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SUMMARY

The present paper examines the effect of the type of supplement given to grazing ewes in early lactation on the
performance of ewes and lambs on temperate sown pastures. Lactating ewes grazed perennial ryegrass pastures at
either low- or high-herbage masses, between days 8 and 96 of lactation. On the low-herbage mass treatments,
ewes were either unsupplemented or received either an energy supplement (sugarbeet pulp) or a protein
supplement (1:1 sugarbeet pulp:formaldehyde-treated soyabean meal) between days 8 and 50 of lactation. The
provision of supplements or the higher herbagemass led to increases in liveweight (LW) and body condition score
of ewes during days 8–50 of lactation, while unsupplemented ewes on the low-herbage mass treatment lost LW
and had lower body condition scores. After supplementation finished, previously supplemented ewes or those
grazing the higher herbage mass lost LW and condition, while unsupplemented ewes grazing the low-herbage
mass gained both LW and condition. Non-treatment factors such as ewe dentition score significantly affected
ewe and lamb LW gains. Regression analyses indicated that lamb LW gains between days 8 and 50 of lactation
were 40–60 g/d greater in lambs from supplemented ewes or ewes grazing the higher herbage mass
cf. unsupplemented ewes. Overall, there was no difference in the response of ewes or lambs to the type of
supplement. Milk yields were estimated in a subset of ewes (replicate 4). Ewes on the high-herbagemass treatment
or those supplemented with protein had higher milk yields than those on the low-herbage mass treatment or those
given the energy supplement. Supplemented ewes in this replicate had higher metabolizable energy intakes
(MEIs). Measurements of digesta flow in a further subset of ewes indicated that both supplements resulted in greater
ruminal and post-ruminal supplies of energy and protein than in the unsupplemented ewes at the lower herbage
mass, but differences in ruminal and post-ruminal nutrient provision between the supplements were less than had
been intended. It is suggested that this is the reason for there being no statistical difference in the performance of
ewes and lambs in response to the type of supplement.

INTRODUCTION

Inmany systems of lamb production (e.g. in theUK and
Australasia), lambing occurs well before the peak of
pasture growth, in order for the lambs to have time to
reach slaughter weight before pasture quality and
quantity decline. As a result, the ewe in early lactation
faces its period of greatest nutrient demand before the
nutrient supply from pasture is at its peak, and supple-
ments are often fed to make good the shortfall in
nutrients. Supplement costs are a major discretionary
expenditure in sheep production systems (Dove 2002),
so it is important that supplement use be optimized.

Supplementation of ewes can result in increased
lamb output from the grazing system (e.g. Milne
et al. 1981; Dove et al. 1984a; Molle et al. 1997).
In addition, supplements providing extra rumen-
undegradable protein have led to increases in ewe
milk production or lamb live weight (LW) gain (e.g.
Vipond 1979; Loerch et al. 1985; Penning et al. 1988;
Robinson 1990; Mikolayunas et al. 2008). However,
supplement responses can also be highly variable
(Dove 2002), because of variability in the substitution
rate between supplement and herbage (see Molle et al.
1997; Dove 2002; Dove et al. 2000), variability in the
kinetics of digestion of the herbage/supplement mix
and variability in the conversion of absorbed nutrients
and ewe body reserves to milk. There are published
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reports of the effects of supplement intake on herbage
intake by lactating ewes (e.g. Dove et al. 1984b; Dove
et al. 2000; Molle et al. 1997) and there are estimates
of the milk intake of lambs under field conditions
(Dove 1988). However, there are few published data
on the post-ruminal flows of digesta in lactating ewes
(Dove &Milne 1994; Dove et al. 1988; Madibela et al.
2009), partly because such measurements are difficult
to conduct in grazing livestock.
Using ewes in early lactation grazing either low- or

high-herbage masses while receiving (low-herbage
mass only) either ‘energy’ or ‘protein’ supplements, the
current study aimed to obtain data on the following
variables, which can be viewed as components of the
‘mechanistic chain’ linking the ewes’ nutrient status to
the lamb output of the system:

(a) changes in ewe LW and body condition score,
(b) intakes of herbage and supplement by ewes,
(c) ruminal content and post-ruminal flows of digesta

and its components,
(d) production of milk and its components, and
(e) lamb LW gain.

MATERIALS AND METHODS

Experimental design

The experiment was conducted under a UK Home
Office Licence. Four treatments were imposed in a
randomized-block design with four replicates, at the
Macaulay Insititute’s Hartwood Research Station,
Strathclyde, Scotland. The 16 plots were grazed by
96 Greyface (Border Leicester♂×Scottish Blackface♀)
ewes and their lambs. Twelve of the plots were 0·43 ha
and were grazed by six ewes and their lambs (putative
stocking rate of 14 ewes/ha). Ewes in the trial were
balanced approximately for parity (46 ewes with
single lambs and 50 with twins) and for age (51 mature
ewes and 45 young ewes). In replicate 4, there were
three extra ewes/plot; these ewes were fistulated at the
rumen and abomasum and were used to estimate
digesta flows. Plot sizes in this replicate were increased
to 0·64 ha to accommodate the three extra ewes and
maintain the overall stocking rate of 14 ewes/ha.
The mean lambing date was 2 May (day 122 of the

year) and the mean day of allocation into the experi-
ment was day 125. The supplementary-feeding treat-
ments described below were imposed between days
130 and 172, corresponding to a mean of days 8–50
of lactation. Supplements then ceased and the

experiment continued until day 218, corresponding
to day 96 of lactation, at which time lambs were
weaned.

Pastures and their management

The ewes grazed established pastures of perennial
ryegrass (Lolium perenne L.). The pasture in all plots
received nitrogen (N) as a compound fertilizer (N:P:K
22:11:11 by weight) as follows: day 148=55 kg N/ha;
day 178=40 kg N/ha; day 199=40 kg N/ha. On seven
occasions between days 138 and 221, herbage mass
was estimated by cutting 9 quadrats/plot to ground
level with electric clippers. These samples were oven-
dried at 100 °C then ashed overnight at 450 °C to
determine organic matter (OM) concentration.

In two of the four replicates, herbage growth rate
was estimated in each plot on six occasions between
days 138 and 172 by taking two tiller cores fromwithin
exclosure cages which prevented grazing. Growth
rate was calculated as the multiple of the number of
tillers/core, the number of new leaves/tiller during the
measurement period and the mean dry weight of new
leaves.

Treatments and supplements

Four treatments were imposed. In three of these, ewes
grazed a low-herbage mass (initial aim 500–600 kg
OM/ha) and in the fourth treatment, ewes grazed a
high-herbage mass (initial aim 1000 kg OM/ha).
Herbage masses were manipulated using non-
experimental sheep to maintain the differences be-
tween the herbage masses of the treatments. Ewes in
one of the low-herbage mass treatments (LO) received
no supplement. Those in the second treatment (LE)
received an energy supplement (600 g/d air-dry of
molassed sugarbeet pulp pellets; OM 926, N 19·0 g/kg
drymatter (DM)), while those in the third treatment (LP)
received a protein supplement consisting of 600 g/d
air-dry of a pelletted 1:1 mix of the above sugarbeet
pulp and formaldehyde-treated soyabean meal (OM
923, N 49·8 g/kg DM). Formaldehyde treatment was
carried out as described by Freer & Dove (1984) and
after 7 days of curing, treated meal was combined 1:1
with hammer-milled sugarbeet pulp and re-pelletted.
Ewes in the fourth treatment (high herbage mass; HO)
were not supplemented. In all replicates, intact ewes
were fed their supplements in troughs, but in replicate
4, the fistulated ewes received their supplements each
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day in individual pens, as part of the procedure for the
measurement of digesta flows.

To estimate the rumen disappearance rates, samples
of hammer-milled beet pulp, soyabean meal, formal-
dehyde-treated soyabean meal and the 1:1 mix of
treated soyabean meal:beet pulp were incubated in
nylon bags in the rumen of fistulated housed sheep for
periods up to 24 h, using the procedures described by
Dove & McCormack (1986).

