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ABSTRACT - The objective of this study was to evaluate the replacement of soybean meal by crushed crambe on the 
qualitative characteristics, lipids, and chemical composition of the meat from crossbred Santa Ines ewes. These animals 
presented an initial body score of 2.5, were finished in confinement for 60 days, fed diets containing crushed crambe replacing
0, 33, 67, and 100% of soybean meal, and slaughtered with a body condition score of 3.5. The statistical design was completely 
randomized, with slaughter weight used as a covariate in the model. Sensory evaluations were performed in the gluteobiceps 
muscle by untrained evaluators (n = 100) of different ages. There was no significant effect for color, shear force, or cooking
loss of the semimembranosus muscle. The replacement levels of soybean meal influenced only the moisture content, with a
linear increase, and the ash content, which decreased linearly. For saturated fatty acids, there was linear effect on capric acid 
(C10:0), and a linear reduction of myristic (C14:0), pentadecanoic (C15:0), and heptadecanoic (C17:0) fatty acids. There was 
no influence of the inclusion level of crushed crambe on monounsaturated fatty acids. A linear increase was observed in the
polyunsaturated fatty acids linoleic acid (C18:2n-6) and eicosatrienoic acid (C20:3n-3). For the sensory attributes, there were 
differences only for the variables flavor and tenderness, in which meat was considered more flavorful if it was from animals
fed 0% crushed crambe, with an average of 1.6, and considered more tender if it was from animals finished with 15% crushed
crambe in the diet, scoring an average of 1.7. Crushed crambe can be considered a promising alternative in the feeding of ewes 
finished in feedlot, replacing soybean meal in the diet, showing satisfactory results with respect to meat quality.
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Introduction 

Despite the frequent use of adult sheep for slaughter, 
there are few studies assessing the qualitative characteristics 
of meat from these animals (Pinheiro et al., 2009b). The 
commercial value of the meat should be adjusted for the 
quality of the offered product. Therefore, the production 
cost of these animals should also be reduced by using 
alternative sources of food.

The crambe, of the Brassica family, is a subtropical 
plant that adapts well to hot and cold climates whose main 
feature is its high oil and protein contents. Crushed grain 
is the main by-product of the oil extraction process, with a 
high protein (200-300 g/kg) and energy (around 290 g/kg) 

content, considered a good alternative in ruminant feeding. 
The crushed grain consists of the pericarp, rich fibers, and
cotyledons, which are rich in proteins and residual oil 
(Böhme et al., 2005; Mizubuti et al., 2011).

Crambe oil is characterized by the presence of high 
levels of unsaturated fatty acids, mainly erucic acid (500-
600 g/kg), and also has a considerable concentration of 
oleic (160 g/kg), linoleic (90 g/kg), and linolenic (50 g/kg) acids 
(Watkins, 1999). Erucic acid is classified as a biodegradable
fatty acid.

Canova et al. (2015), evaluating crushed crambe for 
use as sheep feed, replaced soybean meal with crambe 
protein in high-concentrate lamb diets and showed that 
crambe protein can be used for lambs because it provides 
a large energy and protein intake with similar protein 
characteristics to those of soybean meal. Souza et al. (2015) 
completely replaced soybean meal and found no changes 
in the performance of cows, recommending that soybean 
meal be replaced with crambe protein in the finishing phase.
Anderson et al. (1993) analyzed finishing steers and did
not find any difference in the performance of animals fed
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crambe meal, with a significant increase in marbling fat
deposition in the animals.

However, there is no information in the literature about 
the quality of meat from animals finished with crushed
crambe. Based on this information, this study evaluated 
the instrumental analysis, chemical composition, fatty acid 
profile, and sensory attributes of meat from sheep finished
with increasing levels of crushed crambe in their diet to the 
total replacement of soybean meal.

Material and Methods

The experiment was conducted in the municipality of 
Dourados-MS, Brazil, between May and July 2012. This 
experiment was conducted in accordance with the standards 
of the Ethics Committee on Animal Use of Universidade 
Federal de Dourados, under approval review no. 021/2012 - 
CEUA/UFGD. 

