
THE RELATIONSHIP BETWEEN FEEDING AND GROWTH PARAMETERS 
AND BIOLOGICAL EFFICIENCY IN CATTLE AND SHEEP

J.M. THOMPSON^ and ROGER BARLOW*, AUSTRALIA

# Department of Animal Science, University of New England, 
Armidale, NSW, 2351, Australia.

* NSW Department of Agriculture, Grafton, NSW, 2460, Australia.
SUMMARY

A model was constructed to predict the effect of changes in 
feeding and growth parameters on biological efficiency (lean tissue 
produced/food consumed) of the dam/offspring unit, under ad-libitum 
feeding. In a genetically scaled production system (with all 
cumulative variables proportional to mature weight (A), and all age 
variables proportional to A to the power 0.27), biological 
efficiency of the dam/offspring unit is independent of mature 
weight. However when time variables are constrained to allow an 
annual restricted joining (as for most pasture based cattle and 
sheep enterprises), a 25% increase in mature weight results in an 
increase in biological efficiency of 4%.
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INTRODUCTION

Biological efficiency in a meat producing enterprise can be 
defined as the ratio of output (usually liveweight, or weight of 
lean meat) to input (usually food inputs expressed in kg, or 
metabolizable energy, ME). The relationship between mature weight 
and biological efficiency has attracted considerable research 
attention. A number of recent reviews (Morris and Wilton 1976, 
Dickerson 1978, Fitzhugh 1978, Barlow 1984, Kinghorn 1985 and 
Ferrell and Jenkins 1985) have generally concluded that a change in 
mature body weight has little effect on the biological efficiency of 
a meat producing enterprise, because of the associated changes in 
other feeding and growth parameters. However, as noted by Morris 
and Wilton (1976) experimental results in this area are often 
difficult to interpret, since the endpoint of the experiment (i.e. 
whether animals are slaughtered at the same body weight, the same 
age, or at the same stage of maturity), may affect the apparent 
ranking of the genotypes on efficiency. The modelling approach as 
used by Fitzhugh (1978) provides a very detailed analysis of a 
production system, although such models generally include some 
constraints, which can make the underlying relationships difficult 
to discern.



Recently Parks (1982) and Taylor (1982) proposed that feeding 
and growth in animals could be adequately described by a series of 
equations, which apply across a wide range of species and mature 
weights. Consequently, these equations provide a useful tool for 
evaluating the relationship between feeding and growth characters 
and efficiency. In this paper, rather than review previous 
experimental results, a task which has been adequately covered by 
others, we report the results of incorporating the feeding and 
growth equations of Parks (1982) and Taylor (1982) into a scaled 
model to predict input and output relationships, independently of 
mature weight.

GENETIC SIZE SCALING
At the same weight, large mature weight animals are less mature 

than small mature weight animals. Similarly as larger animals take 
longer to mature, comparisons at the same age are also confounded by 
stage of maturity, although the magnitude of the affect is less than 
at the same body weight. Taylor (1982) proposed when comparing 
animals of different mature weight, most of the differences in 
production parameters can be explained by differences in stage of 
maturity. Taylor (1980a) suggested a more rational basis for 
comparing genotypes of different mature weight was after having 
scaled for genetic differences in mature weight (A). In this 
context mature weight is defined as the final adult weight the 
animal reaches. To remove the genetic size component, Taylor 
(1980a) proposed two scaling rules, the first being that all 
cumulative input and output variables be scaled by A, and the second 
that age or time variables be scaled by A to the power 0.27. As a 
corollary of the first two rules, rates of inputs and outputs, such 
as food intake, or heat production, should be scaled by A to the 
power 0.73. Taylor (1980b) used the scaling rules to derive a 
number of standardized functions describing the pattern of food 
intake, food efficiency, growth and body composition of animals, 
independently of mature weight.

