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Abstract:Carcass andmeat quality traits were evaluated on 136Hereford steers categorized according to their residual feed
intake (RFI): high RFI (HRFI), medium RFI (MRFI), and low RFI (LRFI). Steers from the 3 groups of RFI did not differ
(P> 0.05) on final live weight, hot carcass weight, carcass yield, marbling scores, ribeye area, and subcutaneous fat thick-
ness. No differences (P> 0.05) were observed in the weights of tenderloin, strip loin, bottom round, knuckle, and tri-tip
among RFI groups; however, steers from LRFI andMRFI had heavier (P< 0.05) top sirloins than HRFI animals and inside
rounds from more efficient animals (LRFI) were heavier (P< 0.05) than HRFI steers. Steers from HRFI showed a greater
(P< 0.05) proportion of intramuscular fat (IMF) than LRFI animals. Longissimus muscles from HRFI steers presented
greater (P< 0.05) concentrations of saturated (SFA), monounsaturated, and polyunsaturated fatty acids (PUFA) than those
from MRFI and LRFI animals. The PUFA/SFA ratio of IMF did not differ (P> 0.05) between LRFI and HRFI steers and
neither between LRFI and MRFI. In addition, the omega 6:omega 3 fatty acids ratio did not differ (P> 0.05) among the
3 RFI groups. Consumer´s panel acceptability scores for tenderness, flavor, and overall liking were not significantly differ-
ent (P> 0.05) among meat samples from LRFI, MRFI, and HRFI steers. Our findings indicated that RFI would not be
associated with carcass traits and meat quality of Hereford steers, except for the IMF content and fatty acids concentrations.
Therefore, end-product quality would be only marginally affected when RFI characteristic is included in a Hereford breed-
ing program.
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Introduction

Improving feed efficiency is a key factor in livestock
systems to reduce feeding costs and enhance profit-
ability (Baker et al., 2006), and it is also associated
with beef production sustainability (Kenny et al.,
2018). Residual feed intake (RFI) is one of the traits
used to assess feed efficiency of both growing and fin-
ishing beef cattle, which is defined as the difference
between actual and expected feed intake of an animal
based on its level of production (Koch et al., 1963).
Themoderate heritability of RFI and its independence

of performance traits, in comparison with other feed
efficiency metrics, has contributed to becoming a trait
of preference for improving feed efficiency by genetic
selection (Herd and Bishop, 2000; Arthur et al., 2001;
Pravia et al., 2022). This trait has been incorporated
into the genetic evaluation of the Uruguayan
Hereford breed, and the expected phenotypic inde-
pendence was also confirmed at the genetic level in
Hereford, in which non or negligible unfavorable
phenotypic and genetic correlations were found with
growth performance traits (Pravia et al., 2022).
Comparisons of efficient and inefficient animals
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indicate significantly lower feed intake in efficient indi-
viduals with a difference of around 15% to 20% during
growing and fattening at similar levels of performance
(McGee et al., 2014; Kenny et al., 2018; Pravia et al.,
2018, Silveira, 2023). This implies important savings
in terms of feed costs and a favorable effect on profit-
ability if carcass and meat quality are not negatively
affected. Thus, it is pivotal to know the relationship
between RFI and carcass and meat quality characteris-
tics. Previous studies have not shown consistent evi-
dence about the phenotypic association between RFI
and meat quality characteristics, (Herd and Bishop,
2000; Baker et al., 2006; Cruz et al., 2010; Zorzi et al.,
2013; Herd et al., 2014; Nascimento et al., 2016; Pravia
et al., 2018) most likely because different populations
respond distinctly to classification for RFI (Meale et al.,
2021).

The aim of the present study was to evaluate the
association between RFI at finishing and carcass and
beef quality traits of Hereford steers.

Materials and Methods

Experimental treatments

Residual feed intake was measured in 136
Hereford steers with an average age of 590 d in two dif-
ferent years (n= 67 in 2022 and n= 69 in 2023) at the
Central de Pruebas de Kiyú, San José, Uruguay. All
methods and procedures used in live animals were
approved by the Committee for the Ethical Use of
Animals of the National Agricultural Research
Institute, Uruguay (Protocol number 2018-11). Steers
were fattened in a confinement system and daily feed
intake of each animal was recorded for 70 d using a
GrowSafe™ automated system (GrowSafe Systems
Ltd., Alberta, Canada). Feed intake was adjusted by
the dry matter percentage to determine the dry matter
feed intake. Steers were fed with a total mixed ration
and composition of the diets are described in Table 1.

