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  INTRODUCTION 
As of 2018, zilpaterol hydrochloride (ZH), a beta-
adrenergic agonist, is an approved feed additive for beef 
cattle in 17 countries. It was originally patented and mar-
keted under the trade name Zilmax (Hoechst Roussel Vet 
S.A, France). However, following patent expiration, addi-
tional “generic” forms of the compound have been ap-
proved for marketing in countries where the use of ZH as a 
feed additive is authorized. A generic drug is a pharmaceu-

tical drug that contains the same chemical substance as a 
drug that was originally protected by chemical patents. Ge-
neric drugs are allowed for sale after the patents on the 
original drugs expire. Because the active chemical sub-
stance is the same, the medical profile of generics is be-
lieved to be equivalent in performance (Dunne et al. 2013). 
A generic drug has the same active pharmaceutical ingredi-
ent as the original, but it may differ in some characteristics 
such as the manufacturing process, formulation, excipients, 
color, taste, and packaging. Even still, generic ZH dosed 

 

Twenty-four Pelibuey × Katahdin (46.7±2.4 kg initial shrunk weight) crossbred intact male lambs were 
used in a 33-d growth-performance experiment order to compared two sources of generic zilpaterol vs. pat-
ent zilpaterol on five variables of meat quality (water holding capacity, color, purge loss, cook loss, and 
shear force) shear force) of lambs finished with a high-energy diet. Dietary treatments consisted of a corn-
based finishing diet (13.3% crude protein and 2.11 Mcal of net energy for maintenance/kg dry matter) sup-
plemented with no zilpaterol (control) or supplemented with the label dosage (125 mg of product/kg diet, 
as-fed basis) with patent brand zilpaterol [Zilmax® (ZIL)] or with two generic ZH sources [Grofactor® 
(GRO) or Zipamix® (ZIPA)]. Weight at slaughter was 50.93, 54.55, 54.20, and 54.50 kg for control, ZIL, 
GRO, and ZIPA, respectively. The average intake of zilpaterol was 0.16 mg ZH/kg live weight. There were 
no differences between zilpaterol sources on meat quality variables evaluated. Compared to controls, zilpa-
terol supplementation did not appreciably affect color, water-holding capacity, and drip loss. However, 
supplemental zilpaterol averaged an increased 36% shear force (4.11 vs. 2.63). It is concluded that the ge-
neric zilpaterol sources tested in the present experiment affect similarly the meat quality of hairy lambs fed 
a high-energy diet than patent brand zilpaterol. Zilpaterol affected mainly the tenderness of the meat.  
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from 0.10 to 0.20 mg/kg live has been shown a similar ef-
fects on growth performance and carcass characteristics 
than patent brand ZH when supplemented in finishing hairy 
lambs (Avendaño-Reyes et al. 2018). On the other hand, 
previous reports indicate that some generic ZH affects dif-
ferently the meat quality in cattle (Avendaño-Reyes et al. 
2016) and fat depot in lambs (Rivera-Villegas et al. 2019). 
However, information about the effects of generic ZH on 
lamb meat quality is scarce, and no information is available 
on the effects of different generic ZH sources on meat qual-
ity of lambs that have been tested in the same experiment. 
For this reason, the aim of this experiment was to compare 
two sources of generic ZH vs. patent brand ZH in meat 
quality of lambs finished with high-energy diet. 

  

  MATERIALS AND METHODS 
All procedures were conducted within the guidelines of 
approved local official techniques specifications for the 
care and use of laboratory and farm animals (NOM-062-
ZOO-1999) and humanitarian sacrifice (NOM-033-ZOO-
2014).  

