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Abstract:

Fifty-eight mature, twin bearing Targhee and Columbia ewes were stratified by breed to study the
effects of short term protein supplementation on prepartum body composition change and early
lactation performance. Ewes were fed 1.3 kilograms of an alfalfa-grass hay (8 % CP) at the PM
feeding. In the AM, ewes were fed either a .42 kg (11 % CP) of a restricted diet (RES), .42 kg (24 %
CP, 34 % UDP) of a soybean meal diet (SBM), or .37 kg (26 % CP, 61 % UDP) of a blood
meal-feather meal mix diet (BM-FM). Treatment rations were fed 21 d prepartum and ewes were bled
weekly to parturition. Following parturition ewes were group fed 2.3 kg”-1 hd”*-1 d of alfalfa-grass hay
and .45 kg”-1 hd”-1 d barley. The BM-FM group had higher total blood protein than RES (P<.01) and
SBM (P<.05). Blood albumin levels were higher (P<.05) in both BM-FM and SBM than RES. The
BM-FM group had higher (P<.01) BUN than RES, but lower (P<.05) than SBM. BM-FM had higher
(P<.05) colostral protein concentrations than either RES or SBM. At 21 d, BM-FM and SBM milk
contained higher (P<.1) concentrations of protein than RES. These results suggest restricting protein
intake during late pregnancy decreased protein content of milk during peak lactation. These data
indicate that late pregnancy feeding of ruminally undegradable protein was not advantageous to more
conventional supplements. Key Words: Sheep, Protein, Lactation.
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ABSTRACT

Fifty-eight mature, twin bearing Targhee and Columbia ewes were stratified by
breed to study the effects of short term protein supplementation on prepartum body
composition change and early lactation performance. Ewes were fed 1.3 kilograms of an
alfalfa-grass hay (8 % CP) at the PM feeding. In the AM, ewes were fed either a .42 kg
(11 % CP) of a restricted diet (RES), .42 kg (24 % CP, 34 % UDP) of a soybean meal
diet (SBM), or-.37 kg (26 % CP, 61 % UDP) of a blood meal-feather meal mix diet (BM-
FM). Treatment rations were fed 21 d prepartum and ewes were bled weekly to
parturition. Following parturition ewes were group fed 2.3 kg™ hd"'d of alfalfa-grass hay
and .45 kg'hd'd barley. The BM-FM group had higher total blood protein than RES
(P<.01) and SBM (P<.05). Blood albumin levels were higher (P<.05) in both BM-FM
and SBM than RES. The BM-FM group had higher (P<.01) BUN than RES, but lower
(P<.05) than SBM. BM-FM had higher (P<.05) colostral protein concentrations than
either RES or SBM. At 21 d, BM<FM and SBM milk contained higher (P<.1)
concentrations of protein than RES. These results suggest restricting protein intake
during late pregnancy decreased protein content of milk during peak lactation. These data
indicate that late pregnancy feeding of ruminally undegradable protein was not
advantageous to more conventional supplements. Key Words: Sheep, Protein, Lactation.




INTRODUCTION

Montana sheep producers have in past years aggressively pursued in.creased
efficiency by maximizing the kilograms of clean wool and lamb weaned per ewe, while
maintaining sheep genetically suited té the environment. This was acbomplished partially
by increasing number of lambs born per ewe. However, as lambing rate increases, lamb
mortality also increases (Jordan et. al., 1988). To achieve the maximum increase in
efficiency, research is needed to identify new technologies that can be implemented into
traditional management strategies. One of the few remaining areas where Montana
producers could increase efficiency is to irlcrease lamb survivability in early life (Kott and
Thomas, '1987). Alfchough positive resqlts have been reported (Burfening and Kott, 1987;
Thomas and Kott, 1995) from past reseach on winter supplementation programs to
decrease lamb mortality, few researchers have explained the pﬁysiological changes that
occurred. Current research needs to address the physiologic and endocrinologic changes
associated with these winter supplementation programs. Hypothetically the increase in
lamb survivability may be due to increased birth weights minimizing body-heat loss,
additional brown adipose tissue ma7lcimizing thennofégulation of cold¥stressedv_ newborns,
or improved immune response by optimizing the passive transfer system. The objectives
of this project were to examine several physiological and endocrinological parameters that
may be influenced by different winter supplementation programs. Specifically we were

interested in how physiological changes in the ewe affect the passive transfer system.
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LITERATURE REVIEW
Pregnancy

Pregnancy in sheep causes progressive chaﬁges in the partitioning of nutrients to
meet the needs of the developing conceptus. Bazer et. al. (1589) suggested the conceptus
influences its development from the earliest stages of gestation by secretion of ‘hon‘nones
and growth factors into the lumen of the uterus. After placental attachment, manipulation’
of the maternal environment occurs by secretion of hormones directly into the maternal
circulation (Bassett, 1992). There is disagrevement over the leﬁ’e;:t pregnancy has on feed
intake. Rattray (1992) stated pregnancy appears to cause a 1.'edu.ction in intake ot" some
forages. Forbes (1986) and Weston (1988) concluded the changes observed could neither
be completely explained by restriction of space in the abdominal cavity or the endocrine
changes associated with late pregnancy. Lindsay (1971, 1973) attributed the two-fold
increase in glucose production during pregnancy to increased food int_ake (higher
precursor availability) coupled with increased liver size. Excretory nitrogen, in the form of
urea and ammonia, crosses the placenta by diffusion (Faulkner, 1983). Howevér, there is
insufficient evidence to determine what role it may play in nitrogen fecycling in the ewe.
As acidic acids are not excreted, it has been assumed transamination occurs in the fetﬁs
and the requirements for different amino acids modifies due to different growth rates of

various fetal organs (Faulkner, 1983).
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Fetal Glucose

The most readily recognized modification is glucose conservation for preferential
placental uptake. Weekes (1991) stated tissue glucose uptake occurs by two mechanisms,
insulin-mediated glucose uptake (IMGU) and non insulin-mediated glucose uptake
(NIMGU). Muscle and adipose are the two primary glucose dependent tissues in the
ruminant. As the placenta is a NIMGU organ (Hay et. al., 1988), insulin is not necessary
to facilitate gluéose uptake; Therefore, when glucose and insulin concentrations are low,
the placenta has preferential use of available plasma glucose.

The pregnant uterus may account for up to 70 % of total glucose turnover in the
pregnant ewe (Silver, 1976). Forty to fifty percent of absorbed glucose is utili}.ed by the
fetus and the remainder by the uterus (Faulkner, 1983). Thirty to fifty percent of the
glucose absprbed by the placenta is ;:onverted to lactate (Girard et. al., 1979). There is no
acti\;e gluconeogenesis in the fetus until Mediately after birth (F aulkner, 1983).

The fetus and placenta, which are washed by fetal blood (Basset et. al., 1985;
Bassett, 1986; Hodgson et. al., 1991), are highly dependent on maternal plasma glucose
concentration. The rate of glucose transfer is related to the gradient between the maternal
and fetal portions of the placenta. Therefore, utilization of glucose by fetal tissues has a
large impact on glucc.>sé transfer. Consequentiy, the concentration of insulin in the fetus
plays a prinéiple role in the regulation of glucose transfer from maternal circulation
(Bassett, 1992).

Warnes et. al. (1977) reported high cbncentrationé of glucagon in fetal pancreas

and plasma, but glucagon was unresponsive to changes in plasma glucose concentrations.
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Fetal growth hormone levels rose during hypoglycemia and fell during hyperglycemia, but
cortisol was unresponsive (Faulkner, 1983). Shelly et. al. (1975) found infusion of

adrenaline caused a rise in-glucose concentrations.

Fetal Lipid

Faulkner (1983) stated most fetal lipids are synthesized from acetate and glucose
in fetal liver and adipose tissue. Fetal lipids accumulate early in gestation %md reach
maximum levels several weeks before birth. Vernon (1980) found the rate of lipid
synthesis from glucose in the fetus is twice that in the adult.

Most peripheral and abdominal lipid tissue consists of brown adipose tissue.
Subcutaneous fat, mainly white adipose tissue, regresses in late pregnancy. Fetal
utilization of white adipose tissue is hastened by maternal starvation in late pregnancy. As
a result, concentrations of essential fatty acids are low in the fetus. |

Glycogen stores in the fetal liver and skeletal muscle tend to increase throughout
prégnancy. ‘Fructose may act as a carbohydrate store since glucose is converted to
fructose, with no conversion back. However, the enzymes required for fructose
metabolism develop at birth, and most are excreted through the kidneys (Ballard and
Oliver, 1965). Girard et. al. (1979) stated ewe starvation results in a shift from glucose to

amino acid metabolism, with mobilization of glycogen and lipid reserves.

Placenta

Similar to the transfer of glucose from mother to fetus, glucose uptake by the
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placenta from fetal circulation is regulated by concentration and number of transportef
sites, and is not dependent on insulin (Di Giacomo and Hay, 1989; Hay, 1991). Placental
size directly influences growth rate arid subsequent peﬁnatal lamb survival (Méllor, 1983 ;
Bassett, 1986, Hay, 1991). Winter supplementation of ewes in mid-pregnancy may
increase lamb survivability over non-supplemented ewes (Thomas and Kott, 1995). In
extreme cases, reduced cotyledonary weights due to r'nid-gestation'und_ernutrition, may
not be corrected by excess feeding in late pregnancy. This may lead to reduced birth
weight and lamb viability, especially when in young or poor conditioned ewes (Owens,
1985; Vincent et. al., 1985; Geentry and Rattray, 1987). Placental size may aiso influence
milk production (Rattray and Trigg, 1979; Davis et. al., 1980). Differerices observed
between mammary gland sizes in single verses twin lambing 'tlawes may be due to placental
lactogens. Just prior to lambing, the drain of glucos;e by the developing fetus and
associated tissues is compounded by the increasing uptake of glucose by the developing

mammary gland.

Maternal Energy Reserves

There .are several progressive change§ that occu'r in the ewe from conception to
parturition that ensure an adequate glucose supply for late pregnancy when fetal demands
are high. In early and mid-pregnancy there isa general increase in energy stores in the
ewe in the form of fat, increased adipoctye volume, and glycogen accretion (Faulkner,
1983). This process is facilitated by a decreased response of adipocytes to the

catecholamines, an increase in the number of insulin receptors, and the lower fetal energy
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drain. During late pregnancy, these stores are important. Several .changes occur during
this period qf the production cycle to enhance the availability of these stores. In the last 8,
4, and 2 weeks of gestat.ion, the fetus gains the equivalent to 85, 50, and 25 % of'its final
birth weight respectively (Robinson, 1983). During the last third of pregnancy there is a
steady reduction in the capacity for lipid synthesis and a decreased sensitivity of
adipocytes to insulin. Increased sensitivity of these cells to the lipolytic activity by the
beta-adregnic agonists (Verﬂon et. al., 1981; Guesnet et. al.,v.1991) and a decrease in
plasma insulin levels (Faulkner, 1983) result in increased circulating free fatty acids, B-
hydroxybuterate, and ketones (Guada et. al., 1982). ‘Bassett (1992) stated that an increase
in plasma growth hormone often follows lipid mobilization in late pregnancy. Increased
free fatty acid concentrations well prior to hypoglycemia, indiéate a shift in the balance of
substrates used by maternal tissues (Mellor et. al., 1987). This process is associated with

decreased plasma insulin and increased plasma growth hormone (Bassett, 1974). Bassett

(1992) reported the increase in growth hormone only occurred near paﬁition and there' -

was nc; signiﬁcant relationship during the last six weeks of pregnancy and the total weight
of lamb born per ewe. Lamb birth weights were negatively correlated with mean plasma
glucose and plasma insulin and positively c'orrelated with mean plasma free fatty acids
(Bassett, 1992). Plasma pancreatic glucagon concentrations were not correlated with
weight of lamb born. He also reported, increased autonomic nervous activity and the
release of catecholamines are the most important chhanism for maintaining
normoglycemia. Part ofthis effect is mediated through glucagon (Cryer, 1981; Gerich,

1988). Adrenaline infusions in late pregnant, fasted ewes resulted in rapid increases in -
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plasma glﬁcose concentrations, with elevated levels maintained‘for.lﬁany hours (Bassett,
1971; Leenanurksa and McDowell, 1985). Noradreﬁaline infusion under these same
conditions increased plasma free fatty acids similar to adrenaline, but onlsl caused a ‘sl,ow,
continuous increase in plasma glucose and insulin concentrations with the addition of
cortisol. Girard et. al. (.1 979) found the contribution of glucose to oxidative metabolism

falls to 30 % in the starved pregnant ewe with increasing oxidation of amino acids.

Maternal Protein

There is also a simultaneous deposition of protein in the liver and muscle.
Faulkner (1983) reported an 8.5 % increase in lean tissue during early and mid-pregnandy.
He also stated in late pregnancy there is 2 mobilization of liver and muscle protein reserves
irrespective of maternal crude protein intake, indicatihg possible horrnonal control. Hay
(1991) reviewed the accumulation of amino acids in the fetal blood due to active transport
by the placenta. Everts _(1_985) reported lamb birth weights have responded to rumen
undegradable protein (UDP). Bassett (1992) stated giuponeogenic amino acids play a role
in modulating glucose metabolism in the utero placenta. Fetal urea synthesis in late
pregnancy indicates that amino acids comprisg 30 to 60 % of fetal oxygen consumption
(Lemans and Schreinér, 1984; Faichney and White, 1987). Ewes appear .to become more
efficient in utilizing digested nitrogen (Faulkner, 1983). Graham (1968) reported when
food intake was reduced by 75 %, urea excretion by the non-pregnant ewes declined.
Howevér, excretion by the pregnémt ewes increased or declined to a lesser extent than the

non-pregnant ewes.
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Physiology

In ruminants, glucoée supply and‘responsiveness to insulin are normally 1imiteci.
The further antagonism of insulin action may offer little additional advantages during late -
gestation as insulin resistance in lafe pregnancy diminishes sensifivity‘to insulih of several
parameters of whole-body glucose utilization (Petterson et. .a.l., 1994). However, |
conflicting data state that late pregnancy has no major adverse effects on the handling of
large intravenous glucose loads by well nourished ewes (Bassett, 1989). It appears that
quantity of UDP had little influence on serum insulin concentrations. Ewes fed
supplements with the highest biological value had the lowest blood insulin levels while
those fed supplements with the lowest biological value had the highest insulin values
(Peterson et. al., 1992). Harmon (1992) reported dietar5; protein is a stronger stimulator
of insulin release than glucose and propibnate and Gambill et. al. (1994) stated without
reservation that the addition of UDP in supplements increased the quantity of crude
protein available for intestinal absorption. Thomas et. al. (1994) reported a linear increase
in body weight gain and serum total protein concentrations in wethers as feather meal

replaced soybean meal. -

Digesta Kinétics

The degradation of true dietary protein in the rumen declined by about 50 % and
protein digestion distal to the stomach increased by 20 % from conception to late
pregnaﬁcy (F aichney and White, 1988). There was a highly significant (P<.01) increaée in

the flow of non-ammonia nitrogen to the small intestines as pregnancy progressed. These
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researchers also reported a small but highly significant (P<.01) increase in digestibility
distal to the stomach. The amount of microbial nitrogen in the rumen declined during
gestation when expressed in grams and as a proportion of the non-ammonia nitrogen pool.
Microbial nitrogen flow from the stomach decreased during gestation, and the contribution
of microbial nitrogen to non-ammonia nitrogen leaving the stomach declined by
approximately 40 %. Water intake increased during late gestation (Faichney and White,
1988) and fluid transit times decreased (Faichey and White, 1988; Coffey et. al., 1989;
Gunter et.. al., 1989). Faichney and White (1988) suggested the low concentrations of
cations indicated by the low osmolarity may have bgen responsible for reducéd microbial

. growth and efficiency. Although net microbial protein synthesis decreased and
degradation of dietary protein in the rufnen was reduced, the net result was an increase in
the digestion of protein in the intestines. This occurs at a time when amino acid supply is
-importapt for fetal growth. Gunter et. al. (1989) reported a reduction in both

gastrointestinal and ruminal mean retention time of 5.8 and 6.3 hours respectively.'

