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Abstract

Dietary net energy for maintenance (NE_) and gain (NEg) can be estimated using calculations based on live performance or adjusted-final body
weight, which is calculated based on carcass characteristics. These values are commonly referred to as performance-adjusted (pa) NE_ (paNE, )
and NEg (paNEg). The NE, _ and NEg of a diet can also be estimated by adding recovered energy (RE) with heat production (HP) derived from
an automated head chamber system (AHCS), which we will term gas-adjusted (ga) NE _ (gaNE, ) and NE, (gaNE ). Furthermore, HP from the
Brouwer equation requires an estimate of urinary nitrogen (UN) excretion, which can be calculated based on N intake, blood urea N, UN con-
centration, and urine creatinine, or it could be zeroed. Alternatively, HP can be calculated using an alternative equation based on the respiratory
quotient. Demonstrating agreement between pa and ga derived dietary energy values provides an opportunity to validate using the AHCS for
energetic experiments and this comparison has not been conducted previously. Accordingly, the objective of this experiment was to assess
the agreement between live and carcass paNE  and paNE_ with gaNE_ and gaNE_, where HP was calculated using 4 different approaches.
Estimates of HP were not different (P = 0.99) between the éfapproaches employed, indicating that all options investigated are appropriate. Live
paNE  and paNEg had a higher agreement (Lin's concordance correlation coefficient [CCC] = 0.91) with gaNE,_ and gaNE_ than carcass values
(CCC < 0.84). These results suggest that researchers can implement the AHCS to provide good estimates of dietary energy values in finishing
beef cattle that are unrestrained.

Lay Summary

Automated head chamber systems (AHCS) implemented into beef cattle research allow estimation of gas flux, heat production (HP), and
calculated gas-adjusted dietary net energy for maintenance (gaNE ) and gain (gaNE ) values when paired with recovered energy. However, a
comparison between AHCS-derived values and performance-adjusted NE_ (paNE ) and NEg (paNEg) from either live performance (live paNE
and paNEg) or carcass data (carcass paNE _ and paNEg) has not been conducted. Accordingly, the objectives of this experiment were to evalu-
ate the agreement between gaNE  and gaNEg, estimated using different approaches for calculating HF with live paNE_ and paNEg or carcass
paNE _ and paN Eg. Accounting for urinary nitrogen or methane when calculating HP does not appreciably influence HP estimates or subsequent
calculations to estimate dietary NE_and NE . There was excellent agreement between live paNE and gaNE_, and between paNE_ and gaNE .
Measures of precision, accuracy, and agreement were lower for carcass than for live-derived values when compared to gaNE_ and gaNE_but
were still acceptable. These results suggest that researchers can implement the AHCS to provide estimates of HE gas flux, and estimates of
dietary energy values in unrestrained finishing beef cattle-fed diets ranging in crude protein content (10.8% to 12.5%). Additional research is
warranted on the use of the AHCS to conduct energetic studies across varying diets and production systems, particularly grazing systems.
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Introduction

Indirect respiration calorimetry has historically been utilized
to evaluate gas flux and provide measurements for energy
content of ingredients and diets, or energetic efficiency of
beef cattle. However, whole-body respiration calorimetry sys-
tems require animal restraint in sealed chambers (Blaxter and
Waiman, 1964; Blaxter and Wainman, 1966; Wedegaertner
and Johnson, 1983). Efforts have been made to adapt whole-
body open-circuit calorimetry principles to ventilated head-
boxes (Delfino and Mathison, 1991; Place et al., 2011) or
facemasks (Carstens et al., 1997), and while these methods
do not enclose the whole animal in sealed chambers, they
still restrict movement. Measurements of gas flux from these
systems, including carbon dioxide (CO,) and methane (CH,)
emissions and oxygen (O,) consumption, are used to calcu-
late heat production (HP) using the equation of Brouwer
(1965), and ultimately arrive at estimates of energy utiliza-
tion or dietary energy content. Yet, these sampling procedures
are laborious, expensive, and reduce dry matter intake (DMI)
relative to when the animals are not restrained (Hammond et
al.,2015; Llonch et al., 2018). Thus, one could argue whether
indirect calorimetry systems that isolate and restrain animals
provide representative information about what is occurring
in production environments. Accordingly, other methods to
assess the energy content of ingredients and diets or the effi-
ciency of energy utilization by cattle in their production envi-
ronment should be explored.

Automated head chamber systems (AHCS; GreenFeed,
C-Lock, Inc., Rapid City, SD) are growing in popularity in
the research community (Gunter and Beck, 2018). These
systems provide the opportunity to measure gas flux from
unrestrained cattle in their production environments. The
AHCS can be equipped with sensors to measure CO,, CH,,
and more recently O, (Gunter et al. 2017), and therefore esti-
mates are available to calculate HP using the Brouwer (1965)
equation. Furthermore, an equation reported by Kaufmann et
al. (2011) was proposed as an alternative means to calculate
HP which uses respiratory quotient (RQ) and CO, emissions.
The RQ is the ratio of respired CO, to consumed O,, which
are components of carbohydrate and fat metabolism (Blax-
ter, 1962; Brouwer, 1965). Kaufmann et al. (2011) stated that
their equation for HP was derived by modifying the Brouwer
(1965) equation and the omission of the urinary N adjust-
ment and has been used by several researchers to estimate HP
from cattle while using the AHCS (Pereira et al., 2015; Cae-
tano et al., 2017; Holder et al., 2022). Regardless, using any
method to estimate HP with the addition of recovered energy
(RE) yields an estimate of metabolizable energy (ME) intake,
which can further be used to approximate dietary net energy
for maintenance (NE ) and gain (NE).

Estimates of dietary NE and NE_and subsequent utiliza-
tion by beef cattle can also be evaluated through observed
performance (Owens and Hicks, 2019). Because of the math-
ematical relationship between metabolizable and net energy,
researchers have estimated dietary NE and NE_ using qua-
dratic equations (Owens et al., 1984; Zinn and Shen, 1998;
Zinn et al., 2003, 2008; Vasconcelos and Galyean, 2008).
Metrics of DMI, average daily gain (ADG), body weight
(BW), and required NE_ and NE, are incorporated into
quadratic equations to provide a solution for performance-
adjusted NE_ (paNE, ) and NE, (paNE,). Perhaps to provide
a more accurate assessment of paNE and paNE , Owens and
Hicks (2019) suggested using an adjusted-final body weight
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(AFBW) based on carcass adiposity as described by Guiroy et
al. (2001). One limitation associated with paNE_ and paNE_
is that calculating required NE and NE_ is a component o
the quadratic equations and, as noted by Owens and Hicks
(2019), cattle with lower or higher NE  requirement may
elicit variation in residual NE_and NE_.

