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SUMMARY 

The fat ty acid composit ion of bovine intra- 
musclular and subcutaneous lipids were deter- 
mined from fat samples obtained from steers 
and heifers that  received three dietary treatments 
consisting of fescue grass and grai n. Cooked 
samples from the longissimus muscle were evalu- 
ated by a sensory panel. Both intramuscular 
and subcutaneous fat from grass-fed animals 
contained more saturated fat ty acids, palmitic 
and stearic, and less unsaturated fat ty acids, 
primarily oleic, than did fat from animals that 
received a grain diet. Subcutaneous fat contained 
more palmitic and oleic acids and less linoleic, 
linolenic, l l-eicosenoic and arachidonic than 
intramuscular fat. Fat from steer carcasses con- 
tained more linoleic and arachidonic than fat 
from heifer carcasses. Sensory panel scores 
were negatively associated with total  saturated 
fatty acids, mainly stearic and palmitic which 
were highest in grass-fed animals, and positively 
associated with total  unsaturated fat ty acids, 
due mainly to the higher levels of oleic of grain- 
fed animals. 
(Key Words: Fat ty  Acids, Bovine Lipids, Beef 
Quality.) 

INTRODUCTION 

Studies have been conducted which show 
that fat ty acid composit ion of bovine fat is 
influenced by dietary regimen (Sumida et al., 
1972; Rumsey et al., 1972; Skel leye ta l . ,  1973), 
sex (Waldman et al., 1968), breed (Rumsey 
et aL, 1972), and season of  the year (Link etal.,  
1970). Other studies have been conducted to 
determine palatabili ty of beef as influenced by 
fatty acid compositon of muscles from animals 

1Contribution from Missouri Agricultural Experi- 
ment Station. Journal Series No. 8213 Apparoved by 
the Director. 

fed a "feedlot  rat ion" (Dryden and Marchello, 
1970; Waldman et al., 1968). 

The objectives of the present study were to 
determine the effects of grass and grain diets 
on the fat ty acid composit ion of intramuscular 
and subcutaneous fat of steers and heifers and 
to determine the relationships between fat ty 
acid composit ion of these depots and sensory 
panel scores. 

MATERIALS AND METHODS 

Fifty-four steers and heifers, predominantly 
Herefords, were assigned to three dietary treat- 
ments. The 18 animals in each group consisted 
of nine steers and nine heifers. All animals were 
grazed on predominantly fescue grass for 180 
days. One group of  animals was slaughtered and 
the remaining two groups were placed on full- 
feed under drylot  conditions. The diet consisted 
of  15% cottonseed hulls (IRN 1-01-599), 82.4% 
corn (IRN 4-02-992), 1.04% urea (IRN 5-05-070) 
and 1.56% vitamin and mineral supplement. 
One group received this diet for 56 days, and 
the other group for 112 days. Live animal and 
carcass characteristics of the animals are pre- 
sented in table 1. 

After slaughter the carcasses were held at 2 
to 3 C for 10 days. Samples of  longissimus mus- 
cle and the subcutanious fat (composite of 
inner and outer layers) dorsal to the muscle 
(2nd to 3rd lumbar vertebrae) were obtained 
from the shortloins 10 days postslaughter. The 
lean tissues were finely ground and the fat 
tissue was finely chopped and lipids extracted 
with anhydrous ether from these samples as 
prescribed by AOAC (1975). Fa t ty  acids were 
determined as methyl esters by the gas-liquid 
chromatographic procedure of Gerhardt and 
Gehrke (1977). 

Boneless rib roasts (gth to 12th thoracic 
vertebrae) were prepared from the right side 
of each carcass, frozen and stored at - 1 8  C for 
2 to 4 months. When the roasts were removed 
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TABLE 1. MEAN LIVE ANIMAL AND CARCASS CHARACTERISTICS OF STEERS AND HEIFERS 

Fat 
Age a t  Live thickness 

Dietary slaughter, weight, 12th rib, Marbling Quality 
treatment days kg cm score grade 

Yield 
grade 

Group 1, 
Fescue pasture 180 days 643 282 .25 3.8 3.7 1.5 
Group 2, 
Fescue pasture 180 days 

and 56 days grain 690 344 .45 8.6 7.2 2.0 
Group 3, 
Fescue pasture 180 days 

and 112 days grain 754 420 .81 12.2 8.7 2.2 

aMarbling score of practically devoid = 5, traces- = 7,, traces + -- 9, et cetera. 

