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beef marbling

IntroductIon
Currently, feedlot producers tend to overfeed pens of cat-
tle to ensure adequate marbling, which results in poorer 
feed efficiencies and higher cost of gains.  However, time 
on feed and corn-based diets work in concert to increase 
the oleic acid (18:1n-9) in marbling (intramuscular, i.m.) 
and subcutaneous (s.c.) adipose tissues (Chung et al., 
2006; Smith et al., 2009).  Corn-based diets stimulate 
stearoyl-Coa desaturase (SCD) gene expression (Chung et 
al., 2007) and the resultant oleic acid improves beef pal-
atability (Waldman et al., 1968; Westerling and Hedrick, 
1979) and increases its healthfulness of beef (Adams et 
al., 2010; Gilmore et al., 2011).  

We have demonstrated that fatty acids that are rela-
tively abundant in the plasma of finishing cattle strongly 
influence gene expression in i.m. preadipocytes, so that 
feeding supplemental oils enriched with these fatty ac-
ids should increase the amount of marbling in beef cattle. 
This discussion will describe a practical application of our 
previous biochemical and molecular biology studies.

results of PrevIous studIes
many of the genes that control adipocyte differentiation 
in cattle are regulated by fatty acids circulating in plasma.  
We have documented the effects of stearic acid (18:0), 
oleic acid, trans-vaccenic acid (TVa, 18:1trans-11), 
α-linolenic acid (ala, 18:3n-3), and conjugated linoleic 
acid (Cla, 18:2trans-10,cis-12) on i.m. and s.c. adipose 
tissue lipogenesis and gene expression.  Oleic acid was 
especially potent in stimulating lipid synthesis from glu-
cose in i.m. adipose tissue (Figure 1a), and oleic acid and 
ALA both stimulated lipogenesis from acetate (Figure 1b). 
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figure 1b.  lipid synthesis from acetate in intramuscular adipose tis-
sue explants from Angus steers at 12, 14, and 16 mo of age.

figure 1a.  lipid synthesis from glucose in intramuscular adipose tis-
sue explants from Angus steers at 12, 14, and 16 mo of age.
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Our studies with i.m. adipose tissues from Angus steers 
(figure 1) suggested that saturated fatty acids such as 
stearic acid also might stimulate lipid synthesis.  To test 
this hypothesis, we incubated single and co-cultures of 
marbling preadipocytes with bovine muscle precursor 
cells (muscle satellite cells).  The co-culture system most 
closely resembles the situation in living animals, in which 
marbling precursor cells are in close proximity of muscle 
precursor cells.  Cells were cultured in the absence and 
presence of palmitic acid (16:0), stearic acid, oleic acid, 
and linoleic acid (18:2n-6).  These fatty acids are espe-
cially abundant in the circulatory system of cattle, so that 
i.m. preadipocytes would most likely be exposed to them 
during growth.  Palmitic acid and stearic acid more than 
doubled C/EBPβ gene expression in co-cultures of i.m. 
preadipocytes (figure 2a).  Palmitic and stearic acid also 
stimulated SCD gene expression, whereas oleic and lin-
oleic acid markedly depressed SCD gene expression (fig-
ure 2b).  These effects are similar to the effects of saturated 
fatty acids on apparent hepatic SCD activity in humans 
(Adams et al., 2010), and suggest that feeding diets en-
riched with either palmitic or stearic acid may actually 
increase the concentration of oleic acid in beef.

feeding diets high in linoleic acid or ala have only 
modest effects on increasing unsaturated fatty acids in 
bovine adipose tissue (e.g., Duckett et al., 2009), and 
typically have the unwanted side effect of depressing feed 
intake, growth rate, and feed efficiency.  However, in a 
preliminary study with collaborators at the national in-
stitute of animal Science in the republic of South Korea, 
we demonstrated that feeding palm oil byproducts up to 
5% of the total diet did not depress rate of gain or feed ef-
ficiency in Hanwoo steers.  Nor were DM, organic matter, 
CP, or NDF ruminal digestability affected by supplemen-
tary palm oil.  The polyunsaturated fatty acids of oils such 

as corn or soybean oil depress ruminal microbial func-
tion, and little of the polyunsaturated fatty acids survive 
ruminal isomerization and hydrogenation to stearic acid.  
both palmitic acid and stearic acid, as saturated fatty ac-
ids, should survive the ruminal environment without af-
fecting microbial populations.

