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In the first of two experiments eight shorn year11ng

Suffolk wethers cannu]ated in the rumen abomasum ‘and

v

terminal ileum were chronically exposed to, (niperatures of

'—1 C to +1 C or +21 C to +25 C for 42 days a'crossover

L

‘exper iment . An1mals were fed chopped brome grass at 2 hour

intervals D1gesta £1Sws through the abomagum and terminal

A . m‘
lleum were estlmated by reference to the markers
']OBRuthenlum-Phenanthro]1ne and 51Chrpm1um-EDTA. Dry
mat}er'(DM‘P<0 10), organic matter (OMZ‘P<O 03), nonx

ammonia n1trogen (NAN; P<O. 03), amino' ac1d n1trogen (AAN;

'P(O 10) lys1ne (P<0.05), hrst1d1ne‘(P<0.05), and tyrosine

(P<0.005)_flows to the abomasum were all increasedgduring
\ v- / >
d exposure The apparent dlgest1b1l1t1es of DM (P<0 10)

d OM (P<O. 04) in the rumen were decreased dur1ng cold
exposur;:v However, temperature d1d not 519n1§1cantly alter
the apparent digestibilities of these components'in the |
small intestihe The hlgher NAN flow to the abomasum in
cold exposed animals wasi%a1nly due to an increased flow of
undegraded d1etary pro€e1n an@d was accompan1ed by a small
but nons19n1f1cant (P<0 15) increase in small 1ntest1ne NAN
digestibility. D1sappearances of NAN and AAN in the.small

intestine relative to total tract OM digestibility were‘

’higher in cold exposed—an1mals (P<0 07 and P<0.08,
'/pspectlvély) .

In a -second experiment, portal and mesenteric vein __

iv



_blood flows in ewes wérg“decneased 34% and.54% "
réspedtively, due to cpfd.(o C to +2C§compared to '
tﬁermpneutral 21 C }9 25 c) exposuféu The arterial k
concentrations of‘séveral essentié1 and?nohessentiq] émiﬁo
"éc{ds (P<0.05) were depressed “in the coid, while portal and
mesenteric venous concentrations werelless affected.’ Tﬁé =
nep_releasé_oflémino aqids into the mesentériq circulation
‘was slightly but not éighjficanfly reduced dur%ng cold |

éxdbsufe. In conclusion,\appaﬁent availabjlity'of‘aminé
.acids féém the smél]\inteétihé'per unitlof total digéstible]
OM is improved‘Whén animals are exbbsed to cold
environments. These results together with the‘reduétion in '
net relaaéed amino acids‘iqfo the mesenteric blood suggestsh
that there was ;ncreased metaBolism of amino acids iQAthé'

gastro-intestinal tissues. .
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INTRODUCT ION

lnitialﬁy, digestive responses to the Céld were not
considered to be a physiological phenomenon (Graham et al.
1959; Blaxter and Wainman 1961). Further research at the
University of Albérta has found several effeéts of the cold "
environment on ruminant animals ihcluding increased
rumination activity (Kennedy 1985) and increases in the
ph}sical-propulsfve movements of thé digesta from the
Fumino—reticu]um‘(Westfa and bhnistopherson 1976, ‘
Christopherson and Kennedy 1983; Kennedy et al. 1986a)
causing more rabid transit of d{gesta out of the
forestOmacﬁ as well as a decreased rumino~reti¢J}um vo Yume ,

Changes .in the’rumen environment as a consequence of
cold exposﬁre havé produced differences in the products of
digestion reaching the small intestine of forage fed
ruminants. Decreased degradation of dietary protein as a
‘result of decreased rumen retention‘time, as well as
increased efficiency of microbial protein synthesis in the
rumen changes the compositioﬁ o% digggta reachi&g the
proximal duodenum (Kennedy and Milligah 1978; Kennédy et
al. 1982 |

Kennedy et al. (3986b) repor ted éhanges in the
composition of amino acids flowing to the' duodenum of” cold
exposed sheep but did not report small 1ntesfinal<or
post-ruminal digestibilities of the individual amino ac{d

.nitro&én or- total amino acid nitrogen utilization. Also,’

1
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~——the.post-ruminal NAN supply relative to total organic

| mafter digestionsis increased during cold exposuré (Kennedx
et al. 1986a). This sustained supply of protein and amino
acid'njtrogén'from the small intestihe of cold exposed
ruminants may spare body tissue protein frbm mobilization
to meét incréased'energy requirements (Christopherson and
Young 19§§J. Whether there is a compensatory response |
occurring post~qyminally, improving the digestion of
nitrogenous coﬁsfituents despite decreased available
digestiblie energy remains to be determined, Such a
response could be_beneficial to ‘the rfuminant particularly
when'they increase theinr intibe to compensate for decreased
energy digestibility,

Changes in blood flow to the gastro-intestinal tract
could havé marked effects on the absorpfion and transfer of
nutrients across the small intestine (Christopherson 1985).
Net amino acid release from the small intestine depends on’
both the flow of b}opd to the gastro-intestinal tract and
the concent;ation of amino acids in both arterial and
venous b\obd (Katz and éérgman 1969). Cold stress has been |
shown to affect NAN didestibility (Kennedy et al. 1986a),

. which may Se reflected in thg net release of amino aeids
from the small intestine. . |

The objectives of the studies reported’hereﬁn were to

examine the effects of the cold environment on the apparent

digestibilities of NAN .and other nitragen moieties 16 the
‘ (‘/ ‘ ' .



small intest1ne of cold exposed sheep, and to examine the
. relationship between the d1gest1on of these compounds and
OM digestion in the cold environment. The flux of amino
acids across the mesenteric drained viscera during cold
conditions was?al o) determined using blood flow fechnidues
and mesenteric vehous and arterial amino acid |

s ' ’ , ‘
concentrations. . ’
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LITERATURE REVIEW

- Effects of Cé]d Exposure on Eneﬁgy Requijrements.

Farm animals..when-éfgosed‘to changiné therma l
enQironments. undergo several metabolic adjustments in
order to cope with the changing energy demands. These
responseS\may varymfrom‘mihor circulatory and Egstural
changes to major metabolic and endocrime shifts (Kennedy et
al. 1986; SasakKi and Weekes 1986 . | . ”

Kleiri‘(1975) defined the environmental temperature .
below wh1ch an an1mals heat productlon 1ncreases with
further decreases in environmental temperature as the/;ower‘

‘critical‘temperature (LCT). The LCT is dependent on the

an1mal s rate of heat production in thermoneutra]

cond1t1ons (rest1ng heat product1on) as we]l as the thermal ,

1nsu1at1on provided by the hair coat and superf1c1a1
tissues (Y0ung 1982). The thermoneutral ione (TNZ) is a
rdnge of temperatures in which an animal maintatns,body
temperature in the short term with little or no change ih,i”‘
energy expenditure (ChriStdphersoh and Young 1986). The
“upper limit of the TNZ is gal]eq the upber critical
temperature but is Iess defimed as animals can regulate

fod

evaporat1ve heat loss over a very wide range at hegligible'
o '

cost (Webster 1976) T

As animals become stressed below the LCT an immed1ate

'increase in metabol1c heat production occurs in- an effort?
to maintain a state of thermal equ1l1br1um (Webster 1974) .

&

L3



"
e~
Tan

When an1mals are chron1cally exposed to cold temperatures.
s1gn1f1cant alteratlons 1n the rest1ng metabollsm of the ‘
"animal occur { Young 1983 Graham et al\\bﬁgo Webster,h,
Chlumecky and Young “1970) . The metabolic changes have been
aSSOCiated‘with‘endocrine changes, including increases in ;v
plasma thyroxine concentrations'(Westra and Christopherson
1976) 1ncreased catecholam1ne secretlon .and coytlsol
metabol1c clearance rate (Graham et al 1980)

Effects of Cold on D1gest1on S | “?i’

D1gest1ve responses to cold stress have been - reported

eoin ruminants (Graham et al. 1959; Blaxter and Wainman 196 1)

e

and have been the subject of recent reviews (see

Chrlstop£§rson and Kennedy 13883; Kennedy et al. 1986).

, Although plant spec1es griown in moderate or cool

env1ronments tend to be more hlghly dlgest1ble than those '
grown 1n hot temperatures due to the lower rate of
l1gn1f1cat1on (Van Soest 1982), cold stress per se reduces

ility (Chrlstopherson 1976)

J‘theirjmai tenance'requirements (Blaxter and Wainman 18615

" Graham_et al‘ 1959; Young 1983) HShifts in voluntary feed

@

ion occur as an acute response to thermal stresses
challenge the homeothermy of the anlmal or’ as a g
consequence of metabol1c and d1ge§t1ve funct1onalN§hanges '

due to thermal accl1matlon (Young 1987) ' Voluntary‘feed

‘ consumpt1on is usually 1nc eased when sheep-are exposed to

———
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-eXposure have been pOstulated as . the maJor factors

" cold env1ronments (Kennedy et al 1986a) and this results‘\

in an imcrease in avaLdable digest1ble energy despite the
decrease in d]:t digestibility Increased energy 1ntaKe is
bengf1c1al since animal heat productidn is a function of
the quantity and quality of food consumed\(Webster 1976)

Kennedy and Kelly (unpubiished) observed“that‘when an

.additionaj energy demand was placed on closely shorn

lactating ewes by exposure to cold, their rate ot‘eating
choppedlhay increased"by 24% over  corresponding vaiues.for‘
thermoneutrally.acclimated‘laCtating sheep. | |
- Int a55001at10n with the 1ncreased voluntary feed
cdns‘__tion cold exposure of closely shorn sheep usually

results in faster passage of digesta‘through the

rumino-reticulum as a result of increased contraction of

the reticulum (Christopherson and Kennedy 1983) Gonyou et

L]

al (1979) also ‘repor ted 1ncreased reticular motillty 1n

4

steers during co]d exposure and even for sheep on a
constant feed 1ntake, increases 'in the biphas1c contraction

of the reticuium have been reported during chronic cold

.exposure (Westra and Christopherson 18976; Kennedy 1985;

Kelly and Christopherson 1985). 'Neural and endocrine

i ©

changes including 1ncreased thyroid status‘during cold

-responSIbie for the 1ncreased motility (Christopherson and

,;Kennedy 1983)

The 1ncreased rate of passage through the

;rumino reticulum is a55001ated w1th a decreased rumen flu1d‘ ‘

-



‘volume and decreased retention time of digesta in the rdmenf
in sheep (Kennedy et al 1976; Kennedy and Mtlitgan 1978'
Kennedy et al. 1982 Kel]y and Chr1stooherson 1985) and in
the. d1gest1ve tract of cattle (Warren et al. 1974) A
maJor consequence of the decreased res1dence t1me in the
rumen 1s a depre5510n in the time avallable for m1crob1al
fermentat1on‘of dietary feedstuffs:~ The djgest1brtity of
dry matter is dtrectly related to the total mean retention ‘
time of‘digesta‘in the gastro~intestina1 tract (Kennedyvgt
~\gl.v1976"Westra‘and Christopherson 1976) .

Dry Matter and Organlc Matter D1gest1b111ty and’Cold

Stress S ‘ -

Prev1ous studles at the University of Alberta
(Chrtstophenson 1976; Kennedy &t al. 1976; Westra and
Christopherson 1976; Kenhedy et gl.’1977; Kennedy and
MiTligan 1978; Gonyop gt‘gi§‘1979;‘Kennedy'gt glf.1982;
McBride and.ChristopherSOn 1984, Ke]ly‘and Christopherson
1985; Kenriedy 1985;.Chai et al. 1985) and elsewhere
(Nicholson et al. 1980) have.demonstrated{thatithere is a
marked effectvof temperatUre.on digestibility'of‘forage'
diets, but'that“the‘response varies 'in. different" |
' c1rcumstances (Chr1stopherson and Kennedy 1983) The
vdegree of thermal stress 1mpqsed on the animals 1nfluences

the extent of d1gest1ve response of the an1mal (Kennedy et

1986a) . Responses tp cold exposure and resultlng

o d1gest1b1]1ty changes are also 1nf1uenced by diet. In

sheep g1ven concentrate d1ets. l1ttle or . no digest1ve



7 v

responses “to cold have been observed\1n several exper1mentsf

‘~(Young and Degen 1981, Kennedy et al. 1982 ‘McBride and

Y

Christopherson 1984). This is. 11Kely because . ‘the rate of
fermentation of concentrates is. suff1c1ent1y~hlgh to avowd
be1ng 1nfluenced by a change in rumen retent1on t1me

. £
Depression of'organ1c matter (OM) digestion of forage

rdiets during cold exposure”does not occur unmformly in a]l

regtons'ot the digestive tract. “Kennedy et al.. (1982)

found that a 15% reduction in total gastro 1ntest1na] tract“h

dlgest1b1l1ty 1noluded a 13% depress1on of the amouQ} of
alfalfa OM dlgested 1n the rumen w1th 11ttle change in
postrum1nal dlgestlon ‘Kennedy (1985) 1nvestIgated the
poss1b111ty that postrum1na] d1gest1on of OM ‘might 'possibly
compensate for the decrease in the rumen but little or no
quant1tat1ve compensat1on was observed: -
Cold Stress and Nitrogen Metabo]ism in the Ruminant

| Rev1ews of the metabollsm of ngtrogen 1n the rum1nant
and its related n1trogen conta1n1ng compobnds have been}

reported in the l1terature (Armstrong and Hutton 1975;

Thomas and Rook 1981; ‘Buttery and Lew1s 1976 Tamm1nga

1979; Buttery and Lewis 1982; L1ndsay and Armstrong 1982
Miller 1982; Egan et al. 1986) . N1trogen~and amino ‘acid

-requirements'are not constant but are'dependent on dietary

and env1ronmental cond1t1ons as well as the phys1olog1ca1
status -and hormonal balance of the antmal (M1ller 1982)
The purpose of this 1ntroduct1on 1s to hlghlight some of

the bas1c princ1ples of n1trogen metabollsm in the rum1nant

y . —_—

-101!%}
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and. the Pelevant effects of the co]d env‘ronment
- Figure 11-1 'shows the varlous fates of N in, the

‘rum1nant d1gest1ve tract "Entry of-N anto the rumen begins

with the consumption of the dietary n1trogen source 'x
coupled with the addition of endogenous N from the sallva
and_other-souroes. Once in the rum1no~ret1culum, }hese are
’subjected to microbial digestion and transformation
(Tamminga41979) " Sources of rumina1 N inolude'endogenOUS'
’1nputs such, as N ‘from ureg (wh1ch enters the rumen elther
from the saliva or d1rect1y across the rumen epithelium
: from the blood, Kennedy and M1l]1gan 1980), nucdleic ac1ds
from’cells of either the host (whicn’have been‘sloughed) or
those of miorooia1 origin, pnotein,and amino acids of
microbial origin and from. the host,tas well as anmonia
. arising from theaﬁicrob}al dioeStion of dietary and
endogenous n1trogen compounds .

The rate and extent to which d1etary proteln is
. dedraded in the rumen determ1neshthe ability of a dlet to
meet both the N requirements:of the rumen micbobes.andAthe“
~amino acid rédufrements'of the"host'énimal (Siddons and

Paradine 1981).  There are many factors affecting th

-

3 djgestion of Nfin the ruminant foresfomach includin the |
nature and solubility of the prote1n, rate of passa e |
‘tthrough the  forestomachs (Tamm1nga 1979)4 level of feed =
intake (Miller 1982), quality of the diet (Chriss herson.
end'Kennedy'tQBB) the- rate at wh1ch the prote’n31s Ly
‘whydrolyzed ttme spent in the rumen (Buttery and Lew1s

f1982)‘ d1gest1ble energy supply, m1nerals (N1Kolic, 1976); .
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and env1ronmenta1 cond1t10ns (Kennedy et al. 19863)

- —

Co]d exposure ‘results in an increased escape of dietary

prote1n from degradation in the rumen (Kennedy et a] 1976n

Kennedy and Mil]1gan 1978; Kennedy et al 1982) In

add1t1bn, because of the reduced fermentat1on of OM in the

rumen, one would expect that m]crob1a1 protein synthes1s'

ﬂQ%u]d be reduced A]though this appears to be the case

!
there 1s also an increase in the eff1c1ency of m1crob1a]

'synthes1s (Kennedy et‘al 1976 Kennedy~and Milligan 1978)

in the colid env1ronment wh1ch partially compensates for the

reduction in digestible OM,

Increased effioiency of microbial Synthesis can be'

part1al1y accounted for by the. presence of endogenous N

. sources such as urea Kennedy and M1ll1gan {1980} rev1ewed

. the llterature perta1n1ng to the degradatlon ard

ut1l1zat1on of‘endogenous urea in the gastro1ntest1nal_'

tract of ruminants-.

