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ABSTRACT - The effects of replacing Tifton hay with castor bean hulls (0, 33, 66 and 100%) on the leg tissue composition, 
chemical composition, physicochemical parameters and sensorial traits of sheep meat were studied. A total of 28 non-castrated 
sheep averaging seven months in age with an average initial weight of 19.5±4.3 kg were assigned to a randomized block design 
with four treatments and seven replicates and were slaughtered after 70 days of confinement. At slaughter, body weight and leg, 
muscle and bone weights decreased linearly, whereas the muscle-to-bone ratio increased linearly according to the treatments. 
There was a quadratic effect on yellow intensity (maximum of 8.05 with replacement of 54.5%) and the percentage of cooking 
losses (minimum of 33.8% with replacement of 45.17%). The treatment employed did not affect either the chemical composition 
or sensorial traits of the lamb meat. Although replacing Tifton hay with castor bean hulls alters the tissue composition of the 
leg as well as some physicochemical parameters of the meat, the sensory analysis indicated good acceptability of the meat, 
regardless of the inclusion of this byproduct.
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Introduction

Despite records of an increase in the productivity 
of the Brazilian sheep industry, especially in the 
northeast region of the country, the production chain 
involved in this activity is still being organized, which 
implies certain consequences for the sector, such as 
low consumption of lamb meat in Brazil compared 
with meat from other species. Increasing the per capita 
consumption of lamb meat undoubtedly depends on the 
improvement of the quality of the product that reaches 
the consumer.

One of the most important constraints in tropical 
livestock production systems is underfeeding due to 
limitations in both quantity and quality of feed (Atti & 
Bem Salem, 2008; Mendieta-Araico et al., 2011). The agro-
industrial residues appear as an alternative in ruminant 
feed during periods of food shortage (Klopfenstein et al., 
2008; Molina-Alcaide & Yáñez-Ruiz, 2008).

The consumer market currently shows increased 
demand for quality in meat characteristics, which makes 
it necessary to understand the meat quality characteristics 
(Bressan et al., 2001). In addition, a carcass should exhibit 
high proportions of muscle and sufficient fat content in 
its composition to provide meat with sensory properties 

that are adequate for the preferences of the consumer 
market. Consequently, research on tissue composition 
is necessary (Silva Sobrinho et al., 2005b).

The downward trend in the use of petroleum-based 
energy sources in Brazil has been encouraging the 
production of renewable energy, like biodiesel (Brunschwig 
et al., 2012). The cultivation of castor bean allows the 
establishment of semi-arid regions in this chain of biofuel 
production (Gabriella et al., 2007; Cesar & Batalha, 2010). 
All oil extraction processes produce residues; in the case of 
castor bean oil, the main ones are the crust, the press cake 
and meal (Silva et al., 2010).

Considering the importance of feeding in the 
production and in the general characteristics of lamb 
meat, there is a need for studies on the influence of 
feeding on the quality of lamb meat with the goal of 
detecting alternative feeding systems that are adaptable 
to the rearing conditions in different production systems 
(Madruga et al., 2005). 

The objective of this research was to evaluate the 
effects of replacement of Tifton hay by castor bean 
hulls in the diet of sheep on the tissue composition of 
the lamb leg as well as on the chemical composition, 
physicochemical parameters and sensory parameters of 
the meat.
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Material and Methods

The experiment was conducted in the goat farming 
group within the Department of Animal Science of the 
Universidade Federal Rural de Pernambuco (UFRPE), 
which is located in Recife, Pernambuco State, Brazil in 
the physiographic microregion of the Atlantic coast that 
belongs to the Metropolitan Region of Recife.

A total of 28 undefined breed pattern (UBP) sheep were
used. All sheep were seven months old, with an initial weight 
of 19.5±4.3 kg, and were confined to individual suspended
pens with slatted floors. They were provided with feeders
and drinking troughs. After being weighed and identified,
treated against endo- and ectoparasites, and vaccinated 
against clostridia, the animals underwent a 30-day period 
of adaptation to the new facilities and to the way in which 
they were being handled. All animal handling practices 
followed the recommendations of the National Council for 
Control of Animal Experimentation (Conselho Nacional 
de Controle da Experimentação Animal, CONCEA) for 
the protection of animals used for experimental and other 
scientific purposes.