Partida et al., (2007) demonstrated that steers fed di-
etary palm oil produced more tender meat, without af-
fecting beef flavor.  Lambs fed palm oil had greater s.c. fat 
thickness and body wall fat thickness than control lambs 
(Solomon et al., 1992).  

We proposed that palm oil, rich in palmitic acid, would 
increase marbling deposition and total oleic acid in beef.  
Conceptually, feeding palmitic acid to livestock should in-
crease palmitic acid in their tissues, which is undesirable.  
However, muscle and adipose tissues actively elongate pal-
mitic acid to stearic acid, which subsequently is desaturated 
to oleic acid.  Because palmitic acid does not decrease SCD 
gene expression and may actually stimulate it, the net ef-
fect of feeding palmitic acid to feedlot cattle should be an 
increase in adipose tissue and muscle oleic acid.  

results of current studIes
Study design.  Twenty-eight angus or angus x brahman 
crossbred steers were assigned to three groups of 8 or 9 
steers and fed a basal diet without additional fat, with 3% 
palm oil (rich in palmitic acid), or with 3% soybean oil 
(rich in polyunsaturated fatty acids; Table 1), added as 
top dressings.  Each treatment group consisted of 4 Angus 
steers and 4 to 5 Angus x Brahman crossbred steers, bal-
anced for body weight.  The steers were fed the diets for 
10 wk until they attained an average body weight of 710 
kg.  At that time, the steers were harvested at the Texas 
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figure 2a.  c/eBPβ gene expression in i.m. preadiocytes cultured in 
the absence (single) and presence (co) of bovine muscle satellite cells.

figure 2b. scd gene expression in i.m. preadiocytes cultured in the 
absence (single) and presence (co) of bovine muscle satellite cells.
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table 1. fatty acid composition of supplementary oils

Item
 treatment1

 control Palm oil soybean oil

14:0 0.2 1.0 0.1
16:0 10.6 43.5 10.3
16:1n-7 0.1 0.3 0.2
18:0 1.9 4.3 3.8
18:1cis-9 27.3 36.6 22.8
18:2n-6 53.5 9.1 51.0
18:3n-3 1.2 0.2 6.8
1The control diet was not supplemented with corn oil, but the primary 
ingredient was corn.

table 2. Carcass characteristics of angus steers at different times on a high-energy, 
corn based diet (n = 28)

 treatment1

Item
 corn oil1 Palm oil soybean oil 

seM P-values

Skeletal maturity 54.0b 40.0a 44.4ab 2.42 0.008
Lean maturity 46.0ab 36.7a 51.1b 2.15 0.003
Overall maturity 50.6b 38.3a 47.8b 1.67 0.002
marbling score2 479.0 508.9 455.6 14.16 0.09
Quality grade3 425.8 437.7 416.3 5.90 0.11
Actual fat, cm 1.87 1.95 1.72 0.09 0.16
Adjusted fat, cm 1.97 2.05 1.82 0.09 0.15
ribeye area, cm2 81.8 81.1 80.8 1.17 0.37
KPH, % 2.30 2.61 2.50 0.12 0.15
Carcass weight, kg 341.5 341.7 343.0 5.64 0.45
Yield grade 3.70 3.87 3.66 0.11 0.24
1Control = basal diet only, Palm oil = basal diet + 3% palm oil, Soybean oil = basal diet + 3% soybean oil.
2Marbling score, 400 = Small; 500 = Modest.
3Quality grade, 400 = Choice.

Center.  Samples were taken from 18 of the steers (n = 6 
per treatment group, balanced across breed type) for in 
vitro measurements and analysis of plasma fatty acids.

Carcass traits.  Supplementary palm oil tended (P < 0.09) 
to increase marbling scores, which were 12% higher than 
marbling scores for the soybean oil-supplemented steers 
(Table 2).  Skeletal and lean maturity were lower by over 
25% in steers supplemented with palm oil than in steers 
receiving the basal diet (P = 0.04).  The basis for this latter 
effect is unknown.

Palm oil supplementation and lipid synthesis. Palm oil 
supplementation increased lipid synthesis in vitro from 
glucose (P = 0.03) compared to the control group (Table 
3).  Lipid synthesis from acetate also was greater in steers 
fed palm oil than in control steers (P = 0.03). Soybean 
oil had no effect on lipogenesis or lipogenic enzyme ac-
tivities, although the activity of G-6-PDH tended to be 
greater in steers consuming the palm oil supplement than 
in control steers (P = 0.10), and a similar trend was ob-
served for NADP-MDH.  Adipocyte volume in s.c adipose 
tissue was not increased significantly by palm oil but was 
decreased by soybean oil supplementation (P = 0.004).

