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Abstract: . 
'., '. ~, 

Pas;age 'rat~s 'were. estimated in Vivo using five rnmen fistulated non-pregnant dairy heifers., Rumen 
evacuatio"h 'techntq,;e ~ (REI) ,ciiid chromium mordanted fibre (CR-MF) method were used to .estimate 

J4 ' ,",.~" •• t : ~ ! .' . _ _ ' . . . 
pa'isage ra~es ilJ,~ x~ La~n Sqt.Il1re experiment. Passage rates measure~using CR-MF and REF sho,wed 
high vanaqilliy .bet,yeen forages and between' the. two methods., The pa'isage. rates derived from 

• ..-' -,. - ..... ~ - .!:...... • 

parameter~'obttJine..clfrom REF diffored (P<0.03) betl;i!een theforage diets'. The values were r 78,-1. 63, . 
J .54: and. 1. j6 % h:1 jor urea' treated rice straw (UTRS); Lucerne/(Medicago: sativa) grass, mixture hay, 

.' ~I.,I 0#... I. " '. _. _, ,I . ,'" • 

Brachiaria bnzantha !Jay (BH), Lucerne alone. (lH) a1J4Maize (Zea mays) silage (MS) respectively. Tfze: 
passage 'rate~9b~Gjn£~jrom CR-MF "?~thOd lYery? alw diffe.ient(p~O. 4~) between the forage diet'i and. 
were 3.24,2.98,2.79, 2.56and2.26%h,lforMS,m, .UFRS;LGHandBHrespectively.;Thevalueswere 
higher ifl£R.:MF.metliodranging from 2:26 ~3. 24' h·1 compared to those obtained from RET,which 
ranged from 1.36 - 1. 78 hl. The result~ fUrther showed that the!paSsage'rate,nvere. estimated with; 
difforent i:lCcuracytyhencompared with 'the precision- with..which,'the passage rates were· u'ied to 
caleulatejill:valuesfor prediction of dry matter intt;lke (DMJ). Fil{valit.e5, calcUlated fromREI' prediCted 
DM! with dprecisiori of If ~ 0.70 comparea to If = 0.46 obtciinedfrorri CR':'MF. it w~ pdriclUded that' 
CR-MF'giVehighervalues·ofpassage ratl£s'in'tropical!drages'tnariRErrriiiihOflo/Jstimiitfrigpassage 
rates arifithi later rriethod is ·recommended a~ it prediCted DM! wlih higher'predslori ." : :,.'.' . 

_ . " .:.. .. ,: l._' ''':'' . .... -.... ... j. _ .. .'.' ':" ~ :;:' .', 

Keyword~:, Rl!men .evacua!i~nJech.,iq~~ (RE1],chromium .mordanted fibreJCR-MF),' 
• p .. f1owrate '.~,., ",~".:' ,. ·: ..... ~_, .. I·' .... " ,.' 

j~ ~ .. .~~ <O·,._-'_-~-l ~'.r~ .... .. .. ,~ ".~.'j ,>~. ',,'. 
In~O~Ub~i~n:;-" .' .t',~~ ' .. ' marker concentration is plotted agairist time . 

. :1 ,'i·'''~ ,.: <.~: '. <'...' Passage rate is then qllculated as a coefficient of 

S eVfrai -ntethods ar~: available f6restiina~ihg regression of the lineai'desciiriding Portion of the 
. passage' rates of fibre. The use of markers to line (Robinson et al.. 1987). 

estimite passage rates of fibre using, particulate ::Oespiie thisacceptabie mathematical ap
marke~s such as chromium is the most' popular ;pi6acl\'th'e-use;of'rareeait~ markers to estimate 
method amoilg:the.fare.earth:markers (udeq' eiat, 'passage'fite 'of fibre has'been 'critiCised by sev- ., 
(1980).'ln~this.Irieth~d the ~!unillo*'o(faecal 'enll ~uthOrs:(Ude'ri e{ai., 1980;'Riullaiin etaI:; 

",-. "-' * '- .. 
~ ~, j •• , ..... 

"':.,. . ..... 1 
*Co~sponding author . T~~ia J~Agrit.sC;(200~) VoI:S.No.l,1l-20 
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12 D. M. Mgheni et al. 

1991; Stensig et al., 1994). In these and other pub- diets and supplemented with 20g of commercial licati9~'CJ?:h!~,,'!9~4J ~t~~jgetpj.; .~~2~t !here is,,: niinera.I~·aI!~.20g b(,:,itamin suppl~ments per4ay~ a general agreement that there;-},"? ~.~~~ral ,Crit~Wl~ . to f()~!ou,r,di.~~~, ~s: _ ',', '. ,'" , ' '" 'foil for an ideal marker, yet not a~singIe 'marker has" Diet I' ='·Brachiar'ia br'iian'tha hay (BH) ,- -fulfilled all of them. Migration of the rare earth =BH 
markers fro m paluciilate prulse" to' the' liquid' phase '- , bien == Maize' silage' (MS) '~MS . r ':";', I, and to other feed particles result into estimation of Diet 3 = Lucerne hay (LH) =LH combiriei:(liquid and>partici~s passagift{ites and' 1 .," Diet :f == Lucerne '(20f%)'ahd 'g'rass'ritixttiie" ' not that originally marked. The problem can be hay =LGH '" ':" ': " -' ,;0 ,-,:0; >, , 
avoided or reduced by mordanting the fibre with Diet 5 = Urea-treated rice straw (UTRS) chromium (Uden et a/.. 198'0;:Ehle;:I'9:84Y'fhe~' .:: /«',r' =B1RS~' r'. lI"l,\'lf) "1,, r; ft· ',,~i 
technique creates a mUc;h stronger linkage be- .. '_, ' '. ' ,., ','" " tweeri)ihe"marI<d'ani:l%el fibi'd (RairJiZini itar'? : Measure of dry -matter mtake (OMI) ':~'{-~ 
1991). The method however, has also some prob- Dry matte; intake: (DMI) i\V:is: ~stirikt~(d'({i i~ !ems such as altering digesta kinetics (Moore et days after 14 days of prel iminary period. a( -199L)iri~tnar concenfcitioii of cmoffiiiiffi on . Choppmg'of the-feeds was Earned oljtto'ffiiOi~ the fibre affects density and hence the passage mise selection but not too fine to affect.the pJlYS~, characteristics of the marked fibre (EWe, 1984; ical structure. The animals were fed ihilividuallY' 
~amazin et ~'.;,.1 ~~n: ', .. '." ,., _~,~~", '." ",I, ;""',;".\~;, qd.(ibi['!'!!~f,7Iep~~g ,~as.'~dj.~st~.d F~~fX~X~9.'~,~, , AlternatIve to matkers, passage r~t~can',also . 10 -IS' % In excess ofJhe,ad Milum Intake usmg be estlma(ed directiy'in yivo US1.ng nimeiI ~evacua~·.' thb~i>~~~i6lis :dN'il+el~ot: I'~take,:F{eslf i~id~$ tion'technique that involves dire,i'measurenierits~ ,', :.~~~ \prQ~ide&i\Vice"per' Jay"at' Q90Q'~ndI500ih~' • ~.. ., ..', ',,' , .' '" l-' , .... ~ .... ",., ';. ..... ". ''-'-'-;"'''''~'::,", : O''''i- ~. 1~~"",-~~·.r:,,·. -: •• r' of rumen pool SIzes III cOmbIna~lOn WIth dally ru- -. _' All feeds !lnd 'or.ts, ;~~re w~,lglied d4Ily,>=sample'd: ' men outflow and faecal output (Robinson ift ar;. ':":'~ ~rid 'p~p~~(i f6T'siibs'e;(iti~hi:~Nily's~s:;t-BirbM' 1987;'Stensig et aI., 1998):'This'method (RET)' . deteirrij'natlon"was;tameat~ut'eVeryilil§in:tioth compared to markers, does not alter the particle ,feeds ·~'ri.iforts'::Fr~h '~nd'~leariwi:it~Pwas~proH density and hence likely to gi'(e'the true values of: vided from ,ibC 'au~omatic\dnnke'iSralFthe time ... ,\ passage rates. The, meth.od, howevei;'requiies';,:, :i,·:oJ~:,.", .. )'~ :S .. \.·', ~',' ~,~S .! -: S . . (,i},,~ .{'-':.':" ::~: fistulated animals and ,hence can.liniit· the nUmb'e'r- '.Prepai;atio~"qf:f,hro'mium;-:mo'rdantedJi~\:\ of-animals,used during the experiment. ' ~:<).\., ',t, br:~\(CR;,M.fh~\ .1-•• '~ -;.' - i}t \ "'.' \\,\~'g:~:' 
-:., ~n the,.trQPi.c,s;-,asspm(!d'.m~ssag~.rate~'haye,., 'H,\ Dete'riniriation~of~passageifate',was 'carrie.de b,~er!J:Js~~ (<!.,!t~!£l!I~t~_ fUU~y t that,:isJln tIl}P9r~~:, .out -in the '~m<? experiment ~~truitof e~.tirriatihg) tant i!lPHhto) ·P!~(Uc!Jpp.: ~C)d~to( i!lt,a}(e,; - 'faecaLoutp.ut~ao.djnt(iIs:e::::Passage,JtlleiofcND.£\ ~~~~?9:.~t p~,.d'??9)''! P,ractic.e .tpat IIflY l~ild to" " ,wa,s (!!iHtruiteq,,:.~~tng8hrom.i!lIl!:;!p.ot<!an~(L6Qre, Inaccurate predictIon ,(alues, Thi,s ~xpenlTIent was". ,,(CR~MR},as,describedby:Uden et.al:., ( 1980), conducted to evaluaie'~iid comPare rumen eva6ia-' ' c~~ri-ti~u't~ ri-t~~~nte'd fib~~<~~~ p~p~zcl' ~~i~g , tionleCluuque:(RET)and cfu-binitmlmord.1hted,fi':f··:~a' m6difiea:meilioi:l~ofUderi ef'1a/~ (1980): Ait 
b~_~~R -~t ~t!tods_ of esti~ting passage _ rat~~ __ equilip.rat~~t s'wmle. JQ. 5_ kg.) :6feacb forage_was, in mature, non-pregnant dairy heifers using sole washed and drained several times until when the 

