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A B S T R A C T   

This study elucidated the effect of age and diet on carcass characteristics and meat quality pa-
rameters of Rambouillet ewes. Forty ewes (n = 20 yearling ewes and n = 20 cull ewes) were fed 
with alfalfa hay (AH) or a 100 % concentrate diet (CD). Treatments were: a) 10 cull ewes were fed 
only with AH, b) 10 yearling ewes were fed only with AH, c) 10 cull ewes were fed with CD, d) 10 
yearling ewes were fed with CD. Productive performance, carcass and meat quality were 
analyzed. Animals had ten days for adaptation and 35 days were used to collect data. Dry matter 
intake was greater (P < 0.05) for CD. Feed conversion rates were not affected by treatments. The 
pH at 45 min and 24 h, carcass length, leg length, leg width, thorax width, and thorax perimeter 
were not affected by treatments. Hot carcass weight was heavier (P < 0.05) in cull ewes, cold 
carcass weight was increased (P < 0.05) with CD. Carcass yield (CY) was heavier in CD (P <
0.05). Cull ewes had greater (P < 0.05) lean CIELAB L*, a*, b*, c*, and h* values compared to 
yearling ewes. The color changes increased with age at five days (P < 0.05), but a decrease (P <
0.05) with diet was observed at ten days. Cathepsins B, B + L, and Lowry protein content were not 
affected by treatments. In conclusion, feeding cull ewes with concentrate diets may enhance body 
weight gain and carcass yield compared to a diet based on 100 % alfalfa hay.   

1. Introduction 

Sheep meat consumption and market in Mexico has been dominated by a traditional dish known as Barbacoa [1]. Moreover, about 
40 % of slaughtered animals are adults or cull animals with low body condition score and low live weight [2,3]. The sale of adult or cull 
animals represents an extra income for farmers [3–5]. Moreover, the selling price could be better valued if carcass traits are improved 
[4,5]. However, factors affecting carcass characteristics and carcass value of this type of animal are rarely studied [4,5]. 
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Ewes are culled around 5–6 years of age and they are characterized by poor body condition [6]. The meat of culled ewes is tough, 
fibrous in texture and high in insoluble collagen content [7] resulting in low consumer preference. Short-term re-feeding of culled ewes 
before slaughtering results in significant weight gains, and this could result in improved carcass yields [8]. Also, it has been reported 
that decreasing meat shear force and quantity of soluble collagen increases consumer acceptability [9,10]. 

With age, ewe’s carcasses have low muscle development and have high subcutaneous fat deposition, which could impact farmer 
incomes [11]. In ewes, to optimize feed conversion rate and body weight gain (BWG) and increase meat dressing, the supply of 
energy-rich diets for short periods enhances animal performance, carcass traits, and meat quality [8]. The hypothesis for this study was 
that BWG, carcass yield, meat color, shear force, cathepsins activity, myoglobin content and protein content are improved parameters 
for young ewe’s compared to cull ewes, but a strategy of re-feeding with high gran diets could increase productive parameters and meat 
quality of cull ewes. Therefore, our objective was to determine the influence of re-feeding with commercial concentrate diet (CD) and 
contrast group feeding only with alfalfa hay (AH) comparing cull ewes and yearling ewes on growth performance, carcass yield, and 
meat quality. 

2. Materials and methods 

2.1. Study site 

The study was conducted at the experimental sheep facilities of the Facultad de Agronomía y Veterinaria of Universidad Autónoma 
de San Luis Potosí, Soledad de Graciano Sánchez, San Luis Potosí, México (Latitude 22◦14′0.58″; Longitude 100◦50′48.5″). 

2.2. Animals and management 

Animal procedures were reviewed and approved by the Committee for the Ethical Use of Animals in Experiments of the Universidad 
Autónoma de San Luis Potosi (MCA-2018-034). Forty Rambouillet ewes with a mean body weight (BW) (49.73 ± 4.41 to cull ewes and 
39.19 ± 5.1 for yearling ewes) were assigned to one of two fattening treatments. Ewes were grouped by age: twenty yearling ewes (10 
± 0.23 months) and twenty cull ewes (60 ± 1.8 months). Cull ewes were going to be discarded due to their advanced age and they were 
separated from their offspring two months earlier. Ewes were fed with two types of diets: ground (2 mm) alfalfa hay (AH); and 
commercial concentrate diet (CD; Borrego Engorda; Vali Group®, México) containing sorghum grain (35 %), corn (35 %), soybean oil 
(3 %), soybean meal (12 %), vitamins and minerals (1 %) and fiber source (14 %). Treatments were: a) 10 cull ewes were fed only with 
AH, b) 10 yearling ewes were fed only with AH, c) 10 cull ewes were fed with CD, d) 10 yearling ewes were fed with CD. The chemical 
composition of the experimental diets is shown in Table 1. At 08:00 and 15:00 h, the ewes were fed with their respective diets. All ewes 
had free access to feed to ensure 100 g of orts per kg of the amount fed daily. At the beginning of the study, the ewes were identified, 
weighed, and randomly placed on individual roofed metabolic cages (1.5 m2) equipped with feeders, drinkers, and elevated slatted 
floors. 

