THE EFFECT OF FEEDING AND DUODENAL INFUSION OF OLEIC AND
LINOLEIC ACIDS ON LIPID DIGESTION IN SHEEP

A Thesis
Presented to
the Faculty of Graduate Studies and Research

The University of Manitoba

In Partial Fulfillment
of the Requirements for the Degree

Mester of Science

oy

Harold R, Behrman

|

Harold R. Behrman 1965}

e




ACKNOWLEDGEMENTS

Sincere appreciation is extended to Professor
G. D. Phillips, of the Department of Animal Science, for
his assistance, advice, and guidance during the course of
this study.

The advice and assistance, of Mr. J. A. McKirdy
with the chemical analyses is gratefuily acknowledged. The
author wishes to thank Mr. J. Woodhouse and Mr. B. McCorrister
for their assistance in the care of the sheep.

Financial assistance for this project was pro-
vided by a grant from the National Research Council to
Professor G. D, Phillips, énd from the Department of Animal

Science, University of Manitoba.




i

ABSTRACT

The present experiments were conducted to deter-
mine the ruminal and intestinal effects on crude fat when
no supplementél fat was fed and when oleic and linoleic acids
were fed and continuously infused into the ducdenum of sheep.
The effect of method of administration of the two fatty acids
on the fatty acid composition of the Jugular plésma was de-
termined as well as the effect on the digestibility of ration
components.,

During the control period, when no supplemental
fat was-administered, considerable synthesis of fat occurred
within the rumen which was assumed to result from microbial
synthesis. Further, on the basis of fatty acid concentration
_of the fat entering the intestine, it appeared that the Cig
and Clé.aeids were the main fatty acids synthesized. -The
addition of oleic or linoleic acids to the daily ration did
not result in a corresponding increase in the crude fat which
entered the duodenum. It is suggested that this was due to a
decrease in the syntheslis of crude fat when the two fatty
acids were fed.

A significantly higher digestibility of crude fat
6ccurred when oleic and linoleic acids were infused as com-
pared to when the same acids were fed, From analysis of the

crude fat entering the duodenum it was found that considerable
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hydrogenation of the long chain unsaturated fatty acids oc-
curred in the rumen when oleic and linoleic acids were mixed
with the dally ration. It is suggested that such hydro-
genation caused the lower digestibility of.oleic and linoleic
acids when thesgse fatty acids were fed as compared to the in-
fusion of the same acids.

In general, the feeding of oleic and linoleic acids
depressed ration digestibility as compared tc the infusion
of -the same aclids into the duodenum or the control period.

It was found that the fatty acid composition of
the jﬁgular plasma reflected the fatty acid composition of
the crude fat available for digestion in the intestine.




iv

TABLE OF CONTENTS

Page

INTRBODUCTION & 4 o o ¢ o o o ¢ 5 o 3 o ¢ o s o s o s & 1

REVIEW OF LITERATURE . ¢ o + o o o o s s o s o o o s o 3
Effect of Fat Upon the Digestibility of Ration

ComponentsS oos o o o o o s 2 2 5 5 5 o & s o ¢ 3

Effect of the Bumen Upon Ingested Fat . . + + + o & 7

EXPERI MENTAL [ ] . L ] E L ] [ ] L ] L ] [ [ ] [ L] » L » . [ ] L L L] L] 1 5
Preliminary Experiment. . ; * 6 s o o s 2 8 4 e s @ 15

Experimental Arlimals L ] L ] . . V [ 3 - [ [ ] ) L ] * & L ] L 1?

Duodenal Infusion Technique o« + o o« o « o o s o o+ o 17
Sampling Procedure: FECeS o o o« ¢ o o o o o o o & 17
Duodenal Contents + + + o o« & 18
Plasmée o o ¢ o o s s s s o 18

AnalyticalMethOdS................. 18

Experimental Design of the Main Experiment. . « + 21

RESULTSANDDISGUSSION.------ioooooooc 25

Preliminary Experimen‘t. ¢ & e + 8 & & s s s s+ e » 25

Main Experiment « « ¢ o« ¢ o ¢ o ¢ o o o s 2 & s o 27
A Digestibility of Proximate Constituents . . . 28
B The Effect of the RBumen on Lipids « « ¢« + o & 32

a) Lipid Synthesis in the RBumen. « « + « 32
b} Rumen Effect on Ingested Fatty Acids. . 35
C The Intestinal Effect on Lipids + o o « & o & 42

D Nature of Fecal LipidSn * s s s & s 8 s s s )4‘6




SN LA el o £ SES o Y

E Nature of Jugular Plasma Lipids
SUMMARY AND CONCLUSIONS. o ¢ o o o o o o
BIBLIOGRAPHY , o« o« ¢ o ¢ o s o o s o o
APPENDIX ¢ o o o o o o ¢ o o o o o s o @

Page
49
51
55
60




A Y S i ey

R o e N A b A O N e e e e S o A R e o A R T e s

Table
I,

IT.
ITI,
1v.

VI.

VII.

VIII,

IX,

LIST OF TABLES

Fatty Acid Composition of Rapeseed 011,
Sunflower 01l and Basal Ration Crude Fat. .
Basal Bation Compositionie 4 o o ¢ o« ¢ ¢ « o
Basal Ration Chemical AnalysiS. o« ¢« o o o o o
Fatty Acid Composition of Basal Ration Crude
Fat and Oleic and Linoleic Acids. + + « + &
Fecal Excretion of Ether Extract, Crude Fat
and S0APS « +» s a2 s o & 2 e o o e . .
Apparent Digestibility of Ration Components .
Fatty Acid Composition of Crude Fat and Soap
Entering the Duodenum During the Control
Periofe o o o o o o o s s s s s s o o s o o
The Amount of Crude Fat, Ether Extract, Soaps
and Free Fatty Acids Entering the Duodenum
During the Control FPeriod and When Oleic
and Linoleic Acids were Fed . o« o o o o o &
Fatty Acid Composition of Crude Fat Ingested
and Crude Fat Which Entered the Duodenum
When Oleic and Linoleic Acids Were Fed and
During the Control Period . + « ¢« 4o ¢ ¢ « &
Fatty Acid Composition of the Soaps Entering
the Duodenum When Oleic and Linoleic Acids

Were Fed and During the Control Period. . .

vi

Page

16

23

23

24

26

31

34

36

39

41




PR gy Far e LT L Yl

Table
XTI,

XIl,

XIII.

XIV.
XV.

vii
Page
The Amount of Crude Fat Entering the
Duodenum, Excreted in the Feces, Difference
and Parﬁitioned Apparent Digestibility
Coefficlents « « o o o o o o o o o o s o o o o H3
Fatty Acids Entering the Intestine and Fatty

Acids Excreted 1n FECEEe o o o o s o o o o o » L5

Fecal Excretion of Soaps, BEther Extract and

Free Fatty AcidS v « o o o o o o o o ¢ o s o o L7
Fatty Acid Composition of Fecal So0aDPS: « o o o » 48
Mean Fatty Acid Composition of Jugular

Plasma Ether Extract « o o o o a0 o o 0 o o s & 50




R R R R R R R G R R s S e s

S R AR

viii

LIST OF APPENDIX TABLES

Table Page

Apparent Digestibility

I. Preliminary Experiment

COefficientS » L] L ] [ ] L] » L ] L] L » L ] L L] - ] [ ] . 61

L
txi
(]
o
Y
s
53
al
0
H
@
ot
P
@)
)

II. Preliminary Experiment

OfFatS.........-.........-'62

III. Preliminary Experiment Daily Dry Feces

Production « o o ¢ o o o o s o s o« o o o 2 o o 63

IVa. Chemical Analysis of Feces « « « ¢« ¢« o o o o « o Ol

IVb, Chemical Analysis of Feces o v o o o o ¢ s o o » 65

V. Chemical Analysis of Duodenal Contents . . « « & 66

Via, Total Apparent Digestibility Coefficients. « + 67

VIb., Total Apparent Digestibility Coefficients. + . 68
VII. Partitioned Intestinal Digestibility

