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ABSTRACT .

Eighteen Suffolk w;athers, which were 2{5’2’6kg average body weight,
were chronically exposed to temperatures of +1 to +4°C (c'olﬂd) or +21
to +24°C (warm) during 10-week experimental periods. The sheep were
closély shox;n and were housed in individual metabolic crates in
controlled environment rooms. Sheep wefe fed- ad 1ibituh? 'pelleted

diets, which consisted of mainly barley grain and brome grass, and
: e
contained 7, 11 or 14% crude protein (CP). The experimentgl design '
consisted of a 2 x 3 factorial with a single crossover of-environment

treatment. Animals were cathete‘riz'ed via one jugular vein with a PVCY\

catheter and received a single injeétion of 60 - 65 uCi of

[14C

- 4 '
Jurea. Fégd intake, body weight, feces 'and urine excretion,

plasma urea-N 1(Pﬁl’N), urinary u.rea-N (UUN) and carbon specific
activity were measured. Apparent digestibilities were not affected
byvdiet CP content nor temperature treatments, héwever, voluntary
intake per kg body weight.was increased (P<0.05) by 'diet CP content
in both environments. Growing lambs gained v’reight slightly faster in
a moderately cbld" environment .when. N intake was above 27 g _d'l. N-
e;cc;‘et:ion and N balance were positively related (p<0.0l1l) with diet CP
‘content and fecal N excretion was significantly increased (p<0.05) .in
the cold environment. Overall urea metabolism‘ was not affected by
environment. Percent urea recycling and urea space clearance were

highest (p<0.05) on the low nitrogen diet. Urea pool was increased

(p<0.10) for the 14% CP diet. Urinary urea-N and plasma 'ufea-N

iv



. : Y 4
conéentration were positively related (p < 0.01) with diet CP

content. Therefore, dietary CP content strongly 1n!1uenced N and

urea metabolism, however, cold exposure did not alter those

parameters except for fecal N' excretion.

I
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INTRODUCTION

Nitrogen metabolism in the rumino-reticulum may vary
considerably due to dietary and environmental influences. Many
studies with ruminants have demonstrated an inv;%ase in urea

recycling under c uditions of low dietary nitrogen intake, or have

“examined relationships“b,etween urea recycling and growtll in

circumstances of low protein iﬁtake v_(Coci'mabno and Leng, 1967; Houpt
and "Houpt, 1968; Nolan ana Leng, 1972-;.Prior et al., 1974; Robbins et
al., 1974; Emmanuel et al., 1976; Norton 'e‘t_al., 1978; Obara and
Shimbayashi, 1980; Mou‘sa- et al., 1983;. Cﬁilcott et al., 1985).

’i‘hu rumen has been assumed to be the p,;incipx;l ‘sit:e‘ of
appearance of recycled urea in the digestive tract; however, urea is
alsog;ecycled to other parts of the digestive system. Urea 1is not
the only small Nﬁéontaining molecule returned to the tract in this
way, bqt it is by fér the most significant, quantitatively. The
gastrointestinal tract piays an important fole in the degradation of
various other endogenous nifrogenous sub inces, incluciing enzyme
secretior.xsv, mucous, amino acids and ep: " lial celis 'des:quamatin‘g
from the digestive tract mucosa. The recycling of urea vo the
digestive tract of ruminants and its degradation go provide ammonia
for microbial metabolism has been proposed as a mechanism whereby
ruminants consefve nitrogen duriﬁg periods of protein deprivation
(Houpt, 1970). The amount of endogenous urea which passes into the

gastrointestinal lumen is considerable and represents a large

percentage (40 - 60%) of the total daily amount of urea synthesized



"in the rur;linant-quy., Ammorﬁa_ conc_en;:'ra'tions in rumen fluidw have
been'inversel}; CO,rrélated with. urea recycling to the rumen. High
propdrtional degra‘dati‘o'ﬁ of dietar‘y N. is usually associated with.a
low rate o.f urea{r"ecycling.; low blqo;i ureé‘ éénéen;fatitm angl low N
intake (Cocimaho and ‘Leng,‘ 1967;. Ford .vand> t"[.illigar;, 1970). The
amount of urea degraded in the - rumen i‘r}c_x‘_”eases wit‘h_in'cfeas'iyng p‘ias.ma‘

‘urea concentration and increasing rate of urea production. In

domestic ruminants given a nitrogen deficient ration, ulrvealéx"cretio’n‘

Ain the urine is suppressed with the urea being "Arentially
transferred to the digestive tract and convert oo crobial”
protein (Sc‘hmidt-Nielsen et al.;. 1957; Cocimano * Len., 1967). ‘

The im‘position of cold stress on ruminants usually results in
less efficlent gtilization of feedstuffs due, in part, to dep>resr-sed
digestibilities of dry 4mvat:ter’(DM) .ahd‘organic_ matﬁer(OM). "However,
fumiqar}t animals appear to méintain a -highvrat.e of flow of noﬁ-
_.‘ammoni:a nitrogen (NAN) to the intestine in t_hé‘ coid. A_lAsov cold
~expt;sure of ruminants usually results in faster rates of pa‘s.s'aég.é. OJ“:‘.
digesta from the rumen and eﬁhanced motility of ‘the rumino-reticulum
(Christopherson, 1976.? Kennedy~et,l‘al., 1986a,b). In cold ambient
‘temperatures there is reduée'd degradatiqﬁ bf proteir;n.to ammonia in
the rumen and increased escape of dieﬁary N to -theJintestine‘:. In one
study more endogenous urea was shown to entér ‘the rumen of cold-
exposed sheep' compargd to that of w::arm' exposg’d shé’eé (.Keﬁnedy and
Milligan, 1978). Therefore, animals in a cold environment may be
better able'tlo utilize a low crude protein diet compare to animals in

a warm environment. To examine this question in the present study



'
g /

measurements were made of urea recycling and flux, nitrogen balance
and digestibilities of DM, OM, and N at different dietary crude

'protein (CP) levels in lambs exposed to warm and cold eﬁvironments.
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LITERATURE REVIEW

ANIMAL METABOLISM AND THERMOREGULATION

When environmental temperature drops below ‘the lower critical
temperature (LCT), the metabolic rate 'oannimals is increased due to
hormonal and s;'mpathetic nervous activit}; in order to compensate for
increased heat loss (Webster et al., ‘1969; Christopherson and‘
Kennedy, 1983). The cold-exposed animal..triestto minimize heat loss‘
and may enhance heat broduct—ion in order to maintain a state of
. thermal equilibrium (Webster, 1974) ‘;and at the same 'ytime, the
maintenance Trequirement of the animél increases ((Yoﬁng and
Christopherson, 19'7‘[‘). In severe cold, decreases in both ani;nal

production and feed efficiency have been observed (Young, -1981). as

_wéll as decre#ses in the .extent of digestion of 'the/\diet

N,
N,

(Christopherson, 1976). The growth rate of ‘yo'un.g ruminants exposed
to cold environments can be redu'ced by about 12% bywa lack of
nutrients to meet both maintenance and growth r;Ljequirements (Gibb and
Penning, 1‘97‘"2;‘ Williams and "Il'nln.'_és;:f:l982). Thefefore,vinsuff’icient
nutrient .;aglailab—ili:t:y combined withj'an invc_:reﬂased’:ma.i:n_te‘namvcj:bé _.c'g%g‘st
during periods of cold exposul“e‘m'ay f"re;trict animal ﬁv‘rgduc.t:i;ri’.ty
(McBride and Christopherson, 1984b). |
VOLUNTARY FElED INTAKE AND D_iGESTiﬁILITY a

Volur:tary feed intake will d;'.ffer depénding on- the tcod species: ,
and type (Thc;rnton and Minson, 1973; Moseley. 198.), :nd may be

 influenced by digesta passage rate in a cold environment (Baile and



~

Forbes,.l974), Many studies have concluded that changes in gut
motility, rum-ination activity and passage of feed particies from the
rumen may contribute to a changed feed intake during cold stress
(Weston 1970; Minson and Ternouth 1971; Christopherson and Kennedy,
. L o

1983).

lIn sheep there w. . 13% increase in the voluntary feed
cons‘ump’tionv (VFC) of chopped hay, but there were no S;LAgnificvant
increases in‘th‘e VFC of groﬁﬁd and pelleted diets (Kennedy, 1985)
during exposure :o a cold environment. Norton et al. (1982b)
reported that the addition of readily fe¢ entable carbohydrate such
as barley or maize' to ruminant diets usmally has the effect of
increasing digestible OM intake (Chamberlain et al., ]980) In
another study increased protein absorption in the intestire was
accompanied by_incre;g.';:es in VFC (Egan, 1977).

Increased feed'im:ak»‘e may be due 't:o the faster rate of passage
Qf feSidués nt’hrough‘tfhé‘tract and the increasgd energy demand i‘,n a
cold envi(rorvl'm;ant (Baile zféd,l?orbes, 19'71‘4)‘.'- A}TE%‘,_. “w‘eqton (1)82}
'sugg,estéd that 'VJFC" in'crlje,ases in ;he co;ld ‘t\empe;:ié;u.rg is a;v're?,s.'u‘ltbl of
changes in digesta load in the rumen in response to the energy’
deficit caused bby increased thermal loss to t;he e'nvironme'nt. Minson
and Ternouth (1971) reported that the VFC was increased 5-13% in
shorn sheep at ambi’ent temperatures near 13°C. Also, Webster et al.
(197‘0) repvorted (:h‘:;lt héy intake of growing heifers increased by
approximateiy 21% dubring exposure to ;he coid environmen't,‘

Therefore, change in VFC is an important response by ruminants to

environmental temperature.



The digestibility of forag‘e'diets'is éenerally dec‘reased (NAS -
NRC, 1‘.981) in a cold environment (Christopherson and Thompson, 1973;
Bailé a“nd Forbes, 1974; McBride and Christopherson, 1984“[;). In
general, épparent dry matter(DM) digestibility of forages was reduced
by approximately 0.2 percentage digestibility units per degree (°C)
drop ir ambient temperature. This occurs even when the 1eve1 of food
intake remains comstant across environments. .Pfevious studie;s on the
effects of cold exposure on organic matter (O’M)' and nitrogen
digesbtion in the rumen and postrumiﬁél 'trac-t; of sheep (Kennedy et
al., 1976;-‘Kennedy and ‘Mlilligari, 19783;) have attributed the decline
of'O'.M a;ldN digéstibilities in “the gut, observed during cold
ex;ﬁosufe, to incregééd rumino-reticulum motility with a consequent
reduction in turnq{rer time and digestion o_f dietary mater‘ial jin the
rumen. In addition, in thé 50% and /0% concentrate die;ts fed to cold
expose&‘.steet_‘s and iactating ew,es,,vthe_apparlentj"idigestibility w;s
b_‘dep‘ressed (thistophefsb;}, 1'976; McBride, 1983).. 'Reduced reténtion
ﬁi'me in, th“e‘_cold e,nviro“nm"ent.%s apparently res~p'onsible' f&r the
' depre‘ssio‘n of digestibility (Westra and Christopherson, 1'9.76;" Kennedy
et al., 1976>;,"'Kennedy and Milliéan 1978a). In spite of a small
decrease in digestibility, the total availability of nutrier.lt:s may Se
enhanced (Kennedy and Mildigan, 1978a) if food intake inéreases in
the cold.

' However, in several studies there were no significant
differences in the apparent digestibility due to the cold e:nvironmnent

(Moose et al.,, 1970; Christopherson, 1976). Some studies indicated

that ti.c digestion of high concentrate diets is not influenced by
\



temperature (Young and Degen, 1981; Kennedy et al., 1982: Willié'in:s
and Innes, 1982; McBride and Christopherso‘n, 1984b). This is because
the fermentation rate of concentrates ‘is rapid, and a small change in
retention time is likely to result in negligible, changes in OM
digestion (Kennedy et al., 198‘2)._

In forage fed ruminants, there is an inverse relationship
- betwren dr‘y'matter‘ intake and ap;)arént digestibility of dry ‘matter
..(Brown, 1966). This has been explained in terms of slower rates of
d.igeéta.i)assag‘e 'chxough‘t}‘\e gL.x.t,.-' pa\r’tic-ularly t:hé rumén, at Vreduced
feed ‘i'ntakes, aliowing more t;ime for microbi‘al.dige,s.tion of
refractory consti’tuen‘ts such as fiber (Balch. et al., 1953),
Therefore, animals which increase their voluntary feed intake in a
cold environment may experience‘ a further dépr.ession iﬁ digestibility
(Kennedy anrd Mil‘ligan, 1978a).
NITROGEN METABOLISM

N transformations in the.rurﬁinant ‘are modified by the
envg_ironment (Christopherson and Kennedy,‘_1983) and diet composition -
(Prestc;ﬁ et al., 19_6;5). Bﬁetw“eﬂenu the digestive tract and‘the tissue
- protein and amino acid pool of.thevo‘rganism‘ theré is continuous
exchavﬁge of nitrc;gen vmetabolit:ves (Egan et al., 1986).A Apart. from {it:
main physiological fuﬁction, which is the bre.akdown of forage

" 1

nutrients and subsequent absorption, the gastrointestinal tract plays

-

P
an important role in the breakdown of various endogenous N

substances, including plasma proteins, amino acids, sloughed
epithelial cells from the digestive tract mucosa and urea (Boda et

al., 1976). - i
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The N supply to the rumen is important for maintaining the
viability of thé microbial population and,its ability to carry out
fermentation contributing ultimately to the énergy and amino écid
supply of the host ruminant. The importance of the N.\iupply to the
rumen is illustrated by studies with lambs, in which G?"tiskov et al.
(1972) obtained increased fermentation of organic mattér})()M) in the

rumen and a 7% increase in non-ammonia-N(NAN) flow when a barley diet

was supplemented with urea to give 124g CP per kg.

