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Abstract

The Brazilian sheep farming sector suffers from low productivity, related to the extensive animal production
system and low availability of native fodder during most of the year. An alternative to the systems would be the
use of a diet without roughage, allowing greater weight gain and better quality carcasses. The aim of this study
was to investigate the effects of diets containing different proportions of grains on the quality of carcass and meat
of lambs as well as the economic indices of various diets. Three diets containing different proportions of
concentrate and roughage (100:0, 80:20, and 60:40) were supplied. The concentrate comprised 85% whole-grain
corn and 15% commercial pelletized supplement. Twenty-four male lambs (no racial pattern; average body weight,
20.9 £ 1.0 kg; age, 6 months) were randomly allotted to three collective bays for 52 days. Subsequently, the animals
were slaughtered, and further analyses were performed. The diet with 100% concentrate achieved overall higher
carcass yield, lower weight loss on cooking, and greater lipid oxidation. However, no diet affected weight gain,
slaughter weight, carcass length and thorax depth, pH, temperature, color, water-holding capacity, and meat shear
force (P > 0.05). The best economic indices were obtained with the diet containing 100% concentrate. Therefore,
based on the results obtained, the use of 100% concentrated diet for lambs is the most suitable practice to improve
the sheep production from a productive and economic point of view.
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1. Introduction

The northeastern region of Brazil contains 57.5% of effective sheep herds in the national territory, despite 5
consecutive years of drought. In the last 3 years, the volume of sheep herds has increased by 4.5% per year, thus
making this region a hotspot of sheep farming. Although the sheep farming sector suffers from low productivity,
typically related to the extensive animal production system and low availability of native fodder during most of
the year, even today, this practice remains active despite the many adversities. Regardless of these challenges, the
breeders’ ability to adapt to a new productive reality is reflected in the increase in herd volume in recent years
(Embrapa, 2016).

Recent devaluation of the Brazilian currency may endow national products (milk, meat, skin, and wool) with better
competitiveness abroad, providing better remuneration to producers who trade in higher currency. This is a positive
aspects when combined with factors such as improved genetics, health, and nutrition as well as reduced production
cost. Nonetheless, there remain challenges to be overcome, including maintenance of the quality of meat and
standardization of the exportable products (Embrapa, 2016).

Termination of lambs in an extensive production system results in the slaughter of older animals. The possibility
of slaughtering animals earlier and obtaining better-quality carcass reflects a higher price paid by the consumer
and guarantees the producer a faster return on the invested capital. However, this productive strategy requires
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additional investments, such as animal facilities and, particularly, feed (Almeida Janior, 2004).

In Brazil, the use of diets without roughage for cattle began in 2005 to meet the need for achieving greater weight
gain in shorter time and better quality carcasses. However, in the United States, such diets have been used since
the 1970s. In sheep farming, this practice is still considered recent (around 3-year old) and is not yet widespread
in the northeastern region of Brazil (Grandini, 2015). Considering the high prevalence of droughts in this region,
the advantages of adopting this practice include the low cost of producing roughage, constant feed supply, and
reduced mortality due to diseases. Since sheep farming closely depends on grazing, animals with meat of superior
physical and chemical quality need to be produced in a short period.

From these perspectives, termination of lambs must be intensified and mechanized to increase commercialization,
anticipating the age at slaughter and promoting the production of good-quality carcass that meets consumer
demands. According to Costa et al. (2002), genotype, slaughter weight, sex, production system, and diets, in
particular, should be considered during production planning, prioritizing the nutritional and sensory qualities of
meat, as a way to meet new market trends while maintaining an adequate cost—benefit ratio.

Thus, the proportion of roughage and concentrate in feed is crucial, as roughage type affects sheep meat quality.
High roughage proportion in feed produces darker meat due to higher myoglobin levels in muscles (Priolo et al.,
2002) or yellow meat due to greater accumulation of carotenoids in fat (Prache et al., 2003). Lambs fed diets
containing more concentrate produce softer meat (Ciria and Asenjo, 2000) due to higher intramuscular fat content
(Ledo et al., 2011).

To this end, the present study evaluated the carcass characteristics, meat quality, and production costs of lambs
finished in confinement and fed high-grain diets.

