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Figure 1. Histopathological representation of testis from INJ (A) and BUL (B) collected upon 

harvest. INJ = bulls that received 1 mL (100 mg Zn) of a Zn solution in each testis, BUL = bulls 

with testicles remaining intact. 
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Figure 2. Effect of castration and castration method upon feedlot arrival on scrotal 

circumference of beef cattle. BAN = bulls that received blood-restrictive rubber band placed 

upon the dorsal aspect of the scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn 

solution in each testis, BUL = bulls with testicles remaining intact. Effect of treatment (P < 

0.01), day (P < 0.01), and treatment × day (P < 0.01) were detected. * INJ differs from BAN and 

BUL (P ≤ 0.02). 
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Figure 3. Effect of castration and castration method upon feedlot arrival on testis thickness of 

beef cattle. BAN = bulls that received blood-restrictive rubber band placed upon the dorsal 

aspect of the scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn solution in each testis, 

BUL = bulls with testicles remaining intact. Effect of treatment (P < 0.01), day (P < 0.01), and 

treatment × day (P < 0.01) were detected. * INJ differs from BAN and BUL (P ≤ 0.05). 
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Figure 4. Effect of castration and castration method upon feedlot arrival on serum testosterone 

concentrations of beef cattle. BAN = bulls that received blood-restrictive rubber band placed 

upon the dorsal aspect of the scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn 

solution in each testis, BUL = bulls with testicles remaining intact. Effect of treatment (P < 

0.01), day (P < 0.01), and treatment × day (P < 0.01) were detected. * INJ differs from BUL (P < 

0.01). 
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Figure 5. Effect of castration and castration method upon feedlot arrival on serum haptoglobin 

concentrations of beef cattle. BAN = bulls that received blood-restrictive rubber band placed 

upon the dorsal aspect of the scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn 

solution in each testis, BUL = bulls with testicles remaining intact. Effect of treatment (P < 

0.01), day (P < 0.01), and treatment × day (P < 0.01) were detected. * INJ differs from BAN and 

BUL (P < 0.01). 
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ABSTRACT 

One hundred and eighty beef bulls (BW = 337 ± 10.9 kg) were blocked by BW (6 blocks) 

and assigned randomly to 1 of 3 treatments on d 0: 1) INJ; received 1 mL (100 mg Zn) of a Zn 

solution in each testis, 2) BAN; received blood-restrictive rubber band placed upon the dorsal 

aspect of the scrotum, 3) BUL; bulls with testicles remaining intact. Cattle were grouped by 

weight block in a randomized complete block design (3 treatment pens/block and 10 cattle/pen) 

and harvested by block on three separate dates when blocks reached similar BW and visual fat 

thickness accretion. Striploins were removed from the left carcass sides, vacuum packaged and 

aged for 14 d, then frozen at -20°C. Frozen striploins were sliced into 2.54-cm-thick steaks and 

remained frozen until analyses. Steaks (n = 3/animal) were used to assess consumer acceptability 

via consumer taste panel (n = 152 panelists), Warner-Bratzler shear force, percentage cook loss, 

and cooked color values. Data were analyzed using the MIXED and GLIMMIX procedures of 

SAS; pen was the experimental unit for all dependent variables. Hot carcass weights and LM 

area were greater (P < 0.01) for the INJ and BUL treatments compared to BAN. Mean yield 

grade did not differ between treatments (P = 0.12). Percentage of USDA Choice or greater 

carcasses was greater (P < 0.01) for BAN than INJ and BUL treatments. Consumer panelists 

detected a difference in perceived tenderness; BAN steaks had greater (P = 0.02) tenderness 

scores than BUL steaks whereas INJ steaks were intermediate. Panelists rated juiciness of BAN 

steaks greater (P < 0.01) than either BUL or INJ steaks. Panelists rated beef flavor greater (P = 

0.01) for BAN and BUL steaks than INJ steaks. Overall acceptability was greater (P < 0.01) for 

BAN compared to INJ steaks whereas BUL steaks were intermediate. Percentage cook loss of 

striploin steaks (P = 0.47) and Warner-Bratzler shear force values (P = 0.11) did not differ 

between treatments. Cooked color lightness values (L*) and redness values (a*) were not 
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affected (P ≥ 0.23) by treatment. Striploin steaks from BAN and BUL treatments had greater (P 

= 0.02) yellowness values (b*) than INJ steaks. The ratio of red-to-brown (630:580 nm) of 

cooked striploin steaks were greater (P = 0.05) for INJ than either BAN or BUL treatments. 

Carcass and palatability outcomes of INJ was more similar to BUL than BAN, suggesting 

limited efficacy of INJ as a castration method in more mature beef bulls at feedlot entry.  

Key words: beef bulls, carcass traits, castration, consumer taste panel, zinc 

INTRODUCTION 

Alternative castration methods are of increasing importance to producers because 

consumers are more sensitive toward animal management practices (Lamb et al., 2016). 

Currently, bulls that arrive at feedlots are castrated (92.5%) predominantly by surgical (50.4%) 

and banding (42.9%) procedures, with no reported use of chemical castration (NAHMS, 2011).  

Castration reduces animal aggression by eliminating endogenous testosterone and improves meat 

quality by increasing intramuscular adipose deposition resulting in greater quality grades and 

improved tenderness, juiciness, and flavor ratings (Carroll et al., 1975; Calkins et al., 1986). 

Castration also increases the presence of glycolytic muscle fibers and reduces the frequency of 

“dark cutting beef” from antemortem stress due to the depletion of muscle glycogen which 

reduces the presence of lactic acid resulting in increased muscle pH (Scanga et al., 1998). Once 

more, castration decreases LM area, G:F, ADG, BW and HCW compared to bulls; however, the 

performance reduction in steers is commonly ameliorated by the use of growth promoting 

implants containing low dose analogues of testosterone (Price et al., 1980). 

Chemical castration utilizing zinc gluconate injection in the testes has been evaluated in 

companion animals as an alternative to traditional castration methods (Oliveira et al., 2013); 

however, this method has been minimally explored in beef cattle. An injectable product 
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consisting of zinc acetate neutralized by L-histidine (Calviex, Cowboy Animal Health, Plano, 

TX) has been approved by the FDA for proof-of-concept investigation in beef bulls. The 

objective of this study was to determine the effects of castration and castration method upon 

feedlot arrival on carcass traits and consumer acceptability of male beef cattle. The authors 

hypothesized that carcass traits and consumer acceptability of bulls injected with zinc would be 

similar to the traditionally band-castrated cattle and differ compared to intact bulls. 

MATERIALS AND METHODS 

Animal care and use procedures and protocol approval, arrival processing procedures, 

growth performance, behavior, and serum testosterone and haptoglobin concentrations are 

previously described in a companion study (Ball et al., 2018). There is no animal care and use 

protocol associated with the post-mortem data reported in this study. The protocol used in this 

study was approved by the Institutional Review Board (#13-05-713) of the University of 

Arkansas (Fayetteville, AR). Prior to participation, experimental procedure was explained and a 

written consent indicating voluntary participation was obtained from each participant. 

Briefly, the experimental treatments consisted of: 1) INJ; received 1 mL (100 mg Zn) of a Zn 

solution in each testis, 2) BAN; received blood-restrictive rubber band placed upon the dorsal 

aspect of the scrotum, 3) BUL; bulls with testicles remaining intact. Body weights were obtained 

on the d of shipment to feedlot (d -1) and used to determine appropriate BW block allocation to 

facilitate a randomized complete block design. Blocks were constructed by stratification of d -1 

BW, arrival date during backgrounding phase, and number of times treated with an antibiotic. 

The lightest 10 animals within a treatment were allocated to a pen, followed by the 10 next 

lightest animals, and so on until 6 pens within each treatment were allocated. Pens within block 

(3/block) were harvested on three separate d according to their projected final BW and visual 
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appraisal by trained personnel for market readiness. Blocks 5 and 6 were harvested (USDA 

Establishment #3, Cactus, TX) on d 155; blocks 3 and 4 were harvested on d 176; blocks 1 and 2 

were harvested on d 197. Approximate age of cattle at time of harvest was 14 to 18 mo of age; 

however, cattle were purchased from regional sale barns and exact age of cattle is unknown. 

Carcasses were evaluated after a 24-h chill period. Harvest floor data, crest height, and lean color 

score at the 12th rib were recorded by trained personnel (blinded to treatment) from the West 

Texas A&M University (WTAMU) Beef Carcass Research Center (Canyon, TX). USDA quality 

and yield grade as well as LM area and preliminary yield grade were determined by a vision 

camera system (VBG 2000; E+V Technology GmbH, Oranienberg, Germany). 

Procurement 

Approximately 24 h after slaughter, striploins from the left side of each carcass were 

obtained from the beef processor and transported to the WTAMU Meat Lab, wet aged for 14 d 

and then frozen at -20°C. Frozen striploins were transported to the University of Arkansas Red 

Meat Abattoir, then sliced into 2.54-cm-thick steaks such that a minimum of 3 steaks were 

obtained from each striploin. One steak was used for cooking loss, Warner-Bratzler shear force, 

and cooked color; the remaining 2 steaks were used for a consumer taste panel.  

