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ABSTRACI

EFFECTS OF DIETAAT FATIT ACIDS UPON BUPIEN

METABOLISM åJ$D ÐIGESTIBTLITY TN SHEEP

BÏ

RONÅID À.LEXA}TDER CLABKB

Two metabollsm er¡lerlments were cond.ueted. vrlth
sheep to stud.y effects of lncreaslng d.letary levels of un-
saturaüed. fatty acld. upon utlllzatlon of varlous ratlon
componenfs" Four rumen flstulated. sheep vlere used¡ âl3d.

each experf.ment was conducted. accord.Lng to a l+ x & Latln
squâ.:re d.esLgn lnvolvlng l+ sheepn þ ratLons *rd. l¡, perlod.s,

Each perlod. was of 18 d.ays d.uratlon conslstlng of 10 days

for ad.Justnent acrd ar¡ I day coLrectr.on perlod.. Bumenn

fecalr and. blood. sanples rrrere collected. at speclflc lnter-
vals' rn both experlments the treatments were mad.e up by

varytng the proportlons of nethyl stearateu olelc¡ and. 11n-

olele acld.s ln the basal ratlon.
Apparent d.lgestlon coefflclents for energy, nlt-

rogene fl"bre, dry matter, ether extract and. crud.e fat were

not slgnlflcantly affected. ¡qhen lncreasLng levels of unsat-
urated. tatby aclds were fed." .årthough ether extract and.

crud.e fat d.lgestlbllltles were not d.Lrectly affected. by

treatment, dlstlnct qualrtatlve char¡ges ln rumen ar¡d. fecal
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sature,teô faüty ac1d. levels were obsenred." Rr¡mlnal fatty
acld.s showed. a hlgher d.egree of saturatlon than comparable

d.letary tatty acld.s. Ehese qnalltatlve changes were ln ae-

cord.a¡rce wlth hlgh leve1s of satr¡raüed. fecal fatty acld.s

observed. ln the r¡nsaturated. fatty acld. treatmentso The re-
sults, ln general, suggest that hyd.rogenatlon of C-IB poly-

ethnold. fatty acld.s Bras occumlng ¡qlthln the rr¡men.

Synthesls of palnltlc ar¡d. olelc acld.s appeared. to
occur wlühln the runen, Rate of synthesls msy have been

lnfluenced. by runLnal levels of these aeld.s whlch ln turn
Þiere affeeted. by d.letary leveJ-s"

Faf d.lgestlbllLtles d.ecreased. 11 - lp d.Lgestlon

unlts ¡uhen fecal soap excretiorr was taken lnto account, The

faffy acld.s naklng up these soaps appeared. to d.lffer wlth
treafment" Fecal stearate excretlon ln the forn of soaps

from the unsaturated. fatty acld. treatments nas about LLOft

hlgher than fecal stea¡ate excretl,on ln the saturated. fatty
acl,d. treaËment.

The relative proportlons of serum fatty acld.s were

not affeeted. by d.letary fatty acld.s.

No slgnlflcer¡t d.t fferences were observed. alnong

treatments ln total rr¡nLnal VFA concentratLons, or was â"t1y

d.eflnl"te trend. deLlnlated. i.nd.lcatf.ng that d.egree of ratlon
fatty acf.d. unsaturatlon affected. total VFA concentratlon in
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Ëhe rumen. In generalo as d.letary

nere lncreased., the proporülons of

and butyrlc acld. d.ecreased..

unsaturated. fatty acld.s

proplonlo acld. lncreased.
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INTBODUCTION

Becent uses of lned.lble fats and. ol]-s ln anlna].

feed.s have provld.ed. a stlnu].us for ühe elueld.atLon of
faüty acld. utl].lzatlon ln rumlnants" Consld.erable experl-
mental lnfornatlon ls avallable ¡clüh respect to fatty acld.

utilLzatlon ln nonogastrlcsS thls ls not ühe case for
rumlnanüsr however' Extraporatlon of monogastrlc data to
rumlnants ls not posslble because of lnherent d.lfferences

befween monogastrl,cs and. runlnants ln fatty acld. metabollsm.

The proportions of fatty acld.s recelved. ln the d.let of
monogasfrle anÍ.naIs remalns relatlvely eonstant untll sub-

sequent absorptlon. Ruml,nantse on the other hand-g a:re

capable of chang;lng the proportlons of fatty acld.s ln the

d.let through hyd.rogenatlon of unsaturated. fatty ac!.d.s wlth-
ln the rumenr thereby presentlng a more saturated. nrxture
of fatty acld.s for subsequent absorptlon. rf one assu&es

that netabollsm of fatty acld.s (post-rr¡mlnal) fs comparable

Ëo thaf of monogastrlcs, then rumen hyd.rogenatlon could. have

a d.etrlmental effect on d.1gestlb3.11ty" Young end. Gamett
(40) have sho¡sed. Ln ühe chi.ok that palnltate and. stearate
were poorly d.lgested. as opposed. to thelr unsaturated. a¡raloguesô

They also found. that d.lgestf.bllLtles of these acld.s ürere

slgnLflca¡rtly lmproved. by the ad.d.ltlon of o1elo and. lLnolelc
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acld.s to ühe ratlon.
The ad.d.ltlon of fats or ol]-s Ëo rr¡.mlnant ratlons

has been sho¡,rn üo affect the d.lgestlblllty of celrulose,
protelnn dry matter and. organlc matter. In ad.d.Ltlon,

cellulose d.lgestlblllty has been shorsn to be affected. by

d.f.fferent faüty acld.s ln the ratlon" Davlson ayrd. l{ood.

(r:) observed. a slgnlflcant d.lfference ln celLulose d.lges-

tlon urhen olelc aeld. was compared. ¡rlth süearro ac1d. rn a
feed.lng trlal, Ðlgestlon of oellulose vras poorer 1n

ratlons contalnlng olelc acld.,

There Ls a deftnlte laek of icyrowled.ge eoncernlng

effects of d.lfferent dLetary fatty aotd.s upon the utl]-j.-
zation of suoh ratlon conponents as cell.uJ.osee protelnn

enerryr fat and. lnd.lvld.ual fatty acLd.s ln rumlnants" llhe

present exBerlments were oond.ucted. üo d.etermlne effects
of feedlng varlous proportlons of faüty acld.s (satr¡rated

and. unsaturated.) upon ratlon utlllzaülon a.nd. rumen fatty
acld. metabollsm ln lambs, The parameters lnvestf.gated- ln-
clud.e the followlng: ratlon, n¡nlnal and. fecal levers of
fatty acLd.s; apparent d.lgestlbLLltles of crud.e fato ether
extract, enexgy, fÍ.breo dry mattere a¡d. nltrogen; and.

serum fatty acld- and. mmen volatlle fatty acld. levelsn TLre

fatfy acld. composltlon of protozoa was al-so d.ete:mlned."



LITEBAIXI'BE RE|VIETÍ

Yor¡ng ar¡d C'anett (¿'0) reported. that varlous

d.tetary oonponents can lnfluence the utlllzatlon of fatty
acld.s ln the ohlck. They showed that absorptlon of fatty
acld mlxtures hlgh ln saturated. latty acld.s can be lmproved

by antlblotlc treatments, and. suggested. that the effect
n^ay be med.lated. through the ellnlnatlon of r¡nd.eslrable ln-
üestlnal ¡olcrofJ-ora, In another erperlnent the ratlon
levels of crud.e protetnn carbohydrate source e a¡ld the ratlo
of saturated. to unsaüuraüed. fatty aold.s ln the d.let rüere

shown to lnfluenoe fatty actd. absorptlon. When the level
of crud.e proteln was lncreased. from 24 to Z8%, an lmprove-

ment ln the apparent d.lgestlon of fatty acld.s from beef

talLow was observed.. Alsoe a slgnlflcant lmprovement ln
beef ta1Iow dlgestlblJ.lty occumed. when oorn was used. as

the prlnclpal source of carbohyd.rate as compared. to glucose.

Thls carbohyd.rate effect was not observed. 1n a later ex-

perlment and therefore cou1d. not be consld.ered- a con-

slstant varlable. Toung and Gamett (ll0) also for¡nd. that
by Lncreaslng the anor¡nt of ratlon oleLc and/or llnolel-c
acLd.s ln relatlon to pal-nltlc acld., a narked. lncrease ln
the d.lgestlblllty of palunltlc acld. occurred." Ol-elc acld.

was nore effl"clent ln thls regard. than llnolelc acld."
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stearlc acld.o w?ren fed. aronen was d.lgested. to the extent
of 14ft. By ühe ad.d.ltlon of palnrtlc acld. Ízft parm{tlc
a¡ld ?ft stearlc ln d.let) r the d.lgesülbl1lty of stearlc acrd.

ruas red.uced. to 2%" llhen olelc acld. was ad.d.ed. to thls mlx-
üuree en lnprovement ln d.rgestlblllty occurred.; however, lt
was noü as hlgh as when olele aold. was ad.d.ed to palnltlc
acld. alone. Irlhen llnoLelc acld. ¡sas fed lflth olel.cÊ-us a

nlxfu¡e of the above two satr¡rated. fatty aold.s, the hlghest
d-lgestlon of the satr¡rated. fatty acld.s was observed.. Sj.nllar
aspects of fatty acld. netaborlsn were lnvestlgated. by

Renner and 8111 (29) " They d.eternlned. the d.tgestlblltty
of palmltlc and. stearlc acld.s wlth Lncreaslng levels of un-
saturated. fatÈy acld.s in chlck d.iets" ^Ar¡lna1 tallow, con_

talnlng Jjfi unsaüurated. fatüy acld.s, lard. contalnlrtg 60%

unsaturated. fatty acld.s, and. soybean oll contalnlng ?6% ,an-

saturated. fatty acld.s were used. ln the raülonso There were

substanülaL lnoreases ln palnlülc and. stearlc acld. d.lgesül-
bllltl"es wlûh lncreaslng levels of ratlon unsaturated. fatty
acld.s 

"

The mecharrism by whlch olelc acLd. facllltates ab-
sorptlon of saturated. fatty acld.s is not clearn Langraorth

arrd. Holnes Ql) suggested. thaÈ mlcelles nad.e up of btle
saltse mono-oIeln arñ/or olelc acld. are formed. ln the lr¡men

of the l"ntestlnal tract. These mlcelles have the ablllty
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Èo enhance the enulslflcatlon of saturated. fatty aclds,

and. presu¡nably make then more avallable for absorptlon"

Young and. Garrett (¿10) suggested. that lmproved. absorptlon

of saturated. fatty acld.s ln the presence of olelc aeld.

nay be d.ue to a preferentlal synthesls of mono-oIeln Ln

the brush border of the mucosal cells and. that thls ¡nono-

glycerld.e acts as e:n' acceptor of saturated. fatty acld.s to

fo¡m d.1- and. trlglycerld.es. Thls hypothesls uias supported.

by the obserr¡atlons of C1ark and. Hubscher (10) where und.er

ln vltre cond.ttions more l-elt¿ palnltlc aeld. was comblned.

wlth mono-oleln than wlth monolaurLn or monopalmltln"

Senlor and. Isselbacher ß21 observed. no d.lfference bet¡seen

either the I oy B lsomers of monopalmltln or mono-oleln ln
fhelr ablllty to act as acceptors for palnltyl Co-A to fom

dlglycerldes åg vl$¡q"

Benner and. Hi.l1 (30) have sho¡'rn that chlcks fed.

