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ABSTRACT : Recent information about the energy value of
sugar beet pulp (SBP) is reviewed in this é)aper. According to
the results presented, DE content of SBP depends on the
?{ @ of basal diet and tha level of inclusion used. A value of

0.5 MJ/Kg DM is proposed for practical levels of inclusion.
Digestible energy can be kept as the unit of expression of

energe/ value of SBP when this ingredient replaces a 15% of
ceredl grains in the diet. The use of DE overestimates the
energy values of SBP when it is included in the diet at levels
greater than 30%. However, these levels are not frequent in
practical formulation, as intake and performance of rabbits
are impaired.

RESUME : Le point surila valeur énergétique pour le
lapin de la pulpe de betterave sucriére. )

Cet article fait le point sur les informations récentes
concernant la valeur éner?étique de la puipe de betterave
sucriére (SBP). Les résultats présentés montrent que la
teneur en énergie digestible de SBP dépend du type de
laliment de base et de son taux incorporation dans cet
aliment. Le taux optimum d'incorporation proposé est de 10.5

MJ/Kg DM. L'énergie digestible peut étre considérée comme
l'expression de la valeur éneggéthua de SBP lorsque ce
produit remplace 15% des céréales de I'aliment. L'utilisation
de ED majore la valeur énergétique de SBP lorsque celui-ci
est inclus dans faliment a des taux supérieurs a 30%.
Toutefois ces taux ne sont pas fréquents dans les
formulations courantes, car la consommation et les
performances des lapins sont diminués.

INTRODUCTION

Although sugar beet pulp (SBP) contains
approximately 50% of neutral detergent fibre (NDF),
its physical and digestion characteristics (high water
holding capacity, small proportion of long particles and
indigestible fibre, low rate of passage, high caecal
retention time), make it of limited value to meet fibre
requirements. Consequently, SBP should be considered
mainly as an energy concentrate feed in rabbits,
because of its content of highly digestible fibre, pectins
and sugars (Table 1). Sugar beet pulp has a very low
starch concentration, so that its substitution for cereal
grains implies major changes in the site of nutrient
digestion. Replacing starch with digestible fibre leads
to an increase on the fermentative activity in the
hindgut, as 40% of the dry matter content of SBP is
digested in the caecum (MERINO and CARABANO,
1992). Microbial fermentation might imply higher

Table 1 : Average chemical composition of sugar
beet pulp (% dry matter basis)

Dry matter 90.0
Organic matter 94.8
Crude fibre 209
Acid detergent fibre 27.0
Neutral detergent fibre 51.5
Acid detergent lignin 19
Pectins 18.0
Starch 1.7
Sugars 78
Crude protein 9.3
Ether extract 0.9
Gross energy 172
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energy losses than enzymatic digestion in the small
intestine, as it occurs in pigs (ZHU et al, 1990).
Furthermore, the end products of microbial digestion
(volatile fatty acids) might be metabolized less
efficiently than the glucose arising from starch
digestion (Low, 1985). Consideration of fermentation
and metabolic energy losses may be then important in
the estimation of the net energy value of SBP with
respect to cereal grains.

The aim of this work is to review the information
published about the energy value of SBP and to
establish its relative value with respect to cereal grains
in rabbits.

DIGESTIBLE ENERGY CONTENT

Digestible energy values of SBP reported in the
literature are shown in Table 2. Method of estimation
varies among studies. The value of MARTINEZ and
FERNANDEZ (1980) was obtained by giving SBP as the
only rabbit feed (direct method), whereas MAERTENS
and DE GROOTE (1984), FEKETE and GIPPERT (1986)
and DE BLAS and VILLAMIDE (1990) used a
substitution method with a level of inclusion of SBP of
40%. Finally, the values of MOTTA (1990) and GARCIA
et al., (1992a, 1993) were calculated by difference
from diets where alfalfa hay or barley grain,
respectively, were substituted with SBP.

