Factors affecting the in vitro digestibility of tropical

grasses”
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COMPENDIO

Eu el cnrso de trabajos pava establecer nna vutina para la determinacidn in vitro
de la mareria orginica (MO D } de pastos tropicales que estaban eraluandose agrond-
micaniente, se estudiaron en O experimenios los efectos de varias variables

Los valorer M.O.D. no faeron afectados al dar al ovine donador s suplentenic

de proteina, o al secar las mueshas a 65° d 103°C. Se encontrd acousejable nsar lico
del yumen de mds de wn donador, para estandavizar el momento de su recoleccion en
velacidn con la coniida previa, niar un tacie parvial para bumedecer las muestras ol
comienzo del paso 1, y pmalizar la fermentacion al final sin wsar cloinro mercivico

Los ralores MO.D de wna muestra de pobie calidad (1,5 por dento PC)
fueron aumentados al moler dos veves la muestra, y ol bicluiv 6 mg of N-wrea en la
solucion tampon agregada para el paso 1 con licor del rnmen. La prolongacién del paso
! de 48 a 72 boras anmenté la cantidad de M O. digerida en nna diversidad de muestras,
v la adicidn de mea annmentd la tasa de digestion, ocnrviendo el aumento mds grande e
ias muestras de calidad pobre  Se propowe la ecnacidn aiintdtica ¥ = A 4 Be—t
para deseribiv la tasa digestion

La digestion en pepsina deida por 24 horas aumentd la cantidad de MO dige-
vida. pero su continnacion por otras 24 boras no twve efecio con nineshas que conteniai

hasta 22,6 por clento de P.C — Laos autores.

Introduciion

URING the period 1963 to 1973 over 100 tro-
pical pasture grass species and strains wege in-
troduced into Trinidad and established on the
University Field Station. As part of the screening pro-
cess, the DM. or OM digestibility of dried samples
was estimated using the two-stage /# vitro method ori-
ginally described by Tiliey and Terry (12). The method
was modified to suit local humid tropical conditions as
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a result of a series of trials described here, which
tested recommendations made by Minson and McLeod
(9), and others {1, 13)

An automated routine system of determining the
in vitro digestibility of tropical grasses was developed,

Materials and methods
General

Samples of pgrasses were dried at 100°C in most ex-
periments and milled through the 1.0 mm screen in a
20 ¢m “Christy and Norris’ hammer mill. Ia some trials
samples were redried and passed through the 0.8 mm
screen in a small laboratory mill  Approximately 0.5 g
of sample was weighed into each pelycarbonate cen
trifuge tube, and 2 g samples were used to determine
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per cent DM and Q.M Details of the age and chemi-

cal composition of the grass samples are given in Ta-
bie 1.

Rumen fistulated sheep were kept in pens and
given food and water ad /ib. When the quality of the
fresh Pangelagrass was low, a small amount of concen-
trate was also provided to raise the total dietary protein
level to 10 per cent. Food was normally withdrawn
16 h before liquor was collected via a fistula using a
vacuum pump, transported in vacunm flasks to the labo-
satory, and strained through several layers of nylon
mushin

The buffer solution was made up in two parts that
were mixed with the rumen liquor just prior to inocule
tion of the fubes containing the grass samples. Normally
3 tubes/treatment were used as sufficient for the ac-
curacy desired (C V. <2 per cent) CO. was bubbled
through the buffer solution and the rumen leuor before
and during inoculation of the tubes and, in later ex-
periments, it was passed into each tube as it was filled
All the liquids and the tubes were kept at 38-39°C in
water baths or incubators both before and after filling,
and the mixture in the tubes was tested to ensure that
the pH remained within the limits 67-7.0. McLeod*
recommended that the filling of tubes be dene in 2
seages, the first 25 ml added being entirely of buffer
solution with a vacuum applied to make all the grass
patticles sink before the rest of the buffer and the
rumen liquor are added, thus reducing variability be-
tween replicates pacticularly when the sample is very
fibrous. For the last 3 experiments this was done in an
adapted dessicator jar; inclusion of the rumen liquor
caused too much frothing The tubes were filled from
automatic pipettes filled by syphon from flasks im-
mersed in a water bath and stirred by a stream of CO,
Eas