Environmental Temperature

Winter shearing of pregnant, cold exposed ewes has been shown to increase lamb
weight per ewe (Rutter et. al., 1972; Austin-and Young, 1977) and lamb survival rate
(Rutter et. al., 1972). Cartsens (1994) stated that shearing of pregnant éwés increased
feed intake, but subsequent increased lamb birth weight was a conéequence of cold
exposure and not the level of intake (Rutter et. al., 1972; Thompson et. al., 1982;

Symonds et. al., 1986). Thompson et. al. (1982) stated that increased birth weight could
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be a result of increased plasma glucose concentration in the cbld stressed ewe, this is
supported by Stevens et. al. (1990) who reported infusion of glucose into the fetus
resulted in increased bix_th weight. Cold stressed ewes also exhibited changes in glucosg
metabolism, fat mobilization, fatty acid oxidation, respiration rate, and ewe rectal
temperatures (Fennessy and Owens, 1985; Symonds et. al., 1986, 1988; Black and
Chestnutt, 1990). The changes seen in the shorn animal are consistent with those
observed due to increased sympathetic activity (Bassett, 1992). Weekes ‘et. al. (1983) |
stated the elevated sympathoadrenomedullary activity during cold exposure inhibits insulin |
secretion. Samson et. al. (1983) found prolonged gestation and increased cortisol levels in
cold stressed ewes. Glucagon, together with catecholamines and cortic?osteriods; is the
major hormor;e regulating glucostasis during stress, but may depend on the substrates
employed (Weekes, 1991). McBride and Christopherson (1984) found lactation was
adversely affected when cold stressed ewes were required to nurse more than one lamb.
Heat stress reduces lamb birth weights and survivability (Shelton and Huston, 1968;

Alexander and Williams, 1971), due to a reduction in maternal glucose concentrations

(Shelton and Huston, 1968).
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-Lactation

Rattray (1992) postulated feeding during lactation has a greater effect on total
lamb production than feeding during gestation. However, Mellor and Murray (1985a) and
Mellor et. al. (1987) reported undernutrition in late pregnancy retards udder development.
Also, Davis et. al. (1980) determined productivity per unit of udder tissue was similar in
ewes suckling singles or twins. Milk p?oduction from ewes suckling twins may be 20 to
50% higher than that of ewes suckling singlesﬂand production from triplets may be 15 to
20 % higher than twins (Treacher,l 1983; Hough et. al., 1986; Rattray, 1986). Other
factors that affect milk production are the number suckling, level of udder evacuation, and
the suckling stimulus effects on prolactin and oxytocin (Treacher, 1983; Loerch et. al,

1985; Rattray, 1986).

Nutrition

Wher_l Treacher (1970) held ewes at the same weight for the last trimester, these
ewes produced milk with higher concentrations of fat and protein and decreased lactose
on days one and three than ewes gaining normally. He explaiped this as a slower onset of
lactation with persistence of milk with colostrum-like characteristics. Live weight changes
in lactation were in the inverse order to gains in late pregnancy. Ewes that gained no
weight during pregnancy gained weight during the first 6 weeks of lactation (Treacher,
1970). Milk yield increased as the digestibility .of crude protein fed decreaséd. Live weight

gain during the last 8 weeks of gestation was affected by protein level. Net body weight
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change was affected by level and @e of protein fed (Forbes and Robinson, 1967). Ewes
on lower levels of protein int_ake during pregnancy tended to lose less weight during
lactation thgn those on the higher levels. Ewe live weight loss during early lactation, lamb
growth rates from birth to 3 weeks, and ewe milk yield tended to decrease with decreased
protein intake during pregnancy (Robinson and Forbes, 1967). Cows fed a diet high in
UDP prepartum ﬁroduced milk containing a higher mean percentage of protein (Van Saun
et. al., 1993). However, the diets were not isonitrogenous for total crude protein intake,
and it is therefore risky to conclude thé variation observed was due to differences in
rumen degradability. Also, pre’pa.r,tum body weight gain and milk production increased
quadratically in response to an increased prepartum crude protein intake. Sahlu et. al.
(1995) reported milk fat, protein, and SNF were affected quadratically by increased

prepartum crude protein intake.

Physiology

There are several fundamental differences between maintenance of glucose
homeostasis in pregnancy and lactation, primarily due to a continual decrease in insulin
concentrations despite normoglycemia. During lactation in sheep, insulin at physiologibal
levels failed to stimulate net glucose utilization (Vernon and Taylor, 1988) or acetate
utilization for fatty acid synthesis in adipose tissue (Vernon and Finléy, 1988). The ability
of insulin to increase lipogenesis (Vernon and Finley, 1988) and activate the lipogenic
enzyme acetyl-CoA carboxylase was blocked by somatotropin in adipose tissue (Vernon

et. al., 1988). This causes a repartitioning of nutrients away from the peripheral tissues
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(NIMGU). The response to catecholamines is enhanced during lactation in sheep (Vernon
and Finley, 1985). The ability of high producing cows to maintain elevated glucose output
with reduced cortisol levels, suggestslcortisol has only a small role in the glucose
homeostasis of lactating cows (Weekes, 1991). The rate of lipolysis is regulated by the
availability of the blood carrier albumin. The saturation of the garrier binding sites leads to
an accqmulation of fatty acids in the adipocyte and a decrease in the rate of lipolysis
(Vernon and Peaker, i983b). Intake of the lactating ewe will increase and peak at week 5
or 6 (Bocquier et. al., 1987). Peak milk producﬁon usually occurs during week 2 or 3
(Rattray et. al., 1982; Treacher, 1983; Rattray, 1986). Rattray (1992) concluded that
lipolysis is stimulated by noradrenaline levels and the rate is dependent on ﬁdipocyte cell

volume. .
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Immunology

Brambell (1969) determined syndesmochorial placentation in the ruminant animal
prevents transplacental transfer of antibodies during gestation. Because of this type of
placentation, the ruminant fetal immune system is immature at birth in comparison to
other species. Offspring of ruminants are bbm agammaglobulinemic. It is not until six
months of age that calves will have immune responses similar to the adult ruminant.
Newborns are, therefore, dependent on the colostrum of dams to provide passive
immunity. Halliday (1978) stated there are three main antibody classes in sheep: 1)
immunoglobulin M (IgM) is a macroglobulin produc;ed early in the immune response; 2)
immunoglobulin A (IgA) is preferentially secreted by various glands and secretory IgA
plays a major role in the defense of the digestive and respiratory tracts; 3) the prinéipal
immunoglobulin of serum and the major component of colostral immunoglobulins is

immunoglobulin G (IgG).

Mortality

The technology currently exists to substantially increase the proportion of ewes

giving birth to multiple lambs. However, as lambing rate increases, mortality rate also

increases (Jordan et. al., 1988). Safford and Hoversland (1960) ‘repofted the total death

loss of lambs from birth to weaning in 1952 through 1954 was 23.5 % of the lambs born.
Autopsies were performed on 14.7 % of these lambs to determine the cause of death.

Lamb deaths attributed to predation were not included in the autopsy results. Seventy-

1LY
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two percent of the deaths could be classified into 5 major categories.v These were
pneumonia (16 %), unknown (15.8 %), stillborn (14.3 %), starvation (13.8 %), and
dysentery (1 18 %). The remaining 28 % were due to delayed birth, enterotoxemia,
prepartum death, liver rupture, and anomalies. Of the lambs that were examined, 56 %
died in the first 3 days of life and 73 % in the first 5 days. In a more recent study, Kott
and Thomas (1987) reported the percentage of lambs weaned in Montana increased by 17
% between 1967 and 1984. During this peridd, there was a small decease in lamb |
mortality. They stated the major causes of death for lambs in 1982 through 1984 were
predation (35.5 %), weather (30.6 %), disease (9.1 %), .‘and’ lambing complications (8.9
%). They concluded most of the deaths could be corrected by implementing improved

management strategies.

Mammary gland

- Campbell et. al. (1977) stated during the latter part of gestation the concentration’
of serum Ig’s decréase due to their transfer to the mammary gland. This accumulation
begins 12 days prepartum and ;eaches high levels 3 d before lambing. Colostrum yields
fr‘om>each teat are very similar, and therefore the amount of colostrum lambs obtain from
suckling one teat are strongly correlated with the amount obtained by milking the other
teat (Halliday, 1978). However, there are usually enormous variations in total yield of
colostrum and subsequent Ig concentrations within any group of ewes.

Approximately 80% of colostral imfnunoglobulin is subclass IgG, specifically IgG,

although all subclasses of immunoglobulin are present in colostrum. Initially, the
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immunoglobﬁlin in mammary secretion was believed to be of . two origins. It was thoﬁght
to be serum derived or produced locally by lymphoid cells found near the glandular
epithelium. Applied research resolved that the majority of immunoglobulin in colos&um
-is serum derived. Smith et al. (1946) determined colostral immunoglobulin was similar to
‘serum-globulin with respect to size, electrophoretic mobility, and precipitation
characteristics. Larson and Kendall (1957) reported a decrease in serum-globulin levels as
cows near'cé.lving. Dixon (1961) also reported a decrease in serum-globulin
corresponding with a proportional accumulation in colostrum near calving.

The transfer of immunoglobulin, Speciﬁcally IgG,, from dam serum into the
mammary gland is selective (Brandon and Lascélles, 1973). However, ’igGl, is the only
immunoglobulin selectively transferred from serum to colostrum. The transfer of IgG, is
active, selective, and receptor-mediated. The IgG;, diffuses from the blood a;:ross the
Vasculaxj epithelium and is l;ound by specific IgG;-Fc receptors on the basal membrane of
the mammary secretory epithelium. The IgG; is then taken up by micro pinocytotic
vesicles that transverse the epithelial cells which secrete the IgG; into colostrum. The
number of IgG,-Fc receptors incr_eases dramatically during colostrum formation,
accounting for the selective transfer of IgG, (Sasaki et al., 1977).

Colostral immunoglobulin concentrations are 5 to 10 times greater than seruxﬁ
concentrations. The IgG concentrations in colostrum, however, are extremely variable.
The average concentration is 160 mg/ml of colostrum (Halliday, 1978). Long gestations .
are correlateci with increased immunoglobulin concentrations in the mammary éland prior

to birth, while decreased colostral IgG concentrations are associated with premature
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births. Gilbert et. al. (1988) found a linear increase in colostral IgG, with increased litter
size and higher concentrations of IgG; in yearling colostrum. They concluded this wasa

function of a similar mass of Ig in a smaller volume.

Lamb immunology

Consumption of dam colostrum by newborn ruminants confers near adult levels of
immunogbbulin immunity (Newby and Bourne, 1977). Colostrum protects young from
septicemia, and enteric and respiratory infections. However, to be effective, colostral
consumption must occur within the first 24 to 48 hours of life prior to closure (Besser,
1994). Closure is a natural process which marks the end of non-specific macromolecular
tra‘nsport of immunoglobulin across the epithelium of the small intestine in the calf. To
confer protective immunity, enough colostrum must be consumed by the calf to allow for
calf serum concentrations to reach > 10 mg/ml. |

Halliday (1978) reported when lambs were fed at 1 and 7 hr, those lambs which
obtained high concentrations from the first feeding absorbed relatively little from the
second feeding. Absorption of Ig from colostrum is a non-selective process and is
affected by many factors. Concentrations tend to be positively correlated to gestation
length and negatively correlated to vﬁth dam’s serum and 1itfer size. Holliday (1978)
reported colostrum production does not increase sufficiently with the number of lambs
born to compensate for the greater needs of multiple litters. Howe\}er when large amounts
of colostrum are produced, the concentration of Ig is relatively low, but more Ig is

available. Also, lamb vigor plays an important role in increasing absorption. Transfer of
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Igis lower from ewes with their first litters due to incomplete mammary development and
inexperience in lambing. Furthermore as the date of lambing in the spring advances, the
concentrations obtained by lambs declines. Gilbert et. al. (1988) reported similar results
and indicated most of the variation ;.ssociated with day born could be explained by
changes in maximum temperature. Halliday (1978) stated that no connection between
lamb serum or colostrum copcentrations of Ig or subclasses of Ig and survivability could
be made as the antibodiés need to be relevant to the local disease situation.

Gilbert et. al. (1988) reported low correlations between serum IgG1
concentrations at 36 hr and performance of surviving lambs through increased disease . .
susceptibility. Conversely, McGuire et al. (1976, 1983) reported increased susceptibility
to disease and death loss has been associated with low serum immunoglobulin
concentrations in newborn lambs and calves. Incidence of disease is related to failure of
passive transfer of immunity at birth. Failure of passive transfer is often due to
management factors (ie. newborn does not suckle) and(or) age of dam at parturition..
Age of dam is a limiting factor in that mammary development is not as great in yoﬁnger

dams (two year olds) as in mature dams.

Nutrition

Strategic short-term supplementation using protein meals is an effective way to
increase the nutritiongl status of pregnant ewes, and consequently lamb birth weights and
associated lamb survival should increase (Stephenson and Bird, 1992). Burfening and

Kott (1993) found supplementation during the last 21 d of gestation and the first 23 d of
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lactation significantly improved lamb survival and growth rate of lambs born to ewes in
relatively poor body condition. Hdweyer even with these findings, few researchers
speculated in defqil how nutrition influences lamb survivability.

Blecha (1981) reporterd calves from first-calf beef heifers fed a restricted
prepartum protein diet had a reduced ability to absorb IgG from pooled colostrum. .
Holland et. al. (1987) fed a restricted prepartum protein diet to first calf beef heifers with
either an identical twin or full-sib embryo. They reported the restricted intake heifers
produced a smaller volume of colostrum with iligher concentratidns of Ig. When the total
grams of IgG were compared, the amount was similar between the two groups. Also,
calves fed re.stricte;i dam’s colostrum had higher serum concentrations of IgG ana IgM.
Undernutrition in late pregnancy reduces colostrum yield and subsequent secretion rates |
(Mellor and Murray, 1985a, 1985b; Mellor et. al., 1987; Robinson, 1990a). Mellor and
Murray (1985) found that underfeeding ewes reduced colostral yield rBy 79 % at the one

hour postpartum milking with a reduced yield out to 18 hr postpartum.
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Rumen undegradable protein .

Dunn (1986) reported that in any feedstuff there is a portion of the crude protein
unavailable for microbial degradation. This portion, called by-pass or rumen undegradable
protein (UDP), passes through the rumen and is degraded in the lower gastrointestinal
tract. Due to different feed processing methods, tﬁe amount of UDP in feeds differs
(NRC, 1985). The amount of UDP is also dependent on the source of the feed. Animal
by-products tend to have a higher proportion of UDP than plant derived feeds. NRC
(1985) divided proteiﬂ into ;chree categories based on UDP percentage: low by-pass (less

“than 40 %), medium by-pass (40-60 %); and high by-pass (greater than 60 %). o

Murphy et. al. (1992) concluded feather meal is a suitable range supplement as
long as rumen degradable crude protein requirements were met first. Thomas and Beeson
(1977) reported steers fed feather meal ('FM)‘ had decreased rumen ammonia
concentrations and crude protein digestibility than those fed soybean meal (SBM), with no
differences in nitrogen retention. Cozzi et. al. (1995) reported that a lamb fmishir'1g diet
containing a mix of SBM, BM, and FM resulted in a more balanced fermel'ltation pattern
leading to an increase in feed efficiency when compared to a diet were SBM was the only
protein source. Gambill et. al. (1994) stated without reservation that the addition of UDP

in supplements increased the quantity of crude protein available for intestinal absorption.

