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Abstract

The main sources of variation in body and body gain composition of cattle - body
weight, breed, sex, growth rate - are analysed in relation with the net requirements for growth.

There is a close relationship between proteins and fat free mass. Therefore, the variations
in lipids will be emphasised.
- Variations with body weight : the lipid content of empty body weight gain rises very

rapidly from 16 to 42 per cent with increasing empty body weight from 200 to 500 kg
in early maturing bulls, fed almost ad libitum. Simultaneously the protein content of gain
decreases from 19 to 14 per cent.

- Variations with breed : at the same empty body weight, say 350 kg, the lipid content
of empty body weight gain varies between breeds, from 15 per cent in late maturing
breed bulls to 28 per cent in early maturing breed bulls.

- Variations with sex and castration : the percentage of lipids in the empty body weight
gain of steers and heifers is 1.5 times as high as in bulls.

- Variations with growth rate : when the level of energy intake is increased, the daily
lipid increases nearly twice as fast as the growth rate.
All these sources of variation are carefully analysed on the basis of a large number

of data. This analysis leads to a model for evaluation of net requirements for cattle growth.

Résumé

Variations des besoins nets pour la croissance chez les bovins
selon le poids vif, la vitesse de croissance, la race et le sexe

Les principales sources de variations de la composition corporelle et de la composition
du croît des bovins - poids vif, vitesse de croissance, race, sexe - sont analysées en relation
avec les besoins nets pour la croissance.

En raison de la relation étroite entre les protéines et la masse délipidée, on analysera
surtout les variations concernant les lipides.



- Variations avec le poids vif : la teneur en lipides du croît augmente très rapidement
de 16 à 42 p. 100 chez les taurillons de race précoce, alimentés ad libitum entre 200 et
500 kg. Simultanément, la teneur en protéines du croît diminue de 19 à 14 p. 100.

- Variations selon la race : la teneur en lipides du croît varie selon la race des animaux,
de 15 p. 100 chez des taurillons de race tardive à 28 p. 100 chez des taurillons de race

précoce comparés à même poids vif vide (350 kg).
- Variations selon le sexe et avec la castration : la teneur en lipides du croît chez les

boeufs et les génisses est 1,5 fois plus élevée que chez les taurillons de même race et de
même poids.

- Variations en fonction de la vitesse de croissance : lorsque le niveau des apports d’énergie
est accru, la quantité de lipides fixée par jour s’accroît approximativement deux fois plus
rapidement que la vitesse de croissance.
Ces sources de variations sont analysées sur la base d’un grand nombre de résultats.

Un modèle pour l’évaluation des besoins nets pour la croissance est proposé.

Introduction

The requirements of cattle for growth are closely related to the growth
rate and the composition of body weight gain. For a very long time, studies on
whole body composition of cattle were done only with very early maturing
animals such as Hereford or Angus steers and heifers (MOULTON et al., 1922 ;
CALLOW, 1947 ; LoFCxEErr and GARRETT, 1968). Their results were therefore
not suitable for other types of cattle and particularly for late maturing bulls
grown in continental Europe. Data concerning the body composition of young
bulls of various breeds have recently become available in publications. This

paper intends to give a detailed analysis of the sources of variation in body
composition of cattle such as body weight, growth rate, breed and sex ; the aim
of this analysis was to propose a model for determining the net requirements for
growth of cattle.

I. - Interrelationships between chemical fractions of the body

Body composition is a five component system of water, lipids, ash and

proteins, but the variations of these fractions are closely interrelated.
MouLTOrr (1923) showed that the fat free mass (FFM = empty body

weight - lipids) had an almost constant composition in various species. We
have recently shown (RosELirr and GEAY, 1978) that the composition of fat
free mass was not exactly constant, but was very highly correlated to the fat
free mass itself, independent of animal breed and sex. Such a relationship has
already been observed in normal and obese rats (BELL and STERN, 1977) and in
birds (DELPECH, 1966).

This relationship has been re-analysed with more data (Table 1) including
four types of animals : 1) very early maturing, Angus, Hereford or Shorthorn
steers, called VEM steers in the text ; 2) early-maturing bulls (Friesian type)
called EM bulls ; 3) late-maturing Charolais or Limousin bulls, called LM bulls ;
4) dual-purpose breed bulls (Simental, Salers...) intermediate between the two
previous types, called IM bulls in the text.



