzer (Minolta Corp., Ramsey, NJ, USA) (CIELAB
colour space model, Commission International de
l’Eclairage 1978). The CIELAB colour space model was
chosen to numerically describe the colour parameters.
Lightness (L�) is the amount of incident light that a
surface reflects; �a� values represent green andþ a�
values represent red; �b� values represent blue
andþ b� values represent yellow.

The right skinless breasts were weighed and frozen
at �20 �C for further analyses concerning some rheo-
logical traits. Given that Padovana chickens for meat
production are usually reared from the spring until
the autumn months, the carcases are often frozen to
ensure culinary preparations all through the year.
After 12 d, the breasts were removed from the freezer,
placed on trays, and thawed in a commercial refriger-
ator at 3–4 �C for 24 h. The breast muscles were blot-
ted dry, and then cooked in water at 75 �C for 60min
inside sealed bags. After 15min of cooling under run-
ning water, the fillets were dried with paper.

For the evaluation of the thawing losses [(frozen
weight – thawed weight)/(frozen weight)� 100] and
cooking losses [(uncooked weight� cooked weight)/
(uncooked weight)� 100] the breasts were weighed
before and after thawing and cooking. Then, shear
force was performed on three cylindrical cores
(1.13 cm of diameter) of each breast-cooked sample,
by using a TA-HDi Texture Analyzer (Stable Macro
System, London, UK) with a Warner-Bratzler shear
probe (10 N load cell, crosshead speed of 2mm/s).
The peak shear force, as average from the three repli-
cates, was taken as the final shear force value.

Chemical analyses of feed and meat

The crumbled feed was ground (1-mm mesh screen,
Grindomix ZM 200, Retsch Gmbh, Haan, Germany) and

the raw meat of left breasts were homogenised in a
homogeniser (Grindomix GM200, Retsch GmbH, Haan,
Germany), stored at �20 �C for further analyses. After
12 d, they were chemically analysed for dry matter
(method 950.46; AOAC 2000), crude protein (method
981.10; AOAC 2000), lipid (method 991.36; AOAC
2000) and ash (method 920.153; AOAC 2000). Total lip-
ids, in the breast meat samples, were extracted
according to the method of Folch et al. (1957).

Statistical analysis

All the data were evaluated by using ANOVA according
to a general linear model that considered genotype as
fixed effect (PROC GLM) following procedure of SAS
(Version 9.3, SAS Institute Inc., Cary, NC, USA).
Differences among groups were detected by Tukey-
Kramer’s test at a significance level of p< .05. Heterosis
was calculated using the following formula: [Cross-W or
Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100 for all varia-
bles (except the colour data) and it is discussed only for
the variables with statistically significant differences.

Results and discussion

Growth, slaughtering performance and
carcase yield

Crossing PC males to PS females produced chicks with
two different plumage colours, one completely white
and the other silver. The white:silver plumage ratio for
the cross birds was more favourable for the first plumage
colour: at hatching, a higher percentage of birds with
white plumage (76%) than that of silver plumage (24%)
was observed. The factors, of genetic or environmental
origin, determining a different ratio of plumage colour,
also in female chickens (Rizzi 2018), are still unknown, as
well as it is not clear whether this ratio origins from the
layed eggs or the hatched eggs (Collins and Hubbard
1958; Conway and Martin 2000; Yilmaz et al. 2011).

The daily gain is summarised in Table 2: the results
indicate a lower (p< .01) growth for the PS chickens
when compared to PC, until the 8th week of life, and
then similar, whereas Cross-W did not differ from
Cross-S at all the ages considered. A different growth
was observed for Cross-W in comparison to PC at
5–6th (lower, p< .05) and 9–10th (higher, p< .01)
weeks of age, and to PS (higher, p< .01) for the first
period of life until 70 d of age. Cross-S showed a
lower (p< .01) body gain than PC until 5–6th week of
age, and then higher until the 18th week (p< .05) and
it showed a growth rate higher than that of PS from
7–10th week (p< .05) of age. The heterosis was
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constantly positive for Cross-W with the highest values
at 9–10th week of life (þ18.8%), whereas for Cross-S it
was negative until the 5–6th weeks of life (�9.0%)
and then positive with values of þ19.6% and þ15.9%
at 9–10th and 15–18th week of life, respectively.

