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Extending the feeding period beyond 8.0 mm of subcutaneous
fat reduces feed efficiency without improving meat colour and
tenderness of non-implanted feedlot steers
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ABSTRACT. The effect of extending the pen-feeding period of non-implanted
feedlot steers beyond the 8.0 mm fat thickness (FT) endpoint on performance,
carcass and meat traits was evaluated. Sixty-four medium-sized British steers
(308 + 26 kg) were grouped into four blocks by weight and housed in 16 pens.
Pens within each block were assigned to one of four finishing periods: 64, 91,
119 and 147 days on feed (DOF). The first harvest (64 DOF) was defined as
the projected days to attain 8.0 mm FT. From the 8.0-13.8 mm FT endpoints
(64 and 147 DOF, respectively), daily shrunk body weight (SBW) feed
conversion increased from 9.98 to 15.76 kg/kg (P < 0.001), while daily carcass
weight (CW) feed conversion increased from 15.34 to 18.27 kg/kg (P < 0.001).
Carcass transfer (CW gain to SBW gain ratio) increased from 0.67 to 0.86 kg/kg.
FT and marbling score increased at increasing rates during the finishing period
(P < 0.001), whereas rib eye area increased at decreasing rates (P < 0.001).
Extending the feeding period tended to improve meat tenderness at three
days of ageing (P = 0.066), while there was no response at 14 days of ageing
(P > 0.10). Overall, the 8.0 mm FT endpoint for non-implanted steers
corresponded to proper performance and adequate meat quality.
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Introduction Nonetheless, as some markets seek high marbling

levels, animals are often kept on feed for longer pe-

The feedlot feeding system is commonly used to
achieve the animal endpoints and meat characteris-
tics demanded by different markets. A minimum of
7.6 mm subcutaneous fat thickness (FT) is recom-
mended to attain an adequate post-mortem muscle
chilling rate to obtain the desired meat colour and
tenderness (Page et al., 2001; Savell et al., 2005).

riods. This increases meat marbling, but also other
undesired fat deposits reducing feed efficiency on
a body weight basis (Wilken et al., 2015; Volpi-
Lagreca et al., 2021). However, as dressing percent-
age (DP) increases with the duration of the feeding
period (Bruns et al., 2004; Vasconcelos et al., 2008),
the reduction in feed efficiency is less significant
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when carcass weight (CW) is used instead of body
weight (Wilken et al., 2015; Volpi-Lagreca et al.,
2021).

It was suggested that if cattle were fed beyond
the 7.6 mm subcutaneous FT endpoint, producers
would maximize their profit by selling cattle based
on CW rather than BW (Wilken et al., 2015; Bon-
durant et al., 2016). However, most previous stud-
ies were carried out in North America, where pro-
duction systems usually use large-frame animals
and frequently with steroidal implants that increase
animal growth potential and improve feed efficiency
(Maxwell et al., 2015). In this respect, the decrease
in feed efficiency with increased feeding period may
be steeper when feeding small- to medium-frame
size steers with no implants (Hermesmeyer et al.,
2000; Maxwell et al., 2015).

Another important aspect is the quality of the
resulting product. As days on feed increase, FT
grows linearly, while marbling score increases at
a decreasing rate (May et al., 1992; Vasconcelos
et al., 2008). An increase in marbling may improve
meat tenderness (O’Quinn et al., 2018).

In this context, Volpi-Lagreca et al. (2021) sug-
gested feeding non-implanted steers for 111 days,
regardless of the feedlot placement weight. How-
ever, a recommendation based on days would not
be as appropriate as one based on subcutaneous fat
endpoints. The present study was conducted to as-
sess the effects of extending the feeding period of
steers without steroidal implants beyond the market-
ing endpoint of 8.0 mm ultrasound subcutaneous FT
on steer performance, carcass characteristics, and
meat tenderness.

Material and methods

Animals and diet

Animal management was approved by the Com-
ité Institucional para el Cuidado y Uso de Animales
de Experimentacion (CICUAE — Protocol number:
174/2018, Balcarce, Argentina). The experiment
was carried out from December 2018 to June 2019 at
the Estacion Experimental Agropecuaria Balcarce
of the Instituto Nacional de Tecnologia Agropec-
uaria (INTA), site on Balcarce, Argentina. Sixty-
four small- to medium-sized British steers (Angus
and Hereford x Angus, frame 4) were grouped into
four blocks according to shrunk body weight (SBW)
(308 £26 kg SBW; block I, 273 + 8 kg SBW; block
II, 299 £ 7 kg SBW; block III, 318 + 7 kg SBW;
block 1V 342 + 8 kg SBW) and housed in sixteen

paved outdoor pens (4 animals/pen), with an area
of 4.5 m?/steer and 0.75 linear meters of feed bunk
per steer. Selected steers were previously weaned
at six to seven months of age and reared for eight
months in mixed pastures (alfalfa, fescue, ryegrass
and white clover) and corn silage supplementation
during winter, resulting in an average daily body
weight gain of 0.525 kg/day.

