
View All Proceedings Next Conference Join NZSAP

New Zealand Society of Animal Production online archive
This paper is from the New Zealand Society for Animal Production online archive. NZSAP holds a regular

An invitation is extended to all those involved in the field of animal production to apply for membership of
the New Zealand Society of Animal Production at our website  www.nzsap.org.nz
 

 

The New Zealand Society of Animal Production in publishing the conference proceedings is engaged in disseminating

information, not rendering professional advice or services. The views expressed herein do not necessarily represent the views

of the New Zealand Society of Animal Production and the New Zealand Society of Animal Production expressly disclaims any

form of liability with respect to anything done or omitted to be done in reliance upon the contents of these proceedings.

This work is licensed under a  Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License.

You are free to:

      Share— copy and redistribute the material in any medium or format

Under the following terms:

     Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may

do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

     NonCommercial — You may not use the material for commercial purposes.

     NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified material.

http://creativecommons.org.nz/licences/licences-explained/

 

http://www.nzsap.org/proceedings/browse
http://www.nzsap.org/conference
http://www.nzsap.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Proceedings of the New ZeaIand Society ofAnimal Production 1989, Vol49 221 

Effects of selection for shear strength on the voluntary 
intake and digestion of perennial ryegrass fed to sheep 

T. INOUE, I.M. BROOKES, T.N. BARRY 

Department of Animal Science, Massey University, Palmerston North 

A. JOHN 

Biotechnology Division, DSIR, Palmerston North 

ABSTRACT 

The effects of selecting for reduced leaf shear strength in perennial ryegrass on voluntary intake, digestibility and rumen 
outflow in sheep were studied. 

lXvo perennial ryegrass cultivars, selected on the basis of leaf shear strength (IS and HS) were fed to Romney wethers 
in May and October 1988 indoors for 2 weeks to measure voluntary intakes. Higher daily intakes of IS than HS (102 
gDM/kgO.75 v 86 gDM/kgO.75) were recorded in October, but no significant differences were observed in May, apparently 
as a result of high amounts of dead matter in the herbage. 

Eight rumen fistulated wethers were fed either LS or HS cultivars in May. Cr-EDTA-Ru-phenanthroline marker 
solution was infused for 6 days to measure rumen outflow and total faecal collection was made for digestibility 
determination in May. Total faecal collection was also made in October following the measurement of voluntary intake. In 
both experimental periods eating behaviour was also recorded. 

Low digestibilities were observed in May with no significant differences between IS and HS (65% v 67%), but in 
October higher digestibility of HS than IS was observed (76% v 73%), and also longer rumination times for sheep fed I-IS 
than IS were recorded in October (542 min/kgDM/day v 426 min/kgDM/day). The rate of DM disappearance of herbages 
containing low amount of dead matter (8%) when suspended in the rumen of cows, was significantly greater for IS than 
HS. Further investigations with good quality pasture with low dead matter are suggested. 

Keywords Shear strength; intake; digestibility; retention time; ryegrass; sheep; 

INTRODUCTION 

Prolonged retention of digesta in the rumen of 
forage-fed animals can reduce voluntary intake 
and feeding value (Thornton and Minson, 1973). 
Black et al. (1982) using computer simulations 
suggested that slow degradation and rumen 
outflow rates were principal factors causing long 
rumen retention times and reduced voluntary 
intakes in sheep fed perennial ryegrass. Rumen 
retention times are likely to be influenced by the 
rates of particle size reduction through chewing 
and rumination (Ulyatt et al., 1986). 

The hypothesis to be tested in the present 
investigation was whether perennial ryegrass 
selected for reduced leaf shear strength would be 
rapidly degraded by chewing and rumination, so 
that rumen retention times would be reduced, 
thereby increasing voluntary feed intake and 
animal growth rates. 

To examine this, trials were conducted to 

measure the voluntary intakes and parameters of 
rumen digestion of sheep fed perennial ryegrass 
selected for either low (LS) or high (HS) leaf 
shear strength (Mackinnon et al., 1988). 

