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Abstract
To determine the effect of adding β2 agonist zilpaterol hydrochloride during 
different periods on growth performance, dietary energetic, carcass traits and 
fatty acid profile, forty male lambs Pelibuey × Katahdin (37.70 ± 0.83 kg) 
were blocked by body weight and randomly assigned to pens. Treatments 
consisted in: 1) control, no zilpaterol supplementation, 2) zilpaterol supple-
mentation for 20 d (ZIL20), 3) zilpaterol supplementation for 30 d (ZIL30), 
and 4) zilpaterol supplementation for 40 d (ZIL40). Compared with con-
trol treatment, zilpaterol supplementation increased final live weight (FLW) 
(3.5 %; P = 0.0563), average daily gain (ADG, 14.8 %; P = 0.0598) and 
gain:feed ratio (10.3 %; P = 0.0324). As well as hot carcass weight (6.1 %; 
P = 0.0064), dress out percentage (2.6 %; P = 0.0139) and Longissimus 
dorsi muscle area (13.7 %; P = 0.0015). Compared to control group, zil-
paterol increased (P = 0.0413) observed vs. expected dietary of NEm (net 
energy requirements for maintenance) and NEg (net energy requirements 
for growth) (5.7 and 8.1 %, respectively). Twenty days of zilpaterol treatment 
improved FLW (4.4 %, P = 0.0566) and tended to improve ADG (17.4 %, 
P = 0.0718) when compared to control group. Only intramuscular fat showed 
a positive linear effect (P = 0.0006) in stearic fatty acids proportion and 
negative linear effect (P = 0.0585) in araquidonic fatty acid proportion. We 
conclude that zilpaterol hydrochloride improved variables of growth perfor-
mance, energy retention and carcass traits with noticeable effects from 20 d 
of zilpaterol supplementation. 
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Study contribution
β-adrenergic agonists are widely investigated in large ruminants, since these com-
pounds improve growth performance and yield carcass by increasing muscle pro-
tein synthesis. Multiple factors such as the dose, withdrawal and supplementation 
period of these technologies have been investigated in beef cattle production with 
the purpose of improving the profitability of their use. There is little scientific infor-
mation on the use of different days on feed of zilpaterol hydrochloride in feedlot 
lambs. The reduction of the zilpaterol supply period of 10 days with respect to the 
30 days recommended, and obtaining similar yield carcass, represent 33 % of cost 
savings for additive use. Zilpaterol hydrochloride supplementation for 20 days im-
proves growth efficiency and yield carcass similarly to 30 or 40 days.

Introduction
Adrenergics β-agonists are synthetic compounds with a chemical structure similar 
to catecholamines that bind to cell membrane β-receptors on its surface and pro-
duce biological effects.(1) Zilpaterol hydrochloride is a β2-agonist feed additive ap-
proved for use in feedlot cattle in México.(2) In lambs, zilpaterol supplementation at 
a dose of 0.15 mg/kg of live weight per day during the last 30 days before slaughter 
improved average daily gain (12.5-40.0 %) and feed efficiency (18.3-23.9 %) as 
well as hot carcass weight (5.0-6.6 %) and dressed carcass yield (1.7-4.8 %).(1, 3) 

For economical and practical purposes, supplementation period of zilpaterol 
in livestock industry could be variable and considering that responses of β-agonists 
are temporary, because exposure to a constant dose to the receptor will eventual-
ly cause acute desensitization or inactivation of receptor-mediated signaling.(4) In 
feedlot cattle a study shown that there were no substantial differences on growth 
performance between 20 d compared to 30 or 40 d of supplementation.(5) 

In opposite, has been detected a linearly increase on feed efficiency when 
zilpaterol supplementation goes from 20 to 40 d.(6) Even so, both reports indi-
cate carcass change mainly related to fat and muscle composition. Since zilpaterol 
supplementation have shown similar results in growth performance and carcass of 
feedlot lambs, therefore it has been expected that increase the length of zilpaterol 
administration have the same results, however, to our knowledge no information 
is available regarding the period duration of zilpaterol supplementation in lambs. 
There is currently a concern about cardiovascular disease in consumers. Some 
studies in ruminants showed that β-agonists modify the fatty acid profile of intra-
muscular fat.(7, 8) 

The hypothesis is that growth performance and carcass traits have a response 
as of 20 d of zilpaterol administration in feedlot lambs. The aim of this study was to 
determine the effect of zilpaterol supplementation period on growth performance, 
dietary energetics, carcass traits and fatty acid profile in finishing lambs.
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Materials and methods
Ethical statement
Animal management procedures were performed within the guidelines of locally 
approved techniques for animal use and care.(9) Humanitarian care of animals 
during mobilization of animals.(10)Technical specifications for production, care and 
use of laboratory animals(11) and ethics, biosafety and animal welfare standards of 
the Comité Institucional para el cuidado y uso de animales (CICUA) of the Univer-
sidad Autónoma de Sinaloa (Protocol: CICUA-FMVZ/01-03-2023).

Location and experimental setup
This trial was conducted at the Universidad Autónoma de Sinaloa, Unidad de En-
gorda Experimental para Ovinos II, located in Culiacán, Sinaloa, México (24° 46’ 
13 N and 107°21’ 14 W). Culiacán is about 55 m above sea level and has a dry 
tropical climate. Sixty Pelibuey×Katahdin crossbred male lambs were received at 
the research unit eight weeks before to start of the experiment in order to adapt 
them to feed.