In Table 3, the body weight of the chickens is
reported. The two parental groups showed different
body weights according to the plumage colour: through-
out the rearing period the PS chickens showed lower
(p< .01) body weights than those of PS. No difference
was observed between Cross-W and Cross-S. A compari-
son between each offspring group and parental geno-
type, for the body weight, showed that Cross-W was
similar to PC, but it was constantly higher (p< .01) than
PS. The body weight of Cross-S was lower than PC until
10 weeks (p< .05) of age and then similar; it was higher
than PS from the 8th week (p< .01). Crossing PC to PS
exerted a positive heterosis on the two cross genotypes:
the live body weight was positively affected throughout
the growing period for Cross-W (on average þ8.6%),
whereas for Cross-S it was initially negative (�10.5%) and
then increased until the slaughter age (þ6.1%). It is well
remembering that at 126 d of age (18 weeks) the PC
birds had reached 80% adult body weight as indicated

by Veneto Agricoltura (2004), whereas for the PS geno-
type no comparison is possible because there is a lack of
literature information on its adult body weight.
Indications on gonads development can be useful when
considering the body growth: the birds of this trial at 18
weeks of age showed a very low testicular development,
with a testes incidence of 0.03–0.2% body weight, indi-
cating that the males were distant from the pubertal age
and had not reached the adult body weight. The body
weight at 18 weeks of age was 1.7 kg for the PC and the
cross birds, whereas PS showed a body weight of 1.5 kg.
Nowadays, commercial hybrids for broiler production are
slaughtered from 2.2 kg at 35 d of age (Petracci et al.
2015) and this indicates that the Padovana chickens can
be slaughtered not before 4 months of age for achieving
a commercial size and acceptable slaughtering perform-
ance, comparable to those of laying hen hybrid strains
(Rizzi et al. 2007).

For the Padovana chickens, the more critic period of
growth seems to be that concerning the feathers grow-
ing. The reason of this response in this physiological
phase is not clear as different factors can affect the daily
growth of the animals such as genetic assessment or
interaction with environmental conditions or feeding.

Table 3. Body weight and heterosis according to the age of the chickens.
Parental genotypes1 Offspring genotypes1 Heterosis2

PC PS Cross-W Cross-S p value RMSE Cross-W Cross-S

Body weight3, g
6th week 406Aa 249Cc 354ABb 294BbCc <.0001 77 8.1 �10.5
8th week 607Aa 404Cc 549AaBb 489BbC <.0001 100 8.6 �3.1
10th week 801Aa 598Bc 778Aab 710ABb <.0001 117 11.2 1.4
14th week 1320Aa 1099Bb 1303Aa 1239Aa <.0001 121 7.7 2.4
18th week 1744Aa 1513Bb 1751Aa 1729Aa <.0001 137 7.5 6.1

a,b,cMeans within the same row followed by different superscript letters differ p< .05.
A,B,CMeans within the same row followed by different superscript letters differ p< .01.
RMSE: root mean square error.
1Genotypes and number of observations - PC: Padovana chamois (36 birds); PS: Padovana silver (23 birds); Cross-W: cross white (26 birds); Cross-S: cross
silver (18 birds).
2% heterosis: [Cross-W or Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100.
3Age: the age is referred to the week of life.

Table 2. Daily growth and heterosis according to the age of the chickens.
Parental genotypes1 Offspring genotypes1 Heterosis2

PC PS Cross-W Cross-S p value RMSE Cross-W Cross-S

Body gain3, g/d
3–4th week 8.13Aa 4.73Cc 7.24AaBb 5.78BbCc <.0001 2.30 12.6 �10.1
5 –6th week 13.5Aa 8.7Cc 11.5ABb 10.2BbCc <.0001 2.9 3.8 �9.0
7–8th week 15.4Aa 11.9Bb 15.0Aa 14.9Aa <.0001 2.9 9.9 4.0
9–10th week 13.8Bb 13.9ABb 16.4Aa 16.5Aa .0006 3.0 18.8 19.6
11–14th week 19.1 18.6 19.4 19.6 .5906 2.6 3.5 4.0
15–18th week 15.6b 15.8ab 16.6ab 18.2a .0570 3.4 5.7 15.9

