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ABSTRACT: The term sustainable has many mean-
ings, but in agriculture it generally refers to some 
balance between environmental, social, and economic 
goals. The objective of this project was to quantify in-
puts and outputs to assess the sustainability implica-
tions of 2 feedlot cattle management systems: Never 
Ever 3 (NE3) and a conventional (CON) system using 
metabolic modifiers. Angus-cross steers (n = 104) were 
stratified by BW (337 kg ± 17) and randomly assigned 
to 4 pens per treatment group. The NE3 cattle received 
no feed additives or implants, whereas CON were im-
planted with 100 mg of trenbolone acetate and 14 mg of 
estradiol benzoate on d 1 and 70, and were additionally 
fed monensin [330 mg/(animal·d)] and tylosin phos-
phate [90 mg/(animal·d)] in their ration throughout 
the course of the study, and ractopamine hydrochloride 
at 254 mg/(animal·d) for the last 29 d on feed. Cattle 
were shipped on a constant average pen weight basis 
(596 kg ± 32 BW). The CON cattle had greater ADG 
(1.81 vs. 1.35 kg, P < 0.01) and were on feed fewer days 
(146 vs. 188 d, P < 0.01) than the NE3 cattle. No sig-
nificant differences were observed in HCW (P = 0.072) 
or dressing percentage (P = 0.62) between treatments 
(P > 0.05); however, CON carcasses averaged larger 
ribeye area (87 vs. 80 cm2, P < 0.01), greater Warner-

Bratzler shear force measurement (WBSF; 3.46 vs. 3.19 
kg, P < 0.01), and smaller USDA marbling score (5.4 
vs. 6.2, P < 0.01), and less backfat thickness (1.64 vs. 
1.84 cm, P < 0.05) and yield grade (3.38 vs. 3.95, P 
< 0.01) than NE3 carcasses. Overall, CON cattle con-
sumed 393 kg less DM in the feedlot (1,250 vs. 1,643 
kg; P < 0.05). No treatment effects were observed for 
daily methane (CH4; P = 0.62) or nitrous oxide (N2O; P 
= 0.7) emissions per steer. Assuming a constant emis-
sion rate on a DMI basis throughout the course of the 
feedlot trial, CON feedlot management resulted in a 
31% decrease in emissions per finished steer compared 
with NE3 management. Expressing CH4 emissions on 
a carbon dioxide equivalent (CO2-eq) basis revealed a 
1.10-kg CO2-eq difference per kilogram BW gain (5.02 
kg of NE3 vs. 3.92 kg of CON) between the 2 feedlot 
management systems. Although the metabolic modifi-
ers resulted in additional costs for the CON treatment 
group, the cost per kilogram of feedlot BW gain was 
significantly less ($1.12/kg vs. $1.35/kg; P < 0.05) than 
NE3. Both production systems satisfied some sustain-
ability criteria, although neither concurrently fulfilled 
all of the environmental, social, and economic goals of 
agricultural sustainability.
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INTRODUCTION

The National Environmental Policy Act of 1969 
(NEPA, 1970) formally established as a national goal 
the creation and maintenance of “conditions under 
which man and nature can exist in productive harmo-
ny, and fulfill the social, economic, and other require-
ments of present and future generations of Americans.” 
The core of the sustainability ideology revolves around 
balancing environmental, social, and economic goals. 
However, trade-offs often exist among these compet-
ing goals. Therefore, identification of a single system 
that satisfies all aspects of sustainability concurrently 
is difficult. Opinions diverge as to how to define and re-
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search agricultural sustainability (Thompson and Nar-
done, 1999). The USDA defines agricultural sustain-
ability as “the efficient production of food that meets 
the current generations’ needs for food and quality of 
life, enhances the environment and natural resources, 
and does not compromise the productive capability of 
future generations” (USDA, 2007). Another definition 
suggests food systems and practices that “maintain bal-
ance by being ethically grounded, scientifically verified 
and economically viable” (Arnot, 2008). Although sev-
eral studies have examined the environmental (Ceder-
berg and Mattsson, 2000; Haas et al., 2001; Casey and 
Holden, 2006; Capper et al., 2008, 2009) and economic 
(Fernandez and Woodward, 1999) implications of alter-
native livestock production systems, few have concur-
rently examined their impact on the 3 goals of sustain-
ability (Stern et al., 2005).

Despite the lack of a precise definition, sustainabil-
ity has become a selling point, and the marketplace 
has responded by developing a range of value-added 
products. One area that has received considerable at-
tention is feedlot management, and a market for “sus-
tainable” beef products now exists. Although no formal 
standards exist for “sustainable” beef, the USDA Ag-
ricultural Marketing Service (AMS) has developed a 
process verified program for a “Never Ever 3” (NE3) 
marketing claim. This program is defined as meat from 
cattle that from birth to death have never received an-
tibiotics, growth promotants, or animal by-products 
(AMS, 2009). Animals that are treated with conven-
tional antibiotics due to illness cannot be sold as NE3. 
This management regimen is quite distinct from con-
ventional feedlot management practices that are em-
ployed by the majority of the US feedlots where cattle 
typically receive metabolic modifiers including some 
combination of anabolic steroids, ionophores and anti-
microbial drugs, and β-adrenergic agonists (BAA) in 
the final finishing phase. The objectives of this study 
were to quantify and compare the sustainability impli-
cations associated with the production of a unit amount 
of feedlot BW gain when comparing conventional and 
NE3 feedlot management systems.

MATERIALS AND METHODS

This experiment was conducted at the University 
of California, Davis feedlot facility. Animal care and 
handling protocols were approved by the University of 
California, Davis Institutional Animal Care and Use 
Committee.

Animals and Feedlot Management

Angus-crossbred steers (n = 104) sourced from the 
same calf crop and commercial ranch were randomly 
allocated into 1 of 2 treatment groups. The NE3 treat-
ment was fashioned on the NE3 process verified pro-

gram product definition of the AMS, which excludes the 
use of antibiotics, growth promotants, or the feeding of 
animal by-products (AMS, 2009), with the exception 
of ionophores for the control of coccidiosis. The NE3 
cattle in this study received neither hormonal implants 
nor feed additives. Cattle in the conventional (CON) 
treatment group were implanted with a growth pro-
motant (Synovex Choice, Fort Dodge Animal Health, 
Overland Park, KS; 100 mg of trenbolone acetate and 
14 mg of estradiol benzoate) at d 1 and 70. The CON 
cattle were fed monensin (Rumensin, Elanco, Green-
field, IN) at 330 mg/(animal·d) and tylosin phosphate 
(Tylan, Elanco) at 90 mg/(animal·d) in their ration 
throughout the course of the study, and for the last 29 
d on feed (DOF) they were fed the BAA ractopamine 
hydrochloride (RAC; Optaflexx, Elanco) at 254 mg/
(animal·d).

