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Summary

Probiems wilh maintaining service and equipment in sonme developing countries suggest that the
rumen bag lechnique may be more appropriale Jor the deiermination ol plant dry matler digestibility.
The technique has been adapted for use in goats in the [6-25 kg liveweight range, Reliable resufts
were obtained for animals mawtained under shelter in cages and fed on a mixed fegume/grass diet.
The results showed that up to 7 bags contaiming dried and ground (2 mim screen) plant samples
(1-3 g) could be satisfuctority used in each goal. The digestibility of the legumes studied did not
increase with incubation times over 48 heurs, but there was an increase in the digeslibility of grasses.
Hewever an incubation time of 48 hours was adapted for both legumes and grasses as it allowed
more efficient werk scheduling for large numbers of sainples while still giving acceptable comparisons
between species. Losses of maierial from the bags during a 6 hour soaking in water were 2-9% as
fine solids and 14 219 in solution. In the methad finully adapied the disappeacance was measured
for plant samples 1that were placed in Dacron mesh bags (7 X 14 ¢m, 44 micron) and 6 bags suspended

in the tumen of each sheep for 48 hours.
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Introduction

Over the years there have been many develop-
ments in the methodology of assessing forage
nutritive value. Most attention has been paid to
the development of methods which requirc no
or fcw animals and small sample size because
of the cost assaciated with maintaining the large
number of animals required for feeding trials and
the large amount of test lorapes. llowever. the
techniques require precise control of
laboratory gprocedures and equipment  that fre-
quently cannot be aperaled or maintained in the
facilities available in developing countries. Coun-
sequently, attention has been focussed on the
artificial fibre hag technique initiated by Quin
et al. 1938 {cited by Weakley et al,, 1983). Both
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the rate and extent of degradability of the fecd-
stufl in the rumen can be estimated using bags
made of dacron,

Since the initial development of the technique,
the method has gained acceptance as a means
of measuring fibre and dry matter digestion in
the rumen. In the past few years the technique
has alsa been used for measuring nitrogen disapp-
earvance from feed and protein sources, primarily
as a tool for ranking their resistance to ruminal
proicin degradation,

Estimates of in sivo ruminal protein degrada-
bility using this lechnique have been reported
by @rskov and McDonald (1979), Stern and
Satter (1979). Stern et al. (1980). When appro-
priate factors are accounted for the method can
be used for guantitative cstimates { grskov et al,
1980).

{n asscssing the resulis of rumen bag digestibilily
measuremenls, grskov ct al. (I1980) pointed out
three important limitations. The [first is that the
sample must be confined within the bag; secondly,
the particles should be able to lcave the rumen
bag once hroken down to a suilable particle sizc
and, thirdly, what is actually measured is the
breakdown of material to a size small enough
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to leave the bag and not necessarily a complete
degradation to simple chemical compounds.

Many studies have considered the effect of
diet on the results obtained in rumen bag dige-
stibility measurements. Factors influencing the
determiinations of in-situ fibre digestion in the
rumen have been reviewed extensively by Weakley
et al. (1983). The effect of bag pore size, sample
weight and bag surlace area have bcen studied
eg Uden et al. (1974), Mehrez and ¢ rskov
(1977), Playne et al. (1978).

It has been suggested that 30 to S0 rumen
bags can be inserted into the rumen of cattle
or buffaloes (liveweight 300 to 500 kg), and 6
bags are often uscd with sheep having a body
weight of around 40 kg (Perdock, pers. comm.).

In studies with sheep, Mehrez and grskov
(1977) found only very small differences in DM
disappearance when different numbers of bags
were used, but also found a reduction in degra-
dability when sample size was increased for a
given bag size. [n cattle, a sample size ol 2 g
with bags measuring 12.5 cm by 9 cm was uscd
hy Vario and Huber (1954).

@rskov et al. (1980) showed that the incubation
time depends on the type of material used.
Generally, concentrates require 12-36 hours, good
quality forages 24-60 hours and poor quality
roughages 48-72 hours.

Increasing atlention is being given to farage
quality measurements in the developing world
but often reliable facilitiecs are not available to
utilize the published methodologies. [n many
countrics goats are the only small ruminants
available. Goats often have a lower liveweight
than sheep and no published data is available
in the use of rumen bags in goats,

The studies reported here were undertaken
to examine the elfects of number of bags, sample
size, incubation time and fineness of grinding of
dried samples on the rumen bag (RB) digestibility
of tropical forages in an effort to adapt the
method for use in remote arcas.