Al so 1ndlcates the flowsffﬁd’:e—dzT?ng ‘
‘through the ruminant dlges 've‘tract, The

Figure 11-

,recycl1ng of N in the rumlnant occurs at three ma jor

]evels prote1n turnover in the an1mal t1ssues protein and‘

amino ac1d secretion, desquamat1on and abras1ons 1nto the
gastr01ntegt1nal tract, and secretions and dlffuslons into

the gastro1ntest1nal tract of the end products of am1no

"'ac1d and nucle1c ac1d catabol1sm (pr1mar1ly urea) which. are“

not- d1rect1y reut1]1zable by the host an1mal (Egan et

al.1986). - L o

13
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o Ammonia is the ma jor source of nitrogen for microbial
amino aoidfend protein synthesis. In the rumen, urea is

ﬁapidly.hydroiyzed to ammonia which in turn is-available

', for metabolism by rumen microbes (Van Soest 1982). Nolan

’

y and Leng. (1972) found that up to 80 % of the microbial

IR

‘enltrogen had passed through the rumen’ammonia popl. The

qpossvble sources for ammonia in the rumen 1nc]ude dietary,
[

" endogenous and microbial protein N; nuclelc"aold N from

cell sloughing, diet, and microbial op1§in? and

'supplemenfed_orJendogenous urea (Kehnedy and Milligan

1880) . Rumen'a@monia concentrations of sheep given brome

.grass are reduoed during ccld exposure (Christopherson‘and

o Kenned9{1983), an observation which has implications for

LA
VA

gnea*recyclino to the rumen.

Qeeycling of Jhéa to the rumem can, occur, via two
routeé} tne firéf being transpor® through the saliva and
the §econd via direct transpor§~across the rumen epithelium

(Orskov 1982)

Recycl1ng of urea via the saliva is directly

2) which could

- ‘yProportional to the blood urea n1tn0933‘E§2Fentrati°” and

potentIa]ly be an important source for anlmals fed long: «

the quantity of saliva’ produced (Orsko
roughages. Norma]ly, saliva urea concentrat1ons are
appnox{mately 60 ¥ of the.plasma urea conbentraiion
(Kennedy and Mlll1gan 1980). The transfer of urea, then,
is dependent on the cop1ous flow of saliva, which is

affected py_§uch factors as physical form of the diet (KAy

R
W

-

14
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1960). There is coqiroVersy surrounding the relative
ihportance of salivary urea with respect to' the total urea
transfer to the numen. Nolan and Leng (1972) {ndicated
that in sheep fed lucerne, salivary urea could account for
most of the urea entering. the rumen. More recent evidence
by Kennedy and Milligan (1978) suggested salivary input
only accounted for 15 % of the nitrogen entering the rumen.
Urea recycling by direct transport across the rumen
epithelium is medlated by ammonia concentratlons in the
rumen, 1ncneas1ng concentratlons of ammonia in the rumen
have an inhibiting effect on uree transfer to the rumen
across the rumen epithelium (Kennedy and Milligan 1?80)'up
to a maximal concentration in sheed given brome grass
(Kennedy et al. 1986a). Conceptration o% ammonia in the
rumen of sheep given brome grass declined as temper ture
decreased (Christopherson. and Kennedy 1983) wh1ch is a
consequence of decreased dietary protein degradatlon in the
rumen (Kennedy et al 1982) . ‘Reduced concentrations of

rumen ammonia to levels”belov,ZOO mg N L™ in sheep have

peen related to the increased transfer of plasma urea

through thé rumen wall directly into the rumen (Kennedy and

Milligan 1880). An increase in the transfer of urea across-

.

the rumen epithelium would partially offset the decreased
ammonia formation from dietary N and thereby maintdin

-

[} ,
substrate for microbial protein synthesis (Kennedy et al.

1986a) .

After spending some time in the forestomach, digesta

-
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es@apeswv%a the- reticulo-omasal orifice to the omasum and
theh the abomasum. Once in.the abomasum, ali,protein and
péptide Nvgburces are subject to the'enzymatié attack of !
the protease bepsin. Due to the weéakly ajkaline nature of
pancreat{c and biliary secretions, an extension of the
acidic conditions in the abomasum occurs in the proximal
small intestine, The slow rise in pﬂ along the proximal
jntegiine of ruminants may allow the actions of'gastricv
pepsin to be lengthéned, and deérease the relative time for

action of pancreatic and intestinal enzymes (Ben Ghedalia

et al. 1974; Armstrong and Hutton '1975).

—_— !

' a2

The quantity of protein digested in the intestines and
that which is subsequently avai]aﬁle for metabo1ic
processes will depehd on both the flow and composition of
NAN entering and'leaving the intestines (Christopherson and
Kennedy‘1983). Tﬁe‘nitrogenous materials entering thé
small intestine of ruminaﬁfg_ﬁﬁclude endogenous N secreted
into the abomasum and small jntestkne; nitrogenous
maferials that result: from microbial fermentation in the
rumino-reticulum, ‘those nitrogenous components of dietary
or endogenous origin that have escébeduruminal fermentation
and any ammonia that resuRts from the microbial
fermentation of nitrogenous materials in the rumino-
reticulum but is neither:utilized,for'micrbbial proteﬁh
‘synthesis iLindsay_and'Armstrong 1982) nor abécrbed-prior»
to the proximal;ddbdenum (Armstrong and Hutton 1975). The’

principle forms of N entering the small intestine of
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ruminants are proteins, nucletic aoids and residual ammonia
(Lindsay and Armstrong 1982). T

Microbia1 protein,‘WﬁTgh usual]yvaccounts for the bulk
‘of total am1no ac1d N entering the small intestine (Storm

and Orskov 1984), undegraded d1etary protein, peptides} and

possibly small amounts of free amino aoids pass‘with the

Al N

dlgesta from the rumino- ret1oulum and form the bulk of the
"N sources absorbed in the small 1ntest1ne (Bergen 1978)
Prev1ous]y, it was thought that ‘the intestinal
digestibility of d1etary N was dependent on the proport1on
of dietary N which escaped rumen fermentat1on A
(Chrwstopherson and Kennedy 1983). Indeed it was found
that the effecte of the cold environment on rate of passage
of digesta through the rumino-reticulum had consequent
effects on proteimr supply to the small intestine and. the
proportion of digestion of carbohydrate and_protein
occurring - in the rumen and post-ruminal sites (Kennedy and
Milligan 1978). Cold exposed sheep have tended tO«have
~increased flows of NAN to the smail intestine largely as a
result of increased flow of undegraded dietary N (Kennedy
and M1ll1gan 1978 Kennedy et al. 1982). Howeven, the
composition of the NAN reveals that\microbjal contributions
to th1s flow are influenced by diet, with a higher
proport1on of mlcrob1al N for alfalfa compared to
.bromegrass diets (Chr1stopherson and ‘Kennedy 1983) Recent

.work comparing four forage diets 1nd1cated that there were

" no significant effects of temperature on the’ absolute
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amount of NAN dlgested in. the post-ruminal tract (Kennedy

a

t al 1986a) On the other hand, the‘rat1o of 1ntest1nal

NAN digestion to total OM digested was increased in the
cold. | |

Thus, despite.a decline in the overall OM
digestibi]}ty, there appear to be beneficial chanées
occurring in thergastro 1ntest1nal1tract with repect to N
d1qestion (Chr1stopherson 1985) It is concluded that in a
cold environment, the n1trogen stab1l1ty of the animal is
maintained, while _energy d1gest1b1l1ty 1$ reduced w1th the
net result being increased total fogd requ1rements ef the .
animal (Christopherson and Young 1986).

It appears then, that ruminantsiexposed to the cold
environment experience a decrease in overall digestibility
. of the feed, but the -extent of the effects on the
digestibility Qf NAN appeers to be less than that for other
componente of digesta. Anes and Brinh (1977) concluded |
that lambs could be,maintained on lower N containing diets
‘during cold eXpdsure.v This suggestion—$§ consistent with
arguments presented ahove. HoweQer. further nesearch is
needed to ver1fy this “suggestion.’ o ”

‘ Research 1nvest1gat;hg the effects of the cold
environment on the quant1tat1ve d\gestion of " prote1n and
amino acids in the ﬁhaII 1ntest1ne relative to total and
' rum1na1(N transformétlons is lack1ng The . obJect1ves of

‘the ‘research presen ed in this thesis are to examine tﬁe,

effects of cold stress q? the relative d1gestib11ity of  NAN




in various sections of the ruminant digestive tract,

-~
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I11. THE APPARENT DIGESTIBILITIES OF DRY MATTER -AND

ORGANIC MATTER .IN THETFQRESTomACH. sMAgL INTESTINE, ., AND

LARGE INTESTINE OF WETHERS EXPOSED TO COLD ENVIBONMENTS.
- o INTRODUCTION

Y
LY

~Co]d‘enyironmental temperature depresses the
digestibility of dry matter (DM) and organic ‘matter (OM) of
feedstuffs.in Sheep'(Graham et al. 1959, Bailey 1964,
Christopherson 1976, Kennedy et gi. 1976, Westra.and
Chr]stopherson 1976 Kennedy gt-glajl977} Kennedy'and
Milligan 1978, N1cholson et al. 1980‘ Kennedy et al. 1982,
Kennedy 1985) and cattle (Blaxter and ‘Wainman 1961 Warren
et al. 1974) In order- to compensate for a reduced
d1gest;b1l1ty, the feed requ1rement of rum1nants exposed to
cold env1ronments may be 3ncreased (Westra and -
Chr1stopherson 1976) |

Cons1derab]e attent1on has been focused on the
drum1no reticulum as a maJor S]te of temperature 1nduced .
nchanges whlch result‘1n a depre551on of d1gest1b1llty. 'The
rum1no ret1cu1um K1net1cs and turnover of fluid and
part1culate matter and rum1natlon frequency, in parttcular“
| have been investigated (Chr1stopherson and Kennedy 1983).
Stud1es with sheep and cattle ma1nta1ned in confﬁblled
wenvironmental chambers (Westra and Chr1stopherson 1976,

Gonyou Chrlstopherson and Young 1979, Kelly and
‘ Chr1stopherson 1985 Kennedy and Ke]ly. unpubllshed) have o

e 1nd1cated an assoc1at1on between cold exposure and
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‘1ncreased frequency of b1phas1c contractlons of the | -
ret1cu]um~ Retention tlme of d\gesta w1th1n ‘the -,
rum1no~ret1cu1um is negative]y correlated w1th the
‘frequency of ret1culum contract1on and is. reduced dubing -
cold exposure (westra and Chr1stopherson 1976) Increased.
‘rumlnatlon act1v1ty in the cold env1ronment (Gonyou ‘ f
Chr1stopherson and Young 1979, Kennedy 1985) has also been "5 y
"suggested as a further a]d to the passage of dlgesta to the |
. small intestine.’ There is, however 1ncomp]ete 1nformat1on‘
on the quant1tat1ve 1mportance of specific post rum1nal o A;'
:s1tes of d1gest1on of DM and om 1n the num1nant as
‘1nfluenced by cold exposure, Assessment of the effects\of
thewcold on.digestion . of these‘components has”been 1imtted
to a partitiontng of the digestive processes intohthe
forestomach ‘and the total intestina] tractvcompartments; |
(Kennedy et al, ‘1976 Kennedy and M1l]1gan 1978) Only'tuo
studies ha:egexam1néd'the part1tlon of d1gest1on of chopped'
forages betueen the forestomach and post rum1na1 tract in
the cold env1ronment (Kennedy et~al 1982, Kennedy 1985) .
These stud1es have demonstrated that decreased rum1nal |
d1gest1on may~be part1ally compensated ‘for by 1ncreased*
post rum1na1 d1gest1on Further-part1t10n1ng of

post rumlnal d1gest1on 1nto the small and large intestine
w1th respect to the 1nf1uences of the cold env1ronment has Ny
.fKnot been 1nvestlgated

&
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The objectives of this study were to determine in more

-

. detail the major sites of digestion of DM and OM and in
,

g particular to quantify the effects of a cold environment on

the digestibility of OM and DM in fhe,forestbmach, small

intestine and large intestine of the sheep.

MATERIALS AND METHODS

ANIMALS AND THEIR MANAGEMENT

////\ Eight Suffolk yearling wethers we1gh1ng 37 to 51 Kg
e

were fitted with ruminal, abomadal, and terminal ileal
‘ . _ o
cannulae, The latter two cannulas\were one piece "T" type

cannulae which were made of plastisol, The animals were ’

‘ anaesthetized using a nitrous oxide - halothane -'oxygen
w hixtuﬁe.throeghout the surgical prepacat&on of the

po§f~ruminal cannulae, while Pumenveaﬁnulae were inserted
under a local anaesthetic (Lidocaine). Post-surgical care

involved antibiotic treatment with Liquamycin fon\tﬁree .

days, treatment for pain with aspirin (975 mg d'l)“t“rmi

'
[

adm1nlstered orally, and placement of the animal in a warm

\

(
-comfortable pen All animals were given a minimum two
‘'weeks Af

o recover from the surgery be fore commencaheﬁgﬁdf

e

the d{ex and env1ronmental adJustment period.

s \

§ Pr1or to being exposed to the experimental conditions,

\v—ﬁf’fall wethers were treated for internal and external
™ | parasites by means of a drench (Th1obenzo]) and spray
S/ (gp Ral, act1vé 1ngred1ent coumaphos - 25%) respectively.

A1 wethers were housed in individual mé%%bol1sm crates

kY . . -



w1th floors constructed of "tenderfoot grating. Rapid and
easy collection of unused feed as well as faecal material
‘was faci]itatediby placing nylon screening under the

f looring of the crates. \

FEEDING "

A1l animals were fed ad libitum a diet of chopped brome .
: Sy ‘ ‘
hay (Bromus inermis; Table 111-1) for 2 weeks prior to the

start of the experiment to estimate voluntéry intake.
Thereafter, all animals were fed 1600 g d~ 1, which was
approximately 95% of the maximum consumption of the warm
acclimated §heep. A1l wethers were fed this diet by means
éf an aQtomatic feeder, which deliveééd equal portions
eVeny ?2 hours twelve times daily. All feed not consumed
was weighed, to acquire correct daily intakes. Waéer and
Cobalt Jodized salt were available ad l1b1tum |

EXPERIMENTAL DESIGN AND EN&&RONMENTAL TREATMENTS

The experlmentan_stat1st1cal model was a two by two
crossover design, involving two periods each of 42 days
duhatién. The first 30 déys prior to experimenta] sampling
served as an adjustment period. During period I, four
animals were exposeé to a cold (0 C to +2 C) environment,
and four were exposed to a thermoneutral (21 C to 25 C) . |
environment. Dur1ng period 11, the anlmals were ‘crossed
into the opposite treatment and the adjustment and
experimental®protocols repeatedi Both environmental

chambers were éontinuously lighted for the duration of the

experiment. , :
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SAMPLING PROCEDURE |

From day‘32‘to day 34, faeces and digesta were sampled
for the deterﬁination of digesta gomposition. 'SixtylmL of
digesta was collected four times daily at 07:00, 11:00,
''15:00 and 19:00 h. Samples were obtained from the rumen _
utilizing a solid sampling probe, which subsamplied whole -~
r;ﬁen contents for determination of DM and OM content,
while sépanate fluid samplés for the determination of
volatile fatty ;cids (VFA) were obtained using a hollow
tube the end of which was encased in a 50 um mesh which
excluded particuléte.matter. .Digesta.was collécted from
‘the abomasum and terminal ileum by placing collection vials

) ) .
on the cannulae at each location.. Because of the'high

| fluid content of the abomasal digesta, thelcontainérs
filled rapidly usually within 4;minuies.\ In the ﬁleum,‘
however, digesta has a higher dry matter content and ]éss
fréduent éontractfons occur in this location. Therefore
sample vials.wére‘left‘on the cannulae for up to 45 minutes

- to obtain sufficient sample. .
'ISOJOPE INFUSION AND DIGESTA COLLECTION
From dﬁy‘BS to day'42. a continuous infusion'(75~mL"
d 1) of a solution containing 103RutﬁeniUm labelled
Tris-(1,10-Phenanthroline)-ruthenium (I1) chloride
(103Ry-B) complex (2.68 mCi“mg~! complex; 4.95 uCi
103gu-p @™1); Tan, Weston, and Hogan 1971) and
51chromium (228.39 mCi mg™! cr; 60 uci Slcr ™)
complexed with ethyTamjﬁediamine tetraacetate (EDTA) waé’

A

y
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linitiated‘into the rumén of all sheep.following a priming
QOse of 37:5 mL . Tbe infusion was continued for eigmt days.
875 ml d"’f with sampling of abomasal and terminal ileal -
digesta occurring four times daily (07:00, 11:00, 15:00,
15&00) durihg the last three days of infusion. Samples
were bulked in two main portions, the first six samples
maK%mg up one bulk container, and the last six eamples
makimg up Fhe second bulk container. Calculations of the
flqws&of diéesta through the abomasum and terminal ileum
‘usingxkhe double marker method were made after cenrectfons )
for abgorption of'51Cr-EDTA by mathematical recombination
of the'd<gesta fractions accordihg to the techniques of |
Faichney!(1975). On day‘43,‘the isotope infusion was \)
ceased and rumen samples were obtained for the‘
de(erminafion of rumen kinetics according.to the following

schedule: 0, 0.5, 1,0, 1.5, 2.0, 3.0, 4.0, 5.0, 7.0, 9.0,

11.0, 13.0,«54.0.28.0, and 33.0 h after cessation of Ty
marker infusion. Kinetics of the particulate and. fluid
markere in the rumino-reticulum were determined according
to the equatloms of Shipley and Clark (1872).

