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ABSTRACT

Twenty pregnant Merino ewes grazed a ryegrass pasture and were offered either no supplement
or 500 g/head/day of a concentrate supplement from days 30 to 90 of pregnancy. After that date, all
ewes were supplemented. Maternal carcass and ,.non-carcass” components, uterine walls, foetus
and placentas plus cotyledons were chemically analysed. At day 90, there was no significant differ-
ence between supplemented and non-supplemented animals in the mobilization of body reserves.
However, from day 91 to 140, a significant effect of the previous nutritional regime was observed,
Body condition score on day 30 accounted for most of the fat mobilization from days 30 to 90,
Nevertheless, these mobilizations were not reflected in any significant difference in the birthweight
and chemical composition of the foetus. Merino grazing sheep hence are able to compensate for feed
restriction during mid-pregnancy, through the mobilization of body reserves, avoiding any influ-
ence on the foetus.

KEY WORDS: body condition score, ewes, maternal mobilization, mid-preghancy, supplementary
feeding

INTRODUCTION

Southern Europe grazing conditions are characterised by important seasonal
fluctuations in the quality and quantity of grass, with pasturc production being
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high in spring and greatly reduced in autumn/winter (Alonso, 1994). This means
that ewes may be exposcd to undernutrition as pregnancy procceds, as this nor-
mally occurs in winter time.

It is broadly accepted that shecp undernutrition over gestation may affect
foetal growth and development, despite the ability of the mothers to buffer del-
eterious influences on foetal growth {Robinson, 1977, 1986, 1990; Lopez and
Robinson, 1994). Little is known, however, about the cffect of nutrition during
mid-pregnancy.

Maternal undernutrition during the first trimester of pregnancy has been
demonstrated variously to either restrict or increasc placenta, although a clear
relationship between placental weight and foetal growth has not been well
cstablished (McCrabb et al., 1991, 1992; Lopez and Robinson, 1994). The
response is influenced by factors such as the severity and timing of undernutri-
tion and the level of body reserves at the beginning of the pregnancy (McCrabb
et al., 1992). Thus, a method for estimating the body reserves in a simple way
would prove very useful in practical conditions (Gunn, 1983).

In general, farmers are recommended to feed submaintenance rations
to pregnant ewes in mid-pregnancy provided above maintenance rations are
available in the last trimester (MLC, 1981; Thericz ct al., 1987), which will
satisfy uterine and foctal growth requirements. This practice, however, makes
the system dependent on the capacity of the ewes to compensate for the response
that occurs during feeding restriction, in a subsequent period of improved
nutrition,

This experiment was conducted with the aim to study the effect of supple-
mentation over mid-pregnancy (from day 30 to 90 of gestation), of grazing
Merino ewes in Southern Europe, with a range of medium-low body condition
scores, on maternal composition changes and the effcct on the conceptus.

MATERIAL AND METHODS
Experimental design

This work was carried out using twenty single-becaring Merino cwes, ranging
in age from 3 to 4 years old, in livewcight (LW) from 45.6 to 57.6 kg and in body
condition score (BCS) from 1.25 to 3, at the beginning of the experiment. The
animals belonged to the flock of the research farm of the Spanish Council for
Scientific Research (Conscjo Superior de Investigaciones Cientificas, CSIC), Leon.

Oestrous cycles were synchronised in September using intravaginal sponges
containing 60 mg of medroxi-progesterone acetate (SINCRO-GEST?), and all ewes
were mated the same day (day 0). Onc month after mating (day 30), pregnancy
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was confirmed by ultrasonic scanning. Ewcs received different trcatments (graz-
ing or grazing + supplementation) from day 30 to day 90 of pregnancy and then
were all supplemented until day 140. Thus, animals were allocated to 4 groups of
5 animals, according to the experimental design, as follows:

groups of animals slaughtered on day 90:
group G — grazing from days 30 to 90,
group S — grazing + concentrate supplement from days 30 to 90,
groups of animals slaughtered on day 140:
group GS — grazing from days 30 to 90 and grazing + concentrate supplement
from days 91 to 140,
group SS — grazing + concentrate supplement from days 30 to 140.

A perennial ryegrass dominant pasture containing Lolium perenne, Festuca
pratensis and Tritolium repens, of approximately 1 ha, was subdivided into two
plots: A and B. Groups G, and GS grazed on plot A and groups S, and SS on plot
B, from day 30 to 90. After that date, all cwes were put together in one plot and
supplemented. Chemical composition of pasture during 30 to 90-day period ranged
from 892 to 8§43 g OM, 226 to 201¢ CP and 364 to 452 g NDF/kg DM. During that
period, sward height averaged 2.55 cm in pasturc A {cwes without supplementa-
tion) and 4.40 cm in pasture B (ewes receiving supplementation; RSD = (.970).

