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ABSTRACT

EFFECTS OF DIETARY FATTY ACIDS UPON RUMEN
METABOLISM AND DIGESTIBILITY IN SHEEP
BY
RONALD ALEXANDER CLARKE

Two metabolism experiments were conducted with
sheep to study effects of increasing dietary levels of un-
saturated fatty acid upon utilization of various ration
components. Four rumen fistulated sheep were used, and
each experiment was conducted according to a 4 X &4 Latin
square design involving 4 sheep, 4 rations and 4 periods.
Each period was of 18 days duration consisting of 10 days
for adjustment and an 8 day collection period. Bumen,
fecal, and blood samples were collected at specific inter-
vals. In both experiments the trestments were made up by
varying the proportions of methyl stearsate, oleic, and lin-
oleic acids in the basal ration.

Apparent digestion coefficients for energy, nit-
rogen, fibre, dry matter, ether extract and crude fat were
not significantly affected when increasing levels of unsat-
urated fatty acids were fed. Although ether extract and
crude fat digestibilities were not directly affected by

treatment, distinet qualitative changes in rumen and fecal
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satursted fatty acid levels were observed. Ruminal fatty
aclds showed a higher degree of saturation than comparable
dietary fatty acids. These qualitative changes were in ac-
cordence with high levels of saturated fecal fatty acids
observed in the unsaturated fatty acid treatments. The re-
sults, in general, suggest that hydrogenation of C-18 poly-
ethnoid fatty acids was occurring within the rumen.

Synthesis of palmitlc and olelc acids gppeared to
occur within the rumen. Rate of synthesis may have been
influenced by ruminal levels of these acids which in turn
were affected by dietary levels.

Fat digestibilities decreased 11 = 19 digestion
units when fecal soap excretion was taken into account. The
fatty acids meking up these soaps appeared to differ with
treatment. Fecal stearate excretlon in the form of soaps
from the unsaturated fatty acid treatments was about 110%
higher than fecal stearate excretion in the saturated fatty
acld treatment.

The relative proportions of serum fatty acids were
not affected by dietary fatty acids.

No significant differences were observed among
treatments in total ruminsl VFA concentrations, or was any
definite trend deliniated indicating that degree of ration

fatty acld unsaturation affected total VFA concentration in
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the rumen. In general, as dietary unsaturated fatty acids
were increased, the proportions of propionic acid increased

and butyric acid decreased.
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INTRODUCTION

Recent uses of inedible fats and oils in animal
feeds have provided a stimulus for the elucidation of
fatty acid utilization in ruminents. Considerable experi-
mental information is avallable with respect to fatty acid
utilization in monogastrics; this is not the case for
ruminents, however. Extrapolation of monogastric data to
ruminents is not possible because of inherent differences
between monogastrics and ruminants in fatty acid metabolism.
The proportions of fatty acids received in the diet of
monogastric animals remains relatively constant until sub-
sequent absorption. Ruminants, on the other hand, are
capable of changing the proportions of fatty acids in the
diet through hydrogenation of unsaturated fatty acids with-
in the rumen, thereby presenting a more saturated mixture
of fatty acids for subsequent absorption. If one assumes
that metabolism of fatty acids (post-ruminsl) is comparsble
to that of monogastrics, then rumen hydrogenation could have
a detrimental effect on digestibility. Young and Garrett
(40) have showed in the chick thaet palmitate and stearate
were poorly digested as opposed to thelr unsaturated anslogues.
They also found that digestibilities of these acids were

significantly improved by the addition of oleic and linoleic




aclds to the ration.

The addition of fats or oils to ruminant rations
has been shown to affect the digestibility of cellulose,
protelin, dry matter end organic matter. In addition,
cellulose digestibility has been shown to be affected by
different fatty acids in the ration. Davison and Wood
(13) observed a significant difference in cellulose diges-
tion when oleic acid was compared with stearic acid in a
feeding trial. Digestion of cellulose was poorer in
rations containing oleic acid.

There 1s a definlite lack of knowledge concerning
effects of different dietary fatty acids upon the utili-
zation of such ration components as cellulose, protein,
energy, fat and individual fatty acids in ruminants. The
bresent experiments were conducted to determine effects
of feedlng various proportions of fatty acids (saturated
and unsaturated) upon ration utilization and rumen fatty
acid metabolism in lambs. The parameters investigated in-
clude the following: ration, ruminal and fecal levels of
fatty acids; apparent digestibilities of crude fat, ether
extract, energy, fibre, dry matter, and nitrogens snd
serun fatty acid and rumen volatlile fatty acid levels. The

fatty acid composition of protozoa was also determined.



LITERATURE REVIEW

Young and Garrett (40) reported that various
dietary components can influence the utilization of fatty
acids in the chick. They showed that absorption of fatty
acid mixtures high in saturated fatty acids can be improved
by antibiotic treatments, and suggested that the effect
may be mediated through the elimination of undesirsble in-
testinal microflora. In another experiment the ration
levels of crude protein, carbohydrate source, and the ratio
of saturated to unsaturated fatty acids in the diet were
shown to influence fatty acid absorption. When the level
of crude protein was increased from 24 to 28%, an improve-
ment in the apparent digestion of fatty acids from beef
tallow was observed. Also, a significent improvement in
beef tallow digestibllity occurred when corn was used as
the principal source of carbohydrate as compared to glucose.
This carbohydrate effect was not observed in a later ex-
periment and therefore could not be considered a con-
sistant variasble. Young and Garrett (40) also found that
by increasing the amount of ration oleic and/or linoleic
aclds in relation to palmitic acid, a marked increase in
the digestibility of palmitic acid occurred. Oleic acid

was more efficient in this regard than linoleic acid.




Stearic acid, when fed alone, was digested to the extent

of 1l4%. By the addition of palmitic acid (12% palmitic

and 7% stearic in diet), the digestibility of stearic acid
was reduced to 2%. When oleic acid was added to this mix-
ture, an improvement in digestibility occurred; however, it
was not as high as when oleic acid was added to palmitic
acid alone. When linoleic acid was fed with oleic fus a
mixture of the above two saturated fatty acids, the highest
digestion of the saturated fatty acids was observed. Similar
aspects of fatty acid metabolism were investigated by
Renner and Hill (29). They determined the digestibility

of palmitic and stearic acids with increasing levels of un-
saturated fatty ecids in chick diets. Animal tallow, con=-
taining 50% unsaturated fatty acids, lard containing 60%
unsaturated fatty acids, and soybean oil containing 76% un-
saturated fatty acids were used in the rations. There were
substantlal increases in palmitic snd stearic acid digesti-
bilities with increasing levels of ration unsaturated fatty
acids.

The mechanism by which oleic acid facilitates sb-
sorption of saturated fatty acids is not clear. Langworth
and Holmes (23) suggested that micelles made up of bile
salts, mono-olein and/or oleic acid are formed in the lumen

of the intestinal tract. These micelles have the ability




to enhsnce the emulsification of saturasted fatty aclds,
and presumably make them more avallable for absorption.
Young and Garrett (40) suggested that improved absorption
of saturated fatty acids in the presence of oleic acid

may be due to a preferential synthesis of mono-=olein in
the brush border of the mucosal cells and that this mono-
glyceride acts as an acceptor of saturated fatty acids to
form di- and triglycerides. This hypothesis was supported
by the observations of Clark and Hubscher (10) where under
in vitro conditions more 1-014 palmitic acid was combined
with mono=-olein than with monolaurin or monopelmitin.
Senior and Isselbacher (32) observed no difference between
either the 9 or 8 isomers of monopalmitin or mono-olein in
thelr ability to act as acceptors for palmityl Co-4A to form
diglycerides in vitro.