’ !

The rﬁminant animal derives its protein and amino acid supply
froﬁ the digesta flowin.g thréugh the abomasum intec the small
intestine where amino acid absorption takes place. The N in the
abomasum originates from different sources. A major fraétion
cons:{sts of microbial protein formed during the fermentation of
carbohydrate in the rumen, while a second major fraction of varying

proportion consists of undegraded dietary protein. The relative

~sizes of the fractions depend largely on the rumen degradability of

oy

the dietary protein {@rskov, 1982). A third fraétion derives from
endogénous protein contained in enzymes se‘cre‘ted "‘:into the aboﬁasum
and from epithelial cells desquamating from the r_;g,.spiratory tract,
mouth, oesophagus énd rumen wall. The third fraction is also subject
_to partial degradation by microbes éssociated with rumen ingesta and.
by bacteria adherent t-o the rumen wall before entering the abo‘m‘asum,b
‘(Wallace et al., 1979). Hovever, qu>antitative méast'.n:ements of these
transformations have always presented difficulties. A fourf:h N

fraction consists of urea recycled from the blood into the fore-

stomach (Kénned};,and' Milligan, 1980; Mousa et al., 1983).

°
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About two-thirds of the endogenous N in the abomasum is derived
fronm,. the rumen in steers given protein-free nutrients (@rskov and
MacL‘eod, 1986). They' rhave estimated that about 1.2 g 'd'l of
endogenous N in sheep is inéluded in the total abomasal N. Therefore
'th_is quantity is often suBtracted from the abomasal N flow in order
to calculate thle undegraded.dietary fraction.

Dixon and Nolan (1982) and Beevgr et al. (1986) obtained
maximum NAN flow thrdugh the duodenum when 10-20g urea were ,édded to
a low-N diet of oat straw and concentrates. The kinetics of
nitrogen(N) in the large intestiné of sheep 1is based prir.narily on
measurements of the concentration of nitrogenous c?nstituents of
digesta and their net disappearance, either between the ileum and
rectum or ‘within parts of the large intestine.

Nolan et al. (1976) and Dixon énd Nolan (1983) reported
measurements of nitrogen kinetics in the large intestine of sheep fed
a maintenancg level of alfaifa hay with a high N content. Those
studies showed that production of ammonia in the large intestine by
proteolysis, dea: nation and urea_‘hydrolysis was vconsiderabl‘e and’

™~
that absorption of ammonia was substantially greater than the
apparent digestion of total N ’t;etween the ileum and the rectunm.
Microbial N constituted about half of the non-urea, non-amn nonia-N
(NU-NAN) iﬁ digesta flowing from the caecum and mosﬁ of this

microbial N was excreted in the feces. A lower N intake (10 gN

d'l) by sheep given bromegrass (Dixon and Milligan, 1984) compared

e

to the 23 gN a-1 intake by sheep given alfalfa (Dixon and Nolan,

1983) was associated with substantially smaller absolute flows ‘of N
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within the caecum and proximal colon.

- Metabolic fecal N for r'ats,.pigs and man is commonly estimated
~ to be 0.1 gN per 100g dry matter intake. For ruminants a factof of
0.5 gN per 100g DM j;s‘used with normal diets and this is reduced when
rations low in roughage are_' fed (Maynard and Loosli, 1962). Thus
metabolic fecal N in ruminants fed highly digestible diets appears to |
be slightly lower than that éug.gested f‘or ruminants given regular
diets.

N retention was significantly lower in cold-exposed animals
suggesting that environmental factors may have an impartant iﬁf’luence
(Christopherson and 'Thompson,‘l973; McBride and Christdpherso_n,‘f'
1 1984b).

UREA METABOLISM
: : RN
A. PLASMA UREA'-N:

In ruminants under a normal feed’ing fegirﬂé, fhe plasma urea-N
(PUN) concentration primarily depends on dAiettary i)roteiﬁ (nitrogen)
content and_its’ quality. ‘Tlll'erefore‘, low diet protein content i-s of
great ecologicalv significance. Values forx plasm‘a urea-N
conéentrations were low (7 - 20mg 1OOmL'1) in cattle on low protein
diéts (Vércoe, 1969,1971;."Thornton, 1970c¢). With incfeasing nitrogen

intake, PUN fncreases, but then plateaues at about 30mg 100mL" 1

(Thornton, 1970b; Thornton and Wilson, 1972; Godwin and Williams,
- 1984; Engelhardt et a]:., 1984), Preston et al.,'(1965) nas shown .
that plasma‘urea-N(PUN) .did not increase above 33 mg lOOmL'1 in

sheep fed increasing levels of crude protein, indicating thzt there

is a physiglogical limit to PUN levels. Also, McIntyre (1970)
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réported similar results when sheep were fed roughage diets with
increasing nitfogeﬁ intakes from 6.8 to 46.3 g d'l. On: the other’
hand, a high energy diet (106 gN d'l) d?creas_ed plasma urea-N from
10.5 to 4.6 mM iﬁ ;teerg (Huntington, 1987).

B. UREA SPACE:

As dietary N intake increased, urea pool size, urea entry rate,
and urea excretion raté also increa\lsed. Cocimano .and Leng (19é7)
reported a decrease in urea space (55 te’ ov, In sheep as the protein
content of thé diet decreased (27% to ‘4% , and_calculations from

the data of Mugerwa aﬁd'Conrad (1971) show that urea space tn cattle

given high nitrogen diets represented from 85 to 108% of body welighe.

C. UREA EX.CRETI,(‘)N: ' ‘ /
The urine 18 .the principle route of urea-N excretion and, in
" . .
- : N S

'-rLi-rr’linan.ts,‘-haé re'c.eivéd considerable att-ention afte.r’ the studies
.‘whicrh démonsftratea a renal conservation mecfhan.isﬁl fox" urea in cémels.
(Scr.midt—Nie‘lslgp__'et al, 1957) “and 'slheep.vé._Schmidt-Niélsen and Osaki,
| 1958) given Low protein diets. The: 's‘i'gﬁ,i’f.ié'a,-znvéfel‘qu_-fr_'e:ri:é':‘i-‘:_u rea
conservatibn dep‘;ri&'sb':()ﬂn t;he as.su’r.np-t.ionb that érlxdc.’g/.ven’ousl'y. produced
uréa not excreted in urine is vdegr‘aded in areas of mic%o_bi_al_ activity
in the digestive tract, where the ammonia is converted to amino ‘acids
for absorption gnd util/iz‘ét'ion By the ruminant animal‘(Coc'imano an;d
Leng, 1967). With incr}e,asing' ni'tro_gen intake f.robm 6.8 to‘1+6.3 ~vgN
a1l in sheep fed roughage. diets, urinary urea e‘xc.r‘et.ion maincéinea
a linear incfease -in_ resporise tc N iﬁtake (M;Intyre, 1970; Thornt;oﬁ',_
1970b; Thornton and Wils-on, 1972; Godwin and Williams, '41984‘).. On t;.he

other hand, a high energy diet decreased u'rin'ary‘(xrea-N excretion in
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steers (Huntington, 1987). Also, values for urinary urea excretion

‘were low and within the range of values found in other studies with

cattle on low protein diets (Vercoe, 1969,1971; Thornton, 1970a).
. . P :

D. UREA RECYCLING:
a. RUHINO-RET‘ICULUH UREA TRANSFER:

The interconversion of endogenous urea-N among liver urea, blood
urea, 'rur{en am’moni.a, m-icrobianl N, and absorbed amino acids,

. N .
contributes greatly to the nitrogen economy of ruminants. Endogenous

“ur provided 29% of N available from dietary and ‘endogenous urea~

sources in sheep in the warm, cc;mpared to 41% for cold-exposed sheep

gi\"rlen equal intakes of brome grass pellets‘ (Kennedy and M‘illi-gan,

- 1978b).

Two pathways; which are salixfary secretion and direct diffusion
through the rumen wall, have be_eﬁ con;idered to be the major sites
for the entry of blood \;re‘a‘ into the rumen. The direct diffusion
through the rumen wall was suggested to be the principal pathway .
(Juhasz, —.1965; Houpt and Houpt, 1968). On the other hand, Nolan’ and
Leng (1972) suggested .that the main patﬁw_ay for the appearance of
urea in the rumen was not direct diffusion t;_hr_c'mgh the rumen wall,
but salivary secretion. However, the latter findings dé' not coincide
x.vith those of other workers (Kennedy and Milligan, 1978b). Most
evidence sugge;ts that its plassage across the rumen wall occurs by -

simple diffusion (Varady et al., 1969; Allen and Miller, 1976).

Engelhardt et al. (1978) proposed that 'thel rate of diffusion was

-

influenced mainly by the permeability of the rumen wall and that the

permeability in turn'd.epended largely. on diet, VFA, CO, etc.
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(Thorlacius et al., 1971).

Urea passes from plasma to the "en (Harmeyer and Martens,
1980; Kennedy and Milligan, 1980; Obgrg. and Shimbayashi, 1980), anu
rumen ammonia and blood urea levels tend to equilibrate after changes
in nitrogen intake or intravenous infusion of low levels of urea
.(McIntyre, 1970; McIntyre and Williams, 1970). Ruminal clearance of
urea :(the rate of u;:ea degradation per unit of plasma urea
éoncehtra;ion) decreased with increasing concentration of rumen
ammonia in s;eerg (Kennedy, 1980). Kennedy' and Milli.gan (1980) noted
that high concentrations of <'ii'gesta ammonia and limited ruminal
orgar : matter fer;nent:‘ation aré negatively correlated with transfer
of endogenous urea into the rumen. Also, bacterial urease activity
associated with adhetent bacteria on the rumen epithelium has been
suggested as a regulatory factor for increasing u.rea transport from
blood to rumen flui.d (Hbupt, 1970; Cheng and Wallace, 1979).

Total urea transfer from blood to rumen was réported to range
from O.§-2.3 gN a-1 for sheep \given 1ucerne- or low quality diets
(Nolan and I;evng, 1972; Nolan et al., 1976; Norton et ’al., 197'8;
MacRae et al. 1'979; Nolan and Stachiw, 1979).‘ These ‘e_stimates were
considerably lower than recycling rates in sheep given high intakes
(7.3 - 9.6 gN d'l) of a pelleted brom’e-grass diet (Kennedy and
Milligan, 1978a). Norton et al. (1982b) confirmed the latter, since
the inclusion of flaked ba'r.ley in a pelleted-grass diet increased
both the total amount of urea degraged in ﬁhe rumen and the rate of
7

urea entry across the rumen wall.

Many researchers have reported a positive correlation between

Iy
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"plasma urea-N concentration, and a negative correlation between rumen
ammonia concentrations ard urea entry into the rumen (Weston and
Hogan, 1967; Norton et al., 1978; Kennedy, 1980). These results have
beén interpreted as evidence that rumen ammonia concentrations
regulate the rate of urea entry into the rumen (Varady et al., 1967;
Kennedy and Milligan, 1978b; Wallace et al., 1979). 'How'ever, low
rumen ammonia concentrations are not always associated with high
r.tes of urea recycling to the rumen (Norton et al., 1978; Kennedy,
1980), nor do high rumen ammonia concentrations necessarily inhibit
urea recycling (Norton et al., 1982a).

Urea transfer into the rumino-reticulum is low for high protein
diets and at high ammonia concentrations in rumen contents (Varady et
al., 1969; Thornton, 1970a; Faichney and W»ite, 1977). However,
under conditions whefe extensive transfér of endogenous urea to the
rumen occurs (Kennedy and Milligan, 1980), ammonia from the large
intestine may contribute more substantially to rumen microbial
protein synthesis. Below a f:ron.centratioln of 100mg N L1 of ammonia
in‘rumen fluid, increased ‘entry of_'plasma} urea-N into the rumen
diges.t:'a of sheep given brome grass has been ovbserved (Kennedy et al.,
1982) during cold exposure. .

