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Abstract:
Objectives of this experiment were to evaluate the effects of nonrumen degradable protein (NRDP) and
metabolizable energy (ME) requirement on metabolism and performance of ewes during early to
midgestation. Forty-two ewes were allocated by randomization in a 2 X 3 factorial design and fed
individually for 84 days at 80 or 100% NRC (1985) ME requirement and supplemented with either
urea (U), soybean meal (SEM), or blood meal+SEM (EMfSEM). All diets were formulated to be
isorumen degradable for protein with seven ewes per treatment combination. Blood meal+SEM
supplemented ewes gained more (Pc.05) weight and had greater (Pc.05) wool growth than either U or
SEM ewes during the investigation. Ewes fed EMfSEM and SEM had higher (P>.05) serum glucose
concentrations than U. Total protein, albumin and blood urea N concentrations were different (P<.05)
among treatments, with EMfSEM being greater than SEM and SEM greater than U. Urea ewes had
increased (Pc.05) alkaline phosphatase concentrations compared to SEM and EMfSEM ewes. Urea
ewes also lost more (Pc.05) weight and body condition than other treatments. Ewes fed EMfSEM
retained more (Pc.05) g of N daily than ewes fed either U or SEM. Soybean meal and EMfSEM X 80%
ME requirement had improved protein: energy ratios compared to other treatment combinations.
However, U and SEM fed 100% ME intake had protein: energy ratios that may have been insufficient
for utilization of available energy. Number of lambs bom, 21 day and lamb weaning weights were not
affected (P>.05) by protein supplement or ME intake. Even though ewes fed 80% ME requirement had
increased (Pc.05) 21 day milk production compared to 100% ME, composition was not different
(P>.05), with the exception of lactose. In conclusion, feeding a protein supplement containing a NRDP.
source (EM+SEM) to ewes in early to mid-gestation elicited a positive response in N balance, ewe
weight, body condition score change and wool growth. Crude protein:energy ratios influenced ewe
metabolism and performance more than ME intake alone. Metabolizable energy requirement appeared
to have less influence on ewe metabolism or performance substantiated by ME requirement not
affecting ewe weight, body condition score and serum metabolite concentrations. 
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ABSTRACT

Objectives of this experiment were to evaluate the effects of non- 
rumen degradable protein (NRDP) and metabolizable energy (ME) 
requirement on metabolism and performance of ewes during early to mid
gestation. Forty-two ewes were allocated by randomization in a 2 X 3 
factorial design and fed individually for 84 days at 80 or 100% NRC 
(1985) ME requirement and supplemented with either urea (U), soybean 
Itieali (SBM), or blood meal+SBM (BWfSEM). All diets were formulated to 
be isorumen degradable for protein with seven ewes per treatment 
combination. Blood meal+SBM supplemented ewes gained more (P<.05) 
weight and had greater (Pc.05) wool growth than either U or SBM ewes 
during the investigation. Ewes fed EMfSEM and SEM had higher (P>.05) 
serum glucose concentrations than U. Total protein, albumin and blood 
urea N concentrations were different (Pc.05) among treatments, with 
EMfSEM being greater than SEM and SEM greater than U. Urea ewes had 
increased (Pc.05) alkaline phosphatase concentrations compared to SEM 
and EMfSEM ewes. Urea ewes also lost more (Pc.05) weight and body 
condition than other treatments. Ewes fed EMfSEM retained more (Pc.05) 
g of N daily than ewes fed either U or SEM. Soybean meal and EMfSEM X 
80% ME requirement had improved protein: energy ratios conpared to other 
treatment combinations. However, U and SEM fed 100% ME intake had 
protein: energy ratios that may have been insufficient for utilization 
Ofi available energy. Number of lambs bom, 21 day and lamb weaning 
weights were not affected (P>.05) by protein supplement or ME intake. 
EVen though ewes fed 80% ME requirement had increased (Pc.05) 21 day 
milk production compared to 100% ME, composition was not different 
(P>.05), with the exception of lactose. In conclusion, feeding a 
protein supplement containing a NRDP source (EMfSEM) to ewes in early 
to mid-gestation elicited a positive response in N balance, ewe weight, 
body condition score change and wool growth. Crude protein:energy 
ratios influenced ewe metabolism and performance more than ME intake 
alone. Metabolizable energy requirement appeared to have less 
influence on ewe metabolism or performance substantiated by ME 
requirement not affecting ewe weight, body condition score and serum 
metabolite concentrations.



I
INTROEUCnON

Limited information exists concerning feeing of non-rumen 
degradable protein (NRDP) to ewes in early to mid-gestation. The 
majority of research investigating NRDP research has occurred either 
with ewes in late gestation (Prior and Christenson, 1976; Robinson, 
1983; Orr et al., 1985) concomitant with rapid fetal growth and 
development or during early lactation (Gonzales et al., 1979; Loerch et 
al., 1985; Coffey et al., 1986). 0rskov and Robinson (1981) propose! 
microbial protein synthesis will meet the net protein requirements of 
ewes during early and mid-gestation with little benefit to feeding 
NRDP. However, in experiments by COombe et al. (1971, 1987) they 

reported improved performance and increased wool growth in mature 

wethers and ewes when NRDP (formaldehyde protected sunflower and rape 
seed meals) was fed.

Few studies have evaluated the effects of NRDP on serum metabolites 
in addition to wool growth and development during early to mid
gestation, both of which are sensitive to dietary NRDP levels (Sykes 

and Field, 1972; Miner et al., 1986; Thomas et al., 1987). Feeding 

strategies during early and mid-gestation are designed to ensure 

accumulation of body reserves to be mobilized during nutritional 
inadequacies of late gestation and early lactation. Therefore, 
objectives of this study were to evaluate effects of NRDP and ME 

concentration on nitrogen (N) and energy balance and retention, fiber 
length and diameter as well as ewe body weight and condition score 
changes during early to mid-gestation.



2
UIERATDRE REVIEW

Benefits of Feeding Non-rumen Decrradabl a Prnfmi n

Non-rumen degradable protein provides a greater concentration of 
protein and amino acids (AA) at the intestinal level than rumen 
soluble protein sources (Corbett and Edey7 1977; Kempton et al., 1977; 
Kirby et al., 1983; Rooke7 1985). Escaping rumen degradation enables 
feedstuffs of high biological value containing an excellent quantity 
and balance of essential amino acids to escape conversion to low and 
medium biological value by ruminal microbial protein.

Microbial protein requirements must be fulfilled with some type of 
rumen degradable nitrogen (N) fed in conjunction with adequate energy 
(Robinson, 1983). Thus7 a combination of rumen degradable protein and 
NRDP may provide a feasible alternative to improving quantity and 
quality of protein available for duodenal absorption. Feeding 
additional quantities of cereal grain and oil meal supplements when 

nutritional inadequacies exist may be alleviated by incorporating 
dietary NRDP along with rumen degradable protein.

An article reviewing NRDP (Chalupa7 1975) indicated AA absorbed at 
the small intestine came from various sources— rumen microbial 
synthesis, NRDP and endogenous AA secreted intestinally. It may be 
possible to increase available AA's at the small intestine through 
manipulation of rumen microbial synthesis or by providing increased 

NRDP (Chalupa7 1973). Non-rumen degradable protein is a more efficient 
protein than rumen degradable protein since utilization of nutrients
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protein losses incurred in transforming dietary protein to microbial 
protein (Black, 1971). Protein from microbial synthesis is less 
digestible than several plant proteins commonly utilized by ruminants 
(Chalupa, 1974). Black (1971) and Chalupa (1974) estimated efficiency' 
of converting dietary protein into microbial protein to be slightly 
greater than fifty percent. Under most conditions, 20 to 60% of 
dietary protein escapes rumen degradation, providing a combination of 
microbial protein and NRDP (Young et al., 1973).

Although normal levels of microbial protein may be adequate for 
finishing cattle (Young et al., 1973) increased quantities of NRDP and 

AA's (Nelson, 1970; Chalupa et al., 1973; Johnson, 1974) elicited 
responses greater than expected in growing cattle, sheep and lactating 
ewes. This suggests genetic potentials of cattle and sheep for growth, //V:- ../- 
early fattening, early lactation and wool growth are limited by 
inadequate quantities of absorbable AA. Research by Schelling et al.
(1973) and Nimrick et al. (1970) indicated methionine was the first 

limiting AA for growing lambs. Battery and Foulds (1985) reported 

inadequate ruminal AA flows may be corrected by feeding NRDP and 

protected amino acids. Various methods employed to protect AA from 

ruminal breakdown include blocking amine groups (Kenna and Schwab,
1981) , blocking carboxyl groups by ester formation (Ayoade et al.,
1982) , synthesis of AA analogues (Belasco, 1972), encapsulation in 
material resistant to rumen fermentation (Papas et al., 1984) and 
inhibition of deamination capacity of rumen microbes (Chalupa, 1975).

Methionine is resistant to ruminal degradation without protection 
and has been shown to increase rumen methionine levels when given
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orally (Doyle and Bird, 1975). Ability of sheep to convert methionine 
to cysteine was later monitored by Pisulewski and Buttery (1985). 
Their results indicated as duodenal infusion of methionine increased 
from 0 to 5 g»d-l cysteine plasma concentrations increased from 4.5 to 
18.5% with associated increases in wool and plasma albumin cysteine 
concentrations. Increases of cysteine in wool and plasma albumin 

, indicated methionine was indeed being converted to cysteine as trans- 
sulfuration pathways exist in muscle as well as the liver, site of 
plasma albumin synthesis (Radcliff and Eagan, 1978).

prskov and Robinson (1981) postulated a need for NRDP in diets of 
ewes during the last trimester of pregnancy, during early lactation and 
for young fast-growing lambs when microbial protein will not satisfy 
AA N requirements. Similarly, Hassan and Bryant (1986 a,b,c) found 
lambs fed fish meal or formaldehyde treated rapeseed in

combination with sufficient energy to satisfy maintenance requirements 

promoted improved N retention, digestibility of acid detergent fiber 
and live weic^it gain. Non-rumen degradable protein has been shewn to 
elicit a positive response in weiegit change when incorporated into ewe 
(Prior and Christenson, 1976; Robinson, 1983; Qrr et al., 1985) and cow 
diets (Miner et al., 1986) during late gestation as well as during 
early lactation (Gonzales et al., 1979; Loerdh et al., 1985; Cofey et 
al., 1986).

Gestation Protein and Energy Requirements

Coqp (1982) defined N requirement as the total unavoidable loss of
N divided by the biological value of N arising from microbial protein
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and undegraded dietary N entering the small intestine. A crucial 
factor in fulfilling N requirement is the quantity of N in a ration 
meeting maintenance requirements for energy that will also satisfy 
microbial protein synthesis requirements. Quantity of N required also 
depends on dietary physical and chemical composition as quantity of N 
exiting the reticulo-rumen does not always equal quantity of intake 
(Coop, 1982).

Nitrogen partitioning among maternal tissues, fetal demands, wool 
synthesis and lactation has led to several estimates of protein 
maintenance requirements for ewes. vanEs (1972) estimated protein 
requirements ranging from 214 to 247 ng<>d-:L<>kg*75 of apparently 
digested N while Coop's review article (1982) estimated protein 
requirements at 136 to 534 mg'd^-kg*75. Daily ME and protein 
requirement estimates for twin-bearing ewes weighing 70 kg when mated 

and given a diet containing 2.5 Meal of ME/kg of dry matter and 10 g of 

CP/Mcal of ME are given in table I (Robinson, 1982). These 

recommendations for protein requirements were made under the premise of 
having adequate energy available at all stages of gestation. 
Sufficient energy may not always be available, imposing a restriction 
on microbial protein synthesis (Coop 1982).

Robinson (1982) recommended vftien low density energy diets are fed 

supplements of NRDP could be fed during early pregnancy and at higher 

levels than recommended (MIC, 1981) in late gestation. vanEs (1972) 

calculated maintenance energy requirements for mature sheep to be 1.3 
to 3.3 Meal ME»d_1»kg°75 with lower levels sufficient for stall-fed 
sheep and higher levels for ewes on pasture in harsh climates.
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Table I. Daily metabolizable energy and protein requirements for 
maternal and fetal needs3

Item 60
Fetal age 

88
(days)

116 130
Metabolizable energy, Mcal/d 2.5 2.8 3.6 4.0
Net protein requirements, g/d
Fetuses 1.0 7.6 21.8 29.2Placental, fluids, uterus 3.3 2.7 1.9 2.2Wool 6.0 6.0 6.0 6.0Udder and secretions .3 .5 2.6 8.6Tissue maintenance 14.0 14.0 14.0 14.0Total net protein, 25.0 31.0 46.0 60.0

Microbial protein synthesis, g 83.0 65.0 122.0 134.0Net protein from microbial
and NRDP sources, g 35.0 40.0 51.0 56.0Protein required in diet, g 74.0 92.0 137.0 178.0Recommended protein intake, g/d 104.0 119.0 153.0 200.0

aAdapted from Robinson (1982)

More recently, Robinson (1987) compared recommended energy and 
protein requirements (Table 2) proposed by National Research Council 
(NRC, 1985) and allowances proposed by Ministry of Agriculture 
Fisheries and Food (MAFF, 1984), Meat and Livestock Commission (MIC, 
1981) and Agricultural Research Council (ARC, 1984) for ewes weighing 
75 kg with twin lambs.

These estimates of energy and crude protein allowances demonstrate 

a wide range of recommendations for protein and energy requirements. 

National Research Council (1985) energy requirements are similar 
compared to ARC (1984), MLC (1981) and MAFF (1984) allowances. 
Ministry of Agriculture Fisheries and Food (1984) recommend lower 
energy allowances throughout gestation compared to NRC (1985), ARC 
(1984) and MIC (1981). Energy requirements proposed by NRC (1985) are
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increased at an earlier stage of gestation compared to other 
recommendations. Protein requirements for maintenance and throughout 
gestation for NRC (1985) are higher than other allowances (table 2). 
These differences in energy and protein allowances or requirements may 
explain why sane investigators have noted significant differences in 
embryonic mortality when level of nutrition is increased or decreased 
during early and mid-gestation.

Table 2. Recamnended energy and protein allowances for housed Sheepa

Recamnerdation source
Item NRCb ARC0 MLC0 MAFFc
Energy, Mcal/d 
Maintenance 2.5 2.5 2.4 1.9
Gestation, week

0 2.9 2.5 2.4 1.9
4 2.9 2.5 1.9 1.98 2.9 2.4 1.9 1.912 2.9 2.6 . 1.9 1.9
16 4.5 3.3 3.5 2.520 4.5 4.5 4.5 3.8

Protein, g/d
Maintenance 120.0 70.0 100.0 ***
Gestation, week

0 140.0 70.0 100.0
4 140.0 70.0 70.0
8 140.0 70.0 70.0
12 140.0 80.0 70.0
16 225.0 105.0 220.0
20 225.0 160.0 260.0

aTaken from Robinson (1987) 
bEnergy and protein requirements 
cEnergy and protein allowances
***Requirements for protein not provided in review
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Embryonic Mortality

Pre-natal mortality includes all types of ova loss occurring at 
mating through parturition. Generally it is assumed most losses occur 
during the first 30 to 40 days of gestation (Edey, 1976; Robinson 1977, 
1982). Ova losses originate from two sources I) basal losses 
independent of environmental factors and 2) induced losses influenced 
by numerous environmental factors. Management strategies may 
induced losses, i.e., nutritional treatment, if causative effects of 
such losses can be identified. Pre- and post-mating low nutritional 
studies by Edey (1976) have resulted in either no effect or increased 
induced losses. However, Doney and Gunn (1981) found long periods of 
chronic but non-severe levels of undemutrition in pregnancy had no 
effect on total viable ova and fetuses. They also showed rapid changes 
in ewe nutrition post-mating may induce greater losses than an 
intermediate plane of nutrition held constant during gestation.

Developing embryos reach the uterus by day three (day 0 = estrus) 
and at day 21 most fetal organs are present. During the first 30 days 

of gestation uterine fluids provide necessary nutrients for embryonic 

growth and development. From day 35 , until parturition cellular 
differentiation has ceased and hypertrophy occurs. Embryonic 
mortalities occurring before day 12 of pregnancy, prior to 
implantation, results in a return to estrus. Embryo death after day 12 

results in ewes failing to exhibit estrus during the next cycle 

(Robinson, 1982). If only one embryo dies after day 12 alterations in 

distribution among remaining viable embryos between uterine horns may 

result in smaller, lighter than average lambs for their litter size
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(Rhind et al., 1980).

Robinson (1977, 1982) reviewed influences of maternal nutrition on 
fetal growth and concluded when ewes are in good body condition at 
mating minimal embryonic mortality occurs. Increased embryonic 
mortality was demonstrated when energy intake was 15% of maintenance 
requirements (ARC, 1984) for seven days. He suggested embryonic 
mortality due to low nutrition in flock feating situations seldom 
affects more than 15% of ewes. Ewes most susceptible to nutritional 
embryonic mortality include young ewes, those in poor condition and 
ewes with twin or greater conceptions. Dingwall et al. (1987) reduced 
dietary intake at day 30 of gestation to 75% of maintenance (MIC, 1981) 
resulting in a live weight decrease of 3.2 kg compared to control ewes 
which gained 2.4 kg when fed ad libitum. Changes in condition scores 
were not reported in their study. Differences in ewe live weight 
change were not correlated to viable fetal numbers. Rhind et al. 

(1980) observed abrupt reductions in feed intake (Meat and Livestock 
Commission, 1981) after one month of pregnancy resulted in late embryo 

and early fetal mortality. These discrepancies (Dingwall et al., 1987 
compared to Rhind et al., 1980) may be due to Dingwall et al. (1987) 

slaughtering ewes during first 34 days of gestation before embryonic 
mortality occurred. Rattray (1977) has suggested plane of nutrition 
during mid- and late gestation has a greater influence on fetal 
development rather than fetal mortality. Rattray's results (1977) 
support those of Rhind et al. (1980).

Undemutrition alters gestating ewe endocrine status which may 

adversely affect fetal growth and development. Lawson (1977) found
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during the first two weeks of pregnancy embryo growth is influenced by 
endocrine factors, especially maternal plasma progesterone 
concentrations, which appear to alter uterine fluid AA balance (Menezo 
and Wintenberger-Torres, 1976). During the first 14 days of gestation 
embryo development is dependent upon uterine fluids for nutrient 
supply. Increases in plasma progesterone during early pregnancy caused 
by undernutrition have been reported by CUmming et al. (1971). Caton 
et al. (1974) demonstrated increased progesterone levels reduced 
uterine blood flow and oxygen consumption in early gestation. 
Similarly, Dancis et al. (1968) noted decreasing maternal plasma AA 

concentrations may be mediated through changes in circulating estrogen, 

progesterone, cortisol and insulin. However, whether hormonal 
concentrations are influenced by undernutrition as a direct effect or a 
nutritional stress causing additional adrenal activity has yet to be 
elucidated.

Fetal Development

Robinson and Forbes (1968) investigated effects of various 
quantities of CP and/or ME intakes on lamb birth weights and ewe live 

weight changes in mature 68 kg Border Leicestser X Scottish Blackface 
ewes bearing twins from week 4 of gestation through week 3 of 

lactation. Both quantity of ME and CP had a greater influence on 
maternal than fetal weight change. This was later interpreted to show 
ability of ewes to sustain fetal growth and development at expense of 
maternal body tissues and reserves. As reported earlier, Dingwall et 
al. (1987) found significant differences in ewe wei^it did not



11
correspond to a difference in 55 day fetal weights.

Weriham (1977) radiographed fetuses ranging in age from 50 to 145 
days to identify primary and secondary ossification centers occurring 
in skeletons. Ossification centers increased linearly with age up to 
100 days at v M c h  time ossification rate increased and continued 
throughout gestation. This is supported by findings of McDonald et al. 
(1979) who demonstrated fetal calcium content increased significantly 
from week 10 of gestation throu^i parturition. These findings suggest 
during the first month of pregnancy absolute fetal growth rates are 
small but specific growth is of considerable magnitude.