Stage 1 fermentation was usuaily stopped after 48 h
by removal from the incubator and centrifuging for 10
min , mercuric chloride (HgCl,) being added as a rou-
ting in Experiments 1, 3 and 3 and &s a treatment in
Experiment 2. As filter sticks were unobtainable in
Trinidad, the supernatant liquid was decanted off the
residue through a short muslin-covered plastic tube of
slightly smaller diameter than the centrifuge tubes
Particles caught on the muslin were washed back into
the tube

After digestion in acid pepsin (50 m! wsualiy for
48 h), tubes were centrifuged and residues washed into
tared glass beakers or nickel crucibles for drying and,
in later experiments, ashing for 16 b at 550°C

Details of the treatment of the samples in each ex-
periment are given in Table 2 and below In all but
Experiment 5, standard samples 1 and/or 2 (Table 1)
were included, and, in the last 4 experiments, the re-
sults from each run were adjusted so that the Q. M.D.
of samples 1 and 2 milled twice and digested with urea
for 48 h in stages 1 and 2 were 605 and 335 2 per cent,
respectively.  Analyses of the variances for the data

= Mclead M N Persenal communication 1975

Tahle 1 —The age, and per cent ash, crude protein and
crude fibre contents of the dry matter of 8
grass samples used in Experiments 1 to 9

Sample Af"c ',){ ash (ol ) C.F.
aumber Species {(c,i‘i(:t;g‘ e Ge P
H Mixed species
(standard) 4-6 120 0 101§ 3
2 Hemurthria altissina 21 45 15| 398
3 Digitaria decumbens 2 99 | 126 241
4 Digitaria decumbens A4 100 | 165 | 277
5 Digitaria decuabenr 8 108 73 | 368
6 Digitarta decumbens
{ Pangola) 2-10 — - —
7 D milanjros subsp
eylesiana 8 88 9.0 302
8 Brachiaria sp
{Tanner grass) 11 68 5.0 —

from all the experiments included values from indivi-
dual tubes. Where one tube differed by more than 4
digestibility units from the others in that treatment, this
datum was omitted.

Experiment 1

The sheep were offered Pangolagrass (5.2-3.6 per
cent CP ) and a protein supplement.  Liquor was col-
lected from each sheep and used separately or as a
mixture to digest standard grass sample 1. The first
stage fermentation was stopped by refrigeration for
30 min at ——5°C; both stages lasted for 48 h

Experimeirt 2

Samples of rumen liquor were collected at 800,
10.15 and 13.30 on two successive Mondays and used
to inoculate tubes within 30 min  Fermentation was
stopped by cooling or by adding HgCl., Standard
sample 1 was digested in 2 runs for 48 h in each stage.

Experiment 3

Half the residues from the digestion of sample 1
were washed with water and centrifuged a second time
after each stage Half the tubes were flushed with CO,
between inoculation and insertion of the rubber bungs
with bunsen valves

Experiment 4

Liquor was collected from individual donor sheep
after a week on Pangolagrass alone or supplemented
with a concentrate Diets were reversed and the ex-
periment repeated the following week.
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Table 2 —Treatments applied to grass samples in Experiments [ to 9

) » Urea in Length of dlgestion
Bxp. Ne | G smple | Drsiig kmn | pime mitled | Tibess Vacn batter stage 1 stage 2
A (h)

