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The object of this study was to observe the effect of tallow plus

urea in vitro and in vivo. The study was carried out in three parts;

an in vitro fermentation study, a metabolism trial and a feedlot trial,

The in vitro study was conducted using a 4 x 2 x 2 factorial

design with readily available carbohydrate (RAC) levels of 30, 40, 50

and 60%; tallow levels of 0 and 3%; and urea levels of 0 and 2%. Pure

cellulose or soluble starch was used to dilute or fortify the basal sub-

strate to obtain the desired level of RAC. Treatment substrates were

fermented for 18 hr. and acetic, propionic and butyric acid production

and ammonia disappearance were measured. Acetic and propionic

acid production and ammonia disappearance increased as the level of

RAC increased from 30 to 50%. Tallow reduced acetic acid production

and ammonia disappearance while increasing propionic acid production.

Urea increased volatile fatty acid (VFA) production and ammonia

disappearance. There was a tallow x urea interaction for acetic,



propionic and butyric acids and gross energy available from VFA's

as well as for ammonia disappearance. The interaction resulted in a

decrease in response for all parameters except propionic acid when

tallow and urea were added simultaneously.

The metabolism studies consisted of four separate experiments.

Trial one had the following treatments: basal, 5% tallow, 1.5% urea,

and 5% tallow + 1. 5% urea. Trial two had the following treatments:

basal; 3% tallow + 1. 5% urea; and 5% tallow + 1. 5% urea. The treat-

ments for trial three were 5% tallow + cottonseed meal; 5% tallow +

biuret; and 5% tallow + urea. Trial four had the following treatments:

5% tallow + 1.15% urea; 5% tallow + 1.50% urea; and 5% tallow + 2. 17%

urea. Twelve crossbred yearling wethers were used in each trial.

After a 10-day adjustment period urine and feces were collected for

10 days. Initial and final blood samples were taken to measure

changes in plasma urea and total plasma lipid. Trial 1 indicated that

tallow or tallow plus urea increased crude protein digestion and nitro-

gen retention. When nitrogen retention was expressed as a percent

of dietary nitrogen retained, there were no treatment effects. The

addition of tallow to the rations improved fat digestibility. Tallow or

tallow plus urea increased plasma urea values. Trial 2 indicated that

the addition of urea increased crude protein digestibility and nitrogen

retention. Lambs receiving 3% tallow plus urea retained more nitro-

gen than lambs receiving 5% tallow plus urea. Trial 3 indicated that



5% tallow plus cottonseed meal reduced dry matter and crude protein

digestion as well as nitrogen retention. Trial 4 showed that 1.5%

urea plus 5% tallow increased dry matter digestion. There was no

difference in crude protein digestibility between the three groups.

In all four trials urea had no effect on total plasma lipid.

The relationship between tallow and urea was studied in a feedlot

trial. Twenty steers averaging 282 kg were divided into four groups

and fed one of the following rations for 126 days; basal (I); basal +

1.5% tallow (II); basal + 0. 75% urea (III); and basal + 1.5% tallow +

0. 75% urea (IV). The basal ration was made up of 10.5% alfalfa

pellets, 34. 5% barley, 20.0% oats, 9. 0% wheat, 17.5% beet pulp,

7. 5% molasses and 1.0% vitamin-mineral-antibiotic premix. Blood

samples were taken via jugular puncture 6 hr after the morning feeding

on days 0, 14, 42, 70, 98 and 126 and plasma urea and total plasma

lipid was measured. Average daily gain (kg) for the groups were: I,

1.13; II, 1.25; III, 1.44 and IV, 1.38. Group IV was the least efficient

in the conversion of digestible energy and digestible protein into gain.

After 14 days groups III and IV had higher plasma urea values than

groups I and II. Steers in group IV had the highest total lipid values

after 126 days.
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THE NUTRITIVE INTERRELATIONSHIPS OF
TALLOW AND UREA IN RUMINANTS

INTRODUCTION

The growing world human population has brought about an in-

creased demand for protein and energy. These greater demands by

humans have brought livestock in direct competition for these two

essentials of life and have forced livestock producers to look for

sources of energy and protein that are less desirable for man.

Non-protein nitrogen (NPN) compounds such as urea, biuret and

ammonium salts have been very useful in meeting part of the nitrogen

needs for ruminants. The rumen of ruminants contains large numbers

of microorganisms that can utilize NPN compounds in the synthesis of

protein, thus providing their host with a relatively high quality protein.