ANALYTICAL ¥ECHNIQUES

Dry matter Jﬁs determined by dry1ng the samples in a

forced air oven at 60 C to a constant weight. Organic

'matter was determi ed on these dry samples by ignition in a
comBust1on furnace at 550 C overnight. Chromium-51 and

‘q103‘Ru-P‘were.anal

zed an a gamma spectrometer (Gamma

8000, Beckman Instru nts Inc., Fullerton, Cal1fornia.

\
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U.S.A.) with corrections for 103Ry-p spillover into I e
Step wiheow (B. V. Turner, personél commdnication).
" Cell_wall constituents (CWC), acid detergent fiber
(ADF), and hemicellulose were all analyzed according to
Goering and Van Soest (1970)
- Volatile “fatty acids‘@ere prepared utiliztng a
modification of the method of Chase (ho‘date) using
| caproic .acid as'ah'internal standardand were analyzed on a
- gas ehromatograph (Varian 3700, Ov-351 30'm capillary
eolumn; tnitia] temperature 130 C, temperature programmed
at 10 C per minute to ftnal temperature 185 C, SOpelco |
.Inc‘)

&
Statistical Analysis . ’ 5

 Data were subJected to analys1s of var1ance u51ng
UANOVA and treatment effects were determ1ned ustng
sheep/groups as ‘the error term.
| RESULTS
1. Flow of Dry Matter endygrgantcvMatter;
Dry matter and,bM intake wee:maintajned constant
between treatments end no feed refusals were observed. er

matter flow and OM flow through thelabomasuh were higher

(P<0.10 and P<0.03'respectively)_in cold exposed animals

" (Table 111-2). Environmental temperature did not affect

. terminal ileal DM or OM fiows Although more faecal ‘DM and
. OM. tended to be excreted in theecold, the effect of

temperature was not. s1gnif1cant Flow of CWC by. the
Pl ‘

-'abomasum was sl1ghtly but not s1gnif1cantly higher in

32
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’the cold exposed animals, and faecal exoretion of CWC was
“higher in cold ‘exposed animals (P<6'05)' ADF“flow to theL
large intestine was 1ncreased in cold exposure (P<0 01)
Faecal excretion of ADF was increased in the cold.
Hemicellulose fiow through the\abomasum tended to be
increased in the cold exposed wethers
“'2. Digestion of Dry Matter and Organic Matter
An\mals exposed to the cold temperatures experlenced a
substant1al decl1ne in DM and OM’ dlgest1b1l1ty in the
forestomach (P<0 10 and P<0 03, respectlve]y, Table
I111- 3) There was no s1gn1f1cant change in post- rum1nal DM
d\gest1b1l1ty, however post rumlnal OM d1gest1b111ty\
1noréased in the cold env1ronment Whole tract ’f
d\gest1b1l1ty of DM was not altered by exposure‘to cold "
temperatures. but OM disappearance was depressed (P<O 10).
D1gest1b1l1ty of DM and OM as a percentage of intake .is
shown in Table I11-3. Whole tract d1sappearances of CwC
aod ADF were decreased, however~nons1gn1f1cantly,;1n the
cold exposed sheep. Forestomach‘disappearance of CWC was
__sllghtly but not s1gn1f1cantly decreased 1n the cold.
Hem1cellulose d1sappearance 1nvthevforestomach was less in
the cold.
3. Rumen Volatile Fatty Acid Concentrat1ons
Concentrat1ons of total VFA’s in the rumen ranged from
830 mmol L1 to 900 mmol L-! and were unaffected by the |

temperature treatments; however Jndlvidual,VFAfs showed

'stgnificant changes due to temperature. _Acetate'and

.
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. sl1ghtly less (P<O0. 10) in the cold

o .

.k

propionate were decreased and increased, respectively.‘by

" the cold temperatures'(P<0.03‘and»9<0.001).‘ Conoentratiohs‘

of the other VEA’s werelnot signifidantly different'between
treatments (Table 111-4). Rumen PH was elevated (P<0.03)
in cold exposed wethers. but temperature had no effect on‘
abomasal or termlnal ileal pH (Table 111- 4(

4, Rumen Turnover T1me Flu1d Outflow Rate.

Particulate Outflow Rate and Rumen Volume oy

Rumen flu1d turnover tlme was non- s1gq1f1cantly
decreased (P(0.0Q)»1n the co]d_exposed animals (Table I1I-.
5) whereas the turnover timeﬂof the particulate marker
(103Ry-P) was decreased (P<0.05) in the‘oold{ ‘Both fluid
and partjculate outflow from the rumen (as labelled with
Slcr-EDTA and'103Ru-P respectlvely) were
nonsign1f1cantly 1ncreased’wh1le rumen flu1d volume was

'.“ ‘ DISCUSSION
In these experiments. exposure tola cotd environment

1nduced a measureable and blolog1ca11y s1gn1f1cant effect

o on d1gest1b1l1ty ln sheep The overall reduct1ons in total‘

OM digestibility observed in this experiment were similar‘
to other results that have been prev1ously reported
(Kennedy et al. 1976 Kennedy and M1ll1gan 1978, Kennedy et
al. 1982, Chr1stopherson and Kennedy 1982, Kennedy 1985
Kennedy et al 1986) | Reduct1ons in the totai ‘
gastrointest1nal tract digest1b1%1ty of OM components (CWC

ADF, and hem1cellulose) are also in agreement w1th

34
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publlshed results (Kennedy et al 198é)d

' Rumen turnover_t1mes‘(RTT) are correlated to rumen mean
retention times (MRT) and are affected'by ‘several stresses
. imposed on the ruminant. Faichney and‘White'(1980) '
reported decreased MRT’s in pregnant and ]actat1ng
anlmals"‘C11mat1c effects on thevturnover of d1gesta'jn
‘the rumen have been observed by Fatchney (1986) ; who
repprted an inCrease of 2.1 h 5n the MRT of sheep exposed
to 30 C when compared to 21 C. warren gt al. (1974) also
reportedyan increase th tﬁe‘MRT‘in Cattle’exposed‘to 32 C
. as opposed to thermoneutral conditions. \
'Conversely, co]d,Stress has peen'shOWn tovinitiate a

B

decreased MRT of 'the part1cu1ate phase of digesta in sheep
(Kennedy et al. 1976 Westrarand Chr1stopherson 1976
Kennedy and Milligan 1978 Kennedy et al 1982,

’ Chr1stopherson and Kennedy 1983 Kennedy 1985, Kennedy et
al. 1986) Decreases in RTT are associated with an

1ncreased vo]untary feed consumptlon in cold exposed sheep

(Kennedy et’ gl. 1986). In this study, feed consumptlon was -

, equalized'across treatment’s to avoid -possible alterations

. in digestibi¥ity due totdjfferentjintakes. A 9% decrease -

in RTT occurred in the cold‘exposed animals'suggesting more

“rap1d transfer of dIQesta to the postrum1nal tract even"

though 1ntaKe was held constant Poss1b1e explanatlons forﬂ

Kthese results are. 1ncreased rum1no ret1culum motillty
‘(Westra and Chr1stopherson 1976 Kennedy and Kelly,
unpubl1shed._Kelly_and_Chrlstopherson 1985, Lirette_gi al.
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k1987) and increased rumination activity fesUlting-in more
. eff1c1ent breakdown of . partlculate matter to a size "‘
el1g1ble to pass out of the rumen or reticulum (Cha1 et al.
1985). Lirette and Milligan (1987) sugges ted that the’
relative reSistance of particles to clearance is directTy‘
re]atedpto their size: Althodgh‘rUmination aCtivitYwas
notrecorded[tn the presént\expertment, a decreased‘RRf
might have been a conseQUence‘of a‘relative tmproveﬁent in
part1cle breakdown due to chew1ng fhe increased‘rates‘of
passage "ofDM and OM to the postrum1nal tract. were h
associated with a general decrease 1n the forestomach
.<d1gest1b1l1ty of OM 1ng?ﬁ5“cold lt-Js likely that the
.decreased res1dence time of digesta inlthe rumino;reticulum
ddring cold stress reddced the time avaitabfe for |
'ferMentation of feed by the microbial poputation.
“The increased flow th%ough t‘he'abomasum and decreased
o d1sappearance in the rumen 'of DM and OM in the cold are
. poss1b1y a consequence of the thyro1d status of the
' ‘animals. Westra and- Chr1stopherson»(1976) reported a '
sfﬁnificant Cerelation between plasma thyrothel(T4)'and
‘. 'tr11odothyron1ne (T3) and ret1cular mot1l1ty and the mean’
‘ “retention t1me of d1gesta 1n the gastro1ntest1nal tract in
i‘cold exposed animals Kennedy et al (1977) reported | |
.decreased digest1b1l1ty of DM 1n both cold exposed an1mals .
‘huand T3- 1njected sheep. | p | T :
o The cold 1nduced decreases 1n total VFA concentrat1ons

’and increases in rumlnal pH env1ronment are cons1stent



7.;with,results repor ted pre9i0usly*(Kennedy et al. 1976)‘;
’Martz-et al. (1970) reported decreased total VFA ln cold
\exposed da1ry cattle ‘ Conversely pH has been found to be
reduced in conjunction with h1gh lactlc ac1d concentratlons
‘dur1ng heat stress in dairy cows (Mlshra gt‘gl. 1970)«
Associated‘with this condition is decreased

rumlno reticulum mot1l1ty while ‘the opp051te 51tuatloh is
ev1dent during -cold stress (Chr1stopherson and Kennedy
1983) / |

Acetatekand proplonate are the‘ma1n endproducts of

‘carbohydrate d1gest10n in the rumen (Van Soest 1982), Thewn‘
'”decreased concentrat1on of acetate and 1ncreased prop1onate7
concentratlon in the rumen during cold exposure 1nd1cate an
, ‘alterat1on in the qua‘it1ve nature of energy\substrates
. ava1lable to'the t1ssues A depre551on in the. molar
proportlon of acetate in the. rumen often accompanles a
decreased turnover t1me of dlgesta in the rumen |
‘(Chr1stopherson and Kennedy' 1983). The shift observed in
the"molar proportions of acetate and prop1onate»1n total
- VFA is cons1stenp with the reduced rumen d1gest1on of
cellulose and hemicellulose in the cold env1ronment An .
1mportant 1mpl1cat1on of th1s result arises from the cla1m
‘that there s an 1ncrease in the eff101ency of util1zat1on -
- of metabol1zable energy when the proport1on of propionate
”l‘to acetate 1n;the rumen end products Js 1ncreased (Van -

: Soest 1982) : In add1t10n because prop1onate 1s a maJor

glucogen1c precursor 1n rum1nants, an’ 1mportant metabolic .

» ' . t
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consequence of-the increased propionate/aCetate‘ratlot\
"during cold exposure is" ma1ntenance of the ava1lab1l1ty of

‘proplonate to serve as a. substrate for gluconeogene51s
h‘Thls would be expected to help meet the need for 1ncreased
“glucose ox1dat1on in the cold (McKay et al. 1972) thus !
“sparlng amlno actds as the ma1n alternat1ve source of
hcarbon for gluconeogenests S S

The reductlon in total tract dwgest1b1l1ty due to cold

exposure appeared to be prlmarlly«a result of the
mod1f1catlon of -the rumino-reticulum degradatlon lhe
‘small 1ntest1nal dlsappearance of DM wfs unaffected by
‘cold Howeverw in the small 1ntest1ne a higher proportlon

P vh % -
o hﬁo be d1gested 1n the" cold when expressed as a

¥ IS .
: % total oM dlsappearance (Table 6) The

"relatlve sh1th1n the s1te of d1gest1on from the
,forestomach to the post rumlnal tract due to cold
‘temperature is consistent w1th previous studles (Kennedy et
al. 1976, Kennedy and M1lltgan 1978 Kennedy et al 1982).
‘The sh1ft in proport1on of OM dlgested in the post runinal o

;Wtract is also cons1stent with- prev1ous observat1ons, but
;the present results are. the f1rst to 1nd1cate the 1nfluence :

of the small 1ntest1ne and large intest1ne separately

The reduced oM d1gestib1l1ty 1n the cold env1ronment is

in agreement w1th the results of Kennedy et al (1982)

:.;fThe apparent digest1bil1ty of UM in the rumen and

”:consequently the whole d1gest1ve tract has been shown to be

‘”lrelated to retentlon tlme of the part1culate marker of =

.



- digesta in'the‘rumen“(Kehnedv‘et al, 1976 Kennedy et al
1982, . Kennedy t§85) _wh1ch is consistent with' the results
‘of”thls experiment This is partlcularly true’ for chopped
‘brome‘diets‘ Kennedy (1985) reported that the rate of

comm1nut1on of large part1cles contr1buted s1gn1ffcantly to

retent1on t1me of digesta- in ‘the rumen and was 1nadequately .

‘represented by the partlculate marker 103Ru P." A better-
' predtctlon for the digestion of OM 1n the rumen would-
therefore be atta1ned when both the proport1on of large
| partlcles in. the rumen and the 103Ru P retent1on time are
_1ncluded as lndependent var1ables |

‘ In. absolute terms, this: experlment conflrms the.theory
‘thAt the depresstng effect of cold temperature on the total
\ tract dtgest1b1l1ty of OM is ma1nly a consequence of |
‘:alterab1ons in the forestomach d1gest1on and” turnover

time. The proport1on of d1gest1ble OM 1ntake apparently ‘

'd1gested in the rumino- ret1culum was h1gher in the .

‘;. thermo neutral compared to the cold env1ronment (O 65

-

versus 0. 58) and these values are in the range reported by
’Thomson and Beever (1980) ‘and Beever and S1ddons (1986)

‘ but are stightly hagher than those of Ulyatt and MacRae ph'

-;(1974) However, when the proportlon of OM d1gested 1n the

small 1ntest1ne relat1ve to the total amount of OM d1gested '

l

'h in the whole gastr01ntest1nal tract 1s cons1dered 1t 1s

';{japparent that there was a sh1ft 1n the 51te of d1gest1on

'*,Kennedy (1985) stated that although the apparent dlgestion

'fdfof OM 1n the gastro 1ntest1nal tract was reduced khe
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d1fference was not as great as 1nd1cated by the rumlnal

| 4sappearances of OM 1nd1cat1ng that the 1ntest1nes could

partlally c“s ?ﬁsate for. the decreased rum1nal
FENY
dlsappearanceug

d1gestlon the rumen d1gestlon -of OM in the warm an1mals"

‘SWhen expressed as a percentage of total

was 8% h1gher whllé\the small 1ntest1nal d1gestlon of OM

was 9% higher' in the anlmals in the cold env1ronment This =

]

f1nd1ng could have 1mp0rtant consequenoes in the energy
avallable for m]croblal prote1n synthes1s 1n the rumen and
subsequent supply of NAN and amino a01ds to the small
1ntest1ne Th1s is dlscussed 1n a subsequent paper (Kelly
and Chrlstopherson 1986) N .

