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ENERGY REQUIREMENTS FOR PREGNANCY IN SHEEP 

P. v. R.ATTRA?I 

Ruakura Animal Research Station, Hamilton 

SUMMAKY 

A com.parative slaughter experiment involving 138 mature ewes was 
conducted to determine the efficiency of utilization of metaboliz- 
able energy (ME) during pregnancy and the energy requirements 
for pregnancy in sheep. ME was used for pregnancy and ooncepptus 
development with eficiencies of 16.1 and 12.5%. resuectivelv. 
Energ; gain of the conceptuses increased from 121 kJ;day at day SO 
to 946 kJ/day at day 140 for singles and 259 kJ/day at day 80 to 
1634 kJ/day at day 140 of gestat’ion for twin conceptuses. Total 
energy requirements elf ewes increased from maintenance in ea,rly 
gestation to 1.7 and 2.1 x maintenance .st term fo,r grazing ewes 
carrying single and twin foetuses and to 2.0 and 2.6 x maintenance 
at term for penned ewes carrying single and twin foetuses, respec- 
tively. 

INTRODUCTION 

Calculated energy requirements for pregnancy in sheep have 
been quite variable and range from approximately 520 to 1 670 
kJ metabolizable energy (ME) per kg lamb birthweight per 
day, as parturition approlached (Graham, 1964; Graham, 1966; 
Langlands and Sutherland, 1968; Reid, 1963; Robinson et al., 
1971; Russel et aZ., 1967). Several melho’ds have been used in 
these studies and include comparative slaughter, indirect 
calo’rimetry, regression analysis omf ewe intake omn lamb b’irth- 
weight and regressions of ewe intake on levels o’f blolod meta- 
bolites. 

Estimates of the efficiency of utilization of ME for preg- 
nancy are also very variable and range from 5 to 22% 
(Graham, 1964; Langlands and Sutherland, 1968; Rattray et al., 
1973a; Russel et al., 1967; Sykes and IField, 1972). 

The present experiment was designed to study the pattern 
of ener,9 retention, the efficiency of utilization of ME and the 
energy requirements during pregnancy in sheep and to ascer- 
tain how level of nutrition, stage of gestation and number of 
foetuses carried influenced the estimates. 

EXPER1MENTA.L. 

ANIMALS AND FEEDING 

One hundred and thirty-eight mature Targhee ewes averag- 
ing 55 kg iiveweight were used in the experiment. There were 
28 no’n-pregnant ewes of wh.ich 12 were killed in an initiai 

67 



68 RATTRAY 

slaughter group at commencement of the feeding trial; 6 
were fed at maintenance and 10 were fed ad libitum for 108 
or 115 days. One hundred and ten ewes were mated to Suf- 
folk rams equipped with mating harnesses. These ewes were 
individually fed fro’m approximately day 45 of ges’tation and 
were killed at the fomllowing sta.ges of gestation: day 70, 100, 
125 and 140. They were offered a maintenance ration until 
day 70 of gestation after which they were offered approxi- 
mately 1.5 or 2.0 times maintenance (Table 1). The ewes 

TABLE 1: NUMBERS OF SHEEP ON TREATMENTS AND LEVELS 
OF FEEDING 

- 
No. of 

Group Level of Feeding Animals 

Initial slaughter 
Non-pregnant 
Non-pregnant 
Pregnant 
Pregnant 
Pregnant 

Maintenance 
Ad libimm 
Approx. maintenance 
Approx. 1.5 x maintenance 
Approx. 2.0 x maintenance 

12 
6 

10 
20 
46 
44 

killed at each stage of gestation were chosen randomly in an 
attempt to get at least five single or twin-bearing ewes at 
each stage. All animals were shorn at commencement of the 
feeding experiment and were then housed in an open barn 
and individually fed once daily on a blended pelleted diet of 
the following composition: 70% lucerne hay; 20% rolled 
barley; 5% o,at hay; 4.5% momlasses and 0.504 salt and minerals. 

Two non-pregnant and pregnant ewes at each level of nutri- 
tion were fed in meitabolism crates for collection of faeces 
and urine. Energy contents of the faeces and urine were de- 
termined using an adiabatic bomb calorimeter. The relation- 
ships of Blaxter and Clapperton (1965) were used to esti- 
mate the methane production 

SLJIUGIITERING AND SAMPLING 

Prior to slaughtering all animals were shorn. After slaughtet 
the animals were divided into carcass, offal (viscera, head, 
skin and hooves), bIood, reproductive tract, mammary gland 
and woNal. The reproductive tract of the pregnant ewes was 
severed at the cervix and the gravid uterus was dissected 
into uterus, foetus, foetal membranes (plus placenta) and 
foetal fluids. 