:, . "''f'''\ 'l"':~'}O~t'"l~ An,imals, feeding and experimental d~siin ' ·~t' L ;,'.\; _~:,' '.~. :.'~ .:" j t·, -'.' ~ .. ,.,t::.J\.~ 

=,~ rFi v.e:.ruN~!.l fj stu!a,t~9 ' maWse;:!!o !1.:pr~ g!lill~ t 
heifer~~(l3tie.sian.,~)30J~!H ~,(m: ·u.s~d)Q;,~--5 :2:-5 
L?~in.sqW!reexp'~JjmentJQt; 3g:$Y~;'!9,.~stilllate 
dry matter intake (DMI), faecal output, passage 
rate~ap.~~men,poollsize,.of..~eu~U?etergent Fi
bre (NDF). The first 14 days were used as prelimi
nary period. The animals were fed sole forage 

water drained was clear or colourless. Sodium/ 
dichromate (355 g) was made into a so'luti~~; 
~JJ)i(:mAAdd~~:to~,tl)e.,fibre while stirring vigoi~,' 
(.Q~Jy. Tche-mat~rial was then returned intostalt!-: 
'J~~ute.eJ. ~ts q~v.e!ed with distilleq hot water, t0 1 

J'?I..t~c29iqJLbe.1ow,the top and covered withalu-. 
.mi~uII!,fQiJ.,::;The pots were placed in an, oven' at , 
jJQ?oC~(9r ~4' h: After co<)Iing tl)e. solu~ion.W;:t~ ! 
drained, the pots filled with distilled cold water 
and repeated several times until when the water 
drained was clear. Ascorbic acid (500'g) was dis~" 
solved in 2 I distilled cold water. All the CR-MF 
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was poured into ~'2Q !..l?!lck.~.t:.aI).d.fUJ~d7about half . '~h.etr: t:~~g~9..tiv~~:~qilWl' Ih~:~ple~~w~re oven 
with co\d distil.l~d .. ~ater. Ascorbic acid ,soluti,on r. :c,iJie,4:M.8Qr(;:"(.l."· Day),jlJ)..d .60.~(3 .. l~?$'I?ay ):t9 
was added and rpe btick~tflii~(Uo JOJ9 15 cm be- co~tant "Veight t9.'derermi.l}e,I?M·t.hat";\'as:I!~~d 
low the top. The material.~~s~~jrr~dWi.~ofQJJsly to calculate the dry digesta (DM pool) frop! wet 
on and ~fff()r 1 h, lJl(~material wa~.lrjI).se4sey,eral digesta. The samples were then g.;9Pn.~:,lE!~JIg,l&a 
times until when the water was clear, with 2 h in- 1.0 mm sieve for subsequent analysis. 
terval between:eac!tri~~,,;rp.e·.CB..:-MI1vwa~:sp:read~\!>:'~:.' ,~~ .. : '.~)i .:,~~,~::-. :< ::TT;t;Ji.;:>":-) 
on top 9qraY~:9.ov~ri.(!JwitI!~<tlumini..um f9fH,!nd J." J!tu d~ter."].in.a~i~J.i or.in~!~~~~~bl~,,~DF 

\;, -' ';1'" . J .. jC~".1.h., '.J.,J~.' ".~ ... , l.P .... ~ _~'Il.IJ~'--\~ 
dried in an ove",(<:lH§Qf€: u"'tj.i' dry~ .. The .G.R.~MF ",:' ~.' r':" ",.,.' ;~"C' ' --. .-~', .. " '. " :'J"~ 
was air - equilibrated before dosing to the ani- Affer ~efri).iilatigno(thein~e, fa!Xal outP!!.t 
mals. . .... ; 'f ,';; ',:'lJji\: :-Je,;i ,."h,' "anc,l NDP'Tunieri'poofsi'ze ~x.perip·H!nCthiee 

"-1 '~', _ w_ \" ....... 1.. . \ 1 ' J 

'~';l'· . "hei!e'rs were fed o·nBrachiaria.h~y (BH) s~pl?l~;-
Dosing th~,~~i,wal.~~~.it~(;<;:S-~¥F;~~n.d lJIea- 'mented with 200 g'fishrrieal irid,uneidO 'glIOO 
sure of. faes~II':9,~t~~h:;;~~,'f':' ~.;:;;! V ,0., :, kg:li~e body.w~ight.A~ter r4:days' of prelimi
. : The animals 'J~er~ .dQ$ed once withJ 20 g of air nary feeding period, det¢t:qJ.inaticin of indigest
eql)~librated~R-¥F·.on.DayI60fJhe.~xperiIhent. ible NDF (lNDF) was done in situ using long 
The animaI.s,~e~ dQsed.by·placing-the.CR-MF on time incubation. Approxi~a'(ely :3 g offeed: ru
the c~al:~~'.Qf-Jl1~,rumen,whe~ the food enters men~digesta and f,!ecal sainp!es gro.und to.pass 
the rumen from the oesophagus. Faecal.samples through 2.5 mill sie,;e'were weighedinto nylon 
were collected 24 h after rumen dose of CR -MF ,b'ags ineasll:ring -lOx 20' em ~lth, a' pore sizc of 
followed by sampling after 'evcery 12 h up '10_96 h ',,6~ 36~ m. The bags werelnciibated inio the ru
after . .c~~,MF: dR,s~ .(q~~.I)- eta!;, 19801 to monitor men of three fistulated helf~is;fdr;-;30:days. The 
the decline of chromium, with time. After each bags,were'removed'from the'rumen;WashcQ in 
collection ii.~~~' ~~ipTe~' '!."ei~ put in polythe~e tap~afer!to'reniove feed particles' then ma~ 
bags; ~Il<!.,stq~y~ .!I!jl;deep freezer;~( -5°C) byf~re' . chine-washed in cold water for 20 min. The resi
b~ing d*q.foqubsequent a~lysi.s..; dues weretri'riSferied into a'beakerandboiled:in 

