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Summary Chicken meat is a significant source of protein and other nutrients. The poultry industry is responsible

for creating many jobs and is essential to the global economy. Thus, the sector demands high-quality

products to satisfy consumers’ expectations. Advances in poultry production with the rapid creation of

heavier birds have increased the incidence of deep pectoral myopathy, provoking substantial losses to the

sector. Several quality indicators of breast fillets obtained from chicken broilers of the strains Cobb 500

and Ross AP95 were measured to evaluate the strain influence on the characteristics of broilers’ breast fil-

lets with different severities of deep pectoral myopathy (DPM). Overall, the myopathy affected the quality

attributes of the breast fillets more significantly than the broilers strain. However, the results of some indi-

vidual quality attributes are strain-specific. Moreover, myopathy severity tends to soften the differences

between the characteristics of the strains.

Keywords Breast fillets, chicken meat, Cobb 500, hierarchical clustering, meat quality, myopathy severity, Ross AP95.

Introduction

Chicken meat is one of the most consumed food prod-
ucts worldwide, and it is a source of high content of
proteins, vitamin B and minerals (L�opez-Andr�es
et al., 2018; Yadav & Jha, 2019). Brazil is the
second-world producer and the leading exporter of
chicken meat. The total exportation volume corre-
sponded to 4.8 million tons generating a revenue of
US$ 9.7 billion in 2022 (Brazilian Association of Ani-
mal Protein, 2023).

One of the most crucial anomalies in poultry meat is
deep pectoral myopathy (DPM), which is identified by
haemorrhage-like lesions with varying colours caused
by muscle necrosis and atrophy, particularly in the Pec-
toralis minor muscle (Cavalcanti et al., 2021). DPM may
be split into three stages: early acute haemorrhagic stage
(score 1, soft DPM), pale pink Pectoralis minor muscle
with lesions surrounded by a clear haemorrhagic ring
(score 2, moderate DPM) and damaged muscle tissue
with a greenish appearance (score 3, severe DPM)

(Yalcin et al., 2018). This myopathy alters the meat’s
appearance, and the affected part must be removed
before human consumption (Giampietro-Ganeco
et al., 2021). Since breast meat is the most profitable
part of broiler chickens, DPMs and other myopathies
challenge the poultry industry, provoking considerable
economic losses (Petracci & Cavani, 2012).
Poultry meat quality is a complex concept involving

several characteristics including physical, chemical,
morphological, biochemical and sensory features. In
this respect, appearance, tenderness, texture, firmness
and odour are among the most crucial broiler meat
properties perceptible by consumers (Mir et al., 2017).
Thus, several indicators are used to evaluate different
dimensions of poultry meat quality. Although myopa-
thies, such as DPM, do not directly affect food safety,
they change meat quality indicators leading to con-
sumers’ rejection of the product (Carvalho et al., 2021).
Many parameters affect the incidence of DPMs in

broiler chicken meat, such as genetics, sex, slaughter
weight, bird mobility and rearing conditions (Caval-
canti et al., 2021). Specialised genetic strains like Ross
and Cobb, are more susceptible to DPM (Kijowski*Correspondent: E-mail: weber.robazzi@udesc.br
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et al., 2014). However, more detailed information
about the effects of DPM occurrence in broiler meat
quality from distinct strains is needed. Therefore, the
current study aims to compare quality indicators of
broiler chicken fillets from Ross AP95 and Cobb 500
strains with different severities of DPM to provide
valuable insights into the poultry industry.

Materials and methods

Samples selection and classification

Sixty breast chicken meat samples (30 Ross AP95 and
30 Cobb 500) were obtained from chicken broilers
slaughtered at 42 days of age in a commercial slaugh-
terhouse in Brazil. For the selection step, breast
chicken samples with both Pectoralis major and Pec-
toralis minor muscles together were randomly collected
on the slaughter line according to the occurrence of
myopathy in the Pectoralis minor muscle as follows:
the control group (absence of DPM, ten samples for
each strain), DPM Score 2 (moderate DPM, ten sam-
ples for each strain) and DPM Score 3 (severe DPM,
ten samples for each strain), using the standard scoring
system (Yalcin et al., 2018). The samples selected did
not exhibit other myopathies than DPM. After selec-
tion, the Pectoralis minor muscle was discarded and
the physicochemical analyses were conducted on the
Pectoralis major muscle of the samples. Physical ana-
lyses were conducted immediately after collection,
whereas samples for chemical analyses were frozen at
�20 °C for no longer than 30 days.

