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CHAPTER I
INTRODUCTION

In recent years, the need for improved efficiency of
feed consumed by ruminants into a marketable product has
paralleled the increasing number of cattle fed in the U.S.
With extensive past and on-going research in carbohydrate
and nitrogen metabolism"^ in ruminant animals, the need for
more information concerning the role of dietary fats in
their diets has resulted in many questions for researchers.
The incorporation of fats into feedlot cattle diets has
received an increasing amount of attention in recent years;
however, questions still remain unanswered as to their
nutritional role within the growing ruminant.

Past research

has revealed many complexities of lipid metabolism in the
rumen, absorption in the small intestine, transportation in
the blood and cellular catabolism in the tissues.

The

chemical structure of lipids plays a very important role
with regard to their nutritional value.
The fat content of feedlot ingredients is relatively
low, ranging from 2-4% in concentrates and 5-7% in
roughages.

Thus, fats are commonly supplemented into

growing ruminant diets at 1-4%.

Considerations for the type

of fat supplemented is usually dependant solely on price.
Sources of fat available for feeding range from tallow and
top grade blended animal-vegetable fats (usually considered
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the highest quality) to greases and low grade materials
(comprised of less desirable fat and oil mixtures).
Nutritionally, fats are added to feedlot diets because
their energy content is more than twice that of other
ingredients and their digestibility is high.

Along with

these positive attributes, it has been shown that fats can
alter microbial fermentation in the rumen, resulting in
depressed digestibility of other feedstuffs, especially
roughages.

However, the role of fats and oils in high

concentrate diets and their effect on total feed nutritive
metabolism is still somewhat unclear.
The objectives of this thesis were: a) to determine the
effects of both animal and vegetable fats on nutrient
digestibilities and nitrogen retention by in vivo
procedures; b) to study the effects of supplemented fat
levels on nitrogen metabolism and retention in growing
ruminants; and c) to determine alterations in rumen
fermentation as effected by levels of unesterified fatty
acids.

CHAPTER II
REVIEW OF LITERATURE

Biochemical Aspects of Fats
Fats and oils, compounds of the lipid family, are
water-insoluble or'ganic substances found in cells and
tissues of plants and animals.

Lipids can be extracted by

nonpolar solvents such as chloroform, benzene and ether
(Gurr, 1984) . Triglycerides are the most abundant form of
lipids found in animals and plant seeds (Lehninger, 1982).
These lipids have a high nutritional feeding value for
ruminants.

Also found in the leaves and stems of plants,

which may be extracted by nonpolar solvents, are
galactolipids, waxes, hydrocarbons, alcohols and ketones
(Hitchcock and Nichols, 1971).

These contribute little

nutritional value to ruminants.
The building blocks of triglycerides are fatty acids.
Most commonly fatty acids are esterified with glycerol to
form triglycerides, but may also be found in their free
form.

There are many aspects that differentiate fatty

acids, some are chain length, ranging from 4 to 30 carbons
in length; hydrogenation, either saturated or unsaturated
forms; configuration of double bonds, either in the cis or
trans formation; and availability, whether the triglycerides
are encapsulated in plant structures, bound to divalent
cations or free flowing (Byers and Schelling, 1988).
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The even-numbered carbon atom members of the saturated
straight-chain series are found in plant and animal bodies
combined both in neutral fat and in more complex lipids.

It

is notable that odd-numbered carbon fatty acids do not occur
in either plants or animals in appreciable amounts (Bloor,
1943).

The fatty'acids occuring most abundantly in the

tissues of plants and animals are in the straight-chain
form.
Unsaturated fatty acids, characterized by one to six
double bonds, are found in plant and animal fats (Rawn,
1983).

Isomers of unsaturated fatty acids occur, resulting

in changes of chemical properties for these fatty acids.
During hydrogenation of unsaturated fatty acids, hydrogen is
taken up at the double bond with the aid of catalysts and
becomes saturated (Garton, 1967).
The melting point of the saturated straight-chain fatty
acids increases with increasing chain length.

Fatty acids

with a double bond have lower melting points than their
counterparts with the same chain length.

The addition of

each double bond decreases the melting point further
(Wiseman, 1984) . The melting point also depends upon the
geometry of the double bond, with trans fatty acids melting
at a higher temperature than their cis isomers.
The gross energy value of a fatty acid varies slightly
with chain length and degree of unsaturation.

There are

reports that the consumption of unsaturated plant fats
results in smaller increases in body energy than saturated
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fats, presumably because their metabolism is less efficient
and more metabolic energy is lost as heat (Kasper et al.,
1973) .
NRC (1984) reports the following feeding standards for
supplemental fats: digestibility, 79%; total digestible
nutrients (TDN), 177%; metabolizable energy (ME), 6.41
Mcal/kg; net energy for maintenance (NEm) and gain (NEg),
4.75 and 3.51, respectively.
lipids in general.

These values are reported for

However, variations from these values do

exist, especially when lipids of different chemical
structures are fed to ruminants.

A single value for energy

of fats for ruminants would be difficult because there is
often an interaction between the added fat and the other
components of the diet (Clapperton and Steele, 1983).

Effects of Supplemented Fat on
Rumen Fermentation
Fats and oils contain higher amounts of digestible
energy (9 kcal/gram) than any other feed nutrient in
ruminant diets.

Lipids contain 2.25 times the digestible

energy of carbohydrates, the principle energy source in
ruminant diets.

The energy benefit of lipids is largely

concerned with digestibility.

Freeman (1976) mentioned the

following factors which influenced digestibility: degree of
unsaturation, fatty acid chain length, free fatty acid to
glyceride ratio, level of inclusion, age of animal and
environment.
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Disregarding their nutritional value, lipids are also a
positive ingredient for the mill operater and cattle feeder
by depressing dustiness, holding ingredient mixtures
together, aid in handling and increasing pelleting ability
(Oltjen, 1975).

Even with all these positive attributes

fats and oils contribute to the animal and the people
involved in feed handling, there seems to be many unanswered
questions pertaining to their nutritive value and effect on
performance of feedlot animals.
Reconstruction, digestion, and metabolism of
triglycerides, concerning ruminants, begins in the highly
reducing environment of the rumen.

This, according to

Garton (1967), is where metabolic processes alter the
structure of ingested lipids by the following steps: 1)
hydrolytic release of esterfied fatty acids, 2)
hydrogenation of the double bonds of unsaturated fatty
acids and 3) microbial fermentation of glycerol and
galactose, which yields short-chain volatile fatty acids
(Oltjen, 1975).

The ability of rumen microorganisms to

hydrogenate unsaturated fatty acids was first demonstrated
by Reiser (1951).

From work by Dawson et al. (1974), it is

now clear that the biohydrogenation of unsaturated fatty
acids in the rumen occurs only after these acids have been
liberated in unesterified form by the hydrolysis of acyl
ester linkages.
Both protozoa and bacteria are equally responsible for
the hydrogenation of unsaturated fatty acids in the rumen

according to Chalupa and Kutches (1968), while Viviani
(1970) stated that the role of protozoa in hydrogenation was
that of secondary importance.