Gas flux collected from AHCS units deployed in feedlot
pens may allow evaluation of dietary NE and NE_ in con-
ditions that are favorable to their production environments
without prolonged confinement or restriction. Calculating
required NE_and NE_ values is not a necessary component
when using gas flux and RE to forward calculate dietary
NE_ and NE . Moreover, data from AHCS potentially pro-
vides researchers with the opportunity to evaluate HP across
dietary treatments. Yet, a comparison should be conducted
between values generated from quadratic equations using
observed animal performance (Zinn et al., 2008) and those
derived from gas-adjusted NE_ (gaNE ) and NE, (gaNE)
using gas flux data obtained from an AHCS. Thus, the objec-
tive of this experiment was to evaluate estimates of NE_and
NE, derived from either live performance, carcass data, or gas
flux values. An additional objective of this experiment was to
evaluate precision, accuracy, and agreement between meth-
ods of calculating performance- and gas-estimated dietary
energy values. These different methods include using live
weight or AFBW to determine paNE,_ and paNE, and using
the Kaufmann et al. (2011) equation or the Brouwer (1965)
equation with or without adjustments for estimated urinary
nitrogen (UN) excretion to calculate HP. The final objective
of this experiment was to simulate a scenario where DMI is
unknown and to demonstrate agreement between daily energy
intake values determined using the AHCS with daily energy
intake values derived from performance-adjusted values. It
was hypothesized that gas flux data generated from AHCS
would have excellent agreement with performance-adjusted
dietary energy values.

Materials and Methods

This experiment was conducted at the joint USDA-ARS and
Texas A&M AgriLife Research feedlot in Bushland, TX. All
animal procedures outlined herein were preapproved by the
West Texas A&M University Institutional Animal Care and
Use Committee (protocol number—2022.01.002).

Animals and diets

Predominately Bos taurus, mix-breed steers (7 = 54; BW at
receiving = 484.1 + 26.03 kg; mean = standard deviation)
were processed on day -54 with a topical dose of cyfluth-
rin (Cylence; Elanco Animal Health, Greenfield, IN) and an
oral dose of albendazole (Valbazen; Zoetis Animal Health,
NJ). Initial hip-height at receiving was 122.7 +2.43 cm
(mean = standard deviation). Additionally, steers received
(Merck Animal Health; Rahway, NJ) Cavalry 9, Once
PMH SQ, and Vista 5 SQ vaccines and were implanted with
Revalor-XS. On day -54 steers were randomly assigned to
one of two pens, each containing feed bunks designed to
measure individual feed intake utilizing an electronic iden-
tification system (Calan gate; American Calan, Northwood,
NH). Steers were trained to Calan gates for 35 d until day
-20 during which time they received a starter diet formu-
lated to contain (on a dry matter [DM] basis) 41.0% steam-
flaked corn, 19.0% wheat hay, 16.0% corn stalks, 10.8%
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dried corn distiller’s grains, 6.0% molasses, 5.0% vitamin
and mineral supplement, 1.5% corn oil, and 0.7% urea.
Once trained, steers were stratified by BW and then ran-
domly assigned to one of three finishing diets (7 = 18 steers/
diet) which were formulated as a component of a separate
project (Table 1). Cattle were grouped into 2 pens and each
treatment was equally represented in each pen (7 =9 per
treatment per pen). Treatment diets were formulated to be
isoenergetic but vary in crude protein (CP) content and ana-
lyzed nutritive content of the diets are presented in Table 2.
Steers were transitioned from days -20 to O utilizing a
two-ration blend system where proportions of starter and
assigned finishing diets were adjusted until steers were fully
transitioned to finishing diets. Steers were fed once daily at
0700 = 0015 hours and orts were collected prior to feeding
for determination of DMI. Finishing diets were fed for 80
d prior to shipment to a commercial abattoir (Tyson Fresh
Meats; Amarillo, TX). During the final 28 d on feed, cat-
tle received a daily dose (300 mg/hd) of ractopamine HCI
(Optaflexx 45; Elcano Animal Health). Carcass data was

collected from each steer by the West Texas A&M Univer-
sity Beef Carcass Research Center.

Sample collections and measurements

Animals were weighed prior to feeding on days 0, 1, 49, 50,
79, and 80, and the average BW from the paired weight mea-
surements was used for determination of ADG and reported
herein. On days 1, 49, and 79, blood was collected into
10-mL blood serum tubes via coccygeal venipuncture. Serum
tubes were centrifuged (1,250 x g) for 30 min at 4 °C and sep-
arated serum was aliquoted into 2-mL microcentrifuge tubes
and stored at -20 °C until further analysis. Serum urea nitro-
gen (SUN) concentrations were evaluated using a spectro-
photometer (490 nm; BioTek Synergy2 Plate Reader, Agilent
Technologies, Santa Clara, CA), and an assay kit (Invitrogen;
ThermoFisher Scientific, Waltham, MA) designed for SUN
determination (Catalog: EIABUN).

Each pen contained an AHCS for evaluation of daily gas
flux. Animals were trained to the AHCS during adaptation

Table 1. Ingredient composition of finishing rations fed to steers for determination of paNEg and paNEg orgaNE_and gaNEg

Item, % DM! Ration 1 Ration 2 Ration 3
Steam-flaked corn 76.84 78.08 79.24
Corn stalks 10.00 10.00 10.00
Supplement? 5.00 5.00 5.00
Molasses 5.00 3.64 2.33
Corn oil 1.46 1.42 1.38
Urea 1.15 1.48 1.82
Dried distiller’s grain with solubles, corn 0.55 0.26 0.00
Potassium chloride 0.00 0.12 0.23

Ingredients are reported on a DM basis and final rations were adjusted to 75% DM with water.
*Formulated supplement composition (DM basis): 27.3611% calcium carbonate, 22.6140% ground corn, 20.6645 % magnesium sulfate, 17.3068%
monocalcium phosphate, 7.0210% added salt, 4.0344 % potassium chloride, 0.3354% Rumensin 90 (Elanco Animal Health), 0.2495% manganese sulfate,
0.1433% vitamin E (500 IU/g), 0.1382% zinc oxide, 0.0798% copper sulfate, 0.0426 % sodium selenite, 0.0056 % vitamin A (1,000,000 IU/g), 0.0015%
cobalt carbonate, 0.0012% ethylenediamine dihydroiodide, 0.0011% vitamin D (500,000 1U/g).

