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ABSTRACT

A trial was set up to evaluate the effect of two different dietary fatty acids 

sources. The trial involved 30 finishing Brown fattening steers assigned to three 

groups: control group C (no high fatty acids feed), experimental group E1 (24% 

full-fat soy) and experimental group E2 (32% rapeseeds) in the compound feed. 

The use of high fatty acids feeds had no influence of the total diet (concentrate 

+ Sudan grass silage) intake. The weight gain of the experimental groups

(1393g in E1 and 1113g/steer/day in E2) were higher than the weight gain of the 

control group (1053g/ steer/day), but significant differences were noticed only 

between groups C and E1 (P .05). The fatty acids composition from the gross 

fat of the meat showed an increase proportion of the linoleic acid (C18:2) from 

8.33 in group C, to 9.46% in group E1, which is beneficial for human health.  

Keywords: diets, oleaginous, fatty acids, steers, intake, live weight, meat 

quality

INTRODUCTION

Human consumers are suspicious about the feeding quality of the food they 

eat. The human medicine highlighted for several years the adverse impact of the 

dietary fats, particularly of the saturated fatty acids, because beef often had a 

negative image in people’s minds. Beef has much higher saturated fatty acids 

content than pork or poultry and it has a low amount of polyunsaturated fatty 

acids because of the bacterial biohydrogenation of the fatty acids in the rumen 

of the herbivores (Hoquette et al., 2007), which makes it more difficult to 

manipulate the fatty acids profile in the muscle tissue of this species. Many 

authors demonstrated a high efficiency of the fatty acids absorption in 

ruminants compared to monogastric animals. In general, the coefficient of 

individual intestinal absorption ranges between 80% for the saturated fatty acids 

to 92% for the polyunsaturated fatty acids in low fat conventional diets (2-3% 

of DM) (Bauchart, 1992).

Fats, irrespective of their origin contain saturated and unsaturated fatty 

acids which have chains of 14/18 carbon atoms (National Cattlemen's Beef 

Association, 1997) and which are, under normal circumstances, produced in 

sufficient amount by the microbial fermentation (Ferrell, 2004). The saturated 
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fatty acids (myristic C 14:0; palmitic C 16:0 and stearic C 18:0) are in a solid 

state at room temperature ad they are called heavy fatty acids. The unsaturated 

fatty acids (palmitoleic C 16:1; oleic C 18:1; linoleic C 18:2; linolenic C 18:3) 

vary with the temperature, becoming liquid, but as the level of unsaturation 

increases, the temperature at which they become liquid decreases. The 

unsaturated fatty acids interfere with the ruminal fermentation much more than 

the saturated fatty acids do. 

All these facts prompted the need to evaluate the impact of diets richer in 

polyunsaturated fatty acids on the tissue lipid metabolism with the view to 

improve the feeding value of the beef and to change its fatty acids profile.

Within this context we undertook to quantify the effects if using two high 

oleaginous diets (full-fat soy and rapeseeds) as sources of fat and fatty acids, on 

the quantitative and qualitative indices of the beef.

MATERIAL AND METHODS

The experiment was conducted within the laboratory of animal nutrition of

INCDBNA – on 30 Maramures Brown steers with an average 

initial weight of 420 kg. The animals were assigned to 3 groups of 10 steers 

each: a control group C fed on diets without high fatty acids feeds; an 

experimental group E1 fed on diets with 24% full-fat soy in the compound feed; 

and experimental group E2 fed on diets with 32 rapeseeds in the compound 

feed.

The animals were maintained in a house for steer fattening fitted with 

concrete slating floor and central feeding lane, with a feeding front adequate to 

the exact recording of the feed intake and feed refusal; the animals had free 

access to the water supplied by constant level drinkers.

Table 1. Compound feed formulation (%)

Item Control Exp. I Exp. II

Corn 56.50  48.00 40.50

Barley  24.00 - -

Sunflower meal  15.00  22.00 23.00

Full-fat soy -  24.00 -

Rapeseeds - - 32.00

Monocalcium phosphate -  1.50

Calcium carbonate  2.00  2.00  2.00

Salt  1.50  1.50  1.50

Premix  1.00  1.00  1.00

Total 100 100 100

The experiment ran for 62 days with an preparing period of 14 days for 

animal accommodation to the new diets and with an actual experimental period 

during which several parameters were monitored: average daily feed intake 

(determined daily), body weight evolution and body weight gain (determined by 
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weighing in the beginning and end of the experiment and by calculation), 

animal health, carcass quality (by slaughtering at the end of the experiment).

