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ABSTRACT - The objective of this study was to evaluate the effect of the replacement of a ground corn diet by a forage
cactus meal diet on the carcass characteristics and body components of Santa Inês lambs finished in feedlot. This study was
carried out at Estação Experimental de Pendência, belonging to Empresa de Pesquisa Agropecuária da Paraíba S.A. (EMEPA-PB).
Forty Santa Inês male lambs in feedlot were used in the experiment. Treatments were randomly assigned to the animals according
to a completely randomized design, with four treatments, which consisted of growing replacement levels of ground corn by
forage cactus meal: 0, 33, 66 and 100% of substitution and ten replications (lambs). Animals were slaughtered, and the following
characteristics were evaluated: body weight, empty body weight, hot carcass weight, cold carcass weight, non-carcass
components (NCC), hot carcass yield, cold carcass yield, biological yield, revenue of non components of carcass, revenues
of non-carcass components, relative weight and relative value of the commercial cuts, viscera and organs’ yield. Averages
were submitted to analysis of variance and regression analyses at a 5% level of probability. The replacement levels of ground
corn by forage cactus meal had no influence on biological yield, revenue of the non components of carcass, relative weight
and relative value of the prime and choice cuts or on the relative weight of viscera and organs. The replacement of ground
corn by forage cactus meal, on the ration given to Santa Ines lambs in feedlot does not impact the biological yield, relative
weight and relative value of prime and choice cuts or the relative weight of viscera and other organs.
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Introduction

With the purpose of obtaining the best quality carcasses
with maximum yield, the slaughter of lambs at a live weight
of 35 kg has been recommended, which induces feedlot
finishing and the use of concentrate in the feed. One
possible way to reduce the production cost consists of the
use of alternative energy sources.  (Melo et al., 2003).

The forage cactus meal is a cactus plant considered a
vital forage plant in the semiarid region, particularly in the
period of rain shortage (Muller et al., 1994), because of its
characteristics similar to those of an energy concentrate,
such as higher percentage of propionate in the rumen,
high level of soluble carbohydrates and high digestibility
of dry matter (Ben Salem et al., 1996; Lopes, 2007; Wanderley
et al., 2002). Besides, forage cactus meal provides a better
pattern of fermentation due to the lower percentage of
starch and the higher level of pectin, compared with corn
(Van Soest, 1994; Batista et al., 2003; Bispo et al., 2007).
However, ruminants should not be fed only this diet
because of its laxative effect, high water content and low

fiber content, which cannot meet the dietary needs of
these animals (Ben Salem et al., 2005; Wanderley et al.,
2002). Forage cactus meal can be fed to the animals, having
the following advantages: it is easy to store and transfer
and provides a balanced diet. Veras et al. (2005) demonstrated
the potential of forage cactus meal to feed ruminants
assessing only the performance characteristics of the
animals, However, in commercialization, the percentage of
carcass and non-carcass components are also considered
(Alves et al., 2003).

Therefore, the objective of the present study was to
assess the effects of the replacement of ground corn by
forage cactus meal on the characteristics of the carcass and
on non-carcass components of Santa Inês lambs in feedlot.

Material and Methods

The experimental study was conducted at Estação
Experimental de Pendência, which belongs to EMEPA
(Empresa de Pesquisa Agropecuária da Paraíba S.A),
located in the city of Soledade, Paraiba, in the micro-region
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of the western Curimataú, in the Agreste Meso-Region of
Paraíba, in the semi-arid region. The station is located at
coordinates latitude S 7º 8'18", longitude W 36º 27' 2" and
altitude of 534 meters.

Forty 90-day-old Santa Inês lambs, with a 15.52-kg
average live weight were distributed in four groups, each
one fed on one of the diets prepared with 0, 33, 66 or 100%
forage cactus meal in the concentrate in replacement of
ground corn (Table 1). The dry matter used in the experiment
was tifton hay. The giant cultivar of forage cactus was
obtained after dehydration of spineless cactus produced at
EMEPA. The forage cactus was chopped and dried in
sunlight for three days, and then ground. The metabolizable
energy values of the diet were calculated considering 1 kg
of total digestible nutrients  (NDT) equal to 4.409 Mcal of
digestible energy (DE), to 0.82 Mcal of ME (Coelho da Silva
& Leão, 1979).

