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Abstract

This study aimed to determine the carcass and meat quality of broiler chickens based on the
slaughter age (28, 30, 32, and 34 days). The carcass characteristics included live and car-
cass weights, carcass rate, dressing rate, and retail cut weight. The meat quality properties
were determined through proximate composition, pH, color, water holding capacity (WHC),
cooking yield, and shear-force. The broiler chicken live, carcass, breast, thigh, and wing
weights significantly increased with the slaughter age (p < 0.05); the tenderloin weight also
exhibited a similarly increasing trend. However, the carcass rate of the day 28 sample was
significantly lower than the other samples (p < 0.05). The protein and ash contents of the
breast exhibited an increasing trend with increasing slaughter age. The protein content of the
thigh of the day 28 sample was significantly lower than that of the other samples (p < 0.05),
while the ash contents of the day 28 and 30 samples were significantly lower. The redness of
the breast showed an increasing trend, and the pH and lightness of the thigh exhibited a de-
creasing trend with slaughter age. The WHC and cooking yields of the day 30 and 32 breast
and thigh samples were significantly higher than those of the day 28 and 34 samples (p <
0.05). The breast and thigh shear-force of the day 30-34 samples were significantly higher
than those of the day 28 sample (p < 0.05). The present study showed that even with a two-
day difference in slaughter age, the broiler chicken meat quality showed a significant differ-
ence in several characteristics.

Keywords: Broiler, Meat quality, Production index, Retail cut, Slaughter age

INTRODUCTION

The Korean poultry industry has demonstrated continuous advancements regarding meat species
compared to the past and significantly improved the environmental conditions and productivity
indicators for broiler chickens (Gallus gallus domesticus). These advancements have resulted in a
decreased feed conversion ratio and increased the daily weight gain, shortening the period necessary to
achieve the broiler chicken market weight desired by the farms [1]. The average slaughter age of broilers
was 31.8-32.8 days, and their slaughter weight was 1.68-1.74 kg between January and June 2020 in
Korea [2]. Previously, Nasr and Kheiri [3] reported that the carcass weight according to slaughter age
was 1.0 kg and 1.6 kg at 28 and 35 days, respectively. And it was provided by Chae et al. [4], chickens
slaughtered at day 30 weighing at least 1.2 kg were not adequate to meet the demand for retail cuts
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only from domestic broilers at the time in Korea. This study demonstrated that periodic analyses of
broiler growth capability are necessary as the broiler productivity indicators continuously improve
in the poultry industry.

In addition to analyzing the overall characteristics of the carcass itself, it is also necessary to
analyze retail cuts, as the consumption of broilers in recent years includes a variety of forms with
enhanced convenience, and consumption as convenience food is gradually increasing [5]. The most
widely-used broiler cut worldwide is the breast, and its demand has continued to soar due to its
high protein and low-fat contents, as well as being a popular substitute for meals while on a diet
[6]. Similar to breast meat, thigh meat is also a high-in-demand retail cut since it is used in various
processed meat products such as barbeque, nuggets, and karaage [5]. However, the self-sufficiency
for retail cuts within Korea is relatively low compared to other countries, leading to heavy reliance
on imports with 140,077 tons in 2019 [7]. It is expected that the self-sufficiency of retail cuts will
become somewhat more stable than in the past due to the improvement of the broiler productivity
indicator in Korea.

The effect of raising periods on the carcass characteristics and physio-chemical properties of
retail cuts have been previously analyzed in Korean-produced broilers [4,8]. However, it is necessary
to increase broiler retail cut use by periodically analyzing the carcass characteristics and retail cut
quality according to the typical market days as broiler productivity indicators continue to improve.
Therefore, depending on slaughter age, the broiler carcass characteristics and meat quality of the
popular retail cuts, including breast and thigh meat, were analyzed in this study:.

