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Abstract

This review addresses the role of fat in beef palatability and healthfulness. Particular emphasis is placed on the content of oleic acid in

beef, and how this increases with time when cattle are fed a grain-based diet. Oleic acid decreases the melting point of lipids from beef,

increasing the perception of juiciness and improving beef flavor. Clinical trials have demonstrated that ground beef containing elevated

oleic acid increases, or at the least has no negative effects on the concentration of HDL cholesterol. The amount of fat in published

ground beef intervention trials greatly exceeds the amount of fat in equivalent portions of beef from U.S. domestic or Korean Hanwoo

cattle. Thus, we conclude 1) Beef cattle should be raised under production conditions that increase the concentration of oleic acid in their

edible tissues (i.e., by grain feeding over extended periods of time); and 2) The amount of fat consumed in a typical portion of beef will

not increase risk factors for cardiovascular disease.
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Fat content and beef palatability

The contribution of fat content of meat to overall meat

palatability has been established for decades. Savell and

Cross (1988) established a Window of Acceptability for

beef (Fig. 1), indicating that overall palatability of beef is

optimal between 3 and 7.5% intramuscular lipid. Increas-

ing intramuscular lipid above 7% further increases overall

palatability, but attaining this level of intramuscular lipid

is difficult in most beef breed types. Muscle devoid of

marbling contains approximately 1% intramuscular lipid,

so that any increase in intramuscular fat above 1% is

associated with differentiation and lipid filling of intra-

muscular adipocytes.

The relationship between percent fat and overall palat-

ability underscores the importance of intramuscular lipid

in beef quality. What is not addressed in these data is that,

as percent fat increases, there is a dramatic change in the

extent of intramuscular preadipocyte differentiation and

concomitant changes in fatty acid composition of intra-

cellular lipid. As described below, an increase in fat per-

centage is invariably accompanied by a decrease in the

proportion of saturated fatty acids (SFA) and a corre-

sponding increase in oleic acid (18:1n-9) and other mono-

unsaturated fatty acids (MUFA). This has a direct effect

on the palatability and healthfulness of beef.

Why does highly marbled beef

taste better?

Fatty acids and flavor. Monounsaturated fatty acids in

meat have been shown to influence beef palatability

(Dryden and Marchello, 1970; Westerling and Hedrick,

1979). These early studies demonstrated that the more

oleic acid in beef, the greater the overall palatability of

the beef. Some portion of the effect of oleic acid on

increasing palatability of beef may be due to the fat soft-

ness associated with this fatty acid (Perry et al., 1998;

Smith et al., 1998). This provides a more fluid mouthfeel,

which most perceive as more desirable.

We conducted a consumer triangle test between Angus

and Wagyu beef from the cattle that had been fed to the

Japanese endpoint (650 kg body weight) (May et al.,

1993). Out of 180 responses, 98 indicated a difference

between the Wagyu and Angus beef. This means that, at

a 99.5% confidence interval, 47.5% of consumers would

be able to distinguish between Wagyu and Angus beef

(Fig. 2), even when both were fed to the Japanese end-
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point. The consumer panel indicated that the degree of

difference was primarily “slight” to “moderate”.

The major qualitative traits used to describe differences

in eating quality were tenderness, juiciness, and flavor

(Fig. 3). When the consumers were asked to indicate which

traits they used to determine the difference between Wagyu

and Angus samples, the majority of the respondents used

a combination of tenderness and juiciness, while other con-

sumers indicated the singular traits of flavor and tender-

ness. Certainly, juiciness and flavor differences are largely

due to differences in fatty acid composition between

Wagyu and Angus beef.

The enormous capacity of Wagyu cattle to accumulate

marbling is based on their unique distribution of marbling

adipocytes within their muscles (Fig. 4). Whereas mar-

bling adipocytes are rarely observed in microscopic

images of muscle from North American breed types, it is

virtually impossible to obtain a field devoid of adipocytes

in sections of ribeye muscle from Japanese Black cattle.