Phenotypic RFI was calculated as the residual (e)
of the regression model used to predict dry matter
intake (DMI), shown as follows:

DMI = b0 þ b1*MTWþ b2*ADGþ b3*FATþ Testþ e (1)

DMI is the average dry matter intake (kg/d) during
the test period,MTW is themetabolic weight (kg) at the
mid-term experimental period, ADG is the average
daily gain (kg/d), FAT is the backfat thickness (mm)
measured at the 12th rib by ultrasound at the end of

the test period; b0 represents the intercept, b1, b2, and
b3 are the partial regression coefficients of each varia-
ble on DMI, and e is the residual of the regression that
denotes the RFI. The model used for the estimation of
RFI at finishing follows the same used at the growing
phase, described by Pravia et al. (2022), which is used
for the estimation of breeding values for RFI in the
Uruguayan Hereford genetic evaluation (Pravia et al.,
2023).

Steers were categorized into 3 groups: high RFI
(HRFI;> 0.5 SD above the RFI mean; n= 44),
medium RFI (MRFI; RFI mean ± 0.5 SD; n= 55),
and low RFI (LRFI;< 0.5 SD below the RFI mean;
n= 37). Average RFI values (kg of DMI per d) and
standard deviations were: 0.853 ± 0.318 for HRFI,
0.030 ± 0.226 for MRFI and −1.059 ± 0.549 for LRFI.

Carcass evaluation

Steers were humanely slaughtered in a commercial
meat packing plant according to the Uruguayan legis-
lation. At slaughter, hot carcass weight (HCW) was
recorded and carcass yield (dressing percentage) was
calculated (CYd= (HCW/final live weight)*100).
After slaughter, carcasses were kept in a cooler for
24 h at 2–4°C. Thereafter, the sides of the carcasses
were quartered, and ribeye area (REA, cm2) and

Table 1. Ingredients and chemical composition of the
fattening diets during the experimental period

Item Year 2022 Year 2023

Ingredient (% of Dry Matter)

Corn silage 38.46

Sorghum silage 30.50

Corn grain 59.90 51.28

Corn Dried Distillers Grains with Solubles 7.47 8.77

Calcium carbonate 1.14 0.85

Urea 0.78 0.40

Salt 0.12 0.15

Mycotoxin binder1 0.04 0.04

Monensin2 0.01 0.01

Minerals and vitamins premix3 0.04 0.04

Chemical composition (%)

Dry matter (% as fed) 61.74 58.75

Crude protein 12.58 13.82

Acid detergent fiber 11.30 11.73

Neutral detergent fiber 21.77 26.43

Ether extract 1.92 4.54

Ash 4.65 5.26

1Mycosorb® Aþ (ALLTECH).
2Rumensin® (ELANCO).
3Rovimix® (DSM).
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subcutaneous fat thickness (FAT, mm) were measured
between the 10th and 11th ribs. Subsequently, the left
“pistola” cut (prepared from a hindquarter by the
removal of the thin flank, lateral portion ribs and a
portion of the navel end brisket) was weighed and
deboned, and the weights of 7 cuts (tenderloin [IMPS
190], strip loin [IMPS 180], top sirloin [IMPS 184],
inside round [IMPS 169], bottom round [IMPS 171A],
knuckle [IMPS 167], and tri-tip [IMPS 185C]), lean
trimmings, fat, and total bone were recorded. All cuts
were trimmed to 5 mm of external fat.

