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ABSTRACT The influence of the season and market
class of broiler chickens on breast meat quality traits was
determined on a total of 18 flocks reared and processed
under commercial conditions. According to the Italian
poultry production system the following classes of birds
were considered: light size (1.2 kg of carcass weight; n =
90) and medium size (1.8 kg of carcass weight; n = 90),
represented by females slaughtered at 40 and 52 d old,
respectively, whereas heavy size were 57-d-old male
broilers (2.4 kg of carcass weight; n = 90). After slaughter,
15 carcasses per flock (n = 270) were randomly collected
during winter (n = 135) and summer (n = 135) seasons and
used at 24 h postmortem to determine breast (pectoralis
major) meat color (lightness, redness, and yellowness),
pH, drip and cook loss, as well as Allo-Kramer (AK) shear
values. Furthermore, pectoralis minor muscles were used
to determine lipid, protein, moisture, and ash content.
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INTRODUCTION

The dramatic changes in the market forms for poultry
in recent years, from a predominantly whole bird com-
modity to modern highly diversified industry focused on
cut-up, deboned meat, and ready-to-eat further processed
products, has resulted in a change of quality expectation.
The major poultry meat quality attributes are appearance,
texture, juiciness, flavor, and functionality (Fletcher,
2002). With trends increasing toward in further pro-
cessing, meat functionality has increased in relative im-
portance, especially because of its key role in determining
the sensory quality of complex ready-to-eat products. Wa-
ter-holding capacity (WHC) and water-binding capacity
of meat are also critical attributes for successful product
formulation and process control. Traditionally, less con-
sideration has been given to the functional properties of
poultry meat such as WHC and texture (Barbut, 1998).
Loss in functionality of poultry breast meat is often associ-
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Finally, because the flocks included white- and yellow-
skinned broilers, the color of the carcass skin was mea-
sured to assess the relationship between skin and raw
breast meat color. With regard to the season, breast meat
from birds slaughtered during summer exhibited a paler
and less red color, lower pH, higher drip and cook losses,
lower AK-shear, and a higher content of moisture and a
lower content of protein and ash. In respect to medium
and heavy birds, light broilers produced breast meat with
higher values of redness, lower pH and cook loss, higher
AK-shear values, and a higher content of moisture and
ash. Finally, a positive correlation (r = +0.92; P ≤ 0.001)
between skin and breast meat yellowness was found.
These results indicate that during summer, broiler breast
meat undergoes a depression of its functionality and qual-
ity. Moreover, the market class of birds also determined
some differences in breast meat quality attributes.

ated with pale meat and is often referred to as pale, soft,
exudative (PSE) or PSE-like (Bianchi et al., 2005). Some
researchers have indicated that significant variations in
breast meat color exist during processing as well as at
the retail level, depending on the flock, type of birds,
processing factors, and seasonality (Barbut, 1997; Owens
et al., 2000; Wilkins et al., 2000; Woelfel et al., 2002; Pe-
tracci et al., 2004; Bianchi et al., 2006). Genetics also has
been reported as a relevant factor for determining quality
characteristics of the meat (Berri et al., 2001; Debut et al.,
2003). Some factors other than biological variations have
been considered to affect poultry meat quality. The envi-
ronmental conditions during transport and holding of the
birds have been shown to affect processing yield and
meat quality (Northcutt, 1994; McKee and Sams, 1997;
Petracci et al., 2001; Bianchi et al., 2004). During the sum-
mer months, high antemortem temperatures can affect
muscle acidification, or rigor development, and subse-
quent meat quality via adrenal or other physiological
responses or simply by fatigue of the birds (Lambooij,
1999; Warriss et al., 1999).

