Effects of Time on Feed on Beef Nutrient Composition!
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ABSTRACT: Forty-eight Angus x Hereford year-
ling steers were used to assess the effect of time on
feed (TOF) on the nutrient composition of beef
longissimus muscle (LM). Steers were fed a high-
concentrate diet with the exception of the d-0 group,
which served as a grass-fed control, and then were
serially slaughtered at 28-d intervals during the
196-d feeding period. Steaks were removed from the
10th rib and trimmed of exterior fat and epimysial
connective tissue before nutrient analysis. Intramus-
cular fat content doubled (P < .05) between d 84 and
112 but did not differ (P > .05) from d 0 to 84 or from
d 112 to 196. This increase in fat content resulted in
decreased (P < .05) concentrations of moisture,
protein, and ash in the LM. Concentrations of Mg, K,
and Fe in the LM increased (P < .10) with advanced
TOF. The increase in the total lipid (TL) content of
the LM stemmed from a proportional increase (P <
.05) in neutral lipid (NL). Polar lipid (PL) remained
constant ( P = .33) throughout TOF. The NL and TL

became more unsaturated as TOF increased, primarily
due to a linear ( P < .01) increase in oleic (C18:1) acid
concentration. In contrast, the polyunsaturated fatty
acid (PUFA) concentration in the PL exhibited a
linear (P < .01) decrease across TOF. As a result,
advanced TOF increased the monounsaturated fatty
acid (MUFA) content by 22% and decreased the
PUFA content by 72% in the LM. The ratio of
hypercholesterolemic (C14 + C16):hypocholestero-
lemic (MUFA + PUFA) fatty acids was unaffected by
increasing TOF from d 28 to 196; however, this ratio
was lower (P < .05) for grass-fed controls (d 0) than
for d 28 to 84 and d 196. Cholesterol content
(milligrams/100 grams) changed cubically (P = .06)
across TOF. Ultimately, by limiting TOF to 112 d, the
beef industry could provide consumers a palatable beef
product that easily fits into a healthy diet and at the
same time diminishes the costs associated with
external fat trim.
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Introduction

Currently retailers trim nearly 42% of all beef retail
cuts (Savell et al., 1991). Unfortunately, this practice
of trimming the external fat at the retail level has
done little to reduce the nearly 1 x 109 kg of excess fat
produced each year. Recent estimates indicate that
excess fat costs the industry approximately $130 per
animal (Nunes, 1992). The industry could avoid
unnecessary external fat deposition by identifying the
optimum time on feed (TOF) needed to produce
palatable beef. Research (Greene et al., 1989; Wil-
liams et al., 1989; May et al.,, 1992) shows that
increasing TOF results in linear increases in numeri-
cal yield grade and s.c. fat thickness, in contrast to
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quadratic increases in marbling scores and sensory
panel ratings. As a result, TOF increased total fat
trim (hot fat trimming plus fat removed during
fabrication) per carcass (Williams et al., 1989). Upon
identification of an optimum TOF, longissimus muscle
(LM) fatty acid, cholesterol, protein, and mineral
content must be examined to safeguard its continued
inclusion in a healthy diet. Therefore, the objective of
this research was to assess the effect of TOF on the
nutrient composition of beef.

Materials and Methods

Forty-eight Angus x Hereford steers, approximately
16 mo of age, were obtained from a native range
stocker operation in northwestern Oklahoma. Steers
were blocked by weight into eight equally sized
groups. Steers were fed a high-concentrate diet (87.5%
DM, 1.84 Mcal’kg of NE,, 1.19 Mcalkg of NEy),
except for the d-0 slaughter group, which served as a
grass-fed control. Groups were serially slaughtered at
28-d intervals (0 to 196 d) at the Oklahoma State
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University Meat Laboratory. Further information on
collection of carcass traits and palatability traits and
postmortem muscle characteristics has been previ-
ously reported (May et al., 1992). One steak (2.5 ¢cm
thick) corresponding to the 10th rib was removed from
each carcass at 7 d postmortem, vacuum-packaged,
and stored at —20°C. After removal of all exterior fat
and epimysial connective tissue, the lateral half of
each LM was pulverized in liquid nitrogen and stored
at —20°C for subsequent chemical analyses.
Duplicate samples were analyzed for nitrogen by
the Kjeldahl procedure and multiplied by 6.25 to
determine crude protein content, moisture by weight
loss after drying at 100°C for 24 h, and mineral
content by ashing at 600°C for 8 h (AOAC, 1984).
Crude fat content was quantified by extracting with
petroleum ether for 8 h (AOAC, 1984). Mineral
analyses were conducted by acidifying ash (AOAC,
1984) and then analyzing for Mg, Ca, Fe, K, Zn, and
Na using a Perkin-Elmer Model 403 (Perkin-Elmer,
Norwalk, CT) atomic absorption spectrometer. The
neutral (NL) and polar (PL) lipids were sequentially
separated according to the dry column method of
Marmer and Maxwell (1981). Aliquots of NL and PL
were freed of solvent and dried at 95°C for 24 h to
determine dry lipid weight (AOAC, 1984). The lipid
weight of the NL and PL were summed for each
sample to obtain a total lipid (TL) weight. Phos-
pholipid (PhL) content was calculated by determin-
ing P content of PL by the modified Fiske-Subbarow
procedure (Bartlett, 1959) and multiplying by 25.
Both the NL (Slover and Lanza, 1979) and PL
(Maxwell and Marmer, 1983) were esterified to yield
fatty acid methyl esters (FAME). The FAME were
analyzed using a HP5890A (Hewlett-Packard, San
Fernando, CA) gas chromatograph equipped with a
flame-ionization detector and HP7673A (Hewlett-
Packard) automatic sampler. Separations were accom-
plished on a 60-m SP2340 (Supelco, Bellefonte, PA)
capillary column (.25 mm id. and .2 pum film
thickness). Column oven temperature was pro-
grammed at 155 to 165°C at .5C°/min, 165 to 167°C at
2C°/min, 167 to 200°C at 1.5C°/min, and held at
200°C for 18 min. The injector and detector were
maintained at 280°C. Sample injection volume was 2
pL. Helium was the carrier gas at flow rate of 1 mL/
min and a split ratio of 1:100. Data were collected and
integrated by HP3365 (Hewlett-Packard) ChemSta-
tion software. Peaks were identified by comparisons to
reference standards from Alltech (Alltech Associates,
Deerfield, IL) and Matreya (Matreya, Pleasant Gap,
PA). Fatty acids were quantified by incorporating an
internal standard, methyl heneicosanoic (C21:0) acid,
into each sample. Total lipid fatty acid profiles were
calculated by multiplying the percentage of NL and
PL in the TL by each fatty acid. Duplicate
1-mL aliquots of NL were freed of solvent and then
redissolved in dichloromethane containing 50 pg/mL of
internal standard, stigmasterol, for cholesterol analy-
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sis. Samples were separated using a Drug Three
Megabore column (Alltech Associates) (.53 mm i.d.,
10 m) maintained at a temperature of 285°C with the
injector and detector at 300°C and 320°C, respectively.
Helium was the carrier gas at a flow rate of 12 mL/
min. Cholesterol content was quantified by regression
equations obtained from known cholesterol standards
and then corrected according to the response of the
internal standard.