Sample preparation, meat color, cooking
losses, and shear force determinations

A 2.5-cm longissimus thoracis steak at the 11th rib
was collected, transported under refrigerated condi-
tions to the Meat laboratory of the National
Agricultural Research Institute, and then aged for 5 d
at 0 to 2°C. After aging, instrumental meat color
(CIE L*: lightness, a*: redness, and b*: yellowness)
was measured after 30 min blooming on each steak
in triplicate with a Minolta chromameter CR-400
(Konica Minolta Sensing Inc., Japan) using a C illumi-
nant, a 2° standard observer angle, and an 8-mm aper-
ture size, and was calibrated with a white tile before
use. Thereafter, steaks were weighed using an elec-
tronic scale (EP-41KA, A&D Company, Tokyo,
Japan) before cooking in a preheated clam shell style
grill (GRP100 The Next Grilleration, Spectrum
Brands, Inc., Miami, FL, USA) until reaching 71°C
measured with a digital probe thermometer (Comark
N9094, Norwich, Norfolk, UK) in the geometric center
(AMSA, 2016). After cooking, the steaks’ surface
moisture and fat were slightly blotted, cooled to room
temperature, and then weighed again to determine the
cooking losses (CL) as: [(rawweight− cookedweight)/
raw weight]*100. Subsequently, 6 cores (1.27-cm
diameter) were removed from each sample parallel to
the longitudinal orientation of muscle fibers and shear
force was assessed with a TA.XT Plus texturometer
(Stable Micro Systems, Godalming, Surrey, UK) fitted
with a Warner-Bratzler V-shaped blade. Individual
Warner-Bratzler shear force (WBSF) values were aver-
aged to assign a mean peakWBSF value to each sample
(AMSA, 2016).

A second 2.54-cm-thick steak was collected
from the longissimus thoracis muscle and frozen
until the sensory consumer panel assessment. An
additional 1.5-cm steak of the longissimus thoracis
muscle was also collected for IMF and fatty acid
composition.

IMF and fatty acid composition

Subcutaneous fat and connective tissue were
removed from each steak and then each steak was
cut into small pieces to be subsequently frozen at
−80°C. Afterward, samples were pulverized using a
Robot Coupe R2 (Robot Coupe®, Montceau-les-
Mines, France), packed in individual sterile whirl-pack
bags (Nasco, Fort Atkinson,WI, USA), and placed into
a −80°C freezer until analysis was performed.
Intramuscular fat content was determined gravimetri-
cally using the chloroform–methanol method described
by Bligh and Dyer (1959). Fatty acids were cold
methylated with methanolic potash (IUPAC, 1987)
and the analysis was performed with a gas chromato-
graph (Shimadzu Nexis GC 2030, Tokyo, Japan) fitted
with a 60-m SH-Rt-WAX capillary column (0.25-mm
internal diameter and 0.25-μm-thick film, Shimadzu,
Columbia, Maryland, USA). Nitrogen was used as a
carrier gas at 1 ml/min flow. Chromatographic condi-
tions were an initial temperature of 100°C for 0.5 min,
then increased 10°C/min until reaching 120°C for
2 min, and subsequently increased 10°C/min until
achieving 220°C for 15 min, totaling 29.5 min per sam-
ple. The injection volume was 1 μl and a flame ioniza-
tion detector was used which was kept at 260°C while
the injector was 230°C. Fatty acids were identified by
comparing retention times with those of a standard
mixture of 37 FAME Supelco™ 37 compounds
(Sigma, St. Louis, USA); meanwhile, conjugated lino-
leic acid (CLA; c9, t11-18:2) was identified using octa-
decadienoic acid, conjugated, methyl ester standard
(No. O5632, Sigma, St. Louis, USA). Saturated
(SFA), monounsaturated (MUFA), and polyunsatu-
rated (PUFA) fatty acids were reported in mg/100 g
of meat using methyl heneicosanoate (C21:0) as an
internal standard.

Consumer sensory panel

A consumer sensory panel (n= 100) was per-
formed with meat samples from steers slaughtered in
2023. The consumer panel was conducted according
to the guidelines of the Declaration of Helsinki (The
Code of Ethics of the World Medical Association)
for experiments involving humans.