Regarding the work by Byers

and Schelling (1988), protozoa are very active in
hydrogenation and the degree of hydrogenation occurring is
usually much less 'extensive when protozoal populations are
suppressed or eliminated, thus increasing the amount of
unsaturated fatty acids arriving at the lower digestive
tract.
Alterations in microbial activity by fatty acids has
been investigated by numerous researchers.

A considerable

amount of this output of information concerning microbial
activity has been conducted with long-chain fatty acids.
Long-chain fatty acids appear to stimulate the growth of
some strains of bacteria and protozoa while some acids
inhibit other rumen microorganisms.

Although the mechanism

of inhibition is not certain, it has been ascribed to
adsorption of long-chain fatty acids onto the microbial cell
surface, thus impeding uptake of nutrients into the cell
(Harfoot et al., 1974).

Reversible adsorption of several

long-chain fatty acids onto rumen bacterial cells has been
demonstrated (Maxcy and Dill, 1967).
Studies by Maczulak et al. (1981), were conducted to
investigate the effects of long-chain fatty acids on growth
of several species of rumen bacteria with cultures of
complete medium.

The effects of various levels of palmitic,

stearic and oleic acids on growth of bacterial strains were
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observed.

Palmitic acid slightly inhibited the growth of

two of three strictly gram-negative species, S. ruminantium
and B. succinoqenes, while showing a definite inhibition of
the third, B. ruminicola.

Stearic acid, a saturated fatty

acid, had little effect on the growth of most organisms.
Growth of the gram-positive or gram-variable cellulolytic
ruminococci was almost completely inhibited in the presence
of oleic acid. -It was also of interest that the growth of
B. fibriolvens was markedly inhibited, since this strain
possesses considerable cellulolytic activity.

The magnitude

of growth stimulation of rumen bacteria with added longchain fatty acids was shown to be insignificant.
Czerkawski et al. (1975) studied the effects of rumen
microorganism populations in wethers fed added linseed oil
to diets consisting mainly of barley meal and dried-grass
meal.

They observed that the total number of bacteria

increased considerably throughout the experiment and there
was also some increase in the number of large bacteria when
the animals received 30-60 g of linseed oil per day.

They

also showed there was a considerable decrease in protozoa
numbers when the sheep were given additional fat in their
diet.

When the wethers were fed the basal diet again, there

was a large increase in the number of protozoa.

In earlier

work by Czerkawski (1973), he showed that protozoa largely
disappeared from the rumen of sheep fed a diet consisting of
79 g per day of linseed oil fatty acids.

stimulatory effects of unsaturated fatty acids,
inhibitory effects of both unsaturated and saturated fatty
acids, and antagonistic effects of other lipid derivatives
toward the fatty acid inhibitions have been widely studied
in bacteria.

It is believed that inhibitory effects are

closely associated with the surface activity of the fatty
acid soaps, which are able to function as anionic
detergents.

The. effect of such detergents is to alter the

permeability of the cell wall, retarding enzymic processes
by allowing losses into the medium of essential ions,
cofactors and perhaps even proteins (Camien and Dunn, 1957).
The ultimate effect is irreversible damage to the cell wall
resulting in death.

Also, Brooks et al. (1954) demonstrated

that anionic detergents including oleic and palmitic acids
were capable of destroying certain populations of rumen
microorganisms.

Results from other studies (Devendra and

Lewis, 1974) have suggested that fat in the rumen
preferentially adheres to fibrous plant particles rather
than bacterial cells.

This interaction of plant cell

structures and fatty acids would apparently alleviate the
bacterial cell surface activity with long-chain fatty acids.
Akin (1979) demonstrated that coating of roughages by
dietary lipids may seriously impede microbial colonization.
The cis-trans configuration of long-chain fatty acids
appears to influence the degree of inhibition or stimulation
concerning the growth of certain rumen microorganisms.
Maczulak et al. (1981) reported that cis 18:1 was far more
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inhibitory than trans 18:1. Wiseman (1984) agreed with this
report, stating that the cis-configuration is more potent
than the trans-configuration produced in the rumen. Also,
Demeyer and Henderickx (1967) reported the cis-unsaturated
C18 fatty acid to be more toxic to rumen bacteria than the
trans isomer.
Wolin (1960) showed in a theoretical fermentation
k.

balance that 35 .moles of methane are produced for every 57.5
moles of glucose fermented in the rumen.

This represents a

significant amount of metabolizable energy loss for the
animal.

Years ago, work was initiated to study the changes

of methane production in ruminants fed diets supplemented
with long-chain fatty acids.

In an experiment by Williams

et al. (1963), sheep were intraruminally infused with
linolenic acid.

It was found that the methane production of

the sheep fell markedly.

The fall in methane production,

however, was considerably greater than that expected even
assuming that all three double bonds of the linolenic acid
had been hydrogenated.

Czerkawski et al. (1966) showed a

similar effect with the infusion of linolenic acid into
sheep fed dry grass.
and linoleic acids.

He also looked at the effects of oleic
He reported the depression of methane

production tended to increase (P < .05) with increases in
the unsaturation of the acids infused.

But, clearly there

was no direct proportionality between the number of "moles
of double bond" given and depression of methane production.
When palmitic (a 16-carbon saturated fatty acid) was
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infused, methane production fell considerably.

This

confirms that the effect of long-chain fatty acids on
methane production is largely but not solely independent of
the unsaturation of the fatty acid.
Another aspect of the effects of added fat to ruminant
diets that has be^n related to alterations in rumen
fermentation and subsequent metabolism is the production and
relative proportdon of volatile fatty acids produced.
Steele and Moore (1968) summarized the effects of various
long-chain fatty acids on rumen volatile fatty acids and
concluded that saturated acids have less effect on
production of rumen VFA's than unsaturated fatty acids.
However, in both cases, rumen acetate production was
decreased and propionate and valerate increased.

This

agrees with the work of Shaw and Ensor (1959), who noted a
reduction in the relative proportion of rumen acetate and an
increase in propionate and valerate with cod liver oil. A
total VFA increase was observed.

Similar results were

stated by Demeyer and Henderickx (1967), using linseed oil
in ruminant diets.

Esplin et al. (1963) looked at the

effect of adding two different feed fats (animal tallow and
hydrolyzed vegetable and animal fat) on rumen fermentation
in steers fed high concentrate rations.

Molar percent of

the volatile fatty acids or total volatile fatty acids
measured were not significantly (P > .05) affected by
treatment although total volatile fatty acids appeared to be
higher on the fat treatments.
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Increasing saturation and (or) esterification of
component fatty acids are two factors that lessen the
inhibitory effects of lipid supplements on ruminal
fermentation (Chalupa et al., 1984).

These factors alone do

not explain entirely the extent that some fatty acids
(either esterified or free fatty acids) will alter
fermentation patterns in the rumen.

Hydrolyzed animal-

4.

vegetable fat blend was shown to be superior to tallow for
dairy diets (Palmquist and Conrad, 1980).

The benefits of

the blended fat in this study could not be explained by
esterification, since the blended fat was only 43%
esterified compared with 99% for tallow.

Jenkins (1987)

used ruminal in vitro incubation to determine the effects of
saturated and unsaturated fatty acids on fermentation.
Increasing the levels of unsaturate decreased acetic and
butyric acids, while increasing propionic acid.

This caused

the ratio of acetic to propionic to decrease as level of
unsaturate increased.