Statistical analysis of experimental data was per-
formed using the GLM procedure of SAS (1985). The
main effect was TOF; the error term was steer within
each TOF. Differences between means were compared
using Tukey’s t-tests (Steel and Torrie, 1980). Or-
thogonal polynomials were computed to determine
linear, quadratic, and cubic effects. Regression equa-
tions were developed from the regression procedure of
SAS (1985). Correlation coefficients were determined
by the correlation procedure of SAS (1985).

Results

Carcass Characteristics

Carcass weight, s.c. fat thickness, LM area, and
yield grade (Table 1) increased linearly (P < .01)
during the 196-d feeding period. Marbling score and
percentage of kidney, pelvic, and heart fat showed
quadratic trends (P < .05) across TOF. The carcasses
from steers fed for 112 d were the first to attain the
mean marbling score (small) required for the USDA
Choice quality grade. Marbling scores did not (P <
.05) increase after 112 d on a high-concentrate diet.
Additional carcass characteristics have been reported
previously (May et al., 1992).

Proximate and Mineral Composition

Increased TOF resulted in a cubic increase in crude
fat content (Table 2) and concomitant linear
decreases in moisture and protein content (P < .01) in
the LM. Ash content in the LM decreased cubically ( P
< .05) as TOF increased; however, individual mineral
concentrations did not differ ( P > .05). The concentra-
tions of Mg and K (Table 3) did show a tendency (P <
.10) for a cubic increase. Iron concentration also
showed a tendency (P < .10) for a linear increase
across TOF.

Muscle Lipids

Total Lipid. Total lipid content (Figure 1) in the
LM doubled between d 84 and 112 but did not differ
(P >.05) from that measured on d 0 to 84 or on d 112
to 196. This increase in TL stemmed from proportional
(r = 1.0) increases (P < .05) in NL. Concentrations of
PL and PhL in the LM did not differ (P = .33 and .88,
respectively) across TOF. As TOF increased, the
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TIME ON FEED AND BEEF NUTRIENT COMPOSITION 2081
Table 1. Carcass characteristics across time on feed
Fat Longissimus Kidney, Carcass
Marbling thickness, muscle pelvic, and wt, Yield

Item score® mm area, cm? heart fat, % kg grade
Time on feed, d

0 254.2f 3.05¢ 63.3¢ 1.0¢ 196.68 1.4f

28 299.0°f 4118 69.8de 1.3de 236.7%8 1.7¢f

56 336.0def 6.82de 78.6%d 154 263.7¢f 1.7ef

84 372.8¢cde g.78d 76.3%d 1.8¢d 295.8de 2.4de
112 472.2b 14.60¢ 82.8bc 2.1bc 327.2¢d 2.0d
140 428 3bcd 15.08¢ 85.7be 2.4b 353.0¢ 3.2¢d
168 471.7b 18.20b¢ 84.5b¢ 2.3b 364.7¢ 3.7b¢
196 464.2"¢ 21.08P 93.2b 9.9bc 417.4b 4.0b
SEM 214 2.0 2.8 1 9.1 2
Orthogonal effecth q L L q L L

8Marbling score: small = 400-499; slight = 300-399; traces = 200-299.
bedefeMeans with different superscripts in the same column differ (P < .05).
hQOrthogonal polynomial effect of time on feed: L = linear effect (P < .01); q = quadratic effect (P < .05).

percentage of TL as PL declined from 25% at d 0 to
only 4% at d 196. The NL and TL were highly
correlated with marbling score (r = .79). Total lipid
values averaged .6% higher than crude fat values. The
discrepancy between the crude fat values and the total
lipid values reported in this experiment is due to the
more efficient extraction of phospholipids when using
organic solvents compared with petroleum ether
(Maxwell et al., 1980; Lewis et al.,, 1987).

The saturated fatty acid ( SFA) content of the TL
(Table 4) changed cubically (P < .05) as TOF
increased, and the highest concentration was recorded
at d 56. Myristic (C14:0) acid increased linearly (P <
.01) and pentadecyclic (C15:0), palmitic (C16:0),
nonadecyclic (C19:0), and arachidic (C20:0) acids
showed cubic (P < .05) decreases. Stearic (C18:0)
acid had a 20% linear (P < .01) decrease. The
monounsaturated fatty acids (MUFA) demonstrated
a 22% linear increase (P < .01) from d 0 to 196. This
increase was largely due to a 20% linear increase (P <

.05) in oleic (C18:1) acid concentration. Myristoleic
(C14:1) and gadoleic (C20:1) acids also exhibited
linear (P < .05) increases. Palmitoleic (C16:1) acid
increased quadratically (P < .05) over TOF. Concen-
trations of 10-heptadecenoic (C17:1) acid demon-
strated a cubic increase (P < .05) with increasing
TOF. The polyunsaturated fatty acid ( PUFA) content
changed quadratically (P < .05) over TOF, resulting
in a 72% decrease from 0 to 196 d. Linoleic (C18:2),
mead (C20:3), and clupanodonic (C22:5) acids
showed linear (P < .05) responses over TOF. Concen-
trations of 11,14-eicosadiencic (C20:2), arachidonic
(C20:4), adrenic (C22:4), and cervonic {C22:6) acids
decreased quadratically (P < .05). Linolenic (C18:3)
and timnodonic (C20:5) acids showed a cubic (P <
.05) response to increasing TOF.

Together these changes translated into a ratio of
hypercholesterolemic (C14 + C16):hypocholestero-
lemic fatty acids (MUFA + PUFA) that did not differ
(P > .05) with increasing TOF (d 28 to 196).