Experimental procedures and feeding regimen
Upon arrival animals were identified, weighed with a hook scale with 50 g preci-
sion (TORREY-CRS200); treated for endoparasites (SAGUAYMIC PLUS, Microsules 
Lab), hemoparasites (IMIZOL, MSD Animal Health) and injected with 1×106 IU of 
vitamin A (Synt-ADE, FortDodge, Animal Health). After the adaptation period, sick 
lambs or those with abnormal feeding behavior were discarded, from those left the 
heaviest forty lambs were selected (37.7 ± 0.83 kg) and used in a 40 d feeding trial 
plus a 2 d zilpaterol withdrawal to evaluate the effect of zilpaterol supplementation 
period on feedlot performance, dietary energetics, carcass traits and fatty acids 
profile of hair-breed lambs. 

The animals were blocked by live weight (LW) into five uniform weight groups 
(block) and assigned to 20 pens (2 lambs/pen). Pens were 6 m2 with overhead 
shade, automatic waterers and had 1 m long fence line fed bunk. Treatments were 
randomly assigned within each block: 1) control, no zilpaterol supplementation, 
2) zilpaterol supplementation for 20 d (ZIL20), 3) zilpaterol supplementation for 
30 d (ZIL30), and 4) zilpaterol supplementation for 40 d (ZIL40). All lambs re-
ceived an ad libitum diet (Table 1) based on cracked corn (1.30 Mcal NEg/kg and 
13.7 % CP) and were fed twice daily at 09:00 and 16:00 h in a 25:75 proportion 
(as feed basis). Treatments with zilpaterol supplementation initiated on different 
days of trial (10 d difference by zilpaterol treatment) in order to allow that all lambs 
finish their feeding period at the same time. 
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Lambs treated with zilpaterol was weighed at the beginning of supplementa-
tion and average LW was estimated for dose calculation. To ensure the consump-
tion of the total daily dose, 0.20 mg/kg LW of zilpaterol was added in a 50 g of 
ground diet and incorporated into the feed offered during the morning. At the end 
of the trial, the average LW of each group treated with zilpaterol was obtained and 
the average daily intake of zilpaterol was calculated. Feed bunks were evaluated 
visually before morning feeding between 08:40 and 08:50 h to determine the 
quantity of feed remaining from the previous day. Daily feed allotments to each 
pen were adjusted to allow for minimal (< 5.0 %) feed accumulation. Adjustments 
(increase or decrease) in daily feed delivery were allotted to afternoon feeding. 
Feed samples were collected daily for DM analysis.(13) 

Assuming that Dry matter intake (DMI) intake is related to energy require-
ments and dietary NEm, it is expected that the DMI can be estimated from average 
ADG and LW values according to the following equation:

  
DMI, kg/d =(ME

1.95)+ (EG
1.30)

Where ME (energy required for maintenance, Mcal/d) = ME = 56×SBW0.75, 
SBW (shrunk body weight), kg = BW0.96), EG (energy gain, Mcal/d)=  
276×ADG×SBW0.75(12) and NEm and NEg are 1.95 and 1.30 Mcal/kg, respec-
tively (derived from tabular values based on ingredient composition of the experi-
mental diet).(12) A coefficient of 276 was estimated assuming a mature weight for 
Pelibuey×Katahdin male lambs of 115 kg.(12) Dietary NE was estimated utilizing 
the quadratic formula:(14)

x =
 

–b – b2–4ac

2c

Table 1. Ingredients and composition of basal diet fed to lambs

Item Diet composition (% DM)

Ingredient(% of dry matter)

Cracked corn 60.0

Soybean meal 12.0

Sudan grass hay 16.0

Molasses cane 9.5

Trace mineral salt 2.5

Chemical composition (% DM basis)

     Crude protein 13.7

     NDF 18.8

Calculated net energy (Mcal/kg of DM basis)

     Maintenance 1.95

     Gain 1.30

 Trace mineral salt contained: CP, 50 %; calcium, 28 %; phosphorous, 0.55 %; magnesium, 0.58 %; potassium, 0.65 %; 
NaCl, 15 %; vitamin A, 1 100 IU/kg; vitamin E, 11 UI/kg; Chemical composition based on tabular net energy (NE) values for 
individual feed ingredients.(12)
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Where:
x = NEm, a = -0.41, ME, b = 0.877 EM + 0.41 DMI + EG, and c = -0.877 DMI.

After 42 d feeding trial, lambs were transported to a slaughterhouse 24 h be-
fore slaughter and were only offered water. Following slaughter hot carcass weight 
(kg) was obtained with a hook scale and led to a chiller room. To observe the effect 
of treatments on carcass performance expressed as ADG and gain:feed ratio, car-
cass-adjusted final body weight (BW) was calculated as hot carcass weight (HCW)/
overall average dressing percent (51.3 %) for all treatments. HCW was obtained for 
all lambs after slaughter, calculating carcass dress out percentage. After carcasses 
were chilled for 24 h at 4 °C, the following measurements were obtained from cold 
carcasses: Fat thickness over the 12th rib, perpendicular to the Longissimus dorsi 
muscle with a vernier caliper (CADENA-A020®, México), Longissimus dorsi muscle 
area, between the 12th and 13th rib was measured using a plastic grid, and kidney, 
pelvic and heart fat was removed, weighed (kg) and reported as a percentage of 
final live weight. 

All carcasses (40 units) were divided longitudinally into two equal parts; un-
trimmed wholesale cuts were obtained from the left side according to the IMPS 
fresh lamb-USDA and calculated as a percentage of hot carcass weight, each whole-
sale cut except the head were dissected into muscle, bone and fat components. 
Tissue components were weighted and means from muscle, fat and bone were 
expressed in percentages in relation to cold carcass weight. 