Further explanations stated that

benefits had occurred by combining esterified and
nonesterified lipids.
lipolysis may occur.

Through this combination, reduced
When the free fatty acid fraction

inhibited activity of microbial lipases through negative
feedback, hydrolysis of the triacylglycerol lipid fraction
would be reduced.

In conclusion, the additive effect of

combining free fatty acids with esterified lipids may be the
key to optimal rumen fermentation.

Thus, the blending of

vegetable fats (which usually consists of high percentages
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of free fatty acids) with animal fats (usually low in free
fatty acids) could result in better energy supplements for
feedlot cattle than other fats and oils fed solely.

Nutrient Digestibility as Effected by
Supplemental Fat
Supplementing ruminant diets with fat is a desirable
practice and one which ^can result in a reduction in the cost
of the diet, per unit of energy (Bull, 1971) . However,
considerable research is needed before maximum levels, type
and form of fat can be ideally recommended.
The most common effects on nutrient digestibility
observed from the addition of fat in ruminant diets have
been an increased apparent digestibility of ether extract
and a decrease in cellulose digestibility (Jenkins and
Palmquist, 1984).

Several hypotheses have been explained

for the exact mechanism for the interaction between lipids
and fiber leading to a reduced digestibility of the latter.
One theory is that a reduction in fiber digestibility is due
to inhibition of growth and metabolism of rumen microbes by
long-chain fatty acids (Henderson, 1973) . A second proposal
is that the effects are due to a coating of the fibrous
portion of the diet with lipids thereby preventing attack by
microorganisms (Brooks et al., 1954).

An additional theory

by Devendra and Lewis (1974) concerns the observation that
there is, following lipid supplementation in ruminant diets,
a simultaneous marked depression in fiber digestibility and
a reduced retention of calcium and magnesium.

Therefore,

14
reduced availability of these cations may interfere with
microbial activity since these elements are essential for
the growth of rumen microorganisms (Bryant et al., 1959).
Nieman (1954) summarized a review of growth studies
with pure strains of bacteria.

He concluded that the

inhibitory effect -of long-chain fatty acids was best
explained by the absorption of the fatty acid to the cell.
This in turn alters the^ absorption and excretion powers of
the cell.
Davison and Woods (1960) used wethers to look at the
effect of corn oil and fatty acids (distilled animal type)
on digestibility of dry matter, organic matter, cellulose,
ash and protein.

Basal diet consisted of 46% corn cobs, 32%

ground corn, 20% corn gluten meal and additional mineral
supplements.

When corn oil and the mixture of fatty acids

were supplemented, a significant (P < .01) decrease in
digestibility was observed for dry matter, organic matter
and cellulose.

Protein digestibility was also decreased (P

< .05). However, corn oil decreased nitrogen retention
while the fatty acid mixture did not.

Separate fatty acids

were also used in vitro to observe their effect on nutrient
digestion.

All long-chain fatty acids used (C8-C18)

decreased digestibility of dry matter, organic matter, and
cellulose and increased digestibility of ether extract.
Only stearic and oleic acids tended to decrease the
digestibility of protein.

These observations, in part,

parallel the findings of Ward et al. (1957).

He reported
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that the addition of 3% or more of corn oil to ruminant
diets containing high levels of corn cobs or cottonseed
hulls caused significant reductions in the digestibilities
of most ration components, especially crude fiber.
Zinn (1988) showed no depressing effect of ruminal
digestion of starch, acid-detergent fiber or feed nitrogen
in feedlot steers fed 4% yellow grease.

Ruminal organic

matter digestion was depressed, but this depression was
largely attributed to the ruminal indigestibility of fat
itself.

Reports have been few in regard to the

digestibility and utilization of dietary nitrogen in
ruminants consuming high concentrate diets supplemented with
fat.
Extensive literature has reported the depressive
effects of supplemental fat on digestibility of dietary
fiber in the ruminant.

McAllan et al. (1983) studied total

carbohydrate digestibility as effected by free and protected
oils.

Experimental sheep were surgically fitted with rumen

and re-entrant duodenal cannulas and fed 200 g chopped hay
and 380 g concentrate mix.

The basal diet was supplemented

with 40g of free oil or the same amount of oil protected
with formaldehyde-treated casein.

Oils consisted of coconut

and linseed fed in free or protected form.

Apparent

coefficients of digestibility for starch-glucose, galactose
and other dietary simple-sugars were unaffected in animals
fed oil supplemented diets as compared to the animals fed
the basal diet.

There was no observed digestion of
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cellulose-glucose or hemicellulose-xylose in the rumen of
sheep receiving free oils.

This finding suggests that

certain major aspects of fiber digestion were completely
inhibited.

While the free oils completely prevented the

digestion of cellulose and hemicellulose structures, the
protected oils reduced the rumen digestion of these
compounds by only one-third.

Johnson et al. (1988) reported

similar results .in dairy cows fed a 50% corn-silage-based
diet.

Ether extract in experimental diets was raised to 3.0

or 6.8% with added peanut hearts.

No differences (P > .05)

in nonstructural carbohydrate digestion were observed with
little variation due to different amounts of fat.
One area of research that has received considerable
attention is the effect of insoluble fatty acid soaps on
rumen fermentation and nutrient utilization.

Summers et al.

(1957) reported that the presence of alfalfa ash in sheep
diets alleviated the depressing effect of supplemental fat
on cellulose and crude protein digestibility.

White et al.

(1958) observed no increase in organic matter or cellulose
digestibility in fat supplemented diets after adding a trace
mineral mixture containing iron, copper, cobalt, manganese,
zinc and molybdenum.

Grainger et al. (1957) postulated that

fiber digestibility is improved due to the occurrence that
metal cations, particularly calcium, and fats form rumeninsoluble soaps.

This formation removes fatty acid

inhibition of rumen microorganisms.
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Calcium carbonate added to corn oil supplemented sheep
diets has been shown to increase organic matter, protein and
cellulose digestibility to a greater extent than the basal
ration (46% ground corncobs and 32% ground shelled corn) in
sheep (Davison and Woods, 1961).

Also, calcium carbonate

additions increased fecal calcium concentrations in all
instances.

In earlier work by Davison and Woods (1959),

corn oil saponif.ied with potassium hydroxide was found to
decrease the digestibility of dry matter, organic matter,
protein and cellulose.

However, magnesium carbonate was as

effective as calcium carbonate in partially alleviating the
depressing effects of corn oil upon cellulose digestion in
vitro.
Grainger and Stroud (1959) reported that 7% added corn
oil decreased apparent digestibility of calcium and
increased excretion of fecal soaps.

Therefore, the extent

of energy utilization of fats is in question due to the
formation of insoluble soaps with cations, which increases
excretion of fecal soaps (Grainger et al., 1961).
Through in vitro experiments, Jenkins and Palmquist
(1982) discovered that both increasing saturation and
increasing chain length of fatty acids increases the extent
to which a fatty acid forms an insoluble soap.
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Postruminal Absorption of Lipids
Extensive absorption of short-chain fatty acids occurs
in the rumen, while virtually no long-chain fatty acids are
absorbed from the digesta in the gastrointestinal tract of
ruminants until it reaches the small intestine (Barnett and
Reid, 1961).

