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.ABSTRACT

The present experiments were cond.ucted. to deter-
nlne the rumlnal. and lntestlnal effects on crud.e fat wheh :¡*:
no supplernental faÈ ¡vas feal and. when o1elo anal llnole1c acltis

weïe fed anê contlnuously lnfusett lnto the duod.enun of sheep.

The effect of method of adl¡rlnlstratlon of the ùwc fatty aolds 
i.,;,,,,

on the fatty aold. conposltlon of th€ Jugulâr plasna was d.e- ,i.¡.'rt:

ir ri::::.1ternlnecl as r¡ell ae the effect on the ctlgestlblllty of ratlon ,,!:,i'..,,ri

components.

Durlng the control perlod, whèn no supplemental

faÈ¡.¡asadn1n1stered''oons1d'erab1esynthes1soffatoccurre

wlthin the rumen whl ch !ùss assuned. to result f"on nlcroblaL

synthesis, Further, on the basls of fatty actd ooncentratlon

of the fat enterlng the lntestlne, lt appeased that the Cr6

and C15, aclcls were the natn fatty aold.s syntheslzed.. The ..

ad.dltlon of oleic o¡ llnoIelc aclds to the dally.ratlon dld ,.,..
not result ln a corresponcllng lncrease ln the crude fat whlch ..+;

': '' ' ] :

entered. ühe duodenun. It ls suggested that thls was due to " l.l'ì:il
:jl:.,.:.:i::1

dlecrease ln the synthesls of crud.e fat when the two fatty
acld.s were fed..

A slgnlflcantly hlghet ttlgestlblllty of crud.e fat 
;.:ìè:::iii : rì¡ :

occurred. when olelo and llnolelo aclds r ere lnfused ae con-

pared. to when the sane aclds were fed. Fron analysl s of the

crude fat enterlng the d.uodenun lt was foutxat that oonelderable l' '

ii::-- i .i:r.. ;
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hyd.rogenatlon of the long chaln unsatu¡ated fatty aolds oc-

curred. ln the runen when olelo and llnol-elc sclds were mlxed

wlth the delly ¡atlon. It ls suggested. that such hydro-

genatlon oaused. the l-ower dlgestlblllty of oLelc snd. llnolelo ..i, ,,,

aclds when these fatty acld.s were fed. as coßpared to the ln-
fuslon of the sane aclds.

In general, the feetllng of ole1c and llnolele acld.s i,.iii,.:j

depressed ratlon dlgestlblllty as oonpared. to the tnfuston ':' r'?''¡'

;:0,.,,.,,;

of the same aclds lnto the d.uod.enun or the oontrol perlod. i,t$
It was found. that the fatty acld. conposltlon of

the Jugular þlasna reflected. the fatty acld. oonposltlon of

the c¡ud.e fat avallable for dlgesÈlon 1n the lntestlne.
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INTRODUCÍION

fhe process of fat dlgestlon ln runlnant s d.lffers
qulte narkedly fron that whtoh oocurs 1n monogastrlo anlnals. .':
Íhls dlfference ls due to the effeot of the runen nloroorganlsns

on the lngested fat, wlthln the runen. In nonogaetrlo anlnals,

on the other hand, the lngesteô fat ls subJect to Ilttle ohange 
¡l;.,..
::i¿.r'

d.url ng ùhe lnterval between lngesülon and dlgestlon In the smFl]-

lnte stlne .

Ingested fat ln ruïnlnant s 1s subJeoted. to oonslderable

chenloal ohanges lnvolvlng hyd.rolysl s and. subsequent hyd.ro-

genatlon of unsaturated fatty actd.s. $he free glyoerol ls meta-

botlsed t'o vo1atl1e fatty aeitls, ln partlcular, proplonio aold.

Furthernore, there Is syrithest s of fat by the runen nl-cro-

organl sns. As a result the fat enterlng the snell lntestlne
nay bear relatlvely Ilttle resenblance to the lngestecl fat,
etther ln quallty or quantl ty. It nay be a result of these

changes that runl na¡nt s oannot tolerate hlgh levels of dletary |tif

fat as welL a,s nonogastrlc anlnal-s.

Mlcroblal attaok on lngested. food 1n rumlnants pro-

vldes a !ûethod rühereby such anlmals can d.lgest and. utlllze
hlghly flbrous fe€d.s. The"e ls evlalerlce lvhloh suggests that $t¡
add.ed. d.leta îy lat results ln d.ec¡eased. ration dlgestlbl1lty, 

l:i';ì::

particularly when there ls a hlgh flbre lntake.

ltìi'

J..: ì.
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The purpose of the present experlments was to d.e-

ternlne the effeot of the rumen on ad.d.ed tll etary olelc and

llnoleic aoió and. to estlnate the quantlty and quallty of the

fat syntheslzeô by the runen nlcroorganlsns. Furthe", to de-

ternlne the lntestlnal dlgestlbluty of inallvld.ual long ohaln

fatty aolds when olelo and. llnolelc aolds were f€d. and lnfused

lnto the d.uod.enu¡n. Observatlons were also nadl.e on the effeots

of nethotl of atÌnlnl stratlon of the two fatty aclds on the

apparent tllgestlbllltles of ratlon eomponents.

llri:i.i:':i:

li.::ì.':Ì::;

l: i',:, "



LITEB¿ÎI'AE NEVIE}J

Effect of Fat Upon the DlEestlbllltv of Batlon Conponents.

The runlnant anlnal d.epend.s to a great d.egree upon

fhe ¡nl croblol-ogl oal degradatton of lngested food., wlthln the

rumen, to meet tts energy requlrenents. Slnce aLl food. lngesteê

entets thls unlque anatonlcal stlucture, lt 1s nost d.eslrable

to know what effect the ad.cled- fåt !ù111 have on the utlLlzatlon
of other ratlon conponents.

Brethour e! al-. (1958) reported a slgnl fl carit decrease

ln the dry natter and. organlc matter ttlgest,lbi lt tl es when 1Jp

a.rtlnaL fat was ad.d.ed- to a cotton seed. hull ratlon ancl fed to
sheep. A slgnlflcant d.rop ln welght galns was aLso noted..

Davl son and Wootls (L9q) found a slgnlflcant d.ecrease 1n dry
nåtter and organlc natter cllgestlblllty, buü no effect upon

proteln tllge stlbl l-f. ty, when 35 grams of corn ol1 was fed. to sheep

receivlng /00 grans per ilay of a oorn oob ratlon. In the sane

paper a tLecrease 1n organlc natter ancl cellulose d.igestlblllty
was noted wlnen Jfr oorn o11 was added. to a bssal aLfalfa ratlon.
The anount of proteln absorbed. was sgaln unaffected.. Espltn
et aL. (1963) added llfi tallow anð. 4fi hyd.rolyzed vegetable and

anlnal fat to a ratlon oontalnlng )05 al:faLf a arld S?ft graln. No

dlfferenoe 1n ratlon dlgestlblllty was fouyrd. between fats or
between fat and no fat. It should. be noted., however, that the
ration ln thls case had. a consld.erably lower flbre content tban

:Tiìr-:,:ìl+ i

íl: ìi!+T '!
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the rattons used by other workers. Erwln g!3fg $9Ø) reportetl

no ohange ln the dteeetlbtilty of flbre and' nltrogen when 60

g?ans of nethyl nyrlsÈate or 60 grarns of safflower o11 ¡cere

lnJected. lnto the d.uodenum gr Ìunen of sheep recelvlng 800 grans 
i:¡ì,.--rìllil

per day of a hlgh flbre ratlon. Dlfferences were found in the

dry nalter d.lgestlblltty but these were accounted for by the

dlfferences ln fatty aoid all8est1on. . ; ,,,,1

The posblblllty e)rlsts that the nethod of adnlnls- ¡'r;'i'::'r'l'

tratlon of the fat has an effeot on the subsequent dlgestlblllty l:i:.ìi.:ii

oftherâtlonoonponentg.Tostudythlseffect'Pfandlerand
Verna (195?) fea a )aS colt'onseed hull ratlon to sheêp' The

treatnents conslsted of a control pelllod an¿l- êlther fe€dlng corn

o11 nlxed with the hulIs or pou¡lng the saBe quanttty of o11

lnto the rumen vla a pernanent oannula. The dlgestlblllty oo- i

efflclents reported a?e as foll-ows:

basal corn o11 fed oorn o11 poìrred I 
'

'organlc natter 50 35 50 , .

cellulose 52 29 49 it:-:L,Ìi:
.,.' ,,,:., i

nltrosen 5l . 35 50 ..1,i,':i:i'i'' ''-:' a 
_:r'.

llhe deoreased d1gestlb111ty of the râtlon when supple-

¡nentailfatwas¡nlxettwlththeratlonappearstobetlepend-ent
upon the leve1 of fat whlch was fed. The hlgher the level of 

Ì,,.::ti--:.¡:
i.- ---'...::i: r:

fat the more pronounoeal was the decrease ln allgestlbl1lty. Th" ['-ì ì iì:'1'j

oausatlve effect of the fat ls stll1 sonewhat vague' It has

been suggestetl that ratlon tllgestlblllty ls d'ecreased d'ue to
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the fat forntng a fIln ove" the food partlcles thus renderlng
ùhen Less avallab1e to nlcroblologlcal d-egradatlon. Ward.

et a . (L957) fed corn o11 üixed. wlth the ooncentrate poÌtlon
of the ratlon' and fed Èhe sane quantlty of olt mlxed Ìùtth the ilijì:Ì
roughage portlon of the ratlon. The Latter nethoct of feetllng
resulted In a greater ilecrease 1n flbre dlgestlblllty. Brooks

et al . (r9s4l used a slnrrar ?atron but heoted the oorn olr- 
i_::,.:.; ï,;,

prlor to pouring lt over the roughage portlon of the ratlon. l::::lr-,'

l'!...'.'

