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Abstract
The impact of the energy concentration (kg SU/kg DM) of ad libitum fed diets, on
intake, growth rate and efficiency was investigated with 119 groups loose housed Belgian
white-blue store bulls (I), 62 groups of individually tied up Belgian white-blue store bulls (II)
and 42 groups of individually tied up Belgian white-red baby-beef bulls (III). We established
a negative relationship between the energy density (x) and the dry matter intake (y - g
DM/kg Woo 75
).

Within the studied range of energy density (0.53 to 0.89 kg SU/kg DM) the
with energy intake (y = g SU/kg Woo 75
) was positive :

The

growth

increasing energy intake with higher
(y
g/d) (except for group II)

rate

=

The feed conversion (y
did not indicate a significant

energy densities (x) resulted in an
but the correlation was lower :

kg SU/kg gain) in function of the energy
relationship for two of the three groups :

=
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increasing
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(x)

Ad libitum feeding of higher energetic rations resulted in decreased dry matter and
increased net energy intake. Daily liveweight gain was positively affected by a higher energy
density, while the influence on the feed conversion was very small, except for the tied store
bulls.

Résumé

Influence de la concentration énergétique des rations
sur

e croi.ssance
la consommation, la vitesse J
alimentaire de jeunes bovins intensifs

et l’efficacité

.

Les auteurs ont étudié les effets de la concentration énergétique (Valeur Amidon/kg
de MS) de rations offertes à volonté sur la consommation, la vitesse de croissance et l’efficacité alimentaire de 119 lots de taurillons Blanc-Bleu-Belges en stabulation libre (1), 62 lots
de taurillons Blanc-Bleu-Belges en stabulation entravée (II) et de 42 groupes de taurillons
Blanc-Rouge-Belges en stabulation entravée (III). Ils ont établi une liaison négative entre la
concentration énergétique (x) et la quantité de matière sèche ingérée (y = MS/kg poidso.
s).
7

Dans l’intervalle de concentration énergétique considéré
avec la quantité d’énergie ingérée (y
UA/kg P!, !5)

liaison

=

(0,53 à 0,89 UA/kg MS) la
a été positive.

L’accroissement de la quantité d’énergie ingérée lié à celui de la concentration énergéa entraîné une augmentation de la vitesse de croissance (y
g/jour) (sauf pour
mais avec de plus faibles corrélations.

tique (x)
le lot II),

=

La relation entre le coût énergétique du kg de gain (y = VA/kg
tration énergétique (x) n’a pas été significative pour 2 des 3 lots.

gain)

et la

concen-

La distribution à volonté de rations de plus en plus riches en énergie a entraîné une
réduction de la quantité de matière sèche ingérée et une augmentation de la quantité d’énergie
ingérée ; les gains de poids vif journaliers ont été améliorés par l’accroissement de la concentration énergétique tandis que l’efficacité alimentaire a été peu modifiée, sauf pour les taurillons II en stabulation entravée.

1.

-

Introduction

There is a great diversity of beef production in Europe, due in part to the
number of breeds with their own genotype. Bulls of Anglo-Saxon and dairy
breeds have an early maturity which results in fatter carcases compared to the
continental beef breeds. The variability in the performance of beef cattle can be