Renner and Hill (30) have shown that chicks fed
palmitic acid in a mixture with triolein showed a stepwise
improvement in pslmitic acid digestlion when the palmitic
acld to triolein ratio was decreased from 3 to 1. In this
case, it would appear that pvancreatic lipase hydrolysed the
triolein to oleic acid and mono=olein, and the mono-olein
vmoiety could enhance the formation of more readlly absorbed
micelles as well as acting as an acceptor for palmitic acid

in the formetion of triglycerides.




The carbon chaln length and degree of unsaturation
of fatty acids can affect their digestibility. Carrol (7)
showed that short chained fatty acids (up to C 10) are com-
pletely dligested in the rat and that further increases in
chain length resulted in a progressive decrease in digesti-
bility. Accordingly, the digestibilities were relatively
poor for C 18 gnd higher saturated fatty acids. The mono-
unsaturated anslogues were better digested but showed the
same digestibility trend with increasing chain length.
Presence of a double bond near the middle of the chain was
found to be equivalent, in terms of digestibility, to shorten-
ing the chain length by six carbon atoms.

Fat digestibilities have been correlated with the
melting points of some natural fats. Crockett and Duel (12)
showed that margarine, Crisco, prime steam lard, and bland
lard have high digestibility values in the rat and compare
favorably with natural fats and oils which have melting
points below 50°C. However, when lard was more hydro-
genated (melting over a range of 55 = 61°C), there was a
marked drop in digestibility when compared to fats of lower
melting points. This could be expected since a higher melt-
ing point indicates a higher level of fatty acid saturation.

Melting point of fats, when used for the estima-

tion of digestibility of a natural fat, has proven to be



inadequate. The melting point does not accurately reflect
the specles of fatty acids, however, since nstural fats melt
over a temperature range which is dependent uponn the distri-
bution of fatty acids among the glycerides. Some effects of
saturated fatty acid distribution among glyceride molecules
on fat digestibility were investigated by Mattson (24). He
found that when the saturated fatty acids were distributed
evenly among the glyceride molecules, digestibilities were
significantly higher then when saturated fatty acids were
distributed in a manner such that a portion of the trigly-
cerides were made up entirely of satursted fatty acids.
Mattson (24) concluded that fat digestibility was inversely
pbroportionsl to content of simple triglycerides made up of
saturated fatty acids having a chain length of 18 carbon
atoms or more. This observation by Mattson could be partly -
explained by the fact that no unsaturated fatbty aclds were
Present within the triglyceride molety, which would be cap-
able of facilitating fatty acid absorption (23).

Several investigators have noted significant
amounts of ether insoluble fatty acids (possibly caused by
The complexing of the fatty acid anion with calcium, potas-
sium etc. to form soaps) in the feces of monogastrics and
ruminants. Duel et al. (14) determined rapeseed and cotton-

seed oil digestibilities in humens. They estimated the



fecal excretion of neutral fats, fatty acids and soaps.
Cottonseed oil was digested to the extent of 96.5% Vs

99.0% for rapeseed oil. This difference in digestibility
was due to significantly higher fecal soap excretion in the
cottonseed oil treatment. These workers suggested that cal-
cium ions may have had a greater depressing effect on the
fatty acids of cottonseed oil than the fatty acids of rape-
seed oil. Cheng et al. (8) designed an experiment to deter-
mine effects of including calcium and magnesium in diets re-
latively rich in natural fats, synthetic triglycerides, or
fatty acids, upon fecal soap excretion. They found that the
Presence of calcium gnd magnesium in the diet did not change
Tthe digestibility of fat with melting points lower than
50°C. This observation helps to explsin the high fat di-
gestibllities reported by Crockett and Duel (12) in diets
containing high levels of calcium and magnesium, sincetheir
fats had melting points under 5000. The removal of calcium
and magnesium from the diet markedly increased digestibility
of fats with melting points above 50°C  (Cheng et gl., 8)-
In the diet containing calcium and magnesium, trilaurin was
digested to the extent of 70.5% whereas in the absence of
these divalent rations, the value was 97.3%. Corresponding
coefficients of digestibility for trimyristin under these

divergent dietary conditions were 37.3 and 76.6%, respectively,




while with tristearin the values were 10.6 and 18.9%.
Smaller additions of calcium and magnesium to the trilsurin
diet resulted in less depression in digestibility. These
data confirmed earlier observations by Boyd et gl. (3) in
which the depressing effect of ration calcium on fat di-
gestion was related to fatty acid composition of the diet.
The uptake of fatty acids by intestinal mucosal
cells appears to be influenced by soap formstion. If pene=
tration of fatty acids into mucosal cells occurs on the
basis of 1lipid solubility, as suggested by Johnston and
Borgstrom (22), then the presence of fatty acids in the non-
lonized state (salts exist as ions in an acid media) should
facilitete uptake. Hofmen and Borgstrom (21) determined the
PK of fatty acids in micellar solutions to be 6.5, In sub-
sequent experiments in which the uptake of fatty acids in
micellar solutions by intestinsl slices was megsured, they
found that fatty acids were present predominantly in the non-

ionized form.

Fatty Acid Metabolism in the Rumen

Conditions exist within the rumen whereby unsatu-
rated fatty acids can be hydrogenated to their more saturated
enalogues. This phenomenon was first shown by Reiser (27)

who incubated linseed oil in vitro with sheep rumen contents
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and found a marked reduction in linolenic acid, accompanied
by a corresponding increase in the amount of linoleic acid.
He attributed this to hydrogenation of linolenic acid by
bacteria found within the rumen. In vivo evidence for hydro-
genation was obtained from studies with goats that were fed
diets containing either 10% cottonseed or 10% linseed oil
for several weeks (Relser and Reddy, 28). At slaughter, which
was 6 hours after the last feed, samples of rumen contents
were subjected to iodine number determinations and analyzed
for total concentration of long chained fatty acids. Results
of this experiment showed that unsaturated fatty acids of
the dietary oils had undergone considerable hydrogenation.
Erwin gt gl. (15) found that when safflower oil
was infused into the abomasum of sheep, significantly higher
Tatty aclid dlgestibilities were obtained than when safflower
0il was administered via the rumen. This difference in di-
gestibility was reflected by high fecal stearate excretions
(47% of total fatty acids) of sheep administered safflower
01l via the rumen as opposed to the abomasal infused sheep
(14%). These fecal stearate values could partially account
for the differences in digestibility of the safflower oil.
This o0il contains epproximately 75% linoleic acid and a
greater proportion of this fatty acid was being hydrogenated

when the oil was administered via the rumen as opposed to the
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abomasum,

Wood et gl. (38) studied metabolism of linoleic
acld in the sheep's rumen by isolating the rumeno-reticular
area through ligatlon and then injecting Cln labelled lin-
oleic acid into the rumen. They found that only 3 - 6% of
the original lgbelled linoleic acid remained in the rumen
after 48 hours; 45% having been completely saturated and
33 = 50% having been hydrogenated to oleic or elaidic acids.

If one assumes that oleic acid is hydrogenated
to the extent of only 40% (Shorland et gl., 34) and that
stearic acid is absorbed only to a limited extent relative
to its unsaturated anslogues, then low crude fat digesti-
bilities for oils or fatty acid mixtures high in linoleic
acid might be expected. This could help explain the high
fecal stearate values observed by Erwin et al. (15) when
linoleic acid was administered via the rumen. Also, data
Presented by Roberts and McKirdy (31) could be partiglly
explained by hydrogenation of linoleic acid within the rumen.
These workers observed that the fat in a ration containing
sunflower seed oil (61% linoleic acid) was significantly
less digested than a ration containing rapeseed oil (28%
linoleic acid, 30% oleic acid).