The production system of broiler chickens in Italy is
mainly characterized by the separate rearing of females
and males to obtain 3 different market classes of birds:
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light-size, medium-size, and heavy-size broilers. The light
birds are females reared up to 1.5 to 1.7 kg of live weight
(37 to 40 d old) to yield 1.0- to 1.2-kg carcasses for rotis-
serie-type products; medium birds are usually females
(but might also be males) reared up to 2.3 to 2.5 kg of
live weight (45 to 52 d old) to produce 1.5- to 1.6-kg
carcasses mainly used for cut-up products. Finally, heavy
birds are male broilers reared up to 3.4 to 3.6 kg of live
weight (54 to 58 d old) to yield 2.5- to 2.6-kg carcasses for
the production of cut-up and further processed products.
Furthermore, according to special regional consumer
preferences, the carcass skin color can be white (southern
Italy) or yellow (northern Italy) by using natural or syn-
thetic pigments in bird feed. Because of the differences
in sex and age at slaughter, meat quality characteristics
of these classes of chickens might differ from each other.

Therefore, a study was conducted to determine the
influence of the season and market class of broiler chick-
ens on breast meat quality traits.

MATERIALS AND METHODS

Animals and Experimental Design

The study was conducted on a total of 18 flocks of
broiler chickens (Ross 508 strain) reared under commer-
cial conditions in 3 different farms. The birds varied in
sex and age at slaughter according to the Italian poultry
production system whereby light (1.2 kg of carcass
weight; n = 90) and medium (1.8 kg of carcass weight;
n = 90) classes of birds were represented by females
slaughtered at an average age of 40 and 52 d, respectively,
whereas heavy male broilers (2.4 kg of carcass weight;
n = 90) were 57 d old. Moreover, according to the Italian
regional market need, 8 of the considered flocks were fed
corn-soybean multiphase diets (total xanthophyll content:
12 to 15 mg/kg of feed) or wheat/sorghum-soybean diets
(total xanthophyll content: 2 to 3 mg/kg of feed) to obtain
yellow- or white-skinned carcasses, respectively. Prior to
slaughter, broilers were subjected to a total feed with-
drawal of 8 to 12 h, including a holding time at the pro-
cessing plant of 2 to 3 h. The birds were subsequently
processed under commercial conditions using electrocu-
tion (120 V, 200 Hz) as the stunning system. After chilling,
15 carcasses per flock (n = 270) were randomly collected
and used for subsequent meat quality evaluation during
winter (n = 135) and summer (n = 135) seasons. At 24 h
postmortem the color of the carcass skin was measured
and breast (pectoralis major) meat used to determine color
[lightness (L*), redness (a*), and yellowness (b*)], pH,
drip loss, cook loss, and Allo-Kramer shear values of
cooked meat. Finally, pectoralis minor muscles were fro-
zen for subsequent determination of lipid, protein, mois-
ture, and ash content.

Analytical Methods

Color Measurements. The CIE (1978) system color
profile of L*, a*, and b* was measured by a reflectance

colorimeter (Minolta Chroma Meter CR-300, Minolta
Italia S.p.A., Milano, Italy) using illuminant source C. The
colorimeter was calibrated throughout the study using a
standard white (reference number 1353123. Y = 92.7, x =
0.3133, and y = 0.3193) ceramic tile. The carcass skin color
was determined on the thickest part of the skin located
on the pectoral apterium (the area between the pectoral
and sternal feather tracts). For breast (pectoralis major)
meat color evaluation, measurements were taken on the
cranial, medial surface (bone side) in an area free of obvi-
ous color defects (bruises, discolorations, hemorrhages,
full blood vessels, or any other condition that may have
affected uniform color reading).

pH Measurement. The pH was determined using a
modification of the iodoacetate method initially described
by Jeacocke (1977). Approximately 2.5 g of breast meat
was removed from the cranial end of each fillet, minced
by hand, homogenized in 25 mL of a 5 mM iodoacetate
solution with 150 mM potassium chloride for 30 s, and
the pH of the homogenate was determined using a pH
meter (pH meter HI98240 equipped with electrode FC230,
Hanna Instrument S.p.A., Padova, Italy) calibrated at pH
4.0 and 7.0.