Physicochemical analyses (quality attributes)

The following quality attributes were determined:
Colour: Instrumental colour parameters (lightness,

L*, redness, a* and yellowness, b*) were measured
with a colourimeter (Minolta Chrome Meter CR-400,
Konica Minolta Sensing, Inc, Osaka, Japan) both in
the ventral (skin side) and dorsal (bone side) surfaces
of the breast meat muscle at three different points (cra-
nial, middle and caudal region) and the average of
each region was calculated.

Cooking Loss: The cooking loss (CL) was assessed
through the following procedure: samples of similar
sizes and weights were individually weighted, vacuum-
packed, cooked in a water bath at 85 °C for 30 min,
cooled and reweighted. CL was calculated as a per-
centage by subtracting the final weight from the initial
weight of the samples and dividing the result by the
initial weight multiplied by 100%.

Shear Force and Sarcomere Length: The shear force
(SF) was measured using both the Meullenet-Owens
razor shear (MORS) and the Warner-Bratzler shear
blade (WB) methods (Xiong et al., 2006), associated

with a texture analyser (TA-XT2i, Stable Micro Sys-
tems, Godalming, UK) and results were expressed in
Newtons. Sarcomere length (SL) was evaluated by
using phase-contrast microscopy as described by
Giampietro-Ganeco et al. (2021).
pH: The pH was evaluated 24 h after slaughter

through a digital pH meter (Testo 205, Testo Inc.,
Sparta, NJ) after insertion of the electrode directly
into the Pectoralis major muscles. Moisture, Ash and
Protein Content: The breast fillets’ moisture, ash and
protein contents were measured as described in AOAC
methods 950.46, 920.153 and 977.14, respectively
(Association of Analytical Chemists, 2005).
Lipid Content, Cholesterol Content and

Water-Holding Capacity: The lipid content (LC) was
evaluated following the methodology adopted by Bligh
& Dyer (1959). The cholesterol content and the
water-holding capacity (WHC) were determined using
the procedures described by Giampietro-Ganeco
et al. (2021). In brief, to evaluate cholesterol content,
0.5 g of lyophilised sample was weighed. After adding
60 mL of ethanol and 4 mL of KOH solution, the
tubes were kept in a shaking water bath at 40 °C until
the samples dissolved. Five millilitres of distilled water
and 10 mL of hexane were added to phase separation.
Subsequently, an aliquot of 3 mL was collected from
the upper phase and evaporated with N2. Isopropanol
(0.5 mL) was added, the tubes were vortexed and
3 mL of enzyme reagent was added. A spectrophotom-
eter reading was conducted at 500 nm. To quantify
WHC, 2 g of Pectoralis major muscle samples were
inserted between 2 filter papers and acrylic papers, and
subjected to pressure from a weight of 10 kg for
5 min. Next, the samples were weighed to quantify
WHC as a percentage of the initial weight.
Total, Soluble and Insoluble Collagen: The concen-

trations of total, soluble and insoluble collagens were
estimated through measurements of the amino acid
hydroxyproline adapted by Hadlich et al. (2006).
Briefly, 5 g of the samples were frozen in 50 mL
tubes with 20 mL of distilled water added. After
homogenisation and centrifugation, the samples were
transferred to tubes and split into sediment and super-
natant. A total of 30 mL of HCl was added to the
supernatant and 50 mL of HCl was added to the sedi-
ment. Following filtration in volumetric flasks, aliquots
of 2 mL were pipetted in test tubes and the solution
was read in a spectrophotometer (Shimadzu UV-1800,
Kyoto, Japan). The collagen content was quantified as
7.14 times the hydroxyproline content.

Statistical analyses

Before statistical analyses, all data were tested for nor-
mality with Shapiro–Wilk’s test and variance homoge-
neity was assessed with Bartlett’s test. One-way
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ANOVA assessed differences between treatments (con-
trol, DPM Score 1 and DPM Score 2 for each strain,
totalising six treatments). Two-way ANOVA was used
to evaluate the effects of strain-specific myopathy
severity and the interaction of broilers strain and
DPM score on each quality attribute considered.
Tukey’s honestly significant difference was used for
multiple pairwise comparisons of means with P-values
less than 0.05 considered significant.