Animal measurements

As ewes were allocated to the study, the state of their
incisor dentition was scored as described by Dove &
Milne (1991), by placing ewes in one of four categories
from score 1 (a full mouth of short, firm incisors) to
score 4 (2 or more incisors missing and the remainder
elongated and/or loose). Ewes and lambs were
weighed at the start of the study and thereafter at
intervals of c. 14 days. The body condition scores of
the ewes (Meat and Livestock Commission 1981) were
also measured at these times.

Estimates of herbage intake and milk production of
ewes

Herbage intake was estimated over four 10-day
periods in both the intact and the fistulated ewes
in replicate 4, from estimates of faecal output and
in vivo digestibility. Intact ewes were collected each
day into individual pens in the field and dosed with 1 g
chromium as Cr2O3, for 10 days. After dosing for
6 days, rectal faecal samples were obtained from these
ewes over 4-day periods commencing on days 15, 30,
43 and 93 of lactation. Faecal outputs were estimated
from the dilution of the dosed chromium. Faecal
outputs of the fistulated ewes were estimated from the
dilution, in faeces, of ruthenium which was continu-
ously infused as part of the estimation of digesta flow
(see below). In both groups of ewes, herbage digest-
ibility in individual ewes was estimated from
the herbage and individual faecal concentrations of
the plant alkane pentatriacontane (C35 alkane) as
described by Dove et al. (1990).

On days 11, 25, 40, 53 and 60 of lactation, the
intact ewes were separated from their lambs and
hand-milked after the administration of oxytocin.
They were then allowed to graze without their lambs
and milked again after 4 h. The weight of milk
collected was regarded as one-sixth of the daily
production.

Measurement of digesta flow

In the fistulated ewes in replicate 4, digesta flow
measurements were conducted over 1-week periods
commencing on days 14, 28, 42 and 91 of lactation.
Over these times, ewes received a continuous, intra-
ruminal infusion of the particulate-phase marker Tris
(1,10-phenanthroline)-ruthenium (II) chloride (Tan
et al. 1971) and the liquid-phase marker CrEDTA
(Binnerts et al. 1968) from battery-powered pumps.
Procedures for marker preparation and administration
have been described elsewhere (Dove et al. 1988).
Commencing on day 5 of each infusion period,
3·7 MBq/d of the radioactive sulphur isotope 35S as
sodium sulphate (Na2

35SO4) was infused with the
above markers, in order to estimate microbial protein
production from the incorporation of 35S into
microbial protein. Full details of the sample collection
procedures and the calculation of digesta flows are
provided by Dove et al. (1988) and Dove & Milne
(1994). The data collected were rumen ammonia
concentration, rumen concentrations and pool sizes of
acetate, propionate and butyrate and abomasal flows
of OM, non-ammonia N (NAN) andmicrobial N (MN).

Chemical analyses

Sample storage and analytical procedures used to
estimate digesta flows are described by Dove et al.
(1988), while procedures used to analyse herbage and
faecal samples for C35 alkane were essentially as
described in Dove et al. (2000). Milk fat and protein
(N×6·38) concentrations were determined using
standard methods (AOAC 1970).

Statistical analyses

All statistical analyses were conducted using Genstat
12 (VSN International, Hemel Hempstead, UK). For
measurements made in all replicates, data were
initially examined by analysis of variance for a
replicated randomized block with four treatments,
with plot means as the experimental unit. In some
analyses, the three degrees of freedom for ‘Treatment’
were subdivided into single degree of freedom
comparisons of high v. low herbage mass, supplement
v. no supplement (within the low-herbage mass) and
energy v. protein supplement. Data for variables such
as LW or body condition score were also analysed by
repeated measures analysis of variance. The analyses
of variance showed that therewas no hierarchical error
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structure in the data, so these results were re-examined
using regression analysis to allow an assessment of the
effect of non-treatment terms such as dentition score.
Data for herbage intake, milk production and

digesta flow were obtained only in replicate 4, due to
the labour demands and technical difficulty of such
measurements. This meant that the four treatments and
four plots were confounded and differences between
the four treatments could not be quantified. To deal
with this, the four treatments were regarded as two
replicates in which ewes were supplemented (LE+LP)
and two replicates in which they were not (LO+HO).
This permitted comparisons of unsupplemented and
supplemented ‘treatments’ by analysis of variance and
by regression. In addition, relationships between
digesta flow and intake, between milk production
and intake, between lamb growth and milk yield and
between the components of digesta flow were also
examined to provide insight into the treatment effects
identified across the whole experiment.

RESULTS

Herbage mass and growth rate

At the first harvest (day 138) the mean herbage mass of
treatments LO, LE and LP of 649 kgOM/ha was
significantly lower (P<0·01) than that of the HO
treatment (995 kg OM/ha). Thereafter, estimated her-
bage mass increased throughout the experiment; the
herbage mass on treatment HO also remained higher
throughout, significantly so at harvests 3, 4 and 5
(P<0·05, P<0·01 and P<0·05, respectively; Fig. 1). In
a repeated measures analysis of variance of these data,
there were thus significant effects of both treatment
(P<0·05) and time (P<0·01). Herbage growth rate was
higher in the high-mass treatment (Fig. 1) and repeated
measures analysis of variance showed significant
effects of both treatment (P<0·05) and time (P<0·001).

Nutritive value of herbage and supplements

In vivo herbage OMdigestibilities based on C35 alkane
did not differ significantly across time or treatment.
The mean OMD across treatment was 0·818±0·0038.
The N content of the herbage at day 14 (29·1 g N/kg
OM) was significantly lower (P<0·01) than those for
days 28, 42 and 91, which did not differ significantly
from each other (mean 42·1 g N/kg OM).
The in vitro digestibility of both the energy and the

protein supplements was 0·90. When incubated in

nylon bags in the rumen of housed sheep, 0·83 of the
DM of beet pulp and 0·82% of the DM of untreated
soyabean meal disappeared by 24 h. Formaldehyde
treatment of the soyabean meal effected a marked
reduction in DM disappearance rate, down to 0·44
after 24 h rumen incubation. The DM disappearance
of the 1:1 beet pulp:treated soyabean meal protein
supplement was midway between those for its com-
ponents.

LW and body condition score changes in ewes

Changes in ewe LW from their starting values are
shown in Fig. 2. Analyses of variance showed that
mature ewes were significantly heavier at allocation
into the experiment, as expected, and remained so
throughout the experiment. At the start of supplemen-
tary feeding (day 130), ewes with twin lambs were
significantly lighter and also remained so throughout
the experiment. Over the period of supplementation,
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Fig. 1. Changes in herbage mass (kg OM/ha) over the
course of the experiment (days 130–218) and changes in
daily herbage growth rate (kg DM/ha) during the sup-
plement feeding period (days 130–172).
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ewes with one lamb gained LW slightly (35 g/d),
whereas ewes with twins lost weight (−11 g/d;
P<0·05). By the end of supplementary feeding (day
172), supplemented ewes were significantly heavier
than unsupplemented ewes and during this period,
ewes in treatment LO lost significantly more weight
(−40 g/d) than those in the other treatments (mean
30 g/d; P<0·05). In contrast, after supplementary feed-
ing ceased, there seemed a degree of compensation in
that ewes on treatments LP, LE and HO lost weight
(mean −42 g/d; P<0·01), while LO ewes gained
weight (47 g/d; Fig. 2).

In ewes with one lamb there were significant effects
of treatment on LW change and within that, a
significant effect of supplementation v. no supplemen-
tation (P<0·05 to P<0·01). In the supplementary-
feeding period, ewes in treatment LO with one lamb
lost LW (−61 g/d), whereas ewes in the other treat-
ments gained weight (mean 64 g/d; P<0·05). After the
feeding period, these trends reversed; ewes with one
lamb in treatment LO gained significantly more LW

(51 g/d; P<0·05) than like ewes in the other treatments
(mean −36 g/d). Perhaps surprisingly, trends in LW
change were less marked in ewes with twins (Fig. 2).
Supplemented ewes were significantly heavier by the
end of the feeding period (P<0·05). In the period after
feeding ceased, supplemented ewes with twins lost
weight (−57 g/d), whereas their unsupplemented
cohorts gained very slightly (9 g/d; P<0·05) and as
described above, ewes in treatment LO gained LW
(48 g/d), whereas those on the other treatments lost
weight (−48 g/d; P<0·05).