a,b,cMeans within the same row followed by different superscript letters differ p< .05.
A,B,CMeans within the same row followed by different superscript letters differ p< .01.
RMSE: root mean square error.
1Genotypes and number of observations - PC: Padovana chamois (36 birds); PS: Padovana silver (23 birds); Cross-W: cross white (26 birds); Cross-S: cross
silver (18 birds).
2% heterosis: [Cross-W or Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100.
3Age: the body gain was calculated on period of 2 or 4 weeks according to the age that is referred to the weeks of life.
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Developing and growing feathers need nutritional
requirements (especially tyrosine and carotenoids, and
microelements) according to the plumage colour, and a
variety of genes and mutations are involved (Mills and
Patterson 2009). Birds have only one pigment cell type,
the melanocyte; these cells can produce either eumelanin
(black/brown) or pheomelanin (yellow/red) and can
switch rapidly between the syntheses of these two pig-
ment types. Despite the colours produced by birds, the
feather pattern resulting in bars, stripes or spots is con-
trolled exclusively by genes and melanin production, but
bird and mammalian models of stripe formation are lack-
ing, whereas good fish and amphibian models exist (Mills
and Patterson 2009). The feather lacing in silver plumage
is due to the presence of gene that affects the distribu-
tion of pigment within the feather, thus showing a black
border (Nesheim et al. 1979). Furthermore, in chickens
whose mating occurs in polygamy, it is important irides-
cence, the most common type of structural colour,
important as a source of UV reflectance. Changes of a
structural colour depend on the angle from which it is
viewed, and they are produced by myriad patterns of
alternating layers of keratin, air and melanin in barbules
(Mills and Patterson 2009). Feather growth with such a
structure may be longer than those of feathers with
more simple structure so it is likely that silver males
showed a lower daily growth until 70 d of life also for
this reason. Not recent indications stated that some
genes for plumage colour and feathering can be lethal
influencing the hatching ratio (Collins and Hubbard 1958)
and can lower the growth rate of chickens with silver
plumage (Jaap and Grimes 1956). In this trial the mortal-
ity rate until 18 weeks of age averaged 5% for PC, 7%
for cross-W and 18% for cross-S, whereas for PS was
35%, with a great number of deaths during the first

weeks of life, as previously indicated. It is not clear which
endogenous factors could have induced such a high
mortality rate in PS even if there is a reasonable hypoth-
esis that a genetic component could have been involved
as stated by Collins and Hubbard (1958). These authors
observed in chickens with barred plumage a lethal effect
due to the presence of gene for black plumage and a
possible its interaction with unknown factors. A similar
mortality rate was observed in females belonging to the
same genetic groups (Rizzi 2018).

The daily growth of the four groups is a growth typ-
ical of slow-growing strains; the maximum value, under
20g/d, was reached between 77 and 97 d and then it
decreased. It is worth remembering that the environ-
mental temperature was high throughout the trial
(Figure 1), so this condition could have induced a lower
growth. The daily growth of Padovana breed is well
modelled by the Gompertz equation (Rizzi et al. 2013).
As previously stated, PS and PC showed a different
body weight until 22 weeks of age, but their asymptotic
final body weight was not statistically different, even if
in PC was 13% higher than PS. Furthermore, in PS the
inflection point was reached 4–9 d later than PC and at
a lower body weight, but without any statistical signifi-
cance (Rizzi et al. 2013). In the same previous study
(Rizzi et al. 2013) the Padovana cross bird group
(PC� PS), including chickens with white and silver plum-
age at the same ratio of this trial, did not statistically
differ from the parental lines for the body weight, even
if with values more favourable in comparison to PS.

The slaughtering performance of the four groups is
summarised in Table 4. The PC carcase weight was
higher (p< .05) than PS, but the dressing percentage
was similar. The commercial cuts differed between the
two groups for the breast (p< .01) and legs (p< .05)

Table 4. Slaughtering performance.
Parental genotypes1 Offspring genotypes1 Heterosis2

PC PS Cross-W Cross-S p value RMSE Cross-W Cross-S

Cold carcase3, g 1335a 1218b 1324ab 1314ab .0314 84 3.7 2.9
Dressing4, % 74.6ab 76.6a 73.6b 73.2b .0101 2.0 �2.7 �3.2
Commercial cuts, g
Breast 235Aa 201Bb 229Aa 249Aa <.0001 17 5.1 14.2
Wings 160 157 160 161 .9573 14 1.0 1.6
Legs 406AaB 370Bb 415AaB 418Aa .0079 28 7.0 7.7