Coefficients o « o o o « « o o o o o o o o o+ 69

VIII. PFatty Acid Composition of Fecal Ether Extract. . 70

IX. Patty Acid Composition of Fecal So0apP e ¢ « o « » 71

X, PFatty Acid Composition of Duodenal Ether Extract 72

XI. Patty Acid Composition of Duodenal So8D. o o o 73
XITI, PFatty Acid Composition of Plasma Ether Extract . 74

XIII, Duplicate Analyses of Fatty Acid Composition

of RBandom SamPleS. o« o « o o o s o s o & o o & 75

XIV. Dally Dry Feces Production « « o« « o o o o o o o 76




INTRODUCTION

The process of fat digestion in ruminants differs
quite markedly from that which occurs in monogastric animals.
This difference is due to the effect of the rumen microorgani sms
on the ingested fat, within the rumen. In monogastric animals,
on the other hand, the ingested fat is subject to little change
during the intefval between ingestion andrdigestion in the small
intestine,

Ingested fatrin'ruminants_is subjected to cohsiderable
chemical changes 1nvol#ing hydrolysié and subsequent hydro-
genatidn of unsaturated faﬁtylacids. The free glycerol is meta-
bolised to volatile fatty acids, in particular, propionic acid.
Furthermore, there is synthesis of fat by the rumen nmicro-
organisms. As a result the fat entéring the sméll intestine
may bear relatively little resemblance to ﬁhe ingested fat,
either in guality or quantity. It may be a result ofrthese
changes that ruminants cannot tolerate high levels of dietary
fat as well as monogastric animals.
| Microbial attack on ingested food in ruminants pro-
vides a method whereby such animals can digest and utilize
highly fibrous feeds. There is evidence which suggests that
added dietary fat results in decreased ration digestibility,

particularly when there is a high fibre intake.

PReENE




The purpose of the present experiments was to de-~
termine the effect of the rumen on added dietary olelc and
linoleic acid and to estimate the quantity and quality of the

fat synthesized by the rumen microorganisms. Further, to de~

termine the intestinal digestibility of individual long chailn
fatty acids when oleic and linoleic acids were fed and infused
into the ducdenum, Observations were also made on the effects
of method:of adminlistration of the two fatty acids on the

apperent digestibilities of ration components.




LITERATURE REVIEW

Effect of Fat Upon the Digestibility of Ration Components.

The ruminant animel depends to a great degree upon
the microblological degradation of ingested food, within the
rumen, to meet its energy requirements. Since all food ingested
enters this unigue anatomical structure, it is most desirable
to know what effect the added fat will have on the utilization
of other ration components.

| Brethour et al. (1958) reported a significarit decrease

in the dry matter and organic matter digestibilities when 15%
animal fat was added to a cotton seed hull ration and fed to
sheep. A significant drop in weight gains was also noted.
Davison and Woods (1963) found a significant decrease in dry
matter and organic matter dlgestibility, but no effect upon
protein digestibility, when 35 grams of corn oil was fed to sheep
feceiving 700 grams per day of a corn cob ration. In the same
paper a decrease in organic matter and cellulose digestibility
was noted when 5% corn oil was added to a basal slfalfa ration.
The amount of protein aﬁsorbed was again unaffected. Esplin'
et al. (1963) added 4% tellow and 4% hydrolyzed vegetable and
enimal fat to a ration containing 30% alfalfa and 57% grain. No
difference in ration digestibility was found between fats or
between fat and no fat. It should be noted, however, that the

ration in this case had a considerably lower fibre content than




the rations used by other workers. Erwin et sl. {1963) reported
no change in the digestibility of fibre and nitrogen when 60
grams of methyl myristate or 60 grams of safflower olil were
injected into the duodenum or rumen of sheep receiving 800 grams
per day of a’high fibre ration. Differences were found in the
dry matter digestibility but these were accounted for by the
differencés in fatty acid digestion.

The possibility exists that the method of adminis-
tration of the fat has an effect on the subsequent digestibility
of the ration components. To study this effect, Pfandexr and
Verma (1957) fed a 90% cottonseed hull ration to sheep. The
treatments consisted of a control period and either feeding corn
01l mixed with the hulls or pouring the same guantity of oil
into the rumen via a permanent cannula. The digestibility co-
efficients reported are aé follows:

basal corn oll fed corn oil poured

‘organic matter 50 35 . 50
cellulose 52 29 b9
nitrogen 51 . 35 50

The decreased digestibility of the ration when supple-
mentsl fat was mixed with the ration appears to be dependent
upon the level of fat which was fed, The higher the level of
fat the more pronounced was the decrease in digestibility. ihe
caucative effect of the fat is still somewhat vague. It has

been suggested that ration digestibility is decreased due to
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the fat forming a film over the food particles thus rendering
them less available to microbiological degradation. Ward
et_al., (1957) fed corn oil mixed with the concentrate portion
of the ration, and fed the same quantity of oil mixed with the
roughage portion of the ration. The latter method of feeding
resulted in a greater decrease in fibre digestibility. Brooks
et al, (1954) used a similar ration but heated the corn oil
prior to pouring it over the roughage portion of the ration.
The depression in fibre and nitrogen digestibility was greater
than that recorded by Ward et al. (1957). The hypothesis put
forward by Werd et al. (1957) is that heating the corn oil re-
sulted in & greater dispersion of the oil in the feed causing
a greater masking effect, However, Brethour, Sirny and Tillman
(1958), found that when the corn oil was mixed with the con-
centrate portion and fed separately, as compared to mixing the
corn oil with the roughage portion and fed separately, little
change in fibre digestibility occurred.

There is a well established interrelationship betweén
calcium and fat in ruminant nutrition. Brooks et al. (1954),
using an artificial rumen innoculated with rumen microorganisms.
taken from sheep, found that the depression of ration dlgesti-
bility following administration of corn oll. could be partially
ameliorated by the addition of alfalfa ash. Grainger et al.
(1957) reported a depression in organic matter, cellulose, and

protein digestibility in sheep fed a 5% and 6% level of corn




0il. When a trace mineral mix was given, equal to the amount
present in the added alfalfa ash, a reversal in protein digesti-
bility was noted, but organic matter and cellulose digestibility

remained unaltered. In a subsequent trial the depressed di-

gestibllity of organic matter and cellulose, using a 5% corn
0il ration, was alleviated by administering alfalfa ash and
calcium, or calcium and phosphorus equal to the amount found

in the alfalfa ash. Furthermore, the calcium and phosphorus

did not increase the digestibility of the basal ration confain;
ing no fat. Davison and Woods (1963) reported that calcium
chloride and calcium carbonate were equally effective in
alleviating the depression in ration digestibility following
addition of corn oil. Magnesium carbonate, on the other hand,
was found to be ineffective. Hence it was concluded that the
calcium ion alone was responsible for ameliorating the depressed
ration digestibility.

White et al. (1958), suggested that the calcium fat
interrelationship could be expiained on the basis of calcium

soap formation. BSeveral research workers have reported a de-

crease in the calcium digestibility following administration of
fat to ruminants (Grainger and Stroud {1959); Grainger et al.
(1961); Tillmen and Brethour (1958)). It was suggested by

Camlien and Dunn (1957), that fatty acids can act as antimeta-
bolites to the rumen bacteria. Since neutral fats are hydro-

lysed within the rumen, to fatty acids and glycerol, (Garton




et al, (1958), Davison and Woods (1963) suggested that the |
calcium lons form insoluble socaps by combining with the fatty
acids and thereby amellorate the antimetabolite effect.
Further, the calcium soaps formed are subsequently hydrolysed
in the abomésum and arrive at the duwodenum in the undissociated
form. These same workers found no increase in the excretion

of calcium.following addition of the corh oil, but did report
an increase in digestible energy when calcium was added to the
~ration containing corn oil., Furthermore, since magnesium did
not producé the same effect as calcium in alleviating depressed
ration digestibility, it was concluded that the calcium fat
relationship Wés not simply due to the formation and excretion

.of soaps.

