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ABSTRACT

In semi-arid zones, feedlots are considered a tool to minimize the impacts of seasonal forage on the production of sheep 
meat in the tropics. However, the use of alternative tropical ingredients as substitutes for corn (Zea mays L.) and soybean 
(Glycine max [L.] Merr.) meal in formulations of confined sheep diets is recurrent. The aim of this study was to evaluate 
the effect of diets containing corn and soybean meal (CS), corn (CU), cassava (Manihot esculenta Crantz) root (CRU) or 
spineless cactus (Opuntia ficus-indica [L.] Mill., SCU) associated with urea on the performance, carcass characteristics 
and meat quality of confined lambs. Forty non-castrated Santa Inês sheep with average age of 150 d and average initial 
weight of 22.6 ± 2.3 kg were confined in individual pens for 76 d and slaughtered. The diets effects were contrasted by 
Tukey test. Empty body weight was different among the treatments (P < 0.05) and was 27.3, 25.3, 23.0 and 21.1 kg for 
the animals fed CS, CU, CRU and SCU, respectively. CS diet presented higher cold carcass weights while SCU diet 
presented lower cold carcass weights (P < 0.05) (11.37 kg) and higher cooling losses. Luminosity, yellow color intensity 
and meat moisture content were higher (P < 0.05) in SCU than CS. Liver, skin and internal fat weights were similar 
(P > 0.05) in CU and CRU, but higher (P < 0.05) than SCU. The replacement of corn and soybean meal for different 
carbohydrate sources associated with urea reduces the body weight components in confined sheep.
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INTRODUCTION

In semi-arid zones, there is a seasonal variation in pasturable phytomass available for small ruminant herds, which has a 
severe impact on animal production. Therefore, feedlots are considered a tool to minimize the impacts of seasonal forage 
on the production of sheep meat in the tropics.
 However, corn and soybean cultivation, which are the main components of confined animal diets, is hampered by 
climatic conditions in arid and semi-arid zones. Therefore, the use of alternative tropical ingredients as substitutes for 
corn and soybean meal in formulations of confined sheep diets is recurrent. Santos et al. (2015), for example, observed 
that corn can be completely replaced by cassava peel associated with urea in sheep diet. On the other hand, despite being 
forage rich in moisture, Pinto et al. (2011) recommended the replacement of 75% of corn ground with spineless cactus in 
confined lambs diet. 
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 Due to its low cost and high availability, urea is historically regarded as a substitute ingredient for soybean meal in 
formulations for ruminants (Patra, 2015). However, the efficiency of the conversion of non-protein N in microbial protein 
depends on the association with fermentable carbohydrates sources in the rumen (Estrada-Angulo et al., 2016). 
 Thus, the use of synchronous tropical carbohydrate sources to urea may improve microbial protein synthesis and 
animal performance. The aim of this study was to evaluate the effect of diets containing corn, cassava root or spineless 
cactus associated with urea, on the body weight components and meat quality of confined sheep.

MATERIALS AND METHODS

The study was performed according to ethical standards and approved by the Ethics Committee for Animal Use (CEUA) 
of the Federal Rural University of Pernambuco (UFRPE), Brazil - CEUA License 0512/2015.
 The experiment was carried out in Recife (8º04’03” S, 34º55’00” W; 4 m a.s.l.), Brazil. Forty non-castrated Santa Inês 
sheep were confined with average age of 150 d and average weight of 22.58 ± 2.28 kg. The experiment lasted 76 d (20 
d adaptation and 56 d data collection). The animals were confined in individual pens of 1.0 m × 1.6 m, with feeder and 
drinker, in a closed feedlot shed. Before the beginning of the experiment, the animals were submitted to ectoparasites and 
endoparasites control and vaccinated against clostridiosis.
 The experiment was performed in a completely randomized design with four treatments with 10 replicates each. The 
treatments were the following: a control (corn [Zea mays L.] + soybean [Glycine max (L.) Merr.] meal) and three different 
carbohydrate sources associated to urea: corn + urea, cassava (Manihot esculenta Crantz) root + urea, and spineless cactus 
(Opuntia ficus-indica [L.] Mill.) + urea. The diets were formulated to be isonitrogenated in order to meet nutritional 
requirements of sheep weighing up to 25 kg body weight, aiming at an average daily gain of 200 g d-1 (NRC, 2007). 
Experimental diets were offered as a complete mixture and in a forage:concentrate ratio of 58:42. ‘Tifton 85’ Bermuda 
grass (Cynodon dactylon [L.] Pers.) hay was used as forage. The concentrate varied according to the treatments: corn and 
soybean meal (CSM), corn and urea (CU), cassava root and urea (CRU), and spineless cactus and urea (SCU) (Table 1).

