
© American Meat Science Association. 				     	              www.meatandmusclebiology.com 
This is an open access article distributed under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Meat and Muscle Biology™

Introduction

The majority of beef produced in the US comes 
from fed steers and heifers less than 30 mo of age; how-
ever, beef cows accounted for 8.6% of all cattle slaugh-
tered in the United States in 2016 (USDA National 
Agriculture Statistics Service, 2017). Although the 
majority of a cow-calf producer’s annual profit comes 
from selling calves, the sale of cull cows can account 
for up to 25% of their annual income (Woerner, 2010). 
Therefore, it can be beneficial for producers to manage 
cull cows in a way that maximizes profitability. Beef 
cows are often culled after weaning. With the seasonal-
ity of weaning, this leaves many cull cows being sold 

in the fall directly after weaning when market prices are 
the least favorable (Amadou et al., 2014). Placing cull 
cows on a high-energy, corn-based diet prior to harvest 
not only increases carcass weights and improves palat-
ability, but also allows producers to refrain from selling 
their cull cows until market prices are more favorable 
(Little et al., 2002). Although numerous factors can af-
fect the profitability of holding cull cows on feed, prof-
itability can especially be maximized if cull cows begin 
the feeding period with a lower BCS (Amadou et al., 
2014). Feeding cull cows a high-energy diet is an effec-
tive way to add pounds to beef carcasses, allowing for 
greater availability of red meat without increasing cattle 
numbers. Previous studies have shown that placing cull 
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cows on a high-energy diet have increased hot carcass 
weights, dressing percentages, and subprimal weights 
(Schnell et al., 1997; Allen et al., 2009; Neill et al., 2009).

It has been well documented that as physiological 
carcass maturity increases, consumers find beef to be 
less tender and have more intense off-flavors (Hilton et 
al., 1998; Stelzleni et al., 2007). A high-energy finishing 
diet can improve sensory ratings for tenderness and fla-
vor attributes, and lessen the occurrence of off-flavors 
(Cranwell et al., 1996; Schnell et al., 1997). Several 
studies have investigated improving mature beef quality 
through grain-finishing, and some have even compared 
grain-finished mature beef to young beef. However, 
little to no work has been done to compare unfed cow 
beef, grain-finished cow beef, and grain-finished young 
beef, while keeping marbling score constant among 
carcass types. It is well known that marbling score has a 
large influence on sensory attributes (Tatum et al., 1982; 
O’Quinn et al., 2012); therefore, it was the objective of 
this study to evaluate the influence of grain-finishing 
and degree of marbling on sensory and biochemical 
characteristics of mature beef strip steaks.

Materials and Methods

Product selection

Beef strip loins (Institutional Meat Purchase 
Specifications, 180; n = 15 per treatment) were collected 
to represent 2 marbling score groups [Slight (SL) and 
Traces/Practically Devoid (TR/PD)] across three carcass 
types [young fed (YF), mature fed (MF), and mature un-
fed (MU)] from commercial processing facilities. Carcass 
quality and yield grade attributes were collected by 
trained personnel from Texas Tech University. Marbling 
score groups were chosen to represent those that would 
be necessary for USDA Select and USDA Standard beef 
quality grades. Because marbling score was being held 
constant across all carcass types, the described marbling 
score groups were chosen because of difficulties in pro-
curing mature unfed carcasses with greater than Slight 
marbling scores. Young carcasses were selected to be 
within A maturity as evaluated by skeletal ossification 
and lean color and mature beef was selected from car-
casses that exhibited C maturity or greater as evaluated 
by skeletal ossification and lean color. Fed carcasses 
(both YF and MF) were selected from a processing fa-
cility that identified all cattle as being commercially fin-
ished on a conventional grain-based diet, whereas, unfed 
carcasses were collected from a cull-cow harvest facility 
that did not identify cattle as being finished on grain. For 

all carcass types, collection from dairy type carcasses 
was avoided to only include beef from Bos taurus beef 
breeds. Additionally, selected carcasses had a hump 
height of less than 5 cm to minimize the influence of Bos 
indicus genetics. Neither collection facility utilized elec-
trical stimulation technology at the time samples were 
collected for the current study. Subprimals were shipped 
to Texas Tech University and stored under vacuum at 0 
to 4°C prior to steak fabrication.

Steak fabrication

Subprimals were fabricated into 2.54-cm thick 
steaks from anterior to posterior, vacuum packaged, 
and aged for 21 d postmortem at 4°C. One steak from 
each subprimal was assigned to be used for the fol-
lowing analyses: proximate analysis/collagen solubil-
ity, consumer taste panels, trained taste panels, vola-
tile flavor compounds, Warner-Bratzler shear force 
(WBSF), and sarcomere length. For each striploin, 
steak location was randomly assigned for each analy-
sis. Following the 21-d aging period, steaks were fro-
zen and stored at -20°C in the absence of light until 
being used for their respective analysis.

Proximate analysis

Proximate analysis was performed to determine 
percentage of the fat, moisture, and protein. All sub-
cutaneous fat, intermuscular fat, and connective tis-
sue was removed from each sample so that only the 
M. longissimus dorsi was evaluated. Each sample was 
ground through a commercial food grinder (Krups 
150 Watt Grinder item #402–70, Krups, Sheldon, CT). 
Samples were analyzed using an AOAC-approved 
(Anderson, 2007) near infrared spectrophotometer 
(FoodScan, FOSS NIRsystems, Inc., Laurel, MD). 
After being analyzed, each ground sample was frozen 
in liquid nitrogen, homogenized, and stored at –80°C 
until analysis for collagen solubility.

Warner-Bratzler Shear Force

Tenderness of each steak was determined using 
a WBSF analyzer (G-R Elec. Mfg,., Manhattan, KS). 
Frozen steaks were thawed at 2 to 4°C for 24 h prior 
to analysis. Raw steak weights and temperatures were 
recorded by use of a digital thermometer (Digi-Sense 
Type J, Cole-Parmer Instrument Company, Vernon 
Hills, IL) in the geometric center of each sample prior 
to cooking. Steaks were cooked to a peak internal tem-
perature of 71°C using a commercial gas grill (Model 
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IRB-36, Imperial Commercial Cooking Equipment, 
Corona, CA). After a 3-min rest period, final cooked 
temperatures and weights were recorded. Steaks were 
allowed to chill at 2 to 4°C for 18 to 24 h prior to shear 
force analysis. Six 1.3-cm cores were removed paral-
lel to the muscle fiber from each steak and sheared 
perpendicular to the muscle fiber orientation. The val-
ues from the 6 cores were averaged to determine the 
overall shear force value for each steak for statistical 
analyses (American Meat Science Association, 2015).

Collagen solubility

An aliquot from the powdered proximate analysis 
sample was used for the determination of collagen solu-
bility. A modified procedure of Hill (1966) was used to 
isolate heat soluble collagen. Four grams of sample were 
heated in 12 mL of distilled water for 63 min at 77°C. 
Following 2 centrifugation steps, approximately 20 mL 
of supernatant was reserved for analysis of heat soluble 
collagen. The remaining pellets were placed into alumi-
num pans and dried for 16 h at 100 to 103°C. Dried pel-
lets were hydrolyzed in 5 mL of 6 N hydrochloric acid 
(HCl) at 110°C for 16 h and 3 mL of supernatant were 
hydrolyzed in 3 mL of concentrated HCl at 110°C for 16 
h. After hydrolysis, samples were filtered and neutralized 
using sodium hydroxide (NaOH). The pellet and super-
natant of each sample was then diluted with distilled wa-
ter to 100 mL and 15 mL, respectively. Hydroxyproline 
content of each fraction was determined in duplicate by 
a modified procedure of Bergman and Loxley (1963). 
Hydroxyproline concentration was determined at 558 nm 
using a Genesys 20 spectrophotometer (Thermo Fisher 
Scientific; Waltham, MA). If absorbencies of duplicates 
for insoluble collagen had a SEM > 10 or heat soluble 
collagen had a SEM > 3.5, samples were re-evaluated. 
Average absorbency was calculated for each sample 
and the resulting number was used to calculate mg of 
hydroxyproline/g of muscle. Conversion factors of 7.25 
and 7.52 were used to calculate the amount of insolu-
ble and heat soluble collagen, respectively (Cross et al., 
1973). Total collagen was calculated as the sum of heat 
soluble and insoluble collagen.

