Methods for Determination of Passage Rates of Flbre in Troplcal
Forages in Mature Non-pregnant Dalry Helfers ‘
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Abstract

Passage rates Were, estimated in vivo using ﬁve rumen fistulated non-pregnant dany heifers. Rumen
evacuanon technzque (RED arid chromium mordanted fibre (CR-MF) method were used to estimate
passager rates injgx 5 Iatzn Square experiment. Passage rates measuredusing CR-MF and RET showed.
high vanabzlzty between forages and between' the two methods. . The passage- rates derived ﬁom
parameters ‘obtained ﬁom RET di iffered (P<0.03) between the forage diets. The values were 1.78,-1.63,.
1.54, and 1. 36 ‘V n - for urea ‘treated rice straw. (UT RS) Luceme/ﬂl/[edzcago sativa) grass.mixture hay,

Brachzana bnzantha hay (BH), Luceme alone (LH) and Maize (Zea mays) silage (MS) respectively. The .
passage rates. obtarned / from CR-MF method were also different (P<<0.42) between the forage diets and.
were 3.24,2.98,2.79, 2.56and 2.26 % b ﬁ)rMS LH UTRS, LGH and BH respectively.:The values were

higher in.CR=MF method ranging from 2.26 — 3.24 K compared to those obtained from RETwhich
ranged from 1:36 - 1.78 h'. The results firther showed that the passage rates’ were. estimated with:
different accuracy when .compared with ‘the precision’ with. which-the passage ratés were- used to
calculate-fill.values;, ﬁ)r prediction of dry matter intake (DMI). Fill values calculated ﬁom ‘RET prédicted
DM vith.a precision of R = 0.70 compared-to R = 0.46 obtained; from CR-ME It was concluded that
CR-MF give Higher values-of passage rates in tropical forages than RET methoa’ of estrmanng pas. sage

rates and the later method is- recommended as it pnedzcted DMI wzth hzgher preczszon e

Keywords Rumen evacuatlon technlque (RET), chromlum mordanted ﬁbre (CR-MF), -
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Intro[ductlon e e e * marker concentration is plotted against time.
AL L e Passage rate is then calculated as a coefTicient of
S everal methods are’ avallable for estimating regression of the linear descending portion of the
passage’ rates of fibre. The use of marker$ to line (Robmson etal, 1987).
estimate passage rates of fibre using partlculate -Desplte this acceptable mathematical ap-
markers such-as chromium is the most’ popular ipioach, the useiof rdre earth markers to estimate
method among the-rare-earth’markers (Udéij et al., ‘passage faté of fibré has been criticised by sev--
( 1930) In thls method the natural 1°g Of faecal eral authors (Uden ef a1 1980 Ramazm et al’;
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1991; Stensig ez al., 1994). In these and other pub-

lications (Ehle, 1984; Stensig et al  1998) there is._.

a general agreement that therg are several criteria~

i R NS
for an ideal marker, yet not a singlé marker has

fulfilled all of them. Migration of the rare earth
markers from particiilate: phaseto'the’liquid phase -
and to other feed particles result into estimation of
combingd liquid and partices passage rates and -
not that originally marked. The problem can be
avoided or reduced by mordanting the fibre with

chromium (Udén ez a/__ 1980;Ehlé, 1984 The- --

technique creates a much stronger linkage be-
tWedn'the iharker afid'the’ fibrd (Ramigin’ efal’?
1991). The method however, has also some prob-
lems such as altering digesta kinetics (Moore er
al’;"1992) and that concentration of chromium on
the fibre affects density and hence the passage
characteristics of the marked fibre (Ehle, 1984:
Ramazin etal, 1991). L e

" Alfernative to markers, pissage rate cafi al§o™
be estimated directly ‘in vivo using fumeén‘évacua-
tion technique that involves direct measurements"-
of rumen pool sizes ,in~combinat‘ibn with daily' ru-*-
men outflow and faecal output (Robinson er al’;’
1987, Stensig et af., 1998)."This§ method (RET)
compared to markers, does not alter the particle
density and hence likely to give the true values of -
passage rates. The method, however, requir:

of animals used during the experiment. . .
<. In the tropics
been used to.calculate Fill (day)-that s, an impor-;
tant input; to, prediction model of intake.

