Relationship between heifer carcass maturity and beef quality characteristics
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ABSTRACT: Our objective was to determine
the relationship between heifer carcass maturity
and beef palatability of the longissimus lum-
borum (LM) and biceps femoris (BF). Left sides
of A (n = 30), B (n = 30), and C (n = 30) ma-
turity heifer carcasses under 30 mo of age by
dentition were used. Carcasses were selected to
ensure similar marbling scores across maturity
groups (Small to Modest). Beef strip loins (LM)
and outside rounds (BF) were obtained from these
carcasses. Steaks were used to measure color sta-
bility, lipid oxidation (thiobarbituric acid reactive
substances; TBARS), Warner-Bratzler shear force
(WBSF), soluble and insoluble collagen, and
consumer sensory perceptions. Heifer carcass
maturity did not affect pH, fluid loss, WBSF, or
collagen content of LM or BF steaks (P > 0.29).
In LM and BF steaks, a maturity X day of retail

display interaction occurred for TBARS, in which
B maturity steaks had lower levels of lipid oxi-
dation compared with A and C maturity steaks
from the fourth day to the end of the retail display
(P < 0.01). Nevertheless, LM steaks from B ma-
turity carcasses tended to have lower overall ac-
ceptability (P = 0.08) and juiciness (P = 0.09) than
steaks from C maturity carcasses, but steaks from
B and C maturity carcasses did not differ from
LM steaks obtained from A maturity carcasses.
No differences in tenderness or flavor were ob-
served due to maturity (P > 0.24). Similarly, ma-
turity had no effect on sensory characteristics of
BEF steaks (P > 0.30). In conclusion, our results in-
dicate that advanced physiological maturity does
not decrease palatability of strip loin or outside
round steaks from carcasses of heifers under 30
mo of age.
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INTRODUCTION

Recently, the USDA-AMS implemented new
standards that allow for the use of age docu-
mentation, dentition, or physiological maturity
to classify beef carcasses into maturity catego-
ries for quality grading (Federal Register, 2017).
Before this change, USDA-AMS only allowed the
use of physiological maturity as an indicator of
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carcass maturity when determining quality grade
(USDA, 2016). When using physiological ma-
turity, carcasses are designated to maturity groups
A through E based on vertebral ossification, rib
shape and size, and lean color and texture (USDA,
2016). Approximate ages associated with each of
these maturity groups are A (9-30 mo), B (30-42
mo), C (42-72 mo), D (72-96 mo), and E (>96
mo) (Tatum, 2007).

The majority of conventionally raised heifer
and steer carcasses fall within the A maturity cat-
egory (Boykin et al., 2017). However, O’Connor
et al. (2007) found that cattle between 22 and 24
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mo of age have a 9% probability of producing B
maturity carcasses and a 3% probability of pro-
ducing a C maturity carcass. It is not uncommon
for cattle under 30 mo of age, specifically heifers,
to grade B maturity or older based on physio-
logical maturity. It is well known that estrogen
accelerates skeletal ossification, increasing the
physiological maturity of heifer carcasses as com-
pared with steers of a similar age (Shackelford
et al., 1995; Field et al., 1997; Grumbach and
Auchus, 1999). Tatum (2011) found that heifers
under 30 mo of age are 7 times more likely to
produce B maturity carcasses, and 11 times more
likely to produce C maturity or older carcasses, as
compared with steer counterparts. Additionally,
Moore et al. (2012) reported that 46.7% of car-
casses that graded Standard had Small marbling
but were downgraded from low Choice based on
designation as B maturity. In the summer of 2017,
carcasses that quality graded Standard received
an approximately $26.00 per hundredweight dis-
count, while C maturity or older carcasses received
a discount of nearly $39.00 per hundredweight,
relative to Choice carcasses (USDA, 2017). The
current research was conducted to determine if
these discounts were warranted based on beef
quality characteristics of carcasses from heifers
verified to be under 30 mo of age by dentition.

MATERIALS AND METHODS

Institutional Animal Care and Use Committee
approval was not needed as no live cattle were
used in this experiment. The University of Idaho
Institutional Review Board certified this project as
Exempt for human subject participation in con-
sumer sensory analysis.

