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Objectives of this study were to ascertain the effect of fat
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in vitro.

A closed in vitro system (24 hour digestion) was used with a

5 x 4 factorial arrangement of treatments to study the effect of added

corn oil (5 and 7%) and tallow (5 and 7%) to wood cellulose (Solka-

Floc) with four levels of urea (0, .234, 2.34 and 4.68%) expressed

as percent of substrate. The addition of urea at the 2.34 and 4.68%

levels increased dry matter disappearance (DMD)(P <.O1) and production

of: acetic acid (P<.05), propionic acid (P<.01) and total volatile

fatty acids (TVFA)(P<.01). Addition of either corn oil or tallow

(5 or 7%) resulted in a depression in DMD (P<.01). Adding tallow

(5 or 7%) resulted in lower production of acetic acid (P<.05) and of

propionic acid (P<'.01). Addition of urea plus fat (any treatment)

led to improved DMD, increased propionic acid and TVFA production

(P<.01), compared to fat, no urea treatments. Ammonia-nitrogen values



were higher (P<.01) when 7% tallow and 4.68% urea were added together,

and this combination resulted in the lowest gross energy from VFA's.

Microbial protein synthesis (MPS) was increased (P<.05) with the addi-

tion of 4.68% urea, while the addition of fat (any treatment) depressed

MPS production (P<.01). No significant differences in MPS were found

between corn oil and tallow treatments.
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THE EFFECT OF FATS AND UREA ON IN VITRO CELLULOSE DIGESTION

INTRODUCTION

Nonprotein nitrogen (NPN), primarily in the form of urea, is

widely used in ruminant feedlot rations because urea generally can

supply nitrogen at a lower cost than from plant proteins. The use of

approximately 800,000 tons in 1973 (Allen, 1974) with appropriate

supplemental sources and levels of energy, represents the equivalent

of 4.5 million tons of a 50 percent protein supplement. In present

times, when competition for protein is the topic of much discussion,

such savings take on increased significance. When economics permit,

tallow may also be incorporated into feedlot rations to increase

caloric density and aid in controlling dust.

Several studies have been done using fat and urea in combination

in feedlot rations. Although results are somewhat variable, several

researchers have reported depressed gains and feed efficiency (Jones

et al., 1961; Bradley et al.,1966; Thompson et al., 1967; Church

et al., 1971). Metabolism studies have shown that nitrogen-free-

extract, acid detergent fiber and dry matter digestibilities may all

be lowered when fat and urea are used in combination.

This study was conducted to study the effects of adding corn oil

and tallow with and without urea on cellulose digestion in vitro

and the production of ammonia, volatile fatty acids (VFA), gross energy

from VFA's and microbial protein synthesis.
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REVIEW OF LITERATURE

Since several hundred research reports are presently available

on the use of fat or urea in ruminant rations, it was not the inten-

tion to review these areas in detail. Articles more pertinent to

this research area have been reviewed and described in this review

of literature. Several general review articles are available on the

use of urea. Some of the more recent include those by Helmer and

Bartley (1971), Chalupa (1972), the Proceedings from the International

Atomic Energy Agency (1972) and a report of The National Research

Council (1976).

Urea

Performance

Hemby, Pfander and Preston (1975) evaluated microbial protein

synthesis in mature wethers which were fed rations containing nitrogen

from soybean meal, casein, zein and urea. Maximum conversion of dietary

nitrogen to microbial nitrogen in the rumen during a 24-hour period

was estimated to be 62.5, 85.3, 40.9 and 90.1%, respectively.

Biological values of 84.8, 78.3, 84.3 and 76.4 were obtained for soy-

bean meal, casein, zein and urea. Boling, Bradley and Tucker (1970)

reported no differences in average daily gain when cracked and ground

corn supplemented with soybean meal and urea were fed to Angus steers.

Robertson and Miller (1971) studied feedlot performance of beef calves

fed a growing ration based upon corn silage supplemented with various

combinations of soybean meal, urea and corn meal. Results indicated
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that 20% of the nitrogen in the total ration could be in the form

of urea nitrogen with little effect on the performance, but that as

much as 28% did significantly lower growth rate. Corn silage treated

with urea at ensiling (26% N from urea) was compared with corn silage

blended with soybean meal at feeding (30% N from soybean meal) by

Holter and Kabuga (1974). These rations were fed to dry cows and

heifers. Urea and soybean meal did not differ signficantly in their

effects on energy and nitrogen utilization of this diet. Urea-treated

silage was consumed as well as that supplemented with soybean meal

when both were fed free choice. Tolman and Woods (1968) conducted

two growth trials to determine the effect of supplementing corn

silage with urea or soybean meal. At the end of the 76-day growing

period, calves supplemented with urea gained significantly less than

those supplemented with soybean meal. The steers then received the

same supplement during a 92-day finishing period. The final perfor-

mance for the 168 days on the growing program showed no difference

between soybean meal and urea supplements. Thrasher, Scott and

Hansard (1967) fed steers conventional (20% rye grass pellets and

80% concentrates) and all-concentrate rations based on corn which

were supplemented with soybean meal or urea as the only supplemental

source of nitrogen and found that steers fed supplemental urea or

soybean meal made similar gains. In a 108-day feeding experiment

with 14-month old bulls, Zamen et al. (1973) found that soybean meal

resulted in better liveweight gains than animals receiving equal

amounts of nitrogen in the form of urea. King, Embry and Emerick

(1965) used urea and ground shelled corn to replace soybean meal as
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a protein supplement for lambs fed a corn silage ration. The level of

urea (1% of the total dry ration) reduced feed consumption and rate of

gain and resulted in higher feed requirements when compared with soy-

bean meal.

