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"’@ prolonged cold exposure on the lactatlonal performance, feed

'g and to examlne the 1nfluence.of acute stress on mammary ﬂ"""‘

S

'”'”ﬁt treatment Dlgestlblllty of a 75 % bﬁrleY‘25 % alfalfa d1et

L measured after 50 days of cold exposure;‘was reduced by
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Vi ‘,‘.“ .; ; "..‘ ;.:;‘ Abstract R
Exper1ments Were performed to determ1ne the effect of

.

dlgesq;51lit ) organ development and mammary blopd flow of’

lactathg ewes, to determlne the degree of d1urna1 var1at1on“

blood flow and to’ assess the growth morphologlcal and .
tdigestlwe'responses'offﬁdﬁhé*iamhsﬁto;a;cold,environment;”"

R

Exposure of lactatlngvewes to 0 °C for 24 h resulted 1n'5

a 20 % 1ncrease in. heat productlon, wh;ch rose to a level

~

. ’)
55 % hlgher than thermoneutral values after 41 dayé%of

3 8 % (P<0 05) Plasma noradrenallne and tr110dothyron1ne
levels were elevated (P<0 05) 1n the cold exposed ewes and
plasma adrenallne, thyroxlne and glucose levels also tended

-

to be 1ncreased Chron1c cold exposure had no 1nfluence on

' concentratlons of fat and proteln tended to be hlgher in the -
B cold exposed ewes but lactose cencentrat1on rema1ned

“‘unchanged Mllk fat was character1zed by a reduced (P<O 01),.'

plasma levels of 1nsulln.

e

Desplte the decreased feed d1gest1b111ty and the

~1ncreased metabollc demands of the ewes,-mllk prpductlon was

not 51gnlflcantly altered by cold treatment. Mllkﬂt;

B VU S

¥

proport1on of short chain fatty ac1ds as a result of cold

exposure.
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Cold Stress resulted in a 51gn1f1cant degree of adrenal
gland hypertrophy (P<0 05) and a tendency “of 1ncreased
:‘ thyrold welght but had no 1nfluence on the welght of the
ﬂrgigastro 1ntest1nal tract.tfff‘jf ﬂ=;“”}ffi B " o

After 8 wk of cold treatment mammary gland we1ght/un1t

.,j:bodywelght was reduced (P<0 05) Analys1s of the t1ssue :';;.

‘comp051t10n of the rlght half of the udder revealed an

v

tendency of decreased secretory tlssue mass as a resd@t of

ot ' ‘-

_ cold exposune. Total mammary blood flow (ml m1n"‘ -

radlonucllde labelled

'fml 100g‘!.m1n‘l) measured w1tl
_{mlcrospheres also appeared to‘be depressedfas a consequence
vhof cold eXpoSure. As a proport;on of total mammary blood<
.wflow secretory tlssue blood flow was reduced by |
approxrmately the same amount as connectlve tlssue blood

‘o

fflow was 1ncreased in the cold exposed ewes Suckllng

B A . ‘

,ffﬁfresulted 1n ‘a tendency of - reduced mammary blood flow 1n both

the control and’ cold exposed ewes but had no 1nfluence on'

blood flow d1str1but10n w1th1n the mammary gland Blood flow
_to the. popllteal adlpose depot of the hlndllmb 1ncreased

DR % :

'_'over three fold as a- result of cold efposure. Blood flow to

selected muscles of the hlndleg was sllghtly 1ncreased

_although blood flow to the sk1n of the leg was reduced as a‘f;i L

[N . " . ‘ - _“.
consequence of cold exposure.ijﬁg-,f. :gr o e :

Cont1nuous recordlng of blood flow through the rlght
Lo dmammary artery w1th an electromagnetac_blood flow probe
._,revealed that changes 1n posture, feed1ng, m1nor stresses: R

and suckllng caused blood flow to decrease. Durlng acute

T P S SO S
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; cold exposure, mammary blood flow and udder surface

'temperatures fell markedly when the ewenwas stand1ng but

\."\’

:ily1ng down effectlvely 1nsu1ated the mammary gland from the

' ..COJ.d . ,~'.: '-4.. B

L . . - \'

Young suckllng lambs housed at 0 C had a sllghtly
c”" b 3

h”depressed rate of growth desplte nutrlent 1ntakes 51m11ar to
'-che lambs housed at a neutral temperature. We1ght ga1n ov}
4ffa short perlod follow1ng weanlng also tended to be’ lower as

:Ta consequence of cold exposure. Cold exposed lambs were

Ké

‘ ‘“>“character1zed by a tendency of reduced ear s1ze and
'.decreased leg bone length partlcularly of ‘the more distal
.?bones of the h1ndl1mb Although the dry matter and n1trogen
';fdlgestlbllltles of a concentrate ratlon fed to the weaned
';lambs were not affected by cold exposure because of a-
’f:relatlve 1ncrease in urlnary n1trogen loss, n\trogen

7retent10n was reduced (P<0 05). Organ we1ghts measured after

11 wk of d1fferent1al temperature exposure were s1m11ar for

’both groups although the 1ncreased thyrold and abomasal

]

welghts of the cold-~ exposed lambs approached stat1st1ca1

51gn1f1cance (P<0 10). SRR N
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I. Introductﬁon’

- Exposure to a cold env1ronment ellcxts certa1n behav1oral
;phy51olog1ca1 and b1ochem1ca1 changes des1gned to enable theg‘
v-anlmal to ma1nta1n a state of home hetmy. In general «the.

1nfluence of a low amb1ent temperature*ab}s through

alterat1ons of the neural ‘neuro- endocrlnetand endocrlne
,control systems of the animal, resultlng 1nﬂn
1. changes in behavtor (1e. posture and acxxv1ty) (Gonyou

et al 1979) that help to m1n1m1ze ‘heat: Iﬁss to the

env1ronment R
- “«%
2. perlpheral vasoconstrlctlon (Alexander 1979}

- 1965; Thompson 1977) wh1ch 1ncreases the tlssue“

1nsulat10n of the an1mal othus reduc1ng convqgtlve and'

' conduct1ve heat losses

cel, .

3. 1ncreased blood flow to thermogenichtissues'(ie.gaif\

\.0'
'skeletal muscle, brown adlpose tlssue) to support bobh'

o

‘shlverlng and non- sh1ver1ng forms of thermogenes1s tgﬁ_
(Thompson . 1977) .

4, .lncreased heart rate and card1ac output (Hales et al.
1976; Thompson_et al, 1975) tovhelpvsupport an.1ncreased
metabolic ratet

5. a greater metabolic‘activity of the thjroid‘gland_and

sympathetico—adrenal'medullary system which~has been

.suggested'to be important invco-orainating and

'regulatlng the anlmal ‘s response to’ a cold env1ronment

(Gale 1973)




The 1nfluence of these cold 1nduced eyents on the_'

,process of m1lk formatlon has recezved l1ttle attentlon.- o ‘ ﬂ?

'.‘P0551b1e mechanlsms by whlch temperature and other f f. )

-

Lbzometeorloglcal factors may affect milk productlon have
”ibeen suggested by Johnson (1976) andware presented 1n F1gure o
th.1. Since m11k formatlon depends upon the supply and uptake
‘of nutr1ents by the mammary gland a low amblent temperature
potentlally could" restrlct the anlmal s capac1ty for milk.:
productlon by' |
1. restrlctlng nutrlent supply through
a. a reductlon of feed dlgest1b111ty,
-b. a d1ver51on of nutrlents away from m11k production "
to meet the 1ncreased maxntenance energy demands of-

T

the lactatlng an1mal
c( an alteratlon of mammary blood flow.w
2, alterlng the endocr1ne balance necessary for mlgk
secretlon._' | | _
3; decreasing thé Tate‘of mammarytmetabollsmhhecause of
. reduced tlssue temperature.,' |
What has not been con51dered}hy Johnson (1976) or other
:researchers (Clarke et al. 1976; Faulkner et al. 1980; .
Thompson and Thomson 1977--Thomson et al 1979) 1is the
1nf1uence of . the suckl1ng young on the capac1ty of a
.cold stressed an1mal to produce mllk In a situation where
&ﬂ'“__both the lactat1ng an1ma1 and the suckl;ng offsprlng are

v

T.housed in a cold env1ronment the 1ncreased energy demands

: of the offsprlng may result 1n an 1n¢reased,appetlteﬁdrlye!f

By
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which in<turn may'stimulate milk production Slnce, in the

ewe, 1t has been 3uggested that max1mum lactatlonal

'performance is not achleved when only one. lamb is be1ng

nursed a cold exposed: ewe nur51ng a, s1ngle lamb may have

. the genet1c potentlal to increase m11k productlon in.

~

~
respoﬁse to an increased appetlte drlve of the lamb

The pr1nc1pal purpose of -the experlments presented in,

~ the following chapters was to investigate the effect of a
‘cold env1ronment on the lactatlng ewe nursing a-single’ lamb

- In addltIOﬂ to examlnlng the lactatlonal performance of the

ewe, other factors such as energy and endocr1ne balance,

feed d1gest1b111ty, substrate avallablllty and mammary blood
flow were con51dered because of the1r 1nfluence on the

process of mllk formatlon. As well the dlgest1b111ty and

n1trogen retentlon of a concentrate d1et fed to the lambs o

“after weanlng were examlned to determ1ne ‘1f s1m11ar

d1gest1ve responses to cold occur in young grow1ng lambs as

in mature sheep. Finally, ‘the morphology of young grow1ng t
lambs housed in a cold or thermoneutral env1ronment were o
compared to 1nvest1gate the p0551b111ty of a cold 1nduced : f‘-»

adaptation in growth which may be of benefit to the thermal p

balance of the cold exposed lamb
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ﬁ7f”The Effects of Prolonged Cold Exposure Dur1ng Lactatlon on

'“fthe Feed Dlgestron Endocr:ne Balance, Milk Productlon and °

M11k Compos1txon of the Ewe'

At hbstract o hh. b‘f Lo "\;fd'-d:* ;

E The lactatlonal performances of ewes chron1cally B
expOsed to a thermoneutral (21+1 °C) or cold (0+1 °C)
env1ronment were compared in two experlments. Ev1dence of
cold stress . 1ncluded a. depre551on in feed dlgestlblllty |
(;<0 05), and an 1mmed1ate.;ncrease 1n heat product1on
(P<0 05).. and plasma concentratlons of noradrenal1ne ?iﬁcff;i;

.(P<0 05) adrenalnne (P>0 10) and glucose (P<0. "10) .,
Accl1matlon to a low temperature was reflected by a. further

rise in. heat product1on (P<0 05) and plasma T and T levels

(P<O 05) bht a gradual reductlon of plasma | radrenaljne“M

' _(P<O 05) and adrenaline (P>0 10) concentrat;ons.” _
. cold
1’exposure tended to result ‘in’ andlncrease in percent milk fat
3fand proteln however lactose concentratlon remalned; :
unchanged Milk obtalned from the cold exposed ewes was

: characterlzed by a relatlve decrease in short cha1n fatty

ac1d secretlon (P<0 o1y, Although m11k comp051tionfwas
affected by cold stress, daily milk production was. not
51gn1f1cantly altered; as a consequencé% total energy lost S
in the milk tended to be sllghtly higher for the_uf f?f*“'

'fcold stressed ‘eves. The 1ncreased energy 1ost as heat and in,_




d'~7Prolonged cold exposure (8 wk) dld not affeCf

”'.vgasﬁrozntestlnal#tract lung or kldney we1ghts (P>0 10)

*fﬂjexposure.

.' A I R P R e

"5def1c1t throughout most of the experlmental per1od._ﬂ["fr§

'palthough mammary gla ﬁfwelght expressed per un1t of body

. welght was redudedﬂj?<0_05) Adrenal gland we;ght was

‘slgn1f1cantly greater 1n the cold exposed ewes (P<0 05) and
},thyr01d gland we1ght alSo ténded to. be h1gher as a result of
J‘cold exposure (P>0 10) Eff1c1ency of. milk secretlon |
' ;caIcuIated in. terms of g mllk/g mammary or secretory t1ssue

and mammary blood flow mllk yleld reflected an 1ncmease in

ﬂ~vm11k productlon eff1c1ency as a. result of prolonged cold

2

,‘.,?~ .




" (Alexander et al. 1968; McKay et al. 1974) free fatty acids'

‘B.. Introductxon

E I
TR R

At‘amb1ent temperatures below the lower 11m1t oL the
thermoneutral zone, sheep lose more energy to the f‘-;.‘4.--
‘env1ronment (Graham et al. 1959) and frequently, digestion
is 1mpalred (Chrlstopherson 1976 Kennedy et al. 1976 1982;
| Westra and Chrlstopherson 1976) consequently, 1f the energy*”w'v:
1ntake of a lactat1ng ewe is f1xed during’ cold exposure,
less energy is avallable to meet the ma1ntenance ‘and
ladtatlonal demands of the animal. Potentlally then ‘the. ' «;
quant1ty and nature of the nutrlents secreted 1n the- mllk . |
and avallable to the suckllng young may be affected Cold N L
exposure may alsqg d;rectly 11m1t the synthetlc capac1ty of |
‘the mammary gland by depress1ng the rate of mammary

metabollsm ‘as suggested by Johnson (1976) or’ may act.

1nd1rectly, by affectlng the udder s blood supply (Thompson i

and Thomson 1977; Thomsonvet al. 1979 Thompson 1980) As
well, changes 1n endocrlne metabollsm 1nd0ced by cold s
exposure (see rev1ews by Gale 1973-'Thompson 1977 Alexander
1979) m1ght 51gn1f1cantly alter the metabollsm of the ':>

mammary gland (Faulkner et al 1980 Robertshaw 1981). These

developments could serve to further limit the m1lk produc1ng"

capac1ty of the cold stressed ‘ewe.
On the other hand plasma’ concentrations of metabolltes»
'that can serve as mammary substrates,.such as glucose_

4

(Alexander et al. 1968 Thompson et al, 1975) and glycerol

(Thompson,et al 1975) rlse when sheep are exposed u@




cold environment These metabolltes are used as fuel by

sh1ver1ng muscle (Bell et al. 1975 Bell and Thompson 1979)
but a- change 1n the1r plasma concentratlons may also affect
the quantlty and nature of the substrates taken: up by the

- mammary gland (Clarke et al 1976 Thomson et al. 1979;

' Faulkner et al. 1980)- Cold stress may also induce ‘an
v1ncreased appetite dr1ve in the young suckllng lambs, as.ﬁég;
been shown to occur in cold stressed mature sheep f &
(Balle and Forbes 1974) Increased suckllng by the lambs may )

')

~in turn stlmulate mammary metabollsm The net effect of

Y

these many factors on the mllk productlon of the
cold stressed 1actat1ng eve. 1s d1ff1cult to predict. -

The present experlments were de51gned to examlne the
;1nfluence of prolonged cold exposure durlng lactatlon on the |
" d1gest1ve responses, metabollc rate, plasma concentrat1ons
r_of hormones and of glucose, and mllk productlon and

)‘ - -

comp051t10n df the eve. '
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C.ikateriais_and'MethodS"
| "'Experiment“l |
Animals
“ﬁFlVe'months;prlor to the'starteof:the'experiment
ﬂestrus was .synchronized using a hormone-treatment
(progesterone 1mpregnated vag1nal sponge, 500 iu PMSG’
1n3ect10n) in a- group of 16 Suffolk cross 2 year old

ewes. Seven to 10 days pre partum the eves were

1ntrodUCed to the experlmental ratlon con51st1ng of a
pelleted 75% . barley 25%i?lfalfa meal mlxture (Table
II 1); One to 3 days post partum, 8 ewes, 4 nur51ng
_single and 4 nursing twin lambs,'were seleoted;'ewes
| nursing two offsprlng were_redueed to a‘single lamb at
thlsltime Accordlng to bodywelght and sex of lamb, type

of blrth (51ngle, tw1n) and eve bodywe1ght ’the ewes

were ass1gned for an 8 wk period to one of two balanced - -

treatment,groups:-_i;fﬁ_iﬂ{..p‘;pL SRR

1. Control ﬂCON)# housed at a.thermoneutral temperature

(211 °C). _
2. Cold—Exposed (CE):ihodsed at a temperature of,

0+1 °C'

Qf-- - Each-ewe lamb -pair: was confuned to a.1.2x1. 2 m-m o

- s ‘

- e L - w oW

metabol1c crate w1th1n a contlnuously 11t an1mal room or. .

temperature dontrolled Qhamber, 1n1t1ally malntalned at

-’ were accUstomed to the expérrmental procedures and’

equ1pment. Add1t1onally,‘the eves received 1ntramuscular

o 21+1 C Durlng a. 5-7 day adaptatlon perlod the anlmals

B




“Table‘I;.jjfbiet;Composition, Ekﬁérimént I

CA o

'11ng:edi¢nt:

 ! §5 fed

' Rolled Bérley;'.

‘Alfalfa Meal

C@balt?;édized Séltl

‘ Dicalciﬁm'PhoSphate»

Vitamin ADE Premix

73.0
L 24.0
1.0
1.0
“1.0

DR E I



in’je'c“ti‘éﬁé'"('mg”) ‘o.f"re"ti'nol 75, cholecialé:ifer‘ol 0.94 and
a—tocepherbl 1% and were- shorn to a fleece depth of_‘
approximately 1 cm. "~ To malntalnva relatlvely censtant
level of 1nsulat10n, the ewes were reshorn at 2 wk- |

1ntervals. Dur1ng the adaptatlon and experlmental

periods, feed was offered twlce dally to each ewe

- (0800 & 1600 h) at a level to maintain- bodywe1ght Based

on weekly we1ght measurements, it was necessary to feed

rthe CON ewes at a level of 100 g. kg=°7*.day ' while the

CE ewes received 112 g.kg-°7% . day-"*. Free,access to
water and qobalt-lodlzed salt was also provided.
Measurements | |

A summary of the manlpulatlons made durlng thls

experlment is presented in Figure II, 1. , K
. '

~ Heat Productlon

*

The heat production of the ewes was monitored
during wk 1, 4 and 7 of the,experimental period,

corresponding respect1Vely to wk 2, 5 and 8 of

lactation. The first set of measurements were performedf'
»

after the -CE eves had been exposed for 24 h to 0 °cC.

Estimation of heat productlon was based on the

'measurements of resplred gas, VO, and4¥€9 over a 24 h

per1od using:an open circuit resplratory pattern
analyzer (Young et al. 1975) connected to a respiratory

hood (75x70x45 cm),‘through which-air was drawn at a

‘rate of 70 - 75 l.min“;'correctedAfor standard

"“temperature and pressure. This apparatus'allowed n0rmal

14
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1
Flgure IL 1 Sequence of Animal Manlpulatlona end Measurements, Expenment I. .
“~ . . i
Length on Trial Staqe of Lectaﬂon -_ Measurement i
‘ C E i * Metabolic Milk :
Week -Days Week Days . .| Weight: - Rate. Production
-2 . & '6 . e -
1 3 g ‘rAdlustment .
8 - 10 ; X . - :
7 11 3 X X B S
8 2 12 x x £ 3
9 13 - x .
i 10 14 X , \)
2 1M1 15
12 18 - .
13 17 - x
14 .18
s | 3 19 :
16 20 X
. 17 21
3 -18 22
19 23 .
20 24 X
21 25
22 4 26 X
23 27
24 28
4 25 29
' 28 . 30
27 31 x x
.28 . - 32 X
29 5 33 x X
-30 34 X -
5 g; ggJ X - Differential
Treatment
"33 37 ‘ Period; ;
.34 - 38 X . o
35 39 v
36 8 a0 X 1
.37 4 . ;
38 42 .
8 .39 43 ’
40 44
41 45 x .
42 48
43 x4 a7
44 , ‘48 X
45 49
7 46 | 50
47 51 X
48 52 roX. X «
49 8 53 - X :
50 . 54 x X
51 55 X
52 56.
8 53 8T
54 58 N
55 S - 59 .
56 o 60 ’
9 _ 57 : 61 “X -
. - -
. " - - - e & - Cw > -4 .o ) ’A




;,;Mllk Productlon and Comp051t10n

access of the ewe o fé“d and water but d1d not restr1ctn.

.lying, standlng or nu;ernédact1v1t1es. Through a system
Cof valves that automatlcally alternated the source of
vyresplred gas .being. analyzed every 15 m1n two an1malsv

.'could be 51multaneously monltored -over each 24 h per1od

St Mllk productlon was 1n1t1ally measured at the end

~fo£ the adaptat1on perlod (X— day 11 of lactatlon) pr1or

-

to reduc1ng the temperature 1n the two chambers hou51ng

-..<. n o -

the-CE- ewes to 0 °c. Addltlonal measurements were

performed once weekly from wk 3 - 8 of lactation.

Voo e
\

;Q;oxytoc1n handmllklng procedure. Between 0800 and 0900 h
'ion the day of collectlon each lamb was conflned to a‘

w1re cage w1th1n 1ts dam S pen. Thls procedure had been

.prev1ously tested\ylth the animals and was determlned to
.be the optlmum method of separatlon to m1n1mlze the .
‘degree of stress experlenced by both the ewe and lamb,
Milk was collected by 1n3ect1ng 5 Usp oxytoc1n IM and .
rapldly handm1lk1ng both- halves of the ‘udder. After milk
flow had ceased, an add1t10nal_2.5 USP_oxytOcinfwas
given IM.and any reSidual‘milk.stripped from the ‘udder.
The m11k obtalned from thlS flrst collect1on was
.dlscarded The oxytoc1n handmilking procedure was
.repeated 2 5 h later and the collected mllk we1ghed to'
" the nearest 0.1 g. Da1ly mllk yield vas estimated by

mu1t1p1y1ng the 2 5 h level of m11k productlon‘by_a

o o pee W e oo an qw'hn:y Lk AR
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. Experament II .,,_ﬂﬁ' ’M°ffffﬁ;.:h

".collect1on aqneckgcharnfwas-used;to tether-the_ewe;

factor of 9. 6 Subsamples of the collected mllk were
1mmed1ately stra1ned through cheesecloth placed in

sample v1als conta1n1ng potass1um dichromate as- a

'preservatlve and stored'at 4 °C; Subsequently, percent

fat proteln and lactose of each mllk sample was

.'determ1ned in dupllcate us1ng 1nfrared analys1s (AOAC

1980) . S
M1lk~Energy-Value~

On the ba51s of m1lk y1eld and comp051t1on, the

gross energy value of the m11k was calculated accordlng o

;to the formula used by Kle1ber (1975)

- B
PR

T \*?";e‘-f"“?f”f"" ST 0
Anlmals, Do T 3A"; ST s : N

Ten yearllng Suffolk~cross ewes nurslng 51ngle

<

’Llambs were selected shortly after parturltlon

(X= 12 days) and a551gned to one of two treatment

'groups, accordlng to maternal bodywe1ght and sex of *

lamb.. Ewes allotted to the control treatment group (CON)
o

were housed w1th1n 1 of 2 temperature controlled '
. . . ‘

chambers malntalned at 21+t °C’ for 56 days (wk 2 - 10 of

lactation) while the cold-exposed ewes (CE) were kept

for the same period of time within 1 of 2 chambers
maintained at an ambient temperature of 0+1 °C. Both
treatment.groupS'were subiected to COntinuous lighting.

Each ewe lamb pair was conflned to a- 0 9x1 8 m pen

'bedded w1th wood shav1ngs. For periods of.. sample

h
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18

_during'the’remainder of the experimental’period
movement w1th1n the pen was not restrlcted A ratlon of - ) i
.75 % rolled barley and 25 i alfalfa pellets was fed to ;5;.:.; 3
each ewe 1h two equal allotments (0800 & 1600 h) at a L
.level of 112 g kg"“’; day" Free access to water and
cobalt- 1odlzed salt was also provided. Bodywelght
»changes ‘were monltored by weekly wezghlngs. -

At the beglnn1ng of the trIal the ewes were treated

. for 1nternal and external para51tes and recelved

P
e . 4

’ 1ntramuscular 1n3ectlons (mg) of retlnol 75 _;‘:a[ﬁ{;ﬁ{“;-;f§fﬁ?'
cholecalc1ferol 0 94 and u-tocopherol 164-To ensure ‘a.
A{relatrvely constant fleece depth of approx1mately cmii_vph,
the ewes were shorn°at the beglnnlng of the experlment
:‘.and thereafter at, 2 wk 1ntervals

T .~-\:.y.x.-‘u.,r.._... B T N

Measurements o ST

‘e

AC summary of. the manlpulatlons made durlng thls
exper1ment 1s presented in Fiqure II.2.