. ;''',' .,': ~/' ,.,-, ~. .;: ' 'j,' . . \-/ 

Measure of'rumen pool size of NDF 
Rumen pool size of NDF was measure~ ~~ ru'" 

men evacuation method (Stensig et aI., 1998) for 3 
days duri!lg.!he laM seven .days of the expet:i
ments, Evacuation protocols were such that a min
imum time interval of 48 h between two evacua
ti~iis. ~as' ai)d~ed to ~void 'ilny 'effect iliat might 
o~~~~fn:subseque~t ':l1easure~e~ts., ~.,u:~en e~ac
uations.were performed at 1700"h (ev<;!ping) on 

. • ~ _. . oJ " ,', •. \' (.. J ' , 

Day 1{, ilt 070(U (morning) .0nDay 47,.and at 
j '.., '. .. ~ .~., / _. ,!. '" II.. 

130Q.l)..(mid-day) c:m Day. ~9. The.!Umen fiI1lt was 
. "I • ',.. . .. ..•.. " J •.••. 

removed from the rumen manually bv.hand.and 
"/ ;'J!; .... :,' ~ \ ,- ,'"/.. ~"':,t:"" J. ~ l ll':. 

the:mateiilil.noi rem~v~b.le.,by hand wa.s;re~oved 
bv scobpl'~g witli a'cup thaiis' smaiCehough'io 
. : : .. 1 I • .' .fa· ,;...,.' ,.,;.1:." • _, ,. _~ ._~ .' f 

pass thTpJlgh th~ ,Ii).roen fIstula. The .qJ.at fractIOn . " ""~r-.)f . .J,,,'~ p' 1~~ ~-,', • • • "'.~ ~ 

was separated from the,. bqUld and bqthf~ctlons" 
weighetl. About I /ofihe liquid was s'cunpied'and 
the rest was immediately returned to the rumen. 

1 " 
The mat was weighed and thoroughly mixt:d III a 
big pot! About 5 % by weight were sampled, and 
the rest was returned into thc 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 

100 ml'of.NDF solution to remove microbial 
,contaminatibn'to.obtain the indigestible NDF 

(INDF),residue. The residue':was'ashed to obtairi 
ash free INDF that-was also used to. calculate the 
digestible NDF (DNDF). 

_" .. ~ :'1 1:> I' , 

Chemical" analysis '., ,'j;::', . .: I~ 

. ~: Dryi I).1atte~ and.ash-iinalY:sis:oftlie}·saillples 
,was carried out using the procediJie'as'outiined 
by .• theAOAC (1990). All the-samples analysed; 

.. for NEWwere done according to .the methods de-' 
scribed bv Van Soest et at. (1991). ChromiUln' 
concent~tion in faeces was extraCted ac'cordirig 
to a modifi~9,p.rocedure. as described by Jeng 
'ano Berge-seth (.19925. The samples were dried' 
and ground to pas!; thtb'ugh 'a sieve size of 1.0 
mm. Samples (3 g) were weighed into clean chI:' 
cibles and ashed at 450°C for 12 h. ,The ash was 
kff: to cOot and 5 ml of concentrated Nitric acid 
(HN03) 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 matc
rial was then filtered into 50 ml bottles through 
filter paper (medium speed and avernge pore size 

I 
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,14D. M.Mgheni eta! 

;of: 1'.4-2i9J.1mr Chromiumcoriceiiti<ition'in'the 
,filtrate'w~s 'det'ermined using 'AtomIC; 'Absorption 
;.spectrophotomet:er"(UNICAM 919),:':" .. , ~' 
_~':v :J((t~! ~.l:; ~',-i ",,:,~r.} ~ 

~ .~ ~ . , 1 
.;.. •• .r _., ••• L_ -...:.. ~ .~ ... ".,'"""' 

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' 

................. , .... , ............ (ModeI3) 

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-
lated as: I . . " . ., 

Rates of intake (kJ: .. ,._.1', ,.(.'I~ .,:...~.u" 

.. NDF intake inkg d:!;i24IIiidl;yl~ ',,; ",0; 
ki (h' I) =: ' ,.... (~.\,:" \ .:i. ::.::o{M9,d~,h4) 
I,. :" r.umerJ.ppo! siz.~,of'NPF.kg; 

Rate of pqssage (kp~;: ':: ~:J;! f" F~ ?:: 

j<, 'NDF'faedtl output iifkg'a'!124'1i/daY' .,' . 
K'p(h· l ) "=: '.i. 'r:',' ".;'·f: .. ::.!.::: ... :(Moaer5) 

-',,.' ': 'r'um'er/pool'sfiJ ofNDFkg Ulll> 1)')1)'./, ,;, 

.:'Rate·bjdigestibrr(kd):'.:'~l~!·,r:, ;'; I T,' ~t ,'vi 

h.~d(.h;'~=?'k-;:'kp;,: :';.";) .• 1:~.?~jJ :i.i .. L .. I.-::(fvl():deI6)' 
_~;! (:, ..... <.;;~':l ".", .... ,1/' or )!,') ,A' :J'"1t '\:( . .:.d,;.:'~ e:'~IJ 

!J,Digestion ·iHneiits· to r 'dig'esfi15le ,j.,H~ F ~U!> ND F) 
!J, and ·fndigestIOle :NDF :(INDF) were'caiculated'in 
'~~isinllrar'way (Model '4, ·~)1lli(r6)p.,) --; ~£ ni h~,j10 
'~'il ~: "j ~:;I;i~'~·-\;:':""'~~.t~ :,_~;, .... !:t: •. _,i~. - --": ""~':.; 

Calculation o( Fill (day) and predicted ~'.' 
DMI 
',' _~, ;-.'7 <f!T·l,,": .... , .. ,-I"~.;'l'l' ........ ~'~ ... ~/l'~ I 
.' Fill (day) and predicted dry matt~r intaRe 

,".. • __ ... ,,-.. ~,",,~,<':>..r::. I, (,J- 1n" .. , 
(PDMI) were calculated accordi'ng'to the'method 

'I,: 'describea b'y:-Mgneni et':ar~(·J'999),. the PDMI 
j.vahienvere" used' to compare passage rat~sob~ 

:"tliIied-frbm"'RET and' CR.!MF iiFrelatiori\o 'th~ir 
,:abilityctd explain" the accuratf'6f: the niodel for 
?~predicting OMI of'forages." ,.it ;;-or-:, - ~Ifi;'-; :~j 
~)1 .. ...,..:. ,;_, I. ,~;7' :r',. ~ ..... (~ .;:.,:~ ':J.~". 'ij -:- .... ' ..... 'rl'J;' 

{~StatisticaLanalysis ,'.; ,--: : ,,~ .. : ,:1 ~;' :"-"C:-: 

--'!:: "The'vallies ot'ta'ined'~e·re·s·.lbj~1ticl to~the 
... .~ . 0'''' ~ . "-r" ~,..-~I ........ I ......... 