The experimental diets were isoprotein, with the base 
diet formulated to meet the requirements to maintain the 
animals at 24 kg and to allow for an average weight gain of 
180 g/day according to the recommendations of the NRC 
(1985). The diets included replacement of Tifton hay with 
castor bean hulls at rates of 0, 33, 66, and 100% (Table 1). 
Feeding was performed twice a day (8:00 a.m. and 3:00 p.m.) 
in the form of a total mixed ration, ad libitum, with water 
always available for the animals. The uneaten feed was 
collected daily and weighed to adjust the food supply and to 

calculate the intake of dry matter. Weighing was performed 
every 14 days, with prior fasting for 16 hours, from the 
beginning of the experiment until slaughter.

To estimate the total digestible nutrients (TDN) in the 
feed, a digestibility assay was performed 40 days after the 
beginning of the experiment. The estimated TDN value was 
calculated using the following equation described by Weiss 
(1999): TDN = DCP (digestible crude protein) + DEE 
(digestible ether extract)*2.25 + DNFC (digestible non-
fibrous carbohydrate) + DNDF (digestible neutral detergent
fiber), where DCP = (CP ingested – CP feces); DEE = (EE
ingested – EE feces); DNFC = (NFC ingested – NFC feces); 
and DNDF = (NDF ingested – NDF feces). 

After 70 days in addition to the adaptation period, 
the animals were fed a purely liquid diet for 16 hours. 
Then, immediately before slaughter, they were weighed 
to obtain their body weight at slaughter (BWS). The 
stunning for humane slaughter of animals followed the 
rules of Instruction number 3 of 07/17/2000, so the method 
employed was concussion, rather than penetration (Brazil, 
2000).

After skinning and evisceration, the head (sectioned 
at the atlo-occipital joint) and the feet (sectioned at the 
metacarpal and metatarsal joints) were removed from each 
animal, and the carcasses were placed in a refrigerated 
chamber and left to cool for 24 hours at ±4 °C hanging 
from hooks by the Achilles tendon with the metatarsal 
joints spaced 17 cm apart. After the refrigeration period, 
the carcasses were cut in half, and the left half of the 
carcasses was weighed and cut into seven anatomical 
regions according to the methodology adapted by Cezar 
& Sousa (2007), resulting in the following commercial 
meat cuts: neck, shoulder, leg, loin, true ribs, false ribs and 
sawcut. The adaptation of the methodology consisted of the 
division the ribs in true ribs and false ribs.

The left leg of each animal was vacuum-packed in 
a high-density polyethylene bag and frozen at −18 °C to 
evaluate its tissue composition. The composition was 
determined using the methodology described by Brown & 
Williams (1979) in which the 28 left legs, which had been 
previously stored and were then gradually thawed while 
being kept at a temperature of approximately 4 °C for 
24 hours, were dissected. During the dissections, the five
main muscles associated with the femur (biceps femuris, 
semimembranosus, semitendinosus, quadriceps femoris 
and adductor) were removed intact and then weighed 
to calculate the leg muscularity index according to the 
following formula: LMI = √(W5M/FL)/FL, where W5M 
represents the weight of the five muscles (g) and FL is
femur length (cm) (Purchas et al., 1991). 

Table 1 - Ingredients and chemical composition of the experimental 
diets

Ingredients (g/kg DM)
Substitution rate (%) 

0 33 66 100

Spineless cactus 400 400 400 400
Tifton hay 300 200 100 0
Castor bean hull 0 99 198 297
Soybean meal 185 185 185 185
Ground corn 100 100 100 100
Sodium chloride 05 05 05 05
Mineral mix 10 10 10 10
Urea 0 01 02 03