Genetic size scaling has the effect of reducing the genetic 
description of feeding, growth and body composition to a single 
variable, the mature weight of the animal. As many genetic 
comparisons are confounded by differences in mature weight,
Robertson (1982) suggested that the scaled model of animal growth 
should be taken as the basic framework for growth, and that results 
from various experiments be evaluated in relation to it. Presuming 
that all feeding and growth parameters are perfectly associated with 
mature weight, the following is a prediction of the effect of mature 
weight on biological efficiency. Using the scaled model, the impact 
of alternative strategies to improve biological efficiency are also 
examined. Results from this study should provide a guide to the 
expected relationship between feeding and growth parameters and 
efficiency, which will need to be validated experimentally.

THE MODEL FOR DAM-OFFSPRING EFFICIENCY
Taylor et al. (1985) described a model for ad-libitum feeding in 

which biological efficiency of the dam/offspring unit was calculated 
as the ratio of lean output/input of metabolizable energy (ME), with 
the cost of various events, such as pregnancy and calving interval
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being described in terms of standardized food units (i.e. MJ of ME 
scaled for mature weight of the genotype). This paper uses a 
similar model to that used by Taylor et al. (1985). The main 
difference between the model used by Taylor and that used here is 
that we express events such as, age at first calving and calving 
interval in terms of metabolic age (i.e. age scaled by A to the 
power 0.27), rather than standardized food units. In most pasture 
based production systems time is important, since events such as 
time of first mating and calving interval are generally constrained 
to fit into an annual management cycle, which is not dependent 
directly on mature weight.

Lean carcass tissue is assumed to comprise 1/3 of liveweight at 
all stages of maturity. Biological efficiency of the dam/offspring 
unit is expressed in units of g lean tissue/MJ of ME in the simple 
output/input function;
Biological 
ef f iciency 
of the dam/ 
offspring 

unit

slaughter weight + cull weight of
of sale progeny the dam
food consumed by the progeny + lifetime food
to slaughter (not including consumed by the
the replacement female) dam

Food intake is described as an exponential function of age using 
the function proposed by Parks (1970, 1982), whereby food intake 
increases to a mature food intake. Taylor (1982) commented that the 
magnitude and shape of the standardized food intake curve may vary 
with metabolizability of the feed and/or appetite of the animal. 
However the results from Thiessen et al. (1984) for cattle, and 
Thompson et al. (1985) for sheep, suggest that the simple 
exponential function is adequate for the present model. In the 
standardized form the exponential food intake function is written 
as ;

dF’/dt’ = C ’(l - EXP(-t’/t*’)) (1 )

where dF’/dt’
C’
t’

t*’

standardized rate of food intake (kg/week kg to 
the power 0.73)
standardized mature food intake (kg/week kg to 
the power 0.73)
metabolic age (weeks/kg to the power 0.27) 
standardized exponential time constant for food 
intake (weeks/kg to the power 0.27) (the constant 
1/t* describes the appetite of the animal).

Equation (1) was intergrated with respect to age to calculate 
cumulative food consumed, for both the progeny to slaughter weight, 
and the dam over her productive lifetime. The two variables C ’ and 
t*’ describe the magnitude and shape of the standardized food intake 
function, respectively. Using data from a number of sources Taylor 
et al. (1985) estimated that 46 scaled food units were required to 
maintain a mature non-pregnant dry cow of average breed size for a 
year. This gives a standardized value for C’ of 4.7 MJ of ME/week 
kg to the power 0.73. This is slightly lower than than the value of 
5.2 MJ of ME/week kg to the power 0.73, estimated for Merino sheep 
from results by Thompson et al. (1985). An intermediate value of
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5.0 MJ of ME/week kg to the power 0.73 is used in this study as the 
value of C ’. The standardized exponential time constant (t*’) for 
the food intake function was estimated from results of Merino sheep 
of Thompson et al. (1985), as 4.4 metabolic weeks (weeks/kg to the 
power 0.27).