Table 1. Proportion of ingredients and chemical-bromatological composition of diets. 

Proportion    
   Tifton hay2 580.0 581.0 580.0 580.0
   Soybean meal2 170.0 0.0 0.0 0.0
   Ground corn2 240.0 385.0 0.0 0.0
   Cassava root2 0.0 0.0 377.0 0.0
   Spineless cactus2 0.0 0.0 0.0 379.0
   Urea:SA2 0.0 24.0 33.0 31.0
   Mineral mix2 7.0 7.0 7.0 7.0
   Calcitic limestone2 3.0 3.0 3.0 3.0

Chemical composition
   Dry matter1 903.5 907.9 904.2 217.6
   Organic matter2 929.3 938.3 936.7 896.4
   Mineral matter2 70.7 61.7 63.3 103.6
   Crude protein2 154.0 149.1 146.2 147.9
   Ethereal extract2 24.3 29.2 9.6 13.1
   Neutral detergent fiber2, 3 458.2 457.5 425.3 500.0
   Acid detergent fiber2 247.1 235.6 229.9 269.3
   Lignin acid detergent4 20.2 20.2 20.0 21.2
   Total carbohydrates2 750.9 798.3 832.3 783.0
   Non-fibrous carbohydrates2, 3 292.8 340.0 406.5 282.8
   Total digestible nutrients2 693.5 689.9 665.8 609.1
1g kg-1 natural matter.
2g kg-1 dry matter.
3Corrected for ash and protein.
4Corrected for ash.

Ingredients (g kg-1) Corn + soybean meal Corn + urea Cassava root + urea Spineless cactus + urea
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 ‘Tifton 85’ hay was crushed in forage machine generating particles of 5 cm. Spineless cactus was crushed in machine 
generating particles of 3 cm. Cassava root was crushed in a machine and dried in the sun until reaching 14% moisture. 
The concentrate was ground in 0.5 cm sieves. Diets were provided twice a day, 60% at 08:00 h and 40% at 16:00 h. The 
diet amount was adjusted every 2 d, based on the animal voluntary intake with estimated leftovers of 15%. 
 Dry matter (DM), mineral matter (MM), crude protein (CP) and ethereal extract (EE) were determined according to 
AOAC (1995). Determinations of neutral detergent fiber (NDF) and acid detergent fiber (ADF) were performed according 
to Van Soest et al. (1991). The equation proposed by Sniffen et al. (1992) was used for the estimation of total carbohydrates 
(TCH), the equation proposed by Detmann and Valadares Filho (2010) for non-fibrous carbohydrate (NSF), and the 
equation described by Weiss (1999) for total digestible nutrients (TDN). 
 The animals were weighed at the beginning and at the end of the experimental period. After 76 d, the animals were 
submitted to a 16-h solids fastening before slaughter. Before slaughter, the animals were weighed to obtain body weight 
at slaughter (BWS) and weight loss due fasting (WLF). The animals were stunned by the penetrative percussive method 
with the help of a captive dart gun, suspended by the hind limbs through ropes and bled by splitting the carotid arteries 
and jugular veins. Blood was collected and weighed. After bleeding, manual skinning and evisceration were performed 
and all components of thoracic, abdominal and pelvic cavity were weighed (Brasil, 2000). 
 Then, the remaining components of animal body weight were removed (head, feet, tail and reproductive system) to 
determine hot carcass weight (HCW). Subsequently, gallbladder, bladder and gastrointestinal tract were weighed and then 
washed and reweighed again to determine empty body weight (EBW). The carcasses were taken to cold chamber with 
an average 4 °C. Hydrogen potential reading was performed (pH 0 h) and they remained for 24 h cooling, suspended by 
hooks through the tendon of gastrocnemius muscle. After this cooling period, they were weighed to obtain cold carcass 
weight (CCW) and another pH reading was performed (pH 24 h); pH readings were obtained in the Semimembranosus 
muscle, with aid of a pH meter.
 Cooling losses (CL) and cold carcass yield (CCY) were determined by the following equations: 

