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Abstract

A method has been developed which enabled 100
white clover cultivars to be screened and ranked
for improved nutritive value. Our objective was to
identify cultivars having protein which was
relatively insoluble and resistant t0 rumen
degradation. The methods were developed for fresh
forages, so that the results were applicable to the
grazing animal. The clover was harvested and
minced to give a particle size distribution similar
to material chewed by ruminants during eating.
Crude protein solubility was estimated by
measuring nitrogen (N) loss from minced clover
incubated in nylon bags in the rumen of a cow.
This required the optimal amount of dry matter
(DM) and incubation times to be determined,
variation between animals to be defined and
repeatability of measurements established. Crude
protein degradation was measured by incubating
minced clover with buffered rumen bacteria in
vitro and defermining net  converson of plant N to
ammonia N. Nitrogen loss to degradation and
solubility_for_the 100-cultivars—were-positively
correlated (r=+0.29; P<0.01). Six white clover
cultivars w& e identified as having low solubility
and slow degradation and five cultivars having
high solubility and rapid degradation. Mean  values
for N loss from nylon bags after 5.5h (solubility)
for the two groups were 71.7 and 79.8% (P<0.001)
and net degradation of plant N to ammoniaN was
20.0 and 29.0% (P<0.001) for the respective
groups.
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Introduction

This paper is about developing a method. As with any
method development the firgt priority was to define the
objective and as far as possible understand the
implications surrounding it. Our objective was to screen
100 cultivars of white clover and to sdect those which
would most benefit ruminant nutrition. This task
required a good knowledge of the factors affecting

nutritive value, and a knowledge of white clover
ingestion, digestion and utilization by ruminants. The
chemical composition of white clover isimplicit in
uch an  underdanding, but plant growth habits and
morphology were aso  important.

This paper outlines the screening  procedures  and
the selection of cultivars most likely to benefit
ruminants. The methods were developed with a single
cultivar of white clover grown under glass and are
applicable to other forages such as grasses, tannin
contaning legumes and consrved feeds However, in
each instance some of the criteria for optima nutritive
vdue will differ in accordance with the characteridtics
of the forage under invedtigation, and require some
modification to the screening process.

Nutritive value of white clover

White clover (Trifolium repens) contains high
concentrations of protein and low concentrations of
gructurd fibre in the dry matter (DM) relative to grasses.
White clover is of high nutritive veue for both sheep
(Ulyatt 1981) and cattle (Cammell et al. 1986),_but_it
could beimproved if the rapid degradation of protein to
anmonia by rumen microbes could be reduced.

The loss of protein to ammonia has two codts for
the ruminant. The principal cost is that the |oss of
proten and amino acids by microbid proteolyss in the
rumen reduces the amount of amino acids that are
avalable for absorption from the intestine  Ruminants
grazing high quality pastures appear to absorb
insufficient amino acids relative to energy, so that
productivity is less than optimad (eg. Hogan 1982).
Some of the ammonia released by proteolysis is
incorporated into the amen microbial biomass, but
most is absorbed from the rumen and converted to urea
in the liver, for excretion as urinary urea The cogt of
urea synthess is up to 4% of the metabolisble energy
intske (Waghom & Wolff 1984), and this represents a
ng loss of energy for production. Furthermore, recent
evidence suggests that the conversion of absorbed
anmonia to urea may involve an additiond catabolism
of drculaing amino acids, and exacerbate the protein:
energy imbdance (Beever 1993).

Protein loss from forage entering the rumen can be
associated with protein solubility and degradation.
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Solubility is the movement of proteins released from
plant cdls during medtication into the fluid phase of
the ramen environment. Soluble proteins appear to be
more  susceptible  to  degradation by  micro-organisms
than insoluble proteins associated  with plant  structurd
components or  precipitated by condensed  tannins.
Degradation is the destruction of proteins by
microbial  proteases resulting in the release of ammonia
and leaving the cabon skdefon which may be further
degraded to cabon dioxide and voldile faty acids by
the micro-organisms.  Proteins  differ in the rate and
extent to which they are lost to degradation in the
rumen, with hdf lives ranging from about 10 minutes
{casein) to several hours (seed albumins). Proteins
which are slow to degrade have an increasing
probability of escape from the rumen, 0 tha they can
be hydrolysed in the intestine enabling the condtituent
amino acids and peptides to be absorbed by the hodt.