The 'absorption of fatty acids requires several

steps, but briefly, fatty acids are absorbed into intestinal
cells, reesterfied, and packaged with glycerides,
phospholipid, cholesterol and apoproteins (Byers and
Schelling, 1988).

Fatty acids longer than 14 carbons are

converted to chylomicrons and are transported to the lymph
system, while shorter fatty acids enter the portal vein and
are carried directly to the liver where they are oxidized
(Dougherty, 1965).

Lough (1970), in a review of lipid

digestion in the ruminant, stressed that micellar
solubilization of long-chain saturated acids is a
prerequisite to their absorption in the sheep.

Therefore,

dispersion of fatty acids in the digesta is critical.
The first stage in the utilization of dietary fats is
absorption from the intestine.

Besides heat of combustion,

the relative feeding value of fats is therefore related to
their extent of absorption across the microvilli of the
small intestine.

Thus, the primary objective of absorption

of lipids is to arrange the lipid in a form that is watermiscible since the microvilli of the small intestine are
covered with an unstirred aqueous layer (Maynard et al.,
1975) .
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The amounts of lipid passing through the omasum and
abomassum into the duodenum can exceed the amount ingested.
Sutton et al. (1970) reported that in sheep fed a diet
consisting of a high proportion of concentrate, the amount
of fatty acids reaching the duodenum exceeded that ingested
by as much as 104% This exceeding percentage would account
for the synthesis of lipids de-novo by rumen bacteria and
protozoa and since little or no degradation of lipids occurs
in the rumen (Garton et al., 1961).

In rumen contents of

cows fed hay, as much as 20% of lipids may be associated
with microbial cells (Katz and Keeney, 1966 and Bumby et
al., 1978).
It has been shown that both bile and pancreatic juice
are necessary for optimum fat absorption in sheep (Heath and
Morris, 1963).

Flow rates for bile and pancreatic juice are

similar for cattle and sheep (McCormick and Stewart, 1967),
when expressed per kg body weight.

Jouhnson et al. (1974)

observed the response of pancreatic lipase secretion to
source and level of dietary fat in sheep.

Observations were

made with sheep fitted with reentrant cannulas of the common
bile duct.

When sheep received duodenal infusions of 5 or

10% coconut oil (highly saturated) or safflower oil (highly
unsaturated) depression of total bile-pancreatic volume was
observed.

The extent of depression was approximately equal

for each oil and level administered.
In non-ruminant animals, it has been established that
the extent of fat absorption from the small intestine is
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influenced by the proportions and chain length of the
saturated fatty acids (Calloway et al., 1956), the degree of
unsaturation of the fat (Young and Garrett, 1963) and the
arrangement of the esterified fatty acids (Renner and Hill,
1961).
In ruminants,' digestibility coefficients for highly
unsaturated oils are markedly lower than for non-ruminants
(Andrews and Lew.is, 1970).

Unsaturated fatty acids more

readily form micelles and are also able to solubilize
greater quantities of free fatty acids (Hoffman and
Borgstrom, 1962).

In general, the ability of ruminants to

absorb C16 and C18 fatty acids is greater than that observed
for nonruminants (Noble, 1981).
Miller and Cramer (1969) observed the absorption of
fatty acids from the intestinal contents of sheep fed highroughage low-concentrate pelleted diets.

The sheep were

intrarumenally infused with C14 labeled triglycerides
(either trilinolein or tristearin) diluted with bile and
carrier lipid (tallow and oleic acid).

Effects noted were

18:1 acid activity decreased from the jejunum to the ileum
with the tristearin infused sheep.

This indicated faster

absorption of all other acids in preference to stearic acid.
In effect, all acids were absorbed to some extent, but
stearic acid appeared to be absorbed at a slower rate than
the other fatty acids viewed.

Support of this research was

demonstrated by Hopkins et al. (1957).

They reported that

long-chain monounsaturated fatty acids are more readily
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absorbed across the lumen wall of the small intestine of
rats than their saturated counterparts.
Aileen and Garton (1968) used sheep fitted with a rumen
cannula and two pairs of reentrant cannulas in different
segments of the small intestine to observe absorption of
long-chain fatty acids from the small intestine.

Sheep were

fed dried grass cubes or hay plus linseed meal and oats with
no addition of supplemental fat.

It appeared that C18 mono-

unsaturated acid, the principal unsaturated unesterified
acid, was absorbed more effeciently than the major saturated
acids of palmitic acid and stearic acid.

Results also

indicated that by the time the digesta reached the distal
half of the small intestine, the absorption of fatty acids
was almost complete.

Thereby concluding that absorption of

long-chain fatty acids in the ileum does not significantly
occur.

CHAPTER III
DIGESTIBILITY AND NITROGEN UTILIZATION BY
LAMBS FED SELECTED FAT SOURCES AND LEVELS

Summary
The effects of supplemental fat source (Exp. 1) and
level (Exp. 2) on apparent digestibilities of dry matter,
organic matter, .nitrogen and ether extract and nitrogen
retention were studied in two metabolism trials involving 16
growing Rambouillet lambs consuming sorghum-based diets.

In

vitro dry matter, organic matter and gas production (Exp. 3)
were also determined on diets used in Experiments 1 and 2.
Diets used in Experiment 1 were supplemented with the
following fat sources: prime beef tallow (BT), vegetable oil
(VO) and a blend (BL) of BT and VO.

All fats were included

in their respective diets at 4% (dry matter basis).

In

Experiment 2, diets were supplemented with the BL fat at 2,
4 and 6% levels.

A basal diet (control) with no

supplemental fat was included in Experiments 1 and 2 for
comparison.

In Experiments 1 and 2, in vivo dry matter and

organic matter digestibilities were not different (P > .05)
among treatments.

In Experiment 1, all animals consuming

fat-supplemented diets had higher (P < .05) apparent
nitrogen digestibilities compared to lambs on the basal
diet, with the lambs offered the BT diet resulting in the
highest digestibility.

Wethers consuming the BT diet tended

(P < .2) to retain a higher percentage of nitrogen (30.1,
22
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28.2, 27.6 and 25.9), respectively for BT, BL, VO and
control.

In Experiment 2, apparent nitrogen digestibility

by animals consuming the 2 and 6% BL diets tended (P < .1)
to be higher than the control animals.

In vitro dry matter

disappearance of the 4% BT diet was greater than the 4% BL
(P < .1) and 4% VO (P < .05) diets.

Organic matter

digestibility of the 4% BT diet was higher (P < .04) than 4^
VO, but was not .different (P > .05) from the BL diet.

Gas

production was significantly less (P < .05) for the 6% BL
diet at all hours measured.

Results from Experiment 1

indicated that beef tallow was superior to vegetable oil
with regard to in vivo nitrogen utilization and in vitro
digestibility.

Experiment 2 showed no negative effects on

variables measured with regard to level of fat
supplementation.

However, the 6% fat diet appeared to

exceed the level for optimum nitrogen metabolism as was
shown by the considerable decrease in nitrogen retention.

Introduction
Supplementation of ruminant diets with fats and/or oils
has been limited to levels and sources which do not induce
detrimental metabolic changes in the rumen.

The alteration

in rumen fermentation resulting from supplemented fat is
most directly related to the degree of saturation of the
fat, percentage of free fatty acids and the chain length of
fatty acids.
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Increasing the metabolizable energy consumed is an
advantage for substituting fat for a portion of the grain in
high concentrate ruminant diets.

