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Abstract

Production and processing factors that affect native goat meat quality are non-existent in the literature. The cur-
rent study explored age, sex, and chilling effects on 48 goat carcasses cut in half by halal standards and shifting one 
half immediately to a walk-in chiller at 0–4°C [rapid chilling (RC)] and the other half at 26 ± 2°C [delayed chill-
ing (DC)]. Results showed that Warner Bratzler Shear Force (WBSF) was significantly affected by RC. Cooking 
loss and color (L*) parameters were significantly higher in young male animals. Chroma values were significantly 
higher in DC. In conclusion, DC enhances meat quality and tenderness.
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Introduction

Different types of  meat including beef, poultry, and 
mutton, are consumed worldwide. Consumption of 
meat varies among different regions of the world as it 
mainly depends on the culture, cuisine, and eating hab-
its of the population in specific parts of the world. Goat 
meat is either retailed as capretto or chevon. Capretto is 
sourced from young goats whose carcass weight is 6–8 
kg and its demand is high in America, France, and the 
Mediterranean region. Meanwhile, Chevon is obtained 
from adult goats with a carcass weight of 16–22 kg and 
is mostly preferred in Africa and the Indian subcontinent 
(Pophiwa et al., 2020). Countries have traditions to con-
sume sheep and goat meat and also give preferences with 
regard to consuming different processed products, for 
example, in Turkey, Pakistan, and India different varieties 
of kebabs prepared from lamb (Teixeira et al., 2020).

The quality of goat meat is a major concern for farmers, 
consumers, and researchers (Aldridge et al., 2018), as it 
mainly involves color, water-holding capacity, tenderness, 
and nutritional profile of meat (Birhanu, 2019). Despite 
the varying consumption rate of meat from different spe-
cies, mutton is still considered to be a high-quality pro-
tein commodity in most developing countries (Kosum 
et  al., 2019). Among the meat quality traits, tenderness 
is one of the main pillars affecting cooked meat palat-
ability and it has a direct link with end-user satisfaction 
level (Garmyn, 2020). Moreover, consumers are willing to 
pay extra money for guaranteed tender meat (Ellies-Oury 
et al., 2019). Tenderness is influenced by both production 
and processing factors. Understanding different physi-
ological and processing factors affecting meat quality is 
essential to ensure the best meat for consumers. Major 
production factors are animal breed, age, sex, slaughter-
ing weight, and feeding management at the farm level 
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Goat meat has a unique aroma and taste because of 
which it is considered one of the favorite meats for the 
Middle Eastern and Indo-Pak natives; however, it is a 
comparatively expensive protein source due to increased 
production cost. Due to lack of a modern agricultural 
system and to reduce the cost of production, goats in 
Pakistan are reared on green fodder, grasses, and also 
on agro-industrial by-products as an alternative feed 
source (Rafique et al., 2022; Sgarro et al., 2022). Entirely 
fattening-based goat farming is non-existance in Pakistan, 
and most farmers living in rural areas raise goats for their 
domestic use and subsistence. It is worth mentioning 
that meat from Pakistani goat breeds has a unique taste; 
however, it is still not well established. There is also a 
perception among consumers that younger goats have 
more tender and juicy meat as compared to older animals 
and they are willing to pay extra for meat obtained from 
younger animals. Likewise, male goat meat is more ten-
der and tasty than the meat obtained from female goats. 
Meat processors are used to chill goat carcasses rapidly 
due to multiple factors including the schedule of con-
signments, availability of space in chillers, and also lack 
of scientific knowledge about the importance of chilling 
methodology on meat quality. Based on these factors, it 
was hypothesized that there is a relationship between age 
groups (milk teeth (MT) and two teeth (TT)), sex (male 
and female), and chilling methodologies (delayed and 
rapid) in goat meat. Therefore, these factors need further 
investigation as age and sex directly correlate with the 
quality of meat and the recommended age of slaughter 
for goats with desirable meat traits.