The d.epresslon 1n flbre and. nttrogen ttlgestlbltlty was greater lr;¡'r:,t

thanthat?eco?.Lê¿lbylrfardeta1¡(l95?).Thehypothes1sput
forward by Ward et a1. (fgï7, i.s that heattng the oþrn o11 re_

sulted ln a greater d.lsperslon of the olL ln the feed. causlng

a greater nasklng effect. towever, Brethour, Strny and. lll ll_¡oan 
l

(fgg8), found- that when the corn oll was nlxed wlth the oon- ]

centrate pórtlon and fed. separately, as conpared. to ntxlng the
corn o11 wlth the roughage portton and. fed. separately, Ilttle l

change ln flbre tllgestlblllty occurrett.
'ir:rli.:::j::lThere 1 s a wel"1 establl shed. lnterrelatlonehlp betweeR 
,.,ì1f'.

oalclurn and fat fn runl nant nutrltlon. Brooks et aL. (I95tl), i.r-l ìi:
: ::.>.'

uslng an ertlflclal ?unen lnnoculated. wlth runen nlcroorganlsns.
taken fron sheep, found thet the d.epresslon of ratlon d.lgestl-
blllty foIlowlng adnlnlstratlon of corn ol1- could be partla11y 

üì:,,.:q;i
fít,:',r'4anellorated by the ad.dttton of alfalfa ash. c"alnger et a+. "'

(f95?) reported. a d.epresslon 1n organlc natter, ce1lulose, and.

proteln dtgestlblllty 1n sheep feð, e" Sft and 6ft Level of corn I ,

á
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o11. l.{hen a trace nlnersl nlx lvas glven, equal to the anount

present 1n the ad.d.ecl alfalfa ash, a reversâ1 ln proteln d.lgestl-
bl11ty was noted., but orgånlc natter anct. ce1lulose dlgest1b11lty
fenalned- urialteretl. In a subsequent ùrlaL the d.epressed dl-
gestlblllty of organlc naùter and. cel1ulose, uslng a Jft corn

o11 ratlon, was alÌevlated. by ad.mlnl sterlng alfaLfa ash antl

calclun, or oalclum and. phosphorus equal to the amount found.

ln the alfalfa ash. Furthernore, the calclun and. phosphorus

d.ld. not lncrease the d.tgestlblllty of the basal ratlon contaln-
lng no f at . Davl son and lrfoods ßge S) reported that oalclun
chlorlôe and. calclum carbonate were equalJ-y effectlve ln
allevlatlng the depresslon ln ratlon ttlgestlblllty fo11owlng

add.ltlon of co?n o11. Magnesiun oârbonate, on the other hand,

was found. to be lneffectlve. Hence lt was concluded. that the

oalclun lon alone was responsible for anel_loratlng the depressed.

ratlon illgestlbl1lty.
}Jhlte gþ! (L958), suggested- that the calctun fat

lnterrelatl onshlp could. be expLalned. on the basls of cal-olun

soap fornatlon. Several research î¡orkers have reported a d.e-

orease ln the calclun d.igestlblIlty followlng adnlnlstratlon of
fat to runlnants (Gralnger and Stroud (L959) ¡ Gralnger et aI.
(1961 ); T11-1rnan and. Brethour (1958)). It was suggested by

Camlen and Dunn (]-95?r, that fatty actds can act as antlneta-
bolltes to the rumen bacterla. Slnce nêutral fats are hyd.ro-

lysed. trl thln the runen, to fatty aclds and. g1yeerol, (Garton

F:1Þdi/".4
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et a1. (1958), Davlson and. llood.s (19631 suggested that the

calclun lons forn lnsolubLe soaps by conblnlng wlth the fatty
acld.s and. thereby aneLlorate the antlnetabollte effeot.

I Further, the calolun soaps f orned are subsequently hydrolysed. li.':i,,r,,.,j

rd.l ssoclated.

, forn. îhese sane Ì¡orkers found. no lncrease in the exoretlon

] 
ot calclun follow1ng ad.dl üion of the oorit o11, but tild. report 

:,in,,;:;j .an lncrease 1n dlgestlble energy when calclun was add.ed. to the ìi..,li'.':. r

' ratlon contalnlng corn o11. Furthernore, slnce roagneslun dld .,,'. ,..''

not prod.uoe ths sane effect as oal_clum ln aLlevlatlng d.epressed

ratlon cLt gest.lblll ty, 1t lras conolud.ed. that the calclun fat
relatlonshlp was not slnp1y due to the fornatlon and- excretlor¡
.of soaps.

The Effect of the Rumen UÞon Insested. Fat

In nonogastsic anlmals the conposltlon of the dletary
fat can appreclably affect that of the d.epot fat. llhls, however,

ls not the case ln rumlnants. Generally speaklng, fat d.e-

posltlon ln runlnants 1s characterl zed. by a hlgh neltlng polnt
antl a hlgh ratio of saturated. to unsaturated. fatty aold.s, re-
gardless of the type of fat lngested. Garton (1960) denonstrated
that the lrpldt fractlon of forages tngested. by runlnants contalns
hlgh leveIs of unsaturated. fatty aclds.

'.:ìt.r::i-:ìl

,qrir+.e?rs.
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Garton (1960) Hlldltch & Pedeltv (1941)

saturateal

c-t2
c-L4
c-t6
c-18
c-l8 +

2.9
3.3
9.t+
1" .5
0.7

3
25
28

Mlxed Pasture

C-]-2tL
Unsaturated C-1þ:1

C-16 ¡ t
C-l-8¡1t2!3

The fatty acltls ooour âs esters of galactosyl 81ycero1

and. as trlgLycerld-es. Further, Garton (1960) reportecl that the

conoentrate portlon of a runlnant rstlon has a hlgh leve1 of

unsaturated fatty aclds In the }lp1d fractlon.
Elldttch and Pedelty (19&1 ) deternlned the fatty

acld. conposltlon of sheep perlnephrlo fat. Conparlson of the

fatty acld conposltlon of ttre depot fat vrlth dleta¡y fat ln-

ètoates a conslderable shift to saturated fatty aolée. In

partl cular, a large lncrease ln pafnltlo (C-16) and stearlc

(c-18) aclds. Ilofl-und 9!-41.. (tgS6) fed Llnseed oll to vouns

d.alry oalves 1n whlch the runen of each an1mal had not yet

aohl eved an actlve state. fhe hteh levels of unsaturated fatty

acid.s present tn the llnseed o11 were reflected ln the d.epot

fat of the anlnals. Oglfvle and MoC]-ynont (1961 ) repo"ted a

Large lncrease ln l.lnolelc and llnolenlc fatty aclds of per-

tnephrlc d.epot fat when llnseed. o11 was lnfused lnto the d.uo-

d.enum of an errle. It appears then, thât the functlonlng rumen

ls assoclated wlth lack of effect of hlghly unsâturated d.letary

0.3
0.4
3.0

?8.5
I

40

i. .r.- -:l

l¡l;t.:.¡J+

i¡:';r
t.:?.
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faÈ on the Level of unsatu¡atetl fatty aolôs found. ln depot fat.
Garton et al. (196f-) denonstratetl that trlglyoerldes

are hydrol-ysed. by sheep runen oontents. Incubatlon of 1 gran

of llnseed o11 wlth 100 nls of whole ru en oontents resulteal

trL 6o-90fi hydrolysls of the o11 rvlthtn 24 hours. Followlng the

oomplete hydrolysls of llnseeè oll- no glyoerol could be deteoted

ln Èhe rumen contents. Furtherr no glycerol was detectable

afþer 2l+ hours when glycerol alone was incubated wlth the tthole

rumen contents. The dl sappearance of glyoerol was so rapld

that w1thln 4 hours fol1owlng admlnlstration less i"lnan 50ft of

the add.etl. glycerol could be detected. It was oonoLud.ed by

Garton that glycerol ls largely netaboll zeal Ì{lthln the runen to

proplonlo acid. Durlng llpo1ys1s no nonoglycertdes or digLy-

cerldes were detected and. 1t was assumed. that hydrolysls was

coraplete. In thls sane paperr lt was noted ln preLlnlnary ex-

perlroents by Garton that galactollpldls are slso readlly hydro-

lysecl by rumen Bloroorganlsmg. Dawson (tS Sgl further reporüed.

that the !ì¡üen ml croorge.nl sns are capab3.e of hyclroLyslng

phospho3.lplde. Hence, fat whloh ls lngested by runlnants ls
subJectetl to conslderable hyd"olysls before enterlng the sna1l

intestlne where absorptlon of the long chaln fatty acld.s ooours.

Belser (1951) was among the flrst to publl sh data

whlch lndloated, that the runen ni croorganl sna are capable of

hydrogenatlng unsaturated fatty aclats. Shorlenè et aI. (:,95?l

lnoubated. o1elc, Llnoleio ar:d. Ilnolenlo aolds wlth runen con-
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tents of sheep and found. that stearlc acld as well as posltlon-

al lsomers of the unsaturated. aclds were formed. Using sheep

wlth llgatures at the rêtlculer-ome.sâ1 Junctlon, Wooil gþgþ
(f9Ø) placed 1abe1leit 1ino1en1c-l--C-14 aclct wlthln the rumen.