MATERIALS AND METHODS

The individual selection and measurement of changes in carcass to slaughter age

We used the Ross broiler (Gallus gallus domesticus) as a model in this study, and the slaughter age
was set to 28, 30, 32, and 34 days. Twenty individual commercially reared broilers were randomly
selected immediately after slaughter from a local poultry slaughterhouse, transported to the Kongju
National University Meat & Meat Products Science Laboratory, and refrigerated 4°C for 12 h.
Each selected individual was classified and assigned a number from the slaughterhouse, and it
was used in the experiments. The live-weight (g) was measured as the weight of an individual
completing the fasting process before slaughter at the slaughterhouse. Then, the feathers, head,
feet, and giblet were removed, the carcass weight (g) was measured, and the carcass rate (%) was
calculated. The individuals were cut for the breast, leg, wing, and tenderloin, and the weights were
immediately measured. In the case of the leg, after the weight was measured, the skin was removed
and cut into a drumstick. The separated the breast and thigh meat of twenty individual broilers were
vacuum-packed, and refrigerated at 4 C to be used in the experiment. The following equations were

used to calculate the carcass and dressing rates:

Carcass weight (g) %100

Carcass rate (%) = — -
Live weight (g)

All retail cuts weight (g) <100

Dressing rate (%) = ;
Carcass weight (g)

Proximate composition
'The proximate composition was measured following the methods in compliance with the AOAC

official method 932.06 [9]. The moisture, crude protein, crude fat, and ash contents were measured
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by oven-drying, Kjedahl, Soxhlet, and dry-ashing methods, respectively.

pH

After slaughter, deboning was completed within 14 h, and the pH measurement was immediately
performed after deboning was completed. For the sample collections of breast and thigh meat,
4 g of lean meat excluding skin was collected, and the sample was placed in a conical tube along
with 16 mL distilled water. Sample preparation was followed by homogenization using an HMZ-
20DN homogenizer (Poolim Tech, Seongnam, Korea) at 10,923xg for 1 min. The pH of the
prepared mixture was measured using a Model 5220 pH meter (Mettler-Toledo, Schwerzenbach,

Switzerland).

Color

'The color of the outer surface of the skinless breast and thigh samples was measured using a color
reader (CR-10, Minolta, Tokyo, Japan) for CIE L* (lightness), CIE a* (redness), and CIE b*
(yellowness). A white standard plate (CIE L* 97.83; CIE a* —0.43; CIE b* 1.98) was used as a

reference.

Water holding capacity (WHC)

'The sample WHC was measured using the filter paper-press method [10] with slight modifications.
Briefly, each 0.3 g of uncooked chicken breast and thigh sample was placed onto Whatman No. 2
filter paper (GE Healthcare, IL, USA) and compressed for 3 min using a filter-press device. The
WHC was calculated using the following methods by measuring the meat- and exudation area. The
following formula was used:

Meat area (mm2 )

WHC (%) = x 100

Exudation area ( mm )

Cooking loss

The cooking loss was weighed using uncooked chicken breast and thigh heat processed with a
chamber (80C, 40 min). After cooling at 10°C for 1 h, cooked samples were weighed (weight after
cooking), and the percentage of cooking loss was calculated according to the following formula:

Weight before cooking (g) — Weight after cooking (g)

Cooking loss (%) = x100

Weight before cooking (g)

Shear force

The shear force of the breast and thigh samples was assessed by cutting samples into 1 x 2 x 1 cm’
blocks, and a minimum 7 samples were prepared. Prepared samples of shear force were analyzed
using a V-blade attached to a texture analyzer (test speed, 3.0 mm/s; head speed, 3.0 mm/s; distance,
19.0 mm; force, 5.6 N; TA 1, Ametek, FL, USA). The measured values were expressed in Newtons
(N).

Statistical analysis

All analyses were performed using an analysis of variance for all variables (ANOVA) procedure of
the SAS software program (SAS version 9.3 for Windows; SAS Institute, Cary, NC, USA), and
significant differences (p < 0.05) were detected using Duncan’s multiple range test. The results are
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presented as the mean and SEM.

RESULTS AND DISCUSSION

Carcass weight

Table 1 shows the live weight, carcass weight, and carcass rate on different slaughter days. The
live weight and carcass weight increased significantly with increasing slaughter age (p < 0.05).
The carcass rate did not vary significantly between the 30- and 34-day slaughter age, but it was
relatively low at the 28-day age, indicating that the slaughter age should be at least 30 days based
on the carcass rate. The carcass rate was reported to be 65% of the live weight in 1995, according
to National Institute of Animal Science (NIAS) [11], which was rather different from the results
obtained in this study. However, the carcass rates reported in 2010 and 2015 were 71% at 30
days of slaughter age [12,13] and were more consistent with the current results. Additionally, the
breeding performance investigated in this study was found to be similar to that of other countries
given the same raising period [3,14], which suggested that the Korean broiler productivity
indicators improved significantly. In the Korean poultry industry, the average live weight of broilers
distributed in the first half of 2020 was around 1.7 kg, and the corresponded slaughter age was
about 32 days [2]. Similarly, in the case of live weight measurement for the slaughter age of 32
days was 1.7 kg. The daily gain at the average slaughter date in Korea was 52.6 ¢ and 53.8 g in
2018 and 2019, respectively [2], nevertheless, in this study, the weight gain for 2 days after 28 days
of slaughter age was 138 g, 217 g, and 234 g, it was found that the weight gain increased as the
slaughter age increased. As such, the average slaughter age is generally set to the day that has the
best marketability and productivity in consideration of the daily gain [15]. In this study, as a result
of measuring live weight and carcass rate by slaughter age, it was found that the marketability of
30-34 days was better than compared to 28 days of slaughter age.

