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ABSTRACT

In this study, we compared three popular textural tests: the compression, Meullenet-Owens
razor blade (MORS), and Allo-Kramer (AK) tests, which are used to detect the wooden breast
(WB) and spaghetti meat (SM) myopathies. A total of 209 fillets (71 WB, 71 SM, 67 normal) were
selected from three different flocks at a large commercial plant. Thawed fillets were subjected
to 20% compression tests before and after cooking, and cooked samples were subjected to the
MORS and AK tests. The compression test on raw samples showed that normal and SM fillets
had lower force (5.61 and 4.69 vs. 9.52 N), work (25 and 22 vs. 45N mm), and Young’s modulus
(2.71 and 2.11 vs. 429N/s, p<.001) values than those of WB. The results of the compression
test were confirmed by the cooked fillet results. The MORS test showed that SM had lower shear
force (12.8 vs. 14.7 N) and work (249 vs. 288 N mm) values than those of the normal fillets, while
WB showed intermediate values. The AK test results showed that SM had lower shear force
(10.5 vs. 14.5N) and Young's modulus (31.0 vs. 46.0N/s; p <.01) values than those of WB fillets,
whereas normal fillets had intermediate values. The compression test can be used to identify
WB in both raw and cooked meat. The MORS test could distinguish cooked SM fillets from nor-
mal fillets, whereas the AK test differentiated SM from WB.

HIGHLIGHTS

e This study compared the compression, Meullenet-Owens razor blade, and Allo-Kramer tests
for detecting wooden breast (WB) and spaghetti meat (SM).
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e The compression test identified WB in both raw and cooked fillets.
e Meullenet-Owens razor blade test distinguished SM from normal fillets.
o Allo-Kramer test accurately distinguished SM from WB fillets.

Introduction

Poultry markets have changed substantially over the
past 50years. Increased demand has driven producers
to improve farming techniques and produce more
meat over a shorter period of time. Today, broilers are
marketed in about half the time and at about twice
the body weight as compared to 50years ago (Barbut
2015). Boneless and skinless broiler breast meat is one
of the most consumed products worldwide because it
is viewed as a low-fat product with a bland flavour
profile and is reasonably priced (Morey and Owens
2017). In addition, consumers prefer broiler meat as a
tender product. However, there are factors that can
negatively impact the tenderness of broiler fillets
(Morey and Owens 2017).

Overall, the poultry industry is facing increased
occurrences of meat abnormalities due to both pre-
slaughter and slaughtering factors (Kuttappan et al.
2016; Petracci et al. 2019). Some of these defects have
also been observed in other species (e.g. pale, soft,
and exudative meat in pork) and are often described
in the literature. Other abnormalities are specific to
poultry, such as white striping (WS), wooden breast
(WB), and spaghetti meat (SM), all of which affect the
pectoralis major muscle of broiler breasts (Petracci
et al. 2019). Among these myopathies, WS is usually
most prevalent in both males and females, whereas
WB is more prevalent in males (Gratta et al. 2019) and
SM in females (Pascual et al. 2020). In commercial
processing plants, these myopathies are typically
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identified in raw breast fillets through subjective tact-
ile and visual assessments.

The myopathies affect different quality attributes
(texture, juiciness, tenderness, colour, and flavour).
Therefore, they can significantly affect consumer
judgement (Kuttappan et al. 2012; Tasoniero et al.
2016) and compromise the technological properties of
meat (pH, water holding and binding capacity, texture)
(Mudalal et al. 2015; Trocino et al. 2015; Soglia et al.
2016). The significant rise in myopathies over the last
5years has become a challenge for the global poultry
industry (Aguirre et al. 2018; Petracci et al. 2019). The
WS and WB fillets have increased intramuscular fat
content, decreased protein levels, and decreased sol-
uble salt content as well as some dysfunctions in
muscle tissues, such as degeneration of the myofibril-
lar structure (Mudalal et al. 2015; Radaelli et al. 2017;
Soglia et al. 2017). Furthermore, fillets with WB have a
lower water holding capacity and, therefore, higher
cooking losses than normal meat (Soglia et al. 2016).
However, the SM effects on meat quality are not fully
understood because the condition is much more
recent (Baldi et al. 2018).