CL (%) = (HCW - CCW/HCW) × 100, and CCY (%) = (CCW/BWA) × 100
Carcass compactness index (CCI kg cm-1 = cold carcass weight/internal carcass length) and leg compactness index (LCI 
cm cm-1 = croup width/leg length) 
were calculated from the establishment of the relationships between cold carcass weight, internal carcass length, croup 
width and leg length. In addition, the carcass conformation was determined with a score from 1 to 5 (poor to excellent); 
carcass fatness with a score from 1 to 5 (fat absence to excessive fat) with a scale of 0.25; and the amount of pelvic-renal 
fat with a score from 1 to 3, in which one (1) is classified as low, two (2) normal and three (3) as a lot of fat (Cezar and 
Sousa, 2007).
 Each carcass was sagittally divided and the left half was sectioned into six anatomical regions that made the following 
cuts: neck, shoulder, rib, loin, leg and foreshank. Carcass relative regional composition was determined by the relative 
calculation of each cut by the reconstituted weight of the left half carcass.
 A cut was performed between the 12th and 13th ribs of the left half carcass to expose the Longissimus dorsi muscle to 
obtain loin eye area (LEA) using a digital planimeter (Digiplan model, Gebrüder HAFF, Pfronten, Germany). Backfat 
thickness measurement was performed with a digital caliper in millimeters in the L. dorsi muscle (Cezar and Sousa, 2007).
 For qualitative analysis of the meat, left half of the loin (Longissimus lumborum) of each animal was used, which were 
vacuum packed and frozen at -18 ºC, and subsequently thawed at 4 °C. Determinations of meat color, cooking losses and 
shear force were performed according to the methodology described by Abreu et al. (2019). 
 The color evaluation was performed after standardization of the cuts with at least 15 mm thickness, followed by 
exposure to air for 30 min. Readings were performed with the aid of a colorimeter, where three measurements were 
performed at different points of the muscle, using the mean values for color representation.
 To evaluate cooking losses, samples were previously thawed for 24 h under refrigeration (4 °C), and cut into 2.5 cm 
thick steaks. Then, steaks were roasted in a preheated oven at 200 °C, until reaching 70 °C in the geometric center, and 
the temperature was monitored through a specialized thermometer for cooking meat (AcuRite, Chaney Instrument Co., 
Lake Geneva, Wisconsin). The losses during cooking were calculated by the weight difference of the samples before and 
after cooking and expressed as a percentage.
 For the determination of the shear force of the remaining cooked samples of the cooking loss determination procedure, 
at least two cylindrical samples were removed, with a perforating tube puncher of 1.27 cm diameter, in the longitudinal 
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direction of the fiber. The force needed to cross-section each cylinder was measured with Warner-Bratzler shear force 
equipment with a load cell of 25 kgf and speed of 20 cm min-1. The mean shear forces of each cylinder were used to 
represent the hardness value of each sample.
 Water holding capacity (WHC) was determined according to the methodology proposed by Sierra (1973), in which 
muscle samples with approximately 300 mg were placed between two pieces of previously weighed filter paper (W1) 
and pressed for 5 min, using a weight of 3.4 kg. After pressing, muscle samples were removed and the papers were again 
weighed (W2). WHC was calculated according to the equation: 

WHC (%) = (W2 - W1)/S × 100
where S is the weight of the sample.
 Samples of the left L. lumborum muscle were taken from each animal, crushed in blender until obtaining a homogeneous 
paste and were then freeze-dried for moisture determination (Method nr 925.04), crude protein (Method nr 981.10), ether 
extract (Method nr 935.38) and ash (Method nr 938.08), using the protocols described by AOAC (1995).
  Qualitative data were submitted to ANOVA and the quantitative variables were submitted to covariance analysis, 
with live weight as covariable, using SAEG software (Universidade Federal de Viçosa, Viçosa, Minas Gerais, Brazil) 
at 5% significance. When significant differences were detected among treatments for the different variables, they were 
compared by Tukey test at the same level of significance.

