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ABSTRACT

Forty-eight crossbred lambs (22.5 kg + 2.6 kg) of equal numbers from
both sexes were used to observe the effect of pretein supplementation
(canola meal or fishmeal) and temperature (21 + 1.8°C or 4.7 + 1.7°C) on
growth and energetic e¢fficiency in a 2 x 3 x 2 factorial experiment .
Twelve lambs were slaughtered at the onset of the trial to determiun
initial composition. The remaining 36 wevre fed diets consisting of 50
concentrate and 50% straw at 78 and 83 g/kg '’ daily in tl.e warm and cold,
respectively, for an 85 day period. C(alorimetry-balance and compara:ive
slaughter techniques were both wused tc estimate energy retention.
Apparent digestibilities of dry matter, gross energy and organic matter
were decreased (P<.05) in response to the cold. Methane production was
not affected by temperature. When adjusted to equal dry matter intakes,
daily heat production was decreased (P<.05) with: cold exposure (173 vs 186

kcal/kg 7)) in response to the lower metabolizable energy intakes (194 vs

213 kcal/kg’?). Cold-treated lambs retained less total energy (P<.01) as

well as less (P<.05) fat and protein energy. Protein supplementation
increased (P<.05) digestibility of nitrogen while fishmeal
supplementation decreased fibre digestibility. Daily gains of the

control, canola and fishmeal supplemented lambs were 81, 91 and 10}
g/kgjs, respectively, however protein supplementation did not affact
efficiency of live weight gain. Supplementation with protein increased
(P=.06) energy retained as protein, estimated by comparative slaughter,
however it did not affect total energy retained (P>.10) or energetic
efficiency. Energy retention estimated from the calorimetry-balance

technique was 30-70% greater than that estimated from the comparative



slaughter technique. 1t was concluded that methane production in lambs
with flecce was not decreased when the temperature was dropped from 21 o
5°C and that energetic efficiency was not affected by the corcentration of
protein in the diet. Additionally, the comparative slaughter technique
was a more precise method of estimating energy retention than the

calorimetry technique.
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I. LITERATURE REVIEW

Bypass protein is dietary protein which will escape degradation in
the rumen, however, is available for absorption in the small intestine.
Bypass protein is also known as escape or rumen undegradable protein
(UDP). Bypass protein will result in increased voluntary intake (Gill et
al., 1687; Brand et al., i991), daily gains (Klopfenstein et al., 19&2»
and feed cfficiencies (Hennessy and Williamson, 1990; Petit et al., 1961
in ruminants eating low quality forages. These results, however, have not
always been consistent (Yilala and Bryant, 1985). The mechanisms for the
production responses are as yet not known, however, it has been suggested
that bypass protein supplementation will improve the efficiency of
metabolizable energy (ME) utilization (Orcigues et al., 1990; Hennessy and
wWilliamson, 1990). There is, however, limited information on this
response therefore there is a need for further research in this area.

Differences in the responses of animals to bypass protein
supplementation have been observed, with animals in the tropics responding
more consistently than those in more temperate climates (Leng, 1989).
There is, however, little information on a possible diet by temperature

interaction on energetic efficiency.

1.1 The Effect of Bypass Protein
i.1.1 Effect of Bypass Protein on Intake, Growth and Feed Efficiency
There have been numerous experiments in which bypass protein

supplementation has resulted in jncreases in voluntary intake (@rskov et



al.. 1972; Veira et al., 1985; Yilala and Bryan:t. '8~ - sombe, 1985,
Seocane et al., 1990; Brand et al., 1991), live weight gains (Yilala and
Bryant, 1985; England and Cill, 1985; Veira et al., 1988: Anderson et al.,
1988) and improved feed efficieney (@rskov et al., 1974, Veira et al.
1985, 1988:; Hennessy and Williamson, 1990; Petit et al., 1991). Sin

observing the effect of bypass protein on intake was a primary objective

=4

of a number of these trials, many were conducted at ad

libirtum intake
thereby making it difficult to distinguish between responses brought about
by the increased intake from responses brought about by changes in animal
efficiency. In addition, a number of trials have been performed without
a degradable protein source as a control treatment, hence it 1is impossible
to determine whether the animal responses observed were the result of the
bypass protein or simply protein supplementation.

1.1.1.1 Bypass Protein Supplementation at Ad libitum Intake.
Yilala and Bryant (1985) reported that supplementation with protected
rapeseed meal increased daily gains in lambs fed a basal diet of silage,
however voluntary intake was also significantly increased when crude
protein levels were increased from 11.5 to 15 and 17%. No differences
were detected between lambs fed untreated or formaldehyde treated (bypass
treatment) rapeseed meal. In a study by Veira et al. (1985) substantial
reductions in the amount of feed required per kilogram of gain were
reported when fishmeal was offered with grass silage, but again voluntary
intake of silage was increased making it difficult to ditferentiate
between incake responses and responses to bypass protein supplementation.
Veira et al. (1990) observed that live weight gains were increased by 15%

when fishmeal replaced soybean meal in grass silage diets, however, this



increase was proportional to the greater nitrogen intake of the fishme=zl

supplemenced animals. in an experiment where increasing levels of
fishmeal did not increase intake (Gill et al., 1987), live weight gain of
cattle did increase. This suggests that the growth of the cattie on the

control diet (silage) was limited by protein, however it does not indicate
whether the response in live weight gain was due to the bypass protein or
whether this protein deficiency could have been alleviated with a more
d. s;radable source of protein. Steen (1985, 1988) was unable to detect any
response in performance of cattle when fichmeal was added to silage-based
diets but did observe an increase in live weight gain in & similar
subsequent trial (Steen, 1989). In this trial, however, there were no
differences in live weight gains between rumen undegradable protein (UDPFP}
and rumen degradable protein (RDP) supplemented silage based diets.
Results from Nebraska, have demonstratcd increases in averags cdaily gains
in growing steers when an escape protein replaced soybean meal
(Klopfenstein et al., 1982).

Similar results are found with concentrate-based diets. Petit et
#1. (1991) reported no increase in live weight gains when veal calves were
oSfered a diet of whole shelled corn grain supplemented with either
soybean meal or fishmeal at a crude protein level of 16%. They did,
however, observe a decrease of .13 units in the feed to gain ratio in the
fishmeal supplemented calves due to a slight decrease in their feed
intake. These results are supported by Thonney and Hopue (1986) wiw
reported a similar insignificant response when cottonseed meal replaced
soybean meal, also in corn-based diets.

Results with low-quality forages have also Leen variable. In an



experiment performed by Coombe (1985), formaldehycde treatment of solvent
extracted rapeseed meal and sunflower meal increased intake by 44 and 50%
respectively over that of mature sheep fed the basal diet of 80% oat straw
supplemented with urea. Live weight gains were also increased from 30 to
168 and from 30 to 157 g per day respectively when rapeseed meal and
sunflower meal replaced urea in sheep suggesting that the protein supply
was insufficient but giving no indication if UDP was essential. Hennessy

and Williamson (1990) detected an improvement in feed to gain ratios which

decreassd from 15 to 8 kg per kg of live weight change when protected
casein was substituted for urea in diets based on low quality hay
containing 10% crude protein. However, in this case the response was
brought about by a2 significant increase in live weight while voluntary
intake remained the same.

Although charnges in live welight gain and feed e¢fficiency have been
observed in a number of trials in which a bypass protein was used, it is
difficult to interpret the results due to the differences in nitrogen
intake. If animals are receiving diets with insufficient levels of
protein, an increase in protein intake is expected to result in greater
intakes as well as live weight gains, which was the case in a number of
the previously mentioned trials.

1.1.1.2 Effects of Bypass Protein at Restricted Levels of Intake.
Increases in live-weight ga. :s and feed to gain ratic have also been
observed in a number of trials in which cattle were fed bypass protein-
supplemented diets at restricted levels of intake (Smith et al., 1985;
Crtigues et al., 1989, 1990), thereby removing the confounding factor of

differences in voluntary intake. However interpretation of these studies



is still difficult due to other confounding factors such as differences
in protein type and gquantity.

In an experiment designed to test the hypcthesis that fishmeal
supplementation increased the efficiency of nutrient use, dairy heifers
were fed a basal diet of ammoniated straw and sugarbeet pulp, supplemented
with increasing levels of fishmeal (Oldham and Smith, 1981). Protein
supplements that largely escaped rumen degradation consistently supported
higher weight gains than other, more degradable supplements. Smith et al.
(1985) confirmed these results in a later experiment where liveweight
gains in yearling dairy heifers were reported to have increased from 269
to 455, 327 and 358 g/day when urea was replaced by fishmeal, protected
soya-bean meal or unprotected soy-bean meal respectively. Ortigues et al.
(1989) found that replacement of barley with fishmeal increased live-
weight gains by 43% in dairy heifers fed a basal diet of ammoniated straw
and barley. This response can be attributed to the effect of fishmeal as
a protein supplement however it gives no indication as to fishmeal'’s value
as an escape (bypass) protein. In a similar experiment (Ortigues et al.,
1990) in which two increments of fishmeal were added to the basal diet of
straw and sugarbeet pulp, an increase in live weight gain was observed in
the fishmeal-supplemented diet over that of the control, but again, the
control contained only 9% crude protein whereas the two diets containing
fishmeal contained 12 and 16% crude protein.

As previously observed it is difficult to evaluate the poternitial
benefits of bypass protein due to the variations in basal diets, and in
the types and quantities of protein supplied. Despite these difficulties,

improvements in live weight gain have been detected which are not



explained by differences in intake. There is, therefore, a need to

determine the mechanism i1csponsible for the improvements in growth rate

and efficiency of ruminants fed bypass protein.

1.1.2 Digestibility

A possible potentiator of the above results may be found in changes
in the digestibility of diets supplemented with different protein regimes.
The effects of bypass protein on fibre digestibility have generally been
positive. Hussein et al. (1991) reported that in forage:concentrate diets
(1:1.5) fishmeal increased ruminal digestion of neutral detergent fibre
(NDF), and acid detergent fibre (ADF) by 89 and 74% respectively when it
replaced soybean meal. Increases in fibre digestion were also observed
when a protein source (fishmeal) replaced a non-protein source (urea) of
nitrogen (Oldham and Smith, 1985; McCallan and Griffin, 1987). McCallan
and Griffin (1987) found a 12% increase in mouth to abomasum cellulose
digestibility in steers supplemented with fishmeal compared with those
supplemented with soybean meal. Cecava et al. (1991) observed a 12%
increase in total tract digestion of NDF in steers fed a corn gluten meal
and blood meal mixture (a bypass protein) versus soybean meal however
McCarthy et al. (1989) and Brand et al. (1991 observed no effect ot
bypass protein supplementation on fibre digestion.

The effects of a supplement high in rumen undegradable protein (UDP)
on organic matter digestion have been more variable. In various trials
in which a diet supplemented with either a UDP or rumen degradable protein
(RDF) source was fed to sheep or steers, the site and extent of organic

matter digestion remained unchanged with a variety of basal diets,



including forage-concentrate diets of differing ratios (Ortigues et al..

1990: Hussein et al., 1991; Cecava et al., 1991), grass silage (Cottrill
et al., 1982) and concentrate (@rskov et al., 1974; McCarthy et al.,
19€9). England and Gill (1985), however, found a 3.6% increase in organic

matter digestibility in cattle when fishmeal was added to the basal diet
of grass silage. Brand et al. (1991) found a 13% increase in organic
matter digestibility in wheat-straw diets with the inclusion of fishmeal.

Hussein et al. (1991) suggested that, since the protein from
fishmeal is digested at a slower rate than soybean meal, the supply of
nitrogen, essential factor for microbial growth, may be available for a
longer period of time after feeding when fishmeal is fed. This could have
a significant effect on rumen fermentation when feeding low quality

forages where digestibility can be a factor limiting nutrient utilization.

1.1.3 Protein Flow in the Rumen and Small Intestine

The natural flow of nutrients supplied to the intestine may be
inadequate for rapid growth (Owens and Zinn, 1988), thus there is
potential for manipulating this flow to optimize nutrient supply to
improve production responses. The nutrients which have been emphasized
the most in beef and sheep production with reference to intestinal flow
have been amino acids. There are .uree major sovurces of amine acids
entering the small intestine: microbial protein, dietary amine acids
escaping ruminal degradation (bypass), and endogenous protein. Since the
effect of dietary manipulation on this latter source is cifficult to

measure, it is the first two supplies which have received the most

attention. The amino acid requirements of the tissues increase with



increasing levels of production and, although the requirement for

undegradable or bypass protein also increases (Hussein and Jordan, 1991).
microbial protein synthesis is still a key supplier of nitrogen to the

small intesitine.

1.1.4 Flow of Dietary and Microbial Nitrogen to the Small Intestine
Various workers have found that total nitrogen flow to the duodenum

remains unchanged whether RDP or UDP supplements arve added to the diets

(Mercer et al., 1980; Lindberg, 1985; McCarthy et al., 1989; Willms et

al., 1991), while others (Titgemeyer et al., 1989: Hussein et al., 1991;
Cecava et al., 1991) have reported increases in total N flow to the
duodenum.

Cecava et al. (1991) reported a 1l4% increacss in total nitrogen
flow when a corn gluten meal and blood meal mixture replaced soybean meal.

However, with this 1ncrease in total flow, a concomitant decreasc in

microbial flow has been observed with some escape proteins (Hussein ct

al., 1991; Titgemeyer et al., 1989; McCarthy et al., 1991; Cecava et al.,

1991). This greater passage of microbial protein to the duodenum with

soybean meal may be accounted for in part by the increased efficiency of

microbial protein synthesis (Cecava et al., 1991).

McCarthy et al. (1989) found no significant differences in the
passage of amino acids to the duodenum when RDP supplements replaced UDP

supplements and suggested that microbial fermentation may have an

equalizing effect on the amino acid composition of digesta. 1In contrast,

other workers have found differences in the amino acid composition of
digesta in animals fed different supplements (Mercer et al., 1980; Hussein

et al., 1991; Titgemeyer et al., 1989). In a comparison of groundnut



meal and fishmeal, Mercer et al. (1980) found that fishmeal provided
grcater amounts of methionine, lysine, threonine and alanine, and smaller
amounts of glutamic acid, cysteine and arginine than groundnut meal to the
small intesrine. Gill and Beever (1982) found that, not only did fishmeal
increase total amino acid flow by 34%, but the balance of amino acids
entering the duodenum was also improved. Fishmeal supplementation of
lambs consuming a basal diet of barley resulted in a 16% greater
absorption of total amino acids, essential amino acids and non-essential
amino acids, chan soybean meal supplementation of the basal diet (Hussein
et al., 1991) even though total duodenal amino acid flows remained the
same. This increase was attributed to the higher-quality dietary protein
from fishmeal which entered the small intestine.