Data for ewe LWand body condition scores were re-
analysed by regression in an attempt to better quantify
the treatment and non-treatment terms. In particular, it
has been shown that ewe dentition score can have a
marked impact on such variables (Dove &Milne 1991)
and dentition scorewas thus included in the regression
model. Regression coefficients for model terms are
shown in Table 1 for all ewes, ewes with one lamb or
ewes with twins.

When all ewes were considered, ewes that were
1·0 kg heavier at allocation were 0·9, 0·6 and 0·5 kg
heavier at days 130, 172 and 218 (the end of the study),
respectively. They also lost significantly more LW
(P<0·001) and body condition (P<0·01) during the
supplementary-feeding period. Dentition score had a
marked effect, with penalties of over 2 kg in ewe LW
(P<0·01) and 0·14 in body condition score (P<0·001)
by the end of feeding, for each unit increase in
dentition score. During the feeding period, both
HO ewes and supplemented ewes (LE, LP) gained
significantly more LW and body condition score
than LO ewes (Table 1), but lost significantly more
LW and condition than LO ewes after feeding ceased.
Differences in LW change or body condition score
change between LE and LP ewes were not significant.

When the responses in ewes with single or twin
lambs are compared (Table 1) it is clear that the effect
of allocation weight is similar for the two groups, but
the effect of dentition score was only significant in
ewes with twins. For example, by the end of the
feeding period in ewes with twins, there were penalties
of 4·0 kg LW (P<0·01) and 0·24 in body condition
score (P<0·001), for every unit increase in dentition
score. In general, effects of treatment were similar in
both groups. In ewes with one lamb, and compared
with LO ewes, both HO ewes and supplemented ewes
(LE, LP) gainedmore LWand condition during feeding,
but also lost more in the period between the end of
feeding and the end of the study (Table 1). Treatment
effects on LW changes of ewes with twin lambs were
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Table 1. Regression coefficients for the effect of allocation wt (kg), dentition score (1–5), ewe class (young, Y v. mature, M), number of lambs suckled
(NLam) and the imposed treatments on the LWs (kg) and LW changes (g/d) and the condition scores and changes in scores of all ewes, ewes with 1 lamb
and ewes with twins, during and after the period of feeding supplements

Variate

Regression coefficients for the effect of:

Allocation wt Dentition score Ewe class NLam LO v. HO LO v. LE LO v. LP

All ewes
Wt, day 130 0·9 −1·9 0·2 −2·6 1·4 0·4 3·2
Wt, end feeding 0·6 −2·4 −2·8 −4·3 3·4 4·4 5·1
Wt, day 218 0·5 −1·0 −0·4 −5·1 −0·4 −0·4 0·2
Wt change to end feeding −8·7 −40·5 −66·5 (P=0·068) −91·8 85·1 91·9 105·0
Wt change end feeding to end expt −1·7 29·5 53·6 −19·3 −84·0 −104·6 −106·3
CS, day 130 − −0·10 0·00 −0·16 0·04 0·05 0·09
CS, end feeding − −0·14 −0·15 −0·25 0·19 0·18 0·29
CS, day 218 − −0·08 0·00 −0·39 −0·03 0·04 0·06
CS change to end feeding −0·01 −0·07 −0·26 −0·17 0·16 0·15 0·21
CS change end feeding to end expt 0·00 0·10 0·12 −0·10 −0·17 −0·14 −0·26

Ewes with 1 lamb
Wt, day 130 1·0 0·5 1·0 1·1 −0·1 4·3
Wt, end feeding 0·7 −0·7 −2·9 5·2 6·6 5·7
Wt, day 218 0·6 −2·0 −1·5 0·6 2·7 −0·6
Wt change to end feeding −6·1 (P=0·079) −21·7 −72·9 112·1 140·8 116·9
Wt change end feeding to end expt −1·0 −28·5 30·9 −99·3 −85·2 −135·9
CS, day 130 0·02 −0·02 0·22 0·01 −0·04 0·12
CS, end feeding 0·01 −0·14 (P=0·060) 0·13 0·24 0·28 0·32
CS, day 218 0·00 −0·19 −0·11 −0·09 0·13 −0·03
CS change to end feeding −0·02 −0·11 −0·13 0·29 0·32 0·24
CS change end feeding to end expt −0·01 −0·05 0·02 −0·33 −0·16 −0·35

Ewes with twins
Wt, day 130 0·6 −3·9 −3·3 5·5 2·7 4·8
Wt, end feeding 0·3 −4·0 −5·6 4·9 4·4 6·7
Wt, day 218 0·2 −0·6 −0·4 −0·6 −2·6 1·3
Wt change to end feeding −16·8 −64·8 −117·3 122·9 85·1 134·4
Wt change end feeding to end expt −1·3 72·9 113·8 −119·3 −150·8 −116·3
CS, day 130 0·02 −0·22 0·03 0·21 0·22 0·24
CS, end feeding 0·00 −0·24 −0·25 0·22 (P=0·062) 0·20 0·40
CS, day 218 −0·01 −0·07 −0·03 0·08 0·01 0·13
CS change to end feeding −0·01 −0·09 −0·23 −0·10 0·04 0·07
CS change end feeding to end expt 0·00 0·17 0·22 (P=0·086) −0·14 −0·19 −0·28

LO, HO=unsupplemented ewes grazing low- and high-herbage mass, respectively; LE, LP=ewes grazing low-herbage mass and supplemented with energy or protein
supplements (see text for supplement description).
Significance of regression coefficients shown thus: P<0·05 (italics); P<0·01 (bold); P<0·001 (bold italics).
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similar to those with single lambs, but the effects of
treatment on changes in body condition score were
only significant for ewes on treatment LP.

LW gains of lambs

Analyses of variance of the effects of ewe maturity
class, lamb birth type and treatment on lamb LW gain
showed that twin lambs, as might be expected, had
lower birth weights (P<0·01) and grew more slowly
throughout the experiment (P<0·001) than single
lambs. In addition, lambs from young ewes had
significantly lower birth weights (P<0·01) and re-
mained significantly lighter at the end of the feeding

period (day 172; P<0·001) and the end of the
experiment (day 218; P<0·01). Lambs from ewes
which were offered the supplements grew significantly
faster during the supplement-feeding period (P<0·05)
andwere significantly heavier by the end of that period
(P<0·05). Analyses of variance did not indicate any
other significant treatment effects.

Treatment effects on lamb LW gains were more
evident when data were re-examined by regression
analysis with ewe allocation weight, ewe dentition
score and lamb birth weight (within birth type)
included in the regression model (Table 2). When all
lambs were considered, lambs from older ewes were
heavier at both day 172 (1·8 kg; P<0·01) and day 218

Table 2. Regression coefficients for the effect of ewe class (mature v. young), ewe allocation weight (kg), ewe
dentition score (1–5), birth type (single v. twin), birth weight (kg) and treatment on LWs (kg) and LW gains
(g/d) of lambs during supplementation of ewes (130–172 days) and the end of the experiment (172–218
days). All values expressed relative to unsupplemented mature ewes with a single lamb, on the ‘low pasture’
(LO) treatment

Regression coefficient for:

Wt 130 days Wt 172 days Wt 218 days Gain birth – 172 days Gain 172–218 days

All lambs
Ewe class 1·0 1·8 2·3 22·6 13·2
Alloc. Wt −0·0 0·1 0·1 2·8 0·3
Dentition 1·0 −0·1 −0·5 −19·5 −8·5
Birth type −0·4 −4·1 −5·9 −75·5 −35·0
Birth wt 0·4 0·8 1·1 17·9 6·4
HO 0·6 0·0 0·9 13·0 14·1
LE 0·3 1·8 1·5 32·6 −8·5
LP 0·7 1·5 1·3 36·9 −5·2

Single lambs
Ewe class 2·5 3·7 4·3 54·4 13·7
Alloc. wt 0·0 0·1 0·1 3·7 0·7
Dentition 0·3 −0·8 −1·8 −15·8 −21·0
Birth wt 0·6 1·4 1·6 22·7 4·2
HO 0·6 −0·8 −0·3 5·4 11·3
LE 0·5 0·1 0·5 13·9 8·6
LP 1·3 −0·3 −0·3 7·3 −0·3

