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Abstract: This study evaluated the cooking time of chicken patties prepared with broiler breast fillets exhibiting varying
degrees of woody breast (WB). Intact breast fillets (n= 90) deboned at 3 h postmortem were collected from broilers proc-
essed following commercial-based operations and categorized based on the degree of tactile hardness in 3 WB categories
(normal [NOR], mild [MIL], and moderate/severe [SEV]). These tactile scores were validated using the instrumental com-
pression force analysis. Fillet color (L*, a*, and b*) and pH were also measured at 24 h postmortem. Breast fillets were
individually ground and formed into patties (patties made with NOR [P-NOR], patties made with MIL [P-MIL], and patties
madewith SEV [P-SEV]). Patties were cooked from 2°C to a final center temperature of 75°C on a flat electric griddle (150°
C). Internal patty temperatures were measured at 0, 1, 2, 3, and 4 min and then every 30 s until the target core temperature
was reached. Cook loss and moisture content were also evaluated in cooked patties. SEV fillets showed higher (P< 0.05)
compression force, pH, L*, a*, and b* values than NOR fillets. The cooking time to the terminal point was lower for P-SEV
compared with P-NOR (P< 0.05). No differences were observed in cooking time between P-MIL and the other patty sam-
ples. Cook loss andmoisture content levels were greater (P< 0.05) in P-SEV in comparisonwith P-NOR and P-MIL. These
results suggest that the WB condition can alter the thermal processing of chicken patties by reducing the cooking time.
Further research would be needed to confirm potential alterations caused by this myopathy in thermophysical properties
of intact WB fillets and further processed poultry products containing WB meat.
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Introduction

It is evident that the global consumption of precooked
poultry products has increased consistently over the
years. This increasing demand has driven an intensive
study of thermal processes in determining the safety,
quality, and yield of commercial poultry meat products
such as chicken patties (Chen et al., 1999;Murphy et al.,
2001a, 2001b; Isleroglu et al., 2014; Ferreira et al.,
2018). Pan-frying, grilling, and pan-broiling could be
considered common cooking techniques by which pat-
ties are cooked by direct heat conduction, which
involves heat transfer by contact between the preheated
surface and the meat product (Bejerholm et al., 2014).

Indeed, the temperature on the surface of themeat prod-
uct, the temperature profile through the meat product,
and the method of heat transfer are major factors
that differ among cooking methods (Isleroglu et al.,
2014). From these key components, cooking time is
an important processing and economic factor for the
industry, which can be significantly affected by product
temperature and cooking conditions (Murphy et al.,
2001a, 2001b). The cooking time required for a product
to reach the targeted core temperature depends on the
properties of the product in addition to the cooking con-
ditions (Murphy et al., 2001a). In this sense, any quality

impairment of the meat used in the product formulation

could influence the cooking time.
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One of the main meat quality problems in the
modern poultry industry is the woody breast (WB) con-
dition, which is primarily characterized by a noticeable
hardness in broiler breast muscles exhibiting histopa-
thological, morphometric, and physicochemical altera-
tions that result in unwanted sensorial, nutritional, and
technological properties (Sihvo et al., 2014; Soglia
et al., 2016a, 2016b; Baldi et al., 2019; Petracci et al.,
2019). These negative implications coupled with con-
siderable occurrence rates can result in important eco-
nomic losses (Baldi et al., 2020a; Caldas-Cueva and
Owens, 2020). Thus, one of the most urgent challenges
is the development of profitable options for industrial
utilization ofWBmeat such as its application in further
processed poultry products (Petracci et al., 2019;
Caldas-Cueva and Owens, 2020). In fact, recent studies
have evaluated quality and sensory characteristics of
commercial poultry meat products made from WB
meat (Sanchez-Brambila et al., 2017; Madruga et al.,
2019; Santos et al., 2019; Caldas-Cueva et al.,
2020a, 2020b; Jarvis et al., 2020). Additionally, func-
tional properties of WB meat batters have been studied
(Xing et al., 2017; Chen et al., 2018; Zhang et al.,
2020). However, further research is still needed to
understand the impact of using chicken meat at varying
degrees ofWB severity on important indicators such as
the cooking time of poultry meat products. In this con-
text and considering that no research has been pub-
lished related to the effect of the WB condition on
thermal properties, this study aimed to assess the cook-
ing time of chicken patties prepared using broiler breast
fillets at different degrees of WB severity.