The weight of proteins is very highly correlated with the fat free mass.
However, as shown in Figure 1., a slight difference between types of animals
appears. Compared at the same fat free mass, the VEM steers had more proteins
than Friesian or Limousin bulls and the latter had more proteins than Charolais
bulls. This difference seems to be well related to the mature weight of animals,
700 - 800 kg for Angus or Hereford steers, 900 - 1 000 kg for Friesian or
Limousin bulls and 1 100 - 1 200 kg for Charolais bulls. As the percentage of
proteins in the fat free mass increases with maturity, it is logical that with the
same fat free mass, the animals that reached a greater percentage of mature
weight have more proteins.

In fact, only the difference between Angus-Hereford steers and other animals
is significant (P < 0.01).

The residual coefficient of variation is equal to 2.8 per cent only. After
mathematical derivation of these equations ( and 2), the daily protein retention
(p) may be estimated from the empty body weight gain (EBWG) and the lipid
deposition (1).

From these equations, it is possible to show that 1 g of protein accretion
in the body is accompanied by 3.1 to 2.8 g of water deposition, depending on
FFM (200 to 500 kg). These values come close to those observed by VAN Es







(1976). They show that on a net energy basis, the deposition of 1 g of fat
(9.4 kcal) is approximately 7 times more expensive than the deposition of 1 g
of fat free mass.

II. - Variation of body composition with body weight and breed

As the weight of body proteins can be accurately estimated from the fat
free mass, we have mainly focused the analysis on the variations of body lipids.
The data presented in Figure 2 clearly show the degree to which the weight of

lipids is really the most variable component of body composition. For the same
empty body weight (EBW = 400 kg), it could vary from 11 per cent EBW
in late maturing breed bulls, to 17 per cent EBW in early maturing breed bulls
and 23 per cent EBW in very early maturing steers.

An extended allometric relationship was used for the analysis of the variations
of lipid weight (L ; kg) with empty body weight (EBW ; kg).

When the value of b2 is not significantly different from zero, it means that
the allometric coefficient of L remains constant (bl). On the contrary, it means
that the allometric coefficient of L increases (b2 > 0) or decreases (62 < 0) when
the EBW increases (RosELtN et al., 1978). The following relationships were comput-
ed from the data listed in Table 1:



The coefficient b2 was only significant in equation 7 (early maturing bulls).
It indicates an increase in the allometric coefficient of lipids from 1.50 to 2.02 between
100 and 500 kg EBW. The coefficient b2 would probably have been significant in
equation 6 (very early maturing steers) if the variability of the data had been lower.
It was impossible to compare the value of the allometric coefficient derived from
these three equations statistically, due to the quadratic form of equation 7. However,
the covariance analysis of the equations put in their linear form (62 forced to zero)
showed a highly significant difference between the slopes bl (1.81, 1.71 and 1.53 resp.
for VEM steers, EM bulls and LM bulls) and between the adjusted weight of lipids
for the mean EBW = 238 kg (36.4, 27.1 and 18.9 kg resp. for VEM steers, EM bulls
and LM bulls).

The composition of empty body weight gain (EBWG) was estimated from
the previous equations (see Appendix 1 and 2 for details of computations) and
listed in Table 2.

As indicated by the allometric coefficient, the percentage of lipids in EBWG
rises with higher EBW. Between 200 and 500 kg EBW, it increases from 16 per
cent to 42 per cent in early maturing bulls. The lipid content of EBWG is lower



and increases more slowly in late maturing bulls ( 11 to 19 per cent) ; it is higher
and increases more rapidly in very early maturing steers (24 to 51 per cent).
Simultaneously, there is a decrease in the protein content of EBWG, but this
evolution is very slow compared to the evolution of lipids (18 to 12 per cent,
19 to 14 per cent and 20 to 19 per cent resp. for VEM steers, EM bulls and
LM bulls).

