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{ ABSTRACT |
In the first of two experiments, 12 closely shorn
yearling>wethers receiving hay either in the long form
(hay—fed sheep), or in the pelleted form (pellet~fed sheep%;
were acclimated to temperatures of 0.8, 10.0 and 17 7 C.

E Measurements were made of the apparent digestibilities of
dry matter (DM), energy (E), nitrogen (N), and acid-deter-
-gené fiPer (ADF). Feed intake’ was maintained at the same
level throughout the experiment., Water consumption was ’
higher in the hay-fed sheep than in the pellet-fed sheep
and tended to decrease with decreasing temﬁerature. The
apparent digestibilities of 6M, E, N and ADF were lower for
the pellet-fed sheep than for the hay-fed sheep (P<10.001).‘
The decreases in apparent digestibility (%) of DM, E and
ADF per degree (C drOp in environmental temperature were
respectively, 0.19, 0.08 and 0.25% for the hay-fed sheep
and 0.21, 0.19-and 0.23% for the pellet~fed sheep. The v
regression coefficients for DM and E in the hay—fed sheep
were hot statistically significant (;5'0 05) Temperaturef
had no significant effect on apparent N- digestibility.

In the second experiment, six mature, rumen fistulated
nd closely shorn sheep received a pelleted—hay ration and
(/’aere used in experiments to determine the effects of pro-
longed exposure to 21.2 and-erV% an the apparent digesti-
bility of DM, reticnlum motility-igg)retention time of
 feed in ‘the digestive tract, DM digestibility was signifi-

cantly reduced by 0.18% per degree (c) drop in temperature



v

(ﬁ:(0.0S). bMean retention timesg, determined from the
»fecel excretion patterns, of Ce144 following a sidgle
"injection of the isotope into the rumen, were significant—
ly (P<<0 05) reduced from 38,5 hours in the warm exposed
sheep (21 2 C) to 32.5 hours in the cold exposed sheep ' ,
.(1.3 c). ?he mean reticulum contraction frequendy was
significantly (P<f0.6605) increased from 60 'in warm ex-
posed sheep (21.2 C) to 72.5 conttectioqs per hour 1;‘551d
exposed sheep (1.3 C),. i B

Serum thyroxine (T ) and triiodothyronine (T ) con- v
centrations were significantly (P<:0 05) higher in sheep
exposed to\the cold compared t; the sheep in the warm
temperature treatment ' : ' Ty

These experimental deterudnations suggested that
increased reticulo-rumen motility of sheep in a cold
environment may be a'factor in reducing the mean retention
time of digesta in the digestive tract, which in turn,
* reduces DM and ADF digestibilities. _ A possible infiuence

L] / .
of thyroid hormones on digestive function is diseﬂssed.‘

7,
SiRe
28
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to various environmental temperatureg en reticulo-rumen

Iod

INTRODUCTION
Severalvdocumented experiments have indicated that
cold environmental temperatures appear to have an adverse
effect‘on the digestive efficiency in sheep and cattle: \
"It has been reported that the apparent digestibility of
feed decreases in sheep and cattle exposed to decreasing
environmental temperatures, However, the physiological

basis for this effect of temperature is not understood

and it has not been established whether a linear relation-

ship exigts between environmental temperature and the

apparent digestibilities of dry matter, energy; nitrogen

and fiber in sheep and'cattle. There is evidence that//_~-f“
short-term temperature changes may ihfluence rumen motility

in cows and that the mean(retention time of digesta in tte S8

e

P

digestive tract of steers may be affected by environmental

temperature. However, the effects of prolonged exposure

g

| motility and“mean retention time’of @digesta in the‘diges—'

tive tract have not been simultaneously determined and
\
related to digestibility of feed , Therefore the objectives

| ofothis study were to determine, first of all, if a

linear relationship existed between,environmental tempera-

ture and the apparent_digestibility"ofidry matter,*gross

. ‘ , [ b
r~energy,.nitrogen and fiber in sheep ﬁéd either a processed

-

or a non-processed ration; and secondly, to determine if
the effects of environmental temperature on the appdrent

digestibility of feed were related to cpanges in reticulo- .



rumen motility and the lpe%m retent/idn ‘time of digesta in

the digestive tract in sheep,



W

LI TI;JRATURE REVIEW

When sheep are eXposed to cold environmental tempera~
tures several physiological changes occur, They include
a decreased rate of evaporation from the respiratory

tract (Schmidt-Nielsen et al, 1970; Slee, 1973a) and. body

surfaces (Sykes and Slee, 1968; Blaxter et al, 1959a;
“Blaxter et al, 1959b), vasoconstriction of blood vessels

?in the body surface (Bailey et al, 1962; Joyce and Blaxter,

1964;-Slee?\1968; S&kes and Slee, 1968{ Meyer and Webster,
1971; Slee,1973a), increased mnscle tonew(5ykes and Siee,,ﬁ-
1968; slee, 1970), increased heart rate (Slee, 1973b; |
Donnelly et El' 1974), increased food intake (Joyce and
Blaxter, 1964; Baile and Forbes, 1974), 1ncreased meta-
bolic rate (Slee, 1972 ), reduced critical temperatiire
(Graham et %l"19593 Webster et 31,1969) and changes in
neurcendocrine activities (see Chatonnet, 1967),

Similar physiological adjustments to cold exposure
were shown 1n cattle (Blaxter and Wainman 1961; webster
et al, 1970; Webster, 1970 and 1971; Berman and Meltzer,
1973; Bell and Thompson, 1974;'Mcpowe11, 1974} Ames and
Insley, 1975) and in deer, (Moen, 1974),

31.

"1, The Effect of Prolonged ExPosure to Cold on Sheep

TCold Acclimation)
Whep sheep were acclimated‘to a cold envirenmental .
temperature the resisténce to cold stress increased and

there” was an 1ncrease in resting oxygen consumption which

"persiated even Whén the sheep were exposed for short




[k o

. R /
periods to + 8° C (Webster et al, 1969), Slee (1974)

confirmed his initial findings (Slee and Sykes, 1967)
that acclimation in sheep becomes apparent |

$1gbout 1l to 2 weeks ;fter one or more acute coid exposures
(200 - 600 min). It was also obeerved that Ehere were ot
significant breed differences in sheep in both the iﬁitial
resiétaﬁée to cold and to the level-of acclimation,
Axising‘from his experimental results: Sleel(1974) con-~
cluded that the proceagfef‘eCCliﬁatioﬁ to cold in sheep
ceuld be divided into two compoﬁents: 1. acclimation as a
result of an increased peak metabolic rate eapability
(PMRC), inferred from1increased skin*temperatures (and

heat loss) and increased heart rates and reéctal tempera- ’?
' >

. ) 'A I’
tures; and 2, acclimation as a result of an increased

resting netabolic rate (RMR) evidenced by increased heart
rates at ﬁﬁermoneutrality. Increased PMRC following
acdte cold treatments did ﬁot disappear‘until about 8
 weeks after returning the animals to a thermoneutralb
‘vironment while_ increases in PMRC foliowing chronic
eeld'treatments disappeared by about 2 to 4 weeks.,  How-
‘ever, increased RMR as a result of either ronic, or
acute cold treetmengz disappeared by 8 aafs after- -
returning thefcold}acclimitized sheep t§ a thermoneufral
eﬁviron}ent;¢ » |
Slee (1974) concluded that é%e ability of eheep to

retain PMRC for long periods of time wa8 a valuable sur-

vival feature for living in long-term fluctuating weather

37 = o - o .



conditions whereas at the same time, a~short—term increaSed
RMR reSponse to cold temperature would give sheep the
ability to conserve energy during periods of mild weather.¢
2; The Effects of~Cold on- Apparent Digestibility of Feed, ’
Recent investigations (Young and Christopherson 1974,
warren et al, 1974) indicate that when ruminan}sgare gpr—
sed to cold environméntal temperatures digestive efficiency
appears to be reduced,  Graham et al (1959) were among the;//z’Jn
first investigators to noticewan increase in apparent dig- |
estibility'with an inorease in environmental temperature. '
They observed by regression analysis that the apparent
digestibili-ty of food in sheep inereased by about 1% for
every 10 C increase: in environmental temperature. They
suggested that the/reduction in apparent digestibility in
the sheep exposed to cold temperature treatments may have
resulted from a decreasedbfermentation rate within the
feces. However, Fuller and Cadenhead (1969) demonstratéd;
that the change in apparent digestibility observed could
not be attributed to a differential‘fermentatiOn rate of
the excreted feces pfior to collection in cold and warm
.environmentalbtenpera res, - 4
Blaxter and Wainman (1961) investigated the energy
metabolism of steers exposed to cold and observed similar
reductions in apparent digestibility with decreasing h
environmental temperatures. The apparent digestibilities
of protein, carpon and energy were reduced by 3.4, 5.1

and 4.4% reSpectively-forlone steer (Amos)_and 3.4, 5.0 and



&

)
i

4,5% respectively in the other steer (Andy) when the

temperature was reduced from 35,1 to 3.8 C. However, when

_the temperature was: reduced further (-4.8 C), the apparent

digestibility of protein, carbon and energy was increased'
by 2.1, 2.4 and 1.7% reSpectively for Amos and 1.6, 1,5

and 1 1% respectively for Andy. The steers were exposed

w

to each temperature treatment for 4 days before commence-

ment of the digestibility trial.‘

Interestingly, Bailey (1964) observed that when, sheep
were exposed to -11 c, after being exposed for a week to \
20 C no decrease in DM digestibility occurred. However,
when the sheep Qérs returned’ to the environmental‘tempera—
ture of 20 C for'another week, a gignificant increase in
dry matter/<DM) digestibility was observed (all the sheep
received chopped alfalfa hay) N
| Moose et al (1969) found that sheep fed\wfhigh concen-
trate»ration had a greater coefficient of d;gestibility
when-exposed to an environmental temperature of 23 C

than at 0 C, but sheep fed a low concentrate diet had a.

greater coefficientfof digestibility at an environmental

. temperature of 0 C, than at 23 C. In another trial,. Moose

et al (1969) found the reverse relationship to be true.

In cattle, Sharma and Kehar (1961) found DM digestibility

to decrease with increasing environmental temperatures.
They suggested that the increased water consumptioﬂ by the

heat’ stressed animals may have caused -the digestive tract

]

'to be cleared ‘out faster and thus reduce digestibility'of



feed when exposed to higher temperaturesr‘ Graham (1964)
found that sheep, fed a.lOW”Bnergyeration, had a'depressed»;
energy digestibility of 8 47% per degree -(C) drop in |
temperature when exposed to temperature treatments'of 10 -
and 35 ¢, |

Young and Christopherson (1974{€c011ated several of
their experimental results from bo;h sheep and cattle and -
calculated that the apparent digestibility of
DM decreased by 0. 24% for every l C drop in environmental
temperature. Their results also indicated that the aver-
_age decrease in DM digestibility in sheep (0 307% / 1 C)

\\M was greaterdper‘degree change in environmental temperature
than that observed in calves (0. 265% /1 C,‘ The sheep
and calves were fed respectively, pelleted and cut feed..
Temperature treatments had no effect on the DM digestibil-
ity in mature cows'fEd a long haylration;

Warren‘gt gl‘(£974)'demonstrated that the mean digquw
btibility‘ of DM in Holstein ste‘ers’,A (397 kg, -average body
wt.) fed a cut hay'ration dropped from 67;d%nuhen'exposed #
to 32 C for 7 days‘to 62.8% when exposed'to”le C for the
~same. length of time. A reduction in the digestibility of
ADF, cellulose and neutral-detergent fiber also occurred

- when the. steers were exposed to the colder temperature as
: compared to the steers exposed to 32 c. Davis and Merilap.
(1960) fouﬁd that feed digestibility increased by 4,35%
and 6, 2% ‘when Holstein cows were moved to an environ-

mental ?mperature of 32 C and 40% relative humidity and



iincreasedﬂtheir acceptability and intake but reducedlthe

\\_/

32 ¢ and 50% relative humidity, respectively from a cont-

rol znvironmentaltemperatureof 18 ¢ and 50% relative
i >’,‘

humidity. ' T
‘Although a large numbef of references in the litera-

ture suggest that digestibility in ruminants is fnfluenced

/in a positive manner by temperature, there are also a few

’_exceptions and inconsistencies. .The reasons for these

exceptions are not readily apparent but mighézbe related
to the degree to which a ration is processed, short dura-
tion of temperature exposures, or variability in the pre-
vious environmental history of the,animals.. It Would
clearly be desirable to %haracterize the relationship
between digestibility and prolonged exposure to well
defined controlled: environmental temperatures. y
3. The Effect;of/Processing Feedvon the‘DM Digestibility -
. of Feed in Sheep. | " . o

It has been shown quite conclusively that processing

ﬁ'fhay by pelleting or. cutting depresses DM digestibility

in both sheep and cattle. Balch (1950) was one of the‘

»-_,;ffirst investigators to show that the digestibility of

]\

'food was depressed in cows when 1ong hay (non-<processed)

rations were ground (processed) or when concentrates were

| ‘added to ground hay rations. Subsequent workers (Meyer

et al, 1959; Blaxter and Graham, 1956; Beardsley, 1964)

have confirmed Balch's findings and in general show that

’pe;leting a mixture ‘of concentrates and forages not only

o

Q



DM and crude fiber digestibility (see Blaxter.and Graham,

1956; Minson, 1962; Greenhalgh and}wainman, 1972; Green- o
ﬂalgh and héid, 197%; church, 1969). ‘Johnson et al (1964)
clearly showed éhat the pelleting of hay rations fed to
sheep depreésgd the appérent digestibility of DM, organic
matte{, qellulose, crude fibér and energy. However, éheep
fed the pelteted rations compensated for the depreséed DM
digestibility by increasing feed‘intakél These differences

in apgareht digestibility of food in ruminants between

.
- -

\wprocessed and non-processed rations have been shown to

/occur without regard to the environmental temperatures. ‘ .