'General Linear Model (GLM) of SAS' (1996) to 
test difference between f6rages on ail theipa~~ 
eters meaSured. The'piecision'~ith whic.Ii;fue·pl~ 
rameters used as input to the predictioit'mQdel 

was tested usi~g simple Iinearregres~i~n .... ;~~) '01 

Results 
" 1-" ..,. 

Parameters used in deriving'passage" ' ") 
. rates : ': .-.. " .,' 

, " '., ~ - - , - ~ ..... "'f) i'" .-. .,.~ . 
Forage NDF content. rumen' po.oJ'of NDF.. 

• , ~...... ~ \" f'"' ...... ., r,. ...... , 4 
DNDF and INDF and faecal output for the same 

, 4' • J.,.. ,,~"-'?~~ .... ~,..) --''-'':)'' 

are given in Table I. The NDF varied from 615' 

- 770' gkg~~~~. for, I"H ~~. ~m,s :¥spe:~t~~~I~'~ 
I The rumen pool'of'INDF was'fouiid to be'lowest 

,. " ,_, ~~.,.. -"1' • 0 i - '" ,-.-.., I '~', 

in VTRS compared to other forages, whereas LH 

:~,,:!t~ lfh~.· !~,~~.si)'nj(con.~e~t h,~~' i~h~)J~~~J; , 
, DNDFlp091 sIze.,The rumen'pool sIzeof NpF 
')~aHound to be iiighlinforages' tkrwete'cbk 
'_ : .... J"\ ... _ ,":' , ... ')-- ":). ("'.- .... n-\."'l' ~./') ~ ("~.f)." ... ~ _;:,r~ .• 
I, sumed in large quantity 'compared to those for~' 
_ .... ~" .... ' ., ~_ " 1 I·"', . ,", •. -:- .'''-.~' ~rI"1." t ., 

. ages't»at were of low i:nt¥.~. . . " , 
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Table 1: _For~ge ~~ matter ~s fed); Neut~a~ ?et~!:.g,=-n! Fibe~_(~D!")i}nt'!.~e_for dry' '-!latter 

(DMI), NDF, digesti~le NDF, and indigestible NDF; rumen pool sizes and faecal output in 
tropical forage diets " . . .' 

--~ .~- . - ---- - - - --.-_.-
I • ,,, «( 

________ Di_·_e_ts ________ ~~~='=:r. ( -'IE!)!::.:! ". .. ..! _,_ 

,·r .. ,·8H MS,;:.! LH ;,.. LGH.' ,'. UTRsr' SEM P-vabiediet 

Chemical composition: , .-'" .' r-, .... ~ ... 

DM a~ fed (g kg"), 819 

.. '(,48 

815 

615 

817 

750 \ 

784 

770 

t. \ 

NDF (g kgi'.), 

Intake:":V" 
If' • 

DM(kg'(H ' 
NDF (kg dOl): 
DNDF(kg' dOl): 
INDFi;(k'.g Ii-'): 

.I::.ln.,j 

.n 

't , 

5.06b 

3.79b 

'3.22' 

0.58b 

Mean rumen pool sizes (kg)of: 

ND~ ~t r;. . 

DND~<;>'\ll' 
INDF--'-

".~ " 

:\ 

,Faecal output (kg dOl): 

,4,8' 
. 3.9' 

1.0' 

. .~ (: 
4.16' 

3.06b 

2.63b 

0.43b' 

3.8b 
• r ,-

3.2'" 
0.6" 

6.48' 

4.02'" 
2.95' 

1.06' 

:.! 

4.7' 
2.0d 
2.7' ._. 

.1 J 1\ ~. 

6.66' 
5.00' 

3.90' 
l.lO' 

5.2' " 
2.9' 
2.3b 

.,:'. "I" 

6.31'" 
4.86' 
4.62' 
0.24' 

4.5'" 
3.6'" 
0:8' 

., 

0.46 

0.35 
0.30 

0.07 

0.2 
~ 0.2 
. --(n-

.. ,1, 

0.0143 
0.fH06 

0.0043 

0.0001 

0.0123 
0.0001 . 

0.0001 

NDF 
DNDF 
'INDF 

1.73' 

1.16b 

0.58b 

1.20b 

0.7T 
0.43b, 

~L~7.' \ ~. 
0.61d . 

~,Pl~ \·tI.' r, ,1.88', 
0.91b' 1.65' 

!iiO,g.;. J!.QQI9, 
O.lO 0.0001 

'0.0001 

. ,: . ,: .. \;".. ..\ '\" .......... , ~.", 11' J .. t'. '.to j J"" ,': • • or: . i- "Af .• 

lIn this and subsequent tables, DM= Dry matter, NDF = Neutral detergent fibre DNDF = Digestible 

NDF, INDF=Indigestible NDF, 8H= Brachiaria brizantha hay, MS=;Maize (lea l"ays) silage, , 

_ LH=Luceme (Medicag;-sativ;) hay, LGU';"Lucemegrilss mixture hay: ~d'UTRS';' Ur~a: treated ric-e' 

:' (Orv'~~ sativ~) ~tfuw.. . " 'j ~ :'.: ' .. ' ," 
1-' _ ',:' ... :.:t{,.,~",. -. '~, -. 

'. ab_C:¥.~~~ .:Vithin r?WS ~i~h-differe~f :ujiirscrip,taresignificarli(y1different (P<0.05). ;' .:i 

2 INDF was detennined by long time (30,days) nylon bag incubation. 

,L 
3 _Assu~~d $a IN~F i.n~e,is e9~al to f~~ca!q~tput\INI?F . 

. ~ .: ..... ' ',~., ' . 

I· / .' .. ' '. ..)' . '.' In"~.·ddition th~·.',passage r~.·'.t .. e. s measuredus.in., g Passage rates either by using:CR-MF orRET . 
methbds ate given in'Table 2. The results showed CR-MF metQ9d and ~ET..dl.d not show.:a~y 
that~assage rates mea'sured using_CR=MF 'were ___ ~~~~ patte~ _or trend 10 relatI<?n_~o ti.le~eveI,of 
high~rt~ the values obtained usi?~J¥;r., .. " .. :;~-. i'. ~~ l~e. 
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16),.~.J\~gheni etoL 

Table 2: Measured passage rates using CR-MF and derived kinetics for NDF. DNDF and INDF obtained 
from RET in·tropical forage diets . 

)"': ,,, . 1 ':~. , ,. .r'.;~ (: I~ •• ~ ~ : ~'~ J} G y" '; .. 'f, i ',J -, .~~..::':~;-.' ~ : 'j ,\. _'., '. i" 's': ' _ -: ~;-L '''~ . ~) .;.: .. " J~:' : r -:;' i-:i .. ' , 

':1~.iT·l ~~;-l I:: .:. l ,~.~': .(, ,jl,"1) 
',.~:;!~~ ),;~'rlo,;i; ~:.':.!·I '\ • ..1 

BH MS LH LGH UTRS SE~ _. --P-,value_diet 

Passage ra~s (0/0) h·I): il'. JJ 

CR"ME'l,'\ E.( ". 2.26 "," 3.24 ~J.. 2.98 ft,.:~. 2.56' ".! 2.:79 .. .- -
Derived NDF kinetics (% h·I)-RET': 

Rate of intake (kj): ;.1':\ ~ : > ;'f ~!: ":1. 

NDF 3,47 i"r 3.65. '. 3.69 : 4.11' '4:5'8 

DNDF 3'.66b 3.7r 6.87" 5.77' 5.38ob 

INDF' 2.70b 3.48' 1.64' 2.06'" Li7' 
,,:,,~ .. t:I~. ;~':.\~ I:-' 

" 
'/ --,.., 

". 