Twenty Santa Ines × Suffolk crossbred ewes at 30 
months of age, with an average initial body weight of 39 kg 
and body condition score at 2.5, were randomly distributed 
into four treatments. After 60 days in the feedlot, the 
animals were slaughtered on the basis of individual body 
score, with scores assigned on a scale of 1-5, in increments 
of 0.5, in which 1 = excessively lean and 5 = excessively 
fat, to standardize the fattening state of the carcasses. The 
body condition established as indicative of the time of 
slaughter was 3.0 to 3.5 (Osório et al., 1998), and the 
average final and hot carcass weights were 48 kg and
19.10 kg, respectively. 

Diets were formulated with different levels of 
substitution of soybean meal for crushed crambe (0, 33, 
67, and 100% dry matter) using corn silage as roughage 
(Table 1), resulting in differences in the lipid profile of diets
(Table 2). The diets were balanced to be isoenergetic with 
700.0 g/kg total digestible nutrients and 150 g/kg of crude 
protein, according to the NRC (2007), to provide weight 
gains of around 250 g day−1. The diet was fed individually 
ad libitum, provided in two daily meals (08.00 h and 
16.00 h). The amount feed offered was adjusted for leftovers 
observed daily, which were controlled to be 10%, and water 
was provided ad libitum.

Left hind legs (n = 20) were used. The semimembranosus 
and gluteobiceps muscles were separated with a scalpel. 
The semimembranosus muscle was used to determine the 
instrumental analysis and fatty acid profile and gluteobiceps 
muscle for sensory attributes. The semitendinosus muscle 
was used to determine the chemical composition.

The pH was determined using a portable digital pH 
meter, by introducing the electrode directly into the muscle. 

To determine the color of the meat and subcutaneous fat, 
the Chrome Meter Minolta colorimeter CR-400 was used 
after being calibrated to a white tile standard using the CIE 
system (L*, a*, b*) (L* - lightness, a* - redness, and b* - 
yellowness). After color evaluation, a 2.0 g sample was 
collected and subjected to a weight of 2.25 kg for 5 min to 
determine the water holding capacity (WHC), according to 
the methodology described by Cañeque and Sañudo (2000).

For the cooking loss (CL) test, we used an electric 
oven preheated to 170 °C. Uncooked meat samples were 
weighed, placed in trays with iron grids, and weighed 
again. They were then transferred to the oven, where they 
remained until the internal temperature of the sample 
center reached 75 °C. After being cooled to ambient 
temperature, they were weighed again and the percentage 
loss during cooking was calculated. The internal temperature 
of the meat was determined with a portable skewer digital 
thermometer.

Shear strength was determined on five cylinders with
1.3 cm in diameter, which were removed in the longitudinal 
direction of the muscle fibers and subjected to cutting in the
transverse direction of the muscle fibers using a Warner-
Bratzer blade device coupled to the Texture Analyser 
TA-XT2i. Shear strength values of were expressed in 
kilogram force (kgf).

Replacement level (%)

0 33 67 100

Corn silage  15.00 15.00 15.00 12.50
Corn grain 65.91 66.62 67.33 68.05
Soybean meal 15.00 10.00 5.00 0.00
Crushed crambe  0.00 5.00 10.00 15.00
Urea 0.50 0.50 0.50 0.50
Dicalcium phosphate 1.83 1.73 1.63 1.53
Mineral mixture1  1.76 1.15 0.54 2.42

Chemical composition (g/kg DM) 
Dry matter  700.1 701.9 700.5 720.8
Crude protein  149.3 153.0 147.1 144.8
Ether extract 17.1 21.1 23.6 41.2
Neutral detergent fiber (NDF) 294.1 307.0 295.9 294.2
Acid detergent fiber 100.0 111.1 105.6 113.2
Mineral matter (MM) 49.6 50.2 48.7 69.8
Lignin 25.9 27.8 30.9 34.9
Non-fibrous carbohydrates (NFC)2 489.9 468.7 504.7 469.7
Total carbohydrates (TC)3 784.0 775.7 800.6 763.9
TDN4 742.2 734.8 741.1 742.1
1 Mineral supplement (nutrients per kilogram of product): phosphorus - 80 g; 

calcium - 140 g; magnesium - 7 g; sulfur - 12 g; sodium - 133 g; zinc - 4,200 mg; 
copper - 300 mg; manganese - 800 mg; iron - 1,500 mg; cobalt - 100 mg; iodine - 150 mg; 
selenium - 15 mg; fluoride (max) - 800 mg; phosphorus solubility of citric acid 2%
(min) 95%.