Four treatments were randomly assigned to pens
in each block. The treatments consisted in four dif-
ferent extensions of the finishing period. The short-
est time was defined as the projected days needed to
achieve an ultrasound measurement of 8.0 mm FT
between the 12" and 13" ribs on average, while the
following harvests were performed consecutively
at 28-day intervals. The projection was made using
an FT ultrasound measurement at the beginning of
the adaptation period (mean FT = 4.25 + 0.65 mm)
and an estimated post-adaptation fattening rate of
0.058 mm/day; hence, treatments lasted 64, 91,
119 and 147 days on feed (DOF). Day zero corre-
sponded to the beginning of the final diet, which
was started after an adaptation period of 19 days
in which the proportion of corn grain in the diet
was gradually increased. The final diet consisted in
a typical finishing diet (Table 1). Each diet ingredi-
ent was sampled monthly and pooled for the entire
experimental period. The pooled samples were dried
at 60 °C for 48 h and milled to 1.0 mm for analy-
sis. Each ingredient was assayed for the follow-
ing parameters: crude protein, determined accord-
ing to the method of Horneck and Miller (1998),
neutral and acid detergent fibre according to Van
Soest et al. (1991) using ANKOM 200 (ANKOM,

Table 1. Ingredients and chemical composition of diet

Diet ingredients, % in DM

Dry milled corn 70.4
Corn silage 20.4
Sunflower expeller 6.2
Mineral supplement' 2.1
Urea 1.0
Chemical composition?

crude protein,% in diet DM 11.5

neutral detergent fibre, % in diet DM 18.3

acid detergent fibre, % in diet DM 8.2

starch, % in diet DM 54.9

metabolisable energy, Mcal/kg DM 2.80
DM - dry matter; * supplement composition: %: calcium 15.7,
phosphorus 0.6, magnesium 1.8, sulphur 1, salt 9.8; mg/kg: selenium
7.0, zinc 1254, manganese 1254, copper 352, cobalt 3.6, iodine 12,
iron 800, monensin 1000; Ul/kg: vit. A 104950, vit. D 3600, vit. E 130;
2 calculated from composition and in vitro digestibility of individual
ingredients
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Macedon, NY, USA), starch content according to
MacRae and Armstrong (1968), and in vitro dry
matter (DM) digestibility using a Daisy II incubator
(ANKOM, Macedon, NY, USA).

Steers were fed once daily between 6:30 and
7:00 am during the summer, and between 8:00 and
8:30 am in the autumn. The amount of feed offered
was adjusted daily to ensure access to feed ad /libi-
tum. The objective feed refusal was 0.2 kg DM per
steer in the feed bunk before the next feeding. The
diet was mixed and delivered using a vertical mixer
(Metfer, Tres Arroyos, Buenos Aires, Argentina, ca-
pacity of 3 m?) equipped with a scale (precision of
1.0 kg; Magris, Rufino, Santa Fe, Argentina), which
was used to record the amount of feed distributed
to each pen daily. Once a week, diet sample was
taken and dried at 100 °C for 24 h to determine DM
content. Refused feed was collected, weighted and
sampled to determine DM content on a daily basis.
Average steer DM intake (DMI) per pen was cal-
culated daily as the difference between the feed of-
fered and refused divided by the number of steers
per pen. Since the feed bunks were uncovered, DMI
from rainy days were removed from the analysis if
refused feed could not be collected.

Steers were weighed at the end of the adap-
tation period (day zero), on day 28, and on each
day of shipment to the slaughterhouse (days 64,
91, 119 and 147). Individual SBW were recorded
using a Tru-Test 703 electronic scale (Tru-Test, San
Antonio, TX, USA) between 8:00 and 9:00 am, af-
ter 18 h of feed access restriction. The fasting pe-
riod was carried out for each weighing. Steers to be
shipped were also weighed at the beginning of feed
restriction to estimate shrinking percentage. Due to
the restriction of feed imposed on the animals to ob-
tain their SBW, and to prevent acidosis, the amount
of feed offered was increased gradually to obtain the
previous intake level within three days. These days
were excluded from DMI estimations.