Twenty-four Pelibuey × Katahdin (¼ Pelibuey and ¾ 
Katahdin, 46.7±2.4 kg initial shrunk weight) crossbred in-
tact male lambs were used in a 33-d growth-performance 
experiment to evaluate the treatment effects on meat qual-
ity. Lambs were placed in individual pens (6 
lambs/treatment). Description of diets and the management 
of experimental units prior and during the experiment were 
previously described by Rivera-Villegas et al. (2019). Die-
tary treatments (Table 1) consisted of a corn-based finish-
ing diet (13.3% crude protein and 2.11 Mcal of net energy 
for maintenance/kg) supplemented with no zilpaterol (con-
trol), or the, same basal diet plus the label dosage (125 mg 
of product/kg diet, as-fed basis) of zilpaterol hydrochloride 
(ZH) as Zilmax® (ZIL, MSD Salud Animal Mexico, Santi-
ago Tianguistenco, Mexico), Grofactor® (GRO, Laborato-
rios Virbac México, Guadalajara, Mexico), or Zipamix® 
(ZIPA, Pisa Agropecuaria, Guadalajara, Mexico). In such a 
way that treatments were configured by a 1 Control group, 
1 group received a patent-brand ZH, and 2 groups received 
two different sources of generic ZH; then, treatments were: 
1) controls, 2) brand ZH (ZIL), 3) generic ZH (GRO), and 
4) generic ZH (ZIPA). According to the label, all products 
tested contained 4.8% ZH. Thus, the dosage of 125 mg of 
product/kg diet corresponds to a dietary ZH concentration 
of 6 mg/kg (as feed basis). Supplemental ZH was hand-
weighed using a precision balance (Ohaus, mod AS612, Pine 
Brook, NJ), and premixed for 5 min with the other minor 
dietary ingredients (urea, limestone and trace mineral salt) 
before incorporation into a complete mixed basal diet using 
a 2.5 m3 capacity paddle mixer (mod 30910-7, Coyoacán,  

México). To avoid contamination, the mixer was thoroughly 
cleaned between each treatment. Zilpaterol hydrochloride was 
supplemented for 30 d followed by a 3-d pre-harvest with-
drawal when all lambs received the non-supplemented basal 
control diet. Zilpaterol treatments were withdrawn three 
days before harvest. All lambs were harvested on the same 
day. After humanitarian sacrifice, lambs were skinned, and 
the gastrointestinal organs were separated. After carcasses 
(with kidneys and internal fat included) were chilled in a 
cooler at -2 ˚C to 1 ˚C for 48 h. At 48-h of chilling, two 
longissimus muscle (LM) steaks (3-cm thick) from each 
carcass (6 per treatment) were removed between 12th and 
13th rib interface, preserved immediately on dry ice, and 
shipped to the meat quality laboratory for storage at 4 ˚C 
until days postmortem. At 14 days postmortem, steaks were 
frozen at −20 ˚C vacuum packaged and stored for subse-
quent meat quality trait analysis. Variables measured in-
cluded water holding capacity (WHC), color, purge loss 
(PL) at 24 and 48-h, cook loss (CL), and shear force (SF). 
The color values L* (lightness), a* (redness), and b* (yel-
lowness) were determined using a Minolta CR-410 spectro-
photometer (Konica Minolta Camera Co., Ltd, New Jersey, 
USA). The chroma (C*) and hue angle (h˚) were estimated 
as C*= [(a*) 2 + (b*) 2]¹ ₂⁄ , and h˚= tan − 1 (b*/a*). The 
10-cm-thick steaks previously obtained from the rib were 
thawed and cooked at 21-d postmortem followed the proce-
dures described by López-Carlos et al. (2014), previously 
cooked steaks were aged at 4 ˚C for 24 h. To obtain SF val-
ues, 1 × 1 × 3 cm cores were taken from each cooked steak 
parallel to the orientation of the muscle fibers. The SF 
measurements (kg/cm2) were determined using a Lloyd 
texturometer (Lloyd Instruments, Fareham, Hampshire, 
UK) equipped with Warner-Bratzler shear blades with a 
crosshead speed of 50 mm/min. Water-holding capacity 
was determined using a modified compression technique 
from the method termed press-juice, in which 0.3 kg of a 
meat sample is positioned between 2 layers of filter paper 
and 2 plaques of acyclic Plexiglas, and compressed at a 
force of 5 N for 60 s using the Lloyd texturometer. The 
WHC was estimated as juice lost divided by the initial 
sample mass. Drip loss was measured using the technique 
described by López-Carlos et al. (2014). The zilpaterol hy-
drochloride concentrations for the various sources (blind 
samples) were assayed by MSD quality control laboratory 
(MSD Salud Animal Mexico, Santiago Tianguistenco, 
México). Data were analyzed using the ‘mixed’ procedure 
of SAS (2007). The results were analyzed according to a 
completely randomized design using each lamb as an ex-
perimental unit. The linear model for dependent variables 
included common effect, fixed component of treatment, 
initial weight as the covariate, and the variation between 
lambs within treatment as a random effect.  
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As covariate was nonsignificant (P>0.05), then it was 
eliminated from the analysis. Contrasts performed were: 1) 
controls vs. ZH, analyzed as controls response vs. the aver-
age of the response of all ZH sources (ZIL+GRO+ZIPA/3), 
and 2) patent (ZIL) vs. generics (GRO and ZIPA), analyzed 
as ZIL response vs. the average of the response of generic 
ZH sources (GRO+ZIPA/2). Additionally, the treatment 
means were separated using the least significant difference 
test (Tukey´s test). Treatment effects were considered sig-
nificant when the value of P ≤ 0.05, and were identified as 
trends when the value of P > 0.05 and ≤ 0.10. 
 

