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Recent developments in feeding beef cattle on grass silage-based diets 
M. McGee 
Teagasc, Grange Research Centre, Dunsany, Co. Meath, Ireland. 
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Key points: 
 
1. High digestibility grass silage with moderate concentrate supplementation can sustain a 

large proportion of the cattle performance achieved on high concentrate diets. 
2. Increasing concentrate supplementation reduces the importance of grass silage nutritional 

value. 
3. Subsequent compensatory growth diminishes the advantage of concentrate supplementation 

of young cattle. 
4. Meat quality and fatty acid composition can be influenced by grass silage-based diets. 
 
Keywords:  grass silage, beef cattle, concentrate supplementation 
 
Introduction 
 
Grass silage is a basic component of many beef production systems worldwide, particularly in 
those countries with a temperate climate such as in Northern and Western Europe.  In addition 
to providing forage, usually for the indoor period/winter feeding, grass silage is often an 
integral part of grassland management through the removal of seasonal surpluses associated 
with typical grass growth curves.  Furthermore, the grass silage land area permits recycling of 
organic manure and is also a means of reducing internal parasite challenge to grazing cattle. 
As a ruminant feedstuff, grass silage can be less attractive than alternative forage crops or 
high concentrate diets due to constraints of often variable and unpredictable weather, the 
scarcity of silage-cutting contractors, coupled with ever-increasing costs of production and 
effluent management.  In addition to unfavourable relative costs of nutrient supply, changing 
beef production systems and consumer market demands can necessitate higher levels of 
concentrate feeding for beef cattle.  
 
Relative to the dairy cow, there is much less research carried out on the nutrition and feeding 
of beef cattle on grass silage-based diets and consequently the science and technology is much 
less developed. 
 
Nutrient supply from grass silage  
 
Nutrient supply to the ruminant from grass silage is primarily influenced by altering the 
cutting date of the grass crop (i.e. digestibility) and by modifying and restricting fermentation 
through wilting or the use of additives (Thomas & Thomas, 1985).  The effects of wilting 
(Ingvartsen, 1992; Wright et al., 2000) and silage additives (O’Kiely, 2001; Kung et al., 
2003) on the performance of cattle has been the subject of previous reviews.  Most of the 
variation in net energy content of grass silage is associated with its digestibility, which in turn 
is mainly determined by the stage of growth of the grass plant at harvest (Rinne, 2000).  It is 
well established that the performance of beef cattle increases with increasing grass silage 
digestibility (Flynn, 1981; Randby, 2001; Steen et al., 2002).  For example, Steen (1988) 
calculated from the literature that where silages were offered as the sole feed, carcass gain 
was increased by 33 g/d per 10 g/kg increase in silage digestibility.  The corresponding value 
where silages were supplemented with concentrates at 0.20 to 0.37 of total dry matter (DM) 
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intake was 28 g/d.  The latter value is in good agreement with the value of 29 g per 0.01 
increase in digestible organic matter (DOM) reported by Steen et al. (2002).  As forage DM 
intake decreases with increasing levels of supplementary concentrates, the effect of forage 
digestibility diminishes (Van Vuuren et al., 1995) to the extent that at high (0.80 of the diet) 
concentrate feeding levels silage digestibility had no effect on carcass gain (Steen et al., 
2002).  Steen (1998) calculated a response in daily carcass gain of 26, 21, 12 and 1 g / 10 g/kg 
increase in silage digestibility when silages were supplemented with 2.25, 4.5, 6.75 and 9.0 kg 
concentrates/head daily (~0.20 to 0.80 of total DM intake), respectively.  Clearly, this has 
implications for the cost of producing silage in that silage of lower digestibility may be 
produced at a lower cost per unit DM (higher yield) where high concentrate feeding levels are 
practiced. 
 