palnltlc acld. Ln a mlxture wlth trLoleln sho¡ced. a stepwlse

improvenent ln palnltlc acld. d.lgestlon when the palnLtlc

acld. to trloleln ratlo was d.ecreased. from J to 1. In thls
case, lt would. appear tlnet pancreatLc llpase hyd.rolysed. the

trloleln to olelc aeld. and mono-olelno and. the mono-oleln

nolety could. enhance the fornatLon of more read.lly absorbed.

nLcelles as well as actlng as an â,eceptor for paluottLc acld.

ln the fomatlon of trlglycerld.es"
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The carbon chaln length and. d.egree of unsaturatlon

of fatty actd.s can affect thelr d.lgestlbllltyo Carrol (?)

showed. that short chalned. latþy acld.s (up to C 10) are com-

pletely d.lgested ln the rat a¡rd. that further lncreases ln
chaln length resulted. ln a progresslve d.ecrease ln d.lgestl-

bllltyo Accord.lngly, the d.lgestlbi.lltles were relatlvely
poor for C 18 and. hlgher saturated. fatty acld.s. Íhe mono-

r¡nsaturated. ane,logues ûrere beüter d.lgested but showed the

sarne d.lgestlblJ.lty trend. wlth lncreaslng chal,n length'

Presence of a d.ouble bond. near the nLd.d.le of the ohaln was

found. to be equlvalento ln terms of dlgestlbllltyn to shorten-

lng the chaln length by slx carþon atoms"

Fat d.lgestlbllltles have been correlaËed. wlth the

neltlng polnts of some natural fats. Crockett a¡d Ðuel (12)

showed. that nargarl-nee Crlscoe prlme stea.u lard., and. bla¡ril

Lard. have hLeh d.lgestLbtllty values ln the raü and. co&pare

favorably wlth natural fats and. olls rohlch have neltlng
polnts below 50oc. Eowever, when lard. was more lryd.ro-

genated. (neltlng over a range of 55 - 6toc ) , there $ras a

narked. d.rop 1n d.lgestlblllty when compared. to fats of lower

naeltlng pol"nts" Thls eouLd. be expected. slnce a hlgher ¡aelt-

lng polnt lnd.tcates a hlgher level of fatty acld. saturatlon.

Meltlng polnt of fats, when used. for the estlrna-

tlon of d.lgestlbllLty of a natural fat, has proven to be
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lnad.equate. Írhe neltlng polnt d.oes not accuratety reflect
the specles of fatty acldsr however, slnce ne,tural fats melt
over a temperature range whlch 1s d.epend_ent upon the d.Lstrl-
butlon of fatty acld.s nmong the glycerldes. Some effects of
saturated. fatty acld. d.istrlbutlon anong grycerld.e morecures

on fat d.lgesüLb11lty were lnvestlgated. by Mattson (zt+) " He

found. that ¡rhen the saturated. fatüy acLd.s were d.lstrlbuted.
evenry a¡nong the glycerld.e moreculesu d.lgesülbLrltles were

slgnlflcantly hlgher than when saturated. fatty acld.s ü¡ere

d.lstrlbuted ln a narurer such that a portLon of the trlgry-
cerld.es were mad.e up enttrely of sa,üurated. fatËy acld.s,
Mattson (21+) coneluded. that fat d.lgesttbLllty was lnversely
proporflonel to content of slmple tri.glycerldes nad.e up of
saüurated. faüty acld.s havlng a chaln length of 1g carbon

atoms or nore" Thls observatlon by i{attson could. be parüly
explalned by the fact thet no unseturated. fatty aclds were
present wlthln the trlglycerld.e moletyo whlch worrld be cap-
able of facllltatlng fatty actd. absorptlon (23) 

"

Several i.nvestigators have noted slgnlflcant
a:nounts of ether lnsoluble fatty acld.s (posslbly caused. by
the complexlng of the fatty acld anlon wlth calcluno potas-
slum etc. üo form soaps) rn the feces of monogastrlcs and.

runlnanÙs, Ðuel gg gL. (1¿l) d.etermlned. rapeseed. a'd. cotton-
seed. o11 d.Lgestlblriüles ln hunans" They esti¡nated. the
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fecal excretlon of neutral fatsr fatty acld.s and. soaps.

Gottonseed. o11 was d.lgesüed. to the extenü of )6.5fi vs.
99"Oft for rapeseed. o11" Thls d.lfference ln d.lgestlblllty
roas d.ue to slgnlflcantly hlgher fecaL soap excretlon ln the
cottonseed o11 treatment" These workers suggested. that cal-
clum lons nay have had. a greater d.epresslng effect on the

fafty acld.s of cottonseed. oll than the fatty acld.s of rape-
seed. oLI. Cheng .et, .aI. (8) d.eslgned. ân expertment to d.eter-
mlne effects of lncrudlng calclu¡e and. nagnesLum Ln d.lets re*
latx.vely rLch ln natural fatso synthettc trlglycerLd.ese or
fatty aclds, uporl fecal soa.p excretlon, They for¡nd. that the
presence of calclum a¡rd. magneslun in the d.let d.ld. not change

fhe d.lgestlblllty of fet wlth neltrng polnts lo¡uer than

sooc. Thls observatlon helps to explaln the hlgh fat d.l-
gesnlbllltles reported. by crocketÈ and. Duel (l,zl ln d.Lets

contalnlng hlgh leveIs of calcfi¡m and. nag¡reslumr slncethelr
fats had neLtlng polnts und.er Í¡ooc" The removal of carelum

and. nagnesh¡n from the dlet marked.ly lncreased. d.lgesËibLllty
of fats wlth neltlng polnts above jOoC (Ctrene .gÞ, aL", g).

In the d.let contalnf.ng calc!.um and. magneslum, trllaurln 1qas

d.lgested. to the extent of ?0"5ft rshereas tn the absence of
these d.lvalent ratlons, the value was g?"3ft" comespond.lng

coefflclents of d.lgestLblllty for trlnyrlstj.n und.er these

d.lvergent d.letary cond.Ltlons were 3? "3 and, ?6,6fiu respectlvelyn
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whlle wlth trlstearln the values ïrere 10"6 and. lg.)ft.
SnalLer ad.d.ttlons of calcLr¡m and. nagneslrrm to the trllaurln
clleü resulted. ln less d.epresslon 1n dlgestlblLlty" These

data confl¡rned. earLler observatlons by Boyd. .*, aJ. (:) ln
whlch the d.epresslng effect of ratlon calclum on fat d.l-
gestlon was related. to fatty acld. composltlon of the d.let,

The uptaÏe of fatty acld.s by lntestlnar mucosal

celLs appears to be lnfluenced. by soap formatlon. rf pene-

tratlon of fatty acld.s lnto mucosal cerls occurs on Èhe

basls of llpld solubllltyu as suggested. by Johnsüon and.

Borgstrom (zz), then the presence of fatty acld-s ln ùhe rrorr-

lonlzed. state (salts exlst as lons Ln an acld. ned.la) should.

facllltate uptalce" Hofman and. Borgstrom (ef) d.eternlned. the
pK of fatty aold.s ln ralcerlar sorutlons to be 6.5u rn sub-
sequent erperlments in ¡,ltrlch the upta.ke of tatty aeld.s ln
mlcellar solutlons by lntestlnar slLces !ùas measured.e ühey

found. that latty aold.s tarere present pred.omlnantly ln the non-
lonLzed. fo¡m,

cond.Ltlons exlst wLthLn the rr¡nen whereby unsatu-
rafed. tabty acld.s can be hydrogeneted. to thelr more saturated.
azralogues. Thls phenomenorr ü¡as flrst shown by Relser þZl
who Lncubated. llnseed. olr lê vltro wlth sheep rumen eontents
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and. found. a marked. red.uctlon 1n llnolenlc acld., accompanted.

by a correspond.lng lncrease ln the amo¡¡nt of rlnorelc acld."

He attrlbuted. thls to hydrogenaülon of llnolenic acld by

bacterla forrnd. wlthln the rumen. rn vlvo evld.ence for hyd.ro-

genatlon was obtalned. from stud.les wlth goats that were fed.

d.lets contalnlng elther Ljft cottonseed or 101 lrnseed. oL1

for several weeks (Relser and Red.d.y, ZB) " At slaughtero whlch

was 6 hours after the last feed.g sa^mples of runen contents

were subJected. to lod.tne nunber d.etermine.tlons and. analyzeð.

for fotal eoncentraÈlon of long ehalned. fatty acld.sn Resurts

of fhls experlment sho¡ued. that unsaturated. faüty acld.s of
the d.letary olls had. und.ergone consld.erable hyd.rogena.tlon"

Erwln * d" (rg) for¡nd- that when safflower o11

was lnfused. lnüo the abonasum of sheep, slgnf.flcantly hlgher
fatty aeld d.lgestlblLlttes erere obtained. than when safflower
oLr was ad¡lnlstered. vla the rüür,êno 5t¡ls d.!.fference ln d.l-
gestlblllty was reflected by hleh fecal stearate excretlons
(l+?% of total îatty acld.s) or sheep ¿rlrni¡!s!ered. safflower
o11 vla the rr.¡men as opposed. to the abonasal lnfused sheep

(Ll+ft), lhese fecal steara.te values courd partlally accor¡nt

for the dlfferenoes ln d.lgestlbLllty of the safflower oll.
Thls o11 contalns approxlnately 75% l.Lnolelc actd. and. a

greater proportlon of thts fatty acld. was being hyd.rogeneüed.

rqhen the o11 was ad.¡olnlstered. vla the n¡men as opposed. to the
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âbomagum'

lüood. eg gI. (38) stud.led. netabollsm of llnoletc
acld. 1n the sheepts rumen by lsolatlng the rr¡.neno-retlcular

erea ührough llgatlon and. ühen inJectlng cll+ Iabelled. 11n-

oleic acld. lnto the n¡men" They found. that only J - 6fi ot
the orlglnal laberred. llnorele aold. remalned. ln the rnmen

after &8 hours; l+5% havlng been conpletely saturated and

33 - 50% lnevlng been hyd.rogenated. to olelc or elald.lc acld.sn

If one assïlmes thaË olelc aeld. Ls hyd.rogenated.

to the exüenü of on].:y 40Ø (Shorlana gÞ, gl,", 3t+') and. that
stearLo acld. ls absorbed. onry to a llmLted. extent relatlve
to i.ts unsaturated. analogues, then low crud.e fat d.lgesti-
blIltles for olls or fatty acld. mlxtures hlgh ln ltnolelc
acld. nalght be expecüed., ThLs could. help expLaln the hlgh

fecal stearate values observed. by Erwln e! gL" (f¡) when

llnoleic aold. was admlnlstered. vla the rumen, Alsou d.ata

presented by Boberts and. McKlrd.y (31) could. be partlally
explalned by hyd.rogena,tlon of llnolelc acld. ¡rÉthln the rumen,

These workers obse¡nred. that the fat ln a ratlon contalnlng

sunfLorser seed. oL1 (6tg 11no1eLc actd.) was s1gnLf1cant1y

less d.f.gested. than a ratlon contalnf.ng rapeseed. ol1 Qep

lLno1elc acld.o JAft oLeLc acld.).