Dlgest1b111ty

S 5 b 1 B o o ot s b R A i e
l-w~k~";-.-.q.}€.—&:m,.¢.‘kfﬁm& Vedki At icadaotisiaig 5 i o AT ey S (bt kEnns

During wk 7 of the experlment a dlgestlblllty

N
(N R

rmarker dysproslum (Dy)*~was added to the barley port;on,rugfi[{ﬂrffi
“of the. ratlon at the level of 20 ppm (elemental Dy)- The IO
marker, in the form of DyCl,.GH O was 1n1t1ally ground
-and mixed wzth an equ1valent weight of f1nely ground

A

'barley, thoroughly mlxed w1th 500- g of finely ground

barley and then m1xed with succe551ve 5 kg 1ncrements of
rolled barley untll the f1nal concentratlon was -

achieved. After.an,equ111brat1on period of 3 days,




Figure IL2. Sequwnce of Ammal Manlpulations and Measurements Expenment H
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dur1ng whlch the Dy barley mlxture was fed 3 fecal grab

samples were collected from each ewe over a 24 h perlod

(0800, 1600 2400 h).. Samples of feed and feces were - <* .- -

<

‘drled in a forced air oven at 65 °C to determlne dry

matter cdntent Other subsamples were freeze drled and a0

e - N I

'”’flnely ground for neutron act1vat1on analysls..Dupllcate

'samples conszst1ng of approxlmately 1 g ground feces or’

4 g ground barley were accurately we1ghed inta 1.5 ¢cm?

'polyethylene vxals actlvated by neutron bombardment in-

PO

“the University of Alberta SLOWPOKE faC111ty and analyzed

'by Yy-ray spectroscopy for_"’mDy content. Dry matter

(DMJ-dlgestlblllty of the entire ration was'estimated

~according to the following formula:

DM dig.%"% 100- [100x(%Dy in feed ).x (%DM in feces)]

weekly from wk 2 - 7 of the experlment (wk ¢ - 9 of

A

.to (12-16 h) sample collectlon a polyethylene catheter

(%Dy in fecesT (%DM in feedAT

Blood Samples

o e

Blood samples were. collected from each .8We once: -

lactatfon) for analy51s of plasma concentratlons of
¢

B .noradrenallne (NA) .adrenallne (A),ilnsulln «'nb5"';'”'A“"

tr1lodothyron1ne (T,), thyrox1ne (T ) and glucose. Prlor

8 established in each ewe..The catheter was 1nserted

through a 14G thlnwall needle 1nto a Jugular vein and

”advanced approx1mately 10 cm before be1ng flxed 1n_'

pos1t10n w1th an external skin suture. Between 0500 and

"0600 h on the sampllng day polyethylene exten51ons were.

§
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o

'_porthddes in ‘the chamber walls..The animals were left
‘undlsturbed for the remalnder Qf the sampllng day except
‘ifor feedlng and occa51onal catheter adjustment These
;procedures were used to minimize the degree of

experlmental Stress experlenced by the anlggls

F’?L?chamber q h prlor ‘o and 1 h™ foliowxng each feedlng o 4

- T, and glucose Addltlonally, a s ml blood ‘sample was
7. collected 1nto a plastlc syringe containing 100 TH AN

[ .glutathione/EGTA ~ as: descrabed“by Bueler- andaaohnson RO

collected blood was placed into pre- chllled plastic test _

.”tuhes and 1mmed1ately centrlfuged at 13000 g for 8 mlnlvn_b
h:_at‘4 C The separated plasma was’ subd1v1ded 1nto small
e plastlc sample v1als .and stored at -40, °C prlor to J;:,.A‘-

‘analy51s C e . B o .1, ',?‘{,‘7,_5
the experiment were assayeéd for 1nsul1n using a '?%]
“insulin radlolmmunoassay kit (Ammersham, Arlington

‘ Heights,vIllinOis)'and for:catécholamineS'(NAj A) using

:(1977) w1th some m1nor modlflcatlons as descrlbed by | K \\/

21

attached to the jugular catheters and passed through

e

&

ShwAon N L LT e

Blood samples were collected from outs1de of the

e RO e 4

(0700 0900 1500 1700 h). At each sampllng perlod a

20 ml allquot of blood Was collected into a plastlc
syrlnge conta1n1ng 0.2 ml sodium heparln

(1000 USP units/ml) for later analy51s of 1nsu11n T,[

(1977), for subsequent analy51s of NA and A. The -

ey

Plasma samples collected durlng wk 3, 5 and 7 of

the radloenzymatlc dssay technque of Pueler -and Johnson SN




A

Gfaham et al. l1981) Insulin concentratlons determ1ned
for the sampllng periods prlor to and followlng the
afternoon feed;ng (1500, 1700 h) were used to calculate
an average plasma 1nsul1n concentratlon for each anlmal
Plasma NA~ and A concentrations for each anlmal were
based on the analys1s of plasma collected prior to the
afternoon feeding (1500 h). |

' Plasma samples collected from wk 2 - 7 of the
exper1ment were analyzed'for levels of c1rculat1ng T,
and total (free+bound) T, using a '2°*I. T,
radioimmunoassay k1t and thyrox1ne coat a- cognt kit,
respectively (Inter- Med1co, Wlllowdale, Ontario)

, and

for glucose, u51ng an automated ne0cupro1ne methodﬂa5r~”

-

descrlbéd By Blttner and Mannlng (1966) Indlvxdual_meani‘_

plasma concentrat1ons of T,, T, and glucose vere - e T

>

Viestlmated for each collectlon ‘day by’ averaglng the

tesults obta1ned from all 4 sampllng periods-
(0700 0900 1500 1700 h)

,Mllk Productlon and Comp051t10n o
h ’ Mllk productlpn was estimated once weekly durlng
‘wk 4 - 8 of lactatlon using a we1gh suckle- welgh
techn1que._At_0700 h on‘lhe day of measurement the lamb’
was separated from the ewe by placing it in a wire” cage
wlthln its dam's pen. At 0800 h the lamb was permltted
to suckle and any m1lk remaining in the udder was _
strlpped by hand. The lamb ‘was then replaced in the cage

g
and allowed to suckle at 3 h 1ntervals over a total




o perldd of 24 h (Flgure II 3) The quantlty of m11k

'welghlng the lamb to the nearest gram 1mmed1ately prlor

,to and follow1ng nur51ng, the d1fference 1n welght belng

aken as thevwelght of’ m1lk consumed Any" feces or- ur1ne -

brﬁz'v01ded by the lamb durlng the suckllng per1od vere also

vcollected and we1ghed Daaly m1lk produ¢t1on was f'

estlmated by totalllng the results from the 8 Separate

. :suckl1ng perzods. Addltlonally,.24 h follow;ng the

determlnatlon of m11k y1eld, a m1lk sample was collected

for analyS1s.,By separatlng the ewe and lamb mllk was

?

allowed to atcumulate 1n the mammary gland over a- 3 h

. o

Qafrdproduced at each suckllng perlod was determlned by -

perlod and was collected by 1nject1ng 5 USP oxytoc1n IV -

3(3ugular veln) and rap1dly handmllklng bot 5halves of

. w : .
‘the udder._The mllk samples were stralned through

““f'cheesecloth to remove any debrls. Subsamples were placed

in v1als contalnlng pota551um dlchromate as a~

.J.xvpreservat1ve and . stored at 4 °C for 24 - 48 'h prlor to

'anclys1s in dupl1cate for fat proteln and 1actose us1n§
‘<1nfrared analy51s (AOAC 1980) Separate dupl1cate 10 ml
isubsamples were freeze dr1ed to determlne the total -
rsol1ds content of the mllk or frozen and kept at —40 C
for later analy51s—of mllk fatty ac1d compos1t1on._
Mllk Fatty Acid Compos1tlon %
Samples of mllk fat for determ1natlon of fatty ac1d

_ comp051tion were extracted accord1ng to the method of

Roese—Gottlleb (AOAC 1980). Follow1ng the mlxture ‘of gj”

¢ -

R
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1100h |-

1400 h

j700h

Lamb welghed to nearest gram,

_ .'2990 h_ | > allowedto-suekie and reweighed

-2300.h

before bérng replaced in cage. -

| o200h

“3h mulk productron

9
.o,

o
LR

10500 h

eoeoon }

’ . .
Figune ) Procedure or the Deterrmngtlon of. Deily Miik F‘roduction R
L Usinq the Weigh-Schl&We!g'h Technique Lo o
ﬂﬂ" - P"a‘""’“" .‘“‘?‘."f . *_ - -
- 0700 h ' |Lamb placed in wire cage S T
0800 h |Lamballowed to suckie and’ lfdaer stripped bare by hand _
~ - |Lamb- replaced in cage ,
AT - oo - ”*H""’é o

[p“' suckling wi. + (urine & f°°°3 V°'d°d d during suckling)l - Dre-suckling wif

Total mrlk production (24 h) z 3 h mlllo production
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T et »:ﬁ.‘Of a 40 40”20 (& A v) solutqon of4d1£thy1 ethep vuyal~nu
é‘ﬂ“# oy pe@rol@hm ethermand ethanbleln'a separatory funnel the
» . . '\t. - age ~xs . . “a
. vether layer was transferred to a 150x20 mm screw cap

eh e e

‘culture tuhe. Methyl esters of the fatty ac1ds ‘were

prepared as descr1bed by Morr1son and Sm1th (1964)

- Ki

After rem0v1ng the solvent under n1trogen in a warm
#* '»y-% o Watermbath 15 ml of a 35:20: 45 BF,.pentane methanol

mmxture wasﬁadded towthewembeﬂan& heatedxlnvauboal1ng

’ﬁwater bath for 30 m1n. Equal proportlons (v V). of hexane
and water were thenyadded to the tube, thoroughly mlxed
and the hexane layer removed., The hexane solut1on of -

methyl esters was 1n3ected dlrectly onto a Varian Model
3700 ~gas chromatograph fItted with a flame 1onlzat1on'
' gdetector and analyses carrled out using quadrex gas
caplllary columns (60 m X 0.25 mm ID) coated’ with
Sllar 10C Column. temperature was held at 100 °c for 6
min, then programmed to rlse at a rate of 12 °C/min to a
'jflnal temperature of 198 °c, whlch was malntained for
‘20 m1n Injector . and detector temperatures were kept at
' 250 °C The peak areas of the separated fatty acids were
measured using a Hewlett Packard 3353 Data System and
identification of the peaks was ‘made on the ba51s of
retention time and- comparlson w1th known methyl esters.
The twelve largest fatty ac1d peaks were chosen for
"measurement and these repreSented greater than 90 % of

. the total fatty ac1ds in the m1lk

:10 ml of m11k w1th 1, 25 ml concentrated NH OH and 50 ml

[

w e e
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Milk Energy
“’;Ae"in“Expetiment‘I'“the gtdsa'energy valué of the
-mllk was est;mated accordlng to the formula .used by
.Kleiber (1975) o o
Organ Welghts

After infetting radionuclide labeiled»microspheres
during wk 8 of the .experiment to determlne mammary blood

flow (Chapter III) the ewes were stunned and bled to

[~death«;TheudLge§tLve.tnact yas'removed,aseparated.intOt,~‘

its various'parts and washed clean before being weighed.

Add1t1onally, the we1ghts of the lungs,‘kldneys, mammary

gland thyr01d and adrenal glands)were determined for

‘each animal, . |
StatistiCal Analysis

.“The results of~Experiment I and II were analyzed
separately Treatment. dlfferences for each sampl1ng period
*"were compared us1ng the Students t-test (Steel and Torrle
1980) W1th1n a-treatment group, data collected from several
sampling periods were apalyzed using Least Squares Analysls‘
~of Variance and where 51gn1f1cant dlfferences existed, ‘means

were compared u51ng the Student Newman Keuls test of mean'

.Adlfferences (Steel and Torrie. 1980).



.D. ResultS'h'

Experiment'l
Bodywelght o '. ‘ ) o A . Cede
' Mean bodywelght of-both the CON and CE groups B
~remained fairly constant throughout the exper1ment
(Figure I11.4).

Heat'Production

. On the ba51s of heat product1on the ewes housed in .

w-.-"n, P N

ﬂthe cold-uere kept at a temperature below the1r
_thermoneutral zone; heat pﬁoductlon measured after 24 h
4 wk and 7 wk of cold exposure respectlvely,.was

0.42 kcal. kg“.h'* (P<0.05), 0.92.kcal.kg“.h" (P<0.01)
'and 1.27 kcal.kg;'.h“ (P<0. 001) higher in the CE eves
compared to the control anlmals (Table I11.2). While the

heat productlon of the CON ewes did. not vary over the

-course of lactatlon (P>0.107, " heat productlon in the CE .

ewes rose - (P<0 05) ‘with increasing duratlon of the
experlment
: M1lk Production |

Mllk production (g/day) results are shown- in Table
II1.3 and Flgure II 5. M11k yleld measured dur1ng the
. pre- treatment perlod was similar for both treatment
groups. Th@ development of mastltls in 2 CE ewes and 1
CON ewe near the end of the tr1al reduced the number of
_anlmals avallable for analy51s of. milk production. Mllk
hayiedd d1d not dlffer between groups (P>0 10) except for

wk 5 of lactation when mllk production tended to,be

27

..
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Fugure 11.4 Change in Bodyweight of the Control (o--—-.) arfd .' g
Cold Exposed (o= --ol Ewes, Expenment I
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[ “Table I1.2 "aé.-;é "‘pmduc t i;aa‘--of:f- ti{ €ontro:

~

o valueé«repFQSedt.meanxsau

—F
PR

" Heat Product1on'
‘ (kcal kg“( ")

Stage of Lactat1on Durat1on of Cold CON’(4) CE (4)

Awk) Exposure (days) -

C S ©2.12%0.10% 2,540,123 - -

TR e L RN T R 1640, 0T, 3.08:0, 160
8 | 4 2.30£0.10% 3.57:0.08c

Ll : 3 a

e 0o

[E% o2

number of an1mals/treatment 1n parentheses.'w“ S

a b c means. w1th1n a column followed by a d1fferent letter**"

are s1gn1f1cantly different (P<0.05).

ek Ereatment medns are sxgmlflcantly dmfferent*(?<0 05)

**treatment means are: s1gn1f1cantly d1fferent (P<O 01)

+ treatment means are 51gn1f1cantly dlfferent (P<0.001).
D ‘? ER . d R T

agr o :
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"5f§3 Dally,ﬁilk BEodGets o OF Phe Cbnf%al-and T T

SESRENTH Cold Exposea Ewes, Experzment I

“oie

- Stage of Lactation _CON (&) CcE.(4)

3.0 1SB5.9% 69.T  1894.6£214.8

s - 1797.4% 92,1 1482.2:196.8+

6 . 1841.0£148.4  1555.24175.0°
'vfﬁ_;;ﬁy?J “§<:_:Q;1zsg,1; 80,2* 1_1307,9:f6831='w
B 1398.2% 65.8°  1112.2+ 35,0%

Overall Mean . 1560.9% 51.7 . 1540.6% 67.8

:; values represent meaniSEM
.numben of, anxmals/treatment 1n parentheses.v

‘value represents meantSEM of 3. an1mals.

value represents -meantSEM of 2 animals.’ _
N . o s

treatment meéhg'are significantly different (P<0,06).

treatment means are significantly different (P<0.05). ~

:~7AmilkibfbdQCtidﬁ5§§/day)f:”;5?~7'

ST T I6Ir0103.7 . T5eT ey 73 ¢

'th(pretfgatmeﬁt)-- :{:~; 1661,8¢478.8jﬂ 1576.3£211.0. .



Milk Production (g/day)
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'laetatron~when»m11k y1eld measured in-2 CE ewes. was ”"ﬁ-"ul¥“‘

P

“'1ower (P<O 05) than. that measured 1n 3 CON an1mals. R

i

M11k Comp051t10n

Analy51s of the composition of mllk revealed a
tendency towards increased milk fat concentratlon in the
cold- expOSed ewes (Table 11.4). Mllk fat concentration
tended to 1ncrease in - both droups of animals over the

course of lactat1on although the trend was more

pnononnced 1n the cold exposed ewes,

. - C e

Desplte a sllghtly lower pre- treatment
concentratlon of miIk proteln in the CE ewes (P<0 10),

protein concentrat1on measured dur1ng the treatment

5 o - o

-period was s1m11ar for both groups of anlmals.

: The lactose concentration of milk'peaked at

m1d lactatlon and thereafter decllned in both treatment
groups however treatment differences in percent milk
lactose were not apparent (P>0 05)
Milk Energy Value' | _‘

| Since total daily milkwfat”secretion was;lncreased
while protein and lactose secretions were malntarned |
durlng cold exposure, the . -energy output in mllk was
similar for both treatment groups but occa51onally was
slightly higher ( wk 3% of lactation P<0.05; wk 7 of

lactation P<0,10) in the CE animals (Table_II.S).
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Experxment II "iA" ;f;;v
c Bodywe1ght | | ‘
As in Experlmentll the mean bodeeight of‘both
treatment ‘groups remalned relatlvely constant throughoutt
‘the experiment (Flgure I11.6).
Dlgestlbllltv
Based on measurements performed‘during the nfnth
,week,of_lactation4 after 7 wk of dlfferentlal |
temperature treatment ration DM d1gest1b111ty averaged
88.2120.62 % 1n the CON animals but- only 84 4+1.47 %
“(P<O 05) in the CE eves.
‘Blood Samples S

Hormone profiles of the anlmals are’ presented in
~Table 1I1.6. Plasma concentratlon .of NA was con51stently
higher 1n the CE ewes but showed a tendency to decrease
‘over the period of cold exposure (P<O 05).. NA
‘concentratlon measured during the third and seventh
Weeks of the’ experlment was 51gn1f1cantly hlgher in the
CE group (P<0.05), although a treatment dlfference was
not~obServed'dnxing the fifth week of the'trial;
{P>0.10). - ’

Plasma concentration of A also tended to be
elevated during the third and seventh weeks of the
'experiment in the CE ewes, although the mean level
measured at wk 5 of the:erperiment was.inexplicably

lower than that measured in the CON anlmals. None of the

treatment dlfferences observed over. the experlmental



Figure IL& Change in Bodyweight of the Control (e—--e) and

- Cold-Exposed (0—-<c) Ewes, Experiment II.
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«perlod were statlstlcally 51gn1f1can”*(P>O 10)

g PN

rx. s

"Insul1n concentratlon 1n plasma vas 51m11ar in both
,3treatment groups but tended to~be lowest durlng '

. . ; ‘9,. 7. ;

. m1d lactatlon.

-

T, plasma 1evels rose durlng the per1od of cold

\

.exposure and were s1gn1f1cantly hlgher than in- the
ﬁcontrol group after 3 wk'-of treatment (P<0’05) |
concentratlon measure@ in the CON ewes was rélat1Vely¢!
‘stable over the course of lactataon..In @ontrast plasma
T. concentratlon tended to be lower,1n the CE group
dur1ng the f1rst 2 wk oﬁ,céld exposure ‘but rose and
rema1ned elevated during the remalnder of the ‘
“experlmental perlod (P<0 gb) Plasma T. concentratlon
I;measured after 6 wk.of cold exposure tended to be hlgher
fln the CE ewes (P<0 10)« although 1n1t1al plasma T‘.

levels were sl1ghtly lower (P<0 10) in the cold exposed
anlmals. ooy 3 ‘
,? Concentratlon of glucose in the plasma was
'.con51stently greater 1n the CE ewes but was
‘51gn1f1cantly h1gher (P<0 05) only durlng wk 4 of
"lactatlon..“ i
Mllk Product1on
: & )

Mllk productlon (g/day) results are shown in Table,p'

.'fII 7 and Flgure II 7 Th”ﬁmllk productlon of both
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Table Ii;?y Da11y Milk. Productzon of the Control and

v__Cold Exposed Ewes,

Experlment II

L]

Stage of Lactation (wk) -

CON (5)*

Milk Production (Q/dax)f

CE(5)

® 9 e ;e

752. 6+‘60;91ﬂ“A

 677.0% 55.7

 .656,81 94.7
662, 41102 0

| 604.8¢104.1‘

718.8£100.75
516.0£109.8

601.6£109.7

630.24120.5

1635.6£101.6°

‘Overall Mean .

|

- 670.7¢ 36.5

616.3+.46.6

values reﬁfesent mean+SEM.’

2 number of anlma;s/treatment ‘in parentheses.

2 value represents meaniSEM of 4 anlmals
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o r'-'i'gu_re_.II.; Darly M'Ilk Production of the Control (o-—-o) and

'Milk Production (g/day)

8§88 |

2 3

400

300

Cold-Exposed ( o~ --o) Ewes Experiment II

vt

" ‘»‘Adabtatlb,n ) - _Tréqttpgnt'

s " g i NEEE R R . B be

- Stage of Lactation (wk). -

"r -:.:- | ,
e



et

‘removal of the ewe from the: experlment for a 24 h »
': .perlod' consequently, mean mrlk productlon durlng thls,
one perlod reflects the results obtalned from 4 CE and 5
CON ewes Although m11k product1on tended to be sl1ghtly"
lower in the CE ewes, ‘the effect of temperature uas not,
51gn1f1cant | ‘ |
$Milk COmposition ' _ v
. Percentage milk fat tended to be- elevated in- the CEQh ‘
group (wk 5, P<Q. 10; wk 7 p<o 01) (Table 11 8) and rose.
Sllghtly in both groups of anlmals over the course of
lactat1on . | | g
- Milk proteln concentratlon also tended 'to be
‘elevated in the cold exposed anlmals and was'
51gn1f1cantly greater (P<0. 05) durlng wk 7 of lactatlon
~after 5 wk of cold exposure.," |

Except for a tendency of 1ncreased m1lk lactose

concentrat1on dur1ng the f1rst week of measurement
(after 2 wk cold exposure) treatment differences 1n:
percent m1lk laCtOSe were not apparent (P>0 10)
Mllk Fatty Acid Comp051tlon v_

'From the analy51s of the fatty ac1d comp051t1on of
mllk fat (Table 11, 9) 1t is evident that cold stress
resulted 1n changes 1n mammary fatty aC1d metabollsm.»
Stat1st1cal analySLS fa11ed to reveal any change 1n
fatty ac1d comp051tlon over t1me for e1ther treatment
.group (P>0, 05) therefore; the results from 5 wk of

" samiple collection have been pooled In the-CON‘and“CE
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o ce TR o
“Table II1.9 ' Fatty Acid Composition of the Milk Obtained
SR From the Control -and Cold-Exposed Ewes,
Experiment II1'' Laoo o
| Percent of Total Milk
- Fatty Acids )

Fatty,Acid: CON CE - P Level
Cc4:0 1.7340.101. _1,34:o.o§s.v . P<0.01
€6:0 ©2.53$0.145  1,99:0.094 P<0.01
€8:0 3.1420.240  2.40%0.145 P<0.01
C10:0 9.89+0%823°°  7.91%0.554 P<0.05

c12:0 | 5.5010.%73°  4.2610.312 - . P<0.05 |
C1410 10..08+0.398 8.42:0.479 P<0.05 .
C16:0 25.20£0.765  26.18+0.619 |
C16:1 2.02:0.119  2.02:0.073
c18:0 9.64£0.723 - 11.2440.452 P<0.06
C18:1(trans)  -3.2740.426  3,02:0.345
C18:1(cis)’e. «22.82£1.521 _26.48+1.409 P<0. 10
Cc18:2 4.19£0.244 '4.33%0.317 -

short chain fatty  32.87:1.831  26.33+1.509 P<0.01

acids (<16C) S o _ :

longjchain‘gatty 67.13%1.824 73.25%1.465 P<0.02
acids (216C : | T . |

valueé*:epreseht
5 animals/treatmg

’

»

meaﬁ:SéM of data collected from
nt over 5 weeks of lactation.

