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Abstract – The Crambe pie resulting from 

obtaining biodiesel, can be a potential ingredient 

for animal feed. The objective of this study was to 

evaluate the effect of Crambe pie inclusion in lamb 

diets on meat quality. Thirty-two female lambs, 

fed with 4 experimental diets with different levels 

of Crambe pie (0%, 4%, 8% and 12%) were used.  

After slaughter, the Longissimus muscle was 

collected. Color, weight loss by cooking (WLC), 

and shear force (SF) values were obtained, 

chemical composition and fatty acids profile 

determined. The activities of enzymes Δ9 
desaturases, elongases and atherogenicity index 

were determined.  Color, WLC and SF of meat 

were unchanged. There was a cubic effect of 

Crambe pie inclusion on the ether extract in meat. 

Increasing levels of Crambe pie in diet decreased 

the content of oleic, palmitoleic and the estimated 

activity of Δ9 desaturase16. The atherogenicity 
index was not changed. The use of Crambe pie up 

to 12% in the diet of sheep does not affect the 

physical properties of meat, but it has influence on 

fatty acids profile without affecting the 

atherogenicity index.  
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I.INTRODUCTION 

 
The Crambe (Crambe abyssinica) is an oilseed 

used for production of biodiesel and its co-

products (meal or pie) used as protein and 

lipid source in the diet of ruminants. There is 

need for recycling of these co-products in 

order to maintain the chain of sustainable 

biodiesel and reduce the impact they have on 

the environment.  

The content of ether extract make this an 

attractive oilseed feed, given that nutrition is a 

factor that significantly affects the qualitative 

and quantitative properties of meat. The 

crambe is a vegetable rich in monounsaturated 

fatty acids. Increasing the proportion of 

polyunsaturated fatty acids in the diet makes it 

possible to increase the unsaturation and 

reduce the content of saturated fatty acids in 

ruminant meats [4]. There is also the benefit of 

reducing some fatty acids that have 

hypercholesterolemic effect.  

Another important aspect is the fact Crambe 

pie has large amounts of erucic acid, which 

can demonstrably affect the quality of the meat 

and its fatty acid profile. The erucic acid 

(C22:1) is a monounsaturated fatty acid 

present in crambe; an anti nutritional factor 

considered to cause deleterious effects to the 

animal when present in excess [8]. 

In addition to physical and chemical 

characteristics of meat, some mathematical 

indices can be used to estimate the enzymatic 

activity (desaturases and elongases) and 

atherogenicity index [10, 13], as a complement 

to assess potential problems in the 

composition of meat that could affect the 

health of those who consume it. 

The present study aimed to evaluate the 

parameters of meat quality of lambs fed with 

increasing levels of dietary crambe pie. 

 

II.MATERIALS AND METHODS 

 

The test was conducted in the Department of 

Animal Science, Federal University of Lavras. 

All experimental procedures were approved by 

the Ethics Committee on Animal Use. Thirty 

two female lambs were used (F1 Dorper x Santa 

Inês) with a mean age of 87 ± 9 days, weighing 

17.1 ± 2.80 kg, confined for 118 days, fed with 4 

experimental diets with different levels of 

Crambe pie (0% , 4%, 8% and 12%) in a 

randomized block design (4 initial weights) with 

8 replication per treatment. The lambs were fed 

with diets based on oat hay (Tifton), corn, 

soybean meal, soybean hulls, limestone, mineral 

supplement and Crambe pie in the different 

experimental levels. The crude protein (CP%) 

level of diets was 15.96. Each lamb was fed 

individually and consumption of food was 

measured daily by weighing the food provided 

and orts, which were analyzed in the laboratory 
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to determine the dry matter intake. Throughout 

the experimental period, lambs were weighed 

periodically to calculate the average daily weight 

gain. At the end of the experimental period (118 

days) the lambs were weighed to obtain the 

slaughter weight, and were slaughtered after 16 

hours of fasting, with the removal of solid food. 

Feed conversion was determined considering the 

amount of dry matter intake by daily weight 

gain. The carcasses were chilled for 24 hours at 

3ºC. The Longissimus lumborum samples were 

collected and subsequently, color measurements 

were performed using a Minolta CM-700 

(Konica Minolta, Japan). A total of 5 readings 

were taken on each steak and averaged to obtain 

lightness (L*), redness (a*) and yellowness (b*). 

Uncooked meat samples were lyophilized and 

moisture (M), crude protein (CP), ether extract 

(EE) and ash, were determined [2]. The CP was 

quantified by the Kjeldahl method, the EE was 

extracted by Soxhlet method and ash in the oven 

at 600ºC. Weight loss by cooking (WLC) was 

performed in triplicate [11]. The measurement of 

shear force was conducted for assessment the 

tenderness in Longissimus [1]. The extraction 

lipid of the longissimus lumborum samples to 

determine the fatty acid profile was performed 

[6]. The activities of enzymes Δ9 desaturases 
and elongases were determined as mathematical 

calculation [10]. The atherogenicity index (AI) 

was calculated, as an indicator for the risk of 

cardiovascular disease [13]. The data were 

analyzed by regression procedure of SAS 

(Statistical Analysis Software), Proc REG, 

evaluating linear, quadratic and cubic effect. 

