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ABSTRACT

errivine h)
effects aof fin %’wnﬂ ﬂ et on carcass
and color stability

JuS ’wb/(w«’. Half-sthlings
f i @ herd selected for
increased 1 f“ammm,.n fat, ribeye area,
and percentage of retail product, and
decreased backfal and were randomly
asszqnm to a forage- or concentrate-

bused finishing diet. Longissimus muscle
3amp7e< (n=1 55} were obtained and
fabrico .,ffd into steaks for trained sen-

sory panel, %mer' Bratzi
thiebarbituric acid-reqcts
(TBARS), and simulateq
evaluation. Data were analyzed using ihe
MIXED procedures of SAS using slaugh-
ter age as a covariate. Carcasses from
concentrate-finished heifers had greater
adjusted fot thickness (1.86 vs. 0 87 em),
greater percenlage o f KPH (2.1

' Present address: Texas Tech University,
Lubbock 72403,

2 Corresponding author: deb.vanoverbeke@
okstate.edu

1.85%), greater numerical YG (5.58 vs.
2.25), and U’I‘C‘.aiji m ZnJl scores (mod-

, fh(‘ﬂ lOf”{Jf‘/ nished
heifers (P < 0.05 ). Steak

{ 5 J’ rom Ccon-
centrate-fed heifers had lesse

1 r Warner-
Bratzler shear fo;"ce values | /‘” 67 vs. 5.08

Z) ser Jm nssy/ couwy

.ﬁCé”)G’!" intensity, and (]’F"P{l er p(l?’ru”d/ LS'IL"ZI

Y1 !

flavor intensity than sieaks j.'om forage-

rea’ hf@*”fr@ (P < 0.05). Initial TBARS

were greater (P < 0.05) in steaks from
en compared

i TBA Pb were

f n diets

concendra

ale jul /ZP IL 4
io %w”‘m d?j/m ENCES m beef pr.Zatr.bz/{
]

Key words: beef, color stability,
concentrate finishing, forage finishing,
palatability

INTRODUCTION

Beef can be classified as a fatty
protein source, with certain health
risks associated with its consumption.
This stems from the total fat content,
saturated fatty acid composition, and
cholesterol found in beef and the T ve-
lationship with obesity, certain types
of cancer, and cardiovascular diseases
(Fernandez-Gines et al., 2005). There-
fore, considerable attention has been
given to improving the nutritional
value of beef, particularly fhmugh the
diet and genetic selection of cattle.

Fatty acid profiles of intramuscu-
lar fat (H\/IF\ can be altered and
enhanced for human nutrition by in-
corporating forages in the beef cattle
diet {French et al., 2000; Realini et
al., 2004). Increased grass intake can
decrease the concentration of satu-
rated fatty acids while increasin
ratioc of PUFA to saturated fatty
and the concentration of beneficial
conjugated linoleic acid.

Although forage-based fini
ms can enhance the nutritional

system
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value of beef, their effect on carcass
characteristics, palatahility traits,

ylfi color stability remains unclear. In
addition to inc reaﬂng IMF in the LM
(Faucitano et al., 2008), grain feed-
ing can also increase carcass weight
and backfat (Mandell et al., 1998,
Realini et al., 2004). French et al.
(2001) found no drfervv‘cs in color,
tenderness, ar sensory traits hetween
diets of varying levels of grass and
concentrates. However, Faucitano et
al. {2008} reported decreased sensory
panel tenderness scores for gmin~
fed cattle, cﬂthough Schiroeder e
(1980) found that grain +1Wsnmg
increased scores for palatability-de-
termining traits while reducing shear
force values. The effect of diet on

N

color stability and lipid oxidation var-

N
al
al

ies, dependmg on the m'()('essed sfate

Results in Lﬂese typab of studmb
can be confounded by hackfat fin-
ish or slm -gn age. Moreover, cattle
have Jl‘f not been lejated which
ase the difficulty of detect-
ing iﬁw ences truly explained by the
diet. Therefore, the purpose of this
study was to examine the effects of
concentrate versus forage fin
genetically related heifers on carcas:
characteristics, beef palatability,
color stability while statistically ac-
counting for slaughter age.