Tove ß6) suggesüed. that the process of hydro-

genatlon and. prod.uctlon of trans acld.s by runen mlcrofrora
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uay be closely related." Shorland .gþ g}" (34) showed. tlnat

trans acld.s were formed" by rumen contents, They lnoubated.

olelc, llnolelc and. llnoIenlc acld.s slngly for 48 hours

wlth sheep rumen contents and- for¡nd. trans acld.s" These

acld.s rÍere forned. to the extent of 3-7, 48 and 67%, respectlve-

ly" Posltlonal lsomerso partlcularly from llnolelc acld.,

gave rlse to a conJugated. form (where the d.ouble bond.s are

separated. by one llrrkage) sùlch was reslstent to furüher

hyd.rogenatlon. Relser and. Red.d.y eA) reported. tha,t ln the

hydrogenatlon of llnolentc aetd. (9-r0 s Lz-L3, 15-16) trre
central d.ouble bond. Ls preferentlally atüacked., lead.lng to

the foruatlon of di.enolc acld-s ?rlth the double bond.s s€-

parated. by more than one ueühylenlc group (l"eo non-con-

jugated.), If hyd.rogenatlon by rumen mlcroorganlsms para1lels

that of catalytlc hyd.rogenatlono one nould. expect a wld.e

varlety of mono- a¡rd. d.lenolc acld.s to be prod.uced. 1n

ad.d.ltlon to ole1c and. Ilnoleic acld.s,

The role of protozoa Ln rumen fatty acld. utlllza-
tlon was lnvestlgated. by Gutlerrez g.g É, (rg) ¡,¡ho i.ncubated.

E, pqo$.ona wlth cl& 1*¡e11ed. fatty acld.s. This specles of
protozoa was able to lncorporate fatty acld.s lnto lts
eellular components, and- hyd.rogenatlon of olelc aeld. also

appeared. to oecur d.urlng asslnllatlon. t¡lllllans gE AJ. ßZ)
suggested. that hyd.rogenatlon ocor¡nlng wJ.thln the ru¡nen nay
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be lnfluenced. by the partlcular specles of protozoa present,

Rumen mlcroorganlsms are capable of syntheslzLng

saturated. and. u:esaturated. fatty aold.s. Erwln and. Black

(l.Z) reported. ühat proüozoa cayr d.esature,üe stearlc aeld. and.

suggested'thefo11ow1ngsequence3steare'teo1eate
ltnoleete -à llnolenate. Erwln and. Black (fZ) also showed.

fhat protozoa have the abi.llty to elongate C15 to C16 fattV
acld.s" lhls elongatlorr was found- to be quanültatlve1y hlgher

than d.egradatlon of Cr6 to C16 fatty acld.s. Ílhe uaJor con*

verslon prod.uct of both pal¡nltate and stea:ate was llnolenle
acld. Ln proÈozoàø Further resulËs from thls experlment

showed. that the naJor saturated. fatty acld.s of protozoa

were uyristlc and palnltlc acid.sn whereas ].lnoIelc and. ltn-
olenic acld.s represented. the na.Jor unsaüurated. fatty acJ.d.s"

Furthermore o the ratlo of Bono-llrrsaturated. fatty acld.s to
thelr satura,ted analogues d.ecreased. wlth lncreaslng age of

the protozoà¡ and. the amor.¡nts of d.lenolc and. trlenolc acld.s

remaLned. consta¡rt"

Garton a¡rd Oxford. (20'l ralsed" the questlon of
¡qhether rumlnants requLre essentlaL fatty acld.s and.u j.f so¡

were they present fn bacterlal 11p1d.s" They found. tlnat

bacterlal llplds from the n¡men flui,d. of hay-fed. sheep d.id.

not have llnolelc or llnolenlc ac1d. ln elther of the gly-
cerld.e or phospholipld. fractlons, r¡¡hlch eonstltuted. l¡8"3 and
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39"Zft respectlvely, of total llpld.s 1n these bacterla¡ the

rernalnd.er belng volatlJ.e fatty acld.s" lhese workers corl-

clud.ed. that lf the rumlnant requlres essentlal fatty acld.s

they musü come from the d.let and. escape hyd.rogenatlon ln
ühe n¡nen.

Fats and. olls, when ad.d.ed- to the öLet of n¡mlnants,

have been sho¡nc fo affect apparent d.lgestlbllltles of

celluloseo protelnu dry matter, organlc natter and. ealclun"

Brooks g[ g!" (&) observed. the effect of ad.d.ed. fat on d.1-

gestlon of ceIlulose and. proteln by ovlne runen mlcro-

organlsltrsc They found. that corn o11 slgnlfloantly d.ecreased.

cellulose d.igestlon ln a.r¡ artlflclal rtrmeÍlo lthen 170 ne

of corn oLl was ad.d-ed. to 1 gu of d.ry ¡natter contalnln;g 50%

celluIose, a 94Ø d.ecrease ln cellulose dlgestlblllty occurred-"

The fat ln thls erperlment dld. not e¡oulslfy and. fo¡med a

layer ln ühe artlflclal rumen" Results of a feed.lng ürla1
(ll) showed. Ëhat eelLulose and. orud.e proteln d.lgestlblllty
Tilere red.uced. 52 and L7% respectlvely o wlnen JZ gm of eorn

o11 were fed. d.alIy wlth a basal ratLon conslstLng nalnly of

cottonseed. hu]-ls and. some caseLn (g%) " ï{hen the d.ally @orrr

o11 allowanee was lncreased. to 6l+ gn, the sheep scor.red. and.

the rumen conüents were whlte a¡rd. turbld-" The d"lgesüion co-



I5
efflclents for cellulose a¡rd. crud.e proteln ln thls case v¡ere

red.uced. by 70 and 36ft respecttvery" Fìrrther results of Ëhls

experlment shor^red. that concentratlon of volatlle fatty acld.s

ln the rumen fluld. were also d.epressed. when elther corn ol1
or lard. were fed." The effect on celluIose d.lgestlblllty
Tr¡as partlalIy overcome by ad.d.j.tlon of alfatfa ash. The

auËhors suggested. that the alfalfa ash effect nay be d.ue to
lts bufferlng capaclty or lüs ablrlty to assr.st ln enulsl-
fylng the ad.d.ed. fatu thereby prevenülne coatlng of the

cellulose flbres"
Ðavlson and. trIood. (f:) compared. a neutral fat $rlth

fatty acld.s upon ratlon d.lgestlon by lanbs when fed- a low

ash, hleh oorn cob ratlo¡r" Both corn oll and. a fatty acid.

mlxture (nyrl stj-e 2fi0 pa1n1tle 26fl0 stearlc L6%, oleLc t+B%,

lLnolelc 8%) d.ecreased. d.lgestlblllty of d.ry uatter, organlc
matters celluloseo ash and. proteln" BoÈh the oorn oll and.

fatty acLd. nlxture slgnlfloanÈly lncreased. ether extract
d.lgestlblIlty. corn o11 d.ecreased. nltrogen retentlon where-

as fhe fatty acld. mlxture d.ld. not" stearlc or olelc ecld.s

alone tend.ed. to d.ecrease proteln d.lgesülblllty" å. d.1f-

ference v¡as observed. ln cellulose d.lgestlon betlçeen stearlo
and. oreLc acLd. treatmentso the laÈter havlng the mosË ad.-

verse effect. Depresslon of orgarric ma.tter and. cellulose
d.lgesËl"blllty by the ad.d.ltlon of S% corn oll was reversed. by
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ad.d.lng celclu¡n and. phosphorus aË levels slnllar to those

supplled. by alfalfa ash" Ðavlson and. lfood.s (f:) also stud.led.

the lnfluence of calclum carbor:ate and. corn o1l upon ratlon
d.igestlblllty ln lanbs" They found. that calclum carbonate

largely orercane the d.epresslng effect of corn olt on d.1-

gestlblllty" A.lso g arL lncrease ln apparent d.lgestlblllty of
the corn oll ¡cas noted., and the ad.d.ltlon of calclr¡m earbo-

nate tend.ed. to lncrease nltrogen retentionu Thus, lt appears

that rumlnal calclum requlrements, to malntaln an optlnum

dlgestlblllty of ratlon eomponentse âTê lncreased. ln the

presence of corn o11"

åome-Aspects of Vo1atlle Fatty .åcld. lletabollsn

Vo1atlJ-e fatty aold.s (VF¿.) are syntheslzed. by

mlcroorganlsms ¡vlthln the rumen. These acLd.s (of whlch

acetlco proplonlc and- butyrlc consültute over \Aft of tlne

total) play an lmportant role ln energy metabollsn of ühe

rnmlnant" Caruo1 asrd. Hr;ngate (6) estlnated. that about ?0/"

of the energ"y absorbed. by ühe rumlnanü was ln the forn of
VFA0 s,

Varlous d.letary factors have been shown to ln-
fluence vFA prod.uctlon ln the rumeno chou and. !{alker (9)

stud.led. VFA prod.uctlon wlth respect to levels of graln and.

hay Ln the d.Let" They shov¡ed- that sheep fed. d.lets hlgh in
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wheat prod.uced. hlgher quantltles of VFA! s than sheep f ed.

alfalfa hay. Prod.uctlon of acetlc acld. ¡uas lower and. pro-
plonlc and butyrlc acld.s hlgher when wheat ratlons were fed.

ln comparlson to alfalfa hay, .Also, they observed. con-

sld.erably more varlatlon ln vFA prod.uctÍon when ühe d.let

eonslsüed. of only wheat as compared. to alfalfa hay" These

workers polnted. out Ëhaü the composltlon of rumen llquor
from a sheep ls not stable but varles from d.ay to day, and

that varlatlons betu¡een lnd.lvld.ual a¡lmals recelvrng the

sâine d.let may be greater than the varlatlon resultlng from

d.lfferenf d.letary reglmens"

Effects of flneness of g;rlnd. of alfa]-fa hay upolt

VFA productlon ln the rumen úras stud.led_ by Wrleht gþ 93"

ß9). ITay¡ flnely ground. and. then pelleted, caused. a hlgher
concentratlon of total vFAes ln the runen llquor of sheep

(zls"tl than coarseLy gror:nd. hay ft?3"3) or 1ong hay

(16l+"7 mn/t). Ehe concentratlon of acetlc acld. was lo¡sest

and. proplonlc and. butyrlc acld.s hlghest ln sheep fed. the
pelIeted. raËlonn sheep fed. long hay had. the hlghest con-

centratlon of acetlc acld. and. ühe lowest concentratlon of
proplonlo and. butyrlc acld.s,

Varlous long chalned. fatty acld.s have been sho¡rrn

to lnfluence vFA prod.uctLon ln the rumen" shaw and. Ensor

{ll) reported. that feed.lng J00 nl of cod. llver o11 to co¡trs
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resulted. ln a sharp d.ecrease ln the molar per cent acetlc
acld.r 8rr lncrease ln proplonlc and. valerlc acld.s, and. a d.e-

crease ln butyrlc acld., ln rumen llquor, l¡lhen J00 nl of
olelc acld. T{ere fed., a smaller d.ecrease ln the proportLon

of acetlc acld. and. a snaller Lncrease ln proplonlc acld.

were obserrred. and. the proportlon of valerlc acld. was d.e-

creased.n Feed.lng J00 nl of llnolelc acl,d. resulted. ln a sharp

red.uctlon ln rumlnal concentratlon of acetlc acld. and. an

lncrease In ooncentratlon of propLonlc a¡d butyrlc acld.s"

Valerlc acld. prod.ucÈlorr rtÌas sLlehtLy lncreased." A1l three
o11 treatments resulted. ln a sharp lncrease Ln total vFA

concentratlon ln the rumen llquor.
Er¡qln .g!, g!, (f¡) reported. an lncrease ln the

molar per cent of proplonlc wlth a correspond.lng d.ecrease

ln aeetlo acld. ln rumen fruld of sheep lntrarumlnarty ln-
fused. wlth naethyl myrlsüate or safflower oil, îhese results
coæoborate Shawts d.ata ßSl 1n v¡hlch llnoletc acld. caused.

a red.ucflon ln the rr¡.nen concenüratlon of acetate and. en

lncrease tn propLona.te"

Plasma Llpld.s ln Rumlnaats as rnflueneed. bv Ðrete¡v Llptds

ltaynard. .gÞ, el,. (zS) stud.led the Lnftuence

varylng d.egrees of unsaturatlon tn d.letary faü upon

llpld.s and. nL1k fat 1n dalry cows" They noted. that

of
plasma

ühe
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extent of chenge ln plasma lod.lne values obtalned. from

Jugular blood. was sm¿Iler then that of d.letary food. fat
or mllk' the exact course of change rn blood. llpld.s was

not establLshed. d.ue to the llnlted. nr¡mber of d.etermlnatlons

but the results dld lnd.lcaüe a relatr.onshlp between the
d.egree of r¡nsaturaülon ln d.letary fat and. blood llpld.s.
slmllar changes ln the d.egree of unsatr¡ration of blood.