Material and Methods

Experimental design and slaughtering method

In this experiment, 48 goats, 24 male, and 24 non-
productive females were procured from the commer-
cial goat fattening farm in the Lahore region. Among 
the 24 goats of each sex, 12 were 10 months (MT) and 
the remaining 12 animals were 16 months (TT) of age. 
The live animals were transported 94 km to the ani-
mal shed in Lahore, Pakistan (31.5761°N, 74.2995°E) in 
approximately 2 h. During transport, the road surface 
was smooth, and the speed was constant at 45 km/h. The 
animals’ loading and unloading were done with access 
to a ramp/platform and kept in the lairage for 24 h at an 
ambient temperature of 25 to 30°C before slaughter. In 
the meantime, the feed was withdrawn overnight with 
access to water to minimize the risk of rumen rupture 
and microbial contamination during the slaughtering 
procedure. Animal’s live weight values were recorded 
immediately before slaughter (Colonna et al., 2020), and 
after that slaughtering was performed according to the 
Halal method (Abdullah et  al., 2019) at the University 

(Clinquart et al., 2022; Pophiwa et al., 2020). On the other 
hand, processing factors include a post-harvest carcass 
chilling regime of varying rates, temperatures, and dura-
tions to enhance tenderness (Ijaz et  al., 2020). Besides 
processing factors, animal age at slaughter is a vital factor 
for meat quality, especially its tenderness (Hossain et al., 
2021; Purwin et al., 2016).

Likewise, meat color is another important parameter that 
defines the customer’s purchasing ability. Consumers 
usually relate bright red color to freshness and asso-
ciate brown color with the low freshness of the meat 
(Henchion et al., 2017). Meat color changes continuously 
during display time and loses its stability with extended 
storage time (Ijaz et  al., 2020). The concentration and 
redox status of myoglobin within the muscle deter-
mines the meat color (El Otmani et al., 2021), which is 
affected by animal age (Hwang et al., 2019) and carcass 
chilling regime (Pophiwa et  al., 2016). Goats are highly 
susceptible to pre-slaughter stress due to their excitable 
instinct behavior (Casey and Webb, 2010; Corazzin et al., 
2019). Among meat quality parameters, color, tender-
ness, drip loss, and water-holding capacity are affected by 
stress (Kumar et al., 2022). It is also well-recognized that 
stress limits the acidification pattern of muscle-to-meat 
conversion (Ponnampalam et  al., 2017) because, during 
pre-slaughter stress, the hypothalamus–hypophysis axis 
involves releases of cortisol and adrenaline which results 
in the depletion of cellular glycogen. This depletion of 
glycogen reduces the substrate for glycolysis which ulti-
mately leads to higher meat pH (Corazzin et  al., 2019). 
Higher ultimate pH (pHu) is undesirable as it darkens the 
meat color (Terlouw, 2015) and causes lesser meat ten-
derization (Nian et al., 2018).

Post-slaughter techniques such as the chilling method 
significantly influence carcass meat quality. Chilling of 
the carcass is necessary to keep the meat fresh and main-
tain its shelf life as the rate of microbial and biochemical 
changes are reduced at low temperatures (Bellés et  al., 
2017; Nastasijević et al., 2017). Meat storage and preser-
vation at low temperatures involves chilling the carcass 
and maintaining a low temperature throughout the dis-
play because food safety is of utmost importance in terms 
of public health especially when considering meat and its 
products (Gul and Alsayeqh, 2022). In Pakistan, animals 
slaughtered under commercial conditions are chilled as 
early as possible to avoid microbial contamination. The 
most common carcass chilling method, known as rapid 
chilling (RC), involves shifting carcasses to a chiller oper-
ating at 0–4°C immediately after the dressing procedure. 
Generally, goat carcasses are small, lean, and have a thin 
subcutaneous fat layer. These feature permits rapid heat 
dissipation in early postmortem, leading to cold short-
ening and subsequent meat toughening (Pophiwa et al., 
2017).
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a standard white tile prior to measurement. All colori-
metric values were the average of the recorded measure-
ments at three different locations of the sample.