Table 2. Analyzed and calculated chemical composition of finishing rations and automated head chamber system bait pellets fed to steers for
determination of paNEg and paNEg or gaNE,_ and gaNEg

Items'? Ration 1 Ration 2 Ration 3 Ration SEM Alfalfa Pellet Pellet SEM
DM, % as fed 74.14 74.11 74.19 0.306 92.82 0.221
CP, % DM 10.77 11.55 12.51 0.107 19.50 0.090
ADE % DM 8.28 8.82 8.34 0.149 31.30 0.214
NDE % DM 15.70 15.73 15.79 0.206 42.70 0.298
ADICP, % ADF 16.26 15.51 16.25 0.735 12.20 0.381
NDICP, % NDF 9.11 8.80 9.22 0.375 10.25 0.268
EE, % DM 3.96 3.99 3.97 0.154 2.24 0.113
Ash, % DM 5.54 5.69 5.87 0.129 11.05 0.186
Lignin, % DM 1.68 1.25 1.33 0.130 5.85 0.162
TDN, % DM3 87.4 88.2 88.3 0.524 59.0 0.310
NE , Mcal/kg DM* 2.21 2.23 2.23 0.021 1.28 0.011
NEg, Mcal/kg DM* 1.52 1.53 1.53 0.018 0.71 0.007

ISFC = steam-flaked corn; DDGS = dried corn distillers’ grains plus solubles; DM = dry matter; CP = crude protein; ADF = acid detergent fiber;

NDF = neutral detergent fiber; ADICP = acid detergent insoluble crude protein; NDICP = neutral detergent insoluble crude protein; EE = ether extract;
TDN = total digestible nutrients; NE = net energy for maintenance; NE_ = net energy for gain.
2Ingredients are reported on a DM basis and rations were adjusted to 75% DM with water, respectively.

STDN calculated utilizing Weiss et al. (1992) model.

‘NE_ and NE, calculated from Galyean et al. (2016) and NASEM (2016).
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Table 3. Equations utilized to evaluate gaNE_ and gaNE_ using gas flux data from an automated head chamber system and performance data from

feedlot steers consuming one of three finishing rations

Variable'? Equation Source

HP, Mcal/d (3.866 x O; +1.200 x CO, —0.518 x CHs — 1.431 x UN)/1,000 Brouwer (1965)

HP, Mcal/d 4.96 + (16.07/RQ) x CO, Kaufmann et al. (2011)
RE, Mcal/d 0.0635 x EBW®75 x EBG!%7 NRC (1984)

ME, Mcal/kg DMI (HP + RE)/DMI NRC (1984)

NE_, Mcal’/kg DM
NE,, Mcal’/kg DM

1.104 x ME — 0.0946 x ME? + 0.0065 x ME? —
1.1376 x ME — 0.1198 x ME? + 0.0076 x ME? — 1.2979

0.7783 Galyean et al. (2016)

Galyean et al. (2016)

'HP = heat production; RE = recovered energy; NE = net energy for maintenance; NE_ = net energy for gain; O, = oxygen (L/d); CO, = carbon dioxide
(L/d) CH, = methane (L/d); UN = urinary nitrogen (g/d); EBW = empty body weight; EEG empty body gain; DMI = dry matter 1ntaf<e ME = metabolizable

energy (Mcal/kg DM); DM = dry matter.

2EBW calculated as 89.1% of shrunk body weight (96.0% live weight) and EBG calculated as 95.6% of shrunk ADG over an 80-d feeding period.

to Calan gates and dietary treatments. The AHCS functions
similarly to head respiration chambers (Place et al., 2011),
but instead measures spot samples and reports daily aver-
ages (g/d) for CO, and CH, emissions and O, consumption
(Gunter and Beck, 2018). Animals were baited to the AHCS
utilizing alfalfa pellets (Hi-Pro Feeds; Friona, TX). Units were
calibrated weekly and CO, recoveries were measured on days
1,40, and 80 to validate unit efficacy. Average CO, recoveries
were 98.03 = 1.64% across all recoveries. Twenty individual
drops of bait pellets from each AHCS unit were collected
and weighed on days 1, 40, and 80 and each drop averaged
31.6 = 2.28 g, which was used to calculate AHCS pellet DMI.
Units were set to dispense bait pellets in 24-s intervals with
8 drops during each visit, a maximum of 4 visits daily, and a
minimum of 4 h between visits. Only visits >3 min in dura-
tion were utilized as a component of average daily spot sam-
pling and all animals achieved 30 or more visits lasting 3 min
or longer during the 80-d feeding period (Arthur et al., 2017;
Gunter and Beck, 2018; Beck et al., 2024).

Diet chemical composition and analyses

Diet samples were collected daily and composited by week.
Samples of the AHCS pellets were collected on days 1, 40, and
80. Daily orts samples and diet and pellet subsamples were
dried in triplicate in a forced-air drying oven at 105 °C for
48 h for determination of DM and used to quantify DMI. Sec-
ondary subsamples were dried at 50 °C in a forced-air dry-
ing oven for 72 h and ground to pass through a 2-mm screen
(Wiley Mill, Swedesboro, NJ) in preparation for nutrient
analyses. An ANKOM 200 fiber analyzer (ANKOM Tech-
nology, Macedon, NY) was used to determine neutral deter-
gent fiber (NDF) with the addition of sodium sulfide and
a-amylase (Van Soest et al., 1991) and acid detergent fiber
(ADF; Method: 973.18; AOAC, 1995). Diet samples, pellet
samples, NDF residue, and ADF residue were analyzed for
crude protein (CP) via combustion (VarioMax Cube; Elemen-
tar Americas Inc., Ronkonkoma, NY; Method: 972.43, AOAC,
1995) to provide diet and pellet content of CP, neutral deter-
gent insoluble CP (NDICP), and acid detergent insoluble CP
(ADICP). Crude fat was determined using an ANKOM XT15
analyzer (ANKOM Technology; Komarek et al., 2004) with
petroleum ether. Lignin (Method: 973.18; AOAC, 1995) was
evaluated on ADF residue using 72% H,SO, at ambient tem-
perature and constant rotation for 3 h in the ANKOM Dai-
sy system (ANKOM Technology). Ash (% of DM; Method:

942.05, AOAC, 1995) was quantified on feed and pellet sam-
ples using a gravity convection oven at 600 °C for 8 h. Nutri-
ent composition was used to calculate total digestible nutrients
(TDN; Weiss et al., 1992) which was then used to calculate
digestible energy (Crampton et al., 1957; NASEM, 2016).
Digestible energy was used to estimate ME and ultimately NE_
and NE, using equations from Galyean et al. (2016).