However, many factors must

be considered with regard to the source of fat used and the
level of inclusion.

Past research has shown that the source

and level of fat Supplementation can effect rumen
fermentation and overall nutrient utilization.

Research by

Palmquist (1984). and Palmquist and Conrad (1980) has shown
that rumen microorganisms can tolerate only 3 to 5% added
fat.

Beyond this level, negative effects regarding rumen

function can occur.

Diets that contain more than 5%

unprotected fat or oil have been found to result in poorer
performance of growing and finishing ruminants than those
consuming no supplemental fat (Matsushima et al., 1955).

In

contrast, Andrews and Lewis (1970) showed an increase in the
digestibility of feed constituents in sheep fed diets
consisting of 6.4% added corn oil.
Few reports are available in the literature on
differences in metabolism studies with ruminants fed high
concentrate diets with added fat.

Considerable variation

exists with research findings in this nutritional area.

The

inconsistencies in the above mentioned research has prompted
the following experiments in this thesis.

The experiments

in this chapter were conducted to determine the effects of
beef tallow and vegetable oils on diet nutrient utilization
by in vitro and in vivo procedures.
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Experimental Procedures
Experiments 1 and 2.

Sixteen Rambouillet crossbred

wethers were used in two metabolism experiments (8 lambs/
experiment) to determine the effects of different fat
sources and supplementation levels on diet digestibility and
nitrogen utilization.

Each experiment was replicated, with

two lambs per treatment.

The lambs averaged 3 6kg when

purchased from a west Texas feedyard.

Lambs were injected

with 2cc of Clostridium perfringens type C and D bacterintoxoid for prevention from enterotoxemia and given an oral
Tramisol bolus for prevention from internal parasites.
Within 10 days after purchase, lambs were confined in
individual crates designed for total fecal and urine
collection.

A replicated 4 x 4 Latin Square design was

utilized in both experiments.

Animals were randomly paired

together and remained this way for the duration of the
trial.
The appropriate diets were offered for a period of 10
days before collection began.
libitum.

Clean water was furnished ad

Urine, feces and feed refusals were collected

daily over a 7-day collection period.

Samples of each diet

were taken at each daily a.m. feeding.

Total daily fecal

excretion and feed refusals were collected and stored for
subsequent analysis.

Ten percent of the daily urine volume

was measured and composited.

Nitrogen loss from urine was

minimized by adding 200 ml of 20% hydrochloric acid (v/v) to
the urine receptacles daily.

At the conclusion of each
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collection period, subsamples of the diets, feed refusals,
feces and urine were taken to the laboratory for analysis.
To assure homogenity of fecal samples, subsamples were taken
after all collections were composited, partially dried at
60C for 24 h, ground through a 1-mm screen in a Wiley mill
and blended.

All'feed, refusals and fecal samples were

analyzed for dry matter, organic matter, nitrogen and ether
extract according to A^O.A.C. (1985) procedures.
samples were analyzed for nitrogen.

Urine

Dry matter, organic

matter, nitrogen and ether extract digestibilities were
determined.

Also, nitrogen retention was determined and

reported as grams per day and as a percent of intake.
The control diet in both experiments consisted of 85%
concentrate and 15% cottonseed hulls.

Supplemental fat was

added at the exspense of steam-flaked sorghum.

Urea was

added to fat supplemented diets to ensure all diets were
isonitrogenous.

All diets were formulated to contain 12%

crude protein, .55% Ca, .32% P and .67% K.
Diets used in Experiment 1 (Table 1) consisted of
different fat sources.

Fat sources were prime beef tallow

(BT), vegetable oil (VO) and a 70:30 blend (BL) of VO:BT.
The VO fat was a 1:1 ratio of soybean oil and linseed oil.
Fat sources were added at 4% (dry matter basis) to the
diets.

In Experiment 2, the BL fat was added at 2, 4 and 6%

of the diet (dry matter basis) (Table 2 ) . The fatty acid
profile of beef tallow and vegetable oil is shown in Table
3.
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TABLE 1.

COMPOSITION OF DIETS^ (EXP. 1)

Treatments
Ingredient,%

Control

4% BT

4% BL

4% VO

Steam-flaked sorghum

74.46

70.17

70.17

70.17

Cottonseed hulls

15.0

15.0

15.0

15.0

Cottonseed meal

4.57

Fat

4.57

4.57

4.57

4.0

4.0

4.0

Cane molasses

3.0

3.0

3.0

3.0

Calcium carbonate

1.27

1.27

1.27

1.27

Plain salt

.50

.50

.50

.50

Ammonium chloride

.50

.50

.50

.50

Trace mineral premix

.50

.50

.50

.50

Vitamin premix^

.20

.20

.20

.20

Urea

.18

.18

.18

Dicalcium phosphate

.08

.08

.08

Potassium chloride

.03

.03

.03

^ Percent, dry matter basis.
^ Provided Mn, 13.2 ppm; Zn, 36.0 ppm; Fe, 19.8 ppm;
Cu, 3.9 ppm; I, .9 ppm; Co, .6 ppm and Mn, 60 ppm.
^ Provided vitamin A, 655 lU/Kg of diet; vitamin D, 66
lU/Kg of diet and vitamin E, 2 lU/Kg of diet.

28
TABLE 2.

COMPOSITION OF DIETS^ (EXP. 2)

Diet
Ingredient,

Control

2% Fat

4% :Fat

6% Fat

Steam-flaked sorghum

74.46

72.31

70 .17

68.03

Cottonseed hulls

15.0

15.0

15 .0

15.0

Cottonseed meal

4.57

Fat

4.57

4 .57

4.57

2.0

4 .0

6.0

Cane molasses

3.0

3.0

3 .0

3.0

Calcium carbonate

1.27

1.27

1 .27

1.27

Plain salt

.50

.50

.50

.50

Ammonium chloride

.50

.50

.50

.50

• b
Trace mineral premix

.50

.50

.50

.50

Vitamin premix^

.20

.20

.20

.20

Urea

.09

.18

.26

Dicalcium phosphate

.04

.08

.12

Potassium chloride

.02

.03

.05

^
basi
^ Percent,
Percent, dry
dry matter
matter basis.
^ Provided Mn, 13.2 ppm; Zn, 3 6.0 ppm; Fe, 19.8 ppm;
Cu, 3.9 ppm; I, .9 ppm; Co, .6 ppm and Mn, 60.0 ppm.
^ Provided vitamin A, 655 lU/Kg of diet; vitamin D, 66
lU/Kg of diet and vitamin E, 2 lU/Kg of diet.
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TABLE 3. FATTY ACID PROFILE OF BEEF TALLOW AND VEGETABLE
OIL USED IN EXPERIMENTS 1 AND 2.
Supplemented Fat
Fatty Acid

Beef Tallow

C 8-0

Vegetable Oil

-

.32

-

-44

-

<.io

.22

1.38

C14-0

3.29

1.37

C14-1

.64

.24

C16-0

25.12

13.38

C16-1

4.19

1.15

C16-2

1-62

.47

C17-0
C18-0

'^2
18.02

.33
7.04

C18-1

39.00

30.76

C18-2

1.46

27.66

C18-3

.16

5.50

C18-4

<-l°

C19-0

^'^^

C20-0

-^2

C21-1

'^^

ClO-0

'

Cll-0
C12-0

•

"

4 . 95
1 .,82

.52

a

C22-0
C22-1

-^2

M.I.U.^ INDEX, %
F.F.A., %
Unsaturated, %
Saturated, %

2.30
4.43
47.96
52.04

^ Moisture, impurities and unsaponifiables

4, . 8 0
5 7 ,. 0 2
69 . 5 7
30 .43
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The data from Experiments 1 and 2 were analyzed using
the general linear model procedures (Barr et al., 1979).
Duncan's multiple range test was used to determine
differences between means (Steel and Torrie, 1980).
Experiment 3.