The Effect of the Rumen Upon Ingested Fat

In monogastric animals the composition of the dietary
fat can appreciably affect that of the depot fat. This, however,
is not the case in ruminants. Generally speaking, fat de-
position in ruminants is characterized by a high melting point
and a high ratio of saturated to unsaturated fatty acids, re-
gardless of the type of fat ingested. Garton (1960) demonstrated
that the 1lipid fraction of forages ingested by ruminants contains

high levels of unsaturated fatty scids.




Mixed Pasture
Fatty Acid CGrasses Perinephric Fat

Garton (1960) Hilditch & Pedelty (1941)

C-12 2.9
C-14 3.3 3
Saturated C-16 9.4 25
C-18 1.5 28
C-18 + 0.7
Unsaturated C-14:1 0.4
C-16:1 3.0 1
C-~18:1:2:3 78.5 Lo

The fatty acids occur as esters of galactosyl glycerol
and as triglycerides. Further, Garton (1960) reported that the
concentrate portion of a ruminant ration has a high level of
unsaturated fatty acids in the lipid fraction.

Hilditeh and Pedelty (1941) determined the fatty
acid composition of sheep perinephric fat. Comparison of the
fatty acid composition of the depot fat with dietary fat in-
dicates a considerable shift to saturated fatty eclds. In
particular, a large increase in palmitic (C-16) and stearic
(C-18) acids. Hoflund et al. (1956) fed linseed oil to young

dairy calves in which the rumen of each animal had not yet

achieved an active state. The high levels of unsaturated fatty
acids present in the linseed oil were reflected in the depot

fat of the animals. Ogilvie and McClymont (1961) reported a

large increase in linoleic and linolenic fatty acids of per-
inephric depot fat when linseed oil was infused into the duo-
denum of an ewe. It appears then, that the functioning rumen

is agsociated with lack of effect of highly unsaturated dietary




fat on the level of unsaturated fatty acids found in depot fat.
Garton et al. (1961) demonstrated that triglycerides
are hydrolysed by sheep rumen contents. Incubétion of 1 gram
of linseed oil with 100 mls of whole rumen contents resulted
in 60-90% hydrolysis of the oil within 24 hours., Following the
complete hydrolysis of linseed oil no glycerol could be detected
in. the rumen contents. Further, no glycerol was detectable
after 24 houis when glycerol alone was incubated with-the whole
rumen contents. The disappearance of glycerol was so rapid
that within 4 hours following administration less than 50% of
the added glycerol could be detected., It was concluded by
Garton that glycerol is largely metabolized within the fumen to
propionic acid. During lipolysis no monoglycerides or digly-
6erides were detected and 1t was asSumed that hydrolysis was
coﬁplete. In this same paper, it was noted in preliminary ex-
periments by Garton that galactoliplids are also readlly hydro-
lysed by rumen microorganisms. Dawson (1959) further reported
that the rumen mlcroorganisms are capable of hydrolysing
phospholipids. Hence, fat which 1s ingested by ruminants is
subjected to considerable hydrolysis before entering the small
intestine where absorption of the long chaln fatty acids occurs.
Reiser (1951) was emong the first to publish data
which indlcated that the rumen microorganlsms are capable of
hydrogenating unsaturated.fatty acids. Shorland et al., (1957)

incubated oleic, linoleic and linolenic acids with rumen con-
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tents of sheep and found that stearic acid as well as poslition-
al isomers of the unsaturated acids were formed. Using sheep
with ligatures at the reticular-omasal junction, Wood et al.

(1963) placed labelled linolenic-1-C-14 acid within the rumen.

Tagged compounds of ten or more carbon atoms appeared in the
jugular blood 4 hours after administration. However, 85-96%
of the original test dose was recovered from the rumen, but,
only 3-6% was as linolenic acld, PForty-five per cent of the

test dose had been hydrogenated to saturated acids and 33-50%

hydrogenated to oleic or elaidic acids. Garton et al, (1961)
reported that glycerol esgsters of unsaturated fatty acids were
hydrogenated, but the hydrogenation of the free fatty acids
occurred more rapidly. Furthermore, the trienoic C-18 fatty
acid was the most effectively hydrogenated. Wright (1960}
further'substantiates the rapid rate of hydrogenation of
triencic acids as compared to the diencic and monoencic acids.
It is generally assumed that the rumen bacteria
play the predominant role in the hydrogenation of poly-unsatu-
rated fatty acids. Wright (1960) demonstrated the ability of

rumen bacteria to hydrogenate the unsaturated lipid components
of chloroplagsts by centrifuging rumen contents to remove the

protozoa. Garton (1964) reported the hydrogenation of linoleic

to stearic acid by mixed rumen bacteria. However, a strain of
the organism Butyrivibrio fibrisolveng, was found to be capable

of hydrogenating only one of the two double bonds present in
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linoleic acid. It wes concluded that two systems were re-
gquired in the conversion of linoleic to-stearic acid. One
system to convert the dienclc acid to the monoenoic form, and
a separate system to convert the monoenocic acid to the saturated
form, namely stearic acid., In this same review, Garton reported
that protozoa are also capable of hydrogenating poly unsatu-
rated fatty acids. Hoflund et al. (1956) reported that rumen
fungi arer:not an important factor in hydrogenation of the un-
saturated fatty acids.

Ingested fat, following hydrolysis and hydrogenation
within the rumen, then enters the small intestine where further
hydrolysis and absorption occurs. It has been established by
Garton (1964) and Wood et al. (1963) that little absorption of
fatty acids, of ten or more carbon atoms, occurs within the
rumen. Short chain, water soluble fatty acids, on the other
hand, are readily absorbed through the rumen wall, Hence the
longer chain fatty acids arrive at the small intestine ln toto,
but are in a more saturated form than when ingestion occurred.
Some conversion of stearic acid to palmitic acid was reported
by Garton et al. (1961), but such conversion did not represent
significant proportions. There 1s littleiknown concerning
the digestion and absorption of liplds in the ruminant small
intestine (Gartoh (1960}). However, it is generally assumed
that the process is similar to that which occurs in monogastric

animals.
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Tove (1964) reports that, in ruminents, the long
chain fatty acids enter the cirpulatory system via the thorsacic
duct as chylomicra., One-third of the chylomicra, mainly in
triglyceride combination, are absorbed by the liver, one-third
by the adipose tissue and one-third by the other tissues. In
the liver the tfiglycerides are hydrolyzed by the parenchymal
cells and the released fatty acids are re-esterified to glycerol,
which arises from endogehous sources, Most of the triglycerides
then re-enter.the circulatory system as low density lipoproteins.

According to Deﬁel (1955) the excretion of lipids
remains Quite constant, under oxrdinary conditions, and is little
influenced by the nature of the fat ingested bj monogastric
animais., Further, on a fat free ration the fecal fat content
is little affected. Deuel (1955) suggests that the fecal fat
in monogastric animels ariseé from dletary 1lipld residues,
cellular debris, lipids secreted into the small intestine
c%ﬁdal to the fat absorptiﬁe areas, blle and lipids synthesized
by the intestinal bacteria, Of these sources, lipid intestinal
secretion and bacterlal synthesis comprise the major propdrtion
of the fecal fat. On a fat free diet approximately 40% of the
fecal fat results from bacterial synthesis in the intestine.
Howevef, Deuel reports that the dietary fat residue of fecal
fat can increase appreclably when fats of high melting points
are fed. _

Differences in the digéstibility of fatty acids have
been established. Carroll (1958) determined the digestibilities




13
of various fatty acids fed individually to the rats. The meta-
bolic excretion of the fatty acids was determined in séparate
experiments by replacing the added fatty acids with glucose,

thereby expressing the disappearance of a glven fatly acld as

a true digestibility coefficient.