The relationship between body weight and cumulative food 
consumed is described using the exponential function used by Parks 
(1970, 1982) and Taylor (1982). In the standardized form the 
equation is written as;

U - Uo = 1 - E X P (-(A B )F ’) (2 )

where U 
Uo 

( A B )

F ’

stage of maturity of body weight (kg/kg) 
initial stage of maturity of body weight (kg/kg) 
standardized food efficiency constant for converting 
food into weight (kg body weight per MJ of ME) 
standardized cumulative food consumed (MJ of ME per kg 
body weight)

Equation (2) allows the cumulative food consumed by both the 
progeny and the dam to be converted into units of liveweight. Parks 
(1982) proposed that the parameter (AB) described efficiency of food 
conversion, free of the maintenance component for body weight. Mean 
values for the efficiency factor (AB) obtained for sheep by Thompson 
and Parks (1983) and Thompson et al. (1985) were 0.023 and 0.026 
respectively, which are very close to the value of 0.023 obtained by 
Taylor (1982) for cattle, and used in this study.

Other variables used in the model include the cost of pregnancy 
at 4 scaled food units, and a birth weight equivalent to 7% of 
mature weight (Taylor et al. 1985). From equation (2) a birth 
weight of 7% of mature weight is equivalent to 3.2 scaled food units 
(Taylor et al. 1985). No cost of lactation is included in the 
model, because the extra food consumed by the dam to produce milk is 
attributed to the food intake of the progeny (Taylor et al. 1985). 
The total number of progeny produced in the lifetime of the dam is 
assumed constant, minus one progeny for replacement of the breeding 
female, as done by Taylor et al. (1985). Consequently the food cost 
of rearing the replacement animal is removed from the progeny cost 
at birth, and added to the dam cost.

COMPARISON OF GENETICALLY SCALED AND ANNUAL PRODUCTION SYSTEMS

Taylor et al. (1985) assumed that in cattle, puberty and first 
calving occurred at 45 and 80% of the mature weight of the animal, 
respectively. Using equation (2) to calculate the cumulative food 
consumed to reach these stages of maturity, and the integrated form 
of equation (1) to solve for metabolic age to consume the food, it 
is calculated that age to puberty and age to first calving are 9.5 
and 17.8 metabolic weeks, respectively. Similarly if a mature cow 
consumes 46 food units between calvings and has a standardized 
mature food intake (C’) of 5 kg/week kg to the power 0.73, then the 
standardized calving interval is calculated as 9.2 metabolic weeks. 
As discussed later, a calving interval of 9.2 metabolic weeks means 
that animals with mature weights greater than 610 kg had calving 
intervals greater than 52 weeks.
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a) Cattle

In arriving at comparable parameters for a genetically scaled 
production system for cattle, it is assumed that dams have a 
reproduction rate of 85% and are mated at puberty and culled after 
weaning at the 7th calving period. Age at weaning is taken as half 
a calving interval.

Results show that the biological efficiency of a genetically 
scaled product ion system is independent of mature weight of the 
animal. A similar result was also obtained by Taylor et al. (1985) 
and Kinghorn (1985) using a theoretical modelling approach. However 
given that all input and age variables are genetically scaled and 
therefore independent of mature weight, this result is to be 
expected. As mentioned previously, reviews of experimental data by 
Morris and Wilton (1976), and Barlow (1984) have also concluded 
there was little association between mature weight and biological 
efficiency at the herd level.