Equilibration of plasma and urine urea over a longer term has
been shown. Nolan and Stachiw (1979) have reported that the
appearance of 1“002 and 15NH4+ in rumen fluid was in the

same proportions as 1(*C-

and 15N-labelled urea in blood, which
indicates that all urea degraded in transfer across the rumen wall

enters ruminal fluid and that there is no substantial evidence
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supporting a preferential ammonia reabsorption into blood after
subepithelial .degradation of urda.
The rumen has been assumed to be the principal site of
', appearance of recycled urea in the digestive tract including salivary
\\é\ecretion into the r_urhen. This a_;,sumption has been supported by the
rsﬁults of experiments which demonstrated that a large quantity of
ure\\\\a\ is transfered to the rumen (Juhasz, 1965; Hoﬁpt and Houpet,
1968), and by the hypothesis that rumen microorganisms arec
respon\\ible for most of the degradation of urea in bthe body (Waldo,
1968). wever, some studie% have suggested that urea recyciing to

!
the rumen .accounts for only a small proportion of total decomposition

most of which occurred in the lower digestive tract (Nolan and Leng,

1972; Nolan &t al., 1976; MacRae et al., 1979). The amount ol
re_cxclec_l urea ,tRat appe“ared in the rumen was approximately 20% of the
total amount of regycled urea that appeared in the digestive tract
according to (Nolan and Leng, 1972). Theyvsuggesced that the lower

art of thq digestive tract was also an importan\t site of
decomposition of blood urea.
b. SMALL INTESTINE UREA TRANSFER:

‘The amount of urea entering various sections of the intestine
appears to vary. 'ﬁhe urea-N entering the gastrointestinal lumen

.‘eit:her becomes reutilized by the microorganisms, reabsorbed as
ammonia or is excreted ih the feces largely in the form of microbial
N. About 6.2 X d'l endogenous urea was secreted into the small

intestine plus t}?e caecum of the sheep, including urea in bile,

pancreatic and intestinal fluid (Varady'et al,, 1979). Re .:ively
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-1arge amounts of endogenous N are secreted into the intestinal
tract. Approximately'O.Sg per day of endogenous urea is secreted
into the intestinal tract with bile and ‘pancratic juice only in sheep
of about 50kg body weight. Huntington and Piior (1983) reported that
urea-N transfer to the gut in heifers was negatively correlated with
PUN and positively related to increasing levels of intake of a high

concentrate diet.
Urea influx across the mucosa of the small intestipe is rather
high, resulting in urea concentrations in digesta of the distal ileum

as high as in blood (Hecker, 1971a). A total 5.7 g of urea is

S

secreted from the blood into the small intestines with intestinal
Fluid according to several studies (Boda et al., 1976; Varady et al.,
1979). The high urea concentration in theﬂchyme of the small
intestine (Kametak?, 1968; Hec}cer, 197>1b) is evidence that urea
secreted from the blood into the intestine via the intestinal fluid
or through the bile anq the pancreatic fluid (Vaf;dy et al., 1979 is
not broken down to ammonia(in the small intestine.’ |

For urea to participate in synthesis of nitrogenous substances

by rumen microorganisms, it must

be broken down to ammonia and COZ;
for this, urease is needed. No urease was found either in the wall
or the contents of f.he duodenum and the jejunum, and ureolytic
activity in the contents of the jileum was low (Bod; et al., 1976;
Michnova et al., 1979). But:, hg(;ease activity was founded in the
caecai mucosa. From this it can be concluded that endogenous urea
secreted into the duodenum and the jejunum is not utilized by

microorganisms in these parts of the intestine(:r\

I
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c. LARGE INTESTINE UREA TRANSFER:

Although eyd/genous urea transfer across the wall of thc_a large
intestine was negligible, there were \substantial inputs of endogenous
non-urea-N(NUN) (Dixon and Nolan, 1983). The caecum and proximal
colon were the major sites of the ammonia-entry in the large
intestine. Urea is also sepreted into the‘ rectum. Most of this
ammonia‘.was absorbed but in sh.eep given a high-N roughage diet this
ammonia made only a small contribution (14%) to uréa synthesis in the

body. Approximately 0.5 g of endogenous urea-N and 0.6lg endogenous

i
[ "

non-urea-N d-1 penetrates throﬁgh the wall of cecum and proximal
colon (Boda et al., 1976; Varady et al., 1979); About 9% of caecal
‘ammonia N was derived from blood urea. Engelhardty et al. (1978)
found that from 333.1 to 935.8 mg d ! urea was secreted from the
blood into the large intestine in goats.

| ) Also in the large intestine, mainly in the cl’zecum, the
degradation ra.te of endogenous ‘urea is high (Hecker, 1971b; @rskov et
al., 1972; Coelho da Silva et al.. 1¢72a,b).” In cattle, degradation
of urea in the post-ruminal tract was closely related to plasma
urea-N concentration fof all t:h<e diets useh (Kennedy, 1980). Nolan
et al. (1976) ‘stated that urea transfer into the caecum was even
greater than into the rumen; however, a considerable portion of this

) L3
may enter the caecum with the passage of digesta from the ileum.

A considerable amount of urea hydrolysed in the gastrointestinal
tract of sheep is secreted aborally of the reticulo-rumen. It is

known that N metabolism in the hind gut can be substantial (Thornton

et al., 1970a,b; Coelho da Silva et al. 1972a,b). Nolan et al.

~
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(1976) have calculated that 25% of total urea hydrolysis occurs in
the caecum. Ammonia used for urea synthesis may be derived from that
absorbed from the digestive tract and from the catabolism of amiﬁo_
acids released from tissues or absorbed from the digestive tract.
A summary of the values shows that the amount of endogenous urea
yhich passes into the it;testinal luﬁen is éorklsiderable a1;'1d that it
represents a.large percentage of the total daily amount of urea
synthesized in the ruminant organi;m. Also, a considerable-amount of
urea-N enters the caecum with digesta from small intestine and
contribution to microbial N.
E. ‘EFFECT OF DIET AND ENVIRO&M'ENT ON U'REA RECYCLING:~
Factors affecting urea rec.}?cl‘ing include plasma urea-N, rumen
ammonia .concentration, dietary N content, time after feeding, amount
~ of readily fermentable carbohydrate, starvation, cold, éhort chain
fatty acid (SCFA: butyric acid), C02, urease activity, OM. intake,
concentrate diet, sucrose and wéter restriction. The rate at which
urea is recycled to and degiraded in the digestive tract of ruminants
has been shown to vary with the protein content of the diet (Cocimano
and Leng, 1967; Faichney and White, 1977) and thé presence of
carbohydrates in the ration (Kennedy, 1980; Norton et al., 1982a).
Urea metabolism in domestic ruminants seemé to vary greatly with
the amount of ingesited N and the serum ur?a level. Obara and
Shimbayashi (1980) reported that in a ruminant given a low-protein
ration in whi'cb ‘tt‘xe amount of N ingest;ed was so sma‘1} that; the serum
urea level was low, recycled.urea was presumed to be utilized in. the

rumen. . Ford and Milligan (1970) found in sheep that the quantity of
L
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urea recycled was a linear function of the plasma urea-N
concentration provided the latter was within the physiclogical
range. In this case the method used to determine urea recycling
measured the total recycling taking place within the body. It is not
known what proportion of that recycling was directed to the rumer; as
opposed to other parts of the gastrointestinal tract. Thberefore, the
computed dietary N intake plus recycled N is only an approximate
guide to the amount of N made available to the microorganisms.
| ‘In animals given a low-protein ration, the ‘rum;n plays an
important role in the utilization of recycled errea in the whole
digestive tract. The récygling of urea to th'e digestive tract of
ruminants and its degradation to provide ammonia for microbial
m‘\stabélism ha% been progo,,ed as a mechani;;m whereby ruminants
conserve dietary nitr-ogen’during periods of low—protéin diet (Houpt, .
1970; Engelhardt: et al., 1978). In rupinants on a low N intake up to
96% of the urea entering the pool w "“'/rqécycled into ﬁhe digestive
tract (Mugerwa and Conrad, 1971).

An inverse relationship between diectary N content and urea
recycling has been observed in sheep (Cocimar 5 and Leng, 1967) and
kangaroos (Chilcott and ’Hum'e, 1981). 1. 2 comparative si:udy of”
ruminants (Emmanual and Em;dy, 1978), with camels fed a medium
proteiq (9.6%) diet, 74% of urea synthesisain the body was d‘e‘graded
in the gut, in contrast to 50% in sheep, 46% in goats and 47% in
cattle. The per‘centageﬂ of urea recycled ranged from 65% to 38% on

the diets containing 13% and 18% CP in ponies (Prior et al., 1974)

and from 44% on a 13.1% CP diet to 86% on a 6.1% CP diet in camels.
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Man and the rabbit appear to recycle slightly less urea tﬁa“n: sheep,
cattle, horses or deer (P;ior et al., 1974). Houpt and Houpt (1971)
reported that the horse could utilize significant quantities of
endogenous urea when fed a diet low in protein. In the recent
studies, Mousa et al.(1983) observed that concomitant with increasing
N balance in the sheep and goats, urea recycling increased from
approximately 77 - 94%. The high recycling rate in the camels oﬁ the
low-N dry desert grass with watér available ad libitum provided
little opportt_mit:y fc;r imp::ovement: during water deprivation.
However, inisheep and goats water depriva;:ion resulte‘d in an increase
in urea recycling in those species to a level very similar to the
consistently high level in the 'camels.

mﬁ,’ There are some other factors that influenc_;e urea éecy;:ling to
tlle rumén of ruminants. Increased urea recycliné was associated with
increased concentrations of butyric acici in rumen fluid and with high
rates of CO, productio-n ffrém‘ fermentation (Norton, 1982a). Rumen
metabolites like short chain fatty acid (SCFA), particularly butyric
acid, and CO, remarkably increased the permeability of the ruminal
epithelium'for ureé (Thorlacius et ai., 1971). Diets containing
readily fermentable carbohydrate and fed once daily would provide the
greatest {)otential for increased urea recycling. .Varady‘ et al.
(1969) obsewea a change in the rate of urea recycling to the rumen
of sheep with time after feeding, and low rates of recycling are
.usually ‘found in starved ruminants (Engelhardt et al\.‘, 1978).

Kennedy (1980) has proposed that urea recycling to the rumen of

cattle increased when digestible OM intake increased and/or ruminal .
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ammonia concentrations decreased. A small increase in digestible OM
intake (13%) resulted in a 35% increase in the total amount of urea
recycled to the rumen, and an even greater increase (93%) in the
amount of urea transferred across the rumen wall (Norton et al,
1982a). Also, urea recycling increased 30% In brome pellets given
sheep, but there was no difference in urea recycling for low 1ev.els
of alfalfa and barlAey—canola meal diets given to sheep. A more

likely stimulus to urea recycling in ruminants glven concentrate or

'

sucrose supplements may be the nature of the end-products of their

fermentation.

The rate at which urea is recycled to and degraded in the

digestive tract of ruminants is influenced by environmental:

temperature with more endogenous urea entering the rumen of

- : N

cold-exposed sheep (Kennedy and Milligan, 1978a). Kennedy et al.
(1985) and Kennedy and Hume (197%) reported that recycled urea was a
major gource of N for microbial growth only for the chopped and

pelleted bromegrass diets, where it provided 26-39% of N: made

available from degradai:ion of dietary crude protein and from recycled

\ ¢

b,

urea. There do not appear to have been an¥ comprehensivie studies
repérted in which the relationéhip between diet CP level and N and
urea metabolism have systematically compared in different
environments. Therefore, the presen%. study was undertaken to examlne

~

the possibility of environmental and dietary CP interactions in young

lambs.
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UREA RECYCLING AND DIGESTIBILITY IN WETHERS EXPOSED TO DIFFERENT

AMBIENT TEMPERATURES AT THREE_‘ DIET LEVELS OF CRUDE PROTEIN

INTRODUCTION

~

The recycliﬁ'g\, of urea to the digestive tract of ruminants an;l
; \

Y
its degradation to\provide ammonia for microbial metabolism has been
\-_.

“

proposed as a mechanism whereby ruminants conserve dietary nitrogen
"during periods of protein c‘iep"rivalt:ion (Houpt,.v1970)e. In domestic
ruminants fed a nitrogen deficient ration, urea excretion in the
urine is suppressed with the uréa being preferentially transferred to
the digestive tract and cogverted into microbial protein (Schmidt-
Nielsen et al., 1958; Cocimano and Leng, 1967). The imposition of
cold stress oin ruminants usually results in less efficient
utilization of feedstuffs due, in part, to depressed digestibilities
of drv matter (DM) and organic matter(OM). 1In one"’ study more
endogenouswurea was shown to enter the rumen of cold-exposed sheep
compared to that of warm exposed sheep (Kennedy and Milligan,h
1978a,b).. Therefore, animals may.be better able to conserve nitrogen
in a col}d.environment and be less constrained by a low nitrogen dic.

than animals in a warm environment. The present study was design

to €xamine this question in young lambs.

3.

- . N
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MATERIALS AND METHODS

ANIMALS AND THEIR MANAGEMENT

Eighteen Suffolk wethers (initially 30-45 days old with body
weights l;anging frém 10-20 kg) were chronically exposed to
temperatures of +1 ta +4°C (cold) or +21 to +24°C (warm) during
10-week experimental periods. The sheep were shorn to a fleece depth
of approximately.a - 6 mm at the beginning of the experiment and
after 2 weeks of each S-Aweek period. Animals were housed in
individual metabolic crates in controlled environment rooms. Prior
to the experim.ent all wethers were treated orally with Thiobenzol
(Mark Sharp & Dohme, Ontario, ‘Canada Lt(fl., one g pef 10kg B.W.). For
prevention of external paras}i‘.vt/e.s, Co-Ral (Cutter Animal ~Health,
Bayvet Division Cutter Lab. In’c., Mississauga, Ontario) containing
25% Coumaphos was sprayegl onto the 'animal (M 9kg of Co-Ral mixed with
45L water). During the temperatur- ad‘aptéti:on periods, sheep were
‘accustomed to the urine collection funnels which were attachéd to the

) P

abdomen. Urine collection funnels and harness were carefully
adjusted iﬁ order to promote comfort an<‘i to avoid stressing the
animal. Animals were weigl‘“ned weekly. ,Or;e day prior to the
radioisotope injection, urine collection funnels were fitted to all
sheep. .‘Both environmental chambe;s were‘lighted c6ntinuou’$1y for the
vdu.rati'on of f:he experiment, Room temperatures were recorded daily
with max-min mercury‘- in-glass thermometers (Taylor Insts‘., U.S.A)).

The metabolic crates were designed for sheep involved in

nutrient experiments and in vivo isotope studies. A bolted steel
\\/

-

{
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frame supported the sheep at a convenient working height (76cm above

_floor). Easily cleaned, chemically resistent and nonabsorbent molded

fii)efglass reinforced plastic was used for the walis and back, the

feed and water containers, and the excreta collector funnels.