2 NFC = TC – NDF (Van Soest et al., 1991).
3 TC = 100 – (%CP + %EE + %MM) (Sniffen et al., 1992).
4 TDN = 91.0246 – 0.571588 * NDF (r² = 0.61) (Cappelle et al., 2001).

Table 1 - Centesimal composition of concentrates and chemical 
composition of diets with crushed crambe replacing 
soybean meal
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Samples of the semitendinosus muscle were 
homogenized in a multiprocessor until a homogeneous 
mass was obtained. Crude protein (CP) was measured 
using the Kjeldahl method (#990.03); total lipids were 
extracted by the Soxhlet method (#945.16); moisture 
(#935.29) content was determined by drying in an oven 
at 105 °C until a constant weight was obtained; and 
total ash (#942.05) was obtained in the oven at 550 °C 
(AOAC, 2000).

For the transesterification of triglycerides, approximately 
50 mg of extracted lipids were transferred to 15 mL falcon 
tubes, to which 2 mL of n-heptane were added. The mixture 
was stirred until complete dissolution of the fatty matter, 
and then KOH and 2 mL of 2 M methanol were added. 
The mixture was shaken for about 5 min and after phase 
separation, 1 mL of the upper phase (heptane and methyl 
esters of fatty acids) was transferred to 1.5 mL Eppendorf vials. 
The vials were hermetically sealed, protected from light, and 
stored in a freezer at −18 °C for further chromatographic 
analysis.

The fatty acid composition was determined by gas 
chromatography using a gas chromatograph with a flame
ionization detector. For the elution step, a capillary-fused 
silica column (100 × 0.25 mm × 0.20 µm) was used. The 
oven temperature was programmed to begin at 100 °C and 
was held for 1 min, then raised to 170 °C in increments 
of 6.5 ºC/min. Later, another increase from 170 to 215 °C 
was performed in increments of 2.75 ºC/min and the 
temperature was kept for 30 min. A final elevation was
performed from 215 to 230 ºC at a rate of 40 ºC/min. 
Injector and detector temperatures were 270 and 280 °C, 
respectively. Samples (0.5 µL) were injected in “split”, 
using nitrogen as a carrier gas with a flow rate of 1 mL/min.
Methyl esters of fatty acids were identified by comparing
the sample retention times of compounds with those of 

standards (Sigma) eluted under the same conditions as the 
samples.

Atherogenicity index (AI = [(C12:0 + (4 × C14:0) + 
C16:0)]/(∑ AGMI + ∑ ω6 + ∑ ω3)) and thrombogenicity 
index (TI = (C14:0 + C16:0 + C18:0)/[(0.5 × ∑ AGMI) 
+ (0.5 × ∑ ω6+ (3 × ∑ω3) + (∑ ω3/∑ ω6)])) were also 
calculated, according to Ulbricht and Southgate (1991), 
besides the hypocholesterolemic:hypercholesterolemic 
fatty acid ratio (h:H = (C18:1cis9 + C18:2ω6 + 20:4ω6 
+ C18:3ω3 + C20:5ω3 + C22:5ω3 + C22:6ω3)/(C14:0 + 
C16:0)), by the method of Santos-Silva et al. (2002).

The sensory evaluations were performed in the 
gluteobiceps muscle (devoid of subcutaneous fat), 
according to the methodology described by Campo (2005). 
The evaluators (n = 100) were chosen at random, and 
samples were arranged according to treatment on plates 
identified with labels, and the tasters were blinded to the
treatments. A descriptive test was used, with a five-point
hedonic scale, considering the attributes of aroma, flavor,
tenderness, overall acceptability, and purchase intent. The 
five points of the scale were: 1 - liked, 2 - liked moderately,
3 - indifferent, 4 - disliked moderately, and 5 - disliked 
very much.

All statistical analyses were performed using PROC 
UNIVARIATE and PROC MIXED of SAS (Statistical 
Analysis System, version 9.2), at 0.05 probability level. 
The statistical design was completely randomized. The 
statistical model is shown below: 

Yij = µ + αi + εij,
in which Yij represents the observation of crushed crambe 
level i in animal j; αi represents the fixed effect of crushed
crambe i (i = 1, 2, 3 ,4); and εij represents the random 
error. 

Sensory data were analyzed using a Kruskal-Wallis 
nonparametric test, at 0.05 probability level.