bQuality grade of 4 = Standard-, 7 = Good-, 8 = Good +, et cetera. 

f r om f rozen  s torage they  were al lowed to  t h a w  
for  2 days at 2 C and  t h e n  roas ted  at  163 C in 
a gas hea ted  oven to an in te rna l  t e m p e r a t u r e  
of  70 C. U p o n  reaching the  desired in te rna l  
t e m p e r a t u r e  the  roasts  were r emoved  f rom the  
oven and  al lowed to  s tand at r o o m  t e m p e r a t u r e  
for  a p p r o x i m a t e l y  15 minutes .  A slice was re- 
m o v e d  f rom the  caudal  end  o f  the  roas ts  in 
o rde r  to  r emove  the  b r o w n e d  surface.  Samples  
(1.2 cm cubes)  were r em oved  f rom the  longissi- 
m u s  muscle  and  served to  an exper i enced  eight-  
m e m b e r  sensory  panel.  Panel is ts  scored the  
samples  for  flavor,  ju ic iness  and  t enderness  
using a s ix-point  hedon i c  scale (very des i rable  
= 6, to  very undes i rab le  = 1). 

An anlaysis  of  var iance for  t he  e f fec t  o f  repli-  
ca t ion,  sex, m a n a g e m e n t  and  sex x m a n a g e m e n t  
was d o n e  fo l lowing the  p rocedu re  descr ibed in 
Snedecor  and  Cochran  (1967) .  Means  were sepa- 
ra ted using D u n c a n ' s  new mul t ip l e  Range  Test  
(1955) .  

RESULTS AND DISCUSSION 

Data in tab le  2 i l lus t ra te  t he  percentages  of  
f a t t y  acids in s u b c u t a n e o u s  and  in t r amuscu la r  
fat.  These  da ta  represen t  t he  c o m b i n e d  means  
of  b o t h  sexes f rom t he  th ree  groups.  Subcuta-  
neous  fa t  c o n t a i n e d  more  ( P < . 0 5 )  pa lmi t ic  and  
oleic and  less l inoleic,  l inolenic,  l l - e i c o s e n o i c  
and  a rach idon ic  acids t h a n  in t r amuscu la r  fat.  
However,  no  s igni f icant  d i f f e rence  exis ted be- 
tween  t he  two  fat  d e p o t s  for  to ta l  sa tu ra ted  or 
t o t a l  u n s a t u r a t e d  f a t t y  acids. 

Wa ldman  et al. (1968)  r epo r t ed  t h a t  longissi- 
mus  i n t r amuscu la r  fat  c o n t a i n e d  more  s t aura ted  

TABLE 2. PERCENTAGES OF FATTY ACIDS 
IN SUBCUTANEOUS AND INTRAMUSCULAR 

FAT DEPOSITS OF STEERS AND HEIFERS 

Fatty acid Subcutaneous Intramuscular 

C16:0 28.35 a 27.51 b 
C16:1 4.84 5.12 
C18:0 16.69 17.08 
C18:1 46.77 a 42.89 b 
C18:2 2.97 a 5.30 b 
C18:3 .02 a .55 b 
C20:1 .38 a 1.39 b 
C20:2 .00 .01 
C20:3 .00 .002 
C20:4 .00 a .16 b 
Total saturated 45.03 44.59 
Total unsaturated 54.98 55.43 

a'bMeans on the same line bearing different super- 
scripts are different (P<.05). 

f a t ty  acids t h a n  s u b c u t a n e o u s  fat  and  t he  differ-  
ence  was due  main ly  to a r ep l acemen t  of  oleic 
by  s tear ic  and to  a lesser e x t e n t  b y  a decrease  
o f  pa lmi to le ic  in the  i n t r amuscu l a r  depots .  Al- 
t h o u g h  the re  were no  d i f fe rences  in t o t a l  satu- 
ra ted or u n s a t u r a t e d  f a t t y  acids b e t w e e n  sub- 
cu t aneous  and  i n t r amuscu l a r  depo t s  in the  pre- 
sent  s t udy  the re  was less oleic in i n t r amuscu la r  
t h a n  in s u b c u t a n e o u s  fat.  