Energy calculations

Refer to Table 3 for an overview of equations utilized to cal-
culate gaNE  and gaNE . HP was calculated in four ways
utilizing gas flux data from the AHCS. First, RQ and CO,
emissions were used to calculate HP using the equation of
Kaufmann et al. (2011; Kaufmann-HP). Additionally, HP
was calculated using the Brouwer (1965) equation with
one of three adjustments: the adjustment with N excretion
omitted (No-UN HP), utilizing daily N intake and equations
from Waldrip et al. (2013) to estimate UN (Waldrip-UN HP),
or utilizing SUN and equations from Kohn et al. (2005) to
estimate UN (Kohn-UN HP). ME (Mcal/d) was calculated
using the mathematical and thermodynamic relationship
between HP (Brouwer, 1965) and RE (NRC, 1984) for all
four methods used to calculate HP. Constituents of the RE
equation include empty BW (EBW) and empty body gain
(EBG), which were calculated by shrunk BW (SBW; 96.0%
live BW) and converting to EBW assuming EBW is 89.1% of
SBW (NASEM, 2016). Shrunk ADG was calculated over the
80-d feeding period and was adjusted to EBG assuming EBG
is 95.6% of shrunk ADG (NRC 1984; Oltjen and Garrett,
1988). Next, DMI was used to quantify ME per kilogram of
DMI (Mcal ME/kg DM) and then dietary gaNE_ and gaNE,
were estimated using Galyean et al. (2016) cubic equations.
Finally, dietary NE_and NE_were estimated in one of two
ways by incorporating live and carcass performance data into
the Zinn et al. (2008) quadratic performance-based equations
(Table 4). As part of the method, required NE_ was calculated
using average 80-d shrunk BW (SBW) whereas required NE_
was calculated using 80-d shrunk weight gain and equlvalent
SBW (EQSBW). Equivalent SBW was calculated by adjusting
SBW to the BW equivalent of NRC (1984) medium-framed
steers at 27.8% empty body fat (EBF; 428 kg) using either
final shrunk BW (FSBW) from live animal performance data
or adjusted-final BW (AFWB) from carcass data. Calculations
for AFBW begin by estimating EBF (%) which is scaled to
the FSBW at which point carcasses are expected to contain



Proctor et al. 5
Table 4. Equations utilized to evaluate paNE,_ and paNE_ using live performance or carcass data from feedlot steers consuming one of three finishing
rations

Variable'»345 Equation Source

NE , Mcal’/kg DM (b+ VBT —4ac)/2a Zinn et al. (2008)
NE, Mcal/kg DM 0.877 x NE, —0.410 Zinn et al. (2008)
a 0.877 x DMI Zinn et al. (2008)
b —1 % [(0.877 x [-NE, required]) + (—0.410 x DMI) + (—NE, required)] Zinn et al. (2008)
c (— 0.410) x (—NE,, required) Zinn et al. (2008)
NE  required, Mcal/d Average SBW®75 x 0.077 Mcal Zinn et al. (2008)
NEg required, Mcal/d 0.0557 x EQSBW%75 x SWG!097 Zinn et al. (2008)
EQSBW, kg Average SBW x (SRW/FSBW or AFBW) NASEM (2016)

NE = net energy for maintenance; NE_= net energy for gain; DMI = dry matter intake; SBW = shrunk body weight; EQSBW = equivalent shrunk body

werght, SWG = shrunk weight gain; SR

= standard reference weight; FSBW = final shrunk body weight; AFBW = adjusted-final body weight.

2SBW calculated as 96% of live weight and SWG calculated from initial and final SBW over an 80-d feeding period.
3SRW obtained from NASEM (2016) based on medium-framed steers from NRC (1984) reference database.
*AFBW is appraised final body weight at 28.0% empty fat as calculated from equations by Guiroy et al. (2001).
SEQSBW incorporates either final SBW or AFBW from live or carcass data, respectively.

28.0% EBF (Guiroy et al., 2001). It has been suggested that
utilizing AFBW instead of FSBW would provide better esti-
mates of paNE  and paNE (Owens and Hicks, 2019). The
paNE_ and paNE estimates using EQSBW and FSBW from
live performance data are designated as live estimated paNE _
(live paNE ) and paNE, (live paNE ). Dietary energy values
derived from EQSBW 1rnplernent1ng AFBW are denoted as
carcass-estimated paNE_ (carcass paNE ) and paNE_ (car-
cass paNE ).

Statistical analyses

Analysis of variance (ANOVA) was conducted utilizing the Fit
Model procedure of JMP Pro 16.0 (SAS Institute, Cary, NC) to
determine the main effect of methodology on HP, UN, dietary
NE , and dietary NE. Individual animal served as the exper-
imental unit for all analyses. When applicable, least-square
means were separated using Tukey—Kramer adjustments for
multiple comparisons. Least-square mean differences were
considered statistically significant if P < 0.05 and as having a
tendency toward significance if 0.05 < P < 0.10.

Method agreement between NE and NE, calculated by
Kaufmann-HP, No-UN HP, Waldrlp UN HP, *and Kohn-UN
HP and live and carcass paNE, and paNE, were analyzed
using R (v.4.1.0; R Core Team, 2021). Furthermore, method
agreement between Kaufmann-HP estimated daily NE_
and NE_ intake values were compared with live paNE_ and
paNE, determined values. This assessment was made to
compare a scenario where DMI is not known. Accordingly,
only Kaufmann-HP method was assessed as in scenarios
where DMI is unknown, daily UN excretion will be similarly
unknown. Live paNEm and paNEg were only assessed for
this analysis because carcass data will also likely be unknown
in scenarios where DMI is unknown, such as in pasture.
Firstly, daily ME intake was regressed on daily NE and NE,
values to determine an equation to convert daily ME intake
to daily NE and NE_ intake. For all comparisons, method
precision was assessed. by Pearson’s correlation coefficient (r)
using the “cor.test” function of base R. We suggest that high,
moderate, and low precisions are characterized by r values
of 20.90, >0.70 and <0.90, and <0.70, respectively. Accuracy
and agreement between the methods were investigated using
the “CCC” function of the “DescTools” package (Signorell et

al., 2020). This function provides Lin’s concordance correla-
tion coefficient (CCC), which is a function of a bias correction
factor (Cb) and r (Lin., 1989, 2000). The Cb is calculated
using two items. The first is termed scale shift, which is the
ratio of the standard deviation between the two method esti-
mates, and the second is termed location shift, which is anal-
ogous to the mean bias. In essence, the Cb is a measure of
how far the two methods deviate from the line of unity, i.e.,
a one-to-one relationship with an intercept of 0. As such, Cb
is a measure of accuracy. We propose that high, moderate,
and low accuracy are characterized by Cb values of > 0.90,
between 0.70 and < 0.90, and < 0.70, respectively. As CCC
is calculated from a measure of accuracy (Cb) and precision
(r), CCC can be considered a measure of agreement between
the two methods. Lin’s CCC ranges from -1 to 1, similar to
r; however, only values close to 1 indicate agreement. Also,
like 7, CCC requires the researcher or reader to define what
values they consider to be adequate. For the purposes of
this investigation, we suggest values of CCC for no agree-
ment as <0, slight agreement as 0 to 0.39, moderate agree-
ment as 0.40 to 0.59, adequate agreement as 0.60 to 0.80,
and excellent agreement as > 0.80, which is similar to those
suggested by Marshall et al. (2021). Next, root mean square
error expressed as a percent of paNE or paNE was calcu-
lated using the “RMSE” function of the “DescTools” package
(Signorell et al., 2020). Finally, the mean bias and slope bias
between paNE _and paNE, and gaNE  and gaNE, for each
of the four HP calculation methods explored was determined
by regressing the mean-centered AHCS estimates with the
residuals (i.e., performance-adjusted estimates minus AHCS
estimates) as suggested by St-Pierre (2001).