Tove (36) suggested that the process of hydro-

genation and production of trans acids by rumen microflora
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mey be closely related. Shorland et z2l. (34) showed that
trans aclds were formed by rumen contents. They incubated
oleic, linolelc and linolenic acids singly for 48 hours
with sheep rumen contents and found trans acids. These
acids were formed to the extent of 17, 48 and 67%, respective-
ly. Positional isomers, particularly from linoleic acid,
gave rise to a conjugated form (where the double bonds are
separated by one linkasge) which was resistant to further
hydrogenation. Relser and Reddy (28) reported that in the
hydrogenation of linolenic acid (9-10, 12-13, 15-16) the
central double bond is preferentially attacked, leading to
the formation of dienoic acids with the double bonds se-
parated by more than one methylenic group (i.e. non-con-
jugated). If hydrogenation by rumen microorganisms parallels
that of catalytic hydrogenation, one would expect a wide
variety of mono- and dienoic acids to be produced in
addition to oleic and linoleic acids.

The role of protozos in rumen fatty acid utiliza-
tion was investigated by Gutierrez et gl. (19) who incubated

1% 1obelled fatty scids. This species of

E. prostoms with C
protozoa was able to incorporate fatty acids into its
cellular components, and hydrogenation of oleic acid also
appeared to occur during assimilation. Williems et gl. (37)

suggested that hydrogenation occurring within the rumen may




13 -
be influenced by the particular species of protozoas present.

Rumen microorganisms are capable of synthesizing
saturated and unsaturated fatty ascids. Erwin and Black
(17) reported that protozoa can desaturate stearic acid and
suggested the following sequence: stearate =—> oleate =——>
linoleate ——> linolenate. Erwin and Black (17) also showed
that protozoa have the ability to elongate 016 to 618 fatty
acids. This elongation was found to be quantitatively higher
than degradation of 018 to 016 fatty acids. The major con-
version product of both palmitate and stearate was linolenic
acid in protozoa. Further results from thls experiment
showed that the major satursted fatty acids of protozoa
were nmyristic and palmitic acids, whereas linoleic gnd lin-
olenic acids represented the major unsaturated fatty acids.
Furthermore, the ratio of mono-unsaturated fatty acids to
thelr saturated analogues decreased with increasing age of
the protozoa, and the amounts of dienoic and trienoic acids
remained constant.

Garton and Oxford (20) raised the question of
whether ruminants require essential fatty acids and, if so,
were they present in bacterial lipids. They found that
bacterial liplds from the rumen fluid of hay-fed sheep did
not have linoleic or linolenic acid in either of the gly-

ceride or phospholipid fractions, which constituted 48.3 and
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39.2% respectively, of total lipids in these bacteriaj the
remalnder being volatile fatty acids. These workers con-
cluded that if the ruminent requires essential fatty acids
they must come from the diet and escape hydrogenstion in

the rumen.,

Effects of Fats and Oils on Dipg

s of Fa estibilities of Va:
Bation Components

Fats and oils, when added to the diet of ruminants,
have been shown to affect apparent digestibllities of
cellulose, protein, dry matter, organic matter and calcium.
Brooks et a2l. (4) observed the effect of added fat on di-
gestion of cellulose and protein by ovine rumen micro-
organisms. They found that corn oil significantly decreased
cellulose digestion in an artificial rumen. When 170 mg
of corn olil was added to 1 gm of dry metter containing 50%
cellulose, a 94% decrease in cellulose digestibility occurred.
The fat in this experiment did not emulsify and formed a
layer in the artificial rumen. Results of a feeding trisl
(4) showed that cellulose and crude protein digestibility
were reduced 52 and 17% respectively, when 32 gm of corn
0il were fed daily with a basal ration consisting mainly of
cottonseed hulls end some casein (9%). When the daily corn
0il allowance was increased to 64 gm, the sheep scoured and

the rumen contents were white and turbid. The digestion co-
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efficients for cellulose and crude protein in this case were
reduced by 70 and 36% respectively. Further results of this
experiment showed that concentration of volatile fatty acids
in the rumen fluild were also depressed when either corn oil
or lard were fed. The effect on cellulose digestibility
was partially overcome by addition of alfalfs ash. The
authors suggested that the alfalfe ash effect may be due to
1ts buffering capacity or its ability to assist in emulsi-
fying the added fat, thereby preventing coating of the
cellulose fibres.

Davison and Wood (13) compared a neutral fat with
fatty acids upon ration digestion by lsmbs when fed a low
ash, high corn cob ration. Both corn oil and a fatty acid
mixture (myristic 2%, palmitic 26%, stearic 16%, oleic 48%,
linoleic 8%) decreased digestibility of dry matter, organic
matter, cellulose; ash and protein. Both the corn oil and
fatty acld mixture significantly increased ether extract
digestibllity. Corn oil decreased nitrogen retention where-
as the fatty acid mixture did not. Stearic or oleic acids
alone tended to decrease protein digestibility. A dif-
ference was observed in cellulose digestion between stearic
and oleic acid treatments, the latter having the most ad-
verse effect. Depression of organic matter and cellulose

digestibility by the addition of 5% corn oil was reversed by
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adding calcium gnd phosphorus at levels similar to those
supplied by alfalfa ash. Davison and Woods (13) also studied
the influence of calcium carbonate and corn oil upon ration
digestibility in lambs. They found that calcium carbonate
largely overcame the depressing effect of corn oil on di-
gestibility. Also, an increase in spparent digestibility of
the corn oil was noted, and the addition of calcium carbo-
nate tended to increase nitrogen retention. Thus, it appears
that ruminal calcium requirements, to maintain an optimum

digestibility of ration components, are increased in the

Presence of corn oil.

Volatile fatty acids (VFA) are synthesized by
microorganisms within the rumen. These acids (of which
acetic, propionic and butyric constitute over 80% of the
total) play an important role in energy metabolism of the
ruminent. Carrol and Hungate (6) estimated that about 70%
of the energy sbsorbed by the ruminant was in the form of
VFA's.

Various dietary factors have been shown to in-
fluence VFA production in the rumen. Chou and Walker (9)
studied VFA production with respect to levels of grain and
hay in the diet. They showed that sheep fed diets high in
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wheat produced higher quantities of VFA's than sheep fed
alfalfa hay. Production of acetic acid was lower and pro-
Pilonic and butyric acids higher when wheat rations were fed
in comparison to glfalfa hay. Also, they observed con-
slderably more variation in VFA production when the diet
consisted of only wheat as compared to alfalfa hay. These
workers pointed out that the composition of rumen liquor
from a sheep is not stable but varies from day to day, and
that variations between individual animals receiving the
same diet may be greater than the variation resulting from
different dietary regimens.

Effects of fineness of grind of alfalfa hay upon
VFA production in the rumen was studied by Wright et al.
(39). Hay, finely ground and then pelleted, caused a higher
concentration of total VFA’s in the rumen liquor of sheep
(215.1) than coarsely ground hay (173.3) or long hay
(164.7 mm/1). The concentration of acetic acid was lowest
and propionic and butyric acids highest in sheep fed the
pelleted ration. Sheep fed long hay had the highest con-
centration of acetic gecid and the lowest concentration of
propionic and butyric acidse.

Various long chained fatty acids have been shown
to influence VFA production in the rumen. Shaw and Ensor

(33) reported that feeding 300 ml of cod liver oil to cows
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resulted in a sharp decrease in the molar per cent acetic
acid, an increase in propionic and valeric acids, and a de-
crease 1n butyric acid, in rumen liguor. When 300 ml of
oleic acid were fed, a smaller decrease in the proportion
of acetlc acid and a smaller increase in propionic scid
were observed and the proportion of valeric acid was de-
creased. Feeding 300 ml of linoleic acid resulted in a sharp
reduction in ruminal concentration of acetic acid and an
increase in concentration of propionic and butyric acids.
Valeric acid production was slightly increased. A4ll three
0il treatments resulted in a sharp increase in total VFA
concentration in the rumen liquor.