RESULTS

Body weight at slaughter (BWS) of animals fed corn and soybean meal diet (CS) and corn with urea (CU) did not differ 
among themselves (P > 0.05) (Table 2). However, BWS of animals fed CU and cassava root with urea (CRU) did not 
differ among themselves (P > 0.05), and showed an average of 31.5 kg. The animals fed spineless cactus with urea (SCU) 
showed the lowest BWS (P < 0.05). 
 Weight losses due fasting (WLF) did not differ (P > 0.05) among animals that consumed CU or CRU diets, with 
averages of 2.94% and 3.36%, respectively (Table 2). However, animals fed SCU diet, showed higher fasting losses (P < 
0.05) and presented average of 6.33%.
 The cold carcass weight (CCW) followed the empty body weight (EBW) behavior and presented averages of 15.2, 
13.8, 12.6 and 11.4 kg for CS, CU, CRU and SCU, respectively. The difference between CS and CU treatments for CCW 
was only 1.4 kg. Cooling loss (CL) of the carcasses of animals fed SCU was higher (P < 0.05) than the animals fed CS 
diet, with average of 6.96%. However, CL did not differ (P > 0.05) among diets with corn and soybean meal and corn and 
urea. Backfat thickness was not influenced by diets (P > 0.05).
 Shoulder and leg weights followed EBW and CCW behavior and were higher in CS diet when compared to diets 
containing corn, cassava and spineless cactus (Table 3). Proportionally, shoulder and leg represented 53.3% of the CCW. 
Animals fed CS, CU or CRU diets did not differ (P > 0.05) conformation, carcass fatness and perirenal fat (Table 4).

Table 2. Energy intake and carcass characteristics of Santa Inês sheep fed diets containing different sources of 
carbohydrates associated with urea.

TDN intake, kg d-1 0.778a 0.806a 0.731ab 0.590b 0.0037 0.02
Body weight at slaughter, kg 34.29a 32.45ab 30.66b 27.89c < 0.001 0.24
Weight loss due fasting, % 3.49b 2.94b 3.36b 6.33a < 0.001 0.24
Empty body weight, kg 27.31a 25.31b 23.00c 21.11d < 0.001 0.15
Hot carcass weight, kg 15.96a 14.54b 13.30c 12.22d < 0.001 0.11
Cold carcass weight, kg 15.21a 13.82b 12.59c 11.37d < 0.001 0.09
Cold carcass yield, % 44.27a 42.56ab 40.97bc 40.53c < 0.001 0.26
Cooling losses, % 4.70b 4.96b 5.34ab 6.96a 0.039 0.25
Loin eye area, cm2 12.10a 10.93ab 11.27ab 9.90b 0.043 0.25
Backfat thickness, mm 1.04 0.94 0.85 0.96 0.302 0.04
Initial pH  6.75 6.81 6.90 6.69 0.125 0.03
Final pH 5.44 5.35 5.35 5.40 0.117 0.01

Means followed by different letters in the same row differ significantly from each other by Tukey test at 5% probability.
TDN: Total digestible nutrients; P: probability; SEM: standard error of the mean.

P SEM
Corn + soybean 

meal Corn + urea
Cassava 

root + urea
Spineless 

cactus + urea
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 The luminosity (L*) and yellow color intensity (b*) of the meat of animals fed the diet based on spineless cactus and 
urea were higher (P < 0.05) than those fed the control diet (Table 5). Water holding capacity (WHC), cooking losses (CL) 
and shear force (SF) parameters were not affected by the different treatments. However, the moisture content of the meat 
of the animals that were fed the diet on the basis of spineless cactus was higher (P < 0.05) than that of the other treatments, 
while the protein content of the meat was higher in animals fed cassava root and urea (Table 6). 
 Rumen-reticulum, liver and internal fat weights did not differ (P > 0.05) between CS, CU and CRU diets. However, 
they were lighter (P < 0.05) in animals fed SCU diet (Table 7).

Table 4. Morphometric measurements and subjective evaluations of Santa Inês sheep carcass fed diets containing 
different sources of carbohydrates associated with urea.