-. Harmon (1992) stated dietary protein was a potent stimulator of insulin release in

comparison to glucose and propionate. Peterson et. al. (1992) concluded the quality of

UDP had little influence on serum insulin concentrations and feeding supplements with the
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lowest biological value had the greatest influence on insuljn concentration. McFaddin et.
al. (1996) reported a decrease in kg of lamb Weaned when ewes were supplemented on
New Mexico range with a UDP supplement compared to a RDP supplement. Appeddu et.
al. (1996) reported cows fed a UDP supplemeﬁt repartitioned nutrients away from milk
production in early lactation as calves from these cows had lower weights throughout the
study. This reduced cow body weight loss and increased the number of cows rebreeding
during the first 21-d breeding period. However, no advantage was realized over the entire
breeding period. When cows were fed 4.5 kg of hay on winter range and supplemented
with either a SBM-based supplement or a SBM-based supplement that was 13 % FM, the
addition of FM reduced body weight los§ (Murphy et. al., 1992). However there was no

difference when winter range was the sole source of forage.

MSU Research

Miner and Peterson (1989) suggested that BM increased fermentation rate by
supplying a slow release of amino acids or carbon chains that stimulated microbial activity.
Wiley et. al. (1991) concluaed that cows 'fed a UDP supplement had increased postpartum
weight gain and reduced postpartum interval. Hoagland et. al. (1992) increased blood
albumin, protein, glucose, and blood urea nitrogen concentrations, wool growth and ewe
body weight change by feeding BM compared to urea and SBM. Padula et. al. (1992)
concluded ewes consuming a low quality rgughage should be fed a high starch
supplement. Also, protein utilization was improved by feeding a high by-pass supplement

when the primary source of carbohydrate available was cellulose. Schloesser et. al. (1993)
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reported substitqting SBM with BM failed to show any enhancement of the nutritional
gtatus of pregnant ewes. Soder et. al. (1993) reported protein supplementation had no
effect on fecal output or forage dry matter intake when ewes were grazing winter range.
Thomas et. al. (1994) determined a linear increase in body weight gain and serum totai
protein concentration as FM replaced SBM in a diet fed to wethers. Roeder et. al. (1996)
reported ewes fed a diet high in UDP showed few additional advantages over ewes fed a
more conventional diet containing SBM. Thomas and Kott (1995) summed several years
of winter supplementation research by concluding protein supplementation was of little
value unless ewes could not afford to lose weight, needed to gain weight, or winter
weather reduced forage intake. Substitution of SBM of alfalfa based supplements with
UDP supplements, such as BM or FM, was recommended only when an advantage in cost

per unit protein was realized.
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EXPERIMENTAL PROCEDURE

Beginning in March, 1995 a trialn was conducted at the Montana State University,
Ft. Ellis Research Ranch near Bozeman, Montana. At shearing, fifty-eight mature (3 to 5
y of age) Targhee and Columbia ewes carrying twins were stratified by breed and '
randomly allotted to one of three treatment rations. Fetal numbers were estimated using
real-time ultrasoﬁnd diagnosis. Feeding of rations began approximately three weeks
prepartum in March of 1995. All ewes were individually fed both hay and concentrate

portions of the diet.

Rations
In the moming (0630 h), ewes were fed either .42 kg of a restricted (RES), .42 kg

‘ of a soybean meal (SBM), or .37 kg of a blood meal-feather meal mix (BM-FM)
concentrate (Table 1). After all ewes had consumed their supplement (at approximately
0715 h), they were. reléased into a large dry-lot with écc_:ess to water and a trace |
mineralized \salt.. In the evening (1800 h), ewes were sorted, penned, and individually fed
an 8 % crude protein, long sterﬁ, alfalfa-grass hay at a rate of 1.8 % of body weight (Table
2). Pens were cleaned and refused hay Waé collected and weighed. Refused hay was
composited daily by feed group and reweighed afier one week of collection as a quality
control measure. For every 1000 g of refused hay, 100 g was taken as a sub-sample fpf
matrient analysis. Following parturition, ewes were group fed 2.3 kg'hdd of the alfalfa-

grass hay and .45 kg'hd™'d barley. Ewes were fed in groups of twenty based on
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parturition date alone.

Concentrates were formulated so that ewes total diet met either 75 % for RES or
100 % for SBM and BM-FM of NRC (1985) CP requirements for ewes during the last
four wk of gestation _(180 to 225 % lamb rate expected). All diets provided 100 % of the
NRC requirément for DE and a minimum of 100 g/d RDP, while UDP intake varied. The
RES and BM-FM diets were formulated to be isonitrogenous for ;co;cal crude protein
intake. After fomllulation, hay and concentrate samples; were ground through a Imm
screen in a Wiley mill and analyzed for DM, ash, CP, (AOAC, 1984) and ADF (Van Soest
and Wize, 1967) and ADIN (Goering and Van Soest,' 1570). Crude protein of the
concentrates were 11, 24, and 26 %, while UDP percentages were 32, 34, and 61 for
RES, SBM, and BM-FM respectively. The amount of BM-FM concentrate fed was

adjusted to .37 kg to achieve correct protein intakes.

Ewes were weighed and body condition scored on two consecutive days at the
beginning of the trial. Body condition was based on a scale of 1 to 5 with a score of oﬁe '
designating an emaciated ewe and 5 designating an obese ewe (Russel et. al., 1969). -
Weights and condition scores were taken weekly to 3 wk postpartum and at turnout to
summer range (approximately one month postpartum).

Ewes were bleed weekly through‘parturition; Blood samples were collected via
jugular puncture (Lindsay, 1978) using nonhepranized vacﬁtainers. Serum samples wére

analyzed for total protein (TP), creatinine (CRE), urea nitrogen (BUN), albumiri (ALB), .
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and glucose (GLC). A serial bleed was conducted approximately one week prior to the
start of lambing. Six ewes were randomly selected ‘ﬁ'or.n each group and bled one hour

preconcentrate feeding via jugular punctﬁre. Ewes were bled hourly for a ten hr period
and samples were analyzed for i\nsulin and growth hormone.

At parturition, lambs ‘were immediatels' séparated ﬁém their damé—. Colostrum let
down was artificially stimulated by intra jugular injection of 2 ml of oxytocin (Hatfield et.
al., 1993) and ewes were hana milked. Only data from ewes that had not been suckled
prior to sampling were included in this portion of the trial. Colostrum volume was
measured and 60 ml samples were taken for fat, protein, lactose; and SNF analysis. At 21
d of age, lambs were removed and milk let down was again artificially stimulated with
oxytocin. Ewes were hand milked and samples were collected for fat, protein, lactose,

and SNF analysis.

Lambs

Lambs were separated from their dams until colostrum samples were taken. A

maximum of sixty ml of colostrum was fed to each lamb using an esobhageal tube. Date

of birth, time of birth, sex, birth weight, and amount of colostrum fed §vas recorded for
each lamb. Lambs were given .5 ml of Bo-Se and navels were clipped to 7.5 cm and
dipped in a 7 % iodine solution. A 2 hr lamb watch was maintained during the lambing
period. Ewes and lambs were reunited after lambs Wére tubed. Lambs were ear tagged
and Columbia rams were castrated. All dead lambs were autopsied and cause of death

determined.
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Statistics |

Analyses were conducted using the GLM procedure of SAS (19.88). The model
used for ‘analysis.of all traits included the fixed effects of ration and breed of ewe. Date of
parturition was included as a covariate in the analysié. Prepartum blood metabolites were
analyzed using the split-plot-in-time.' Because no treatment by time interaction was
detected, a mean value for each ewe was calculated and analyzed using GLM. All two-
way interactions were evaluated and if nonsignificant Were removed from the model.

Least significant differences were used to determine individual mean differences when F-

values were significant (P<.1).
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RESULTS AND DISCUSSION

Total feed intakes did not differ (P>.10) between treatments (Tabie 3). Total DM
intakes were 1728.2, 1737.4, and 1657.4 g/d for RES, SBM, and BM-FM respectively.
The reépective total CP intakes for RES, SBM, and BM-FM were 164.9, 223.7, and ."21,8.6 ‘
g/d. Expressed as a percentage of NRC requirements, they were 77.1, 104.5, and 102.1
- % for RES, .SBM, and BM-FM respectively. Diets were formulate& to be approximately
75 % forage and 25 % concentrate (Table 4). Crude proteins expressed as percentages of
thé diets. were 8.9, 12.0, and 12.3 % and ADF’s were 29.7, 31.4, and 33.0 % for RES,
SBM, and BM-FM respectively. RES and SBM had 5.2 Mcals of DE, while the BM-FM
diet had 4.8 Mcals. All rations provided a minimum of 100 g/d of RDP (Table 5). The
SBM and BM-FM were formulated to be ispnitrogenous\ for total CP intai'ce and yet differ
By a minimum of 20 g/d RUP. While RES and BM-FM were balanced to provide equal
amounts of RDP and differ in total CP intake.

Body condition scores (BCS) for RES, SBM, and BM-FM ewes were 3.0, 3.0,
and 3.1 respectively when taken 3 wk prior to .lﬁmbing. The BM-FM ewes had higher -
(P<.1) BCS at birth than either RES or SBM (Table 6). As there was no clear trend in the
data, these results were noted with caution. Ration treatment had no effect (P>.10) on
BCS in the three weeks from birth to peak lactation. A significant treatment by breed
interaction occurred when ewes were body conditioned at turnout to summer range.
Columbia ewes fed BM-FM diet prepartum had higher (P<.01) BCS ;1t turnout (Table 7);

however as there was no definite trend in the data, this finding was considered to be more
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a function of chance than a treatment effect. By weaning, most ewes 'had attained a BCS
similar to the 3 wk prepartum scores. Treatment had no effect on BCS change (Table 8).
The RES, SBM, and BM-FM ewes lost 0.66, 0.64, and 0.53 BCS points from 3 wk prior
to lambing to birth. Approximately one third of this loss or 0.2 points was lost due to
dehydration in the lambing procéss, as all groups gained back BCS points the week
following lambing. All treatment groups had a net loss of BCS to peak lactation with
RES, SBM, and BM-FM losing 0.18, 0.23, and 0.44 points respectively. All treatment
groups either remained constant or géined a slight Varlnount of body condition from peak
lactation to turnout. The net respeptive gains in BCS points from birth to weaning for
RES, SBM, and BM-FM were 0.46, 0.47, and 0.41. Howeyver, a treatment by breed
interaction was detected from day +21 to turnout for BCS change (Table 9). This appears
to be a carryover effect detected in Table 7 and was considered a function of chance.
‘Ewe body weights at 3 Wk‘ prior to lambing for RES,' SBM, and BM-FM were
71.9, 71.4, and 71.6 respectively (Table 10). Treatm'e‘nt had no effect on ewe body weight.
Ewes lost an average of 13.5 kilograms at birth. This agrees well with Forbes and
Robinson (1967) who reported an average weight loss at birth of 13.9 kilograms. Ewes
fed the BM-FM diet lost less weight than SBM ewes in the week prior to birth and less
weight in the last three weeks of pregnancy than ewes fed the restﬁcted diet (Table 11).
Forbes and Robinson (1967) reported an averége ewe weight loss during the first three
weeks of lactation of 4.9 kilograms compared to 6.2 kilograms for this study.
This work supports the data reported By Thomas and Kott (1995). They

suggested feeding a high UDP supplement in mid-pregnancy will decrease ewe weight loss
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when ewes are in poor condition or winter weather severe. They, however, reported no
advantages in feeding ewes in good condition a high UDP protein supplement over a SBM
supplement. The increase in weight associated with the time period just postpartum was
due to the fact that the ewes were considerably dehydrated during birth. Ewe weights at
-parturition were recorded only after they had been milked dry and fetal membranes
expelled. The loss of ewes frqm the data set for weight and condition score calculations
was primarily dué to the ewes losing one or both of the suckling lambs.

Both level and type of protein fed affected prépartum blood metabolites (Table
12). Thomas et. al. (1988) reported blood metabolite concentra’;ions for the last four
weeks of gestation. Total protein, albumin, and globulin concentrations were ‘6.6,.3.7, and
2.8 g/dl respectively. Blood urea nitrogen and glucose were 28.5 and 69.7 mg/dl. Most
concentrations repoﬁed in this study agree with these findings. Lower blood urea
nitrogen levels (28.5 vs. 9.9) can be explained by the increased nitrogen utilization of ewes
carrying twins as described by Graham (1968).. Sahlu et. al. (1995) determined plasma
urea concentrations in goats fed increasing levels of protein increased quadratically, a
response not observed in this study. |

Albumin was higher (P<.05) in SBM and BM-FM than RES. However no
speculation was made as numerous physiological factors impact this metabolite.

Sahlu et. al. (1995) also reported no time by treatment interaction of increased
protein intake on total bloo& protein. Even though 'ghere was no interaction, serum total

protein was higher (P<.05) in SBM and BM-FM than in RES ewes. However, the

increase in total blood protein is probably a function of augmented circulating amino acids
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absorbed from feedstuffs in the BM-FM ewes. Elevated levels of total blood protein in
the SBM ewes could be explained by incréased microbial outflow from the rumen; because
SBM ewes, who had the highest total RDP intake, had the highest (P<.05) BUN |
concentrations. Blood.urea nitrogen was lowest (P<.05) for RES ewes and BM-FM ewes
had a BUN concentration intermediate to tl;e other two diets. As RES and BM-FM were
isonitrogenous for RDP, the difference in BUN levels may be attributed to increased |
hepatic catabolism of absorbed amino acids in ewes fed the BM-FM diet. This would
indicate that in these late-pregnant ewes energy was more limiting than protein.

In contrast with this study, Stephenson and Bird (1992) reported lower
concentrations of glucésé in ewes fed a high RUP diet. Also in disagreement, Sahlu et. al.
(1995) concluded creatinine increased quadratically as protein intake increased.

Previous researchers (Robinson and Forbes, 1967; Treacher, 1970; Melior and
Murray, 1985) concluded that restricted nutrient intake prepartum negatively influenced
lactation. In contrast, -reduced cdlbstrqm volume in RES ewes was not observed (Table
13). HConﬂicting results could be due to a higher level of protein intake and shorter period '
of nutrient restriction in this study. Thomas et. al. (1588) reported an average of 883 ml |
of colostrum from the first milking, while P;clttinson et. al. (1995) had an average of 762 g.
Using a density of 1.14 for colostrum calculated from this study, 762 g would be
equivalent to 870 ml. Low colostrum production in this study could be attributed to
breed. Thomas et. al. (1988) used a Finn/Targhee cross and Pattinson et. al. (1995)
research Was conducted with Suﬁ'olk/Cafnbridge ewes. However, all three studies agree

there is a large degree of variation in the volume of colostrum accumulated prepartum.
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- Thomas et. al. (1988) determined the protein percentage and total grams of protein
in the first milking were 18‘.3 and 160 respectively (Tables 13 and 14). With a protein
.concentration of 21.8, the findings of this study agree well. However, the average total
grams of proteih secreted in the first milking in this study was only 32.3 g compared to
160 g. Most of this variation can be explained by the large difference in volume. Thomas
et. al. (1988) also reported a fat concentration of 16.0 percent, which agrees with the 18
percent average recorded for this study (Table 13).

The increased (P<.05) concentration of protein and SNF in the colostrum of BM-
FM is probably a functi;)n of similar amounts of metabolites in a smaller volume and is in
agreement with Holland et. al. (1987) and Gilbert et. al. (1988). Although the BM-FM
ewes secreted approximately half the total grams of protein (Table 14), there was no
treatments effect.