Nutritional inadequacies incurred during month I of gestation 
which alter fetal growth rates may later influence fetal viability,, 
growth and development. Robinson et al. (1977) treated Finnish 
Landrace X Dorset Horn ewes as described previously in Dingwall et al. 
(1987) but during months 4 and 5 ewes were fed according to fetal 
numbers instead of maintenance allowances. Dirgwall et al. (1987) 

found fetal weights during the first 2 months of gestation declined by 
a factor of .89 for each additional fetus compared to ewes gestating 

singles. Although late gestation accounts for two-thirds of fetal 
growth and development, Robinson's et al. (1977) mathematical model 
implied initial fetal weight differences occurred during early to mid

gestation, with resulting weight differences present throughout 
gestation until parturition. Curet (1973) observed underfeeding 
protein during early pregnancy had an adverse effect on 90 day fetal 

weights. Robinson (1977) suggested decreases in absolute fetal growth 
rates during the first 90 days were related to insufficient maternal
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nutrition per se or insufficient fetal nutrient accretion due to 
altered ewe endocrine status as a result of inadequate maternal 
nutrition.

Sykes and Field (1972b) reported ewes receiving a low protein diet 
(6% CP) from weeks 6 through 21 of gestation lost 364 g more tissue 
protein than ewes receiving a hi^i protein diet (11.8%). 
Correspondingly, at parturition, lambs from low protein ewes had 
reduced body protein and birth wei^its of 199 and 809 g, respectively. 
Robinson et al. (1977) reported ewes on a high plane of nutrition 
during late gestation (270 g CP and 3.8 Meal •ME-1 ̂d-1) had lambs 
weighing 4 % heavier than those fed at a low nutritional plane (205 g 
CP and 2.9 Meal •ME”1•d-1).

Conversely, prior findings of Robinson et al. (1977) and Foote et 
al. (1959) showed significant absolute weight differences did not exist 
during day 25 to 40 of gestation for single and individual twin lambs. 
Differences in fetal weights were more discemable during the last 

trimester of gestation. Ewes fed a diet reducing body wei^it by 25 % 
during the first 90 days of gestation, followed by a high level of 

nutrition in late gestation resulted in no effect on lamb birth weight 
(Bennett et al., 1964);

Placental Development

Previous research (Wallace, 1948; Alexander, 1964) indicated 
placental weight plateaus around day 90 of gestation. During the 

remainder of gestation cotyledonary weight declines while membrane 
weight continues to increase, which is supported by later results of
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Robinson (1977). Thus, a greater change in structural magnitude occurs 
compared to uterine weight change. Placenta fluid, both amniotic and 
allantoic, increases rapidly in weight during early pregnancy, 
stabilizes in mid-gestation and increases again in late gestation. 
Whereas placental weight does not seem to increase with increasing 
fetal numbers, ratio of fluid weight to number of fetuses does 
increase. Throughout early gestation it appears little variation in 
fetal, placenta, placental fluids and uterine weight exists between 
ewes carrying single vs multiple fetuses. McDonald et al. (1979) 
investigated protein and mineral accretion relationships of multiple 
fetuses and found CP of fetus, placenta and fetal fluids increased as 
gestation progressed with uterine CP content remaining fairly constant. 
This is not surprising since uterine tissue weight increases to a 
lesser degree during gestation compared to fluids and placental 
membranes (Robinson et al., 1977). Placental concentrations of CP and 
fat increased up to day 100 of gestation with little change occurring 
after that time. Results from a series of experiments (Robinson et 

al., 1977; McDonald et al., 1977; Weriham, 1977; Robinson et al., 1978; 
McDonald et al., 1979; Robinson et al., 1980; McDonald et al., 1981; 
Robinson et al., 1985 and Dingwall et al., 1987) indicated it is 
unclear when mayimal fetal accretion rates of nutrients occur.

Fetal Amino Acids

Maternal dietary protein is a major source of fetal amino acids 
when maternal nutritional intake and absorption are adequate (Cockbum 
and Giles, 1977). In states of maternal protein malnutrition, fetal
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amino acid supplies are maintained via maternal metabolic protein 
obtained at expense of maternal tissue catabolism (Cockbum and Giles, 
1977). Since fetal protein accretion increases throughout gestation, 
Robinson et al. (1985) investigate! specific AA concentrations found in 
fetuses and their accretion rates. They found glycine, cystine, 
arginine, proline and hydroxyproline concentrations increase! with 
fetal age while aspartate, phenylalanine, histidine and lysine 
decreased during mid to late gestation (day 90 to 145). During mid- 
gestation demand for hydroxyproline increased due to rapid collagen 
synthesis of fetal skeleton, skin and muscle. Robinson (1983) showed 
in pregnant ewes fed at maintenance that microbial protein met ewe 
requirements but may not be adequate to satisfy AA requirements for 
fetal growth and development. However, even if sufficient energy is 
present to ensure AA synthesis, synthesized AA may not be transferred 

from placenta to fetus. Lemons et al. (1976) found certain amino 
acids, such as glutamate and aspartate, appear to be synthesized by the 
fetus rather than via placental uptake. As discussed earlier, a 
limiting AA for fetal birthcoat growth and development may be cystine, 
cystine fetal requirements cannot be net by microbial protein, with the 

main location of cystine being fetal birthcoat; hence, undemutrition 

impairs birthcoat development (Everitt, 1967). Ewes which have 
sufficient ME intake to meet fetal growth requirements may be able to 
alleviate cystine deficiencies by converting surplus methionine to 
cystine.
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Assessim Efficacy of Supplementation 

Conventional Methods
Changes in magnitude of body weight and condition have been used 

to assess effects of protein and energy supplementation (Preston, 1961; 
Bull et al., 1984; Russel, 1984). In general, a positive change has 
been observed in body weight, condition and wool growth when ewes and 
lambs were supplemented with NRDP (Reis and Schinckel, 1964; Ferguson, 
1975; Leng et al., 1984; Loefch et al., 1985; and Hassan and Bryant, 
1986 a,b,c). However, changes due to dietary treatments may be slow to 
elicit a quantifiable response in terms of weight, condition or wool 
growth (Russel, 1984).

Blood Metabolites

Serum metabolites have been shown (Lindsay, 1978; Lynch et al., 
1979, 1981; Russel, 1984; and Bull et al., 1984) to be valuable 
indicators in identifying immediate responses to metabolic changes as 

well as explaining physiological changes noted in subsequent 
production. Whereas changes in body weight and condition may be slow 
to show a response, serum metabolites are sensitive to dietary NRDP 
level (Sykes and Field, 1973; Miner et al., 1986). Serum metabolites 

also reflect diurnal variations and stress incurred during collection 
periods. Thus, care must be taken to ensure standardized collection 
times and to minimize stress during collections (Lindsay, 1978). 
Correct interpretation of blood metabolite data necessitates knowledge 
of acceptable ranges for species of interest (table 3).
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Table 3. Normal ranges of evaluated ovine blood metabolites
Metabolite Normal Range Source
Total protein 6 - 7.9 g/ dl Kaneko, 1974
Blood urea nitrogen 10 - 30 mg/dl Benjamin, 1978
Albumin 2.7 - 3.9 g/dl Benjamin, 1978
Glucose 50 - 80 mg/dl Kaneko, 1974
Insulin .2 - .8 jug/1 Bassett et al., 1971
3 -/3-hydroxybutyrate .8 fJM/1 Russel, 1984
Creatinine 1 - 2  mg/dl Benjamin, 1978
Alkaline phosphatase 5 - 3 0  IU/1 Khneko, 1974
Bilirubin 0 - .39 mg/dl Benjamin, 1978

3 -Hvdroxvbutyrate. Butyrate is a ketogenic volatile fatty acid 
converted to D (-) 3 -hydroxybutyrate (HBR) while passing through rumen 
epithelia or a free fatty acid representing the medium in which adipose 

tissue fatty acids are transported to the liver and converted to ketone 

bodies (Giesecke, 1983). Three-hydroxybutyrate, along with free fatty 
acids and ketone body concentrations are used to identify 

undemutrition during pregnancy (Benjamin, 1978) . Three- 
hydroxybutyrate, free fatty acids and ketone bodies have been shown not 
to contribute to fetal energy requirements since they apparently do not 
cross the placental barrier (Russel et al., 1967, 1977). Free fatty 
acids are influenced by physical and emotional stress, temperature and 

experimental animal handling (Lindsay, 1978). However, HBR is more 

stable than free fatty acids and more useful in monitoring animal 

energy status (Russel, 1983).
Lynch and Jackson (1979, 1981) found HBR levels began to increase 

significantly during week 17 gestation compared to the previous 16 

weeks, indicating ewes were mobilizing body lipid reserves for late 
gestation requirements. They concluded HBR was a valid indicator of
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nutritional status of gestating ewes receiving 60 % NRC (1975) 
requirement for protein during late gestation. Russel and Wright 
(1983) reported a predetermined mean concentration of HBR greater than 
.8 ItiMyi indicated ewes were receiving an inadequate energy intake. 
They have also shown a quantitative relationship exists between energy 
intake, subsequent energy balance and plasma HER concentrations. Lynch 
and Jackson (1983a) demonstrated ewes receiving 7% CP and isocaloric 
diets had lower HBR levels than either ewes receiving 9 or 12% CP, 
indicating ewes receiving 7% CP from week 10 of gestation through 
parturition were mobilizing less body reserves than other ewes. This 
suggests ewe metabolism rates decreased, facilitating adjustment to a 
low protein intake. Lynch and Jackson’s (1983a) results also suggest 
ewes were more efficient when fed 7% than 9 or 12% CP. Thomas et al. 
(1987) observed no difference in HBR concentrations among gestating 
ewes receiving lasalocid or no lasalocid during the last 3 weeks of 

gestation. This may have been due to feeding ewes to maintain a body 
condition score of 3.0 prior to beginning the experiment. Ewes were 
not restricted in energy intake, thus minimal mobilization of body 
reserves was reported. Their results support those of Lynch and 
Jackson (1979, 1981) and Russel and Wright (1983), confirming HBR is 
indicative of nutritional status.

Glucose. Glucose (GIU) is a major form of carbohydrate present in 
blood and extracellular fluids. In roughage fed ruminants, 
carbohydrates are fermented with subsequent volatile fatty acid 
(butyric, acetic and propionic) synthesis occurring. Ruminants 
consuming high roughage diets must therefore rely on continuous
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gluconeogenesis for metabolism. Bergman (1973) found GDJ . is 
indispensable in dual roles of turnover and synthesis of body and milk 
fat. The central nervous system requires a constant supply of GID but 
fetal growth and lactation demand the greatest quantities. . Setchell et 
al. (1972) demonstrated fetal GID was received continuously from the 
dam. Fetal GID metabolism accounts for 40 to 70% of metabolizable 
maternal glucose utilization (Settihell et al., 1972). Lindsay (1978) 
suggested GID is a poor indicator of feed intake adequacy, though its 
use is common. Glucose concentrations are also somewhat insensitive to 
homeostatic mechanisms as well as being stress sensitive.

Glucose turnover rate (Bergman et al., 1974) depends on an animal's 
physiological state and its plane of nutrition. Bergman et al. (1974) 

defined turnover as the continuous entry and disappearance of molecules 
into and from body pools, resulting in continuous renewal of body 
pools. Fasting decreases turnover time in both pregnant and non

pregnant ewes, thus metabolism shifts to utilize additional non
carbohydrate sources. Setchell et al. (1972) and Bergman et al. (1974) 
showed as stage of gestation progressed GID turnover rates increased. 

Peak lactation exhibited highest turnover rates (Fasted 3 to 4 days and 
non-pregnant, 72 g/d; Non-pregnant, H O  g/d; Pregnant, 180 g/d; First 2 
to 4 weeks lactation, 320 g/d). Pregnant ewes fed in excess of NRC 

(1985) energy requirements (Prior and Christenson, 1976) receiving 
propionate infusions or ewes receiving excessive protein and energy 
requirements plus lasolocid, a propionate enhancer (Ricke et al., 
1984), exhibited no differences in GID concentrations.
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Amino acids, with exceptions of lysine, leucine and taurine are 

glucogenic (Riis, 1983). Liver removal of AA utilizes carbon skeletons 
for GIU synthesis with excess N metabolized to urea and excreted in 
urine. Gluconeogenesis increases after feeding and decreases after 
fasting due to precursor availability (propionate and AA) in ruminants. 
When blood GIU concentrations decline, hepatic glycogenolysis occurs 
and GUJ is released. Simultaneously, pancreatic insulin secretion will 
decline while glucagon levels rise. Increased glucagon or perhaps an 
increase in insulin:glucagon ratios stimulates AA release from muscle 
tissue for gluconeogenesis (Brockamn et al., 1975).

Insulin and Growth Hormone. Insulin is an important factor in 
adaption to nutritional variations, maintaining zero or positive 
balances between anabolic and catabolic processes among protein and 

adipose pools. Essential for increased body protein pools during 
growth, I also stimulates adipose deposition. Riis (1983) reported 

growth hormone's (GH) main function was to stimulate growth and protein 
accretion by stimulating anabolic processes associated with metabolic 
body pool turnover. Both I and GH effects depend upon normal thyroxine 
secretion (Laron et al., 1972). Inadequate CP supplies result in 

decreased AA and somatomedin concentrations, thus growth rate slows. 
However, sufficient energy and lew CP intakes cause I concentrations to 

remain elevated while GH declines, resulting in greater adipose than 
protein tissue deposition (Broderick et al., 1974 and Cecyre et al., 
1973).
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Anabolic in nature, I affects both muscle and adipose tissue by 

regulating precursor supplies. Riis (1983) reported I stimulates 
cross-membrane transport of AA in target tissues, except in the liver. 
Additionally, I stimulates incorporation of AA into protein in cells of 
target tissues. Insulin secretion rates are affected by variations in 
nutritional level, with I concentrations displaying diurnal variations. 
Felig and Wahren (1974) demonstrated I may depress AA flow through 
catabolic pathways. This, coupled with a limited accumulation capacity 
of tissue protein AA, may explain increased accumulation of plasma AA 
when exogenous I is administered. Both I and glucagon secretions are 
sensitive to plasma GIU concentrations changes. Siers and Trenkle 
(1973), Anderson (1974) and Bassett (1974) have shown a rapid increase 
of I occurs 10 to 30 minutes after feeding. Secretion of I and 
glucagon in monogastrics respond rapidly to alimentary canal nutrient 

intake rates. However, in ruminants variation due to intake (meal 

time) is quite small due to quantity of feed passing through the 

alimentary tract and consequently not a major consideration in AA 
fluxes. Variation in I concentration is further reduced among animals 
fed ad libitum compared to once or twice a day feeding.

Growth hormone effects are .mediated by samatodmedin. However, the 
extent to which GH metabolic effects are regulated through somatomedin 

secretion and formation or direct peripheral effects are not known 

(Riis, 1977). Somatomedins stimulate protein synthesis in connective 
and muscle tissue. This helps to explain decreased plasma AA 
concentrations when GH is administered. Yet, somatomedin has no effect 
on cross membrane transport of AA (Turner et al., 1976). Bassett
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(1974) and Hart et al. (1975) reported GH is secreted in bursts. 
Chamley et al. (1974) and Tindal et al. (1978) found no evidence of 
circadian rhythm in OH secretion, demonstrating a relationship between 
GH release and behavioral events such as eating and sleeping does not 
exist. Therefore, it appears (31 does not exert its affects by 
controlling daily variations in nutrient supplies but rather by 
influencing mobilization of body tissue and adipose pools. Growth 
hormone's main function is stimulation of anabolic processes of 
metabolic turnovers in body pools. Physiologically, increased GH 
concentrations do not stimulate lipolysis or proteolysis (Riis, 1983); 
rather, increased GH concentrations are a result of peripheral 
inhibition of somatomedin formation. Growth hormone acts much the same 
way as glucagon, increases are noted when continuously declining GIU 
concentrations occur over time (Basset, 1972).

Waghom et al. (1987) investigated effects of N and energy intakes 
on plasma GH and I concentrations. Growth hormone concentrations were 
significantly higher in wethers receiving 120 g CP/kg*75 compared to 

diets containing 220 g CP/kg*75, 21.2 and 10.1 jug/1, respectively. 
Their results also indicate length of tine wethers received either high 
or low levels of protein had no affect on plasma GH concentrations. 

Krysl et al. (1987) investigated the effects of cottonseed meal 

supplementation on serum I and GH when mature Rambouillet ewes were fed 
prairie hay. Cottonseed meal supplemented ewes had elevated I and 
declining GH concentrations compared to unsupplemented ewes. Whether 
these changes in serum profiles were due to protein supplementation or 
increased dry matter intake associated with additional protein intake
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is not clear.

Creatinine. Riosphocreatinine is present in muscle tissue and 
undergoes a loss of inorganic phosphate during spontaneous cyclization 
to form creatinine (CRT) (Finco, 1980). Creatinine is distributed 
throughout body tissues via body water and absorbed from the intestinal 
tract (Goldman, 1954).

Creatinine is formed during metabolism of muscle creatine and 
phosphocreatine and is not affected by dietary protein, protein 
catabolism or exercise. Creatinine concentrations may be used to 
estimate glomerular filtration rate. Urea and especially CRT may be 
used to determine the nonprotein group of nitrogenous substances. 
Quantity of CRT excreted in urine depends upon muscle mass present and 
renal function (Benjamin, 1983). Serum CRT concentrations are 
indicative of body tissue catabolism. Serum CRT concentrations are 
somewhat constant over short durations unless some factor drastically 

affects renal function (Finco, 1980). Roll et al. (1984) showed a 33% 
restriction in CP among Angus yearling heifers increased CRT 
concentrations.

Alkaline Riosohatase. Alkaline phosphatase (AKP) was one of the 
first serum enzymes recognized as being clinically significant. Curing 
the 1920's elevated AKP concentrations were noted in human patients 
experiencing bone and liver diseases. Serum AKP is part of a group of 

isoenzymes found in liver cells and is associated with bone osteoblast 

activity. Osteoblasts cause production of an organic matter matrix of 
collagenous fibrils bound by mucoproteins and precipitation of bone
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salts from mucoproteins; both processes are necessary for bone 
formation. Precipitation of bone (Ca) salts are enhanced by AKP which 
converts organic esters of phosphoric acid to inorganic phosphates 
(Simesenz 1980). Robinson (1932) indicated AKP was formed by 
osteoblasts with a portion reaching circulating blood supplies. 
Simeson (1980) reported AKP is a stable enzyme and serum concentrations 
tend to remain constant. Pickrell et al. (1974) and Blackmore and 
Elton (1975) confirmed AKP association with osteoblast activity, noting

■ t
serum AKP activity was 2 to 3 times greater in puppies, foals and 
kittens than in adults.

Alkaline phosphatase activity declines progressively as both cattle 
and sheep approach maturity. Once bone maturity has been attained the 
liver becomes a primary source of AKP. Lipid mobilization occurring in 
the liver results in increased AKP activity which has been observed 
during late pregnancy and severe starvation (Kramer, 1980). Slight 

increases in AKP concentrations during pregnancy have been observed 
(Benjamin, 1978; Bull et al., 1984; Thomas et al., 1987). A 
significant increase in AKP activity occurs with approaching 
parturition (Wilson, 1955; Ford, 1958). This would be expected since 

two-thirds of all ovine fetal growth and development occurs during the 
last trimester of pregnancy.

Bilirubin. Increasai concentrations of serum bilirubin (BIL) 
indicate severe hepatic involvement or extrahepatic obstruction. 

Elevated BIL concentrations may also be present following starvation, 
pregnancy or parasitic blockage of bile ducts (Cornelius, 1980). 
Increased urinary BIL concentrations are indicative of hepatocellular
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damage (Kaneko, 1980).

Lynch and Jackson (1983), Bull et al. (1984) and Miner et al. 
(1986) observed gradual BIL increases in pregnant yearling heifers and 
mature cows as gestation progressed. Thompson et al. (1982) noted 
increased total BIL concentrations, due to erthyrocyte degradation, in 
dairy cows subjected to either energy or protein reductions. Ewes 
receiving isocaloric diets and fed either 7%, 9% or 12% CP had 
increased urine BIL concentrations as protein restrictions were 
imposed. Impaired liver function as indicated by increased serum and 
urinary BIL concentrations may be useful for detecting protein 
insufficiencies of gestating ewes.

Albumin and Total Protein. Total serum proteins are composed of 
varying amounts of albumins, globulins and fibrinogen. Therefore, 
total protein (TPR) and albumin (ALB) will be discussed simultaneously. 

