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ABSTRACT
F1ve exper1ments were undertaken to clar1fy digesta B
and stomach movements in ruminants In the first 'm
experiment,va-quant1tat1ve schematlc rumino- reticu1um mode 1 |
-was developed to descr1be the Klnetlcs of forage part1cles
in the dlgest1ve tract uSIng grass stems mordghted &;th Cr
at very 7ow concentrat1ons Part1cle Ktnetlcs 1n four
fistutated steers fed with brome grass hay, were stud1ed
us1ngaa Lat1n square des1gn The ratio'of the .mass of the
large‘part1cle pook§(>3.35 mm) to the smallvpartjcle pool
(<3 35 mm) in the rumino-reticulum was 2 l Major amountq
of volatile fatty acids (VFA), COy and CH4 were |
‘ produced from the. large partwcle pool l’substanhal '
. port1on (20 * 11%) of the hay was rapldly solub1llzed
Materlal leav1ng the rumlno ret1culum aé@large part1cles
‘sﬂall parttcles and so]uble components were eQU1valent to
.5* 25 and O 20 % of feed dry maﬁter (DM) The size of the °

‘ part1cles 1nf1uenced the1r turnover time in the

K post rum1na] tract In the ' second exper1ment the

g
possibllity of a relatiQnshlp)between the resp1rat1on cycle

G

‘fand timing of ruminant stomach contractlons was s L v

't»investigated using four - ruminally cannulated steers and

i
[

four- sheep fitted with_ rumen and abomasal cannulae A hlgh

r;.degree of coinciéence between insp1ratory movements and the

iv.

S
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- second’ b1phaswc contraction of the retlculum was found

whlch may favour passage of d1gesta to the omasum. In the = '
th1rd-exper1ment a new endoscop1c techn1que using a. |
mod1f1ed f1bre optic endoscope was proven to be useful in
the study of rate of passage movement and breakdown of
partlculate matter In the fourth exper1ment thel
interrelationsﬁips between buoyancy and chemical
_composition of‘bromegrass hay}‘rumen and feces particles
‘were Studied It was concluded that there. was an
interrelationship between buoyancy ‘phy51ca1 attKIbutes." \
shape, size, chemycal ‘and nutr1t1ve compos1t10n ‘of |

. different types of pahttsc}es:’ In the lva'st experiment. the

: effécts of diet, and stress‘(acute cotdror acute’ -
‘psychoTog1cal stres)) on’ forestomach motmlxty in cattle “a

were studied. Drets did not mod1fy the contract1on :

{n

frequenc1es of the forestomachs Acute cold and
. psycholog1cal stress produced s1gn1f1cant (20 to 100%)

1ncreases in the frequency o? forestomach contract1ons

=
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I. INTRODUCTION

Clearance of feed residues from the rumino-reticulum
is a major pbocess in détermining the intake and nutritive
" value of forages, Clearance depends on two interacting
processes ! breakdown (physical reduction in particle size
plus microbial @igestion), and physical removal from the
rumino-reticulum, These processes largely determine the
release of nutrients for the eren microbes and the host,
They are thus centfal for‘tﬁé understanding of the
per formance of ruminant animals (Faichney 1986). Although
quatitative agﬂééts of the%e processes are well understood,
emphasis is now being placed on understanding tﬁeir
quantitative coﬁtributiong. Increasing stress on
manipulating rumen dynamics to improve e;}iciéncy'requires
understanding of the quantitative importance of these
processes (Ulyatt et al, 1986) .

Until now, the best estimates of the rates of
| clearance of partic]es from the rumen have peenlmade by
using indigestible or undigested material. However use of
such material ddes not yield a reliable estihate of outflow
of digestible nutrients, which probably would be
intermediate between the flow pattern of fluids and solids
(Church 1979). Cr mordant fulfills most of the desirable

criteria as a pa(ticulate marker. It is a stable marker of

solids forming héXacoordinate ligands with hydroxyl groups

that are very difficult to hydrdlyse (Uden et al. 1980). Cr

\



- appear to have been examined experimentaily

mordanted to fibre is the most tenaciously boqnd‘of the
particolate‘markers which have been examined (E]iis et al.
1982). Until now, mordanted Cr ‘has been used,_4{s marker only
at high conoentrations. Concentrations L£~E£;§E>excess of
80 mg gfl‘dry matter (DM) render plant cell walls
essentially indibeétible‘(Colucci 1979) and as the content
of Cr on the fibre decreases, the’digestibility of fibre
increases. Moreover, Cr bound to feedstuffs at high levels
has been found to affect the rate of passage, probably due
to altered specific gravity (Ehle 1981).

Respiratory movememtS‘are closely associated with
reticulum movements during rumination. An extra reticular
contraction associated with the regurgitation phase of
rumination, is accompanied byAan inspiratory effort of
greater volume then usual (Church 1979). It would be
rational to expect that breathing activity is also

coordinated with other more general movement phases of the

forestomachs and that breathing would thus influence the

onward flow of digesta from the rumino-reticulum to the

'postruminal tract. However, this possibility does not

Means of investigating the propulsion and movement ‘of
digesta'within the ruminant-stomach have not been readily

forthcoming Observations can be made directly through open

. fistulas but the information obtained in this manner 1s

limited. - Observations have been made using radiographic

\
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techniques but the degree of reso{ution ig quife limited.
Ne@ approaches include high resolution X-rays (Wyburn 1980)
and more recently ip our laboratory thé use of fiber-optiés
endoscopy (McBride et al. 1983). However, until now, |
fiber-optics endosqopy hés'not.beeq used fo iﬁvestigate the
general movement of Qigesta withiﬁ the rumjno~reticulum.
+The physical natuﬁe of the feed'apbears to be a most
important.factbr controlling exit froﬁ the rumen. Specific
gravity and'buoyancy are two important physiéal prdperties
'of feed. Schalk ahd Amadon (1928) felt that specificA'
gravity of solid ingesta was a determihing factor as
regards' the route to be followed from the'cardia to the
reticulo-omasal orifice. The effect of specific gravity on
the hean retention time of particles in the
rumino-reticulum may result from the rate at which the
articles separate from the mass of digesta, sink into the
."l'ayer\ in the \'/entral rumen and reticulum and so pass
to the omésum. Thus, there is faster passage out of the
ﬁumino—reticulum as the Specific gravity increases from
1.02 to 1.21. Part{cﬁes of specific gravity 1.40 are
retained in'the rumino-reticulum for a longer time than e
particles of ;pecific gravity 1;21‘(Campliﬁgvénd Feer
1962) . ” SR

 The nutritive value:of:feeds agd forages is greatly
affected by phySiéal'form and other physical attributes
(Van S\.st 1982). It is probable that the shape and ngtufe
~ of fhe_qé tfclés ére related to their chémical‘composilioﬁ.
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'Ehle and Stern (1984) stated that the distinction between
chemical and physical characteristicsvof feedstuffs is
usually vague, since chemicallcomposjtiOn often'ultimately'
determines the physical attrtbutes of feed (e.g., densjty
and particle shape). )

The present practice ofdescribing forage ‘cell wall
constituents as a broad category including ceilUlose,
hemiceliulose and ]tgnfn is crude and may mask significant
underry1ng physical and chem1cal d1fferences Further-
research in thts f1eld-1s needed Progress may first
requ1re utilization of more reflned analyt1ca1 technlques
(Ehle and Stern 1984). Nuclear magnetic resonance (N.M.R.)
is an example of such a'technique (Elofson ét al. 1984).

. ‘ There is a limited understanding of factors affecting
forestomach motility (Waghorn 1977). An understanding of k
these factors is Important since any marked changes in
motility mlght be expected to affect the eff1c1ency of
digestion in the forestomach.:The summed excitatory and

',‘,

inhibitory effects of .afferent inputs to the gastric motor

~

L centers. play a major role in determiningvthe pattern of

@f\h‘? ;";, motility exhib1ted by the reticulum and rumen at any gwen

| : time (Comline and Titchen 1961) ‘Gastric motor centers are
Lo ;4x affected ndt only by afferent inputs from the gut but also e
'f byvthe activity of higher centers in the brain which may be
‘33: A 1nfluenced by psychological stress Senscry inputs arisingri

from environmental stimuli. such as temperature. may also |

L 1nfluence the gastric centers Cold exposure has been R



4
g

5

observed to increase fredbency of reticulum contraction in
sheep (Westra and Chr1stopherson 1976) and 1n‘cattle |
(Gonyou et al. 1979) However these studles were done

old environment.

_after a relat1vely long adaptation to th-@;

Little 1nformat1on is available negard1ng the effects of

acute cold stress on gut mot1]1ty of steers, Moreover
l1ttleﬂ1s Known about the 1nteract1on o?‘stresses glth
different types of d1ets -

The first'objective of the studieS‘described herein
| was toﬁcreate a new quant1tat1ve particle Kinetic model by
us1ng part1cles mordanted wi Cr at very low -
concentrat1ons The second bjective was to investigate ‘3
timing relat1onsh1ps between respirat1on movements and the f
normal contraction sequence of the ruminant forestomachs
The third objective was to determine the usefulness'of a"
f{ber-optics endoscope in visualizing the kinetic
character1stics of particulate rumino- ret1culum phase. The~
fourth objective was to 1nvest1gate the 1nterrelationsh1p
,between buoyancy, shape size and chemlcal composition of
partlculate matter F1nally, the last obJect1ve was to
determ1ne the effects of dlfferent types of diets and

_ stwesses on_reticu]um. rumen, and omasum contraction

frequencies.’
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iTI:. A NEW APPROACH FOR A OUANTITATIVE SCHEMATIC KINETIC

| MODEL OF PARTICLE DEGRADATION AND PASSAGE IN THE
RUMINANT DIGESTIVE TRACT USING LOW CONCENTRATIONS OF

- ,‘\,) .

‘ 51Cr ‘

8

A. ’tNTRODDCTION

Clearance of feed residues‘from the rumino:reticulum. |
"has long been recogn1zed as a maJor process determlnlhg
and, therefore controll1ng both the 1ntake and d1gestion
" of forages Clearance depends on two 1nteract1ng processes
\.the f1rst be1ng breakdown through the phystcal reductlon in
partlcle size plus m1crob1al dlgest1on, and the second
:‘be1ng phys1cal passage from the rumlno ret1culum These
‘processes largely determlne not only the release of -
nutr1ents for the rumen m1crobes and the host, but also the
amount of forage that can be eaten They thus play a o

central role in determ1n1ng the productlve performance of .

rum1nant an1mals (Fa1chney 1986) | Although the qualitative"'

aspects of these processes are well understood more
}'emphas1s needs to be placed on understandlng quantltatlve‘ ‘
"aspects The 1ncreased use of mathemat1cal models to

' examlne control processes and the 1ncreas1ng 1nterest in

E ”r'manipulating rumen dynamics ‘to' 1mprove efficiency depends _

Con’ understand1ng the quant1tat1ve 1mportance of these fo] e

‘T'processes (Ulyatt et al 1986)
. )

Lo ‘-
iy .
N e

Until now the best est1mates of the rates of clearance fff5f
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of particles from the rumen . have been made by u51ng
indigestible or undigested material However use of such

material does not‘aield a reliable estimate of the outflow
of digestible nutrients which probably would: be u
intermediate between the flow pattern of flu1ds and SOlids
(Church 1979). ‘1“ BT o L .
Chromium mordant fulfills most of the de51rable
.criteria as a particulate marker It 1s a stable marker of
solids forming hexacoordinate ligands w1th hydroxyl groups
‘that are very difficult ‘to hydrolyse (Uden et al. 1980):
Chromium mordanted to fibre is the most tenac1ously bound 1 S
- of the particulate markers wthh have been examined (Ellis
et al. 1982). | . |
Concentrations of Cr in excess of 80 mg g 1 dry
- matter (DM) render plant cell walls.essentially

1ndigest1ble (Colucc1 1979); as the content of Cr on the

'f fibre decreases,,the digestibility of fibre 1ncreases

! )

Moreover,'Cr bound to feedstuffs at high levels has been
found to affect the rate of passage probably due to
'altered specific grav1ty (Ehle 1981) | N '4 e
| The obJective of this work waF to evaluate Tow- level Cr ~T“
mordanting of neutral detergent extracted forage particles ‘
as a means to attain biologically realistic measurements of fg

part{icle kinetics in the rumen




"rq a screen aperture«

1
B. MATERIALS AND METHODS T

Animals Diets and Management

33 .
IN s Al

L o. .

Four 15 month old Hereford steers we1ghing 400 - 409

kg, ‘were prepared w1th rumen ftstulas of 10 cm d1ameter |
Each an1ma1 was ma1nta1ned in an 1nd1v1dual metabol1sm

crate with cont]nuous 11ght1ng at ambtent temperatures of
f 20 - 2200 dur1ng -the exper1ment and for 2 weeks before

the exper1ment Bromegrass hay tBromus 1nerm1s) chopped

g through'a 76 mm screen and harvested at mld-to-late bloom
was offered at 2 hour 1ntervals ustng an automat1c feeding |
dev1ce Body welght was ma1nta1ned by provid1ng 450 . .9 of
hay DM . each 2 hours The chemtcal comp051t1on per Kg DM
of the d1et was 13.9 g N, 672 g cell wall const1tutents‘
(neutral-detergent fibre, '‘NDF?, 349 g ac1d detergent fibre ,
(ADF) and >900 g large part1cles (those retained on screen{

of aperture‘3 35‘nnnand larger after wet sieving. (Dixon f

and M1ll1gan 1985) Cobalt m1neral1zed salt blocKs

(Canad1an Salt Ltd Montreal Canada) and water were

'&

't avallab]e ad l1b1tum X"', hj'.‘h7‘_ffﬂ _ v.;\;’

u'Preparatioh of'thevCrh%rdantedgﬁartic]es»fi] AT

] KT,
!

- .

The leafy material was first separated from the stems
F

Half of the stemsjégre ground in a wiley Mill grinder with

2 mm (small particles,.SP), and the



other‘half were.cut at 1 cm lengths (long part1cles LP). -

The ground stems were then sieved by a. wet s1ev1ng .

.procedure (Dixon and Mllllgan 1985) that allowed the

q‘partlcles to pass t rough a 2 mm screen but not through a’

mm‘screen The partf les were immersed in acetone for 24

‘!n'and'then washed 1'

hours, 1n methanol or. 24 hours to d1ssolve the.cutlcle,f

boll1ng neutral detergent The stems‘

 were f1nally rin sed w1th distllled water

e

The neutr‘ detergent extracted brome grass stems were

, mordan ed wtth 51Cr containing Cr ustng a mod1fied

o |
nting techn1que (Uden et al. 1980) The amounts of Cr

in mordanting were equ1valent to 0. 5% and 0.01% of the

t fi re we1ght and the heat1ng t1me was 3 hours The. dry,

mor anted stems were f1nally washed 1n b01l1ng neutral

.e

det rgent for 1 hour and then washed thoroughly WTth tap

watev until the solut1on was colourless The quant1t1es of
Sig, mC |
the larg' partlcles and 0. 75 mCl/anlmal 1n the b1nd1ng

sed were . 1 mCl/anvmal 1n ‘the: b1nd1ng solutlon for

solution for the ‘mall particles All the part1cles were‘
dried at. 65 O for 24 hours welghed and.the, ..
radioactivity/g DM was determined for each fract1on us1ng a‘ .
gamma spectrometer (Model 8000 Beckman Instruments, NS

Fullerton Californla) |
Experlmental Design and Schedule

”;””flehe experimental des1gn was a 4 x 4 Latxn squape Thé”-fu‘

-

‘Qﬂfourktreatments entalled long fart1cles (10 mm) or small

:TT‘WIth either 0 5% or 0 01%,.~ ati
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Cr. The fibres were:. 1ntroduced 1nto the rUmen in the

‘follow1ng quantities 24 9 for.. the small particles (SP) and‘

92 g for the long particles (LP) Equaﬁ quantities were L

placed in s1x different rumen locations top and bottom of

the reticulum rumen ventral sac, rumen dorsal sac top and

"-bottom of the caudal sac The rumino reticulum contents

were then mixed Subsequently grab samples from the same‘h
Six locations were obtained and thoroughly mixed T he | |
radioactive md@erial was 1ntroduced into the | |

rumino- reticulum at the beginning of each week for 4 weeks '

and the sampling started 2 h after the 1ntroduction One ‘”.