(Kimambo.¢t al...1996).a practice that may lead to .
inaccurate prediction values, This experiment was, .
conducted to evaluate and compare rumen evacia.
tion'techhique (RET) 4nd chromium mordanted.fi-"
bre (CR-MF ) methods of estimating passage rates
in mature, non-pregnant dairy heifers using sole

forage diets. :
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Materials and methods.

s, feedin

Apimals, feeding and experimental d
=.sFive rumen ﬁstu!'alqdimatuzc;;goy.fprﬁ;gnant
heifers; (Eriesian-x Boran) were usediina-5:x5
Latin.Square experiment.for 30:days.to:estimate
dry matter intake (DMI), faecal output, passage
rates.and rumen. pool size. of, N.‘?Ufl"!!; Detergent Fi-
bre (NDF). The first 14 days were used as prelimi-
nary period. The animals were fed sole forage

~ the

50

ires = Ehs \

fistulated animals and hence can lirit the number -

LS ’\
»assumed passage.rates-have - -
. -out.in'the sdriic expetiment s

" was estimated using chro

diets and supplemented with 20g of commercial
mincralsand 20g of vitamin supplements per day;
to fg;r{pﬁo_qg,difﬁ asi - it
Diet'1'=Brachiaria brizantha hay (BH) - -
B :BH B
+ Diet'2 = Maize silage (MS) =MS -/ .~ i
Diet 3 = Lucerne hay (LH) =LH
" Diet 42 Licerié (20'%)'and grassm
hay =LGH e’ ine .
Diet 5 = Urea-treated rice straw (UTRS)
ool ='UTR:§ P nepAInG athn -

]

ixtire™”
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" ‘Méasure of dry matter intake (DMI)<+<.

Dry matter intake (DMI) w4g: estimadd for 7:
days after 14 days of preliminary period.
‘Chopping of the feeds was carried out to mini-
mise selection but not too fine to affect.the phys-,
ical structure. The animals were fed individually*
\d {ibitum, Feeding was adjusted evervday to be,
¢ 40215 9% in eXoes’ Of the ad libivin; iAks Wine.
Al previous day Teyel of itake 'Fresh fecic’
“were ‘perided'tvE/jgif;_‘Rgr_ day at 0900°and 1500°h"™

AIL 665 andorts ere weighed iy Samplclr

~and prepared for'sub seiqieht
' dét‘é‘rin"ih}it'i"c‘)n"W;ﬁé‘fE:hfjié&{blit A
- feeds'and’ort$*FréSh and clean Watérwas prot.
vided frofn the automatic'drinke Sl th fiific. <
S AP A NI S SERIME o
- Preparation of-chromiiim:di ordanted fizi:\
<bre(CREME)sxt &, 4 Jag ¢ - e
W Dete'ﬁniriation_tof;passhge irateiwas ‘carried:
s:that.of éstimating,
~faecal\,outp‘ut-;and_z‘intdke‘.\;Passage;rgt,e;'of;ND_E&
8. chromiumsmordanted fibre;
«(CR-ME).as.described by.Udén er.al: ( 1980); .
_Chrom_ium- mordanted fibre was prepared using
“a riddified metHod of Udéri 2r'al- (1980). Aif.
equilibrated sample (0.5 kg) 6f'cich forage was
washed and drained several times until when the
water drained was clear or colourless. Sodium,”
dichromate (355 g) wds made into a solutiof’
L(;Ll.)gand,gdd_ed;to;‘the;fibre ‘while stirring Vigor-,
isly. The material was then returned into stain-:
Jess steel Pots covered with distilled hot water to
-;1>5Ltg‘;2_v0;gi1_11bclowthe top-and covered with-alu-
.gmmurr_rfgi,l.;l?he pots were placed in an-ovemat,
i105°C-for 24 -h- After cooling the. solution was,
drained, the pots filled with distilled cold water
and repeated several times until when the water
drained was clear. Ascorbic acid (500 g) was dig>”
solved in 2 / distilled cold water All the CR-MF

a

T

Ty

T



was poured into a-20 / bucket and filled-about half
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.their, respective animal:- The' ‘samples: were oven