2. Method
2.1 Experimental Characterization

The experiment was conducted at a property in S3o Pedro in the municipality of Pedro Avelino (5°3121"S,
36°23'14"W), Rio Grande do North, Brazil. The use of animals and all experimental procedures were approved by
the Ethics Committee on the Use of Animals of the Federal Rural University of the Semi-Arido (UFERSA)
(protocol #23091.002579 /2016-21).

The treatments comprised the supply of three diets containing different levels of concentrate (100%, 80%, and
60%). The concentrate comprised 85% whole-grain corn and 15% commercial pelletized protein—mineral—vitamin
supplement, used for fattening cattle. The roughage was Tifton hay (Cynodon sp.) (Table 1).
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Table 1. Bromatological composition of ingredients and experimental diets

Diets
o ncentrat % corn Tifton
Composition (g-kg"' DM) C:)_ lcg% sui)[()flgesrrf)e;‘?) ha;), 100 2020 60:40
DM (%) 89.14 92.4 89.14 89.79 90.1
MM 8.04 5.8 8.04 7.59 7.46
CP 16.35 9.3 16.35 14.98 12.21-
EE 2.97 1.25 2.97 2.78 2,58
NDF 36.91 77.2 36.91 44.96 54.5
ADF 7.06 46.6 7.06 14.98 23.15
Hemicellulose 29.85 30.6 29.85 29.98 31.35
TC 72.51 83.0 72.51 73,6 75.6
NFC 35.60 21.7 35.60 28.48 22.78
Lignin 2.16 8.3 2.16 3.32 4.70
Cellulose 4.91 383 491 11.66 18.45
TDN 71.48 60.95 71.48 71.19 72.1
Digestible energy (Mcal-kg™") 3.15 2.68 3.15 3.13 3.17

DM, dry matter; MM, mineral matter; CP, crude protein; EE, ether extract; NDF, neutral detergent fiber; ADF, acid
detergent fiber; TC, total carbohydrates; NFC, non-fibrous carbohydrates; TDN, total digestible nutrients

Twenty-four uncastrated male lambs were used, with no defined racial pattern (age, 6 months; initial body weight,
20.9 £ 1.0 kg). The animals were allotted to three collective bays (one bay per treatment) in a completely
randomized design. Each bay measured 29 m2. The bays were cemented and half-covered and were equipped with
a solarium, a linear feeder collective (0.25 m-animal-1), saltshakers, and drinking fountains.

The experiment lasted 52 days: 10 days for acclimatizing the animals to the facilities and food consumption and
42 days for data collection. The diet was divided into three daily meals, at 6, 12, and 18 hours. The offered volume
of diet was adjusted daily to allow a 10% daily leftover, ensuring ad libitum access. To record daily consumption,
the leftover of the previous day was collected and weighed before the first meal on the next day.

According to information from the manufacturer, ingredients of the commercial supplement used were soybean
meal; ground corn; wheat bran; ground gluten bran; rice bran; ground soy husk; molasses; limestone; sodium
chloride; iron sulfate; manganese monoxide; zinc sulfate; calcium iodate; cobalt sulfate; sodium; selenite; vitamins
A, D3, and E; ammonium chloride; ammonium propionate; and sodium monensin.

At the end of the experimental period, the animals were slaughtered following humane practices conforming to
the requirements of the Ministry of Agriculture (Riispoa, 1997).

2.2 Sampling Procedures and Experimental Manipulations

For each animal, body weight at slaughter (SBW) was recorded after 16 hours of solid fasting. After removal of
the viscera, the non-integrating components of the carcass, such as the blood, head, feet, skin, tongue, heart,
respiratory tract, esophagus, spleen, liver, kidneys, pancreas, full and empty gastrointestinal tract, full and empty
bladder, and reproductive tract (penis and testicles), were weighed. The carcasses were weighed after evisceration
and removal of the head and limb extremities, obtaining hot carcass weight (HCW).

Moreover, carcass length (LC) and thorax depth (PT) (defined as the maximum distance between the external bone
and dorsum of the carcass) were measured. pH and temperature of hot carcass (temperature0 and pHO, respectively,
measured 30 minutes after slaughter) were measured using a digital pH meter (previously calibrated) and
thermometer, respectively, based on two readings in different regions.