Table 2 - Fatty acid profile of crushed crambe and experimental concentrate with crushed crambe replacing soybean meal

Fatty acid (g/kg)
Replacement level (%)

Crushed crambe
0 33 67 100

C14:0 (myristic acid) 0.10  - - - -
C 16:0 (palmitic acid) 18.21 17.95 18.02 17.88 15.22
C 18:0 (stearic acid) 3.19 1.12 1.47 1.09 1.13
C 20:0 (arachidonic acid) 0.10 1.01 1.13 1.29 2.51
C 18:1 (oleic acid) 31.37 29.93 28.86 27.78 12.83
C 20:1 (eicosenoic acid) 0.11 0.73 0.91 1.01 2.67
C 22:1 (erucic acid) 0.10 6.60 7.75 9.61 53.83
C 18:2n-6 (linoleic acid) 44.63 38.82 37.94 36.95 6.94
C 18:3n-3 (α linolenic acid) 2.19 3.09 3.14 3.78 3.97
C 18:2 (conjugated linoleic acids) 0.10 0.14 0.18 0.16 0.17
C 20:2 (eicosadienoic acid) - 0.61 0.60 0.45 0.73
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Results 

There was no effect (P>0.05) on the physical 
characteristics of the semimembranosus muscle of sheep 
fed diets with increasing levels of crushed crambe (Table 3). 

Protein and lipid contents were not influenced by
replacement levels of crushed crambe (P>0.05), averaging 
191.2 g/kg and 47.5 g/kg, respectively (Table 4). There 
was a linear increase in moisture content (P<0.05), ranging 
from 752.9 to 773.5 g/kg. A decreasing linear effect of 
replacement level was observed on ash content (P<0.05), 
which ranged from 25.1 to 17.1 g/kg

For saturated fatty acids, there was a positive linear 
effect of dietary inclusion level of crushed crambe on capric 
acid (C10:0) content. As for myristic (C14:0), pentadecanoic 
(C15:0) and heptadecanoic (C17:0) acids, there was a 
decreasing linear effect of inclusion level, which could be 
related to the fatty acid profile of the diets, as C14:0 acid
was identified only in the diet with 0% inclusion, and was
not identified in crushed crambe (Table 5).

There was no effect (P>0.05) of monounsaturated fatty 
acids (Table 6), but there was a linear effect (P<0.05) of 
crambe inclusion on polyunsaturated fatty acids (PUFA), 
omega-3 and omega-6 fatty acids in the semimembranosus 
muscle of sheep. As a result, there was also an effect on the 
PUFA/SFA and SFA/PUFA ratios. 

There was no effect of replacement level (P>0.05) on 
the characteristics aroma, overall acceptability, or purchase 
intent, the averages of which were 2.22, 2.34, and 2.34, 
respectively (Table 7). There was a significant difference
in flavor (P<0.05), and the meat was considered tastier
than that from animals fed a diet with no crushed crambe, 
which obtained an average score of 1.65. Meat tenderness 
was influenced (P<0.05) by replacement level, and the
grade given was 1.74 for meat originating from animals 
finished with the total replacement of soybean meal by
crushed crambe (100%), considered the most tender meat 
(Table 7).

Discussion

Physical characteristics: the average pH value (5.75) 
was within the range considered normal for sheep meat, 
which is from 5.66 to 5.78, according Sañudo (2008). The 
correct drop in pH and temperature during the cooling 
process indicated that other quality parameters, such as 
water holding capacity, cooking loss, shear strength, and 
color, yielded satisfactory results, since they are influenced
by pH and temperature (Bouton et al., 1971).

The average value observed for cooking losses (CL) in 
this study was 35.11% (Table 3), similar to those found by 
Bonagurio et al. (2003), ranging from 35.8% to 37.1% for 
the Santa Ines genetic group. During the cooking of meat, 
quantitative and qualitative losses occur, and lower losses 
are desirable during meat preparation.

The average shear strength of the semimembranosus 
muscle was 3.5 kgf, higher than the 2.82 kgf found by 
Pinheiro et al. (2009a) for the same muscle in culling ewes. 
However, Pinheiro et al. (2010), working with Santa Ines 
sheep in different physiological stages, reported average 
shear strength values for the loin muscle (longissimus 
lumborum) between 2.35 kgf and 4.08 kgf. 