The vanability of the DE determinations is very
high ranging from 9.6 to 14.2 MJ/kg DM. Part of this
variation may be explained by the type of basal diet
used. DE BLAS and VILLAMIDE (1990) obtained a
higher DE value (12.4 vs 10.0 MJ/kg DM) and a higher
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Table 2 : Digestible energy value (MJ/kg DM) of sugar beet pulp reported in the literature.

Authors Methods DE estimation
MARTINEZ and FERNANDEZ, 1980 Direct 142
MAERTENS and DE GROOTE, 1984 Substitution
Level of inclusion of SBP = 40% 12.3
Balanced basal diet
FEKETE and GIPPERT, 1986 Substitution
Level of inclusion of SBP = 40% 13.0
Balanced basal diet
DE Bras and VILLAMIDE, 1990 Substitution
Level of inclusion of SBP = 40% 10.0
DE basal diet = 10 MJ/kg DM
De BLas and ViLLAMIDE, 1990 Substitution
Level of inclusion of SBP = 40% 124
DE basal diet = 12.3 MI/kg DM
Mortta, 1990 Difference, substitution of 30% alfalfa hay with 30% SBP 12.5
GARCIA et al., 1992a Difference, substitution of barley grain in high fibrous diet
-15% of SBP 9.6
-30% of SBP 102
GARCIA et al., 1993 Difference, substitution of barley grain in normal fibrous diets
-15% of SBP 10.6
- 35 % of SBP 11.2
-50% of SBP 124

ADF digestibility of SBP (71.7 vs 38.5), when the
basal diet had a lower acid detergent fibre (ADF)
content (13.5 vs 24.6%, DM basis). Furthermore, the
values calculated by GARCIA et al. (1993) at a 15%
level of inclusion of SBP, were higher (10.6 vs 9.6
Ml/kg DM) than those reported by GARCIA et al.
(1992a), which could be related again to a lower
dietary ADF content (19.9 vs 25.9%, DM basis). These
results might be explained by a shorter caecal retention
time of potentially digestible fibre, in diets with a
higher proportion of long fibre particle and/or a higher

Figure 1 : Effect of level of inclusion of SBP in the
experimental diets on DE estimations using the
substitution method.

DE (MJ/kg DM)

content of indigestible fibre. Similar effects were
observed when evaluating the DE content of other
ingredients by using the same methods. (DE BLAS er
al., 1989 ; VILLAMIDE et al., 1991).

Level of inclusion of SBP in the experimental diets
(L %) also contributed to explain part (56%) of the
variability of DE estimations among studies (see
Figure 1). The regression equation obtained between
these variables was :

DE (MJ/kg DM) = 9.8 (+ 0.6) + 0.047 (+0.014) L;

P =0.008

Figure 2 : Effect of level of inclusion of SBP in the
diet on the weight of caecum contents.
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Table 3 : Effect of a substitution of SPB for barley grain on the energy balance of growing rabbits.

Barley : SBP % *

Barley : SBP % *

50:0 35:15 15:35  0:50 30:10 15:15 0:30 SE

DE, MJ/kg DM 1248 1185 1120 11.27 11.14 1036 975 0.19
DE intake, MJ kg-0-75.d-! 1.04 1.00 0.82 0.73 0.96 0.92 0.89 0.01
Energy retention, MJ.kg-0-75.d-? 0.27 0.26 0.20 0.16 024 0.21 0.17 0.01
Overall energy efficiency, % ¢ 26.0 26.3 24.1 211 23.9 231 19.1 0.43
Feed conversion rate

g body weight gain/g DM intake 0.33 0.31 0.29 0.24 0.26 0.25 0.23 0.01
Carcass dressing percentage % 60.4 61.1 59.3 57.0 59.9 58.6 56.6 045

“:GarRClA efal., 1993 ; Y:Garciaetal, 19920 ; °: (Energy retention/DE intake) x 100.