;weeK of rest separated the first two sampling weeks from
‘the. two last sampl1ng weeks to allow the radioact1v1ty to ]
‘decrease ‘and to.give‘the animalS~a rest. The sampling was

'done every 2 hours for the first 4 hours. every 3 hours fOr’

il

the\follow1ng 57 hours, and every 6 hours for the last 72

hours The feces were sampled from the rectum at the same -

, times,

y
\

o ‘Stability of cr Binding and Digestibility of -cr Bound

ﬂf}measurlng the proportion (%) of radioactivity associated

‘;33w1th the stems after being in the radioactive heating

,7fﬂlost 1n boiling neutral detergent solution after different o

oo

"Particles

o

The efficiency of 51Cr binding was determined by

\ .

olution for various times The percentage of radioactivity's}




14

t

partfgﬂes was measured by the nylon bag technique ( 78 h

) \\ h
rumen %ﬁpat jon)

Particle siz& determination | -

v
\

'The‘rumen sampleslfrdithe steers receiving the large
mordanted parttcles Were sieved by the screen-by-screen wet
sievwng method as. descrtbed by DixOn and Mllllgan (1985)
w1th the except\on that the up down cycle was repeated 10
times'before repeat\ng the process for the hext smaller
screen \ Screens of 7. 74, 4 0 and 3. 35 mm apertures were
used to separate large particles (>3 35 mml from small

partlcles (<3 mm) . The rumen samples from the an1mals

recelving the s all mordanted particles’ were not 51eved nor
| },v\. 4

were the Faecal samples " A1l samples were dr1ed‘iiﬂ§b O¢
for at least’ 24 hours and then transferred to plas e
scintillation vials The,51Cr radioactivity/g DM was
determined in triplicate using a gamma spectromg%er (Model
8000, Beckman- Instruments Fullerton, California). |

Eatlng boluses were, collected from the four steers by
way of the rumen cannulae to verwfy the bolus long particle
| (LP) and small particle (SP) flows to the large partlcle
pool (LPP) and‘small particle pool (SPP) respectively The
. boluses were steved using the technique described

' previousl¥&v Q3M~

’,,.«
.
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Cé]culations and Statistical Analysis

Radioéctivity counts (CPM) were converted to a per ¢ DM
N basis and then transformed to natural logariﬁhmic values.
»‘}Tﬁe?e values were plotted agaihst time after dosing with
(?‘Cn\agq linear regression equations weré calculated by
using SPSSX programs. Univariable eqbations of type Y =
Intercep} - slope X were used to calculate the values for
turnover time (TT). pool size (A) and flow (a); as
described by Shipley and Clark' {1972) for alfinst order
Kinetic pool. The analysis of variance %or TT, A, 'and é
were dohe using SPSSX program. Subseq&ently, a qﬁantitativé

rumino-~reticulum hodel was developed fd;f?BFage particles.

The model values were determined as follows:

1) Feed intake : weight of DM given = 100%

2), Flow from the feating bolus to LP Pool (LPP) : same
as flow (a) f6r thé LP (verified by sieving the

bolus)
I

3) Flow from the eating bolus to SP Pool (SPP) : (Flow
out of SPP) - (Flow toward SPP. from LPP); (verified
by sieving the bqlus) J

[ ]
4) Soluble component : (Feed) - (flow to LPP + Flow to
SPP) - _

. 5)‘LPP'sizé : A for LP (verified by sieving)
6) SPP size': Al for SP (verified by sieving)

~7) Flow out of PP : "a" of LP.

‘ Nl

8)"Flow out of SPP : "a'" of SP

o
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~ 9) Flow toward SPP from LPP : obtained by combar1ng
the area under the curve of the SP originating -
from LP to the surface under the curve of LP

disappearance.

10) Volatile fatty acids (VFA) + COp and CHg4 from
LPP : Flow out of LPP - (Flow toward SPé from LPP
+ flow of large particles directly out of the
rumino-reticulum (RR)) ,

11) Flow of LP which go directly out of ‘the RR : (%)
of the total feces.DM weight formed by- LP DM
weight ( obtained by wet sieving the feces).

<12) Flow out of the RR from SPP : Obtained by Grovum &
Williams (1973) procedure in ahlmals dosed with '

SP/

13) VFA + COp and CHy from SPP : flow out of SPP:-
Flow out of RR from SPP .

14) Small intestine flow : (soluble component escaping
rumen fermentation ?) + (Flow of LP which goes :
directly out of the RR) + (Flow out of RR from
SPP) ‘ .

15) Digestibility of DM in the (RR) : DM - flow into
small intestine (?) -

-

16) #ost-ruminal digestibility DM - (digestibility
in rumen (?) and residual in feces) -

17) Total DM digestibility : DM feed - DM feges. °

18) Post-ruminél turnover time :
' procedure of Grovum and W

~ —

Ana]yticalitechnique

Celi wall COntents (CWC) were.determined by the .
procedure of Goer1ng and Van Soest (1970), and N was

determined by the Kjeldahl me thod (AOAC 1975)
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C. RESULTS AND DISCUSSION

Particle Sieving Teéhnique;

" Several authors have proposed that the particutaté DM‘
present in.the rumen cen be Kinetically represented by two
pools: a large and . small particle pool (Hungate 1966;
Poppi et al. 1981). ‘Although Dtxon and Milligan (1985)
demonstrated tnat there was nd‘clearly discernable size
below which all particles were‘equalky eligible to leave
the rumen a two-pool mpdet involving a small- and .
large-particle pools {SPP and LPP) is likely to be a useful

simplification in describing the kinetics of particulate

matter in the rumen. Dixon and Milligan (1985) concluded

‘that for cattle using the current s1ev1ng techn1ques the

DM retained by the 3.2 mm screen provided an appropriate
m1n]mum.def1n1t1on of the.larde particulate pool because
fewer than 15% of the Feeal particlesvwill‘be of this size
or‘larger ' | | ‘
The method of wet s1ev1ng used in the, present study was
descr1bed by D1xon and M1111gan (1985) The mechanical
suev1ng techn1ques used in other stud1es where the
orientatlon of part1cles and screens may be different'

(Jones and Mosely 1977; Poppi et al. 1880). coUId'give

-different results Consequently, differences 1n particle.

| stze d1stributton meastred using d)fferent sieving
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_ Stability Test and Digestibility
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techniques may. to a- Iarge extentr reflect differences in

the bas1s of se]ectivity of the techntques rather than
actual particle size differences.between expentments.‘ For
this reason comparisons of partiole size distribution with

other studies using different sieving techniques shoutd be .

i

. madej;tth caution (Dixon and Milligan 1985).

- The eff1c1ency of binding Cr.was inversely proporttonal
to the concentratton of Cr in the bathtng solution (Table

II. ). This 1nd1cates that a llm1ted number of sites are

_.available for binding. The,percent of assoc1ated Cr

subsequently lost from the stems in bciil.in‘g'neutra‘l'1

.detergent sofution is also inversely proportional‘to the Cr

‘concentrat1on of the mordant1ng solutton used (Table II 1).

With increased tdme of heat1ng during mordant1ng there was -

‘1ncreased extent and. tenacity of binding (Table II 1). This

{
longer heating time might favour Cr bindlng to hydroxyl

'groups of components more refractlve to degradatton

The digestibil1ty of the long and small part1cles of.

.‘NDF extracted brome stems was practlcally unaffected by
| mordanting with 0.01% Cr (Table 11.2). The fibres ‘mordanted
‘with 0. 5% Cr had their digest1b1lity substantially reduced. .

This is in agreement with Uden et al (1980) who stated

‘»f that. when the concentration of Cr on mordanted particles -

P . . L . o . L !
LI : . c T : . ’ v
- . . R Y . o i
o B o = .
.



")rsampllng would enta1l less statistical variation. Also, the
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' was lncreased (from 0 to 80 mg g 1DM) the in vitro cell
 wall d1gest1billty decreased drastically ‘ o ‘.‘ : o
The -loss of451Cr dur1ng rumen 1ncubatlon was nearlyue-'~~~4

identical to loss of DM (Table 11.1). Thus the label

Py

o

vappears to be. associated w1th c0mponents of the’ extracted
ipart1cles that” are removed dur1ng dlgest1on Nevertheless.
a quest1on rema1ns unsolved Where does the Cr go when
l1berated by d1gestlon° One mlght expect that the Cr
“would rema1n bound to very small particles because Cr
mordant ing forms strong hexacoordlnate‘l1gands with
hydroxy 1 groups (Uden et al. 1978). Ellis et al. (1982)
stated that feedstuffs mordanted‘with Cr constitute
labelled material in wh1ch there is little doubt as to
marker location because m1gration w1th1n and between

particles is low. . " ‘ | "

Kinetic regresston equations based on rumen sampling

. ﬁ’_‘ . . . Lo . 'r
The htgh R2 values 1nd1cate that LP and SP groups

j([able I1.4) in the rumen’ were reasonably represented as t‘ .
'.homogenous f1rst order k1net1c pools This is in agreement |
with experiments (Dixon and Mill1gan 1985) in which
fd1sappearance from the rumen of fluid part1culate.,and
“miqrobial markers occurs according to flrst order "

b bwnet1cs The better fit of small than large particles
A'probably reflects the fact that more particles were if_ﬁﬂ

1ntroduced into the rumen in the small form and. therefore.

- ”‘..' / R

R SR A S VR N
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mixing of the small particles is likely to be quicker than

for the large particles

"Analysis of the Pool Kinetics:

,
4

Table II 4 indicates that the slopes and the

turnover - times were not stgnificantly different between SP

0 145,

and LP whether mordanted with 0.5 or 0.01% Cr (p
‘ and. p 0. 164 respectively). and that animal differences
‘“‘explained the maJdrity of the variation between these. '

treatments 1p = 0. 038 and p ="0.051 respectively) The LPP

size (A) was 51gn1f1cantly greater than the SPP ,size (A1

p :(0 001) The flows out of each pool (a and a') were

different (p < 0. 01) w1th the LPP flow being greater {p <

0. 05) than the SPP flow. ;j o S

—~——

Particle 51zes and Cr concentrations were used in the
treatments consequently, orthogonal contrasts (Table 11.3)
were necessary to separate the effects of these two factors

‘ﬁ on the pool Kinetic parameters The TT differences depended

'( on Cr concentrations (p 0 067) while pool s1zes and .
flows were related to the particle sizes (p <. 0 OOi)

| shorter TT of the particles treated w1th 0. 01% Cr than

‘”l those treated with 0 5% Cr likely reflects the greater ‘
digestibility of the former preparatlon. The size of. and
flow of DM through the kinetic pool of large particles =
were roughly twice as great as for small particles |

jherefore the. values for T of spp and LPP were: nearly .jfj:t;jk

‘o .



"equal These observations are con51stent Wlth results of ,
| Dixon and Milligan (1985) who found that the LPP was about 3
‘60+7% and the ‘SPP was 40+5% of the total rumen particle
‘pool for ‘steers fed long hay .

The fractiona turnover rate of the 51Cr labeTled |
material in th%‘LPP itself wou ld be equal to the sum of the“
»rate constants of the digestion of‘large particle DM and
the mechanical breakdown of the large to small particles.¥
‘plus'the small proportion of large particles which go
directly out of‘the.ruminO‘reticulum. lhese combined_i;.
 processes sumlto)a dailyvturnover rate_of‘0;881b}09_for»
particles'mordanted with 0.5% Cr and 0. 9640'1 for partiCIes '
, mordanted with 0. 01% Cr for chopped hay These values are‘
con31stent with the observations of Dixon and Milligan :
(1985) who measured a fractional turnover rate of the rumen
large particle pool of 1. 07 a7l for steers given long hay
and 0. 82 d 1 for those given ground hay

~ The daily turnover rate of the" SPP was 0. 85+0 16 d~!

: for the 0.5%. Cr particles and 0. 95*0 1.d” 1 for the 0. Ol%

Cr particles These results agree with Dixon and Milligan
H(1985) who observed that ‘the fractional outflow rate (FDR)
of lignin in the rumen small particle pool was 1 07 per :jr;,

day. . This was similar to the mean FOR (1 17 per day) of e

‘J:*nf;the 2. 0 3 2 e 0 2. 0 and 0 25 0 51mm mesh particle groups.‘g .

: and the mean (1 2 per day) of these groups when weighted ‘ffg
'f:for their relative pool size in the rumen (Dixon and oy
FFaMilligan 1985) e -

.1._;
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Rate Constants Derived from the Changes in Concentrations

A

. of Marker in the Faeces

- Turnover times for label 1n the rumﬂno reticulum

(TT ), and the post ruminal tract (TT2) tran51t time ,
ﬂ

' for 30% excretion of. the marker (050) and total mean

\ ‘retention time (TMRT) were . all s1gn1f1cantiy affected

u‘(Tabie II 5)

E,(P<0 05) by particle size, but not by leve] of Cr treatment'

Y

TT, of the small particles (23. 6+4 4 h 0 5% Cr;

22, 5+2.5. h 0. 01% Cr) were 51milar to the estimates
‘obtained by direct sampling from: the rumen (28 2+2 8 h
£ 0.5%'Cr; 25.3s2. 5 h, o 01% Cr) However T of the |

"_»large particies as determined from fecal saMpling

1(38 3+12 6 h 0 5% Cr ‘and, 3. 0+5 1 h, 0 01% Cr) were

rsignificantiy greater than ‘the TT of the large particles
| 'lcalcuiated from rumen sampling (27. 1+2 98 h, 0 5% Cr and;
.7§24 9+2 5 h, 0 01% Cr) The rumen sampling technique,

Y S

rV_however. yields the turnover time of the overall LP flow

"‘ﬁlincluding both the breakdown and digestion.of the LP and

"fpassage of the resulting small partiﬁles The fact that

; nJQTT1 was not the exact summation of the TT of the' B
,‘,’ ;respective large and small particle pool may have been a
j'"ﬁi;fconsequence of the flow of LP which go directly out of the‘
‘:fih;frumino reticulum This direct flow of bP ‘out of the rumen ff_ff

('esults_in a lower TT as opposed to the 31mple addition of f.f;ffﬁ
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_‘large })article TT and small particle TT

2

A maJor rate limiting step when clearing dietary

“re51dues from the rumino reticulum is passage through the

“,reticulo omasal orifice (Ulyatt et al. 1986). Since

particle 51ze reduction 1s a prerequislte for passage

"‘through this orifice (Evans et al 1973 Ulyatt et al}-j"'
- 1976; Welch and Smith 1978 Poppl et al. 1981) it is'

'1mportant to realize that the undigested component of the

' LPP Tas a turnover t1me (TT) for the . rumen determined by

breakdown of the LPP and passage through the SPP This has
the effect of adding the TT of SPP to the TT of the LPP to‘
give the total rumen TT,of the undigested material from
large particles C
AnalySis of the desoending phase of the fecal curve of

the SP ~originat1ng from the breakdown of the LP, gave an

average TT of 47+8 h Addition of the rumen TT of LP plus

X the rumen TT of SP yielded an average of 51+5 h (Table'.‘

I1. 6) ' Further emphaSis of this SImilarity 1s evident in

‘the correlat1on coeff1c1ent of 0 82 This differed from the

.TT of large particles as calculated from fecal sampling forf”
5 -label added to the rumen as large particles (38 28 h and .‘ -
i'f‘31 04 h for LP 0 5% Cr and LP O 01% Cr respectively\ lica“"';r"‘"-.-‘51

difference might he the consequence of a direct exit of

_large particles through the reticulo omasal orifice Thus.f‘

‘wgp_the calculation of the disappearance of the small particles:'“‘“”

‘rﬁipaoriginating from the large particle pool resulted in a.

