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SUMMARY

Pure swards of chicory (Cichorium intybus) and perennial ryegrass (Lolium perenne) were grown at
Palmerston North, New Zealand. They were cur daily and fed fresh at 2 kg dry marter {(DM)/day to
ten hand-reared rumen Sstulated castrated red deer stags kept in metabolism crates in April and

Qctober 1994, The efficiency of particle breakdown

during the time allowed for rumination

({C.PARTY) 10 below the critical size required to {eave the rumen tpassage through a | mm sieve)
and jaw activities (i.e. cating and ruminating) were measured. Totaj eating time and the number of
eating bouts were similar for deer fed each forage. but deer fed chicory had a greater chewing rare
during eating {974 v. §1-0 chews/min). and a higher number of chews/g DM eaten (362 v. 3 1-3). Deer
fed chicory had lower total ruminating time (30 v. 257 min; 225 h), lower number of boli ruminated
(38 v. 40/22-5 1), lower number of rumination bouts (54 v. 16:2/225 k) and less chews per minute
rumunating (16-3 v. 44-3) than those fed perennial ryegrass. Of the ten deer used to measure
{{C.PART?). only four ruminated when fed chicory compared with nine when fad perennial rvegrass.

Deer fed chicory had a higher efficiency of particle breakdown ({C.PARTY: 064 v. 0-d2), higher
fractional degradation of particles > ! mm (92 v, 3| %/h) and faster fractional disappearance of

total DM froen the rumen {10-2 v, 53 %a/h). All three measurements for chicory were similar in deer
that did or did not ruminate, but with perennial ryegrass, all values wers considerably reduced in the

deer that did not ruminate.

[t was concluded that chicorv can be broken down faster in the rumen, with less rurmination being
required than for perennial ryegrass. and that some deer (60 %) could break down swallowed chicory
to below the critical particle size without ruminating at all. The faster clearance of DM from the
rumen expiains the high voluntary feed intake (VFD) of deer grazing chicory. Future research needs
to be done to partition rumen fractional disappearance rate into its components, rumen fractional
degradation rate and rumen fractional outfiow rate in deer fed chicory and perenniai Fyegrass.

INTRODUCTION

Chewing during eating and chewing during rumin-
ation are the two principal processes which reduce
ingesta particle size and therefore affect the clearance
of digesta from the rumen in animals fed grass and
legumes (Ulyatt e af. 1986). The first process appears
to be very efficient in damaging surfaces. releasing
soluble materials from feed and forming feed into bolj
(Poppi er ai. 1981; Ulyatt 1984). The function of
rumination is to further reduce the particie size of

* Present address: National Animal Physiolegy and
Breeding Research Centre. Querétaro, México,
t To whom correspondence should be addressed.

rumen contents until the crirical size is reached which
allows a high probability of leaving the rumen (Ulyatt
et af. 1938). For deer. the critical particle size has been
defined as a passage through a | mm sieve { Domingue
etal, 1991 a). Faster particle breakdown as affected by
more efficient chewing during cating and during
ruminating may lead to the more rapid clearance of
digesta from the rumen and hence to increases in VFI
(Ulyatt e af. 1986).

Young deer grazing chicory (Cichorium ineybus)
have been shown to have a greater liveweight gain
(LWG) and VFI compared 10 those grazing perennial
ryegrass (Lolium perenne)/white clover { Trifolium
repens) pasture (Niezen er al. 1993 ; Kusmartono eral,
1996). Behaviour observations, during both indoor
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{eeding tHoskin es a/. 1995) and grazing {Kusmartono
et al. 1996) showed that deer fed chicory spent a
similar urne eating, but considerably less time rumin-
ating compared to those fed perennial ryegrass-
based pasiure. Dryden er al. (1995) showed that the
efficiency of chewing during eating by deer in reducing
particle size to < 1mm ({C.EAT)) was less for
¢hicory (0-27) than for perennial rvegrass (0-37) or the
legumes Lotus cornicularus and lucerne (0-50). The
objective of this study was to invesugate the efficiency
of particle breakdown ({C.PART}) during the time
allowed for ruminauon in deer fed chicory and
perennial rvegrass,