Materials and Methods

Sample collection

Boneless and skinless breast fillets were collected
from commercial 8-wk-old broilers (high breast-yield-
ing strain) processed at the University of Arkansas
Poultry Processing Pilot Plant following commercial-
based operations (Mehaffey et al., 2006). These breast
fillets were scored for the degree of hardness using the
palpation method proposed by Tijare et al. (2016). The
WB categorization considered in this experiment was
as follows: normal breast fillets (NOR), mild WB or
fillets partially affected by the WB condition (MIL),
and fillets moderately or severely affected by the
WB condition (SEV). After tactile scoring, instrumen-
tal compression force (CF) analysis, which is described
later in the meat quality evaluation section, was carried

out to validate subjective scores. From these hardness
assessments, classified fillets (30 per WB group) were
packed in zip-sealed plastic bags and stored overnight
at 4°C.

Meat quality traits

CF analysis was carried out on raw fillets by aver-
aging 4 readings at predetermined points in the cranial
area of each fillet using a texture analyzer (Model
TA.XT Plus, Texture Technologies Corp., Scarsdale,
NY). Fillets were compressed to 20% of their initial
height with a 6-mm diameter flat probe using a 5-kg
loading cell and settings of trigger force of 5 g and a test
speed of 5 mm/s (Sun et al., 2018; Caldas-Cueva et al.,
2020a, 2020b). Color measurements (Commission
Internationale de l´Eclairage [“International Commis-
sion on Illumination”] L* = lightness, a* = redness,
and b* = yellowness) were obtained in triplicate from
the dorsal surface of each fillet using a calibrated color-
imeter (Model CR-400, Konica Minolta Sensing Inc.,
Osaka, Japan). The color values from the 3 readings
per fillet were averaged automatically by the instrument
before further use. The pH was measured at the cranial
end area of each fillet using a portable pH meter (Model
Testo 205, Testo Inc., Sparta, NJ). Both muscle pH and
color were measured at 24 h postmortem.

Preparation of patties

Three chicken patty treatments (patties prepared
with NOR [P-NOR], patties prepared with MIL [P-
MIL], and patties prepared with SEV [P-SEV]) were
prepared using broiler breast fillets that were randomly
selected from each WB category group (NOR, MIL,
and SEV; n= 20 fillets per category/treatment) as
described in Table 1. The preparation of 1 patty sample
per treatment using an individual fillet was considered
a replicate. The whole cranial section of each breast fil-
let was cut, trimmed to remove all visible excess of fat,
and then ground individually using an electric meat

Table 1. Chicken patties prepared using broiler breast
fillets exhibiting varying degrees of WB severity

Treatment Description

P-NOR Patties prepared using 100% of normal or unaffected broiler
breast meat

P-MIL Patties prepared using 100% of broiler breast meat partially
or mildly affected by WB condition

P-SEV Patties prepared using 100% of broiler breast meat
moderately or severely affected by WB condition

MIL=mild WB; NOR= normal breast; P= patty; SEV=moderate or
severe WB; WB=woody breast.
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grinder (Chefmate, CC12; GFE, Dayton, OH) through
a 3-mm plate. Eighty-five grams of each ground breast
meat was manually formed into a uniform circular-
shaped patty (diameter: 87 mm and thickness: 15
mm) using a plastic Petri dish. Subsequently, raw
chicken patty samples were separately vacuum packed
(20 mm Hg) and stored at −22°C for no more than 4 d
until cooking for further analysis.

Cooking procedure

Frozen patty samples were thawed overnight at
2°C and then cooked on a preheated (150°C) 20-in
electric griddle (Model 0705305; National Presto
Industries Inc., Eau Claire, WI). Patties were turned
at 3 min until their core temperature reached 75°C.
A 12-channel Digi-sense scanning thermometer
(Model 69200-00; Barnant Co., Barrington, IL) was
used to record internal patty temperatures at 0, 1, 2,
3, and 4 min and every 30 s after 4 min until the target
end-point temperature was achieved. The recorded data
were used to develop the time–temperature profile or
history. Cooked patty samples were cooled to room
temperature (23°C ± 2°C) and analyzed. Patties were
weighed before cooking and after their removal from
the heating surface and drainage on absorbent paper
to calculate the percentage of cook loss based on raw
patty weight. Subsequently, the moisture content in
cooked samples (n= 10/treatment) was determined
by the AOAC (2005) 950.46b method.

