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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 (IL)
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 Wo.7s),

Group I :y = 1361 — 68.7 x; r = — 0.72**; SD = 5.0

Group I : y = 1392 — 876 x; r = — 0.67**; SD = 7.0

Group I : y = 1206 — 51.1 x; r = — 0.49%*; SD = 5.5

Within the studied range of energy density (0.53 to 0.89 kg SU/kg DM) the relationship
with energy intake (y = g SU/kg Wo.75) was positive :
Group I : y = 332 4 40.0 x; r = 0.67%; SD = 3.3
Group I : y = 41.6 4 179 x; r 0.28* ; SD = 4.3
Group III : y = 30.6 4+ 41.2 x; r = 0.52%%; SD = 4.1

The increasing energy intake with higher energy densities (x) resulted in an increasing
growth rate (y = g/d) (except for group II) but the correlation was lower :
GroupI :y = 7081 4 780.6 x; r = 0.49** ; SD = 105.8
Group II : y 1009.4 4 119.5 x; r = 0.09 NS; SD = 938
Group III : y 823.5 4 4646 x; r = 036 ;SD = 71.3

Il

The feed conversion (y = kg SU/kg gain) in function of the energy concentration (x)
did not indicate a significant relationship for two of the three groups :
GroupI :y = 431 4 0.61 x; r = 0.12 NS; SD = 0.37
Group I : y = 2.84 4 235 x; r = 0.42** ; SD = 0.37
Group IIl : y = 3.79 4 022 x; r 0.06 NS; SD = 0.22
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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 la consommation, la vitesse de croissance

A . ., 2 - - = . . »

et Uefficacité alimentaire de jeunes bovins intensifs

Les auteurs ont étudié les effets de la concentration énergétique (Valeur Amidon/kg
de MS) de rations offertes & volonté sur la consommation, la vitesse de croissance et Veffi-
cacité alimentaire de 119 lots de taurillons Blanc-Bleu-Belges en stabulation libre (I), 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 matiére séche ingérée (y = MS/kg poidse. 75).

Lot :y = 1361 — 68,7 x; r = — 0,72%*; SD = 5,0
TlotIl :y = 1392 — 876 x; r = — 0,67%%; SD = 7,0
Lot III : y = 120,6 — 51,1 x; r = — 0,49%%; SD 5,5

Dans lintervalle de concentration énergétique considéré (0,53 a 0,89 UA/kg MS) la

liaison avec la quantité d’énergie ingérée (y = UA/kg Po.75) a été positive.
Iotl :y = 332 4+ 400 x; r = 0,67%*; SD = 33
Lot Il : y = 41,6 + 179 x; r = 0,28* ; SD = 43
Lot IIT : y = 30,6 4+ 41,2 x; r = 0,52%*%; SD = 4,1

L’accroissement de la quantité d’énergie ingérée 1ié a celui de la concentration énergé-
tique (x) a entrainé une augmentation de la vitesse de croissance (y = g/jour) (sauf pour
le lot IT), mais avec de plus faibles corrélations.

LotI :y = 7081 4 780,6 x; r = 0,49** ; SD = 105,8
Lot II :y = 10094 4+ 1195 x; r = 0,09 NS; SD = 938
Lot III:y = 823,5 4 4646 x; r = 0,36* ; SD = 71,3

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

LotI :y = 431 4 0,61 x; r = 0,12 NS; SD = 0,37
Lot II : y 2,84 4 235 x; r = 042*%* ; SD = 0,37
Lot IIT : y = 3,79 + 0,22 x; r = 0,06 NS; SD = 0,22

La distribution a volonté de rations de plus en plus riches en énergie a entrainé une
réduction de la quantité de matiere séche ingérée et une augmentation de la quantité d’énergie
ingérée ; les gains de poids vif journaliers ont été améliorés par ’accroissement de la concen-

tration énergétique tandis que l'efficacité alimentaire a été peu modifiée, sauf pour les tau-
rillons II en stabulation entravée.