~’7fg_vaiue similar to additlon of the rUMeﬁ TT of the large lﬂif
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lf‘particle pool plus small particle pool This is an'

”aindication of the accuracy of the. technique

\ The size of the rumen particles had a s1gn1ficant

AN

“f effect (p < 0 Ol) on' the. TT2 (Table II 5) The large

'}

particles pass more slowly through the hind gut Th1s was“'
probably due to the large particles which passed directly
"out of the rumen S 'A‘}" T ‘:‘ i

The concentration of Cr, and consequently a. change in:
the digestibility of the particles, did not appear to have
any 51gnificant effect on the turnover times, Dgg. or e

TMRT (Table II 5) On the other hand the latter three

‘values were larger (p<0 01) for the large particles than

for the small particles Th1s is in agreement with Van
Soest (1982) who stated that particle size per se tends to
have 1ts own effect on passage. smaller particles pa551ng

faster than larger Ones

L3

o Ouantitative‘Model 46.61%‘65{ =

A Kinetic model assembled from data derived from the ,”

particles subjected to 0 01% Cr mordanting is presented as o

Fig II 1 Some 20% of the DM of the eating bolus was S
soluble DM flow to the LPP represented 63+15% of total DM. : |
or 85+19% of the particulate DM of the eating bolus The DM;&F

‘{ flow directly to SPP represented 12+5% of the total DM or ;ﬁ{;

15+6% of‘the bolus particulate DM The conclusion that DM

uof*the eating*bolus wasﬁ omposed of 80% particulate matter
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and 20% soluble component is 1n agreement with Ulyatt et
'al. (1986) who stated that approx1mately 35% of the DM of
| fresh forage is solubll1zed by chewlng, while only 20 30%
is released from drxed d1ets There were large
quant1tat1ve dlfferences 1n the results of experlments
measur1ng the partlcle 51zes of the eat1ng bolus in the |
llterature, these can be explalned in terms of the slev1ng
technlques used (Ulyatt et al 1986) Nevertheless,
chew1ng dur1ng eat1ng appears to be very efftc1ent 1n
releas1ng the soluble components The first order K1net1c
‘ calculat1ons 1nd1cated that the LPP represents 70+13% (3815
4470 g) and the SPP 30+11% (1632 + 180g) of the h '; ;%
part1culahe DM in the rumen When samples of rumenlcontents |

were wet- steved 65+5% and 33+3% offpart1culate DM were, .

v measured to be 1n large and small part1cles respectlvely ‘.&m
Thus, the calculated values were in agreement w1th*the
SIev1ng techn1que results ‘ ulf , | |
,l t The flow of DM out of the LPP 1s dtvwded between the :
productaon of VFA C02 and CH4 (46+22% of the or1glnal ;»]‘g
. feed DM) LP whlch go d1rectly out of the reticulo rUmen |
;’f :(4 6+1 7%) and LP‘whlch go to SPP (17 0+7 1%) | .
. Fermentat1on products accounted for 68% of the DM flow out
o of the LPP Flow from the LPP const1tutes 59% of flow 1nto
the SPP Flow of large part1cles directly out of the ”'J?Ch
rum1no ret1culum 1s relatively small (6 8+2 5% of the DM :ti
flow out of the LPP) which is 1n agreement with Dlxon and ; =

Milligan (1985) These authors notedtsh“f only ~5!5h




10 7= 15, 3% of . the faecal particulate DM was - retained by
3 2 mm mesh and larger screens This 1s in agreement w1th

" our: observation that 15" 5+5. 7% of the particulate DM in the

B feces is. large particles (>3 2 mm) R (cfr“

The present data does not yield an estimate of VFA,
C02 and CH4 produced by the fermentation of the soluble ‘
' components However ‘one might eXpect that a part of the .

oluble components originating from the eating bolus may

pass readily out of the rumino reticulum and be absorbed in‘%d

the lower digestive tract Van Soest (1982) stated that

'- fine. soluble and liqu1d matter escape the rumen more

rapidly than ooarse,_light, solid matter Dixon and
e Milligan (1985) noted that the 'FOR of even the smaller

rumen particle groups 1s con51derably less than that of

| water Time of fermentation may limit the extent of -

digestion in the rumen (Owen and Goetsch 1986) Some of the .
soluble fraction would be assimilated by rumen microbes and
pass through the reticulo omasal orifice 1n this form :

| The DM flow from the SPP was comprised of VFA C02
‘t and CH4 (4+5% of the original feed DM or 14+i7% of the
‘total DM of this pool) and flow out of the rumen (25+7% of
the Original feed or 86+24% of ‘the” total oM of this pool)

The VFA plus 002 produced in this way are relatwel;h

subjected ohfermentation.l,On the other hand

Mo

[

it would be i
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”small’particles Would-be greater‘dUefto‘a larger surface .
- per %nat we1ght Nevertheless, Pond et al (1984) stated
that s1mple reduct1on in partlcle 51ze does not mean the
materlal will be more dlgest1ble or that the rate of ‘jt:"

‘ d19est1on will be greater Akln and Burdlck (1981) fo%nd,”,«‘

M B

that,many small particles. were deeply sta1ned wlth acid
phlorogluc1nol 1nd1cat1ng a h1gh content of, l1gn1n and low ‘
d1gest1b1l1ty 1n wh1ch case no 1ncrease in digestlblllty

would be. pred1cted from further part1cle s1ze reduction or

EN

1noreased surface area exposure .

Accord1ng\to the K1net1c calculatlon of\thts study,

mater1al leavnng the rumlno ret1culum cons1sted of la?ge
K]

part1cles. small partwcles and soluble components ‘that were

‘v.‘

equ1valent to 5, 25 and 0 20% of or1glna1 feed DM These

R

‘results are cqns1stent w1th the 1dea that the relative Q
; resistance of DM to passage 1s related to s1ze (Poppi et
,alx 1980 Weston and Cantle 1984) Clearance rate within-

d1ets approaches zero for the largest part1cle Fract1on and,'
' progress1vely 1ncreases as the fractlons become smaller |

(Weston and Kennedy 1984)‘ A‘.b- 'f'_;%%

! -‘&‘

The d1gest1b1l1ty results 1ndicate\that the rumen is

.‘_the pr1nciple site of d1etary DM dlges(1on The Sma]1 j L

'a['1ntest1ne and the lower dlgestive tract absorb less than

T’Fhalf of the amount of part1cu1ate DM digested ln the

':J“n1n the feces Th1s 1s consistent with the results of Dlxon_

s,

'm‘rUm1no ret1culum Only 31 7+3 8% of the feed DM was found
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| 0.80 of the total DM digestion occurred in'the rumen. T‘he;,,‘
proportion of the total d1gest1ble organic matter dlgested
in fhe rumen in cattle g1ven forage diets has been
%Ftimaﬁed as 0.71 - 0.82 for ocaten chaff (Redman et al.
}988%,,0.79 for wheaten straw (Srisbandarajah et al, j982%.
0.82 - O.89»for spear grass hay (Hunter and Sieberg 1980).
and 0.80. - 0.93 for mixed gfass legume hay (Kenneey 1982),
The apbabeﬁt DM digestibility of the‘hayi was
68:3:3.%%. This is‘ih agreement with Kennedy (1985) who *
found an apparent digestibility of 72+2,3% for chopped
© bromegrass hey‘iq/éﬂeep exposed to ambient‘temperatures of
2204 280,/ o ,
‘ ;Q . ‘
Comparison Between the 0.01% Cr and the 0.5% Cr Models
Comparison of Kinetic models (Fig. 11.1 and Fig I1.2) B -
wfor ‘the’ two concentrations reveals that. there was a greater ﬁ?éﬁ
proport1on of solubré/zemponents less LP. and the same
por fion of SP in the 0.5% Cr model as compared to the 0.01%
Cr model. On ;he.othervhand, the‘gP; Qas larger. Less MFA |
plus'CO2 end CHq were produced ¥rom the LPP. The lafge Y
particles wh h go directly out of the rumino- ret1culum and
" the flow toward the SPP from the LPP were both 1ncrease§ in
the 0 5% Cr model Flow out of the SPP and flow out of the
‘rumen from the SPP are sim1lar between ‘the 'two 'e.
-concentrations as well as the VFA plus C02 and 9H4

.production frwh the 'SPP. The VFA and COy and CH4

-

Fo N
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produced from LPP'wé;e less for the 0.5% Cr modgl. The main
differences between the two models appeared tojbe as a -
consequéncemof a lower digestibility of the 0;5% Cr
particles. The differences show how mérkeﬁ»concentrations
can affect values obtained, The other Kinetic values seem
to be relatively similar considering the high sténdard
deviations. - ‘ |

-The large standard-devia;ions‘indicate differencés
between animals in particle size reduction by chewing
during eating, This has been found by Qlyatf‘ét al. {1986)
whoAstated that there are consistgnt differenceg between
animal in the effectiveness of chewing. | ~

The ferhentation products in the rumind;reticu]um (VFA,
COy plus CHy) represented 72% (0.01% Cr Model) and 61%
(0.5% Cr Model) of the total‘feed digestibility, fh1s {s
suppoftéd by Sutton (1972) who stated that production of
vo]atile fattyAacids (VFA) in tﬁe rumen fermentation
provides between 50 and 70% of the toﬁal digestiblie energy.

This model is a simplification of the multiple
digeétive ﬁrccesses acting in the ruminant animal; The
quantitative technigue seems tb measure,vWith relative

accuracy, the different digeétive functions. Never the less,
N : ~ . -

ki - .
more work remains to be done to improve the actual

descriptiée field\which was limited to NDF extracted

. -

bromegrass stems.
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I11. RELATIONSHIP BETWEEN BREATHING AND MOVEMENTS OF
THE RUMINANT STOMACH '

A. INTRODUCTION

Respiratory movements are‘olosely associated with
reticu1um movements during the ruminatton process. ' An
extra reticular contract1on associated w1th the -
regurgitatIOn phase of rumlnatlon is accompan1ed by an -
inspiratory effort of greater volume than usual. (Church
_1979) - This results from a sharp contraction of the
diaphragm caus1ng a negat1ve pressure in the trachea wh1ch'\
has been observed to occur ;n animals with a tracheal '
cannula (Webster and Cresswell 1957). This would be
acoompanied‘by a negative pressure innthe'thoractc caQity;
- and an increésedvanterior force on fluids in'the‘region of
the cardia. "It would seem rat1ona1 ‘to expect that
breathing act1v1ty is also coprd1nated w1th other more
: general movement phases of ‘the rumen ret1culo omasal
complex and would thereby. lnfluence the onward flow of
‘ digesta from the rumxno reticulum to the postrum1na1 ”
~tract. However.,this possibility does not appear to have “
'been~examined experimentally | The obJective of th1$ study"%
was to investigaté timing relat1onships between reSp1ratlon
' movements and the normal contract1on sequence of the

ruminant stomach

44
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B.'MATERIALS AND METHODS | |
| EXberiment 1 ‘ |
‘Ahimal‘S' | |
Four 15 month old Hereford steers (400 to 409 Kg body
.welghtl were prepared w1th rumen cannulas of 10 cm.
’d1ameter ‘ Each animal was maihtaihed in an individual Reh
.suff1c1ently large (3 x 4 m) to perm1t unrestricted
- movement. .The stable temperature was 21 + 19C,

| -

"vBromegraSS'hay'(BromusAinermis), chopped through a 76" mm

screepn and'hagvested at the midtto¢late-bloom staged was
‘offered'in twe Ive equal portions at'2-hour"ihtervals by
means Of‘an automatic feedlng device. The datly ration of
5.0 kg dry matter*(DM) '69.5 g N, per steer was' calculated
- to meet the’ ma1ntenance requirement (NRC 1984) of the
steers. Cohalt 1od1zed salt blocks and water were available,”
ad 1ibitum. B | "‘ , : '
Experlmental Precedures ."}' \" - '
Each steer was brought into a recording area where they~
, were restra1ned 1n a cattle squeeze Catheters
‘(polyv1nylchlor1de.,0 090 mm i.d. ) were placed in the
";follow1ng sites 1n,the‘lumen;of the.stomachlarea via the
| rumen fistula"‘rUmeh (malhivehtralqsac).'reticulum.'ahddf
“omasum. ~ The omasum catheter was f1tted with an . B
_umbrella shaped plastic holder ‘of approx1mately 1 cm
| diameter din order to anchor the catheter inside the organ

The ends of the rumen and reticulum catheters were fltted

'withuyeights t0~hold’them ln-place,l These catheters were jdil}i



| 46
connected to pressure transducers (Gould Statham) to record
pressure in the gut lumen F]uid was maintained 1n the
catheters by means of constant infu51op of water (Ismatec
pump MT-13 GJ-4) at a rate of 75 mL h” 1, Respiration o,
movementS‘weneirecorded by means‘of a pneumograph placed. .
around the thorax of theianimai and a pressure transducer.
The pressure transducers were coupled to ; physiological
recorder (Beckman model R612). Basal recordings of all
parameters were attained between 09:00 and 13:00 hours.