Wagyu marbling adipocytes cluster in large group, much

like bunches of grapes, whereas marbling adipocytes are

arranged like strings of pearls in other breed types.

Fatty acid composition and fat firmness

Fat firmness is another important characteristic of the

Fig. 1. Window of acceptability for fat content of meat (palatability versus grams of fat, two servings [226.8 grams]). The window

is based on a fat content range of 3.0 to 7.5%. This is equivalent to beef from the longissimus muscle (12th-13th rib) that grades

from the lower range of USDA Select (3.0% fat content) to beef that grades USDA High Choice (8.0% fat content) (Savell and

Cross, 1988).

Fig. 2. Magnitude of the difference between Wagyu and Angus beef, as scored by a consumer taste panel. Out of 180 responses, 98

indicated a difference between the Wagyu and Angus beef (May et al., 1993).
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Japanese beef grading system (JMGA, 1988), and reflects

the fatty acid composition of the adipose tissue. The most

abundant fatty acid in beef is oleic acid (St. John et al.,

1991). The saturated fatty acids, palmitic (16:0) and stea-

ric (18:0) contribute substantially to the overall fatty acid

composition of beef and beef fat, and both can increase

the hardness of fat (Smith et al., 1998). Linoleic acid (18:

2n-6) and a-linolenic acid (18:3n-3) contribute very little

to total beef fatty acid composition, even in grass-fed cat-

tle. Grass feeding increases the concentration of stearic

acid in beef, and stearic acid has a profound effect on adi-

pose tissue lipid melting points (Fig. 5).

Stearic acid has a melting point around 70°C, whereas

MUFA have melting points below room temperature

(around 20°C). Linoleic acid (a polyunsaturated fatty acid

that is common in corn oil) has a very low melting point,

-20°C, but there is very little linoleic acid in beef. We

have demonstrated that the concentration of stearic acid

has the greatest effect on lipid melting points from adi-

Fig. 3. Qualitative descriptors as assessed by the consumers who correctly identified a difference between Wagyu and Angus beef

(May et al., 1993).

Fig. 4. Microscopy sample of Wagyu ribeye muscle. Muscle

fasciculi (dark polygons) are completely surrounded by

clusters of small adipocytes. The cell borders of the adi-

pocytes are barely visible. Each of the larger white areas

contains 20 to 30 adipocytes.

Fig. 5. Subcutaneous lipid slip points (melting points) as a

function of stearic acid (18:0) in eight fat depots from

50 total beef carcasses (Turk and Smith, 2009).
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pose tissues from beef carcasses (Turk and Smith, 2009)

(Fig. 5).

Monounsaturated fatty acids have low melting points

because of their chemical structure, which contains a sin-

gle double bond located approximately in the middle of

the molecule (Fig. 6). The double bond causes a kink in

the molecule, and this hinders the formation of the crys-

talline structure of solidified fat. Therefore, the more dou-

ble bonds present in a fat, the lower the melting point.

This is the best demonstrated in comparisons across

species or dietary treatments (Fig. 7). The melting point

of lipids from pigs fed standard finishing diets is approx-

imately 30°C, but is less than 25°C in pigs fed canola oil

(which is rich in oleic acid). Feeding canola oil increases

oleic acid by about 25% in pig backfat, and this reduces

the melting point of the fat. Sheep fat contains over 30%

stearic acid and only about 30% oleic acid, and for this

reason has a melting point of approximately 40°C.

Cattle fed a standard, corn-based finishing diet in the

U.S. produce backfat and marbling fat that have consis-

tently low melting points. The situation is different in

Australia, where grains such as barley or wheat are fed in

place of corn. When these grains are fed in combination

with whole cottonseed or rumen-protected cottonseed oil,

the melting point of the fat can exceed 45°C. This fat is

very hard because it is very high in SFA. When Austra-

lian cattle are fed a corn-based diet, the melting point of

the fat is reasonably low, and resembles the backfat of

feedlot cattle produced in the U.S. Lipids extracted from

the fat of Japanese Black cattle or Murray Grey cattle

raised in Japan have melting points as low as 24°C (Fig.