Steak samples were thawed at 2°C for 24 h on the
days prior to the consumer panel sessions. Steaks
intended for sensory assessment were wrapped with
aluminum foil and then grilled as previously described
to reach an internal temperature of 71°C. After cook-
ing, external fat and connective tissue were removed,
and samples were cut into 10 cubes that were wrapped
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with aluminum foil, coded with a 3-digit random num-
ber, and held in a heated oven for no more than 10 min
until testing. Consumers scored the sensory acceptabil-
ity of beef aged for 5 d from the 3 groups of RFI fol-
lowing the procedures designed to reduce the effects of
order of presentation and first order carry-over effects
(Macfie et al., 1989). Each consumer was asked to
assess tenderness, flavor, and overall liking acceptabil-
ity on 9-point hedonic scales: (1) dislike extremely,
(2) dislike very much, (3) dislike moderately, (4) dis-
like slightly, (5) neither like nor dislike, (6) like
slightly, (7) like moderately, (8) like very much, and
(9) like extremely. Unsalted crackers and still drinking
water were available for consumers to cleanse their
palate between samples. Consumers’ characteristics
(gender, age, and frequency of meat consumption)
are presented in Table 2.

Statistical analysis

Data analysis was performed considering a mixed
model using the MIXED procedure of the Statistical
Analysis System (version 9.4, SAS Institute, Cary,
NC, USA). The model included the RFI group as a
fixed effect, whereas the year and its interaction with
RFI group were considered as random effects.
Individual animals represented the experimental
units. Plots of residuals and the W-statistic (Shapiro
and Wilk, 1965) were evaluated to assess homo-
geneity of variance and studentized residuals were
calculated to determine outliers for all data. Hot car-
cass weight was adjusted by slaughter weight (SW),

and pistola cut was used as a covariate for the weight
of the valuable cuts. Data from the consumer sensory
panel were analyzed in a model in which the RFI
group was considered as fixed effect, consumer as
random effect, and session as a blocking effect.
After analysis of variance, least-squares means were
calculated for RFI group comparisons with a signifi-
cance level of α = 0.05, using the PDIFF option of
LSMEANS adjusted by Tukey, when F-tests were sig-
nificant (P < 0.05).

Results

The three groups of steers did not differ (P> 0.05)
in SW,HCW, carcass yield, marbling scores, REA, and
FAT (Table 3). In addition, no differences (P> 0.05)
were observed in meat quality attributes: meat color
(L*, a*, and b*), CL, and WBSF among HRFI,
MRFI, and LRFI steers (Table 3). A significant (P<
0.05) year effect was found in almost all the carcass
and meat quality characteristics that could be associ-
ated with different diets between years during the
experimental period. Regardless, there were no signifi-
cant (P> 0.05) interactions between year and RFI
group for any of the carcass and meat quality traits.
There were only significant differences (P< 0.05)
among RFI groups for the top sirloin and the inside
round; all other valuable cuts were similar (P> 0.05)
among RFI groups. Steers from LRFI and MRFI had
heavier (P< 0.05) top sirloins than HRFI animals.
Inside round from more efficient animals (LRFI) were
heavier (P< 0.05) than HRFI steers (Table 4). As
observed for carcass and meat quality traits, there
was a significant effect of year on the weight of most
cuts; however, there was not a significant interaction of
year × RFI for any of the evaluated cuts (Table 4).

Steers from HRFI showed a greater (P< 0.05) pro-
portion of IMF than LRFI animals (Table 5).When sig-
nificant differences (P< 0.05) were observed in the
fatty acid concentrations, greater (P< 0.05) contents
were found in meat from HRFI than in LRFI steers,
except for C14:0 and C22:6-n3. Longissimus muscles
from HRFI steers presented greater (P< 0.05) concen-
trations of SFA, MUFA, and PUFA than those from
MRFI and LRFI animals. The PUFA/SFA ratio of
IMF did not differ (P> 0.05) between LRFI and
HRFI steers and neither between LRFI and MRFI. In
addition, the omega 6:omega 3 fatty acids ratio was
similar (P> 0.05) among the 3 RFI groups (Table 5).

Tenderness, flavor, and overall liking acceptability
mean scores were not significantly different (P> 0.05)

Table 2. Characteristics of the consumers participating
in the sensory panel (n= 100)

Gender Percentage

Male 58

Female 42

Age

<30 y 41

31-50 y 50

>50 y 9

Frequency of Consumption (%)

Meat

Less Than
Once

a Month
Once a
Month

Every 2
Weeks

Every
Week

Beef 2 8 2 78

Chicken 4 8 33 55

Pork 36 43 14 7

Sheep 21 33 27 19
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among meat samples from LRFI, MRFI, and HRFI
steers (Table 6). It is important to highlight that the 3
groups of RFI were scored positively (i.e., at least “I
like slightly”) for the 3 attributes.