For purpqses of analys1s. the respiratory cycle was
divided into four phasesf theginspiratory_phase, the
| maximaiﬁzone (between inspirationfand expiration) the
_ expira;ory phase, and the minimal zone (between expiration
and‘inspiration) Forty to fifty consecutive reticulum
contractions were observed for each animal, except for one
steer. for which recordings of oniy twenty consecutive
cycies were achieved The recordings were examined for -
Acoincidence between the‘second peak. of the neticuium
;contraction and each phase of respiration Possibiiities
of relationships between bkeathing and other forestomach

. e :
: movements were also. conSidered The data were expressed as.w

“}a per cent of the totai number of contractrons occurring 1n
'?each respiratory phase , Analysrs of variance ‘using 4 p
(}completely randomized design was empioyed Treatment means f

'",were compared using Duncan s Muitiple Range Test (p<0 01)
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Experiment 2
Animals ’
Four 2- year old Suffolk wethers (40 to 46 Kg body
"welght) were prepared with rumen fistulae 3. 5 cm in
diameter and T shaped abomasal cannulae located 3. cm from
the pylor1c sph1ncter Each an1ma1 was. conflned to a
metabollc crate (0 9 x 1.8 m).  They were housed in a room

ma1nta1ned at a constant temperature (21 *+ 1°C) , Pellets

of bromegrass (Bromus 1nerm1s) hay, ‘harvested at the,mid to,tf

‘ late bloom stage were offered 1n twelve equal port1ons at
. 2-hour 1ntervals at a ma1ntenance level (1, 000 g DM d~ !
©13.0 g N d” 1) by means of .an automatlc feeding dev1ce
l‘(NRC 1975) Cobalt - 1od12ed salt blocks and water were
available ad libitun. e
‘ Experimental Procedures |

Animals were held in the1r metabol1c crates—{hroughout
'the exper1ment Record1ngs were made of the thoracic
respIratory movements and pressure changes in the rumen }
‘ (ventral sac) and ret1culum as descrIbed for experIment 1
In add1t1on, record1ngs of pressure in the abomasum were

v.made by’ means of a fluid filled catheter inserted via the

- abomasal cannula

The data were analyzed by the statlstical procedure-[ Y

descr1bed for experiment 1 '1‘-Q7\' j _ﬂfﬁg e
Overall Statistical Ana1ysis '-~{7f¥i“r?21fffv

A repeated measure statist1cal design analyzing theJrj»fn
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;variation between subJect factors (the diets and the .~‘
“”pspecies differences) and the variation within’ subJect '
factors (the phases of respiration) was used The data was
b standardized (percentage) so sheep and steer totals could
' be compared (Steel ‘and Torrie 1980)
'c RESULTS | |
Experiment 1 . ‘i_:; | .“ R > b ;/f ST
Fig 111.1 shows a portion of-a continuous‘recording of
‘respiratory and gastrOintestinal movements in a steer “For ‘
y‘the steers. respiratory freQUency was 18 4 + 1; .5 min~ -1 '1 . B
‘,and the reticulum. rumen and omasum contraction }
‘tfrequencies were. 1. 1 + 0 1 1.2 ¢ 0 1, and 1.1+ 0.1 o lugiff
.t?min respectively Inspiration maximUm expiration and '
‘ wfminimUm phases of respiration accounted for 39 * lO % ld '
i+ 3 % 40 + ll % “and nm + 2 % of breathing cycle time ‘T_‘,?—ﬂ
_The proportion of second reticular contractions c01nc1ding |
:fwith each phase of respiration is sh_pn in Table III In
‘f:;these steers. 68 1 + 8 7% of the sec'nd peaks of blphaSlC
irn}reticulum contractions occurred duri g ‘the inspiration e
bnly 757+ 3. 1% of f”

f;f“phase of respiration (Table III 1)
'il;peaks coincided with the expiratory phase (p<0 01) The
lf?percentages of the second peak of biphaSic re*iculum

'Tf%contraction occurring during the ”“”“mum and minimum phases

01) from those of

(Table {II 1) but not

~f%of the‘uespiration cycle differed

;jfjtheﬂinspiratory and expiratory phas

"om'eachfother Relative,contraction frequencies
e g B v
;ocCUrrence of second contractions during a .M,”ﬁ

Chame T




ety

‘resp1ratlon phase to the pPOpOPtlon of time speht on that
phase revealed (Table III 2) that contract1on frequency
was d1st1nctly enhanced dur1ng inspiratlon but it was also
sllghtly enhanced dur1ng the max1mum phase and it nearly

stopped dur1ng‘exp1rat10n The second peak of reticulum
fcontract1on corresponded to the beg1nn1ng of the 1ncrease'
4 hof pressure in the omasum, that is, the beg1nn1ng Qﬁogmasum i\
~contract10n (Flg I11. ). Pr1mary contractions of\the rumen'
‘(ma1n ventral ‘sac) followed second peaks of ret1culum
contract1ons by 36 + 3°seconds ‘
Experiment2 | | _
F1g III 2 shows a portlon of the cont1nuous recordlng
of resplratory and gastro1ntest1nal movements 1n a sheep« |
; Resp1ratory frequency of the sheep was 10 + '3 min 1uand"
‘the frequenc1es of ret1culum and. rumen contract1ons were
ll 7 + 0 1 and, é 0 + 0 1 m1n 1vrespect'lvely ;Inspjrat1on._
max1mum exp1rat1on and mlnlmum»accounted for‘38-f 12 %h
.‘15 + 2%, 35 + 11 %..and 12 + 2. % of the t1me of the .
‘resp1ratlon cycle In. these sheep. 65 +-12% of secondf'
‘Vpeaks of the b1phaslc ret1culum contractions occurred
fdur1ng an 1nsp1rat1on phase of resp1rat1on (Table III 1)
' “d;only (p<0 01) 3 4 + 3 0 % of the peaks coincided with the
]vexppratory phase of breath1ng As was found for steePS.;gd5llt
v]“there was no d1fference (p>0 05) between percentages of |

{tf”gsecond peaKs of b1phasic reticulum contractlons occurring

“diduring elther the max1mum or minimum phases of‘the

'3fresp1ration cycle, but in each case 1ncidence dlffered 0




~

& T s0

“(p(O 01) from those of 1nsp1ratory and explratory phases

(Table III f. Relatlve contract1on frequenc1es (Tablet tf

lII 2) revealed patterns nearly 1dent1cal to thoSe for-‘yh"
“cattle wlth 1ntens1ty be1ng substant1ally greater dur1ng |

' "the 1nsp1ration phase than dur1ng the mlntmum and

]

iexp1rat1on phases Intens1ty was. sl1ghtly enhanced dur1ng

”the max1mum phase Contract1ons of the omasum were not-.

,recorded 1n th1s exper1ment There were slow contlnuous

per1stalt1c movements of the abomasum that d1d not ind1cate p;

;any obv1ous relat1onsh1p w1th resp1ratton or the. changes

of pressure in the other stomach compartments (F1g III 2)

A summary of patterns of breathlng and pnessure changes’,’

'1n rumlnant stomach locat1ons (F1g ILI 3) shows the t1m1ng

T‘of regular moVements of’ the gut and dur1ng resp1ratlon

‘h:of breath1ng and prec1sely coordtnated w1t‘

o @‘tContract1ons of the rettculum partlcularly the second

e des

pﬁase are reasonably coord1nated w1th an 1nsp1ratory phase}f,

opentng of the

?reticulo omasal or1flce Follow1ng th1s. thf omasum

' '“lff.‘these processes, the rumen\was relatlvely relaxed and the .

ﬁ;g;compartment movements '@{,V°

If occurrence'ofdthe second phase of normal ret1cular

| 'c;1nnediately starts a biphas1c 1ncrease 1n pre‘sure Dur1ng o

: 3fﬂ:abomasum showed no part1$h ar relatlonsh1p w1th the other Hd\\

fcontractlonsfwa randomﬁwithtn the resp1rat1on cycle. .:ﬂ h;¢;¢f



| ':l\ f, L f“-.;‘;‘:7“'~ 5,
“dlstr1§utlon would haVe been approxlmately 38 12 38 and |
| {12 % dur1ng each of the insp1rat1on maximum eXptration.
iand m1n1mum phases respect1ve1y Results for the "‘"r
1nsp1rat1on and exp1rat1on phases show é clear departure
© from. the expected d1str1but10n Although any’ compar1sons
\between catt]e and sheep were confounded by d1et |
ﬁd1fferences “in our exper1ments, cotnc1dence between
;‘occurrence of second b1phas1c ret1cu1um contract1ons and
t.v 1nsp1rat1on was remarkably s1m11ar for the two exper1ments

Conversely lack of these contract1ons durlng exp1rat1on was -
also notable | e

.
R

| Re]at1ve contractlon frequencaes 1nd1cated a possible

:‘neurall1nh:b1tlon of ret1cu1ar contract1ons and a restrawnt

of 1n1t1at10n of the forestomach movement cyc]e dur1ng
"5exp1rat1on Insp1rat1on appeared to produce a neural

5fac1l1tat1on on the nervous system_control11ng retlculum :fl_lf
- contréct?ons We would v1ew the 1ntermed1ate resp1rat1on -
g{'phases (max1mum and m1n1mum) as trans1tion states between:\‘
;"hthe two phases (1nsp1rat1ons and exp1rat1ons) that clearly.ngh

’_“relate to ret1culum second contract1ons
’ )

S The reason for a relat1onsh1p between an 1nsp1ratory ﬁj;tﬁ
v {fphase of resp1ration and second peaKs of ret1culum

Hif]}contract1ons 1s not clear However, 1t appears that during

Wk”@}dsecond retlcular contract1ons. theiretlculum muscle wa11

“in synergy (Fig

'P11.4) dur1ng the1r contracttons to facilitat :propulsjon
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of reticdlum COntents through the" reticulo omasal or1f1ce

'f’wh1ch opens at th1s time (Bueno and Ruckebusch 1974) Th1s
..‘\in turn would fall the omasUm,\which then starts to |

.‘l‘ “\

contract fAt that ttme,’a success1on ‘of ton1c waves in. the

\

f“* omasal canal has an aspiratory effect because of 1ts

‘ ; coincidence w1th the cycl1c relaxation of the '

'ﬂ;'retlculo omasal\or1fice (Laplace 1970) j The tracang of the

omasum pressure showed a; b1phas1c pattern ' Th1s
RRNT . ‘
fﬁ observation @bnf1rms worK repbrted earl1er (Stevens et al.

1960) that pr0posed a two'stage funct1on1ng Of the omasal

Ql1ng of the omasal
body followed by omasal contracv1on "\f

IR

body. the first belng asp1ratlon and £

‘ffglf Evidence that transfer of d1gesta from the retwculum :
most likely occurs at the t1me of sedond peaks of the
)

b1phas1c contract1ons 1s supported by work of Balch et a]

(1951) These authors stated that passage of d1gesta from

the reticulo rumen 1s largely controlled by a. valvellke f'
action of the omasum Bueno (1972) showed that flow of "’ﬁ{

ingesta_into the omasum seemed ma1nly to be l1m1ted by the

,doubled byuarﬂdficially keep1ng the orlflce open Dur1hg
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omasum "The . omasum 1s buffered from the dtaphragm by the

nstatlc llver and would be subJect to less d1rect pressure

A neurolog1cal relat1onsh1p between breath1ng and the

contractlons of the ret1culum dur1ng rumlnatlon was

.‘Vl‘descrlbed by Breaz1le (1971) ‘A rum1nat1on center was

LY

""«ﬂ,fcontract1ons, as well as dur1ng rum1natlon

Jyproposed to l1e w1th1n the medulla oblongata in the

o .

v1cin1ty of the nucleus tnactus sol1terus and the dorsal

r‘nucleus of the vagus nerve. Th1s center ‘is located near
‘the resp1ratory centers and a rhythmlc command center.

: wh1ch controls the motor act1v1ty of the ruminant -

forestomach (Breaz1le 1971) In view of our results a

- synaptlc l1nk between these centers (resp1ratory centers

and rhythm1c command centerl appéars poss1ble Such a

Jconnectlon qu1te clearly does not apply to the, abomasum

N because there was no relat1onsh1p of the relatively

! ' . ./

1nfrequent contracttons of th1s organ to breathﬁng

. In concluswon in cattle and sheep second peaks of

B b1pha51c rettculUm contract1pns co1nc1ded w1th the B
‘“‘1nsp1ratory,phase of breathing 64 -'68 % of the time Th1s‘?
Y was 1P - iold greater than random probab1l1ty s

- adrig %ig

"Contractwons dur1ng the exp1rat1on phase were only 10 -‘20‘"

ff:% of random frequency Therefore,.respiration and movements”

f the rum1nant forestomach are synchronized to a,

7fcons1derable extent dur1ng the- regular pattenn °f blphasicg

Gu'
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v. ENDOSCOPIC TECHNIQUE T0 FOLLOW THE, MIXING AND
" BREAKDOWN . OF COLORED FORAGE PABTICLES IN THE
e RuMINO RETICULUM oF CATTLE SRR,

i "
[

A(IﬁlRODUélION:t
- "fhefuse of re-entrantﬁcannulae andjindigestible.h; "
‘ markers.has’resulted in'raoid‘adVanoes in determinihg the
factors 1nfluenc1ng the rate of passage of d1gesta through
‘A the rumlnant stomach Recordlng contractIOns from spe01f1c
alocations in the rum1no retloulum has perm1tted the study -
; of the sequentlal contract1ons of varlous reglons of-the .
’stomach However, a method y1eld1ng clear Understand1ng of
the . mechanlsm of propulsion and movement of d1gesta w1th1n,
"fthe stomach has not emerged Some observatlons can: be made'
'fdirectly through open flstulae but 1nformat1on obta1ned Inufr
lrlth1s manner i's lim1ted Obsenvat1ons have been made us1ng '
f&;radiographic techn1ques but the degree of resolut1on 1s'ﬁ‘
"‘quite 1imi ted. Recent advances in the technology of P

;tradlograph1c imaging have allowed a far more detalled study‘lu

e

”fto be made of the effects of movements of var1ous L e‘-"

,T!Compartments folds plllars and or1f1ces of the rumlnant

f;jstomach oh. the contalned digesta (Wyburn 1980) However
fﬁ;radiological observations of the routes taken by 1ngesta .

f;lrequire the use of rad1o opaque markers such as barium »juf]i,
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natural particulate flow in the rumino- reticulum -

The first obJective of this eXperiment was to find the.f

(. ”general pattern of movement of the particulate phase in the

.-:ﬂ‘fdp(480 g dry matter. DM each 2 hours to achieve maintenance.._f!$

rumino- reticulum The second goal. was to procure an idea of -
(the hreakdown rate of large particles Finally, the last

, purpose was to determine the usefulness of a. fibre optics
endoscope in visualizing the kinetic characteristics of the

partlculate rum1no reticulum phase <

. B. MATERIALS AND METHODS . R

Three Hereford steers (400 to 409 Kg body weight 15
.‘months of age) were prepared with rumen fistulas of 10 cm ,1{}
i:diameter Each animal was maintained 1n an 1ndividual pen
g_with continuous lighting at an ambient temperature of 20 -_

“122 0Q\dur$hg the experimental per\od ggome grass hay

-

S

TF‘(Bromus 1nermis) chopped through a 76 fm screen and ‘p@p

LY

utharvested at mid to late bloom was offered at 2 h intervals,'fpf

':\NRC 1984) by means of an automatic feed1ng device The B

\"‘fchemical oomp031tion Of the diet was 13 g g N kg'1 DM

. 672'g of cell wall constituents kg"nm 349 9 amd

FV;."Qdetergent fiber (ADF) kg'loM Cobalt iodized salt blocks 4[;

Iwh'gfwas first manually removed from 10 kg of bromegrass hay_

:"f”-and water were available ad libitum ~e};5

To acquire bromegrass stems only.‘the leafy material
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'Half of the stems were ground 1n a W1ley Ml]l us1ng a 2mm

*screen and then s1eved us1ng a wet stev1ng procedure (D1xon-';

Hand Mllligan 1985) . Part1cles wh1ch passed through a 2mm
”screen but not. through a lmm screen were collected and |
‘designated small partlcles (SP) The other half of the
Mstems were cut 1nto 10 mm lengths whlch were de51gnated
‘large part1oles (LP) The LP and SP were washed for one.“
Thcur (h). in boil1ng neutral detergent and then carefully :
irlnsed wi'th d1stilled water | | |

: Small and large part1cles were colored separately at.