! , .
H 1 100 I 1 5 no [ 18 i
2 1 . 100 . 1 4 3 no o 18 8
3 1 i 100 . | 8 10 o is i8
4 1 100 | I 5 na — 8 i8
5 G 100 } i 2 no i G, 72 4]
[ i 100 i 12 3 no o B 48 0, 24, -i8
G 2 63, 105 = 12 3 yes —_— 48, 72 0, 24, 8
8 R 100 s ; yes — &k it 24, -8
9 127, 8 100 - 5 yus o 8, 72 24, 48

! i

s Sce Table 1 for details

Lxperiment 5

Pangolagrass was harvested 2.5, 6.5 or 103 weeks
after bring cat back and dressed with 131 kg N/ha
Samples were fermented for 5.3, 12, 24, 36, 48 or 72 h
witl rumen liquor and buffer solution after which
HgCl, was added and the tubes refrigerated before
the residues were dried without a stage 2 digestion

Expeviment 4

Standard sample | was milled once or twice, 6 mg
of urea-N was added to half the tubes and stage 2
digestion was continued for 0, 24 or 48 h

Lxperiment 7

Standard sample 2 of very low quality was dried at
65° or 105°C, milled once or twice, and incubated with
or without 6 mg of urea N in the buffer solution for
48 h, and then for 0 or «8 h in acid pepsin. In run 2
wrea was included in all the buffer solution and stage 1
fermentation continued for 48 or 72 h, followed by
24 h in acid pepsin Standard sample t with urea-N
wias included in both runs.

Experiment 8

Three samples of D decumbens of different ages
(Table 1) and standard sample 1, with digestibilities
ranging from 33 to 70 per cent, were fermented with
or without 6 mg of urea-N in stage I, and for 24 or
48 h in stage 2

Lxperiment 9

Standard samples | and 2 were included along with
samples 7 and 8 (Table 1} to provide & range in diges-
tibility from 35 to 62 per cent. Urea was included in
all the buffer solution, and sampies fermented for <8
or 72 h in stage 1, followed by 24 or 48 h in acid
PCPSIH

Results
Experiment 1 (Table 3)

The DMD of standard sample 1 was the same
whichever donor sheep was used to provide liquor for
stage 1 fermentation. When mixed liquor was used,
there was a significant (P« 0.001) improvement in
DMD. Thete was a significant (P<20001) difference
between runs

Experiment 2 (Table )

The addition of HgCl, to stop fermentation signi-
ficantly (P<0001) reduced the DMD. of sample 1
by 3.2 per cent There was 2 significant {P<{0.001)
difference between runs. Collecting liquor at 10.13
resulted in slightly lower DM D. values in run 2, the
interaction between time of collection and run being
significant (P<0.01).

Experiment 3

The DM D of sample 1 was 61.2 per cent when
washing and centrifuging was done twice at the end of
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Table 3 -—The in vitie dry matter digestibility of a
standard grass sample when incubated with
rumen liquor doenated by one of two sheep

D M. digestibility (%)
Donar sheep
run 1 tun 2 Means
A 508 e 618 60.8
B3 393 — 615 60 4
A+B 61 e 630 622
SE (%) of means —_ 040 . 028
meins G0 2 e G2 1 -
SE (%) of means — 0.23 — —
Table 4 —The effects of run, rumen liquor collection

time, and the use of Hgll, to slop stage i
fermentation on the /w ritro dry matter diges-
tibility of a standard sample of dried grass

DM digestibility (5%)
Figuor collection timg - -
With Without Means
HeCl: HgClz |
-
8.G0 382 — 1627 (G603
Run 1 4 1615 986 - 1689 | 597
1330 586 - 1599 1593
\
-
8 00 37.8 — 1383 [380
Run 2 4 HURS] 355 e 581 6.8
1330 58 — 1589 |S%8¢6
A
SE (%) of means — 1 0.8 — | 05
Run i means 58.5 w1612 159 82
Run 2 means 372 — [ 584 |57.83
SE (=} of means — 1028 e {200
500 mears 580 — 1609 15924
10.15 means 57.1 e 1395 15828
1350 means 58 3 ~— 1594 | 5895
SE (%)} of means — i 032 — {1225
- or — HgCh means 57 867 — | 39.7% o
SE (%)} of means — 3200 — —_

each stage and 605 per cent when done only once
Flushing the tubes with CO, after filling also had no
significant (P==0.05) effect (D M.D. 609 per cent).

