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Abstract

In six feeding trials glucose, beta-hydroxy-butyrate (BHB) and non-esterified fatty acids
(NEFA) levels in the plasma of pregnant ewes were analysed. Glucose levels were affected
by litter size after day 84 of pregnancy. An increase in litter size lowered the glucose level
in plasma during the last phase of pregnancy. At day 141 a sharp rise in glucose level was
observed. Ewes with acetonaemia showed after day 126 of pregnancy a significant lower glu-
cose level. Also BHB and NEFA levels were affected by litter size in the last months of preg-
nancy. With increasing litter size BHB level increased more dramaticly than NEFA levels.
Ewes with acetonaemia had significantly higher BHB and NEFA levels in the last month of
pregnancy. Ewes on treatments with a higher metabolizable energy (ME) intake (rations with
60 % of the energy originating from concentrates) showed a higher glucose, a lower BHB and
a lower NEFA level in the last month of pregnancy than ewes on the control treatment (ration
with 40 % of the energy originating from concentrates). A lower incidence of acetonaemia
on treatments with a higher energy intake was expected, but not observed. Probably, energy
deficit is not the only factor inducing acetonaemia. With regression models the energy re-
quirement of pregnant ewes with a body weight of about 85 kg during the last month of preg-
nancy was estimated. The ME requirement in MJ per day for a ewe with a single, twin, triplet,
quadruplet and quintuplet was 13.0, 15.9, 17.1, 18.4 and 19.1, respectively. The estimated
energetic efficiency of conceptus growth was about 0.16.

Keywords: ewe, pregnancy, energy status, concentrates supply, blood parameters, litter size,
acetonaemia

Introduction

Energy requirements of ewes during the last months of pregnancy are mostly
presented for ewes with singles or twins. In some cases, also values for a larger litter
size are shown. In Table 1, energy requirements of ewes during the last months of
pregnancy are summarized. For ewes with twins a wide variation in ME requirement
can be observed. One part of the variation is supposed to be due to differences in
breeds, body weights of ewes and in environmental conditions. Another part of the
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Table 1. Energy requirements of pregnant ewes.

Author Days of Body weight Litter ME (MJ d-1)
pregnancy of the ewe (kg) size

CVB, 1988 90-145 80 2 14.4

Rattray, 1974 100-140 -2 2 11.3 > 19.5b
100-140 - 3 12.3 > 21.6

Shevah & Black, 1975 95-145 65 2 16.7

MAFF, 1975 90-245 70 2 9.2 > 16.5

Sheehan et al., 1977 90-145 70 2 9.8

ARC, 1980 105-145 75 2 12.9 > 21.4

NRC, 1985 115-145 70 1.8-2.25 18.4

Russel, 1985 90-145 70 2 11.0 > 17.8
90-145 70 3 11.8 > 20.1

INRA, 1988 100-145 70 2 10.5 > 17.0
100-145 70 3 10.8 > 18.4

a Not given.
b > = (gradually) increasing to.

variation can be due to the used indicator of energy status and the aimed level of
this indicator. Lamb birth weight can be used as indicator. Russel et al. (1967) ob-
served a relationship between energy intake and lamb birth weight, when ewes were
underfed. Davies et al. (1971) reported similar results. However, Shevah & Black
(1975) showed no relation between lamb birth weight and energy intake of the ewe.
Also body weight change of ewes is used as an indicator (Sheehan et al., 1977).
However, this parameter is for ewes with different litter sizes a difficult parameter
due to the fact that body weight gain during pregnancy is a net effect of intra-uterin
gain and maternal body weight change.

Bowden (1971) indicated the use of NEFA and ketone bodies levels in the blood
to estimate the energy status of ruminants. Russel (1977) discussed the use of glu-
cose, NEFA and ketone bodies as an indicator for the energy deficit of pregnant
ewes. An equation was designed to estimate the energy deficit of pregnant ewes
based on the measured level of ketone bodies in the blood and a predetermined level
of ketone bodies. Later on the level of ketone bodies was replaced by the level of
beta-hydroxy-butyrate (Russel, 1984; 1985).