The experimental design of the study was a random-
ized block design with the period as the block. Thir-
teen animals stratified by BW were randomly assigned 
to a treatment pen with a total of 4 pens per treat-
ment group (52 animals per treatment, 4 replications 
per treatment, n = 4). Animals were received from the 
source ranch at ~254 ± 27 kg and were on a starter 
ration for 49 to 78 d (average of 62 ± 12 d). The trial 
began when the average BW of cattle in each pen was 
~337 kg; therefore, the starting date for the pair of pens 
in each of the 4 periods varied. All pens were given ad 
libitum access to a corn-based finisher ration (89% DM, 
12.8% CP; Table 1). For the last 7 d on feed, cattle in 
CON pens and their respective contemporaries in NE3 
pens were each moved to a cattle pen enclosure (CPE) 
facility for the measurement of greenhouse gas (GHG) 
emissions as described below. Cattle were shipped on a 
constant end BW basis when the average pen weight 
reached a target of 590 kg of BW. All animals were 
also genotyped in the fall of 2008 using the IGENITY 
Multibreed Panel (IGENITY, Duluth, GA).

Data Collection

The amount of feed given was recorded per pen, and 
refusals were weighed daily. Feed samples were taken 
on a monthly basis for proximate analysis. The cattle 
were fed 30% of daily intake at 0700 h and 70% at 
1400 h; slick bunk management (amount of feed given 
was increased for the next day when all the feed was 
consumed or conversely was decreased when there was 
refusal) was followed. Cattle BW were recorded every 
28 d before morning feeding and on the day they were 
shipped from the feedlot. All health treatments were re-
corded on each animal. At the processing plant, HCW, 
ribeye area (REA), marbling score, backfat at the 13th 
rib, and KPH data were collected by USDA personnel, 
in addition to liver weights and information on whether 
the liver was condemned. The USDA yield grade was 
calculated according to USDA guidelines.
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Warner-Bratzler Shear Force Analysis

After 14 d of postmortem aging at 0°C, 1 steak from 
the LM after the 12th rib was collected per carcass. The 
steaks were then vacuum packaged and frozen (<−23°C) 
until analysis was performed. Steaks were shipped on 
dry ice to the testing facility; the steaks were tested for 
Warner-Bratzler shear force (WBSF) by the Kansas 
State University Meat Sensory and Cookery laboratory 
(Manhattan, KS). Steaks were thawed at an average 
temperature of 0.95°C for 20 h, then moved to a room 
with an average temperature of 17°C for 1 h, then held 
at an average temperature of 6.4°C until deboning and 
trimming. Steaks were deboned and trimmed of excess 
fat and external muscle in a room with an average tem-
perature of 17°C. Thermocouple wires (30 gauge copper 
and constantan, Omega Engineering, Stamford, CT) 
were inserted in the steaks, and internal temperature 
was monitored using a Doric Minitrend 205 (VAS En-
gineering, San Francisco, CA). The steaks were cooked 
in a Blodgett oven (model number DFG-102, The G.S. 
Blodgett Company Inc. Burlington, VT) set at 163°C. 
Steaks were turned at approximately 40°C and removed 
from the oven at 70°C. Internal temperature was re-
corded when the steaks were placed in the oven and 
when steaks were removed from the oven. Steaks were 
then placed on trays, covered with plastic wrap, and 
refrigerated at approximately an average temperature 
of 3.2°C until the next day. Six to eight 1.25-cm-diam-
eter cores were taken from each steak parallel to the 
fiber orientation and sheared perpendicular to the fiber 
orientation on an Instron Model 5569 Universal Test-

ing Machine (Canton, MA), with the Warner-Bratzler 
shear head attached. A 50-kg compression load cell was 
used with a crosshead speed of 250 mm/min.

Cattle Pen Enclosures and Measurement  
of Gas Emissions

All the animals from each CON pen and their pe-
riod NE3 pens were moved into a separate CPE for 
their last 7 d on feed. Each CPE consisted of a dome-
like structure measuring 22 × 11 m with dirt floors, 
pipe fencing, feed bunks, and a water trough. Inlet air 
(through a cooling pad) and outflow air (through fans 
with ventilation openings) samples were taken to mea-
sure methane (CH4) and nitrous oxide (N2O) concen-
trations. Air ventilation flow rate was also measured to 
calculate emissions. Data were collected every minute 
and averaged in 1-h intervals. Emissions were calcu-
lated by the following equation:

 emission rate  

flow mix  1
MV

MW

No. of animals

6

=

−× ×
×

0

, 

where flow was the ventilation flow rate in liters per 
hour, mix was the net gas concentration (difference be-
tween inlet and outflow in μL/L), MV was the volume 
of 1 molar ideal gas in liters per mole (which equals 
24.04 at 20°C), MW was molecular weight in grams per 
mole, and No. of animals was the number of animals 
in each CPE (in this case, n = 13). Airflow was de-
termined by the rotations per min of the fans and the 
static differential pressure between inside and outside 
the CPE recorded using data loggers on 10-min inter-
vals. Temperature and relative humidity inside CPE 
were recorded on a HOBO RH/T data logger (Onset 
Comp., Bourne, MA) to correct the airflow rate. Con-
centrations of target gases in the CPE were continu-
ously measured for CH4 using a TEI Model 55C Direct 
Methane, Non-Methane Hydrocarbon Analyzer (Ther-
mo Environmental Instruments, Waltham, MA) and 
for N2O using an INNOVA Model 1412 Photoacoustic 
Field Gas-Monitor (INNOVA, AirTech Instruments, 
Ballerup, Denmark). All sensors were checked or cali-
brated as needed before the experiments. The INNOVA 
1412 was calibrated by the manufacturer. The TEI55C 
was calibrated daily at midnight. The overall system, 
including CPE, sensors, sampling devices, and analyz-
ers was evaluated by introducing 3 L/min pure CH4 gas 
into the CPE, mixing it with the ventilation air, and 
measuring the CH4 concentration in the outflow of the 
CPE. Recovery of the introduced CH4 was 100 ± 10% 
with the system. Emissions of CH4 and N2O output 
(g/d) proportional to DMI (kg/d) and ADG (kg/d) 
were calculated by dividing daily output by the number 
of animals in the CPE, and the average DMI and ADG 
(during the period in the CPE).