Urea is the most popular of the NPN compounds in cattle and

sheep feeding, partly because of its low cost. The USDA (1969)

recently estimated that the use of feed urea in the United States ex-

ceeded 300, 000 tons annually. This is equivalent to 1.6 million tons

of 44% protein soybean meal or about 20% of the projected high pro-

tein meal consumption for 1970 (Bartley, 1969). The annual rate of

increase in urea used as a ruminant feed in the United States is

approximately 25, 000 to 30, 000 tons.

Since World War II and the advent of detergents there has been a

surplus of fat in the United States. As early as 1949 Jones et al.
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(1942) reported that low levels of fat in a ration would improve the

rate of gain and efficiency of finishing cattle. Since that time fat has

been added to ruminant rations to increase the caloric density and to

aid in the control of dust. Fat is usually added to the ration in the

range of 2 to 4%, depending upon the price relationship between grain

and fat (Figroid et al., 1971).

Recently, urea and fat have been used together in various com-

binations as supplements for ruminants. Tyznik and Kuncle (1971)

reported that coating urea with animal fat slowed the rate of micro-

bial breakdown of urea into ammonia. Also there are commercial

products available that are made up of molasses, urea and fat.

Several studies (Jones, Bradley and Grainger, 1961; Bradley et al.

1966; Thompson, Bradley and Little, 1967; Church, Kennick and

Ralston, 1971; Hatch et al., 1972) have reported depressed gains and

feed efficiency in steers when urea and fat were fed together as com-

pared to either fed alone.

Since commercial products with fat and urea in them are be-

coming available and research reports indicate that some combinations

of urea and fat result in interactions which may produce negative

effects on gain, thus there is a need for further research to define the

nature of the interaction. The purpose of this study was to evaluate

the effects of tallow (inedible animal fat) and urea in vitro and in vivo.
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The in vitro studies were conducted to determine the effects of tallow

and/or urea on the production of volatile fatty acids (VFA) and

ammonia disappearance. A metabolism study was carried out to

evaluate the effects of various levels and combinations of tallow and

urea as well as biuret and cottonseed meal on the digestion of several

feed components. A feeding trial was carried out to measure the

effects of tallow and/or urea on weight gains, feed efficiency and

several blood parameters.



LITERATURE REVIEW

Due to the large number of publications on the subject of urea

and fat it is not the intention to exhaustively review the literature, but

cite research that is pertinent to the work conducted for this disserta-

tion. However, there are several review articles on urea that could

be recommended for a more complete coverage of the subject: Reid

(1953), Briggs (1967), Tillman, Kirpal and Sidhu (1969), Helmer and

Bartley (1971), Chalupa (1972), and the proceedings from the Inter-

national Atomic Energy Agency (1972). The author is not aware of a

review article on the use of fats in ruminant rations,

Urea

Performance and Digestibility

Thrasher, Scott and Hansard (1967) and Haskins et al, (1967)

fed steers a corn-based diet containing 11 or 12.5% crude protein with

urea or soybean meal supplying the supplemental nitrogen and found

no difference in animal gains. Freitay, Smith and Beeson (1963)

fed corn-based diets where urea supplied 30 and 70% of the total

dietary nitrogen and found no difference in rate of gain between steers

fed urea or soybean meal. Boling et al. (1971) used corn silage and

corn rations supplemented with soybean meal or urea. When urea

supplied 23.5% of the total daily nitrogen, there was no difference in
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rate of daily gain in steers. Muller et al. (1971) reported that 3- to

6-month-old calves, fed rations consisting mainly of corn silage,

grass hay and corn, gained faster when supplemented with soybean

meal vs urea but, 6- to 11-month-old calves fed the same rations

gained faster when supplemented with urea. Long et al. (1968)fed

steers an undisclosed mixture of grain supplemented with urea and

soybean meal. and found that the urea supplemented group gained the

fastest.