Supplemented animals were offered as a group 500 g/head, once daily, of a
concentrate supplement formulated with barley grain (8§5%), soyabean meal (12%)
and a mineral-vitamin mixture (3%), its composition being, %: dry matter (DM)
93.4 and crudc protein (CP) 13 4.

Slaughter

Ewes slaughter. After a fast of 24 h, the ewes were shorn and then slaughtered
by exsanguination from the jugular vein, after being injected intravenously with |
ml of Xilocine (Rompum®). Blood and wool collected were not analysed but were
assumed to have the chemical composition described by the ARC (1980). The
procedure at slaughter followed the schedule described by Frutos et al. (1997). It
was designed to partition cach body into two components, carcass and ,,non-car-
cass”. The gastrointestinal tract was emptied and its contents weighed in order to
obtain the empty body weight (EBW).

Uterine dissection. The uterus was ticd off as close as possible to the cervix
with cotton thread. After weighing the gravid uterus, an inciston was made along
the greater curvature of the pregnant horn and the foetus exposed. The umbilical
cord was tied off with cotton thrcad and severed. The foetus was imumediately
removed and killed with a lethal dose of Xilocine (Rompum®), and weighed.
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Malternal carcass and ,,non-carcass” components, uterine walls, foctus and pla-
centas plus cotyledons were stored in separate polycthylenc bags at —20°C until
preparation for analysis. After thawing, they were cut into pieces and minced suc-
cessively, using a blender fitted with end plates containing holes of 7 mm and
4 mm diameter. The mince was then mixed thoroughly and subsamples freeze
dried.

Four further non-pregnant, non-lactating grazing Mcrino cwes, from the same
flack, were used as initial group. These animals had been slaughtered previously
for another experiment of body composition (Frutos, unpublished data) following
exactly the same slaughter schedule foflowed in this work.

Measurements and analyses

Liveweight and body condition score (Russel et al., 1969) were recorded once
per weck throughout the experiment.

Herbage intake. Herbage intake by grazing ewes was estimated according to
the equation developed by Linchan et al. (1947), by hand cutting of quadrats of
herbage and undisturbed herbage accumulation.

Chemical analyses. All samples from slaughter, after having been freeze dricd
to determine water content, were analysed for crude protein and ash by AOAC
(1984) procedure. Fat content was estimated by difference.

Herbage samples from quadrats were dried in an oven at 60°C and then ana-
lysed for crude protein and ash (AOAC, 1984) and for NDF (Goering and Van
Soest, 1970).

Statistical analysis

The experiment was analysed using analysis of variance with a factorial treat-
ment structure. Regression analysis was used to cvaluate relationships between
BCS, LW and changes in body composition. All data were analysed using Com-
plete Statistical System (CSS, 1991).

For data relating to groups G, S, GS, and S8, analysts of variance was used to
study the effect of the level of supplementation during the first half of gestation
{from days 30 to 90 of the cxpenment) on parameters measured on days 90 (groups
G and 8) and 140 (groups GS and SS} of pregnancy. In order to remove the effect
of liveweight at the beginning of the experiment as source of variability, this pa-
rameter was included into the analyses of variance as a covariate. Likewise, for
data on day 140 concerning conceptus composition, the sex of the foetus was in-
cluded in the analysis of variance as a covariate,
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RESULTS

Intake of grass from day 30 to 90 of the experiment did not show differences
between supplemented and non-supplemented animals, averaging .62 and
(1.59 kg DM/ewe/day, respectively (RSD = (.159)

Livewcight and body condition scores of the sheep recorded on days 30, 90 and
140 are presented in Table 1. There was no effect of supplementation from days 30
to 90 on any of these parameters, neither in animals slaughtered on day 90 nor on
those slaughtered on day 140 of gestation.