Cooking loss 

Prior to cooking for determination of Warner-Bratzler Shear Force (WBSF), steaks (n = 

120) from blocks 1 through 4 (blocks 5 and 6 were not used for cooking loss analysis) were 

thawed for 24 h at 4°C, blotted dry, and weighed before cooking on a preheated (204°C) 

electronic countertop griddle (model 0690005; National Presto Industries, Inc., Eau Claire, WI). 

Steaks were turned every 4 min until they reached an internal temperature of 71°C in the 

geometric center as determined by a digital thermometer (C28 K Type; Comark Instruments, 
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Beaverton, OR). Steaks were allowed to cool to room temperature (23°C) before being 

reweighed to calculate cooking loss [100- ((cooked weight/raw weight after thawing) × 100)]. 

Warner–Bratzler Shear Force 

Steaks (n = 180) used for determination of WBSF values as a proxy for tenderness were 

cooked using the same procedures as previously described, and after cooking and cooling to 

room temperature (23°C), six 1.27 cm-diameter cores were removed from each steak parallel to 

the muscle fiber orientation. Each core was sheared perpendicular to the longitudinal positioning 

of the muscle fibers in the geometric center of the sample using a WBSF device attached to an 

Instron Universal Testing Machine (model 4466; Instron Corp., Canton, MA), equipped with a 

50-kg load cell and a crosshead speed of 24.9 cm/min. Shear force values (reported in kgF) were 

the average of 6 cores from each steak. 

Cooked Color 

Before WBSF cores were removed, each steak was sliced laterally and instrumental color 

(L*, a*, b*) was determined immediately. Cooked color values for each steak were determined 

from an average of 3 randomly placed readings with a Hunter MiniScan XE Plus (Hunter 

Associates Laboratory, Reston, VA) using Illumina A with a 9-mm aperture and a 10° 

observation angle. Red-to-brown was calculated as the reflectance ratio of 630 to 580 nm 

(representing the change of denatured myoglobin during cooking to either metmyoglobin or 

denatured myoglobin). Instrumental cooked color values were used to calculate hue angle 

(representing a change from the true red axis) as: tan-1(b*/a*), chroma (representing the total 

color) as: (a*²+b*²)1/2. The colorimeter was calibrated against standard black and white tiles 

before data collection. 
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Consumer Taste Panel 

Consumer panels (15 sessions; 152 panelists) were conducted on a single day at the 

University of Arkansas Food Science and Sensory Laboratory (Fayetteville, AR). Consumers 

were screened before panel participation; prerequisites for participation included male or female 

(18 to 55 yr old) consumers who consumed beef and liked steak. Each panelist was assigned a 

random number and instructed to sit at a designated monitor to complete each sample ballot. 

Panels were conducted with 8 to 12 consumers/session; each session lasted approximately 20 

min. Consumer panelists were provided a Styrofoam tray containing a napkin, fork, water, and 3 

saltine crackers. The water and saltine crackers were available to each panelist to cleanse their 

palette between each sample and they were instructed to do so prior to consumption of each 

sample. Steaks were cooked on electronic countertop griddles (model G767; Farberware, 

Fairfield, CA) and turned every 4 min until an internal endpoint temperature of 71.1°C was 

achieved. Internal temperature was monitored using digital thermometers (model 51 TI 

Thermometer; Fluke Corp., Everett, WA) placed in the geometric center of each steak. For each 

session, steaks (minimum of one per treatment) were cooked and allowed to rest for 3 to 5 min 

before cutting. Each cooked steak was trimmed of the outside edges, excess muscle, and fat 

before cutting into 1cm × 1cm × cooked steak thickness. Pieces were randomly identified with a 

3-digit code for assessment and held in a warmer (model MP-941; Henny Penny Corp., Eaton, 

OH) at 62.8°C for approximately 10 min during each sensory evaluation session. Samples were 

presented to consumer panelists in randomized order and each panelist evaluated their steak 

piece at his/her own pace for overall scale (1 = dislike extremely, 2 = dislike very much, 3 = 

dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like 

moderately, 8 = like very much, and 9 = like extremely). Tests were conducted under fluorescent 
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lights with partitioned booths to isolate panelists. Questions included consumer likeness of 

tenderness, juiciness, flavor, off-flavor (yes/no), off-flavor score (if off-flavor = yes, then the 

same 1-9 likert scale described previously was used), and overall acceptability. The off-flavor 

yes/no was utilized to determine if consumers detected what they perceived as an off-flavor in 

the steak samples and then, of those who detected an off-flavor, where did it rank on the likert 

scale. 

Statistical Analyses 

Statistical analyses were conducted for all outcome variables in a randomized complete 

block design. Data were tested for normality using PROC UNIVARIATE and nonparametric 

data were log-transformed prior to analysis if normality was improved. If normality was not 

improved, initial geometric means were utilized. Quantitative carcass and steak variables were 

analyzed using the mixed model procedure of SAS (SAS Inst. Inc., Cary, NC) with treatment as 

the lone fixed effect and block as the random effect. Categorical carcass and ordinal scale 

consumer panel data were analyzed using PROC GLIMMIX of SAS. Pen was the experimental 

unit for all dependent variables analyzed. Means were separated at an α of 0.05 using the PDIFF 

option in SAS. Statistical significance was declared at P ≤ 0.05, and tendencies were declared at 

0.05 < P ≤ 0.10 for all dependent variables.  

RESULTS AND DISCUSSION 

Carcass Characteristics 

 The percentage of cattle grading USDA Choice was greater (Table 1; P < 0.01) in BAN 

(55.6%) than either BUL (28.3%) or INJ (23.9%). Conversely, the percentage of cattle grading 

USDA Select or USDA Standard were greater (P < 0.01) in BUL (71.7%) and INJ (76.1%) than 

in BAN (44.4%). No cattle graded USDA Prime nor were there any cattle assigned as “no-rolls”. 
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All cattle were A maturity with no ossification of the lumbar or thoracic vertebrae with distinct 

separation of the sacral vertebrae. Quality grades are assigned based on marbling and skeletal 

maturity and can be affected by non-genetic factors including pre-feedlot nutrition and health. 

Castration increases marbling and therefore quality grade compared to bulls due to reduced 

testosterone concentrations in steers (Field, 1971). No growth implants were used during the 

current study because the authors anticipated similar results between BAN and INJ compared to 

BUL and did not want the effects of implants of either BAN or INJ to confound castration 

treatment. A review by Duckett and Pratt (2014) reported that use of growth implants reduced 

marbling scores between 3 and 12% depending on the type of implant and number of times 

implanted compared to a non-implanted control. Therefore, had we implanted BAN, their quality 

grades may have been comparable to BUL and INJ.  As expected, castration via BAN affected 

quality grade as a function of increased fat deposition compared to INJ and BUL. The injection 

of Zn did not alter quality grade from that of BUL; similar quality grades noted in BUL and INJ 

is indicative of limited efficacy in INJ to reduce male characteristics associated in bulls 

compared to steers. 

There were no differences (Table 1; P = 0.30) between treatments in the percentage of 

cattle grading USDA yield grade 1. According to the USDA (2016), only 5.7% of beef carcasses 

grade USDA 1; therefore, the results in the current study concur as a small percentage of cattle 

graded USDA 1, which explains the absence of treatment differences. However, the percentage 

of cattle grading USDA yield grade 2 were greater (P = 0.04) for INJ (59.1%) than BAN (27.6%) 

whereas BUL (37.4%) were intermediate. The increase in percentage of USDA yield grade 2 in 

INJ compared to BAN is relative to the antagonistic relationship between quality and yield. 

Intramuscular fat deposition (marbling) is the lowest priority of the 4 fat depots to occur in cattle: 
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internal, subcutaneous, and intermuscular fat deposition, respectively, occur prior. Hence, cattle 

with greater marbling often have greater subcutaneous fat, which negatively affects their yield 

grade. There was a tendency (P = 0.06) for the percentage of cattle grading USDA yield grade 3 

to be greater for BAN (51.8%) than either BUL (28.2%) or INJ (27.7%).  There were no 

differences (P = 0.13) between treatments for the percentage of cattle grading either USDA 4 or 

5; however, it should be noted that only 4.2% of INJ were USDA 4 or 5 compared to BAN 

(17.0%) or BUL (23.1%) and a larger number of animals is likely required to statistically resolve 

the numerical difference in percentage of carcasses grading USDA 4 or 5. The percentage of 

cattle that graded USDA 4 or 5 was greater than the national average (USDA 4 = 11.0% and 

USDA 5 = 1.8 %; USDA 2016) and is indicative of greater fat deposition and/or reduced muscle 

accretion. 