The basal diets consisted of Sudan grass silage (the only bulk forage) 

provided with free access, and 3 compound feed formulations, provided in 

limited amounts, complementary to the silage, so that by their joint supply on 

nutrients they can meet the energy and protein and vitamin-mineral requirement 

of the fattening steers (Table 1).

RESULTS AND DISCUSSION

Chemical composition of the feeds

Table 2 shows the chemical composition of the feeds determined by 

Weende analysis and the gross energy (GE) of the feeds determined from the 

chemical composition (Burlacu et al., 2002).

The Sudan grass silage had a rather low level of dry matter (DM), 207 g/kg 

and the following values of the organic matter (OM) components related to 

1000 g DM: 63 g CP, 24 g EE, 411 g CF and 420 g NFE, and a calculated 17.64 

MJ GE. 

The compound feeds had different CP levels (144 g/kg DM for group C, 

219 g/kg DM for E1 and 192 g/kg DM for E2), and CF levels: 69 g/kg DM, 90 

g/kg DM and 135 g/kg DM. EE increased from 36 g/kg DM in group C to 71 

g/kg DM and 126 g/kg DM in E1 and E2, respectively.

The high fatty acids feeds increased the dietary gross energy of the 

experimental groups: from 17,62 MJ/kg DM in group C, to 18.89 and 20.20 

MJ/kg DM in groups E1 and E2, respectively.

Table 2. Chemical composition of the feeds (g/kg feed/1000g DM)

Item DM OM CP EE CF GNFE GCF GE (MJ)

Sudan grass silage 207

1000

190

918

13

63

5

24

85

411

87

420

17

82

3.65

17.64

Compound feed C 887

1000

818

922

128

144

32

36

61

69

597

673

69

78

15.63

17.62

Compound feed E1 897

1000

824

919

196

219

64

71

81

90

483

539

73

81

16.84

18.89

Compound feed E2 908

1000

842

927

174

192

114

126

123

135

431

474

66

73

18.34

20.20

Feeding value of the feeds

Table 3 shows the feeding values of the feeds expressed in meat feed units 

(mFU), intestinally available protein allowed by the dietary nitrogen (g IDPN), 

intestinally available protein allowed by the dietary energy (g IDPE).

These values were obtained using the chemical composition and the 

mathematic model for energy and protein metabolism simulation in ruminants

(Burlacu et al., 2006). The values increased slightly from 1.28 mFU/kg DM and
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92 g IDPN/kg DM in group C, to 1.44 mFU/kg DM and 133 g IDPN/kg DM;

1.50 mFU/kg DM and 116 g IDPN/kg DM in groups E1 and E2, respectively.

Table 3. feeding values of the feeds

Item

DM

(g/kg)

mFU

/kg DM

IDPN

g/kg DM

IDPE

g/kg DM

Sudan grass silage 207 0.80 58 55

Compound feed C 887 1.28 92 96

Compound feed E1 897 1.44 133 120

Compound feed E2 908 1.50 116 90

Feed and nutrient intake

Table 4 shows the feed intake of the 3 groups. The average intake (kg 

DM/day) of the complete diet was quite similar: 10.14 kg in E1; 10.37 kg in E2;

and slightly lower in C, 9.44 kg, but the values are not statistically different

(P>0.05) (Sandu, 1995). The compound feed intake was also similar (6.05 kg, 

6.24 kg and 6.27 kg DM/steer/day), which means that the high fatty acids feeds 

didn’t affect diet palatability or the digestive processes, documented by the 

normal intestinal transit, also reported by Bauchart, 1992; Savant et al., 2001; 

Voicu et al., 2006, using other high fad feeds on dairy cows. Sudan grass silage 

intake was 3.39 kg in group C; 3.90 kg and 4.10 kg DM/steer/day in groups E1 

and E2, respectively.

Table 4. Average feed intake

Item Control Exp. I Exp. II

Sudan grass silage (kg) 13.57 15.59 16.39

Compound feed (kg) 6.77 6.91 6.95

Sudan grass silage (kg DM) 3.39 3.90 4.10

Compound feed (kg DM) 6.05 6.24 6.27

Total intake (kg DM) 9.44 10.14 10.37

Sudan grass silage of total intake (%) 36 38 39

Compound feed of total intake (%) 64 62 61

Body weight evolution and average daily gains

Table 5 shows the average daily gains which were higher in E1, de 1393 g, 

lower in group C, 1053 g and intermediary in E2, 1113 g.