MATERIALS AND METHODS
Experimental design

An indoor experiment was conducted using rumen
fistulated red deer (Cervis elaphus) fed either perennial
ryegrass (Lolfum perenne cv. Nui) or chicory (Cichor-
fum infvbus cv. Puna). The experiment was conducted
at Massey University Deer Research Unit in 1994 and
was divided into period 1 (P1; April 1994) and period
2 (P2: October 1994). The five deer fed chicory in P1
were fed perennial ryegrass in P2. whiist those fed
perennial rvegrass in Pl were fed chicory in P2. Each
period was divided into an adjusiment (10 days) and
rumen contents baling and jaw recording (5 days)
sub-periods. Parameters recorded included eating,
ruminating, rumen pooi size and the particle size
distnibution of rumen contents.

Forages

The chicory was sown in January 1993 and was a
pure. vegetative crop. The perennial ryegrass was
sown in 1991. and was from a pure sward. c. 10 cm in
height. Potassic superphosphate (9% P; 10% S and
7% K} was appiied at 250 kg/ha. corresponding 1o
22:5 kg P/ha. onto perennial rvegrass and chicory in
late autumn (April) 1993 and 1994, Also, four urea
applications each of 37 kg N/ha were made to each
forage in carly spring (August 1993), late spring
(October 1993). late summer (February 1994) and
spring (August 1994), respectively. Fresh forage was
cut daily at 13.00 h using a mower: haif was fed
immediately after cutting and the remainder was
spread on a concrete floor indoors overnight in a cool
building to prevent detenoration.

Animals. housing and diets

Ten castrated. hand-reared stags each fitted with an
83 mm diameter rumen cannulza were used. Mean
initial and final liveweights (+s.0.} of the animats
were 145 (= 11-6) and 135 (£107) kg for Pl
respectiveiy. and 129 (£ 12-6) and 127 (+13-2) kg for
P2 respectively. The animals were individually housed
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in specially constructed deer metabolism crates (Milne
er al. 1978, to which they were well accustomed. QOne
side of each cage was movable and could be used 1o
adjust the floor area.

The animals were randomly allocated to the two
diet treatmenis based on liveweight, so that each
treatment group contained five animais with equal
mean liveweight, Prior 10 being brought into cages,
the animals were grazed on either perennial ryegrass
or chwory for 4-5days. In the cages. a l0-day
adjustmeni period allowed animals to adjust to indoor
cenditions. to the two diets offered and to the handling
precedures. including restniction of movement caused
by reducing the floor area. Rumen contents baling
and jaw recording was done during days 11-15. Jaw
harnesses were fitted 10 each animal 4 days before jaw
movement recording commenced. to allow the animals
1o become accustomed 1o them.

During the adjustment and rumen contents baling
and jaw recording periods. all amimals were fed at
08.30 and 15.30h at 2 kg DM/day. The amount of
fresh matertal fed was based on dry matter (DM}
percentage determined on the previous dav. The
actual dry matter intake (DMI)} was calculated by
taking trplicare samples of feed offered daily at 15.00
and 08.00 h the foliowing morning for DM de-
termination (100 °C; 18 h). During the experiment,
animals had free access 10 water and mineralized salt
blocks (Domimuon Salt. Blenheim, NZ). Duplicate
200 g samples of the feed offered were 1aken daily,
pooled and kept at =20°C. and subsamples were
subsequently taken for chemical anatysis.