Erwin et al. (15) reported an increasse in the
molar per cent of propionic with a corresponding decrease
in acetic acid in rumen fluid of sheep intraruminally in-
fused with methyl myristate or safflower oil. These results
corroborate Shaw's data (33) in which linoleic scid caused
a reduction in the rumen concentration of acetate and an

increase in propionate.

Maynard et al. (25) studied the influence of

varying degrees of unsaturation in dietary fat upon plasms

lipids and milk fat in dailry cows. They noted that the
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extent of change in plasma iodine values obtained from
Jugular blood was smaller than that of dietary food fat
or milk. The exact course of change in blood lipids was
not established due to the limited number of determinations
but the results did indicate a relationship between the
degree of unsaturation in dietary fat and blood lipids.
Similar changes in the degree of unsaturation of blood
lipids were observed by McCay and Maynard (26) where the
feeding of cod liver oil caused a 20% rise in the iodine
number of blood lipids in goats.

The experimental evidence from monogastric studies
is useful in the analyses and interpretation of post rumi-
nal fatty acid metabolism. Very little informstion is
avallable, however, with respect to the effect of dietary
fatty acids on rumen metabolism which in turn influences

the availability of microbial and dietary components.



EXPERIMENTAL PROCEDURE

Six western range lambs, welghing approximately
36 kg each, were selected and fitted with rumen cannulae.
These cannulae were made from 500 ml plastic, narrow mouth
bottles. The crown of the bottle served as the inner flange
and the neck of the bottle projected through the fistula
and served as the cannula. An outer flange was made from
the bottom of the bottle and was held in place by a hose
clamp attached around the cannula, which in turn prevented
the cannula from being disloged. Four lambs with the best
fitting cannula were used in this study, which consisted of
two separate experiments. Each experiment was conducted
according to a 4 X 4 Latin square design involving 4 sheep,
4 rations and 4 periods. Each period was of 18 days duration,
consisting of 10 days for adjustment (during the last two
days harness and fecal collection bags were attached to the
lombs) and a 7-day collection period in which total feces
excreted were collected. Blood and rumen content samples
were collected on the 18th day.

A semi-purified, low ether extract basal ration
was used in both experiments (Table 1). This ration con-
talned aspproximately 0.5% ether extract. MNixtures of

various commerelal sources of fatty acids were added to the
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TABLE 1
BASAL RATION
INGREDIENT PERCENT
Beet pulp b5.5
Corn starch 14.3
Molasses 9.5
Wheat straw 9.5
Solke floc 9.5
Soy protein 3.8
Dehy. alfalfa 1.0
Minerall.u vitamin mizxture 1.9
Fatty acid mixture 5.0

1Tricaleium phosphate and cobalt-iodized salt

(1:1 mixture).
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basal ration at a 5% level, by weight, to formulate experi-
mental rations containing increasing levels of unsaturated
fatty acids. The commercial sources of fatty acids were
methyl stearate, and oleic and linoleic aclds. The com-
positions of these fatty acid sources were determined and
are shown in Table 2. The analytical methods are described
under "Sample Preparation and Chemical Anglysis%. The
average fatty aoid composition of the various experinmental
ratlions are shown in Table 3. These rations were mixed in
a Hobart mixer every 5 days, bagged, sealed and stored at
1°C until fed. The lambs were fed 397.5 g of ration at
each feeding (9 a.m. and 5 p.m.) and sbout 45 minutes were
generally required for total consumption. Water was offered
ad libitum. The lambs were kept in individusl floor pens

and wood shavings were used for bedding.

Ssmplinge Procedures

Feed samples (23 gm) were taken from each 5-day
ration mixture at the time of mixing and stored at 1°C until
used for chemical analysis.

Fecal collections were made twice daily at a time
coincident to feeding for 7 consecutive days. The feces
bags were lined with plastic to aid in feces removal and

to provide some measure of moisture control. Fecal weights



TABLE 2
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FATTY ACID COMPOSITION OF THE VARIOUS
FATTY ACID SOURCEsl
(% METHYL ESTERS)

Methyl
Fatty Acid Stearate Oleic Linolelc
Ci6 5862 43 k.o
Cq8 41.8 -==e 1.7
C18:1 e 7847 25.0
C18:2 ==== 745 65.0
Others ——== 9.5 ko3

lmhe 3 fatty acid sources (technical grade) were
purchased from Fisher Scientific Co. Ltd.



TABLE 3

RATION FATTY ACID COMPOSITICN

(% METHYL ESTERS)

Experiment I
Rationg
Fatty Acid 1 2 3 4
Ci16 50.3 37.7 28.6 8.5
C18 39.0 27.1 16,8 0.5
C18:1 1.9 2502 b7.7 77.6
Others 8.8 10.0 669 13.6
Ezperiment II
—Bations
Fatty Acid 1 2 3 4
C16 51,7 bs.7 37.4 23.0
C18 41.0 33.4 2h.4 3.5
Ci8:1 2.2 9.7 19.5 b5.6
C18:2 0.9 509 9.3 14.6
Others o2 5.3 9.4 13.3

24
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were recorded and the totgl feces collected were stored
at -18°C in plastic bags.

Rumen samples were taken on the 18th day at 0,
3, and 6 hours after the 5 p.m. feeding. Also, blood
samples were drawn from the jugular vein immediately prior
to the 5 p.m. feeding. Rumen collections were made by
aspirating the rumen contents through a 1/4 inch diameter
glass tube which was inserted through the cannuls into the
central region of the ventral sac. Samples of rumen con-
tents were immediately frozen at -18°C in petri dishes.
Rumen fluid was obtained from the 3-hour samples by strain-
ing through one layer of muslin cloth and stored at -18°C.
Protozoa samples were obtained by straining the 3-hour rumen
contents through 2 layers of muslin cloth and centrifuging
the fluid at 2300 r.p.m. for 10 minutes. The supernatant
was removed and the precipitate washed twice with distilled

water, frozen and lyophilized.

mple Preparation gnd Chemical Anal

Total feces collected for each treatment over each
beriod were slightly thawed and mixed in a Hobart mixer.
Approximately 200 gm of each sample were taken for dry
matter analysis. Dry matter analysis of both feed and fecal

samples was carried out in a convection oven at 55°C and




dried until a constant weight was obtained. Subsequent to
dry matter determinations, the feed and fecgl samples were
put through a Wiley mill (screen size 1 mm) to enhance
homogeneity. Both feed and fecal sauples were snalyzed for
ether extract sccording to the A.0.4.C. (1) and crude fat
by = method described by Bohman and Lesperance (5). This
crude fat method involved hydrolyzing the sample with
0.5N HCl for 12 hours and then ether extracting according
to A.0.A.C. (1). Samples of extracts from both methods
were stored in capped vials at -18°C until they were
analyzed for fatty acids. Analysis of both ration and
feces for crude fibre and crude protein were conducted
according to A.0.A.C. (1l). Gross energy determinations
were made using a Parr adisbatic oxygen bomb calorimeter.

Rumen contents and protozoa were dried in a
lyophilzer for 36 hours at a pressure less than 75 microns
of mercury. The samples were then extracted for 4 hours
with ethyl ether, and the extracts stored at -18°C until
enalyzed. Serum was separated from the blood samples and
10 ml quentities were lyophilized snd stored at -18°C until
analyzed for fatty acids.

Semple preparation for fatty acid analysis was
carried out by the method of Feldmen et gl. (18) which

involved dissolving the ether extract in a few drops of
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benzene and 1 ml of methylating reagent (94 ml methanol
to 6 ml sulfuric acid). The resultant mixture (minus the
solvent) was left overnight at 55°C. One ml of water was
added to arrest further reaction, and the methyl esters
were taken up in pentane. The serum samples were not ether
extracted prior to methylation. However, the dried serum
was directly subjected to methylation as previously
described.,

Methyl esters were prepared from extracts of feed
and fecal semples both before and after acid hydrolysis
in Experiment I. In Experiment II, however, only those
samples which had been acid hydrolyzed were methylated for
subsequent analysis. MNethyl esters were prepared from
protozoa and rumen content samples. They were not subjected
to gacid hydrolysis.