Animals were identified and randomly distributed in
individual cages (1.10 × 0.55 m), with troughs and drinking
vessels. They were dewormed, and adaptation was
performed in 14 days.

Diet was offered twice a day (50% in the morning and
50% in the afternoon) and in an amount that ensured a 10%
of leftovers at the end of each meal. The control diet,
without cactus, was formulated to provide an average gain
of 250 g/day, according to NRC recommendations (1985).

Ingredients were analyzed for dry matter contents (DM),
raw protein (RP), neutral detergent fiber (NDF), acid
detergent fiber (ADF), ether extract (EE), calcium and
phosphorus, according to the methodologies described by
Silva & Queiroz (2002).

During the 80 days in feedlot, animals were weighed
every 14 days and when they reached an average live

weight of 35 kg, they were slaughtered after a 24-hour
fasting of solid food and 16-hour fasting of liquid food, to
obtain live weight at slaughter. Slaughter was performed at
EMEPA’s slaughterhouse by electrical stunning, followed
by incision on the external jugular vein. Blood was collected
and weighed. During the skinning, the skin was weighed,
and when the viscera were removed, gastrointestinal tract
was weighed full and empty, as well as bladder and gall
bladder, for obtaining empty body weight (EBW), by
subtracting the weights of gastrointestinal, gall bladder
and bladder contents from the slaughter weight (SW).
Liver, respiratory tract, reproductive tract, heart and
kidneys were also weighed. Subsequently, after detachment
of the head and anterior and posterior paws, paws were
weighed. The yield of non-carcass components (skin,
blood, paws, gastrointestinal tract, liver, respiratory tract,
reproductive tract, heart and kidneys) was related to the
empty body weight. Then, carcasses were weighed to
obtain hot carcass weight (HCW), and cooled in cold
chamber at 5 ºC, stored in plastic bags, where they were kept
for 24 hours. At the end of this period, carcasses were
weighed to obtain cold carcass weight (CCW).

Hot carcass weight (HCC) was used to estimate the
yield of hot carcass or actual yield [RY = (HCW/SW) × 100]
and biological yield [BY = (HCW/EBW) × 100]. The
components of the animal body not included in the carcass
weight were called “non-carcass components” (NCC),
which resulted from the subtraction of the hot carcass weight
from the weight of non-carcass components (NCC) =
(EBW-HCW). The yield of the NCC (NCCY) in relation to
the empty body weight (EBW) was also determined.
Based on the yield of non-carcass components, the yield of
non-carcass edible components (blood, head, paws,

Ingredient Replacement level of ground corn by forage cactus meal (%)

0 33 66 1 0 0

Ground corn 45 30.15 15.3 0
Forage cactus meal 0.00 14.85 29.70 45.00
Soybean meal 20.20 20.20 20.20 21.00
Urea 0.30 0.50 0.70 0.70
Mineral salt 0 .50 0.50 0.70 0.00
Limestone 1.00 0.50 0.40 0.00
Tifton hay 33.00 33.30 33.00 33.30

Dietary composition
Dry matter (%) 89.41 89.50 89.67 89.72
Raw protein (%) 18.51 18.56 18.57 18.46
Metabolizable energy (Mcal/kg DM) 2.75 2.58 2.41 2.26
Ether extract (% DM) 2.55 2.28 2.00 1.73
Neutral detergent fiber (% DM) 32.88 35.00 37.24 39.66
Acid detergent fiber (% DM) 18.12 19.90 21.50 23.47
Calcium (% DM) 5.68 6.90 9.60 11.10
Phosphorus (% DM) 3.03 2.90 2.80 2.70

Table 1 - Diet composition



2275Carcass characteristics and body components of Santa Inês lambs in feedlot fed on different levels of forage cactus meal

R. Bras. Zootec., v.40, n.10, p.2273-2279, 2011

gastrointestinal tract, liver, respiratory tract, reproductive
tract, heart and kidneys) was determined in relation to EBW.