After weighing and measuring, the half-carcasses were labeled and cooled to 4 + 0.5°C for 24 hours to establish
rigor mortis. After cooling, temperature and pH of the cold carcass were obtained (temperature24 and pH24,
respectively, measured 24 hours post mortem), with two measurements at different locations on legs.
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Cold carcass weight (CCW) was obtained after the cooling period, and carcass yield (CY) was calculated using
the following equation: CY (%) = (CCW / SBW) x 100.

To determine the physicochemical characteristics of meat, the lumborum muscle was removed from each carcass,
packed in a labeled bag, and transported in a thermal box with ice to UFERSA for analysis.

Physical analysis of meat was performed in the Laboratory of Instrumental and Sensory Analysis of UFERSA.
The following parameters were evaluated: pH, temperature, color, shear force (SF), water-holding capacity (WHC),
and weight loss on cooking (WLC).

pH of the samples was determined according to the methodology established by AOAC (2005) using a digital pH
meter (Hanna brand) coupled to a penetration electrode.

Color was evaluated using the Konica Minolta colorimeter CM-700d / 600d (CIE System L*a*b*); this system
considers the coordinates L* (luminosity, black/white), a* (red content, green/red), and b* (yellow content,
blue/yellow).

WHC was measured using the methodology adapted from Hamm (1961). Briefly, 2 g of meat cubes were weighed,
first placed between two filter papers, then placed between two acrylic plates, and finally a weight of 5 kg was
applied for 5 minutes. The weight and filter papers were removed, and the samples were weighed again.

To measure WLC, three portions of the muscle (3.0 x 3.0 x 2 cm3) were removed, weighed, wrapped in aluminum
foil, and grilled until reaching an internal temperature of 70°C, as monitored by a mercury thermometer.
Subsequently, the samples were cooled to room temperature and weighed again, and WLC was obtained based on
weight difference.

To determine SF, the same samples used to measure WLC were used. SF was measured using a texturometer
(TEXTURE ANALYZER TA-XT-125) coupled to the Warner-Bratzler device (HDP / WBV) with the following
configurations: pretest speed, 2.0 m s-1; test speed, 3.0 m s-1; distance traveled by the slide after reaching the top
of the sample, 20 mm; posttest speed, 10 m s-1; and configurations for a 1.5-cm-high sample.

Chemical composition of meat was determined in the Animal Nutrition Analysis Laboratory of UFERSA. Moisture,
mineral matter, and protein content were quantified according to the methodology described by AOAC (2000),
and lipid content was quantified using the method proposed by Folch et al. (1957).

The test of substances reactive to thiobarbituric acid (TBARS) was also performed, in which the positive samples
developed a pink color during heating, and the absorbance of the solution was determined at 532 nm against blank.

To evaluate production costs, only additional feeding expenses were considered. Economic indices were calculated
as described by Lima et al. (2012), considering a 100% concentrated diet as a reference. The following indices
were evaluated:

*  Total revenue (reais per animal): price per kilogram of carcass multiplied by carcass yield in kilograms per
animal

. Additional revenue (reais per animal): difference between the total revenue obtained per treatment and the
total revenue obtained for the reference diet

»  Total feed cost (reais per animal): total feed cost per treatment

*  Additional cost of feed (reais per animal): difference between the total cost of feed obtained per treatment
and the total cost

*  Additional profit (reais per animal): difference between the value of addition to the additional revenue and
the value of the addition to the expenditure on food

Costs of ingredients and carcass used in the analysis refer to values in the local market during the experimental
period: 1.55 R$-kg-1 for supplement; 0.60 R$-kg-1 for corn; 1.17 R$-kg-1 for hay, and 13.00 R$-kg-1 for sheep
meat in the carcass.

The results were subjected to analysis of variance, and the means were compared by the Tukey test. A significance
level of 5% was adopted, and all analyses were performed using the statistical package SAS (2004).

3. Results
Diet did not affect weight gain, SBW, HCW, CCW, CL, and PT across treatments (P > 0.05) (Table 2).

CY was influenced by diet (P < 0.05). CY of lambs that received a 100% concentrated diet was the highest. There
was no difference in CY between the remaining two diets (P < 0.05).
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Concentrate level affected gastrointestinal content (P < 0.05). After slaughter, the gastrointestinal content of
animals that received a 60% concentrated diet was higher than that of animals that received diets with less roughage.

