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AsSTRACT

A conventlonaL d"lgestion trial r¡¡as con¿luctedl wlth
three sheep fed" three ratlons ln a latln square design.
f'lventy-day d"lgesü1on perlod.Ê vuere allvld.ed. in tûro to check

for repeatlbtllty of results. A saapllng reglre d.es igilett
to neasure vo].ume of duod-enat flow anti obtâin representa-
tLve sanples for chenloal aÏlalysls üras s¡¡perlnposed. on the
tllgest lon trLal. îhe ratlons had. equal proteia J-evels, but
varled. ln âmlno acld. and. digestlble e]1ergy c@nt ent. Batiotx

corponent s were grouatl oorn and" legune-biome hay nlxed. 1n

tl"lfferent proportlons to gtve three d.lffereat 1eveJ-6 of
d-lgestt-ble energyr

{Fhe hlgheet cnergy ratloR gave s ign!"f lcatrtl_y hlgher
ooefflclenüs of d.lgestlblllty of ether extraet, rxLtrogen

free extraot, an d. gross energ'y than the other ratlons.
Dfgestlon of crude flbre was slgnlflcantl"y htghest on ühe

hlgh roughage ratlon, whl1e ash anat proÈehx tngestlblllties
were rat lorr Íntlepend"ent.

Hourly flow estlnates were averageil wlthln four

equally spaoed. d.lvlslons of the dtay, azrd. 81gnlfloaåt d.lffe-
rences among theae dlvtslor.E was taken as evid.enoe of dlur-
nâl varlat lon 1n rate of fore-stonach enptying. The dll¡raal-

varlâtLoÊ was notxopha$le, correspondl.lng to feecllng the

ratlons oaoe a alay. Although d.ata obtaineil on flow wlthlß
perloal.s appeared. aooeptable there was a Ê lgn1f lcatxt varLatlo¡x

1n ten-d.ay total f].o¡,¡s âmong perlod"s. Composlte cluod.enal
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$an¡ples naale on al3. allquot roasls fron wlthla perlocL flow
dlata were useal to estlmate averâge composltlon of duod.enal

contenfs on the three ratlons.
Changes ln percentage conposltlo]n froû feed. to

d.uod.enal leve1 showeô proteln and. ash to glve large lnoreases,

!,rlth ether extraot and groes energy renalnlng falrLy co¡t-

stant, arxd nttrogen free extraotÉ d.eol1nlng. Ït'1¿le ratloil
cllfferences 1n amlno acld. ].evels fal]-ed. to eause signlftoant
ratiG]r effects. oix oomposltlon of duod.erral proteln. The evl-
d.enoe Lndloaües that runen fernentatlon re¡ooved ratloll
cllfferences ln amlno acld. levels. fhe hlgh energy ratlon
result ett ln a hlgher percentage of soLuble carbohydrate 1n the

aluoclenal- cllgesta than the other two ratlona.

Estinates of tlry natter passâge through the tlnod.ernum

based- on assurnptloas on ùhe anoulxt aÉd looatlon of flbre
tllgestioÏt showecL the hlgh flbre ratlons to have slgnlftoantly
largor CLry natter passage than the hlgh corn ratlon. Cal-

culatlone baßed- o]1 dry natter passage showetl a net acld.ltlsn

of crud.e protefn ånd ash by the fore-stoüraoh for all raü1ons.

Gross energy, nltrogen free extracts, and ether ôxtraoü were

nore hlghly d"lgestlb]-e ln the rumen on the ratlons co]3"taln-

lng the nosü corn. Anount s of soluble oarbohyd.rafe enterlng

the small lntestlne varled fron â& averag-e of 62 gß per alay

on the hlgh ro ughage ratlorx to 109 gn per d.ay oa the hlgit

oorlr ratlon.
lY



TABLE OF COT{I]ENTS

PAGE

ïNTRODUCSI0N..... 1

LII5R.A.TüRE BEVIEÍí. l+

l'low Seasurement .

NLrtrient Dlsappearancê. . . . r...... ¡. 9

Energy.

Proteln Quant lty.
Proteln Qualltyr
Abonaså]- and" Duodenal Proteln. . 19

Ð@ERÏIUEI$TAI PROCËDUEE.

Deslgn. .......¡r,
Bat lons .

"AnimâIs.

Flow..

Sampl lng Þrocedure.

Cheoical Ar.alyses... ...,
Sta.tl stlcal Analyses,. . . !..

TìESUI,îS AND DTSCÜSSTON...

Tota1 DlÉjestlblllty. .. . . .. .. .
Orgânlo llatter, Dry I'latter, and. Gross
trergy.
*{sh. .

gther Extract . .. .

20

20

22

25

9,

28

29

Je

30

3o

)/,

âo0rude I'ibre



TABLE OF' CO}TTENTS CONTTNIJED

PAGE

Crud-e ?roteln.,..
Amlno Âcld.s. . . .. .

N1ürogen Balance

F1ow.. .. .. r . . .. ...
Diu.rna1 Flow.. ......
Total Ï'low Volume .a.l.t.a...a.aaa.¡.aat

Ðry Matter Flows, .... ....... .

Va]-1d"ity of Composltes Based on Flow.

tonposiiloxr of Duod.enal Digestâ. .. .. .,. j,. ¿|B

orgaixlc Matter. 48

Ash...,r...¡.¡r....
Ether Extraot..., ...... .r....... 5t
Crud.e Flbre ,..... 5t
Nitrogen Free Extract

Crud"e Proteln....
Anino Aclds

Soluble Carbohyd.ratê. .. .. ......
Estimated. Dry llTatter Passage... . ... . ..,.. . 55

Acld" Insoluble Ash.

Partltlon of Fibre Dlgestlor..

Estlma.tecl Bumen Effect on Che¡nlcal ConstltuentÊ. 59

Ash... r . .... .. 59

Ether Extract.... ,...,. ..r....,. 62

33

35

Jo

JO

36

tt3

5T

v1



TABI,E OF CO}¡TENTS COiTTNUED

PAGE

Nltrogen ¡'ree Bxtract...., 62

GrosË Blergy.. .. .

Crud.e Proteln. .. .
Soluble Carbohyd.ratê. . . . . ., .,. r ,. .. ... 63

SIJIìIMABÏ. . . . ¡ . , . . . . . . . . . . . . . . . . . . . . . . . . 65

BIBI,ÏOGRAPHY.. . .. .. . , .. .. .. .. . . . r.,
APPEI,IÐIX.

rì::liì:



TÏSf OF FIGTTRES

1 Digestlon îrial Latln Square Desig¡x...... ZI

2 àveraged Diurnal Duodenal Dlgesta Flows.. þL



ITST OF TABLES

T.åBLE

T. Chemlcal Compositfon of Ba.ttons........r.
fI. Arnlno Aold" Conposltton of Ratlon proùeln.

fII. Feed. to Feces Digestibility Coefflclents.
IIïa. Nltrogen Balance.

IV. fiean Holrrly Flows for the Four Blocks....
V. !'low Volun¡es and Estlüated. Dry Matter

Passage. .......,,..
VI. Mean Square s Fron Analysls Of Va.riance of

¡'low Data. .

WI. CheÍiloal- Conposltlon of Duodenal Dtgesta.

VIIÎ. A!01no Äold Co!'tposltlons. . . . .

IX. Dry Matter Pâssage Ï,rom the Abonasun
(AclÈi InsoluUte esfr)............¡..,

P.{GE

23

24

3L

37

39

lru

l]-o

5o

5t+

57

X. Dry l{ê.tter Pãssage }-rom the Abomasun(Partition of Flbre Dlgestion) . . .. .. 60

Xf. Dlsappea.rance of ?roxlmâte Constiüuents
Along the Dlgestive Tract. . . . , , . . . ¡ . 6I

1x



LIST OF ÁFPEÀ]DTX TABI,ES

TABLÉ

I.
11.

frÏ,
lV.

v.

Vï.
Wï.

VTIT,

ÍX.

x.

X[,

Amlno Aciais ln Batlon

Aüino ¡fc ld.s 1n Ê.âtl-on

Amlno Acld"s in Ration

Soluble Carbohyd.rate

H (fr of Protein)...
-rIC (% of Proteln)..
C (fi of lrotein),..

PÁ,Gg

?6

77

7B

79

é.ppar ent Digestiblllty Coefflclents for
Cruaie Protelfl. , . . . . . . . . . . . . . . . . . . . . . . r

Digestl'oil1ty Coefftcients for Flbre. . . ..
.&pparent Digestlbiuty Coef f 1o lerxts f or

Ether Extractsr.,
Apparent Dlgestlbillty Coefffclents for

Ash.. .

Digestlbillty Coefficients for Nltroge¡r'
Free Extract..... ,.....r..

Digestibllfty Coefflcleat s ôr cross
Erìergy. c... . i .. .... r ¡ . i r ¡ . ¡.,...

Ðry Matter Exoretlon (10 Day Totals).....

80

81

B2

Õt

Bþ

85

e6



ÏI{ÍRODUCTTON

Dlgestlon ln the rumlnant 1Ê ohâracterlzed. by fer-
nentå,tlon followed by enzynatfo ¿llgestion aJttL then flnally
fernenÈatlon. ProttuotÊ of rûmlno-retloulun fermentatlon

lnoLud"e gases lrhlch uay be absorbeil or lost by eruotatlotx,

ani¡- oùher nâterlals Íthich nay be absorbeaL fron the rumen or

passed. sn to the Lower guÈ. The res lclual naterlal leavlng

the fore-stonaoh contains partlally tlegracletL ratfon eol[poE'-

ents aud. nicrobfal. naterlal. After enzynlo dlgestS.on trr the

small lntestlne the renalnlng oorstituents âre subJectedl to
fermentatlve attack by mlcroorganl sns of the large fntestine.
By pårtltlonlng d.lgestlon lnto fore-stonach anat fnteÊtl$åL

effects orre oaJl tl.et ern l¡re the ooatrlbutlon of eaoh regLoñ. to

nutrÍ enÈ sJnâ.thesiÊ antl absorptloa.

Inportanoe of this partltlonlng can be tlenonsfratedl

by oonslclerlng the d"lfferenoes 1rr nutrlent utlllzatlon
assoclatetl ¡¡lth the tr¿o areas. Fernentåtlon of protellr la
the rumen glves partlal hyd"ro].ysfs of proteln to aü1rã.o ael(ls

v,rhl ah ln turn nay be deaülnateð. Anmonla from thls souroe

wben present ln enceBs 1s absorbeal lnto the portal bloocl

stream and. convertetL to urea ln the llver. Anrûonla lrr the

runen may be synthesizetl. lnto nlcrobla]- proteln. Both the

quant lty and. quallty of protela leavlng the runlno-ret lculun

oarÊ aliffer fron that 1n the ratlon.. AÞ lnclependent ¡ßethod.



2

for neasurlng the absolute anorult of proteln l.eavlng the
fore-stomach aad" its anlno aoltt content are requlred. before
quaÐtLtatlve lnforuatloE can be obtalrÌeal about inteÊt lnâl
allgestfon antl absorptlon of proteln 1n the rumlnaåt. Ttrere

i.s alnost nothlng kno¡,nî about ùhe effeeü of râtlolt proteln
on amlno acld- oornpos ltloi3 of d"lgesta enterlng the tluoclenun.

Fernentatlve nloroorgaalsms ln the runer¡ âttaok

starches and. nore oonplex oarbohydrates, glv1ng volatlle
faÈty aold"s, methane, anil carbon dloxltLe ae the maln break-

do¡m products. Shorü chatn fâtty aolt!.s are absorbedL by the

rumên eplthelfun and" passetl lnto the portâ1 blooil syston.

Thls fatty aoltl absorptlorr' aoeoruxts for a ].arge prop@rtlon

of energy aþsorbetl fron ùhe râ,tlon, Intestlnål hydrol.ysls

of soLuble carbohydrate te nonosaocharLd-es provld.e a¡rother

potejlttal souroe of energy for the rumlna.u.t, It ls genar-

aIly conslderect that wlèh hlgh roughage ratlons the anount

of soluble oarbohyd.rate esoaplng fernentatlon ln thê rumem

ls negllglble. However ratlons contaialng high levels of

dtgestlble energy oan pass through the rumen rap 1d.ly eïrough

to esoape conplete starch d.egradâ,tlo¡.. Slnce the heat loss

fron f erne::.tat l on aooounts for aJx appreolabLe amorrnt of

râtlon energy, any faotors whloh carå lncrease the anount of
nonosaccharld.es absorbedl from the smal1 lntestine wf]-I show

lnoreasetl efflolency of energy utlllzatlon. Slnoe little
lnfornatloa 1s avallab].e co]tcernlng the anoul3t of soluble

oarbohydtrate enterlng tbe iluoôenun, a ¡neaÊurenent of thls
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woul-d. b6 helpful 1n the partltlonlng of carbohytlrate

dlgestlorr betweea the fore-stonach antL Lower dlgestive

tract.
Tlre present ex¡rer lnent was tleslgned to estlmate

the effects of d.lfferent ratlons on allgeFtlon ooourrlng

before ancl- after the fore-stonaoþ wlth speolal enphaslÉ

on amlno aoid.s. In aôðltlon the anount of oruåe flbre,

eÈher extract, energy crude proteln, nXtrogen' free extråof,

anai soluble carbohyd.rate dlgestlon oocurulng ln the runen

was stu.ôleit.