Internal length, cm 62.80 63.44 61.89 61.36 0.317 0.42
Thorax perimeter, cm 65.26a 65.89a 64.74ab 62.36b 0.006 0.34
Carcass compactness index, kg cm-1 0.243a 0.217b 0.203b 0.185c < 0.001 0.01
Leg compactness index, kg cm-1 0.559 0.549 0.545 0.519 0.390 0.01
Conformation (1-5) 2.74a 2.55a 2.46a 1.92b < 0.001 0.06
Fatness (1-5) 2.46a 2.31ab 2.29ab 1.81b 0.011 0.07
Perirenal fat (1-3) 2.36a 2.28a 1.85ab 1.53b < 0.001 0.07

Means followed by different letters in the same row differ significantly from each other by Tukey test at 5% probability. 
P: Probability; SEM: standard error of the mean.

P SEM
Corn + soybean 

meal Corn + urea
Cassava 

root + urea
Spineless 

cactus + urea

Table 3. Weight and yield of carcass cuts of Santa Inês sheep fed diets containing different sources of carbohydrates 
associated with urea. 

Weight (kg)

Neck 0.74a 0.61b 0.55bc 0.51c < 0.001 0.01
Shoulder 1.37a 1.24b 1.15c 1.06d < 0.001 0.01
Rib 1.39a 1.21b 1.19b 1.01c < 0.001 0.02
Foreshank 0.67a 0.64a 0.60a 0.51b < 0.001 0.01
Loin 0.62a 0.55ab 0.51bc 0.46c < 0.001 0.01
Leg 2.50a 2.33b 2.14c 1.92d < 0.001 0.02

Yield (%)

Neck 10.09a 9.25ab 8.86b 9.25ab 0.021 0.13
Shoulder 18.81 18.91 18.82 19.39 0.955 0.14
Rib 19.02 18.43 19.26 18.47 0.992 0.20
Foreshank 9.24 9.73 9.86 9.33 0.306 0.13
Loin 8.49 8.34 8.30 8.32 0.083 0.14
Leg 34.34 35.34 34.90 35.24 0.284 0.19

Means followed by different letters in the same row differ significantly from each other by Tukey test at 5% probability.
P: Probability; SEM: standard error of the mean.

P SEM
Corn + soybean 

meal Corn + urea
Cassava 

root + urea
Spineless 

cactus + urea

Table 5. Characteristics of Santa Inês sheep meat fed diets containing different carbohydrate sources associated with urea.

Luminosity (L*) 35.42b 34.83b 35.87ab 37.54a < 0.001 0.25
Red color intensity (a*) 14.33 14.24 14.03 14.54 0.4956 0.12
Yellow color intensity (b*) 6.49b 7.16a 6.58b 7.22a < 0.001 0.08
Water holding capacity, % 36.39 40.53 36.74 35.66 0.3664 1.05
Cooking losses, % 37.94 36.85 34.82 38.36 0.6981 1.13
Shear force, kgf 1.86 1.89 1.76 1.90 0.2658 0.03

Means followed by different letters in the same row differ significantly from each other by Tukey test at 5% probability. 
P: Probability; SEM: standard error of the mean.

P SEM
Corn + soybean 

meal Corn + urea
Cassava 

root + urea
Spineless 

cactus + urea
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DISCUSSION

Body weight at slaughter (BWS) was similar between CS and CU and both were higher than slaughter weight of animals 
fed SCU. The lower consumption of TDN observed in animals fed SCU diet probably led to a lower weight at slaughter 
of this group. Fasting losses in animals fed SCU represented 6%, the approximately double of that observed in the other 
diets. Spineless cactus is rich in water and presents a high passage rate of organic matter (more than 10% h-1) (Santos et 
al., 2018). Those characteristics contribute to a greater emptying of gastrointestinal tract during fasting.
 Despite the similarity in TDN intake between CS and CU diets, empty body weight (EBW) was lower (P < 0.05) 
for animals fed corn with urea. In that case, deficiency of degradable protein and branched-chain amino acids in corn 
compared to soybean meal may have limited the synthesis of microbial protein in rumen and reduced the amount of net 
protein to gain. Animals fed SCU diet showed the lowest EBW among the diets, with average of 21.11 kg. TDN intake in 
this diet is equivalent to 75.8% of the intake in the control diet. However, body weight at slaughter (BWS) corresponded 
to 81.3% for the same diet. This indicates that spineless cactus with urea has great potential in sheep diets. 