Weight of retail cuts

Table 2 shows the dressing rate and weight by the cut (breast, thigh, tenderloin, and wing) for
different slaughter ages. The dressing rate was significantly lower in the 28-day group (p < 0.05)
than in the groups of other slaughter ages, similar to the carcass rate. Generally, individual broilers
with a short raising period or lower weight showed a trend of lower dressing rate than the average
in the poultry industry since the formation of bones takes place prior to muscle development
[16]. Similar to the results published by Devatkal et al. [17], who found the dressing rate from the
broilers with a high bone ratio to be lower despite the same live weight, the dressing rate was also
found to be lower in the 28-day group of this study, which had a relatively shorter period to form
muscle proteins given the aforementioned broiler developmental characteristics. The weight of

the breast, thigh, and wing meats significantly increased with slaughter age extension (p < 0.05).

Table 1. Live weight, carcass weight, and carcass rate of broiler with different slaughter age

Slaughter age (d)
Traits Pooled SEM
28 30 32 34
Live weight (kg) 1,345.50" 1,483.00° 1,700.50° 1,934.00° 31.46
Carcass weight (kg) 995.00° 1,128.00° 1,279.50° 1,454.50° 24.67
Carcass rate (%) 71.77° 74.31° 74 .45° 74.32° 0.21

These experiments were conducted by randomly selecting 20 individuals broiler for each slaughter age.
All values are mean and pooled SEM.
*“Means in the same row with different letters are significantly different (p < 0.05).
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Table 2. Portion meat weight of broiler with different slaughter age

Slaughter age (d)
Traits Pooled SEM
28 30 32 34
Dressing rate (%) 42.74° 45.88° 45.75° 45.29° 0.20
Breast weight (g) 196.48" 230.69° 268.36" 303.07° 6.60
Thigh weight (g) 259.88" 288.19° 321.68 370.17° 6.10
Tenderloin weight (g) 30.40° 35.45° 44.07° 47.08° 0.95
Wing weight (g) 104.68° 122.80° 133.47° 149.71° 2.44

These experiments were conducted by randomly selecting 20 individuals broiler for each slaughter age.

All values are mean and pooled SEM.

*“Means in the same row with different letters are significantly different (p < 0.05).

184 | https://www.ejast.org

The tenderloin weight showed a similar tendency, although we could not observe any significant
difference between 32 and 34 days of slaughter age. According to the results of a 1986 survey, the
breast and thigh meat from a carcass slaughtered at 42 days weighed 195 g and 235 g, respectively
[18], which are different from the currently reported weight at 34 days by approximately 63%—64%.
These results indicate that the utility value has improved with increasing meat weight that could be
used as retail cuts. In Korea, most of the consumers generally avoid consumption of small broiler
carcasses because there are a few amounts of edible meat [19]. In this respect, in the case of the
dressing rate, since the 28 days of slaughter age showed a significantly lower value compared to
other slaughter age, it is thought that the demand of consumers will not be high except in special

cases.

Proximate composition

'The slaughter age-based breast and thigh meat compositions are listed in Table 3. The moisture and
fat contents of the breast meat did not vary significantly with the slaughter age, but the protein and
ash contents increased with the slaughter age extension. Similar to the breast meat, the thigh meat
moisture and fat contents did not show significant differences. The protein content was significantly
lower at day 28 of slaughter age (p < 0.05), while no significant differences were observed between
days 30 and 34. The ash content was significantly lower on days 28 and 30 (p < 0.05), whereas

Table 3. Proximate composition of broiler breast and thigh with different slaughter age