Cold carcase5, %
Head and neck 10.6a 10.20ab 10.9a 9.24b .0152 .94 4.8 �11.2
Shanks 4.52Bb 5.16Aa 4.67AaBb 4.65ABb .0061 .36 �3.5 �3.9

a,bMeans within the same row followed by different superscript letters differ p< .05.
A,BMeans within the same row followed by different superscript letters differ p< .01.
RMSE: root mean square error.
1Genotypes and number of observations - PC: Padovana chamois (10 birds); PS: Padovana silver (8 birds); Cross-W: cross white (7 birds); Cross-S: cross sil-
ver (7 birds).
2% heterosis: [Cross-W or Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100.
3Slaughtering body weight after removal of blood, feathers and viscera, and refrigeration.
4(Cold carcase weight/slaughtering body weight)� 100.
5(Head and neck weight, and shanks weight/carcase weight)� 100.
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weights, that were higher in PC, whereas the wings
weight was similar. The PS birds showed higher per-
centage of shanks (p< .01) on carcase weight, but
similar percentage of head and neck.

The two offspring genotypes showed similar data,
with an exception for the percentage of head and
neck on carcase that was higher (p< .05) in Cross-W
than in Cross-S. The two offspring groups showed a
lower (p< .05) dressing percentage than PS, but
higher breast (p< .01) and legs (p< .05; p< .01)
weight. Cross-S showed a lower incidence on carcase
of head and neck (p< .05) than PC and of shanks
(p< .05) than PS. Heterosis was positive for the cold
carcase weight (þ3.7% and þ2.9% in Cross-W and
Cross-S, respectively) and negative for the dressing
percentage (�3%). The heterosis effect was more con-
siderable in Cross-S than in Cross-W for the breast
weight (þ14.2% versus þ5.1%) and the head and neck
% cold carcase (�11.2% versus þ4.8%), whereas for
the legs weight (þ7.7% versus þ7.0%) and shanks %
cold carcase (�3.9% versus �3.5%) it was similar.

The carcase yield is shown in Table 5. As far as the
ready-to-cook carcase conformation is concerned, the
incidences of breast, wings and legs were similar
between PC and PS and between the two offspring
genotypes. A significant difference between Cross-S and
PS was detected for the breast incidence that was
higher (p< .05) in the cross birds. An evaluation of the
fleshiness of the commercial cuts indicated a significant
superiority of PC than PS for the legs (p< .05) and for
the total weight (breast, wings and thighs and drum-
sticks) (p< .01), but not for their incidence on the
ready-to-cook carcase. The two offspring groups were

similar for all the fleshiness traits considered.
Furthermore, Cross-W and Cross-S showed higher legs
fleshiness (p< .05 and p< .01, respectively) and total
fleshiness (p< .01 and p< .01, respectively) than PS;
Cross-S showed a leg fleshiness higher (p< .01) than PC
and a higher (p< .01) percentage of total fleshiness on
ready-to-cook carcase than PS. Cross-S showed a higher
heterosis value for the breast percentage on ready-to-
cook carcase (þ9.2% versus þ1.7%). The heterosis for
the fleshiness was constantly positive for all the varia-
bles considered: it was more relevant for the legs
(þ9.8% versus þ8.1%) for Cross-S and Cross-W, respect-
ively, and the total fleshiness, concerning the three
commercial cuts and its percentage on the ready-to-
cook carcase, weight showed heterosis values of
þ10.4%, þ5.9% in Cross-S and þ6.1%, þ2.6%, in Cross-
W, respectively. The slaughtering performance data
showed typical values of a medium size purebred, with
breast weighing less than those of hybrids (Petracci
et al. 2015), and a lower fleshiness. The breast weight of
the Padovana chickens of this trial and the breast inci-
dence on body weight is similar to those of hybrids of
1957, slaughtered at 8 weeks of age (Petracci et al.
2015); the Padovana fleshiness (breast and legs) is
slightly higher than that of Hy-Line White, a typical egg
laying strain, of 1.7 kg body weight (Rizzi et al. 2007).