Rate or f!~sage (krio " ; , . c: \. ~ .f " ,,. 
1.54~ ~ -, ~ 

, 
NDF 1.36b

n 1.53~." £: 1.63t" . . ... 
DNDF 

b ..... 
1.04b 

1.41 ~"l I 1.30'\.1' . , .- 1.28 'I'l' ., ; 
lNDF 2.70b . 3,4g' 1.64' 2.06'" 

Rate of digestion (k4): 
:.~ '" NDF (/cd)' I 1.93 f' .- 2.29 2.16 2.16: 

DNDF'(kd), '.1 2.37' -' 2.74b 5,46' 
.'\ j' 

4,46ob . i 

abc Means within rows with different superscript are significantly different (P<0.05). 

IPa~sage r'ate estimated using chromium mordarited fibre (CR~MF) 

2Pa~sage r~te esti~~t~d using ru~~n evacuatio~~t~chniqUe (~~'n 
3 Assumed that INDF is not digestible and therefore rate of digestion is zero 

I.;' 

.. t·· ~ 

.. 11.::'-: 
~1:?8' 

"t?~' 
Li7' 

2.80 
' r b 
3.46 

1', ":'1 

.I "",,'l\ 

--0.11-,_. 0,47.Q! 
.:"~ .. ""': _. f ~ .- ? ' -' 

.. ~, , , 
, 'i:'; '~) ·Ld.-, }/G 

0.34 -'0.2024 ,r.t,1 

0.66 0.0220 ;:. '\:" 
0.23 0.0001 .:-, ,. . "';1 

0"(1" 

0.08 :(.OW~~\il (! 
0.13 " P·00J>8.iC'1 1 

0.23 0.0001 
.:-;,.", . .- : -:, . a:::::r/ .• j 

0.29 0.3143 
.. (..I. .... 

0.60 0.019~7~::! 

.,j • . -, • ~ "- ,. 
" 

, 

Prediction of DMI and caJcuiated Fill 
(day) values .~ h .!~ ._,: .: .• ,.: :-." ... ,w,or.~t.~dfj.b.re:(q~7MF,) ,~u)4~~s~)Jm<!dJP!lSsage 

. . . rite of 2 % h'I. Predicted 1(~,g.u§;r-g fiJI (g,ay) 
Table 3 gIves calculated FIll (day) estimated values calculated from passage'rates"obiaiiled 

from passage rates (kp ) measured·using r!!f!l~,~:.:..; from.either CR-MF bfRET isgiv'eii in' Table 4 .. 
evacuation technique (RET), chromium ,'" -_ . . 

! .... ~. '_ ~ ~:"'C;' :- ..• :' .• ~ _ t't'" ,._ I.,j~. ; ''- !-..... :. ;t .. :". .' 

' .. ...,.~. ,'I' .. "\ I," i __ h,. '. - " ;.r.f" -; Ii " ".:.; r..f'~ 'l' r;,:r ' 
Table 3: Calculated FiB (day) estimated from passage rates (kp) measured'using riunen evacuation techriique (RET). 

chromium mordanted fibre (CR-MF) and assumed passage rate of2% h- I 
. . -

Forage diet 

BH MS LH LGH UTRS 

MDMl' (kg/day) 5.06b 4.16' 6,48' 6.66' 6.3 lob 

1.00 1.08 

SEM 

" 

10.46 

P-value diet 

OJ)09 

0.6839 

./ 

'Fill_I, Ll9 (J99 , ..• ;; .• ;.0;98"" 
;'>Fill:i: " i '. '':''': .<'d~~. c· ,';, . :.o~L84', .. ,. 0<. 1.77"" 
';'Fill-3 ., .,: . :'·1.25 ~ .. ~ ,>1" ~ '1.50"" '. "1.64 --;. 

~.·fiiJ>4·'\· J ('~ ;·.J:"h25' C;t .'.:',: T38,r.'··'.' " 1'.35,., 

LJ:41 b 'J.35b· .. < 
0.12 
,.0.12 

.10.14 

. 0.D7 

:::;'') ,0;0447. ".'.'~,., ;;'-l 

1.24 ' • .-t .. 1.74 
1.20 1.23 

.; , ".1; ... 

ab Means within rows with different superscripts are significantly different (1'<0:05). 

IFill_I values calculated from kp estimated from CR-MF. 

2Fill_2 Values calcuated from kp estimated from RET- total NDF 

3FiII_3 Values calculated from kp estimated from RET-total NDF,DNDF and lNDF. 

4FiII_4 values calculated from a~sumed kp of 2% h,I. 

5Measured DMl 

. .~. ': 

.0.09'.12. \)~.-:;_ ',( 

0.3364q'~i . :::'1.1 

,/ 

/ 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



o 'Passage,hite'17. 

The"g~1},«.r~I,:~tr,e}1.d I j~ Jp~t. CR, .. ¥r ntJ.r.e . ..in digesta ~inetics'studies~·chromium.con~, 
over~~~.tjI!!.~!~d;:QMl.in·~Jl-f9rages .exqept,.lJ.TRS, ·c~ntration.in feeds'¥fect:d~nsity, 'and, hence .the' 
w herea~ ~lletR~:t, metP9,d uQd~r~~s.tiQ1~t~.d .the p~~s~g~"cbawcteris~ics lof ,the.maiked· feedstuff. , 

- _. "~:'4'./,'." ·~;\lf'.~I·. 1:::1 ~ .... --{c ' .• :'~, ~j~.tt;-f;·i ."gQ, '"1:.. tl~.I\fj):-a ,~~; .. )~''':'L _ ~-~:·r:'~1~:·t:Y~3 'J.";!-, 
Table 4:'Predicted DMH,(kg/day) estimated.from.rumen pool sizes ofNDF and Fill calculated from passage: ' -
rates.(liji)R!~asured:uSiii'g '~~n:ev~cU'ation te~Jiiiique (RET), chromium mordanted fibre'(Cii,MF) and!~s, ,. '. ~.' 
s~~~·p~s~a~~ra'!t9~2~oJf:c ;!. ~ ... ;\.'" .:.h '.'. :,p-; '::'::'.7,{}!? f,?t.:1~'f' .\ ~~. '.i{~ ,\:.,: ,:j .:~: "~!:~';5.: 1 "".;" 

•• 1 .• I .~ • i-,. ... , ..... j. ._". .\!- f"", I"r--, ... J. r'O "?-l"L~- .... r- I \ ,',~ • - ~,n:." ~- t-

.- - , 
'/'.../..;.; ':(J .. m:I:::!Ci " • J.: ' 

.' '1;' ',U .,.:: D"}'" . -8!Jcl ,.,/., ~"-" ,. '" ":" f,· . SEM '''.,R2 ,: P,valu.e 
" .,.-' -;:""·7·"··-;r",,,-.:-'Y __ ~_.,.-, "",'c:-o ""7' """"-ic'.",,"c:-' 'i'7.',....,---,.-i-c: c-;-. -c-:-~-'-------:-'-:;,---;-;. ~._..,-____ ~'-'---7-..,.-_..:d=ie;:.;t;...".:----:-,:: ."~J 

..... :,!1)..:U'Jt~~4j·~. ~ '~!,",.J L.JJ ,:':1.1->. ~/~:';' .JrJ.'L .;.' • j>'. '-~_ 

, ",.:",,,;:'~'~: :.,.,'.:-~: :".,: ~&. "~...,~""?-" ~?+" • ....:.,:;.;~:;...=Bc::H"'. fc..,"_..;r'-',M;:.;S::..~' ~'~r~1 '!.., .::L:;:H"-,,j,,-,--,,-,---=LG=..3~ ;:.;H=--. .!...,c..:,-'U;:.;T::...:.:R=S ___________ --'-_..L.. ,'.;:," 