When urea and corn were used to replace cottonseed meal in a

basal ration for fattening yearling steers, Bell, Murphree and Hobbs

(1954) concluded that a mixture of urea and corn was effective in

replacing half of the cottonseed meal. In an experiment with growing

calves and finishing steers, Lowrey and McCormick (1969) found that

young calves did not gain as well on the different diets, but nitrogen

source had no effect on growth of finishing steers. Briggs et al.

(1947) gave beef calves pelleted nitrogen supplements containing

varying amounts of urea and cottonseed meal in addition to a basal

high grain ration. Pellets containing approximately 25% of their

nitrogen as urea were satisfactory as a source of supplemental

nitrogen in two dry lot studies. Pellets containing 50% of their

nitrogen as urea were a satisfactory supplement in the early phase

of a fattening period, but proved unpalatable in the later phase.

When urea was compared to cottonseed meal in finishing rations fed

to steers, Church (1972) found that urea-fed calves gained faster

than calves fed cottonseed meal. Feed conversion and digestible protein

were greater in calves fed urea. Williams, Whiteman and Tillman (1969)

compared cottonseed meal and urea supplements fed to pregnant lactating

cows grazing dormant range grasses. Cows fed the urea-containing

supplement lost more weight than those fed cottonseed meal. Birth and

weaning weights of the calves were not affected significantly by
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treatment.

Using basal diets containing 6.2, 7.8 and 10.5% protein and 78%

TDN, Burroughs, Trenkle and Vetter (1973, 1974) supplemented each

diet with urea or protein nitrogen. Each basal diet was benefitted

by protein supplementation and by a larger amount than that observed

with urea supplementation. No benefits occurred from urea supplementa-

tion when the diet before supplementation contained 10.5% protein on

a dry matter basis. In a series of growth studies with yearling steers

and heifers, Perry, Beeson and Mohler (1967) concluded that high urea

supplements were less satisfactory than those containing a preponderance

of natural proteins for growing-type rations consisting primarily of

roughage.

Urea utilization by lactating cows has been investigated by Kertz

and Everett (1975) and they found that cows in early lactation con-

sumed rations containing 1.8% urea and produced the same quantity of

milk as cows consuming no urea. They also reported that under optimal

conditions, cows in late lactation can consume rations containing

2.5% urea with no loss in production.

Fat

Performance and Digestibility

Bohman, Wade and Hunter (1957) fed 5% inedible beef tallow with

an alfalfa hay and concentrate ration to cattle and obtained increased

rate of gain and improved feed efficiency. Addition of 10% tallow

had no effect upon rate of gain, but increased feed efficiency. Using

lambs, Grier et al. (1970) substituted purified corn oil for ground
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shelled corn at 5 and 7.5% in a ration which had 15% crude protein.

Average daily gains were not significantly different. Feed efficiency

was improved with increasing levels of corn oil. Feedlot studies with

steers by Hubbert et al. (1961) showed that 4% tallow resulted in a

slight depression in feed intake, but had no significant influence on

rate of gain. The addition of tallow resulted in more efficient feed

conversion. After studying the effects of adding saturated and un-

saturated fats to high roughage and high concentrate rations, Johnson

and McClure (1972) reported that lambs fed high roughage plus fat

gained as well as lambs on a high corn ration. Additional fat (6%

tallow or hydrolyzed vegetable and animal fat) did not stimulate

faster gains and addition of 8% hydrolyzed vegetable and animal fat

depressed gains. Esplin et al. (1963) added 4% tallow or hydrolyzed

vegetable and animal fat to a fattening ration and did not report

any difference in utilization of the ration components due to the

addition of fat. The added fat was well utilized as measured by

digestible energy, TDN and determined caloric value of the TDN. Total

volatile fatty acids or their ratios were not altered by the fat

addition. Ward et al. (1957) reported that the addition of 3% or

more of corn oil to ruminant rations containing high levels of corn

cobs or cottonseed hulls caused significant reductions in the digesti-

bilities of most ration components, especially crude fiber, and in

weight gains. The detrimental effect of corn oil was completely

counteracted by alfalfa ash if the level of corn oil did not exceed

5% of the ration. In growth and digestibility studies with sheep,

Brethour, Sirny and Tillman (1957) found that 15% animal fat in a
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basal ration containing cottonseed hulls significantly reduced the

digestibilities of dry matter and organic matter and weight gains

were depressed. The addition of alfalfa ash and sodium or potassium

bicarbonate to the high fat ration did not improve weight gains. In

another experiment, it was shown that the addition of 10% corn oil

reduced gains regardless of whether it was absorbed by the concen-

trate or roughage portion of the ration.