7
/7

s

/‘ Environmental temperature may not affect DMldigestia
bility in ruminants if they are fed nbn¥processed»hay
rations since, in all the experiments‘in Which tempera-
ture was shown to influence digestibility, the animals |
were consumihg diets consisting of eithervcut Orlpelleted
forages or a mixture of cut foraée and gré;ﬁ.' The cows
used'in’théﬁﬁgperiments by Yéung anq'Christophersoh.(1974)‘

received'1oﬂg-hay‘r3tions~and showed no difference in DM

»

digestibiliéizwhen expdsed to aniehvfronmental temperature
of -11 C,.or’ l C. This maY‘Buggest'the ppssibility of
an’intéraCtion betweehlphysicaljform‘of the diet and the

effect of temperature;on digestibilitziélygég“ggggglgn

T

<

- requires further:study., i

>




4, The Effects of Temperature on Water Intake and the

Relation of Water Intake and Water Temperature to

_Digestibility of Feed in Cattle and Sheep.
lWater intake increases with increasing environmeptal

temperature as shown. by several investigatorss sailey
et al (1962) reported mean. values of 797 and 1620 ml/day
for sheep, exposed to temperature treatments of =12 C and
15 C, re5pectiye1y. similar determinations were reported!
by Bailey,(l§64).and Butcher (1974) for sheep;iand by

Gengler et al (1970) for cattle. Furthermore, Bailey

(1964) reported that the sheep with the smaller water
{ntakes -and exposed to the cold treatments had greater ”
urine and smaller apparent insensible ‘water- losses than
the sheep exposed to the warm treatments. N |

Bailey et al (1962) reported that, although ‘the

temperature of the drinking water (0 C to 30 c) positively ’

influenced the body temperature of the sheep in the cold
chamber,, nosignificant differences in water consumption

~ occurred when therater‘temperatures were varied from 0

| : ) LRI

to 30 C, The mean rumen temperature of the sheep exposedi.

to the cold treatments (0 C) was not affected by the
temperatures of the. drinking water. “When Cunningham et
al (1964) subjected Holstein cows to drinking water at

- four different temperatures 1, 14, 27 and 39 c, _the

cows consuxned» significantly (p <»0.05) less 1l cC water than
14, 27 or 39 c water, and significantly (pco, 05) more

39 o water than 14 or 27 c'water.,

10
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A Howe;er,‘the temperature of,theAWater;conSumed, or
the amount of water consumed irrespective of its tempera-
ture may have very little influence on DM‘digestibility '
in cattle or sheep exposed t0-cold’environmental tempera—
tures, 1In the work of Cunningham gt al (1964) DM,\energy

- and crude protein digeStibility coefficients did not differ
between cows consuming water of different temperatures.

. But they failed to make any reference to. their data that
the cows in trial one, which were eXposed to an average
tenvironmental temperature of 11, 7 - 5,5'C had higher |
digesti?ility coefficients than the cows in trial 2,
which later on in the year were exposed to an average
environmenta temperature of 2.8 k4 6 8 C.

[ B It therefore seems reasonable to conclude that sheep
tend to drink 1ess water in the cold, and possibly still
less water if the water temperatures are close to freezing -
(Butcher, 1974) with little or no effect on :the apéarent
digestibility of feed, '

. *5, The Effects of Temperature on Retention Time in the'

Digestive Tract, ‘

A general hypothesis,,deduced from the‘wcrk of several
'investigatdrs (see Church, pp 94-97, ‘1969) is that ‘ground =
and pelleted roughages pass through the alimentary tract
faster than 1ong roughages, and because of this principle
the ruminant can eat more of the ground, or pelleted
roughage per unit time without exceeding the capacity of o “

the gut (see reviews by Church 1969 and Campling, 19703

!
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Johnson gt'gl,‘1964; Greenhalgh and Ried, 1973; Warren et ;
al, 1974; Grovum and Hecker,‘1973). Colder temperatures
appear to induce cattle and sbeep to eat more, since the .
demand for energy to Keep warm is qreater (Baile and Forbes
1974)., The possibility that the increased feed intake of
ruminants in the cold is due to-an enhanced rate of passage
' of digesta through the tract has not been investigated

Very little work has been done on the effects of environ-‘

mental temperature on retention time of digesta in cattle

and sheep, Warren et al (1974) demonstrated that in steers

exposed to warm environmental temperatures (32 C) compared ,

to the control environmental temperature‘(lé C), not only
was DM, ADF, celluloSe and neu@ral-deteréent fiber digesti-
‘bility increased but mean retention time of digesta was
;increased significantly, as well, Therefore, it is pos-
sible that changes in the mean retention time of digesta

in the digestive -tract contribute to the changeslin appa-
*rent digestibility of feed in ruminants exposed to/differ—
ent environmental temperatures A f' ‘
6. The Effects of Temperature on Reticulo-Rumen Mbtility.

| Attebery and thnson (1969) were able to sﬁow that
the amplitude and frequency of the rumen contractions were
significantly (p¢o, 05 by Tukey 8 test) increasgd in Hol-
stein cows exposed to cold (18 c) when compared to Hols-
tein cows exposed to a temperature of 35 C. The average

frequency of contraction per minute for cows exposed to

3B was 1. se for cows exposed to 18 C was 1 95 to 2, 23 '

[
-

12
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and for cows exposed to 2 C was 1,86, 'In fasted animals
similar differences in frequency and amplitnde were shown
but at proportionately lower magni?ud’\

2 Attebery and Johnson also noted, in cows exposed to
high temperatures, a depressioﬁ>in the totad volatile
fatty acids (VFa). This_depression in VFA concentration,
they suggested, was probably due to'inadequate mixing hy
the rumen as a result of 1ts decreased activity. Their
results, however, might indicate anvenhanced absorption
at the higher temperatures. Bhattacharya and Warne:
(1968) showgd that feed intake was increased in cows when
the rumen was cooled (5 C) with an intraruminal cooling |
coil. .Baile and Mayer (1968 and 1970) reportedqthat feed
intake wasvdepressed‘when relative acetate molar concente

rations were increased in the réticulo-rumen fluid and

 postulated the,presencé‘of acetate receptors located on.

‘the lumen side of the reticulo—rumeniand'eSpecially in

d ) v ‘ . : .
the dorsal rumen, Propionate depressed feed intake when
the concentrations were increased in%the portal system,
where it was suggested that receptors eSpecially sensitive

to propionate are probably located It was confirmed by

vGengler et al (1970) that lower VFA concentrations (Weldy
et al, 1964; Kelley et al, 1967) and depressed feed intakes!,,

‘occurred in cows exposed to high temperatures. It is

difficult to reconcile the involvement of rumen VFA con—

i3

’pcentration with the effects of temperature on appetite‘

O

since the change in VFA concentration induced by heat

Lo
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p— -

erpgsafé/ij/zpposite to that which would depress appegﬁﬁg.
’/thé/other hand an_enhanced absorption of VFA'into éﬁs
’pgk\al system at higher temperatures might be expected to
| d_epress feed intake, Olbrich et al al (1972) observed in
Holsteins and Zebus when exposed to ambient temperatures
- of 31 C (50% relative'humidity) for 2 weeks that ‘the total
VFA concentrations significantly decreased but that the
»microbial activity was similar in both temperature treat-
_ments (10 and 31 C). Therefore there is a strong sugges—
tion that Qariations in reticulo~rumen motility or ab—
sorption -rather than microbigl activity may be the major
factors contributing to a‘change in digestibility of feed
orfrumen VFA levels in ruminants exposeg to changes‘in
environmental temperature. - |
7. The Effect of Temperature on Thyroid Activity and the
Effect of Thyroid Activity on Digestibility and the
| Rate of Passage of Digesta in the Digestive_Tractj
of- Cattle and Sheep. | g |
Yousef and Johnson (1966) demonstrated that injec-'
‘tions of L-thyroxine increased-metabolic rate, pulse rate |
and lactation in Holstein cows subjected to environmental
temperatures of 18 or 32 c In a later publicatiog”
Yousef" et al (1967J found thyroxine 1131 disappearance and:
n'oxygen consumption rate to decrease in cows exposed to 38

K .

C; whereas Ain cows.exPosed to a tempe;ature of 1 c, thy-

131

roxine 1 disappearance ahd oxygen consumption rates

. ¥ . ,‘ . .. N -~ . R . . N ’ ‘- -
'_increased, T I G e .ﬂ;g v
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various fissues, . Citing the work& Andersson, whe studied

\

When the rumen was heated with intra-ruminal heating
31

féO%lS /Yousef et al (1968) found thyroxine'I1 disappea-

k@ control cows They suggested two mechanisms to account

i%r these reSponses. 1. The "central warmth receptors"”

5 o 1)

were stimulated via the rumen nerve endings and thus
depressed the thyroid releasing factor in the hypothalmus,

and 2. by altering the tissue requirement for thyroxine.

It is possible, as suggested by Webster °(1974) and Lutherer

(1969), that thyroid hormones only "potentiate" the effects
of catecholamines which are the ma jor mediators -to the

metabolic reSponse to:cold exposure.‘ Webster (1974)

conclude@ with the following statement:

"Normal thyroid status is essential to
ensure the proper actions of catecho—
lamines in mediating_reSponse to acute
or chronic cold exposure, but the evi-

© dence in support of the popular assump-'

tion that increased thyroid activity is e

an integral part of the narmal process
of adaptation, to cold is weak, and .th
evidence to the contrary is gett

‘stronger.

o

Gale (1973) collating the work of several 1nvestigators

'conluded that the thyroid %ormones ‘appear to act

synergistiCally with the sympathicoadrenomedullary (SAM)

catechplamines on the adrenergic reCeptor sites in ’

E

N T

N

rthe effects of environmental tempé!ature on the thyroid

el

15



and SAM systems in thyfoidectomized goats,"ﬁalﬁwrepcrted
that catecholamine secretion inqreased, especially |
epinephrine, when the goat was exﬁosed to a thermo-,
neutral enQironmenﬁ - When the gcat was exposed to the
cold (-3C) catecholamine secretion increased markedly.
Howeber, when T4 was adm@nistered to produced a hyper-
thyroid condition catecholamine secretion was suppressed

below presurgical

els: Gale (193%3) reported similar
results in other nim 1s and sug@eez;d that tﬁthhyroid
" hormones and catechglgmines may iﬂteract not only syner—
gistically, but oﬁ//)common receptor site as well.

When sheep we#élmade hyBerthyroid by feeding lodinated
casein giaxter (1948) found DM and crude protein digesti-
bilities to decrease. He attribuﬁed these effects to an
increased peristalsis of the gut. Levin . (1969) in re~
,viewing the effect df,thyroid hormcnes on intestinal
motility reported that gasﬁfic empﬁying"was prolonged in
hypothyroid animals and was augmented when thyroid hor-
mones were’administered, Miller et al (1974) shoyed that
cows with sejere iodinere131athyrqid.irradiation damage
had a prclcnged retenﬁion'df,the flowvmayker in the,diges- 4
tive_tract,'when comparedkfo eimiiar thyroid-damaged cows
fed 8 éﬁ thyroprotein daily, or to cows with intact .
thyroids;.'Kiffon and Barton (1958), investigating the
'weights of the gastrointestinal tracts and their cont!nts
1n thyroxine-implanted ewes found a significant reduction

in Weight of the empty gastrointestinal tracts and a
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~different environmental' temperatures. ' .

17

significant reduction in intestinal contents. It appears,
therefore that the thyroid hormones @ay be directly in-

volved in changing the digestive function of sheep and

cattle, There is also the possibility}that thyroid

" hormones may influence digestibility in- animals exposed to

£

8. Techniques in studying Retention Time and the Rate -
of Passage of Digesta Through the Digestive Tract and
“in studying Reticulo~Rumen Motility.

144) has been used by several investi-

Radio-cerium (ce
gators (El1lis and Huston, 1968, Huston and Ellis 1968;
Miller and Byrne, 1970; Miller et al, 1971) as a non-
absorbable and inert reference substance to study retention‘
time and the rate of passage of digesta and,digestibility
in the gastrointestinal tract of ruminants, Cerium-144

adsorbs to particulate matter and has been found to remain

‘in close physical association with indigestible residues

while in transit through the gastrointestinal tract of
ruminants (see review by Kotb and Luckey, 1972) Compared
with other inert and non—absorbable substances 144 has
been‘shown to be equally accurate besides being easy. to
use in ruminant digestive studies (Ellis and Huston,
1968) ‘7*‘ . o .

In conjunction with the above determinations the

'frequency of reticular contractions merits further study

to determine if the physiological behavior of the reticu-

._lo-rumen contributed to the direct change in apparent
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digestibility of’DM with environmental temperature, It
has been fairly well\estaBlished now, that the reticulum
is tﬁe pacemaker for the cyclic movement involved in the
reticulo—rumen, with the omasum contributing some influence
(schalk and Amadon, 1928; Balch et al, 1951; ash & kay,
1959; Ch;rch, 1969). Iggo and Leek (1969) reported that
the majority of\the reticulo-rumen receptors, located by
single unit studies, were found in the region of the
reticular Qall hext to the lips of the reticular groové,
and the reticulo-groove itself, The primary &ave of -
contraction appears to $e initiated in this region and
spreads throughout the reticulum and rumen (Weiss, 1953;
Church, 1965). These observations demonstrate that the

reticulum.is a écod indicator of rumen motility. =



EXPERIMENTS CONDUCTED AT THE

UNIVERSITY OF ALBERTA

Two experiments were conducted to investigate the
effects of environmental temperature’on the digestibility
of a processed and a nonprocessed hay ration, and the '
effects of temperature on reticulum motility and passage
of digesta through the gastrointestinal tract in sheep.
Experimental Procedures and Materlals -

1. Experiment I
a. Experimental plan and animal management

- Twelve yearling suffolk wethers selected for unifor-
mity of size were randomly divided into three equal sheep .
~units (8SU ), Within each SU two sheepfwere fed'a long
hay ration (hay) and the remaining two sheep were fed a
processed pelleted hay‘ration (pellet); Eachisheep unit
waS‘exposed to each of three different environmental
temperatures in a randomized sequence during 3 trial
periods. Thus each sheep served as its own temperature
‘control. . )

The hay uSed.for both rations wasfdbtained'from'one
crop. One half of this crop was processt into a pelleted
~ form and the other half was fed from the bale. The daily

ot

ration for eac sheep'was calculated according to the

,following equa on which relates the maintenance meta-

bolizable energy , 1rement to metabolic body size

(National Academy of Scienées, ~=NRC, 1968)

19



Kcal = 112 x body weight (xg)°'75 (l)‘
The rations were calculated on the basis of animal weight
~at the start of the experiment and were held constant

~

thereafter‘regardless of weight changes,
Since the hay consisted largely of bromefgrass
(Bromus Spp:) and some crested wheat grass the metabolic
-oalor.o value was calculated to be about 1,6 Kcal/kg
(Natiihal Academy of Sciences, 1968). The sheep were_fed
daily at 0800.and 1600 h. -Sheep that were fed long hay
had their ration increased by 200 to 400 grams above their

calculated values'to compensate for the amount during

feeding that was being tﬂrown out of the feed box into . -

Specially designed aprons described on page 21. Any feed
refused or thrown out was weighed and subtracted from the
ration given for the day. Pellet and hay samples and sam-

ples of the refusal were retained for later proximate

A}

analysis. 7 ‘
Cobalt—iodized rock. salt and water were provided ad
1129 Fresh water ‘was given once daily. Calcium phosphate
ﬂwas provided to NRc requirements ‘and ’ put into the feed
twbce per week._ Five hundred thousand I.0. of vit, A,‘

75 000 I. U of Vit D3 and 50 000 I.U.. of Vit E1 were ad-

ministered intramuscularly at the beginning of the experi~" ’

ment.

