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Abstract: 

A total of 24 hair male lambs were distributed under a completely randomized block design 

in two treatments to evaluate the effects of supplementing  zilpaterol hydrochloride (ZH. 0 

vs. 10 mg/d/animal) in a finishing diet with non-forage fiber source on productive 

performance, carcass characteristics, primary cut yields and non-carcass component 
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weights. A feedlot test was conducted during 30 d, and subsequently half the animals under 

each treatment (n= 6) were slaughtered. Supplementation with ZH did not affect the weight 

gain, but it improved (P≤0.02) feed efficiency, carcass weight and yield, and Longissimus 

dorsi muscle area, as well as leg and whole loin yields. Both KPH and mesenteric fat 

diminished (P≤0.05) due to ZH. The rest of percentages of non-carcass components 

remained unaffected by ZH. It can be concluded that dietary supplementation of generic ZH 

improved the muscle mass deposition by decreasing the internal fat deposition, favoring the 

feed efficiency of male lambs fattened with diet formulated without forage fiber. 
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Introduction 
 

 

The Mexican ovine inventory grew by 20 % in the last decade; this generated a meat 

production of 62,939 t for 2018 and a considerable reduction in the importations of this 

product(1). The production of lamb meat has proven, for the last few decades, to be a niche 

of opportunity in the Mexican market and, in general, across the world, as the demand 

remains unmet and the kilogram of meat has a competitive price(2). In this sense, the search 

for strategies to improve the production of lamb meat is today a pressing need. 

 

The β2 adrenergic agonist (β2-AA) zilpaterol hydrochloride (ZH) is an effective growth 

promoter to improve productive performance and carcass characteristics with economic 

importance when administered 4 to 5 wk before slaughtering to feedlot-finished lambs(3-6), 

but not to lambs finished at pasture(7). This β2-AA acts as a growth promoter because it 

redistributes energetic substrate from the fatty tissue and of certain organs toward building 

muscle mass (hypertrophy)(4,8,9). Notably, the effectiveness of ZH as a growth promoter in 

fattening lambs has been proven by offering diets formulated with both grains and forage in 

order to favor the correct functioning of the rumen. However, the diets for fattening lambs 

are being formulated today with non-forage fibers, given that forage is scarce in certain 

regions and at certain seasons of the year, and also because it sometimes has a high cost(10). 

 

Sawdust and the agro-industrial wastes are two sources of alternate fiber that do not cause 

digestive problems in lambs when used to substitute 100 % of the forage fraction in the 
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fattening diet(11,12). However, the effectiveness of ZH as a growth promoter in lambs fed 

with non-forage fiber has not been determined. Therefore, the objective of this study was to 

evaluate the effect of ZH on productive performance, carcass characteristics and primary 

cut yields in hair breed lambs finished in feedlot, using a mixed diet based on grains 

without forage fiber. 

 

 

Material and methods 
 

 

All the procedures involved in the management and slaughter of the animals were carried 

out according to the Mexican Official Norms of SAGARPA (NOM-051-ZOO-1995: 

Humanitarian care of animals during mobilization, and NOM-033-ZOO-1995: slaughter of 

domestic and wild animals). The study consisted of a 30-d feedlot test conducted at the “El 

Tilzapote” ranch, located in the town of Ayutita, Autlán de Navarro, Jalisco. Subsequently, 

half the lambs were slaughtered at a commercial slaughterhouse located in Tapalpa, Jalisco.  

 

 

Animals, housing and pre-experimental management 

 

 

Twenty-four entire Katahdin male lambs with age of 4 mo and average body weight of 35.8 

± 5.3 kg were used in the feedlot test. Lambs were housed in individual pens and adapted to 

a basal diet formulated for a daily weight gain of 300 g (Table 1)(13) 15 d before the test. In 

addition, they were subjected to cutaneous deworming with 1 ml of ivermectine at 1%/25 

kg of live weight. The amount of diet used during the experimental period was mixed in 

one time, and two samples were drawn from the various sacks in order to determine the 

following chemical compounds: dry matter, crude protein, ether extract, total fiber, acid and 

neutral detergent fibers, and ash(14,15). The total digestible nutrients and the different types 

of energy (digestible, metabolizable, net for maintenance and gain) were estimated using 

formulas(16,17). 
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Table 1: Ingredients and chemical composition of the experimental basal diet 