":. p[~~!r\rdP¥~·.· ill ;~;'[1 ".',.~ .. S ~l:, ·.1·'"' .' 
D I>(k" d .... 50-6b '48' ,'. M, M,. ,g/ .aYf6" /;;;" ~.' (': \~4,1,6.. 6, .... I 

, PDMI' (CR·MF) ~}t.. 5.I,6~. 8J)9~ 
PDMI' (Total ,NDFJ' !. 4.16' !.. • 2.85b 4~44' ' 

"PDK1i; (Allf~a:ci;()n·;;)\.hH8" 3.5ib
• 4.'80' 

. PDMI4(K~)'='2%;hil) .. 1":'., 5:07'" '3.79"" 5.78' 

6.66', .' 6.31"". 
6.85"" ' . 6:22"'" 
4.868 .. -r -4.328 

5.54" 3.42b 

5.72' 4.73b 

- ,:abMean;iWlthiri row~ ~ith'different sup~~~iPt are iignificantly d·ifferenf(p<0.05). 
~. ·1;!-lt~I~.::/:.q·';'J ~· ... J.Jl ;. i' . ':- • ., ~., 

0.46 
, 0.63 

'0:28 

0.33 
0.25 

" : .~J?MliEti~~1 ~jn~! YtIJ5~c~lcul.at7d from kp esti~ated from C~-MF.. 

:. h;DMI Using Fiil:2;Ja!ues calculated from kp estimated from RET.to~ NDF: ", .. 

0.76 
0.79 

0.84 
0.85 
0.92 

\' , 

1"3'j~::-~ ',:", i"t" q,i.fi: t ... :-, -" • ;.': ;"' .... ~_;- r,' "'~'.' ~. .-, 
. PDMIUsing Fill·3 values calculated from kp estimated from RET·~otaINDF. DNDF and INDF 

... ' ~~ .. - '; (' ,~_;;v,.d ~ :';f~..!: i:.'; ~ J •• ,. ~ ~ .. " .:!. • ~I':";" ~. r 

4J'D¥l !-!si.9g:~i!I-.4·ya.!-~es. j:alcu.!-ated froll} assumed kp of 2% h·
J 

'C' t· " 

: .) 

,'h" .. ~ .' 

..... .,.... " ". ~ 1#'~~·:'. ~~. ;v, 

;.n ;~(} .. :~_·;·h.Jj..;.'~,~1;:: ':.. r '. !~' ~.: vi' 
, ' .... , , . '. 

, 
'. ' 

0.009 

0.040 , 
0.003 
0.002' 

0.001 

'. 

,,- . 

. , 
q~;n.L~.(!NJ~rf!.~~~F~h,e,accuracy .. o(l?redic!'9.n 
w,a~:.,t7J~~~q i.qlt,h5;pres~nt. ~tu~y ~gi~ep i.n.Tabl~.~:. 

;-.~; .. '1t4lt~' ;:~ ._;J •• ' !ij~':" ;L;1~' ":~ ~ :D.v· 'n~: 

I~ rr.~~'p}?~e.JYe.9; t~~ IWl-tot;y. N,9F, ~~~9d Was 
more ~cuIJt~.~2~g ... ?'O)1~~,~SF,.= O.8~).:in.pre
diction.QfOMJ.corqpared.to CR~~ ,method (R = 
0:47 IDilRM,SE .. ;=; 1.'10). ~ ~.~ ,.' ;'r" h, .". ::r~. ," 

!~~~Ipay'explai,n why·CR-MF gave high~r pa~- , 
sage rates compared ~o ,RET ,In ~.he .. p'r~.~ent·" 
study the two;methods.RET.and CR-MF.·as- . 
~u~ed:a 'steady state that the 'ma~s of 'fee'd di~~; 
-_ r ~ "'I ~ ..... ' ' , •• ' ) • • ....-'. , v 

~ ..... ! ..... ! \ .. 1.". .. . 'f..... ~ J\i" l . ~ 

n .. ~, 

g~s!e4Jor. pas~eq pe~ .. l.!m! .\ime)s proportiq~l t9·,:.. 
~as§ }~t.he)lJ,rp.en;:Thi~ copc(!ptj~.no~ t1]I~.ip·.; 
p!aqi~~e.!is feed p~rticles ·hav~.!e,Qgency: to. ,flo~t; i 

; r i~. ': _. 1:; . .1.1. 

,·PDMH':".,Equation ~ y" r ) -." "", ·'-:.:R! ;-~ .RMSE e~timate"of p;...value : ',', .' :, ,~~ •. ~~; .... 'J.' 

(.'. '''j'(I~i':''; '" '''<'. ,':" .)'1',"''''\' [3:'J;:-.•.• ~a" [3" a:"; ',".r: ::t·~;Uj:· ~ '.'. ....'. ; '.; • • ~ '" • 1 ....~ _ : .... 

. .. 1 '.".,. 0';'4"7" ;t·I.I'O~ . ~'\ 0.0()()·2· . " ()·.'()(·)4'J:,J·"· " ;\., .. 'c' -·',1 (I , . .' Fill~I"'~DMI (kia"), '~2:81 .... O~46X ( 0'10 0 .. 68 . . , 
.. FiII-2'~))DMI\li.g1d·1)];'i(I'9"+ i.·io'x; '0)iy·~>d;8i· 0:15'~ "0.64'. o.OOO,{ IO:(J7(rl~. ;' .',.:', ~. . . " ' 

filIc3}(/~DMI'(kg'(j~I.H~=3:04·"'0.60X :. "0:i8':' 1.26 0;19;:: 0.88 0.'0002""":0:004"~· . \ .. 

FiII-41.i' rDMI,(kg d·~)y.':=2~59 -0:63X. '\i 0.36 .. ,.I ~~I 0.17 0.91 0.0020 0.009 ' .. '; '.: l ; :".> 
JTh'e' stmb6Is [3:aIia.a:arldhe coefficienj;o[,regres·sio:n·ithifthe intercepfiesjieciiv~ly. where~s ).(i~ t~e PDM!. :' .• A 

'2: h: J;~', ~" :..~t:.f~".:~J;~ ':.~,'~ ;,:..-. ~~ 'J~-:.;': :>, '(2L~ ..!!L " ., ~rJ." 
. FJII· il. t<!.4 .aredescn~ed In !~1:,3 aIJdj . ," ' .. r,. i . . I" . " 

. .,.. ·l~l-/j-.lo-~U' ,-,l ~.:.' .\.) .,~._:')., •. l~;:JIC:!)L~·.·,. ,. .J 

:' ,}:<.I ~,(; .. "" I, ~ , ~:' '. ;r.~ -~; r'.::'. /~T '!o\ J.r..; ;._';._',' ,#J: ,I, ~~ 

~ ""\. ~ 

... ~ " ", ... " ' ... \ _l ~ _'-, 

• ,.r' ,I ,-i .·.·.-,..t-r·'l· ~ . . , ,... ',' .'~;'" ':"'_ 

Al!no~g~~¢~~ has ~e·ep.:~ popu.@~~_ru:k~r : f. 
i,Ilithe .bygiI)!ling o(a IJ'!.eaJ.; Thi~ is be<;:ause)arge , 
p~J1i,~!es a~ ,of !9.w .g~I!~itr and passag~:rat~~ at .; 
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18 D.M.'Jl,fgheni eI aL 

first:instancewhen'the food ente;rs the rumen is cinodeI"used .rn:ihetwo metho(lSldoes not account 
10w.,At the laterstage:the 'particles are' br6ke-n ,for seIettive:.retention' ciHe'ed'paftiCies :iifeai'ly: 
down into sm311er particles resultiIigziii.:high:deil- residence ·tiIhes~ On the: other;ilaiid:'the' higli~fl 
sity and increased passage, r.ates (~e,*ns, 1987:, . pa~s!!ge r,a,~e~ 09~~:r:v~J~,.rT.a,b~e 2) 'Y4el!,u~.ing 

.' ,,...., r "',.-) ;1. 1• (·t\l.l- '/ 3{H tn. "":'I _·,'r:.J ... t_.·_~.I,IIol\r,J.'.1.~ ........ , .... _. ·t ,.~l. ... 