DIETS AND FEEDING o . | o
Sheep were fed pelleted diets (Table 1) containing 7; 1l'or 1l4%

. p
crude protein (CP) ad.libitum. Diets contained barley grain

(Hordeum vulgare) and brome grass (Bromus inermis Leyss)

which contained 8.4 and 4.8% CP, respectively. Soybean meal was

substituted for barley grain in order' to vary the crude protein

content of the diet‘j. The vitamin, mineral, anél energy contents of
the diets were ealculated to approximate the requirements of the
sheep (Natf:onal Academy of Sciences - National Research Council,
1982,1985), based on body weight at the start of the experiment. The
| 7% crude S)rote;m diet was expected to be below t:he optimal CP level
for growth ‘of the 1ambs 'Water and cobalt-iodized salt blocks
(Canadian Salt Ltd., Mont‘real,‘Quebec) were also avalilable ad

libitum. Feed was weighed immediately prior to feeding and offered

once daiiy at 10:00 at a rate of 10-15% in excess of the voluntary .

t N .
feed consumption of the prevf?)us day. Feed not consumed was

collected and weighed back daily during the course of the
experlmental period in order to determine daily feed intakes.
Drinking water containers were filled at l.easkt once dajly with fresh
watver. |
EXPERIMENTAL DESIGN AND SCHEDULE

The expefimental design consisted of 2 x 3 factorialvdesign with
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a single crossover of environment treatments. The treatments were
designated as W7, W1l, W14, C7, Cll, and Cl4 to denote warm-exposed
(W) and cold-exposed (C)'/sheep, and /, 11, and 14% CP diets,
. respectively. Nine sheep (three f&d each level of CP) were exposed
to each ambient temperature for 35 days, after which they were
transferred to the alternative temberature treatment for 35 days.
During e'ach éxperimental period thevfollowing schedule was adopted:
day l-.21, adaptation to ambient temperature and training of sheep for
urine collection procedures; days 22-28, collection of faeces and
urine for measurement of a/pparent: digeétibi}‘iﬁy and N-balance; day
28,29, catheter implanted intélthe jugular vein of the animals; day
29,30, 'injection of 14C-urea and collection of urine and blood
sampleg for 48 hi()urs. |
CATHE'I:ERIZATION AND ISOTOPE INJECTION .
Animals were catheterized via one jugular vein with a PVC
catheter (1.0lmm ID, 1.67mm OD) inserted through a 14 guage needle
and held in place by‘a suture around the catheter and through the
skin. The catheter was then connected by plastic tubing. Ptior to
the injection the radioisotope, 200ml of an isoosmotic saline

"solution was prepared containing 6.25 uCi and 0.lmg urea per ml.

For practical reasons of scheduling the frequent blood and urine

cn—a

sample collections, 14 urea was given to animals in the cold
environment on day 29 and to animals in the warm environment on day
30. On day 29 or 30, each sheep within an environment treatment

receiv?d' a single injection of 60 - 65 uCi of {U‘C]ureé (50 mcCi

1

mmole ~, >99 at‘:om %, ICN Radiochemicals Canada Inc. Montreal,

¢
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Qu.ébec, Canada) via the jugular catheter. After injection, the
injection syringe and catheter were immediately flushed with 20 mL
sterile physiological. saline solution (9g NacCl L'l).

SAMPLING PROCEDURE

Total faeces and urine output were collected once dally between
, 10:00 and 11:00. The daily'collection for each sheep was mixed and

weighed and a 10% sub-sample was dried in an forced-ailr oven for 48

~

hours at 60°C. The dried samples were finely ground using a

Christie-Norris grinder. Urine samples were collected in a bucket

containing 25ml of 25% HC1 solutior; in order to protect against

-~

bacterial contamination, to prevent loss of free ammonia, and to

maintain the pH below 2.0.

lZ‘C-urea injections, blood and urine samples were

las

Followin}g
;:ollecte'd for detérmining , Urea-N, and NH4+~N. ,.Blood
samples were collected in Vacutainer tuﬂes (10 mL, sterile,
heparinized, Becton Dickin;‘,on Canada, ﬁississau'ga, Ontario) from
“jugular cathetersjusté before l4c . urea injection and at 1, 7, 26,
-a.nd 47 hours after injection: ‘Plasma was Immediately separated b};
”centrifug_ation at 1500 x g for 10 minutes. Nine urine samples were
collected from each wether in containers without acid surrounded by
ice (to prevent micfoﬁial action) ;'it 3, 6, 9, 12, 15, 18, 24, 36, and
48 hours after injection. Urine was direct'e,d into tﬁg collection
bottles by using rubber funnels which were attached sndgly to t':he
abdomen below the prepuce of the lambs with elastic straps. 10%
sub-samplé—s were stored at -20°C. Daily samples were comb‘ine;i to

form a compo.site sample for each sheep for each digest;ion trial prior
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to proximate analysis. 1In a11~experiments samples of the diet and
any feed refusals were collected daily.

ANALYTICAL PROCEDURES

Nitrogen content of feed, feces and urine samples was determined
by a Kjeldahl procedure (AOAC, 1980). Dry matter was determined by
drying feed and fecesb samples in a forced-air oven at 60°C to a
constant weight. OM was determined on dry sample\s by ignition in a
combusi:ion furnace at 550 + 50°C ox;ernight (AQCAC, 1980).

The activity of e yas analyzed on a L:;Lqui_d. Scintillation
Counter (Nuclear Chicago, Mark III, Model 6880; Searie Analytic /In'c.,
Des Plalnes, Illinois, U.S.A.).‘ C‘ounting efficiency was determined
by the channels ratio method (Bruno and Christian, 1961) and counts
for radioactivity were g:iori‘ected for quenching from an external
standard. Plasma was deproteinized and acidified with 6% HClO,
(1:1, v/v), which also removed any 1“c02' and tﬁe superhatapt was

saved for counting 14

C activity. In preparation for counting;
samples (1 mL uriqe or 400 uL plasma supernatant) were placed in
a’ sci'ntil‘lation' vial (20mL, Fisher Scientific Company, Canada,
Catalog No. 3-337-12) together with 15mL counting solution (Aquasol,
vNew) England Nuclear, Boston, Ma;s.) containing 4g per liter of 2,5-
diphenyloxazole (PPO) \ahd 100mg per liter of 1,4-bis-(2;(4-methyl—5-
phanyl-oxazolyrl)i-benzer}e"(POPOP). Ufine samples wer:a thoroughly
mixed prior.to pipetting. Samples were refrigerated for 24hr to
allow forw chemiluminescence decay. ’I‘hel salples were counted for

20min or until the counting errors were 0.25% or less. The total

disintegrations per minute (DPM) were determined for each sample.
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Plasma urea-N (PUN) and urine ureé-N (UUN) were detgrmined
according to colorimetric assay (Fawcett and Scott, 1960). Distilled
water, which was used for reagents, was a cation exchange resin
distilled water in order to avoid any trace ammonia. Buffered~urease
solution was prepared using 200 Sumner units (=30mg) of special;
purified ureaée (70,000 umol Units, one pmol unit -will
liberate one umol of NH34rfrom urea per min at pH 7.0 at 25°C;
14F-7090, Sigma St:‘)Louis MO USA) per 100mL of 1% 501ution‘0f the .
buffer which was mixed with 6 gm of monopotassium'd‘ihydrogen

.- ' :

* phosphate and 2 gm of disodium rﬁonohydrogen phosphate in 1000mL.
Plasma and urine samples wek diluted by amn ap‘pro‘priate améunt (in
the range of 1:100 and 1:1000, respectively) prior to analysis. One
mL portions of d;stilled water, dilute standards, a}_n‘d dilute'samp}es
were measured into 15.24 cm by 2.54 ci;i test tulies. One mL o—’f
buffered urease solution was added to each tube and incubated in a
37,C water-bath for fivelminutes. Fre'e ammonia was measured by the
same procedure as that described, substituting water for the urease
solution, | After incubation, the following solutions were adde‘d'
immediately after each other to each tube with automatic pipettes: 2
mL of sodium phenate, 3 mL of 0.01% sodium nitrop'r’uSSide, and 3 mL of
‘sodium hypochlorite. Each solution was mixed t}';oroﬁghly with a
vortex mixer and placed in the dark at 18°C for 30 minutes to allow
maximum colour develg;pment. Optical density ('PCBOO Colorimeter,
Brinkmann Inds. Div., Regida.lg, Ontario, Garfgda) was m:easux:ed at

630 um and urea-N was estimated from the standard calibration

curve after subtraction of the readiﬁgs of free ammonia and blank.



{.

MATHEMATICAL COMPUTATION

.

“."‘.
Sample dpm were related to plasma urea concentrations to.compute

the specific activity of urea-C. The size of the urea pool (mg) was

calculated as the injected dose of isotope (dpm) divided by specific
activity_ (dpm mg'l) of the urea at zero t"ime‘(Appendix A).‘ Zero
time specific activity was estimatedby extrapolation of the plot of
the natural logarithm of urea specific activity against to time zero
time. Urea fluxi'(mg h'l) was estimated as urea pool times the rate
of decline (k fraction, h'l) of the plot of the natural l‘ogarithm
of specific activity with ;:ime. Urea spacé\?(ml)iwas estimrat‘ed by
dividing the totgl urea pool size (mg) by the concentration of plasma

1

urea (mg.mL "), The biological half-life of urea (h), expressed as

t}, was calculated as 0.693 divided by k (h'l). The turnover time
of urea (h) was calculated as 1.44 times half-life (h). Urea space
clearance (mL d'l) was estimated from urea flux (mg d'l) divided

by plasma uréa concentration (mg mL'l).

e 4

L
Urea recycled was,

__'i":ulated as urea flux minus urea excreted.
Urea recycling was calculated as a percentage of urea flux (mg d'l)

muitiplied 100.

Average daily gain was calculated from weight change weekly

2
s

during each 35 day period.
STATISTICAL ANALYSIS

Ab2);3' factorial analysis of: vari.ance was used with environmental
temperatures’ (2) and diets (3) a sources of varia;:ion. When

significant treatment effects were observed, the Student-Newman-
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Keuls’ (SNK) test wés used to test for significance of differences.

b’etWeen means (Steel and Torrie, 1980). Linear regressions, with
computation of correlation coefficients, slopes with their standard
errors, and intercepts weré conducted. Least-square regression
analysis was used to obtain equationbs des¢ribing values of specific

radioactivity vs time.
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RESULTS

VOLUNTARY FEED INTAKE AND DIGESTIBILITY

There were no significant differences (p>0.05) in feed, DM and
OM intake among the treatxﬁelrlts (Tafnl& 2). .Howev'er, there were
positive relationships between.DM and ,O'ﬁ. intakes and diet CP content, -
with the highest intakes occuring for the 11% CP diet du‘ring cold
. exposure. IAverage feed DM intake per unit body size was 50.0, 53.1,
and 57.1 g kg'l f_q,r the Z,‘ 11, and 1l4s CP’d'iet, respecEively, in
both environments (Tz;ble 3). On this basis there was aiso a positive
(p<d.05) linear: rgiationship with dietary.CP content. v

DM digestibilities for the 7, 11 and 14% C? diets were 65.1,
_65'5 and 64.6% ip the warm environment and 63.9, 61.4 and 62.0% in
the cold envii:onment, respectively (Table 2). 1In both environments,
there was a small negative relationship between DM dig;astibility and
dietary CP content.. The respective values for OM digestibility were
68.4, 69.3 and 68.3% in the warm venvirqnment, and 67.1, 64.9 and
65.7% in the cold environment for the 7, 11 and 14% CP diets.

¢

Although somewhat lower DM and OM digestibilities were observed for
the three di:ts in the cold er{viron'menl‘t: co;npared to that of the warm -
eﬁvironment, the e‘ffecf:s of diet and temperature were not
significaﬁt._.

Apparenﬁ digestibilities of N for the 7, 11 and 14% CP diet were.
51.1, 58.6 and 66.3% in the warm, and &8.2, 54.0‘ at;d 63.8% in the
cold for the 7, 11, and 1l4% >CP diets, réspectively. The effect of

increasing diet CP‘conter_lt was significant (p < 0.01) and the highest

N o
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:
apparent N'digestibilities were observed in the 1l4% CVP diet in both
environments.

BOiDY WEIGHT CHANGE AND FEED‘ EFFICiENCY
Mean> body weight was not different among treatments (Table 3).
. The average<60dy weights were 22.9, 23.3 and 24.73 kg’ﬂin the warm, and
\\2'271, 26.6 o’ 21\;\2\ kg in the cold, respectively for the 7, 11 and .
‘ 143 CP Fd\J‘.eto Averé\e daily gair{ (ADG) was Increased (p<0.10) with
increasing dietary CP leveis. Weight gain was depressed in both
environments when the 7% CP diet was fed. The cold‘exposed animals
gained faster than the warm exposed animais above a N intake of about
27 g d"l (Fi‘g. 2). However, below this point cold exposed animals
gainedjmore slbwly. “lso there was a significant (p < 0.05)
difference 'i'n‘th.e reéressi;ti\'coefficients between the warm and cold
environments. The regression equations were (ADG) = 157.69 + 3.51 (N
intake) (SE=0.43,R2=0.85,n=18) in the warm, and (ADG) = 81.37 + .
6.65 (N intake) (SE—OL_62,R2.-O.75,n-18) in the cold. The OM intpke
1ihearly affected ADG in the cold environment but there w:x; a
curvilinear relationship in the warm environmen. /iig. 3). The
regression equations describing these relationship © werz (ADG) =
-206.79 + 0.70(0OM 1intake) - 0.0002 (OM int:&ll\e)2 (SF-0.0B,
R?-0.43,n=18) in the warm, and (ADG) = 43.44 + 0.20 (OM intake)
(SE-O.OS,R2—0.66,n-18). in the cold. The ADG'vfor the warrﬁ ;xposed

sheep platveauei;l at about 290 g a1,

Feed to gain ratios wére inversely related to diet CP content in

both environments and. there was no significant difference between the

cold and warm environments (Table 3). The values for the 7, 11, and

P
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1 in the warm, and 5.70,

~

148 CP diets were 5.53, 506 and 4.99 g.g'
4.66 and 4.61 g.y_/g'll in Vth"e- cold, rgspectivevly.

NITROGEN HETABOLISHA |

| The. parametefs of nitrogen met;abolism are shown in Tables 4 and
5. Nitrogen intake, faecal N al;d urinary N excretion, N retention

and apparent N abds‘orption were all positively related (p < 0.01) to

‘diet crude protein content,ubut they were not significantly

influenced by"temperatﬁre except for faecal N excretion which was

.

higher (p <,,0.0/5) in the cold environment.