Ewes fed the BM-FM diet tended to have a higher (P<. 1’_7) concentration of IgGin
their colostrum (Table 14). As approximately half of the protein in colostrum is
comprised of immunoglobulin protein, a higher colostral protein concentration might
indicate elevated levels of immunoglobulin. The average colostral IgG concentration of
187 mg/ml reported in this sfudy is higher than most levels reported in the current -
literature. However when converted to a total grams of IgG produced on a dry ﬁxatter
basis, the average of 26.4 g is lower than other studies. Thomas et. al. (1988) reported a
concentration of 61.3 mg/ml and a total production of 49.3 g of IgG. Pattinson et. al.
(1995) and Gilbert et. al.‘ (1988) reported concentrations of 116 and 69 mg/ml

respectively. As ewes on this study secreted only half the volume of colostrum in the first

L
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hour when compared to other studies, the elevated levels of IgG may again be a function
of a similar mass in a smaller volume. Although the total grams of 1IgG reporfed for fhis

“study is approximately half that found by Thomas et. al. (1988), they make no mention of |
conv‘erting to a dry matter basis. With colost@ being between forty anci fifty peréeﬁt dry
matter, the nurhbers would be comparable.

Lambs born to ewes fed the BM-FM diet prepartum had higher (P<.‘055
concentrations of serum IgG at three d than RES (Table 15). This agrees with Holland et.
al. (1987) who found that calves nursing cows with higher concentrations of IgG in their
colostrum had significantly higher levels of serum IgG. Blecha et. al. (1981) reported that
calves born to cows fed a prepartum diet deficient in.protein had a reduced ;lbility to
absorb IgG from colostrum. One major difference between the Holland and Blecha study
was that Blecha fed pooled colostrum. As more research is currently in progress on how
other colostrum metabolites influence absorption, Blecha results may be misleading. It is

quite possible that another colostral component may facilitate absorption of IgG. We
alreédy know that restricting nutrient intake in late pregnancy reduces the total colostral
volume, but elevates the concentration of the metabolites. By feeding pooled colostrum, a
researcher would inadvertently remove a natural process that allows the newborn to
compensate for an inadequate volume of colostrum.

“The average lamb serum IgG concentration of 61.3 mg/ml is in agreemeﬁt with the |

current literature. Gilbert et. al. (1988) found an average serum IgG concentration of 31.3
mg/ml. Our study supports Gilbert et. ’al. (1988) who found no difference in serum IgG

concentration between male and female lambs taken at three d of age. They indicated
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there was a low correlation lamb serum IgG concentration at.three days of age on dam’s
colostral concentration. They also reported a decline in lamb serum IgG as the lambing
season progressed and a low but positive correlation between lamb serum IgG
concentration and weaning weight. Due to the large number of observations u§ed in the
study, they were able to.conclude the heﬁtabiﬁty of colostral IgG concentration was .19.
These_ researchers did nof find a difference in colostral concentration of IgG between
‘Targhee and Columbia ewes. Contrary to their study, we observed a mean concentration
of 167 and 207 mg/ml for Targhee and Columbia respectivély.

A treatment by amount of colostrum fed interaction was detected with the lamb
serum IgG concentrations at three days (Table 16): Suckled lambs were lambs which had
already removed the wax plug from the teat before separation was possible. With the
other two groups of lambs, the ewes were milked out completely at ‘bir'ch. If the ewe
secreted enough colostrum for both sampling and tubing, the lambs were given a
maximum of 60 ml of colostrum. - Eleven ewes in this analysis did not secrete e;nough for
both and the lambs were placed back with their dams without receiving any first hour .
colostrum. These lambs did have ad libitum access to the subsequent colostrum. An
important factor to note is there was no difference in the serum concentrations of IgG at
three d between lambs that naturally supkled and those that were tubed. Some concern
was expressed prior to the study that a reduced ability to absorb IgG due to tﬁe fact that
tubing might not activate the esophageal groove clo§ure reflex. Even though the lambs
were immediately placed back on the ewe, lambs not receiving any first hour colostrum

had lower concentrations in the RES and BM-FM groups. Another interesting note is that

(
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lambs from ewes fed the RES diet tended to have lower concentrations of serum IgG at
three days. This readily supports Blecha et. al. (1981) who reported reduced abiiity of
calves to absorb colostral IgG v‘vhen born to dams fed a protein restricted diet. However,
further research and a larger sample size is needed to before solid conclusions can be
reached.

Milk protein from ewes fed SBM and BM-FM were similar (P.>1), but Wefe
higher (P<.1) than RES (Table 17). Reduction of milk proteiﬂ in ewes fed a restricted diet
prepartum is supported by Robinson aqd Forbes (1967). Contrary to our study, Van Saun
et. al. (1993) reported increased milk protein when cows were fed a high UDP prepaftum-
diet. Conflicting results could possibly be attributed to the fact that in our study, diets
were isonitrogenous for total crude protein intake (SBM and BM-FM). However, no
differences where detected in the total grams of 21 d milk metabolites when converted to a
24 hr production period. This data demonstrates the importance of converting colostrum
and milk metabolites to a dry matter basis for final evaluation of treatment effects.

Three ﬁeek lamb weights were slightly lower (9.4 vs. 7.3) than those reported by
Forbes and Robinson (1967) (Table 18). Treatment had no effect on individual lamb
weights at birth, 21 d of age, or weaning. However, a treatment by breed interaction
occurred at turnout to summer range (Table 19). The lambs from ewes fed the SBM diet
prepartum had the lowest individual weights during this time period. Again as there was
no clear trend in the data, this was considered a function of chance instead of a treatment
effect.

Figures 1 and 2 display the results. of the 10 hr serial bleed. No differences were .
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detected in either blood insulin or growth horménes patterns. These measurements were
taken as an indirect kindicato.r of the amount of protein escaping rumen degradation.
Harmon (1992) stated dietary protein was a potent stimulator of insulin. If large amounts
of dietary protein were escaping rumen degradation and being absorbed in the small
intestines, ewes fed the BM-FM should have had the highest concentration of blood
insulin in the 6 to 10 hr period. As this was not realized, the physiological changes
associated with pregnancy discussed earlier could be have altered the amount of die_té.ry
~ protein resisting rumen degradation. |

A clear trend is emefging from this and previous research at Montana State
University. We are able to alter ewe weight and body condition score loss and even
colostrum and milk metabolites, however we are not able to consistently influence
individual lamb weights. It appears that to show the benefits of supple‘mentation,' large
numbers of ewes must be included in the study to detect differences m lamb survivability

and consequently pounds of lamb weaned per ewe.
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Table 1. Supplement composition (DM basis)

Diets®

Item RES SBM BM-FM
Barley 875 647 774
Soybean meal (44%) 28.9

Feather meal 7.9
Blood meal 7.9
Fat 5.0 23 24
Molasses (Dehy) . 5.0 23: 2.4
TM salt’ 1.3 06 06
Dicalcium phosphate 1.5 | 0.2
Calcium sulfate 0.2 1.5

Calcium carbonate 1.0

*RES=restricted; SBM=soybean meal;
BM-FM=blood meal, feather meal.

®Composition of trace mineralized salt:
NaCl=98%; Zn=.35%; Mn=.28%;

Fe=.175%; Cu=.035%; I=.007%; Co=.007%.
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Table 2. Nutrient composition of the hay and concentrates (DM basis)

’ Diets*
Item HAY " RES SBM BM-FM
Dry matter, % 93.1 9277 923 92.2
CP, % 82 11.1 23.8 26.4
ADF, % 39.2 9.6 7.0 11.3
Ash, % 9.4 6.3 6.0 52
DE, Mcals® 24 39 3.9 3.7
Ruminally undegraded protein, %° 38.0 267 342 60.6
Calcium, % | 033 052 055 0.57
Phosphorus, % 025 0.65 0.47 0.42
Sulphur, % 0.18 023  0.59 0.32

*RES=restricted; SBM=soybean meal; BM-FM=blood meal, feather meal.

®Calculated from NRC (1985) values.

°Calculated from Feedstuffs, May 17, 1993, p:40-42.
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Table 3. Daily feed and nutrient intakes (DM basis)

Diets®
Item RES SBM BM-FM
Feed intake, g
Grass hay 1308.8 13184  1289.3
Concentrate 4194 419.0 368.1
Total 17282 17374 16574
Nutrient intake, g | |
Cp 164.9 2237 218.6
ADF . 5510 5877 5879
DE, Mcals® 52 5.2 4.8
Calcium 65 66 6.4
Phosphorus 6.0 53 4.8
Sulphur . 3.3 4.9 3.5
Calcium/ phosphorus ratio 1.1 1.3 1.3
Nitrogen/ sulphur ratio 7.4 6.9 9.3

*RES=restricted; SBM=soybean meal;

BM-FM=blood meal, feather meal.

®Calculated from NRC (1985) values.
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Table 4. Diet composition

Diets®
Item RES SBM BM-FM
Diet Composition, %
Grass hay 757 759 718
Supplement 243 241 22.2
Nutrient composition, % |
cP 89 120 123
ADF | 297 314 33.0
DE, Mcals® 52 52 4.8
Calcium 0.38 0.38 0.38
Phosphorus 035 030 0.29
Sulphur 0.19 0.28 0.21

"RES=restricted; SBM=soybean meal;
BM-FM=blood meal, feather meal.
PCalculated from NRC (1985) values.

Table 5. Daily crude protein intake and site of digestion (DM basis)

~ Diets®
Ttem RES SBM BM-FM
CP, g ' 1649 2237 2186
Ruminally undegradable protein, g  57.0  80.9 106.9
Ruminally degradable protein, g° 1080 1428 1117
Ruminally undegradable protein, %°  34.6  36.2 48.9

*RES=restricted; SBM=soybean meal;
: BM-FM=blood meal, feather meal. -
®Calculated from Feedstuffs, May 17, 1993, p: 40-42.
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Table 6. Effect of supplement on ewe body condition score™

Diets®
RES SBM - BM-FM
Prepartum
-21d 3.0£10(16)  3.0£10(14)  3.1+.10 (16)
-14d 2.9£09(16)  3.0£09(16)  3.0+.09 (16)
-7d 2.8+.08 (16) 2.8£08(16) 2.9+.08 (16)
Birth 23508 (16)0 24+08(16) 2.6.08 (15)
Postpartum
+7d 25506 (16) 2.6£06(16)  2.6£06 (16)
+14d 24407 (15) 2.4+07(14) 2.5£07 (16)
+21d 22£06(14) 22+£06(12) 2.2+.06(12)
Weaning 2.8£10 (14) 2.9+11(11) 3.1£11(11)

*Table values are least square means+SE with n in parentheses.

*Numerical values are based on the following equivalent values:
obese=5, fat=4, moderately fat=3, slightly thin=2, thin=1
(Russell et. al., 1969).

‘RES=restricted, SBM=soybean meal;
BM-FM=blood meal, feather meal.

%Means in same row with different superscripts differ (P<.1).
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Table 7. Condition score by treatment and breed at turnout™
‘Diets’
RES SBM BM-FM

Breed '
Targhee  2.27+.14 ()™ 2.46+£19 (4" 2.33+.15 (6)"
Columbia . 2.45+.15 ()% 2.48+.14 () 3.25+.17 (5)®

*Table values are least square means+SE with n in parentheses.

"Numerical values are based on the following equivalent values:
obese=5, fat=4, moderately fat=3, slightly thin=2, thin=1.

“Treatment by breed interaction was significant (P<.05) and
therefore comparisons were made within breed of treatment.

%Column means with different superscripts differ (P<.05).

R ow means with different superscripts differ (P<.05).
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Diets?
RES SBM BM-FM

Condition change prepartum |

Day -21 to day -14 .0.11£.03 (16)  -0.05:.04 (14)  -0.05:+.03 (16)

Day -13 to day -7 0.11+.05 (16)  -0.14£.05 (16)  -0.14.05 (16)

Day -6 to birth 0.44+.06 (16) -0.47£06 (16) -0.33+.07 (15)

Day -21 to birth -0.66+.09 (16) -0.64+10 (14)  -0.53+.10 (15)
Condition change postpartum

Birth to day +6 0.19£.06 (16)  0.20+£.06 (16)  0.05+.07 (15)

Day +7 to day +13 -0.09+.07 (15) -0.07+£07 (14)  -0.13+.06 (16)

Day +14 to day +21 -0.28+.07 (14) -0.25+.08 (12) -0.32+.08 (12)

Birth to day +21 -0.18+.10 (14)  -0.23£10(12) -0.44+.10 (12)

Birth to turnout 0.01£12(14) 00714 (11)  0.14%13 (11)

Turnout to weaning

Birth to weaning

0.45+.11 (14)
0.46+.11 (14)

0.45+.13 (11)
0.47+.12 (11)

0.27+.12 (11)
0.41+.12 (11)

*Table values are least square means+SE with n in parentheses.
*Body condition score of ewes at the beginning of the trail (day -21) was 3.03.1.
Numerical values are based on the following equivalent values: obese=5, fat=4,
moderately fat=3, slightly thin=2, extremely thin=1 (Russell et. al., 1969).
“Tabular means do not differ statistically. \
RES=restricted, SBM=soybean meal, BM-FM=blood meal, feather meal.
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Table 9. Condition score change by treatment and breed at .
day +21 to turnout™

Diets®
RES SBM , BM-FM

Breed .
Targhee  .03+.13 (7)%f .36+.18 (¥ .25+.14 (6)¥
Columbia .35+.14 (7)* .28+.13 (7)¥ .98+.16 (5)®

*Table values are least square means+SE with n in parentheses.

*Numerical values are based on the following equivalent values:
obese=5, fat=4, moderately fat=3, slightly thin=2, thin=1
(Russell et. al., 1969).

°Treatment by breed interaction was significant (P<.05).and
therefore comparisons were made within breed of treatment.

%Column means with different superscripts differ (P<.05).

R ow means with different superscripts differ (P<.05).
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Diets®

RES

. SBM

BM-FM

Prépartum
-21d
-14d
-7d-

Birth

Postpartum
+7d
+14d
+21d

Turnout

Weaning

71.91.57 (16)
73.541.50 (16)
73.121.63 (16)
60.5+1.44 (16)

63.2+1.55 (16)
58.4+1.61 (15)
54.5+1.47 (14)
57.8+1.38 (14)
67.8+1.67 (14)

71.4+1.66 (14)
75.1£1.47 (16)
74.6+1.60 (16)
61.1+1.41 (16)

64.5+1.57 (16)
59.7+1.63 (14)
54.8+1.57 (12) .
56.7::1.54 (11)
67.3+1.87 (11)

71.6+1.59 (16)

74.2+1.49 (16)

73.1%1.62 (16)
61.8+1.48 (15)

63.5+1.55 (16)
59.3+1.53 (16)
55.9+1.56 (12)
59.21.54 (11)
69.1+1.87(11)

Table values are least square means+SE with n in parentheses.
®Tabular means do not differ statistically.

*RES=restricted; SBM=soybean meal, BM-FM=blood meal, feather meal.
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Table 11. Effect of supplement on ewe body weight change, kg*

Diets"
RES SBM , BM-FM
Weight change prepartum |
Day -21 to day -14 1.6+1.00 (16)  3.8+1.05(14) - 2.6+1.01 (16)
Day -13 to day -7 -0.5£1.17(16)  -0.5:1.15 (16) 1114116 (16)
" Day -6 to birth -12.6£.67 (16)*  -13.5+.66 (16)°- -11.2+.69 (15)°
Day -21 to birth -11.5+71 (16 -10.8+75 (14)F  -9.5+.74 (15)
Weight change postpartum |
Birth to day +6 274101 (16)  3.4%1.00(16)  1.6+1.03 (15) .
Day +7 to day + 13- -5.0+.68 (15) -4.0+70 (14)  -4.1+.65 (16)
Day +14 to day +21 -4.5£73 (14)  -3.9+£79(12)  -3.4:78(12)
Birth to day +21 -6.8+1.22 (14)  -5.1%131(12)  -6.3+1.30(12)
Day +21to turnout 3.4+.74 (14) 2.4+.84 (11) 2.9+.83 (11)
_Birth to turnout -3.3£1.01 (14)  -22¢1.15(11)  -3.8¢1.13 (11)
~ Turnout to weaning 9.0+89(14)  10.6£1.00(11)  9.9+99 (11)
" Birth to weaning 6.6+1.29 (14)  8.4+146(11)  6.1x1.44(11)

*Table values are least squére means+SE with n in parentheses.
PRES=restricted; SBM=soybean meal; BM-FM=blood meal, feather meal.
““Means in same row with different superscritps differ (P<.05).