Sarcomere length

Sarcomere length was measured using neon laser 
diffraction as described by Cross et al. (1981). A 3.0 × 
3.0 × 2.0 cm2 sample was removed parallel to the muscle 
fiber orientation and fixed in glass vials with a 5% glu-
taraldehyde solution (Thermo Fisher Scientific) for 4 h at 
4°C. After fixing, glutaraldehyde solution was replaced 

with 0.2 M sucrose solution for overnight storage at 4°C. 
Muscle fibers were excised from each sample using for-
ceps and spread onto glass slides. Fibers were moistened 
with the 0.2 M sucrose solution before application of a 
cover slip. A neon laser (Model 117A; SpectraPhysics 
Inc., Irvine, CA) operated at a wavelength of 632.8 nm 
was used to measure 6 different diffraction patterns per 
sample. Sarcomere length for each sample was calcu-
lated from the average of these 6 measurements.

Volatile flavor compounds

Steaks used for volatile flavor analysis were cooked 
to 71°C using a propane gas grill (Commercial Quantum 
Infrared 4-Burner, Char-Broil, LLC, Columbus, GA). 
Five 1.3-cm cores were removed perpendicular to the cut 
steak surface within 3 min of cooking. Cores were then 
homogenized in a coffee bean grinder (KRUPS, Medford, 
MA; Type #F203). Five grams of homogenized sample 
was weighed into a 20 mL GC vial and secured with a 
polytetrafluoroethylene septa and screw cap. Ten μL of 
an internal standard (1, 2-dichlorobenzene; 1.306 mg/
ml) was added to the vial and the vial was loaded by 
an automated sampler (MultiPurpose Sampler; Gerstel; 
Linthicum, MD) for a 5 min incubation period at 65°C in 
the Gerstel agitator (500 rotations per minute) followed 
by a 20 min extraction period where volatile compounds 
were collected from the headspace of cooked samples 
by solid phase microextraction using an 85-mm film 
thickness carboxen polydimethylsiloxane fiber (Supleco, 
Bellefonte, PA). Extracted volatile compounds were in-
jected on a VF-5 ms capillary column (30 m × 0.25 mm × 
1.00 mm; Agilent J&W GC Columns, Santa Clara, CA). 
The electron impact mode was set at 70 eV in the mass 
spectrometry which detected the ions within the range of 
50 to 500 m/z. Selective ion monitoring/scan mode was 
used to collect the data. External standard comparison 
was used to validate the volatile compound identity of ion 
fragmentation patterns. Quantitation was performed by 
an internal standard calibration with authentic standards.

Consumer sensory panels

The Texas Tech University Institutional Review Board 
approved procedures for use of human subjects for con-
sumer panel evaluation of sensory attributes (#504547).

Consumer panelists were used to determine palat-
ability of cooked steaks. Five panels of 24 panelists were 
conducted at the Texas Tech University Animal and 
Food Sciences Building for a total of 120 consumers. 
Participants were pre-screened to ensure that they were 
regular beef eaters and preferred a medium degree of do-
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neness (71°C). Additionally, each consumer was mone-
tarily compensated for his or her time and participation in 
the study. The study was arranged as a completely random 
design in which each consumer evaluated 1 sample from 
each of the carcass type × marbling group combination.

Before cooking, steaks were thawed for 24 h at 2 to 
4°C. Steaks were cooked to an internal temperature of 71°C 
using a commercial gas grill (Model IRB-36, Imperial 
Commercial Cooking Equipment) to simulate cooking 
practices used in the food service industry. End point tem-
peratures were monitored by use of a digital thermometer 
(Digi-Sense Type J, Cole-Parmer Instrument Company) 
in the geometric center of each sample prior to cooking. 
After a 3 min rest period, final cooked temperatures and 
weights were recorded. Each steak was cut into 8 equal 
parts relative (approximately 2 cm2) to the size of the steak 
and served to the panelists. Panelists evaluated each sam-
ple for tenderness, juiciness, flavor identity, flavor liking, 
overall liking, and off flavor intensity on 100 cm verbally 
anchored line-scales (0 = dislike extremely, extremely 
tough, extremely dry, dislike extremely, extremely bland; 
100 = like extremely, extremely tender, extremely juicy, 
like extremely, extremely intense). Acceptability (yes/no) 
of tenderness, juiciness, flavor liking, and overall liking 
were also rated for each sample.

Trained sensory panels

The Texas Tech University Institutional Review 
Board approved procedures for use of human subjects for 
trained panel evaluation of sensory attributes (#504547).

Trained panels were conducted and trained accord-
ing to the AMSA sensory guidelines (American Meat 
Science Association, 2015). Seven trained panelists par-
ticipated in 15 panels, each lasting approximately 30 min. 
Panelists were trained during 3 separate training sessions 
where they were fed beef of varying marbling scores, ma-
turities, and muscles to evaluate tenderness, juiciness, and 
flavor according to the methods as described by Lucherk 
et al. (2016). Before cooking, steaks were thawed for 24 
h at 2 to 4°C. Steaks were cooked using the procedures 
previously described for consumer panels. Two samples 
measuring 1 cm3 from each steak were served to each 
panelist. Panels were conducted in a dark room under 
red lights to eliminate bias from the visual appearance 
of the sample. Trained panelists evaluated each sample 
for initial juiciness, sustained juiciness, initial tenderness, 
sustained tenderness, beef flavor, flavor intensity, and off-
flavor intensity on 100 mm verbally anchored line-scales 
(0 = extremely dry, extremely tough, extremely unbeef-
like, extremely bland; 100 = extremely juicy, extremely 
tender, extremely beef-like, extremely intense).

Statistical analysis

Data were analyzed using the procedures of SAS 
(Version 9.4; SAS Inst. Inc., Cary, NC). The experiment 
was designed as a 2 × 3 factorial with marbling score 
and carcass type as the fixed effects. Main effect and in-
teraction comparisons were tested for significance using 
PROC GLIMMIX with ɑ = 0.05 and the denominator 
degree of freedom were calculated using the Kenward-
Roger method. For both trained and consumer sensory 
data, ratings for each sample were averaged across pan-
elist before analysis and panel number was included 
in the model as a random effect. Acceptability data for 
consumer sensory ratings were analyzed with a model 
that included a binomial error distribution. Consumer 
demographic information was summarized using 
PROC FREQ. Relationships between PROC CORR 
was used for calculating and determining significance 
(P < 0.05) of all correlation coefficients between vola-
tile compounds and sensory ratings.

Results and Discussion

Carcass characteristics

Carcass characteristics are presented in Table 1. It 
should be noted that carcasses chosen for this project 
were selected to show clear differences in carcass ma-
turity and marbling scores. Thus, these data do not rep-
resent a random selection of samples from these USDA 
maturity and marbling scores and are reported to aide in 
the discussion of sensory and chemical analyses. Skeletal 
maturity scores for YF carcasses were less (P < 0.01) 
than both MF and MU carcasses. Lean maturity scores 
for YF and MF carcasses were more youthful (P < 0.01) 
than MU carcasses. Additionally, TR/PD-MU carcasses 
had darker (P < 0.01) lean than SL-MU carcasses, al-
though means for both treatments were still well within 
B maturity. These results agree with Kerth et al. (2007) 
who reported decreased lean maturity scores from finish-
ing cattle on grain alone. Overall maturity scores were 
more youthful (P < 0.01) for YF carcasses (A maturity) 
than for both MF and MU carcasses (D maturity). During 
sample collection, YF groups were specifically chosen 
to represent A maturity, while MF and MU groups were 
chosen to represent C and greater maturity.