Tagged. conpound.s of ten or more oarbon atoms appeared. ln the

Jugulår blood 4 hours after adminlstratlon. Hoürever, B5-96fi

of the orlglnal test dose was xecovered from the runen, but,

onl-y 3-6% was as l-1nolenlc acld. Forty-flve per cent of the

tesÈ d.ose had- been hydrogenated to saturated acld.s and 33- 50ft

hydrogenated to olelc or elâldlc aclds. Garton et a1. (1961)

reported. that glycerol esters of unsaturated fatty aclds were

hydrogenated., but the hydrogenatlon of the free fatty aclcls

ocourred. nore rapitlly. Furthernore, the trlenolc C-18 fatty
aclal was the nost effectlvely hyd.rogenated. trJrlght (1960)

furfher substantlates the rapltl rate of hyd.rogenatlon of

trlenoio aclcls as qomparecl to the dlenolc ancl monoenolc aold.s.

It ls generally assumett that the rumen bacte"la

play the pred.onlnant role ln the hydrogenatlon of poly-unsatu-

rated fatty aold.s. l{rlght (1960) denonstrated the ablltty of

runen bacterla to hydrogenate the unsaturated. Ilpld components

of chloropLasts by centrlfuglng runen oontehts to renove the

protozoa. Garton (1964) reported. the hydrogenatlon of Ilnolelc
to stearlc acld. by mlxed rumen bacterla. However, a straln of
the organlsn EgUXIg!þ,Lg, flbrlsolvens, was found to be capable

of hyd.rogenatlng only one of the two double bond.s present 1n

llrtir,-
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l-lnol-elc aeld. It was concLuded that two systeros were re-
qulred ln the converslon of Llnolelc to stea¡io acld. one

sysüen to convert the dlenolo aclcl to the uronoenolo forn, and

a separate systen to converÈ the nonoenolc aoid. to the saturated

fo¡n, nanely stearlc acld.. In thts sane revlevù, Garton reported

that protozoa are also oapable of hyd.rogenating poly unsatu-

rated fatty aclds. üoflund et aL. (]-956l- reported that rumen

fungl ate::not an lnportant faotor In hydrogenåtlon of the un-

saturated fatty aold.s.

Ingested. fat, followtng hyalroLysls and hydrogenatlon

wlthln the rumen, then enters the snaLL lntestlne where further

hydrolysls and. absorptlon occurs. It has been establl shed. by

Garton (r96lt) and lJood et a} . (1963, that ]-lttle absorptlon of

fatty aolds, of ten or nore carbon atons, occurs wlthln the

runerr. Short chalnr water soluble fatty aoid.s, on the other

hand., are readlly absorbed. through the runen wa1l. Hence the

longer châln fatty aclds arrlve at the snsll lntestlne In totot
,.;:ìr, ,.:,,i:.

but are ln a more saturâted. f o¡n than when lngestlon ooourred.. ltit,,;i::,:,

, -:. i,:.
SoEe converslon of stearlo aoldl io palnltlc acld was reported ,rìr;,,,:i,,

by Garton et al. (1961), but such converslon dld not represent

slgnlfloant proportlons. there I s 11ttle.¡¡,known oonoernlng

the d.lgestlon antl absorptlon of llpld.s ln the ruminant sna11 
tþ.I":r:,i.+

lntesttne (Garton (1960 ) ) . Iloweve¡, lt ls generâ]-ly âssuned iré:Ì':r{iì

that the prooess ls slnllar to that whlch occurs ln nonogastric

ânlna1s.
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Tove (f964) reports that, 1n runlnants, the long

ohaln fatty aolds enter the clrculatory systen vla the thoraclò

ôuct as chyLonlcra. One-thlr(l of the chylonlcra, nalnly ln
ùrlglycerlde conblnatlon, are absorbed by the }lver, one-thirè 

,,,...,,:*

by the atllpose tlssue and one-thlrtl by .the other tlssues. In
the tlver the ti'iglycerides are hydrolyzed by the parenchynaL

ce1ls and. the released fatty aclds are re-esterlfied to glycerolr '..-,,..,.;

i::::lr.'ji Ì

whlch arl ses froú end.ogenous sources. Most of the trlglycerld.es iil:ìr:
i . ., -_:.

then ¡e-ente?:;the olroulatory systen as low denslty 11poprote1ns. :il:::i.

Acoordlng to Deuel (:rg5il the exc¡etlon of llpld" 
,

renalns qulte constant, und.er ordlnary oondltlons, ancl is llttle :

lnfluencedt by the nature of the fat lngested. by ¡0onogastrto

anlma1s. FurÈher, on a fat free ratlon the fecal fat oontent 
]

ls lltt1e affected. Deuel (1955) suggests that the fecal fat i
i

ln nonogastrle anlnals arlses f"on d.letary 11p1d. lesld.ues, 
ioelhrlar d.eb¡ls, llplile secreted tnto the snalL intestlne l, .'

cäri¿"ttothefatabsorpt1veaf€as'b11eand11p1dssynthes1zed.
":' 

1"" 1'

by the lntestlnal baoterla. Of these sou¡ces, llplal lntestlnal ii'1,.ti;,;

secretlon andl bacterlal synthesls oomp"l se the naJor proportlon li:t';.i
L. :':j:: j I

of the feoal fat. On a fat free dlet approxlnateJry 40ft of the , ','
feoal fat results fron bacterlal synthesls ln the lntestlne.
Eowever, Deuel reports that the d.letary fat resldue of fecal 

É:¡!.=l¡i
¡:!'.1.Í.sìfat can lncxease appreclably when fats of hlgh meltlng polnts i . .':

are fed..

Dlfferenoes tn the dlgestlblllty of fatty acld.s have ì

been eetsbltshed. Carroll (L958) d.ete¡nlned the dtgest,lbtlltles .,,., ,

ii,l:Ì'+
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of varlous fatty aclds fed. lnd.lvldual-ly to ùhe rate. llhe neta-

boLlc excretlon of the fatty acld.s ¡ras deternlnetl ln separate

experlnents by replaclng the added fatty aolds wlth Slucoset

thereby expresslng the d.I sappearance of a glven fatty acid as I r.-
::: i i r1':::'

a true dugestibl1lty ooef f 1c1ent.

Fatty Acltl ø DlgestlbllltY
Capryl-lc C-B 100 tt',:t,:.t

PaLnltlo C-16 48 (45-53') ''."Í'

srearto c-r8 tz ( o-zzl itî:¡

ole1c c-18¡1 8¿l (82-B?)

It is evldent that the long chsln saturaÙed' fatty

aclds, especlally stearlc acld, are poorly dlgested 1n.the rst.
I

The long ohaln, unsaturated fatty ac1d, o].elcr on the other
l

hantl, has a conparaÈlvely hlgh d1gestlblllty coefflolent. The 
ì'l

posslblllty exlsts that a slnllar sltuatlon exlsts ln rumlnants. i '
i

Ðvltlence hâs been publ-l shed by Young and. Garrett 
i...,

(l-963) that the Iow dlgestlblllty of stearlc and palnltlc aolils 
it.i-iji,

;'.:,-t,' ..

ln chl oks , can be lncreased by conconl tantLy f eedlng olei o and i;,:].:l:
lr::.:jt: tl

l-lno1e1c aold.. Increaslng the alßount of olelc acldr in refstlon

to palnltlc ao1d, resulted. 1n a llnear lnorease 1n the ab-

sorptlon of the palnltlc acld. The absorptlon of palnltlo aold

was B5-90fi vrhen the olelc to palnltlo rstio was 1.34¡1. There

wes lIttIe effect of llnoIelo acld on the absorptlon of palnltlc

aold whlch renalned at about 20fi, tegardless of the level of i
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Llnolelo aclô sêèed. The absorptlon of palnitlo andl stearlo

acld was depressed. when the two aold.s were fecl togetther.

Mlxturee of stearic anal palnltic aold requlred. hlgh Leve1s of
olelo aold to result In 50fr absorption. But, when olelo and.

.,.,, ji...,

l-lnoIelo aold6 were feit wlth the rnlxtu¡e of palmltlo and. stearlc

acld., msxl rûum absorptlon was obtalnetl wlth lowe¡ l-evels of both

theunaâturatedfatÈyaoi..ls.Itwasconc1udedbyYoungand
Garrett (!96il that olelc aclCl åppears to play a dlreot ?ole ':l-'i-iË.

ln faollltatlng the absorptlon of Êaturatetl fatty aclds. .ilfl:ì
Ílhere ls llttle known regard.lng lntestlnal d,igestlon 

:

of lnallvldual fatty acld.s 1n rumlnants, because of the lack of I

lnforrnatlon on the quantltles and. types of fatty aelds avallable

forcl1gest1on.Th1s1sðuetothestl11111.def1nedeffects
whlch the rumen mloroorganl sns exert upon the lngested. fat and

aleo because of lack of lnfornatlon on the fat tvhl oh 1s synthe- 
:

r

slzed. wlthln the rumen. The present expe¡lnents were d.eslgned. l. '',
to elucltlate sone of these general phenonena and., ln partlcular, 

:

to determlne dl gestlblll tl e s. of lndivldual long chaln fatty I ' :,:_,:..
acld.s ln the lntestlne ancl the quantl.tles and types of these .'.....,. .

sane fatty acld.s syntheslzed. ln the runen. 
it-:'J''"'

F:ì+-ì¡el
-'ç''$'+-Êj



EXPERIMENT¿T

PreLlniqary Experlneå!

Robe¡ts and Mol{1rdy 1796t1) reported a slgnlfiosntly
l-ower orude fat dlgestlblltty for sunflower oil as conpared to

rapeseed o1l, when fetl to beef oattle, thls dlfference was

attrlbuted to a greater exc¡etlon of fecal soaps fron sunfl-ower

o11 over rapeseed o11.. A prellnlnary experlnent was conduotetl

to d-eternlne whether thlË dlfferenoe ocoumed. when the two olls
were dÌuod enally lnfuseè into sheep.