large

further enhanced when animals receive different feeding levels (G
EAY and ROBE, 1979). A higher energy level either increased the fat content in the carcase
LIN
at equal carcase weights, or decreased carcase weight at an equal fat content
ENRICKSON
et al., 1965 ; GA
RRIGUS et al., 1969 ; W
ALDMAN
(CALLOW, 1961 ; H
et al., 1971 ; B
OND
et al., 1972 ; ,
NDERSEN 1975). When reared in the same
A
conditions, bulls of different breeds with equal carcase weights gave a different fat
content in the carcase or when the fat content was comparable, there was a
difference in carcase weight (G
EAY and ,
ALTERRE 1973).
M
also
exists
Variability
concerning feed conversion data cited in the literature,
even within the same category of animals fattened with comparable diets. The
starch equivalent intake per kg of liveweight gain of Israeli-Friesian male cattle
was 3.8 to 4.2 kg (L
EVY
et al., 1968 and 1970) while similar bulls of the Belgian
white-red breed had a better feed conversion : 2.9 to 3.4 (Bu
sSE, 1969 ;
y
UYSSE and ,
B
OUCQUE 1975).
B
However, there is no agreement concerning the effect of decreasing the
level of energy intake on feed efficiency. Some feeding experiments reported a
better efficiency on a restricted energy level (D
E BoER et al., 1971 ; BOND et al.,
EVY
et al., 1974 ; ,
1972 ; L
NDERSEN 1975), while other trials (G
A
UENTHER
et al.,
EYER
et al., 1965) gave a better efficiency with ad libitum feeding, or
1965 ; M
no difference (G
EVY
et al., 1976 ; R
OHR and ,
EAY
et al., 1976 ; L
AENICKE 1978).
D
This study will not investigate the influence of energy levels, but rather the
impact of the ration energy concentration on feed intake, growth rate and feed
conversion of fattening bulls.

2.

-

Experimental

The bulls involved with this

I:
1I:

III:

investigation can be divided in three groups :
store bulls of the Belgian white-blue (BWB) breed, group-housed (119 rations
with 929 animals, liveweight range of 292.4 ! 4.1 (sx) to 596.2 + 3.1 kg);
store bulls of the BWB breed, but individually tied up (62 rations with 439 animals, liveweight range of 260.0 ! 3.5 to 543.9 ± 4.1 kg);
baby-beef bulls of the Belgian white-red (BWR) breed, individually tied up
(42 rations with 265 animals, liveweight range of 159.2 ! 4.2 to 479.9 ! 2.5 kg).

In each group there was a diversity of diets varying from complete dry
rations to mixed rations. For the mixed diets the basic feedstuff was always
administered to appetite, while the daily allowance of concentrate was restricted
to 1 or 0.75 kg per 100 kg liveweight. Therefore the animals were weighed
monthly and the amount of concentrate was adapted accordingly. Initial and
final weights were recorded on three and two consecutive days respectively. The
main roughages were maize silage, dehydrated alfalfa pellets, dehydrated whole
maize plant pellets, grass hay and also some industrial by-products (B
OUCQUE
et

al., 1978) (Table 1).

All rations were chemically analysed and digestibility of the complete diets
of the main feedstuffs was determined with wethers as described by C
OTTYN
and Bouc
uE (1969).
Q
or

’

The

growth

impact

of the energy concentration

rate and feed conversion was studied

dry matter and net energy intake,
by regression analysis (DRAPER and

on

SMITH, 1966).
The net energy content was expressed in starch
for maintenance and daily liveweight gain (LWG)

, 1974) :
UYSSE
wing regressions (B

The
calculated

equivalents.
were

requirements
by the follo-

3.

-

Results and discussion

3.1.

-

Feed intake

NTGOMMERY and B
AUMGARDT (1965) ;
According to the studies of MO
INIUS and B
AUMGARDT (1970), we can expect an
(1970) and D
increasing dry matter and energy intake by enhancing the energy concentration.
Once a threshold density is exceeded, there would be no point in a higher energy

AUMGARDT
B

eat for calories !
concentrated rations results in a decreasing dry matter intake
ONRAD (1966) found that the
and a stable or slightly decreasing energy intake. C
digestible dry matter intake of dairy cows levelled off and approached a straight
line between 66 and 80 per cent DM digestibility. The DM digestibility of the
diets concerned in this study ranged between 66 and 87 per cent.
Our investigation always resulted in a decreasing DM intake (y = g/kg )
75
.
O
W
(figure 1) with increasing energy concentration (x = kg SU /kg DM).