Carcass Selection

The left sides of 90 beef heifer carcasses were
selected on 4 d over a 3-mo period at a commer-
cial beef processing facility (Toppenish, WA) in
2015 and 2016. Selected carcasses were from heif-
ers finished in feedlots in the Western United States
and Canada. All carcasses were determined to be
from heifers less than 30 mo of age based upon
dentition, though chronological age was unknown.
Thirty carcasses within each physiological maturity
category of A®-A% (A), B®-B” (B), and C*-C*”
(C) were selected. Carcasses were also selected to
ensure marbling scores of Small® (SM) to Modest”
(MT). This resulted in carcasses of low or average
Choice, Standard, Commercial Quality Grades
(USDA, 2016).
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Initial selection of carcasses was determined
based on overall maturity evaluations from USDA
graders, as well as marbling scores collected by
an USDA-approved instrument grading system
(et+v Technology GmbH & Co. KG, Oranienburg,
Germany). Upon selection, carcasses were moved
to stationary rails and carcass data (skeletal and
lean maturity, marbling score, Quality Grade, hot
carcass weight, ribeye area, 12th rib fat thick-
ness, and Yield Grade) were collected by trained
University of Idaho personnel utilizing USDA
marbling cards, USDA ossification cards, measur-
ing probe, and ribeye area grids. KPH was removed
at the plant prior to selection of the carcasses and
so could not be measured. An average of 2.5%
KPH was used to determine the final Yield Grade
for each carcass. Vacuum packaged outside rounds
(Institutional Meat Purchase Specification [IMPS]
171B) and strip loins (IMPS 180; LM [longissimus
lumborum]) from the left side of each carcass were
purchased from AB Foods (Toppenish, WA) and
transported chilled to the University of Idaho Meat
Science Laboratory (Moscow, ID).

Product Preparation

Subprimal cuts were stored in boxes under re-
frigerated conditions (2°C) and aged until 14 d
postmortem. Subprimals were then removed from
vacuum packaging and the ischiatic heads were re-
moved from the outside rounds to produce trimmed
outside round flats (IMPS 171D; BF) as described
in the Institutional Meat Purchase Specifications
(USDA, 2014). Five 2.54 cm steaks were then cut
from the LM (IMPS 1180) and BF (IMPS 1171D;
Fig. 1). Steaks were assigned by position to analyze
retail shelf-life, lipid oxidation, Warner-Bratzler
shear force (WBSF), insoluble and soluble col-
lagen, and consumer acceptability.

Figure 1. Outside round roast with the side muscle removed (IMPS
171D). Steaks were cut perpendicular to the to the grain of the muscle
(IMPS 1171D) and are also referred to as a “western griller steak”.
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Retail Shelf-life

Steaks used for retail display were weighed,
placed in white Styrofoam trays with the freshly
cut surface exposed, and overwrapped with oxygen
permeable PVC film (Koch Industries, Inc. #7500-
3815; Wichita, KS). Once steaks had bloomed for
at least 60 min, two objective color measurements
per steak were taken using a Hunter MiniScan EZ
(Restin, VA). These measurements represented
day 0 of retail display. Subsequent measurements
were taken on days 1 through 6. The Hunter
MiniScan was equipped with a 25 mm-diameter
measuring area and a 10° standard observer. The
MiniScan was set to illuminant A and Commission
International de I’Eclairage (CIE) L*, a*, and b*
values were recorded. Each day prior to use the ma-
chine was calibrated against black and white cali-
bration tiles. Subjective color measurements were
taken daily for the 7-d retail display period by three
evaluators following Section 7 Appendix C of the
American Meat Science Association guidelines
(AMSA, 2012). Oxygenated lean color (I = ex-
tremely bright cherry-red, 2 = bright cherry-red,
3 = moderately bright cherry-red, 4 = slightly bright
cherry-red, 5 = slightly dark cherry-red, 6 = moder-
ately dark red, 7 = dark red, 8 = extremely dark red),
amount of browning (1 = no evidence of browning,
2 = dull, 3 = grayish, 4 = brownish-gray, 5 = brown,
6 = dark brown), discoloration (1 = none, 2 = slight,
3 = small, 4 = moderate, 5 = extreme), surface dis-
coloration (percentage metmyoglobin formation;
1 = no discoloration [0%], 2 = slight discolor-
ation [1-20%], 3 = small discoloration [21-40%],
4 = modest discoloration [41-60%], 5 = moderate
discoloration [61-80%)], 6 = extensive discolor-
ation [81-100%]), and color uniformity (1 = uni-
form, 2 = slight two-toning, 3 = small amount
of two-toning, 4 = moderate two-toning, 5 = ex-
treme two-toning) were measured, and averages
of the three evaluators were utilized for analysis.
Evaluators were familiarized with scoring and cali-
brated on day 0 of every retail display by reviewing
images of LM and BF steaks.