RoblI!:,gn:~t fr,J9~?): '~~r:" -, " ".' , ' ,c' ,.~,,)-,~CR-J:V1F:-.<;:QIl).·p<u:e:~iAq/~E:r,~Qulcl:,b~4ueAQl the 
In a similar study Stensig et al. (1998) showed ' migration nature orthe"chrofniuID fT6ifi:the 

that where simple.one-compartmentrumen model, -mordanted fibre to other.feed,particles·in the 
with assumed first-order kinetics was used, selec- \ rumen.' Similar migration problems of rare earth 
tive retention.of large and lii# particles is not ac- markers have been reported by U den eta I. 
counted' for ~and has the tendency to·over-estimate- - (1980 )~A:lso the'higher passagerates'observed 
rumenoutflow _of particJes at early' rume'n:.. for .MS~w.hen'CR-MF~was used-compared· to 
residence times. Hence from the results of the RET (Table 2) suggest that 'mig~!ft'ion of 
present study; it was observed'that CR~MF has the chromitim fr6m'MS particles to the'li4Ji'd fpliase 
tendency tq,~Ver-es9,rpate pa#fte Tat~~~Qmpared':: was liigher t1!ID,t:other.f~i;age~.,~(;~ .. ".::" ,:, ,;~~~;; 
toRE!. H?~~yer, tv!:th two c<?"!-partm~9t models, It has al~~~~een."epof;~e,d. ~4(H' tl}e.:RET 
as describeql>Y Moore et al. (1992) that-take into.' (Stensig et al., '1998) and CR~MF (Moore:et'al., 
consideiation' faCtors that function to. !ree 'pot~~'i'l;: '~?92) ha~,th~ Tintita1fo~n tha~,i>asiag~ rates-~~ot 
tially escapable particles from floating fibrous' be estimated in diets with more than one fibre 
mat, the tendency to overestimate passage rate:O:: . 'source. In the; preserit . study; fhi's' prbbl~irl;~'as 
could have been reduced. Similarly R~T coulO, . avoided by using sole:forage,diets ;!Iid hence1no 
also have the tendency to over-estimate the pas- confounding effect was observed or expected.· In 

• ' -! . • . ' • I I .~.,. , '.J" ~ I ,~ \I;-t. 1. J ' ''''; . 

sage rates as it is also based on one-compartment practice, however, this' is not always the case as' 
model with assumed first order kinetics, '. animals are fed~dietS of differehffibre squrce's. 

In this study, the two methods (CR-MF and In this study, INDF was useAto cal<;:~Jate 
RET) are based on one-compartment model with DNDF that was used to derive digestion rates 
assumed first order kinetics. This makes the two (Model 6). The method for determination of 
methods to have the shortcoming of not being;able INDF;how~v'er;'needs to'b~fuitht!re~~lfutida;'a1a 

( y .:, •• ~., -,', ,- • f" .. ":-." I ··f ... r~'-t'.·· ... -.,,~ 

to simulate the actual state in fibre kinetics. as di: the result 'c'ould not fit tch'he'(lieoretic~al" 
gestion IS a dynamic process. This may s~ggest assumptions: I~ theory I@F intake is supposed 

. .. • ; '. t -- •. ,. , ..... ',-, .. "J 
that the use' of two-compartment model to de~ to be :equal to:'INQF' in f~ece~, as 'INQF' is· 
sdibe the -digestion 'proCess would havd b'een indigest~bie: In: th~ present st~dy,\ dim;reIic~s~'ot! 

. . . ,... . , \ ,. . ., ... .... ~"":"/. ') 
more:app'iopbate' as described by Moore, et al more than 50 %'in some fo~ges like .q·{and M~'~ 
(1992):ln this study, however;the siunpliriKintef- was observed and such differenteswere' found" 
val for faecal collect{oc~ ,wa!i>.pot phasedtofacili~ '. unacceptable.;an~, were <;:onsequently. omitte,<:l,jn 
tate fitting of the data into a {wlo-'compartme'iit 'subsequent calculations."This was po'ssibly 'due 
model that would have si!Dulated the actual.diges- . _. t.o the presence of high.resistant. starchin,MS_as 
tion process. Unlike the CR-MF method, the RET;~ the use of -amylase and use of sulphite in LH 
however, has the advantage_ofbeiIlg ~~ll def}!1~c!:' _that is higll iI)., ~P_cont.enJ was omJited'as, 
as both the NDF pool size,and the faecal ~)Utput:; suggested by Van Soest et al. (1991). This is 
were obtained from actual intake and ~utflow data' contrary to other Ifindings. (Stensig,.~d 

, +'.11 ":'\'~' v .L!" I.' 1 .;,'''.- '." 

(Table 1 and 2), Thus the,te~hnique,~may give pas~, R.obin?q!l, 199[7; St.ensig ~I al" 1998)·wpo 
sage rates values that are closer to·the true.values' reported no discrepanCies and'the INDF obtained 
compared to CR-MF method. .' " between. the feed and faeces were\vithin the 

Although Qoth metho(is have the advantage·, acceptable range. To ,avoid further errors INDF 
that they are simple and therefore easy to in faeces was,assurp.ed,to be .~q~al( t9 ll';lpF 
understand, on the other hand biological intake (Table 1). Passage rates for DNDF and 
interpretation of passage rates can be difficult. For INDF may be flawed in this case due to 
example the methods were not able to rank the inaccurate recovery of INDFpost-rumenally. 
passage rates of different forages in a similar trend Long time incubation and rumeIf.ei;acuafion~il~ 
(Table' 2). This is because unlike in techniquesarenotonlvimp.ortantinestimation 
two-compartment model (Stensig'e't al.;·1998) the of passage rates but al~o 'imp~rili~t:in'studi~Vbf 
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quanti't<itlve'{nforn'lati}>o ; 'aoout . specific 
chanictei'iSiiCs(Table':hirid -2) of'vanous fibre 

, I .' ' 
sources to improve the inputs tq rirodel~ 9n 

.Ir • I 'Ilt' "./ ,!(- r OH" I 1 (! , . , 

pre4iC!i<?n.~fXp~a~e;~n.tr~w~~ent:~~p~y it'was 
bseh;ed1tfuit LH'fuicflli h 'INDF'ahlf low DNDF, o ,ql"!' L',,' ,g. ,Ir ...... -.'··I'· .. ·" 

butthernte. 'Of DNDlf was hlgh'co'inpared'to other 
. , ':'. ' ,". .... ... ,!! .... r...: .. • \~ ~.. ~"'. .J..r !~, ' 

forages. This may explain.why Lij .intake was 
high compar"d to, othir forages;(Ta't>Je land 4 ) 
desp~te h~yi,n~ h.i.ih'INDFr"Jl,t~~ ~.a~q ;al'so'be 
explaiq,ed ~y:~Qe .f,a~qhatlood .will always be 
passed~o.ut:,q;f,:t.h",tll:wen ,Fhen(digested and 
absorbed or indigestibk and'~llow .more intake. 
Stensig and Robinson (1997) reported similar 
findings in Lucerne hay based diets in dailY 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 RET predicted DMI with a precision of R2 = 

I 2 ' 
0.7Qcpmpared to R = 0.46 when passage rates 
obtainM from CR-MF were used. Therefore RET 
methoa could be recommended for estimation of 
passage rates in cattle fed on tropical forage based 

diets. ! 
Ack~owledgement 

I ,/ 

The authors are grateful for the financial sup
port from the Danish International Development 
Agency (DANIDA) under the 
SUAIMU/RVAUIDIAS - ENRECA Project. 