Tn ord.er to conauot a stucly of this type one has to

qus:atltatlvely neasure the flow of cllgesta lnto the d[ì¡o-

denun, Ehls was alone uslng flstu]-aüetl sheep antt a narker

dllutloi:r teohr:lque whioh has been clescrlþed' by Phllllps

ancl Dyck (196¿]).



TTÍERA?T]AE REVTEW

¡T,OId I{IEASUREMENS

ïn d"fscusslng the tL1fflcult1es assooiatect wlth
atte$pts to meâsure the volune of d.lgesta enterlng the

lower allnentary tracû of runlþants, Stngleton (1961)

ÊtâteaL thåt, ttan ld.ea1 nethotl of neasurenent would- be

applloable to ùhe anlmal rüithouü prod.uclng a]xy all stur-
bance lu lts nornal behavfour, Eo ttlat record"lngs coulil
be macle over sev€ral successlve days r¡¡lthout the anlmal

being novecl fron 1ts usual locatloxt'0. Method"s desorLbedl

to clste have uÊuaÌly fallen far short of this 1d.Bal.

The anatomloal locatlons at Írhloh flow measurements

have been !ûad[e are the onasal-abonasal jurìctlon, the reg-

lon of the pylorus, and" the flrst few lnohes of the ¿[uo-

der¡rn. Oyaert ancl Bouokaert (196]-) oarunulat ed. the omagaL-

abonasal orlflce of sheep ln a nethocl whieh allowetl ühen

to blook ühe orlfloe ând. collect all the naterlaL rühloh

woulal ]xormal"l"y fLow lnto the abomaÊun. A sol-utlon of

polyethylene glyaol waÊ lntrod.ucotl lleto the rumerx a¡îat the

recovery at the onasal-abonasaL level provld.etl am estl-nate

of flow lnalepencle¡ixt of the volume eolleotecl. ]Þ1lure to
returÊ the oolLeoteit naterlal to the aboma sun gave an

increase l¡n water consunptlorl ln tf¡e experimelrtâl anlnaLõ,

anil the dry natter oonterxt of the d"lgesta waË fountl to
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clecrease wlth ttne on ool1eotloa.. [heee observatlonts,

conbinetl wlth greater thalx LO,S narker recovery, lnd.loateal

that the col-1eot1oa teohnlque Íras lncreaslng f3.ow above

normaL levels. fotal oolleotlon values were correotetl" for
LO\% narkrer recovery to gLve an average hourly onasal

orltflow ot tt6Z mL wlth a feett lntake of oÍÌe kg of clxy

natter.
ThlÊ üethoiL of flow estlnatfon has beerx nore exüen-

slvely usedl ùr the reg!.on of the pyloruÊ antt the flrst
part of the d.uoitenun. fhls reglon ls nore aooeselble for
experlnerxtal surgery tha13' iÊ the onasal-abomasal orlflce.

Flow då.ta obtalned at the cluodlenal level d.oes rxoü

gJ-ve ara. aoouraùe estinate of the fore-stomaeh effeot tlue

to the volune of seoretlons atldeö by the abomaeum. fio¡¡-

ever llttle or no absorptlon oocurs fro¡s thê abomaEun se

quantltles of nutrfent Ê eÊtlnatedl at the duod.enun wlll be

very sÍß114r to the qual¡tltles passlng through the onasal-

abonasal or1f1oe. Therefore cluodlenal floÍr values showeil

Èhe amount s of naterlals enterlng the sna1l lntestlrìe, au.d

thus avallable for ttlgestlon anô absortr)tLoa:

Phlltlpson (]-952) studledl d.uo¿Lenal. flow uslng two

A1stlnot ell)erlne'ltal preparatlons. O¡ne nethoiL lnvolveaL

exterlorlzatlon of flow between a cannula ln the pylorlc
part of the abonasun anaL another 1n the duoalenuE, but the

sheep d-ltL rxot survlve. The seoond. preparatloa oonslsÈecL of
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three slnple ca]3:3ulae, one lnmed-lately cautlal to the py-

lorus, aixd" two more aboral to the flrst. In the prepara-

tlom lnvo].vlng thnee cannuLâe a balloo¡t was inserteal ful

the seoond. oaarrula anct lnflatetl-. Thls blookett the ituo-

d.enum conpLetely whlJ-e dlgesta r¡as colleoted" fron the

flrst cansula, neasureiL, antt returnecl vla the thtrd otxe.

ïn theso experlnents two factors l:r the experiner.tal tech-
r¡lque rÍere notetl whlch alterecl flow valìreÉ:

(1) Negleottng üo relntroduoe the collected materlal

lnto the duotteaun gave an abnornally hlgh fLo¡r, (2) the

preÊence of the l]rftated balloon used. to bloak the ciuod.enum

ilecreaEed fIowg. It was shown ùhat renoval sf the ballooa

resultedL lre, an lnl'|edlate sustalneal lncrease ln flow. Maxl-

mum average flowÊ for a ll0 kg sheep o onsunlng 1200 gm of

feett per tlay were 800 nl per hour based. on ¡ro retura of

oolleoted 6aEples to the d.uod.enum. Average nfnlmun vaLues of

350 nt per hour were obtalneat vü1th a bâlloon lnflated 1n

the lunen of the tluotlenum. It was suggeEted. that true

valìre s for thls sheep on thls ratlon woukl l-le at sone

lnternetllåte value.

Hogan antL Phlllipson (1960) ì¡seaL sheep wlth duo-

AenaL flow pernanently exterlorlzecl âocordfTrg to the ¡rethotl

of MarkovÍlt z (1949) Ln order to estinate tluoclenal f1ow uâcler

nornaL oorlal"ltlonÊ of d.lgestlon. The d.uod"enal flow üIa8 cottr-

pletely oolleoteå, measured., sampleð, and then returlxed. to
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the snal- 1 lntestlne as soon as posslble after co11ectlon.

llean flow values of 360 nI per hour were obtaineaì" for

sheep eatlng 1000 gIt of rat 1on per day. The posslble

existence of a dir¡rnal varlat lon ln flow rate was also

Lnvestlgateal, ancl rêsults from twiee ctally feetllng of the

ratlotl falleiL to denonstrate the exlstence of any marketl

d"lurnal trend.Ë.

Ilarrls antL Phll-11pson (1962) used slnllar tech:rlques

1n the esüimatlon of duod.enâl flow, but they replaced. the

amount of colleotetl naterlal retalned. for proxlmate analy-

Êls wlth dlgesta obtalnecL fron a seoond sheep whíoh was not

on observatlon at the tlne. They feil chronfun seEquloxlale

as ân lnert narker annd" neasured reoovery at tbe duod"enal

1evel as an InðepencLent estlmate of flon. Dlgestlblllty
of the ratlolt v¡a s not affeoted by measurlng f1ow, but com-

plete collectlon of duodenal content s over tÍte].ve-hour

period.s did- not glve corylete srarker reoovery. Physlo3-o-

gloal dl sturbanoe oaused by d"uo d.enal oolleotlor1 åppeare'l

to ÊIolr d.oi,¡]î the nornal rate of abomasal en0ptylngr wittr

htgh oompensatory fJ-ows apparently occurrlrig betweerr

collectlon periods. Flsws were correotetl for oonplete t[uo-

deral recovery of marker fecl 1n the ratlon, alxd. the ave-

rage duoðenal flow for al3. sheep when reoelvlng 750 gt of

hay per day was þ16 nl per bour, wlth a dlgeÊtlblI1ty of
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55ø for organlc. Lnaüter. there was a allurnal varlatlol¡ ln

flow rate v'Thlch depended on t ine af ter. f eed.lng a¡rd. the

anount of tine spent otx rumlnatlon.

Slngleton (196f) obtafned" average flow rates of

t+61+ to 493 n1 per hour for sheep fed ?00 gn of Lray per d"ay.

Surglca]. preparatlon for these e:q>erlments fnvolve¿l the

use of re-entrânt tluode¡øI cannulae sinllar to those of

Phflllpsonrs fater experlnent s. Flow voLune was measuretl.

by passlng the tube conileot ing the cannulae through a

powerful magnetlo fle].d. and. reoord"lng the EMF produoetl Ln

eleotrotles placeô ln oontaot wftb the dlgesta and. at rlght

angles to the ma¿:retlo llnes of foroe. Thls nethoil ls

advântâgeous from the vtewpolnt of sbserving íIlthout firter-

ferlng, but the anLna)-s vÍere requlred to stand antt al-lowe¿l

Ilttle freectom of novement. therefore observatloa perlods

were llnlted. to three hours. Such short observaflon per-

lod.s are lfke1y to give abno r¡sal" fl ovr ¿lata accorcllng to

the results of Ph1lllpsan (l96zJ.

The se flow experlnents lnalloatê the necesÊlfy for

observatlons whloh can be nad.e oontlnuously over several

d"ay s ï{Xth the mlnlmun of lnoonvenlenoe to the experinental

anlnûals. Such a nethod was used. by ?h1111ps and Ðyok (f96ll)

1n oorxJtt]lction Ï¡lth dtgestlblllty studles. A soluble lnert

marker, poLyethylene glycol was lrrfr¿setl lnto the aboma $Ì¡m

of sheep, antL ôuoalenal dlgesta uas sampled. at hourly lnter-
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vâls. SanpLes were analysed for the narker and. for proxl-

nate 'conEtituentÊ. . Volume of flow frou the abomasun was

caloulateai from the tlegree of marker d.llutlon. The pres-

erxc e of the person collectin€ the sanples E hould. have hatl

no effeat on observed. vallres slnce the ttll¡¡tlon of the

narker woulÉl be a cotxtl]xuous procesÊ lnf]-uencetl very Iltùle
by nonentary ohanges. fhe volume of polyethylene g]ycol

solutlon elxter lng the abomasum per hour was equal to Ùhat

of üÏre sanple belng removetl" from the duod,enum. Averâ96

fLows In four sheep varletl fro!û 671 nI per hour orl a hlgh

rougtrage ratlorr t'o ú5 nI on a ratlon oontalnlng a high

proportlon of readlly fernentable oarbohyd.rate. ¡'ood. ln-

take varled. both wlthln ancl betúIeen ratlons. Calculatlon

of flow ooryeoted for tntakes of orgaJxlo matter gave flow

rates of 0.90, å.nal 0.57 ßI per hour per gran of organlo

natter cor¡sune¿l per d.ay', f or high and low rouqhage rations.

NUTBTENS DISAPPEA.RANC'E

A st ud.y of nutrlent dlsappearance al ong the gastro-

lntestlnal tract of the runlnant glveÊ valuable lnfornatlon

orì sltes of Ôlgestiorr and. absorptlve ab11ltles of the var-
-¡

lous organÊ. Such a stud.y ca¡x be used. to precllct the efflo-

lency of ut1l1zat lsr-I of energy and nltrogen 1n a ratloa.

Furtklernore estimates of the quantlty a]x(t composltion of the

d.ry matter leavlng the fore-stonaoh shoulcl nake lt possible
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to test the hypothesls that the abomasurn ancl lnteÉtlnes

of runlnant s fr¡sotlon 1rx a slnlIar nranner to the gastro-

lntestlnal tract of nonogasl:rlc e"n1ma1s.

Measuremenüs of d.ry matter absorptlolx from the d1-

geÊtlve tracþ are the lnltial. lnfornatlon requlred for

eEtlnatlng total rxutr lent utll-1zatlon. Itogan (L957) usett

sheep wlth pertø.ixently cxterlorlzed. d.uoder¡ål flow ùo

estlmate dry !ûatter cllsappearalloe at the py].orus â]ld at

the ll-eo-caecal juflction. llhen fron a knowletlge sf feed.

and feoes valìres he was able to establlsh the aüou¿t F dlÊ-

appearlng 1n the fore-stomag\ 1n the snall lntestfne, andl

1! the ]arge lnteÊtlne. Seventy percent of the tilgestlble

alry matter was absorbeaL before the iluotler{r m, ltS ln the

ên411 lntestlne, altd. the remalnd.er ln the caecun anal large

lntestlne. A simllar pattern was observed by Baloh (1957).

He useð the llgntn ratio teahnique arxd' showetl that approxl-

nately 65ñ of the itlgestlble ctry natter wås loFt 1n the

retloulo-rumeE, ancl" ttre re¡nalnder was lost 1]r tbe lnfes-

tlnes when an all f¡ay ratlon waÊ fed..

¡logan and PhlllLpson 11960) found t?rat ?Ofi of t.he

d.lgestlb1e atry matter tn a shoep ratlolt disappearetl before

tbe öuodenun, wlth 10É ¡efng lost ln the snaLl lntestlnet

and the remalnater ln the caecum and- large lnteÊt1ne. Sllagle-

ton (1961) showed falrly low proportlons of dl8estfble dry
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natter belng lost fron ühe fore-stoúaoh. În one sheep he

actually observetl a net lnorease 1n dry matter passlng

througb the tluode]xurì relatlve to that consumed..