Steaks were displayed in a glass retail case
(Model GDM-69, True Manufacturing Co.,
O’Fallon, MO) kept at approximately 2 °C. The re-
tail display case utilized natural white Hg 40w lights
and the average light intensity was 409 Ix. Steaks
were rotated following daily measurements to min-
imize lighting and temperature effects due to loca-
tion. Prior to the retail display steaks were weighed
and following the 7-d display they were re-weighed
to determine retail fluid loss.

Hoffman et al.

Lipid Oxidation

Thiobarbituric acid reactive  substances
(TBARS) were measured to determine the extent
of lipid oxidation. The end (~1 cm) of the steak
was discarded before samples were taken from the
top half (exposed surface) of the steak avoiding the
edges. Samples were cut by hand to approximately
0.5 cm wide, 2.0 cm long, and 1.27 cm thick. This
initial sample represented day O of retail display.
On days 2, 4, and 6 of retail display, TBARS were
again taken to measure lipid oxidation. TBARS
analysis followed the protocol defined in the Meat
Color Measurement Guidelines (AMSA, 2012).
During the 7-d period, steaks were displayed as
listed above.

Cooking

Steaks utilized for Warner-Bratzler Shear Force
(WBSF) and collagen analysis were cooked fol-
lowing aging for 14 d postmortem. Steaks were
weighed prior to and following cooking to measure
fluid lost during the cooking process. Steaks were
cooked on open-hearth broilers to an internal tem-
perature of 40 °C, then were flipped and cooked to
a final internal temperature of 71 °C. Temperatures
of steaks were measured using hypodermic tem-
perature probes (Omega Engineering Co.) coupled
with a 12-channel scanning thermocouple therm-
ometer (Digi-Sense, Cole-Parmer Instrument Co.).
Probes were inserted into the geometric center of
the steak.

Warner-Bratzler Shear Force

Prior to coring for WBSF, steaks were cooled
at 4 °C overnight. Six cores (1.27-cm diameter)
were mechanically removed per steak, parallel with
muscle fiber orientation, using a drill-mounted
coring device (GR Manufacturing, Manhattan,
KS). Shear force was then determined by shearing
cores once through the center, perpendicular to
muscle fiber orientation, using a Warner-Bratzler
shearing machine (GR Manufacturing, Manhattan,
KS). The six shear values were averaged to deter-
mine a shear force (kg) for each steak.

Collagen Solubility

Remaining portions of WBSF steaks were
diced, placed in 50 ml centrifuge tubes and frozen
at —20 °C until collagen analysis could be com-
pleted. Eight randomly selected LM and BF steaks
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from each maturity category (A, B, and C) were
used to determine soluble and insoluble collagen,
as described by Colle et al. (2015). Total collagen
was determined by adding soluble and insoluble
collagen values.

pH

A portable pH meter (Model SevenGo, Mettler
Toledo, Woburn, MA) equipped with an InLab
Solids Pro puncture-type electrode was used to
measure pH. The pH meter was calibrated each day
prior to use with standard pH 4.0 and pH 7.0 buf-
fers. LM and BF steak pH was measured prior to
steaks being cooked for consumer sensory analysis.
The pH was taken at the edge of the steak. This
edge was removed prior to cubing for sensory ana-
lysis to avoid potential effects of probe insertion on
palatability.

Consumer Sensory Perceptions

Two sensory panels were conducted: one for
strip loin and one for outside round steaks. Steaks
used for sensory panels were individually vacuum
packaged after aging and frozen at —20 °C until
needed. Steaks were thawed at 4 °C for 24 h prior to
the panel and then cooked as previously described.
Cooking order of steaks within A, B, and C ma-
turities was randomized. Four (1.27 cm X 1.27 cm
x steak thickness) cubes were obtained per steak
and placed in covered cups assigned with a random
number. Cups were held in insulated containers
with hot packs until ready to serve. Consumer pan-
elists were asked to evaluate samples for overall ac-
ceptability, tenderness, juiciness, and flavor using a
9-point scale (9 = like extremely, extremely tender,
extremely juicy, and like flavor extremely, respect-
ively; 1 = dislike extremely, not at all tender, ex-
tremely dry, dislike flavor extremely, respectively).
Panelists (n = 72 per muscle) were presented with
and evaluated five samples in a random order from
A, B, and C maturities using an incomplete block
design. Additionally, for each sample panelists
were asked if they would be willing to purchase the
product, if an off-flavor was present, and what the
most and least liked attribute was (tenderness, juici-
ness, flavor, or texture/mouth feel), if applicable.
Sensory panels were held at the Washington State
University Sensory Evaluation Facility (Pullman,
WA) which utilizes divided sensory booths and
white lighting. Both panels began at 10:00 a.m.
and ended upon reaching the desired number of
panelists.
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Statistical Analysis