To obtain further information regarding the differ-
ent quality attributes and treatments adopted, princi-
pal component analysis (PCA) was also applied to the
dataset. This multivariate technique allows the identifi-
cation of correlations between variables and provides
insights into the interactions between variables and
individuals. Moreover, hierarchical clustering was also
used to describe the dataset. Hierarchical clustering
(HC) is a data mining method used to identify groups
of similar observations in a multivariate dataset. When
dealing with many variables, HC is a powerful tool
that can provide valuable insights into data patterns
that may be overlooked otherwise. The application of
principal component analysis previous to hierarchical
clustering has been used to diminish noise in the data
and, thus, improve clustering (Minetto et al., 2022).

All statistical analyses conducted in the current
study were performed with the software R v. 4.2.2 (R
Core Team, 2022).

Results and discussion

Instrumental colour parameters

Table S1 (See Supporting Information) displays the
P-values obtained after the application of two-way
ANOVA to the data. The DPM severity affected most

of the instrumental colour parameters, except for the
L* of the ventral surface. In contrast, the broilers’
strain affected only the L* of the ventral surface and
the a* of the dorsal surface. Therefore, the myopathy
severity was the most significant factor affecting the
samples’ colour. Both myopathy severity and broiler
strain interacted for most colour parameters.
The control samples from Ross AP95’s ventral and

dorsal surfaces were more yellowish than the DPM
samples of the same strain (Table 1, P < 0.05). These
results contrast with Giampietro-Ganeco et al. (2022),
who obtained larger values of b* for breast fillets of
turkey hens with myopathy in comparison to the con-
trol group. However, results similar to those of the
current study have been obtained for emulsified
chicken patties with wooden breast conditions after
30 days of storage (Santos et al., 2019). The Score 2
DPM was more yellowish in Cobb 500 than Ross
AP95 for ventral and dorsal surfaces (P < 0.05). In
contrast, Score 3 DPM in Cobb 500 was less yellow
compared to the other treatments for this strain
(P < 0.05). Breast fillets from Ross strain with DPM
exhibited higher lipid content, incorporating liposolu-
ble pigments from the feed and increasing yellowness
(Mazzoni et al., 2015).
The redness (a*) of the DPM samples was larger

than the control for both strains in the ventral surface
(P < 0.05). There was no difference between the red-
ness of the strains (P > 0.05). Score 2 DPM treatment
in Ross was redder than Score 3 DPM (dorsal surface)
(P < 0.05). Similarly, the Score 2 DPM treatment was
redder than the control in Cobb 500 (dorsal surface)
(P < 0.05). More extensive redness can be ascribed to
the overexpression of the myoglobin gene in birds with
myopathy caused by fibre-type switching in response
to myodegeneration (Mutryn et al., 2015).

Table 1 Instrumental colour parameters and quality attributes values observed for Ross AP95 and Cobb 500 breast fillets with dif-
ferent deep pectoral myopathy severities

DPM Score

0 2 3 0 2 3

Ross Cobb P-value

a* (ventral) 0.59 � 0.25bc 1.44 � 0.78a 1.05 � 0.71ab 0.35 � 0.25c 0.95 � 0.31abc 0.87 � 0.16abc 0.0001

a* (dorsal) 1.43 � 1.10abc 2.03 � 0.94a 0.96 � 0.30bc 0.87 � 0.29c 1.87 � 0.70ab 1.65 � 0.59abc 0.0022

b* (ventral) 11.14 � 2.20a 7.77 � 2.42bc 7.64 � 1.32bc 9.76 � 1.50ab 10.41 � 1.08a 5.69 � 0.83c <0.0001

b* (dorsal) 13.41 � 1.51a 10.49 � 1.73cd 11.12 � 1.63bc 13.11 � 1.16ab 12.86 � 1.44ab 8.52 � 1.71d <0.0001

L* (ventral) 63.45 � 3.51ab 62.22 � 2.24b 64.02 � 0.93ab 64.06 � 3.15ab 65.90 � 1.83a 64.77 � 1.17ab 0.0260