2.3. Feed analysis 

Every week diet samples were polled and analyzed according to AOAC [12]; for dry matter (DM, 981.10), crude protein (CP, 
967.03), neutral detergent fiber (NDF), and acid detergent fiber (ADF) according to Van Soest et al. [13]. 

2.4. Growth trial 

The growth trial lasted 35 days and the ewes had an adaptation period (10 d) to diets, before they were all housed in the same pen. 
Ewes received grass hay and alfalfa hay and were weighed at the onset and at the end of the study to determine average daily gain. Feed 
intake was recorded daily, and the feed conversion rate was expressed as the ratio of feed intake to average daily gain. 

2.5. Slaughter procedures and carcass measurements 

Before slaughter, shrunk body weight (SBW) was recorded, and then feed and water were withdrawn for 24 h. Ewes were 

Table 1 
Chemical composition (% dry matter (DM) basis) of the concentrate diet and alfalfa hay fed to the ewes 
during fattening.  

Components (%) Concentrate Diet Alfalfa hay 

Dry matter 90 88.5 
Crude protein 14 14.0 
Ether extract 2.0 1.30 
Neutral detergent fiber 33.8 46.2 
Acid detergen fiber 18.7 26.1 
Ash 10 12.0  
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slaughtered humanely following the Mexican Official Norms (NOM-08-ZOO, NOM-09-ZOO, and NOM-033-ZOO) established to 
slaughter and process animals for meat production. Immediately after slaughtering, the measurements of weights from the carcass 
were recorded. The carcasses were stored at 4 ◦C for 24 h, then a sample from the Longissimus lumborum (LTL) were taken from each 
carcass using a dot square grid of 75 mm2; all samples were stored individually in a vacuum bag at − 20 ◦C for subsequent analysis. 

Carcass classification was evaluated by trained personnel according to the Mexican carcass classification (NMX–FF–106-SCFI- 
2006), using a scale from 1 to 4: 1) México Extra, excellent conformation no classification; 2) México 1, excellent conformation; 3) 
México 2, poor conformation; and 4) no classification. The area of the LTL between the penultimate and last ribs was measured with a 
tape measure in the longitudinal and transverse axes of the rib eye, both at the coccygeal region. The carcass length was determined, 
from the atlanto-occipital joint to the first coccygeal vertebra. Leg length was taken from the proximal femoral epiphysis to the level of 
the tarsometatarsal joint. Rump width and chest width were assessed as reported by Colomer-Rocher et al. [14]. Dorsal fat was 
measured with a vernier scale on the 6th rib and 12th rib. The components not included in the carcass (trachea, lungs, heart, liver, 
spleen; full and empty digestive tract, head, skin, and feet) were weighed individually [15] for carcass yield calculations. Carcass 
performance included a) hot carcass weight, which was calculated by sectioning and weighing the head, legs, and skin. They were 
eviscerated with a cut from the sternum to the symphysis pubis, and the trachea, lungs, heart, liver, and spleen were separated. All 
components were weighed. The rumen and intestines were weighed full and empty to obtain the difference in the weight of the 
gastrointestinal contents; b) cold carcass weight was obtained after twenty-four (24) hours post-filling with the carcass storage at 4 ◦C. 
This was expressed as the weight obtained after airing losses, c) carcass yield (hot and cold), was reported as the dressing percentage 
([dressed carcass weight/live weight] × 100). 

2.6. Meat quality analysis 

Samples of LTL (150 g) taken at post-mortem days 1, 5, and 10, and were used to determine quality parameters. Meat color was 
measured through the L*, a*, and b* parameters using the using the Minolta chroma Meter CM-2500. L* represents the light to dark 
color, a* represents green to red, and b* represents the blue and yellow tones. The equipment was calibrated with a blank before each 
measurement with an aperture size of 8 mm, an observer of 10◦ and, an illuminant D65, while the blooming time was 20 min. For color 
measurement, a 3 cm3 area of the sample was taken so that the measurement at post-mortem days 1, 5, and 10 would always be in the 
same place and thus be more representative. The color was taken in triplicate. The color change (ΔЕ) was calculated at ten days post- 
mortem, using the following equation: 

ΔE =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(((Lo − L∗) + (a0− a∗) + (b0− b∗)))

√

where: L0, a0, and b0 are the color parameters of the sample at day one, and L*, a*, and b* represent the color parameters at day 5 and 
10 of sample maturation. 