T
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ewes respect1ve1y, short chain fatty ac1ds (less than

‘16 C in length) formed 32 9 % and 26.3 % of - the total

mllk fatty acids (P<0 01) whereas -the proportlon of long

chain fatty acids (greater than or equal to 16 C in

length) was respectlvely, 67.1 % and'73 3 % (P<0.02)"

Alteratlons'ln fatty’ ac1d compost1on reflected lower

' percentages of C4:0, C6:0, C8:0 (P<O 01) C10:0, C12:0,

and C14:0. (P<O 05) fatty ac1ds but higher proport1ons of

c18:0 (P<0 06) and C18:1(cis) (P<0 10) fatty acids in

the milk- collected from the CE eves.

Mllk Energy Value C. .
~Since the cold temperature treatment‘employed in

this experiment had little effect on milk production or

compositiOn the energy content of the m1lk was.

- calculated to be similar for both treatment groups

(Table 11.10) |

,Organ We1ghts-

Measurements of. organ welghts revealed few -

’treatment effects (Table II.11) although the we1ght of

the mammary gland expressed in terms of g/kg BW, was

"*.reduced (P<0 05) and ‘the wezght of the adrenal glands

relatﬁye to bodywelght was" 1ncreaSed by 25. 8*% (P<0 05)
as a result of cold exposure.

Eff1c1ency of Mllk Productlon ) '

From a compllatlon of results presented in this and.
in the follow1ng chapter, the ef£1c1ency of mllk

production vas estimated (Table 11, 12) Whlle totai%*
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Table II. 11 Organ Weights of the Control and Cold- Exposed
o Lactating Ewes, Experiment It e
| 'Organ Welght (g/kg BW) CON (5): . CE (5)
“ r*@r 'Av

- - - B - - . O ~ e R
EERENENE | PR Rt
. LIRS L

AR N

. R ,
Digestive Tract:ﬂ

Reticulum 4.58£0.78  4.03:0.14

Rumen i 23, 361, 61 -24, 79+2 61
Omasum < ,'ﬁfélﬁ$”ff§ﬂ5 3.5120.32 - 2,823 ;i‘ﬁ
Abomastm, S F 6895059 6.,:7-:/;0 42 4
Duodenum - | 0.770.20 © 0.94%0.08 °
| Jéjunum & Ileum Fq' 16.92%1.74 -0 16.33£2.06
Cecum - " ' _ 1.9350.16 ¥ 0 1.9630.24
colon | | 15.2351.80 . 13.76%1:37
Lungs | _L o o .6‘11;72t0.797 “ ,'f1:.4310.88'
Kidneys | . 3.53:0.20  3.1ss0.11 )
Mammary Gland_ | ‘14.7210.74‘ A 10.61£1.33%
Eqdoc;ine Glands: .
Thyroid '4 O.112x0?021' 0;12910.021
Adreh&ls,' 0.120£0.004 \0.15110.011g
; }alues’repfesent-meantSEM.
2 ﬁumbéf‘BfanimalS/t;eatment in parentheses. | |
* treatment A;ans are significantly different (P<0,.05). ‘
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L4

mammary'biood flow and mammary and secrerery tissue
weights, measured during rhe ;ehth.week of lactation,

- tended to beireﬂuced as a result of chronic cold
exposure, milk production -assessed asrihg the eighth
week of " 1aEtation, was sllghtlyzgreater in the CE ewes.
”Eff1c1ency of m11k product1on expressed as

g milk/g mammary tissue, g milk/qg secretory tlSSUG and
blood flow'mllk yield respectlvely, was calculated to be
1.22, 1.84 and 664 0 for the CON ewes and 1. 56, 2.45 and;

L ]
359 7 for the CE eWes



E. Discussion

Heat Production

L

Throughout lactation, Degen and Young (1982) determined -

that thermoneutral heat production (Hp) in the ewe‘ranged
from 1.98 to 2. 19'kcal kg“‘t“ ; peak values occuring at wk
2 - 4 of lactation. The heat production data for the control
ewes in the present experlment (Experiment I) closely agrees
w1th Degen and Young's (1982) results. Although the trend
wad not stat1st1cally s1gn1ficant the metabolic rate of the
eves housed at a neutral temperature tended to rise from an
initial value of 2.12 kcal.kg '.h"' to a level of 2.30

kcal. kg" h~' , after 7 weeks of Jactat1on.';ie.rise‘in
metabolic rate ovef the experinental_period however, was not
mirrored by a similar.- increase in milk production,

S1nce lactatlon in the ewe 1nduces a 50 - 62 % increase
1nrmetabol1c rate (Degen and Young 1982) the lower.critical
temperature of the lactatlng ewe: would hé below that of a.
non- pregnant non- lactatlng animal. Thompson (1980) reported
that the exposure of non-lactating ewes to 0 °C elieitedfa
45 % increase in metabolie rate,'confirmingfthat 0 °C is
below tne lower critical temperature of a shorn ewe at
maintenance. From: the current experiment ho&ever, it appeara

-~

that an ambient temperature of 0 °C was also

critical tempenature of the lactating ewes exa ined;
metabolic rate of the ewes exposed to 0. °C for 2 “h was
elevated by 20 % over ‘the control value, 1nd1cat1' .that -the

, ewes were required to increase the1r heat product n above

elow the lower
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that normally assoc1ated w1th lactat1on in order to malntaln“
a state of homeothermy Part of the 1nq;ease ‘in Hp observed
in the CE ewes is also due to their hlgher feed consumpt1on'
and- assoc1ated heat increment of feedlng Accordlng to e
Kleiber's (1975) estimates, the heat increment due to the
extra feed consumed by the CE ewes in the present-experiments
would only account- for an increase ln Hp of 0.039 .
kcal kg" h“ or less than 2 % of the total Hp. of the CON
lactat1ng an1mals

As the length of cold exposure increased Hp measured
after 21 and 41 days of cold exposure, respectlvely, was
143 % and 155 % of the control values. The rise .if metabol1c
rate of the chrdnlcally cold stressed ‘ewes presumably is-
ev1denee‘of the development of metabol1c accllmatlon
;51m11ar to the process that occurs in sheep exposed to
wlnter conditions (Webster et al. 1969) As well, body fat

in the CE ewes may have ,begn 1ncrea51ngly lost over the

course of the experlmedxywresultlng in less 1nsulat10n and a

greater suscept1b1l1ty toixold This p0551b111ty was not

dlrectly exam1ned in the present experiment and was not
reflected by any chadﬁ% in bodywe1ght although it is

&

suggested by the c%%n@%s in fatty acid composition of the
69‘\

milk., o .

3 T

Net Energy BalanceA;
? :
-From the measurements of heat producthn and milk

energy output “the total energy expendlture of- the an1mals'f

o ..

1n Experlment I was. estlmated and compared to their .

”



‘3Jmetabollzable energy 1ntake, calculated from publlshed7

'estlmates of the ME value of barley and alﬁalfa pelIets for <

sheep (NRC 1975)(Table II. 13) Although the data collected

*7dur1ng Exper1ment II would suggest t\at the DM dlgestlbilzty

- Qfof the barley alfalfa dlet ied 1n Expefiment I would be tg7,.?.~f:;;

dxreduced and urlnary energy loss has been reported to‘

.',ilncrease (Graham et al. 1959), methane energy losses are

zf}reduced as a result Ofscold exposure (Kennedy and M1ll1gan

7g7 \the ME value of the d1et was assumed to be equ1valent for

\

‘f malntenance and lactatlonal requ1rements to a greater extent

'”fg1978)‘ These factors comp11cate the predlctlon of the ME

E e

fcontent of a: d1et fed to cold stressed anlmals, consequently “o.

both treatment groups on. the ba51s of these aSSUhptlons, .
the calculaéed net energy balance of the ewes 1n Exper1ment‘
I 1nd1cated a’ greater negatlve energy balance for the CE .
ewes suggestlng that the cold stressed ewes must have- “

relled on the mob1l1zat10n of body stores to meet tﬁelr

o

than the CON anlmals. . xff : %f’rJV'[;u v.g;ﬂ1.'”"u?1';:'

D19est1b111tz
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*fcontrastt Young and Degen (1981) d1d not observe any. effect

Vof a: cold env1ronment on the dlgestlblllty of a 50 %
concentrate 50 % pelleted hay d1et fed to mature wethers nor¢’¥
did Kennedy et al (1982) £1nd any detrlmental effect of low R
v.temperature on the d19est1b111ty of a 100 % concentrate
~.raﬁaon fed to mature wethers. The observed 1nf1uence of cold
'flexposure on the dlgest1b1l1ty of a barley based rat1on 1nf

lactatlng ewes may represent a comb1ned SR i
env;ronment dzet-physxolog1cal status 1nteract1on, however
add1t10nal work ° ‘is requ1red to 1nvest19ate th1s hypothe51s.
‘As well the use of. dyspros1um as’ a dlgestlblllty marker in
sheep needs to be val1dated by further research
HHormones | ;
Cate olami%es | o

L When care has been taken to ensure that the anlmals,

'1 areunot stressed at the t1me of blood sampl1ng, plasma '?}'m
-levels of NA and A respectlvely, in mature wethers o

'_housed at a thermoneutral temperature haye zeen reported :

ﬁxto be 0. 31 and 0. 08 ng/ml (éhr1stopherson et al ,1978)-

. 0.24 and’ 0 07. ng/ml (Thompson et al 1978b) and 0.24 and
jO 04 ng/ml (Graham et ‘al. 1981) Our values’ of NA and A
in. the non stressed lactatlng ewe correspond well w1th
these previous: results. o ‘ | 'j

-In the current experament three weeks of cold
dwé}enposure resulted in.a 4. 5- fold 1ncrease in plasma NA

"concentrat1on *nd a 4 2 fold 1ncrease in. plasma A

'concentratlon ﬁoMpared to control levels. Because of the.
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"ﬂsmall number of anlmals and the large degree of
{1nd1v1dual Varlatlon, the 1ncrease observed 1n Az-
‘concentratlon was not stat1st1cally s1gn1f1cant As the'
: durat1on of. cold exposure 1ncreased both A and NA -
levels in the cold- stressed anlmals fell by the end of
the experlment plasma A levels were 51m11ar in both !”
’ treatment groups, although NA concentratlon remalned -
'_51gn1f1cantly elevated in the cold stressed anxmals,;
| Intravenously 1nfused A and NA have a. thermogen1c
V'Heffect in sheep (Graham and Chrlstopherson 1981) | (
:.conf1rm1ng that catecholam1nes 11kely play an 1mportant
calorlgen1c role in the response of th1s species to cold
stress.. The effect of exogenous A seems to occur at
phy51olog1ca1 levels however supra- phy51olog1cal levels
of NA are requ1red to e11c1t a response. Slnce NA 1s
largely released at nerve end1ngs rather than 1nto the
bloodstream it is uncerta1n that. the establlshment of
effectlve concentratlons of NA at tassue'receptor s1tes
by Ivalnfus1on can m1m1c the endogenous release of - NA |
Although greatly elevated levels of plasma A and NA
have been reported in matUre sheep dur1ng acute cold
exposuve (Thompson et al 1978b) and after 4 weeks of
_exposure to 2-5 °C (Chr1stopherson‘et al, 1978) 1t is
‘p0551ble that plasma catecholam1ne concentrat1ons are

/
not, malntalned at such a hlgh level oVer a longer perlod

T

v of cold stress. In rats exposed to 5 °c for 4 weeks, ;

‘Leduc (1961) observed ,an 1n1t1a1 5 fold 1ncrease in~ [}
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”excretlon of catecholamlnes has been postulated to beuu'

urlnary A excretlon followed by a decl1ne to near

pre exp05ure levels. Leduc. (1961) and Shum et al (1969)

have demonstrated an 1n1t1al peak 1n urinary excret1on

‘of'NA in: cold stressed rats durlng the first few weeks

of treatment after whlch a substant1a1 decllne occured

In contrast Shun et al (1969) d1d not. find any '

'reductlon in. ur1nary A excretlon in the rat over 4 weeks

a4

. of cold exposure nor d1d Graham et. al (1981) observe

any decrease in plasma concentrat1ons of A and NA in
wethers contlnuously exposed to 8 -9 °c for 44 days.'ulv

A decrease ub c1rculat1ng levels. or urlnary

chronlc cold stress. Graham_and Ph1111ps (1981) have

\
shown that the hyperglycem1c response to A in sheep is
potentxated by prolonged cold exposure, as is the -

thermogenlc effect of A (Graham and Christopherson

‘1981). Slmllar changes 1n sen51t1v1ty to NA as a result

of cold exposure apparently do- not occur 1n sheep

(Graham and Chr1stopherson 1981- Graham and Ph1111ps
1981) although dally NA 1n3ect1on in the rat 1ncreases
1ts caldrlgenlc effect (Leblanc and Poullot 1964) It 1s“
p0551ble then that the reductlon n . the level of plasma

catecholamlnes, especially of A durlng a prolonged

;/ perlod of cold exposure is assoc1ated w1th a

sensltlzatlon of the lactatlng ewe’ to the effects of

these hormones..‘ S .' j.i\%//, i
L . e
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AbInSulin

The effects of cold exposure on plasma levels of
1nsu11n ‘in sheep have not been clearly def1ned While
Bassett and Alexander (1971) reported that plasma )
1nsu11n concentratlon in lambs generally decllned durlng
acute cold exposure, Thompson et al. (]978a) d1d not |
f1nd any effect of low temperature on portal ve1n levels
of 1nsu11n in: adult sheep measured from 4. min to 5 h
after feedlng, although levd!s measured just~prior to a

meal were elevated in the cold exposed an1mals.'

. Dur1ng lactat1on, ‘the shlft 1n metabollsm t0'

vsupport m11k productlon may alter the hormonal response

to cold exposuret Faulkner et al, (1980) determlned that

R lactatlng goats acutely exposed to a cold environment,

L

tended to show - elevated plasma levels of 1nsu11n durlng
certain portlons of the day but that during the |

remainder of t1me, plasma 1nsul1n concentratlon in the-

cold- stressed anlmals paralleled tHat in the control

goats. In the present experxment the effect of chronlc

4

Thyr01d Hormones

The 1mportance of- thyroid hormones in establlshﬂngiw

an opt1mum level of metabol1sm 1n many tlssues has led
to. cons1derable 1nvestlgat10n as to the role of the
thyrozd gland durlng perlods of mcreased ‘metabohc

rate."
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In mature sheep housed at a neutral temperature,
plasma levels of Ty and T respect1vely,gof . -
'94 7 ng/100 ml and 8. 62 ug/TOO ml (Westra and
'Chr1stOpherson 1976); and .38 ng/100 ml and 7 2 ug/100 ml -
(Chrlstopherson et al 1978) have’pggx}ously been
reported In the present experlment plasma
vconcentratlons of T, and- T. respectlvely, averaQed
‘129 0 ng/100 ml and 5.94 ug/100 ml in. the CON ewes.
Gale (1973) stated that accl1mat10n to the cold
fllkely 1nvolved a synerglstlc act1on between thyr01d
.hormones and catecholamlnes From a rev1ew of the
.literature, Thompson (1977) concluded that ~although
qpmany studles had':examined the 1nf1uence of low
Vtemperature on c1rculat1ng leveIS‘of T, and‘T.f'the
results'wereﬁcontroversial Increased plasma T, and T,
levels 1n—wethers after prolonged c?ld exposure (4 - 6 weeks)
have been reported by Westra and Chrlstopherson (1976)
and Chr1stopherson et al.“(1978) In the present
experlment, c1rculat1ng 1evels of T, in the |
cold- stressed lactatlng ewes were 1ncreased after 3
';Tweeks of. cold exposure and remalned 51gn1f1cantly
delevated for the duratlon of the experlment In
.contrast T. levels were lower 1n the CE eves after l
gweek of cold exposure in comparlson to the CQN eves.
although durlng ‘the remalnder of the experlment, T,

levels tended to be h1gher 1n the CE anlmals. Thompson

(1977) suggested that plasma concentration of T, may
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. ./. .
V1ncrease more than that of T, dur1ng cold exposure,
‘perhaps reflectlng the preferentlal secret1on of TJ, the
lmore calorlgenlc of the two therId hormones, or the
‘in¢reased conver51on of T, to T, in the perlpheral
dtlssues. Since, in the present experlment plaSma T,
| levels were more 1nd1cat1ve of cold exposure than were -
T‘ levels, our results would tend to support thls
.theory. I |
Glucose
Plasma glucose concentratfon in the CE ewes
consistently was elevated over that measured in the CON
: ‘ewes, however the dlfference between treatments was notth
- always stat1st1cally 51gn1f1cant 51m1larly, plasma glucose
‘levels have been shown to increade in cold- streSsed'- o
,llactatlng goats (Faulkner et al. 1980) and in mature sheep
(McKay et'al 1974- Chrlstopherson et al. 1978 Thompson et
al. 1978b)‘ -although Gﬁﬂham and Phillips (1981) were unable
" to detect any change in plasma glucose .in chronlcally cold
stressed wethers. A' L { ' hA R
Milk Productlon A . ' . ;‘;;
The milk productlon data collected dur;ng Experlment I
i's 4n broad agreement w1th other publlshed reports of m1lk.'
yield in the ewe nur51ng a 51ngle lamb (McCance 1959,:{
Coomhe et al 1960~ Gardner and Hogue 1964 Dav1s et al
1978 Torres Hernandez and Hohenboken 1979, 1980) and closelyﬂ
| agrees w1th Degen and Young s (1982) estlmate of m1lk

productlon in ewes obta1ned from the same flock based'on
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yater turnover in the: suckllng lambs. The level of milk
production measured dur1ng Experlment II however is lower
‘than prev1ously published values. The- dlscrepancy between
the two current experlments may reflect factors such as
genetic var1at1on .age of the ewes, ‘number of lactat1ons and

lbodyweight or could be a result of the technlque employed to
" estimate m11k produotlon “ '

Studies of milk yield in the ewe and invother'animals:fu'
‘not accustomed to dally hand or. maehine milking, are
associated with 1nherent methodology errors. The.l ‘gg'
oxytoc1n handm11k1ng technlque adopted in Experlment I. often
is a conVenlent method to use but assumes that exogenous .
hormone\admlnlstratlon closely matches the normal process
evoked by suckllng Ev1dence however suggests that with the
vdoseages commonly employed exogenous oxytocin
'adm1nlstratlon results in supernormal emptylng of the udder
(McCance 1959; Coombe-et al. 1960) which in itself may.
promote milk secretlon (Llnzell and Peaker 1971b) As well
the extrapolatlon of m11k product1on measured over a short
period, .usually of 1:- 3 h durat1on to an .estimate of 24 h
S milk y1e1d assumes that d1urnal var1at1on 1n milk secretion
is 1ns1gn1f1cant although some ev1dence p01nts to the
contrary. At best then the oxyt001n techn1que may be useful
]

v1n measurlng the maximum potentlal of the _mammary gland to

.produce milk over a short perlod of time but may not

good4est1mate of the. normal daily production of the'animal.



While the‘weigh‘suckle-weioh techniQUe used in
Experiment.II theoret1cally at least,’ measures ‘the amount
of milk ingested by the: laimb, it too is subject to inherent
errors, the primary one‘being the inaccuracy of milk intake
Measurement, particularly as the lamb increases in size.
Furthermore, although the normal suckllng 1nterval of an
undlsturbed lamb. has been reported to be 2.5 - 3'h R1cordeau'
et al. (1960 cited by Gardner and Hogue 1964) many
experlments have adopted a much longer suckling intérval
(¢ - 6 h) as a matter of convenlence. If an excess1ve period
Of time is left between suckllngs, the lamb may have |
‘dlfflculty in- w1thdraw1ng all of the accumulated milk
(Coombe et al. 1960). Frnally, if the conditions associated
with the m11k y1eld procedure Cause stress and the
endogenous release of adrenallne and noradrenallne ev1dence
SUQgests that the mllk eject1on response may be hindered by '
a partlal blocklng of oxytoc1n release from the posterlor
'\vpltu1tary (Cross 1955) dxrect 1nh1b1t10n of the actlon of
oxytocin on mammary. myoep1the11al cells (Chan 1965) or by
the constrlcthn of mammary blood vessels and increased
re51stance of the mammary ducts (Hebb and Linzell 1951).
Unless theée errors can be av01ded the welgh suckle welgh
technlque of measurlng mzlk productlon may result 1n .an
; underest1matlpn of the dally mllk productlon of the ewe.un
In the 51ngle publlsﬁed study that has employed both .

the welgh suckle -weigh and oxytocin technlques to measure

milk yleld in the same ewes, the weigh- suckle~we1gh

\



procedure con51stently gave 10wer results

-h(Coombe et al. 1960) This study may be criticized however
since a 5 h suckl1ng 1nterva1 was used during the est1mat10n

of milk productlon on the basis of the lamb's 1ntake and a

2 h accumulatlon of milk was used to estimate 24 h midk

6.1

v'y1eld with the oxytoc1n technlque. As discussed previously,

these factors may bias the results obtained using these two

procedures.

Previous studies have shown that milk secretion can be

depressed in cows by low temperatures experlenced dur1ng
w1nter condltlons (MacDonald and Bell 1958) and in the
laéoratory, by local cOollng of the udder (Holmes 1971)

Extens1ve metabollc studles w1th goats under laboratory

conditions_also have proven that acute cold- exposure can.

detr1mentally affect milk secretlon (Clarke et al 1976;

L

Thompson and Thomson 1977; Thomson ‘et al. 1979, 1980;

Faulkneér et al. 1980).