The frozen offal and carcass of each animal were separ- 
ately ground and mixed by femur serial passages through a 
50 h.p. Autio meat grinder. Triplicate samples of each were 
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wrapped in cheeseclosth, oven-dried in aluminium dishes, then 
extracted with ether in large so’xhlet apparatuses. To obtain 
the energy contents of the offal and carcass, heats of cosmbus- 
tiomn were determined on the fat and fat-free portions separ- 
ately. The larger foletuses (over day 120) and the mammary 
glands were handled similarly to the carcass and offal. Energy 
contents o’f oven-dried samples of thle various o,ther pro’ducts 
of conception, blood and wool, were also determined from 
heat of co’mbustion in an adiabatic bolmb calorimeter. 

UTILIZATION OF I\/IE BY NON-PREGNAXT SHEEP 

Energy retention was estimated by the comparative 
slaughter technique. The ME maintlmance requirement was 
estimated from the regression of the logarithm of heat pro- 
duction on ME intake (at the polint where heat production 
was equal to ME intake). The efficiency of utilization of ME 
for gain was estimated from the slope of the regression of 
energy gain/kg”’ o’n ME intake/kg”‘“. These methods were simi- 
lar to those used by Lnfgreen and Garrett (1968) and Rattray 
et al. (1973b) for estimating these parameters in cattle and 
sheep. 

UTILIZATION OF ME FOR PREGNANCY 

Energy retention of the maternal tissues and. conceptuses 
was estimated by the commparative slaughter technique. The 
initial energy and weight o’f the conceptuses were estimated 
from a few pregnant ewes killed prior to’ day 70 of gestatiomn. 
The compositio’n of the body tissues (minus wool, ingesta 
and conceptus) of the pregnant ewes at cosmmencement of the 
feeding trial was assumed to’ be similar to the initial slaughter 
gro’up and on chemical analysis the composition of those 
maternal tissues o’f the ewes killed at day 70 of pregnancy 
was not significantly different from the initial slaughter ani- 
mals (Rattray et al., 1974a). 

Two methods were used to obtain an estimate of efficiency 
of utilization of ME for pregnancy. The first was “factorial” 
and assumed that the pregnant ewes had efficiencies of 
utilization of ME for maintenance and gain similar to the 
non-pregnant animals. The part of the ME intake required fol 
maintenance and gain was calculated using the values f’or non- 
pregnant animals, and the remaining ME intake was assumed 
as being used for synthesis of the p.roducts of conception. 

The second pro’cedure used was multiple regression analy- 
sis to partition ME intake of the ea\:e between maintenance, 
maternal energy gain and pregnancy. 



ENERGY REQUIREMENTS OF PREGNANCY 

The net energy (NE) requirements for conceptus develop- 
ment and pregnancy can be regarded as the energy stored 
in the foetus, fluids and membranes; and fo’etus, fluids, mem- 
branes, uterus and mammary gland, respectively. These para- 
meters were actually measured. The ME requirement for 
pregnancy was computed from these values plus the es’timates 
of efficiency of utilization of ME for these different processes. 

RESULTS AND DlSCUSSlON 

UTILIZATION OF ME BY NON-PREGNANT EWES 

The average ME content of the diet ( t standard error) was 
10.1 t 0.7 kJ/gDM, and was not changed by either level of 
feeding or stage of pregnancy. This is similar to the findings 
of Graham (1964) who fed a hmigh roughage diet to sheep. 
Flatt et 02. (1969), using ‘dairy cows fed high concentrate 
diets, found that pregnancy depressed digestibility and loweIr- 
ed methane losses resulting in a net lowering of ME co’ntent 
by abo’ut two percentage units. 

The maintenance requirement of the nan-pregnant ewes was 
534 & 25 kJ ME/kg”‘. This is high fo’r mature penned 
sheep possibly because the sheep were shorn at the start of 
the trial and the trial was conducted during the winter. Low 
temperatures, wind, and rain al! increase the heat losses and 
metabolic rate of an animal (Blaxter et al., 1966; J’oyce and 
Blaxter, 1964) and shearing further increases these energy 
losses (Coop and Drew, 1963). Garrett (1970) reported that 
when cattle were fed diets that were high in protein content, 
their maintenance requirement increased by 20%. The diet 
fed to the ewes in the experiment reported here was pre- 
dolminantly lucerne and the pro’tein content was 17.1%. These 
two causes could have had some efl’ect in rais’ing the main- 
tenance requirement. 