The aninals were placed ln netaboll sm cages and. ad-

Justed to a brone-alfalfa hay ra.tlon for ten d.ays, followlng

whlch, four day total fecal oollectlons were nade for each

anlnal. The anlnals were then allotted lnto two groups. Sun-

flower o11 was lnfused lnts two of the anlmals and ùhe other

two anlnaLe recelveè rapeseed. o11 throughout the experlnent.

fhe levels lnfused ln three succeÊslve pe¡lods wetei 22 grans,

39,60 erams, and 6I.60 grans per day respeotlvely. The anlnals

were equlllb¡ated. to each lnfuslon level for four d.a¡rs followed-

by four d.ay total feoal colIectlons. The feoal exoretlon of

orud.e fat was deternlned. as well as the fecal soap. excretlon.

lhe fatty acld. oonposltlon of rapeseed. ol1, sunflovrer

o11 and the basal raÈlon orude fât ts shown ln fable I.

---'---.'-.'-''---tffi.Ê

':11:r::.:' :i t

.; l '':
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Experinental Anlnal s

Four orossbred wethers wlth d.uod.enal oannulae were

used ln the experlnents. The anlnals welghedt l+3.t Kgs, 43.t
:ï..:

Kgs, 61.3 Kgs, and 8i-.7 Kss respectlvely. All anlnale had been ,;'i;

surglcally fltted wlth the cannuLae at least four rnonths prlor
to the lnltlatton of the experlments. The cluodenal cannulae

were nad.e of nachlned. nylon and. were plaoeê 2-3 lnches d.letal i:i;::
.'i:

to the pylorus. ..
!:.i
lj.::::

Duod.enql Infuslon,Technlque

In rurntnants, lngested. d.letary fat le llke1y to be

lntlmately nlxed urlth the d.lgesta ln the rumen. Flow of ¿tlgesta

frour the runen ls nore or less contlnuous throughout thè ttay
'and. nlght. Therefose, a oontlrluous lnfuslon technlque was

enployed slnoe thls prooed.ure would. nost olosely approxlnate 
i

the nornal passage of .llplds fron the stonach to the lntestlne. i

The punplng assenbly oonslsteê of an eleotrlcally 
1,...

d¡Lven syrlnge punp. The l,/ I H.P. notor upon output wae d.e- |ii

creased. by neans of an Ilo]-"oyd. worn-gear retlucer ætd e" Zero tii
Max varlable speed. red.uoêr. Four, j0 cc, syrLnges were placed.

ln the syrlnge punp oradle anô connectecl wlth the d.uod.enal

oânnulae bV L/L6 lnch ID tygon tublng. iì,,
Ì1":'"ç

Sanoll ns Proced-ure

Feces ¡

Feces were oolleoted. by neans of a canvas feces bag



18

attachett to a harness on eaoh anlrnal. The feoes. were renoved

each nornlngr welghed. anô sÈored 1n polyethylene bags at 45oî

unt1I the conpletlon of the eolLeotlon perlod. The total-

dlally collectlons wete then thoroughLy nlxed antl samples taken

f or anal-ysl s .

Duod.enal Contents ¡

Harrls and Phllllpson (1962) reported varlatlon ln
both volu¡ne and. conposltlon of the flow of duodenaL contents

wltbln and between days for sheep. lherefore, ln order to

obtaln representatlve sanples, 60 nls of duod.enal eontents

were collected. fron esoh sheep, on each of slx days d.urlng

ootleotlon perlods. On the flrst day the sanples were collecÙed

at ?:00 a.n.¡ the seoond day at 1O!OO a.n. and thE thlrd day

at lr00 p.n.; thls oycle r{as repeated. on the 4ttr-ótn aays.
i, : :, ì-! i,

The samples were ooLLected. ln J0 n1r pIastlo, screw cap bottles

and. storetl under refrlgeratlon.
Plasna ¡

Iteparlnt zed blood. sarnples of 50 !ûls were talren fron l!u,,,

the Jugulsr veln of each sheep on the 8th day of êach oolleotlon

perloè. Íhe wholeì:.,b1ood was oentrtfuged at 2000 rpn for 15

ntnutes follow1ng whloh the plasna lsyer was senoved ancl sto¡ed

under refrigeratlon.

Ar¡alvtlgal Mgthoats

The dlry natter oontent of feoes and rattons we¡e de-

terrnlnetl by plaolng 200 gran sanples ln a foreed alr oven at

lrlli:,:!

çiË
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6OoC for 48 hours. Ílhe sanples were subsequently exposed to

alr for 16 hours, welghed and grountl uslng a I on nesh acreen.

The sampl-es were sto¡etl ln solew cap Jats at roon tenperature

, r¡ntlI subJeoted to analysls. 
.r..,.,:,,..,

PlasBa and d.uodenal sanples were drleal by lyophl1t zatLon,

llhe sanples vùere sheLl froze/r ln freeze d¡ylng bulbs by rotatlng

1n an aloohol-dry loe freezlng nlrture, then pLaced on the .. .

' ,"eeze dryer unôer a presÊ¡ure of J0/, or Le6s. The iluodenal .1, .''t '

i sanples wele subsequently equlllb¡ated ln alr for J6 hours. 
¡f,:r,,,,.,:

TotaL nltrogenr ether extract, crud'e flbre and

organl c natter were deter¡nlned. aocordlng to the ¡nethod.s d.e-

scrtbed by Assoctatlon of Offlclal Agrloultural Chenlsts (1960).

In the p"ellnlna"y experlnent feed and feoes sanples 
ì

: wêre analyseil for crud.e fat by the nethod of Bohnan afitl

Lesperance (L962). Thls oonslstetl of soaklng the sanple r ln

. a porous al-undum ÈhtnbIe, 1n O.5N IIC1 for 6 hours. The sanples 
l

were lhen wâshed with tllstllletl water and clrled. overnlght In a

vaouum oven at 6OoC followed by ether extractlon. l¡Lpltls ln ',ì,..i.,i.

the forn of soaps were oaLculated. by èlfferenoe between the iii:;.i.,, i

orude fat s.r¡d ether extracü. '':t;'ìtt:

In the naln erperlnent feed', feoes and d'uod.enal oon-

tents were subJeoted. to aold hydrolysls subsequent to the usual 
,,..,..,:..,",:.,:']:

ether extractton 1n a nodlfloatlon of the method of Bohnan and fl?!:' 
jr'r:l'l

Lesperanoe (1962). thls technlque gave dlreot d.etermlnatlons

of the soaps ancl erud.e fat was the sum of ether extraot plus

soaps .

'.''.
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Plasna sanples were analyseð for ether extract only

arid oonstltuted the only sanples whloh were not subJeoteal to

dupllcate analysls.

Free f atty aold coRtent of the sample s was deternlned 
,..i:!:r..

by the neühod outllneat by Peters and Van g:ry:Ke (l932). The r:1:lrrl

nethoct oonslsted of tltratlng the free fatty aolds 1r¡1¡¡ standard--

lzetl 0.1N sodlun ethylater uslng a O.4þ a].aoltoll o soLutlon of 
.1.,,,",,.

phenophthaleln as the lndlcator. Thls aiîåIysl s was oonduoteal i.lì
orr one eaoh of the duplloate ethe¡ ext¡aotlons of feed, feces ¡,;,;i., '

and. d.uod.enal contente. The rene,lnlng duplloate was dlssolved

1n 5 nl of benzene and stored at þ5oF ln J0 nI alr tlght, screw

cap vlaIs. The 11plc[e obüalned fron ether extraotlon of plasna

a.nd. following acld hydrolysls of the varlous samples. were

stored ln the sane manne¡.

Methyl esters of fatty aclals were prepared. fron the

solutlons of Llplds ln benzene according to the nethod. of

Feldnan et a1. (1962). the oonstltuent fatty aolds were ae-

ternlned by gas-lIquld chronatography uslng a Burrell Krono-Tog i:alìì
: .:.,r

gas chrornatograph. Hellun was used ae the carrler gas and dl- 
il¡i:.'..'
i:;j-::::',1

ethyl succlnyl proplonate as the cotunn packlng. The constltuent :

fatty acf.ds were ldentlfled. on the basls of retentlon tlnes

uslng anl nal tallow an(l nixtures of known fatty aold.s âs rê- 
,Þ:¡ä

ference säantlards. Duplleate analyses were conduoted. on the i.i!:iivl.:t

bassl ratlon, the lnfused aold.s and on one sanple eaeh of plasnat

duod.enal ând fecal ether eliüracts as well as duodenal and. feoal :

soap.
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The statlstlcal nethods used- were the analysl s of

varlance and. Ðuncans Mulütpl-e Range Test as outllned. ln Steel

and Torrie (1960).

Expe-finental Deslen of -the MaIn Experlnent ilÏ].1ìliri

The basal ratlon was deslgned' to oontaln a nlnlnum

of llpld and- was båseê on d.rled, plaln sugar beet pulp (fab1e

II anè XII). The a¡rlnals were fed a total of 800 gB ê day ln

two equal portlons 8lven at 9s0O a.n. antl 5¡00 p.n. fhe Level

of feed lntake was kepù low clue to the ano?exlc effect of the

lnfuse¿l fat encountered. ln the prellnlnary experlment. fhe

anlnals rsere adJustedt to the basal ratlon fo" 20 days and then

placed In the metaboLl sn cages.