White et al. (1958) studied the prolonged supplementation of a

ration with fat and the subsequent rate of recovery following a ration

change and observed that 5% corn oil progressively decreased cellulose

digestion during the first 40 days and that the recovery of cellulose

digestion was not complete until 17 days after the removal of corn oil.

They also showed the effect of alfalfa ash in restoring digestion

of cellulose in a ration containing corn oil could be obtained by

adding calcium or calcium phosphorus. Digestibility studies were

carried out by Devendra and Lewis (1974) to establish the inter-

relationship between crude fiber and total lipid digestibility in the

presence of added calcium. Beef tallow or maize oil was added at 8%

of the ration. With a daily intake of 2.3 or 4.8 g calcium per sheep,

supplementation with fat resulted in a reduced fiber digestibility.

When the calcium intake was increased to 22.9 g per day, there was a

significant improvement for the diet supplemented with maize oil.

In studying the use of wheat plus fat rations, Bull and Dahmen

(1971) evaluated dietary fat levels of 4 and 10% on feedlot perfor-

mance of yearling steers consuming either 50 or 70% wheat. Diets

with 70% wheat and 4% fat resulted in significantly higher gains
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than 70% wheat with 10% fat or 50% wheat with 4% fat. Addition of fat

at 4 or 10% decreased feed consumption by 3.0 and 14.3%, respectively.

Ralston, Kennick and Davidson (1965) fed basal diets containing 83%

wheat with beef tallow added at 3.5 and 7.0%. The addition of 3.5%

fat resulted in an increase (P<.01) in gains and improved feed

efficiency. There were no differences when 7% fat was in the ration.

Andrews and Lewis (1970) studied the digestibility of fats (beef

tallow, hydrolyzed vegetable and animal fat, soybean oil and maize

oil) in balance trials with sheep. Corrected digestibility cofficients

were: beef tallow, 85%; hydrolyzed vegetable and animal fat, 74%;

herring oil, 84%; soybean oil, 83%; and maize oil, 70%.

Effects of Fat in the Rumen

In one study, butyric acid, valeric acid and glycerol signi-

ficantly increased in vitro cellulose digestion (Davidson and Woods,

1960). Acetic and caproic acids had no effect. The saturated fatty

acids from C8 to C18 had a significant depressing effect upon cellulose

digestion by rumen bacteria. Oleic and linoleic acids also depressed

cellulose digestion. Czerkawski (1966) reported that maximum concen-

tration of C18 unsaturated acids in the rumen fluid occurred after 6

weeks, while maximum saturated fatty acids occured at 3 weeks when

linoleic acid was gradually increased in a cubed sheep ration. El Hag

and Miller (1971) have shown that the reduction in cellulose digestion

by the rumen bacteria can be attributed to the presence of long chain

fatty acids and that the digestibility was essentially normal in the

presence of calcium salts. Galbraith et al. (1971) also demonstrated

that calcium reversed the inhibitory effects of lauric and linoleic
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acids on cellulose digestion. They also reported that long chain

fatty acids primarily inhibit Gram-positive bacteria in the rumen,

but no inhibition was demonstrated with Gram-negative bacteria.

Henderson (1973) examined the effects of fatty acids on seven

species of rumen bacteria. Oleic acid had no effect on three strains

of bacteria, but was the most inhibitory of the fatty acids tested

on the remaining strains of bacteria. Myristic, palmitic and stearic

acids were inhibitory at all concentrations tested. Production of

methane was inhibited in methane producing bacteria by the addition of

long chain fatty acids. Czerkawski, Blaxter and Wainman (1966) also

reported that the addition of lipids to control diets high in cereals

resulted in a 25% reduction in methane production.

Sutton et al. (1975) reported that 20 g per day of codliver oil

in a sheep ration consisting of hay and concentrate resulted in a

marked fall in the ratio of acetic acid to propionic acid in the

rumen contents. Kirk, Body and Hawke (1971) reported that production

of propionic acid from grass fiber, by rumen microorganisms, increased

and acetic acid decreased over 48-72 hr. incubation periods when lipid

was added. Total volatile fatty acid was not affected significantly

by lipid. They also reported that glycerol liberated from lipids by

lipolytic activity would seem to favor acetic acid formation rather

than propionic acid. Robertson and Hawke (1964a) noted similar trends

for volatile fatty acids and reported increased concentration of

ammonia in the rumen after the addition of oil. Further studies by

Robertson and Hawke (1964b) showed the increase in ammonia produc-

tion occurred when rumen liquors were incubated with rye grass juice
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extract high in protein, but decreased the formation of ammonia when

fibrous substrates low in protein were used. These findings are similar

to those reported by Chalmers (1960) who found, when nitrogen levels

were 3% of dry matter, that the addition of oil resulted in reduced

ruminal ammonia concentration; when nitrogen levels of 4.5% of dry

matter were fed, increased ammonia concentrations were observed.