Intake 
 
It is widely believed that the intake potential of herbage is reduced as a result of ensiling 
although the variation in the magnitude of the reduction is large (Mayne & Cushnahan, 1995).  
Mayne & Cushnahan (1995) suggested that factors such as stage of maturity at harvest 
explained at least some of the reduced intake (and animal performance) with grass silage 
relative to grass at the stage it is grazed.  They attributed the direct effect of ensilage to 
progressive changes in the nitrogenous components.  However, when good ensiling 
techniques are used and conservation quality is excellent, ensilage per se has relatively little 
effect on the intake of cattle (Mayne & Cushnahan, 1995; Dulphy & Van Os, 1996).  Keady 
& Murphy (1993) presented data from the literature showing that intake of growing heifers 
and finishing steers ranged from proportionately –0.08 to +0.06 for well preserved grass 
silage relative to the parent herbage. 
 
Many attempts have been made to estimate the effect of silage composition, digestibility, and 
fermentation quality on grass silage intake by beef cattle.  Steen et al. (1998) concluded that 
the intake of grass silage offered as the sole feed to beef steers is closely related to factors 
which influence the extent of digestion and rate of passage of material through the animal 
including in vivo apparent digestibility, rumen degradability and the concentrations of the 
fibre and nitrogen fractions.  Intake was poorly related to more conventional factors such as 
pH, total acidity, buffering capacity and the concentrations of lactic, acetic and butyric acids.  
The use of Near Infra Red Spectrometry predicted intake with the highest degree of accuracy 
(R2 of relationship = 0.90). 
 
Substitution rate 
 
The conventional method of overcoming the deficiencies in nutrient supply from grass silage 
is to supplement with concentrates.  Increasing the level of supplementary concentrates in the 
diet of beef cattle reduces grass silage intake (Drennan & Keane, 1987a, b; Dawson et al., 
2002; Caplis, 2004) but increases total DM intake.  The magnitude of the decrease in silage 
intake is usually greater with silage of higher digestibility (Drennan & Keane, 1987a; Steen, 
1998).  Similarly, there is also evidence that the substitution rate (SR) is much greater with 
silage of restricted fermentation (Dawson et al., 2002) although this is not always so (Agnew 
& Carson, 2000).  The effect of silage preservation on SR may be confounded with changes in 
digestibility (e.g. Shiels, 1998).  Mayne et al. (1995) reported that SR in growing cattle was 
positively correlated to intake characteristics of the silage when offered as the sole feed.  For 
diets containing low to moderate levels of concentrate (<0.47 of dietary DM intake) 
substitution rates range from 0.29 to 0.64 kg silage DM per kg concentrate DM with high 
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digestibility grass silage (Agnew & Carson, 2000; Steen & Kilpatrick, 2000; Patterson et al., 
2000; Dawson et al., 2002; Caplis, 2004).  Recent studies have reported a curvilinear increase 
in total DM intake with increasing concentrate level (Steen, 1998; Keane 2001; Caplis, 2004) 
implying a progressively decreasing intake of grass silage with increasing concentrate level.  
From a series of experiments with high digestibility grass silage, Steen (1998) calculated 
substitution rates of 0.33, 0.64, 0.90 and 1.15 kg silage DM/kg concentrate DM for successive 
increments of concentrates equating to 0.22, 0.42, 0.62 and 0.85 of total DM intake, 
respectively.  Caplis (2004) found substitution rates for high digestibility silage of 0.29, 0.65 
and 1.10 kg silage DM/kg concentrate DM for successive increments of concentrate equating 
to 0.31, 0.55 and 0.85 of total DM intake.  Surprisingly, there are relatively few reports in the 
literature where a wide range of supplementary concentrate levels in the diet of beef cattle 
offered grass silage-based diets were examined. 
 
The effect of energy supplement type on the intake of grass silage is unclear.  Mayne et al. 
(1995) reported that starch or fibre supplements had no significant effect on mean SR in 
growing cattle when considered across a range of silage compositions but there were 
interactions between supplement type and silage type.  With extensively fermented silages 
characterised by high lactic acid concentrations, SR were lower with high starch than with 
high fibre supplements.  It was suggested that this difference may reflect better 
synchronisation of nitrogen and fermentable energy.  Steen (1993a) reported that silage intake 
was higher for fibre than starch-base concentrates for growing cattle.  Silage intake of 
finishing beef cattle was shown to be not differentially affected by starch, fibre or sugar-based 
concentrates (Moloney et al., 1993), fibre or starch-based concentrates (Steen, 1995a; 
O’Kiely & Moloney, 1994) and higher for starch than fat-based concentrates (Steen, 1995a; 
Moloney, 1996) or fibre-based concentrates (Moloney, 1996). 
 