Theoretical estimation of the energy requirement of pregnant ewes is complicated
by the low level of energetic efficiency of conceptus growth and the large variation
in estimates of this efficiency (Rattray, 1974; Robinson et al., 1980). However, it
is obvious that the energy requirement increases with the litter size of the ewes.

Dry matter intake of ewes with an intact fleece is depressed during the last weeks
of pregnancy on diets of roughage supplemented with concentrates. This intake is
more severely depressed in ewes with a litter size of more than two lambs (Everts,
1990). The high energy demand and the limited intake capacity in ewes with a large
litter size causes an energy deficit at the end of pregnancy. Depending on the size
of the energy deficit ewes may become acetonaemic. In a lot of experiments
acetonaemia, induced by fasting, is studied. However, in most cases induced
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acetonaemia is a reversible process whereas acetonaemia in practice is not.

The optimum feeding strategy for ewes with a large litter size should result in a
sufficient feed intake, a minimal incidence of acetonaemia and vital lambs at birth.
Several feeding strategies were compared to the Dutch feeding standards for ewes
with twins (= treatment L40C) during six years. In the first and the second year the
effect of a high feeding level during mid pregnancy (= treatment H40C) was
studied. In the third and the fourth year the effect of a higher proportion of energy
originating from concentrates at the end of pregnancy (= treatment L60C) and in
the fifth and sixth year the effect of a higher proportion of energy from concentrates
combined with a higher protein supply and a lower protein degradability at the end
of pregnancy (= treatment L60C + P) was studied. The characteristics of feed in-
take, incidence of acetonaemia and perinatal lamb mortality are reported in an earli-
er paper (Everts, 1990). The effects of the treatments on the pattern of some blood
parameters (glucose, BHB and NEFA) were studied. With these blood parameters
as indicators for the energy status it should be possible to estimate the energy re-
quirement of ewes at the end of pregnancy.

Materials and methods

The design of the experiment, the age and breed of the ewes, the feeding regimes
and the statistical analysis are described in a previous paper (Everts, 1990). Addi-
tionally blood samples are taken from the ewes with vacutainers from the jugular
vene. Samples were taken prior to the morning feeding with minimal disturbance
of the ewes. The days of sampling were day 28, 56, 84, 105, 119, 126, 133, 138 and
141 of pregnancy. The samples were centrifuged at 2 °C and the plasma was im-
mediately analysed for glucose (Glucoquant, Boehringer Mannheim NV, Amster-
dam), beta-hydroxy-butyrate (B-HB dehydrogenase, Boehringer Mannheim NV,
Amsterdam) and NEFA (NEFA-C-test, Wako Pure Chemical Industries, Ltd, Osa-
ka, Japan). Because of analytical problems the plasma samples from the first experi-
ment were not analysed for beta-hydroxy-butyrate and NEFA. Also the samples
from the second experiment were not analysed for NEFA.

Results
Glucose

Analysis of the plasma glucose levels with a model including year of experiment, lit-
ter size, age of the ewe, effect of acetonaemia and the effect of treatments (Everts,
1990) showed a low percentage of variance accounted for (5 to 37 %) and a high
residual standard error (0.24 to 0.60 mmol 1-1). The lowest plasma glucose levels
(1.16 mmol 1-!) were observed in ewes with acetonaemia and the highest levels
(4.73 mmol 1-1!) were observed in barren ewes. The plasma glucose showed for all
litter sizes a rise at the end of pregnancy (day 141). The effect of age on plasma glu-
cose is not very consistent. In the beginning and at the end of pregnancy older ewes
(>2 years) showed a tendency to have lower levels than younger ewes. Ewes suffer-
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Fig. 1. The effect of litter size on plasma glucose level (mmol 1-! plasma) during pregnancy for ewes
of mean age and on the control treatment.
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Fig. 2. The effect of treatment on plasma glucose level (mmol |-! plasma) during pregnancy for ewes
of mean age and with a triplet.
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ing from acetonaemia had a significantly lower plasma glucose level. The difference
at day 126 was 0.43 mmol I-! (SD = 0.11) and at day 138 0.81 mmol 1-! (SD =
0.14).