N‘itrogen 1ntak‘e-substantially increased from 13.7 to 21.5 and

\

32.‘ng a~l id the warm, and from 13.9 to 27.2 and 31.8 g a-l in

the cold as diet CP content increased from 7 to 11 and 14% (Iablé

4)., There was no significarft difference in N intake betweén cold and

warm temperature treatments. However, zhe -idily N intake of the 7%

» CP diet was significantly (p < 0.01) depressed compar}e,d with that of

-l

11s And 1l4% CP diets in both environments.
~ Fecal N _outp<ut was signifiéantly (p < 0.05) lower in the warm

compared to the ¢old environment. A significantly greater amount of

/

fecal N (12.5 g d'l) was excfeted in the C1ll treatment compared to
' & '

o

that (8.9 g d'l) of the W1l treatment. The mean fecal N per 100g

of DM intake was 0.56, 0.65, 0.71 for the 7, 11; l4% CP diets,

reépeccively, ‘in-the‘ both environment. The relationship between
. . . “ -

. fecal N gutput-and N :‘[n‘take is shown in Figure 4. There was a linear

relationship between fecal N and N-intake in both warm and cold
exposed animals. The regression equations were (Fecal N) = 2.37 +

0.26 (N intake) (SE=0.03,R%=0.76,n-18) in the warm, and (Fecal N) =

'
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*2.97 + 0.27(N intake)(SE-O.OQ,R2-0.66,n-18) in t?he cold.

- Nitrogen apparently absorbed (g d'l) foE' the 7, 11 and 1l4% CP
diets was 7.0, 12.6 and 21.2°'in 't:he warm, and 6.7, iA.? and 20.3 in
the cold’," reépectivelj (Table 4). The amo.unt of N apparently
absorbed was increased in response to incre\asiﬁg CP % in the diet,
but there were no significant differences due to ambient temperature.'

Urinary'N‘eﬁcretions (g d'l) were not significantly different
across environmental t;reatments (Table 5‘).1 Approximétely 20 to 30%
of the N intake was excreted into the urine. Urinary N excretion was
: n{imerica.lly increased in a curvilinear fashion as a result of
‘increasing N int_:ake‘ in both enviror‘}l-ments (Fig. 5). The regression
equations wéfe (Urinary N) = 2.04 - 0.,04(N intake) + 0.006(N
intake‘)z"(SE-O..OOZ,R2-0.93,n-18) in the cold, énd (Urinary VN) -
1.75 +-0.0‘4(N.intake) + 0.005(N intake)? (SE=0.004,R%2~0.85,n=18)
in the wazlr;m; : |

" The amo’i;mt. of N retained'é(g ‘d'l) was dilrectly related to the
..CPI'content; of the diet in both environments (Table 5). In the war‘x-n\
en;lironment, as CP con%:‘ent increased, thé N retained as a percenfage
of N absorbed was decreased from 57.1 to 54.?, whereas the percentage
was increased from 47.8 to 57.1 in the cold temperaiuré treatment,
The relationship between N intake. and N balance is shéwn ‘in Figure
6. The regression equationé were (N balance) - -0.49 + 0.41 (N',
intake) (SE=0.04,R%-0.91,n=18) :n the warm and (N balance) =.-1.39,
4+ 0.48(N intake) (SE-O.OS,R2-0.88,n-1§) in the cold env‘ironvment,
respectively. The regression coeffiz;fents did not differ between

warm-and cold envdronments. ¢
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"UREA METABOLISM

The decline in U‘C-ureaispe‘cifie_activity oveyr 48 hoers after
injection is shov;n‘ in the figure in appendix B. Urea specific
acitivity decreased exponent.iallylafter_'injeceion and appeared to
follow first ordep kinetics for the first 18 hours. From 18 to 48h
there appee“r;-ed to be a second (slower) exponential phase.
Exponential equat_ionsv‘f.or urea flux and kineeic parameters based on
the first \18 houre after injection are sho'wn in Table 6 and the
regression lines are shown in appendix figure C. }Thellfe were no
significant diet nor temperature effects‘ on the r\egres‘sion
coefficients.

Urea pooi, urea‘space, ‘urea{ half-1life, turnover tir and urea
space clearance are shown.'in Table 7. The urea pool size was
positively related to the ¢ <=cary CP cbnt'ent: except for Cl1l.
treatment, wh.ich was lowest (3. ; g) vamong all treatments. The ufea
pool size was markedly increased by mCP diet in both

environments. There was no significant difference between the warm
‘and cold environments. “ '

Urea space (L) was reduced by increasing diet CP content. The .
-alues were 12.30, 7.43 and 7.99 in the warm, and 13.20,”6.41 and
1 9.62 in the cold for the 7, 11, and 14% diets. For the 7% CP diet,
urea space appeared high in both en\'/iron'ments. There were mo
significant differe-nces dee to enviyxonment treatments.
| The mean biological half-lives of urea were 2. 04’_/99 and 2.17
h for the 7, 11 and 14% CP diets, respectively,in ‘both’ environments

)r .
(Table 7). There was no signlficant difference between the warm an&l
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Kl

cold environments.

U;ea‘ twtnovv]er times were 2.94, 3.01 and‘3.13 hours in both
,environments’when sheep were fed 7, 11, and 14% CP diets. Thelre were
no significant di{fferences due to diets or temperature treatments.

There was a si"gnific;ant (p < 0.05) diet effect on urea space
clearance rate. Sig'nilfiéantly higher rates of urea space clearance
were observéd on the low protein diet in the both environments,
However, cold exposure did not affect urea cllearance rate.

Urea flux, urea exc;eted, urea recycle.d, plasma urea-N ..(P}N») and
urinary urea-N (DUN) are shown in Table 8. There were n%ﬂ‘g%gnificant /\
differeﬁces in'the urea flux, urea excreted, and urea recycled, but
there were ‘significa‘nt~dif,‘ferences‘in the‘perce.ntage of urea
recycled, PUN and‘ UUN due to diet CP. Cold exposure did not” <
significantly change urea metabolism in sheep although tl';e highest |
value for urea flux (4‘1.5. gN d'l) appeared in the Clﬁ treat:.ment.

The relationship between urea flux and dietary crude protein leve!

was generally positive in both environments. The urea flux wc

_similér between 7 and 11% CP diet in the both temperature treatmen:

but it incréased\”rilgfﬁlé/dly in the W14 and Cl4 treatments. However,

there was no signi&/icant difference betwéen environments as shown & e
the ahalysis of \{ariance.

The percenté\g)e of urea recycled was negativ‘ely (p < 0.01)

"\related to the N intake in both environments (Table 8). The urea

Y

recycling percentages were'QZ&.l, 82.4 and 76.8 in the warm, and 90.0,

)

oy v
80.0 and 81.1 in the cold, for the 7. 11 and 14% CP diets,
respectively. The diet effect was signiticant (P < 0.01) but there

AN
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(y

was no significant difference between th\ta warm and >colq environment.

Plasma urea-N ( - 100mL'1) was increésed (p < 0.01) from 11.8
to © F and 25.5 in the warm, and from 12.1 to 23.0 and 25.1 in the
cold, as diet CP increased from 7 to 11 and 14% CP, respectively
(Table 8), These poéitive (p < 0.91) relationships were similar in

both environments.



u7

‘UF ZT°0 ‘a4 91°0 ‘uUZ 40

N
.-

“d
R

anTeA pIIBINOTE) |
"0 %00°0 ‘I £L00°0 ‘MO £€00°0
‘IDEN 6796 : (8) 9INIXIN TeISUTR 80BIL o

"33 xad surtoyy Bwpgs ‘zig 31p Brpg ‘ageue@lojueg umtoles Sugg
‘uroeIN 3mpg ‘utABTyoqTy SwWEY ‘I ITA NIGT ‘NI0SS @ 3ITA 'V 3ITA nI00SS

‘25 3w 110 ‘ny Bwey ‘a4 Bmocz ‘u Swgl ‘uz Fmozy :

(s1seq paz-se) 381p Te303

XTH "UTH-"3TA
ssexd swoaq Jua3uod do mo]

AwEOHumoHHmwu 931Ul YITM SINTPA pPIINSEs

Jo 98epjusdaad ® sv pessoadxs aie sjuaipaildul

- N M e

90°€¢ S0°€ £€0°¢ s (1.3 1BoW) 13aq
0 %1 0'11 "ot (&) dO
V4
Z2'0 20 A0 ? g3TeS "UIl @de1]
£°0 £€°0 £°0 - . y XTH "UIW-"3TA o

€891 29°6 - 0S5 68 Tesu uesqkosg

cLLE TLTLE ¢LLE 8'% 76,  §539112d ssead swoig
G6 ' Hy 91°26 8.°19 '8 68" utead Lsiieg <

¢ uoraey ¢ uolaey 1 uojiey zdD  Ka . 1usTpaadug

o
‘sSquel 03°paj spa’dl Jo uol3zjsodwon ‘1 @1qQel



48

<.

, -upsw 8Yy3 jo 101l piepuelis ,
‘01'0=d 2® 3ueorzTuldts 30u : SN ‘(xx)T0'0>d 3® 3ueoIJTudIs sueaw Juswieal]
“(ILxQ)uojaoeiequl pue (L)seanayeiadway ussmioaq ‘(@)s3iaIp Suowe adousisyyIp JUBITITUTIS
’ , : ‘suoiaeoi]dea 9 yaIm seniea UBSY ,

"(60'0 > d) 19331p adraosiadns uouuod B 9ABY 3JO0U Op IBYJ MOI SWES 3Y3 Ul SUBdy

SN SN xx %Z°T P8'€9 4A0'%S ®BZ'8% PEL'99 °9°'85 gBI'IG uado13lIN

SN - SN SN 88°0 LG9 6" %9 1°L9 €89 €69 %89 1933eW OFuUedIQ

SN SN SN 8% 1 0°'29 %°19 6°€9 9°%9 69 1°%9 1933'W L1Q
(%) £311193385981¢

SN SN SN €€T G611 6821 986 9021 _mon L6 1e33eW OoFueliQ

SN SN SN 71 IAXA S9¢1 %071 €821 88071 8201 1233eW £1Q

SN° SN SN 67T  9LET [AAA¢ 1€11 68€T €LTT 7111 { paad
. : (1_p 3) oyeaugp

— 4 -
Ixam 1« 1 11 /A 1 A L ($)do 2210
vy3S = -
¢ 918 ; P10D uiem -\

{ JUSWUOITAUS PTOD
squeT Bunof m&u ut

Juyl pea3j Kaejuniop

pue miem 3yl 3B 32Ip ST9AS] ureload Ipnid JusisIFIP 991yl po

S913111q13s231p uefo1a1u pue 1d33pw ojurdio ‘1933em LI1p pue 3 ‘7 @1qel



‘ueaW 8yl JO 10113 piBpUE]IS ,

"01°0=d 3®e 3ueo1jTudis jou : SN “(#)01 0>d 3e queot1yIulys suesuw Juawleax]
“(1XQ)uotloeiLaaut pue (l)sainjeiadws; ussmiaq ‘(g)saiatp 3uowe sdus1aIIIp qued13Tud IS |
‘ . "SU0TIEDITdaI 9 Y3ITM SON[EBA UEBIY .
"(60°0 > d) 19331p adrassiedns uomwos © 9ABY 30U Op 3BY3 MO1 BWES BY3 UT suesy .