The dlsappearances of CW@ ADh,\and hemlcellulose in
the rumino- ret1culum were decreased by 14% 12%, and 14%,
._respect1vely, dur1ng exposure fo cold env1ronment@ The

retent1on t1me of d1gesta was also, depréssed and these '

S results are cons1stent with those\reported\by Kennedy

,‘(1985) who calculated that a reduct1 n in the retentlon

\t1me_9f CWC 1n the forestomach from 20 to 10' h would

constitute a decrease in digestion of‘g\o g CWG/IOOg CWC
1ntake Cold exposure did not ‘alter the rate of\dIQest1on
of CWC but decreased the t1me ava1lable for d1gestlon |

| Post ruminal d1gest1on of CWC, ADF, and hemlcellulose ”
‘{was not afTected by cold exposure.‘results wh1ch also agree

\ﬂlw1th those of Kennedy (1985) The ?elattvely h13h

‘;‘dlgestlon of . ADF in the small 1ntest1ne as a propqrt1on of L

Y

o ;total digestion may be due to an art1fact of the analy51s

. . \\
,‘tl{ lv . . ‘\ RO ‘.' L
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" for ADF. Heat1ng probably occUrred in the preparat1on of

' samples for analys1s (G w Math1son personal
V‘commun1cat1on) wh1ch tends to generate Ma\llard polyners}

“which d1ff1cult to remove or d1st1ngu1sh from llgntn (Van

1Soest 1982) The Ma1llard reaot1ons involves condensat1on

! ‘i

‘of amino groups, w1th carbonyl and dehydroreductone
compcunds derived from carbohydrate ‘which are the"'
polymerlzed 1nto a 1lgn1n llke complex Polymer1zatton.
resu]ts in permenantly bound and 1nd1gest1b1e n1trogen
Other compounds wh1ch can be found result1ng from this

procedure are phlobaphenes (]1gn1n_l1ke compounds formed |

»

from~non~lignin precursors) tannins, and‘phenolic matter?

§<3wh1ch 1ntroduces uncerta1nty as to the true l1gn1n content .

The proport1on of the dtgest1on of hemlcellu]OSe
occurr1ng rum1nally and postrum1na11y (Table 6) agrees w1th
the result presented by Beever et al (1981). The _ S
d1gest1on of CWC in the 1ntest1nes (g 100g ! enterind'the
small 1ntes§1ne) was'sl1ghtly h1gher than the values . ‘ '
reported by Kennedy (1985)) who fed a similar diet. Beevérh(
gt al. (1981) reported that pel]etIng roughages decreased ;
ruminal d1gest1on of CWC an effect thCh was' part1ally
compensated for by 1ncreased 1ntest1nal d}gest1on | In the
present study, 1t appears that the whole gastro1ntest1nal v

'f

tract depress1on 1n CwC d1gest1b111ty as- well as ADF and

' hemtcellulose dlgest1on was ‘a functlon of the decreased

t

forestomach res1dence time w1th no compensat1on occurr1ng

in the intestlnes o e "t“; tfﬂ



Tsuchiya et al. (1974),obsep;ed increased gastro- '
“intestinal motility in hypothalamically cooled‘dogs. If
the motility of thhe tofa] gud is inc:eased durfng col
‘stresé and thus the turnogeb‘time of fhe digestive tract is
decreased, the bbservation‘éf a depression in foﬁestomach
digéstién but not in intestinal digestion wou]d appear to
be aAcontr;diction. ‘Thjs can be explained by the larger
‘quantity of dige§fa arriving in th§ small intestine,
driving an increased relative absorptfon in this paﬁt of
Ehe digestive tract. On the ofhen hand, therelgeems to be
]iftle or no effect of temperature on post-ruminal rate of
passage iﬁ sheep (Kennedy et al 1986). The hroportion of .
'digéstion occuhring-in the émd{{\¥ﬁtpstine or the lower
digestive tFaCt;is relatively small (28 %) compared to that
occurriﬁg\in the rumino-reticulum (72 %) in cattle fed a
@aintenancé level of brome hay as described by L{rette and
lkM;l]igan (1986). Values for data reporfed in the present

' stqdy are slightly higher for intestinal digestion and
lower for }dhinaigﬁigestion (Table 6). Thé cold-induced

: ghiftlbf.absorpt{én site did not totally compensate for Fhe
reduced rumino-reticulum digestibility due to cold stress.
Consequently, the total gut digestibility is reduced in the
cold, but to a lesser extent than that caused by the
reduction in the ruhino-reticulum. . .

This study ha;:hemonstrated a shift in favour of the

L4

IOWer'digestive tract in the location of OM digestion

\l
\'g
: l
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occurring in cold exposed sﬁeep. Organic matter tended to
be digested to a gneater degree_in the small intestine
relative to the total tract OM digestion during cold

expasure. -



Table I1I-1. Composition of brome hay dry matter (DM) fed to

warm and cold exposed wethers.

e g o A ' \

Ltem ‘ ' | . .g.100g"' DM
Dry matter (DM g 100g~' intake) : ‘ 86.25
Organic matter 92.83
Cell wall constituents - L, 57.38
Acid detergent fibre ’ | - 31.03
Hemicellulose - - 26.35

Protein: : ' \ ‘ 11.64

&




ileum; and faecal excretion (g d"') of dry matter (DM),

organic matter (OM); cell wall constituents (CWC), acid

a5

_Table 111-2. Intake; flows ‘through the abomasum, terminal

detergent fibre (ADF), and hemicellulose in warm and cold

exposed wethers.

| o
Warm Cold S.E. Sig.
Intake
DM 1380 1380 -
OM. 1281 1281 -
.CWC 791 791 -
-ADF 428 428 —
- Hemicellulose 363 363 -
\ o
Abomasum - ‘ ‘
DM. . 994 1079 20.5 *
OM 796 898 17.0 3
CwC 413 465 - 12.9
ADF 277 296 6.6
. Hemicellulose 136 168 -7.8
Terminal I]leum .

* DM 734 797 33.2 .
OM 591 643  28.7 7
CWC 375 415 7.9 % :
ADF : 227 264 4.6 kxx
Hemicellulose 148 150 6.9 ~

Faeces |
DM - ‘638 712 7.3
OM 558 628 35.2.
CWC 308 379  21.9 k%
ADF 202 245 12.9
Hemicellulose 106 134 9.8
¥ Means across temperatures are different (P<0.10).

*+  Means across temperatures are different (P<0.05).

%% Means‘éérosé,;emperatu:es are different (P<0;01).



Table 111-3. stap earance (g d"'). of dry matter (DM)
organic matter (OM), cell wall constituents (CWC), acxd

' detergent fibre (ADF) and hemicellulpge along the
gastrointéstinal tract of wethers exposed to warm and cold

ft Means across temperatures are different (P<0.05).
*rx Means across temperatures are dlffetent (P<0 01).

-

envxronments
Warm Cold S.E. Sig.
Forestomach o . )
DM . 386 301 20.5% .
oM 485 383 17.0 %%
CwWC 378 . 327 42.9 '
~ \ ADF 151 132 6.6 Co
Hemicellulose 228 195 7.8 ‘Ag
Small Intestine
DM ) 280 282 30.8
oM 224 256 19.0
CWC 38 50 19.9 .
ADF 50 . 32 10.3 "
Hemicellulose -12 18 14.2
Large Intestine ,
DM 96 88 24.0
OM 32 16 19.0
CWC 67 36 26.7
ADF ) 25 19 13.4
Hemicellulose. 3 .28 16.0"
Total Gastrofntest:na]
Tract -
DM 762 671 24.8
OM 745 654 20.9
CWC 483 412 21.9
. ADF . 226 183 12.9
Hemicellulose « }‘\ 257 230 9.8
' / \‘ . *
Total Digestibflity (%) o 4 S
DM 53.8 48.4 1.9
OM 56.4 51.0 1.7
CWC 61.0 52.1 2.8
ADF - ~ 52.8 - 42.3 3.0
‘Hem1ce11uiose 70,7 63.1 2.7
% "Means across temperatures are dxfferent (P<0.10).
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Table III-4. Rumen volatile fatty aclid composition, and v
: . e ' -

rumen, abomasum and tefminal ileum pH in warm and cold.

exposed wethers.

) o -
’ v Warm Cold S. E. Sig.
Volatile Fafty Acid(mmoIA1000mmol'f) | | _‘<:¢ |
| Acetate - 690.6  675.5 3.29  x
Propionate " | - 192,2 "‘210.8 l565 :U xxx
Isobutyrate | o.oo12 T awa s 0.38
Butyga£e" o ' 82.0 79.1 2.43-
Isevaierate - | f:- 12.0 .i?.O '0.56‘
Valerate a 12.0  11.4 ' 0.39
v - | :
Total VFA (m«ﬁl 1Y s00.0 830.0  18.0
P
Rumen ' . , 672 6.96  0.04  *s
‘Abomasum. . . 2.87 2.70 0.10
Terminal Ileum = 8.03 ' 7.96 - 0.07
»

¥ Means across temperatures are dxfferent (P<0 05)

.##* Means across temperatures are d1fferent (P<0. 01)



Table I1I-5. Rumen’ fluxd volumes and turnover times (usxng
*'Cr- EDTA). and rumen partxculate matter turnover (uszng

' ° 2Ru-P) in warm and cold exposed wethers.‘

Warm Cold S.E.  Sig.

Fiuid turnover,time (h) ; a " 12.58 11.77 0.468 *
v . . ' .

Rumen flu1d volume () : '6.62 5.44 ‘0.744 | x
‘Paftxculate turnover time (h) S 14.47 1?.92 0.429 P

*x  Means across temperatures are different (P<0%05).

&*f“Means acrass temperatures are different (P<0.01).



Table III-6. Disapbeafance of dry matter (DM) ,

49

organxc

matter (OM), cell wall constxtuents (CWC), acxd detergent

fibre (ADF) and hemicellulose (g 100g-" dxgested) along the

gastrointestinal tract of warm and' cold exposed wethers.

Cold

SRR

©13.9

‘Warm S.E Sig.
" . s PR
Forestomach _,_)\“ E W:&J
DM 50.7  44.9 4.6 "
- OM 65. '~ 58.5 2.8 7 xx
- CWC 79.1 80.4 ' 3.0
"ADF 68.2 71.9 . 4.4
Hemlcellulose 88.9 86.2 . 1.9
/- CANE ‘
,Small Intestlne W . -
DM 36.7 42.0 3.3
OM "30.1 37.1 2.8
CwC 8.1 12.6 5.6
ADF 21,2 22.9 8.1
Hemicellulosé -3.5 7.6 5.6
. (4
Large I ntest’me . |
DM 12,7 13,1 3.4
OM 4.3 2.5 2.9 _
CWC 12.8 7.0 6.2
‘ADF 2 10.6 5.2 8.7
Hemlcellulose 4.7 6.3 5.8
Post Rumen _ ,
DM 49.4 55,1 .. 4.6
OM 34.4 39.5 = 4.2
- CWC - 20.9 "19.6 3.0
ADF ' o '31.8  .28.1° 4.4 .
Hemicellulose 1.9

#+  Means across temperatures are different (P<0.05).
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IvV. INVESTIGATIONS OF THE APPARENT DIGESTIBILITY OF vrf
AMINO ACIDS AND OTHER NITROGENOUS COMPOUNDS IN THE® SMALL

o x

anE tINc OF WETHERS tAPQoED 10 COLD cNVLRONM NIJ
| INTRODUCTION - R
Accl1matlzatlon to a cold env1ronment indUceS'a'number

dg adJustments in enengy “and protein metabol1sm in

Pum1nant$ (Kennedy et 1. 1986a) . These changes 1nclude

_—

decredsed digestibility of dry matter (6M7§motgan1c matter
f(QM) {Kelly and‘Chriétophepsonhl986), an%fnit en {N)
among dertain diets (Chnistopherson_and‘Kennedy\l9831.which

are associated with bhyéiologica}kehaﬁges in the anima]’s

requ1rements dunlng cold exposure However low

a

‘temperatunes increased: voluntary feed consunptlon (Kennedy

[
[

t al. 1982).

L e—— =

\

Depre551ons in the digestion of- dletary nonammon1a

‘In1trogen (NAN) in the rumino- ?e%&;1hm1and depressIPns in
. i ' f

- m1crob1a1 proteln synthe31$ have been afsocxated with cold

. exposune‘(Kennedy et al. 1976, Kennedy and Milligan 1978

L - Kennedy et al. 1982). These results are l1kely due to

c¢hanges in‘centaln rumen characterlstlcs dur1ng cold

‘stbess It ‘has been found that the rumen volume and

retent1on tlme of rumen-digesta are ‘reduced while the rate

)
oﬁ flow of d1gesta through‘the rumen ls 1ncreased an

-\'A -

“‘;effecf that 1s partlcularly apparent w1th roughage feeds.

'(Kennedy et al 1986a)

Measurement of the NAN flow through the abOmasum or

B ,,‘v
).

° Ry ' i o . .
. ) . . . .
s . . . .

P . . S .
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duodenum' is generally used to”gain iﬁfonmation on the
protein availablé for absorption in the small intestine
(Orskov et al. 1986),. An increased flow of undegraded

//éigtahy protein to the small intestine "is associated with
the'changés occurring in the rumen during cold exposure
(Kennedy et al. 1986a) . The increases in digestibility of
prote1n in the post ruminal tract observed in pirevious .

~ studies (Kennedy et al. 1978; Kennedy et al. 1986a) may
indicate that preferential absorption of individual amino
acids occurs in the small intestine of sheep in cold
environments (Christopherson and Kennedy 1983). However,

there is no infOrmati_ .on the effects of temperature on-

net digebfion of proté‘ : and amino acids in the small
intestine. The objectives of this study were to determine
the effect of environmental temperatur® on the apparent
dlgest1b1l1t1es of prote1h and amino acid nitrogen in
var ious sect1ons of the gastro1ntest1nal tract, including
the small intestine, and to determine-if there is a
relationship between these digestibilities and the total
tract OM digestibility. ,

" MATERIALS AND METHODS L

Animals and Their,Management o

_ Eight Suffolk yearl1ng wethers we1gh1ng 37 to 51 kg
were fitted w1th ruminal abomasal and termlnal ileal
bcannulae ‘%n1mals were housed in either warm (21 C to 25

f?
C) or éold (0 C to +2 C) chambers ghmch were cont1nua11y

\



lighted. Animal hénd]ing, feeding, experimental design and
statistical analyses weré descrfﬁed previously (Chapter
111). )

Sampling Procedure.. /// ’ '

Sampling of digesta was divided into two separate
‘frials within each period as specified in the previous
chapter. Collections of digesta were used for the
determination of nitrogen (N}, ammonia nitrogen, NAN, and
amino and non-amino acid nitrogen during the first trial of
each peniod: and the contribution of miqrobia] nitrogen to
the total ﬁitrogen was determined during the'second trial
of each period. Co

FlowsA of Nitrogenous Cormﬁhnds,.' -

Flows-of digesta, aﬁd consequent ly thé nitrogenous 7/
éomponents, were determined using" the double marker-systém
employed by Faichney (1975). The particulate marker

R S 4
103Ruthenium—phenanthr‘oline (Tan et al. 1971) and fluid

— p—

marier 51Chr0@ium-EDTA were infused contihuously at a
rate of 75 niL day”1 for 8.da93 after a priming dose of 60
mL with sampling for the isotopes‘occbring during the final
three days of infusion (Chapter 111).

Determination of Microbial Protein.