7), which is very soft because of its high oleic acid. Fat

from Japanese Black cattle has the lowest melting point,

indicating that genetics as well as production contribute

to the production of oleic acid in beef.

Fat depots of cattle fed grain-based finishing diets typic-

ally display a general decrease with age in SFA and a con-

comitant increase in MUFA (Huerta-Leidenz et al., 1996;

Mitsuhashi et al., 1988a; Mitsuhashi et al., 1988b). Thus,

unlike the situation observed in Australian cattle, fat in U.S.

cattle becomes softer the longer the cattle are on feed. Cattle

in Japan, Korea and, more recently, China, are fed for un-

usually long periods of time before slaughter (around 19

mon past weaning), and this may contribute to the high

oleic acid seen in Japanese Black cattle (Tanaka, 1985).

The total oleic acid in a serving of beef from Japanese

Black cattle raised in Japan (producing A5 beef carcasses)

is over 16 grams oleic acid per 100 grams of beef (calcu-

lated from Smith et al., 1998; Sturdivant et al., 1992; Fig.

8). The greatest amount of oleic acid is in beef from Jap-

anese Black cattle that have achieved the highest carcass

quality (A5), suggesting a genetic relationship between

Fig. 6. Structures of conjugated linoleic acid, oleic acid, and linoleic acid. Large filled circles are carbon, large shaded circles are

oxygen, and small shaded circles are hydrogen. Linoleic acid has two major kinks in its structure, so it has a lower melting point

than conjugated linloleic acid or oleic acid (Smith et al., 2004).
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Fig. 7. Melting points of lipids extracted from backfat of various species. Fat samples were obtained from pigs or pigs fed canola oil

(Can. Pigs); from grass-fed sheep; from grain-fed cattle; from corn-fed cattle; from cattle fed whole cottonseed (CS-fed) or pro-

tected CS (Prot. CS-fed), Japanese Black cattle, or Murray Grey cattle. The J. Black and M. Grey cattle were raised in Japan by

traditional practices, and the other animals were raised in Australia (Adapted from Smith et al., 1998).

Fig. 8. Grams of oleic acid per 100 grams of beef (longissimus muscle). Data were calculated from Brooks et al. (2011), Jung and

Choi (2015), May et al. (1993), Smith et al. (2009), Sturdivant et al. (1992), and unpublished data from the author’s laboratory.
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fatty acid composition and marbling.

This was confirmed by a study conducted at Texas

A&M University, in which Wagyu and Angus steers were

fed high-roughage diets for 550 d. The steers weighed

about 1,400 pounds at slaughter, but longissimus muscle

from the Wagyu steers had more oleic acid than muscle

from the Angus steers (Lunt et al., 1993; May et al., 1993).

Both long-fed groups of steers had more oleic acid greater

than typical Angus steers slaughtered at 18 mon of age,

but their content of oleic acid was far below that beef from

Japanese A5 cattle (Fig. 8).

There is very little information available to calculate

the oleic content of Hanwoo cattle. Jung and Choi (2003)

reported that the subcutaneous adipose tissue of Hanwoo

steers contained 47% oleic acid (as a percentage of total

fatty acids). We calculated total longissimus muscle oleic

acid from Kim et al. (2015). The longissimus muscle con-

tained 11% total extractable lipid and 48% of the lipid

was oleic acid, yielding approximately 5.5 grams of oleic

acid per 100 grams of muscle (Fig. 8). This amount of

oleic acid was similar to that seen in muscle of Angus

steers fed a corn-based finishing diet to 18 mon of age and

Akaushi steers fed a corn-based diet to 24 mon of age.