The effect of protein supplementation on grass silage intake is equivocal.  Moloney (1991) 
found no effect of increasing the crude protein concentration (110 to 515 g/kg DM) of the 
concentrate on grass silage intake in growing cattle while Mayne et al. (1995) reported 
reduced substitution rates from increasing the supplement crude protein concentration (120 to 
260 g/kg fresh weight). 
 
In contrast to expectations from published feed table values, increasing the proportion of 
concentrate in the diet of beef cattle does not necessarily increase the digestible energy value 
of the total diet (Patterson et al., 2000; Steen & Kilpatrick, 2000; Caplis, 2004), in particular 
where grass silage of higher digestibility is fed (Drennan & Keane, 1987a; Steen et al., 2002).  
This negative associative effect is often attributed to a depression in fibre digestibility in the 
rumen and in the total digestive tract from the inclusion of rapidly fermentable carbohydrates 
such as barley-based (starch) concentrates (Huhtanen & Jaakkola, 1993) and sucrose (Khalili 
& Huhtanen, 1991) in grass silage-based diets.  The decrease in the digestibility of cell wall 
constituents is related to a reduction in ruminal pH.  Mulligan et al. (2002) concluded that for 
diets based on grass silage and high fibre concentrate supplements, the depressive effect of 
feeding level per se on diet digestibility was greater for high (0.85 dietary DM) than moderate 
(0.50 dietary DM) concentrate diets.  For moderate concentrate diets the reduction in 
digestibility was attributed to an increased fractional rumen outflow rate for the concentrate 
component while for high concentrate diets, decreased rumen pH and a decreased rate of 
concentrate and forage digestion were deemed to be important components.  Consequently, 
dietary energy intake often mirrors total DM intake with increasing concentrate feeding level. 
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Production response to supplementation 
 
Growing cattle 
 
Due to compensatory growth a close inverse relationship (quadratic) has been found between 
liveweight gain of weanling cattle in winter and subsequent gain at pasture (Keane, 2002).  
Consequently, there was a highly significant positive curvilinear relationship between 
supplementary concentrate (range 0-3 kg) feeding of young/weanling cattle offered grass 
silage ad libitum and liveweight gain during the winter and a significant negative curvilinear 
relationship with liveweight gain of these same animals when subsequently grazing grass 
during the following summer (Keane, 2002).  There was no difference in compensation at 
pasture for additional winter gain achieved either by increasing grass silage quality or by 
concentrate feeding (Keane, 2002).  A continuing effect of compensation during a subsequent 
finishing phase indoors after the grazing season (or common diet) is evident in some, but not 
all studies (Keane, 2002; Keady et al., 2004a).  Similarly, the optimum level of concentrate 
feeding for cattle in the second winter is higher if animals are to be slaughtered at the end of 
the winter than for animals (“store cattle”) destined to spend the following (3rd) summer at 
pasture (Keane & Drennan, 1994).  Drouillard & Kuhl (1999) highlighted the lack of research 
pertaining to integrated production systems where a more thorough understanding of the 
interactions among grazing nutrition and management, finishing performance and carcass 
traits is needed to facilitate greater economic exploitation of these relationships. 
 