Real time carcass ultrasound measurements be-
tween the 12" and 13" ribs, comprising rib eye area
(REA), marbling score and FT were performed at
—19, 28, 64, 91, 119 and 147 DOF, using an ExaGo
ultrasound scanner (ECM, Angouleme, France).
These measurements were carried out simultane-
ously with weighing to describe the evolution of
these traits during the feeding period and to estimate
the days needed to attain the 8.0 mm ultrasound FT
endpoint.

After the final weighing of each slaughter
group, the steers were kept without feed access
until shipment at 1:00 pm. Then the steers were

transported to the Azul Natural Beef commercial
plant located in Azul, Buenos Aires, Argentina,
200 km from the experimental farm. The steers were
slaughtered between 1:00 and 2:00 of the day after
arrival.

Carcass characteristics and longissimus
thoracis sampling

Hot CW was recorded for each animal, and
individual DP was calculated by dividing hot CW
by SBW from the day of shipping to the slaughter-
house. At 3 h post-mortem, longissimus thoracis pH
and temperature were measured from the left side
of each carcass between the 12 and 13" ribs, using
a portable pH-meter (Sper Scientific model 850081,
Scottsdale, AZ, USA). Approximately at 48 h post-
mortem, pH and temperature were again recorded
between the 12™ and 13 ribs, and the section con-
taining the 10", 11" and 12% ribs was removed from
the left side of each carcass. After 30 min of bloom-
ing, muscle and subcutaneous fat colour measures
were obtained with a Minolta CR 310 Chroma me-
ter (5 cm aperture diameter, D65-artificial, 10°an-
gle, calibrated against a white plate; Minolta Corp.,
Ramsey, NJ, USA) from the caudal side of the col-
lected sample. Marbling score (USDA, 2006), FT
and REA were also determined from the same side.
Carcass FT was measured at twothirds of the steak
length using a gauge (Starrett, Athol Massachusetts,
USA). REA was traced on acetate paper, scanned
and calculated using the ImageJ software (Open sci-
entific platform for image analysis; https://image;.
nih.gov/ij/).

Longissimus thoracis shear force and
chemical analysis

The longissimus thoracis muscles obtained 48 h
post-mortem were cut into two 2.5-cm-thick steaks,
one 2.0-cm-thick steak and one 1.0-cm-thick steak.
The 2.5-cm-thick steaks were aged at 5 °C in a vac-
uum package for a total of 3 and 14 days post-mor-
tem, and subsequently stored at —20 °C. The 2.0-cm-
thick steak was cut into cubes, vacuum-packaged,
and stored at —20 °C three days post-mortem. The
1.0-cm-thick steak was chopped, vacuum-packaged,
and stored immediately at —20°C.

Warner-Bratzler shear force of the longissimus
thoracis muscle was measured for the two 2.5-cm-
thick steaks, following the procedure described
by Lucero-Borja et al. (2014). Sarcomere length
in the 2.0-cm-thick steak, (using a 5-g sample)
was estimated as described by Cross et al. (1981).
The myofibrillar fragmentation index (MFI) was
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determined from the same steak based on a 0.5-g
sample, following the procedure of Hopkins et al.
(2004); sample protein concentration was determined
using the Epoch Multi-Volume Spectrophotometer
System (N°257878, BioTek Instruments Inc.,
Winooski, VT, USA).

Fat content of the longissimus thoracis muscle
was estimated in the 1.0-cm-thick chopped steak
by weight difference using petroleum ether with an
XT10 Extractor (ANKON, Macedon, NY, USA).

Data analysis

Streeter et al. (2012) suggested that serial
slaughter experiments should be tested with a re-
gression approach to reduce the potential bias of pe-
riod-based analysis. For the same purpose, Wilken
et al. (2015) also incorporated intermediate mea-
surements in their models.

In the present study, for traits with only one
measurement at the time of slaughter (carcass and
longissimus thoracis traits), linear mixed models
were generated, including the block as a random
effect and DOF divided into linear, quadratic, and
cubic effects. For DP, the model was simplified to
a first-order linear model, since no lack of fit was
found.

In addition, for traits with repeated measure-
ments through the feeding period (SBW, DMI and
ultrasound measurements), linear mixed models
were generated, including linear and quadratic ef-
fects of DOF as fixed effects (and cubic for DMI,
since quadratic models showed lack of fit), and
blocks and pens within blocks as random effects.