As a consequence of the higher heat value of lipids, the evolution of the
caloric value of EBWG is quite similar to that of the lipid content of EBWG.
Between 200 and 500 kg EBW it increases from 3.2 to 5.4 Mcal/kg EBWG in
VEM steers, from 2.5 to 4.7 Mcal/kg EBWG in EM bulls and from 2.2 to

2.8 Mcal/kg EBWG in LM bulls.
The IM bulls were not included in this analysis, due to the small amount

of data (Table 1). However, it can be seen from Figure 2 that, as far as lipid
deposition is concerned, they could be considered intermediate between Friesian
bulls and Charolais or Limousin bulls.

All these results have been obtained on animals fed almost acl libitum,
with the daily gain of 0.7 to 1.2 kg/day depending on the type of animals
(Table 1). They can be summarised by three main points : 1) the variations
with empty body weight of protein content of empty body weight gain are very
low except in very early maturing animals ; 2) the caloric value of gain increases
approximately by 60 per cent between 200 and 500 kg empty body weight ;
3) for a given empty body weight the caloric value of gain varies approximately
by 40 per cent between early and late maturing breed bulls. This difference is far
greater when very early maturing steers are considered. However, it is difficult,
up to this point in the analysis, to distinguish between the fraction due to the
breed (Angus, Hereford vs Friesian or Charolais) and the fraction due to cas-
tration.

III. - Variation of body composition with sex and castration

A lot of work has been done over 20 years in order to quantify the diffe-
rences between bulls, steers and heifers, in terms of growth rate, feed efficiency
and body composition at slaughter (Review of TURTON, 1969). A compilation
of available results is presented in Tables 3 and 4.

With the same diet, the average daily gain is nearly 16 per cent lower in
steers than in bulls of the same breed, and 24 per cent lower in heifers than in
bulls. At slaughter, the percentage of fatty tissue in the carcase is on average
37 per cent higher in steers than in bulls and 47 per cent higher in heifers than
in bulls. These values are probably a good estimate of the true differences
between these kinds of animals due to the large number of compiled results and
to the relatively low range of variation between experiments. These differences
obviously reflect large variations in the true needs of energy and proteins for
growth, but there are no dynamic results in the bibliography actually comparing
the composition of gain in bulls, steers, and heifers.

Faced with this lack of information, we have tried to estimate the compo-
sition of gain for these three types of animals from the data presented above (see
details in Appendix 4). From these calculations, it appears that the percentage of
lipids in empty body weight gain is nearly 54 per cent higher in steers than in bulls
between castration and slaughter. This percentage is 51 per cent higher in heifers
than in bulls between birth and slaughter.







From this rough comparison, it can be said that, when bulls, steers, and
heifers of the same breed are fed the same diet almost ad libitum during one
fattening period, steers and heifers grow, respectively, 16 and 24 per cent less

rapidly than bulls ; their percentage of lipids in the gain are similar and nearly
50 per cent higher than in bulls. As a consequence, the percentage of proteins
in the empty body weight gain of steers and heifers is 10 per cent lower than
in bulls, while the caloric value of gain is 28 per cent higher than in bulls.

IV. - Variation of body composition with growth rate

When the growth rate increases through higher energy intake, it is well
known that the fatness of carcases at slaughter is increased. The results of 12

experiments summarised in Table 5 support this assertion. In these experiments
involving two feeding levels the increase in energy intake induced an increase
in growth rate by 38 per cent on the average (from 0.7 to 1.0 kg/day). It was

accompanied by a 21 per cent increase in carcase fat (from 24 to 29 per cent fat)
at the end of the experimental period. This is obviously due to an increase in the
lipid content of the gain. Recently, we have analysed this relationship (ROBELIN,
1979) in Friesian and Charolais Salers bulls and in Charolais Salers heifers

grown between 280 and 540 kg body weight. The mean body weight gain
during this period varied between experimental lots from 627 g/day to 1 450 g/day
according to the energy supply. The daily lipid deposition (I ; kg/day) was
related to the empty body weight gain (EBWG ; kg/day according to the follo-
wing model :

(eq. 9) 1= u EBWG&dquo;.

The variations between breed and sex were estimated by covariance analysis.
The value of the coefficient u, resp. 0.160, 0.195, 0.310 for Charolais Salers
bulls, Friesian bulls and Charolais Salers heifers, reflects the differences between
types of animals in lipid deposition for the same EBWG (1 kg/day). They are
in agreement with the previous analysis.