The dietary 24% full-fat soy produced significant differences compared to 

group C (P .05). Sami et al., 2004, reported similar performance when feeding

Simmental steers on concentrates and corn silage.

E2 (32% rapeseeds in the CF) didn’t produce significant (P .05) 

differences in the average daily weight gain compared to group C, 1113 g 

versus 1053 g/steer/day.
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Table 5. Body weight evolution and average daily weight gain*

Item Control Exp. I Exp. II

Average initial weight (kg) 421.60 ± 25.92 417.56 ± 31.18 419.90 ± 26.10

Average final weight** (kg) 486.90

a

 ± 27.7 503.89

b

 ± 36.54 483.89

a

 ± 21.90

Total gain (g/steer) 65.30 86.33 63.99

ADG ** (g/steer) 1053

a

 ± 227.42 1393

b

 ± 216.25 1113

a 

± 232.97

* means accompanied by the standard deviation

** same superscript shows not significant differences between groups (P .05); different superscripts show 

significant differences between groups (P .05)

Meat composition

Table 6 shows how much did the diets influence meat composition, 

particularly meat protein and fat. Thus, a higher influence on the gross fat 

content of the meat was noticed in groups E1 and E2, 18 g and 24 g, compared 

to 13 in group C (as also reported by Rodriguez et al., 2004), and a lower 

influence on the meat protein level, which displayed less correlated values, 

lower in E1 (211g), intermediate in C (226g) and higher in E2 (240g).

Meat cholesterol was significantly (P .05) lower in E1, 0.1338 than in 

group C (0.1875 g/100g fat). This shows a higher quality meat and the presence 

of polyunsaturated fatty acids.

Table 6. Chemical composition of the beef (g/kg meat)

Group DM CP EE Ash Cholesterol

(% din EE)

Control 250 226 13 11 0.1875

Experimental I 240 211 18 11 0.1338

Experimental II 274 240 24 11 0.1750

Compound feed fatty acids level

The main purpose of this experiment was to reveal the extent to which the 

dietary fatty acids are to be found in the meat. For this we had to determine the 

fatty acids composition of the dietary ingredients.

Table 7. Main fatty acids in the dietary ingredients (% of EE)

Item Sudan grass 

silage

CF group 

C

CF group

E1

CF group

E2

C14:0 (Myristic acid) 1.35 - - -

C16:0 (Palmitic acid) 32.33 15.68 11.80 6.79

C18:0 (Stearic acid) - - 2.39 1.35

C18:1 (Oleic acid) 7.04 26.27 22.84 57.44

C18:2 (Linoleic acid) 21.25 56.84 57.63 27.16

C20:0 (Arachic acid) 18.72 1.21 5.34 6.76

Other acids 19.30 - - 0.51

Tables 7 and 8 show the results of the analyses. The difference between the 

two tables is the way of relating: ether extractives percentage and g/kg 
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feed/1000 g dry matter. The values determined by us are in agreement with the 

literature (Sauvant et al., 2002). 

The data for the Sudan grass silage are a first for Romania. The inclusion in 

the diets of high fatty acids feeds besides the Sudan grass silage influenced 

obviously the fatty acids profile in the experimental groups’ diets. We only 

determined the fatty acids mentioned in the tables; the ones we didn’t measure 

account for a very small proportion both in the feeds and in the fat.

Table 8. Main fatty acids in the dietary ingredients (g/kg feed/1000g DM)

Item Sudan grass 

silage

CF group 

C

CF group

E1

CF group

E2

DM 207

1000

887

1000

897

1000

908

1000

C14:0

(Myristic acid)

0.07

0.33

- - -

C16:0

(Palmitic acid)

1.62

7.83

5.02

5.66

7.55

8.42

7.74

8.52

C18:0

(Stearic acid)

- - 1.53

1.71

1.54

1.70

C18:1

(Oleic acid)

0.35

1.69

8.41

9.48

14.62

16.30

65.48

72.11

C18:2

(Linoleic acid)

1.06

5.12

18.19

20.51

36.88

41.11

30.96

34.10

C20:0

(Arachic acid)

0.94

4.54

0.39

0.44

3.42

3.81

7.71

8.49

Other acids 0.97

4.69

- - 0.58

0.64

Meat fatty acids level

Tables 9 and 10 shows the fatty acids level of the beef and the proportion of 

the different groups of fatty acids within the total meat fatty acids.