Ingredients, as offered % 

    Ground corn 57 

    Pine sawdust 20 

    Soybean meal 10 

    Wheat bran  8 

    Frying oil 2 

    Mineral pre-mixture 2 

    Urea  1 

Chemical composition in a dry matter basis % 

    Dry matter 94.2 

    Crude protein 14.4 

    Ether extract 11.2 

    Fiber 21.5 

    Ashes 11.2 

    Acid detergent fiber (ADF) 20.4 

    Neutral detergent fiber 30.6 

    Total digestible nutrients (TDN) 79.3 

Energy from the diet in a dry matter basis  Mcal/kg 

   Digestible energy (DE) 3.5 

   Metabolizable energy (ME) 2.9 

   Net energy for maintenance (NEm) 1.9 

   Net energy for growth (NEg) 1.3 

TDN = 102.56 – (%ADF X 1.140) (Alves et al., 16); DE = TDN x 0,044 (NRC 17); ME = 0.82 x DE (NRC 17); 

NME = 1.37 x ME – 0.14ME2 + 0.01ME3 – 1.12 (NRC 17); NEg = 1.42 x ME – 0.17ME2 + 0.012ME3 – 1.65 

(NCR 17). 

 

 

Treatments and experimental feeding 

 

 

On the first day of the test, the lambs were weighed, and pairs of similar weight (blocking 

factor) were formed in order to assign them randomly within each block to one of the two 

dietary treatments (n=12): 1) basal diet without ZH (control) and 2) basal diet with 10 mg 

of generic ZH/d/head (Grofactor®, Virbac México, Guadalajara, México). The daily dose 

of ZH was estimated based on the amount of commercial product (208 mg) and was placed 

in a gel capsule to be administered orally to each animal treated with ZH before the 

morning feeding. In the control group, a gel capsule with 208 mg of soybean meal was 

administered daily to each sheep as a placebo. The dose of ZH was determined by the 

recommendations of previous studies(18,19). The ZH was offered during 28 d, followed by a 

48 h withdrawal period before slaughter. 
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The daily amount of feed per pen was estimated for a rejection of approximately 10 % and 

was offered once, at 0700 h, immediately after administering the treatment capsules. Water 

was available ad libitum, and the health status of the animals was examined every day 

through direct observation. 

 

 

Productive performance 

 

 

The productive performance was assessed by registering the live weight at the beginning (d 

1) and at the end (d 31), before the morning feeding. The amount of feed refused per pen 

was also registered. From this data, dry matter intake, total and daily weight gain, and feed 

efficiency were calculated for the overall period (d 1 to 30). 

 

 

Carcass characteristics and primary cuts 

 

 

For the assessment of the carcass traits, only half of the lambs of each treatment group (n= 

6) were transported to the slaughterhouse, located 2 h away from the site of the feedlot test. 

Since the study was carried out in a private ranch, the producer determined that the heaviest 

lambs should be slaughtered. Accordingly, the lambs of blocks 7 to 12 were slaughtered 

using the exsanguination method. The individual live weight of the lambs was registered 

once more before the slaughter line. All bodies were eviscerated in order to register the hot 

carcass weight (HCW), as well as the weights of the head, blood, skin, heart, lungs, liver, 

kidneys, spleen, testicles, and feet. The weights of the mesenteric, omental, and kidney-

pelvis-heart fat (KPH) were also registered. Subsequently, the carcasses remained at 4 ° C 

during 24 h, and the following variables were registered, according to the methodologies 

described by Avendaño-Reyes et al(18) and Macías Cruz et al(20): cold carcass weight 

(CCW), Longissimus dorsi muscle area (LDM), and dorsal fat thickness. Other 

morphometric measurements of the carcass were the length of the carcass, leg and shoulder, 

and the circumference of the thorax, neck, leg and shoulder. Finally, the carcass was cut 

along the middle line, and the weight of the right half carcass was registered and later 

utilized to obtain the following primary cuts: neck, loin, ribs with flank, breast, leg, and 

shoulder. 

 

The live weight at slaughter was adjusted to 96 % because the content of the 

gastrointestinal tract was considered to be 4 %. With exception of KPH fat, the weights of 

all non-carcass components were expressed as a percentage of the adjusted live weight at 

slaughter. The KPH fat was expressed as a percentage of the HCW. The carcass yield was 
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estimated by expressing the HCW as a percentage of the live weight at slaughter. The 

carcass loss due to cooling was also estimated by expressing the difference between HCW 

and CCW as a percentage of the HCW. The yield of each primary cut was calculated by 

expressing the respective weight of each cut as a percentage of the half-carcass weight. 

 

 

Statistical analysis 

 

 

The statistical analysis consisted of a variance analysis under a completely randomized 

block design, using the GLM procedure of the SAS software(21). The means were compared 

with a Tukey test at α= 0.05. Trends were not considered, given the low number of 

repetitions for slaughter-related variables. 