with cold distilled water. ASCOI‘blC acid solution |, .dried-at 805C, 2(17 Day).and 60°6,(2%¢ -Day):to

was added and the bucket ﬁlled o 10 10-15 cm be-
low the top. The material was st;rred wvigorously
on and off for 1 h. The material wag Jinsed seyveral
times until when the water was clear, with 2 h in-
terval between.each rinse» The CR-MFE-was- spread
on top of trays- coveredrwrth :alurmmum foil-and
dried in an ovengati60?€ until dry. - The GR-MF

was air — equilibrated before dosmg to the ani-

5o IR ot L. _~:'I.',r
i « H l(
Dosing the ammals_wrth CR-MFnand mea-

sure offaecal output o ,,, 5

_ - The ammals 'WeEre dosed once w1th 120 g of a1r
equlllbrated CR-MF -on,Day ‘16 of the experiment.
The animals were dosed by. placing the, CR-MF on
the cranial-sac-of the,umen where the food enters
the rumen from the oesophagus. Faecal samples
were collected 24 h after rumen dose of CR-MF
followed by sampling after every 12.h up't0.96 h
after, CR-MF dose (Udén et al,. 1980) to monitor
the decllne of chromlum w1th time. After each
collectlon t1me samples were-put in polythene

mals. . ..

bags.and, stored in-a; -deep freezer (-5°C) before”

be1ng dned for subsequent analysis.

Measuré of 1 rumen pool size of NDF v
Rumen pool size of NDF was measured by ru-

men evacuation method (Stensig ez a/., 1998) for 3

days during-the last seven days of the experi-

ments. Evacuation protocols were such that a min-

imum tlme interval of 48 h between two evacua-

tlons was allowed to avoid any effect that might

occur on subsequent measurements gumen evac-
uat1ons were performed at l700 h (evenmg) on
Day 24 at 0700 h (mornmg) on Dav 27. and at
1300, h (m1d-dav) on Day. 29 The rumen mat was
rempved from the rumen manuallv bv hand and
the, matenal not removable by hand was removed
by scoopmg w1th a cup 'that i is smali. enough 1o
pass through the mmen fistula, The mat fractlon

was separated from. the liquid and both. fractrons“

welghed About 1 / of the liquid was sampied and
the rest was immediately returned to the rumen.
The mat was weighed and thoroughly mixed 1n a
big pot About 5 % by weight were sampled, and
the rest was returned into the rumen immediately.
Finally the two samples were composted into their
proportional weights of 500 g each of the rumen
digesta in duplicate and the left over returned to

constant weight to ‘determine DM that: ‘was:used
to calculate the dry digesta (DM pool) from wet
digesta. The samples were then ground: through a
1 0 mm sieve for subsequent analv SiS.

f\k e

In sztu detgrmmatlon of mdrgestrble NDF
' -"-..r.l fA b .. uc.)' rnu..l

¢ After termmatlon of the 1ntake faecal output
.and NDF rumen pool Size experlment three
hetfers were fed on Brachiaria. hay (BH) supple-

‘mented with 200 ; g fishmeal and.urea 20 /100

kg live body weight.. After 14 days of prelimi-
nary feedlng period, determrnatlon of indigest-
ible NDF (INDF) was done in sity using long
time incubation. Apprommatelv 3 gof feed ru-
men d1gesta and faecal samples ground to pass
through 2.5 mm 51eve were weighed into nylon

\bags measuring 10 x 20°¢m with a pore size of
236 36u m. The bags weré 1ncubated into the ru-

men of three fistulated heifersifor30° days. The

- bags.were removed-from the ‘rumeén, washed in

tap:witer'to remove feed particles then ma?

“chine- washed in cold water for 20 min. The resr-

dues were ‘transferred into a beaker and boiled“in
100. ml-of NDF solution to remove microbial

¢ contamination“to.obtain the indigestible NDE

(INDF)'residue. The residue’was ashed to obtair
ash fre¢ INDF that.was also used to.calculate the
digestible NDF (DNDF).