!¡aeray

The maln subÊtanoes belng s.bsorbecl fron the runlno-

retloulun ancl the onasum are the stean volatile fatty
ao1ôs (\fFA). fheir abÊolptlorì can be tlenonstratetl by

arterlo-venous differenoeÊ in blooa¡. levels (Phllllpson,

!91+? ) and. by measurlng relatlve amounts of IrFA fn runem'

oontents ancl abonasal cotxtents (sad.avry et al. , l-958a).

Mlcroblal fernentatlon of d.ietary carbohydrate ls the malrx

souroe of V¡'A produetlon l]x the rrìnen (IJlnðsay, 1959J. .[IFA

prod.uctlon tn and. absorptÍon fron the rwlen ls the nost

tnportant souroô of energy for the neüabollsn of the runl-
rxarßt. Bal-ch (1958) calculateð the heat of combuslon of

\fFA proðuoecl fron fernentatloa of organto natter ln the

rumer¡. Eumen samples fron oot'¡g on a ooarse ha,y and con-

ceiltrate dlet showed V¡.Å productlon ln ln vltro fermenta-

tlon aeoourrted for 49 - 63% of the ôlgestlble energy 1n

the ratlon. Choppfng the hay lnoreasetl the relatlve prc-

portlon of proploirate arxd., ln thls oase W'A produotlon

totaled ?l - ?5% of the energy absorbed" fron the ratlon.

Blaxter (1961) has slloYrn a marked. ttlfference ln effiolenoy

of energy utillzatlon by nrmlnants of the varlous entl-
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prod.ucts of mloroblal fernentatlon and_ glucose. Blaxüer

determlnedl rcal.orlmetrlc effloienclee of ellergy :ut5.l-íza-

tion for malntaiylance n of aoetate, proplonate, butyrate,
a.nd. lactate basedl on glucose as 100. None of the lntt1-
vlalual VFå.|s or atqr conbfutatlon thereof gave va].ueÊ as

hlgh as glucose for efflclenoy of energy uttllzatlon.
1lhls erqrerimental observatlon d.raws s o!ûe theoretlcal
sltpport from the olasslca.l energy clerlvatlon oyeLes of

Embclen-Myerhof f anal Krebs (Fruton areal Sl¡ûmoncls, 1958).

Baloh (1pJ8) Ira, s ile¡ronÊÈIated. that the major por-

tlon of useful eirergy llr most rat lons comes fron the \rtr'A

produoed. by oarbohydrate fermentatlon. lnorease lrs

efflolency of €nergy use on hlgb conoeletrate ratlons have

been attrlbuted to ahangeÊ la the mo].ar ratlos of 'lrtr'A I s

tor,¡artls hlgher leve].s of proplonate at the e]q) ernso of

aceþe.te (Llnd-say, l-95g). Thls baslo facù ls not urìd.er

dlspute, but Blaxter et a.1. (L956) propose Èhe exlstenoe

of a sltuatlon where hlgh feed-fng rates will speeð foott

passage through the fore-stonach, ancl prevent oonplete

fernentatlon of d.letary carboby¿lrates such as starch.

Such carbohyttrateÊ woulcl ùhe¡e be subJected. to enzynlc ¿[1-

gestlon and. absorpt 1oïr 1n the ir¡testlnes. Bhe absorbed

Engars woultl be â,valIabIe as an energy source of rela-
tlvely hlgh efflclency.

Estlnates of the amount s of starch eseaplþ.g rumerx
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fermentatlon and. enterlng the d.uo aienum hâve been sot as

1oür as 7.8 gn per alay by ileller anti cray (1954) when

sheep were reoelving 1l}8 gm sùaroh ln the ratlon. The

use nad.e of starch 1n the intestlne lras stud.leci by LarÊen

et aI (1956). Slgnlfloant lncreaËes ln blocjð sugar levels

were obtalneil when gluoose antl naltose ütere lnJeotetl lnto

the aluoaenun and. jeJì¡âun of calves. fhe adalnlÊtratlon

of ground" conn or staroh at the onasaL level gave aeg1f-

glble lnoreases ln blood. sugars. These results lnalLcate

a la,cir- of anylolytlc actlvity ln the lntestlnes, or posslbly

a opeciflcity of intesülnal arnylaseÉ for substrates :rot

used. ln thls elcperlnent"

faylor (]-9621 lnvestlgated the voLune and anylolytlo

actlvlty of pancreatlo secretlon ln sheep. Ile found. thât

the sheep pancreas Eecreteô only about one-seventh as muoh

of both fluldt and eazynes as the atog paaoreas. Slrloe the

rel-atloashlp betwee:l conoe,ntratlon of anylase aadL enzyme

actlvlty ?¡as lLnear, the amylolytlo aotlvlty ln Êheep woulal

appear to þe one Êeventh of tyLat 1n the tl"og. Suoh a level-

of anylolytlo âctlYlty shoultl result 1lr oonsl¿lerable

hydrolysts of starch ln the sheepts lntestlne.

tE !s¡*Jsenr++r,

[he naturê of the ratlo]3 can lnfluenee the proportlon
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of d.letary nltrogen appearing ln the duodenal dlgesta.

llhe naln ratloa characterlstlcs v{h1oh ltave att effect are

the amount of nitrogen ln the ratioll, cllgestible energy

Level of the râtloB, and. lhe so1ublllty of ratlon proteln.

Gray et al. (1958) have shor¡-n that by altering the level

of nltrogen ln the ratlon the utlllzatLon of nltrogen ln

the rumen was affected". Sheep were feat nlxtures of wheat

Êtraw, i¡Iheat hay, anal lucerne fìe,y wlth nltrogen contents

varylng from o.lfi to 2.9ft. .Anount of rxltrogen leaving the

atomasun teitdett to be conetant ðesplte ùhe varlatlons ln

nltrogen content among ratlons. rlne ?.9% leveL shoÌ¡eal a

loss of nltrogen at the abonasal fevel, presumably d"ue to

hyd^rolys ls of proteln and loEs of annonla froü aÛ¡lno âcld.s

by ileanlaatlon aïrtt absorptlor¡ by the rumlnal eplthellun.

fhe lnterned.fate leveIs Fhovre(l almost no change ln amourtt

of nltrogen from feed. to ôuotlenum. On wheat straw an lE-

orease ln the anor.rnt of nltrogen frsn feedl to ¿luod.enum

Êugqestetl nltrogelx adal"ltion ln the rumen ând a net syn-

thesis of protein. Á. source of nltrogerr for thls Fynthe-

sls coul(l have been urea from the sheeprs sa].lva. IvlcDougall

119&S) esil*atud the altrogen leveJ. In nlxed sheep sall.va

at 9 - J6 mg per 100 nI, glvlng a maxLmum of two grans p@r

d.ay fron Èhls souroe. Movenent of nltrogenous suþstanoes

fron the blood. lnto the ¡umen oouJat also have acoounte(l for
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some of the lncrease 1n proteln. LewlÉ et a]- .(19571

fou]ld. blood. leve1s of anmonla to be so low that dlffus-
lon lnto the runen r-¡ould be negllgible fron thls source.

Hoïüever Houpt (1959) neasured an aumonLa appearanoe of
abouù 1.5 gm per d.ây in the lsolated rumlno-reticul-u¡r of
sheep and goaÈs. B1ood. urea 1s considered. the aource of
thls annonla. Á.otlve transport of blooti urea lxrto the

runen has been tlenonsÈrated- by Gaertner (1961), litdlcat-
lng the a¡rount of Irltrogea ad.d.ed" f rorn thl e s ouroe was

inatepenôent of blood. urea concentratlon. lhese factors

seen to tend. tol^rard t Lre produatlon of a eonstarlt nltrogen

level In the cluo d-erral d.lgesta regartiless of ratlon d"lff-
erence s .

A second" polnt to be oonslðered ls the effect of

exrergy level of the c[1et on nltrogen ut1llzå.t1on. Phll-
llpson et aI. (1959) consld.ered. the ruEen conoentratlon

of annonla to be d"epend.ent on the dietary proteln source

and. or3. the aval1ablllty of a readlly fermentable elergy

source. Synthesls of proteln requlres a supply of nltro-
gen elther as annonla or amlno âcld., and an avail-able

energy souree. Wlthout a contlnuous energy suppLy a maJ-

orlty of anmonla released. by ferrnentaülon w1ll be absorbed

lnto the blood- instead. of belng formed lnto protein.

Phys fcal propertles of the dletary proteln are a thLrtl
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faotor. lnfluenclng 1ts utl].lzatlon 1n the runlnant.

IrlcDona]-ô (1948) found. the solrrce of dletary proteln to be

a naJor factor 1n d.eterninlng the concentratlon of ammonla

ln the rurnen. Blackburn acrd. Hobson (1960) fed sheep aLlets

d.lfferlng only 1n the so]-ubl]-lty of caseln, the proteln

souroet They found. a posltlve correlatlolx between solu-

blllty antL proteolytlc actlv1üy ln the runen. Sol.uble

proteln was rapld.ly broken down to nostly non-ammonla

non-proteln nltrogenr whll"e the less eoLuble proteln gave

a stead,y 'ol1t Êlower breakdlomi. Nltrogen retentlon by the

sheep, amd. levels of bacterlaL nltrogen 1n the runen $Iere

hlgher for the more soluble proteln.

chal-mers antl Synge (l95II) compared^ herrLng roear

proteln supplenent s wlth oaseln 1n nltroger¡ balanoe trlal-s

on sbeep. They founct ühe herrlng neal to give a hlgher

nltrogen reteatlon than caseln. PeaI< conoentratlons of

annonl"a 1¡r the ruÍren were larger, ând. appearetl at a later

üine after feedlng oa casein than on herrlng neal. Heaf

treâtmelxt of caseln d.eoreased lts so]-ublllty, a]ld' gave

improveil nltrogen utlllzatlon whlch was asssolated wltb

a more ulrlforn releaae of anüonla ¡{lth tlne after feetllng.

They eonclutled that a unlforn rate of amnonia re]-eaÊe from

ciletary nltrogen gave the greatest utlllzatlon.



Conol-uÊlons reached. by Cha].ners and. Synge are rÌot

ln âgree!ûent ü¡lth thoÊe of Blackburn and. HobÊon. These

clifferenoes nlght be explaineil- by the level and. source

of energy present ln the basal ratior¡s of the ¿l-lfferer1't

experiments.

Proteln 8ua11ty

The qu^aIfty of proteln avall"able for d.fgeÊtlon la
the duodenun oonpared. with the quallty of footl proteln

has reoeived. l-fttle attentlon" There ls the lnd.lreot

evld.enoe that varlous ratlon proteln andl" noix-proteln nl-
trogea sources support Ê1ú114r growüh, lndloêtlng that

they are used for the s¡'nthesls of a unffof,n type of pro-

teln 1n the runen. lleller et al, (1958) stutileð the

quantttat lve changeE of plant nltrogen to nlcrobfa]. an¿L

sol-ub1e nitrogen 1n the rumell of sheep. TÌÌey hope tt to

obtaln estlmates of lnprovement ln blologloa]- value bet-

ween foocl ân d- duotLerxal proteln by obtalnlr€ estlmates of

the reIâülve values of the üwo proteins, and, the degree

of oonversion occurrlng. À physlcal setr)aratlon techjllque

as uÊed" anal oorreotlons for e ontamlnat loil vlere mad-e uslng

tllan1aoplnel1c acldl- as aa. lnd.loator of bacterlal proteln

renaLnLng 1n the foo¿l fractlon. For a ratlon of wheaùen

hay 1È waË estlnate4 tbat 63 - 82i6 of the toüal nltrogen

t7
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ln rumen contents was present as mloroblal proteln, 11 -
2lS was stlll 1n the plant forn, an¿l 5 - ni6 was so1uble.

McDonaLd- (1954) fed sheep a senl-purlfied ctlet

contalnlrrg zeln proÈeln as the nltrogen Êouroe. Üslng the

absence of lyslne ln zeln aÊ a markerr antl aËsuning tbåt

all nitrogen left tl¡e rumen as elther plant or nlorobial

proteln, he cåLculated. that 40 - 50ø of zeln was conver-

tetl- to nicrobiaL Proteln.
MeNaught et a1. (l-95o, 1"954) feð runen bacterlal

protein to rats and estabLlshed. a blologlcal value of

8! - 8816, Suah htgh biologlcal YalueÊ for rumen' baoter-

laL proteln, together wlth the hlgh proportlol:r of conver-

slon of dletary protein to baoterlal protelnr shoul'l

resuLt in slgplffcant lnprovenent ln quall-ty of ôietary

proteln. ¡Iov{ever l,feller (195?) lnvestlgatecl the effeot

of r.ltrogen souroe ln the ðlet upon tbe quallty of s yn-

theslzed baoterlal proteln. Ile fed. several dlfferent

fornÊ of hay, but v{as u]table to deteot any ratlon effeot

on amlao acltl oomposltlon of runen protefux. 1lhere was

a remarkaþle sl¡olLarlty between atlno acld. conposltlon of

plarìt leaf proteln a'lnd. rumea bacterlaL protefn. [hls

suggested a blologfcal value of 60 - ?Ofi for the bacterlal

protelïl, a rar.ge ln whloh ttre protelns of several c onmon

f eed.s are lnclud.ed.