Table 2. Composition of the longissimus muscle across time on feed

Moisture, Crude Ash, Crude Total Phospholipid, Cholesterol,
Item % protein, % % fat, % lipid, % % mg/100 g
Time on feed, d
0 74.582 21.712 1.092 2.09P 2.52b 56 50.662b¢
28 74.082 21.832 1.082 2.62b 3.06P 47 47.87bc
56 73.323b 20.512b 1.078b 4.10P 4.96b 50 51.058b¢
84 73.642 21.413b 1.082 4.02b 4.09b 46 44.25¢
112 70.45b¢ 19.50P 9gbe 8.672 9.482 AT 51.91abe
140 68.93¢ 20.33ab 99be 9.352 9.732 51 58.65ab
168 68.59¢ 20.582b .9gbe 9.642 9.838 51 61.372
196 67.47¢ 20.072b 98¢ 10.142 11.652 51 50.993bc
SEM 70 41 02 80 90 .05 3.80
Orthogonal effectd L L c c L NS ¢

abeMeans with different superscripts in the same column differ (P < .05).
dOrthogonal polynomial effect of time on feed: NS = not significant (P > .05); L = linear effect (P < .01); ¢ = cubic effect (P < .05).
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Table 3. Mineral content in the longissimus muscle across time on feed

Item Mg Na K Ca Fe P Zn

mg/100 g of tissue

Time on feed, d

0 17.78 85.35 329.83 19.55 5.36 226.00 5.66
28 20.96 86.33 315.23 24.98 5.08 188.73 6.70
56 19.31 92.76 321.79 23.45 5.12 198.93 8.11
84 20.75 100.65 336.31 23.17 5.30 185.43 12.17
112 21.97 9191 324.85 30.50 5.37 189.07 8.43
140 15.44 92.40 295.27 15.05 4.97 216.47 7.48
168 17.71 107 85 283.72 21.02 5.76 204.47 8.94
196 19.66 89.00 332.97 24.33 5.68 202.00 9.41
SEM 1.95 14.01 13.49 6.38 .23 21.61 1.86
Orthogonal effect? c NS c NS 1 NS NS

20rthogonal polynomial effect of time on feed: NS = not significant ( P > .10); 1 = linear effect (P < .10);
¢ = cubic effect (P < .10).

However, this ratio for the grass-fed controls differed  grams of LM) of total fatty acids ( FA), SFA, MUFA,
(P < .05) from the ratio for some of the grain-fed and PUFA can be predicted using the following
groups (d 28 to 84 and d 196). This ratio did not differ =~ equations: FA (g/100 g of LM) = .0444x + 1.80, R? =
(P > .05) between the grass-fed (d 0) controls and the .82, SE = 2.07; SFA (g/100 gof LM) = .02082x + .9628,
TOF groups at d 140 or 168. Quantities (grams/100  R? = .79, SE = 1.04; MUFA (g/100 g of LM) = .02276x

Table 4. Fatty acid composition of the total lipid across time on feed

Fatty .
acid, Time on feed, d Orthogonal
% 0 28 56 84 112 140 168 196 SEM effect!

14:0 2.52¢ 2.68b° 2.8gabe 3.152b¢ 3.458b 3.562 3.672 3.54ab .19 L
14:1 .782 79P .69P 74P q8b 918b 1.232 962b 08 L
15:0 662 .862b .82ab .853b 1.032 982 902 .833b .06 Q
16:0 24.84 26.973b 26.962P 27.663 27.598 26.702P 26.802P 27.162b 52 c
16:1 3.32¢ 3.27¢ 3.01¢ 3.15¢ 3.522bc 3.662b¢ 4122 4.08bc 17 q
17:0 1.28¢ 1.69Pc 2.048b 2.103b 2482 2.332 2.042P 1.978b 12 Q
17:1 .63¢ .8gbe 1.08ab 1.208b 1.412 1.422 1.412 1.372 .08 Q
18:0 17.382 17.382 17.802 15.728b 15.712b 14.29P 13.38P 13.92b 53 c
18:1 34.95¢ 36.40b¢ 36.85P¢ 38.043b¢  3g.ggabc  40.312b 41.582 41.862 93 L
18:2 6.462 4.942b 4.618b 5.133b 3.560 3.962b 3.36b 2.81° 57 L
18:3 9323 .45bP .agbe 15¢d .10be 08¢ .05¢ .06¢ 06 c
19:0 132 212 .00 .02b 082 .183b 173b 228 .04 q
20:0 492 433 260 22b 27h 220 20P 150 04 q
20:1 232 262b 253b 112 3620 .39 402 462 .06 L
20:2 66° .39ab .2gbe 28be .14be .16b¢ .13be .10¢ .06 Q
20:3 .002 002 .002 002 .02ab .022b .032b .05b 01 L
20:4 2.278 1.15b 918b 94bc .4obe 45b¢ .38be 28¢ .19 Q
20:5 173 o7b .0g2be 01¢ .00¢ 00¢ .00¢ .00¢ 01 c
22:4 542 30b 21be .17be 07¢ 08¢ .04° 02¢ .05 Q
22:5 22 21 .09 .09 05 06 .03 04 04 L
29:6 1.062 64P 44be .3gbe 14¢ .14¢ 11° 07¢ .09 Q
uf .03 04 02 .00 .00 .00 .00 00 01 L
SFA 47.30°¢  50242®  50.907 49.702%¢  50.613b¢  4826b°d  47.14d 47.794 .86 c
MUFA  39.91° 41.60°4 41899 4324%  44.98%c 46692  48.752 48.73% 1.08 L
PUFA 12.312 8.15" 6.gsbed  7.16b¢ 448%de  gggede g qgde 3.42° 1.01 q
Ratiol 53P 602 622 618 632 598D 583P 592 02 NS

abedeMeans with different superscripts in the same row differ (P < .05).

fUnidentified fatty acid content.

ESFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.

bRatio of hypercholesterolemic fatty acids:hypocholesterolemic fatty acids = [C14:0 + C16:0/[MUFA + PUFA].