“®Means in same row with different superscripts differ (P<.1).
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Table 12. Effect of supplement on prepartum ewe blood metabolites®

Diets®
. , RES SBM BM-FM SEM
n : 16 16 16
Total Protein, g/dl C57F 6.0% 6.1% | .10
Albumin, g/dl 27 300 29 .06
Globulin, g/dl 30 3.0 3.2 .10
Blood urea nitrogen, mg/dl ~ 7.8%  11.7%  10.3% 43
Creatnine, mg/dl 078 074 075 .03
Glucose, mg/dl 579 573 552 236

Table values are least square means+SE.
*RES=restricted; SBM=soybean meal;
BM-FM=blood meal, feather meal.
“*Means in same row with different superscripts differ (P<.05). -
*Means in same row with different superscripts differ (P<.01).

Table 13. Effect of supplement on colostrum volume and
composition®

Diets®
RES SBM - BM-FM
n 9 9 ' 8

Volume, ml  366.9+£104.3 357.7x£104.5 235.6+109.9

© Fa;% 18.2+1.4 16.2+1.4 19.6+1.8
Protein, % 212+6°  21.0+6° 23.2+.6°
Lactose, %  6.4%.1 6.4+.1 6.4%.1
Solids, % 24.8+.6° ' 25.0+.6° 26.8+.6°

*Table values are least square means+SE; n=26.
*RES=restricted; SBM=soybean meal;

‘BM-FM=blood meal, feather meal.
““Means in same row with different superscripts differ (P<.05).
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Table 14. Effect of supplement on colostral IgG*

Diets®

RES SBM BM-FM
. n k 9 9 8 '
Volume, ml  366.9+104.3 357.7+104.5. * 235.6+109.9
Protein, % 21.2+.6° 21.0£.6°  23.2+6°
Protein, g 370896 404%109 200109
IeG, mg/ml 1727166 17112188 = 217.2+18.8
18G, g 31.947.9 282489  14.6+8.9

*Table values are least square means+SE; n=26.
PRES=restricted; SBM=soybean meal; BM-FM=blood meal, feather meal.
““Means in same row with different superscripts differ (P<.05)

Table 15. Effect of supplement on lamb serum IgG at 3 days’ |

Diets®
RES SBM BM-FM
n 16 8 10
Colostral volume, ml 366.9£104.3 357.7£104.5 235.6£109.9
Colostral IgG, mg/ml 17274166  171.1+18.8  217.2+18.8
Colostral IgG, g 31.9£7.9 28.2+8.9 14.6+8.9

Lamb serum IgG, mg/ml 50.0+5.2° 65.2+7.7% 78.9+6.6°

*Table values are least square means+SE; n=34.
PRES=restricted; SBM=soybean meal; BM-FM=blood meal, feather meal.
“’Means in same row with different superscripts differ (P<.05)
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. Table 16. Lamb serum IgG at 3 days by treatment and amount of cblostrum fed®

Diets®
RES . SBM _ BM-FM
Suckled lambs 63.9493 (5 61L7+14.7(2)  89.312.0 (3)°

Tubed between 15and 60ml  53.248.5 (6)*  56.2£10.4 (4  98.3+12.0 (3)*

No colostrum from first milking ~ 32.6£9.3 (5)*  77.8+14.5 (2)f  49.0£10.4 (4)*f
*Table values are least square means+SE with n in parentheses.
PRES=restricted; SBM=soybean meal; BM-FM=blood meal, feather meal
“dColumn means with different superscripts differ (P<.10)
“Row means with different superscripts differ (P<.10)

Table 17. Effect of supplement on 6 hr milk volume and
composition at 21 days®

Diets®
RES SBM BM-FM
n 9 9 8
Volume, ml  479.5432.2 - 438.9+32.3 427.9£34.0

Fat, % 6.5+.41 63+41 . 6.1+43
Protein, % 5.4+.16° 5.8+.16¢ 5.7+.19¢
Lactose, % 4.4+.08 4.4+.08 4.4+.09
Solids, % 18.06.48  182+48  17.9+51

*Table values are least square meanstSE.
PRES=restricted; SBM=soybean meal,
BM-FM=blood meal, feather meal.
“‘Means in same row with different superscripts differ (P<.1).
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Table 18. Effect of supplement on lamb weights, kg.*

Diets®
RES SBM BM-FM
n : 26 20 22
Weights
Birth 4.6+.1 45+.1 4.4+.1

21Day  7.5+2 712 7442

Weaning 32.4+1.0 314+1.1 31.3%1.1

*Table values are least square meansSE.

®Tabular means do not differ statistically.

‘RES=restricted, SBM=soybean meal;
BM-FM=blood meal, feather meal.

Table 19. Lamb weights by treatment and breed at turnout, kg.*
Diets"
RES SBM BM-FM

Breed .
Targhee 12. 1:E.5(12)°° 10.4:i:.6(8)df 11.8+.5(12)*
Columbia 11.9+.5(14)° 12.6+£5(12)* 12.0+£.5(10)*

*Table values are least square means+SE with n in parentheses.
*Treatment by breed interaction was significant (P<.05) and

therefore comparisons were made within breed of treatment.

“dColumn means with different superscripts differ (P<.05).
“Row means with different superscripts differ (P<.05).




Figure 1. Effect of supplement on blood growth hormone concentration during a 10-h
serial bleed, ng/mL

RES SBM
BM-FM
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Figure 2. Effect of supplement on blood insulin concentration during a 10-h serial bleed,
ng/mL

RES SBM
BM-FM



H K|

fa

LU 1l

52

LITERATURE CITED

Ll

N A




53

Alexander, G. and D. Williams. 1971. Heat stress and the development of the conceptus
in domestic sheep. J. Agri. Sci. Camb. 76:53.

Appeddu; L. A, M. K. Peterson, J. S. Serrato-Corona, L. F. Gulino, I. Tovar-Luna, G. B.
Donart, D. E. Hawkins, J. R. Strickland, E. E. Parker, and S. Cox. 1996.
Postpartum reproductive responses of two year old range cows supplemented with
protein, fat, or energy. Proc. West. Sec. Amer. Soc. Anim. Sci. 47:2.

Austin, A.R. and N. E. Young. 1977. The effect of shearing pregnant ewes on lamb
birth weights. Vet. Rec. 100:527.

Ballard, F. J. and J. T. Oliver. 1965. Carbohydrate metabolism in liver from fetal and
neonatal sheep. Biochem. J. 95:191.

Bassett, J. M. 1971. Metabolic effects of catecholammes in sheep Aust. J. Biol. Sci.
23:903.

Bassett, J. M. 1974. Diurnal patterns of plasma insulin, growth hormone, corticosteroid,
and metabolite concentrations in fed and fasted sheep. Aust. J. Biol. Sci. 27:167.

Bassett, J. M. 1986. Nutrition of the conceptus. Proc. Nutr. Soc. 45.1.

Bassett, J. M. 1989. Metabolic and endocrine responses of pregnant and lactating ewes
to intravenous glucose or insulin. J. Agric. Sci.,, Camb. 113:173.

Bassett, J. M. 1992.. Photoperiodic and nutritional influences on maternal and fetal
endocrine mechanisms regulating fetal development during the second half of
gestation. In: A. W. Speedy (Ed.) Progress in Sheep and Goat Research. p. 53.
C. A. B. International. Wallingford, UK. .

Bassett; J. M., A. H. Burkes, and R. A. Pinches. 1985. Glucose metabolism in the ovine
conceptus. In: C. T. Jones (Ed.) The Physiological Development of Fetus and
Newborn. p. 71. Academic Press, London.

‘Battaglia, F. C. and G. Meschla 1978. Prmcnple substrates of fetal metabolism. Physiol.
Rev. 58:499.

Bazer, F. W., J. L. Vallet, J. P. Harney, T. S. Gross and W. W. Thatcher. 1989.
Comparative aspects of maternal recognition of pregnancy between sheep and
pigs. J. Reprod. Fertil. 37, Suppl.:85.

Bernardini, TM.M., D.D. Kress, V.M. Thomas, and D.C. Anderson. 1996. The effect of
scours on calf performance. Proc. West. Sec. Am. Soc. Anim. Sci. 46:11.




0 S DR i S— Jul. R I S |

54

Besser, T.E. and C.C. Gay. 1994. The importance of colostrum to the health of the
neonatal calf. Vet. Clin. Nor. Am. 10:107.

Black, H. J. and D. M. B. Chestnutt. 1990. Influence of shearing regime and grass silage
quality on the performance of pregnant ewes. Anim. Prod. 51:573.

Blecha, F., R. C. Bull, D. P. Olson, R. H. Ross, and S. Curtis. 1981. Effects of
prepartum protein restriction in the beef cow on immunoglobulin content in the
blood and colostral whey and subseqhent immunoglobulin absorption by the
neonatal calf. J. Anim. Sci. 53:1174. '

Brambell, F.W. R 1969. The Transmission of Passive Immunity from Mother to Young
In: Vol.18. Am. Elsevier Publishing Co., Inc. New York.

Brandon, M.R. and A K. Lascelles. 1975. The effect of prepartum milking on the transfer
of immunoglobulin into the mammary secretion of cows. Aust. J. Exp. Biol. Med.
Sci. 53:197.

Bocquier, F., M. Theriez and A. Brelurut. 1987. The voluntary hay intake by ewes
during the first weeks of lactation. Anim. Prod. 44:387.

Burfening, P. J. and R. W. Kott. 1993. Supplemental feeding of range ewes during the
perinatal period and lamb mortality and growth rate. Sheep Res. J. Vol. 9, No.
1 24

Campbell, S. G., M. J. Siegel, and B. J. Knowlton. 1977. Sheep immunoglobulins and
their transmission to the neonatal lamb. N. Z. Vet. J. 25:3_61.

Cartsens, G. E. 1994. Cold thermoregulation in the newborn calf. Vet. Clinics N. A.
Food Anim. Pract. 10:69. .

Coffey, K. P, J. A Paterson, C. S. Saul, L. S. Coffey, K. E. Turner, and J. G. Bowman.
1989. The influence of pregnancy on intake, digestive kinetics, and amino acid
absorption by ewes. J. Anim. Sci. -67:1805.

Cozz, G., I. Andrighetto, P. Berzaghi, D. Andreoli. 1995. Feather and blood meal as
partial replacer of soybean meal in protein supplements for sheep. Small Rum.
Res. 15:239.

Cryer, P. E. 1981. Glucose counterregulation in man. Diabetes. 30:261.
Davis, S. R., S. C. Hodgkinson, P. D. Gluckman, L. G. Moore and B. H. Breier. 1988.

The mechamsm of action of growth hormone on milk production of ruminants.
Proc. N. Z. Soc. Anim. Pro. 48:191.




| S S (W}

.55

Davis, 8. R., G. A. Hughson, P. A. Farguhar and P. V. Rattray. 1980. The relationship
between the degree of udder development and milk production from Coopworth
ewes. Proc. N. Z. Soc. Anim. Prod. 40:163.

DiGiacomo, LE and W. W. Hay, Jr. 1989. Regulation of placental glucose transfer and
consumption by fetal glucose production. Pediatric Res. 25:429.

Dittrich, A. C., C. Geissler and M. Hoffman. 1989. Influence of pregnancy and lactation
on digestion processes in sheep. Arch. Anim. Nutr. 39:563.

Dixon, F.J., W.O. Weigie, and J.J. Vazquez. 1961. Metabolism and mammary secretion
of serum proteins in the cow. Lab. Invest. 10:226.

Dunn, R. W. 1986. Physiological and behavioral responses of cows on Montana foothill
range to winter and supplement. M. S. Thesis. Montana State University.

Everts, H. 1985. Relationships between the nutrition of the ewe, lamb birth weight, and .
survival in prolific crossbreds. In: G. Alexander, J. D. Baker and J. Slee. (Ed.)
Factors Affecting the Survival of New Born Lambs. p. 165. Commission of the
European Communities, Luxenbourg. :

Faichney, G. J. and G. A. White. 1987. Effects of maternal nutrition status on fetal and
placental growth and on fetal urea synthesis in sheep. Aust. J. Biol. Sci., 40:365.

Faichney, G. J. and G..A. White. 1988a. Effect of conceptus growth in the contents of
the maternal gastro-intestinal tract in ewes fed a constant rate throughout
gestation. J. Agric. Sci. Camb. 110:435.

Faichney, G. J. and G. A. White. - 1988b. Partition of organic matter, fiber, and protein
digestion in ewes fed at a constant rate through gestation. Aust. J. Agric. Res.
39:493.

Faulkner, A. 1983. Fetal and neonatal metabolism. In: J. A. F. Rook and P. C. Thomas
(Ed.) Nutritional Physiology of Farm Animals. p. 203. Longman. New York, U.
S.A.

Fennesy, P. F. and J. L. Owens. 1985. Winter nutition of ewes. Proc. 15th Seminar
Sheep Beef Cattle Soc. N. Z. Vet. Assoc. 15:105.

Forbes, J. M. 1986. The effects of sex hormones, pregnancy, and lactation on digestion,
metabolism, and voluntary intake. In: L. P. Milligan, W. L. Grovum, and A.
Dobson. (Ed.) Control of Digestion and Metabolism in Ruminants. p. 420.
Reston. Englewood Cliffs, U. S. A. :




56

Forbes, T. J. and J. J. Robinson. 1967. The effect of source.and level of dietary protein
on the performance of in-lamb ewes. Anim. Pro. 9:521.

Gambill, M. D., M. K. Peterson, D. V. Dhuyvetter, M. Ward, D. M. Hallford, and J. D.
Wallace. 1994. Proc. West. Sec. Amer. Soc. Anim. Sci. 45:133. '

Geentry, K. G. and P. V. Rattray. 1987. "The energy requirements of grazing sheep and
cattle. In: A. M. Nicol. (Ed.) Livestock Feeding on Pasture. N. Z. Soc. Anim.
Prod. Occasional Publication 10. p. 39.

Gerich, J. J. 1988. Glucose counterregulation and its impact on diabetes meelitus.
Diabetes. 37:1608.

Gilbert, R.P., C.T. Gaskins, J K. Hillers, C.F. Parker, and T.C. McGuire. 1988a. Genetic
and  environmental factors affecting immunoglobulin G, concentrations in ewe
colostrum and lamb serum. J. Anim. Sci. 66:855.

Girard, J. E. Pintado, P. and P. Ferre. 1979. Feul metabolism in the mammalian fetus.
Annsl. Bio. Anim. Biochem. Biophys. 19(1B):181.

Graham, N. M. 1968. Effects of undernutrition in late pregnancy on nitrogen and energy
metabolism of ewes. Aust. J. Agric. Res. 19:555.

Guada, J. A., J. S. Gonzales and J. A. Carriedo. 1982. Effect of pregnancy and plane of
feeding on the level of non-esterfied fatty acids in plasma of sheep. Anales de la
Facultad de Veterinaria de Leon. 28:117.

Guesnet, M., M. J. Massoud and Y. Demarne. 1991. Regulation of adipose tissue
metabolism during pregnancy and lactation in the ewe: The role of insulin. J.
Anim. Sci. 69:2057. '

Gunter, S. A., M. D. Judkins, J. T. Broesder, R. K. Barton, and D. W. Holcombe. 1989.
Digesta kinetics and dry matter digestion of pregnant vs. nonpregnant ewes. Proc.
West. Sec. Amer. Soc. Anim. Sci. 40:395.

Halliday, R. 1978. Immunity and health in yourig lambs. Vet. Rec. 103:489.

Harmon, D. L. 1992. Impact of nutrition on pancreatic exocrine and endocrine
secretition in ruminants: areview. J. Anim. Sci. 70:1290.