Results

Refer to Table 5 for an overview of observed performance,
calculated RE, gas production, and values used to calculate
UN. On average, cattle visited the AHCS units 1.6 times per
day to provide an average of 128 visits per steer through-
out the duration of the experiment. Urinary N was 24.3%
greater (P <0.01) when estimated by N intake calculated
using the equation of Waldrip et al. (2013) compared with
using SUN and the equation of Kohn et al. (2005; Table 6).
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Table 5. Observed cumulative performance, gas flux, SUN, urinary N excretion and N intake of steers fed one of three finishing rations and used to

determine paNEg and paNEg or gaNE_ and gaNEg

Item' Average Minimum Maximum SD
Initial BW, kg 525 459 592 29.8
Final BW, kg 681 583 738 39.5
ADG, kg/d? 1.96 1.11 2.38 0.282
Pellet DMI, kg/d 0.62 0.20 0.88 0.131
TMR DMI, kg/d 10.09 7.58 11.77 0.915
Total DML, kg/d 10.71 8.33 12.49 0.883
RE, Mcal/d? 13.15 6.76 16.74 2.210
CO, emission, kg/d* 10.25 6.57 11.70 0.867
CH, emission, kg/d* 0.151 0.111 0.208 0.2274
O, consumption, kg/d* 6.84 4.76 7.84 0.577
SUN, mg/dL 8.31 5.40 12.97 1.49
UN excretion—Kohn, g/d 64.1 34.8 104.4 13.59
NI, g/d 79.67 54.13 97.26 10.558
UN excretion—Waldrip, g/d 79.7 54.1 97.3 10.56

'SD = standard deviation; BW = body weight; ADG = average daily gain; DMI = dry matter intake; RE = recovered energy; CO, = carbon dioxide;
CH, = methane; O, = oxygen; SUN = serum urea nitrogen; UN—Kohn = urinary nitrogen calculated from Kohn et al. (20095); NI = nitrogen 1ntake UN—

\X/aldrlp urinary nltrogen calculated from Waldrip et al. (2013).

2ADG calculated using initial and final un-shrunk BW during an 80-d feeding trial.

SRE calculated from equations described by NRC (1984).

“Determined using an automated head chamber system (GreenFeed; C-Lock).

Table 6. Least-square means and statistical testing for the difference of methods to determine HE UN, and paNE,_ and paNEg using live or carcass data

Methodology
Item Kaufmann No-UN Kohn-UN Waldrip-UN Live Carcass Pooled P value®
HP! HP? HP? HP* pa’ pa° SEM’
HP, Mcal/d 24.57 24.65 24.56 24.54 — — 0.279 0.99
UN, g/d — — 64.10 79.67 — — 1.666 <0.01
NE , Mcal/kg DMI° 2.24 2.24 2.24 2.24 2.23 2.31 0.194 0.49
NEE, Mcal/kg DMI° 1.55 1.55 1.55 1.55 1.55 1.62 0.170 0.39

'HP estimated using RQ utilizing equation from Kaufmann et al. (2011).
2Urinay N omitted from Brouwer (1965) HP equation.

3SUN utilized to estimate UN from equation by Kohn et al. (2005) when estimating HP using Brouwer (1965) equation.
“Nitrogen intake utilized to estimate UN from equation by Waldrip et al. (2013) when estimating HP using Brouwer (1965) equation.

*Live pa incorporated, BW, ADG and DMI to estimate NE, and NE.

¢Carcass pa method 1nc0rp0rated an appraisal of EBF from Guiroy ét al. (2001) where final body weight was adjusted to 28.0% EBF (AFBW) in addition

to utilizing live performance to estimate NE_and NE,.
’Standard error of the mean.
SANOVA P value.

°NE_ and NE, estimated using HP, recovered energy from NRC (1984), and Galyean et al. (2016) or from Zinn et al. (2008) equatlons whereas the carcass
pa method mcorporated an appralsal of EBF from Guiroy et al. (2001) where final body weight was adjusted to 28.0% EBF (AFBW) in addition to utilizing

live performance.

Yet, there were no differences in HP (P = 0.99) when account-
ing for UN using No-UN HP, Waldrip-UN HP, or Kohn-UN
HP (Table 6). Additionally, HP was not different when calcu-
lated using Kaufmann-HP compared to all other HP values
and methods that accounted for UN (P = 0.99). There were
no differences in estimated dietary NE_ when compared to
carcass paNE_ and live paNE_ to gaNE_ generated using any
HP value (P = 0.49). Similarly, there were no differences in
estimates for dietary NE, when compared to NE, values gen-
erated using all other methods (P=0.39).

Analyses for precision, agreement, bias, and RMSE for esti-
mates of dietary NE_ are outlined in Table 7 and dietary NE,
in Table 8. Dletary NE calculated from Kaufmann-HP, HP
accounting for urine N (Waldrlp UN HP or Kohn-UN HP),

or HP with no adjustment for urinary N (No-UN HP) all
had high precision (r > 0.90), high accuracy (Cb > 0.92), and
excellent agreement (CCC > 0.83) when analyzed against car-
cass paNE_. When the gas-flux derived values were compared
to live paNE_ there were also high precision (r = 0.91), high
accuracy (Cb = 1.00), and excellent agreement (CCC = 0.91),
regardless of adjustment for UN. However, average RMSE
(as a % of respective paNE_) was 38.6% higher for estimates
of dietary NE  when carcass paNE_ was compared to live
paNE . As shown in Table 7, there was significant mean bias
for Kaufmann-HP (0.07; P < 0.01), No-UN (0.07; P < 0.01),
Waldrip-UN HP (0.08; P < 0.01), and Kohn-UN HP (0.07;
P <0.01) when each gaNE_ value was compared to carcass
paNE _, yet there was no slope bias (P > 0.63) for any estimate
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Table 7. Comparative statistics of dietary NE_ estimated using one of four methods incorporating gas flux from an automated head chamber system or

utilizing paNE

Kauffman Brouwer (1965) HP equation
Item! HP* No-UN Kohn-UN Waldrip-UN
HP? HP* HP?
Live pa®
CcCC 0.91 0.91 0.91 0.91
Cb 1.00 1.00 1.00 1.00
r 0.91 0.91 0.91 0.91
RMSE, % 3.43 3.45 3.43 3.43
Mean bias -0.002 -0.008 -0.002 -0.001
P value 0.83 0.46 0.85 0.95
Slope bias -0.09 -0.09 -0.09 -0.09
P value 0.15 0.14 0.14 0.14
Carcass pa’
CCC 0.83 0.84 0.84 0.83
Cb 0.92 0.93 0.92 0.92
r 0.90 0.91 0.91 0.91
RMSE, % 4.79 4.63 4.80 4.83
Mean bias 0.07 0.07 0.07 0.08
P value <0.01 <0.01 <0.01 <0.01
Slope bias -0.03 -0.03 -0.03 -0.03
P value 0.65 0.64 0.63 0.63

!CCC = Lin’s concordance correlation coefficient (Lin., 1989); r = Pearson’s correlation coefficient; Cb = bias correction factor; RMSE = root mean square

error; RMSE, % = RMSE as a percent of live pa or carcass pa.
2HP estimated using RQ utilizing equation from Kaufmann et al. (2011).
SUrinay N omitted from Brouwer (1965) HP equation.