The sheep were kept in fiberglass metabolism crates

.fl} Purchased from Western Brand Products Ltd., Edmonton,"'

Alberta



with floors constructed of one inch expanded metal,.. wWithin
each temperature controlled room two sheepubeing fed
pellets were placed side by side and the two sheep fed
hay were placed side by side. '

’ It was discovered that the hay-fed sheep lost a
‘substantial amount of h:ikdufing feeding through the
crate floore,v‘Therefore, aprons were constructed from
Juée feed-sacks tolprevent”this loss, cne end of the
feed-sack was attached above the sheep to a 2 x 2 incﬁ}
‘moweable,‘wooden crossbar which could slide along”the top
edges of the‘two ad jacent crates ‘The other end of the
feed~sack was attached to the floor of each crate at the
base of the feed and water buckets In the center of
the feed—sack a hole was. made 80 that ‘the head of the
sheep could pass through and be securely tied
| The pellet~fed sheep were also- initially fitted with
the aprons, but those in the. warm envirpnment (17 7 c) |
.soon developed the habit of” consistently chewing and
‘,devouring the aprons, This habit appean!d to be due to

;boredom; Therefore to simulate wearing of aprons but
”avoid the problem of chewing burlap, the pellet—fed sheep

were tied with leather collars and chains fastened to the
sliding crossbar above them. - | , |
7 - Two temperature controlled chambers (rooms) were
| maintained at. 0 8 k4 1 3 and l0. O b l 3 respectively, at

'a-the Environmental Laboratory and a third temperature*

controlled room was maintained at 17 7 5 1 C. . These

21



.were designated as the cold, intermedtate and warm
temperature treatments reSpectively. The aﬁerage wet
bulb temperatures for the rooms maintained at O. 8
10.0 and 17.7 c were 0.4 ¥ 1,9, 7,72 1.7 and 9.9 X 2.5 ¢,
respectively. Each sheep unit was put into one of. these
“rooms, as described above, for 37—41 day (trial period)
After this trial period~the'sheep were moved (as a unit)
to another room so that all units were enposed once;to |
every temperatureutreatment dUring the”experiment : With;n
the trial period, a 27-31 day acclimation _period always
preceded‘aalo day digestibility trial in which both-feces
and urine were'collected. Incandescent lighting 11lumi- -
nated:the‘roomss24'h per day. 'Body wEights'were'recorde&#
the day before and the day after each digestibility trial,
Twoladditional_sheep body weights were taken between |
. digestibilit§ triels. The‘sheep were'usnally welched
l1to4h after feeding &ee table 2). . ' .
all sheep were closely shorn (between 4 and 6 mm
_in depth) 7 to 8 d pefore and one day after each digesti;
bility'trial'to,maintéin a telatively constant fleece | |
depth throughoutAthe three periods.- The fleec; was weighed
efter¢eacn sheep was shorn. - |
b. Digestibility 'tri‘alts
(1) Fecal collections
Metal trays 1ined with nylon windowascreening were

--slid beneath the crate floors for collection of the feces

22



23

while the urine ng allowed to flom through and into a
urine bucket,beneath the crate'itself; During the |
digestibility'trials, the daily total fecal outputs were
collected once every 24 hours at about the ‘same time
every day (1700 h) The fecal net weights from each
sheep*were obtained using a top loading>balance to the
nearest one—tenth of a gram. A representative fecal
sample (5%) was retained for later analysis. A weighed
portion of this representative sample ‘(ca 100-150 g) was
air dried to constant weight in aluminum pans at 65 C in

a forced air oven.for 3 days. The remainder of the wet

4
A

~ samples were stored at -10 C, Feed samples were collected
from each digestibility trial and were dried in the same
manner as the fecal samples. b |
‘ After air—drxing, all fecal samples were finely

ground in a Christbeorris grinder1 before any proximate
lanalyses were- done. | _: ’. o

Triplicate gross energy (E) determinations using av‘
'bomb calorimeter2 were,performed on the fecal feed and
‘feed refusal samples .‘ , | » p' e

Nitrogen (N) determinations wefe obtained from each"
‘fee\d and fec‘ sample using the macro—K jeldahl method
(Association of Official Agricultural Chemists - AOAc,:fa“

,; 1. Model No. 8 Chelmsford England - S '/:
2. Model No. 101A ma.de *by Parr Instx‘ument COrp., Moline, Ill

. AN TR
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Ether extract determinations were made using?the
methods described by‘the,AOAC (1975). However, no diges-
tibility coefficient calculations were 'done since the per-
cent ether extract was less than 3% byiweight in'bothygﬁe
feed and thée feces and since an error of 30 to 40 percent
was assoclated with the estimation'of this minor constit-
uent. Considering these nreliminary\ohservatione.it was
Adecided that-they would not contribute to an increased
‘underetanding of digestive function within this study.

Standard acid detergent fiber (ADF) determinations'were
done in duplicate by the Alberta.Agriculture Soil and Feed
- Testing Laboratory, Eamonton according to the procedure
Mof Van Soest (1963), )

(ii) Calculation of apparent digestibility coefficients

Apparent dry matter (DM) digestibility coefficients
were calculated using the formulaz

% Apparent DM digestibility >

100 x feed DM(gm) -~ fecal DM(gm) (2)
- - o B feed DM(gm) -

Apparent digestibility'coefficients for E N and ADF
:;were calculated by substituting the appropriate intake and
'_excretion values in equation 2
. (iii) Urine collections

Dai&y total urine was collected and weighed “to the

"ej:closest gram during each digebtibility trial , In the first

.ffand second digestibility trials 25 ml of 25% H 804 and

&

24



25

¥

in the third digestibility trial 50 ml of 25% H,S0,

were added to the urine buckets at the start bf each

daily collection interval to.prevent N loss, The daily

total urine was corrected for by eubtracting the H2804

volumes. Five percent aliquots were retained and accumu-

lated in nlastic bottles for each sheep and stored at -10

C. At a later date, the urine was equilibrated to room .

temperature (23 C) and filtered through g’layers of cheese-*¥

cloth to remove fecal and feed debris. The specific

gravity was determined‘by weighingvurine volumes int5 ml -

volumetric flasks. Water outggt could then be calculated

as well. 0rine N determinationsnwere obtained by pipet=-

ting 5 ml oféurine into Kjeldahl flasks using the_macro-

K jeldahl method'(Adac, 1975). - . | : -
C(1iv) Urine, water and related calculations | |
Water intake was determined within each digestibility

trial by weighing the water consumed for each sheep.

}In order do describe the pattern of water COnsumption

simultaneous water intake and water tenperature deter—i

minations were obtained every hour for two consecutive

i'days from two sheep within each unit (one Sheep from each s

-ration), during the third digestibility trial, A glass |

tube inSerted near the base'of the bucket ‘and calibrated'

in liters allowed reading of the water level without dis- .

W
"turbing the animal.
* paily total water excreted in urine and feces per

£ 4

kg.body weight‘(BW), % DM in the feces, % DM confent of



the whole diet (Balch, 1950) and apparent water retention
calculations were made, Percent DM content of the whole

diet was calculated according to Balch (1950) as follows:

Percent DM content = \ | . ' (3)

total DM intake (g ) x 100
total DM intake(g ) + total water Intake(g -)

s

and ¥ apparent water retention by the following Formulas

%.apparent water retention'é% - B '4) -

100 X total water in feed + water intake -
water in feces and urine

total water in feed + water intake

L

‘Percent N retention wasvcalculated using the following

%. N re ‘:: ‘J» . , ‘ . S . '(5)

100 x Nrih fe-éa jin.feces(g)—N in urine(g)

Jrecd(a) \
(v) Blood colldiille

" Blood sémpleéi ie'obtained from each sheep within-

each digestibilit al just before and 1n the first -

*

}‘digestibility tria ring the morning meal’ (0830 h),

| using heparinized vacuum tubes Hematocrit determinationel

:were obtained. The remaining blood was’centrifuged at

3000 rpm for 15 min and the plasma removed and stored at’

'-5 c Later, the plasma waa equilibrated to room tempera-i,

1ujture and proﬂein—bound—iodine (PBI) determinatione were

and analysis' . L

’ &a .
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4,5 & 6.° Purchased from: Nuclear-Chicago¢Corp.; 333 East

-done using the Hycel Cuvette PBI technique.l'-The samples

:

were refrozen and thawed at a still later date for the

determination of total oiasma thyroxine (T ) and total

plasma triiodothyronine (T,;). A ‘Petralufe 112>

Reagent
kitz was used for determrning plasma T4'concentrations
following the method described by Braverman et al (1971),

The procedure was modified by using 22 ml of buffer instead '

of the suggested 15Aml to obtain a more suitable standard

3. : ’

125 "~ was used for

curve. A RIA-MAT circulating T; I~ kit
determining plasma T3 concentrations;‘a procedure.based on
t;e methods of Larson (1972), Leiblick and Utiger (1972), |
and Surks. et al (1972). The T4~ ande3~radioactivity was
counted by a scintillation detegtor (model no. DS 202(V))4
fitted with a 2 inch well -type thallium activated sodium

iodide crystal (model No. XTZWO) and monitored by a

éscaler (model no. 8725)°, adjusted with both windows |
'completely open and set at a voltage of 875 volts. The

usamples were all analysed at ‘room temperature (23 C)

(vi) Body and rectal temperature determinations
" Rectal temperatures were recorded from each sheep in -
.

1;,Hyce1 Inc., Houston Texas'

- 2, Purchased from Ames COmpany, Division Miles Labora—

‘tories, Inc., .Elkhart, Indiana 46514,

3. Purchased from Mallinckrodt Chemical Works, st, Louis,

‘Mo, 63147

, Howard Ave.'

T
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The model used for this experimental plan was after w1ner

1. Purchased from Yellow Springs Instrument, '

the second digestibility trial using a telethermometer
(model no. 46TC)1. The probe was inserted into the

rectum and held therg for 3 min and'the-temperature read.

 During the third digestibility trial, temperatures were

recorded from selected areas on the left side of the
sheep bcdy surface’(see figure 1) including the legs’and
left ear, and from the rectum, using a strip Chart
Recorder, a Speed- o—Maf;‘w) 24-point Actuator and type-
copper-constantan thermocoqplesi Recordings were~ J/
obtainedi from one pellet-fed sheep and one hay—fed M
sheep_within eacn unit for a 3 h time-period, beginning

at 1100 h. The thermocouples were attached to the -

AN

closely shaved areas using adhesive tape reinforced with

paper contact cement, and one thermocouple was inéerted

12-cm into the rectum, B .

/

c. Statistical analysis." L o c xS

An;analysis of variance‘ﬁas performed‘to testithe'

€

statistical significance of each set of determinants by -

using a special type of p'x p x q factorial analysis.a

. ".

1_(1971) and is as followss

"A E(xijkmno = u + Rk + (U) + (R x U)km + so(m>

Py i '

ISR

Sy e
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where R = ration ( ' v
S = sheep |
P =‘period:
T= temperature @C\a
U = sheep units s

[

[o]

.Test for comparieons among treatment means were deter~
mined using Duncan's New . Multiple ‘Range Test according to
Steel and Torie (1960) The multiple correlation of
environmental temperature and apparent digestibility of
DM with ration was also calculated

2, Experiment IX

7

In this experiment tracer trials using radiocerium
144 (Ce144) to determine rate of passage and retention

‘time of particulate matter in the digestive tract were

performed on sheep during exposure to warm and Cold temper-

VJ

| atures, 1In addition, motility qﬁ&the reticulum, methane &
\Pproduction oxygen consumptioﬁ*and DM.digestibi~, _
vlity measurements were made during exposure to~the two
temperatqre treatmentgt” | | -
| 'a._inimal Management

»;

Two mature OVariectomized ewes and four mature wethers :

'were used All ‘the sheep had ‘rumen fistulae, and all
but two sheep had an exteriorized carotid artery. As to
breed, initial weigﬁts and other animal differqg\\sl"

~'refer to table 1 All aheep vere. closely shorn 8-9 days

before and one day after the two ll—d experimental periods

30
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. Several measurements were made as described below. The

first and second experimental periods followed a 44- and

- a 32-4 acclimation ‘period reSpectively.

Physical characteristics of the sheep used in

* denotes preSence of carotid loop

W o- wethera

0 .- ovariectomized eves

4

TABLE 1,
experiment 11, &

Sheep Sheep , carotid Other

no, . unit . Sex ° Breed loop Observations
2523 2 ‘W southdown %
8236 2 - W  suffolk .
9236 1 W Lincoln * stiffness in

S - E legs & joints
8229 1 W . Cross ) 5 , .
0513 2 0  Southdown * poor condition
I : : ' leaking fistula
2701 1 .0 southdown o |

The 6 sheep were allotteg into unita of two wethers

-

and one ovariectomized ewe per unit ' The sheep were kept

in. individuai metabolism crates in controlled environment

'chambers at the Enviro

of Alberta. ‘ ‘
B All sheep were fed a pelleted hay ration which was

ental_Laboratory,.The Unizgrsity

processed from the same hay lot as that used 1n experiment

;l,‘ oL

,'i, The enargy of the ration (KCal/kg) and the dietary

‘,energy 1ntakes were eatimated at the heginning of the .

RN
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'experiment as described for experiment I. Dietary intakes
‘were not readjusted for teémperature or period effects
after the experiment was underway. Water, cobalt-iodized
salt blocks,;calcium-phOSphate and vitamins ADE were
provided as described in experiment I, Feed samples were
-obtained from each experimental period, air-dried and
ground for later DM analysis. '
Experiment II was of a simple crossover design. Each
unit was’randomly allotted to one of the’two temperature
I ‘treatments at the beginning of experiment II At the end
l of the first experimental period the temperature treat-
m> ts were reversed for the two sheep units, For the
tempdrature treatments one room was thermostatically

$

cont olled at 1 3-2.2c¢, with a wet buld temperature of

-0 05 - 2 3¢, (cold treatment), an a second room was

thermostatically controlled at 21,2 2 l 7¢C with a wet

».‘.,

bulb temperature of 13 7 1 4 c, (warm treatment)
b.\lzxperimental measurements .and procedures
(1). Dry matter digestibility was measured as described

- for experiment I. ~1 e o | C . :_}‘ i

- ‘ J

C(41). Retention time of particulate matter in the

digestive tract

P

The retention time of particulate matter in the

- digeative tract was estimated from the time course of
v 1

fecal excretion of radiocerium 144 (Ce144) following

“"

‘l Purchased from New England Nuclear Canada Ltd

11475 COIe de Liesse Derval, Liebe (Cat No. NEZ-OlG)

v
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tne in jection of a single’dose'of.labelled Ce144 into \

the rumen, Priorvtoﬂadministration of the Ce144 into §€§

the rumen of the sheep, a stock solution was made up to

about %ﬂci/so ml water for period I .and 3ﬂci/50 Lﬂ for

period II, A suffigient quantity was made so that each

of the six sheep received a 50-ml dose, in addition to

leaving a 50 ml sample for later analysis.v However, at

the onset of experimental period I, two sheep were

inadvertantlg given 2‘oz. (59.1 ml) of Ce144 solution;

The Ce144‘solution was administered into the rumen via a

rumensfistula using a plastic 50 ml syringe Just before

' the 1600 h feeding., Plastic containers and plastic

syringes‘werelused in handling the cel?® so1utions -

- except when the original Ce14é wasvmeasured out, A glass

i microsyringe was used 1n this instance, rinsed out several

times in the ce®? diluent, p |
Immediately after}injecting the Ce144'dose,»the

, metal trays for collecting the feces were slid into place..