When urea was compared to cottonseed meal as a nitrogen

supplement using corn based rations for growing calves and finishing

steers, Lowrey and McCormick (1969) found that young calves did not

gain as well on the urea diet and that nitrogen source had no effect on

rate of gain for finishing steers. Using a mixture of barley, oats and

wheat in finishing rations for steers, Church (1972b) reported that

animals consuming a ration supplemented with urea gained faster than

steers fed a ration supplemented with cottonseed meal. He also re-

ported that the addition of 1% urea to a ration consisting mainly of

barley, alfalfa hay and wheat mill run increased rate of gain, particu-

larly during the first part of the feeding period.

prskov, Fraser and McDonald (1972) reported an increase in

nitrogen retention, rate of gain and feed efficiency for lambs when

barley diets were supplemented with urea to raise the crude protein

to 12%. McDonald, Smith and Beeson (1965) conducted a digestion
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trial using purified diets with isolated soybean protein and urea as

sources of nitrogen. They found that lambs gained the fastest, were

more efficient in the conversion of feed into gain, retained more

nitrogen and had the highest digestion coefficients for dry matter and

digestible energy when 33% of the dietary nitrogen was supplied by

urea. Ludwick, Fontenot and Tucker (1972) reported similar results,

using purified diets supplemented with urea or soy protein.

Blood Urea

Lewis (1957) conducted an extensive study using sheep to

determine factors affecting blood urea. He examined the blood of

grazing sheep and found average blood urea values of 45 mg/100 ml of

whole blood with a range of 36 to 55 mg/100 ml. In another study he

sampled the blood of sheep fed a constant daily intake for a period of

one month and found a relative constant level of blood urea (standard

deviation of 3.3 mg/100 ml). In further studies he found that the level

of protein influenced blood urea levels but not to as great an extent as

the amount of ammonia produced from the protein breakdown by the

rumen microorganisms. He also found that the addition of a readily

available carbohydrate lowered the level of blood urea.

Several others (Varner, Woods and Klopfenstein, 1968; Boling

et al. , 1971; Muller et al. , 1971) using urea or soybean meal in

finishing rations for steers have reported higher blood urea values



when urea was the supplemental nitrogen. Lower and McCormick

(1969) found similar results when urea and cottonseed meal were

compared as nitrogen supplements in finishing rations for steers.

McLaren et al. (1960)fed sheep a semi-purified diet supple-

mented with urea or crude biuret and reported that the urea-supple-

mented group had higher levels of blood urea than the animals

supplemented with biuret.

In Vitro

In an early study Arias et al. (1951) conducted in vitro studies

using urea as a nitrogen source and cellulose plus increasing amounts

of dextrose, molasses, sucrose or starch as a substrate and reported

that ammonia disappearance and cellulose digestion increased as the

level of readily available carbohydrate increased. In later work

Belasco (1954) reported that when urea was the sole source of nitrogen

the addition of a small amount of soluble carbohydrate improved

cellulose digestion as well as propionic acid production. In two

studies Dhaliwal et al. (1969) and Ichhponani, Makkar and Sidhu (1969)

reported that the addition of urea to a cellulose substrate increased

cellulose digestion and the addition of starch reduced cellulose

digestion, and ammonia disappearance as well as increased the amount

of trichloroacetic acid precipated protein.
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Carbohydrates vary widely in their effect on the conversion of

ammonia into bacterial protein in vitro. Cellulose seems to be the

least effective (Belasco, 1954, and Lewis and McDonald, 1958) and

starch the most effective in the stimulation of ammonia utilization

by rumen microorganisms. Pearson and Smith (1943) reported that

corn starch was superior to galactose, sucrose, maltose, glucose,

lactose, lactic acid or dextrin in the stimulation of protein synthesis

from urea nitrogen. Both in vitro and metabolism studies have

shown that molasses is less efficient than starch in the stimulation

of urea utilization by rumen microbes (Helmer and Bartley, 1971).

Bloomfield et al. (1958) compared the effect of different starch

sources on urea utilization and reported that corn starch was the

most effective followed by wheat starch, potato starch and soluble

starch. McNought (1951) reported that cooked potato and corn starch

increased urea utilization in vitro. In later studies (Muhrer et al.

1968, and Helmer, Barley, and Deyoe, 1970), data indicate improve-

ment in urea utilization when urea and starch were subjected to heat

and pressure.