SN SN # ¢l’C 96795 4£’SS  BETIS QT[S BHOG  E9gh (134 3) "n-g/paay

SN ,wz, SN 750  19°% 99°% 0L ¢ 66°% 90°¢ €576 (1.2 8) uyed/pesy
SN SN # 8°2¢  4zot q11¢ ®S6T  AB6/Z  9B99Z  B9QZ (¢.p 3) utes L11eQ
SN SN SN evt z'we 9'9z 122 €% £°€2 6'2C (31) ay31em Kpog
Ixa 1 @ . 91 11 L 91 11 )4 - (%) do 291¢
L35 . ,
¢ 918 _ pP10D - maep

! . :
¢ 1 3USWUOITAUS PTOD pue wiem 3yl Uy 3afpP sTaas] uyejoad 9PNIO JUAIBIITP 991yl paj
squeT Buno4 343 ut f(ouaId133ye paey pue (sqgy) ujed A11ep 88®isaw ‘3yStem Apog




50

2ueoTITUSTS 30U SN ‘(xx)T10°0>d ‘(x)50 0>d ‘(#)oT

/, .
‘ugaw 8yl JO 10119 pIBPUBRIS ,
01 0=d 2@

0>d 3' jueo1ITudls’ suesw JusWIRSIAL

"(Ix@)uoraoeia3ut pue (J)ssanieiedwmay usemyaq ‘(()sadIp Suowe sdouaILIITP JuedTITUdIS

"suot3eoy1dal 9 Yam sanfea uesy ,

"(60°0 > d) 29337p 3diaosiedns uounnodo B 9ABY JOU Op IBYI MOI SWES SYl U SUBIY .
SN SN xx 12°0 9289'T aQyI'l  ®Z9°0 ©299°T -Qy0‘'l ®29°0 (g¢,..9% 3) peasadip
SN SN xx %91 2€°07 QL '%T ®L'9 2212, 99'21 ®B0'L (;.p 8) -A713usaedde y
SN SN« 11°0 4€4°0  90L°0 * BLS°0  969°0 ®B09'0 ©BSG'Q 1.HQ 3001 € <
# # oxx LS°T 9BZ'9€ PO0°9% P8'IS BR'EE °29%°I% P68V @{ejul N jo % -
# #  oxx L1°0 956°0 9/6°0 ®99°0 qQ06°0 BHL'Q0 BES'O (g,-.2% 8)
x *  xx Z6°0 °96°1T 9°6°Z1 ®Z°L ©°Qeg'0l 9¥6°8 B/"9 (1.Pp 8) N 1eE094
.0 — .
SN SN xx £2°0 °€9°7 °q01°Z» ®EZ'T  °L9°T QBBL'T  WIZ'( (g,-.8% 23)
SN SN «xx 08°¢ 48°1f 4Z'/l7 ®6°¢€l no.~m~ qes 17 ®BL €1 (1.p 8) 9vqeaur N
IXa 1 a 71 11 L 91 11 L (%) aD 3°1(
»dS .
¢ 818 P10D wispm

— T T — —

-

¢ 1 3UBWUOITAUS PTOD puUB WIEBM 3yl U 3I3TP ST9A3] ujajoad apnido jusiajjlp

39143 pey sque] Funof syl ut pa3sadyp L1jueiedde N pue N TEO8] ‘oxeaul ua8o13IN 4 21qel

foe



i

e

r~

‘ueawW ay3 Jo 10119 ﬁummcmum v
‘ , . "01°0~d 21®
IUEDTITUBTS J0u 1 SN ! (xx)10°0>d ‘(x)coo>d “(#)01°0>d e JueoryTudTSs suesm Juswieaij
‘.Aonvcd«uumuwucH pue (l)sainieiadwag usamlaq ' (g)s3isaip Juome 8dUdISIITP ued13ITudIg
N "SUoy3®d3Tda1 9 Y3Ta saniea uesj
"(60°0 > d) 28331p adiiosiadns uouwwmon wﬂd>ms I0U Op JBYJ MOI SWES Y3 UT SUBAK

|

(]

™~

SN SN x - GT'w a1 Lg s 9. EB LY 7 qging @mm.mm q1°LS Pa3saqTp N Jo %
SN SN «x 9¢° 967 9¢ q¢°0€ ®O'€T 96°G¢ °4q1°1¢ QeZ'6¢ 9qBIUT N JO %
SN SN xx £9°1 99°11 9q®¢°8 BZ ¢ 96°1IT qe/l'9 BQ'Y (v.p 3) Uwcﬂmuwu N

™

aB3uT N Jo %
(g,..3% 3>
(y.P 8) N Laeutap

SN SN % 8L'T °9%°(T qBG'€Z QBZ GY 99708 2qyw° /2 BZ®
SN SN «x qo.0\ QcL°0 ®Bew'0  ®BZETO Q80  ®BSH'O  ®9Z”
SN SN =xx L0°T% 49.°8 qex°9 BG'C 486 Q®g'G B6®

N O o~
o~

-~ SN SN «x 90°¢c ®BCS't9 Q6v69  OL°[L BI'99 Q'Y QT 0/ . 9EIUT N Jo 3
SN SN wx %170 9L9°T 249%°T  ®66°0 OTL°T QPEZ'T  ©58°0  (g,.. 994 9)
SN SN xx 77’1 92°0C  46°8T ®@'0T 95°0C7 9®8'%1 ®9°¢ (1.Pp 3) T1E30] Mm
- ' .. UoT]3a10Xs N
IXa L @ | .,y3S- w1, 11 L 71 11 L . (#)do 391@

O o~

¢ "31S H © PTOD ‘ wIey

z 1 JUSWUOITAUa v&oo PUB uwIem 8yj uy 391p ST243] uyazoad apnio JULI93IIIP 9°1Ya -
P33 squel Zunof sy3 uy pauteisa y PUB UOT3210X8 N AIPUTIN ‘U0[3810X3 N Ie301 g
. »




52

03 3® 3dedoaezuy sixe-x

JO °3®'WI3S® jo 10119 piepue3ls§ ,

S98° I%6° X6IE'0 - 68101 = X S0L° 628" XITE'0 - T6£'01 = X "1
$86° 9%L° XISE'0 - T1ZL'OT = X LL8° 00L° XMIE'O - L96°01 A Tt e
8T%" €S6° X0€€'0 - 029'0T = & 676" 9SL° XTSE'0 - £9970T =% L .\ ok
s 3 uoj3enby 18§ 1 uoj3enby (Mao
PTOD wiey @ .
- M . ~ - *
g
' mGOHumcﬁEuwumv mOﬂuw:Hx I9pio 3sayy
103 posn m\roc 81 3S1T3y uotaoafuy 1e3je (X) ewi3 pue AM% huﬂ>ﬂuom
9131oads ® u: mcﬂus Jo wyataedol Teanjeu ayz us8Ml13q uoljelal 8yl ‘9 aiqel

A

£



53

Iy

T\

.cwua,ozu.uo 10113 piepueis
. '01°0=d- 3®:3ueo13TU8IS 30U : QN
"(¥)S0°0>d ' (#)01°0>d 3% 3ued1yTuIs suvow usmieaxy

.AhxovcoHuomuwucM pue (1)5ainieiadway usemiaq *(@)s3s1p Suoue monmumwwﬂv“u:mowuwcwﬂm €
G : , .+, 'SuolledI1dea XIS YITA SIN[PA UBSK ,
“(60°0 > d) 18337P uawpumuma:w uoumod® B 3ARY J0U Op 3IBYJ MOI swWESs ay3l uy ‘sueay ,
SN SN L'€%  QE'SIT BRI ETIT' 99°1ZZ ©9°'GZI ®0°GZT o€ €€7 P 1) e
. BT . aouraIea(o aoeds aQ
_ X i &y
SN SN SN 81Z°'0 £L0'e  €w8'z  Sr0't  TIZ'E Z8T'€  £€8°C (W) Bwy3 1saouany
SN SN SN 19€°0 901°¢  €£6°T T01°¢ 2€2°C 012°2Z 0L6'T (4) °3TT1-31°®H
SN SN SN  620°0 [9€°0  €SZU0  8%S'0 T6T'0 89T°0 98%°0 (g2-.84 1)
SN SN SN %SL'0 ¢9°6  Iv'9  0T'ET  66°L  €vL  0£°CI - (1) @dedg esap
SN SN # 0€0°0 96E¥°0 ®BEZ'0 4IIC 0 98S€°0 9¥86T°0 qR68Z 0 (g,-.3% 3) «x\
SN SN # ZGE€'0 296Z°G ®BG80'E ®IBL'E °4Z6Z'% QBI09'E ®85z¢  (3) 8z1s 1ood ¥ein
IXa 1 a »4S 71 11 S 11 L (8)dD 321@
5°31s uxep 4

PToD

14

v

1 3USWUOITAUS PTOO pu® wWIem 3Y3l U] 39]p syeae] ufezoxad spnio.

4
»

JUs18IITP 991Y3 Paj squeT wc:n%imxu Ul SOT3ILUTY 19p10 3ISATI 8yl Aq wsyioqelem eain '/ °9[qel

?n.




54

Ou : &

»

"P23910X3 BaIN A1BUIAN SNUTW XNTJ BoIn WOIJ pauTwialag ,

"§0T39UTy I9pa0-3511F £q E2INn-Dy; 3O u0oTr308[UT 193F® SUTIN SIYg uo pautwislaq

. . "ueall 3yl JO 10119 paepuels§ ,
0T 0=d 3® 2ueoI3TuldTS. 30u : SN “(#x)T10'0>d 3® jueoyzTUdIS sueemw Jusuaeal]

"(IlXQ)uotaoeiszu pue (1)ssanjeasdwey ussmyaq ‘(g)s3eip Suouf 90Ua193ITP JuedTITUIIS

S 'Su0I3BOTTdax XIS Y3Im soniea uesy z

"(60°0 > d) 19331p adraosaadns uouwos e w>m£uo:ovum£uzoymammmsucﬂmcmmz ~

. \ . : (1_Tupo1 3w)
SN SN xx  g%°0 °T°S¢ 290°fz  ®BT'ZT  96°6Z , 99°'1z ‘B8 1T - N-e21In BUSE(g

SN° SN x« 16°1 Q118 q0°08 20706 B8°9L q%°Z8 °T %6 (%) 3uttokosx eeap

SNOSNOSN9v'0 6z 19°T zzz o <0’z S8 1 6z% - (s, .33 N3)
SN SN SN €v'T  w9'EE  98°0Z  Tl'wz L5 wg E€°CC  88°6Z o(; P N3)paTohoay
SNOSNUSNTIT0 $9°0  6E°0 SZ°0 29°0  0v°0 410 (e,. 94 n9)
SNCOSNC SN TSTT 98°L wITS 897 €n'L Ll 29°T (4 p NE)peaeioxg

SNOSN SN 9%0  ww't T0'z 9wz 49°% 82°C w97 (g...3% N9)
SNOOSN SN 0€°€ T 6Ty 0'9Z  8'97  0'ze 1/ oz (:.p N3) xn14
qUsT{oqeaam eaan

xa 1 q »dS 1 11 L %1 11 L _ (%)do 23914

- s 318 P10 a TIEY T

g ¢ 1 IUSWUIOITAUS
PT102 pue wiem ayj ug umﬂv.mam>mﬂ utejoad aspnio 3U21933TP 991yl paj sqme| Junok .
94yl UT UOTIBIJUSDUGD N-BIIN euse(d pue pajsioxs eain ‘8urtodkoax eoin ‘xnyg ealn g aiqel



55

PLASMA GUT
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> UREA
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Fig. 1. ﬁchematic:repfesentation of the urea recycling’

oo
4 ) .

. “in the rumimants
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DISCUSSION

VO‘LUNTARY FEI%D INTAKE '(VFI) AND DIGESTIBILITY

The voluntary feed intake was not significant in the cola, but
intakes per unit body weight were 5.6 and 9.7% higher (p<0.05) for
the 7 and 11% diets, respfectively, in the cold compared to the warm
e_nvironment. This result is consistent with otherﬂ revp'orts that
voluntary feed intake often increases for rumipants fed ad
libitum in a cold environment (Webster et al., 1970; Minsgon and
Ternouth, 1971; Baile and Forbeé, 1974). Minson and Ternouth (1971)°
réported that the VFI was increased 5-13% in shorn sheep fed
concentrate diet at ambient temperatures n,‘ear 13°C. Also, hay {ntake
of growing heifers increased by approximately 21%- during cold
exposure (Webster et al., 1970). |

One might expect VFI to increase to a greater extent at
temperatures below the lower critical temperature (LCT).
Christopherson (1985) 4re£>'orted that the LCT was around 4°C in the

growing lambs. In the present study, young lambs were exposed to

temperatures of 2°C. Therefore, the degree of cold stress

-
-

experienced by the lambs*“in this study was not very severe.

Incfeased feed intake when it occurs may be partly due to a faster
rate of passage of residues th.gough the digestive tract and increased
enérgy demand of a cold environment (Baile a‘nd Forbes, 1974;
Christopherson, £976).

Diet source and.type may affect the VFI. In t‘hirs\"§tudy,’ sheep

were fed a pelleted diet which was composed mainly of brome grass

~D
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(37.7%) and barley grain (from 45.0 to 61.8%), and soybbean meal
subst'ituted for barley at a rate of 9.6 and 16.8% in the 11 and 14%
CP diets. Norton et al. (1982) nreported tha’;’:; the addition of readily
digestible carbohydrate such as barley to ruminant diets' wsually
increases digestible OM ‘intake. Kénnedy (1985) reported that there
was a 13% increase in VFI of chopped hay, but no significant increase
in VFI.of ground and pelleted diets in the cold. Chai et al. (L986)
reported that VFI increased 10% at 10 C and 27% at -5 €. For those

N .
diets showing an increased VFI, the quantitative availability of

nutrients may be enhanced in the col’d (Kennedy and Milligan: 1978a).

The small pon-significant decreases in DM and OM digestibility
égree with the results of se\}eral previqus s_tﬁdies\‘(Méos.e et al.,
1970; Christopherson, 1976). In the present experiment ths diet
contained 62/% concentrate. “Although the’apparent. dighestibility was
depressed for 50% and 70% concentrate diets fed to cold exposed
steeﬁ;\s and 1ac§atsiqg ewes (Christoﬁherson, 1976), seve’ral Istudies
‘have s\\\;\g‘“gested tha;. the effect, of temperature may not OCC:{J.I' with high
concentrate diets (~Kermed'y et al,, 1982; McBride and Christopherson,
1984b; Williams and lInnes, 1982). |

There were small overall negative relationships between feed
intake and_apparent OM and DM digestibilities in thi§ study. . A
similarxin‘verse relationsinip between intake and DM apparent
dig‘estib\ility has been reported in forage fed ruminants .(Balch et
al., 1953). This has beén explained iin terms of faste.r éates o_f

digesta passage through the gut, particularly the rumino-reticulum,

allowing less time for mizrobial digestion of refractory constituents

-
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such as fiber (Balch et al., 1953).

