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Abstract 
This study was conducted to evaluate the effect of feeding protected soybean fat and 
beta-adrenergic agonist Salbutamol on growth performance, nutrients digestibility and 
carcass characteristics of Iranian Bahmaei feedlot lambs. Twenty male lambs (mean 
age 90±7 days, mean weight of 29±1.7 kg) were used in a completely randomized 
design with four treatments (five replicates per treatment) for 80 days. The treatments 
were: Control (basal diet), F, experimental diet containing 5% protected soybean fat 
supplement, S, basal diet plus Salbutamol (4 mg/kg of DMI) and FS, experimental diet 
containing 5% protected soybean fat supplement and administration of Salbutamol (4 
mg/kg of DMI). Treatments were similar in terms of energy, protein, NDF contents 
and forage to concentrate ratio. At the end of the experiment, the results showed that 
although feeding fat supplement increased fat and ash digestibility, but had no 
significant effect on body weight change, average daily gain and feed conversion ratio, 
DM, OM, NDF and ADF digestibility. Salbutamol did not affect lamb performance 
and nutrient digestibility however, improved carcass characteristics by increasing 
weight and percentage of thigh, shoulders, carcass without fat tail and decreased fat 
tail weight and percentage. Simultaneous use of fat supplement and beta agonist 
Salbutamol significantly increased weight and percentage of carcass tail fat and 
reduced carcass without tail fat weight compared to the control (P<0.05). Carcass 
weight and visceral components were not affected by treatments (P>0.05). Therefore, 
based on the results of this study, administration of Salbutamol (4 mg/kg of DMI) is 
recommended to improve carcass characteristics but simultaneous use of protected 
supplemental fat and beta agonist Salbutamol is not recommended. 
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Introduction 

 
Growth rate is an important economic factor of 

beef livestock industry. Unfortunately, the feed sources 
available for feeding to livestock are often have a lack 
of energy and/or protein, so decreasing growth rate and 

increasing the feedlot period. Fats have 2.5 times more 
energy than the other nutrients which can be used as 
high energy source to promote animal performance. 
Oils and fats are often used to enhance the value of 
dietary metabolizable energy of ruminants (Clapperton 
and Steele, 1983) because these nutrients have low heat
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increments, but feeding free fats can cause some 
problems such as reduced fiber digestibility and 
disturbance of rumen ecosystem (Johnson and Mc 
Clure, 1973). Many of these problems can be solved, if 
the animals fed with protected fat. Palmquist and 
Jenkins (1980) reported that we can add calcium to the 
diet while using fat in order to avoid reduction of forage 
digestibility, because when calcium is added to 
supplemental fat, insoluble soap will be produced in the 
rumen that diminish the negative effects of free fatty 
acids on forage fermentation. In the study of Reddy et 
al. (2003) calcium salts of palm fatty acids was used as 
much as 10% of the diet (DM basis), and demonstrated 
that supplemental protected fat improved dry matter 
intake. Benchaar and colleagues (2007) reported that 
supplemental fat did not affect nutrient digestibility 
however, growth rate and carcass fat percentage 
increased. In recent years, demand for low-fat meat has 
increased because of increased awareness of people 
about relationship between animal fat and 
cardiovascular disease. 

Administration of beta agonists is one of the 
newest ways to enhance growth pattern of farm animals 
(Johnson and Chung, 2007). These compounds bind to 
beta-adrenergic receptors of target cells and can 
increase lipolysis in fat cells and/or stimulate 
hypertrophy of muscle fibers. In the study of Zare 
Shahneh et al. (2001) using metaproterenol resulted in 
increased body protein percentage but decreased fat tail 
mass. In another study, it was found that feeding 
Ractopamine hydrochloride and Zilpaterol 
hydrochloride for 42 days improved carcass 
characteristics and linearly decreased dorsal fat 
thickness by increasing levels of zilpaterol 
hydrochloride (Lopez-Carlosa et al., 2010). The aim of 
this study was to investigate the effect of protected 
soybean fat supplement and Salbutamol as a beta 
agonist on growth performance, nutrient digestibility 
and carcass characteristics of Bahmaei feedlot lambs. 
 