Screening for nutritive value

The screening process focused on potential protein
losses from clover in the rumen but ignored other
apects of nutritive  vaue indluding  fibre  degradation
because it does not'appear to limit the intake or nutritive
vdue of white clover. The soreening procedures ranked
the cultivars on both protein solubility and on protein
degradation. Cost condraints required nitrogen to  be
ued a an indicator of protein in the clover.

Clover foliage comprises two fractions of quite
different nutritive vdue the ledflets ae protein  rich
and of high nutritive value, but petioles are resdant to
physcd breskdown and have a higher fibre and lower
proten content than lesf. Hence the leaf:petiole ratio
was determined for each sample to be evaluated,
together with total N to ensure that a selection for
slower protein breakdown did not select for alow
protein, high fibre plant with a low leafipetiole ratio.

Preparation and mincing the clover for assays

Nylon bag (in sacco) incubdions are a common method
for evaluating and ranking ruminant diets. The
procedure is used mainly’ for concentrate and
manufactured diets, which usually have a high dry
mater content. These maerids ae usudly freeze dried
and -ground through a Imm sieve, then placed in a
nylon (or similar) bag suspended in the rumen of a
fistulated animd. The bag has a pore sze of about 40
pm which allows microbes (principally bacteria) to
enter and diges the materid, but prevents losses of
paticulate  matter.

Comparisons of this kind (Minson 1993) are
draghtforward  and repestable, and may be gppropriate

for grans and some procesed digts but freeze drying
and grinding is entirdy ingppropriate for fresh forages
grazed by ruminants. It isimportant that feeds are
evauated in a form similar to that ‘seen’ by the digestive
system, so that we chose to cut fresh herbage and
mince it prior to in vive and jn vitro incubetions used
in this study.

When dheep est white clover the forage is broken
into small particles which can be measured by wet
seving the swadlowed maerid (Waghom e al. 1989).
The patidesze didribution of swdlowed materid (DM
besis), indicated hy deve aerture size and proportion
retaned on exch deve is agproximady:'4 mm (15%),
2 mm{6%), | mm (5%), 0.5 mm (6%), 0.25 mm (8%)
with a futher 20% of paticulale DM passing through
the 025 mm seve About 40% of clover DM is relessed
from the cdls in a soluble form by chewing (Waghom
& Shdton, 1988, Dellow et al. unpublished).

The soreening  procedure  required & technique be
Oeveloped which could process 100 g diquots of each
white clover cultivar to achieve a particle-size
digribution smilar to that of swalowed material. This
was by far the most difficult aspect of method
development, but we were aware of hand operated
mincers used by paents or grandparents which were
robust and likely to achieve the desired results.
Unfortunately these (metal) mincers are no longer
manufactured, 0 tha newspaper  advertisments  were
used to obtan severd mincers which were evauated
for the white clover <reening. One mincer mascerated
white clover to give paticle Szes similar to that achieved
by sheep during edting. The digtribution (DM retained
on seves with varying aperture Szes) was 4 mm (13%),
2 mm (10%), 1 mm:(14%), 0.5 mm (8%), 0.25 mm
(6%). with 3% of paticulae materid passng the 0.25
mm deve, and 46% of DM appearing in a oluble form.

It wes dso apparant that the mincing technique
could affect the didribution of DM between fractions
(for exampleif the mincer ‘bound up’), so that one
person  operated the mincer during both the method
devdopment and the evauation of 100 cultivars. Clover
was aways cut & the same time of day (13001400 h)
and hdd on ice for dissection of a subsample into lesf
and petiole fractions and mincing on the following day
(0800-1000 h). Typicdly the clover was about 15 cm
high a cutting, and was removed (scissors) a 1 cm
above ground level. All clovers were grown under glass

In vivo incubation times

The nylon bags were about 140 mm long with a
cdrcumference of 100 mm, but some potentid space is
lost when the opening istied. Previous experience
suggeded 50 g fresh minced forage was excessve in
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tems of both physicd limitations and because it is
important that dl of the materid is exposed to a similar
amount of microbial activity. Excessive filling may
reduce the extent to which cover a the centre of the
mass is digested reldive to clover adjacent to the bag
itsdlf, due to a greser time required for rumen liquor
to pendrate the forage mass Conversdy, a very smdl
amount of forage will be. digested rapidly leaving
insufficient  resdues for eccurate weighing and  andyses

The extent of digestion is dso dependent on the
time avalable for microbes to access the clover, Under
norma  circumdances white clover DM resdes in the
rumen for about 6-8 hours and about 60% of the DM is
log to digestion and absorption. It is important that
nylon bag samples are not left in the rumen for an
excessve period because very litle materid will remain,
and the evduaion will not be representative of norma
digestion in the grazing anima.