,Twelve hours later the first collection of feces was made.

Subsequent fecal collections were made. every 3 h for the

next '37 h at increasingly extended- intervals of 6 8, 12 P

and then every 24 h - for the remainder of the ‘5~ and 6—

,.day collection periods in the finst and second experimental

_‘periods respectively. ' o -

| The fecal.collections from each sheep were thoroughly

'_A composite sample of ca. 100 g was retained | weigheg_

w

S :{ ~;'- :
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34
samples were air—dried in aluminum pans in‘a forced—air
drying furnace at 65 ¢ for 3 4, reweighed and stored in
}individual plastic ‘bags, Several days later’ a portion |
of the dried fecal samples were ground in a micro~mill
grinderl inside al x 1x1lm plastic covered frame to
contain the radioactive dust -Beckman Biogamma vialszk
- were weighed filled with the finely ground fecal material
and then reweighed to the nearest ten thousandths of a
‘gram, ,4 | | | | o
Duplicate}samples'obtained from?each collection in
experimental period. I were- counted for 20 min and dupli-;“%‘]"
cate samples from each collection in experimental period R
II were counted for 10 min by a Beckman Biogamma Counting
systems.” ‘The high voltage control setting was adjusted \
for optimum counting at 540 volts, . Both upper an% lower '}
discrimination settings were ad justed at 1000 and 0 divi- "
" stons reSpectively (wide-open counting windowa). The |
: counting time differences were due to higher radio-‘,.

activity of the stock solution administered to the sheep

experimental period.were counted at the same time ‘hat
the respective fecai samples were being counted. We

'samples of stock solution were also mixed with weighed

3

.samples gf fresh wet feces and air-dried at 65 c for 3 d

‘1. Techmar, Model No. nio Can-Lab Supplies,_\
2, 3. Beckman Instruments, Fullerton, Calif ,

- /

BNy : ".' . g A\“ - . i N ‘ - A» .
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~ and counts were made on this preparation according to the

procedure used for feces samples.

Background radioactivity was determined and'SUbstrac~ B

ted from the samplewcounts Radioactivity c°ncentrations

v(counts per min/g of feces) were calculated and multiplied

by the fecal DM excreted during each interval to give total-

counts per min (cpm) per fecal collection.; The total
' cpm for each fecal collection was expressed as a percent

'vof the total cpm of Ce144 excreted during the 5—‘and 6 day

-ﬁ_collection periods, of experimental periods I & I1 respec- |

' tively. Cummulative percents were plotted against time.p E

Total cpm per fecal collection were also expressed as a

ﬁpercent of the total cpm of Ce144 administered in the ‘

Y N K
R i oo
TSR A

b

K ,rumen.

megression equatioﬁs were determined expressing
144

cumulative % of Ce ~ excreted with time after administra-f

tion 0} .

_,Qn,retentiop time ;0) was calculated (see sample
calculation in. Appendix figure %) using the formulas

where ti is the time elapsed between dosing and
' the mid—point of ‘the 1th time interval and M is'the é
~.fractiqn of the total amount of‘marker excreted in the i h

—

${time interval (Faichney, 1975)f}pc_‘;

cﬁ Reticulum Mbtility s

Reticular contraction frequency was obtained
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Vu‘immediately.after the trater trial by using a.fluid-filled
balloon-and‘a pressure~transduCer’recording system.;_On

" the e.d of about 3 m of tygon tubing (I D,.1/8") " a balloon
' .was attached The balloon was simply a finger from a

irubber surgical glove. Within the tygon tubing, at the

- ‘same’ end as the balloon, about 1 m of 10-gauge COpper

'wire was inserted to give this end rigidity for the place-
?d ment of the balloon inside the reticulum through a hole

in the pressure stopper of tze~rumen cannula. The tygon
tubing and its attached balloon were filled with 98%

A

'ethanol (to prevent freezing of the fluid in the line)

and connected to a- strain guage pressure transducer, .

‘ '1(model no 267 B, C ) v Three way stOp-cocks were inserted

.ﬁinto this system for bleedhng out any air bubbles. Pres-

'sure changes in the reticulum transduced by this system

fwere amplified by a carrier preamplifier (model no.3971)2

.and reCOrded by a Sanborn Physiological Recorder (model »
7714) Proper adjustment of the'balloon into the ‘/' | _

sreticulum was determined when the recording traced a R

,‘biphasic contraction (Church 1969 and Ali and Singleton,_

51974) Two 8— to 12—h continuous reCordings were made \/

irfrom eaCh sheep beginning at lOOD h daily., The two con~

fbftinuous motility recordings from each sheep vere separated

,‘by ‘a’ period of 3 days., Reticular Contractions were counted

ot : . T

l Purchased from Hewlett—Packard CQmpany, Sanborn Division .
‘gz 3, Manufactured hy Hewlett—Packard, Pallto Alto, Calif '

i
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for each hour fbreach\sheep. ° ,
"d. Oxygen ‘consumption and-methane‘progzction

Rates.ofioxygen consumption and methane production
during a six-hour period were determined using a venti-
. lated hood and ‘an open-circuit respiration apparatus
pdescribed by YOung et al (1975) TWO sheep, one from each
unit were alternately monitored for 30 min during each
'hour»from 1000 to 1600 h. While one shéep was being |
monitored by the open-circuit respiration apparatus the

lhood of the other sheep was ventilated by a ”Surge"

" vacuum pump system, The oxygen consumption of each sheep

. was monitored for 5 min’ each hour, while methane was'
imonitored for 20-25 min per hour. The rates of oxygen

: consumption and methane production were calculated for

‘ each half hour monitored

e. Sequence of measurement events for experiment hs

The CeI 4 tracer trial and the subsequent collection

£

of feces were the first procedures completed following the
temperature acclimation period After completing the
'éel44 tracer trial, reticular-motility was. monitored from

two sheep, one from each temperature treatment. Recor-

< dings of reticular motility were obtained from each sheep

for 2 days. At the same time, oxygen consumption and
methane production measurements were obtained from two

_,'other sheep, again, one from each temperature treatment j

monitored for only one day.,

f other experimental determinations

37



38

Ly

- Water consumption’ and water temperatnres were
determinedJaccordincito'tne procedure'deecribed for
experiment 1. Blood samples were obtained from the Jugu-~
.lar vein 3 h after the morning feed in nonhepariniZed
vacuum tubes. The blood was allowed to sit for 2 h and'
the serum was: ‘obtained after centrifuging for 15 min at
3000 rpm and stored at ~5 C. Thyroxine, and- T3 were .
determined as described for experiment I.

9. Statistical tests - | » L

\ An analysi;:gf variance was performed to test for
treatment differences.. Tests for comparisons among treat—
ment meansnwere determined using. Duncan 8 New Multiple

L

‘Range Test according to §feel and Torie (1960)
ﬁ



,_RESULTS - Experiment I

13

1 Animal Management Observations o

-

Toward the end of April and the beginning of May

(at the completion of the second experimental period) all

|

‘ 'sheep were showing symptoms of botfly (Oestris ovis L.)

infeatation. Some of these- aymptoms were vigorous shaking

of the head and’ occasionally the body, pawi
the metabolism crate and grating the teethg By blowing
;the nose, mucous and the occasional botfly larva were dis-

]charged“' Therlarvae were identified by the’ nepartment of

_xntomology, University of Alberta.‘ Severe symptoms were» .

"obserVed to occur in mid-May (during the third experi-

' mental period), and shoé%d 1esa segerity in mid—June.
i“During the critical period several botfly larva were re-.
.llcovered " _',,'; - " | ‘ o
‘d One sheep (I D, #9496) developed an" ab8cess on the
f,neck just behind the. lower jaw.. It was drained 10 days

3fbefore the aecond digeatibility.trial (April 22 1974)
i?fA,second sheep (I D, #9491) showed a slight loose !
to'swelling below the lower Jaw, which diSappeared during
. the. third digeatibility trial (June 16, 1934) . No changes
diin feed intake or feeding beha@!or occurred in any of the
.»fsheep- »j,‘ o S \va J_‘.i‘. ,‘ "‘ l
- The frequenuy of the sheep 1ying down within each |
’ftemperature treatment was not recorded. hut some general }

lﬂobservations were made.k The sheep expoéed to the cold

floor or-

39



.2 and figures 2a, 2b

.

treatment were notiC¢; :7?own very infrequently. The
‘sheep that were ﬁﬂ' : fsintermediate treatment lay
down more freqn{ gfeep appeared very comfortable
in thecwarm tfeg{ :5consequent1y were observed to be
" lying down much o& ?'e. It was alsoenoted that when
thefsheep were move
ment they appeareddt fie down fbr longer periods of time
during tﬁelfir;t Weé‘ i“an during succeeding Weeks. |
2;rBody Weight.ChangE H‘ ” |
The~mea; body wel s of'the sheeparevshown in table
5), The average BW. of sheep'tended_to decrease -
during exposure,to 0;8?; increased dnring eiposnrevto
17. 7 C. During’the‘in, diate temperature~treatment" |
the hay—fed sheep ten :
‘fed sheep tended to 1ose weight In Figures 2a, 2b, and -
.2c the weights of the 2 sheep within a ration within a

B sheep unit (a sheep unit consisted of two pellet—fed and

A
two hay-fed sheep which moved together as a unit across .

periods and temperature treatments) were averaged and

‘compared with each other., The hay~fed sheep consis- P

tently had lower body weights than the pellet—fed sheep, _

‘rthroughout the entire experiment One hay—fed sheep
*Uwithin sheep unit 3 (figure 2¢c) followed very closely the
__weiqhts of the two pellet~fed sheep, but the other haybfed

D

the cold treatment to warm treat~

2c (see.also the appendix table

to gain weighit while the pellet—l

. 4 O ::
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FLGURE 2a, The effect of temperature and ration on body
' wenght for sheep within sheep unit-1.
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: VFIGURE( 2b. 'I'he effegt of temperature and ration on body

v weight for sheep w:thm sheep mit 2
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FIGURE 2c. The effect of .tember;ture" and ration on body
o weight_for sheep within sheep unit 3, '
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sheep was about 4 kg.less than the average weight of the
3 other sheep within the same sheep unit (see appendix
table 5) otherwise the average Bus of the sheep within
each ration and sheep unit were very similar,

3. Feed and‘water Intakes

L

&
e

 Temperature had no effect upon: DM, N, and ADF intakes

" in sheep (teble 2).‘tHoﬁeVer, between rations there was .a |
stgnificant (P¢0,01) difference in N intake at both the
0.8 and 10.0 C temperature-treatmegt'(teble 2),? The
'xanelyeismff veriance_(ANdvA), (apperidix table 8) also o
\igdicated that there was'a a;gnifidant (P(,0.0ods):effect'

on N intake.‘

-]

Dry matter 1ntake did not vary significantly between
ratione within any of the temperature treatments or
between temperature treatments for either ration (table 2),
As shown in tdble 3, the péllet-fed sheep received a

"’, relatively constiht DM intake acroee experimentel periode,'

elthough the hay—fed sheep progressively 1ncreased their 1."

DN 1ntake from period 1 through ;\ e sliqhtly lerger DM

3/4

\intake per Bw at 0 8 c compared to the other tempera-

4turee we: ettributednin,part to slightly greater consump-

i,

'vt:ﬂnkofenﬂf ﬁrinqxth 3cold temperatureitneatment but wae
' . Bo wes.f‘"ht 4n the caﬂ i
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‘TABLE 3, Mean daily DM intake

Period *Ration Average DM 1ntake(gm) **S.D,
» | l

P - 1193.8" * 56.0
1 | o,
H 1187.3 121,5
p 1196.9 3372
2 e
H 1194,0 . T 68,1
: P 1217.6 % 37,3
3 ' R g
H 11249,3 1122.9
*p = pellet-fed sheep " H = _hay—fed’ sheep ,

**+ Standard Deviation

\

‘than. in the. hay-fed -eheep at the intermediate

: ternperature‘ (p(OVOS), o When the DM intake was cal—-

‘culated as a’ pe::cent of the total water (water in feed
plus water ad lib) intake glus DM :lntake (DM percentage

1ntake) the pellet—-fed sheep had a relatively dgreater

- K total DM percentage of’ the d‘iet (P( 0 01) when oexposed

~to the cold treatment than when e ed to the warm treat<
" men © The hay-fed aheep in the cold a 1ntermed1ate =
; treatments\ad greater DM percentage jn

1,
“the Bame Sheep expoeed ‘to the % tr atment.. There were

ntakes (p<o 01) than .

lfno BLgnificant differencee between th ’haya and pellet-‘
',"fed sheep within either the cold oroye‘ warm treatments o

1 B




percentage intake of the diet than the pellet-fed sheep.