MATERIALS AND METHODS

The Oklahoma State University
Institutional Review Board approved

rishing of

psl

Table 1. Ingredient and nutrient composition (% of DM, unless stated
otherwise) of starting and finishing diets fed to heifers

Diet’
ftem 4 2 3
ingredient
Flaked comn 42.96 63.30 57.74
Sweet Bran? 20.30 22.32 26.37
Hay blend 30.80 §.53 9.97
Supplement 1° 5.94 5.85 592
Nutrient composition* %
DM, % of as-fed 74.3 733 72.4
CcP 14.8 14.4 15.1
NPN 3.08 1.96 1.89
NDF 33.0 213 238
NE,, Mcal/kg 0.81 0.93 0.92
NE_, Mcal/kg 0.52 0.62 0.61
Calcium 0.89 0.72 0.75
Magnesium 0.31 0.23 8.24
Phosghorus 0.34 (.39 0.41
Potassium 0.92 0.73 8.76
Sulfur 0.18 0.18 0.19

and 40% dried distillers grains.

‘Based on laboratory results.

'Diet 1 = starter diet fed for the first 24 d; diet 2 = finishing diet fed from d 25 o 34;
diet 3 = diet fed for the remainder of the finishing phase.

“Bweet Bran (Cargiil Inc., Blair, NE); diet 3 consists of a blend of 80% Sweet Bran

*Pelieted supplement contained the following (DM basis): 40.35% ground corn,
19.73% wheat middlings, 21.42% limestone, 4.39% dicalcium phospha*‘e 5.79% salt,
0.05% manganous oxide, 1.14% Availa-Zn 100 (Zinpro, Eden Prairie, MN), 0.07%
zinc sulfate, 4.56% potassium chioride, 1.93% magnesium oxide,
(30,000 iU/g), 0.04% vitamin E (50%), 0.31% Rumensin 80 (Elanco Animal Health,
Indianapolis, IN), and 0.17% Tyian 40 (Elanco Animal Health).

(3.08% vitamin A

the experimental protocol used in the

present s ﬂldy.

Animal Resources and Diets

Angus heifers (n = 204) used in
this study were cbtained from a herd
in South Carolina that has been
selected for increased IMF, ribeye
area (LMA), and retail product and
decreased backiat since 1993, Heifers
were born between December 2006
and January 2007. Paternal half-
siblings were randomly assigned to a
concentrate- or torage—ba&d finishing
diet so that

each sire had offspring
represented in both finishing diet
types. All heifers were backgrounded
on wheat pasture in central Oklahoma
until March 2008 when he
assigned to a finishing diet. After
hackgrounding, concentrate-finished
heifers (11 = 102; initial BW = 266.2
+ 28.5 kg) were fed in a single pen
to follow a natural program (no
implants, nonimplant metabolic

ifers were

modifiers, or antibiotics) at a com-
mercial Aeed lot in McLean, Texas,

for approximately 140 d from March
2008 to July 2008. Heifers received a
starter ration for the first 24 d and
were transitioned to a finishing diet

at d “w On d 34, the finishing ration
was changed from Sweet Bran {Cargill
Inc., Blair, NE) t¢ a blend of 60%
b‘ﬂ/@er Br’m and 40% distillers dried
grains. Composition of the starter and
finishing diets fed is shown in Table
Teifers were fed 3 times daily.
Forage-finished heifers (n = 104;
initial BW == 261.5 £ 31.0 kg} were
rotated between grass and wheat pas-
ture with an dntibiotic—free mineral
supplement until July 2009. The nu
ber of times per weelk tne cool season
pastures were grazed was adjusted

to compensate for available forage.
Heifers had access to pasture consist-
ing of wheat pasture and annual grass
(ryegrass) mix during winter months
and bermudagrass and native pasture
dominated by blue grama, bluesterq,
and buffalograss { Bouteloua dacty-
loides) during the warm seasons.