In Figure 1 the effect of litter size on plasma glucose level is shown. From day
84 of pregnancy plasma glucose level was significantly affected by the litter size. The
mean values for ewes with singles remained more or less constant at a level of about
3.4 mmol 1-1, but the mean values for ewes with quintuplets decreased from 3.4
mmol 1-! at day 28 of pregnancy to 2.6 mmol 1-! at day 139 of pregnancy (Figure
).

In Figure 2 the effect of the feeding treatment is shown. For treatment H40C a
positive effect of 0.16 (SD = 0.05) mmol I-! at mid pregnancy was observed and
at the end of pregnancy (day 133 and day 138) treatment L60C and L60C + P
showed a positive effect of 0.25 (SD = 0.10) mmol 1-1. At day 141 significant ef-
fects could not be proven due to the large variation.

Beta-hydroxy-butyrate

Analysis of the beta-hydroxy-butyrate (= BHB) levels in plasma using the same
model as for glucose resulted in a percentage of variance accounted for between 5
and 50 %. The residual standard error increased from 0.05 mmol 1-! to 1.56 mmol
1-1 during pregnancy. The lowest plasma level of BHB was observed in a non preg-
nant ewe (0.18 mmol 1-1) and the highest level in a ewe suffering from acetonae-
mia (8.81 mmol 1-1). The effect of age was not significant, but at the end of preg-
nancy older ewes (>2 years) tended to higher BHB levels (+ 0.5 mmol 1-1; SD =
0.3). Ewes suffering from acetonaemia had higher plasma BHB. The difference at
day 199 was 0.53 mmol [-! (SD = 0.07) and at day 138 2.33 mmol I-! (SD =
0.33).

The effect of litter size was significant from day 84 of pregnancy untill the end
of pregnancy. The increase of BHB level to the end of pregnancy was non linear
for ewes with more than one lamb. The effect of litter size on the mean values of
plasma BHB is shown in Figure 3.

The BHB plasma level was only in treatment L60C + P significantly affected at
day 133 of pregnancy. It was 0.59 mmol 1-1 (SD = 0.29) lower in the ewes on this
treatment. At day 138 and day 141 it tended also to be about 0.50 mmol 1-! lower
(not significant). Also the ewes on treatment L60C tended to be lower (not signifi-
cantly) than the control treatment L40C (Figure 4).

NEFA

Analysis of NEFA levels in plasma with the same model as for glucose resulted in
a similar range in percentage of variance accounted for as seen at the BHB levels,
but the residual standard error was smaller (0.09 to 0.46). The lowest value was ob-
served in a barren ewe (0.07 mmol I-!) and the highest level in a ewe suffering
from acetonaemia (2.74 mmol 1-1). The age of the ewes affected the NEFA level
significantly in the first months of pregnancy. In older ewes (>2 year) the NEFA
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Fig. 3. The effect of litter size on plasma BHB level (mmol | ! plasma) during pregnancy for ewes of
mean age and on the control treatment.
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Fig. 4. The effect of treatment on plasma BHB level (mmol 1-! plasma) during pregnancy for ewes of
mean age and with a triplet.
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level was 0.10 mmol 1-! (SD = 0.03) lower than in younger ewes. NEFA levels of
ewes suffering from acetonaemia were higher. At day 119 the difference was 0.29
mmol [-1 (SD = 0.06) and at day 138 0.37 (SD = 0.11).

A significant effect of litter size was seen from day 105 untill the end of pregnan-
cy. Figure 5 shows the effects of litter size on the mean values of NEFA in the plas-
ma. Ewes on treatment L60C + P had significantly lower NEFA levels than on the
control treatment L40C (—0.25 mmol 1-!; SD = 0.09). Ewes on treatment L60C
had only significantly lower NEFA levels at day 138 of pregnancy (—0.23 mmol
1-1; SD = 0.99) (Figure 6).