Materials and Methods

Management ol animals

Local goats, weighing 16-25 kg and fitted with
rumen fistula, were used, An animal house was
constructed from bamboo and measured 4 X 7 m.
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It bad open sides and a thatched roof to provide
protection from sun and rain. The individual
cages measured 0.6 X 1.2 m and were elevated
one metre above the ground. Each cage was fitted
with a container for feed and one for water. A
salt lick was also provided.

Internal parasites were conlrolled by drenching
at six weekly intervals. External parasites were
controlled by dipping the animals when necessary.
The area around the rumen fistulas was kept
clean at all times in order to prevent infection.

The diet for the goats consisted of 70% dried
corn stover which could te obtained from local
farmers, and 30% of mixed tree legume [eaves
which were available on the research station, The
latter was 2 mixture of dried leaves of Leucaenn
tewcocephala, Gliricidur Sp.. Sesbunta grandifiora,
and Celliondra calothyrsus. The components were
crushed and hammer milled to pass through a
3-4 cm screen, This basal diet was fed ad 5.
daily from 09:0¢ A.M. to 16:00 P.M. Waley was
afways availlable and both feed and water con-
tainets were cleaned daily.

Rumen hags

Rumen kags 7 cm wide and 14 cm deep, were
made from Dacron mesh (44 micron). After tying
the bags, an effective surface area of approximately
150 cm? remained.

Rumen bags were dried overnight in an oven
at 65C, placed into a desiccator and then weig
hed. A dried, ground (< 2 mm) plant sample
of a piven weight and a glass marble of a known
weight were placed into the bag. The bag was
securely lied and a short length of string Jeft
attached to the top of the bag. The required
number of bags were thien inscrted into the rumen
and held suspended by the strings which were then
attached to the cannula. The glass marble was
necessary to fully immerse the rmmen bag in the
rumen fluid. After a given time Lhe bags were
removed from the rumen, thoroughly washed,
squeezed for several minutes under running water
and then dried in an oven for 24 hours at 657,
placed into a desiccator to cool and weighed,
The percentage disappearance was then calculated.
After cach usc the bags were turned inside cut,
the residue removed and the bags washed n a
deterpgent solution for at least two hours. They
were then rinsed with clean water and placed
into a 4% chromic acid solution for 24 h in an
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oven at 65%C. Bags were thep washed in clean
water and dried for further use.

Experiment 1. Effect of number of bags
per goat

Experimental

Based on the relative liveweight of the different
ruminants it was estimated that about 4 rumen
bags would be appropriate for the size of the
goats available. A preliminary trial showed that
there were nc differences in the amount of
material digested when using three to five bags
per goat. However, there are often large numbers
of samples to be processed and it would be
advantageous if more bags could be used per
animal. Consequently, an experiment was con-
ducted using 5, 6 or 7 bags per goat. Iiive, six
or scven bags each containing 2 g of either B.
decumbens or M. airopurpureum, which had been
dried at €0C for 24 hours and ground to pass
a 2 mm sieve, were placed into the rumen of cach
goat and were incubated for 48 hours. The
experimental design is shown in table |,

Where 5 bags were used, 3 contained legumes
and 2 contained grass. Where 6 hags were used,
3 contained legumes and 3 contained grass. Wherc
7 bags were used, 3 conlained legumes and 4
contained grass.

TABLE |. DESIGN OF THE RUMEN BAG NUMBER

EXPERIMENT
Run
Goat _
0a T > ]
(No. of bags)
A 3 7 6

=
o
w
~J

Results and Discussion

There was no significant difference in dry
matter disappearance when using 5, 6 or 7 bags
per animal {table 2). It was concluded that up
to 7 bags per goat could safely be uscd but as
6 bags per goat suiled our studies no attempt
was made to try higher numbers of bags.

The results of this trial are similar to those
obtained by Mehrez and ¢grskov (1977) who

found only very small differences in DM disap-
pearance when different numbers of bags werc
used.