Also indicated in Fig. 8 are data from two sets of cattle

fed only pasture. Angus steers fed native Texas pasture to

USDA Choice quality grade contained less than 2 grams

of oleic acid per 100 grams of beef, as compared to the

corn-fed Angus steers, which contained over 6 grams of

oleic acid per 100 grams of beef. Beef from Akaushi (Ame-

rican Red Wagyu) cattle also contained approximately 5

grams of oleic acid per 100 grams of beef. The least

amount of oleic acid in beef was observed in Texas Long-

horn steers (1.8 grams of oleic acid) (Fig. 8), but these

cattle graded only USDA Select. These results confirm

our previous studies (e.g., Brooks et al., 2011; Gilmore et

al., 2011) that have demonstrated that feeding pasture-

based diets to Angus steers strongly depresses the amount

of oleic acid in beef.

Fatty acids and cardiovascular disease

Consumers in Japan and Korea now are expressing

concern that Wagyu and Hanwoo beef now contains too

much fat, which may lead to increased risk for cardiovas-

cular disease. Cardiovascular disease is the leading cause

of death in the U.S., and risk factors include plasma con-

centrations of total cholesterol and LDL-cholesterol. Rep-

orts linking dietary fat to serum lipid levels have often

been interpreted to mean that the general public, espe-

cially those at risk for cardiovascular disease, should con-

sume diets containing little or no red meat. Researchers

previously concluded that dietary SFA such as palmitic

acid elevate serum cholesterol concentrations, whereas

PUFA such as linoleic acid reduce serum cholesterol con-

centrations and MUFA have little or no effect (Keys et al.,

1965). The major MUFA in beef, oleic acid, has been stu-

died in more detail and found to lower LDL-cholesterol

and may increase the beneficial HDL-cholesterol (Grundy

et al., 1988; Kris-Etherton et al., 1999). By lowering LDL-

cholesterol and increasing HDL-cholesterol, MUFA, and

especially oleic acid, are heart-healthy options for dietary

fat. This effect is most convincing in studies in which nat-

ural foods were used to supplement diets with oleic acid,

such as beef (Adams et al., 2010; Gilmore et al., 2011;

Gilmore et al., 2013). Perhaps because of the prevalence

of oleic acid, some beef products have been shown to

decrease or have no effect on serum cholesterol in free-

living individuals (Smith et al., 2002).

Current U.S. dietary guidelines recommend consuming

less that 10% of total calories as saturated fats (Dietary

Guidelines, 2015), in addition to limiting the intake of

trans-fats. Ten percent of calories for a 2,000 kcal daily

intake (typical for U.S. women) would be 200 kcal, or 22

grams of total saturated fat. Based on current data for

U.S. ground beef, this is approximately twice as much

saturated fat in a 4-ounce (114 gram) ground beef patty

containing 24% total fat (Gilmore et al., 2011). This

amount of saturated fat is nearly four times the amount in

100 grams of Hanwoo beef (Kim et al., 2015). Thus, the

consumption of beef, even highly marbled beef, contrib-

utes very little to total saturated fat intake. Also, although

dietary SFA increase LDL cholesterol in some individu-

als, there is no strong evidence indicating that the small

increase in LDL concentrations observed in some studies

leads to an increase in mortality.

Based on data from four independent studies from our

laboratory, consumers directly replace fat calories with

calories from carbohydrates (Fig. 9). However, replacing

total fat or saturated fat with carbohydrates is not associ-

ated with reduced risk of cardiovascular disease (Dietary

Guidelines, 2015), and may have contributed to the inc-

rease in obesity observed in the U.S. over the last 50 years

(see Teicholz, 2014 for review).