Variation between sheep within rations'and within sheep

between periods was significant as shown in appendix |
.table 8. The data indicates that ‘the sheep exposed to .3‘
cold treatments drank relatively less water than the
'same sheep exposed to warm treatments, and that pellet-fediv

sheep tended to drink more water across temperature treat— ’

ments than the hay—fed sheep.

water intake was directly related to temperature and that
processing of feed appeared to 1ncrease water consump—'"
tion per unit of dry matter consumed

Summarized 1d tabIe 4 are the average water tempera-

”_tures and volumes of water consumed by 6 individual sheep

It appears then, that

‘\
|

o

~

TABLE 4. Drinking water temperatures and times of day

water was consumed by the. sheep within each

. temperature and ration treatment.» o

AT

'-Temp(c)n, . oa . 100 |
| Tme(n) . Sheep # 79496"9489 9494 94@3;,,9498f;949911
-7; 900-1100 vol(ml) 900 1250 3050.°1050 = 1450 600
] ’r”.;; ';'954 15 5 18 2 14 14
7500 0 100 0 - 90

li?,sgjg”

47 .
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at differentvtimes of day. Mostkof»the”water was congumed
two to three hours . after the morning meal; when consumed it
was approximately the same temperature across all tempera-
ture and ration treatments. (A more complete record for
each individual sheep is seen in appendix table 16)
.:; 4, The Effect of Temperaturevand Ration on Apparent
Digestibility of Feed, | L
There was a direct relationship between digestibility

‘of feed by sheep and environmental temperature.‘ The
effects of temperature and ration on the apparent digesti-n
‘bilities of DM, energy (E), nitrogen (N) and acid deter-
-Agent fiber (ADF) are outlined in table 5. ‘:g; f '//

a. pry matter digestibility | e

| Pellet-fed sheep exposed to cold treatments had a mean
apparent DM digestibility coefficient (digestibility) of -
- .83, 2% which waé\significantly lower gp<o 05) than the diges-

v,tibility value’of 56 7% during exposure ‘to the warm treat-
'ment.: A similar reduction in DM digestibility occurred in

48

’,hay—fed sheep exposed to the cold treatments as compared to‘

~:the same sheep exposed to the warm treatments. Dry matter ‘Q~'
', gdigestibulity was significantly (P<:0 0001) greater across

,b.all temperature treatments for the hay-fed sheep than |
’pfor the pellet«fed sheep.v 8heep within each ration

ﬁ??ftwhen exposed to.,he‘1ntsxmed1ate"ﬂp”“tmenta had DM d19e6t1~- o
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., DM digestibility could be explain by'the v

50
was a positive relationship (r =0, 407) between DM diges-
tibility and temperature in the pellet—fed sheep (figure

' 3a). In the hay—fed sheep only 15% of the variation in

-treatments (r -0 15). When the DM diges ‘bility of
R »pellet—fed sheep was regressed on environmental tempera-
-iture the following equation was derivedc-yi
| DM digestibility 53 16 + 0 213 temperature (T)
1which means that DN digestibility was significantly
(p<O, 005) depressed by 0. 21% for every degree (c) drop '

. in temperature (see table 5). - By regressing DM digesti-

”]bility‘on environmental temperature for the hay—fed sheep,
DM digestibility was depressed 0,19% fbr every degree (c)
Adre‘o“p in temper'ature but was not significant (P>0._05)

‘(see table 6),
b, Gross energy (g) digestibility ,
The digeatibility of B closely paralleled the 1inear

RS curvs of the nn digestihility fdr the pelle*—'fﬁ" 3””"‘ g

Shown in table 5 and Figure 3a the mean E digestibility

‘ny'of ﬁhe pellet—fed sheep exposed to the cold treatment was

e "“significantly 1ower (P <° 05) Ehan the ‘mean E digestibility
' This

wiltoAthe warm treatment.




~ FIGURE 3a.

% DIGESTIBILITY

(4]

The effect of temperature and ratpon on th apparent
digestibility of dry matter (BM), energy(E) ]
(N), ‘and acid detergent flbe((ADF) in sheep.

H'AY;_...'.,...i

\,.
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depressed.in the cold treatments when compared to thef'
'Eldigestibility of the same sbeep'within'the'intermediate
and warm treatments.' A large variation between individual'

i
© B, digestibility values and the low mean E digestibility

| ‘of sheep in the warm treatment appeared to contribute

lto the non-linearity of the digestibility—temperature
'curve for the hay—fed sheep. Shown in figures 3b 3c and
;3d the digestibility values for each of the proximate
nutrients (appendix table 6) were: averaged for the 2 sheep
i'uwithin each ration within each sheep unit (SU) and graphi-
:cally related to environmental temperature for comparison

’purposes.. Shown in figure 3b E digestibility of the 2

‘hay-fed sheep within SU 1l were shown to’ be greatly depresSed '

'1jin ‘the warm treatment and contributed to the low mean

ivelue shown in table 5 (DM digestibility was also -

e :slightly depressed in the sheep exposed to the warm treat-'.f

‘:ment when compared to the same sheep in the previous cold
v‘treatment ) In figure 3d x digestibility in hay—fed
.7sheeptwithin SU 3 was augmented 1. sx when the sheep were’f'h

llmoved from a warm treatment to an intermediate treatment.,-

""lTWhen the game sheep were moved from the intermediate treat-

't?;ment to the cold treatment n digestibility was reduced

52 ¥




. FIGURE 3b. The effect of temperature and ration on the apparéh
 digestibility of dry matter (DM), energy(E), nitrogen
(N), and acid detergent fiber (ADF) in sheep mthm
sheep umt no. 1 f _
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" FIGURE 3c. The effect of temperature and, ration on the apparent
' digestibility of dry matter (DM), energy(E), nitrogen
© " (N), and acid detergent-fiber (ADF) in sheep within
| ~ sheep unit no.2. S L
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FIGURE 3d. The effect of temperature and ration on the apparent -
: digestibility of dry matter (DM), energy(E), nitrogen

(N), and acid detergent. hher%\[)l-’) in sheep mthm
sheep unit no.3. - e
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'3c,‘c1oseiy'parallele “each othervfprboth rations; the
hay-fed sheep showi g a smaller variation between the
intermediate and 'arm treatmentS‘than the pellet-fed sheep.,
The DM and E ai estibilities also showed a greater depres-

sion “hay-fed Bheep than in ‘the pellet—fed sheep.

Therefore, the order in which the sheep entered the
various yékperature treatments (and to some degree, the

ration) appeared to modify the effect of temperatures on

AN

digestibility of nutrients., This factor was recognized

when an ANOVASwas done (appendix table 9) ; Within sheep

»

bétween periods accounted for a significant amount

~ (p<0. 005) of variation to DM and E digestibility.." Sheep.

1

/units did not account for any. significant variation.f
'Although a significant amount of variation was contri-

fbuted in the periodqtempegature—ration interaction for E , 3 B

digestibility (p<o 025)” period effect accounted for most

J

,-of the variation._ Therefore it appears that most oflthe

'variation in DM and E digestibility of sheep was a result

f]iof periqd effect.} Whether this result was due to the
‘i'stress of the botfly infestation is still unclear, -_ T
"although thia may have accounted for the depression in

o L

"'"-*digestibility of féed"»during bﬁ 2- e

Gnly the pellet-fsdﬁsheep had a significant (P(O 025)
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o : o

‘across temperature treatments,

c. Nitrogen (N) digestibility and<retention . R
Temperature had no significant effect on N diges-> |

Y

tibility although a slight depression was observed when

the sheep were exposed to the cold environmental tempera-

cture (see table 5 and figure 3) Ration, however, had a

signific nt effect on N digestibility (see appendix %irle

9).f The changes in N digestibility in sheep within each

sSU appeared to be conflicting at times. Within su-1,

'shown in figure 3b, N digestibility of the hay-fed sheep

exposed to the cold treatment was quite high (73 1%) com-
pared with the sheep 4n the other SUs. when the same.

sheep were acclimated to the warm treatment following the\

cold treatment N digestibility was reduced, and rose
slightly when followed by the intermediate treatment. s
Pellet-fed sh#ep within the same sU also had a higher N

o

ndigestibility,£62 7%) compared to the other two SUs when '
;»vexposed to the cold treatment, but- decreased by 6% when‘k'“

followed by the warm treatment.: When the sheép were’

vexposed to thp intermediate/treatment N digestihility was

v°./,,.»

augmented to a level of 63, s;'s compared awith 55 7% in t‘he

i previons warm temperature treatment

58

For sheep unit 3;?ni5 ogengdigestihiiity in the hayefed i
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the intermediate treatment but increased by nearly 6%
when folloWed by a cold treatment exposure -~ a very
similar behavior to that seen in SU l of figure 3, In
sheep unit 2 (figurs 3c) the effects of temperature on N
digestibility in both hay-fed and pellet-fed sheep was
opposite té%that seen in sheep unit 1 (figureﬂBb). ThHe
trends:in‘sheep«unit'B (figure‘3d) were intermediate‘beér‘
»‘téeen those of'sheep units»l and 2; As shownoin the ANOVA

“ (appendix table 9) N digestibility(showed significant
variation (P< O, OOS) between periods. During period 2 the

sheep suffered the greatest depression in N digestibility.
.The botfly infestation which' appeared to cause the sheep
the most discomfort during this period may have contributed
to a reduction in N digestibility. . |
There tended ko be greater losses of N in the urine
"Jin sheep exposed to the cold treatment compared with sheep
, _exposed to the warmer treatments, as shown in table 7,
’liThis also applied to N loss \8 in ‘the urine and feces com‘
bined. There were significant (appendix table\lO) differen-‘
es between periods for both N losses in the urine (P(ﬂeGGS) \

da,f;and the loss‘bf N in the urine and feces combined (P(O 01)

3“rivariations due to temperature and between SUs aiso had a ;‘

siqnificant (P< 0 01 and P( 0 034 respectively - appendix
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deprgpsed by the cold temperature treatment but the.i‘
'regreseion of N retention on temperature was’ not sig— ‘
nificant (P>'0 05) Again, there was a significant period
effect- The N retention valuee foa the pellet—fed sheep |
(ehown in table 7) were not significantly affected by |
~temperature-(P> 0. 05), ‘but in general the cold sheep

.tendpd to retain lees N than the warm Bheep (sheep expoeed Iy
.' to the cold and warm treatments, respectively). The hay— _'
B fed eheep, when exposed to the intermediate treatment had
va eignificantly higher N retention than during exposure to
the cold treatment ‘ -

- TABLE 7. The effec of temperature and ration on N
»3 retention in §heep., . o f‘~>; ,
Ration *~¢¥,h21f B p B ‘P B

'Room Temperature(C) 0.8 '*‘°j."3" 10,0 10.0 17.7 17.7 . ..

"Average daily Nin . e T T e T
1ne(mq N/gm urine) 12 1 12 s ;.1,:0 we 905, 10,1, 11,7,

'jAverage daily N in

- ‘urine & feces (g-: N

B /g urine & feces 21 5 20. 7,,,: 20, 3 16 9‘]; ',19;,3‘;,19-_&'45;;_-'.

parent N
Retention (%)

8.4 206, 15, 1,,, 35.4, 17, 1,,, 28, obc*:' |
"j;iwhen subecripts are different within the ;,f;, e
the “luee are’ eignificantly'different at Cee

s
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d. Acid detergent fiber (ADP) digestibility S
| ‘» ‘l‘he changes in ADF digestibility in response to
temperature and ration were similar to the changes in ’,
pM digestibility (figure 3a), ADF. digestibility was
directly related to temperature in sheep fed either
o ration (P<0 02) as shown in figure 3a. Mean ADF
;- digestibilities in the cold treatment\were, 45 5 and 58, ex
’fvand in the warm treatment 49,3 and 63 1% for pellet—fed
e and haybfed sheep,_respectively (see table 5) ﬁhe ADF : %h
:,‘ o digestibility values differed significantly between cold ‘,
. and warm treatments (P< 0 005) and between ration treat-u.l‘ |

ments (p<0 00001). o S e

'l’he changes in ADF digestibility within each sheep
unit are shown in figures 3b 3c, and 3d Within SU 1
(figure 3b), the cold treatment depressed ADF digesti- .
bility to 43 sx for""the pellet—fed sheep end to 60 9% for
the hay-fed sheep.%
were exposed bq the warmg» treatment ADF digestibility |
increased by 2 99& for the pellet-lfed sheep and ini:reased
oniy 0. 1% for “the hqy«fpd sheep. 'i‘he

“?In the second period vmen the sheep

eason for the small

‘“ " ehange in thé ; ‘__‘y-fed she

ep 'was that one of the sheep
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pellet-fed sheep inc¢reased their ADF digestibilities
(similarily for DM & B digestibiliti:s) even higher, while
the hayafed sheep experienced a slight depression or no
ichange in ADF digestibility. Sheep within SU 2 (figure 3c)
iShOWed changes in ADF digestibilities that were directly
idrelated to temperature treatments The same was true for
_ ;the pellet-fed sheep in SU 3 (figure 3d), But the hay—fed
f,sheep in SU 3 increased their ADF digestibilities wh§n |
-exposed to the cold treatments in contrast to the pren' ffa'~¥' B

‘;ceeding temperature treatments (the same was trus for DM

fA digestibility in the hay—fed sheep)

The reductions in ADF digestibilities per degree Jol
fdrop in environmental temperature determined by regression”’
f‘analysis were 0, 23% and 0 25% for the pellet—fed and hay-
}iifed sheep, respectively (table 6).. Both regression o
. -""coefficients were significant (P<0 05) | .
o '5 The Effect of'Iemperature and Ration on % DM.In The i

| Feces..p.-f.e_if;fif,;”, ‘»»if’\’,rﬂrgn'}__:a |

Environmental temperature had no significant (p).o 05)1,fﬂv

P ;
. 4

| “feffect on % DM in the feces, although the sheep exposed to iil;"

'erthe cold tended‘to:excrete dryer feces than the same sheep ;;ﬁlf o

?fsfeXPOGed to’ the warm treatm;nts (t&ble 5)" Tﬁé hay—fed

‘3f?ﬁisheep tended to have‘greater;%.DM in the feces than the
p -fod shee but th differﬁﬂce was not significant }f*e
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6.’The Effects of Temperature and Ration onlwate: |
Utilization. | 'i | ' | |
Mean values for water intake have already been pre-
H_sented in section 3 of the results (table 2), e
fpaverage daily water excreted 1n the feces and urine (total
water excreted) per kg ‘BW 18 summarized 1n figure 5 and B

~ ‘table 8 and the ANOVA 1s given in appendix table 11 The

4"_kkhay~fed sheep in’ the 1ntermediate treatment excreted signi—

ficantly less water (P<O 05) than the pellet-fed sheep :ln |
vany of the temperature treatments; and 1n the~warm treat~

: mgnt the hay-fed sheep excreted s:!.gniﬁcantly 1ess water

" ,x(P<0 05) than the same sheep exposed to either the cold,
- or the intermediate treatments (table 8) Not only did the |
. hayafed sheep tend to excrete less water in the urine and o

”;feces per kg Bw, but (as disCussed above) they also tended

‘to drink less water per kg sw than the pelletpfed sheep

'“_ across temperature treatments (compare table 2), as shown

1;'dr1n figure 5 There was no siqnificent (P)»O 05) effect

[ Of temperature on urine %ocretion in sheep within ratiw
(appendix table 11) Water excretion)in the urine of eheep

:1“fhishowed a significant variation between periods (P<:0 005)

o rf‘;-:v".,and between rations (p'< o""ooa_);~'~":,"
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FIGURE 5 The effect of temperature and ration on water con— |
| sumptlon per kgm body weight (BW) -and water excre- .

tron per kgm BW |n sheep
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FIGURE 6 The etfect of temperature aqd ratlonv on

apparent water retenhon in sheep.
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YTABLE"B. The effects of temperature ‘and ration on water

_a. metabolism in sheeg

Ration P',.. B \,P",' R P H

. -

'*Room Tbmperatqre(c) -;0;8‘34i6.0-'1b}0»1;17,7.u17;7'v'

Apparent water re«

~ tentlon (%) ,/1 17 3 ‘28, 1 ’31543540;4q1 36‘4bc46;?de:-

‘ﬂ-fAverage daily total
‘ water excreted (g

67

:.tper kg Bw ey,!, 44 3 36 6 44 6, 28 5, :47'9kf35aqj;;':,

),.