Within TR/PD carcasses, marbling scores of MF 
carcasses were greater (P < 0.01) than those for YF and 
MU carcasses. Although there was a difference in mar-
bling scores of TR/PD carcasses, means for all carcass 
types were within the “Traces” marbling score group. 
These marbling scores met our objective to select car-
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casses from each carcass type to fall within marbling 
score groups that would be representative of those similar 
to USDA Select and USDA Standard requirements. Hot 
carcass weights were affected (P < 0.01) by both mar-
bling score and carcass type. Carcasses with SL marbling 
scores were heavier (P < 0.01) than carcasses with TR/PD 
marbling scores. Additionally, YF and MF carcasses were 
heavier (P < 0.01) than MU carcasses from both marbling 
score groups. Fat thickness followed the same trends as 
HCW. Carcasses with SL marbling scores had greater fat 
thickness (P < 0.01) than TR/PD carcasses. Additionally, 
YF and MF carcasses had greater fat thickness (P < 0.01) 
than MU carcasses. These results comply with findings 
from numerous studies which reported increases in HCW 
and fat thickness as a result of grain-finishing when com-
pared to forage-finishing (May et al., 1992; Realini et al., 
2004; Duckett et al., 2013). Ribeye area was influenced 
(P < 0.01) by a marbling score × carcass type interaction. 
Within SL treatments, YF and MF carcasses had greater (P 
< 0.01) ribeye area than MU carcasses. However, among 
TR/PD carcasses, YF samples had greater (P < 0.01) rib-
eye area than MF and MU. Additionally, MU carcasses 
had greater (P < 0.01) ribeye area than MF carcasses. The 
results for ribeye area of SL carcasses agree with those 
published by Stelzleni et al. (2007) showing that feeding 
cull beef cows a high-energy diet prior to harvest leads to 
similar ribeye areas as young grain-finished cattle.

Proximate analysis

The proximate composition of samples is shown in 
Table 2. The samples chosen for this project were intend-
ed to show clear differences in the chemical fat content 
of the M. longissimus dorsi muscle between marbling 
scores. Therefore, these data do not represent a random 
selection of samples from these USDA marbling scores 
and are merely reported to help explain sensory analy-
ses. Fat percentages increased (P < 0.01) with increas-
ing marbling score. This information reinforces the ac-
curacy of our trained personnel to call carcass marbling 
scores, since marbling scores are a direct reflection of 
intramuscular fat percent of the M. longissimus dorsi 
muscle between the 12th and 13th ribs. Percent mois-
ture was also influenced (P ≤ 0.03) by marbling score 
and was inversely related to percent fat. Fat and mois-
ture were also influenced (P < 0.01) by carcass type, 
as shown by MF steaks having greater (P < 0.01) per-
cent fat and lesser (P < 0.01) percent moisture than all 
other carcass types. The higher marbling scores given 
to MF carcasses, as previously discussed, can explain 
this difference in fat and moisture content. Percentage 
of fat and moisture are inversely related, therefore, as 
fat content increases, moisture will decrease (Minchin 
et al., 2009; O’Quinn et al., 2012; Garmyn et al., 2014). 
Finally, MU steaks had a lower (P < 0.01) percentage of 
protein than YF and MF steaks.

Table 1. Carcass characteristics of mature cattle commercially identified as fed or unfed and young fed carcasses 
of varying marbling scores

 
Treatment

Hot carcass  
weight, kg

Fat thick- 
ness, cm

Ribeye  
area, cm2

Marbling  
score1

Lean  
maturity2

Skeletal  
maturity2

Overall  
maturity2

Slight
Young Fed 399.94am 1.01am 90.58wx 354.67w 184.00y 158.67n 169.33n

Mature Fed 430.09am 1.29am 91.80w 353.33w 178.00y 548.00m 448.00m

Mature Unfed 326.07an 0.76an 84.38xy 351.33w 242.67x 550.00m 454.67m

Traces/Practically Devoid
Young Fed 353.34bm 0.55bm 93.22w 226.00y 168.00y 142.67n 152.67n

Mature Fed 354.76bm 0.96bm 72.32z 266.67x 182.00y 544.67m 446.67m

Mature Unfed 263.44bn 0.02bn 82.83y 210.67y 284.67w 552.67m 458.67m

SEM3 11.96 0.10 2.58 9.40 7.21 15.12 13.04
P-value4

Marbling Score <0.01 <0.01 <0.01 <0.01 0.09 0.65 0.66
Carcass Type <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Interaction 0.48 0.09 <0.01 0.01 <0.01 0.82 0.71

a,bLeast squares means in the same column without a common superscript differ (P < 0.05) because of marbling score.
m,nLeast squares means in the same column without a common superscript differ (P < 0.05) because of carcass type.
w–zLeast squares means in the same column without a common superscript differ (P < 0.05) because of the marbling score × carcass type interaction.
1200 = traces00; 300 = slight00. 
2100 = A00; 200 = B00; 300 = C00; 400 = D00; 500 = E00.
3Pooled SE of least squares means.
4Observed significance levels for main effects of marbling score, carcass type, and the marbling score × carcass type interaction.
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Collagen solubility

Collagen characteristics are presented in Table 3. 
Marbling score had no influence (P > 0.05) on colla-
gen characteristics. Neither collagen content nor solu-
bility is known to be influenced by marbling score, but 
rather, it is predominantly influenced by animal age 
and muscle type (Purslow, 2005). In the current study, 
collagen characteristics were affected (P < 0.05) by 
carcass type. Concentrations of heat insoluble colla-
gen were similar (P = 0.50) among all carcass types; 
however, samples from YF carcasses had significantly 
greater (P < 0.01) concentrations of heat soluble col-
lagen compared to both groups of mature carcasses. 
Thus, total collagen concentrations were greater (P < 
0.05) in YF samples than in MU samples. Within TR/
PD carcasses, MF and MU samples had similar (P > 
0.05) percentages of heat soluble collagen; however, 
SL-MF samples showed a greater (P < 0.01) percent 
of heat soluble collagen than SL-MU samples. Grain 
feeding SL-MF cattle showed to improve collagen sol-
ubility; however, it was still not to the same extent as 
beef from more youthful carcasses. A study performed 
on rats found muscle collagen to have a relatively long 
turnover rate at 90 d (Rucklidge et al., 1992), thus, it 
may be possible that MF cattle may have not consumed 

high levels of dietary energy long enough to resynthe-
size new, heat soluble collagen to a greater extent.

The results of our study agree with the idea that as an 
animal matures, collagen crosslinks also mature and pro-
duce a greater amount of heat stable crosslinks between 
adjacent collagen fibers (Bailey, 1985; McCormick, 
1994; Lepetit, 2007). Total collagen concentrations vary 
a little within the same muscle, regardless of animal age, 
so the percent of heat soluble collagen will decrease as 
animal age increases, without changing total collagen 
concentrations (Hill, 1966). Although it is well docu-
mented that collagen solubility decreases with increas-
ing animal age, placing mature animals on a high-energy 
diet prior to slaughter can stimulate protein turnover and 
the synthesis of new, heat soluble collagen (Cranwell et 
al., 1996). In our study, grain-finished mature animals 
had numerically greater concentrations of heat soluble 
collagen; however, this difference was not statistically 
significant (P > 0.05). Nevertheless, when comparing 
the concentration of heat soluble collagen to total col-
lagen, grain finishing only improved the percent of heat 
soluble collagen of SL-MF cattle (P < 0.01). Among 
steaks from TR/PD carcasses, no improvement (P > 
0.05) was seen between MF and MU samples as a result 
of grain feeding. In previous literature, when collagen 
solubility has been increased in mature cows through a 

Table 2. Least squares means for percentage chemical 
fat, moisture, and protein for beef strip steaks from 
mature beef carcasses commercially identified as fed 
or unfed and young fed carcasses of varying marbling 
scores determined by proximate analysis
Treatment Fat, % Moisture, % Protein, % Collagen, %
Slight

Young Fed 4.33an 71.14bn 23.44m 1.73an

Mature Fed 4.41am 70.38bn 23.56m 1.81am

Mature Unfed 4.16an 72.26bm 22.54n 1.57ao

Traces/Practically Devoid
Young Fed 2.40bn 72.38an 24.10m 1.46bn

Mature Fed 3.80bm 71.85an 23.41m 1.66bm

Mature Unfed 2.15bn 74.00am 22.79n 1.36bo

SEM1 0.37 0.35 0.20 0.05
P-value2

Marbling Score <0.01 <0.01 0.13 <0.01
Carcass Type 0.03 <0.01 <0.01 <0.01
Interaction 0.11 0.77 0.14 0.50

a,bLeast squares means in the same column without a common super-
script differ (P < 0.05) because of marbling score.

m-oLeast squares means in the same column without a common super-
script differ (P < 0.05) because of carcass type.