Some of the factors that are. thought to be 1nvolved in

a cold 1nduced depre551on of m11k yield 1nclude' : -

1. Reductxon 1n Mammary Blood Flow: blood flow to the uddery

- has: been 1mp11cated as a p0551b1e 11m1t1ng ﬁactor to the

level of milk productlon 51nce 1t ‘can 1nfluence both the

ava11ab111ty of substrates and. the hormonal balance of
the mammary gland Thompson and- Thomson (1977) however
dis¢overed, by u51ng two levels of acute cold treatment

resulting in. e1ther a 18 % or 46 % increase 1n the'

[metabollc rate of lactating goats, that milk secret1on

=3
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was depressed by both cold treatments but mammary blood
flow fell only dur1ng the more Severe cold exposure, -
They concluded that the reduct1on in milk secretion
‘observed in a mildly cold env1ronment was’ related to
factors other than mammary blood flow although in a
colder env1ronment blood supply to the udder may be one
of the mechan1sms that l1m1ts mllk secretlon (Thompson
and Thomson 1977) |
Dehydratlon- Goat § milk- cons1sts of 900 ml water/l
consequently the 1nava11ab111ty of water 1tself may
limit the level of m11k productlon Dur1ng a. 24 'h per1od
of cold treatment, resultlng in approx1mately a 25 %
increase in metabolic rate, Thomson et al. (1980)
studled the fluid balance of lactat1ng goats Although
water 1ntake was immediately: reduced a decrease in

urine output was not noted for several hours. Mllk

- secretion -was also depressed by the lo perature,
_.Apossﬂ)ly due to the higher osmolalit sma,

'blood to m11k Although a change in fluid bal

thus retardlng the osmot1c movement of water flrom\the

nce of the

"lactatlng goat_was correlated with depréSsed milk

°

secretion dur1ng cold exposure, Thomson et al. (1980)

'concluded that this factor could account for only 12 %

-

of the observed decrease P:E mllk f1u1d volume.
Reduced Substrate Supply; Slnce lactose is the main

osmolar component of milk and water moves from the

bloodstream into mllk through osmosis, lactose secretion

J o

WA



‘may regulate total milk productlon. Normally m1lk
vlactOSe is derived only from plasma glucoseA
-(Hardwlck et al 1963); .a change in the uptake of
gluc03e by the mammary gland could therefore alter the

-

rate 0f lactose formatzon and consequently, oﬁ“h1lk

*secret1on This pOSSIblllty vas examined 'by Faulkner

et ‘al. (1980). During a 24 h exposure of lactat1ng goats

‘

to'a col env1ronment resultlng in a 50 % 1ncrease in
metabolic

ate, gIUCose uptake by the mammary gland
lactOSe secretion and mllk y1eld all decreased by 69 %.
From this experlment 1t was reaSoned that a reduced
secretlon of lactose was a major factor contrzbut1ng to
a depresslon in milk secretlon in cold-stressed goats

VOther factors which have been postulated to 1nfluence the

.milk produClng capacity of the cold* tressed/goat but have

not been extens1Vely examlned 1nclude-“

R ‘Energy Balance: In;the goat, Thompson and Thomson (1977)
'suggested that the increased _energy losses to the
environment durlng acute cold exposure were only
part1ally offset by a reduct1on of energy lost in the

" milk. The net energy def1c1t of the cold lactatlng goat
'”therefore, may , by 1tsglf reduce milk secretlon.
2. ‘Hormones- In addltlon to the endocrine changes already
- mentioned, cold exposure has been reported to increase L~
.cortlcoster01d secretion (Tanche 1976_ Alexander, 1979) |
.. and is belgeved to result 1n lower c1rcu1at1ng levels of

‘iprolact1n, at least in man (MlllS and Robertshaw 1981)

[

-



64

heifers (Tucker and Wettemann 1976) and steers (Smfth et

al. 1977) ‘acting perhaps by blocklng prolactln release

‘from the anterlor p1tu1tary (Tucker and Wettemann 1976)

The effect of hormonal changes 1nduced by cold
vexposure on the capac1ty of an anlmal .to produce m1lk
has recelved llttle attentlon nor has the endocrlne
\Tbalance necessary to maintain mllk secret1on at ‘a hlgh
level durlng establ1shed lactatlon been " clearly deflned
Studles of the hormonal requlrements for ‘the malntenance

'

of lactatlon in rumlnant spec1es have concentrated on -
the Gairy cow. In- this spec1es, quker (1979) stated
that prolactin, growth hormone (GH) ACTH or
glucocort1c01ds, TSH ‘or thyr01d hormones, 1nsu11n and
.parathyr01d hormone" are necessary for the malntenance of
a hlgh level of milk secretlon and oxytoc1n is necessary

for mllk removal There is ev1dence however of w1de

,varlatlon between unrelated ?Jec1es of anlmals in terms

A ]

of the ‘hormonal balance necessary to- ma1nta1n lactatlon

<

(DeLou1s et al, 1980) and perhaps even of varlatlon _
:between dlfferent types of rumlnant anlmals. in the cow
.and goat administration of the ergot»alka101d
f ‘ergocryptine, to block prolact1n release, has. 11ttle

'effect on milk y1eld (see rev1ew by Bauman and Currie
f1980) but it has a potent antlgalactop01ét1c eé(gct 1n
the ewe, whlch can be reversed by the adm1n1strat10n of

exogenous prolactzn (Hooley et al. 1978).

v .- o



'*Tf: In further work changes 1n plasma levels of

e
/

iihormones were correLated w1th changes 1n the m1lk yzeld
"of the cow. Hart.et al (1978) compared‘plasma hormone _;jf?°7
,l‘proflles of hlgh ahd low y1e1d1ng cows and determlned ;T;;%:
f{that plasma levels oﬁfGﬁ were 1ncreased approx1mately | ‘fjftj;
:fr,l- | 3 fold 1n hlgh produc1ng cows. In the low yzeldlng cow,:LM -

: i{§1n5u11n levels were found'to be con51stently hlgher and
*fplasma T. levels alseltended to be elevated Plasma § {ifF;.“‘
dfiprolact1n concentrat1on d1d not dlffer between the two h{{,,?"'

197 8‘.)'; '

-hﬁgroups (Hart et al Additzonal research by the

-

'_same group has found hxghkp051t1ve correlatzons between‘

i7a changei;‘ mllk Yleld and a change in the ratlo of - 'FSXEJ%;i

Lo }-,'

1fp1asma GH to T, and to 1nsu11_ff

and a negat1ve fn:ff?ﬁf

'ﬁ?correlat1on betwe‘

<

_sh1fts 1n mllk productlon and pIESma SRR

cows (Hart et?al 1979)”c°t"’

f‘T. levelslfn lactatlng dalrl

i='Although this research may prqyzde SOme 1n51ght 1nto theA'JH*

3 ~endocrmne‘mechan;sms assoclated wlth 1actat1on 1n the ;ﬁj§~f~,§

fft‘1~ ::' the

N

fsults may not necessar11y extend to the

fﬁlactat1ng ewe.f“




tdh;reported to occurllnvgoats durlng acute cold exposure
"hx;?"jand in cows dur1ng w1nter,cond1tlons may be related to a }M
;}5esuppre551on of prolactln release. As Tuckev$(1979)
'uﬁhowever has p01nted out prolactln concentratlon 1n the B
;'plasma does not appear to be olearly related to m11k |
uyield nor does 1t appear necessary for the malntenance[
“»of lactatlon in these 5pec1es. It s posszble that the‘
A‘iffinh1b1t10n of mllk secret1on that has been observed in
h~icold stressed goats and cows 1s related to a~:T3t” ‘_v>
'catecholam1ne 1ndUced 1nh1b1t10n of the m1lk ejectlon‘

3 reflex (Hebb and Llnzell 195»1"Cross 1955 ‘Chari 1965) or

4 may reflect a. supressron due to elevated thyr01d hormone
. ~_‘|. = v o .-
' ’rlevels‘iLoglcally however, an endocr1ne*med1ated L

L

']f}depre551on of m11k gecretlon 1n a,cpld env1ronment must

o @
R i“'-.-he related to a comnlex of hormones rather than to the

’j3act10ns of any szngle one. _r?ﬂgff‘
In the_current expetlments, m11k productlon in the ewe

;_ was not con91stedtly affected by cold exposure. These."

«

cold-stressed:goats Altho gh'the cause of the dzscrepancy

between the present stud1es and prev1ously publ1shed reports"“:“

“is unknown, certaln factors may have contrlbuted to the‘ ‘ Vfdf.ﬂ




/“ffgr_‘ B hlﬁﬁlo"‘

I

after a short perlod of treatment (Clarke et al 1976?-"'

'Thompsoe'and Thomson 1977” Thomson et al. 1979 1980" L

j:Faulkner et al._1980). It 1s p0551ble that m11k

”that have exam1ned the 1nfluence of cold stress on-

mfproduct1on 1n the ewe 1s moée re51stant to a lowf
-env1ronmental temperature than in othgr an1mals.

~fDurat1on of Cold Exposure All of the laboratory studles.ph

v;jlactat1on have used treatment perlods of 24 = 48 h‘

duratlon. It is poss1ble that a low temperature-mllk

hsecretlon'lnteractlon is’ of: short duratlon and 1s not
: egpressed durlng more prolonged perlods of cold

*v;éxbogUre{ Thls hypothe51s 1s not supported by ev1dence

"fjthat 1n dalry cows, m11k productlon measured 1n f1eld

. trlals decreases dur1ng wlnter condlt;ons (See rev1ew by

p”fcold stressed cattle spend a 1arger‘percentage of the1rii§;j}

‘ o'.

ngohnson 1976), although several factors other than a low‘ tp :;

9f.env1ronmental temperature may have contrlbuted to these

results.;.,fa_f;"

'vBehav1or. Gonyou et al (1979) demonstrated that<

time. lylng down than do cattlefﬁ_

a thermoneutral

">fenv1ronment.21f the CE ewes un the present experlments

\_la1d down for a 1arge portlon of each day, the mammary

”fﬁg;gland mayrhave been suff1c1ently 1nsulated to reduce the
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the ewe 1s 1n a lylng o051t10n although both parameters g,'v
‘-decrease markedly when ‘the anlmal 1s\stand1ng.; |
“Jé;flﬂormones- It i's known that the hormonal balance
"n;necessary for the ma1ntenance of a hlgh level of . _
'~elactatlon varies wxdely between spec1es (DeLopxs et a1 f};_ g&f
“1980) Alterat10n§:1n endocr1ne metabol1sm that occur |
‘_dur1ng cold exposure may therefore have varlable effects
o+ on. lactatlon dependlng upon the spec1es of an1ma1 |
| fexamlned,‘ | _ _ ' :
fS;‘{Energy Balance° From‘the calculatlons of heat FERT
'productlon energy output 1n the m11k and metabollzablexfi
,energy 1Qtake 1t 1s probable that the CE ewes were 1n»aj
':';51tuatlon of net energy def1c1t dur1ng the magorlty of o
'7fthe experlment:'The magnltude of energy def1c1t howeverv{";ziﬁ

"-,'m1ght have been overestlmated 51nce changes 1n behaviorﬂ

7,;as a result,of experlmental man1pulat1ons may have

”1nduced an 1hcreased 1evel of heat productlon durlnj
'~per10ds of measurement (1e._the ewes may have spent/

-Agreater proportlon of t1me standxng durxng per1ods,b£

wo“ldunormally) The }éf°

f:hmeasurement of Hp than theyv
wimagnltude of the:an'mal s.énergy def1c1t may 1ndeed be: a

"fcr1t1ca1 factor 1n determhnlng the level of lactatlon.,,ﬂ

,si?hznfluence of Suckl1ng Young' wlth1n the 11m1ts Set by

B ﬁ;ii.ggenetlc capaC1ty, m1lk product on-. ‘in the ewe 1s related //

‘fhyoung Ewes o

._40f% more/mlltlﬁ

(Nnc51975)

T N

poss1bly




"fysgj"
due to the hormonal effects 1nduced by a greater .
:frequency and/or 1ntens1ty of SUCklzng. Slnce, 1n the
"fpresent stud1es[ the lambs as well as the ewes were
fhoused at a low amb1ent temperature, the cold .>
_env1ronment may have led to X3 change 1n suckl1ng |
-behav1or p0551bly resultlng in a greater level of ‘milk .

,_product1on. Other tr1als that have ma1nta1ned lactat1ng o
o0 } '\ )
_anlmals in the cold have used hand— or mach1ne-mllked

'goats orxcows' 1n these experlments,,the 1nfluence of -

-~

‘the SUCkllng young on milk productlon would not have

ﬂlbeen present

‘l-7} .Techn1que of M1lk Yleld Measurement’ Slnce the an1mals

N

,used in the present studles Were not accustomed to :

regular m11k1ng prlor to the start of the experlments, ’

R
4

‘}the techn1ques used to measure m11k productlon may not\

ﬁhave truly reflected the normal dally m11k secretlon and

could perhaps have ma "ed any treatment effect. 7f5'3*vu,— !

_Addltlonal research 12 ' afto‘fﬁrther examlne the lack *5&f o

'of effect of chronlc cold exposure ofi m11k productxon 1n the

‘hMalk Composztlon *;‘f }*;”chéf‘ ;j”»r;»'w

‘In the ewes housed at a thermoneutral temperature |

e proteln concentratxon of the m1lk averaged 5 09 % 1n

‘ffExper1ment I and 4 80 % in Experiment IIi Publ1shed values

:_'fbr proteln concent'atlon :in e‘h

ff:74 11 to 5 50 % (Barnicoat‘etnalse"

Hogue 1964 wllllams et al

‘.0?

956, Dav1s et al 192&,

" 4




‘\;(iliseﬂﬁr.l_Aff {,'e\ »ch
’Torres-Hernandez and Hohenboken 1979) Average values of ';
x :npercent lactose wene calculated to be 5. 60 and 5 46 in. o
| ”fEkperlment I and 1T respectlvely,'and are w1th1n the range
' ﬁf of - prevlously reported data (Barﬂtcoat et al 1957 Gardner o
'“and Hogue 192%° Wllllams et al. 1976"Dav1s et al 1978-_;§~ "
Torres Hernandez and Hohenboken 1979). Fat formed the.
largest component of the mllk 5011ds,'y1th an aQerage';'dlh
,concentratlon in mllk of 7 41 % in Experzment 1 and 7 . 90 %
in Experlment II Whlle Barnlcoat et al (1957) determlned
'that percent fat 1n ewe s mllk averaged 5 5 %, more'ﬂff_“
;-commonly, values of 6 8 5 % have been reported (Gardner and
_EiHogue 1964-‘W1111ams et al 1976 Davisxet al 1978;q- |
thorres Hernandez and Hohenboken 1979) e | ““;
CoId exposure tended to reSult 1n an 1ncrease xn‘ R
'“;lpercent m11k fat whlch became stat1st1cally 51gn1f1cant-asf"h
‘hthe durat1on of cold exposure 1ncreased Percent lactoSe was;h'
» not s;gn1f1cantly altered in- elther experlment but 1n ﬁg.gf*f"
,?'Exper1meﬁi II perdent m1lk prote1n tended to be h;gher as af
"presult of cold exposure,, ,_f;fycii;}g}-“;f]l?ﬂ;ﬂﬂk '

Prev1ous stud1es that have examlned the. effect of acuteﬁ;ff"*ﬁ“

‘cold stress on mzlk comp051tlon'oﬁ the goatvhave reported

S

.“__that total lactose y1eld decreases durlngacoldi

:ﬂf(Clarke'et al. 1976, Faulkner“et al 1980) but 1svre1ated toisf,t:fffﬂ

Jfﬁa S1gn1 1¢ant reductlon 1n total mllk Yleld rather than 1n.17




V»ipercent m11k b'

y Jicontrlbutzon of each source of fatty ac1d preeursors is’

';;-whereas fatty ac1ds}longer than 16 carbons 1n length

vfyéndimally are der1Ved from plasma free fatty aCQd and

fshaﬁe’ some recovery after 48 h of treatment desplte a_f

cont1nued depre551on 1n the rate of m11k secret1on. Thls |

' data may 1nd1cate then that fat and proteln concentrations ﬂra_:..;h

fflwere 1ncreased in the m11k collected after 48 h of thermal “
iitreatment Thomson et al. (1979) also determlned that total

ffimllk fat secret1on in the cold stressed goat was ma1nta1ned

F:although m1lk secretlon was depressed Add1t1onally, several

75tud1es have determlned that m11k butterfat percent ' -
1ncreases when cows are exposed to a low amblent temperature:';'

although MacDonald and Bell .

g

' ‘(1958) were unable to detect any cold 1nduced change 1n R i/

‘f;(see revxew by Johnson 1976)

\

\terfat or\proteln in ad l1b fed cows housed /"
'moutdoors durrng Canadlan wxnters. : : . R

L

Fatty ac1ds secreted in m11k are derlved e1ther ﬁrom B

. M11k Fatty Acxd Compos1txon ;fdJVj»'

’*de novo synthe51s in the mammary/gland or from plasma

4

_ trlglycer1des and free fatty ac1ds' the relat1ve E "(r.fi

-

s ;' 'ffu'7' 8
”‘largely dependent on specxes and phy51ologxcal status ) '

: '(Falconer 1980) In rumlnants, m11k fatty ac1ds rangxﬁg from R
8 to 14 carbons in 1ength are normally synth051zed de novo
~1n the mammary gland from carbon skeletons proV1ded hy

3plasma B hydroxybutyrate~and acetate (L1nzell et al 1967)




’rumlnant mammary gland (see rev1ew by L1nze11 and

TfFPeaker 1971a) however mammary glucose ox1datlon v1a the S
”‘fpentose cycle prOV1des an amportant source‘of reduc1ng

'b“equ1valents necessary for’ fatty ac1d synthe51s (Bayman and
‘fDav1s 1974) ) o | i ‘ | | -
| Stud1es performed w1th rumlnants housed 1n .
':thermoneutral env1ronments have unzformly reported that long
‘chain fatty ac1ds, pr1mar11y palm1t1c (C16 0) and ole1cv
‘;“(c1a 1) aalds,‘form the largest proportlon ot the total
;fatty ac1ds secreted in m11k In the studies reported by
‘.Thomsdh et al (1979) and Cha1yabutr et al (1980a)
4h respectlvely, palmltate anﬁ‘oleate together formed 49.9 %

' and 43 2 %rof the total mllk fatty acid secre‘lon 1n goat s

:‘,m11k In the ewe, Thompson and Goode (1981) fouNg ; that these ﬁfr'-“

two fatty ac1ds constltuted approxlmately 63 2 % ¢

t he
'total m11k fatty ac1ds and 1n the present study, 51 v

¥,the total fattyKac1d secretlon in the CON e:es was ‘

i}attrlbutable to: palmltlc and olelc aclds Short chaln fatty

. ac1ds (less than 16 carbons in length) were found to

~comprlse 32.8 % (Thomson et al 1979) and 39 9 % v o

' (Cha:yabutn et al 1980a) of the total fatty ac1d secretlon‘.
in goats, and 27 1 % 1n ewes (Thompson and Goode 1981) |

d:;agaln éorrespondlng well w1th the average value of 32 3 %

determlned in- the current study. _.f” n .

In the present exper1ment prolonged cold exp05ure ﬁf ;

resulted 1n a relatlve decrease 1n mammary secret1on of all

5105 the short chaxn fatty ac1ds but an zncrease lg long 7"1‘;“'nhﬁ'




‘chaln fatty ac1d secretlon reflectlng a tendency towards

“elevated secret1on of stearate (C18 :0) and the c1s form ofrn

'oleate (C18-1) Clarke et al (1976) and Thomson et al
(1979) have also determlned that a short term -€xposure .
(48 h) -of lactatlng goats to a moderate cold stress,
suff1c1ent to 1ncrease heat product1on by 28 - 46 %,

‘decreased ‘milk secret1on of short chaln fatty actds ‘but

. 1ncreased that of long chaln fatty acjids; espec1ally of

olelc ac1d ,bu _f‘\» . - § | |

Modlflcatlon of mammary fatty ac1d metabollsm durlng

acute cold exposure in the lactatlng goat has been examlned

u51ng radioactlve 1sotopes and has been found to be caused
by a change in both the rate of supply and of mammary uptake
of fatty ac1d precursors. A Shlft away from short chaln
fatty ac1d secretlon 1n the milk of -the cold stressed goat
_lcan be rplated to a decreased supply and uptake of acetate “
.(Thomson et al.. 1979) B- hydroxybutyrate Faulkner et
.al.(-unpub-llshed cited by F‘aulkner et al. 11980) and'a

i reduced'mammary uptake of glucose (Faulkner et al 1980)
resultlng in a decreased supply of carbon skeletons and of‘
reduc1ng equlvalents necessary for de novo fatty ac1d

'synbhe51s. On the other hand free fatty acid supply and

Dmammary uptake are 1ncreased dur1ng cold exposure (Thomson .

let al. 1979) supportlng an 1ncreased release of long chaln

fatty ac1ds 1n milk . jg?r

* 73_ .
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hOrgan Weights |

Prolonged exposure of the lactatlng eve to a cold
env1;onment was not accompanled by any change in weight
A:relat1ve to total bodywelght of the abdom1na1
5(gastro 1ntest1nal tract kldneys) or thorac1c (lungs)
'organs examlned Other. studies with growlng pigs have also v
falled to demonstrate any cold 1nduced change in dlgestlye
organ welght (Sugahara et al. 1970; Hacker et ai 1’973r

Brown et alr 1976) although measurements performed by
Graham'et al. (1982) and Schaefer (1979) did suggest that
certain portions of the gastro 1ntest1nal tract were
hypertrophled in chronlcally cold stressed wethers. The -
‘results in the latter two experlments however may have. been
related to- treatment dlfferences 1n/feed 1ntake rather than.
" to differences in amblent temperature. |

In compar1son to other studles of organ we1ghts_. o '

performed in thls laboratory w1th wethers (Schaefer 1979
Graham et al. 1982) and young lambs (Chapter IV) the
alzmentary tract of the lactat1ng eve was more exten51vely
developed »although ‘the results are confounded by |
nutr1t10nal factors. Expressed in terms of welght per un1t
of bodyweight the retlculo rumen, omasum, abomasum and
‘dlarge intestine were found to be 1arger in .the lactat1ng ewe '
than in elther the lamb or wether whlle small 1ntest1ne
wef@ht was largest 1n the ybung lamb followed in decrea51ng
' order b;‘the Iactatlng ewe and wether..Fell et al (1964)

:Tulloh (1966) and Chatw1n et al (1969) have also reported

bl
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'hypertrophy of the dlgestlve tract.durlng lactatlon in the
"ewe, cow and rat respect1Vely, that may be related to an
1ncreased food 1ntake rather than a dlrect 1nfluence of
'“lactat1on ger se.~In the rat at least 1ndreased
gastro 1ntest1nal tract weight durlng lactat1on is
_accompan1ed“by an 1ncreased total blood flow. (ml/m1n) and
proportlon of total cardlac output (Chatw1n et al 1969
.Hanwell and Linzell 1973), Presumably these changes in:
d1gest1ve tract deVelopment and blood supply are 1mportantl
adjustments to a. hlgher level of food 1ntake and an
increased requlrement for nutrlent abSorptlon to support
mammary metabol1sm. g - - PR
Although other organ welghts were not affected by cold
exposure, mammary gland welght expressed as a percentage of
bodywelght was reduced in the CE ewes, Further dlssectlon
of the mammary gland would suggest that the reductlon in.
mammary welght was due pr1mar11y to. a decreased secretory
htlssue mass (Chapter III). Slnce,.ln the ewe, the number of
secretory cells in the udder v1rtua11y doés not 1ncrease»‘
”;.after parturltron (Anderson 1975) a smaller mammary gland 1
hmay be reflectlve of a redUCed degree of hypertrophy of the
secretory cells dur1ng lactat1on. The cause of a lack of -
t

mammary development 1n a cold envlronment rema1ns to be
DR AR . '

"1dent1f1ed o
1

' The ev1dence of erarger adrenal gland szze suggests

0

that adrenal functlon was 1ncreased dur1ng cold exposure.