Czerkawski et al. (1974) gradually incorporated linseed oil

into the diets of sheep until 90 g per day were being fed. They noted

that high fat rations increased the dilution rate and volume of rumen

contents. The number of protozoa decreased and bacteria count increased.

They also reported a decrease in total volatile fatty acids.

Fat Plus Urea

Embry et al. (1957) used 5% lard plus 0.9% urea in sheep rations

containing 11.5% protein, dry basis. Lard improved digestibility of

protein in the rations with urea to about the same degree as those

without urea. Rations containing both lard and urea gave similar

nitrogen retention values for rations without urea. Wise, Blumer and

Barrick (1963) fed steer calves a basal ration containing 90% ground

shelled corn and 2% animal fat. The addition of 1% urea did not result

in any difference in average daily gain, daily feed intake or feed per

unit gain. Buchanan-Smith, Macleod and Mowat (1974) finished steers

on a ration high in ground shelled corn to which 5% animal fat was

added with soybean meal or urea. Inclusion of animal fat in either

urea or soybean meal supplemented diets did not significantly affect

average daily gain or feed conversion.
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Jones, Bradley and Grainger (1961) were the first to report de-

creased rate of gain for steers receiving fat and urea together. Sig-

nificant decreases in digestible crude protein and total digestible

nutrients were observed with the fat plus urea treatment. Similar

findings were reported by Bradley et al. (1966) who also noted re-

duced digestibility of crude protein when fat and urea were used

simultaneously. They also reported that the addition of calcium,

lysine or corn distillers dried grains with solubles to these rations

did not improve feedlot performance. Thompson et al. (1967) noted

that a fat plus urea depression on feedlot performance was less severe

when rations were pelleted rather than in meal form. Church, Kennick

and Ralston (1971) fed 3% fat and 1% urea to steers on a 55% barley

ration and reported lower gains primarily due to reduced gains in the

final third of the finishing period.

Metabolism studies by Hatch et al. (1972) showed that 3% fat and

1.25% urea in a corn-based diet resulted in decreased acetic and butyric

fatty acids in the rumen of steers, while nitrogen retention, dry

matter digestibility and digestible energy were unchanged compared to

the basal plus urea control.

In vitro work by Phillips and Church (1975) indicated that fat

plus urea resulted in significant reduction in acetic and butyric

fatty acids and ammonia disappearance. Metabolism studies showed 2.17%

urea with 5% tallow resulted in an improved nitrogen balance as com-

pared to rations with 1.5 or 1.16% urea.
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MATERIALS AND METHODS

General. A 5 x 4 factorial arrangement of treatments was used

in the experiments. Wood cellulose (Solka-Floc) was used as the sub-

strate and the variable treatments were 0 fat, 5 and 7% corn oil or

5 and 7% tallow and levels of 0, .234, 2.34 or 4.68% urea expressed

as percent of substrate.

Fermentation Conditions. Closed in vitro procedures were con-

ducted in 100 ml Berzelius lipless beakers fitted with a No. 10 one-

hole rubber stopper containing a gas release valve. Each fermentation

vessel contained .5 g of wood cellulose (Solka-Floc) substrate. Fats

were dissolved in an organic solvent (acetone) and the proper amount

was added to the substrate to achieve the desired fat content,

expressed as percent of the substrate. The vessels containing cellulose

and solvent were then heated at 60C for 10-24 hr. to drive off the

solvent. Urea was dissolved in distilled water and mixed so that each

vessel received 10 ml.

Inoculum for the in vitro system was obtained from a rumen

fistulated steer maintained on a hay-concentrate diet. Collections

were made 2 to 4 hr. post-feeding and the rumen contents were

immediately taken to the laboratory and strained through four layers of

cheese cloth to remove the large particles of solid ingesta. The

strained rumen liquor was then placed into a 2 liter separatory funnel

and incubated for 1 to 1.5 hr. at 39C so that the fiber forage

particles rose to the top. The resulting semiclarified rumen liquor

was withdrawn and served as the inoculum source. Equal amounts of

inoculum and buffer (table 1) were mixed and gassed for 10 minutes
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Table 1. Composition of McDougall (1948) Nutrient Buffer Solution

Concentration/liter

NaHCO
3

9.80 g

Na
2
HPO 4 7H

2
0 7.00 g

KC1 0.58 g

NaC1 0.48 g

CaC1
2

0.04 g

MgS0e7H20 0.12 g
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with carbon dioxide to insure anaerobic conditions. Twenty ml of the

inoculum buffer mixture were added to each fermentation vessel.

Incubation was allowed to continue for 24 hr. at 39C. Each beaker was

swirled twice during the incubation period to aid in the release of

trapped gases and to remix the fermentation contents.