Ilpld.s were observed. by Mccay and. tr{aynard. Q6l where the
feed.lng of cod. l1ver oll eaused. a 20% rLse ln the Lod.j.ne

number of blood. l-lpld.s ln goats,

The experlmentar evld.ence from uonogastrlc stud.les

ls usefur ln the analyses and. r"nterpretatlon of post rumi"-

nal fatty acld. metabollsm. very rlttle lnfornatlon ls
avallable, however, wlth respect üo the effect of d.letary
faüty acLd.s on rumen uretabolrsm whlch ln tr¡rn lnfluences
fhe avaLlabl1l"ty of nlcroblal and. d.reüary coaponents,



EXPERTMENTA], PBOCEDUBE

Slx ¡çestern range lambs, welghlng approxlnately

36 kg eachn were selected. a¡rd. fltted. wlth rumen caJutulae.

These ca¡nulae were nad.e from 500 nl plastlc, narrow mouÈh

bottles' The cror¡rn of ühe bottre served- as ühe lnner flange
a^nd. fhe neck of the bottle proJected. through the flstula
elrd- served. as the cannula, An outer fLenge was rnad.e from

the botton of the bottle and. r¡as held. x.n praee by a hose

clamp attached. around. the carurula,e which rn turn prevented.

the ca¡:nula from belng d.lsloged., Four ranbs wlth the best

flütlng ca¡rnula Ìrere used. ln thls stud.y, whlch consLsted. of
t¡¡o separate experlments, Eaeh experrment was cond.ucted.

accord.lng to a þ x 4 La,tln square d.eslgn rnvorving 4 sheep,

ll ratlons and. ll perlod.s. Each perlod. ruas of 18 d.ays d.uratlono

conslstlng of 10 d.ays for ad.Justment (aurtng the last two

d.ays harness a¡rd. fecar collectlon bags were attached. to the

lambs) ar¡d. a ?-day collectlon perlod. ln whrch totar feoes

excreted. were colleeted. Blood. a¡rd. rr¡nen content samples

ïrere collected. on the l8th d.ay.

å. seni-purlfLed., low ether extract basal ration
was used. ln both experlments (Table l), Thls ratlon coït-

tatned. approxl¡naüeLy 0.5F" ether extract" tr{rxüures of
varlous commerelal sources of fatty acld.s were add.ed. to the
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[.åBL,E I
B.A.5A¡ AâTION

II{GBEDInIT PERCENT

Beet pulp

Corn etaroh

MolaEses

ilheaü stra¡r

Solka floe
Soy protetn

Ðehy. al"falfa
MlnenaLl - vS.tamln ni.rtr¡re

Fatty ae3,ð nlrtu¡e

t+5.5

Lrl-"3

9"5

9"5

9"5

3.8

1.0

1"9

5.0

1to1""1"t r¡n pl
(l¡t nlrturelosnhate 

a¡rd eobai.t-1od,1zed salt
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basal ratlon at a Jft leveJ., by welght, to fo¡mulaüe experl-
mental ratlons contalnlng lnereaslng levels of r¡nsaturated.

fatty acld.s. The eomrnerclal sources of fatty acid.s rrere

nethyl stearater and. olelc and. llnolelc acld.s. The com-

positl-ons of these fatty acld. sources were d.etermlned_ and.

are shounr ln Íable 2. lhe enalytlcal method.s are d-escrlbed.

r¡nd.er trsample Preparatlon and. Chenlcal Analysls0r. the

average latty ac1d. composltlon of the varlol¡s experlmental

ra,tlons are shown ln Table 3" These ratlons lirere mlxed. in
a llobart mlxer every 5 d.ayso bagged., sealed. and. stored. at
loC until fed.. fhe lanbs were fled, j9?,5 g of ratlon at
each feed.lng (9 a.m. and 5 p.üt. ) an¿ about llJ minutes lrere

generally required. for total consumptlon, Water ¡rras offered.

gfl tlbltr¡n" The la.nbs were kept ln lndåvldual floor pens

and. wood. shavlngs were used. for bed.d.lng.

Sampllng Proced-ures

Feed. samples þl w) were taken from each 5-day

ratLon nlxture at the tlne of nlxlng a:rd stored. at loC untll
used. for chemlca1 analysls"

Fecal collections were nad.e tvrice d.alJ-y at a tlme

coincldent to feed-lng for I consecutlve d.ays, The feces

bags lvere li.ned. wlth plastlc to ald. ln feces removal ar¡d.

to provld.e some measure of nolsture controru Fecar welghts
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TåBLE 2

FATIf âCID CO}ÍPOSITION OF TEE VåBIOUS
FåT8T ACID SOUBCESI

(É trE[EXL ESTEBS)

Fetüy åeld
Ìïethyl
Süea¡ate Olelo LLnolele

c16

clB

GlBrt

cl8:e

Others

58"2

tsl.8

@€@€

_l_l

78"7

7,5

9.5

ll.0

L"7

25.0

65"0

t+"3

If,he 3 fatty as!.è Eoujrees (techn!.eal graûe) were
puroheeed f¡og, Fl.sher Sc!.ent!.flc Co. Ltd,"
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raBLE 3

ndtloN FåÎIY .[CID CO]iPOsIt[IoN
ø ¡{Erryr EsrEBs)

F¡perlnent I
BatLone

Fafty åc,td.

c¡.6

crg

ct8¡r"

OShere

50.3

39.o

1"9

8.8

37.7

27.L

25"2

L0,0

28.6

L6.g

t+7.7

6"9

8.5

0.5

77 "6
L3"6

E¡perlnenü IÃ

Eatlons
Fetty åofd

cr6

elB

cl,B¡:.

€tBee

OËhers

5L"7

¿+l-" 0

2,2

0"9

l+"2

l+5"7

33"t+

9"7

5.9

5"3

37 "t+

?.l+"1þ

L9"5

9.3

9"te

23"O

3"5

,þ5"6

L¿å"6
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were record.ed. and. the total feces collected. were stored.

at -18oC 1n plastLc bags,

Rumen sanples r¡Íere talen on the lSth d.ay at 0,

3t and 6 hours after the J p.m" feed.lng. å,lso, blood_

sanples were d.ransn from the jugular veln immed.iately prlor
to the J p"m" feed.lng, Rumen collectlons were mad.e by

asplratlng the rumen sontents through a l/¿+ lnch d.lameter

glass üube whlch was lnserted. through the cannuLa lnto the
central reglon of the ventral sâ.ce samples of rumen coll-
tents were ilnmedlately frozen at -18oc in petri d.lshes"

Runen fluld. was obtalned. fron the J-hour samples by straLn-
lng through one layer of muslln cloth and stored. at -l8oc.
Pvotozoa sa.uples were obtalned. by strarnlng the J-hour rumen

contents through 2 layers of nuslln cloth and. centrifuglng
the fluld. at 2300 rcp.rû. for 10 mrnutes. The supernatant

lrras removed. and. the preclpitate luashed. twlce wj_th d.lstllled.
water, ttozen and. Iyophlllzed..

S€nple Preparatlon arrd_ Chemlcal Analysls

Total feces collected. for each treatment over each

perLod. were sllghtly thawed. and. mlxed. 1n a Hobart mtxer,

Approxlmate].$r 200 gB of ea,ch salople r¡rere taken for d.ry

¡utter enaLysls. Dry natter anaLysls of both feed. and. fecal
sa:nples ü¡as carri.ed. ouü in a convectlon oven aE JJoa arø,
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d.rled. untl1 a constant welght was obtalned., subsequent to

d.ry natter d.eterminatlons, the feed. and. fecal sa.mples were

put through a l,,llley mlll (screen slze I nn) to enhence

homogenelty. Both feed, and- fecar sailples were analyzed. for
ether extract s.ccord.lng to the A.O.-å..C, (1) and. crud.e fat
by a method- d.escrlbed by Bohman and. Lesperance (5), Thls

crud.e fat nethod. lnvolved. hyd.rolyzing the sa.mple ni.th

0.5N HCl for 12 hours and. then ether extractlng accord.lng

to .A."O.A"C. (1), Sa.mples of extracts from both method.s

were stored. f-n capped. vlals at -lBoC unt1l they were

anaLyzeð. for fatty acld.s. Analysls of both ratj_on and.

feces for crud.e flbre a¡rd. crud.e proteln Ìrere cond.ucted.

aceord.lng to a.o'Aoco (r). Gross errergy d.eterninatlons

were mad.e uslng a Paru adlabatlc oxygen bonb aalorlmeter.

Rumen contents and. protozoa u¡ere d.rled. ln a

lyophj.lzer for J6 hours at a pressure less than fJ nrcrons

of mercury" The sa.mples T¡rere then extracted. for l+ hours

nrtth ethyl ethero and. the extracts stored- aü -18oc r¡ntrl
anaLyzed." serum was separated- from the blood. samples and.

10 ml quarrtitles T¡rere lyophlll zeö, arÅ- stored. at -l8oc until
analyzeô, for fatty acld.s,

Sa:nple preparatlon for fatty acid. analysf_s was

carrled. out by the nethod. of Feld¡ran eg g!" (fA) ¡rhlch

lnvolved. d.i.ssolvLng the ether extract ln a feur d.rops of
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henzene and. 1 nl of nettrylatlne reagent (9þ mr nethanol

to 6 nl sulfurlc acld-). The resultant mlxture (unlnus the

solvent) was left overnlghþ aþ 55oC. one ml of water was

ad.d.ed. to arrest further reactlon, and. the nethyl esters

were taken up ln pentane' The seruln sa.mpres were not ether
exnraoted. prlor to nethylatlon. However, the d.rLed. serum

was d.i.recüly subJected. to methylatlon as prevlously

d.escrlbed."