In Table 6 some characteristics of the wing are
shown. The weight of the three portions of the wing,
drumette, wingette and tip, did not differ between the
groups as well as their meat:bone ratio. The leg traits
are summarised in Table 7. As far as the leg portions
are concerned, the two parental genotypes showed sig-
nificant differences only for the thigh weight, with

Table 5. Carcase yield.
Parental genotypes1 Offspring genotypes1 Heterosis2

PC PS Cross-W Cross-S p value RMSE Cross-W Cross-S

Ready-to-cook carcase3, %
Breast 20.8ab 19.5b 20.5ab 22.0a .0505 1.6 1.7 9.2
Wings 14.1 15.3 14.3 14.2 .1196 1.1 �2.7 �.3
Legs 35.8 35.9 37.1 32.6 .1615 3.8 3.5 �9.1

Fleshiness, g
Wings4 89.3 81.7 86.0 87.5 .1930 7.4 0.6 2.3
Legs5 313Bb 279Bc 320AaBb 325Aa .0076 26 8.1 9.8
Total6 637Aa 562Bb 636Aa 662Aa .0002 39 6.1 10.4

Total7, % 56.3AaBb 54.4Bb 56.8AaBb 58.6Aa .0126 2.2 2.6 5.9
a,b,cMeans within the same row followed by different superscript letters differ p< .05.
A,B,CMeans within the same row followed by different superscript letters differ p< .01.
RMSE: root mean square error.
1Genotypes and number of observations - PC: Padovana chamois (10 birds); PS: Padovana silver (8 birds); Cross-W: cross white (7 birds); Cross-S: cross sil-
ver (7 birds).
2% heterosis: [Cross-W or Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100.
3Cold carcase (slaughtering body weight after removal of blood, feathers and viscera, and refrigeration) without head and neck, shanks, and giblets
(heart, liver and gizzard).
4Drumette and wingette (skin and muscles).
5Thighs and drumsticks (skin and muscles).
6Breasts, wings and hindlegs.
7(Total fleshiness weight/ready-to-cook carcase)� 100.
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higher (p< .05) values in PC. No difference was seen
between the offspring groups. The Cross-W and Cross-S
groups showed a higher (p< .05) thigh weight in com-
parison to PS and Cross-W was higher (p< .05) also for
the drumstick weight. The meat:bone ratio of the leg
showed higher (p< .05) values in PC than in PS for the
thigh and total leg, and it was similar between the two
crosses. The Cross-W and Cross-S showed a higher
meat: bone ratio for thigh (Cross-W: p< .05; Cross-S:
p< .01) and for the total leg (Cross-W: p< .05; Cross-S:
p< .01) than PS, as a consequence of a higher (Cross-S:
p< .01) muscle incidence and a lower (Cross-W: p< .05,
Cross-S: p< .01) bone incidence in thigh; the muscle
and bone % on drumstick was similar for all the groups.
In the offspring genotypes the heterosis effects were
þ7.8% and þ6.9% for the weight of thigh and þ3.9%
and þ7.0% for the weight of drumstick in Cross-S and
Cross-W, respectively, and they showed the highest val-
ues for the meat:bone ratio of thigh (Cross-S: þ24.8%,
Cross-W: þ15.1%) and leg (Cross-S: þ19.2%, Cross-W:
þ13.6%). The heterosis effects involved, for the thigh,

the muscle incidence and the femur incidence, particu-
larly in the Cross-S group (þ6.7% and �16.5% versus
þ3.8% and �11.5%, respectively). The meat:bone ratio
of the leg of these birds is lower than those showed by
hens belonging to Italian dual-purpose purebreds
(Ermellinata di Rovigo and Robusta maculata) and to
laying hen hybrids (Hy-Line white and Hy-Line brown)
(Rizzi et al. 2007). The lower incidence of muscles in
Padovana thigh, and especially in drumstick, can be due
to the early age of the animals when compared to the
adult birds, besides the genotype and rear-
ing conditions.

Meat quality

The Table 8 summarises the colour traits of breast and
thigh, measured on skin and meat. As well as the
breast skin and meat colours are concerned, L� (light-
ness), a� (redness) and b� (yellowness) did not sub-
stantially differ both between the two parental and

Table 6. Wing traits.
Parental genotypes1 Offspring genotypes1 Heterosis2

PC PS Cross-W Cross-S p value RMSE Cross-W Cross-S

Drumette, g 36.2 33.0 34.0 34.2 .3178 3.4 �1.7 �1.2
Wingette, g 29.3 28.3 29.6 28.3 .5628 2.0 2.8 �1.7
Tip, g 9.53 9.21 9.59 9.62 .5570 .62 2.4 2.7
Meat:bone ratio3

Drumette 1.81 1.87 1.89 1.99 .3181 .18 2.7 8.2
Wingette 2.58 2.36 2.34 2.45 .1294 .22 �5.3 �.8
Total4 2.11 2.07 2.08 2.18 .6352 .17 �.5 4.3

RMSE: root mean square error.
1Genotypes and number of observations - PC: Padovana chamois (8 birds); PS: Padovana silver (8 birds); Cross-W: cross white (7 birds); Cross-S: cross sil-
ver (7 birds).
2% heterosis: [Cross-W or Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100.
3Muscles and skin:bone ratio.
4Drumette and wingette.