Relations between blood parameters and energy status

In general a poor relation between BHB or NEFA in plasma and ME intake was
observed. Only 20 to 30 % of the variance of the plasma parameters was accounted
for. Addition of litter size and the interaction between litter size and ME intake in-
creased the percentage of variance accounted for to about 60 %. The regression
coefficient of ME for ewes with singles and twins was not significantly different
from zero, but for ewes with three or more lambs this coefficient was significantly
lower then zero. This indicated that BHB and NEFA level in the plasma are related
to the size of a negative energy balance (energy deficit of ewes with 3 or more lambs)
and not to the size of a positive energy balance (energy surplus of ewes with one
or two lambs).

Based on this analysis ewes were divided in two groups: one group of ewes with
singles and twins (in most cases with an energy surplus; set A) and an other group
of ewes with three or more lambs (in most cases with an energy deficit; set B). To
estimate energy requirements for pregnant ewes, using predetermined plasma
parameter levels, the following model was used:

ME; = ME_, + ME_, + B X plasma parameter 1)

where ME; = energy intake, ME = energy for maintenance and ME, = energy
for conceptus growth. When in this equation it is assumed that ME,, is constant
and that ME_ is depending of the sum of birth weights of the born lambs (= SBW)
then Equation 1 can be written as

ME; = C + B, x SBW + B, x plasma parameter )

The percentage of variance accounted for of the model according to Equation 2 was
increased by including a factor for maternal growth.

The maternal growth was calculated as the body weight gain of the ewe during
day 117 to day 141 of pregnancy minus 38 % of the body weight loss at parturition
(defined as body weight at day 141 minus body weight after lambing). This percen-
tage of 38 was derived from data of McDonald et al. (1980). The use of occurence
of acetonaemia as an additional variable in the model improved the percentage of
variance accounted for in some cases. The results are given in Table 2. In the regres-
sions the mean level of energy intake and of the plasma parameter as observed dur-
ing the last month of pregnancy were used. Replacing the mean values of the plasma
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Fig. 5. The effect of litter size on plasma NEFA level (mmol 1-1 plasma) during pregnancy for ewes of
mean age and on the control treatment.
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Table 2. Relations between mean ME intake (= MEX) in MJ and mean plasma parameter level in the
blood (glucose = GLUX, BHB = BHBX, NEFA = NEFAX), sum of birth weight (SBW), maternal
growth (MATGR) and the incidence of acetonaemia (ACETON). The estimated coefficients with the SD
between parenthesis, the percentage variance accounted for (= % Acc.) and the RSD are shown. Set A
are ewes with singles and twins and set B are ewes with triplets, quadruplets and quintuplets.

Set Estimated coefficients (SD) % RSD
Acc.

constant B; B, B; B,
Model: MEX = constant + B; X GLUX + B, x SBW + B; x MATGR + B, x ACETON

A 1.33(£2.99) 3.23 (+£0.81) 0.52(£0.08) 11.87 (x2.75) —(-) 49.2 1.66
B 0.40 (£1.62) 2.34 (£0.38) 0.73 (£0.08) 8.45 (+£0.99) —1.40(x0.50) 62.2 1.68

Model: MEX = constant + B, X BHBX + B; X SBW + B; x MATGR + B, x ACETON

A 12,74 (£1.44) 0.17 (£3.31) 0.39 (x0.19) 9.47 (£3.64) —(-) 326 1.89
B 9.23(x£091) -1.26(x0.21) 0.66 (+0.08) 8.17 (= 1.15) —(—) 62.0 1.74

Model: MEX = constant + B; X NEFAX + B, x SBW + B; x MATGR + B, x ACETON

A 1338 (+0.86) —5.85(+2.98) 0.72(x0.15) 9.68 (+£3.86) ~(-) 55.0 1.74
B 10.71 (£1.01) —3.55(x0.62) 0.66 (+0.09) 6.54 (£1.22) —-1.74 (£0.51) 66.7 1.69

a Not included in the model.

parameters by the observed maximum or minimum levels gave no better results. In
the model a linear relation between energy deficit and plasma parameters was as-
sumed. But when the levels of BHB or NEFA are transformed in natural logarithms
the percentage of variance accounted for did not increase.