Cold carcass weight (CCW) was used to estimate the
yield of the cold/commercial carcass [CY=(CCW/SW) × 100]
and the loss of weight caused by the cooling process
[CP = (HCW –  CCW/HCW) × 100].

After cooling, carcasses were divided into two half-
carcasses. The left half-carcasses were separated in prime
cuts (leg and loin), choice cuts (shoulder and ribs) and good
cuts (neck). These meat cuts were weighed and their yields
were determined in relation to the cold carcass weight, also
by category. Also, the weighted value of each meat cut and
of each category in relation to the weight calculated from
the weighting factors 0.4; 0.7 and 1, respectively, for cuts
considered as good, choice and prime cuts were weighted,
according to Cezar & Sousa (2007).

The design was completely randomized, with four
treatments and ten replicates. Data were submitted to
variance and regression analyses at a 5% level of probability.
Statistical data processing was done using the SAS (1999)
software.

Results and Discussion

There was no influence (P>0.05) of the levels of
replacement of ground corn by forage cactus meal on
weight and yield of non-carcass components (NCC),
loss by cooling or yield of edible viscera (YEV), with
averages of 13.03 kg; 42.42%; 2.41 and 28.43% (Table 2).
Interestingly, non-carcass components represented nearly
50% compared with the EBW, which is consistent with
Carvalho et al. (2005), who affirmed that non-carcass
components might account for more than 50% of the live

weight of the animals, and this percentage is influenced
by factors such as diet and other parameters responsible
for the variation in the live weight of animals. Also,
28.43% of edible non-carcass components were obtained,
which is very similar to the 26.94% obtained by Medeiros
et al. (2008), who assessed the effects of concentrate levels
on non-carcass components of Morada Nova ovines in
feedlot.

Weight at slaughter, empty body weight, hot carcass
weight and cold carcass weight decreased linearly with
the increase in the levels of replacement of ground corn by
forage cactus. The increase of 1.0% in the level of replacement
made it possible to estimate a decrease of 20; 30; 20 and
20 g in the weights, respectively, which is possibly related
to a decrease in fat deposition in the body, which, according
to  Kosloski (2002) is caused by the lower concentration
of propionic acid and circulating energy, due to the low
content of soluble carbohydrates of the forage cactus
(Menezes et al., 2005) and the decrease in the content of
metabolizable energy inherent to the level of replacement
(2.26 Mcal/kg) compared with the diet with 0% of forage
cactus meal (2.75 Mcal/kg). There was no difference in loss
by cooling, which is considered adequate, between 3.0
and 4.0%, according to Almeida Junior et al. (2004).

It is important to stress the high coefficient for loss
by cooling (52.96%), which can be considered normal,
once this variable is intrinsically unstable. Xenofonte
et al. (2009) conducted an experiment with SPRD ovines
(½ Dorper × ½ Santa Inês) in feedlot fed on babassu meal
and obtained an average value of 4.74%, with a coefficient
of variation of 78.70% for loss by cooling, and affirmed
that this high coefficient of variation was due to the speed
of the air in the cold chamber.