Data were analyzed using the Mixed Model
procedure of the Statistical Analysis System (SAS
Institute, Inc., Cary, NC). Subprimal cuts (LM and
BF) served as experimental units and maturity and
day of retail display, as well as their interaction,
served as fixed variables. All color and TBARS
measurements were analyzed as repeated measures.
Consumer sensory panel analysis was set up using
an incomplete block design. Differences in least
square means were compared using the DIFF op-
tion. Significance was determined at P < 0.05, and
data were considered trending at P < 0.10.

RESULTS AND DISCUSSION

Characteristics of Selected Carcasses

Carcass measurements used to determine
Quality Grade and Yield Grade of heifer carcasses
(n =90) can be found in Table 1. By design, skele-
tal maturity differed (P < 0.01) between A, B, and
C maturity heifer carcasses. Skeletal maturity of
carcasses ranged from A% to C* with a mean of
B%. However, lean maturity measurements were
considerably more youthful than skeletal matu-
rity, with a range of A? to B*® and a mean of A™.
These results are similar to those of Boykin et al.
(2017) who determined, based on National Beef
Quality Audit data from 2016, that the mean lean
maturity score of U.S. fed beef (n = 8,741) was

Table 1. USDA Quality Grade and Yield Grade
carcass measurements*

Maturity
A B C

Measurement n =730 n=730 n =30 SEM P
Skeletal maturity® 167¢ 249° 3482 4 <0.01
Lean maturity? 177 1882 170° 5 0.05
Overall maturity® 174¢ 220° 300° 3 <0.01
Marbling scoret 494 502 501 6 0.57
Hot carcass 402 419 413 7 0.20

weight, kg
12th rib fat 1.85 1.70 1.83 0.13 0.67

thickness, cm
Ribeye area, cm? 37.34 37.34 39.12 0.76 0.24
Yield gradel! 3.5 3.5 3.4 0.2 0.83

“*Means in the same row within a measurement that do not share a
common superscript letter differ.

*Data presented collected by trained personnel.
"Maturity: A maturity = 100-199, B = 200-299, C = 300-399.
iMarbling score: Small = 400-499, Modest = 500-599.

IAn average of 2.5% kidney, pelvic, and heart fat (KPH) was used to
determine Yield Grade.
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A%, while skeletal maturity was A®. Likewise,
Semler et al. (2016) determined that the overall
mean skeletal and lean maturity for beef car-
casses (n = 600) from fed cattle under and over
30 mo of age was B> and A, respectively. As
animals increase in chronological age, myoglobin
content in muscle increases, leading to a darker
red oxygenated lean color (Breidenstein et al.,
1968; USDA, 2016). In the current research, C
maturity carcasses had lower lean maturity val-
ues than B maturity carcasses (P < 0.05). While
this result was unexpected, chronological age
likely had little effect on lean color among car-
casses from these heifers under 30 mo of age.

When determining overall maturity, the US
Grading Standards for Carcass Beef (USDA,
2016) state that when differences occur between
skeletal and lean maturity, more emphasis is
placed on skeletal maturity. The standards also
indicate that overall maturity must not differ
from the skeletal maturity by more than one full
grade. In the current research this accounts for
numerically lower degrees of overall maturity
for B and C maturity carcasses compared with
A maturity carcasses. As expected, A, B, and C
maturity carcasses differed (P < 0.01) in overall
maturity (Table 1). Mean overall maturities for
A, B, and C maturity carcasses were A7, B¥, and
C%, respectively.

Marbling scores from the 90 heifer carcasses
ranged from SM¥* to MT™ with a mean of SM¥.
By design, carcass marbling scores were similar
(P = 0.57) across A, B, and C maturity groups
(Table 1). The USDA Quality Grade distributions
of the 90 carcasses collected were 26.7% Average
Choice, 26.7% Low Choice, 13.3% Standard, and
33.3% Commercial (Table 2). Had these carcasses
been graded using the modernized beef grading
standards, 52.2% would have been categorized as
Average Choice based on their marbling scores
(Table 2).