To analyze meat tenderness, the cathepsin B and cathepsin B + L activities and myoglobin concentration were quantified on five- 
and ten-days post-mortem following methods from Etherington and Wardale [16] and Trout [17], respectively. Three determinations 
were performed for each sample. Myofibrillar protein was determined according to Joandel-Monier [18]. 

2.7. Statistical analyses 

Data were analyzed using a MIXED procedure [19] as a complete randomized design with a 2 × 2 factorial arrangement of 
treatments. The model included the fixed effects of age (yearling or cull), diet type (AH and CD), and their interaction on growth 
performance, carcass yield, and meat quality. Meat color, cathepsins, myoglobin, and protein were analyzed as repeated measure-
ments. On these models the Auto regressive covariate structure gave the lowest BIC. The significance of differences between the values 
obtained on different sampling dates was determined with the Tukey test. 

Table 2 
Feedlot performance of culls and yearling ewes finished with two types of diets.  

Item Treatments SEM P-value 

Alfalfa hay Concentrate diet 

Culls Yearlings Culls Yearlings Age Diet Age × Diet 

Initial weight, kg 49.3 37.2 50.1 41.1 6.08 0.01 0.32 0.23 
Final weight, kg 53.2a 40.8c 55.9a 46.2b 2.20 0.01 0.21 0.15 
Average daily gain, g/d 112b 102b 166a 145a 29.0 0.53 0.06 0.84 
Dry matter intake, kg/d 1.32b 1.32b 1.82a 1.71a 0.27 0.52 0.01 0.58 
Feed conversion 11.7 10.8 10.9 11.7 2.25 0.37 0.64 0.79 

SEM = Standard Error of the Mean; a–c Means within a row with different superscripts differ (P < 0.05). 
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3. Results 

3.1. Productive traits 

Productive traits and carcass yield are shown in Table 2. Feed intake was higher (P ≤ 0.05) in ewes offered only concentrate. There 
was no significant (P = 0.08) change for the age effect cull ewes consuming more feed compared to yearling ewes. Daily weight gain 
was not affected (P = 0.08) by concentrated diets. Feed conversion (FC) had no differences. Carcass classification was similar between 
treatments. 

3.2. Carcass characteristics 

Hot carcass weight was affected with diet and age (P = 0.02 and P = 0.04, respectively). Likewise, cold carcass weight and run-off 
were affected by diet (P ≤ 0.05), while carcass yield was affected by age (P = 0.01) and diet (P = 0.01) (Table 3). However, LTL area 
was higher for cull ewes respect yearling, thorax circumference, differed among treatments (P ≤ 0.05). 

3.3. Meat physicochemical characteristics 

The pH at 45 min and 24 h, carcass length, leg length, leg width, thorax width, and thorax perimeter were not affected (P > 0.05) by 
treatments. Meat color parameters at 24 h had significant differences (P < 0.05; Table 4). On the contrary, a* increased (P < 0.05; 
Table 4) with animal age. On day five of maturation, L*, a*, b*, c* and h* were significant (P < 0.05; Table 4) affected by the diet, ΔE 
was affected by both age and diet (P < 0.05; Table 4). Cathepsins B, B + L, and Lowry protein content were similar among treatments. 
During day 10 of maturation, L*, b*, c*, and ΔE were different between treatments being higher for CD (P < 0 0.05; Table 4). 
Myoglobin concentration at 24 h, and days 5 and 10, showed a significant difference (P < 0 0.05; Table 4) between treatments, with 
effect by diet at 24 h decreasing with CD, and days 5 and 10 had an age effect. 

4. Discussion 

4.1. Productive traits 

Feed intake is affected by weight, size, breed [20,21], and energy density. Pittroff and Kothmann [22] revised 11 models of feed 
intake where length, live weight, metabolic weight (PM0.75), and metabolic weight (PM0.73) were included. In our study, dry matter 
intake was modified (P ≤ 0.05) by the diet. In this regard, AH treatment generated ruminal distension [23], which was reflected on 
feed intake. These results differed from Jaborek et al. [24], who observed a higher feed intake in lambs fed solely with pelletized alfalfa 
compared to a diet based on whole shelled corn. These authors mentioned that energy density generates a compensatory intake that aid 
animals to cover physiological requirements, and this was also reported by Murphy et al. [25]. Both studies agree with our results. 
Mahgoub and Lu [26] mentioned that adult ewes could adapt better and have a higher intake with high forage diets due to enhanced 
rumen development. However, the feed intake with concentrate was higher than the alfalfa-based diet, while age did not influence this 
parameter. 

Increasing concentrate levels in the ratio is proportional to the weight gain or growth rate in lambs [27]. McLeod and Baldwin [28] 

Table 3 
Carcass characteristics of culls and yearling ewes finished with two types of diets.  