*SUN utilized to estimate UN from equation by Kohn et al. (2005) when estimating HP using Brouwer (1965) equation.
°Nitrogen intake utilized to estimate UN from equation by Waldrip et al. (2013) when estimating HP using Brouwer (1965) equation.

‘Live pa incorporated BW, ADG and DMI to estimate NE, and NE.

’Carcass pa method mcorporated an appraisal of EBF from Guiroy et al. (2001) where final body weight was adjusted to 28.0% EBF (AFBW) in addition

to utilizing live performance to estimate NE_ and NE,.

of gaNE . However, there was no evidence of mean (P > 0.46)
or slope bias (P >0.14) for all methods used to generate
dietary gaNE _ values when compared to live paNE .

As expected, trends for precision, accuracy, and agreement
for estimates of NE_were similar to NE_ since the same ME
was utilized in Galyean et al. (2016) equations to estimate
dietary NE_and NE.. Statistical values for precision (r > 0.91),
accuracy (Cb > 0. 91) and agreement (CCC > 0.82) were high
for all gaNE_ values, regardless of HP, when compared to car-
cass paNE, values. Once again, when dietary NE_ values were
generated from any method to estimate HP for live paNE,,
there was high precision (r = 0.91), accuracy (Cb = 1.00), and
agreement (CCC = 0.91). However, RMSE (% of respective
paNE ) values were, on average, 39.0% lower for all estimates
of gaNE when compared to live paNE  as opposed to carcass
paNE_. Moreover mean bias was evident for Kaufmann-HP
(0.07; P <0.01), No-UN HP (0.06; P < 0.01), Waldrip-UN
HP (0.07; P < 0.01), and Kohn-UN HP (0.07; P < 0.01) when
compared to carcass paNE_ yet there was no apparent slope
bias (P > 0.88). In addition, there was no mean (P > 0.73) or
slope bias (P > 0.40) when metrics to quantify HP and subse-
quent dietary NE, were compared to live paNE .

Finally, F1gure 1 presents the scenario wilere DMI is
unknown and comparison were made based on daily NE_
and NE, intakes (Mcal/d) rather than NE and NE, concen-
trations (Mcal/kg DM). We first needed to determine regres-

sion equations to convert ME intake to NE_and NE, intakes.
These equations were

NE,,(Mcal/d) = 0.6643 ME intake(Mcal/d)
—1.0539 (R*=1.00) (1)
NEg(Mcal/d = 0.5152 x ME intake(Mcal/d)
—2.8061 (R*=0.97) (2)

The daily NE_ and NE intake values derived from the AHCS
were then calculated usmg equations 1 and 2, respectively.
There was high precision (r>0.92), accuracy (Cb = 1.00),
and agreement (CCC 2 0.92) between daily NE and NE,
intakes estimated using daily ME intake (derlved from the
AHCS and observed performance) and equations 1 and 2,
compared with those estimated by live paNE_ and paNE_.

Accordingly, there were low RMSE values for NE_ (3.5 6%)
and NE, (4.68%).

Discussion

The objective of this experiment was to compare estimates of
dietary net energy values from performance data using live
or carcass data with values estimated from gas flux data and
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Table 8. Comparative statistics of estimated dietary NE using one of four methods incorporating gas flux from an automated head chamber system or

utilizing paNEg

Kauffman Brouwer (1965) HP equation
Item! HP* No-UN Kohn-UN Waldrip-UN
HP3 HP* HP*

Live pa®
CCC 0.91 0.91 0.91 0.91
Cb 1.00 1.00 1.00 1.00
7 0.91 0.91 0.91 0.91
RMSE, % 4.25 4.26 4.26 4.26
Mean bias 0.0015 -0.003 0.003 0.002
P value 0.88 0.73 0.76 0.85
Slope bias -0.05 -0.05 -0.05 -0.05
P value 0.42 0.42 0.40 0.41

Carcass pa’
CCC 0.82 0.83 0.82 0.82
Cb 0.91 0.92 0.91 0.91
7 0.91 0.91 0.91 0.91
RMSE, % 6.12 5.92 6.18 6.13
Mean bias 0.07 0.06 0.07 0.07
P value <0.01 <0.01 <0.01 <0.01
Slope bias 0.01 0.01 0.008 0.009
P value 0.88 0.88 0.90 0.90

!CCC = Lin’s concordance correlation coefficient (Lin., 1989); r = Pearson’s correlation coefficient; Cb = bias correction factor; RMSE = root mean square

error; RMSE, % = RMSE as a percent of live pa or carcass pa.
?HP estimated using RQ utilizing equation from Kaufmann et al. (2011).
SUrinay N omitted from Brouwer (1965) HP equation.

4SUN utilized to estimate UN from equation by Kohn et al. (2005) when estimating HP using Brouwer (1965) equation.
Nitrogen intake utilized to estimate UN from equation by Waldrip et al. (2013) when estimating HP using Brouwer (1965) equation.

fLive pa incorporated BW, ADG and DMI to estimate NE and NE .

’Carcass pa method incorporated an appraisal of EBF from Guiroyget al. (2001) where final body weight was adjusted to 28.0% EBF (AFBW) in addition

to utilizing live performance to estimate NE_ and NE,.

calculated recovered energy, using four different means of
calculating HP. Another objective of this experiment was to
validate estimated energy values derived from gas flux data
by evaluating precision, accuracy, and agreement against
performance-adjusted dietary net energy values. The results
presented herein suggest that gas flux data from an AHCS uti-
lized to calculate HP and paired with estimates of RE can ulti-
mately provide estimates of dietary NE_and NE_(gaNE_and
gaNE ) that agree with performance-adjusted values. The dis-
cussion below outlines results with support for these claims.