The current methods for diagnosing fillets affected
by myopathies are visual and palpitation methods,
and near-infrared reflectance spectroscopy, which is
used to check raw broiler breast fillets. In both com-
mercial and research situations, subjective scoring is
still the predominant method used to categorise
chicken fillets under WB conditions (Pang et al. 2020).
Nevertheless, objective criteria (e.g. instrumental tex-
ture measurements) that assess the presence and
severity of the different myopathies are required.
Literature data on the shear force of cooked WB meat
are not always consistent (Chatterjee et al. 2016; Tijare
et al. 2016; Cai et al. 2018; Dalgaard et al. 2018;
Maxwell et al. 2018). Overall, with compression-based
texture methods, as opposed to shear-based methods,
the results for WB fillets are rather consistent, particu-
larly for raw samples (Soglia et al. 2016, 2017;
Dalgaard et al. 2018; Sun et al. 2018). Nevertheless, a
more thorough understanding of the textural charac-
teristics of WB and SM in both raw and cooked meat
is needed. Furthermore, it is important to evaluate
which method is the most reliable one for detecting
affected fillets. Therefore, we evaluated and compared
normal, WB, and SM fillets after testing them using
the compression of raw and cooked meat method and
shear with a single blade (Meullenet-Owens razor,
MORS) method and shear with multiple blades
(Allo-Kramer, AK) method on cooked meat. The
second aim was to compare the methods in order to

determine the best method for all or
tain myopathy.

a cer-

Materials and methods
Sampling of broiler breast fillets

Breast fillets were collected from the deboning line of
a commercial processing plant (Maple Leaf Poultry,
Brampton, ON, Canada) 3h post mortem. A total of
209 fillets (67 normal, 71WB, 71 SM) was selected
from three flocks (79, 97, and 33 in each flock) on
three different days. They were scored as normal,
severe WB, and severe SM based on subjective hard-
ness by palpation for WB (fillets that were extremely
hard and rigid throughout from cranial region to cau-
dal tip) and by examining fibre separation in the cra-
nial and caudal parts of the fillets for SM (Tijare et al.
2016; Baldi et al. 2018). Fillets that were selected did
not present any crossover between WB and SM. The
fillets were placed in plastic bags and transported on
ice to the Food Science Department, University of
Guelph, Canada, within 60 min. On arrival at the proc-
essing facility, 182 fillets out of the 209 samples (58
normal, 62 WB, 62 SM) were used to measure the pH
at the cranial end of the fillets (Hanna Instruments
99163N, Woonsocket, RI, USA). The fillets were indi-
vidually weighed, and the ventral side L*, a* and
b*colour coordinates (Nix Pro Colour Sensor; Nix Ltd.,
Ontario, Canada) were measured. The fillets were then
individually packed and stored in a freezer at —18°C
for 4 days for subsequent texture analysis.

Chemical analysis

A total of 27 fillets (9 normal, 9WB, and 9 SM; 9 from
each flock) out of the 209 collected at the processing
facility was homogenised and frozen at —20°C. Then,
the moisture and fat contents were analysed (Meat
Trac Fat and Moisture Analyser; CMC, Matthews, NC,
USA; AOAC official method 2008.06), and the protein
content was determined (Sprint Rapid Protein
Analyser; CMC) (AOAC official method 967.12, 930.33).

Sample preparation and texture analysis

The fillets were defrosted overnight at 4°C, and the
thawing losses were determined. Raw samples were
subjected to a compression test (CT). The raw fillets
were compressed to 20% of their original height three
times at different locations (cranial, medium, and cau-
dal parts) using a 10-mm round flat probe mounted
on the load cell at a test speed of 3mm/s. The



compression force (N), work (N m), and Young’s
modulus (N/s) were obtained using the macro pro-
gram software (Exponent Connect version 6.1, 7.0;
Texture Technologies Corp.). The ‘maximum compres-
sion’ or ‘shear force’ is the highest point in the curve
and is related to the hardness of the sample; the ‘work
to shear’ is the area under the curve and is calculated
as the force per distance, this parameter is the rela-
tionship between the hardness and the elasticity of
the sample; and the ‘Young’s modulus’ is the linear
part of the slope of the curve (Barbut 2015).

After compression of the raw samples, the fillets
were individually vacuum-packed in plastic bags and
cooked in a water bath set at 75°C until an internal
temperature of 72°C was reached. After a 40-min
cooling period, the fillets were weighed and the cook-
ing losses were calculated.