Methyl esters were prepared- from extracts of feed.

and. fecal sa.mples both before and after acld hyd.roJ-ysls

ln Experlment I" In Experlmenü IIn however, only those

samples vqhlch had- been acld. hyd.rolyzed. were nethylated. for
subsequenË ane.lys1s. Methyl esters rrrere prepared. from

protozoa arid. rumen content samples. They were not subJected.

to acld. hydrolysls"

Fatty acld. er¡alysls of the varlous sa:nples was

d.one by gas-llquld. chromatography, uslng a Burrer Kromotog

KD e;as chromatograph with a thermal cond.uctlvtty d.etectf.ng

unlü, Hellum was used- as the caruler gâs. TLre column was

J n long wlth a J mm lnslde fllarneter and. was packed. wlth
8a/" dLataporü lü and. zo% atethylene glycol succlnate (*/*).
lhe fattÍ aci-d. separatlorls rrere d.one aÞ a eolrrmn temperature

of 20OoC and. a hellr¡m flow rate of J0 nl,/¡rlnute, A d.ise

lntegrator was used. to measure chrornatogravn peek areas and.
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soue of fhe fatty acld.s were ld.entlfled. accord.Lng to thelr
retentlon tlme ln comparlson to that of hror,rrn fatty acid.s.

Bumen fluld. sa¡ples were prepared. for VFA analysls
accord.lng to the nethod. of Erwln .gþ, CI. (16). Thls ln-
volved. thawlng the salaples and. then ad.d.lng 1 nl of meta-

phosphorlc acld. (ZS%l to 5 mI of rumen fluid." After stand.-

lng at room temperature for J0 mlnutes, the contents were

centrlfuged, at 3000 ropurtrn for 10 mlnutes, and. the super-

rnatant removed- for analysls"

VolatLle fatty acld_ d.etermlnatlons of the runen

fluld. r¡rere canied. out uslng the flane lonlzaülon d.etect-

lng unit of the Burrel g;as chrornatograph. Hyd.rogen flow
lnto the burner Jet was set at 28 ør/mLnute" Nltrogen was

used. as the ca¡rler gas at a flow rate of 45 ml,/nlnuteo

and. the alr flor¡¡ was JJQ ml,/mlnute. The co].Lector plate
potential was 250 V., a.nd. the column was operated. at a

temperature of 15OoC. The colr.¡mn Þacklng îras neopentyl-

glycol succlnate (Z% nreoUI on 60-80 mesh flrebrlck.
Quantltatlve proced.ures Lnvolved. the lnJeetlon

of lceourn amounts of stand.ard. acld.s (acetlc, proplonlc,

butyrlc and- valerlc) and. d.eterrLnlng record.er response ln
relatlon to the quantlty of acld. i.nJecËed." Stand.ard.

fatty acld. mlxtures were ana1ryzed routlnely to guard

agalnst lnstrument varlatlon" A rr¡men fluld. se.ûple slze of
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0,8 ml gave a satlsfactory response at an attenuatlon of
Lo

Statlstlcal Snalvçls

Ðata from these e:rperlments were subJected. to
analysls of vârlariee (Cochran g!, g!., 11), a¡rd. Ln some

cases treatment means were compared. uslng Ðuncanrs nultip].e
ra.rrge test (steele and. Torrie, 35)"



RESULTS

No d.lfflcultLes were experlenced. wl"th the sheep

d-urlng Experlnent L In Experlnent II, perlod. l, however,

one sheep lost the cork stopper Ln the cannulan thus per-

uLttlng parülal loss of lts rumerl oontents. å. sl¡lllar
event took place d.urlng perlod. 2, where one sheep d.lslod.ged.

1ts ca:rnula. collectlons d.urlng Ëhese period.s were dls-
conflnued., and. ln both cases the antmals had. sufflclent
flne to readJust before beglnning the next period." At

conoluslon of Experlnent rr, these two la¡nbs were fed. the

diets that Í¡ere belng fed- at the tlne the d.lfflculties
atrose and. the partlcular period. repeated."

No slgnlfleant treatment d.j.fferences were ob-

served for energy, nltrogen, flbreu dry vnatter¡ ether ex-

tractE or crud.e faË d.lgestlbllttles in the two experlmentsn

Dlgestf.on coefflclents of all ltems i.n Experlnent r (ra¡te
¿Þ) ?Íere consld.eraÞty htgher than for the sane ltems ln
Experlment fI (Table 5).

[he ether extract dlgestlbj.llties showr ln
TaroLes & and. 5 axe 11 - 19 dlgestlon untts hlgher than the

correspond-lng crud-e fat d.lgestlbl-11tles, lhLs lnd.lcates

Ëhat a portion of the fecat fat was ln the form of soaps

and. shows that the ether extract d.lgestlbillty values urere
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I'.OBLE ,+

åPPAAHgT ÐICESIION COEFFICIE¡¡TS OF
VABIOI'S B.trXION COMPONENTS

ITEU

Exoe_rlnentJ

--

L

ENEBGT

NITtsOGEßT

FIBBE

DBY T{ÀTîER

ETHER E](TtsACT

CBI'DE FAT

?8.6Ê0 " 
8 ?? "$tL.l+ ??.L+L.6 ?,+.WL.?

66.9t2"9 63.89;t.7 63¿+L.o 6z"g¡L.z
67 4!L"o 66.z!:L"t+ 63"99l..L 65"gt],.tt

79"2¿0,7 18"62L"2 ?9.ß.å2.0 ?7.5liL.0
86" ft1"6 96.2t1,0 g6.J.go.6 g&.6g0"7

69.vs.L 7L.O+¿l.t¡ ?2"Lt2.5 6g,SJ.?
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T¿BLE 5

.êPP4BENT DICESÍTON COEFFICIENTS OI'
VABIOUg BATXON COITPONENIS

Experlment II
Be.ülone

IEET{

ENERGT

NITBOGEN

ET,BBE

DBg T{.ATTEN

ETHEB EXIBACT

CRUDE FAT

72"L!2.2

60"ft2.9

56 "L{3 "t+

72.6t2.O

82.9*1.5

63,q5.0

72"w2.5

59.t+*"5

57 "7!9"t+
73"9l¡2"2

83.0È1.3

69.L+3.0

7L.6¿L.7

58"2*;L.9

5¡l"ojJ .l&

73.2tL" 5

83.ztL"3

72.w2,"L

fl"LË]".8

58"?tL"9

51.6gji.X

?2.w2,0
83 

" 5åO, r&

7o "6*J"6
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und.erestlnati.ng the quantlty of fat that was excreted. ln
fhe feces,

The relatlve chenges ln proportlons of fatty
acld.s from ratlon to rumen contents to feces are shonn: ln
Tables 6 arñ, ?" In Experlment I, palmltate supplled. SO.t+,

37"8t 28'7 and. 8.3/" of total fatty acld.s ln ratlons 1 to
& respectlvely" The rumen contents obtained. 6 hours after
feed.i.ng reflected. palnltate levels ln ratlons l-J (50.3,

38"7 anð- 29.8fi respectlvely)o but ln ratlon tl tfre rumlnal

level !^ras corrsld.erably g;reater than that of the ra.tlon
(24"3 vs" 8.3%), Fecal levels of palmltate for sheep fed.

ratlons 1-J (l+6,5u 32.1+ and. 25.0%) ln general reflected.
d-ieüary leveIs of palmttlc acld_, Sheep fed. ratlon 4,

however, had. hlgher parnltate levels ln the feces than

that present ln the d.let (11.t,"6 vs" 8"j%), In all cases,

fecal palmitate levels rirere lower than n:¡nlnal levels,
Stearlc acld suppIled. 39,0, ZZ"Z, 16.9 anð" O,t+ft

of the total fatty acid.s ln ratlons 1-4 of Experrment r"
unllke parmltateu however, the stearlc acld. levels ln the

6-hour rumen contents r¡rere consld.erably hlgher than dletary
levels of stearic acld. (l+Z.Ze LþL"3e Jl "8 erú. 3l+"3/" tor
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treatments 1-Åt, respecËlveIy), The fecal levels of stearlc

acld. rrere consld.erably hlgher ths.n those found. ln elther
the ratlon or rumen contents" Thls Ìras especlalJ.y notiee-

able ln the sheep fed. ratlon l+ where stearlo acld. levels

ln the dlete rumen contents and. feces rrrere 0.4,e 3l+û arø

6?% respectlvely,

Olelc acld. supp].led. L"9 g 25"4n l+7 "6 and 7? "6ft of

the total fatty acld.s tn the four ratlons of Experlment I.
Àlthough rumlnal levels of oleic acld. (3"7, 15.8, 26.0 and.

l+l+,3/") showed. the sa¡ne trend- as that for¡nd. ln the d.lets

(ratlons I Ëo 4) E the d.lfferenoes anong treatments were noË

nearly as great, Fecal olelc acld. nad.e up a relatlvely
sne.Il proporÈlon of the Èota} fecal fatty acld.s (5"5u 8"5,

L3.5 and. 1J"5% tor treatments I to 4 respectlvely).
Ratlon I - Experlment I was comparable ln com-

posltlon to ratlon I - Experlment II" Rations 2 to lþe how-

ever, oonüatned. lncreaslng ].evels of llnolelo acld. (ta¡Ie 7) "

In Experlment TIn palnltate supplled. 51,7, 45"7n

37 "l+ and 23/" of total îatty acld.s ln ratLons 1 to llu tre-

specÈlvely. The rumen oontents obtalned. 6 hours af,üer feed--

lng reflected palnltate levels i.n the ratlons" Àlsoe fecal
levels of palnltate for sheep fed. ratlons 1-4, ln general,

reflected. d.leüary levels of palnltlc acld."
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Stearlc acld. supplled. ¿t1.0, 33"1*, 2¿1."5 and 3,5ft

of the total fatty acld.s ln ratlons 1-¿+ of Experluent IL
Agalnr as ln Experlnent I, the stearlc acld. Levels ln the

6-hour rumen contents were consld.erably hlgher tha¡e d.letary

levels of stearlc acld. (l+9"?e l+0.2, 32"5 and 1?"6fr lot
treatments 1-4 respectlvely)" As ln Experlnent I, the

fecal levels of stearlc acld. lrere consld.erably hlgher than

those found. ln elther the ratlon or rumen contents. Thls

r/üas especlally noticeable ln those sheep fed. ratlon 4, rshere

stearlc acld. levels Ln the d.let, rumen conüenüs and. feces

were 3 " 5 o L7 .6 ed 59 .?ft respectLvely ,

Oleie acld. comprlsed- 2"2, 9.7g I9.5 srLð- lþ5,6%

of the total fatËy acld.s Ln the 4 ratlonsu Rr¡mlnal levels
of olele acld- (7"9, L7"3r 27"0 a¡ld 50,9/0) were atl hlgher

than correspond.lng d.leüar7 leve1s, whf.ch ls unllke the re-
sults for Experlment Iu u¡here rumen ol.elc acld. Ievels were

less then d.letary leveJ.s tn 3 treatments, Llnolelc acld.

levels d.ecreased. ln the n¡men wlth respect to leve1s found.

in the d.let. Negllglble amounts of llnolelc acld were

for¡nd. ln Èhe feces of sheep fed. the & ratlons,
The results shor^rn ln [ables 6 and. 7 are d.eplcted-

e;raphlcally ln Figures 1 and. 2 tespectlvely" A polnt of
lnterest ls the Lnereaslng proportlon of stearlc a.cld.

appearlng ln the feces when d.letary levels of unsatr.uated.
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Stearic aeid

Olcic aeid

Figrure 1. Er¡rcriment I.

3
Rations

Stearic and
the ratÍon,
feeeg.

oleic acid levele in
rumen contents, and
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Stearic acid

Linolcie * olcíc

Rations

Figrurc 2. Þrperiment II. LinoleÍc * ol.eic and etcaric acid
levels in the ration, rumen contents,
and fecee.
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faÈty aeld.s lnoreaeed..