TABLE 2. DM DISAPPEARANCE (%) USING 5, 6
OR 7 BAGS PFR ANIMAL

Number of bags
5 6 7

B. decumbens 576 587 579 NS
M. atropurpureum 613 615 625 NS

Species Sig

Experimant 2. Effect of sample size per
bag

Experimental

Often only small amounts of herbage arc
available, particularly in the early stage of screening
trials. An cxperiment was therefore conducted
investigating the minimum sample size necessary
to obtain reliatle results.

A range of sample weights (0.5, 1, 2, 2.5,
3, 4, 5 6 and 7 g)were tested using three goats.
A wide range of sample weights were used in
each pgoat but the compictc range of sample
weights were not used in all goats. Six bags per
goat containing a mixture of sample weights of
ground . leucocephala were incubated for 24
hours.

Results and Discussion

Although there was a trend to decreasing
digestibility with incrcasing sample size in goat 3
there was no significant goat X sample size
interaction {figure 1). Examination of the data
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Figure 1. Effect of sample size on DM disappea-
rance,
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suggested that samples in the range of 1 to 3 g
per bag would provide repeatable results.

Experiment 3. Effect of incubation time

Experimental

The aim of this experiment was to determine
a common incubation time for use in experiments
where contrasting materials are included. A com-
mon Incubation time is often necessary to allow
concurrent measurement of grass and legume
samples and because of limitations in electricity
supply and the availability ol labour.

Six bags per poat, eachcontaining about 2 g,
were incubated for 12, 24, 48 and 72 hours
using two goats (table 3). There were two bags
of Arachis sp., two bags of Imperata cylindrice,
one bag of B. decwnbens and one bag of M.
atropurpureum.

Results and Discussion

The anrount digested increased with increasing
incubation time for both grasses and legumes.
While legumes had reached a maximum after
48 hours, there was stll an increase in the
amount digested between 48 and 72 hours of
incubation for grasses (tabie 3). The increase
recorded between 48 and 72 hours for B. decu-
mbens was not signilicant becavse of the high
standard deviation however the dilference for 1
eylindrice was significant. Often it is required
to complete the analyses within restricted working
hours and because of limitations on the time
available it was dccided that @ standardized
incubation time of 48 hours would be used for
both grasses and legumes. For comparative
purposes this appears an acceptatle compromise.

TABLE 3. EFFECT OF INCUBATION TIME ON RUMEN BAG DIGESTIBILITY (%)

Incubation time (h)

Epeeics 12 24 48 i
Arachis sp. 67.8(3.2)" 71.6(0.9) 74.9(0.4) 74.8(2.2)
M. atropurpureum 47.6(2.3) 55.4(8.8) 62.3(1.0) 63.5(0.2)
B. decumbens 15.6(1.5) 46.6(4.6) 55.7(8.4) 64.7(0.7)
1. cylindrica 22.5(2.2) 31.0(3.1) 40.200.2) 45.6(0.7)

" Standard deviation in pareathesis.

Experiment 4. Water soluble component
and fine material in samples

Experimental

Ofien pilant grinders are not well maintained
and plant samples ground in then posess a wide
range of particle sizes. This situation posed two
questions:

i) how much fine material escapes from the
rumen bags, and;

i) the degrec of water solubihily of the samples.

Two standard materials, B. decumbens and
M. atropuwrpureurn, and a red clover Trifolium
pratense sample (used in rumen bag trials at the
University of New England) were used. The latter
was included since it was a much coarser sample
{> 2 mm) than the other tropical forage materials
and provided a good sonrce for comparison.

Six baps of each of thc three materials were
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used; sample weight was approximately 2 g. Each
bag was soaked for one hour in 250 ml water.
Bags were shakcn every 1§ minutes during this
period. The bags were than removed, squeezed,
and dried overnight in an oven at 6517 Next
morning they were placed n a desiccator for
30 minutes and the dry weight recorded. The bags
were then soaked for a further five hours, and
treated as described above. Following the second
drying, lhe bags were then incubated in the
rumen (six bags per goat) for 48 hours, washed,
dried and total disappearance recorded. The
material from the one and five hour treatments
was filtered to separate fine material from the
soluble Ttaction. The filter paper plus [ine matenal
was dried, the filtrate evaporated to drymess, and
the wetghl of the fractions determined.