Twin lambs
Ewe class −0·9 −1·0 0·2 −30·8 25·4
Alloc. Wt −0·1 0·1 0·1 1·9 0·4
Dentition 0·6 −1·0 −0·8 −39·2 3·0
Birth wt 0·1 −0·1 0·3 1·9 9·4
HO 1·0 1·1 1·5 40·7 7·4
LE −0·0 2·9 1·7 56·7 −26·1
LP 0·2 2·6 1·8 62·1 −17·0

HO=lambs from unsupplemented ewes grazing high herbagemass; LE= lambs from ewes grazing low herbagemass and given
energy supplement; LP=lambs from ewes grazing low herbage mass and given protein supplement.
Significance of regression coefficients shown thus: P<0·05 (italics); P<0·01 (bold); P<0·001 (bold italics).
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(2·3 kg; P<0·05). From birth to day 172, there was a
significant penalty in lamb LW gain of −19·5 g/d
(P<0·05) for every unit increase in ewe dentition
score. Twin lambs grew more slowly (P<0·001) and
within birth type, lambs with heavier birth weights had
higher LW gains (P<0·05). Over the period from birth
to the end of feeding and relative to lambs in treatment
LO, lambs from ewes receiving the energy supplement
(LE) grew c. 33 g/d faster (P<0·05) and those from ewes
receiving the protein supplement (LP) grew c. 37 g/d
faster (P<0·05). Lambs in treatment HO had a slightly
higher LW gain than those in treatment LO but this
effect was not significant (Table 2). The differences in
LW gain of LE and LP lambs from birth to day 172 were
not significant; there were no effects of treatment on
LW gains of lambs after the end of the supplementary-
feeding period.
Separate regression analyses in single and twin

lambs showed that the effects of dentition score of
ewes and of the imposed treatments were significant
only in twin lambs. For every unit increase in the
dentition score of their dams, twin lambs grew c.
39 g/d more slowly (Table 2, P<0·001). Relative to
twin lambs on treatment LO, twin lambs grew
significantly faster over the feeding period in treat-
ments HO (40·7 g/d; P<0·05), LE (56·7 g/d; P<0·01)
and LP (62·1 g/d; P<0·01).

Intakes and milk yields of ewes

Greater lamb LW gains over the first 50 days of
lactation (birth-day 172) imply differences in ewe milk
production, which in turn suggest differences in OM
intakes of ewes. Intakes of herbage and total OM
intake (OMI, g/d) were estimated in both intact and
fistulated ewes in replicate 4, and the yield of milk and
its components was also estimated in the intact ewes in
replicate 4 (Fig. 3; Table 3). In the intact ewes, herbage

Table 3. Herbage and total intakes (all g/d) of OM intake (OMI) and digestible OMI (DOMI) and MEI (MJ/d)
by fistulated and intact ewes grazing perennial ryegrass pasture, while receiving no supplement or 600 g/d of
an energy or a protein supplement (see text for supplement descriptions)

Variate

Treatment

RSD

P

LO LE LP HO SuppvNil Stage

Fistulated ewes
Herbage OMI 1804 2020 1318 1492 273·3 – <0·05
Herbage DOMI 1487 1650 1084 1228 223·9 – <0·05
Total OMI 1804 2502 1734 1492 311·3 <0·05 –

Total DOMI 1487 2084 1460 1228 232·9 <0·05 <0·05
MEI* 22·4 31·4 21·8 18·5 5·38 <0·01 <0·05

Intact ewes
Herbage OMI 2356 2169 1949 2283 340·7 <0·05 <0·001
Herbage DOMI 1939 1774 1605 1881 285·7 <0·05 <0·001
Total OMI 2356 2678 2441 2283 342·4 <0·05 <0·001
Total DOMI 1939 2231 2048 1881 287·4 <0·05 <0·001
MEI* 29·2 32·1 30·9 28·3 4·33 <0·05 <0·001

* Calculated using equation (1·9A) of CSIRO (2007) plus equation (31) of Freer et al. (1997).
RSD, residual standard deviation.
SuppvNil=supplemented (LE+LP) v. unsupplemented (LO+HO) ewes; Stage=effect of stage of lactation (no significant
interactions detected).
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Fig. 3. Changes in mean milk yield (g/d) and herbage OM
intake (OMI, g/d) in ewes with single or twin lambs, in
relation to stage of lactation.
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OMI was c. 1800 g/d at days 15–30 of lactation, after
which there was a marked rise to c. 2650 g/d (Fig. 3),
resulting in a significant effect of stage of lactation on
herbage OMI and digestible OMI (DOMI; Table 3,
both P<0·001). Similar responses were observed in the
herbage OMI and DOMI of fistulated ewes in relation
to stage of lactation (Table 3; P<0·05); herbage OMI
by fistulates was c. 1440 g/d at days 14–28 of lactation
(i.e. c. 0·80 that of intact ewes) after which it rose to
c. 1880 g/d (i.e. c. 0·70 that of intact ewes). The
differences in intake partly relate to differences in
LW between fistulates (c. 55 kg) and intact ewes
(66 kg; Table 4). Herbage OMI per kg LW was similar
in fistulated (26·2 kg OM/kg LW) and intact ewes
(27·3 kg OM/kg LW) over the first 30 days of lactation
but thereafter, OMI/kg LW was still c. 20% lower in
fistulated ewes. As might be expected, supplemen-
tation increased total OMI and total DOMI in both
fistulated (Table 3; P<0·05) and intact ewes (Table 3;
P<0·05). Intakes by ewes with twin lambs were not
significantly different from those rearing single lambs
(Fig. 3). Ewes receiving supplements (LE, LP) had
significantly greater total OMI, total DOMI and cal-
culatedmetabolizable energy intake (MEI) than unsup-
plemented ewes (LO, HO; P<0·05). Arithmetically,
the difference in calculatedMEI for LE ewes cf. LP ewes
was small (<4%).

Ewes rearing twin lambs produced c. 400–1000 g/d
more milk than those rearing singles (Fig. 3, Table 4;

P<0·001). They also had higher daily yields of milk
fat and milk protein (Table 4; both P<0·001). The
effect of stage of lactation was significant for milk yield
(P<0·01), milk protein content (P<0·01) and milk
protein yield (P<0·05). The only effect of supplemen-
tation detected by analysis of variance was on milk fat
content (P<0·01; Table 4), for which there was also a
significant interaction between supplementation and
number of lambs being reared (P<0·01).

Ewes rearing twin lambs were, on average, 5 kg
lighter over lactation than those rearing single lambs
(Table 4; P<0·001) and had significantly lower body
condition scores (0·31; P<0·001). Supplemented ewes
had an advantage in LW of 3·6 kg, cf. unsupplemented
ewes (P<0·05) but there was no significant effect of
supplementation on body condition score in this
group.

Once again, these responses were clarified further
by regression analyses that included terms such as
herbage mass, herbage growth rate and their inter-
action, plus ewe LW, body condition score and
dentition score. In this small subgroup of ewes, the
last three terms did not contribute significantly to the
variance in milk parameters. The regression analyses
indicated that higher herbage growth rate led to
significant increases in daily milk yield (P<0·01), fat
content (P<0·01), daily fat yield (P<0·001) and daily
protein yield (P<0·01) (data not shown). Increased
herbage mass led to increased yields of milk (P<0·01),

Table 4. Yield of milk (g/d) and the content (g/kg) or yield (g/d) of milk fat and protein, and LW (kg) in intact
ewes grazing perennial ryegrass pasture while receiving no supplement or 600 g/d of an energy or a protein
supplement (see text for supplement descriptions). For each variate, the upper row is for ewes with single
lambs and the lower row for ewes with twins

Variate

Treatment

RSD

P

LO LE LP HO NLamb SuppvNil Stage NLam×SuppvNil

Milk (g/d) 1867 1809 2360 1970 474·6 <0·001 – <0·01 –

2131 2256 2987 2969
Fat (g/kg) 67·0 74·9 72·3 81·5 9·88 – <0·05 – <0·05

75·3 64·6 76·0 95·5
Milk fat (g/d) 127·3 135·7 169·7 161·1 52·44 <0·01 – – –

156·9 141·6 225·0 282·7
Protein (g/kg) 46·0 51·5 45·6 43·5 3·77 – – <0·01 <0·05

47·5 45·5 45·7 45·6
Milk protein (g/d) 86·4 92·9 112·2 86·2 18·80 <0·001 – <0·001 –