" Microbial protein contributions'to total protein Were‘
determined using 355 as a microbial marker (Mathers and
Miller 1980). Nap35s04 (10.56 mCi ug”’ |
N32355q§§'109 uCi 395 d° ') was continuously
infused into the rumen of sheep for eight days'a1ong with

markers for digesta flowrate. Samples of didesta for N

i

o1
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studies were collected as described in Chapter II11.
Preparation of Microbial Fraction. _ .
The microbial fraction of the rumen digesta was |
isolated using dijfferential centrifugation techniques.
'Seventy~five mL of digesta was centrifuged at 1000 g for
one mirute at 4 C. The supernatant was decanted into a
second tube and spun at 20, 000 g for 20 minutes at 4 C,
The supernatant of this sample was discarded and the
microbijal pellet reeuspended in buffer (McDougall 1948).
Once again, thif solution was centrifuggd at 20,000 g for
20 minutes at 4 C. This supernatant wase then decanted and
the remaining pe]let was freeze dried.
Analytical Techniques.
Total N was determined by the macro-Kjeldahl method

(Association of Official Analytical Chemists 1975).

L

‘,Ammonia N was determined using a modified colorimetric
4assay of Fawcett and Scott (1960).

.Amino acids were analyzed in samples which were freeze
dried for 6 days, and then ground in a Waring blender.
This ground material wae then put in a forced air drying
oven for 4 hours to ensure dry samples. Samples of 50 mg
~were introduced into 100 mL screw‘top culture tubes and
hydrolyzed in 5 mL 6 N HC1 for 24 hours at 110 C. After
hydrolysis. 1 mL of 10 mM cycloleucine was added to each
- sample prior to drying by rotoevaporator Ten mL Hy0 wae
then added and sample% were frozen until further analysis.

Amino acid derivatives were then prepared by using .
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duplicate‘1.0 mlL samplés of the hydrolyzedqmaterial. The
samples were heated under a stream of Nitrogen gasyuhtil .
dryﬁess befoﬁg/%he\ggrivatization stage. Seventy five uL,
‘dimethy| fbrﬁamide (DMF) and 25 ul N-(tert-butyldimethyl-
sily])4N-methyl-triflouroacetémide (MTBSTFA) were added to

the dried samples which were then warmed to 75 C in a sand

bath for 40 minutes. Samples were then transferred to 100

uL vials. Amino acid analysis was performed by jnjecting a

1.2 ul solution into an SE 30 fused Silica capillary column

in a Beckman gés chromatograph.

ngbhur—BS in abomasél‘and microbial ‘samples was ~
determined as described By Mathers and Miller (1980), and
was éounted using a liquid scinfillétidn counter (Searle
Mark 111, Searle Analytic Inc., Deé Plaines,'lilinois,
U.S.A. ). Microbial nitrogen contribhtioni3were analyzed
vusing the.miCPOijeldahl technique of Fleék»and Munroe
(1965) .

Chromium-51 and '93Ru-P were analyied oﬁ a gamma .
couﬁter‘(Gémma 8000..§éckman Instru@ents‘lné.; Fullerton,
California, U.S.A.) . |

‘Statistical Analysis. , . o

A1l 'data treatment means were testea for‘anélysis of
‘variance Qsing UANOVA (University of Alberta Computing’
Services) usihg sheep withihlgroups as the error term.

. RESULTS »
Ammonia Nitrogen Concentrat ions in the Rumen. |
The mean rumen ammonia N concentrétion inadbld exposed

m.
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- animals was much lower (P<0.003) than that in warm
acclimated sneep (Table Iv-2). |

Flow of Non- Ammonia Nltrogen

Flow of NAN to the abomasum was elevated by 14. 7%
(P<O0. 02) for animals maintained in the cold (Table IV-1).
‘Although cold stressed an1mals were passing 10.5% more NAN
. through the terminal 1leum than those in the warm
envirdnment this change was not statlstlcally s1gn1f1cant
(P>0.05). Faecal NAN excretion was not affected by
‘ temperature T |
' Digestion of Non-ammonia Nitrogen. \\\

Tdtal gastrointestinal disappearance of NAN was’not
51gn1f10antly affected by treatment with mean values of
13 83 and 12.88 g d~ ! for warm and cold exposed wethers
respectlvely (Table .IV-1). Non-ammonia n1trogen appearance
in the rumen was significantly higher (P<0.02) in’animals'
- exposed to cold.temperatures, Post-ruminally, there was no
significant differenee in NAN digestibflity between
treatments. However, there was a tendency for NAN
. disappearance to be higner_in the small .intestine 6fﬁcold
exposed ‘animals (P<0.15). - '

Although‘slightly'nore NAN was dlgested in the
.intestine relative tp the amount entering tHe small
intestine in the cold, -the percent.of NAN djgestion f
occurring in the small. and large'lntestines uas not

significantly affected by treatment (Table IV-2). -
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!

Feed and‘MicrebiaT N Transaetions.’ . S
Partitioning of the: flow of NAN from the abomasum into
diegary*and microbial components (assumihg j.S‘g‘N a !
‘endogenous protein flow; Kehnedy et gl.'1982) revealed that
the increased .flow of NAN was mainly due to an anreaseq
.ppoportion of dietary protein (Table'IV-Q); Feed N |
escaping forestomach fermentafioh was consequenfly
jncreaeea (P<0.05) ‘in the cold. A1though total'microbfal‘
protein eynthesis Nés reduced, the efficiency of m{crobial
proctisin synthesis was’slight]y increased in the co]d‘~
(P<0.15). | ' |
JPartitioning of Non-ammonia Nitrogen, Amino Acid Nitnogen~

and NonFaminp Acid NAN. : n

- Flows of amino acid nitrogen and non amino acid NAN are -

shown in Table 1V-3. Although more NAN flowed fhbough the
abomasum (P<0.03), the bartitidning'of'amino acid and
‘non-ahino acid NAN revealed non signif{cantlincreaees in
their respective . flows Terminal ileal flows and faecal
excretlons of these components showed no s1gn1f1cant
dlfferences due—fedtemperature '
D1gest1on of amino acid and non am1no acid NAN 1n the

‘anstro-lntest1nal tract is 'shown in Table IY 4: There were

ﬁncreéées in the appearance of amino acid ahd non. amino

- uac1d NAN in the forestomach of cold exposed anlmals, but

these were not s1gn1f1cant D1sappearance of the two

;components‘in the small 1ntest]ne were also sJ1ghtly but

.nonfsignificant1y eleyafed in the cold. ‘Large inteStinalﬁ



disappearances of these nitrogen sources were not affected

by temperature Whole tract d1sappearance of: am1no ac1d -

and non-amino ac1d NAN was decreased in cold exposed

~animals.

gastro 1ntest1nal tract.

Cold exposed wethers digested more NAN and amino acid.

NAN in the"small‘intestlne relative to the OM apparently

digested in the whole gastro-intestinal tract (P<0.07 and

P<0. 08, respect1vely, Table - -4). There was no.

| s1gn1f1cant change 1n the d1gest1on of non-amino ac1d NA\\\\ '

relatlve to. total OM d\gested in the whole

‘ Amtno Acid Concentrat1ons 1n the Rumen _ - -

Concentratlons (mg Kg~ 1 DM) of most amino acids in

‘the rumen were not affected by temperature (Table IV 6)

although the concentratlon of tyrosine was elevated

(P<0.10) and that of histidine was depressed (P<0.10) by,

the cold. Total'ruminal concentration of amino acids was
not affected by the temperature treatment |
- Abomasa | Amino Acid Nitrogen Flows and Composit1on

Ind1v1dual amifio acid n1trogen flows through the \

| abomasum were’ altered by temperature tTable IV-7) ~The
-'flows of all amlno acids through the abomasum were | |

‘generally 1ncreased w1th the flows of lysine, h1st1d1ne,

‘ and tyrosine belng s1gn1f1cantly 1ncreased (P(O 03, P<0 06,

-

and P<0 003,‘respect1vely). (However,pthe~flow;of>cyst1ne -

.was not affected

A

Amino acid compos1t1on (g N kg'1 NAN) in abomasal
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\‘digesta was affected by the enVironmental temperature to

which the animais were exposed (Table Iv- 8) ‘In every case

except for ly51ne h18t1d1ne seriné, and tyrosine~ the

/

content of amino acids re]ative to the amount of NAN in the '

, digesta was elevated in the cold.‘ The values for.yaiine

(P(0.0G), isoleucine (P<0.Q7),‘and leucine (P<0t04) were

‘al]‘signifiCantly affected by the cold environmentrdvTotaih

amino acid‘composition was aiso raised‘in the cold, however
the effect was’ non51gnif1cant |
Terminal Ileal Amino A01d Flows and Composition
Flows of‘amino ac1ds through the_terminal ileum were

unaffected by temperature (Table“IV—?i For all amino

- acids, the 1nd1v1dual ‘amino acid composition in terminal

]

"~_ N

viieal digesta was depressed during cold exposure except for .

ver

’ lySine h1$t1d1ne, and serine. (Table Iv-7).. Tze total

‘ amino ac1d comp051tion was also decreased how
non51gn1f1cantly, in the cold env1ronment ' //)
Faecai Excretion of Amino Acids e

glutamate were 1ncreased (Pée 05 and\P<0 10).. Overall, the

e

The excretion of methionine was signiA;cantly lower in

cold»exposed animals (P<0 05). whiie\excretfbn of ly51ne and

texcretidn of amino ac1ds was higher in the cold (fable |

‘}IV 7), w1th that of on]y methionine\\leUCIne and Q]Y01ne :~a
‘fslightly lower SR Ly

Amino Acid Disappearance ". ;~;‘ﬂ ; e'f.; ”?,1._;
Whoie tract disappearance of amino ac1ds was affected
® - . . . .

n



u'by the cold env1ronment (Table 9) Methlon1ne
d1sappearance was enhanced (P<O 001) wh1le lys1ne (P<0 03)
‘and glutamate (P<0 10) d1sappearances were not as h1gh as
'hthose in the warm. | Total amlno ac1d d1sappearance was

. depressed by 11% but th1s was not statistically
s1gn1fﬁcant '

There was net product1on of most am1no acids 1n the
forestomach except for h1st1d1ne, aspartate, cystlne, and‘
‘tyros1ne There was a hlgher net product1on of lys1ne |
| (P<0 03) and ‘lower “GQ;QOSSGS of h1st1d1ne (P<0 05) and

tyros1ne (P<0 0057 in ¢old exposed animals. - Total

7
forestomach amino acid net. appearance was h1gheq\1n the

<0.. 003) e

cold accl1mated sheep
Comb1n1ng the inte inal d1sappearances gives the post—
ruminal amino: ac1d transact1ons (Table Iv-9) . Meth1on1ne,
':lys1ne and tyros1ne apparent d1gest1b1]1t1es were :
) ]ncreased in the cold (P<0.05, P<0.05, and P<0.01,
‘respectively) lExcept for cystine, the post ruminal
“ut111zat1on of ind1v1du=l am1no ac1ds in the cold exposed
animals was h1gher | | |
,f. Dlsappearance of am1no ac1ds in the small 1ntest1ne in
every case was higher except for cystlne in cold exposed
anima]s (Tab]e 1v- 10) w1th the d1sappearance of lys1ne,n

aglutamate and tyros1ne being s1gn1flcantly affected by

'fﬂtemperature (P(O 05, P 0. 09 and P<0 005. respect1vely)

"“‘;Total amino acid digest1on by the sheep 1n the small

Td‘fintestine was 10 9% h1gher (P>0 05) in cold exposed

) L .
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- of total am1no ac1ds, with methlonlne use s1gn1f1cantly :

.

-elevated (P<0 01) in the cold. However for some am1nq ;‘Jﬂjy

.cyst1ne 1n the cold) - as 1nd1cated by.the negat1ve Vjﬁhl _Q;h'

“dlsappearance values

animals. R S ;';QI”‘

The large 1ntest1ne values 1nd1cate a net ut1l12ation ﬂﬁ

Clds, there was net release (hlstldlne and glyc1ne hdd

Y 3

T%}al dlsappearance of amlno a01ds in the post rumlnal
tract of cold exposed wethers was' 1ncreased by 6, 8%
although th1s value was notAslgn1f1cant

| DISCUSSION

Ammon-ia. N1trogen Product1on ,f‘~

e Decreased re51dence t1me for dlgesta in the rumen has

‘ been observed in cold streSSed an1mals There is therefore‘lv ;
'less t1me for the m1crob1al populat1on in the rumen to :
ferment feed res1dues Decreased dlgest1on of d1etary ) ;@.i;lg~“cf
prote1n is expected to be ass001ated w1th less productlon fil‘f;
B SR

-laboratory (Kennedy et al 1986a) The lower concentrat1on‘r‘f‘ﬂ

of ‘ammonia: n1trogen. as was the case 1n th1s experlment

S1mwlar results have been reported by other worKers in thls .

of rdmen ammonra observed dur1ng cold stress could be a f;ﬂ

-consequence -of the decrease of proteln degradab1l1ty 1n the

rforestomach (Orskov 1982)

-

: ‘.:. “ R

N1trogen Flows.‘ _Y Q o
Rlows of NwN to the small 1ntest1ne reportedfinf

experlment were s1m1lar to thoseereported f‘? cipverldiets

(Beever and Thc’son 1981) for low levels of early and' ‘ -

'v_ S Lt
BRI
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o

; med1um cut perenlal rye grass (Coelho da Stlva et al.

n

1972) for lucerne (Hogan and - Weston 1967) for alfalfa fli

in’ the present study

exposure Flows of NAN through the abomasUm of the wethe[

ffabsorption of amino acads-over'non am1nq{ac1d NAN thCh

o A

e .. | o

N .' ‘ , v

prote1n concentrate supplement feeds (Lu et ab 1982) and

for lambs fed a lucerne- ma1ze ground and pelleted ratton
(Margan et al 1982) but h1gher'than those reported for
low 1ntake5 of rye and clover by MacRae and Ulyatt (1974)‘;
and a zetch concentrate m1xture by Ben Ghedalla et al
(1974) ' For brome d1ets fed to- cgﬂd exposed sheep: Kennedy
t ’ (1976) and Kennedy and M11l1gan (1978) observed
h1gher flows of NAN through the abdmasum than those in the
present study, but 1t should be noted that 1ntaKes in those

\ [

exper1ments were hlgher than 1n the present study T‘Kennedy

\
o

.gt l‘ (1982) found sl1ghtly lower flows of NAN {bjthe

—
r

.',~small 1ntest1ne but the1r antmals consumed less feed than

“‘ L] T .D ; . . 4

\‘P<‘

Increased flow of NAN to the smaﬂl 1ntest1ne of Sheep

dur1ng cold stress has beem reported prev1ously (Kennedy et

. al 1976 Kennedy and MIll1gan 1978 Kennedy et al 1982 .;

Chr1stopherson and KEnnedy 1983 Kennedy et’al 1986a b)
Results from the present exper1ment 1nd1cate that the
relat1ye flows of boih am1no aCld n1trogen and non am1no

c1d NAN were inoreased but not s1gn1f1cantly,‘dur1ng cold

were made up oilﬁﬁ% am1no acrd n1trogen wh1le the :T,f“f‘,;"'ﬁ;huj

"”‘hcontrlbutlon of amlnd aCId n1trogen to the NAN flow at the

B

Ffterm nal ileum was only 38% Th1s 1ndtcates preferent1al ’;fj't ‘

L.

el o P e e
St . G p : . Ty,




'fSoest 1982) . o ;f‘,l -

o \
[

'j“was probab]y compr15ed largely of nucle1c ac1ds, N 1nvolved
‘1n ce]] wall structure (such,as pépt1doglycans) and any

{n1trates and n1tr1tes produced in the large 1ntest1ne (Van

~h

. The decreased N d1gest1b111ty (P<0 05) for wethers

‘aexposed to cold is. cons1stent w1th the results of Kennedy

t al (1986b) for sheep fed a chopped brome hay diet.

However the mean values are lower than those of Kennedy et

1976 Kennedy and Milligan ( 1978) and Kennedy et gi.

7“(1982)

& o ‘
Exposure of sheep to the co]d enV]ronment 1ncreases the

'.Wflow of onganlc ‘matter and cell wall const1tuents to ‘the

small ?ntest1ne 1ma1n1y due to enhancements in the rum1nal

:a;rate ‘of passage (Kennedy et~ a] 1986 Chapter 111)

! ——
L

assoc1ated‘w1th 1ncreased rum1no ret1culum mot11E}y (Westra

and Chr1stopherson 1976) . Thls is consistent with the

results: found in'thjs study where flows of NAN to the small

intestine were jincreased in the cold. The NAN flowing to
the small intestine is composed of microb‘al nitrogen

undegraded feed nitrogen and n1trogen of endogenous orlg1n

\
(Armstrong’!hd Hutton 1975) In this study, less feed N

was d1gested in the rumen in the cold stressed animals.