The exponent v was not significantly different between types of animals
(v = 1.78). It means that when the daily gain increased by 10 per cent, the
daily lipid deposition increased by 17.8 per cent. It should be noted that in
absolute value (kg/day), the increase of lipid deposition was much higher in the
earlier maturing animals. For the same increase in daily weight gain from 1.0 to
1.2 kg/day, the lipid deposition increased by 0.12 kg/day (from 0.31 to 0.43)
in Charolais Salers heifers, by 0.08 kg/day (from 0.19 to 0.27) in Friesian bulls
and by 0.06 kg/day (from 0.16 to 0.22) in Charolais Salers bulls.

The value of the exponent v that we found (1.78) seems to be a good
estimate of the variation of lipid deposition with feeding level. We estimated the
daily lipid deposition in the experiments cited in Table 5 (see details in Appendix
5). The 38 per cent increase in growth rate due to the increase in energy intake,
was accompanied by a 76 per cent increase in daily lipid deposition (0.179 to

0.316 kg/day). The estimated value of exponent v was Log. 1.76/Log 1.38 = 1.76.
Then, it could be concluded that when the feeding level of animals is increa-

sed, the daily lipid deposition increases nearly 1.8 times as fast as the daily empty
body weight gain.





V. - Model of estimation of energy and protein retained
in growing cattle

Three types of equations have been discussed until now (see Appendix 1) :

From a nutritional point of view, only true needs for growth in terms of

proteins and energy must be estimated. Energy can be calculated from proteins
and lipids by the formula (RoBELirt and GEAY, 1976) :

The coefficients of this equation are in good agreement with those obtained
by PnLnDiNES et al. (1964) or by FERRELL et al. (1976).

From these relationships, it is possible to build an empirical model to
estimate net requirements for growth according to body weight, body weight
gain and types of animals. In order to simplify, we will consider only the example
of Friesian bulls ; it could be easily extended to other kinds of animals provided
the coefficients of equations are known. First of all body weight and body
weight gain must be transformed into empty body weight and empty body weight
gain through equation E (Appendix 1 and 2). Then for a given empty body
weight (EBW ; kg) and a given empty body weight gain (EBWG ; kg/day), the
daily retention of lipids (l ; kg/day) by Friesian bulls can be estimated with
the following relationship (see details of calculation in Appendix 2 and 3) :

The daily retention of proteins (kg /day) can be calculated with the following
relationship:

The estimated value of I, p and the corresponding value of energy retained
have been listed in Table 6.

This kind of calculation was used by GEAY et al. (1978) to calculate the
net protein requirement for growth. The coefficients of equations used have been
calculated from measurements of body composition by slaughter technique on
various types of cattle.

The model derived from this analysis is only an empirical description of
experimental results. Its accuracy within the range of data used (say, the range
of EBW, EBWG and types of animals) is probably not questionable. However,
some particular points have to be clarified. 1) It is necessary to know whether
the relationship between empty body weight gain and lipid deposition can be
extrapolated to a very low growth rate (lower than 0.5 kg/day). 2) This rela-





tionship may vary with body weight and maturity even if it does not seem to
do so between animals varying in maturity. Experiments in progress may help
to clear up this point. 3) The fact that the quadratic log-log relationship between
the weight of lipids and empty body weight was only significant in Friesian bulls
is not satisfactory. Is even the conventional allometric relationship really the best
way ? 4) In most cases, the sources of variation of body composition were analysed
separately. The interactions between these factors now appear in need of ana-

lysis.

Conclusion

Large variations in the composition of body weight gain of cattle were

observed. The most variable component was the lipid deposition while protein
accretion appeared to follow fat free gain closely.

A model to calculate net requirements for growth has been proposed to

give the general trends of variation in body gain composition according to several
factors. Although this model still has to be improved and adapted to specific situa-
tions, it is quite certain that the patterns it shows are fairly good indications of
actual trends, given the large number and the wide range of data analysed.
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Discussion

Chair : H. BICKEL (Switzerland)

D. LANARI (Italy). - In collecting your data did you consider two-phase feeding
for beef animals ?

J. ROBELIN (France). - No, I began with the more simple data. There were several

feeding levels but only one feeding level for each group of animals during the whole period.
I think it would be more difficult to interpret the results with variation in feeding level
and so on.