The  c o m b i n e d  means  of  f a t t y  acids in sub- 
c u t a n e o u s  and  in t r amuscu la r  fat  and  those  of  
t he  th ree  d ie ta ry  m a n a g e m e n t  groups  of  steers 
and  heifers  are p resen ted  in tab le  3. Fa t  f rom 
steers had  more  ( P < . 0 5 )  l inoleic and  a rach idon ic  
acids t h a n  did  fat  f r om heifers.  No d i f fe rences  
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TABLE 3. PERCENTAGES OF FATTY ACIDS 
IN COMBINED SUBCUTANEOUS AND 

INTRAMUSCULAR FAT DEPOSITS 
OF STEERS AND HEIFERS 

Fatty acid Steer Heifer 

C16:0 28.06 27.79 
C16:1 5.04 4.91 
C18:0 16.72 17.04 
C18:1 44.28 45.39 
C18:2 4.58 a 3.69 b 
C18:3 .29 .27 
C20:1 .89 .88 
C20:2 .002 .01 
C20.- 3 .002 .00 
C20:4 .14 a .02 b 
Total saturated 44.79 44.84 
Total unsaturated 55.23 55.18 

a'bMeans within the same line bearing different 
superscripts are different (P<.05). 

were observed  b e t w e e n  t he  two  sexes in t o t a l  
percen tages  o f  sa tu ra ted  and  u n s a t u r a t e d  f a t t y  
acids. 

The  da ta  of  Waldman  et  al. (1968)  ind ica ted  
t h a t  fa t  depos i t s  of  s teers  were h igher  in pa lmi t i c  
and  s tear ic  and  lower  in oleic acids t h a n  those  o f  
heifers.  In t he  p resen t  s tudy ,  steers had  sl ightly 
less s tear ic  and  oleic acids t h a n  heifers.  

The  percen tages  of  f a t t y  acids of  subcu ta -  
neous  and  i n t r amuscu l a r  fa t  for  each  manage-  
m e n t  g roup  are p resen ted  in t ab le  4. Tota l  satu- 
ra ted f a t t y  acids decreased  (P< .05) f rom manage-  

m e n t  g roup  1 to  g roup  3 for  b o t h  s u b c u t a n e o u s  
and  in t r amuscu la r  fat .  In con t ras t ,  t h e  percen t -  
age of  to ta l  unsa tu r a t ed  f a t t y  acids increased 
(P< .05 )  in b o t h  s u b c u t a n e o u s  and  in t r amuscu la r  
deposi ts .  Palmit ic  and  stearic  acids were p resen t  
in b o t h  fat  depos i t s  in grea ter  ( P < . 0 5 ) p e r c e n t -  
ages in g roup  1 t h a n  in g roup  3. For  subcu ta -  
neous  and  in t r amuscu la r  fat ,  t h e  increased to t a l  
unsa tu ra t e s  b e t w e e n  m a n a g e m e n t  g roups  was 
due  main ly  to high ( P < . 0 5 )  percentages  o f  oleic 
acid in groups  2 and  3 t han  in g roup  1. Linoleic  

increased in t h e  s u b c u t a n e o u s  fa t  and  decreased  
in in t r amuscu la r  fa t  f r om group  1 to g roups  2 
and  3. Essent ial ly  no  l inolenic  was p resen t  in 
s u b c u t a n e o u s  fat,  b u t  was present  in in t ramus-  
cular  fat  and  decreased in pe rcen tage  f rom 
group  1 to  g roups  2 and  3. The  percen tage  of  
l l - e icoseno ic  decreased in s u b c u t a n e o u s  fat  
f r om group  1 to  groups  2 and  3 and  did no t  
s ignif icant ly  change in i n t r amuscu l a r  fat.  Arachi-  
don ic  was no t  p resen t  in s u b c u t a n e o u s  b u t  was 
p resen t  in i n t r amuscu la r  and  decreased f r o m  
group 1 to groups  2 and  3. Ci4 acids were 
de t ec t ab l e  in s u b c u t a n e o u s  and  in t r amuscu la r  
depo t s  b u t  were a very small  p r o p r o t i o n  of  the  
to ta l  f a t ty  acids in the  fa t  d e p o t s  in this  s tudy .  