Fatty acid composition of beef and risk

factors for cardiovascular disease

In recent years we demonstrated that high-oleic acid
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ground beef may reduce risk factors for cardiovascular

disease (Adams et al., 2010; Gilmore et al., 2011; Gilm-

ore et al., 2013). In our first study mildly hypercholester-

olemic men consumed ground beef that was especially

high in fat (34% total fat) (5 patties per week for 5 wk)

(Adams et al., 2010). The ground beef interventions either

were high in SFA and trans-fatty acids (low MUFA) or

high in MUFA and correspondingly low in SFA and

trans-fatty acids (high MUFA). The high MUFA ground

beef was formulated from fat trim from American Wagyu

cattle, whereas the low MUFA ground beef was formu-

lated from grass-fed cattle. The low MUFA ground beef

reduced HDL cholesterol concentrations and LDL parti-

cle size (an independent risk factor for cardiovascular dis-

ease), and increased plasma triacylglycerols (Adams et

al., 2010) (Fig. 10), effects that were not seen with the

high MUFA ground beef that incorporated high oleic acid

Wagyu fat trim. We conclude that some portion of the

population is sensitive to very high levels of dietary fat,

especially if it contains high concentrations of SFA and

trans-fatty acids.

When normocholesterolemic men consumed high

MUFA ground beef (24% total fat; 5 patties per week for

5 wk) formulated from long-fed, grain-fed steers, HDL-

cholesterol increased (Fig. 10) (Gilmore et al., 2011). Fur-

thermore, ground beef from the long-fed, grain-fed cattle

did not reduce LDL particle diameters. Therefore, increa-

sing oleic acid potentially increases the healthfulness of

beef. We also measured additional risk factors for cardio-

vascular disease, metabolic syndrome, and type II diabe-

tes (Gilmore et al., 2011). There was no effect of the

ground beef interventions on plasma triacylglycerols,

total cholesterol, or LDL cholesterol concentrations. The

Fig. 9. Dietary protein and carbohydrate intake (% energy)

as a function of fat intake.

Fig. 10. Changes in HDL cholesterol concentrations (HDL-C;

upper panel) and LDL particle diameters (lower pa-

nel) in mildly hypercholesterolic men (Hyper-C men,

n=10), normocholesterolemic men (Normo-C men, n

=27) and postmenopausal women (PM women, n=19).

In all three studies, participants consumed 5 115-g ground

beef patties/week for 5 wk. Fat content was held constant

within a study, and patties were formulated to be low

(grass-fed or chubpack) or high in total MUFA (grain-fed

for extended periods). Low MUFA ground beef decreased

HDL-C and LDL size in hypercholesterolemic men

(Adams et al., 2010) and LDL size was reduced in post-

menopausal women after consuming chubpack ground

beef (Gilmore et al., 2013). High MUFA ground beef

increased HDL-C in normocholesterolemic men (Gilm-

ore et al., 2011) and postmenopausal women (Gilmore et

al., 2013). *Indicates significant change from baseline

(habitual diets).
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ground beef interventions had no effect on LDL particle

diameters, but both ground beef interventions decreased

HDL
2
 and HDL

3
 particle diameters (Table 1). Both types

of ground beef reduced serum insulin, thereby reducing

risk for type II diabetes. Neither ground beef type inc-

reased hs-CRP, an important inflammatory marker associ-

ated with dysfunctional HDL particles. Thus, neither the

high MUFA nor the low MUFA ground beef interven-

tions of Gilmore et al. (2011) had negative effects on

measures of metabolic disease in men.

In postmenopausal women, ground beef from Akaushi

cattle (21% total fat, naturally enriched with oleic acid)

increased total HDL cholesterol concentrations and also

increased beneficial HDL
2b
 cholesterol concentrations

(Gilmore et al., 2013). These effects were not observed in

women who consumed conventional ground beef, which

contained more SFA and trans-fatty acids. In none of these

studies did the ground beef interventions increase body

weight, percentage body fat, or LDL cholesterol.