Fatty acid analysis of the various samples was
done by gas-liquid chromatography, using a Burrel Kromotog
KD gas chromatograph with a thermal conductivity detecting
unit. Helium was used as the carrier gas. The column was
3 n long with & 3 mm inside diameter and was packed with
80% diataport W and 20% diethylene glycol succinate (“/w).
The fatty acid separations were done ot a column tempersture
of 200°C and a helium flow rate of 50 ml/minute. A disc

integrator was used to measure chromatogram pesk sreas snd
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some of the fatty acids were identified according to their
retention time in comparison to that of known fatty acids.

Rumen fluid samples were prepared for VFA analysis
according to the method of Erwin gt al. (16). This in-
volved thawing the samples and then adding 1 ml of meta~
phosphoric acid (25%) to 5 ml of rumen fluid. After stand-
ing at room tempersture for 30 minutes, the contents were
centrifuged at 3000 r.p.m. for 10 minutes, and the super-
natant removed for analysis.

Volatile fatty acid determinations of the rumen
fluid were carried out using the flame ionization detect-
ing unit of the Burrel gas chromatograph. Hydrogen flow
into the burner jet was set at 28 ml/minute. Nitrogen was
used as the carrier gas at a flow rate of 45 ml/minute,
and the air flow was 350 ml/minute. The collector plate
potential was 250 V., and the column was operated at a
temperature of 150°C. The column packing was neopentyl=-
glycol succinate (2% HBPOA) on 60-80 mesh firebrick.

Quantitative procedures involved the injection
of known amounts of standard acids (acetic, propionic,
butyric and valeric) and determining recorder response in
relatlon to the quantity of acid injected. Standard
fatty acid mixtures were analyzed routinely to guard

agalnst instrument variation. A rumen fluild sample size of
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0.8 ml gave a satisfactory response at an attenuation of

2

Statistical Anslysis

Data from these experiments were subjected to
analysis of varisnce (Cochran et al., 11), and in some
cases treatment means were compared using Duncan's multiple

range test (Steele and Torrie, 35).



RESULTS

No difficulties were experienced with the sheep
during Experiment I. In Experiment II, period 1, however,
one sheep lost the cork stopper in the cannula, thus per-
mitting partial loss of its rumen contents. A similar
event took place during period 2, where one sheep dislodged
its cannula. Collections during these periods were dis-
continued, and in both cases the animsls had sufficient
time to readjust before beginning the next period. At
conclusion of Experiment II, these two lambs were fed the
diets that were being fed at the time the difficulties
arose and the particular period repeated.

No significant treatment differences were ob-
served for energy, nitrogen, fibre, dry matter, ether ex-
tract, or crude fat digestibilities in the two experiments.
Digestion coefficients of all items in Experiment I (Tagble
) were considerebly higher than for the same items in
Experiment II (Table 5).

The ether extract digestibilities shown in
Tables 4 and 5 are 11 - 19 digestion units higher than the
corresponding crude fat digestibilities., This indicates
that a portion of the fecal fat was in the form of s0aps

end shows that the ether extract digestibility values were




APPARENT DIGESTION COEFFICIENTS OF

TABLE &4

VARIOUS RATION COMPONENTS

Experiment I
tio
ITEM 1 2 3 )
ENERGY 78:640.8  77.8+1l.4  77.141.6 P hil.7
NITROGEN 66.942.9  63.8+1.7 63.3+1.0 62.8+1.2
FIBRE 67.341.0  66.2F1o4  63.944.1  65.3+1.4
DRY MATTER 790240.7  78.641.2  78.042.0  77.541.0
ETHER EXTRACT 86.5t1e6 86.241.0 86.140.6 84.6+0.7
CRUDE FAT 69.445.1  71.04h.M  72.142.5 68.8+3.7

3



TABLE 5

APPARENT DIGESTION COEFFICIENIS OF
VARIOUS RATION COMPONENIS

32

Experiment II
Bations

ITEM 1 2 3 I
ENERGY 72.142.2  72.842.5 71.641.7 71.1#1.8
NITROGEN 6005429  59.k4the5  58,241.9  58.241.9
FIBRE 5601434  57.7+3.4  54.0+3.4  51.645.1
DRY MATTER 72.642.0  73.942.2  73.241.5 72.442.0
ETHER EXTRACT 82.941l.5 83.041.3 83.7+1.3 83.540.4
CRUDE FAT 6308+5.0 69.1+3.0 72.442.1

70.643.6
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underestimating the quantity of fat that was excreted in

the feces,

Changes in Fatty Acid Proportions from Bation to Rumen

Contents to Feces

The relative changes in proportions of fatty
acids from ration to rumen contents to feces are shown in
Tables 6 and 7. In Experiment I, palmitate supplied 50.4,
37.8, 28.7 and 8.3% of total fatty acids in rations 1 to
L respectively. The rumen contents obtained 6 hours after
feeding reflected palmitate levels in rations 1-3 (50.3,
38,7 and 29.8% respectively), but in ration 4 the ruminal
level was considerably greater than that of the ration
(24.3 vs. 8.3%). Fecal levels of palmitate for sheep fed
rations 1-3 (46.5, 32.4 and 25.0%) in general reflected
dietary levels of palmitic acid. Sheep fed ration 4,
however, had higher palmitate levels in the feces than
that present in the diet (14.6 vs. 8.3%). In all cases,
fecal palmitate levels were lower then ruminsl levels.

Stearic acid supplied 39.0, 27.2, 16.9 and 0.4%
of The total fatty acids in rations 1l=4 of Experiment I.
Unlike palmitate, however, the stearic acid levels in the
6=hour rumen contents were considerably higher than dietary

levels of stearic acid (42.2, 41.3, 37.8 and 34.3% for
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tregtments 1-4 respectively). The fecal levels of stearic
acid were considerably higher then those found in either
the ration or rumen contents., This was.especially notice-
able in the sheep fed ration 4 where stearic acid levels
in the diet, rumen contents and feces were 0.4, 34.3 and
67% respectively.

Oleic acid supplied 1.9, 25.4, 47.6 and 77.6% of
the total fatty acids in the four rations of Experiment 1.
Although ruminal levels of oleic acid (3.7, 15.8, 26.0 and
Ly, 3%) showed the same trend as that found in the diets
(rations 1 to 4), the differences among treatments were not
nearly as great. Fecal oleic acld made up a relstively
smgll proportion of the total fecal fatty acids (5.5, 8.5,
13.5 and 13.5% for treatments 1 to 4 respectively).

Ration 1 - Experiment I was comparsble in com-
position to ration 1 - Experiment II. Rations 2 to 4, how-
ever, contained increasing levels of linoleic acid (Table 7).

In Experiment II, palmitate supplied 51.7, 45.7,
37.4 and 23% of totael fatty acids in rations 1 to 4, re-
spectively. The rumen contents obtained 6 hours after feed-
ing reflected palmitate levels in the rations. Also, fecal
levels of palmitate for sheep fed rations 1l-4, in general,

reflected dietary levels of palmitic acid.
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Stearic acid supplied 41.0, 33.4, 24.5 and 3.5%
of the total fatty acids in rations 1-4 of Experiment II.
Againg, as in Experiment I, the stearic acid levels in the
6-hour rumen contents were considerably higher than dietary
levels of stearic acid (49.7, 40.2, 32.5 and 17.6% for
treatments 1-4 respectively). As in Experiment I, the
fecal levels of stearic acid were considerably higher than
those found in either the ration or rumen contents. This
was especlally noticeable in those sheep fed ration 4, where
stearic acid levels in the diet, rumen contents and feces
were 3.5, 17.6 and 59.7% respectively.