The efficiency of utilization of ME for gain (including wool) 
was 56.0 i- 8.1%. This value appears relatively high but this 
could be because the gains of these mature ewes were pre- 
dominantly fat and it appears that, in sheep, fat is synthesized 
more efficiently than protein (Rattray et al., 1974b). 

UTILIZATION OF ME DURING CESTATJON 

Relationships were derived to describe foetal growth. In 
the first instance fosetal growth was treated as a first order 
process, i.e., it was the exponential part of a normal growth 
curve. However, it was found that while regressions o’f log+ 
foetal weight against time removed 95% of the variability 
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they did not fit the data in late pregnancy because of a slo~w- 
ing in growth rates. This phenomenon appeared to be no’rmal 
and has been noted before. It may be due to a limitation in 
nutrients available for foetal growth because of a decline in 
voluntary intake in late pregnancy (Cloete, 1939; Graham, 
1964). For this reason polynomial regressions were fitted to 
the data using a step-wise computer program. The regres- 
sions were of the mo’del Y = a + bX + cX’ + d X’ + c X’, where 
Y is foetal weight and X is day of gestation. Most of the re- 
lationships were third degree polynomials and had Y’ values 
greater than 0.99. The relationships d,srived from these regres- 
sions are shown in Fig. 1. In the relationship for the low 

HIGH TWINS 

SINGLES o . 
TWINS A . 
TRIPLETS o . 

LOW SINGLES 

DAYS FROM MATING 

FIG. 1: Relationship,s between foetal weight and day of gestation 

twins there is an obvious point of inflectio’n and slowing of 
growth in late gestatiomn. This was probably because nutri- 
tio’nal limitations would be more obvious in twins because 
they have higher energy requirements than singles. Level of 
nutrition had. no significant effect on foetal weight until after 
day 125 of gestatiosn. This agrees with other wo’rk, where the 
requirements of pregnancy are substantial only in the last 
trimes’ter. It a.ppeared, therefore, that a feeding level ojf 1.5 
x maintenance cosuld support near maximum foetal growth 
rate thro,ughout most of pregnancy. 

In the first method of estimating the efficiency of utiliza- 
tion of ME during pregnancy, it was assumed that pregnant 



TABLE 2: UTILIZATION OF ME FOR CONCEPTUS DEVELOPMENT AND PREGNANCY 

Day of Gestation 
Foetuses Carried 
Level of Nutrition’ 

kllday 
ME intake 
ME for maintenance’ 
ME for maternal body energy gain3 
ME available for pregnancy 
Energy sto,red in total products of conception 
ME for maternal body, mammary and uterine energy gain’ 
ME available for conceptus development 
Energy sstored in conceptus 

125 
Singles 
I-I & L 

17 753 18 833 20 420 14 345 20 943 
10920 11 514 11317 IO 124 11313 
4 995 3 844 6 297 1 248 5 773 
1 838 3 475 2 806 2 973 3 856 

243 532 477 360 816 
5 075 4112 6 565 1 373 6 264 
1 758 3 207 2 538 2 848 3 346 

201 368 331 276 548 

125 
Twins 
H&L 

____ 

140 140 140 
Singles Singles Twins 

H L H 

140 
Twins 

L 
-___ 

16 032 
10 689 

1 675 ; 
3 668 

662 2 
1 968 5 
3 375 

456 

Utilization of ME for pregnancy (%) 13.2 15.3 17.0 12.1 21.2 18.0 
Utilization of ME for conceptus (%) 11.4 11.5 13.0 9.7 16.3 13.5 

’ Level of nutrition after day 70 of gestation: H = 2.0 x main’tenance; L = 1.5 x maintcnancc. 
2 Assumed maintenance 534 kJ/kg 3/g for average ingesta-free conceptus-free body. 
3 Assumed ME used with an efficiency of 56.0% for maternal energy gain. 
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c 