Fatty Acid % Digestibility
Caprylic C-8 100

Palmitic C-16 b8 (45-53)
Stearic C-18 12 ( 0-22)
Oleic C-18:1 84 (82-87)

It is evident that the long chain saturated fatty
acids, especially stearic acid, are poorly digested in the rat.
The long chain, unsaturated fatty acid, oleic, on the other'
hand, has a comparatively high digestibility coefflcient. The
possibility exists that a similar situation exists in ruminants.

Evidence has been published by Young and Garrett

(1963) that the low digestibility of stearic and palmitic acids

in chicks, can be increased by concomitantly feeding oleic and

linoleic acid. Increasing the amount of oleic acid, in relation
to palmitic acid, resulted in a linear increase in the ab-

gsorption of the palmitic acid, The absorption of palmitic acid

was 85-90% when‘the oleic to palmitic ratio was 1.34:1. There
was 1little effect of linoleic acid on the absorption of palmitic

gacid which remained at sbout 20%, regardless of the level of
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linoleic acid added. The absorption of palmitic and stearic
acid was depressed when the two acids were fed together. -
Mixtures of stearic and palmitic acid required high levels of
oléic acid to result in 50% ébsorption. But, when oleic and
iinoleic acids were fed with thermixture of palmitic and stearic
acld, maximum absorption was obtained with lower levels of both
the unsaturated fatty acids. It was concluded bj Young and
Gérrett (1963) that oleic acid appears to play a direct role
in facilitating the absorption of saturated fatty acids.

There 1s little known regarding intestinal digestion
of individual fatty acids in ruminénts, because of the lack of -
information on the quantities and types of fatty acids available
for digestion. This is due to the still 1li-defined effects
which the rumen microorganlisms exert upon the ingested fat and
also because of lack of information on the.fat which is synthe-
‘sized within the rumen. The present experiments were designed
to elucidate some of these general phenomena and, in particular,
to determine digestibilities/of individual long chain fatty
acids in the intestine and the quantities and types of these

same fatty acids synthesized in the rumen,




EXPERIMENTAL

Preliminary Experiment

Roberts and McKirdy (1964) reported a significantly
lower crude fat digestibility for sunflower oil as compared to
rapeseed oil when fed to beef cattle, this difference was
attributed to a greater excretion of feceal soaps from sunflower
oil over rapeseed oil. A preliminary'experiment was conducted
to determine whether this difference occurred when the two olls
were duodenally infused into éheep.

The animals were pleced in metabollsm cages and ad-
Justed to a brome-alfalfa hay ration for ten days, following
which, four day total fecal collections were made for each
enimal, The animals were then allotted into two groups. Sun=-
flower 0il was infused into two of the animals and the other
two animels received rapeseed oll throughout the experiment.
"The levels infused in three successive periods werej 22 grams,
39.60 grams, and 61.60 grams per day respectively. The animals
were equilibrated to each infusion level for four days followed
by four day total fecal collections. The fecal excretion of
crude fat was determined as well as the fecal soap. excretion.

The fatty acid composition of rapeseed oil, sunflower

oll and the basal ration crude fat is shown in Tablie I.
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Experimental Animals

Four crossbred wethers with duodenal cannulae were
used in the experiments. The animals weighed 43.1 Kgs, 43.1
Kgs, 61.3 Kgs, and 81.7 Kgs respectively. All animals had been
surgically fitted with the cannulae at leést four months prior
to the initiation of the experiments. The duodenal cannulae'
were made of machined nylon and were placed 2-3 inches distal

to the pylorus.

Duodenal Infusion Technigue

In ruminants, ingested dietary fat is likely to be
ihtimately mixed with the digesta in the rumen. Flow of digesta
from the rumen is more or lesé continuous throughout the day
and night. Therefore, a continuwous infusion technique was
employed sincelthis procedure would most closely approximate
the normel passage of lipids from the staméch to the intestine.
| The pumping assembly consisted of an electrically
driven syringe pump. The 1/8 H.P. motor upon output wes de-
creased by means of an Holroyd worm-gesr reducer and a Zero
Max variable speed reducer. Four, 50 cc, syringes were placed
in the syringe pump cradle and connected with the duocdenal |

cannulae by 1/16 inch ID tygon tubing.

Sampling Procedure
' Feces:

Feces were collected by means of a canvas feces bag




18
attached to a harness on each animal. The feces were removed
each morning, welghed and stored in polyethylene bags at 45°F
until the completion of the collection periocd. The total
daily collections were then thoroughly mixed and samples taken
for analysis.

Duodenal Contentst
Harris and Phillipson (1962) reported variation in
both volume and compbsition of the flow of duodenal contents
within and between days for sheep. Therefore, in order to
obtain representative samples, 60 mls of duodenal contents
were collected from each sheep, oﬁ each of six days during
collection periods. On the first day the samples were collected
at>7=00 a.m.; the second day at 10:00 a.m. and the third day
at 33100 p.m., this cycle was repeated on the Mth-éth days. |
The samples were collected in 30 ml, plastic, screw cap boﬁtles
and stored under refrigeration.
Plasmat
Heparinized blood samples of 50 mls were taken from
the jugular vein of each sheep on the 8th day of each collection
period, The whole:blood was centrifuged at 2000 rpm for 15
minutes following which the plasma layer was removed and stored

under refrigeration.

Analytical Methods

The dry matter content of feces and rations were de-

termined by placing 200 gram samples in a forced air oven at




60°C for 48 hours. The samples were subsequently exposed to
air for 36 hours, weighed and ground using a2 1 mm mesh screen.
The samples were stored in socrew cap Jars at room temperature

until subjected to analysis.

Plasma and ducdenal samples were dried by lyophilization.
The samples were shell frozen in freeze drying bulbs by rotating
in an alcohol-dry ice freezing mixture, then placed on the
freeze dryer under a pressure of 50/, or less. The duodenal

samples were subsequently equilibrated in air for 36 hours.

Total nitrogen, ether extract, crude fibre and

orgenic matter were determined according to the methods de-
seribed by Association of Official Agricultural Chemists (1960).
In the preliminary experiment feed and feces samples
were analysed for crude fat by the method of Bohman and
Lesperance (1962).7 This consisted of soeking the sample, in
a porous alundum thimble, in 0.5N HC1l for 6 hours. The samples
were then washed with distilled water and dried overnight in a
vécuum oven at 60°C followed by ether extraction. Lipids in

the form of soaps were calculated by difference between the

crude fat and ether extract.
In the main experiment feed, feces and duodenal con-

tents were subjected to acid hydrolysis subsequent to the usual

ether extraction in a modification of the method of Bohman end
Lespexrance (1962). This technique gave direct determinations
of the soaps and crude fat was the sum of ether extract plus

S0aps.
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Plasme samples were analysed for ether extract only
and constituted the only samples which were not subjected to
duplicate analysis.

Free fatty acid_content of the samples was determined
by the method outlined by Peters and Van Slyke (1932}). The
method consisted of titrating the free fatty acids with standard-
ized 0.1N sodium eth&late, using a 0.4% alcoholic solution of
phenophthalein as the indicator. This analysis was conducted
on one each of the duplicate ether extractions of feed, feces
and duodénal contents. The reﬁaining duplicate was dissolved
in 5 nml of benzene and stored at &50F in 30 ml air tight, serew
cap viels. The lipids obtained from ether extraction of plasma
and following acid hydrolysis of the various sampies:were
stored in the same manner.