Palm oil supplementation and fatty acid composition.  
Plasma palmitic acid was increased by dietary palm oil 
(figure 3a), whereas plasma ala was increased by the di-
etary soybean oil (Figure 3b).  These effects were consis-
tent with the fatty acid composition of the supplementary 
oils.  

Palm oil significantly increased myrisitic and stearic 
acid, and decreased palmitoleic, cis-vaccenic, and trans-
10,cis-12 CLA in s.c. adipose tissue (Table 4).  Palm oil 
also decreased cis-9,trans-12 CLA in longissimus muscle.  
Total Sfa concentrations were greatest (P < 0.05) in cattle 
supplemented with palm oil, although the concentration 
of palmitic acid was not affected by the palm oil supple-
ment.  

The palmitoleic:stearic acid ratio, a reliable indicator 
of SCD activity (Smith et al., 2009), was depressed in s.c. 
adipose tissue (P < 0.09) by dietary palm oil.  Essentially 
identical results were observed in i.m. adipose tissue (data 
not shown), and a similar trend was observed in longis-
simus muscle (Table 4).  Thus, our hypothesis that sup-
plementary palm oil would stimulate adipose tissue SCD 
activity was incorrect, as palm oil apparently depressed 
SCD activity.  Oleic acid is a potent inhibitor of SCD gene 
expression in preadipocytes (figure 2b), and palm oil con-
sists of over 36% oleic acid.  The additional dietary oleic 
acid may have overridden the putative, stimulatory effects 
of palmitic acid on elevating SCD gene expression and 
catalytic activity in those cattle fed supplemental palm oil.

as predicted, the dietary palm oil did not increase adi-
pose tissue or muscle concentrations of palmitic acid in 
spite of elevated plasma palmitic acid in palm oil-fed 
steers.  We conclude that tissues tightly regulate intracel-
lular concentrations of palmitic acid, effectively elongat-
ing excess palmitic acid to stearic acid and subsequently 
desaturating stearic acid to oleic acid.  It is more unusual 
that the soybean oil did not elicit a greater increase in adi-
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table 3. adipose tissue cellularity, glucose and acetate incorporation into lipids and 
adipogenic enzyme activity in subcutaneous adipose tissue of steers fed palm oil and 
soybean oil (n =18)

 treatment1

Item
 control Palm oil soybean oil 

seM P-values

lipogenesis2     
Glucose 29.59a 51.65b 23.48a 4.02 0.03
Acetate 73.98a 130.05b 56.21a 10.63 0.03

Cellularity3     
adipocyte vol, pl 427.6a 437.9a 407.2b 38.3 0.004

enzyme activity4     
6-PGDH 2.55 4.02 4.20 0.50 0.36
G-6-PDH 3.90 7.52 6.15 0.64 0.10
NADP-MDH 0.22 0.35 0.28 0.03 0.13
FAS 0.17 0.33 0.30 0.04 0.26

1Control = basal diet only, palm oil = basal diet + 3% palm oil, soybean oil = basal diet + 3% soybean oil.
2Subcutaneous adipose tissue metabolism, nanomoles of acetate and glucose incorporated·3h-1·105 cells-1·
3adipocyte volume, pl 
46-phosphogluconate dehydrogenase (6-PGDH), glucose-6-phosphate dehydrogenase (G-6-PDH), NADP-
malate dehydrogenase (NADP-MDH), and fatty acid synthetase (FAS), μmol·min-1·105 cells-1. 

figure 3a.  Plasma palmitic acid in steers fed a corn-based, control 
diet or diets containing 3% palm oil or 3% soybean oil.  time x diet 
P = 0.04.

figure 3b. Plasma a-linolenic acid in steers fed a corn-based, control 
diet or diets containing 3% palm oil or 3% soybean oil.  time x diet 
P = 0.02.

pose tissue or muscle ala, even though the dietary soy-
bean oil more than doubled plasma ALA concentrations.