The cooked samples were subjected to CT (with the
same procedure described above for raw samples),
MORS, and AK tests.

The samples were subjected to the MORS test using
a 0.5-mm thick, 8.9-mm wide, and 30-mm tall blade to
shear the fillets perpendicular to the muscle fibre dir-
ection (Cavitt et al. 2005). There were four shears per
fillet in different areas (2-cm apart) at a depth of
20mm (Bowker and Zhuang 2019). The shear force
(N), number of peaks, work (N mm), and Young’s
modulus (N/s) were obtained.

In the AK test, a small parallelepiped meat portion
(3cm x 2cm x 1cm) was sheared using a 5-bladed
probe (distance between the blades: 5mm; blade
thickness: 2 mm; cutting speed: 5mm/s) as described
by Mudalal et al. (2015). Then, the force (N), work (N
mm), and  Young's modulus (N/s) values
were obtained.

A texture analyser with a 50-kg load cell was used
for all the texture analyses (Model TA-XT-PlusC;
Texture Technologies Corp., Hamilton, MA, USA).

Statistical analysis

Individual data for fillet weight, chemical composition,
rheological traits, and texture measurements (CT,
MORS, and AK tests) were subjected to analysis of
variance (ANOVA) with meat type (normal, WB, SM),
flock, and their interactions as the main effects and
the replications (per fillet) as the random effect. The
analyses were carried out using the PROC MIXED com-
ponent in SAS (SAS Institute 2013). The significance
level was set at p<.05. Data related to interactions
between meat type and flock are provided as
Supplementary Tables S1 and S2.
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Results and discussion

In accordance with previous studies (Trocino et al.
2015; Bowker and Zhuang 2019; Gratta et al. 2019;
Tasoniero et al. 2020), the fillets affected by SM and
WB myopathies were heavier (p <.01) than the normal
fillets (Table 1). Normal fillets had a lower fat content
than WB fillets (0.91 vs. 1.54%; p <.05), whereas SM fil-
lets had an intermediate value (1.25%). The myode-
graded fillets also had lower protein contents
than normal fillets (22.7 and 22.3% in SM and WB,
respectively, vs. 23.9% in normal fillets; p<.01).
Myodegeneration causes the replacement of muscle
fibres with adipose and connective tissues, resulting in
higher fat contents (Sihvo et al. 2014; Radaelli et al.
2017; Baldi et al. 2018; Gratta et al. 2019). The
decreased protein content is associated with the large
changes in muscle architecture that occur in pectoralis
major tissue affected by muscular abnormalities
(Soglia et al. 2016; Cai et al. 2018; Baldi et al. 2019).

Similar to other studies (Trocino et al. 2015; Baldi
et al. 2018), the ultimate meat pH was not significantly
different among the three types of meat. Previous
studies (Petracci et al. 2019) found that the ultimate
pH of WB, WS, and SM breasts is often some decimal
points (0.2-0.4) higher than that of normal breasts.
The colour results for the SM and WB fillets showed
that they had significantly higher lightness (L*) values
than that of the normal ones (p <.001), while yellow-
ness (b*) was higher in SM fillets (p <.001). The results
reported by previous studies are variable for these
characteristics. Some reported no differences in light-
ness (Petracci et al. 2013; Trocino et al. 2015;
Tasoniero et al. 2016) or yellowness and redness val-
ues due to myopathies (Sanchez Brambila et al. 2016;
Zambonelli et al. 2016). Others observed a higher red-
ness (Gratta et al. 2019) and yellowness index
(Mudalal et al. 2015) in affected fillets than in normal
fillets, which have been associated with increased
fibrotic responses and reduced haem pigment levels
(Petracci et al. 2017).

In this study, SM fillets had greater (p <.01) drip-
ping losses on average than normal fillets, with WB
showing intermediate values (Table 1). The fillets
affected by SM and WB showed higher cooking losses
than normal ones, which confirms the results reported
by Soglia et al. (2016) and Baldi et al. (2018). This is
assumed to be due to the degeneration of muscle
proteins and the replacement of myofibrillar proteins
with connective tissues (Mudalal et al. 2015; Soglia
et al. 2016; Tijare et al. 2016).