Dry Matter Determination. Immediately after incubation, the

fermentation beakers were filtered through 50 ml glass Gooch type

crucibles (40mm diameter disc, porosity C). Filtered material was

dried at 90C for 24 hr., cooled and weighed. Zero time controls were

used to correct for dry matter in the rumen fluid. Percent dry matter

disappearance (0110) was calculated according to the following formula.

g dry matter in +g dry matter
10 ml inoculum in substrate -residual dry matter

%DMD= g dry matter in +g dry matter
x100

10 ml inoculum in substrate

Volatile Fatty Acid Analysis. Procedures employed for preparing

rumen liquor for volatile fatty acid analysis (VFA) were essentially

those outlined by Erwin et al. (1961). Ten ml of the liquid obtained

at filtration of the fermentation vessels were prepared for volatile

fatty acid analysis by adding 2 ml of 25% meta-phosphoric acid and

allowing the sample to stand for one-half hour. Samples were then cen-

trifuged at 16,500 rpm for 20 min. and the supernatant fluid was

decanted and analyzed for VFA.

A Varian-Aerograph
1
(Model 1200) gas chromatograph equipped with

a high-temperature hydrogen flame ionization detector and a Sargent2

(Model SRG) recorder were employed. Ultra-pure hydrogen was supplied

by an Aerograph
3

Elygen electrolytic hydrogen generator (Model 9652).
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A commercial source of nitrogen served as the carrier gas, while an

air pump delivered air for the flame-ionization assembly. A commercial

stainless steel column 1.524 m by 0.318 cm was used containing 20%

neopentylglycol succinate (NPGS) with 2% H3PO4 on 60 to 80 mesh

chromosorb W as the support. Operating conditions are shown in table

2. VFA were quantitated according to procedures outlined by Baumgardt

(1964).

Gross energies produced from VFA were calculated using values

reported by Blaxter (1962).

1Varian Aerograph Company, Walnut Creek, Calif.

2
Sargent-Welch Scientic Company, Skokie, Illinois

3Varian Aerograph Company, Walnut Creek, Calif.
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Table 2. Gas Chromatograph Operating Conditions For Volatile Fatty
Acid Analysis

Nitrogen flow: 25 ml/min

Hydrogen flow: 25 ml/min

Oven Temperature: 145 C

Detector Temperature: 220 C

Injector Temperature: 190 C

Attenuation: 16X

Sample Size: 0.5 to 0.60

Chart Speed: 2.54 cm/min
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Ammonia-Nitrogen Determination. Ammonia-nitrogen was determined

using a method described by Hawk, Oser and Summerson (1954). Duplicate

5 ml samples of liquid obtained upon filtration of the fermentation

vessels were placed in the first of two large test tubes in the aeria-

tion train. Five drops of antifoaming agent were added to prevent

foam from entering the second test tube containing 25 ml of a 2%

boric acid solution containing bromocresol green indicator. When the

train was bubbling with a moderate flow of air which had passed

through a 10% solution of H2SO4, 5 ml of a saturated potassium

carbonate solution were added to the tube containing the rumen

liquor. Twenty minutes of bubbling insured that all ammonia had

passed through the aeration train and was trapped in the boric

acid solution. Titration of the boric acid solution with 0.02N

sulfuric acid resulted in mg of ammonia nitrogen per sample, using

the following equation:

mg NH N ml of 0.02N x.28
per sample gize sulfuric acid

where .28 is the normality of the sulfuric acid times 14, the

molecular weight of nitrogen.

Urease Enzyme Study. High concentrations of urease enzyme were

added to duplicate samples of rumen liquor following the 24 hr. fer-

mentation. These samples were analyzed along with control samples

for ammonia nitrogen. The urease enzyme was prepared by mixing 1 g

of jack bean urease per 100 ml distilled water. Three ml of this

mixture were added per 5 ml rumen liquor. Using urea-water solutions,

a 97% recovery rate of urea (in the form of ammonia) was obtained

using such a mixture.
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Microbial Protein Determination. Microbial protein was deter-

mined using a modified procedure reported by Barr, Bartley and Meyer

(1975). Duplicate 10.ml samples of rumen liquor were obtained at fil-

tration, following the 24 hr. fermentation period. Two ml of 64.5%

trichloroacetic acid were added to samples which were allowed to stand

for 4 hr. at room temperature. The samples were then centrifuged at

408 g for 5 min. The supernatants were discarded and the centrifugates

were washed with 10 ml distilled water and centrifuged again as before.

The supernatants were discarded and the centrifugates were resuspended

in 10 ml distilled water by hand homogenization. This sample was then

analyzed for nitrogen content using micro Kjeldahl procedures of

A.O.A.C. (1971).

Fatty Acid Analysis of Tallow and Corn Oil. Thirty mg of each

sample were subjected to methanol containing 4% HCL gas for 90 min.

for preparation of the fatty acid methyl esters. Samples were then

subjected to thin-layer chromatography using 15% diethyl-ether in

hexane on Silica Gel G plates. Gas liquid chromatography was carried

out with the resulting bands using a capillary column 60.96 meters

in length by .08 cm inside diameter coated with diethylene glycol

succinate.