Hot carcass weights were greater for INJ (404 kg) and BUL (414 kg) compared to the 

BAN (366 kg) treatment (Table 2; P < 0.01). Tavarez et al. (2014) reported that immunocastrated 

pigs had reduced final BW compared to surgically castrated pigs; however, immunocastrated 

pigs had greater HCW compared to surgically castrated pigs indicating a greater dressed carcass 

yield in immunocastrated pigs. Previous research in chemically (lactic acid) castrated bulls 

reported that bulls had greater hot carcass weights compared to chemically castrated cattle 

(Cohen et al., 1991). Similarities in HCW between INJ and BUL correlates with similarly 

increased serum testosterone concentrations (Ball et al., 2017) and was phenotypically confirmed 

via noticeably increased male characteristics possessed by both INJ and BUL treatments. Crest 

height was greater (P = 0.01) in BUL (25.1 cm) and INJ (25.7 cm) compared to BAN (20.8 cm). 

Crest height is a phenotypic indicator of the effects of testosterone; thus, the increase in crest 

height observed for BUL and INJ compared to BAN was expected due to the difference in 
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testosterone concentrations reported in the companion study (Ball et al., 2017). Dressed carcass 

yields were not affected (P = 0.72) by treatment. Bulls typically have greater dressed carcass 

yields compared to steers due to increased muscling. However, that did not occur in the current 

study, likely due to INJ not causing complete cessation of testicular function as noted by serum 

testosterone not completely ablated by INJ. Marbling scores were greatest in BAN (Small 15) 

compared to either INJ (Slight 61) or BUL (Slight 70; P < 0.01). The current study concurs with 

Pérez-Linares et al. (2017) where Holstein bulls immunocastrated with Bopriva (Zoetis) on 4 

different occasions had greater marbling scores than bulls treated with a saline placebo. It should 

be noted that serum testosterone was significantly reduced in the immunocastrated treatment 

evaluated in the previously mentioned study; whereas, in the current study serum testosterone 

was similar for INJ and BUL prior to harvest. Lean color scores and fat depth were similar (P ≥ 

0.17) between treatments.  Because cattle were harvested with similar visual assessment of fat 

deposition, the similar preliminary yield grade was expected.  Conversely, LM area was greater 

(P < 0.01) in BUL (101.3 cm2) and INJ (98.1 cm2) than BAN (87.7 cm2). Cohen et al. (1991) 

reported adjusted rib-eye area of bulls was greater compared to surgical castrates and also greater 

compared to chemically castrated (lactic acid) cattle in one year of a two-year study. 

Longissimus muscle area is highly correlated to carcass weight which is supported by the current 

study; however, BAN cattle were not implanted with analogues of testosterone as per standard 

industry practices which presumably would have increased both HCW and LM area. Similar LM 

area in BUL and INJ supports the increase in serum testosterone concentration in INJ and BUL 

compared to BAN, indicative of limited castration efficacy in INJ.  Estimated percentage of 

kidney, pelvic, and heart fat was similar (P = 0.99) between treatments as was expected due to 

similar external fat deposition between treatments. Previous research by Pérez-Linares et al. 
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(2017) report increased KPH fat in immunocastrated bulls compared to placebo bulls left intact 

which differs from the current study. Numeric yield grade did not differ (P = 0.12) between all 

treatments. Our carcass variable observations suggest limited efficacy of INJ to reduce male 

characteristics via castration as indicated by similar characteristics of BUL and INJ compared to 

BAN. 

Consumer Taste Panel 

Consumer taste panelists (n = 152) were predominantly female (71.7%); age varied from 

18 to 24 yr old (8.6%), 25 to 34 yr old (25.8%), 35 to 45 yr old (17.2%), 46 to 54 yr old (23.2%), 

55 to 65 yr old (13.3%), and over 65 years old (11.9%). The majority of panelists (55%) had an 

annual income less than $50,000; however, 38.1% earned at least $60,000 annually, and only 

17.2% of panelist earned less than $20,000 annually. Consumer panelists detected a difference in 

perceived tenderness; BAN steaks had greater (P = 0.02) tenderness than BUL steaks whereas 

INJ steaks were intermediate (Table 3). Panelists rated juiciness greater (P < 0.01) in BAN 

steaks than either BUL or INJ steaks. Flavor was rated by panelists as greater (P = 0.01) in BAN 

and BUL steaks than INJ steaks. Overall acceptability was greater (P < 0.01) for BAN steaks 

than INJ steaks whereas BUL steaks were intermediate. Consumers preferred BAN steaks to INJ 

and BUL steaks indicative of taste preferences of traditionally castrated beef compared to BUL 

or INJ, which possessed phenotypic male characteristics. Panelists deemed steaks from INJ to be 

similar to BUL whereas BAN was more favorable to consumers for each variable. Consumer 

detection of off-flavor was greater (P < 0.01) in INJ (28.46%) than in either BAN (17.29%) or 

BUL (16.13%) steaks. The injection of zinc negatively affected perceived off-flavor of steak 

compared to BAN or BUL indicating a potential effect of INJ on steak flavor. Of those panelists 

that deemed an off-flavor, the likeability of the off-flavor was not different (P = 0.35) between 
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treatments. Results from the consumer taste panel indicate a preference for steak from BAN 

compared to BUL or INJ; however, it should be noted that almost all of the beef consumed in the 

U.S. derived from males is from steers, thus these consumers were unaccustomed to steak from 

bulls and likely has an effect on their perception of flavor attributes. 

Cook Loss and Tenderness 

 Percentage cook loss of striploin steaks did not differ (P = 0.47) between treatments 

(Table 4). Cooking loss of steaks influences product yield as well as profitability (Kondjoyan et 

al., 2013). In agreement with the current study, Costa et al. (2007) reported no differences in 

cooking loss in steaks from crossbred (Nelore × Charolais) steers and bulls; Vaz and Restle 

(2000) reported similar results in Hereford bulls and steers. Warner-Bratzler shear force values 

did not differ (P = 0.11) between treatments (BAN = 3.7, BUL = 4.0, and INJ = 3.9 kgF) but 

numerical differences suggest slight increase in tenderness for BAN. Previous research on 

immunocastrated bulls concur with the current study as several studies have reported no 

differences in shear force values of beef from B. taurus in the feedlot due to castration or method 

(Cook et al., 2000; Miguel et al., 2014). The threshold of acceptable tenderness (< 4.55 kgF) 

utilized in the current study was based on findings reported by Tatum et al. (1999) and consensus 

established at the National Beef Tenderness Conference. Treatment did not affect (P = 0.21) the 

percent of WBSF values less than the threshold (< 4.55 kgF) of acceptable tenderness; however, 

94.5, 85.2, and 81.8% of BAN, INJ, and BUL were less than the tenderness threshold, 

respectively. Conversely, Costa et al. (2007) reported steers to have significantly improved 

tenderness values compared to bulls. A larger sample size may have been required to statistically 

resolve the numerical differences in tenderness observed from the current study. 
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Cooked Color 

 Cooked color values of striploin steaks indicate that lightness values (L*) were not 

different (P = 0.44) between treatments (Table 4). Intact males typically have lesser L* values 

(fresh or cooked color) compared to castrates due to increased pH often seen in bulls compared 

to steers (Page et al., 2001); however, the current study does not agree with previous research. 

Redness values (a*) did not differ (P = 0.23) between castration treatments.  Yellowness values 

(b*) of striploin steaks were greater (P = 0.02) for BAN and BUL than INJ which is likely due to 

more myoglobin oxidation in INJ. There was a tendency for chroma values to be greater (P = 

0.10) in BUL compared to INJ whereas BAN was intermediate. There were no differences (P = 

0.59) in hue angle values of striploin steaks. The ratio of red-to-brown (630:580 nm) of cooked 

striploin steaks was greater (P = 0.05) in INJ compared to either BAN or BUL. Red-to-brown 

ratio indicates reduced myoglobin denaturation in INJ compared to BAN or BUL. Internal 

cooked color is highly correlated to muscle pH and myoglobin concentration; greater muscle pH 

protects myoglobin from denaturation during cooking which results in an undercooked 

appearance (Trout, 1989; Hunt et al., 1999). 

 In conclusion, the percentage of cattle grading USDA Choice or better and overall 

consumer acceptability was increased for BAN compared to INJ and BUL, whereas INJ and 

BUL cattle had greater HCW, LM area, and crest height than BAN. Hence, BUL and INJ 

possessed similar carcass characteristics and consumer acceptability compared to BAN, resulting 

in disagreement with our hypothesis. Shear force, cooking loss, and instrumental cooked color 

values were minimally affected by castration or method of castration. The INJ treatment 

evaluated in the current study may be a viable option for sterilization, but not castration of more 

mature beef cattle upon feedlot entry because meat quality, consumer acceptability, and 
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testosterone concentrations were more similar to BUL than BAN. However, INJ may have value 

in a natural market setting that does not allow the use of growth implantation, places merit on 

carcass yield rather than quality, and where sterilization is desirable. 
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Table 1. Effect of castration and method of castration on USDA quality and yield grade in 

male beef cattle. 