Measurement of efficiency of particle breakdown

Jaw activities. such as eating, ruminating and resting
were recorded using the method deseribed by Stafford
et al. (1993). During measurement of ((C.PART)),
animals were allowed to consume feed from 08.30 to
11.30 h {P1) and from 08.30 to0 22.00 h (P2): all teeds
were then removed for 3 b (P1) and 9 h (P2) 50 that
((C.PART}) could be measured. The sequence was
changed for P2 because some animals did not numinare
during the day in P1 {1 [.30-16.30 h}; consequently. a
longer time was allowed for rumination in P2 and this
was measured dunng the night. when the deer were
raore likely to ruminate. Baling of rumen contents
was done twice a day on each animal. The frst (FB)
and second (SB) balings were done at 11.30 and
16.30 h (P1) and at 22.00 and 07.00 h (P2). Over a 3-
day period. one animal fed perennial ryegrass and one
ammal fed chicory were baled ecach dayv iz each
period, with time of ruminaiion being recorded
berween the two balings. At each baling, all rumen
contents were removed. weighed, mixed thoroughty
and subsarnpled before returning the warmed rumen
contents o the rumen. Subsamples of rumen digesta
were taken for: (i) triplicate M determinations. and
L]
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(i) particle size analysis for calculation of
{(¢C.PART}) in reducing particle size of rumen
contents between the two baling times. The process of
baling took 20-25 min per animal. The animals
remained standing and were not tranquillized dunng
rumen baling,

Jaw activity (ie. rumination and idling) was
recorded between the two baling times (. 5and 5 hin
Pl and P2, respectively). A 4channel chart recorder
(Graphtec Linearecorder WR3701-4Hx|, Japan)con-
nected to the jaw harnesses used in this study allowed
stmultaneous recording of jaw activity from each of
t™wo ammals {one on perenmnial ryegrass; ome on
chicory).

In addition, jaw activity (ie. eating, ruminating and
idling) was also recorded during the 135 h feeding
time in P2. The recording system was simitar to that
described by Stafford er af. (1992) for counting jaw
acuvity. An individual 4-channel chart recorder
(Graphtec Linear recorder WR3701-4HX1. Japan}
was assigned to each animal, allowing simultaneous
recording of eating, ruminating and idling from each
of two animals {one perenniat rvegrass: one chicory).
Jaw movements were sensed as pressure changes in a
partially inflated rubber bag held under the jJaw by a
halter. The bag was a section of bicycle inner tube,
closed off at one end. the other end sealed and
cemented over a flexible nylon pipe (3-5mm id.)
joined to an 0-8 m section of coiler rubber infusion
wbing (CenVet, Australia) which accommodated
animal movement. Nvlon piping connected this
rubber tubing o an electronic pressure transducer
iStatham. ADCG, Hongkong) mounted outside the
cage. The transducer was connected viaa pre-amplifier
to the open recorder. Time spent £aling or ruminating
was interpreted from the chart cecorder output as
described by Stafford er af, (1993) and Hoskin er al.
{1995).

Laboratory methods

Prior to laboratory analysis, subsamples of the pooled
feed offered were freeze-dried and ground to pass a
{ mm mesh diameter sieve { Wiley mill, USA). Organic
matter (OM) content was measured by ashing in a
furnace at 300 °C for 16 h and total nitrogen (N) was
determined by the Kjeldahl procedure, using a
selenium catalyst and sulphuric acid digestion. Hot
water soluble carbohydrate (HWSC) and pectin were
extracted using boiling water and ammonium oxalate
respectively, and determined as described by Bailey &
Ulyatt (1970). Neutrat detergent fibre (NDF), acid
detergent fibre (ADF) and lignin were determined by
the detergent system of Van Soest (1994). The DM
of rumen contents was determined by oven-drying
(70 °C) for 3 days. until no further loss in weight
occurred.

The particle size distribution of rumen contents
samples was determined by wet sieving using the same
apparatus (Turner & Newall Lid, NZ) and following
the procedure described by Domingue et af, (1991 5).
Sieve sizes (length of side of square hole) used in the
present study were 2-0, 1-0, 0-5 and 0-25 mm. Materials
retained on the sieves were washed onto weighed filter
paper (Whatman No. 21} in a Buchner funnel, and
oven-dried at 100 °C for 24 h to determine dry weight
of each particle size fraction. The dry weight of
material not retained on the sieves (< 0-25 mm
partcles) was determined by differsnce from the
initial sample dry weight and the sum of recovered
particufate DM fractions.