ewes have a maintenance requirement similar to non-pregnant 
sheep, and that the efficiency of ntilizntion of ME for maternal 
body gain was not changed by pregnancy. The estimates of 
efficiency of utilization of ME for pregnancy (gravid uterus 
contents plus mammary gland development) and conceptus 
develorpment (foetus, fluids and membranes) are shown in 
Table 2. The estimates fo’r day 70 and day 100 were not signifi- 
cantly different from zero and were therefore no’t included in 
the table. The estimate for pregnancy in the 140-day low singles 
was also not significant. At day 125 gestation, there was no 
significant difference in energy retention o’f the reproductive 
processes due to level of nutrition, so one estimate was ob- 
tained for single foetuses and one for twin foetuses at that 
stage of pregnancy. The weighted means obtained for the 
efficiency of utilization of ME folr pregnancy energy retention 
and conceptus energy retention were 16.1 ir 2.0% and 12.3 
I 2.2%, respectively. The value for pregnancy was similar to 
that obtained with pregnant ewe hoggets by Rattray et al. 
(1973a) and the estimate of 12.3% for conceptus energy re- 
tention is within the range of 12 to 14% found for sheep and 
cattle (Graham, 1964; Langlands and Sutherland, 1968; Moe 
et al., 1970; Rattray et al., 1973a; Sykes and Field, 1972). 

The secomnd method of estimating the efficiency of utiliza- 
tion of ME during gestatio’n was by using multiple regression 
analysis to partition the ME intake of the pregnant ewes be- 
tween maternal maintenance, energy gain and the ‘energy costs 
of gestation. Separate estimates of the ME cost of pregnancy 
(energy gain of foetus, membranes, ioetal fluids, uterus, and 
mammary gland), conceptus energy retention (foetus, mem- 
branes and foetal fluids) were derived.. 

There was no significant difference between single-bearing 
ewes or ewes bearing multiple foetuses in these estimates. 
At the earlier #stages1 omf gestation (days 70 and 100) the regres- 
sion coefficients associated with the gestation factor were not 
significantly different from zero. Pooled regressions for all 
pregnant animals were derived, and the regression coefficients 
were highly significant (P < 0.001). The regression coefficients 
for the ME comst of pregnancy and conceptus energy retention 
are 4.15 -t 1.15 and 7.81 * 1.55 kJ ME/k.J retentio’n, respectively. 
These values yield estimates for the efficiency o’f utilization of 
ME of 24.1 * 6.7% and 12.8 f 2.5%, respectively. 

The estimates for efficiency of utilization of ME by the co’n- 

ceptus are very similar for the two methods, ‘but the esti- 
mates for pregnancy are rather diffe.rent. The value (16.1%) 
calculated by the fo’rmer method ap,pears more precise and 
was the preferred estimate. The efficiency of utilizatio’n of 
ME may vary with the type of diet fed or if the composition 



TABLE 3: TOTAL ENERGY CONTENT AND ENERGY GAIN OF THE CONCEPTUS AND 
PLUS MAMMARY GLAND AT DIFFERENT STAGES OF GESTATION 

GRAVID UTERUS 

Product of Conception 

No. of Foe1 uses 
~~ 

S/age of Gestafion (days) 

Conceplus 

1 

_ 
Gruvid Uterus pliz Mammary Gland 

___- 
2 3 1 2 3 

.___~ .____- 
Total Energy Content (MJ) 

_~ 
80 1.90 3.13 3.88 10.25 10.63 10.88 

100 5.56 9.81 13.07 14.50 19.33 21.74 

120 13.60 25.47 32.48 23.06 41.21 47.67 140’ 29.71 50.16 1 47.27 80.41 
$ 

14v 25.91 42.58 - 39.60 65.31 =3 - 
~__~_ 

Energy Gain (Y/day) 

so- 85 121 259 268 164 222 260 
100-105 306 632 779 301 837 1013 
120-125 582 992 I 290 720 1 490 1 767 
140-145’ 1 084 1599 - 2 135 2 596 
140-145’ 808 469 - 1151 1051 - 

’ Fed at 2.0 x maintenance after day 70 of gestation. 
’ Fed at 1.5 x maintenance after day 70 of gestation. 
3 Data for triplets did not extend beyond day 125 of gestation. 
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of the energy gains of the products of conception were vastly 
different fro’m that found in this work. 

When piegnancy is regarded solely as an energy retention 
process it is quite inefficient when compared with estimates 
for the el-ficiency elf utilization of ME for maintenance of 
60 tmo 80%; for body gain of 30 to 75% and for milk produc- 
tion of 60 to 70% (A.R.C., 1965; Blaxter, 1967; Moe et al., 
1970; Rattray et al., 1973a, b). If a maintenance requirement 
were allowed fo’r the foetus the process of pregnancy would 
be much more efficient. 

ENERGY RETENTION DURING PREGNANCY 

From Table 2 the energy stored in the conceptus or in the 
total products elf conception can be regarded as NE require- 
ments, and averaged 70 -C 5 k1 NE ,>.ck.l.t,L?/kg foetus and 51 * 

4 kJ NE . . . . . . . ../kg foetus, relspectively. There was no significant 
difference due to level of nutrition, stage of pregnancy or 
number of foetuses carried. These estimates are average 
values for the last 80 or 100 days of’ pregnancy and would 
grossly underestimate requirements in late pregnancy. 