Statistical Analysis. Analysis of variance of factorial experi-

ments (Steel and Torrie, 1960) was used to determine differences in

dry matter disappearance, ammonia nitrogen, volatile fatty acids,

gross energy from volatile fatty acids and microbial protein synthesis.

Means were tested for significance at the (P<.05) and (P<.01) levels.
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RESULTS

Dry Matter Disappearance (DMD). The effect of fat and urea on

DMD are shown in figure 1. The addition of urea at .234% resulted in

increased DMD (P<.05) while addition at 2.34 or 4.68% gave highly

significant increases in DMD (P<.01). The addition of either 5 or 7%

corn oil or 5 or 7% tallow resulted in a depression in DMD (P<.01).

The least DMD depression was observed with 5% corn oil while 7% tallow

inhibited DMD the most (P<.05). The degree of cellulose DMD depression

was of similar magnitude for the 7% corn oil and 5% tallow treatments.

For fat plus urea treatments, lowest DMD was observed with 7% tallow

plus .234% urea. Within every fat treatment, the addition of urea

resulted in increased DMD in a near linear fashion.

Volatile Fatty Acids (VFA) and Gross Energy from VFA's. VFA data

are shown in table 3. The addition of urea at the 2.34 or 4.68% level

resulted in increases in the amount of acetic acid (P<.05), propionic

acid (P<.01) and total volatile fatty acids (TVFA)(P<.01). Addition of

5 or 7% corn oil resulted in lower acetic and propionic values, but they

were not significant. The effect of adding 5 or 7% tallow was lower

acetic acid (P<.05) and propionic acid (P<.01). The 7% tallow treat-

ment resulted in a lower propionic acid production (P<.05) than the

5% tallow treatment. Total volatile fatty acid production was sig-

nificantly lower when 7% corn oil or 5 or 7% tallow were added.

Butyric acid production did not differ significantly with the addition

of urea, fat or fat plus urea. The effects of fat plus urea treatments

were not significant for acetic acid production. Adding 7% corn oil

or 5 or 7% tallow plus 2.34 or 4.68% urea resulted in increased pro
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Table 3. Volatile Fatty Acids (VFA) Concentrations After 24 Hour Digestion

Cellulose + Cellulose + Cellulose + Cellulose +
No fat - no urea .23% urea 2.3% urea 4.7% urea

Total VFA,pm /ml 63.96a 64.71
a

71.11
b

76.43
c

C
2'

'

62.52 62.57 60.54 58.94
bC % 25.02

a
24.78

a
27.48 29.22

C4, % 12.46 12.70 11.98 11.84

Total VFA, pm/ml
C %

C
2'

%

C
3'

4'

Cellulose +
5% C.0 no urea

67.17
a

61.99
25.22
12.79

Cellulose +
5% C.0 + 23% urea

64.91a
61.53
25.51
12.96

Cellulose + Cellulose +
5% C.0 + 2.3% urea 5% C.0 + 4.7% urea

74.21
b

75.08
b

61.43
27.34
11.23

61.12
28.26
10.62

Cellulose + Cellulose + Cellulose + Cellulose +
7% C.0 - no urea 7% C.0 + .23% urea 7% C.0 + 2.3% urea 7% C.0 + 4.7% urea

Total VFA, pm/ml 59.60
a

64.62
b

69.05
c

66.28
bc

C % 62.27 61.47 59 07
b

58.312' 0
C f) 24.66a 25.92a 29.65 30.07
3' 0

C
4'

-0 13.07 12.61 11.28 11.62

Cellulose + Cellulose + Cellulose + Cellulose +
5% tallow - no urea 5% tallow + .23% urea 5% tallow + 2.3% urea 5% tallow + 4.7% urea

Total VFA, pm/m1 52.75
a

64.47
b

71.63
c

61.38
b

C % 61.21 63.27 60.30 59.082'

'

%C -0 25.04 4 24.76
a

27.71 29.11
%C4, -.) 13.75 11.97 11.99 11.81

Total VFA, pm/ml
C %
2 %
3'

C
4'

f)

Cellulose + Cellulose + Cellulose + Cellulose +
7% tallow - no urea 7% tallow + .23% urea 7% tallow + 2.3% urea 7% tallow + 4.7% urea

49.87
a

61.46
b

62.11
b

58 98
b

b63.04 62.22 60.20
a

64.36
23.88 24.23 26.97

a
23.04

b

13.08 13.55 12.83 12.60

a,b,c
Means on the same line with different superscripts differ significantly (P<.05).
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pionic and TVFA values (P<.01) when compared with respective fat

treatments without urea. Addition of 7% tallow plus 2.34 or 4.68%

urea resulted in lower (P<.05) propionic acid values when compared

to 5 or 7% corn oil. Differences in TVFA between 5 and 7% corn oil

showed lower total acids (P<.01) for the 7% corn oil plus either

2.34 or 4.68% urea. Differences for TVFA between 5 and 7% tallow

showed lower total acids for the 7% tallow plus 2.34% urea treat-

ment. Comparing respective corn oil plus urea treatments with tallow

plus urea treatments showed that either 5 or 7% tallow plus 2.34 or

4.68% urea resulted in lower TVFA than corn oil plus urea (P<.01).