The  d i f ferences  in f a t t y  acid c o m p o s i t i o n  
observed  in the  p resen t  s t udy  a t t r i b u t a b l e  to  
d ie t  are in a g r e e m e n t  wi th  t he  r epo r t  o f  R u m s e y  
et aL (1972) .  These  s tudies  show t h a t  ca t t le  fed 
forage diets  have more  sa tu ra ted  f a t t y  acids in 
the i r  fat  t h a n  ca t t le  fed a c o n c e n t r a t e  diet.  

Sensory  panel  eva lua t ions  revealed no  differ-  
ences  in flavor,  ju ic iness  and  t ende rness  b e t w e e n  

TABLE 4. PERCENTAGES OF FATTY ACIDS IN SUBCUTANEOUS AND 
INTRAMUSCULAR FAT DEPOSITS AS RELATED TO MANAGEMENT GROUP 

Subcutaneous a Intramuscular a 

Fatty acid Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 

C16:0 30.22 b 27.59 cd 27.23 cd 28.40 c 27-36 cd 26.76d 
C16:1 4.96 4.63 4.92 5.37 4.79 5.18 
ClS:O 20.18 b 15.67 cd 14.21 e 20.26 b 16-47c 14-52de 
C18:1 41.34 b 48.91cd 50.07 c 36.76 e 44.79 f 47.13 df 
C18:2 2.19 b 3.23 c 3.48 cd 6.35 e 5.16 f 4.39 cf 
C18:3 .00 b .00 b .06 b .79 c .52 d .33 d 
C20:1 1.11 b .00 c .03 c 1.69 b .84 bc 1.64 b 
C20:4 .00 b .00 b .00 b .37 c .06 b .06 b 
Total saturated 50.41 b 43.26 c 41.44 d 48.66 b 43.83 c 41.28 d 
Total  unsaturated 49.61 e 56.77 cd 58.56 bc 51.33 e 56.21 d 58.74 b 

acombined means of heifers and steers. 

b'c'd'e'fMeans within the same line bearing different superscripts are different (P<.05). 
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steers and heifers (table 5). The panelists scored 
meat from animals fed fescue (Group 1) less 
desirable in flavor than meat from animals fed 
concentrate diets (Groups 2 and 3). Also, meat 
from animals fed the concentrate diet for 112 
days (Group 3) was more desirable in flavor than 
animals fed the concentrate diet for 56 days 
(Group 2). The less desirable flavor of meat 
from forage-fed animals compared to the con- 
centrate-fed animals is in agreement with reports 
presented at the Southern Regional Forage-Fed 
Beef Research Workshop (Stuedemann et al., 
1975). No significant differences were observed 
for juiciness or tenderness among the three 
groups by the panelists, except that meat from 
group 2 steers was less juicy than that of group 
3 steers. 

The increase in flavor scores from group 1 to 
groups 2 and 3 parallels the increase in marbling 
scores (table 1). In reviews of meat palatability, 
Blumer (1963) and Pearson (1966) concluded 
that degree of marbling in beef had little or no 
effect on tenderness, but that increases in marbl- 
ing did imporve flavor and juiciness. 

Correlations for sensory scores with the per- 
centages of fatty acids in intramuscular and 
subcutaneous fat are presented in table 6. The 
percentages of total saturated fatty acids in both 
fat deposits were negatively associated (P<.O1) 
with flavor scores, but not significantly associ- 
ated with juiciness or tenderness scores. Percent- 
ages of total saturates were highest in the pasture- 
fed group 1 and lowest in the high concentrate 
group 3 (table 4). The data suggest that stearic 
and palmitic acids had a negative effect on flavor 
and oleic had a positive effect on flavor. These 
relationships existed for both intramuscular and 
subcutaneous deposits, even though subcuta- 
neous fat samples per se were not included in 
the samples given the panelists. Dryden and 
Marchello (1970) also observed a negative rela- 
tionship between palmitic acid and overall 
palatability of bovine longissimus muscle. 

A negative correlation (P<.01) was noted 
between the percentage of linoleic of intra- 
muscular fat and flavor scores. Percentage of 
linoleic acid in intramuscular fat decreased 
more from group 1 to group 3 than in the sub- 
cutaneous fat (table 4). 
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