Carcass measurements used to determine Yield
Grade (hot carcass weight, adjusted 12th rib fat
thickness, and ribeye area) did not differ (P > 0.20)
between A, B, and C maturity carcasses (Table 1).
As animals increase in age, an increase in carcass
weight, ribeye area, and lipid deposition are usu-
ally observed (Duarte et al., 2011). However, since
cattle in the current study were all verified to be
under 30 mo of age by dentition, and therefore are
of similar age, we would expect for A, B, and C ma-
turity carcasses to have comparable mean hot car-
cass weights, ribeye areas, and adjusted 12th rib fat
measurements.

Hoffman et al.

Longissimus Lumborum and Biceps Femoris
Quality Characteristics

Increases in physiological maturity have been
associated with decreases in beef tenderness (Berry
et al., 1974; Miller et al., 1983; Weston et al., 2002).
This decrease in tenderness is associated with more
mature collagen crosslinks and more heat stable col-
lagen (Tatum, 2011). Shorthose and Harris (1990)
determined that age-associated toughening of beef
was more pronounced in collagen rich muscles than
muscles having lower collagen concentrations. In
the current research, LM and BF subprimals were
obtained to represent product that contain rela-
tively low and high levels of connective tissue, re-
spectively. Mean total collagen content of LM and
BF steaks was 7.9 + 2.8 and 10.5 = 3.1 mg colla-
gen/g meat, respectively. However, no differences (P
>0.47) in insoluble or total collagen were found be-
tween A, B, and C maturity carcasses from LM or
BF steaks (Table 3).

Furthermore, no differences (P > 0.29) in
WBSF values of LM or BF steaks from A, B, or
C maturity carcasses were found (Table 3). Steaks
with WBSF values below 4.6 kg are typically con-
sidered tender by consumers (Shackelford, 1991).
In the current research, mean overall WBSF values
for LM and BF steaks were 3.9 and 3.7 kg, respect-
ively. Although mean WBSF measurements of BF
steaks were numerically lower than LM steaks,
Rhee et al. (2004) demonstrated that the BF ranked
last among 11 muscles in trained sensory panel ten-
derness, but also ranked fourth in tenderness based
on WBSEF. Our data are consistent with Rhee et al.
(2004) who concluded that WBSF is more useful
to study changes in tenderness within muscles than
among different muscles. Similarly, sensory panel
tenderness scores in the current experiment were
lower for BF than LM.

Table 2. Quality Grade distribution by maturity*

Maturity
n=90 A B C All
Utilizing physiological maturity
Average Choice 43.3 36.7 — 26.7
Low Choice 56.7 233 — 26.7
Standard — 40.0 — 13.3
Commercial — — 100.0 333
Utilizing modernized Standards for Carcass Beef
Average Choice 43.3 60.0 533 52.2
Low Choice 56.7 40.0 46.7 47.8

*Carcasses selected to ensure Small to Modest marbling.
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The pH of meat can play a large role in fluid loss,
meat color, and tenderness. Muscle pH is approxi-
mately 7.0 and after death normally declines to
5.4-5.5 (Wulf et al., 2002). If ultimate pH remains
above 6.0, a product defect referred to as a dark cut-
ter or dark, firm, and dry (DFD) may result. These
products are noted for their dark color, high water
holding capacity, and also a decrease in product
tenderness (Lawrie, 1958; Wulf et al., 2002; Bass
et al., 2010; English et al., 2016). Because of these
factors, dark cutting carcasses were avoided for this
experiment. No differences were found (P > 0.60)
in pH of LM or BF steaks from A, B, or C matu-
rity carcasses (Table 3). Mean pH values for LM
and BF steaks were 5.50 and 5.51, respectively, with
the highest steak pH recorded at 5.71. Since meat
pH did not differ among maturity groups, differ-
ence reported for lean color are likely due to factors
other than pH.

Over the 6-d retail display, interactions were
detected between day of retail display and maturity
for objective color measurements of LM and BF
steaks (Tables 4 and 5). Redness (a*) and lightness
(L*) of many steaks increased from day 0 to 1 of
retail display, even though steaks were allowed to
bloom for at least 60 min prior to taking the day 0
objective color measurement. McKenna et al. (2005)
also reported increasing a* values from day 0 to day
1 of retail display. They attributed the increase in
redness to high levels of oxygen consumption that
occur early in display and do not allow for the steak
to fully bloom. On day 0 of retail display, B matu-
rity LM steaks had higher (P < 0.01) a* values than
C maturity LM steaks (Table 4). Similarly, on the

Table 3. pH, purge, Warner-Bratzler shear force,
cook loss, insoluble, and total collagen of longissi-
mus lumborum and biceps femoris steaks