"l!
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The qua,llty of proteln reaohLng the duoclenue could.

depencl upon the rate of footl passage through the fore-

stonach. If the ooncentrate ln a mlxeð ratlor¡ remalns

1n the e ranlal end of tbe fore-stonach 1t may be passetl

on rap ldJ-y wlthout nuch protein conversion occurrlng.

fherefore faotors affectlag rate of passage ooulô t¡ave aÞ

effect on protellx qualltY.

.å.bonasa1 alrd Dusd.enaL Proteln

,In 
assesstng the ruaen effect on proteln quallty by

anal-ysls of dlgeEta co].leeted. from the ahrod-enun lt ls

lmportant to consldor di]-utton of nloroblal antl ratfoa pro-

tetn by errzyøJ.c proteln of entlogenous orlgln" Nasset (I962't

analysed. JeJuna]. contents of dogs feä ratlons of varylng

anlno aold eomposltion and- fourd. lltt1e slnllarlty between

fee¿|. anct JeJu$al amino acltL levels. Thls sltuatlon wa8

postulateô to arlse from dlgestlve seoretlotlg, âreal fron

Eeoretlon of free anlno aclals lnto the gut ]-umen fo pro-

vlde nolar ratlos favourable to absorptlon. In rumlnsnt s

the above factors could. be conblnlng vrlth the rumen effect

to nask ratlon d.ifferences ln âß1r}o aold composltlon at

the duotLenal leve1¡
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E)(PERÏT'IENTAT PRO CEDUBE

fhe experlment conslstetl basloally of d.lgest10Ð.

trlå.Ls uslng ttrree sheep and three ratlons ln a latln
square cieÊlgn. Concurrerrt wlth the d.lgestlon trlals
estfmates l4lere nad"e of the volune of d.lgesta leavlng the
abonasun. Cher0lca1 analyses of sanpLes of duodenal t[19-

esta together with flow estlmates aI]-owed. calculatlons

of the net d"lgestlon occufflng ln the fore-stomaoh and"

1n the lntestlnes,

DESÏGN

Each perlod. ln the 3 x 3 :.atjtrr $quare was of JI+ da.y s

tluratlon, oon$lstlng of a L4-clay atljustnent to the ratlon
folloi,{ecl by two 10-day colJ-ectlon perlods (Flgure 1).

Ehe two 10-d.ay dlgestlblllty trlals were oonsldereil as

replloates of the 3 x 3 latln sguare, and. were used. to

check the repeâtab1l-lty of observatlons. The sheep were

malixtafured. lI1 rûetabollan crates for three days before,

antl throughout the replfoate 1O-ctay coLlectlon perlotls.

The sheep were fed. once d.a1ly aE 9 a.û. and. consuned. the

ratlon ¡rltbln about one hour. l,Iater vüas offeretl adL 11b1-

tun.

RATÏONS

fhe tllree ex¡rerlnental ratlons conslste¿l of nlxtureg

20
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of coarsely grounal corn ând a conposite alfalfâ-clover-
brome grass hay. The constltuent hay6 and corn Í¡ere ana-

lysetl for crud.e proteln. lhe chopped. brone grass antl leg-
ume hays were then mixed. ln sultable proportlons to glve

the same crucle proteln conè ent as the corn, thus givlng

fina]. oorn-hay ratlons of Elnilar crude proteln content.

The three ratlons were cleslgnated. H, gC, and. C. Batlon

H corlslsted" of one part corn to nlne parts hay, ratlotr IIC

of equal proport lons of corn a,lld- hay, al1d ratlon C of nlne

parts cor¡l an"d one part hay. Amount É of the ratlon suffl-
cXent for the whole experlnent were welghed- out fn dally

allotloents of 1200 gm and storetl ln sealedl po]yethelene

bags unt lL requlred. llen gm of cobalt-lod.lzetl salt were

a(l"clett to t he rat lon dally just bef ore f eed,lng. The rat-
lons thus d.lffereti ln content of read-lIy tllgest1b]e car'-

bohyd.rate a.rlcl also ln the major proteln source, 1.e.,

plant leaf ancl oorn proteln. Both these factors were

expected to affeot tbe quantlty and. oomposltlon of the

d.uotlenal dllgesta. Chenlcal conposltlon of the ratlox. 1s

shown la labJ-e I and the amlno acld" conposltlon of the

ratlon prote x fu. lable 11.

ANII.TATS

The e:iperlne$È vras conalìroted. on three Suffolk wether
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Nutrlent s
(% of drv matter) Ratlo¡3. C Ratfon HC Ratlon Ii

Crutle protela

Ëtber extract

Crì¡d.e f lbre

Ash

N.F.E.

Gross energy
(cal/grl)

Organl c matter

Soluble carbohy-
d.rate

IL.t_

Lþ.?3

5.10

3.9

?5',.3

I+Ltz7

aA,

56'.2

lL¡0

3'.5t

16.05

5.g

63'.5

44t3

9Ií.Y

34.0

11.5

2'.73

28.60

9.2

48;o

L+3tr3

90.8

22.5



IABLE IÍ. Amlno Aclô Composltlon of Batlotx
Protelb. (peroent of proteln)

: ",1::r 
-: :-r¡:ji::.r!-.t:;, :l

2l+

A¡olno acid. B,atlorx 0 Ratlon HC Rat lon II

Aspartlo acldl
Threonlne
Serlne*
Glutamlc acicL
Proll]¡e
Glyclne
A].anine
VaIlne
i{ethlo¡1.lne
I soLeucLne
I,euolne
Phenylalanine
+ Tryptophane
Lyslne
if 1st 1ê1ne
Arglnlne

Totå1

10.1þ
t+.?B
2.78

33,7
8.52
6. oo
7.30
3,39
L.65
6.og

11.82

8.51
)e.J)
3.42

32.7
8,74
4.zz
7.zl
2.25
2.25
5,86

L2.25

L.73
3.?7
!'.82
3.19

97'"L

10.02
2*82
3.36

3]-.3
5.og
5.55
?.1+6
2.OO
1.82
5.gl

r]-.72

L.26
l-.Bo
!.26
2.25

9?.9

2.96
3.5?
2'.O9
l+'"28

109;6

* Uncorreotett for losFes on hydtrolysls.
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Êheep ranging from th¡ee to foLlr years of age. Initial
welghts of the experlnental anlmals were f4, f8 and. 85 kgn.

Surgloal prepara.llon lnvo].vecl the lnsertlon of pernanent

abornasal oarr]lulae ln the pylorlo regfolx of the stomacht

antL duodenål oannulae ]-ocated two to three lnches aboral

to the pylorus. Experlnental surgery on the a:rl¡oaL s haal

beeã conpleted for a prevlous erperlnent (Phlll1ps and.

ÐyciK, :-?6l+\ whloh v¡as ternlnated. a year prevlous to connenc-

1ng the present trlaI. AJ.l anlnal-s appearetl healthy antl

nornaL d.espfte the presenoe of the oamnulae.

glold

Esttnates of the volune of dlgesta flowlng from tlre

aboma sum were nacLe usfng the lnert marker d11utlon prln-
clple accordl:¡g to the ¡aethod of Philllps aad Dyok (1964).

Polyethylene g1ycol l}000 (PEG) wa6 dissolved to glve a

ooncentratlan of 25 ng per ml ln tLlstll]-etl" water. The

PEG solution was pumpedl lnto the abomasum at a constant

rate, 2h hours a day, wh1le collectlonÊ were belng madê.

Perlod"lc sampllng of tluod,enal coatents and analyÊls for

PEG were used" to estlmate the fLow rate. F'ron the anount

of marker lnfuseal, alxd. lts flna1 concentratlon 1n cluo-

d.enal contents, the flow volune was calculateil from the

fornula:
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amount of PEe fnfusett (ng)
Duotlenal flow (nI- ) = conoentratlon 1n tluod.eixun

(ng per mL)

Approxlnately ?50 mg of PEG 1n 30 nl of vüater were punpetl

lnto the abomasum per hour. No attenpts were na([e to

ad.JuÊt abonasal outfloT¡I for thls hlgher thaJx nornaL ríat er

lnput. Pump s used for lnfuslon were two consta.nt flow

rate mlcropunps (Buchler Instrunents Ino., Fort Lee, N.J.),
gperâtir€ on a reclprooatlng plston prinolple to glve posl-

tlve flulat dlsplacenent. The pu¡tp s vrere callbrated. to

d.ellver a volune of approxlnately 30 nl per bour, antl

reservolrs supp].ytng the puxúp s were lltre grad.uated" cyl-
lnd.ers. Record.s were kept of the amount of PEG soluÙion

punped" fron t!Ìe"reservolrs to enâbLe calcu].atlon of exact

hourly infuslon volumes. Infuslon wa,s carrled" out through

L,/B lnch o.Ð. - Ift6 tnan T.D. fygon tublng Ì{hlch i{as

ooirneoted" to plastlo lnlets on the abonaÊaf cannulae.

Although the flow experlment was des lgled. prlmarlly

for estlmatlon of the total volume of dlgesta leavlng the

abonasun over several days the varlatlon wlthln days couId.

not be lgnorecl. Previous nethsds of d"etecting wlthln day

variâ.tlon lnc]-Lrde cont lnuous observatlons based on total
collectlon, arral üarker d.llutlons read. every hour. PhlI-

11ps and- Dyok (1964) observed a monophaslc d-J.urnal varla-

:-::::j:i: t:: ¡:. . I. .r::: ¡r_-,1
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tlon in flow rates when f eed.lng once a d-ay and- naking

flow observatlons for each hour of a S-day d.igestlon

trial. fhe present experiment was des lgned" to detect

åfl.d- aIlow for dl urnal flord varl-atlons r¡lth the use of a

]-ess rl-gorous sampllng technlque. StatlEtlcal ânalysls

of the data fr.on the experlnent of Phtlllps anil Dyok

(1964) showed tlnaL a divlslon of the d.ay lnlro four 6-

hour blocks s'rch that the tl¡ne of feetlfng Iay in the

flfth hour of one bIock, ând rafldoüIy seleetlng a s1ng1e

value fron each block lnatlcated. that nost of the d.lnrnal-

vårlatloix waa alue to variatlon âmong blocks rather tha"n

wlthln blocks. On the basls of these calcuLÐ.tlorìs d.ay s

were dlvld.eaL lnto four 6-hour blockÊ; fron 5-L0 a.n.r. 1l a.m.-

4 p.¡n., eto., wlth the tlne of feeding at 9 a,,u,. Sanples

i^rere taken at au. hour rantlor¡Iy c¡Iosen fron the s1x 1n eaoh

b1ock. The perlod. of collectlorì was extend.ed fron J to
20 days. lhe overall cha¡rge ln clesign lnvolved. a re¿luo-

tlon of sanples fron 120 to B0 per arxlnal per ratlon, anal

was expected. to give reasonably rellable flovr estlmates.

Further¡nore the longer sanpllng perlotl was selecteð- to

test the reliablllty of l-o-dlay estlmates of flow, 10 days

being the accepted. des lrab.le -- length of dlgestlon trial-s;

SA}{PIÏNG PROCEDURE

Duod"enal digesta samples vüere taken by renoving a
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gauze plug whlah ext end-ed through the entire length of

tbe cluod"erìal canrn¡la and. preyented. aocuaul-atlon of solld

food resld.ues 1n the ca¡¡rula betvreen oo].leotlons. Approx-

lnately 30 nl of atlgesta were taken for each sanple, flve

ml of whlch were usetl for PEG analysls wlth the rernalnd.er

being frozen for storage.

Feces ând. urine colleotlons were nad.e once dally

Just before feedlng. I'eoes welghts were record,eô ancl

total feces oolleoted" were stored. at 1oo5' ln plastlc ba.gE.

Urine voLunûes were recoralecl, antl sanples taken andl stored

at lOeF for nltrogen ânalysis.

CI{EMTCAI, ANALYSTS

ConpoÊlte samples of d.uod.enal aLlgesta v'rere matle by

poollng lndivlaluaL sanples using anounts proportlonal

to the flow volune ¡neasured.. Composfte sanples were fro-

zen 1n diry 1ce aad tlrled. 1n a 1yophlllzer for J6 hours at

a pressure of less blnan 50 nlcrolxs of mercury. They were

then grorrnd- an d. storeat ln alrtlght containers for analy-

s 1s.

I}r preparatlon for arâlysls the feces Ìrere thaweil

anct nlxed. tfloroughly ln a Hobart mixer at 50oF. T?re

ñoisture loss on mlxlng was record.ed for correotlng d'ry

natters and" 500 gn sanples of the homogenate were eaved
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for analysls.

Ánalyses for dry natter, ether extract, f1bre,

proteln, afld. ash were contlucted aocordlng to stand.artl-

procedure (Á.o.4.c., 19551 . Eiergy itet errnlnat lons were

made uslng a Parr ad.labatle oxygen bo¡ûb calorlmeter.