Older animals tend to yield tougher meat cuts, i.e., the 
longer the muscles are worked, the stronger they become, 
increasing the strength required to cut them. Furthermore, 
older animals have muscle fibers of larger diameter and a
higher degree of crosslinking of these fibers, resulting in
tougher meat (Pinheiro et al., 2009a). The sensory attributes 
of sheep meat do not appear to present many toughness-
related problems, as observed in other species, explaining 
the results found in this study regarding meat tenderness 
in adult sheep in both subjective (sensory) and objective 
(instrumental) evaluation.

The water holding capacity of the semimembranosus 
averaged 75.74%, higher than the 54.46% reported by 
Pinheiro et al. (2009a), also working with culling ewes. 

Table 3 - Semimembranosus muscle quality of sheep finished with
diets containing crushed crambe replacing soybean meal

Variable
Replacement level (%)

SEM Pr > F
0 33 67 100

pH  5.73 5.81 5.75 5.72 0.029 ns
Water holding  76.46 75.57 76.51 74.44 0.716 ns
capacity (%)
Cooking losses (%) 33.57 34.62 35.57 36.62 0.848 ns
Shear force (kgf) 3.21 3.76 3.80 3.23 0.181 ns
Lightness 34.42 34.82 34.48 36.57 0.353 ns
Redness 20.38 19.12 19.15 20.54 0.303 ns
Yellowness 5.28 5.08 4.62 5.12 0.137 ns
ns - not significant at 0.05 probability; SEM - standard error of the mean.

Table 4 - Chemical composition (g/kg) of the semitendinosus 
muscle of sheep finished with diets containing crushed
crambe replacing soybean meal

Variable (g/kg)
Replacement level (%)

SEM Pr > F
0 33 67 100

Moisture1 752.9 771.3 770.0 773.5 0.33 0.0385*
Ash2 25.1 23.5 19.1 17.1 0.12 0.0078*
Crude protein 191.4 190.3 194.0 188.9 0.15 ns
Fat 54.7 43.4 47.3 44.5 0.19 ns

* Significant at 5% probability; ns - not significant at 5% probability; SEM - standard
error of the mean. 
1 y = 0.614699 + 751.219x (r2 = 0.64).
2 y = 0.275797 + 27.9884x (r2 = 0.94).



323Quality traits and lipid composition of meat from crossbreed Santa Ines ewes fed diets including crushed crambe

R. Bras. Zootec., 45(6):319-327, 2016

Water holding capacity is a qualitative characteristic of 
great importance because it affects the appearance and 
behavior of the meat during cooking and the juiciness while 
chewing. Meats with higher water holding capacities have 

lower nutrient losses by exudate and are usually tastier 
(Pinheiro et al., 2010). 

Pinheiro et al. (2009a) obtained an L* value of 35.74 
in the semimembranosus muscle of sheep, and Silva 

Table 5 - Fatty acid profiles of the semimembranosus muscle of sheep fed diets with crushed crambe replacing soybean meal

Fatty acid
Replacement level (%)

SEM Pr > F
0 33 67 100

         Saturated fatty acids 
C10:0 (capric acid)1 0.10 0.10 0.11 0.11 0.0017 0.0024*
C12:0 (lauric acid) 0.12 0.13 0.12 0.12 0.0028 ns
C14:0 (myristic acid)2 2.84 2.80 2.68 2.56 0.0348 0.0006*
C15:0 (pentadecanoic acid)3 0.25 0.20 0.22 0.21 0.0058 0.0384*
C16:0 (palmitic acid) 24.01 23.38 23.90 23.79 0.0948 ns
C17:0 (heptadecanoic acid)4 1.52 1.54 1.46 1.41 0.0171 0.0163*
C18:0 (stearic acid) 18.20 18.78 18.44 18.56 0.1585 ns
C20:0 (arachidic acid) 0.11 0.11 0.11 0.11 0.0013 ns

          Monounsaturated fatty acids
C14:1 (myristoleic acid) 0.11 0.11 0.10 0.10 0.0013 ns
C16:1 (palmitoleic acid) 1.63 1.59 1.61 1.58 0.0069 ns
C18:1 (oleic acid) 44.14 44.42 44.25 44.36 0.1551 ns
C20:1 (eicosenoic acid) 0.10 0.10 0.10 0.10 0.0012 ns
C22:1 (erucic acid) 0.96 0.69 0.72 0.63 0.0642 ns

