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Differences in fatty acid composition and cholesterol content of longissimus muscle (LM) were
assessed as a function of ionophore incorporation into a high-concentrate diet. Ribeye steaks (n )
70) were obtained from crossbred steers that had been fed a high-concentrate diet for 121 days
with or without the addition of laidlomycin propionate (LP; 11 mg/kg). Total lipid (TL), neutral
lipid (NL), polar lipid (PL), and cholesterol contents in the LM were unaffected (P > 0.05) by LP
incorporation. The concentration of oleic acid increased (P < 0.05) in the NL; however, other fatty
acids percentages in the TL, NL, and PL were unaffected (P > 0.05) with LP addition. The amount
(mg/100 mg) of saturated and odd chain fatty acids, and ratio of hypercholesterolemic to
hypocholesterolemic fatty acids decreased (P < 0.05) with LP addition.
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INTRODUCTION

Ionophores are routinely incorporated into high-
concentrate diets to enhance rate of gain and feed
utilization; however, no information is available as to
how lipid composition or cholesterol content in the
muscle may be affected by the addition of ionophores
to these diets. Monensin addition increased margaric
(C17:0) acid concentrations in intramuscular (i.m.) lipid
of steers (Marmer et al., 1985) and lambs (Gilka et al.,
1989b) consuming a forage-based diet. Lasalocid addi-
tion reduced myristic (C14:0) acid content in lamb i.m.
lipid. O’Kelly and Spiers (1988) reported monensin
addition to alfalfa hay diets increased plasma total
cholesterol and cholesteryl ester fatty acid concentra-
tions as a result of increased ruminal lipid synthesis.
Together these results suggest that ionophore incorpo-
ration, at least on forage-based diets, may reduce
ruminal biohydrogenation and alter de novo fatty acid
synthesis with an end result of changing the composi-
tion of depot fat. Because ruminal bacterial populations
are dependent on diet type, this study was designed to
evaluate the effects of the ionophore, laidlomycin pro-
pionate, on the longissimus muscle (LM) lipid and
cholesterol content from steers fed a high-concentrate
diet.

MATERIALS AND METHODS

Beef. Angus × Hereford steers (n ) 140) were equally
allotted to four treatments: control (C), laidlomycin propionate
(LP; 11 mg/kg), tylosin (10 mg/kg), or a combination of
laidlomycin propionate (11 mg/kg) plus tylosin (10 mg/kg).
Laidlomycin propionate (Cattlyst, Syntex Animal Health, West
Des Moines, IA) has been approved with claims of improved
feed efficiency and increased rate of weight gain of cattle (FDA,

1994). However at the time of this study, LP was still under
investigational status which included the stipulation that it
had to be withdrawn from the diet 10 days prior to slaughter.
All steers were fed the same basal diet (87.8% DM, 1.78 Mcal/
kg of NEm, 1.18 Mcal/kg of NEg) for 121 days and then
commercially slaughtered. Longissimus muscle sections (N )
70), corresponding to the 9-12th ribs, were randomly selected
from the C and LP treatments. Steaks were trimmed of all
exterior fat and epimysial connective tissue, and then pulver-
ized in liquid nitrogen for storage at -20 °C.
Lipid Extraction. The neutral (NL) and polar (PL) lipid

fractions were sequentially separated according to the dry
column method of Marmer and Maxwell (1981).
Moisture and Lipid Content. Moisture and crude fat

content were determined by drying a 2 g muscle sample at
100 °C for 24 h and then extracting with petroleum ether for
8 h (AOAC, 1984). For NL and PL content, a 5 mL aliquot of
the NL and PL extracts was freed of solvent and dried at 95
°C for 24 h (AOAC, 1984). The lipid weight of the NL and PL
were summed for each sample to obtain a total (TL) lipid
weight. Phospholipid (PhL) content was calculated by deter-
mining P content of PL (Vaskovsky et al., 1975) and multiply-
ing by 25.
Fatty Acid Composition. Fatty acid methyl esters (FAME)