SoIubIe carbohydrates ln feetl- arxd d.uodenal d.lgesta were

Beparateal fro¡a other fractloxrF by the methoti of lleller
arì-[ Gray (1951!), and. quantltatlve nûea8urements made by

the use of anthroIre reagent o

Analyses for PEt vüere carrlecl out accord-lng to the

method. of I{ycten (1955). Amlno acld. ai:alyses were made

accordLr€ to the fraotlon co].lector nethod. of Steln antl

I'Ioore (1958), exeept the elutlng buffers were pumped

through the colunn aþ a cofl'stant rate of 30 ml per hour

ag ln the autonatlc analyser technLque. ivlloropumpF

(Buchler Instruments lrro.r) were Lrsetl to obtaf]r constant

flow rates.

STATTSTICA], ANAIYSTS

l'low de,ta an¿l. d.lgest 1bllltles as well as amlno a.clal

coúpositlon of proteln wero tested. by analysls of varlance

uslixs a repllcated. latln square method ( coohra¡¡ et a1.19þ1).

Dwloarxr s new multtp].e rarlge Èest (Steele and. Torrfe, 1960)

was useaL to conpare neans in Èhe lnvestlgatlon of dlurnal

flow varlatlor¡s"
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RESI]LTS A¡TD ÐTSCÛSSTON

TOTAL DTGESTTBILÏTY

Då.ta presented In thls sectlon are expressed. aÊ

ratlon means for the sake of slnpllcLty. Thls forn of

presentatfon 1Ê justlfled. by the generally small contribu-

tlons to varlatlon made by the replloated. ttlgestlon trlaLB

and lndlvld.ual sheep (Appendlx fabl-es V - XI).

Wtùhln ratlorr aiigest lblIlt l eq for organic nattert

clry natter, andl grass energy were very slnílar. i{eân

organlo matter dlgestlbllltleÊ (Tab1e TII) were 62ft tot
ratlon 11, ?1116 for ratlon Hc, and 83% fæ ratlon c' alxtL

the cl.i f ferences among these means vrere Ê lg]1lflcant (P é .01).

Ðry natter ctl gestlbllttles were.sllghtly lessr averaglng

6tfi, Zlfi arr;d. 82Ø for the respective ratlons (fabLe tII).

Ðlgestlbtllty of energy on the three rations followed

the sâne pa.ttern (Table fII) wlth respeotlve ratlon ave-

rages of 58, ?L and 80Ø. Ratlon means for al]. three of

these oomponêntF dlffered slgntficantly (P<.01). Thls

ratlon trend 1n tLlgestlblllty nay be predlcted fron the

N.F.E. conterÌt (t+\y'' tor ration H as oonpared. wlth ?5% for

ratloxl C) which lnatlcates large anounts of read.lly dlgestlble

carbohyatrate supp1led. by the corn.

30



3L

TABLE IfI. Feeð to ¡'eoes Dlgestlbj.l.lty
Coefflclents (percentage)

Nutrlent s Ratlon C Ratlon HC Êation iI

Dry natter

Crirêe protein

Crucle f ibre

AÉh

N.F.F.

Ether exùract

Gross energy

Organlc natter

81.6

6B

32

5t
B9

79

80

83

72.6

65

52

5L

B1

7t

7I

7t+

6o.5

63

5e

52

6t+

rt?

58

6z

i:.::;-nr,-ll



Ash

Ð1gestlb1llty coeffloients for ash were 5L, 5I and-

5Z for ratlons C, HC, and- H, respectively (Tab1e III).
Batlon H 1a lts conplete forn (10 gn of salt add-ed per

d.ay) contalnec!. more thari twloe as much ash as ratlolx C.

Ash appeareil to make up a falrly oonstant proportlorx of
the fecal dry matter, belng close to IOS for all ratlons.
Slûllartty ln d-lgestlon ooefflolents anoxrg ratlons ooulcl

be entlrely colnolaiental. Ratlon Ievels of ash tlecreased.

as dry ßatter ¿tlgestlblltty lrlcreased, thuÊ resuLtlvrg 1n

s lnl-Iar cligestiblllty of ash for all ratlons.

Ether Extråot

Ether extract oonüent of the three ratlons rafi€e d.

tron Z.?fi of ratfon lt ta I+.?% of ration C. Average d.lges-

tlbllltles for ether extraot weye l+?% for ratlon tI, ?\fi for
ratlon HC and" ?916 fæ ratlon C (Tabl-e III). These ratlon
neanÊ rrere slgnlflcantly èlfferent (F É.01). The appar-

ently cllfferent cllgestlblllties probåbly resulted fron

Iow ratlon levels conblned. with falrly hlgh netabollo

fecal exoretlon of ether extraet.

Crud.e !'Lbre

Dlgestlblllty of orude flbre varied. from 32lL on

ratlo¡x C to 52 a'I|d, 5e% on ratlons HC arìtt H, respectlvely'

32
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Thls gave Êtâtistlcal slgnlflcance for the ratlon effect

on digeËtlb11lty (P€.0L). Depressloas ln flbre cllges-

tibll-1ty may result fron lnoreaseð energy levels 1n the

hlgh corn ratfon (Be1asco, L956). Hovüever, thls may not

have been the only faetor lnvol-veil slnoe flbre levels

were ttlfferent anor¡g ratlons, and the Eouroe of the flbre
and. túerefore lts composltlon ooul-d- have varletl- wlth

rations. lhe relationshlp bet?¡een flbre dlgestlblIlty and

fibre cont ent of the râtlott was not ]lnear, the diges-

tlbl]-lty tenanng to level off at hlgh fibre leveI ln tl¡e

ratloir, Thls leveltlng could. have been tlue to the presenoe

of non-dlgestlble fractionÊ ln the flbre Éuoh as ligrln

anð 1lgnln enorusted, cellu].ose.

Crud.e Protein

Average orud.e proteln dlgestlblllty was 63% tor

ratlon It, 65ø for ratlon HC anal 68% for ratlon C (Table

IfI) wlth no slgnlflcant all f f erenoe among ratlon üeans.

Ratlon levels were all approxlnately Ll% of the dry natter

(Babte I), but fecal protefn eoncentratlon r¡a s progressively

hlgher as the fecal- dry natter output decJ.lãeal fron ratlo]î

A to ratlon C. fhls lncreaslng proteln content Just seened.

to compensate for the cteoltnlng dïy matter output, reeult-

lng 1n almost equal total excretlon of nftrogen and. slmllar
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ooefflolents of dlgestlblllty. Thls trenð Í¡å s the exact

opposlte of the situatlon occurrlng with ash where the

ratlons contalnedi varylng peroentages, but the feoal

peroentages were qulte si!0114r. This ls an ample demon-

stratlon of dlfferenoes 1n blologloa]- utlllzatlon of

al-if f erent lllrtrlents .
fhe signlflcance of a oonstant fecal excretlolx of

nS.trogen desplte s lgnlfloant itlfferelrces ln alry natter

ercor€tlojl 1s ttlfftcult to explaln (Hutchlns ant 1958). Pro-

teln excretlon 1n feoes shoulÔ conslst of unitigested footl

andl ¡nlorobla1 proteln p1uÊ netabollc feoaL proteln orlglna-

tlng 1n the bod.y. lvletabolic contrlbutlon to fecal protein

eoulcl be consta.lxÈ among ratlons ârÌtl ooul-d aocount for a

consiðerab]-e portlon of the constant fecal excretlon.

luaynård. anci Loosll (1956) say the slze of the r¡etabollc

fractlorl ðepends prlnclpally on the anount of al-ry matter

coasumeil, lts d.lgestlbl]-lty, andl on b oal"y slze, In tbis

experlment tllfferences la ttlgestlblllty of ðry matter

woul-d be the only faotor ûllltatlng agalnst oonstant

netabollc proteful levels ln feces, antt excretlon of con-

stant amounts of metabollc proteln ¿4eng r¿tlons wolrld'

t end. to lncreâse proteln percentage wbere feeal 
'lry 

nat-

ter output tlecreases. lf the assunptlons mâd"e so far a're

val-ld then slnllar anourìt s sf cllet and" ¡nlcroblal proteín



35

are belng excreted on all ratlons sli:ce total etrcretlons
are the same. Thls nea¿rs that any ration effeot on quan-

tltatlve rurnen synthesls of proteln must be accompanied

by a eonpensatory lntestlnsl d.l sappeâranee. Alternatlvely
there could be equal rumen synthesls of proteln on a}Ì
ratlons ?rLth protein leaving the abonasum havlng a slnllar
anlno acldl conposltlon and. belng absorbed in simllar anoun"t I
for the three ratlons,

Amlno Aclds

"Anlno acid. 1evels ln the feces expressetl as a per-
centage of feaal proteln were not d.lreotl_y fnfluenoed. by

rationÊ (Append.lx Table f). Thls simllariÈy in aomposltlon

of fecal protein anong ratlons nust be due to runen synthe-

sis and, Eeùabolic proteln havlng a large d.lluttng effect
oa the orlginal ratlon proteful. This concluslon 1s basett

on the assunptlon that there ls no ratlon effeot on the

oonposltloÌx of proteln ln the abomasal allgesta (see below),

aûd. that the aomposltlon of netabollc fecal proteln d.oes

not Yary wlth ratlorxs.

Slnce there wâs no ratlon effeot on eonpositlon of

fecal proteln, averages ürere made of ânlno acid. tevels ln
all fecal sanples. Dlgestlbillty coefflcients of amlno

aclcls calculated fron lndivld"ual observations were not

Êlgnlf1oantly d.lfferent among ratLons d-ue to sorne varlation
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lltithin ratlons. However dlgestiblllü1es calculated fron

average fecal composltlon appeared- to show a rât1oü effeot

on ìrt1l-izatlon. .Amlno aclats sholn¡lng lower ooefflalentÊ

of d,lgestlblllty on ralrlolx C tlran råtlon ä lÏlclud.e argl-

ixine, hlstld"lne and. lysine. I'Jtethlonlne was 1ow 1n the

hay protein, ao appeared to be nore hlghly dlgestlbl"e ln
ratlon C.

Nltrogen Bala¿oe

Positive nitrogen balarrce was fourral for all sheep

on â11 ratlonÊ (Îable IIIa). Average lxltrogen retentlons

for 2o-¿1ay period.Ê were 60.8, Bl.Or ancl 112.1 g!0 for rat-

lons H, HC, aJld. c, respeotlvely. These levels were not

slgrrlfloantLy dlfferent due to the llnltett nunber of ob-

servatlons. Tâb1e IlIa shows nltrogen losses ln both

feces srd ur lne to be hlgher for ratlon H than ratlon C,

but nost of the d-lfferenoe ls attributable to d-lfferent

urlne excretlons. Slnce the amount of ratlon provlded was

mlnlnÐ.l for nalntenanoe the more posltlve balance on

ratlorx C coulaL be attrlbuteal to proteln belng stored rather

t han oxj.al.ized. to aeet body energy requlrenent s.

ELOlI

Dlurna.l Effeot

Prellnlnary staÈ1stloa1 analyses were oarrlecl oì¡t for
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TABLE IIIa. Nltrogen Balanoe.
All FLgures are gn of Nltrogen
fnvolved. ln 20-day Feedfng frlals.

Batlor3 Sheep Intake
Excretlon

Urlne Feoes Balanoe

Elt 384

I
2

3

l_

2

3

1

2

3

396

383

185

zLO

I62

r59

lBl_

L66

116

rttz

189

L43

148

L5t+

t36

]-29

13z

I26

r]-?

121

+68
+38
+80

+89
+?r
+86

+I¡ll-

+LZt+

+73
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êach sheep on each râtÍon to gauge the relative contrl-
bution of wlthln and. between cla¡rg ¡. the total varlation.
Analysls of varlanee shor,retl that tbe time of collectlon
wlthln the tl.ay (block effect) gave a hlghly s lgnlficant
contrlbution to varlatlon ln slx of the nlne trlals
(P=.01), arxd ùo reaoh E lg:rlfioa,rrce at the Jfi i.eveJ- In
elght of the nlne.

Duncanr s new mu1tlp1e range test was used. ts test
for d"lffereixces among the means for the four alifferent tlmes

of d-ay. A slgzriflcant F value ls not requlred for appLl-

oatloll of this test. Irr all nlne triaLs the tlne periodl

fron 5 - 10 a.m. whloh lnoludecl the tlne of feectlng (bLook

four), hað slgnlflcantly trlgher f1oÏrs tharx block one (tl a.n.-
ll p.n.). fhls slgnlffcance was present everx wlth sheep

tbreé on ration E where analysls of variance tLld. not aleteot

a. ÊLgr.lflcånt blook effect (fable rÎf). Means for þlooks

two antl three 1ay lntêrmed.late between four antl one 1n a].l

cases. Varlatlon among daily flow totals ûraE slgnlflca¡3.t

1n seven of the nlne trlals.
Wlth a clear1y establlshecl d.lurnal varlatl"on for

lnd.lvld.ual sheep and rat ions, d.ata vrere comblned t o glve

average flows for the four tilvlslons of the tlay for eaoh

sheep on each ratloa. These d.ata were analysetl as four

repllcated 3 x 3 Ìat1n squares rulth tlme of d.ay as rep|l-
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IABLE fV. I{ean llour}y F].ows for the 5'our
Blocks.