';Th1s hypotz;'*'5'
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"
the c1rculat1ng levels of catecholamlnes in the CE ewes.\ o
4551m11ar1y, the trend towards thyr01d gland hypertrophy in
the coldwstressed ewes ‘agrees well w1th the 1ncreased plasma BN
levels of T, and T, obserVed - . g
‘Eifxc;ency of Milk Product1on | |
" Linzell (1972) postulated that mllk yleld per un1t~¥:::;:?—-¥~
mammary tlssue is 51m1€9r 1;“511 spec1es. Data collected
vfrom Jar1ous rum1nant speczes would _Support this hypothe51s.l
A,Quoted values of 1;90; 1.75 and 1.66 g mrlk/g mammary tissue
durlng established lactatlon’ln the cow dalry go?t and i
. non- dairy'goat (Llnzell 1972) . respectlvely, compare- "ﬂi _ " s
favorably wlth the ‘value of 1. 84 g m11k/g mammary tlssue‘ R
- reported for the ewe (Dav1s et al, 1978). As the data in the
. current exper1ment was collected from ewves ‘nearing the end - 7
of lactatzon,‘a value of 1. 22 g mllk/g mammary tissue 1n the .
CON ewes 1s in keeplng w1th prev1ous reports. | -
Since other stud1es have not dlrectly assessed
secretory tlssue mass, values’ of milk y1eld/un1t secretory
_tissue have not been reported "On the basis of dlssectlon
‘studles, secretory ttssue forms approxlmatelyi84 %. of the .
tptal mammary welght in lactatlng da1ry goats (Llnzell 1960)r’

- and 87 % of the’ total udder we1ght of the’ ewe at-v.“

'_ N
L

‘jmld lactatlon (Thompson 1980Y Aftez adjustment of the data’

,%Qcollected by L1nzell (1972) and Dav1s et al (t978),‘m11k
Q? yield (g)/g secmetory t1ssue would approx1mate*2 08 and 2 11

S

.1d'the dairy goat and eve respect1vely. In Experlment II "'_ SN

mean m11k product1on tgl)/qg secretory tassue in the control

h&; o
LR
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ewes'was calculated to. be 1. 84 and therefore is lower than
other estlmates. In these anlmals however, secretory tlssue
formed only . 66 % of the total mammary welght (Chapter I111),
further supportlng the conc1u51on that the ewes were in
decllnlng lactatlon at the. t1me of measurement
,;l__ The ratio of-blood flow mllk yneld has been suggested
to be an approprlate measure ,of mammary eff1c1ency 51nce
thls ratlo var1es 1nverse1y with the rate of milk: secretlon
(Lrnzell 1960). Previous studles have reportedraverage blood
flow milk yield values of 07. (Peeters et al 1979) 457
j(Blckerstaffe.et al 1974) and 390 (Paterson and Llnzell \\
~1974) for the cow and 689 (Thompson and Thomson 1977) 523'
(Thomson et al. 1979) nd 438" (Chalyabutr et al 1980b) for”
~ the goaéihoused in a thermoneutral ‘environment. Much of the "
.varlatlon w1th1n a spec1es may reflect dlfferences 12 the
stage of lactatlon by measurlng the changes in the rat1o of
'.'blood Tlow:milk yleld over thg course of lactatxon in the
"dalry goat, L1nzell (1974) demonstrated that wh1le the ratlo_
avlraged 460 1 at\peak lactat1on, durlng the major port1on
of lactat1on, values averaged 500 1 and 1ncreased to
700 - 1000 1 as mllk yleld fell In the ewe ;&he average ;4~ ;
-value of 870 1 for blood flow: m11k yleld\reported by Dav1s
and . Blckerstaffe (19781 1s h1gher than the mean value of
664 1 determlned in, the present experlment._It is probable
that the rat1o of blood flow mllk y}eld was underestzmated
_in the current study 51nce mllk y1eld was determ1ned 2 wk

: pr;or to measurement of mammary blood flow. The apparent

77



v»“Chalyabutr et al (1980b) also found that 48 h. starvat1on 1nb'-

relatlve 1neff1c1ency of milk secretlon 1n the ewe compared

;to other rumxnants‘has been attrlbuted to the greater total7

. -~

“sol1ds content of ewe's mllk (Dav1s and Blckerstaffe 1978)

Mil and moderate cold stress, respectlvely,:was found

SN _
“to. result 1n a 26 % and 17 % decrease 1n mammary eff1c1ency

as measured by blood flow: milk yzeld 1n the study performed

A~by Thomson et al. (1979) ‘and a 49 % and 84 % decrease ‘in a

s1m1lar study reported by Thompson and Thomson (1977)

: ru
the goat caused the ratlo of mammary blood flow m11k y1e1d

to rise from a pre-?reatment value of 438 1 to 483 1 In the

: present study however, mammary eff1c1ency expressed as

-

\

' ambzent

<

g milk/g mammary tissue or g secretory t1ssue and as blood

flow m1lk yleld/;ould suggest that the efficzenpy of m;lk

syntheszs was gré{ter 1n the chron1cally cold-exposed eves 2
"than in the control anlmals. B ;€g B -}f'&fy4-”}'

U In summary, the data collected in the present ff “}""

(IR

' experlmentS"dld not. reveal any detrlmental effect of

prolonged cold exposure on the lactatzonal performance of

the ewe but ‘in fact suggested that the eff1c1ency of mllk 1if

productlon may have been 1ncreased as a result of a low

)temperature. ance these results comtradlct those

,obtalned w1th acutely cold stressed goats, further work WIII

beanequ1red to lsolate the factors respons1ble for the ‘i;‘fﬂ

observed respdnse§r*

o sl

A
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11 Sectlon II

"’Factors Affectxng Mammary Blood Flow 1n the Lactatxng Eﬁe_fd

'HW1th Partxcular Reference to the Effects of Acute and

. Chron1c Cold Exposure<bmflﬁrsppnfyfTiy _

~

K. Abstract - . o
Mammary blood flow was measured in lactat1ng ewes u51ng

® -

-an electromagnetlc blood flow probe or. radlonucllde labelled

.- -J-'.

'fm1crospheres. Contlnuous recordlng of blood flow through the
mammary artery revealed that changes in posture, feed1ng,~
)

vmlnor stresses and’suckl1ng caused blood flow to decrease. ‘

' ﬁ:Durlng a perlod;of acute cold exposure (4 h) mammary blood

7}ff£low trunk udder and extremlty surface temperatures

7i¥fdecrea5ed markedly when the anlmal was standlng, heart rate

ﬁflncreased but rectal temperature remalned relat1Vely
"unchanged\'fylng down effectlvely 1nsu1ated the mammary
gland;from low amblent temperatures as 1nd1cated by mammary '
'bloodlflow and udder surface temperature.-,“ ‘ | |
P After'a perlod of prolon.ed cold exposure (0 C 8- wk)
’;Ladé} size and mammary blood . low tended to be lower 1n‘
‘comparlson_to values obtalned from eves housed for the same

-

‘fperlod at- 21 °c. Cold exposule also affected blood flow |

dlstrlbutlon-'as ‘a, proportlo‘.of total mammary blood supply,_‘.
t blood flow to the secretory'tlssue was reduced by

_.approxlmately the same amofnt as connectlve tlssue blood

-flow was. 1ncreased M1cros:heres 1n3ected before and after f”.y:f.d

‘97




f10w to the mammary gland 1n 4’o§ithe 5 anlmals but d1d not

4
e

.5"*? 51gn1f1cantly alter blood flofﬁdls&rlbutlon. Blood flow was:'u7?ll

‘fpot (p<o 01) and tended to

be hlgher to the gastrocnemlus and«sé"lmembranosus muScles




o

‘ﬁﬁf?vd.'lntrodpct1on :}fhg1{}%1';fwjfldha?atgy[ifflﬁfﬁjififﬁf?nh
;;l:.;?:b Under certaln condrtlons drestr1cted c1rcu1at10n to thefk
'?f;mammary gland of the lactatlng anlmal may xnfluence the mllkw:
h produc1ng capac1ty of the gland s1nce the synthe51s of mllk:'j
"t}dconstltuents 1s dependent upon the uptake of precursor%,fromh‘
:‘3the bloodstream (L1nzell 1974) Knowledge of . the factors
"u'that 1nfluence and control mammary blood flow (MBF) would )
4therefore a1d in-. our understandlng of the mechanlsms and jv.ml"
'11m1tat10ns to the process of m1lk synthe51s.f — |
‘ Numerous technaques have been used to examlne MBF 1n” g
';vtboth laboratory and domestlc 11vestock speeles (for a. teV1ew e
dof methods see Reynolds et al '1968, L1nze11 1974) Many | 5
'studles have attempted to deflne var1at1ons 1n MBF that‘“:'
»occur under normal phy51ologlcal condltlons (Llnzell 1960
-Chatw1n et al 1969 Hanwell and L1nzell 1973a b Mao and
Caruolo 1973 Burd et al 1975; Dav1s and Blckerstaffe 1978
dFleet and Peaker 1978 Peeters et al 1979 Burvenlch 1979;
-;Dav1s et al. 1979; Chalyabutr et al 1980a b) and from the‘olﬁi
madmlnlstratlon of exogenous hormones and Vasoactlve |
substances (Hebb and Llnzell 19g1--Houvenaghel 1970
Houvenaghel and Peeters 1971 1972 Dhondt et al 1973 1977'“ K
."Houvenaghel et al ,1973-:Burd et al. 1978a b Burven1ch |
'1980 rHart_etval 1980 Henderson .and Peaker 1980)

The 1nf1uence of the comblned stress 1mposed by a. cold

t*en\nronment and lactat1on on blood flow to the mammary gland

'q;has recelved l1ttle attent1on in the llterature. General

'f"w Vc1rculat0rY changes that 0ccur as a result of cold exposure R




ety

<ﬁ are well documented 1ncreased heart rate, cardlac_output
.E'fand a; redlstrlbutlon of blood flow help the anlm,l to _‘
lymalnta1n a. state of thermal equ111br1um desplte unfavorableefxu
::env1ronmental cond1t10ns (see reV1ews by Thauer 1965,,,_ ‘)
o Webster 1974 Thompson 1977 Alexander 1979) Dur1ng

'ﬂlactatlon 1ncreased cardlac output and blood flow to the

llver gastro 1ntest1nal tract and mammary gland may be

'_fnecessary ad}ustments to support the process of mllk B

;formatlon (Chatw1n et al 1969 Hanwell and LlﬂZEll 1973a);

ST

' ”Under condltlons of cold stress and lactatlon the

'c1rculatory system therefore must funct1on t0°.

;J.' conserve heat by reduc1ng per1phera1 flow’] e
;2;+”support the 1ncreased rate of metabollsm in thermogenlc

'y t
, tlssues by supply1ng substrates and remov1ng metabol1c

’

tendproducts and. o

3. .prov1de the necessary substrates requ1red for m11k

.’synthesas i:-the mammary gland
Studles performed by Thompson and Thomson (1977) ‘

.‘Thomson et al (1979) and Faulkner et al, (1980) have shownxvlb

that the exposure of ‘lactatmg dalry goats to a- moderate
.fcold stress for 24-- 48 h. generally results 1n a decrease in
4total MBF that Can part1ally account for a- concurrent drop

in mllk productlon. D15tr1butxdn of blood flow w1th1n the
.mammary gland was not determ1ned 1n these stud1es.;Although
_the‘results are’ 11m1ted the 1nfluence of cold on. blood flow
. to the mammary gland seemed to d1m1nlsh over: the two days of

cold exposure (Thompson and Thomson 1979) No studles to

\



P

vjdate have examlned MBF 1n a lactat1ng rumlnant over a moreiu

‘,prolonged perlod of cold exposure.
The present experlments were des1gned to examlne both
'ﬁdthe 1nf1uence of normal dally routznés and of cold stress on

gMBF in lactatlng ewes.,In the flrst experlment the changes

'51n MBF as a. result of dlurnal varlatlon feedlng, sucklrng,;.

‘”posture and acute cold stress were. measured and compared A

'?@second experlment was performed to examlne the 1nfluence of

"t'prolonged cold stress duflng lactat1on on mammary blood flow "

.and dlstrlbutlon 1n the ewe.”” ‘Jiff,zl'y"’

'~f oL
Lo



C Materxals and'Methods »":l7f"»: .éhffv

- Experxment 1 o o
L Anlmals ‘h-“; A 4 - ¥ |
: Two crossbred Suffolk ewes averaglng 44 4+3 5 kg

1n we1ght were used 1n th&s study Both ewes were

02

Unurs1ng slngle lambs. Each ewe lamb pair. was housed in a -

;._,_;

'~-metab011c crate suff1c1ently large to permlt _
‘-unrestr1cted moyement (0 9x1.8 m) 1000 g of a pelleted
mbarley alfalfa mlxture (38 % barley, 62 % alfalfa) was

fed tw1ce dally (0800 and 1600 h) to each ewe Free

: access to water and‘cobalt 1od1zed salt was also

"Arterlal Supply to the Mammary Gland of the Ewe

Blood flow to each udder half is. der1ved from the y

4

,external pudlc artery whlch 1s a major branch of the

o external 111ac artery The external pudlc artery passes

"'through ‘the 1ngu1nal canal and d1v1des 1nto four Vessels;_.,

(F1gure III 1): two- veSSels supply the mammary gland
;1tself (mammary artery and caudal mammary artery) " one:
vessel. supplles blood to the supramammary lymph hodes

:;and another to the sugprf1c1al portlon of the abdomen

(Tanud1madja et al. d1968) K '

: Surgery- o .

h ' Dur1ng the 1n1t1al stages of lactatlon, each ewe
was surg1cally fltted wlth an electromagnetlc blood flowl

probe on the r1ght mammary artery The vessel was,

located under general anaesthes1a accord1ng to the



Db ko

ABeexsoran-

R | Figure TIL1 Artenal Supply to the Hmdquarters and M’ammary

Gland of: the Ewe

. DorsatAorta
. (Extérnal lliac Artery ) S
Interna] Liiac Artery o | .

Deep Femoral Artery

’Pudendo-Eprgastnc Trunk Lo
: Caudal Deep Epigastric Arteryr S o
Extemal Pudlc Artery S :

-Branch to the Supramammary Lymph Nodes - . :
Branch to the Caudal Portron of the Mammary Gland

_ Mammary Artery

~Caudal Superficial Epigastrrc Artery
,,(Cramal Mammary Artery) L
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procedure of Burd et al (1975) An 1nc151on was made

‘j along the lateral border of the cranlal port;on of the

3

subcutaneous 1ayers and mammary fasc1a untxl the'

'”Wgrjpromlnent mammary vein (external pudlc) was 1dent1f1ed

~‘_”The mammary artery, ly1ng in close proxrmlty to the

'veln 'was carefully freed from surroundlng fascia over -a

’"}y“ﬁThe head of a- flow probe (Carollna Medical Electronlcs-’

" (1600 - 2200 h) or 24 (1000 - 1000 h) b permd. Dur1ng

'”f16 mm 1nternal c1rcumference) was sl1pped over thls

Sect1on of the artery and secured in place. The lead

.w1res “of the probe were sutured to the surround1ng
fasc1a and passed subcutaneously to a- po1nt on the rlght-
vflank 6 =10 cm ventral to the splne, where they were - ;

,“'exterlorlzed Suff1c1ent slack was left in the lead ;

4

,w1res to permlt the probe head to rlde freely on: the

lartery during movement of the anlmal -MBF measurements

ﬁwere not commenced: unt11 1 ~2 wk after surgery to allow
‘the ‘animal to recover and the probe to become securely
'fattached to the. vessel : 5272337'?' ryh.._. . - |
\\\Exper1mental Procedures ;; 'pifiylfv | “? | iLV_ (ﬁf:?'

Blood flow measurements were obtalned from each ewe o

in both a thermoneutral and cold env1ronment The

‘thermoneutral tr1als (21 °C) were performed over a 12\

”eed and water

;rlght udder half and the dassect1on deepened through the o

’_2 cm length cephalad to 1ts fxrst p01nt of arborlzatlon,?v

.the trlal the ewe remalned 1n her crate but was’ tethe ed B



'iof the lamb

”iand lamb wh1ch was necessary to m1n1mlze maternal

“r

'f}stress, but d1d not d1srupt the normal suckllng pattern

»

«©

Mean and pulsatlle MBF was contlnuously recorded by

-wave electromagnetlc flowmeter

(Carolinafﬂedica“'Electronlcs) connected to a ﬁ*ztf

;ﬁphy51ograph recorder (Beckman R- 612 Dynograph) Several -
‘tlmes du,1ng'the recordlng per1od zero blPod flow Was Ta

'electronlcally callbrated to check for basellne dr1ft.

. An. event recorder was used to determlne theioccurence

_ ‘and duratlon of changes in posture (standlng/lylng)

L2

" The 1nfluence of acute cold stress on MBF was:

determlngd “51“9 a temperature controlled.chamber. The SR

metabollc crate_ .-2x1 2 m) w1th1n the chamber at least -N}VI“

.

12 h before the commencement of the tr1al As durlng the B
' thermcneutral tr1a1 the ewe was tetheréd w1th a neck

'ccollar and the lamb conflned to a wire cage w1th1n its

E dam s pen.;Feed water and sucklﬁﬁb procedures were as »Hhilmf_;f;

dthose prev1ously descr1bed




’Pr1or to 0800 h onwthe day of the experlment
:fjologlcal mon1tor1ng equ1pment was attached to the
fanlmal and the recordlng cables.extended through ‘

tportholes rn the}chamber wall:“Twelve thermocouple :w

'temperature w;thrn the chamber.jf

{lAﬁcontlnuousgtrace Sf. mean and pulsat11e MBF was
'iattauned as descr1bed for the thermoneutral tr1al _‘_
‘Recordlng cables from heart ;ate and electromyograph |
electrodes, ‘an’ event recorder and a. rectal probe,u'“,
'_1nserted 15 cm 1nto the rectum, were~also attached to..
the dynooraph recorder, located out51de of the chamber,:
Surface temperatures of the trunk (rlght hlp, left

LA

abdomen rlght abdomen, left forearm m1d dorsal reg1on

B

of the rump) extremltles (rlght ear, lateral surface of

the left front and hlnd paSterns) and udder reg1ons

(cranlal and caudal portlons of the mammary gland

medlal surface of the left thlgh) were attalned by

r‘.p.

to the sk1n.,A total d#”;jf

- ' I o 1

an1ma1 12 record; 9 chamber temperature) were attached
% v

to a. 24 channel temperature recorder (Honeywell

v

'erewalso passed through the porthole to monltor amblent_;flhtﬂg



I LA

',"at 45 m1n,1ntervals to a flnal temperature of —15 °C

(1045

3345 h) At 1415 h the coolers were turned off B

"G‘and phy51ologzcal record1ngs contlnued'as the chamber

temperature rose (1415 —'1630 h)
hAExperxment 11 o
Anlmals B . Lo
_‘= The selectron and management’of the anlmals has
-‘lbeen prev1ously descr1bed for Experlment II Chapter II
fs‘VBrlefly, 10 ewes nurs1ng 51ng1e lambs were selected
shortly after parturtlon"and 3551gned to one of two .
Wtreatment groups. The control (CON) ewes were housedvat.
| a: temperature of ;1+1‘ °c for 56 days (wk 2 - 10 of
'.lactat1on) whlle the cold exposed (CE) ewes were kept
.]ﬁ;r_for the same per1od of t1me at an: amblept temperature of
‘f0+1 °C. At the end” of the exposure per1od MBF was : _f“fg lgf
‘tmeasured u51ng rad1onuc11de labelled mlcrospheres. o
'Anlmal Ereparat1on ;“d l ‘\,,xtﬁﬁif ' |
d One to three da}s prlor to. measurement of blood
flow to the r1ght half of the m@mmary gland mlcrosphere .
Tlnjectlon and arterlal sampllng catheters were
,surglcally establlshed accordnng te the procedure IR
‘“outllned by Thompson (1980) General anaesthesla ;as S o
_1nduced and ma1nta1ned w1th halothane. A polyethylene
'catheter (ID 0 86 mm, oD 1. 27 mm) for 1n3ect10n of : T-:'hd-ib
=T,m1crospheres was 1nserted 1nto the n:ght saphenous |

‘”i:artery and, the t1p advanced towards the dorsal aorta.ﬂxgpd.ﬁﬂ

'ﬁ351multaneously,_a thermocouple Was 1nserted 1“t9ft e

a3




-.q-.».‘--» tq. -A..,
g

—

- -&. 4.»

'vleft femoral artery. Injectidn of cold sallne 1nto the:“ NG

'{catheter resulted 1n the flow of 1njectate down the‘h'u

'affemoral artery of the left leg whlch was recorded by a

L Catheter placement was ver1f1ed upon post mortem

, decrease 1n blood temperature. The t1p of the catheter

;was gradually-w1thdrawn unt11 the temperature of the'

&blood flow1ng thrdugh the left femoral artery d1d not

ime p051tlon w1th a purse str1ng suture 1n the Wall of

.catheter was . advanced 6 . cm cephalad before be1ng flxed -if*<§f

decrease 1n response to 1njectlon of cold sallne. A ‘5"if“
suture around the saphenous artery Was used to hoyd the

1n3ectlon catheter 1n place (Flgure III 2).
A 51mrlar polyethylene catheter was‘establlshed
downstream of the 1njectlon 51te by 1nsert1ng & catheter

1nto the rlght femoral artery The tap of the sampllng

&the femoral artery (Flgure III 2) Both the sampllng and

1nfu51on catheters were sutured to-the surroundlng

"fasc1a and passed subutaneously to a polnt of

exterlorlzatlon on’ the r1ght flank of the. anlmal

examlnatlon. o R ‘,y B vinjui | c;rll : T;: . a‘fl;,
Vessels cr0551n§ between udder halves were not ‘
llgated 51nce blood flow between the two halves in an‘
lactatlng ewe has been Teported to be 1n51gn1f1cant |
"(Thompson 1980) ;jf-f,§:;j g¢hfiﬁtﬂ:;;;;“;; 4}M,Q ,':3';fiprf

e .

R Tt L e L S-S S R R PINEER

Blood Flow. Measurements

AR e n oo

T Ghmma nayﬂemttt1ng '*'Ce-:and.’iNb labelled

mlcrospheres TNew England“Nuclear,_Boston Mass ) SLr e T
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. v ‘ . e " L e

-7 internal iliac .

dorsal aorté

- A= quctlon catheter..'
' B sampling catheter' o

x =
L oe ~ i L e - ' s
i - e s g et Y LI, ' L a e g ® SR
1 T - o
. - — —~ L - -
» N )

PRT
LI



REORE T

'15+1 2 um. 1n dlameter, were used to measure MBF Th1s

f.f51ze of sphere 1s suff1c1ently small to pass through -

arterles and arterlo venosus anastomoses but becomes '

lodged in the caplllary bed (Hales 1974) Approxlmately T

L1101 uCi "'Ce (14 dpm/bead) and 18. 3 uC1 "Nb (20
xidpm/bead) was. 1njected 1nto each an1mal to ensure that
hthe majorlty of tlssue samples counted would contaln at

'least 400 of each type of m1crosphere. ThlS number of

.,m1crospheres has. been reported to be necessary for an,

U

“jp'tranimals }nvolved microsphere 1n3ect10ns were staggered.A7“*1"

acceptable level of experlmental .error (Buckberg et al.
1971) | '

-On". the day . of the m1crosphere 1n]ectlons, feed but

not water was w1thheld 4.5 h pr1or to injection each

lamb was separated from 1ts dam by plac1ng 1t w1th1n ;a

j“w1re cage. One and one half h later ‘the lamb was

¢

permltted to suckle and then replaced 1n the cageh_,

Three h followlng the last perlod of suckllng, each' R

ewe was. 1njected w1th "'Ce labelled mlcrospheres,
hsuspended 1n 2-ml of 10 % dextran solutlon conta1n1ng a'"

-_drop of Tween 80 suspend1ng agent Due to the number of

R

3;fover a 4 b per;od A plast1C'syr1nge LB ml) was used't07{»7"“

;vhapprOﬂimately 50 -'60 sec. To prevent any settllng Of

’:kﬁspheresr the syr1nge was constantly rotated durlng

i?zn]ect the mlcrospheres overkaltlmed 1nterval of - f,“}i»w

i'\

‘hand11ng and 1n3ect1on.,A T*jUnctlon at the - end of the Co

qatheter permltted flushlng of the - 1n3ect10n syr;nge

Vi



| Z‘WIth 10 ml sterlle sallne. Startlng 1mmed1ately prlor toffd

bl .

Jand cont1nu1*g for 30 sec after the mlcrosphere

'/1n3ectlon downstream arterlal blood was w1thdrawn from .ﬁh

the rlght femoral artery (art1f1c1al organ Hales 1973)
'llnto a plast1c 20 ml syr1nge by means of -a. Harvard
' _constant 1nfu51on/w1thdrawal pump (Harvard Apparatus,
'Mllls” M.A. ) | o o . .
Follow1ng 1njectlon of the““Ce labelled
,mxcrospheres, the lamb was permltted to- suckle._Ten
.vmlnutes after the term1nat1on of 5uck11ng act1v1ty each
'ewe recelved an 1n3ectlon of 2 ANb- labelled mlcrospheres
- .in a 51m11ar manner as prev1ously descrlbed Blood
:samples obtalned from the femoral artery dur1ng each
lmlcrosphere 1nject10n were we1ghed and stored at —40 °C
Tuntll measured for radfoact1v1ty
| Twenty four h after the 1n3ectlon of mlcrospheres

each ewe was stunned and bled to- death. Just prior to
stunnlng, the lamb was permltted to suckle so that the
‘udder was relatlvek?/free of milk. The mammary gland was»5
Aremoved from ‘the carcass and any mzlk remalnlng was ‘
carefully blotted dry before total udder welght was
determ1ned The rlght half of the ud,er was dlssected
'1nto its- var1ous components and the tlssues we1ghed
Samples of lung, kldney, left udder half gastrocnemlus, 3

sem1membranosus, popl1teal fat depot and skln from the

: th1gh and lower leg were also obtalned T1ssue samples

L

”Vm_nwe;e placed 1n¢pre‘we;ghed-Beckman polyv;als, welghed



T

N

";;and stored at —40 °C pr1or to measurement for

.\_. .