Experiment 4

The D M.D. of standard sample 1 was 60.7 per cent
with and without supplementary protein in the diet of
the donor sheep

Experiment 5 (Table 5)

The data were fitted to a cubic equation (Y=
A+BX—CX*+DX") and to an asymptotic equation
(Y= A+ Bekv) in which the DM.D. {Y) was related
to digestion time (X) in hours The data fitted the
asymptotic curves better than the cubic, particularly
when X was 72 or more Digestion of all 3 samples
was not completed after 72 h in stage 1, and 1163,
120.3 and 1643 h respectively would have been needed
to bring 99 per cent of the potentially digestible D M
of the 3 samples into solution No estimate was pos-
sible of the additional D.M. that would have been
digested in acid pepsin.

Table 3 —FEstimated parameter values used in fitting
in vitre I M. digestibility data to an asymp-
totic response curve ¥

Age of regrowth fweeks)

25 6.5 10.5
DM digestibility after 48 h
stage 1 570 51.6 ki
D M digestibility after 72 h
stage | GO 5 544 S10
Parameter A (asymptote) 6 57 59.51 G0 03
SE {(*) 3787 2 5449 4 6RO
Parameter B —04 52 |—6096 |—6270
SE (=) 3540 2514 3718
Parameter k 0.0 00i 003
Parameter R (exponent of
—k} 096 (96 0.97
SE (%) 0.007 0005 0005
Restdual standard desfations
(%) 3206 2078 2400
Time needed to reach 95 per
cent of asymptote {(h) 757 785 107 4
Time needed to reach 99 per
cent of asymptote (k) 163 120 3 1643

©Y = A+ Be—kx
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Table 6 —The effects of adding urea to the buffer
solution in stage 1 and of digesting in stage
2 for 0, 24 or 48 hours on the O.M. diges-
tibility of a stendard sample of dried grass

; W of st , O M digestibility (52}
Length of stage 2

digestion  ¢hy
L l a4 ’ 8 ] Means
—ufed 526 615 (1] 58.18
-} urea 550 598 611 58 63
SE (%) of means — 0 .68 — 0.3935

digestion time means 5374 | 606 60.80 —

SE (#) of means - 0 -83 — e

Experiment G (Table 6)

Digesting for 24 or 48 h in acid pepsin after 48 h
in stage 1 significantly (P<0.001) increased by 129
per cent the amount of O.M digested, but there was no
significant (P=0.05) difference between 24 and 48 h
for stage 2 digestion of this particular sample. The ad-
dition of uren to stage 1 fermentation only had a signi-
ficant (P 0.03) elfect when there was no stage 2
digestion

Experiment 7 (Table 7)

Drying samples at 659 rather than 105°C had no
significant (P=0.05) effect on the O.M D. of the poor
quality standard sample 2.

Double milling significantly (P<C0001) increased
OMD. by 155 per cent when stage 1 lasted for 48 h
and there was no stage 2; by 7.2 per cent when stage 1
Iasted for 72 h and stage 2 for 48 h

The addition of urea significantly {P<0.001) in-
creased O M D. by 105 per cent. There was a signifi-
cant (P<<0.01) interaction between urea and length of
digestion in stage 1. When stage 1 was for 48 h, in-
creasing the length of stage 2 from 24 to 48 h did not
increase D OM either in the presence or absence of
urea When stage 2 digestion was for 24 h, 12,1 per
cent more O.M was digested in the presence than in the
absence of urea after 48 h of stage 1 digestion, but the
difference was only 39 per cent after 72 It of stage 1
Increasing stage 1 digestion from 48 to 72 h signifi-
cantly (P<0.001} increased OM.D by 195 per cent
when urea was added, and by 28.7 per cent when it was
not.