Chemical composition

Dry matter (g/kg) 249.9 250.1 250.2 250.4
Crude protein (g/kg DM) 139.4 138.7 138.1 137.5
Ether extract (g/kg DM) 16.0 15.1 14.1 13.1
Mineral matter (g/kg DM) 106.8 104.3 101.9 99.4
Neutral detergent fiber (g/kg DM) 404.9 402.3 399.6 397.0
Acid detergent fiber (g/kg DM) 167.4 178.4 189.5 200.5
TDN (g/kg DM) 626.1 624.9 566.0 561.1
DM - dry matter; TDN - total digestible nutrients.
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A qualitative analysis of the meat was performed using 
the right loins of each animal, which had been vacuum-
packed and frozen at −18 °C. Cooking losses, shearing force 
and color were determined according to the methodology 
described by Wheeler et al. (1993). 

The water-holding capacity (%) was determined 
according to the methodology proposed by Sierra (1973). 

The percentage composition was calculated for 
the semimembranosus muscle, which was crushed and 
homogenized in a blender and then dried for subsequent 
determination of moisture, crude protein, ether extract 
and ash according to the methods described by the AOAC 
(2000). 

For sensory analysis, the left loins (longissimus 
lomborum) were used. They were cooked according to the 
methodology proposed to determine cooking losses. A total 
of 50 untrained testers who enjoy lamb meat were invited to 
participate. An affective acceptance test was conducted in 
individual chambers using a seven-point hedonic scale that 
considered the attributes of flavor, juiciness, aroma, color
and texture. The seven points of the scale were as follows: 
1 - very strongly disliked, 2 - strongly disliked, 3 - slightly 
disliked, 4 - neither liked nor disliked, 5 - slightly liked, 
6 - strongly liked and 7 - very strongly liked. Each tester 
was served a sample (approximately 12 to 15 g) of meat 
from each treatment in a coded (three digits) disposable 
container. To remove any residual taste in between 
samples, water at room temperature was served along with 
an unsalted cracker. 

Analysis of the variables was performed by adopting 
a model relative to the completely randomized design, 
according to the following model: 

Yij =  μ +  Ti  + β(Xij –X) + eij

where Yij = observed value of the dependent variable; μ = 
overall mean; Ti = effect of treatment i (i = 1 to 4); β(Xij –X) 
= covariate effect (initial weight); and eij = experimental 
error. The data were tabulated and subsequently subjected to 
analysis of covariance using the PROC MIXED procedures 
of SAS statistical package (Statistical Analysis System, 
version 9.1).

Results and Discussion

The total digestible nutrient intake (TDNI), body weight 
at slaughter (BWS) and weight of the entire leg, muscles, 
and bones linearly decreased with increasing replacement 
of Tifton hay by castor bean hulls (Table 2). No influence
of the replacement (P>0.05) was observed regarding the 
dry matter intake (DMI) or the weight of subcutaneous fat, 
intermuscular fat, or total fat. Additionally, no effect was 
seen on the weight of other tissues, the muscle:fat ratio, the 
subcutaneous:intermuscular fat ratio, or the leg muscularity 
index (LMI). The muscle:bone ratio increased linearly 
with increasing replacement. Furthermore, an effect of the 
replacement on the yield of bones and other tissues was 
observed, which decreased linearly (Table 3). The linear 
decrease observed for the weight of the entire leg and BWS 
could be explained by the decrease in energetic intake 
(Table 2). As muscles and bones constitute the greatest 
percentage of the leg composition, the difference observed 
between the weights of the legs consequently implied a 
relevant difference between these groups. 

For each percentage point of replacement of hay 
by castor bean hulls, there was a decrease of 2.2041 g 

Table 2 - Dry matter and total digestible nutrient intake and tissue composition of the left leg of sheep fed castor bean hulls in replacement 
of Tifton hay

Item 
Substitution rate (%)