Samples (50 g) of Longissimus dorsi muscle samples were collected from 
the left side of twenty carcasses (1 sample/pen), samples were frozen (-18 ºC) 
and transported to the lab for fatty acid analysis of intramuscular fat. Samples were 
thawed (4 ºC) and ground to homogenize them utilizing a modified method(15) 
was used to carry out lipid extraction from muscle samples and percentage of 
intramuscular fat was determined by total fat extracted from the previously weight-
ed samples. A sonotransesterification process was conducted to characterize fatty 
acids profile.(16) Fatty acid composition was determined by gas chromatography 
(Agilent 6890N)) utilizing a mass spectrometer (Agilent 5973) and column Omega 
Wax 250. 

Statistical analysis 
Growth performance, energetics, carcass traits and wholesale cut yields data were 
analyzed as a randomized complete block design considering a pen as the ex-
perimental unit. The SAS PROC MIXED is the procedure in SAS program used to 
analyze variables. The fixed effect consisted of treatment and pen as the random 
component. Fatty acids muscle variables were analyzed as a randomized complete 
block design, with the individual lamb being the experimental unit. The MIXED 
procedure in the SAS program(17) was used to analyze variables. The contrasts: 
control vs. zilpaterol treatments, control vs. ZIL20 were tested. Moreover, effects 
were tested for linear and quadratic components of the zilpaterol supplementation 
level. Contrast and orthogonal polynomials were considered significant when the 
P value was ≤ 0.05 and tendencies were identified when the P value was > 0.05 
and ≤ 0.10.

https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/


http://veterinariamexico.fmvz.unam.mx
6

/
14

Zilpaterol on growth performance and carcass traits of lambs Original Research

doi: http://dx.doi.org/10.22201/fmvz.24486760e.2024.1235
Vol. 11  2024

Results
The effects of different zilpaterol treatments on growth performance and estimat-
ed dietary energetics of finishing lambs are shown in Table 2 and Table 3. Daily 
zilpaterol intake averaged 0.214, 0.203 and 0.196 mg/kg LW for ZIL20, ZIL30 and 
ZIL40 respectively, in close agreement with projected dose (0.20 mg/kg LW/d). All 
treatments with zilpaterol supplementation (control vs. zilpaterol) showed positive 
responses on growth performance variables when compared with control treat-
ment, such as a greater average final live weight (3.5  %, P = 0.0563), improve 
of ADG (14.8  %, P = 0.0598) and gain:feed ratio (10.3  %, P = 0.0324). Positive 
feed efficiency response was the product of not showing changes in DMI of lambs 
(P ≥ 0.2757) with improvement in body daily gain. Twenty days of zilpaterol treat-
ment improved final live weight (4.4  %, P = 0.0566) and tended to improve ADG 
(17.4 %, P = 0.0718) when compared to control group (Control vs. ZIL20). Howev-
er, no differences were observed in gain:feed ratio (P = 0.1785). In both contrasts 
tested (control vs. all zilpaterol treatments and C vs. ZIL20), growth performance 
calculated from adjusted final live weight showed improvements in ADG (27.8 % 
and 29  %; P ≤ 0.006, respectively) and feed efficiency (23  % and 18.3  %, respec-
tively; P ≤ 0.0232). The average of all zilpaterol groups improved P = 0.0413) the 
estimated dietary energy of NEm (5.7  %), NEg (8.1 %) and reduced observed:ex-
pected DMI ratio (4.9  %) compared with control group. Likewise, when comparing 
Control and ZIL20, similar results P = 0.0303 were obtained in NEm, NEg and 
observed:expected DMI ratio (3.03, 5.1 and 2.6  %, respectively). 

Table 2. Effect of zilpaterol supplementation on growth response in feedlot lambs

                      Days on zilpaterola                P value

Item C ZIL20 ZIL30 ZIL40 SEM C vs. Z C vs. 
ZIL20 Lin Qua

Days on test 42 42 42 42

Pens 5 5 5 5

ILW, kg 37.72 37.90 37.78 37.69 0.83 0.72 0.44 0.80 0.45

FLW, kg 49.02 51.18 50.98 50.20 0.86 0.05 0.05 0.35 0.74

Carcass-adjusted 
FLW, kg

48.14 51.36 50.93 51.06 0.95 <  0.01 <  0.01 0.75 0.72

TLW gain, kg 11.29 13.28 13.20 12.51 0.36 0.06 0.07 0.42 0.71

ADG, g 269 316 315 298 8.98 0.05 0.07 0.42 0.69

DMI, g/d 1464 1604 1523 1473 0.03 0.27 0.08 0.12 0.81

DMI % of LW 3.39 3.61 3.42 3.35 0.05 0.53 0.13 0.10 0.63

Gain:Feed 0.183 0.197 0.207 0.203 0.005 0.03 0.17 0.54 0.40

Carcass-adjusted 
performance

ADG, g 248 320 313 318 9.62 < 0.01 0.01 0.93 0.77

Gain:Feed 0.169 0.200 0.208 0.217 0.007 0.02 0.05 0.46 0.98

Initial Live Weight (ILW), Final Live Weight (FLW), Total Live Weight (TLW).
aZilpaterol supplementation at dose of 0.20 mg/kg LW. C= No zilpaterol supplementation. ZIL20= Zilpaterol supplementation for 

20 d. ZIL30= zilpaterol supplementation for 30 d. ZIL40= zilpaterol supplementation for 40 d. C vs. Z= Control vs. All zilpaterol 
treatments contrast. C vs. 30= Control vs. 30 d of zilpaterol supplementation. 20 vs. 30= 20 d of zilpaterol supplementation vs. 
30 d of zilpaterol supplementation.  L= Linear orthogonal polynomial Q= Quadratic orthogonal polynomial. 
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The effects of zilpaterol treatment period on lamb’s carcass characteristics are 
shown in Table 4. On average, all zilpaterol treatment increased (P = 0.0064) hot 
carcass weight (6.1 %, P=0.0064), carcass yield (2.6 %, P=0.0139), Longissimus 
dorsi muscle area (13.7  %, P=0.0015) and muscle:fat ratio (29.4  %, P=0.0015) 
compared to control group. Otherwise, dorsal fat thickness was reduced (27.6 %, 
P = 0.0388), without changes in pelvis-renal fat and intramuscular fat (P > 0.3691). 
Same manner, comparing control lambs with ZIL20 treatment, showed again simi-
lar responses in carcass traits and carcass composition variables.