A control perlod was conducted foll-owed by ari lnfuslon

trlal and- a feedlng trlal. Ílhe enlnals we"e equlllbrated. for

4 days åt the inltlatlon of each lnfuslon period antl equlllbrated

for 10 days at the lnltlatlon of eaoh feedlng perlod. Fol1ow-

tng equlllbratlon B clay total feeal oolleoÙlons were nade for

eaoh perlod. Ðuoðena1 sanples were taken, as prevlously out-

11ned, during the eontroL perlod and the ùwo perlod.s of the

feed.lng trlal. Jugular blood samples were taken for eaoh perlod

on the Bth dey of feoal colleotlon.
,:. i..r:_;::::

In the flrst perlot! of the lnfuslon trlal ¡ two anlnals i,;ìiÊ.êi*-rÈ

recelved. 35 grans eaoh of ]-lnolelc aold and tr¡o a¡lnals reoelved

35 srans eaoh of olelo acld per day. In the secontl pèrltod. the
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treatnents were leversed. and. the anlnals whlch prevlously

recelved. llnolelc acid, were lnfused. Ìrlth olelo aold..

In the feedlng trlâL the sane procedure was used

rrtth the exoeptlon that the two aclds¡ o1e1o anal llnoleict
were adnlnlstered 1n the ratlon. Thlrty-flve grans of eaeh

acld. was nlxed. lnto the ratlon each day and half of the dally

ratlon was glven at 9:00 a.n. -and the renalnder at Jl00 p.n.

Ithe fatty acld conposltlon of the basal ratlon, olelc

acld and llnolelc acld. ls showr¡ ln Tab1e IV. The fatty aoids,

olelc and llnoIelc, v{ere of oomnerclal orlgln and. were not pure

acld-s. As show¡r ln Tab1e IV olelc aold contalned ?2.81+ft as

the C16¡1 aoltl and llno1elc aold oiontalnea 65¿O2ft as the

C16r2 aoltl.

Vl";cÈÈY¿Fa

i.Èii åÌ1r+
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îÂ3LE TI

BASAI BATION COMPOSITT,ON ø

Plaln Beet PulP

Corn Starch

Mol-asses

Wheaf St'raw

Solka Í'loc

Soybean Prote j.n

Dèhyctrated A1falfa

Trlealoiun Phosphate

Salt

4B

t6

10

1"0
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RESULTS AÀIÐ DISCUSSION

Prellninarv Experlnent

The dally f ecal excretlon of ether extract r crude 
,.,.,.,,,"',

,:.'::;:rì.j:

fat and soaps 1E shown ln 1[ab]-e V.

. The lnfuslon of sunflower o11 resulteå in an lnc?ease

ln the feoal excretlon oft,crud.e fat over that of sapeseed o11

at equal levels of fat lntake. Llttle dlfference was apparent

ln the fecal oxcretlon of the ethe¡ fractlon between the two

olLe when lnfused.. The lncreased. excretlon of o¡uôe fat fron

suÏtfl-owe? o11 lnfuslon appears to result fron the excretlon of

fecal soaps. Slnllar results were reported. by Boberts and

lloKlrdy (1964) when rapeseect o11 and sunflower olL were fed to

beef cattle.
She fatty aeld oonposltlon of sunflowêr o11 was qulte

dlfferent fron that of rapeseed. o11. In partlcular, . rapeseed

o11 was ot],araoþetj-zed. by nearly equal anounts of o1elor llnolelo
a¡rd. eruolc ac1d.s. Eunfl-ower o1L, on the other hand was conposed.

p"lnarlly of Llnolelo acld; wlth an olelo acld content of approxl-

mately 20ft. Roberts and MoKtrcly (1964) suggested that the

llnolelc acid- ln sunflower o11 nay be oonplexed. wlthln the

rumen to forrÂ poorly dlgested. salts. Howeve!, on the basis of

the lnfuslon expe?lment lt appears that the runen is not the

decldlng faotor for the d.eo¡eased orude fat tLlgestlblllty of

su¡¡flovrer o11.

Þììni:Ìi
ì.ri:l , :.,ì,:
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the posslblllty exlsts that the high tevel of Lln-
olelc aold lntroducedL as eunflower oII resulted 1n a degreased

fat absorptlon d.ue to unfavorsble fatty aold concéntratl on.

However, the posslblltty cannot be er(cluded. that sunflower oi1

contalns an unld.entlfled factor lrhlch oauseÊ the decreased

e¡ude fat dlgesülblllty. On the basls of the prelinlnary ex-

perlnent no conoluslons oan be nad.e.

Maln Expe¡iment

I¡Jhen Ltno]-elc aciè was lnfused It was found that the

two snaller anlnals could. not tolerate the lnfuslon of thls
fatty acld. as evldencetL by the deveS-opnent of severe anorexla.

As a result d.ata were colÌected. for the two larger anlnals on1_y

for the IlnoIelc acld lnfuslon t¡eatnent. tJhen olelc and. lln-
ol-elc aclds were fecl one of tl¡e snal].er a¡rlnals conp]ete1y re-
fused. both fatty aold.s wherr rûlxed. wlth the basal ratlon. Due

to the poor condltLon of ühls anlnal lt was femoved. fron the

feed.lng experlnent. As a result only three obse¡r¡ations each

v¡ere obtalned. for the feed.lng of oleto acld and. the feeallng of
LlnoLelc acld-.

The reason for ühe ad.verse effect of linolelo acld.

on the analler enlnals was not deterntned.. A post-experinental

trlal was oonaluctêd. wtth the two anlmatrs to dleternlne.lf the

laok of glycerol was the causatlve faotor when llnoletc aold
was lnfìrsed.. Llnolelo acid. was conconnlttantly lnfused. wlth
glycerol ln a ratlo of lr1, respeotlvety. Ilowevetr, the a,norexl c

ffiq

l
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cond.ltlon prevalleal.

The naln experlment lllustrates an attenpt to de-

Èernlne lf two ¿Ilfferênt fatty aolds, oLelo and. llno]elor !e-

, sult ln dlf f erences ln crude fat exoretlon when lnfused or fed. .-.::,.....

""' ''lhe IInolelo aold. used. ln the ¡naln experlment v¡as of connerclal

o¡igln wlth a fatty acld. conposltton slBl1sr Èo that of sun-

flor,¡er oll.
, ,,,-,t,.,,

,.,.,,..-.,.

Ðlgestlbl11ty of Proxlnate Constltuents

:" i':t:rl'i

fhe apparent cllgestlbl]Ity ooefflolents for ilry natter,

: crude flbre, nltrogen and orgânLo matte¡ are shown ln Tabl-e I

vr.
The dl sappearanoe of d.ry natüer f¡on the dlgesttve

ì traot was slgnlflcantly decreased (P¿.0.05) when Ilnolelo acid
I was fed. as conpared to the oontrol perlod, Èhe lnf,uslon of

linol.elc acltl a¡nd. the lnfuslon of o1elc acld.. . On the other 
I

hand, the feed.lng of olelc aold mlxed wlth the ¡ati.on tllè not

i slgnlfloantly depress d.ry n¿tter dlgestlbllity. ï,,.:in
9 ';'':;1r"

The lndependent feecllng of ole1c and. Llnolels acid. :r;.-n.,,

slgnlftcantly depressed. (P < 0.05) crudte frbre dligesùlbluty 1J'l;:"'¡1

as conpared. to feedlng no fatty aold or lrhen the sane two âTlld.s

were lntlependently lnfused. There nas no slgnlfloant tllfference,.; 
,,,_,...,..,
i.i.: :: : rln crude flbre d.lgestlblHty between olelc and. Ilnolelc aold ls:iÊ-.i"

when the two aclds r{ere fed. o! Nhen the tvùo aold.s were lnfused

lnto the duodenun.

ìi:'.ì:i:::lj:
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The apparent ôlgestlblllty of organio natter was

slgnlflcantly depressed (P< 0.05) when oLelc anè llnolelc aclds

were lnôependently f,ed as compared to the conùrol perlod' or

when the same two aolals were lnfused.. Agatn no dlfferences

were found. betffeen aclds when fed or between aclds when lnfused

ln the organic natter dlgestlbllity.
The apparent allgesttblllty of nltrogen was found to

be slgnlflcantLy depreseetl (P<0.05) Iùhen the aclds, o1elc and

llnoIelc, were lndependently fed as oonpa?ed. to the control.

No dlfferences were found between aclès lühen feal or between

aclds when lnfused.

In general, the two fatty acltls, olelc anè Ilnolelc, '

appeared. to exert thelr depresslng lnfluence upon ratlon dl-
i

gestlbillty when nlxed wlth the ratlon antl fed. The lndependent 
i

Lnfuslon of the sane two acld.s appears to have hact 11ttLe effeot

upon the dlgestlblltty of ratlon conponents other than nitrogen. 
f

Other wo"kers have reportetl a deoreaeed ratlon dtgestlblllty '

followlng the atlttltton of fat to the ratlon (Brethour 9! a\", 
ifi:i.i;

1958r Davleon and Woods 1963). Further, Canlèn antl Dunn l.l-95?l i;,¿'.i.,ì:

reported that fatty aolds oan aot as antlnotabolltes and thereby .::'i: 
"r"r:r:

d.epress the enzyrnat:. o brea,kdown of cellul-ose by the runèn nloro

organl srns .

The apparent dlgestlblllty of crude fat was narkedly

affeoted. by the route of adnlnt stratlon of oLelc and. Ilnoletc

aold.s. A slgnlflcant]-y hlgheÌ (P ( 0.05) cligestlblllty of crude

ìiì';ìi:;rt:
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fst was found. when olelc ancl 11no1e1c;.'iagld.s were lnfused as

compared to when the same fatty aclds were fedl. Furtherr a

hlghly slgnlfloant lncrease (P<0.05) ln crude fat d.lgestlbluty

was found when the fatty aolds we"e infused or fed- as oompared

to the control perlotl-. No slgniflcant dlfferences 1n c"ud.e fat
d.lgestlblllty were found between the two fatty aolds v{hen

lnfused. or when fed.