,leffenent tlmes with a commer01al red dye (RITR, scarlet
d5 Canada Starch Co Inc J. A metalllc conta1ner was placedi
\Ton a heatlng plate and f1lled w1th 4 Viters of. water The.
:1water was heated the dye (one envelope conta1n1ng 32 g of
“fdye) dlssolved and the partlcles were then placed in the  .
" dyebath. While stirring, the dyebath was heated to
:_'simmer1ng (jUSt under b01l1ng) for 30 minutes The colored

';;particles were then rlnsed three times 1n cold tap water o

- and dried’ at 40 °c for 48 h:

';a~ﬁffijed welghts of small partlcles ‘579’ or ‘3”99

;;fpartlcles (809) were introduced 1nto three d1fferent

!

’fﬂrumlno retlculum locat1ons reticulum (locat1on 1). rumen




| The end of the endoscope (Olympus colonoscope Model ":'
o TCF 2L Olympus Corporatlon of Amer1ca, New Hyde Park NY)
fwas f1tted w1th an adaptor made of a c1rcular plastic g
”w1ndow of 1 0 cm dlameter w1th c1rcles pr1nted every 1 nm
‘rad1us on 1ts surface for the measurement of part1cle size
l.A 2. 0 cm long tub1ng JOlﬂed th1s w1ndow to the end of the
endoscope Part1cles were clearly v151ble when they were in d
*;contact w1th the w1ndow This mod1f1ed endoscope‘was used
:to count the number of the colored partlcles at seven'7
d1fferent rumlno ret1culum areas top and bottom of the
lf:retlculum bottom of the cranlal sac bottom of the ventral
vsac top of the dorsal sac dorsal caudal sac and ventral
ycaudallgac | | | ; _ - ,
o E After the 1ntroduct1on of the colored parttcles 1nto
_‘the three d1fferent locat1ons of the rumlno rettculum. jj-':
these sta1ned partlcles were counted 1n each area five ,:fhﬁ

© times € every h for 3 h every 1. 5 h'for a. further 4. 5 h and

drevery 2 h for another 4 h A channel was made through the

‘,,dense mat of rumen contents w1th the help of a wooden rod

””~j‘observation area The max1mum number of Barttcles for each

3j[7?fsmall (<2 mm) '1ntermed1ate (part1cles greateruthan 2_mm.

‘?u\fbut less than 10mm) and large‘part1cl “numbers,in the”sevendff

l;,to perm1t the paséage of the flex1ble endoscope to the

'Zilocat1on was obtalned by plotting the summation of the

2areas at d1fferent tlmes
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"\ i ,'f“

Nt;particles 1n each rumtno ret1ouldT area The breakdown of
‘?the large particles was descrlbed as the»deefeese41n the
‘mdnumber of the colored large partlcles and the 1ncrease of
t"inter-mnsediate particles and small particles ;5\‘ ‘1 - ‘e,.;
c.f"RéSULTS e
The small pant1cles m1xed gradually (2 to 3 h) Their '

d"number decreased when the m1x1ng was over proportlonally‘
| 31n eachhlecat1on (Table IV 1) The part1cles,put in the :

'*‘reticulum appeated to hlx sl1ghtly faster than when they ,

'yuwere pgt 1n other locatlons (Tabiehlv 1)u R ' ) "‘

The LP agpeared towbe able to mix in all locatlons

”f'wtthéﬁt d1st1nct1on (Table IV 2) Oonsequently,.the same

f?fnumber of LP were detected in the ret1culum as the other

f

>€ The tlmes needed for the LP
fﬂ}to at ain;tnace‘amount were 6 2 + 2 6 h 7 6 + 2. 3 h 4 5+ .

."ihyfor the$10cation§ 1 . and 3 respect1ve1y These

: / :> = 0 1 hr's. ,5 5 X 1 9 hrs



reticulum | |
The total ‘1ntermed1ate. and small partlcle numbers‘

| were at the1r max1mums after 6 5 + 1, 7 h, 4. O + 0 9 h and

‘I”f7f¥ + 1.9 h respect1vely The t1mes at whlch the SP and

the total part1culate amounts were at thelr max1mum did not

,3krd1ffer (p<0 05) . Conversely. there was a s1gn1f1cant

d1fference (p<0 01) between the tfme of the max1mum count

‘of 1ntermed1ate part1cles versus SP and total partlcles

| max1mum times (Table IvV. 4) o o '}‘ S
Table IV 5 1llustrates the teohn\que used- to assess theil

movement of the small colored partlcles F1gure IV 1, which bf

was constructed to represent the 1ncreases and decreases of

the colored part1cles.l1nd1cates that most of the movement

of. small partlcles was from the anterior to the posterlor“

;;of the rumen 1n the lower layer and then from the caudal ;_

‘lvsac to the antermor by way. of the dorsal layer of - the rumen‘

TR

Ve

d1gesta However. a back flow of small part1cles through | ,
SRR SN

l‘l,l'
lll

'fthe mat is poss1ble d,jr{“"]

As w1th the small partlcles. the movement of the large

"f:l.upart1cles was c1rcular orlg1nat1ng at the anter1or, moving

'"?%tﬂback in the Ventral layer of the rumen__lQE&ULJ““L

2%treturning to the anter1or of the rumen through the dorsal

:iflayers A back flow of large part1cles from~the front to

\

t,l;the bacK 1n the surface d1gest‘blayer was less common (Fig

.\,

Fx?bIV 2) A example of data used to construct the flgures 1s

dri?-g1ven 1n Table IV 2




;particulate matter 1n the rumpno retlculumtlThls movement i
is. c1rcular ‘in1t1at1ng 1n the front and mov1ng bacK via

' the bottom of the ‘rumen and mov1ng from the back to. the

h
g

‘front in the top of the rumen
i T e
’o,.'"bx,_s‘cd‘ss‘xciN o
, It appeared fhat when the large part1cles were placed ‘
l1n the retlculum the tlme needed to obta1n the maxlmum S
peaK of partlcles of all s1zes was s1gn1f1cantly smaller -
(p<0 01) than w1th other places of 1ntroduct10n A p0551ble-u“»v¢
texplanation could be that the large partlcles 1ntroduced atfg h
this location were subJected to chew1ng durlng rum1nat1on
:’sooner than those  from: the rumen 4«‘;2;,‘-}antf . "
| The number of large part1cles decreased relat1Vely :
Lg]quickly The t1me needed to attain trace amount of LP was
';not s1gn1f1cantly affected by the place of 1ntroduct10n |
hhMost of the large partlcles were reduced/ln$512e t<10 mm)
ngafter only an average Qf 7. 0 + 1 5 h (Table IV 4) Th1s is

5“7an lndication of the efflciency Of the Pa”t’CIe 51ze

redlgtion processes Thls 1s mbre rap1d than the

ﬂthe total number ofapart1cles and

;gfr were at their maximum,'andfihe




H\-‘

7. O h Th1s can be expected since an 1ncrease tn the total o
number of part1cles means a sign1f1cant decrease of the |
‘ or1glnal large pant1cles and an 1ncrease of their broken

\‘parts in the 1ntermed1ate (IP)\and small particles Jhe 1P

i

;atta1ned the\r max1mum level before the SP ones which would
i,

be expected 51nce SP in the rumen wou]d or1g1nate 1n part

from the IP

4

The d1sappearance of the small part1cles after m1x1ng

was un1form in all seven rumlno ret1cu1um aﬂeas It'

) ~.appeared that the pumino- ret1culum acted as a true pool of'

A

sem1—l1qu1d content 1n wh1ch part1culate matter 1ntroduced

‘ 1ns1de at d1fferent locat1ons mlxed completely after a o

short per1od of t1me w1th no obvaous barrners (Table IV 1)
The pattern of movement of the sma]l and 1qgfe

particles was s1m1\ar One 1mportant d1fference is that the

2

small partlcles apparen ly can travel through the mat "¥é"‘{

the opp051te d1rect1on to the prlnClpal part1culate ffow
Th1s phenomenon may help small partlcles to mlx faster The f
general movement seems to 1nd1cate that the new. particles,urf
orug1nat1ng from the bolus, would pass under the compact |

} mat floatlng on the surface and go to the posterior part of

the rumen Th1s new part1culate matter would then,f]oat 1n‘df

N

the dorsal sac coming from the posterior part of the rumen
to the anter1or rum1no ret1culum port1on The older fi e

part1cu1ate mater1al wh1ch 1s st1ll floating, will go ;;' “

flrst to the ret1culum to be rum1nated Thus, the new

i .'“-\..a‘-_‘a» :

fﬂiﬂﬁ; material wou]d have to wait for the breakdown of the old : :
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and probabrly would be partially fermented during this time.
The general movement apdbars to be a relatively simple
qlrcular stream 1nslde the rumino- reticulum with some

vbackflows and mlxing act1ons possible,
' \.<‘ \ l -
mﬂ&fat.,Large partlcles as well as small particies were mixed
PON /
unyformly 1ns1de the rumino-reticulum after’ a few hours R

These“results queft1on the not1on of a hypo hetlcal barr1er

(occlus1on of coarse’ matter in the floa g mat of fibep,

Van Soest 1982) l1m}t1ng the flow of large partlcles to
#
the retlculum (Tables IV.2.and IV 3). L CT . RN

These results also do not totally agree with Waghorn e

and Reid (1977) or WyLurn (19807 . These authors stated that

o~

the kinet1cs inSIde the rum1no reticulum are divided in. two

.streams. a cnrcular stream from\ the anter1or to the

posterior of the rumen at the lower level of_;he mat
followed by a movement from the postecior to the anterlor.. S -

on’ the top of the mat 1n the dorsal sac. and a clrcular

-~

' \stream which was 1n the opposlte direction in \he ventréﬂ
Ve

vksac; It appears that our results lndicated only the

; movement that these authors descrlbed in the dﬁhii; sac.\-<
- / g
Their experiments involved sheep. so xf'xs possibTe that

the Kinetics of the partlculate material inside the

rumino-reticulum of cattle and sheep are different The1r ’

'finexperlments also 1nvkoed radiolog1cal techniques w1th the
“*:65; of liquid radio opaque subtances. whwch .can g1ve only “
he liquid/ phase movement of the digesta R

| It ls concluded that the 'endoscomc techmque 1s useful

‘i.‘i'. s .
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tosStudy the distribution pattern of particulate matter as
A , P .

well as its breakdown.

3

N
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e auomch SEPARATION oF PARTICLES IN FEED FECES
o B /AND RUMEN CONTENTS AND THEIR EXAMINATION BY NUCLEAR

('(

i ""’* MAGN( *ESONANCE

i FTIEES

Spec1f1o grav1ty affect< bassage‘of‘inert partibies"
,#d SR
(K1ng ahg~Moore 1957 Evans et al‘ 1973 desBordes 1984)

b . <

and chroqum mordanted a}falfa (Ehle 1984) from the rumen f\‘
Part1cles w1th spe01f1c grav1ty between 1 17 and- 1 42 ' o
(desBordes 1984) sank through the f1brous mat in the rumen ”T
’ and\were more likely to be Q@ssed through the .

cet1culo omasal or1f1ce than werefpart1cles outside th1s ”"
”range Thus,.th1s partlcle property is llkely to 1nf1uence‘

\-:‘,‘

"J‘vcluntary consumptton 1n forage fed ruminants

," The nutr1t1ve value of ﬁeeds and fOrages is greatly




' ‘f,ﬂ‘,iﬁ‘,*  ']_ f15f¢f‘l‘ .~,%t_ffn ‘; R tv;82l‘;
hemiceIIUIQSe and Ilgnin is crude and may mask s1gn1f1cant o
‘, 3' underlying physical and chem1cal dtfferences Further 7

W research in. this f1e]d is needed Progress may f1rst

CoA
require util1zation of more refnned ana]ytuca] techntques

ﬂrNuclear magnet1c resonance (N M. R ) is an’ examp]e oF”such a

R 1techn1que (Ehle and Stern 1984) Pre11m1nary stud1es of‘thel

'*nutrttional value of forages by 130 ‘}h' ﬁw o . .

,:‘across polar1zat1on maQIc angle splnnlng w1th proton
decoupllng NMR indrcate that protetn l1gn1n and *;

\carbohydrate can be seen on spectra directly and may be

\1f‘1984) o ;a”*~ g

The object1ves of th1s research were to 1nvesttgate the

}f' separation of parttcles from feed feces and rumen on the

Lot
't

t5ﬁfh_bas1s of their buoyancy, to examlne the d1mens1ons and

2
I

. shape of these partlcles. and to study the1r compos1t10n by" L

'n;\ghigh resdlution. solid state T3c-hmR.




v'u ’l

-.2 hours, NRC 1984) by means of an automat!c feeding device
The diet conta1ned 11 5%‘crude prote1n (CP) 672 g cell
L ‘wall cond!!tuehts (neutral detergent f1ber NDF) ‘and 349 g

f,

‘an“rl‘ac1d dggzgaent F1ber (ADF) per Kg DM Cobalt minerallzed

‘salt blocks and water were available ad 11b1tum
" . \ ]
To\obtaln feed part cles, bromegrass hay stems were

'ground 1n a W1ley M1ll u51ng.a 2 mm screen and then sieVed

(R

‘by a wet sieving procedure that allowed the particles to '
f pass through a 2 mm screen but not through a 1 mmwscreen ot

.KCD1xon and Mllllgan 1985) The ﬁtsult1gg part1cles were /f

tond
EERA C

o then soaked 1n phys1olog1cal saline ‘for 24 hours .‘fgf‘, p
J&ﬂﬁ':t;" The feces were also wet-s1eved using a O 5 -mm . screen to
ST lsolate the partlculate matter After drylng the particles

b#;‘ were ground in a W1ley M11] us1ng a 2 mm“séﬁeen and tben iﬁ
;ﬁ“f}- 51eved w1th the prev1ously descr1bed wet snev1ng tech:dhﬁeb

a .
(e

The >1 @ mm part1cles were” then dr1ed at 60 OC 1n a 'f““”yﬂ

;‘;*v‘sal1ne for 24 hours

o | Three types of rumen part1c]e§nf'-”,*“’-5“
Lo ‘ Y o
S 1solat€d from,theﬁmat on the Pumeﬁ‘cohte tsd

! o
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' particles. The small particles (<3.35 mm) originating from

" the ventral sac receivdd tﬁe same treatment as the small

., particles from the mat,

\ '
. vy, Rumen contents were filtered through |eight layers of

‘. ) n . 2
cheesecloth. A cylinder (114,3 cm long and 9.0 cm in
diameter, Qraduated every 100 mL) was filled with 4.5 L of

rumen fluid., To maintain an anaerobic environment, a COjy

GAM‘QGmdspheﬁe was haintained at the top of the cyLindér. The

¢y1igden was held in a water bath at 39 Oc..After 0.5
- hour, a green flocculation was gppanent on the top of the
liquid in the cylinder, This was removed by suction and the

A

volume was adjusted to 4.0 L. .
- o .
Soaked particulate matter (5 g DM) was put on the top

of the rumen fluid in the cylinder. The liquid in the

~ cylinder was emptied 10 seconds after depoéifion of the

particles on the top, through a small opening (8 mm) at the
bottom with 200 mL portions being collected in twenty
separate containers. The cylinder was emptied with the
bottom opéning totally unrestricted. The different
fractions werevnumbered‘one to twenty, twenty being ftom
the top and one from the bottom of the'cylinder. When 'the’
cylinder was finally empty, the contents of the different
containers were washgd with tap Qateb using a cylinder with
a 0.1 mm screen tOVEIean so]uble components off the

" particles. The pa}ticles were then dried in a forced draft

oven at 60 Oc for'ap least 48 h and subsequently weighed.