          Polyunsaturated fatty acids
C18:2n-6 (linoleic acid)5 3.39 3.46 3.54 3.71 0.0352 0.0001*
C18:3n-3 (alpha-linolenic acid) 0.18 0.18 0.17 0.17 0.0019 ns
C18:2 CLA (conjugated linolenic acid) 0.44 0.45 0.46 0.47 0.0109 ns
C20:2 (eicosadienoic acid) 0.10 0.10 0.10 0.11 0.0013 ns
C20:3n-3 (eicosatrienoic acid)6 1.42 1.47 1.49 1.51 0.0154 0.0228*
C20:3n-6 (dihomo-γ-linolenic acid) 0.10 0.10 0.11 0.10 0.0013 ns
C20:4 (arachidonic acid) 0.20 0.19 0.19 0.20 0.0018 ns
C20:5n-3 (eicosapentaenoic acid) 0.11 0.10 0.10 0.10 0.0012 ns

* Significant at 0.05 probability; ns - not significant at 0.05 probability; SEM - standard error of the mean.
1 y = 0.0952256 + 0.00409774x (r2 = 0.52).
2 y = 2.95470 − 0.0937970x (r2 = 0.61).
3 y = 0.247669 − 0.0106767x (r2 = 0.29).
4 y = 1.57019 − 0.0357519x (r2 = 0.37).
5 y = 3.26985 + 0.100602x (r2 = 0.69).
6 y = 1.39729 + 0.0308271x (r2 = 0.34).

Table 6 - Saturated, monounsaturated, and polyunsaturated fatty acids, ratios, and hypocholesterolemic:hypercholesterolemic fatty acid ratio 
(h:H) in the semimembranosus muscle of sheep fed diets with crushed crambe replacing soybean meal

Fatty acid
Replacement level (%)

SEM Pr > F
0 33 67 100

Saturated 47.14 47.04 47.04 46.87 0.1929 ns
Monounsaturated 46.93 46.91 46.79 46.77 0.1818 ns
Polyunsaturated1 5.93 6.05 6.17 6.36 0.0513 0.0006*
Conjugated linoleic acid 0.44 0.45 0.46 0.47 0.0109 ns
ω32 1.70 1.75 1.77 1.78 0.0147 0.0425*
ω63 3.49 3.56 3.65 3.81 0.0356 0.0001*
ω6:ω3 2.05 2.03 2.06 2.14 0.0174 ns
ω3:ω6 0.49 0.49 0.48 0.47 0.0041 ns
Polyunsaturated:Saturated4 0.13 0.13 0.13 0.14 0.0014 0.0067*
Saturated:Polyunsaturated5 7.95 7.79 7.63 7.37 0.0807 0.0061*
Atherogenicity index 0.68 0.66 0.66 0.65 0.0070 0.2276
Thrombogenicity index 1.39 1.38 1.38 1.37 0.0651 ns
h:H 1.83 1.89 1.86 1.89 0.0115 0.2505
* Significant at 0.05 probability; ns - not significant at 0.05 probability; SEM - standard error of the mean.
1 y = 5.78177 + 0.137932x (r2 = 0.61).
2 y = 1.68455 + 0.0268045x (r2 = 0.28).
3 y = 3.37086 + 0.101541x (r2 = 0.69).
4 y = 0.122426 + 0.00316028x (r2 = 0.44).
5 y = 8.15128 − 0.186522x (r2 = 0.45).
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Sobrinho et al. (2005) evaluated sheep slaughtered at 300 
days of age, recording in the same muscle the mean value 
of 36.80. These results are in agreement with ours (35.07). 
Rota et al. (2006) evaluated the instrumental characteristics 
of lamb in the longissimus dorsi muscle and obtained L* 
values between 39.12 and 42.35 for meat from sheep 
slaughtered at 360 days, and in the flesh of lambs slaughtered
at 210 days, respectively. Higher values indicate a brighter 
appearance. Pinheiro et al. (2010) reported redness values 
between 17.92 and 18.79 for the longissimus lumborum in 
culling ewes, and Pinheiro et al. (2009a) obtained 19.18 in 
the semimembranosus muscle of sheep, similar to the 19.80 
reported in this research.