1nd1cat1ng 1ncreased by- pass of dietary n1trogen by the.

‘rumen Satter and Roffler (1981) reported that h)gh

;Unitrogen rat1ons conta1n1ng non prote1n n1trogen were no

?better than the low N ratlons conta1n1ng non protein

vn1trogen 1n terms of the protein flow through the abomasum

Y . 3
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like]y‘because of .the increased contribution of‘endogenous‘
N. Flows of. NAN through the abomasum that are h1gher than
the 1ntake of N, as observed in th1s study, are usual]y

expected with d1ets Iow 1n.crude prote1n content (Santos et

-~y

al. 1984,|Sp1cer et al. 1986),

The enhahcedtpaSSageFoftdietary‘protein to the'small
fntestfne dur ing cold exposure‘is consistent with previous
reports {Kennedy et g_ 11976, Kennedy and M1ll1gan 1978
Kennedy et al. 1982) - The decreased re31dence time in the
rumen (Kelly and Chr15topherson 1986) :and the presence of -
s]owly degradable prote1ns account for the depress1on 1n1
~dietary proteln degradat1on (ChrIStopherson and Kennedy
éﬁfﬁ- Kennedy-et‘al 1986a) and decreased rumen‘ammonia .
| concentrat1ons (Orskov 1982) . | ‘. ‘
The eff1c1ency of microbial prote1n synthes1s was

'improved in the cold as more prote1n was '’ synthes1zed‘1n the
rumen relatlve to the amount of energy substrate_
fermented _ Other stud1es have reported this same“
r"phenomenon in response to cold exposure (Kennedy,et al. '
1978, Kennedy et al 1982 Kennedy et al 1986b) The
est)mates of net eff1c1en91es of m1crob1a1 Synthe51s were’

with1n the : range of 33 6 to 53. 5 g Kg“‘OM apparently

L fermented reported by Orskov (1982) McMen1man et al.

‘41986) recently reported a mean value of 38 g kg 1 oM

Japparently fermented in the rumen of sheep fed M1tchell

*ﬂ,‘grass wh1ch 1s very ‘similar to the eff1c1ency values

g reported in the present study



;

Partition1ng of the Disappearance of Nitrogen

“Components ‘ _;

Rumtnal d1gest10n of dietary protetn is a function of

the t]me avallable for the dlgest1on by rumen mlcrobes
‘ vy

.m1crob1al populat1on dletary const1tuents and eff1c1ency

“of d1gest1on by the m1crob1al popu]ace The extent of .

prote1n degradatlon in the rumen 1s an 1mportant factor in

determ1n1ng 1f the amount of ro leav1ng the stomach
p

,w1l] be greater equal to, or less than the amount of

4

protetn consumed tsantos et l‘ 1984)

,_._ —_—
|

lThe results from th1s study tend to agree with those of .

!

Kennedy et af (1986a) whlch show that the ]evel of d1etary

prote1n by pass1ng rumen can_be . substant1al]y

i

1ncreased 1n:the cold. Indeed, 54,6% of. the NAN entering

‘the small intestine of co]d eXposed Wethers was ‘of fééd -

_or1gtn whereas on]y 40, 1% of tha NAN enterlng the smal]

‘antest]ne of warm acclimated wethers was of feed or1g1n

"‘fermentat1on upon cold accllmat1on (Kennedy et al. 1986)

A

‘Estimates in ‘the 11terature 1nd1caté§lhat an add1t1onal 35

'to 65% of th&BN 1n brome grass pel]ets and 22 to 25% of the

N 1n chopped brome grass or alfalfa d1ets escaped rumen

Est1mates for the/d1sappearance of . NAN in the small o

‘m1ntest1ne are few /The apparent d1gest1on of NAN 1n the

i

.:;esmall 1ntest1ne of steers fed high: concentrate d1ets is

,["’fflncreased (from 54 1y to 76.6 %) W‘th 1ncreasing feed

w0

¥ "'£1ntake,(Z1nn and Owens 1983) . Voluntary feed CONSUﬁﬁﬁjon

ﬁ*1s usually 1ncreased in the- cold ‘a’ response wh1¢h WQuld

L . ,D:S -
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by Kennedy et

.the small 1ntest1ne 1n lambs fed 1ncreased rntakés of a

allow increased avatlability of NAN for abgorption across
the small intestine (Kennedy gt g{; 1976# Kennedy and
Milligan 1978). In the present stopy, where feed intake
was held constant, the intestinal disappearance of NAN in
the cold Nas nonsign1f1cantly higher than~for the warm

enviroﬁhent {P>0.10). This contrasts uhth reSultskreported*

al. (1976), Kennedy -and Miltigan (1978) and

A

-~

Kennedy'gtfgl. (1985) in which there was increased

intestinal digestion of NAN, The higher disappearance of

\

'NAN in the small intestine durlng co]d exposure may be even

larger than reported for apparent dlsappearance because of
ev1dencefp01nt1ng to 1ncreased endogenoue prote1n lnputs
from the,pancreas in the C‘Bd (Kato and Young 1984) -

The fncreased 1ntest1nal d1sappearance of NAN relative
to the amount of organic matter d1gested in the who]e tract

of an1mals exposed tQ.cold is cdhststent with prev1ous

- reports by Kennedy et al. (1986af for 12 of 14 diets.

Margan et al. (1982) reported an 1ncrease 1n flow of NAN to

hay'eonéentrate ration Despite. a reductlon in the

o 4

‘«dtgestibility of NAN in the.intestines, however those . .7
‘w%rkers found that more crude prote1n per un1t digest1b1e \
aM intake _was, dagested 1n *he post rum1na1 tract. Although .
'3%:total OM dagestion is depressed in Lhe cold it is evtdent
"':‘that with increased flows of NAN to the smal] intest1ne and

‘1ncreased disappearance of NAN at thts s1te. sheep eXposed -

‘to the cold envtronment may be more effic1ent 1n

N - e
*,

- - . . s
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(A

maintaining their nitrogen economy than sheep in a warm
ehvironment.

The digestion of NAN in the large intestine accounted
for only 15% of the total intestinal NAN digestion in this
study. This result indicates that the microbial \ |
fe;mentation process in the’large intestine had a
rélativel; minonr effect'on the nitrogen economy regardless

b .
of environment., Studies of Coelho da Silva et al. (1972)

’

and.MacRae et gl; (1975) with sheep fed dried grass diets
‘ have also suggested a minor role for the large intestine
with oniy 3.3 to 8.3% of the totalﬁamindiacid.NAN
djsabpearing in the caecum and colon. Santos et al. (1984)
observed f1.4% of the Qigestion of amino aqid NAN churring
in the large intestine of dairy cattle. fed distillers dried
grains. On the other”h;nd, Lindsay and Armstrong (1982)
suggested'a more substantial role for‘the‘large in}estine
* in the disappearance of NAN. The digestion of residdél‘NAN
in the large;intestiné generélly leads to upt;%e of some .
-nitrogén‘from tﬁisidrgan; but chh nitrogen probably is.
| absorbed in the form of ammonia . (Snfith 1979;\Lindsa; and
Armétrongf1982). | N ' ‘
- Amino Acid}Trénsactions; '
‘Tofalffiow of amino agid No thelSmall'jnteétfne iﬁ4.
. theiﬁresénfjsiuqy ﬁas‘slightly Jess“than\tﬁgt rgpor;ed by ::‘
® 'qul'ho,“da‘ Silva et gl. (1972). ' 1f-the cqﬁ'tribdtioﬁ's' of "+
}ryptophaﬁ‘énd-arg{n{ne;—ﬁhéqh were not measuréq in the‘f"
prégeh;:hbrk, are considered, the estimates would havgfggen

. ,',‘ N A,
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similar. The increased flow of lysine through the abomasum

s

could be an indication of a greatér contribytion of
protozoa to the total NAN flow in the cold. Ulyatt et al.
(1975) reported large ditferences in the amino acid '
composition of duodenal digesta with notable di fferences
between bacterial and protozoal protein. Protozoa had
con51stently higher values for lysine, and lower values for
alanine. lhose worhers suggested that the composition of
duodenal amino acids could:be used to indirectly assess the
proportion of protozoal protein in total digesta. The
'amino.acid composition of‘abonasal digesta was similer to
the results of Kennedy et al. (1986) for duodenal, digesta
‘in sheep fed similar diets. Those workers repOrted 87%
anino'acid N in duodenal NAN for thermoneutrally acclimated
sheep, and 61. . 8 % for cold exposed animals Results from
the-present experlment 1ndlcate that am1no acid N
.'accounted for 55 and 57 ﬁ of NAN for thermoneutrally and
.cold accllmated wethers, respect1vely Data presented here

o

uses the value for arg1n}ne from Kennedy g_ al. (1986b)‘tokA
give a slmllar amino acid proflle Ind1v1dual amino acid
compos1tlons do vary among the stud1es however In this
-experlment the comp051t1on in abomasal digesta of all~but
_four amino aé1ds llysine h1stld1ne, ser1ne and tyros1ne)
‘was 1ncreased dur1ng cold exposure , The work of Kennedy et
“gl. (1986b) showed thqt the values for lysine, histidine .
"+ and tyros1ne were sllghtly decreased (P>0.05) in the cold

1

in addit1on to the values for methion1ne. and

SN
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phenylalanine., Generally, most of the other duodenal amino
acid composition increased during cold exposure in the
study of Kennedy et al. (1986b). The increased flows of |

. amino acid'N to the duodenum and the decreased contribution
of microbial N in abomasal digesta likely reflected the .
increased passage of pndegraded dietary protein (Beever and
Thomson, 1981). ) . o
Estimates of net amino acid disappearance in the small
intestine of wethers exposed-tolcold.environments are npt
evident 1in tnetliterature. Lindsay et al. (1980) reported
true digestibj]ity estimates in the small intestine (which
included estimates forjendogenous'amino acid inputs) to be
betWeen 70 and 80% for most amino acids with cyst(e)jne
being.the 1pwest at 52%. | '
Amino acids a)ﬁ not on]y'precprsors'for proteins, but
can also pe‘a valuable glucpgenic substrate or energy

source to the' ruminant when catabolized to produce urea and

L

COp, with the'release»of chemical energy (MacRae'and
Lobley 19861 - Because a decreased rate of we1ght galn is

common in cold exposed an1mals perhaps the end products of‘

‘ }prote1n digest1on tend to be directed to gluconéogenic

\

" functions rather than prote1n accretion in such .
;c1rcumstances (Kennedy et al 1986b) In cold
'“env1ronments. the overall production and concentratlon of
rumen volatile fatty.acids (VFALs decreased (Kennedy and
Milligan 1978. Chap_ter‘ 111), reducing: the availat»ility of
IRV , ;

- an iqpprtan't energy;’,spurce to the sheep. In the small

R i
- ‘ [y . 3 . .
. . . i B N 3 .
. . . N 3
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intestine of the wethers exposed_to cold temperatures in
this experiment, the disappearance of amino acid N was.

increased relative to the amount of OM digested in-the

~whole tract. The 1ncreased apparent absorption of amino

acids may not, however , be reflected in a general increase
in the nitrogen retentlon‘dt the anjmal;g Ih1s agrees with
Kennedy: et 51 (1986b)'uho found improvement of the ratio
of 1ntest1nally digested NAN d1gest1ble 0] 1ntake for 7 out
of 8 diets. As thls rat1o is 1ncreased in the cold the
am1no acids may be utilized as an energy source especially
in situations where dtgest1b1e OM intake is l1m1ted, rather
than serving as preoursors of protein synthegis for

accretion'of body tissue (Weston 1973, Egan 1977, Kennedy

"\t 1. 1986b) Kennedy and M1111gan (1978) reported

depress1ons in nwtrogen retention for cold exposed sheep
fed pelleted‘brome grass Continued ava1lab111ty of amino
acids from the 1ntest1ne w1]l however have a prote1n
sparing effect, reduc1ng the need for amino acids from the
gastrointestinal tract as energy preoursors. freviousty,b

it Was found that when poor‘quality.)low N diets were

'lg1ven m1crob1dl fermentatlon resulted in an overal]

"synthes1s of NAN anterior -to the small 1ntest1ne (MacRae

.and Ulyatt 1974) Increa51ng the energy supply result£\1n

a reduction of prote1n catabollsm, as well as a*small

.increase in synthesis (Miller 1982)

,..

In conclus1on during cold exposure increased. escape of

.dietary protein from rumen rermentat1on and a more B

TN s
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efficieht‘microbial‘prptein sYnthesisdprovided the
intestine with increased NANF Hence, there was.a non
significant increase id the availability of amino acid -
nitrogen'and NAN to the‘smafl intestide aﬁg a siQnificant»
increase in the d1gest1on of SpeCIfIC amlno ac1ds (1ys1ne.

histidine, alan1ne and tyros1ne) in the small, 1ntest1ne

There was ev1dence for ma1ntenance of™ the amino acid supp]y

iy

- and nltrogen economy of the rumlnant spec1es in the cold Ao

environment when-energy d1gest1b1]1ty was depressed These
Les

'adJustments may allow aanals to. ut1llze d1ets of pooﬂer

nitrogen content in the co1d. env1ronment ‘ -}Jv; -
O ‘ o SRR SLOP
"bv R e Lo “__ - . . S I | v
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‘Table IV-1. Intake, floﬁs'(g'd“)'and disa?peé:anée (gd').
of‘honéammonia nitrogen th:éugh'the‘gastfo—fntéstinal‘tréct_

of warm and cold exposed wethers. S

e

—

Item

Warm Cold i S.BE. Sig.

Flows A . |
" Intake ; 257 25.7 -
Abdmasalﬁflow | J : 28.4 32.0 0.67-l %
’Terminai ileéiifloy ;; “ | i' 14.3 ‘15;8 ‘ 0t62. ‘
‘Faecal'zhtput , ' 1.9 12.7 '0,45
Disappearanée‘ ».
Fotestochﬂ o | | B '-2.7“47,3,i-0.67 ax
Shall intestine - R 14.0- 17,3~ 0189
L Lérggvidtestihe ‘." . f' | '3f 2.4 ».é‘é ’0.78‘; C oy
Whole tract - - 137 2.9 0.9s |

~

#
i L . \

;sr5;{ *L Means uithiﬁ[a'Jocation'are different (P<0.05).
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Table 1V-2. ‘lntake and dxgestxbxlxty of nxtrogen, rumen
ammonia Concentratxon' flow of ammonia, fon-ammonia mnitrogen
(NAN) microbial nxtrogen, and undegraded feed nxtrogen from.
the. abomasum, and intestinal dxgest1on of NAN in sheep given
brome (Bromis inermis) hay.

. e — < : _ -
, EnvironmentalfTemperaturev - Warm _Cold S. E. Sign. .
N Intake (g d-') ° ' 25.71 25.71 -
N Digestibilityl(g g N.intake)'  0.54 0.50 "6;lj
Rumen ammonia , ' ‘ .
Concentratxon (mg L") , ‘93,13 74.48 17,18 ' xxx

Flow from abomasum (g N’ d") . ‘ ‘ -
Ammonia : 1.11 1.02 0.09

NAN I ' 28.13 32.97 0.67 = xx
Microbes . 16.86.14.50 0.80

Undegraded Feed . ‘ . 11.27 18.47  0.96 ‘*;:

N\

.Feed N escaplng fermentat1on

in stomach (g g~ 1ntake) ‘ ' 6;35 0.44 0.04 x
Eff1c1ency of M1crob1al - ,34.8737.50 °~ 4.30
Synthesis (g N kg~ ' OM o
apparently fermented). . ,
. ' L ) . ' ‘\b K N b ' ' f
Intest1nal dlgestxon of NAN (g d-") 16.48 20.14 1.60. X
Small Intestine . o 14.04 17.23  1.99
Large Intestlne A 2,44 2,91 1.90'
Intestlnal d1gest1on of NAN- R :
(g g-' entering 1ntest1nes) . 0.59 0.63
© " Smald Intestine- . R ‘0.50.° 0.54 -
‘ Large Intestlne T «-_._\.,Pr09f 0.09
l f‘% of NAN d1gestﬁbn 1n--3‘“‘1_P2;f;1"¢7‘7F§ T L
“Small :Intestine .. . .*. . . - 84.70 85.70 '10.22 . = -
Large Intestlne .r',>~ e ‘j‘? 'Jsu30'14.30¢; Js22;
"?y*vh“vMeans across temperatures axe "different (P<0 10)'

-*% . Means 3cross tempetatures are different (P<0.05)..
*** Means across temperatures are d1fferent (P< 01)
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‘ -Amrno acad nltrogen

.wh
a
r [

L \

relatlve to total tract OM dlgestxon in the small 1ntest1ne

AEEEN , \

r’\

‘of wethers eﬁbosed to warm and cold envxronents.