Plasma stearic acid decreased over the course of the 
study (Figure 4a), whereas plasma oleic acid increased 
with time (Figure 4b).  Also, plasma oleic acid was lowest 
in cattle fed the supplemental soybean oil.  As in the cur-
rent study, Chung et al. (2006) demonstrated that plasma 
stearic acid decreased, and plasma oleic acid increased 

over time in cattle fed a similar corn-based, finishing diet.  
This was in part due to a depression in ruminal fatty acid 
biohydrogenation.  The double bonds in polyunsaturated 
fatty acids of diets are hydrogenated by ruminal microbes 
before absorption in the small intestine (Ekeren et al., 
1992).  Adaptation to a corn-based diet appears to alter 
the populations of ruminal microflora, resulting in a lesser 
amount of saturated fatty acids for absorption from the 
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table 4. fatty acid composition of subcutaneous adipose tissue and muscle of control steers and steers fed palm oil and 
soybean oil (g/100g total lipids); (n=18)

fatty acids
 subcutaneous adipose tissue longissimus muscle

 control Palm oil soybean oil seM P-values control Palm oil soybean oil seM P-values

14:0 3.35ab 2.68a 3.53b 0.13 0.01 3.33 2.97 3.48 0.14 0.19
14:1n-5 1.38a 0.92b 1.24a 0.09 0.02 0.82 0.64 0.76 0.07 0.20
16:0 26.12 26.00 24.78 0.36 0.46 27.52 27.94 27.15 0.36 0.32
16:1n-7 4.69 3.82 4.01 0.23 0.07 3.34 2.94 3.33 0.15 0.18
18:0 9.76b 11.82a 11.10a 0.46 0.05 14.69 15.20 13.98 0.49 0.37
18:1trans2 3.36 3.47 3.43 0.30 0.41 2.76 2.77 3.38 0.17 0.48
18:1cis-9 40.21 41.30 38.94 0.84 0.29 36.88 37.78 37.06 0.49 0.27
18:1cis-11 1.71a 1.33b 1.47b 0.06 0.02 1.34 1.19 1.33 0.05 0.12
18:2n-6 1.73 1.82 1.88 0.08 0.31 2.86 2.74 3.51 0.16 0.38
18:2c-9,t-11 0.63 0.52 0.58 0.04 0.15 0.36b 0.21a 0.36b 0.02 0.01
18:2t¬-10,c-12 0.08a 0.04b 0.07a 0.01 0.03 0.08 0.07 0.13 0.01 0.28
18:3n-3 0.08 0.05 0.10 0.01 0.10 0.09 0.07 0.15 0.01 0.24
MUFA 48.62 47.88 45.63 0.94 0.37 42.75 42.76 42.25 0.53 0.50
SFA 39.23b 40.71a 39.41a 0.36 0.04 45.53 46.10 44.60 0.39 0.31
SCD index3 0.49 0.36 0.38 0.05 0.09 0.25 0.20 0.24 0.01 0.16

a-cMeans in rows not bearing a common superscript differ, P < 0.05.
1Control = basal diet only, palm oil = basal diet + 3% palm oil, soybean oil = basal diet + 3% soybean oil.
2Sum of 18:1 t9, 18:1 t10, plus 18:1 t11.
3SCD index = 16:1n-7/18:0.

figure 4b. Plasma oleic acid in steers fed a corn-based, control diet 
or diets containing 3% palm oil or 3% soybean oil.  time P = 0.0001, 
diet P = 0.04.

figure 4a.  Plasma stearic acid in steers fed a corn-based, control diet 
or diets containing 3% palm oil or 3% soybean oil.  time P = 0.0002.

small intestine.  Duckett et al. (1993) indicated that steers 
fed a high-concentrate diet for a longer period had de-
creased PUFA concentrations, but increased oleic acid 
concentrations.  The increase in oleic acid might have 
been due to an increased microsomal desaturase activity 
or a decreased ruminal hydrogenation.

conclusIons
The goal of this research was to promote lipid filling of 
marbling adipocytes in concert with stimulating SCD 
activity, hence elevating marbling scores and oleic acid 
content of marbling.  Carcasses from the palm oil-fed 
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steers had the highest numerical marbling scores and s.c. 
fat thickness, as well as the largest adipocytes, at least as 
compared to cattle fed soybean oil.  Palm oil-fed steers 
has exhibited the greatest rates of de novo fatty acid syn-
thesis and the highest lipogenic enzyme activities.  How-
ever, this may have been caused by the oleic acid present 
in palm oil rather than the palmitic acid, especially since 
palm oil supplementation depressed SCD activity.
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