Drip and Cook Loss Determination. The 2 fillets from
each whole breast were separated and used for the deter-
mination of drip and cook loss. Drip loss was carried out
on 1 intact fillet kept suspended in a sealed glass box for
48 h at 2 to 4°C and expressed as percentage of weight
loss during storage. Cook loss was measured on the other
fillet by cooking the samples in a convection oven on
aluminum trays at 180°C until 80°C at core sample. The
fillets were then allowed to equilibrate to room tempera-
ture, reweighed, and cook loss was determined as per-
centage of weight loss.

Shear Value Determination. Shear values were deter-
mined using a TA.HDi Heavy Duty texture analyzer (Sta-
ble Micro Systems Ltd., Godalming, Surrey, UK)
equipped with an Allo-Kramer shear cell using the proce-
dure described by Papinaho and Fletcher (1996). A 25-
mm diameter core were removed from the thickest part
of each fillet, weighed, and sheared with the blades at a
right angle to the fibers using a 250-kg load cell and cross
head speed of 500 mm/min. Allo-Kramer shear values
were reported as kilograms shear per gram of sample.

Chemical Analyses. The chemical composition (mois-
ture, protein, lipid, and ash content) was carried out on
frozen pectoralis minor muscles. The percentage of mois-
ture was determined in duplicate according to the Associ-
ation of Official Analytical Chemists (AOAC, 1990) proce-
dure. Protein content was determined using a standard
Kjeldahl copper catalyst method (AOAC, 1990). Total lip-
ids were measured using the chloroform:methanol proce-
dure described by Folch et al. (1957). Ash content was
determined using the procedure described by the
AOAC (1990).

Statistical Analysis

The influence of the season (winter vs. summer) and
market class of broilers (light vs. medium vs. heavy) were
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Table 1. Effect of the season on broiler breast meat quality traits and
chemical composition

Season

Item Winter Summer SEM P-value

n 135 135
Meat quality trait1

Lightness, L* 52.58b 54.09a 0.20 0.000
Redness, a* 2.01a 1.50b 0.07 0.000
Yellowness, b* 4.28b 5.84a 0.23 0.001
pH 5.99a 5.95b 0.01 0.031
Drip loss (%) 0.88b 1.35a 0.04 0.000
Cook loss (%) 16.17b 17.02a 0.14 0.002
Allo-Kramer shear (kg/g) 3.29a 2.64b 0.08 0.000

Chemical composition2

Moisture (%) 74.19b 75.24a 0.07 0.000
Protein (%) 23.22a 22.92b 0.04 0.000
Lipid (%) 1.15 1.19 0.02 0.282
Ash (%) 1.45a 1.36b 0.01 0.000

a,bMeans within a row followed by differing superscript letters differ
significantly (P ≤ 0.05).

1Determined on pectoralis major muscles.
2Determined on pectoralis minor muscles.

separately evaluated by using 1-way ANOVA testing the
season or the class of broilers as main effect, respectively.
Means were separated using Duncan multiple range test
option of the GLM procedure (SAS Institute, 1988). Pear-
son correlation coefficients (r), regression model (R2), and
probabilities were calculated to evaluate the relationships
between the color parameters (L*, a*, b*) of skin and
breast meat.

RESULTS AND DISCUSSION

In Table 1 the effect of the season (winter vs. summer)
on broiler breast (pectoralis major) meat quality traits is
reported. In respect to the broilers slaughtered during
winter, the color of breast meat from birds processed
during the summer season was significantly (P ≤ 0.01)
paler (L*, 54.09 vs. 52.58), less red (a*, 1.50 vs. 2.01), and
more yellow (b*, 5.84 vs. 4.28). Moreover, the meat pH
was lower during summer (5.95 vs. 5.99; P ≤ 0.05) and
was associated with higher (P ≤ 0.01) drip (1.35 vs. 0.88%)
and cook (17.02 vs. 16.17%) losses in respect to those
observed during winter. These results indicate that broiler
breast meat obtained from chickens reared and processed
under warm temperature (summer) undergoes a signifi-
cant deterioration in WHC properties with respect to
birds kept at cool temperature (winter).