Experiment 8§ (Tabie 8)

Digesting for 48 h in stage 2 slightly (1 9 per cent)
but significantly (P<C0.05) increased the amount of
O.M. digested in all 4 samples The addition of wrea

also slightly but significantly increased the O M.D. of
the 4 grasses. The DOM per cent of the 4 grasses
differed significantly (P<0.001), but there were no
significant (P=0 03) interactions with other treatments.

Experiment g (Table 9)

When stage 1 fermentation was increased from 48
to 72 h, there was a significant {(P<20.001) increase in
O.M. digested, 4.8 per cent when stage 1 lasted for
24 h and 2.5 per cent when it lasted for 48 b, the inter-
action between stages being significant (P<0.05)
Digesting for 24 or 48 h in stage 2 had the same ef-
fect on O.MD. The OM. digestibilities of grass sam-
ples 1 and 7 were very similar (mean 63.13 per cent)
and significantly {(P<C0.001) greater than that of sam-
ple 8 (51.51 per cent), which was greater than that of
standard sample 2 (3774 per cent).

Table 7.—The effects of milling twice, urea in the
buffer solution, and digestion for 48 or 72
hours in stage 1 and for 0, 24 or 48 hours
in stage 2 on the OM digestibility of stan-
dard sample 2.

Dipestion length {3} O M digestibifisy (5%}
Stage 1 Stage 2 | Afilled 1 Milled 2 Means
” 48 0 263 298 281
48 24 284 313 298
THE is | 264 301 | 283
9 72 24 36.8 400 384
(48 o | 289 339 | 314
48 24 316 352 334
e g 48 -i8 308 352 330
g 72 24 387 {140 399
SE (=) of means — | 043 {ns) 031
— urea means 295 325 3114
- urea means 328 36.3 3.0
SE (&) of means — 1022 (ns) 151
48/0 means 276G 319 29 74
£8/24 means 30.0 332 31.60
487448 means 2846 32.6 30 63
72/2-1 means 3578 405 3912
SE (=} of means - 031 e 0214
Milling means 31.00 34 55 —_
SE {(*) of means — 0151 — —
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Table 8 —The effects of adding urea to stage 1 and digesting for 24 or 48 hours in stage 2 on
the O M. digestibility of 4 grass samples

O M digestibility of prasses (G2)®
el ;
i B 1 5 Means
2 668 632 585 535 605
s RITCL
48 680 659 a0y 51.7 616
24 70.3 631 596 52.4 61
- urea
18 704 6G5.2 605 545 627
SE (=) of means — e 092 {ns) — 046 (ns)
e UFER MEANS 67 64.0 59 6 526 6105
-+ uren means 70 Gi2 630 535 62 (31
SE (=) of means — — 065 (ns) e 0323
24 h means 68.6 632 54 53.0 60.94
-8 h means 2 656 6O G 331 6210
SE (%) of means —_ — 065 (ns.) s 0325
Grass means 68 9 Gl 598 5340 —
SE () of means — . 046 (as) — -
Sce Table 1 for details.
Table 9—The effects of digesting for 48 or 72 hours in stage 1 and for 24 or 48 hours in stage 2
on the O M digestibility of 4 grass sumples
Leapth of digestion {h) O M. digestibility of grasses (G2)*
Stage t Stage 1 7 8 2 Means
24 628 628 482 359 5242
1 48 60.3 6.8 501 332 516
. 24 Gi 2 659 522 396 54 96
" 48 Gi8 65.5 555 0.4 5653
SE (%) of means - - 095 {(ns) oo G070
18 h means 617 618 492 359 52.03
72 h means 645 6.7 538 {00 55.75
SE (%} of means — — 067 {ns) - 0335
244 h mesns 633 633 502 377 53 69
{8 h rmeans 627 631 s248 378 54.09
SE (%) of means n — 067 {(ns) — 0,335 {ns)
Grass means 63.08 63 22 5151 3774 e
SE (%) of means e — 0.4074 (ns) — —_—