Table 7. Leg traits.
Parental genotypes1 Offspring genotypes1 Heterosis2

PC PS Cross-W Cross-S p value RMSE Cross-W Cross-S

Thigh, g 117a 102b 117a 118a .0098 10 6.9 7.8
Drumstick, g 85.4ab 81.7b 89.4a 86.9ab .0615 5.3 7.0 3.9
Meat:bone ratio
Thigh 5.05AaB 4.02Bb 5.22AaB 5.66Aa .0013 0.73 15.1 24.8
Drumstick 2.45 2.58 2.75 2.79 .1989 0.36 9.3 10.9
Total3 3.56AaB 3.22Bb 3.85AaB 4.03Aa .0079 0.45 13.6 19.2

Thigh, %
Muscle 72.5Aa 68.3Bb 73.1Aa 75.1Aa .0002 2.5 3.8 6.7
Bone 14.6ABb 17.5Aa 14.2Ab 13.4Bb .0046 2.2 �11.5 �16.5

Drumstick, %
Muscle 63.7 63.6 62.7 64.7 .8583 4.4 �1.5 1.7
Bone 29.8 28.4 28.4 26.9 .2738 2.9 �2.4 �7.6

a,bMeans within the same row followed by different superscript letters differ p< .05.
A,BMeans within the same row followed by different superscript letters differ p< .01.
RMSE: root mean square error.
1Genotypes and number of observations- PC: Padovana chamois (10 birds); PS: Padovana silver (8 birds); Cross-W: cross white (7 birds); Cross-S: cross sil-
ver (7 birds).
2% heterosis: [Cross-W or Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100.
3Thigh and drumstick.
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the two offspring groups. Cross-S showed lower
(p< .05) b� values than PS in the breast skin.

For the thigh skin, the two parental genotypes and
the two offspring groups did not show any difference.
Cross-S showed a lower (p< .05) a� value than PC and
PS. In the Ilio tibialis muscle, the a� value was higher
(p< .01) in PS than in PC, and the two offspring geno-
types were similar for all traits. Cross-W and Cross-S
showed a� values lower (p< .01) than PS. A higher
(p< .05) value of b� was observed in Cross-S than
in PC.

Table 9 summarised the chemical and rheological
traits of the breast meat. The final pH of Pectoralis
major muscle did not differ between the genetic

groups. The two parental and the two offspring
groups showed similar crude protein, total lipids and
ash content of breast muscle. The ash content was
lower (p< .05) in Cross-S than in PC group. The water
retention capacity, identified in the thawing losses
and in cooking losses, differed (p< .01) between PC
and PS, that showed higher water losses (p< .01) as a
consequence of higher thawing (p< .01) and cooking
(p< .05) losses; PS meat showed a lower (p< .05) ten-
derness than PC. Heterosis was negative for the ash
content (�1.7% and �3.7%) in Cross-W and Cross-S.
Higher heterosis effects on thawing and cooking
losses in Cross-W (þ7.3%; �3.0%) than in Cross-S
(þ1.1%; �4.8%) were observed, and then a positive

Table 8. Colour traits of breast and thigh.
Parental genotypes1 Offspring genotypes1

p value RMSEPC PS Cross-W Cross-S

Breast2

Skin
L� 64.3 64.6 65.6 64.4 .7725 2.7
a� .002 �.063 .197 �.313 .5463 .657
b� �1.08ab .915a .012ab �2.10b .0185 1.92

Muscle3

L� 52.8 54.9 54.1 52.9 .4616 3.3
a� 1.65 .887 .815 1.03 .0922 .763
b� .559 2.05 2.08 1.81 .1948 1.71

Thigh2

Skin
L� 69.1 71.2 69.3 68.9 .3609 3.0
a� 1.38a 1.37a .887ab �.174b .0276 1.09
b� 5.70 5.83 4.45 4.00 .2466 2.15

Muscle4

L� 50.80 51.4 51.1 51.1 .9808 3.0
a� 2.75Bb 5.10Aa 2.44Bb 2.76Bb .0001 1.22
b� 1.28b 2.29ab 1.98ab 4.37a .0300 2.00

a,bMeans within the same row followed by different superscript letters differ p< .05.
A,BMeans within the same row followed by different superscript letters differ p< .01.
RMSE: root mean square error.
1Genotypes and number of observations - PC: Padovana chamois (10 birds); PS: Padovana silver (8 birds); Cross-W: cross white (7 birds); Cross-S: cross sil-
ver (7 birds).
2L�: lightness index; a�: redness index; b�: yellowness index.
3Pectoralis major muscle.
4Ilio tibialis muscle.