Albumin is a primary component of serum proteins, accounting for 35 to 

50% of total serum proteins. Albumin is a water-soluble, globular 
protein identifiable as single, discreet molecular species (Kaneko, 
1980). Albumin serves as a major storage site for proteins, a primary 
transporter of AA's and accounts for approximately 75% of plasma 

osmotic activity. Adipose tissue is mobilized to free fatty acids with 
concomitant release of glycerol. Free fatty acids released from 
adipose tissue cannot diffuse into plasma unless ALB is present to 
solubilize fatty acids (Steinberg and Vaughan, 1965). Albumin and TPR 

synthesis occurs solely via the liver and both are catabolized by 
metabolically active tissues.
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Total protein levels may decline due to pregnancy, lactation, 

losses of body proteins or low protein and/or nitrogen diets resulting 
in declining ALB concentrations. Low serum ALB concentrations may be 
due to liver disease, malnutrition or deficient protein digestion and 
absorption from pancreatic disorders. Albumin has also been shown to 
decrease during the first half of ovine pregnancy while globulin 
concentrations decline during the latter half due to increased 
colostrum synthesis (Kaneko and Carroll, 1967).

Alterations in serum proteins may also be caused by improper 
proportions or lack of essential amino acids. Sykes and Field (1973) 
reported serum ALB was sensitive to several protein deficiencies in 
ewes and may represent a decrease in liver ALB synthesis. 
Overproduction of ALB has not been known to occur and increased 
concentrations may be due to dehydration or excess protein intake 
(Kaneko, 1980). Decreased ALB profiles precede development of
hypoproteinemia due to dietary protein deficiencies. Albumin is 
sensitive to nutritional influences with ALB loss further impairing ALB 

synthesis, compounding hypoalbuminemia and hypoproteinemia conditions.
Sykes (1978) suggested ALB could be used as an index of long term 

chronic protein deficiencies since Cairpbell et al. (1961) found ALB 
half-time disappearance for sheep to be 14.28 days. Bull et al., 

(1984) noted declines in TER and ALB concentrations when pregnant 
yearling heifers had restricted CE intake. Miner et al. (1986) 

observed below normal ALB concentrations in mature cows grazing native 
winter range, indicating cows were being subjected to protein 

deficiencies even though soybean meal, soybean meal plus blood meal.
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soybean meal plus c o m  gluten meal or soybean meal plus animal fat were 
fed on alternate days.

Lynch and Jackson (1983b) utilized total serum protein to evaluate 
nutritional status of gestating ewes. They found ewes restricted to 
60% NRC (1975) CP requirement had decreased TPR concentrations by week 
20 of gestation. However, significant changes in ALB and globulin were 
not observed. In a similar study (Lynch and Jackson, 1983a) reduced 
serum ALB in gestating ewes was deemed useful for detection of 
inadequate protein intake. Ewes receiving 7% CP from mid- to late 
gestation experienced progressive serum ALB declines. Total protein 
and ALB serum concentrations in pregnant ewes declined as gestation 
progressed, though ewes receiving 11.8% CP consistently maintained 
higher concentrations of TER and ALB compared to ewes receiving 6.0% CP 
(Sykes and Field, 1973). Serum ALB concentrations were identified as 

differentiating gestating ewe protein status. However, ALB declines 
were not proportional to dietary protein deficiencies, supporting later 
findings of Sykes (1978). Albumin was determined to be indicative of 
only severe protein deficiencies. During pregnancy ALB concentrations 
reflect N body stores, reduced concentrations being associated with 

increases in fetal muscle growth. Thomas et al. (1987) observed 

declining TER concentrations as stage of gestation progressed due to 
decreased ALB and globulin concentrations.

Albumin concentrations have been shown to be susceptible to protein 
deficiencies in pigs (Heard et al., 1958; Friend et al., 1961 and 
Grimble and Whitehead, 1969). Waterlow (1975) found a 10% decrease in 
serum ALB concentrations was significant in detecting protein depletion



27
in infants. Additionally, AIB concentrations have also been used as 
indicators in determining Kwashiorkor severity, a protein-calorie 
deficiency of children (McFarlane et al., 1969). Conflicting results 
were reported by Sauberlick et al. (1974) who conducted human
nutritional surveys and found TER concentrations not suitable . for 
establishing' protein intake or assessing protein adequacy. However, 
Kirsh et al. (1968) showed AIB concentrations in rats reflected a 
difference in protein synthesis rates imposed by dietary protein 
restrictions.

Barcroft et al. (1939) as well as Hytten and Painstain (1963) found 
increases in plasma volume occurs during pregnancy. Additional protein 
must be added to plasma pools or an inevitable 30% decline in serum TER 
occurs as a dilution effect. Increases in extracellular fluid volume 
comparable to plasma volume have also been shown to occur during human 
pregnancy (Hytten and Leitch, 1964). Extrapolation of serum TER and 
AIB concentrations determined among pregnant ewes should not be applied 

to non-gestating ewes as reductions of serum proteins are dependent 

upon increased intravascular space during pregnancy. However, 
comparisons between gestating ewes can be made as TER and AIB profiles 
are indicative of their overall protein status.

Blood Urea Nitrogen. Blood urea nitrogen (BUN) has been used to 
quantify kidney retention of nitrogenous waste products. In ruminants, • 
increased BUN concentrations may reflect increased protein (AA) 
catabolism rather than decreased excretion of urea via urine. Induced 

protein catabolism, infection, starvation, and restricted or excessive 
protein intakes can increase serum BUN concentrations. Origin of
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plasma proteins are of dietary or tissue sources (AA). Urea, digestive 
secretions and serum proteins are forms in which surplus dietary N can 

be excreted (Sykes, 1978). A positive relationship between N intake 
and plasma urea N concentration has been observed in non-gestating ewes 
(Somers, 1961) and growing lambs (Pfander et al., 1975). Cocimano and 
Leng (1967) found urea half-time is only a few hours in vivo, implying 
BUN would be most valuable in detecting short term nutritional status 
changes.

Sykes (1978) identified 6 sources of variation which may influence 
urea synthesis and affect subsequent BUN concentrations:

1) For a given N intake, digestibility influences quantity 
of absorbed N and subsequent deamination.

2) At a given apparent digestible N intake, urea N 
production will be inversely related to quantity 
of AA N used for tissue, milk or wool synthesis.

3) Deficient absorbed essential AA1 s may be compensated for 
with catabolism of muscle protein rather than a decline 
in production. Non-essential AA deamination may occur, 
causing increases in urea synthesis. Thus, plasma urea N 
concentrations would increase in comparison to apparent 
digestible N intake.

4) Amino acids of tissue origin undergoing gluconeogenesis 
will increase urea N production. Guada et al. (1976) 
showed reductions of 25 to 70 % of energy requirements 
during late gestation caused greater BUN increases among 
ewes with multiple compared to ewes with single fetuses.
This suggested AA1 s were undergoing gluconeogenesis to 
meet fetal glucose requirements.

5) The proportion of apparent digestible N absorbed as AA1 s 
is critical. Rumen ammonia may be absorbed or utilized 
for microbial protein synthesis if insufficient energy 
limits microbial growth (Abou Akkada and Osman, 1967;
Tagari et al., 1964). This would influence plasma urea 
N and apparent digestible N intake if AA absorption was 
inadequate and tissue catabolism occurred since 
absorbed N enters the urea pool either as ammonia or 
excess AA's.
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6) Elevated BUN concentrations have been observed in

conjunction with acute intestinal and abomasal parasite 
loads (Roseby and Ieng, 1974; Parkins et al., 1973).

Preston et al. (1965) determined dietary protein intake could be 
quantified with EUN concentrations. Wether lambs were fed ad libitum 
diets of 9.2 to 22.0% CP resulted in BUN concentrations of 7.8 to 32.4 
mg/100 ml. These findings resulted in a close relationship (r = 0.986) 
between blood N constituents and protein intake. Lewis (1957) showed 
circulating BUN concentrations reflected quality of absorbed N from the 
rumen-reticulum and small intestine. Research with lambs (Preston et 
al., 1961a) and cattle (Preston et al., 1961b) demonstrated alterations 
of protein and energy sources caused increases or decreases in BUN 
concentrations. Puchal et al. (1962) found quantity of protein fed to 
baby pigs was reflected in EUN concentrations while M d i s  et al. (1947) 
observed a similar response in humans.

Gestating Scottish Blackface ewes fed isocaloric diets containing 
either 6.0%, 11.8% or 16% CP had significantly different EUN
concentrations. Six and 11.8% CP groups declined at a constant rate 
throughout gestation, reflecting protein intakes of both groups (Sykes 
and Field, 1973). Their results agree with Preston et al. (1965); 
Borger et al. (1973) and PfaMer et al. (1975). McIntyre (1970) noted 

a linear relationship existed between protein intake and plasma urea N 

levels up to 25 to 30 mg/ml on low roughage diets. However, proportion 
of BUN concentrations attributable to gluconeogenesis during 
undernutrition is pregnant ewes is not known (Sykes and Field, 1973).

Bull et al. (1984) observed an interaction between protein and
energy consumption in pregnant yearling heifers occurred when dietary
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protein was reduced from .96 to .32 kg with EUN concentrations 
decreasing. However, when protein . (.32 kg«h“1»d_1) and energy 
(8.7 Meal ME^h-1Od-1) were restricted simultaneously in pregnant 
yearling hiefers, significant EUN increases resulted. Feeling 3 

protein levels, 7, 9 and 12% during mid-gestation to crossbred ewes 
resulted in progressive declines in EUN concentration as CP was 
restricted. Decreasing EUNiCRT ratios were also related to decreased 
protein intake (Lynch and Jackson, 1983a). Similarly, ewes restricted 
to 60% NRC (1975) CP requirements during week 5 of gestation and then 
increased to either 80 or 100% of CP requirements during weeks 15 to 20 
of gestation decreased EUN concentrations by week 20 of gestation 5.0 
mg/100 ml. Krysl et al. (1987) fed mature cannulated Rambouillet ewes 

prairie hay and either 80 g of cottonseed meal or no supplement. 
Supplementation had no effect upon ruminal or cecal ammonia 
concentrations or upon BUN, however this response may have been due to 

increased voluntary intake of dry matter rather than level of protein 
supplementation. Miner et al. (1986) observed . increased BUN 
concentrations in gestating cows as dietary NRDP was increased. Thomas 

et al. (1987) found no differences in BUN concentrations between 
gestating ewes fed lasolocid or no lasblocid during the last 3 weeks of 

gestation but BUN concentrations declined significantly among all ewes 
during week 19, 20 and 21 of gestation, 23.3, 22.4 and 20.6 mg/100 ml, 
respectively. Preston et al. (1965) found more than 21 days were 

required for BUN to stabilize following feeding of protein deficient 

rations.
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Wool Growth

Wool fiber growth involves cell proliferation and migration 
accompanied with biosynthesis of proteins forming fibers and inner root 
sheaths. Wool production occurring over a specified time is dependent 
on number of growing follicles and growth rates of each. Rate of fiber 
growth is dependent upon length growth rates and cross-sectional 
changes (fiber diameter).

Wool proteins have been studied by several researchers (Bradbury, 
1973; Crewther, 1976; DeBersaques, 1976). Their results indicate wool 
proteins are characterized by a high sulphur content in comparison to 
other body proteins. Three categories of soluble proteins have been 

identified among wool proteins— low-sulphur proteins, high-sulphur 
proteins and high-tyrosine or high-glycine proteins. These protein 
classifications are characterized by an overall high sulphur content, 
with cyst(e)ine accounting for 97% of the sulphur. Two amino acids are 

crucial to sulphur metabolism; cystine and methionine. Cystine 
contains a disulphide bond which is readily reduced to yield two 

cysteine molecules. Cystine is readily synthesized to methionine by 
ruminants. High cystine contents of a-keratins accounts for wool 
having a high sulphur content. Principle site of sulphur metabolism is 

the liver. Garrigus (1970) proposed a dietary sulphur requirement of 
0.3 to 0.5 % for wool production.

Currently, no daily methionine requirement for wool growth has been 
established. Schelling et al. (1973) abomasally infused 2 to 3 g 
methionine in 30 kg wethers and improved N retention .51 to 1.63 g/d 
while 6 g methionine appeared to have a deleterious effect on
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retention. They also noted 1.5 g cysteine stimulated more wool growth 
than 3.0 g cysteine. This indicates an amino acid imbalance as Harper 
(1958) observed in rats or perhaps another amino acid became limiting 
for wool growth as sulphur containing amino acids were increased.

More recently, Reis (1982) infused various mixtures of ten 
essential amino acids via the abomasum to monitor wool growth. Wool 
growth, diameter and length, were enhanced by addition of methionine 
while substitution of cysteine produced no significant differences. 
This suggests methionine influences wool growth other than by providing 
a source of cysteine. Methionine has also been implicated in 

formation of S-adenosyl-L-methionine— a methyl donor for many reactions 
(Reis, 1979). Tabor and Tabor (1976) as well as Williams-Ashman and 
Canellakis (1979) have indicated S-adenosyl-L-methionine is an 
important intermediate in nucleic acid and protein synthesis, 
especially among actively dividing tissues. S-adenosyl-L-methionine 
may have important ramifications regarding nutrient partioning and 
subsequent wool protein synthesis. Further research is needed to 
evaluate S-adenosyl-L-methionine1 s role in wool synthesis and methods 
of enhancing this intermediary.

Fiber growth is hormonally dependent, pituitary gland removal 
causes a cessation of wool growth (Coop, 1982). Growth hormone has 
been shown to stimulate wool growth (Wallace, 1979). Vemon et al. 
(1981) indicated restricted wool growth was present during late 
gestation and early lactation which may have been a result of either 
declining I or elevated GH concentrations. Corbett (1979) demonstrated 
reproductive status can influence wool growth rates. During late
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gestation wool growth may be depressed up to 20 to 40%, while lactation 
reduced growth at least 30%. This suggests reductions in wool growth 
during late gestation and early lactation are influenced by hormonal 
regulation affecting nutrient partitioning. Oddy (1985) demonstrated a 
depression in wool growth during gestation and lactation, irrespective 
of feed intake or fetal numbers.

Nutrient partitioning affects ewe body weight change, fetal 
development and wool synthesis. Coop (1962) reported N is partitioned 
differently between body tissues and wool which can affect liyeweight 
gains. Protein and water exist in a 1:4 ratio in bodily tissues, yet 
60 to 80% of a fleece is composed of wool protein. He estimated penned 
sheep fed at maintenance and producing a 4.5 kg fleece annually would 
have gained approximately 14 kg liveweight per year if they had grown 
no wool.

There is no agreement on relationships between wool growth and feed 
intake. Wool proteins undergo net production at all tines, even during 
fasting. Mature sheep possessing an established follicle population 
experience variation in wool growth rate according to level of feed 
intake (Allden, 1968; Schinckel, 1960) and efficiency of converting 

feed to wool (Piper and Dolling, 1969). Butler-Hcgg (1984) reported a 
measurable 30 d lag time elapsed after implementing positive or 
negative nutritional changes before wool growth rates were affected. 

Corriedale wethers were nutritionally stressed such that daily body 
weight losses of 125 to 157 g/d occurred resulting in decreased greasy 
wool growth rates of 6.7 to 12.2 g/d, respectively. Allden (1979) 
increased wool growth rate when NBDP was incorporated into diets.

33
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however limited responses were noted with energy intake.

Fredericks et al. (1968) supplemented wethers grazing mature grass 
pasture with oat, triticale or lupin grain, sunflower meal or 
formaldehyde treated sunflower meal. Formaldehyde treated sunflower 
meal increased wool growth 50%. Their results indicate formaldehyde 
treatment decreased rumenal degradation of sunflower meal allowing an 
increased flow of intact protein to the small intestine which provided 
additional AA available for absorption. Casein has been reported 
(Reis and Schinckel, 1961; Reis and Schinckel, 1964; Reis, 1969, and 
Ieng et al., 1972) to stimulate wool growth (length and cross sectional 
area) when infused directly into the abomasum or fed in a protected 
state.

In summary, abomasal infusions of casein, methionine and cyst(e)ine 
exerted a positive influence upon wool growth rate, fiber diameter, 
fiber length, sulphur content of wool, nitrogen retention, liveweight 
change and intake. From previous studies it appears an optimal AA 
balance needs to be elucidated for various physiological states and 
management regimes in order to maximize fiber production.

J
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EXPERIMENTAL PROCEDURES 

In-situ Trial

At the start of the investigation an in-situ study was conducted 
utilizing three rumen fistulated non-pregnant mature ewes. Ewes were 
fed chopped barley straw for a ten day adjustment period. Bags to be 
incubated in the rumen were constructed of 100% dacron polyester (R102 
Marvelaire White, N. Erlanger, Blumgardt and Co. Inc., New York) having 
an average pore size of 52 + 16 jum. Bags were constructed to have a 
sample weight: bag surface area ratio of 5 mg sample-cm2 (Weakley et 
al., 1983). Three bags and a blank were removed at 4, 8, 12, 24 and 48 

hours after being placed on a ring and suspended in the rumen. Bags 
were washed under tap water until rinse water was clear and then dried 
for 36 hours at 60° C.

Protein Supplements

Dcy matter determinations and N disappearances utilizing macro 

Kjeldahl N analysis (AOAC, 1984) were performed on dacron bag and 

contents (table 4). Twenty-four hour N degradability estimates were 
used to formulate diets (table 4) as ewes were supplemented every 24 
hours and these estimates agreed closely with those of NRC (1985) 
compared to other times. Diets were formulated (table 5) to be 
isorumen degradable for protein. Since blood meal + soybean meal 
(HVB-SBM) had lower N disappearance rates (table 4) than U or SBVI it was 
necessary to feed more g of CP to HVB-SHVI ewes to assure rumen 
degradable CP was similar among treatments (table 5). Soybean meal and
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BM+SBM ewes fed 80% NRC (1985) ME requirement also received additional 
g NRDP as their straw intake was decreased to create lowered energy 
status. Additional rumen degradable CP was necessary to provide CP 
not provided in 80% ME maintenance requirement diets. Consequently, 
ewes fed 80% NRC (1985) had higher calorie to protein ratios (table 5). 
Increasing quantities of rumen degradable CP was necessary to 
facilitate evaluation of NRDP (table 5); NRDP quantity was similar 
between ME concentration within protein supplements. Blood meal + SBM 
ewes at 80% NRC (1985) ME requirement had more available NRDP than 
other treatment combinations due to low degradability estimates for 
Hya-SEM and lowered energy status. They also had higher calorie:protein 
ratios compared to other dietary treatments (table 5).

Table 4. Rate of dry matter (EM) and nitrogen (N) disappearance 
of protein supplements

Removal hour
Supplement 6 12 24 36 48
Urea, U
CM disappearance, % 
N disappearance, %

81.6
86.0

81.5
89.6

85.8
94.3

90.3
97.9 UD

 0
3 

03
 C

O
a\

Soybean Meal, SEE 
EM disappearance, % 
N disappearance, %

65.3
54.0

72.7
66.0

87.0
94.0

89.7
99.3

90.1
99.4

Blood Meal + SEE, EEfSEE 
CM disappearance, %
N disappearance, %

t
59.9
45.6

70.3
53.8

78.6
61.8

80.8
65.1

80.0
66.5

aOne bag became unattached from suspended ring and was not used 
in dry matter determination.
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Table 5. Feed and nutrient intake

Protein supplement
U SEM EMfSEM

NRC ME reg. NRC ME req. NRC ME req.
Intake 80% 100% 80% 100% 80% 100%
Dry Matter
kg/day 1.1 1.3 1.2 1.3 1.1 1.3Percent EWa 1.6 1.9 1.8 1.9 1.6 1.9

Protein, g/d
Crude protein 140.0 142.7 148.8 147.2 178.1 179.9RDCEb 127.1 121.1 108.7 95.6 109.6 98.9NRDP 18.1 18.6 42.4 39.9 79.2 63.5

CarPc 1.3:1 1.4:1 1.3:1 1.3:1 1.3:1 1.4:1
Calorie:protein^ 46.7:1 37.5:1 48.0:1 36.8:1 57.4:1 45.0:1
aBW = Body weight
^RDCP = Rumen degradable crude protein
^Calcium:phosphorous ratios calculated based on NRC (1985) estimates 
rME intake (Meal) -f g crude protein intake

Experimental Design

A 14 day adjustment period preceded initial weighing to acclimate 
ewes to chopped straw and supplements. Chopped barley straw was fed ad 
libitum and all ewes were fed .36 kg EMfSEM during this period. Blood 
meal + SEM was fed to identify ewes not consuming EMfSEM due to 
palatability. All ewes consumed EMfSEM and straw, permitting 

randomization to treatment combinations. Ewes were maintained in 1.2 X 

1.5 m pens throughout the adjustment period and during the 
investigation. IXie to inclement weather conditions ewes were 
individually given access to water at 0800 h until 1600 h.
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Ewes were allocated by randomization to one of six treatment groups 

(with 7 ewes per treatment) utilizing a 2 X 3 factorial arrangement. 
Ewes were individually fed for 84 d at either 80 or 100% NRC (1985) ME 
requirements (2.3 and 2.8 Meal/d) and supplemented with cracked barley 
containing urea (U), soybean meal (SEM) or blood meal + SEE (EMfSEM) 
(table 6). Chopped barley straw was fed twice daily and straw intake 
adjusted by weight to fulfill either 80 or 100% NRC (1985) ME 

requirement (table 5). Feai was weighed at each feeding with orbs 
weighed and recorded at each morning feeding.