  

III.RESULTS AND DISCUSSION 

 

Lambs showed a significant decrease in dry 

matter intake with increasing dietary crambe pie 

(ranging from 814 to 698 g/day), but showed no 

differences in slaughter weight, daily weight 

gain and feed conversion (Table 1). This is 

probably due to the fact of increased energy 

density due to crambe pie, by increasing ether 

extract content (4.1, 5.6, 6.7 and 7.8% for diets 

with 0, 4, 8 and 12% of Crambe pie, 

respectively). 

Some chemical parameters (ether extract, 

crude protein, ash and moisture) and physical 

properties (color, cooking weight loss and 

shear force) of meat were unaffected by 

inclusion of Crambe pie in the diet (Table 2). 

There was a cubic effect of increasing levels 

of crambe pie in diet on the ether extract in 

meat. Possible explanation may be due to 

changes in in dry matter intake by lambs, 

which fell as crambe pie increased although, 

by increasing the level of ether extract in diet, 

to some extent, has allowed increased EE in 

meat at 8% level. However, high dietary EE 

can limit the extent of feed intake by the 

animals, which at higher levels also limits EE 

in meat [7]. The proportion of lipids found was 

high, compared to some studies [12], whereas 

the fat content of sheep meat can vary from 

2.0 to 4.0%. This is likely because females 

were used, and the physiology and metabolism 

of these tend to deposit more amount of fat [5]. 

 

Table 1- Dry matter intake and performance of 

lambs in treatments with increasing levels of 

crambe pie 

Item 
Crambe pie (%) 

SEM
6 

P<F
7  

0 4 8 12 

DMI
1
  814 802 727 698 33,1 0,05 

SW
3
  35,8 36,1 33,8 33,8 1,1 0,31 

DWG
4
  163 163 153 160 8,1 0,80 

FC
5
 5,14 5,17 5,14 4,94 0,165 0,75 

1
Dry matter intake (g/day); 3

Slaughter weight (kg); 
4
Daily weight gain (g/day); 5

Feed Conversion; 
6
Standard Error of the Mean; 

7
Probability (P<F). 

 

Table 2- Physical and chemical properties of 

the Longissimus lumborum muscle from lambs 

fed diets containing  Crambe pie 

Item 
Crambe pie (%)  P<F 

 0 4 8 12 

L* 41.2 43.0 41.2 42.7 0.6 
a* 8.4 8.9 8.2 8.8 0.8 
b* 16.0 15.2 15.0 15.2 0.6 

WLC 25.1 24.8 20.8 21.8 0.6 
SF 3.9 4.6 3.8 4.1 0.2 
EE

a
 9.33 5.21 8.16 4.7 0.01 

CP 21.92 22.71 22.07 21.79 0.69 
Ash 2.4 2.57 2.50 2.64 0.13 
M 62.74 62.74 64.54 65.84 0.46 

a
Y=9.33-3.037x-0.624x

2
-0.035x

3
; L*:luminosity; 

a*:redness; b*:yellowness; WLC:weight loss by 

cooking(%); SF:shear force(kgf); EE:ether 

extract(%); CP:crude protein (%); ash:(%); 

M:moisture (%); 

 

The increase in Crambe pie was effective in 

increasing linearly (P <0.05) the levels of fatty 

acids anti-iso pentadecanoic (C15:0), erucic 

(C22:1), arachidonic (C20:0), γ-linolenic 

(C18:3), the sum of the polyunsaturated and 
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omega 3 and 6, and conjugated linoleic acid 

( CLA) (C18:2 C9, T11) (Table 3, 4 and 5).  

 

Table 3 Composition of saturated fatty acids of 

Longissimus lumborum muscle from lambs fed 

diets containing different levels of  Crambe pie 

FA 
Crambe pie (%)  P<F 

 0 4 8 12 

C14:0 2.5 2.5 2.5 2.7 0.6 

C15:0 0.2 0.2 0.3 0.3 0.02
a
 

C16:0 22.3 21.3 20.7 20.2 0.1 

C18:0 19.4 20.3 19.4 21.7 0.3 

C20:0 0.2 0.3 0.5 0.6 0.007
b
 

aŷ=0.232+0.008x (R2 =0.95); bŷ=0.220+0.37x (R2 =0.95); 

FA: fatty acids; C14:0 Myristic; C15:0 anti-iso 

pentadecanoic; C16:0 Palmitic; C18:0 Stearic; 

C20:0 Arachidonic. 