A b T /

Chemical analysis . ~352: . T

-#  Drymatter and.ash analysis:of- the’samples

was:carried out using the procedure as outlined
by.the AOAC (1990). All the: samples analysed:

~for NDF'were done according to the methods de-

scribed by Van Soest ef al. (1991). Chromlum
concentration in faeces was extracted accord1ng
to a modified- procedure as described by Jeng
and Bergeseth (1 992) The samples were dried:
and ground to pass thiough ‘a sieve size of 1.0
mm. Samples (3 g) were weighed into cléan ciut
cibles and ashed at 450°C for 12 h. - The ash was
deft to tool and 5 ml of concentrated Nitric acid
(HNOs3) was added and left to soak for 4-6 h
while covered. The residue was transferred into
50 ml volumetric flask and diluted with distilled
water up to the 50 ml meniscus mark. The mate-
rial was then filtered into 50 m! bottles through
filter paper (medium speed and average pore size

/
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of:1.4-2:9um). Chromiuin coricentration'i the
filtrate was détermingd usihg‘Atomic ’Absorption
Spectrophotometer-(UNICAM 919y

v ot du g AT

_Calculatlons = 9

ooz

Calculatlon of passage rate usmg CR—MF

Assum1ng one compartment model thh fxrst
~ order kxnetlcs chronuum concentration canbe de-
scnbed usxng 4 sxngle exponentlal equatton
CLNA L AN )(tk,,)t 212
Cn G s €i., g
where Cn ' [Cr] of faeces measured at t1me t
N \Cro = [Cr] at tJme to . «
‘— rate constant for. [Cr] declme (h ).
1 Ny s
k 't1me of sample collectxon (h) e
T g randomerrortenn e ;,‘ i memin
Model 1 was transformed toa 11near relat1onsh1p
by the natural loganthm (ln) in, the model I

ln[Cr:] —ln[Cro] kt. +s: .\..-. ........ (ModelZ)
where k .= passage rate-(h ) and the

rest are as Model 1.: .
Passage rate was then estxmated as the regress1on
coefTicient (k) using PROC REG (SAS, 1996).

¥
i

1
as

Calculation of rumen pool size of NDF

The rumen pool size of NDF was calculated as:

Pool size of NDF (kg) = DM pool in the rumen

(kg) X proportion of NDF in the rumen digesta’
................................... (Model 3)

Calculation of passage rate using rumen
evacuation technique (RET)

The kinetics of NDF intake, passage and di-
gestion were calculated using the models pre-
sented by Robinson et al. (1987). Rates of intake
(ki), passage (kp) and digestion (kd). were calcu-
laedas: = - e
Rates of intake (k)'

"

PN NEPEY)

. C ONTIND et LT 35S YNt by OJ
ke(l) = R e e (Mode] 4)
... ... rumen pool size of NDF kg,

Rate of passage (kp):. ;: ;ia:2em FYp

Iz NDF’faecal output m kg a4 h/day
Kp(hit) = ' .(Modél 5)
wr ! Puhien'pool; slze of/VDF kg b" RS E
" Rateof dtgestzo‘n"(k,z) SAgivE i Lt gt sl
',.K,,(h )—ekf Fpsae 2 i ""', ol (Model 6)’
-t 1 _g.’;'.’ R LAY SIS AR LTI §
9 D1gestlon kineétics’ for‘dlgesuble'NDF (DNDF)
wand- 1nd1gest1ble ‘NDF: (INDF)“u‘/e"re‘calculated‘m
Hisimilar way (Model 4, 5"did 6)11: = 6g ai hoinh
Sryy Lt con ortad Dass i og -y
Calculation of Fill (day) and predlcted e
DMI
"Fill (dav) and pred1cted drv matter 1ntake
(PDMI) were calculated accordmg {0 the method
v déscribed by:Mgheni &t-al”(1999). Thé PDMI
iwvalues'were used io compare passage ratés-ob?
tained from RET and CR-MF ifi‘relatior to"théir
7-ability:to explain’the accuracy”of the model fot
P'predlcttng DMI of’forage el ol
T T e S AT
¢ Statlstlcal analysns i ;"~ P
* «Thé' Values obta1ned were subjected to*the
‘General Linear Model (GLM) “of SAS { 1996) to
test difference bétween forages on Al the param
eters measured. The precision with thch thé pa-
rameters used as input to the pred1ctlon “‘modél

was tested using simple linear regression. q
. . RN

e e, X
: -

IPRT l\<,

3 i U(

Agan ey

o 7:5 5
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Results

LD TCT

Parameters used in derlvmg passage T

.rates . T
Forage NDF content. rumen pool of NDF,

DNDF and INDF and faecal output for the s’é}ﬁé
are given 1n Table 1. The NDF Vaned from 613
-770 g kg DM for LH and UTRS respectlvel