Discussion

As reported in previous studies carcass character-
istics such as HCW, carcass yield, marbling scores,

Table 3. Least-squares means ± standard error of carcassand meat quality characteristics for HRFI, MRFI, and
LRFI groups of steers

Traits

RFI Group1 P-Values

HRFI MRFI LRFI RFI Year RFI*Year

SW2 (kg) 543.6 ± 5.0 532.2 ± 4.4 534.8 ± 5.3 0.218 0.211 0.935

HCW3 (kg) 290.7 ± 1.0 290.2 ± 0.9 290.5 ± 1.0 0.924 0.0001 0.074

CYd4 (%) 54.1 ± 0.2 54.4 ± 0.2 54.3 ± 0.2 0.686 <0.0001 0.070

Marbling5 499 ± 7.3 497 ± 6.5 483 ± 7.8 0.289 0.075 0.196

REA6 (cm2) 63.3 ± 0.9 64.3 ± 0.8 66.2 ± 1.0 0.108 0.0002 0.214

Fat thickness (mm) 14.7 ± 0.6 14.9 ± 0.5 14.8 ± 0.6 0.961 <0.0001 0.138

Meat quality traits - 5 d aging

Lean color

L* (Lightness) 38.1 ± 0.4 38.3 ± 0.4 38.5 ± 0.4 0.808 0.020 0.369

a* (Redness) 22.4 ± 0.2 22.3 ± 0.2 22.3 ± 0.3 0.938 0.0003 0.497

b* (Yellowness) 11.1 ± 0.2 11.1 ± 0.1 10.9 ± 0.2 0.743 0.0008 0.737

CL7 (%) 20.4 ± 0.4 20.8 ± 0.4 20.8 ± 0.4 0.769 <0.0001 0.052

WBSF8 (kg) 3.59 ± 0.15 3.73 ± 0.13 3.45 ± 0.16 0.392 0.548 0.066

1 HRFI: high residual feed intake; MRFI: medium residual feed intake; LRFI: low residual feed intake.
2 SW: slaughter weight.
3 HCW: hot carcass weight adjusted by final live weight.
4 CYd: carcass yield= (HCW/slaughter weight)× 100.
5 United States Department of Agriculture marbling scores were encodedas follows: slight= 300 to 399, small = 400to 499.
6 REA: ribeye area adjusted by HCW.
7 CL: cooking losses= [(raw weight− cooked weight)/raw weight] × 100.
8 WBSF: Warner-Bratzler shear force.

Table 4. Least-squares means ± standard error of valuablemeat cuts, lean trimmings, fat, and bones for HRFI,
MRFI, and LRFI groups of steers

Item

RFI group1 P-Values

HRFI MRFI LRFI RFI Year RFI*Year

Pistola2 (kg) 58.7 ± 0.2 59.1 ± 0.2 59.0 ± 0.2 0.440 <0.0001 0.298

Subprimal cut3 (kg)

Tenderloin 1.99 ± 0.023 2.03 ± 0.020 2.03 ± 0.024 0.372 <0.0001 0.676

Strip loin 5.95 ± 0.059 5.87 ± 0.051 5.81 ± 0.062 0.266 0.0003 0.855

Top sirloin 5.21b ± 0.060 5.38a ± 0.053 5.40a ± 0.063 0.045 <0.0001 0.705

Inside round 7.72b ± 0.057 7.83ab ± 0.061 7.95a ± 0.061 0.002 0.126 0.326

Bottom round 7.51 ± 0.060 7.50 ± 0.053 7.53 ± 0.064 0.906 <0.0001 0.522

Knuckle 4.97 ± 0.036 5.00 ± 0.032 5.09 ± 0.039 0.077 0.007 0.436

Tri-tip 1.20 ± 0.016 1.23 ± 0.014 1.21 ± 0.017 0.393 0.001 0.824

Trimmings3 4.11 ± 0.091 3.93 ± 0.081 3.87 ± 0.097 0.166 <0.0001 0.650

Fat3 4.28 ± 0.117 4.30 ± 0.103 4.04 ± 0.124 0.241 <0.0001 0.748

Bones3 11.60 ± 0.080 11.60 ± 0.071 11.59 ± 0.085 0.995 <0.0001 0.567

a,bLeast-squares means with different superscripts in the same rowdiffer significantly (P< 0.05).
1HRFI: high residual feed intake; MRFI: medium residual feed intake;LRFI: low residual feed intake.
2Pistola cut is prepared from a hindquarter by the removal of thethin flank, lateral portion ribs, and a portion of the navel end brisket.
3Weights adjusted by the weight of the pistola cut.
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Table 5. Least-squares means ± standard error of IMF content and fatty acids composition (mg fatty acid/100 g of
meat) of longissimus muscle from HRFI, MRFI, and LRFI groups of steers