Table 6. Ingredient and nutrient composition of supplements and 
straw (dry matter basis)

Protein supplement
Item U SEE EMfSEM Barley straw
Dry matter, % 91.6 91.4 91.5 92.2
Ingredient, %
Cracked barley 
Urea
Soybean meal 
Blood meal

84.7
4.2

41.4
47.5

29.1
43.6
15.7

Trace mineral salt 2.1 2.1 2.1
Dicalcium phosphate 3.4 3.4 3.4
Potassium chloride 4.5 4.5 4.5
Vegetable oil 1.0 1.0 1.0
Flavor aida 0.1 0.1 0.1

Nutrient composition
Crude protein, % 28.6 30.5 39.5 4.4
Rumen degradable, %b 89.6 66.0 53.8 80. Oc
NRDP, %b 10.4 34.0 46.2 20. Oc
Gross energy, Mcal/kg 3.9 4.2 4.5 4.0

^Manufactured by Feed Flavors, Inc., Wheeling, Illinois 
"Calculated values of supplements based on 24 hour in situ N 
degradation rates 
cCalculated values from NRC (1985)
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Performance Parameters

Ewes were weighed on December 29 and 30, 1986, after a 12 h fast. 
Two fasted weights were averaged to determine initial weight. Breeding 
and initial ewe weights, 64.9 kg compared to 64.8 kg, respectively, 
were similar (P>.05) across all treatment groups. Fasted weights were 
obtained at the beginning and end of each experimental period (January 
28, February 2 and March 18 and 19, 1986). Two fasted weights obtained 
on March 18 and 19 were averaged to obtain a final weight. Palpable 
body condition scores were assigned to each ewe on these dates by two 
technicians according to Russel et al. (1969) using a one to five scale 

(one = severely emancipated and 5 = extremely good condition). Ewes 
were dye banded to assess wool growth using an aqueous solution of 
Durafur Black R (Icianz Pty. Ltd). Wool growth in each period 
delineated by dye bands was measured using magnification and a mm rule 
as described by Langlands and Wheeler (1968). Wool mid-side samples 

were harvested with Ostser size 40 surgical clippers as described by 
Chapman and Wheeler (1963) and later by Ianglands and Wheeler (1968) on 
December 30 and at the beginning and end of each experimental period. 
Mid-side samples were washed in ethanol, oven dried and conditioned for 

three days. Fiber diameter was determined according to American 
Society For Testing and Materials (ASTM, 1984). Number of fibers 

measured per sample was never less than 500, but always sufficient to 

give a confidence limit of the mean .4 jum at the 95% probability level 
(Stobart et al., 1986).

I
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Blood Metabolites

;
Blood samples were obtained in a semi-fasted state as suggested by 

Lindsay (1978) via jugular puncture collection prior to morning feeding 
at the conclusion of each treatment period. Blood samples were 
centrifuged at 3000 g for 15 min; plasma was decanted and frozen 
(-20 °C) until analyzed. Serum samples were analyzed by Montana State 
University Marsh Diagnostic laboratory, Bozeman, Montana for glucose 
(GIU), blood urea nitrogen (BUN), albumin (AEB), alkaline phosphatase 
(AKP), total protein (TPR), creatinine (CKT) and bilirubin (BIL) 
utilizing an Ames Pacer semi-automated analyzer. Determination of 
insulin (I) (Sanson and Hallford, 1984) and growth hormone (GH) 
(Hoefler and Hallford, 1987) were quantified by double radioimmunoassay 
procedures at New Mexico State University, las Cruces, New Mexico. 
Three-/3-hydroxybutyrate (HBR) concentrations were assessed from whole 
blood samples collected in hepranized tubes by procedures of Williamson 
and Mellariby (1974) at Montana State University Nutrition Center, 
Bozeman, Mt.

Metabolism Trial

Midway through each experimental period a three d metabolism trial 
was conducted. Ewes were fitted with total fecal and urine collection 
bags. Total feces and urine were collected daily, manually homogenized 
and a 10 % (by weight) sample was frozen. Excreta samples were air 
dried to a constant weight, ground in a Wiley mill and subsampled for 
analyses. Representative straw and supplement samples from each period 
were dried at 60° C for 36 h. All straw, supplement and excreta
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samples were analyzed for dry matter, total nitrogen (%N X 6.25 = CP) 
using macro Kjeldahl N analysis (AOACf 1984) and gross energy (GE) 
utilizing oxygen bomb calorimetry. Nitrogen and GE intake, output and 
subsequent nutrient balances and percent dietary nutrient retained were 
calculated. Representative U, SBM, EM and straw samples from each 
period were analyzed for sulfur (%) according to H e m  (1984) utilizing 
a Leco sulphur analyzer at the Research Extension Analytical 
Laboratory, Wooster, Ohio. These values were used to calculate N:S 
ratios (table 7) for dietary treatments.

Statistical Analysis *

All analyses were conducted using General Linear Models procedures 
of the Statistical Analysis System (1985). Statistical model for blood 
metabolites, wool growth and ewe performance included fixed effects of 
protein supplement, energy level, age of ewe, period, date of 

parturition, number of lambs b o m  and their two-way interactions. One 

EMt-SBM ewe aborted following the conclusion of the 84 d period prior to 

lambing; abortion cause was not determined as placenta and uterine 
fluids were not available for diagnostic analysis. A  U ewe died of 
pregnancy toxemia before lambing, her death was attributed to 
inadequate nutrition as evidenced by loss of body weight and condition 

score throughout gestation. Both ewes were removed from statistical 
analyses. Due to unequal subclass numbers, number of lambs b o m  per 

ewe, nutrient balance model included fixed effects of protein 

supplement, energy and period with a random effect of ewe nested within 
protein and energy - and their two-way interactions. Means were
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separated by least significant differences for both models.

Table 7. Sulfur (S) and nitrogen (N) contents of straw and 
supplements with resulting N:S ratios

Item

Protein supplement

Straw

U
ME level

SEM
ME level

EM
ME level

80 % 100 % 80 % 100 % 80 % 100 %
N content, %a 4.8 4.8 4.9 4.9 6.3 6.3 0.7
S content, % 0.18 0.18 0.33 0.33 0.35 0.35 0.08
N intake, gb 22.4 22.8 23.8 23.6 28.5 28.8
S intake, g0 1.24 1.37 1.86 1.86 1.85 1.93
N:S ratio, g 18.1 16.6 12.8 12.7 15.4 14.9
^Calculated from macro Kjeldahl analysis 
^N intake of complete diet (straw + supplement) 
cS intake of complete diet (straw + supplement)

Post Treatment Procedures

Measurements Taken

In order to monitor ewe weight change prior to parturition ewes 
were weighed at two week intervals until the first ewe lambed on March 
26 and Jpril 2 after being fasted 12 hours. When the first ewe lambed 
experimental ewes were comingled with Fort Ellis Agricultural 
Experiment Station gestating ewes to facilitate lambing. Body 

condition score was assessed Jpril 2, 1987 by manual palpation by two 
technicians as previously described. At parturition number of lambs 

b o m  per ewe, birth weight, lamb sex, and a mothering and lamb vigor 
score were recorded. Mortality and orphaned dates were noted as well.



43

At the conclusion of the 84 d feeding period ewes were wormed, 
camingled and maintained in a 13.7 X 118.1 m pen. Water and trace
mineralized salt were available ad libitum. Ewes were fed
grass/alfalfa hay ad libitum and received .45 kg whole barley° h-1 • d-1. 
When ewes were combined with gestating ewes at Fort Ellis Agricultural 
Experiment Station they were fed as previously described.

Following parturition experimental ewes were penned in a 13.7 X 
118.1 m pen and fed ad libitum grass/alfalfa hay, trace mineralized 
salt, water and received .67 kg whole barleyh-led-1. Lambs were not 
creep fed but had access to hay, water and salt.

Wool
Eighteen days following the end of the 84 d experiment (April 6, 

1987) dye bands were remove! and measured as previously described. 
Individual grease fleece weights were obtained at shearing on Jpril 11, 

1987. Fleeces were further analyzed at the Montana Wool Laboratory, 
Bozeman, Montana. According to procedures of Johnson and Larsen (1978) 
individual fleeces were placed in a commercial subsampler, 

hydraulically compressed and cored repeatedly with 12.7 mm core tubes 

to obtain an 800 g sample. Samples were processed to determine clean 
content according to procedures outlined by Jtinerican Society for 
Testing and Materials (JtiSTM) designation D-584-72 (1986).

Milk Production
Twenty-one days postpartum milk production was determined on each 

ewe to quantify carryover effects of dietary treatments. Individual

Animals
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ewes were separated from their lambs, restrained in a stanchion and 
given 10 USP units oxytocin intravenously as reported by Geenty and 
Sykes (1986) and Williams et al. (1976) to induce milk letdown. Ewes 
were completely milked out by hand after washing, drying and applying a 
topical ointment to the udder to prevent milk contamination and 
chapping. Milk obtained from first milking was discarded (McCance, 
1959). Lambs were placed in 1.2 X 1.5 m pens while ewes were milked. 
Ewes were restrained four hours in 1.2 X 1.5 m pens near lambs but 
there was no ewe-lamb contact (Doney at al., 1979). It was assumed 
secretion rates among ewes were equal and any changes in milk yield 
were due to lamb demand (McCance, 1959). Four hours following first 
milking ewes were again milked as previously described and milk volume 
(ml) and weight (kg) recorded. Milk samples were strained through four 
layers of cheesecloth, manually mixed and a representative subsample 
obtained. Samples were analyzed for fat, protein, lactose and solids 
not fat (SNF) at the Marsh Diagnostic Laboratory in Bozeman, Montana 
using an Multispec Infrared Analyzer (AOAC, 1984). Four hour milk 
production information was extrapolated to estimate 24 hour production 
and subsequent composition.

Pasture

Immediately following milking ewes were weighed and body condition 
scored as previously described. Individual lamb weights were also 
recorded. Ewes arid lambs were mixed with Fort Ellis ewe and lamb flock 
in improved pastures with access to • trace mineralized salt for the 

summer grazing season. Ewes and lambs were, fasted for 12 hours and
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weighed on August 13, 1987 to determine ewe and lamb weaning weights. 
Ewes were also condition scored as previously described.
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RESUHTS

Ewe Weight and Bcdv Condition Score

Escape protein intake influenced (P<.05) ewe weight change (table 
8), with BMfSBM ewes gaining more (P<.05) weight during the 84 d 
investigation than SBM and U while those fed SEM gained more (P<.05) 
than U. Blood meal + SBM ewes had heavier (Pc.05) weights on March 26 
compared to SEM and U. By April 2, one week before the first ewe 
lambed, BMfSEM ewes tended .(P=.07) to be heavier than SBM and U ewes. 
Ewe weights assessed 21 days postpartum and at weaning were not 
influenced (E>.05) by protein supplement (table 8). Blood meal + SEM 
and SBM ewes had increased (Pc.05) body condition scores of .4 while U 
ewes lost condition.

No differences (P>.05) were observed in ewe weight change or ewe 
body weight (table 8) of ewes fed either 80 or 100% NRC (1985) ME 
requirements. Metabolizable energy requirement did not influence 
(P>.05) body condition score change.

Blood Metabolites

Total protein, BUN and AIB concentrations of EMfSEM ewes were 

higher (P<.05) compared to those of SEM and urea. Soybean meal ewes 
also had higher (Pc.05) concentrations of these blood metabolites 
(table 9) than U ewes. No differences (P>.05; table 9) were observed 
for HBR or CRT profiles across protein supplements. Blood meal + SEM 
and SEM had increased (Pc.05) GIU concentrations compared to U ewes.

Growth hormone and I serum concentrations (table 9) were not
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affected (E>.05) by protein supplement. However, EayH-SHM tended (P>.05) 
to have lower GH and higher I concentrations than SEaM and U ewes. No 
differences (Pc.05) were observed in BIL concentrations among dietary 
treatments. Alkaline phosphatase concentrations of U ewes were higher 
(Pc.05; table 9 )  than SE8M and E3M. No differences (P>.05) in AKP 
concentrations were detected between SE8M and EaMt-SEaM ewes.

Table 8. Least squares means for effect of protein supplement and HE 
requirement on ewe weight (kg) and body condition scorea'b

Protein supplement NRC ME req.
Item U SEE HMISHM SEc 80% 100% SEc
Weight
Breeding 66.5 62.9 65.3 1.6 65.2 64.6 1.3 _
Experiment
Initial 66.4 62.6 65.3 1.6 65.2 64.4 1.3
Final 65.4 65.0 70.1 1.7 67.4 66.2 ■ 1.4
Change , -!.Oc* 2.3e 4.8f 0.9 2.2 1.9 1.6

Post treatment
March 26 68. Iti 67. Scl 73.4e 1.7 70.2 69.1 1.4
April 2 69.8 68.1 74.1 1.8 71.3 70.1 1.4
21 day 58.8 55.4 62.5 2.4 61.2 56.5 1.9
Weaning 71.1 66.5 70.0 2.1 69.8 68.7 1.5

Condition score 
Experiment
Initial 2.6 2.5 2.5 .2 2.4 2.6 .2
Final 2.4 2.9 2.9 .2 2.6 2.8 .2
Change -.2d .4® • 4e .2 .2 .2 .2
Post treatment 
April 2 2.3 2.3 2.9 .3 2.5 2.5 .2
21 day 1.5 1.3 1.8 .4 1.3 1.8 .3
Weaning 2.4 2.3 1.6 .4 2.1 2.1 .2

aNumerical values are based on the following equivalent values: 
obese = 5, fat = 4, moderately fat = 3, slightly thin = 2, extremely 
thin = I

^Protein supplement X ME requirement interaction was not significant 
(P>.05) for body weights or condition scores 

cStandard error of least squares means
d,e,%eans in same rows within protein supplement or ME level bearing 

different superscripts differ (Pc.05)
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Table 9. Least squares means for effect of non-rumen degradable 

protein and energy requirement on serum metabolites
Protein supplement NRC HE req.

Metabolite U SEM EMt-SEM SEa 80% 100% SEa
EROT, g/dl 6.2^ 6.4C 6.1a .1 6.4 6.4 .05
BUN, mg/dl IG-Ob 17.5° 20.9d .5 18.4 17.9 .4
ALB, g/dl 3.7b 3.9° 4. Od .04 3.9 3.9 • .03
GLJ, mg/dl 43.Tb 46.1° 47.0° .9 46.3 44.9 .7
I, ng/ml .2 .2 .3 .02 .3 .3 .01
GH7 ng/ml 6.1 5.7 4.8 .5 5.6 5.5 .4
HER, rniM/l .2 .2 .2 .03 .2 .2 .02
CRT, mg/dl 1.6 1.7 1.6 .05 1.5b 1.7° .05
AKP, IU/1 39.Ib 27.6° 28.4C 3.4 SS-Ob 28.3° 2.7
BIL, mg/dl .5 .5 .5 .02 .5 .5 .02
aStandazd error of least squares means
b, C7CJjyjeans Jjn S3me row within supplement and energy level bearing 

different superscripts differ (P<.05)

Metabolizable energy level had no effect (P>.05) on blood 
metabolite concentrations with the exception of CRT and AKP (table 9). 
Ewes receiving 100% NRC (1985) ME requirement had increased (P<.05) CRT 
and AKP concentrations compared to ewes fed at 80% ME maintenance 
requirement (table 9). Metabolite concentrations were not affected by 
protein supplement X NRC (1985) ME interactions.

Number of lambs bom, one or two, influenced serum metabolite 
profiles (table 10). Six out of 13 ewes lambing fed U had twins 
compared to 9 out of 14 SEM ewes and 10 out of 13 EMt-SEM ewes. Blood 
urea nitrogen, GH and AKP concentrations were (P<.05) greater in ewes 

carrying multiple fetuses compared to ewes with singles. Albumin and 
GDJ profiles were higher (Pc.05) in ewes carrying singles compared to 

twins.
Period influenced (Pc.05; table 11) blood metabolite 

concentrations. Total protein concentrations were higher (P<.05)
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during periods one and two compared to three. Albumin and GIU 
concentrations were higher (P<.05) during period one than periods two 
and three, with period two being higher (Pc. 05) than period three.

Table 10. Least squares means for effect of number of 
lambs b o m a on serum metabolites

Metabolite
Number Lambs 
I 2 SEb

Protein, g/dl 6.5 6.3^ .06
Albumin, g/dl 4.Oc 3.7d .03
BUN, mg/dl 16.9° 19.4d .5
Glucose, mg/dl 49.3C 41.9d .8
Insulin, ng//ml .3 .2 .01
Growth hormone, ng/ml 4.7° 6.4d .5
3-Hydroxybutyrate, iriM/l .1 .2 .01
Creatinine, mg/dl 1.6 1.6 .05
Alkaline phosphatase,. IU/1 25.5C 37.8d 3.1
Bilirubin, mg/dl .5 .5 .02
aBased on number of ewes (40) that lambed 
^Standard error of least squares means
c'ĉ feans in same row level bearing different superscripts

differ (Pc.05)

Table 11. Least squares means ^or effect of period 
on blood metabolites

Metabolite I

Period
2 3 SEa

Protein, g/dl 6.5b 6.5b 6.3C .07
Albumin, g/dl 4.Ob 3.9C 3.6d .03
BUN, mg/dl 15.2b 17. Ic 22. Id .5
Glucose, mg/dl 50.Ob 46. Ic 40.7d .8
Insulin, ng/ml .3b .3b .2C .02
Growth hormone, ng/ml 4.2b 4.7b 7.7° .5
3-Hydroxybutyrate .Ib .3° .02
Creatinine, mg/dl 1.5b 1.8° 1.5b .05
Alkaline phosphatase, IU/1 41.7b 23.4° 29.9C 3.0
Bilirubin, mg/dl • 25b .63^ .57d - .03
aStandard error of least squares means
b,Cjdjyjeans within the same row bearing different superscripts differ

(Pc.05)
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Blood urea nitrogen concentrations increased (Pc.05) from period 

one to two and from two to three (table 11). Insulin concentrations 
were lower (Pc.05) during period three compared to periods one and two. 
Three-Hydroxybutyrate concentrations were higher (Pc.05) during period 
three compared to periods one and two. Concentrations of CRT present 
during period one were greater (Pc.05) compared to periods two and 
three. No differences (P>.05) were present in AKP concentrations 
between periods two and three. Bilirubin concentrations increased 
(Pc.05; table 11) from period one to two and also from period two to 
three.

It is interesting to note period interacted (Pc. 05; table 12) with 
protein supplement to affect GUJ concentrations. During periods one 
and two GIH concentrations were not different (P>.05) among protein 
supplement treatments. However, in period three HyH-SEM had increased 
(Pc.05) GHJ concentrations compared to SEM ewes. Urea and SEM GHJ 
concentrations were similar (P>.05) as were U and BM+SBM. Remaining 

blood metabolites were not affected by protein supplement or NRC (1985) 
ME requirement X period interactions.