Results and  Discussion
Tota! disappearance was similar for 3. dectun-
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tens and M. atropwrpureum, but was approxi
mately 157 highee than that for Red Clover (lahle
4). The total disappearance of 7¢.9% of ths Red
Clover recorded in this study is simtlar to that
recarded for this material in stndies al  the
University of New England {Perdck pers. comm.).

Of the tatal disappearance approximately 3%
was fine matevial for B. decumbens and M atr-
opwrpureum and 87 for Red Clover. A further
14219, of the total laosses were soluble. Al least
75%. of the soluble material had left the hag after

1 hour, and between 509 to 759, of the fine
material had escaped after | hour. Fears that
B. decumbens and M. atropurpureum were ground
too tinely for rumen bhag wark can be dismissed
and thiz finding agrees with other workers. For
example, Lawrey {(1969%) found no difference in
dry matter losses with forages ground (o pass
4, 3. ar 2 mm screen sizes, althcugh massive
losses of materials through the pores of the bag
occurred with the use of a t mm screen.

TABLE 4. SOLLBLITY AND DISAPPEARANCE OF FINF MATFRIAI AFTER 1 QR & HOURS IN WATFR, AND
TOTAL DISAPPEARANCE AFTER A FURTHER 48 b INCUBATION N THE RUMEN

Total Fine Solutle
SRS dtsaprearance material malerial
' (%) (%) (%)
6 + 48 h i h 6 b | h 6 h'
B. decumbens 60.1 (1.0)* 1.2(0.4) 2.4 (0.5) 10.7 (0.5) 14.0 (1.6)
M. atropurpureum 62.1 (1.1) 2.6 {0.4) 3.8 {0.6) 16.0(2.7) 209 (4.4)
Red Clover 76.9 (1.2) 6.2 (1.2) 8.6 {1.2) 16,2 (2.3) 196 (2.2)

" Total of I + 5 h soaking.
" Siandard deviation in parenthesis.

Recommendations far use of rumen hags in goats
Dacron hags (7 X 14 cm in size; 44 micron)
with an effective surlace area of approximately
150 am”.
Plant material dried and ground ta pass
through a 2 mm sieve.
Sample size per bag 13 g.
— Six hags per goat.
— A ecammon incubation time of 48 hours
for both grasses and legumes.

Literature Cited

Lawrey. R. S 1969 The nylon bag techrigue fer the
estmation ol (orage cuality, In: Proc. Nalonal
Con. an Farage Quality Fyaluation and Vhilizaticn.
Scction 37, pp. 251-258

Mehrez, A, Z and F. R grskav. 1977 Study of the
anificial libre hag techn.cue for devermining the
digestihility ol feeds in the rumen ] Agric. Sci
{Camh) R-645-654.

drskov, E. R, F. D. Deb Hovell and F. Mould.
1980. The use ¢l the nylan hag technique [ar lhe
evaluaticn of feed staffs. Trep. Arim. Pred &
195 713.

drskov, E.R. und [. McDonald. 1979, The estimation

615

af praten depradahility in the rimen from incu-
hatioan measurements weighted according ta rate
af passage. 1. Apric Sci. (Camb.) §2:489-503.

Playne, M. J, W. Khumuvalthong and M. G. Ecke-
varria. 1978, Factars affecting the digestion of
oesphageal fistual samples and hay samples in
nylan baps in the rumen of canle. | Agric So.
{Camh.) 90:163.

Stern, M.D.,, M. E Ortega, and L D. Satter. [980.
Use of (ke dacran kag techmigue with rate of
passape informatior (o estimate prote:n degradation
in the rumen. J Apim. Sci. § 398

Stern. M. D and L D. Sater 1975 FEvalvatian of
the dacron bag teckmique lor estimating pratein
depradability sn the rumen. Repart on XV Conf.
on Rumen Function, CSRS, USDA, pp. 29.

Uden. P., R Parra and P . Van Socst. 1974, Faclors
intuencing the reiability of the nylon hag 1echnique.
(Abstr.). 1. Dairy Sci. 57 €22,

Vario de V. P. and J. V. Huoker 1984, Influence of
dictary pretein and energy on disappearance ol
dry matter frem different farage types from dacron
bags suspended in the rumen. I Anim. Sci. 55
246-252

Weakley, D.C., M. D. Stern and L. D Satrer [982.
Faclcrs alfecting disappearance of fead staffs from
bags suspended in the rumen. 1 Anim. Sci. 56
493 507