The effect of different periods of zilpaterol supplementation on wholesale 
cut yields (Table 5) show that zilpaterol treatment reduced the percentage of neck 
(10.5 %, P = 0.0027) and rack (6.0 %, P = 0.0546) primal cuts. Likewise, when 
comparing the control group and ZIL20 lambs, only neck primal cut was reduced 
(9.4 % P = 0.0153). 

The results of the effects of zilpaterol on fatty acid proportion in intramuscular 
fat are presented in Table 6. On average zilpaterol treatment (control vs. Z) reduced 
the stearic fatty acid proportion (17.6 %, P = 0.0163) and tended to increase lin-
oleic acid proportion (48.0 %, P = 0.0662). 

Orthogonal polynomials were applied to days on feed zilpaterol treatments 
(ZIL20, ZIL30 and ZIL40) and showed in Table 5. No effects of linear contrast were 
observed for variables of growth performance, dietary energetics, and wholesale 
cut yields. Nevertheless, there is a positive linear trend for percentage of muscle tis-
sue composition (P = 0.0673) and muscle:bone ratio (P = 0.0959). Intramuscular 
fat showed a positive linear effect (P = 0.0006) in stearic fatty acids proportion and 
negative linear effect (P = 0.0585) in araquidonic fatty acid proportion.

Discussion
Improvements in weight gain and feed efficiency,(18) and no effect on DMI(1) has 
been the most consistent response to zilpaterol supplementation. Nonetheless, 
some studies involving lambs resulted in marked increases in DMI,(19) while other 

Table 3. Effect of zilpaterol supplementation on dietary energetics in feedlot lambs

Days on zilpaterola P value

Item C ZIL20 ZIL30 ZIL40 SEM C vs. Z C vs. 
ZIL20 Lin Qua

NE diet (Mcal/kg)

Maintenance 1.92 1.99 2.07 2.05 0.025 0.04 0.04 0.38 0.34

Gain 1.28 1.34 1.41 1.39 0.02 0.04 0.04 0.38 0.34

Obs to exp NE

Maintenance 0.99 1.02 1.07 1.05 0.013 0.04 0.04 0.38 0.34

Gain 0.98 1.03 1.08 1.07 0.017 0.04 0.04 0.38 0.34

Obs to exp DMI 1.01 0.97 0.93 0.92 0.014 0.04 0.04 0.36 0.36
aZilpaterol supplementation at dose of 0.20 mg/kg/LW. C= No zilpaterol supplementation. ZIL20= Zilpaterol supplementation for 

20 d. ZIL30= zilpaterol supplementation for 30 d. ZIL40= zilpaterol supplementation for 40 d. C vs. Z= Control vs. All zilpaterol 
treatments contrast. C vs. 30= Control vs. 30 d of zilpaterol supplementation. 20 vs. 30= 20 d of zilpaterol supplementation vs. 
30 d of zilpaterol supplementation.  L= Linear orthogonal polynomial Q= Quadratic orthogonal polynomial. 
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Table 4. Effect of zilpaterol supplementation on carcass traits in feedlot lambs

Days on zilpaterola P value

Item C ZIL20 ZIL30 ZIL40 SEM C vs. Z C vs. 
ZIL20 Lin Qua

HCW (kg) 24.70 26.34 26.13 26.19 0.49 <  0.01 <  0.01 0.75 0.72

Dressing (%) 50.38 51.45 51.29 52.17 0.38 <  0.01 0.01 0.90 0.75

LM area (cm²) 17.06 19.80 19.56 18.65 0.37 <  0.01 <  0.01 0.07 0.52

Fat thickness (mm) 1.41 1.05 0.93 1.06 0.08 0.03 0.11 0.97 0.48

Pelvis-renal fat (%) 2.28 1.96 1.82 2.18 0.15 0.47 0.52 0.69 0.61

Intramuscular fat (%) 2.81 2.64 2.13 2.04 0.23 0.36 0.68 0.37 0.72

Composition (%)

Muscle 60.98 63.51 66.34 66.88 0.79 <  0.01 0.16 0.06 0.42

Fat 18.22 15.36 14.50 14.99 0.66 0.04 0.14 0.79 0.58

Bone 20.19 19.69 18.67 18.66 0.31 0.08 0.52 0.20 0.45

Muscle:fat ratio 3.46 4.34 4.60 4.50 0.18 0.01 0.08 0.68 0.59

Muscle:bone ratio 3.04 3.25 3.56 3.59 0.08 <  0.01 0.22 0.09 0.39
aZilpaterol supplementation at dose of 0.20 mg/kg LW. C= No zilpaterol supplementation. ZIL20= Zilpaterol supplementation for 

20 d. ZIL30= zilpaterol supplementation for 30 d. ZIL40= zilpaterol supplementation for 40 d. C vs. Z= Control vs. All zilpaterol 
treatments contrast. C vs. 30= Control vs. 30 d of zilpaterol supplementation. 20 vs. 30= 20 d of zilpaterol supplementation vs. 
30 d of zilpaterol supplementation.  L= Linear orthogonal polynomial Q= Quadratic orthogonal polynomial.