The shape and dimensions of the particles separated by |

-~

»

-
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_buoyancy were evalualed using a‘micgoscope and a,hfgh
o ,

LY

precision rﬁler.

.The particles from each 200 mL fraction were examined
by high resolution solid state '3C-NMR. Carbon-13 NMR
i spectra were obtained on a Bruker CXP~200 spectrometer at a
frequency of 50.3\MHZ. A single, matched cross-polarization
contact of 2 msec was Qsed; 8000 free 1nduc%ion decays weré
collected over 1K memory and zerofilled to 8K before.
Four1ef transtrmation. Magic angle spinning rate was 4,0
KHZ (Elofson et al. 1984).

N content of the sahples subjected to NMR spectroscopy
' wés determined by fhe standard Kjeldahl method (Association
of Offiéial Analytical Chemists 1985). The specific gravity
of tﬁe filtered rumen fluid was determined by weighing 500
mbL of this liquid in é volumetric flask. The procedure was
repeated five times and the average was calculated. The
specific gravity of the fluid before suction of the green

floating substance was 1.0069 + 0.0002 and after was 1.0077
+ 0.0002. ‘

C. RESULTS AND DISCUSSION

Buoyancy curveé and NMR examination

The distribution curve of feed particles in the
cylinder (Fig. V.1) was hyperbolic with a smatler slope for
‘the descending phaseﬁ*The max imum concenfratiohs of

particles were found at level 6 - 7. A relatively large



.
A

. - N . | 7 8e
propor tion (9.2+2.8%) of feed Aarticles floatga‘in fract}on
20 (Fig;‘v.1)f The maximum for fecal particles wés at the
level of 1 - 2; few (2 7%) fecél particles floated on the
rumen liquid’ in. the cylinder . (F1g V.2).

The shape of the distribution curve of the rumén TS
particles contained‘in the liquid phasq’was hyperbolic
(Fig. V.3). Maximum conceédtration of rumen part1c1qs was at
the level 4-6 (Fig. V.3) éhdismall particles in éﬁe mat f

(Fig. V.4) peakéd at level 5.

|

.the two curves'were Qery steep. banticularly for {he small

The descending portions of
part1cles or1g1nat1ng from :fe l1qu1d fraction of the rumen
1ndlcat1ng a small proportion of pa#t1cles of low density.
The distribution curve of lirge particles from the mat )
(E]g! V.5) was not as simple as’the other curves; 19 fact a
major portion of the particles (41%) floatéd.

NMR spectra of particuféte m?tteh of all studied
origins iﬁdicated thaﬁ.particles which floated contained a
higﬁer proportion‘of proteﬁns, as well as a iower
'proportibh of lignin (Fig. V.7, V.9). On the other hand -
particles which sank fastgr contained a higher proporiion
of lignin and a lower.propOFtion of proteins (Fig. V.BJ
v.8). | | |

NMR spectra- of feed particles indicated an intefmediate
content 5¥iprotein and lignin. Concerning ‘the rumeﬁ‘
pactiéles, the large p§rticles from the mat appeaﬁed tg

contain most of the nutritive value.’More than 40% of the

" particles originating from the large component of the mat



floated. They contained a .larger proportion of proteins

hdd R Q I -.-.. 87 w

(Fig. V. 10) . On the other hand the small particles from the ~

mat and the ltqutd phase appeared to be 1ntermed1ate‘and
| ‘contained a‘relatiyely lower proportion of proteins and a

larger probortion of lignin than the‘lange particles, These

observations indicated a lower nutritive va]Ue.‘This‘is in

[}

agreement with Pond et al, (1984) who stated that simple

reduction in particle size does not mean the material will..

be more digestiblel or that the rate of digestion will be
greater. Akin and Burdick (1981) found that many small
particles were deeply stained with ac1d phlorogluc1nol
1nd1cat1qg thelr high content of I1gn1n and low

T

dtgestlbil1ty (Ak1n and Burdick 1981). No‘1ncrease Jin

digestibility wou 1d be predicted from further parttcle size -

reduction or 1ncreased surface area eXposure The fecal
.

separation curye anq‘the-ana sis of NMR spectrum indicated

that the‘fecal particles contagned a low concentration ef
proteins and a telatively ierge'emount of lignin.

| N Chemicel anelysis of -the N content of the different
stratifjed layers supported the NMR indfcationmof a high
content of proteins in the particulate matter having. an

higher buoyeﬁcy (Table V.1). ' ‘ (

Shapes and dimensions of the particIes separated by
buoyancy ‘ |
' The analysis of the shape and d1mensions of the

particlestseparated by buoyancy (Table V. 1) indicated that

Q



the part1cles wh1ch sanK faster fended to be. siightfy .
Jonger. w1der and thmcker The shape of these part1cles was
‘halso re]at]vely more cub1c The,part\cles that floated were
re]at1ve]y thin, The same observat1on was valid for alg
samples. faeces.,feed, llqu1d phase particles ~and 1arge
and smali particles from the mat. These observat\ons of

shape relate to the reports of M1Ichunas (1978) anq\Van

. Soest (1982) who stated that plant t1ssue w1th a lbw\.

N

l1gn1n ce]]ulose rat1o w1ll tend to bend rather than break
while tissue w1th a h1gh lignin- ce]luﬁpse ratlo will tend
to break rather than bend Consequently.‘the less I1gn1f1ed
grasses tend to mill into 1ona.‘th1n flbrpus partlcles
“while more l1gn1f1ed alfalfa fragments into more cubo1d
plepes L1gn1f1cat10n 1ncreases the force required to shear
such that 1n milling more l1gn1n becomes select1vely
distributed amoné)the larger part1cles These statements
"are confirmed by the NMR analysis.’ | . o

A1l the samples werelmechanically'grognd’using‘the same
sereen'in the. grinder. Howéver, feed and large particulate
imatter from the mat received a more r{gorous,mechanjcal
grihding treatment due to their ohigfnal size. -
Unfor tuately, the-effeet of a stbonger mechanicai ghind{hg
treatment on particle shape distribut1on is not Known.

The parttcles ‘which sank faster are 1mportant because
: of thelr high content in lignin and their likely
.corresponding Tow - digestibil1ty A negative association of

.digest1b111ty w1th lign1n or fiber content 1s well



L

-

- established (Van Soest 1965). Lignin will 1imit the in

vltro extent ofﬁdegradation (Cross”et al..1974)!and‘reduce
the availabil1ty of structural carbohydrates Ehlg and
Stern (1984) ind1cated that lignin 1nh1b1ted d1dest1on of
1.4 times its we1ght of cell wall carbohydrates Smlth et
al. (1972) have Shown that 75% of the'vamjation of cell
wall digest1bll1ty can be attr1buted to ﬂlgn1f1cat1oh
l{ Plant cell walls are not ‘of uniform density; mature
lignifled walls are,much denser . than ydbng imnature onesﬁ
yet both are consumed to d relat1vely equal txtent (Van
.Soest 1982).165nsequently, both forage density and plant
cell wall density have lower correlations with.volugtary
intake than does cell wall content’ Van Soest 1982). The
explanation for the fa1lure of dens1ty to account for cell
wall 1ntake is not well understood (Van Soest 1982). The

WY

present exper1ment m1ght give an explanat1on Clearanc§
depends on two interact1ng processes the first be1ng |
CoA

' ;breakdown through the phys1cal reduct1on in particle s1ze "

plus m1crob4al d1gestlon, and the second be1ng phys1cal

'\3pas§age from the rumino- ret1culum (Fa1chney 1986)

55'?\

-~

, Immature voluminous, thln walled ‘cells are not only more:

digestible but have an h1gher buoyancy On the other hand
the mature lignified cell walls have an hlgher dens1ty and
a’ lower buoxancy They will tend to. sink through the
1f1brous mat in the rumen and to be more likely to pas;
through the retlculo omasal orifice Clearance of feed | |
"residues from the rumino retlculum has long been recogn1zed

'K



90

as a major prooess'determining and, therefore cOntrolling'
‘rboth the 1ntaKe and digestion of forages (Ulyatt et al.
19862 Thus, young 1mmature and highly digestibie cel]

walis will disappear from the rumino reticuium mainly by.

t

microbial digestion whiie mature lignified cell wails will
exit mainly by passage through the reticulo omasal orifice
It appeared that the relatjve buoyancy of the particles

is based s1multaneously on their chemica] and physical
!
properties Phy51cai form and attributes are probably

M &
“largely determined by the chemical comp051tion Buoyan y
Ik N o

might be reiated directly to the shape“and chemica] v
t . i
composition or orjly directiy to the physical form and

1

indirectly to the chemical cOmposition The thinner J;,f-

\

particles migh_ 51nk s lower because oﬁ their hydhodynamic

properties, as for example as a«feather in the air“ or/and

aiso because of the density of their\chemloal COmponents
Unfortunately there 1s no’ 1nformat\on 1n theii;terature on
these relationships It appeared that no rgsearch has‘been
done on relative denstties of proteins versus fibers The'y

1nterrelationsqip between buoyancy, spec1fic gravity. shape

- and dimen31ons. and chemical composition of p'rticulate

| matter might be useful in an 1ndirect anaiysis of the

‘ nutritive value of forage particles by relative buoyancy

o ' . " / ;: ' "‘f
. v . ~":\l’=- N ‘ R
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10, 12- 14 16 18
:Level ‘

Pevcentage of ground (1 2 mm) feed. part1cles in

'- eagh level of the cylinder.

ﬂ*, cyltnder

Level .Fepresents consecutive -
mL portjons from the bottom Il) to the top (20) of the-.

.y"v
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Fig. V.6. NMR, spectrum of low buoyancy feed particles. The
abcissa in this spectrum represents chemical shifts given
_in parts per milljon .from the ¢arbon of tetramethylsilane.
This scale represents the magnetic shielding due to the
~electrons-qf\chemically‘distinct carbon nuclei. On this
‘spectral scale,. carbonyl carbons associated with peptide
linkages, and with hemicellulose appear at .170-180 ppm. The
aromat i c.oarbons, chiefly of lignin, appear at 130-160 ppm.
Between 60 and 105 ppm oxygenated aliphatic carbon atoms
gssociqted“chiefly.with'carbohydrate appear. The peak at 56
ppm.is. of the carbon of methoxy! groups, cHiefly of lignin.
At 5-50 ppm, aliphatic carbons appear that have been
attributed largely to protein. ‘ : ‘

e,
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Fig. V.7. NMR spectrum of high buoyancy feed particles. The
abcissa in this spectrum represents chemical shifts given
in parts per million from the carbon of tetramethylsilane.
This scale represents the magnetic shielding due to the
. electrons of chemically distinct carbon nuclei. On this
spectral scale, carbonyl carbons associated with peptide
linkages, and with ester groups associated chiefly with
hemicellulose appear at 170-180 ppm. The .aromatic carbons.
. chiefly of lignin, appear at 130-160 ppm. Between 60 and
105 ppm oxygenated aliphatic carbon atoms' associated ‘
,chiefly with carbohydrates appear. The peak at 56 ppm is of.
the carbon of methoxy!l groups. chiefly of lignin. At 5-50
ppm, aliphatic carbons appear that have been attributed

largely to protein.
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The

V.8. NMR spectrum of low buoyancy feces particles.

Fig.
abcissa in this spectrum represents chemical shifts given
in parts per million from the carbon of tetramethylsilane.

This scale represents the magnetic shielding due to the

electrons of chemically distinct carbon nuclei. On this
scale, carbonyl carbons associated with peptide linkages,

99

and with ester groups associated chiefly with hemicellulose -

appear at 170-180 ppm. The aromatic carbons, chiefly of
Tignin, appear at 130-160 ppm. Between 60 and 105 ppm
oxygenated aliphatic carbon atoms associated chiefly with
carbohydrates appear. The peak .at 56 ppm is of .the carbon
of methoxyl groups, chiefly of lignin. At 5-50 ppm,
aliphatic carbons appear that have been attr1buted largely

to prote\n
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Fig. V.9. NMR spectrum of high buoyancy feces particles.
The abcissa in this spectrum represents shifts given. in
parts per million from the carbon of tetramethylsilane.
This scale represents the magnetic shielding due to the
electrons of chemically distinct carbon nuclei. On this
spectral scale, carbonyl carbons associated with peptide
linkages, and with ester groups associated chiefly with

. hemicellulose appear at 170-180 ppm. The aromatic carbons,

. chiefly of lignin, appear at 130-160 ppm. Between 60 and
105 ppm oxygenated aliphatic carbon atoms associated .

~chiefly with carbohydrates appear. The peak at 56 ppm is of
the carbon of methoxyl groups, chiefly of lignin. At 5-50

" ppm, ‘@liphatic carbons appear that have been attributed

~ largely to protein.- :
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Fig. V.10. NMR spectrum of high buoyancy particles
originating from the mat large particulate matter. The
abcissa in this spectrum represents chemical shifts given

';.in«parts per million from the carbon of tetramethylsilane.

This ‘scale represents the magnetic shielding due to the

electrong of chemically distinct carbon.nuclei. On this

';spectral'scale; carbony! carbons associated with peptide

linkages, and with ester groups associated chiefly with

hemicellulose appear at .170-180 ppm. The aromatic carbons,

chiefly of lignin, appear at 130-160 ppm. Between 60 and -

105 ppm oxygenated aliphatic carbon atoms associated o
chiefly with cdrbohydrates appear. The peak at ‘56 ppm is of
the carbon of methoxyl groups. chiefly of lignin. At 5-50
ppm, aliphatic carbons- appear that have been attributed-

largely-to’protéin. -



S

| 02
D. BIBLIOGRAPHY T

Akin, D. E. and Burdick, D. 1981. Retationships of
~different histochemical types of Wignifieq cell walls

Cor _‘,,,,
to fonage d1gest1b1l1ty Crop SEi, 21: 577-581,

'{:?”

AOAC. 1985. 0ff1c1al Methods of AnalySIS (12 Ed.).
Associat1on of Official’ Ana1x$1callghemiSta,
Washington, D.C.. P ’““%f“‘&‘v ‘

Cross, H! H., Smith, L. W. and Debarth, J. V. 1974. Rates !