' The rumen pool of INDF was found to be’ lowest

,..cx

- DNDF7p001 size. Thé rumen pool 51ze of NDF'
was found to be hlgh[m forages that were con-
sumed 1n large quantltv compared to those for-
“agesthat were of low intake. .~

[
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Table 1: Forage dry matter (as fed), Neutral Detergent Flber (NDF), mtake for dry matter

(DMI), NDF, dl(gl stlI?le NDF, and lndlgestlble NDF; rumen pool snzes and faecal output in
i

troplcal forage iets
N Fila e N ‘i'_‘ RN H:ﬁ.d 2 L.
B Diets ' E R Y RO utts K VA
PR VE +BH MS ;7 ¢ LH: ¢ LGH:: UTRS"" SEM P—valu'ediel
Chemical composition: : S T e T
DM as fed (g kg™), 819 222 815 817 784 AT R
NDF (g kg), . 748 737114 615 - 750 < 770
Intake N BYA Tans T i ' T T
! LI %, IRES iR R B ‘
DM (kg d") ‘ 5.06° 416 6.48"° 6.66° 6.31% 0.46 0.0143
NDF (kg d*): i 3.79° 3.06° 4.02* 5.00* 4,86 0.35 0.0106,
DNDE(kg"d"): b 13220 263" 2.95* - 3.90° 4.62° 0.30 0.0043
INDF"(k dty: ~‘_"' 058" 0.43" 1.06* 1100 ° 0.24° 0.07 0.0001 -~
Vlatiag S N .
Mwn rumen pool sizes (kg)of: ] .
NDF (¢, . Lo 4.8 38 .- 4.7 520 . 45 o 02 0.0123 |
DNDF, |, ¢, . -3 9 3.2% 200 29~ 36 - 02 0.0001 -
INDF-~—~ - - 1.0° 0.6° - 270 23 - 0% 70T T 0.0001
[Faecal output (kg d?): Sl e A T e T iy
NDF 1.73 1.20° L6T oo 2010, ,1.88° $10.12..0.0.0019 '
DNDF 1.16° 077 0.61¢° 0.91% 1.65° 0.10 0.0001
’INDF 0.58" 0.43" J.06°. v 110%C . -0.24° 77 UT1U007 T '0.0001
oty NS RN P R ; I S -

'In thlS and subsequent tables, DM= Dry matter NDF Neutral detergenl fibre DNDF Dlgestlble
NDF, INDF=Indigestible NDF, BH= Brachiaria brizantha hay, MS=Maize (Zea mavs) silage.

LH—Luceme (Med:cago sanva) hay, LGH Luceme grass mixture hay and Ul" RS Urea lreated rice
- I AN
 (Oryza sativa) straw O CA
y ek . P

abe " Means within rows w1th different supérscript are slgmﬁcantly'dlﬂ'erenl (P<0 05):

2 INDF was determined by long time (30 days) nylon bag incubation.
¢ 3 Assumed tha INDF i_ntak_ejs egpal to faecal output INDF. ...

PO N «

-
Lo T

Passage rates e1ther by using: :CR-MF or: RET
methods are given in*Table 2. The results showed
that passage fates meéasured using CR-MF 'were.___
mgher tha/n the values obtained usu_\lg\)t‘!Efll'.