Table 2. Carcass characteristics of lambs fed with high-grain diets

Concentrate (%)

Variables Ccv P-value
100 80 60

Initial weight (kg) 21.0 20.9 20.9 2.7 <0.001
Consumption (g-kg! DM) 0.675 0.592 0.523 23.54 0.20
Weight gain (kg) 12.7 10.7 10.9 2.3 0.29
Final weight (kg) 33.7 31.6 31.8 3.6 0.66
Hot carcass (kg) 17.1 15.0 14.7 2.1 0.11
Cold carcass (kg) 16.1 13.8 13.8 2.0 0.06
Gastrointestinal content (kg) 6.3% 6.3% 7.6% 1.0 0.03
Carcass yield (%) 47.92 43.5b 43 .4° 2.5 <0.01
Carcasses length (cm) 0.79 0.77 0.77 0,5 0.57
Chest thorax (cm) 0.31 0.32 0.30 0.5 0.18

CV, coefficient of variation; DM, dry matter

Different superscript letters in the same row indicate significant differences (P < 0.05).

Diet did not affect physical parameters, including pH, temperature, color, WHC, and SF (Table 3). WLC was lower
for the meat of lambs fed a 100% concentrated diet (P < 0.05); there were no differences in WLC for the meat of
lambs fed 60% and 80% concentrated diets.

Table 3. Physical characteristics of the meat of lambs fed with high-grain diets

Concentrate (%)

Variables ()% P-value
100 80 60
pHC 6.8 6,7 6,8 0,03 0.21
pH?* 5.6 5.8 5.7 0.03 0.19
Temperature’ (°C) 31.1 31.6 31.0 0.21 0.69
Temperature?*(°C) 2.8 3.2 2.9 0.20 0.50
L* 41.6 40.7 40.8 3.5 0.77
a* 9.3 10.4 10.0 1.6 0.40
b* 11.6 11.3 11.6 1.9 0.71
WHC (%) 75.7 71.1 72.5 9.2 0.09
WLC (%) 31.4° 35.5P 35.4° 5.7 0.04
SF (kg-cm?) 4.0 3.8 3.6 0.52 0.47

WHC, water holding capacity; WLC, weight loss on cooking; SF, shear force; CV, coefficient of variation

Different superscript letters in the same row indicate significant differences (P < 0.05).

Diet did not affect the chemical composition of meat (P > 0.05) (Table 4). However, diet significantly affected
TBARS (P <0.05), and lipid oxidation rate was higher in the meat of lambs fed a 100% concentrated diet than that
in the meat of lambs fed 60% and 80% concentrated diets.
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Table 4. Chemical composition of the meat of lambs fed with high-grain diets

Concentrate (%)

Variables (%) Ccv P-value
100 80 60
Moisture 70.0 70.3 70.7 0.83 0.43
Mineral matter 1.4 1.3 1.4 0.055 0.01
Protein 17.6 17.7 17.8 1.00 0.56
Lipids 1.6 1.7 1.3 0.40 0.27
TBARS (%) 0.86* 0.40° 0.36° 0.42 0.02

CV, coefficient of variation; TBRS, thiobarbituric acid

Different superscript letters in the same row indicate significant differences (P < 0.05).

Table 5 shows the cost revenue and economic indices of various diets offered to the lambs during the termination
period. The 100% concentrated diet obtained a higher carcass weight than other diets. The indicators of food
consumption and profit were also superior for the 100% concentrated diet.

Table 5. Economic indices of high-grain diets

o Concentrate (%)
Economic index

100 80 60
Carcass weight (kg-animal ') 16.10 13.80 13.80
Additional carcass weight (kg-animal!) - -23 23
Meat price (R$-kg™) 13.00 13.00 13.00
Total diet consumption (kg-animal ") 31.794 27.720 24.400
Cost per kilogram of meat (R$) 1.97 2.00 1.76
Cost of diet (R$-kg™) 0.938 0.984 1.031
Total revenue 2 (R$-animal™) 209.30 179.40 179.40
Additional revenue (R$-animal ") - -29.90 -29.90
Total cost (R$-animal™!) 29.82 27.28 25.16
Cost of additional feeding (R$-animal") - -2.54 -7.39
Additional profit (R$-animal™!) - -27.36 -22.51

Values were calculated by the authors.

4. Discussion

In the present study, the effects of different levels of concentrate in high-grain diets on the carcass characteristics
and meat quality of sheep without a racial pattern were evaluated.