The average yellowness value obtained for the 
semimembranosus muscle was 5.02, which is 1.65 and 4.05 
higher than those reported by Pinheiro et al. (2009a) and 
Silva Sobrinho et al. (2005), respectively. Assessing culling 
ewes slaughtered at different physiological stages, Pinheiro 
et al. (2010) observed a range varying from 3.55 to 3.96 
for the b* parameter. However, these authors evaluated the 
longissimus lumborum devoid of subcutaneous fat, which 
can explain the lower values, because fat can influence the
intensity of the yellow color.

Color is the most obvious freshness and quality 
indicator to the consumer. Dark meats are usually rejected 
by the buyer, who associates a dark color with old meat 
or mature animal origin, and therefore with tough flesh.
However, this relationship is not always true, since animals 
slaughtered with low glycogen reserves do not reach a low 
enough pH to produce normal coloration, regardless of 
age and softness (Bressan et al., 2001). Several factors can 
determine the extent of the drop in pH, among which the 
type of feed used, breed, and age of the animal stand out.

Chemical composition: the values obtained for chemical 
composition in this study are similar to those highlighted by 
Pinheiro et al. (2010), who evaluated ewes slaughtered at 
different physiological stages and observed muscle protein 

values in the longissimus lumborum between 194.2 g/kg 
and 195.1 g/kg, and lipid values of 39.5 to 48.1 g/kg. 

Similar results for moisture were recorded by 
Pinheiro et al. (2010), who  obtained between 746.3 and 
756.1 g/kg in culling ewes. These results show that water is 
the major constituent of meat and its content is inversely 
proportional to that of fat. The range for ash was above 
the mean value obtaned by Carvalho and Medeiros (2010): 
8.9 g/kg in the longissimus dorsi of lambs. The nutritional 
composition of foods, especially the fat component, 
has been investigated in several scientific studies, 
with respect to its influence on food quality. Meat cuts 
with higher fat contents are usually those with higher 
succulence; the fat content of meat also affects its flavor.
The characteristic taste and aroma of the meat from each 
animal species are related to the fat content of the muscle 
(Madruga et al., 2005).

Fatty acid profile: it must be taken into consideration
that C14:0 and C16:0 fatty acids (Oliveira et al., 2008) are 
the two main fatty acids involved in increasing low-density 
lipoprotein (LDL), a risk factor for heart disease; thus, 
reducing the C14:0 content in the muscle of sheep is an 
interesting and positive feature.

Oleic acid (C18:1), recognized for its 
hypocholesterolemic effect, was the predominant 
monounsaturated fatty acid (MUFA), as also observed by 
Madruga et al. (2006). The fatty acids of particular interest 
were primarily linoleic (C18:2n-6) and linolenic (C18:3n-3) 
acids, which are considered essential and beneficial to
human health, besides fatty acids with carbon unsaturation 
in n-3 and conjugated linoleic acid (CLA) (Pelegrini et al., 
2007). However, the only polyunsaturated fatty acids in the 
semimembranosus muscle that were affected by the level of 
inclusion of crushed crambe were C18:2n-6 and C20:3n-3, 
which increased linearly. However, when observing Table 2 
(lipid profile of diets) the reverse trend is apparent; that is,
as levels of inclusion of crambe increased, the C18:2n-6 
content was reduced.

This may have been related to the biohydrogenation 
process carried out by rumen microorganisms, which may 
have been longer in the case of lower dietary lipid content. 
Therefore, even in those animals fed a diet with a higher 
concentration of fatty acid C18:2n-6 (0% inclusion of 
crushed crambe), the deposition of linoleic acid in the end 
product (meat) would have been lower (Table 5).

These differences in monounsaturated fatty acids and 
polyunsaturated fatty acids (Table 6) are probably explained 
by the fact that the lipid contents of diets increased with 
increasing inclusion levels of crushed crambe, and could 
thus interfere with the biohydrogenation process, because the 

Table 7 - Sensory characteristics of the biceps femoris muscle of 
sheep finished with diets containing crushed crambe
replacing soybean meal

Variable 
Replacement level (%)

Pr > F0 33 67 100

Aroma  2.27     2.27 2.23  2.09 ns
Flavor 1.65a     2.23ab 2.35b  2.22ab *
Tenderness  2.19ab     2.59ab 2.65b   1.74a *
Overall acceptability      2.31     2.32 2.69  2.04 ns
Purchase intent 2.19     2.45 2.69  2.04 ns
* Significant at 0.05 probability; ns - not significant at 0.05 probability.
Means followed by different letters in the same row differ at P<0.05 by the Kruskal-
Wallis test.
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high availability of lipids may adversely affect gram positive 
bacteria, which are responsible for these reactions.