Methyl esters of fatty acids were ?repared from the
solutions of lipids in benzene accordihg to the method of
Feldman gt al., (1962). The constituent fatty acids were de-
términed by gas-liquid chromatograsphy using a Burrell Kromo-Tog
gés chromatograph. Helium was used as the carrier gas and di-
éthyl sucecinyl propionate as the column packing. The constituent
fatty acids were identified on the basis of retention times
using animal tallow and mixtures of known fatty acids as re-
ference standards. Duplicate analyses were conducted on thé
basal ration, the infused aclds and on one sample each of plasma,
duodenal and fecal ether extracts as well as duodenal and fecal

808D,
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The statistical methods used were the analysis of
variance and Duncans Multiple Range Test as outlined in Steel

and Torrie (1960).

Experimental Design of the Main Experiment

The basal ration was designed to contain a minimum
of 1lipid and was based on dried, plain sugar beet pulp (Table
II and III), The animals were fed a total of 800 gm a day in
two equal portions given at 9:00 a.m. and 5100 p.m., The level
of feed intake was kept low due to the anorexic effect of the
infused fat encountered in the preliminary exﬁeriment. The
animals were adjusted to the basal ration for 20 days and then
placed in the metabolism cages. | |

A control period was conducted followed by an infusion
trial and a feeding trial. The animals were equilibrated for
L days at the initiation of each infusion period and eguilibrated
for 10 days at the initiation of each feeding perlod. Foliow-
ing equilibration 8 day total fecal collections were made for
each period. Duodenal samples were'taken, as previously out-
lined, during the control period and the two periods of the
feeding triel, Jugular blood samples were taken for each period
on the 8th day of fecal collection.

In the fifst period of the infusion trial, two animals
received 35 grams each of linoleic acid and two animals received

35 grams each of oleic acid per day. In the second period the




22
treatments were reversed and the animals which previously
received linoleic acid, were infused with oleic acid.

In the feeding trial the same procedure was used
with the exception that the two acids, oleic and linoleic,
were administered in the ration. Thirty-five grams of each
acid was mixed into the ration each day and half of the daily
ration was given at 9:00 a.m. and the remainder at 5:00 p.um.
The fatty acid composition of the basal ration, oleic
acld and linoleic acid is shouwn in Table IV. The fatty acids,
oleic and linoleic, were of commercial origin and were not pure
acids. Aé shown in Table IV oleic acid contained 72.84% as
the Cyg:] acid and linoleic acid contained 65.02% as the

C18:2 acld.




TABLE II
BASAL RATION COMPOSITION %

Piain Beet Pulp 48
Corn Starch ’ 16
Molasses ] 10
Wheat Straw ~10
Solka Floc 10
Soybean Protein » 3
Dehydrated Alfalfa 1
Tricalcium Phosphate 1
‘selt 1

100

TABLE III

BASAL RATION CHEMICAL ANALYSIS %

Crude Protein . 9.63
Crude PFibre ' . 25.04
Ash 6.35

Crude Fat | | 0.87

23
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RESULTS AND DISCUSSION

Preliminary Experiment

The daily fecal excretion of ether extract, crude

fat and soaps 1s shown in Table V.

The infusion of sunflower oil resulted in an increase
in the fecal excretion ofwcrude fat over that of rapeseed oil
at equal levels of fat intake. Little difference was apparent

in the fecal excretion of the ether fraction between the two

oils when infused. The increased excretion of crude fat from
sunflower oil infusion appears to result from the excretion of
fecal soaps. Similar reéﬁlts were reported by Roberts and
MeKirdy (1964) when rapeseed oll and sunflower oil were fed to
beef cattle.

The fatty acid composition of sunflower oil was quite

different from that of rapeseed oil. In particular, rapeseed
0il was characterized by nearly equal amounts of oleic, linoleic
and erucic acids., Sunflower oil, on the other hand was composed

primerily of linoleic acid; with an oleic acid content of approxi-

mately 20%. Roberts and McKirdy (1964) suggested that the
linoleic acid in sunflower oil may be complexed within the

rumen to form poorly digested salts. However, on the basis of

the infusion experiment it appears that the rumen is not the
deciding factor for the decreased crude fat digestibility of

sunflower oil,
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The possibility exists that the high level of lin-
oleic acid introduced as sunflower oil resulted in a decreased
fat absorption due to unfavorable fatty acid concéntration.
However, the possibility cannot be excluded that sunflower oil
contains an unidentified factor which causes the decréased
crude fat digestibility. On the basis of the preliminary ex-

periment no conclusions can be made.

Main Experiment

When linoleic acid was infused it was‘found that the
fwo smaller animals ecould not tolerafe the infusion of this
fatty acid as evidenced by the deveiopmént of severe anorexia.
As a result data were collected for the two larger animals only
for the linocleic acid infusion treatment. When oléic and 1lin-
olelc acids were fed one of the smaller animals completely re-
fused both fatty aclids when mixed with the basal ration. Due
to the poor condition of this animal it was removed from the
feeding experiment. As a2 result only three observations each
were obtained for the feeding of oleic acid and the feeding of
linoleic acid.

The reasén for the adverse effect of linoleic acid
on the smaller animals was not determined. A post—experiméntal
trial was conducted with the two animals to determine if the
lack of glycerol was the causative factor when linoleic acid
was infused., Linoleic acid was concommittantly infused with

glycerol in a ratio of 3:l, respectively. However, the asnorexic
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condition prevailed.

The main experiment illustrates an attempt to de~
termine if two different fatty acids, oleic énd linoleic, re-~
sult in differences in crude fat excretion when infused or fed.
The linoleic acid used in the main experiment was of commercial
origin with a fatty acid composition similar to that of sun-

flower oil.
Digestibility of Proximate Constituents

The apparent digestibility coefficients for dry matter,
crude fibre, nitrogen and organic matter are shown in Teble
VI,

The disappearance of dry matter from the digestive
tract was significantly decreased (P< 0.05) when linoleic acid
was fed as compared to the control periocd, the infusion of
linoleic acid and the infusion of oleic acid,  On the other
hand, the feeding of oleic acid mixed with the ration did not
significantly depress dry matter digestibility.

The independent feeding'of oleic and linoleic acid
significantly depressed (P<0.05) crude fibre digestibiliﬁ&
as compared to feeding no fatty acid or when the same two sblds
were independently infused. There was no significant difference:
in crude fibre digestibllity between oleic and linoleic acid
when the two acids were fed or when the two acids were infused

into the duvodenum.
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The apparent digestibility of organic matter was
significantly depressed (P< 0,05) when oleic and linolelc acids
were independently fed as compared £o the control period or

when the same two acids were infused. Again no differences

were found between acids when fed or between acids when infused
in the organic matter digestibility.

The apparent digestibility of nitrogen was found to
be significaﬁtly depressed (P< 0.05) when the acids; oleic and

linoleic, were independently fed as compared to the control.

No differences were found between acids when fed or between
acids when infused.

In general, the two fatty acids, oleic and linoleic,
appeared to exert their depressing influence upon -ration d&i-
gestibility when mixed with the ration and fed. The independent
infusion of the same two acids appeérs to have had 1little effect
upon the digestibility of ration componenﬁs other than nitrogen. ;_;gj

Other workers have reported a decreased ration digestibllity

following the addition of fat to the ration (Brethour et al.,
1958, Davison and Woods 1963). Further, Camien and Dunn (1957)

reported that fatty acids can act as antimetebolites and thereby
depress the enzymatic breakdown of cellulose by the rumen micro-

organisms.