Oleic acid comprised 2.2, 9.7, 19.5 and 45.6%
of the total fatty acids in the 4 rations. Ruminal levels
of oleic acid (7.9, 17.3, 27.0 and 50.9%) were all higher
than corresponding dietary levels, which is unlike the re-
sults for Experiment I, where rumen oleic acid levels were
less than dietary levels in 3 treatments. ILinoleic acid
levels decreased in the rumen with respect to levels found
in the diet. Negligible amounts of linoleic acid were
found in the feces of sheep fed the 4 rations.

The results shown in Tables 6 and 7 are depicted
graphlecally in Figures 1 and 2 respectively. A point of
interest is the increasing proportion of stearic acid

appearing in the feces when dietary levels of unsaturated



Stearic acid

Oleic acid ——we-- -

Figure 1.

Experiment I,

Rations

Stearic and oleic acid levels in
the ration, rumen contents, and
feces,
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Stearic acid

Linoleic + oleic —wee—e-

1 2 : 3 4
Rations

Figure 2. Experiment II, Linoleic + oleic and stearic acid
levels in the ration, rumen contents,
and feces.



fatty acids increased.

In Experiment I, the ruminal levels of palmitic,

steariec and oleic acids in the 0, 3 and 6-hour.sanples were
almost identical (Table 8). The O-hour sample, which was
taken immediately prior to the 5 p.m. feeding, was in fact
a sample taken 9 hours after the last feeding (9 a.m.).
Therefore, in order to detect a change with time in fatty
acid levels within the rumen, a comparison between the 0
end 3-hour samples would be most appropriate since a greater
time lapse would probably accentuate any change in fatty
acid levels. Rumen palmitic and stearic acid levels of
Experiment II (Table 9) were comparable to those of
Experlment I. However, linoleic acid levels in Experiment
II ration 4 decreased by 27% from 0 to 3 hours after feed-
ing and a corresponding increase in oleic acid (41.5 to
49.3%) was observed. Similarly, linoleic acid decreased

from 3 to 6 hours after feeding and s corresponding increase

in oleie acld (49.3 to 57.9%) was observed.

Data showing daily consumption and excretion of

fatty acids (Tables 10 and 11) are deliniated in Figures 3
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TABLE 10

DAILY FATITY ACID CONSUMPTION (C) AND
FECAL FATTY ACID EXCRETION (E) GM

FATTY ACID 1 3 "

¢ E ¢ E ¢ E & E
PALMITIC 21.7 6.1 16,0 4.0 12.4 3.0 3.6 2.1
STEARIC 168 5.6 11.5 6.4 7.3 6.6 0.2 9.4
OLEIC 068 0.7 10.7 1.0 20,7 1.6 33.7 1.9

1These values were determined using the erude fat method of

analysise.



TABLE 11

DAILY FATTY ACID CONSUMPTION (C) AND
FECAL FATTY ACID EXCRETION (E) GM

Experiment II
Bations’
FATTY ACID 1l 2 , 3 L
¢ E ¢ E & E & E
PALMITIC 27.4 8.2 23,9 6.0 19.2 3.8 1l1.5 1.8
STEARIC 21e7 869 17,5 9.0 12.5 7.9 1.8 8.8
OLEIC 1.2 0.7 5.1 0.9 10.2 1.8 22,9 3.4
LIEOLEIC 0.5 0,1 3¢1 0,01 4.8 0,01 7.3 0.1

1These values were determined using the crude fat method of
analysis.
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and 4. Palmitic acid was supplied in amounts of 21.7, 16.0,
12.4 and 3.6 gm/day in rations 1 to 4 of Experiment I and
6.1, 4.0, 3.0 and 2.1 gm were recovered in the feces (Table
10). Stearic acid increased in the feces when decreasing
amounts were fed (the ration supplying 16.8, 11.5, 7.3 and
0.2 gm vs. fecal values of 5.6, 6.4, 6.6 and 9.4 gm).
Excretion of oleic acid in the feces of sheep fed the 4
retions was low in comparison to the amounts fed.

Palmitate consumption and excretion in Experiment
IT (Table 11) followed the same general pattern as observed
in BExperiment I. Fecal stearic acid did not reflect dietary
intake. However, it did differ from Experiment I in that
the amount excreted dally did not increase as the ration
levels of unsaturated fatty acids increased. A greater
guentity of fecal oleate was excreted by sheep fed ration
L - Experiment II than fed ration 4 - Experiment I (3.4 vs.
1.9 gm/day). Dally fecal excretion of linoleic acid ranged
from 0.1 to 0.0l gm in the &4 sheep.

Crude Fat Fraction

In Experiment I, the difference between the quantity
of fatty acids in the fecal ether extract fraction and fecal

crude fat fraction was assumed to be due to their occurring
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Partly as soaps in the fecal crude fat fraction. Data pre-
sented in Table 12 provides an estimation of fecal soap for-
mation for each of the fatty acids. The crude fat to ether
extract ratios for palmitic acld decreased slightly as the
level of ration unsaturation inereased (rations 1 to 4).
Crude fat to ether extract ratios for stearic acid, on the
other hand, showed an increase through rations 1 to 4., In
fact there was a 1104 increase in fecal stearic acid soaps
in treatment 4 compared to treatment 1. The crude fat to
ether extract ratios for oleic acid showed a tendency to
decrease in rations 1 to 4. Amounts of total fecal socaps

excreted were a little higher for treatments 1 and 4 than

for treatments 2 and 3.

Thé fatty acid composition of protozoa obtained
from lambs under the four dietary regimens (Tables 13 end
14) reflected to some degree the fatty acids in rumen con-
tents. However, some differences were observed. Stearic
acid levels of protozoa were generally higher than stearic
acld levels of the rumen contents with the exception of
treatment 1, in both experiments. Differences between the
percentages of stearate in protozoa and rumen contents be-

cane greater when the level of ration unsaturated fatty
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TABLE 13

PROTOZOA FATTY ACID COMPOSITION:

(% METEYL ESTERS)

50

Experiment I
Batlong
FATTY ACID X 2 3 L
PALMITIC 51.3+2.1  42.040.7  34.542.5  18.5+7.5
STEARIC 37624067 §2.1+0.4 by, 7411 40,748.8
OLEIC 5¢3+1.0  12.042.1  17.242.1  35.445.5

lyia ethyl ether extraction.



TABLE 14

PROTOZOA FATTY ACID COMPOSITIONY
(£ METHYL ESTERS)

Experiment 11
Bgtions
FATTY ACID 1 2 3 b
PALMITIC 47.241.8 34.9+3.6 28.5+1.7  16.042.2
STEARIC 36.9+3.6 43.043.5 §2,1+4.7 3354869
OLEIC 7.9+0.8 18.044.0 23 7+le7 46.24+4.6
LINOLEIC 2.5 1.2 1.2 2.4

lvia ethyl ether extraction.

51
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aclds increased. The amount of oleic acld in rumen contents
was higher than in protozoa. This was particularly evident
in Experiment I. In addition, oleic acid levels in proto-
zoa of Experiment I showed a tendency to be lower than levels

in protozos in Experiment II.

Serum Fatty Acid levels

No significant differences were detected in the
percentages of palmitic, palmitoleic, stearic, oleic and
linoleic acids in serum with respect to the presence of dif-
ferent dietary fatty acids (Teble 15). Unsaturated fatty

aclids made up the largest proportion of serum fatty acids.

Rumen Volatile Fatty Acids

Ruminal levels of VFA's are presented in Tables
16 and 17. No significant differences were observed among
treatments in total VFA concentrations, or was any definite
trend observed indicating that degree of ration fatty acid
unsaturation affected total VFA concenbtrations in the rumen.