In this trial, the compression force and work values
obtained for raw WB fillets were higher than those
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Table 1. Chemical composition and quality traits (LS means) of normal, spaghetti meat, and wooden breasts of broiler chickens

from three flocks that had been sampled at slaughtering.

Myopathy (M) Flock (F) p-Value
Normal Spaghetti meat Wooden breast 1 2 3 M F M x F RSD
Fillets, n 9 9 9 9 9 9
Weight, g 188° 262° 230 180° 251° 248° <010 <010 270 37.90
Moisture, % 75.00 76.00 75.90 75.40 75.20 76.20 .060 070 790 0.89
Fat, % 0.91° 1.25% 1.54° 1.15 143 1.12 <.050 370 420 049
Protein, % 23.90° 22.70° 22.30° 22.90 23.30 22.70 <.010 370 910 0.94
Fillets, n 58 62 62 70 88 24
Raw weight, g 211° 255° 245° 196° 247° 268° <.001 <.001 370 34.70
pH 5.90 591 5.95 5.81° 5.98° 5.96° 260  <.001 010 0.15
Colour
L* 38.10° 39.80° 40.70° 3870 3940  4050°  <.001 <.010 280 217
a* 1.02 1.16 1.40 118 1.07 133 070 330 810 0.75
b* 3.29° 463° 3.90° 3.04° 4.96° 3.83° <.001 <.001 070 1.68
Dripping losses, % 7.60° 9.49° 8.70% 8.25 8.77 8.78 010 460 030 275
Cooking losses, % 22.40° 26.90° 27.80° 26.00 27.40 23.70 <.001 .060 860 6.57

ab<yalues with different superscript letters within the same line and effect are significantly different (p < .05). RSD residual standard deviation.

Table 2. Results of the compression, MORS, and Allo-Kramer tests on normal, spaghetti meat, and wooden breasts of broiler
chickens from three flocks that had been sampled at slaughtering.

Myopathies (M) Flock (F) p-Value
Normal  Spaghetti meat  Wooden breast 1 2 3 M F M xF RSD

Samples, n 58 62 62 70 88 24
Compression test (raw samples)

Compression force, N 561° 4.69° 9.52° 589°  720°  672° <001 <.001 <.001 1.80

Work, N mm 25.00° 22.00° 45.10° 2500 2290° 31.50° <001 <.001 <.001 2.06

Young,s modulus, N/s 271° 2118 4.29¢ 2.92° 3.38° 2.81° <.001 <.001 <.001 0.80
Compression test (cooked samples)

Compression force, N 12.00° 11.40° 14.80° 14.10°  11.60° 1260 <001  <.001 001 2.79

Work, N mm 66.80° 66.20° 87.50° 69.90° 67.80° 79.90° <001 <010 <.001 3.93

Young’s modulus, N/s 5.15% 4582 571° 6.29 459 455 <001  <.001 001 1.07
MORs test (cooked samples)

Shear force, N 14.70° 12.80° 14.10%° 12.80°  1430°  1450° <010 <.010 220 2.66

No. of peaks 7.57° 5397 6.66™ 6.86 5.92 6.85 <.010 120 <05 3.05

Work, N mm 288° 249° 277° 245° 285° 283° <010 <.001 250  12.10

Young’s modulus, N/s 1.15 1.01 1.50 142 1.1 1.13 520 660 490 2.21
Allo—Kramer test (cooked samples)

Allo-Kramer Shear force, N/g 13.40%° 10.50° 14.50° 928  1440° 14.80° <010 <.001 140 5.89

Work, N mm 3928° 3128° 3850P 27140 4072°  4120° 010 <.001 130 323

Young’s modulus, N/s 38.20%° 31.00° 46.00° 2790  45.10°  4210° <001  <.001 120 15.00
ab<yalues with different superscript letters within the same line and effect are significantly different (p < .05). RSD residual standard deviation.
obtained for normal fillets (p <.001) (Table 2), which is  (Figure 1(a)) and cooked fillets (Figure 1(b)). This