Item

RFI Group1 P Values

HRFI MRFI LRFI RFI Year RFI*Year

IMF (%) 4.61a ± 0.18 4.26ab ± 0.16 3.85b ± 0.19 0.018 0.0003 0.644

Fatty acids (mg/100g muscle)

C14:0 (myristic) 92.6a ± 4.78 76.7b ± 4.25 78.6ab ± 5.10 0.037 0.008 0.519

C14:1 (myristoleic) 18.3 ± 1.08 15.1 ± 0.95 16.2 ± 1.15 0.090 0.018 0.277

C16:0 (palmitic) 1036.9a ± 49.06 877.4b ± 43.61 875.3b ± 52.27 0.029 0.0001 0.357

C16:1 (palmitoleic) 101.7a ± 5.15 88.12ab ± 4.54 83.84b ± 5.64 0.046 0.006 0.336

C18:0 (stearic) 641.2a ± 30.62 533.1b ± 27.22 506.8b ± 32.63 0.006 0.001 0.427

C18:1-n9 (oleic) 1614.5a ± 79.58 1345.8b ± 70.26 1324.0b ± 84.79 0.017 <0.0001 0.488

C18:2-n6 (linoleic) 126.7a ± 4.28 109.2b ± 3.85 111.2b ± 4.56 0.007 0.013 0.208

C18:3-n6 (linolenic) 2.52 ± 0.13 2.14 ± 0.12 2.14 ± 0.14 0.064 0.007 0.599

C18:3-n3 (linolenic) 8.14 ± 0.34 7.20 ± 0.31 7.18 ± 0.37 0.078 0.0004 0.208

CLA (conjugated linoleic) 10.21a ± 0.53 8.58b ± 0.48 8.38b ± 0.57 0.032 0.827 0.394

C20:0 (arachidic) 4.43 ± 0.27 3.78 ± 0.23 4.04 ± 0.28 0.187 0.098 0.889

C20:2-n6 (eicosadienoic) 3.69a ± 0.17 3.06b ± 0.15 3.01b ± 0.18 0.006 0.035 0.433

C20:3-n3 (eicosatrienoic) 3.93a ± 0.22 3.03b ± 0.19 3.04b ± 0.23 0.003 <0.0001 0.703