The apparent digestibility of crude fat was markedly
affected by the route of administration of oleic and linoleic

acids. A significantly higher (P < 0.,05) digestibility of crude




30
fat was foﬁnd when oleic and linolelcrmacids were infused as
compared to when the same fatty acids were fed. Further, a
highly significaﬁt increase {P<0.05) in crude fat digestibility
wes found when the fatty acids were infused or fed as compared
to the control period, No significant differences in crude fat
digestibility were found between the two fatty aclids when
infused or when fed.

Thé possible factors which may have caused these
differences in the crude fat digestibility will be discussed

in later sectionsg of the thesis.,
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The Effect of the Rumen on Lipids

Qualitative analyses of duodensal 6ontents can only
partially indicate the effects of the rumen on ingested lipids.
However, estimates of the actual amounts of 1lipids leaving the
forestomach and then being made available for digéstion in the
small intestine require an assumption in respect to the amount
of digesta passing into the duodenum. Therefore, an .-
estimated duodenal dry ﬁatter flow of 20 grams per hour or
480 grams per day has been assumed in the present experiments.
This value was used in conjunction with chemical snalysglis to

calculate amounts of lipids entering the duodenum.

Lipid Synthesis in the Rumen

In the control periocd the amount of lipid entering
the dﬁodenum was calculated to be 32.3?>grams per day'which is
very considerably greater thanrthe 6.37 grams being consumed
in the ration. This indicates that there was a considerable
synthesis of crude fat in the rumen, presumably by the rumen
microorganisms. Dyck (1963) also found net synthesis of ether
extract in the forestomach of sheep., The difference between
the amounts entering and leaving the rumen could not be reason-
ably accounted for by assuming a lower duodenal dry matter flow.

Further analysis showed that 11.31% of the crude fat
Whibh entered thé duodenum was present as soap and the balance

in the form of ether extractable lipids. The free fatty acid
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content of the crude fat entering the duodenuﬁ was 45.54%.,

The fatty acid compositions of the crude fat and the
soaps which entered the duodenum during the control pericd are
shown in TableVVII.

Stearic acid was the majlor fatbty acid of the crude
fat which entered ﬁhe duodenum during the control period and
constituted approximately 50% of the total duodenal crude fat.
Howe#er, considerable amounts of C14 and Cyg,7 aclds were also
present., Erwin (1963) suggested that the rumen bacteria may
synthesize linoleic acid since the high level of linoleic acid

present in rumen bacterisl fat could not be explained on the

basis of linolelc acid intske. However, in the present experi-

ment little linoleic acid was present in duodenal digesta and

the principal lipid syntheslis was of 016 and 018 acids.

The fatty acid compoéition of the soaps which entered

the small intestine revesls that the 016 acid accounts for

approximately 45% of the total scaps. The 018 acid constitutes

epproximately 20% and the C;g,; acid approximately 12% of the

total soaps entering the-sméll.intestine. This high proportion -

of 016 acid in the soaps is surprlising, since this acid com-
prised only about 23% of the acids in the crude fat entering
the duocdenum. The possibility exists that the soap of the 016
acid i1s less readily hydrolyzed by the acid pH of the abomasum

than soape of the other fatty acids.
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Bumen Effect on Ingested Fatty Acids

The amounts of crude fat, ether extract, soaps and
free fatty acids which entered the duodenum when oleic and
linoleic were fed in the ration are shown in Table VIII,

Garton (1964) and Wood et al. (1963) established that
there was little or no disappearance of dietary long chaln
fatty acids from the rumen. However, the addition of 35 grams
of oleic acid or 35 grams of linoleic acid to the basal ration
did noet result in corresponding increases in the amount of
ocrude fat entering the duodenum. It is possible that the dry
matter flow in this treétment was greater than when there were
ne supplementary lipids in the'ration. A larger dry matter
flow would give a larger guantity of crude fat entering the
duodenum then is shown in Table VIiII. In support of this, re-
ference is made to the previous ration digestibility data, N
where it was shown that the feeding of oleic and linoleic aéid-
resulted in decreased fibre digestibility which would likely
result in\increased duodenal dry matter flow. However; Phillips
and Roberts (unpubliéhed) found a decrease in the rumen fer-
mentation rate in the presence of‘added fat. This sﬁégests -}
decrease in microblial activity which could result in a reduced
amount of fat synthesis.

In spite of the limitation in the present experiment
the amounts of crude fat entering the duocdenum when oleilc and

linoleic acids were fed suggest that considerable microbial
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synthesis of fat occurs when fat is added to the ration. This
may be the reason why ruminants, in general, cannot tolerate
high fat rations. For, not only is there syntheslis of lipid
in the rumen but also, due t¢ the digestion of other ration
conponents, the guantlty of dry matter leaving the rumen is
reduced, thus resultiﬁg in a marked increase in the fat content
of the digesta entering the duodenum. Thus in the present ex-
periment when oleic ahdrlinbleic acid were fed the crude fat
content of the ingested dry matter was 4.7%, but, the fat con-
tent of the dry matter entering the duodenum was 10-11%.

The addition of oleiec or linoleic acid did not result
in a significant increase in the amount of soaps entering the
smell intestine as compared to the control perliod. The amount
of soaps which may have been formed within the rumen was not
determined. However, if soap formstion within the rumen was
appreciable, as was suggested by Davison and Woods (1963),
such complexes must have been hydrolysed by the acid in the
abomasum.

The amount of free fatty acids which entered the
‘duodenum when oleic and linoleic acid were fed was greater than
that which occurred in the control period. However as in the
case of crude fat the effect was not additive in that only
38.26 gms and 31.92 gms of free fatty acid entered the duodenum
when 35 grams-of oleic and linoleic acid were fed respectively.

The discrepancy may be due to having assumed too low a dry

el
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matter flow for this treatment as was dlscussed previously.

The fatty acld composition of the crude fat which
entered the duodenum when oleic and lincleic acld were fed
1s shown in Table IX.

COmparison of the fatty acid composition of ingested
fat with the fatty acld compositlion of the crude fat whlch
subsequently entered the duodenum when oleic acid was fed
indicates a considerable change ln the fatty acids. The smount
of the 016 acld which entered the duodenum was 10.24 grams but
only 3.14 grams were ingested. During the control period
757 gramé of the 016 acild entered the duodenum, however when
oleic acld was fed a decrease in rumen synthesis may heave
occcurred as explalned above and this could decrease the amount
of the 016 acld synthesized. Hence the 016 acid in the crude
fat entering ﬁhe duodenum when olelc acld was fed probably re-
sulted from the hydrogenation of the 4.83 grawms of the 01631
acld and from the 3.14 grams of the 016 acld ingested with the
belance being synthesized in the rumen. A considerable in-
crease occurred in the C;g acid content of the crude fat
entering the duodenum when oleic acld waé ingested. Shorland
et gl, (1957) reported the hydrogenation of oleic acid to
stearlic acid by sheep rumen contents. It is assumed that the
rumen microorganlsms hyd:ogenated part of the 01831 acid pre-
gent in the lngested olelc acid to the C1g acid. The greater
amount of 018:1 acild of the crude fat entering the duodenum
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as compared to the control, 12;3# vs 3.17 grams respectively,
suggests that not all of the 018:1 acid was hydrogenated to
the saturated form. Wright (1960) reported that the hydro-
genation of the monoenolc acid does not proceed as rapidly as
the hydrogenation of the tri- and dienoic forms.

When linoleic acid was fed a considerable shift to-
wards saturation of the 18-carbon fatty aclds was again noted.
There was 27.31 grams of di- and trienocic acid ingested but
only 1.25 grams appeared in the duodenal digesta. The duocdenal
crude fat contained 21.40 grams of Cig;1 @cid compared with
3.17 grams in the control period. The saturated 018 acid in-
creased from 15.83 grams in the control periecd to 22,48 grams
iﬁ'the linoleic acid fed treatment. This latter increase was
sma}ler than was found when oleic acid was fed.