On the other hand, some variables were
constructed from different models to estimate
carcass transfer, SBW feed conversion and CW
feed conversion. Changes in SBW gain and CW
gain during the finishing period were calculated to
estimate carcass transfer, i.e. the proportion of SBW
gain that corresponded to CW gain. SBW gain rates
were estimated using the derivatives of the second
order linear mixed model SBW equations generated
for each block, including pen as a random effect
(since repeated SBW measurements were performed
during the finishing period).

To estimate the CW gain changes during the
finishing period, CW as a function of DOF was
estimated by the product between the SBW model
equation and the DP model equation of each block
(for each block: CW (DOF) = SBW (DOF) x DP
(DOF), with DOF between 64 and 147 days; Wilken
et al., 2015). These DP models were generated as
first order linear models for each block.

The evolution of CW gain during the finishing
period was estimated by the derivative of the CW
functions for each block. Similarly, carcass transfer
was estimated by the ratio between CW gain and
SBW gain. Estimates of the coefficients from each
block equations were used to calculate the partial
slopes of the equations with their deviations.

Daily SBW feed conversion and CW feed con-
version were calculated by dividing the daily DMI
measures of each pen by the estimates of daily SBW
gain and CW gain using the equation of the cor-
responding block. Subsequently, third order linear
mixed models for daily feed conversion were gen-
erated with DOF as fixed effects, and blocks and
pens within blocks as random effects (as repeated
measurements on the same experimental unit were
performed throughout the finishing period). When
the cubic effect was not significant, the model was
simplified to a quadratic model.

To compare the evolution of SBW and CW feed
conversion, mixed models were generated for two
periods (64 to 119 and 119 to 147 DOF), includ-
ing both feed conversions as different data subsets.
These models included blocks and pens within
block as random effects, DOF and the DOF* data
subset interaction by including a dummy variable.
The linear slopes of feed conversion were consid-
ered different if the DOF* data subset interaction
was significant.

Statistical analyses were carried out using LME
(mixed models) and LM (linear models) functions
implemented in the R version 3.4.4 statistical soft-
ware (R Core Team, 2018). ANOVA of these models
were used to evaluate the effects, considered signifi-
cant at P <0.05 and as a tendency at 0.05 < P <0.10.
For all statistical analyses, a pen was considered the
experimental unit.

Results

Animal performance

SBW increased with DOF, but at a declining rate
(linear and quadratic effect, P < 0.001; Figure 1A),
while SBW gain decreased linearly with raising
DOF (P < 0.001; Figure 2), from 1.623 kg/day on
day zero to 0.653 kg/day on day 147 (60% decline).
Shrinking percentage showed a quadratic response,
reaching a maximum of 4.98% at 91 DOF (shrink-
ing =0.5921 (+2.0623) +0.1091 (+ 0.0413) DOF —
0.0006 (+ 0.0002) DOF?, RSE = 0.593, R* = 0.683,
linear: P = 0.087, quadratic: P = 0.016), while DP
increased linearly with the extension of the feeding
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Figure 1. A) Shrunk body weight (SBW), B) Rib eye area (REA), C) Rib fat thickness (FT) and D) United States Department of Agriculture (USDA)
marbling score (slight, 3.0; small, 4.0; modest, 5.0; moderate, 6.0) of feedlot steers during the feeding period. Day zero corresponds to the end of
the adaptation period (19 days). Circles indicate mean values. RSE — model residual standard error. Significance of the linear (L) and quadratic

(Q) effects of days on feed
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Figure 2. Shrunk body weight gain (SBWG, solid line), carcass weight gain (CWG, dashed line) and carcass transfer (CWG/SBWG ratio, dotted
line) of feedlot steers during the feeding period. Day zero corresponds to the end of the adaptation period (19 days)

period, from 54.03% on day 64 to 57.23% on day
147 (DP = 51.814 (+ 0.5328) + 0.0378 (£ 0.0453)
DOF, RSE=0.541,R?=0.887, P <0.001). CW gain
decreased at increasing DOF, but at a slower rate
compared to SBW gain. Therefore, carcass transfer
(CW gain/SBW gain ratio) increased at an increas-
ing rate with longer feeding periods (Figure 2). Car-
cass transfer increased from 0.67 to 0.86 kg/kg from
64 to 147 DOF (28% increase).