\Q e, d - when subscripte are different within

: ’ _the rows the values are significant at
u:‘f,tgy‘f&;tf‘ 0.01 level (Duncan'q»New Multiple '
R S .-Range 'I‘est) - S e

i J k - when sﬁhscripts are different within
Lo ~." ~ the rows: the -valies- are significant t
0,05 level (Duncan 8 New Multiple e
Range Test) Lo T

iftfefed Sheep retained Biqnificantly more water than the
Q?pellet-fed sheep (P< 9 01) within the wam and cold f
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7. The Effect of Temperature and Ration on Plasma
Thyroxine (T4) 'rriiodothyronine (T ), PBI Concent-
o rationg and Blood Hematocrit ' SR
- 'I'he thyroid hormones T3 and T4 tended to be incfiased
'_.,v_,when sheep were. exposed to the cold treatment shown in ‘
= table 9, the mean totalo thyroxine ('1‘4) concentration in
the plasma of the pellet—fed sheep exposed to the cold : :
’(‘treatm t was 12 76 crograms (mcg)% ‘I‘he sa.me sheep in

»’ the: war’ treatments . d significantl‘ij lower (P(O 05) meg
t Ty concentrations (8 70 mcg %) When exposed to. the inter~
| -’ -mediate treatment, the mean. ‘I‘4 concentrations were not sig—- R
\ .:’ﬁ,‘dnificantly different from, Jut were intermediate to the ' |
| :.‘:_other two mean values. The '1‘4 concentrations in the hay--
L f-fed sheep were not significantly (P>O 05) affected by the
E temperature treatments, although the sheep in the warm

treatments .had depressed T4 concentrations as compared el

with th(a sheep exposed to the cold and intermediate tre, \
6ments (see ta?ble 9). As shown im table 10 the hay—fed

sl%y not only had 'a smaller change in '1‘4 concentration
g

..

er degree c, but al" _ ?ihad a 1ower r value than the pel- PO

| ,::?».flet-fed sheep. : Only 19% of the variation inlf' 4 concent-u o

e :-i"fj_ration was "'-"explained .jby the enviromnental temperature




- y . |
TABLE 9. The effect of temperature and ration on plasma
thyroxine (14) triiodothyronine (T ), prd%eina

bound iodine- (PBI) concentrations and blood

| hemotocrit (acr).’ e .

Ration = 'b, ‘;_ "o P . H P H
- Room = = = ,‘ - SR R B
Temperature (C) - 0.8 . .. w0 0 17,7 -

Méan Valuesx B ;;ﬂﬁ' - : o A R
4 (mgg %) 12.76, i0. 56 11 ss 10 06 8,70, 7‘30'

(ng %) o 241 7o 119, 70 192, ooik ‘161. 3om 123, 20“‘73 oo
PBI (mcg %) 3, 72 * 2,79 4.06 2,84 377 2.79
'»Hcr<(x) P 35 10 - 33 3o 35,.20“~ 33,10 a1, 70 32, 30

i J X - values within the rows having'the same e
 subscripts or none at all are not sign1~q_t -
'ficantly different (p<O. 05) - from each S

other (Duncan 8 New Multiple\ﬁange Test)

L‘»

' ¢

:lysis of total plasma TZ and T3

" TABLE 10, - Regression 4
R ébnéehtrati..f 1n sheep with environmental

R T ]

'; temperature

P hormone ration B jf"b[w’j153‘é‘ﬁkt"fr:fﬁf.s.

i*];ifogZAl 13. 3f*xf;:f§;ff




sheep  across treatments showed changes similar to those

described for the Ta concentrations.f The pellet—fed v )
.sheep “in the cold treatment had significantly higher ‘ ;; |
di(P<<0 05) T3 concentrations than the same sheep fn the ;-’hi e
\\warm treatment as well as higher T3 concentrations than ‘
the hay—fed sh%ep in the cold and warm treatments (table

a9) (see also appendixotable 13) Regression analysis ‘,[} \?:
.indicated that 48% of the variation in T3 concentratf%ns

was contributed by temperature (table~10) Qs in the | ’

plasma '1'4 concentration pattern, the hay-fed sheep showed '-
;‘no significant differences between temperaﬂgre treatments.‘t
"]lInterestingly, the hay-fed sheep exposed to the inter— ff»d_
| 1mediate treatments tended,tq have higher T3 concentrations -
;"than the same sheep in the cold treatments} contrary to :
;~jWhat was observed in the pelletufed sheep.@ . |

shown in table 9 temperature had no sihkyi

jriin the sheep,valthoughiuif” nific; : oL
| ﬂfnoted in the° mova (appendix table 13) : 'f
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o : )

.blood HCTs 1n the hay-fed sheep exﬁosed to the same . v

‘temperature treatments N\

'8, The Effectlfof Environmental Temperature and Ration on
, \ -
the Temperature of Various Body Sites.' - W

Body surface temperatures nonitored from one sheep

a7

wit in each ration and within each SH«éuring the third
'pe Llod are shown in,figures 7a, 7b and 7c. The sheep
| wi in the cold treatment generally had coider body -Sur—
£ ces than the sheep within the intermediate treatment
1ch had colder body surfaces than the sheep within the
varm treatments (Bee also appendix table 17).
:%; A*series ofurectal temperatures were recorded from
ach Sheep fpr s consecutive days within the Second“period
(see appendﬁx table 14) A summary is shown in table 11,

" . . . . . .

velow, . "

- . R

-

NN Lo ey N X
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Differences between means were not significant

(see appendix table 15), although rectal temperature

tended to be slightly depresaed at the cold environ-'

o

mental temperature. X R

T el

72
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" FIGURE 7a .. The effect of temperature (0.8 C) and ration on
the temperature of the various body. sites of

-  two sheep. » o L _

1.7 R R . PELLETS O
B . R ; N X . \\
4 | - HAY I e
354 S S -
"~ 30 DR
‘ 4‘% , - -
251 '

i

TEMPERATURE (°C)




" FIGURE 7b. The effect of temperature (10.00) and ration on-
‘the temperature of the various body sites of . ,
. two sheep. - S R -
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FIGYRE 7c. The effect of temperature ario and ratmn on ,

the temperature of the varlous body sites of
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1. {mimal Management f_' R TR B \ AP
“f APPIOX-"-“‘“&‘:GIY 5 daya before CeM4 was administered !

5 o
in the first experimental period one ?wether whicb sh wed

.

warm 21 2 c) laboratory for 2 to 3 hoursf per day an | then

_TABLE 12, The effect of &
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TﬁBLE_lQ;% The effect of temperature on water’ intake. K

ments and the gain in BW. when exposed to the warm treat~
ments (see appendix table 18), similar to What was obser- T

7~

Ved in experiment I._ .

Y

The temperature of the water and the time of the day
that it was consumed by the sheep in the cold treatment o

were similaneto the values observed in experiment I.

Shown in table 13 the sheep drank most of their daily

i)

R '~.,ﬁ~wb Period ) R

jgeep 1. n.,;é:\ #2700 ‘_.A~*‘.e ‘#»8229

Sy Ayerage | Awerage _7 Average - Average

- Time ] water consumption - .water consumption .
(xlOO h) temp iCl (ml) temp (C)’ = (ml) Rt
8= 12 ’ R

ﬁp~ 2300 \rﬁ 102 15750
17 - 21 aj; 3, o 'V.¢¢,4sowt? o 3 2 ‘\,'-175jes«'
o s Period 2 o

: 7f955i<vaV 3960 &
. aes




© their crates 36 to 78% of the time between 1ooo and . 2100
_‘ -'houra each day. T‘he sheep exposed to the cold treatmente
t}did not lay down at all between 1000 and 21oo hours - B
(eee appendix table 33) S |
T2, ’I'he Effect of Temperature on Oxygen Consumption, Meth-t
| ane Production, DM. Digeetibility and DM in the Fecee.

Y

. ‘ 'I'he degree of cold strees experienced by the sheepn |

- in the cold treatment was reflected by a significantly Zf.r‘
(P<0 05) greater oxygen consmuption, (or heet produ;:tion
(Hp) ) i compai‘ed to the same. sheep expoeed to ‘the warm |
treatments étable 14) However, no significant (P>O 05)" ,

change “n methane production was obeerved

g gnvironmental temperaturgmd a significant (P(O 05)

effect on DM digeetibility (ta'ble 14). There wae aleo a

A - i L R B A “
. fm S e 4

S .,._*‘), B o . :\4 D B

TABLB. 14. 'I'he effect of. temperature on oxygen consumption, ,




| FIGURE 8. The effect of temperature on dry matter R '
(DM dlgestlblhty in Sheep
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'significant (p £0.025) variation in DM digestibility o
h between eheep as shown in the appendix table 27 The |
ﬁM digestibility was reduced by 0 18% per degree (C) drop
in temperature (figure 8) a change similar to that ob-
'served in experiment I.-T‘;“ e el
The feces excreted by the sheep exposed to the cold
‘contained a significantly (P(O 05) lower % DM content |
”ifthan fecee from the sheep exposed to the werm treatments L
h(Table 14) y regression anelysis, it was found that ;5' 2=:pi'
'fthe % DM in the fecee was Teduced by 0/16% per degree (C) S

"drop 1n temperature,lnﬂ:the regression was not statisti-'vl

| ‘3ca11y significant (see appendix table 30).;,;"

e;3 The Effect of Temperature on the Rate of Paesage and
o | Retention Time of Ce144 1n the Digestive Tract. 'fiﬁél.vjﬁ
.}ffy; l" The accumulative excretion of Ce144 for~individualf :

”ysheep expreesed as a percent recovery%of3the Ce144 gﬁ,j?ﬂ
8 to 164,8% in the

‘i*infused into the rumen, rangedlt,omf153y

"7fiefirst experimental period ani’from 1295°'to‘134 G%fin the




v
Wk

¥
Py
SR

'??and dried to constant weight prior to countiﬁg-‘ Theﬂe

-ffwas done on. 1nfhsates in*a"medium of dried feces than when

‘.;_waaver»ﬁthe reaapn”fOrzthismerror wae not established

81

-

;feoeé;‘ In order to determine whether the medium in which
i‘the infusates were counted had any- influence on. the actual
y"ﬁ;counts recorded by the gamma counter, ce144 infhsates from
"each experimental period‘were added in different propor-.'

w”tions to samples of fresh (non-radioactive) sheep fecee

°°u“t8 are given in appendix table 24 The number of
C°“nt9 Per g of infusateAwere not different when counting

: \

counting.was done on the infuaate in an aqueoue medium.~»
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FIGURE9a Accumulative excretion;‘c‘u‘r\)e for v_ce14f‘_ admi_nistered .
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: 'FI‘GURE 9b. Accumulative excretion curve for Ce!** administered
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curve for Cg'44 administered

\‘ .

FIGURE 9¢. Accumulative excretion
S _into the »i'u'men' o,f«_vsh?epi8236.o._“, o
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. FIGURE 9Ye.
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a

rate of passage of Ces

-',_ .
The multiple regression analysis is presented in appendix

table 3la, Analysis of covariance indicated that tempera—

* ture treatment differences! were. significant (P<<O 001)-

(shown.in appendix’table 31b). 'This means that ‘the sheep

within the cold treatment had a significantly greater .

144 through the digestive tract than
the same sheep within the warm treatment ﬂ'

Sheep #2523 and #0513 "as,shown in figures 94 and 9e

- respectively, did not show differences in rate ofﬁpassage
i

‘

between temperature treatments as 1arge as those shown
by the other four sheep. Both sheep were within the same
3 N .

SU_and were emaciated more than the ot ers, They also had

lower BWs (see. appendix table 18). Whether poor body

condition contributed to the very 1itt1e change in rate
N

of passage between temperature treatments is however,

ke ]

uncertain, o | ".' | . o
Using Balch's'(19’“) method, for‘estimating mean reten-
" 144

< tion time of Ce in the digestive tracf;? after the rumen

(the number of hours after dosing to 5% accumulative Ce144

excreted ), - ‘the data shown in table 15\was estimated
from the six sheep” in both temperature treatments read

from the excretion curves shown in figures 9a ~ 9f.

Using Balch's method the calculated mean retention

time of Ce144 in the digestive tract 4fter the rumen in

o
sheep exposed to the cold was~lower although not signifi-

cantly lower than in sheep expsosed td the warm treatments,

However, the sheep exposed to cold treatments had a- |

-~

<

‘88
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,significantly (P<f0.01) reduced reticulo-rumen iean .

retention time in contrast to the same sheep exposed to
the ‘warin treatments, Calculating-the mean retention times

_,/ a .
by integnating the area beneath the excretion curves

(method oﬁ Faichney, 1974) the mean retention time of
Ce14.4 in the whole tract was;significantly (P<:0.05)
reduced from 38.5 in the 'warm treatment to 32.5 hours'in

the cold treatment (see table)ls).‘ - .

_ TABLE 15, Estimatioh of‘mean retention time of Ce1,44 .
" in the digestive tract after the rumen (5%
excretion time) and in the ret?tulo-rumen
(80 - 5% excretion time) (after Balch 1950) /\\\J///

:n

5% excretion time . 80-5% excreti n time

warm cold . waim | ) _J cold K

- 9236, 45.0 14,0  37.0 . 26.0 \
8229 20.5  15;5° 28.5 25.5 -

2701 ' 17.5 - 14,0  32.5 - 27.0

2523 20,5 18,0 29.5 . 26.0

8236 18.0 - 16.5  39)0 | 26.5

0513 '16.0 16,0  27.0 - 23,0

mean  17.9 15.7  32.3 . 25,7+

s.o. f2,1 . - Mg Hg4 N3 )

* P¢0.01-- t-test, Steel and Torie (1960)

& ‘ ' a ' i . ' : : . .
" Shown in’ figure 10 mean retention time was significantly

N

N
(P<O 005) r;educed by O, 30 hours per degree (€) drop in

temperature.



FIGURE 10.