Ratlon H

Sheep 1.

Sheep 2.

Sheep J.

Ratlon HC

Sheep 1.

Sheep 2.

Sheep J.

Ratlorx C

Sheep J-.

Sheep 2'.

Sheep 3.

Average

430 529 5t+2 588

688 71q 865 1086

5L7 fiq 598 ?36

Lvsa 46q +e8 63?

L+84 LTBg 5L- 588

49r 595 6i5 765

535 60L 711 767

t+58 497 522 637

34r 168 ttzt 5o7

70r

.4.11- means not untl-erËcored- by the sane Llne are
Elgnlflcantl"y ôlfferellt {? I .05)
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catlons. There were slgnlflcant dlffererÌces among means

for block$, ratlons, axr¿|, perlods (P<.01). Îhe slgn1f1-

cant contrlbutlon of block meåres to the total varlatlon

lnd.lcates the presence of the expecteal d,lurnal varlatloïr

1n flol,t volune, Slnce the lnteractlon term was very

snall- Duncan'Ê new multlp3-è range test was useð to tesü

for cllfferenceÊ d"ue to tlme of collectlon, wherr averageil

over the entlre exper lnent. Bå.nklng of these ÛIeans oan

be aoconp].lshed nûerely by arranglng then 1n blook sequence,

glving I+92, 532, 590 anð" 701 ml per hour for blocks one,

two, three, anal four, respectlvel"y. Each of these nealls

was slgaifleantly dlfferent from the other three (P= '01).
Thls glves a general plcture of lowest flows ln the blocks

from two to seven hours after feed.lng. Fl-ow gradually

lncreased throwh the d.ay and. night to reaoh måxlmun lev-

els durlng the blook lncludlng the next feeillng tine.

Ffgure 2 shows a hlstogz.am of the oealls, alxtL olearly lntli-

cates the monopløslc al-iurrral flow pattern sinllar to tbat

detected by Philllps ancl Dyck (1964) ' The wtd"ely dlffer-

lng rrature of the rat lons haal- ilo ef fect on the d.lurxral

flow pattern. tr'eetllng the ratlon tlsloe a d.ay (Harrls and

Phtl1lpson, 1962) resulted 1n a dlphaslc d'lurnaL flow

pattern with the peaks occurrlng lnnedlate3-y before or

oolncltlln.g wlth the ttally feeding times.
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Increased. flow durtng the slx hour block lnclutll'ng

feed.lng sì.iggestÊ sone relatlonshlp betvreen prehenÊ1on

and lncreasecl rates of rumen enptylng. llhls lmplleil-

re].a.tlonshfp dfai not seen to hold. true slnce the tlme

requlred- to colleet 30 nl of dlgesta utas greatest nrherx

tt¡e anlnals were eatlng. fhe perlod. of greatest flow

therefore must have oocurred Just before eatlng, and' psy-

chlc oolxtrol 1s suggested. slnce the lncrease ocours twioe

a d.ay when ratlons are fetl twlce ttally, and" only once

when fed. oirce a day. The apparent reóuotlovr ln floÍc rate

wlth ùhe onset of feedlng suggèsts direot nervouÊ control

of rwnen motl]-lty and emptylrg. The practlca]. lnportance

of thls d"lur:nal. varlatlon to l¡rorkers attenpt lng to

neasure f].ow 1s the lmpllcatlon that short tern observa-

tlons on fl-ow t-ïlây not be rellab]-e for est funat ing flow

over longer perlotl"s of tlme. Dlscontlnuous short tern

observatlonÊ nay be held suspect also, slnce nGrvous

corÌtroL of rurnen enptylng nay be strong enough to depress

flow during observatlons, and. to glve comperlsatory lncreases

âfter the removaL of external lnterference (Harrls anù

Phl111pson, 1962). DepreÊ s lng the rate of ru¡ren emptying

naay affeot the conpositlon of the ttigesta. The oonposltloiL

of d.ry natter ln the cllgesta ]-eaving the abonasu¡a ln tlmes

of nornal fJ"ow nay thus be dlfflcult to estlnate fron

total collectlon data.
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Total Flow Volune

Total floì/,r values for ten day d.igestlon trlals
were obtalneai by sunnl-ng the four dally observatlons

oyer the ten days anal ßu].tlplylng by slx. These values

foy ten ¿lay d,uod.enal flow are sho]m ln Tab].e V. Statls-

tlcal- analysls was carrleå out to estlmate the effects

of aninals, ratlons, repllcated ten ilay tr1als aixd, per-

lods, on total flow volume. Vålue s for mean squares of

the varlabLes shoüm 1n îable V lndloate a caloulatedl F

vâIue approachlng slgnlflcance at the t:-ve % leveL of

probablllty for rationE. The trenð whlch alnost reache¿

slgntflcant leve1s was towâr¿ls greater f]-ow$ on the hlgh

roughage râ.tlon (E) where dl sappearånoe of d.ry natter

1n the fore-stonach could. not be expected. to be as large

as on ratlon C, ünfortunately the nean square for repll-

cated" dlgestlon trlal.s also approachetl slgnlfloarìce, ancl

the pertoal effect was slgnlflcant. The most llkely
explanatlon for the perlotl" effect l1es 1n the ohemlcal

nethocl-s used. ln neasurlng PEG coneentrat 1or.. The reagents

ere nad-e up 1n quantltles sufficlent to analyse alL the

sanples fron o]xe perlod-. Dlfferent reagent batches gave

d.lfferent base Ifu]-eË when plotting conegntrat lon of PEG

versus optical d.enslty. Due to thls base Ilne vårlatlon

a new stanðard ourve was maale up for eaoh new ¡sagent
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I'A3LB V. Flor¡ Volunes and, Estlnate¿t Dry
l{atter Passage.

Ratlon
Dry Mâtter nat ter

cn
F]-ow

mL

l-30356 4r5L2o?52 4.5

2].,8766 5.0LB4t52 6.4

I5t+Lvt6 5.4 8339
Li2,2-61+ LL -3 16R.r

5766
55ol

110¿18
r-r-668

Ifc J-3o326
116388

I3O320
120810

tLþ9802
148458

6.t+
5.2

5,tþ
5,0

4.8

8z5B
5992

7108
60t+t

7rr9
5 -o ?l+92

181560
131988

t3t+5oA
I19202

98682
97602

6,!
6.5

6.6
I t4

Lr.6
4.tI

1,aTt+3
8558

8966
9012

I+4gll
t+z5z
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batcli, but plottlng a dal1y standârd curve Ï,rould. seem

d.eslreabl-e for greåtest accuracy.

The sanpllng deslgn nay have been at fâult for tak-

ing too feür sanples to glve data representatlve of the ave-

rage hourly flow over 6-hour bfocks. trllth only L0 saaples

per block the results could- be blâsed. estl¡nates of flow.

l,ilth a larger sarnple size this type of error should d-isappear

1f the hours for sanpllng âre cho selx at rand.o¡n fron wlthln

the blook.

It is possible that bhe observed values were fa1r1y

accurâte estlmates of flow, but that flo¡'ü varled mucl¡ nore

than ls generally assurred. The onLy environmental factor

r¡htch couLct be expected to lnfluenoe flow rate would" be

temperature yarlâtlon. Changes 1n mea:r temperature could

have some effect on water consunptlon, anal consequently

affeot d.uo d.enal flow. Tt might have been expecüed that

lncreaseat d.uo d.e¡1al flow resultlng fron lncreased. Ìrater

intake wou.Ial oontaln less tlry matter than nornal. Ilowever

the results fron d.ry ¡ratter analyses d.ld not bear thls ou.ti

DrÏ llatter Florûs

Cornposite sanples baÊetl on âllquots of one-fiftleth
of the lndlvldual measurements of flow volume were all.alyzed

for d.iy natter content. The dry matter content of the com-
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posltes varied. from 4.J to ?.2% with ration a"verages of

5.0o, 5.03 ar.¡ð, 5.o9% for H, HC a,rld. C, respectively. Dry

natter floÍrs (Table V) calculated by rnultlplylng voLume

of flow by dry natter percentage Ehor^¡ just as much unex-

plalnâ.ble varlatlon as the total flow volunes. îhus 1t

becomes apparent that there was no compensatory reductlon

ln dry matter c orxtent for perlods vrlth high flow estlnates.

These results throw ÊerLous doubt oi1 the valldlty of the

total flow neasurenents ancl any results derived. fron then.

fhe consistency of râtlon averages for dry natter conter¡t

lnd-icate flow mea s urer0errt s as the most l1kely source of

error.
[here Is a remote poÊÊlbl]lty thå.t there v¡as a re-

d-uctlon 1n dry matter percentage wlth lncreased flow

volune, but the sanpllng nethod. used was not sensltlve

enough ùo d"etect these ohanges. Íransferulng cluo clenal

cont ent s containlng relatively large und"lgested corn par-

ticles by wltle tlp pfpette could have resulted. 1n errors

1n dry matter transfer, but thls seeßs ul3llke1y. ft coulal

even be postulated- that ithe observed tlry matter flows

were correct and. the wL¿le varlatLon 1n tlry natter flov'r

i¡,,4 s alue to sone p?rysiologlcal !ûeohanlsn whloh regulates

the anount of ðry matter absorbed. from the rumenr Ex1st-

enoe of thls type of ¡neohanlsn seens unllkely since 1t
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violates the ftstead.y sta.ten concept of runren metabollsn.

Val-ld-lty of Conþosites Bå.sed. on Flow

The composite samples !ùere ba.sed on r4rl thln per5.od.

fl-ow estlmations. FIow estlmates wlthln perloals woulal be

lnd.epenðe3xt Õf âny systenatic anong perlod. variations

dependent on chenlcal reâgents. fherefore the conposLte

sanpleE of aligesta were oonsldereal as being representatlve

of average dlgesta compos ilr ion on a;r.y ratlon.
ûrorkers ustng sLaughter teohnlques ( Boyne et aI.,

1956) are depenðent upon results obtalned. fron s¡nall

rxumbers of aJainals sanpled" oÏlly once. Such an experlment

rnust be repeated. at lntervâls to measure the effect of

tlne afüer f eed"lr:g on d.lgesta composltlon.

BeÊults besed on total collectlon from, or neasure-

¡nent of flow through, re-entrant oarmulae have the clls-

ad"vantage of a].l resul-ts based on d.lscontlnuouÊ Ehort tern

observatlons. Cornpositlon of the f].ow oYer three, or

even over twelve hours nay not be representatlve of the

âverage quantlty or conposltlon for a pãrticular ratlon,

Even 1f results obtalned. on thls experlüent were based on

no more than pooled. sampl,es of duodenal flovi then the fact

titat they were taken at four randonly asslgned hours per

day oyer a 10-day digestlon perlod- should niake then reason-

ably representatlve of the average conposltlon of d.uoatenal
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contents for that ratlon.

COMPOSITTON OS' DUODENAL DIGESTA

organlc üatter

Organic natter corìtent of d ìfo cl"enal dllgesta as

shoÍm on TabLe VtI was 82.6, 8J.0, and A6,-5'rt of the dry

matter for ratlons H, HC and. C. This ratlon trend. was

sinllar to that appearlng ln the feed.s. '

Ash

Ash percentage of the ðuoclenal d.ry natter was 1f.4,

15.0, and- 13.5 (fâble VII) as compared lnrl lth ratlon levels

of 9"2, 5.9 a&d- 3.8% fot ratlons Hr HC ând- C. There was

â pronowtoed lnorease 1n ash fron feed to duod.enal con-

tents on alL rattons. These results agree wtth those of

Battawy gg 4,. Q958a') who found inqreâses in ash fron

about elght percent 1n the rumlno-reticulum to l?fi of dry

matter 1n the proxlmal smalt lntestine. Tf there Is a

slgnlfloant raflon effect on dry natÙer flow then there

nust be some relationshlp betvùeen dry natùer passage ancl

secretlon of a.sh þy the abonaÊua. otherwlse the ratlon

trend. Ì,tould. not be so closeJ.y duplloateil by leve1s ln the

digesta. Thls ooncept is ln agreenent wlth work tione by

Ash (1961) l¡ho establlsheð a posltlve correlation betrüeerl
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rurBLE VI. lieaÐ Squares Fron AnalysiE of
Varlan"ce of Flow Data.

SourGe a.f. i"iean Square

Bepl fcat es

Per 1od,s

Âixlmals

Bat lons

Reps. x Bations

Error

38,t+gtr538

6r rgr+t!,987

]"o,o84r029

40 ,976,570

2,634,1t76

7 ,285,320
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ÍABLE VIl. Chenlcal
Dlge sta

Conposltfon of Duo denal
(Batton Averages )

I{utrlerrt s('Í of drv natter) Ration C Batloq EO Eal¿an,-H

Crud.e protein

Ëther extraoÈ

Crude fibre
Äsh

N.F.E.

GroÊs energy (caI/gn)

Organle matter

Soluble carbohydrate

,Lo
o'l

o?