Table 1. Diet composition and proximate analysis re-
sults (SEM), n = 8 

Item Amount

Ingredient1

 Alfalfa hay, % 9.00
 Flaked corn, % 77.50
 Distillers dried grains, % 4.00
 Fat [vegetable (soybean, corn, palm,  
  canola) oil], %

2.00

 Premix, % (mineral mix, carrier,2 Tylan,3  
  Rumensin3)

7.50

 Total 100.00
Chemical composition
 CP, % 12.80 (0.49)
 NDF, % 16.10 (0.38)
 Fat, % 5.56 (0.44)
 Ash, % 4.26 (0.18)
 NFC, % 62.66 (0.63)
 GE diet, Mcal/kg of DM 4.45 (0.02)
 DE, Mcal/kg of DM 3.82 (0.01)
 NEm, Mcal/kg of DM 2.25 (0.01)
 NEg, Mcal/kg of DM 1.41 (0.003)

1Percentages on a DM basis.
2Soybean meal.
3Only present in the diet of the conventional treatment group: Ru-

mensin (Elanco, Greenfield, IN) was fed at a rate of 330 mg/(animal·d) 
and Tylan (Elanco) at 90 mg/(animal·d).
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Model for CH4 Emissions

The observed emissions for CH4 were converted to a 
CO2-equivalent (CO2-eq) basis using a global warming 
potential of CH4 of 23 (IPCC, 2006). The measured 
CH4 emissions were compared with those predicted 
from DMI measurements of each pen during their time 
in the CPE using the mechanistic models COWPOLL 
based on Dijkstra et al. (1992) as reported by Kebreab 
et al. (2008), and MOLLY based on Baldwin (1995).

Statistical Analysis

Feedlot and carcass data from individual animals 
were analyzed as a randomized pair design using the 
PROC MIXED procedure (SAS Inst. Inc., Cary, NC) 
with treatment and period as fixed effects and sire as a 
random effect. For the following traits, IGENITY score 
was also included as a regression variable: ADG, mar-
bling, fat thickness, yield grade, REA, and tenderness. 
Traits collected only on a per pen basis (e.g., amount 
of feed given) were analyzed using PROC GLM of SAS 
with treatment and period as fixed effects. The CH4 
and NO2 data from the CPE were analyzed by calculat-
ing the area under the curve and using the generalized 
least squares fit by REML in R (The R Foundation for 
Statistical Computing, Vienna, Austria). The model for 
CH4 and NO2 analyses included treatment, day, period, 
and treatment × day interactions. The chemical com-
position of the treatment diets analysis was performed 
using the PROC GLM procedure, with treatment as 
the fixed effect. The WBSF measurements were evalu-
ated using PROC MIXED with treatment and period 
as fixed effects, sire and core sample as random vari-
ables, and IGENITY tender score and marbling score 
as fixed regression variables. The liver condemnation 
data were analyzed as the percentage of livers not con-
demned per pen using a 2-way proportions test using 
R, which tested the proportion different in each treat-
ment group.

RESULTS

Feedlot and Carcass Performance

Feedlot performance and carcass characteristics are 
reported in Tables 2 and 3. The CON cattle had greater 
ADG (P < 0.0001) and G:F ratio (0.241 vs. 0.175, P < 
0.01). Because the CON cattle grew 34% faster, they 
were on feed an average of 42 d less than NE3 cattle. 
The DMI was less for the CON cattle over the course of 
the study (P = 0.041); however, this difference was not 
significant on a daily basis (P = 0.22). The combined 
cost of the metabolic modifiers and feed consumed in 
the CON treatment group reduced costs per kilogram 
of BW gain in the feedlot compared with the NE3 
group ($1.12 vs. $1.35, P = 0.011).

Carcasses derived from CON cattle had significantly 
larger REA (P < 0.0001), less backfat (P = 0.006), less 

KPH (P = 0.005), decreased marbling (P < 0.0001), 
and reduced yield grade (P < 0.0001) compared with 
carcasses derived from NE3 steers. The NE3 group pro-
duced carcasses that were more tender (P < 0.0001). 
Forty-two percent of the NE3 carcasses were yield 
grade 4 and 5, which would likely receive a price dis-
count. Livers from CON cattle were heavier than livers 
from NE3 cattle (P = 0.004). Although there was no 
significant treatment effect (P > 0.05; liver acceptance 
rate, P = 0.814) on overall liver condemnation rate 
(13% NE3 vs. 10% CON condemned), all of the CON 
liver condemnations occurred during the slaughter of 
the cattle in the fourth CON pen. This might be at-
tributable to the observation that the grader during 
slaughter of the fourth period CON pen appeared to 
be more stringent on liver condemnation than was the 
grader that was present on other slaughter days.

During the course of the study there was a therapeu-
tic need to treat some cattle in both treatment groups 
for a respiratory infection caused by Histophilus somni 
using tulathromycin (DRAXXIN, Pfizer Animal Health, 
New York, NY) or ceftiofur crystalline free acid (EX-
CEDE Sterile Suspension, Pharmacia & Upjohn Com-
pany, Division of Pfizer, New York, NY). In commercial 
settings, such treatments would disqualify NE3 cattle 
from the value-added natural market. Two of the CON 
cattle were euthanized as a result of this infection, and 
in each case an equivalent BW steer was brought into 
the pen to maintain an equal number of animals in each 
pen and CPE. The cost of these therapeutic treatments 
was not accounted for in the current study because it 
was not uniquely associated with a single treatment 
group, although the lost opportunity cost of not being 
able to sell to the value-added natural market would 
be uniquely associated with the NE3 treatment group.

Table 4 shows the results of the IGENITY Profile 
score analysis. Marbling score was not found to be sig-
nificantly associated with WBSF values (P > 0.1) and 
was removed from the WBSF model. Tenderness and 
marbling were the only traits in which there was a sig-
nificant association (P < 0.05) between the profile score 
and the target trait phenotype, although it should be 
noted that the sample size of this data set was less than 
100 animals because genotypes were not available on 
all animals.