Table 12. Least squares means for the interaction of protein
supplement with period on glucose concentration (mg/dl)

Protein supplement
Period U SEM EMESEM SEa

I 47.3° 52.Set . 50.Sct 1.4
II 43.5d 47.4° 47.5° 1.4
III 40.Sbd 38.7b 43.3d 1.4

aStandard error of least squares means
b,c,d,e,f]y[eans bearing different superscripts differ (Pc.05)
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Metabolism Trial

By design EMfSBM supplemented ewes had higher (P<.05) dietary N 
intake than SEM and U while SEM ewes consumed more (Pc. 05) N than U 
(table 13). Protein source had no effect (P>.05) on N output, 
therefore EMfSEM ewes retained more (Pc.05) N daily than either SEM or ' 
U and SEM had improved (Pc.05) N balances compared to U ewes. 
Consequently, percentage of dietary N retained was greater (Pc.05) for 
EMfSEM compared to U ewes. Ewes receiving 80% MRC (1985) ME 
requirement consumed similar (P>.05) quantities of N daily but excreted 
less (Pc. 05) N daily, had improved (Pc.05) N balances and retained a 
greater percentage of dietary N than ewes receiving 100% MRC (1985) ME 
requirement.

Table 13. Least squares means for effect of protein supplement or 
energy level on N (g/d) or energy (Mcal/d) balances

Protein supplement MRC ME req.
Item U SEM BMfSEM SEa 80%' 100% SEa
Nitrogen, g/d 
Intake 22.6b 23.7° 28.6d .3 24.9 25.0 .2
Output 6.7 6.5 7-4 .2 6.3b 7.4C .2
Balance 15.9b 17.2C 21.3d .3 18.6b 17.6C .2

Dietary N
retained, % 70.2° 72.Stic 74.2C .8 74. Sj3 70.2° 1.6

Energy, Mcal/d
Intake 4.8 5.4 5.4 .03 4.5° 5.7° .08
Output 1.5 1.8 1.8 .03 !.Sb 1.8° .07
Balance 3.3 3.6 3.6 .03 3.Ob 3.9° .10

Dietary energy
retained, % 67.6 67.6 66.7 1.7 66.0 68.6 1.4
aStandard error of least squares means
b,c,cleans in same row within supplement or energy level bearing

different superscripts differ (Pc.05)
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Protein supplement had no effect (E>.05) on energy intake, 

excretion, balance or percent dietary energy retained (table 13). Due 
to the experimental design, ewes fed 100% ME maintenance requirement 
also consumed and excreted more (P<.05) gross energy which resulted in 
improved (Pc. 05) energy balances compared to those fed at 80% of NRC 
(1985). Metabolizable energy requirement had no effect (E>.05) on 
percent dietary energy retained.

A  protein supplement X ME level interaction influenced (Pc.OS) 
both N output and retention (table 14).. Soybean meal ewes had similar 
(P>.05) N output and retention at both ME maintenance requirements. 
However, U and EMfSEM had increased (Pc. 05; table 14) output at 100% 
compared to 80% NRC (1985) ME requirement. At either energy 
requirement U had similar (P>.05) N retention rates while EMfSHyt ewes 
fed 80% NRC (1985) requirement demonstrated an 11.5% increase in N 
retention compared to EMfSEM fed 100% ME requirement. Percentage of 
dietary N retained by blood meal + SEM ewes was higher (Pc.05) than N 

retention of other protein supplement by ME interactions. It is 
interesting that SEM ewes exhibited improved (Pc.05) N retention at 
either ME requirement compared to U but the interaction of EMfSEM X 

100% NRC (1985) ME requirement was hot different (P>.05) from U and SBM 

at either ME intake.
Daily N intake, output, balance and percent retention were 

affected (Pc.05; table 15) by period. Nitrogen intake declined (Pc.05) 
from period one to two and increased (Pc.05) from two to three. Fecal 

N did not differ (P>.05) during periods one and two but decreased 
(Pc.05) from period two to three. Nitrogen balance and retention
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Table 14. Least squares means for the interaction of protein 

supplement and metabolizable energy level on fecal 
nitrogen (g/d) and dietary nitrogen retained (%)

Protein supplement
Item NRC ME req. U SBM BM+SBM SEa
Nitrogen
Intake 80% 22.4 23.8 28.5 .4

100 22.8 23.5 28.8 .4
Output 80 6.2b 6.Sbc 6.3b .3

100 7.3° 6.Sbc 8.5d .3
Retention 80 72.2b 12. Sc 78.2d 1.2

100 68. Ib 72.4° 70.Ibc 1.3
aStandard error of least squares means
o,c,OjyfeailS within output and retention bearing different

superscripts differ (Pc.05)

Table 15. Least squares means for effect of period on N
- (g/d) and energy (Mcal/d) balances

Period
Item I 2 3 SEa
Nitrogen
Intake 24.9b 24.2° 25.9d .04
Output 7.2b 7.2b 6.SC .001
Balance 17.Tb 17. Oc 19.4d .001
Dietary nitrogen

70.Obretained, % 71.2d 74.5° .7
Energy

5.4CIntake 5. Ib 5.2d .02
Output 1.6b 1.8° 1.7° .04
Balance 3.5 3.6 3.5 .05
Dietary energy

/
retained. % 68.0 66.4 65.9 .9

aStandard error of least squares means
b,ĉ djyteans -Jjn Same row bearing different superscripts differ (Pc.05) 

(P>.05). .

declined (Pc.05) from period one to two, increasing (Pc.05) from period
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two to three. Period also influenced (Pc.05) energy intake and output 
while ME balance and percent dietary energy retained were not affected 
(P>.05). Gross energy intake increased (Pc.05) from period one to two 
but decreased (Pc.05) from two to three. A similar increase (Pc.05) 
from period one to two was noted with energy output, yet no difference 
(P>.05) was detected during periods two through three.

Experiment progression resulted in N balance being affected 
(Pc.OS; table 16) by a period X protein supplement interaction. 
Nitrogen balance improved (Pc.05) for Em-SEM ewes from, periods one to 
three; however, those fed U and SEM did not respond in a similar 
manner. Urea N balance was improved (Pc.05) during periods one and 
three compared to period two. Soybean meal N balance was similar 
(P>.05) during periods one and two, improving (Pc.05) in period three. 
Blood meal + SEM had improved (Pc.05) N balances compared to U and SEM 
ewes during all periods. During period one U and SEM had similar 
(P>.05; table 16) N balances but in periods two and three SEM had 
improved (Pc. 05) N balances compared to U ewes.

Table 16. Least squares means for the interaction of supplementation 
or ME requirement with period on N balance3-

Item I
Period

2 3

I

Supplementation
U 16.9e 14.5C 16.Ide .2
SEM 16.2de 15.9d 19.2f .2
EMfSEM 20.29 20.69 22.6h .2

ag»N“1«d'"'1
3̂Standard error of least squares means
c,d,e,f,g,hjy[eans within supplementation and ME level bearing different 

superscripts differ (Pc.05)
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Metabolizable energy balance was influenced (Pc. 05) by a protein 

supplement X period interaction (table 17). Urea had the lowest 
(Pc.05) ME balance with no difference (P>.05) detected between SHM and 
HMfSBM in period one. Protein supplement did not affect (P>.05) ME 
balances in periods two and three (table 17). Blood meal f SHM ME 
balances did not change (P>.05) throughout the experiment. However, 
SBM and U ewes did not follow this pattern. Soybean meal ewes had 
similar (P>.05) ME balances in periods one and two, declining (Pc.05) 
in period three. Urea ME balances were inconsistent during periods 
since period one was lower (Pc.OS) than period two yet no difference 
(P>.05) was detected between periods one and three or two and three.

Table 17. Least squares means for the interaction of 
protein supplementation with period on 
metabolizable energy balance3-

Treatment
Period U SHM HMfSHM SEb
I 3.2C 3 ̂ ergn 3.5de .08
2 S-Sdh 3.6efgh 3.5d9 .08
3 3.4Cd S-Mcd S-Sdf .08

3Mcal ME/d
^Standard error of least squares means
c,d,e,f,g,Îyleans bearing different superscripts differ (Pc1OS)i

Number of lambs bom, one or two, affected (Pc.OS) ewe nutrient 
consumption and utilization (table 18). Increased intake and output 
(Pc.05; table 18) of gross energy was observed for ewes gestating 
multiple fetuses. Nitrogen intake was not affected (P>.05; table 18) 
but N output increased (Pc.05) as fetal numbers increased from one to 

two. However, neither N, ME balances or percent dietary energy and N
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retained were influenced (P>.05) by number of lambs bom.

Wool Growkh

Ewes fed BM+SBM had increased (P<.05) wool growth compared to U 
with no difference (P>.05) detected between Em-SEM and SEM ewes (table 
19). Ewes fed 80% NRC (1985) ME requirement had heavier (Pc.05) grease 
and clean fleece weights compared to ewes receiving 100% ME intake. 
Neither protein supplement or energy level affected fiber diameter. 
However, a tendency (P>.05; table 19) was noted as quantity of NRDP 
increased, fiber diameter increased.

Table 18. Least squares means for effect of number of lambs b o m  
on N (g/d) or energy (Mcal/d) balance and retention^

Number lambs

Item I 2 SEd
Nitrogen
Intake 24.7 25.3 .3
Output 6.4C 7.3d .001
Balance 18.3 18.0 .3

Dietary nitrogen
retained, % 73.8 70.7 .8

Energy
Intake 5. Oc 5.4a .03
Output I.SC 1.8d .06
Balance 3.5 3.6 .3

Dietary energy
retained, % 68.8 65.8 .0001 .

aBased on number of ewes (40) that lambed 
^Standard error of least squares means
cVdMeans in same row bearing different superscripts differ (P<.05)

Fiber diameter was influenced by period, with diameter decreasing
(Pc.05) during periods one and two but no differences (E>.05) were
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detected between periods two and three. Initial fiber diameter (23.4 
At) declined to 16.7 /I by day 84 of treatment. Protein supplement X ME

, 'I

level interaction influenced (Pc.05) fiber diameter (table 21). Blood 
meal + SBM X 80% ME had increased (Pc.05) fiber diameter compared to 
other treatment combinations. Urea and SEE did not affect (P>.05) 
fiber diameter at either ME requirement. Fiber diameter was similar 
(E>.05) among all protein supplements X 100% NRC (1985) ME requirement.

Table 19. Influence of non-rumen degradable protein or energy 
requirement on wool growth and development

Protein supplement NRC ME req.
Item U SEE EEfSEE SEa 80% 100% SE'
Grease wt, kg 4.0 3,9 4.2 .2 4.3" 3.8" .1
Yield, % 56.4 58.6 58.1 1.5 57.0 58.3 1.2
Clean wt, kg 2.3 2.3 2.4 .1 2.4" 2.2d .9
Wool growth
Length, mm" 13.9C 14.7™ 16.9" .7 15.4 15.0 .5
Diameter, At 18.6 18.8 19.3 .3 18.8 19.0 .2
aStandard error of least squares means
^Calculated as period I + period II + period III growth |
c't̂ teans in same row within fleece weights, wool growth and fiber i

diameter within supplement and energy level bearing different j
superscripts differ (Pc.05)

Table 20. Least squares means for effect of period 
on fiber diameter (At)

Period
Item Ia I 2 3 SEb
Diameter 23.4" 18.5" 17. Ie 16.7" .2
aInitial fiber diameter
^Standard error of least squares means I
c/d,SjVfeans bearing different superscripts differ (Pc.05)
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Table 21. Least squares means for the interaction of protein 
supplement with metabolizable energy level on fiber 
diameter (ju)

- Protein supplement
NRC ME req. U SEM EMfSEM SEa
80% 18.6C 18.5C 20.Oc .3
100% 18.6b 19.Ib 18.6b

aStandaid error of least squares means
k'c M e a n s  bearing different superscripts ,differ (P<.05)

Table 22. Least squares means for the interaction of protein 
supplement and number of lambs b o m  on wool growth 
(mm) and fiber diameter (ju)

Protein supplement
Number

Item Lanbsa U rP SEM Db EMfSEM Ub SE'
Wool growth

I 13.5de 7 16.Sfh 5 18.39h 3 .8
2 14.3ef 6 12.6d 9 15.4efg 10 .8

Fiber
diameter

I 17.9d 7 19.Iê 5 i9.9fg 3 .4
2 19.3ef 6 17.9d 9 18.Gdc 10 .4

aBased on number of ewes (40) that lambed 
^Observations (ewes) per treatment 
cStandard error of least squares means 
d,e,f,g,hM-eans within wool growth and fiber diameter 

.bearing different superscripts differ (P<.05)

Protein supplement X number of lambs b o m  influenced (P<.05; table 
22) wool growth (length and diameter). Number of lambs b o m  did not 
affect (P>.05) 84 d wool length in U and HVB-SEM ewes. However, soybean 
meal ewes with twins had decreased (P<.05; table 22) fiber length 
compared to SEM ewes with singles. Soybean meal ewes with twins also
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had significantly (P<.05; table 22) less wool growth (length) compared 
to U and HyH-SHM with singles or twins. Among ewes with one lamb, U had 
the least wool growth (P<.05). Ewes with twins fed HXH-SHM tended to 
(P>.05) have decreased length compared to ESMfSHM ewes with singles.

Iamb Production

Protein supplement and MRC (1985) ME intake did not affect (P>.05) 
number of lambs b o m  (table 23). Age of the ewe influenced (Pc.05) 
number of lambs b o m  (table 23). Five year old ewes gave birth to more 
(P<.05) lambs than three year old ewes. Four year old ewes were
intermediate (E>.05) in number lambs bom. Neither ME requirement or
protein supplement interacted with age to influence (P>.05) number of 
lambs b o m  (table 24). However, these differences are not of biological 
importance since results were inconsistent. This was probably related to 
a limited number of observations per treatment combination.

As expected, twin lamb birth weights (4.3 kg) were lower (P<.05) 
than single birth weights (5.5 kg). Metabolizable energy intake (table 
24) did not affect (E>,05) birth weight. However, protein supplement 
tended (P>.05) to influence lamb birth weight. Blood meal + SHM lambs
tended (P>.05) to have heavier birth weights than U (table 24). Protein

.supplement and ME requirement had no influence (P>.05; table 24) on 21 d 

or lamb weaning weights. Consequently, weight changes occurring in the 
first 21 days, from day 21 postpartum through weaning and total weight
change from birth to weaning were not influenced (P>.05) by protein 
supplement or ME intake (table 24).

I
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Table 23. least square means for the interaction of effect of protein 

supplement, ME requirement and age on number of lambs b o m a
Item Number b o m
Protein supplement

U 1.5SEM 1.7
EMfSEM 1.8

SEb .08
NRC ME req.

80% 1.7
100% 1.5
SEb .07

Age
3 1.6°
4 2.Ocd
5 1.4d

SEb .07
aBased on number of ewes (40) that lambed 
"Standard error of least squares means 
c'%eans within protein supplement, energy level and age 

bearing different superscripts differ (Pc.05)

Table 24. Least squares means for effect of protein supplement and 
metabolizable energy level on lamb weights (kg)

Protein supplement NRC ME req.
Weight U SEM EMfSEM SEa 80% 100% SE'
Birth 4.7 4.8 5.2 .2 4.9 4.9 .2
Total kg b o m 162.7 169.8 167.0 9.9 168.4 164.6 8.1
21 day 10.4 9.9 10.5 .7 10.3 10.1 .5
Weaning 35.2 35.4 35.6 2.0 36.6 34.2 1.7
Change
Birth-21 d 6.7 4.4 6.2 1.1 5.9 5.6 .9
21 d-weaning 31.9 32.1 27.1 4.5 31.7 29.1 3.6
birth-weaning 38.6 36.5 33.3 4.7 37.6 34.7 • 3.8
aStandard error of least squares means
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Milk Production and Composition

Protein supplement had minimal effects (P>.05) on milk 

production and composition (table 25) . Urea ewes had increased 

(P<.05) concentrations of lactose compared to BM+SBM with SBM 

intermediate (P>.05) in response. A trend (P>.05; table 25) existed 

for improved milk production as quantity of dietary NRDP was 

increased. Ewes receiving 80% NRC (1985) ME requirement had 

increased (Pc.05) 24 hour milk volume (2027.2 ml) compared to ewes 

fed 100% ME requirement (1461 ml; table 25) . Lactose concentrations 

(table 25) were greater (Pc.05) in ewes fed 80% NRC (1985) ME 

requirement compared to those receiving 100% ME, 4.7 and 4.4%, 

respectively.

A protein supplement X ME intake interaction affected (Pc.05) 

lactose and solids not fat (SNF) concentrations. Lactose 

concentrations were not different (P>.05; table 26) between U and 

BM+SBM at either energy intake. Soybean meal and 80% ME lactose 

concentrations did not differ (P>.05) from U and 80% ME but were 

higher (Pc.05) than BM+SBM and 80% NRC (1985) ME intake. An 

opposite response was detected in SBM and 100% ME lactose levels. 

Lactose concentrations were similar (P>.05) among SBM and 100% ME 

requirement and BM+SBM ewes fed at either ME requirement while U and 

100% ME intake were greater (Pc.05) than SBM ewes whose intake was 

100% ME requirement. A significant interaction (Pc.05) was observed
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Table 25. least squares means for effect of protein supplement 

and ME requirement on 21 d postpartum ewe milk 
production and composition3-

Protein supplement NRC ME req.
Item U • SEM BMtSEM SEb 80% 100% SEb
Volume, ml 1668 1723 1840 181.1 2027° 1461° 146.8
Weight, g 1888.6 1670.7 2251.8 157.3 2251.8° 1634.4° 145.3

Composition, %
Protein 4.3 4.9 4.1 .3 4.4 4.5 .3
Fat 6.9 6.6 8.0 .7 7.1 7.3 .6
lactose 4.7C 4.4cd 4.3d .1 4.7° 4.4d .1
Solids 18.2 17.8 19.1 .8 18.3 18.5 .7

Production, g 
Protein 71.7
Fat 115.1
Lactose 78.4C
Solids 303.6

84.4
, 113.7 , 

75.Scd
306.7

75.4 
147.2 
79. Id 
351.4

89.2
143.9 
95.3°
370.9

65.7
106.6
64.3d

270.3
3Based on nuniber of ewes (40) that lambed. Milk data adjusted to a 24 
h basis.

^Standard error of least squares means
czd, Bjyreans -Jjn game row within protein supplement and ME level bearing 

different superscripts differ (P<.05)

Table 26. least squares means for the interaction of protein - 
supplement with metabolizable energy level on 24 hour 
milk composition and production

Protein supplement

Item NRC ME req. U SEM EMfSEM ■ SE3
Lactose, % 80% 4.9°° 5.0° 4.3°° .2

100 4.7°d 4.Ob 4.4b° .2
Lactose, g 80 91.6°d 114.7d SS-Sbc .2

100 69.Icd 46. Ib 77.Sbc .2

SNF, % 80 Ig-Obc 16.5b 19.9° 1.1
100 LZ-Sbc IO-Obc IS-Sbc 1.1

SNF, g 80 SSS-Ibc 378.6b 381.9° 1.1
100 ’ 257.Sbc SlO-Obc 322. ̂oc 1.1

3Standard error of least squares means
b,c,djy[eans in rows within lactose and solids not fat bearing different

superscripts differ (P<.05)

H
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in BM+SBM ewes consuming 80% NRC (1985) ME requirements. They had 

an increased percentage of SNF compared to SBM ewes fed 80% ME 

requirements (table 26).

A protein supplement X ME intake interaction affected (P<.05) 

lactose and solids not fat (SNF) concentrations. Lactose 

concentrations were not different (P>.05; table 26) between U and 

BM+SBM at either energy intake. Soybean meal and 80% ME lactose 

concentrations did not differ (P>.05) from U and 80% ME but were 

higher (Pc.05) than BM+SBM and 80% NRC (1985) ME intake. An 

opposite response was detected in SBM and 100% ME lactose levels. 

Lactose concentrations were similar (P>.05) among SBM and 100% ME 

requirement and BM+SBM ewes fed at either ME requirement while U and 

100% ME intake were greater (Pc.05) than SBM ewes whose intake was 

100% ME requirement. A significant interaction (Pc.05) was observed 

in BM+SBM ewes consuming 80% NRC (1985) ME requirements. They had 

an increased percentage of SNF compared to SBM ewes fed 80% ME 

requirements (table 26).