Although distinct differences in the amino acid profile of duodenal
digesta from steers fed different diets have been reported, the pattern
of non-bacterial amino acid reaching the duodenum generally reflects the
amino acid pattern of the protein source (Redman et al., 1980; Titgemeyex
et al., 1989) hence, the source of bypass protein chosen for
supplementation should complement the amino acid profile of the basal
diet. 1In addition, although the flow of microbial protein may decrease
with the inclusion of bypass protein, the flow of dietary protein appears
to increase. These results suggest that escape proteins can be used
efficiently in manipulating amino acid flow to the small intestine in the
ruminant animal. The increased amino acid flow could result in
improvements in the energetic efficiency of the animal (as will be

discussed later).



1.1.5 Efficiency of Microbial Protein Synthesis
Lindberg (1983) observed a 53% decrease in efficiency of microbial
in a

protein synthesis when fishmeal was substituted for rapeseed meal

hay and barley based diet, however these differences were not significant.

Significantly lower bacterial efficiencies for sheep (Mercer et al., 1980;
Hussein et al., 1991) and cattle (Cecava et al., 1991) have been observed
when fishmeal was added to the diet. Cecava et al. (1991) suggests

consideration of NH,-N as a potential effector of these results since NH,
is required for bacterial growth (Satter and Slyter, 1974). However,
although NH;-N may play a significant role in microbial protein synthesis,
other nutritional factors such as availability of peptides, amino acids
or other nutrients (Cecava et al., 1991) may also be important. Husscin
et al. (1991) and McCarthy et al. (1989) both reported concomitant
decreases in NH;-N with lower efficiencies of bacterial synthesis when upy
replaced RDP in the diets, however in both cases NH; should not have
l1imited microbial activity according to information of Satter and Slyter
(1974), hence other factors as mentioned above may have limited microbial
synthesis.

In contrast to the findings of the previous workers, Cottrill et
al. (1982) observed an increase in bacteria: efficiency when fishmeal
replaced urea in four isonitrogenous supplements containing urea-N and
fishmeal-N in the following proportions; 3:1, 1.4:1, 0.6:1 and 0.3:1 when
steers were fed a basal diet of maize silage and barley. These four dicts
were such that fishmeal provided approximately 13, 23, 32 and 45% of the
total nitrogen content of the diets. The increase in bacterial efficiency

was, however, observed only in the first two increments and not in the

10



third. The highest inclusion of fishmeal resulted in a decline in
efficiency of microbial protein synthesis. Cottrill et =al. (1982)
supgestaed that a lack of rumen degradable protein in the third increment
may have caused this depression in efficiency of microbial synthesis.
Dawson et al. (1988) reported a 53% increase in efficiency of microbial
protein synthesis with the addition of fishmeal to silage diets in steers,
however nitrogen intake per day was also increased by 48% indicating that
the control animals mas have had insufficient degradable protein to
support optimal microbial growth. Other workers (Redman et al., 1980;
Willms et al., 1991) found no differences in efficiency of bacterial CP
synthesis wheio a UL? supjplument replaced a RDP supplement.

No consistent effecis of bypass protein on efficiency of microbial
synthesis are apparent in the literature at this time. However, the few
effects observed have bec¢n negative and therefore cannot be the source of

improvement in animal performance when bypass protein is fed.

1.1.6 Effect of Bypass Protein on the Efficiency of Metabolizable Energy
Utilization

It has been suggested that the efficiency of ME utilization could
be changed by manipulating dietary protein quantity (Walker and Norton,
1971; Blaxter and Boyne, 1978) and type (Leng, 1989; Hemmessy and
Williamson, 1990; Ortigues et al., 1990). Bypass protein has thus been
implicated as a possible tool in manipulating the efficiency of ME
utilization. The mechanisms, to date, are not fully understood, however,
it is believed that utilization of amino acids post-ruminally eliminates

energy losses associated with fermentation as well as losses incurred in

11



the transformation of dietary protein to microbial protein (Chalupa, 1974)
and hence may contribute to improved production.
In a trial conducted by V et al. (1988),

it was suggested that

the effect of fishmeal on grow: ¢ of steers fed a basal

¢ diet of grass
silage may have been a result of an improved protein to energy ratio in
the end products of digestion which allowed the younger growing cattle to
meet their potential for protein deposition. Results from Oldham

and

Smith {(1981) showed increased rate of gain at a constant digestible
organic matter intake with protein supplementation. Ortigues et al. (1989)
suggests that this implies that protein supplementation increased
efficiency of nutrient use. In further work of Ortigues et al. (1990),
two levels of fishmeal were given to dairy heifers. They hypothesized
that an increase in efficiency would be measured in the first increment
of fishmeal (76 g fishmeal/kg DM of basal diet) as a result of a reduction
in wasteful oxidation of acetate and enhanced tissue deposition, while no
response wculd occur with the second increment (152 g fishmeal/kg DM) if
maximum protein Jdeposition had already been reached. This response did
occur however, some caution must be used in interpretation of the data due
to the large between-animal variability. Hennessy and Williamson (1990)
also suggested that the lower feed conversion ratio of cattle supplemented
with formaldehyde treated casein indicated a greater efficiency of ME use
for gain than would have occurred in cattle supplemented with urea.
Hennessy et al. (1990) postulated that th+ increase in efficiency was due
to the increased availability of protein for digestion in the intestine
and in addition, an improved balance of essential amino acids may have

been a factor.
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Walker and Norton (1971) observed differences in efficiencies of ME
use in young lambs who were provided with one of three diets which
contained the same ME content but with varying protein content. They
found that lambs fed a diet with 26% protein had significantly greater
efficiencies of ME use than those fed diets containing either 10 or 46%
crude protein. In an analysis of 79 experiments, Blaxter and Boyne (1978)
found that energy retention was not directly proportional to the amount
of ME supplied, but that it varied with the metabolizability of the
mixture, and also with the fibre and protein content of the diet.

Although results from attempts to manipulate the efficiency of ME
utilization in ruminants through manipulations of dietary protein have
not been unequivocal (Ortigues et al., 1990), the positive responses first
reported by Walker and Norton (1971) and Blaxter and Boyne (1978) and
later by other workers (Ortigues et al., 1990) are encouraging. These
results have demonstrated the poterntial for obtaining additional growth
at a set ME intake from a non-rumen degradable protein supplement without
modification of the basal forage in the diet (Hennessy and Williamson,
1990). There is, however, a need for a comparison of the efficiencies of
ME utilization of forage diets supplemented with a bypass protein and
those supplemented with a more degradable source of protein, since
improvements in efficiencies have been observed , .imarily when an escape
protein replaces the non-protein nitrogen source of urea. In addition,
the mechanisms which may change the efficiencies of ME use with increasing

protein also need to be examined.
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1.2 Heat Production

1.2.1 The Heat Increment of Feeding

In the ruminant the major components of the heat increment of

feeding (HIF) include the energy cost of eating and ruminating, the heat

of fermentation, the work of digestion and inefficiencies in nutrient

metabolism. Changes in one ~r several of the components of the HIF mav
lead to a subsequent change in efficiency of ME utilization. There is a
great deal of transformation and synthesis of nutrients and metabolites

through the microbial pool in ruminants compared to their monogastyic
counterparts, who will derive many of these nutrients directly from the
diet. Hence it is particularly difficult to quantify the components of
the HIF and to predict energetic responses to changes in nutrient intake
in ruminant animals (MacCrae and Lobley, 1986). Despite this, rescarchers
have attempted to estimate the relative energy costs of the components of

the HIF.

1.2.1.1 En=zrgy Cost of Eating and Ruminating. Osuji et al. (1975)
demonstrated that the energy cost cf eating for sheep was seven times
greater when chopped dried grass was fed than when pelleted dried grass
was fed and suggested that the total energy cost of eating is related to
the time taken to eat. In a comparison of sheep fed orally or with

a
rumen fistula, Osuji et al. (1975) observed that the increase in heat
production when a sheep was fistula-fed was only 2-8% of the increase when
the animal was fed orally thus indicating that most of the increase in
heat production during eating was due to the energy cost of eating rather

than to the energy cost of digestion and metabolism. There was, however,

only one animal used in this experiment. Since less time is required to
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ear pellerted rztions cthan non-pelleted forages., wWebster (1980) estimated
that although the total ME cost of eating for sheep grazing at a
maintenance level of intake would be 3% of its total h=zat production, the
energy cost of sheep eating a maintenance ration which was pelleted would
be negligible. This supports earlier observations by Osuji et al.’s
(1975) that time spent eating may be directly related to the total energy
cost of eating.

Balch (1971) reported that on average, rumination time was twice
that of eating time thus it was surprising when rumination energy costs
were estimated to be only about 10-20% of total eating costs (Webster,
1980) . A notable difference observed between these two activities has
been in the distribution of blood flow; decreases in plasma volume at the
onset of eating have been measured by Christopherson and Webster (1972)
whereas such changes have not Deen observed during rumination. webster
(1980) suggests that the extra energy cost assoclated with eating in
comparison to rumination may be related to this redistribution of blood.

1.72.1.2 Heat of Fermentation. Baldwin et al. (1970) estimated that
the total loss of feed energy to fermentation does not exceed 6.4% of the
digestible energy irrespective of the nature of the feed. This is
supported by Webster et al. (1975) who showed that the energy expended by
the gut was the same for both pelleted or chopped dried grass. In vitro
measurements from sheep (Marston, 1948) and cattle (Houpt, 1968) have
indicated that the heat of fermentation is slightly greater (6-8% of
fermented energy) than the values calculated by Baldwin (1970). Webster's
(1980) in vitro measurements are in agreement with this and lend credence

to Hungate's (1966 cited by Webster, 1980) suggestion that the heat of
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1.2.1.3 Work of Digestion. 1In contrast to Wester et al.’'s (197

observations that there were no differences in the energy use by

gut

(B0

tissue in steers fed either pelleted or dried grass, Lobley (1986)

repocted that the work associated with digestion is higher with more
fibrous forages. Huntington et al. (1988) reported the oxygen consumption
of portal drained viscera was 23 and 29% of total oxygen consumption for
steers fed alfalfa and orchardgrass, respectively, at high intaskes. This

effect is believed to be because che consumption of more fibrous feeds is

associated with increased secretiocn of saliva and digestive fluids, as
well as potentially greater desquamation through physical =ction which may
result in this greater energy cost of digestion (Lobley, 1986).
1.2.1.4 Nutrient Metabolism. The cost of metabolism depends, to
a certain extent, on the amount of transformation that the nutrient is
subjected to while it is being utilized by the body (Milligan, 1971).
The relative values of several nutrients for maintenance in comparison to
stearate were investigated using sheep 1in negative

energy balance

(Baldwin, 1980) and it was found that gluccse, acetate and propionate had

relative values of 105, 89 and 91% respectively. Thus energy expenditure
at maintenance may vary significantly depending upon the energy source
(Baldwin, 1980). Similar variarions in efficiencies have bcen estimated
for gain. For example, glucose can be converted “o lactose much more
efficiently than propionate can, hence ruminants have a greater cost for
milk synthesis than monogastrics do (Baldwin, 1980).

Energetic inefficiencies are also involved in nutrient storage.

Milligan (1971) estimated that the storage of acetate as lipid before it
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is used for ATP generation would result in a 19% loss of the total
available energy from acetate. A similar calculation was made by Baldwin
(1980), who estimated that energy costs of nutrient metabolism couid be
increased from 15.4 to 27.6% if fatty acids were used for maintenance
functions instead of volatile fatty acids (VFA), and if the VFA's were
strored as fat in the place of fatty acids.

An important component of nutrient metabolism is tissue accretion.
Early theoretical estimates of the efficiency of ME utilization for
protein and fat synthesis indicated figures of approximately 90% and 70%
raspectively (Blaxter 1962). This was later challenged by various workers
(#rskov and MacDonald, 1970: Rattray et al., 1974; Graham, 1980) who found
that protein deposition 1in growing animals was energetically lers
efficient than previously believed. O0ld and Garrett (1985) estimated the
cfficiencics of energy utilization to be 49 to 58% and 10 to 11% for fat
and protein deposition, respectively, in finishing s'eers. More recent
estimations of efficiencies of ME use for tissue growth in steers, also
obtained using multiple r: ‘ession analysis, have been 71 to 91% for fat
and 11 to 13% for protein (Delfino and Mathison, 1991) in steers. Reeds
and Fuller (1983) reviewed results which demonstrated that whole-body
protein synthesis occurred at twice the rate of protein deposition. Thus,
it is likely that the low estimates of efficiencies of protein synthesis
are the result of the cost associated with protein turnover as suggested
by Garrett and Johnson (1983). In contrast to protein it is believed that
fat acts as a reserve with a slow turnover rate hence the efficiency of
ME use for fat deposition in ruminants is in all cases much greater than

that for protein {(Geay, 1984).
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In addition to the cost of protein turnover, a large proportion of

the heat increment of feeding has been assigned to ion transport and a

smalier proportiomn substrate cycling (Summers et al., 1988).

Although estimates such as those of Baldwin (1980) are only

theoretical, they do give an idea to the extent to which nutrient

metabolism can affect the heat increment of feeding and thus the

efficiency of ME utilization. Some of these factors are discussed in more

detail belcw.

1.2.2 Factors Affecting Energetic Efficiency

1.2.2.1 Protein Turnover. Reid et al. (1980) reviewed results

which demonstrated that the energetic efficiency was greater in animals

which deposited more body energy as fat than protein, implying that ME is

urilized more efficiently in the

net svnthesis of fat than in the net

synthesis of protein. The lower efficiency of use associated with protein

deposition is most likely the result of the costs associated with protein

turnover as well as the transport of contributing nutrients and ions

{Garrett and Johnson, 1984). This turnover 1is, however, only partly

related to growth, with the replacement of enzymes involved in digestion

and metabolism (Webster, 1980), cellular protein turnover (Reeds and

Fuller, 1983) and intracellular protein (Milligan and Summers, 19863 also
being involved.

The rate of protein synthesis and degradation appears to be
dependent on a number of factors such as nutrient intake, age, thermal
stress, lactition and gestation however only the effects of age and

nutrient intake will be discussed in this review. Although protein
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synthesis and breakdown continue throughout life, the rate at which they
occur varies with age. This was demonstrated by Reeds et al. (1980) who
found that as animals grew larger, there was a significant increase in
total protein synthesis. However, expressed as g N/kg'75 per day, protein
synthesis falls in older animals whereas the rate of protein breakdown
does not change significantly (Reeds et al., 1980). It is possible that
the response of protein synthesis to different nutrient deficiencies
varies with age. Golden et al. (1977a, 1977b) suggested that protein
synthesis in malnourished children did not respond to changes in protein
intake, however an increase in protein synthesis was measured when energy
intake was increased. Garlick (1973 cited by Reeds et al., 1980),
however, found that the reverse was true for adults. Although the
differences may be due to age, it is also possible that the magnitude of
the changes may be dependent on the basal levels of protein and energy to
which the supplement is added (Reeds et al., 1980); the relationship
between protein intake and synthesis may become uncoupled at low levels
of intake.