A.J.H. VAN Es (The Netherlands). - I have a theoretical question : if you had expressed
your results as a percentage of mature body weight, you would then have the sexes, breeds,
genotypes and so on, coming together. Could you explain everything in terms of growth
being somewhat more rapid in one type of animal than another ?

J. RoBEUN. &mdash; There are two answers to that question. The first one is partly a joke.
If I had expressed the results in terms of percentage of mature weight, I am sure that many
people in this room would have asked me what was my reference for maturity. Also, if I had

expressed the results in terms of mature weight there would still be differences between
breeds. I can give you two examples. The first is the difference between Limousin bulls,
which are very late in maturing in terms of lipid deposition, and Friesian bulls which are
early maturing as far as lipid deposition is concerned. The difference in mature weight
between these two breeds is very small, perhaps 950 kg for Friesian bulls and 1 050 kg
for Limousin. It is not certain that there is truly a difference. It is possible to remove the
effect of breed in the case of maximum protein accretion. If you relate the maximum
protein accretion of animals in terms of percentage of protein weight, what somebody
called &dquo;rate of protein accretion&dquo;, against body weight percentage of mature weight, you
find practically every kind of cattle on the same curve which is a decreasing relative rate

of protein accretion. However, in the case of lipid accretion, differences still remain when
you compare the animals on the basis of the same percentage of mature weight. Just last
year we planned an experiment with Charolais and Friesian bulls slaughtered at approxi-
mately the same percentage of mature weight. At the same percentage of mature weight,
there still remain differences between Charolais and Friesian.

A.J.H. VAN Es. - Could that last aspect be due to genetic differences in volontary
intake because that would explain the higher fat deposition.

J. RoeaLirr. - In the particular case of Friesian and Charolais it is quite probable.

H. BICKEL (Switzerland!. - I believe that a good estimation of mature weight is
quite important. I wonder whether anyone in the audience would care to comment on
whether, in fact, it is so difficult. There are several models for this.

J. RoseLirr. - If you are thinking in terms of growth curves models, one possibility
is the Gompertz curve. However, your estimate of extrapolated weight depends mainly on the
shape of the curve during the experimental period when you are never quite certain that
you do not have outside effects.

A.J.H. VAN Es. - Would not the average weight of mature breeding animals, bulls
used for artificial insemination, be a good measurement of mature body weight ?

J. ROBELIN. - It is probably higher than the mean of the population ; it may be
10 or 20 per cent higher, I don’t know.

, 

H. BICKEL. - I believe you need independent data of the weight of different animals
in the whole population, rather than dependent, because statistically, if you have dependent
weights of the same animals the growth curves will not be correct.



G. ALDERMAN (LIK). - If it is convenient at this point, this is by way of being a

hobby horse of mine, I would look at this matter of prediction of the composition of body
gains from a different angle*.

J. ROBELIN. - I think that is another point of view of the variation of body composition
but it is not an opposite view. You can take the relationship between water and lipid to

make your calculations or the relationship between protein and fat free mass. You will

find approximately the same variations in the whole body composition. Nevertheless, I think

the two kinds of equation should be used in the two kinds of situations. I believe that the

relationship between protein and fat free mass is better to express the evaluation of body
composition with weight, and I believe that the relationship between lipid and water is

better to express the variation of body composition at the same weight for different levels
of feeding. Do you agree ?

G. ALDERMAN. - Yes, I would agree with you there. In fact, this is a different

problem. You were trying to describe the composition if you knew the empty body gain ;
I am starting from a different position. I do not know empty body gain ; I know energy
retention ; I am hopeful that I might know protein deposition. If I know those two, can
I predict the achieved empty body gain ? That is the practical nutritionist’s problem. Can I
predict what the animal will do, not can I describe what it did do. But they are opposite
sides of the same problem.

H. BICKEL. - What we want is to predict the daily weight gain. We can do that

by the fat component on the one hand, by the protein on the other, and then by the difference
between empty body weight gain and full body weight gain. What Dr. Robelin has pointed
out means that the correlation between fat free body weight gain and protein is not a constant.
I think this is the crux of the matter because a lot of different models use a constant

between fat free body weight gain and protein ; this is not correct.