1Pooled SE of least squares means.
2Observed significance levels for main effects of marbling score, car-

cass type, and the marbling score × carcass type interaction.

Table 3. Concentration of total, heat soluble, and 
insoluble collagen from beef strip steaks of mature 
carcasses commercially identified as fed or unfed and 
young fed carcasses of varying marbling scores

 
Treatment

Heat soluble, 
mg/g

Insoluble, 
mg/g

Total, 
mg/g

Heat 
soluble, %

Slight
Young Fed 0.54a 1.47 1.98a 27.28x

Mature Fed 0.20b 1.38 1.58ab 13.53y

Mature Unfed 0.14b 1.54 1.67b 8.10z

Traces/Practically Devoid
Young Fed 0.71a 1.39 2.10a 32.46x

Mature Fed 0.15b 1.81 1.95ab 8.02z

Mature Unfed 0.09b 1.51 1.60b 6.13z

SEM1 0.06 0.13 0.15 1.77
P-value2

Marbling Score 0.57 0.34 0.29 0.59
Carcass Type <0.01 0.50 0.04 <0.01
Interaction 0.13 0.13 0.37 0.01

a,bLeast squares means in the same column without a common super-
script differ (P < 0.05) because of carcass type.

x-zLeast squares means in the same column without a common superscript 
differ (P < 0.05) because of the marbling score × carcass type interaction.

1SEM is the pooled standard error (largest) of least square means.
2Observed significance levels for main effects of marbling score, car-

cass type, and the marbling score × carcass type interaction.
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high-energy diet, an improvement in WBSF values and 
sensory tenderness have also been observed in the same 
samples (Miller et al., 1987; Cranwell et al., 1996). In 
the current study, collagen solubility did not seem to 
influence WBSF values, however, it did seem to relate 
with an improvement in sensory tenderness ratings.

Sarcomere length

Among SL samples, carcass type had no influence (P 
> 0.05) on sarcomere length (Table 4). On the contrary, YF 
samples had significantly longer (P < 0.05) sarcomeres 
than both MF and MU carcasses with TR/PD marbling 
scores. Little data directly comparing sarcomere length 
with time on feed in mature cattle exists, however, our 
results are similar to those reported for young carcasses 
(Bowling et al., 1977). The shorter sarcomeres from TR/
PD-MU steaks appear to be linked to fat thickness, or lack 
thereof. As presented in Table 1, TR/PD-MU carcasses 
averaged 0.02 cm of fat thickness, providing little to no 
insulation during post-mortem chilling. Compared to the 
remaining treatments, the treatment (TR/PD-YF) with the 
least fat still had 0.55 cm of fat thickness, which appeared 
to be sufficient insulation to prevent shortening as evi-
denced by these samples having the longest sarcomeres 
of all treatments. The association between fat thickness 
and sarcomere length is due to carcass chilling rate post-
mortem and can be controlled when sufficient fat cover 
insulates muscle and regulates chilling rates (Savell et al., 
2005). The application of electrical stimulation can help 
prevent cold shortening by increasing the rate of glycoly-
sis just after harvest (Hwang et al., 2003); however, in the 
current study, neither facility that samples were collected 
from were utilizing electrical stimulation at the time of 
collection. Therefore, it seems that feeding cull cows 
grain prior to harvest may improve beef tenderness sim-
ply by increasing fat thickness and adding insulation to 
carcasses during chilling, resulting in longer sarcomeres.

Warner-Bratzler Shear Force

Warner-Bratzler shear force values were influenced 
(P < 0.05) by carcass type (Table 4). The greatest (P 
< 0.01) WBSF values were recorded for MU steaks, 
while YF and MF steaks had similar (P > 0.05) values. 
In agreement with Cranwell et al. (1996), WBSF val-
ues improved due to grain finishing cull cows. It is also 
significant to note that no difference (P > 0.05) was ob-
served in shear values between steaks from YF and MF 
carcasses. Stelzleni et al. (2007) compared steaks from 
grain-finished beef cows, unfed beef cows, and USDA 
Select carcasses, in which improvements in WBSF val-

ues of grain-finished beef cows made them similar to 
USDA Select beef. In both studies, grain finishing offset 
the negative age-related effects on WBSF values typical-
ly associated with beef from mature animals. The USDA 
has determined M. longissimus dorsi must have WBSF 
values ≥ 3.9 kg to be guaranteed very tender for market-
ing purposes (ASTM, 2011). Within both marbling score 
groups, MU samples did not meet this threshold; how-
ever, MF WBSF values were well below this threshold.

Volatile compounds

Of the 39 volatile compounds quantified in the cur-
rent study, 15 were influenced (P < 0.05) by either mar-
bling score or carcass type (Table 5). No compounds 
were influenced (P > 0.05) by a marbling score × car-
cass type interaction. There was no clear pattern for the 
concentrations of aldehydes extracted from the head-
space of cooked steaks. Hexanal was extracted in the 
greatest abundance of all aldehydes and was the only 
aldehyde that was influenced by carcass type. Young 
fed steaks contained greater (P < 0.01) concentrations 
of hexanal than both MF and MU carcasses, which was 
present at concentrations roughly twice as high as both 
other carcass types. Hexanal is derived from the degra-
dation of linoleic acid and has been associated with cat-

Table 4. Least squares means for sarcomere length 
and Warner-Bratzler Shear Force (WBSF) values of 
beef strip steaks from mature carcasses commercially 
identified as fed or unfed and young fed carcasses of 
varying marbling scores
Treatment Sarcomere length, μm WBSF, kg
Slight

Young Fed 1.81xy 3.25a

Mature Fed 1.88xy 3.24a

Mature Unfed 1.76yz 4.34b

Traces/Practically Devoid
Young Fed 1.98x 3.96a

Mature Fed 1.73yz 3.47a

Mature Unfed 1.62z 4.59b

SEM1 0.09 0.36
P-value2

Marbling Score 0.42 0.05
Carcass Type 0.01 <0.01
Interaction 0.02 0.57

a,bLeast squares means in the same column without a common super-
script differ (P < 0.05) because of carcass type.

x-zLeast squares means in the same column without a common superscript 
differ (P < 0.05) because of the marbling score × carcass type interaction.

1Pooled SE of least squares means.
2Observed significance levels for main effects of marbling score, car-

cass type, and the marbling score × carcass type interaction.
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Table 5. Concentrations of identified volatile compounds isolated from beef strip steaks from mature carcasses com-
mercially identified as fed or unfed and young fed carcasses of varying marbling scores cooked on a propane gas grill

 
 
Compound (ng/g)

Marbling Score Carcass Type  
Interaction 

Slight
Traces/practi-
cally devoid

 
SEM1

 
P-value

Young  
fed

Mature  
fed

Mature 
unfed

 
SEM1

 
P-value P-value

n-aldehydes
Acetaldehyde 11.81 11.67 0.96 0.92 10.18 12.2 12.84 1.16 0.25 0.54
2-Methyl Propanol 0.63a 0.50b 0.04 0.03 0.50 0.56 0.63 0.05 0.29 0.70
Hexanal 27.36 22.42 2.83 0.21 36.61x 19.77y 18.29y 3.49 < 0.01 0.80
Heptanal 3.59 3.55 0.47 0.95 2.89 3.48 4.35 0.58 0.19 0.83
Octanal 4.98 4.56 0.69 0.66 4.07 4.53 5.71 0.85 0.36 0.70
Nonanal 2.38 2.57 0.26 0.59 2.17 2.77 2.48 0.32 0.41 0.52
Decanal 0.43b 0.52a 0.03 0.04 0.53 0.48 0.42 0.03 0.12 0.91