  RESULTS AND DISCUSSION 
Assayed zilpaterol hydrochloride concentrations averaging 
47.8, 47.3 and 51.2 g ZH/kg of product for ZIL, GRO, and 
ZIPA, respectively. Thus, based on average as-fed intake, 
ZH intake averaged 7.92, 7.73, and 8.1 mg/d, correspond-
ing to 0.157, 0.153, and 0.162 mg ZH/kg LW for lambs fed 
ZIL, GRO, and ZIPA, respectively. Thus the average intake 
of ZH was 0.157 mg ZH/kg LW. Recommended doses for 
ZH are from 0.10 to 0.20 mg ZH/kg LW (Estrada- Angulo 
et al. 2008; Avendaño-Reyes et al. 2018). 

Weight at slaughter was 50.93, 54.55, 54.20, and 54.50 
kg for control, ZIL, GRO, and ZIPA, respectively. The car-
cass responses to the treatments were previously reported 
by Rivera-Villegas et al. (2019) in which zilpaterol (ZH) 
supplementation, regardless of ZH source, increased hot 
carcass weight (6.4%), dressing percentage (3.2%), LM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Composition of basal diet supplemented with different sources of zilpaterol hydrochloride

Zilpaterol sources 
Item 

None Zilmax Grofactor Zipamix 

    Ingredient composition (%)  
Dry-rolled corn 64.50 64.50 64.50 64.50 

Sudan grass hay 12.00 12.00 12.00 12.00 

Soybean meal 10.00 10.00 10.00 10.00 

Zilpaterol hydrocholride1     

Zilmax ---- +++ ---- ---- 

Grofactor ---- ---- +++ ---- 

Zipamix ---- ---- ---- +++ 

Molasses cane 8.00 8.00 8.00 8.00 

Urea 0.43 0.43 0.43 0.43 

Tallow 3.00 3.00 3.00 3.00 

Trace mineral salt2 2.07 2.07 2.07 2.07 

Dry matter (DM) 87.55 87.55 87.55 87.55 

    Chemical composition, (DM basis) 

Total crude protein (%) 13.23 13.23 13.23 13.23 

Ether extract (%) 5.57 5.57 5.57 5.57 

Neutral detergent fiber (%) 16.65 16.65 16.65 16.65 

Calculated net energy3 (Mcal/kg)         