 Treatment1   

Item BAN BUL INJ SEM2 P-value 

Quality grade, %      

  Select or Standard 44.4b 71.7a 76.1a 6.4 <0.01 

  Choice  55.6a 28.3b 23.9b 6.4 <0.01 

USDA Yield grade, %      

  1 1.9 9.4 8.7 3.3 0.30 

  2 27.6b 37.4ab 59.1a 8.4 0.04 

  3 51.8a 28.2b 27.7b 7.7 0.06 

  4 or 5 17.0 23.1 4.2 6.4 0.13 
1BAN = bulls that received blood-restrictive rubber band placed upon the dorsal aspect of the 

scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn solution in each testis, BUL = 

bulls with testicles remaining intact. 
2Pooled standard error of the mean. 

a-bRows without common letter superscript differ, P < 0.05. 
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Table 2. Effect of castration and method of castration on carcass traits in male beef cattle. 

 Treatment1   

Item BAN BUL INJ SEM2 P-value 

HCW, kg 366b 414a 404a 3.7 <0.01 

Dressed carcass yield, % 60.0 60.4 60.0 0.4 0.72 

Marbling score3 415a 370b 361b 9.3 <0.01 

Lean color score4 4.98 5.10 5.00 0.05 0.19 

Fat thickness, cm 1.47 1.37 1.17 0.1 0.17 

LM area, cm2 87.7b 101.3a 98.1a 1.9 <0.01 

KPH, % 2.03 2.03 2.03 0.03 0.99 

Yield grade 3.32 3.15 2.81 0.16 0.12 

Crest, cm 20.8b 25.1a 25.7a 1.0 0.01 
1BAN = bulls that received blood-restrictive rubber band placed upon the dorsal aspect of the 

scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn solution in each testis, BUL = 

bulls with testicles remaining intact. 
2Pooled standard error of the mean. 

3300 = Slight00; 400 = Small00; 500 = Modest00 
4Lean color score (brightness); 1 = light pink, 2 = pink, 3 = dark pink, 4 = light cherry red, 5 = 

cherry red, 6 = dark red, 7 = very dark red {1/3 dark cutter}, 8 = maroon {2/3 dark cutter}, 9 = 

dark maroon {full dark cutter} 
a-bRows without common letter superscript differ, P < 0.05. 
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Table 3. Effect of castration and method of castration on consumer taste panel outcomes in 

male beef cattle. 

 Treatment1   

Item2 BAN BUL INJ SEM3 P-value 

Tenderness 6.68a 6.16b 6.34ab 0.1 0.02 

Juiciness 6.67a 6.01b 6.08b 0.1 <0.01 

Flavor 6.44a 6.41a 6.02b 0.1 0.01 

Acceptability  6.53a 6.26ab 5.99b 0.1 <0.01 

Off-Flavor, % 17.29b 16.13b 28.46a 2.4 <0.01 

Off-Flavor Score 5.27 4.88 4.73 0.2 0.35 
1BAN = bulls that received blood-restrictive rubber band placed upon the dorsal aspect of the 

scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn solution in each testis, BUL = 

bulls with testicles remaining intact. 
2Hedonic scale: 1 = dislike extremely to 9 = like extremely. 
3Pooled standard error of the mean. 
a-bRows without common letter superscript differ, P < 0.05. 
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Table 4. Effect of castration and method of castration on cook loss, tenderness, and cooked 

color in male beef cattle. 

 Treatment1   

Item2,3 BAN BUL INJ SEM4 P-value 

Cook loss, % 22.2 21.2 22.3 0.7 0.47 

WBSF5, kg force   3.7   4.0   3.9 0.1 0.11 

WBSF < 4.55 kg force, % 94.5 81.8 85.2 5.0 0.21 

L*   57.5 56.8 57.7 0.5 0.44 

a*   17.1 17.6 16.9 0.3 0.23 

b*       16.8a  16.9a    16.4b 0.1 0.02 

Chroma        24.1ab  24.4a 23.7b 0.3 0.10 

Hue angle     44.7 44.0       44.4 0.5 0.59 

Red-to-brown        2.2b 2.2b 2.4a 0.1 0.05 
1BAN = bulls that received blood-restrictive rubber band placed upon the dorsal aspect of the 

scrotum, INJ = bulls that received 1 mL (100 mg Zn) of a Zn solution in each testis, BUL = 

bulls with testicles remaining intact. 
2Cook loss = 100 – ((cooked weight/ raw weight) * 100); WBSF = mean kgF of 6 cores per 

steak. 
3L* = lightness, a* = redness, b* = yellowness, Chroma = intensity of light, Hue angle = 

distance from true red axis, Red-to-brown = spectral ratio of 630:580. 
4Pooled standard error of the mean. 
5Warner-Bratzler shear force. 
a-bRows without common letter superscript differ, P < 0.05. 
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ABSTRACT 

Crossbred beef steers (n = 106; BW = 96 ± 3.9 kg; Age = 74 ± 2.0 d) were blocked by 

parity of dam (≤ 2 or > 2 parities), stratified by BW, calf age, calf sire, cow BW and BCS and 

were assigned randomly to 1 of 4 treatments: 1) RALG, administered Ralgro at branding (D 0),  

Ralgro at weaning (D 156), and Revalor XS at feedlot processing (D 325), 2) COMP, 

administered Component E-C at branding, Component TE-G at weaning, and Revalor XS at 

feedlot processing, 3) N-REV, no growth-promoting implant at branding, administered Revalor-

G at weaning, and Revalor XS at feedlot processing, and 4) CTRL, no growth-promoting 

implants administered during any phase of production. Body weights were recorded periodically 

throughout the study, blood was collected on a subset of calves until feedlot processing, and 

carcass data were collected on all calves. Quantitative data were analyzed using a mixed model 

and qualitative data were analyzed using the Glimmix procedure of SAS. At weaning on d 156, 

there was no main effect (P = 0.19) of implant treatment; however, there was a tendency (P = 

0.08, Implant vs. none orthogonal contrast) for greater BW in implanted steers (RALG = 242, 

COMP = 236 kg) compared to non-implanted steers (CTRL = 225 kg) at weaning.  Overall ADG 

during calfhood (d 0 to 156) was greater (P = 0.03) in RALG (0.91 kg) and COMP (0.90 kg) 

compared to CTRL (0.82 kg). Implantation of male calves at branding, regardless of implant 

type, increased growth performance prior to weaning. At the end of the stocker phase on d 323, 

RALG (330 kg), COMP (324 kg), and N-REV (318 kg) were heavier (P = 0.02) compared to 

CTRL (297 kg).  Overall stocker ADG from d 156 (weaning) to 323 (feedlot shipment) was 

greater (P < 0.01) in N-REV (0.50 kg) and COMP (0.46 kg) compared to CTRL (0.38 kg) while 

RAL (0.43 kg) did not differ (P > 0.05). Steers implanted with a growth implant containing 8 mg 

estradiol and 40 mg trenbolone acetate at weaning that had not previously been implanted at 
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branding (N-REV) gained the most during the stocker phase compared to steers that had been 

previously implanted at branding (RALG and COMP) although steers implanted twice had a 6 to 

12 kg BW advantage at time of feedlot shipment.  

Key words: BUN, Growth implant, NEFA, Steers 

INTRODUCTION 

Growth-promoting implants are often used by U.S. beef producers to increase rate of gain 

and efficiency of growth; however, the adoption of growth technologies varies greatly within 

sectors of the beef industry. Only 11.9% of cow/calf operations utilize the practice of growth-

promoting implants prior to weaning (NAHMS, 2008); whereas, over 91% of feedlots implanted 

steers weighing less than 318 kg at least once during the finishing phase and over 79% of steers 

implanted received 2 or more implants during the finishing period (NAHMS, 2013). The 

adoption of growth-promoting implant varies; however, they are approved for use in cattle of all 

ages to enhance growth during nursing, growing, and finishing phases of production. Although 

benefits of growth-promoting implants are well documented, repetitive use of implants through 

multiple phases of the beef production cycle may be detrimental to meat tenderness and carcass 

quality (Tatum, 1993; Morgan, 1997; Roeber et al., 2000). Duckett and Andrae (2001) 

summarized that nursing and stocker-phase implants have minimal carryover effects on 

subsequent finishing and carcass performance. However, in an extensive study by Platter et al. 

(2003) on the repetitive use of various growth implants on beef carcass quality found that 

lifetime implant protocols increased growth performance, instrumental tenderness, and hot 

carcass weight; however, marbling score and desirability of consumers was reduced. The effects 

of previous growth implantation is well documented; however, concerns exist regarding the 

efficacy growth implants administered multiple times in varying production sectors compared to 
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cattle implanted only during the finishing phase is of great interest within the industry as 

consumers begin to mold cattle production practices. 

The objective of the study was to evaluate commercial growth-promoting implants at 

branding or weaning and the effect of previous implantation at branding, weaning, or both on 

subsequent growth performance, blood urea nitrogen concentrations (BUN), non-esterified fatty 

acids (NEFA), and carcass characteristics in beef steers. The authors hypothesized that previous 

implantation would improve final BW at time of harvest; however, feedlot ADG would be 

greater in calves implanted only once prior and that carcass characteristics would not be affected 

by previous implantation. 