TABLE I
Liveweight (LW) and body condition score (BCS) recorded on days 30, 90 and 140 of the experi-
ment

Experimental group G S RSD S, GS S8 RSD S,
LW, 4597  50.80 2736 ns 49.83 51.90 4.929 ns
LW, 48.60  55.30 2806 ns 52.25 5495 6214 ns
Lw, 57.38 58.35 6.863 ns
BCS,, 2.17 2.81 0.541  ns 275 2.44 0.486 ns
BCS,, 2.00 2.94 0.366 ns 2.50 2.44 0.442 ns
BCS |, 244 2.44 0.515 ns
§, = effect of supplementation from days 30 to 90 on paramelers measured on animals slaughtered
on day 90
S, = effect of supplementation from days 30 o 90 on parameters measured on animals slaughtered
on day 140

Empty body composition and changes in carcass and ,,non-carcass” chemical
compaosition of the ewes, from days 30 to 90 and from days 91 to 140, are given in
Table 2. As shown in the table, cmpty chemical composition of the ewes slaugh-
tered on days 90 and 140, did not show any significant difference (P>0.05) due to
the effect of feed supplementation from days 30 to 90. Empty body weight repre-
sented proportionally, on average, 0.81 (RSD = 0.038) of the LW.

Changes in carcass and ,,non-carcass™ chemical composition during the first
half of the gestation were not affected by the level of supplementation during that
period, either. However, changes from day 91 to day 140, measured in cwes staugh-
tered on day 140, were influenced by that previous nutritional regimen. Animals
from group SS showed a higher mobilization of dry matter of the carcass, account-
ed for, mainly, by a high loss of fat {P<(.05). Concerning ,,non-carcass” compo-
nents, protein and fat presented opposite values of mobilization in ewes that had
been supplemented or not during the first half of pregnancy. All results were high-
ly variable between individual cwes.
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TABLE 2
Empty body chemical composition and changes in carcass and ,,non-carcass” chemical composition
of the ewes, from days 30 to 90 (groups G and S} and from days 91 to 140 (groups GS and §5}

Experimental group G S RSD S, GSs SS RSD S,
Empty body composition
DM, gfkg 466 527 29.7 ns 490 489 38.8 ns
CP, g/kg 179 154 21.7 ns 163 161 9.2 ns
ash, g/kg 36 36 38 ns 42 44 5.3 ns
fat, g/kg 251 337 514 ns 285 284 48.5 ns
carcass, g/kg 532 570 299 ns 518 522 7.8 ns

Changes in composition

Carcass
DM, g 964 1758 13%0.8 s 161 -2258 741.7 *
CP g 62 128 474.7 ns -514 -124 241.5 *
ash, g -383  -143 190.7 ns 106 269 172.1 ns
fai, g -643 1772 1119.7 ns 569  -2403 986.0 *
Non-carcass
DM, g 504 620 464.6 ns 340 306 124942 ns
CP g 1700 1554 945.8 ns -373 434 282.0 *
ash, g -88 48 53.0 * 85 65 60.3 ns
fat, g 1108 -981 1292.1 ns 629 -192° 13392 #
§, = effcct of supplementation from days 30 to 90 on parameters measured on animals slaughtered
on day 90
S, = effect of supplementation from days 30 to 90 on parameters measured on animals slaughtered
on day 140

Livewecight registered on day 30 was not significantly correlated with the
amount of body reserves mobilized over the period studied {days 30 to 90 of
pregnancy). On the other hand, body condition score presented significant
(P<0.05) correlation coefficients with dry matter and fat mobilization, show-
ing cocfficients of 0.88 and 0.90, respectively with DM and fat changes. As
for LW, BCS was not corrclated significantly with protein mobilization. Inclu-
sien of both variables together (BCS and LW) did not significantly improve
the accuracy of any equation.

Table 3 shows the chemical composition of the uterine walls, foetus and
placenta plus cotyledons on days 90 and 140 of pregnancy,

According to the results obtained in this work, the weight of the uterine
walls as well as their composition, in dry matter, protein and ash, were statis-
tically independent on the level of supplementation during the 2nd and 3rd
months of gestation. Protein accounted for 83% of the dry matter weight of the
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uterus. On the other hand, fat content on day 90 showed significant differences
(P<<0.05) duc to supplementation over the period studied. However, this com-
ponent represented a very low proportion of the dry matter. There was no cvi-
dence that this effect persisted to day 1440,

Likewise, influence of the supplementation from days 30 to 90 on the weight
of the foetuses, etther on day 90 or 140, was not evident (P>0.05}. This was
reflected in their chemical composition, which was not significantly different
between treatment groups (P>0.05).

The same lack of significant differences, due to the supplementary feeding from
day 30 to 90, was observed in all parameters relative to the placenta+cotyledons.
Only 1ts fat content on day 140 was significantly affected (P<0.05) by the feeding
regimen during the first phase. However, once again, any meaningful interpreta-
tion should take into account the low proportion of dry matter represented by the
fat content and the high variability found between animals.