During the summer months, heat stress and excitement
just prior to slaughter can affect the postmortem metabo-
lism of muscle and subsequent meat quality characteris-
tics such as color, WHC, and texture (Lambooij, 1999;
Warriss et al., 1999). Babji et al. (1982) reported that heat
stress resulted in significantly lower pH values for raw
muscle and cooked meat, a reduced WHC, and increased
lightness (L*) values. Petracci et al. (2001) showed that
birds kept at higher temperatures prior to slaughter had
significantly lower ultimate pH values than birds sub-
jected to cooler temperatures. McKee and Sams (1997)
observed that turkeys subjected to heat stress exhibit ac-

celerated postmortem metabolism and biochemical
changes in the muscle producing pale, soft, and exudative
meat characteristics with lower pH values, paler color,
as well as higher drip and cook losses. McCurdy et al.
(1996) also observed that turkey breast muscle exhibited
highest L* values in the summer season. In a further
study, Bianchi et al. (2004), using the low-resolution nu-
clear magnetic resonance technique, concluded that paler
color of turkey muscles during summer with respect to
those collected in winter is associated with differences in
low resolution nuclear magnetic resonance transversal
relaxation properties of the water molecules of the muscle.
In this study, it was also reported that during summer,
turkey breast meat exhibits a lower WHC and an acceler-
ated postmortem muscle metabolism, as indicated by the
lower pH at 15 min postmortem. Northcutt (1994) re-
ported that thermal preconditioning and heat shock in
chicken resulted in breast meat that appeared to be PSE.
Finally, other studies conducted on broiler chickens (Wil-
kins et al., 2000; Woelfel et al., 2002) did not outline clear
effects of the season on meat color (L*).

When applying to our data the truncation value of L* =
56 previously suggested to classify the paler-than-normal
(or PSE-like) broiler breast meat in the Italian production
system (Petracci et al., 2004), it was established that the
occurrence of pale meat is greater in birds slaughtered
during summer (26.7%) with respect to birds processed
during winter (5.9%). These results are consistent with
those obtained by Petracci et al. (2004) who reported that
the incidence of pale meat is greater during summer.

The tendency of the breast meat to show a lower red-
ness when lightness increases observed in this study
agrees with previous researchers (Van Laack et al., 2000;
Qiao et al., 2001; Bianchi et al., 2005). Moreover, Petracci
et al. (2001) also reported significantly lower breast meat
redness (a*, 2.48 vs. 3.04) in broilers held at higher temper-
atures (34 vs. 25°C).

Shear values of cooked breast meat, were found sig-
nificantly lower (2.64 vs. 3.29 kg/g; P ≤ 0.01) in summer
with respect to winter. Finally, concerning the chemical
composition, the meat (pectoralis minor) produced dur-
ing summer exhibited a higher content of moisture (75.24
vs. 74.19%; P ≤ 0.01) and a lower content of protein (22.92
vs. 23.22%; P ≤ 0.01) and ash (1.36 vs. 1.45%; P ≤ 0.01). If
we consider that the meat produced during summer is
paler than that produced during winter, these results
could be considered consistent with those reported by
Qiao et al. (2002). These authors compared the chemical
composition of broiler breast meat with lighter than nor-
mal, normal, or darker than normal color and found that
meat from the light group had significantly lower protein
content than the normal or dark meat as well as lower
ash content than the dark group.