Strecker Aldehydes
3-Methyl Butanal 29.36a 23.56b 1.97 0.03 24.10 26.38 28.9 2.42 0.37 0.87
2-Methyl Butanal 2.65a 1.97b 0.19 0.01 2.22 2.12 2.59 0.24 0.33 0.90
Benzaldehyde 8.20 8.90 1.02 0.63 7.72 8.88 9.05 1.27 0.71 0.43
Benzeneacetaldehyde 0.72 0.61 0.06 0.22 0.59 0.78 0.61 0.07 0.19 0.75

Ketones
Acetoin 227.30 177.71 25.58 0.17 336.61x 88.53z 182.37y 31.33 < 0.01 0.48
2-Propanone 13.84 15.59 1.53 0.41 12.44 13.59 18.11 1.88 0.08 0.54
2,3-Butanedione 12.46 11.09 1.09 0.37 17.14x 7.34z 10.84y 1.35 < 0.01 0.22
2-Butanone 12.82 14.12 1.22 0.45 10.98 14.1 15.32 1.51 0.11 0.58
2-pentanone 1.15 1.11 0.06 0.66 1.07 1.07 1.24 0.25 0.17
2-Heptanone 4.07 2.97 0.41 0.06 3.77 3.12 3.67 0.51 0.63 0.54

Sulfides
Dimethyl Sulfide 0.65 0.59 0.03 0.25 0.60 0.66 0.60 0.66 0.59 0.86
Dimethyl Disulfide 0.48 0.57 0.06 0.33 0.43 0.59 0.56 0.08 0.33 0.56
Carbon Disulfide 0.19 0.2 0.01 0.49 0.20 0.19 0.20 0.01 0.82 0.45

Thiols
Methional 1.78 1.70 0.16 0.72 1.50 1.89 1.83 0.20 0.34 0.54

Furans
2-Pentyl Furan 1.49 1.32 0.11 0.29 1.36 1.50 1.35 0.13 0.67 0.67

Carboxylic Acids
Butanoic Acid 7.68 6.45 0.70 0.21 9.99x 5.78y 5.41y 0.87 < 0.01 0.8
Pentanoic Acid 0.91b 0.94a 0.01 0.03 0.94 0.91 0.92 0.01 0.28 0.38
Hexanoic Acid 1.71 1.57 0.12 0.42 1.83 1.73 1.37 0.15 0.08 0.74
Octanoic Acid 0.47 0.47 0.01 0.75 0.45 0.51 0.45 0.03 0.14 0.67

Alkanes
Octane 2.19 2.53 0.31 0.42 2.22 2.21 2.65 0.38 0.64 0.15

Pyrazines
Methyl Pyrazine 1.49a 1.00b 0.10 < 0.01 1.24 1.18 1.30 0.12 0.77 0.67
2,5-Dimethyl Pyrazine 4.01a 2.50b 0.31 < 0.01 3.26 3.00 3.51 0.38 0.64 0.69
Trimethyl Pyrazine 2.56a 1.64b 0.20 < 0.01 2.18 1.84 2.28 0.24 0.41 0.81
2-Ethyl-3,5-Dimethyl Pyrazine 0.003a 0.002b < 0.01 < 0.01 0.002 0.002 0.003 < 0.01 0.28 0.82

Esters
Acetic Acid, Methyl Ester 0.21 0.19 0.01 0.21 0.18 0.21 0.2 0.01 0.31 0.07
Butanoic Acid, Methyl Ester 1.43 1.48 0.06 0.59 1.38 1.53 1.45 0.08 0.41 0.52
Octanoic Acid, Methyl Ester 0.50b 0.60a 0.03 0.03 0.56 0.54 0.54 0.04 0.93 0.90

Alcohols
1-Hexanol 0.63 0.57 0.04 0.32 0.57 0.61 0.62 0.06 0.84 0.97
1-Heptanol 0.81 0.76 0.03 0.28 0.77 0.78 0.82 0.03 0.54 0.67
1-Octen-3-Ol 0.75 0.81 0.06 0.49 0.79 0.74 0.82 0.07 0.76 0.92

Alkene
2-Methyl 1-Pentene 7.71 6.52 0.77 0.27 9.95x 4.13z 7.25y 0.93 < 0.01 0.09

a,bLeast squares means in the same column without a common superscript differ (P < 0.05) because of marbling score.
x-zLeast squares means in the same column without a common superscript differ (P < 0.05) because of carcass type.
1SEM is the pooled standard error (largest) of least square means.
2Observed significance levels for main effects of marbling score, carcass type, and the marbling score × carcass type interaction.
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tle finished on concentrate diets (Elmore et al., 2004). 
Calkins and Hodgen (2007) reported hexanal as having 
fatty-green, grassy, strong green, tallow, and fat like aro-
mas. Decanal and 2-methyl propanol were the only al-
dehydes affected by marbling score. Concentrations of 
2-methyl propanol were greater (P < 0.05) in SL steaks 
than in TR/PD steaks. Machiels et al. (2004) extracted 
this compound from cooked beef steaks and described 
the aroma as burnt, nutty, and oily. Unlike 2-methyl 
propanol, concentrations of decanal decreased (P < 
0.05) as marbling score increased. Resembling hints 
of citrus aromas (Calkins and Hodgen, 2007), Resconi 
et al. (2012) found no differences in concentrations of 
decanal isolated from cooked beef from cattle fed diets 
varying in forage and concentrate amounts. Although 
not significant in the current study, there was a numeri-
cal decrease in concentration of heptanal seen in MU, 
MF, and YF steaks, respectively. This agrees with pre-
vious studies that have associated higher concentrations 
of heptanal in forage finished beef over grain finished 
beef and positively related its concentration to grassy 
flavors of cooked steaks (Larick et al., 1987).

Among the Strecker aldehydes, both 3-methyl-
butanal and 2-methylbutanal were isolated from the 
headspace of cooked steaks in greater (P ≤ 0.03) con-
centrations from SL samples than TR/PD samples. 
Additionally, 3-methylbutanal was found in the great-
est concentrations of all Strecker aldehydes evaluat-
ed. Both of these compounds are formed during the 
Strecker degradation of amino acids, with 3-methyl-
butanal originating from leucine and 2-methylbutanal 
from isoleucine (Resconi et al., 2013). These types of 
carbonyl compounds are believed to contribute to the 
roasted flavor of beef (Liebich et al., 1972).

Ketones are included in the classification of lipid-oxi-
dized products (Van Ba et al., 2012). Acetoin was isolated 
in the greatest concentrations of all ketones and was affect-
ed (P < 0.01) by carcass type. Young fed carcasses had sig-
nificantly more (P < 0.01) acetoin than both MF and MU 
carcasses. Furthermore, MU samples possessed more (P < 
0.01) acetoin than MF samples. O’Quinn et al. (2016) pro-
duced similar results by reporting greater concentrations of 
acetoin in beef samples that had been finished on grain than 
from samples finished on grass. Additionally, O’Quinn et 
al. (2016) found acetoin to be negatively correlated with 
off-flavors such as grassy and gamey, but positively as-
sociated with overall flavor desirability. These results 
conflict those of Melton (1990), which noted a decrease 
in acetoin as days on feed increased. There was a decrease 
in the concentration of acetoin when mature carcasses 
were placed on feed before harvest; however, when com-
paring YF to MU samples, YF samples had nearly twice 

the amount of acetoin as MU samples. Concentrations of 
2,3-butanedione followed similar trends to those of acet-
oin, as carcass type played a significant (P < 0.01) role 
in influencing the amount extracted from cooked steaks. 
Young fed carcasses showed the greatest (P < 0.01) and 
MF carcasses the least (P < 0.01) amounts of 2,3-butanedi-
one. Specht and Baltes (1994) reported buttery aromas as-
sociated with this compound. Furthermore, O’Quinn  et al. 
(2016) found 2,3-butanedione to be highly correlated with 
overall flavor desirability and browned/grilled flavor in 
addition to buttery flavor. While not significant (P > 0.05), 
numerical differences were seen in the amounts of 2-pro-
panone and 2-butanone extracted from samples. For both 
compounds, concentrations were least in YF samples and 
greatest in MU samples. O’Quinn et al. (2016) found both 
compounds to be positively associated with sour flavors.