TABLE 3
Chemical composition of the uterine walls, foetus and placenta plus cotyledons, on day 90 {groups
G and 8) and on day 140 (groups GS and §8) of pregnancy

Experimental group G S RSD S, GS S8 RSD S,
Uterine walls
weight, g 272 265 395 ns 706 654 83.4 ns
DM, 2/kg 162 163 5.7 ns 170 210 29.0 ns
CP, gikg 133 140 6.1 ns 137 171 20.6 ns
ash, g/kg 10 10 0.2 ns 11 14 2.0 ns
lat, g/kg 19 13 1.9 * 22 25 8.0 ns
Foetus
weight, g 408 376 384 ns 4482 4179 2833 ns
DM, g/kg 150 153 5.3 ns 196 193 8.9 ns
CP. o/kg 93 90 23 ns 133 130 9.2 ns
ash, g/kg 30 32 1.4 ns 27 28 5.0 ns
fat, g/kg 27 3 1.6 ns 35 35 3.9 ns

Placenta + cotyledons

weight, g 8O7 1017 141.9 ns 862 726 186.8 ns
DM, g/kg 103 93 9.6 ns 142 136 6.6 ns
CP. g/kg 80 73 6.8 ns 107 108 6.7 ns
ash, g/kg 10 11 0.3 ns 10 bl [.1 ns
fat, g/kg 13 10 2.9 ns 25 18 2.4 *
8, = effect of supplementation from days 30 1o 90 on parameters measured on animals slaughtered

on day 90
S, = cffect of supplememation [rom days 30 to 90 on parameters mcasured on animals slaughtered
on day 140
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DISCUSSION

According to estimates of the energy requirements for pregnant ewes by the
AFRC (1990), only supplemented ewes showed a positive balance over the first
period (days 30 to 90), when requirements arc relatively low (Bell, 1984). Protein
balance, according to AFRC (1992) was positive in all animals throughout the
experiment. As expected, supplementation with 500 g of concentrate/animal/day
did not suppress forage intake {Orr and Treacher, 1984).

Until day 90, there was no significant (P>0.05) diffcrence between supple-
mented and non-supplemented animals in body reserves mobilization. However,
from day 91 to 140, there was a significant eftfect of the previous feeding regime.
The capacity of fat animals to mobilize their rescrves much casier than thin ani-
mals has been noted by a number of workers (Rattray et al., 1980; McCrabb et al,,
1990). Accordingly, group SS (ewes supplemented from day 30 to day 90, and
slaughtered on day 140) showed a higher ability to mobilize body reserves, over
the second half of pregnancy, as a consequence of the fat accumulation in the
previous period.

Different patterns of fat and protein mobilization, from carcass and ,,non-car-
cass” components, were noted in this experiment, depending on the phase of the
pregnancy. Although the low number of animals and the high variability observed
between them do not permit firm conclusions, there may be a number of explana-
tions for some unexpected results such as the loss of protein and gain of fat by
group GS vs the loss of fat and gain of protein by group SS, from days 91 to 140.
These may be duce to subtle differences in body composition in the previous phase
interacting with subtle differences in foctal weights and thereby leading to differ-
ent degrees of mobilization of fat and protein from the maternal body. In addition,
therc may have been an effect of the differences in the relative development of the
visceral organs during pregnancy on cnergy/protein requirements and therefore on
the nature of tissue mobilization. Furthcrmore, the likely unbalanced energy/pro-
tein ratio, in the whole diet (grass+supplement), over the last period of pregnancy,
also may have had some influence on the tissues that were mobilized.

It has been reported that the level of body reserves at the beginning of pregnan-
cy contributes to the effect which maternal undernutrition during mid-gestation
has on placental growth and consequently on foetal growth (McCrabb et al., 1992).
For that reason, relationships of LW and BCS with maternal fat and protein chang-
es during the first half of pregnancy were examined to find estimators of maternal
ability to mobilize body reserves. Contrary to the results of Wright and Russel
(1984) and Frutos et al. (1997) neither BCS nor LW werce significantly correlated
with protein changes. Body condition score on day 30 accounted for most of the
fat mobilization from days 30 to 90 (1> = 0.81; P<0.05). However, no changes in
BCS throughout the experiment were observed in group SS (see Table 1), despite
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the observed mobilization of fat by this group. Conscquently, relationships
between BCS and fat mobilization during pregnancy were studied separately for
groups rcceiving supplementation over the first phase (S and SS) and groups
without supplement (G and GS8). The correlation cocfficient for the relationship
was significant when animals were not supplemented (r = (.94; P<0.05) and not
significant {r = 0.55; P>0.05) when they were supplemented. In this regard,
it should be noted that there are inherent dangers in relying on LW or indeed BCS
targets during pregnancy as indices of adequate nutrition (Robinson, 1986).
Furthermore, mobilizations of tissues over the second and third months of gesta-
tion were not reflected in any significant differences in the growth and develop-
ment of the foctus (birth weight, chemical composition, etc.} which reduced the
usefulness and 1mportance of the BCS as estimator of mobilizations during this
phase of gestation.