In Table 2 the effect of market class of broilers on breast
meat quality traits is reported. The average carcass
weights were 1.167, 1.779, and 2.387 kg for light, medium,
and heavy broilers, respectively. As regard to the meat
color, the breast meat from light birds was redder than
medium and heavy broilers, whereas the yellowness was
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Table 2. Effect of the market class on broiler breast meat quality traits and
chemical composition

Market class

Item Light Medium Heavy SEM P-value

n 90 90 90
Carcass weight (kg) 1.167c 1.779b 2.387a 0.031 0.000
Meat quality trait1

Lightness, L* 53.47 53.56 52.98 0.20 0.422
Redness, a* 2.14a 1.52b 1.59b 0.07 0.000
Yellowness, b* 4.75b 6.08a 4.35b 0.23 0.005
pH 5.92b 5.99a 5.98a 0.01 0.003
Drip loss (%) 1.07 1.05 1.22 0.04 0.246
Cook loss (%) 15.80b 16.83a 17.16a 0.14 0.000
Allo-Kramer shear (kg/g) 3.55a 2.74b 2.60b 0.08 0.000

Chemical composition2

Moisture (%) 74.99a 74.66b 74.49b 0.07 0.008
Protein (%) 23.06 23.12 23.04 0.04 0.653
Lipid (%) 1.13 1.15 1.23 0.02 0.172
Ash (%) 1.45a 1.38b 1.38b 0.01 0.014

a–cMeans within a row followed by differing superscript letters differ
significantly (P ≤ 0.05).

1Determined on pectoralis major muscles.
2Determined on pectoralis minor muscles.

higher in medium compared with light and heavy birds.
In another study, Bianchi et al. (2006) found that the
heavier birds (>3.3 kg of live weight) produced darker
breast meat (lower lightness values) in comparison with
lighter birds (3.0 to 3.3 kg and <3.0 kg of live weight).
However, no differences were found in the meat redness.
Smith et al. (2002), comparing straight run broilers pro-
cessed at various ages (from 42 to 52 d old) reported that
color of broiler breast meat was not affected by age.

In light birds, the pH of breast meat was lower than
medium and heavy broilers. However, despite the lower
values of pH, cook loss was lower in light birds. These
results might indicate that the differences in the WHC of
the meat were more related to a physical than a pH-
induced effect. It is well known that the diameter of mus-
cle fibers increases as the age and the weight of the birds
increase, thus changing the structural characteristics of
the muscle (Dransfield and Sosnicki, 1999). This structural
effect might also contribute to the differences found in
shear values, which were higher in light birds (Table 2).
Dransfield and Sosnicki (1999) reported that smaller fiber
diameters might allow a higher packaging density and
increase toughness of the meat even if this effect was
not confirmed in all species. Finally, the meat from light
broilers had a higher content of moisture and ash, which
can be related to the younger age at slaughter.

Table 3. Pearson correlation coefficients (r) and probabilities between
skin and breast meat (pectoralis major) color (n = 270)1

Item L* skin a* skin b* skin

L* meat +0.21*** −0.08NS +0.01NS

a* meat −0.05NS +0.39*** −0.50***
b* meat −0.17** −0.58*** +0.92***

**P ≤ 0.01; ***P ≤ 0.001.
1L* = lightness; a* = redness; b* = yellowness.

Figure 1. The relationship between the yellowness (b*) of the skin
and the yellowness of breast meat (pectoralis major): (b∗

skin = 8.38 + 1.93
× b∗

meat; n = 270; Pearson r = +0.92; regression model R2 = 0.85; P ≤ 0.001).

As previously described in the Materials and Methods
section, the flocks of birds considered in this study in-
cluded white- and yellow-skinned broilers, and the color
of the skin was measured to evaluate the relationships
between the color parameters of skin and meat. In Table
3 the Pearson correlation coefficients (r) and probabilities
among skin and breast meat color are reported. The most
interesting result is the correlation between the yel-
lowness of the skin and breast meat (Figure 1; r = +0.92;
R2 = 0.85; P ≤ 0.001), which indicates that the more yellow
the color of the skin, the more yellow the color of raw
breast meat.

In conclusion, the results found in this study indicate
that broiler breast meat obtained from chickens reared
and processed under warm temperature (summer) under-
goes a significant deterioration in WHC properties in re-
spect with birds kept at cool temperature (winter). More-
over, the market class of birds may also play a role in
determining variations in breast meat quality attributes,
especially when comparing light- with medium- and
heavy-size birds.
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