Similar to the growth data, polynomial regressions were 
derived relating total energy of the c:onceptus or pregnancy 
(Y) to clay of gestation (X), because first order relationships 
were found inapprolpriate. The relatio’nships were mainly third 
degree polyncmials with Y* values of 0.98 to 0.99. These regres- 
siomns were used to predict the total energy colntent and daily 
rates o’f energy retention of the conceptus cr conceptus plus 
uterus and mammary gland at different stages of gestation 
and these are slhown in Table 3. 

The daily energy gains can be regarded as the net energy 
requirements for comnceptus developrnent or pregnancy at 
the difl’erent stages of gestation. The slowing in ,growth rate 
of the twin foetuses from the ewes fed at the lower level of 
nutrition became quite evident in late pregnancy. Some of 
the predicted daily gains appear incsonsistent, especially in 
early pregnancy when the conceptuses alone for ditocous and 
tritocous ewes appeared to be retaining more energy than 
the total products of conception (including the mammary 
gland). This wo’uld be due tc the different slopes of the 
polynomial regressions at that stage of gestation and would 
be covered by experimental errors. 

Langlands and Sutherland (1968) using the comparative 
slaughter technique fo’und that the daily rate of energy stor- 
age in the gravid uterus increased from 1.55 kJ ‘at day 90 to 
674 kJ at day 145 for Merino ewes carrying single foetuses. 
These are lower than the values given in Table 3. However, 
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the Merino foetuses were aIso substantially lighter at all 
stages of pregnancy than those of the Targhee x Suffolk cross 
in this experiment. When converted to’ ME requirements for 
pregnancy, the estimates for ditocous ewes at the higher level 
of nutrition 2nd for moaotocous ewes at the lower level of 
nutrition are quite similar to the estimate obtained by Robin- 
son et nl. (1971) for late gestation. Their estimates for early 
gestation mare substantially higher than those found in this 
work. The estimates (Table 3) are much higher than those 
Graham (1966) for single foetuses. 

ENERGY REQUIREMENTS FOR PREGNANCY 

The to,tal energy requirements during pregnancy are ob- 
tained by summation of the requirements for maintenance 
and pregnancy. In the case of young animals which are still 
growing, to’tal requirements are the sum of the requirements 
for maintenance, gain and pregnancy. 

Maintenance requirement itself is probably the greatest 
variable, and ranges fro’m approximately 380 kJ/kgj,’ for pen- 
fed ewes (Jagusch and Co’op, 1971) to an average of approxi- 
mately 535 kJ/kg’l’ for grazing ewes (or some penned ewes 
as in this experiment). 

To’tal ME requirements were calculated for mature 55 kg 
ewes (i.e., co8nceptus-free, wool-free weight) bearing 4.5 kg 
singles, 8.5 kg twins or 10.0 kg triplets under penned and graz- 
ing conditions as shown in Table 4. The maintenance require- 
ments would be 7.60 and 10.70 VU/day under penned and 
grazing conditions, respectively. For a grazing ewe it can be 
seen that the total requirement in the last four to six weeks 
of pregnancy averages approximately 1.5 and 1.9 x mainten- 

TABLE 4: TOTAL METABOLIZABLE ENERGY REQUIREMENTS 
DURING PREGNANCY (MT/day) 

~___ ___.-. -- 
Stage of Pregnancy (day) 

Foetuses 180 100 120 140 

Single 
Twin 
Triplets 

Pen Fed 
.,,. 8.3 9.0 1 a.9 15.0 

,,.. ..,, 8.6 11.3 14.4 19.5 
.,., ,,,. ..,. 8.8 12.3 15.7 21.6 

Single 
Twin ,... 
Triplets 

Grazirlg 
11.4 
11.7 
11.9 

12.1 14.0 18.2 
14.4 17.5 22.6 
15.4 18.8 24.7 
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ante for a single- and twin-bearing ewe, respectively, while for 
a penned ewe total ME requirement is a so’mewhat greater 
multiple elf maintenance. These results are quite ‘similar to 
practical recommendations for feeding pregnant ewes 
(Jagusch and Coop, 1971). In early pregnancy the require- 
ments of the conceptuses are quite lo~w and overall feed 
requirements of the ewe would not be significantly different 
from a maintenance ration. 
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