Fat

Performance and Digestibility

Erwin, Dyer and Ensminger (1956) reported that the addition

of 7% fat to a 50 or 82% alfalfa ration resulted in increased gains, but
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the response was not as well demonstrated when 7% fat was added to

50 or 82% straw. Bohman, Wade and Hunter (1957) reported that the

addition of 5% fat to roughage growing rations for steers resulted in

an increase in gains and feed efficiency and 10% fat had no effect on

gain, but did improve feed conversion. In later studies Bohman and

Lesperance (1962) found that the addition of 0.5 pounds of fat to grass

hay decreased fiber and organic matter digestion, increased ether

extract and nitrogen-free-extract digestion and had no effect on gross

energy digestion. When 0.5 pounds of fat plus 3 pounds of alfalfa were

added to the same grass hay they reported a decrease in nitrogen-free-

extract and crude protein digestion.

When 6% tallow was added to a ration when alfalfa hay was fed

to cows at 1.25% of body weight plus a grain supplement made up of

barley, milo and cottonseed meal, there was no effect on dry matter,

protein and acid detergent fiber digestion while the digestion of ether

extract was improved (Moody, 1971). Johnson and McClure (1972)

studied the effects of adding 6% fat to high roughage and high concen-

trate rations for lambs. They found that the addition of fat to high

roughage or high concentrate rations had no effect on dry matter,

organic matter or cellulose digestion, but crude protein digestion

was reduced in the high grain rations. These results do not agree

completely with those of Macleod and Buchanan-Smith (1972) who

found that the addition of 3% fat to sheep rations based on corn had no
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effect on crude protein digestion and lowered the digestion of dry

matter and gross energy.

The addition of 4% fat to rations made up of sorghum, alfalfa

hay, cottonseed meal and cottonseed hulls resulted in an increase in

feed efficiency and had no effect on gains (Willey et al. , 1952, and

Hubbert et al. , 1961). Figroid et al. (1971) reported that the addition

of 5% fat to milo finishing rations had no effect on weight gains, feed

efficiency or gross energy digestion while the addition of 10 and 15%

fat resulted in a reduction in all of these parameters.

Taylor, Hale and Hubbert (1964) found that the addition of 4%

fat to a barley or milo diet containing 11 or 12% protein improved

gains and feed conversion. The addition of the same amount of fat

to a 14% protein barley ration depressed gains while 14% protein milo

diet supplemented with fat had no effect on gains. Early studies at

the same station (Esplin et al. , 1963) showed that the addition of 4%

fat to a milo and barley ration increased digestible energy, total

digestible nutrients and had no effect on digestibility of the other feed

fractions.

Church et al. (1971) fed steers rations in which barley supplied

most of the readily available carbohydrate and found that substituting

3% fat for the same amount of barley improved gains and feed

efficiencies.
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In wheat rations for steers the addition of 4% fat improved

gains and feed conversions while the addition of 10% fat reduced

gains and efficiencies (Bull and Dahmen, 1971). Ralston, Kennick

and Davidson (1965) found similar results when they fed 3.5% fat in

wheat rations for steers. There was no difference in gain when the

same rations were supplemented with 7% fat.

Blood Lipids

It has been reported (Bohman et al. , 1957, 1959, and Bohman

and Lesperance, 1962) that when fat was added to roughage growing

and finishing rations for cattle there was an increase in plasma lipids

and the addition of alfalfa hay or cottonseed meal as a protein supple-

ment lowered the plasma lipid values. Also, Welch (1966) reported

that the addition of 70 grams of tallow daily per animal to a corn-

alfalfa ration increased total plasma lipids in sheep, but the addition

of soybean meal or alfalfa pellets reduced total plasma lipids.

Plasma lipids in steers were increased with the addition of 3 or

4% fat to a corn-based finishing ration (Willey et al. , 1952, and

Macleod and Buchanan-Smith, 1972). They reported that this increase

occurred after 46 days of trial. When Chandler, McCarthy and Kesler

(1968) added 0 to 8% corn oil to low fiber diets for calves, there was

an increase in blood lipids. There was a negative linear effect on
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blood lipids as the protein content of the diet was raised from zero

to 28%. Marche llo, Dryden and Hale (1971) reported that the addition

of 0, 5 and 10% fat to a ration resulted in an increase in the serum

lipid of steers. When 15% fat was added, there was a decrease in

serum lipid.