Maturity
Attribute n A B C SEM P
Longissimus lumborum
pH 90 549 551 550 0.01 0.60
Percent purge 90 137 126 1.33 0.06 0.46
WBSE, kg 90 382 4.05 389 0.14 049
Percent cook loss 90 23.37 2497 2279 1.08 0.34

Insoluble collagen, mg/g 24 633 7.73 744 085 048
Total collagen, mg/g 24 694 853 832 140 047
Biceps femoris

pH 90 551 551 552 0.01 0.65
Percent purge 9 1.74 1.81 1.65 0.10 048
WBSF, kg 90 3.70 3.87 355 0.14 0.29
Percent cook loss 90 28.99 29.44 28.62 0.72 0.72

Insoluble collagen, mg/g 24  9.54 9.55 9.80 1.14 0.98
Total collagen, mg/g 24 10.60 1041 10.60 1.25 0.99
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final day of retail display, B maturity LM steaks had
aredder lean color than both A and C maturity LM
steaks. These results confirm carcass lean maturity
values, where B maturity carcasses had a darker red
lean color as compared with C maturity carcasses.
However, BF steaks from B maturity carcasses had
lower (P < 0.01) a* values (less red lean color) than
C maturity BF steaks on the second day of display
and had lower a* values than A maturity BF steaks
on the last day of retail display (Table 5). B matu-
rity LM steaks had higher L* values (P < 0.01) than
A maturity LM steaks on day 0 of retail display.
On day 2 of retail display, C maturity LM steaks
had significantly higher b* values versus A matu-
rity steaks. A similar change in b* values occurred
in BF steaks, where C maturity steaks were more
yellow in color than A and B maturity steaks.

Subjective color measurements (oxygenated lean
color, amount of browning, discoloration, surface
discoloration, and color uniformity) did not differ
among A, B, and C maturity LM steaks (P > 0.37;
data not included). However, a maturity by day of
retail display interaction was observed for oxygen-
ated lean color of BF steaks (P = 0.04; Table 6). On
the third day of retail display, B maturity BF steaks
had higher (worse) oxygenated lean color scores
than C maturity steaks, while A maturity steaks did
not differ from either. Similarly, on the fourth day
of retail display B maturity BF steaks had higher
oxygenated lean color scores than A and C matur-
ities (5.82 vs. 5.32 and 5.24, respectively).

Oxygen on the cut surface of steaks can lead
to autoxidation of lipids through the presence of
free-radicals. Other factors that can lead to lipid oxi-
dation are heat and light, catalysts, fatty acids pre-
sent, and pH. A commonly used assay to quantify
lipid oxidation is thiobarbituric acid reactive sub-
stances (TBARS) analysis. This measures malond-
ialdehyde (MDA) which is an end product of lipid
oxidation. A maturity by day of retail display inter-
action was observed (P < 0.01) for TBARS values
(lower mg MDA/kg of meat) of LM and BF steaks.
Less lipid oxidation occurred at days 4 and 6 of re-
tail display in B maturity LM steaks than A and C
maturity LM steaks (Tables 2 and 7). Throughout
the 6-d retail display period, lipid oxidation of LM
steaks from B maturity carcasses did not increase,
whereas A maturity LM steaks showed increased
oxidation on the last day of retail display, and C
maturity LM steaks lipid oxidation increased sig-
nificantly by day 4 of retail display. Similarly, B
maturity BF steaks had significantly less lipid oxi-
dation by days 4 and 6 of retail display than BF
steaks from A and C maturity carcasses. Mean
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Table 4. Instrument color of longissimus

lumborum steaks
Day of Maturity

n=90 display A B C SEM
Longissimus lumborum

L 0 37.07  38.69%  37.71%w (.57

P<0.01 1 39.73¢ 40.16” 40.55% 057

2 36.55¢ 35.70¢ 3723 0.57

3 38.09% 38.20 38.49%  0.57

4 37.94¢ 38.22¢ 38.26%  0.57

5 3757w 37.97 38.55%  0.57

6 37.49% 3836 37.64% 057

fa* 0 347200 36.09% 3433  0.59

P<0.01 1 34.887 35.197 35.507 0.59

2 31418 31.26¢ 3277 0.59

3 30.73%  29.74 3049 0.59

4 31.09%  30.90¢ 3151 0.59

5 29.97% 30.37%  3027Y  0.59

6 2545 27.64%  2559% .59

% 0 29.897 30.88 29.95° 0.51

P=0.03 1 28.128 28.65 29.06° 0.51

2 2593 2637 2753 0.51

3 24.92%  24.02v 24.60% 0.5

4 25.03%  24.68" 26.00% 0.51

5 2436% 24827 2513 0.5]

6 22.67° 22.80 23.43 0.51

2dWithin a row, means without a common letter differ.

v“Within a column, muscle, and trait, means without a common
letter differ.