Table 5. Effect zilpaterol supplementation on wholesale cut yields (%)

Days on zilpaterola P value

Item C ZIL20 ZIL30 ZIL40 SEM C vs. Z C vs. 
ZIL20 Lin Qua

Front quarter 53.76 52.89 52.74 52.50 0.27 0.10 0.25 0.66 0.96

Rear quarter 46.23 47.10 47.26 47.48 0.27 0.10 0.25 0.66 0.96

Neck 4.35 3.94 3.89 3.82 0.06 <  0.01 0.01 0.43 0.96

Chuck blade 19.28 19.03 19.30 19.56 0.18 0.96 0.66 0.43 0.99

Rib 7.86 8.35 7.79 7.86 0.13 0.66 0.23 0.26 0.40

Rack 10.40 9.82 9.88 9.61 0.12 0.04 0.11 0.57 0.61

Breast 1.77 1.69 1.91 1.78 0.05 0.84 0.65 0.57 0.22

Shoulder 9.15 10.05 9.95 9.87 0.17 0.74 0.93 0.75 0.99

Flank 6.38 5.96 6.02 6.09 0.07 0.06 0.07 0.36 0.99

Loin 9.15 9.52 9.59 9.66 0.10 0.11 0.26 0.69 0.99

Full leg 30.69 31.62 31.63 31.72 0.28 0.11 0.20 0.92 0.96
aZilpaterol supplementation at dose of 0.20 mg/kg LW. C= No zilpaterol supplementation. ZIL20= Zilpaterol supplementation for 

20 d. ZIL30= zilpaterol supplementation for 30 d. ZIL40= zilpaterol supplementation for 40 d. C vs. Z= Control vs. All zilpaterol 
treatments contrast. C vs. 30= Control vs. 30 d of zilpaterol supplementation. 20 vs. 30= 20 d of zilpaterol supplementation vs. 
30 d of zilpaterol supplementation.  L= Linear orthogonal polynomial Q= Quadratic orthogonal polynomial.
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studies in cattle have reported a decrease.(20) A study was conducted on  lambs 
with an average weight of 28.9 kg in order to test the effect of zilpaterol treatment 
in periods of 0, 14, 28 and 42 d, similar to what is seen in this study, no changes 
in DMI where observed, however, after comparing treated animals to control the 
authors observed similar responses in final live weight, increasing ADG and feed 
efficiency.(21) 

Calculations of dietary NE concentration from DMI and growth performance 
allow evaluation of growth promoters as β-agonists, which modify the apparent 
diet energy by increasing muscle protein synthesis or reducing its elimination, this 
effect is shown as an increase the apparent increase in energy retention (NEm and 
NEg) per unit of DMI in lambs with zilpaterol supplementation.(4) Similar to what is 
observed in this study, some authors have reported 10.9 to 23.4 % improvements 
in observed:expected DMI ratio utilizing zilpaterol in lambs.(23, 24) 

The most important effect of zilpaterol supplementation is the increase in hot 
carcass weight and the reduction of body fat, thereby, improving dressed carcass 
yield and modifying some carcass quality traits. An increase in hot carcass weight, 
dressed carcass yield and Longissimus dorsi muscle area (7, 2.4 and 15.4 %, re-
spectively) was observed,(23) results similar to the ones found in the present study. 

The increase in muscle mass and reduction of adipose tissue is an effect 
known as energy exchange, which can occur due to an increased activity in protein 
synthesis, as well as a reduction in protein degradation and lipolysis due to the 
action of zilpaterol in interaction with β2 adrenergic receptors of the muscle fibers 
and adipocytes.(24) 

Published results agree with the findings of the present study. A investigation has 
reported a reduction in the proportion of neck wholesale cuts and a tendency in the 
increase of loin wholesale cut proportion (18.9 and 8.28 %, respectively) in lambs 
supplemented with zilpaterol.(25) However, other researches did not find an effect 
on primary cuts of lamb’s carcasses after the treatment of zilpaterol for 28 d.(26) The 
fiber composition of the muscle might determine responsiveness to β-agonist.(27) 

Table 6. Effect of zilpaterol supplementation on intramuscular fatty acids proportion feedlot lambs

Days on zilpaterola P value

Item C ZIL20 ZIL30 ZIL40 SEM C vs. Z C vs. 
ZIL20 Lin Qua

Palmitic, C16:0 25.19 26.22 24.1009 22.74 0.72 0.76 0.40 0.17 0.83

Palmitoleic, C16:1(9) 1.71 1.96 2.10 1.79 0.10 0.26 0.37 0.55 0.42

Stearic, C18:0 18.38 17.60 12.92 14.91 0.78 0.01 0.97 0.01 <  0.01

Oleic, C18:1(9) 43.97 44.21 43.28 42.74 0.60 0.57 0.70 0.86 0.81

Linoleic, C18:2 
(9,12)

7.52 7.54 12.81 13.05 0.91 0.06 0.89 0.10 0.39

Linolenic, C18:3 
(9,12,5)

0.29 0.23 0.60 0.82 0.10 0.22 0.87 0.13 0.98

Araquidonic, C20:4 2.94 2.25 4.09 3.95 0.36 0.70 0.26 0.05 0.19
aZilpaterol supplementation at dose of 0.20 mg/kg LW. C= No zilpaterol supplementation. ZIL20= Zilpaterol supplementation for 