13.5

44.2

4425

86'5

2r.5

23.3

12.7

15.0

37.8

ry9,+

85.0

!2.7

20.1

LL lL

20 ,8

v,tl
37.3
t+zz3

8?.,6
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rate of abonasal enptylng and acld secretlon"

Ether Extrâ.ct

Observed. ether extract content of ttuodenal dry

matter was &.73, 5.80 a¡rd 8.13ø (Iàb:-e VIl) whlIe corres-

pontl1ng ratlon levels of 2.?3, 3.5! arrld I+.?3% were obtainetl

for If, ,HC, 
anð C, respectlvely. These oomparl Ëon$ lndlcate

very low or negative fore-stomaoh dlsappearance of ratlort

ether extract. Thls agrees wlth Blaxter (1962) who foun'I

llttle rumen absorptlon of the longer ohain fats ln either

aoldl or comblned forn.

Cruaie Flbre

The proportlon of crud-e flbre decreased- fram 28"6 and

16.Lfr ot the feeal to 20.8 anð' I2.7% of the duoôenal ðry

matter (Table vIT) for ratj-ons H ã.nd- HC respectiYely' For

ratlon C the trenct waÊ reversed and ftbre represented a

larger proportlon of aluodenal clry matter (9.25ø) than f eecl

{5.Lø\. Thus a ratlon effeot on fibre d'Igestlon ln the

runen üras apparent even l^rlthout quaþtltatlve flow d"ata'

Ithe hlgh 1evel of dfgestlble energy 1n ratlon Q was prob-

ably responslble for the low flbre digeEtlbl1lty (Maynard'

a.nc[ Loos]1, 1956).

NltroAen Free Extraot

Average N.F.E. conÙent of duodenal dry matter was
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37fi tar ratlon tT, 38ø for HC and bt+fi for ration C(Tab1e

VII). If d.ry Íoatter flow were equal between rations there

would cloarly be a ration effect on amount of carbohy-

drale avallab].e for lntestlnal ôlgestlon. IYrterpretatlons

of râtlon effect on N.F.E. c ont erìt at the ciuoile¡:al level

are llnlted by large wlthln ratlon varfatlol'1.

Crucle Prote ln

Cruöe proteln averaged" 20.t of d^uoÔerral dry matter

for ratlon H, 23.3ø for ratlon HC ariat z4.g% tox ratlolx C.

There was a fairly large varlation ln proteln level wlthin

råtions whloh preveIlfs statlstlcal slgnlflcance anong

ratlon neans of proteln concentrãüloÊ' There vras consld"-

erable va.rlabllllty anong sheep on any gliren ratlon, Lnd'1-

catlng that the nature of the ratlon rnay not exert a very

preclse effect on nitrogen metabollËn of rumen mlcro-

organlsms. It could- also be possible that the tllree sheep

had dl fferent dry natter flovls on the sane rat lon, an'l

thus had slnllar amounts of proteln ].eavlng the abomasum

on the sane ratlon, antt slnllar runen nltrogen netabollsn.

A.mlno Aclds

Statistlcal analyÊes fallect to 
'tetect 

a slgnlflcant

ratlon effect or¡ amlno åcial conposttlon of d.uodeÌlaf d-igesta.
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Average essentlal arÍino acid. oontent of the aluod.enal

protein appears 1n lable i/fII.
fhese flntllngs lnd.loate the rumen effect 1s one

of removlng ration varlations ln anlno acld. Ievels, a.aa[

presentläg a proteln of falrly constaüt amlno aoltl con-

posltlon for enzJrnatla d"lgestlon 1n the smal]- lnteÊtine.
fable VffI shows the esËentlâl amlno acld conpositlon of

Ïrhole egg proteln ln oonparlson to the proteln of the three

ratlons, ¿luodenaL proteln, ar}tl averaged. fecal proteln.

Values for egg are taken from Oser (I9 5L) ând" used to cal--

eulate blo1oglca1 vâLues of the dlfferent protelns by the

che¡ß1ca1 soore xûethod (BJ.ock a::d Mltehell, :-9l+6) andt by

Oserrs essentlal am1no acld, lnitex. Values for trypto-
phâae and oystlne r¡rere taken froü ¡Íorrlson (1958) slnce

lryd^rolysls of the sânplos lnterferecl wlth the ðetectlon of

theÊe a!01no aclds. Phenylalanlne Íås neasured" on the

short colutrìn, aåd lts values may not be too rellabler

Chemleal score luvolves erpreÊslng the mosÙ l1eit-
1ng amlno âeld as a percentage of lts leve1 in egg proteln.

Thls gave retlon g å chenlcal score of 21 or 26 d.ependtng

on phenylalanlne or lyslne belng llnitlng. Rât1oa H was

Lowest ln ¡riethlonlne, haviï]g 43% of the leveJ. 1n whole

egg proteln. Duod enal proteln appears to be lower in
quallty than hay proteLn wlth chenlcal scores of 27 (phenyl-
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alånlne ) or 36 wlth arginir1e l1mltlng. Runen synthesis

of amlno acld- lÊ clearly show¡r ln ratlon C û¿here the

level of Lys1ne went fron I.B/, of feed- proteln to 5,1%

of proteln j:r duodenal ð1gesta.

Es sentlal- âÍìirto acld index glves ratiort biologl-
caL values af 47,1+,53.8 and 68.?fr tor ratlons C, HC, åixd

H respectlve].y. Duod.enal protein 1les between ratlon HC

and- raülon H al 60,8. 0n thls bÊ.sls the rwnen effeot

appears to have reduced. the bloIoglcal value of the hay,

but increased. thât of the corn proteln.

Soluble Carbohydrate

Ratlorx leveLs of soluble carbohyôrat e wexe 22.J,

3l+.0 alnd" 56.2% for ratlons H. HC and C whlle cluoderral

dry matteï' averaged. ?.2, :-'2.? and" 2]-.5% for the respeo-

tlve rations. Åpp end.lx Tab1e lV shows the leveLs for

each indlvld.ual ðlgestlon trlal ancl points olrt wlthln

ratlon varlatlon ln solì¡ble oarbohyðrate content. Des-

plte thls variatlon there appears to have been a ra.tlon

effect on the anount of soluble carbohydrate avallable

for lntêst 1rù41 dlgestlon.

gSÎIMÀTED DRY MATÍER ?ASSAGE

Tn view of the fallure of the PEG method. to provlde
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reIlable values on averaë^e flow of d.lgesta lnto the

duod.enuro, attempts were na.ðe to estioate the quantltles

of dry ma.tter belng passed^ based on the passage of acld.

lnsoluble ash, and on cruale fibre.

Acld Insolubl-e Ash

.È naturally occurrlng ratlon oomponent whlch should

be lnert to dtlgestion and" act as a digestiblllty marker

1s acld lnsoluble ash. The use of acId. lnsolu.ble ash as

a refersr.ce substanoe could- give arr lnd.epend"ent estlmå.te

of dry matter passage through the d.uoilenun. Boyne q[ g!.
(1956) and Bâd"awy et al. (1958b) used thls nethod- wlth

varylng degrees of suocess. The d.lsaðvantage ln applylng

thls nethod 1n tkie preser:.t experLment arlses fron large

ratlon differencos in lnsoluble asb u1hlch varl ed. fron 3%

1n ratlon H to less than one percent j¡e ratlon C. Duo-

d.enål d.ry nratter pâssage ca1culâted. fron lnsoluble ash

content clearly shows a ratlon effeet. ¡'lows were loeú-

est on ratlon H and highest on ratlon C (Ta.ble IX). Fur-

ther calculatlons uslng these estimates lndloateð a net

synthesls of fibre ln the runen for every sheep on ratlon

C, clearly an lnprobable event. f'hese results anð those

obtalned by Badawy et 41. (1958b) lndlcate tLrât the chen-

lcaL rnetlrod. aay not be sultabLe for thls experlnentr
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IABLE IX. Dry Matter Passage fro¡n the
Abomasurû.

Based. on the use of aeid. insol-uble âsh
as an lnert dlgestlb11lty marker.

Råtlorr SheeT)
¡Jen tìays TotalÊ

f omì

I+t+92
4348

+?t+9
6?6?

5r70
¿1851

55r8
5765

5692
5765

5312
5!+o

6930
9580

?081
5tt7t+

65Bo
6?'64

HC

I

2

3

t-

t

3

t

2

3
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Part lt lon of F'lbre Dlsestlon

The aaouxt of fibre digestlon wblch occurs ln the

fore-stomach provldes a basls for the follonlng oalcula-

tlons. Prellnlrìary toi ork lrivolved setülng upper and" loner

fl-ow ].lnlts ba.sed on absolute amou:at s of fibre ln the f eecl

anð feces, and the percerìtage ln duod.enâl d.ry matter.

Llmlts are basetl- on the assumptlon that no fibre synthe-

s1s occurs 1n any portion of the gas tro-lntest lnal tract.
The upper flow llnit assunes all flbre d"lgestlon to occur

caud.al to the d"uod.eixum, then upper flow l1n1t (gm. of dry

matter )

gm. flbre ln ratlon x l-0O
percent flbre in atl¡o d.ena1 dry matter

Slmllarly the lower fl ohr ]-lmlt assunes afl fibre dlgestlon

occurred. ln the rumen arxd. flbre in feces replaces f ll¡re

ln ratlon tn the equa.tlon.

I¡tr1th ratlons H and HC there was a large amount of

fibre dlgestion, ând a co rrespond"lngly large range between

upper ând ]-ower llnits. lílth ration C the total- feed antl

total fecal fibre were not.too dlfferent and the flow

Ilmlts tvere narrow. To obtain flow estimâtes for ratlons

H and äC some aËsumptlons nust be mad-e about the propor-

tlon of tbe digestlble flbre d.isappearlng ln the runen
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versus the large lntestine. þIe ller and. Grai¡ (J-952l.

found that approxima b el.y 7O%,of the d. l¿iestible fibre was

lost 1n the rlrnen compared to 30% 1n the large lntestlne

on an all hay ration. Baldn (:--957) found a sinilar par-

tltloning of fibre digestlon on roughage ralrlons. ê'dd.ing

concentrates at hâIf the ratfon or more depreÉÊed. total
f lbre dlgestlon, and, ci-isappea.rance v,las egually d iYiðed.

between the rumen and the large lntestine.

Table X shows dry ixatter passage through the duo-

denum estlmated fro¡n the assumptlon that partltlon of

fibre digestion betweel:. rumen arrd large intestine was in

the ,ratlo of ?;3 for ratlon H e.ad- 111 for ratlons FIC and"

C. Ii; ¡nust be realized that these flo!Ù values are only

as valld as the assunptions used to derive then, but

under the circunstances they are the beFt avallable, and

are used to eEtlmate tlre net effects in the fore-stomach.

ESÍIT},IATF,D RU]I'{EN E¡'TECT ON CHEI'ITCAL TONSTTTUENTS

Á.sh

Dlgestibillty value s fro¡a Table XI show a net 1n-

crease in Ð.sh fron the feed to d-uodenal level lulth all

ratLcns. Thls lncrease in ash a.veraged 55 graß's per day

for ratloil H a.nd 31 gm per day for rat1o r C. Thls ind"lcates
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fABtE X. Dry Matter Passage fron the
Abona sun.

Based on partitlon of flbre tllgestlon.

Bat lon
Lln1t Estinate Llmtt

gu gm gm

Lé.BLT6
t6"o?t+

iï:tZi
1¿l-0r-6
rtþi629

tt,?t2
t2,5BB

10, 074
t2r58B

tr,863
10 r&28

6.987
6i\stt

4.573
I+;682

6.zzo
8"246

976?
9202

8272
8345

B57L
B8B3

8520
9242

2495
70l-3

8970
7928

559t+
55oa

3933
3759

533L
6836

6732
6258

5905
5980

6z3z
6l+2r

5327
5896

t+9t5
t+Lto6

607?
51t27

5003
4r+63

3293
2835

qlvltz
5426
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fABLE )G. Disappearance of
tuents Along the

Proxlaate Constl-
Dlgestlve Traot.

RatloI1'ffi
'Stoma chsl-
Intestlnej
Tntestlne¿
Total

.Jõ
69

108
52

-91 -7774 7zl.42 I29
5L 5l-

Ether Extraot
St omaohsr-
Int est lner
Tntesttne2
TotaI

N.F-E. .r

Stomachg¿
lntestlne]
lntesÈlne¿
Tota1

Gross EnerEY
Storûaoh g¡-
Int e st lner
Intest lne 2
Total

CrLrd.e Protellx
Stonachsr-
I:rtestlnel
lntestlne2
fotal

r7
7t+
62
79

72
59
t7
B9

5t
59
28
80

-r3
72
72
68

-2,+
77
96
7t

55
58
26
81

23
6L
46
7t

-59
7B

L25
65

-L!z
63
89
47

)o
tþ5
28
6t+

20
48
3B
5B

-44
?t+

108
63

lAu t p"""*t of ¿hat lngesteal, negative values lntLl-
cating synthesis.

zAs t pu*c"lrt of tÌ:at enterlng the lntestlne.
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a possible relationship between nineral secret,iorl in di-
gestive juices, and the anount of dry matter passing

through the abomasum. The percentage disappearance of
ash entering the intestines rúas simÍ1ar on all three rat-
ions. Since the amount entering the intestine varied with
rations the total amount absorbed was ration dependent.