Statistical analysis

The results were statistically analyzed using JMP
software, version 14.3.0 (SAS Institute Inc., Cary,
NC). The data were evaluated using one-way analysis
of variance with WB category (NOR, MIL, SEV; for
raw meat quality traits) or treatment factor (P-NOR,
P-MIL, P-SEV; for cooking time, cook loss, and mois-
ture content of chicken patties) fit as fixed effect.

Means were separated using the Tukey’s honest signifi-
cant difference test at P< 0.05 when a significant main
effect was observed.

Results and Discussion

Meat quality traits

The quality traits of raw broiler breast fillets were
different amongWB classes (P< 0.01), as presented in
Table 2. The WB condition altered meat quality char-
acteristics by increasing (P< 0.05) CF, pH, and light-
ness (L*) values as the severity of this myopathy
increased in raw breast fillets. In addition, SEV fillets
showed higher redness (a*) and yellowness (b*) values
than MIL and NOR fillets (P< 0.05). These results
confirm the impairment caused by WB in broiler meat
quality, which has been widely supported by published
data in the literature. Dalgaard et al. (2018), Sun et al.
(2018), Caldas-Cueva et al. (2020a), and Caldas-Cueva
et al. (2020b) reported that SEV chicken fillets showed
higher weights as well as higher CF values compared
with NOR fillets, which was also corroborated in this
study, confirming the relationship of WB frequency
with heavier breast muscles that may be related to
the continuous selection of broilers for rapid muscle
growth and greater yields (Sihvo et al., 2014;
Velleman et al., 2019).

The fibrosis may explain the irregular hardness of
WBmeat; nevertheless, this pathological process could
not be the sole cause of its hardening (Sihvo et al.,
2014, 2017). Higher pH values have also been reported
in SEV fillets compared with NOR fillets (Sanchez-
Brambila et al., 2017; Dalgaard et al., 2018;
Madruga et al., 2019), which may be linked to an
altered energy-generating pathway coupled with a defi-
ciency and/or dysfunction of muscle ATPases (Baldi
et al., 2020b). On the other hand, even though scientists
have not reported consistent instrumental color results
of WB meat, some of them have highlighted that

Table 2. Meat quality traits of raw broiler breast fillets exhibiting varying degrees of WB severity

Parameter

WB category1

NOR MIL SEV SEM

Fillet weight (g) 385.40c 431.90b 476.13a 6.71

Compression force (N) 4.19c 9.27b 16.64a 0.35

pH 5.73c 5.81b 6.01a 0.02

Lightness (L*) 54.58c 56.41b 58.21a 0.39

Redness (a*) 1.83b 1.86b 2.91a 0.20

Yellowness (b*) 12.98b 13.19b 14.59a 0.29

a–cMeans within a row with no common superscripts differ significantly (P< 0.05).

MIL=mild WB; NOR= normal breast; SEV=moderate or severe WB; WB=woody breast.
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SEV fillets were lighter, redder, and yellower than
NOR fillets (Dalle Zotte et al., 2017; Cai et al.,
2018). Differences in instrumental color outcomes
found in the literature could be related to the hetero-
geneity ofWB severity throughout the affected chicken
breast fillet (Bowker et al., 2018; Wold et al., 2019;
Caldas-Cueva et al., 2020a) as well as the occurrence
of hemorrhages and viscous exudate on its surface
(Sihvo et al., 2014; Dalle Zotte et al., 2017).

Thermal profile and cooking time

The time–temperature profile obtained for the
chicken patty samples subjected to the cooking process
are shown in Figure 1. Regardless of the treatment,
the thermal profile of patties cooked on a preheated
(150°C) electric griddle followed a similar pattern

(i.e., the center temperature of samples gradually
increased with time); however, the curve became
steeper as WB severity increased in the meat used
for patty preparation. Moreover, temperature fluctua-
tions between 3 and 4 min were more evident in P-
SEV in comparison with P-MIL and P-NOR.
Although these temperature variations could be mainly
explained by the fact that patties were flipped at 3 min
of the cooking process, the higher fluctuation observed
in P-SEV might be linked to chemical and histological
modifications in muscle fibers and connective tissues
caused by this abnormality (Soglia et al., 2016b).
However, more research is needed to determine causes
for this plateau between 3 and 4 min since this occurred
at approximately 45°C, well below a temperature that
results in collagen denaturation or collagen shrinking
(Tornberg, 2005). However, myofiber shrinking occurs