In addltlon the passage rates measured usmg
CR MF method and RET did not show.any
marked pattern or trend in relation to the level: ‘of
NDF 1ntake
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Table 2: Measured passage rates using CR-MF and derived kinetics for NDF, DNDF and INDF obtained
from RET in- troplcal forage diets

s

R IR SR ING LCI

L T

LINTEN L

“ % Diets: oy 1,

R N A TR TN TSR S il
BH MS LH LGH UTRS SEM .. __P-value diet
Passage rates (%) h): R L ’ )
CR-MEY-~ 50 i 226 ¢ 324" 298* ¢ 25607 279 l.0~§'7_,.L.. 04201 .
Derived NDF kinetics (% h™")-RET*: e e T
Rate of intake (kj): HEY T 2i e NP Vg gl bt V(J
NDF ., 3.47 7T 365 3.69 4117 458 0.34 402023
DNDF , 3.‘6_6" 37t 6.87" 5770 5.38% 0.66 0.0220;‘..-‘5,_"
INDF? 2.70 3.48° , Lea 206" - - L17* 0.23 - 0;0001 )
XTI e Lot it NS i X AT
Rate ofpassage (k,)u‘. L . o s i ‘ e
NDF 3 . 1.54% . A 1.36'{0 - 1.53%, ec 1. 63“’ ¢1.78° 0.08 i€ .0. 0323qy o
DNDF . pee L2800 Loa 1.41° | 130:>M, . 193 0.13 ,\00058,(. 4
INDF ° 270 3.48° 1.64° 2.06* L 17‘ 0.23 0.0001
T SR PR AR e WY
Rate of d;gestum (k4): ) . , ) ..
NDF (i) 193 . 229 ° 216 -+ 2,16 2.80 0.29 0.314;;
DNDF %)’ o231 274 5.46° 4.46™ 346" 0.60 0.0192"
** Means within rows with different superscript are significantly different (P<0.05). S
Pa.ssage raie estlmated using chrom:um morda.nted fibre (CR-MF) ) r R
~ N . t
Pa.ssage rate estlmated usmg rumen evacuation technique ( RET) “oy
3Assumed that INDF is not dlgestlble and therefore rale of dlgesnon is zero o, al'
. f [PEL . . 'I‘f e A YL i}.‘.'\:'s{ll)-: SINENBEANEE ©

Prediction of DMI and calculated Fl“

(day) values = "t

Table 3 gives calculated Fill (day) estimated
from passage rates (k) measured- -using rumen..

evacuation technique (RET), chromium

i

RERE

T

P
o e

L

alelic

H3
o

B Tl ot A,

N mordanted fil bre (CR-MF) and-assumedipassage

-~ ‘J T (l L

.‘._l?) .t 2

P

te P R

ln'

Table 3: Calculated Fill (day) estimated from passage rates (kp) fieastred’ usmg rumen evacuatlon techmque (RET),
chromium mordanted fibre (CR-MI'.‘) and assumed passage rate of 2% n!

Forage diet SEM P-value diet

BH MS LH LGH UTRS !
MDMI® (kg/day)  5.06° 4.16° 6.48° 6.66 6.31%® ip.46 0.009
JFill-1, Ly 099 i 0981 100 108 012 06839
Tg I s ‘1’5.5'.", e g SV AT g I 0127 1Y 00447000
VIFill-3 Tt Lt 125~'~h 51150 “‘1 64 1.24 «-a-. - - 174 o014 <, 00,0992, gx-; '
THill40 n:!‘.v SER25T T 38 1135 120-: 123 . 007 © 0.3364,1y,

: o el Teras

% Means within rows with different supemcnpts are 51gmf cantly different (P/O 05)

TFill-1 values calculated from kp estimated from CR-MF.
2Fill-2 Values calcuated from kp estimated from RET- total NDF
3Fill-3 Values calculated from Ap estimated from RET-total NDF,DNDF and INDF.
*Fill-4 values calculated from assumed kp of 2% h™’.

Measured DMI .

rate of 2 % h''. Predlcted IEMI using Fill (day)
values calculated from passige rates” obtained
-* from either CR-MF of RET is given in Tablé 4. .



The,-generaltrend,is .that CR-MF fibre
over-gstimated DMI in-all-forages except UTRS,
whereas thétRET, method under-estimated the

R ARSI

;e . e -~
Table 4 PredlctedeMIG(kg/day) estlmated from rumen pool sizes of NDF ‘and Flll calculatetl from passage .

v 'Passage.rate 17.