Milk weight was influenced (Pc.05) by interactions of protein 

supplement and energy as well as protein supplement and number of 

lambs b o m  (tables 27 and 28, respectively) . Metabolizable energy 

requirement with number of lambs b o m  approached significance 

(P=.07) as did protein supplement with NRC (1985) ME requirement

(P=.09) .
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Table 27. Least squares means for the interaction of protein 

supplement with metabolizable energy requirement on 
24 hour milk weight (g)

Protein supplement
NRC ME req. U SEE EEH-SEE SEa
80 % 1961.303 2469.8° 2251. Scct 145.3

100 1779.7° 871.7% 2215.Scd 217.9
aStandard error of least squares means
b,Cfdjyfeans bearing different superscripts differ (Pc. OS)

Table 28. Least squares means for the interaction of protein 
supplement with number of lambs b o m a on 24 hour 
milk weight (g)

Protein supplement
Item U rP SEE nb EEHSEE rP SEb
Number lambs 

I 2033.9de I 690.1° 5 2215.Sde 3 338.9
2 1701.Od 6 2687.7° 9 2251.8de 10 181.5

aBased of number of ewes (40) that lambed
^Observations (ewes) per treatment
cStandard error of least squares means
dfe/fMeans bearing different superscripts differ (Pc.OS)

Soybean meal ewes fed 100% NRC (1985) ME requirement had lower 
(Pc.OS) 24 hour milk weights than SEE at 80% ME intake and the lowest 
(Pc.OS) milk weights compared to other treatment combinations (table 
27). No differences (P>.05) were detected among protein supplements in 
ewes fed 80% ME maintenance requirement. However, SEE ewes fed 100% ME 
requirement had lower (Pc.OS) milk weights than U and EE4-SEE X 100% NRC 
(1985) ME requirement, which did not differ (P>.05). Soybean meal ewes 

with 80% NRC (1985) ME intakes had increased (Pc. OS) 24 hour milk
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weights compared to U and SBM with 100% ME requirement, 2469.8 g 
compared to 1779.7 g and 871.7 g, respectively (table 27).

No differences (P>.05) between blood meal + SBM and U ewes suckling 
singles or twins were observed in 24 hour milk weights. However, SBM 
ewes suckling twins had increased (Pc.05) milk weights compared to 
those suckling singles. Milk weight was lowest (Pc.05) in SEM ewes 
suckling singles and was significantly (Pc.05) lower than U (1707.0 g) 
and SBM (2687.7 g) suckling twins, which were also different (Pc.05). 
Urea and SEM ewes with twins had similar (P>.05) milk weights compared 
to EMfSEM ewes (table 28) .
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DISCUSSION

Alterations of body composition can only be determined over body 
weight changes of five kg or more, which would take approximately four 
weeks, whereas nutrient balance and retention measurements usually span 
a few days (Coop, 1982). Thus, metabolic changes are more apparent in 
a shorter time and can be used to predict changes in body weight and 
composition.

Ewes fed EMH-SBM retained 34% and 23.8% more g of dietary N daily 

than SBM or U, respectively. Bassan and Bryant (1986) reported store 
lambs fed NRDP (fish meal) retained more N than those fed a rumen 
degradable protein supplement. Similarly, Schelling et al. (1973), 
Cuthbertson and Chalmers (1950), Egan (1965), Little and Mitchell 
(1967) and Scott et al. (1972) reported NRDP (casein infused via the 
abomasum) increased N retention both in mature sheep and growing lambs. 

Blood meal + SEM ewes also retained a higher percentage of dietary N 
than U ewes, which indicates AA were being absorbed and utilized more 
efficiently at cellular levels..

Improvements in N retention represent a more desirable biological 
state, not only for maintenance but subsequent production (Schelling et 

al., 1973). Physiologically, improved N balance was substantiated by 
elevated serum concentrations of TER and AIB in EMfSEM ewes compared to 

SEM and U. Sykes and Field (1973) demonstrated serum AIB levels 
reflected protein status of pregnant ewes. Lowered AIB concentrations 
in U ewes compared to SEM and EMfSEM may have been due to lack of 
essential AA or improper AA proportions for microbial protein synthesis 
(Sykes and Field, 1973).
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Increased BUN serum concentrations, such as those of EMB-SEM, are 

indicative of either tissue catabolism or protein intake. Blood meal + 
SEM and SEM ewes gained weight and had improved body condition scores 
compared to U ewes. This suggests they were meeting their tissue N 
requirements as evidenced by increased EON concentrations compared to U 
ewes, vihidh lost weight during early to mid-gestation. Preston et al. 
(1965) found EON concentrations and protein intake were highly 
correlated (r = .986). Increased EON concentrations probably reflect 
deamination of excess protein and a concurrent increases in urea 
synthesis (Preston et al., 1965). McNiven (1984) found carbon 
skeletons resulting from AA deamination were utilized for 
gluconeogenesis which would explain higher GIU concentrations in those 
fed EMfSEM and SEM compared to U.

Calcium to phosphorous ratios were adequate (NEC, 1985) for 
gestating ewes during first 15 weeks of gestation, ensuring sufficient 
minerals were available for osteoblast matrix formation. Increased AKP 
concentrations may represent maternal collagen synthesis by U ewes in 
an attempt to compensate for maternal tissue losses and fetal demands. 
Increasal weight gains when NRDP is fed agrees with the findings of 

Hassan and Bryant (1986 a,b), Young et al. (1973), Nelson (1970), 

Chalupa et al. (1973) and Miner et al. (1986).

It is interesting ewes fed 80% NRC (1985) ME requirement retained 
more N daily than ewes fed 100% ME requirement. This suggests as ME 
intake declines below NRC (1985) requirements ewes became more 
efficient in N utilization. Improvemeht in percent dietary N retained 

among ewes receiving 80% ME intake indicates they were receiving
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sufficient energy to utilize available N. Relationships between 
sufficient energy for optimal N utilization is well established 
(Schneider et al.z 1979; ARCz 1980; Rcbinsonz 1983; Storm et al.z 1983, 
and Fattet et al., 1984). Ratios of crude protein to Meal ME indicate 
all treatment combinations z with exception of U and SBM fed at 100% NRC 
(1985) ME requirement met or exceeded Robinson's (1983) ratio of 40 g 
CPsMcal ME. Urea and SEM with 100% ME requirement may not of had 
sufficient available CP to utilize available energy supplies. Hovell 
et al. (1983) demonstrated lanbs nourished by intragastric infusions 
were able to maintain positive N balance at ME intakes below accepted 

values for energy maintenance.
No differences in ewe weight and condition score, changes, improved 

N balance and minimal effects on serum metabolite profiles in ewes fed 
80% ME maintenance requirement may indicate NRC (1985) ME requirements 
for non-lactating ewes during the first 15 weeks of gestation are 
overestimated. Three-Hydroxybutyrate concentrations also confirm ME 
requirements were meeting ewe energy requirements during early to mid
gestation. Three-Hydroxybutyrate concentrations of .1 to .3 iriiyi are 

well below the .8 irityi threshhold indicating insufficient energy 

availability (Russell, 1984). Increased HER concentrations are usually 
associated with late gestation (Lynch and Jackson, 1979, 1981), rapid 

fetal growth and development.
Nitrogen balance was higher during period three than two. Weston 

(1979) reported as gestation progressed more particulate organic matter 
left the rumen which resulted in more non-ammonia-nitrogen being 

digested in the small intestine, improving N balance. Total protein
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and ALB concentrations declined while BUN concentrations increased 
throughout the investigation. Increased BUN levels may also be due to 
increased fetal waste product excretion. Total protein and AIB 
declines are normal during the first half of gestation due to 
cotyledonary and placental development, agreeing with Kaneko and 
Carroll (1967). Total protein, AIB and EON concentrations were higher 
in ewes gestating twins than singles. This may reflect tissue 
catabolism to meet additional protein requirements of a second fetus. 
Elevated GH profiles in ewes with twin fetuses was anticipated due to 
additional occurrence of protein synthesis. Higher AKP concentrations 
would also be expected due to additional osteoblast activity and 
increased collagen synthesis associated with multiple fetal growth and 
development. Our increased AKP levels agree with Benjamin (1983), Bull 
et al. (1984) and Thomas et al. (1987) for ewes during early to mid
gestation. Increasai U AKP concentrations may also be due to lipid 

mobilization via the liver, resulting in increased AKP activity. This 

phenomenon has been observed during late pregnancy and starvation 
(Riis, 1983). Although our ewes were not starving, U lost more body 
weight and condition than other treatments and one ewe did die of 

pregnancy toxemia due to malnutrition.
By design, ewes fed 100% NRC (1985) ME requirement had increased 

ME balances compared to those fed below maintenance requirements. 

However, they were not more efficient in utlizing the additional 
energy since no differences in energy retention between 80% and 100% ME 
requirement intakes were detected. Metabolizable energy balance 

declined in U and SEM ewes from period two to three but did not differ
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in HW-SBM ewes. A possible explanation may be U and SBM ewes consumed I 
less GE/d, resulting in decreased ME balance.

Bilirubin concentrations, regardless of protein supplement or ME 
level, were above the normal range (.39 mg/dl). Cornelius (1980) 
stated increased BIL concentrations were associated with pregnancy and 
malnutrition. Bilirubin concentrations increased progressively during 
early to mid-gestation, agreeing with Cornelius (1980). Benjamin 
(1983) reported that fasting may increase BIL serum concentrations.
Thus, combinations of pregnancy and sampling after a 12 hour fast may 
account for increased BIL concentrations among all treatment 
combinations. Increased BIL profiles may also represent liver 
impairment (Kaneko, 1980) suggesting protein insufficiencies were 
present. This does not agree with our results however, since the 

metabolism trial indicated HW-SBM enhanced N status while TER, ALB and 

HJN concentrations were within normal ranges.

Our results indicate a positive relationship exists between 
quantity of NRDP and wool growth. Blood meal + SEM increased wool 
length 17.7% compared to U and 13.0% compared to SBM. When protein 
escapes ruminal degradation, increases in wool growth can be obtained 

with protein and only small responses are associated with escape energy 
(Allden, 1979). Leng et al. (1972) proposed wool growth and NRDP 
intake are highly correlated. Non-rumen degradable protein tended to 
increase fiber diameter, but these differences were not significant due 
to small experimental numbers. Since wool growth (staple length and 
fiber diameter) influences economic value of a fleece the optimal 
combination would be to increase length while maintaining or decreasing
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fiber diameter. Protein supplement and ME intake influenced fiber 
diameter since diameters ranged from 1 8 .6  to 19.3/Li, 4 .1  to 4.SyLi finer 
than the initial diameter of 23.4/Li. This may due to nutrient 
partitioning since wool growth is continuous (Coop, 1 9 8 2 ), however our 
results suggest fetal demands surpass those,of wool protein synthesis. 
Metabolizable energy intake did not affect fiber length or diameter. 
Butler-Hogg (1984) reported a 30 d measurable lag time elapsed before 
wool growth rates would be affected due to dietary treatments. Our 28 

d experimental periods support this finding as diameter declined during 
period one.

Metabolizable energy affected both grease and clean fleece weights 
for ewes fed 80% ME maintenance requirement. However, ME intake did 
not affect fiber diameter or length. This is probably due to 80% ME 

ewes retaining an additional 4% N Compared to 100% ME. Earlier 
research by Reis and Schinckel (1961) demonstrated abomasal infusions 

of casein improved N balance, retention and increased wool production, 
which agrees with our results. Protein supplement and ME intake only 
influenced wool growth for 84 d, while fleece weights represent 12 
months of growth, thus a dilution effect was present. This may account 
for EMfSEM ewes tending (P>.05) to have heavier grease and clean fleece 
weights than U.

Interaction of protein supplements and ME requirements only 

affected EMfSEM fed at 80% ME intake. Mean fiber diameter of 20.0/u for 

EMfSEM and 80% ME may be related to more dietary N being retained than 

other treatment combinations With additional N being partitioned for 
wool synthesis. Limited responses in wool growth have been detected
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with energy intake (Allden, 1979) however, sufficient energy must be 
available for N utilization.

Wool has a high sulphur content which necessitates sufficient 
available dietary sulphur for wool protein synthesis. Two amino acids 
crucial to sulphur metabolism are cystine and methionine. Blood meal 
contains 1.35% cystine and .97% methionine while SBM has a cystine and 
methionine content of .83% and .58%, respectively (NRC, 1982). Thus, 

SEM and EM ewes received an improved dietary AA profile compared to U 
ewes. Nitrogen:S ratios in our experiment exceeded the minimum 
requirement of 13:1 as reported by 0rskov and Robinson (1981).

Number of lambs b o m  interacted inconsistently with protein 
supplement to affect wool growth and diameter. As expected, SEM and 
EMfSEM ewes gestating singles had increased length and coarser fiber 

diameters. However, U did not respond in a similar manner with ewes 
gestating twins having increased length and fiber diameter. The reason 
for this response is unclear. Pregnancy and number of lambs b o m  and 
subsequent declines in wool growth have been well documented (Corbett, 

1979; Vernon et al., 1981; and Oddy, 1985). With the exception of U 
and number of lambs our data agrees with their findings.

Main effects of nutritional treatments during early to mid

gestation did not result in carry over effects in milk production or 

post treatment ewe and lamb performance. However, protein supplement 
did respond interactively with ME requirement and number of lambs b o m  

to influence milk weight. .
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Fat concentrations did not differ among treatment, combinations but 

EMt-SEM milk contained an abnormally high percentage of. fat (Treacher et 
al., 1987). Robinson and Forbes (1967) noted a similar response in 
ewes fed 3.27 Meal ME during pregnancy; they were less, efficient in 
milk production than ewes fed 2.7 Meal ME. Even though ewes fed 80% ME 
requirement had increased 21 day milk production, composition was not 
different, with the exception of lactose, compared to 100% ME. 
Additional milk production by ewes fed 80% NRC (1985) ME requirement 
tended to affect 21 day lamb weights and total weight gained from birth 
to weaning.

In summary, feeding a protein supplement containing NRDP (EMtSEM) 

to ewes in early to mid-gestation elicited a positive response in N 
balance, ewe weight, body condition score changes and wool growth. 
Crude protein to Meal ME ratios influenced ewe metabolism and
. performance more than ME intake. Metabolizable energy requirement

' . ' •appeared to have a minimal influence on ewe performance, substantiated 
by ME level not affecting serum metabolite profiles, ewe weight and 

body condition score. Further studies are needed to quantify optimal 

NRDP levels to be included in protein supplements fed to ewes during 

early to mid-gestation. Larger animal numbers are also needed to 

determine effects of NRDP on parameters such as lambs bom, birth 

weight, fleece weight, milk production and composition.
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APPENDIX



Table 29. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on weight change3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 2002.0
Model 20 1504.2 75.2 2.9 .01
Protein 2 744.0 372.0 14.2 <.01
Energy I 3.3 3.3 .1 .72
Protein*energy 2 41.5 20.7 .8 .47
Age 2 80.8 40.4 1.5 .24
Protein*age 4 196.2 49.0 1.9 .16
Energy*age 2 27.5 13.7 .5 *60
Number lambs I 9.2 9.2 .3 .56
Protein*number lambs 2 80.4 40.2 1.5 .24
Energy*number lambs I . 1.0 1.0 .04 .84
Age*number lambs 2 138.4 69.2 2.6 .10
Birthdate I .01 .01 0.0 .98

Error 20 497.8 26.2
aType III sums of squares from SAS program were used



Table 30. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on condition score Changea

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 15.3
Model 20 10.1 .5 1.8 .09
Protein 2 2.5 1.2 4.6 .02
Energy I .003 .003 .01 .90
Pratein*energy 2 .2 .1 .4 .70
Age 2 1.7 .8 3.2 .06
Protein*age 4 • .5 .1 .4 .78
Energy*age 2 .8 .4 1.5 .25
NLntiber lambs I .3 .3 1.3 .28
Protein*number lambs 2 .6 .3 1.1 .37
Energy*number lambs I .003 .003 .01 .92
Age*number lambs 2 .7 .3 1.3 .29
Birthdate I 1.3 1.3 4.8 .04

Error 19 5.2 .3
aType III sums of squares from SAS program were used



Table 31. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on Clean fleece weight3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 39 3382429.8

Ifodel 20 1616541.6 80827.1 .9 .62
Protein 2 20752.8 10376.4 .1 .89

Energy I . 337021.7 337021.3 3.6 .07
Protein*energy 2 39711.3 19855.6 .2 .81
Age 2 588880.1 294440.0 3.2 .06
Protein*age 4 652546.9 163136.7 1.8 .12
Energy*age 2 463922.4 231961.2 2.5 .10
Number lambs I 209142.1 209142.1 2.2 .15
Prote:in*number lambs 2 235537.1 117768.6 1.3 .30
Energy*number lambs I 97031.8 97031.8 1.0 .32
AgeAnumber lambs 2 293073.4 146536.7 1.6 .23
Birthdate I 1674.8 1674.8 .02 .89

Error 19 1765888.1 92941.5

aType III sums of squares from SAS program were used



Table 32. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on initial ewe Weighta

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 39 3687.8

Model 20 1858.1 92.9 .9 .53
Protein 2 320.6 160.3 1.7 .21
Energy I 22.4 22.4 .2 .63
Protein*energy 2 30.1 15.1 .2 .85
Age 2 51.0 25.5 .3 .77
Prdtein*age 4 597.9 149.5 1.5 .23
Energy*age 2 152.8 76.4 .8 .47
Number lambs I 168.7 168.7 1.7 .20
Protein*number lambs 2 353.9 176.9 1.8 .19
Energy*number lambs I 43.5 43.5 .4 .51
Age*nurriber lambs 2 203.1 101.5 1.0 .37
Birthdate I 182.9 182.9 1.9 .18

Error 19 1829.7 96.3

. aType III sums of squares from SAS program were used



Table 33. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on breeding Weighta

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square . F ratio ER>F

Corrected total 39 3697.9

Model 20 1839.2 91.9 .9 .55
Protein 2 277.7 138.8 1.4 .27
Energy I 15.9 15.9 .2 .69
Protein*energy 2 41.3 20.6 .2 .81
Age 2 37.7 18.8 .2 .83
Protein*age 4 616.6 154.1 1.6 ,22
Energy*age 2 164.5 82.2 .8 .45
Number lambs I 138.9 138.9 1.4 .25
Protein*number lambs 2 281.1 140.5 1.4 .26
Energy*number lambs I 68.4 68.4 .7 .41
Age*number lambs 2 187.4 93.7 1.0 .40
Birthdate I 178.9 178.9 1.8 .19

Error 19 1858.7 97.8

aType III sums of squares from SAS program were used



Ta M ^ 34. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on wool growth (length)3

Source of 
variation

Etegrees of 
frealom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 192.8

Model 20 122.4 6.1 1.6 .14
Protein 2 39.6 19.8 5.3 .01
Energy I 1.1 1.1 .3 .59
Protein*energy 2 8.3 4.1 1.1 e Jb
Age 2 5.5 2.7 .7 .49
Protein*age 4 ' 18.8 4.7 1.3 .32
Energy*age 2 .. 7.2 3.6 1.0 .39
Number lambs I 17.6 17.6 4.7 .04
Protein*number lambs 2 21.4 10.7 2.9 .08
Energy*number lambs I .01 .01 0.0 .95
Age*number lambs 2 1.0 .5 .14 .87
Birthdate I 5.6 5.6 1.5 .23

Error 19 . 70.4 3.7

aType III sums of squares from SAS program were used



Table 35. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on milk volumea

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 36 160818.9

Model 20 105656.7 5282.8 1.5 .19
Protein 2 2010.0 1005.0 .3 .75
Energy I 32181.9 32181.9 9.3 .008
Protein*energy 2 19588.2 9794.1 2.8 .09
Age 2 6326.9 3163.4 .9 .42
Protein*age 4 3445.6 861.4 .2 .90
Energy*age 2 438.7 219.3 .1 .94
Number lambs I 57.4 57.4 .02 .90
Protein*number lambs 2 3566.5 1783.2 .5 .60
Energy*number lambs I 3668.5 3668.5 1.1 .32
Age*number lambs 2 531.3 265.6 • I .93
Birthdate I 11859.5 11859.5 3.4 .08