A trid was undetsken to determine the optima
amount of minced white clover to be. incubated in
nylon bags and the duration of incubation. Twenty, 30
and 40 g of minced materid (wet mater) were incubated
for 0, 6, 11, 22 and 34 h in duplicate by placing two
bundles of twelve bagsin the rumen of one cow at
1000 h. Each bundle was held in the rumen digesta
mass with an 800 g weight and the cow was turned out
to padure Approprite bags were removed a 1600 h,
2100 h and & 0800 and 2000 h the following day, then
washed in waer until no further colour apeared in the
water. The bags (with white clover residues) were dried
(48 h a 60°C) to determine DM losses to digegtion.
Andyss of N content (plant and bag residues) enebled

Table 1 Percentage loss of dry matter (DM) and-nitrogen (N)
from nyln bags containing 20,30 or 40 g fresh minced
white clover incubated for0, 6,11, 22 and 34 hinthe
TUMEN of a cow.

Treatment
w20 O w30 G — 40 Games
DM N DM N DM N

Initial amount 4.0 0.12 6.1 0.19 8.0 0.25

in bag ()

Incubation time (h) 0 20 1 25 29 4 3R

6 48 48 64 57 60 54
11 69 70 69 74 72 74

8890 8890 8384
% % 95 0 93 -9 93

Table 2 Percentage loss of dry matter (DM) and nitrogen (N)
from nylon bags containing 30 g fresh minced white
clover incubated in two cows for 0, 4, 8 and 12 h.
(Data are duplicate measurements).

s0ss COW A-vvs 2 COW Beaea

DM N DM N

Initial amount in bags (g) 49 0.19 4.9 0.19
Incubation times(h) 0 3533 3533 2735 26,34
4 61,64 62,65 89,78 91,80
8 77,67 74,64 8686 8585
12 82,88 8590 9092 9294

together as pat of a smdl herd for about 8 years. Nylon
bags containing 30 g fresly minced white clover were

Rae of N and DM losses from bags were similar,
and 46-94% of material disappeared after 6-34 h
incubetion (Table 1). Bags with 20 g minced clover
hed inaufficient resdue materid for accurdte  sampling
and andyss, and 30 or 40 g were more slitable Losses
of about 60% were representative of normal rumen
digetion s0 an incubation time of 6 h seemed to be

qopropriate.
Variation between cows.

Cows ae beter suited for nylon bag incubations than
sheep because ther rymens contain a larger quantity of
digesta (4050 1) then sheep (3.5-4.5 1), endbling more
bags to be incubated at one time. However, it was
important  to determine if there was varigtion befween
individud cows, 0 that evduaions of white clover
cultivars could be made without errors aisng from
cow effects.

Two cOws of similar age were used for this
comparison. They had been fistulated and grazed

placed in ech cow for 0,4,8 and 12 h (in duplicate).

After only 4 h 60-90% of the DM had disgopeared
from the bags Thee were lage differences between
cows in the rae of DM loss, especidly between 4 and
8 h of incubation time (Table 2). Because of the
differences between the two individuals, only one
anima (Cow A; Table 2) was used to evauae the 100
white clover cultivars and an incubation time of 55 h
was adopted. DM losses from this comparison  may
appear-to support a shorter, eg. 4 h, incubation time
but errors can arise from a slow -initial inoculation
(especidly of bags in the midde of the bunde), s that
the longer incubation should yidd more reliable results.

The differences between cows in raes of DM loss
from nylon bags were repested subsequently. The cows
remained grazing together, yet they must have had
different microbial populations. These observations
have ggnificant implications for forage evauation using
the nylon bag technique, but even grester implications
for our understanding of rumen digestion.