GHG Emissions

Average hourly CH4 and N2O emissions data are 
shown in Figure 1. Because of equipment malfunction, 
GHG measurements were only collected for 2 of the 4 
periods, meaning there were only 2 replicates for the 
measurement of GHG emissions. There was an effect 
(P < 0.05) of time of day and day on CH4 and N2O 
production. There was no treatment effect on daily CH4 
(281.8 g of CH4 for NE3 vs. 294.6 g of CH4 for CON/d, 
P = 0.62) or N2O (4.8 g of N2O for NE3 vs. 5.7 g of 
N2O for CON/d, P = 0.70) emissions/steer. Assuming 
an approximately constant emission rate (DMI basis) 
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throughout the course of the feedlot trial, then overall 
CH4 and N2O produced by the CON cattle would be 
expected to be approximately 31% less for CON steers 
than for NE3 steers due to the decreased DOF and 
DMI required to reach the target end BW in the CON 
group. Expressing CH4 emissions on a CO2 equivalent 
basis resulted in a difference of 1.10 kg of CO2-eq. (5.02 

NE3 vs. 3.92 CON) per kilogram of feedlot BW gain 
(Table 5a). Both COWPOLL and MOLLY predicted 
less CH4 emissions than were recorded (Table 5b); how-
ever, predictions from these mechanistic models and 
experimental observations should not be compared di-
rectly unless all of the conditions of the experiment are 
represented in the models.

Table 2. Average (SEM) feedlot performance and carcass characteristics of steers 
finished under Never Ever 31 (NE3) and conventional2 (CON) feedlot management 
systems 

Item NE3 CON P-value

Pens, n 4 4 —
Initial BW, kg 337 (7.91) 337 (7.53) 0.77
Final BW, kg 591 (5.82) 600 (5.74) 0.09
ADG, kg/d 1.35 (0.03) 1.81 (0.05) <0.0001
Days on feed 188 (7.38) 146 (8.51) 0.01
Feedlot data    
 Total kg of feed fed/steer 1,643 (96) 1,250 (119) 0.041
 kg of feed (DM)/steer 1,462 (86) 1,112 (106) 0.041
 kg of feed (DM)/(steer·d) 7.8 (0.30) 7.6 (0.30) 0.22
 G:F 0.18 (0.01) 0.24 (0.016) 0.0019
 Feed cost, $/kg feed (as fed) $0.21 $0.23 —
 Implant cost — $4.50/steer —
 Optaflexx cost — $8.70/steer —
 Cost of feed + technology/kg of BW gain $1.35 (0.05) $1.12 (0.07) 0.011
Carcass data    
 Carcasses, n 52 50 —
 HCW, kg 362 (3.06) 368 (3.47) 0.072
 Ribeye area, cm2 79.9 (0.09) 87.1 (0.20) <0.0001
 Yield grade 3.95 (0.09) 3.38 (0.12) <0.00013

 KPH, % 2.83 (0.21) 2.51 (0.13) 0.005
 Fat thickness, cm 1.84 (0.02) 1.64 (0.02) 0.0061
 USDA Marbling score4 6.2 (0.21) 5.4 (0.05) <0.0001
 Dressing % 61.3 (0.30) 61.3 (0.30) 0.62
 Liver wt, kg 13.2 (0.38) 14.1 (0.49) 0.02
 Liver acceptance rate, % 87 (5) 90 (9) 0.814
 Shear force, kg 3.19 (0.77) 3.46 (0.75) 0.004

1Never Ever 3: no feed additives or implants.
2Conventional treatment: double implantation with Synovex Choice (Fort Dodge Animal Health, Over-

land Park, KS), fed the ionophores Rumensin and tylosin (Elanco, Greenfield, IN), and for the last 29 d on 
Optaflexx (Elanco).

3Period effect, P = 0.04.
45.00 = Small00, 6.00 = Modest00, 7.00 = Moderate00, 8.00 = Slightly abundant00, 9.00 = Moderately abun-

dant00.

Table 3. The USDA quality and yield grade (YG) distributions of carcasses and carcass characteristics of steers 
finished under Never Ever 31 (NE3) and conventional2 (CON) feedlot management systems 

Treatment YG <3, % YG 3 < 4, % YG 4 and greater, %

Distribution of YG between treatments
 NE3 4 (n = 2) 54 (n = 28) 42 (n = 22)
 CON 24 (n = 12) 60 (n = 30) 16 (n = 8)

   

 Prime, % Choice, % Select, %

Distribution of quality grades between treatments
 NE3 11 (n = 6) 85 (n = 44) 4 (n = 2)
 CON 0 (n = 0) 84 (n = 42) 16 (n = 8)

1Never Ever 3: no feed additives or implants.
2Conventional treatment: double implantation, ionophores, and ractopamine-HCl.
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DISCUSSION

Agricultural production systems frequently present 
trade-offs among environmental, social, and economic 
goals, and no single production system is likely to sat-
isfy all aspects of sustainability simultaneously (Stern 
et al., 2005). Few studies have attempted to quantify 
how well different feedlot production systems achieve 
sustainability goals (Wileman et al., 2009). This study 
aimed to quantify the sustainability implications specif-
ically associated with the production of a kilograms of 
feedlot BW gain when comparing CON and NE3 feedlot 
management regimens. Although it is understood that 
there are sustainability implications associated with 
the production of the feeder steers that were used in 
this trial before their arrival at the feedlot (i.e., at the 
cow-calf operation) which would need to be included in 
a complete life cycle analysis, the role of feedlot man-
agement practices was the sole focus of this study. It is 
also important to recognize that in commercial feedlot 
situations it is likely that NE3 cattle would have been 
finished at a lighter BW than CON cattle due to the 
increased fat composition of heavier carcasses produced 
without the use of metabolic modifiers.

There has been a shift away from including untreated 
control animals in experiments designed to examine the 
effect of metabolic modifiers on feedlot performance and 
carcass characteristics (Wileman et al., 2009); however, 
data such as those presented in the current study are 
important to determine all of the sustainability impli-
cations of producing a unit of BW gain using alterna-
tive feedlot management systems. Notably, we selected 
a constant average pen BW basis as the endpoint for 
this trial. Others have used this approach (Woodward 
and Fernandez, 1999), but in commercial settings other 
endpoints (e.g., constant DOF, quality grade, backfat 
thickness, or body composition) may be more appro-
priate. For example, slaughtering at a constant 8-mm 
backfat endpoint resulted in implanted cattle having 
both decreased DOF and increased HCW relative to 
control steers (Berthiaume et al., 2006). Altering the 

target endpoint would necessarily alter many of the 
values reported in this study in a situation-dependent 
manner.