DMI presented a cubic pattern of evolution
throughout the feeding period (DMI = 9.95965 (+
0.2686) + 0.103544 (+ 0.0047) DOF — 0.001401 (=
0.000079) DOF* + 0.000005 (= 0.00000038)
DOF?, RSE = 0.716, linear: P < 0.001, quadratic:
P < 0.001, cubic: P < 0.001). The DMI peak
was reached at 50 DOF (12.2 kg DM/day), after
which it began to decline with a tendency to sta-
bilize at 10.3 kg DM/day from 130 to 147 DOF.
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Figure 3. Feed conversion based on carcass weight (CWcon, squares) and shrunk body weight (SBWcon, circles) of feedlot steers during the
feeding period. Squares and circles indicate daily mean CWcon and SBWcon, respectively. Day zero corresponds to the end of the adaptation
period (19 days). RSE — model residual standard error. Significance of the linear (L), quadratic (Q) and cubic (C) effects of days on feed

Daily SBW feed conversion increased with the
extension of the feeding period in a linear and cu-
bic manner (P < 0.001; Figure 3). The inflection
point was reached at day 69, where SBW feed
conversion was 10.3 kg/kg. Beyond this feed-
ing period (69 DOF), SBW feed conversion in-
creased at an increasing rate. Daily CW feed con-
version showed a linear and quadratic response
(P < 0.001), remaining relatively stable from the
first to the third harvest (64 to 119 DOF), between
15.3 and 16.7 kg/kg. Within this period, CW feed
conversion increased at a lower rate than SBW feed
conversion (P < 0.001), and after the third harvest
(119 to 147 DOF) both increased at similar rates
(P=0.061).

Carcass characteristics

With the extension of the feeding period, the ul-
trasound model for REA showed a quadratic increase
at a decreasing rate (Figure 1B), as the REA increase
rate declined from 0.176 to 0.064 cm?day from 0 to
147 DOF (64% decline). The rate of REA growth
relative to CW gain also decreased from 0.157 to
0.117 cm?*/kg from 64 to 147 DOF (P < 0.001). In
contrast, both the FT and marbling score ultrasound
models showed a quadratic increase, but at a rising
rate (Figure 1C and 1d). The slope of the ultrasound
FT model increased from 0.040 to 0.081 mm/day
from 0 to 147 DOF (101% increase). The slope of the
marbling score model in turn increased from 0.005 to
0.009 1/day from O to 147 DOF (87% increase).

Comparing the carcass data, REA, FT and
marbling score increased linearly with longer
finishing periods (P < 0.05; Table 2); only REA
showed a trend of quadratic increase at a declining
rate (P=0.070). Carcass FT increased by 85% from
the shortest to the longest finishing period, whereas
REA and marbling score increased 14 and 16%,
respectively. CW increased linearly (P < 0.001) and
cubically (P = 0.035) from 226.4 to 281.3 kg from
64 to 147 DOF.

Extending the finishing period beyond the
8.0 mm ultrasound FT endpoint (64 DOF) increased
the temperature of the longissimus thoracis muscle
at 3 h post-mortem (P < 0.001), but did not affect
muscle pH at this time point (P>0.15; Table 2). Final
longissimus thoracis pH and temperature showed
a cubic response (P < 0.001), with pH ranging
from 5.45 to 5.59, and temperature from 3.21 to
4.95 °C. Both muscle and fat colour parameters
were affected by DOF (P < 0.05), except for the
fat b* value, which showed only a cubic trend
(P = 0.088). The affected colour parameters
exhibited a cubic response, with higher muscle
values and lower fat values on day 119.

Longissimus thoracis shear force

Longissimus thoracis shear force of steaks
aged for three days tended to decrease linearly
(P = 0.066) with increasing DOF; however, shear
force was not affected (P > 0.206) when steaks were
aged for 14 days (Table 3).
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Table 2. Effects of the extension of the feeding period of feedlot steers on carcass characteristics