Reeds and Fuller (1982) summarized findings and derived a positive
linear relationship between intake and both protein synthesis and

degradation for combined protein and energy intakes ranging from fasting

to three times maintenance. This relationship was derived from
experiments involving pigs, rats and humans. Lobley et al. (1987)
reported a similar relationship for cattle. Protein synthesis appeared

te increase with increasing intake at a greater rate than did protein
degradation therefore it was surmised that quantitatively, protein

synthesis was the most important factor contrelling N retention (Reeds
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and Fuller, 1983).

Although there is little information on the effect of protein

synthesis on metabolic rate, Reeds et al. (1980) correlated heat
production to protein synthesis and demonstrated that approximately 21%
of heat production could be attributed to protein synthesis in young pigs
fed between maintenance and three times maintenance. Lobley et al. (1987)
reported that for cattle fed between maintenance and 1.6 times
maintenance, 19% of total heat production was due to protein synthesis.
McBride and Kelly (1990) measured protein synthesis and estimated that it
contributed 21 to 25% to total heat production of steers. Energy required
for protein oxidation ranged from 20% to 6% (Lobiey et al., 1987) of that
required for synthesis for fasted steers and steers fed at 160%
maintenance.

As stated above, the cost of protein synthesis and degradation may
vary greatly with age and nutrient intake. Since this degradation may be
viewed as an inefficiency, the increases in degradation at different ages
and nutritional states could therefore contribute to the inefficiencies
inherent in animals and therefore may potentialily be an important
contributor to differences in the efficiency of ME utilization.

1.2.2.2 Sodium-Potassium Transport. Transport of ions accounts
for a significant portion of basal energy expenditure (Milligan and
Summers, 1986), with the Na+, K+, transport system accounting for the
majority of the cost of transport. The energy cost associated with Na+,
K+ transport may be viewed as the cost of maintaining jonic homeostasis,

membrane potentials, and the ionic gradient necessary to sustain nutrient

uptake through this process (Summers et al., 1988). For example, co-
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transport of an animo acid or sugar into a cell involves the movement of
one Na+ down its transmembraiie gradient (Alberts et al., 1989). The ion
gradient is maintained by the action Na+, K+ - ATPase which simultaneously
moves three Na+ out of the cell and brings two K+ in. The energy
expenditure associated with this phenomena is 1 ATP (Milligan and Summers,
1986) .

Since ion transport is involved in the transport of amino acids into
the cell, it follows that energy transformations and ion transport in
animals are intimately linked (Milligan and McBride, 1985), and therefore
jon transport is likely a significant contributor to heat production of
the animal. This speculation is supported by McBride and Kelly (1990) who
commented that the energy cost of protein synthesis is proportional to the
energy costs associated with Na+, K+-ATPase activity. Gill et al. (1989),
with the use of a simulation model, concluded that Na+, K+ - transport
accounts for 18-23% of the whole body ATP use in young sheep which is more
conservative than earlier estimates which assigned values between 30 =znd
40% (Baldwin 1980) to this process.

In a review of a number of trials Milligan and McBride (1985)
reported that Na+, K+-ATPase activity is responsive to the physiological
status of the animal. For example, greater energy expenditures in support
of Na+, K+ transport have been observed in lactating animals (Gregg and
Milligan, 1982), in tissues from cold exposed animals (Guernsey and
Stevens, 1977; Gregg and Milligan, 1982), humans in a diseased state
(Butterfield et al., 1978) and when nutrient intake has been increased
(Flier et al., 1981; McBride and Milligan, 1985). The effect of growth

factors on Na+, K+ transport activity was investigated in an in vitro
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trial (Rosengurt, 1981). In this experiment the exposure of cultured

animal cells to mitogens caused a rapid increase in the rate of flow of
Na+ into the cell. This resulted in an increase in Na+,

K+ pumping,

hence Summers et al. (1988) suggested that the greater energv expenditure

of younger growing animal on Na+,K+ transport may be related to an

elevated intracellular Na+. These speculations, however, have not been
confirmed.

Unfortunately, estimations of the contribution of Na+, K+ - ATPasc
activity have been restricted to in vitro studies. Hence, caution must
be used in interpretation of the data (MacRae and Lobley, 1986). They

are, however, believed to be a significant contribusor to the heat
increment of feeding and therefore may have the ability to significantly
influence whole-animal energy expenditure and hence the energetic
efficiency of productive functions (McBride and Kelly, 1990).

1.2.2.3 Volatile Fatty Acid Production and NADPH Deficiency. A
negative relationship has been shown between the proportion of acetic acid
in the rumen fluid and the efficiency of ME utilization for fattening
(Blaxter, 1962). Sincc more fibrous food will result in a greater acetate
to propionate ratio within the rumen (@rskov, 1975), it has been suggested
that this may also partially account for the large differences in the
efficiency with which ME 1is used between animals fed concentrates or
forages. Much of this speculation has been derived from an experiment
performed by Armstrong et al., (1958), in which mixtures either high or low
in the proportion of acetic acid were infused into sheep. 1t was
concluded that the utilization of volatile fatty acid (VFA) mixtures for

fattening could be predicted on the basis of direct proportionality of
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response to the individual acids. MacRae and Lobley (1986) ccmmented that
since there is an obligatcry requirement for NADPH in the cenversion of
acetate to fat, adequate glycolytic precursors are required for its
production through either the pentose phosphate pathway or from reactions
associated with TCA-cycle intermediates. In the ruminant the primary
precursors available for these pathways are propionate and glycogenic
amino acids thus, when propionate is limiting, amino acids are required
for acetate utilization (MacRae and Lobley, 1986), thereby changing the
dynamics of metabolism in the animal and possibly affecting energy costs.
Although this concept has been supported by the modelling results of Black
et al. (1987) there hawv« been conflicting reports on this hypothesis.
Black et al. (1987) suggested that the effect of acetate on the efficiency
of utilization of energy may be dependent on the diet, with acetate being
more efficiently utilized with concentrate diets than with forage-based
diets. grskov et al. (1979), however, found no significant differences
in the HIF above maintenance .n lambs sustained on infusions of nutrients
containing VFA ratios of acetate: propionate: butyrate ranging from
75:15:10 to 45:45:10 and suggested that the results from Armstrong et al.
(1958) may have been misleading as they were calculated from molar
proportions rather than proportions of combustible energy supplied by the
three VFA’s. Recently, grskov et al. (1991) performed a similar
experiment in steers and again found that the sfficiency of ME utilization
was not affected by different molar proportions of acetate and propiomnate.

In summary, the results of various workers (Armstrong et al., 1958;
Blaxter, 1962; Black et al., 1987) support the concept that a shortage of

glucogenic material may affect efficiency of ME utilization in ruminant
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animals, however, @Prskov’'s experiment (1979) indicates that there is
disagreement in the area and underlines the need for more comprehensive

work.

1.2.2.4 Substrate Cycles. In situations where acetate cannot be

completely utilized, substrate c¢ycles may be stimulated to effect an
enexrgy loss with no obvious benefit to the animal (lLobley, 1986) therebv
possibly affecting the efficiency of ME wutilization. It has been

suggested that these substrate cycles may, in part, be regulated by the

availability of nutrients (MacRae and Lobley, 1986). These seemingly
‘fultile’ cycles and their subsequent energy expenditure are of interest
to animal biochemists in assessing their contribution to maintenance
requirements (Baldwin, 1980). Leng (1989) also suggests that an excess
of acetogenic substrates could result in an increase in heat production,
the implication being that this is achieved through substrate cycles.
Substrate cycles in the glycolytic pathway have been the main focus of
attention. In particular, cycling between fructose 6-phosphate and
fructose 1,6-diphosphate (Summers and Milligan, 1988) may be important
and has been shown to have the ability to increase 13 fold (Challis et
al., 1984).

Although the energy expenditure of individual substrate cycles may
be relatively small, it is possible that if several such substrate cycles
were to respond at the same time, the overall effect of heat production
may be significant (Challis et al., 1985). The potential importance of
substrate cycles is demonstrated by Reeds et al. (from Milligan and

Summers, 1986) who estimated that the combined contributions of substrate

cycling from glycolysis, triglyceride turnover, and the Cori cycle was
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approximately 7.5% of ATP turnover in the young pig.

1.3 Effects of Cold Stress

1.3.1 The Effect of Cold on Digestibility

In a number of trials over the last two decades, a decrease in the
digestibility of forages in cold-stressed sheep (Kennedy et al., 1976,
1978, 1982) and cattle (Yourg and Christopherson, 1974 ; Christopherson,
1976) has been observed. In the study of Christopherson (1976)
experiments were conducted involving calves and sheep held in ambient
temperatures of -17 and -10 °C respectively in comparison with similar
animals held at 16 - 20 °C indoors. The exposure to cold resulted in a
decrease of .21 units in dry matter digestibility per degree celsius drop
in environmental temperature for the calves and .31 units per degree
celsius for the sheep. Ames and Brink (1977) estimated dry matter diges-
tibility was lowered by .14 digestibility units per degree celsius fall
in temperature in mature cattle however Christopherson (personal comm.)
suggested more recent estimates of .10 units decrease per degree celsius
degree in temperature for steers and mature cows. These data suggest that
the effect of temperature on digestion may be following the general
principle that animals of a larger body size are less 1likely to be
affected by environmental changes than small animals (Kleiber, 1961). The
rate of passage of digesta, or conversely, mean retention time, has
attracted much attention since it is believed that the shorter retention
time of particulate digesta in the rumino-reticulum is likely responsible
for limiting the time available for fermentation of the more slowly

degraded components of the diet (Kennedy et al., 1976; Kennedy et al.,
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1986a) . Kelly and Christopherson (1989) reported that animals exposed to
cold temperatures (0 to 2 °C) exhibited declines in dry matter and organic
matter digestibilities however there was no change in postruminal
digestibility of dry matter or organic matter. This supports Kennedy et
al. (1977), who reported cold expc are reduced total mean retention time
primarily through reduction of the mean retention time in the rumen. This
increase in the rate of passage occurs primarily in the rumen with no
changes being observed in the hind gut.

The reduction in rumen turnover time during cold exposure, may be
partly due to increased motor activity of the gastrointestinal tract
(Kennedy et al., 1986a). Using five ruminally cannulated Holstein cows,

tteberry and Johnson (19€69) found cows exposed to 2 and 18 °C had
significantly greater amplitudes of rumen contractions than cows exposed
to 38 °C. The frequency of contractions were also greater, however this
effect was not significant. Lirette et al. (1988) found that contraction
frequencies of the rumen and reticulum were increased by 49 and 55%,
respectively, when steers were exposed to acute cold (-20 °C). This
increased forestomach motility during cold exposure would be expected to
enhance the rate of passage of small particles from the rumen
(Christopherson and Kennedv, 1983). Okine and Mathison (1991), however,
report that frequency of contractions may not be as closely related to
vassage rate as the amplitude and duration of the contractions, however
the effect of temperature on amplitude and duration of contractions
requires investigation.

The mechatiisms which bring about the temperature induced changes in

motility have as yet not been elucidated, however it has been suggested
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that increased frequency of contraction of the ruminoreticulum during cold
exposure involves increased neural activity from the gastric centre in the
medulla oblongata (Leek and Harding, 1975). Kennedy et al. (1986a) also
suggest that various endocrine changes may modify the sensitivity of the
reflex neural pathways controlling motility. Thyroid hormone has been
shown to increase rate of passage (Kennedy et al., 1977) while epinephrine
will generally inhibit ruminoreticular motility. A host of other
hormones have also been implicated as effectors of ruminoreticular
function however these endocrinclogical as well as the neural mechanisms

encompass an area which is beyond the scope of this review.

1.3.2 End Products of Digestion

In various experiments it has been noted that certain products of
digestion are altered in cold stressed animals. Kelly and Christopherson
(1989) found that cold induced an increase in total VFA production in the
rumen. A depression in molar proportions of acetate to propionate have
alsc been observe (Kelly and Christopherson, 1989; Kennedy and Milligan
1978). This depression, however, was not observed in an earlier study
(Kennedy et al., 1976). An important implication of this is a potential
increase in efficiency of utilization of ME for growth in the cold since
propionate may be used more efficiently for growth than acetate (Van
Soest, 1982).

Kennedy et al. (1982) reported reduced rates of rumen NH;-N
production from feed and endogenous protein sources in cold treated sheep
given chopped brome-grass diets, however this trend was not observed in

the lucerne or barley-canola seed meal diets. This reduction in rate of
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rumen NH,-N production in cold treated animals eating brome grass was also
observed by Kennedy and Milligan (1978) and Kelly et al. (1989). Since
the time available for fermentation is reduced in cold-exposed animals,
decreased ruminal digestion of protein is expected to result in a lower
rumen NH,-N production (@rskov, 1982). Thus far there have becen no
detectable changes in the quantity of microbial dry matter ov N
synthesized in animals exposed to different temperatures, however Kennedy
(1976) did note a 12.5% increase in the efficiency of microbial synthesis
(g microbial N/kg organic matter apparently digested in the stomach).
This is in agreement with the suggestion of Lindberg (1983) thut
efficiency of microbial synthesis may be related to the dilution rate in

the stomach. Similar responses were observed by various workers (Kennedy

and Milligan, 1978; Kennedy et al., 1982, 1986) however this effect was
not always significant (Kelly et al., 1989).

There have been reports of increases in amount of escaped dietary
protein in animals exposed to cold (Kennedy and Milligan, 1976; Kelly et
al., 1989a). Kennedy et al. (1986b) found that ccld exposure tended to
increased the amino acid content of non NH;-N in the duodenum by 8 to 17%
for sheep on chopped diets with valine, glycine, alanine and cystine being
significantly greater. 1In a previous experiment, Kennedy et al. (1982)
through the use a 355 as a microbial marker demonstrated, that the
increased flow of non NH;-N in the cold was principally due to undegraded
dietary protein not microbial N. Increases in amino acid flow to the
intestine in cold acclimated sheep were observed by Kelly et al. (1989h),

with valine, isoleucine and leucine delivery being significantly greater

in sheep held in the cold environment as opposed to the warm. This
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increazsed escape of amino acids, zlong w

bty

th a potentizliv improved
efficiency of microbial synthesis, would result in an increase of non NH.-
N entering the small intestine and comnsequently an increase in non KNH;-
i¥ absorption in the post-ruminal tract. This increase in non KNH,;-K
absorption would help to maintain the nitrogen economy of sheep exposed
to a cold environment (Kelly and Chrisropherson, 1989).

In addition, an increase in the amount of dietary protein escaping
degradation may increase the flow of essential amino acids to the small

intestine, since microbial protein is considered to be deficient in

scveral essential amino acids (Lobley, 1986).