Apparent N digestibility was increased (p < 0.01) with
increasing diet CP likely because soybean meal was substituted for
barley grain.c In addition, the contributio‘n of endogenous N as a

proportion of total fecal N is likely larger for the low CP diet,
e

resulting in a lower apparent digestibigﬁﬁv%
) TR ,

S

ODY WEIGHT CHANGE AND FEED EFFICIE

Even though there may be 'éﬁ&eased heat production and decreased

Nogd
digestibilities in the cold (Christopherson, 1976; Young, 19.81),‘

of N and energy in the

=%
oY

&

these may bé compensated by increased inta/lﬂg
"cold environiment. In the present study LG was enhanced due to
increased diet CP content; likely because of the higher'OM i(ntakes.
It is possible tﬁat the high urea recycling rate in the Cl4 c'reatment
also helped to maintain N supply and urea recycling (Webster, 1974), |
and at the same time, helped to maintain the growth rate of the .
animals in the cold. ADG was affected more by diet CP content than
temperature treatments in the present experiment and wésr'lepre’s‘sed
for theu7% CP diet in both environments.

The steeper re]..atic;nship between ADG and N intake in the cold
environment indicates t’t‘lat the lambs were ‘able to achiev'é a higher
rate of gain in the cold than in the warm environment but or~11y‘ when
the dietary CP content was higher than 11% and N intake was abo.ve 27
g a1 (Fig. 2). However, below th;_;s point cold exposure depressed
thé growth rate. -In addition, OM intak- up to 1400 g dfl appeared
to linearly affect animal growth in the cold environment.. On the
| other h.arid,]the.AD.G lplate;ued’at‘: around 290 g d"l at OM intakes

.
o
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( .
above 1200 g d'l in the warm environment (Fig. 3). The lambs fed
the 7% GCP diet may have been more stressed by cold because of the
lower intake whereas the higher intakes of the, 1l and 14% CP dieés

may have improved their cold tolerance sufficiently to permit faster

growth. The growth rate of young ruminants exposed to cold\.

environments can be limited by a lack of nutrients and insufficient
nutrient availability to meet bot.hvmaintenance and growth
requirements (Gibb and Penning, .1972; Young, 1981; Williams and
Irmfas, 1982; McBride and Christ‘opherson, 1984c). The present results
also supfi)ort: the result of Wella‘rd and Hume (19‘81), who obeerved
increased ADG when daily soybean meal supplementation was increased
from 0.45 to 0.68 kg head™ 1. Also, a high level of protein
stipplementation resulted in inéreased. ADG in calves fed soybean meel
(Davenport et al., 1987).

NITROGEN HETABOLISH

FECAL NITROGEN EXCRETION ; ; )

1]

' Thgﬁﬁerease in fecal N excretions with dlet CP are‘con51stant
with resn\\lts oonther tudies (Kennedy,‘l985; Kennedy and Milligan,
1978ﬁa). Kennedy and Milligan’ (1978a) reported that the fecal N
excretion rates were 10.7 g d"1 in the warm and 11.6 g d'l in the“

cold in St.=2p given brome grass (28.1 gN d 1) and 15.0 g d~ 1o
fec&;‘@] excrezion was observed at a high N intake (34.9 g d'l) in
sheep fed -he szme diet (Kenﬁedy,, 1985). However, these values are
someawhat highei‘ zhan the resuite of eeveral other studies in sheep

fed a varie v of roughages (Egan and Ulyatt, 1980 ‘Mousa et al.,

K 1983) The high values in the present study may have been affected

~
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(
v
3

by microbial protein f§>rmed in the large “intestine from undigested
dietary N compounds and OM of the barley grain and soybean meal. Also
there is a possibility of heat damage’ during the ‘pelleting process.

Estimates from the data of the present experiments with sheep
give a fecal excretion value of apnroximately 0.55 to 0.73g of N per
lOOg.DM intake when diet CP content was increased from 7 to 14%._
* This result\agrees with Maynard and Loosli's (1962) suggestion for
ruminants of a metabolic fecal excretion factor of 0.5 gN- lOOgDM-l
and for sheep (0.53 gN 100gDM-1) (NRC, 1985).

Fecal N excretion was significantly higher (p < 0.05) in the
cold environment. - This might have b‘een due to increased escape of
-dietary N from the rumen to the intestine in cold-stressed Vsheep
- (Kennedy and Milligan, l978a;‘ Kennedy _etfhalr,.19‘82) but might- aléo

have been due- to the higher N 1ntake on the 11% CP diet.

URINARY NITROGEN EXCRETION: N
( e
The increased urinary N excretion with increased N Intake ins
_ N - /
both environments agrees with resuit of several other studies.
/'
e «

Urinary N output was lower (1.8 g d l) for a low protein (12 gN
d’ l) intake than (6.2 g d~ 1) for a high protein intake (21 gN

d” 1) in calves (Bunting et al., 1987). , ’

High urinary N o'utputs have been reported in some studies.
Kinser et al (1987) reported that urinary N excretion was 8.1 g v

a ! ac the N intake of 13.0 g 4~ -1 when sheep were fed a high

concentrate pelleted diet in addition to low-quality roughages,

»

vAlso urinary N output (g 4~ ) was 20 and 25 in roughage fed sheep

at 1ntakes of 21 and 33 gN d 1, respectively (Egan and Ulyatt,

+



1980). Therefore, high CP diets can sometimes result in higher
urinary N excx}etions and therg is always a posit.:iv'e relationship
between N intake and urinary 4\1 excretion within a diet type.
NITROGEN RETENTION: ’

N retention increased from 23 to 36% chle W intai. -d 49 to
57% of the apparently digested N, whe  .iet: CP incre. sed {1 7-to
14% CP.. Cold exposure had a smal”™ . ncu-cignificant de.rii atal
effect on N balance when the 7 CP <&’ :t was fed. This rc¢ ult
supports the(obéervacion that ni: ¢en re.ent on was slightly b: not
significantly red\;l.ced during colc :x—-osure in caives (<hrists erson
and Thompson, 1973). 'However, Mc_. _-Ze nad Cl ristophers \1984b)
reported thit N retention was significant’ r.duce._ g gr?wing
lambs during cold exp.osure-perhaps because tn . »tress was more

‘severe than in the prlesent study.

- The present results agree with the report of Bunting et al.’

- (1987) in which the N retention was 4.1 and 9.7 g a' ! for intakes
of 12 and 21 gN d'l, respectively, in calveé. ~About 26.9 and 16.2%
of intake N wetév-éetained in these treatments. Similarly, Mousé et
al. (1983) observed a concomitant increase in N\balance in sheep and
goats when they were fed high CP diets. Whéﬁ combin;tio,ns of
low-quality roughages in high concentrate pelleted diets were fed ‘to
sheep, about 20% oﬁf;? intake was retained (Kinser et al., 19v87).
e : |

Ho‘wever, there was low N retention (-1.0 and 2.3 g d'l) in

-

- N ‘
roughage-fed sheep consuming 21 and 33 gN d'l, respectively (Egan
and Ulyatt, 1980). In_ addition as much as 34 and 46% of intake N was

retained in calves fed roughage diets (Bunting et al., 1987).
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. Probably, the barley containing diet in the present experiment
N : ’1- < ’

greatly increased N retention in the lambs. This might have been

partly due td‘the high proportion of urea recycll’ing which would be

favoured by readily fermentable OM in the rumen. In addition éghe'

higher digestible energy supply to the animal would promote body
growth and N retention.

UREA METABOLISM

o ' |
FIRST ORDER KINETICS: o L "

"

A two-compartment open model was use:d initially to “descrﬁfe the
exponential decline in 14C-urea specific activity with the lapse of

timeover 48h after injection. The second compartment had_ﬁ‘gery little
¥rajght lines

\

effect on the estimation of urea kinetics. Therefore,

1aC-ﬁrea specific 'act:ivit:}{_ which h{;fd .been plotted

were fitted :for
. .

on 16gérithmfc scales‘vduring the first 18h (Appendix-_Cj. The sheep

-
appeared to be in a relatively steady-state during the 18h period of

estimation of urea flux, as,indicated by the urinary urea excretion
- . -~ .

.

\ o
per unit time (see Appendix-DJ, even though- feed was replenished once

daily. This may have been because the sheep were fed ad libitum and

therefore had feed 4vailable at all times. e

UREA FLUX:

7.2% in the W14 and Cl4

bl

Urea flux was increased 17.2 and 5

treatment compared with results for.;
s
respectively, in association with the increasing N intake. Although

i“é 7 and 11l% CP diets,

there was about a 30% higher urea flux and urea recycling rate in the

cold compared to the warm environment for .the' l4% CP diet, this was
- ks :
not significint. This differs from the increased urea transfer to

v
vy

. "
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the rumen during coldy exposure réported by Kennedy and Milligan
(1978a). In the ‘1a1:t:er.study, endogenous urea provided 29% of N
availiable from dietary and endogenous urea sources in sheep in the
war:m“,i"compared te 41% for cold-expohsed sheep given equal intakes of p;'“”f

. ’ A K] .
brome grass pellets (Kennedy and Milligz}n, 1978a). 1In the present"{;}f@. @

experiment the contribution of recycled urea represented 40-64% ofuz/
. : . ts 'f‘,%)
3

dietary and endogenous urea sources, although it is Aot clear how
much of this entered the rumen. . S ' YJ?V
The irreversible loss of urea was 6.7 and 10.5 g"d’v']‘ in‘t:‘he | o
roughage fed sheep consuming 21 and 33 éN d'li, ‘respelctj,yely (Egan
and Ulyatt, 1980). These are 30 to 45% of the flux values ir’l'thé
present study.. Very 1ow values of irreversible loss of urea,ofl0.333
amd 0.78 g d'lf\were obtained in calves >wherA1. inta'kes were 12 and 21
gN d'l, respectively (Bunting et :al.', 1987). .
U'RE,A‘;EXCRETED,: : . b
The positive relationship between urea excretion_\‘and N infake is
consistent with other repq_rt:_.s"‘"in the literature‘(Egan an;l Ulyétt,
1'9\80). ﬁerVer, when sheep were fed ‘vroxi‘ghag'el giét.s providing 21 and
33 éN g 1 intake, more thaﬁ, double the amount of vurea was excreted,

(16.3 and 20.1 g d’l) in the urine compared to the present results

(Egan and Ulyatt, 1980). This may have been due to a lower
W ‘ o '

0y

f&€rmentable OM supply to the rumen microbes which limited their
abidity to trap recycled urea compafed to the situation in the
prgsent study. Theref?re, urea excretion was relatively small in the

concentrate diet-fed sheep compared with roughage-fed sheep. Also

urea excretion was not affected by the environment tkeatment but
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1

diete.lr'yv_N intake had a major effec.t.:
UREA RECYCLED:

The absolute amount of urea recycied was similar for all intakes
of dietary N in the wérm environment;, ho'wevel", a much higher value
(33.64 gN d'l,) appeared in the Cl4 treatment. The present reg\ults
~support Kennedy and Milligan’s (1980) study, in whivch transfer of
plasma urea via the rumeﬁ wall to the rumen digesta was high (6.2-9.8
g d'l) in sheep given brome gi‘ass pellets. Total urea ‘transfer
f}‘om blood to rumen has been repo’rted to range from 0.6 to 2.3 gN
a ! for sheep gi\;'en lucerne or low quality diets (Nolan and
Stachiw, 1979) but these are considerably lower than recycling rates
in sheep given high iﬁtakes of a pelletied brome-grass diet (7.3-9.6
gN d'l)'(Kennedy and Milligan, 1978b). .On the other hand, somewhat
lower amounts of urea were -recycled (3.8 and 7.8 g d'l; in calves‘
fed lcr>w-q\uality rroughage at intakes of. 12 and 21 gN d'l,

.‘ respectively (Bunting et al.,‘ 1987). 1In the present study the rates
of 1~1rec:1 excretion and tbe aAmount of urea recycling were posi‘tively
related to PUN s:nce t»ransf;ar of urea fromvblo”od tl; rumen occurs
along a c-oncentrationvgradiant. \

PERCENTAGE OF UREA RECYCLING:

High proportional rates of recycling (92%) were observed in t:\he
7% CP diets in both environmehts. This result agrees‘i‘ wii;h many other
similar studies in sheep (Cocimano a. . Leng, 1967; Ford and Milligan,
1970; Mousa et al., 1983)~, and in the 'tarmma‘r wallaby (Kennedy and

Hume, 1978) when low 'protein diets were fed. Mousa et al. (1983)

observed that percent .urea recycling increased from approximately 77

Y
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¢ .
to 94% with decreases in N balance in sheep and goats. Kgnnédy -and
Hume‘(1978) found urea fecycling values of 84 and 79%, respectively,
on low protein &iets in the tarmmar. In other study with ruminants
on a low N iﬁtake, up to '90% of the urea emntering the body ’urealpool
was recycled into the digestive tract (Mugerwa and ‘Conrad, 1971).

These studies generally agreed that there is an inverse relationship

[
¥

between dietary N content anmd percent urea recycling.