With the regression equations of Table 2, energy requirements of pregnant ewes
in the last month of pregnancy can be calculated. However, the setting of the
predetermined levels of the blood parameters and the maternal gain need considera-
tion. The maternal growth as calculated included the udder development. To pre-
vent underestimation of the requirement maternal gain should be at least equal to
the mass increase of the udder. Estimates for mass increase of the udder as given
by Robinson et al. (1979) were used. The values for the sum of lamb birth weight
were derived from the mean observed birth weights in this experiment (Everts,
1990). With the plasma values of the parameters as observed in the onset of preg-
nancy as a standard (glucose = 3.4 mmol 1-!; BHB = 0.3 mmol 1-!; NEFA = 0.2
mmol 1-!) the energy need of pregnant ewes was estimated (Table 3). These plasma
parameter levels, combined with a zero lamb birth weight and no maternal growth,
should result in an estimate of the energy requirement for maintenance (Table 3).
However, in practice a moderate energy deficit is allowed and thus the predeter-
mined levels of the blood parameters can be changed (glucose = 3.0 mmol 1-;
BHB = 1.0 mmol 1-1; NEFA = 0.75 mmol 1-!). The estimated energy require-
ments based on these values are shown in Table 3.
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Table 3. Estimated energy requirement (MJ ME d-1) for maintenance and for pregnant ewes with 1 to
5 lambs during the last month of pregnancy. The regression equations from Table 2 are used with 2
predetermined levels of plasma parameters. The sum of lamb birth weights (SBW) for each litter size are
observed means and the maternal growth equals to the udder development as estimated by Robinson et
al. (1979).

Litter SBW Energy requirement (MJ M d-1)

size (kg)
NEFA BHB Glucose

Level (mmol [-1) 0.20 0.75 0.30 1.00 34 3.0

Equation set A B B A B B A B B
Maintenance! 12.2 10.0 12.8 8.9 12.3 8.3
1 lamb 5.0 13.8 11.8 12.7 11.8 12.6 11.6
2 lambs 9.0 16.5 14.6 15.5 14.7 15.6 14.7
3 lambs 10.5 17.7 15.8 16.8 15.9 16.9 16.0
4 lambs 12.0 18.9 17.0 18.0 17.1 18.3 17.4
S lambs  12.5 19.6 17.6 18.7 17.8 19.1 18.1

I With a birth weight of lambs of zero and no maternal gain assumed.

Discussion
Levels of the blood parameters

The observed plasma glucose levels at the end of pregnancy are in line with levels
reported by Davies et al. (1971), Ranaweera et al. (1979, 1981) and Rémésy &
Demigné (1979). Blood glucose levels as shown by Austin & Wilde (1985) and Stern
et al. (1979) are lower. In a limited number of blood samples with 2.8 to 3.6 mmol
glucose per litre plasma we confirmed that blood glucose level was 20 to 25 % lower
than the plasma glucose level. Low levels of glucose as observed in the plasma of
ewes suffering from acetonaemia were also shown by Rémésy & Demigné (1979) in
ewes suffering from acetonaemia and by Ranaweera et al. (1979, 1981) in ewes
suffering from acetonaemia induced by starvation. Low blood glucose levels in ewes
suffering from acetonaemia were reported by Andrews (1982) and Wierda et al.
(1985).

At day 141 of pregnancy the glucose level is less reliable, probably due to the
stress of the lambing process. Blood samples were taken with minimal disturbance
of the ewes, but the young ewes had at the first blood sampling a higher glucose
level than older ewes. It is unlikely that this difference is due to a real age effect.
Probably, young ewes were not sufficiently accustomed to the procedure of blood
sampling.