MATERIALS AND METHODS 

Animal care and use procedures were approved by the University of Arkansas 

institutional animal care and use committee prior to study initiation (Approval # 17043). 

Crossbred beef bull calves (n = 106; BW = 96 ± 3.9 kg) from the University of Arkansas Cow-

Calf unit located near Fayetteville, AR were used to determine the effect of implant strategy on 

growth performance, BUN and NEFA concentrations, and carcass characteristics. At traditional 

branding time (Age = 74 ± 2.0 d), and to coincide with insertion of controlled internal drug-

release (CIDR, Zoetis, Kalamazoo, MI) in dams, bull calves and their dams were separated from 

other cow-calf pairs at the University of Arkansas Division of Agriculture Cow-Calf Unit. Bull 

calves were blocked into 2 groups by dam parity (≤ 2 or > 2 parities) and managed as such for 

study duration.  

On d -7, bull calves were weighed, tested for the prevalence of persistent infection with 

bovine viral diarrhea virus (PI-BVDV) via ear notch (Cattle Stats, Oklahoma City, OK), 

vaccinated against clostridial (5 mL SQ, Covexin 8; Merck Animal Health, Madison, NJ) and 



116 
 

respiratory (2 mL SQ, Titanium 5+PH-M; Elanco Animal Health, Greenfield, IN) pathogens, and 

were castrated. Bulls were castrated using a surgical technique with the removal of the bottom 

third of the scrotum, testes were then pulled from inside the scrotum, and the spermatic cord was 

severed with a scalpel. Dams were weighed and a body condition score (BCS) was assigned on d 

-7. All calves were negative for PI-BVDV. Within block, calves were stratified by d -7 BW, calf 

age, calf sire, cow BW and BCS and were assigned randomly to 1 of 4 treatments: 1) RALG, 

administered Ralgro (Merck Animal Health, 36 mg zeranol) at branding (d 0),  Ralgro at 

weaning (d 156), and Revalor XS (Merck Animal Health, 200 mg trenbolone acetate and 40 mg 

estradiol) at feedlot processing (d 325), 2) COMP, administered Component E-C (Elanco Animal 

Health, 100 mg progesterone and 10 mg estradiol with 29 mg tylosin tartrate) at branding (d 0), 

Component TE-G (Elanco Animal Health, 40 mg trenbolone acetate, 8 mg estradiol, and 29 mg 

tylosin tartrate) at weaning (d 156), and Revalor XS (Merck Animal Health, 200 mg trenbolone 

acetate and 40 mg estradiol) at feedlot processing (d 325), 3) N-REV, no growth-promoting 

implant at branding (d 0), administered Revalor-G (Merck Animal Health, 40 mg of trenbolone 

acetate and 8 mg estradiol) at weaning (d 156), and Revalor XS (Merck Animal Health, 200 mg 

trenbolone acetate and 40 mg estradiol) at feedlot processing (d 325), and 4) CTRL, no growth-

promoting implants administered during any phase of production (Table 1). Experimental 

treatments were administered on d 0 with an implantation apparatus designed for each specific 

implant. Implants were placed subcutaneously in the center one-third of the posterior aspect of 

the pinna of the ear. Dry ears were implanted without cleaning and ears that were wet or 

contaminated with manure or mud were scrubbed with a solution of chlorhexidine (Nolvasan, 

Zoetis) before implanting. The stylets on each implantation apparatus were disinfected in 

chlorhexidine solution after each animal was treated.   
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Steers were weighed on d 0 (branding), 57, 98, 156 (weaning), 170, 198, 233, 268, 303, 

323 (feedlot shipment), 325 (feedlot arrival), 353, 381, and 409. A subset of 48 steers (4 

steers/treatment/block) were selected randomly for repeated blood sampling to assess BUN and 

NEFA concentrations through weaning. Periodic blood sampling occurred on d 0, 57, 98, 156, 

198, 233, 268, 303, and 323. Blood was collected (approximately 7 mL) via jugular venipuncture 

into evacuated tubes (BD Inc., Franklin Lakes, NJ) and sera were harvested to determine BUN 

and NEFA content concentrations. After blood was collected into the plain vacuum tube, it was 

allowed to clot, then centrifuged at 2,060 × g for 20 min and serum was decanted into duplicate 

aliquots and stored at -20°C for subsequent analysis. A serum aliquot was analyzed for BUN 

using a commercially available colorimetric assay kit (Teco Diagnostics, Anaheim, CA) with an 

inter- and intra-assay CV of 5.9 and 2.8%, respectively. Nonesterified fatty acid concentrations 

were analyzed using a commercially available colorimetric assay kit (Wako Chemicals USA 

Inc., Richmond, VA) with an inter- and intra-assay CV of 9.3 and 5.1%, respectively. 

Steers were reared with their dams within block for the entirety of calfhood. Mature cows 

(> 2 parities) and steers were rotationally grazed in large pastures of varying sizes consisting of 

primarily toxic endophyte infected tall fescue and bermudagrass as well as supplemented hay 

when forages became limiting (Table 2). Similarly, young cows (≤ 2 parities) and their steers 

were rotationally grazed in large pastures of varying sizes consisting of primarily toxic 

endophyte infected tall fescue, triticale, and bermudagrass as well as supplemented hay when 

forages became limiting. Young cows were also supplemented 0.5 to 1% BW of corn gluten 

pellets until weaning to increase body condition to increase likelihood of re-breeding (Table 2). 

Three steers died during calfhood and deaths were not related to treatment, these were 

subsequently removed from the data set thereafter (RALG = 1, and N-REV = 2).  
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At weaning (d 156), steers were removed from dams and weaned via fenceline weaning 

such that steers and cows were adjacent to one another between pastures. On d 156, steers were 

implanted depending on treatment as previously described. Steers were also vaccinated on d 156 

(weaning) for respiratory (2 mL subcutaneous (SQ), Titanium 5, Elanco) and clostridial 

pathogens (5 mL SQ, Covexin 8, Merck), a pour-on insecticide applied for horn flies (15 

mL/steer, StandGuard, Elanco), dewormed (6 mL SQ Block 1 and 5 mL SQ Block 2, Dectomax, 

Zoetis). On d 170, steers were revaccinated against clostridial (Covexin 8, Merck) and 

respiratory (Titanium 5, Elanco) pathogens. Steers were moved to 2 separate 10-ha pastures 

consisting of primarily toxic endophyte-infected tall fescue and bermudagrass based on calfhood 

block assignments and were offered ad libitum access to bermudagrass hay and water. Steers 

were supplemented 0.5% BW of corn gluten pellets each d from weaning (d 156) to feedlot 

shipment (d 323) based on the most recent mean BW determined within block. During the 

stocker phase, 70 steers were treated for pinkeye and 5 were treated for footrot per standard 

operating procedures of the unit. Two steers were removed from study during the stocker phase 

due to lameness not related to treatment (RALG = 1, and COMP = 1). 

At the completion of the stocker phase (d 323), cattle were shipped 798 km to the West 

Texas A&M University (WTAMU) Research Feedlot on d 324. Upon arrival (d 325), steers 

were processed at the WTAMU Research feedlot.  Cattle were vaccinated against clostridial 

pathogens and H. somnus (5 mL SQ, Bar-Vac 7/Somnus, Boehringer Ingelheim, St. Joseph, 

MO), dewormed (1 mL/ 34 kg BW SQ, Noramectin, Norbrook Inc., Overland Park, KS) and 

steers that were implanted at weaning (d 156) were implanted again at feedlot processing with 

Revalor-XS (Merck). Revelor-XS is a time release, long-acting growth implant. Therefore, 

RALG, COMP, and N-REV were implanted at feedlot processing while CTRL was not.  
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Steers were fed in 2 pens by block for the duration of the feedlot phase; therefore, DMI 

and G:F were not attainable as treatments were commingled within block. Steers were harvested 

on 2 separate d by block according to their final BW and visual appraisal by trained personnel 

for market readiness. Block 1 (dams >2 parities) was harvested (USDA Establishment M245E, 

Amarillo, TX) on d 465 and block 2 (dams ≤ 2 parities) was harvested on d 493. Carcasses were 

evaluated after a 24-h chill period. Harvest floor data, and lean color score at the 12th rib were 

recorded by trained personnel (blinded to treatment) from the WTAMU Beef Carcass Research 

Center (Canyon, TX). The USDA quality and yield grades as well as LM area and preliminary 

yield grade were determined by a vision camera system (VBG 2000; E+V Technology GmbH, 

Oranienberg, Germany). 