0

s

et
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Slaughter and Data Collection

After approximately 140 d on feed,
concentrate-fed heifers were slaugh-
tered at a cornmercial slaughter
facility in Fort Worth, Texas. Grain-
finished heiters were slaughtered when
heifers reached an average final BW
of 545 kg. After a vraﬂng peﬂod of
approximately 505 d, forage-finished
heifers were Q]augbt@rea at a com-
mercial slaughter facility in Booker,
Texas. Forage-fed heifers were Slaugh—
tered when heifers reached an average
final BW of 454 kg. Neither plant
used electrical stimulation; both
, ted at similar processing
speeds. At 18 h post r‘mteuu traine
1a a State
University obtained carcass measure-
ments, 11\(:1‘-.1dhlg hot carcass weight
(HCW), LMA, percentage of KPH,
adjusted fat thickness, marbling scare,
skeletal maturity, calculated USDA
Y&, and USDA QG. The scale used
for data entry of marbling score was
10 = practically devoid, 20 = traces
30 = slight, 40 = sm aL, a0 = Vnodeﬁt,
60 = moderate, 40 = slightly abun-
dant, and 80 = moderately ab undant.
Skeletal maturity was recorded, but
degrees were not assessed within
grade A maturity. Insufficient lighting
prevented accurate assessment of lean
maturity, so it was not evaluated or
recorded in the plants.

Q_.

Sample Collection and
Preparation

Carcasses were fabricated accord-

ing to Institutional Meat Pum asing
Specifications (IMPS; USDA, 1996).

Strip loins E\L\«H’S 150) were COL ected,
vacuum packaged, boxed, and trans
ported to the Oklahoma State Univer-
sity Food and Agricultural Products
Center in Stillwater. S‘*rin loins (/n =
155) were aged 10 d postmortem a
2°C. Some carcasses were exclu ded
because of improper ident I' cabic

to veri f'\ p‘reﬂtaffe After aging, an
approximately 1.27-cm xreak was
rur‘ovgd ron thg anterior end of the
strip loin to level the cut surface. The
steak was trimmed of all external

connective tissue and external fat to

be used as the initial thicharbituric
-reactive substances {TBARS)
si:e . Three 2.54-cin steaks were re-
moved for Warner-Bratzler shear force
(WBSF'), sensory analysis, and simu-
lated retail display. Sensory, WBSF
and TBARS steaks were vacuum
packaged and placed in a freezer at
-20°C for subsequent analysis.

Retail Display

The steaks were placed on a white
Styrofoam tray with a White soaker

pad and overwrapped with a polyvi-
nyl chloride film. To simulate retail
lisplay, trays were placed in an
open-topped, coffin-chest display case
M1-8ER, Hussman, Bmdgttog, MO}
nainftained between 2 and 40(7 and
were displayed under continuous 1,600
Ix of cool-white fluorescent thm
{Bulb No. F40 T12, Promolux, Brmsh
Columbia, Canada).

C "Q

4 e s

Visual Color

Beginning at § h under display

conditions and every 12 h thereafter
for 7 d, each steak was subjectively
evaluated by a G-member trained
panel. Trained panelists passed the
Farnsworth 100 Hue Test {Mac-
beth, Newsburgh, NY) with an error
score <60 before participating on a
color panel. Trays were rotated daily
to be exposed to all possible ligh
angles and intensities, as well as to
decrease potential environmental
effects associated with the defrost
cycle and location within the case.
Panelists a uSSJ;;;,{@A scores to each st
for subjective muscle color, surface
, and overall appearance
at each eva'iuatim time. Muscle color
was characterized on an 8-point scale
{1 = extremely dark red, and & =
extremely bright cherry red‘) as out-
lined in the Guidelines for Meat Color
Ev: hmhon {Americ can Meat Science
Ass ciation, 13(}11 Secores for surface
sed by metmyoglohin

sgd on a 7-point scale

1 = no (0%} disc oJorar ion, and 7 =
otal (100%) dlsaolorcmmn] Overall
appearance was scored on an 8-point

discoloratio

Instrumental Color

nstri-
0 I under

Steaks were evaluated for
mental color beginning at
display conditions and every 12 h
thereafter for 7 d. The color of each
steak was measured using a Hunt
erLab Avhmb(;‘-‘- XE Plus Spegtro—
photometer (2.50-cm aperture, 10°
standard observer, Iﬂum:nan- D65,
VA) to determ:ue color coordinate

vahies for L™ {brightness; 0 = black,
and 100 = white), a* (redness/
greenness; positive values = r@d and
negative values == green), and b
(vellowness/blueness; positive val-
ues == vellow, and negative values =
blue) according to the pr ocgﬂdnrm of
the Commission Internationale de
IBclairage (1976). At each time of
evaluation, 3 independent readings for
L*, a¥ and b* values were taken for
each steak and averaged.