 

 

Results 
 

 

In the productive performance test, only feed efficiency was affected (P<0.01) by 

supplementation with ZH, having increased by 9.4 % due to the AA-β2 (Table 2). The feed 

intake tended to diminish (P=0.08) as a result of supplementation with ZH. As for the 

carcass traits (Table 3), supplementation with ZH increased (P≤0.02) HCW, CCW, carcass 

yield and LDM area by 7.5, 7.3, 5.7, and 10.2 %, respectively, while decreasing (P=0.05) 

the percentage of KPH fat. The rest of the of the carcass characteristics were similar 

(P≥0.17) between treatments. As for the non-carcass component weights expressed as a 

percentage of the adjusted live weight at slaughter, the mesenteric fat diminished (P<0.01) 

by 23.2 % due to the inclusion of ZH in the diet (Table 4). The rest of weights of the non-

carcass components did not vary (P≥0.08) with ZH supplementation. Finally, ZH increased 

(P≤0.04) by 5.1 % the loin and leg yield, but reduced (P=0.03) by 8.1 % the yield of rib 

with flank (Table 5). The rest of primary cuts had similar (P≥0.18) yields between 

treatments. 
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Table 2: Productive performance of male lambs supplemented with generic zilpaterol 

hydrochloride during the feedlot finishing phase 

 

 

Variables 

Zilpaterol hydrochloride  

(mg/head/day) 
 

SE 

 

P- values 
0 10 

Live weight, kg     

   Initial 35.7 35.8 0.2 0.83 

   Intermediate 41.5 41.2 0.3 0.49 

   Final 46.0 46.4 0.2 0.23 

Total weight gain, kg 10.3 10.6 0.2 0.29 

Daily weight gain, g/d 343.0 354.3 7.1 0.29 

Feed intake, kg/d 1.7 1.5 0.1 0.08 

Feed eficiency, g/kg 204.6 223.9 4.4 <0.01 

SE= standard error. 

 
Table 3: Characteristics and morphometric measures of the carcass in male lambs 

supplemented with generic zilpaterol hydrochloride during the feedlot finishing phase 

 

 

Variables 

Zilpaterol hydrochloride  

(mg/head/day) 
 

SE 

 

P- values 
0 10 

Hot carcass weight, kg 22.7 24.4 0.2 <0.01 

Cold carcass weight, kg 21.9 23.5 0.2 <0.01 

Carcass yield, % 49.1 51.9 0.4 <0.01 

Weight loss by cooling, % 3.3 3.5 0.2 0.52 

LDM area, cm2 17.6 19.4 0.2 0.02 

Dorsal fat thickness, cm 0.3 0.2 0.1 0.33 

KPH fat, % 4.6 3.3 0.4 0.05 

Carcass length, cm 63.2 63.3 0.6 0.92 

Thorax circumference, cm 74.5 75.2 0.5 0.36 

Neck circumference, cm 40.1 39.8 1.0 0.87 

Leg length, cm 52.0 52.3 0.8 0.77 

Leg circumference, cm 43.5 45.7 1.0 0.19 

Shoulder length, cm 41.7 41.0 0.8 0.59 

Shoulder circumference, cm 33.1 34.6 0.7 0.17 

SE= standard error; LDM= Longissimus dorsi muscle; KPH fat= The sum of the fats accumulated in the 

kidneys, the pelvis, and the heart. 
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Table 4: Weights of the non-carcass components expressed as a percentage of the adjusted 

weight at slaughter in hair male lambs supplemented with generic zilpaterol hydrochloride 

during the feedlot finishing phase (%) 

 

 

Variables 

Zilpaterol hydrochloride  

(mg/head/day) 
 

SE 

 

P- values 
0 10 

Head 3.27 3.33 0.04 0.38 

Blood 4.14 3.93 0.12 0.26 

Skin 10.0 9.92 0.41 0.89 

Heart 0.48 0.48 0.02 0.57 

Lung 1.73 1.74 0.12 0.96 

Liver 2.23 1.69 0.17 0.08 

Kidney 0.31 0.28 0.02 0.48 

Spleen 0.24 0.18 0.02 0.08 

Mesenteric 0.99 0.76 0.03 <0.01 

Omental 2.45 2.54 0.15 0.72 

Testicles 0.89 0.86 0.04 0.74 

Feet 2.22 2.29 0.06 0.46 

SE= standard error. 

 

Table 5: Primary cut yields in hair male lambs supplemented with generic zilpaterol 

hydrochloride during the feedlot finishing phase 

 

 

Variables* 

Zilpaterol hydrochloride  

(mg/head/day) 
 

SE 

 

P- values 
0 10 

Neck, % 9.20 8.70 0.40 0.42 

Loin, % 19.20 20.17 0.26 0.04 

Rib with flank, % 16.84 15.47 0.33 0.03 

Breast, % 5.56 5.07 0.22 0.18 

Leg, % 29.12 30.60 0.29 0.01 

Shoulder, % 20.08 19.98 0.55 0.90 

*All cut weights were expressed as percentages of the half-carcass weight. 