Error 16 55162.2 3447.6

aType III sums of squares from SAS program were used
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Table 36. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on milk Solidsa

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 37 189.4

Model 20 109.0 5.4 1.1 . .39
Protein 2 5.5 2.7 .6 .57
Energy I .3 .3 .1 .81
Protein*energy 2 27.0 13.5 2.9 .08
Age 2 7.1 3.5 .7 .49
Protein*age 4 26.4 6.6 1.4 .28
Ertergy*age 2 2.4 ' 1.2 .3 .78
Number lambs I 26.3 26.3 5.6 .03
Protein*number lambs 2 5.9 2.9 .6 .54
Energy*number lambs I .2 .2 .1 .82
Age*nurriber lambs 2 7.2 3.5 .8 .48
Birthdate I .8 .8 .2 .69

Error 17 80.4 4.7

aType III sums of squares from SAS program were used



Table 37. Analysis of variance for effects of protein supplement and NRC metabolizable energy 
requirement on Iactosea

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 37 7.3

Model 20 4.7 .2 1.5 .18
Protein 2 .7 .4 ■ 2.4 .12
Energy I .7 .7 4.9 .04
Protein*energy 2 1.6 .8 5.4 .01
Age 2 .03 .02 .1 .89
Protein*age 4 ■ .6 .04 1.0 .43
Energy*age 2 .1 .04 .3 .74
Number lambs I .8 .4 5.0 .04
Protein*nurriber lambs 2 .2 .1 .7 .49
Energy*number lambs I .2 .1 1.3 .27
Age*number lambs 2 .1 .02 .2 .85
Birthdate I .1 .1 .9 .36

Error 17 2.6 .1

aType III sums of squares from SAS program were used



Table 38. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on milk protein3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 37 24.9

Model 20 12.5 .6 .8 .63
Protein 2 2.4 1.2 . 1.6 .22
Energy I .1 .1 .2 .70
Protein*energy 2 1.3 «6 .9 .42
Age. 2 .7 .4 .5 .60
Protein*age 4 1.6 .4 .5 .70
Energy*age 2 .3 .1 • 2 ® 82
Number lambs I .05 .05 .i .80
Protein*number lambs 2 .8 .4 .6 .57
Energy*number lambs I .008 .008 .01 .92
Age*number lambs 2 .4 .2 .3 .77
Birthdate I 1.2 1.2 1.6 .22

Error 17 12.4 .7

aType III sums of squares from SAS program were used
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Table 39. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on milk fata

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 37 153.9

Mcdel 20 89.4 4.5 1.2 .37
Protein 2 7.0 3.5 .9 .41
Energy I .2 .2 .04 .84
Protein*energy 2 21.0 10.5 2 • B .09
Age 2 5.2 2.6 .7 ®bl
Protein*age 4 ' . 18.5 4.6 1.2 .34
Energy*age 2 1.6 .8 .2 .81
Number lambs I . 20.5 20.5 5.4 .03
Rrotein*number lambs 2 4.0 2.0 .5 .60
Energy*nunber lambs I .6 .6 .2 .69
Age*nurriber lambs 2 4.9 , 2.4 e 6 .54
Birthdate I 06 • 6 .1 • 70

Error 17 64.5 3.8

aType Ili sums of squares from SAS program were used
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Table 40. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on milk weight3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 37 1.0
Model 20 .7 .04 2.3 .05
Protein 2 .07 .04 2.3 .13
Energy I .2 .1 11.5 .003
Protein*energy 2 .2 .1 7.7 .004
Age 2 .1 .04 2.7 .10
Protein*age 4 .1 .02 1.6 .22
Energy*age 2 .02 .01 .7 .53
Number lambs I .05 .05 3.0 .10
Protein*number lambs 2 .1 .07 4.6 .02
Energy*number lambs I .06 .06 3.6 .07
Age*number lambs 2 .003 .002 .1 .90
Birthdate I .1 .1 8.5 .01

Error 17 .3 .02

aType III sums of squares from SAS program were used
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Table 41. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on grease fleece Weighta

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 8396699.4

Model 20 4471447.0 223572.3 1.1 .43
Protein 2 326076.0 163038.0 .8 .47
Energy I 1493247.7 1493247.7 7,2 .01
Protein*energy 2 33627.3 16813.6 .1 .92
Age 2 1809297.7 904648.8 4.4 .03
Protein*age 4 1636567.2 409141.8 2.0 .14
. Energy*age 2 1559597.5 779798.7 3.8 .04
Number lambs I 810784.0 810784.1 3.9 .06
Protein*number lambs 2 1138367.3 569183.6 2.8 .09
Energy^number lambs I 430040.6 430040.6 2.1 .16
Age*number lambs 2 642559.2 321279.6 1.6 .24
Birthdate I 21077.1 21077.1 .1 .75

Error 19 3925252.4 206592.2

aType III sums of squares from SAS program were used
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Table 42. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on March 26 ewe weight3-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 5589.0

Model 20 3540.9 177.0 1.6 .14
Protein 2 775.4 387.7 3.6 .05
Energy I 39.6 39.6 .4 .55
Protein*energy 2 189.2 94.6 .9 .43
Age 2 76.7 38.3 .4 .70
Protein*age 4 544.0 . 136.0 1.3 .32
Energy*age 2 310.8 155.4 1.4 .26
Number lambs I 203.6 203.6 1.9 .18
Protein*number lambs 2 397.8 198.9 1.8 .18
Energy*number lambs I .2 .2 0.0 .96
Age*number lambs 2 158.6 79.3 .7 .49
Birthdate I 313.5 313.5 2.9 .10

Error 19 2048.1 107.8

3Type III sums of squares from SAS program were used
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Table 43. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on April 2 ewe weight3-

Source of 
variation

Degrees of 
freedom.

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 5642.8
Model 20 3332.6 121.6 1.4 .25Protein 2 713.5 356.7 2.9 .08Energy I 48.7 48.7 .4 .53Protein*energy 2 56.8 28.4 .2 .79Age 2 32.7 16.3 .1 .87Protein*age 4 569.6 140.1 1.1 .36Energy*age 2 244.6 122.3 1.0 .38Number lambs I 406.0 406.0 3.3 .08 £Protein*number lambs 2 406.4 203.2 1.7 O.21 ViEnergy*number lambs I 3.6 3.6 .03 .86Age*number lambs 2 114.3 57.1 .5 .63Birthdate I 261.2 261.2 2.1 .16
Error 19 2310.2 121.6
aType III sums of squares from SAS program were used
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Table 44. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on period I ewe weight3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 3439.9

Mcxiel 20 1675.2 83.8 .9 .59
Protein 2 180.1 90.0 1.0 .40
Energy I 2.0 1.9 .02 • 88
Protein*energy 2 98.5 49.2 .5 .60
Age 2 138.2 69.1 .7 .49
Protein*age 4 338.9 84.7 .9 .48
EneTgy*age 2 66.9 33.4 .4 .70
Number lambs I 157.6 157.6 1.7 .21
Protein*number lambs 2 404.2 202.1 2.2 .14
Energy*number lambs I 56.0 56.0 .6 .45
Age*number lambs 2 86.6 43.3 .5 .63
Birthdate I 150.5 150.5 1.6 .22

Error 19 1764.6 92.9

aType III sums of squares from SAS program were used
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Table 45. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on period II ewe weight9-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 4112.0
Kfodel 20 2360.7 118.0 1.3 .30Protein 2 506.4 253.2 2.7 .09Energy I 1.4 1.4 .02 .90Protein*energy 2 276.9 138.4 1.5 .25Age 2 177.3 88.6 1.0 .40
Protein*age ■ 4 122.5 30.6 .3 .85Energy*age 2 427.0 213.5 2.3 .12Number lambs I 51.0 51.0 .5 .46Protein*number lambs 2 93.0 46.5 .5 .61Energy*number lambs I 2.9 2.9 .03 .86Age*number lambs 2 180.5 90.2 1.0 .39Birthdate I 222.0 . 222.0 2.4 .14

Error 19 1751.3 92.2
aType III sums of squares from SAS program were used
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Table 46. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on period III ewe weight3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio -ER>F

Correctai total 39 5164.8
Model 20 3005.0 150.2 1.3 .27
Protein 2 607.4 303.7 2.7 .09
Energy I 43.0 43.0

.4 ' .54
Protein*energy 2 141.5 70.7 .6 .55
Age 2 100.6 50.3 .4 .65
Protein*age 4 430.8 107.7 .9 .46
Eriergy*age 2 306.5 153.2 1.3 .28
Number lambs I 99.0 99.0 .9 .36
Protein*number lambs 2 129.5 64.7 .6 .57
Enengy*number lambs I 31.2 31.2 .3 .61
Age*number lambs 2 160.7 80.3 .7 .50
Birthdate I 186.3 186.3 1.6 .22

Error 19 2159.8 113.7
aType III sums of squares from SAS program were used
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Table 47. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on April 2 condition score3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 21.7

Model 20 10.3 .5 .9 .63
Protein 2 1.6 .8 1.3 .28
Energy I .003 .003 .01 .94
Rrotein*energy 2 .6 .3 .5 .62
Age 2 1.1 .5 .9 .41
Protein*age 4 il .2 . .3 .88
Energy*age 2 .4 .2 .4 .70
Number lambs I .1 .1 .2 .63
Protein*number lambs 2 1.2 1.1 1.0 .40
Energy*number lambs I .003 .003 .01 .94
Age*number lambs 2 .7 .4 .6 .58
Birthdate I .05 .05 .1 .78

Error 19 11.4 .6

aIype III sums of squares from SAS program were used
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Table 48. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on period III condition scorea

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 17.0

Model 20 8.9 .4 1.0 .47
Protein 2 1.6 .8 1.9 .17
Energy I .1 .1 .4 .55
Protein*enengy 2 .3 .1 .3 .73
Age 2 1.3 .6 1.5 .25
Protein*age 4- • 5 .1 .3 . .87
Energy*age 2 .1 .05 .1 .88
NUrriber lambs I .01 .01 .03 .86
Protein*number lambs 2 .8 .4 .9 .41
Energy*number lambs I 0.0 .0004 0.0 .97
Age*number lambs 2 1.0 .5 1.2 .32
Birthdate I .2 .2 .5 .49

Error 19 8.1 . .4 .

aType III sums of squares from SAS program were used
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Table 49. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on period II condition scorea

Source of 
variation

Degrees of 
freedom

Sum of 
squares - Mean square F ratio PR>F

Corrected total 39 17.0

Model 20 8.9 .4 1.0 .47
Protein 2 1.6 .8 1.9 .17
Energy I .1 .1 .4 .55
Eratein*energy 2 .3 .1 .3 .73
Age 2 1.3 .6 1.5 .25
Protein*age 4 .5 .1 .3 .87
Energy*age 2 .1 .05 .1 .88
Number lambs I .01 .01 .03 .86
Protein*number lambs 2 .8 .4 .9 .41
Energy*number lambs I . 0.0 .0004 0.0 .97
Age*number lambs 2 1.0 .5 1.2 .32
Birthdate I .2 .2 .5 .49

aType III sums of squares from SAS program were used
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Table 50. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on period I condition scorea

Source of 
variation

Degrees of 
freeicm

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 13.5 '

Model 20 7.3 .4 1.1 .40
Protein 2 .1 .05 .2 .81
Energy I 1.0 1.0 3.2 .09
Protein*energy 2 .02 .01 .03 .97
Age 2 .2 .1 .3 .72
Protein*age 4 1.8 .4 1.4 .27
Energy*age 2 .3 .1 .4 .66
Number lambs I .4 .4 1.4 .26
Protein*number lambs 2 .6 .3 .9 .41
Energy*number lambs I 1.0 1.0 3.0 .10
Age*number lambs 2 1.1 .5 1.7 .21
Birthdate I .2 .2 .6 .44

Error 19 6.2 .3

aIype III sums of squares from SAS program were used
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Table Si. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on 21 day ewe weight3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 37 5434.8
Model 20. 2322.6 116.1 .6 .83
Protein 2 749.2 374.6 2.0 .16
Energy I 719.0 719.0 3.9 .06
Protein*energy 2 273.7 136.8 .7 .49
Age 2 262.2 131.1 .7 .50
Protein*age 4 468.2 117.1 .6 .64
Energy*age 2 138.5 69.2 .4 .69
Nuniber lambs I .8 .8 0.0 .95
Protein*number lambs 2 1043.3 521.6 2.8 .08
Energy*number lambs I 32.2 32.2 .2 .68
Age*number lambs 2 170.2 85.1 .5 .64
Birthdate I 3 16.3 316.3 1.7 .20

Error 17 3112.2 183.1

aType III sums of squares from SAS program were used
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Table 52. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on 21 day condition score3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 37 49.3

Model 20 31.7 1.6 1.5 .19
Protein 2 . .8 .4 .4 .68
Energy I 1.7 1.7 1.7 .21
Protein*energy 2 5.4. 2.7 2.6 .10
Age 2 1.0 .5 .5 .62
Protein*age 4 12.2 3.1 2.9 .05
Energy*age 2 2.0 1.0 1.0 .40
Number lambs I .8 .8 .8 .39
Protein*number lambs 2 6.3 3.1 3.0 .07
Energy*number lambs I 1.5 1.5 1.5 .23
Age*number lambs 2 .3 .1 .2 .86
Birthdate I .1 .1 .1 .77

Error 17 17.6 1.0
aType III sums of squares from SAS program were used
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Table 53. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on initial fiber (Hametera

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 185.4
Model 20 88.9 4.4 .8 .61
Protein 2 1.0 .5 .1 .91
Energy I 2.4 2.4 .5 .49
Protein*energy 2 12.3 6.1 1.2 .32
Age 2 19.1 9.5 1.9 .18
Protein*age 4 32.9 8.2 1.6 .21
Energy*age 2 7.1 3.5 .7 .51
Number lambs I . 1.2 1.2 .2 .63
Erotein*number lambs 2 13.0 6.5 1.3 .30
Energy*number lambs I 6.0 6.0 1.2 .29
Age*number lambs 2 14.5 7.2 1.4 .26
Birthdate I 1.5 1.5 .3 .59
Error 19 96.5 5.1
aIype III sums of squares from SAS program were used
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Table 54. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on initial condition score3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 11.2
Model 20 5.3 .3 .9 .63
Protein 2 .1 .04 .1 .86
Energy I .2 .21 .7 .42
Erotein*energy 2 .2 .1 .3 .75
Age 2 .5 .26 .8 .44
Protein*age 4 .3 .01 .2 .91
Energy*age 2 1.2 .6 1.9 .18
Number lambs I .5 .49 1.6 .22
Protein*number lambs 2 .04 .02 .1 .92
Energy*number lambs I .001 .001 0.0 .95
Age*number lambs 2 .09 .04 .15 .86
Birthdate I .5 .5 1.5 .23

Error 19 5.9 .3

aType III sums of squares from SAS program were used
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Table 55. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on grease fleece yielda

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total . 39 604.0

Model 20 261.5 13.1 .7 .76
Protein 2 19.7 9.8 .5 .59
Energy I 12.4 12.4 .7 .42
Erotein*energy 2 34.9 17.4 1.0 .40
Age 2 15.5 7.7 .4 .66
Prptein*age 4 34.6 • 8.6 .5 .75
Energy*age 2 38.9 19.4 1.1 .36
Number lambs I 5.4 5.4 .3 .59
Protein*number lambs 2 15.3 7.6 .4 .66
Energy*number lambs I 2.1 2.1 .1 .73
Age*number lambs 2 4.1 2.1 .1 .89
Birthdate I 1.7 1.7 .1 .76

Error 19 342.5 18.0

aType III sums of Squares from SAS program were used
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Table 56. Analysis of variance for effects of protein Supplement and NRC metabolizable energy
requirement on April 9 ewe weight3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 38 5535.6

Model 20 2781.6 139.1 .9 .58
Protein 2 1056.6 528.3 3.4 .05
Energy I 24.6 24.6 .2 .69
Protein*energy 2 38.4 19.2 .1 .88
Age 2 217.2 108.6 .7 .50
Brotein*age 4 571.7 .. 142.9 .9 .47
Energy*age 2 420.9 210.4 1.4 .28
Number lambs I 251.1 251.1 1.6 .22
Protein*number lambs 2 208.3 104.1 .7 .52
Energy*number lambs I 54.7 54.7 .4 .56
Age*number lambs 2 128.6 64.3 .4 .66
Birthdate I 471.1 471.1 -3.1 .10
Error 18 2754.0 153.0

3Type III suns of squares from SAS program were used
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Table 57. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on ewe weaning weighta

Source of 
variation

Dmrees of 
freedon

Sum of 
squares Mean square F ratio ER>F

Correctel total 36 3641.2

Model 20 2099.0 104.9 1.1 .44
Protein 2 396.6 198.3 2.;i .16
Energy I 35.1 35.1 .4 .55
Protein*energy 2 .5 .2 0.0 1.0
Age 2 7.2 3.6 .04 1.0
Protein*age 4 953.8 238.4 2.5 .09
Energy*age 2 412.8 206.4 2.1 .15
Number lambs I 27.6 27.6 .3 .60
Protein*number lambs 2 51.4 25.7 .3 .77
Energy*number lambs I 23.0 23.0 .2 .63
Age*number lambs 2 151.3 75.6 .8 .47
Birthdate I 609.6 609.6 6.3 .02

Error 16 1542.3 96.4

aType III sums of squares from SAS program were used
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Table 58. Analysis of variance for effects of protein supplement and NEC metabolizable energy
requirement on weaning condition scorea

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Correctei total 36 18.6

Model 20 9.6 .5 .8 .64
Protein 2 1.0 .5 .9 .44
Energy I .01 .01 .02 .90
Prdtein*energy 2 .3 .1 .2 .78
Age 2 .2 .1 .2 .82
Protein*age 4 " 1,6 .4 .7 .59
Energy*age 2 1.0 .5 .9 .41
Number lambs I 0,0 0.0 0.0 1.0
Protein*number lambs 2 .2 .09 .2 .85
Energy*number lambs I , .3 .3 .5 .47
Age*number lambs 2 1.0 .5 .9 .44
Birthdate I .1 .1 .2 .67

Error 16 9.0 .6
aIype III sums of squares from SAS program were used
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Table 59. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on total lamb birth Weighta

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 151630.0

Model 20 137708.1 3885.4 9.4 <0.1
Protein 2 241.6 120.8 .2 .85
Energy I 107.0 107.0 .1 .71
Protein*energy 2 263.0 131.5 .2 .84
Age 2 24.9 12.4 .02 .98
Protein*age 4 701.3 175.3 .2 .91
Energy*age 2 2755.7 1377.8 1.9 .18
Number lambs I 53175.8 53175.8 72.6 <.01
Protein*number lambs 2 464.9 232.5 .3 .73
Energy*number lambs I 424.2 424.2 .6 .46
Age*number lambs 2 267.7 133.8 .2 .83
Birthdate I 5.2 5.2 .01 .93
Error 19 13921.9 732.7

aType III sums of squares from SAS program were used
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Table 60. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on average lamb birth weight3

Source of 
variation

D^rees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 39 23.7

Model 20 18.4 .9 3.3 .001
Protein 2 1.1 . .5 2.0 .16
Energy I .02 .02 .1 .76
Protein*energy 2 .9 .4 1.6 .23
Age . 2 .2 .09 .3 .72
Protein*age ■ .. 4 .8 .2 .8 .56
Energy*age 2 .4 .2 .8 .46
Number lambs I 4.8 4.8 17.4 <.01
Protein*number lambs 2 1.6 .8 2.9 .08
Energy*number lambs I .004 .004 .01 .90
Age*number lambs 2 2.7 2.7 4.8 .02
Birthdate I .4 .4 1.5 .23

Error 19 5.3 .3

aType III sums of squares from SAS program were used
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Table 61. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on average 21 day lamb weight9-

Source of 
variation

Degrees of 
fre^icm

Sum of 
squares Mean square F ratio ER>F

Corrected total 36 153.4

Model 20 105.9 5.3 1.8 .12
Protein 2 1.3 .6 .2 .80
Energy I .3 .3 .1 .75
Protein*energy 2 9.9 4.9 1.7 .22
Age 2 14.9 7.4 2.5 .11
Erotein*age 4 17.8 4.4 1.5 . .25
Energy*age 2 .01 .04 .02 .98
Number lambs I .4 .4 .1 .71
Protein*number lambs 2 13.7 6.8 2.3 .13
Energy*number lambs I .2 .2 .1 .78
Age*number lambs 2 11.7 5.8 2.0 .17
Birthdate I .1 .07 .02 .88

Error 16 47.6 3.0

aType III sums of squares from SAS program were used
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Table 62. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on average lamb weaning weight9-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio H O F

Corrected total 36 V-' 1794.2
Model 20 1368.2 68.4 2.6 .03
Protein 2 .6 .3 .01 1.0Energy I 33.4 33.4 . 1.3 .28Protein*energy 2 26.0 13.0 .5 .62Age 2 151.7 75.8 2.8 .09Protein*age 4 186.7 46.7 1.7 .19Energy*age 2 29.8 14.9 .6 .58Number lambs I 3.8 3.8 .1 .71Protein*number lambs 2 70.3 35.1 1.3 .29Energy*number lambs I 22.0 22.0 .8 .38
Age*number lambs 2 200.0 100.0 3.8 .05Birthdate I . 151.5 151.5 5.7 .03
Error 16 426.0 26.7
aType H I  sums of squares from SAS program were used
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Table 63. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on 21 day lamb weight change a

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 36 391.0

Model 20 275.3 13.8 1.9 .10
Protein 2 21.1 10.5 1.5 .30
Energy I .8 .8 .1 .74
Protein*energy 2 54.4 27.2 3.8 .04
Age . 2 . 6.5 3.2 .4 . .64
. Protein*age 4' 26.2 6.5 .9 .48
Energy*age 2 19.1 9.5 1.3 .29
Number lambs I .4 .4 .05 .82
Protein*number lambs 2 2.8 1.4 .2 .82
Energy*number lambs I . .2 .2 .02 .88
Age*number lambs 2 32.2 16.1 2.2 .14
Birthdate I 7.5 7.5 1.0 .32

Error 16 115.7 7.2

aType III sums of squares from SAS program were used
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Table 64. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on lamb weight change from day 21 to weaning3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean Square F ratio HR>F

Corrected total 36 4150.7

Model 20 2129.2 106.4 .8 .65
Protein 2 98.4 49.2 .4 .68
Energy I 38.1 38.1 .3 .59
Pratein*energy 2 2.2 1.1 .01 .99
Age 2 5.2 2.6 .02 .98
Protein*age 4 573.8 143.4 1.1 .37
Energy*age 2 132.1 66.0 .5 .60
Number lambs I 120.1 120.1 .9 .34
Protein*number lambs 2 19.3 9.6 .1 .93
Energyhiumber lambs I 27.0 27.0 .2 .65
Age*number lambs 2 9.7 4.8 .04 .96
Birthdate I 324.9 324.9 2.6 .13

Error 16 2021.5 126.3

aType III sums of squares from SAS program were used
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Table 65. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on total lamb change from birth to Weaninga .