It is important that nylon bags be completely
immersed in the rumen digesta, and although thisis

I~
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facilitated by attaching a weight to the bags it is ds0
important that the bag contents are repidly wetted with
rumen liquor. This can be surprisingly difficult to
achieve in arepleat cow fed forage as the rumen
contents are frequently tightly packed, so that it is
worthwhile removing the cow from pesure for about
10 h (not more then 16 h) before inserting the bags,
dter which she should be tumed out to graze

In vitro degradation of plant protein

Nylon bag incubations enable the loss of N from plant
materid to be cdculated, but there is no indication as
to the fatle of the log N. Nitrogen which is solubilised
but not degraded is avalable for intestind absorption
& amino acids and peptides, but solubilised proteins
which are degraded to ammonia represnt a net loss to
the anima (athough some will be avalable when the
rumen microbes are digested in the intestines). Because
nutritive value is affected by the fate of N which is logt
from plants in the rumen it was necessay to measure
the degradation of plant N to ammonia. Nitrogen
degradation waes determined by incubating 9 g minced
white clover with 15 ml of mmen liquor (rumen digesta
queezed through cheesedoth) from cow A (Table 2),
and 60 ml of buffer to minimise pH changes over the 8
h incubation period. Invitro and nylon bagin vivo
incubations were conducted Smultaneoudy  when  the
100 cultivars were screened. The N content of  minced
white clover, ammonia content of rumen liquor and the
incubation medium after 8 hours were messured and
the net conversion of plant N to ammonia N was
cdculaed to indicate rates of plant protein  degradation.
White clover cultivars were ranked on the bess of net
ammonia production; those having lowest values
probably being the most useful for ruminants.
Throughout the method development and  screening,
cae was taken to avoid dead matter and to monitor
plant composition. It was most important to avoid
SHecting a fibrous plant with a low proportion of ledf.

Evaluation of 100 white clover cultivars

One hundred cultivars of white dover accessed from
Europe, North and South America, Audrdia and New
Zedand (14 cultivars) were grown in frays under glass
for evaduation usng procedures described here  The
iniid  screening  showed that N losses to  degradation
and solubility were positively correlated (r=+0.29;
P<0.01) s tha high losses from minced clover in the
rumen Were associated with high rates of protein
degradation to ammonia in vitro. After the initial
screening (20 cultivars per day plus 2 sandards over 5
days), a group of 20 cultivas having dow raes of loss

from nylon bags and 10 having high rates of loss from
nylon bags were sdected for a repest evaudion in
duplicate. The net result was that 6 cultivars were
selected as having low rates of solubility and degradation
(Bayucua, El Lucera, Nesta, Kopu, Cdifornia Ladino,
Bage and 5 cultivas having high rates of solubility
and degradation (Pastevec, Beta, Sonja, Karina,
Smulbladet). Both groups had a similar proportion of
lesflet in the DM (35-37%) but the N content of the DM
(%) was higher in those having a high N loss (4.55xSE
0.074) than those having a low N loss (4.05+SE 0.077,
P<0.01). Nitrogen losses from nylon bags (% of totd
N) were 71.7+SE 1.20 and 79.8+SE 0.76 for low and
high sdections (P<0.001) whilst in vitro net conversion
of N to ammonia N were 20.0+SE 1.01 and 29.0+SE
15 1 for the respective groups (P<0.00 1).

Future work will involve afurther evaluation of
the thirty cultivars used in the final screening by
growing them out of doors and repedting in vitro and
in vivo measurements. This will be followed by fied
trids to edablish the extent to which differences in
protein - <olubility and degredation affect the productive
peformance of shep and catle

Conclusions

We have devdoped a mehod which appears capaile
of sreening fresh white clover culivars on the beds
of crude proten loss to solubility and degradation in
the rumen. The optimal method involved mincing
freshly cut clover to-achieve a didtribution of dry mater
sgmilar to that when it is chewed during edting. The
clover was incubated in nylon bags in the rumen and
with buffered rumen liquor in vitro to measure protein
solubility and  degradation.  Nylon bags suspended in
the rumen were not allowed to float on the surface.
They should not be ovefull, and be incubated for 56
h in a sngle animd. At lesst 24 bags containing 30 g
wet material can be incubated simultaneously.

* Cdculations of nitrogen loss in vivo must be rdated to

net degradation to ammonia in vitro to determine
forages mogt likdy to resst breskdown and loss of
plant protein to rumen degradation.
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