20 d. ZIL30= zilpaterol supplementation for 30 d. ZIL40= zilpaterol supplementation for 40 d. C vs. Z= Control vs. All zilpaterol 
treatments contrast. C vs. 30= Control vs. 30 d of zilpaterol supplementation. 20 vs. 30= 20 d of zilpaterol supplementation vs. 
30 d of zilpaterol supplementation.  L= Linear orthogonal polynomial Q= Quadratic orthogonal polynomial.
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Some studies have been conducted to evaluate the effect of different β-ago-
nist on fatty acid profile of body fat, an experiment was conducted to evaluate the 
effect of zilpaterol supplementation in crossbreed steers on fatty acid profile and 
found an increase of heneicosanoic acid (C21:0) this being the only adipose tissue 
fatty acid affected by zilpaterol supplementation.(28) A decrease in palmitic fatty 
acid (C16:0) of subcutaneous fat without affecting other fatty acids when a β-ago-
nist was supplemented in steers.(29) 

Intramuscular Longissimus dorsi polyunsaturated fatty acids from steers were 
higher in total unsaturated fatty acids, and lower in total saturated fatty acids,(8) 
these findings are similar to the present experiment where the shift is mainly be-
tween stearic (C18:0) and linoleic (C18:2) fatty acids. However, a reduction in total 
of monounsaturated fatty acids was reported, but not on individual fatty acids pro-
portion of intramuscular fat when zilpaterol was administered.(7) Changes in fatty 
acids of intramuscular and subcutaneous fat is presumably related to an increased 
rate of lipolysis and subsequent release of fatty acids.(30) 

There is little information and discussion available about effects of 20 d of zil-
paterol supplementation in feedlot lambs. In feedlot cattle, reporting effects in Final 
LW, ADG, G:F ratio, HCW, dressing percent and LM area,(6) the results were similar 
to those shown in the present study. 

Zilpaterol supplementation in lambs was tested 14, 28 and 24 d, although did 
not compare 1 d of zilpaterol vs. control group, results of positive linear effect in 
growth performance and carcass characteristics suggest that zilpaterol has a favor-
able response after two weeks of zilpaterol supplementation.(21) 

Some  authors(21, 22) reported a linear effect in DMI increase as zilpaterol treat-
ment days increased, while in this study there was a similar tend effect in this vari-
able. However, both studies report a linear increase in gain:feed ratio. Information 
regarding the use of zilpaterol during different feeding periods in finishing lambs is 
scarce. Nonetheless there have been studies carried out in beef cattle where the 
addition zilpaterol has been evaluated in feeding periods of 20, 30 and 40 d.(6,  5)  
The findings in these studies report a linear increase in gain:feed ratio as treatment 
days increase in agreement to what is found in this study furthermore, a linear 
reduction in DMI as treatment days increased has been reported,(5) results similar 
to what is found in this study. 

Others authors reported that zilpaterol treatment time increased (0, 14, 28 and 
42 d) a linear increase in hot carcass weight, dressed carcass yield and Longissimus 
dorsi muscle area was found in finishing lambs.(21) 

In cattle utilizing different zilpaterol feeding periods (0, 20, 30 y 40 d) reported 
a linear increment in hot carcass weight, dressed carcass yield and Longissimus 
dorsi muscle area.(6) However in another beef cattle study there was only a linear 
increase in dressed carcass yield and no changes in hot carcass weight and Longis-
simus dorsi muscle area.(5) 

The magnitude of β-agonist response varies greatly by factors like age, species, 
sex, diet and breed.(31) Effects of zilpaterol feeding duration has been investigated 
on beef cattle,(6, 5) these results show similar responses to the present experiment, 
where improvements in growth performance and carcass traits were detected as of 
the twentieth day of zilpaterol supplementation. Similarly, in this trial no significant 
differences on linear and quadratic analysis were shown to these variables. 
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Results on growth performance, carcass characteristics and the estimated en-
ergy from diet are widely documented results whit β-agonists supplementation. 
However, for the beef industry, consider the possibility of obtaining similar results 
from 20 d of zilpaterol supplementation provide, on the one hand, a more profit-
able process, and the possibility of adjustments to zilpaterol supplementation al-
lowing cattle to be kept in the pens for longer when there are failures in logistics 
with the slaughterhouses.

Conclusions
We conclude that zilpaterol hydrochloride improved variables of growth perfor-
mance, energy retention and carcass traits with noticeable effects from 20 d of zil-
paterol supplementation. Nonetheless, in this experiment no effects were observed 
on linear contrast applied to levels of zilpaterol supplementation, suggesting no 
difference responses from 20 to 40 d. Growth performance calculated from final 
live weight with carcass adjusted showed clear improvements, this allow confirm 
the direct effects of beta agonists adrenergic on muscle and adipose tissues.

https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/


http://veterinariamexico.fmvz.unam.mx
12

/
14

Zilpaterol on growth performance and carcass traits of lambs Original Research

doi: http://dx.doi.org/10.22201/fmvz.24486760e.2024.1235
Vol. 11  2024

Data availability
All relevant data are within the manuscript and its supporting information files.  

Funding statement
The present study was funded by “Programa de fomento y apoyo a proyectos de 
investigación” (PROFAPI) of the Universidad Autónoma de Sinaloa 

Conflicts of interest
The authors have no conflict of interest to declare regarding this publication.