'Orthogonal polynomial effect of time on feed: NS = not significant (P > .05); L = linear effect ( P <.01); @ = quadratic effect (P < .01); q =
quadratic effect (P < .05); C = cubic effect (P < .01); ¢ = cubic effect (P < .05).
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TIME ON FEED AND BEEF NUTRIENT COMPOSITION 2083
Table 5. Fatty acid composition of the neutral lipid across time on feed
Fatty .
acid, Time on feed, d Orthogonal
% 0 28 56 84 112 140 168 196 SEM effectd

14:0 3.41 2.34 3.28 3.59 3.64 3.79 3.85 3.70 19 1
14:1 1.108b 1.018b .80b .88b .86b 978b 1.312 1.028b .09 ¢
15:0 76 96 88 92 1.08 99 93 85 08 qa
16:0 27.57 28.22 27.77 29.63 27.51 27.52 27.22 27.40 60 NS
16:1 3.55ab 3.552b 3.27b 3.48ab 3.672b 3.9080 4.282 4212 .19 L
17:0 1.47¢ 1.88bc 2.293b 2.30ab 2632 2.33ab 2.123b 2.02be 12 Q
17:1 .59¢ 97be 1.17ab 1.318b 1.528 1.442 1.462 1.402 09 Q
18:0 19.632 18.42ab 18.68ab 16.10b¢ 15.62¢ 14.26¢ 13.41¢ 13.92¢ .62 L
18:1 38.66 38.97 39.22 40.29 40.23 41.48 42.53 42.44 87 L
18:2 2.08 1.71 1.81 2.05 2.28 2.26 2.15 1.96 .15 C
18:3 .00 00 07 .00 07 .05 .03 .06 02 L
19:0 .132b 262 143b .02b .118b 192b .1gab 242b .05 q
20:0 518 4gab .29bc .25¢ .30b¢ 29¢ .20¢ .16¢ .05 L
20:3 .0ob .00b .00P .00b .02b 02b .03ab .062 .00 L
SFA® 53.492 53.452 53.262 51.802>  50.892b  47.3228b  4701b 48.29° 98 L
MUFA®  44.22b 44.80P 44.74b 46.102 46.662 48.232 50.002 49.562 .96 L
PUFA® 2.08 1.71 1.87 2.05 2.37 2.34 2.21 2.08 16 ¢

ab.cMeans with different superscripts in the same row differ (P < .05).

dOri:hogonal polynomial effect of time on feed: NS = not significant (P > .05); L = linear effect (P < .01); 1 = linear effect (P < .05); Q =
quadratic effect (P < .01); q = quadratic effect (P < .05); C = cubic effect (P < .01); ¢ = cubic effect (P < .05).

eSFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.

+.6105, R2 = .83, SE =.99; and PUFA (g/100 g of LM)
=.0009x + .2164, R2 = .58, SE = .08; where x = TOF in
days. Using these equations, the possibility exists to
predict the fatty acid content of the LM based on TOF
for similarly fed Angus x Hereford steers.
Neutral Lipid. The most prevalent fatty acids in the
NL fraction (Table 5) were oleic, stearic, and palmitic
acids, the sum of which accounted for > 80% of the
total fatty acids in NL. The NL was composed of
approximately 51% SFA, 47% MUFA, and 2% PUFA,
averaged over TOF. The SFA content of the NL
decreased (P < .01) by 10% as TOF increased from d 0

Percent

0 28 56 84 112 140 168 196
Time-on-feed, d

Figure 1. The effect of time on feed on intramuscular
neutral (NL) and polar (PL} lipid content. Each bar
represents the mean of six animals. Standard errors for
the treatment means were .89 for NL and .04 for PL.

to 196. This decrease in SFA concentration was due
mainly to a 29% decrease (P < .01) in stearic acid.
The fatty acid chains with odd numbers of carbons
(C15:0, C17:0, C19:0) exhibited a quadratic (P < .05)
response to increased TOF. Myristic acid showed a
linear (P < .05) increase, whereas arachidic acid
showed a linear decrease (P < .01). Palmitic acid did
not differ (P > .05) across TOF. The MUFA had a
linear increase ( P < .05) of 12% with increasing TOF.
This increase was due in part to a linear increase (P <
.01) of 10% in oleic acid. Palmitoleic acid and
10-heptadecenoic also increased linearly (P < .01)
with TOF. Myristoleic acid showed a cubic decrease ( P
< .05). The percentage of PUFA of the NL showed a
cubic effect (P < .05) during the 196-d feeding period.
Linoleic acid differed cubically (P < .01) as TOF
increased. Linolenic (C18:3) and mead acids had
small increases (P < .05) in concentration with TOF.
The TOF increased the concentrations of MUFA while
decreasing SFA in the NL.

Polar Lipid. Oleic, palmitic, and linoleic acids
accounted for approximately 60% of the total fatty
acids in PL (Table 6). The PL was composed of
approximately 38% SFA, 30% MUFA, and 32% PUFA,
averaged over TOF. Predominantly, the PUFA in the
TL were located in the PL fraction. Comparing grass-
fed controls (d 0) to grain-fed steers (d 196), the SFA
content showed a linear (P < .05) increase of 19%.
However, the greatest increase (13%) occurred during
the first 28 d on feed (d 0 and 28). Myristic,
pentadecyclic, palmitic, and margaric (C17:0) acids
all showed linear increases (P < .05) with TOF. The
MUFA concentration of the LM showed a quadratic
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Table 6. Fatty acid composition of the polar lipid across time on feed

Fatty Ti feed, d
acid, ime on eed Orthogonal
% 0 28 56 84 112 140 168 196 SEM effect
14:0 54¢ .67be 71be _9gabe 1.02abe 1.118b 1.348 1.202b 12 L
14:1 .03¢d .00d .01¢cd .04¢cd o7bed 13be 252 17ab .02 o)
15:0 340 478b 4620 483b 578 .513b 483b 533b 05 1
16:0 19.14 22.50 23.03 22 63 23.47 21.53 21.77 23.68 1.08 ¢
16:1 2,599 2.23ab 1.52bcd 1.45¢d 1.29d 1.60bcd 2.048b 2.128b 17 Q
17:0 84 99 .99 1.08 1.20 1.07 1.07 1.07 .08 1
17:1 63 63 58 .60 56 62 .78 79 .06 q
18:0 12.52 13.29 13.05 13.82 14.00 13.60 13.19 13.78 58 NS
18:1 26.77° 27.422b 23.96P 26.33P 25,770 26.50P 29.474b 33.168 1.34 Q
18:2 16.24 16.19 20.31 20.35 20.66 22.14 19.22 15.32 1.54 Q
18:3 2.978 2.05P 1.45¢ .92cd 5ode .32¢ 268 04¢ 12 Q
19:0 128 .00b .00b .00b .00P .00P .0ob .00b .02 C
20:0 382 292 08P .06b .00b .04b .06P .00P .04 Q
20:2 2.12 1.74 1.92 1.71 1.90 1.94 1.77 1.58 18 NS
20:4 7.392 5.362b 5.988b 5.682D 5.63ab 5.52ab 5.17ab 4.39P 53 L
20:5 542 34 15be .05¢ .00¢ .00¢ .00¢ .00¢ 04 Q
22:4 1.778 1.362P 1.402b 1.07b¢ .9gbe .68cd 5ecd 254 14 L
22.5 74 1.13 57 54 46 65 94 59 26 NS
22:6 3.462 3.012b 2.99ab 2.443be 2.06bcd 1.72bcd 1.48¢d 1.074 30 L
uf 12 18 16 .04 00 03 .00 .00 05 L
SFA® 33.87 38.22 38.32 39.05 40.26 37.86 37.91 40.26 1.46 1
MUFAE  30.032> 30283  26.082 28.422 27.69% 28.85% 32,5580  3g.23a 1.47 Q
PUFA® 35.222 31.182b 34.78% 32.763P 32.233b 32.968b 29.392b 23.24b 2.55 L

abcdeMeans with different superscripts in the same row differ (P < .05).