Statistical analyses were conducted for all outcome variables in a randomized complete 

block design. Data were tested for normality using PROC UNIVARIATE and nonparametric 

data were log-transformed prior to analysis if normality was improved. Performance, and 

quantitative carcass measurements were analyzed using the mixed models procedure (PROC 

MIXED) of SAS (SAS Inst. Inc., Cary, NC) with treatment as fixed effect and block as the 

random effect. Serum BUN and NEFA concentrations were log-transformed and used the 

MIXED procedure with repeated measures. Categorical carcass data were analyzed using PROC 

GLIMMIX of SAS. Orthogonal contrasts were used to compare implanted vs. non-implanted 

steers for each production phase. Calf was the experimental unit for all dependent variables 

analyzed. Means were separated at an α of 0.05 using the PDIFF option in SAS. Statistical 

significance was declared at P ≤ 0.05, and tendencies were declared at 0.05 < P ≤ 0.10 for all 

dependent variables.  

 



120 
 

RESULTS AND DISCUSSION 

Calfhood Phase 

 Due to N-REV and CTRL both not being implanted during the calfhood phase and thus, 

being treated the same, their means were pooled to represent steers that had not been implanted 

and were denoted as CTRL for each dependent variable only through calfhood.  

On d 0 when branding age growth-promoting implants were administered in RALG and CTRL, 

BW was not different (P = 0.90) between treatments (Table 3; RALG = 98, COMP = 96, and 

CTRL = 96 kg). There was no effect (P = 0.87) of calfhood growth-promoting implant on d 57 

BW. On d 98, RALG and COMP began to separate in terms of BW from CTRL (8 and 7 kg 

increase, respectively); however, there was no statistical difference (P = 0.53) at this time. At 

weaning on d 156, there was no main effect (P = 0.19) of treatment; however, there was a 

tendency (P = 0.08) for greater BW in implanted steers (RALG = 242, COMP = 236 kg) 

compared to non-implanted steers (CTRL = 225 kg) at weaning. It is important to note that at 

weaning, RALG and COMP had BW ≥ 11 kg compared to either of the treatments yet to receive 

a growth-promoting implant. Similar results were reported by Bayliff et al. (2017) where 

suckling calves were implanted with Ralgro at branding and Revalor-G at weaning or not 

implanted at all and results indicated that by weaning that calves implanted with Ralgro had 

3.2% (8 kg) increase in weaning weight compared to non-implanted controls. There was a 

limited number of animals available for this study and thus the replication of the study was 

limited as well a wide variation in BW from d 0 (SEM = 4.1 kg) to weaning on d 156 (SEM = 

7.0 kg) increasing the likelihood of a type II error occurring. Both RALG and COMP currently 

cost $1.37/dose, and that investment would yield cow-calf producers 11 to 17 kg BW advantage 

(4.6 to 7.5 % BW increase) compared to non-implanted steers at weaning. This is important as 
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according to the NAHMS (2008), only 9.4% of cow-calf producers administer growth-promoting 

implants in non-replacement calves prior to weaning, and this percentage is reported to 

continually decline in recent years (Seeger et al., 2011). 

 Average daily gain was not affected (P = 0.59) by growth-promoting implant treatment 

from d 0 to 57 (Table 3). From d 57 to 98, ADG was greater (P = 0.04) in implanted steers at 

branding compared to non-implanted steers. There was an increase (P = 0.05) in ADG from d 98 

to 156 in RALG and COMP compared to CTRL. Overall ADG during calfhood (d 0 to 156) was 

greater (P = 0.03) in RALG (0.91 kg) and COMP (0.90 kg) compared to CTRL (0.82 kg). 

Therefore, an 0.09 kg increase in ADG during calfhood (156 d) for steers implanted compared to 

steers that were not implanted. Average daily gain may be a better indicator of growth-promoting 

implant efficacy as Selk (1997) suggests ADG is the most accurate measurement as steers vary 

in terms of age at time of weaning.  

 A treatment × day interaction was not detected (P = 0.27) for serum BUN concentrations 

during calfhood (Table 4). A main effect of treatment was noted (P = 0.01) as CTRL had greater 

serum BUN concentration during calfhood compared to COMP while RALG was intermediate. 

A main effect of day was also detected for serum BUN concentrations on d 156 (weaning) BUN 

concentrations were greatest (P < 0.01), followed by d 57 and 98, the least serum BUN 

concentrations were observed on d 0. Increased serum BUN concentrations is highly correlated 

with dietary protein intake and greater BUN is expected as BW and plane of nutrition increase. 

There was not a treatment × day interaction (P = 0.86) for serum NEFA concentrations. 

Furthermore, there was no main effect (P = 0.54) of implant treatment on serum NEFA 

concentrations. There was however, a main effect (P < 0.01) of day for serum NEFA 

concentrations as d 57 was greatest, followed by d 98, and then d 0 and 156 were the least.  
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Stocker phase 

At weaning on d 156, there was an increase (P = 0.08) in BW in implanted steers 

compared to non-implanted steers; however, it is important to note on d 156 RALG (Ralgro) and 

COMP (Component TE-G) were re-implanted, N-REV (Revalor G) was implanted for the first 

time, and CTRL were not implanted (Table 5). At revaccination on d 170, there was no effect (P 

= 0.40) of treatment nor of orthogonal contrast of implant vs. none (P = 0.21). On d 198, RALG 

(284 kg) had a greater (P = 0.04) BW compared to N-REV (264 kg) and CTRL (257); COMP 

(278 kg) was not different (P > 0.05) from any other treatment. Body weights on d 233 and 268 

followed a similar pattern as RALG (303 kg) tended to have a greater (P = 0.09) BW compared 

to CTRL (276 kg) on d 233 and was greater (P = 0.04) on d 268. On d 303, RALG (331 kg) and 

COMP (323 kg) were heavier (P = 0.05) compared to CTRL; whereas, N-REV was 19 kg 

heavier than CTRL but N-REV was statistically similar (P > 0.05) to all other treatments. 

Implanted steers on d 303 were heavier (P = 0.01) compared to CTRL. At the end of the stocker 

phase on d 323, RALG (330 kg), COMP (324 kg), and N-REV (318 kg) were heavier (P = 0.02) 

compared to CTRL (297 kg). Steers that were implanted once (N-REV) at weaning were 21 kg 

heavier than CTRL; whereas, steers that were implanted twice (branding and weaning) were 33 

(RALG) and 27 kg (COMP) heavier. Although not statistically different, steers implanted 

previously at branding (RALG and COMP) maintained a 12 and 6 kg BW advantage, 

respectively, compared to steers implanted once at weaning (N-REV).  

 Average daily gain from d 156 (weaning) to 170 (revaccination) was not affected (P = 

0.39) by treatment or by administration of growth-promoting implant at weaning (Table 5, P = 

0.49). From d 170 to 198 and d 198 to 233, ADG was not different (P ≥ 0.30) between 

treatments. However, ADG was improved (P = 0.01) from d 233 to 268 in the steers that were 
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implanted compared to the non-implanted CTRL. There was no effect (P = 0.33) of treatment on 

steer ADG from d 268 to 303. Average daily gain from d 303 to 323 was greater (P = 0.01) in 

COMP compared to RALG and CTRL while N-REV was not different between any treatment. 

Due to severe heat and drought conditions during the study, ADG from d 268 to 303 and d 303 to 

323 (feedlot shipment) was < 0.20 kg/d regardless of treatment. Overall stocker ADG from d 156 

(weaning) to 323 (feedlot shipment) was greater (P < 0.01) in N-REV (0.50 kg) and COMP (0.46 

kg) compared to CTRL (0.38 kg) while RALG (0.43 kg) was not different from any other 

treatment. Steers implanted with a growth implant at weaning that had not previously been 

implanted at branding (N-REV) gained the most efficiently during the stocker phase compared to 

steers that had been previously implanted at branding (RAL and COM) although steers 

implanted twice had a 6 to 12 kg BW advantage at time of feedlot shipment.  

 There was no treatment × day interaction (P = 0.45) for serum BUN concentrations 

during the stocker phase portion of the current study (Table 6). A main effect of treatment was 

not detected (P = 0.75) for serum BUN concentrations during the stocker phase. There was a 

main effect (P < 0.01) of day for serum BUN concentrations as d 156 (weaning) was the greatest 

compared to d 303 and d 233 was the least. A treatment × day interaction for serum NEFA 

concentrations was not detected (P = 0.99) during the stocker phase. Similar to serum BUN, 

there was not a main effect (P = 0.85) of treatment for serum NEFA concentrations. However, 

there was a main effect (P < 0.01) of day for serum NEFA concentrations as d 156 had the 

greatest serum NEFA concentration and d 323 was the least serum NEFA concentrations 

compared to all other d. During times of stress such as weaning, the mobilization of adipose 

tissue occurs to aid in energy maintenance needed to combat a negative energy balance and a 
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reduction in immunity in stressed steers which is evident by the greater serum NEFA 

concentration at weaning compared to the end of the stocker phase. 