Calcudarion of data and seatistical analysis

The efficiency of particle breakdown and disap-
pearance {rom the rumen during the time allowed for
rumination were calcuiated using Eqns 1-3.

Efficiency of

. Wi of pool DM > | mm at FB~Wt of pool DM > [ mm at SB
particle breakdown =

Wt of pool DM > | mm at FB

((C.PART))
Fractional degradation

- t t SBx 10
of particles > | mm (%/h) = (DM of pool > | mm at FB—=DM of pool > | mm a x 100

0y

DM of pool > | mm at FB x Hours allowed for rumination

Fractional disappearance

: - [at SBYyx 1D
of total DM (%/h) = (Total DM pool at FB—Total DM pool at SB) x 100

2

Tortal DM pool at FB x Hours allowed for rumination

3
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Table t. Chemical composition (g/kgDM) of perennial ryegrass and chicorv

Period 1 Period 2

Perenmial Perennial

ryegrass Chicory rycgrass Chicory

(n=2) (r=12) {n=1) fn=2
Dry matter (g/kg) (n=7) 249 152 245 170
Ash 109 189 95 I
Total nitrogen 330 281 278 257
Water-soluble 140 116 158 127

carbohydrate {a)

Pectin (a) 16 83 18 91
NDF 76 191 384 184
ADF 196 137 207 132
Hemicellulose () 179 54 178 52
Celiulose {4} 167 I19 183 20
Ratio RFC:5C (a:5) 0-38 1-29 0-40 I45
Lignin 30 18 24 12

* Readily fermentable carbohydrate:structural carbohydrate.

Data for eating and ruminating behaviour in P2 were
lested for significant differences between irearment
means by one-way analysis of variance using the
General Linear Model (GLM) procedure (SAS 1987).
Data for (C.PART) were analysed within each period
bv one-way analysis of varance. and when this
showed similar results within each period, further
analyses were conducted using a changeover design,
combining data for both periods. When the change-
over design was applied 1o parameters measured,
using the General Linear Model (GLM) procedure
(SAS 1987), berween animal and between feeding
sequence variation were first removed, before ana-
lysing for dietary and period effects. Least Square
Means {(1.8M) analysis was used to test the differences
between treaunents.

RESULTS

Chicory contained lower DM. NDF, ADF, hemi-
celtulose, cellulose and lignin concentrations than
perennial rvegrass, bur higher ash and pectin concen-
trations (Table 1), with these differences being
apparent in each feeding period. The ratio of readily
fermentable:structural carbohydrate was consistently
higher for chicory.

The eating time and the number of eating bouts
were similar in period 2 for deer consuming chicory
and perennial ryegrass (Table 2). Deer consuming
chicory had a greater chewing rate during eating (P <
0-01), less chews/g fresh feed eaten (P < 0-01) and
higher number of chews/g DM eaten (P < 0-01) than
deer fed perenmial ryegrass. Relative (o deer fed
perennial ryegrass, deer fed chicory had lower total
ruminating time. lower number of boli ruminated,
lower number of rumination bouts (P < 0-05} and less

chews per minute ruminating (# < 0-01). The number
of chews per bolus ruminated by deer fed chicory
tended to be lower (P = 0-14) than those {ed perennial
ryegrass,

