
151

Effects of feeding management and breed 
type on muscle chemical composition and 
relationships between carcass and muscle 

compositional traits in steers

M.G. Keane† and A.P. Moloney
Teagasc Grange Beef Research Centre, Dunsany, Co. Meath, Ireland

There is little published information on the chemical composition of muscle from beef 
steers produced in Irish production systems. The objective of this study was to determine 
the effects of feeding management and breed type on m. longissimus chemical composition 
of steers, and to examine relationships between selected carcass traits and measures of 
carcass and muscle composition. A total of 117 steers (65 Friesians and 52 Charolais × 
Friesians) were assigned on weight within breed type to a pre-experimental slaughter 
group and to one of 12 finishing groups (6 feeding treatments by 2 finishing periods). The 
6 feeding treatments were: (1) silage only offered ad libitum (SO), (2) and (3) SO plus 
a low concentrate level, (4) and (5) SO plus a high concentrate level, (6) concentrates 
ad libitum. In Treatments 2 and 4, the silage and concentrates were offered separately 
whereas in Treatments 3 and 5 they were offered as a total mixed ration (TMR). The 
two finishing periods were 105 and 175 days. Mean low, high and ad libitum concentrate 
levels were proportionately 0.415, 0.732 and 0.927, respectively, of daily dry matter intake. 
Carcass weight, fat depth, fat proportion in the rib joint and m. longissimus lipid concen-
tration all increased (P < 0.01) asymptotically with increasing concentrate level. Carcass 
fat class (P < 0.07), perinephric plus retroperitoneal fat weight (P < 0.001), fat depth 
(P < 0.06), fat proportion in the rib joint (P < 0.001) and m. longissimus lipid concentra-
tion (P < 0.001) were higher for Friesians than for Charolais crosses. Carcass weight 
increased (P < 0.001) with increased duration of the finishing period, as did carcass fat 
class (P < 0.06), fat proportion in the rib joint (P < 0.001) and m. longissimus lipid con-
centration (P < 0.001). Method of feeding had no effect on any of the traits measured. 
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Introduction
The effects and importance of feeding 
level, method of feeding (feeds offered 
as discrete ingredients or as a total mixed 
ration (TMR)) and duration of the finish-
ing period have recently been reported 
for Irish beef production systems (Caplis 
et al., 2005; Keane, Drennan and Moloney, 
2006) but data on muscle chemical compo-
sition were not included. A knowledge 
of the chemical composition of muscle is 
important in assessing its nutritive value 
and its role in the human diet. If the fat 
concentration is too high it may pre-
dispose to cardiovascular disease (Kijora 
et al., 2004) but if it is too low organolep-
tic properties, which are associated with 
the proportion of fat, may be impaired 
(Romans, Tuma and Tucker, 1965).

It is widely accepted that the chemical 
composition of carcass tissues is related 
to the proportions of these tissues in the 
carcass, but the relationships may vary 
with feeding level, breed type or slaughter 
end point. Some reports suggest that when 
the plane of nutrition is altered the growth 
of fat is altered to a greater extent than 
that of other tissues (Geay and Robelin, 
1979; Robelin and Daenicke, 1980), but 
other reports argue that any effects of 
nutrition are largely a reflection of its 
effects on carcass weight (Prior et al., 1977; 
Fortin et al., 1980). The possibility that 
nutritional effects are mediated through 
carcass weight is not supported by the 
findings of Binder et al. (1986) or Thenard 
et al. (2006). The former observed that at 
similar carcass weights, all measures of 
fatness were higher for animals fed a grain 
rather than a forage diet while Thenard 
et al. (2006) reported that steers on a 
predominantly forage system had lower 
levels of fatness, even though they had 
heavier carcasses, than steers on more 
intensive systems. As it is not always pos-
sible or practical to slaughter cattle from 

different feeding or production systems 
at the same carcass weight, it is best to 
use serial slaughter when studying the 
carcass and tissue growth patterns of vari-
ous breed types in different production 
systems (Berg, Andersen and Liboriussen, 
1978; Jones, Price and Berg, 1978a,b). 