Item Treatments SEM P-value 

Alfalfa hay Concentrate diet 

Culls Yearlings Culls Yearlings Age Diet Age × Diet 

Carcass Performance 
Hot carcass weight, kg 21.3ab 17.8b 25.8a 21.7ab 1.19 0.04 0.02 0.85 
Cold carcass weight, kg 20.6 17.6 22.2 20.6 1.50 0.36 0.05 0.26 
Hot carcass yield, % 

Cold carcass yield, % 
Cooler shrinkage, kg 

42.14 
40.1 
0.7c 

46.36 
45.40 
0.2c 

48.67 
43.44 
3.6a 

49.44 
45.7 
1.1b 

1.56 
1.29 
0.52 

0.01 
0.04 
0.16 

0.01 
0.17 
0.02 

0.04 
0.24 
0.70 

Carcass dressing, % 38.3c 42.1bc 43.7b 48.5a 1.32 0.01 0.01 0.56 
Carcass length, cm 78.0 83.6 82.6 77.3 8.38 0.97 0.86 0.29 
Area Longissimus thoracis et lumborum, mm2 67.9a 50.9c 69.9a 59.5b 10.99 0.23 0.63 0.76 
Leg length, cm 44.3 45.3 43.3 42.6 2.08 0.95 0.25 0.58 
Rump width, cm 19.0 20.6 19.0 19.0 1.15 0.36 0.38 0.36 
Chest width, cm 27.3 30.6 29.6 28.0 1.52 0.69 0.93 0.25 
Torax circumference, cm 83.6b 92.0a 85.0b 82.6b 10.4 0.67 0.58 0.04 
Dorsal fat, mm 6.66a 2.87c 3.73bc 4.69b 1.74 0.3 0.67 0.1 
Fat-tailed, kg 3.00 3.33 3.00 2.66 0.6 1 0.39 0.39 
Carcass classification scale 3.66 3.33 3.00 2.90 0.57 0.8 0.46 0.8 

SEM = Standard Error of the Mean; a–c Means within a row with different superscripts differ (P < 0.05). 
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reported increased weight gains in lambs fed a diet containing 75 % concentrate than a diet containing 75 % forage. Similarly, in this 
study, ewes fed concentrate had higher weight gains. Age is a notorious factor where adult ewes had a higher numerically weight gain 
(131 g/adult vs. 123 g/young ewes). Cull ewes that are undernourished but are re-fed to meet or exceed their requirements can 
generate extraordinary weight gains [29]; Bohman [30] described this phenomenon as “compensatory weight” and that largely explain 
results from our study. 

4.2. Carcass characteristics 

The trend (P = 0.06) for diet effect could be because high concentrate diets decrease the acetate: propionate ratio [31], which may 
decrease losses due to caloric gain [32], making the use of energy for growth more efficient. Starch-sourced diets promote an elevated 
formation of ruminal propionate, which explains why gluconeogenic precursors can also induce feed and rumen efficiencies. Similarly, 
Lee-Rangel et al. [33] and Mendoza-Martinez et al. [34] reported a rise in total volatile fatty acids and propionic acid molar ratios. The 
present study focused on carcass characteristics and thus, rumen fluid was not obtained. However, if rumen fluid was taken results on 
volatile fatty acids would be similar to those reported in those previous studies. 

Carcass yield is highly influenced by diet type [6], with differences between 40 and 50 % in yield, especially in animals fed 
high-grain diets. In hair sheep, carcass yield can fluctuate due to age, sex, physiological state, and feeding regime [2,4]. Extensive 
production systems generally have lower carcass yields due to gastrointestinal tract filling [3,6,8,35]. Although our animals were not 
in an extensive system, they were in a 100 % forage feeding regime and they indeed had a lower carcass yield (40.2 vs. 46.1, forage vs. 
concentrate). 

Cacere et al. [36] found that live weight at slaughtering, empty weight, hot carcass yield, and cold carcass yield had a linear in-
crease as dietary concentrate levels increased. Likewise, Ruiz-Ramos et al. [4] reported an increase in these parameters with animals 

Table 4 
Meat physicochemical characteristics of culls and yearling ewes finished with two types of diets.  