Maintenance 2.11 2.11 2.11 2.11 

Gain 1.44 1.44 1.44 1.44 
1 Sources of zilpaterol hydrochloride [Zilmax (ZIL, MSD Salud Animal Mexico, Estado de Mexico, Mexico); Grofactor (GRO, Laboratorios Virbac México, Guadalajara, 
Mexico), and Zipamix (ZIPA, Pisa Agropecuaria, Guadalajara, Mexico)] were supplemented to provide 6 mg zilpaterol hydrochloride/kg diet (as-fed basis). 
2 Mineral premix contained: Calcium: 28%; Phosphorous: 0.55%; Magnesium: 0.58%; Potassium: 0.65%; NaCl: 15%; vitamin A: 1100 IU/kg and vitamin E: 11 UI/kg. 
3 Based on tabular net energy (NE) values for individual feed ingredients (NRC, 2007). 

 
area (15.6%), and shoulder muscle: fat ratio (28.7%), but 
decreased kidney-pelvic-heart fat, and fat thickness. How-
ever, compared with non-supplemented controls, only pat-
ent ZH appreciably decreased carcass fat distribution, in-
cluding fat thickness, percentage kidney pelvic and heart 
fat, shoulder fat, and visceral fat. 

There were no differences between zilpaterol source 
(patent vs. generics) on meat quality variables evaluated 
(Table 2). In previous reports, zilpaterol source (patent and 
generics) have been similar effects on growth performance 
and carcass characteristics in feedlot lambs (Rivera-
Villegas et al. 2019) and in feedlot cattle (Avendaño-Reyes 
et al. 2016). With regard to the effects on meat quality be-
tween generic and patent brand zilpaterol, to our knowledge 
only one study are available (Avendaño-Reyes et al. 2016). 
These researchers comparing GRO vs ZIL (dosed at 0.15 
mg/kg LW) in young bulls that were fed with a high energy 
diet (2.12 Mcal NEm/kg diet DM). Chroma value (C*) was 
lower to GRO reading at 48-h after slaughter, but this effect 
has vanished at the reading obtained at 14-d after slaughter 
in which no differences in meat color were detected be-
tween generic and patent brand zilpaterol. Our results, as 
well as previous findings could be indicative that the differ-
ences regard to quality control during manufacturing and 
marketing, uniformity, purity, drug particle size, and carrier 
used between generics and patent brand are minimal. Con-
firming the bioequivalence between patent brands and ge-
neric products.  
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There was no effect of ZH on meat color. It is well 

known the importance of meat color for consumers, rejec-
tion of acceptance is highly associated with excessively 
darken color of meat. Even when there is limited informa-
tion on the effect of ZH on the meat quality of lambs, pre-
vious reports indicate that ZH supplementation reduces, or 
tended to reduce, a* (redness) value in meat of lambs (pat-
ent brand ZH; Partida et al. 2015, and generic ZH; 
Cayetano-De-Jesús et al. 2020), and goats (patent brand 
ZH; López-Carlos et al. 2014). The main argument for ex-
plain the reduction in a* value have been the “dilution ef-
fect” on myoglobin concentration resulting by an increase 
of sarcomere size by ZH supplementation (Carr et al. 2005) 
or by reduction of marbling (intramuscular fat depot) by 
ZH, considering that body fat becomes white when rumi-
nants are feeding high-grain diets (Dunne et al. 2009). 
However, in feedlot cattle, consistent with the present 
study, the influence of supplemental ZH on color has been 
negligible (Elam et al. 2009; Montgomery et al. 2009; 
Walter et al. 2018). It has been reported that dietary energy 
concentration it’s an important factor in myoglobin concen-
tration (Daly et al. 1999). In the experiments performed 
with lambs and goats (López-Carlos et al. 2014; Partida et 
al. 2015; Cayetano-De-Jesús et al. 2020), dietary energy 
was below 2.03 Mcal of net energy for maintenance/kg DM 
(average of all experiments= 1.85 Mcal NEm/kg), while in 
this experiment, the net energy value was 12% greater (2.11 
Mcal NEm/kg). This energy concentration is similar to the 
dietary NE concentration in the studies with feedlot cattle in 
which no effect of ZH in meat color was observed (over of 
2.10 Mcal NEm/kg, Elam et al. 2009; Montgomery et al. 
2009; Walter et al. 2018). More research is needed to 
evaluate the effects of ZH on meat quality when supple-
mented on moderated energy diets (i.e.<2.0 Mcal NEm/kg 
diet DM). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 2 Effect of treatments on meat quality of hairy lambs finished with a high-energy diet