Warner-Bratzler Shear Force

The frozen steaks we
thaw at 4°C for 24 h bef

re allowed to
re cooking.
Steaks were broiled in an impinge-
ment oven (XLT Impinger, Model
3240-TS, BOFT Inc., Wichita, K8, or
Lincoln Tmpinger, Model 1132-000-A,
Lincoln Foodservice Products, Fort

Wayne, IN) at 200°C to an inter-
nal temperature of 68 C. An Atkins
AccuTuff 340 thermometer (Atkins

Temtec, Gaines Vfﬂe, =*L\: was used to
measure the temperature of steaks
as they exited the oven. If they had
nat yet reached 6&8°C, thev were
returned to the conveyor until they
reached 68°C. After cooking, steaks
were cooled at 4°C for 18 to 24 h.
Six cores, 1.27 cm in diameter, were
removed parallel to the muscle fiber
orientation and sheared once, using
a Warner-Bratzler head attached to
an Instron Universal Testing Machine
{(Model 4502, Instron Corporatior
Canmd. MS). The Warner-Bratzler
head moved at a crosshead speed

of 200 ram /min. Peak load (kg) of
each core was recorded by an IBM
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PS2 computer (Model 55 SX, IBM,

Armonk, NY) using software provi dqﬂd
by the Instron Corporation. Mean
eak load (kg) was analy

zed for each
sample.
Sensory Analysis
Steaks were assigned a random—

ized number for sens
then assigned to sensory sessions ir
numerical order of the randomized
number. Steaks were allowed to thaw
at 4°C for 24 h before cooking, cooked
to 68°C as described above for WBSF,
sliced into 2.54 x 1.27 x 1.27 cm
samples, and served warm to panel-
ists.

Sensory attributes were evaluated
by an 8-member trained panel con-
sisting of Oklahoma State University
personnel. Panelists were trained for
evaluating tenderness, juiciness, and
4 specific flavor attributes (Cross et
al., 1978). Flavor terminology used
by Berry et al. (1980) was adopted
for use in the study. Lwrv/ metallic
flavor was classified as “serum, blood,
or li wr—hl«:ﬁ " Girassy flavor was clas-
sified as “animal, chemical, medicinal,
or iodine-like.” Johnson and Civille
(1986) noted that cowy was the
arormatic associated with cow meat,

ory sessions and

and painty and fishy were aromatics
asscciated with r dd fats and oils.
o

Various products : nd steaks, some
similar to those used in the study,
were used to establish flavor notes.
Sensory sessions were conduct Ui orce
or twice per day and contained |
samples each. Bohnenkamp and 3£rrv
(1987) reported that 8 to 12 samples
per meeting were ideal for trained
sensory ground heef panels; however,
trained panelists could evaluate up to
18 ground heef samples in a satisfac-
tory manner for the evaluation
ture and juiciness. Even so, panelists
were limited to 12 samn‘ie‘/sessi@n

to minimize panelist fatigue in the
current study. Samples were evalu-
ated using a standard ballot fram the
American Meat Science Association
(1995). Panelists /aluate(l samples
in duplicate for initial and sustained
juiciness, initial and overall tender-
ness, and amount of connective tissue.

of tex-

Panelists evaluated cooked beef flavor,
grassy/cowy flavor, painty/fishy fla-

vor, and livery/ ‘metallic flavor inten-
sity. Panelists used an 8-point scale to
evaluate juiciness (1 = extremely dry;
2 = very dry; 3 = moderately dry; 4
slightly drv, 3= nghtly juicy; 6
moderately juicy; 7 = very juicy; 8
= extremely juicy) tenderne g8 (1=
extremne )iV *’(-u v-; 2 = very touﬁh
0(3 srately tough; 4 ‘shghﬂ_' Uuugh,
= slightly L-)n(‘ei 6 = moderately
tender 7 = very tende er; 8 extrenie-
ly tender) 3, and e tissue {1 =
abundant; 2 = moderately abundant;

5
H
L

».a

cont mctiv

5
H
L

3 = slightly abundant; 4 = m. Odtr.itt
5 = slight; 6 = traces; 7 = practi-
cally none; 8 = none}. The scale used

for beef flavor and off-flavor intensity
was 1| = not detectable, 2 = slightly

detectable, and 3 =

pdnei 1868 were
randomly seated in individual booths
in a temperature- and light-controlled
room. While being served, the panel-
ists were under red-filtered lights,

as suggested by the American Meat
Science Association (1995). The 12
samples were served in a randomized
order according to panelist. The pan-
elists were provided distilled, deion-
ized water and unsalted crackers to
cleanse their palate.