Initial weights indicated the balance between the experimental units evaluated, since the lambs, regardless of
treatment, showed homogeneous characteristics of genotype, sex, and age at the beginning of the experiment; thus,
the noted differences represent a direct consequence of the diet supplied.

The results observed for weight gain, SBW, HCW, CCW, CL, and PT across treatments showed that despite
different nutritional compositions, the tested diets could meet the demands of animals without bias.

Differences in CY observed in this study can be attributed to gastrointestinal content after slaughter. CY has been
reported to be strongly affected by gastrointestinal contents of animals at the time of slaughter. Increased
concentrate level in the diet can decrease the maintenance energy required, thus contributing to better food
assimilation by the animal. According to Owens and Goetsch (1988), forage intake has a greater impact on rumen
volume than concentrate intake; consequently, greater rumen volume and tissue mass are accompanied by higher
energy consumption by gastrointestinal tissues, corroborating the findings of the present study. Consistent with
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this, the gastrointestinal tract, liver, kidneys, and spleen are metabolically active tissues and consume over 50% of
the energy used to maintain the body as a whole.

Pires et al. (2006) evaluated the carcass characteristics of Ile de France x Texel crossbred lambs finished in
confinement and fed diets containing different fiber levels. They observed that decreased neutral detergent fiber
(NDF) content of the diet improved CY of animals. Therefore, adoption of this feeding strategy is important from
a productive point of view, as a smaller or larger portion of edible material from CY becomes available for
commercialization and consumption after the slaughter of animals.

pH?* recorded in this study was consistent with previously reported values for sheep meat. According to Silva
Sobrinho (2005), under appropriate acidification, pH should be between 5.5 and 5.8. Of note, the finding of normal
pH values in this study suggests that other parameters such as WHC, color, and SF, which are directly affected by
pH, would present satisfactory results.

Furthermore, sheep meat is superior to other types of meat, as it rarely faces problems that can compromise its
quality, such as the occurrence of dry, firm, and dark or pale, soft, and exudative meat, which is considered a
serious problem in the meat industry. According to Safiudo et al. (1997), sheep may to be more adapted to stresses
in the ante mortem period than other species.

The means of color variable L*, a*, and b* noted in this study were consistent with the values reported by Safiudo
et al. (2000) for lamb meat (30.03 to 49.47 for L*, 8.24 to 23.53 for a*, and 3.38 to 11.90 for b*). According to
Sarantopoulos and Pizzinato (1990), the color cycle of fresh meat is dynamic, allowing for the constant
interconversion of three forms of pigment (purple-red, bright red, and brown). Therefore, until the meat is heated
to the cooking temperature, the color of the irreversible metmyoglobin is subject to changes.

Color is considered the first determinant at the time of purchase, even if it does not affect palatability. This factor
reflects the quantity and chemical status of myoglobin—the main pigment of meat. In addition to exposure to
oxygen and the chemical form of myoglobin, meat color is affected by myoglobin level, which varies depending
on the function and location of the muscle as well as the age of the animal.

Meat WHC is one of the parameters affected by a drop in muscle pH after slaughter. WHC is lower at pH values
of 5.2 to 5.3, that is, at the isoelectric point (IP) of most muscle proteins. At a pH higher than the IP of muscle
proteins, the positive charges disappear, leaving an excess of negative charges that determine the repulsion of the
filaments, leaving more space for water molecules and thereby causing the meat to lose water upon cooking (Roga,
2002). During the transformation of muscle into meat, pH drop leads to enzymatic degradation of the myofibrillar
structure, which favors WHC.

Mean WLC (34.1%) in the present study was lower than that reported by Costa et al. (2011b) for lambs without a
defined racial standard (SPRD), Santa Inés lambs, and lambs of SPRD X Santa Inés crossbred sheep (38.2, 39.8,
and 40.9%, respectively). WLC recorded in the present study, albeit lower than the value recommended in literature,
may be associated with age at slaughter. Younger animals tend to have a greater amount of water in muscles, as
observed by Pinheiro et al. (2009), who compared the meat quality of lambs and adult sheep and found higher
WLC for the former (46.44%).