<

PLASMA UREA-N (PUN):

>

Urea metabolism in domestic ruminants seems to vary greatly with
the amount 'of N ingested and the serum urea level. Increased protein
intake is generally associatéd with increased PUN concentrations in

ruminants. In the present study, the plasma urea-N concentration was,

?

increased from 12.0 to 25.3 mg lOOm'L'l'when the intake of sheep- was
. ‘ . v

increased from 1338 to 31.9 gN d'l. This"Aresult is consistent with

.

many previous studies with increased N intake in which plasma urea-N

increagsed to reach 'a plateau at app_roximatély 30 ‘mg 1OOmL'1

(Preston et “al., 1965; V:ercoe, 1969; McIntyre, 1970; Obara and

Shimbay‘;shi,l 1980). Godwin an William; (1984) reported tha.t when N
input was raised from 7.6 to 17.6 g d'l, pvlasnrla urea-N incregs-éd -té
-.approximat'ely 30 mg IOQmL~1 but remained .relatively‘ cons.tant’ when N
i'nt'ake. was inglre'ased fui:her to 23.3g. "Howevler,, PUN may increase
aboye this 1éve1.when sheep are givefl‘ N‘qupplements on a lov}_ quality
'rou—ghagé‘die{ (.McI'nty‘r,e and.Williams,‘ 1970; McIntyre, '1970)'
The:refore, there is 'a complicated regulation of PUM it rolving
. o :

influences of dieﬁar-x N content, diet type, fermentable ‘OM, rumen

~ammonia concentration and urea recycling.
. ‘ , . v

LT
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UREA POOL: ,
Urea pool size was positively, related to the dietary CP content
excel')t' for the 11% CP diet in the cold environment. This result
agrees with several recent studies (Egan and Ulyatt, ‘1980; Bunting ct
al., 1987). Urea pool si.z-e%~.wz;s_4.9 and 6.5g in the roughage fed
sheep consuming 21 and 33 gN d'l, respectively (Egan and Uiyatt,
1980).° Sligfftly émaller urea pool sizes o‘f 0.421 apd 1.7§%g were
observed in calves oonsﬁ‘ming 12 and 21 gN d'l, respect%vély;
(Bunting et al., 1987). On. the bﬁt;her hand, the urea pool size
mark.edly increased for the 14% CP diet in both environments in thé
present expériment. These values may have been affectged not only b‘y
, the high N intake and large amounﬁ of soybean meal but-also by the
‘lal.‘ge_ intake of readily fermentable carboh}"drate.
UREA SPACE: | o

’ <

Urea space was negatively affected by diet CP cénten;:. Similarky
C‘ot:imano and Leng (1967)-reported t?xat urea space decreased from 55
to 25% of body weight im sheep as the protein coﬁten‘t of t:he diet
decreased from 27% to 4% CP...In the i)resent experiment, the urea
space was increased from 30 to 60% of body weight in young lambs when
they were fed diets ranging from 7 to 14% CP. ) On the' other hand,
urea space (0.474 _and 0.1467 L kg'l)_was not affecﬁeci By lev;el" of N
inc‘éke (1"2 and 21 g d°1) in the calves (Bunting at al., 1987) A'lso'
urea 's‘pace was 21.0 and 27.4L in the roughage fed sheep (21 °and 33 gN
d'l), respectively (Egan and Ulyatt, 1980). Thevre is”obvibus;.ly
éréméndoﬁs variation in estimates of urea épace repiprted‘-;}"n the

literature. Theoretically, urea space ‘can never be higher than total

Al



<
body water and usually is about 60-75% of body weight in regularly
fed ruminants (IAEA/FA0,1984) but ‘may differ depending onggiet CP

content and sources. . ]
e
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GENERAL' DISCUSSION AND CONCLUSION

VOLUNTARY FEED INTAKE AND DIGESTIBILITY

Dietary and digesta N and absorbed products -of protein digestion

appear to affect intake' in two ways; first, there is an effect on

digestion and rate of movement of digesta, thus influencing the

.ph}lrsicél controls of food intake; second, there is an effect of the -

protein provision to the animal which influences t:h.e metabolic
response to thé diet_ and the metabolic controls of food intake.
Increased feed intake imay result due to the ‘faéter rate of passe;ge of
residues through the tract and the increased‘ e.anvergy derﬂaqd of a cold

environment (Baile and Forbes, 1974; Christopherson, 1976; Weston,

1982; Kenned;; et al., 1982). Although in the present experiment:,’

voluntary feed intakes were restricted by the same a'bsolut‘e amount in
both environments they were more severely restricted relative to

expected energy requirements in the moderate cold eéxposure than in

the(,vwarm environment whefd sheep were fed the 7% CP diet. Therefore,

. ‘) . - .
growing lambs should be fed diets that are well above 7% (P

regardless of temperature. In the cold environment prot:ei

restriction may have more serious consequences than in a warm

r

environment.
In genexal, apparent DM digéstibility of roughage's is often

“reducded in th\re cvold ambient environment (NAS-NRC, 1982). DM

digestibility decreased about 0.1 - 0.2 units per °C decrease in' -

temperature Im the present experiment. However, this effect may

differ depending on the di‘e_t (Young and Degen, 1981; Kennedy ct al..

: S ' ' : 4

§
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s
1982; McBride and Christopherson, 1984; Williams and Innes, 1982).
BODY WEIGHT CHANGE AND FEED EﬁFFICIENC‘Y

The decreased ADG (g d'l) at the low N intake (13.9 g d'l)

during cold exposure suggests that a lower limitation of dietary CP

. ,
exists for young lambs. Below this limit the lambs are unable to

compensate for cold s;tress by increasing VFI. The cold-exposed
animal tries to reduce heat loss and may epnhance heat production in
. ~N
order to maintain a state of‘thermal equilibrium (Webster, 1974) and
the maintenance réqui‘rement of rh'e animal increases. :Insufficient
nutrient availability comb: .ed with an increased maintenance cost
.‘iduﬂrin/g pveriods of cold ~ | sure, therefore, festricts the
productivity of thé animgl (McBride a;ld Christopherson, 1984). The
growth.rate of young ruminants exposed to cold environments can be
‘limiﬁed by -a lack.of nutrients to meet“both maint'en‘ance and growth
requirements (Gibb and Penning, 1972; Williat_ns and Innes, 1982).
"I"her'eforev:' cold é-xposure ma}; reduce growth rate i_f'nlutrieht
,‘a.\"r/;éi’ﬁbﬂity is limited altf\ough the lambs were ablé to grow slightly
_fa'stjeriig,;-l‘@\coiﬁ when intake was high. An ,inte;est_ing question is;
why is:ADG ‘increasedrat hig&h N intake in the cold environment? Does
this indicate that animals in the cold have a greater capacity for
growth prov.id.f:d that -nutrient intake is high? ’
o ﬁ’ITRO'G F;’.‘N .HETA'.BOLISH |

; The ' organism may compensate for nitrogen escape from the rumen

by ‘a.secretion .of nitrogen from endogenous sources into the rumen..

In d‘if‘? experiment, about 63.5 ta 77.7% of K intake was_excreted in ‘

»

the cold exposed animals. The relationship betw%en N bn}.anci{,kzmi N

7
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int»‘ake‘ showed the same trends as that for ADG vs N intake., but the
effe;:t of temperature was more pronounced for the latter. Nitrogen
fétention was slightly but not significant‘ly reduced during cold~
éxposure (Christopt;erson and Thompson, 1973; Christopherson, ‘1976).
In addition supplying more easily fermentable material to ileal
digé‘st;g, in sheep inereases the férc:l nitrogen excretion (Thornton. et
al., 1970b). An interesting question in this connection is the
eXtent to which endogenous urea used as a source of N for bacterial
' —=

protein synthesis in the hindgut contributes to increased fecal N -

-

excretion.
UREA METABOLISM
The endogenous nitrogen circul.at_:‘ion in rumina.rnts includes
ammonia formed from urea hydrolysis in the rumen which {s then either
absorbed or participates‘ in the proteosynthetic pr:)cesses_ of rumen
microorgani‘sms. Bacterial N-compounds are synthesized, not only
direct:l):f\) from NH; arising from urea hydrolysis w’ith urease, but
also from_;}N-compounds synthesized from the absorbed NH4y which has
Lo €
recycledﬁ%{ack to the rumeén. . In the liver urea is broduced frorﬁ the
absorbedv ammonia-}"-'jwhich can be secreted ;nto the rumen. 1In the
ruminant, the 'excretion.of urea can be markedly reduced principally
by its endogenous fecyél{.ng‘A;z,nd> microbi assimil‘a't‘ion.
1t is known in domest.;ic ruminants that whem a nitrogen-deficient
ratioﬁ is in‘gested. urea e:\'c’:v'e‘tion {n the urine is redﬁfed but more
is r.rans'ferr’“edv t‘_o'thevdiges.tive tract and converte_d into microbial
protein to be re-utilized (Sch.midt‘;‘iielsen et al., 1958). The amount

of ures entering the gut and fts distribution bletween sites are

~
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variable and cleariy affected by diet The amount of urea N “-,;%ﬁ;fagréded
in the whole tract, estimated, using isotopically labeled L.f;jvza,' as
the :i?fference between urea irreversible loss and urinary ‘Lxreé
excretlon, can account for 25-90% of the net urea pfoduction (Egan et

al., 1985). The proportion of urea production which is degraded is

Increased from a low of 20% to 80-96% in sheep and goats by feeding a

readily fermented CHO supplement (Cocirﬁé’ﬁo and Leng, 1967; Engelhardt

et al., 1984; Kennedy, 1980; Norton et al., 1982). The present
results agree with previous studies in which there was a high percent
urea recycling rate in N restricted animals. However, the absolute
amount of recycled urea was lower in the low CP diet. In a previous
‘stu‘dy, endcgenous urea provided an increased proportion of the N
available from dietary and endogenous u-ea sourceh_ﬁ ‘sheep during
celd exposure when given equal iﬁtakes of brome_{gr‘zl:ass pellets
(Kennedy and Milligan 1978a). A similar response was, not seen in the
‘present study. High ﬁrea flux and recycling rates could contribute
to increased heat production and sustained animal grc;gwth in the cold
when sheep are fed high N intakes. Op the other hand, reducing the
CP content of the diet may limit t‘};e animals’ icopef for apdaptation
and growth.. The pgti:ern ?';Jf__turnover obserf\ed with, l_:‘C-urg'a is
assumed to indicate mereiy,/.t,h"e change of urea hydrolysis. The plasma
urea concentration anoc'x“{‘t‘i‘rinary urea-N excretion .of the ruminant
remained almost; unchap.g;ed under the same dietary conditions in the
differenﬁ environments through the experiment period. This indicates
that urea is 1n a state of dynamic equilibrium in the animal body;

that is, both urea e'xcr"‘“"_,d into yhe urine plus that hydrolysed in

-x
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the digestive tract must be well balanced with the amount of urea

~
a

synthesized and/or consumed,

In gonclusion,' diet CP content»-'h'-fghly affects the overall
nitrogen and urea metabolism in the young lambs. Holwever, cold
exposure did not changé urea metabolism in the sheepv even though
there w,:-;s likely an increased heat production and maintenance
requirement. This suggests that any increased energy requirement in
the cold was satisfied by metabolism of substrates other then protein
or amino acids. The principal energy substrates would’ include lipids
and volatile fatty acids. Recycled urea may play a significant role
in the ruminant digestive tract in order to maintain a physiologic.al
stea‘dy~s.tate. Howevcia‘r the present study did not provide eviderKCe for
increased recycling in the cold when diet N intake was low. The.
resll‘.llts of this study do not support the hypothesis that lambs are
better abiie to utilize a low crude protein diet in a cold

T .
environmenp#¥. v
Ay 3 .
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APPENDIX

APPENDIX A. MATHEMATICAL COMPUTATIONiEQUATIONSA

)

Parameters of urea kinetics were calculatéd using the following |,
‘equations (FAO/IAEA, 1985; Egan and Ulyatt, 1980): '

First order kinetics : Y =-pae ™ ®t

‘ < , Dose of activity injected (dpm)
Urea pool size (mg) =

specific radioactivity at t, (dpm mg™ 1)
Urea flux (mg h'lj = urea pool (mg) x « (h™1) -7
Urea recycled (mg d;i) = Urea flux (mg d°!) - Urea excreted (mg'd")

B
Urea recycled (mg d71)

Urea recycling (%) = x 100

Urea flux (mg dfl))

urea pool size (mg)

Urea space (mL) = .
) plasma urea-N (mg mL"™1)

Urea half-life (Th) (hr) = 0.693 / x (h™1)
Urea turnover time (hr) = 1.44 Tk (hr) _' bl

Urea flux (mg h™1)

Urea space clearance (gL h"l)'- -
Plasma urea-N (mg mL™1)

[y

Ford and Milligan (1970) methods: oy,

excreted dose (dpm) v
Urea recover (%) = — —— x 100
' injected dose (dpm)

Urea'recyéling (%) =100 - recovered (%)

. recycled (%)
Urea recycled (g d™!) = - ‘ X urea excreted (g d™1)
recovered (%)

Urea flux (g d'!) = Urea recycled (g d71) + Urea'excreped (g d°Y)
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APPENDIX FIG. B. The relationship between urea spscific activity

(1n dpm mg'l) >an‘d-time (hrs) for 48 hours used first order kinetics

in the cold and warm environment (7% -°:

TWO COMPARTMENT EQUATIONS

1118—— ;14%----)

Temp CP(%) Al ’ K1 R12 Az K2 R12
7 10.667 -.352 ~ .756  5.280 .-.055 .815
Warm 11 = 10.567 -.314 .700 5.270  -.034 999
14 10.392  -.311  .825 5.200 -.043 . .997
, 7 10.620 .-.330 953 4.608 . -.038 ~ .975
Cold 11 10.721 -—+.351  .746. .5.405 --.048  .955
14 - 10.189 , -.329° .94l 5.070 -.043  .962




~

Urea SA (In dpm my™')
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APPENDIX FIG. C. fhe relation;hip btheén urea specific activit~
(1n dpm mg™l) and time (hrs) for 18 hours—following —
14C-urea injecfion in the ;olq?and wérmienvironmenc K
(diet CP 7% " ;11— ;14%----) , T

(regression equations are shown in table 6)
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