L* (dorsal) 56.49 � 2.64c 60.33 � 2.09b 61.68 � 1.69ab 62.31 � 2.65ab 61.95 � 1.71ab 63.65 � 1.75a <0.0001

CL (%) 28.75 � 1.41ab 29.34 � 1.39ab 30.15 � 1.98a 27.05 � 1.82b 28.84 � 3.04abc 29.47 � 2.27abc 0.0355

MORS (N) 12.47 � 0.90bc 11.95 � 1.27c 13.49 � 1.02a 12.46 � 1.57bc 11.21 � 1.46bc 14.29 � 0.67ab <0.0001

WB (N) 38.10 � 11.04a 27.44 � 6.72bc 31.89 � 2.88ab 33.15 � 8.83ab 21.71 � 3.07c 34.55 � 4.40ab <0.0001

SL (lm) 1.62 � 0.05b 1.76 � 0.06a 1.72 � 0.07a 1.69 � 0.07ab 1.74 � 0.07a 1.77 � 0.04a <0.0001

Means followed by different letters in the same line are different from each other by the Tukey test (P ≤ 0.05).
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The lightness (L*) values for the dorsal surface were
lower for control samples of Ross strain compared to
the other samples belonging to the same strain
(P < 0.05). By contrast, lightness values for Cobb 500
were similar, independently of the DPM score
(P > 0.05) or of the surface of the breast muscle.

Overall, results showed that the breast fillets with
DPM exhibited larger a* and lower b* for both strains
compared to the control. In contrast, samples from the
Ross strain showed larger L* and samples from the
Cobb strain showed no difference in lightness com-
pared to the control. Thus, on average, the myopathy
changed the sample’s colour pattern.

Cooking loss, shear force and sarcomere length

From a statistical significance perspective, cooking
loss, shear force and sarcomere length were affected by
DPM severity but not by the broiler strain (Table S1).
Cooking loss describes the inherent loss of nutritional
value of the meat during cooking (Sari et al., 2021). In
the current study, cooking loss was slightly affected by
myopathy severity for both strains (Tables 1 and S1).
On the contrary, sarcomere length was slightly higher
in samples with DPM, particularly for the line Ross
AP95. This behaviour may be ascribed to a reduced
capillarisation and impaired oxygen supply to the Pec-
toralis major muscle, which compromises the constitu-
ent fibres and damages their ability to combine new
sarcomeres. High sarcomere lengths result in more
considerable meat tenderness (Soglia et al., 2020).

Cooking loss and shear force are widely used as
quality attributes of cooked fillets (Wang et al., 2023).
In the current study, the Warner-Bratzler (WB) shear
force was significantly less in the Score 2 myopathy
group for both strains in comparison to the
other treatments (P < 0.05). In what concerns the
Meullenet-Owens Razor Shear (MORS), the Score 3
myopathy was significantly higher than the other treat-
ments for both strains (P < 0.05). Similar results were
observed for broiler fresh fillets with wooden breast
condition (Guzm�an et al., 2021). Although both WB
and MORS methods evaluate the tenderness of the
breast fillets, results may vary depending on muscle
locations on the fillets, particularly for the WB meth-
odology (Bowker & Zhuang, 2019). In contrast,
MORS is a more recent method that reduces time for
analysis and variability due to muscle location. MORS
has been the most adopted method to measure poultry
meat tenderness (Xiong et al., 2006). Overall, in the
current study, both WB and MORS measurements
indicate a decrease in the shear force for moderate but
not severe myopathy. These results suggest a softer
texture for breast fillets with moderate DPM, possibly
due to a reduction in myosin and actin, generating a
softer texture of meat (Carvalho et al., 2021).

pH

The meat pH is an essential quality attribute closely
related to muscle glycogen stores (Beauclercq et al.,
2022). Both DPM severity and strain affected the sam-
ples’ pH but not their interaction (Table S1). Overall,
the pH was higher for the breast fillets from Cobb 500
than the Ross AP95 (Fig. S1, P < 0.05; see Supporting
Information). Differences in pH from breast muscles
of different commercial strains have been previously
described (Petracci et al., 2013). Higher pH values in
the current study were observed for the Score 2 DPM
for both strains (P < 0.05), compared to the control
group and Score 3 myopathy. High pH was also
observed in chicken meat samples with other myopa-
thies, like wooden breast and white striping, which are
also more common in fast-growing strains like Cobb
and Ross, suggesting that muscle disorders exhibit sim-
ilar biochemical properties (Mazzoni et al., 2015).
High pH in breast fillets is related to a high
water-binding capacity of myofibrillar proteins
(Albrecht et al., 2019). Moreover, birds with myopa-
thies and high pH exhibit low muscle glycogen content
linked to the downregulation of glycolysis and glyco-
genesis (Beauclercq et al., 2022).