Figure 1. Biological 
efficiency as a function 
of stage of maturity, 
for animals in a 
genetically scaled 
production system, where 
the dam was culled after 
7 calvings

Figure 1 shows the relationship between biological efficiency 
and stage of maturity of the slaughter progeny. As stage of 
maturity at slaughter increases, biological efficiency increases to 
a maximum of 2.35 g of lean/MJ of ME, which occurs when animals are 
slaughtered at 69% of their mature weight. The shape of the 
biological efficiency curve is relatively flat in the region of 
maximum efficiency, and so efficiency does not decline greatly if 
animals are slaughtered over the range of 50 to 80% of their mature 
weight (Taylor et al. 1985). Even at maximum efficiency, the food 
costs of the dam comprise 89% of the total food costs of the 
enterprise. This figure is much higher than the 52% and 60% 
calculated by Large (1976) and Dickerson (1978), respectively. 
However, adjusting their figures for removal of one progeny at birth 
to be a replacement female, and for the cost of food consumed by the 
dam from birth to culling, gives similar results to those obtained 
h e r e .

Intrinsic in our model is that all time variables, such as
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puberty and calving interval, are proportional to A to the power 
0.27. Taylor et al. (1985) commented that to have constrained 
calving interval to an annual event ".... would have diminished the 
general applicability of the results to all breeds and to other 
species". However, for cattle raised in a pasture based production 
system, a restricted annual joining period is common. Timing of the 
calving season is generally a function of seasonal variations in 
pasture production and market requirements. Although puberty may 
occur over a range of ages, depending upon the mature weight of the 
particular breed, heifers are usually mated at the first annual 
joining period after they have reached puberty. Heifers are 
therefore generally mated at either 15 or 27 months, depending upon 
the nutrition provided.

The model was run for a cattle enterprise constrained to an 
annual joining. Heifers are assumed to be fed ad-libitum on a good 
quality diet, and are therefore first mated at 15 months of age. 
Since cows are retained for 7 calvings they are culled at 8.5 years 
of age, irrespective of mature weight. As discussed previously the 
latter constraint is valid only for animals with mature weights less 
than 610 kg, since at greater weights the calving interval is 
greater than 1 year. In this model calving interval is treated as a 
discrete variable, although in practise increases in mature weight 
in the region of 600 kg would be reflected in a decreased pregnancy 
rate if restricted joining was practised, rather than a the discrete 
cut-off used in this study.

When these constraints are applied, the model shows that 
biological efficiency is positively related to mature weight. This 
results from the smaller genotypes being disadvantaged by being 
retained for a longer metabolic time (albeit the same absolute 
time), and having a proportionally larger maternal cost than the 
larger genotypes. By comparison, in a genetically scaled production 
system the smaller genotypes are retained for a shorter absolute 
time, but the same metabolic time, and have the same proportionate 
maternal food cost as the larger genotypes.

In a production system with an annual restricted joining, the 
relationship between biological efficiency and stage of maturity for 
genotypes with mature weights of 400 and 500 kg, is shown in Figure
2. The shape of the efficiency curve is similar for both genotypes, 
although compared to the genetically scaled system in Figure 1, 
maximum efficiencies occur at slightly higher stages of maturity. 
Maximum efficiencies for the large and small genotypes are 2.26 and 
2.18 g lean/MJ of ME, which occur when animals are slaughtered at 71 
and 72* of their mature weight, respectively. Although the 
relationship between mature weight and efficiency is positive, the 
magnitude of the response is small, with a 25* increase in mature 
weight resulting in only 3.8* increase in biological efficiency.

As expected the relationship between biological efficiency and 
mature weight is very sensitive to changes reproduction rate. The 
assumptions used in the model suggest that larger genotypes with 
mature weights in excess of 600 kg, such as the large European 
breeds, would be likely to have a lower reproductive rate than 
smaller genotypes. Assuming no other correlations between mature 
weight and reproductive performance, smaller breeds could probably
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tolerate an increase in mature weight without any deterioration in 
reproductive rate. Selection experiments for growth in cattle
suggest no dec line in ferti lity wi th increases in mature wei ght
(Baker and Mor ris 1984), al though they involved only breeds with
mat ure wei ghts below the th reshold of 600 kg mature wei g h t . For
example in a select ion expe riment currently underway at Tran gie
Res earch C entr e, N, S.W., li nes of Angus cattle selected f or high and
low yearli ng w eight gain ha ve dive rged in mature weight by ca. 100
kg (P. Parnell pers . c o m .). At this stage there is no indie ation of
any change in repro duct ion rate, w ith both herds having a me an
cal ving rate of 85* . Given the pr esent divergence in mature w e i g h t ,
the model ;pred icts that a deeline in the high line to a cal v ing rate
of 78*, is all that is requ ired to offset any advantage in
bio logical eff icien cy arisi ng from the increase in mature we ight.