CV
Effect

r2

0 33 66 100 Linear Quadratic

DMI (kg/day) 0.95 0.93 0.97 0.86 13.30 NS NS -
TDNI (kg/day) 0.64 0.63 0.60 0.52 17.45 * NS 0.83
BWS (kg) 32.84 31.59 30.37 28.67 5.32 *** NS 0.99
Entire leg (g) 2388.42 2272.92 2167.94 2046.06 8.00 *** NS 0.99
Muscles (g) 1583.11 1491.90 1440.75 1355.54 10.51 ** NS 0.99
Bones (g) 450.08 431.08 382.26 359.29 11.70 *** NS 0.97
Subcutaneous fat (g) 129.11 113.54 128.38 116.47 29.99 NS NS -
Intermuscular fat (g) 100.86 105.71 96.20 85.78 21.06 NS NS -
Total fat (g) 229.97 219.25 224.58 202.25 22.92 NS NS -
Other tissues (g) 125.27 130.70 120.36 128.98 12.43 NS NS -
Muscle:Bones 3.55 3.46 3.77 3.80 7.99 * NS 0.66
Muscle:Fat 7.73 7.29 6.68 7.50 28.63 NS NS -
SF:IF 1.24 1.06 1.31 1.36 28.24 NS NS -
Leg muscularity index 0.38 0.39 0.38 0.38 5.20 NS NS -
CV - coefficient of variation; r2 - coefficient determination.
NS - not significant.
* P<0.05; ** P<0.01;*** P<0.001.
DMI - dry matter intake; TDNI - total digestible nutrient intake; BWS - body weight at slaughter.
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(0.14%)  in the weight of the muscles, whereas the decrease 
in the weight of the bones was 4.2591 g (0.94%). This 
result explains the linear increase observed in the muscle:
bone ratio, rather than a decrease, as the decrease in the 
denominator of the ratio was always greater than that of the 
numerator, resulting in a greater value. 

Carvalho & Medeiros (2010) investigated ½ Texel + ½ 
UBP sheep fed diets containing different levels of energy 
and did not observe variations in the weight of muscles, 
bones or fat. However, they showed that as the amount 
of energy increased, the percentage of muscle decreased, 
whereas the percentage of fat increased, which was not 
found in this study. Gerrard & Grant (2006) indicated that 
following the development of the skeletal system, bone 
growth is minimal. In contrast, muscular growth increases 
dramatically and quickly becomes the largest component 
of the carcass, whereas the amount fat is very low at birth 
and remains so until muscle growth decreases or reaches 
a plateau. Because there was no variation observed with 
respect to fat in this study, it can be inferred that the animals 
were slaughtered before fat was deposited, i.e., before 
reaching a plateau in muscular growth. This result should 
be evaluated as being positive considering the current trend 
of reducing the amount of calories consumed in the human 
diet (Pérez et al., 2002).

A bone yield similar to that found here (18%), though 
associated with a lower muscle yield (50.9%) and a much 
higher fat yield (30%) was found by Carvalho & Medeiros 
(2010) for a lower-quality carcass than was observed in this 
research.

Working with wet waste from a brewery and substituting 
different levels of corn and soybeans and, consequently, 
different levels of energy in the diet of Texel breed sheep, 
Carvalho & Brochier (2008) observed very similar results 
to those found in this study, finding a decrease in body
weight at slaughter, a decrease in the weight of the part to 
be dissected, and consequently, a decrease in the weights 
of the muscle and bone components. In terms of the yield 
of tissue components, these authors obtained lower values 

than were obtained here for muscle yield (58.4%) and 
higher values for bones (27.4%) and fat (14.2%). 

Marques et al. (2007) examined Santa Ines sheep 
slaughtered after 70 days of confinement. These sheep
exhibited an average body weight at slaughter of 30 kg, 
and lower values were found for muscle yield (63.41%), 
total fat yield (6.98%), yield of other tissues (4.64%), leg 
muscularity (0.34) and the muscle:bone ratio (2.58), with 
higher values obtained only for bone yield (25.00%). 

The leg muscularity index (LMI) reflects the proportion
of meat in the carcass. There was no variation in the LMI, 
even though variation was found in the weight of muscles 
and in the muscle:bone ratio. However, Silva Sobrinho 
et al. (2005b) claimed that measurements of muscularity 
may not differ even when there are differences in muscle 
quantity, which is the result of variation in bone length with 
age, even within a single breed. The values found for this 
variable are close to those found by Garcia et al. (2003), 
thus indicating that a satisfactory proportion of muscle was 
obtained for the carcasses in this study (66% muscle). 