Moisture, ash and protein contents

DPM severity significantly affected moisture content,
but the strain did not (Table S1). Moisture contents
were not statistically different in all groups (P > 0.05,
results not shown). However, both ash and protein con-
tents were affected by the two factors, DPM Score and
broiler strain, and their interaction (Table S1). Ashes
from breast fillets with DPM were higher for Ross AP95
than Cobb 500 (Fig. S2, P < 0.05). Regarding the pro-
tein content, on average, the strain did not affect the
values (P > 0.05), except for the Score 2 DPM, which
was higher for the Ross strain (P < 0.05). The protein
content of the control sample was higher than Cobb 500
with DPM (P < 0.05). On the contrary, only the protein
content of the Score 2 DPM samples was less than the
other treatments for Ross AP95 (P < 0.05). According
to Stangierski et al. (2019), the DPM causes unfavour-
able changes in the histological structure of muscle
fibres and the native state of myosin, provoking struc-
tural changes in proteins.
Regarding the ash content, overall, it was higher in

Ross AP95 birds compared to the Cobb 500 with simi-
lar treatments (p < 0.05), and it remained unaffected
by the presence of DPM (p > 0.05), except for the
Score 2 DPM in Cobb 500 (p < 0.05). Nevertheless,
other studies have shown that the ash content
decreases in breast fillets with myopathy, probably due
to a redistribution of energy stores toward fat deposi-
tion, altering ion homeostasis (Yalcin et al., 2018).
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Lipid content, cholesterol content and water-holding
capacity

Water-holding capacity values were independent of
both the broiler strain and DPM severity individually,
but the interaction between strain and DPM severity
influenced WHC, as pointed out in Table S1. These
results contrast with other studies in which the myopa-
thy has worsened the water-holding capacity (Zhang
et al., 2020). Overall, it has been described that myop-
athy fillets have lower WHC than standard samples
(Fig. S3), which leads to water losses during the pro-
cessing and storage of the meat (Zago et al., 2023). In
this study, the WHC from the control sample was
lower for Ross AP95 when compared to Cobb 500
(P < 0.05). The cholesterol results were similar for
both strains and independent of DPM severity
(Table S1 and Fig. S3). In contrast with the current
study, it has been previously demonstrated that the
broiler strain strongly affects cholesterol content
(Al-Ruwaily et al., 2014). Regarding the lipid content,
results were more strain-dependent than DPM
severity-dependent (Table S1). Lipid content was
higher for Ross AP95 birds with severe myopathy
(P < 0.05), following published results (Sammari
et al., 2023). As the DPM is characterised by lesions in
both the P. minor and P. major muscles, the
injured tissue is substituted for adipose tissue, thus
increasing the lipid content of the breast fillets
(Giampietro-Ganeco et al., 2021).

Insoluble collagen, soluble collagen and total collagen

Regarding the collagen proportion, soluble and total
collagen were affected only by the broiler strain,
whereas insoluble collagen was affected only by the
severity of myopathy. There was no difference between
groups of the same strain regarding soluble collagen
(Fig. S4, P > 0.05). Although the myopathy severity
did not affect the soluble collagen content, the values
obtained for Ross AP95 birds were significantly higher
compared to the Cobb 500 (P < 0.05). The same pat-
tern was observed for the total collagen. Concerning
the insoluble collagen, it was higher for severe myopa-
thy (Score 3) in Ross AP95 compared to the other
treatments (P < 0.05). The insoluble collagen is the
most resistant form of collagen and an essential factor
of meat tenderness affecting meat quality (Intarapichet
et al., 2008). Myopathies are associated with structural
alterations in the muscles of fast-growing broiler
strains, as observed for severe myopathy in the Ross
strain. An increased proportion of collagen in poultry
meat products can reduce the number of essential
amino acids for humans and, thus, the meat quality
(Carvalho et al., 2021)