'radloact1v1ty. ‘

Radlonucl1de countlng Yrs performed uslng a Beckman;,'f..9

L.

,Gamma 8i00 counter ""Ce and ”Nb sources,were used to

"fdetermlne the energy spectra of the two,radlo_sotopes.fq_“gff{“

"'The countlng wlndows were set so as to encompass the
‘mprlnc1pa1 photon peaks of the Y= emltters (9 145 Mev for
ﬂv"‘Ce"O 765. MeV for’ ”Nb) but m1n1mlze the splllover
'of ’5Nb counts 1nto the "‘Ce channel Total counts of
nweach sample were corrected for geometrlcal (Katz and
tBlantz 1972) and sp1llover errors countlng eff1c1ency'
and t1me decay.,;, | o |
.hStat1st1cal Analysxs :
‘- Treatment dlfferences for each m1crosphere 1n3ect10n
‘“were compared u51ng the Students t—test Values obtalned‘
before and after suc}llng were compared for the CQN and CE
groups separately,.agaln u51ng the Students\t test (Steel

_;and Torrle 1980)

swe



'w"ﬁgfth1s studyffthese factors were not examlned.

| Exper:ment I'

. Detalled 1nformat10n regard1ng the dlurnal varlatlon 1njj;"

”~MBF s presented 1n Flgures III 3 III 4 and IIlhsﬁand Table
”5”111.1 MBF values var1ed consaderably, both between and

“*¥fwzth1n

f:;mals. Part of ‘the varlatlon between the two'fffff‘”*:-fh“

uch factors as stage of

‘.g,animals may: be.related, o'm

.....

“5?¥j1actat10n aqe;of the an;mal s1ze of the mammaty gland and

.'.—dr. R

- -y =

Ifthmllk produczng capac1ty.»81nce~only two anlmals were used 1n

. G a*-T.,,w..,f S e e LWL L s

From the results obtalned durlng a 12 or 24 h

'hn.g:—o »oo L < g

nvlronmentl

“a ot

ermoneutral e

ﬁ;nas 1nduced by suckllng (F1gures 11123‘

::‘Invarlably the act of suckllng resulted in an Jmmedrate ; o
’:decrease 1n MBF ‘At the cessat1on of suckllng act1V1t§; MBF -
bgradually recovered over a’ perlod of 30 —‘60 sec to a level
similar-to that recorded prlor to suckllng (Figure III 5) .";
- Dur1ng the 3 h 1nterval between suckl1ng perlods, MBF s
- .remalned relatlvely stable,(FlgureszII 3, III 4)
The effect of posture on- MBF was espec1ally ev1dent in
E!Anlmal A (Flgure ITI1. 3) Frequently a change 1n posture

“resulted in a transxent drop 1n MBF Blood flow to the

mammary gland tended to be hlghest when the anlmal was 1y1ng

down (Table III 1) _ . AU o
Feedlng resulted in a decreased blood flow throughgthe'

‘31'mammary artery that persxsted for_a var ableslengthaof tlme
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Table III 1 Dlurnal Varlatlon 240 Mammar

7117

y Bleod Flow 1n

Mean MBF (ml/mln)"lﬁ-;:'

Standlng IR
L‘Ylng 9 ,_",,‘:.’." R
““Nursing, ”‘”“ﬁ‘- '

Feedlng g ‘_,.?fﬁl.

‘ Lactatlng Eves, Experlment OB
p S 3 o s T 'f ‘. -ﬁ'
e e e o SR —.IAnrmal k " Animal B -

a‘-»

R

\4'

"

-:»‘w

“'258 7£77. 7.
... 284.5%77.9"
.108.3%39.7
100.0£50. 0

e

79.8228. 9

"187.0"

28.6x11.7

68.0

LI

A —

'*values represent mean+SEM

2

L e o= B
- . c
-
. -
L3
L4
s

—

Coeff1C1ent of Var1at1on (%)"~ ffe_fjllf"' t . :
(perlod perlod) R '_i o mfi PP
Standing B T T T 2"
Lying ' 2T. e .
. Nursing. C36.7 . - 35;8 ot
’f.Feeding ST, 50 0 ' .
MB?} % of Mean Standlng MBF- A
‘Standlng 10000 " 100.0
- Lying 110.0 184.0
~* Nursing . 4109 ' 35.8
o Feedihg . 5 . 38,7 - - 85.2
- . \

C095f1c1ent of variation= (SE of MBF .x 100) /(mean MBF),

PRger S
T s

-
. .
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'{Figures'1i1“3';1ii 4‘:111 5; Table IIIII): In both anlmals
a trendetowards hlgher MBF values approx1mately 4 h »

. follow1ng feedlng wasﬁnotedA‘Thls tendency was partlcularly
ev1dent 1n Anlmal A between‘the nlght and mornlng feedlngs

'-‘\’- Voo e n T e e D T e 3 e e

(Flgure III 3)

Mlnor dlsturbances (1e. exper1menter enter1ng the room

adjustment of equlpment) usualby resulted in a small‘fri

:;;_fﬂgjgdqqrease in: MBF : (Flguye LJI 5) ;ﬁfft“a*é?{fu*"t%t”f*ﬂ'f&‘“fﬁ

Phy51ologIcal measurements recorded durlng a perlod-of
. acute cold stress are. presented 1n Flgures III 6 III 7
(Anlmal A) and F1gures III 8, III .9 (An1ma1 B) Although
both an1mals were exposed to a 51m11ar degree and duratlon ,
of cold stress, each anlmal employed dlfferent strate 1es to
~.combat.- the hnfavorable env1ronmental condltlons. Anlm1

al A _
. ;wcexhlblted igw behavsoral s;gns ofacold stress, except £6r a'r

o e ATl

g Z,.:s

-
"
5

ew: short perlods, this anlmal remalned standlng durlng the

trlal Heart rate rose gradually as the chamber temperaturexuun

fell peakung at a Ievel 70 —'90 % hlghef‘than durﬁng

AN -

ot e e

,'j;f.i thermoneutral~cond1tlons. Body core temperatufe was

malntalned or sllghtly 1ncreased durlng cold exposure»ﬂ

P "~.-<_.
P - IR A

'w3*~ %F1gure 111 6)

In contrast Anlmal B spent a large portlon of the o

experlmental perlod 1n .a ly1ng p051t10n. Whlle heart ratej' ]

f1ncreased peak1ng at a level 50 - 70 % hlgher than that
recorded in a thermoneutral env1ronment changes 1n heartf

rate d1d not parallel the pattern of change in amblent

j temperature. As well th1s an1mal allowed its body core TS

o.-'
P . - * . . .

_r,‘.«

‘‘‘‘‘ ' J - Ll e mv_,'_,.‘..,u

N
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“gtemperature tolfall rectal temperature decreased from a.

;fqun;; basal revel of 40:6" C to- 38 & ¢, measured at ‘the' coldest

Skln temperatures measured durlng the perlod of . cold‘
verposure generally mlmzcked the trends in amb1ent |
stemperature (Flgures III 7 and III 9) Temperatures of the
extrem1t1es decreased the most durlng the cold tr1a1 whlle

'itemperatures recorded on the trunk surfaces fluctuated over‘

;Ta,mpch narrower temperature range Ddden surface and.thigh
temperatures demonstrated the least degree of reductlon,"
durlng chamber cool1ng and were notlceably affected by

“.postural changes. Feedlng and suckllng had 11ttle ‘or ‘no-

effect on any of the surface temperatures recorded

As durang thermoneutral condltlons, MBF measured at a

rlow amblent temperature was 1nfluenced by both posture and

‘nur51ng act1v1ty.sLy1ng down resulted in- a rapld and

f*“sustalned 1ncrease 1n MBF (Flgures III 6 III 8 III 10). A
change from ly1ng to a standlng p051t10n had an. opposxte |
k effect on MBF. The 1nfluence of posture on MBF was ‘more"-
‘Lwapparent for An1ma1 B who changed p051t10ns frequently the
hlghest MBF values recorded occured at an amblent | |
_temperature of -11-°C when ‘the ewe was lylng down. Nur51ng
aga1n resulted in: a rap1d but tran51ent decrease in MBF .-
ThlS effect was more notlceable before the temperature in, p'
»the chamber was reduced ’ R »
"ﬁgg_. , The 1nf1uence of cold exposure on MBF 1s dxfflcult to“

dlscern from the other confound1ng factors. Table III 2 g

;%;;i{fglchamber temperature (Flgure 1LI. 8) ;u_«,v,,;;fpj;i,w {;” .

o
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5fExper1ment II

presents heart rate and MBF data for the two anlmals:

measured before the chamber temperature was lowered and at

. ...._\. PR ORI s,

'_-selected po:nts-durzng‘the exper1mental per1od when amb;ent

o 8
K2

Y »'-Ax-c.'ﬂ"x . ey

temperature, posture and tlme elapsed were‘51m1lar for both

anlmals. Although only two an1mals were used 1n these'ff”

tr1als the varlatlon in MBF as. 1nfluenced by ambleht

temperature is apparent As-the-ohamber’temperatureffell

MgF,not;ceablyrdecreasedo1n Anymal A begignihg €t°";;.,:;2;
8 7.t Py Fer e

threshold env1ronmental temperature of approx1mately 1.5 °C

The same trend 1n reverse was apparent as’ the chamber ff“

temperature rose. $1nce Anlmal B spent most of the trme 1n“a

& .

ly1ng p051t1on it~ is. d;fflcult to establlsh a, standlng

N A

Se..

:\w*

‘o Ve
Tt "? “,-.

e

MBF temperature threshold est1mate. From Table III 2 1t 1s __;

/

ev1dent that as the«chamber temperature fell MBF was not

,affected at an amb1ent temperature of. ? 0 °C although 1t

o "’"‘
-{u

was markedly reduced at a chamber temperature of —8 0 C

W

Durlng recwarm1ng of the chamber MBF had recoVered to

’pre -treatment values by an amblent temperature of -1 5 C

Prolonged cold stress resulted in a tendency towards a
-smaller mammary gland welght. Thls effect ‘was- pr1mar11y

attrlbutable to a reductlon 1n secretory t1ssue welght,;‘

wh1ch approached statlstlcab s1gn1f1cance (P<0 10) (Table

III. 3)

. Slnce the determlnatlon of MBE‘us1ng the mlcrosphere
technlque rel1es on the correct p051tlon1ng of the 1n3ect1qn

and sampl1ng catheters, the1r placement was ver1f1ed dur1ng

Sy
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AT
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3R] ht ader-thf TqSSUe‘We
and ' C

-Exposed Ewes” Exper

Ightsino ﬁ ﬁhe
ifient F T "

. : SCE (.34) T Af-{? LT

Udder Half Welght jﬁ;f‘;;tffﬂhg_

(g/kg BW) T 09* 03 49

e “~Sacnetqry T1ssue We1ght”  
.."n. AR S S RPN vg.. @ ; R .14.

_ (g/kg | e
. Udder Sk1n Welght

b.u.o

Bﬁf 4. 77+'0 43

mxgy;n; (g/kg BW) | |

Conne?tlve Tlssue Welght ST
B g) R
’ﬁ;a*gm; ) (g/kg BW) =

AP ,;r gt

e

?eat Wexght _;f o "ﬁA '§~.
Ag)., '
(g/kg BW)

Lymph(Node Welght

g) “'1-;gv" R 3;1&’0;16{fﬂ
. 0.09% 0.02°

g Njyfxuv (g/kg Bw)

!

242 7+22 50 -

(g) S fssssi 3,30-'=v
. ' e 1;06¢'9;JQ; .

35 9+~s ozv-~*i37 9+11 80

1.05¢ 0. 14,;5

- 9% 0. 34];'f
44‘0.11: 0. 01.>n“

4o s: 3. 7aj

235 1+49 50 Lo
5 64+ 0 71ff f1513f

161’4-33;975ff;r1A%9128 86 T

-48+ 0. 401
48,12 8.49 e
1.062 o;yz

i;O 90, o\g;fﬁbff

5.0 6 62
0122 000

3;0&;'7 B
0.07+ 0.01"

V;{‘values represent mean+SEM IV
'R Tee e T
Ly

T treatment means are 51gn1f1cantly d1fferent (P<O 10)

number of anlmals/treatment 1n parentheses. *‘7'



‘"b7the mammary tlssue wefé“also used as an ind1catlon of

‘TFurthermore, blockage of the 1n3ect1on catheter prevented

- w.,-_

-

- PR,

“

"'j;lmproper catheter placement.gFor these reasons, the results

'”57from three anlmals (2 CON 1 CE) were dlscarded

the adm1n1strat10n of mlcrospheres to one an1mal 1n the CE

"group and of the second dose of mlcrospheres (”Nh) to one

L RN T

‘ifapprOX1mately 32 % as_a result of an 8 Wk cold ekposune

= e

.anlmal in the CON . group
. iy

' Total blood flow to half the udder was reduced by ‘

° .

-

(Table III 4), Part of thls reductlon reflects the sllghtly

'decreased size of the mammary gland of the’ CE. anlmals;,

e -

"however MBE-e&pnessed per un1t of mammary welght also tended<M1”

.

':‘to be louer for the cold exposed ewes. Treatment dlfferences

i.were not statlstlcally 51gn1f1cant reflect1ng the hlgh

degree of 1nd1v1dual var1atlon in. MBF
,Blood flow/unlt we1ght of secretory tlssue; lymph nodes
and teat was not 51gn1f1cantly dlfferent between treatments

\but on’ aVerage tended to be lower in the CE ewes. A decrease

i1n udder skln blood flow/100 g (10 m1n after suckllng) and

an 1ncrease in connectlve tlssue blood flow/100 g (3 h after

suckllng) in the CE eWes approached statlstlcal s1gn1f1cance'

(p<o 10) )
_ MBF measured 10 m1n after suckl1ng was 19 - 20 % lower
Kstﬁtlstlcally not 51gn1f1cant) for both treatment groups

'than MBF measured 3 h after suckl1ng (Table 11T, 4) Agalntl

_1nd1v1dual results varzed wldely. Except for the CON teat\

'.v.‘l',,m.v-- arEs il
o eanle 1- 'f' M R
.

W{.post mortem examlnatlon “Zero'orﬂabnormally iow counts in-
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Afa tendency of reduced MBF as a result of suckllng waS'“'
«Qeﬁr;lmlrrored in’ all of the mammaryftlssues.'f'l~h' N
o _ The dlstrlbutlon of MBF w1th1n the udder tended to" be”

.altered .as a result of cold exposure (Table III 5) As a o
° percentage of total MBF secretory tlssue blood flow was};.' .
'lower but connect1ve t1ssue and lymph node. blood flows _ |
‘,hlgher for the cold- exposed ewes. Skln and teat blood flows.
.were not affected to ‘any extent by thermal treatment In
::both treatment groups, secretory and lympho1d t1ssues -
”;recelved a: greater percentage of the total mammary blood
5yflow than could have been pred1cted from their proportlon of

- the total mammary welght

P N ] Uym

.w»f.~51nce mlcrospheres would have been dlstrlbuted to- every .
area suppl1ed w1th blood from the rlght external 111ac
- artery, blood flow to selected tlssues of ‘the rlght h1nd11mb
was examined (Table I11. 6). Tlme of 1nject10n relat1ve to
'dsuckllng had no 1nfluence on blood flow to these reglons,'

consequently, results from both mxcrosphere 1n3ect10ns ‘are o

1nclu\ed together..Cold exposure resulted 1n a decreased "235

“blood flow ‘to the skln of the thlgh (p<0. 05) and of the .
'lower leg (P<0.10) Blood flow to two selected muscles, the
gastrocnemlus and semlmembranosus, was- 1ncreased 1n the CE |
group although treatment dlfferences were not 51gn1f1cant
(P>O 05) A 51gn1f1cant treatment d1fference (pP<0. 01) was .
apparent 1n the blood flow to the popliteal fat depot of the

h1nd11mb' cold exposure reFulted in over & 300.% increase of



'_;vtMammary”T155ueSwof;the;CoﬁtfolVand'tbla4§kposed '
_ mLactatingoEwes;wsxpe;imentLII‘ ;_A_‘v EEIUPR R

e e

o 3Téb;é;III;Sjanffibﬁfidnféi’ﬁ%iéﬁt'ané Bibod~FlowﬁAmoﬁ§cthéf-fiﬂ;

PN

I

ol e D

Mahmaty TiSSUeﬁfl % Mammary7wéighg”]%-Mamhéfyaglood'Flow~\;..A'

Y

CON  -cE " con . cg

-Seé?étofy Fissué 167.3 - 616 j“91,2  | '84,3{.»
Cskin T U g LI L T P

CénneéfivéhTis§UQ-_ 18,8 5{6w1‘ : .) i;S‘___ =é;0'
-»ﬁeqv- . Q,i ;Q, - i;6_ ‘ <.12r1 : EZ_O}é.-‘” W Q.4'

Lfmphoid'Tissue‘ 1.3 1.3 4§6_@ 6.2

"\

“'valuééﬂreprééenf-éhe7mééh’6£ thq re$q1ts”bbtéinéd,frém‘
5 CON and 4 CE animals. S ' ‘ S . :



iv‘ Tab1e IIT, 6 BlOod Flow to~Se1ected Tlssues of ‘the R1ght

TTISSUE Blood Flowﬂ.

***treatment means are sxgnlflcantly d1fferent (P<0 01)

ek

PR

. Hlndleg .of. the. Control- and . Cold- Exposed
’ Lactatlng Ewes Experlment II' :

W e
Y L ! N

(ml 1009".m1n")'”

f e b

ngh Sk1n L 17.99:2, 280 10.541.72¢

Lower Leg Skin. o ~1{:'2 0611 Oﬂk,g;] ,0.18¢0.08T;'

L ’Gastrocnemlus o '*TM ’2'9214?07' .m"~é2‘24é5;77 ”

Semlmembranosus | ; ' 17..38+7.88 _" '22.45i9;50

‘Popliteal Fat Depot. & = . 8.58+3.47 - 31.65x4:44%% -

i i~

Cap e

.“:values represent meantSEM

"number of obseﬁggtlons/mean in parentheses.

::T_treatment means are&s1gn1f1cantly dlfferent (PKO 10) .

’ **treatment means are 51gn1f1cantly dszerent (P<0 05)

-
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blood flow to thas area.' e

Samples of txssue from the left half of the udder'

w"contalned an. 1n51gn1f1cant amount of rad10act1v1ty,

O:

'1nd1cat1ngdthat blood flow between udder halves was mgnlmal

]

‘chrospheres were found in lung tlSSUQ samples as a: result '

';of passage through arterlo-venosus anastomoses located

ixelther 1n the udder or 1n the rlght h1ndlrmb Negllg1b1e

'amounts of rad10act1V1ty were found 1n the kldney samples

-Lfsuggest1ng that few m1crospheres passed through the lungs to;*“' N

EE

- be recycled 1nto the systemlc c1rculatJon.'

‘_- . . . N REEE . “ - 0 . ’ L -



Values for-total blood flow to the udder of the ewe

.1j5ehoused 1n a thermoneutral env1ronment have been p"viously"'““

’{_ ported (ExperimentmI uhflaterai MBFfrange~ 80 - 335

lfmln"° Experlment II un1lateral MBF'range-~



"3f;fof the total mammary wetght rn the lactatlng and

(B - 71 days post pa;tum) (Dav1s and ﬁf-kerstaffe 1978) arei -

comparable w1th an average MBF of;SO ml 100 g'{.m1n" (55 63._“

S l"n»

days post partum) foundaforfthe CON“ewes 1n Experlment II
‘ e _

The lower values of MBF/100 g mammary tlssue found 1n the‘fd

present study mlght be-expected 51nce the ewes were nearlng'

ra R

the end of a normal lactatxon perlodv<¢;“h?*-?»1

The tlssue comp051t1on of the mammary gland for both

l

treatment groups 1n Experlment II was‘qulte dfs51m11ax to'

o that pub11shed prevlously for 1actat1ng ewes. Thompson

(1980) reported that secretory tlssue formed 87 % and 61 %

| non lactatlng ewe, reSpectlvely In the present study

mammary tlssue comp051t10n'more closely resembled that of

S

g the non lactatlng ewe. ThlS d1sc5epancy may be due to the

stage of lactatlon- the an1mals'yxam1ned by Thompson (1980)

,. .

‘.u Were at peak lactatlon whereas the ewes 1n the present study,}ff

‘<

were 'in: dec11n1ng lactatlon‘!t the tlme of measurement




""depot 1n the udder of the lactatlng ewe whereas 1n the
[”present study, no dlstlnct depot was located although
:féad1pose tlssue was- found dlffusely spread throughout the

connect1ve tlssue.

The dlurnal varlatlon 1n MBF for 1actat1ng sheep

”(Experlment I) was greater than that found in other studles

"l.fw1th lactatlng goats (Llngell 1974, Burven1ch 1979)

"‘iﬁﬁfMore detalled stud1es have demonstrated that 1ow doses of

-.}same response

"P0551b1y the large varlatlon 1n the current study was due to:f“
'hlsome of the experlmental cond1t10ns 1mposed ' . ‘
» The 1nf1uen€e of posture onrMB'fhas not been preylously'7‘
Iewamlned 51nce,ﬂ1n many studles, the~an1mals are prevented

f'from lylng down. The 1ncreased MBF when the ewe la1d down .

“vfother branches of the external 111ac artery or from a changeahr
'mln general act1v1ty and hormonal status. '

: The present data 1nd1cates that MBF is sen51t1ve toivf
!ewen mlnor dlsturbances of the anlmal Burd et al (1975)

,noted that MBF measured 1n sheep fell when the experImenter.
_fentered the»room Other stud1es have conflrmed that MBFq1n ]
';all an1mals drops 1n response to mlld,stress (Lanell 1974).’,
adrenallne (4‘— 10 ng/kg BW) and noradrenallne (16 6 ; 35 7‘;dg?

hgng/kg BW) cause marked vasoconstrlctlon in the mammary

. \\’\"..;.":.

partery of lactatlng goats and ewes_(Houvanghel 1970) The

¢ N

,has been 'hserved 1n dalry cows (Dhondt et al ::

e




o faccumulatlon. In ©

'7of nursln“”

?TOT‘"! 0
':Jmeasuremeéks-;s~“in .?;;,ﬂf;s;w.:;,ffl'*~

“(1975) reported that when ewes were mllkedb

*f.through the mammary artery decreased.251nce thlS study was

'Q'emllked tw1ce dally, the lowe tfvalues be:
'i‘1mmed1ately after mllklng Hanwel
»f!found that the lowest MBF vaIUes measured 1n anesthetz:ed
?trats 15 days post—partum, foliowlng a 24 hﬁ'eparatlon from

B thelr young, correSponded to thetlowesw

«frﬁ Eipérlment?Ihva decrease 1n blood flow to the

ﬁ]mammary gland was noted when the experlmenter approached the'

“fanlmal however a further decrease 1n MBF occured as a. result .

ijurlng Experlment II, MBF tended to be decreasedff"'

A

after suckllng 1n 4 of the 5 anlmals 1n comparlson to“”

5’;MBF measured 3 h after suckllng, even though the‘

'experlmenter was 1n close proxlmlty to the an1mals £or both

Y Fur
,.’»V‘ -‘b"

Conflrct1ng results ex1st 1n the_ ,,erature concernlng

f,.the effects of mllh/ng or suckllng on MBF Burd et al;

| "15@657;-@1-5"}-

A

';ﬁuperformed w1th pregnant ewes,_presumably mllk was w1thdrawn
“'from the mammary gland e1ther by mach1ne or hand~m11k1ng.nuei
QEWrth exther technxqua a great deal of stress could have.g
Ltbeen 1mposed 1f the ewes were not accustomed to the '“‘
'H;procedure. Burvenlch (1979) determlned that MBF showed a

3.fparabola-shaped da11y var1at10n in lactatlng dalry goats vﬁﬂr '

*ng rec°rded

j%and Llnzell (1973b) also

.

cs

?rast Houvenaghel e (1973)

N
o .