The ruminal levels of acetic acid were comparable
in both experiments. In both cases, a gradual increase in
acetic acid levels was observed through rations 1 to 3. The
trend was interrupted, however, by the low levels of ruminsl

acetate in sheep fed ration 4 in both experiments.
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TABLE 15

SERUM FATTY ACIDS IN LAMBS RECEIVING
VARIOUS DIETARY FATTY ACIDS
(# METHYL ESTERS)

rim I
tio

FATTY ACID 1 2 3 4
PALMITIC 21.4 25.1 22,3 18.1
PALMITOLEIC 72 5.4 6.8 6.5
STEARIC 16.4 16.4 19.0 17.0
OLEIC 32.4 30,7 30,5 30,8
LINOLEIC 17.9 17.0 19,1 275
OTHERS .7 S5e4 2.3 0.1
TOTAL

SATURATED 37.8 hi.5 41.3 35.1
TOTAL

UNSATURATED 575 53.1 56.4 64.8
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TABLE 16

RUMEN FLUID VOLATILE FATTY ACIDS OF LAMBS RECEIVING
VARIOUS DIETARY FATTY ACIDS

Experiment I
.Bationg

1TEMY 1 2 3 I
ACETIC 59,7418  63.840.8  67.542.8  59.9+2.0
PROPIONIC 25.140.3  21.440.7  20.842.4  27.340.7
BUTYRIC 15.241.6  14.840.3  11.7¢1.4  13.5:£0.6
€=2/6-3 2.4 3.0 3.3 2.2
Total VFA's .

um/my 170.0 151.2 148.2 189.3

1Acetic, propionic. and butyric acids are expressed as molay
percent.
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TABLE 17

RUMEN FLUID VOLATILE FATTY ACIDS OF LAMBS RECEIVING
VABIOUS DIETARY FATTY ACIDsS

Experiment II
» Rationgs

ITEM" 1 2 3 4
ACETIC 60.742.2  60.241.6  61.8+l.4  58.5+2.1
PROPIONIC 24,3416 25.332.5  28.5tl.7  30.2+3.2
BUTYRIC 15.042.0%  14.582.1%  9.741.3° 11,341.4%P
C~2/¢-3 2.5 2.4 2.2 1.9
Totel VFA's

um/m1 110.9 126.1 142.9 121.3
1

Acetic, propionic and butyric acids are expressed as &
molar percent.

8Prreatment means with similar superscripts are not
significantly different.
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Ruminal levels of propionic acid decreased from
rations 1 to 3, and increased in ration 4 (Experiment I).

In Experiment II, however, the propionate level was shown
to increase steadily with increasing ration unsaturation.
Although statistical significance (P >.05) was not detected,
there is some indication that propionic acid made up a
greater proportion of the total VFA's with increasing
levels of dietary unsaturated fatty aecids.

Buminal levels of butyric acid in general de-
creased in both experiments as ration levels of unsaturated
fatty acids increased. In Experiment II, a significant
(P< .05) difference among treatments was observed in butyric
acid level.

Acetate to propionate ratios were calculated and
although no significant differences were observed among
treatments, a definite trend was shown in Experiment 1I,
indicating that as the degree of ration unsaturation in-
ereased, the acetate to pfopionate ratio decreased. An

almost opposite trend was‘observed in Experiment I.



DISCUSSION

These experiments failed to reveal any relation-
ship between apparent digestibllities of various rstion
components and the level of dletary unsaturated fatty
acids., These dats are corroborated by the results of
Roberts and McKirdy (31) in that dry matter and energy di-
gestibilities were not significantly affected by rapeseed
0il, sunflower seed 0il, or animal tallow treatments.
Davison and Woods (13), on the other hand, found differences
in crude fibre digestibilities when rations containing
stearic acid were compared to those containing oleic acid.

The higher apparent digestion coefficlients ob=
tained in Experiment I then in Experiment II are difficult
to explain. This difference between experiments cannot be
attributed to the addition of linoleic scid in Experiment
II since ration 1 was the same in both experiments. The
only apparent varigbles were temperature, relative humidity,
and age of lambs. Experiment I was conducted in late sun-
mexr and Experiment II was conducted during December and
January. The room temperature and reiative humidity were
slightly lower and age of the lambs about 3 months older
during Experiment II. Whether or not these factors were

responsible for the lowered apparent digestibilities in
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Experiment 1II is a moot point.

Chonges in Fatty Acid Proportions from Ration to Rumen

Contents to Feces

Palmitic gcid level in rumen contents (24.3%)
of sheep fed ration 4 in Experiment I wes considerably
higher than the dietary level (8.3%), suggesting net
synthesis of palmitic acid within the rumen. In Experiment
II - ration 4, however, palmitic acid in the diet (23%)
was considersbly higher than in rumen contents (12.6%)
end also higher than the dietary level in Experiment I.
These data could suggest that rumen synthesis of this acid
was controlled by ruminal levels of palmitic acid. This
sizeable decrease in palmitate level from ration to rumen
contents might have been the result of elongstion of 016
to Cg fatty acids. Erwin and Black (17) showed that pro-
tozoa are capable of elongating 016 to 018 fatty aclids.
In Experiment I - ration 4 the dietary palmitate level
was relatively low, and in this treatment the fecal pal-
mitate level dropped to one-half that of the rumingl level.
Bation 4 of Experiment II provided fairly high levels of
palmitate (23%), however, and the fecal level was the same
as the rumen level (12%). It is possible that synthesized

palmitic acid was present in a form that was more readily
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absorbed from the lumen of the small intestine than the
palmitic acid supplied in the diet.

Data suggesting that dietary C18 unsaturated
fatty acids were being hydrogenated to stearic acid are
deliniated in Figures 1 and 2. In Experiment I (Figure 1)
ruminal levels of stearic acid markedly incregsed in re-
lation to dietary levels through rations 1 to 4. Also,
since decreasing dietary stearate levels were concomitant
to increasing dietary oleic acid levels, the results sug-
gest that hydrogenation of oleic to stearic acid was oc-
curring within the rumen. The decrease in slope between
dietary oleate and ruminal oleate (Figure 1) was almost in-
versely related to the change in slope between dietary
stearate and ruminal stearste, which also suggests that
ruminal hydrogenation to stearic acid was occurring.
Comparable results were obtained in Experiment II, although
not as pronounced (Figure 2). The unsaturated fatty acid
fraction (oleic and linoleic acids) remained st relatively
high levels in the rumen suggesting less efficient hydro-
genation. In general, the results of these experiments
are in sgreement with those reported by other workers (15,
27, 28, 34, 38) where evidence has been obtained indicating

hydrogenation of unsaturated fatty acids within the rumen.
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In both experiments fecal stearate levels in-
creased much faster than rumen stearate levels when the
proportions of dietary unssturated fatty acids were in-
creased. This could suggest that either further hydro-
genation of linoleic and/or oleic acids occurred post-
ruminally, thereby increasing the proportion of fecal
stearic acid; or selective absorption of the unsatursted
fatty acids occurred in the small intestine and thus
caused a relative increase in fecal stearic acid. The
latter suggestion has little merit, however, since the
apparent digestion coefficients for crude fat (Tables 4
and 5) remained relatively constant with increasing un-
saturation of dietary fatty acids. Alternatively, there
may have been delayed hydrogenation in the rumen. Tove
(36) noted that natural fats (present in feed) were more
efficiently hydrogenated than pure unsaturated fatty acids.
He suggested there was less opportunity for hydrogenation
of pure unsaturated fatty acids than of those present in
natural feeds because of their faster rate of passage
through the rumen.