Feedlot phase  

 Body weights upon feedlot arrival were greater (P = 0.02) in RALG (331 kg), COMP 

(332 kg), and N-REV (321 kg) compared to the non-implanted CTRL (299 kg, Table 7). Thus at 

the beginning of the feedlot phase, steers implanted once previously during weaning (N-REV) 

were 22 kg heavier and steers that were implanted twice previously at branding and weaning 

(RALG and COMP) were 32 and 33 kg heavier, respectively. On d 353, 28 d into the feedlot 

phase, RALG, COMP, and N-REV maintained a greater (P = 0.01) BW compared to CTRL. 

Body weights on d 381 were markedly greater (P < 0.01) in RALG (454 kg), COMP (449 kg), 

and N-REV (437 kg) compared to CTRL (398 kg). There was an increase (P < 0.01) in BW on d 

409 as RALG, COMP, and N-REV were heavier compared to CTRL. Implanted calves 

regardless of implant or when implanted, were heavier (P < 0.01) on d 437 and d 455 compared 

to non-implanted calves. 

 Feedlot ADG from d 325 to 353 was not affected (P = 0.22) by treatment; however, 

implanted steers tended to have a greater (P = 0.06, implant vs. none orthogonal contrast) ADG 

from d 325 to 353 compared to non-implanted steers (Table 7). Average daily gain was greater 

(P < 0.01) from d 353 to 381 in RALG (2.27 kg), COMP (2.18 kg), and N-REV (2.13 kg) 

compared to CTRL (1.70 kg).  There was an increase (P < 0.01) in ADG from d 381 to 409 as 

RALG, COMP, and N-REV gained more efficiently compared to CTRL. Average daily gain was 

increased (P < 0.01) from d 409 to 437 in COMP compared to either N-REV or CTRL. From d 

437 to 455, ADG was greater (P = 0.02) in all implanted calves (RALG, COMP, and N-REV) 

compared to CTRL. 



125 
 

IMPLICATIONS 

This study was not able to differentiate efficacy between implant formulations or 

frequency. At time of harvest, steers that were implanted at branding regardless of implant 

(RALG and COMP) were numerically heavier compared to steers first implanted at weaning (N-

REV); however, with limited replications, the difference was not significant. This study 

corroborates many other studies that growth-promoting implants are efficacious in improving 

weight gain in steers. Implanting steers within different sectors (branding or weaning) may not 

negatively affect growth performance as steers move to the next phase of production, which is an 

industry dogma that cattle have the greatest response to a growth implant after the first 

administration of an implant and all subsequent implants have reduced potency compared to the 

first.    
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Table 1. Experimental treatments at branding, weaning, and feedlot processing. 

 Treatment1 

Item RALG COMP N-REV CTRL 

Production phase     

 Branding Ralgro Component E-C _______ _______ 

 Stocker Ralgro Component TE-G Revalor G _______ 

 Feedlot  Revalor XS Revalor XS Revalor XS _______ 

1RALG = administered Ralgro at branding (D 0),  Ralgro at weaning (D 156) and Revalor XS 

upon feedlot entry (D 325), COMP = administered Component E-C  at branding (D 0), 

Component TE-G at weaning (D 156) and Revalor XS upon feedlot entry (D 325), N-REV = 

no growth-promoting implant at branding (D 0) and administered Revalor-G at weaning (D 

156) and Revalor XS upon feedlot entry (D 325), and  CTRL = no growth-promoting implants 

administered during any phase of production. 
2Pooled standard error of the mean. 
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Table 2. Analyzed nutrient composition of diets, DM basis 

 Calfhood 

Nutrient Corn gluten  Forage      Hay 

DM, % 89.8 ± 1.3 24.0 ± 2.7 90.4 ± 0.3 

CP, % 21.8 ± 0.5 19.4 ± 2.2 10.8 ± 0.7 

NDF, % 43.1 ± 1.0 64.4 ± 4.8 72.4 ± 1.2 

ADF, % 10.3 ± 0.4 31.5 ± 3.0 40.5 ± 1.6 

Ash, % 11.0 ± 0.1 21.0 ± 1.4 15.1 ± 1.7 

Cu, mg/kg 5.3 ± 0.2 10.9 ± 0.7 8.3 ± 0.5 

Zn, mg/kg 86.9 ± 2.3 53.4 ± 6.1 57.7 ± 7.1 

Mn, mg/kg 13.8 ± 0.5 125.4 ± 15.4 107.3 ± 26.9 

Fe, mg/kg 121.7 ± 3.8 314.7 ± 49.4 142.5 ± 32.9 

B, mg/kg 6.9 ± 0.02 4.9 ± 0.4 6.1 ± 1.2 

Ca, % 0.03 ± 0.003 0.5 ± 0.02 0.4 ± 0.04 

P, % 1.1 ± 0.02 0.4 ± 0.03 0.4 ± 0.03 

K, % 1.4 ± 0.01 2.4 ± 0.4 2.4 ± 0.2 

Mg, % 0.4 ± 0.006 0.2 ± 0.01 0.3 ± 0.06 

S, % 0.4 ± 0.008 0.2 ± 0.02 0.2 ± 0.02 

Na, % 0.1 ± 0.008 0.02 ± 0.006 0.04 ± 0.005 
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Table 3. Effect of implantation regimen on growth performance in beef steers during calfhood. 

 Treatment1  P- value 

Item RALG COMP CTRL SEM2 Treatment Implant vs. none 

Body weight, kg       

 D -7 93 93 92 4.0 0.98 0.89 

 D 0 98 96 96 4.1 0.90 0.76 

 D 57 130 128 127 4.5 0.87 0.66 

 D 98 167 166 159 5.7 0.53 0.27 

 D 156 242 236 225 7.0 0.19 0.08 

Average daily gain, kg      

 D 0 to 57   0.56 0.56      0.56 0.03 0.59 0.31 

 D 57 to 98 0.90 0.92 0.79 0.05 0.11 0.04 

 D 98 to 156   1.25a   1.21ab 1.12b 0.04 0.05 0.02 

 D 0 to 156   0.91a  0.90a 0.82b 0.03 0.03 0.01 

a-bRows without common letter superscripts differ, P < 0.05. 
1RALG = administered Ralgro at branding (D 0),  Ralgro at weaning (D 156) and Revalor XS 

upon feedlot entry (D 325), COMP = administered Component E-C  at branding (D 0), 

Component TE-G at weaning (D 156) and Revalor XS upon feedlot entry (D 325), N-REV = 

no growth-promoting implant at branding (D 0) and administered Revalor-G at weaning (D 

156) and Revalor XS upon feedlot entry (D 325), and  CTRL = no growth-promoting implants 

administered during any phase of production. 
2Pooled standard error of the mean. 
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Table 4. Effect of implantation at branding on serum BUN and NEFA concentrations in beef 

steers during calfhood. 

 Treatment1  P- value 

Item RALG COMP CTRL SEM2 Treatment Day Treatment 

× day 

BUN, mg/dL        

 D 0c 6.8 7.0 7.8     

 D 57b 10.2 9.4 9.8     

 D 98b 8.6 9.2 10.2     

 D 156a 14.6 13.9 15.3 0.7 - <0.01 0.27 

Main effect3 10.1ab 9.3b 10.8a 0.4 0.01   

NEFA, μg/L        

 D 0c 423.9 427.4 423.2     

 D 57a 585.0 608.6 599.4     

 D 98b 485.1 576.1 547.3     

 D 156c 421.8 424.6 470.2 43.2 0.54 <0.01 0.86 

a-cColums without common letter superscripts differ, Main effect of day, P < 0.05. 
1RALG = administered Ralgro at branding (D 0),  Ralgro at weaning (D 156) and Revalor 

XS upon feedlot entry (D 325), COMP = administered Component E-C  at branding (D 0), 

Component TE-G at weaning (D 156) and Revalor XS upon feedlot entry (D 325), N-REV = 

no growth-promoting implant at branding (D 0) and administered Revalor-G at weaning (D 

156) and Revalor XS upon feedlot entry (D 325), and  CTRL = no growth-promoting 

implants administered during any phase of production. 
3Main effect of treatment; COM less than CON, P < 0.01. 
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Table 5. Effect of implantation regimen on body weight in beef steers during the stocker phase. 