'acxd nxtrogen ‘and non—amxno acxd NAN (g d“)

. Table Iv- 4 D1gest10n of non—ammonxa nltrogen (NAN)

“

aminb“

;and dxgestxon R

Ttem . = " S L ‘ Wame

. Cold. 'S

"‘r\ :-l4\'
. -

@ " )

'Non- ammonxa hitrogen ,‘P%;JHFQ‘J4gQ4;j

"‘ ‘_1,’ .,“,h‘:“ “l."", ‘;] Y
:Am;no A01d nltrogeno~k;fj

/ (R

';Non amlno ac1d NAN Qﬂvff«' 3 28

e

ngestxon relaﬁlve to total OM dlgestxon

L

fr

'Non ammonla nltrogen  ,"r-“,g0 0188

1

J a

T

Non~am1no ac1d NAN

';3Tﬁ\1d;76.

S 9144

0 0044

0 0182 0 0014
0 0081 0 0013

N

122

"93
5 29

. 5{"

0 0263 0 0017

1,06
0.358
0.92..

S
Sy
\
N
.
1.
0
,
N " -
.
.
:
.
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Taple IV- 6 Amino acid nxtrogen concentratxon (mg kg -t dry

‘given, brome (Bromus inerimis)..

‘5;'w matter) of rumen contents in warm and celd exposed sheep

‘},‘. - ]
’ ‘?ﬁ@inb Acids . ¢+ Warm. ' Cold’" ° S.E. Sig.
e N
i ,Essehtiai Amino Acids i ) f
; B reonine 0.74 0.86 1:76.
o line. . ., . . 0.74 0.8t 1.90
< "Methionine | 0.10 - 0.13 0.38° . "
.. 'Isqleucine 0.63 . . 0.68 S0 P AR
3 Leucine - - 0.92 1.04 2.41. - 0.
‘Phenylalanine .. 0.55 . 0.65 ©1.42
ysine - - 1.25 1,55 '2.91
istidine 0.21 - . 0.12 0.43 *
. ST, o \ ,
‘l;***"‘ ; : i o - o g \
; <\"3\ Non-essent ial Amino Acids ‘
: ‘Aspartate ) 1.07 1.§i 0.261 o
"4 .Serine . 0.65 © 080 0.151
. Glutamate -.0.97 S I B . 0.242 " ‘
- Proline | :0.48 *0.53 © ' 0.12
. Glyc1ne : 2.94 3.42 - - 0.11 .
, » Alanine 0.84 0.98 0.20 T
. Cystine 0.41 0.14 - 0.63 o
. ‘Tyr051ne : 0.26" "0.35 0.07 )
\ — = . . ! .
. Means across temperatures ‘are. d1fferent (P<0. 10;
.“:* Means across temperatures are d1fferent (P<O 05 .
i e i " ’ ‘{ : - . :_;mw'\ .
R Rk [ Lo
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¢ Table 1V-8. Amxno acid compo$1t1on (g N kg { total

i L !
o : a : * ¢

non ammonxa nxtrogen) xn abomasal contents xn-warm and" cold
f N t, ﬂ ',, L
exposed sheep given brome (Bromus 1nermxs)

. ‘ ‘ Teea Y
. ) e v o ﬁh N
" Aming Acids ¢ Warm . Cold  S.E. = sign.
- Essentjal Amino Acids
Threonine . 35.96 37.91. . 1.37 -
valine . - : 33.04 36.66 ,0 78 . A
«  Methionine 5.24 . ' " 5.61 S 0.22 oo
Isoleucine - 27.78 . 30.97 . 0.62 - _ %
Leucine - 41.13 . 45.16 - 0.2 .
- Phenyialanine - 24.73 ,,25.79 . . 0.90
Lysine . 58.97° '/ 53.32 2.41. T
H}stxdme , % ‘ f.‘as - 6.45 3 _!0 93 wv&“ P : ‘
>“""\ \ \ C° ) l‘ N - , &, f‘h“ 4 ~‘ ,

» Non-essential Amino Aclids = - L
 Aspartate - 46.46 46.54 . .1.59 SN
*Serine - 35,21 34.786 1.78, .o ‘

Glutamate -7 3B.98 . 42,98 ©1.42 T
'Proline ++ ' . .. 21.74 0 23.75 . 0.58 " x
Glycine - ..33.18 . - 35.84 * 1,06. . .
~Alanine .. 40.83 ., 42, 95 1.14..
Cystine =~ ¢ ', . .2.60 _, -3.83
’ Tyr051ne L 14,317 "u' 13 12 r
N 6 : . ! . t‘.“‘ " . " i , ) E
o toTAL .- 47001 485.517% o
~arginine' ' 0 ;_,62.40ff“' - 61.78 ",
L N “ ‘b ‘..‘ N ;‘ :\.f“ “ E -‘,T\)g; -, e Ty A
,'TOTAL e 532 4?'_. o 547,28 o T
e e‘Values estlmated from Kennedy et gl.‘(i§86b};*
(f“ \ :iacrmss temperatures are d1£ferent (P<0 10) fhz*

factoss temperatures are dlfferent (P<0 05)

L)
\‘;
Y
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V. THE EFFECTS OF THE COLD ENVIRONMENT ON THE PORTAL AND ?'”-
MESENTERIC BLQOD FLOW AND AMINO ACID FLUX ACROSS THE SMALL
INTESTINE OF ADULT EWE$ .N : : ’“'d | P
T *mmooucnon B
Exposure of anlmals to d1fferent thermal environments i;ﬁ,\ .’!u
can result in,substantial ch;nges 1n the c1rcu@atory system )
(Hales 1974) These shifts in c1rculat1on can "edd ‘to ' |
L tabol1c and thermal red1str1but1on amo gﬁt1ssues in
“j:v1ronmentally stressed anlmals (Schaeffer QL..l 1982)
"*LIn heat . stress, blood w1ll tend{:o be shunted froﬁ the deep
| body tissues to the periphery to fac1l1tate eff1c1ent ‘
‘-Jexchange of heat with the env1ronment | Essent1ally,- } ‘.'?r'w \
red1rect1on of blood flow occurs wh1ch may result in more.l/\‘
:or less, blood flowtng to the gastro1ntest1nal tract: 'v\ -fggf
‘Hales (1973) and Von Englehardt and Hales (1977) observed a o
‘reduced cap1llary flow 1n the gut usfhg 1abelled - ‘
:lnAcrospheres ln sheep exposed to hot env1ronments, pess1bly S
| with & consequent1al decreaSe Lt the eff1c1ency of nutrientghh |

"uptake.by the gut l L d.' “‘ T . ,“f”‘ S ,L_ o o {g
; _{ Exposure to cold env1ronments has had less well def1ned- R
effects on the blood flow and nutr1ent uptaKe by the gut

- i'Tn*acute cold stress, Alexander %ﬁ al (1973) obServed,,g ff"f
depressed blood flow to the gut t@ newborn lambs, which |
mlght be expected to 1nfﬁence colostrum availability, . 3 ‘\

Dbcreases 1n relative blood flow to the rum1no-ret1culum - ‘:”\ﬂﬁf

‘-:;ihave been pbserved (Schaeffer et al 1982) which may be :.r;w

o . . e R Lo
1 R RN P I

. . s s , ' : ' PR : ! \ . . .
B L R TR I NSRS ;
B T T o T s
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.‘\E: salt were available ad 11b1tum 3;

‘apparent digestibtlity of am1no ac1ds in the small

“. D

1mportant 1n nutrient transfer and consequent ava1lability |

to the animal } W“ e S ‘t v ]rnvw-

]

N

Effects of exposune to cold temperatures on the

-

‘vtntefttne of sheep have been reported in- Chapter IV The
ppossibility that these effects have 1mp11cat1ons in the :

arterio- venous flux oF am1no acwds across the small

the effect of cold exposure on blood flow through the

gastr01ntest1nal tract and to determtne 1f there was an
i‘“ﬁinfluence of temperature on the net flux of am1no acwds .

'\across the nesenterTc dra1ned v1scera 1n adult ewes.

MATERIALS AND METHODS

Antmals and their management _
S1x mature dry,. Sufﬁolk ewes we1ghing 47 to 53 Kg were =

."vlhoused 1nd1vidually 1n metaboltc crates Each was fed 1600"

'ﬁg d 1 cut brome hay (Bromus 1nerm1s) by means of an

.hautomatio feeder 12 times daily ‘ Water and Cobalt Iodtzed |

l
a1
T

Three of the ewes were acclimated to ‘a coldcenv1ronment

Environmental COnditions

7f;thermoneutral env1ronment (22 C to 25 C) for a mtn1mum of

’!&:{;}twenty-five days prior to experimental measurements.v Each

1nteét1ne has ‘ 1nvesttgated ‘- - o
' : The object es of th1s exper1ment were: to" 1nvesttgate o

by (0 C to +2 C) while the other three were accl1m3ted to a v_QV'““



anima’l waséclosely shorn%prior to: entering their respective

‘lnenVironment as well as t weeks prior to the time of

. A S
, sampling o 1,‘/ ‘ ;‘ i S ;‘ .
) : Surgical Prepara o o R

Ten days Z o epﬁerimentation anaesthesta Was '

finduced with N utal and the ewes._ were maintained under

general anaesthe ia u51ng Halothane Sterile Silastic |

, catheters were implanted in a mesenteric artery. the portal
vein,‘and tw 81tes in the mesenteric venous drainage The"“
first mesen eric vein catheter was located three cm | |
,posterior to the portal vein and was deSignated as the L
: mesente ic sampling catheter ‘ The second ‘was', located 15 cm
upstream from the first mesenteric vein catheter. and was‘
,des/gnated the mesenteric para aminohippuric a01d (PAH)

‘infusion: catheter

Post surgical care 1nvolved immediate placement of the

1animal under a heat lamp in 1nd1vidual holding pens bedded.

.w1th wood‘shaVings InJections of antibiotic (L1qUamycin, y};;.‘“'

;100 mg mL" 1) were given for three days postasurgery ' ‘

"Animals were returned to their respective env1ro\ﬁknts

.if.ethree days post surgery and a further seven days was given.,f‘;yg;ﬁg
f{as a recovery period before any sampling of blood occurred. ST

| Measurement of Portal and Mesenteric Blood Flow ﬁf?“” |

. Flow of blood through the portal and mesenteric drained ,*'wf.

v1scera was determined using the PAH dilutton technique of ..(5;;?

Katz and Bergman (1969) 5 g D e e

A 2% PAH solution was continuously infused into a small

Coa | W T B v ‘, ) . k5 _, L



Y
“

"infusion pump (Ismatec M-13) at a rate of 65 mL h 1‘(Katz

. . . . ")
. : o

" . . ) ' ’ ' L] . ‘ ' “y‘
branch of the mesenter1c ve1n ut1l1z1ng a cont1nuous

‘l‘and Bergman 1969) following a pr1m1ng dose of 18 mL PAH

solutio - The 1nfus1on was cont1nued for 45 m1nutes before

blood. l1ng Was performed To ver1fy the 1nfus1on rate,

‘the 1nfusate conta1ner was we1ghed before and after the
tlmed 1nfus1ons 'la. ;‘ 3 S "“" R ~\\"
.® After PAY equ1l1br1um (after 45 m1nutes 1nquIon),: o

“three sets of blood samples weqe w1thdrawn from each

-

vessel, at l\ minute 1ntervals Th1s ser1es of sampl1ng

occurred four tvmes da1ly for 3 days for a total of twelve

samples for each ewe

‘~acid analys1s

‘“*lvand va and C aqe the concentrat1ons of PAH (mg

‘PLLfffrespectlvely (Katz and Bergman 1969)

'calculated;plasma flow by multiplying the flow of whole

!

Samples were 1mmed1ately separated into whole blood and

'VLplasma fract1ons. the whole blood be1ng used for PAH

E analys1s and hematocr1t determrnat1on and plasma for am1no

-

e
1 ' o ' e

Blood flows through the portal and mesenter1c dra1ned

v1scera were calculated by v”l\'.ifl o

- :va-# I / (C '% C )

L where~va,1s the rate of blood flow (mL min’ 1) 1n the

lfportal ve1n.‘I 1s the 1nfus1on,rate of PAH (mg m1n J)

w“mL 1) inpthe portal venous and arter:al blood

Plasma flow may be determ1ned us1ng a sl1ght

""";‘modification of th1s techmque wolff et 7.@1//“(197:2”)'




blood by the percent plasma _ This'waslcaiéu]aﬁéa_gs" s

P
l | "
. ) »'
C e

lgfollows ‘
~ Plasma flow = biood flow X '((100- PCV)/lOO) B

‘,where PCV represents the packed cell volume or hematocr1t

i

‘Det,pm1nat1on of gastrosplenlc ve1n flow was calculated as",
_ the d1fference Q?tween mesenter1c and portal vein flows },

‘,(Webster and Wh1te 1973)

Amino Acid Analys1s o
»
Am1no ac1ds were analyzed us1ng the ortho—

hthald1aldehyde precolumn der1vatlzat1on and reversed-»u
phase h1gh performance l1qu1d chromatography (HPLC) | |
techn1que of Jones and G1ll1gan (1983) | Am1no ac1ds were\
separated and quant1f1ed us1ng a Varian 5000 hlgh |

‘ performance l1qu1d chromatograph and’ a Varian Fluor1chrom rl"
‘.detector PPlOP to injection, samples were m1xed us1ng a
umod1f1ed Technlcon autosampler.and a\Chemlab perstaltié \
‘rpump w1th a sta1nless steel m1x1ng tee Samples were m1xedl

!
X w1th flouraldehyde reagent and 1nJected us1ng a Valco f"‘l\
l

',_? to1n3ector valve equ1pped w1th a 20 uL loop The column

‘ ".,

was a Supelcos1l 3 um. LC 18 reverse phase column (4 6 x“lSO

‘] mm, Supelco) and a guard cold ,(4 6 x 50 mm) Packed w1th ”‘;#f*j

Supelco LC 18 reverse phase pack1ng (20~- 40 um)
o Chromatograph peaks were becorded us1ng -a F1sher recorder o
and 1ntegrat1on was accompl1shed us1nq a Hewlitt Packard 1}fmgl{5jl

3353 data system w1th a %ewlett Packard 18652a A/D 1.ffj1'

foff converter

Net release of amino acids across the mesenteric\fig

P

'“ﬂﬁi;”‘



viscera was calctlated as the venous-arterial plasma amino
) ' ‘ \

acid concentration differences times the mesenteric plasma
‘ s B
Statigtical Analysis o

/

Treatment means were conpared by means of an-‘unpaired

T-Test (Steel and Torrie 1980). ~ ,/ ﬁi\\
: RESULTS f

' B Because of difficulties encountered during infusion of
~ PAH and blood sampling; an 1nadequate number of samples was
N N

acquired from the portal Ca{Q\»?PS . The values reported

for portal flow are presented ‘only as a reference and must
therefore be judged accordingly. -
Flows of plaéma throughtthe_portal, mesenterio‘and
) gastro-splenic veins are shown in Table V-1. In the co]d
environment portal ?low~was decreased by 34% while |
“~hesenteric flow was decreased by 27% compared to the warnk
' environment . Gastro- splen1c flow “which was ca]culated\gxzf\
nthe difference between portal and.mesenter1c flow, was also
‘,decreased by '54% in the colg'temperatures |
Hematocr1t values of 27.2%, 27 7%, and 28.0%"in the
‘warm and 26 6%, 26 5%, and 26.3% in the cold temperature
5fﬁomathe portal venous, mesenteric venous, and arter1a1
rifvessels. respect1ve1y, were not 1nfluenced by temperature
ﬁd treatment (P>0 05) SR

Concentrations of am1no ac1ds in arter1a1 plasma were-

affected by temperature (Table V- 2) Isoleucine, serine,

*;;;and asparagine concentrations were all slightly-depressed



'(Ra0.10) during cold exposure. Threonine, Valine.
phenylalanine, tryptophan, and‘glutaMate were all decreaseq
(E§0:05), and lysine and tyrosine were the most
hsignificant]y decreased (P<0.01) in the-coid environment.
Net reiease of amino acids across thef@esenteric

”~

drained viscera is shown in Table V-3. There were some

differences which ,occurred in response to cold . —

tehperatures, although they were nonsignificant changes.
There was a lower net release (P>0.05) of seven of the nine
essential amino acids measured in this study.