Table 9. Beef fatty acids (% of EE)

Fatty acids Control Experimental 1 Experimental 2

Myristic acid (C14:0) 3.03 3.18 3.92

Myristoleic acid (C 14:1) 0.62 0.36 0.29

Palmitic acid (C16:0) 28.07 38.04 32.77

Palmitoleic acid (C 16:1) 3.93 2.89 1.29

Stearic acid (C 18:0) 13.31 2.14 9.6

Oleic acid (C 18:1) 42.33 43.93 44.29

Linoleic acid (C 18:2) 8.33 9.46 7.03

Other fatty acids 0.39 - 0.80

Total fatty acids 100.01 100 99.99

The literature shows that most of the dietary unsaturated fatty acids are 

hydrogenated in the rumen and turned into intramuscular unsaturated fatty acids 

less than in pigs and poultry (Hocquette J. F. and Bauchart D., 1999; Yves Geay 
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et al., 2001). As a consequence, the fatty acids from beef consist of 50% 

saturated fatty acids and 50% unsaturated fatty acids, the oleic acid being 

detected in the largest amounts, the same as in our analyses (Table 9). If the 

external adipose tissue of the ruminants is very rich in saturated fatty acids, the 

intramuscular adipose tissue contains a significant proportion of 

polyunsaturated fatty acids (CIV-1996).

Table 10 shows an increase of the linoleic acid C18:2) from 8.33% in group 

C, to 9.46% in E1 (full-fat soy). This is beneficial to human health, as supported 

by Raes et al., (2003, 2004).

Although the dietary fatty acids ruminal biohydrogenation makes it more 

difficult to manipulate tissue fatty acids profile in this species (Wood and Enser, 

1997), we noticed an increase of the saturated fatty acids in the muscle 

(46.29%) in E2 (with rapeseeds in the CF), of monounsaturated and 

polyunsaturated fatty acids in E1 (with full-fat soy in the CF) (47.18% and

9.46%, respectively), values comparable to those reported by Sami et al., 2004; 

Graham et al., 2006), and of the long chain fatty acids, to the detriment of the 

medium chain fatty acids.

The dietary treatment with high fatty acids feeds influenced the level and 

proportion of the beef fatty acids both by the length of the chain and by the level 

of saturation, as also reported by Ishida et al., 2001, the ruminal bacteria playing 

a major role in these changes, in the transformation of the dietary lipids and in 

the synthesis of new fatty acids (Sauvant et al., 2001). 

Table 10. Proportion of the different groups of fatty acids on the beef (% of total fatty 

acids)

SCFA* MCFA** LCFA *** Other 

fatty 

acids

Saturated Monounsat

urated

Polyunsat

urated

Other 

fatty 

acids

C - 35.65 63.96 0.39 44.41 46.88 8.33 0.39

E1 - 44.47 55.53 - 43.36 47.18 9.46 -

E2 - 38.27 60.93 0.80 46.29 45.87 7.03 0.80

*)     Short chain fatty acids

**)   Medium chain fatty acids

***) Long chain fatty acids

CONCLUSIONS

1. The inclusion of high fatty acids dietary ingredients in fattening steers 

compound feeds didn’t influence their intake or the total intake (compound feed 

+ Sudan grass silage). The average compound feed intake was 6.77 kg/day in 

group C, 6.91 and 6.95 kg/day in groups E1 and E2, respectively.

2. The average daily weight gain was 1053 g/steer/day in group C; 1393 

g/steer/day in group E1 (full-fat soy), significant difference from C (P<0.05), 

and 1113 g/steer/day in group E2 (rapeseeds), not significant difference from C 

(P>0.05).
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3. The diets had a higher influence on the beef gross fat in groups E1 and 

E2, 18 and 24 g, compared to group C, 13 g; the influence on beef protein was 

lower, with lower values in E1 (211g), intermediate in C (226g) and higher in

E2 (240g);

4. The most important results concern the increase of the linoleic acid 

(C18:2) from 8.33% in group C to 9.46% in E1, which is beneficial to human 

health. The proportion of the saturated fatty acids increased in the group with 

rapeseeds in the CF, the proportion of monounsaturated fatty acids and 

polyunsaturated fatty acids increased in the group with full-fat soy in the CF, 

and the proportion of long chain fatty acids increased to the detriment of 

medium chain fatty acids.
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