Clustering

After application of the principal component analysis,
two principal components explained 61.8% of the total
variance of the data, whereas three principal

Figure 1 Biplots obtained for the (a) two first and (b) the second and third principal components.
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components explained 82.0%. Biplots are graphical
PCA representations that combine both variables
(quality attributes) and individuals (treatments) in a
single plot. These diagrams can provide useful insights
into visualisation of multivariate data. The biplots
obtained show that the Ross AP95 and Cobb 500 con-
trol (Score 0 DPM) properties are unique, since the
points corresponding to these treatments are relatively
far from the other treatments (Fig. 1). Thus, control
treatments for both strains can be assumed as outliers.
Moreover, since Ross AP95 and Cobb 500 with Score
3 DPM treatments are close to each other, they can be
considered as belonging to one single cluster. Thus,
from a general perspective, the Score 3 DPM charac-
teristics are similar and strain-independent. However,
in what concerns some specific properties, some differ-
ences between the strains can be identified, such as, for
instance, the soluble and total collagens, which are
larger in the Ross AP95 birds with Score 3 DPM
(Fig. S4). Regarding the Score 2 DPM (moderate
myopathy), the characteristics of the two strains are
not as similar as the Score 3 DPM, but they can be
approximated as belonging to the same cluster

(Fig. 1b). In particular, Cobb 500 birds with Score 2
DPM present high ventral lightness values (Table 1),
whereas Ross AP95 birds with Score 2 DPM have
high pH and low protein content.
Hierarchical clustering showed that treatments could

be divided into four clusters being the first cluster com-
posed of samples with Score 2 DPM, whereas the other
cluster is composed of samples with Score 3 DPM. The
two remaining clusters are constituted by the control
samples of each strain. Thus the breast fillets’ quality is
most affected by the myopathy severity in comparison
to the birds’ strain. The difference between the meat
characteristics of the different birds’ strains is
more pronounced in the control samples. However, the
myopathy seems to balance the differences between the
quality attributes of the broilers’ meat of the two
strains. This behaviour can be visualised in the heat-
map that includes a dendrogram exhibiting the clusters
and the values of each physicochemical property mea-
sured in colour scales (Fig. 2). Overall, the values of
the different properties for the control treatments are
less than the birds with DPM. Different colour tones
demonstrate more apparent differences between all the

Figure 2 Heatmap containing the clusters obtained through hierarchical clustering.

� 2024 Institute of Food Science & Technology (IJFST)International Journal of Food Science and Technology 2024

Meat quality of chicken strains with myopathy A. Giampietro-Ganeco et al.3378

D
ow

nloaded from
 https://academ

ic.oup.com
/ijfst/article/59/5/3373/7807674 by guest on 17 January 2026



treatments for the shear force (both measurements).
Regarding the Score 2 DPM, the main differences
between strains were observed in the colour instrumen-
tal parameters and ash content. For the Score 3 DPM,
the differences between strains were most pronounced
in the shear force measurements, protein, moisture and
lipid contents.

Conclusions

The current study evaluated the influence of the broiler
strain (Cobb 500 and Ross AP95) on quality attributes
of breast fillets of broilers with different severities of
Deep Pectoral Myopathy. Results showed that the
severity of myopathy affected more the quality attri-
butes than the broiler strain. However, the results of
the quality attributes were strain-specific, for instance,
ashes content and total and soluble collagens were
higher for the Ross broilers than for the Cobb
broilers. In contrast, cholesterol and water-holding
capacity were practically independent of broiler strain
and DPM severity. The DPM severity has altered
mainly properties associated with the colour and tex-
ture of the breast fillets, which are directly associated
with the consumer’s sensory perception of quality. By
analysis of the whole dataset, one can conclude that
the treatments could be split into four clusters accord-
ing to the myopathy severity. The clusters formed sug-
gested that the DPM presence in the breast fillets
minimise the distinction between the physicochemical
characteristics and quality of the meat of the different
strains, that is, the broilers of both strains with DPM
Score 3 are more similar to each other than the con-
trol broilers of both strains. Further investigations will
provide a more complete picture of how myopathy
affects each quality attribute of breast fillets in the dif-
ferent strains.
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