100·2 102·8 134·5 133·5
Ewe LW (kg) 69·5 69·7 72·4 63·9 4·10 <0·001 <0·05 – –

58·6 63·3 67·3 66·5

RSD=residual standard deviation; NLam=ewes with twins v ewes with single lambs; SuppvNil=supplemented (LE+LP) v.
unsupplemented (LO+HO) ewes; Stage=effect of stage of lactation; NLam×SuppvNil= interaction between these terms.
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fat (P<0·001) and protein (P<0·05), but there were
also significant interactions between herbage mass
and herbage growth rate for the yields of milk
(P<0·05), fat (P<0·001) and protein (P<0·05). Taken
together, these effects indicated that, starting from the
mean herbage mass of 1250 kg OM/ha and the mean
herbage growth rate of 84 kg DM/d during milk
production measurements, a combined increase of
100 kg DM/ha in herbage mass and 10 kg DM/ha per
day in herbage growth rate would result in significant
increases of 215, 34 and 8 g/d in the yields of milk,
milk fat and milk protein, respectively.
Similarly, regression analyses indicated that ewes

rearing twin lambs had higher milk yield (P<0·001)
and milk with higher fat content (P<0·01) and thus
higher yields of milk fat (115·4 g/d; P<0·001). Milk
protein yield was also significantly higher (44·8 g/d;
P<0·001). Supplementation significantly increased
milk yield (687 g/d; P<0·05), fat content (13·3 g/kg;
P<0·01) and the daily yields of fat (78·9 g/d; P<0·01)

and protein (32·4 g/d; P<0·01). However, for milk fat
content and yield, there were also significant inter-
actions between lamb rearing type and supplemen-
tation, such that compared with unsupplemented
ewes rearing one lamb, supplemented ewes rearing
twins produced milk of significantly higher fat content
(6·2 g/kg; P<0·01) and had a significantly higher milk
fat yield (110·5 g/d; P<0·01).

Responses in rumen metabolites and digesta
flows in fistulated ewes

The concentrations of rumen metabolites and the
daily flows of digesta components were estimated
in the fistulated ewes at days 14, 28, 42 and 91 of
lactation. The rumen concentrations of acetate,
propionate and butyrate are shown in Table 5, together
with their rumen pool sizes estimated from concen-
trations and the rumen pool size of the liquid-phase
marker CrEDTA.

Table 5. Rumen short-chain fatty acid concentrations (SCFA, mmole/l), CrEDTA rumen pool size (ml) and
SCFA pool sizes (mmole) in fistulated ewes grazing perennial ryegrass pasture while receiving no supplement
or 600 g/d of an energy or a protein supplement (see text for supplement descriptions)

Variate Stage*

Treatment

RSD

Significance of:

LO LE LP HO SuppvNil Stage Stage×SuppvNil

Acetate 14 days 54 61 69 59 3·9 <0·01 – <0·05
28 days 60 73 82 56
42 days 65 67 60 67
91 days 60 70 71 61

Propionate – 24 29 30 24 3·2 <0·01 – –

Butyrate 14 days 15 16 18 15 1·3 <0·01 – <0·05
28 days 14 21 18 12
42 days 17 17 16 16
91 days 15 16 15 16

Total SCFA 14 days 92 100 121 97 7·0 <0·01 – <0·05
28 days 94 127 133 88
42 days 108 115 102 113
91 days 100 115 115 101

Acet:Prop – 2·7 2·4 2·4 2·6 0·22 <0·05 – –

CrEDTA pool – 6098 8353 7197 5633 780·0 <0·01 – –

Acetate pool – 359 582 489 350 62·9 <0·01 – –

Propionate pool – 137 256 212 147 33·6 <0·01 – –

Butyrate pool – 91 156 112 84 15·4 <0·01 – –

MEI 14 days 23 29 22 14 5·4 <0·01 <0·05 –

28 days 15 27 22 16
42 days 29 33 25 24
91 days 23 37 19 20

* Values for different stages of lactation shown only where interaction term significant.
RSD=residual standard deviation. SuppvNil=supplemented (LE+LP) v. unsupplemented ewes (LO+HO); Stage=effect of
stage of lactation; Stage×SuppvNil= interaction of these terms. Pool sizes not determined at day 91.
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Stage of lactation had no effect on these variables but
consumption of supplements significantly increased
the rumen concentrations of individual short-chain
fatty acids (all P<0·01) and their total (P<0·01;
Table 5). Supplementation also markedly increased
CrEDTA pool size in the rumen and thus the pool sizes
of acetate, propionate and butyrate (all P<0·01). As in
the intact ewes in replicate 4, calculated ME intakes
in the fistulated ewes were significantly increased by
supplementation (P<0·05 to P<0·01; Tables 3 and 5)
and increased over the course of lactation in line with
increases in OM intake (P<0·05; Table 5).

TheN intake of fistulated ewes (Table 6) significantly
increased with advancing lactation (P<0·01), presum-
ably also reflecting the higher herbage OM intakes
observed in both fistulated and intact ewes later in
lactation (Fig. 3; Table 3) and the higher N content
of herbage later in lactation. Overall, the N intakes
of supplemented ewes were significantly higher
(81·6 g/d; P<0·05) than unsupplemented ewes
(64·6 g/d). There was no effect of supplementation on
rumen ammonia concentrations. Supplementation

significantly increased the daily flows (g/d) of OM,
NAN and MN from the abomasum (P<0·05 to
P<0·01), and the daily flow of NAN/kg OM flow
(P<0·05). There were no significant differences in MN
flow per unit NAN flow, in the proportion of
apparently digested OM which disappeared across
the rumen (OMADR) or in themeasures of efficiency of
microbial protein synthesis.

These responses were further clarified by examining
the relationships between the various components of
daily digesta flows. In unsupplemented fistulated
ewes, daily flows of OM from the abomasum were
significantly related to total OMI (P<0·001) and total
DOMI (P<0·001) by the following relationships:

AbomasalOM flow = 0·291× TotalOMI

+ 221·4 (R2 = 0·703)
AbomasalOM flow = 0·350× Total DOMI

+ 225·8 (R2 = 0·709)

The equivalent relationships for supplemented
ewes, while significant (both P<0·01) only explained

Table 6. Nitrogen (N) intakes (g/d), rumen ammonia concentrations (mmole/l), duodenal flows of OM, NAN
and MN (all g/d) and efficiencies of microbial protein (MCP) synthesis in fistulated ewes grazing perennial
ryegrass pasture while receiving no supplement or 600 g/d of an energy or a protein supplement (see text for
supplement descriptions)

Variate Stage*

Treatment

RSD

P

LO LE LP HO SuppvNil Stage

N intake 14 days 54 61 60 32 10·1 <0·01 <0·001
28 days 53 81 80 55
42 days 96 101 87 79
91 days 78 114 69 70

Rumen NH3 14 days 24 16 21 20 3·8 – <0·001
28 days 46 33 43 39
42 days 28 25 25 33
91 days 38 31 39 35

OM flow – 710 936 909 738 161·5 <0·05 –

NAN flow – 44 61 62 42 10·3 <0·01 –

NAN flow/ OM flow 14 days 56 55 63 57 3·5 <0·05 <0·05
28 days 64 63 72 61
42 days 64 66 70 58
91 days 62 71 69 67

MN flow – 40 55 49 34 10·0 <0·05 –

MN/NAN – 0·90 0·92 0·79 0·83 0·069 – –

Prop OMADR – 0·71 0·73 0·58 0·65 0·083 – –

MCP/OMADR – 256 227 419 288 120·5 – –

MCP/MJ MEI – 12 11 14 12 2·6 – –

* Values for different stages of lactation shown only where main effect of ‘Stage’ is significant.
RSD=residual standard deviation. SuppvNil=supplemented (LE+LP) v. unsupplemented (LO+HO) ewes; Stage=effect of
stage of lactation (interaction never significant). Prop OMADR=proportion of DOM apparently digested in the rumen.
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c. 0·30–0·35 of the variance in flow.