Interactions between feeding level and 
breed type for carcass fatness traits have 
been reported. Fortin et al. (1981) observed 
a difference between Holstein and Angus 
cattle for the effects of feed energy level 
on fat distribution; Angus cattle had more 
internal and intramuscular fat at the high-
er, but not at the lower, energy intake. 
Similarly, Thenard et al. (2006) observed 
differences between Montbeliarde and 
Holstein steers on different production 
systems. Holstein steers had a significantly 
lower muscle lipid concentration on an 
extensive than on an intensive production 
system whereas there was no effect in 
Montbeliarde steers.

Measurement of both carcass composi-
tion and muscle chemical composition are 
costly and involve a time delay after slaugh-
ter. Accordingly, it would be of consider-
able practical benefit if important carcass 
and tissue compositional traits could be 
predicted from routinely recorded slaugh-
ter traits, such as carcass weight and carcass 
fat class. Relationships between compo-
sitional traits and carcass weight would 
likely only apply within breed because of 
the differences between breeds in the rela-
tive growth rates of carcass tissues (Keane 
et al., 1990). Relationships between carcass 
fat class and muscle lipid concentration 
might apply across breeds however, because 
there are only minor differences between 
breeds in the growth coefficients for the 
different fat depots (Fortin et al., 1981). 

The objectives of this study were (i) to 
determine the effects of feeding level 
(varying concentrate and grass silage pro-
portions), feeding method (feeds offered 
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separately or as a total mixed ration 
(TMR)), breed type (Friesian or Charolais 
× Friesian) and duration of the finishing 
period on m. longissimus chemical com-
position of steers, (ii) to describe the 
relationships between carcass weight 
and carcass fat class, which are routinely 
measured at slaughter, and carcass and 
muscle composition, which are costly to 
measure and involve a time delay, and 
(iii) to describe the relationships between 
m. longissimus lipid concentration and m. 
longissimus moisture and protein concen-
trations with a view to predicting m. longis-
simus composition from measurement of 
lipid concentration.

Materials and Methods
The experiment from which the present 
data were derived has been described 
previously (Keane et al., 2006). Briefly 65 
Friesian (FR) and 52 Charolais × Friesian 
(CH) 19-month-old finishing steers, which 
had been managed together from shortly 
after birth, were assigned on live weight 
within breed type, to a pre-experimental 
slaughter group or to one of 12 finishing 
groups. The pre-experimental group was 
slaughtered the following day. The 12 
finishing groups were assigned in a 6 × 2 
factorial design to 6 feeding treatments 
× 2 durations of finishing. The 6 feeding 
treatments were designed to cover the 
entire range of concentrate to silage ratios 
from zero to ad libitum concentrates. The 
treatments were:

1.  Grass silage only, offered ad libitum 
(SO).

2.  SO plus a low level of supplemen-
tary concentrates offered separately 
(LS).

3.  SO plus a low level of supplemen-
tary concentrates offered as a TMR 
(LM).

4.  SO plus a high level of supplementary 
concentrates offered separately (HS).

5.  SO plus a high level of supplemen-
tary concentrates offered as a TMR 
(HM).

6.  Concentrates offered ad libitum with 
restricted silage (AL).

The two durations of finishing were 105 
(S) and 175 (L) days.

The concentrate composition (kg/t) was: 
rolled barley 870, soya bean meal 67.5, 
molasses 47.5 and mineral/vitamin premix 
15. The DM concentration of the silage was 
198 g/kg and the mean composition (g/kg) 
of the silage DM was crude protein 143 and 
in vitro digestibility 698. The pH was 3.9.

Target low, high and ad libitum concen-
trate proportions were 0.375, 0.750 and 
0.900 of daily dry matter (DM) intake, 
respectively. The corresponding actual 
proportions were 0.415, 0.732 and 0.927.