fUnidentified fatty acid content.

gSFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.
hOrthogonal polynomial effect of time on feed: NS = not significant (P > .05); L = linear effect (P < .01); 1 = linear effect (P < .05); Q =
quadratic effect (P < .01); q = quadratic effect (P < .05); C = cubic effect (P < .01); ¢ = cubic effect (P < .05).

effect (P < .01). Increases in TOF resulted in cubic
increases ( P < .01) in myristoleic acid and quadratic
(P < .05) increases in oleic acid and 10-heptadecenoic
acid. Palmitoleic acid showed a quadratic decrease ( P
< .01) over TOF. The PUFA of the PL decreased
linearly (P < .01) from d 0 to 196, resulting in a 34%
decrease in concentration. Arachidonic acid showed
the largest linear decrease (P < .01) of 40%. Adrenic
and cervonic acids decreased linearly (P < .01),
whereas linolenic, linoleic, and timnodonic acids
showed quadratic (P < .01) effects over TOF. The
11,14-eicosadiencic and clupanodonic acids did not
differ (P > .05) as TOF increased. The PL became
more saturated with TOF due to large decreases in
PUFA and increases in SFA percentages.

Cholesterol. Cholesterol content revealed cubic
trends (P < .05) across TOF. The highest concentra-
tion was recorded at d 168 (59.19 mg/100 g) and the
lowest at d 84 (43.08 mg/100 g). Cholesterol showed
moderate associations with TL (r = .43), NL (r = .43),
and marbling score (r = .32). Cholesterol content
differed (P < .05) between quality grades in this
study. The LM graded USDA Standard contained 11%
less cholesterol than that graded USDA Choice or
Select.

Discussion

Regardless of the age or breed of the cattle used,
TOF studies (Zinn et al., 1970a; Greene et al., 1989;
Wheeler et al., 1989; Williams et al., 1989; Huffhines
et al., 1991; May et al., 1992) continue to demonstrate
that im. fat deposition proceeds in a nonlinear
manner. Instead, i.m. fat deposition seems to be a
function of the number of days that cattle are exposed
to a high-concentrate diet. In this study, approxi-
mately 112 d on a high-concentrate diet was needed
for these yearling, British-cross steers to reach the
U.S. Choice quality grade. Greene et al. (1989) found
that only approximately 65 d were needed for
purebred Angus steers to reach U.S. Choice grade,
whereas Zinn et al. (1970a) reported that 210 d were
necessary for purebred Hereford steers fed an 80%
concentrate diet to reach Choice grade. Huffhines et
al. (1991) reported a plateau in percentage that
graded U.S. Choice at 84 d for long-yearling, purebred
Hereford steers. In trials with exotic breed-types,
Miller et al. (1987) and Wheeler et al. (1989)
discovered that extending the feeding period to 168 or
182 d did not result in these cattle reaching the U.S.
Choice quality grade. Instead, increasing the TOF to
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these end points resulted in unnecessary s.c. fat
deposition with no improvement in quality grades.
Zinn et al. (1970b), Tatum et al. (1980), Dolezal et
al. (1982), and May et al. (1992) all reported that the
greatest improvement in palatability occurred within
the first 100 d on feed, with little improvement in
palatability thereafter. Several researchers (Wald-
man, 1968; Westerling and Hedrick, 1979; Larick and
Turner, 1989, 1990; Mitchell et al., 1991) have found
existing relationships between flavor ratings and
certain fatty acids present in the LM. Generally, oleic
acid has been positively correlated with desirable
flavor, whereas PUFA have been positively correlated
with off-flavor and aftertaste. Additionally, some SFA
(palmitic and stearic acids) have been negatively
associated with flavor. Combining the fatty acid
composition with the palatability data previously
reported by May et al. (1992) revealed that oleic acid
was positively associated with tenderness (r = .33)
and flavor (r = .39) ratings from taste panel
evaluation and was negatively associated with
Warner-Bratzler shear force values (r = —.50). In
contrast, the PUFA exhibited a negative relationship
with tenderness (r = —.49) and flavor (r = -.35)
ratings from taste panel evaluation, and also a
positive association with Warner-Bratzler shear force
values (r = .66). The SFA content exhibited no
relationships (P > .05) to taste panel ratings or shear
force values. These results indicate that the actual
quantity of MUFA and PUFA may be better predictors
of desirable palatability ratings and shear force values
than some of the traditional measures. Ultimately,
extending the feeding period beyond 112 d in this trial
did not increase i.m. fat deposition or enhance
palatability of rib steaks; however, the additional 84 d
to d 196 increased s.c. fat thickness by 6.5 mm. These
results suggest that one way to decrease waste fat
deposition and still obtain a palatable product is to
limit TOF to 112 d.

An increase in TOF resulted in increased i.m. fat
content and concomitant decreases in mineral, pro-
tein, and moisture contents. Bowling et al. (1978),
Miller et al. (1981), and Williams et al. (1983)
observed similar reductions in moisture content when
fat content increased. This decrease would be at-
tributed to the differences in moisture content of fat vs
lean. The most substantial increase in i.m. fat content
occurred between d 84 and 112 but was not different
before d 84 or after d 112. Although LM area and TL
follow the same trend across TOF, adjusting TL to the
average LM area still results in an increase (P < .01)
of TL due to increased TOF. Therefore, this increase in
TL is not due to the enlargement of the LM area with
increased TOF. This doubling of the i.m. fat during
this 28-d period suggests the presence of a metabolic
signal that triggers triglyceride accumulation by the
im. adipocytes. Further research is needed to eluci-
date possible signals that may be regulating i.m.

adipocytes to control i.m. fat deposition, while at the
same time limiting s.c. fat deposition.

Even though ash content showed a significant
decrease as TOF increased, only Mg, Fe, and K
showed tendencies for an effect. In comparisons of
grain-fed and grass-fed steers, Williams et al. (1983)
reported negative correlations between fat and certain
minerals (Zn, Fe, P, Na, and K) such that grass-fed
steers had increased concentrations of these minerals.
However, when evaluating the length of grain feeding,
as in this trial, Fe and K were found to increase
slightly as fat content increased with TOF. The
magnitude of differences in mineral content between
grass-fed steers and grain-fed steers may be depen-
dent on forage quality during the growing phase.