Days on feed Significance'
RSE
64 9N 19 147 L Q C
Carcass weight, kg 226.4 2433 268.6 281.3 3.63 <0.001 0.198 0.035
REA, cm? 57.6 62.6 66.3 65.8 2.74 0.001 0.070 0.679
FT, mm 71 74 1.1 13.2 1.38 <0.001 0.250 0.160
Marbling score? 417 450 5.09 4.85 0.32 0.005 0.099 0.166
pH-3 h 6.26 6.16 6.19 6.20 0.06 0.285 0.150 0.326
Temp-3 h, °C 19.5 26.0 26.0 32.2 0.97 <0.001 0.786 <0.001
pH-final 5.59 5.48 5.58 5.45 0.02 <0.001 0.601 <0.001
Temp-final, °C 3.88 4.49 3.21 4.95 0.12 <0.001 <0.001 <0.001
Muscle colour
L* 37.03 36.48 40.48 37.28 0.68 0.012 0.003 <0.001
a* 14.9 15.11 17.25 15.8 0.91 0.042 0.094 0.026
b* 13.48 13.41 15.37 13.72 0.56 0.059 0.017 0.001
Fat colour
L* 71.36 72.78 69.84 70.71 1.05 0.065 0.652 0.007
a* 3.08 2.93 4.71 4.24 0.61 0.004 0.565 0.014
b* 14.77 15.70 15.28 15.57 0.49 0.104 0.225 0.088

REA —rib eye area, FT — 12 rib fat thickness, RSE - residual standard error, L* — lightness, from black (0) to white (100), a* - redness, from
green (negative values) to red (positive values), b* — yellowness, from blue (negative values) to yellow (positive values); ' significance of the linear
(L), quadratic (Q) and cubic (C) effects of days on feed; 2 United States Department of Agriculture (USDA) marbling score (slight, 3.0; small, 4.0;

modest, 5.0; moderate, 6.0)

Table 3. Effects of the extension of the feeding period of feedlot steers on longissimus thoracis shear force and fat conten

Days on feed RSE Significance’
64 91 19 147 L Q C
Shear force, N
3 days of ageing 49.1 434 440 38.0 6.97 0.066 0.965 0.425
14 days of ageing 34.6 32.9 31.8 321 3.19 0.271 0.544 0.929
Intramuscular fat, % 2.74 5.28 5.85 7.33 0.54 <0.001 0.073 0.037
Sarcomere length, um 1.96 1.92 1.98 1.90 0.04 0.231 0.374 0.038
MFI 80.7 84.2 80.5 73.0 8.0 0.166 0.209 0.834

MFI - myofibrillar fragmentation index, RSE - residual standard error; ' significance of the linear (L), quadratic (Q) and cubic (C) effects of days

on feed

Sarcomere length showed a cubic response to
lengthening the feeding period, but linear and qua-
dratic effects were not significant (> 1.90 um in all
four slaughters).

The myofibrillar fragmentation index showed
no response (P > 0.166) to the extension of the
finishing period. Intramuscular fat content in the
longissimus thoracis muscle increased linearly
(P <0.001) and cubically (P = 0.037) from 2.74 to
7.33% as DOF was extended from 64 to 147.

Discussion

Animal performance

The rate of SBW gain was expected to decrease
linearly with increasing DOF (P < 0.001) and could

be explained by an increase in maintenance energy
costs with raising metabolic weight and energetic
costs of gain (NRC, 1996). The latter increment was
due to an increase in fat deposition and a reduction in
lean tissue growth, as evidenced by a positive qua-
dratic response of ultrasound subcutaneous FT and
a negative quadratic response of ultrasound REA. In
addition, a decrease in SBW gain with the extension
of the feeding period occurred along with a reduc-
tion in DMI and hence energy intake. Thus, there was
a reduction in net energy for growth (NRC, 1996).
The evolution of DMI during the feeding period
was similar to the results published by Hicks et al.
(1990). The reduction in feed consumption observed
in this study could be attributed to an increase in
leptin concentration associated with elevated carcass
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fatness (Footeetal.,2016), butalsoareductioninlean
tissue growth as a driver of intake (Webster, 1993).
In this sense, Fox et al. (1988) suggested a 2.7%
decrease in DMI per percentage point of empty body
fat gain, between 21 to 32%. Similarly, DMI in the
present study declined 2.2% per percentage point of
increment of rib cut fat, between 21.5 and 28.3%
(data not shown). In addition, beyond the 8.0 mm
ultrasound FT endpoint, DMI declined 0.4 kg per
mm increment in ultrasound FT (R? = 0.85).

The observed linear increase in DP with ex-
tended feeding time (0.0378% DP per day) was
consistent with the observations of other authors
(0.0229-0.0325% DP per day; Vasconcelos et al.,
2008; Volpi-Lagreca et al., 2021). This rise in DP
led to a higher carcass transfer with longer feed-
ing periods. Carcass transfer was calculated using
a regression approach, since period-based analysis
may lead to a significant bias (Streeter et al., 2012).
Wilken et al. (2015) reported that carcass transfer
increased with a longer finishing period, reaching
0.90 kg/kg at the 12 mm FT endpoint. In the present
study, the attained carcass transfer was 0.86 kg/kg at
13.2 mm FT.