Materials and Methods 
 

Twenty male lambs (Bahmaei, average age 90±7 
days, mean weight 29 ± 1.7 kg) were housed in 
individual pens and assigned to a completely 
randomized design with four treatments (five replicates 
per treatment) for 80 days (20 and 60 days for 
adaptation and experimental periods, respectively). The 
treatments were: (C) Control (basal diet), (F) 
Experimental diet containing 5% protected soybean fat 
supplement, (S) Basal diet plus administration of 
Salbutamol (4 mg/kg of DMI)  and (FS) experimental 
diet containing 5% protected soybean fat and 
administration of Salbutamol (4 mg/kg of DMI). Diets 
were formulated according to NRC (1985) 
recommendations  (Table 1)  and   had   similar  energy,  

Table 1: Feed ingredients of experimental diets (DM basis) 
Item (% DM) Experimental diets1 

C F S FS 
Chopped alfalfa 48.5 39 48.5 39 
Wheat straw 4 14.5 4 14.5 
Ground barley 37.5 21.5 37.5 21.5 
Soybean meal 6.5 10.5 6.5 10.5 
Wheat bran 1.5 7.5 1.5 7.5 
Soybean protected fat2 0 5 0 5 
Vitamin premix 1.5 1.5 1.5 1.5 
Mineral premix 0.5 0.5 0.5 0.5 
Salbutamol (mg/kg of DMI) 0 0 4 4 
Total 100 100 100 100 
Forage ratio 52.5 53.5 52.5 53.5 
Concentrate ratio 47.5 46.5 47.5 46.5 

1Experimental diets: (C) control (basal diets), (F) 
Experimental diet containing 5% (DM basis) protected 
Soybean fat, (S) basal diet containing 4mg/Kg of DMI 
Salbutamol (beta agonist), (FS) Experimental diet containing 
5% (DM basis) protected Soybean fat and 4 mg/kg of DMI 
Salbutamol (beta agonist); 2Soybean protected fat supplement 
(calcium salts of Soybean fatty acids), product of 
Behparvaran Nami Naghshe Jahan, Isfahan, IRAN. 
(www.behparvaran.com). 
 
Table 2: Chemical composition of Experimental diets (% 

DM) 
Item  Experimental diets1 

C F S FS 
Metabolizable Energy 
(Mcal/kg) 

2.5 2.5 2.5 2.5 

Crude protein  14 14 14 14 
Neutral detergent fibre 45.9 44.9 45.9 44.9 
Acid detergent fibre  22.11 20.33 22.11 20.33 
Calcium  0.5 0.5 0.5 0.5 
Phosphorus  0.25 0.25 0.25 0.25 
Vitamin A (IU) 1100 1100 1100 1100 
Vitamin D (IU) 15 15 15 15 

1Experimental diets: (C) control (basal diets), (F) 
Experimental diet containing 5% (DM basis) protected 
Soybean fat, (S) basal diet containing 4 mg/kg of DMI 
Salbutamol (beta agonist), (FS) Experimental diet containing 
5% (DM basis) protected Soybean fat and 4 mg/kg of DMI 
Salbutamol (beta agonist). 
 
protein, neutral detergent fiber content and forage to 
concentrate ratio (Table  2). Lambs were fed twice daily 
(8 am and 16 pm) and had free access to water, TMR 
and salt rock. Every morning feed was collected 
separately, weighed, and dry matter intake of previous 
day was calculated. 

Feed, orts and faeces samples were taken twice on 
day 30 and 60 of the experiment and frozen at -17 ̊C for 
later analysis. At the end of experiment, all the samples 
were oven dried to a constant weight at 55°C, ground to 
pass a 1 mm screen using laboratory hammer mill and 
analyzed for organic matter (OM), Ash, acid detergent 
fibre (ADF) and ether extract (EE) as described by 
AOAC (2003). Crude protein was measured by 
Kjeldahl procedure on automatic distillation apparatus 
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(WD 40). Neutral detergent fibre and acid detergent 
fibre were determined by filter bags technique 
according to the suggested method by ANKOM 
Corporation. To calculate nutrients digestibility, acid 
insoluble ash (AIA) was used as an internal marker. 

Lambs were weighed and recorded on day 20, 50 
and 80 of the experiment (after 24 hours of feed 
withdrawn) and total live weight gain, average daily 
gain and feed conversion ratio (FCR) was calculated. 
On day 80, lambs were weighed and slaughtered then 
weight of hot carcass, thighs, shoulders, eye ribs area, 
fat tail and visceral components were recorded after 
dressing and removal of offal parts. 
 
Statistical analysis 

Statistical analyses of the data were done by GLM 
procedure of SAS version 9.1 and comparison between 
the four dietary treatments was made using Duncan's 
multiple range tests. 
 
Results  
 

The data related to the effects of treatments on 
some growth performance traits of feedlot lambs is 
presented in Table 3. Although there were no 
significant effects of experimental treatments on dry 
matter intake, total weight gain, average daily gain and 
feed conversion ratio (P>0.05) but supplemental fat 
and/or Salbutamol administration did not depress feed 
intake in this study.  

As seen in Table 4, there were no significant effect 
of experimental treatments on DM, OM, NDF and ADF 
digestibility but EE and ash digestibility were affected 

significantly (P<0.05). In the current study, EE 
increased significantly (P<0.05) in F while ash content 
decreased significantly in F and FS groups.  