The increase in the TL of the LM was due to
proportional increases in NL fraction because PL
remained constant. Numerous researchers (Bloor and
Snider, 1934; Hornstein et al., 1967; Turkki and
Campbell, 1967; Link et al., 1970a,b; Hecker et al.,
1975; Miller et al., 1981; Larick and Turner, 1989)
have also reported that the PhL remains relatively
constant throughout growth, probably due to their
function as structural components of the cell. Con-
versely, Larick and Turner (1990) reported an
increase in the PhL content at d 54. However, these
workers were identifying the composition of PhL in
LM from heifers that came off various grazing trials,
which may explain the observed differences. The
increase in the im. fat content in the LM with
increased TOF seems to be due to an enlargement of
the adipocyte cell with storage reservoirs (triglycer-
ides) vs an increase in adipocyte cell number, because
the structural components of the cell (phospholipids)
remained constant. This enlargement of the adipocyte
resulted in a dilution of the contribution of PhL to the
TL with advancing TOF. O’Keefe et al. (1968), Link
et al. (1970a,b), and Hecker et al. (1975) also
reported similar dilutions of the PhL: with increased
growth. The consequence of this dilution is evident in
the fatty acid composition of TL across TOF.

As indicated in Tables 4 and 5, the NL and PL have
very different fatty acid compositions. The NL con-
tains only approximately 2% PUFA, whereas the PL
contains approximately 30% PUFA. Other researchers
(Terrell and Bray, 1969; Link et al., 1970b; Marmer et
al., 1984; Larick and Turner, 1989, 1990) have also
noticed that the PUFA are almost exclusively located
in the PhL fraction, in which they apparently serve as
structural elements of the cells (Bloor and Snider,
1934). Because the percentage contribution of PhL to
TL declined greatly with advancing TOF, this ulti-
mately decreased the PUFA content in the LM with
increased TOF. However, as the PUFA content in TL
was declining with TOF, the MUFA content increased,
and the SFA were relatively unaffected. This increase
in MUFA resulted from increased concentrations of
oleic acid in the NL as TOF increased. Other
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researchers (Sumida et al., 1972; Westerling and
Hedrick, 1979; Williams et al., 1983; Mitchell et al.,
1991) also noted increased concentrations of oleic acid
in grain-fed vs forage-fed cattle. In addition, others
(Waldman et al.,, 1968; Westerling and Hedrick,
1979) found significant correlations between animal
age and oleic acid concentrations, suggesting that this
is due to more of the energy intake being deposited as
fat as the animals approach physiological maturity.
These reported differences in oleic acid concentrations
are suggested to be the result of increased microsomal
desaturase activity with increased animal age (Wald-
man et al.,, 1968) or of decreased ruminal biohydro-
genation with grain feeding (Larick and Turner,
1990). If the microsomal desaturase activity is in-
creased with animal age and physiological maturity,
then one would predict mature animals to contain
relatively high levels of oleic acid. However, Eichhorn
et al. (1986) reported relatively low concentrations
(40%) of oleic acid in the muscle of mature cows fed to
appetite. Thus, the increased deposition of oleic acid
with increased TOF might be better explained by a
decrease in ruminal biohydrogenation of fatty acids
upon grain feeding. Latham et al. (1972) reported
reductions in the number of lipolytic bacteria and in
the in vitro lipolytic activity of ruminal fluid, along
with the extent of biochydrogenation of unsaturated
fatty acids when dairy cows were fed a low-roughage
diet. The hydrogenation of linoleic and linolenic acids
in cows fed the low-roughage diet was 59 and 63%,
respectively, of the hydrogenation of these two acids in
cows fed the high-roughage diet. Several bacteria are
believed to be responsible for biochydrogenation of fatty
acids in the rumen, but most function optimally near
neutral pH (Christie, 1981). Therefore, high-concen-
trate diets that reduce ruminal pH could limit the
extent of biohydrogenation in the rumen, ultimately
allowing the passage of more unsaturated fatty acids
to the small intestine for absorption and incorporation
into tissues. Moreover, the increased concentrations of
oleic acid with TOF could offer partial explanation for
the high concentrations of MUFA reported in Wagyu
beef fed over 300 d (Smith et al., 1990). The high
MUFA content of Wagyu beef is believed to be due to
genetic differences in enzyme activity; however, when
Wagyu-cross steers were fed for the same length of
time as American-bred steers, no differences in MUFA
content were detected (Sturdivant et al., 1992). This
would imply that TOF may have more of an effect on
the MUFA content of Wagyu beef than do actual
genetic differences.

Because increasing TOF resulted in an exchange of
the concentrations of PUFA with MUFA in TL, the
ratio of hypercholesterolemic:hypocholesterolemic
fatty acids remained relatively unchanged by increas-
ing TOF, with the exception that the grass-fed controls
had lower ratios than some of the other TOF groups.
In this ratio, stearic acid is omitted from the equation

DUCKETT ET AL.

because findings by Hegsted et al. (1965), Keys et al.
(1965), and Bonanome and Grundy (1987) indicated
that stearic acid exerts neither a negative nor a
positive effect on plasma cholesterol. More recent
evidence (Bonanome and Grundy, 1988) reveals,
however, that stearic acid can be as effective as oleic
acid in lowering plasma cholesterol levels when either
stearic or oleic acid replaces palmitic acid in the diet.
The MUFA and PUFA are considered hypocholestero-
lemic because both are essentially equivalent in
lowering plasma LDL cholesterol (Mattson and
Grundy, 1985). However, the PUFA also tend to lower
HDL cholesterol, and the (n-6) PUFA have been
associated with enhanced tumorigenesis (Cave,
1991). Thus, the shifting of MUFA for PUFA shown in
this study should be perceived as beneficial for human
diets designed to lower serum cholesterol.

Cholesterol content in the LM increased cubically
as TOF advanced; the highest concentration was
reported at d 168. Wheeler et al. (1987) reported no
differences in cholesterol content of steers fed for 0, 77,
128, or 182 d. Values reported in this trial, in which a
GLC method was used, were lower (52.10 mg/100 g)
than those reported by Wheeler et al. (1987), who
used a colorimetric procedure (63.32 mg/100 g).
Recent evidence (Marshall et al., 1989a,b) suggests
that colorimetric analysis may overestimate
cholesterol content. The differences noted between the
quality grades present in this study should be
interpreted cautiously because different numbers of
the three quality grades were present in this study.