Hay, W. W. Jr. 1991. Energy and substrate requirements of the placenta and fetus. -
Proc. Nutr. Soc. 50:321.




ML T ) ). L bl

4

57

Hay, W. W. Jr., C-C Lin and H. K. Mezarich. 1988. Effect of high levels of insulin on
glucose utilization and glucose production in pregnant and nonpregnant sheep.
Proc. Soc. Exp. Bio. Med. 189:257. '

Hodgson, J. C., D. J. Mellor and A. C. Field. 1991. Kinetics of lactate and glucose
metabolism in the pregnant ewe and conceptus. Exp. Physiol. 76:389.

Holland, M. D., K.G. Odde, and D. E: Johnson. 1987. The effects of dietary protein
intake on two-year-old beef heifers on gestattion length, birth weight, and colostral
and serum immunoglobulin levels. Colorado State University Beef Prog. Report.

pg. 7.

Hough, G. M., A. J. Williams, E. F. Annison, R. D. Murison and G. H. McDowell. 1986.
: Influence of genotype, number of lambs suckled, and nutrtion on milk production
and composition in Merino ewes. Proc. Aust. Soc. Anim. Prod. 16:416.

Houghland, C. M., V. M. Thomas, M. K. Peterson, R. W. Kott. 1992. Effectsof
supplemental protein source on metabolizable energy status on nutntlonal status of
pregnant ewes. J. Anim. Sci. 70:273.

Jordan, P., P. J. Burfening, and W. Kezar. 1985. Effect of supplemental feeding range
ewes during the perinatal period on perinatal lamb mortality. Proc. West. Sec.
Am. Soc. Amin. Sci. 36:483.

Kott, R. W. and V. M. Thomas. 1987. Montana sheep IRM activities-phase 1. SID Res.
Dig. Winter:35.

Larson, BL., and K.A. Kendall. 1957. Changes in specific blood serum protein levels
associated with parturition in the bovine. J. Dairy Sci. 40:659.

.Leenamiruksa, D. and G. H. mcDowell. 1985. Effects of prolonged intravenous infusions
of adrenaline on glucose utilization, plasma metabolites, hormones, and milk
. production in lactating sheep. Aust. J. Biol. Sci. 38:197.

Lemans, J. A., and R. L. Schreiner. 1984. Metabollc balance of the ovine fetus dunng the
fed and fasted states. Annals Nutr. Metabolism. 28:268.

Lindsay, D. B. 1971. Changes in the pattern of glucose metabolism in growth pregnancy, .

and lactation in ruminants. Proc. Nutr. Soc. 30:272.

Lmdsay, D. B. 1973. Metabolic changes induced by pregnancy in the ewe. In: J. M.
Payne, K. G. Hibbitt, and B. F. Sansom (Ed.) Production Disease in Farm Animals.
p. 107. Bailli’ere Tindall, London.




— y ! Y 15— — Ll Li i

58

Loerch, S. C., K. E. McClure, and C. F. Parker. 1985. Effects of number of lambs
suckled and supplemental protein source on lactating ewe performance. J. Anim.
Sci. 60:6.

McBride, G. E., and R. J. Christopherson. 1984. Effect of cold exposure on milk
production and energy balance in the lactating ewe. Can. J. Anim. Sci. 64:379.

McFaddin, E. L., T. T. Ross, and R. A. Renner. 1996. Effects of different protein diets on
ewe and lamb performance. Proc. West. Sec. Am. Soc. Anim. Sci. 47:23.

McGuire, T. C., N.E. Pfeiffer, JM. Weikel, and R.C. Bartsch. 1976. Failure of colostral
nnmunoglobulm transfer in calves dylng from infectious disease. J. Am. Vet. Med.
Assoc. 169:713.

McGuire, T.C., J. Regnier, T. Kellom, and N.L. Gates. 1983. Failure in passive transfer
of immunoglobulin G, to lambs: Meaurement of immunoglobulin G, in ewes
colostrum. Am. J. Vet. Res. 43:1064.

Mellor, D. J. 1983. Nutritional and placental determinants of fetal growth rate in sheep
and consequences for the newborn lamb. Brit. Vet. J. 139:307.

Melior, D. J. and L. Murray. 1985a. Effects of maternal nutrition on udder development
during late pregnancy and on colostrum production in Scottish Black-face ewes
with twin lambs. Res. Vet. Sci. 39:235.

Mellor, D. J. and L. Murray. 1985b. Effetcs of maternal nutrition on the availability of
energy in the body reserves of fetuses at term and in colostrum from Scottish
Blackface ewes with twin lambs. Res. Vet. Sci. 39:235. ‘

Mellor, D. J., D. I. Flint, R. G. Vernon, and I. A. Forsyth. 1987. Relationship between
plasma hormone concentration, udder development, and the production of early
mammary secretions in twin bearing ewes on different planes of nutrition. Q. J.
Exp. Physiol. 72:345.

Miner, J. M. and M. K. Peterson. 1989. The effects of ruminal escape protein or fat on
~ ruminal characteristics of pregnant winter-grazing cows. J. Anim. Sci. 67:2782.

Murphy, T. M., K. S. Lusby, G. W. Horn, and F. T. McCollum. 1992.- The value of
feather meal as a protein supplement source in w1nter supplements for beef cows.
Prof. Anim. Scientists. 8:21.

Newby, T.J, and J. Bourne. 1976. The nature of the local immune system of the bovine
mammary gland. J. Immun. 118:461.




U 15 JRSS

I -

59

' NRC. 1985. Nutrient requirements of sheej). National Academy of Sciences-National
Research Council. Washington, D. C.

Owens, J. L. 1985. Mid-preganacy feeding of triplet beanng ewes. N. Z. Mlmstry Agric.

Fish. Agnc Res. Div., Annual Report 1983-84. p. 261.

Padula, R. F., V. M. Thomas, R. W. Kott, M. K. Peterson. 1992. Influence of ruminally
undegradable protein and non-structural carbohydrate on nutntlonal status of
pregnant ewes. Sheep Res. J. 8:5.

Pattison, S. E., D. A. R. Davies, and A. C. Winter. 1995. ' Changes in the ‘secretion rate
and production of colostrum by ewes over the first 24 h post partum. Anim. Sci.
61:63.

Peterson, M. K., D. M. Hallford, D. Dhuyvetter, D. Gambill, M. Ward, J. Campbell, E.
Perez-Equia, J. Rubio, and J. D. Wallace. 1992. The effects of supplemental
feather, blood, and /or cottonseed meal on metabolic hormones and serum
metabolites in ewe lambs fed blue grama hay. Proc. West. Sec. Amer. Soc. Anim.
Sci. 43:560. '

Petterson, J. A., R. Slepetis, R. A. Ehrhardt, F. R. Dunshea, and A. W. Bell. 1994,
Pregnancy but not moderate undernutrition attenuates insulin suppression of fat
mobilization in sheep. J. Nutr. 124:2431.

Rattray, P. V. 1986. Feed requirements for maintenance, gain, and production. In: G.
A. Wickman and S. M. McDonald (Ed.) Sheep Production Vol. 2: Feeding,
Growth, and Health. R. A. Richards in association with New Zealand Institute of
Agricultural Science. p. 75.

Rattray, P. V. 1992. Nutrition of the ewe during gestatlon and lactation. In: A, W,

Speedy (Ed.) Progress in Sheep and Goat Research. p. 85. C. A. B. International.

Wallingford, UK.

Rattray, P. V., K. T. Jagusch, D. M. Duganzich, K. S. Maclean, and R. J. Lynch. 1982.

Inﬂuence of feeding post-lambing on ewe and lamb performance at grazing. Proc.

N. Z. Soc. Anim. Prod. 42:179.
Rattray, P. V., and T. E. Trigg. 1979. Minimal feeding on pregnant ewes. Proc. N. Z.
Soc. Anim. Prod. 39:242. .

Robinson, J. J. 1983, Nutrition in the pregnant ewe. In: W. Hares1gn (Ed.) Sheep
Production. Butterworths, London. p. 111.




WM P S o | O S W— 1}

60

Robinson, J. J. 1990. Nutrition in the reproduction of farm animals. Nutr. Res. Rev.
3:253.

Robinson, J. J. and T. J. Forbes. 1967. The effect of protein intake during gestation on
ewe and lamb performance. Anim. Pro. 9:297.

Roeder, B. L., V. M. Thomas, R. W. Kott, and D. Burgess. 1996. Effect of shdrt-term,
prepartum feeding of level and type of protein on subsequent lactation. Proc.
West. Sec. Am. Soc. Anim. Sci. 47:36.

‘Russel, A. J.F., J. M. Doney, and R. G. Gunn. 1969. Subjective assessment of body fat
in live sheep. J. Agric. Sci., Camb. 72:451.

Rutter, W., T. R. Laird, and P. J. Broadbent. 1972. A note on the effects of clipping
pregnant ewes at housing. Anim. Prod. 14:127.

Safford, J. W. and A. S. Hoversland. 1960. A study of lamb mortality in a western range
flock. I. Autopsy reports on 1051 lambs. J. Anim. Sci. 19:265.

Sahlu, T., P. Hart, T. Le-Trong, Z. Jia, L. Dawson, T. Gipson, and T. H. Teh. 1995. The
influence of prepartum protein and energy concentrations for dairy goats during
pregnancy and early lactation. J. Dairy Sci. 78:378.

Samson, D. E., J. Slee, G. E. Thompson, J. A. Goode, and A. P. F. Flint. 1983.
Prolongation of gestation and change in maternal steriod hormone concentrations
during cold exposure of sheep in late pregnancy. Anim. Prod. 36:1.

Sasaki, M., B.L. Larson, and D.R. Nelson. 1977. Kinetic analysis of the binding of IgG;
and  IgG, to bovine mammary cells. Biochem. Biophys. Acta. 497:160.

Shelly, H. J., J. M. Bassett, and R. D. G. Miller. 1975. Conrol of carbohydrate
metabolism in the fetus and newborn. Br. Med. Bull. 31:37.

Shelton, M., and J. E. Huston. 1968. Effects of high temperature stress during gestation
on certain aspects of reproduction in the ewe. J. Anim. Sci. 27:153.

Silver, M. 1976. Fetal energy metabolism. In: R. W. Beard and P. W. Nathanielsz (Ed.)
Fetal Physiology and Medicine. p. 173. Saunders. London.




S — A S RN Y S '} | | I " L

61

Schloesser, B. J., V. M. Thomas, M. K. Peterson, R. W. Kott, and P. G. Hatfield. 1993.
Effects of supplemental protein source on passage of nitrogen to the small
intestine, nutritional status of pregnant ewes, and wool follicle development of
progeny. J. Amm Sc1 71:1019.

Smith, E.L. 1946. The immune proteins of bovine colostrum and plasma. J. Biol. Chem.
164:345. .

Soder, K. J. 1993. Influence of protein or energy supplementataion on forage intake of
pregnant ewes grazing Montana winter range. M. S. Thesis. Montana State
University.

Stevens, D., G. Alexander, and A. W. Bell. 1990. Effect of prolonged glucose infusion
into fetal sheep on body growth, fat deposition, and gestation length. J. Dev.
Physiol. 13:277.

Stevenson, R. G. A. and A. R. Bird. 1992. Responses of protein plus energy supplemente
of pregnant ewes eating mature grass diets. Aust. J. Exp. Ag. 32:157.

Stafford, K. J., and B. F. Leck. 1990. Rumination in pregnant ewes. J. Vet Med. Series
A 37 154 .

Symonds, M. E., M. J. Bryant, and M. A. Lomax. 1986. The effect of shearing on the
energy metabolism of the pregnant ewe. Br. J. Nutr. 56:635.

Symonds, M. E., M. J. Bryant, and D. A. L. Shepard. 1988. Glucose metabolism in shorn
and unshorn pregnant sheep. Br. J. Nutr. 60:2. '

Thomas, V. M. and W. M. Beeson. 1977. Feather meal and hair meal as protein sources
for beef calves. J. Anim. Sci. 46:819.

Thomas, V. M., M. J. McInemey, and R. W. Kott. 1988. Influence of body condition
and lasalocid during late gestation on blood metabolites, lamb birth weight and
colstrum composition and production in Finn-cross ewes. J. Anim. Sci. 66:783.

Thomas, V.M., C. K. Clark, C. M. Schuldt. 1994. Effects of substituting feather meal
for soybean meal on ruminal fiber fermination and lamb and wool growth. J.
Anim. Sci. 72:509.

Thomes, V.M. and R. W. Kott. 1995. A review of Montana winter range ewe nutrition
research. Sheep and Goat Res. J. Vol. 11, No. 1.




. Y Ll R L T R S 12 |

62

Thompson, G. E., J. M. Bassett, and D. E. Samson. 1982. The effects of cold exposure
of pregnant sheep on fetal plasma nutrients, hormones, and birth weight. Br. J.
Nutr. 48:59. '

Trahair, J. F., R. Harding, A. D. Blocking, M. Silver, and P. M.. Robinson. 1986. The
role of ingesta in the development of the small intestine in fetal sheep. Q. J. Exp.
Physiol.. 71:99.

Treacher, T. T. 1970. Effects of nutrition in late pregnancy on subsequent milk
production in ewes. Anim. Pro. 12:23.

Treacher, T. T. 1983. Nutrient requirements for lactation in the ewe. In: W. Haresign
(Ed.) Sheep Production. Butterworths, London. p. 133.

Van Saun, R. J., S. C. Idleman, and C. J. Sniffen. 1993. Effect of undegradable protein
- amount fed prepartum on postpartum production in first lactation Holstein cows.
J. Dairy Sci. 76:236.

Vernon, R. G. 1980. Lipid metabolism in the adipbse tissue of ruminant animals. Prog.
Lipid Res. 19:23. -

Vernon, R. G., M. Barber, and E. Firﬂey. 1988. Endocrine control of lipogenic enzyme
activity in adipose tissue from lactating ewes. Proc. Nutr. Soc. 47:100A.

Vemon, R. G, R. A. Clegg, and D. J. Flint. 1981. Metabolism of sheep adipose tissue
during pregnancy and lactation in sheep. Boichem. J. 230:651. .

Vernon, R. G., and E. Finely. 1988. Roles of insulin and growth hormone in the ‘
adaptations of fatty acid synthesis in white adipose tissue during the lactation cycle
in sheep. Biochem. J. 256:873.

Vernon, R. G., and M. Peaker. 1983. The regulation of nutrient utilization: Basic
' princiles and mechanisms. In: J. A. F. Rook and P. C. Thomas (Ed.) Nutritional
Physiology of Farm Animals. p. 41. Longman. New York, U. S. A,

Vernon, R. G., and E. Taylor. 1988. Insulin, dexamethasone, and their interactions in the
control of glucose metabolism in adipose tissue from lactating and nonlactating
sheep. Biochem. J. 256:509.

Vincent, I. C., H. L. Williams, and R. Hill. 1985. The influence of low-nutrient intake
after mating on gestation and perinatal survival of lambs. Br. Vet. J. 141:611.




63

Warmnes, D. M,, R. F. Seamark, and F. J. Ballard. 1977. The appearnace of '
gluconeogenesis at birth in sheep. Activation of the path associated with blood
oxygenation. Biochem. J. 162:627.

Weekes, T. E. C. 1991. Hormonal control of glucose metabolism. In: T. Tsuda, Y.
Sasaki, and R. Kawashima (Ed.) Physiological Aspects of Digestation and
Metabolism in Ruminants. p. 183. Academic Press. San Diego, CA.

Weekes, T. E. C., Y. Sasaki, and T. Tsuda. 1983. Enhanced responsiveness to insulin in
sheep exposed to cold. Am. J. Physiol. 244:335.

Weston, R. H. 1988. Factors limiting the intake of feed by sheep. XIII. Voluntary
roughage consumption in late pregnancy and early lactation in relation o protein
nutrition. Aust. J. Agric. Res. 39:679.