Gross energy values produced from VFA are shown in figure 2.

The addition of urea resulted in increased gross energy from VFA

(P<.05). The addition of fat resulted in a reduction in gross energy

from VFA with 5% tallow (P<.05), while addition of 7% tallow resulted

in a greater reduction in gross energy from VFA (P<.01). Differences

in gross energy from VFA due to the addition of fat plus urea were not

significant when comparing corn oil to tallow.

Ammonia-Nitrogen (NH3-N). The effects of fat and urea on NH3-N

production are shown in figure 3. There were no significant differences

in NH
3
-N between zero and .234% urea in any fat treatment, but the

addition of 2.34 or 4.68% urea resulted in increased NH
3
-N (P<.01).

Tallow added at 5 or 7% resulted in increases in NH
3
-N (P.05). The

greatest values for NH
3
-N were found in the 7% tallow treatment.

With the 7% tallow treatment and 2.34 and 4.68% urea, NH3-N values

were increased when compared to no fat controls (P<.01). None of the

other fat treatments differed statistically. The 7% tallow plus 4.68%
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urea resulted in higher NH3-N when compared to 5 or 7% corn oil plus

4.68% urea (P<.05). Differences between 5 and 7% corn oil or 5 and

7% tallow for NH
3
-N were not significant.

Urease Enzyme on NH3-N. Results of adding high concentrations

of urease enzyme on NH3-N are shown in table 4. No significant

differences were found when comparing NH3-N values with and without

urease enzyme.

Microbial Protein Synthesis (MPS). Effects of fat and urea on

microbial protein synthesis are shown in figure 4. There was an increase

in MPS due to the addition of 4.68% urea (P<.05). Adding 5 or 7%

corn oil or 5 or 7% tallow caused a depression in MPS (P<.01). No

significant differences in MPS were found between corn oil and tallow

treatments.

Fatty Acid Analysis of Tallow and Corn Oil. The results of fatty

acid analysis are shown in table 5. The fatty acid content of the corn

oil was greatest for linoleic acid (57.3%) and oleic acid (26.2%)

while the tallow sample contained more oleic (47.6%) and more saturated

fatty acids such as palmitic (24.3%) and stearic (19.7%). While the

thin-layer chromatography (TLC) for the corn oil resulted in only one

major band which contained the fatty acids, the TLC for the tallow

produced 5 separate bands of which only one contained the fatty acids.

The tallow samples contained only 87.60% fatty acids, while the corn

oil samples contained 97.2% fatty acids on a weight basis.
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Table 4. Ammonia Nitrogen Concentration In In Vitro Fluid After
Digestion, With And Without Urease Enzyme (mg/100 ml)

Urea Level, %
Fat

level
None .234 2.34 4.68

Urease
added

Urease
added

Urease
added

Urease
added

No fat 2.24 2.24 1.68 1.68 3.36 4.20 17.92 18.48

5% corn oil 1.68 2.24 1.68 1.68 5.60 6.72 21.28 22.40

7% corn oil 2.24 2.80 1.68 2.24 6.16 7.28 21.28 22.96

5% tallow 2.24 2.24 2.24 2.24 7.28 8.40 22.40 22.40

7% tallow 1.68 1.68 2.24 2.24 7.84 7.84 22.96 23.52
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Table 5. Fatty Acid Analysis Of Corn Oil And Tallow Samples (%)

TALLOW CORN OIL
FATTY ACIDS 87.6% 97.2%

14:0 2.0

16:0 24.3 13.8

16:1 4.0 T

18:0 19.7 2.0

18:1 47.6 26.2

18:2 2.3 57.3

18:3 -- 0.7
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DISCUSSION

The increased cellulose digestion resulting from the addition

of urea was anticipated. Belasco (1954) found a high correlation

between the amount of urea metabolized in vitro and the amount of

cellulose digested; both values increased up to a protein equivalent

of 35%. In the experiments reported herein, cellulose digestion re-

mained linear with the addition of urea, but the highest protein

equivalent was only 29.25%. Increases in acetic and propionic acids

both occurred with the addition of urea, with the greatest values

occuring at the 2.3% urea level. This contradicts the cellulose

digestion data which shows the greatest values at the highest level

(4.68%). It is possible that, at the higher urea levels and subsequent

abundance of free available NH3-N, other factors became limiting and

the metabolism of some volatile fatty acids occurred. High NH3-N

values which occurred after 24 hours digestion with the addition of

urea would indicate that NH
3
-N was certainly not the limiting factor.