I

1. — Introduction

There is a great diversity of beef production in Europe, due in part to the
large 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
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further enhanced when animals receive different feeding levels (GEAY and ROBE-
LIN, 1979). A higher energy level either increased the fat content in the carcase
at equal carcase weights, or decreased carcase weight at an equal fat content
(CaLLow, 1961 ; HENRICKSON et al., 1965 ; GARRIGUS et al., 1969 ; WALDMAN
et al.,, 1971 ; BoND et al., 1972 ; ANDERSEN, 1975). When reared in the same
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 (GEAY and MALTERRE, 1973).

Variability also exists 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 (LEVY ef al., 1968 and 1970) while similar bulls of the Belgian
white-red breed had a better feed conversion : 2.9 to 3.4 (BUYSSE, 1969 ;
Buysse and BoucqQug, 1975).

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 (DE BOER et al., 1971 ; BoND et al.,
1972 ; LEVY et al., 1974 ; ANDERSEN, 1975), while other trials (GUENTHER ef al.,
1965 ; MEYER et al., 1965) gave a better efficiency with ad libitum feeding, or
no difference (GEAY et al., 1976 ; LEVY et al., 1976 ; Rour and DAENICKE, 1978).

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 investigation can be divided in three groups :

I: store bulls of the Belgian white-blue (BWB) breed, group-housed (119 rations
with 929 animals, liveweight range of 292.4 + 4.1 (s3) to 596.2 + 3.1 kg);

II: store bulls of the BWB breed, but individually tied up (62 rations with 439 ani-
mals, liveweight range of 260.0 &+ 3.5 to 543.9 + 4.1 kg);

IIT: 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 (BOUCQUE
et al., 1978) (Table 1).

All rations were chemically analysed and digestibility of the complete diets
or of the main feedstuffs was determined with wethers as described by CorTYN
and BoucquEe (1969). '
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TABLE 1

CLASSIFICATION OF THE RATIONS FOLLOWING THE BASIC FEEDSTUFFS AND THE
ENERGY DENSITY

Number of rations

Group I 1T 111
Ratlion type (n = 119) {n = 62) (n = 42)
Hay + concentrate - 14 -
Maize silage + concentrate 18 24 -
Dehydrated maize pellets +
concentrate 6 4 8

Dehydrated alfalfa pellets +
concentrate 20 - -

Fodderbeet + concentrate 1 - -

Ensiled pressed beet pulp +
concentrate 7 - -

Dried beet pulp (2 75%)

rations 14 6 -
*

Complete dry rations 49 12 28

Maize grain + concentrate 4 2 6

Energy density of the diet
(kg SU/kg DM)

< 0.600 12 12 -
0.600 - 0.649 10 5 3
0.650 - 0.699 30 21 3
0.700 - 0.749 33 19 23
0.750 - 0.799 20 3 7
0.800 - 0.849 11 - 3

> 0.850 3 2 3

Mainly dried sugar beet pulp and other by-products

The impact of the energy concentration on dry matter and net energy intake,
growth rate and feed conversion was studied by regression analysis (DRAPER and
SmiTH, 1966).

The net energy content was expressed in starch equivalents. The requirements
for maintenance and daily liveweight gain (LWG) were calculated by the follo-
wing regressions (BUYSSE, 1974) :

SE for maintenance (kg/d) = 0.8 4+ 0.0045 W
SE for production (kg/kg LWG) = 1.22 4+ 0.00273 W.
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3. — Results and discussion

3.1. — Feed intake

According to the studies of MONTGOMMERY and BAUMGARDT (1965) ;
BaumGarDT (1970) and Dintus and BAUMGARDT (1970), we can expect an
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
concentration, because animals eat for calories !

Giving more concentrated rations results in a decreasing dry matter intake
and a stable or slightly decreasing energy intake. CONRAD (1966) found that the
digestible dry matter intake of dairy cows levelled oft 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 W®7%)
(figure 1) with increasing energy concentration (x = kg SU /kg DM).

DM. INTAKE
10| (aDMJlkgW°™)
100 ;:*: .
¥ -+ :’}\ -, - + ++
90 - \*\x
. +*;*“'+-t.$ : ~++* ': }-&"‘\"‘_, ;++: +
80 o TR R
70, y-1361-687 x
r--072*
60 ENERGY DENSITY
%}l (kgSUJkgDM)
055 065 075 085

FiG 1. — Relationship, energy density and DM intake by bulls (I).