Economic Implications

The use of implants and feed additives resulted in a 
34% increase in feedlot ADG and decreased the resourc-
es required to produce a fixed amount of output. As ex-
pected the CON cattle grew more quickly and achieved 
the target market BW an average of 42 fewer days than 
was required for the NE3 cattle. This resulted in a 21% 
less feed and technology cost of production ($1.12 vs. 
$1.35) per kilogram of feedlot BW gain. A comparison 
of the feedlot performance of organic vs. conventional 
steers by Fernandez and Woodward (1999) showed an 
even larger effect, with the conventional finishing treat-
ment having better ADG, feed efficiency, heavier end 
BW, less DOF, and decreased feed costs, which reduced 
the cost of BW gain by 39% ($1.36/kg of BW gain for 
conventional vs. $1.89/kg of BW gain for organic fin-
ishing system). A second paper reporting on this com-
parison between organic and conventional feedlot steers 
evaluated the carcass performance of the organic and 
conventional feeding systems and found the convention-
ally finished cattle had heavier carcasses, larger REA, 
and less backfat and intramuscular fat (Woodward and 
Fernandez, 1999).

Several costs were not accounted for in the present 
study. Implanting the CON cattle at 70 d would require 
additional labor to work the cattle through the chute 
a second time, and some loss in performance would be 
associated with the procedure. Because of therapeu-
tic need and an animal care protocol mandate, some 
cattle in each group were treated for bovine respiratory 
disease. In commercial settings, such treatments would 
disqualify NE3 cattle from that value-added market. 
Natural markets are associated with more risk than 
other branded beef programs, because of the greater 
opportunity cost associated with having to therapeu-

Table 4. Significance of sire and the IGENITY multibreed marker score for carcass 
traits and ADG 

Trait
IGENITY  
score n

Sire 
P-value

Regression  
coefficient1

IGENITY  
score  

P-value

ADG ADG 942 0.06 0.006 0.79
Marbling Marb 93 0.49 0.201 0.04
Backfat Fat 94 0.18 0.499 0.33
YG3 YG 95 0.17 −0.058 0.42
REA4 REA 94 0.21 −0.069 0.57
WBSF5 Tenderness 88 0.12 −0.053 0.03

1Regression coefficient of the scores reported for trait marker panel and observed phenotypes in the test 
population on the scores reported for the DNA test.

2Sample size variation is due to missing observations (incomplete genotyping).
3Yield grade.
4Ribeye area.
5Warner-Bratzler shear force is a means of evaluating tenderness.
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tically treat natural cattle. These cattle are costly to 
finish, but they can no longer be sold at the natural 
premium (Stovall and McCaffery, 2005).

Costs are also associated with the increased incidence 
of subclinical acidosis and resultant liver abscesses in 
the NE3 treatment group. Use of tylosin phosphate in 
feedlot rations has been reported to decrease the in-
stance of liver abscesses by 40 to 70% (Nagaraja and 
Chengappa, 1998). Decreased performance effects have 
also been associated with abscessed livers, although 
there is considerable variation in the severity of these ef-
fects (Nagaraja and Lechtenberg, 2007). Carcasses with 

condemned livers often have adhesions to surrounding 
organs or the diaphragm, which necessitates carcass 
trimming and a further decrease in saleable product. 
Other costs not accounted for in the current study in-
clude additional yardage costs associated with the lon-
ger DOF and the opportunity cost associated with the 
slower turnover rate of cattle in the feedlot. Additional 
expense would also be associated with sourcing verified 
natural stocker cattle. A recent cost study from Cali-
fornia put this premium at $0.05/kg for 240-kg calves, 
and $0.15/kg for 347-kg natural feeder cattle (Nader et 
al., 2010).

Figure 1. Average a) methane emission and b) nitrous oxide emission data from steers finished using Never Ever 3 (NE3) or conventional 
(CON) feedlot management for the 5-d experimental period cattle were housed in pen enclosures for emission recording. Error bars are SEM. 
Never Ever 3: no feed additives or implants. Conventional treatment: double implantation, ionophores, and ractopamine-HCl.
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The CON cattle had decreased marbling scores and 
a greater percentage (16% CON vs. 4% NE3) of select 
carcasses. Depending upon the Choice:Select spread, 
this would generally increase the value of the NE3 car-
casses that graded 85% Choice, and 11% Prime. How-
ever, the NE3 carcasses that were yield grade 4 and 
5 would likely incur a penalty in the order of $0.22/
kg of HCW. As mentioned previously, in commercial 
settings it is likely that the NE3 groups would have 
been finished at a lighter BW. Several studies have re-
ported an effect of implants on quality grade. Guiroy 
et al. (2002) found that implanted steers graded low 
Choice or greater 46.3 to 56.8% of the time depending 
upon the implant strategy used, whereas control steers 
graded low Choice or greater an average of 62.5% of 
the time. Synovex Choice was chosen as the implant 
for the current study because it has been associated 
with more favorable quality grades than other anabolic 
implants (Prouty and Larson, 2010). The BAA RAC 
was likewise selected over the more aggressive zilpaterol 
hydrochloride because of the decreased quality grades 
that have been associated with the latter BAA (Stry-
dom et al., 2009). In general, studies comparing RAC 
response in implanted cattle have found enhancement 
in feedlot performance and negligible effects on carcass 
quality (Gruber et al., 2007; Winterholler et al., 2007).

Few published cost studies compare natural and con-
ventional feedlot management practices (Fernandez and 
Woodward, 1999; Berthiaume et al., 2006; Wileman et 
al., 2009); however, there are several extension reports 
available online (Baker, 2004; Anderson and Schoon-
maker, 2005; Stovall and McCaffery, 2005; Acevedo et 
al., 2006). Using some of the cost estimates in these 
reports and the results of this study, the cost of procur-

ing the 337 kg natural stocker steers used in this study 
would require a $56.55 premium (Nader et al., 2010), 
the cost of the additional 350 kg of DM of feed required 
to finish the natural cattle would amount to $73.37, 
and the additional 42 d of yardage at $0.30/d (Wile-
man et al., 2009) would total to $12.60. Therefore, the 
natural premium would need to be at least the sum of 
these costs (i.e., $142.52 per animal, $0.24/kg of BW, 
or $0.39/kg of HCW) to cover the additional expenses 
associated with producing a NE3 carcass.