G. ALDERMAN. - I should just add one comment on my presentation. It is only
a Mark I model, it has said nothing about the ash content of the gain but we all know it
is only about 5 per cent and you could easily put that into the model.

H. BICKEL. - Has anyone any comments on the question of how the nutritionists could
co-operate to a greater degree with the breeding people ?

A. NEiMANN-S!iRENSEN (Denmark). - Or vice versa !

G. ALDERMAN. - I would like to ask our French colleagues a question. The data

you have on Friesian bulls show very low energy values for the gain of about 10 MJ/kg.
We are very puzzled about this because we would suggest that for our diets and our type
of Friesian bull we would only decrease energy values by about 15 per cent from value of
20 - 22 MJ for steers, which leaves a big gap between us. It makes me wonder whether you
have a dietary effect, the way you feed your bulls.

J. Rosnt,tN. - Actually they are not &dquo;my&dquo; bulls. All the data is tabulated in Table 1
of the paper and it is from a wide variety of sources.

G. ALDERMAN. - The figure I quoted of 10 MJ/kg is from your earlier paper by
Geay and Robelin. I am curious as to why there is this big difference in the energy value
of Friesian bulls between what you can do here and what we do in England.

Y. GEAY (France). - In this special case it is probably due to the fact that our

Friesian bulls do not receive so high a percentage of concentrates as in your conditions.

G. ALDERMAN. - That was my point; have we a dietary effect here ? If we have
a dietary effect we really need to enquire into it. You implied that it was an all-forage
diet ; if so, what was the forage ?

Y. GEAY. - During the first part of the feeding period the forage was hay, representing
60 per cent of the diet. At the end of the fattening period it represented 20 per cent of the
diet. The animals were also fed this high concentrate diet at the second time of the fattening
period.

(*) See Appendix to Discussion.



G. ALDERMAN. - And the nature of the protein supplements you used ?

Y. GEAY. - In percentage of the crude protein content it was about 13 per cent

during the second part of the fattening period.

G. ALDERMAN. - Yes, but were you using heat treated proteins, f’ormaldehyde
treated proteins, soyabeans, or what ?

Y. GEAY. - Soyabeans.

G. ALDERMAN. - Forgive me for pursuing this but I wish to refer to trials which
have been made in the UK by the Meat and Livestock Commission, where they used a

diet fed ad libitum to bulls, of barley and high temperature dried grass. The rates of gain
achieved were in excess of 1.5 kg/day which were really quite outstanding when they were
first achieved. This could have been due to a rise in protein deposition of these bulls to levels
not previously recorded in the UK. I have no way of proving this ; it is merely a suspicion.

Y. GEAY. - There is another point we have to consider. Even in France if we want
to compare the different types of Friesian, we will observe large variations in body composition,
even on the same diet.

G. ALDERMAN. - That too, I suspected.

H. BICKEL. - Well, it is quite astonishing to have only this 10 MJ/kg body live-

weight gain - it is very low.

K. ROHR (Federal Republic of Germany). - I have some figures in connection with
what Mr. Alderman said.

w A EGB(wg) ó -W x 100 EGB (g) day

200 82 4.6 Ap + 0.8 Af + 25
300 88 3.95 Ap + 1.0 Af + 25
400 95 3.91 Ap + 1.0 Af + 53
500 97 3.8 Ap + 0.95 Af + 55

There is a liveweight range from 200 - 500 kg and the empty body gain (EBG) as a
percentage of liveweight gain increases from 82 to 97 per cent - this is an important point.
Then there is the empty body gain in g/day as related to protein deposition, fat deposition,
and a certain constant which should be the ash content.

H. BICKEL. - This shows us exactly what Dr. Robelin has given us for the differences
in water content of fat free body weight gain.

A.1.H. VAN Es. - With Friesian bulls we very often find that those animals which
grow most rapidly eat the least amount of food. The animals that eat a lot, grow slowly. I
think that is because of differences in genotype. Some are much earlier maturing than others.

H.J. OSLAGE (Federal Republic of Germany). - I have just one comment in connection
with Mr. Alderman’s question. If we speak of fat deposition under almost ad libitum feeding
conditions, we should define the kind of ration, because there can be quite wide variations
in energy intake.