- of in vitnelforage d%gestion as'influeneed by chemfca} ;E

-

treatment. J. Anim /ZSci. 38: .808. o :
desBordes, C. 1984. In luence of specific,gragjty'on !
num1nat10n and passage of indigestible partlcles J.
Anim. Sci. 59: 470-475. ‘
Di{en, R. M. and Miiligan, L. P. 1565, Removal of'qigesta
components from the rumen of steers detefmined by
sieving techniqees and fluid, banticulate and
microbial markers Br. J. Nutr. 53: 347-362‘ ,: * ~
- Ehle, F. G. 1984. Influence of feed part1cle spec1f1c - |
gravity on part1culate passage from rumen of Hulstein
cows. J. Dairy Sci. 67: 693. | |
‘Enhle, F. R. and-stern,‘M. D. ‘984, Phy51cal and chemICal
'AVariables influencing part1cle passage and‘SIZe N
reductjon. IN [R. L. Baldwin and A. C Bywater _' , ‘L
égjtofs]. “Model1ng Rumlnant D1gest1on and "
Metabel%sm . Proceedlngs of the Secowd Internat10nal

WOrKshop. University of Cal1forn1a Davis.



v

B | 103

,TElofsbn, R.M., Ripmeeter, 0. A., Cyr, N., Mll]igan L. P,

| and Mathison, G. 1984, Nutr1tlonal evaluatlon of '
forages by High~Reso]ut1on so]}d state 13C~NMR. Can,l

U, Anim. Séj.‘643\934102. A

Evans E. W., Peérce G. R., Burnett, d ‘and Philliger, S,
1973, Changes 1n 'some phy51ca1 characterlst1cs of the”
dlgesta in the reticulo-rumen of cows fed ‘once da1ly
Br: v, Nutr. 29: 7.

Faichney, G. J 1986. The K1net1cs of part1culate matter
in the Pumen.bIN (L, P. Milligan, W. L. Grovum‘and A.
Dobson, edjters]; "Control Qf Digestion andeetabo]ism
in Ruminants”. Prentice-Hall, Englewood Cliffs. New
Jersey. pp. 173-195. -

‘King,‘K. W. and®Moore, W. E. C. 1957. Density and size as
‘faéggrg éffecting passage rate and ingesta in the
bovine and human digestive tracts. J. Dairy Sci. 40:
528. .

Milchunas, D. G., Dyer, M. 1., Wallmo, 0. C. and Johnson,

l\
D E.1978. In- v1vo/ In- v1tro Relat1onsh1ps of

Colorado Male Deer Forages 0.8B. Cope. ed. Colorado
“div. wljdlx WRS-43.
sNRC{ 1984. NOtr%ént.Réquifgménté of Domestic Animals.
i No!&._Nutrient Requirements of Beef;Cattle; Sixth -
Revisal Edition, Nafional'Academy_offSciehces;

'National Research Cbﬁhcjl, Washington D.C..

| -

4



!\. oy
| | ST 104
‘Pond, K. R., Ellis, W. C. and Akin, D. E. 1984. Ingestive
mastication and fragmentation of forages. J. Anim, |
Sci. 58: 1567.
Smith, L. W., Goering, H. K. and Gordon, C. H, 1972} :
Relationships of forages compbsitioh with ratio of
cell wall digestion and indigestibility of cell.walls,

J. Dairy Sci. 55: 1140,

—

Ulyatt, M. V., Dellow, D. W., John; A., Reid, C. S. W. and
' waghorn, G.C. f986.‘The‘Epntnithion of chewing,
during eating and rumination,'fo'thecilarénce‘of
digesta from. the rumino-re{iculﬁm, ]N‘f L. P,
MilTigaﬁ,‘w.L.vaovum and A.‘DOb$on, eQ${orsj 
v“ContEol'of*Digestioh and Metabo]ism in’Rum{nants“.
Prehtice;Hall, Eng lewood Cliffs. ‘New Jersey. pp.
498-515. |
van éoest, P. J? 1965. Sympoéium oﬁAfactofs inffhéncihg
" the Qoluntary infake,of hérbagefby ruminants: E
Voluntary‘infakeiﬁ-relation to chemical mpos i tion
and‘digestfbility.‘d. Anim. Sci. 24f 834; ,
Vah'Soest,‘P.‘J. 1982. In: NQtritfonal eéology.of the"ﬂ

.

rumfnantLlO and 8 Books, Inc.;LCBrvalJié. Orl

-‘I“ )

K



— . . . ' ' !

\

- V1, EFFECTS OF PSYCHOLOGICAL STRESS, -ACUTE COLD |
A STRESS, AND DIFFERENT DIETS ON RETICULUM RUMEN,

v

AND OMASUM CONTRACTIONS IN CATTLE

A.'INTRODUCTION
Attempts to model rumen'Function (Ulyatt et al"1976)
't‘ ' have demonstrated a limited understanding of factors
| affecting rumen motility (Waghorn 1977) ' Ev1dence of ..
rel tionships between motility and dieta\y factors has been
reporﬁed (Colvin et al 58; Popescue and Florescu 1958
Freer”et al l962)\~ An/jjsérstanding of these factors is
limportant since any marked changes in the motility might be
expected to affect the efficiency of digestion in the .
Iforestomach wHoweVer} most of the previous'studies have
Tinvolved a limited number of diéts and have been conducted
| mainly in sheep (Colvin et al. 1958 Popescue and Florescu
1958 Reid 1963) Detailed studies of relationships between

'-“'diet and gastric motility in cattle are needed because the f'}

| anatomy and motility of their forestomachs differs from -
that of sheep (Reid 1963)\' "
'rxThe summed eXCitatory and 1nhibitory effects of
ifafferent inputs to the gastric motor centers play a maJor -
‘ role in determining the pattern of motility exhibited by
 _y:nthe reticulum and rumen at any»given time (Stevens and .
' ‘\'Sellers 1959 Comline and TfYEFEF 1961) Gastric motor ;f'

.
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‘centers are affected not only by afferent 1nputs from the
gut but’ also by the act1v1ty of h1gher centers in the bra1n
~which may be 1nfluenced by psychologlcal stress fIn" ‘
add1t1on nerve and muscle ‘cells are. §€n51t1ve to change
in tﬁe“co‘nposﬂaon of the extracellular fluids that bathe
t them Changes 1n the comp051tlon of t1ssue flutds may oocur
- as a result of the d1gestlon of food 1n the gut or hormonal
‘changes,' At present there 1s little information on the
extent to which tissue flu1d changes may affect gastr1c
“motility (Reid 1963). o |

Sensory. 1nputs ar1sing from env1ronmental stimuli, suchﬁ
as temperature 'may also lnfluence the gastric centres | v
Cold exposure has been observed ‘to increase frequency of
reticulum contractton in sheep (Westra and Christopherson
1976) and in cattle (Gonyou‘et al 1979) However ‘these
Istud1es were done after ma y/hours of exposure to the cold
"env1ronment thtle 1nformat1on is avallable regarding the
effects of acute cold stress on gut motillty of steers and
1ts 1nteract10n with d1fferent types of d1ets

x The object1ves of the present experlment were to

determ1ne the effects of d1fferent types of diet on
: ret1culum, rumen and omasum‘contract1on frequencxes in ‘
'steers and to assess the 1nfluence of a psychological

fstress and acute cold stress on. the ruminant stomach

movements F1nally. the 1nterract1ons between diet and type




| C.‘The'daily intakes were calculated-to meet_the‘

_ 107

of stress on stomach mOtlllty were 1nvestigated

MATERIALS AND METHODS

Anlmals and their Management ‘
Four 15- month old Hereford steers, each: fitted with a il

rumen cannula (10 cm diameter) were maintained in

1nd1vidual pens (3 m x 4 m) at an ambient temperature of

21 '+ 10¢. Four diets were offered to each steer in,a‘

Latin Square design. The diets 1ncluded Bromegrass (Bromis

e nermisl hay - B Alfalfa (Medicaqo sat1va) hay - A,

Alfalfa silage -.AS, and a barley diet (Hordeum vglgare) -

. . . ) . . ) . N

maintenance‘reQUirements of the steers (NRC 1984, Table 1).
l

All animals were fed by means of an automatic feeding

dev1ce which delivered the daily ratlon in 12 equal

portions every 2 hours. The steers,Were'adapted to their

respective diets‘for at least 3 weeks before the recording .

. periods started‘ The B, A, and As*diers were chopped.

through a 76 ‘mm screen and were harvested at the m1d to

'late bloom stage Components of each diet are shown 1n

‘-‘Table VI 1 . Water and Co- Iodized salt were available ad .f o

 libitum. f”ﬁ R, Hf~,l3'v'f"f :

Motility measurements 1

. Prior to experiments,‘the steers were placed 1n a

\

'“'squeeze to restrict movement and to fac1litate access to
"‘tthe rumen cannula Motility of the reticulum, ventral sacl

i',g'of the rumen, and the omasum were monitored using open(‘.f
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hended catheters (Polyv1nlychlor1de 0 09 mm' i d ). 1nserted
‘to each region. The catheters were coupled to pressure
etransducers (Gould'Statham) A oonstant flow (75 mt R 1y
‘of water was ma1nta1ned 1n the catheters us1ng a continuous‘,
1nfus1on pump (Ismatec MT 13). Changes in pressure in each
" reg1on were recorded using apBeckman (mode R612) recorder
tTHe record1ng started at 0800 h and was done in sdch way

that feed1ng times. occured before and after’ the recording
”t1mes. The anlma]s were used always in the same
‘chronologtcal'order during each recordtng period'.The
.an1ma]s were not fed when they were exposed acutely to the"
cold environment (for 4 h) However the recordtng period
twas between"two normal'feeding times thetween’the third. and -
“fouth‘hour) | | | |
 Diet Effects |

Dur1ng the f1rst record1ng day, effects «of intake of -
‘the d1ets 1n the control env1ronment on the mot111ty of the“

forestomachs were measured w1thout any add1t1onal stress

abe1ng 1mposed on the animals Recordfng of the contractions‘ |
~of the var1ous areas in the gut contlnued for a m1n1mum of

Psychological Stress 3‘; . " - t o 7% | B

Un the second day of record1ng._to add a psychologica} {*
'stress to the cattle a tra1ned Gerhan Shepherd dog was |
‘”pos1t1oned 1 m in front of the steer ) head for a: period of

‘f1b -‘15 minutes, thereby prov1ding visuaI auditory. and
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olfactory S i} The dog was trained to sniff growl and
bark but was not allowed to touch the steer Motility was
measured before exposure to the dog (. 75h), as“well as
during ( 25h) and after (. 75h) removal of the dog. |

Acute cmertress‘ s | o

On the third. day,‘animals were placed in ‘'stanchions in
a. cold chamber maintained at a constant.xemperature of g
-200C for a- minimum of 3 hours prior to measurement of
gut‘motility Three hours’ results}in'an acute colp stress‘
(B. A, Young personal communication) ﬁecordings of
motility were continUed for 1 hour after the 3 h period
During this‘period, animals were not allowed acceSS to feedv
or water | N |

Measurement of Heart Rate

E.C. G surface electrodes were’ placed on the animal
Heart rate was redorded during all trials from the E C G.
Beckman recorder adaptor (model 9857)
Statistical Analysis :

The time between each rumen, reticulum and omasum

Vcontraction was measured indiv1dually and the average

‘ number of contractions per. hour calculated for each :

m.“ recording period The data were analyzed by analy51s of fr

" variance using a Latin square (4 x 4) des1gn w1th four

steers (columns) four recording periods (rows) and four

diets (treatments) For comparisonsr the model was a Latin

"square with a repeated measure The 1nteractions between~,-“‘

the diets and the effects of the psychological stress, as



,v13) I oy

110

well as the acute'cold stress effects on the ruminantV

- stomach movements were calculated Ihe means were. compared

by Student Newman Keuls test (Steel and Torrie 1980)

*

%RESULTS T
. A .“. . ,

The mean motility values ‘are, presented in Table VI, 2
for ccntrol, acute cold stress and during psychological
stress. In general diets did not 1nfluence reticulum
‘omasum and rumen contraction frequenCies w1th the exception
of the rumen. in acute‘cold stress (p<0.01) and' omasum
during psychological;stress (956.04)5 Moreover} dietary
differences did not infﬁuenceythe E'C’G‘,frequency;

Jhe contraction frequenc1es of the omasum and rumen

were. increased (p<0 05 and p<0 01, respectively) by acute

' cold stress (Table v1.3) but the 1ncrease 1n reticulum

movement frequency was not significant (p>0 05). There was

{
v

no Significant ration/stress 1nteraction Heart rate was

1ncreased (50 + 5%, p<0 01) by acute cold stress (Table

/r
/"

\

Statistical analySis of the results for the four

'” ‘periods (pre- during post- and post 20 min) of

q.‘psychological streSs study indicated that the contraction

\frequency of the forestomachs was increased (p<0 01) during

o the presence of the dog The contractions during ‘the: pre-‘

-:post- and post 20 min stress periods were not different.,i

S RS Y

\

: There was no significant 1nteraction between the rations e
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R and the psychological stress, The E.C.G. frequency was
($inpreased (80 + 5% p<0 01) by‘the psychological treatment
- {Table VI.4).. . ‘
5§ticulum contractlon frequency was increased to a
greater extent by psychological stress than by acute cold
- stress, Omasum and rumen frequencies during psychological
| 'stress and acutelcold stress did not differ, The rations
ndid not interact significantly with the compar ison between
1 wthe two stresses (Table VI 5). ‘
Correlations'between E C.G. and, mowements of the
tforestomach when all treatments were pooled indicated a
high and significant (p<0 01) R2 value for the retlcular K

r

contractions in three,out of four steers and for the omasal

L]

contraclkions for two out of four steers. However, there was

iﬁéﬁsigniﬁicant reiation between héar t rate «apd rumen
. contraction frequencies in any of the'stégﬁgﬁfTable Vi.6).
The conrelations between the above parameters when the
steers were in pre psychological stress and control triais
were not significant (p>0 05, Table VI.7). The T test done

]

on the pooled values from the four steers indicated that
the heart rate explained a large part of the variation of .
the forestomach contraction frequencies when all treatments
were pooled (p<0.001, Table VI.6) and when variation )
Qetween.steers has been removed However, there was no
*siggificant T value when the animals were pooled in

preﬂpsychological .stress and control trials (table V1.7).
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D. DISCUSSION

DIETS n . .
Our observation that the different diets had, in
general, no significant effect on the frequency of the
reticulum, omast and rumen contractions is in agreement
with Waghorn and Reid (1977)., These researchers found that
in radiographic studies involving sheep fed three diets
(pelleted lucerne, chafged lucerne hay and Ruanui ryegrass)
the patterns of digesta movement were similar in all sheep
and showed little variation between the three feeds. In
addition, rumen motility was similar for the three diets,
However, motility of the forestomachs appears to be
relafed to variatiéns in condition of animal and change in
éome dietary factors. Relationships between the motility of -
the forestomachs a&é fasting, feeding, or ruminating states
have been demonstrated zNesic 1960; Phillipson and Reid

1960). Evidence of relationships between the motility and

dietary'facfbrs has also been reported in other studies

(Colvin et al. 1958 ; Popescu and Florescu 1958; Freer et

al. 1962). However, the extent to which motility changes
with.different cjrcumst?nces has not been thoroughly
investigated. 8 |
The extent and.persiStenée of the changes in the

motility of the reticulum during ?eéding appear to be

“influenced by dietary factors (Reid 1963). These
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ihclude the amount of the feed eaten during the present

mea], the interval of time elapsed since the last meal, d X

the amount of the feed eaten during that and earlier meals,
For a given feed and an individual animal, there is a
direct relationship between the amount eaten‘and both the

extent and persistence of the changes in form of tne

movement sequences during feeding (Reid 1963).