After slaughter, cold carcass weight 
was estimated as 0.98 of hot carcass 
weight. Carcasses were graded for con-
formation and fatness (Commission 
of the European Communities, 1982), 
and perinephric plus retroperitoneal fat 
weight was recorded. The right side of 
each carcass was quartered at the 10th rib 
and fat depth was measured. A rib joint 
(ribs 6 to 10) was removed and separated 
into subcutaneous fat, intermuscular fat, 
m. longissimus, other muscle and bone 
(including ligamentum nuchae). A sample 
of m. longissimus was frozen and later 
chemically analysed for the concentration 
of moisture, protein and lipid. Lipid and 
moisture concentrations were determined 
using an integrated microwave moisture 
and methylene chloride fat extraction 
method (Bostian et al., 1985) on a CEM 
moisture/solids analyser. Protein concen-
tration was determined by the method 
of Sweeney and Rexroad (1987) using a 
LECO protein analyser.
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Statistical analysis
The data were statistically analysed using 
the general linear model procedure of the 
Statistical Analysis Systems Institute (SAS, 
1996). The initial model had terms for 
block, feeding treatment, breed, duration 
of finishing period and all relevant inter-
actions. As none of the interactions were 
significant for the data reported here, the 
final model had terms for block, feeding 
treatment, breed and duration of finishing 
only. The differences among the feeding 
treatments were partitioned, using ortho-
gonal contrasts, into the linear, quadratic 
and cubic effects of concentrate level, the 
effect of feeding method (separate feeds 
or TMR) and the interaction between 
feeding method and level of concentrates. 
As the cubic effect of concentrate level 
was not significant it is not reported. Using 
the data from the pre-slaughter group and 
the 6 finished groups, rib joint tissue pro-
portions and muscle chemical constituents 
were linearly regressed on carcass weight 
and on carcass fat class both within breed 
and overall. Muscle moisture and protein 
concentrations were linearly regressed on 
muscle lipid concentration. The data are 
presented as means for the pre-slaughter 
group, the six feeding treatments, the 
two breed types and the two finishing 
periods with significance levels indicated. 
The linear regressions are presented for 
the overall data set and for the two breed 
types separately.

Results
Selected slaughter and rib joint compo-
sitional traits, together with m. longis-
simus chemical composition are shown in 
Table 1. Initial live weight was similar 
for the pre-slaughter group, the six feed-
ing treatment groups and the two finish-
ing period groups, but CH were heavier 
(P < 0.001) than FR. At slaughter, L was 

heavier (P < 0.001) than S as designed. 
There were significant (P < 0.001) linear 
and quadratic effects of concentrate level 
on slaughter weight but there were no sig-
nificant effects of feeding method or breed 
type and there was no evidence for any 
interaction between feeding method and 
level of concentrates for any trait. There 
was a significant (P < 0.001) linear effect 
of concentrate level on kill-out proportion 
which was greater (P < 0.001) for CH than 
FR, and for L than S. Both the linear and 
quadratic effects of concentrate level were 
significant (P < 0.001) for carcass weight, 
which was greater (P < 0.001) for CH than 
FR, and for L than S. There was no effect 
of feeding method on carcass weight.

Carcass fat class, perinephric plus ret-
roperitoneal fat weight, and fat depth all 
increased (P < 0.001) asymptotically with 
increasing concentrate level. The breed 
type (P < 0.07) and duration of finish-
ing (P < 0.06) effects on carcass fat class 
were close to significance but there was 
no method of feeding effect. There were 
significant (P < 0.01) linear and quadratic 
effects of concentrate level on the total 
fat and bone proportions in the rib joint, 
and a significant (P < 0.05) linear effect 
on total muscle proportion. The breed 
type effect was significant (P < 0.001) for 
total fat, muscle and bone proportions and 
the duration of finishing effect was signifi-
cant (P < 0.001) for total fat and muscle 
proportions. Concentrate level had sig-
nificant linear (P < 0.001) and quadratic 
(P < 0.05) effects on moisture, protein 
and lipid concentrations in the m. longis-
simus. There were also breed type and 
duration of finishing effects for moisture 
and lipid concentrations, with moisture 
concentration higher (P < 0.001) and lipid 
concentration lower (P < 0.001) for CH 
than FR, and for S than L. 