1.4 Diet by Temperature Interaction

Egan (1977) found evidence that with low nitrogen, low digestibility
diets, unfavourably iow protein:energy ratios could be developed in sheep.
It was proposed that where the protein tc energv ratio is unfavourable,
intake is limited by the protein insufficiencies. This protein:energy
ratio may be a significant factor when dealing with animals in a temperate
climate. A cold-stressed animal will oxidise acetogenic substrate for
heat production and therefore the ratio of amino acids to energy in the
balance of nutrients available for production will be higher than in an
arnimal in its zone of thermoneutrality (Leng, 1989). In the absence of
ccld stress animals being fad a diet with an imbalance of protein to
energy must utilize this excess substrate or reduce their feed intake
(Leng, 1989). 1If possible, this "extra" energv could be utilized in the
previously discussed futile cycles in increased ion transport, or some

other mechanism, thereby deccreasing the efficiency with which the ME is
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utilized. Ames and Brink (1977) suggested that decreased rates of sain

during thermal stress could by minimized by adjusting dierary protein for

the thermal environment. Leng (19: suggests that this imbalance in the

ratio of protein to energy in animals in tropical climates is a major
contributor to the decreased rate: of gain observed in these countrics.
Acetate is used less effl _lently than propionate by the animal (Baidwin.
1980) hence a decrease in the acetate:propionate ratio which is scen in

the cold could increase the animals energetic efficiency. In addition,

i

it has been suggested that a lack of glucogenic precursors, such as

proplonate, may affect the energetic cost of the animal (MacRue and

Lobley, 1986). Finally, an increase in non NH,;-N in the cold may improve
the efficiency of the animals.
In light of the above observations, it was hypothesized that: 1)
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and 2) the response in energetic efficiency would be dependent upon
environmental temperature. Hence the objectives of the present study were
to; 1) derermine the effect of RDP and UDP supplementation on the

efficiency of ME utiliza

¢t

ion in lambs fed a iow protein die: containing
straw and barley and, 2) compare the effect of the above treatments in

animals subjected to cold and warm ambient temperatures.
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II. THE EFFECT OF BYPASS PROTEIN SUPPLEMENTATION ON THE

ENERGETIC EFFICIENCY OF LAMBS IN COLD AND WARM ENVIRONMENTS
2.1 Introduction

Supplementation of low quality forages with a rumen undegradable
protein (UDP) supplement will often result in increased voluntary intake
(Yilala and Bryant, 1985; Brand et al., 1991) live-weight gain (Yilala

and Bryant, 1985; Hennessy and Williamson, 1990) and feed efficiency

(Veira et al., 1985; Hennessy and Williamson, 1990; Petit et al., 1991)

in ruminant animals fed such diets. There is great interest in this area

since it implies the possibility of utilizing low-quality forages which

otherwise have only been of 1limited wuse in production diets. The

mechanisms which bring about the observed production responses are yet to

be determined since the interpretation of many of the results are

confounded by differences in voluntary intake and type and quantity of

protein fed. It has, however, been suggested that supplementation with

a bypass pretein increases the efficiency of energy utilization (Yilala

and Bryant, 1985; Gill et al., 1987). Unfortunately, although there is

some research on the effect of dietary protein on the energetic efficiency

of animals (Walker and Norton, 1971; Close et al., 1983), research with

ruminant animals is limited (Walker and Nortor 1971; Blaxter and Boyne,

1978; Ortigues et al., 199%90).
Over the years there have been inconsistencies in responses to

bypass protein when trials are performed in different climates, with

animals in tropical climates having seemingly greater and nore consistent
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responses to UDP supplementation than animals in more temperate climates
(Leng, 1989). lLww, (1989) suggests that this effect may in part be due
to differences in the proportions of various nutrients available for
production brought about by the differences in environmental temperatures.
Since animals exposed to colder temperatures will use more energy for
maintaining thermoneutrality, there will be less energy available for
production, thereby changing the protein:energy ratio of nutrients
available to the tissue. There have, howevsr, been few comparative
studies to explore this possible diet by temperature interaction (Ames and
Brink, 1977). 8Since Canadian winters generally provide an environment of
extreme cold stress which can adversely affect production levels of
domestic animals, any interaction between dietary protein and environment
merits much attention.

In light of the above observatons, the hypotheses of this study
were; 1) protein supplementation would increase the efficiency of
metabolizable energy (ME) utilization and 2) the response to bypass
protein supplementation would be dependent upon environmental temperature.
Thus the aims of this study were to; 1) determine the effect of rumen
degradable protein (RDP) and rumen undegradable protein (UDP)
supplementation on the efficiency of metabolizable energy (ME) utilization
in growing lambs fed a low protein diet containing straw and barley grain
and 2) compare the effect of the above treatments in animals subjected to

cold and warm ambient temperatures.
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2.2 Materials and Methods

2.2.1 Arimzls and Housing
Forty-eight Dorset crossbred lambs (mean weight 22.5 + 2.6 kg) of equal

numbers from both sexes with no antibodies to Coxiells burnetti infections

were purchased for this experiment. Lambs were dewormed (Tramisol Shecp

Wormer Oblets; Cyanamid, Canada Inc. Markham, ON.) and vaccinated with

Covexin-8 (Coopers Agropharm Inc., Ajax, ON.) for prevention cf clrstridia

infections (Cl. chauvoei, Cl. septicum, Cl. haenolyticum, Cl. novyi, C.

perfringens type B, type C and type D; C(ClI. tetani) before being

transported to the Laird McElroy Environmental and Metabolic Research

Centre at the Edmonton Research Station.
On arrival animals were held in an outside, covered pen and fed chopped

hay and whole barley for 7 days. The lambs were then shorn, weighed and

blocked into three groups according to live weight and with equal numbers

of males and females in each group. Two males and two females from each

group (12 in total) were randomly selected to be slaughtered to establish
initial body composition. These animals were held in an indoor stable (21
+ 1.8°C). The remaining 36 lambs were then split into 12 groups of three,
with each group including one animal of the same sex from cach live weight

group. There were thus two groups of males and two groups of females for

each of the three dietary treatments.
The lambs were placed in either a 6.1 x 7.3 m environmentally-
controlled chamber or an indoor stable, both at room temperature. Animals

were then fed a diet of chopped barley straw (Hordeum vulgare) and whole

barley fu. another 7 days. At this point the temperature in the chamber
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was reduced to 4.7 + 1.7 °C, groups of lambs were assigned one of three

diets (Table 2.1), an” the 12 animals for initial body composition were

slaughtered. Within eacn jocation, haif of the animals were contzined i
metabolism crates and the other half were held in floor pens. While on

the floor, the groups of three animals were held in a single pen. Animals
in floor pens were moved ta metaboelism crates and animals in crates were
placed in floor pens at appro: - ..ely 10 day intervals. Shavings, used
for bedding in the floor pens, were replaced approximately once weekly.
Floor pens in the cold chamber (1.2 ¥ 1.2 m) were slightly smaller than

those in the stable area (1.8 ¥ 1.8 m).

2.2.2 Feeding

Lambs were fed a basal diet of 350% chopped tarley straw, 30% whole
barley grain and 20% of a supplement containing rolled barley and either
canola meal (Brassica campestris), Whitefish meal from British Columbia
or no protein supplement (control diet) (Table 1.1). The canola meal and
fishmeal diets were formulated to be isonitrogenous and isoenergetic while
she control diet was of a lower nitrogen content. Animals held in the
ctable and cold chamber were offered diets at levels of 80 g dry ratter/kg
of BW-’° and 90 g dry matter/kg BW 7> daily, respectively. Straw, barley
and supplement were weighed separately for each lamb, mixed and the total
amount offered in two equal feedings at 8:00 and 16:00 h daily. Any orts
were removed and the weight recorc=d. If lambs refused some of the ration
the amount offered on the subsequent day was reduced so that orts did not

exceed 10% of the amount offered. The amount offered was then gradually

increased until lambs were eating at the same level as the rest of the
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experimental #nimals. Lambs were weighed every 10 davs and feed intake

adjusted accordingly. Animals were fed individually in metabolism crates

or throuch the use of hezdgates in the case of larhe ir flooy pene.  Frogh

water was provided daily and offered ad Iibirum,

2.2.3 Fecal and Urine Collections

Five-day metzbolism trials were conducted con the lambs held in t1 .

metabolism crates at two different times during the study. The first

period commenced after a 2 week adaptation period to the diets and

temperatures. The balance trials were initially performed on only one-

half of the animals in each temperature and dietary treatment. Once this

was completed, animals were switched from floor pens to metabelism crates

and five-day collection perieds were performed for the second set of

animals. A second balance trial was performed on all lambs approximately

20 days after the first one.

Representative samples of diets and any orts, taken and composited

daily, were dried and ground through a 1 mm screen. Total feces and urine

output were measured daily. Twenty-four hour feces output was collected
and a 10% aliquot was taken and stored at -20 °C. After the 5-day

collection period, aliquots were pooled, dried at 10f; °C and ground throuph

a 1 mm screen for analyses. Twenty-four urine output was collected auer

10 ml 5N HCl, weighed and an aliquot was taken and stored at 5 “C. At thao

end of the collection period, subsamples were pooled and frozen at -20 °C

for later analyses.
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2 2.4 Indirect Calorimetry and Methane Measurements
For these measurements the three lambs from each treatment were placed

.2 1.8 ¥1.5 ¥ 0.92 m chamber. The chamber was locally constructed with

¥8

plyvwood on three sides with the fourth side and the top being covered with
two layers of plastic whic™ allowed light to enter the chamber. The
chamb.r sides were placed on approximately 2.5 cm of soft foam to prevent
escape of air. Chamber negative pressure was checked every 4-6 h. For
the 24-hour measurement period, animals were placed in the chamber in the
evening. The feed was placed in the chamber at the same time however
lambs did not have access to it until 08:00 the next morning when the
headgates were opened with a string pulled from the outside, allowing
lambs access to the feed. The total daily amount was given in this
feeding to avoid opening the chamber partway through the 24-hour
measurement.

Two calorimetry measurements were taken during the 85 day trial, each
in the week following the digestibility measurements. rnowever for the
females fed fishmeal and held in the stable area, the measurement which
took place after the first balance trial was invalid due to problems with
the equipment. The second measurement for the females fed the control
diet in the cold chamber was also not used for similar reasons. As well,
for the males held in the stable area and eating the control diet, one of
the lambs was not eating at the time of the first calorimetry measurement
hence this animal was not included in this measurement leaving only two
animals for this particular observation.

Oxygen consumption was measured with a single-circuit Servomex

paramagnetic oXygen analyzer (Servomex Instrument Company, medel =5404,
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Crowbridge, U.K.). Carbon dioxide production and methane production were

measured with Beckman non-dispersion infrared analvzers (Beckiran

In

5]

trument Compzany, Model =864, Fullerton, C.a , U.S. A ). Flow was

measured with a Fischer and Porter variable area flow meter (Fischer and

Porter Instrument Company, model 10A 3553A. Warminster, Penn., U.S5.A.).

This was done with an open-circuit calorimetry system (Young et al., 1975)

a=-tached to the animal chamber. Data from the three gas analyzers was

taken wirh a Datalogger (Data Electronics Corp., Melbourne Australia,

model DT100) every 10 s and averaged over a 15 min period. A locally

produced piece of software was used to capture the data on a personal

computer. Room air measurements, temperature and barometric and
manometric pressure were also taken every 4-6 h and lambs were observed

for signs of stress (eg. panting, restlessness) every 4-6 h.

Concentrations of the gases in the standard were .995% CO,, .09z Ci,

and 19.94% O,. Outside air was also used as a standard (20.92% O0,, .03%
CO,, O% CH,). Readings of standards were recorded at the beginnir Lo
end of every 24 h measurement. Calorimetry equipment was calibr <h
the iron-burn method (Young et al., 1984) approximately once L week.

Total heat production (kcal/day) was calculated as 3.866 x o, [/ +
1.200 % CO, (1/d4) - 0.518 x CH, (l/d) + 1.4321 x urine-N (g/d) (Brouwer,

1965). The ME content of the diet was estimated py subtracting the cnergy
lost in feces, urine and methane from the gross energy intrake. Heat
production was then subtracted from the ME intake to give the energy
retained by the lambs. Nitrogen balance was calculated from the

digestibility balance trial and converted to energy retained as protein

using an energy equivalence value of 5.59 kcal per gram protein from
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Pattray et al. (1973). Fat retained as energy was then calculated using
thte relaticnship Retained Energy = Energy retained as protein + Energy

retained as fat.

2.2.5 B. wd and Rumen Samples

Ten ml bloocd samples were obtained via jugular puncture and collected
in heparinized vacutainer tubes approximately 3 hours after the morning
feeding on days 49 and 80 of the trial. Blood samples were centrifuged
immediately at -4 °C and 3000 x g for 15 min. Plasma was then placed in
scintillation vials and frozen at -20 °C. Rumen samples were collected at
the same time as blood samples with an endotracheal tube. Rumen fluid was
filtered through three layers of cheesecloth, placed in scintillation

vials and stored at -20 °C.

2.2.6 Whole Animal Composition

At the onset of the trial the 17 titial slaughter lambs were weighed.
euthanized with T61l euthanasia solution (Hoechst Canada Inc., Regina
SA.), and the contents of the reticulo-rumen removed. Whole sheep were
weighed and stored at -20 °C. Frozen lambs were moved to the Meat Research
lab at the Edmonton Research station and cut into 15 x 10 cm pieces with
a band saw. Cut pieces were ground through a 6 mm screen with a wvhole
body grinder (Autio Manufacturing Oregon, U.S.A., model 801l). Due to the
impracticality of cleaning the grinding machine after each animal,
approximately 300 g of a lower hind leg were put through the grinder last
to ensure that if any contamination occurred, it would be uniform from

animal to animal. The ground mixture was mixed thoroughly by hand and
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then duplicate representative samples were taken from approximately 1%

d

fre

fferent areas of the ground carcass. These samples were weighed, double
bagged and stored at -20 °C. Samples were then freeze dried, reweighed and
processed further in a Waring blender to obtain a more homogenous mixture
for determination of composition.

On day 85 of the trial, the remaining 35 animals were euthanized, their
reticulorumen contents removed and the empty bodies were frozen at -20 °C.
It was necessary to shear the frozen carcasses before cutting to prevent
the woel from plugging the saw. The wool was then mixed with the frozen
pieces of carcass as they were put through the grinder. Other thasn this,
carcasses were processed in the same manner as described previously.

The concentration of energy, protein and fat of the initial slaughter
lambs were related to body weight by regression analysis. Equations for
fat, protein and energy content were then used to estimate the starting
composition of each of the remaining experimental animals at the start of
the experiment. Retained ensrgy, fat and protein were then calculatred ac
the difference between the calculated initial and measured final values.
Energy retained as protein was calculated using a wvalue of 5.59 kcal/g
{Rattray et 31., 1973). The remainder of the retained energy was assumed

to be fat (9.31 kcal/g; Rattray :c¢ al., 1973).