These data seem to support the contention of Garton
(1964) that there are different rates of hydrogenation of di-
aﬁdktrienoic acids as compared with monoenoic 18-carbon fétt&
acids. _ |

The quantity and composition of the éoaps entering'
the ducdenum were virtually identical in the oleic and linoleic
feeding treatment and the control treatment (Table X). Thus
the guentity of socap entering the duodenum does not appear to

be dependent on the quantity of lipid entering the duodenum.
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The Intestinal Effect on Lipids

A significant increase in the disappearance of crude
fat occurred in the intestine when oleic and linoleilc acids
were infused or fed (Table XI) compared with the control, but
less crude fat was entering the lntestines during the control
period, The infusion of oleic and linoleic acid resulted in
greater disappearancé-of crude fat compared with the feeding

of the same two aclds. Although, less crude fat was calculated

to be entering the duodenum when the fatty acids were fed,
there was also greater fecal excretion of crude fat in this
treétment,‘ »

Estimated intestinal digestibility of crude fat was
87.49% and 88.91, respectively, when oleic and linoleic acids
were infused, both of which Were'significantly higher than the

83.04% crude fat digestibility which occurred in the control

period. Decreased intestinal digestibillity of crude fat
occurred (P <4 .05) when oleic and linoleic acids were fed as

compared to the infusion of the same two fatty acids. This

suggests that the effect of the rumen on the ingested fat re-
sulted in decreased efficlency of absorption of fatty acids in
the intestine.

Apparent digestibility of crude fat in the control

period (Table VI), was 14.61%. But, calculated on the basis
of the crude fat entering the duodenum the intestinal digesti-
bility of crude fat was 83.04%. It thus appears that the fat




43

¢ SJJ90p £3TTTA138981a
TeUT4S9qU] POUCTLTIT8d

FutasaddesTq ATIBg SWBIH

UOT49I0XH Teodd
LTTeg swsxd

L1718 Wnuapong
Jugrequy SWBIH

49°08 29°64 16°88 m:.mw. H0°€8
©§ T QT 2H G0°8% 66°85 £6°92
88°6 G2Z°0T Y AR g8¢*Q G
19 Enves 2649 LE*LY LE2E
DLOLOULT 01910 OTo LOUTT 01310 TOIQUOD
Pod pesuJul
SqUoU]EO L]

WS1 1

SINAIDIJASHOD XLITISILSHDIA INFHVIAY CANOILITHVA ANV dADNHEHLL Iq

‘capEd FHL NI IITEOXHE ‘WANZCONC FHI ONIHZINE IVL FANHD 40 INQOWV HHIL

IX 31dVL




Ll

which is synthesized by the rumen microorgenisme is highly
digestible.

The fatty acid composition of the crude fat whieh
entered the duodenum and which ﬁas excreted during each
treatment is shown in Table XII,

The lower apparent digestibilities of crude fat
when oleic and linolelic acid were fed were associated with
higher levels of more saturated acids present in the duodenal.
crude fat. Purthermore, the fecal c¢rude fat contained greater
amounts of Cla-fattj acid when oleic and lincleic were fgd
compared with duodenal infusion. On the basis of 1ndividua1
fatty acid digestiblility the data suggest that ﬁhe 018 asid
was slightly more digestible than the Cl6 acid with digesti-
bility coefficiénts of 83% and 78% respectively. The apparent

digestibility coefficients found for the Clé'and Cc fatty

18
_aéids are considerably higher than the true coefficients re-
ported for the same acids in rats, by Carroll (1958). However,
this worker fed pure fatty aclds individually thus precluding
the possibility of assoclative effects éf mixtures of fatty

acids (Young and Garret 1963).  The digestibility of the C18:1
acid determined in the present experiment was 92% compared

with 84% reported by Carroll (1958). If appears on the basis

of the present results that ruminents are well able to digest

long chain fatty acids in the intestine.




*spTo8 £319eF PoIJTIRUePTIUN Squssazdoiy

- - 0°00T 9°46 9*16 T°€8 £*06 gLl 0°04 % £1TTTQT38931Q
auasxeddy
H2°8 6€°T - £1°0 62°1 T2'€ gT°0 64°T  82°0  DPe3aIoxXy
. _ | ussl pPa3yI oM
BT HS  HS°€ ge*0  2§°S Ew°GT G061 42°T  90°'8 £6°0 Iajuy
88°6 T - 9€*0  06°T 90°H 020 85°T HE0 PI39X0XY
_ QTOTOUTT Pog
Zh 19 92°T - 62T Oh°TZ 8H°22 90°0  29°# 9¢°0 I9quUR
$Z*0T T19°T - €0°0  42°T  8E'w gz°0 £€°2  G€*0  P938IoXF
. 01910 Pag
Ene2s gLt - 920 HE*2T  TT°G2 6T°0 £2°0T T6°0 Iagug
924 6£° 1 - ST*0 6E°T 49°2 60°0 SH'T 02°0  Po3axoxy
. LIITOUTT PpesnJul
LEl9  Gg8°E #6*T  £9°€Z  6G°TT 26°ST #5°0 T0°6 68°0 Ia3ug
ge"g gL°T - 90°0 69°T L1°E g1'0 08°T £2°0  PajaIoxXy .
| 0T9T0 Ppesunjul
LEL9  2H°S - L5°T 99°82  06°SGT1 ¢1°S¢ 88°8 64°1 Zo9uy .
s G1°T - £0°0 82°0 PN LT°0  g4°'T 82°0  Pejexoxy
_ , 10I3UCYH
LE°2E 08°€ - 48°0 LT1°E £€8°ST1 20 LS4 T4°0 Xaguy
Tes03, WX 8Ly  ¢gly gL, 8T, 191, 9T,  Hlg L EL LR &7

(AVQ/SHvED) SIDEL NI QALTYOXE SAIOV ALIVL ANV ENIISHINI HHL DNIHEINE SQIOV ALIVd

IIX dT9VL




Nature of Fecal Lipids

The fecal crude fat has previously been discussed.
The fecal excretion of soaps, ether extract and free fatty
aclds when oleic and linoleic acid were infused and fed,
and during the control period is shown in Table XIII,

| In general, an increase in fecal excretion of soaps
and free fatty‘acid occurred when the fatty acids were ad-
ministered either in the ration or in the duodenum. On the
basis of this experiment it is not possible to determine
whether the increased amounts of soap excreted represent un-
absorbable lipid or 1lipid which escaped absorption and was
complexed in the large intestine. Devel (1955) reported
that fecal 1lipids can arise from intestinal secretion into the
lower gut, from synthesis by microorganism within the large
intestine, from undigested dietary 1lipld end from otherx
éhdogenous sources. The free fatty acids excreted may have
originated from any one of these sources as also may the fatty
acids in the fecal soaps.

The fatty acid composition of the fecal soaps is
shown in Table XIV,

A pattern very similar to that which occurred for
the fecal crude fat excretion is evident in fatty acid com—>
position of the fecal soaps. In particular the 016 and 018 |
fatty acids accounted for most of the fecal soaps excreted.

Thus it appears that the fecal soap excretion represents a
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]
binding of the fatty acids in the greatest concentration
with a divalent cation. In general the amount of the 018
acld excreted as soap constitutes only half or less of the
total C,g aclid excreted as fecal crude fat. A4s a result few
conclusions can be drawn concerning the origin of the fatty

acids associated with fecal soaps.
Nature of Jugular Plasme Lipids

The mean percentage fatty acid composition of
jugular plasma is shown in Table XV.

There was a marked tendency for the jugular plasma
ether extract to réflect the fatty acid conﬁent of the
duoéenal crude fat. When oleic acid was infused, an increase
in the 01831 acid content of the jugular plasma was evident,
When linocleic acid was infused an increase in the.Clsgz acid
content of Jjugular plasma was evident. The feeding of olelc
acid resulted in the plasma ether extract to reflect the high
levels of the 018 and 018=1 geids present in the duodenal fat.
Similarly, when linoleic acid was fed the plasma ether extract
reflected the high content of the 618 and 018:1 acids present

in the duvodenal crude fat.