MATERIALS AND METHODS 

Perennial Ryegrass Selections 

LS and HS perennial ryegrass cultivars were 
selected from a 
population of “Grasslands Nui” using leaf shear 
strength as a criterion by the Grassland Division, 
DSIR (Easton, 1989). Each cultivar was sown into 
a separate half of a 0.25 ha paddock located at 
DSIR, Palmerston North. 

Voluntary Intake 

Two trials were conducted to measure the 
voluntary intake of lambs housed in metabolism 
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crates and offered freshly-cut IS or HS ryegrass 
to appetite. 

In May 1988, 10 Romney wethers (mean body 
weight 36.0 & 2.1 kg) were randomly allocated to 
either the LS or HS treatment. Following a 7-day 
adjustment period, voluntary intakes were 
measured for a 7-day period after which the lambs 
were crossed over to the other treatment for a 
further 4-day adjustment and 7-day measurement 
period. On the last 5 days of each measurement 
period, 4 lambs were selected and eating 
behaviour was recorded over a 24-hour period 
using jaw harnesses. 

In October 1988, during a 12-day preliminary 
feeding period, 16 Romney wethers were offered 
freshly-cut mixed ryegrass/white clover herbage to 
appetite and voluntary intakes were measured. 
The selected 12 lambs were allocated to either the 
LS or HS treatment according to body weight 
(mean body weight 35.1 + 2.9 kg) and voluntary 
intakes measured over a 1Cday period. The 
monitoring of eating behaviour was also made for 
4 lambs in the same manner described above. 

Digestibility 

In May 1988, 8 rumen fistulated Romney wethers 
(mean body weight 71.0 + 5.1 kg) were randomly 
allocated to either the LS or HS treatment and fed 
freshly-cut herbage at a daily rate of 50 
gDM/kg”.75 using continuous hourly feeders. This 
level approximated to 90% of their ad libitwn 
intake measured during a 6-day preliminary 
period. Total faecal collections were made in the 
last 6 days of a lo-day feeding period using faecal 
bags. The animals were then crossed over to the 
other treatment and the procedure repeated. 

In October 1988, following the measurement of 
voluntary intake, the lambs were fitted with faecal 
bags and a total collection made over 9 days. 

Rumen Retention Times 

On May 1988 during the last 6 days of the feeding 
periods, the fistulated wethers were infused into 
the rumen with 
Cr-EDTA-ruthenium-phenanthrol ine dui 
marker solution at a mean daily rate of 537 mg and 
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13 mg/kgDM intake for Cr and Ru respectively 
(Binnerts et al., 1968; Tan et al., 1971). At the end 
of each period, rumen contents were totally 
removed, weighed, samples taken for DM and 
marker analyses, and contents returned. Rumen 
mean retention times (MRT) of chromium and 
ruthenium were calculated by the continuous 
infusion and total emptying procedure (Faichney, 
1975). 

Dry Matter Disappearance Rates 

After the May 1988 trials, 4 rumen fistulated 
wethers were allocated to either LS or HS 
treatment. One kg of freshly-cut regrowth herbage 
containing approximately 8% dead matter was 
offered to each wether after rumen emptying. The 
animals were allowed to eat for approximately 40 
minutes when virtually all the herbage had been 
consumed. Ingesta were then recovered from the 
rumen before being regurgitated and placed in 
polyester bags which were suspended in the 
rumens of 3 cows fed freshly-cut mixed pasture (8 
kgDM/day in hourly aliquots). The bags were 
removed from the rumen after 3,6,12,19,24 and 36 
hours. 

Analyses 

Leaf shear strength measurements were made at a 
point midway along the length of live leaves with 
groups of 10 leaves obtained from herbage offered 
using the Instron Food Testing Instrument Model 
1140 (In&on Ltd) attached with Warner Bratzler 
Meat Shear Compression Type (2830-013) 
(Instron Ltd., 1973). 

Proportions of dead matter in the herbage 
offered were determined by dissection. 

Dry matter concentrations were determined on 
samples of herbage offered, refused and placed in 
the polyester bags, faeces and rumen digesta. 

Chromium and ruthenium concentrations in 
rumen digesta were determined by XRF 
spectrometry (Evans et al., 1977). 