Maternal undernutrition during mid-pregnancy has been demonstrated vari-
ously to either restrict or increase placental weight (McCrabb et al., 1992} with the
effects appearing to be mediated through the endocrine status of the dam (Lopez
and Robinson, 1994). However, no significant differences in placental weight and
composition were found in the present experiment. Placental growth is sensitive to
maternal feed restriction during the late stages of mid-pregnancy but only under
conditions when ewes have severely depleted body reserves (McCrabb ct al., 1992).
Probably in this work, grazing Merino ewes did not use their body reserves to a
critical point, despite having only medium-low BCS (notes ranging from 1.25 to
3.00), which would have protected both their body reserves and foetal tissues from
potential negative consequences of undernutrition during mid-gestation. Thus,
neither the birth weight nor composition of the lamb were affected by feed restric-
tion over the second and third months of pregnancy, which has also been reported
by other authors (Holts et al., 1986, 1992}. Indeed Holst et al. (1992) found that in
ewes which had suffered undernutrition during mid-gestation, foetal growth rates
were restored after refeeding.

From a general standpoint, it seems ¢lear that, within certain limits, feeding
level in the first months of pregnancy has little affect on early foetal growth (Rob-
inson, 1977). The introduction of supplementary feed at about 90 days of gestation
has been widely recommended in practice (MLC, 1981) since a partial compensa-
tion of earlier detrimental effects on foctal growth can occur by a higher plane of
nutrition in tate pregnancy. These are accompanied by positive changes in mater-
nal composition in the subscquent period of better nutrition.

The results obtained in the present study cxtend the general recommendations
about supplementary feeding during gestation to the Southern Europe grazing sys-
tems, where pastures arc characterised by large fluctuations in quality and allow-
ance of grass during different scasons and ewes have inadequate body condition to
enable them to protect their pregnancy by mobilizing body reserves during peri-
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ods of maternal undernutrition. However, in this experiment, it was demonstrated
that Merino sheep at pasture were able to compensate for feed restriction, through
the mobilization of body reserves, thereby avoiding any detrimental effect on foe-
tal weight and composition.

Under practical conditions similar to those exposed in this experiment, grazing
sheep production systems in Southemn Europe should take the present findings into
account, so that objective management decisions can be used in the development
of economically viable systems.
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STRESZCZENIE

Dozywianie owiec-maciorek, w okresie srodkowej ciazy, utrzymywanych na pastwisku i jego
wplyw na zmiane skladu ciala i zaplodnienic

Dwadzicscia kotnych maciorck merynosa wypasano na pastwisku, z przewaga rajgrasu, przy
czym czgs¢ zwierzat otrzymywala dodatek paszy tresciwej, 500 g/sztuka/dzien od 30 do 90 dnia
cigzy. W 90-ym dniu ubito cz¢sc maciorek 7z kazdej grupy. Od 91 dnia ciazy wszystkie pozostate
maciorki otrzymywaly dodatck paszy tresciwe] i zostaty ubite w 140 dnin kotnosci.

Oznaczone sklad chemiczny tuszy i sktadnikow nie tuszy™ macicy, ptoddéw oraz lozyska
i kotyledonu. U maciorek ubitych w 90 dniu cigZy nic stwierdzono rdznic migdzy grupami w uru-
chomieniu rezerw ciata. U zwierzgt ubitych w 140 dniu ciazy stwicrdzono istotny wplyw 7astoso-
wanego systemu zywienia na wyniki poubojowe, lecz nic odbilo si¢ to na masie ciata przy urodze-
niu 1 skladzie chemicznym ptodu.

Wyciggnigto stad wniosck, ze maciorki merynosa utrzymane na pastwisku sa zdolne do kom-
pensowania nicdoboru paszy w srodkowym okresie ciazy poprzez mobilizacje rezerw ciala, bez
ujemnego wptywu na rozwd] ptodu,