were prepared from an aliquot of the NL (Slover and Lanza,
1979) and PL (Maxwell and Marmer, 1983) extracts. The
FAME were separated on a SP2340 capillary column (60 m,
0.25 mm i.d., and 0.2 µm film thickness; Supelco, Bellefonte,
PA) under the conditions previously described by Duckett et
al. (1993). Briefly, column oven temperature was programmed
at 155-165 °C at 0.5 °C/min, 165-167 °C at 0.2 °C/min, 167-
200 °C at 1.5 °C/min, and held at 200 °C for 18 min. The
injector and detector were maintained at 280 °C. Helium was
the carrier gas at a flow rate of 1 mL/min. and a split ratio of
1:100. Peaks were identified by comparisons to reference
standards from Alltech and Matreya (Matreya, Pleasant Gap,
PA). Fatty acids were quantified by incorporating an internal
standard, methyl heneicosanoic (C21:0) acid, into each sample.
Total fatty acid profiles were calculated by multiplying the
percentage of NL and PL in the TL by each fatty acid.
Cholesterol Content. Duplicate 1 mL aliquots of NL were

freed of solvent and then redissolved in dichloromethane
containing 50 µg/mL of internal standard, stigmasterol, for
cholesterol analysis. Samples were separated using a Drug
Three Megabore column (10 m, 0.53 mm i.d.; Alltech Assoc.,
Deerfield, IL) maintained at a temperature of 285 °C with the
injector and detector maintained at 300 and 320 °C, respec-
tively. Helium was the carrier gas at the flow rate of 12 mL/
min. Cholesterol content was quantified by regression equa-
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tions obtained from known cholesterol standards and then
corrected according to the response of the internal standard.

Statistics. Differences in lipid content, cholesterol content,
fatty acid percentage, and amount between treatments (LP
vs C) were determined using the t-test procedure to test the
hypothesis that treatment means were equal (R ) 0.05; SAS,
1985).

RESULTS AND DISCUSSION

Muscle Lipids. Moisture, crude fat, and TL values
(Table 1) of the LM were unchanged (P > 0.05) by LP
addition. Similarly, Gilka et al. (1989a) and Potter et
al. (1976) found that ionophore addition did not alter
longissimus muscle lipid or moisture content. The
proportion of lipid present in the storage (NL) versus
the structural component (PL and PhL) was also
unchanged (P > 0.05) by LP addition. These findings
are comparable to Marmer et al. (1985) in that the
distribution of lipid in the NL, PL, or PhL fractions was
unaffected by ionophore addition.
Cholesterol. Cholesterol content reported on either

a wet, dry matter, or fat-free dry matter basis was
unchanged (P > 0.05) by LP addition. Changes in
plasma cholesterol concentrations with monensin ad-
dition to a forage-based diet have been reported (O’Kelly
and Spiers, 1988). However, Lalman et al. (1993) and
Duff et al. (1994) both reported plasma cholesterol
concentrations in heifers and steers to be unaffected by
monensin or lasalocid addition to a high-concentrate

Table 1. Effect of Laidlomycin Propionate on
Longissimus Muscle Lipids and Cholesterol Content

control
laidlomycin
propionate SEM

moisture, % 73.11 73.20 0.22
crude fat, % 4.49 4.09 0.24
total lipid, g/100 g 5.25 4.74 0.27
neutral lipid, g/100 g 4.56 4.06 0.26
polar lipid, g/100 g 0.69 0.68 0.01
phospholipid, g/100 g 0.49 0.56 0.01
cholesterol, mg/100 mg
wet basis 40.53 38.67 1.23
dry basis 150.93 144.40 4.55
fat free, dry matter basis 188.07 175.58 6.00