2.2.7 In Situ Degradability

The degradability of the dietary components was determined with the
nylon bag technique (von Keyserlingk and Mathison, 1989). One rumen-
fistulated steer was adapted to a basal diet of 50% barley straw and 50%

barley grain 2 weeks prior to trial. Feed was offered twice daily.
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Bags were made from 7.0 x 5.5 cm pieces of nylon (Phentex, PE300 pore
size 48 um B and SH Thompson and Co. Ltd., Toronto, Ont., Canada) which
were folded in half and heat sealed (Audion Impulse Sealer, sudion
Elektro, Packaging Aids Company, San Francisco) on two sides. One gram
of ground (lmm screen), dried sample was placed in each bag and the last
side was then heat sealed. A total of 14 bags (two bags per time of
incubation) each of barley grain, canola meal supplement and fishmeal
supplement were prepared. Twelve samples of each concentrate were
suspended in the rumen in a polyester mesh bag and incubated for 2, 4, 8,
12, 16 or 24 h; the remaining two were 0 h samples. Eighteen bags of
barley straw were prepared and 16 of these suspended and incubated in the
rumen for &4, 8, 12, 16, 36, 48, 72 or 120 h; the remaining two were O h
samples. Nylon bags were introduced into the rumen in reverse order (i.e.
h-120 was introduced first) so that the bags were all removed and washed
at the same time. The zero time samples were not introduced into the
rumen. however they were washed with the rest of the nylon bags. All bags
were washed simultaneously in the mechanical bag washer described by De

Boer et al. (1987) and dried to a constant weight at 100 °C for dry matter

(DM) determination.

2.2.8 Chemical Analyses

Dry matter determination of diets, orts, and feces was determined by
drying at 100 °C to a constant weight. Meat samples were freeze dried
(Vitris Company, Gardiner, N.Y. 12525) to a constant weight (approximately
2

3 d) and reweighed and then the calculated $DM was used to correct

laboratory analyses to a fresh lamb weight basis. Nitrogen concentration
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was determined for diet, orts, meat, feces and frozen urine samples with
the macro-Kjeldahl procedure (AOAC 1984, Procedure #2.057). Nitrogen was
determined on in situ samples while they were still in the bag; emptv
nylon bags were used to correct for the nitrogen content of the Phentex
bag material. The same technique was used for nitrogen determination of
frozen urine samples which were contained in 5 x

5 em plastic bags.

Energy content of all samples was determined in an automatically

«a

controlled adiabatic bomb calorimeter (Parr Instrument Company, Inc.
Moline, Illinois, U.S.A.). Three 5 ml samples of urine were placed in %
x 10 cm plastic bags and freeze dried before determinations of encrgy
content. Bags were included in the measurement. Ten empty i-lastic bags
vere then used to determine the energy content of the bags alone. Acid
detergent fibre (ADF) and neutral detergent fibre (NDF) were determined
for all diet, ort and fecal samples by the method outlined by Goering and
Van Soest (1970). The Goldfinch (A0AC, 1984. Procedure #24 .005) method
using petroleum ether was used to estimate of lipid content of the meat
samples. Ash content of all samples was determined by placing 2 g samples
in an ashing oven (Heavy duty Heating equipment Company. Wisconsin,
U.S.A.) at 500°C overnight (AOAC 1984, procedure #7.009). Ammonia nitrogen
concentration was measured in rumen samples (Fawcett and Scott 1960) and
urea-N was determined in plasma samples using a colorimetric procedure

based on the diacetyl monoxime method (Sigma Co., St. Louis, MO. procedure

#535).

2.2.9 Statistical Analyses

The experimental design for this procedure was a 2 x 3 z 2 factorial
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design which was analysed using the GLM procedure of SAS (1985). Main
effects for the comparative slaughiter trial were diet (n=3), temperature
(n=2) and sex (n=2). For digestibility measurements, period effects (n=2)
were also taken into account. Dry matter intake was used as a covar N
however it was removed from the model if insignificant (P>.10). There
were three animals per replication with the exception that one animal died
prior to the sampling period. Because of this mortality, the use of least
square means was employed. For analyses of heat production, methane
production, and retained energy from the indirect calorimetry-balance
trial, all three animals per treatment were treated as one observation
since all the animals in a treatment were measured together. Hence, in
the 2 x 3 x 2 factorial experiment there were only two replicates per
treatment for the indirect calorimetry measurements; one for each period.

All interactions were tested and, except for the temperature by diet
interaction, were removed from the mode! if insignificant (P>.10). A
multiple range test using Student Neuman Keul's procedure was performed
to distinguish between mean values among cietary treatments.

The in situ disappearance of crude protein at each incubation time was
calculated from the crude protein remaining in the bag after rumen
incubation. The disappearance rate (p) was fitted to the equation derived

by @rskov and MacDonald (1979) where t represents the incubation time.

p=a+ b(l - e

The soluble (a) and slowly degradable (b) portions of the feed as well as

the rate constant of degradation (c) were estimated h. in iterative least
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squares procedure on SAS (1985), and best fit values were chosen using the
smallest sum of squares after convergance (Khorasani et al.. 1989) .
Estimated degradability of the crude protein (EDCP) was calculatecd

using the following equation (@rskov and MacDonald 1979):

EDCP = a + be/(c + k)

The frational outflow rate (k) used to <calculate the estimated

degradability of crude protein was 5%/h.



2.3 Results

Approximately 2 weeks after the start of the experiment, one lamb
died of causes unrelated to the trial. Thus there were only two animals
in the male lamb group fed the canola-supplemented diet in the cold.

Although the animals within each temperature treatment were offered
a set level of feed daily, some animals did not eat all that was set
before them. When this occurred, the amcunt of feed offered daily was
reduced to a level such that all feed was eaten. The feed offered was
then gradually increased until the lambs were eating at the same level as
their counterparts. The result of this was that not all lambs, within

their environment, ingested the same amount of feed per kg metabolic body

weight.

2.3.1 Feed Composition and Intake

The ingredients and chemical composition of the diets are presented
in Table 2.1. The canola and fishmeal diets were isonitrogenous and
isoenergetic (P>.10). These diets contained 55 to 62% more (P<.01)
protein than the control diet.

The estimated fractions oi the rapidly (fraction A) and slowly
(fraction B) degradable crude protein of the dietary ingredients and the
rate of degradation of fraction B are presented in Table 2.2. The rumen
degradation characteristics of canola meal and fishmeal were not
individually determined since the complete concentrate was of primary
concern. From these values, and assuming a fractional outflow rate from

the rumen of 5%/h, total UDP content of the control, canola and fishmeal



diets was <calculated as 1.6, 2.7

and  #4.1%, respectively. The

corresponding RDP contents of the diets were 5.8, 8.8 and

O,

7.9%.
As planned in the experimental design, the daily intakes, of drv
matter, gross energy (GE), organic matter (OM), N, ADF and NDF wer.
greater for the animals in the cold environment (P<.0l) than the ones in
the warm environment (Table 2.3). Intakes remained the same for both
sexes (P>.10). Lambs receiving the canola and fishmeal diets had a 57
and 60% greater intake of nitrogen (N) than the lambs fed the control

diet, respectively (Table 2.3). Animals eating the fishmeal supplement

ingested less (P<.05) ADF and NDF than lambs in the other two groups.

2.3.2 Apparent Digestibilities

The digestibilities (Table 2.4) of DM, GE and OM were lowcr in the

cold, although digestibility of N, ADF and NDF were not influenced by

environment. Protein supplementation improved the digestibility of N

(P<.01), and in the case of canola meal, increased energy, dry matter

digestibility and mneutral detergent fibre digestibility. Fishmeal

supplementation decreased ADF and NDF digestion (P<.(05). Organic matter

digestibility was not affected by diet. Although the digestibility of

the fishmeal and control diets increased in the warm environment, the

digestibility of DM, GE, N and NDF of the canola-supplemented diets
remained the same or decreased in the warm when compared to the cold
temperature, hence there was a trend (P<.10) towards a diet by temperature

interaction. Females tended (P<.10) to have a greater digestibility of

DM, OM and fibre than males.



2.3.3 Animal Performarnce

There were 1.0 differences in initial weights between lambs placed
in the cold and warm environment (Table 2.5). Animals held in the warm
envirenment however, were 10% heavier (P=.01) at the end of the trial
than those exposed to the cold environment. This was also reflected in
a tendency for a reducesd (P<.10) daily g- n in the cold. The gain to
dry matter intake ratio tended (P=.06) to be improved by 18% at the higher
ambient temperature.

There were no differences in initial weights among the lambs on the
different dietary treatments, however lambs fed the contrel diet had a
lower (P=.04) final weight than those fed the fishmeal diet. Daily gains
tended toc increase with canola and fishmeal supplementation. Protein
supplementation did not influence gain to dry matter intake ratio (P=.22).

Males weighed more than females at the beginning (P=.03) and at the
end (P<.0l) of -~ trial, but no differences in daily gains or feed

efficiency bet- . the two sexes were observed.

2.3.4 Nitrogen Partitioning

Intake of N was higher (P<.0l) in the cold as was urinary nitrogen
excretion (P=.05) (Table 2.6). Retention of N was 30% lower (P=.04) in
the cold than in the warm. The control diet also resulted in less (P<.05)
N being excreted in the urine and feces and less (P<.0l) retained N than
when the two high protein diets were fed. Plasma urea nitrogen and rumen
NH;-N concentrations were unaffected (P>.10) by temperature, however they
were influenced by diet (P<.01l). Rumen NH;-N concentrations were greatest

(P<.0l) for the canola diet and lowest for the control diet with fishmeal-
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supplemented animals having intermediate concentrations. Plasma urea-N
was increased (P<.01) approximately 94 and 115% by canola- and fishmeal-
supplementation, respectively, however, there was no difference between
the canola meal and fishmeal supplemented animals. No differences in

plasma urea-N and rumen NH;-N were detected between males and females.

2.3.5 Methane and Urinary Losses

Methane production was mnot (P>.10) influenced by environmental
temperature, although methane production as a percentage of DE tended to
increase (P=.06) in the cold (Table 2.7). Neither diet nor sex influenced
methane losces.

Urinary energy losses were increased with the lower temperature and

higher on the two high protein diets, however, energy losses in the urine

were not affected by sex.

2.3.6 Energy Partiticuning

The ME Iintakes for the comparative slaughter technique were
calculated from the aversge dallv feed intake throughout the feeding
trial, whereas for the calerimetry trial the actial intakes on the day of
the measurement were used. For this resson the two intakes & 2 not the
same in Table 2.8. 1Intakes of ME were 7 and 10% higher for lambs eating
the canocla diet than the control diet in the comparative slaughter and
calorimetry measurements, rezpectively. For the calorimetry measuremenis,
the females had a greater (P=.02) ME intake than the males did.

Heat productic:: was 7% lower (P=.02) for lambs in the celd than for

lJambs in the warm le 2.8) and 8% greater (P=.04) for lambs eating the
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cznola than the control diet in the comparative slaughter measuremsnts.
o d. ferences in heat production were detected with calorimectry
measuremelts .

On the basis cf the comparative slaughter measurements energy, fat
and protein retenticns were lower (P<.05) for vhe celd-treated animals
than for the warm- treated animels (Table 2.8). Sinilar differences were
noted for total energv retenticn and energy rectained as fat with the
calorimetry technique. however, these differences were insignificant.
Energy retained as protein tended to be increased by 0% (P=.0b) with
fi<hmeal-supplementation according to compararive slaughter and by 22&%
according to czlorimetry procedures. Energy and fat retention were mnct
affected by diet. On the basis of comparative slaughter, sex had no
effect on erergy rcrention or partitioning, however, the calorimerry
measurements demonstrated a trend for greater fat (P=.09) rertention in

females than males.
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2.4 Discussion

2.4.1 Intakes

It is recognized that the maintéenance requirements of animals in

coider ambient temperatures are greater than for those held in
thermoneutral envirenments (Young et al., 1989), hence animals in the cold
environmant were offered slightly more feed than in the warm. The lambsg

in the cold were offered 11l% more DM, however. actual intakes were only

6t greater (Table 2.8). The lower final weights demonstrated by animals
in the cold (Table 2.5) suggest that this was inadequate to compensate for

the effects of cold e¢n these animals.

2.4.2 Rumen Degradability

There is large variability in the estimates of the A and B fractions

of the straw as well as the degradation rate, however, this large error

th straw has been observed by cther workers (von Keyserlingk and

ot

i

Mathison, 1989). The estimated degradability of the crude protein in
barley, derived from information on the barley concentrate at a fractional
outflow rate of 5%/h, was 93%, which is in agreement with values presented
by De Boer et al. (1987). Since the degradability «f the crude pratein
of barley was estimated, calculations can be made to determine ths
approximate degradability of the actual protein supplements used. Such
calculations suggest that the degradabllity cf the CP of the canola meal
was approximately 72%. This is in agreement with values presented by toth

De Boer et al. (1987) and Khorssani et a.. (1989). The calculated

degradability of the crude protein of fishmeal, estimated at 2%, is
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relatively low compared to the value of 20% suggested by NRC (1983),
zlthougl: the degradubility of fishmeal is highly wvariable (Husseln and
Jordan, 1991b). However, due to the high percentage (70%) of barley in
the fishmeal supplement, it is expected that the A and B fractions, as
well as the rate of degradation of the B fraction, would closely follow
the d-g ility cheracteristics of the barley. Thus estimations of the
degre.. .2ty of fishmeal will be of limited accuracy when calculated in
this manner.

Rumen NH,-N levels can be directly related to the degradation rates
of the crude protein (Hussein and Jordan, 1991a). Hence, the greater NH,;-
N concentrations of the fishmeal- compared to the control-supplemented
lambs confirms a greater amount of RDP in the fishmeal diet. Further,
relatively high concentrations of plasma urea-N and rates of nitrogen
retention (Table 2.6) imply that, although the fishmeal may have been
relatively undegradable in the rumen, it must have been available for
absorption in the small intestine. Similarly, the greater rumen NH;-M
concentrations in the canola-supplemented lambs confirms that there was
more RDP with this diet than in either the control or fishmeal diects.

A number of workers have observed a decrease in the efficiency of
microbial protein synthesis when fishmesl was added to the basal diet in
sheep (Mercer et al., 1980; Hussein et al., 1991) and cattle (Cecava et
al., 1991) which could be due to the lower rumen NH;-N concentrations when
fishmeal is fed (Cecava et al., 1991). This should not have been a
probiem with either the fishmeal and canola diets since rumen NH;-. were
greater than S mg/dl, which Satter and Slyter (1974) indicated was

sufficient to support maximum growth rates of rumen bacteria. The
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concentrations of the rumen NH,-N of the lambs on the contrel diet mayv

however, have been insufficient for maximal {fevmentation on this basis,
The recommendation of Satter and Slvter (1974) was, however, obtained from
the results of in vitro studies and is far below the value of 23.5 mg/dl
recommended by Mehrez et al. (1977) for maximal fermentation. The rumen
NH,-2 corncentrations of the fishmeal diet were less than 50% of the
concentrations needed to achieve maximal fermentation, as propesed by
Mehrez et al. (1977), hence it is possible that all three diets resulted
in a less than optimal rumen NH;-N concentrations for fermentation and
microbial growth.