Figu re 2. Bi ological
ef f ici ency as a funct
of st age of m aturity,
for genotypes with
matu re weight s of 500
400 an d 80 kg , in an
annu al produc t ion
sys tem , where the dam
was cu lied after 7
cal v in gs

Tiie decision of when to market slaughter animals will vary 
considerably between enterprises. Commonly used options include 
slaughter at the same stage of maturity, the same age, or the same 
weight. The model indicates that for production systems involving a 
restricted annual joining, maximum biological efficiency does not 
occur at any one of these options, but rather a combination thereof. 
However since the surface of the efficiency curve is relatively flat 
in the region of maximum efficiency, slaughter at either the same 
stage of maturity, or the same age, has little effect on biological 
efficiency. Slaughter on a weight constant basis does result in a 
marked decline in biological efficiency, as mature weight increases. 
Of course results for economic efficiency may differ again.

b ) Sheep

Since the stan 
independent of mat 
system the biologi 
to cattle and shee 
generally dictates 
ewes is commonly d 
rather than using

dardized feeding and growth parameters are 
ure weight, in a genetically scaled production 
cal efficiency curve in Figure 1 applies equally 
p. However, seasonality of reproduction in sheep 
an annual lambing. The first mating in maiden 

elayed until 18 months of age (Dyrmundsson 1973), 
the first opportunity at 7 months of age.
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The model was run for sheep with a mature weight of 80 kg, 
joined to lamb at 2 years of age and an annual lambing thereafter 
(Figure 2). For comparison with the cattle results, a reproductive 
rate of 8535 was used, as was a productive life for the ewe of 8.5 
years. Given the above constraints, maximum biological efficiency 
for sheep was 1.64 g lean/MJ of ME, occuring at 793, of mature 
weight, compared to cattle where maximum biological efficiency was 
of the order of 2.2 g of lean/MJ of ME and occurred at 7235 of mature 
weight. By increasing reproductive rate in sheep to 1503! (which 
would be a more realistic figure for many breeds) sheep and cattle 
are of equal biological efficiency for meat production. Similarly 
Dickerson (1978) showed little difference in biological efficiency 
between sheep and cattle when he assumed mature weights of 70 and 
500 kg and reproductive rates of 140 and 853!, respectively.
Assuming a higher reproduction rate for sheep also has the effect of 
reducing the stage of maturity at which maximum biological 
efficiency occurs to approximately 713!, which was similar to the 
cattle results.

Lass 1o et al. (1985) recently reported a decline in both 
fertility and lamb survival of 123!, in lines of Targhee sheep 
selected for high weaning weight, which would more than negate the 
advantage in biological efficiency resulting from a 24% increase in 
mature weight. However, results from a line of Australian Merino 
sheep selected for high weaning weight show no decline in either 
fertility or lamb survival, relative to the control line (G. Hinch 
p e r s . c o m .).

ALTEHNAT1VE MEANS OF 1MPH0VING BIOLOGICAL EFFICIENCY

The standardized growth model showed mature weight to be 
positively associated with biological efficiency for an annual 
production system. However from the above sheep and cattle 
examples, an increase in mature weight of 25% increased biological 
efficiency by only 435 . Given the small change in efficiency 
resulting from a substantial change in mature weight, it is logical 
to consider the effect of selection for alternative feeding and 
growth parameters on biological efficiency.