Cooking loss

Before cooking, the sirloin samples were weighed using a 
compact digital weighing balance (SF-400, 7000 g × 1 g). 
The samples were individually packed in plastic bags and 
placed in a pre-warmed water bath (Memmert®, WNB 
45, Germany) at 80°C for 40–45 min until cooked to the 
core temperature of 72°C. The core temperature of the 
samples was measured by inserting a food probe ther-
mometer (TP101®, CixiSinco, China) during cooking. 
After that, cooked samples were cooled until the samples 
attained room temperature. The cooking loss was cal-
culated based on the difference between sample weight 
before and after cooking by the following formula:

Cooking Loss W g W g
W g

(%) ( ) ( )
( )

�
�

�
1 2

1
100

W1 = Weight before cooking; W2 = weight after cooking

Instrumental shear force

From each cooked sirloin sample, five strips of approx-
imately 1 × 1 cm were cut alongside the muscle fibers’ 
orientation. For determination of shear force value, strips 
were placed perpendicularly under the V-Slot® blade of 
the Warner Bratzler Texture analyzer (TA. X.T. plus®, 
U.K.). The force required to cut the muscle fibers was in 
Newton/cm2.

Statistical analysis

Results were analyzed using the program SPSS Statistics 
21.0 (SPSS Inc., Chicago, IL, USA). Data were subjected 
to multivariate analysis of variance (ANOVA) using the 
general linear model (GLM) procedure to determine 
treatment effects. The treatments were analyzed as fixed 
factors while the carcasses were considered as a random 
factor to examine the effect of animal age, sex, and post-
mortem chilling rate on Warner–Bratzler shear force 
(WBSF), cooking loss, and color parameters (L*, a*, b*, C* 
and h) of goats. The significant means were further ana-
lyzed to determine the actual differences between means. 
Duncan’s Multiple Range Test was used to determine 
significant differences among mean values at a level of P 
< 0.05. The results were expressed as means ± standard 
deviation (SD).

The following mathematical model was used:
Yijk = μ + αi + βj + γk+ (αβγ)ijk+ εijk

experimental slaughtering unit. The process of Halal 
slaughtering involves proper restraining of the animal, 
and severing of the trachea, esophagus, both carotid 
arteries, and jugular veins (Zainalabidin et al., 2019).

Chilling treatment

Immediately after the skinning and evisceration procedure, 
the carcasses were cut into two equal longitudinal halves 
from the midline with the help of a carcass-splitting saw. 
One side of the carcass was immediately shifted to a 
walk-in chiller operating at a temperature of 0–4°C and 
1 m/s air velocity for 24 h for RC, while the other side 
was kept at controlled room temperature, i.e., 26±2°C for 
6 h before chilling at 0–4°C until 24 h to ensure delayed 
chilling (DC). Both the right and left sides of the carcasses 
were used interchangeably for each trial to ensure the 
randomized design of the study.

Muscle sampling

After 24 h of post-chilling, both sides of the carcasses 
were deboned in the deboning hall functioning at 10–
15°C. The sirloin muscle (M. longissimus dorsi) was 
obtained from the first rib to the last lumbar vertebrae of 
both half carcasses as samples. Each sirloin muscle was 
cut into three steaks with 2 cm thickness and tagged.

Meat quality measurements

Temperature and pH

The pH and temperature were recorded at an interval of 
0, 1, 2, 4, 7, and 24 h after splitting of carcasses into halves 
by inserting a calibrated probe of pH meter (WTW®, pH 
3210 SET 2, Germany) and a digital food probe ther-
mometer (TP101®, CixiSinco, China) into different parts 
of M. longissimus dorsi (L.D.) muscles and considered 
their average as final value. Before each pH measure-
ment, the pH meter was calibrated with buffer solutions 
of pH 4.0 and 7.0.

Meat color

Following sampling into replicate steaks, samples were 
placed on a food-grade polystyrene tray and over-
wrapped with cling film of 250 mm thickness, and placed 
in a horizontal display chiller operating at 0–4°C for 1-h 
blooming as adopted by Wyrwisz et  al. (2016). Meat 
colorimetric parameters, including L*, a*, b*, C*, and h, 
were recorded by using a calibrated Chroma meter 
(Konica Minolta® CR-410, Osaka, Japan) calibrated with 
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Post-slaughter time in delayed chilled carcasses, the 
slower fall in temperature of 18.75°C and 20.67°C was 
recorded, while pH depicted the values of 6.23 and 6.25 in 
both milk and TT animals, respectively (Table 1).