The increase in carcass transfer suggested a re-
duction in gut fill and an allometric growth of car-
cass and non-carcass components of body weight
(Streeter et al., 2012). In this aspect, Carstens et al.
(1991) found that when steers were fed ad libitum,
hot CW had a faster growth rate not only relative to
full body weight, but also empty body weight. In
contrast, non-carcass components showed a slow-
er growth rate in relation to empty body weight.
Accordingly, Volpi-Lagreca et al. (2021) found a re-
duction in liver, spleen, kidney, rumen, omasum and
abomasum weights, as a percentage of body weight,
when DOF increased.

In this study, similarly to previous works
(Vasconcelos et al., 2008; Wilken et al., 2015; Bon-
durant et al., 2016), SBW feed conversion declined
with the extension of the feeding period. As described
above, the decrease in efficiency could be attributed
to reduced SBW gain, increased maintenance energy
costs and higher energetic cost of gain (NRC, 1996).

Volpi-Lagreca et al. (2021) reported no differ-
ences in SBW feed conversion between the 6.0 and
11.5 mm ultrasound FT endpoints (54 to 111 DOF),
followed by an increase when animals where fed up
to the 13.0 mm ultrasound FT endpoint (145 DOF).
However, feed conversion was calculated from the
beginning of the adaptation period to the harvest of
each treatment. With this approach, extending the
feeding period would dilute the lower weight gains

obtained during the adaptation periods and, hence,
the daily decrease in SBW gain would be underes-
timated.

CW feed conversion remained relatively stable
as DOF increased from the 8.0 mm ultrasound FT
endpoint (64 DOF) until approximately 119 DOF,
where 11.7 mm ultrasound FT was reached. The
stability in feed conversion based on CW could
be mainly explained by the increase in carcass
transfer. Volpi-Lagreca et al. (2021) reported that,
even though CW feed conversion remained stable
through the feeding period, it tended to be better for
steers fed for 111 days than those fed for 145 days
(11.5 and 13.0 mm ultrasound FT, respectively).

The deterioration of CW feed efficiency beyond
the 11.7 mm ultrasound FT endpoint, despite the in-
crease in carcass transfer, implicated that the higher
energetic cost of gain (due to the increase in fat de-
position) offset the effect of the increase in carcass
transfer.

Although the feed conversion response was
similar to that reported by Wilken et al. (2015),
there were significant differences between the val-
ues obtained. Wilken et al. (2015) reported mean
SBW feed conversion between 5.29 and 7.51 kg/kg,
and mean CW feed conversion between 8.01 and
9.05 kg/kg, whereas in the present study, these
values ranged from 6.02 to 15.76 kg/kg, and from
15.34 to 18.27 kg/kg, respectively.

The DMI value measured in the current work
was 24.6% higher than the expected value that
would cover the estimated requirements consider-
ing SBW and SBW gain parameters (NRC, 1996).
This demonstrated a significant difference in the ef-
ficiency that could not be attributed to variations in
ration composition, as all trials analysed by Wilken
et al. (2015) also used high concentrate diets (rang-
ing from 40 to 75% dry rolled or high moisture corn,
and 0 to 40% corn milling by-product). Hence, the
differences in efficiency could at least be partially
attributed to the larger frame size and the applica-
tion of steroidal implants in the studies analysed by
Wilken et al. (2015). This indicated a significant loss
in feed efficiency with extended DOF in production
systems using small- to medium-frame steers with-
out steroidal implants, which was in line with the
study of Hermesmeyer et al. (2000).

Differences in growth potential, due to variation
in frame and the use of steroidal implants (Maxwell
et al., 2015) can be determined by comparing body
weight at the same fat content. In previous studies,
at the endpoint of 12 mm FT, mean body weights
ranged from 510 to 532 kg when no steroidal
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implants were used (Bruns et al., 2004; Volpi-
Lagreca et al., 2021) and between 529 and 625 kg
when these implants were applied (Vasconcelos
et al., 2008; Wilken et al., 2015; Bondurant et al.,
2016). In the present study, the mean body weight
was 470 kg at the 11.1 mm FT endpoint.