Variable Replacement level of ground corn by forage cactus meal (%) Equation r 2 CV (%)

0 33 66 1 0 0

Weights (kg)
Weight at slaughter 36.82 36.16 35.50 34.82 Ŷ = 36.82 – 0.02x 0.10 6.55
Empty body weight 32.07 31.08 30.09 29.07 Ŷ = 32.07 – 0.03x 0.20 6.87
Non-carcass components 13.16 13.42 13.32 12.20 Ŷ = 13.03ns 0.07 9.76
Hot carcass weight 18.60 17.94 17.28 16.60 Ŷ = 18.60 – 0.02x 0.22 7.55
Cold carcass weight 18.26 17.60 16.94 16.26 Ŷ = 18.26 – 0.02x 0.23 8.13

Yield (%)
Actual 50.58 49.92 49.26 48.58 Ŷ = 50.58 – 0.02x 0.16 4.38
Commercial 49.68 48.69 47.70 46.68 Ŷ = 49.68 – 0.03x 0.22 4.55
Biological 57.96 58.10 56.95 57.31 Ŷ = 57.58ns 0.02 4.26
Non-carcass components 42.03 41.90 43.05 42.69 Ŷ = 42.42ns 0.02 5.79
Edible non-carcass components 28.12 27.89 28.68 29.03 Ŷ = 28.43ns 0.07 5.01
Loss by cooling (%) 1.95 2.26 1.99 3.45 Ŷ = 2.41ns 0.04 52.96
Ŷ = dependent variable; X = level of supplementation; ns = not significant at a 5% probability level.

Table 2 - Absolute (kg) and relative (%) measurements of the characteristics of the carcass and of non-carcass components of Santa
Inês ovines fed on diets of forage cactus meal in replacement of ground corn
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The actual yield and the commercial yield of the carcass
decreased linearly with the increased level of replacement
of ground corn by forage cactus meal; whereas the biological
yield (BY) was not influenced by the levels of replacement.
The biological yield is the variable that best represents the
carcass components, since it does not consider the abiotic
content (Cezar & Sousa, 2007). Thus, the variation in the
findings obtained for the actual and commercial yields
might have been influenced by the contents of gastrointestinal
tract, gall bladder and bladder. A similar situation was found
by Xenofonte et al. (2009) in a study with babassu meal, where
an average on 56.07% was obtained for the biological yield.

Yields of the leg and loin, from prime cuts (Y1R) in
relation to the carcass were not influenced (P>0.05) by the
diet of the animals (Table 3). According to Cezar & Sousa
(2007), more important than the yield of commercial meat
cuts is the relative value of each meat cut or category in
relation to the weighted value, that is,  how much each meat
cut/category has commercially yielded in relative terms.
Given the importance of the commercial value of these
meat cuts, Cezar & Sousa (2007) proposed weighting
factors between the three categories of commercial meat
cuts, where factor 1 is for prime cuts, 0.7 for choice cuts
and 0.4 for good cuts. Thus, the higher the weight of the
prime cuts and the lower the weight of good cuts, the
higher the commercial value of the carcass. In the regional
composition, maximum commercial yield of prime cuts is
sought (Rodrigues et al., 2008). In the present experiment,
this value was, on average, above 50%, confirming the
biological variability of the use of forage cactus meal as an
alternative to ground corn.

Shoulder yield had positive linear behavior, whereas
that of the ribs was  negative, with increase in the levels of
replacement of ground corn by forage cactus meal. Thus,
for every 1.0% increase in the forage cactus diet (fed to the
animals in replacement of the ground corn diet), a 0.01%
increase and a 0.02% decrease were observed, respectively.
Although the yields of shoulder and ribs were influenced
by the diet fed to the animals, these yields were not influenced
by the replacement of ground corn by forage cactus meal
(P>0.05), with an average of 48.40%, when they were
assessed together with the yields of the choice cuts (Y2R).
The behavior observed in the yields of shoulder and ribs in
relation to the carcass was the same observed for the
weighted value of these cuts, with the same increase and
decrease ratios, respectively. The average for the weighted
values of the choice cuts was influenced by the growing
levels of replacement and was lower, 41.80%, which has to
be mentioned, since commercial profitability is the most
important characteristic in a prime cut.