 

Table 4 Composition of monounsaturated and 

polyundaturated fatty acids Longissums 

lumborum muscle from lambs fed diets 

containing different levels of  Crambe pie 

FA 
Crambe pie (%) 

 P<F 
0 4 8 12 

C16:1C9 1.90 1.90 1.70 1.50 0.02
a
 

C18:1C9 39.10 38.30 34.90 33.00 0.003
b
 

C22:1 0.70 1.10 2.77 3.77 0.004
c
 

C18:3n6   0.03   0.06   0.06   0.08 0.01
d
 

C18:3n3   0.20   0.23   0.26   0.29 0.07 

CLA   0.45   0.56   0.68   0.73 0.03
e
 

aŷ=1.95–0.034x (R2 =0.96); bŷ=39.63-0.54x (R2 =0.95); 

ŷ=0.456+0.45x (R2 =0.96); dŷ=0.034+0.0037x (R2=0.91); 

eŷ=0.46+0.024x (R2 =0.98); FA: fatty acids; C16:1,C9 

Palmitoleic; C18:1, C9 Oleic; C22:1 Erucic acid; 

C18:3, n6 γ-Linolenic; C18:3, n3 α-Linolenic; 

CLA: conjugated linoleic acid (C18,2,C9,T1). 

 

Probably the acid C15: 0 ante-iso was produced 

by ruminal process of the biohydrogenation 

because the presence of this fatty acid in the 

Crambe pie could not be detected. It is 

noteworthy that the C15: 0 present in meat may 

have a cytotoxic action, and should receive the 

same attention as CLAs regarding the likely 

effects on the health of those who consume the 

meat [9]. The increase in amount of erucic acid 

with increasing inclusion of Crambe pie in the 

diet is explained by the fact that this ingredient 

contain large amounts of this fatty acid 

(50.55%). However, the level of erucic acid was 

within the range (5%), established by the 

Council Directive of the European 

Communities, between 0.7 and 3.77, and is not 

detrimental to the health of those consuming the 

product. The increase in polyunsaturated is due 

to the increase in EE in the diet of lambs, which 

also resulted in an increase in its relations with 

saturated and monounsaturated (Table 5). The 

explanation for the increase of CLA might be 

an incomplete biohydrogenation of linoleic acid 

(C18: 2 cis-cis-9 12) by ruminal microbes, then 

yielding CLA, which was absorbed and 

deposited into muscle, or the action of Δ9-

desaturase enzyme [7]. 
 

Table 5 Mean values of sums and ratios of 

saturated fatty acids (SFA), monounsaturated 

(MUFA), polyunsaturated (PUFA), ω6 and ω3 
Longisimus lumborum muscle of lambs fed 

diets containing different levels of  Crambe pie  

FA 
Crambe pie (%) 

 P<F 
0 4 8 12 

Ʃ SFA 47.7 47.8 46.7 48.5 0.77 
Ʃ MUFA 51.5 51.3 51.3 49.7 0.64 
Ʃ PUFA  2.2  2.4  3.1  2.8 0.02

a
 

PUFA/SFA 0.05 0.05 0.07 0.06 0.04
b
 

MUFA/SFA 1.09 1.08 1.11 1.03 0.66 
PUFA/MUFA 0.04 0.05 0.06 0.06 0.01

c
 

ω 6 0.05 0.07 0.07 0.09 0.03
d
 

ω 3 0.20 0.23 0.26 0.29 0.08 

Ʃ ω 3,6 0.24 0.30 0.33 0.38 0.04
e
 

Ʃω6/Ʃω3 0.23 0.30 0.29 0.33 0.26 
aŷ=2,25+0,067x (R2 =0.67); bŷ=0.048+0.0014x(R2=0.55); 
cŷ=0.044+0.01x (R2=0.77); dŷ=0,049+0,003x (R2 = 0.92);  
eŷ=0,24+0,012x (R2 =0.99). FA: fatty acids;  

 

Crambe pie inclusion decreased (P <0.05) the 

content of oleic (C18:1 C9), palmitoleic (C16:1 

C9) (Table 4) and the estimated activity of Δ9 
desaturase 16 (Table 6). The atherogenicity 

index was not affected by the treatments (P> 

0.05) (Table 6). This result is consistent to the 

observed decrease of the palmitoleic acid 

content (C16: 1 C9). Thus, it may be that the 

lower activity of the enzyme Δ9 desaturase 16 
has caused a reduction in the levels of 