See Table 1 for details,
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Discussion
Actrvity of vimen liquo

The activity of the liquor collected from individual
sheep on different days may vary (14}, although this
is not likely if the feed quality and routine are fixed
(7). As it is difficult to ensure uniform quality of
feed in an environment such as that in Trinidad, where
the high rainfall and humidity prevent regular making
of good quality hay, it is safer in such circumstances
te use mixed liquor from more than one animal, alth.
ough this will not by itself ensure high activity, As was
shown in Experiments | and 2, there may be significant
differences between runs in which the same treatments
and samples are used la the latter experiment there
was also a difference associated with time of collection
in one run, but this could have been caused by an un-
noticed variation in laboratory routine, Others have nol
recorded any differences associated with length of time
between withdsawal of food and collection of liquor
(1)
Checking and correcting for variations in rumen
liquor activity between runs was aided by the inclusion
of one or two standard samples, depending vn the range
in digestibilities expected between the samples in the
run  If, as happened once, the results for these stan-
dards in a run varied by more than 5 digestibility units
from expectation, all the results from this fun should
be rejected.

Diet of donor animals

it is generally recommended that the quality of the
roughage on offer to donor animals should be high
(13), and a minimum CP content of 10 per cent has
been suggested®. This may not be necessary when 2
tropical breed of animal is used, as they utilise the N
in low quality roughages more effectively than tem-
perate breeds (5% by recycling of urea through the
salivary glands, particularly when these is an adequate
supply of dietary energy This may explain the lack of
response in Experiment < to the addition of a protein
concentrate to a low quality (6 per cent CP.) roughage
dict provided for the donor sheep Care must be taken
to avoid feeding too much soluble carbohydrate, as this
may cause the pH of the rumen liquor to fall below
6.8 and decrease digestibilicy (7, 10)

Nuntber of replications

In enrly trials up to 8 replicates per treatment were
used to measure small differences In later eeials 3 repli-
cates were used rather than the 2 recommended (9,
13) so that an anomalous result could easily be seen,
and the remaining 2 replicates were sufficient to give
a good estimate of that treatment effect on DMD. or
OMD The 3 blacks of tubes were filled in turn so
that variations in liquor activity or quantity of liquor

= Terry B A Puesonal communication 1970

D M /tube could be cbserved. All block variance ratios

in these experiments were very small {average 088)
and non-significant (P=003)

Lhea nitrogen supplementation of stage 1 fermentation

To ensure that there is an adequate amount of N
available to the rumen [lora for maximum possible /i
mino digestion of structural carbohydrates. the buffer
solution may be fortified with 6 (10) or 10 (6) myg
of urea-N  The addition of 6 mg/tube had no effect on
the quantity of O M in sample | digested except when
stage 2 was omited (4.9 per cent increasc), probably
because there was an adequate level of N in the sample
(L1& per cent CPY With 2 low guality (13 per cent
CP) sample, varying the lenpth of stage 2 from 0 to
24 or 48 h had no consistent effect on the response to
added urea-N Increasing the length of stage [ from
48 to 72 h reduced the effect of urea-N on DM di-
gestibility

In Experiment § the poorest sample contained 7 3
per cent CP. and added urea-IN had only a very smail
effect Raymond and Terry (10) got no response to
the addition of N when the diet of the donor sheep
was 9 4 per cent CP. hay, but there was a response when
the diet was 3.1 per cent straw. Alexander and Mc
Gowan (1), using temperate type sheep, recorded a
negative correlation (1=0.79) between response to ad-
ded N and CP. content of 21 samples (range 61 to
250 per cent) The minimum amount of N sequired
in the combined substrate and rumen liquor for maxi-
mum digestion of O M. is not known, but the results
show that the adverse effects of low N can be over-
come by increasing the fength of stage 1 fermentation
to 72 h.