 According to Kim et al. (2009), the explanation for 
this trend is supported by two theories, one of which is 
associated with the adsorptive property of unsaturated fatty 
acids, which, in excess, would form a hydrophobic layer 
on the bacterial cell or food particle that would prevent 
the metabolism of bacteria or their membership in the 
particle; another theory proposes the existence of a direct 
toxic effect whereby these fatty acids are incorporated 
into the bacterial membrane, changing its fluidity and
permeability. The PUFA/SFA ratio is taken as a nutritional 
risk factor; in this study, this ratio averaged 0.13, which 
is less than the value of 0.45 recommended as the ideal 
minimum in the human diet (Pelegrini et al., 2007). It is 
noteworthy, however, that this index is correlated with 
the ω6:ω3 ratio (Costa et al., 2009). Oda et al. (2004) 
emphasized that although MUFA, in most cases, are not 
essential, they play an important role in reducing blood 
cholesterol. 

The omega-6/omega-3 fatty acid ratio in this study 
varied from 2:03 to 2:14. This ratio has been used as a 
criterion to assess the quality of fat, which must be less 
than 4 (Department of Health, 1994); therefore, the 
values observed in this study can be considered adequate. 
This ratio should be carefully evaluated because high 
consumption of omega-6 by the population is associated 
with increased incidence of degenerative diseases, such 
as cancerous tumors. These fatty acids are capable of 
modulating the production of eicosanoids, modifying 
gene expression and altering energy metabolism, immune 
function, and membrane fluidity, among other effects
(Oliveira et al., 2008).

The average values obtained for the atherogenicity 
(AI) and thrombogenicity (TI) indices were 0.66 and 1.38. 
These rates are associated with pro- and antiatherogenic 
fatty acid levels and indicate the stimulatory potential for 
platelet aggregation. Low values of AI and IT are related 
to a greater amount of atherogenic fatty acids present 
in the fat and thus a greater potential for preventing the 
emergence of coronary heart disease. Arruda et al. (2012), 
evaluating different metabolizable energy levels for Santa 
Ines sheep, found no effects on these indices, highlighted 
as ideal for feed intake, and Costa et al. (2009) pointed out 
that an average value of 0.67 was obtained in ½ Santa Ines 
sheep, which was considered desirable.

Sensory characteristics: the influence of animal feed on
the taste of meat is regarded as fundamental, although there 
are contradictory results in the literature (Osório et al., 2009).

Tenderness is probably the most studied feature in 
which the consumer is concerned and, for this reason, it 
determines quality and consumer acceptability, and the best 
quality of meat is usually expressed in terms of softness 
and higher succulence (Borges et al., 2006).

Young animals produce more tender beef, because of 
the higher solubility of collagen, and tenderness decreases 
with age as a result of the accumulation and maturation 
of the connective tissue of the muscle fibers and less
fragmentation of myofibrils after the slaughter of older
animals. However, lamb does not have as many toughness-
related problems as other animal species, confirming the
results observed in this study (Sañudo, 2008).

The meat used in this research presented adequate 
sensory characteristics, corroborating the results of Pinheiro 
et al. (2008) and Pinheiro et al. (2012), who assessed the 
sensory characteristics of sheep meat, observing indicators 
of good quality. Although not enough to achieve a product 
with top quality features, this research serves to inform, 
educate, and teach consumers to enjoy to the highest possible 
degrees of these characteristics, as not all consumers assess 
quality factors the same way. Notable differences appear 
between peoples of different countries and within these, 
between regions and social classes. Thus, it is observed that 
the determinants of these preferences depend on consumer 
habits, culinary traditions, education, and consumer tastes 
(Osório et al., 2009). 

Conclusions

Crushed crambe can replace soybean meal in the total 
diet of ewes without changing the quality of their meat and 
can also modify the lipid profile, increasing polyunsaturated
linoleic and eicosatrienoic fatty acids as well as improving 
the polyunsaturated:saturated fatty acid ratio. Overall, 
the results of this experiment indicate that meat from 
adult sheep finished with crushed crambe in the diet show
satisfactory quality characteristics.
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