Treatments1 P-value 
 Item 

Compared to controls, ZH supplementation averaged an 
increased 36% shear force (4.11 vs. 2.63, P<0.05). There is 
scarce information about of ZH supplementation effect on 
SF values in the meat of lambs, However, the value deter-
mined here is very similar to the average increase of 38% 
reading at 5 and 10-d postmortem reported by Cayetano-
De-Jesús et al. (2020) for lambs received 0.20 mg ZH/kg 
LW. Increases on SF of meat to ZH supplementation is a 
common response in feedlot cattle. Hilton et al. (2009) ob-
served that, compared to the control group, meat of steers 
that were supplemented with ZH showed a higher SF re-
corded at 7, 14, and at 21 days postmortem. This becomes 
more evident with aging because it has been observed that 
SF not decreases with aging for the ZH treated steers, 
whereas the controls become more tender with aging. The 
lack of tenderization in ZH supplemented cattle has been 
attributed, in part, to increased levels of calpastatin, which 
interacts with the calpains that contribute significantly to 
postmortem tenderization of meat (Geesink and Kooh-
maraie, 1999). 
 

  CONCLUSION 

It is concluded that the generic zilpaterol sources tested in 
the present experiment affect similarly the meat quality of 
hairy lambs finished with high-energy diet (>2.10 Mcal 
NEm/kg) when compared with patent zilpaterol. Zilpaterol 
supplementation mainly affected tenderness of meat in-
creasing shear force. 
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Control ZIL GRO ZIPA 
SEM Patent vs. 

generics3 
Control vs. ZH2  

Water holding capacity,% 24.84 21.20 23.14 23.25 1.35 0.15 0.24 

Purge loss, %        

24-h 5.24 5.16 4.93 3.99 0.73 0.53 0.46 

48-h 6.53 5.65 5.64 5.19 0.72 0.21 0.79 

Color4        

L 41.10 40.66 40.45 39.07 1.00 0.43 0.55 

a* 21.23 21.07 21.64 20.80 0.55 0.91 0.83 

b* 6.01 5.05 5.86 5.05 0.41 0.16 0.44 

Cook loss, % 23.72 19.56 21.92 21.04 1.83 0.19 0.41 

Shear force, kg/cm2 2.63 3.82 4.27 4.24 0.29 < 0.01 0.25 
1 Dietary treatments: Control: with no zilpaterol; ZIL: zilpaterol hydrochloride as patent brand Zilmax® (MSD Salud Animal Mexico, Santiago Tianguistenco, Mexico); 
GRO: Grofactor® as generic (Laboratorios Virbac México, Guadalajara, Mexico) and ZIPA: Zipamix® as generic (Pisa Agropecuaria, Guadalajara, Mexico). 
2 Contrast performed was control (with no zilpaterol) vs. the average of response ZH sources tested (ZIL+GRO+ZIPA/3). 
3 Contrast performed was patent ZH (ZIL) vs. the average of the response of generic ZH sources (GRO+ZIPA/2). 
4 The color values are interpreted as L* (lightness), a* (redness), and b* (yellowness). 
SEM: standard error of the means. 
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