"~ DISCUSSION |

Exposure of animals to s-tr‘essfuily cOld’nvironments
can lead to major shifts in the circulatory‘systen (Sasaki
and Weekes 1986). Blood tends to be shifted away from the
pon4thermogenic tissues to tissues whien_willlaid in the
maintenance b% homeothermy (Chﬁistophersen 1985)

Estimates of portal blood flow in the literature’ range
from 1440 mL min~ ! (WolFF et al. 1972, Thompson et al |
1978) to as "high es 3425 mL min -1 (katz and Bergman 1969)
in normally fed sheep‘wh1ch.1s in agreement'wfth the
‘ estlmates reported here. o |

It has’ been shown that various phys1olog1cal states can-
alter portal blood flow Fast1ng has decreased the flow . |
substant1ally 1N'both pregnant and non-pregnant ewes,
'whereas the pregnancy elevated the portal flow in ewes by
x23% (Katz and Bergman 1969) Barnes et al. 0@986) reported

a 19% increase in hepat1c portal flow 1n response to . ‘;w.
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feeding, the majority of the dttference being due to a
‘larger tncrease in the forestomach fractional blood‘fjow.
However, those authors also reported a decrease in the -
propor tional contrioution to blood flow from thexﬁbomasum,
".sma1l intestine, pancreas, and gut fat. Gregory and
Christophersond(1986) reported increases in capt]lary b 1ood
flowvin fed versus fasted sheep in all stomach compartments
and the duodenum:

Cold exposure increases cardiac output (Sasaki and
Weekes 1986) although Schaefer et al. (198?) reported a
~significant decrease in the proportion of cardiac output
”flowing to the digestive tract of cold exposed sheep .

Even though the effects of cold exposure and consequent
blood flow to the gut were non- significant 1n the current
experiment ‘the number of animals utilized and the w1de
variation in blood flow values can explain the lack of a
significant effect*of the cold env1ronment ‘There 1; some
disagreement in the l1terature on the effects of’ cold
exposure on blood flow to the gastro- 1ntest1na1 tract.

- Acute cold stress tended to Kncrease flow, although
nons1gn1f1cantly, in fed and fasted rams (Thompson et al.
1978).  Thompson! et . (1975) d1d report an 1ncreased
portal flow of blood in acute cold _exposure, but when ‘J
'expresSed as a’percent of cardiac output the flow did not
‘“.differ from that in the thermoneutral environment . In

contrast to the latter studies are the reports by Hales et

al. (1976) and Schaefer.g;f;l. (1382) who ‘observed no



)

significant chahge inéebsolute capillary flow‘to tﬁe'gut fn
chronic or moderate acute cold stress. The latter authors,
though, did'reporf decreased flow to the reﬁiculo-rumen.
omesum, and l?rge intestine; and an increasedlflpw’to the
abomasum and the small intes;jne in acuteycold e*posure as.
a percentage of cardiac output. Aiexander et gl. (1973)
reported a decreased blood flow to the\gut of sEVerely
stressed newborn lambs. Presumably, a decreased flow to

the intestines would not be beneficial to the cold exposed

animal because of a potential limitation of nutrient

100

absorption (Christopherson 1985). Von Englehardt and Hales

(1977{ reported‘that flow of blood to the reticulum and
dorsel rumen was depressed in mild-heet stress conditions
but did not observe any ehande'in cardiac output. This -
indicates a redistribution of blood-within the body. .
Amino acids in arterial plasma originate either'from'
hepatic drained‘viscera or fremvextra-hepagic tissues dde'A
to metabolism of tfssue proteins. The decreased arterial
concengratiods of several of the essential ahino acids
during cold exposure might be due either to a decrease in
.the supply from non- hepat1c tissues due to ‘increases in net
uptake or decreases in net release or. to decreased amino
- acid entry into the hepatic vein.cfrculatlon. The latter
could reflect changes in net absorption from the'gUt net\
metabolism by gut t1ssues. and net utilization of am1no
acids by the liver. MWillward et -al. (1983) as cited by
- Sasaki e@d Weekes (1986), reported increased rates of

e
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protein degradation and synthesis in tissues of chronically .
cold exposed rats. Muscle-protein degradation‘in cold
exposed cattle, as estimated' using 3-methyl histidine
excretione.is increased (J. R.*Thompson;”personal |
communication) There are"no estimates in the literature
of muscle protein synthesis during cold exposure 1n |
ruminants. Since the arterial concentration of c1rculating
amino acids di sheep is de%reased during cold exposure, it
is speculated that the supply of amino acids from the
hepatic drained viscera is decreased durihg cold _exposure.
| Increaseo metabolism of amino acids in the liver via gluco-
neogenes is could account for - some of the 1ncreased energy
demand placed on cold exposed ruminants
The net release of amino ac1ds across the mesenteric ‘

drained viscera indicates that cold exposed-ewes decnease
the-quantity‘oi amino acids available from the gut for .
metabolism in tissues other than the 1ntestine ‘However
'there was a net utilization ot so;e amino ac1ds by the gut
in the warm which’did not occur in cold exposed animals

i‘(ie histidine glutamine and glutamate) The values for = .
rnet amino a01d release in this study does had very large.
.standard errors, probably due partly to a large 1ndiv1dual

' animal variation and to the‘bmall number of animals in each
treatment ' In thermoneutrally acclimated fed sheep, WQlff

_ et al. (1972) reported net utilization of glutamine by the.

i portal drained viscera which is in agreement with the worK

\
heported here. The net release of essential amino acids
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was affected more by cold exposure tha thathof the -

nog essential amino ac1ds, ind1§§?1ng preferemt1al
ut1llzat10n of essential amino’ acids by the 1ntest1ne Sin
Chapter IV increased d1aappearance of amino ac1d n1trogen
relat1ve to the total organ1c m‘kter disappearance in the
sma]l 1ntest1ne of wethers exposed to cold envfronmengs was

‘reported. That study also found 1ncreases in the‘, ) S;

—— -
T

disappearance of histidine, 1y51ne, alan1ge and.tyrosipeL\
There are other factors whibh‘p1a§'their'parts dumingip "
cold expOSure;‘such\as increased gut motility and rate of
passage ofidigesta with*the conseguent- effects on i
fermentation in the_forestomachsT(Kennedy et al. 1986).
The decreases in plasma arterial amino acid concentrations
in sheep exposed to cold”environments’could be a result‘oﬁf
-1ncreased hepat1c ut111zat1on of am1no ac1ds as SR
g]uconeogen1c precursors CQut further stud1es on thef
h‘pat1cAut111zat1on of am1no acids durlng»cold exposure are
_required before any_deftnitive conclusions\can beimade,"

_ Decreased blood flow to the gut would not be ex‘pe'ct’ed to -

enhance the transfer of nutr1ents from the 1ntest1nes . As,t.

' Indeed the teﬁdencxjfor reduced release of am1no acids - .

@

-1nto the mesenteric vein in the present experlment could },:—~%7g:f

have‘contr1buted to the lower arter1a1 amino acid _ ’
concentrat1ons Because of the d1screpancy of values for e
| blood flow to. the gut reported in the present study and 1n

_the literature and consequent uptaKe of nutrients across-fv“‘

the 1ntestines, it is not’ possible at present to suggest a ARSI



conclusive role on the effects of cold exposure on gut

‘'
\

‘absorption. a . L ;
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,Tabfgzvfti'hfbodﬂildw (mL min"') ﬁhfbugh the‘portai}

s mesenferic and gastro-splenic drained viscera in! warm and
- nrenit re 1

cold exposed ewes S : SO

' . oo .
L4 =~ ; P h %

%% . "Location of Flow . . ~ Warm ' Cold  § S.'E.’

, » S
Portal' . =~ - 3350 2204 - 758
Mesén;eric’ . 1780 1297 190

~

Gastro-splenic ~ 71990 914 774

#

P2

‘portal blood flows determined on 5 samples per treatment.
: - Mesenteric blood flows determined on 16 and 11 samples
. per t:eatmeh;,'féspectiVely; : IR e
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Table V-3. Net releasecof amino acids (umol mxh“) from the
‘mesenterxc draxned viscera of warm and cold exposed ewes
given brome (Bromus 1nermxs) hay. ‘ : :

P

Amino acid : o " Warm s Cold L S.E.

.
LR ° ! o ' . , ' n !

' Essential amino acids ‘ S T

Threonine , I 44.2 : 8.7 86.6
Valine . — 65.3. : 62.5 . ,109.7.
Methionine a o 31.2 .. 5.2 ~ L1702
Isoleucine ‘ L 98.8 48.2" "" 66.3
. ‘Leucine .. 139.4 . 56.2 .. ' 95.2
) ‘Phenylalangne : 7.1 . 25.4 - ,42.8
" Lysine ., > . J 125.1 . b1.8 o ' 86.0
Histidipe - . . S=17.3 ©26.6 " 42,2
Tryptophan S e 9.8 29.7 e 32,20

Total, | g"f L 575.6- ’3é{51”‘ o381

Non essential amlno acrds f‘f’,‘.‘

"Aspartate T o136 “15.9
‘ Serine: A B 1= - R -3 IO I
. Glutamate - o Yy o0 -3.8 T S 12806
‘Glycine .. o o . 16206 . o 267.1v 29044
. Alanine = | ‘ ST 221,90 16603 211,40
. .Pyrosine - G 66,8 . 0 28.40 o 43, 8
s jAsparag1ne ST -1 2 R 122,00 W 27,6 .
* - 'Glutamine . . ffﬁ'”~—38.9 , f w.H‘n15'5‘;5ﬂ: 40,3 . .
.. Citrulline B TR - o 74090 . .88.1 ¢
. Arginine . S T2 1134y CT113.00
vj;Taur1ne .“';314_1'4513 o ..0.5 »\,,;_a -16.5 . ° ... 38.8.
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YI. GENERAL DISCUSSION AND CONCLUSIONS

The experlments conducted on the apparent d1qestlon of

{
nltrogen and organ1c matter durtng cold exposure of .

: rumlnants conflrm prev10usly reported results in the
"Ilterature as well as prov1de new 1nformat10n on the
: spec1f1c s1tes of d\gest1on ./i

Many of the effectiyof cold exposure on the phys1cal

changes on rumen metabollsm have been conflrmed by these«7

»n

exper1ments and 1n add1t1on some new 1nformatnon has been

] i

obtalned = L '7“%
Increased rate ‘of passage of dlgesta through the‘h
:‘abomasum with a correspond1ng decrease in the‘mean
retentlon txme (MRT) and the phys1cal volume of the
'rum1no ret1cu1um found 1n\th1s exper1ment agree with the‘
‘results of several stud1es reviewedhpy Chr1stopherson and
hKenned§\§§@83) and Kennedy et al. (1986a) #
In abso\ute terms. the effects of the cold env1ronment
‘on the dlgest1on of dry matter and organ1c matter in the
;small 1ntest1ne appear to be 1nconsequent1al There does
| appear to be .a sh1ft 1n the d1gesfﬁon of OM from the
tforestomach to the post rum1nal tract when the relat1ve ‘

"proport1on of d1gest1on is con51dered The proportwon of

¥1d1995t1°"-0CCUPP1nQ post rUm1nally was s1mllar to estjmates

”*Cfﬂobtalned in prev1ous stud]es (Thomson and Beever 1980

,f&Beever and S1ddons 1986) ‘-”ffﬂ/gh'

The dwgest1on of the cell wall constituents. acid

'.tl'.
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.
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detergent flber and hemlcellulose in the whole tract is
decreased by cold exposure due malnly to a decreased
forestomach dlsappearance which is 1in agreement with the
results of Chr1stopherson and Kennedy (1983) and Kennedy
(1985).

"The figis of NAN through the abomasum of sheep were

felevated due to cold exposure Increased‘flows of dietary

d . /

~prote1n relat1ve to the 'total flow of NAN appear to be

[ )
st et
k4

"cells’ ConseQuently, a different amin " jid profile was

Kennedy

respons1ble for the difference (Kennedy and Milligan 1978;
N

gl. 1982. Chr1stopherson and Kennedy 1983;

(=d

Kennedy e

ld

fgl. 1986a): Decreased residence time of digesta

jn'the rumen decréased the total digestion by the microbial

ipopulation'and the proportion on NAN.derived from microbial

7

presented to the small intestine (Kenne§§7§t al. 1986b).
The relationship between NAN digesfion ip the small

.1ntest1ne and total OM digestion suggests that there is a

'repartltion1ng of the efficiency of d1gest10n when sheep

‘are exposed to cold envxronments Relat1ve to the amount

of totaI OM d1gested it is_ ev1dent that NAN and amtno ac1d
NAN: are d1gested to a greater extent in the small
1ntestine Spec1f1cally. the sheep appear to be able to

mainta1n a h\Qh utilization of the NAN anBJAAN components

-égbf the d1et de5p1te of the total oM d1gest1on occurr1ng in

the gastro 1ntest1nal tract. o

111



112

Kennedy and MilTigan (1980) suggested that there was amp
improvement in the recycling of urea in ruminants exposed

to cold environments. With the decreased total OM
o

digestion and increased flow of NAN to the small intestine,
there appears to be an éfforf to maintain the nitragen
economy og.the buminant,gespite the reduced energy.

digestion in the whole tract (Christophersoﬁ and. Yoursy

N L

1986). The net result of reduced OM digestidn is am
increase in the feed requirement of the animal to meet the

increased energy demand in a cold environment.. -

The results from the exberiment on the amino--acid

~

release indicate there is increased utilization of amino

—xn o

acids by- the intestirfal tract fﬁself during cold exposure.
The magor effects of cold on the amino acid net release
from the mesentafy is a decrease in the concentration of
circblating[arterial emﬁnq acids.  There is a pOnsistent.
qecrease in both” the essential and nonessential amino
acids. Associated with th{s, thege'Was a consequent

[ ] RN
decline in the net jrelease across the mesenteric drained

‘viscera. | _ ‘
Christopherson (1985) indicated that it is difficult to -
ascribe a clear understanding of ‘the effects-@f'cbld'on the

blood flow to.tﬁe gut. - Several conflicting reports in the

~'o

literafure on the effects of cbld expoSure on portal blood

Flow exist (see Alexander et al 1973; Hales'et al. 1976;

o

- Schaeffer et al. 1982). Th

m~0|

benefits of decreased blood

flow to the gut are not clearly evident. Presumably,
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‘increased flow wou ld fac1l1tate the more eff1c1ent transfer

of nutrients to the ‘blood and consequent utilization
(Christopherson, 19é5) andtshunting of the blood to the
T'thermogenic tissues would aid in the maintenance of
homeothermy -(Sasaki and Weekes 1986).

From the experiments.conducted,~it is evident that
there are changes in the disappearance and efficiency of
utilization of protein and amino acids along the intestinal

tract of cold exposed sheep Although it is possible that

sheep exposed to cold temperatures could utilize their, feed

more effictent'ly, the results of the exper1mentslon amino

acid uptake indicate that the increased disappearance of
amino acids in the small ‘intestine seems to be augﬁented;by
:1ncreased metabol1sm by the gastro intestinal tract

1tself Further studies on the turnover of amlno acids

arising from the 1ntest1nal tract are requ1red to 1solate

and quantify the relat1ve contr1but1ons oﬁwgut turnover to

the amino acid economy'of the ruminant during co]d

‘exposure.

113
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