Furthermore, during RC, young female carcasses (MT) 
cooled more quickly compared to males, which can be 
observed 2 h post-slaughter, where females achieved a tem-
perature of 9.99°C and pH of 6.39 in contrast to the males, 
which were 10.37°C and 6.32°C. However, after 24 h, there 
was no difference in pH and temperature of both sexes.

Colorimeter analysis

Animal sex had no significant effect on colorimetric 
parameters (Table 2). The L* values were affected by age, 
as shown in Table 2. L* values were significantly (P < 0.05) 
higher in MT than in TT animals. However, chilling 
(delayed and rapid) depicted a nonsignificant effect on 
lightness, redness, yellowness, and hue angle, while 
Chroma values were significantly (P < 0.05) higher in 
delayed chilled carcasses than in rapidly chilled carcasses 
(Table 3). Furthermore, in comparison, the interaction 
between chilling and age depicted a significant differ-
ence (P < 0.05) in L*, MT carcasses had greater L* val-
ues compared to TT (Table 2). Likewise, the interaction 
between the chilling regime and sex showed a significant 

where,
Yijk = observation of dependent variable recorded on 
ith, jth, and kth treatments;
μ = overall population mean;
αi = fixed effect of animal age (i = 1, 2);
βj = fixed effect of sex (j = 1, 2);
γk = fixed effect of postmortem chilling rate (k = 1, 2, 
3, 4, 5, 6);
(αβγ D)ijk = interactions effects of animal age, sex, and 
chilling rate; and
εijk = residual effect.

Results

The decline in temperature and pH

There was a significant difference in temperature and pH 
decline profile between treatments (Table 1). An abrupt 
temperature decline rate and slow pH drop were observed 
in rapidly chilled carcasses compared to delayed chilled 
carcasses (P < 0.05). The outcome of RC was more pro-
nounced in younger (MT) animals of both sexes. After 2 h 
of RC, carcasses of MT animals attained a temperature 
of 10.37°C and pH of 6.32 compared to 11°C and 6.35, 
for TT animals (Table 1). Comparatively, delayed chilled 
carcasses exhibited a slower temperature decline and a 
more rapid pH decline rate than rapidly chilled carcasses. 

Table 1.  Rate of temperature and pH decline during postmortem delayed chilling (DC) and rapid chilling (RC) of MT and TT animals of male 
and female goats.

Parameters Animals Chilling rate

Post-mortem time (hours)