In vitro dry matter and organic matter

digestibilities ahd gas production were determined on the
diets used in Experiments 1 and 2.

The rumen fluid

innoculum used in this experiment was supplied by a semicontinuous culture procedure.

The semi-continuous culture

procedure used was a modification of the system of Jenkins
(1987), as described by Short (1978).

Cultures were started

from rumen fluid collected from a ruminal-cannulated heifer
fed a 70% concentrate diet.

Whole ruminal contents were

strained through four layers of cheesecloth and diluted to
30% concentration with McDougall (1948) buffer solution.
Four hundred ml of contents were then injected anerobically
into each of six 500-ml flasks, representing fermentors,
with 2.5 g of respective substrate dry matter and placed in
a waterbath at 39C.

Substrates consisted of the six diets

used in Experiments 1 and 2.
through a Wiley mill.

Samples were ground (1 mm)

After 24h, 70% of the fermentors

contents were removed and replaced with fresh buffer
solution and substrate anerobically.

This procedure was

continued for the next 7 days to allow for microbial
adaption to their respective diets. Culture contents were
removed on day 8, strained through four layers of
cheesecloth and again diluted with buffer solution.

Twenty-
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five ml of the solution were injected into 50-ml Erlenmeyer
flasks with .5 g of substrate and connected by tubing to gas
measuring cylinders.

Four samples were run for each diet.

Gas production was measured after 3, 4, 5 and 6 h of
incubation and results expressed as ml of gas per gram of
dry matter fermented.
A two-stage in vitro run was conducted on diets used in
Experiments 1 and 2.

In vitro disappearance of dry matter

and organic matter were determined by the procedure of Moore
(1970) , a modification of the procedure by Tilley and Terry
(1963) . All samples were ground through a 1-mm screen.
Three samples of .5 g of each diet were weighed into 100-ml
centrifuge tubes and supplied with 50 ml of rumen fluid
innoculum from their respective fermentors.

The centrifuge

tubes were placed in a waterbath held at a constant 39C.
Tubes were removed after 96 h and analyzed.
Data was analyzed by a completely randomized design
with one-way analysis of variance.

Duncan's multiple range

test was used to determine differences between means (Steel
and Torrie, 1980).

Results
Experiment 1.

Experiment 1 was conducted to determine

the effects of 4% fat source supplementation on diet
digestibility and nitrogen utilization by sheep.

No

differences (P > .05) were shown for dry matter
digestibility and organic matter digestibility (Figures 1

32

X

w

33
and 2).

However, lambs consuming the fat supplemented diets

did show a slightly higher digestibility of both dry matter
and organic matter compared to the control.

Apparent

digestibility of nitrogen (Figure 3) was higher (P < .05) by
sheep consuming fat-supplemented diets compared to the
control fed lambs.' There was a tendency (P < .2) for the BT
diet to result in higher nitrogen digestibility compared to
the VO diet.
Lambs consuming the BT diet retained more dietary
nitrogen (grams per day) (P < .05) than the lambs on the
control diet (Figure 4).

While nitrogen retention values

were higher for the BT diet compared to the BL and VO diets,
they were not statistically different (P > .05). Similar
results were shown for nitrogen retention with values
expressed as a percent of intake (Figure 5).

However, the

increase with the 4% BT diets compared to the control diet
showed a tendency (P < .1) to differ.

Ether extract

digestibility was higher (P < .05) in lambs offered the
diets with added fat when compared to the control diet
(Figure 6). However, no differences existed between the fat
supplemented diets.
Experiment 2.

Experiment 2 was conducted to determine

the effects of fat supplementation levels on the variables
previously reported in Experiment 1.

Apparent digestibility

of dry matter (Figure 7), organic matter (Figure 8) and
nitrogen (Figure 9) were not different (P > .05) across all
treatments.

However, there was a tendency (P < .10) for the
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6% fat diet to be higher in nitrogen digestibility when
compared to the control diet.

Compared to the control

treatment, nitrogen retention (grams/day, Figure 10) was
increased (P < .05) with addition of the 2% BL fat with no
differences observed among the treated diets.

With

consideration of nitrogen intake (Figure 11), a decrease (P
< .05) was shown with addition of the 6% BL level compared
to the 2 and 4% levels.

Ether extract digestibility of the

fat supplemented diets was greater (P < .05) than the
control diet with no differences (P > .05) noted among
treated diets (Figure 12). Mean values for ether extract
digestibility increased with increasing fat supplementation,
as was expected.
Experiment 3.

Table 4 shows the results of in vitro

dry matter and organic matter digestibility of diets used in
Experiments 1 and 2.

In vitro dry matter and organic matter

disappearance mean values were higher in the control diet
compared to the remaining diets.

The difference was

statistically different (P < .05) compared to 4% BL, 4% VO
and the 6% BL diets, however, it was not different (P > .05)
when compared to the 2% BL and 4% PR diets.
Results for in vitro gas production of diets used in
Experiments 1 and 2 are shown in Table 5.

All values are

expressed as gas produced per gram of diet dry matter
fermented.

Gas production at 3 and 4 h was highest (P <

.05) for 2% BL and 4% PR diets.

No gas production was noted

for the 6% BL diet after 3 h of fermentation.

This diet
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TABLE 4. IN VITRO DRY MATTER (IVDMD) AND ORGANIC MATTER
(IVOMD) DIGESTIBILITY OF EXPERIMENTS 1 AND 2 DIETS.
Exp. 1
IVDMD, %

Diet
Control
4% BT
4% BL
4% VO

IVOMD, %

N^

69.6^
67.8^^
66.7^
65.6^

3
3
3
3

68.2^
67.8^
65.4^
62.8^

69.6^
69.1^
66.7^
64.4^

3
3
3
3

.48

.46

68.2^
67.3^^
65.4^
65.0^
Exp. 2

Control
2% BL
4% BL
6% BL
SE^

^ Number of observations.
i^,c,a
< .05).

jyieans in the same column and experiment differ (P

^ Pooled standard error of the mean.
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TABLE 5. IN VITRO GAS PRODUCTION OF EXPERIMENT 1 AND 2
DIETS.
Exp. 1
Gas production - ml/g dry matter
Diet

3hr

4hr

5hr

6hr

Control
4% BT
4% BL
4% VO

26.8'
45.9*

41.5'
62.4'
51.2'
32.2'

53.6'
73.0*
67.5*
44.1'

65.3^
81.1^
79.5^
52.9^

4
4
4
4

65
103 8'
79
31

4
4
4
4

3 5.'1*

14.7'

N*

Exp,

Control
2% BL
4% BL
6% BL
SE^

26.8'^
43.0^
35.1^
0.0®

41.5'
63.2'
51.2'
4.3'

.54

.65

53
86
67
19
72

.88

^ Number of observations.
b,c,d,e i^earis i^ the same column and experiment differ
(P < .05).
^ Pooled standard error of the mean.
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showed the lowest (P < .05) production of gas at all time
periods measured.