A lower number of deer ruminated when fed
chicory (4/10) than when fed perennial rvegrass
(9/10; Table 3). Considering the total deer fed each
forage, deer fed chicory had a significantly lower
ruminating tme (Pl. P = 0-06; P2, P =0-10), but
higher efficiency of particle breakdown ((C.PART):
Pl, P < 0-05; P2. P = 0-11), higher fractional degra-
dation of particles > 1 mm (P1. P < 00}, P2, (P <
{+05) and higher fracuonal disappearance of total
DM from the rumen (P <00l for both periods)
compared to those fed perennial rvegrass (Table 3).
Similar results for ((C.PART}), fractional degra-
dation rate of particles > ]l mm and fractional
disappearance rate were recorded in the desr that
rurninated. with the differences attaining significance
at P <005 in the analysis involving both periods.
Statistical tests were not possible for the deer that did
not ruminate. because of the low animal numbers
involved. However, it is evident that efficiency of
particle breakdown ({C.PART}), fractional degra-
dation rate and fractional disappearance rate were
similar in deer fed chicory that did or did not
ruminate, whereas with perenmal rvegrass all three
were considerably reduced in the deer thar did not
ruminate.

Weight of particles > | mm at FB tended 10 be
higher in deer fed chicory in both perieds than those
fed perennial ryvegrass. but the difference did not
artain significance (Table 4). However, at 5B the
weight of particles > | mm in rumen contents was
consistently less for deer fed chicory than the-= fed
perenniai ryegrass (£ < 0-05). Particle size distnrurion
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Table 2. Eating and ruminating times of red deer fed fresh perennial ryegrass or chicory during period 2, when
Jeed was offered for 13- h per day

Eating behaviour

Eadng time {(min/13-5 h)
Eating bourts (ng/13-3 h}

Chews/ minute

Chews/g fresh

Chews/g DMT
Rumjnating behaviour*

Ruminariag tme (min/22-5 h}

Ruminating bouts (no/22:3 h)

Ruminating boluses (no/22-5 h)

Chews/bolus ruminated

Chews/minute ruminating
Idling time {min/ 133 h)

Perennial
ryegrass Chicory S.E.
(n=13) (n="9 (DE =18)
22 09 492
3-8 I1-2 1-34
310 974 173
&5 40 0-14
313 362 0-79
257 30 54-6
162 54 31l
439-6 384 2391
929 40-0 2267
44-3 165 238
439 615 61-8

* Including any rumination which occurred during the 13-5 h when feed was on offer.

Table 3. Efficiency of particle breakdown ({C.PARTY) by red deer fed fresh perennial ryegrass or chicory. (Mean
vaiues with standard error for five animals per forage in each period)

Period 1 Period 2
Perennial S.E. Perennial S.E
rysgrass Chicory (DE.=38) Cyegrass Chicory (or =8
Ruminadng time
{min)
All deer 445 (5" 49 (%) 1267 8§2:2(5) 144 (5) 2619
Ruminatngf 556 (4)" 32 (3) 1498 82:2(5) 7040 (1) 5539
Efficiency of partcle
breakdown
{C.PART)
All deer 0-37(3 0-63 (5) 0087 047 (5) 0-63 () 0-038
Ruminating 0-38 (4) 063 [3) 0095 047 (5) 062 (1) 0050
Non-ruminating 024 (1)* 064 (D) — a 0-65 (4) —_
Fractionai
degradadon of
particles > 1 mm
{%a/h)
All deer 3 (5 93 (5) 073 49 (5-0) 92 (D 67
Ruminatingt 37 (4 97 (3) 073 49(5) 59(D ¢71
Noo-ruminating 36(1) 34 (2) — 0 99 (4) —
Fractional
disappearance tota[
DM (% /h)
All deer 325 109 () 086 53 (5) 96 (5) 0-66
Ruminatingt 73 (4) -3 (3) 071 53(9) 71{1) 0-62
Noo-ruminating 37D 107 (2) - 0 (02 (4) -

* Number of animals in each forage.

t Error D.F. = 5.

of numen contents in deer fed each diet was similar in
each period. [n the samples of rumen contents taken
at FB, thers was a greater proportion of particles