Environmental Implications

Enteric fermentation processes associated with the 
digestion of plant material in ruminants cause the pro-
duction of end products such as VFA, H2, CH4, NH3, 
and CO2. Globally, ruminant livestock produce ∼80 
million tonnes of CH4 annually, accounting for ∼33% 
of anthropogenic emissions of CH4 (Beauchemin et al., 
2008). Although several studies have performed life 
cycle analyses of GHG emissions from cattle produc-
tion systems using standard emission figures typically 
derived from the Intergovernmental Panel on Climate 
Change (IPCC), few have measured actual emissions. 
The diurnal pattern of CH4 observed in this study is 
the result of decreased activity and rumination during 
the night and has been observed in other studies as 
well (Hamilton et al., 2010). The increase in CH4 pro-
duction over the 5-d emission measurement period was 
likely partly attributable to CH4 derived from the ac-
cumulating manure in the CPE. Kinsman et al. (1995) 
found that gas emissions from manure deposited in an 
environmental chamber contributed 5.8% to measured 
CH4 output.

Table 5. Averages (SEM) of ADG, DMI, daily methane and nitrous oxide emissions recorded during a 5-d period 
in the cattle pen enclosures (expressed on a per animal per day basis), and CO2-eq

1 from methane (CH4) kg/kg 
of feedlot BW gain of steers finished under Never Ever 32 (NE3) and conventional3 (CON) feedlot management 
systems; and predicted emissions based on COWPOLL and MOLLY mechanistic models as described by Kebreab 
et al. (2008) 

Item NE3 CON P-value

Observed methane and nitrous oxide emissions
 ADG, kg/d (during measurement period) 1.28 (0.10) 1.70 (0.11) 0.008
 DMI, kg/d (during measurement period)4 8.56 (0.18) 9.93 (0.18) 0.0001
 CH4, g/(steer·d) 281.79 (20.02) 294.58 (10.57) 0.62
 N2O, g/(steer·d) 4.79 (1.79) 5.73 (0.89) 0.7
 CO2-eq from CH4 kg/kg of feedlot BW gain 5.02 3.92 —
Predicted methane emissions based on COWPOLL model
 GE, MJ/d 162 175 —
 DE, MJ/d 121 131 —
 CH4, MJ/steer·d 7.00 7.62 —
 CH4, g/steer·d 136.23 148.29 —
Predicted methane emissions based on MOLLY model
 CH4, MJ/(steer·d) 6.46 7.01  
 CH4, g/(steer·d) 125.6 136.4  

1CO2-eq: carbon dioxide equivalents in terms of global warming potentials (CO2 = 1, CH4 = 23).
2Never Ever 3: no feed additives or implants.
3Conventional treatment: double implantation, ionophores, and ractopamine-HCl.
4DMI during measurement period was used to adjust emissions. This value was greater than the overall DMI for the entire study.
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The daily CH4 emissions per animal found in this 
study fell within the range that has been reported in 
other studies where CH4 emissions have been measured 
in feedlot cattle (Table 6). As mentioned previously, 
values obtained in this study included both enteric CH4 

and CH4 derived from the manure deposited in the CPE 
during the 5-d course of the experiment. The daily CH4 
emissions in Table 6 encompass a 6-fold range from a 
low of 79 g/d to a peak of 395.8 g/d. This highlights the 
importance of matching emission estimates to the attri-

Table 6. Comparisons of studies that directly measured methane emissions from feedlot beef cattle fed a variety 
of diets 

Diet

GE diet, 
MJ/kg 
of DM

DMI, kg/ 
(steer·d)

CH4, g/ 
(steer·d)

CH4, g/kg 
of DMI

CO2-eq, 
kg/d

CO2-eq, 
kg/kg 

of feedlot 
BW gain Reference

NE31 18.63 8.6 281.8 32.7 6.48 5.02 Current study2

CON3 18.63 9.9 294.6 29.4 6.77 3.92 Current study2

Corn backgrounding4 18.31 10.23 254 24.8 5.84 4.87 (Beauchemin and 
McGinn, 2005)Barley backgrounding5 18.71 7.60 185 24.3 4.26 4.58

Corn finishing6 18.23 8.51 79 9.3 1.82 2.25
Barley finishing7 18.10 8.08 108 13.4 2.48 2.63
Alfalfa/grass pasture 18.1 11.1 221.7 20.0 5.1 6.13 (Boadi, 2002)
Alfalfa/grass pasture + 
 barley supplementation

— 12.9 236.5 18.3 5.4 4.89

Low forage:grain 17.79 11.7 91.3 8.0 2.10 1.10 (Boadi, 2004)
High forage:grain 18.78 10.0 64.3 6.7 1.48 0.93
Maize I8 19.8 10.88 301 29.4 6.92 5.72 (Mc Geough et al., 

2010a)Maize II8 19.0 11.95 304 25.8 6.99 5.17
Maize III8 18.9 11.13 301 27.7 6.92 5.55
Maize IV8 19.6 11.06 284 26.2 6.53 5.03
ALC9 19.7 11.03 228 22.1 5.24 3.60
WCW silage I10 18.9 10.3 295 30.1 6.79 8.27 (Mc Geough et al., 

2010b)WCW silage II10 18.1 11.6 315 27.5 7.25 6.23
WCW silage III10 18.0 12.0 322 28.0 7.41 6.71
WCW silage IV10 18.2 10.7 273 25.9 6.28 6.02
GS11 19.7 8.9 312 35.6 7.18 7.77
ALC12 19.7 10.4 180 15.3 4.14 3.10
No additives13 19.46 7.40 166.4 22.5 3.83 3.52 (McGinn et al., 2004)
Monensin13 19.46 7.71 159.6 20.7 3.67 3.38
Pellet14 17.9 7.8 173.2 22.2 3.98 3.2515 (Reynolds and Tyrrell, 

2000)
Dry rolled corn/silage — 6.9 77.1 11.2 1.77 1.22 (Archibeque et al., 2007)
Barley grain 
 (mean values)

17.8 11.3 179.6 15.9 4.13 2.89 (Hegarty et al., 2007)

Barley grain 
 (minimum values)

17.8 5.87 84.4 14.4 1.94 2.55

Barley grain 
 (maximum values)