concentration, because animals

Giving

The

more

relationship

These
Table 2.

findings

was

are

respectively :

in accordance with most of the literature data shown in

A possible explanation for the diminishing DM intake may be the fact
that we had already exceeded the threshold concentration for maximum DM
intake.
ONTGOMMERY and GA
AUM (1965) suggests
B
RDT
In that case, the relationship of M
a constant energy intake.
Nevertheless, in our trials (figure 2) we observed a signi75 with increasing energy den.
O
W
ficantly higher energy intake (y =g SU /kg )

sity (x):

This again is in agreement with most of the cited references in Table 2.
However the uniformity among the 3 groups for the energy intake as a consequence of the caloric density is less pronounced than for the DM intake. Feed
intake is also influenced by other parameters of the diet such as physical form
RABANDER al., 1978).
B
t
(CoT!rYrr et al., 1971) and crude fibre content (D
E 2
REER and C
F
AMPLING (1963) noted a lower energy intake on very high
OTTYN et al. (1978) established the same phenoenergy rations. At our institute C
menon with tieds bulls of the Belgian white-blue breed fed maize grain, while it
was not confirmed with loose housed bulls (B
OUCQUE et al., 1978). This statement helps to explain the lower r value for group II.
3.2.

-

Daily liveweight gain

Because of the positive correlation between the energy concentration and
the energy intake, we expect a higher growth rate (y = g/day) with increasing
energy concentration. This was confirmed by our investigation (Figure 3), but the

correlation coefficients
and concentration. The

were

lower

relationship

(especially for group II)
was respectively :

than those for intake

This is also in accordance with the data in Table 2, although some investiLACHOWSKY and ,
6HNERT 1977 and ,
L
AY
L
F
K
S
HOW
C 1979), with
gations (F
high energetic rations but with a lack of fibrous material, resulted in a growth
depression without a decreasing energy intake.
ANARI and S
L
USMEL (1979) found that maize rations with increasing energy
concentration clearly improved daily gains of beef breed bulls (r = 0.80), while
the increase in daily gain was less evident for dairy breed bulls (r = 0.42), light
steers (r = 0.26) and heavy steers (r = 0.67).
In the case of store bulls only, there is a clearly better response on energy
concentration with loose housed bulls (I) than with tied animals (II). This was
uE et al., 1979).
Q
already demonstrated with earlier results (Bouc
The influence of the daily energy intake (x = g SU /kg )
75 on the daily
.
O
W

gain (y) (figure 4) gives

a more

significant relationship:

3.3

-

Feed Conversion

3.3. 1. Ad libitum energy intake

Firstly the total
kg liveweight gain (y

energy intake

(for maintenance and growth together) per
kg SU/kg gain) was expressed in function of the energy
concentration (z = g SU/kg DM) (Figure 5). This relationship for the three
groups was respectively :
=

The higher correlation of group II seems a logical consequence of the low
correlation between gain and energy density. Because of the positive correlation
between energy concentration and energy intake (r = 0.67, 0.28 and 0.52), we
could expect a luxury consumption at higher densities resulting in an unfavourable
conversion due to a higher fat deposition. The regression equation for I and III
do not sustain this hypothesis. Comparing these results with the data in Table 2,
it becomes clear that there is no uniformity in the literature.
Rations with a decreasing energy density often result in a more unfavourable
uE et al., 1971a and
Q
AY et al., 1970 and 1971 ; Bouc
energy conversion (K
OTTYN
et al., 1973 ; L
IRIE and GREENEVY
et al., 1974 and 1975 ; P
1972 ; C
, 1978) while there are trials with opposite results (H
HALGH
ENRICKSON et al.,
EAY
et al., 1976a, b ; ,
1965 ; G
OUCQUE 1979) when the range of energy concenB
tration was quite similar. Some authors established no clear effect (G
UENTHER
et al., 1965 ; SWAN and LAMMING, 1970 ; B
RIOR
et al.,
OUCQUE et al., 1971b ; P