The mean daily frequency of rumino-reticulum
contraction rises with increased intake and is related to

more time spent eating and ruminating. There is a direct

relationship between the intake of roughage and the mean

frequency of reticular contraction while cattle are resting
(Waghorn and Reid 1977). The relationship with diets is.

altered when the‘time of access to a roughage is

sufficiently restricted to cause an appreciable rise in the '

rate of eating.

In'the present experiment, the animals were not fed
during the -recording period, being fed at 1/12 maintenance
diet every 2 h such that the feeding times occurred before
and after the recording time. Detection of variation in

forestomach motilities‘expected as a consequence of diet

‘intake and fasting and feeding factors was therefore —~—

minimized in this experiment This approach might explain
why we did not find an effect of diet on motiiity of the
forestomachs Our observations, as well as prev1ous.papers
(Stevens et al 1960; Reid 1963), indicate that the
relationship between. the diet and the motility of the
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ruminp—retiCUIUm depends on many factors,

Acute cold stress

Our observation pf a cold stress - induced increase
(p<0;06) in epmen apd omasum contraction frequency, but a
non significant (p<0.ﬁ4) increase in reticulum mqtility
during cold exposure-dtffer only elightly from the results
of Westra and Christopherson (1976}, Gpnyoutet al. (1979)
and Kelly and ChristopherSOn (1985)" who reported an %
increase for the retieulum contraction frequency in the/
cold. However, our results have extended the observations
to inclpde a more detailee analysis of motility‘respdnses
of the rumen and omasal compartments in addition to
reticulum motility in animals exposed to acute cold stress.

Contractiohs of the forestemachs are presuhed to be
important in regulatlng the flow of material from the rumen
to the abomasum (Titchen 1968). Increased forestomach |
'motility during cold exposure.would be e;pected to enhance .
the rate of passage of small particles from the rumen by‘ |
promoting their mixing, sorting and fluid prépulsion
(Chr1stopherson and Kennedy 1983) |

~The fact that the. fhcreased contraction frequency of
"~ the rumen»ahd omasum occurred after only 3-4 h of cold
- exposure 1nd1cated the rapidity of this reaction. This is
in agreement with observatlons on reticulum“hotil1ty in

sheep reported by Westra and- Chr istopherson (1976}, and 1n
-‘cattlelreported\by Gonyoq‘et al. (1979). The rapidity of
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the motility responses suggests that a neural mechanism may
be involved (Christopherson and Kennedy 1983). | |

The fact that we did not feed the animals during the
acute cold exposure does not‘invalidate the trial since the
contraction frequency of the forestomachs normally |
decreases after feeding. Indeed. Dracy et al. (1972) found
the average duration of COntraction cycles to be 37.3, 43.8
and 56.5 seconds while‘eating, restingland.ruminating,»‘
respectively; In spite of'this'normal decrease between
'feedind per iods we recorded an increase of the contraCtion

. y
frequencies of the forestomachs during acute cold exposure. '

Interact ion between dietS'and cold stress

Qur finding of no interaction'between diets and acute
cold stress effects on motility is ;n agreement with the
following experiments: Although Warren et al, (1974) ‘
studied the effEctloﬁ.temperature on the" digestion of three
different_forages (alfalfa..orchardorass and tall fescue)
they did not report any interaction between diet and
environment. The results of Kennedy 11985) Similary do not
support a hypothesis that the effect of cold exposure on
digestion is dependent on the phy51cal fprm -of the diet at
fixed intake Kennedy (1985) indicated that increased g
- voluntary feed intaKe in the cold was a result of 1ncreased-

>,clearance of digesta from the rumen through decreased rumen’

Fparticle size and increased reticulum motili;y,

v - e

\
v
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E C. G and acute cold stress

* Qur observation of an 1ncreased heart rate in acute
cold stress 1ndicates a rapid state of streSS‘defence by
the animals. This is in agreement with Westra and |
| Christopherson (1976) who stated that the reduced retention °
time and digestibility in a, cold environment might be due |
.to 1ncreased therid act1v1ty with cold exposure Graham et
ai.}(1981) 1nd1cated that the sympatho-adrenalamedullary
‘activity in ruminants is increased in cold environment. A
rapid increase ofrthyroid hormones (T, Tq) and |
adrenergic hormones would likely significantly increase the

heart rate (Guyton 1981).

‘Psychological stness

Acute psychological‘stress is likely to activate the.

‘ adrenergic:nervous,system as weli'as‘adrenal medullary
’activ1ty Indirect evidence ‘for this in the present
experiment ‘was provided by the 51gnificant increase of the
steer heart rates in presence of the barking dog. One might
'expect acute psycho]ogical stress to be associated with
“decreased rather than increased motility of the fOrestomach
51nce catecholamines usually inhibit gastrointestinal
nonsphincter contractility (Guyton 1976) This a]so seems
to be the case 1h the unanaesthetized intact ruminant .
(reviewed by Habel 1956) . However; Titchen (1968) reviewed

: various studies in which injections of adrenalin or

.

. . . ! : ) /
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stimulation of sympathetic nerves 1nduced rumino-reticulum
contractions. Ali et ‘al. (1976) reported that 1ntravenous
‘\adrenalin injections (1-2 ug kg~ 1) induced.either-a :
single contraction or series of contractions‘of the
rumino reticulum during periods in which motility was
inhibited by.insuiin‘induced hypoglycemia. Dussardier
(1954) reportedhthat adrenalin treatment facilitated the
reflex contractions of the reticulum induced by afferentr
stimulation of a vagus nerve. RUCKebusch (1971) reported
that‘adrenalin injections (2 ug Kg‘1) had a brief | |
stimulating effect followed by inhibition of al] stomach
compartments in sheep and cattle. Graham et al. (198?)
found that;a higher dose of adrenalin was required to
inhibit rumen motility,in cold-acclimated compared to.
warm-acclimated sheep and'that.rumen motility tended to be
enhanced‘in cold- acclimated sheep but 1nhib1ted in
‘warm- acclimated sheep, during noradrenalin 1nfus1on
Christopherson and Kennedy (1983) suggested that
. catecholamines may cause faCilitation of reflex responses '
to sensory stimuli (such as distension) that normally
increases motility and at’ the same time they may ‘have somee
: direct inhibitory effects on the gastrointestinal .‘ |
musculature. Stresses (psychological or cold stress) may
- alter a balance between fac1litation of reflex activation
. and direct inhibition of gut musculature

The reticulum seems to be more affected by the

psychological stress than the: cold stress The rumen and

e
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omasum'contractions‘were‘similarly‘affected by the two

stresses;’lhe diets did‘notQinfluence the effect of the‘two .

stresses.

CorrelaZ}pns'between heart rates and foréstomach |
: movements | | | |
,lhe;gigh correlations hetweenlthefpooled heartvrate‘and
- the reticulunkand omasum movement frequencles‘indicated
' .that when the ret1culum and omasum contractions increased‘
‘the | heart rate lncreased as well Th1s 1ndicated that the
‘~c§ntract16h frequenc1es of these two forestomachs and the
heart accelerated dur1ng stress However,‘there was no
correlatlon between heart rate and‘forestomach contractions
;dur1ng the control 51tuat1ons Thus stresses (acuté"
psycholog1bal and acute cold stress) wh1ch activate thef‘

sympathetlc nervous system and the sympatho adrenal

( medullary complex have qualitat1vely similar effects on the"

heart and the forestomach contraction frequencies.

The rumen contractton fnequency. when the treatments ‘\
_were pooled did not have as a hlgh correlatlon with the
heart rate as the reticulum and omasum for individual
an;mals Th1s is. probably due to the B. sequence "7#«'

:'contract1ons wh1ch are related malnly to the rate of gas

‘format1on 1n~the rumen and the process of eructation This'-

M“gas produqtlon may not be correlated with the actlvity of

-

the synpathet1c nervous system

I
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The conclus1ons reached from thls experiment are the

follow1ng

'

1;.The.nature of the diet, when given at maintenance

level and divided in' 12 identical feeding periodsi,
during a day," d1d not lnfluence the frequency of
forestomach contract1ons during the non - feed1ng

periods.

2: Type of d1et did not 1nteract with the effecys of
acute cold stress or acute psycholog1cal stress on

forestomach contract1on frequencies.

3: Acute cold stress asfwell“as the acute
psychological ‘stress significantly increased the

contraction frequency of  rumen and omasum.
C- N : ‘

i
1

4"Psycholcgical stress was more effective than the

. acute cold stress 1n st1mulat1ng ret1cular -
’ contract1ons . W
Q. ‘ " )' ‘
:"V;
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VII. GENERAL CONCLUSIONS =~ .

The first experiment reported herein indicated that
the rumino reticulum is the pr1n01ple 51te of the digestion
of feed particulate DM. This is in agreement Wlth”athOPS
such as Hunter and Sieberg (1580), Redman et al. (l980i)
Kennedy (1982) and‘SriKandarajah‘et al. (1982) . Thellarge
particle pool appeared to-be uery‘important for the\g::Z
production of VFA'andeOZ,‘A substantial pOrtion (20 =+

C11%) of'the hay was rapidly'solupilized. This is supported
by Ulyatt et al. (1986) who stated that 20-30% of the diet
DM is solubilized by chewing'with dried dietsl The kinetic
technique 1ndicated that the mass ratio of the large
particle pool (>3 35 mm) to the small particle pool (<3.35
‘mm) in the rumino- reticulum was 2 1. This‘agreed with'wet
‘sieVing technique The small and large particle pools were
reasonably represented as homogenous first order Kinetic
pools. This is in agreement with experiments (Dixon and
Milligan 1985) in which disappearance from the rumen of |
.-fluid particulate and microbial markers occurs according '
.lto first order kinetics The present study indicated that
| ‘low level Cr mordanting of neutral detergent extracted
’forage particles is a good technique to attain biologicallyTl
o realistic measurement of particle kinetics in the |
rumino reticulum < . |

The second study showed a high degree of c01ncidence

between inspiratory movements and the seccnd bipha51c

B P R I B
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contraction of the reticulum. This'may'favor passage of
digesta to thelohasuﬁ. In view of our results, a‘synaptic
linK between‘respiratory centers and the rhythmic command
-center which control the motor act1v1ty of the ruminant
forestomach appears poss1ble | |

“The third s{udy determinated that the present
fiber optics’ endoscopic technique is useful in visualizing
the Kinetic characteristics of the particulate
rumino- reticulum phase. The pattern of movement of the‘

\

: general movement appears to be a relatively simple circular

small and large particles was reJatively similar The
: stream inside the rumino reticulum ‘The pres7ht study
'agrees partially with results of Waghorn and Reid (1977)
who used highwresolution X- Rays
The fourth study indicated that there is an .
_interrelationship‘between buoyancy, phy51cal attributes,,
shape, size, chemical and nutritive composition of .
Vadifferent types of particles This is supported by Van
‘Soest (1982) who stated that nutritive value of fbrages is
‘greatly affected by phy51cal form and other phy51cal |
; attributes, and that the shape and nature of particles are
| related to their chemical comp051tion Ehle and Stern“‘
‘(1984) stated that the distinction between chemical and
‘phy51cal characteristics of feedstuffs 1s usually vague.’
v.251nce chemical comp051tion often ultimately determines the

p,'phy51cal attributes of feed ( e. g denSIty and particulate
.\'shape) Relative buoyancy might be USeful in an indirect
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analysis of the nutrltive value of forage part1cles
In the' last exper1ment the combwnat1on of dlets and .

the methodology did not produce a s1gniflcant mod1f1catlon

‘on the contract1on frequencies of the forestomachs and d1d
"not‘interact7in,general with the effect of 'the stresses.

Acute cold stress and psyohoiogicalmetress'prOduced

signtficant incneases,in'the contnaction frequenoiesbof‘the‘
forestomachs‘ Stresees-may alter'a.balance between |
facilitation of reflex act1vat1on and direct 1nh1b1t1on oF‘
gut musculature (Christopherson and" Kennedy 1983) Our |
finding of no interract1on between the effect of d1fferent ‘
diets and acute cold stress on forestomach mot1l1ty is 1n

(3%

A better understand1ng of the forestomach movements

'agreement with Warren et al. (1974) and Kennedy (1985).

'.,and dIQesta Kinetics in ruminants has been achieved by the

present studies.
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0o :Appéndix 1
Examples of disappearance curves from rumen
samp]ing of NDF brome stems mordanted with low
concentration of Cr when the count per m1nute is .

transformed to logan!thmlc base.'

Ekample‘J: Animal 4, small particles (O;OJZICP).

i ‘AJ_
\
\
v ‘h
. )
e WY Y T TN W YT TRt
e 09,08 emiverdivy of Atberre .
; “
tv»c I anim, . 1 .
sus  L0eCEPw aceees, 'sowes -
. sse 15, 000 5, 00e pe see 26 800 YR I s ese ;e vee 83 a8e  va vee )
saannepan P D e e T T T YRR \
. re - ’ ! | ) . s e
v ’ : [ ] 1
i - : . . t
\ . ' ! ] ] '
4 . [ " » s
a e - (3 [} - s ae
i . S ] ) A
o - . N N 2
[] . ) v
. - I L] '
LI LI ] I . . sy
] ] N '
. L0 \ i '
[ P ' . N ,
s ] ' (W ]

v ses e . ' . s vee s
3 [} [} 1 al
Baremaninnnaasaannana Asuaseraasrsiran AARA It R Nrames e ciay e R Y TR RN Y N
1 : ' . . "
s 1 . \ | s

* see - ) ] 3 » s s des N
' . . ' . »
' ' ] 1S - o
14 ] N A ' )

1, [ [ '

’ see .. [] 1] - DA N T 1}

1 ) ] Va

et ; R} il - A i
[ ‘ ] ] * 3
] ] ] ' ] i -

. vYoR o ) (IS Te q Yoo

! ' oo ] ‘
] ] [ e
i epe . aenen peuny Cyaareanns ’ - Ve P

i} ] ' . +

., 000 . ] L] ' . o 2o V

[ ] ' ' 1
aa 1] 3 » 1 " o
Tt ] ] [ Lo

R 1 ] ’ ' o “

- 9.080. L [} ) » . - " 'eve ot s

s e H 'S i} R (Y P I

| [ 3 3 [ . » P .
1 ' 1 . [ [ , - .
. , (g [ ’

[0, SN : N < ‘. :
. [y N ¥ , Y

. 1 by . ] ' [

f BRI ] - ' i '
[} 1 o 3

(3% TT ' ‘., ) 10 P
L esssageaseas cecossvepeseasnnnasitace e P S PRSP Yoy




. ' : '
. . ' , : .
. v . . ' . '
. o ' : , , ) .
3 T . > . -
: les 2: A 3,1 0.01% C ,
Examples 2: Animal 3, large particles .01% Cr). S
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Examples 3: Animal 1, small par‘_t‘icles (0.01% Cr),
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