Heat production

It is important to note that the estimation of HP provides
the only source of variation in NE and NE_ values derived
from gas flux measurements in the current experiment. Since
RE is a function of observed performance, it is constant for
each individual animal for all estimates of ME. Accordingly,
HP is a key component in evaluating the efficacy of gas flux-
based methodology. Calculating HP from the Brouwer (1965)
equation has been utilized while ignoring the UN (g/d) com-
ponent, as it is thought to account for less than 1% of total
HP (Junghans et al., 2007; Kaufmann et al., 2011; Pereira et
al., 2015). Although estimates of UN within the current study
were 24.3% higher when using Waldrip-UN HP compared
with Kohn-UN HP, there was no difference in HP between
these methodologies. Furthermore, HP calculated by omitting

the adjustment for UN (i.e., Kaufmann-HP and No-UN HP)
were not different from the other options. This is because the
adjustment for UN using the Brouwer (1965) equation only
represented 0.37% and 0.45% of HP for the Kohn-UN HP
and Waldrip-UN HP methodologies, respectively. In support,
HP was curvilinear in sheep fed five levels of dietary CP where
dietary inclusions between 10% and 15% dietary DM did not
change HP (Cock et al., 1967). Dietary CP levels fed within
the current study (10.77% to 12.51% CP, DM basis) may
have been similar enough to prevent disparity in UN. Within
the current study, Kohn-UN HP (0.37%) and Waldrip-UN
HP (0.45%) accounted for less than 1% of total HP when
evaluated against No-UN HP, which supports data presented
by Cock et al. (1967). Collectively, data suggest that omit-
ting the UN component of the Brouwer (1965) equation did
not compromise the accuracy of computed HP in the current
study. Further research may be warranted in cattle consuming
a higher amount of CP than in the present study and in grow-
ing or grazing cattle to ensure ignoring UN is appropriate
beyond the current research setting and feeding strategy.
Previous research (Junghans et al., 2007; Kaufmann et al.,
2011) has suggested utilizing RQ and ignoring CH, by math-
ematically rearranging the Brouwer (1965) HP equation. The
proposed equation incorporates RQ and CO, to estimate HP,
yet the coefficients were adjusted by Kaufmann et al. (2011).
Recently, this equation has been applied by researchers using



Proctor et al.

NEm NEg

= r=0.94 r=0.92
G Cb = 1.00 Cb=1.00
S 254 CCC=0.94 oy CCC=0.92

pY RMSE = 3.56 o RMSE = 4.68
T g
z 7 -
=20+
=
3 -, 3
2 .
< YL
E 15 g °
:é A
o
a (]

10 | , , R , ,
15 20 25 15 20 25
gas-adjusted, Mcal/d

Figure 1. Agreement between daily NE_ and NEg estimated based on performance-adjusted or gas-adjusted methodology. Pearson’s correlation (1) was
used as a measure of precision, bias correction factor (Cb) as a measure of accuracy, Lin's CCC as a measure of agreement, and root mean square error

as a percent of the mean performance-adjusted values.

the AHCS to measure gas flux (Pereira et al., 2015; Holder
et al., 2022). We elected to implement the Kaufmann et al.
(2011) equation that uses RQ as a secondary method to eval-
uate HP due to its frequent use in the literature, despite the
lack of validation until the current experiment, to our knowl-
edge. Interestingly, Holder et al. (2022) provided O,, CO,,
and CH, from AHCS which offered the opportunity to cal-
culate HP using both Brouwer (1965) and Kaufmann et al.
(2011) equations and their values were nearly identical. This
supports the similarity between Kaufmann-HP and all other
measures of HP observed in this experiment. Moreover, Hales
et al. (2012) found a 26.4% increase in daily CH, emission
from cattle-fed diets with dry-rolled corn when compared
to steam-flaked corn, yet this did not result in a difference
in HP in sealed indirect calorimetry respiration chambers.
Differences in CH, production without influencing HP fur-
ther support the notion that CH, makes a relatively insignif-
icant contribution to HP when calculated using the Brouwer
(1965) equations. Similarly to UN, an adjustment for CH, in
the Brouwer (19635) equation accounted for less than 1% of
total HP where correcting for CH, accounted for 0.32% to
0.61% of No-UN HP and methods accounting for UN. This
suggests that using RQ and the equation from Kaufmann et
al. (2011) is an acceptable alternative to the Brouwer (1965)
equation for calculating HP.

While using RQ is an acceptable method to calculate HP,
it is necessary to quantify RQ from individual animals when
using the Kaufmann et al. (2011) equation. Assuming a
constant RQ of 1.0 in the Kaufmann et al. (2011) HP equa-
tion within the current analysis, HP was 3.8% higher than
using individual RQ from gas flux data (i.e., Kaufmann-HP
method). Moreover, a constant RQ of 1.05 resulted in a 6.7%
increase in HP when compared with RQ from individual
animals. Variation in RQ may be attributed to tissue energy
balance, DMI, and energy metabolism (Armstrong and Blax-
ter, 1957). Often, a RQ of 1.0 or 1.05 is selected as a RQ of

1.0 is thought to represent the metabolic threshold of adi-
pose accretion, but RQ may range from 0.7 to 1.2 depending
on metabolic differences and dietary intake (Armstrong and
Blaxter, 1957; Blaxter and Wainman, 1966). Yet, estimates of
HP may be rendered inaccurate if O, data is unavailable, as
a reported correlation has been evaluated in grazing cattle
where CO, is only partially correlated (r = 0.72) to ME in the
absence of O, (Caetano et al., 2017). Thus, it is reccommended
that both CO, and O, are used in estimating individual ani-
mal RQ as opposed to assuming a constant RQ in cattle con-
suming a finishing diet.

Method agreement

The data herein support the hypothesis that estimated dietary
NE, and NE_ are not different (P> 0.38) when comparing
performance (1 e., live performance or carcass) to gas flux
methodologies. Agreement (CCC=>0.82) with either esti-
mate for paNE and paNE_ supports the use of gas flux data
from the AHCS to estimate HP to ultimately arrive at dietary
NE and NE, estimates. Carcass paNE  was 3.6% higher
while carcass paNE was 4.5% higher compared with live
paNE_ and live paNE,, respectively. Additionally, RMSE was
around 40% higher for carcass than live paNE  and paNE,
respectively. These results may suggest that utlhzrng live per-
formance data provides more accurate estimates of dietary
NE  and NE,_. While this analysis is outside the bounds of
this experiment, further investigation may be warranted since
paNE_and paNE is a tool commonly utilized by nutritionists
to evaluate dietary energy (Owens and Hicks, 2019).

The greater agreement between gaNE and gaNE, was
higher when using live performance data. This drscrepancy
may be caused by using AFBW (Guiroy et al., 2001) as sug-
gested by Owens and Hicks (2019) when calculating carcass
paNE_ and paNE,. Replacing final SBW in the EQSBW equa-
tion with AFBW creates a scenario where metrics are scaled
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to the Garrett (1980) database using the standard reference
weight of 428 kg for medium-framed steers from the NRC
(1984) and then scaled again to 28.0% EBF when calculating
AFBW. Since replacing final SBW with AFBW in the EQSBW
scales the animal twice, it may result in the over-prediction
of paNE and paNE,_. Owens and Hicks (2019) suggested
using AFBW in place of FSBW when calculating EQSBW.
When AFBW was used in place of EQSBW, instead of as a
component of the EQSBW equation, estimated paNE_ and
paNE,_ were biologically unrealistic (NE,_ =2.60 Mcal/kg and
NE_=1.87 Mecal/kg). Moreover, when AFBW was replaced in
each instance with FSBW, such as calculating average SBW or
SWG, NE  and NE, values were unrealistically low based on
observed performance (NE, = 1.78 Mcal/kg and NE, =1.23
Mcal/kg). The average dletary energy values estimated from
chemical analyses (NE  =2.22 Mcal/kgand NE_=1.53 Mcal/
kg) closely resemble paNE and paNE, when" using AFBW
as replacement for final SBW within the EQSBW equation.
These scenarios support our interpretation of applying AFBW
to the EQSBW equation within the current dataset, but this
may have been an erroneous assumption. However, utilizing
EQSBW with final SBW generates paNE  and paNE, closely
related to gaNE and gaNE . When utlhzmg the Supplemen-
tary Data prov1ded by Galyean et al. (2023) and Beck et al.
(2023), the paNE,_ and paNE_ values agreed more closely with
wet-chemistry analyzed NE and NE, values when AFBW
replaced SBW in the EQSB\W equatlon This may indicate
that the best methodology to calculate performance-adjusted
energy values may be context-dependent, and we suggest
related to days on feed. Further investigation is required to
determine under what scenarios live and carcass paNE_ and
paNE calculations are recommended. Regardless, it is con-
cluded that researchers can deploy AHCS, calculate HP, esti-
mate RE, and arrive at estimates of dietary NE_ and NE, with
excellent agreement to paNE_ and paNE .