17.8 20.02 395.8 24.9 9.10 4.31

1Never Ever 3: no feed additives or implants.
2Data include methane emissions from manure deposited in cattle pen enclosure during the 5-d study period.
3Conventional treatment: double implantation, ionophores, and ractopamine-HCl.
470% corn silage and 30% dry-rolled corn (DM basis).
570% barley silage and 30% dry-rolled barley (DM basis).
69% barley silage and 91% dry-rolled corn (DM basis).
79% barley silage and 91% dry-rolled barley (DM basis).
8Maize silage harvested at various stages of maturity (I to IV), plus 2.57 kg concentrates (60% rolled barley, 33% soybean, 5% sugarcane molas-

ses, and 2% mineral and vitamin premix, as fed).
9Ad libitum concentrates (83% rolled barley, 10% soybean, 5% sugarcane molasses, and 2% mineral and vitamin premix, as fed), plus 1.27 kg 

of grass silage (DM) daily.
10Whole-crop wheat silage of differing grain content (I to IV), plus 2.6 kg of concentrate DM (46% rolled barley, 46% soybean, 5% sugarcane 

molasses, 2% mineral and vitamin premix, and 1% vegetable oil, as fed).
11Perennial rye grass silage, plus 2.6 kg of concentrate DM (46% rolled barley, 46% soybean, 5% sugarcane molasses, 2% mineral and vitamin 

premix, and 1% vegetable oil, as fed).
12Ad libitum concentrates (82% rolled barley, 10% soybean, 5% sugarcane molasses, 2% mineral and vitamin premix, and 1% vegetable oil, as 

fed), plus 1.28 kg of grass silage (DM) daily.
13Barley silage/barley grain diet.
1425% concentrate, 75% alfalfa pellet.
15BW gain calculated as difference between phase 1 and 3.
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butes of the production system because CH4 emissions 
are dependent upon several factors including DMI, en-
ergy content of the feed, and ADG. The current study 
does not account for the emissions associated with the 
production of the extra feed consumed by the NE3 
cattle during the feedlot finishing period, or for those 
associated with the additional waste generated during 
the extra 42 d on feed.

Nitrous oxide is derived from manure through nitri-
fication and denitrification processes, which are influ-
enced by air temperature and the amount of solids in 
the manure (Kebreab et al., 2006). Therefore, the N2O 
emissions observed in the current study can be attrib-
uted to the cattle feces that were deposited in the CPE. 
A dairy cow study that examined N2O in an environ-
mental chamber found approximately 0.02 g/h or 0.48 
g/d from the manure deposited by an animal in the 
chamber (Hamilton et al., 2010). The values observed 
in the current study were greater than this value due 
in part to the accumulation of manure throughout the 
entire time in the CPE (i.e., CPE were not cleaned on a 
daily basis during the course of the experiment).

Another method for evaluation of GHG emissions 
in livestock is through models that simulate emissions 
based on different factors, including feed intake, diet 
composition, and digestive processes. Mechanistic and 
empirical mathematical models allow for prediction of 
CH4 based on dietary components without the costly 
equipment required to measure emissions directly from 
ruminants. Mechanistic models differ from empirical 
models that solely use nutrient intake to predict CH4 
emissions in that they predict emissions based on the 
actual biochemical fermentation processes in the rumen 
(Kebreab et al., 2008). Ellis et al. (2007) evaluated sev-
eral empirical models and concluded that DMI and ME 
intake were the best dietary predictors for CH4 produc-
tion of the variables evaluated, with correlations to CH4 
production in beef animals of 0.44 and 0.36, respective-
ly. Mathematical models have been found to be valu-
able predictors of CH4 emissions; however, due to the 
large variability of beef diets there can be variation in 
the ability of a model to predict CH4 emissions in beef 
cattle, which may explain the difference between the 
model and observed results for CH4. The COWPOLL 
model performed best for predicting CH4 emissions in 
dairy cattle, whereas the MOLLY model performed the 
best for feedlot cattle (Kebreab et al., 2008). In the 
current study, both COWPOLL and MOLLY underes-
timated the observed CH4 emissions of both NE3 and 
CON cattle, although results from COWPOLL were 
closer to the observed values. However, some of the 
underestimation can be attributed to the models only 
approximating emissions arising from enteric fermen-
tation, whereas observations were made on emissions 
arising from enteric fermentation and fresh manure.

The current study was not a life cycle assessment of 
GHG emissions. Several studies have looked at lifecy-
cle assessments of GHG emissions associated with red 
meat production (e.g., Haas et al., 2001; Casey and 

Holden, 2006; Edwards-Jones et al., 2009; Beauchemin 
et al., 2010; Peters et al., 2010). Values of kg CO2-eq 
/kg of HCW for beef range from 5.9 to 25.5 (Peters 
et al., 2010). A recent Canadian study assessing emis-
sions from the whole beef production farming system 
(Beauchemin et al., 2010) most closely resembles the 
beef production system examined in this study. The au-
thors estimated the GHG intensity of beef production 
to be 22 kg CO2-eq/kg of HCW. They further approxi-
mated that within the beef production cycle, the ex-
tensive cow-calf sector accounted for about 80% of the 
emissions, and the intensive feedlot phase contributed 
approximately 20% of the emissions. In their simula-
tion, approximately 4.4 kg CO2-eq/kg of HCW was at-
tributable to the feedlot phase of production, of which 
2.9 kg was from enteric and feedlot manure CH4 emis-
sions. This aligns well with the current study, where 
these feedlot numbers were 2.69 and 3.37 kg CO2-eq/kg 
of HCW for CON and NE3, respectively. Although the 
CON treatment reduced kg CO2-eq/kg of feedlot gain 
by 28%, in reality this reduction would have a small 
effect on the total carbon footprint of beef production 
because the cow-calf system is the primary source of 
GHG emissions from beef production.

Social Implications

The social goals of sustainability are perhaps the 
most difficult to quantify. Product quality may be con-
sidered one attribute of social acceptability. Anabolic 
steroid use has been linked to decreased tenderness 
(Platter et al., 2003; Smith et al., 2007), and multiple 
implantations have been shown to increase WBSF val-
ues (Platter et al., 2003). Beta-agonists can also have 
variable effects on carcass tenderness, with RAC hav-
ing less impact on tenderness than zilpaterol and clen-
buterol (Strydom et al., 2009). Whereas WBSF values 
differed between treatment groups in the current study, 
the mean WBSF values for both the CON and NE3 
cattle (3.6 kg for CON vs. 3.4 kg for NE3) were below 
the threshold value of 4.5 kg (Shackelford et al., 1991), 
above which consumers generally consider steaks to be 
tough. These low scores may be explained in part by 
the breed makeup (Angus-cross) of the steers and the 
14-d aging period. Postmortem aging aids in the deg-
radation of fibers and connective tissue, which contrib-
ute to meat tenderness; several studies have shown de-
creased WBSF values with postmortem aging (Platter 
et al., 2003; Stelzleni et al., 2008; Scramlin et al., 2010).