consistent with Sun et al. (2018) and Baldi et al. (2019)
and suggests that CT could accurately detect WB fillets
and distinguish them from normal fillets. Conversely,
CT did not distinguish between SM fillets and normal
raw or cooked fillets (Table 2; p <.001; Figure 1(a,b)),
which indicated that SM and normal fillets had similar
hardness and elasticity in the CT. Baldi et al. (2019)
reported that raw SM fillets had a compression force
value between those of WB and normal fillets. They
also showed that after cooking, SM meat became
softer in the CT as compared to normal and WB fillets.
This result was attributed to a lower collagen content
in the SM samples than in normal and WB muscles,
which were gelatinised during cooking. However, in
this study, the SM and normal fillet compression forces
were always lower than those for WB for both raw

means that cooking did not change the toughness of
SM fillets as compared to the normal ones. Indeed, in
this trial, the compression force was higher for cooked
meat than for raw meat (Figure 1(a,b)), which could
be due to moisture losses during cooking and
changes in the protein matrix of the muscle fibres.
Shear force tests are frequently used on cooked
meat samples to determine tenderness, and increased
shear force values are associated with increased hard-
ness. In this study, the MORS test on cooked samples
did not reveal any differences in shear force, work,
peak counts, and Young’s modulus between normal
and WB fillets (Table 2), which is consistent with the
results reported by Pang et al. (2020) on raw samples
and those of Bowker and Zhuang (2019) on cooked
samples. Likely, the higher shearing than compression
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Figure 1. Compression curves for raw fillets (a) and cooked fillets (b). Shear curves for the MORS test (c) and the Allo—Kramer

test (d) on cooked fillets. WB: wooden breast; SM: spaghetti meat.

action exerted by the MORS test could explain the
absence of differences when comparing normal with
WB meat. In contrast, Chatterjee et al. (2016) recorded
greater shear force and energy values using the MORS
test for cooked WB fillets than that of the normal
ones. According to the literature, the number of peaks
along with the shear curve increases as the severity of
the woody breast condition increases (Sun et al. 2018).
In this trial, the MORS test accurately separated normal
fillets from SM fillets. In fact, shear force, number of
peaks, and work were significantly lower in SM meat
than in normal fillets (Table 2; p <.01; Figure 1(c)).

In this trial, the SM fillets had significantly different
AK shear force, work, and Young's modulus values
from those of normal and WB fillets (Table 2; p <.01;
Figure 1(d)). However, Soglia et al. (2017) and Gratta
et al. (2019) did not find a difference in shear force
between WB and normal fillets with the same AK test.
In this study, the results showed that WB was more
resistant to cutting than SM and needed more force
to shear the samples because more work was needed,
and there was a larger area under the force deform-
ation curve. In this case, the higher compression than
shearing action exerted by the AK test could explain
the differences found between WB and SM meat.

Baldi et al. (2019) found that the higher collagen
content in WB fillets was responsible for the distinctive

hardness of WB fillets, which could be the reason for
the lower number of peaks observed in the MORS test
than that of the normal fillets. Overall, peaks appear
when a group of muscle fibres/connective tissue layers
has been cut. If the resistance to cutting is very
strong, the blade pushes and destroys the muscle
structure instead of cutting one layer at a time, and it
takes more force to start cutting the fibres. Therefore,
few peaks were observed at the beginning of the
curve in the WB fillets. The lowest number of peaks
(Figure 1(c)) appeared in the MORS test, and the low-
est AK force (Figure 1(d)) was needed to cut the SM
samples, which could be explained by the lower colla-
gen level or cross-linking degree in the SM samples
where fibre bundles had separated within the muscle
tissue itself. However, when the shearing methods
were compared, the MORS shear provided apparent
advantages over the AK method because no sample
preparation or weighing was required to execute the
test nor was it excessively destructive because only a
small incision was made into the sample (Cavitt
et al. 2005).

Conclusions

The results of this study revealed that texture tests
have different sensitivities with respect to meat type
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and the state of the meat (raw vs. cooked). The CT,
which measures hardness and elasticity, could identify
severe WB in both raw and cooked meat. This test,
when applied to raw meat, can guarantee robust and
consistent results and avoids the variability linked to
the cooking process. Furthermore, the MORS test
could distinguish between severe SM and normal fil-
lets when the samples had been cooked, whereas the
AK test was better at distinguishing between cooked
severe SM and WB fillets. Further investigation should
compare the sensitivities of different methods in the
case of fillets affected by mild myopathies, which
occur at the highest rate in the field.
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