When comparing the 4% supplemented diets,

gas production was lowest (P < .05) for the 4% VO diet, with
4 % BL being lower (P < .05) than the 4% PR except at 6 h.
At 6 h, no differences existed between 4% PR and 4% BL.

Discussion
Comparing results from Experiments 1 and 2 with
previous literature is somewhat difficult since there are
few reports on feeding fats in feedlot situations and also
considerable variation in the chemical structure of various
fats previously researched.

The results from Experiment 1

indicate that the three 4% fat level sources used did not
differ in dry matter, organic matter or ether extract
digestibility.

Most notable was that the values of the fat-

supplemented diets were not lower than the control, but
slightly higher.

This could partially be explained by the

higher digestibility of ether extract that was shown with
fat supplementation.

This agrees with the work by Ault et

al. (1960), who showed that supplementing 3 to 4% fat did
not depress digestibility in high concentrate lamb diets.
However, Boggs et al. (1987) reported a depression of
organic matter digestibility in steers fed high concentrate
diets supplemented with 7.5% tallow.
Apparent digestibility of nitrogen was higher (P < .05)
in the three diets with added fat compared to the control,
with the beef tallow diet being the highest.

These results
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are m

contrast to those of McAllan et al. (1983) who

reported that fat supplementation had no effect on nitrogen
digestion.
The higher nitrogen digestibility with the beef tallow
diet could possibly be explained by two primary factors.
Those factors beirig percentage of free fatty acids in the
fat or the ratio of saturated to unsaturated fatty acids.
Beef tallow used in this experiment contained under 5% free
fatty acids and less than 48% unsaturated fatty acids
compared to 41.2, 63.1 and 57.02, 69.57, respectively, for
the blend and vegetable oils.
(1972)

Work by Johnson and McClure

showed there was no difference in digestibility of

dry matter, organic matter or nitrogen in sheep fed a highly
saturated animal tallow, a highly unsaturated vegetable oil
or combinations of the two.

Harfoot (1978) reported that

unsaturated long-chain fatty acids promote a greater
toxicity to bacteria than their saturated counterpart.

From

this data it must be concluded there is no synergistic
effect which results from the addition of a highly
unsaturated fat to beef tallow, a highly saturated animal
fat.

However, results from in vitro trials by Jenkins

(1987) showed that blended animal-vegetable fats were less
toxic in the rumen than egual levels of other lipids.

There

have been reports which indicate that saturated fatty acids
are less likely to alter fermentation in the rumen than
unsaturated fatty acids (Schauff and Clark, 1989).

This

finding was more precisely shown by Chalupa et al. (1984).
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They demonstrated through in vitro procedures that
nonprotected unsaturated long-chain fatty acids have a
greater detrimental effect on rumen fermentation than
saturated fatty acids.
Lipolysis of esterfied fatty acids has been shown to
occur fairly rapid in the rumen (Hawke and Silcock, 1970).
Lipolysis of esterfied fatty acids occurs faster with
unsaturated triglycerides because of their higher solubility
in the rumen.

With a larger percentage of unsaturated fatty

acids in the vegetable oil, this could result in an extreme
amount of free fatty acids in the rumen shortly after
feeding.

Since unesterfied fatty acids cause a greater

inhibition of nutrient uptake by microbial cells, this could
conclusively result in less efficient microbial digestion of
nutrients and protein synthesis.

This could explain the

lower digestibility of nitrogen with increasing vegetable
oil when comparing the three fat-supplemented diets in
Experiment 1.
The results from Experiment 2 show that apparent
digestibility of dry matter and organic matter were not
significantly affected by treatment.

The 6% fat

supplemented diet did, however, have a tendency (P < .20) to
be higher in dry matter, organic matter and nitrogen
digestibility compared to the control diet.

This finding is

in disagreement with the work by Johnson and McClure (1972).
They reported a significant (P < .05) depression in dry
matter, organic matter and nitrogen digestibilities in sheep
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fed a high concentrate diet supplemented with 6 and 8-'%
partially hydrolyzed animal and vegetable fat as compared to
the control.

The improvement in dry matter and organic

matter digestibility with fat supplemented diets could be
explained by the increase (P < .05) in ether extract
digestibility, as 'compared to the control fed lambs.
Work by Czerkawski et al. (1975) showed that increasing
amounts of linseed oil in sheep diets resulted in an
increase in the rate of passage of digesta from the rumen.
This resulted in a decrease in digestibility of the diet and
a decrease of nitrogen utilization by rumen microorganisms.
Although the fat-supplemented diets in Experiment 2
contained only 35% linseed oil, no decrease in digestibility
was observed.

Most notable was the slight improvement in

nitrogen digestibility from the lambs consuming the 6% fat
supplemented diet.
The addition of polyunsaturated fats to the rumen
results in hydrogenation of double bonds (Blaxter and
Czerkawski, 1966).

Hydrogen is also used in methanogenesis

by microorganisms.

Therefore, the addition of unsaturated

fatty acids should lower the production of methane by simple
competition for hydrogen.

This can represent an energy

savings to the host animal since methane production can
render a 8% loss of dietary energy (Oltjen, 1975).

Blaxter

and Czerkawski (1966) reported that palmitic and stearic
(saturated fatty acids) also decreased the production of
methane by rumen microbes.

It can be concluded that the

,

52

depression of methane by the addition of supplemental fat is
not solely related to the biohydrogenation of double bonds
in the rumen.

This conclusion is supported by gas pro-

duction from the fat-supplemented diets used in Experiment
2.

At 6 h of fermentation, the gas production from the 2%

fat diet to the 4% fat diet decreased 23%. The gas
production from 4% to 6% added fat decreased by 60%.
Therefore, the decrease from 2 to 4% fat and 4 to 6% fat
could not alone be explained by biohydrogenation of fatty
acids.

A possible explanation could be a change in end-

products of fermentation, such as volatile fatty acids, by
altering populations of protozoa and bacteria by
supplementation of fat (Zinn, 1988).

Dinius et al. (1974)

have shown, with fat supplementation, a decrease in acetate
and an increase in propionate production occurs.

Shirley

(1986) reported that acetate, compared to propionate, will
yield a greater amount of methane since four H2 would arise
from conversion of acetate from fermentation of 1 mol of
hexose compared to one H2 in conversion to propionate.
Therefore, if fat supplementation decreased the ratio of
acetate to propionate a decrease in methane production would
be a direct result of this occurrence.

CHAPTER IV
EFFECT OF FREE FATTY ACIDS ON IN VITRO
DIGESTIBILITY OF SEMI-PURIFIED DIETS

Summary
The effect of free fatty acid levels on dry matter
digestibility (DMD) were determined in three semi-purified
diets by in vitro analysis.

The three diets consisted

mainly of starch, cellulose and a combination of starch and
cellulose.

Each substrate (starch, cellulose and starch-

cellulose) was mixed with a 5% fat mixture which contained
free fatty acid levels varying from 0 to 100%.