Regressions of selected variables on 
carcass weight, carcass fat class and 
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m. longissimus lipid concentration for the 
breed types separately and overall are 
shown in Table 2. While most relationships 
were highly significant, the correspond-
ing R2 values tended to be low. For the 
overall data set, carcass weight was mod-
erately predictive of kill-out proportion, 
carcass conformation class, carcass fat 
class and perinephric plus retroperitoneal 
fat weight. Fatness traits were more closely 
related to carcass weight for FR than for 
CH but the opposite was observed for 
kill-out proportion. Carcass weight was 
generally a better predictor of rib joint 
composition for FR than for CH, and 
m. longissimus composition, particularly 
moisture and lipid concentrations, were 
more closely related to carcass weight for 
FR than for CH.

Carcass fat class was a better predictor 
of perinephric plus retroperitoneal fat 
weight, the proportions of fat, muscle and 
bone in the rib joint, and of m. longissimus 
moisture concentration, for FR than CH. 
However, it was a better predictor of m. 
longissimus lipid concentration for CH. M. 
longissimus lipid concentration was closely 
related to m. longissimus moisture concen-
tration for both breed types and overall, 
but m. longissimus lipid concentration was 
poorly related to protein concentration.

Discussion
The present results are best evaluated 
alongside those published previously 
(Keane et al., 2006). The similarity in 
kill-out proportion for the pre-slaughter 
and silage only groups would have been 
expected from the low live-weight gains 
of the latter during the finishing period, 
as kill-out proportion is low when feeding 
level and growth rate are low (Kempster, 
1992). However, other than subcutaneous 
fat which was similar, all measures of fat-
ness were higher for the silage only group 

than for the pre-slaughter group indicat-
ing that some fat deposition occurs even 
at a low rate of gain. 

As CH were heavier than the FR initial-
ly, and usually grow faster (More O’Ferrall 
and Keane, 1990; McGee et al., 2005), a 
difference in slaughter weight would be 
expected. However, higher finishing gains 
for Friesians compared with Charolais 
crosses have been observed previously 
(Keane, 1998). Despite the similar slaugh-
ter weights for the two breed types, CH 
had heavier carcasses due to their higher 
kill-out proportion. This superiority of 
CH for kill-out proportion supports ear-
lier findings (More O’Ferrall and Keane, 
1990; McGee et al., 2005). 

The tendency towards a higher carcass 
fat class and greater fat depth in CH 
is contrary to reports in the literature 
(More O’Ferrall and Keane, 1990; McGee 
et al., 2005), but the lower perinephric 
plus retroperitoneal fat weight of CH is 
in agreement with previous results (More 
O’Ferrall and Keane, 1990; Keane, 1998; 
McGee et al., 2005). The lower fat and 
bone proportions and greater muscle pro-
portion in the rib joint of CH are also in 
agreement with previous findings (More 
O’Ferrall and Keane, 1990; Keane, 1998; 
McGee et al., 2005).

The increase in muscle moisture con-
centration and the decrease in lipid con-
centration with increasing feeding level 
has been reported previously (Robelin 
and Daenicke, 1980), as has the negligible 
effect of feeding level on muscle pro-
tein concentration (Keane et al., 1991). 
Taken together with the negligible effects 
of breed type and duration of finishing 
on protein concentration, the data indi-
cate that muscle protein concentration is 
largely unaffected by production factors 
such as nutrition level, breed type and 
slaughter weight. The absence of a breed 
effect on muscle protein concentration, 
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and the higher moisture concentration in 
CH, are in agreement with previous find-
ings (Keane et al., 1991), while the lower 
lipid concentration for CH has also been 
reported previously (Keane et al., 2001). 
The effect of the longer finishing period 
on muscle lipid concentration supports the 
findings of Hessle, Nadeau and Johnsson 
(2006) in that animals finished for longer 
had higher marbling. Generally, the chang-
es in m. longissimus chemical composition 
observed here support the conclusions 
of Robelin and Tulloh (1992) who stated 
that after a certain live weight, the protein 
concentration of muscle remains relatively 
stable whereas the lipid concentration 
increases and the moisture concentration 
decreases with increasing weight.