AbomasalOM flow = 0·207× TotalOMI

+ 494·9 (R2 = 0·331)
AbomasalOM flow = 0·257× TotalDOMI

+ 225·8 (R2 = 0·343)
Similarly, in unsupplemented ewes, the relationship
between OM intake and abomasal NAN flow ex-
plained 0·67 of the variance in NAN flow (P<0·001),
but the equivalent relationship for supplemented
ewes, while significant (P<0·001), explained only
0·34 of the variance (data not shown).
The relationships between N intake and NAN flow

explained slightly more of the variance in flow than
those related to OM intake. In unsupplemented and in
supplemented ewes, the relationships between N
intake and abomasal NAN flow were:

AbomasalNAN flow (unsupplemented) = 0·443
×N intake+ 14·3 (R2 = 0·751)

AbomasalNAN flow (supplemented) = 0·416
×N intake+ 27·6 (R2 = 0·413)

The regression relationships for NAN flow v. OM
intake and for NAN flow v. N intake differed
significantly (P<0·05) between unsupplemented and
supplemented ewes.
The daily flow of NAN from the abomasum was

closely and linearly related to abomasal flow of OM
(Fig. 4) in both unsupplemented (P<0·001; R2=0·918)
and supplemented ewes (P<0·001; R2=0·860). How-
ever, these two relationships did not differ significantly
and the data were equally well described by the single
regression:

AbomasalNAN flow = 0·068× AbomasalOM flow

− 2·866 (P , 0·001;R2 = 0·901)

Similarly, abomasal MN flow was closely and linearly
related to abomasal NAN flow (Fig. 5a) both in
unsupplemented ewes (P<0·001, R2=0·861) and
supplemented ewes (P<0·001, R2=0·885). These
two relationships were not significantly different and
the data for supplemented and unsupplemented ewes
were equally well described by the single regression:

AbomasalMN flow = 0·863× AbomasalNAN flow

− 0·092 (P , 0·001;R2 = 0·895)

The relationships between MN and NAN flows in
Fig. 5a thus suggest little difference between

unsupplemented and supplemented ewes in the
proportion of MN in the daily NAN flow. However,
this may not be the appropriate comparison. The
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Fig. 5. Relationships between abomasal flows of MN and
NAN in: (a) unsupplemented (solid squares; equation in
regular text) or supplemented ewes (open squares; equation
in italic text) or (b) ewes given the protein supplement
(solid triangles, equation in regular text) or all other ewes
(open triangles, equation in italics).
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Fig. 4. Relationships between the abomasal flows of NAN
and OM in unsupplemented (solid symbols; equation in
regular text) or supplemented ewes (open symbols;
equation in italic text).
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relationships were therefore re-evaluated by com-
paring ewes receiving the protein supplement v. all
other ewes (Fig. 5b). In ewes on treatment LP, the
relationship between MN and NAN flows (Fig. 5b)
differed (P<0·01) from that fitted to data for all other
ewes, due principally to the significantly lower slope of
the former relationship. These data suggest that in ewes
receiving the protein supplement, 0·82 of NAN flow
consisted of MN, significantly lower than 0·95 found
for all other ewes.

DISCUSSION

The initial herbage masses, being 649 and 995 kg
OM/ha, respectively, were reasonably close to the
intended amounts. Although herbage height was not
measured in the current study, from height (mm) and
mass (t OM/ha) measurements taken in an adjacent
perennial ryegrass pasture, the following relationship
was established:

Height = 29+ 3·7×Mass+ 1·0+ 0·36
(R2 = 0·839; P , 0·001;RSD = 0·53)

Based on this relationship, initial herbage heights can
be calculated to be 28 and 38mm on the low- and
high-herbage mass treatments, respectively. The data
of Molle et al. (1997) and Morris & Kenyon (2004)
suggest that a height of 28 mm would certainly
constrain the herbage intake of ewes in early lactation.
Molle et al. (1997) recommended pasture heights of
not less than 40mm for ewes in early lactation (up to
day 50) and 70mm in late lactation (to day 100). In the
present study, it can be calculated that for ewes on
treatment HO, these heights were attained by days 30
and 64 of lactation, respectively. In contrast, these
heights in the low-herbage mass treatments were not
attained until days 37 and 78 of lactation, respectively,
i.e. 1–2 weeks later than in treatment HO.

LW and condition score responses of ewes

The current results indicate that the higher herbage
mass and supplementary feeding during lactation re-
sulted in significant positive effects on both LWchange
and changes in body condition scores (Table 1; Fig. 2),
though these effects were more obvious in regression
analyses in which the effects of non-treatment terms
were also evaluated. The results of these analyses also
confirmed earlier reports of the importance of denti-
tion in relation to the performance of grazing animals

(e.g. Sykes et al. 1974; Dove &Milne 1991), especially
during lactation.

The positive response to high-herbage mass (HO) cf.
low-herbage mass (LO) before day 50 of lactation
confirms the results of previous reports (e.g. Molle et al.
1997; Morris & Kenyon 2004). The inclusion in the
regression model shown in Table 1 of a term for mean
herbage mass up to the end of the supplementary
feeding period removed the significant difference in
LW change between treatments LO and HO, sug-
gesting that this difference had indeed been due to the
treatment difference in herbage mass. In contrast,
inclusion of mean herbage mass as a regression term in
the post-feeding period (days 172–218) had no effect
on the significance of treatment differences in LW
change or body condition score change of ewes,
probably because herbage mass/height on all treat-
ments was no longer limiting herbage intake.

The higher DOMI in both the supplemented
treatments also resulted in positive responses in LW
change and in body condition score, as in many
previous reports (e.g. Dove et al. 1984a; Frey et al.
1991; Mikolayunas et al. 2008). However, when
considered across all four replicates, the current data
provide no evidence of a difference in response
between the two supplements. Considered across
ewe maturity class, the responses to supplements
were more marked in younger (2-year-old) than in
older (3–6-year-old) ewes but in relation to the number
of lambs being reared, responses of LW change to
supplementation were similar in ewes with single
lambs and eweswith twins. Nevertheless, ewes rearing
twins consistently lost more LW and body condition
throughout the experiment.

It is of interest that the observed positive treatment
responses to supplementation (LE, LP) or higher
herbage mass (HO) in the first 50 days of lactation
were reversed in the 36 days between the end of
supplementary feeding and the end of the experiment,
during which time ewes on treatment LO gained LW
and body condition. Although this might call into
question the value of supplementation during lacta-
tion, such an assessment must also consider responses
in the lambs to the supplementation of their dams.

Lamb LW gains

Supplementation of ewes in early lactation has
resulted in variable responses to rumen-undegradable
protein and variable LW responses in their lambs. In an
indoor study, Vipond (1979) found that providing
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lactating ewes with a fishmeal supplement increased
lamb LW gain, while Loerch et al. (1985) reported
increased milk production after ewes were fed a blood
meal or a dried meat and bone meal supplement.
Similarly, Penning et al. (1988) reported increased
daily milk protein and total solids yield in grazing ewes
given fishmeal supplement during the first 7 weeks of
lactation.
Frey et al. (1991) reported that supplementation of

lactating ewes with 80 g/d of protein (of which 40 g/d
was rumen-undegraded protein) resulted in increased
yield of milk protein and fat, but only an 8% and non-
significant increase in lamb LW gain. Hoon et al.
(2000) found that supplementation with extra rumen-
undegradable protein from 4 weeks before lambing to
8 weeks after lambing increased lamb LW at 42 days
by 14% and the weight of lamb weaned/ewe by 17%.
Dove et al. (1984a) supplemented lactating ewes
for 6 weeks after lambing with 0·5 kg/d of either an
‘energy supplement’ (oat grain) or a ‘protein sup-
plement’ (sunflower meal). Relative to the daily gains
of lambs from unsupplemented ewes, oat grain
supplementation led to 17 and 30% increases in the
daily gain of single and twin lambs, respectively.
The equivalent responses with sunflower meal were
24 and 33%, respectively. In the current study, the
difference in response between the supplements was
not significant.
In the current study, there were marked responses in

lamb LW gain due to supplementation but not to the
type of supplement, although these only became
evident in regression analyses including non-treatment
terms such as ewe allocation weight and dentition
score (Table 2). In the supplementary-feeding period,
during which lambs would have been entirely or
substantially dependent on milk intake, the higher
herbage mass treatment (HO) or the supplements (LE,
LP) significantly increased LW gain in twin lambs by
40–60 g/d (Table 2). Smaller but non-significant
responses were found in single lambs. In contrast
with some studies (Vipond 1979; Loerch et al. 1985;
Penning et al. 1988; Frey et al. 1991), the LW gain
responses of lambs in the current study were similar
whether their dams were supplemented with energy
(LE) cf. rumen-undegradable protein (LP).
Twin lambs grew more slowly, as is frequently

observed (e.g. Dove et al. 1984a; Dove 1988) and
within single lambs, lambs with lighter birth weights
also grew more slowly. Ewe dentition score had a
marked effect on the LW gain of twin lambs (reduction
of 39 g/d per unit increase in dentition score). The

reduction in single lambs was smaller (16 g/d per unit
increase in dentition score) and not statistically
significant.