...... ' 

'j,1 J I \ ~ .. PIL~·· .',~l 

. References 
I 'I I' . .) I" • ~ I '.~ 'I Ii, .• 

• l' ~ .. h. ~. I ", ',." ,. '.' I ... 11 

P,>C?'~JC;:.) 1,.9.?0) 1',~~?cjatio?-I0t; Of~c!31,I. i'\g\iculture 
,. 'Chemists. Officiid Methods of Analysis. 15th 

, . Edition.AOAC'Wii~fiii1~t~h lie. V~I ~;ne 1: 62 
'J("; flS:i( .:;i.: t, '.!_!I: J' I. (, ,1';; .!; '::!.~... :, j\ ... i~. 

,'.!t:', p,l?j",\ r I' r •. , "l.'Ofe ~ ,t> r-, ,", .... C 1'". 

. Ehle,; F~·,.V ~~4 )I~f1.uen~1:: o~.ft:i.t partiCIe~~ensity 
. , . on.particle.passage' from the rumen of Holstein 

lC(,.·r . '. t "'.'" • i" " " ... ". 
,,.,_ .,cow:J?u.rnal.~fDairy Science,67: q93-·697. " 

\ , .... f' 1 -':'i,:J.J, I"/!"'~ , :' .p .'," 
: Jeng, A.S. and H: Berghseth.(1992) Chemic'a:I"ario 

-:, -~. inihe'~~logidi"properti~~ ~fN~r~~gian alum 
I' sh~le ~o'ils:'\vith' special emph'asis on heavy 

metal content and availability. Acta Agriculture 
Scandinavia, Sect. B, Soil and Plant Science 42, 
88-93. 

Kimambo, A.B., D.M. Mgheni, FB. Maeda and L.J 
Ng'ingo. (1996) Voluntary dry matter intake 
and rumen load of cattle fed different tropical 
forages In: Ndikumana, J. and de Leeus, P .. 
(Editors). Sustainable and Feed Production and 
Utilisation for Smallholder Livestock Enter
prises in Sub-Saharan Africa. Proceedings of 
the 2nd Biennial Conference of African Feed 
Resource Network (AFRNET). Harare -Zimba
bwe. AFRNET (African Feed Resources Net
work), Nairobi, Kenya:73-76. 

Mertens, D.R (1987) Predicting intake and digestibil
ity using mathematical modelsof ruminal func
tion. Journal of Animal Science 64, 1548-1558. 

, Mgheni, D.M., R.M. Weisbjerg, A.B. Kimambo, 1. 
Hv~lplund, J Madsen, and LA Mtenga. (1999) 
~ system of predicting maximum intake capac· 
ity using degradation characteristics and rumen 
capacity of mature cross bred dairy heifers. In: 
Proceedings of the 26th Scientific Conference. 
Tanzania Society of Animal Production. 
LITI-Tengeru, Arusha, Tanzania, August 2-5, 
1999: 80 - 94. 

Moore, JA. K.R. Pond, M.B. Poore and 1. G. 
Goodwin. (1992) Influence of model and marker 
on digesta kinetic estimates for sheep. Journal 
of Animal Science 70, 3528-3540. 

Ramazin, M .. G. Bittante and L. Bailoni. (1991) Eval
uation of different chromium mordanted wheat 
straws for passage rate studies. Journal of Dairy 
Science 74: 2989-2996. \ 

Robinson. P.B., S. Tamminga, S. and A.M. Van 
Vuuren. (1987) Influence of declining ingesta 
quantity composition and kinetics of ingesta 
turnover in dairy cows. Livestock Production 
Science 17,37-62. 

SAS (1996) Statistical Analysis Syst~ms. SAS Insti
tute INC, SAS Language Reference Version 6. 
Cary, NC. 6.12 Release: pp 1043. 

I 

/ 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



,~09.~~. Mgheni et al. 

Stensig, L M.R. Weisbjerg and 1. tiy,e~p~,u~d. (} ~?4) 
Estimation of rumina I digestibility OfNDF from 
n sacco degradation and rumen fractional outflow 

'fl"!' 'j. "/'1 ;';I~' r.t" 'J f) ,",: ,J;':,,', \.. !". ;) ,1(" i· 
rate.Acta Agnculturae Scandmavlca, SectIOn A. 

Ani~iuiISc'ien~e)44·.·J96-ib9~'t '. oj ~.' 't~il, 
r' t 'II -,.. I .... , ... ,~ ,: 'l ';!I,(jj.\ I,'" .1\ , 

Stensig, 1. ana P.H. Robinson': (1997) Dige,stion and 

" 

. passage kinetics of forage fibre in dairY. cows as 
I j' '. aft'~'cted 'by' fibr'e-'free' co ~cent'r~t'e i ,; t ht:"di1et. 
I. ,. rJo~~rial ofb~{n; S6ie~ce 80; ]j'3'9:-'f3

i

S 1" 
, , ..' "." .. .'. "" :.) ...... , ,t' t. ~r .' , 

St~nsig, T.,,\Y.~is,bjerg, M.R., and Hvelplun,9, l (1998) 
.. , . Evaluiti6i1'o'f differerirniethoasfor the det~nni-

, .", " -! :. #' I "I., ~ a. ' 
,nation of digestion arid passage.rates of fibre in 
, ;. • ',': ,I, ' '. ,. • l' i /" , • , .r J_J' , 

. ".\ ": . 

) t~e<, rum~~ of d~ir~:'rP~s', Acta Ag~icultu~ae 

~ ,1 c.J~c~nd,inavica;. ~ec~ion,A. An,i m \l1 ,~~,~ef,1)ct; ;48. 

t:: ,.' )~11ih·l,~~ .. , .. ,. i'~i :<!".; (,t,'!"''-! ~n .'·'C;; 

G<> Ud~nj)iftf"ra£lo(' ~;;.9~~u~c\,~,nq. hfi;X~;'!l~fJ«'~! 
',' ~,(l.g~(~!I~nv,e(,tI,gfh?I?c.of.,9u~~,IlJF>WI~~.'~%d 

\ ~I ~ooalt as markers In dlgesta,' Rate of passage 
.,. ,; I If) <1:' slitdik \jo~;~~i 6r'ihe S6ie'nc-e 0'fF6~d 'frl~ J.!~
.,' " )rfib~l(u're 31.' 625-:6j2'::"~) F'.r <..1::'1'. 'J:;'~l'~J 
(.I- . , ... r "'...J." J;:1'" ' ·r'··r~r1~n L "'l' ~ ~~G~ ),r',,:; 
'Van Soest, P.]:', ,T.B. Robertson and B.A. LeWIS. 

'. "~f ~"'.~"'~r.'. I"i,... ., ( .,: .. , ... ":'1 ......... 

;' . "( 1991 Y Methods-for dietar'v fi bre, neutral 'deter-
: v " geii'fibre: iUld'nO'iI:starch :p'ol~'~~chari'd;;s fin're-
, ' :'; hition to. animal rnutriti6'n:;Jb'~;naI'of"DaiJY Sci-
. '1'~',N ence 74', 3583~3597.~: :", 'i>.:,;· "1'(; '). 51 ,';:c, ' 
• :,1:' .. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)