Based on the results of this study, the optimum
TOF would seem to be 112 d to obtain a palatable end
product without adding unnecessary external fat
thickness. Based on this recommendation, 85 g of
cooked rib steak (113 g raw) would provide 44 and
41% of the Recommended Dietary Allowance (RDA,
1989) for protein and iron, respectively, for adult
women. Although it would provide significant protein
and minerals in a woman’s diet, this amount of cooked
beef would only supply 8% of the recommended energy
intake (2,200 kcal/d). Additionally, only 14% of total
fat intake, 20% of saturated fat intake, and 20% of
cholesterol intake would be contributed (calculated
according to recommendations by the AHA, 1986).
Thus, limiting TOF to 112 d would provide consumers
with palatable beef products that meet consumers’
demands and at the same time diminish costs
associated with external fat trim.

Implications

Increasing time on feed results in higher quality
and yield grades along with increased s.c. fat thick-
ness. The most substantial increase in i.m. fat
deposition came between 84 and 112 d due to
increased adipocyte triglyceride storage. Increasing
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time on feed results in an exchange of the polyunsatu-
rated fatty acids for monounsaturated fatty acids such
that the ratio of hypercholesterolemic to
hypocholesterolemic fatty acids remains relatively
unaffected. Ultimately, feeding beyond 112 d did not
improve quality grade or enhance the palatability of
steak, but it did increase waste fat. Furthermore,
these results demonstrate the importance of holding
time on feed constant to evaluate fatty acid differ-
ences.

Literature Cited

AHA. 1986. Dietary guidelines for healthy adult Americans. Circula-
tion 74:1465A.

AQAC. 1984. Official Methods of Analysis (14th Ed.). Association of
Official Analytical Chemists, Arlington, VA.

Bartlett, G. R. 1959. Phosphorus assay in column chromatography.
J. Biol. Chem. 234:466.

Bloor, W. R., and R. H. Snider. 1934. Phospholipid content and
activity in muscle. J. Biol. Chem. 107:459.

Bonanome, A., and S. M. Grundy. 1987. Stearic acid does not raise
plasma cholesterol. Clin. Res. 35:365A.

Bonanome, A., and S. M. Grundy. 1988. Effect of stearic acid on
plasma cholesterol and lipoprotein levels. N. Engl. J. Med. 318:
1244.

Bowling, R. A, J. K. Riggs, G. C. Smith, Z. L. Carpenter, R. L.
Reddish, and O. D. Butler. 1978. Production, carcass and palat-
ability characteristics of steers produced by different manage-
ment systems. J. Anim, Sci. 46:333.

Cave, W. T. 1991. Dietary n-3 polyunsaturated fatty acid effects on
animal tumorigenesis. FASEB J. 5:2160.

Christie, W. W. 1981. Lipid Metabolism in Ruminant Animals, p 36.
Pergamon Press, Oxford, UK.

Dolezal, H. G., G. C. Smith, J. W. Savell, and G. L. Carpenter. 1982.
Effect of time-on-feed on the palatability of rib steaks from
steers and heifers. J. Food Sci. 47:368.

Eichhorn, J. M., L. J. Coleman, E. J. Wakayama, G. J. Blomquist, C.
M. Bailey, and T. G. Jenkins. 1986. Effects of breed type and
restricted versus ad libitum feeding on fatty acid composition
and cholesterol content of muscle and adipose tissue from
mature bovine females. J. Anim. Sci. 63:781.

Greene, B. B.,, W. R. Backus, and M. J. Riemann. 1989. Changes in
lipid content of ground beef from yearling steers serially
slaughtered after varying lengths of grain finishing. J. Anim.
Sei. 67:711.

Hecker, A. L., D. A. Cramer, D. K. Beede, and R. W. Hamilton. 1975.
Compositional and metabolic growth effects in the bovine. J.
Food Sci. 40:140.

Hegsted, D. M., R. B. McGrandy, M. L. Myers, and F. J. Stare. 1965.
Quantitative effects of dietary fat on serum cholesterol in man.
Am. J. Clin. Nutr. 17:281.

Hornstein, 1., P. F. Crowe, and R. Hiner. 1967. Composition of lipids
in some beef muscles. J. Food Sci. 32:650.

Hufthines, C. P., G. C. Ledall, J. D. Tatum, T. G. Field, J. W. Wise,
R. P. Clayton, M. A. Head, D. E. Flack, and G. C. Smith. 1991.
Effects of time-on-feed on performance and carcass traits of
purebred Hereford steers. J. Anim. Sci. 69(Suppl. 1):354
(Abstr.).

Keys, A., J. T. Andreson, and F. Grande. 1965. Serum cholesterol
response to changes in diet. IV. Particular saturated fatty acids
in the diet. Metabolism 14:776.

Larick, D. K., and B. E. Turner. 1989. Influence of finishing diet on
the phospholipid composition and fatty acid profile of individual
phospholipids in lean muscle of beef cattle. J. Anim. Sci. 67:
2282,

Larick, D. K., and B. E. Turner. 1990. Flavor characteristics of
forage and grain-fed beef as influenced by phospholipid and

fatty acid compositional differences. J. Food Sci. 55:312.

Latham, M. J., J. E. Storry, and M. E. Sharpe. 1972. Effect of low-
roughage diets on the microflora and lipid metabolism in the
rumen. Appl. Micro. 24:871 (Abstr.).

Lewis, P. K., Jr., L. Y. Rakes, H. G. Brown, J. L. Perkins. P. R.
Noland, and C. J. Brown. 1987. Effect of extraction method on
the fat, lipid phosphorus and cholesterol concentration of beef
muscle. J. Anim. Sci. 65(Suppl. 1):292 (Abstr.).

Link, B. A, R. W. Bray, R. G. Cassens, and R. G. Kauffman. 1970a.
Lipid deposition in bovine skeletal muscle during growth. J.
Anim. Sci. 30:6.

Link, B. A., R. W. Bray, R. G. Cassens, and R. G. Kauffman. 1970b.
Fatty acid composition of bovine skeletal muscle lipids during
growth. J. Anim. Sci. 30:726.

Marmer, W. N., and R. J. Maxwell. 1981. Dry column method for the
quantitative extraction and simultaneous class separation of
lipids from muscle tissue. Lipids 16:365.

Marmer, W. N, R. J. Maxwell, and J. E. Williams, 1984. Effects of
dietary regimen and tissue site on bovine fatty acid profiles. J.
Anim. Sci. 59:109.

Marshall, M. W, B. A. Clevidence, R. H. Thompson, and J. T. Judd.
1989a. Problems in estimating amounts of food cholesterol:
Three methods for mixed diets. J. Food Comp. Anal. 2:2.