A total of

11 diets were mixed for each substrate with each level of
free fatty acids.
96 h.

Triplicate samples were incubated 24 and

After 24 h of incubation, DMD of cellulose diets

showed a linear decrease (P < .08) with increasing levels of
free fatty acids.
< .003).

A similar decrease resulted after 96 h (P

However, a linear increase was observed with

increasing unesterified fatty acids in starch diets at 24 h
(P < .02) and 96 h (P < .14) of incubation.

A dramatic

decrease in DMD (P < .009) was observed at 96 h for the
starch-cellulose diet with increasing free fatty acids in
the substrate, while a minimal increase was observed after
24 h.
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Introduction
The effects of supplemental fats with varying proportions of free fatty acids on rumen microbial metabolism
have been inconclusively reported in the literature.

The

percentage of free fatty acids in common fats and oils fed
to ruminants range from below 5%, found in high-grade animal
fats, to over 50%, found in many vegetable oils.
Chalupa et al. (1984) observed that free fatty acids
were more inhibitory in in vitro than an equivalent amount
of triglyceride.

However, their study only observed

differences between 100% of either source.

Jenkins (1987)

contradicted these results by reporting that a higher
content of free fatty acids found in blended fats had less
inhibitory effect on in vitro fermentation.

He proposed

that higher proportions of free fatty acids had been found
to inhibit biohydrogenation, therefore concluding a
synergistic effect between triglycerides and free fatty
acids.

This synergistic effect has also been observed by

other researchers (Moore et al., 1969).

An important

observation of the literature reporting the effect of free
fatty acids on microbial fermentation is that all previous
substrates used contained a high proportion of fiber.
The insufficient amount of data reported on the effect
of free fatty acids in a particular feed fat has prompted
this experiment.

This experiment was conducted to determine

the effects of increasing unesterified fatty acid levels on
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in vitro digestibility of cellulose, starch and starchcellulose based diets.

Experimental Procedures
Three semi-purified diets were used to determine the
effects of increas'ing percentage of free fatty acids in a
fat mixture on in vitro dry matter digestibility.

Corn

starch, cellulose (Solka Floe) and a 1:1 ratio of corn
starch and cellulose were the main substrates of their
respective diets.

Percentage of free fatty acids studied

ranged from 0 to 100%. The original fat source used was
fancy beef tallow.
shown in Table 6.

The fatty acid profile of beef tallow is
The desirable levels of free fatty acids

for this study were accomplished by combining beef tallow
with pure grades of palmitic, stearic, oleic, linoleic and
linolenic acids at an identical ratio as found in the beef
tallow.

All diets were supplemented with fat at 5% of the

dry matter.

Table 7 shows the composition of the three

diets used in this experiment.

Fat mixtures were originally

blended with ground corn before mixing with starch and/or
cellulose to assure homogeneity of the diets.

Diets were

formulated to contain 13% crude protein (DMB) with addition
of urea.
Both 24 and 96 h in vitro analyses were conducted on
the 11 free fatty acid levels of the three diets.

The

procedure employed was a modification of the Tilley and
Terry (1963) two-stage technique.

Rumen fluid inoculum
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TABLE 6.

FATTY ACID PROFILE OF BEEF TALLOW AND PERCENT FREE
FATTY ACIDS ADDED.

Fatty Acid

% in Tallow

C14-0
C14-1

% Added as
FFA

2.97
•

.89

C16-0

23.39

26.94

C16-1

4.55

C16-2

1.42

C17-0

1.09

C18-0

13.52

15.57

C18-1

45.38

52.26

C18-2

4.19

4.83

C18-3

.35

.40

C20-0

.12

C20-1

1.06

Unknown components

1.07
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TABLE 7.

COMPOSITION OF EXPERIMENTAL IN VITRO DIETS.

Ingredient

%, As-Is basis
Starch Diet

Starch, pure
Corn, ^ground
Fat
Urea

80.93
10.42
4.62
4.03
Cellulose Diet

Solka Floe
Corn, ground
Fat
Urea

80.29
10.77
4.77
4.17

Starch-Cellulose Diet
Starch, pure
Solka Floe
Corn, ground
Fat
Urea

41.12
39.49
10.59
4.70
4.10

cv.
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obtained for this procedure were collected from a steer fed
100% roughage for the cellulose diets and a heifer fed 60%
concentrate for the starch and starch-cellulose diets.
Rumen fluid was mixed in a 3:7 ratio with McDougall (1948)
buffer solution.

Fifty ml aliquots were anaerobically

poured into 100-ml centrifuge tubes which contained .5 g of
the respective in vitro substrate, fitted with a Bunsen
valve and placed into a waterbath held at a constant 39C.
Samples were run in triplicate for each time period.

In

vitro dry matter disappearance was determined on all samples
after 48 h of microbial digestion and 96 h of microbial plus
acid-pepsin digestion.
Linear regression (SAS, 1985) was used to examine
relationships between experimental variables within each
diet and time period.

Results and Discussion
The linear response of DMD of the starch substrate as
affected by free fatty acid levels is shown in Figure 13.
An increase in DMD was shown at both time periods with
increasing free fatty acid levels.

It can be concluded,

from this response, that unesterfied fatty acids do not
inhibit in vitro microbial fermentation of starch, even when
the fat source consists solely of free fatty acids.
The relationship between level of free fatty acids and
dry matter digestibility (DMD) in cellulose diets is
illustrated in Figure 14.

After 24 h fermentation, a slight
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linear decrease in dry matter digestibility was observed
with increasing free fatty acid levels.

However, a

substantial linear decrease (P < .009) was observed after 96
h as predicted digestibility declined from 16.1%, with 0%
free fatty acids, to 10.2%, with 100% free fatty acids.
This agrees with the work by Chalupa et al. (1984) who
showed an inhibitory response to microbial fermentation by
supplemented free fatty acids.

This response is also

supported by Harfoot et al. (1974), who reported that while
both triglycerides and free acids are absorbed to bacteria
and feed particles, the binding of triglycerides to bacteria
is not as strong as the binding of free fatty acids.

Thus,

disruption in uptake of nutrients in the rumen by
microorganisms may be stronger with free fatty acids than
neutral fats.
Figure 15 depicts the regression response of DMD of
diets containing equal proportions of starch and cellulose,
as effected by free fatty acid levels.

While a slight

increase (P < .04) in DMD was noted for the 24-h incubation
period a considerable linear decrease was noted for the 96-h
DMD values.
It appeared, in comparing the starch versus cellulose
diets, that a possible inhibition of cellulolytic
microorganisms by unesterified fatty acids had occurred.
Most notable is the linear increase shown in starch diets.
If free fatty acids do not inhibit starch digesting
microbial populations, then these acids would should not
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inflict a detrimental effect on rumen metabolism in
ruminants on high concentrate diets.
The objectives of this experiment where not to
determine an optimum ratio of triglycerides and free fatty
acids, but instead to determine whether or not increasing
proportions of free fatty acids in a particular fat source
will inhibit or stimulate digestibility of major feed
constituents.

It would appear from the results presented,

that free fatty acids do not inhibit ruminal digestion of
starch, the predominant nutrient in feedlot diets, but a
negative relationship between fiber digestibility and
unesterified fatty acids does occur.
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