Partitioning ether exbract diges|ion shows a sig-
nificant (P 3.01) rati-on effect on fore-stomach digesti-
bility (faUle XT). There was a net synthesis of ether

extract for rations H and H0 and a net disappearance with
ration t. No ration trend ís apparent with digestion of

fat entering the duocienum, so different feed to feces

digestibiliiies were dependent upon the rumen effect.

Nitrogqn Free Extract

Table XI shows an increased fore-stomach digesti-
bility of N.F.E. fro¡n ra-tion H to ration C. Disappearance

of I{.F.E. as a percent of that entering the intesiine was

again highest for the high roughage ration. Also the act-
ua1 quantita'r,ive removal fro¡¿ the intestines was greatest

for ration H. The expiaitation for this observation

is that more I'i.F.E. enters the intestines from ration
H than fr oni the other Èl,J o rations.
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Gross Energy

The hlgh level of digestible energy in ration C

glves hlgher eoefficients of ðl sappearance (Table XI)

from feed !o d-uoderlun and aiuod-enum to feceÊ than either

of the other two ratlons. Again bhe total ânount dlges-

ted ln the intestirÌes wa$ greater orr ratlon H than olx

ration C. The reasons are probably the sane as those

glven for N"F.E.

cruôe Proteln

AfI three ratlons showed" a net gain of protelrl

at the d"uodenal levef (Table XI) wltb the increase belng

sllghtly greater for the roughage rations. Intestlnal

dlgestlon ooefficients were slnilar on all ratiorr6 result-

lng 1n a higher apparent total d-lgestlblllty wltkr råtlon

C thafi' wlth II or HC. Ratton HC appears to glve the lar-

gest absoltlte rwnen synthesls and. intestinal abÊorT)tlon

of protein of the three. Ratlon H supplled more of the

}i¡nltlng amlno acids for aìrsorpt ion at the åuod"enål level

th.an elther IiC or C even though the total amourÌt of pro-

tein allsorptlon appearedt to be larger for ratlon HC'

Soluble Car'oohydrate

Fore-Êtomach dlgestibllitles of soluble carbohyd'rate
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(Appendtx Table IV) averaged ?4.1+% lor ratlon 11, ?1.4%

for HC, avtd 82% for ratlon C. Since the amount 1n the

ration vras greatest ¡olth ratlon C, there üIas nore soluble

carì:ohyd.rate entering the intestlne wlth ratlon C than

H or Hc, Thls ratlon effeot was ï.ot slgnlficant'
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.A dlgeËtlon trial l¡rås carrled out to measure utill-

za.t:-oïI of proxlnate constituents aled ã,nl"no aciðs on three

d.lfferent ratLotls. The ratlons were 9\fr legume-brone hay

and IAfi ground. corn, eqlla1 pa'rts of each, ancl IAfr 'aay wIbl:-

90'l corn. nttenpts ríere mad.e to measure d-uodenal flow

volune, a¡d- to obtain representatlve sanples from the

three rations to deternine the composltion of this flow.

E:cperlnentâ"l results provld.ed a -basis for the

followlng concluslons :

1. GrosÉ energy, nltrogen free extract, anÔ ether

extract digestibl].ltles varied slgni f ioa':rtly

anong rations, and were hlghest on the hlgh

corn ration. Crud"e flbre digestlblllty was

signlflcantly hlghest on the hay ratlon. No

ratlon effect was detectable olx crude proteirì

or ash dlgest lbl1ltles.
21. The regime uÊed- for s anpl lng d'Llodenal oontents

to measlrre f1oîr detected- a monophaÊlc dlurnal

varlatlon ln flow. Hlghest ffows occurredl

before and- aturln€ eatirig.

3. No significant ratlon or sheep effects on total"

d"uod.enal flow were d.etected, but the effect of

ðlgestion period.s -úIas signlf lcant. lt ls sug-

65
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gested that the perlod. effect resu.lted fron
lnadequate controls in the chemlcal anal-yslE

for ?EG.

The percentage of proteln anð ash in dry natter
lncreased. from feed. to ¿luod.enum on å11 rât1ono;

N.F.E. peroentage d.ecllned. I¡th11e ether extract

arÌd, gross erler.gy showed Ilttle change. Crud.e

fibre percentâ,ge decllned orx the bigh roughâge

ra.tlons, bub lncreaseð, on the corn ratlon.

Dlfferenoes frr a¡nlno a"cld composltJ.on of pro-

teln Ín the ratlon i^iere not reflected in the

duo d-enal digesta. Synthesis of anfuxo acid.s 1n

the rumen and. posslble add-lt fon of end.ogenous

proteln to the digesta appeareal to mask ratlon

ðlfferences.

There was a signlflcantly lrlgher percentage of

soluble carbohyd-rate ln cluodlenal dry matfer

from the hlgh corn ratlon than from elther of

the other two ratlons. '

Duoalenal dry matter floÍts estl-nated" wlth the use

of acid. lnsolubLe ash as an lnert dlgestlon

marker âppeared. to be unre].iable for the oond.l'

tions of the experlment.

Caloulâtlons of duoderral dry matter passage by

assumptiolls on the paJtltloning of flbre d-lgeF-

o,



tion gaYe a hlghIy

on the quant ity of

slmil-ar dry roatter

passage was hlgher

fibre.
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signif ica.ilt ration effeot

dry natter passage. lflth
lrrtake s the quaf}titY of

for rationÊ wlth more orud-e
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APPENDIX gABLE I. Amlno Acids 1n Râtlorx Il
(Ø of Proteln)

Feed. Duod.enun Fece s

ÞIethlonlne

ï soleuc lne

Leì.rcLne

Phenylalanine

Lys ine

IIlstldlne
S,rglniiae

Vallne

Ser lne

fhreonlne

1,38 t o.oz

638 t o.5t

, 7a ! 3.68

L.96 t 0.15

5.rll t o.L?

1.53 t o.3o

2.Zg ! s.g2

3.28 t o.n
z.Zz ! o:08

5.tS ! o.zz

t.65
6.09

11.82

2.96

3.57

2.09

t+.78

3.39

2.?B

Lþ.zB

2.18

5,46

7.02

4.L3

lþ.1þ9

1.90

2.24

2'.?6

2.30

3.95
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APPENDIX fÁ3LË fI. Amino Aolcls ln Ratlon HC
(Ø of Protein)

FeeB" Duod.enun

Methlonlne

I soleuo lne

Leuoine

Phenylalanlne

Ï,yslne

Hlstldine

Arglnlne

Vallne

Serlne

fh.reonlne

1.8J t 6.3s

6;:,8 ! o.t3

9.88 t 0.39

r.¿}6 t o.rj
4.88 t o.L3

L.56 t 0.23

2.81 t o.3o

3.31 t o.oB

3.03 t 0.19

6.L5 t L3?

1.82

6.o9

rr.72
1.73

aoD

L.82

3,18

2.OO

3.3,6

2.82

2.32

6.27

7.68

3,B!.

4.56

2.28

2.39

3"03

2.35

4;.76
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APPENDÏX TÁ3LE III. Amlno Aclcls ln Eation C.
(Ø of Proteln)

Duod^enun Feoe s

Methionlne

I soleuc lne

Leuolne

Phenylalanlne

Ly s lne

Elst id.lne

Arglnlne

ValÍrxe

Serlae

llhreonlne

2.25

5.86

L2,25

r.26

r.Bo

r.26
2.25

2.25

3.1+2

3.33

z,JJ ! s.5s

6.;36 ! o.?3

9.65 ! 4.5?

L.?5 t o.69

5.06 ! oJ?
I.LJ t s.23

z.tt ! o'.42

3.511- o.n
Z.gt+ ! O.O?

5.55 t 0'.65

3,3t1

5,95

6.zL

3.98

4.r}1

1.31

2,1+L

2.Bl

2.29

t+.76
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APPENDIX TABI,E IV. Solub1e Carbohydrate

Ratlorx Sheep
PaEsâge Fron The

Abonasun (gm per 10 Aays)
Fore-Stonach

DlgestlblLltV ffi)

488
34L

827
lL27

?20
222

79.2
85.9

65.9
55.tr

70.2
90;8

52.?
57.6

BI+'.2
78 .8

?6.r
79'.O

?t,8
??:TI

83. I
83.7

89.8
85'.4

v55
t57t

585
786

886
?77

1708
t37z

983
9e5

618
882



ÁPPEIüDIX IABLE V. Apparent Digestlblllty Co-
efflclents for Cru¿le Proteln

BO

Ratlon $heep Fore-Stonach lrotal

-77
_65

-3]-
-L1

-3o
-53

-56
-?5

43
-33

-glt
-57

-L5
-12

36
42

-28
-L0 2

63.o
64.5

62.3
62.5

58'-6
6J'.5

63.3
65.6

65,7
67.o

68.5
63.a

65.9
68.2

70.3
68.3

65.6
71.1

Negatlve valueF represent synthes 1s.



B1

ÁIPENDIX Î.ABLE VI. Digestlbillty Coefflcients
for Flbre.

Ratlon Sheep Fore-Stonaoh Íotal

t+z.o
42.7

40,o
39.8

38.8
39.3

27.3
26.6

25.6
27,r

2l+.1+
24.0

!l+ .2
16.0

14.0
lo t

Ll+,3
17.1

60.o
61.1

57'.2
56.9

55.5
56.L

5tþ'.5
53,2

5L,2
4Lt

þ8. B
47.9

zB.tþ
3r.9
28.0
39.5

2,8.6
3tr.2



APPENDIX rÁBLE vII. Apparent Dlgestlblllty
Coefflclents for Ether
Extraeü.

Ratlon Sheep Sore-St onach Total

HC

L -59.5
-7&.0

z 0.7
-zLt. s

3 -39.L
-55 'B

I -22.5
_Lþ9.3

2 8.9
-r2.3

3 '3\.7
-36.0

L 26.0
26'z

2 34'.6
31.1

3 14.8
-32.5

54'.0 46.0
52.8 47.2

50.9 4g.t
*.0 &6.0

53.5 +6.5
5t.5 +8.5

3O'.4 69.6
30.6 69.,+

33'.8 66.2
26'.5 73.5

z3,g 76,L28.2 71.8

14.1 85.9
22'n8 77,2

28.! 7lr928.0 72.O

20.1 79.913.g 86.2

Nega.tlve val-ues represent synthes ls '



B3

AP?ENDIX fABLE VIIÏ. Appa.rent D1gestlblllty Co-
efficlentÊ for Ash.

Râtl orx Sheep Fore-Stomach Total

-96.4
:72.9

-49"4
-!2.1
-57.5
-57.O

-gt+.7
-T02,6

-7?'.r
-66.8

-t06.5
-96,t

-96.1
-63.r

-16.tI- 9.3

-ro5'.9
-182.3

50.1
47.3

¿18.0
47.7

46.9
46.5

I+8.2 51.8&8.8 5t.2

53'.2 t+6'.8
49.t+ 50.6

t+5.o 55.o49.9 50.1

46'.i 53.7
50.3 49.7

Ltg.? 50,.3116.3 53.7

50.1 49.9Lt5.), 5t+.9

Å,o o
52.7

52.o
52.3

55.1
53'.5

Negative values represent â net âd.dltion.



Bþ

APPENDIX nABl,Ê IX. Dlgesttblllty Coeffloients
foi Nltrogen Ïlee Extract.

Rat l orr Sheep !'ore-St ornach fotel

32.7ão I

4t.2
26.t
?o o

39.8

t+?.t
55.8

56.8
61,8

53,o
57',6

64.L
6J4,.9

63.8
62.a

63.9
65.7

81.4
Bo.8

81:8
81 .7

B0,L
B]..2

e5.9
87'"4

Bg. g
89.7

89.1
89.3

62,9
6z.z

76.7
77.3

74.6
73.7



B5

A"PPENDIX TARLE X. Dlgestlblllty Coefflclents for
Gross Energy.

Rat lon Sheep tr'o re-Stomach Total

L2.t+
L7.5

24,9
23.o

23.5
19.4

23.r
r7,2

?9.e
JÞ. o

20.11
28.l+

Lt6'.?
50'.8

62.6
6Lþ,?

49,7
35.0

4t.7 58.339.8 60.2

4r.7 58,342.? 57.3

t+3.1 56.941".& 58.6

28.8 7t.229.5 7a.5

29.6 ?o .t+2?.4 72,6

29,7 70.3
30.1 69.9

2]-.6 ?8.tr20.8 79'-2

20.o 80.o
19.8 80.2

]-9.t+ 80.6
18.8 81.2



B6

ApPENDIX TABLE XI. Dry matter Excretlon
(10 Oay Total s )

ïntake
gn

3'eces
gn

Dryl{atter DigestlblI1ty

ft\,

l-0,757

l0,902

]-o,769

4]-98
t+oZt

t+278
4z9o

4377
tt]-.gz

29t+9
29gL

3000
2886

30ll8
3085

22o5
2101_

]-9L9
IBTTþ

].950
tB27

61;0
62.2

6o.z
60 .1

5e.3
61.1

?3.o
?2',6

72.5
73'.5

72.o
7L.7

"1õ 1

80.5

82.2
82.6

81.9
83.0