*

The effect of temperz\ dre on the retention tlme

. of Ce144 in the digestive tract of sheep.
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' TABLE 16. ' The effect of. temperature &h the mean retention

‘A\time of Celé4 in the whole digestive tract and

th_e.&ticulu_m motility of sheep. =~ ,

, .;"y . . } Cold  .Warm
N . retention time of'celé4 in o
. the digestive tract(hours)  32.5 38.5

reticulum motility(contrac; |
‘tions per hour) 1208 60,0,

/

_ ' T , ' o
Balch's calculation, relative to the method used in

_this study for estymating mean retention time of cel?? 1a

-

' the whole tract?-overestimated mean retention time in

s

sheep exposed to the cold treatments by‘gl 5% and in sheep

.

exposed to- the warm treatments by 23 3% Nevertheless
eé that the mean retention

- either method clearly ‘suggest
time of digesta- wé% ;ignificantly reduced in sheep

}ffexposed to cold compared to sheep exposed to warm treat—
ments.--In addition, Balch 8 calculation suggested that
the reduced“mean retention time of digesta by sheep exposed

;l to cold was due largely to a change in rumen retention
time.v As shown ﬁn figure ll, DM digestibilily was. signi-
ficantly (P4(0 0005) reduced (appendix table 30) by 0, 58%
for‘every one hour reduction in retention time.(r 0 67)
4, The Effect of Temperature on’ Reticulum Motility

Sheep exposed to the cold treatments had a very

significantf(P<:O 0005) increase in’ the number of reti—-. .
culum contractibns per. hour compared with the same sheep‘

exposed to the qerm treatments (see table 16). Shown in

A=
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- figure 12, the difference in retiéulum contraction .

-increased compared to the lévels during the warm treatment i

‘\TABLE'17. The effect. of‘environmental temperature on the

» , Cold - .Warm _
| Tqlug %) 11,01+ 8,62 | o
; Ty(ng %) - 156,2 + 94,7 . - o
. - *P<005Amwn,ato} o :

Thyroxine concentrations were increabed by over 25%, while

climated to cold treatments compared to sheep acclimated to

\, ) N ‘ . . . 93

’

frequency in sheep between temperature treatments was' - .
significxantly (p<O, 02) maintained throughout the day,\ ’
except during feeding time (see appendix tgple'29)

These observations suggest that changes in the reticulo- -

(.
rumen motility may be a major,factor in reducing»the mean .
-3 N

retention_timekof digeStafqithin the diéestive tract, - ‘ .

. : e - _
particularly the rumen, and hence reducing the digesti-

.biiity of feed when sheep are- exposed to cold environmen-

tal temperatures | - , .
5 The Effect of Temperature on’ Serum 'I‘4 and TB Concent-
rations
: During the'cold treatment mean Ty, and T3 concent~'

rations in the serum were significantly (P(O 05)

(table 17), (see alsc appendix table 32). R ).
. N .

&

mean serum T4 and T3 concentrations in sheep.

LY

. SR . i

-

T3 concentrations were increased by 65% when sheep were ac-

-

warm treatments, o RS
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DISCUSSION |
Oxygen consumption (heat'produetion) was 52; higherQo

in the cold (1.3 C) thaniin»the warm (é1.2 C) treatment,

Similar ;nereases in energy expenditure'in sheep exposed

/N;_i>to cold. treatments were reported by Graham et al (1959).

4

~

When they exposed sheep to a temperature treatment of 3 ¢C 4
compared to sheep exposed to 23 C a 41% increase in energy
expenditure was recorded. (The sheep were fed a controlled
ration of 1200 g dried'grass cubes). In experiment I,
skin temperatures were considerably lower ahd rectal
temperatufes were slightly depressed in sheep exposed to,
o the‘cold treatment These effects of cold temperature .
agree with the. values reported by Slee and Sykes (1967)
‘and Sykes and Slee (1968) Thus the sheep in eyperiments
I-and II were shown to have undergone a substa/fiai degree
of ‘cold stress in the'cold’treatments'compared tosthe same -

¥ - .
sheep exposed to the warm treatments.v“

) Dry matter digestibilities in both experiments were
depressed by 0.18 to,0.21% per degreeh(c) drop in’ tQMpurdm
ture, slightly 1ess ‘#hart the values obtained by Graham -

‘i(1964) and thng and Christdgherson (1974), who reported )
values of -0. 47% znd -0.25 to '-0,40% per degre,e,“(c) drOp
in environmental temperature, re;pectively. Graham (1964)
. p;obtained the % DM regression coefficient.from sheep which '
| d\\were olosely clipped and on 1ow leVels of feeding, and
ChristOpherson and Ybung (1974) obtained their %. DM diges—
tibility measurements on sheep fed either slightly above B

£ - " . - : - . .
.k N . s Lt . o ' y . . ’ ~
5% ‘ R ' . . - : R . ! . .
. . IS . . . - R . ’
[ PR , oo e e ) o ) . \ . .
' . ] ) S S - ‘A‘r - . . .
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maintenance or ad 1ib, The reductions in DM digestibility

" Pyuitn decreasing tempefature may be influenced by the state

<y the length of time the animals are acclimated to a given R

- Though the hay—fed sheep significantly reduced DM digesti—»‘

. were réduced. , Balley (1964) found no significant reduc-

of acclimation of sheep. In experiment I the order in

wa}ch the sheep entgred the temperature treatments appeared

 to affedt the degree to which DM and E digestibilities

tions in Dﬁ digestibility,when'sheep-were moved'fromva
warm (20 ¢) to a cold temperatureltreatment (-11 c), but‘
+hen the sheep'returned to the warm temperature“treatments
after a cold exposure of 1 weeﬁ\a“significant increase
in DM digestibility resulted, The same was true for ADF
digestibilities. Moose et al,(196§) in‘one'of his trials ,
with growing lambsﬂobserved-a reduction in DM digestibi-
lity &t colder environmental temperatures, but in:another
trial found no significant reduction, Blaxtiz and wainman
(re rep: red a 'reduction in 'bm digestibil y in steers
exposed to cold, but found that DM digestibility terfied to -
increase when environmental temperatures were further :
reduced. In summary, it'appears that“bM and E digeSti~
~bility in sheep may be influenced by the rate at which the

‘environmental temperature decreases or increases and by _
‘o (' RS

3 ' . "

ﬁenvironmental temperature. " v IS ‘ , : " :
\
Processing the feed may have influenced the depression(

in E digestibility in sheep exposed to cold temperatures.-

'bility from 66 6 to 63 3%¢and ADF. digestibility from 63 1

3

~ .~
5

a L . S o -
s A RO R St S T i
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to.58 8% when the temperature was reduced from 17.7 C to
O 8 C, E digestibility was . not significantly reduced on
the other hand in the pellet-fed sheep the digestibility ) - .
?f E as well as DM and ADF were significantly reduced | |
The hay-fed sheép may have-compensated»for the’ lower ADF °
digestibility by increasing the digestion of non-giber , 5‘ g j
components of the diet when exposed to the cold environ~
mental temperature. Energy and DM digestibilities were ‘\ S

: significantly greater in the “hay-fed sheep than in the - "‘ X?
pellet-fed sheep.i The. greater fecal energy ‘losses due ' |
to*pelleting have‘previously been reported in«the 1itera—__\
ture and are usually: associated with reduced losses of o
energy as heat, as the work of prehending chewing and -
“cudding}(Webster-andcﬁays,vl968;.Greenhalgh'and Reid, |
1973) or as methane (Blaxter and rahap, 1956) o

: The sii’ificant reduction ‘in ADF digestibility in o
sheep exposed to cold as opposed to warmer environment- v'vA -
’ al temperatures, agrees with the obServations made by {“'
Bailey (1964) in sheep and Warren et al (3974) in cattle?id
Since fiber is digﬂsted mainly in the rumen, it seems ' .;k. V'ié

a o G

that rumen function was altered by environmental tempera- "4

| ture.- This might have involved a change in the rate of S

o fermentation and/or a change in the rate of passage of, i+ o > i3

digesta through the digestive tract. Evidence for- a

y . S,
” 4 \ &l
e . . -

1 shorter'retention time of digesta, partiéuiarly in the._j | o f, &
v rumen, was provided by experiment II andsis discussed e '[ b
.A bg_ow. ( \\ S ?, - . P ‘ - v» | ‘- - p




O positively and directly *related. < Michael and Hodges (1973)

"‘.protoin malnutrition, semistarvation. starvation, or’ high
Hulk feedinq tha calf t ’

) I
pellet—fed sheep, althdugh the mean N digestibilities N

 tended to be slightly depressed in the cold, These

small but insignificant effect of temperature on nitfogen
‘digestibility in the present studyamay be that tempera- s

- ture had very.little influence on retention time of

‘supported by the results of experiment II which also showed

”a small but insignificant difference between temperature

'tof Ce144

"have suggested that in certain circumstances such as_

i S

»
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cant effect on N dige,hfﬁility in either the hay—fed or

»‘s@?g&gi i TR ; ‘

resuits.are in agreement with-those_ f Bailey (1964),

Sharma an Kehar (1961) found a”significantly higher 4
apparent Sigestihility of crude_proteinoin cows exposed: d%
to cooler temperatures than in~cows exposed to hot)/humid‘ } '& iwé'mﬁf

climates. However, the significantly higher feed intakes -
in the cows exposed to the cooler temperatures could haye%
contributed to these differences. Nitrogen losses in the
feces and therefore, nitrogen digestibility, are- probably '
determined largely by emzymatic and” absorptive activities ;

in the small intestine, A possible explanation for the

digesta in the intestinal tract. This suggestion is

treatments in the 5% excretion times,of Ce144.. Thus -l
o

thé effect of temperature on both the 5% excretion tdmes'

and the mean N digestihilities appear to be




intestine allowing the epithelial cells in the villi more
time to mature and develop a full compliment of digestive
enzymes. The result would be a ‘increased'digestive and
absorptive'capacity of the smaIZ intestine,-thus‘decreasing
losses of N and'possihly other'subStances in the‘fecesa
It is conceivable that the intestine‘could have an increa-
sed digestive capacity even at times when digestibility ini ,?
.,the ‘rumen is depressed. Whether sush intéstinal changes |
as described by Michael and Hodges (1973) occur in sheep |
“Miin the cold is not known but might be a process worth

w [l
'considering 1in future studies. :

~ N
G

s .V Water consumptions calculated as’ water intake per kg~‘
BW per day,varied significantly between tpmperature
.or ration treatments except there was a tendency for the ;
. sheep exposed to the cold treatments to consume less than
“, the same sheep exposed to ‘the warm treatments., Similar
observatﬂgns were reported-by other investigators for
sheep (Bailey et al, 1962; Bailey 19643 Butcher 1974)
and for cattle (Sherman and Kehar, 1961;Gengler et al,
f,1970; inchester and Morris, 1956). .
:*§J;¥: In the second experiment of this study, sheep that
were exposed to a cold environmental temperature were
& shown to have a significant reduction in mean retention
time of particulate matter in the digestive tract using
'jcélff as . a flow'markerughThe mean retention time foq sheep:‘;af

“ ?fin the warm treatments Was 38. 5 hours, ‘and. for the same

vf usheep in the cold(‘;;;tments was. 32 5. hours——a teduction Lo




of 15.5%. warren et al (1974) reported similar results
in.Holstein steers, When the steers were. exPosed to two
température treatments oF 18 ¢ and 32 C; the mean reten-
tion times were 36.6 hours and 43,2 hours——axreduction

of315.3%“when°exposed to the colder temperature treat-

N

ment, : o oL

Castle (1956) reportedlmean retention times for goats.
,ranging from 32.2 to 44.8 hours, " She calculated mean
retentigg time by taking the time required for every 10%
of the residues from 5 to 95% to be excreted. Blaxter -

. et al (1956) in calculating retention times by integra-'ﬁ

- ting the area beneath the excretion curve, obtained values

of 34 to 53»hours for sheep receiving finely ground cubes .

100

at daily feed intake levels of 1500 and 600 gm respectively.

e

Church (1969). in reviewing the work .of several investiga—
>~tors reported that decreasing the size of the feed parti-
cles decreased both mean retention time and DM digestibili—
ty. A similar reaction occurred as feed intakes were
increased Blaxter et al (i956) further reported that as
DM digestibility increased, mean retention time increased

with DM digestibility reaching a plateau at .about 80%.

However, in the experiments of this study, both feed intake‘

and the 1eve1 of processing were. held constant across
temperature treatments and therefore, did not contribute to
the obsered changes in DM digestibility ‘and - mean retention

»'times associated with the changes in environmentalltempera-

o I3

Cture. L

. A : A/ '6
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Using Balch's (1956) method for calculating mean
'retention times of Cel44 in the reticulo rumen and the
digestive tract after the reticulo—rumen, it was .shown
that the reticulo-rumen was mainly reSponsible for- the
&gdifference in meanoretention time between temperature
treatments, Sheep exposed to the cold treatments bad a.,
significantly reduced ‘mean retention time faor Ce144 in
‘the reticulo—rumen compared to the same sheep exposed to
the warm treatments, but no significant differences in
mean retention times were obtained in the digestive tract
after the reticulo—rumen:-lThis information suggested that
the rumen 4{s mainly responsible. ‘for. the obsarved changes
in mean retention time and DM digestibility between
temperature treatments. \ |
S‘ ~ When mean retention time Qas regressed on the DM y
‘ digestibility of each sheep across temperature treatments,
it was shown that, these parameters were significantly
SP(O 0005) related (r ’0.67). DM digestibility was -

°

.reduced 0.58% for every one hour reduction in mean reten-

ticemkime. B o | T
| ‘xperiment IT, the mean reticulum motilities in
sheepiexpgsed4to warm"and cold]treatments were 60,0 and
. 72.5 contraCtionsfper hdurhhreSpectively._ Tbere'was a
diurnal variation in reticulum motility from average . |
valueg of about 62 to 106 contractions per hour in sheep
exposed to the coldﬁtreatmentﬁand from valuespabout 51
to 80'contractions per npur in sheep exposed to the warm

A
... B
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treatments (see figure 11). The highestblevels of

motility were recorded while the sheep were eating and

‘the loﬁ"levels while the sheep were resting.u These

values agree with those reported by Dziuk et al (1963)

who determined rumen motility in deer. Dziuk and

MeCauley (1965) reportedﬁvaiues of 60 £d 120 cycles

per hour:iﬁ sheep, cattle and goats at rest andd%eeding., .
Similar reticulum motiligy values were obtained b;

Balch (1952) and by Balch et al (1951) in cattle. W

authors did not study the effects of environmental tempera-

7

ture on reticulo-rumen motility. The effects of tempera- .
‘ture on retieular contraction frequency observed in the
pregent study support the resuits'of Attebery andj
Johnson (1969). who reported an effect of temperature on
the frequency and amplitude‘of rumeh contractions in = >

cattle.

| I exoeriment 11, ﬁethahe'prodactioh,rates in shef
'did not differ sighificantly betﬁeen temperature ‘treaf
Methane production, according to BlaXter and Graham ﬁ1956),

is a by—prodUCt of rumen fermentation, and inoreasesfas
retention time increases and as the digestion of ce;l~wa11 -
‘constituents 1ncreases Métha@e production WOu;o”therefore |
be expected to be depressed in sheep exposed tqg cold
f’temperature treatments., 'However, Graham etv."(1959) in -
agreement with‘the resulta of this sh "“odnd methane |

production in sheep exposed to e0ld or warnm environmental

temperaturesttp remain_.