The control, canola and fishmeal diets provided 1.6 2.7 and 4.1%
UDP, respectively. Male lambs gaining 80 g daily require 40 g UDP and 59
g RDP in the ration (NRC, 1985). Corresponding values for th. female
lambs are 35 g UDP and 59 g RDP, respectively. The control diet provided
approximately 14 g UDP and 51 g RDP daily. The canola meal diet provided
lambs with approximately 26 and 83 g UDP and RDP daily, respectively,
whereas those fed the fishmeal diet received 39 g UDP and 75 g RDP.
According to these estimates the diet of the contrel lambs only provided
40 and 86% UDP and RDP, respectively of the estimated requirements for
this rate of gain and hence the lambs should have been deficient in both
UDP and RDP. Matras et al. (1990), using regression analysis, estimated
that the optimal proportion of UDP in growing lamb diets, containing 10.5%
protein, was 50%. This recommendation was derived from the nitrogen
utilization of growing lambs receiving a diet containing 35% cottonseed

huils and 65% cracked corn at three different levels of intake. The

intermediate level of intake was similar tec the intake level of this trial
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(between 880 and 950 g/d). In light of the above observaticns, the
sroportion of UDP supplied by ever the fishmeal diet may not have bh:en
adequate for maximum growth since only 34% of the total CP content of the

diet was UDP.

2.4.3 Digestibility

Digestibilities of DM, OM and GE were reduced in the cecld by .20,
.21 and .11%, respectively, per drop in °C. Westra and Christopherson
(1976) found a similar decrease in DM digestibility of .19 digestibility
units per drop in °C. The effect of cold on 0¥ digestibility was, however,
lower than the reductions of .26 observed by Kelly et al. (1989), and .23
(Kennedy et al., 1982), both in sheep fed a basal diet ~f brome grass hay.
Kennedy et al. (1982), however, found that the OM digestibility was not
affected by temperature when sheep received a basal diet of alfalfa or
concentrate implying that there was a diet by temperature interaction.
The digestibility of ADF was not affected in this trial by environmental
temperature which differs with rec:lts from other workers (Westra and
Christopherson, 1976; Kelly and Christopherson, 1989%9). There was no
decrease in N digestibility with cold-exposure; cold appears to have a
variable effect on N digestibility (Westra and Christopherson, 1976;
Kennedy et al., 1982). During cold exposure there is a reduced retention
time of particulate and fluid digesta in the ruminoreticulum
(Christopherson and Kennedy, 1983). This increased rate of passage, or
conversely, reduced mean retention time, is responsible for limiting the
time available for fermentation of the more slowly degraded components of

the diet (Kennedy et al., 1986), hence the reduction in digestibility with
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cold. Results from Kennedy et al. (1977) and Kellv and Christopherson

(1989) indicate that the reduced total mean retention time is primarily

a result of a reduction of mean retention time in the rumen, as opposed
to changes in post-ruminal retention time.

The canola diet generally had the highest digestibility. Mehrez et
al. (1977) proposed that lower ruminal NH;-N concentrations could result
in lowered digestibility brought about by decreased fermentation in the
rumen, hence the lower ruminal NH;-N concentrations in the centrol and
fishmeal diets, as discussed previously, may have resulted in the reduced
digestibilities observed with these two diets. However, the reduction in
the dig:stibilities of ADF and NDF in the fishmeal diet was unexpected
since previous workers have observed either an improvement in fibre
digestibility (Hussein et al., 1991b) or no response (Petit et al., 1692h)
with the addition of fishmeal to basal diets. Microbial growth, however,
may still be limited with adequate concentrations of NH,-N 1if
concentrations of other nutrients are insufficient to maximize growth
(Cecava et al., 1991). Cellulolytic bacteria require branched chain fatty
acids for growth. These fatty acids are produced by non-cellulolyric
bacteria from the branched chain amino acids (Yokoyama and Johnson, 1988)
hence the decreased fibre digestit ility in the fishmeal-supplemented lambs
may have been a consequence of insufficient branched chain amino acids
available to the rumen bacteria due to the large proportion of the dietary
protein which escaped from the rumen.

Although the digestibilities of the control and fishmeal diets

decreased with celd exposure, this decrease with the cold temperature was

not observed in the canolia diet. Thus there was a trend towards a diet
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by temperature interaction in the digestibilities of DM, GE, N and abDFT.
Christopherson and Kennedy (1983) observed that the digestibility of
forage diets, which tend to be fermented slowly, appear tc be more
susceptible to changes in rate of passage brought about by exposure to
different temperature than concentrate diets. Although there were mno
differences in the roughage content of the dlets, the ubCwve observation
does suggest that all diets are not influenced to the same zxtent.

The reason for the trend for the greater digestibilfties of DM, OM,

ADF and NDF in the females than in the males remains uncl! «ar.

2.4.4 Productivity

Despite the lower digestibilities of DM and fibre in the f[ishmeal
than in the canola meal diets, there was a tendency for the fishmeal-
supplemented lambs to exhibit higher final weights and average daily gzins
than control lambs. Although increases in live weight gains with fishmeal
supplementation have been observed by a number of workers (Klopfenstein
et al., 1982; Gill et al., 1987; Petit et al., 199Z2a), in some cases (Gill
et al., 1987; Ortigues et al., 1989) differences were detected only
between UDP supplemented diets and a lower nitrogen control diet since no
diets containing a more degradable source of protein were fed. Results
from such trials suggest that the growth of animals was limited by a
protein deficiency, but give no indication if UDP was essential. Further,
in a number of trials (Gill et al., 1987; Veira et al., 1985, 1990) intake
was not controlled, making it difficult to separate the effect of UDP
supplementation on growth rate and efficiency from effects of nitrogen

intake, per se, on performance.
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Oldham anrid Smith (1981) did observe that protein supplements that

largely escaped rumen degradation consistently supported higher weight

gains than other, more degradable supplements. However, in the present
trial, no differences in animal responses wer detected between the UDP-
and RDP-supplemented diets. These results are similar to those of Yilala

and Bryant (1985) and Steen (1989) who also detected no response when

bypass protein replaced rapidly degraded protein in the diet. 1In variance

with Hennessy and Williamson (1990) and Petit et al. (1991), no
significant differences in feed efficiency were observed with bypass
protein supplementation.

Although the mechanisms responsible for improvements in animal
production in response to bypass protein have not yet been elucidated, it
is postulated that escape protein supplementation may result in an
improved protein to energy ratio in the end products of dig~stion (Veira
et al., 1988). A decrease in microbial N flow with escape protein

supplementation has been observed in some circumstances (Hussein et al.,

1991), however with this decrease total nitrogen flow to the duodenum has

either remained the same (Lindberg, 1983; McCarthy et al., 1989) or
increased (Titgemeyer et al., 1989; Zecava et al., 1991) with UDP
supplementation. For example, Cecava et al. (1991) reported a 14t

increase in total flow when a mixture of corn gluten meal and blood meal
replaced soybean meal. Thus, the greater proporticn of UDP supplied by
the fishmeal diet may have resulted in an improved nutrient supply to the
small intestine, thereby improving production.

A decrease in the acetate to propionate ratio from 2.12 to 1.74 was

observed by McCarthy et al. (1989) when fishmeal replaced soybean meal in
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barley-based diets in lactating cows although this effect was not observed
by Cecava et al. (1991). A negative relationship has been shown between
the efficienny of ME utilization for fattening and the proportion of
acetic acid in the rumen fluid (Blaxter, 1962; Black et al., 1987).
@rskov et al. (1979, 1991), however, found no differences in the energetic
efficiency of lambs sustained by infusions of mixtures of volatile fatty
acids containing various proportions of aceatic acid. Unfortunately, the
concentrations of the VFA’s in the rumen fluid were not measured in this
experiment so it cannct be determined if differences in rumen VFA
concentrations were related to the tendency for fishmeal-fed lambs to have
a higher pgrowth rate.

The adequacy of live weight gains as a measure of animal response
is questionable. Although empty body gains may give us more accurate
estimates of energy retention than live weight gains due to the removal
of gut fill as a possible source of error (Thomas et al., 1988), neither
measurement gives us an indication of the relative proportions of energy
retained as fat or protein. This is demonstrated by resuits from Waldo
and Tyrell (1980) in whizh the total energy retained in animals fed two
different diets was the same, however, the body composition of the animals
on the two diets differed. Steers receiving untreated silage supplemented
with casein deposited 37% of their retained energy as protein and 63% as
fat, whereas steers receiving the formaldehyde-treated silage supplemented
with casein deposited 50% of energy as protein and 50% as fat. Although
total energy retained was the same for all three diets in the present
trial, the proportion of energy retained as protein was 29 and 25% greater

for the animals eating the canola and fishmeal diets, respectively, than
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for those eating the control diert. Other workers (Walker and Norton,
1971; Close et al., 1983; Gill et al., 1987) have also found that with
increasing protein content of the diet, a greater proportion of total
energy retained is retained as protein than as fat.

Leng (1989) suggested that the discrepancies in the results of
experiments performed in tropical versus temperate climates may be &
function of the effect of temperature on the protein:energy ratio of the
end products of digestion. A cold-stressed animal will oxidise acetogenic
substrates for heat production and therefore the ratio of amino acids to
energy in the balance of nutrients available for production will be higher
than in an animal in its zone of thermoneutrality (lLeng, 1989). Leng
(198%) also implies that the use of bypass protein may further improve
this protein:enexrgy ratio in the end products of digestion. On the basis
of the above observations, it was hypothesized that the response co bypass
protein supplementation would be greater in the warm than in the cold due
to a more appropriate protein:energy ratio in the small intestine for
absorption. In this experiment, however, no temperature by diect
irteractions on rate or efficiency of gain were observed. It is possibic,

however, that a response might have been observed if the animals in the

warm treatment had been subjected te a higher temperature.

2.4.5 Methane and Urinary losses

In the present trial, total methane producticn was not influenced
©y the cold environment. In addition, when expressed as a percentage of
DE, energy lost as methane increased 17% (P<.10) with cold-exposure, which

is in sharp contrast to observations from other workers (Graham et al.,
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1959; Kennedy and Milligan, 1978) who noticed 20 to 25% decreases in total
methane production in the cold. Although Blaxter and Wainman (1961) did
find a decrease in methane luss with cold treatment with one steer, there
was no response in the second steer. The effects of temperature on
methane production were variable between 20 and 40°C (Rogerson, 1960). For
example, at high intake levels, an increased environmental temperature
reduced methane production, whereas at submaintenance intake levels no
effect was noticeable.

Our results are also in variance with expectations of Christopherson
(personal comm.) who observed that decreased digestibility of diets in the
cold would also result in less substrate being available for methane
production by micrcorganisms. Moreover, Okine et al. (1989) report:ed a
negative correlation between passage rates and methane production, hence,
since there are faster passage rates in cold-exposed sheep
(Christopherson, 1989), a decrease in methane production with decreasing
temperature might be expected in cold-treated animals (Christopherson,
personal comm.). Further, an increase in the propionate to acetate ratio
has been observed with cold-treated animals (Kennedy and Milligan, 1978)
which may indicate a partial shift from a methanogenic to a propionic
fermentation in the rumen (Fahey and Berger, 1988) in animals in cold
environments.

The literature available on the effects of temperature on methane
losses is limited. Of four research reports found in the literature in
the area, in three of these only two animals were used (Graham et al.,
1959; Rogerson, 1960; Blaxter and Wainman, 1961). In spite of this

problem, some insight into the effect of temperature on methane losses
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might be gained by looking at the DM intake in these trials. Results from

Graham et al. (1959) indicate that temperature may not affect methane
production in adult sheep at lower levels of intake (600 g/d), whereas
methane production of sheep may decrease in the cold at intakes of 1200

and 1800 g/d. Rogerson (1960) and Blaxter and Wainman (1961) also found

no response in methane production to temperature

in two vear old steers
fed at submaintenance levels of intake. In the fourth trial, intakes of
sheep, weighing between 5% and 69 kg were intermediate at 1400 g/d
(Kennedy and Milligan, 1978) and methane production was decreased in the
cold. The lambs in the present trial were eating between 880 and 950 g/d
which can, for the size of the sheep, be considered an intermediate level
of intake. This alone may not have been the cause of the lack of
response, however, an additional consideration is that the sheep used in
the trials of Graham et al. (1961) and Kenredy and Milligan (1978) were
shorn every 7 and 18 days, respectively, whereas in the present trial
lambs were shorn only once at the beginning of the trial. The effects of
thermal insulation and behaviour will be discussed later, however, it is
possible that the lambs in this trial may not have been truly cold-
stressed. Thus the combination of an intermediate feed intake and an
inadequate cold temperatur+s may have affected the respone. On the basis
of this we can conclude that: 1) cold environments do not always cause a
decrease in methane production even though feed digestibility may be
decreased and 2) the interaction between feeding level and temperature on
methane production needs to be examined further.

Rogerson (1960) also observed that substitution of protein and

carbohydrate supplements for one-third of the basal ration had no effect
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on methane production. Diets also had no effect on methane production in
the present trial.

Losses in urinary energy increased when environmental temperature
was decreased. This agrees with results reported for sheep by other
workers (Graham et al., 1959; Blaxter et al., 1959).

Diet also affected energy lost in the urine, with the losses in
lambs receiving the lower protein diet being smaller than those receiving
the higher protein diets. Again this has been observed by other workers
(Matras et al., 1990; Ortigues et al., 1990).

2.4.6 Energetic Efficiency

In the present trial heat production decreased with cold-exposure.
This decrease was unexpected since heat production in sheep has been
observed to increase with exposure to cold temperatures (Graham and
Christopherson, 1981). Although dry matter intakes were higher in the
cold, ME intakes were lower, hence the reduction in heat production of
the animals in the cold can be attributed to their lower ME intake since
heat production is dependent on ME intake (Close et al., 1983). Heat
production appeared to become independent of food intake only below 0°C
in the trials of Graham et al. (1959) and Blaxter and Wainman {1961).
This suggests that animals must be truly cold-stressed before heat
production will i rease independent of intake.

The behavicur of the lambs may also have had an effect on their heat
production in the periods when they were in floor pens. At the beginning
of the trial, when the lambs had been recently shorn, lambs in floor pens

in the cold chamber were frequently observed huddled together. Such
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activity would reditce the surface uicae for heat leoss and aid in the

conservation of body heat (Young, 1985). Since benr production by

calorimetry was measured witn three animals in a group in floor pens, this
behavioural response could have greatly affected the heat pradiction
measurements from the calorimetry procedure. 1t could also have affected
the longer term heat production measurem:nts from the comparative
slaughter technique since lambs were held in floor pens for half of the
85 day trial. The buddling behaviour was not observed later in the trial,

however, when the fleece of the sheep had grown. At the end of the trial,

wool growth was approximately 3.5 cm. The thermal insulation «f the hair
coat is of major importance in combatting cold stress (Young, 1981), hence
the increase in insulation at the end of the trial, as well as the
behavioural responses of the sheep may have decreased the animals low. v
critical temperature, thereby reducing the effect of the tempe -ature
treatment.