Finishing cattle 
 
Although Scollan et al. (2003) concluded that good quality silage will support high levels of 
performance without the need for supplementation, the time taken to achieve the same 
slaughter live weight was 277 d for silage only compared to 228 and 196 d for a diet 
containing 0.3 and 0.7 concentrate on a DM basis, respectively. The carcass growth response 
to concentrate supplementation is generally lower with higher digestibility (Drennan & 
Keane, 1987a; Steen, 1998; Randby, 2001) or higher intake/restricted fermentation (Agnew & 
Carson, 2000) grass silage.  Drennan & Keane (1987b) feeding grass silage with an in vitro 
DMD of 725 g/kg to steers reported a linear increase in carcass gain of 52 g per kg 
concentrate DM fed within the range 2.9 to 10.9 kg/head/d.  More recently, Caplis (2004) 
feeding grass silage with an in vitro DMD of 758 g/kg obtained a curvilinear increase in the 
daily liveweight gain of steers (decreasing from 130 to 13 g liveweight/kg additional 
concentrate DM) with increasing concentrate level over a comparable concentrate range.  
Steen (1998) calculated that the response in carcass growth rate to concentrate 
supplementation within the range 2 to 9 kg/head/d was curvilinear (decreasing from 93 to 4 g 
carcass/kg additional concentrate) and linear (58 g carcass/kg concentrate) for high (733 g 
DOM/kg DM) and medium (625 g DOM/kg DM) digestibility silage, respectively.  
Consequently, the optimum input of concentrates is higher with lower digestibility silage. 
 
Due to a progressive decline in the response to concentrates, high digestibility grass silage 
plus moderate concentrate inputs can achieve a large proportion of the carcass and lean tissue 
gain achieved with high concentrate diets.  In the study of Patterson et al. (2000), bulls 
offered a high digestibility (730 g DOM/kg DM) grass silage and concentrates at 0.52 of 
dietary DM intake produced proportionately 0.90 of the rate of carcass gain and 0.99 of the 
lean tissue gain produced by a diet containing 0.75 concentrates.  Indeed, 0.95 of the lean 
tissue gain was achieved at a relatively low concentrate proportion of 0.39.  Steen et al. 
(2002) concluded that a diet containing 0.80 of high digestibility (743 g DOM/kg DM) grass 
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silage and 0.20 concentrate sustained proportionately 0.85 of the carcass gain produced by a 
diet containing 0.80 concentrate, whereas a diet containing 0.60 high digestibility grass silage 
and 0.40 concentrate sustained the same carcass gain as a diet containing 0.80 concentrate.  At 
similar metabolisable energy (ME) intakes, indications were that the net energy value of high 
digestibility silage per MJ of ME can be close to that of a high concentrate diet.  
 
Accordingly, in order to determine the optimum or breakeven level of concentrate 
supplementation per se, estimates of carcass efficiency (kg concentrates per kg carcass), 
silage substituted (kg DM per kg carcass gain) and the true costs of grass silage and 
concentrates are required (Keane, 2001). 
 
Energy source 
 
The feeding value of wheat is the same as barley as a supplement to grass silage for finishing 
cattle (Steen, 1993b; Drennan & Moloney, 1998).  When compared with barley as a 
supplement to grass silage-fed steers, molasses was used more efficiently at 210 g/kg total 
DM intake, but its relative energy value declined as the level of inclusion increased above 330 
g/kg DM (Drennan, 1985).  Replacement of barley-based with molasses (0.18-0.21 of dietary 
DM intake)-based concentrates did not affect the performance of finishing cattle on grass 
silage-based diets (Moloney et al., 1993; Chapple et al., 1996).  The decline in the relative 
nutritive value of molasses with increasing inclusion level may be attributed to a possible 
reduction in fibre digestion due to sub-optimal ammonia concentration in the rumen together 
with excessively high butyrate production and possible differences in the site of digestion of 
carbohydrate within the digestive tract (Moloney et al., 1994).  Drennan et al. (1994) found 
that as a supplement to finishing bulls offered grass silage, a low protein, starch-based, 
concentrate was superior to a low protein starch + sugar-based (0.18 of dietary DM molasses) 
concentrate but there was no difference between the energy sources at higher protein 
inclusions. 
 
Replacing starch with digestible fibre in the concentrate increased the liveweight/carcass 
weight gain of cattle offered grass silage-based diets in some studies (Moloney et al., 1993; 
O’Kiely & Moloney, 1994), but not in others (Steen, 1995a; Moloney, 1996; Moloney et al., 
2001a).  However, in these studies, concentrate feeding level and silage quality differed 
widely. Differences between concentrate energy sources should be more evident at higher 
concentrate feeding levels. Further research is required in this area. 
 