In a study on Santa Ines sheep slaughtered with very 
similar live weights to those of the sheep studied here, 
Marques et al. (2007) found values between 0.31 and 0.36. 

With respect to the subcutaneous:intermuscular fat ratio, 
Huidobro & Cañeque (1994) stated that a high value may 
indicate a desirable product for the market, as subcutaneous 
fat guarantees good conservation of the carcass under 
refrigeration. The value found here was less than that 
obtained by Garcia et al. (2003) (1.82 compared with 2.58) 
but was close to the 1.37 obtained by Silva Sobrinho (1999).

The percentage yield of the tissue components reflected
a carcass of good quality that is appropriate for the market, 
as it showed a high proportion of muscle, a low percentage 
of tissues that are of no interest to the consumer, and an 
intermediate fat percentage, which can be expressed by the 
muscle:fat ratio (7.40), implying desirable palatability. 

In terms of the physicochemical parameters of the meat, 
there was an influence of the replacement on the yellow
intensity (b*) in the coloring of the meat and cooking 

Table 3 - Yield of tissue components of the left leg of sheep fed castor bean hulls in replacement of Tifton hay

Item (%)
Substitution rate (%)

CV
Effect

r2

0 33 66 100 Linear Quadratic

Muscles 66.12 65.64 66.37 66.28 3.72 NS NS -
Bones 18.90 19.04 17.77 17.57 7.45 * NS 0.80
Subcutaneous fat 5.43 4.90 5.88 5.69 33.13 NS NS -
Intermuscular fat 4.28 4.59 4.45 4.20 21.22 NS NS -
Total fat 9.71 9.49 10.33 9.88 25.37 NS NS -
Other tissues 5.28 5.84 5.53 6.26 11.45 * NS 0.66

CV - coefficient of variation; r2 - coefficient determination.
NS - not significant.
* P<0.05.
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losses, with a quadratic effect detected for these parameters. 
For b*, a maximum of 8.05 was observed, which occurred 
with 54.5% replacement. Regarding cooking losses, the 
minimum value observed was 33.8% when 45.17% of Tifton 
hay was replaced by castor bean hulls. The luminosity (L*), 
red intensity (a*), and water-holding capacity of the meat 
were not influenced by the replacement (P>0.05) (Table 4).

In examining the influence of weight at slaughter,
Sañudo et al. (1996) also observed that the yellow intensity 
(b*) exhibited a quadratic effect, with the intermediate 
weight group displaying higher values, as was found in this 
study. According to Pinheiro (2006), the color of meat is 
influenced by luminosity and red intensity, whereas yellow
intensity is more significant with respect to the color of fat.

The results for shearing force are very close to those 
reported by Bressan et al. (2001), which varied between 
2.3 and 3.2 kg/cm2 (Table 4). Vieira et al. (2010) detected 
variation between 4.6 and 5.3 kg/cm2 when evaluating the 
longissimus dorsi. For meat to be within the acceptable 
range of softness, Bianchini et al. (2007) stated that the 
average shearing force values should be below 5 kg/cm2. 
Therefore, the variation from 2.3 to 3.34 obtained in this 
study allows for classifying the meat as tender. 

Using the same methodology to determine water-
holding capacity, Santos Silva et al. (2002) found an 
average value of 39% for this parameter when animals 
were slaughtered at an average weight of 30 kg. According 
to Osório et al. (2009), meat with a lower water-holding 
capacity will rapidly lose its juice during cooking, which 
would be aggravated by the pre-concentration of collagen 
at 65-70 °C and the denaturation of protein, reaching 
losses of approximately 50%. Furthermore, there would be 
decreases in the nutritional value, as the lost liquid contains 
water-soluble substances, proteins and vitamins. Based on 
the review of the results reported by these authors, the 
values found here for water-holding capacities should not 
be considered low, as the values for cooking losses and the 
chemical composition of the meat are consistent with those 
found in the current literature. 