Table 2. Effect of Laidlomycin Propionate on Fatty Acid Content of the Total Lipid

percent mg/100 mg

control laidlomycin propionate SEM control laidlomycin propionate SEM

C14:0 3.14 2.98 0.06 148.7a 122.3b 8.6
C14:1 0.65 0.64 0.03 31.8 26.5 2.6
C15:0 0.55 0.52 0.02 25.9a 21.1b 1.5
C16:0 26.19 25.81 0.17 1227.9a 1057.6b 59.0
C16:1 3.75 3.54 0.09 180.5a 147.1b 11.4
C17:0 1.63 1.56 0.04 76.0a 64.1b 4.0
C18:0 13.34 13.26 0.21 619.0 542.6 28.6
C18:1 42.59 42.98 0.30 2005.5 1765.3 102.0
C18:2 4.47 4.89 0.23 201.2 199.4 7.3
C18:3 0.13 0.11 0.01 6.8 5.3 0.8
C20:4 1.29 1.46 0.08 57.4 59.0 1.9
C22:5 0.13 0.16 0.01 6.0 6.3 0.3
C22:6 0.18 0.20 0.01 8.3 8.3 0.3
Uc 1.90 1.81 0.05 122.5 109.3 5.7

SFAd 42.66 42.04 0.26 1995.7a 1722.5b 95.0
OCFAd 2.17 2.08 0.06 101.9a 85.3b 5.5
MUFAd 47.00 47.15 0.35 2217.9 1938.9 115.0
PUFAd 6.21 6.82 0.31 279.8 278.4 8.6
ratiod 0.552a 0.533b 0.006
a,bControl and laidlomycin propionate means differ (P < 0.05). c U, unidentified fatty acids. d SFA, saturated fatty acids; OCFA, odd-

chain fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; ratio, ratio of hypercholesterolemic (C14:0 +
C16:0) to hypocholesterolemic fatty acids (MUFA + PUFA).

Table 3. Effect of Laidlomycin Propionate on Fatty Acid Content of the Neutral Lipid

percent mg/100 mg

control laidlomycin propionate SEM control laidlomycin propionate SEM

C14:0 3.53 3.39 0.07 143.0a 117.6b 8.3
C14:1 0.76 0.75 0.03 31.3 26.3 2.5
C15:0 0.63 0.60 0.02 25.3a 20.9b 1.5
C16:0 27.31 26.99 0.18 1098.8a 934.1b 58.0
C16:1 4.08 3.91 0.09 168.3a 137.1b 10.9
C17:0 1.78 1.73 0.05 71.0a 59.6b 4.0
C18:0 13.55 13.50 0.25 540.5 466.5 28.6
C18:1 45.13a 45.93b 0.28 1822.4 1592.0 100.1
C18:2 1.60 1.63 0.09 64.3 57.2 4.8
C18:3 0.07 0.07 0.01 3.8 3.1 0.8
Uc 1.54 1.42 0.06 65.9 50.3 5.7

SFAd 44.38 43.88 0.28 1782.2a 1518.2b 93.7
OCFAd 2.40 2.33 0.06 96.3a 80.5b 5.4
MUFAd 49.97 50.59 0.30 2022.0 1755.5 112.6
PUFAd 1.67 1.70 0.09 68.1 60.3 5.3
ratiod 0.598 0.582 0.006
a,bControl and laidlomycin propionate means differ (P < 0.05). c U, unidentified fatty acids. d SFA, saturated fatty acids; OCFA, odd-

chain fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; ratio, ratio of hypercholesterolemic (C14:0 +
C16:0) to hypocholesterolemic fatty acids (MUFA + PUFA).
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diet. The association between plasma and tissue cho-
lesterol levels are low (r ) 0.22; Wheeler et al., 1987)
indicating that a change in plasma cholesterol is not
indicative of a change in tissue cholesterol levels.
Fatty Acids. Addition of LP to the diet did not alter