In Vitro

Two studies (Robertson and Hawke, 1964b, and Kirk, Body and

Hawke, 1971) showed that the addition of fat to a grass fiber substrate

increased the production of propionic acid and decreased the produc-

tion of acetic acid. The same authors (1964a) reported that the

addition of oil to the rumen of cows fed ryegrass and clover hay

increased the amount of propionic acid and reduced the amount of

acetic acid in the rumen fluid. Cottyn, Buysse and Boucque (1972)

reported that, when sheep were fed a pelleted ration containing 2.5

or 5% linsseed oil, there was an increase in propionic acid concen-

tration in the rumen fluid. Smith et al. (1968) reported similar

results from in vivo studies using sheep. Robertson and Hawke

(1964a) found a decrease in ammonia disappearance when using a low

protein substrate fortified with fat. Brooks et al. (1954) reported

that the addition of 32 or 64 grams of lard to a cellulose substrate

reduced cellulose digestion, but the addition of alfalfa ash overcame
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the depressing effect of lard. Davison and Woods (1960) reported that

the saturated fatty acids C8 to C18 reduced cellulose digestion in

vitro.

Fat Plus Urea

Jones et al. (1961) were the first to report depressed gains and

feed efficiencies in finishing steers when fat and urea were fed

together. In a later study Bradley et al. (1966) added 1.5% urea

and/or 5% fat to finishing rations for steers. They reported a lower

rate of gain and poorer feed conversions when urea and fat were fed

in the same ration. They conducted a metabolism study and found

that fat or fat plus urea reduced digestibility of dry matter, energy

and nitrogen-free-extract and increased in ether extract digestibility.

Further studies conducted by Thompson et al. (1967) showed that the

depressing effects of fat plus urea were less if the ration was pelleted

as compared to a meal type ration. Church et al. (1971) reported that

steers fed barley based finishing rations containing 3% fat and 1% urea

gained slower and were less efficient in the conversion of digestible

energy in to gains than steers fed rations containing fat or urea alone.

A more recent study by Hatch et al. (1972) reported that performance

of steers was depressed when urea-containing rations were fortified

with 3, 6, or 9% fat. They also found that, when 3% fat was substituted
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for the same amount of corn in a urea-containing ration, there was

no difference in nitrogen retention, dry matter digestibility or diges-

tible energy and that there was an increase in plasma urea values.
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SECTION I: IN VITRO RUMEN
FERMENTATION STUDY

Experimental Procedure

A 4 x 2 x 2 factorial in vitro study was conducted using the

fermentation procedure described by Kutches (1970) to determine the

effects of readily available carbohydrate (RAC), tallow and urea on

VFA production and ammonia disappearance. Substrate was fer-

mented for 18 hr using rumen liquor obtained from a fistulated steer

maintained on a diet containing 50% basal ration (used in feed-lot

trial) and 50% alfalfa hay. Zero and 2% urea and/or 0 and 3% tallow

(stabilized animal fat) were incorporated with 30, 40, 50 and 60%

RAC. Depending on the amount of tallow and/or urea added, each

percentage level of RAC was adjusted so that a given quantity of

substrate contained the same amount of RAC. The basal substrate

consisted of 11.50% alfalfa, 37.70% barley, 21.85% oats, 9.80%

wheat and 19.15% beet pulp. Pure cellulose or soluble starch was

used to dilute or fortify the basal substrate to obtain the desired level

of R.A.C. RAC levels were calculated using data reported by Church

(1972a). Gross energies produced from VFA's were calculated using

values reported by Blaxter (1962). After fermentation, the liquor

was filtered through glass wool, VFA's were determined using the

same procedure used by Kutches (1970) and ammonia was determined
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using a method described by Hawk, Oser and Summers on (1954).

Each treatment was run in triplicate along with appropriate zero time

controls for VFA production and ammonia disappearance. Statistical

analysis of the data was conducted according to the method of Steel

and Torrie (1960), and means were compared using the L. S. D. In

Figures 1, 2, and 3 the vertical lines at each treatment response are

the standard deviation for that treatment.