The association between the IGENITY Multibreed 
Panel (2008) marker scores and the target trait pheno-
types were evaluated as a part of this study. There has 
been limited peer-reviewed research evaluating the as-
sociation of these marker scores with their target trait. 
Van Eenennaam et al. (2007) reported a significant as-
sociation of an earlier version of an IGENITY marker 
panel called TenderGENE with WBSF measurements 
and found a significant association of the test results 
with WBSF. The current study also found a signifi-
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cant association of the IGENITY tenderness panel with 
WBSF values and an association between the marbling 
panel and marbling score. The DNA marker-assisted 
management may offer a management approach to help 
offset any negative product quality effects associated 
with the use of metabolic modifiers, although the eco-
nomic feasibility of such an approach would need to be 
assessed.

Another aspect of social sustainability is consumer 
demand and willingness to pay an increased price due 
to the additional costs associated with producing NE3 
product. Consumer demand is monitored by the Na-
tional Cattlemen’s Beef Association through scanner 
data at the retail level. For the 52 wk ending March 
28, 2010, these scanner data indicated that natural 
and organic beef sales constituted 1.6% of all fresh beef 
sales in retail supermarkets, representing 2.5% of the 
total beef value (NCBA, 2010). According to the Ag-
ricultural Marketing Resource Center during the first 
quarter of 2010, prices for all beef products offered in 
retail supermarkets averaged $7.54 per kilogram com-
pared with natural and organic beef products, which 
averaged $11.95 per kilogram, a premium of $4.41 per 
kilogram (AMRC, 2010).

This suggests some consumers are willing to pay a 
significant premium for natural and organic meat prod-
ucts. The reasons why consumers are willing to pay 
this premium vary as elucidated in a survey of 1,288 
Colorado consumers (Thilmany et al., 2006). Approxi-
mately 25% of those responding to the survey indicated 
a willingness to pay a premium for local, natural beef. 
Some were motivated by their perceptions of the premi-
um quality of natural beef products. Others were con-
cerned with production system attributes such as “no 
antibiotics,” “no hormones,” and “humane treatment.” 
Some consumers may also be concerned about feedlot 
production systems in general, preferring less-intensive 
grass-raised beef systems. This broader production 
system analysis is beyond the scope of this study, but 
would be an interesting topic for future sustainability 
evaluations.

When asked to breakdown the reasons for their will-
ingness to pay a premium for natural beef, on average 
48% of the premium was based on perceived personal 
benefits (nutrition, quality, safety), 24% was based on 
public health concerns (potential antibiotic resistance, 
unknown hormonal effects), 23% was ascribed to broad 
societal benefits (support local agriculture, environ-
mental benefits), and “other” concerns represented the 
remaining 5% of the premium. There were also consum-
ers, especially lower income, price-conscious consum-
ers, who were not willing or able to pay a premium 
for natural beef products. For those consumers “value 
for price” was an important issue because of compara-
tively less household income, and as a group they were 
less concerned about value-added product attributes 
including “natural” and “organic” claims.

Concerns about antibiotic and hormone-use may 
also stem from worries related to the excretion of these 

products and their derivatives into the environment, 
and their retention in animal products. Several labora-
tory studies have documented abnormalities in endo-
crine function and reproduction in fishes exposed to 
trenbolone or estradiol metabolites (Kolok and Sellin, 
2008), although it is unclear whether the use of implants 
increases the endocrine activity of cattle wastes in agri-
cultural production systems. There are no studies that 
link hormone residues in meat or dairy products with 
adverse human health effects (CAST, 2005). The natu-
ral human production of both androgens and estrogens 
are several thousand times the content of a serving of 
beef produced with hormone implants. Likewise, other 
common foods are naturally much greater in estrogen 
than implanted beef, including eggs and milk. Soybean 
oil can contain as much as 9,000 times the estrogen 
activity as the same quantity of implanted beef (Pres-
ton, 1997). Regardless, these health and environmental 
concerns are contributing factors driving demand and 
creating an added-value market for natural beef.

Sustainability

It is unlikely that any one production system will 
ever satisfy all sustainability goals concurrently. Ev-
ery production system has attributes that both sup-
port and act in opposition to the economic, social, and 
environmental goals of agriculture. Stern et al. (2005) 
illustrated this point by evaluating 3 model swine pro-
duction systems: one that had an emphasis on maxi-
mizing environmental goals, one that had an emphasis 
on animal welfare goals, and one had an emphasis on 
product quality goals. They showed that with each pro-
duction system there were sustainability benefits and 
drawbacks. Figure 2 illustrates the 2 feedlot manage-
ment regimens examined in the study in the context of 
satisfying the sustainability goal triad.

Although some technologies are prohibited by agri-
cultural production systems that are purported to be 
sustainable, technologies that work to improve efficien-
cy and do not have a deleterious effect the environment 
are likely to have some sustainability benefits. To avoid 
favoring practices that satisfy sustainability goals at 
the expense of productivity, it is important to express 
comparisons in terms of a unit of output (Beauchemin 
et al., 2010; Place and Mitloehner, 2010). The envi-
ronmental benefits associated with increasing the ef-
ficiency of production systems are often overlooked in 
sustainability discussions.

There have been significant gains in US beef cat-
tle production efficiency over the past 50 yr. Output 
has almost doubled, whereas animal numbers have in-
creased by only 3% from 93.35 million in 1958 to 96.03 
million in 2008 (AMS, 1959; NASS, 2009). This has 
been achieved by employing management practices and 
technologies that improve productive efficiency, there-
by reducing resource use and environmental impact per 
unit of output (Capper et al., 2009). Pretty (2008) sug-
gested that agriculture needs a “sustainable intensifica-
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tion” of existing resources and technologies, rather than 
a reduction of inputs, to move toward sustainability. 
He calls for producing more food from the same area of 
land while reducing the environmental impacts and is-
sues a caution against any prejudice that limits the use 
of technological inputs on ideological grounds.

Conclusion

The metabolic modifiers used in the CON feedlot 
treatment resulted in positive economic (decreased 
cost of BW gain) and environmental (decreased feed 
use, fewer DOF, reduced CH4 emissions) outcomes. 
The NE3 treatment met the specifications required to 
supply a process-verified program resulting in a high-
value product outcome that meets the preferences of 
a defined consumer segment. Both feedlot manage-
ment systems therefore satisfied some of the tripartite 
economic, environmental, and social goals of sustain-
ability, but neither satisfied all 3 concurrently. The 
definition of what constitutes sustainable agricultural 
production practices will likely differ depending on 
the production environment, location, economic fac-
tors, and both the needs and values of individual con-
sumers.
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