L* (lightness), a* (redness), and b* (yellowness).

lipid oxidation of all steaks was below 1.0, except
for A maturity BF steaks on the final day of re-
tail display. This is noteworthy since this level of
lipid oxidation has been associated with off-flavors
(McKenna et al., 2005). However, in normal re-
tail display settings, steaks overwrapped in oxygen
permeable film are usually removed from the shelf
within 72 h due to oxidation of myoglobin that re-
sults in a brown color considered unacceptable by
consumers (Delmore, 2009). By 72 h of retail dis-
play, LM and BF steak lipid oxidation levels were
well below 1.0.

During the LM sensory panel, no differences
were detected (P > 0.25) in tenderness or flavor be-
tween steaks from A, B, or C maturity carcasses
(Table 8). However, overall acceptability (P = 0.08)
and juiciness (P = 0.09) tended to be higher in
LM steaks from C maturity carcasses than B ma-
turity, but steaks from B and C maturity carcasses
did not differ from those of A maturity carcasses.
Similarly, Acheson et al. (2014) and Semler et al.
(2016) found no differences (P > 0.05) in LM ten-
derness, juiciness, or flavor between steaks from
A and B or older maturity carcasses. Additionally,
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Table 5. Instrument color of biceps femoris steaks

Day of Maturity
n=90 display A B C SEM
Biceps femoris
fL* 0 37.43 38.75 37.47 0.60
P=0.27 1 38.89 38.99 39.58 0.60
2 35.52 34.72 35.45 0.60
3 36.11 35.97 35.85 0.60
4 35.58 36.33 35.35 0.60
5 35.48 35.71 35.05 0.60
6 35.30 36.53 36.66 0.60
fa* 0 34.97 36.197 35.2¢ 0.67
P <0.01 1 32.93v 32.59¥ 33.8 0.67
2 27.77%  26.68% 29.37:x 0.67
3 24.48" 23.36% 24.48" 0.67
4 23.85v 23.89% 24.12v 0.67
5 20.80" 21.48" 21.25Y 0.67
6 22.59w 20.62  22.05% 0.67
b* 0 31.04 31.887 31.39 0.49
P =0.01 1 28.00¥ 27.81% 28.98Y 0.49
2 25.49x 24.77% 26.89% 0.49
3 22.5m 21.53¢ 22.34Y 0.49
4 23.01Y 22.77% 23.49% 0.49
5 21.74% 21.53w 22.23v 0.49
6 21.62 20.57" 21.56" 0.49

+*Within a row, means without a common letter differ.

“7Within a column, muscle, and trait, means without a common
letter differ.

L* (lightness), a* (redness), and b* (yellowness).

in the current research LM steaks from C maturity
carcasses received the highest percentage of con-
sumer panelists indicating a willingness to purchase
the product (Table 9). Consumers did not report
differences (P = 0.31) in acceptability, tenderness,
juiciness, or flavor for BF steaks from A, B, or C
maturity carcasses (Table 8).

Importance to Industry

The devaluation of carcasses that are under
30 mo of age by dentition, but downgraded due to
advanced physiological maturity, was typically in
excess of $20 per hundredweight prior to the mod-
ernization of the carcass beef standards. Recently,
Acheson et al. (2014) used A and B-C maturity
steer and heifer carcasses from cattle under 30 mo
of age to determine if differences occurred in sen-
sory properties of the LM. The authors concluded
that carcasses with similar marbling scores from
grain-finished cattle younger than 30 months of age
by dentition have similar palatability regardless of
maturity. Semler et al. (2016) furthered this research
by using steer and heifer carcasses to determine if
dentition of carcasses 30 mo or older and carcasses
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Table 6. Visual color of biceps femoris steaks

Day of Maturity
n=90 display A B C SEM
Biceps femoris
Oxygenated 0 3. 3.1 2.8¢ 0.2
lean color*
P=0.04 1 3.5v 3.6¥ 3.2 0.2
2 4.3 3.2v 4.2% 0.2
3 5.1aby 5.4 4.7 0.2
4 5.3% 5.8% 5.2% 0.2
5 5.8 6.1 5.8 0.2
6 6.0 6.3 6.0 0.2

+dWithin a row, means without a common letter differ.
v““Within a column and trait, means without a common letter differ.