Cooking time (min)
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Figure 1. Time–temperature profile of chicken patties prepared using broiler breast fillets exhibiting varying degrees of WB severity. The profile was
built using all time–temperature points from each replication (n= 20/treatment). P-MIL=mild WB patties; P-NOR= normal breast patties; P-SEV=mod-
erate or severe WB patties; WB=woody breast.
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in this temperature range (40°C–60°C) (Tornberg,
2005; Pathare and Roskilly, 2016), and it is possible
that subsequent expulsion of water could have resulted
in some evaporative cooling although the time period
of the plateau was short (<1 min). WB has greater
amount of moisture release as indicated by increased
cook loss (Table 3), possibly leading to greater evapo-
rative cooling than NOR samples would have
experienced.

The results from this study showed that there were
differences (P< 0.01) among chicken patty treatments
in terms of cooking time (Table 3). The average cook-
ing time of P-NOR (10.85 min) was higher (P< 0.05)
than that for P-SEV (7.23 min). There was not a differ-
ence (P> 0.05) in cooking time between P-MIL and
the other treatments. Nevertheless, these results sug-
gest that the cooking time of chicken patties decreases
as WB severity increases in the meat used in their
preparation. In this sense, the heat transfer properties
could be altered by the WB condition in chicken pat-
ties. Potential impaired thermal properties of P-SEV
may be associated with the muscle fiber degeneration
accompanied by lipidosis, fibrosis, and impairments in
fiber membrane integrity caused by WB abnormality
that derives in chicken meat with an altered composi-
tion (Soglia et al., 2016a, 2016b; Baldi et al., 2019) and
muscle fiber number (Sihvo et al., 2014;Mazzoni et al.,
2015), which in turn produces products more irregular
and arranged in a more disorderly way compared with
NOR samples (Xing et al., 2017). In addition, the
accretion of interstitial matter such as water, collagen,
and proteoglycans in WB meat (Sihvo et al., 2014;
Petracci et al., 2019) might also contribute to explain
these variations. From these last components, the water
content that has been found at higher levels in SEV fil-
lets compared with NOR fillets (Soglia et al., 2016a,
2016b; Baldi et al., 2019) may have a significant
impact on the reduced cooking time of WB patties
because some researchers have reported that processed
meat and poultry products containing higher levels of

moisture content were linked to higher values of ther-
mophysical properties such as thermal conductivity
and diffusivity (Marcotte et al., 2008).

Cook loss

The results associated with the effect of WB
myopathy on cook-loss levels of chicken patty samples
are also summarized in Table 3. The average cook loss
for P-NOR (17.06%) was lower (P< 0.05) than that for
P-SEV (25.35%). P-MIL also presented an average
cook loss (20.12%) that was lower (P< 0.05) than that
for P-SEV; however, it was comparable to P-NOR. In
contrast to the cooking time results, the cook-loss
levels increased as WB severity increased in the breast
fillet used for patty preparation. Indeed, recently
published studies have reported that quality and yield
loss differences were still detectable in chicken patties
prepared using high proportions (≥67%) of WB meat
(Caldas-Cueva et al., 2020a; Jarvis et al., 2020).
Bejerholm et al. (2014) suggest that the cook loss is
determined by a combination of heating rate and cook-
ing time, and the heat-induced changes in the meat
structure can explain variations in cook loss.
Considering that patty samples were treated under sim-
ilar thermal processing conditions, higher cook-loss
levels observed in P-SEV could be explained by the
poor ability to hold water that has been widely attrib-
uted to WB fillets. Researchers have associated the
poor water-holding capacity of WB meat with the
histopathological, morphometric, and physicochemical
impairments caused by this myopathy (Sihvo et al.,
2014; Soglia et al., 2016a, 2016b; Baldi et al., 2019;
Petracci et al., 2019). Although contrasting cook-loss
results between products made from unaffected and
WB fillets have been reported (Sanchez-Brambila et al.,
2017; Xing et al., 2017; Chen et al., 2018; Madruga
et al., 2019), the aforementioned alterations caused
by WB defect would justify the significant increasing
trends in cook loss observed in WB patties. After
cooking, noticeable dimensional changes were also

Table 3. Effect of WB condition on cooking time, cook loss, and moisture content of chicken patties

Parameter

Treatment1

P-NOR P-MIL P-SEV SEM

Cooking time (min) 10.85a 8.92ab 7.23b 0.57

Cook loss (%) 17.06b 20.12b 25.35a 0.97

Moisture2 (%) 67.10b 68.12b 70.05a 0.38

1P-NOR= normal breast patties; P-MIL=mild woody breast (WB) patties; P-SEV=moderate or severe WB patties. Patties were cooked from 2°C to a
final core temperature of 75°C.