RESULTS AND DISCUSSION 

Table 1 shows the mean leaf shear strengths and 
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TABLE 1 Shear strengths and proportions of dead matter in J_S and HS perennial ryegrass cultivarn. 

May October 
Is B SEM IS FB SEh4 

Shear strength (newton/leaf) 7 11*** f 0.6 9 13*** f 0.4 
Dead matter (So DMJ 24.9 20.0 - TtWZ TraCe 

proportions of dead matter contained in the 
herbage offered during the voluntary intake and 
digestibility trials of May and October. 

The leaf shear strengths were significantly lower 
for LS herbage in both periods. In May, both 
herbages contained a substantial proportion of 
dead matter @O-25%) whereas in October, only 
trace amounts existed. 

Table 2 shows the mean voluntary intakes, 
digestibilities and eating and ruminating times for 
LS and HS herbage fed to sheep. 

In May, DM intakes were relatively low and no 
significant differences existed between the LS and 
HS treatments. However, in October, the DM 
intakes were higher than in May and significantly 
greater for lambs fed IS compared with HS. 

DM digestibilities were lower in May than in 
October. In May, no significant differences were 
observed between treatments but in October, the 
digestibility of HS was significantly higher than 
that of IS. This may be related to the greater 
intakes of DM recorded for the LS and also to the 
longer rumination times for HS, although no 

significant differences in times for eating between 
IS and HS were observed. There were no 
significant differences in eating behaviour in May. 
Mean rumen retention times were calculated for 

the particulate and liquid phases using the 
concentration of Ru and Cr markers respectively. 
These measurements were only made in May and 
no significant differences occurred between 
treatments (particulate phase 16.8 h and 16.3 h 
(SEM + 0.8); liquid phase 9.2 h and 8.7 h (SEM 
2 0.3) for LS and HS, respectively). MacKinnon et 
al. (1988) have suggested that selection of IS 
plants may increase the rate of breakdown during 
chewing and therefore reduce rumen retention 
times and increase voluntary intakes. The fact that 
this was not observed in the May trials may be 
related to the low digestibilities and high 
proportion of dead matter in the herbage. It 
would, therefore, be desirable to repeat these 
measurements with herbage of higher nutritive 
value. 

Figure 1 shows the cumulative disappearance of 
DM during microbial digestion of forage which 
had been chewed during eating only. 

The rate of DM digestion was greater for LS 
than HS at 6, 12, 19 and 24 hours. After 36 hours 
of digestion, the difference between treatments 
was no longer apparent. This would lend support 
to the hypothesis that with herbages containing 
relatively low proportions of dead matter (8%), a 
reduction in leaf shear strength will increase rates 

TABLE 2 Voluntary dry matter intakes, dry matter digestibilities and eating behaviours of sheep fed LS and HS 
perennial ryegrass cultivars. 

May October 
LS m SEM IS w SEM 

DM intake (g/kgO.75/d) 
DM digestibility (40) 
Eating behaviour 

Eating (min/kgDM/d) 
Ruminating (min/kgDM/d) 

65 67 f 2.5 102 86*** f 3.0 
65.9 66.9 f 0.5 73.0 76.4* It 0.5 

330 351 rt 27.8 259 225 * 11.1 

471 468 f 61.9 426 542** f 14.8 
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FIG. 1 Cumulative dry matter disappearance (%) of L-S and 
HS perennial tyegrass suspended in polyester bags in the 
rumen of pasture-fed cows. 

of breakdown in the rumen, which may lead to 
reduced retention times. 

John et al. (1989) found that shear strength of 
HS forage residue was about 60% greater than IS 
during microbial digestion. The faster rate of DM 
digestion and lower shear strength of IS selection 
would enhance clearance of rumen digesta and 
thus contribute to higher feed intakes. 

CONCLUSIONS 

These results indicate that perennial ryegrass 
selected for low leaf shear strength was consumed 
in greater quantities and was digested more 
rapidly in the rumen than perennial ryegrass 
selected for high leaf shear strength. However, 
these differences were only observed when the 
herbages contained low proportions of dead 
matter. Preliminary studies also indicate increased 
liveweight gains are possible for lambs grazing LS 
compared with HS ryegrasses. 
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