50

*3p1o8 £348J POTJIAUspPIUN Squssaxdoly

- GO*TIT €8°02 HI®EEL 0§5°2

. 8€°8 zz ez 88°'T OTOTOUTT DPod
29°0T - w64  42°8Z  ST°9z 62 HiTT  20°¢ 9T2TO Pad
9L*E - gE "y  8H°9T  £€8°TT 88°1 66°QT 89°T  OTSTOUTT PSSNJUI.
ot "6 - 88°S 68 4t £9°6 £4°0T  €9°91 H6*2 01910 PISNJUI
99°6 - £6°6 L6°lZ  06°L4T 42§ 61°92 T1°t | Tox3u0d

X Ei8ly ¢i8r,  [F8lg 8Ly, 1i91, 91, T, PE——

JOVHIXT HHHILIE VHSVId gvINOoar J40 NOTLISOJWOD QIOY XLIVA ¥ NVEN

AX JTdVL




=

SUMMARY AND CONCLUSIONS

A prelinminary experiment was conducted to determine
the effect of duodenal infusion of rapeseed oll and sunflower
oill, at three different levels, on the‘digestibility of crude
fat in sheep.

The main experimenf was conducted to determine the
ruminal and intestinal effects on crude fat when no fat was
added to the ration and when oleic and linoleic aclds were
fed end infused into the duodenum of sheep. Estimates were
calculated for the digestibility of individugl fatty acids.
The effect of method of administration of the twe fatty aclds
on the fatty acld composition of the jugular plasma was de-
termined as well as the effect on_the digestibllity of ration
components.

Under the conditlons of these investigations the
followlng observations were nede.

l. The infuslon of sunflower oll resulted in increased
fecal excretion of crude fat compered with infusion of the same
quantity of rapeseed oll. This difference was assoclated with
a greater excretion of fecal soaps for sunflower oil infuslon.
Little difference was apparent in the fecel excretion of the

ether extract fraction between the two oils when infused.

2. In genersl the feedlng of oleic and linolelc acids
depressed ration dlgestibllity as compared to the infusion of

the same acids into the duodenum or the control period.
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3, The digestibility of crude fat was markedly affected
by the route of administration of oleic and linoleic acids.

A significantly higher digestibility of crude fat occurred
when the two fatty acids were infused as compared to when
they were fed. The digestibility of crude fat for the control
period was significantly lower than when oleic and linolelc
acids were infused or fed.

L, During the control period considerable synthesils
of fat occurred within the rumen which was assumed to result
from microbial synthesis. The crude fat calculated to be
entering the rumen each day was 6.3? gramg and the crude fat
entering the duodenum each day was calculated to be 32.37
grams.r The soap content of the crude fat entering the duodenum
was calculated to be 11.31% and the free fatty acid content
represented 45,54% of the crude fat,

5., The crude fat entering the duodenum during the
control period was found to be composed of approximately 50%
of-the C,g acid, approximately 23% of the C,4 acid and a?proxi-
mately 10% of the Cyg,q acid. Hence, the main fatty acids
which appear to have been synthesized are the 016 and 018
acids. The addition of 35 grams of oleic acid and 35 grams
of linoleic acid to the daily ration did not result in a
corresponding increase in the crude fat which entered the
duodenum. It is suggested that this was due to a decrease in
the synthesis of crude fat when the two fatty acids were fed.

6. The fatty acid composition of the soaps which entered

- B
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the duodenum during the control period were composed of
approximately 45% as the C,¢ acid, 20% as the C;g acid and
12% as the C1g31 acid. The high proportion of the 016 acid
present in the duodenum socap could not be accbunted for on
the basis of the proportion of the same acid present in the
crude fat which entered the duodenum. The addition of oleic
and linoleic acid to the basal ration did not result 1ﬁ an
inerease in the amount of soaps entering the small intestine
as compared to the control period. If soap formation was
slgnificant within the rumen when the fatty acids were fed it
was suggested that these were hYdrolysed in the abomasum,

7. The amounts of free fatty acids which were present
in the duodenal cfude fat when olelc and linoleic acids were
fed appeared to reflect the amount of oleie and linoleic acid
" which were mixed with the ingested feed.

8. The fatty acid composgition of the crude fat which
entered the duodenum when oleic acld wag fed suggests that
considerable hydrogenation of the unsaturated 1ngested fatty
aclids occurred. When oleic acid was fed an increase in the
level of the Ci4s C1g8 and C1g8;1 8cids occurred in the crude
fat of the duodenal contents as compared to the control. It
is suggested that the increase in the 016 acid resulted from
The hydrogenation of the ingested C16:1 adid augmented by the
small proportion of the C,14 acid present in the ingested oleic
acid. It is suggested that the greater amount of the C1g

acid in the duodenal crude fat resulted from the hydrogenation
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of the ingested oleic acid. The greatexr préportion of the
01831 acld in the duodenal crude fat was accounted for by
the high level of olelc acld ingested which escaped hydro-
genation in the rumen.

9., The fatty acld composition of the crude fat which
entered the duodenum when linoleic acid was fed suggested
thet considerable hydrogenation of this fatty acid had oc-
curred within the rumen as well. A conslderable increase was
agaln noted in the C18 acid content of the duodenasl crude fat
as compared to the control. The high level of the 618:1 acld
present 1n the duodenal crude fat is suggested to aflse from
incomplete hydrogenation of the ingested llnolelec acld.

10. The calculgted intestinal digestibility‘ceeffioients
:for the saturated 016 and 618 acids were higher than those re-
ported for the same fatty aclds in monogastric animais. The
1ntest1na1 digestihility coefficients for unsaturated fatty
ecids were considerably higher than for the saturated acids,
being 90.3, 91.6, 97.6 and 100.0% for Cy,.4s C1g,qs Cyg,, and
C18:3 respectively.

1l. An increase in the fecal excretion of soaps and
free fatty aclds occurred when oleic and linoleic acilds were
infused and when fed as compared to thé control. The 016
and 618 aclds accounted for most of the fecal soaps excreted.

12. There was a marked tendency for the fatty acid

composition of the jugular plasma to refleoct the fabtty acld

composition of the duodenal crude fat.
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TABLE V 66

CHEMICAL, ANALYSIS OF DUODENAL CONTENTS

: Fed Fed
Treatment Control Oleic Acid Linoleic Acid

6.42 12.85 10.13

Crude Fat % 7.92 * *
6.63 10.06 11.90
6.00 9.86 10.11
0.73 0.76 0.82

Scap % 0,94 * *
0.69 0.79 0.78

Ether Extract % 6.98 * *
5.94 9.30 11.03
5.31 2.07 9.33
3.29 11.45 , 9.31

Free Fatty 3.33 * *
Acids % 2.91 8.47 11.27
2.73 8.80 9.15
3.60 3.83 3.95

Nitrogen % 3.65 * *
3.83 3.51 3.74
3.76 3.60 3.99
: 20.79 18.63 22.59

Fibre % 12.97 * L
19.96 26.04 22.61
16.31 22.88 20.36
82.45 - 84.23 83.61

Organic 81.79 * *
Matter % 80.11 85.49 87.36

75.61 80.18 81l.21
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TABLE XIV

DAILY DRY FECES PRODUCTION - DRY WEIGHYT BASIS

—t——

GMS/DAY

Infused Infused Fed Fed

Control Oleic Acid Linoleic Acid Oleic Acid Linoleic Acid

113.18
104.21
156.83

122.49

145.33

140.86 o 199.49
137.43 *. * *

132.26 133.80 204.44 172.57
142,31 118.31 197.35 184.91