These patterns in the responses in ewe and lamb LW
to the imposed treatments presumably relate to the
effect of the treatments on the intake of herbage and
supplement (and the substitution between them), the
resultant provision of nutrients in and beyond the
rumen, and the effect of this and the mobilization of
body reserves on milk production. These were
measured on a subset of the ewes in order to gain
insight into the supplement responses of ewes and
lambs.

Herbage intake and milk production

The main factor influencing herbage OMI and DOMI
in the current study was stage of lactation. Intakes of
herbage OM and DOM increased rapidly between
weeks 4 and 6 of lactation (Fig. 3), consistent with
other studies in which herbage supply has been
restricted (Treacher & Caja 2002). Although herbage
intakes are usually higher in ewes with multiple lambs
(Treacher & Caja 2002), in the current study therewere
no significant differences in intakes between single-
suckling and twin-suckling ewes, despite the higher
milk production of the latter group. Morris & Kenyon
(2004) also reported no effect of litter size on herbage
intake. The higher milk production (Table 4) yet
similar herbage OMI of twin-suckling ewes in
early lactation is consistent with their greater loss of
LW and body condition score over this period
(Table 1).

In the current analyses of variance in the intact ewes,
the effect of supplementation was to effect a significant
reduction in the OMI and DOMI from herbage
(P<0·05). Data for the fistulated ewes (Table 3) were
less consistent. To explore this further, substitution
rates were calculated from the intake data in Table 3
for treatments LO, LE and LP and then analyses of
variance used to examine the effects of the type of ewe
(fistulated v. intact), stage of lactation and supplemen-
tation. These analyses indicated that over the course of
lactation, substitution rates between supplement and
herbage were 0·60 for intact ewes and 0·37 for
fistulated ewes, though this difference was not
statistically significant. Mean substitution for intact
ewes on treatment LP over the course of lactation was
0·83, whereas on treatment LE, mean substitution rate
was lower (0·37), though this difference was not
significant. Overall, there was a consistent pattern
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with stage of lactation (P<0·05) such that substitution
fell from 0·69 at day 15 to−0·49 by day 30 of lactation,
after which it rose again (day 43, 0·78; day 93, 0·96).
Due to differences in herbage mass/height and
supplement composition, comparisons of these mean
substitution rates with other reported values require
caution. However, the current estimated substitution
rates are consistent with the rates reported by Dove
et al. (1984b), Molle et al. (1997), Dove et al. (2000)
and Madibela et al. (2009). For example, the effect of
stage of lactation is similar to that reported by Dove
et al. (2000), in which the substitution rate in ewes
grazing at 17/ha fell from 0·55 at day 9 of lactation
down to 0·15 at day 23.

Despite the different rates of substitution found in
the current study, the total OMI and DOMI of
supplemented ewes and thus their calculated ME
intakes were significantly higher than in unsupple-
mented ewes and significantly higher as lactation
progressed (Tables 3 and 5).

In the current study, there was no evidence of any
peak in daily milk yield, which declined throughout
the period of milk yield measurement (P<0·01; Fig. 3).
A continuing post-lambing decline in milk production
is evident in many other published studies (e.g. Dove
1988; Frey et al. 1991; Mikolayunas et al. 2008). The
rate of decline of milk production with time was
significantly faster in twin-suckling ewes than in ewes
with one lamb (mean declines of 16·1 v. 7·3 g/d,
respectively; P<0·01). Nevertheless, twin-suckling
ewes still produced 29% more milk, 34% more milk
fat and 25% more milk protein per day. This is
consistent with many published comparisons of
ewes with single v. twin lambs (see Treacher & Caja
2002).

Statistically, there was little effect of supplemen-
tation onmilk yield or composition in the current study
(Table 4) because in this comparison, the two
treatments with the arithmetically greatest yields of
milk and its components included an unsupplemented

(HO) and a supplemented (LP) treatment. These data
can be reanalysed by adopting the null hypothesis that
treatments HO and LP constitute two replicates of
treatments likely to result in increased crude protein
intake, cf. treatments LO and LE. Based on this
comparison, and considered across lamb rearing
type, there were significant effects of (HO+LP) cf.
(LO+LE) on milk yield (2572 v. 2016 g/d; P<0·001),
milk fat content (81·3 v. 70·5 g/kg; P<0·001) and milk
fat yield (209·6 v. 140·4 g/d; P<0·001). Milk protein
content was slightly lower in (HO+LP) cf. (LO+LE)
(45·1 v. 47·6 g/kg; P<0·05) though daily protein
yield was significantly higher (116·6 v. 95·6 g/d;
P<0·001).

The relationships in the current study between lamb
LW gain (to day 36 of lactation) and mean ewe milk
yield (to day 40 of lactation) or the yield of milk
components are shown in Table 7. Although these
relationships are based onmilk production by the ewe,
comparison with similar relationships based on milk
intake by lambs suggests that the current milk
production estimates closely represent milk intakes.
For example, the relationship between lamb LW gain
and milk production in the current study is almost
identical to that which can be calculated from Dove
(1988) for isotope-based estimates of lamb milk intake
over the first 42 days of lactation, i.e.

LWgain = 0·122×Milk intake+ 79·4

At a milk intake of 2000 g/d, the above equation
implies an LW gain of 323 g/d, similar to the gain of
336 g/d which can be calculated from the first
relationship in Table 7. Similarly, at this level of milk
intake the feed conversion efficiencies that can be
calculated from Dove (1988) and the relationship in
the current study are 1·08 and 1·07 g milk DM/g LW
gain, respectively, very close to previously published
values of 1·0–1·1 g milk DM/g LW gain in pre-
ruminant lambs (e.g. Dove & Freer 1979; Dove 1988).

Table 7. Regression parameters relating lamb LW gain (g/d; birth – day 158) to mean yields of ewe milk and
its components (g/d; to day 162). For the purposes of regressions, the mean gains of sets of twins were related
to 0·5×daily yield of milk or its components

Independent variate Regression coefficient ± S.E. Intercept±S.E. R2
S.E. of predicted Y

Milk yield 0·12±0·016 94±28·3 0·745 40·0
Milk fat 1·12±0·263 163±35·6 0·462 58·1
Milk protein 2·38±0·311 112±26·6 0·737 40·6
Milk solids 0·60±0·095 115±31·4 0·659 46·2
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Responses in rumen metabolites and digesta
flows in fistulated ewes

Measurements of rumen metabolites and digesta flows
were made in an attempt to gain insight into the
observed responses of ewe milk production and ewe
and lamb LW change to differences in herbage mass
or to the different supplements. In particular, digesta
flow measurements were conducted to quantify the
effect of supplements on post-ruminal flows of OM,
NAN and MN.
Of the published data for rumen metabolites and

post-ruminal digesta flows in grazing sheep, only a few
relate to lactating ewes (Dove et al. 1988; Dove &
Milne 1994; Madibela et al. 2009). Nevertheless, the
data of Cruickshank et al. (1992) for early-weaned
lambs allow some useful comparisons with the present
data. For example, Cruickshank et al. (1992) reported
daily duodenal MN flows of 40·6 g/kg OMADR and
28·9 g/kg OM truly disappearing across the rumen
(OMTDR) of lambs grazing grass pastures. The
equivalent values for unsupplemented ewes in the
current study are similar at 43·6 g/kg OMADR and
28·9 g/kg OMTDR, respectively. Cruickshank et al.
(1992) also drew together their own data and

previously published information to establish relation-
ships between NAN flow to the small intestine, N
intake, DOM intake and the amount of OMADR, all
expressed in g/d/kg LW. Their calculated relationships
are shown in Table 8 together with those derived in the
present study.