Fat-based concentrates are inferior to starch or fibre-based concentrates as supplements to 
grass silage which is attributed to a lower organic matter digestibility for the former (Steen, 
1995a; Moloney, 1996).  Dietary supplementation with fat, especially polyunsaturated fats 
(with the possible exception of fish oil), at greater than 50 g added fat/kg concentrates, has an 
increasingly adverse effect on ruminal digestion of fibre (Doreau & Chillard, 1997).  
 
Protein source 
 
Growing cattle fed grass silage alone respond to supplementation with ruminally undegraded 
protein with relatively large improvements in gains (Titgemeyer & Loest, 2001).  Silage 
intake (scaled for bodyweight) was not affected by supplementation and responses to 
ruminally undegraded protein supplementation were observed across different qualities of 
silage and different levels of intake. Similarly, including rumen undegradable protein 
increased the liveweight gain of young steers offered grass silage plus low levels of 
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concentrate (Moloney, 1991; 1993; Rouzbehan et al., 1996).  Titgemeyer & Loest (2001) 
suggested that diets based on grass silage are likely to provide inadequate supplies of amino 
acids for growing cattle due to low microbial protein production and low ruminally 
undegraded protein content in the silages.  This deficit was corrected by the rumen 
undegraded protein supplement resulting in increased protein deposition in those cattle. 
However, Sanderson et al. (2001) concluded that although rumen undegradable protein was 
an effective means by which to enhance protein deposition in young cattle given silage diets, 
the composition of the carcass remained unaffected.  Supplementation of grass silage alone 
with a rumen degradable source of protein has also increased the performance of growing 
steers (Veira et al., 1995; Scollan et al., 2001a).  Where young growing cattle are offered 
grass silage ad libitum and a low level of barley-based concentrates the inclusion of rumen 
degradable protein has increased (Moloney, 1991) or had no significant effect (Keane, 2002) 
on growth rate.  There are indications of interactions between grass silage digestibility and 
crude protein degradability.  Scollan et al. (2001a) found that as the sole supplement, rumen 
undegradable protein seemed to be superior to rumen degradable protein with lower 
digestibility silage with little difference between the protein types with higher digestibility 
silage.  In contrast, Moloney (1993) found that decreasing CP degradability in the concentrate 
increased liveweight gain with high digestibility silage but not with low digestibility silage.  
However, when taken in the context of production systems much of the advantage to protein 
supplementation of young cattle was often lost during a subsequent standard feeding phase 
(Moloney, 1993) or grazing season (Seoane et al., 1993; Scollan et al., 2001a; Keane, 2002) 
due to compensatory growth. 
 
For finishing cattle offered high digestibility grass silage plus barley-based concentrates, 
increasing protein intake by using either a rumen undegradable (Drennan et al., 1994) or 
degradable (Drennan et al., 1994; Steen & Robson, 1995; Steen, 1996a) protein source did not 
significantly affect animal growth.  Furthermore, feeding excess protein increased nitrogen 
excretion to the environment (Steen, 1996a).  Calculations by Titmeyer and Loest (2001) 
showed that while amino acids were the limiting factor with lighter weight calves offered 
grass silage, energy availability was the limiting factor with heavier steers.  This shift in the 
most limiting nutrients as the steers become larger is related to greater energy to protein 
requirement for growth by the heavier animals. However, there is evidence that finishing 
cattle are likely to respond to supplementary protein in barley-based concentrates when grass 
silage digestibility is moderate to low (Waterhouse et al., 1985) and in situations where 
animals are of very high growth potential (Steen, 1996b).  Steen (1996b) and (2000) 
concluded that in silage-fed finishing cattle, responses to protein in addition to that contained 
in barley (10%) are likely to be obtained in bulls given a wide range of silage types, but only 
in steers and heifers given silages that are badly preserved and/or with low digestibility and/or 
low protein contents. 
 