The most consistent trends of all the groups of 
compounds evaluated in our study were those seen in 
pyrazines. All 4 pyrazine compounds were isolated in 
greater (P < 0.05) concentrations from the headspace 
of cooked steaks with SL marbling scores. Pyrazines 
are formed through the interaction of amino acids of 
the Maillard reaction and are associated with cooked, 
roasted, burnt, meaty aromas (van Boekel, 2006; Van 
Ba et al., 2012). Dashdorj et al. (2015) outlined an in-
teraction of Maillard reaction and lipid products as a 
potential source of pyrazine formation, which could 
explain the higher concentrations in the higher fat 
samples. The concentration of pyrazines is dependent 
on cookery method and temperature, which is particu-
larly increased by grilling (Mottram, 1985). Therefore, 
the high heat used to cook steaks in the current study 
would be expected to facilitate pyrazine formation.

Consumer demographics and questionnaire

Table 6 contains demographic results from 120 con-
sumers in Lubbock, Texas. The majority of participating 
consumers were Caucasian/White (58.62%) and/or fe-
male (57.76%). Hispanics were the second most com-
mon ethnicity (38.79%) of consumers represented in the 
survey. A majority (63.03%) of consumers were also 
married. More than half (> 50%) of participants had an 
annual household of at least $50,000 (62.39%) and had, 
at minimum, some college/technical school education 
(83.05%). Furthermore, 70.09% of consumers preferred 
the flavor of beef over other species such as chicken, 
pork, lamb, and fish. Flavor was reported the most fre-
quently (46.22%) as the most important palatability trait 
that consumers look for when consuming beef, followed 
by tenderness (36.97%) and juiciness (16.81%).
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Consumer palatability scores

Carcass type had no effect (P > 0.05) on consumer 

sensory scores of beef strip steaks (Table 7). However, 
marbling score did play a significant (P < 0.05) role in 
determining consumer ratings for tenderness, juiciness, 
flavor liking, and overall liking. Consumers rated steaks 
from SL carcasses greater (P < 0.05) for each palatabil-
ity traits than steaks from TR/PD carcasses. The fact that 
consumer ratings for palatability traits increases as mar-
bling score increases in A maturity cattle has been well 
documented in previously published literature (Smith 
et al., 1987; O’Quinn et al., 2012; Hunt et al., 2014). 
Additionally, Miller et al. (1983) reported that carcass 
maturity had no effect on trained panel scores for tender-
ness and flavor desirability when marbling score was held 
constant in carcasses from cattle 2 to 5 yr old. However, 
it would be expected that maturity, regardless of finish-
ing diet, would have an influence on consumer ratings. 
Stelzleni et al. (2007) compared consumer ratings of 
unfed beef cows, grain-finished beef cows, and USDA 
Select beef. In this study, panelists scored grain-finished 
beef cows greater for tenderness and lesser for the pres-
ence of off-flavors than unfed cow beef. However, the 
observed improvements in palatability were not enough 
to be similar to consumer scores for USDA Select beef. 
Furthermore, no differences (P > 0.05) in off-flavor in-
tensity were noted in our study by consumers. In terms 

Table 6. Demographic characteristics and meat con-
sumption responses of consumers (n = 120) who par-
ticipated in consumer sensory panels

 
Characteristic

 
Response

% of  
consumers

Sex Male 42.24
Female 57.76

Household size 1 person 12.50
2 people 30.00
3 people 13.33
4 people 23.33
5 people 11.67
6 people 6.67
> 6 people 2.50

Marital status Single 36.13
Married 63.03

Age < 20 5.83
20-29 19.17
30-39 19.17
40-49 20.00
50-59 14.17
> 60 21.67

Ethnic origin African-American 2.59
Caucasian/White 58.62
Hispanic 38.79

Annual household  
   income, US $

< 25,000 12.82
25,000-34,999 6.84
35,000-49,999 17.95
50,000-74,999 22.22
75,000-100,000 17.09
> 100,000 23.08

Education level Non-high school graduate 3.39
High school graduate 13.56
Some college/technical school 43.22
College graduate 28.81
Post Graduate 11.02

Weekly beef  
   consumption

None 1.67
1 to 3 times 46.67
4 to 6 times 40.00
7 or more times 11.67

Most important  
   palatability trait  
   when consuming beef

Flavor 46.22
Juiciness 16.81
Tenderness 36.97

Flavor preference Beef 70.09
Chicken 15.38
Fish 3.42
Lamb 0.85
Mutton 0.85
Pork 6.84
Turkey 1.71
Venison 0.85

Table 7. Least squares means of consumer (n = 120) sen-
sory scores1 for palatability traits of beef strip steaks from 
mature beef carcasses commercially identified as fed or 
unfed and young fed carcasses of varying marbling scores

 
Treatment

 
Tenderness

 
Juiciness

Flavor 
liking

Overall 
liking

Off flavor 
intensity

Slight
Young Fed 58.91a 57.47a 52.90a 54.29a 11.55
Mature Fed 56.20a 53.50a 53.93a 54.62a 11.29
Mature Unfed 52.93a 62.29a 56.42a 56.27a 11.86

Traces/Practically Devoid
Young Fed 53.82b 47.55b 51.20b 54.29b 6.48
Mature Fed 46.28b 41.27b 46.74b 46.70b 14.99
Mature Unfed 44.22b 48.24b 45.40b 44.52b 12.38
SEM2 3.60 4.02 2.93 2.91 2.55

P-value3

Marbling Score < 0.01 < 0.01 < 0.01 < 0.01 0.87
Carcass Type 0.10 0.14 0.82 0.25 0.14
Interaction 0.78 0.88 0.24 0.08 0.12

a,bLeast squares means in the same column without a common super-
script differ (P < 0.05) because of marbling score.

1Sensory scores: 0 = extremely tough, extremely dry, dislike extremely, 
extremely bland; 100 = extremely tender, extremely juicy, like extremely, 
extremely intense.

2Pooled SE of least squares means.
3Observed significance levels for main effects of marbling score, car-

cass type, and the marbling score × carcass type interaction.
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of finishing diet, previous studies have often found 
grass-finished samples to be less desirable for palatabil-
ity traits (Hedrick et al., 1983; May et al., 1992; Kerth et 
al., 2007). However, similar eating experiences can be 
obtained when grass and grain-fed cattle are finished to 
similar parameters, such as weight or fat thickness (Muir 
et al., 1998). The amount of intramuscular fat is known 
to play a significant role in palatability (O’Quinn et al., 
2012; Tatum et al., 1982; Smith et al., 1987), thus, keep-
ing marbling score consistent among cattle types in our 
study may have eliminated some of the variation that 
would have been expected among carcass types.

The percentage of samples rated as acceptable by con-
sumers for tenderness, juiciness, flavor liking, and over-
all liking is presented in Table 8. Consumer acceptance 
for tenderness and juiciness were influenced (P ≤ 0.03) 
by both marbling score and carcass type. Tenderness and 
juiciness acceptability was greater (P ≤ 0.03) in steaks 
with SL marbling. Samples from YF carcasses were 
rated acceptable for tenderness more often (P < 0.01) 
than both MF and MU carcass groups. Although carcass 
type did not influence tenderness scores of consumers, 
steaks from mature carcasses were more frequently be-
low the threshold for consumer acceptance. Consumer 
acceptance for juiciness was greater (P = 0.03) for MU 
steaks than for MF steaks. Furthermore, YF steaks were 
similar (P > 0.05) to both MF and MU steaks. A mar-
bling score × carcass type interaction was observed for 
flavor liking and overall liking acceptance scores (P < 
0.05). Among SL marbling scores, no differences in fla-
vor liking or overall liking acceptability were observed; 
however, within TR/PD marbling score samples, steaks 
from YF carcasses were rated more acceptable (P < 0.05) 
than both MF and MU groups.