, In digesta kinetics-studies;-¢hromium.con:,
'centratlon in feeds:affect-density, and: hence.the:
passage characterrstlcs of the: marked feedstuff. ,
v e, o 7 ,;\/t)

e i - .
RN @ .q"i’l-\ll

rates. (kp)measured‘usmg en‘evacuition techmque (RET), chromium mordanted fibre'(CR- MF) am_l hs
sumed. passageg‘ateon%h S TN YR ix Bz (R Ve ..,; L R AU R
e s s bel cer they ey Trom t n e o nah "“',” B
0 TmEEE . mEE smForagediet aginy o v e o o
HE3U TS DOYn L Toed S T e e SEM: -~ R2,. P-value
oo L .. . TN L. . diet . . .
LTI T e TIRd B31 DM Jai v GECE G O T — - — G |
soemrion o nn B o MS 4 LM, . LGH ... UTRS IR
Lo Pfedmed'DMl ol ,asn S R 1)t B S , O S
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DMI in all forages.-The. accuracy of prediction
was tested 1n;the present study as g1ven in Table,5.

It"vyasiobserv'ed that RET -tota] NDF method was
more accurate (2 0 70 and RMSE 0. 83) n.pre-
d1ct1on of DMI compared to CR-MF method R=
0.47 and RMSE. > 1 10) N RN

Sl

Thrs.may explam why CR-MF gave hlgher pas- ;
sage rates compared to.RET. -In the present
study the two; methods RET. -and CR-MF. as- .
sumed.a-steady, state that the mass of feed di-:
gested;or. passed per uni time is proportional to,,
mass in the rumen,. This concept is not trug in.:
pract1ce as feed pamcles ‘have tendency. to ﬂoat i

U Ry apRsrey - AL '“li T3ean” RS IE LTS T SR )
Table 5 Accuracy of forage DMI pnedlctlon usmg passage rates estlmated from RET or CR MF .
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(i e o b, 1n the begmmng ofa mea] Tlus 1S because large ,

Although CR-MF has been a popular marker f

partrcles are of low .dgnsrty and passage -rates at .
/
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first-instance ‘when:the food enters the ramen is
low. At the later stage the particles are broken
down intd smaller particles resultinig:ifi-high-den-
sity and 1ncreased passage rates (Mertens, 1987;

3 L sl v ‘,'I.ZQ’N

Robinsgher af., 1987)" 75 o

Ina srrnrlar study Stensrg etal. (1998) showed
that where simple.one-compartment. rumen model -
with assumed first-order kinetics was used, selec-

tive retention of large and light particles is not ac-

counted for'and has the tendency to-over-estimate- -
rumen outflow.of particles at early’rumen*

residence times. Hence from the results of the
present study 1t was observed that CR-MF has the
tendency to over-estrmate passage rates compared
to RET. However w1th two compartment models

as descrrbed by Moore et al. (1992) that-take 1nto .

consideration factors that function to free poten-
tially escapable particles from floating fibrous"

mat, the tendency to overestimate passage rate ™ -
could have been reduced. Similarly RET could

also have the tendency to over-estimate the pas-
sage rates as it is also based on one- compartment
model with assumed first order kinetics.

In this study, the two methods (CR-MF and
RET) are based on one-compartment model with
assumed first order kinetics. This makes the two
methiods to have the shortcoming of not being able
to simulate the actual stdte in fibre kinetics, as dr-
gestron is a dynamic process. This may suggest
that thie usé of two-compartment model to de-
sctibe the drgestron process would havé béén
more appropriaté as describéd by Moore, et'al
(1992) In this study, however, the sampling inter-

val for faecal collectron was not phased to facili-
« L Lo

“'subsequent calculations. This was possibly ‘due
_to the presence of high resistant starch in MS_as

tate fitting of the data into a two- compartment
model that would have simulated the actual diges-
tion process. Unlike the CR-MF method, the RET.»
however, has the advantage of being well defined-

as both the NDF pool size and the faecal output;

were obtained from actual intake and outflow data.
(Table 1 and 2). Thus the techmque may give pas-.
sage rates values that are closer to the true.values-
compared to CR-MF method.  * S