Sheep receiving ration 1 in both experiments
showed higher rumen levels of unssturated fatty acids
than for dietary levels. This would suggest that a net

synthesis of these acids occurred within the rumen. Erwin
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and Black (17) have shown that rumen microorgenisms are
capable of synthesizing unsaturated fatty acids, end pro-
tozoa were shown to desaturate stearic to oleic acid. 1In
the present study oleilc aclid made up 3.7% of the fatty acids
in the rumen and 5.1% in the feces of sheep fed ration 1
in the first experiment. Assuming that eleic acid is pre-
ferentially aebsorbed in the small intestine, compared te
its saturated analogue, one would expect fecal eleic levels
te be lewer thaﬁ rumen levels. However, it might be that
the increase in fecal oleate was due to endogenous secre-
tien of unsaturated fatty acids posterior te the area ef

absorptien.

The fatty acid composition of rumen contents taken

at 0, 3 and 6 hours after feeding failed to give a clear
indication of oleic or linolelec acid hydrogenation. The
relative concentrations of stearie and oleic acids changed

very little with respeet to the three sampling periods.

Feeal soaps made up B0-60% of fecal fat from all
four trestments in Experiment I (Table 12). The decreasing
trend in crude fat to ether extraet ratios for fecal palmit-
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ate corresponded to increasing unsaturation in the diet.
This suggests that less palmitic aclid was complexed as
soaps in sheep fed rations contalning decreasing palmitic
acid levels. VWhen small amounts of palmitic acid were in
the diet (ration 4), there was an increase in the relative
proportions of palmitie aeld entering the duodenum and a
substantial decrease in fecal palmitate levels (Table 6).
In Experiment II, the proportions of palmitate in rumen
eontents and feces of sheep fed ration 4 were identiecel,
and, as previously mentioned, it was suggested that rumen
pPalmitic acid synthesis was ocourring. This indicates
greater utilization of palmitate mediated through some
effeect of the mieroorganisms.

The erude fat to ether extract ratios for fecal
stearate increased with increasing levels of unsaturated
fatty acids in the diet. In this case, one might postulate
that hydrogenation of unsaturated fatty aéids by rumen
mieroorganisms may enhance salt formation since the ma-
Jority of fesal stearate in the highly unsaturated treat-
ments must have arisen from hydrogenation of oleie aeid.
Fecal soap excretion of steasrate wasli0Z higher in the un-
saturated then in the saturated fatty acid diets. Roberts
and McKirdy (31) fed animal tallow (47.8% oleic plus lin-
oleic acids), rapeseed oil (58.8% oleie plus linoleie
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aeids), and sunflower seed oil (85.7% oleic plus linolelc
aclds) to steers. The calculated crude fat to ether ex-
tract ratios in the feces were 2.0, 3.0 and 3.5 respective-
ly, whiech suggests higher feéal soap excretions with in-
ereasing dietary levels of unsaturated fatty aeids.

A decreasing trend in erude fat to ether extraet
ratios for fecal oleate suggests that smaller proportions
of fecal oleate were in the form of soaps with inereasing
quantities of dietary oleic acid. The fecal oleate values
from which these rations were calculated were quite low
and showed eonsiderable variation, thus their importance

may be limited.

Protozoe

The difference between ruminal and protozoa
stearic acid levels became greater with 1neregéing dietary
unsaturated fatty acids. This suggests that protcezoa were
‘hydrogenating unseturated fatty acids. Guttierrez et gl.
(19) showed that protozoa were able to hydrogenate oleic
to stearic acid during ineorporation into cellular com-
ponents. The possibility also exists that protozoa were
selecting stearic acid specifically from the ruminal media.
In Experiment II, the difference between stearate levels

of protozoa and rumen contents, with inecreasing levels of
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dietary unsatﬁrated fatty acids, was more pronounced.
Posgsibly linoleic acid is more efficlently hydrogenated by
protozoa. The linoleic acid levels in protozoa from sheep
fed ration 1 in both experiments were higher than values
obtained for rumen contents. The possibility exists that
protozoa can synthesize linoleic acid and that this dif-
ference appeared besause of low levels of linolele soid

entering the rumen from the diet.

There were no significant differences among
trestments in serum fatty acid levels. This can be ex-
plained by the fact that unsaturated fatty acids were being
hydrogenated within the rumen and the.fatty acid mixture
entering the duodenum was of relatively constant composi-
tion, irrespective of dietary fatty acids. Any differences
in serum fatty acid composition reflecting the treatments
would probably be modified by live: metebolism and mixing
with systemic blood before arrival at the jugular vein
where sampling oceurred. Thus, onevwould expeet little
treatment effect upon the relative proportions of serum
fatty acids. Another interesting point was the relatively
high proportion of unsaturated fatty acids in the serum,
in comparison with what one would expect to be available
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for absorption. This could be explained by the fact that
unsaturated fatty aclds of endogenous origin were entering
the circulatory system. Serum data in the present studies
are not necessarily in agreement with daﬁa reported'by
Moynard et gl. (25) and McCay and Maynard (26). These
workers observed an increase in the iodine values in blood
plasma lipids of cows and goats, respectively, where high
levels of unsstursted fatty acids were fed. Behrman (2)
noted a significant difference in blood pPlasma fatty acids
of sheep when unsaturated fatty}acids were infused post-
runinglly and compared to feeding the same fatty acids.

By infusing fatty acids post-ruminglly, monogastric con-
ditions were simulated, and one would expect serum fatty

acids to reflect, to a certain degree, dietary fatty acids.

Rumen fluid levels of propionic acid (Experiment
II) inereased, although not significently, with increasing
levels of dietary unsaturated fatty acids. Shaw and Ensor
(33) reported an increase in rumen fluid propionic acid
when cod 1iver oil (high in linoleic acid) was fed to dairy
cows, whieh in general is in agreement with the propionic
acid deta of Experiment II. This increase in rumingl pro-
Plonate with increasing levels of ration unsaturated fatty
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acids was not observed in Experiment I. The lack of dietary
linoleic acid in Experiment I may have been the reason
for the lack of increase in ruminal proplonate. Shaw and
Ensor (33) reported that linoleic acid was more efficient
than oleic in this regard.



CONCLUSIONS

Experimental results provided a basis for the

following econclusions:

1.

2.

3.

k.

5e

6o

No significant treatment effects on energy, nit-
rogen, fibre, dry matter, ether extract, or crude fat
digestibilitles were detected.

Bumen saturated fatty acid levels in comparison
to dietary levels suggest that hydrogenation of Ci18
polyethnoid fatty acids occurs within the rumen.

Belative proportions of rumen fatty acids do
not appear to change with time after feeding (0, 3
end 6 hours). |

Palmitic acid synthesis occurs within the rumen
of sheep fed diets low in this acid. The results suggest
that synthesis may depend upon ruminal levels of this
acid.

Oleic acid synthesis occurs in treatments low in
this acid. 01eic_acid synthesis may be dependent upon
runinel levels of this acid as influenced by dietary
levels. |

Fecal levels of stearic aclid for sheep fed satu-
rated fatty acid diets are quite similar to those fed
unsaturated fatty acid diets.
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8.

9.

10.

i1,

12,

13.

68

Fat digestibility decreases from 11-19 digestion
units when the excretion of fecal soaps are taken into
account.

When dietary unsaturated fatty acids are relati-
vely high, the fecal stearate soap excretion is increased
by 110% compared to highly saturated dietary fatty acids.

The relative proportions of serum fatty aclds
show no response to various dietary fatty acids.

No signifiocant differences are observed among
treatments in total VFA concentrations, or is any de-
finite trend deliniated indicating that degree of
ration fatty acid unsaturation affects total VFA con-
centration in the rumen.

There is some indication that propionic acid
makes up a greater proportion of the total VFA's when
levels of dietary unsaturated fatty acids are increased.

Ruminal levels of butyric acid, in general, de-
crease as ration levels of unsaturated fatty acids in-
crease.

Although no significant differenees were observed
in acetate to propionate ratios among treatments, a de-
finite trend was observed in Experiment II indicating
that as the degree of ration unsaturation increases, the

acetate to yropionate ratio decreases.
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