In both cases, NAN flow/kg LW was closely related
to N intake/kg LW, to DOMI/kg LW and to the
combination of these, by relationships that were
similar between the two studies (Table 8). Moreover,
the relationship in Table 8 between NAN flow and
DOMI (both per kg LW) in the current study is
similar to that which can be calculated from Dove &
Milne (1994) for similar, non-lactating ewes during
autumn grazing of the same pasture used in the current
study, i.e.

NAN flow/kg LW = 0·02×DOMI/kg LW

+ 0·03 (R2 = 0·720; P , 0·01)

The relationship between NAN flow and the com-
bination of N intake and the amount of OMADR was
also similar in each of the studies and explained >0·76
of the variance in NAN flow. Based on the mean
values for N intake/kg LW and OMADR/kg LW in

Table 8. Regression parameters relating NAN flow (g/d per kg LW) to the intakes of N (g/d per kg LW) or
DOMI (g/d per kg LW) or N intake and amount of OM apparently disappearing across the rumen (OMADR,
g/d per kg LW), derived in the present study or from the tabulated relationships in Cruickshank et al. (1992)

Source Independent variate
Slope1
(±S.E.)

Slope2
(±S.E.)

Slope3
(± S.E.)

Intercept
(± S.E.) R2 RSD

Present
study

N intake 0·42 (0·101) – 0·29 (0·123) 0·739 0·057

Cruickshank N intake 0·48 (0·003) – 0·28 (0·003) 0·764

Present
study

DOMI 0·02 (0·008) – 0·27 (0·214) 0·496 0·110

Cruickshank DOMI 0·04 (0·000) – 0·11 (0·005) 0·679

Present
study

N intake, DOMI 0·52 (0·228) −0·01 (0·014) 0·35 (0·167) 0·752 0·054

Cruickshank N intake, DOMI 0·35 (0·006) 0·01 (0·001) 0·19 (0·00) 0·786

Present
study

OMADR 0·01 (0·012) – 0·49 (0·191) 0·078 (NS) 1·155

Cruickshank OMADR 0·03 (0·001) – 0·32 (0·006) 0·350

Present
study

N intake, OMADR 0·59 (0·138) 0·015 (0·0091) 0·32 (0·105) 0·761 0·079

Cruickshank N intake, OMADR 0·50 (0·005) −0·00 (0·001) 0·30 (0·004) 0·766

Present
study

N intake, OMI,
proportion OMADR

0·23 (0·083) 0·015 (0·0047) −1·34
(0·189)

0·98 (0·102) 0·982 0·004

NS: not significant.
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Cruickshank et al. (1992), their equation predicts a
daily NAN flow of 0·87 g NAN/kg LW, while the
equation derived in the current study predicts a very
similar NAN flow of 0·88 g NAN/kg LW. In the current
study, the relationship that explained the greatest
proportion of the variance in NAN flow/kg LW was
that which included N intake/kg LW, OMI/kg LW and
the proportion of the digested OM which apparently
disappeared across the rumen (Table 8). This
regression explained >0·98 of the variance in NAN
flow/kg LW.

The microbial protein yield in unsupplemented
ewes in the current study can be calculated to be
272 g MCP/kg OMADR (Table 6), equivalent to 174 g
MCP/kg DOMI. These values are completely consist-
ent with the values of 279 g MCP/kg OMADR and 182
MCP/kg DOMI cited by CSIRO (2007) from a review of
data in sheep grazing spring forages. Using the
relationships in CSIRO (2007) to estimate the pro-
portion of MCP which is true protein (=amino acids),
the daily flow of amino acids in unsupplemented
ewes in the current study was estimated to be 91·2 g/kg
DM intake. This is almost identical to the value
of 91·9 g/kg DM intake over days 43–68 of lactation
recently reported by Madibela et al. (2009) for
lactating ewes grazing perennial ryegrass/white clover
pastures.

Taken together, the above comparisons indicate that
the digesta flow data in the current study are in close
agreement with previous data and can thus be used as
the basis to interpret the measured responses in milk
production and in ewe and lamb LW.

A number of studies of the supplementation
of lactating ewes have reported that protein supple-
ments with low rumen-protein degradability resulted
in increased lamb LW gain (Vipond 1979) or increased
milk production (Loerch et al. 1985; Robinson 1990).
Subsequently, other studies with grazing ewes have
demonstrated milk yield or lamb growth responses
to supplementation with rumen-undegradable pro-
tein (e.g. Penning et al. 1988; Frey et al. 1991; Hoon
et al. 2000; Mikolayunas et al. 2008), while Madibela
et al. (2009) showed that fishmeal supplementation
increased the post-ruminal flow of amino acids in
lactating ewes. A major objective of the current study
was to assess the extent to which there might be
different responses to an energy supplement cf. a
protein supplement based on formaldehyde-treated
soyabean meal. The data for DM disappearance
of supplement from nylon bags incubated in the
rumen (see above) plus the fact that there was a

considerably lower proportion of MN in the daily NAN
flow of LP ewes (Fig. 5b) indicate that the formal-
dehyde treatment of the protein supplement was
successful. The current results show that compared
with unsupplemented ewes on the low-herbage
mass treatment, supplemented ewes lost less weight
and body condition (Figs. 2 and 3; Table 1). However,
considered across all four replicates, the responses
of ewes on treatments LE and LP were not
different. Similarly, lambs from LE and LP ewes grew
40–60 g/d faster than those from treatment LO
during the supplementary-feeding period, with no
difference evident between the LE and LP
treatments (Table 2). Supplementation significantly
reduced the herbage intakes of intact ewes, and
the substitution between herbage and supplement
was c. 0·83 for LP ewes and 0·37 for LE ewes. There
was no statistically significant effect of supplemen-
tation on the yield of milk or its components (Table 4),
though values were always arithmetically higher for
LP ewes.

The data in Table 5 indicate clearly that both
supplements resulted in increased rumen concen-
trations and pool sizes of acetate, propionate and
butyrate, and thus the ruminal energy supply would be
expected to be higher with both supplements com-
pared to treatment LO. Furthermore, the data in Table 6
indicate that both supplements led to higher daily
flows of NAN and MN. For LP ewes, the increased
daily NAN flows and the lower proportion ofMN in the
NAN presumably reflect increased post-ruminal flows
of undegraded dietary protein.

Hence, despite attempts to make the two sup-
plements different in terms of their provision of energy
and protein, the combination of different degrees of
substitution between supplement and herbage, and the
kinetics of digestion of the resultant herbage/sup-
plement mixes, meant that the actual provisions of
extra energy and protein in and beyond the rumen by
the supplements were less different than intended. This
serves to emphasize the point made by Dove (2002)
that the distinction drawn between ‘energy’ and
‘protein’ supplements is ‘only a general distinction
and one of convenience’. Both kinds of supplements
have the capacity to alter energy supply to the animal,
the amount of microbial protein synthesized and the
amount of dietary protein escaping rumen degra-
dation. The response to supplements can also be
affected by differences in the mobilization of body
energy reserves when animals consume different
supplements.
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CONCLUSION

The current results indicate marked responses of
lactating ewes and their lambs to the provision
of either higher herbage masses or the provision of
supplements during the first 50 days of lactation, but
overall, do not provide strong evidence for a difference
in response to an ‘energy’ supplement compared with
a ‘protein’ supplement. The measurements of intakes
and digesta flows provide some clarification of why
this occurred. Differences in substitution rate between
herbage and each of the supplements, coupled with
the fact that both supplements resulted in increased
provision of short-chain fatty acids in the rumen and
increases in post-ruminal protein supply, meant that
the actual difference in the nutrient provision from the
supplements was less clear-cut than intended and thus
resulted in no marked difference in the response of the
animals consuming them.
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