2Moisture values were from 10 cooked patties per treatment.
a,bMeans within a row with no common superscripts differ significantly (P< 0.05).
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observed in P-SEV which are consistent with our pre-
ceding experiments (Caldas-Cueva et al., 2020a). Our
previous studies have reported that chicken patties pro-
duced using SEV fillets—either alone or combined
with MIL fillets—presented higher cook-loss levels
(>26%, P< 0.05) along with significant reductions
in diameter (>16%, P< 0.05) compared with patties
made from NOR fillets (Caldas-Cueva et al., 2020a).

Moisture content

The amount of moisture lost during the cooking
process of poultry products is important in terms of eat-
ing quality and product yield. Table 3 also shows the
effect of the WB condition on moisture content of
cooked chicken patties. The moisture content was
higher (P< 0.05) in P-SEV in comparison with P-
MIL or P-NOR, whereas no differences were observed
in moisture content between P-NOR and P-MIL.
Various studies have consistently reported higher lev-
els of moisture content in SEV fillets compared with
NOR fillets (Soglia et al., 2016a, 2016b; Cai et al.,
2018; Baldi et al., 2019; Madruga et al., 2019).
Recently, Jarvis et al. (2020) reported that chicken pat-
ties produced using high percentages (≥67%) of WB
meat had higher moisture levels compared with P-
NOR. The aforementioned results suggest that the
altered composition of raw WB meat in terms of mois-
ture content can be reflected in WB patties. The higher
moisture content could be explained by the accumula-
tion of extracellular water because of edema and
inflammatory processes caused by WB defect (Sihvo
et al., 2014; Soglia et al., 2016b; Petracci et al.,
2019). Certainly, a higher proportion of extra-myofi-
brillar water and greater mobility of intra-myofibrillar
water that have been observed in WB meat (Soglia
et al., 2016a; Baldi et al., 2019) might help to explain
differences among chicken patty treatments in terms of
moisture content.

The cooking time required for a product to achieve
the target end-point temperature is also associated with
the product composition and properties (Murphy et al.,
2001a). In this context, the altered composition of WB
meat—such as higher levels of moisture, fat, and col-
lagen along with lower levels of protein and ash (Soglia
et al., 2016a, 2016b; Baldi et al., 2019)—may have
affected the cooking time of WB patties. In this vein,
Marcotte et al. (2008) reported that differences in ther-
mophysical properties of processed meat and poultry
products could be related to their compositions.
These authors affirmed that the thermal conductivity
and diffusivity increased with moisture content,
whereas these thermophysical properties decreased as

the fat content increased. For example, they reported
that the thermal conductivity varied between 0.272
and 0.402 W m−1 K−1 from 22°C to 79°C for a coarse
pepperoni emulsion containing 57.26%moisture; how-
ever, the thermal conductivity varied between 0.332
and 0.482 W m−1 K−1 for a turkey product containing
74.88%moisture. Thus, potential alterations in thermo-
physical features—particularly thermal conductivity
and diffusivity—caused by the WB condition could
help to explain why P-SEV samples containing greater
moisture levels showed shorter cooking times com-
pared with P-NOR.

In summary, the results from the present study
demonstrated that the WB condition can reduce the
cooking time of chicken patties, which indicates that
thermophysical properties could be altered by this
myopathy. Higher levels of moisture content and cook
loss that have been consistently observed in WB fillets
were reflected in WB patties. In this sense, utilizing
WB in these further processed products can lead to
the variability of doneness of the final product, which
can impact food safety and quality. Processors could
unintentionally carry out an inadequate cooking proc-
ess of normal products if thermal processing parame-
ters were inadvertently monitored in WB samples.
Therefore, special attention should be given to the
incorporation of WB meat into poultry product formu-
lations such as chicken patties. Future studies need to
be directed toward the evaluation of cooking time of
WB patties monitoring the meat particle size, pre-
and post-grinding meat temperature, chemical compo-
sition of the product, and post-cooking temperature
rise. Further research should also focus on the thermo-
physical properties of WB fillets and finished poultry
products containing WB meat.
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