Diying tempeiatmne
£

There was no difference in the O MDD of a sample
dried at 63° or at 105°C. Tilley and Teery (13) re-
poeted no difference between freeze-drying and oven-
drying (100°C), but repeated re-deying, drying for
several days, or drying at more than 100°C caused 2
loss of DM Rapid deying at 100°C and rejection of
any unused sample after se-drying was adepted as part
of the routine.

Milling of samples

It has been stated (7) that a far higher standard of
control of this two-stage technique is necessary for tro-
pical pasture grasses than appears needed for temperate
grasses. One probable reason for this is the higher fibre
content of tropical grasses, even when young, When
milled once through a 1.0 mm screen, the samples often
contained quite large particles of fibrous matter, which
made accurate sub-sampling very difficule By regrin-
ding in a small mill these large pacticles were broken
down and digestibility increased, as it was when 2
smaller screen size was used for tropical prass samples
(7, 16) but not with temperate species (12} The
coefficient of variation was 1 50 per cent in Experiment
§ (mean OMD was 615 per cent) and 1.90 per
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cent in Experiment 7 (mean O M I was 31 6 per cent)
supporting the view (4} that variability was negatively
correlated with quality of sample

Length of stage 1 fermenta

Digestion with rumen microorganisms is necessary
in order to bring into solution those fractions of the
structural carbohydrate that would be digested by the
animal. The length of time required will depend on
the per cent crude fibre, how lignified it is, how small
the particles are, and the supply of other nutrients
needed by the bacteria for maximum activity The ef-
fect of added N has already been discussed

In Experiment 5 the rate of digestion of D M. was
greatest with the youngest sample, and least with the
oldest, but the difference between them was less than
that between 2 samples of Rhodes grass used by Wil-
kins (15} in 2 study of cellulose digestion i vitro (see
Fig 1) Tor 13 forages (16} the cellulose digestibiiity
data for 48 and 72 h incubation also fell between the
2 Rhodes grass curves unless a mixture of glucose, urea
and yeast extract had been added to the substrate. This
caused a more rapid rate of digestion in the {irst 48 h

but no greater maximum digestion after 6 days. The
rate of digestion of the DM, in a sample of Setaria (7)
was similar to that of the better Rhodes grass sample
for the first 12 h but, because the maximun digestibility
was less, the rate of digestion then became less and, by
72 h, the same amount of DM, had been digested as in
the 2 3-weck-old Pangolagrass in Experiment 3 Sam-
ples with the same terminal digestibility may be broken
down by rumen bacetria jn vitro at quite differeat rates
depending on the ratio of ceflulose to hemicellulose
(10). As expected from the above considerations, in-
creasing stage 1 digestion time from 48 to 72 h in
Experiments 7 and 9 increased the amount of O. M
digested The increase was greatest {23 8 per cent) with
standard sample 2 of low digestibility and least (4.6
per cent) with the samples of highest digestibility.
When samples are finely ground and urea is added to
the buffer solution, the probable increase in digestibility
brought about by digesting for 72 h, instead of the
standard 48 h, will be less that 5 per cent when the
48 h O M D is over 60 per cent With poor quality
samples, a tonger stage 1 digestion will give resnits that
are nearer to those likely ju witre, because rate of pas-
sage of digesta is slower with feeds of low digestibility
(15, 16).
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Ending fermentation

It is important to have full fermentation for the
whole period of stage 1 and to stop it completely as
soon as the time is expired, otherwise variability in-
creases and the smaller differences cease to be signifi-
cant statistically It has been reported {8) that treat-
ment with a partial vacoum of the sample and some of
the buffer solution in the tubes before the rumen liquoer
is added increased digestibility by 3 9 per cent and de.
creased the SE of estimate from =196 to 1.49. In
the present study, the effect was not measured, but
decantation at the end of stage 1 was much easier.

