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Summary

The studies reported in this thesis were undertaken to investigate the
characteristics of the degradation of two species of fresh forages in ruminants, i.e.
lucerne (a legume) and ryegrass (a grass). A review of the literature was done to
determine current understanding of the degradation of forage protein by plant and
microbial proteases in the rumen. Knowledge of degradability of fresh forages was
found to be limited and so three studies were undertaken using forages labelled with
>N so that the end-products of forage protein degradation could be identified and
their kinetics determined. The '°N-labelled forage was readily produced by growing
the plants in pots watered with a solution of "NH,’NO;. Rumen degradability of
fresh and frozen-thawed lucerne and ryegrass was evaluated using in vitro, in situ

and in vivo techniques.

In Experiment 1, chopped 'SN-labelled forage samples were incubated with
rumen fluid in vitro for 12 h and their fermentation and degradability characteristics .
Estimates of volatile fatty acids (VFA) and microbial protein production over 12 h
indicated that lucerne and ryegrass had different potential OM degradability (41.2 v.
34.5%, respectively) and crude protein (CP) degradability (47.1 and 55.9 %,
respectively). Lucerne was, however, degraded more rapidly in the early stages of the
incubation than ryegrass and the effective rumen degradability calculated for a rumen
outflow rate of 5%/h was therefore higher for lucerne than for ryegrass. Based on
VFA production, fresh samples contained more fermentable OM than those that had
been stored frozen and then thawed. The addition of 1 g of starch to the incubation
flasks containing frozen-thawed forages increased fermentative activity close to the
level as for fresh forages although gas and VFA production rates were still lower

than those for fresh forages.
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In Experiment 2, results obtained using the rumen in sifu method again
showed that there were degradability differences between the two forage species with
effective degradabilities being higher in lucerne than ryegrass, i.e. for DM (62.5 v.
57.2%) and for CP (70.6 v. 61.0%), respectively. There were also important effects
of sample preparation on estimates of the degradability of DM and CP. The effective
CP degradability at a rumen outflow rate of 5%/h was 66.3% and 74.8% for fresh
and frozen-thawed lucerne, respectively. The corresponding estimates for fresh and
frozen-thawed ryegrass were 59.7% and 62.2%, respectively. Furthermore, true
degradability parameters obtained by the in situ method were under-estimated
because of the growth and attachment of micro-organisms to the plant material as the
incubation proceeded. In this experiment, °N in the forage samples was used as a
marker to identify plant N and to distinguish it from un-labelled microbial N.
Microbial attachment occurred rapidly with both forage species so that after 1 h,
microbial N as a percentage of total N was higher in lucerne than ryegrass (40-60%
v. 28-40%, respectively) and by the end of the incubation (48 h) was about 97% for
both species. The rumen in situ method provided conditions that were close to the
real rumen environment than the in vitro incubation, because the disappearance of
DM was higher and more closely approached an asymptotic value. It was concluded
that degradability values, obtained by either in vitro or in situ methods, for frozen-
thawed samples may not reliably represent the true value for fresh samples. Thus, to
asses grazed pasture material, fresh plant material should be used whenever feasible,

rather than thawed samples as has often been the case in published reports.

In Experiment 3, the ruminal digestion of fresh ryegrass N was studied by
allowing sheep on a basal diet of chopped lucerne hay to ingest a single meal of "’N-
labelled ryegrass; '°N-ammonia was also given intraruminally to the sheep under the
same conditions to enable models of "°N kinetics to be quantified. The subsequent
appearance of "N in secondary N pools (rumen ammonia-N, non-protein NAN,
bacteria and soluble protein) was then monitored. Results for rumen ammonia
kinetics in the sheep were similar to those reported previously. In addition, N
degradation of ingested fresh ryegrass was rapid and extensive (>90%/24 h),
supporting the findings in in vitro and in situ experiments and also the results from

the complementary rumen in situ estimates made in Experiment 3.
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The concentration of peptides and AA in rumen fluid was 100 mg N/L in
this study. The N assimilated into rumen bacteria in the sheep originated from both
ammonia (34%) and peptides and AA (66%). Application of a published rumen
model provided an excellent simulation of the kinetics of labelled ammonia but
failed to simulate the flow of ’N from the labelled ryegrass to peptides and AA in
rumen fluid and then to the bacterial N. It was necessary to hypothesize that there
was a direct route of assimilation of peptides and AA by rumen bacteria that did not
pass through the rumen fluid pool of peptides and AA. This could occur if bacteria
attached to ryegrass were extracting peptides and AA from plant particles without
these materials passing through mixed rumen fluid pools; this suggestion was also
supported by the demonstration of extensive attachment of microbial material to

forage samples in the rumen in situ studies.

Therefore, *N-labelled plant materials can be used to increase the power of
in vitro and in situ studies. When used with suitable modelling techniques, in vivo
experiments in which animals ingest the forage under study currently provide the
only means of generating reliable information about the kinetics of ruminal digestion
of freshly harvested forages in the rumen. Such information is needed to verify in
vitro and in situ methods, particularly when the samples tested have been stored

before analysis.