Protein supplementation did not affect the efficiency of ME
utilization in this experiment (Tlable 2.8). These results are in
agreement with Barry (1981l) in young lambs and Close et al. (1983) in
plgs. Results, however, have been inconsistent with other groups finding
both increases (Blaxter and Boyne, 1978; MacRae et al., 1985), and
decreases (Walker and Norton, 1971) in efficiency with increasing protein
intake. Walker and Norton (1971) observed that the efficiency of ME use
for growth decreased by 9 and 7%, respectively with medium and high
protein diets in young lambs, however corresponding efficiencies of ME use

for maintenance were 38 and 39% greater with the higher protein diets.

In addition, Walker and Norton (1971) observed that the ME requirement for
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maintenance was lower for the lambs on the medium-protein diet. Moreover,

rreeir high protein diet provided 55% more protein than that of ewe's milk,

herce an imbalsnce in the protein to energy ratio could result in a

. excess cf prote
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aniici may use th.c protein as an energy source. This would result in an
increascd loss of amino groups as urea and hence energetic efficiency may

decrease (Walker and Nortem, 1971).

Blaxter and Boyne (1978). in direct contrast to Walker and Norton

[

{1971y, found a trena for increasing efficiency of ME utilization for
growth with increasing dietary protein concentyation; efficiencies
increased approzimately 10% for every increment of 5% in protein ranging
from 9 to 20%. The oprosite trend was evident for maintenance, however
these decrements were between 1 and 2% depending on the metabolizability
of ths diet. These worir:rs, howewer, 4.d find that energet=ic efficiency
for growth was more related to the metabolizability of the diet then it
was to protein content.

MacRae et al. (1985} repo~ted a 25% increase in the efficiency of
ME utilization for growih when casein was infused into the abomasum of
mature wethers. MacRae et al. (1985) suggested that if the efficiency of
.tatec utili=zation depends on the availability of NADPH which is produced

from the oxidation of glucogenic precurscrs, and that the administration

of amino acid: as casein may allow the synthesis of fatr to proceed. I
the.o precurcrs are limiting, however, acetrate mav he ovidized via
substrate cvcles, rasulting in a lower efficiency of ME wuse. This

hypothe however, has rot been validated.

Or-ifues et al. (1990) found that energetic efficiency increased
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54% when the protein content of the diet was increased from approxi
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© to 12% by adding fishmeal tc the diet of heifers fed a basal d

straw and sugarbeet pulp. However when the two dailv energyv retentions
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the efficiency of use of ME for energy gain of the first increwent of

fishmeal was not significantly different from either the basal diet or

when the second increment of fishmeal was added.

In the present trial, and iIn those performed by Barry (1981)

in
lambs and Close et al. (19283) in pigs, protein intake did not aftect
energetic ef:riciency. Responses to protein supplementation, however,

appear to be dependent on the physiological state of the animal (frskov,

19765

[}

nd on the balance of nutrients (Hartsook and Herschberger, 1971),
hence effects of previous nutrition, age and total uutrient supply may
well have an effect on the energetic response to protein supplementation
and thus explain the variable results. A change in e¢fficiency of ME
utilization with dietary protein might be expected. Theoretical estimates
of the conversion of dietary carbohydrate 1into fatty acids are
approximately 82-85%, whereas the conversion of amino acids to proteln
ranges from 75-85% (Baldwin, 1980). However, results from feeding trails
have indicatezd that the true efficiency ¢f fat deposition is between 50
and 60% and that the efficiency of protein depoesition may be as low as 10-
15% (01d and Garrett, 1985). Altheugh, estimates may vary, the efficiency
of protein daposition does appear to be substantizlly lower vhan that for
fat. Reeds and Fuller (1983) reviewed results which demonstrated that
protein synthesis occurred at twice the rate of protein deposition thus

it is likelyv that the low =fficiency of protein deposition is a result of

i
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Lhe coct associasted with protein turnover (Garrett and Johnson, 1983).

Further. the rate of protein synthesis increases with increasing intake

(Peeds and Fuller, 1983). Hence, it appears reasonable to expesct that
with Wigher protein diets, protein deposizion is increazsed (Table 8: Close
et al., 1982) and therefore energetic efficliency, per se, may be

decreased.

The lambs used in the trial Walker and Norton (1971), in which
protein supplementation essentially decreased eff ~iency of ME use, were
2-5 days old at (he start of the 21 day trial. The animals used in the
trials of Barrv (1981), Close et al. (1983) and in the present trial,
where energetic efficiency wsas not affected by protein supplementation,
were weaned and essentially st different stage of growth than those used
by Walker and Norton (1971) or MacRae et al. (1985). In ccatrast to the
previcus workers, the mature wethers used by MacRae et al. (1985)
demonstrated an increase in energetic efficiency with casein infusions,
hence the age of the animals may alsc affect the ability of the animal to
respond to different protein intakes.

To summarize, nco effect of protein on the efficiency of ME use was
cbserved here This may have @ een because the level of intake for the
lambs was intermediate an” it has been suggested that efficiencies of ME
utilization are affected in opposite directions above and below
maintenance (Walker and Norton, 1571; Blaxter and Bo,ne, 1973). because
the animals were voung, or because the positive effects of protein on
energetic efficiency were negated by the increased proportion of energy
retained as protein when higher protein diets were given. In light of

these observations, and che iimitec and con{iicting information on the
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effects of diet on energetic efficiency, the conclusions drawn by Hennessy

.

and Williamson (1990) an

Len

g, (1989) of the effect of escape protein on

energetic efficiency should be viewed with some caution. The conflicting

results do, however, nignlight tne need for investigation ot the

interactive effects of age with diet, in respect to energetic efficiency.

2.4.7 Method for Measuring Energy Partitioning

Although, relatively, the effects of cold on heat production and
energy retention in the lambs were consistent in the present trial whether
measured by calorimetry or by the comparative slaughter procedure, the
effects of diet and sex were inconsistent. These differences, however,

may have been because differences between treatments were not significant

due to the larger standard errors, particularly with the calorimetry

The average 61ls greater energy retention with the calocimetry
procedure is in general agreement with observations from Waldo and Tyrell
{1980), who found that energy retention estimated from calorimetry-balancec
studies was 30-30% greater than energy retention estimated from the
comparative slaughter technique. Beever et al. {1988) noted that in
comparing energy retention f{rom the two techniques, the largest
discrepancies were deteczed on the diets which promoted the lowest energy
gains.

Geay (1984) proposed cthat, although differeuces between the two
techniques may be significant, both techniques may describe the treatment

effects correctly in relative values. Errors in calorimetry-balance

measurements may, in part, be asscciated with irregular growth (Geay
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1984 ). Geav (1984) also reported that differences observed in the two
techniques are more dramatic in younger animals. In support of this,

Graham (1982) svggested that responses in the energy expenditure of

W

care animale to changees in feed intake are slow. Hence, Graham (1982)
proposed that some of the error evidenced in calorimetry trials may be a
function of there being insufficient time for animals to adapt to their
nutritional state. It is unlikely, however, that this lag time would be
a sipnificant contributor to the differences observed in this trial since
animals remained on their originally assigned diet for the full duration
of the 85 day trial.

The standard error for estimates of energy, protein and fat
retention are much higher for the calorimetry trial than for the
comparative slaughter mcasurements. For example, standard errcrs
associated with calorimetry measurements were 2% of total heat production
in the trial of Ortigues et al. (1990) in which more sheep were involved
and 4% in that of Close et al. (1983). The standard errors for heat
production in this trial were 4 to 5% of the total heat production
measurements ands thus were within an acceptable range. This large
variation associated with calorimetric measurements is likely due to the
accumulation of errors made when measuring inputs and outputs {(Van Es 1980
cited by Geay, 1984). Close et al. (1983) was able to detect differences
of 15 to 30s in heat production with different intakes with the
calorimetry technigue, hence calorimetry may be a useful tool when dealing
with large treatment differences. It may not, however, be sensitive
enough to detect nore subtle changes such as the ones between diet in the

presert experiment.
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Due to practical consliderations, lambs were fed only once during

calovimetrv measurements as opposed to twice during the re<  the trial.

4 trend towards reduced heat production was observed by Rakes et al.

(192£1) in more freguently fed sheep, hence feeding once daily instead of
twice daily could have increased the estimates of total heat production
in the calorimetry <trial. Therefore, differences between the two

techniques may have been more exaggerated if measurements were made in
sheep fed twice daily.

It

Pebe

s also possible that scme of the inaccuracies lie

-

<
[N
-

——

v the
comparative slaughter technique. For instance, in this experiment, the
meat sar-'es may not have -een completely homecgenous due the presence of
the pieces of teeth and bone which could not be pground into small
particles. 1In addition, the solvent used for fat extraction, petroleum

ether, mavy result in an underestimate of fat concentration due the

incomplete extraction of structursl lipids (Nelson, 1975). However, the

values ob .sined for fac and protein agree with the values for total enerpv
retained, even though they were all measured separately, hence this couid

not have been a major swurce o er.or.

Although calorimetry measurements are often preferred to the more
costly and df structive comparative slaughter m.asurements, for researchers
concerned with absolute values the comparative sl=su  nter technigue appears
to be much more accurate. This large standard error obscrved witl

i

calorimetry measurements may make it impos ible to detect treatment
differences whereas such differences may be detected with the comparative

slaughter technique.
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Table Z 1 Ingcedients and cemposition of dietary dry matter

Tea, Control Carsla Fishmeal so2
50 50 c
30 3¢ 20
Rreiieu Lalley 7.2 <. 1286
Canala meal 12.3
Fishmeal, whitefaich 6.1
Mo lasses, beet .2% .28 .28
Seleh .28 .28 28
Calciwrn Phosphate, 187 Ca; 217 P L84 .33
Limertone, 25831 Za 1.0% 1.0 .55
Viv. ADE” 022 .022 .022
Ceompasition
Gros:L energy, kcallkg [ 4EEE L5EZ 84.7
perd deterpent f2tre, 2 : i 27.4 24.7 1.2%
Neutral detergent fibre, 7 «7.8 48.8 ab. 2 z2.17
Crude fretesn, T 7.4 11,8 12.0 2.07
Ak, 7 7.1 5.6 7.2 .77
asrandard e« vy Lased  ToLSur samples per mean.
boobolt 1coda: . vl eontAanved i% ¥NaCll, .004% Co and .0072 I.
Cyitamin pre . . ita1sed o .DCG,000 IU Vitamin A, 1,000,000 IU Vicemin D

ard 10,0C0 IU v .~ 1 .- . lorram DM.
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11ty of crude p

degradab:

"
(o]
.

ein in straw amd concentrates n s1tu®

Inpredient bz BT, 1 v vy rrac e
Straw 46.9 + 1 .86 27.4 + 11 08 1.2 4 1. 04 .
Barley 62.3 + 2.07 3.6 =~ 2 Wl 20.7 + 4. 3% o1
Canoila supplement 37.5 + 2.82 tLis BT 7.& x 202 A
Fishmeal supplemen® 41.8 + 2.2% 21.6 = 2.6¢ 19.1 2 6.0 u
2Data are expressed as means + SE There are £ observations per mean
10n

m
bEstimated soluble fract .
CEs greizd fraction.
dEstimated rate of degradac:on of the slowly degraded fract:ion.
€Estimated degradakbili

timated

ty ©f CP calculated at a rumen cutflow rate of “I'h
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: . 75, . -
s 1t Least snopare means for daily intakes (per kg ' -) of dry matter (D), gross encrgy (GE
orranit matier (O, nitrogen (N), an:d detergent fibre (ADF,, and

fizatral detergent fihre (KDF; i1n the digeztibility trial

na DM, GE, o, N, ADF, NDF,
[3 kcal g g & 3
Temnerature
Celd 34 75 345 70 1.31 20 38
Herm, 5E 71 222 £s 1.232 18 22
Sgb . . .8 g1z .2 4
Probabilivy®© «.01 < 01 <. 01 <.C1 <,01 < C1
i1t
Control 24 74 329 68 .91¢ 1¢€
Canole 22 73 342 70 1.434 2n¢
Fishmeal 24 72 329 66 1.484 1ef v
SE 1.0 4.7 ] Lo1s .2
Protab:ility 29 .09 .07 <.01 <.01 <.C1
Fomale ac ER 31 &g 1.2€ 18 24
Male 24 732 336 68 1.27 19 i
SE .8 3.8 .8 .012 .2 4
Frobabzlity .84 .33 B4 .E8 .€9 s
Temperature * Diet
Cold * Control 12 77 346 72 .SE 2r a7
Cold * Canola 10 77 358 72 1.48 21 3t
Cold * Fishmenl 12 72 333 57 1.48 1e 3z
Warm * Control 12 7 312 B4 .87 18 3z
Warm * Cancla 12 71 328 7 1.37 ie 35
Warm * Fishmoal 12 71 326 6% T b 17 3
ZE 1.5 6.5 1 4 .02z & £
Probability .Cg .10 .ce 17 12 .S

ANumber of observations with:n each treatment included iwo obsurvaticns per ehiifal.

bz, andard error.

Cl:obability of observing a greater F-value

d-c-iMeans within treatments with different superscripts are significantly different (7
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Tarle 2.4. Least sguare means for the apparent digestibilivies |
gross energy (GE), organic matter (OM), nitrogen (N,
devergent fibre (ADF), and neutral detergent fibre (NDF

for dry matter (DMY,

na jal S} GF ot N ADF NOF
Temperature
Cold 34 s8.7 60.1 sSa. ¢ SELT PRI [
28 €z cLE R - 5500 P wio
a L6 1 & bt 24
Probability® 1 02 1 a7 “7 =
D:ex
Control 24 5S¢, o€ 5%, Q€ 00 A qe 2d Wt 1Y
Canola 22 g1.0d sz a4 £2.0 2 gt ar il
Fishmeal 24 s ge 6o, 74w 61.8 oo 14 Gt
SE €0 et 1 a9l LGR G N
Prokability Ga 02 20 <0l vl < .01
Cex
26 £€2.2 €1.3 [ShCaE} RIS J AT
34 8g.C [ £n s Lo Lt [
LLG (34 71 5 Lo s
.te 30 Co D G [
12 57.2 582 S 7 [ G2 44 4
10 €L.3 £2.5 ol (SRS W7o 50,4
12 $7.¢ fG. € £aon [N KRR dy)
12 g0 & €15 €2 ¢ (3] 4t 2 LroH
iz £7.6 €1 9 62 - Lot 4.6 Lo
12 5C.1 c1.3 t4 . b £ 4101 4y
= [ .76 1 s 1 1
Probabilicy [ 1 [ 21 o

ehumber of cbservaticns with
L tandard error.
c

m U

5

rchability of obse:zvirg @ greater F-value.
T 3 &
d.e, fMeans within treatments with d:iffer
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TabLle 2 5. lLeast sIiare mear in:tial and f£:nasl weights, average daily gains (ADG)

G

arcd gl inta¥e in the €5 day experiment
na Iritial Finalb apged, Gain:DMI
wt ,Xg wt kg '3
Temperature
Cold 17 21.8 28.8 85 .1086
wWarm le 22 € 31.7 o8 L1258
SE® LS4 B4 4.6 .007
Probabilat! .35 o1 10 .061
Dret
Contrel 12 21.3 28.¢0 a1 .104
Canola 11 22.5 ag.seh 91 .117
Fishmeal 12 228 31.5% 101 .12C
SE 66 .78 5.6 .0C8
Frobakaileity .25 .04 .08 .221
D EX
18 21.32 27.3 g7 1c8
17 22.1 2.5 a6 122
54 A 4.6 .037
.62 <.01 .17 . 198
Temperature ™ D-et
Cold * Conurcl & 21.3 25.6 €3 .102
Cald * Canola s 21.9 29.3 8& L105
Cold * Fishmeal 5} 22.6 3.8 e]2] i1
Warm * Contrcl € 21.6 3C.4 as .1C6
Warm * Cancla S} 221 30.8 a5 .130
Warm * Fishmeal & 23.0 31.8 1086 .140
SE .83 1.1 7.8 .012
Probabilzity .89 .70 .40 .52

ANumber of obsaervat:onsg within each treatment.

beovariate (dry matter intake) wos significant for finel weight (P<.0C2).
CCovariate (dry matter intake) was significant for ADG (P<.0CD)

dAverage daily gain calculated over 85 days.