For these reasons, beef cattle should be produced in

such a manner as to increase oleic acid and concomitantly

decrease saturated fatty acids in beef. Current production

systems in Korea and Japan, and to some extent in the

U.S., that incorporate a grain-based, finishing ration

strongly promote the enrichment of beef with oleic acid.

Total fat and oleic acid intake

How do total fat and oleic acid intakes from highly

marbled beef compare to fat and oleic acid intake from

ground beef? In the studies of Adams et al. (2010), Gilm-

ore et al. (2011), and Gilmore et al. (2013), participants

consumed 114-gram, ground beef patties containing 34,

24, and 21% total fat, respectively. Thus, during each

study, participants consumed 39, 27, and 24 grams per

patty, 5 patties per week for 5 wk. This is an extraordi-

nary consumption of beef fat, yet only for hypercholester-

olemic men consuming the highest level of total fat, SFA,

and trans-fatty acids (Adams et al., 2010) were any neg-

ative effects of the ground beef interventions observed.

In all studies, the high MUFA ground beef interven-

tions either had no effect (Adams et al., 2010) or reduced

risk factors for cardiovascular disease and type II diabetes

(Gilmore et al., 2011, 2013). In each of the dietary inter-

vention studies, participants consuming the high MUFA

ground beef consumed 2 grams per patty more oleic acid

than participants consuming the low MUFA patties (Fig.

11). The amount of oleic acid in the 34% ground beef

patty was similar to the amount of total fat and oleic acid

in 100 grams of beef from Japanese Black and American

Wagyu steers (Fig. 8). The amount of oleic acid in the

21% fat ground beef was nearly twice the amount of oleic

acid in Hanwoo beef. Because we have demonstrated that

high oleic acid beef can increase HDL cholesterol in men

and women, then any production practice that increases

oleic acid (such as grain feeding for extended periods)

will increase the healthfulness of beef.

Summary

Increasing the amount of oleic acid in beef improves

palatability, primarily by lowering the melting points of

Table 1. Ground beef intervention main effects for plasma values of men rotated through ground beef types that were low in

MUFA or high in MUFA1

Item Baseline Low MUFA High MUFA Treatment effect

Glucose, mmol/L 5.06±0.04 5.06±0.06 5.06±0.08 0.56

Triacylglycerol, mmol/L 1.28±0.06 1.25±0.11 1.22±0.12 0.15

Total cholesterol, mmol/L 4.73±0.10 4.64±0.16 4.76±0.18 0.62

LDL-cholesterol, mmol/L 3.04±0.09 2.95±0.14 3.01±0.17 0.19

HDL-cholesterol, mmol/L 1.17±0.02 1.20±0.04 1.24±0.05* 0.02

LDL-cholesterol:HDL-cholesterol 2.72±0.01 2.57±0.19 2.54±0.18* 0.01

Insulin, pmol/L 42.70±4.80 32.20±5.30* 30.90±5.00* 0.03

hs-CRP, mg/L 1.74±0.39 1.98±0.50 2.00±0.55 0.53

LDL particle diameter, nm 26.03±0.17 26.23±0.18 26.27±0.20 0.29

HDL
2
 particle diameter, nm 11.43±0.10 11.18±0.09* 11.15±0.12* 0.04

HDL
3
 particle diameter, nm 9.29±0.04 9.10±0.06* 9.14±0.60* 0.001

1Data are means±SE for 54 baseline values, 27 final values for each ground beef type, and 54 final values for the combined ground beef

types. *Different from control, p<0.05.
2Total plasma fatty acid concentrations were 452 (baseline), 481 (low MUFA) and 474 µmol/L (high MUFA); concentrations were not

different, p=0.15.
3Sum of 18:1(trans-9) plus 18:1(trans-11). (Gilmore et al., 2011).
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lipids in beef. Human trials also have indicated that even

beef high in total fat does not increase LDL cholesterol or

obesity. Finally, ground beef high in oleic acid consistently

increases (or does not decrease) HDL cholesterol.
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