Slaughter age (d)
Traits (%) Pooled SEM
28 30 32 34
Breast
Moisture 75.29 77.68 75.66 76.93 0.39
Protein 23.02° 23.58% 23.02* 23.83° 0.10
Fat 0.13 0.17 0.19 0.16 0.02
Ash 0.99° 1.00° 1.09° 1.17° 0.02
Thigh
Moisture 76.97 78.46 76.96 77.24 0.36
Protein 20.04° 20.52° 20.91° 20.55 0.09
Fat 1.48 1.29 1.1 1.21 0.07
Ash 0.89° 0.96" 1.07° 1.05° 0.02

These experiments were assessed after a minimum of three repeated trials.
All values are mean and pooled SEM.
““Means in the same row with different letters are significantly different (p < 0.05).
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there was no significant difference between days 32 and 34. The reason for an increase in the
protein content with the extended slaughter age, as shown in this study, is related to the fact that
the amount of proteins generally increases as more muscles are formed during the maturation of
the animals [20]. While the growth of the broilers is largely affected by breeding management
during the first 4 weeks after hatching [21,22], with the growth continuing at a fast rate until
sexual maturity is reached [23], chickens typically get slaughtered once they have reached 1.4-1.5
kg at approximately 30 days of age due to the nature of the Korean broiler market. Therefore, the
protein content can vary between individual broilers of different slaughter ages since muscles are
still developing quickly at the slaughter ages of 28-34 days used in this study. The difference in ash
content, according to the slaughter age, is related to the change of connective tissue with age. The
connective tissue structure becomes denser and firmer, increasing the extracellular fiber content,
such as collagen, elastin, and reticulin, resulting in a higher composition of components other than
moisture and fat. The reason for the increasing the extracellular fiber is that connective tissue, which
corresponds to collagen, elastin, and reticulin, becomes fiber in the post-mortem aging process, and
this connective tissue becomes denser with age, and the fiber content increases accordingly [24].

Therefore, the ash contents increased with the extending slaughter age.

pH and color

The pH level and CIE color of breast and thigh meats by slaughter age are presented in Table
4.’The pH for the breast meat was significantly higher in the highest slaughter age group of 34
days compared to the other slaughter age groups (p < 0.05), and it also appeared to increase with
lengthening the slaughter age for the thigh meat. A previous study reported an increasing pH level
with increasing slaughter age for broilers from 30 to 50 days [25], similar to other poultry meat,
which was consistent with this study. Changes in meat pH of slaughter age are concomitant with
changes in lactate and glycolytic potential [26]. The slaughter age did not significantly affect the
lightness and yellowness of the breast meat, but the redness increased. For the thigh meat, the
lightness increased while the redness and yellowness did not vary significantly between the groups.
This increased redness in the breast meat was the result of the higher maturity of broilers with
increasing slaughter days of age and increasing content of myoglobin, which is a pigment-protein
in the meat [27]. The decreased lightness in the thigh meat was consistent with the result from

Table 4. pH and CIE color of broiler breast and thigh with different slaughter age

Slaughter age (d)
Traits Pooled SEM
28 30 32 34
Breast
pH 5.84° 5.84° 5.83° 5.86° 0.01
CIEL* 54.23 54.86 55.30 54.77 0.19
CIE a* 3.40° 3.60" 3.60* 4.10° 0.10
CIE b* 8.10 8.10 8.70 8.13 0.20
Thigh
pH 6.06° 6.14° 6.28° 6.34° 0.03
CIEL* 54.60° 52.78° 52.10% 51.10° 0.41
CIE a* 4.10 427 5.03 497 0.29
CIE b* 7.45 7.30 7.1 6.81 0.16

These experiments were assessed after a minimum of three repeated trials.
All values are mean and pooled (SEM).
““Means in the same row with different letters are significantly different (p < 0.05).
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Kumar and Rani [28], who similarly demonstrated differences in pH between the sample groups,
and is attributed to the characteristic of broiler meat with a high pH level that tends to be low in
lightness and high in redness [29]. The WHC is highly correlated with pH and is related to the
pale soft exudative (PSE) meat. Meat with a high pH tends to have a higher WHC, which gives
the meat more of a normal redness color as opposed to the pale color of the PSE meat [30]. When
consumers purchase chicken meat, which is a type of white meat, they generally prefer to see a light
red color as the normal color of chicken meat [31,32]. Also, while thigh meat is consumed with the
skin, only the skinless lean meat is processed and consumed in the case of breast meat. Therefore, to
maintain the meat color at the level appropriate for consumer preferences, it was determined that
the slaughter age between 32 and 34 days was suitable based on the insignificant differences observed
in the breast meat redness and thigh meat lightness between 32 and 34 days of slaughter age.