Author contributions
Conceptualization: JC Robles-Estrada and H. Dávila-Ramos.
Data curation: JN Sánchez-Pérez, JC Robles-Estrada, JJ Portillo-Loera.
Funding acquisition: JC Robles-Estrada and H. Dávila-Ramos.
Investigation: JC Robles-Estrada, JJ Portillo-Loera, JN Sánchez-Pérez, H. Dávila-Ramos, 

I Contreras-Andrade, F Figueroa-Saavedra, MA Mejía-Delgadillo, G Molina-Gámez.
Methodology: JN Sánchez-Pérez, JC Robles-Estrada, JJ Portillo-Loera, JN Sán-

chez-Pérez, JC Robles-Estrada, JJ Portillo-Loera.
Project administration: JC Robles-Estrada and H. Dávila-Ramos.
Resources: JC Robles-Estrada, JJ Portillo-Loera, JN Sánchez-Pérez, H. Dávila-Ramos,  

I Contreras-Andrade, F Figueroa-Saavedra, MA Mejía-Delgadillo, G Molina-Gámez.
Supervision: : JC Robles-Estrada and H Dávila-Ramos.
Writing-original draft: JC Robles-Estrada, JN Sánchez-Pérez and H Dávila-Ramos.
Writing-review and editing: I Contreras-Andrade, F Figueroa-Saavedra, MA Mejía-Del-

gadillo, G Molina-Gámez.

References
1. López-Baca MÁ, Contreras M, González-Ríos H, Macías-Cruz U, Torrentera N, 

Valenzuela-Melendres M, et al. Growth, carcass characteristics, cut yields and 
meat quality of lambs finished with zilpaterol hydrochloride and steroid implant. 
Meat Science. 2019 Jul;158:107890. doi: 10.1016/j.meatsci.2019.107890.

2. Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación. 
Norma Oficial mexicana. NOM-EM-015-ZOO-2002. Especificaciones técni-
cas para el control del uso de beta-agonistas en los animales. México: Diario 
Oficial de la Federación; 2002 Marzo 1. https://www.dof.gob.mx/nota_detalle.
php?codigo=734908&fecha=01/03/2002#gsc.tab=0

3. Ríos Rincón FG, Barreras-Serrano A, Estrada-Angulo A, Obregón JF, Plascencia-
Jorquera A, Portillo-Loera JJ, et al. Effect of level of dietary zilpaterol hydro-
chloride (β2-agonist) on performance, carcass characteristics and visceral 
organ mass in hairy lambs fed all-concentrate diets. Journal of Applied Animal 
Research. 2010;38(1):33-38.

4. Johnson BJ, Chung KY. Alterations in the Physiology of Growth of Cattle with 
Growth-Enhancing Compounds. Veterinary Clinics of North America–Food 
Animal Practice. 2007;23(2):321-332.

5. Vasconcelos JT, Rathmann RJ, Reuter RR, Leibovich J, McMeniman JP, Hales 
KE, et al. Effects of duration of zilpaterol hydrochloride feeding and days on the 
finishing diet on feedlot cattle performance and carcass traits. Journal of Animal 
Science. 2008;86(8):2005-2015. doi: 10.2527/jas.2008-1032.

https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/


http://veterinariamexico.fmvz.unam.mx
13

/
14

Zilpaterol on growth performance and carcass traits of lambs Original Research

doi: http://dx.doi.org/10.22201/fmvz.24486760e.2024.1235
Vol. 11  2024

6. Elam NA, Vasconcelos JT, Hilton G, VanOverbeke DL, Lawrence TE, Montgomery 
TH, et al. Effect of zilpaterol hydrochloride duration of feeding on perfor-
mance and carcass characteristics of feedlot cattle. Journal of Animal Science. 
2009;87(6):2133-2141. doi: 10.2527/jas.2008-1563.

7. Dávila-Ramírez JL, Avendaño-Reyes L, Peña-Ramos EA, Islava-Lagarda TY, Macías-
Cruz U, Torrentera-Olivera NG, et al. Impact of zilpaterol hydrochloride and soy-
bean-oil supplementation on intramuscular fat, fatty acid profile and cholesterol 
concentration in the longissimus muscle of male hair lamb under moderate 
heat-stress conditions. Animal Production Science. 2017;58(10):1932-1939. 
doi: 10.1071/AN16747.

8. Sota E, Del Barrio AS, Garcia-Calonge MA, Portillo MP, Astiasarán I, Martinez JA. 
Organ weights, muscle composition and fatty acid profiles in lambs fed salbu-
tamol: Effect of a 5-day withdrawal period. Meat Science. 1995;41(1):29–35.

9. Secretaría de Agricultura, Ganadería y Desarrollo Rural. Norma Oficial Mexicana. 
NOM-051-ZOO-1995. Trato humanitario en la movilización de animales. Diario 
Oficial de la Federación. 1998 Marzo 23; https://dof.gob.mx/nota_detalle.
php?codigo=4870842&fecha=23/03/1998#gsc.tab=0

10. Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación. 
Norma Oficial Mexicana NOM-062-ZOO-1999, Especificaciones técnicas para 
la producción, cuidado y uso de los animales de laboratorio. México: Diario 
Oficial de la Federación; 2001 Agosto 22. https://www.gob.mx/cms/uploads/
attachment/file/203498/NOM-062-ZOO-1999_220801.pdf

11. Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación. 
Norma Oficial Mexicana NOM-033-SAG/ZOO-2014, Métodos para dar 
muerte a los animales domésticos y silvestres. México: Diario Oficial de la 
Federación; 2015 Agosto 26. https://www.dof.gob.mx/nota_detalle.php?codi-
go=5405210&fecha=26/08/2015#gsc.tab=0

12. National Research Council (US). Subcommittee on Sheep Nutrition, editor. Nutrient 
requirements of sheep. 6th ed. Washington, DC: National Academy Press; 1985.