0 1 2 4 7 24 SD

Temperature MMT DC 31.91Aabc 22.93Ba 18.75Ca 15.54Dab 5.97Ebc 3.50F 2.56

RC 30.93Ac 16.00Bb 10.37Cb 6.43Dc 4.54Dec 3.33E 2.84

MTT DC 30.96Ac 24.47Ba 20.67Ca 13.38Db 6.93Eab 3.61F 2.04

RC 31.23Abc 16.78Bb 11.00Cb 7.10Dc 4.50Ec 3.39E 2.12

FMT DC 32.90Aabc 25.47Ba 20.69Ca 15.84Da 7.54Eab 3.59F 2.17

RC 32.42Aabc 15.81Bb 9.99Cb 6.31Dc 4.61Dec 3.38E 2.13

FTT DC 33.37Aab 26.46Ba 20.41Ca 14.67Dab 7.88Ea 3.66F 2.59

RC 33.72Aa 16.91Bb 9.85Cb 7.31Dc 4.65Ec 3.43E 1.97

pH MMT DC 6.54A 6.34Bab 6.23Cbc 6.13Cbc 6.02Db 5.85Eb 0.11

RC 6.60A 6.40Bab 6.32Bb 6.22Cab 6.11Da 6.04Da 0.11

MTT DC 6.53A 6.38Bab 6.25Bbc 6.05Ccd 6.00Cb 5.87Db 0.15

RC 6.65A 6.46Bab 6.35Cab 6.24Ca 6.13Da 6.03Da 0.13

FMT DC 6.52A 6.38Bab 6.22Cbc 6.05Dcd 5.94DEbc 5.84Eb 0.14

RC 6.55A 6.44Bab 6.39Ba 6.26Ca 6.12Da 6.05Da 0.12

FTT DC 6.50A 6.33Bb 6.15Cc 6.02Dd 5.92Ec 5.86Eb 0.09

RC 6.57A 6.49Ba 6.43Ba 6.30Ea 6.17Da 6.06Ea 0.08

Values are expressed as means ± SD (standard deviation). Different capital alphabets A–F (in rows) and small alphabets a–d (in columns) show 
significant difference at P < 0.05. MMT, male with MT; MTT, male with TT; FMT, female with MT; FTT, female with TT; MT, milk teeth; TT, two teeth; 
DC, delayed chilling; RC, rapid chilling.
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Instrumental shear force

WBSF values were affected by the chilling regime, and car-
casses from males cooled faster and showed significantly 
higher shear force values than from females. In the case 
of age, RC showed its adverse effect on shear force values, 
which were significantly (P < 0.05) higher in TT animals 
(Table 2). On average, in the case of production factor age, 
either MT or TT animals had a nonsignificant effect on 
WBSF which are represented as means ± S.D. (standard 
deviation) in the current study. Moreover, WBSF val-
ues were significantly (P<0.05) affected by chilling rate 
and were recorded higher in case of RC as compared to 
delayed chilled carcasses (Table 3). Furthermore, sex also 
revealed a non-significant effect on shear force values.

Discussion

Effect of age on meat quality

In ruminants, the evolution of meat quality attributes like 
color, cooking loss, and textural properties are affected 
by different production systems (Gonzales-Barron et al., 
2021b). In the meat sector, slaughtering age is an import-
ant criterion for carcass grading or classification (Belhaj 
et al., 2021; Dlamini et al., 2020). In the current scenario 
of the Pakistani meat industry, the overall carcass clas-
sification is based on age, sex, weight, and conforma-
tion. The effect of physiological age on goat meat quality 
is not well documented in the literature. Results of the 
present study showed that age did not have a significant 
impact on WBSF values. Similarly, Simela et  al. (2008) 
reported no difference in consumer acceptability prefer-
ence between meat obtained from MT and permanent 
teeth goats, and the consumer panel found no significant 
difference in tenderness between the goats of two differ-
ent dentition groups. Although age has shown an effect 

difference (P < 0.05) in redness, which was comparatively 
higher in female carcasses than in male carcasses. C* also 
showed a significant difference (P < 0.05) within the treat-
ment and between both sexes (Table 2).

Cooking loss (%)

The cooking loss was significantly (P < 0.05) affected by sex 
(Table 3). Cooking loss values were higher in males com-
pared to female animals. However, animal age did not have 
a significant effect on cooking loss. Furthermore, the effect 
of chilling regime also showed a non-significant result.

Table 2.  Effect of DC and RC on color parameters (L*, a*, b*, C*, 
and h) of MT and TT and male and female goats.

Chilling 
rate

L*

MT TT SD Male Female SD

DC 39.09A 37.83B 2.52 38.84 38.08 2.57

RC 39.39A 38.29B 2.96 39.03 38.65 3.01

a*

DC 19.86a 19.80 1.32 19.93a 19.74 1.32

RC 19.27b 19.70 1.51 19.21Bb 19.86A 1.48

b*

DC 7.99 7.96 1.27 7.97 7.98 1.27

RC 7.68 7.87 1.50 7.49B 8.066A 1.48

C*

DC 21.45a 21.37 1.62 21.52a 21.29 1.62

RC 20.78b 21.16 1.89 20.59Bb 21.35A 1.86

h

DC 21.85 21.61 2.31 21.68 21.78 2.31

RC 21.47 21.51 2.81 21.01B 21.98A 2.76

Values are expressed as means ± SD (standard deviation). Different 
capital alphabets A–B (in rows) and small alphabets a–b (in columns) 
show significant differences at P < 0.05. DC, delayed chilling; RC, 
rapid chilling; MT, milk teeth; TT, two teeth.