Comparison of the levels of BHB in our experiment with level of ketone bodies
from other experiments is rather difficult due to the lack of a simple conversion fac-
tor. Bouchat et al. (1981) showed that the concentration of ketone bodies and the
ratio between BHB and aceto-acetate is influenced by the time of fasting. Thus ke-
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tone bodies level can only be expressed in a BHB level when the ratio between the
different ketone bodies is known.

The observed levels of BHB in the plasma are comparable to levels reported by
Rémésy & Demigné (1979) and Austin & Wilde (1985). However, we observed some
very high levels in ewes suffering from acetonaemia. The analysis of our samples
containing a very high level of BHB can be less accurate due to insufficient dilution.

The NEFA levels as shown in Figure 5 correspond to the BHB levels, but the in-
crease at the end of pregnancy is less dramatic in ewes with a large litter size. The
levels in ewes without acetonaemia are in line with levels as observed by Rémésy &
Demigné (1979), Davies et al. (1971) and Stern et al. (1979). The levels of ewes with
acetonaemia are higher than reported by Rémésy & Demigné (1979), but in the same
range as shown by Wierda et al. (1985). The effect of age can be explained in the
same way as for the glucose.

Effect of treatment and acetonaemia

The pattern of energy intake was described in a previous paper (Everts, 1990). The
higher energy intake during mid pregnancy on treatment H40C was reflected in a
higher glucose level, but not in the BHB level. The plasma samples of the ewes on
treatment H40C were not analysed for NEFA. At the end of pregnancy there was
a higher energy intake for ewes on treatment L60C and L60C + P. The level of glu-
cose was significantly higher for ewes on treatment L60C and L60C + P. At the
same period BHB and NEFA levels were lower for ewes on treatment L60C and
L60C + P. The lower BHB level was somewhat more pronounced in treatment
L60C + P. The higher glucose, the lower BHB and lower NEFA levels of the ewes
on the treatment L60C and L60C + P indicated a better energy status for these
ewes. A lower incidence of acetonaemia was expected for ewes on treatment L60C
and L60C + P, but this was not observed. Probably a severe energy deficit is not
the only cause for acetonaemia. Watsney et al. (1982) could detect ewes sensitive for
acetonaemia using the intravenous glucose tolerance test. They suggested that a
poor control of the glucose homeostasis is a predisponing factor for acetonaemia.

Prediction of the energy requirements

In our experiment the significant effect of litter size on the glucose level indicated
that the glucose concentration was related to the energy or glucose deficit in ewes
with a large litter size. Also the significant effects of treatments support this.
However, Russel (1977) did not prefer glucose as an index for energy status, because
peripheral glucose concentration is homeostatic controlled and quickly responding
to adrenal cortical hyperactivity. The first objection against glucose as an index for
energy status is probably only valid for ewes with about the same litter size.

The BHB level as an index for energy status can be biassed by BHB originating
from rumen fermentation (Russel, 1977). Mantson et al. (1981) reported a wide vari-
ation in the BHB level in cows during the day. Rémésy & Demigné (1979) observed
lower levels of BHB prior to feeding than three hours after feeding on a high feeding

Netherlands Journal of Agricultural Science 38 (1990) 551



H. EVERTS

level. But when the feeding level was restricted severely, they observed a decrease
in BHB after feeding. This suggested only a minor contribution of BHB from the
rumen fermentation when the ewe mobilizes fat. This can also be seen from the
coefficients for BHB in the equations of Table 2. In set A with singles and twins
this coefficient is close to zero with an extreme large standard error and in set B with
ewes with more than 2 lambs the coefficient is negative with a relative small standard
error.

The NEFA level did not increase above a value of about 2.5 mmol 1-!, while the
BHB in the same ewes increased to much higher levels. This plateau of NEFA at
high levels of undernutrition is seen as an disadvantage of NEFA as an index for
energy deficit (Russel, 1977). The discrepancy between NEFA and keton bodies was
also observed by Patterson (1966) in ewes with pregnancy acetonaemia.