OBELIN
R
1977). Certainly there exists a genotype-nutrition interaction (G
EAY and ,
1979). Rations with increasing energy density resulted in an unfavourable feed
conversion of Salers bulls, while there was no influence on feed conversion of
Charolais bulls (G
nY et al., 1976a).
E

ANARI and S
L
USMEL

(1979) concluded that there

modification in

was no

0.10), but the
efficiency due to energy concentration with beef breed bulls (r
declined
with
breed
bulls
steers
0.44),
(r
0.71)
(r
light
efficiency
clearly
dairy
and heavy steers (r
0.68). When we took the liveweight (xq
kg LW) into
account (beside the energy density x
), we obtained the following multiple linear
l
regression :
=

=

=

=

=

The

partial regression coefficients between liveweight (x
) and energy conver2
(y) are 0.56, 0.40 and 0.45 respectively.
Assuming that the maintenance requirements are constant, the energy intake
above maintenance per kg liveweight gain (y
kg SU/kg gain) follows a more
uniform pattern compared to the total energy consumption per kg gain (Figure 6
vs 5). In that case, there is a closer relationship with the energy concentration (x).
sion

=

Taking
regressions

the average liveweight
calculated :

(x,)

into account, the

following multiple linear

were

multiple regressions did not improve the relationship to any considerable
relationship between the total energy intake (for maintenance and
growth together) per kg liveweight gain (y) and the daily gain (x) demonstrates
the beneficial effect of rapid growing animals :
The

extent. The

The low r value for group III can be explained by the smaller range of
liveweight gain (1 009 to 1 333 g) compared to group I (1 O10 to 1 576 g) and
II (899 to 1 397 g). Considering the energy intake above rnaintenance per kg
liveweight gain (y) in function of the growth rate (x), the increase of energy
consumed per unit of liveweight gain is generally rather low (except for group III) :
-

-

-

--

------

-

--

---

--

!

--

3.3. 2. Different energy levels
When a particular ration is fed at different levels one could expect the same
result as when giving rations with different energy concentration to appetite.
However, energy utilisation is more dependent on levels than on concentrations.
The data in Table 3 mostly indicate a more favourable feed conversion at 80

to 85 per cent of the ad libitum intake. Some

investigations assume an interaction
between energy level and energy concentration in the ration (L
EVY
et al., 1974 ;
OHR and ,
R
AENICKE 1978). Severe restriction (A
D
, 1975) resulted in
NDERSEN
a pronounced unfavorable feed conversion. These statements can be explained
by a less efficient energy utilisation at high energy levels due to a higher fat
AN Es, 1976) on
, 1974) and higher energy requirements (V
ERGEN
deposition (B
the one side, and to a relatively higher maintenance requirement at low densities
on the other hand. E
LSLEY (1976) also established this phenomenon for pigs.
EAY and R
OBELIN
The genotype-nutrition-interaction was demonstrated by G
(1979).

4.

-

Conclusion

Diets with increasing energy den.sities, fed ad libtum to intensively fattened
bulls of Belgian dual purpose breeds generally resulted in a decreased daily dry
matter and an increased energy intake. The positive effect on growth rate was
only significant for the loose housed store bulls and the tied baby-beef bulls. For
these two groups the energy density of the diet did not modify the feed conversion
to any considerable extent. For the tied store bulls however, higher energy diets
resulted in a less favourable feed conversion due to a negligible growth response
to increased energy intake.
When different energy levels are applied, generally lower growth rates were
obtained which in many cases resulted in a better feed efficiency. Following many
literature data, the most favourable feed conversion was obtained when bulls
were fed at 80 to 85 per cent of ad libitum intake.
Besides the study of parameters related to energy content of the diet, our
investigation emphasized the beneficial effect of high growth rates on feed conver-

sion.
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