Thiobarbituric Acid-Reactive
Substances

After 7
were removed from packaging an
designated as post-TBARS steaks,
vacuum-packaged, and frozen at

—20°C for subsequent analysis. Lipid
oxidation was evaluated by TB HRS

using the modifies 1 method of Bueg
and Au- t (197%8). A 10-g sample wa
placed in a blender (model 51BL31,
Waring Products Inc., Torrington,
CT) and homogenized with 30 m 1L
of cold deionized water. The mixture
was transferred to a disposable tube
and centrifuged for 10 min at 1, 85-’3 X

Fwo milliliters of supernatant was
racted from the tube and placed
ina dlsp-:)same glass tube with 4 ml
of thiobarbituric acid/trichloroa-
cetic acid and 100 pl. of butylated
hydroxyanisol. Tubes were vortexed

eak

W
e

d of retail display, ¢

*)s

€]

=

and then incubated in a boiling water
bath (100°C) for 15 min, followed by
10 min in a cold water bath (
20°C). After mohm, S&np es v
centrifuged for 10 min at 1, 85 X .
The absorbance was read at 531 nm
using a Beckman spectrophotometer
(Model DU 7500, Beckman Instru-
ments Inc., Brea, CA). A standard
curve was generated for each day of
analysis using 1,1,3,3-tetra-ethoxy-
propane. Lipid oxidation was mea-
sured in duplicate for each steak, and
the average absorbance reading was
used for each sample. Results were
expressed as milligrams of malonalde-
hyde per kilogram of sample.

Statistical Analysis

Data were analyzed using the
MIXED procedures of SAS { SA
Institute Inc., Cary, NC). The ANO-
VA model for Carcass dd‘ta, ‘\,VBSF,
lipid oxidation, and sensory traits
included diet as the fixed effect and
animal (sire) as the random effect.
The ANOVA model for color attri-
butes was analyzed using a repeated-
measures model with time as the
repeated measure, animal (sire) as the
subject, and diet as the fixed effect.
Data for initial, final, and change in
color attributes were analyzed using
the MIXED procedure of SAS, The
model included diet as the fixed ef-
fect and animal (sire) as the random
effect. Slaughter age was included in
all models as a covariate. The least
quares means were separated using
a pairwise #test when the model dis-

played a treatment effect (o < 0.05)

RESULTS AND DISCUSSION

Results of carcass characteristics
are presented in Table 2. Concen-
trate-fed heifers tended to pn dice

o

o)

heavier HCW (P = (0.08). Mandell
et al, (1998) reported heavier HOW

for grain-fed steers when slaughtered
at a similar fat thickness compared
with fouge—'@d steers (P < 0.01), and
Realini et al. {2004) also fu.md that
carcasses from concentrate-finished
steers were heavier than those from
pasture-finished steers. Carcasses fror
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Table 2. Effects of the heifer finishing diet on carcass characteristics

Concentrate Forage

Trait Mean SE Mean SE Pvalue
N 97 58

HCW, kg 3373 9.0 297.0 14.7 0.08

Fat thickness, cm 1.86 0.13 .87 0.22 <0.01

LM area, cm?® 84.92 2.21 77.97 3.60 0.22

KPH, % 2.14 0.09 1.35 0.14 <0.01

USDA calculated YG 3.38 0.18 2.25 0.29 0.01

Marbling score! 60 3 28 4 <0.01

10 = practically devoid; 20 = traces; 30 =
moderate; 70 = slightly abundant; 80 = moderately abundant.

slight; 40 = smali; 50 =

modest; 60 =

heifers finished on concentrate in the
current study h Ad greater (P < 0.01)
Jd.-,bt-)d fat thickness, greater (P <
0.01) percentage of KPH f_freater (P
= 0. 011 USDA calcu &Ltd Y@, and
greater =P - 0.01) visual marbl
scores than for doenunshe(- huf&xx