C20:3-n6 (DGLA)2 1.77 ± 0.13 1.87 ± 0.12 1.90 ± 0.15 0.786 0.396 0.165

C20:4-n6 (arachidonic) 27.6 ± 0.88 25.2 ± 0.79 26.7 ± 0.94 0.118 0.542 0.816

C20:5-n3 (EPA)3 3.30 ± 0.88 3.18 ± 0.14 3.52 ± 0.17 0.299 0.003 0.440

C22:5-n3 (DPA)4 7.71 ± 0.27 6.98 ± 0.24 7.30 ± 0.29 0.132 0.114 0.432

C22:6-n3 (DHA)5 1.53a ± 0.07 1.20b ± 0.06 1.37ab ± 0.07 0.002 0.978 0.590

SFA6 1775.2a ± 83.0 1491.0b ± 73.7 1464.9b ± 88.4 0.015 0.0003 0.387

MUFA7 1734.4a ± 85.4 1449.0b ± 75.4 1430.2b ± 91.0 0.020 <0.0001 0.483

PUFA8 198.3a ± 6.1 173.8b ± 5.5 175.7b ± 6.6 0.007 0.052 0.651

PUFA/SFA 0.11b ± 0.004 0.13a ± 0.004 0.12ab ± 0.003 0.030 <0.0001 0.829

Omega 6:omega 3 7.01 ± 0.11 7.02 ± 0.09 6.69 ± 0.11 0.062 <0.0001 0.500

a,bLeast-squares means with different superscripts in the same row differ significantly (P< 0.05).
1HRFI: high residual feed intake; MRFI: medium residual feed intake; LRFI: low residual feed intake.
2DGLA: dihomo-gamma-linolenic acid.
3EPA: eicosapentaenoic acid.
4DPA: docosapentaenoic acid.
5DHA: docosahexaenoica acid.
6SFA: saturated fatty acids, Σ C14:0þ C16:0þC18:0þC20:0.
7MUFA: monounsaturated fatty acids, Σ C14:1þ C16:1þ C18:1n9.
8PUFA: monounsaturated fatty acids, Σ C18:2n6þ C18:3n6þC18:3n3þCLAþC20:2n6þ C20:3n3þC20:3n6þC20:4n6þ C20:5n3þC22:5n3þ

C22:6n3. n-6: omega 6 fatty acids, Σ C18:2n6þ C18:3n6þC20:2n6þC20:3n6þ C20:4n6. n-3: omega 3 fatty acids, Σ C18:3n3þ C20:3n3þC20:5n3þ
C22:5n3þC22:6n3.

Table 6. Least-squares means ± standard error for tenderness, flavor, and overall liking scores of beef samples
from HRFI, MRFI, and LRFI groups of steers evaluated by a consumer panel (n= 100) in 2023

Variable

RFI Group1

P-ValuesHRFI MRFI LRFI

Tenderness2 6.69 ± 0.28 7.00 ± 0.28 7.28 ± 0.28 0.318

Flavor2 6.71 ± 0.16 6.84 ± 0.16 6.89 ± 0.16 0.652

Overall liking2 6.60 ± 0.19 6.90 ± 0.19 7.05 ± 0.19 0.227

1HRFI: high residual feed intake; MRFI: medium residual feed intake; LRFI: low residual feed intake.
29-point category scales: (1) dislike extremely, (2) dislike very much, (3) dislike moderately, (4) dislike slightly, (5) neither like nor dislike, (6) like slightly,

(7) like moderately, (8) like very much, and (9) like extremely.
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REA, and fat thickness were not affected by RFI (Baker
et al., 2006; Castro Bulle et al., 2007; Cruz et al., 2010;
Gomes et al., 2012; Zorzi et al., 2013; Pravia et al.,
2018). Nevertheless, Robinson and Oddy (2004)
reported that selection for reduced RFI is likely to
decrease subcutaneous fat thickness. Herd et al.
(2014) found that HRFI steers had a greater depth of
subcutaneous rib fat than LRFI. These authors indi-
cated that fat deposition pattern changes in LRFI ani-
mals toward more intermuscular fat and less
subcutaneous fat; however, our results do not support
these findings. Heavier top sirloin and inside round
were found in LRFI steers than in HRFI animals, but
no differences were observed in the weights of any
of the other cuts. Zorzi et al. (2013), when working
with Nellore bulls, did not find differences in the
weights of the strip loin, tenderloin, and complete rump
between high and low RFI animals. Bonilha et al.
(2013) reported no differences in the percentage of edi-
ble part of carcass between low and high RFI Nellore
bulls. Results from the present study showed that sig-
nificant differences among RFI groups were found just
for the weight of two cuts whose magnitude (less than
4% difference) lacks practical relevance for the meat
industry. Selection for more efficient animals (LRFI)
would not have any detrimental effect on the weights
of retail cuts.

Tenderness is considered the most relevant attrib-
ute influencing consumer satisfaction and beef palat-
ability (Dikeman, 1987; Miller et al., 1995; Maltin
et al., 2003; Van Wezemael et al., 2014). It has been
suggested that selection for more efficient animals
could be negatively associated with meat tenderness
(Herd and Pitchford, 2011) and may be related to a
lesser degradation of myofibrillar proteins (Gomes
et al., 2012). Some studies have shown greater shear
force values on aged (Zorzi et al., 2013) and non-aged
meat (Herd et al., 2014; Nascimento et al., 2016) from
more efficient (low RFI) animals; however, in our
study, meat shear force was not affected by RFI, which
agrees with previous research (Baker et al., 2006;
Ahola et al., 2011; Gomes et al., 2012; Blank et al.,
2017; Pravia et al., 2018). It is important to note that
all shear force values of meat, even those aged for 5 d,
were below 4.1 kg, indicating that it was tender beef
that would guarantee high acceptability by consumers
(Huffman et al., 1996). This was confirmed to some
extent by consumers since the mean tenderness scores
of the three RFI groups were at least “I like slightly.”
Cooking losses were not different across RFI groups,
which were in agreement with the findings of previous
studies (Ahola et al., 2011; Herd et al., 2014; Blank