Table 6. Chemical composition of sheep meat fed diets containing different carbohydrate sources associated with urea.

Moisture, % 76.07b 76.14b 76.22b 78.14a < 0.001 0.16
Protein, % 19.08b 19.59ab 20.39a 19.61ab 0.001 0.12
Fat, % 1.76 1.64 1.57 1.35 0.1560 0.07
Ashes, % 1.33 1.33 1.39 1.22 0.2464 0.03

Means followed by different letters in the same row differ significantly from each other by Tukey test at 5% probability. 
P: Probability; SEM: standard error of the mean.

P SEM
Corn + soybean 

meal Corn + urea
Cassava 

root + urea
Spineless 

cactus + urea

Table 7. Weight and yield of non-carcass components of Santa Inês sheep fed diets containing different carbohydrate 
sources associated with urea.

Non-carcass components weight (kg)

Rumen 0.67 0.63 0.60 0.60 0.0953 0.01
Reticulum 0.11 0.13 0.12 0.12 0.5170 0.01
Small intestine 0.64a 0.61a 0.50b 0.52b < 0.001 0.01
Lungs 0.36a 0.34a 0.30b 0.28b < 0.001 0.01
Kidneys 0.09a 0.08ab 0.07b 0.08ab 0.0112 0.01
Liver 0.51a 0.48ab 0.42bc 0.37c < 0.001 0.01
Blood 1.20a 1.14ab 1.06ab 1.01b 0.0247 0.02
Skin 2.43a 2.10b 2.00b 1.76c < 0.001 0.02
Total fat 0.97a 0.92a 0.71ab 0.61b 0.0049 0.038
CGIT 6.98 7.15 7.66 6.77 0.2179 0.15

Non-carcass component yield (%)

Rumen 2.46b 2.49b 2.62ab 2.90a 0.0055 0.044
Reticulum 0.47b 0.50ab 0.51ab 0.59a 0.0064 0.014
Small intestine 2.36 2.44 2.18 2.53 0.0599 0.044
Lungs 1.31 1.37 1.32 1.34 0.3320 0.021
Kidneys 0.33 0.34 0.31 0.36 0.2656 0.008
Liver 1.88 1.89 1.84 1.74 0.3937 0.032
Blood 4.40 4.50 4.63 4.78 0.8590 0.086
Skin 8.88a 8.29b 8.72ab 8.31b 0.0125 0.070
Total fat 3.52 3.61 3.06 2.82 0.1907 0.144
CGIT1 20.43c 22.15bc 25.02a 24.54ab < 0.001 0.357

Means followed by different letters in the same row differ significantly from each other by Tukey test at 5% probability. 
P: Probability; SEM: standard error of the mean.
CGIT: Contents of the gastrointestinal tract.
1CGIT/body weight at slaughter.