> | mm in deer fed perennial rvegrass (P = 0-09),
largely due 10 more particles being retained om
the 2 mm sieve than in deer fed chicory (P < 0-03;
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Table 4. Rumen pool size and particle size distribution (% DM retained on each sieve) at first baling and second
baling in red deer fed perenmial ryegrass and chicory for both periods. (Mean values with their standard error)

Sieve size Perennial S.E.
(mm) Period ryegrass Chicory (D.F. = 8)
First baling (FB)
Pool size > | mm (g DM) [ 220:1 2760 2532
2 2646 2350 2336
Particle size distribution 1+2
> 20 29-6 I7-9 426
[ 10 35 43 0-53
, 05 | 44 60 0-49
| 025 10-2 [2:2 077
< 25 52:2 596 397
> 14 332 222 430
668 778 430
Second baling (SB}
Pool size > | mm (g DM) I 1383 965 2532
2 1400 98-6 1091
Particle size distibution 1+2
: 249 172 42
36 52 08
44 86 07
) 10-4 112 Il
567 578 35
286 24 39
71-4 776 kS

Table 4). These differences had disappeared in the
samples taken at SB, with the proporuon of particles
> 1 mm and > 2 mm being similar for the deer fed
each forage.

DISCUSSION

The most important results of this study were that the
efficiency of particte breakdown ((C.PART)) in the
rumen of swallowed plant material was much greater
for chicory (mean 0-62) than for percnniai ryegrass
(mean 0-42) and that the values of ((C.PART?) for
chicory were similar in deer that did or did not
ruminate, whereas lower values were recorded for
perennial ryegrass in the deer that did not ruminate.
Ulyatt et al. (1986) showed that the action of the testh
during eating and rumination was essential for particle
size reduction in sheep fed fresh grasses and legumes,
and that rumen fermentation weakened plant material
but did not reduce particle size. However, the present
studies have shown that in some deer chicory dis-
integrates rapidly in the rumen without action of the
teeth during rumination. Hence, very little, and in
SOTHE Cases no, furnination was required for swallowed
chicory 1o break down in the rumen to below the
critical particle size for passage from the rumen. The
reason for these differences was that chicory contained
2 higher ratio of readily fermentable carbohy-
drate:structural carbohydrate than perennial ryegrass
(137 v. 0-39; P < 0-01; Tabie 1). Particie breakdown
presumably occurred due to rumen fermentation and

to the mixing action of muscular reticulo-ruminal
contractions. This also may account for the higher
DM, OM and energy digestbilities of chicory than
of perennial ryegrass (Hoskin er al. 1995). The
({C.PART)) for perennijal ryegrass found in the
preseat study (0-42} was similar to that reparted for
sheep, whilst the ({(C PART)) for chicory (0-64) was
similar to that found for lucerne (0-63) in sheep
{Ulyartt er af. 1986). It is interesting to note that the
({¢C.PART)) of perennial ryegrass was considerably
reduced when the deer did not ruminate. implying
that action of the teeth during rumination was crucial
to reduce particle size of this forage to < [ mm as
shown by Ulyaut er al. (1986) for sheep. Deer fed
chicory had a greater chewing rate (974 v. 810
chews/min} and more chews/g dry matter intake
(362 v. 31-5) during eating than those fed perennjal
ryegrass, showing that more comminutive work may
be done to chicory before swallowing than to perennial
ryegrass. However, despite this, the efficiency of
particle breakdown during eating {{C.EAT)) was still
less for deer fed chicory (0-27) than for those fed
perennial ryegrass (0-37; Dryden er af, 1993), showing
that in deer fed chicory the main functions of chewing
during eating are to form 2 bolus for swallowing and
to break down the surface of the plant. Although the
total eating time of deer fed chicory was similar to
those fed perennial ryegrass (209 v. 221 min/13-5 h),
ruminating tme was consistently lower in deer fed
chicory compared to those fed perennial ryegrass (30
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v. 257 min/22'5 h; Table 2), confirming previous work
by Hoskin ¢t af. (1995) and Kusmartono er af. (1996).
Kusmartono er af. (1996) found that deer grazing
chicory had a higher ¥F1 than those grazing perenmial
ryegrass/white clover pasture. This can be explained
by the fractional degradation of large particles to
small particles and the fractional disappearance of
DM from the rumen both being approximately twice
as fast for deer fed chicory than those fed perennial
ryegrass. This provides a faster clearance of DM frhm
the rumen and hence opportumity for increased VFI,
as digesta clearance from the reticulo-rumen has long
been recognized as a major process determining
intake and nutritive value of forages (Black er ol
1932).