Mercuric chloride solution stops fermentation at
once, but the reduction in per cent D.O M. when it was
used may have been the result of traces of HgCl, lebt
in the scratched plastic tubes reducing the activity of
the acid pepsin in stage 2 (9), although Tilley and
Terry (13) state that this will not occur There was
also the danger that these residual traces would reduced
the activity of the ramen liquor in subsequent runs using
the same tubes It is therefore recommended that new
tubes be used and no mercuric chloride. Rapid centri-
fuging, and decantation ensured a low coefficient of
vartation (<2 per cent). Washing the residues in water
and a second centrifuging before stage 2 had no cffect
on digestibility values in Experiment 3 or in trials by
Minson and McLeod (9)

Length of stage 2 digestion

When there was no stage 2 digestion in acid pepsin,
less O M. was brought into solution when the sample
contained 111 per cent CP. but not when it contained
only 15 per cent CP Thus, for feeds of hetter quality,
digestion in acid pepsin is needed to bring all the
digestible protein into solution (11, 12, 13) A period
of 24 h was all that was needed to digest this protein
irt these experiments even with 226 per cent CP and
70 per cent DOM

Organic maltei digestibilify

Because some ash is digested and soil contamination
is difficult to avoid, it is considered better to express
results in terms of organic matter digestibility (13)
even though this involves extra work and may make the
relationship between /v vine and fn rvive results diffi-
cult to determine because of the endogenous excretion
of minerals  As /n vivo digestibility values are affected
by a number of factors including level of intake, and
the ju rito technique is normally used (13) for the
rapid comparison of large numbers of samples, it would
appear unnecessary in most cases to establish very ac-
curate predictive equations for each species

Recommendations on laboiatory procedares

Liquor should, where possible, be drawn from more
than ene animal donor and used as quickly as possible.
It should be kept in a thermos flask at its original

temperature and filtered through a double layer of
nylon muslin. The donor sheep should be maintained
on a good quality roughage dict free of starch.

As a safeguard, the buffer solution should contain
urea and part of it added to each tube initially, followed
by partial evacuation of air to thoroughly wet the finely-
ground sample. The rest of the buffer solution mixed
with the rumen liquor should then be added to the tubes
and the bunsen valves inserted.

It is advisable to use 3 tubes per sample and to in-
clude | or 2 standard samples in each run

For comparing poor quality samples a stage 1 fer-
mentation period of 72 h should be used Mercuzic
chloride should not be used to stop fermentation. A 24
h stage 2 digestion is all that is usually needed to bring
all the solubie protein into solution,

Summan y

In the course of establishing # routine for the de
termination of the /n titro digestible organic mateer (D
O M.) of tropical grasses being agronomically screened,
the effects of several variables were studied in 9 exper-
iments

D OM values were not affected by giving the donor
sheep a protein supplement, or by drying samples at
639 or 1059C. It was found advisable to use rumen
liquor from more than one danor, to standardise the
time of its collection relative to the previous meal, to
use a partial vacuum to wet samples at the start of stage
1, and to stop fermentation at the end without using
mercuric chloride

D.OM valaes of a poor quality sample (15 per
cent CP.) were increased by milling the sample twice,
aad by including 6 mg of urea-N in the bulfer solution
added for stage 1 fermentation with rumen liquor. Pro-
longing stage 1 from 48 to 72 h increased the amount
of OM digested in a range of samples, and the ad-
dition of urea increased the rate of digestion, the in-
crease being greatest in the samples of poor quality. The
asymptotic equation Y = A + Be—*¥, to describe the
rate of digestion, is proposed.

Digestion in acid pepsin for 24 h increased the
amount of O M digested, but continuation for a farther
24 h had no effect with samples containing up to 22.6
per cent CP
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