P SEM
Corn + soybean 

meal Corn + urea
Cassava 

root + urea
Spineless 

cactus + urea
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 Cold carcass weight (CCW) followed EBW behavior and was higher for CS diet than CU, CRU and SCU. According 
to Silva et al. (2016) CCW has a high and positive correlation (0.88) with EBW in confined Santa Inês sheep. It was 
observed that carcasses obtained from animals fed SCU diets were less heavy and presented higher cooling losses (CL). 
This corroborates with the study of Jacob and Hopkins et al. (2014), who observed that lighter beef carcasses suffer 
greater cooling losses.
 There was no difference among treatments for backfat thickness (BFT), with average of 0.96 mm. According to Sousa 
et al. (2019), regarding CCW, the adipose tissue is late. In the present study, Santa Inês sheep, a late maturity breed, was 
used with BWS ranging from 27.89 to 34.29 kg, and with an average age of 220 d, when the deposition of adipose tissue 
is still not very expressive in the carcass. Santa Inês breed has internal fat as the primary site of adipose deposition, not the 
backfat (Oliveira et al., 2018). Neck, rib, foreshank and loin weights did not differ between CU and CRU diets, but were 
higher in CS. For Santos-Cruz et al. (2009), sheep commercial cuts follow the growth pattern of CCW, with members 
presenting an early growth.
 Carcass compactness index (CCI) was higher for CS. Leg compactness index (LCI) and carcass fatness were similar 
(P > 0.05) between CS, CU and CRU diets. Since CCI, LCI and conformation are positively correlated with the degree of 
carcass muscularity, these results show that through the use of ingredients that are easy to obtain and produce in tropical 
areas, such as cassava, it is possible to produce carcasses with the same muscularity of animals fed traditional ingredients 
such as corn with urea. Thus, CS diet presented compact and higher cold carcass weights. 
 The higher luminosity of sheep meat fed a diet based on spineless cactus and urea is possibly caused by the higher 
moisture found in animal meat, because the greater the presence of water in this tissue, the greater the reflection of light 
and the value of L*. The yellow color intensity (b*) of animal meat fed the diets based on corn plus urea and spineless 
cactus and urea (7.16 and 7.22) was higher (P < 0.05) compared to those fed with the control diets and cassava root plus 
urea (6.49 and 6.58). This difference is due to carotenoid pigments present in the spineless cactus (Slimen et al., 2016) 
and corn (lutein and zeaxanthin), which were deposited in the meat, contributing to the increase in the value of b*.
 The similarity observed for the pH values of the carcass of the animals also influenced the absence of difference for the 
parameters of water holding capacity (WHC) and cooking losses (CL) that were not affected by the different treatments 
(Table 5). The mean values found were 37.33% for WHC and 36.99% for CL. 
 The higher moisture content observed in the meat sheep fed spineless cactus and urea is probably due to the metabolic 
moment distinct from the animals, evidenced here by the lower PCF, referring to the low dry matter deposition in the 
body composition of the animals. We proposed that the animals fed a spineless cactus had not yet filled intramuscular 
adipocytes and therefore had more space for muscle fibers (water-rich tissue), resulting in greater humidity (Wood et al., 
2008; Lage et al., 2014).
 Although differences in the protein content of sheep meat are more accentuated between different genotypes or 
muscles (Komprda et al., 2012; Mortimer et al., 2014), the diet based on cassava root plus urea provided a protein 
increase (P < 0.05) in the meat of animals that were fed with it, in relation to those that were fed the control diet. It is likely 
that the timing between the fermentation rates of CRU have provided an increase in ruminal microbial protein synthesis, 
promoting greater amino acid flow in the small intestine and better muscle protein synthesis when compared to control 
animals. The meat of animals that were fed the diets based on CU and SCU showed no difference (P > 0.05) of protein 
content between themselves and even for the other treatments. However, there was no effect of treatment for the fat and 
ash contents of animal meat. The fat content of the meat of the animals of the present study are below average for the same 
genotype and similar slaughter weight ( Ribeiro et al., 2017; Abreu et al., 2019). 
 There was no difference for rumen and reticulum weight. However, when compared to EBW, rumen and reticulum 
yields were higher for animals fed SCU diet than CU diet. The higher amount of NDF in this diet possibly contributes to 
a greater rumen development. Clauss et al. (2016) report that ruminants gastric compartments adjust in size to the digesta 
volume. Small intestine of animals that received CS and CU diets was heavier. Due to the low ruminal solubility of corn 
starch and greater amount of grain in corn diet, there was possibly a greater flow of starch into the small intestine of 
animals that received this cereal, causing a trophic effect on the intestinal mucosa. 
 Liver and kidney weights of CU diet did not differ from animals fed with CRU. Liver and kidneys are priority organs 
in sheep metabolism and grow at a faster rate than animal’s EBW (Garcia et al., 2014). Thus, the similarity in liver and 
kidney weight can be explained by the same TDN consumption of diets with corn and cassava root. Blood weight was 
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lower for animals that received the SCU diet. However, it did not differ between CU and CRU diets. Blood has many uses 
in pharmaceutical and food industry and is a byproduct which can be value aggregated, like the skin (Toldrá et al., 2016). 
Thus, CS and CU diet presented higher non-carcass components weights.

CONCLUSIONS

Urea associated with a carbohydrate source -cassava root, corn or spineless cactus- does not replace soybean meal in 
confined sheep diets. The replacement of corn and soybean meal for different carbohydrate sources associated with urea 
reduces the body weight components and increase the meat moisture in confined sheep.
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