The relationship was respectively :
GroupI :y = 1361 — 68.7x; r = — 0.72** ; SD = 5.0
Group Il : y = 1392 — 876 x; r = -— 0.67** ; SD = 7.0
Group Il : y = 1206 — 511 x; r = — 049%* ; SD = 5.5

These findings are in accordance with most of the literature data shown in
Table 2.
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A possible explanation for the diminishing DM intake may be the fact
that we had already exceeded the threshold concentration for maximum DM
intake.

In that case, the relationship of MONTGOMMERY and BAUMGARDT (1965) suggests
a constant energy intake. Nevertheless, in our trials (figure 2) we observed a signi-
ficantly higher energy intake (y = g SU /kg W 75) with increasing energy den-
sity (x):

GroupI :y = 332 + 400 x; r = 0.67**; SD = 3.3
Group Il : y = 41.6 + 179 x; r 0.28*% ; SD = 4.3
Group IIl : y = 30.6 + 412 x; r = 052*¥*; SD = 4.1

75/ INTAKE S.U. “
(glkg W0.75)

45 Y 332.400x

r= 067 ENERGY DENSITY

L (kg SUJkgDM,)
#—055 065 075 085

F1G. 2. — Relationship, energy density and SU intake by bulls (BWB-group housed; n=119) (I).

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 conse-
quence 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
(CoTTYN et al., 1971) and crude fibre content (DE BRABANDER et al., 1978).

FrREer and CAMPLING (1963) noted a lower energy intake on very high
energy rations. At our institute COTTYN et al. (1978) established the same pheno-
menon with tieds bulls of the Belgian white-blue breed fed maize grain, while it
was not confirmed with loose housed bulls (BOUCQUE et al., 1978). This state-
ment helps to explain the lower r value for group II.

3.2. — Duaily 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
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correlation coefficients were lower (especially for group II) than those for intake
and concentration. The relationship was respectively :

GroupI :y = 708.1 4+ 780.6 x; r = 0.49*%* ; SD = 105.8
Group II :y = 10094 4+ 1194 x; r = 0.09 NS; SD = 93.8
GroupIIT: y = 8235 + 4646 x; r = 036* ; SD = 713

DAILY GAIN(g) .
1500 .

1300

1100
y= 708.1;780.6X
900 r-049 ENERGY DENSITY
:, (kgSUJkgDM)
055 065 075 085

FiG. 3. — Relationship, energy density and daily gain by bulls (I).

This is also in accordance with the data in Table 2, although some investi-
gations (FracHowsky and LOHNERT, 1977 and FrLAcHOwsky, 1979), with
high energetic rations but with a lack of fibrous material, resulted in a growth
depression without a decreasing energy intake.

LANART and SUSMEL (1979) found that maize rations with increasing energy
concentration clearly improved daily gains of beef breed bulls (» = 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
already demonstrated with earlier results (BOUCQUE et al., 1979).

The influence of the daily energy intake (x == g SU /kg W°7%) on the daily
gain (y) (figure 4) gives a more significant relationship:

GroupI :y = 87.1 4+ 191 x; r = 0.71** ; SD = 85,8
Group IT : y = 4524 + 119 x; r = 057** ; SD = 774
Group Il : y = 4628 4 115 x; r = 0.72*%* ; SD = 533
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DAILY GAIN
(9)

1500

1300

'y:-87.13.19.08 x

! XX

900 ENERGY INTAKE
( gS.UJkg wO-75)

= 50 60 70 80

F1G. 4. — Relationship, energy intake and daily gain by bulls (I).