"y o et
¢

Longissimus muscle area was similar
(F > 0.05) between finishing diets. All
carcasses from grain-fed heifers had
grade A skeletal maturity; however,

6 carcasses from the grass-fed heifers
had sufficient ossification for grade

B maturity, 5 were grade C maturity,
and 1 carcass had grade D skeletal
maturity (data not shown). The older
skeletal m&m ty scores can be ex-
plained by the advanced chr onological
age of the grass-finished heifers, which
were approximately 12 mo older than
their concentrate-finished contempo-
raries at slaughter. The absence of a
significant difference for LMA agrees
with a past study (Mandell et al.,
1998) in which fov age finishing di d
not decrease LMA in relation to
centrate finishing when tirne on
differed between diets; however, Reali-
ni et al. (2004) reported larger LMA
in carcasses of concentrate-finished
steers compared with pasture-finished
steers. The reduced fat thickness of
the forage-finished carcasses in the
present study is in alignment with the
results of previous studies {Schroeder
et al., 1980; Realini et al., 2004). The
reduced Y of forage-finished heifers
aligns with the increase in cutability
of forage-fed animals reported hy
Schroeder et al. {1980). Sch ceder et

I

3.
13
i

g:

(
.
ing ¢

cd cat

T

e

-h

from the cu
Results of W

{1980) also reported
scores for carcass

tle, which supports the results
wrent study.

/BSF

1

and

can be found in Table 3.
mus muscle steaks from ¢

r-r;

is
VBSE

N30

<"

’n

Ty &

and

8

I,

inished heifers

overall

5

had lesser (P < 0.01)
" values and greater (F <
tenderness ratings for initia
tenderness and for connec-
tive tissue than steaks from forage-

ished heifers. Similar results for
inished heifers. Similar resulés fc

greater mar-

el

from grain-

o.iccuﬂ ato-

< 0.01)

ial
Al

tenderness were produced in a previ-

ous study {3chroeder et al.,

, 1980).

Possr le explanarnms may involve

increased
vention o f C

I‘r is

weL dobu*.*el
cre dsed fat thickness can :
improve beef tenderness b

at deposition and the pre-
old- %hortei mg or perhaps

‘red ha‘t in-

cold-shortening during the pO\t mor-

tem chilling period
1980; Marsh et al.,

al., 1982).
al. (2008)

T
|

for

{(Lochner et al.,
1981,
iowpver Faucitano et

Dolezal et

und no differences in

WBSFE values attributable to diet and

showed that grain feeding resulted in
decreased sensory panel tenderness

scores compared with
which contradicts the
ings. French et al.

Sensory tra

its
it

4

grass feeding,
surrent find-

(2001) also report-
ed no difference hetwpeﬂ concentrate
and grass diets for WBSF or any

There was uo difference (P > 0.05)
between diets for initial or sustained

juiciness. Steak:

e

finished heifers

= ‘Lhi'OIl" concentrate-

.
18
iy ¥et

d greater cooked

heef flavor intensity (P - 0. 01) lesser

grassy/cowy flavor intensity {P <
0.01), and greater painty/fishy flavor

intensity {P = 0.01) than steaks from
forage-finished heifers. There was no
difference (P > 0.05) between diets
for livery /metallic t:av’or intensity.
The inferlor cocked beef flaver of
forage-fed heef agrees with the lesser
flavor scores found by Schroeder et al,

(1980). Also supporting the current
study, Mandell et al. (1998) reported
slightly more cooked beef flavor and

less off-flavor in grain-fed versus
forage-fed beef. The increased cooked
beef flavor intensity of concentrate-fed
heef may be related to the elevated

marbling levels of concentrate-fad

heifers.
Resules of lipid oxidation are
displayed in Table 3. Initial TBARS

were greater (P = 0.03) In steaks
obtained from concentrate-finished
heifers when compared with grass-fin-
ished heifers; however, TBARS
not statistically different (P >
between diets after 7 d in retail
play. The susceptibility of a mm d(;id
to oxidize is related primarily to the
degree of umsaturation; however, the
fatty acid composition of the i ‘“rl,
the presence and activity of pro- and
antioxidants, the oxygen level, and
storage conditions {temperature, light
in‘reneit'\m”expos ire, moisture content,
c.) will all affect the rate of sutoxi-
datlon of meat products (Belitz et al.,
2004). Although fatty acid composi-
tion was not reported in the current
study, increasing the PUFA content
caused by forage f@edinv can increase
the susceptibility to lipid oxidation;
however, the vitamin E antioxidant
found in forage-based diets can offset
the pro-oxidative properties of PUFA
(Faustman et al., 1998), thus reduc-
ing lipid oxidation. O’Sullivan et
al. (2003) danonstr.ittd that lipid
oxidation was greater in concentrate-
fed animals compared with animals
with various levels of forage inclu-
sion in their diet, This difference was
observed initially and throughout
retail display. Similarly, Realini et al.
(2004) reported steaks from pasture-
fad animals had lesser initial TBARS