]

'”relatively stable levels.



&

103

Methane production rateglwithinzthe'tWO SUs were
directly opposed to one another; In SU 1 which included
sheep 8229, 923d/9nd&?701 methane production was 24,6
x 10~ l/hr/kg in the cold treatment and 17,0 x 10~ l/hr/kg}
in the warm treatment, while in SU 2, which included sheep
2523, 8236 and 0513, metharde production was 18,3 x 1073
1/hr/kg in the cold treatment, and 22,7 x 10i3l/hr/kg in
the warm treatment (the”averages were calculated from
appendix table 21), ’

The observed chanoes with environmental temperature
in reticulo—rumen motility may have been due either to o

4

a neural ,or humoral mechanism ot both, activated

| presumably, by peripheral or deep body_temperature

receptors, There 1s‘presently very.little evidence con-

o*

cerning the physiological properties and mechanismsvof

‘the Various réticulo-rumen receptors, except for the

tension receptors (Iggo & Leek 1969) RaWSon and Quick.
(1972) were able to demonstrate that, by heating the
intra—abdominal regions of a ewe, thermoreceptors appeared
to be located in the walls of the rumen and intestine.
They were able to further demonstrate by denervation '

techniques, Fhat the Splanchnic nerves were the ma jor.

_afferent pathways for the receptors. Similar conclusions

were drawn by Riedel et al (1973) in the rabbit wHowever

Ingram a?d Legéz (1972) could not obtain thermoregulatory

responses in the pig by intra-abdominal heating.

7 Riedel et al (1973) and Rawson and Quick (1912) did

';_
. . : . . o
L a L . - . o
B ) P
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(

‘not obtain any thermoregulatory responses nor'were they
able to activate the Splanchnic afferent fibers by intra-
abdominal cooling below normal core temperatures. Rledel
et al were able to demonstrate, however that the abdominal
area required 4-times more heat than"thatlsupplied to.

the vertebrai canal to evoke similar responses and sugges-

- porE
. s

ted that the vertebral canal may have 3 to 4 times more
- ¥
regions, This may

thermoreceptors than the abdémina
offer an explanation as to why no chaﬁées in'Dm digesti-

bility occurred when low temperature water'was consumed, -

as demonstrated by Cunningham et al (1964), because

the cold water is constantly being warmed to near body

core temperature each time it is ingested and does not

provide a chronic cold stress on the intra-abdominal

region for a sufficientiy long period of time. N o

Since skin temperatures tended to be considerably

,lower/aﬁd/rectal temperatures tended to ‘be slightly depres—

sed in the cold treatment compared to the warm treatment
(experiment I), it is possible, as suggested by Slee’

(19737: that the skin temperatures might have influenced
Kthe superficial cold receptors whereas the deepvbody temp-
erature may have influenced both intra—abdominal and sg}nal S
cord thermoreceptors., -The possibility that cold activation
- of thermorécﬁptors in sheep may result in increased vagal
. activitywhaé not been studied although it has been shown

- by Le »Blanc and aote (1967) that cold-adapted rats do

experience increased vagal activity as compared to warm

’ 0‘e°'j: Q c L e \.



adapted rats, Tsuchiya et al (1974) demonstrated that

‘increasing vagal activity by cooling the gpinal cord

increased gastrointestinal motility in dogs. Though -the !

, cold temperatures necessary to illicit increased gastro--

‘intestinal motiLity were physiologically'abnormal the

~work of Tsuchiya et al may point to an explanation for . .

the increased reticulo -rumen motility in the cold exposed
sheep. It has been established that the reticulo—rnmen
is innervate%,by the.postganglionic'parasympathetic
system via the Vagus-nerveé{and that medullaryrneuron
and effe;ent vagal fiber activities are closely associated
ith reticulum contractions (Titchen, 1968), It is
therefore conceivable that either peripheral or deep body
temperature receptors could Tead to an increased vagal
activity, = L | ’ S - R

L »

In both experiment I and II, T, and T, Serum concen-

trations in shegp were higher in the cold than in the

yarm treatments. e'results aéree’with the findings of

Gale (1973),‘for sheep and Yousef et al (1968) for

cattle._ The increased serum T4 ‘and Ts'concentrations-were

associated with increased metabolic activity,'as indicated

s 105

’by ‘the increased Oxygen'consumption nd are consistent with

the results of Yousef et al (1967) Increased T, @ and T3

) serum concentrations as a result of decreasedltemgeratnre

B e

' may augment reticulo—rumen motility and thereby gecrease"

DM digestibility. : r_mfa o |
Kirton and Barton (1958) demonstrated that thyroxine

T , 3

[#)
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. _ o
implanted ewes, had highly significant reductions in the

weights of empty gastric tracts but no reduction in the
weights of the empty intestinal‘tracts There was also a
reduction in the Weight‘of gastrointestinal contenQQN
Miller et al (1974) demonstrated that'hypothyroid cows not
only had a significant increase in retention time of .
digegta in the digestive tract, but had 90% more wet

'ingegtewand 76% more dry matter in the rumen than cows

* with intact thyrqids, Abomasal contents'had 50% fore

wet material and 40% more dry matter and the distal

S~

" large intestine contained 127% more wet material and 100%

more dry matter in the thyroid damaged cows than in the

rformal cows. But the contents in the omasum and remaining

digestive tract differed very little between hypothyroid

- and normal cows, Although the: changes in gut-fill in the

above study might have been due to changes in feed
intake, there may also be direct effects of thy-
roid hormones on the gut (Balch et al 1952) ‘These
investigations szyport the suggestion that increased serum d ,

thyroid hormone‘ oncentrations may have augmented rumen'

“motility and thu decreased DM digestibility in sheep

| exposed to cold. t atments ff ‘ - o . o

However, the thyroid hormones may have a different

. effect on the small intestine. }Leving(l969), in_‘; .

reviewing the work from‘several'investigators, con;luded
that thyroxine appears‘to.have’a mitogenic effect on the

intestinal crypts and an overall hypertrophic effect on
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theé small intestine. This may help to explain'why.N and

possibly E digestibilities did not always differ sig-
Anificantly between temperature treatments in experiment‘I.‘
A possible hypertrophy of the small intestine, as a

v,

result of the increase in thyroid hormones _may have ¢

increased the digestive and absorpt%ve capacity ‘of the
small intestine. This ‘was discussed earlier. \
?lthough the sheep in this study were on a controlled
intake!,the daily excretion of DM in the feces was
‘greater in the sheepwexposed‘to the cold treatments*
(decreased digestibility) It_has béen shownb(Gale, 1973)
that a rise in thyroid hormone is related to the enhanced‘
enterohepatic Cclearance of unmetabolized hormone. Rats
exposed to the cold increase their uptake of food and
therefore excrete more thyroid hormone in the greater
fecal bulk, This may. have occurred in the sheep of ex~-
'periments I and II, however this possibility has not
been studied in ruminants. ‘>L‘~_'t ‘
Although most of the PBI ‘values fell within the
usval range of 3.0 to 7. 0 mcg % (Falconer and Draper,
J:1967) they did not significantly differ between tempera—
ture treatments.‘.Halliday et al (1969) found PBI
concentrations tO'bebsignificantly higher in the~cold-
:acclimated than in ‘the- warm—acclimated sheep., ﬁowever,
}Heroux and Brauer (1965) found that cold-acclimated rats
‘could diSpose of a much greater amount of thyroxine thanﬁ

7therwarmsacclimated rata;andgwereyable to maintain a‘

%, - . - Tl . 1Y N
U . " L L . 3

L L ’ -
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normal éBI lewel."Tﬁey suggested that this'greater
tolerance of thyroxine by the cold-acclimated rats could
be due either to increased elimination or to increased
. metabolism of thyroid hormones. The lack of effect of
temperature on PBI levels, in spite of increase in serum
T, and T, levels'in the cold, suggests tBat PBI concen-

tration is not always a reliable indicator of circulating

leve;s of thyroid hormone,
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SUMMARY AND CONCLUSIONS
1. Experiment I

N

a.iln the first of two experiments, 12 closely shorn
yearling wethers receiving‘haQ either in the long form
(hay-fed sheep), or in the pelleted form (pellet—fed

sheep), and maintained at the same intake throughout the *

experiment were' acclimated to temperatures of 0.8, 10,0

~and 17.7 C., - The apparent digestibilities of DM E, ahw

ADF within each ration. were positively correlated with
environmental tempbrature. In the hay—fed sheep ADF
digestibility was significantly (P <0.05) reduced by -

0.25% and DM was reduced but not significantly (P>v0 05)

'vby 0.19% per degree drop in temperature. Dry matter, E

and ADF digestibilities in the pellet—fed Sheep were

‘significantly (P<:0 05) reduced by O, 21 0.19 and 0. 23%

reSpectively, per degree drop in temperature.

b Neither environmental temperature nor ration had a

significant effect on the apparent digestibilitiy of &/1n

sheep.' N retention tended to be higher in the sheep

ol e

' exposed to the warm treatments than in the sheep exposed to

~ the cold treatments. o - o ’ i . x h'.

" C. Environmental temperature had no significant effect
! by 0 -,

on water intake in sheep although there was a trend for

,water intake to decrease with decreasing environmental



- d, - Thyroxine ) and triiodothyronine (T ) plasma

concentrations were significantly,(P<:O 05) increased

from 7.30 t0‘10.5§/zg%'and_73.0 to 119.7 ng%vreSpectively

.

in the hay-fed sheep as temperature washdecreased from .

17 7 to 0. 8 .C. Plasma T4 and T3 cOnég;tretions were

increased significantly (P<:0 05) from 8. 70 to 12 7§/ug%

v

dnd 123.2 to 241.7 ng% respectively,_in the peIlet—fed

sheep as temperature was decreased from 17.7 to 0.8~C.

Al

2. Experiment II

3

In this experiment six.xUmen fiétulated and ciosely

‘shorn sheep receiving constant intake of a pelleted hay -

ration, were acclimated to temperatures of 1. 3 and 21 2 c,
The apparent digestibility of DM was significantly g
;(P¢<O 05) reduced by 0. 18% per degree (c) decrease in
“temperature. oLt |

E TN
.',:-) K . . ¥ - s .

: b The mean retention time of diqesta, determined from

144

fecal excretion patterns of Ce™ ™~ was significantly

.(P'<0 05) reduced to 32, 5 hours?in the cold treatment from

38 5 hours in sheep exposed to the warm treatment

..‘ .
{

o

Y. Reticulum motility was significantly (P< O .00s)

'!ffincreased from 60 contract@on&ﬁber hour in the warm treat—

o

'_ment to 72 5 contractions per hour 1n“the cold treatment

Tl . .
. BRI . T ¢

d. Oxygen consumption was significantly (P<0,05) -

Q
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= ‘ : increased in the cold treatment compared to the warm @
' treatment Environmental temperature had no siqnificant

™ _
ﬁeot on methane production. - o 3""»/

»

e. T andvT3 gerum JCOncentrations increased from 8.62
" to ll Ol/ag% and from 94 7 to l56 2 ng% respectively |
(PO, 05) as temperature was decreased from 21,2 to 1.3 C.
3. The direct relationship between environmental tempera—
= ture and apparent digestibility of DM E and ADF in sheep
\ was confirmed although in sheep receiving long hay, the
apparent digestibility of E was’ not significantly
affected by environmental temperature. In experiment II“
apparent digestibility of DM, was pqsitively (P<:0 05)
| cornelated with mean retention time of digesta in the

LRG

digestive tract »The possible involvement of. thyroid
hormones and vagal activity as mediators of the incre;sed
reticulo~rumen motility werectiscussed It is concluded
that cold environmental temperatures increase theff

: wmotility and réduce the mean, retention time of digesta in.
the digestive tract resulting in depressed apparent )

digestibilities of DM and ADF in cold exposed sheep.

- - ‘ . _—
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L : a c
JFigure 2, Retention Time Calculation, (Data from
oo 'Vappen&;x Table 23k). S

B r S ! 5
0'?i§; t M, ‘\- (Faichney, 1975)

& x 12 hours (pidpoint of the 1th time interval)

=6 hours

-

Therefore, © = 6 h x 0.066 % + 100 = 0,0039 hours

-

.
ik

 Therefore, 0 = 13.5 h x 0.33 % 3 100 = 0.019 heurs

and'the,hext»time 1nterval iss ,
%15 h = (% x 3h) = 16.5 hours . o
'.thép‘*o= 15 5 p x 3.16 % ¢ 100 = 0.29 hours

t.. .‘f

jn

- R

Tbtal retention time of 08144 i theadigéativé tra&t pf

aheep 2523 13 thena S N P

e - vt e o " . ' Y ‘. . i . T

LN

E{A;‘WQ77(f;’*7 ;§~"

The next time interval iss 12 h + (% x 3 h) = 13.5.hours
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2, The effect of temperature and ration on fecal

excretion in sheep.
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ST L APPENDIX , :
‘ﬁf *TABLE ZB.e The ANOVA on the effect of temperature on the
8 & reticulum contraction frequency in sheep.

. \_‘, .

L R £ M. Lss p,L.l,_ o p;n,z
v“jSheep(S) ;fjf&;i4;as, 356, 348*, O
o \,-,”'Temperature(w)\ 1 65375 | «0,0005 <o, ooos
LY pertcd (P) Qiﬁl’fl 18972 «0,025
‘,f[ﬂfnesiduall }~‘i£;ﬁ§ ;4“ff, 281, 33 IR
'fvﬂResidua; (D/TSU) ‘;flﬂ 188 g |
.  ﬂHours (a) 6 3581 4 ;',,. 0.0000  <¢.0000
HST L e .30 55,024 - e
;fnﬁvaesidual (Hms/U) Ziﬁfiffﬂ”v°'\‘
"fg'@Residual ﬁnuﬁnsu) **ez ‘

-

-\ <¢o.0025.

. €0.05
| : <0.05

n:.f* 1ost 2 degrees of freedom sinceq~.sets of determinations L
‘were estimated. to: @e the same»a'ithe aecond 2 sets ‘of -
L determinations S R P R
"}-** Jost. 10 deg"ee
S e lost
R - L-}r~ prgbabilit
'5¢P-Lf2

of freedom;s Hceflo}determinatibns were ;v/“'“
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