Results and Discussion

The in vitro study was designed to study the interrelated effects

of RAC, tallow and urea on VFA production, gross energy produced

from VFA, and ammonia disappearance. The RAC x urea interac-

tions are shown in Figure 1. There was a significant (P< 0.05) RAC

x urea interaction for acetic acid production. The addition of 2% urea

to the 30 and 50% levels of RAC increased (P <0.05) acetic acid

production while at the 40 and 60% RAC levels urea had no effect on

production. A significant (P < 0.05) RAC x urea interaction occurred

with propionic acid production. The same trend occurred for pro-

pionic acid production as for acetic acid. The addition of 2% urea

increased (P < 0. 05) propionate production at 30 and 50% increased

(P< 0.05) ammonia disappearance at all levels of RAC. The largest

increase in ammonia disappearance occurred at the 50% RAC level.
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The tallow x urea interactions are shown in Figure 2. The

interaction for acetic acid shows that there was an increase (P< 0.05)

in acid production when 2% urea, as compared to no urea, was added

to the substrate containing no tallow. Acetic acid production was the

same for the negative control as when 0 or 2% urea was added to the

substrate containing 3% tallow. Propionic acid production was in-

creased (P < 0.05) when urea was added to the substrate containing

no tallow, but the presence or absence of urea had no effect in com-

bination with 3% tallow. Butyric acid production followed the same

pattern as acetic acid. The addition of 2% urea when tallow was

absent increased ammonia disappearance when compared to the

negative control or either of the two treatments containing tallow.

The RAC x urea and tallow x urea interactions for gross energy

produced from VFA's are shown in Figure 3. The RAC x urea inter-

action is similar to those for acetic acid and butyric acid production.

Two percent urea increased gross energy production at the 30 and

50% levels of RAC, but had no effect at the 40 and 60% RAC levels.

The tallow x urea interaction showed that gross energy production

was highest (P< 0. 05) for the zero tallow and 2% urea treatment.

Three percent tallow and no urea increased (P< 0.05) gross energy

production as compared to the negative control, but not the 3% tallow

plus 2% urea treatment. Table 2 shows the main effects of gross

energy production for VFA's. There was an increase in gross energy
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butyric acid (C4) production and ammonia disappearance (NH4).



0

E

7

6

5

4

2

0

11
0 0
W W
3

0 CM

o
w w
v.. v..

0
O cj

0 0
4,1 a)
1.- L.

0 MI

O 0
111)

L. 1..
3

30 40 50 60
1

3

% RAC % Tallow

Figure 3. The effects of the RAC x urea and the tallow x urea interactions on gross energy
production from VFA's.



21

produced as the level of RAC increased from 30 to 50%, but there

was no difference between the 50 and 60% levels of RAC. Two percent

urea increased gross energy production and tallow had no effect on

energy production.

Table 1 shows the main effects of VFA production and ammonia

disappearance. There was an increase (P< 0.05) in acetic acid and

propionic acid production as the level of RAC increased from 30 to

50%. There was no difference in production of these two VFA's

between the 50 and 60% levels of RAC. Butyric acid production was

higher for the 60% RAC than for the 30% level of RAC. Ammonia

disappearance was higher (P< 0.05) for the 50% RAC than for 30, 40

or 60%. Three percent tallow reduced (P < 0.05) acetic acid produc-

tion, ammonia disappearance and increased propionic acid produc-

tion. Urea improved the response for all four parameters.

There are numerous reports in the literature which indicate

greater VFA production and ammonia utilization by rumen micro-

organisms with increased levels of RAC (Helmer and Bartley, 1971;

Ichhponani, Makkar and Sidhu, 1969; Dhaliwal et al., 1969). Several

workers have reported reduced cellulose digestion and acetic acid

production (Brooks et al. , 1954; Davison.and Woods, 1960) and

increased production of propionic acid (Cottyn et al. , 1972; Kirk,

Body and Hawke, 1971; Robertson and Hawke, 1964) with addition

of fat.
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Table 1. The main effects of RAC, tallow and urea on acetic acid,
propionic acid, butyric acid production and ammonia
disappearance.

Item

p,mol of VFA's /ml

mg. of ammonia
disappearance/

100 ml

Acetic acid Propionic acid Butyric acid Ammonia

RAC (%)
30
40
50
60

Tallow (%)
0

3

Urea (%)
0
2

7,8c
9.8b

10.7a
11.8a102.7a
9.1 b

9.3b
10.

5.7c
7.1b
8.4aa8.5

b7.2b7.7a

7.2b
7.6a

1.9b
2.2ab

ab2.2
2.3a

2.1a

1.9b

2.4a

3.42 b

3.87b
5.01a
3.73 b

4.71a
3.30 b

3.32 b

4.69a

a, b, c, dMeans with in a column for a given main effect differ at the
P < 0.05.