The posslble factors whlch nay have caused these

dlfferences ln the orude fat òlgestlblllty w111 be dlsoussed

ln later seotlons of the thesls.

l,;,,1,jÌì:i

li:r::üi',#

ì;:.:l::..::,.i
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The Effect of the Sunen on Llpltls

QuaLltatlve analyses of d.uod.enal contents can only

pa"tla]-Iy lndtoate the effeots of the lunen on lngested Ilpltts.
t¡Í

Ilowever, estlnates of the actual anounts of 11pl(ls leavlng the ;.,1

forestomaeh an(l then belng nade avallablel' for d.lgestlon ln the

snal1 lntestlne requlre an asfrurnptton In respect to the anount

of dlgesta passlng lnto the d.uod enum. The¡efore, â¡I .:. : ...ii

esülnated d.uodenal dry natüer flow of 20 grans per hour or 
t"'

t...,;.:

ll80 grans per day has been assuned. ln the present . experlnents . i'i':'

Thls value was used ln conJunctlon wlth ohemlcal analysls to

cslculate anounts of llplds enterlhg the tluod.enun

Llpltt Synthesls ln the Runen

i

In the control perlod the anount of llpid entertng

the d.uod.enun was caloulated. to be 32,3? gra.nÊ per day l¡hloh ls 
,

iverycone1derab1ygreaterthanthe6,3?sramsbe1ngconsumed

tn the ratlon. Thls lndloates that there was a conslderable 
i:J:ì

synthesls of orud.e fat ln the rumenr presunably by the runen ': '''
!.i:.:

nloroorganlsns. Dyot< (1963) also found. net synthesls of ether l:,,,,
..

extract ln the forestonach of sheep. The dlfference between

the anounts enterlng and. leavlng the rurûen oould. not be reason-

ably aooountedl for by assunlng a lower d.uod.enal èry natter flow. Ë¡
È:,*

Furtherana1ys1sshowedþhaþLl.3Lfrofthecrud.efat

whlch enteretl the duod.enun was present as soap and the balance 
i

in the forn of ether ext¡actable lIpltls. The free fstty aold I
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content of the cruate fat enterlng the ôuodenum was 45,54ft,

Bhe fatty acld conposltlons of the crude fat and the

soaps whlch entered the dluod.enum d.urlng the control perioal a"e

shofin ln Íable VII . ,:,.- ;:iil

'''':'.' Stearlo acld was the rnajor fatty aold. of the crud.e

fat whlch entered the tluodenun alurlng the control perlod and

constltuted approxlnateLy 5!ft of the total duod enal cruôe faù.': :ir.,
I Hov¡eve! r oonsld.erâble amounts of C16 antl C16,1 aclds vrere also ;t:'.i

,i p"esent. Erwfn (1963) suggested that the runen baoterla nay *:;i

, "Intheslze 
llnoIelo acld sl-noe the hlgh level of llnoleio aold.

l

present ln rumen bâctertal fat could not be explalned on the l

basls of llnolelc acld lntake. Ilowever, ln the p¡esent experl-

i tnent llttle llnotelc aold. v¡as presenü ln duodenal dlgesta and

, the prlnclpal llpld synthesls was of C15 andt C1g aclds. 
i.iI The fatty aold. conposltlon of the soaps whloh entered.

I tne snal1 lntestlne reveaLs that the C15 acld aocounts for 
i

approxlnately ÞSft ot the total soapa. fhe Crg aold constltutes

I approxlnately 20ft and the Clg¡1 acld approxlrnatety LLft of ivlrre liìtj;i:;

total soaps enterlng the snall lnteetlne. Thls hlgh proportlon 
i...::-:,,ì,, l

........'.of C.¿ acid ln the soaps ls surprlslng, slnce thls actd con- ',IO
prlsed only about TJft of the acld.s ln the crud.e fat enterlng

the duodenum. The posslbl1lty e¡(lsts that the soap of the Cr5
i :1.+ ,.,.

âcld. 1 s l-ees read.lly hydrolyzed. by the aol cl pH of the abonasum i -t:'::*

than soaps of the other fatty aglds.

r'i;il:::ti::ì
i'.,r' a:.:
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Runen EffpcÇ on 4neesled Fattl Aolds

The anount s of c?ud.e fat, ether extract, soaps and

free fatty aelds whlch entered' the duodenun when olelc and'

I 1tno1elo Í¡ere fed ln the ratlon are show'n tn Tab1e VIII.
Garton 1196&) and l'lood et 9f¿ Í96ù establlshed that

there was ltttle or no dl sappearanoe of dletary long chaln

i f"tty aoids fron the runen. Howevetr, the addltlon of 35 Srans

. of olelc acld or JJ grams of ltr¡o1elo acld to the basal ratlon
i

' d.ld. not result ln corlesponding lnoreasea ln the anount of

orud.e fat enterlng the duotlenun. It 1s posslble that bhe dlry

matter flow 1n thls treatnent wa,s greater than when there lüere

no supplenentary llplcls ln the ratlon. A larger êry natter

I ffow would. glve a large¡ quantlty of crude fat enùerlng the

I duodenum than ls shown 1n Tab1e VIII. In support of thls, re-

I ferenoe ls nade to the prevlous ratlon d.lgestlblltty data,
ì ¡there it was shown that the feeèlng of olelc and llnolelo sold'

r ?€sulted in d.ecreased. flbre d.l8estlblIlty vrhlch v¡ou1d 1lke1y
:

' 
""sult 

ln lncreased. duodenat dry natter f,Iow. However, PhlLllps

and Roberts (unpubllehed) found. a d-ecrease ln the lumen fêr-

nentatlon raùe Ln the presence of atldled fat. Thls suàgests a

d.ecrease ln nioroblal acttvlty whloh oould result ln a reduoed
i

i anount of fat sYnthesls.

In splte of the ltnltatlon ln the present experlnent

the anounts of cruale fat enterlng the ctuoclenum vlhen q1elo a^n¿[

Llnolelc aolds were fed suggest that consldlexable nLcroblal

tai':

i.lr:',a::::i

i:i+..

i:;.:.

...
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synthesls of fat ooours when fat ls ad.ded. to the ratlon. Thls

nay be the reason vrhy ¡unlnants, 1n general, cannot tolerate

high fat ratlons. For, not only ls there synthesls of llpld
., 1n the runen but also, due to the ttlgestlon of other ratlon !i,i

oonponents, the quantlty of d.ry natter leavlng the rumen ls
. redluced., thus resultlng ln a narked. lnoreaae ln the fat content

, of the dlgesta enterlng the d.uod.enun. Thus 1n the present ex- 
,i

:: perlnent when oLelc and. l1nòle1o aold were fed the orutle fat
oontent of ùhe lngested. ttry natter wes 4.?ft, but, the fat con- 

1.

tent of the d.ry natter enterlng the d.uod.enuu was 10-11p.

fhe ad.d-ltlon of olelo sr llnolelc aolcl tllcl not resu]-t

ln a Êlgnlflcant lnorease ln the arnount of soaps enterlng the

sna111ntest1neasconparecItothecontro1per1od.Theanount
lof soaps whlch nay have been forned. wlthln the ¡urûen was not I

l

d"ternlned.. However, tf soap fornatlon !Étbtn the rumen was

ì "ppreciable, 
as v¡as suggested by Davlson and tJood.s (t9ø3¡,

such conplexes nust have been hyd.rolysed by the acld tn the
i: ,': abo¡nagìÌn. li

The anount of free fatty ao1ôs whlch enteredt the 
,;-l.
':i

d.uodenum when olelc and. lInolelc acldl were fed was greater than

that which ooou¡red. 1n the control perlod. However as ln the

caseofc¡ud.efattheeffectwasnotadd1t1ve1nthaton1y
I :'.:

38.26 gns anð, JI.l2 gns of free fatty aclal entered the d uod enun lj¡¡

when35gransofo1e1cand.11no}e1cao1dwerefed'respect1ve1y.

The d.l screpanoy may be clue to havlng âssuneal too Iow a dry
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nstter flow for thls treatnent aE vras dlsouEsetl prevlously.

fhe fatty aolfl oonposltlon of the orud.e fat ¡shloh

enteredl the duotlenum when olelo andl llnolelo aoldl were fe¿

le sho!Ín ln Table IX.

comparlson of the fatty aoltl oonposltlon of lngestedt

fat wlth the faüfy aolil oonpoeltlon of, the orutle faü whloh

subsequently enteredl tho d.uod.enr¡n rûh6n o1ê1o aold Ìrês fed

lnd.loates a oonelôerable ohange 1n the faüüy aoldle. The a.uount

of th6 C15 aolô whloh ente¡edL the ðuoalenum rcae 10.2¿t grans but

onLy 3.1r+ grens Ìûele lngested.. Durlng the oontroL perlod

7.5? gr.úê of the Ct5 aclè entêredl the tluoèenur, however when

oLelo aotd. was fed. a ileoreaaê ln rumen synthesls Dåt havê

ooounedl as explalnedl above a¡¡tt thle oould. aleorease the amount

of the C15, aold syntheslzed. Senoe the C15, aold. ln the o¡r¡d.e

fat enterlng the ûuodenum when olelo aold nas fedl probabLy re-
suLüeal. fron the hyèrogenatton of the ¡¿.83 etaEe of the Cl6¡1

aol(t a¡ral froD the J.14 grans of the C15 aotð lngeeÈed. ¡slth the

balanoe belng syntheslzed ln the ruaen. A oonslôe¡able ln-
otrease ooor¡¡red. tn the C16 aoltl oontent of th€ oruale fat
enterlng ühe aluodlenun when o1.elo aold was lngestedt. Shorla¡rd.