[t can be concluded that chicory can be broken
down faster in the rumen, with less rumination being
required than in deer fed perennial ryegrass. The
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rapid disintegration of chicory in the rumen led to a
faster rate of DM disappearing from the rumen.
Future research needs o be done to partition
fractional disappearance rate into its components,
rumen fractional degradation rate and rumen frac-
tional outflow rate, to gain further knowledge of the
digestion kinetics of chicory and their relationship to
nutrient supply and to VFL

G. S. Purchas, W. C. L. Howell and W. B. Parlane
are thanked for their assistance with animal feeding
and sampling. Nutrition Laboratory staf, Massey
University are acknowledged for their skilled as-
sistance. The authors are indebted to the Ruminant
Nurrition and Metabolism Group, AgResearch,
Palmerston North, for the wet sieving facilities made
available. D. J. Garrickis acknowledged for his advice
on statistical analysis.

REFERENCES

NmEzeN, J. H., Bagry, T. N.. Hoogsow, J., Wisow, P. R,
ATMA, A M., ParkEr, W.I. & Houwss, C. W, {1993).
Growth responses in red deer calves and hinds grazing red
clover, chicory or perennial ryegrass/white clover swards
during lactation. Journal of Agricuftural Scignce, Cam-
bridge 121, 255-263.

Porpr. D. P., Mnwson, D.J. & TemvouTi. J. H. (1981).
Studies of cattle and shesp ¢aring leaf and stem fractions
of grasses, [. The voluntary intake, digestibility and
retenticn ime in reticulo-rumen. Austrafian Journal af
Agricultural Research 32, 99-108.

STAFFORD, R.J.. Ram, C.S. W, Baray, T.N. & SuTiE,
I. M. {1992). Rumino-reticular motility in red desr. Pro-
ceedings of @ Deer Course for Veterinarians, New Zzalmd
Veterinary Association 9, 134~135.

StaFroRp, R.J., Rem, C. 5. W, Barry. T.N. & SuTTzm,
I. M. (1993). Rumino-reticular motility in red deer (Cervus
elaphus) fed chaffed lucerne hay during wintsr and
summer. New Zealand Journal of Agricuitural Research
36, 465473,

STATISTICAL ANALYSIS SYSTEM (1987). SAS/STAT Guide for
Personal Computers, Version 6. Cary, NC: SAS Institute
[z,

ULYaTT, M. 1. (1984). Pasturs composition and animai
production, In Ruminant Physiology: C oncepis and Conse-
quences (Eds 5. K. Baker, J. M. Gawthome, J, B. Mack-
intosh & D. B. Purser), pp. 195-203. Perth. Austrafia:
University of Western Australia.

ULyats, M. I, DetLow, D. W., Jomy, A, RED,C.S.W. &
WagHorN, G. C. (1986). Coatribution of chewing during
¢ating and rumination to the clearance of digesta from the
reticulo-rumen. {n The Conerol of Digestion and Metas-
olism in Ruminants : Proceedings of the Fourth International
Symposium on Ruminant Phyvsiology (Eds L, P, Milligan,
W_L. Grovum & A. Dobson), pp. 488-317, New Jersey:
Reston Books.

Vax S0BST. P. I, (1994). Nurritional Ecology of the Ruminany,
[thaca, NY: Cornell University Press.