The rather poor relationship between 
carcass weight and kill-out proportion, 
even within breed type, may have been due 
to differences in gut contents and inaccu-
racies in the measurement of slaughter 
weight, one of the components of kill-out 
proportion. Kempster (1992) drew atten-
tion to the possibility of such inaccuracies 
arising from variation among individuals 
in the diurnal pattern of defecation. This 
is exacerbated when there are large dif-
ferences between feeding levels and feed 
types as in the present study. Relationships 
involving carcass conformation and fat 
class were probably affected by the rela-
tively narrow ranges of these in the data 
set. The overwhelming majority of carcass-
es fell into two conformation classes (O 
and R, numerical values 2 and 3), and into 
the fat classes 3 and 4L (numerical values 
3.0 and 3.7). The fact that the majority of 
carcasses were contained in two fat classes 
and two conformation classes, and that in 
each case one of the two classes accounted 
for a very high proportion of the carcasses, 
means that correlations between these 
traits and continuously distributed traits 
(like carcass weight) will be low.

Since the relationship between carcass 
weight and composition differs with breed 
(Geay and Robelin, 1979), the different 
regression coefficients for rib joint tissue 
proportions on carcass weight for the two 
breed types would be expected. As carcass 
weight was a better predictor of fat and 
bone proportions than of muscle propor-
tion, it appears that when predicting rib 
joint composition, and ultimately carcass 
composition (Moloney and Keane, 2001), 
from carcass weight, it would seem prefer-
able to predict fat and bone proportions 
from the regression equations and then 
estimate muscle proportion by difference. 
It is not surprising that m. longissimus 
protein concentration was poorly related 
to carcass weight given that protein con-
centration of muscle is relatively stable 
above a certain live weight (Robelin and 
Tulloh, 1992). The closer relationships 
between carcass weight and m. longis-
simus moisture and lipid concentrations 
within breeds than overall is due to the 
fact that relationships between weight and 
tissue composition differ with breed type 
(Robelin and Tulloh, 1992). 

While most of the relationships pre-
sented were highly significant statistically 
only a few are likely to be useful in predict-
ing carcass classification or compositional 
traits from carcass weight or carcass fat 
class. For Friesians, carcass weight predict-
ed carcass fat class, rib joint fat and bone 
proportions, and m. longissimus moisture 
and lipid concentrations with reasonable 
precision. For Charolais crosses, the only 
trait predicted from carcass weight with 
reasonable precision was kill-out propor-
tion. The probable reason for the better 
relationships between carcass weight and 
fat variables in Friesians was their greater 
range in fatness. 

The close relationship between m. lon-
gissimus lipid and moisture concentrations, 
both within breeds and overall, suggests 
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that for practical purposes, measurement 
of one or other of these should be suf-
ficient to estimate chemical composition 
of muscle. As ash concentration is low and 
stable, and protein concentration is also 
relatively stable, and all constituents must 
sum to 1000 g/kg, measurement of either 
moisture or lipid would permit estimation 
of the others. 

It is concluded that at similar slaughter 
weights, Charolais crosses had a higher 
kill-out proportion and carcass weight 
than Friesians. They also had better car-
cass conformation, had higher muscle and 
lower fat and bone proportions in the ribs 
joint, and had higher moisture and lower 
lipid in m. longissimus. M. longissimus 
moisture concentration decreased and 
lipid concentration increased with increas-
ing concentrate level and length of finish-
ing period. Relationships of carcass weight 
and carcass fat class with composition of 
the rib joint were better for Friesians than 
for Charolais crosses. 
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