Figure 3. Stage of 
maturity of body weight as 
a function of metabolic 
age, for a genotype with 
standardized feeding 
and growth parameters, 
and genotypes with either 
a 2535 increase in appetite 
(1/t*), a 2535 increase in 
the food efficiency factor 
(AB), or a 25 % decrease 
in mature food intake
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The model used In this study provided an opportunity to examine 
the effect of changes in various feeding and growth parameters on 
the shape of the growth curve and subsequent effects on biological 
efficiency. Results from Parratt (1983) suggest some genetic 
variation in feeding and growth parameters in mice, which is 
independent of mature weight. These are supported by other 
experimental results in mice (McCarthy and Bakker 1976, Timon and 
Eisen 1970), chickens (Ricard 1975) and in sheep (Thompson et al. 
1985), where selection for various measures of body weight have 
altered the shape of the growth curve. Although bending the growth 
curve to produce earlier maturing animals is often cited as a 
possible means of improving animal production (e.g. Fitzhugh 1976), 
most analyses have been restricted to changes in the weight/age 
growth curve, with no measure of food inputs, and the subsequent 
changes in biological efficiency.

A change in the shape of the growth curve can result from a 
change in either the pattern of food intake, or in the efficiency 
with which the food is converted to liveweight. The pattern of food 
intake can be described in terms of appetite (1/t*) and mature food 
intake (C) (equation 1), whereas the efficiency of conversion of 
food to liveweight is described by the term (AB) (equation 2).
Figure 3 shows the impact on the shape of the growth curve of a 25* 
increase in both appetite (i.e. an increase in 1/t*) and the 
efficiency factor (AB), and a 25% decrease in mature food intake 
(C). An increase in both the efficiency factor and appetite 
resulted in a faster maturing animal, whereas a decrease in mature 
food intake resulted in a slower maturing animal.

a) Appetite

It is predicted that a 25% 
results in only a 1% decrease ( 
efficiency. When seasonal osci 
included in the model, there is 
which the progeny were born, as
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(1985) concluded that genetic variation between breeds does exist in 
maintenance requirements, which suggests scope for changing the 
trait by indirect selection. They also reviewed the factors 
affecting maintenance requirements of the mature animal and 
concluded that such variation is likely to be associated with 
metabolism of the visceral organs, rather than body composition £er 
s p . Results from Frish and Vercoe (1976) showed large differences 
in maintenance costs between Bos taurus and Bos indicus cattle.
Bos indicus have a lower maintenance cost and also a lower growth 
rate, which is similar to the scenario outlined in Figure 3. This 
suggests that at least on a between breed basis, some variation in 
mature food intake is independent of mature weight.

c) Food efficiency

If genetic variation in the food efficiency factor (AB) does 
exist, it is predicted that an increase in (AB) of 25* results in an 
increase in biological efficiency of ca. 9*. Both Parks (1982) and 
Taylor (1982) have commented on the stability of the food efficiency 
factor across a large number of species and breeds. Although this 
suggests that there is little genetic variation between populations 
in the food efficiency factor, Parratt (1983) reported that mice 
had a high heritability for (AB), and a positive correlation with 
mature food intake (C) and the exponential time constant (t*). Even 
if there is genetic variation in (AB), it is likely to be a 
difficult trait in which to effect change genetically. Certainly 
past selection pressures between different breeds of cattle 
(Thiessen et a l . 1984) and sheep (Thompson and Parks 1983) suggest 
little change in (AB). Also Thompson et a l . (1985) showed that
selection for high and low weaning weight in sheep had little effect 
on (AB). Earlier results on selection for gross food efficiency (as 
either weight gain on a fixed feed intake, or a decreased food 
intake for a fixed change in weight) in mice by Gunsett et al.
(1981) showed little change in the food efficiency factor (AB). In 
their study the response in gross food efficiency was achieved via a 
response in mature weight and feed intake parameters.