Concentrate feeding strategies 
 
Feeding frequency 
 
Supplementary concentrates have traditionally been fed in two feeds daily in order to reduce 
the likelihood of digestive problems.  Feeding 6 kg (0.52 of total DMI) of rolled barley (4 
experiments) or wheat (2 experiments) (Drennan & Moloney, 1998) or 4.5 kg (0.54 of total 
DMI) of a cereal-based coarse ration (Keady et al., 2004b) in one as opposed to two daily 
feeds to finishing cattle offered grass silage ad libitum had no significant effect on carcass 
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gain or feed conversion efficiency.  This has positive implications in terms of labour 
efficiency. 
 
Complete diet feeding/total mixed ration (TMR) 
 
There is a limited quantity of published information comparing separate and TMR feeding of 
beef cattle offered grass silage-based diets with concentrates.  Recent studies show that 
finishing steers offered grass silage plus a barley-based concentrate (0.31 or 0.55 (Caplis, 
2004) and 0.40 or 0.80 (Keane, 2003a) of the dietary DM intake) either fed separately in one 
feed daily (following gradual introduction) or mixed with the silage through a diet feeder had 
similar carcass growth rates, carcass traits and muscle and fat colour.  Furthermore, feeding 
method had no significant effect on diet digestibility, ruminal pH, ammonia or total volatile 
fatty acids concentrations (Caplis, 2004).  However, the molar proportions of propionate were 
higher for the mixed diets than the separate diets.  While there are many purported benefits for 
TMR feeding, these results demonstrate no advantage of mixing per se of grass silage and 
barley-based concentrates on animal efficiency or performance. 
 
Co-ensiling  
 
Previous studies with molassed sugar beet pulp (MBP) used as a silage additive demonstrated 
improved fermentation, reduced effluent production and increased silage nutritive value under 
good silage management practices (O’Kiely, 1992).  Intake, in vivo digestibility and 
performance of finishing steers were similar when offered comparable amounts of MBP either 
as MBP co-ensiled with grass or as untreated, well-preserved silage supplemented with MBP.  
An additional benefit is the convenient manner of concentrate supplementation.  Recent 
results suggest that citrus pulp, and to a lesser extent, soya hulls have similar potential 
(O’Kiely, 2002).  However, some feed ingredients seem less promising and where grass 
undergoes an extensive clostridial fermentation co-ensiling is considerably less attractive 
(Stacey et al., 2002). 
 
Concentrate distribution pattern  
 
Feeding weanling cattle a fixed total concentrate allowance offered at a flat daily rate or at a 
higher rate over the first half of the winter gave a better growth response than when offered at 
a higher rate over the second half of the winter (Keane, 2002; 2003b).  Steen & Kilpatrick 
(2000) reported that finishing cattle given grass silage plus concentrates at 0.12 of dietary DM 
intake had similar average liveweight and carcass gains and a lower carcass fat score and fat 
trim than animals that initially received silage only followed by silage plus concentrates at 
0.36 of dietary DM intake.  Keane (1998) showed that finishing steers offered grass silage 
plus a fixed total quantity of supplementary concentrates at (i) a flat rate (5 kg), (ii) a stepped 
increased rate (2.5, 5.0 and 7.5 kg for each consecutive one-third of the 126-d finishing 
period) or (iii) silage for the first 42 d followed by ad libitum concentrate had similar carcass 
gains and feed energy efficiency over the same length of finishing period.  Combining two 
experiments it was concluded that there were no significant differences in carcass gains, on 
efficiency of feed energy utilisation between the flat and ad libitum feeding treatments but the 
latter had a significantly lower carcass fat score and weight and proportion of kidney and 
channel fat. 
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Restricted feeding 
 