Yield (Y3R) and weighted value of the neck had a
positive linear behavior, with 0.01% and 0.005% ratios,
respectively, in relation to the increase in the level of
replacement of ground corn by forage cactus meal. Since
the neck is a good cut, increase in its yield is not desired.
Although the good cut was positively influenced by the
levels of replacement of ground corn by forage cactus meal,
there was no change in the yield and weighted value of
prime cuts, which demonstrates the potential of forage
cactus meal as an alternative diet to ground corn.

In the process performed to obtain the carcass, non-
carcass components called “fifth quarter” are originated,

Variable Level of replacement (%) Equation r 2 CV (%)

0 33 66 1 0 0

Yields (%)
Leg 30.00 29.89 30.70 30.47 Ŷ = 30.26ns 0.05 3.79
Loin 14.03 14.28 14.05 13.43 Ŷ = 13.95ns 0,05 7.33
Prime cuts (Y1R) 44.03 44.17 44.76 43.90 Ŷ = 44.21ns 0.01 2.62
Shoulder 17.55 17.88 18.21 18.55 Ŷ = 17.55 + 0.01x 0.16 5.87
Ribs 31.35 30.69 30.03 29.35 Ŷ = 31.35 – 0.02x 0.21 5.48
Choice cuts (Y2R) 48.90 48.57 48.24 47 .90 Ŷ = 48.40 ns 0 .08 2.79
Neck (Y3R) 6.90 7.23 7.56 7.90 Ŷ = 6.90 + 0.01x 0.10 14.69

Weighted value (%)
Leg 37.00 36.84 37.75 37.76 Ŷ = 37.34ns 0.07 3.55
Loin 17.31 17.60 17.28 16.63 Ŷ = 17.20ns 0.05 7.07
Prime cuts 54.31 54.45 55.03 54.40 Ŷ = 54.54 ns 0 .01 2.12
Shoulder 15.14 15.47 15.80 16.14 Ŷ = 15.14 + 0.01x 0.17 5.98
Ribs 27.04 26.38 25.72 25.04 Ŷ = 27.04  – 0.02x 0.19 5.51
Choice cuts 42.18 41.85 41.52 41.18 Ŷ = 41.80 ns 0 .05 2.91
Neck 3.40 3.57 3.73 3.90 Ŷ = 3.40 + 0.005x 0.10 15.35
Ŷ = dependent variable; X = level of supplementation; ns = not significant at a 5% probability level.

Table 3 - Yield of commercial meat cuts and categories and weighted value of the commercial meat cuts and categories of Santa Inês
ovines fed on diets containing forage cactus meal in replacement of ground corn
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which, according to Santos et al. (2005), are important
because they improve the cost-benefit relation in the
meat production process. Also, according to Joy et al. (2008),
they affect carcass yield. According to reports of Delfa
et al. (1991), the value obtained with non-carcass components
may cover part of the expenses incurred in the slaughter
process, and, consequently, generate profit. The viscera
can be used for human consumption, since they are an
important source of animal protein, with a nutritional
value compatible with the carcass (Yamamoto et al., 2004).
Pereira Filho et al. (2008) affirmed that the yield of these
viscera and organs, in relation to the empty body weight,
should be studied to avoid the influence from the
gastrointestinal content.

The yields of non-carcass components in relation to
empty body weight were not influenced by the levels of
replacement of ground corn by forage cactus meal, except
for the yield of the head, which grew linearly (Table 4).
According to Berchielli (2006), the development of the
digestive tract is associated to the type and quality of the
ingested food, indicating that the replacement of ground
corn by forage cactus meal did not interfere with the
gastrointestinal filling to the point of causing differences in
the yield of the digestive tract, and, thus, the levels of
forage cactus used had similar yields  (P>0.05), although the
forage cactus had a lower content of soluble carbohydrates
(Menezes et al., 2005) and the content of metabolizable
energy decreased as the share of cactus in the diet increased.
Rosa et al. (2002) affirmed that the gastrointestinal tract has
late heterogonic growth, i.e., the longer the termination
period of lambs, the more developed it shall be. Thus, since
the feedlot period did not differ between the levels of
replacement of ground corn by forage cactus meal, there
was no variation in the gastrointestinal yields.