IMPLICATIONS

In this paper the ratio of ouput/input was used to describe 
biological efficiency of the dam/offspring unit. The model has 
limitations in that it refers only to ad-libitum feeding, whereas 
many pasture based production systems commonly experience periods of 
restricted feeding. Also in the absence of any genetic information 
for feeding and growth parameters of the larger species, we have 
assumed two situations; firstly where feeding and growth parameters 
were perfectly associated with mature size, and secondly where 
feeding and growth parameters were independent of one another. 
Certainly information on the genetic parameters of feeding and 
growth traits is required before effective breeding programs to 
change the shape of the growth curve can be developed.

The problems and limitations of 
measure of efficiency in a meat prod 
discussed by Dickerson (1978, 1982). 
of not taking into account other on- 
enterprise and assumes the same cost

the input/output ratio as a 
ucing enterprise have been

The ratio has the disadvantage 
and off-farm costs in the 
of food, and the same price per
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unit of lean, for all classes of animals. Although economic 
efficiency is perhaps the more relevant figure for producers, 
biological efficiency is a stable measure across national boundaries 
and over time, around which the economics of the enterprise can be 
b u i l t .

Selection objectives for a meat producing enterprise should be 
aimed at improving the biological efficiency of meat production 
(Dickerson 1982). Given this objective, results from this study 
predict that in a straightbreeding system, more promising avenues 
for increasing biological efficiency include a decrease in the 
maintenance cost of the mature animal, and an increase in the food 
efficiency factor. As indicated by Ferrell and Jenkins (1985) 
genetic variation does exist in the maintenance cost of the mature 
animal, over that associated with body weight and milking potential. 
However the scope for using variation in maintenance as a means of 
increasing biological efficiency by within herd or flock selection, 
is limited by the lack of accurate and cheap techniques for 
measuring the maintenance cost of the individual animal. Although a 
decrease in the mature food intake will result in animals with a 
lower growth potential, Ferrell and Jenkins (1985) suggested that 
such animals may have an advantage in unfavourable environments, or 
in drought.

With respect to the food efficiency factor, information to date 
would suggest little variation between breeds and species, but this 
needs to be confirmed within populations. If genetic variation in 
the food efficiency factor does exist, the problem is then how to 
measure this trait in individual animals accurately and cheaply, 
without resorting to expensive long-term feeding trials.

Unfortunately most genetic reports on feeding and growth 
characters relate to weight and growth rate of the animal. The 
large variation in mature weight between present-day breeds and 
strains indicates the scope for changing mature weight of the 
animal, although this study shows that changes in biological 
efficiency due to changes in mature size are likely to be small.
Less information is available on genetic variation for appetite.
The results of Thompson et al. (1985) suggest that although 
variation in appetite exists, it is likely to be correlated with 
early growth rate. However as predicted in this study changes in 
appetite will have little impact on biological efficiency.

Here the above discussion has centered on possible strategies 
for the genetic manipulation of feeding and growth characters to 
improve biological efficiency in a straightbred meat producing 
enterprise. There are alternative genetic and non-genetic means 
which increase biological efficiency. The high maternal cost may be 
reduced by using a large terminal sire, as discussed by Taylor 
(1982). In addition, an increase in biological efficiency via a 
decrease in mature food intake may be achieved by breed 
substitution. Non-genetic means of increasing biological efficiency 
include strategies such as single-sex-bred heifers, as outlined by 
Taylor et al. (1985). Such a strategy reduces the maternal food 
cost, making the cost of rearing the cow a part of productive 
growth.
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CONCLUSION

In an annual production system, it is predicted that mature 
weight is positively related to biological efficiency, although the 
opportunity for change is small. Other means of increasing 
biological efficiency include strategies for bending the shape of 
the growth curve, although the response will vary depending upon the 
trait causing the change in shape. At present there is little 
information on the genetic relationships between the feeding and 
growth parameters. It is therefore difficult to predict the impact 
of selection within populations on changes in both the shape of the 
growth curve, and the biological efficiency of meat production.
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