*1 = extremely bright cherry red, 2 = bright cherry red, 3 = moderately
bright cherry red, 4 = slightly bright cherry red, 5 = slightly dark cherry
red, 6 = moderately dark red, 7 = dark red, 8 = extremely dark red.

Table 7. Lipid oxidation of longissimus lumborum
and biceps femoris steaks*

Day of Maturity
n=90 display A B C SEM
Longissimus 0 0.24Y 0.21 0.20* 0.03
lumborum
P <0.01 2 0.22y 0.19 0.23~ 0.03
4 0.25% 0.22° 0.27% 0.03
6 0.33 0.23° 0.324 0.03
Biceps femoris 0 0.43v 0.42~ 0.40v 0.06
P <0.01 2 0.63 0.50 0.62* 0.06
4 0.80% 0.62 0.79% 0.06
6 1.01* 0.74% 0.944 0.06

*dWithin a row, means without a common letter differ.

“?Within a column, muscle, and trait, means without a common
letter differ.

*mg malondialdehyde/kg meat.

under 30 mo better segregated carcasses based on
sensory properties. Similarly, these authors found
few differences in palatability of carcasses under 30
mo of age regardless of physiological maturity.
The current research specifically utilized heifer
carcasses, since they tend to show advanced phys-
iological maturity at younger chronological ages
compared with steers. However, other factors, such
as pregnancy, spaying, usage of anabolic implants,
as well as severity of anabolic implants can also
influence degree of skeletal maturation (Tatum,
2011). Little background information is known on
the 90 selected heifer carcasses, with the exception
that heifers were not spayed, but did receive ana-
bolic implants and were grain-finished. Very few
differences were determined between LM and BF
steaks from A, B, and C maturity carcasses under
30 mo of age. Based on the results of this study,
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Table 8. Consumer panel analysis of longissimus
lumborum and biceps femoris steaks (n = 72 panel-
ists per muscle)*

Maturity
n=90 A B C SEM P
Longissimus lumborum
Acceptability 5.7 5.4 5.9 0.1 0.08
Tenderness 5.7 5.4 5.8 0.2 0.29
Juiciness 5.2 5.1 5.6 0.2 0.09
Flavor 5.5 5.5 5.8 0.2 0.25
Biceps femoris
Acceptability 5.2 4.9 4.9 0.2 0.31
Tenderness 4.7 4.4 4.5 0.2 0.51
Juiciness 4.6 4.4 4.7 0.2 0.39
Flavor 5.3 5.2 5.2 0.2 0.86

*Scale, 9 = like extremely, extremely tender, extremely juicy, and like
flavor extremely, respectively; 1 = dislike extremely, not at all tender,
extremely dry, and dislike flavor extremely, respectively.

Table 9. Consumer panel preferences for longissi-
mus lumborum and biceps femoris steaks (n = 72
panelists per muscle)

Longissimus Biceps
lumborum femoris

Consumer Maturity Maturity
preferences A B C A B C
Like most*

Flavor 333 449 414 58.7 45.6 44.8

Tenderness 34.2 243 27.9 23.1 12.6 16.7

Juiciness 21.6 19.6 234 12.5 24.3 229

Texture 10.8 11.2 7.2 5.8 17.5 15.6
Like least’

Flavor 33.6 24.8 30.8 16.9 20.7 20.7

Tenderness 25.2 27.4 25.2 44.1 40.5 46.8

Juiciness 27.1 30.1 29.9 21.2 24.0 25.2

Texture 14.0 17.7 14.0 17.8 14.9 7.2
Off flavor*

Yes 24.4 24.2 21.2 22.7 25.2 23.3

No 75.6 75.8 78.8 77.3 74.8 76.7
Purchasel!

Yes 57.6 54.6 68.1 51.7 45.8 424

No 424 454 31.9 48.3 54.2 57.6

*Percentage of panelists that liked that attribute the most.
fPercentage of panelists that liked that attribute the least.
Percentage of panelists that did or did not detect an off flavor.

IPercentage of panelists willing to or not willing to purchase the
product.

discounts were not warranted for heifer carcasses
under 30 mo of age by dentition with small or mod-
est marbling. These results support prior research
(Acheson et al., 2014; Semler et al., 2016), in that
carcasses from cattle harvested at less than 30 mo of
age based on dentition produce beef that provides
the same shelf-life and eating experience regardless

Translate basic science to industry innovation
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of its physiological maturity. Furthermore, these
results align with the recent modernization of the
U.S. standards for grades of carcass beef, which
states all carcasses under 30 mo of age by dentition
should be considered A maturity.
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