values than st dk§ concentrate-

were

CO\)

e

wen
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fed animals, with this advantage
being maintained throughout retail
display. These results contradict the
findings of Yang et al. (2002), who
found that pasture feeding increased

i oxidation of aged beef compared
ffrai -fed beef supplemented with

diet did not have an

effect on m%fm aental or subjective
lean color over the entire length of
retail displ 4y {Table 4). However,
steaks from ¢ eﬂtrama—*cd heifers
had greater L vfouex initially (0 h)
and tfuouguout the le ngth of retail
display (! 05). Although the final
(156 k) L* valucs were also greater

(P < O 05) from the concentrate diet,
the amount of change from § to 158
h did not differ between diets (P =
{1.08). Finishing diet did not have
an 9]"9(‘- on Amhm, final, overall, or
change in a* or b* values (P > 0.05).

Measures of su
not different (P >

bje

1o,
IS
o

ctive }
0.0

lean color were

15) between diets

over the eqtln length of retail dis-

play. However, panelists initially {0 h)

rated steaks

a more desirab

hter

(P < 0.01) tha
fed heifers. Although initial scores
differed according to | D

colo
different (P > 0.05)
(166 h) of re‘ tail display.

amount of change from 0 to 1561
less (P < 0.02)
fed heifers

le overall a

1

i steaks

from concentrate- fP i

red (P <

heif-
0.01), with
appearance
from forage-

panelists, muscle

v and overall appearance were not

\

for steaks It
compared with those
from concentrate-fed heifers f

at the con

Tusion
Fven so, the

h was
rom forage-

for both

subjective muscle color and overall
appearance.

E}Lhrocdcr et dl

orighur
\
longer br 1

1930 repor*’ed

rage fed beef V/hlf‘h

Tabie 3. Effects of the heifer finishing diet on Warner-Braizier shear
force {WBSF)}, lipid oxidation, and sensory irails

Concentrate Forage
Trait Mean SE Mean 3E Pvalue
N 87 58
WBSF, kg 3.67 0.18 5.05 0.29 <0.01
TBARS!
doe? 0.14 0.01 0.10 0.01 0.05
d7? 012 0.01 0.13 0.02 0.68
Sensory
initial juiciness® 574 0.12 550 0.20 0.43
Sustained juiciness® 5142 0.1 5.00 0.18 0.88
initial tenderness* 6.28 0.16 428 0.28 <0.01
Overali tenderness* 6.12 0.17 3.85 0.28 <0.01
Connective tissue® 5.95 0.7 3.76 0.28 <0.G1
Beef flavor® 2.48 0.07 1.86 0.11 <(.05
Grassy/cowy flavor® 1.13 0.07 2.06 0.1 <0.01
Painty/fishy flavor® 1.32 0.05 0.99 0.08 0.01
Livery/metallic flavor® 1.05 0.03 1.12 0.05 0.39

malonaldehyde per kilogram of sample.

6 = moderately juicy; 7 = very juicy; 8

slightly tender; 6 = moderately tender; 7

slight; 6 = traces; 7 =

2Expressed as days in a simulated retail display.
31 = extremely dry; 2 = very dry; 3 = moderately dry; 4 =
= extremely juicy.

51 = not detectable; 2 = slightly detectable; 3 = strong.

"Thicbarbituric acid-reactive substances {TBAKS); expressed as milligrams of

slightly dry; 5 =

1 = extremely tough; 2 = very tough; 3 = moderately tough; 4 = slightly tough; 5 =
= vary tender; 8 = exiremely tender.