Although both methods have the advantage,

that they are simple and therefore easy to
understand, on the other hand biological
interpretation of passage rates can be difficult. For
example the methods were not able to rank the
passage rates of different forages in a similar trend
(Table  2). This is because unlike in
two-compartment model- (Stensig'et al.;1998) the

“model uséd in-thé tivo methiods'does vt account
for selectivé-reteition of feed partrcles at’ early"
residerice times? On the: 6ther hand: the highes”
passage rates observed (Table 2) when usrng

;') “CR- MF<compared to RET could-be duewtorthe

migration nature of thé*¢hromium ffom the
-mordanted fibre to other-feed-particles-in the

* fumen. Similar migration problems of rare earth

markers have been reported by Udén et al.
(1980)—Also the-higher passage ratesobserved
for MS-when CR-ME:was used- compared to
RET (Table 2) suggest that mrgratron of
chromrum from MS particles to the quurd phase
was hrgherthanother forages 1( TG

It has also ‘been reported that the RET
(Stensrg et al 1998) and CR-MF (Moore'et-al.,
1992) has, the lrrnrtatron that _passage rates cannot

" be estimated i in "diets with more than one f1bre

source: In the' présent study’ this' problem was
-avoided by using sole:forage.diets and hence‘no
confounding effect was observed or. expected -In
practice, however this is not alwavs the case as
animals are fed:diets of different fibre soiirces.

In this study, INDF was used to calculate
DNDF that was used to derive digestion rates
(Model 6). The method for determrnatron of
INDF; however needs to be- further evaluated 1S

$ye
thé resultCould not fit to-the théoretical’”
assumptions. In theory INDF intake is supposed
to be equal to INDF in faeces as INDF 1s

was observed and such differences were found"
unacceptable.and were consequently omitted.in

the use of -amylase and use of sulphite in LH

_that is high in CP_content was omitted as

suggested by Van Soest et al. (1991). Thrs is’
contrary to other\frndrngs (Stensrg.and
Robrnson 1997 Stensrg el al,, 1998).who
reported no discrepancies and’ the INDF obtained
betweei the feed and faeces were within the
acceptable range. To-avoid further errors INDF
1in faeces was assumed to be equal to INDF
intake (Table 1) Passage rates for DNDF and
INDF may be flawed in this case due to
inaccurate recovery of INDF post-rumenally.
Long time incubation and rumen €vacuation * T
techniques are not only rmportant in estrmatron
of passage rates but also rmportant in stidies of

/



quantrtatlve 1nformat10n “about ' spec1flc
characteristics (Tablé 1“and 2) of vanous fibre '
sources to 1mprove the mputs to models on
predlctlon of mtake In the present study it'was
observed that LH’ﬁad‘ lflgh INDF andl low DNDF,
but the rate of DNDF was hlgh compared to other
forages “This may explam why LH intake was
high compared to. other forages; (Table land-4)
despite havmg hlgh INDF, ,,;Fhls can also be
explained by, the fact that food w1ll always be
passedtout.o.f_t_he,.r,u_,men_yvhen,dtgested and
absorbed or indigestible and-allow more intake.
Stensig and Robinson (1997) reported similar
findings in Lucerne hay based diets in dairy cattle.
The costs for the two methods for estimation
of passage rates were not estimated in the current
study. However, taking into consideration the
amount of chemicals used in the analysis and
mordanting the fibre (CR-MF), the method seems
to be relatively more expensive than RET. Apart
from being expensive, its accuracy has been criti-
cised by several workers (Ehle, 1984; Robinson et
al., 1987, Ramazin et al., 1991; Moore et al.,
1992; Stensig et al., 1998). Both methods, how-
ever, have been reported to be highly labour inten-
sive (Robinson et al., 1987, Stensig et al., 1998).

Conclusion

“The results showed that passage rates obtained
from CR-MF method were higher than that ob-
tained from RET. The results further showed that
the passage rates were estimated with different ac-
curacy when compared with the precision with
which the passage rates were used to calculate fill
values for prediction of dry matter intake (DMI).
Fill values calculated from passage rates obtained
from P]\ET predicted DMI with a precision of R* =
0.70 compared to R’ =
obtained from CR-MF were used. Therefore RET
method could be recommended for estimation of
passagie rates in cattle fed on tropical forage based
diets.
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