 Treatment1  P- value 

Item RALG COMP N-REV CTRL SEM2 Treatment Implant 

vs. none 

Body weight, kg       

 D 156 242 236 225 224 7.8 0.34 0.08 

 D 170 248 242 235 230 7.7 0.40 0.21 

 D 198     284a    276ab         264b     257b 7.0 0.04 0.04 

 D 233     303a    292ab          283ab      276b 7.9 0.09 0.06 

 D 268     331a    320ab         314ab      298b 8.0 0.06 0.02 

 D 303  331a   323a         318ab      299b 8.1 0.05 0.01 

 D 323 330a   324a 318a      297b 7.9 0.02 <0.01 

Average daily gain, kg       

 D 156 to 170 0.44 0.46 0.69 0.44 0.11 0.39 0.49 

 D 170 to 198 0.84 0.78 0.75 0.71 0.05 0.33 0.18 

 D 198 to 233  0.55 0.46 0.54 0.46 0.04 0.30 0.24 

 D 233 to 268   0.70ab  0.72a 0.82a 0.57b 0.05 0.02 0.01 

 D 268 to 303 0.07 0.13 0.19 0.10 0.04 0.33 0.63 

 D 303 to 323 -0.09b  0.16a 0.06ab -0.12b 0.07 0.01 0.05 

 D 156 to 323   0.43bc   0.46ab   0.50a 0.38c 0.02 <0.01 <0.01 

a-bRows without common letter superscripts differ, P < 0.05. 
1RALG = administered Ralgro at branding (D 0),  Ralgro at weaning (D 156) and Revalor XS 

upon feedlot entry (D 325), COMP = administered Component E-C  at branding (D 0), 

Component TE-G at weaning (D 156) and Revalor XS upon feedlot entry (D 325), N-REV = 

no growth-promoting implant at branding (D 0) and administered Revalor-G at weaning (D 

156) and Revalor XS upon feedlot entry (D 325), and  CTRL = no growth-promoting implants 

administered during any phase of production. 
2Pooled standard error of the mean. 
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Table 6. Effect of implantation at weaning on serum BUN and NEFA in beef calves until 

feedlot entry. 

 Treatment1  P- value 

Item RALG COMP N-REV CTRL SEM2 Treatment Day Treatment 

× day 

BUN, mg/dL3        

 D 156a 14.6 13.9 14.4 16.1     

 D 198b 11.4 11.6 11.1 11.8     

 D 233c 9.9 11.0 9.2 10.0     

 D 268ab 12.7 13.1 12.5 12.8     

 D 303b 13.5 12.4 11.7 11.0     

 D 323ab 12.9 13.5 12.8 11.7 0.8 0.75 <0.01 0.45 

NEFA, μg/L        

 D 156a 421.8 424.6 510.6 433.1     

 D 198c 271.0 268.5 298.4 274.1     

 D 233bc 286.8 305.3 323.0 288.5     

 D 268c 244.5 295.5 254.8 354.1     

 D 303b 307.6 340.1 326.2 329.7     

 D 323d 178.5 203.3 190.6 204.9 30.7 0.85 <0.01 0.99 

a-dColumns without common letter superscripts differ, Main effect of day, P < 0.05. 
1RALG = administered Ralgro at branding (D 0),  Ralgro at weaning (D 156) and Revalor XS 

upon feedlot entry (D 325), COMP = administered Component E-C  at branding (D 0), 

Component TE-G at weaning (D 156) and Revalor XS upon feedlot entry (D 325), N-REV = no 

growth-promoting implant at branding (D 0) and administered Revalor-G at weaning (D 156) 

and Revalor XS upon feedlot entry (D 325), and  CTRL = no growth-promoting implants 

administered during any phase of production. 
2Pooled standard error of the mean for the interaction. 
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Table 7. Effect of implantation regimen on average daily gain in beef steers during the feedlot 

phase. 

 Treatment1  P- value 

Item RALG COMP N-REV CTRL SEM2 Treatment Implant 

vs. none 

Body weight, kg       

 D 325 331a   332a 321a      299b 8.0 0.02 <0.01 

 D 353 390a   388a 377a      350b 9.1 0.01 <0.01 

 D 381 454a   449a 437a      398b 9.9 <0.01 <0.01 

 D 409 520a 514a 499a 453b 10.5 <0.01 <0.01 

 D 437 569a 566a 546a 491b 11.4 <0.01 <0.01 

 D 455 610a 602a 591a 531b 11.2 <0.01 <0.01 

Average daily gain, kg       

 D 325 to 353 2.27 2.18 2.12 1.94 0.11 0.22 0.06 

 D 353 to 381  2.27a 2.18a 2.13a 1.70b 0.09 <0.01 <0.01 

 D 381 to 409  2.30a 2.24a 2.16a 1.87b 0.08 <0.01 <0.01 

 D 409 to 437 1.83ab 1.98a 1.75b 1.50c 0.08 <0.01 <0.01 

 D 437 to 455 1.61a 1.62a 1.68a 1.36b 0.08   0.02 <0.01 

a-cRows without common letter superscripts differ, P < 0.05. 
1RALG = administered Ralgro at branding (D 0),  Ralgro at weaning (D 156) and Revalor XS 

upon feedlot entry (D 325), COMP = administered Component E-C  at branding (D 0), 

Component TE-G at weaning (D 156) and Revalor XS upon feedlot entry (D 325), N-REV = 

no growth-promoting implant at branding (D 0) and administered Revalor-G at weaning (D 

156) and Revalor XS upon feedlot entry (D 325), and  CTRL = no growth-promoting implants 

administered during any phase of production. 
2Pooled standard error of the mean. 



133 
 

LITERATURE CITED 

Bayliff, C. L., M. D. Redden, J. R. Cole, A. L. McGee, C. Stansberry, M. E. Corrigan, W. 

Burdett, and D. L. Lalman. 2017. Effects of Ralgro at branding and Revalor-G at 

weaning on growth performance of steer calves. Prof. Anim. Sci. 33:108-112. DOI: 

http://dx.doi.org/10.15232/pas.2016-01519 

 

Duckett, S. K., and J. G. Andrae. 2001. Implant strategies in an integrated beef production 

system. J. Anim. Sci. 79(E-Suppl.):E110–E117. 

 

Morgan, J. B. 1997. Implant program effects on USDA beef carcass quality grade traits and meat 

tenderness. Pages 147–154 in Proc. OSU Symp.: Impact of Implants on Performance and 

Carcass Value of Beef Cattle, Oklahoma Agric. Exp. Stn., Stillwater, OK. 

 

NAHMS. 2008. Beef 2008–2008. Part 1, Reference of beef cow/calf management practices 

in the United States, 2007–2008. National Animal Health Monitoring System. USDA. 

Accessed Jan. 8 2018. http://www.aphis.usda.gov/animal_health/nahms/beefcowcalf/ 

downloads/beef0708/Beef0708_dr_PartI_rev.pdf. 

 

NAHMS. 2013. USDA National Animal Health  Monitoring  System report  on the use of  

growth- promoting implants in US Feedlots. Accessed Jan. 8 2018. 

https://www.aphis.usda.gov/animal_health/nahms/feedlot/downloads/feedlot2011/Feed11

_is_Implant.pdf    

 

Platter, W. J., J. D. Tatum, K. E. Belk, J. A. Scanga, and G. C. Smith. 2003. Effects of repetitive 

use of hormonal implants on beef carcass quality, tenderness, and consumer ratings of 

beef palatability. J. Anim. Sci. 81:984-996. 

 

Roeber, D. L., R. C. Cannell, K. E. Belk, R. K. Miller, J. D. Tatum, and G. C. Smith. 2000. 

Implant strategies during feeding: Impact on carcass grades and consumer acceptability. 

J. Anim. Sci. 78:1867–1874. 

 

Seeger, J. T., M. E. King, D. M. Grotelueschen, G. M. Rogers, and G. S. Stokka. 2011. Effect of 

management, marketing, and certified health programs on the sale price of beef calves 

sold through a livestock video auction service from 1995 through 2009. J. Am. Vet. Med. 

Assoc. 239:451–466. 

 

Selk, G. 1997. Implants for suckling steer and heifer calves and potential replacement heifers. 

Pages 40–49 in Symposium: Impact of Implants on Performance and Carcass Value of 

Beef Cattle. P-957. Oklahoma Agric. Exp. Stn., Stillwater, OK. 

 

Tatum, J. D. 1993. The effects of anabolic implants on beef quality traits. Meat Focus Int. 2:71–

74. 

  



134 
 

CHAPTER VII 

CONCLUSION 

In young bulls at branding, there were no differences in body weight, serum testosterone 

concentration, and scrotum and testis thickness due to the concentrations of Zn solution used, 

and the injectable castration method resulted in similar serum testosterone concentrations to 

calves that had been surgically castrated. Serum testosterone concentration and scrotum and 

testes thickness were greater in intact bulls than all injectable castrates at weaning. Injection of 

Zn in feedlot bulls appeared to eliminate spermatogonia and degenerate testes such that they 

were determined to be reproductively unviable with an overall absence of definable sperm 

formation and maturation, as the head of the epididymis of INJ lacked stored sperm based upon 

histopathological observation. Collectively, results from this experiment indicate that the INJ 

treatment may be a viable option for sterilization, but not castration of older beef cattle because 

testosterone concentrations were more similar to BUL than BAN. The INJ treatment evaluated in 

the current study may be a viable option for sterilization, but not castration of older beef cattle 

because meat quality, consumer acceptability, and testosterone concentrations were more similar 

to BUL than BAN. However, INJ may have value in a natural market setting that does not allow 

the use of growth implantation, places merit on carcass yield rather than quality, and where 

sterilization is desirable. Growth-promoting implants in beef cattle work and are efficacious in 

increasing BW and ADG; however, the current study was not able to differentiate efficacy 

between implant formulations or frequency. 
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CHAPTER VIII 

APPENDIX  

 

 



136 
 

 

 

 



137 
 

 