_‘,; .




7fto suckl;ng (Katz and Creasy 1982)

Slnce suckllng results 1n the releaSe.of-prolactln. o
.(suckllng reflex) and oxytoc1n (m1lk egectlon reflex) (see‘l"
.frev1ews by GrOSVenor and Mena 1974 Ensor 1978) 1t is .’
p0551b1e that these hormones may 1nfluence MBF Whenm
1:prolact1n release was 1nh1b1ted by the admxnlstratlon of .ﬁ

ergocryptlne in pregnant ewes, normal 1ncreases in MBF

'occured when parturltlon was 1nduced (Burd et al 1978)

;VThese f1nd1ngs suggest that prolactln was not an 1mportant
.factor in the MBF changes observed in; the ewe at the t1me ofr.
\g;parturltlonhlﬂanwell and Llnzell (1973b) u51ng an 1nd1catorf
.Lﬁfract1onat10n method 1n anaesthetlzed rats, determlned thatih
: MBF decreased when the young were Bemoved from thelr dam's -
cage. Thls decrease 1n MBF was: attrlbuted to the wlthdrawal‘
: of ‘the . suckllng stlmulus 51nce,.when the pups were allowed it
'to remaln in the cage and suckle sealed teats MBF d1d not
l;fall From these results Hanwell and Llnzell (1973b)

postulated that prolactln release was necessary to malntaln_‘ﬂ'

o a hlgh rate of blood flow through the mammary gland in,

@;lactatlng rats. ThlS conclus1on perhaps was unfounded 81nce»

- the results observed when the pups were removed may have

"1y

‘Jﬁbeen caused by maternal stress and adrenallne releaSe rather:'f:]_"

-'7ﬁfthan by the removal of the suckllng st1mulus.

When oxytocln 1s admlnlstered to cows 1n elther'”'

‘h-,phys1ologlca1 or pharmacolog1cal doses,_blood flow to both

empty and engorged udders has been found to 1ncrease,?f<f-

'e(Houvenaghel et al.,1973) The 1nfluence of oxytoc1n on MBF



o139

}‘1n goats and sheep however has been reported to be varlable

N

-_d(Dhondt et al. 1973). The p0551b1e contrlbutzng 1nfluence of
‘-;endogenous prolactln and oxytoc1n release on. the decreased

«MBF observed 1n ewes as ‘a result of suckl1ng 1n the present
jexperlments therefore cannot be properly assessed at th1s |

"'.J"‘ i . -__”v,,_

-

;;‘ Although total mammary blood flow 1n the cey lactatlng
,ewes in Experlment 11 tended to fall as a . result of"
,“dfah_suckllng, changes dn mammary tlssue blood flows were o
{h:var1able,’Suck11ng resulted 1n a- tendency of decreaSed blood
hflow to the secretory and skln tlssues and 1ncreased blood
;flow to the teat Alteratlons 1n lymph01d and connectlve
ft1ssue blood flows were not apparent S1nce measurements
'from only two CON an1mals were avallable,-lt 1s not known‘
hhow representatlve these responses are. The observed )
tendency of a decreased total mammary blood £low but an i
ylncreased flow to the teat after suckllng would support thef
-_hypotheszs of lebet (1956) that blood flow to the teat can‘“
‘Jbe locally controlled | ‘ 4
Durlng contlnuous MBF recordlngs 1n the.ewe (Experlment d_;
;l)w blood flow rema1ned relatlvely stable between perlods of.
hnsuckllng, showlng no’ con51stent tendency to 1ncrease or\h;'
gdecrease as the udder became engorged w1th mllk The v f hsgiw‘
f1nfluence of mammary engorgement on MBF has been studled 1ni§\\§
n.janaesthetlzed rats (Hanwell and L1nzell 1973b) and mlce (Mao

:;and Caruolo 1973). Both studles determ1ned that when the

o ﬁﬁyoung were separated from the dam for an extendedfperiod (12 E.Q




"accumulat1on in the mammary gland The effect of mammary

"hengofgement on MBF in da1ry goats has been examlned by

B pressure would develop in . a lactatlng goat mlf&ed tw1cef L

*‘result of dlgestlve and absorptlve processes. N

)

"q;orf24“h) MBF was negatlvely correlated w1th mllk

' ?“7 :j.

o~

1f1nfu51ng a1r (Pearl et al. 1973) or - 1sosmot1c sucrose Lo

frﬁgsolutlon (Peaker 1980) and by allowlng the gland to f1ll

W1th m11k at the end. of lactatlon (Fleet and Peaker 1978)

’fWhlle all of these studles revealed that h1gh levels of

}1ntramammary pressure could result in a rtduced blood flbw

to the mammary gland 1t 1s doubtful that suff1c1ent

Y

¥

'7”da11y to result 1n any change in MBF Poss1bly then a 3 h
faccumulatlon of mllk in; the udder of the ewe also causes an

‘,1nsuff1c1ent 1ncrease of pressure to adversely affect MBF

Changes 1n MBF relat1ve to. feedlng have not. been

.present study at the t1me of feedlng could be due to the ;y»

,release of adrenal;ne as.a result of the presence of

;experlmental‘personnel As well recent eV1dence suggests_
vthat there 1s ‘an- endogenous release of noradrenallne and

‘adrenallne 1n assoczatlon w1th feedlng in cattle

(Chrlstopherson et al 1982) whlch may also 1nduce a

' reduct1on in blood flow through the mammary artery.'
;Increased MBF approxxmately 4 h after feedlng may reflect -a

'h1gher aVallab111ty of mllk substrates at th1s t1me as a, }

H

Decreased MBF in the lactatlng ewe dur1ng periods of’

. acute cold stress agrees wlth other work performed wlth



C1a1

lactatlng goats. Thompson and Thomson (1977) Thomson et al“

uff (1979) and Faulkner et al (1980) have used a dye dilutlon

”1 by 46 - 50 %, resulted 1n a 24 - 46 % decrease in MBF

technlque to mea5ure MBF in" acutely cold- stressed da1ry
goats. In all three studzes, m1ld cold stress ‘had no
1nfluence on MBF but a 28 ‘or a8 h exposure to a moderate
cold stress, suff1c1ent to 1ncrease rest1ng metabollc rate
Although the metabollc rates of the ewes acutelya _/’ ‘

;
exposed to a’ low amblent temperature were not measured in

- Experlment I ~ the’ level of CQld stress 1mposed was

suff1c1ent to cause marked vaso nstrlctlon as 1nd1cated by~‘”'

the recordlngs of surface temperatures, and resulted 1n1ﬁiﬂ'
Vn v151ble sh1ver1ng of: the anlmals.»Prev1ous data presented in
Chapter IT has shown that the metabollc rates of lactatlng .
ewes housed at 0 °C were 1ncreased by 20 - 55 %, depend1ng
upon the durat1on of cold exposure,.suggestlng that the
sever1ty of c¢old exposure 1nf11cted 1n Experiment I also.
could be . cla551f1ed as. mpderate. S :‘.. e lly :fﬁg

MBF measured dur1ng cold stress was also affected by

o m1nor dlsturbances, suckllng and postural changes. Both m1ld

stress and suokl1ng resulted 1n a decreased flow through the’

-

mammarg artery however the effects were not as obv1ous 5
’, . ) an i ,'....',- Far

durlng a perzod of cold exposure as they were at control
temperatures. It 1s posszble that a change 1n MBF due to
m11d stress or suckl1ng 1n theseﬁtrlals may have been ‘

partlally masked by a cold-lnduced constr1ctlon of the

mammary artery.»
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Indlrect ev1dence of a depressed blood flow to the

: udder dur1ng cold exposure was obtalned from the recordlngs .

:of mammary temp\rature. Surface temperature measured from
_the cran1al and caudal portlons of the udder fell | »
respectlvely, by 12 5 C and 12. 0 oc” in Anlmal A and 13 5.°¢C
and 6.0 C in An1ma1 B durlng the per1od of co;drexposure
:Th1s decrease in udder surface temperature is: larger than
that reported prev1ously for acutely cold stressed sheep

(Smith et a1, 1978) however a more severe cold stress may

'have been: 1mposed 1n the. present study

Lying down effect1vely 1nsulated the mammary gland fromv‘

“1

a. low amblent temperature as ev1denced by the 1ncrease 1n_
MBF and udder surface temperatures. Smxth et al. (1978) also

noted S1mllar trends in the udder surface temperatures of

‘

‘cold stressed lactatlng ewes. They concluded that, ly1ng down

resulted in an 1ncrease 1n udder surface temperature by

.elthefqaff"d%jng MBF .or by decrea51ng surfaci%ionduetaue and»_

*convectlve heat. 1055es.,The present study conflrms that

‘fposture can affect MBF and probably mammary heat loss,

-although the 1nfluence of posture on the rate of : heat loss
from the mammary gland remalns to be quant1tat1Vely
examlned ' ';l'd‘b;‘f{jhr“;f ' S
Prolonged cold exposure (Experlment II) tended to'
J,result 1n a reduct1on of tota& mammary welght espec1ally
nwhen expressed as- a percentage of bodywe1ght (Chapter II)
_The p0551ble contrlbutlon of a smaller udder 51ze to the

'thermal balance ot the anlmal is uncerta1n. Sm1th et al

.
- l-."‘i\
L



'acutely cold stressed lactatlnq goaws‘(Thompsonpand Thomsd

<1977‘ Thomson et al 1979 Faulkner et al 1980) in the CE'ﬁ
_ ] .

'non lactatlng animal. Thompson (1980) determlned that

'reductlons in udder skln and ‘teat blood flows in-

143

'(1978) suggested that desp1te the relat1ve lack of?
» 1nsulat10n the mammary gland of the eve can onkty’ account
_for a small port1on of the ‘total heat loss of the o

cold exposed anlm%l;gFurther work is necessary to support'

A

_QR% as-a. result of prolonged cold

ﬁGSplt was not srgnrflcant ‘1t 1s

. @ 0“ “ = i,}v

L

anlmals suckl1ng tended to further reduce total MBF
,l’ B

Htrend that .was mlrrored in all mammary strdbfures. - o

The 1nfluence of cold exposure on mammary blood flow

‘d1str1but10n has only been examlned prev1ously in. the

_non- lactatlng ewes expOSed to 0 °C for 2 IS was approxlmately

| balanced by an 1ncreased blood flow to the mammary adlpose

vt1ssue. In the present experlment a cold induced reductlon.
'h;1n blood flow to all udder tlssues except for the lymph01d

~and connectlve tlssues was- observed ‘An 1n¢reased proportion,

of blood flow to the connectlve tlssue of the udder perhaps

'supports Thompson s’ (1980) observatlon of a greater blood

flow to the mammary fat depot sance in- the current o

experlment ad1pose t1ssue was 1ncluded 1n the'b

‘cla551f1catlon of connectlve tlssue.




:external 111ac artery to the popl1teal fat depot was

.........
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of the t155ues of the h1nd11mb exam1ned in the present

study, a very large 1ncrease in blood supplled by the
B

,,observed as’ a result of cold stress. A cold 1nduced

elevatlon }n blood flow to adlpose depots in mature sheep

has’ %bso been found by Hales et al. (1976) for the per1renal

“fat depot and for the h1ndl1mb fat 1n cattle (Bell et al.

1976) p0551bly supportlng an 1ncreased mob111zatlon of
white adlpose ‘tissue as drscussed by ThompSOn (1977).

Blood flow to the skin of the h1ndl1mb of the:

rchronlcally cold stressed ewes tended to be lower whereas

'-blood flow to the h1nd11mb muscles tended to be elevated in

comparlson to the values obtalned in the CON anlmals.
Mlcrosphere studles of blood flow to the hlndleg of the
young ox after acute cold stress have revealed a:

aQ
non significant decrease in skin blood flow but an, 1ncreased

-flow to. the muscles (Bell et al 19&%). Hales et al, (1976)

>

_dlscovered that leg skln blood flow fell to an extremely low

level in adult sheep exposed for approxrmately 60 min to a

Rl

cold env1ronment although blood flow to, the muscles of the '

upper hlndllmb 1ncreased In contrast Schaefer et al.

'fﬁ(1982) falled to’ demonstrate any reductlon 1n leg skin blood

flow 1n adult sheep as a result of acute or chronlc cold

s

: stress although blood flow to the gluteus max1mus muscle of

‘the hlndleg was. elevated after prolonged cold exposure.

D1screpanc1es between preVlously reported results may stem

from dlfferences in env1ronmental and experlmental
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,shlverlng %hermogene51s (Thompson 1977)
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conditions. The thermal balance of a cold stressed an1mal i

‘would tend to favor a reductlon in. blood flow to the sk1n of

the extremltles to m1n1m1ze heat loss to the.envrronment but .

an elevated flow to the" skeletal muscles to,support

RS

The present studles have 1nd1cated that at least part
of the diurnal varlatlon in %g? can be related to feedlng,i..”
posture and suckllng although the underlylng control
mechanxsms 1nvolved are uncertaln. As well -blood. flow to

the mammary gland was found to be sen51t1ve to cold ahd

lother forms of stress. Further research is necessary to
'7determ1ne 1f the duratlon of coald exposure has a 51gn?f1cant
'1nfluence on the level of 1nh1b1t10n of . blood flow through o=

~ the mammary artery The’ 1mportance of a reduct1on 1n MBF

dur1ng prolonged cold exposure in relation to. the

‘malntenance of thermal equ111br1um and to the process of

,m1lk~format10n in the ewe algo w1ll require add1t1onal

examlnat 1on .
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fA Abstract f.ﬂ'i

| slightly increased abomasal

 the cold-expoded group.

v, Sectzon 111 o

.The Effects of Prolonged Cold Exposure on the Growth

Dlgest1on and Morphologacal Development of Young Lamhs ER

“

The peaformance and development of young lambs housed‘

o 'at 0+1 °C. or'21 +1 C were compared 1n two experlments.

Desplte s1m11ar nutr1ent 1ntakes for both treatment groupsf{{_v

'lf lgrowth rate of the coldvexposed lambs was depressed by

9- 16 % pr1or to wean1ng and by 20 % shortly after weaniﬂb

‘By 10 weeks of age morphologlcal dlfferences hetween the two*
.- groups-were. apparent ,espec1a11y in terms of smaller ear
}dzmenSIOns (P<0 01) head (P<0 10) and metatarsal lengths
‘E(P<0 05) of the cold- exposed lambs. Th1rteen week ‘old weaned4

lambs also tended to have shorter leg bones than those N

housed at' 0 °c, Dry matter and n1trogen d1gest1b111t1es of a
aconcentrate,ratlon fed to the weaned lambs were not affected7:
hby treatment although nltrogen retentlon (g/day g/gDNI) was

,451gn1f1cantly IOWered (P<0 05) as 8 result of cold exposure,

P

'Organ welghts measured after 11 wk of dlfferentlal

'_temperature exposure were 51m11ar'fOr both groups except forfi

;nd thyr01d welghts (P<0 10) in

-




"3.'Introduction
The exposure of a homeotherm to a cold env1ronment
'_results 1n marked phy51olog1cal responses (see rev1ews by v
| Thompson 1977- Alexander 1979) that enable 1t to. adapt to
. the unfavorable COndltIOhS. Due to a change 1n the rate of
heat exchange between the anlmal and the env1ronment the
cold-exposed an1mal must strive to mlnlmlze heat loss and ‘
“augment heat productlon in order to malnta1n a state of v
thermal equ1libr1um (Mltchell 1974 Webster 1974) Under:;
"these condltlons,.the ma1ntenance requlrement of the an1mal
has been shown' to 1ncrease (Grahamvet.al 1959 Young and
‘Chrlstopherson 1974) and “as'a consequence, an1mal T
product1v1ty may suffer. | | . . h
After accountlng for the d1rect effect of cold exposure‘f
on the metabollc requ1rements of the an1ma1 the depre551on 2
.bof performance that occurs 1n a cold env1ronment appears
; ;largely to be nutrltlonally related Cold stressed anlmals
igw'll increase thelr voluntary food 1ntake (Ba1le and Fonbesz
'1974) but dlgest1b111ty of the feed often is reduced (NRC
1981-fKennedy et al 1982) as a result the net supply of

_nutrlents avallable to meet the metabollc demands of the" B

an1ma1 may be only sl;ghtly 1ncreased when food.ls ava1lable.

'fad llhltum, or may even be reduced 1f food 1nta.e 1s
frestrrcted Studles of the dlgestlve responses of rumlnants
'.to cold stress performeﬁ to date however have concentrated

~ mainly on an1mals at malntenance and llttle work has beeniv
”done on productlve (1e. grow1ng, pregnant lactatlng)

A




vanimalé..

Whlle a young grOW1ng rumlnant ‘may potent1ally be more

susceptlble to stress and 1nsuff1c1ent nutr1ent ava11ab111ty

N than a mature an1mal a growlng anlmal m1ght alsorbe better
Ffff”” able to adapt to a thermal stress,_thereby reduc1ng the

degree -of enV1ronmental d1scomforthexper1enced For " example,<a

a reductlon in- the growth of the extremlty areas may help to -

m1n1m1ze the heat loss of the anlmal Although generally,
morphologlcal adaptatlons ‘to cold are cons1dered to be )
genetlcally controlled Weaver and Ingram (1969) and Heath

and Ingram (1979) have reported that a relatlvely short term

exposure of growlng plgs to a cold env1ronment can’result in

marked alterations 1n development

- -response and adaptatxve capac1ty of young lambs to a. cold
env1ronment by examlnlng growth; “body dlmen51ons, organ "o
' welghts, and n1trogen d1gest1b111ty and retentlon durlng the

flrst 13 weehs of llfe."

DR The present experlments were conducted o:determ1ne the:ﬂ3



bC Materxals and Methods-.
4 Exper1ment I ' o 'i‘ﬁ#iw"' | |
, Four crossbred Suffolk lambs (2 male, 2 female) were
v__housed wlth their dams from wk 1 9 of age at each of two
exposure temperatures. Control (CON? lambs were housed in’ an
'anlmal room at a temperature of 2111 °C whlle the |

cold~ exposed (CE) lambs were housed w1th1n one of twov,_ EE

temperatureccontrolled chambers ma1nta1ned at- 0+1 °c. Each
"lamb and ewe pa1r was kept 1n a metabohc crate (1 2x1 2 m? ‘
de51gned to deny access of the lamb to the ewe s food

1Growth of ‘the lambs was monltored by weekly we1gh1ngs. _.v

Morpholog1cal development was assessed tw1ce durlng the

experlmental perlod when the Iambs averaged 4 and 9 wk of . {
age. Leg bone lengths were determlned in dupllcate by |
J flex1ng the 301nts of the leg and measurlng the 1nter 301nt;d
" distance w1th cal1pers. Other measurements (head length
fbody length) were determlned u51ng a tape measure.'

‘_fExperlment II

LN

A second experlment was performed to further examrne
B ..'the growth rate and to determlne the dlgestlve responses of'd;=
| a lambs housed in a cold env1ronment. Flve crossbred Suffolk
-lambs (3 male, 2 female) were ass1gned to each of two i .
treatment grOups* treatment 1 lambs (CON) were housed at an.
amblent temperature of 21+1 °C w1th1n two: contlnuously 11tfﬁ‘?
rooms,‘whlle treatment 2 lambs (CE) vere"- kept 1n two : o .
'r,temperature-controII‘d’Ehambers“ma1nta1ned at a temperature —
1§ uof 0+1 °C The experlmental treatments began when the lambs_h |

J



L source oﬁ nutr1tlon for the 1amb;__

160

B averagEd 12 days of age and cont1nued for 11 weeks.r7:
Durzng the flrst elght weeks of ‘the exper1ment each

“_lamb was 1nd1v1dually penned w1th 1ts dam 1n a. 1 0x1 8 m pen

-lhf bedded with wood shav1ngs. Throughout thxs perlod.the only

,jthat suppl1e@3by the,
‘?ewe s m1lk Growth of the lambs was monltored by weekly

welghlngs.v

"At 10 wk of age the lambs were weaned and{dupl1cate
vmeaSurements of var;ous dlmen51ons (w;ther he1ght head and '

:?ear length ear w1dth 1eg and body length) were made w1th a

-tape measure on the lzve“a“'mals, usxng external anatomlcal

“’structures ‘and bony protu_
I Ty =

Follow1ng wean1ng, each 1amb was placed iu

rences as landmarks‘

’fcrate (0 61x1 52-m) and fed a concentrate ratlon (Table
‘IV T) at a level of 28 g kg BW".day"-‘ Th1s level of
‘feedlng was calculated to meet the.nutrlent requ1rements of
. a growlng lamb housed at a thermoneutral temperature '
.(NRC 1975) Unconsumed feed vas collected and welghed and
_fresh feed offered tw1ce dally (0800 & 1630 h) Water was
avallable ad llbltum. - ,}‘7; t,f'” f,?“_ S

After -an. 1nit1al 10 day adjustment perlod a

;digestlblllty nltrogen bflance trlal was conducted Over a 9

day perlod total fecal and.. ur1nary dﬁtput was collected

Fecal matter was retalned by a screen located below the f“L;

N

hfloor of the crate and sloped plastlc sheetlng used to

d;rect the ur1ne 1nto a bucket containlng an acetlcl,'

'Jﬂ"ac1d-mercur1c chlorzde solut1on (tofpre_eht ammonla release

metabolxc
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Experlment I’”‘

Measurement |

_We1ght Change (kg) SRR

S 19 5’3:12‘ 19007

gy ehgth measured,
f*bptt‘.
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Plate'iv;1» Appearance of the Ears and Nasal Area of a-
BT ‘Control and a Cold- Exposed Lamb = ‘

CONTROL . COLD-EXPOSED -




'-ffédjustedswhereﬁapproprlate,,"

'“2that coId exposure tendedﬁﬁJ




-Weanimy Wei ight'Gain of “th
-Exposed Lambs,,. eri: I







'ﬁfQ;Table IV 4, Lamb Dzmens:ons at 10 Weeks of Aééff”ff-”“f"

.. Measurement: . o L.

‘TC?,BedYﬁelght (kg) kf"f',ff " 7#f16 0+1 “j” fH14”3*1:14 

5 Expeflment PH SN

N

1ffwlther Helght (cm) s, B+1 41;(j,f3147 611, 95
ijBody Length’ (cm) i uff'g;ﬁffffso 011 17§;_y'ff4s 3:1 76 .

'.5”'Elbow Knee Length (cm) ¥i  }15 6+0 797;;} f,15-0t0 60*

°" ixnee*Hoof Length (cm) ,‘3p;>f16 ‘*0 57”3f_-}*'4 610 701?-Z€;

'f*_ﬁgﬁnock Hoof Length (Cm’

cZStzfle-Hock Length (cm) ‘"55 2. 0:1 26 20, 4+o stfjf”

Eﬁ23 1:0 49f 5f7?f19 6+0 70**ffﬂ

"juead Length {em) 15,620, 4 szo .32t

fEar Length (;m)' ”"7“31;10 5+0 54;A;;g,? 8. 4:0 32t*g;~j

'Ear W1d:h'(cm) e s+o 15”Tfjf&j 5.040.24%

417’;'f55 5:3 soff{':'5;4,3;z,51¢‘;‘ ,

':f’ body length measured from the po1nt of shou;der to the




R | T

Exper1ment II‘ e e

’;;;Table Iv 5 Leg ‘Bone . Lengths ofithe«T3’weexﬁpid7ﬁam§§Zil

om
ke
T

 ‘Measurement ' .