Chanqee tn Bunl+g¡I Fattv Âeld I"evels ¡rlth Tlnc eftcr Fecdl4r

In Experlnent Ie Ëhc rnulnal levcIe of palnttle¡
eüea¡le and, o1c!.e eold.e ln the 0, 3 a¡¡rt 6-hou¡ eanples wcre

aluoeù ld.enÛtoeI (lable 8)" The 0-hour eanple, ¡Ehloh ras

taken luucdtatcly pr!,or to Ëhc J ponc feod.lng¡ was ia faot
a sa.uplc takon p hotrs after tåe laet feed.lng (9 a"m.),
Thereforee 1n ord.e¡r to d.etect a ehar¡ge wlth tlne f.n fatty
aotê Levels wlthln the rumen, a eoapar!.ssn between the 0

alrd. l-6Eur sanplee wouLd. be ¡nost approprlate e!.noe a greater

Ëlne lapee woul.d probably aooentuate eny eha¡rge &n fatty
aold. levELs' Bu¡nen paln!.tic and etearlo ao!.d 1cvele of
E:perlnent II (8aUfc a) were eonpa¡abLc to thoee of
Er¡lerlnent r" Eowever, Llnolele aold. levels !.n Er¡rerlncnt

rr ratlon l+ d.ecrcaocd by Z?fi îrca 0 ùo 3 hour6 efter feed.-

!.nS aad. a eorrcapondlng Lnoreasc tn olelc aeld. (llt"5 to
t+9.3F, sas obeerved.. Slnl1a¡Ly, l!.nol,ele aold. d.eereaeed.

fros 3 to 6 hor¡rs efter feed.l.ng a¡rd. a oorreslxrndlng lnereaee

ln ol,e[ø aeld (t+9.3 to S?"9fr1 was obeeæed,.

!al}v Csnsunpt!.on vs. Fesel E:reretlsra of Fattr ^AeiQF

Data chowtng daLly eonsunpËion snd. exeret!.on of,

fetÈy aetds (l[ablee 10 anrl LL) are d,eLlnlated. f.n FLgureê 3
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DArn FåsrY;iïl*r*
FEO.åL FÂTTY ACID EXCBEÍTION

(c) At{D
(E) GM

ETperlnent I

FAETT ACID

PÁ&&fiîIC

SSEABTC

OI,E C

g

2L"7

16"9

0"8

E

6"L

5"6

0"?

9
L6,0

1"1"5

10.7

.E

&e0

6,1+

1"" 0

s
L2"r+

7.3

20 "7

g

3.0

6.6

1.6

gÆ
j.6 zol.

9"2 9,1+

33"7 1"9

xlh""* vaLues were d,eternl.necr. uslng thE ertrdle fat nethod. of
ana1ysls.



trl*

BåBLE 11

DåII,I FA$[:r AcID cobT$UUPEToN (c )
FECåL Fdll:AT ACID ÐTCBSXION (E}

.AT{D

EM

Erpcrlnent II
BaÈlonsl

FÆHTT ACID 1 ?

P.åI,¡ürrc

STEåBIC

OLEIC

LINOLEtrE

I
27"1+

2L"7

Ln2

0.5

s
23.9

L7"5

5"1

3.x

g

8"2

8.9

0.?

0 01"

89,
6.0 Lg"z

9"0 L2"5

0"9 x0"2

0"01 ¿*.8

E9E
3.8 1L.5 1,.8

7.9 LnI 8oI

1"" 8 ?,2.9 3.&

0"01" 7.3 0.3,

ì
'ÍIhese vaLues were d.eÈer"nlned ustrrîg the onrd.e fat BethoÉ of
anal.yet sn
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arrd. þ. Palmltlc acld. was supplled. ln a¡nor¡nts of 2!.?, L6.0,

Lz"Lþ and 3 "6 em/Aay ln ratlons 1 to þ of Experlnent I and.

6.lo Þ"0, J.0 and.2.1 gn were recovered. in the feces (Ta¡Ie

10). Stearlc acld- lncreased. ln the feces when d-ecreaslng

amounts were fed. (tfre ratlon supplylng 16"8, LL.sg ?.3 anð-

0"2 gm vs. fecal values of 5"6, 6.1+, 6"6 anö,9.þ gn)"

Excretion of olele acid. in the feces of sheep fed. the 4
ratlons was low in comparlson to the amounts fed.,

Palnl-ta.te consumptlon and. excretlon ln Experlment

II (fa¡te tt) followed. the same general patüern as obsenred.

ln ExperLment ï. Fecal stearlc acld. d.ld. not reflect d.letary

inüal<e. Hovuever, lt d.ld. d.lffer from Experiment I ln that
the a.nount exoreted. d.ally d.id. noÈ Lncrease ss the ratlon
levels of r¡nsaturated. fatty acld.s lncreased.n A greater

quantlty of fecal oleate was excreted. by sheep fed. ratlon
& - Erperlnent If than fed. ratlon & - Experlnent I (3"I+ vs.

L.9 em/Aay) " Dally fecal excretlon of Llnolelc acld. rang;ed.

from 0"1 to 0,01 gn i.n the ¿l sheep.

Se,qBl ExcreJlon of Fgttv $ :_-Etþçr Extragt Frasçågn vss
Crud"e Fat FracËion

Ïn Experf.ment Ir the d.lfference between Èhe quantlty
of fatty acld.s ln the fecal eüher extract fracti.on and- fecal
crud.e lat traøtlon T¡ras assurtred. to be d.ue to thelr occumlng
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Pertry es Eoaps ln the fecal ortrd.e fat fraeüIon. Data pre-

sented. tn lrable 12 provtèes an ee$lnatlon of fesar soap fot-
naü!.sn for eaoh of the fatty aold.s" Ttre crud.ø fat üo eüber

extract ratlse for pal,ultlo aolct d.sorcaeeGL s1lghtly es the

Level of ratlon r¡nsatr¡raüt on lnorcaeed. (rat!.one I to l+) .

Crude faü to ether ertraot ratl.oe for süearle ac1d.3 on Ëhe

other hand, showed. an lnorcaee through ratlons I to ll" In
faoü there was a LL0fi !.norease tn fecal stearle aef,d. aoaps

ln treatnent l+ conpa^ned. to üreatsent 1. lhe erud.e faË to
ether extraot ratloe for olele aet d. eho¡red. a te¡rd,eney to
d.cerease ln raülone 1 to l+' ánor¡nËs of total f,eeal Ðoaps

exerefed. were a ltütLe bå,eher for treatnents I end. & ehen

f,or treafnonts 2 anê 3"

Protozoa Fatty .Sotd. Oonr¡oslÈlon

Ttre fetËy aeld. oonposlÈton of protozoa obtalneè

fron Lambs ur,rd.er the four d.leüa:ry regl.mene (Sables L3 and

lll) refleeted Èo aoae d,egree the fetüy aeld.s La runen ogn-

fenüe. Eo¡vevar¡ BgEê dtfferenoes were observed." stearle
aetrd levels of prstszoa were generell,y hf.gher tban stearl.s

aeld. levels of the runen eontente wlth ühe e¡oeptl.sn of
freatnent 1, La both experlmenüso Dtfferenees between the
pereenÈagce of stearaüe ln protozoa a¡nd. rulacn contents be-

@a^Be greater when the LEvel of rattron unsaturated. fatty
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T.ABLE 13

PBOTOZO¿. FATffi ACID COMPOS TIONI(ø ME'rErL EsrEBs)

Exoe{t ¡¡ent I
Bâülone

FATITT .ôCID }
P.ü¡ü[IC 51 . 3+2 o 1 42 .A¿O .7 3t+. 5!2. 5 Lg . 5ü7 . 5

SÍEABIC 37.2t0 "7 tl2.190.& r+l+.191.1 ¿+0, ?Èg.g

oÏ,Erc 5. 3É1.0 12" 0È2"1 L? "2+2.L 35"W5,5

IV!.a etlryl eüher extract!,on"



5L

EÁBIE 1þ

PBOÍOZOA F.ilMg ACID COI{POSITIO!*
(É HEtErr, EsrEBs)

E¡perlnenf II
Baùtone

FÅÍINT .ACID 1

P.â¡I{ITIC t+7 "2-L.8 3tt"g!3"6 28" fuL.? L6"O*,2.2

SE"ABIC a6.g¿3"6 t+3"0¿9.5 U2.Lt+"? 33" f,8.9
OLEIC 7"9!O"8 18"0g1*"0 23"7!r+"7 L¡6"2+t+"6

LtrNOLEIC 2" 5 L.2 3-.2 2.t+

lVla ethyl ether extraettron"

t+
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acld.s lncreased." The amount of olelc acld. ln rumen contents

was hlgher than ln protozoàc llhls was partlcularly evld.ent

in Experlment I. In e,d.dltlon, olelc acld levels ln proto-

zoa of Experlment I showed. a tend.ency to be lower ühan levels
ln protozoa i,rt Experlment II

Serum Fatty Acl_d. Levels

No slgnlflca.:rt d.lfferences were d.etected. ln the
percentages of palnltlcr palmlto].elc, stearlc, olelc and_

li.norelc acld.s ln serum wLth respect to the presence of d.lf-
ferent d.letary fatty ac1d.s (f'able 15), Unsaturated. fatty
acid.s mad.e up the largest proporti-on of seru¡n fatty acld.s"

Runen Volatlle {atty Acld.s

Ru¡nlnal levels of VFAÛ s are presented. Ln Tables

16 and 17 " No slgnlflca¡rt d.ifferences lrere observed. among

treat¡nents ln total vFA concentratlorlse or !üas any d.eflnlte
trend. observed. lnd.lcatlng that d"egree of ratron fatty acld.

unsaturatlon affeoted. total VFA concentra"tlons ln the rr¡men"

The runlnal levels of acetlc acld. were comparable

ln both experLments' rn both cases, a grad-ual lncrease ln
acetlc acid- levels was observed. through ratlons 1 to j. The

trend. was interrupted.o however, by the low leveIs of rumlnal

acetate in sheep fed. ratlon þ ln both e:cperlments,
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tÁBLE 15

SERÌ'M FAgtT .âCID8 IN T,A}ÍBS BECEIVINC
V.åBIOUS DIEf.ång Fdt{u acIDS

(É Metnrr, gstgns)

Experl.nent II
Beflons

FATTY ACID

PÁI,}îITIC

P.$¡,lITOLEIG

SITEÁBIC

OLEIC

T,INOLETC

OTEEAS

îOT¿¡
sA|ntB.â$ED

rOTÁT,
f,NSAIUN.åTED

2L"l+

7"2

1,6. ¿*

32'l+

L7 "9
t*.7

37.8

57.5

25.L

5.1+

16.Iå

30,7

L7"0

5.1*

l+1,5

53"L

22.3

6.9

19"0

30.5

19.1

2.3

&L.3

56.tt

L8"L

6"5

1"7.0

30.8

2?"5

0.1

35"L

6&.9
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r.âBl.,ts 16

nI'}TB{ EIT'ID VOI,,åTII,E FATEY ÂCIDS OF LA¡.TBS BEEEIVINE
VÁBIOUS DIEITAET FATffi åCIDS

E:rperlnent I
Batlons

ITEM1

ACE"TIC

PnoPIOtmc

BU'nrBIC

8-2/ e*3

l[ota], \IFAÛe*/rl

59"7t3."8

25"LgA,3

L5"2+L"6

2"1+

170"0

63.8É0.8

2a"29.+ß "7
Lla. qå0 

" 3

3.0

LsL"2

6T .5È2"8

29.u2"l+

L1"" fgl"r*

3.3

l"I+8.2

59.9*,2"O

2? g*4.7

13.5å0,6

2"2

199"3

14""üf.o¡ proplonle, and. butyrlo aeLd,s are erlrressed, as Eolar
peroent"
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IaBLE 17