Mean SF recorded for the lumborum muscle in this study was consistent with values reported by Babiker et al.
(1990) for the longissimus dorsi of lambs (3.6 to 4.2 kg-cm2). Therefore, under experimental conditions, all meat
samples analyzed were very tender, which may be associated with the quality of diet and age of animals. Safiudo
(1998) reported variable SF in young animals depending on to the age at slaughter, likely due to interactions
between different rates of collagen deposition in the animal’s muscle. Compared with that of older animals, the
meat of young animals tends to lose its tenderness with increasing thermal stability of collagen due to the formation
of cross-bridges (Marsh, 1977). Considering the long time required for the metabolic replenishment of collagen,
the effect of connective tissue in young animals is insignificant, while that of other factors, such as the intensity of
proteolysis and the degree of muscle tissue contraction, is profound, which makes the meat softer.

Diet did not affect the nutritional composition of meat, which is consistent with previous reports (70 to 76%
moisture, 17.3 to 23.0% proteins, 2 to 4% lipids, and 0.98 to 1.6% minerals) (Rodrigues et al., 2010). Homogeneity
of age and weight at slaughter among animals in different treatments can be attributed to this lack of differences
in the nutritional quality of meat. Consistently, according to Bonagurio et al. (2004), maturity of the animal affects
the centesimal composition of meat.

Among meat components, fat is the tissue of the greatest variability in an animal, both in terms of content and
distribution, and upon increase in fat content of meat, the proportions of moisture, protein, and minerals decrease
(Lawrie, 2005). Given the comparable fat content of the meat evaluated, there were no changes in the other
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characteristics.

The highest TBARS levels noted in the meat of lambs fed the 100% concentrated diet may be related to the
presence of higher amounts of triglycerides, resulting from the esterification of a glycerol molecule with three fatty
acids, which is considered the main factor responsible for rancidity development (Nelson and Cox, 2006). Animal
feedlot systems result in a high proportion of oleic and linoleic unsaturated fatty acids due to decreased
biohydrogenation by rumen bacteria.

Meat is usually rich in triacylglycerols and phospholipids, which are removed from natural protection at the time
of slaughter and under blood circulation failure, ultimately undergoing oxidation (Osawa et al., 2005). Lipid
oxidation is regulated through diverse and extremely complex metabolic mechanisms, which are related to the type
of lipid structure and the environment in which it is found. In addition, the degree and nature of unsaturation,
exposure to light and heat, and presence of metallic pro- or antioxidant factors determine the oxidative stability of
lipids (Wheatley, 2000).

According to Djanane et al. (2002), TBARS levels greater than 1 milligram malonaldehyde per kilogram of meat
are noteworthy. Meanwhile, according to Lira et al. (2000), to estimate rancidity development for a meat sample,
TBARS levels of 0.6 to 2.0 milligram malonaldehyde per kilogram must be obtained in evaluations by a trained
sensory panel. The value reported in the present study is lower than that recommended as adequate, indicating that
the level of concentrate in a high-grain diet did not compromise the oxidative stability of lamb meat.

Based on the obtained cost and revenue indices, a 100% concentrated diet provided better results than the other
diets. Carcass weight of lambs fed the 100% concentrated diet was higher (by 2.30 kg) than that of lambs fed other
diets. Although the food consumption of lambs fed the 100% concentrated diet was higher, it increased the total
cost of feeding; however, the gain of 2.30 kg in carcass weight of animals fed the 100% concentrated diet resulted
in an additional profit of 27.36 and 22.51 R$-animal! compared with the profit gained from lambs fed the 80%
and 60% concentrated diets, respectively. Thus, despite significant increase in the total cost of feeding with high-
grain diets, the productive response offset this increase, providing a better economic output.

Of note, profit may vary depending on the price of meat in the local market and the cost of inputs, since food
shortages may increase these prices.

According to Bendahan (2017), aspects such as finishing speed, feed conversion, price, feed quality, and demand
in the meat market must be considered in the option for confinement, such that the producer obtains economic
gain. Therefore, each region must adapt suitable practices to meet market preferences after analyzing all these
factors. Considering that profits can vary, carful economic evaluation is warranted taking risks to which the activity
is exposed into account.

Therefore, for the termination of lambs in confinement to be economically viable, diets that provide a satisfactory
productive performance of the animals while reducing the confinement period should be supplied, so that the total
cost of the diet does not derail the use of this system.

In lamb finishing systems, a 100% concentrated diet is the most suitable practice from a productive and economic
point of view, as it provides higher CY, without compromising the physical and nutritional characteristics of meat.
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