~ Wiley, J. S., M. K. Peterson, R. P. Ansotegui, and R. A. Bellows. 1991. Production from
first-calf heifers fed a maintenance or low level of prepartum nutrition and
ruminally undegradable or degradable protein postpartum. J. Anim. Sci. 69:4279.

Wood, W. G., K. Pearce, J. B. Clegg, D. J. Weatherall, J. S. Robinson, G. D. Thorburn,
and G. S. Dawes. 1976. Switch from fetal to adult haemoglobin synthesis in
normal and hypophysectomized sheep. Nature, London. 21:799. ‘




64

APPENDICES




. 65

Appendix A
Radio immunodiffusion assay

A radial immunodiffussion assay was devefoped to determine the immunoglobulin
concentration in the colostrum samples. Plain glass slides were cleaned by washing in an
acetone bath for 10 minutes and then air dried for 2 minutes. . Slides were subbed to
provide an attachment surface for the gel by dipping in agarose:water solution (.15 g of
agarose/150 ml of distilled water). Slides were placed vertically in a slanted slide rack for
drying, and excess solution was wiped off before storage. Subbing solution may be stored
for an indefinite period and simply needs to be remicrowaved before use.

A dilution curve was run to determine the optimum dilution of the colostrum and -
the proper agarose concentration in the gel. A type VII, low gelling temperature agarose
(Sigma Chemical Company-800-325-3010) was used in this assay, while Cappel Research
Products a di'viéion of Organon Teknika Corporation (800-523-7620) provided the -
standards. Florty ml of PBS buffer was used to dilute .6 g of agarose to make the 1'.5 %
gel. The PBS was a pH 7.2, .05 M KH2PO4 (13.61g/2 1) and .15 M NaCl (17.53 g/ 2 1).
2 M KOH was used to adjust the‘ pH. The solution was microwaved on high for
approximately two minutes and then at 75 % power for 30 second intervals until in
solution. As water loss occurs during this process, the solution was brought\ back to
volumé with the appropriate amount of distilled water.

Eight ml of gel were addéd to four tubes and placed in 5, 45 degree Celsius water
bath to keep from gelling and 8 ml were saved to practice pouring the plates. Four

standard antiserum (rabbit antiserim to ovine IgG-catalog # 55954, batch # 39672)
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dilutions of 1:100, 1:200, 1:400, and 1:800 were mixed in tubes 1,2 ,3 and 4 respectively.
The calculation to determine the amount of antiserum to be added to the gel consists'of
dividing 8 ml of gel by the desired dilution ((8/100)*1000). So that, 80 ﬁﬁcroliters of
antiserum was added to 8 ml of gel to get the 1:100 dilution in tube 1 and 10 microliters
was added to tube 4 to get the 1:800 dilution in tube 4.

To mix IgG standard (purified ovine IgG-catalog # 55794, batch # 38481)
dilutions a multi well plate such as those used to run an ELISA test is required. The
dilu’;ions of 1:40, 1:80, 1:160, and 1:320 were mixed by placing 60 microliters of PBS
buffer in the first well and 30 microliters of PBS buffer in each of the next 3 wells. 1.5
microliters of the purified IgG was added to the first well to attain the 1:40 dilution. The
calculation consists of dividing the 60 microliters by the 1:40 dilution (60/40=1.5). The
contents of the well were thoroughly mixed using the micropipet and 30 microliters were
drawn and placed in the second well. As there was 30 microliters of PBS buffer alfeady in
this well, the concentration of the purified IgG was feduced to half that of the first well.
The contents are mixed and 30 microliters were again drawn and placed in the third well,
and finally 30 microliters were drawn from the third well and placed in the fourth well to
get a final dilution of 1:320. This process was repeated using a colostrum sample chosen
at random, and a lamb blood sémple choéen at random so that dilutions were mixéd‘
containing puriﬁed IgG, colostrum, and lamb serum.

The eight ml of gel saved earlier are used to seal the edges of the subbed slides
when they are placed in the tray. - There are six slides to a tray and 4 ml of gel is required

per slide. Tube 1 containing the antiserum gel dilution of 1:100 was used to pour the first
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three slides. The remaining three fubes were poured in three slide intervals and in
decreasing order. The gel was allowed to set for approximately four hours until it had
attained a semisolid state. Four wells were cut in each slide and the plugs removed using a
filed-down 16 gauge needle attached to an aspirator. Six microliters of dilution were
added to each well in a Latin square deéign ,80 tﬁat each dilution of the IgG, colostrum,
and lamb serum was placed in each dilution of the antiserum gel. The trays were placed in
a rack in a humidified container for 3 d at room témperature to develop percipitin rings.
For tﬁe analysis, a 1.5 % agarose gel with a 1:100 dilution of antiserum was
poured at a rate of 1 ml of gel/well. The final sample dilutions used were 1:320 and 1:206
for colostrum and lamb serum respectively. The standard dilutions were 1:20, 1:40, 1:80,

1:160, 1:320, and 1:640.
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Appendix B
ANOVA tables

Table 20. Analysis of variance for effects of supplement on week 1 hay intakes

Source of Degreesof  Sum of
‘variation freedom square ~Meansquare Fratio PR>F
Corrected total 23 2844472
Model |
TRT 2 19318.2 9659.1 73 .50
"'BRD 1 87 8.7 .00 .98
TRT*BRD 2 21893.7 10946.9 .83 45

*Type III sums of squares from SAS program were used

~ Table 21. Analysis of variance for effects of supplement on week 2 hay intakes®

Source of Degrees of  Sumof
variation freedom square ~ Mean square Fratio PR>F
Corrected total 46 - 458850.3
Model
TRT - 2 108.6 54.3 _ .00 .99
BRD ‘ 1 934.4 9344 .08 77
TRT*BRD 2 2564.5 12823 12 | .89

*Type III sums of squares from SAS program were used

Table 22. Analysis of variance for effects of supplement on week 3 hay intakes®

Source of Degrees of  Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 47 381678.5
Model
TRT 2 55662 27831 31 74
BRD 1 540.4 540.4 .06 81

TRT*BRD . 2 3454.0 1727.0 .19 .82
*Type III sums of squares from SAS program were used :
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Table 23. Analysis of variance for effects of supplement on week 1 ewe weights®

Source of Degrees of  Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 45 7870.3
Model
TRT 2 7.5 3.8 . .02 .98
BRD 1 73.3 - 73.3 40 .53

*Type III sums of squares from SAS program were used

Table 24. Analysis of variance for effects of supplement on week 2 ewe weights®

Source of Degrees of Sum of ,
variation freedlom  squares Meansquare Fratio PR>F
Corrected total 47 7585.3 |
Model | |
TRT 2 93.0 46.5 28 .76
BRD 1 1181 118.1 g1 40

*Type IIT sums of squares from SAS program were used

Table 25. Analysis of variance for effects of supplement on week 3 ewe weights®

Source of Degrees of Sum of

variation freedom squares Mean square Fratio PR>F
Corrected total 47 8841.0
Model
TRT o2 112.7 563 28 .75
BRD 1 16.5. 165 08 .7

*Type III sums of squares from SAS program were used
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Table 26. Analysis of variance for effects of supplement on ewe weights taken at birth*

Source of Degrees of Sum of ‘
variation freedom  squares Meansquare Fratio PR>F
Corrected total - 46 7143.6
Model
TRT 2 66.3 33.2 21 .81
BRD 1 324.8 324.8 2.10 15

*Type III sums of squares from SAS program were used

Table 27. Analysis of variance for effects of supplement on week 4 ewe weights“

Source of ~ Degrees of Sum of ,
variation freedom  squares Meansquare Fratio PR>
Corrected total 47 8519.9
Model :
 TRT 2 689 34.4 19 83
BRD 1 4925 492.5 2.75 .10

*Type III sums of squares from SAS program were used

| Table 28. Analysis of variance for effects of supplement on week 5 ewe weights®

Source of Degrees of Sum of
variation freedom  squares Mea.n square Fratio PR>F
Corrected total 44 7495.1
Model
TRT 2 65.9 : 33.0 18 .83
BRD 1 62.1 62.1 35 .56

*Type III sums of squares from SAS program were used
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Table 29. Analysis of variance for effects of supplement on week 6 ewe weights®

Source of Degrees of Sum of
variation freedom squares Meansquare Fratio PR>F
Corrected total 37 . 49624
Model
TRT 2 67.4 33.7 24 79
BRD 1 71.9 ‘ 71.9 .51 A48

*Type III sums of squares from SAS program were used

Table 30. Analysis of variance for effects of supplement on ewe weights at turnout®

Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 35 5020.6 |
Model
TRT 2 163.6 81.8 .65 .53
BRD 1 813.3 813.3 6.51 .02

*Type III sums of squareé from SAS program were used

Table 31. Analysis of variance for effects of supplement on ewe weights at weaning®

Source of Degrees of  Sum of .
variation freedom squares Mean square Fratio PR>F
Corrected total 35 6150.5
Model
TRT 2 92.1 46.0 25 .78
BRD - 1 155.1 -155.1 .84 37

*Type III sums of squares from SAS program were used
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Table 32. Analysis of variance for effects of supplement on week 1 ewe weight change®

Source of Degrees of  Sum of
variation . freedom  squares Meansquare Fratio PR>F
- Corrected total 45 3298.9
Model
TRT 2 161.5 80.7 1.08 35
BRD ' 1 4.7 4.7 .06 .80

*Type III sums of squares from SAS program were used

Table 33. Analysis of variance for effects of supplement on week 2 ewe weight change®

Source of =~ Degrees of Sum of
varia";ion freedom squares Meansquare Fratio PR>F
Corrected'total 47 4745.7
Model
" TRT ‘ 2 18.3 92 .09 91
BRD 1 222.9 | 222.9 2.20 15

*Type III sums of squares from SAS program were used

Table 34. Analysis of variance for effects of supplement on week 3 ewe weight change®

. Source of Degrees of  Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 46 22492
Model
TRT 2 . 1926 - 963 2.85 .07
BRD 1 503.4 503.4 1489 <01

*Type III sums of squares from SAS program were used
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Table 35. Analysis of variance for éﬂ'ects of supplement on late pregnancy ewe weight

change®
Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
 Corrected total 4 17886
Model
TRT 2 138.5 69.3 1.81 .18
BRD 1 - 338 33.8 88. .35

“*Type III sums of squares from SAS program were used

Table 36. Analysis of variance for effects of supplement on week 4 ewe weight change®

Source of Degrees of ~ Sum of
variation freedlom  squares Mean square Fratio PR>F
Corrected total 46 33103
Model
TRT 2 108.2 541 12 .49
BRD 1 247 247 | 33 57
BD 1 14.2 14.2 1 .67

*Type III sums of squares from SAS program were used

Table 37. Analysis of variance for effects of supplement on week 5 ewe Weight change®

Source of Degrees of  Sum of
variation ~ freedlom  squares Meansquare Fratio PR>
Corrected total 44 . 18976
Model - |
TRT 2 42.5 212 . .66 52
BRD 1 100.5 100.5 3.14 .08

_BD 1 4457 445.7 13.92 . <01
*Type III sums of squares from SAS program were used
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Table 38. Analysis of variance for effects of supplement on week 6 ewe weight change®

Source of Degrees of  Sum of ,
variation freedom  squares Meansquare Fratio PR>F
Corrected total =~ 37 1203.1
Model |
TRT 2 37.8 - 189 - 54 .59
BRD 1 4.6 4.6 13 72
BD 1 1.7 1.7 .05 .83

*Type III sums of squares from SAS program were used

Table 39. Analysis of variance for effects of supp'lemént on early lactation ewe weight

change®
Source of Degrees of  Sum of ‘
variation freedom  squares Mean square Fratio PR>F
Corrected total 37 3458.5
Model '
TRT 2 84.4 422 43 .65
BRD o 45 45 05 83
BD 1 175.6 175.6 1.80 .19

*Type III sums of squares from SAS program were used

Table 40. Analysis of variance for effects of supplément on ewe weight change from
week 6 toturnout” .

Source of Degrees of Sumof :
variation freedom squares Mean square Fratio PR>F
Corrected total 35 1726.2
Model
TRT : 2 263 13.2 37 .70
" BRD 1 168.9 168.9 4.70 .04
BD 1 363.2 363.2 10.10 <.01

~ “Type III sums of squares from SAS program were used
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Table 41. Analysis of variance for effects of supplement on ewe weight change from birth

to turnout®
Source of Degrees of Sum of
variation . freedom squares Mean square Fratio PR>F
Corrected total 35 23302 | '
Model
TRT 2 66.4 33.2 .49 .62
BRD 1 131.9 131.9 1.96 .17
BD 1 45.0 45.0 67 42

*Type III sums of squares from SAS program were used

Table 42. Analysis of variance for effects of supplement on ewe weight change from
turnout toweaning®

Source of Degrees of  Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 35 1884.2
Model ! ‘
TRT 2 19.5 9.7 . .19 .83
BRD 1 10.6 10.6 21 .65
BD - 1 266.5 266.5 5.16 .03

*Type ITI sums of squares from SAS program were used

Table 43. Analysis of variance for effects of supplement on ewe weight change during

lactation®
Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 35 3782.2
Model ’
. TRT 2 156.0 780 71 .50
' BRD 1 217.5 217.5 198 .17
BD 1 92.4 92.4 84 37

*Type III sums of squares from SAS program were used ..
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Table 44. Analysis of variance for effects of supplement on week 1 ewe body condition

score”
Source of  Degrees of Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 45 6.9
Model _ _
TRT .2 .05 .03 17 .84
BRD 1 53 53 3.62 .06
TRT*BRD 2 60 30 205 . .14
BD 1 .02 .02 A1 .74

*Type III sums of squares from SAS program were used

Table 45. Analysis of variance for effects of supplemenf on week 2 ewe body condition

score’
Source of Degrees of Sﬁm of
variation freedom squares Mean square Fratio PR>F
Corrected total 47 6.4
Model
TRT 2 12 .06 47 .63
BRD 1 41 41 320 .08
TRT*BRD 2 .60 0300 235 11
BD 1 <.01 <'.01 .01 .94

*Type LI sums of squares from SAS program were used
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Table 46. Analysié of variance for effects of supplement on week 3 ewe body condition

score®
Source of Degrees of Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 47 4.4
Model
TRT 2 .08 .04 43 .65
BRD 1 13 13 145 24
TRT*BRD 2 43 22 235 11
BD 1 04 04 A4 51

*Type III sums of squares from SAS program were used

Table 47. Analysis of variance for effects of supplement on ewe body condition score at |

birth?®
Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 46 4.99 | |
Model
TRT 2 .61 31 3.09 .06
BRD 1 11 11 1.08 30
TRT*BRD 2 23 11 115 32
BD | 1 30 30 309 .09

*Type III sums of squares from SAS program were used
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Table 48. Analysis of variance for effects. of supplement on week 4 ewe body condition

score’
Source of Degrees of  Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 47 = 299
Model
TRT 2 .10 .05 .85 44
BRD 1 18 18 2.99 .09
TRT*BRD 2 22 11 1.84 17
BD 1 20 20 347 07

*Type III sums of squares from SAS program were used

Table 49. Analysis of variance for effects of supplement on we

ek 5 ewe body condition

score®
Source of Degrees of Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 44 32
Model _
TRT 2 .04 .02 27 .78
BRD 1 - 31 31 4.80 .03
TRT*BRD 2 11 05 84 44
BD 1 27 27 4.15 .05

*Type III sums of squares from SAS program were used
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Table 50. Analysis of variance for effects of supplement on week 6 ewe body condition

score® _
Source of Degrees of Sumof
variation freedom . squares Meansquare Fratio PR>F
Corrected total 37 22 |
Model
TRT 2 <01 <01 02 98
BRD 1 .02 .02 47 50
TRT*BRD 2 19 10 206 .14
BD 1 37 37 8.0l .01