Table 3.  Effect of animal age, sex, and postmortem chilling rate on WBSF, cooking loss, and color parameters (L*, a*, b*, C*, and h) of goats.

Parameters

Animal age

SD

Sex

SD

Chilling rate

SDMT TT Male Female DC RC

WBSF 55.03 55.65 1.71 55.88 54.80 1.69 50.59b 60.09a 1.02

Cooking loss 36.44 35.93 1.68 37.15a 35.21b 1.64 35.63 36.74 1.66

L* 39.25a 38.06b 0.79 38.94 38.37 0.79 38.46 38.84 0.81

a* 19.62 19.76 0.41 19.57 19.80 0.39 19.84 19.54 0.41

b* 7.84 7.92 0.39 7.73 8.02 0.39 7.98 7.78 0.39

C* 21.12 21.27 0.51 21.06 21.33 0.50 21.41a 20.97b 0.50

h 21.67 21.56 0.74 21.35 21.88 0.72 21.73 21.49 0.72

Values are expressed as means ± SD (standard deviation). Different small alphabets a–b (in rows) showing significant difference at P < 0.05. MT, milk 
teeth; TT, two teeth; DC, delayed chilling; RC, rapid chilling; WBSF, Warner Bratzler Shear Force.
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from male carcasses lost more weight during cooking 
than meat from female carcasses, which was also seen in 
lambs (Klupsaite et al., 2022). This occurred mainly due 
to differences in pHu values which were lower in female 
lambs, and fatness level which was higher in females, 
although WBSF values were similarly unaffected by sex 
(Facciolongo et  al., 2018). As intramuscular fat content 
increases, it generally leads to an increase in tenderness 
but this relationship is weak most of the time (Alvarez 
et al., 2022). The literature related to meat quality effects 
due to sex is inconsistent, as some authors reported 
that meat from male carcasses was tougher than female, 
whereas others claimed no significant difference between 
them (Gkarane et  al., 2017). The optimum slaughter-
ing time of small ruminants is sex-related, females are 
slaughtered earlier than males due to greater fat content, 
as consumer acceptance of lamb meat depends on the 
proportion of intramuscular fat (Sabbioni et al., 2019).

Effect of chilling regime on meat quality

In the present study, rapidly chilled carcasses revealed 
higher pHu and lower temperature values as compared 
to delayed chilled carcasses. Similar results were reported 
in beef cattle (Li et  al., 2006, 2012; White et  al., 2006). 
These investigations reported that fast chilling delayed 
the pH decline rate. A possible explanation for this higher 
pH value is that it might be due to the decreased activ-
ity of enzymes involved in glycolytic pathways at a lower 
temperature (Yan et  al., 2022). The pHu value is used 
to evaluate the meat’s quality, shelf life, and processing 
efficiency (Gonzales-Barron et  al., 2021a). Overall data 
showed that rapidly chilled carcasses from younger ani-
mals of both sexes missed the ideal pH/temperature win-
dow, during RC of carcasses; the temperature falls below 
15⁰C while pH is still more than 6, and there are chances 
of cold shortening (Matarneh et al., 2017). The relation-
ship between temperature and pH during the onset pro-
cess of rigor mortis is critical in determining the degree of 
cold shortening (Hannula and Puolanne, 2004). When the 
temperature is too low and pH too high, the sarcoplasmic 
reticulum cannot function properly and becomes unable 
to bind calcium leaving an abundant amount of calcium 
in the sarcoplasm (Van Moeseke et al., 2001). Within the 
myocyte, this calcium, along with the available energy 
source like Adenosine triphosphate (ATPs), contracts the 
actin and myosin at their maximum level and eliminates 
the I-band of the sarcomere. This severe overlapping of 
myofibrillar proteins causes toughening of meat. The 
findings of Pophiwa et al. (2017) revealed the same result, 
that DC effectively slows down the carcass temperature 
decline rate and minimizes the chances of cold shortening 
from occurring in goat carcasses. Regarding colorimetric 
parameters, no significant differences were observed in 
L*, a*, and b* values between rapid and delayed chilled 