"f¢§ﬂf)4)?£;

f(( Bodywe1ght (kg)
eFQreleg ‘

“:k.*Scapula (cm)
)“EuHumerus (cm)
')L;Radlus”

es;Metacarpus‘ (cm)f_

’)G;QT'Z.(QiPhalanx (Cm)

‘TcQFemur (cm)
'”(;}T1b1a (cm) =
")Metatarsus (cm)

‘_9halanx;(cm)-

vesuss|

© 10,850, .09 _'
C12.280032 0 e
'1Ja§¢9a2?ei.
}(i;lf;d%ﬁ;zafli

ieaas0ss

L M

e3,g;p,19 e

e, 110: 29;f31#]u
’f11 Bo3s

| -‘;a{?{éf 3;;11 ;sof’."'_rz

l

18,8155

S

10 3+0 08'~'“

1. 5:0 40?,-‘5

_ 11 2:0 19”?]{7
e~9,819r25f |

13 5:0 so?);f7

15 1+o 61j.* i

’)'1;:f_values represent meantSEM

-”f"number of an1m£is/treatment 1n parentheses. -

”.??,values ad;usted for bodywexght as a covarxate.




o " LT

' ijlntakes (g/day) of the CE lambs were lower as a result of

<hf‘fthe1r sllghtly smal%er bodywe1ghts (Table IV 6) Cold

‘_‘exposure had no sxgn1f1cant 1nf1uence (P>0 10) on DM or-. N "

RS d1gest1b111ty Of the nltrogen that was dlgested however, 6857ﬂ” ‘
S 4 '
"_and 58 % for the CE and CON lambs, respect1vely, was;

'}h"excreted 1& the ur1ne, resultlng in- a 51gn1f1cant1y

decreased nltrogen retentlon (g/day, g/g dlgest1ble N fb
»fplntake) ifi the CE. lambs (p<0.08)." |

"' Although the CON lambs averaged 17 8:0 16 kg whlle the
”%2CE anlmals we1ghed only 14 810 16 kg at’the t1me of

N?slaughter, the organ welghts °f the 13 "k °1d 1ambs,

oy

’3f_";expresSed on a per kg BW ba51s, revealed no 51gn1f1cantv[“&*»

" : S

Jgtreatment effect except for a tendency of 1ncreased abomasal

~ada“d thyr01d we1ghts (p<o 10) as a’ reSult of cold exposure

" .

PRV I Tt

“y‘é&m o e

(-

N A

faheve

SRS I S

R



173(s.~;
e Lt ' R o . PR IR SRR
;Table IV, 6 The Dlgest1b1l1ty and N1trogen Retentzon of a oo

o Concenttate Diet Fed to the Weaned Lambs,_.ly,
Experlment II‘»" SRR :

e,

. Measuiement: Effiqonjféié?“ﬁ*‘ﬂ;'_f;¢éf%5)f [

P

‘1'B°dy"elght (kg) L _'15;3:'1116;£f;;m; 15.0%1.26
. . ' - ’ ’ T . 'l-""‘_" - ;'j” Tl

Intake (Q/day)——__.h7 v"‘.V. i¥“ﬁi' & s ,’i‘3ﬂff}fJf?ﬁ

Dry Matter '426.00429.48 . 380.78£30,24 -

(Nitrogen | . . 10,43+ 0.72 8.9540.55 .

- ‘? o

"Digestlbllzty (%)

- Bry. Matter ”;*f';'fr_j‘q, . 82 27: 0. ssf(f' 3 ez 79:0 44 B

-«

Nltrogen’ | “{."f,'3{5'g{ 72.94% 0,89 - 73;4a+1 zo

J]Uﬁxnary N: (g/day) S »,4.41:503§5f' o 4.46%0.28

 ‘5N1trogen Retent1on-- ;“41f3_~"gb'f ~::?,ffﬂ:”“E 'v ?'H  ::7;fQ¥
‘.‘iﬁg/day "T;53f;j>[ e 3 21+ 0 43  }’  2 10:0 23*fff T"
7 ng. kg BW‘n.dayTﬁ -« 3']*134 34218, 96jﬁfﬂ 139 0817w791'

 ;9/9 NI rf ‘o. 43: 0. 94 e 3z+o oz*:7f“

fT values represeqf meantSEM _filﬁ747f_y:ffﬁf;‘ﬂ;'ff}} e
-_number of anzmals/treatment 1n parentheses.,: T 'lf_figL;';;Ei




L Spleen

: Table IV 7 Organ Wexghts of the
R S Experxment II'““

13 Week Old Lambs,ef;,;ifl“’

75’f%5F9€b?*ef§b#f‘g/kgkﬁwX{aﬁiff5

Dlgestive Tract.w

Retlculum

" "Rumen .
inmasum S
- Abomasum
Duodenum:’

 ;.‘Je]unum & ileum R -
- Cecum’ . :

. Colon

i Heart

;.Lf ;'pungs - 7:ef§j:
l'ijzver a;J
i Kldneys

f'Testes’ T

Thymus ey

T Endocr1ne Glands.‘*':«
\

..

Thyto;d “eﬁ"”

Ad:enals_ L

ST

S T TR
2, 8710 16
'31317 12£0.50 .
IREACan 1 65t0 13211¢;]
naiazg 32:2 OG*T*',
Lo 1.89%0,26 0
10.03£1.15 .

'3«=f'5 4930, 21

1 8620, sffff5;"
1. 44+o 06

-0, 053+o ooz“f*i
0. osszo 011\;¢

f310

18. ss+e 77"

1.76%0.13
- 6.7320., 65T
- 1.22405 16,

v;3z 5842 26

.9330.24.
16920.57

| .,J”;;s sftﬁ\srii?jﬁf;“
SRR I 31+o 60\’" ; §11 6420. 35f{ﬁ 5
'*iféz 15:1 w4,f{;fszz 17:0 sofi5" i’

3, 61:0 SLIEE

3.7110. 2o§¢ '

B G

“ ‘*u. 2-4&#0;49fi§; "j;;,4b¢g;gyi'

’,o oas:o oost
;¢o 13520. 032
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E. Dl SCUSSIOH

o, erewamates L goco s

In the present experxments growth rate, as measured by

body wﬁight change,_tended to be depressed 1n the lambs : AR
housed t. .0 °C both prlor to agd followlng weanzng ance
. welght ga1n after weanlng was assessed only over a 11 day

per1od 1t 1s doubtful 1f th1s measure 1s a relzable 1ndex

of grovth AL R SI T A e B

‘”711E Wnth m1lk-£ed lambs fed at an equ1ua1ent level of

,uin;ake) Glbb and Pennlng (1972) reported a reductlon of ADG*f.

TdvﬂﬂgmeESUredﬁfﬁomfisﬁ_”daYSa :age, of approx1mately 9’% if the

%
- -.

lambs had been housed at 7 °C rather Qhan 21-°C No e
detr1mental effect of temperature on ADG however was ‘ i

‘;'ﬂ' observed 1f ;ﬁé mllk replaCer was ava:lable ad 11b1tum (Glbb

and Pennlng 1922) ln contrast, W1111ams and Innes (1982)»

P

found/&Js1gn1f1cant depre551on sn ADG 1n calves’ke“ttfor 2 ffT'

FRTAENEN

e
o
\

- amounts (Fuller and Boyne 19713{Hacker et al 1973 Ph&lllps

'*et al

J
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j_severlty and/or duratlon of the cold stress 1mposed_,§tnce,' -

in thespresent stud1es,,heat product1on was not measured and”f*”

the lqwer cr}tlcal temperature has not been establlshed for -

thlS age of lamb the degree of cold stress 1mposed\by

houslng young~1ambs at 0 °C cah only be approxzmated Based- Co

\

r_on the thermoneutral heat productlon of 1 4 Wk old lambs'

(Degen and Young \982) publlshed vaers of the lower B

.crltlcal temperature of very ybung lambs (Alexander 1961)

. ang the thermal 1nsulat10n of sheep and of other anlmals_

e (Blaxter 1976 ChrlstOpherson and Young 1981) it would

.".

appear that a 4 wk. old unshorn lamb would not be cold

stressed at effect1ve amblent temperatures above -1 °C For

v

the majorlty of t1me durlng the experlmental per;od then 1t7

t"1s p0551b1e that both groups of lambs Were housed w1th1n B

r(Ghapter II) and ﬁollow1ng weanlng

\

5 the1r f/ermoneutral zone. The lack of a 51gn1f1cant -_f\_“fA

4.

[_reductlon 1n the growth rate of the CE lambs therefore can

_be- related to. the degree of - cold stress 1mposed and the

equlvalent nutrlent xntakes .of. both groups of 1ambs prlon to

2

Lamb Development 3

T Malntenance of thermal equ1llbr1um in a cold

'env1ronment mlght favor the deferentlal development of

‘young grow1ng an1mals in comparlson to the1r counterparts 1n

a warm env1ronment This phenonomen has been clearly shown' o

to occur in plgs by Weaver and Ingram (1969) who aSS1gned

A AR

a'llttermates of weaned plgs to exposure temperatures df 35 Ecl-'

or 5 C and offered feed at a level so that welght galn was

N . '- -

Ty



: sxmllar in- both env1ronments. They were able to demonstrate‘{~
that after 72 days, the cold—exposed p1gs Were shorter and -

) 7stock1er, and Had smaller extremlty surface areas, as -

51nd1cated by tall length ear area and head length thanvA

. their l1tter ates kept 1n a thermoneutral env1ronment . ‘Bone

'lengths measured after the an1mals we?@ kllled revealed afi'f |

Hgshorter femur,.t1b1a, metatarsal humerus, radlus, ulna and
metacarpal lengths 1n the cold stressed p1gs (Weaver and '
jIngram 1969) S1m11arly,.Heath and Ingram (1979)(&%hnd that
1fplgs ralsed at 25 °C had rounder bodles, shorter snouts and
%smaller extremltles compared to the1r llttermates housed at
35 °C Hacker et al (1973) also found that ear area, body
_and 1eg length and heart glrth/ adjusted fpr bodywelght,;.
'tended to be reduced 1n plgs housed at 2, °C rather than at K
'20 °C.. The underly1ng control mechanlsms 1nvolved in these

morphologrcal adaptatlons have,yet,to be 1dent1f1ed but

poSsibly COUld be related to a decreaSed tlssue temperature“

-and/or restrlcted blood flow to the extrem1ty areas.

S1m11ar trends of altered development were found 1n the

4

"present studles W1th young lambs, especlally 1n the more
dlstal leg bones and in the extremlty surface areas..

greater severlty and/or duratlon of cold exposure however

'may be necessary to 1nduce a more pronounced change 1n the -

development of the lamb These morpholog1ca1 changes in .
young lambs and in other -animals m1ght be expected to be
1benef1c1al to the thermal balance of the anlmals whlle

rﬁv1ng 1n a cold env1ronment ,' ~r__mﬂ,“< : ',]“‘ ;f

-



)

’

“al. 1976, 1982) It is hypoth851zed however that the effect'-‘

- 1976,1

D1gest1b1l1ty-ﬂztrogen Balance Tr1a1
' Prev1ous studles performed w1th mature sheep and cattle

exposed to a cold env1ronment over a prolonged perlod have

1nd1cated that DM d1gest1b111ty of a roughage based feed is.

| depressed by approx1mate1y 0.1-0. 3 d1gest1b1l1ty un1ts/°

(see NRC 198 1).. A cold 1nduced reduct1ok 1n roughage'-;

dlgestlblllty has been found to be 1ndependent of the 1evel -

R of 1ntake (Chrlstopherson\1976) and 1s probably assocrated

w1th an 1ncrease in rum1nat1on act1v1ty (Gonyou et al

1879), ret1culo—rumen motlllty (westra and Chr1stopherson B

1976 Gonyou et al. 1979), rate of passage of dlgesta .

Yﬂ, .

P -

(WestrE and Chr1stopherson 1976\ Kennedy et al S o

77 1982) and change in 51te of d1gestlon (Kennedy et

3
of . cold exposure on dlgestlblllty may be d1et dependent'

recent research has found that the dlgest1b111t1es of a 50 % -
A

barley—SO %'pelleted alfalfa (Young and'Degen 1981) and a .

'100 %- concentrate (Kennedy et al 1982) diet fed to mature.

2

'sheep were not affected by a cold enV1ronment The 1aok of

effect of cold exposure on ‘the DM d1gest1b111ty of the,100 %

o concentrate ratlon fed to the lambs 1n the present study is

cons1stent w1th this hypothe51s.v

influence of a low amblent temperature on N dlgest1b111ty

In rumlnants fed a roughage based dlet, N dlgestlblllty has

been reported to be reduced (Chrlstopherson and M1111gan

1973~ Chr1stopherson and Thompson 1973 Ames and Brlnk 1977

178

‘Conflicting evidence exists in'the liteiature as to the

. #3 1
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= #@::;. f.»f?p PR 3 »/{\ ;
‘Kennedy and Mllllgan 1978 Kennedy et al. 1982) or unchanged
'(Kennedy et al 1976 Westra and Chrlstopherson 1976) as a
result of a low temperature. The dlscrepancres ln reported
'-uresults do not appear to be related to treatment d1fferences;

in the 1evel of feed 1ntake. N dlgestlblllty of a 50 %

’.concentrate d1et fed to sheep and cattle has a' g en found‘

"to be reduced durlng cold exposure (Chrlstophersbn 1976)

o 1although N d1gest1b111ty in mature sheep fed a, 100 %

concentrate ratlon was not affected by a low amblent

R '; . Dv ’
‘ temperature (Kennedy et al 1982) nor was N dlgest1b111ty
'depressed 1n the CE lambs in the present experlment.' L

Desplte 51m11ar N drgest1b1llt1es for the CON and CE e

*flambs N retentaon was reduced durlng cold exposure as a i.@Ei'\
.result of 1ncreased ur1nary N excretlon (% dlgestlble N

1ntake) The decreased N retentlon 1s con51stent with the

reduced body we1ght garn of the lambs in the cold.

Slmllarly, reductlons 1n N retentlon\have been reported in

cold exposed rumlnants fed elther ad-11b1tum or restrlcted

to the same level as control anlmals, kept at a o o *‘ ..
'v'thermoneutral temperature (Chrlstopherson and Mllllg%n 1973r
.Westra and ChrlstOpherson 19763 _Ames and Brlnk 1977 Kennedy
and M1111gan 1978) S T”'

Organ we1ghts f ‘ff"{ i '-'_»'l ’ 'j

: s e I
P D1gest1ve organs . - R - . s

"sllght 1ncrease 1n weight relat1ve to total body weight

Exposure to a cold env1ronment was accomp;nled by a

of each componeht of the.gastro1ntest1nal_tract;

w



5

however, only the 1ncrease in abomasal welght ahproached ?b"
" £451gn1f1cance (P<0 10) Although 1t is knogn that | '

‘“'Qfd1gest1ve functlons often are affected by cold exposure

\

1¢7(NRC 1981) other studles performed w1th grow1ng p;gs

F

‘reveal any cold 1nduced change 1n gastr01ntest1nal tract
”welght (Sugahara et al 1970 Hacker et al 1973' Brown.

'jet al 1976) Dlgest1ve organ welghts of lactat1ng ewes

also have not been found to be affected by a prolonged

' per1od of cold exposure (ChapteruXI) In contrast

R wethens chronlcally exposed to low temperatures have

.‘beeg shown to have 1ncreased small 1ntest1ne (Schaefer

1979) retlculo rumen and total gastro1ntest1nal tract

(Graham et al 1982) welghts,~although these effects

Z;were llkely a consequence '0f an increased’ feed 1ntake
'rather than the cold env1ronment Qer S |

o other Organs and Glands f_,';."': o

_ Treatment means for heart 11ver kldney, spleen o

‘and lung we1ghts also tended to be hlgher for the

,cold eXposed lambs although the d1fferences between

treatment grbups were not 31gn1f1cant A 51gn1f1cantly

'1ncreased heart welght 1n cold stressed anlmals has been

"found for wethers (Schaefer 1979) and growlng p1gs

{rany temperature heart welght 1nteract1on (Hacker et al

o

1973- Brown et al 1976 Graham et al 1982) Assum1ng

_that an. 1ncrease in. heart we1ght 1s a reflectlon of a

\k_“ X )

‘ SR S e

"'housed at a 1ow ambhent‘temperature haVe falled to ;jf“ﬁ T

‘.(Fuller 1965) however other studles have falled to show

Y .
SN




T
::greaterfwork~load ‘an ancreased heart welght would only e
hoccur 1f*the“sever1ty of cold stress_xas suff1C1ent to .'1
result 1n ‘an: 1ncreased cardlac out%ut and/or arterlal
pressure. el el T
;Q;fg.d S1nce 11ver metabollsm has been shg;n to be ! S :
affected by cold exposure (Thompson et al 197§/} welghtluféﬁf~»‘ 1
‘changes in this’ organ meght be expected ; slgnlflcant o
“1ncrease in 11ver welght has been reported for. .

‘cold stressed wethers (Schaefer 1979 Graham et al

1982) and plgs (Sugéhara 1970) however, thlS effect :
4'aga1n may be related to a hlgher level of feed 1ntake ~“ A
:rather than to the low amblent temperature.‘In grow1ng
'p1gs fed a’ restrlcted but equ1va1ent level of 1ntake,

llver weaght was’ depressed in the cold exposed anlmals
'I'1n comparlson to thEII counterparts housed at a mlf

thermoneutral temperature (Hacker et al 1973)

Greater urlnary excretlon and/Or food 1ntake durlng

e— L JR— e

cold exposure may result in'an 1ncreased kldney welght

Larger k1dney welghts have been found in cold*stressed
' wethers (Schaefer 1979) and growlng p1gs (Fuller 1965
'f*Sugahara 1970) B ' - |

e e e e —_—— e e

A larger spleen 51ze has been reported by Fuller

".(1965) and Brown et al (1976) in. cold stressed pigs,
’{perhaps reflectlng an 1ncreased blood storage capac1ty,
;haemotopore51s orberythrdpoletxn secretlon (Swenson

*1970) durlng cold exposure.




rom. a survey of the present llterature, a

-iqo_f-lnduced change in lung welght has not - been‘?V
p@f‘ '@P.f'l tabllshed in any study. :g‘ o p
| . The lower test1cle welght of the CE lambs 1n the
fpresent study is con51stent w1th the results of Hacker
et al (1973) obtalned w1th young plgs A reduction in :
VA external gonad welght aga1n.may be oft beneflt to the _
thermal equ111br1um of the an1ma1 but may al?o reflect a.f¥?
bl'f retardatlon of sexual development ‘as ev1den&§d by the
: ‘cold 1nduced endocrlnologlc l alteratzons in: boars
ftdreported by Hacker et al. (1?73) 'f hf_ila_, f .
S 'lei;‘ A tendency towards 1ncreased thyrold and adrenal L
‘ht:gland we1ghts 1n the CE lambs also agrees well w1th the
B rreported cold 1nduced changes 1n c1rculat1ng levels of
‘”thyro1d and adrenal hormones 1n domestlc rumlnants .'
'(Westra and Chrlstopherson 1976 Thompson et al 1978;
Chrlstopherson et al. 1979 Graham et al. 1981)
Y bamb organ welght relat1ve to body welght was found
to be 51m11ar 1n most caSes to that found prev;ously 1n
‘thls labora%pry w1th mature sheép, noteable exceptlons
_be1ng the smaller lamb omasal thyr01d gland and spleen

'welghts but greater we1ght of the small 1ntest1ne (Table

TIV.8). o S ,?-'.__;. RIS '. A ok

In summary, the exposure f young’lambs to a cold '
env1ronment appeared to result\:n\bertaln alteratlons in -
~;development although the duration of cold stress perhaps"

-was 1nsuff1c1ent to demonstrate the full extent of the1r
. N
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4 gblologlcal responSes. o B e |
The pattern of growth N excretlon and N retentzon':

“aof the cold exposed lambs foilow1ng weanlng probably
‘reflects the 1ncreased use of amlno ac1ds as energy -
_substrates. Further work is requlred to determlne 1f thed“
/A\prov151on of add1t1ona1 food energy to the cold exposed

R

7.glambs m1ght have prevented the 1ncreased utlllzatlon of
‘ 7prote1n as an energy source and spared 1t for dse in

.~
o
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v, General Summary and Conclusxons

The most 51gn1f1cant aspects of these experlments ban be

. summarlzed as follows-

Mllk productlon and m11k energy output in ‘ewes suckllng'
l51ngle lambs. were not altered by chronlc cold exposure.

— .
~

Slnce cold exposure resulted in a reduced feed
jd1gest1b111ty and 1ncreased heat productlon w1thout any:
apparent loss of bodywelght 1t canqnot be concluded by
what ‘méans mllk product1on was ma1nta1ned P0551bly the

methods used to estlmate m11k productlon gave erroneous

"results Qr else heat productlon estlmates of the

cold exposed lactatlng ewes were overest1mated because -
of measurement 1nduced changes of behav1or. However, the

By

calculat1ons of net energy balance suggested that energy
substrates may have been moblllzed from body tlssues to
a greater extent in the CE ewes _resultlng 'in changes in
body tissue compo51tion. .
Chronic cold(exposure»resulted in a change iﬁ mammary'
fat metabollsm as\xndlcated by m1lk fat concentratlon
and fatty acid comp051t10n. Mllk fat compos1t10n changes
were 1nd1cat1ve of an 1ncreas d supply of long cha1n
fatty acids, 11kely -mobilized | from adlpose tissue.
Endocrlnologlcal changes in the cold exposed lactatlng
ewes), as 1nd1cated-by plasmaflevels of hormones,jwere"

‘51m1lar to changes prev1ous Y reported for cold stressed

mature wethers. H1gh levels of catecholamlnes and T,'

;relat1ve to 1nsu11n would



.ma1nta1n mllk secretlon durlng cold exposure.

195

'1ncreased moblllzat1on of body energy reserves to help‘

-support an 1ncreased leve% of thermogene51s and to

(N4

chronlc cold exposure was obsexved Theoretlcally thlS

:would suggest that mllk produétron would be 1mpa1red

although measures of mllk y1eld and mammary eff1c1ency

would 1nd1cate the contrary Further work is. needed to

‘N
0 \L

1nveét1gate thlS area.

Both chronlc and acute cold exposqu appeared to
l
decrease mammary blood flow. From Eﬁe examlnatlon of the
NEON
dlurnal variation in mammary blood flov 1t would appear -~

that the influence of temperature 1s h1ghly dependent

"D
upon the anlmal S posture. Changes in behavaor during

‘_‘cold exposure therefore could minimize anx@unfluence of

'blood flow to 1ncrease free fatty ac1d moblllzatlon \i

~temperature on blood flow to the mammary glandx

¢

Cold exposure appeared to result in a redlstrlbution of

\

.blood flow within the mammary gland. Thls may be related

to:a general mechanlsm of an- elevated ad1pose t1ssue

durlng cold exposure.
Suckl1ng appeared to aCt as d1d m1nor stress, to reduce ,féﬁ

mammary blood flow. Whlle the actlon of stress on blood

T,

.flow may. be related to the release of adrenallne and
'noradrenallne, the mechanlsm and functlon of .a
| 5uckrlng 1nduced reduct1on of mammary blood flow rema1nsvﬁfy

;:to be def1ned

B &



10.

11.

'-per1od follow1ng wean1ng

.“.

‘Whlle nutrlent 1ntake pr1or to wean1ng was determlned to‘

be 51m11ar for both the control and " cold exposed lambs,
only a’ sllght depresszon 1n growth rate as a’ result of

cold exposure was observed Pb551bly the thermal stress
impesed was not suff1c1ent to result in an 1ncreased

metabollc rate and ma1ntenance energy demand of the T

young lambs o o , ; ‘ R _

. DM and N dlgestlbllltles of a concentrate diet fed to

the young lambs were not’ affected by cold exposure

although a relatlve 1ncrease in ur1nary N Ioss resulted -

"~ in a decreased N retent1on in the cold exposed lambs.’

These results would tend o0 support the reducedvrate of
growth of the cold exposed lambs observed over a short
Morphological adaptatlons to the cold seemed to be

develop1ng by 13wk of age espec1ally in terms of the

,d1stal leg bones and ear. surface area. The beneflts of

-these adaptations as related to a decreased rate of heat

loss tolthe environment" rema1n to‘be quant1tat1ve1y
examinedr.*e'” o ‘ ; )

o . [N
Prolonged cold exposure d1d not have any effect on’
gastro 1ntest1nal tract we1ght in e1ther the lactatlng

ewe oOr young lamb, suggest1ng that dlgestlve responses

'that occur as a result of. cold exposure are . 1ndependent

of gross changes in dlgestlve tract morphology

)