Item Treatments SEM P-value 

Alfalfa hay Concentrate diet Age Diet Age × Diet 

Culls Yearlings Culls Yearlings 

pH Longissimus thoracis et lumborum 
45 min 6.26 6.48 6.37 6.49 0.23 0.24 0.64 0.72 
24 h 6.19 6.32 6.52 6.32 0.33 0.16 0.19 0.79 
Color 24 h 
L* 44.5a 38.1b 43.0a 41.7a 0.01 0.26 0.01 3.75 
a* 10.7b 13.4a 10.5b 12.2ab 0.01 0.31 0.44 2.65 
b* 17.5a 11.7b 13.4b 12.7b 0.01 0.02 0.01 2.55 
C 17.5 17.8 17.1 17.5 0.61 0.68 0.83 1.12 
H 52.8a 41.2c 51.8a 46.4b 0.01 0.05 0.01 2.03 
Protein Lowry, mg/mL 7.48 7.02 6.27 8.54 0.22 0.82 0.08 0.77 
Cathepsin B¥ 3.82 2.92 4.66 2.37 0.05 0.83 3.34 0.84 
Cathepsin B + L¥ 3.63 2.34 3.8 1.86 0.03 0.81 0.63 0.75 
Myoglobin, mg/mL 516 408 382 388 70.1 0.06 0.01 0.09 

Color day 5 
L* 47.7a 38.9c 42.1b 42.4b 0.01 0.16 0.01 1.51 
a* 7.59b 10.5a 8.85ab 9.60a 0.01 0.73 0.02 1.67 
b* 15.6a 12.9c 13.8b 13.9b 0.01 0.10 0.01 0.63 
C 17.4 16.7 16.5 16.9 0.62 0.28 0.05 1.35 
H 63.9a 50.8c 57.6b 55.5bc 0.01 0.58 0.01 2.44 
Protein Lowry, mg/mL 6.4 6.19 6.47 6.92 0.92 0.74 0.78 0.64 
Cathepsin B¥ 3.15 2.37 2.99 2.96 0.55 0.75 0.58 0.98 
Cathepsin B + L¥ 3.84 4.32 3.93 3.25 0.9 0.55 0.48 1.31 
Myoglobin, mg/mL 272 465 351 379 38.8 0.01 0.89 0.01 

Color day 10 
L* 47.7a 38.6c 46.4a 41.9b 0.01 0.19 0.01 2.79 
a* 8.52ab 9.68a 7.12c 7.97bc 0.01 0.01 0.61 0.88 
b* 16.0a 12.0c 14.6ab 13.0bc 0.01 0.75 0.02 1.86 
C 18.1a 15.4b 16.3b 15.3b 0.01 0.03 0.06 1.05 
H 61.9ab 51.2c 64.1a 58.1b 0.01 0.01 0.12 2.17 
Protein Lowry, mg/mL 15.2 9.68 10.8 10.2 0.14 0.34 0.23 1.85 
Cathepsin B¥ 2.73 1.32 1.92 1.59 0.12 0.61 0.31 0.55 
Cathepsin B + L¥ 2.75 1.96 2.08 1.32 0.18 0.26 0.98 0.87 
Myoglobin, mg/mL 264 368 292 278 41.4 0.04 0.16 0.01 

ΔE day 5 4.34bc 3.69b 5.60a 4.65ab 0.06 0.01 0.72 1.24 
ΔE day 10 3.71b 5.37ab 6.50a 5.45ab 0.57 0.01 0.01 1.04 

SEM = Standard Error of the Mean; a–c Means within a row with different superscripts differ (P < 0.05); ¥ Expressed as specific activity in nmol of 
NMec (amino-methylcoumarin) released per min/mg protein. 
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fed on concentrate diets. Also, Fruet et al. [3] evaluated meat quality of cull ewes with a body condition of 3 raised under extensive 
systems or fed with ground grains-based diets and reported that there were no significant differences between treatments. 

Bhatt et al. [37] reported that adding dietary fat in Malpura ewes led to increased carcass yields from 47.7 to 52.4 %. However, 
when evaluating the effect of level and time of fat supplementation in adult ewes, and hot carcass yield was not affected, and the 
average hot carcass yield (40 %) was lower than of the one obtained in our study. Though, Bhatt et al. [6] reported hot carcass yield 
values of 41 % and 48 % for animals in extensive and intensive systems, respectively, which agrees with the data from the present 
study. 

The LTL area in our study was smaller than that reported in previous studies. Sebsibe et al. [38] mentioned that adult animals 
generally have a lower propensity of muscle to fat and bone. Breed can also influence the muscle development of the animal [39] and 
probably that factor explain the differences between previous studies and our data. 

4.3. Meat physicochemical characteristics 

Etherington and Wardale [16] mentioned that cathepsin B + L activity is greater in young animals than in adults. Those results 
contradict what was found in the present study, where the activity of cathepsins was higher in adult females than young females in 
cathepsins B and B + L at zero days. Hernandez et al. [40] reported that in pigs of 6 and 12 months the concentration of cathepsins in 
muscle was different. Likewise, Rosell and Toldra [41] observed differences in proteolytic enzyme activity between Iberian pigs and 
age at slaughter. Activity of cathepsin B and L in this study may be also influenced by feeding regime but mechanisms involved are still 
unknown. 