palmitoleic acid in the lipid fraction of the 

longissimus lumborum muscle. The values 

found for the AI ranged from 0.57 to 0.64. This 

index was independent of diet, although 

presenting a slight tendency to be reduced (P = 

0.078) by increasing crambe pie inclusion in 

diet. The AI relate the pro-and anti-atherogenic 

acids, and indicates the potential for stimulating 

platelet aggregation, indicating that the lower 

the value of AI, the greater the amount of anti-

atherogenic fatty acids present in fats and hence 

the greater the potential to prevent the onset of 

coronary heart disease. 
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Table 6 Activities of Δ9desaturase 16 (Δ9D16) 

and Δ9desaturase 18 (Δ9D18) enzymes, 

elongase (elong) and atherogenicity index (AI) 

of intramuscular fat from lambs fed with 

different levels of  Crambe pie 

AG 
Crambe pie (%)  P<F 

 0 4 8 12 

∆9D16 2.01 1.96 1.77 1.6 0.02
a
 

∆9D18 20.4 21.4 20.4 22.7 0.32 

Elong 70.8 71.7 70.8 71.5 0.78 

AI 0.64 0.62 0.59 0.57 0.08 
a ŷ = 2.04 - 0.035x (R

2 
= 0.96); FA: fatty acids,  

 

VI.CONCLUSION 

 

It can be concluded that the use of Crambe pie, 

up to 12% in diet of the lambs, reduces the lipid 

portion of the meat and affects the profile of 

fatty acids, which may improve the proportion of 

CLA, without modifying the physical properties 

of the meat and atherogenicity index.  Despite 

promoting increased erucic acid in the meat, the 

use of up to 12% crambe pie in the diet of lambs 

hardly compromises the health of those who 

consume the product. 

 

ACKNOWLEDGEMENTS 
 

FAPEMIG (Fundação de Amparo a Pesquisa do 

Estado de Minas Gerais), GAO (Support Group 

Sheep Production) and Federal University of 

Lavras (UFLA).  

 

REFERENCES 

 

1. AMERICAN MEAT SCIENCE 

ASSOCIATION. Research guidelines for 

cookery, sensory evaluation, and 

instrumental tenderness measurements of 

meat, Chicago: American Meat Science 

Association (1995) 

 

2. ASSOCIATION OF OFFCIAL 

ANALYTICAL CHEMIST. Official 

methods of analytical of the association of 

analytical chemist, 15
th 

ed, Washington, 

1990,1422p 

 

3. Collomb, M.; Schmida, A.; Sieber, R.; 

Wechsler, D.; Ryha Nen, E. L. Conjugated 

linoleic acids in milk fat: Variation and 

physiological effects, International Dairy 

Journal, v. 16, p.1347–1361, 2006 

 

4. Geay, Y. et al  Effect of nutritional factors 

on biochemical, structural and metabolic 

characteristics of muscles in ruminants, 

consequences on dietetic value and 

sensorial qualities of meat. Reproduction 

Nutrition Development, Paris, v. 41, n.1, 

p. 1-26, 2001 

 

5. Gomide, L.A. de M.; Ramos, E. M.; 

Fontes, P. R. Ciência e qualidade da carne: 

fundamentos. Viçosa, MG: Ed, UFV, 

2012 p. 24 

 

6. Hara, A. & Radin, N.S. Lipid Extraction of 

Tissues with a Low-Toxicity Solvent.  

Analytical Biochemistry 90:420-426, 1978 

 

7. Jenkins, T.C. et al. Board-Inveted review: 

recent advances in biohydrogenation of 

unsaturated fatty acids within the rumen 

microbial ecosystem. Journal of animal 

scince, Champaign, V.86, p.397-412, 2007 

 

8. Kramer, J.K.G. et al. Growth rate, lipid 

composition, metabolism and myocardial 

lesions of rats fed rapeseed oils (Brassica 

campestris var, Arlo, Echo and Spam, and B 

napus var, Oro). The Journal of Nutrition, 

1973 

 

9. Lock, A.L.; Bauman, D.E. Modifying milk 

fat composition of dairy cows to enhance 

fatty acids beneficial to human health, 

Lipids. V.39, p.1197-1206, 2004. 

 

10. Malau-Aduli, A.E.O. et al. (1997). 

Comparison of the fatty acid composition of 

tryacilglycerols in adiposes tissue from 

limousine and jersey catle. Australian 

Journal of Agriculture Reasearch 48:715-

722 

 

11. Ramos, E.M. & Gomide, L.A.M. (2007). 

Avaliação da qualidade de carnes: 

fundamentos e metodologias (5
a
ed). Editora 

UVF, Viçosa, Minas Gerais, Brasil, 599p 

 

12. Sañudo, C. et al. Carcass and meat quality 

in light lambs from different fat classes in 

EU carcass classification system. Meat 

Science. V.56,  p.89-94, 2000 

 

13. Ulbrich, T.L. & Southgate, D.A.T. (1991). 

Coronary heart disease:seven dietary factors. 

The Lancet. Oxford 338: 985-992 


	REFERENCES