et al., 2017). Beef color represents the most important
factor that affects consumers purchase decision
(Faustman and Cassens, 1990; Mancini and Hunt,
2005). Lack of beef cherry-red color or discoloration
may reduce consumer’s willingness to purchase.
Values of L*, a*, and b* coordinates of meat color were
not different among RFI groups in our study and sim-
ilar results were also found in unaged (Perkins et al.,
2014) and aged meat for 7 and 14 d (Nascimento et al.,
2016). However, Baker et al. (2006) found greater b*
(yellowness) values of lean color in high compared to
mid- and low-RFI steers. In addition, Herd et al. (2014)
observed greater L*, a*, and b* values onmeat aged for
7 d in high compared with low-RFI Angus steers,
although those differences were small in magnitude.
We could infer that inconsistencies in objective meat
color measurements would indicate no clear associa-
tion between RFI and beef color.

Intramuscular fat content is a relevant characteris-
tic that influences meat tenderness, juiciness, and fla-
vor, affecting beef palatability (Smith et al., 1985;
O’Quinn et al., 2012; Emerson et al., 2013; Corbin
et al., 2015; Frank et al., 2016). Furthermore, there is
growing interest in the nutritional aspects and health
implications of meat consumption, particularly associ-
ated with its fat content (Daley et al., 2010). In our
study, even though no differences were observed in
the marbling scores across RFI groups, inefficient
steers (HRFI) presented a greater IMF content than
LRFI animals, which agrees with the findings of
Nascimento et al. (2016) in Nellore steers.
Nevertheless, some studies did not find differences
in the IMF content across RFI groups of Bos taurus
(McDonagh et al., 2001) and Bos indicus (Gomes et al.,
2012) steers. Previous studies that evaluated the rela-
tionship between RFI and IMF seem to be inconclusive
(Welch et al., 2012). Regarding fatty acid composition,
meat from HRFI steers showed greater concentrations
of SFA, MUFA, and PUFA than LRFI, which was
related to the greater IMF content. Rauw et al.
(2012) worked with barrows, and they observed that
the correlations between RFI and fatty acid profile
became non-significant after correction for IMF. In
Japanese Black cattle, Inoue et al. (2011) found that
RFI has less of an effect than feed conversion ratio
on the fatty acid composition of intramuscular fat.
These authors reported positive but low genetic corre-
lations (0.06 to 0.17) of oleic acid (C18:1), MUFA, and
the SFA to MUFA ratio with RFI.

Evaluating meat-eating quality is of primary rel-
evance to understanding the acceptance of meat prod-
ucts and in this scenario, consumer sensory studies are
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increasingly used (Miller, 2020). Tenderness, juici-
ness, and flavor are the 3 attributes influencing cooked
meat palatability and are linked to consumer satisfac-
tion (Garmyn, 2020). In the present study, consumer
panel scores for tenderness, flavor, and overall liking
of steaks did not differ across RFI groups. Ahola et al.
(2011) reported an absence of a relationship between
RFI, and tenderness, juiciness, flavor, off-flavor, and
overall acceptability of steaks fromAngus steers evalu-
ated by a trained sensory panel. In the same line, Baker
et al. (2006) did not find differences in tenderness and
flavor of steaks from Angus steers across RFI groups
scored by trained panelists. Therefore, our findings
and previous studies with British breeds have not found
any relationship between RFI and sensory attributes.

Conclusions

The findings of the present research indicate that
RFI would not be related to carcass traits and meat
quality of Hereford steers. The current study detected
differences in the IMF content and fatty acids concen-
trations, but those differences did not affect palatability
attributes scored by consumers. The inclusion of RFI in
genetic selection programs would have a positive
impact on reducing feed costs, among others, with
minor or no detrimental effect on end-product quality.
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