Color is an essential parameter because it affects consumer’s perception, and it is a quality reference because it is associated with 
freshness. Changes in myoglobin at 24 h and L*, b* and h* were affected by the diet; in this sense, color parameters are affected by 
myoglobin concentration, lipid oxidation, tissue structure, pH, and marbling [42]. Brightness is influenced positively by intramuscular 
fat and tissue water contents [43]. In this regard, a* values are generally affected by age at slaughtering [42] that only those observed 
at 10 days. Luciano et al. [44] mentioned that consumers relate red color with freshness, and changes in redness and yellowness over 
time have been described as a change from red to brown, which mirrors myoglobin concentration and the redox state in meat [42]. 

Meat from cull ewes had lower L*, a*, and b* values from day zero to day ten post-slaughter. Jaborek et al. [45] reported that LTL 
meat from mature ewes had higher L*, a*, and b* values than that of 12-month-old ewes, and regarding age, higher values were also 
reported in meat from 14- to 22-month-old sheep compared to meat from 8-month-old sheep [46]. Similar results were reported by 
Preziuso and Russo [47] and Bures and Barton [48]. Conversely, De Palo et al. [42], found higher values for 18-month-old donkeys and 
for 12-month-old donkeys, which is consistent with Funghi et al. [49], who obtained lower values of L* as the age at slaughtering 
increases in young bulls from 6 to 24 months. In lambs, Khliji et al. [50] reported that the ability of a* to predict consumer acceptance 
was around of 14.5 at 24 h which was higher compared to the present study. This same study also identified L* as an important 
predictor for lamb meat color preference, which is an outcome reflected by preliminary research assessing beef which concluded that 
L* was a potentially suitable candidate to be employed as a threshold value [51]. The disagreement between results from these and the 
present study may be due to differences in chroma precision. 

Ewes that consumed concentrate had higher CIELAB values. The color of fat surface in lambs fed 100 % corn had lower L* values 
than lambs at 85 % of their theoretical requirement [45]. These results contrast with that reported by Karaca et al. [52], where higher 
L* and a* values in meat from lambs fed a concentrate ration in stall relative to lambs fed on pasture. Minchin et al. [53] reported that 
the brighter appearance of meat from cows fed with high-energy diets can be due to changes caused in reflectance values by increased 
fat deposition. Although, Priolo et al. [54] reported that the meat color was darker in pasture-fed lambs, even in conditions where fat 
deposition was high, when compared to concentrate-fed lambs. 

Another important consideration in pasture-fed lambs is the meat redness or the a* value, which is associated with raised 
pigmentation that results from increased muscle activity [55]. It is important to note that meat lightness is inversely correlated with 
iron content, which increases with age [48]. Also, the CIELAB values are affected by myoglobin contents in muscle [56] and myoglobin 
concentration increases during the first two years of life [57]. Meat color from 6-month-old animals is less red due to low iron con-
centrations; however, meat from 18-month-old animals is rich in myoglobin, resulting in a darker product [45]. Color changes (ΔE) are 
those from lightness, bright red, and yellow fibrillary [58]. Although the differences in a* determine the differences in ΔE; also, the 
changes in L* and b* could contribute to the ΔE value. Those parameters that are more susceptible to changes during the oxidation 
process in meat are a* and c* [58]. In our study, changes in ΔE were observed on days 5 and 10, which agree with the qualification 
made by the National Bureau of Standards (NBS), and the ΔE change was observed in both days. Also, the Meat Color Measurement 
Guidelines of American Meat Science Association [59] mentioned that ΔE of less than 1.0 are not detectable unless the samples are side 
by side. These differences are constantly related to frozen meat [60], which may be due to the variations in the long-chain fatty acids 
content affecting the susceptibility of the meat to be oxidized during storage. In fact, color changes are also associated with the 
oxidation process and meat shelf life [58]. Thus, meat with a greater concentration of long-chain fatty acids increases the shelf life, 
reduces the meat’s oxidation process, and positively relates to the value of ΔE and the sensorial tests [60]. Our data suggest that age 
and diet are related with changes in long-chain fatty acids contents, and ΔE is influenced by both age and diet. Further studies should 
analyze meat fatty acid profile to confirm our results. 