Table 9. Chemical and rheological traits of breast meat.
Parental genotypes1 Offspring genotypes1 Heterosis2

PC PS Cross-W Cross-S p value RMSE Cross-W Cross-S

pH - 48h 5.95 5.85 5.95 5.96 .2535 .12 .9 1.0
Crude protein3, % DM 94.7 94.7 94.3 94.1 .3884 .8 �.4 �.6
Total lipids3, % DM 1.44 .79 1.42 1.01 .1784 .69 27.4 �9.4
Ash3, % DM 4.59a 4.36ab 4.40ab 4.31b .0295 .2 �1.7 �3.7
Thawing losses, % 4.92Bb 9.32Aa 7.64AaBb 7.20AaBb .0033 2.27 7.3 1.1
Cooking losses, % 19.9b 23.6a 21.1ab 20.7a .0348 2.5 �3.0 �4.8
Total losses, % 24.9Bb 32.9Aa 28.7AaBb 27.9AaBb .0040 4.2 �.4 �3.5
Shear force, N 12.2b 16.5a 15.5ab 12.8ab .0295 3.2 8.0 �10.8
a,bMeans within the same row followed by different superscript letters differ p< .05.
A,BMeans within the same row followed by different superscript letters differ p< .01.
RMSE: root mean square error.
1Genotypes and number of observations - PC: Padovana chamois (10 birds); PS: Padovana silver (8 birds); Cross-W: cross white (7 birds); Cross-S: cross sil-
ver (7 birds).
2% heterosis: [Cross-W or Cross-S � (PCþ PS)/2]/[(PCþ PS)/2]� 100.
3DM: dry matter.
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effect on the shear force in Cross-W (þ8.0%) and a
decrease in cross-S (�10.8%). Anyway, several factors,
besides water losses, such as fibre resistance, sarco-
mere length and collagen morphology can also affect
meat tenderness (Lepetit 2007). It is well noting that
the skin colour parameters were differentiated
between breast and thigh as well as the yellowness
and redness values of breast and thigh muscle.
Padovana birds showed skin and muscle colours
largely different by those of commercial hybrids
mainly due to the different skin pigmentation (Veneto
Agricoltura 2004) and kind of muscular fibres
(Verdiglione and Cassandro 2013). Padovana meat
showed a good microbiological stability due to the
final pH, thus avoiding different types of spoilage
microorganisms that impair taste, flavour and appear-
ance of meat (Barbut et al. 2008; Petracci et al. 2015).

Conclusions

The Padovana crested purebred has been selected in
some phenotypes, involving mainly the plumage col-
our, but also the carcase yield and some physical and
chemical traits of muscles. Chickens with chamois and
silver plumage belonging to a population selected in
Veneto region showed differences in carcase and meat
traits at a slaughter age of 126 d. At this age PS
showed a lower body weight than PC, a lower breast
and hindleg muscles development, and a higher inci-
dence on carcase of shanks. For the Padovana breed,
a slow-growing local purebred, the plumage colour
may be considered not only under a point of view of
a fancy purpose but also under a productive purpose,
as it can affect the slaughtering age at least through-
out the growing period before the pubertal age.
Crossing PC males to PS females produced chickens
with two plumage colours, in different proportions,
but with similar final body weight and carcase weight,
and meat quality responses. The most considerable
heterosis effect was observed on the carcase muscle
development: in cross-S it involved the breast and leg
cuts and it was higher than in Cross-W. Cross-W
showed a considerable heterosis effect on the leg
muscle development, particularly in thigh. The results
of this trial are an original contribution to the study
on Padovana chicken populations with different plum-
age varieties and their cross, and further research is
needed to increase knowledge regarding the relation-
ships between the plumage colour and protein (in
particular, feather and muscle) and lipid (in particular,
abdominal and muscular fat) syntheses and their

effect on slaughtering and carcase yield and
meat quality.
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