Marshall, M. W., B. A. Clevidence, R. H. Thompson, and J. T. Judd.
1989b. Problems in estimating amounts of food cholesterol 2:
Three methods for self-selected diets. J. Food Comp. Anal. 2:
228.

Mattson, F. H., and S. M. Grundy. 1985. Comparison of effects of
dietary saturated, monounsaturated and polyunsaturated fatty
acids on plasma lipids and lipoproteins in man. J. Lipid Res. 26:
194.

Mazwell, R. J., and W. N. Marmer. 1983. Systematic protocol for
accumulation of fatty acid data from multiple tissue samples:
tissue handling, lipid extraction and class separation, and
capillary gas chromatographic analysis. Lipids 18:453.

Maxwell, R. J., W. N. Marmer, M. P. Zubillaga, and G. A. Dalickas.
1980. Determination of total fat in meat and meat products by
a rapid, dry column method. J. Assoc. Off. Anal. Chem. 63:600.

May, S. G., H. G. Dolezal, D. R. Gill, F. K. Ray, and D. S. Buchanan.
1992. Effects of days fed, carcass grade traits, and subcutane-
ous fat removal on postmortem muscle characteristics and beef
palatability. J. Anim. Seci. 70:444.

Miller, G. J., M. L. Masor, and M. L. Riley. 1981. L.m. lipids and
triglycerides structures in range and feedlot steers. J. Food Sci.
46:1333.

Miller, R. K., H. R. Cross, J. D. Couse, and J. D. Tatum. 1987. The
influence of diet and time-on-feed on carcass traits and quality.
Meat Sci. 19:303.

Mitchell, G. E., A. W. Reed, and S. A. Rogers. 1991. Influence of
feeding regimen on the sensory qualities and fatty acid con-
tents of beef steaks. J. Food Sci. 56:1102.

Nunes, K. 1992. Quality and beef. Meat & Poultry. p 38. June 1992,

O'Keefe, P. W., G. H. Wellington, L. R. Mattick, and J. R. Stouffer.
1968. Composition of bovine muscle lipids at various carcass
locations. J. Food Sci. 33:188.

RDA. 1989. Recommended Dietary Allowances (10th Ed.). National
Academy of Sciences, Washington, DC.

SAS. 1985. SAS User’s Guide for PC Computers. SAS Inst. Inc.,
Cary, NC.

Savell, J. W., J. J. Harris, H. R. Cross, D. S. Hale, and L. C. Beasley.
1991. National Beef Market Basket Survey. J. Anim. Sci. 69:
2883.

Slover, H. T., and E. Lanza. 1979. Quantitative analysis of food fatty
acids by capillary gas chromatography. J. Am. Oil Chem. Soc.
56:933.

Smith, S. B., D. K. Lunt, G. C. Smith, and C. A. Sturdivant. 1990.
Fatty acid composition of adipose tissue from five fat quality
grades of Japanese Black Wagyu steers. J. Anim. Sci. 68(Suppl.
1):341 (Abstr.).

Steel, R.G.D., and J. H. Torrie. 1980. Principles and Procedures of
Statistics: A Biometrical Approach (2nd Ed.). McGraw-Hill
Book Co., New York.

81,02 JoquianoN g0 uo }senb Aq | 2681 /7/6.02/8/) LAOB1Sqe-8joe/sel/wod dno-oiwspese//:sdiy Wolj papeojumoq



2088

Sturdivant, C. A., D. K. Lunt, G. C. Smith, and S. B. Smith. 1992.
Fatty acid composition of s.c., i.m. adipose tissues and M.
longissimus dorsi of Wagyu Cattle. Meat Sci. 32:449.

Sumida, D. M., D. W. Vogt, E. H. Cobb, I. I. Iwanaga, and D.
Reimer. 1972. Effect of breed type and feeding regime on fatty
acid composition of certain bovine tissues. J. Anim. Sci. 35:
1058.

Tatum, J. D., G. C. Smith, B. W. Berry, C. E. Murphey, F. L.
Williams, and Z. L. Carpenter. 1980. Carcass characteristics,
time on feed and cooked beef palatability attributes. J. Anim.
Seci. 50:833.

Terrell, R. N., and R. W. Bray. 1969. Influence of sex, liveweight and
anatomical location on bovine lipids. III. Fatty acid composition
of the neutral and phospholipid fractions from three muscles. J.
Anim. Sci. 29:288.

Turkki, P. R., and A. M. Campbell. 1967. Relation of phospholipids
to other tissue components in two beef muscles. J. Food Sci. 32:
151.

Waldman, R. C., G. G. Suess, and V. H. Brungardt. 1968. Fatty acids
of certain bovine tissue and their association with growth,
carcass and palatability traits. J. Anim. Sci. 27:632.

Westerling, D. B., and H. B. Hedrick. 1979. Fatty acid composition of
bovine lipids as influenced by diet, sex and anatomical location

DUCKETT ET AL.

and relationship to sensory characteristics. J. Anim. Sci. 48:
1343.

Wheeler, T. L., G. W. Davis, J. R. Clark, C. B. Ramsey, and T. J.
Rourke. 1989. Composition and palatability of early and late
maturing beef breed-types. J. Anim. Sci. 67:142.

Wheeler, T. L., G. W. Davis, B. J. Stoecker, and C. J. Harmon. 1987.
Cholesterol concentration of longissimus muscle, subcutaneous
fat and serum of two beef cattle breed types. J. Anim. Sci. 65:
1531.

Williams, J. E., D. G. Wagner, L. E. Walters, G. W. Horn, G. R.
Waller, P. L. Sims, and J. J. Guenther. 1983. Effect of produc-
tion systems on performance, body composition and lipid and
mineral profiles of soft tissue in cattle. J. Anim. Sei. 57:1020.

Williams, S. E., J. D. Tatum, and T. L. Stanton. 1989. The effects of
muscle thickness and time on feed on hot fat trim yields,
carcass characteristics and boneless subprimal yields. J. Anim.
Sci. 67:2669.

Zinn, D. W, R. M. Durham, and H. B. Hedrick. 1970a. Feedlot and
carcass grade characteristics of steers and heifers as influenced
by days on feed. J. Anim. Sci. 31:302.

Zinn, D. W., C. T. Gaskins, G. L. Gann, and H. B. Hedrick. 1970b.
Beef muscle tenderness as influenced by days on feed, sex,
maturity and anatomical location. J. Anim. Sei. 31:307.

8102 JoquiaAoN g0 U0 1sanb Aq | 2681 /7/6.02/8/) LAOENSqE-2[o1E/SEl/ W00 dno-olwapese)/:sdRy Woly pepeojumod