Restricting the feed allowance to cattle under feed-lot or high concentrate feeding situations 
has been shown to reduce liveweight gain but to improve the efficiency of conversion of 
dietary dry matter to carcass weight when compared to ad libitum feeding of high cereal-
based diets (Hicks et al., 1990) and by-product based diets (French & Moloney, 2001).  This 
improved feed conversion is largely attributed to higher rates of fat deposition in animals 
offered ad libitum concentrates but partly due to a lower digestibility at the higher feeding 
level (French & Moloney, 2001).  Increasing the level of feeding of concentrate ingredients to 
cattle (offered at 0.85 of dietary DM) decreases the nutrient digestibility (Woods et al., 1999).  
These findings contrast with studies examining the effect of restricting dry matter intake (~0.8 
of ad libitum) on the efficiency of carcass gain of cattle finished on grass silage-based diets 
where results have shown reduced (Steen & Kilpatrick, 2000) and no effect (Keane & 
Drennan, 1980; Moore et al., 1991; Steen et al., 2002) on efficiency.  Steen (1995b) found 
that restricting the intake of a grass silage-based diet significantly reduced the efficiency of 
conversion of ME to carcass gain in bulls but had little effect in steers or heifers.  The 
differences in efficiency between restricted and ad libitum high concentrate versus forage-
based diets are partly attributed to effects of compensatory growth, plane of nutrition and 
carcass fat content (Steen, 1995b).  Furthermore, there was no significant effect on 
digestibility from restricting the DM intake of grass silage-based diets containing low to 
moderate proportions of concentrates (Steen, 1995b; Steen & Kilpatrick, 2000; Steen et al., 
2002).  Restricted feeding must also be considered in relation to the delay in time to slaughter 
whereby the improvement in feed efficiency must offset the increased days on feed. 
 
Carcass composition 
 
There is considerable evidence that grass silage diets may predispose animals to depositing 
more fat in the gain than dried grass and wilted silages (e.g. McCarrick, 1966).  However, 
most of those studies involved young animals and the results may not apply to animals 
slaughtered at commercial weights.  Recent studies suggest that cattle fed on grass silage are 
not fatter.  Scollan et al. (2003) found that from 350 kg empty body weight upwards the 
carcasses of animals given supplementary concentrate contained more fat than those offered 
good quality silage alone.  Kim et al. (2003) feeding high quality grass silage compared with 
grass silage and concentrates at similar levels of ME intake per kg metabolic live weight 
found that concentrate supplementation increased the rate of tissue accretion but nutrient 
partitioning between fat and protein deposition was similar between 250 and 500 kg live 
weight.  Increasing the protein content of grass silage-based finishing diets by inclusion of 
soyabean meal with barley increased carcass fatness in a number of studies (Steen & Robson, 
1995; Steen, 1996a).  
 
Increasing slaughter weight increases carcass weight and all measures of fatness.  For cattle 
finished on grass silage and concentrates, Steen & Kilpatrick (2000) concluded that reducing 
slaughter weight is likely to be a more effective strategy to controlling carcass fat content than 
reducing energy intake either by diet restriction or reducing concentrate proportion. 
 
Meat quality 
 
The perception of healthiness and/or safety, tenderness, juiciness and aroma and flavour are 
important quality criteria that influence the decision of a consumer to purchase beef (Moloney 
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et al., 2001b).  Furthermore, the colour or visual appearance of beef (lean meat and carcass 
fat) is often a key purchasing factor (Moloney et al., 2004). 
 
Many studies comparing the effects of forage and concentrates on meat quality have been 
confounded with plane of nutrition effects, such that cattle fed the higher energy concentrate 
diet have been heavier and fatter than those fed the forage-based diets (Muir et al., 1998).  
Alternatively, the concentrate fed animals may be younger when grown to a specific 
bodyweight or back-fat thickness (French et al., 2000).  These are all factors which, can alter 
meat quality, and exist in commercial practice. 
 
There are inconsistent effects of grass silage-based diets on subcutaneous fat colour.  
Moloney et al. (2003) reported that fat colour from steers offered grass was more yellow than 
fat from animals offered restricted fermentation grass silage-based diets and high concentrate 
starch or fibre-based diets, which were all similar.  However, the fat colour from extensively 
fermented grass silage-based diets was not significantly different from the grass diet.  Dunne 
et al. (2002) concluded that while concentrate feeding led to a time dependent decrease in 
subcutaneous fat yellowness relative to grass, substituting grass silage with concentrates did 
not lead to a consistent reduction in yellowness.  Other studies have shown that at a similar 
carcass growth rate animals offered a grass silage/concentrate diet have yellower (Moloney et 
al., 2000) or similar subcutaneous fat colour (French et al., 2000) compared to non-silage 
high concentrate diets. 
 