RU!{nI ETUID VOI,ATILE FC[[g .&CIDS OF T,A}1BS BF,CEf,VING
VABIOUS DIEÎÁ¡g FAT T ÁCIDS

Eïperlnent II
Ra,ü1ons

rrgl{l 1

ACEEIC 60.U2"2 60 "2!L"6 6l"gg..l* 59.5+2.1

PBOPIONIC 2t,.ût:L"6 25"3È,2.5 A8. q+1"? 30.?+i"2
BUf,YBTC 15.0å2"04 1tr.5+2,14 g.7å1.3b LL.3tL.rlab

Q'2/e*3 z. S z.t+ z.z 1.9

Eota1 VFå,0 s
@/rl L1"0"9 L26.1 J-tJ}Z.g LZ\"3

.lo.åoetle, prop!.on!.e and. butyr!.e aeld.s are erllreseed. aa æ
molar pcreent'

abfreat¡¡eaü nea¡rs ¡d.Èh elnl]'ar s¡¡perserf.Bts are not
s1gnlft eantLy d,lfferent,
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Bunf,nåI leveLs of proplonle eold d.coreaeed. from

ratloas l to 3r end. tnereaeed ln ratlon ll (Experlnenü I).
In E¡perl.menû II, ho¡uever, ühe proplonate lcvel ¡rae slrofla

to lnercase etcad.tly nl,th lnereaelng retlon r¡nsaturatlonc

.[lËho%h eüaüLetl,oal elgnlfloanee (p >"95) was not d.eteoËod.¡

there le eons f.nd.loaülon thaË Broplonlo aeld. nad.c up a

greater prsportlon of the toüal IIFÂts wlth lnoreaslng

lcvclE of dletery r¡nseturated. faËty a6lüs.

Bnnl.nal" levels of buùyrtro aotd. å.n general d.e-

ercescd. [n both ex¡lerLnente ae rati,on Levele of rmsaturated.

fatty es3.d,s lne:rgased.u In Expcrlment II, a stgntfloant
(P< "05) d.tfferenee âBong üreatnente sras obsemed. ln buÈyrte

aotê IeveI,

åeetafe to proplonate ratlos wers eal.euLaËed. and.

althougb no slgnlfteant d.tffeteao€a were obscwed. anong

treatnente, e deftntte Srond wae sho¡ûu ln Ex¡rerlnent IIo
tnd.Leatt ns that as the d.egree of ratlon unseüuraûlon ln-
ereaeed., the aeetatE to proplonaËe ratlo d.Eoreaseê. &l

aLnost opposlts trend wes obeerved. ln Experlment I"



DÏSCUSSÏON

These experlments fa1led- to reveal any rel-atlon-

ship between appaïent d.lgestlbl11tles of varlous ratlon
componerrfs and. the 1evel of d.letary unsa.turated. fatty
acld.s" These d.ata are corroborated. by the results of

Roberüs and. McKlrd.y (31) ln that d.ry natter and. energy d.1-

gestiblllties were not slgnlflcantly affected. by rapeseed-

o11o sunflower seed. o11, or anLmal tallow treatments.

Davlson and. Wood.s (f3), on the other hand.n for:nd. d.lfferences

ln crud-e fLbre d.lgestlblIitles when ratlons contaln!.ng

stearLc acld. were conpared. to those contalnlng olelc acld."

The hlgher apparent d-lgestlon coefflclents ob-

talned- Ln Experlment I than ln Experinent II are difflcult
to expLain. this d-lfference betweerr experlments eannot be

attrlbuted. to the ad.d.lülon of J.lnolelc aci.d. ln Experlment

ïI slnce ratlon 1 was the sarne ln both experiments. fhe

only apparent varlables were temperature, relatlve hunld.lty,

and- age of lambs" Experiment I was cond.ucted. in late sum-

mer and. Experlment II was cond.ucted. d.urlng December and.

January" The roo& temperature and. relatlve hr¡nld.lty were

sllghtly lower and. age of the lambs about J nonths oId-er

d.uring Er¡lerlment II " Whether or not these factors were

responslble for the lolrered. apparent d.lgestlbllltles ln
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Experlment II ls a moot polnt.

Chanees in-Fatt¡r-¡lglrlPggportions fqgqBatlon to Rumegt
Contents to Feces

Palnltic acld- level ln rumen contents (24"37¡

of sheep fed. ratlon 4 ln Experlment I was consld.erably

hlgher than the d.letary 1evel (8.3%) r suggestlng net

synthesls of palnltlc acld. v,ilthln the rumen. ïn Experlment

II - ratlon ll, however, palnltlc acld. in the d.leË QS%l

üras consj-d.erably hlgher than l-n rumen contents ß2"6%)

and. also higher than the d.letary Ievel ln Experiment L
These d-ata could. suggest thaf rumen synthesls of thls acld.

vüas corltrolled. by rumlnal levels of palnltic acid., Thls

sizeable d.ecrease ln palmltate level from ratlon to rumen

confènts nlght have been üh.e result of elongatlon of Ct6

to C16 fatty acid.s. Er¡arln and. Black (fZ) showed. that pro-

tozoa are capable of elongatlne Ct6 to Crg fatty acld-s.

In Experlnent I - ratlon þ the d.letary palnltate level

was relaÈlve1y 1ow, and. ln thls treatment the fecal pal-

nltate level dropped. to one-half that of the rumlnal level"

Bablon 4 of Experlnent lI provld.ed. fatrly hleh levels of
palnltate (4/"), however, and. the fecal level was the såine

as the rumen level (tZ%)" It is possible that syntheslzed.

palmitlc acld. was present ln a form tlnat was more read.il-y
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absorbed- from the l-umen of the small lntestlne tha¡r the

palmlülc acld. supplled ln the d-let.

Ðata suggestlng that d.letary Crg unsaturated.

fatfy acld.s rrere belng hyd.rogenated. to stearlc acld. are

d-efinlated. ln Figures ! and 2. In Expertnent I (Ftgure ]-)

ruminal levels of stearlc acid. narked-ly lncreased. in re-
latlon to d.letary levels through ratlons I to 4" â,1so,

slnce d-ecreaslng d-letary stearate levels r{ere oonconltanü

to increaslng d.letary olelc acld. levelso the results sug-

g;est that hyd.rogenatlon of olelc to stearlc acld. ?üas os-

currlng wlthln the runen, The d.ecrease ln slope between

d.letary oleate and. rumlnal ol-eate (Ffgure f ) was almost In-
versely related. to the change ln slope between d.letary

stearate and. rumlnal stearate, whlch also suggests that
rumlnal hyd.rogenatlon to stearlc acld_ was occurrlng,

Gomparable results were obtalned. ln Experlment rr, although

not as pronounced. (Ftgure 2)' The unsaturaËed. fatty acld-

fraetlon (olei.c and. llnoleic acld.s) remalned. a.t relatively
hi.gh levels in the rumen suggestlng less efflclent hyd.ro-

genatlon, In general, the results of these experiments

are ln a"greement u¡lth those reporËed. by other workers (15,

2?c ZBu 3l+, 38) where evid-enee has been obtalned. lnd.lcating

hyd.rogenatlon of unsaturated. fatty a"cld.s wlühtn the n¡.men.
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In both experlments fecal stearate leveIs ln-
creased. much faster tha:a rumen stearate levels when the

proportlons of d.letary unsaturaËed_ fatty acld.s were ln-
creased.. Thls could. suggest þLtat either fr.¡rther hyd.ro-

genatLon of linoleLc anö,/or olelc acld.s occurued. post-

ruminally, thereby Lncreaslng the proportlon of fecal
stearic acld.; or selective absorptlon of the r.msatr.rrated.

fatty acld.s occurred. ln the snall intestlne and. thus

caused. a relatlve incrnease ln fecal stearlc acld., The

latter suggestlon has llttLe merltu ho!,rever, slnce the

apparent d.lgestlon coefflclents for crud.e fat (fables l+

üñ 5) renalned. relatively consta^rrt wlth lncreaslng un-

saturati.on of d.letary fatty acld_s. Alternati-vely, there

nay have been d.elayed hyd.rogenaülon ln the rumen" Tove

ß6) noted. that natural fats (present ln feed.) were more

efflclently hyd.rogenated. than pure unsaüurated. fatty acld.s"

He suggested. there ¡¡as less opportunlty for hyd.rogenatlon

of pure unsaturated. fatty acld.s than of those present ln
natural feed.s because of thelr faster rate of passage

through the rumen,

Sheep recelvlng ratlon I j.n both experlments

showed. hlgher rumen Ievels of unsaturated. fatty aci.d.s

than for d.retary levels" Thls would- suggest that a. net

synthesi-s of ühese acid.s occurred. wlühln the rumen" Erurln
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acrd Blaok (1?) have shorn thaü rurlen n!.oroorgan!.sue are

capable of eynÈheglzlng uaeaüuraüeü fatty aold.e¡ and. pru-

tszøa rrere shoroo to d.eeaüurate stearl.e to olelc aelê" In
the preeenü etudy olelo aold. uad.e uP 3"?fr sî the fatty aold'e

ln tbe rumen and. S.Lfi ln ühe feoes of sheep fed ratlon I
ln the flret er¡rerlnent, A¡sunlng üheü ølele aolê le pre-

ferentlelly absorbed. ln ühe enell. lnteeÈlner oonpa¡ed. to

Lte eatusated. anal.@gpe, one ¡rould. cxpeet fcsal elele leveLe

tø be løwer thân rume¡l Leveleo Eoweverr 1Ë nl.ght be that

the lnereaae ln f,eeal oleate ras d.ue Èe end.ogenoua 6881o-

t1øn øf uneatr¡rated. f,etty aold.e pøetert er to ühe area ef

absonptlen"

Chenses tn Rr¡EtnâL FetÈv Aoldl.Levele rtth T!,ne efter Feeêlnq

Ehe fatty aeLd, oonpoet tlon of rumen eontente üa,ken

at 0r 3 and 6 hours afüer feed.tng fallcd. to gLve e elear

lnðtcatton of olete or llnoLele aotd. hydrogeneülon. llrc

reletlve eonecntratl.one of stearle anct olelo aøId,e ohanged.

very L1ttLe wltb recpeet Èo the three sanpllng perl.sd.e.