It is recognized that the appllcatron of gaNE and gaNE
applies to research programs with access to AHCS, and more
specifically, units with O, sensors. Gas-flux methodology pro-
vides the opportunity to estlmate dietary NE_ and NE, while
also evaluating potential differences or similarities in calcu-
lated HP, RE, and ME between treatments. Meta-analyses
conducted by Owens and Hicks (2019) showed that paNE
values were 6.2% to 7.8% lower than formulated NE . Such
variation may be a function of values used for individual
ingredient NE_ when formulating rations, inaccurate mea-
sures of DMI or ADG, or differences in cattle NE_ require-
ments (Owens and Hrcks 2019). Calculating requlred NE s
not a parameter in gas—ﬂux methodology and between animal
variation in NE_ requirements may be accounted for with gas
measurements. Thus, it is postulated that gas flux may provide
more accurate estimates in cattle with varying NE_ require-
ments, which may be a function of breed, sex, frame size, and
previous or current plane of nutrition (Fox and Black, 1984;
Fox et al., 1988). While this research provides the foundation
for such claims, further investigation is required.

A potential setback for all methodologies is the duration of
time required to gather live performance metrics suitable for
calculating DMI and ADG. The minimum period of measure-
ment for DMI and ADG has been established as 56 d on feed
(BIF, 2010; Culbertson et al., 2015). Estimating dietary NE
and NE throughout phases of the feedlot finishing period may
provrde more utility in research practice. Yet, as tissue accre-
tion shifts from lean tissue to adipose growth (Simpfendorfer,
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1973), estimates of dietary NE and NE_ from several phases
may be rendered inaccurate due to changes in variation of
NE_ requirements and a potential decrease in ADG (Fox et
al., 1988). Moreover, utilizing carcass data to estimate dietary
NE and NE is only viable for one dietary treatment for a set
of cattle servmg as a potential limitation in a research setting.
Performance metrics are components of gaNE and gaNE,
estimations whereas the equations of paNE and paNE_ are
strictly dependent on such values. Therefore, it is worthwhile
investigating if gaNE_ and gaNE, can be estimated through-
out several feeding phases to gain more utility in research
projects, especially since dietary energy and HP can be eval-
uated. Regardless, a single estimate of paNE_ and paNE, or
gaNE_ and gaNE  provides valuable 1ns1ght into diets and
cattle in feedlot research that can be incorporated into future
experiments.

While the methodology incorporated within the current
study supports agreement between performance and gas flux
methodologies utilizing a subset of finishing cattle, further
application may be useful in grazing cattle. Typically, in a
research feedlot setting, collection of ADG and DMI data is
relatively simple allowing subsequent evaluation of paNE
and paNE_ using quadratic solutions, which had strong agree-
ment with' gaNE and gaNE, within th1s dataset. Yet, in graz-
ing cattle, such as cows or stocker cattle, estimation of DMl is
difficul, hm1t1ng the ability of estimating paNE_ and paNE,
using quadratic solutions. However, evaluating energy intake
in grazing cattle can be achieved using HP and RE without
DMI to estimate total ME intake (Mcal/d). Since estimates of
RE only require average EBW and EBG, initial and final BW
measurements may be satisfactory in estimating ME intake.
Estimates of gaNE_ and gaNE_ from the current set of fin-
ishing cattle were obtained utfllzmg DMI data, which was
available for incorporation into calculations. Yet, if the DMI
is unknown, ME intake (Mcal/d) can be utilized to provide
an estimate of energy intake or potentially be extrapolated to
total gaNE or gaNE_intake (Mcal/d) to potentially provide
metrics of performance This potential was explored using
the current data and equations were developed to calculate
daily NE_and NE intake from daily ME intake values. When
comparing NE,_ and NE_ intake values using ME intake esti-
mated from AHCS gas- flux and observed ADG in equations 1
and 2, respectively, with performance-adjusted NE_ and NE,
derived values, we determined excellent agreement (Figure 1).
This analysis further highlights the ability to utilize AHCS
to conduct energetic studies, even in scenarios where DMI is
unknown. Furthermore, DMI could be extrapolated from ME
intake and dietary ME content if it can be accurately quan-
tified. It is important to note this requires accurate and reli-
able estimates of dietary ME content but could offer extended
utility beyond a feedlot finishing scenario, as evaluation of
estimated NE_ and NE, in grazing cattle is often unreported
given the dlfﬁculty of evaluatmg DMI. While this application
currently remains a supposition, further research is warranted
in grazing cattle to expand the potential utility of the gas flux
methodology.

Conclusions

Based on the results of this experiment, gas flux data from
the AHCS was an acceptable method to estimate dietary NE
and NE when compared to performance-adjusted method-
ologies and applied to a single dataset. Incorporating gas flux
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from AHCS affords researchers the opportunity to estimate
HP in concert with dietary gaNE _ and gaNE,. Additionally,
under our experimental conditions, it was unnecessary to
adjust for UN and CH, production when calculating HP.
Since AHCS serves as a modified indirect respiration calo-
rimetry system, gas data can be collected and utilized along
with estimates of RE to estimate dietary NE and NE,
which are similar to live and carcass paNE  and paNE,.
While this may prove useful in a confined research setting,
evaluating the efficacy of this methodology in grazing cat-
tle may increase application in future research. Accordingly,
further research is needed to investigate the use of the AHCS
to conduct energetic studies in grazing systems. Researchers
should determine whether paNE _and paNE, or gaNE and
gaNE_ provide the most appropriate estimation of dietary
energy within their experimental objectives and capabilities.
It is worth noting the increased utility and data afforded by
the AHCS as it can provide estimates of HP, gas emission or
consumption, and estimates of dietary energy values.

Supplementary Data

Supplementary data are available at Journal of Animal Science
online.
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