13. Association of Official Analytical Chemists. Official methods of analysis. 
Washington, DC; 1984.

14. Zinn RA, Barreras A, Owens FN, Plascencia A. Performance by feedlot steers 
and heifers: daily gain, mature body weight, dry matter intake, and dietary en-
ergetics. Journal of Animal Science. 2008;86(10):2680-2689. doi: 10.2527/
jas.2007-0561.

15. Bligh EG, Dyer WJ. A rapid method of total lipid extraction and purification. 
Canadian Journal of Zoology. 1959;37(8):911-917.

16. Soto-León S, Zazueta-Patrón IE, Piña-Valdez P, Nieves-Soto M, Reyes-Moreno 
C, Contreras-Andrade I. Extracción de lípidos de Tetraselmis suecica: proceso 
asistido por ultrasonido y solventes. 2014;13(3):723-737.

17. Statistical Analysis System. Version 9.1. Cary, North Carolina, EEUU: SAS Institute 
Inc.; 2004.

18. Macías-Cruz U, Álvarez-Valenzuela FD, Soto-Navarro SA, Águila-Tepato E, 
Avendaño-Reyes L. Effect of zilpaterol hydrochloride on feedlot performance, 
nutrient intake, and digestibility in hair-breed sheep. Journal of Animal Science. 
2013;91(4):1844-1849. doi: 10.2527/jas.2011-4911.

https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/


http://veterinariamexico.fmvz.unam.mx
14

/
14

Zilpaterol on growth performance and carcass traits of lambs Original Research

doi: http://dx.doi.org/10.22201/fmvz.24486760e.2024.1235
Vol. 11  2024

19. Salinas-Chavira J, Ramirez RG, Domínguez-Muñoz M, Palomo-Cruz R, Lopez-
Acuna VH. Influence of zilpaterol hydrochloride on growth and carcass character-
istics of Pelibuey lambs. Journal of Applied Animal Research 2004;26(1):13-16.

20. Montgomery JL, Krehbiel CR, Cranston JJ, Yates DA, Hutcheson JP, Nichols 
WT, et al. Dietary zilpaterol hydrochloride. I. Feedlot performance and carcass 
traits of steers and heifers. Journal of Animal Science. 2009;87(4):1374-1383. 
doi: 10.2527/jas.2008-1162.

21. Lopez-Carlos MA, Ramirez RG, Aguilera-Soto JI, Plascencia A, Rodriguez H, 
Arechiga CF, et al. Effect of two beta adrenergic agonists and feeding duration 
on feedlot performance and carcass characteristics of finishing lambs. Livestock 
Science. 2011;138(1-3):251-258. doi: 10.1016/j.livsci.2010.12.020.

22. Estrada-Angulo A, Barreras-Serrano A, Contreras G, Obregon JF, Robles-Estrada 
JC, Plascencia A, et al. Influence of level of zilpaterol chlorhydrate supplementa-
tion on growth performance and carcass characteristics of feedlot lambs. Small 
Ruminant Research. 2008;80(1–3):107-110.

23. Rivera-Villegas A, Estrada-Angulo A, Castro-Pérez BI, Urías-Estrada JD, Ríos-
Rincón FG, Rodríguez-Cordero D, et al. Comparative evaluation of supplemental 
zilpaterol hydrochloride sources on growth performance, dietary energetics and 
carcass characteristics of finishing lambs. Asian-Australasian Journal of Animal 
Science. 2019;32(2):209-216. doi: 10.5713/ajas.18.0152.

24. Mersmann HJ. Overview of the Effects of β-adrenergic receptor agonists on 
animal growth including mechanisms of action. Journal of Animal Science. 
1998;76(1):160-172.

25. Avendaño-Reyes L, Macías-Cruz U, Álvarez-Valenzuela FD, Águila-Tepato E, 
Torrentera-Olivera NG, Soto-Navarro SA. Effects of zilpaterol hydrochloride on 
growth performance, carcass characteristics, and wholesale cut yield of hair-breed 
ewe lambs consuming feedlot diets under moderate environmental conditions. 
Journal of Animal Science. 2011;89(12):4188-4194. doi: 10.2527/jas.2011-3904.

26. Rojo-Rubio R, Avendaño-Reyes L, Albarrán B, Vázquez JF, Soto-Navarro SA, 
Guerra JE, et al. Zilpaterol hydrochloride improves growth performance and 
carcass traits without affecting wholesale cut yields of hair sheep finished in 
feedlot. Journal of Applied Animal Research. 2018;46(1):375-379.

27. Walker DK, Titgemeyer EC, Baxa TJ, Chung KY, Johnson DE, Laudert SB, et 
al. Effects of ractopamine and sex on serum metabolites and skeletal mus-
cle gene expression in finishing steers and heifers. Journal of Animal Science. 
2010;88(4):1349-1357.

28. Van Bibber-Krueger CL, Miller KA, Parsons GL, Thompson LK, Drouillard JS. 
Effects of zilpaterol hydrochloride on growth performance, blood metabolites, 
and fatty acid profiles of plasma and adipose tissue in finishing steers. Journal 
of Animal Science. 2015;93(5):2419–27. doi: 10.2527/jas.2014-8771.

29. Webb EC, Casey NH. Fatty acids in carcass fat of steers treated with a β-adren-
ergic agonist individually or in combination with trenbolone acetate + oestradi-
ol-17β. Meat Science. 1995;41(1):69–76.

30. Johnson BJ, Smith SB, Chung KY. Historical overview of the effect of β-adren-
ergic agonists on beef cattle production. Asian-Australasian Journal of Animal 
Science. 2014;27(5):757-766. doi: 10.5713/ajas. 2012.12524.

31. Beermann DH. Beta-adrenergic receptor agonist modulation of skeletal muscle 
growth. Journal of Animal Science. 2002;80:E18–23.

https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