Ethe8-Ertraot vs. Crude Faù- oq Feeal Ertrastlone

FeeaL soaps nad.e up t*0-ó0F of feoal fat fron al,L

fsr¡¡ ÈreatnenÈe ln Exper!.ner¡t I (Tab1e L?l . Itre d.eoreaElng

ürend. Ln orr¡d.e faË to ether extraoû ratloE for feeaL Palmlü-
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ate oorrespond.ed. to tnoreaslng r¡nsaturaülon tn Èhe d.let.

lhle euggeets ühat J.eae palnlüle aolê was eonple¡cd. ao

soaps la eheep feô raülona eontalnlng d.eereaelng palnltlo
aeld. leve1e. tlhen enalI anor¡nte of pal¡et tlo aold. were tn
ühe d.!,et (ratlsn 4) ¡ Èhere was an tnorease ln ühe relatlvs
proporüloae of palnltle aold, enüerlng the d.uorlenun and. a

eubeta¡rtlal ùco¡reaae ln feoal palnltate leve].e (|fable 6I.
In Erpcrlnent II¡ the Brol¡ortlone of pal¡nl$ate ln rr¡nen

eontente er¡d. feeee of eheep fecl ratlon l+ were td.entLeale

a!rd., as prevtsuelt nentloned.¡ Lt ¡sas euggested. Èhat runen

palsltto aol.d. syntheels was oeourrl.ng. lflrla Lnd.loates

greater uÈLLtzatLon of palnl.tate nsed.l.atert throrlgh coae

effcet of the storosrgantens"

Íl¡e orutle fat üo ether e¡traet ratlos for feoa}

etsaratc !.noreaeeè rrlth lneteaelng Levele of unsaturated,

fatty aef.d.e ln the d.t eÈ. Ia thle @aaêe ono nlght postulate

ühst hyôrogenatLsn of nneaürr¡aücd. fetty aeld.e by rr¡nen

rleroorganløue nay enhaneø selt fornatlon elnec the na-

Jorlfy of fEeaL eËEaraüe tn the hXehly r¡neatr¡rated. trcat-
nents nueÈ have arl.sen from hydrogenatlon of oLele aetd..

Feoal soap e¡eretlon of etee¡ate ¡reellÐÉ hl"gher ln the un-

eaËr¡rated. thasr i.n the saturated feùty aetd d.lese. Boberts

a¡rd. MeKtrrð.y (31) feð anf.nel tallow tl+?.8fi ole!.o pLue I!.n-
olelo aetd,e), raBeaeeð sf.l (sg.gfi ole!.o plue llnoLelo



6g

aelcls) r arid. eunf¡.oser eeed. o11 (8,5.79 olelo plue llnolele
aeLd.e) to eteers. ÍIhe oalou].eteet orud.e faü to ether e¡-

tracü ratlos !.n ühe feeee were 2,01 J.0 anð 3.5 reepcctlvc-

1Ír wrrleh euggeaÈe htgber f,eoaL soap exeretlonE ¡rlÛh ln-
oreaslng d.l.eta¡y Lsvele of uneaüuratoð fatty aøld.s"

A d.eoreaalag trenè ln erud.e fat ts ether e¡Èraet

ratlos for feoatr oLeate eug;gests Èhat elaeller proportlone

of feeeL oleatc lrêre !.n the for:n of eoaps $t th lnereastng;

qtrantS.tiee of A!,Etery sl.ele aotd.' ltbe feeaL oLeste values

fron whteh theee rattons were eeLeulated. ¡rene qulte 3.ow

a¡rd sho¡red. eons!.d.erabLe var!.attron¡ thus t!¡ef.r l.nporüance

may be Ltplted."

Protozoe Faftv .AeXð Cont¡oslËlon

Íl¡e ôLfferoaoe beüween rr¡¡EinaL antl protozoa

st¡earle aetil levele beeane greaten ¡r!.th lnereasf.ns dlefery

r¡nsatr¡rated. fatty aetd.s. lll¡le sw;geste thet protozoa were

hyd.rogenetlnt uneeturatecl fatüy aeld.e. Guttierrez gþ g!"
(X9) showed. that protozoa were abl,e to Wd.rogenate sle!.e

to etearte aotê d.urlng lneorporatl.on !.nto eeLl"uLar oon-

ponenteo l&e l¡oss!.bf.l1üy aleo exÍ.ets ûhað protozoa were

eeleoÈ!.at etea^rle aolô spestf!.eaXly fron the runinen sed.ta"

trn Eq¡er$nent IIr the d,l"fferen@e beËween ebsarate levels

sf protozoa end. runen eontenter !d.th lnoreaEtrng levels of
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ð!.eta:ry uneatu¡atEd. fatty aold.s, waa Bore pronounoed."

PoeslbLy llnoLelo aeld. Le msre efflc!.entLy Wdlrogeneted. by

protozoa. Ihe l.!.noleto aetd. ].evels ln ptutozoa fron eheep

fed. ratlon 1 !.n both exl¡erlnente rEere hlghe¡r than valucs

obtalaed. for runen oontents" lhe posslblLlüy erlete thaÈ

prstozos oan epotheet"ze ll.noLele asld antl. thaË tbls d.l.f-

fereaee appea¡eô beeauee sf, low LeveLa of 11ns1e3,e aolð

enterlng the runen fron thc d.lef.

$erus--8Ê&tv AÊt ê tevele

lhere wetrB no s!.gnLftoant d.tfferenoea åEo¡rg

trcatnente !n aerr¡B fatty aetd. levele" ftrts @a¡e be er-
pLatrned. by ttre faot thaÈ r¡nsaÈureted. fetty aotde were belng

hydrogeusted. ¡c!.thtn the n¡nen and. the fatty aeLd. ¡nlxture

enterlng the d.uod.ênum rüas of relatf.vely eonsüaraü eon¡rosl-

tlonr lrreepeettve of dletarf fetty aold.en ^$ny ¿tfferenoea

Ln eerr¡n fatty ael.d. oon¡nel.tlon refLeot!,ng the t¡reatnents

wou1d. probebly be nod.lf!.edl by ltver netebol!.sn and. ni.¡trag

lsLth sysüen5.e bl-ood. before a¡r!.vel at the Jugular vef.n

s.lnere eagpXlla€ oeer¡med.. |lhug¡ one wouLd. erl¡eet lf.ttle
treetnenË eff,eet upen the relattve proportsons of, aerun

fatty aetd.e. .ånothor lnte¡reeÈl¡rg ¡¡st nt was ûhe reLetlve}y

htgh proporüÍ"on of uneafiæated fatty eoLds Ln the se¡aun,

3.n eonl¡arteon nlbh w?rat one woulê erl¡eet to be avallable
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for abeor?tlon. ft¡ts oou1d. be ex¡rlalaed. by the faot that

uneaür¡rated. fatty aold.s of end.ogenous orlgt n rere enterlng

the Elroulaüory sysüem. Serum èeta tn the presenü stuüles

ere noü neoessa¡lIy ln agreenenü ?rlth ôata rEpsrteô by

mayna¡a gg ÊI. eil and. MeGay ancl ![a¡nnartt (z6l . Íftreee

workers obee:cçed. en lnorease ln ühe lod.lne valuee ln blooô

pl,aEna 1lpld.s of oowe and. goats¡ respeetlvely¡ ¡shere hlgh

levels of nneatr¡rated. fatty aeld.e rrere fed.. Behrnan Ql
noted. a elgnf.ftoarrt dtfferenee ln bLood. plaena f,atty aetd.s

of sheep when r¡nsaür¡rated. fatty aold,e were lnfuseð post-

runlnelLy and eonpa^ned. Èo feedl.ng the sane fatty aeld.s"

By L¡rfuslng faüty aold.s ¡rcet-r"rrmlnallyr noaogaetrte eon-

d.ltf.s¡re ¡sere elmuleted.r anå one rculd exI¡eot serua faÈty

aotd.s to refleet, to a cerËaln d.egtree, d!.etazy fatty aelôs.

Rumen Vo1attl.e Fattv åøld.s

Runen f1ul¿ levele of proÞtonlo aeld. (E4¡er!.nent

II) lneæeased., althougtr not stgn!.ff.eantJ"yr !r!.th Inoreaelng

levele of tll.eüa¡y r¡nsaturated. fatty aeld.s. Sha¡s a¡rd Easor

ßll reported. an !.norease In rumen flúA proplonlo aet d.

wben eod lLver o1l, (nfgh 1n llnoLelo acld.) was f,ed, to dalry

eows¡ rùteh Ln general å.e ln agreemenü wlth tbe proplot¡l.e

ae3.d. d.ata of Erperlnent II. [t¡Ls Lnerease tn runtnal Pro-
pt o¡cate Éth t noreaslng J.evels of rati.on r¡nsaüurateð fatty
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ae!.ds rses not obeetlYed. la E$¡er!.meat I. flle laok of d.leta:ry

Ilaolelo aclô l.n Expertnenü I nay have been the reaeon

for the lack of lnereese Ln ru¡¡lna]. prop!.ona,te. Shars and

Elsor (¡f) reported. that llno].elo aold. ¡rag more efflolent
ühan olelo ln ühl.e regard..



CONCLUSIONS

Er¡rerlnenüal resr¡].te provlùed. a baslE for the

foLlow!.ng eonelus!.ona ¡

No slgnlftcant treatnenü effeEts on enerryr ült-
rogenr flbre¡ d¡y patters eühen extraotr or orrud.e fat
d.lgestlbt l.ltleE were d.eüeoüed,.

Bumen eatu¡ated fatty aold. leveLs ln osnparleon

to dlleta¡y LeveLs suggeet thåt hyêrogenaülon of 016

pol,yethnold. fatÈy aeld.e oesutg ¡Elthtn the rumen.

BeLattve proBortl.sne of runsn fatty eeLðs ðo

not apÞear to ehqnge Ìrtüh tlne af,ter feeellng (0, 3

and. 6 hor¡¡s).

Falultte aoLd syaüheela ocoutrs ¡E5.thln the n¡nen

of eheep fed. dlete low tn thle aotd.. llhe reeulte sw;goet

thåt eynühesle tray d.epond. upon rt¡nlnal level,s sf, thls
aet d..

Olele aold. syatheela oeours tn üreatnents low ln
üht e aeld.. O1elo aoLd. EyaÈheeLs Eay be êependent upon

rumlüF1 nevels of ühls aeld. as !.nfluenoed. by d.LeÈa¡y

IeveLs"

Feeal l-eve1s of stearLe aetd. for eheep fed eatu-

rafeð fatty ael.d. dtete are qulte etnlLa¡ to thoee feô

uneafi¡lated. fatty aold. d.leüe.
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Fat dlgestlblllty d.eoreases from 11-19 d.lgesülon

t¡nlfe ?Íh@n the exoretlon of feeal soeps are taEen lnts
AeeOUnf.

l{hen dlcüa:ry unsafurateel faüüy eot d,s atÇ fGlatl-
veLy hl&r the feoal Btearate soap êxeretlon ls lne¡eaeed.

by L10É compared. to hlghl,y eaturaûed, d,tetary faüüy eoldee

lhe relaülve proportlons of aeru¡o fatüy aold.s

shorc no reslronsc to yarlous d.letarV faüty aold.sc

No stenlf,loerrü d$f,fsrsn@GÊ a:re obsemed. aeong

ü¡rEat¡aents ln toüaL VFÂ ooneentratlonse or ls 8r!g d.e-

fi.aLte trend. dell,nS.ateð lnd.3.eaËlng that degree of
ratt or¡ fatfy aetd. unsatunatf.on affeote 8oËa1 VSA con-

@entaatf.sn ln the rune,no

lhere ls some tndteatlon thaü proptonl@ aeld.

makee up a greetcr proportlon of thc totaL VFA0g when

Levcle of cll,etary unsatr¡raÈed fatty aeld.s are lnereaeed..

Br¡n1nal levels of butyrle aeldr ln geaeralr èG-

L0"

11.

L2"

oreese as raülon leveLs of r¡neaÈurebed. fetty asld.e ln*
08€899c

13" Alühough no stgn.ftear¡t d.lffe¡penoes ¡rere obeerved,

Ln aeetaüe to proplor,rate ratlos anong ürea€nents, a ðe-

flnlte tnend was obse:rred. ln Erpertscn& rr tndloatf.reg

fhå$ as thê d.egree of, ratlon uneaÈuratå.on rnercaaea, ühe

a@eËste to propf.onaÈe raËlo d.eetreases.
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