5. Conclusion 

Overall, the concentrate diet increased the average daily gain and dry matter intake regardless of the age. Nevertheless, yearling 

C. Rivera-Bautista et al.                                                                                                                                                                                              



Heliyon 9 (2023) e22350

7

ewe’s hag improved carcass yield even though cull ewes had a heavier hot carcass when fed with CD. Age increases the CIELAB values 
at day 0 of slaughter. At days 5 and 10, CIELAB values increased due to diet. The color changes increased with age at five days post- 
mortem, but at ten days, diet negatively affected it. In conclusion, feeding cull ewes with concentrate diets could improve body weight 
gain and carcass yield compared to alfalfa hay feeding. 
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[4] J. Ruiz-Ramos, A.J. Chay-Canul, J.C. Ku-Vera, J.G. Magaña-Monforte, A. Gómez-Vázquez, A. Cruz-Hernández, R. Gonzalez-Garduño, A.J. Ayala-Burgos, Carcass 
and non-carcass components of Pelibuey ewes subjected to three levels of metabolizable energy intake, Ecosistemas Rec Agrop 3 (2016) 21–31. 

[5] L. Gallo, E. Sturaro, G. Bittante, Body traits, carcass characteristics and price of cull cows as affected by farm type, breed, age and calving to culling interval, 
Animal 11 (4) (2016) 696–704, https://doi.org/10.1017/S1751731116001592. 

[6] R.S. Bhatt, N.M. Soren, A. Sahoo, S.A. Karim, Re-alimentation strategy to manoeuvre body condition and carcass characteristics in cull ewes, Animal 6 (2012) 
61–69, https://doi.org/10.1017/S1751731111001236. 

[7] J. Kopp, M. Bonnet, Stress-strain and isometric tension measurement in collagen, in: T.R. Dutson (Ed.), Advances in Meat Research, Collagen as Food. Pearson 
AM, van Nostr and Reinhold, NY, 1987, pp. 163–185. 

[8] R.S. Bhatt, N.M. Soren, A. Sahoo, S.A. Karim, Level and period of re-alimentation to assess improvement in body condition and carcass quality in cull ewes, Trop. 
Anim. Health Prod. 45 (2012) 167–176, https://doi.org/10.1007/s11250-014-0555-z. 

[9] M.F. Miller, H.R. Cross, D.J. Crouse, T.G. Jenkins, Effect of feed energy intake on collagen characteristics and muscle quality of mature cows, Meat Sci. 21 (1987) 
287–294, https://doi.org/10.1016/0309-1740(87)90065-9. 

[10] W.F. Brown, D.D. Johnson, Effects of energy and protein supplementation of ammoniated tropical grass hay on the growth and carcass characteristics of cull 
cows, J. Anim. Sci. 69 (1991) 348–357, https://doi.org/10.2527/1991.691348x. 

[11] N. Atti, F. Bocquier, G. Khaldi, Performances of fat-tailed Barbarine sheepin its environment: adaptive capacity to alternation of underfeeding andre-feeding 
periods, A review, Anim. Res. 53 (2004) 165–176, https://doi.org/10.1051/animres:2004012. 

[12] Aoac, Association of Official Analytical Chemists International, Gaithersburg, MA, 2000. 
[13] P.V. Van Soest, J.B. Robertson, B.A. Lewis, Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in relation to animal nutrition, 

J. Dairy Sci. 74 (10) (1991) 3583–3597, https://doi.org/10.3168/jds.S0022-0302(91)78551-2. 
[14] F. Colomer-Rocher, P. Morand-Fehr, A.H. Kirton, R. Delfa-Belenguer, I. Sierra-Alfranca, Métodos normalizados para el estudio de los caracteres cuantitativos y 

cualitativos de las canales caprinas y ovinas, INIA 41 (1988). 
[15] J.L. Davila-Ramirez, U. Macias-Cruz, N.G. Torrentera-Olivera, H. Gonzalez-Rios, S.A. Soto-Navarro, R. Rojo-Rubio, Effects of zilpaterol hydrochloride and 

soybean oil supplementation on feedlot performance and carcass characteristics of hair-breed ram lambs under heat stress conditions, J. Anim. Sci. 92 (2014) 
1184–1192, https://doi.org/10.1016/j.smallrumres.2013.07.009. 

[16] D.J. Etherington, R.J. Wardale, The mononuclear cell population in rat leg muscle: its contribution to the lysosomal enzyme activities of whole muscle extracts, 
J. Cell Sci. 58 (1982) 139–148, https://doi.org/10.1242/jcs.58.1.139. 

[17] G.R. Trout, The rate of metmyo-globin formation in beef, pork, and Turkey meat as influenced by pH, sodiumchloride, and sodium tripolyphosphate, Meat Sci. 
28 (1990) 203–210, https://doi.org/10.1016/0309-1740(90)90004-. 

[18] S. Joandel-Monier, Influence du polymorphisme musculaire sur les proprietes gelifiantes des proteines myofibril-laires, These de doctorat de J’Universite de 
Blaise Pascal- Clermont-Ferrand II, 1997. 