The data of treatments effect on carcass 
characteristics of feedlot lambs are presented in Table 
5. As the results showed, Salbutamol beta agonist 
administration alone (S) increased (P<0.05) thigh 
weight, thighs percentage, eye ribs area weight, eye ribs 
area percentage, carcass without fat tail weight, carcass 
without fat tail percentage and decreased (P<0.05) fat 
tail weight and fat tail percentage compared with the 
control.   

In this study, fat supplementation did not improve 
carcass characteristics compared to the control, in 
addition, simultaneous use of supplemental fat and beta 
agonist Salbutamol (Treatment FS) decreased weight of 
carcass without fat tail and increased fat tail weight and 
percentage compared to the control treatment. Also, the 
results of this experiment revealed that the impact of 
treatments on weight of visceral components (Table 6) 
were not significant (P>0.05). 
 

Discussion 
 

In the present study, there were no significant 
effects of protected fat supplement on lamb 
performance that were similar to the results of Reddy et 
al. (2003), Manso (2005) and Salinas et al. (2006). 
Supplemental fat had no significant effect on BWG, 
AWG and FCR. It has been well known that fat 
supplementation increases the secretion of satiety 
hormone (cholecystokinin) and reduces ruminal 
motility and subsequently suppress feed intake.  

 
Table 3: Effect of experimental treatments on performance of feedlot lambs 

Item (% DM) Experimental Treatments1 Treatments  
effect 

SE 
C F S FS 

Dry matter intake (kg/day) 1.80 1.65 1.66 1.69 NS 0.09 
Total weight gain (kg) 14.91 14.75 14.18 15.24 NS 0.77 
Average weight gain (g/day) 233.16 230.63 221.47 238.05 NS 12 
Feed conversion ratio 7.69 7.27 7.58 7.26 NS 0.36 

NS. Not significant (P>0.05); 1Experimental diets: (C) control (basal diets), (F) Experimental diet containing 5% (DM basis) 
protected Soybean fat, (S) basal diet containing 4 mg/kg of DMI Salbutamol (beta agonist), (FS) Experimental diet containing 
5% (DM basis) protected soybean fat and 4 mg/kg of DMI Salbutamol (beta agonist)  
 
Table 4: Effect of experimental treatments on nutrients digestibility 

Item (% DM) Experimental Treatments1 Treatments 
 effect 

SE2 
C F S FS 

DM 73.14 73.54 72.20 70.34 NS 2.3 
OM 74.75 76.41 74.10 72.98 NS 2.3 
CP 78.21 81.24 78.05 80.68 NS 1.9 
NDF 66.10 64.05 64.34 62.06 NS 3.4 
ADF 55.05 51.02 52.00 52.51 NS 3.7 
EE 73.46b 85.47a 73.39b 64.51b *  3.75 
Ash 59.3a 45.62b 55.3ab 44.00b *  3.5 

NS. Not significant (P>0.05), * significant difference (P<0.05); a, b, values in the same row that share different superscript (s) are 
statistically different (P<0.05); 1Experimental diets: (C) control (basal diets), (F) Experimental diet containing 5% (DM basis) 
protected Soybean fat, (S) basal diet containing 4 mg/kg of DMI Salbutamol (beta agonist), (FS) Experimental diet containing 
5% (DM basis) protected Soybean fat and 4 mg/kg of DMI Salbutamol (beta agonist); SE= standard error of the mean. 
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Table 5: Effect of Experimental treatments on some carcass characteristics 
Item  Experimental Treatments1 Treatments  

effect 
SE2 

C F S FS 
 Hot carcass weight (kg) 24.17 23.12 24.51 24.67 NS 1.20 
Dressing percentage 48.48 47.19 48.82 49.21 NS 1.15 
Thighs weight (kg) 5.93b 5.95b 7.45a 6.20b * 0.29 
Thighs percentage 24.59b 25.83b 30.51a 25.17b * 0.62 
Shoulders weight (kg) 3.49 3.44 3.72 3.70 NS 0.14 
Shoulders percentage 14.44 14.95 15.25 15.08 NS 0.34 
Eye ribs area weight (kg) 3.30ab 3.18ab 3.64a 2.97b * 0.19 
Eye ribs area percentage 13.68ab 13.73ab 14.98a 12.06b *  0.55 
Fat tail weight (kg) 4.67b 4.85b 4.14c 5.70a *  0.13 
Fat tail percentage 19.45bc 21.13b 17.07c 24.98a * 0.87 
Carcass Without fat tail weight (kg) 19.49ab 18.28ab 20.38a 17.16b *  0.99 
Carcass Without fat tail percentage 80.54ab 78.86ab 82.91a 75.01c *  0.87 