This effect might be related to a higher retention
time of digesta in the caccum of diets containing higher
levels of SBP. GARCIA ef al. (1992b, 1993) observed
an increase of caecal contents weight as the level of
substitution of SBP for barley grain increased
(Figure 2).

According to the previous results, a DE value of
approximatively 10.5 MJ/kg DM should assigned to
SBP, when this feedstuff is included in the diet to
replace a moderate proportion (15%) of cereal grains.
This value is lower than the values proposed by INRA
(1984) and MAERTENS et al. (1990) : 13.5 and 12.5
MJ DE/kg DM, respectively. Levels of substitution of
SBP for cereal grains higher than 30% are not of
practical interest, because of the decrease in
performance observed (GARCIA ef al., 1992b, 1993),

NET ENERGY CONTENT

The effect of a substitution of different levels of
SPB for barley grain on energy retention has been
studied by GARCIA ef al. (1992a, 1993), using diets
with a high or a normal content of indigestible fibre,
respectively. The effect of type of diet on the energy
balance of growing rabbits is shown in Table 3.

An increase in the proportion of SBP in both
studies implied a decrease of DE intake, daily energy

_ retention, feed conversion rate and efficiency of

utilization of DE for growth (K = energy retention x
100/total DE intake). The last effect was analyzed
using the stepwise regression procedure. The variable
that explained better the variation of energy efficiency
(K, %) was digestible neutral detergent fibre intake
(DNDFI, g/d) :

K=39.2(%x2.13)-0.895 (x 0.119) DNDFI

Rz2=092;P<0.001 ;n=7

According to this result, the negative influence of
dietary SBP inclusion on feed efficiency might be
related to an increase of the energy losses associated to
caecal digestion (heat of fermentation and methane
production) and/or to a decrease of efficiency of
utilization of the end products of the digestion (volatile
fatty acids vs glucose). Increasing dietary SBP level of
inclusion led in both studies to an increase of the ratio
protein/ether extract retained in the body. This effect
might also contribute to explain the lower efficiencies
observed, as fat is retained in rabbits with a higher
energetic efficiency than protein (DE BLAS et al,
1985).

Substitution of SBP for barley grain elicited an

Table 4 : Relative value of the experimental diets using different criteria of comparison

Barley : SBP % *

Barley : SBP % *

50:0 35:15 1535 0:50 30:0 15:15 0:30
Feed conversion rate
g body weight gain/g DM intake 100 960 874 720 100 969 872
Feed conversion rate
g carcass/g DM intake 100 93.8 82.7 65.3 100 91.5 76.6
DE, Ml/kg DM 100 94.7 89.7 90.2 100 92.9 874
Overall energy efficiency, K % ¢© 100 1011 927 81.1 100 92.3 758
Net energy ¢ 100 96.0 83.1 73.2 100 89.7 69.7
¢ Garclaetal, 1993 ; P Garciaetal 1992b ; © K= (Energy retention/DE intake) x 100 ; ¢ DE (MK/kg DM) x K/100
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increase of the weight of the stomach and caecum and
their contents. Thus, a parallel decrease of carcass
dressing percentage was also observed (see Table 3).
Feed conversion rate data should be then corrected to
take into account this effect.

The relative value of the experimental diets
studied by Garcia et al. (19922, 1993) using different
criteria of comparison is shown in Table 4. Feed
conversion rate values, especially when are expressed
as g carcass/g DM intake, can be used as a reference,
as they reflect the main practical purpose of the
comparison. DE concentration (MJ/kg DM) clearly
overestimates the energy value of diets containing SBP
levels greater than 30%, because of the decrease of DE
efficiency for growth. However, DE content provide
useful estimations of energy balance in diets containing

-2 15% of SBP.

In conclusion, DE content can be kept as the unit
of expression of the energy value of SBP if the level of
substitution of SBP for cereal grains in the diet is lower
than 15%. For levels of inclusion greater than 30% a
correction factor should be envisaged to take in
account the increase of energy losses associated to
caecal digestion.
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