These data do not agree with continuous-culture in vitro work done

by Satter and Slyter (1974) who showed no advantage in adding non-

protein nitrogen when the prevailing concentration of ruminal ammonia

was 5.0 mg NH3-N/100 ml or greater. They were measuring microbial

protein yield as their variable. In this experiment, rumen fluid often

contained more than 5.0 mg/100 ml-NH3-N before the addition of urea

and increased cellulose digestion as well as increased microbial

protein production was observed. It should be pointed out, however,

that under certain conditions, the addition of urea at the 4.68%

level altered the pH of fermentation vessels to the extent that all



30

cellulose digestion stopped after 4-5 hours. Such effects were traced

to the pH of the water used in the system and after minor adjustments

were made in the buffer, normal digestion resulted.

The effects of fats on cellulose digestion were quite pronounced

with significant reduction observed with both corn oil and tallow.

Seven percent corn oil and 5% tallow were very comparable with respect

to their inhibitory effect on cellulose digestion. Five percent corn

oil was the least inhibitory resulting in 16% reduction in cellulose

digestibility, while 7% tallow was the most inhibitory resulting in

30% reduction in cellulose digestion.

The effect of corn oil and tallow on cellulose digestion could

be attributed to the coating of the cellulose by the lipid making

its surface hydrophobic, thus reducing the angle of contact of the

microorganisms on the fiber surface (Devendra and Lewis, 1974) or to

an antimetabolite effect of certain fatty acids caused by surface-

active fatty acids adhering to the bacterial cell wall and impairing

the passage of essential nutrients and causing death of the cell.

White et al. (1958) reported that recovery of cellulose digestion

was not complete until 17 days after a ration change involving the

omission of corn oil. This would seem to indicate that the effects

of lipid on cellulose are more involved than a simple coating of the

cellulose by the fat.

Acetic acid, propionic acid and total volatile fatty acids were

all significantly lowered with the addition of fats with 7% tallow

causing greater reductions than the other treatments. Sutton et al.

(1975) and Robertson and Hawke (1964) showed reduced acetic acid
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and increased propionic acid production with the addition of lipid

in ruminant rations.

One theory for increased propionic acid is that it is formed

from the glycerol moiety liberated from lipid by lipolytic activity

of the rumen bacteria. Kirk et al. (1971), using 14C-glycerol noted

that, while propionate increased,accompanied by a reduction in acetic

acid, glycerol tended to favor acetic acid formation rather than

propionic acid. Henderson (1973) studied the effects of fatty acids

on strains of rumen bacteria and observed that strains least affected

by fatty acids were generally propionic acid producers. In the present

day study the reduced concentration of propionic acid with the addi-

tion of fats could be due to the fact that only 24 hour digestion

periods were used. Work done by Kirk et al. (1971) showed that using

linseed oil in conjunction with grass fiber produced 34% more pro-

pionic acid between the 24 and 72 hour incubation periods.

One of the initial objectives of this study was to look at the

interaction which seems to occur when fat and urea are used simul-

taneously. In vivo studies by several workers, including Jones et al.

(1961), Thompson et al. (1967) and Church et al. (1971) have shown

depressed gains and feed efficiency in cattle when fat and urea were

used in combination. This study hoped to reproduce this effect in

vitro and then attempt to study the nature of the interaction. After

looking at the data, it becomes apparent that such results were not

realized. Depression in cellulose digestion was observed when fat was

added to the substrate, but the addition of urea at any of the three

levels used resulted in improvement in cellulose digestion.
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Reasons for the differences in in vivo and in vitro results

are difficult to explain. In studies by Bradley et al. (1966) and

Buchanan-Smith et al. (1974), the addition of fat and urea in

combination resulted in reduction in intake compared to fat or urea

treatments. While closed in vitro systems are extremely quick and

valuable tools for ruminant nutrition study, conditions certainly

are not identical to those found in the rumen. A fat-urea complex

which would inhibit the normal breakdown of urea has been suggested

as one possible explanation for the in vivo results. High NH3-N

values obtained in this study when fat and urea were used in com-

bination would seem to indicate that such a complex was not being

formed in vitro and that urea was being hydrolyzed to NH3 and CO
2'

The high NH3-N values in this study are attributed to the reduced

activity of the bacteria in the system due to the addition of the

fats. It would appear that urea per se is not involved.

A possible explanation is that perhaps the fat-urea effect does

not occur in the rumen, but elsewhere in the digestive tract. If this

were a possible explanation, the term fat-urea complex would certainly

be a misnomer as the urea is being hydrolyzed in the rumen. Work by

Aseltine and Church (1976) showed that protecting tallow from rumen

fermentation by the use of formaldehyde improved the deleterious effect

of feeding tallow and urea together.

While this study was designed using pure wood cellulose as the

only substrate, further studies seem warranted, looking at additional

fractions in the ration. Bradley et al.(1966) noted that dry matter

disappearance and energy digestion were similar in magnitude for fat
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fat plus urea treatments, but that there was a decrease in apparent

crude protein digestion when fat and urea were used in combination.
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