[19] SAS, SAS/STAT Software, Ver. 9.00, SAS Institute Inc., Cary, NC 27512-8000, USA, 2000. 
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[21] R.M. Lewis, G.C. Emmans, Feed intake of sheep as affected by body weight, breed, sex, and feed composition, J. Anim. Sci. 88 (2010) 467–480, https://doi.org/ 

10.2527/jas.2008-1735. 
[22] W.M.M. Pittroff, M.M. Kothmann, Quantitative prediction of feed intake in ruminants. I. Conceptual and mathematical analysis of models for sheep, Livest. Sci. 

71 (2001) 131–150, https://doi.org/10.1016/S0301-6226(01)00216-0. 
[23] M.S. Allen, Relationship between fermentation acid production in the rumen and the requirement for physical effective fiber, J. Dairy Sci. 80 (1997) 1447–1462, 

https://doi.org/10.3168/jds.S0022-0302(97)76074-0. 
[24] J.R. Jaborek, H.N. Zerby, S.J. Moeller, F.L. Fluharty, Effect of energy source and level, and sex on growth, performance, and carcass characteristics of lambs, 

Small Rumin. Res. 151 (2017) 117–123, https://doi.org/10.1016/j.smallrumres.2017.04.009. 
[25] T.A. Murphy, S.C. Loerch, K.E. McClure, M.B. Solomon, Effects of restricted feeding on growth performance and carcass composition of lambs, J. Anim. Sci. 72 

(1994) 3131–3137, https://doi.org/10.2527/1994.72123131x. 
[26] O. Mahgoub, C.D.R.J. Lu, Effects of dietary energy density on feed intake, body weight gain and carcass chemical composition of Omani growing lambs, Small 

Rumin. Res. 37 (2000) 35–42, https://doi.org/10.1016/S0921-4488(99)00132-7. 

C. Rivera-Bautista et al.                                                                                                                                                                                              

https://doi.org/10.1016/j.meatsci.2003.10.022
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref2
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref2
https://doi.org/10.1016/j.meatsci.2015.11.018
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref4
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref4
https://doi.org/10.1017/S1751731116001592
https://doi.org/10.1017/S1751731111001236
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref7
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref7
https://doi.org/10.1007/s11250-014-0555-z
https://doi.org/10.1016/0309-1740(87)90065-9
https://doi.org/10.2527/1991.691348x
https://doi.org/10.1051/animres:2004012
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref12
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref14
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref14
https://doi.org/10.1016/j.smallrumres.2013.07.009
https://doi.org/10.1242/jcs.58.1.139
https://doi.org/10.1016/0309-1740(90)90004-
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref18
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref18
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref19
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref20
http://refhub.elsevier.com/S2405-8440(23)09558-0/sref20
https://doi.org/10.2527/jas.2008-1735
https://doi.org/10.2527/jas.2008-1735
https://doi.org/10.1016/S0301-6226(01)00216-0
https://doi.org/10.3168/jds.S0022-0302(97)76074-0
https://doi.org/10.1016/j.smallrumres.2017.04.009
https://doi.org/10.2527/1994.72123131x
https://doi.org/10.1016/S0921-4488(99)00132-7


Heliyon 9 (2023) e22350

8

[27] C.L. Ferrell, J.D. Crouse, R.A. Field, J.L. Chant, Effects of sex, diet and stage of growth upon energy utilization by lambs, J. Anim. Sci. 49 (3) (1979) 790–801, 
https://doi.org/10.2527/jas1979.493790x. 

[28] K.R. McLeod, V.R.L. Baldwin, Effects of diet forage: concentrate ratio and metabolizable energy intake on visceral organ growth and in vitro oxidative capacity 
of gut tissues in sheep, J. Anim. Sci. 78 (2000) 760–770, https://doi.org/10.2527/2000.783760x. 

[29] W.J. Ryan, I.H. Williams, R.J. Moir, Compensatory growth in sheep and cattle. I. Growth pattern and feed intake, Aust. J. Agric. Res. 44 (7) (1993) 1609–1621, 
https://doi.org/10.1071/AR9931609. 

[30] V.R. Bohman, Compensatory growth of beef cattle. The effect of hay maturity, J. Anim. Sci. 14 (1995) 249, https://doi.org/10.2527/jas1955.141249x. 
[31] H. Fimbres, J.R. Kawas, G. Hernández-Vidal, J.F. Picón-Rubio, C.D. Lu, Nutrient intake, digestibility, mastication and ruminal fermentation of lambs fed 

finishing ration with various forage levels, Small Rumin. Res. 43 (2002) 275–281, https://doi.org/10.1016/S0921-4488(02)00013-5. 
[32] D.G. Armstrong, K.L. Blaxter, The utilization of acetic, propionic and butyric acids by fattening sheep, Br. J. Nutr. 11 (1957) 413–425, https://doi.org/10.1079/ 

bjn19570063. 
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