Standard error.

fFrcbabxl1ty of chserviryg a grester F-value.

8.1 Means with:n trratments with different superscripts ere significantly

different (D900,
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N
(g, di)

Tiulin

B

and o umen

1 Intake Urine Fecest  Retention® N, N Utea N
Temperature
Cold 24 1.21 .33 sl &0 [SIY) 1504
Wazm 36 1 .23 .27 .50 YA a. B 14 4
LE 012 .016 .09 . C31 Bt L8l
Toecanilonw® <. 01 oS P [ aL
D:et
Control 24 .81k 178 4Bk KL o 6l nowk
£ £ € £ (3 ‘
Canola 22 1.4 L35+ LhLt BaEA la 2% 1/
Fishmeal 24 1.46°% 6ot ceaf 66t 10 6% 1ot
S= .015 (624 011 U RO LA
Protability <.0l <.01 .01 <., 01 ~ .01 IR
Sex
Female 36 1.26 ke 51 (3] a4 6 14 @
Male 34 1.27 31 .50 4Ll 10.0 It
SE .M .16 QLo RSB [S] ol
Frobaw.lity .E8 .61 < i 71 i
Temperature ™ Diet
C.,ld * Consrol 12 .86 17 14 H.0 S
Cold * Canola 10 1.48 39 L4y 13.7 1y .
Col . * Fishmeal 12 1.48 44 67 10. 4 ATSIY
Warm * Control 12 87 .16 2z 4.k SH
Warm * Cancla 12 1.37 .30 695 14 ¢ e 7
Warm * Fishmeal 12 1.4¢ 35 i0.¢ o
SE c21 528 B4 b
Prorab:ilicy 17 23 Ll 14
observations withiin eucl. treatment inciuded two ohservat:cons pev ataanal
(dry matter intakKe) was significant Yor fecal nitrogen (i« 00S).
(dry matter intaxe) was c:gnificant faor retarred niirogen (FE< A

a greater
'nt.s with different

F-value.

superscripts are significantly difterent o
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neans for da:ly wmethare and urin2 energy losses

Me e han Urine
n kcal v5ET A nd kcal 2GE 3ol
ey 75 kg 19
Temp erature
Cold 11 22.4 6 6 ! 35 6.9 1.65 3.5
Warm 11 19.1 5.7 9.1 35 5.6 1.45 2.56
CE® =3 EY A .26 .081 L1190
Probab:lityl 1 1z LoF .01 <.01 <.m
et
Contral 7 20.8 6.2 iC € 24 4. 7h 1.4eb 2.ush
Canocla & 21.4 6.2 10 22 7.28 2.128 3,428
Fishmeal 7 20 .1 5.9 S.7 24 7.08 z. 088 3. 448
SE 1.14 .33 &2 .32 .CS83 .42
Probab:ility .79 .e1 .5t <.01 <.G. <.01
Ler
Female 10 20.6 5.0 9.6 35 6.0 1.81 2.95
Male 12 0.8 6.2 10.¢€ 25 6.6 1.97 3.25
SE .93 27 ah .26 L0E1 J11s
Frobability &8 6E 17 .27 .17 .09
Temperature * Diet
Cold * Control 3 22 .9 7.1 1z.1 5 5.0 1.62 2.80
Cold * Canola 4 23.2 6.7 11.0 6 8.2 2.65 3.95
Cold * Fishmea! 4 20.2 5.9 S.0 € 7.6 z.31 3.88
Warm * Control 4 17 € 5.4 $.0 6 4.5 1.31 2.10
Warm * Canola 4 18. % 5.7 &.9 <) 6.1 1.7% 2 .88
Warm * Fishmeal 3 20 1 6.0 3.5 5 £.3 1.86 3.01
SE 1.61 47 73 45 L1y 207
Probability 31 .32 .32 84 L4E .69

ANumber of observations with measurements made twice on three animals per observation except
in the case of female lambs ted the contrcl diet in tioe cc:d and the fishmeal diet In  ne warm.

Energy loss as a percentage of gross energy intake,

CFnergy loss as a percentage of digestible energy intalke.

Number of observations with:n each treatment included two cbhbservations per animal.

®Standard error.

1Probabili‘cy of observing a greater F-value.

8.NMyeans within treatments with different superscripts ace s-.gnificantly difierent (2<.05).
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111 GENERAL DISCUSSION

There are a number of reviews on the effects of cold on animal
production (Young, 1981; Young et al., 1989) and on digestive respounses
toe cold (Christopherson and Kennedy, 1983; Christopherscen, 1989). The
general effect of cold on production and digestibility outlined in the
reviews were, in most cases, confirmed in the present trial. An exception
was the effect of cold on methane production. Previous workers have four:
that methane losses decreased with cold temperatures, however, in this
trial, losses tended to stay the same, or , when expressed as a percentage
of DE intake, to increase. Although these results contrast with previous
results, it is possible that methane production will only be reduced when
the environmental temperature is below the lower critical temperature of
the animal. Due to the fleece of the lambs in the trial, as well as the
group housing for half of the 85 day trial, it is possible that the
animals were not cold enough for methane production to be affected.
Further, results from this trial as well as from others (Graham et al.,
1959: Blaxter and Wainman, 1961; Rogerson, 1960) indicate that there may
be a feeding level by temperature interaction with respect to methane
production and that methane production may not be influenced by cold
temperature at low feeding levels. This possible interaction, as well as
the extent of cold-stress required to decrease methane production require
further investigation.

The use of bypass protein is recommended by the NRC for ruminants,
be they dairy (NRC, 1988), beef (NRC, 1984) or sheep (RRC, 1985), however

a review of the literature reveals that responses of sheep and cattle to
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escape protein are not consistent (eg Klopfenstein et al., 1982:; Coombe,

1985: Yilala and Bryant, 1985, Steen, 1985, 1988, 1989; Veira et al

1988; Ortigues et al., 1990; Hennessy

v and Williamson, 1990 ; Hussein

and

Jordan, 1991; Petit et ai., 1991; Brand et al., 1991). One of the

problems associated with predicting vresponses to bypass protein

supplementation is the large variety of basal diets used for these two

species. Animal responses to escape protein supplementation have been

more consistent with lower quality forsages (Gill et al., 1987, however

it is often difficult to know whether the observed responses may be have

beer. = ~i.%.  ; ocbtained with an RDP as well as with the UDP supplements.

This trial wes designed te . i¢  +..7th between responses from these two

types of supplements. The resulvs obtained in this experiment «upport the

theory (eg. Barry, 1981; Close et al., 1982) that increasing the protein

intake of animals will result in an increased proportion of energy

retained as protein. It has been suggested that increases in protein
intake will improve the efficiency of ME utilization for growth (MacRae
et ai., 1985; Hennessy and Williamson, 1990), however, thus far, reports

in the literature are inconclusive. No response in the efficiency of ML

utilization was observed in the present trial with RDP or UDP

supplementation.

Responses to bypass protein appear to be more consistent in tropical

countries according to Leng (1939). Since a major difference between

tropical and temperate climates is temperature, this experiment was

designed to test for an interaction between bypass protein and

environmental temperature. No such interaction was observed in this

trial. Temperatures in Australia and Southeast Asia are often over 30°C
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for long periods of time, hence the temperature used for the animals in
the warm enwvironment (22°C) may not have been high enough to elicit a
response . Therefore a repetition of this trial with higher ambient
temperatures for the warm treatment could provide some useful information.
It is, however, difficult to accept suggestions that bypass protein will
double production responses in Australia (Leng, personal comm.) solely
through its action on energetic efficiency. Bypass protein has been shown
to improve voluntary intake (eg. Gill et al., 1987; Brand et al., 1991),
hence an improvement in production could be accomplished through such a
response. In addition, microbial fermentation is limited with inadequate
rumen NH;-N levels, brought about by low levels of dietary protein (Satter
and Slyter, 1974). Native grasses in Australia are relatively low in
crude protein content, hence the observed responses may be a result of the
protein supplementation as opposed to UDP supplementation.

Although bypass protein may by a useful tool in improving animal
gains, some of these supplements, such as fishmeal, are expensive, hence
caution must be used when recommending such a tool. There are less
expensive supplements, however, it is advisable that the producer perform
an analysis in which the potential benefits of escape protein be weighed
against the cost of such a product.

In terms of cost, calorimetry measurements may be preferrable to
the comparative slaughter technique for measurements of energy retention,
however for absolute values, calorimetry measurements are not as accurate
as those obtained from the comparative slaughter technique. Estimates
from the calorimetry measurements tended to be 60% greater than those

obtained from comparative slaughter measurements, which are similar to
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differences measured by other workers (eg. Walde and Tyrell, 1980).

Further, standavd crrors tend to be much greater for the calovimetry

measurements than the comparative slaughter measurements due to the cvrors

associated with inputs and outputs (Van Es, 1980 cited by Geav, 1984).

Therefore for estimates of energy retention, the comparative slauphter

technique may be considered superior to calorimetry measurements.

95



3.1 REFERENCES

Barry, T.N. 1981. Protein metabolism in growing lambs fed on fresh
ryegrass (Lolium perenne) -clover (Trifolium repens) pasture ad
Jibicum. 1. Protein and energy deposition in response to abomasal
infusion of casein and methionine. Br. J. Nutr. 46:521,

Blaxter, K.L., and F.W. Wainman. 1961. Environmental temperature and the
energy metabolism and heat emission of steers. J. Agric. Sci
(Camb.). 56:81.

Brand, A.A., S.W.P. Cloete, and F. Franck. 1991. The effect of
supplementing untreated, urea-supplemented and urea-ammoniated
wheat-straw with maize-meal and/or fish-meal in sheep. S. Afr.
Tydskr. Veek. 21:48.

Christopherson, R.J., and P.M. Kennedy. 1983. Effect of the thermal
environment on digestion in ruminants. Can. J. Anim. Sci. 56:201.

Christopherson, R.J. 1989. Lffect of environment and diet interactions
on digestion in rumirants. In: Proceedings of the First
International symposium on Agricultural Techniques for Cold
Regions, Obihiro, Japan. pp. 81-89.

Close, W.H., F. Berschauer, and R.P. Heavens. 1983. The influence of
protein:energy value of the ration and level of feed intake on the
energy and nitrogen metabolism of the growing pig. 1. Energy
metabolism. Br. J. Nutr. 49:255.

Coombe, J.B. 1985. Rape and Sunflower Seed Meals as Supplements for
Sheep Fed on Oat Straw. Aust. J. Agric. Res. 36:717.

Geay, Y. 1984. Energy and Protein utilization in growing cattle. J.
Anim. Sci. 58:766.

Gill, Margaret, Beever, D.E., Buttery, P.J., England, P., Gibbs, M.J.,
and R.D. Baker. 1987. The effect of oestradial-17B implantation
on the response in voluntary intake, live-weight gain and body
composition, to fishmeal supplementation of silage offered to
growing calves. J. Agric. Sci. (Camb.). 108:9.

Graham, N. McC., F.W. Wainman, K.L. Blaxter, and D.G. Armstrong. 1959.
Environmental temperature, energy metabolism and heat regulation
in sheep. I. Energy metabolism in closely clipped sheep. J. Agric.
Sci., (Camb.) 5Z:13.

Hennessy, D.W., and P.J. Williamson. 1990. Feed intake and liveweight of
cattle on subtropical native pasture hays. II. The effect of urea

and maize flour, or protected-casein. Aust. J. Agric. Res.
41:1179.

96



Hussein, H. §., and R. M. Jordan. 1991. Fish meal as protein
supplement in ruminant diets: A veview. J. Anlim. Sci. 69:2147.

Klopfenstein, T. R. Britton, and R. Stock. 19862, Nebraska Growth Systoem.
In: F.W. Owens (Ed.) Protein Requirements fo1r Cattle. pp. 310-322.
Div. of Agric., Oklahoma State Univ., MP-109.

Leng, R.A. 1989. Recent advances in applied aspects of ruminant
physiology 1In: C. Devendra and E. Imaizumi (Ed.) Ruminant
Physiology and Nutrition in asia. pg 1-26. Sendai, Japan.

MacRae, J.C., J.S. Smith, P.J.S. Dewey, A.C. Brewer, D.S. Brown, and A.
Walker. 1985. The efficiency of utilization of ma2tabolizable
energy and apparent absorption of amino acids in sheep given
spring- and autumn-harvested dried grass. Br. J. Nutr. 54:197.

NRC. 1984. Nutrient Requirements of Beef Cattle. (6th Ed.). National
Academy Press, Washington, D.C.

NRC. 1985. Nutrient Requirements of Sheep. (6th Ed.). National Academy
Press, Washington, D.C.

NRC. 1988. Nutrient Requirements of Dairy Cattle. (6th Ed.) National
Academy Press, Washington, D.C.

Ortigues, Isabelle, T. Smith, M. Gill, S.B. Cammell, and N.W. Yarrow.
1990. The effect of fishmeal supplementation of a straw-based

diet on growth and calorimetric efficiency of growth in heifers.
Br. J. Nutr. 64:639.

Petit, Helene V., B. Lachance, and D. Diorio. 1991. The effect of

protein source on the growth and carcass characteristics of veal
calves. Can. J. Anim. Sci. 71:409,.

Rogerson, A. 1960. The effect of environmental temperature on the energy
metabolism of cattle. J. Agric. Sci. (Ceub.). 55:359.

Satter, L.D., and L.L. Slyter. 1974. Effect nr ammonia concent:ation on
rumen microbial protein production in vitro. Br. J. Nutr. 32:199.
Steen, R.W.J. 1985. Protein supplementation ~f silare-based diets for

calves. Anim. Prod. 41:293.

Steen, R.W.J. 1988. The effect of supplementing silage-based diets with

soya bean and fish meais for finishing beef cattle. Anim. Prod.
46:43
Steen, R.W.J. 1989. A comparison of soya-bean, sumflower and fish meals

as protein supplements for yearling cattle offered grass silage-
based diets. Anim. Prod. 48:81.

97