According to Louvandini et al. (2007), the chemical
composition of the diet may influence the growth speed of

organs and viscera, especially in relation to the energy
content, which did not occur in the present experiment
where organs and viscera had a similar yield, even with
energy contents varying from 2.75 to 2.26 Mcal/kg, due to
the inclusion of a diet with forage cactus meal.

Yield of kidneys and liver, organs that actively
participate in the metabolism of nutrients and respond
to the intake of different energy levels of the diet
(Owens et al., 1993), was not influenced (P>0.05) by the
levels of replacement of ground corn by forage cactus
meal, suggesting that the level of metabolism in the
referred organs remained unchanged with a diet of
forage cactus meal.

Yield of the respiratory tract and heart was not
influenced by the levels of replacement of diet, as expected,
because the heart and the lungs play an essential role in
the supply of nutrients, regardless of the type of diet
(Ferreira et al., 2000).

The level of replacement of ground corn by forage cactus
meal had no effect (P>0.05) on the yields of paws and skin.
The lack of impact of the replacement diet on the yield of paws
was expected because their development occurs in the early
growth period. The skin is formed in the intermediate growth
period, because it is concomitant to the body development
(Rosa et al., 2002). Even though the empty body weight has
been influenced by the increased level of forage cactus in the
diet, this has not changed the skin yield. The yields of organs
and viscera were similar, probably because the animals
belonged to the same genetic group and had equal age and
empty body weight, although they were fed different diets.
This finding corroborates the assertion of Fimbres et al.
(2001) that organ development is related to the size of the
animal. Therefore, even a higher level of replacement of
ground corn by forage cactus meal enabled a provision of
nutrients capable of ensuring the yield of viscera and organs
in relation to the normal empty body weight.

Variable Level of replacement (%) Equation r 2 CV (%)

0 33 66 1 0 0

Digestive tract (%) 9.80 10.40 10.40 10.41 Ŷ = 10.26ns 0.04 9.16
Reproductive tract (%) 1.60 1.66 1.69 1.57 Ŷ = 1.63ns 0.01 20.10
Respiratory tract (%) 1.97 1.82 2.07 2.08 Ŷ = 1.98ns 0.07 12.45
Kidneys (%) 0.35 0.33 0.35 0.37 Ŷ = 0.35ns 0.07 10.71
Liver (%) 1.86 1.93 1.92 1.84 Ŷ = 1.89ns 0.01 9.73
Heart (%) 0.77 0.77 0.74 0.69 Ŷ = 0.74ns 0.06 15.85
Blood (%) 4.13 3.56 3.85 3.88 Ŷ = 3.85ns 0.01 11.49
Paws (%) 2.54 2.45 2.52 2.70 Ŷ = 2.55ns 0.09 8.11
Head (%) 4.95 5.08 5.21 5.35 Ŷ = 4.95 + 0.004x 0.21 5.82
Skin (%) 10.31 10.26 10.28 10.44 Ŷ = 10.32ns 0.01 9.46

Table 4 - Yield of non-carcass components in relation to the empty body weight of Santa Inês ovines fed on diets containing forage cactus
meal in replacement of ground corn

Ŷ = dependent variable; x = level of supplementation; ns = not significant at a 5% probability level.
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Yield of the head showed linear increase, so that an
increase of 1.0 % in the level of replacement of ground corn
by forage cactus meal promoted an increase of 0.004% in
the yield of the head. The head develops early, and its
proportion in relation to the live weight decreases with
animal development (Roque et al., 1999). Thus, the
increased yield of head was a result of the linear decrease
of the empty body weight.

Conclusions

Replacing ground corn with forage cactus meal in the
diet fed to Santa Inês ovines in feedlot does not affect
biological yield, yield and weighted value of prime and
choice cuts, or the yield of viscera and organs. The forage
cactus meal has a biological efficiency similar to that of
ground corn.
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