SE= standard error. 
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Discussion 
 

 

Supplementation with ZH was not effective to improve growth, but increased feed 

efficiency of lambs finished with diets without forage fiber. These results differ partially 

from those found in previous studies(5,22,23) where greater feed efficiency, weight gain and 

final weight by supplementing this β2-AA the last 30 d before slaughter. However, there 

are several studies that point out the absence of the effect of supplementation with ZH in 

the daily weight gain and final weight of the lambs(7,24,25). The control lambs exhibited 

lower feed efficiency because the diet had a low amount of effective fiber, as the sawdust 

was ground. This may have increased the gastrointestinal passage rate and decreased the 

degradation rate of ruminal microorganisms(26), increasing the feed intake and reducing the 

feed efficiency. The better feed efficiency observed in ZH-fed lambs was due to the fact 

that β2-AA improved the digestibility of the diet because it increased the ruminal bacterial 

population and reduced the motility of the gastrointestinal tract(27). Thus, the lambs treated 

with ZH tended to reduce their daily feed intake without affecting growth rate. 

 

Although the growth of the lambs did not improve with generic ZH supplementation, the 

muscle deposition increased significantly by including this β2-AA as part of the diet. So, in 

line with previous studies(23,28,29), ZH increased HCW, CCW, carcass yield and LDM area 

in our male lambs. These results were attributed to the fact that ZH promoted a redirection 

of energetic substrates to increase the protein synthesis while reducing the muscle 

proteolysis(8). Both processes led to a muscular hypertrophy in the lambs treated with ZH. 

Unexpectedly, results of the present study showed that the origin of the energetic substrate 

utilized to form muscle in lambs supplemented with ZH was mainly the adipose tissue, and 

not from organ, viscera, heat, feet or testicles. This finding agrees with other researches on 

lambs where ZH of the Zilmax® company was utilized(6,18,28), but not in those that used 

Grofactor® ZH(22,23), like the present study. The Grofactor® ZH(22,23) promotes the 

deposition of muscle mass in fattening lambs because it uses energetic substrates resulting 

from a better distribution of dietary energy, as well as those produced by certain organs, 

viscera or head, but not from fatty tissue. No explanation was found for the way in which 

the ZH acted in the present study, although there is evidence that this type of ZH removes 

fatty tissue and promotes muscle deposition(9). Nevertheless, the results suggest that the 

type of fiber used in the finishing diet of fattening lambs may modify the mechanisms of 

action of this β2-AA. Research is required at the level of ruminal metabolism and kinetics 

in order to elucidate how the type of dietary fiber modifies the mechanism of action of the 

ZH. 
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The morphometric measures of the carcass were not affected by generic ZH, even when at 

least a greater length and circumference of the legs were expected, considering that certain 

studies have reported that the greatest muscular development promoted by this β2-AA is 

physically evident in this region of the body(4,20). In hair lambs finished with different 

dosages of generic ZH(22), a quadratic increase was observed for carcass length, thorax 

depth and leg perimeter as the ZH dose increased from 0 to 0.20 mg/kg of live weight. An 

increase in the leg perimeter in both male(24,28) and female(19) lambs was also found, without 

any effect on other morphometric measurements as a result of supplementation with patent 

ZH. 

 

According to the literature, the results of the effect of patent or generic ZH in primary cut 

yields are inconsistent. In the present research, generic ZH improved the leg and loin 

yields, in partial agreement with the findings of other studies in which only the leg yield 

increased as a result of supplementation with generic ZH in fattening lambs(22,23). Other 

studies found no changes in the primary cut yields due to supplementation with patent ZH 

in lambs finished in feedlot(7,28). Results of the present study were attributed to the fact that. 

both legs and loin have high amount of type II muscle fibers, in which there is a great 

number of β2-adrenergic receptors(8,18). In this receptors are bonded the β2-AA offered 

exogenously in the diet to cause its biological effects 

 

 

Conclusions and implications 
 

 

It was concluded that ZH supplementation in fattening male lambs enhances feed 

efficiency, carcass weight and yield, LDM area, without affecting the live weight gain, 

when they are fed diets formulated with non-forage fiber. In addition, supplementation with 

ZH improves the loin and leg yields. Finally, supplementation with ZH is a recommendable 

nutritional strategy for increasing the carcass weight gain and the yield of economically 

important primary cuts in lambs finished with diets formulated without forage fiber. 
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