Although consumer palatability scores only differed 
due to marbling score, the acceptance of each palatability 
trait showed either a carcass type effect or an interaction 
of both main effects. Therefore, while many consumer 
scores only showed insignificant numerical differenc-
es, these differences appear to be large enough to affect 
acceptability. It is evident that marbling score played a 
role in the palatability of steaks from mature carcasses. 
For samples with SL marbling scores, neither consumer 
scores nor acceptance was affected by carcass type, as all 
traits were rated similarly. This suggests that at a slight de-
gree of marbling, enough intramuscular fat was present to 
offset any negative maturity-related palatability problems. 
However, there was a much greater separation of TR/PD 
acceptance due to maturity, suggesting that the degree of 
marbling was not sufficient to offset maturity related pal-
atability differences, regardless of finishing diet.

Trained panel palatability scores

Table 9 shows trained panel sensory scores. Initial 
juiciness of all treatments was similar (P > 0.05), regard-
less of marbling score or carcass type. Scores for sustained 
juiciness, though, were greater (P < 0.01) for samples from 
SL strip loins. As evidenced by Corbin et al. (2015), juici-
ness ratings increase as marbling score and percent fat also 
increase. Panelist ratings for both initial tenderness and 
sustained tenderness followed similar trends and were in-
fluenced (P < 0.01) by both marbling score and carcass 
type. Initial and sustained tenderness were greater (P < 
0.01) for steaks from SL samples, agreeing with previous 
literature on the positive correlation between tenderness 
and fat content (O’Quinn et al., 2012; Garmyn et al., 2014). 
Additionally, initial and sustained tenderness scores were 
greatest (P < 0.01) for YF samples and least (P < 0.01) 
for MU samples. Unlike consumer ratings, there is a clear 
separation between each of the 3 carcass types for trained 
panel tenderness scores. Hilton et al. (1998) demonstrated 
a decrease in trained panel tenderness ratings as overall 
beef maturity increased from A to E, without differentiat-
ing between finishing diet. Although the link between car-
cass maturity and tenderness is very evident, many studies 

Table 8. Percentage of samples for tenderness, juici-
ness, flavor, and overall liking rated as acceptable by 
consumers (n = 120) of beef strip steaks from mature 
beef carcasses commercially identified as fed or unfed 
and young fed carcasses of varying marbling scores

 
Treatment

 
Tenderness

 
Juiciness

Flavor  
liking

Overall 
liking

Slight
Young Fed 79.59am 71.91amn 70.23xy 68.68xyz

Mature Fed 77.09an 69.73an 77.83x 79.40x

Mature Unfed 69.80an 79.21am 73.32x 70.36xy

Traces/Practically Devoid
Young Fed 75.99bm 57.60bmn 72.75x 76.23x

Mature Fed 58.18bn 44.45bn 59.46y 60.03yz

Mature Unfed 54.67bn 59.29bm 58.40y 57.26z

SEM1 0.05 0.05 0.05 0.05
P-value2

Marbling Score < 0.01 < 0.01 < 0.01 0.03
Carcass Type < 0.01 0.03 0.48 0.12
Interaction 0.28 0.53 0.04 < 0.01

a,bLeast squares means in the same column without a common super-
script differ (P < 0.05) because of marbling score.

m,nLeast squares means in the same column without a common super-
script differ (P < 0.05) because of carcass type.

x-zLeast squares means in the same column without a common superscript 
differ (P < 0.05) because of the marbling score × carcass type interaction.

1SEM is the pooled standard error (largest) of least square means.
2Observed significance levels for main effects of marbling score, car-

cass type, and the marbling score × carcass type interaction.
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have found that placing mature cows on a high-energy diet 
prior to harvest can reverse some of the tenderness loss as 
a result of maturation (Cranwell et al., 1996; Schnell et al., 
1997), as is shown in the trained panel results of our study. 
Even though grain finishing improved trained tenderness 
scores between MU and MF steaks, MF steaks were still 
not rated as tender as YF steaks.

For beef flavor scores, panelists responded different-
ly to carcass type between SL and TR/PD steaks. Among 
SL steaks, beef flavor was similar (P > 0.05) between all 
carcass types. However, when steaks had TR/PD mar-
bling scores, beef flavor scores were greater (P = 0.03) 
from YF than MU carcasses, while MF carcasses were 
similar to both treatments. Furthermore, panelists scored 
SL steaks greater (P < 0.01) for beef flavor intensity than 
TR/PD steaks. Differences in off-flavor intensity were 
not detected among carcass types of SL samples (P > 
0.05); however, within TR/PD marbling score groups, 
YF samples were rated lesser (P < 0.01) than MF and MU 
for off-flavor intensity. It has been previously reported 
that off-flavors are more frequent in beef from mature 
and grass-finished carcasses (Hedrick et al., 1983; Hilton 
et al., 1998). Unlike consumer sensory panel ratings, 
trained panelists were trained to detect the presence of 
off-flavors in samples, which is evident in the results of 
the current study. Again, trained panelists proved to be 
more discerning of differences in beef palatability. As 

previously reported (Tatum et al., 1982; O’Quinn et al., 
2016), our study showed positive flavor attributes in-
creased as marbling score and fat content increased.

Relationships among volatile  
compounds and flavor

Correlation coefficients showing relationships be-
tween sensory panel ratings and volatile compounds are 
presented in Table 10. Flavor is a perception of multiple 
factors (taste, aroma, mouthfeel, etc.) and can be diffi-
cult to predict using chemical methods (Dikeman, 1978). 
Although concentrations of 2,3-butanedione, pentanoic 
acid, and octanoic acid, methyl ester were influenced by 
either the marbling score or carcass type main effects, 
none of these 3 compounds were related (P > 0.05) to 
sensory panel ratings for flavor attributes. From this, it 
can be inferred that these significant differences did not 
have large contributions to flavor differences.

Of the n-aldehydes, 2-methylpropanal was the 
only compound correlated (P < 0.05) to trained panel 
ratings for beef flavor (r = 0.29) and beef flavor inten-
sity (r = 0.34). Found in greater concentrations in SL 
samples was 2-methylpropanal, which were the same 
samples rated higher for flavor attributes by trained 
panelists, although it was not related to percent fat. 
Hexanal was weakly correlated (r = 0.21; P < 0.01) to 

Table 9. Least squares means of trained panel sensory scores1 for palatability traits of beef strip steaks from mature 
beef carcasses commercially identified as fed or unfed and young fed carcasses of varying marbling scores

 
Treatment

Initial  
juiciness

Sustained  
juiciness

Initial  
tenderness

Sustained  
tenderness

Beef  
flavor

Beef flavor  
intensity

Off flavor  
intensity

Slight
Young Fed 65.91 63.56a 77.04am 75.27am 75.31xy 68.77a 14.52yz

Mature Fed 68.30 65.38a 67.52an 65.58an 79.38x 73.63a 11.52z

Mature Unfed 69.41 67.41a 58.66ao 53.76ao 76.61x 70.35a 11.74z

Traces/Practically Devoid
Young Fed 62.81 57.64b 66.45bm 63.03bm 75.72xy 67.20b 8.32z

Mature Fed 62.55 58.98b 61.24bn 58.24bn 70.49yz 64.24b 21.25xy

Mature Unfed 66.36 63.33b 56.01bo 51.76bo 67.92z 61.04b 25.26x

SEM2 2.45 3.77 3.03 3.45 2.08 2.22 3.18
P-value3

Marbling Score 0.05 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.03
Carcass Type 0.34 0.20 < 0.01 < 0.01 0.22 0.27 0.06
Interaction 0.82 0.90 0.34 0.24 0.03 0.09 < 0.01

a,bLeast squares means in the same column without a common superscript differ (P < 0.05) because of marbling score.
m-oLeast squares means in the same column without a common superscript differ (P < 0.05) because of carcass type.
x-zLeast squares means in the same column without a common superscript differ (P < 0.05) because of the marbling score × carcass type interaction.
1Sensory scores: 0 = extremely dry, extremely tough, extremely unbeef-like, extremely bland; 100 = extremely juicy, extremely tender, extremely beef-

like, extremely intense.
2Pooled SE of least squares means.
3Observed significance levels for main effects of marbling score, carcass type, and the marbling score × carcass type interaction.
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consumer overall like ratings. Hexanal has been asso-
ciated with concentrate feeding (Elmore et al., 2004) 
and “fatty” aromas (Elmore et al., 1999), both which 
are known to increase consumer palatability ratings. 
Decanal also contributed (P < 0.05) to positive flavor 
attributes, as it was negatively correlated to both con-
sumer (r = –0.22) and trained (r = –0.20) off-flavor 
intensity. Thus, it seems that higher concentrations of 
decanal helped over power the potency of off-flavors.