É gl¡ $95?l reporteal the hydLrogenatlon of olelo aold to

stearlo aold by oheep rurnen oontents. It Ls aseuneal thât the

rr¡nen nl o¡oorganl sne hytlrogeDsteil part of the Cr6., aoli[ pre-

sênt ln ühe lngeeted. ol-elc aclal to the C16 aold. The greater

amounf of Ctg¡l aold. of the oruale faü enterlng the êuodenun

t:;È
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as compared to the control¡ l2illf vs 1.1/ grans respeotlvely,

suggests that not all of the Cr6r, âcld was hydrogenated. to

the saturated forn. trIrlght (1960) feported. that the hydro-

genatlon of the nonoenolc acld d.oes not proeeed as rapldly as

the hydrogenatlon of the tr1- and dlenolo forrns.

lJhen llnolelc ac!d. ¡uas fed a consld.erable shlft to-
ward s saturatlon of the l8-carbon fatty acld.s was agaln noted.

There wae 2?.3I gtams of dl- and trlonolo acld lngested but

only 1.25 grans appeared. ln the duodlenal dlgesta. The duoèena1

orud e fat contalned. 21.40 grans of C16,t aold. conparedl wlth

3.1? grans ln the control- perlod. The eaturated Crg aclal ln-
creaseal fron 1J.8J grans ln the control perlod to 22.48 grans

ln the llnol-elc acld fed treatnent. Íh1s latte¡ tncreâse nrs.s

snaller than was fou¡at vùhen olelo acld was fed..

These d.ata seen to êupport the contentlon of Garton

(:-961+') that there arè dlfferent rates of hydrogenation of dl-
and trlcnolc acld.s as conpared wlth nonoenolc l8-carbon fatùy

ac1d.s.

The quantlty anal oonposltlon of the soaps enterlng

the d.uod.enun ¡rere virtually ltlentlcal 1n the olelo end 1lno1e1c

feedlng treatnent and ühe control treatnent (fable X). lhus

the quantlty of soap enterlng the d.uodenun does not appear to

be d.epend ent on the quantlty of, l-lplal entertng the èuodenun. !"-r,ÈslJ
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The Intestlnal Effeot on Llplds

A slgnlflcant lnerease ln the d.l sappearanoe of c¡ud.e

fat occur¡ed in the lntestlne !ùhen olelc and llnolelc aold.s

were lnfused. o¡ fed. (frable XI) oonparetl wlth the control, but

less orud.e fat was enterlng the lntestlnes d.urlng the oontrol
pertoal. The lnfuston of olelc and. llnolelc acld ¡esulted ln
greater dl sappearanoe of crude fat cornparedl wlth the feedlng

of the sarne two ac1d.s. Alùhough, Less orud.e fat was caloulated

to. be entorlng the aluod enum when.the fatty aold.s were fecl,

there was also greater fecâ1 excretlon of orud.e fât ln thls
treatnent .

Estlnated. lntestlnal tllgest,lblltty of sruðe fat wss

8?.119ft and 88,91, respectlvely, when olelo and. llnolelo sclds

were infused, both of whloh vrere slgnlflcantly hlgher than the

Ð.Ol+ß crude fat dllgesttbl1lty whtch ooourred 1n the control
perlod. Decreased lntestinaL digestiblllty of orude fat
occurred (P 4 .05) w¡en olelc and llnolelc acid.s were fed as

conpared to the lnfuslon of the sane two.fatty aoid.s. Thls

suggests that the effect of the runen on the lngest€d fat re-
sulted ln decreased. efflciency of absorptlon of fatùy aold.s ln
the lntestlne.

Apparent d.lgestlbtllty of oruale fat tn the oontrol
perlod (Íable VI), was il!.6Lfr. But, calculaùed on the bagls

of the orud.e fat enterlng the d.uod.enun the lntestlnal dlgestl-
bll.J.ty of crude f,at was 83,04fr. It thus appears that the fat

F¡Ê{

i::ìi
i"l'-
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t4;w.x

L+4 '1

!ûhi ch ls synthesl zed by the runen nlcroorganl snê ls hlghly

d1gestlb1e.

fhe fatty acld conposltlon of the crud.e fat r¡h1oh

entered the duodenun and rchlch was excreted durlng each 
,,:,,.,,,

trestrnent ls eholtn ln Table XII .

{lhe lolver apBârent dlaestlblutles of crud.e fat
when slelc and llr¡olelc aold were feal were asaoclat'êd vùlth ... -

i,:,i ,i
higher leveLs of more saturated aolds present ln the duoôenal i:i:::l

orude fat. Furthermore , the f eoêl crud.e f at contalned greater 
,,i.,., ,

anount s of Ctg fatty aold when olelc and. llnolelo l¡ere fed. 
.

conpared wlth duodenal lnfuslon. On the basls of lndlvld.ual

fatty aclè ttlgestlblllty the daüa suggesù that the Ctg aöld

was sllghtly nore dlgestlble than the Cr5 acltl wlth dlgestl- 
f

blllty ooefflclents of ïJft erÈ ?8ft respectlvely. The apparent ì

cti-gestlblIlÈy ooefflolents found for the Cr5 andl Cr, faùtV 
i

aelds are oonslderably hlgher than the true ooefflclents re- 
I

ported. for the sane acld-s ln rats, by Carroll (1958). However, 
,

thls v¡orker fed pure fatty aclds lndlvldually thus preoludlng f.i,ii
the posslblLlty of assoclatlve effeots of nl:.tures of fatty 

,,,.,,,,

aclds (Young and Garret ir963l. the tllgesùlblllty of the clg.1 'r .'

acld d.eùerrolned ln the present experlnent was 92ft oonpared

wlth B4f reported by Carroll (195S). It appears on the basls
l;i:r,Ì.

of the present results thât runlnants are well able to digest i+'J;ì I;

Lorlg chaln fatty aolds ln the lntestlne.
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Nature of 3,ecs1 Llpltts

The fecal cruale fat hâs prevlously been tllscuseed.

The feoal excretlon of soapsr ether extract and free fatty
acld.s when oleic and. Ilnolelo acld were tnfused and fed r ,,i:lii'

and d.urlng the control perlod" ls shown ln Table XIII .

In general, an lncrease ln fecal excretlon of soaps

anal free fatty. acld occurred. v¡hen the fatty aclds. were ad- l''',::fi

nl.nl stereè elther In the ratlon or ln the cluodenun. On the

basl s of thl Ê experlnent lt 1 s not posslbLe to deternln" l]'#

whether the lncreased anounts of soap exoreted represent un- i

absorbable llpld or 1lp1tl whloh esoapetl absorptlon and was

oonplexed ln the la.rge lntestine. Devel (L955) reported

that fecal llplcts can arlse fron lntestlnal seo¡etlon lnto the 
l

l

l-ower gut, fron synthesls by mlcroo¡ganl sn !ùlthln the large i

lntestiner frorn undlgestèd alletary Llpld and fron other 
;

i

end.ogenous sourcea. Bhe free fatty aolals exoreted nay have i

orlgtnated- fro!û any one of these sources as also nay the fatty j ,.

acld.s ln the feeal soaps. 
l¡Ìi;

The fatty acldl composltton of the fecal soaps ls i''ri;.Ì

shovm ln Table XIV.

A tr)attern very slnllar to that r¡hl oh ocourred for
the fêcal orude fat excretlon ls evlclent ln fatty aold con- lil:ii¡e:''
posltlon of the feoal soaps. In partlcular the Ct5 and Ctg

fatty aclds acoounted. for nost of the feoal soaps excreted.. 
,. ,

Thus 1t appea?s that the feoal soap excretlon represenÈs a .
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blntllng of the fatty aclds ln the greatest conoentratlon

wlth a èlvalent catlon. In general the amount of the CrU

acld exoreted as soap constitutes only half or less of thê

total Crg acld excreted. as fecal orud.e fat. As a result few 
,'.'ri'.i

concluslons can be d.ralrn conoernlng th€ orlgln of the fatty
aold.s aasoolated. wlth fecal soaps.

Nature of Jugular Plasna Llplcls ..'l:i :'r l

the nean peroentage fatty acld oonposltlon of lll;..i''

Jugu3-ar plasma 1s sho$n ln llable XV.

Shere was a natked tend.ency for the Jugular plasna

ether extrâot to reflect the fatty aclct content of the

d.uoèenaI oiud-e fat. ldhen olelc aolô was lnfused, an lnerease

1n the Crgr, acld oontent of the Jugular plasma was evld.ent.
.

hlhen llnolelo aold was lnfused an lnc?ease ln Èhe ..CrU r, aolit
l

oontent of Jugular plasna was evldent. The feecllng of o]-eto :

aold. resuLted ln the lrlasna ether extract to refleot the high

leveIs of the Crg an<l Crg,, acld.s present ln the d.uod.enal fat. ,':'.l :i.lr:ì. ',

Slnllarly, when llnolelc acid. wae fed the plasna ether extraot ,i:,ìtl.-

refleoted the hlgh content of the C16 and Clgrl ac5.ds present

ln the d.uod.enal crud.e tat.

l 
.j::i':i+.:_l

i:iï.Ë
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SUMI'IAEY Al{Ð CONCLUSIONS

A prellulna¡y e¡perlnent ¡sas oond.uoted. to d.ete¡nlne

the effeoÈ of d.uotleaal lnfr¡Elon of ¡apeseea o11 anal sunfLo!ùe¡

o11r at three atlfferent level8t on the èlgeeülbtllty of oruale : ,

fet ln sheep.

llhe naln expertnent wag oor¡d.uoterl to ilete¡nlne the

ru.ûlbåL anal lnteotlnal effeots on orudle fat n!¡en no fat was 
:, 1

attcLect to ühe ratlon and rchen o]'elo anð llnolelo aolðs were '::

-t::

fed and lnfuseal lnto the ôuod.enun of sheep. Estlnates were :i,::

oalculaüed for the illgestlblllty of lnd.lvtùual fatty aolds. 
,

The effeot of nethod of atlnlnletratlon of the t¡Io fatty aolfle

on the fatty aoltl oompoelüion of ühe JWUXe¡ plasna ¡qas èe-

te¡nlneù ae well as the effeot on the dlgestiblllty of ratlo¡
oouponenüa. i

Und.er the condlülone of theee lnvestlgatlone the 
,

foLlo¡slng obeert¡atlons rrere nad.e. :

1. The lnfuslon of suJîfLorcer oll resulted. ln lnc¡eaeed 
. .-.,

feoal- exoretlon of orucle f,at oonpared. rçtth lnfuslon of, the sane l'ti

,.l,,

qnantlty of ¡apeeeeð o11. fhls èlfferenoe wês assoclated wlüh ,,,,1,

a gireater êxoretLor¡ of fecal soapg f,or Eunflo¡rer olL lnfuslon.