The values for cooking losses are close to the average 
38.4% obtained by Silva Sobrinho et al. (2005a), who 
slaughtered sheep at ages between 150 and 300 days. 
Pinheiro (2006) reported cooking losses of 46.44%, which 
is much higher than the values obtained in this study 
(Table 4). Bonagurio et al. (2003) found an average value 
of 36.12%, which is consistent with the data obtained in 
this study. 

There was no influence of the replacement of Tifton
hay by castor bean hulls on the chemical composition of the 
meat (P>0.05; Table 5).

Studying the chemical composition of lamb meat, 
Zapata et al. (2001) found average values for moisture, ash, 
proteins, and lipids of 76.15, 1.08, 19.32 and 2.18 g/100 g, 
respectively. Thus, the results found in this study for proteins, 
ash and lipids are above the average values found by these 
authors. 

Russo et al. (1999) showed that weight at slaughter 
influences the chemical composition of meat, as heavier
sheep deposit more fat and, as a result, exhibit a lower 
amount of water and protein in their meat. Bonagurio et al. 
(2004) examined the composition of pure Santa Ines sheep 
and their crossbreeds slaughtered at different weights 
and came to a similar conclusion: with an increase in 
slaughter weight, there is a decrease in the amount of 
moisture, which is associated with a tendency for the 
reduction in the amount of crude protein. However, this 
effect was not observed in this study, where it was found 
that variation in weight at slaughter did not influence the 
chemical composition of the meat. 

In the affective test of acceptance, no influence of the
replacement of Tifton hay by castor bean hulls was found 
with respect to color, aroma, flavor, texture or juiciness
(P>0.05). Therefore, it can be inferred that despite the 
variation that existed in some physicochemical parameters, 
this variation was not large enough to be perceived by the 
consumer (Table 6).

The results of the affective test of acceptance are in 
accordance with the results obtained in the physicochemical 

Table 4 - Physicochemical parameters of the meat of sheep fed castor bean hulls in replacement of Tifton hay

Item
Substitution rate (%)

CV
Effect

r2

0 33 66 100 Linear Quadratic

L* 40.62 40.94 41.45 41.01 5.53 NS NS -
a* 11.22 12.23 11.26 11.42 9.59 NS NS -
b* 6.63 8.19 7.58 7.44 8.03 NS *** 0.72
Shearing force (kg/cm²) 3.34 2.30 2.94 2.52 12.72 NS  NS -
Cooking losses (g/100 g) 37.09 32.94 35.32 37.90 7.08 NS ** 0.86
Water-holding capacity (%) 31.00 30.00 32.77 30.18 13.39 NS NS -

CV - coefficient of variation; r2 - coefficient determination.
NS - not significant.
* P<0.05; ** P<0.01;*** P<0.001.
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evaluation of the meat. The scores attributed to flavor reflect
the balance of the tissue components as well as the presence 
of a sufficient amount of fat to make the meat palatable
while remaining healthful and nutritious. The scores given 
to texture reinforce the results of Bianchini et al. (2007), 
who classify meat as tender when shearing force values are 
less than 5 kg/cm3. 

With respect to juiciness, the good scores obtained were 
in agreement with the values for water-holding capacity, as 
this parameter is closely related to the attribute in question. 
According to Osório et al. (2009), a low water-holding 
capacity will certainly result in dry meat when chewed, 
which would consequently be more difficult to cut, but this
result was not observed in our sensory analysis. 

According to Teixeira et al. (1987), for a product to be 
considered acceptable in terms of its sensory properties, it 
must present an index of acceptability of at least 70%. In 
this study, the lamb meat achieved good acceptability in 
all of the sensory attributes studied, since over 70% of the 
scores assigned were equal to or greater than 5, so they 
could be considered acceptable.

Conclusions

Replacement of Tifton hay by castor bean hulls 
reduces the weight of tissue components of the lamb leg, 
with negligible changes in chemical composition and 
physicochemical parameters of meat. The affective test 
of acceptance indicates good acceptance of the meat, 
regardless of the inclusion of the alternative ingredient. 
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