Of the Strecker aldehydes, both 3-methylbutanal 
and 2-methylbutanal were positively related (P < 0.05) 
to trained beef flavor (r = 0.25, 3-methylbutanal; r 
= 0.28, 2-methylbutanal) and beef flavor intensity (r 
= 0.29, 3-methylbutanal; r = 0.34, 2-methylbutanal). 
Both 2-methylbutanal and 3-methylbutantl have been 
previously reported as being positively associated with 
desirable beef flavor attributes (O’Quinn et al., 2016). 

Additionally, increases in 2-methylbutanal concentra-
tions in the current study were correlated (P < 0.05) with 
consumer scores for overall liking (r = 0.21) and flavor 
liking (r = 0.25). Furthermore, benzeneacetaldehyde 
was related (r = 0.21; P < 0.05) to trained beef flavor 
intensity. Many of the aldehydes (both n-aldehydes and 
Strecker aldehydes) compared in our study were cor-
related to positive sensory panel ratings for beef flavor 
attributes, emphasizing the important role this group of 
compounds play in flavor development. Aldehydes in 
general release meaty, tallow-like aromas that contrib-
ute positively to flavor perception (Brewer, 2007).

Two of the isolated carboxylic acids, which 
are related to lipid oxidation (Van Ba et al., 2012), 
showed weak relationships with sensory panel rat-
ings. Butanoic acid was weakly correlated (P < 0.01) 
to consumer overall liking (r = 0.21). Butanoic acid 

Table 10. Pearson correlation coefficients quantifying the relationship between volatile compounds and con-
sumer and trained sensory panel ratings mature beef carcasses commercially identified as fed or unfed and 
young fed carcasses of varying marbling scores

 
Compound

%  
Fat

Consumer 
overall like

Consumer 
flavor like

Consumer off-
flavor intensity

Trained  
beef flavor

Trained beef 
flavor intensity

Trained off- 
flavor intensity

n-Aldehydes
2-Methylpropanol 0.17 0.13 0.15 -0.09 0.29* 0.34** -0.14
Hexanal 0.14 0.21** 0.12 -0.19 0.17 0.13 -0.16
Decanal -0.18 -0.02 -0.08 -0.22* 0.05 0.08 -0.20*

Strecker Aldehydes
3-Methylbutanal 0.17 0.13 0.16 -0.13 0.25* 0.29** -0.14
2-Methylbutanal 0.09 0.21* 0.25* -0.07 0.28** 0.34** -0.14
Benzeneacetaldehyde 0.18 0.12 0.14 -0.04 0.20 0.21* -0.10

Ketones
Acetoin 0.04 0.15 0.15 -0.11 0.13 0.12 -0.21*
2,3-Butandedione 0.00 0.14 0.12 -0.17 0.18 0.15 -0.18

Thiols
Methional 0.04 0.03 0.04 -0.01 0.14 0.22** -0.11

Carboxylic Acids
Butanoic Acid 0.14 0.21** 0.12 -0.19 0.17 0.13 -0.16
Pentanoic Acid -0.18 0.13 0.12 -0.03 0.07 0.04 -0.02
Hexanoic Acid 0.15 0.10 0.01 -0.13 0.21* 0.20* -0.10

Alkanes
Octane -0.14 -0.22* -0.24* -0.12 0.05 0.07 0.06

Pyrazines
Methylpyrazine 0.31** 0.24* 0.25* -0.10 0.38** 0.36** -0.24*
2,5-Dimethylpyrazine 0.30** 0.26* 0.27** -0.09 0.39** 0.37** -0.27**
Trimethylpyrazine 0.29** 0.25* 0.25* -0.08 0.37** 0.34** -0.26**
2-Ethyl-3,5-Dimethylpyrazine 0.24* 0.24* 0.24* -0.05 0.37** 0.34** -0.24*

Esters
Octanoic Acid, methyl ester -0.15 -0.05 -0.04 -0.15 -0.04 -0.02 0.02

Alkene
2-Methyl-1-Pentene -0.07 0.04 0.03 -0.13 0.16 0.12 -0.27*

*Correlation coefficient differs from 0 (P < 0.05).
**Correlation coefficient differs from 0 (P < 0.01).
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can have a strong, unpleasant odor, however, at low-
er concentrations it can be desirable (Kerth, 2016). 
Hexanoic acid was weakly associated (P < 0.05) with 
trained beef flavor (r = 0.21) and beef flavor intensity 
(r = 0.20). Stetzer et al. (2008) reported that butanoic 
acid and hexanoic acid both increased with aging and 
enhancement of various beef muscles.

Pyrazines were the most consistently correlated 
group of volatile compounds associated with positive 
flavor attributes, for both consumer and trained sensory 
ratings. All 4 pyrazines measured showed the greatest re-
lationships (P < 0.05) with trained scores for beef flavor 
(0.37 < r < 0.39) and beef flavor intensity (0.34 < r < 0.37). 
Pyrazines also had some of the strongest correlations (P < 
0.05) to consumer overall like (0.24 < r < 0.26) and flavor 
like (0.25 < r < 0.27). Heterocyclic compounds, includ-
ing pyrazines, are associated with roasted flavors of meat 
(Mottram, 1998). More specifically, pyrazines have been 
described as nutty, cracker-like, bell pepper, burnt, and 
meaty (Brewer, 2007; Van Ba et al., 2012). Furthermore, 
pyrazines were the only compounds that were positively 
related (0.24 < r < 0.31; P < 0.05) to percent fat. Dashdorj 
et al. (2015) described the interaction of Maillard reaction 
and lipid degradation products as one potential route for 
pyrazine formation during cooking.

Other compounds related (P < 0.05) to trained sen-
sory flavor ratings were methional, 3-hydroxy-2-buta-
none, and 2-methyl-1-pentene. Methional correlated 
(r = 0.22) with trained beef flavor intensity. Whereas, 
2-methyl-1-pentene (r = –0.27) and 3-hydroxy-2-bu-
tanone (r = –0.21) were negatively correlated with 
trained off-flavor intensity ratings. O’Quinn et al. 
(2016) found acetoin to be one of the compounds most 
highly correlated (r = 0.57) with overall flavor desir-
ability. However, in our study, it seems that the com-
pound played a small role in masking off-flavor. Octane 
was the only compound that was negatively correlated 
(P < 0.05) to consumer sensory ratings for both over-
all like (r = –0.22) and flavor like (r = –0.24), making 
it the only compound in our study that was negatively 
related to flavor. Elmore et al. (2004) found concentra-
tions of octane to increase as concentrations of PUFAs 
increased in muscle lipid of cattle. Additionally, Larick 
et al. (1987) reported that octane numerically decreased 
as days on feed increased, further suggesting a relation-
ship between octane and grass finishing. In our study, 
unfed samples also had greater concentrations of oc-
tane, however, this difference was not significant.

Conclusions

Consumer sensory ratings only differed due to 
marbling score and not due to carcass type; however, 
carcass type affected consumer acceptance of sensory 
attributes including overall acceptability. Although 
sensory ratings were not necessarily significant, it is 
evident that numerical differences were large enough 
to break consumer thresholds for acceptability. Grain 
finishing cull cows improved several objective indica-
tors of tenderness including WBSF. Multiple factors 
evaluated including sarcomere length, collagen solu-
bility, and pyrazine concentrations showed greater im-
provement in samples with increased marbling levels, 
despite differences in carcass type. Overall, these data 
suggest that there is the potential for the utilization of 
adequately marbled cull cow beef in the current beef 
market, while minimally affecting eating quality.
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