Water holding capacity

The WHC by slaughter age is shown in Fig. 1. Both the breast and thigh meats showed relatively
low values in the 28-day group compared to the other groups (p < 0.05), and the 30- and 32-day
groups showed a relatively higher WHC (p < 0.05). This study indicated a relationship between the
pH and WHC that was slightly different from the commonly known trend; in general, meat with a
high pH is known to have high WHC [33]. Therefore, it is thought that the WHC increased until
the age of 32 days. However, the WHC at 34 days, despite the highest pH, was lower than it was
at 30 and 32 days. This was believed to be the effect of another factor that determines the WHC.
Since the characteristics were analyzed by slaughter age in this study, the varying maturity seems
to have resulted in the differences in the structure and composition of meat proteins. The quantity,
spatial distribution, and composition of the connective tissues that form muscles are different
depending on the age of animals, as the structure becomes denser during the process of maturation
[34]. As the structure of meat proteins becomes denser, the space that retains moisture is reduced,
and the WHC decreases [33]. The WHC is one of the crucial factors in the functional properties
and process suitability of meat products since a higher WHC can minimize the loss of moisture
during the cooking process and improve the tenderness and juiciness of the meat [35,36]. Thus, raw
ingredient meat with superior WHC and process suitability should be used in utilizing retail cuts,
and based on this study, the appropriate slaughter age from the WHC perspective was determined
to be 30 and 32 days.
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significantly different (p < 0.05).
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Cooking yield

Fig. 2 shows the cooking yield of breast and thigh meats for different slaughter ages. The cooking
yield of breast meat was significantly higher at 30 and 32 days than 28 and 34 days (p < 0.05),
respectively. The cooking yield of thigh meat was significantly lower at 28 days compared to the
other groups (p < 0.05), while it was significantly higher at 30 and 32 days compared to 34 days
(p < 0.05). These differences in the cooking yield with varying slaughter age are related to WHC
since high-WHC meat tends to have less moisture loss during the heating process and results in a
higher cooking yield [33]. Therefore, the 30- and 32-day groups with the highest WHC showed
high cooking yields. A comparable study reported that a high-WHC group in broilers showed a
high cooking yield or low cooking shrinkage [37], and, a high-WHC group in processed poultry
products also showed a low cooking shrinkage [38,39]. Additionally, meat high in cooking yield
tends to be lower in moisture and fat contents, providing a positive effect on tenderness, taste, and
flavors [40]. Therefore, the 30- and 32-day breast and thigh meat with high cooking yields were

determined to be more useful as retail cuts from an economic perspective.

Shear force

'The shear forces of breast and thigh meats with different slaughter ages are shown in Fig. 3. The
shear force of breast and thigh meat was significantly lower at 28 days compared to the other
groups (p < 0.05), while no significant differences were observed between 30 and 34 days. The
difference in shear force according to age was because the size of sarcoplasm increases with the
growth of broilers. In general, as maturity increases, the size of sarcoplasm increases, and the meat
texture becomes harder [24]. Accordingly, in the case of the 28-day slaughter age, the lowest
maturity had a soft texture, and the shear force was also lower than that of other slaughter days. A
high portion of the breast and thigh meats of broilers is consumed in the original form as whole-
muscle type products [41]. Therefore, a certain level of shear force should be attained to increase the
functional characteristics of the meat to be used as a raw ingredient for whole-muscle type poultry
products [12]. Additionally, meat proteins should be strong to prevent changes in appearance since
the meat undergoes massaging processes, such as tumbling during the brining stage of processed
meat products [42]. A suitable level of firmness should also be maintained if the meat is going to
be used as a ground meat product to prevent the mixture from separating after going through the
processes of grinding and mixing with other ingredients [43]. Therefore, considering these physical
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characteristics required for retail-cuts, the use of broilers with slaughter ages higher than 28 is
believed to be appropriate.

CONCLUSION

'The present study determined the broiler carcass and meat quality depending on the slaughter age
(28,30, 32, and 34 days). The live-, carcass-, and retail cut weight increased with increasing slaughter
age, and the weights increased considerably compared to the past. Thus, the production index of
the Korean-produced broilers has improved significantly. As an index to determine the utility of
retail cuts (breast and thigh meat), pH and shear force increased as the slaughter age increased,
and the WHC and cooking yield of 30 and 32 days were higher than 28 and 34 days, respectively.
Therefore, this study recommends optimizing retail cuts quality at 30 and 32 days based on general
slaughter days.
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