51 = abundant; 2 = moderately abundant; 3 = slightly abundant; 4 = moderate; 5 =
practically none; § = none.

stightly juicy;

partially supports the results of the
current study. Concentrate-fad steaks
were initially rated brighter than
forage-fed steaks; h(-wew—‘r. t1
were no differences in the amount

of or change in surface discoloration
of steaks from the different finishing
diets. The results of the current study
also contradict the findings of Yand
et al. (2002),

nere

~

£
t

£

58

who reported lesser a
values in meat from pasture-fed Ca‘tﬂe
compared with grain-fed beaf with or

g
i

without vitamin E supplementation.
Towever, O’ Sullivan et al. (2003) did
not, find significant differences in color
caused by diet, which supports the
current findings, the exception
T %

17 Vi

"1:{ =]

_ii)
wita

n of

R
1ues,

IMPLICATIONS

Finishing diet type has a sig
cant eff

gnifi-
rac teristics,
especially those related to fat 18})()81—
tion. Diet did not affect lean color
over the entire length of retail dis-
play, with the exception of L* values.
However, there was less change in
the muscle color and overall appear-
ance of steaks from forage-fed heifers,
which was partially due to the darker
initial scores of steaks from
diet. Forage-finished cattle are often
older than their concentrate-finished
counterparts, which can partially
explain differences observed in palat-
ability traits in this study. Even after
accounting for slaughter age, concen-
trate-fed steaks were rated as more
tender by panelists and requir
force to shear than forage-fed steaks.
Moreover, concentrate-fed steaks were
rated as having stronger beef flavor
intensity and less d tectable grassy/
owy flavor than forage-fed steaks.
s in the T"'n‘ued
have grown so accustomed
flavor of grain-fed

(" il T
Tect on carcass cii

the forage

red less

CONSUIIers

States
to the
flavor profile obtained
product is not always
CONSUMErs. Althmwh incorporating
forages into beef finishing diets can

beef, the
from gras —1ed
appreciated by

be nutritionally beneficial to humans,
this study points to several (hf’%rences
in beef pala‘rablhi' ihutable to
finishing diet comp
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Table 4. Effects of heifer finishing diets on initial, final, overall, and
change in instrumental and subjective lean color’

Concenirate Forage
Trait Mean SE Mean SE  Pwalue
N a7 58
instrumental color
L2 {010 158 h) 3836 058 3225 0.88  <0.01
L™ {0 h) 3939 065 3258 105 <0.01
*{156 h} 37.05 088 346 110 <0.01
AL 250 038 0.78 082 0.08
a” (0 to 156 h) 19.52  0.77 2245 1147 017
a"{0h) 2419 045 2313 073 0.38
a*(156 h) 10.80 119 12.45 1.83 0.54
Ag* 13.60 122 10.74 1.88 0.38
b™ (0 1o 158 h) 18.70  0.41 18.34 082 0.72
b™ (0 h) 1964 041 18.54 0.67 0.30
* {156 h) 14.83 0.55 13.75 0.88 0.43
Ab® 480 058 491 094 0.94
Subjective color
Muscle color® (D10 156 h} 411 015 391 024 0.59
Muscle color (0 h) 592 012 446 020 <004
Muscle color (156 h) 1.82 024 2687 038 0.18
A Muscle color 409 024 179 038 <01
Surface discoloration® (0 to 156 h) 286 020 231 033 0.50
Surface discoloration (0 h) 1.02 0.05 113 008 0.37
Surface discoloration (156 h) 590 043 496 069 0.39
A Surface discoloration 488 042 383 068 0.33
Overall appearance’ (0 to 156 h) 423 047 419 027 0.94
Overall appearance (0 h) 6.52 0.1 550 018 <0.01
OCverall appearance (156 h) 141 023 172 037 0.52
A Overall appearance 510 024 371 039 0.02

= fotal discoloration).

SMuscle color {1 = extremely dark red, 8 = extremeiy bright cherry red).
SSurface discoloration (1 = no discoloration, 7
"Overall appearance (1 = exiremely undes;rab;e, 8 = extremely desirable).

‘Change (A) in instrumental and subjective lean color was calculated by subtracting
spectrophotometer readings/panelist scores at 156 h from readings/scores at 0 h.
2" (brightness; 0 = black, 100 = white).

*a* (redness/greenness; positive values = red, negative values = green).
4" (yellowness/blueness; positive values = yeliow, negative values = blue).
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