Substituting grass silage with concentrates generally has no effect on muscle redness, 
lightness and yellowness (Moloney et al., 2000; French et al., 2000; Lively et al., 2004). 
 
At similar carcass growth rates, a straw/concentrate-based diet resulted in beef with similar 
sensory attributes to a grass silage/concentrate diet (Moloney et al., 2000).  Equally, French et 
al. (2000) found that there was no difference in eating quality traits between diets of grass 
silage plus concentrates, high concentrates, grass plus concentrates and grass only.  Moloney 
et al. (2003) comparing grass, restricted and extensive fermentation grass silage-based diets 
and high concentrate starch or fibre-based diets concluded that after ageing for 14 days, the 
only difference between the diets in eating quality traits was that beef from extensively 
fermented grass silage was more juicy than all treatments except the fibre-based concentrates.  
Similarly, Muir et al. (1998) concluded from their review that when compared at similar 
carcass weights or the same degree of fatness, grass-fed and grain-fed beef had no effect per 
se on tenderness, juiciness, lean meat colour, marbling or pH.   
 
Ruminant meats are generally low in polyunsaturated fatty acids (PUFA) and rich in saturated 
fatty acids (SFA) due to the biohydrogenation action of rumen bacteria on fat consumed by 
the animal.  Following human health guidelines many studies have aimed at increasing the 
PUFA content and in particular the n-3 long chain fatty acids, as well as the conjugated 
linoleic acid (CLA) content in intramuscular fat of beef (Raes et al., 2004).  One of the 
limitations of increasing PUFA in beef tissue through dietary supplements with oil or oilseed 
is the extent of rumen biohydrogenation as well as possible adverse effects on flavour, colour 
and shelf life of beef cuts with some oils (Mir et al., 2003).  In the latter case, high levels of 
dietary antioxidants are required to help stabilise the effects.  This contrasts with grass and 
grass silage-based diets which contain natural anti-oxidants (Vitamin E) (Warren et al., 2003; 
Scollan et al., 2005).  Protecting the lipid source from the hydrogenating action of the rumen 
micro-organisms results in reductions in SFA and increases in PUFA (Scollan et al., 2002). 
 



 Silage production and utilisation 60

The lipid fraction of most grass-based forages contains alpha-linolenic acid as the main fatty 
acid and has a very low n-6:n-3 ratio (Givens et al., 2000).  Ensiling of forages generally 
results in fatty acid losses (Scollan & Wood, 2000).  Dewhurst & King (1998) found that the 
effects of various silage additives and consequently fermentation had only a small effect on 
levels and proportions of fatty acids but shading and wilting had large negative effects on 
total fatty acids and on alpha-linolenic acid.  However, Noci et al. (2004) reported that wilting 
did not impact negatively on the overall content of n-3 PUFA in muscle and increased the 
concentration of CLA.  Diets with higher proportions of concentrates than grass silage have a 
higher n-6:n-3 PUFA ratio in intramuscular fat (Steen et al., 2002; Warren et al., 2003).  
Many studies have enhanced the fatty acid profile of beef muscle from grass silage-based 
diets by fortifying the supplementary concentrates with oils or oilseeds including sunflower 
oil, fish oil and linseed (Choi et al., 2000; Scollan et al., 2001b; Noci et al., 2004, 2005).  
There is also evidence that longer term feeding of oils, rather than just in the finishing period, 
further enhances the intramuscular fatty acid composition (Raes et al., 2004).  Nevertheless, 
while dietary manipulation to enhance the fatty acid composition of meat has invariably 
resulted in highly significant changes the effects are generally small.  The challenge is to 
increase the magnitude of these effects. 
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