3.3 — Feed Conversion

3.3. 1. Ad libitum energy intake

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

GroupI :y =431 4+ 061 x; r = 0.12NS; SD = 0.37
Group II :y = 2.84 + 235 x; r = 042** ; SD = 0.37
Group Il : y = 3.79 4+ 022 x; r = 0.06 NS; SD = 0.22

The higher correlation of group Il 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
energy conversion (KAy et al., 1970 and 1971 ; BOUCQUE et al., 1971a and
1972 ; CoTTYN et al., 1973 ; LEVY et al., 1974 and 1975 ; PiriE and GREEN-
HALGH, 1978) while there are trials with opposite results (HENRICKSON et al.,
1965 ; GEAY et al., 19764, b ; BoucQuE, 1979) when the range of energy concen-
tration was quite similar. Some authors established no clear effect (GUENTHER
et al.,, 1965 ; SwaN and LammMing, 1970 ; BoUCQUE et al., 1971b ; PRIOR et al.,
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58 FEED CCNVERSION
(kg S.UJkg gain)

38  vy-431-061x

r-012ns. -

4, ENERGY DENSITY(kgSU]JkgDM)
”7"055 065 075 085

FIG. 5. — Relationship energy density and energy utilzation (I),

UTILIZATION ) .
3.0;(kg S.U. above -t %
. . 3 .
maint./kg gain) - % L
# }1 * - *

14 \r’:},ﬁg;ﬂ'” x ENERGY DENSITY
40 (kg S.U/Kkg D.M.)
L1
H—o55 065 075 085

F1G. 6. — Relationship energy density and energy utilization (I).

1977). Certainly there exists a genotype-nutrition interaction (GEAY and ROBELIN,
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 (GEAY et al., 1976a).
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LaNARrRI and SusMEL (1979) concluded that there was no modification in
efficiency due to energy concentration with beef breed bulls (» = 0.10), but the
efficiency declined clearly with dairy breed bulls (r = 0.44), light steers ( = 0.71)
and heavy steers (r = 0.68). When we took the liveweight (x, = kg LW) into
account (beside the energy density x;), we obtained the following multiple linear
regression :

Group I : y= 175+ 0.27 x, + 0.0063 x,; R?= 0.31; SD = 0.31.
Group II : y = 1.06 4 1.41 x; 4 0.0060 x,; R2 = 0.31; SD = 0.34.
Group II: y= 1.83 -+ 0.69 x; + 0.0050 x,; R2=0.19; SD = 0.20.

The partial regression coefficients between liveweight (x,) and energy conver-
sion (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).

Groupl :y =126 4+ 1.74 x; r = 049*%* ; SD = 0.23
Group Il : y = 0.73 + 190 x; r = 044**; SD = 0.28
Group III : y = 1.02 + 136 x; r = 036* ; SD 0.21

Taking the average liveweight (x,) into account, the following multiple linear
regressions were calculated :
Group I : y=0.07 + 1.58 x; + 0.00292 x,; R2 = 0.37; SD = 0.23.
Group IT : y = 0.71 4 1.89 x; + 0.00006 x,; R? = 0.19; SD = 0.28.
Group IIT; y = —0.10 + 1.63 x; + 0.00289 x,; R?=0.19; SD = 0.21.

The multiple regressions did not improve the relationship to any considerable
extent. The 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 :

Groupl :y = 6.55—0.00143 x; r = — 0.46**; SD = 0.34
Group I : y = 6.81 — 0.00218 x; r = — 0.51** ; SD = 0.35
GroupIIl : y = 4.14 — 0.00016 x; r = — 0.05NS; SD = 0.22

The low r value for group III can be explained by the smaller range of
liveweight gain (1 009 to 1333 g) compared to group I (1010 to 1576 g) and
IT (899 to 1397 g). Considering the energy intake above maintenance per kg
liveweight gain (¥) 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) :

GroupI :y = 227 + 0.00018 x; r = 0.08NS; SD = 0.27
Group IT : y = 1.90 4 0.00012 x; » = 0.03NS; SD = 0.31
Group IIl : y = 0.44 4 0.00136 x; r = 046** ; SD = 0.20

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
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to 85 per cent of the ad libitum intake. Some investigations assume an interaction
between energy level and energy concentration in the ration (LEvY et al., 1974 ;
Rour and DAENICKE, 1978). Severe restriction (ANDERSEN, 1975) resulted in
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
deposition (BERGEN, 1974) and higher energy requirements (Van Es, 1976) on
the one side, and to a relatively higher maintenance requirement at low densities
on the other hand. ELSLEY (1976) also established this phenomenon for pigs.
The genotype-nutrition-interaction was demonstrated by GEAY and ROBELIN
(1979).

4. — Conclusion

Diets with increasing energy densities, 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, gencrally 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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