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio H O F

Correctei total 36 4769.7

Mcdel 20 2534.9 126.7 .9 .59
Protein 2 100.2 50.1 .4 .70
Energy I 49.7 49.7 .4 .56
Pratein*energy 2 65.6 32.8 .2 .79
Age 2 23.3 11.6 .1 .92
Protein*age 4 774.9 193.7 1.4 .28
Energy*age 2 245.2 122.6 .9 .43
Number lambs I 133.9 133.9 1.0 .34
Protein*number lambs 2 36.4 18.2 .1 .88
Energy*number lambs I 31.5 31.5 .2 .64
Age*number lambs 2 71.5 35.7 .3 .78
Birthdate I 431.5 431.5 3.1 .10
Error 16 2235.0 139.7

aType III sums of squares from SAS program were used

L
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Table 66. Analysis of variance for effects of protein supplement and NEC metabolizable energy 
requirement on number lambs b o m a

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 119 38.3
Model 26 13.0 .5 1.8 .02Rrotein 2 1.5 .7 2.7 .07Energy I .6 .6 2.2 .14Erotein*energy 2 .3 .1 .6 .56Age 2 6.7 3.3 12.4 <.0lProtein*age 4 2.2 .5 2.1 .09Energy*age 2 1.3 .6 2.4 .09Period 2 0.0 0.0 0.0 1.0Energy*period 2 0.0 0.0 0.0 1.0Protein*period 4 0.0 0.0 0.0 1.0Age*period 4 0.0 0.0 0.0 1.0Birthdate . I .4 .4 1.3 .2
Error 93 25.4 .3
aType III sums of squares from SAS program were used
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Table 67. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on fiber diameter3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square -F ratio PR>F

Corrected total 159 1622.6
Model 38 1385.9 36.5 18.6 <.01
Protein 2 8.3 4.1 2.1 .12
Energy I 2.0 2.0 1.0 .31
Erotein*energy 2 21.1 10.5 5.4 .006Age 2 40.6 20.3 10.4 <.01Protein*age 4 80.4 20.1 10.3 <.01
Energy*age 2 20.3 10.1 5.2 .007Number lambs . I 5.0 5.0 2.6 .11
Erotein*number lambs 2 36.9 18.4 9.4 <.01
Energy*number lambs I 19.2 19.2 9.8 .002
Age*number lambs 2 15.9 7.9 4.1 .02
Period 2 1123.0 374.3 191.3 0.0
Energy*period 2 2.1 .7 .4 .78
Protein*period 4 15.4 2.6 1.3 .26
Age*period 4 2.1 .3 .2 .98
Birthdate I 7.6 7.6 3.9 .05

Error 121 236.7 1.9
aType III sums of squares from SAS program were used
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Table 68. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on total protein3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 119 20.5
Model 32 9.9 .3 2.5 <.01Protein 2 3.1 1.5 12.5 <.01Energy I .004 .004 .03 .86Protein*energy 2 .1 .05 .4 .67Age 2 .5 .2 2.2 .12Pratein*age 4 .2 .05 .4 .79Energy*age 2 .1 .05 .4 • 66Number lambs I .4 .4 3.2 .08Protein*number lambs 2 .2 .1 1.0 .37Energy*number lambs I .003 .003 .03 .87Age*number lambs 2 .4 .2 1.6 .20Period 2 1.4 .7 5.9 .004Energy*period 2 .04 .02 .2 .83Protein*period 4 .4 .1 .9 .48Age*period 4 .7 .2 1.5 .22Birthdate I 8.5 .5 4.0 .05
Error 87 10.6 . .1
aType III sums of squares from SAS program, were used
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Table 69. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on albumin9-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 119 11.4

Model 32 8.4 .3 7.7 <.01
Protein 2 1.7 .8 25.4 <.01
Energy I .01 .01 .4 .5
Pratein*energy 2 .1 .06 1.8 .2
Age 2 .03 .01 .5 .6
Protein*age 4 1.0 .2 7.2 <.01
Energy*age 2 .01 <.01 .1 .9
Number lambs I .6 .6 16.8 <.01
Protein*number lambs 2 .5 .3 7.6 <.01
Energy*number lambs I .03 .03 1.0 .3
Age*number lambs 2 .09 .04 1.3 .3
Period 2 3.9 1.9 57.8 <.01
Energy*period 2 .01 <.01 .1 .9
Protein*period 4 .1 .01 .5 .8
Age*period 4 .7 .2 5.4 <.01
Birthdate I .01 .01 .3 .6

Error 87 3.0 COO

aType III sums of squares from SAS program were used
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Model
Protein
Energy
Protein*energy
Age.
Protein*age 
Energy*age 
Number iambs 
Protein*number lambs 
Energy*number lambs 
Age*number lambs 
Period
Energy*period
Protein*period
AgeAperiod
Birthdate

32
2
1
2 
2 
4 
2
1
2
1
2 
2 
2 
4 
4 
I

2341.4
318.3
6.1
2.7

81.7 
51.2
5.1
73.0
38.8
4.8 

111.5
975.3 
3.7

46.7
27.9
14.8

73.2
159.1
6.1
1.3

40.8
12.8
2.5
72.9
19.4
4.8

55.7 
487.6
1.8
11.7 
7.0
14.8

12.3 
26.8
1.0 
.2 

6.9 
2.1 
. .4

12.3
3.3
.8

9.4 
82.1

.3
2.0
1.2
2.5

<.01
<.01
.31
.80

<.01
.08
.65

<.01
.04
.37

<.01
<.01
.73
.11
.33
.12
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Table 71. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on Mlirubina

Source of Degrees of Sum of
variation freedom squares Mean square F ratio PR>F
Corrected total 119 6.3

Model 32 4.7 .1 8.3 <.01
Protein 2 .01 .005 .36 .70
Energy I ,04 .04 2.32 .13
Protein*energy 2 .02 .01 .61 .55
Age . 2 .03 .01 .74 .48
Protein*age 4 .3 .07 4.3 <.01
Energy*age 2 .2 .09 5.0 <.01
Number lambs I .02 .02 1.0 .33
Protein*number lambs 2 .003 .001 .1 .92
Energy*number iambs I ,04 .04 2.4 .13
Age*number lambs 2 .07 .03 1.9 .15
Period 2 3.2 1.6 89.6 <.01
Energy*period 2 .03 .01 .8 .44
Protein*period 4 .1 .02 1.4 .23
Age*period 4 .03 .007 .4 .82
Birthdate . I .1 .1 8.7 <.01

Error 87 1.5 .02
aType III sums of squares from SAS program were used
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Table 72. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on alkaline phosphatase^

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 119 53002.3
Mcxiel 32 30737.4 961.5 3.8 <.01
Protein 2 2355.0 1177.5 4-6 .01
Energy I 984.2 984.2 3.9 .05
Protein*energy 2 669.8 334.9 1.3 .27
Age 2 930.9 465.4 1.8 .17
Protein*age 4 7689.3 19222.3 7.5 <.01
Energy*age 2 1597.3 798.6 3.1 .05
Number lambs I 1769.5 1769.5 6.9 .01
Protein*number lambs 2 2058.4 1029.2 4.0 .02
Bnergy^umber lambs I 115.6 115.6 .4 .50
Age^number lambs 2 7244.2 3622.1 14.2 <.01
Period 2 6726.7 3363.3 13.2 <.01
Energy*period 2 69.1 34.5 .1 .87
Protein*period 4 112.1 28.0 .1 .98
AgeAperiod 4 227.0 56.7 .2 .92
Birthdate I 113.5 113.5 .4 .51

Error 87 22234.9 255.6
aType III sums of squares from SAS program were used
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Table 73. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on creatinine3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 119 12.8
Model 32 5.8 .2 2.3 <.01
Protein 2 .1 .07 .9 .39
Energy I .4 .4 5.0 .03
Protein*energy 2 .1 .07 .9 .40
Age 2 .1 .04 .6 .54
Protein*age 4 1.0 .2 3.1 .02
EneTgy*age 2 .04 .02 .2 .79
Number lambs I .1 .08 1.0 .31
Protein*number lambs 2 1.0 .5 6.1 <.01
Energy*number lambs I .1 .1 1.9 .17
Age*number lambs 2 .1 .05 .6 .55
Period 2 .2 1.1 13.6 <.01
Energy*period 2 .3 .1 2.1 .13
Protein*period 4 .4 .1 1.3 .28
Age*psriod 4 .1 .02 .3 .90
Birthdate I .1 .1 1.3 .26

Error 87 7.0 .1
aType III sums of squares from SAS program were used
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Table 74. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on 3-hydroxybutyratea

Source of 
variation

Degrees of 
freedom

Sum. of 
squares Mean square F ratio PR>F

Corrected total 116 2.8

Model 32 1.7 .05 4.1 <.01
Protein 2 <.01 . <.01 .2 .81
Energy I <.01 <.01 .04 .83
Protein*energy 2 .01 <.01 .3 .76
Age 2 .01 <.01 .4 .65
Pratein*age 4 .04 .01 • 7 .59
Energy*age 2 .02 .01 • 6 .54
Number lambs I .10 .10 6.03 .02
Protein^number lambs 2 .06 .03 2.2 .12
Energy*number lambs . I <.01 <.01 .1 .73
Age*number lambs 2 .02 .01 • B .43
Period 2 1.1 .50 42.6 <.oi
Energy*period 2 .01 .01 .4 .67
Protein*period 4 .10 .02 1.6 .18
Age*period 4 .03 .01 .5 .74
Birthdate I .10 .10 6.3 .01

Error 84 1.1 .01

aType III sums of squares from SAS program were used
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Table 75. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on glucosea

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 119 5452.0
Model 32 3740.3 116.9 5.9 <.01
Protein 2 168.0 84.0 4.3 .02
Energy I 41.4 41.4 2.1 .15
Protein*energy 2 42.6 21.3 1.1 .34
Age 2 135.3 67.6 3.4 .04
Rrotein*age 4 326.2 81.5 4.1 <.01
Energy*age 2 5.1 2.5 .1 .88
Number lambs I 647.9 647.9 33.0 <.01
Protein*number lambs 2 156.6 78.3 4.0 .02
Energy*number lambs I 9.6 9.6 .5 .49
Age*number lambs 2 50.9 25.4 1.3 .28
Period 2 1690.0 845.0 42.9 <.01
Energy*period 2 28.8 14.4 .7 .48
Protein*period 4 220.5 55.1 2.8 .03
Age*period 4 109.2 27.3 1.4 .24
Birthdate I 36.4 36.4 1.8 .18

Error 87 1711.7 19.7

aType III sums of squares from SAS program were used
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Table 76. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on insulin9-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 119 1.7

Model 32 .8 .03 2.5 <.01
Protein 2 .01 .01 .5 .59
Energy I <.01 <.01 .04 .83
Protein*energy 2 .04 .02 2.1 .12
Age 2 .03 .01 1.4 .25
Protein*age 4 .08 .02 1.8 .13
Energy*age 2 .02 .01 1.3 .27
Number lambs I .01 .01 .8 .38
Protein*number lambs 2 .02 .01 1.2 .31
Energy*number lambs I <.01 <.01 .1 .77
Age*number lambs , ' 2 .01 .01 .5 .62
Period 2 .2 .1 7.8 <.01
Energy*period 2 .02 .01 .9 .41
Protein*period 4 .05 .01 1.2 .30
Age*period 4 .1 .02 3.4 .01
Birthdate I .01 .01 .6 .43

Error 87 .9 O H

aType III sums of squares from ̂ SAS program were used
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Table 77. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on growth hormone3-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 119 1259.1

Model 32 730.7 22.8 3.8 <.01
Protein 2 21.8 10.9 1.8 .17
Energy I .6 .6 .1 .75
Protein*energy 2 32.1 16.0 2.6 .08
Age 2 6.9 3.4 .6 .57
Protein*age 4 78.8 19.7 3.2 .01
Energy*age 2 29.9 14.9 2.5 .09
Number lambs I 32.4 32.4 5.3 .02
Erotein*number lambs 2 67.3 33.6 5.5 .01
Energy*number lambs I 41.3 41.3 6.8 .01
Age*number lambs 2 43.6 21.8 3.6 .03
Period 2 289.4 144.7 23.8 <.01
Energy*period 2 8.3 4.1 .7 .51
Protein*period 4 20.2 5.05 .8 .51
Age*period 4 18.7 4.7 .8 .55
Birthdate I .4 .4 .1 .79

Error 87 528.4 6.1
3Type III sums of squares from SAS program were used
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Table 78. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on gross energy intakea

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 47 16.6

Model 23 16.5 .7 119.4 <.01
Protein 2 .8 .4 65.9 <.01
Energy I 10.0 10.0 1662.2 <.01
Protein*energy 2 .02 <.01 1.5 .24
Ewe (Protein*Energy) 10 4.9 .5 82.3 <.01
Period 2 .8 .4 70.0 <.01
Energy*period 2 .01 .01 .9 .41
Protein*period 4 .2 .06 9.7 <.01

Error 24 .1 &

aType III sums of squares from SAS program were used
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Table 79. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on fecal gross energy3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 47 3.6

Model 23 2.8 .1 3.7 <.01
Protein 2 .1 .1 1.8 .19
Energy I .2 .2 6.2 .02
Protein*energy 2 .1 .1 2.3 .12
Ewe (Protein*energy) 10 1.8 .2 5.6 <.01
Period 2 .3 .1 4.3 .02
Energy*period 2 .03 .02 .5 .60
Protein*period 4 .2 .1 1.6 .20

Error 24 .8 .03
aType III sums of squares from SAS program were used

\
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Table 80. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on metabolizable energy balance3-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 47 13.2

Model 23 12.2 .5 12.9 <.01
' Protein 2 .3 .2 4.0 .03
Energy I 7.3 7.3 177.9 <.01
Erotein*energy 2 .1 .03 .8 .46
Ewe(Protein*energy) 10 3.7 .4 9.0 <.01
Period 2 .2 .1 3.1 .06
Energy*period 2 .1 .04 1.0 .37
Protein*period 4 .4 .1 2.7 .05

Error 24 1.0 .04

aType III sums of squares from SAS program were used
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Table 81. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on percent dietary energy retained3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio ER>F

Corrected total 47 1255.6

Model 23 950.1 41.3 3.2 <.01
Protein 2 3.7 1.9 .1 .86
Energy I 140.3 140.3 11.0 <.01
Protein*energy 2 40.5 20.3 1.6 .22
Ewe (Protein*energy) 10 579.5 57.9 4.5 <.01
Period 2 36.0 18.0 1.4 .26
Energy*period 2 22.9 11.5 .9 .42
Protein*period 4 103.0 25.7 2.0 .12

Error ■ 24 305.5 12.7

aType III sums of squares from SAS program were used
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Table 82. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on nitrogen intake3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 47 .02
Model 23 .02 <.01 593.7 <.01
Protein 2 .01 <.01 4835.8 <.01
Energy I <.01 <.01 15.1 <.01
Protein*energy 2 <.01 <.01 37.3 <.01
Ewe (Protein*energy) 10 <.01 " <.01 93.9 <.01
Period 2 <.01 <.01 385.9 <.01
Energy*period 2 <.01 <.01 41.9 <.01
Protein*period 4 • <.01 <.01 402.4 <.01

Error 24 <.01 <.01
aType III sums of squares from SAS program were used

144



Table 83. Analysis of variance for effects of protein supplement and NEC metabolizable energy
requirement on fecal nitrogen3-

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 47 <.01
Model 23 <.01 <.01 5.0 <.01
Protein 2 <.01 <.01 4.8 .02
Energy I <.01 <.01 16.7 <.01
Protein*energy 2 <.01 <.01 5.5 .01
Ewe (Protein*energy) 10 <.01 <.01 4.8 <.01
Period 2 <.01 <.01 6.0 .01
Energy^period 2 <.01 <.01 2.1 .14
Protein*period 4 . <.01 <.01 4.5 .01

Error 24 <.01 <.01
3Type III sums of squares from SAS program were used

/
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Table 84. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on nitrogen balance3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 47 b H

Model 23 .01 <.01 38.4 <.01
Protein 2 .01 <.01 271.3 <.01
Energy I <.01 <.01 24.3 <.01
Protein*energy 2 <.01 <.01 7.5 <.01
Ewe (Protein*energy) 10 <.01 <.01 5.1 <.01
Period 2 <.01 <.01 54.2 CiOl
Energy*period 2 <.01 <.01 8.1 <.01
Protein*period 4 <.01 <.01 14.5 <.01

Error
aType III sums of squares from SAS program were used

146



Table 85. Analysis of variance for effects of protein supplement and NRC metabolizable energy
requirement on percent dietary nitrogen retained3

Source of 
variation

Degrees of 
freedom

Sum of 
squares Mean square F ratio PR>F

Corrected total 47 1016.7

Model 23 839.5 36.5 4.9 <.01
Protein 2 155.4 77.7 10.5 <.01
Energy I 107.6 107.6 14.6 <.01
Protein*energy 2 53.3 26.6 3.6 .04
Ewe (Protein*energy) 10 220.5 , 22.0 3.0 .01
Period 2 170.6 85.3 11.5 <.01
Energy*period 2 43.4 21.7 2.9 .07
Protein*period 4 29.6 7.4 1.0 .43

Error 24 177.2 7.40

aType III sums of squares from SAS program were used
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