Llttle d.lfferenoe was apparent ln the feoal e¡oreflon of the

ether e¡traot fraotlon beüween the tno ollE ¡qhen lr¡fused. 
1.._;ir¡

2. In general tlte feedlna of olelo ar¡tt llnolelo êcldts

depresseal ratlon tllgestlblIlüy as oonpa¡edl to the lnfuglon of
ühe saae aolès lnto the dluodenu.u or the oontrol perlorl.
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3. The digestlbluty of orude fat was narkedly affected

by the route of adnlnlstration of olelc and ].lnolelo sclds.

!' slgnlfloanüly hlgher digestlblllty of crudle fat ooourrecl

when the two fatty aoldls were lnfused as cotnpared to r'Ihen

they were feè. the dlgestlblllty of orude fat for the control

perlod. was signlflcantly lower than when olelo and llnolelc
acld.s rùere lnfused. or fecl.

l+. Durlng the oontrol perlod conslderable synthesls

of fat ooourred. wlthln the rumen whloh was assumeal to result

fron nio?oblal synthesls. lhe orude fat caloulated. to be

enterlng the rì¡nen eaoh day was 6.37 grans and the c"ucle fat
enterlng the tluodenum each d.ay was caloulatecl to be 32.37

grans. The soap oontent of the crude fat enterlng the duodenun

was calculateal to be 11.31É and the free fatty aold content

represented 45.54ft of the crude fat.

5, lhe crude fat enterlng the d.uodénum ¿Iuri ng the

oonbrol perlod was founal to be conposedlof approxlrnately 50fr

of the Crg acld.r approxlnately 23ft of the Ct5 acltl antt approxl-

nately 10fr of the G1g.1 aold. Hence, the naln fatty aolds

whlch appear to have been syntheslzetl are the Ct6 and. CtU

aclds. The âd.dltlon of 35 graBs of olelo acld and lJ grarns

of llnole1c acld ùo the dal1y ration clld not result ln a

correspoyrdlng lncrease ln the orude fat whlch entered. the

d-uod.enun. It Is suggested that th:-s Ìras due to a d'ecrease ln

the synthesls of crude fat when the two fatty aclds were fed.

6. The fatty acld conposltlon of the soaps whlch entereal

"'' =__'._1-f3

1:.;

;3¿ì

li,{ç
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i the d.ued.enum d.urlng the control perlod were oonposed. of
approxlnately 45F as the Cr5 aotd, ZOfi as the C16 acld and

I2fr as the C1gr1 acld. The hlgh proportlon of the C15 acld
.l p"esent ln the dluod.enur¿ soap couldl not be acoounted. for on ì,,, i:i:ì,:,i'. ::' :'

the basls of the proportlon of the sane aold. present ln the
orutle fat' r¡hrch ente?ed ùhe d.uodenun. The âatdltlon of olelc

,,r ltnolelc acld. to the basal ratlon d.td not result ln an :;.,,..ìi;:il
:i.ì..]

irt i::..l.',r lncrease ln the aüouht of soaps enterlng the snarl lnüestine , ,t,,

.i.;,:,: .,l.1 as compared to the oontrol perlod. If soap fornatlon was ;.t:,,i,'.:iì

slgntfloant wlthrn the runen rvhen the fatty ac1d.6 were fed. it .

, 
*"s suggested that these tùere hydrolysed in the abonasun.

I ?. Íhe anount s of free fatty aclds rùhlch r^rere present

. 1n the d.uoclenal crud.e fat whdn olero anat r.lnorelo. aold.e were

fed. appeared. to refrect the snount of olero and. linor.elc acrd
lchloh were nixed. wlth t,he lngested. feed..

l

8. The fatty acld conposltlon of the crude fat whlch ,

entered. the duod.enum when o1elc aeld was fed suggests that
I oonslderabre hydtrogenatron of the unsaturated lngested fatty i.: ,'.,',;

,.ì. r i

, acld.s oocurred.. lJhen olelo ac1d. was f edl an rnorease ln the ,:,:, r
,: 
,,,,i i_,Í,,:

level of thê C16,, C1g and. C16r1 acld.s ocourred. In the cruate ,

fat of the d.uod.ensl oontents ae conpared. to the control lt

, 1" suggested. that the lnc¡ease rn the c16, actd. resurted fron .,," ,,.,

^¡_¡ -_ _¡ Ë:ïrÈé"i$i the hyd.rogenation of the lngested. C15r1 acld. augnented. by the i+.i ¡

sna1l proportlon of the c15 aoid prosent in the lngested.. orerc

aold fn the duod.enal o"ud.e fat resulted. fron the hyd.rogenatlon
jt 

: ..1'.
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of the lngestedl orelo aold. llhe greater proportlon of the

C1g,1 aoltt ln the d.uod enal. orud e fat was aocou¡teal for by

the hlgh 3.evel of olelo aold Ingested whloh escapeil hyalro-

genatlon ln the runen. 
t.:....::.

9 , The fatty aolcl oompoeltlon of ühe orud.e fat ¡chloh i'""'.-' -

enteÌeal the d.uod.enum r¡hen l-lnol.elo aold wae fed euggeeteal

thaü oonelde¡able hyclroger¡atlon of thle fatty acldl had oo- 
,j..,.-....j.

ouæeô wlthln the rumen as welI. A oonelderabLe laorease was ¡ì.:..i-'i' ì

agaln noted. ln the Cr6 aold. oontent of the ¿tuodenal orud'e fat 
'tlÉi:i:

as oonparedl to the oont¡oL. [he htgh ].eve1 of the Cr6r, acld ii':':'::

pr€sent ln ühe iluoðensl o¡ud.e fat lE Euggested to arlse fron

lnoonpleüe hyatrgaenåtlon of the tngesteal llnolele aold.

10. lhe oaloul-ated lntestlnal ðlgestlblLlty ooefflolente 
ì

lfor ühe eaüu.lateð Cl6 anè CtU aottls lùere hlgher tha¡¡ thoee re- 1

porùeti fo¡ the sane fatty aolèE In nonogastrlo a¡rlnaLs. fhe

lntesttrnal <llgestlblllty ooefflclents for r¡nsaÈulated faüty I , , ,t

aalde were oonElèe¡ably hlgher thån for the satu¡ated aoid.s,

belng 90.3, gL.6, 9?.6 anaf 100.0ø for G15r1r CLgrt, C:.grz d
' 1:. :1

C16¡ 3 respeotlvely. 
:,,,

Ll. An lncrease ln the feoal exo¡eüton of soaps and ir'r':l:'

free fatty acl.d.s ooou¡red when olelo end llno].eta aoltls were

lnfused. and when fed as oonpateil to the oont¡oL. The Cl6
iÊ-_!.=_-li I

a^nd Clg aold.s aooounted. for nost of the fecal soaps exoreted.. i¡,.-fdE

l-2. There !ûâs a na¡ked tenèenoy for the faüty aeld

oomposltlon of the Ju8uLâr plasna to refleot the fatty aolcl

oonposltl'on of ühe d uod.enaL orudle fat.
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ITABIJE V

CHEMTCAT, ANALYSIS OF DUODENÀT¡ CONTENTS

Treatment ControL
Fed Fed

olêíc Acid Linoleic Aci-d

crude Fat %

6.42
7.92
6.63
6.00

L2.85
*

10 .06
9.86

L0. L3
*

rL .90
r0.11

Soap %

o.7 3
o.,94
o.69
0 .69

o.76
*

o.76
o.79

o.82
*

o.87
0.78

Ether Extract %

5 .69
6.98
5.94
s.3L

L2.O9
*

9.30
9.O7

9.3L
*

Ll .03
9.33

F ree Í'atÈy
Acids %

3.29
3.33
2.9L
2.7 3

11.45
*

8.47
8.80

9. 31
*

LL.27
9.L5

Nitrogen %

3.60
3 .65
3.83
3.76

3.83
*

3.51
3.60

3.95
*

3.74
3 .99

Fibrê %

20.79
L9.97
19 .96
L6. 31

18.63
*

26.O4
22.8A

22.59
*

22.6L
20.36

Organic
Matter %

e2.45
8L.79
80.LL
7 5.6L

84.23
*

85.49
80 .18

83,61
*

87.36
81.21

itJ,.È¡
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GIIS^/DAY

Infused
ControL Oleic Acid

Infused Fed
Linoleic Acíd oleic lcid

Fed
LinoLeíc Acid

It3.18

LO4.2L

156 .8 3

L22.49

140 .86

L3?.43

r32.26

L42.31

L33.80

118.31

*

*
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*

204.44

197.35

L99.49
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