Carcass characteristics

The decreasing rate of REA growth was in line
with the reports of Bondurant et al. (2016), who
found that REA increase rates of 0.292 cm*day at
the beginning of the finishing period were reduced
to 0.053 cm*day at 185 DOF. However, the higher
initial REA growth rates and maximum areas ob-
tained in previous studies (76.6-99.1 cm?, May
et al., 1992; Bruns et al., 2004; Vasconcelos et al.,
2008; Volpi-Lagreca et al., 2021) indicated a lower
growth potential of steers used in the present study,
as noted above.

Bondurant et al. (2016) also pointed out that FT
grew at an increasing rate with an increasing finish-
ing period. However, other authors (May et al., 1992;
Vasconcelos et al., 2008) reported linear responses,
but intermediate ultrasound measurements during the
feeding period were not included in their models.

On the other hand, the linearly increasing
marbling score was consistent with the results of
Bondurant et al. (2016). Nevertheless, this response
was not in line with the declining growth rate
reported in earlier studies (May et al.,, 1992;
Vasconcelos et al., 2008).

Chemical intramuscular fat is a more precise
predictor than marbling score, as the latter is a sub-
jective trait and, additionally, there are triglycerides
and phospholipids that are not visible to the human
eye. For this reason there is a moderate correlation
between marbling and intramuscular fat (Stewart
et al., 2021), which has been confirmed in the pres-
ent study (r> = 0.527).

According to Pethick et al. (2004), intramuscu-
lar fat deposition occurs in three phases: an early
stage where intramuscular fat remains low and
nearly constant, a phase of linear increase, followed
by a plateau in intramuscular fat deposition when
mature body size is reached. The authors suggested
that the linear increase occurred because intramus-
cular fat deposition relative to total fat content re-
mained constant, while the muscle growth rate was
reduced. In the present study, the extension of the
feeding period beyond the 8.0 mm ultrasound FT
endpoint remained within this linear phase, whereas
the period before the first slaughter corresponded to
the slow deposition phase, which would explain the

positive quadratic response found when considering
the entire finishing period.

The colour of muscle and fat are the main at-
tributes that guide consumers in their purchasing
decisions. In the present study, bright meat colour
was attained in all feeding periods, according to
the range of the L* values suggested by Page et al.
(2001).

As regards fat colour, the reduction in yellowness
(b*) during the finishing period is relevant for
pasture-reared steers, as this colour is undesirable
to consumers (Dunne et al., 2009). Typically, the
b* values obtained with concentrate feeding are
lower than those acquired with pasture feeding
(Dunne et al., 2009). In the present study, the mean
b* value (15.3) was lower than that reported by
Melucci et al. (2012) for grazing steers in Argentina
(19.2). On the other hand, extending the finishing
period after 64 DOF in the current work did not
affect fat yellowness. This suggests that 64 days on
a high concentrate diet would be sufficient to reduce
subcutaneous fat yellowness of pasture-reared young
steers, which is consistent with Dunne et al. (2009).

Shear force

When steaks were aged for a short period of
time (three days), shear force tended to decrease
as the finishing period increased. As expected, the
8.0 mm ultrasound FT endpoint (64 DOF), where
the mean carcass FT reached 7.1 mm, was sufficient
to achieve an adequate post-mortem chilling rate of
the longissimus thoracis muscle and an appropriate
glycolytic rate (Savell et al., 2005). This in turn re-
sulted in adequate sarcomere lengths. Despite the
observed cubic effect for sarcomere length, as it was
above 1.90 um, no negative effect was expected
with respect to shear force (Battaglia et al., 2019).

Consistently with the obtained final pH
(pH < 5.80), appropriate for proteases activity
(Lomiwes et al., 2014), no differences were ob-
served in myofibrillar protein degradation at three
days post-mortem. Hence, there were no differences
in shear force that could be explained by myofibril-
lar degradation three days after death. Therefore,
the tendency found for shear force with short age-
ing periods could be attributed to an increase in
intramuscular fat content. Accordingly, O’Quinn
et al. (2018) indicated that marbling score explained
15% of tenderness variation. Moreover, Nishimura
(2015) suggested that intramuscular fat affected ten-
derness because its deposition between the muscle
fibres packs weakened the structure of intramuscu-
lar connective tissue.
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Conclusions

Overall, the 8.0 mm ultrasound FT endpoint
for non-implanted feedlot steers is sufficient to
achieve proper feed efficiency and to obtain bright
and tender meat, especially if aged for 14 days.
The economic response of extending the feeding
period would depend on the current market and
pricing conditions. However, considering the feed
conversion values obtained, the cost of feeding
cattle longer would exceed the economic value
of SBW or CW increase, resulting in a negative
economic impact for this type of systems.
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