*Type III sums of squares from SAS program were used

Table 51. Analysis of variance for effects of supplefnent on -ewe body condition score at

turnout®
Source of Degrees of Sumof .
variation freedom  squares Meansquare Fratio PR>F
Corrected total 35 8.7
Model ﬂ _
TRT 2 1.12 .56 3.99 .03
BRD 1 1.19 1.19 8.44 .01
TRT*BRD 2 1.27 .63 4.51 102
BD 1 .84 '.84 5.95 .02

*Type I sums of squares from SAS program were used
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Table 52. Analysis of variance for effects of supplement on .ewe body condition score at -

weaning®
Source of o Degrees of  Sum of
variation freedom  squares Mean square Fratio PR>F
Corrected total - 35 44
Model
TRT 2 .38 19 1.50 -~ 24
BRD 1 <.01 <.01 .01 91
TRT*BRD 2 39 .20. 1.54 .23
BD 1 .01 _ .01 .09 .76

*Type HI sums of squares from SAS program were used

Table 53. Analysis of variance for effects of supplement on week 1 ewe body condition
score change®

Source of =~ Degreesof Sum of ‘
variation freedom  squares -Meansquare Fratio PR>F
Corrected total 45 .83
Model
TRT 2 .04 : .02 1.00 38

*Type III sums of squares from SAS program were used

Table 54. Analysis of variance for effects of supplement on week 2 ewe body condition
score change®

Source of Degrees of  Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 47 1.62 - |
Model
TRT 2 01 <01 15 87

*Type III sums of squares from SAS program were used
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Table 55. Analysis of variance for effects of supplement on week 3 ewe body condition
score change®

Source of Degrees of Sum of

variation freedom  squares Mean square Fratio PR>F
-Corrected total - 46 3.03
Model

TRT 2 15 08 118 32

*Type III sums of squares from SAS program were used

Table 56. Analysis of variance for effects of supplement on ewe body condition score

change in late pregnancy®
Source of Degrees of Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 44 5.57 |
Model
TRT 2 .14 .07 .53 .59

*Type III sums of squares from SAS program were used

Table 57. Analysis of variance for effects of supplement on week 4 ewe body condition
score change® :

Source of Degrees of  Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 46 - 2.83
Model
TRT 2 23 A2 1.86 17
BRD 1 01 o 15 70
TRT*BRD 2 .09 .04 .70 .50

BD . 1 .01 .01 .14 g1
*Type III sums of squares from SAS program were used '
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Table 58. Analysis of variance for effects of supplement on week 5 ewe body condition

score change®

Source of Degrees of  Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 44 - 3.03
Model
TRT 2 .03 .02 23 79
BRD 1 01 0 13 72
TRT*BRD 2 18 09 137 27
BD 1 63 63 963 <01

*Type III sums of squares from SAS program were used

Table 59. Analysis of variance for effects of supplement on week 6 ewe body condition

score change®

Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 37 2.65
Model
TRT 2 .03 01 .18 .84
BRD -~ 1 12 12 156 22
TRT*BRD 2 13 .07 .88 43
BD 1 .01 : ..01 .16 .69

*Type III sums of squares from SAS program were used
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Table 60. Analysis of variance for effects of supplement on ewe body condition score
change during early lactation®

Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
Correctedtotal . 37 547
Model
TRT ‘ 2 .;17 23 1.86 17
BRD 1 .01 .01 .06 .80
TRT*BRD 2 .06 .03 22 .80
BD -1 99 99  1.89 .01

*Type III sums of squares from SAS program were used

Table 61. Analysis of variance for effects of supplement on ewe body condition score
change from week 6 to turnout®

Source of Degrees of  Sum of '
variation freedom squares Meansquare Fratio PR>F
" Corrected total 35 6.53
Model
TRT 2 1.09 .54 4.46 .02
BRD 1 - .90 .90 737 .01
TRT*BRD | 2 .88 44 3.62 .04
BD e 1 .09 ..09 - .78 39

*Type 101 sums of squares from SAS program were used
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Table 62. Analysis of variance for effects of supplement on ewe body condition score

change from birth to turnout®
Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
‘Corrected total 35 9.51
Model
TRT 2 .10 .05 .26. a7
BRD 1 91 91 4.69 .04
TRT*BRD 2 92 46 2.36 11
BD 1 1.63 1.63 8.37 .01

*Type III sums of squares from SAS program were used

Table 63. Analysis of variance for effects of supplement on ewe body condition score

change from turnout to weaning®

Source of Degrees of  Sum of .
variation freedom squares Mean square Fratio PR>F
‘Corrected total 35 7.56
Model
TRT 2 20 .10 .62 .55
BRD 1 1.10 1.10 6.91 .01
TRT*BRD 2 49 25 1.54 23
BD 1 '~ 1.05 105 658 .02

*Type II sums of squares from SAS program were used

Ll
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Table 64. Analysis of variance for effects of supplement on ewe body condition score
change during lactation®

Source of Degrees of Sum of |
variation freedom squares Mean square Fratio PR>F
Corrected total 35 | 4.76
Model .
TRT 2 .02 .01 .08 .92
BRD 1 .01 .01 .06 81
TRT*BRD 2 21 .10 .69 S1
BD 1 06 06 42 52

*Type III sums of squares from SAS program were used

Table 65. Analysis of variance for effects of supplement on costral volume®

Sourceof @~ Degreesof  Sum of .
variation freedom squares Mean square Fratio PR>F
Corrected total 25 2350406.3
Model '
TRT 2 88916.63 44458.3 46 .64
BRD 1 45384.0 453 84.0 A7 50
TRT*BRD 2 18475 9237 01 .99
BD : 1 358136.6 358i36.6 371 07

“Typé III sums of squares from SAS program were used
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Table 66. Analysis of variance for effects of supplement on costral fat*

Source of Degrees of  Sum of _
variation freedom squares Meansquare Fratio PR>F -
Corrected total 25 110.1
Model
TRT 2 12.37 ‘ 6.19 1.42 27
BRD 1 244 244 56 0 .46
TRT*BRD 2 12.22 6.11 1.40 27
BD - 1 23 23 .05 .82

*Type I sums of squares from SAS program were used

Table 67. Analysis of variance for effects of supplement on costral protein®

Source of Degrees of Sumof
~ variation freedom squares Mean square Fratio PR>F
Corrected total 25 31.1
Model
TRT 2 6.64 3.32 4.12 .03
BRD 1 236 . 236 292 .10
TRT*BRD 2 20 10 12 .88
BD 1 - 5.88 5.88 729 = .01

*Type III sums of squares from SAS program were used
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Table 68. Analysis of vanance for effects of supplement on costral lactose

Source of Degrees of Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 25 1.20
Model
TRT 2 .01 <01 - .18 .83
BRD 1 .04 .04 2.35 14
TRT*BRD 2 .08 .04 2.22 14
BD 1 .67 67 3573 <01

*Type III sums of squares from SAS program were used

Table 69. Analysis of variance for effects of supplement on costral SNF*

Source of Degrees of  Sum of
variation freedlom  squares Meansquare Fratio  PR>F
Corrected total 25 24.98
Model ,
TRT 2 5.22 261 367 .04
BRD 1 2.11 211 298 .10
TRT*BRD | 2 05 .02 .03 97
BD - 1 4.05 405 570 .03

*Type III sums of squares from SAS program were used
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Table 70. Analysis of variance for effects of supplement on costral protein, g*

Source of Degrees of  Sum of
variation - freedom squares Mean square Fratio PR>F
Corrected total 22 17547.2
Model
TRT ‘ 2 1686.4 843.2 | 1.01 .38
BRD 1 122.9 123.0 15 .M

*Type III sums of squares from SAS program were used

Table 71. Analysis of variance for effects of supplement on costral IgG, mg/ml*

Source of . Degreesof Sum of

variation freedom squares Mean square Fratio PR>F
Corrected total 22 68231.6
Model. '
TRT 2 9800.1 4900.1 1.98 17
BRD 1 8865.4 88654 359 .07

*Type III sums of squares from SAS program were used

Table 72. Analysis of variance for effects of supplement on costral IgG, g* -

Source of Degrees of  Sum of
variation freedom = squaress Meansquare Fratio PR>F

Corrected total 22 11816.4
Model _
TRT 2 12157 607.8 1.10 35
BRD . 1 162.1 162.1 29 .59

aTyp‘e III sums of squares from SAS program were used .
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Table 73. Analysis of variance for effects of supplement on lamb serum IgG, mg/ml taken

at 3 days® .
Source of Degrees of  Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 33 23000.7
Model
TRT 2 5195.9 2597.9 6.03 01
COL 2 1928.5 964.2 224 .13
TRT*COL 4 4177.9 1044.5 2.43 .07

*Type III sums of squares from SAS program were used

Table 74. Analysis of variance for effects of supplement on 21-d milk volurhea

Source of Degreesof  Sum of
variation freedom squares  Mean square Fratio PR>F
Corrected total 25 229758.7
Model
TRT 2 12703.6 6351.8 .69 S1
BRD 1 2642.9 2642.9 .29 .60
TRT*BRD 2 22378.3 11189.2 1.21 32
BD 1 10576.3 10576.3 1.15 . 30

*Type III sums of squares from SAS program were used
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‘Table 75. Analysis of variance for effects of supplement on 21-d milk fat®

Source of Degrees of Sumof . .
variation freedom squares Meansquare Fratio PR>F
Corrected total 25 33.10 |
Model |
TRT 2 79 40 26 a7
BRD 1 2.53 2.53 1.68 21
TRT*BRD 2 35 17 12 .89
BD 1 1.05 1.05 .70 41

*Type I sums of squares from SAS program were used

Table 76. Analysis of variance for effects of supplement on 21-d milk protein®

Source of . Degreesof Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 25 10.53
Model
TRT 2 1.33 .66 2.88 .08
BRD 1 1.93 1.93 8.36 01
TRT*BRD 2 2.68 134 580 .01
BD 1 .79 .79 3.44 .08

*Type III sums of squares from SAS program were used
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Table 77.. Analysis of variance for effects of supplement on 21-d milk lactose®

Source of Degrees of Sum of :
variation freedom squares Mean square Fratio PR>F
Corrected total 25 . 1.28
- Model
TRT 2 02 01 20 82
BRD - 1 .10 .10 1.70 21
TRT*BRD 2 .02 .01 19 .83
BD 1 .<.01 <.01 04 84

“*Type III sums of squares from SAS program were used

Table 78. Analysis of variance for effects of supplement on 21-d milk SNF* _

Source of Degrees of Sum of
variation freedlom  squares Meansquare Fratio PR>F
Corrected total 25 57.05
Model
TRT 2 32 .16 .08 93
BRD 1 14.97 1497 723 .01
TRT*BRD 2 1.42 71 34 a1
BD 1 .99 .99 48 .50

*Type III sums of squares from SAS program Were used
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Table 79. Analysis of variance for effects of supplement on prepartum blood albumin®

Source of Degrees of Sum of
variation _freedom squares Mean square Fratio -~ PR>F
Corrected total 45 2.94
Model
TRT 2 56 28 562 .01
BRD 1 20 20 401 .05
TRT*BRD 2 13 .07 1.39 26
BD 1 01 .01 12 73

*Type III sums of squares from SAS program were used

Table 80. Analysis of variance for effects of supplement on prepartum blood BUN*

Source of Degrees of Sum of _
variation freedom  squares Meansquare Fratio PR>F
Corrected total 45 - 246.28
Model
TRT 2 116.97 58.48 21.84 <.01
BRD -1 311 3.11 L6 .29
TRT*BRD 2 .04 .02 .01 .99
BD 1 6.37 6.37 2.38 13

*Type III sums of squares from SAS program were used
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Table 81.- Analysis of variance for effects of supplement on prepartum blood creatnine®

Source of Degrees of  Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 45 49
Model
TRT 2 .01 <.01 45 . .64
BRD 1 <01 <01 .03 86
TRT*BRD 2 .04 .02 1.99 15
BD 1 .01 .01 1.29 .26

*Type III sums of squares from SAS program were used

Table 82. Analysis of variance for effects of supplement on prepartum blood globulin® -

Source of Degrees of  Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 45 7.26
Model _ .
~ TRT 2 26 13 .84 44
BRD 1 .66 .66 428 .05
TRT*BRD 2 o1 <01 04 96
BD 1 .26 .26 1.59 21

*Type III sums of squares from SAS program were used
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Table 83. Analysis of variance for effects of supplement on prepartum blood total

protein®
Source of Degrees of Sum of
variation freedom squares Mean square Fratio PR>F
Corrected total 45 584
Model ‘
TRT 2 .96 48 452 .02
BRD 1 A1 A1 1.06 31
TRT*BRD 2 .10 - .05 49 .62
BD 1 17 17 159 22

*Type III sums of squares from SAS program were used

Table 84. Analysis of variance for effects of supplement on prepartum blood ghicose®

Source of Degrees of Sum of .
variation freedom squares Mean square Fratio PR>F
Corrected total 45 4024.11
Model |
TRT 2 56.59 28.29 34 71
BRD 1 01 01 01 .99
TRT*BRD 2 147.04 73.52 .89 42
BD 1 746.98 746.98 9.07 <01

*Type III sums of squares from SAS program were used
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Table 85. Analysis of variance for effects of supplement on growth hormone
concentrations during a 10-h serial bleed®

Source of Degrees of  Sum of
variation freedom  squares Meansquare Fratio PR>F
Corrected total 15 477.82
Model ,
TRT 2 2.71 © 1.36 0 97
BRD 1 - 6.69 669 = .16 .70
TRT*BRD 2 165.26 32.63 79 48
BD 1 13.22 : 13.22 32 .59

*Type III sums of squares from SAS program were used

Table 86. Analysis of variance for effects of supplement on insulin concentrations during
al0-h serial bleed® :

Source of Degreesof Sum of ‘
variation freedom  squares Meansquare Fratio PR>F
Corrected total 15 .38
Model
TRT 2 .01 <.01 08 .92
BRD 1 - <.01 <.01 A2 .74
TRT*BRD 2 02 0 33 .7
BD ~ 1 o 0o 41 s

*Type III sums of squares from SAS program were used
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Table 87. Analysis of variance for effects of supplement on lamb weights at birth®

Source of Degrees of  Sum of
‘variation freedlom  squares Meansquare Fratio PR>F
Corrected total 67 90.83
Model
TRT 2 3.07 1.54 133 27
BRD 1 .03 03 .02 .88
TRT*BRD 2 2.61 | 1.30 1.13 33
BD 1 14.25 1425 1234 <01

*Type III sums of squares from SAS program were used

Table 88. Analysis of variance for effects of supplement on lamb weights at 3 weeks of

a

. age
Source of Degrees of Sumof
variation freedom  squares Meansquare Fratio PR>F
Corrected total 67 414.45
Model
TRT 2 9.97 4.98 .85 43
BRD 1 35.37 35.37 6.04 .02
TRT*BRD 2 17.55 8.77 1.50 23
BD - 1 4.73 4.73 .81 37

*Type III sums of squares from SAS program were used




97

Table 89. Analysis of variance for effects of supplement on lamb weights at turnout*

Mean square Fratio PR>F

Source of Degrees of  Sum of
variation freedom squares
Corrected total 65  1229.53
Model
TRT 2 13.87
BRD 1 43.82
TRT*BRD 2 93.19
BD 1 275.71

6.94 52 60
4382 327 .08
' 4660 348 .04

275.71  20.57 <.01

*Type III sums of squares from SAS program were used

Table 90. Analysis of variance for effects of supplement on lamb weights at weaning® .

Source of Degreesof Sum of .
variation freedom squares Mean square Fratio PR>F
Corrected total . 67 8739.81
Model
TRT 2 89.51 4475 - .38 .68
BRD 1 255.25 255.25 - 2.19 .14
TRT*BRD 2 21.79 10.90 .09 91
BD 1 1311.12 1311.12 - 1127 <01

*Type III sums of squares from SAS program were used
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