The equation to predict the energy requirement derived from the data of ewes
with singles and twins (set A) shows a relative low percentage of variance accounted
for. The prediction of the maintenance requirement in Table 2 (set A) is high (about
12 MJ ME) in relation to a body weight of 85 to 90 kg. The coefficient for BHB
in set A is not significant. The coefficients for glucose and NEFA in set A are show-
ing a higher standard deviation than in set B. The estimate for the energy demand
for conceptus growth is rather variable (0.39 to 0.72 MJ ME per kg of born lamb).
The calculated maternal growth required between 9.5 and 11.9 MJ ME per kg gain.
These equations indicate an unsuccesfull way to estimate energy requirements. This
failure was mainly due to the lack of ewes with a negative energy balance.

The equations derived from ewes with more than two lambs (set B) gave better
results. The estimate for maintenance was between 8.4 and 10.0 MJ ME. The esti-
mate for the energy demand for conceptus growth was about 0.7 MJ ME per kg of
born lamb. According to McDonald et al. (1979) about 110 kJ per day per kg of
born lamb is stored in the uterus during the last month of pregnancy. This resulted
in an estimate of 0.16 for the energetic efficiency of conceptus growth, which is in
line with the estimates of Robinson et al. (1980). The presented figure of 0.7 MJ
ME per kg of born lamb is lower than the figure of Russel (1967), but he calculated
also a net efficency of 0.07. The introduction of the calculated maternal growth im-
proved the equation. This might indicate a mobilization of maternal body protein.
This idea was supported by the low energy content of maternal growth as shown
in the coefficient of ME for maternal growth (B,). Guada et al. (1976) suggested
an increased maternal body protein catabolism to provide energy for the rapid grow-
ing foetuses. This was based on a higher correlation between foetal load and plasma
urea than between foetal load and plasma glucose or NEFA.

To predict energy requirements for ewes with a large litter size, the equations of
set B were used with predetermined levels of glucose, BHB and NEFA as observed
at the onset of pregnancy. The requirement based on NEFA as indicator was the
highest and the requirement based on BHB as indicator the lowest. The mean of the
three used indicators showed an energy requirement for pregnant ewes with a body
weight of about 85 kg in the last month of pregnancy of 9.1 MJ plus 0.78 MJ ME
per kg of born lamb including the ME for udder development.

In practice a moderate energy deficit can be allowed. Russel (1984) used the limit
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of 0.8 mmol {-! for a flock under field conditions and a limit of 1.1 mmol 1-! for
individually fed ewes under experimental conditions. Qur choice for a limit of 1
mmol 1-1 is in line with these recommended limits. The limit for NEFA was 0.75
mmol 1-! and should represent a moderate level of undernourishment (Russel,
1977). The limit of 3 mmol 1-! for glucose was derived from the mean level of
ewes with triplets. When these lower ‘minimum’ requirements are used, the energy
deficit must be compensated later on. The effect of crude protein intake and the
crude protein requirement was not calculated due to a high correlation between
energy intake and protein intake in the last phase of pregnancy (r = 0.921).
However, it was clear that at least the combination of a high protein level and a low
degradability of the protein had a positive effect on the birth weight of lamb. The
effect of a higher energy supply on lamb birth weight must be small due to the low
efficiency of conceptus growth (Rattray, 1974; Robinson et al., 1980).

Conclusions

At the end of pregnancy blood plasma parameters (glucose, BHB and NEFA) are
affected by the litter size and the occurence of acetonaemia. The patterns of the
mean values correspond with each other and are related to the ME intake, when lit-
ter size is taken into account. Treatment effects of a higher energy intake (ration
with 60 % of the energy originating from concentrates) showed better plasma levels.
However, also on these treatments still cases of acetonaemia were observed. Beside
energy deficit other unknown factors must be present to induce acetonaemia. The
estimated energy requirements for ewes with a body weight of 85 kg in the last
month of pregnancy were 13.0, 15.9, 17.1, 18.4 and 19.1 MJ ME per day for ewes
with singles, twins, triplets, quadruplets and quintuplets, respectively. In practice a
moderate energy deficit can be allowed. The estimated requirements can be lowered
with about 10 %, but the energy deficit must be compensated later on.
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