on shear force value in other species, at present the dif-
ference between age groups (10 months and 16 months) 
can be considered too small. A possible explanation for 
this lack of WBSF difference between age groups leads 
to the hypothesis that cross-linking of collagen, which is 
one of the main contributors to toughness is not evident 
before 12 months of age (Payne et  al., 2020). Lawrence 
et al. (2001) also reported that neither WBSF nor sensory 
panel tenderness values were different among the five 
dentition groups (zero, two, four, six, and eight perma-
nent incisors) of beef cattle, and the number of perma-
nent incisors did not affect the WBSF values. The same 
findings were reported in beef cattle by Schönfeldt and 
Strydom (2011), who concluded that meat toughness 
does not increase with the increase in slaughter weight 
of animals as the intramuscular collagen content remains 
the same among different age groups (0, 2, and 8 teeth) of 
animals. However, it is collagen solubility and heat-labile 
cross-links protein that ultimately determines the ten-
derness (Schönfeldt and Strydom, 2011) and these vary 
with the increase in age (Nishimura, 2015).

The colorimetric parameters were similar for both age 
groups; lightness (L*) decreased while redness (a*) 
increased with the progression of age. Meat color mainly 
depends on myoglobin content and its chemical state in 
muscle (El Otmani et al., 2021). As the age of the animal 
increases, the oxygenation ability of cells is reduced, and 
therefore, more myoglobin is required to retain oxygen 
in living cells (Cho et  al., 2015; De Lima Júnior et  al., 
2016). Hence, myoglobin concentration increases with 
an increase in age, resulting in reddish meat (Ilavarasan 
et  al., 2016). Meat color is one of the most important 
quality attributes consumers base purchasing deci-
sions upon (Tomasevic et al., 2021). Nobre et al. (2020) 
reported a nonsignificant difference in the color param-
eter among 40 noncastrated male lambs of similar age 
(∼120 days) reared under the same management in agree-
ment with current results.

Effect of sex on meat quality

Results of the current study and prior studies on sheep 
have shown that sex does not affect shear force values 
(Klupsaite et  al., 2022; Santos et  al., 2015) and color 
parameters (Sabbioni et  al., 2019) as both are highly 
dependent on the pH and temperature decline profiles of 
the carcass (Santos et al., 2007; Simela et al., 2004; Yarali 
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carcasses, which was similar to the findings of Janz et al. 
(2001) using bison meat. These findings were also sup-
ported by Devine et al. (2002), who explored the effects 
of low and high rigor temperatures on sheep meat quality 
and found that only L* values were greater at high rigor 
temperature, while a* and b* remained unaffected. This 
occurred because at higher postmortem temperatures, 
pHu is greater and is attained more rapidly, and the struc-
ture of muscle protein and enzyme modifies, resulting in 
greater light reflection and less oxygen consumption rate 
by enzymes. Conversely, another study found pHu only 
affected L* and a* in lamb, and carcasses having lower pH 
values displayed a light but brighter red color (Gonzales-
Barron et al., 2021b). Similarly, the effect of chilling rate on 
cooking loss was also not significant within both slaugh-
tering ages (MT and TT). Similar results were reported 
by Fernandez et al. (1994). The outcomes of the current 
study declared that the chilling regime significantly affects 
the meat’s tenderness. These findings are in line with Liu 
et  al. (2015), and according to their conclusions, tough-
ening of meat might be due to the RC of carcasses. In 
the present study, WBSF values were lower in meat from 
delayed chilled carcasses because of high temperature and 
low pH which accelerated the proteolytic activity of the 
enzymes and hence improved tenderness compared to 
the rapidly chilled carcasses (Pflanzer et al., 2019).

Conclusion

Overall, goat age did not show a significant effect on 
shear force values, which denied the misconception 
that meat from MT animals is more tender or superior 
compared to meat from TT animals. Similarly, sex also 
played a non-significant effect on WBSF and 
colorimetric values except for the cooking loss, which 
was greater in males as compared to females. It is also 
noteworthy that chilling had a significant effect on meat 
quality. RC can lead to cold shortening of meat, making 
the end product tougher while DC reduces the chances 
of cold shortening and leads to more tender meat.
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