(P > 0.05) the percentage of myristic (C14:0), palmitic
(C16:0), or stearic (C18:0) acid in the TL (Table 2), NL
(Table 3), or PL (Table 4). The amount (mg/100 mg) of
myristic (C14:0) acid, palmitic (C16:0) acid, and satu-
rated fatty acids in the TL and NL was lower (P < 0.05)
due to small numerical changes (P > 0.05) in lipid
content and saturated fatty acid percentages with LP
addition. In the PL, none (P > 0.05) of the saturated
fatty acids amounts (mg/100 mg) was affected by LP
addition. Myristic acid has been shown to be reduced
with lasalocid addition but not monensin in lambs
(Gilka et al., 1989b). Addition of monensin or lasalocid
to forage-based diets did not change palmitic acid,
stearic acid, or total saturated fatty acid content (Gilka
et al., 1989b; Marmer et al., 1985).
Pentadecyclic (C15:0) and margaric (C17:0) acids and

the total odd-chain fatty acid (OCFA) amounts (mg/100
mg) were reduced (P < 0.05) in the TL and NL with LP
addition; however, the percentage of these fatty acids
in the LM was unaffected (P > 0.05). Both Marmer et
al. (1985) and Gilka et al. (1989b) reported increased
maragaric acid concentration in the lipid of steers and
lambs fed monensin on high-roughage diets. These
authors attributed the increase in margaric acid content
to the greater quantities of propionate relative to other
VFA available for de novo fatty acid synthesis. Re-
search with LP in high-concentrate diets has not shown
a definite influence of this ionophore on ruminal VFA
concentrations (Zinn and Spires, 1987; Galyean et al.,
1992). Thus, the lack of change in percent of the OCFA
would support the lack of a major shift in volatile fatty
acid proportions by LP addition to a high-concentrate
diet.
Oleic (C18:1) acid was increased (P < 0.05) in con-

centration 2% in the NL but unchanged (P > 0.05) in
the TL and PL with LP addition. Kobayashi et al. (1992)
reported digesta from lambs fed salinomycin to be
higher in unsaturated fatty acids, particularly oleic acid.
Palmitoleic (C16:1) acid content (mg/100 mg) was re-
duced (P < 0.05) in the TL and NL by LP addition. The

percentage and amount of monounsaturated (MUFA)
and polyunsaturated (PUFA) fatty acids were un-
changed (P > 0.05) in the TL, NL, and PL. Similarly,
Marmer et al. (1985) and Gilka et al. (1989b) both
reported MUFA and PUFA were unaffected by iono-
phore addition to forage-based diets (Marmer et al.,
1985; Gilka et al., 1989b).
The ratio of hypercholesterolemic (C14:0 + C16:0) to

hypocholesterolemic (MUFA + PUFA) fatty acids in the
TL was reduced 3% with LP addition. The lowering of
this ratio appeared to result in small, nonsignificant
changes in myrisitic and palmitic acids and in unsatur-
ated fatty acids with LP addition. In this ratio, stearic
(C18:0) acid is omitted from the equation because it
exerts neither a negative nor a positive effect on plasma
cholesterol (Hegsted et al., 1965; Keys et al., 1965;
Bonanome and Grundy, 1987). Both myristic and
palmitic acids have been associated with increased
plasma cholesterol levels in humans and thus are
labeled hypercholesterolemic (Hegsted et al., 1965; Keys
et al., 1965). The MUFA and PUFA are considered to
be hypocholesterolemic as both are essentially equiva-
lent in lowering plasma LDL cholesterol (Mattson and
Grundy, 1985).

ABBREVIATIONS USED

C, control, no ionophore; i.m., intramuscular lipid;
LM, longissimus muscle; LP, laidlomycin propionate;
MUFA, monounsaturated fatty acids; NL, neutral lipid
fraction; OCFA, odd-chain fatty acids; PhL, phospho-
lipid; PL, polar lipid fraction; ratio, ratio of hypercho-
lesterolemic (C14:0 + C16:0) to hypocholesterolemic
(MUFA + PUFA) fatty acids; SFA, saturated fatty acids;
TL, total lipid.
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