NS. Not significant (P>0.05), * significant difference (P<0.05); a,b:value in the same row that share different superscript(s) are 
statistically different (P<0.05); 1Experimental diets: (C) Control (basal diets), (F) Experimental diet containing 5% (DM basis) 
protected Soybean fat, (S) basal diet containing 4mg/Kg of DMI Salbutamol (beta agonist), (FS) Experimental diet containing 
5% (DM basis) protected Soybean fat and 4mg/Kg of DMI Salbutamol (beta agonist); SE= standard error of the mean 
 
Table 6: Effect of Experimental treatments on weight of carcass visceral components (g) 

Item (g) Experimental Treatments1 Treatments  
effect 

SE2 
C F S FS 

Abdominal fat  458 426 375 453 NS 91.50 
Kidneys  126 125 125 129 NS 6.93 
Liver  675 616 689 703 NS 40.67 
Lungs  508 456 569 485 NS 35.29 
Heart  189 174 190 186 NS 10.51 

NS. Not significant (P>0.05); 1Experimental diets: (C) Control (basal diets), (F) Experimental diet containing 5% (DM basis) 
protected Soybean fat, (S) basal diet containing 4 mg/kg of DMI Salbutamol (beta agonist), (FS) Experimental diet containing 
5% (DM basis) protected Soybean fat and 4 mg/kg of DMI Salbutamol (beta agonist); SE= standard error of the mean 
 

Lambs performance was not affected by 
Salbutamol administration in this experiment. The 
result was similar to the findings of Lopez Carlosa et al. 
(2010), Avendano-reyes et al. (2011) and Zare Shahneh 
et al. (2002). The response to beta agonists varies with 
animal species, dose and duration (Zare Shahneh et al., 
2001; Moody et al. (2000), absorption and half-life in 
body tissue and fluids (Murdoch et al., 2006). In some 
studies, feed intake decreased due to the effects of beta 
agonist administration (Mersmann, 1989; Ricks et al., 
1984). Most of the nutrients digestibility parameters 
were not affected by Salbutamol administration that 
was similar with the results of Lopez-Carlosa et al. 
(2010). Results showed that carcass characteristics 
improved significantly by Salbutamol alone. These 
results were similar to the results of Carlos Lopez et al. 
(2010), Malucelli et al. (1994) and Zare Shahneh (2001).   

Some studies (Koohmaraie and Shackelford, 1991; 
Sainz et al., 1993) showed that beta agonists (u-
Calpain) decreased the protease activity and/or 
increased the protease inhibitors (Calpastatin). 
Reduction of protease activity and increasing inhibitors 
may increase the concentration of tissues protein and 
ultimately, weight of carcass would be increased. Also, 
it has been reported that using beta agonists increased 
amount of mRNA and its transcription (Koohmaraie et 
al., 1991), leading to hypertrophy of muscle cells and 

muscle mass. Increasing muscle mass eventually leads 
to an increase of carcass weight. Kornegay (1996) 
demonstrated that beta agonists increased adenosine 
mono-phosphate cyclase (cAMP) by increasing the 
concentration of hormone-sensitive lipase, leading to 
increase triglyceride degradation of fat cells. Also, it 
has been found that beta agonists increased the numbers 
of fat cells sizing from 60 to 69µm and reduced the 
number of cells with the size of 90 to 99µm, resulting 
in reduced fat mass (Hu et al., 1988). 

Beerman (1993) stated that beta agonists reduced 
insulin binding to fat cells by reducing the number of 
insulin receptors so using beta agonists reduce plasma 
insulin levels and/or the number of insulin receptors 
and subsequently reduce lipogenesis and increase 
lipolysis (Hu et al., 1988; Mersmann, 1989). 

In this study, fat supplementation did not improve 
carcass characteristics compared to the control. Manso 
(2005) and Garrett et al. (1976) also reported no 
beneficial effect of fat supplementation on carcass 
characteristics. 

Frenzel et al. (2011) and Zare Shahneh et al. (2002) 
reported that there was no significant effect of beta 
agonist on visceral components also, the other studies 
(Kott et al., 2003; Seabrook, 2011 and Dutta et al., 
2007) showed the results similar to our data for the 
effect of feeding fat supplements on visceral components. 
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Conclusion 
The results showed feeding protected fat had no 

significant effect on performance, DM, OM, NDF and 
ADF digestibility and carcass characteristic. Salbutamol 
significantly improved carcass characteristics weight 
and percentage of thigh, shoulders, carcass without tail 
fat and decreased weight and percentage of tail fat. 
Therefore, based on the results of this study, 
administration of Salbutamol (4 mg/kg of DMI) is 
recommended to improve carcass characteristics but 
simultaneous use of protected supplemental fat and 
Salbutamol are not recommended. 
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