Table 2. The main effects of RAC, tallow and urea on gross energy
produced from VFA's.

Items Cal/m1

RAC (%)
30 4.744c
40 5.850
50 6.576a
60 6. 746a

Tallow ( %)

0 6.064
3 5.894

Urea (%)
0 5.669b

2 6.288a

a, b, cMeans within main effects with different superscripts differ at
the P < 0.05.
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Hatch et al. (1972) reported that acetic acid concentration and

percent butyric acid was reduced in the rumen of steers fed 1.3%

urea and 3.0% fat. However, Thompson et al. (l967) reported that

1.5% urea and 5.0% fat had no effect on concentration of VFA and

ammonia in the rumen fluid of steers. Church (1971) reported that

1. 5% urea and 45% RAC produced optimum gains and feed conversion

in finishing steers.

Summary

The in vitro study was conducted using a 4 x 2 x 2 factorial

design with RAC levels of 30, 40, 50 and 60% tallow levels of 0 and

3% and urea levels of 0 and 2%. Acetic and propionic acid production

and ammonia disappearance increased as the level of RAC increased

from 30 to 50%. Tallow reduced acetic acid production and increased

the amount of propionic acid produced. Urea increased VFA pro-

duction and ammonia disappearance. There was a tallow x urea

interaction for acetic, propionic and butyric acids production as well

as for ammonia disappearance. The interactions resulted in a

significant decrease in response of all parameters except propionic

acid when tallow and urea were added simultaneously.
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SECTION II: METABOLISM STUDY

Experimental Procedure

The metabolism studies consisted of four separate experiments.

Trial 1 was a 2 x 2 factorial design with 0 and 5% tallow and 0 and

1.5% urea. Trial 2 was designed to study the effects of adding 3 or

5% tallow to rations containing 1.5% urea. Trial 3 was designed to

study the effects of 5% tallow in combination with cottonseed meal,

biuret or urea. Trial 4 was designed to study the effects of three

levels of urea in combination with 5% tallow. The composition and

nutritive content of the rations for the four trials are shown in Tables

3, 4, 5, and 6. Twelve crossbred yearling wethers were used in

each trial. They were housed in metabolism cages designed to

separate the urine from the feces. Animals were fed three times

daily and water was available at all times. Each trial consisted of a

ten-day preadjustment period, a 14 day adjustment period and a ten-

day collection period. During the ten-day preadjustment period all

lambs received a basal ration. During each trial an initial and final

blood sample was taken, via jugular puncture 2 hr after the morning

feeding. The initial sample was taken on day 10 of the preadjustment

period and the final sample was taken one day after the collection

period ended. Approximately 100 ml of blood were collected in a

plastic bottle containing heparin.



Table 3. Composition and nutrient composition of rations for Trial 1.

Items Basal Basal + tallow

Ration

Basal + urea Basal + tallow + urea

Percent
Alfalfa 25.00 21.62 12.33 23.13

Barley 57.53 53.78 80.17 64.37

Molasses 5.00 5.00 5.00 5.00

Tallow 5.00 5.00

Urea -- 1.50 1.50

C ottonseed meal 11.47 13.60

Limestone 1.00 1.00 1.00 1.00

Analytical values

Dry matter, % 85.26 85.98 84.46 85.23

Ash, % of DM 5.45 5.42 4.00 4.91

C rude protein, % of DM 16.67 17.28 14.81 17.62

Acid detergent fiber,
% of DM 16.97 15.85 12.35 13.71

Fata, % of DM 6.37 11.49 6.63 12.69

Gross energy, Kcal/g 4.135 4.434 4.113 4.367

aChloroform-methanol (3:2) extract
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Table 4. Composition and nutrient composition of rations for Trial 2.

Items Basal

Ration

1.5% urea +
5% tallow

1.5% urea +
3% tallow

Percent
Alfalfa 25.00 23.13 19.09

Barley 57.53 64.37 70.41

Molasses 5.00 5.00 5.00

Tallow - - 5.00 3.00

Urea 1.50 1.50

Cottonseed meal 11.47

Limestone 1.00 1.00 1.00

Analytical values

Dry matter, % 87.27 87.77 87.24

Ash, % of DM 5.37 4.96 4.92

C rude protein, % of DM 15.47 16.20 18.82

Acid detergent fiber,
% of DM 18.27 16.34 14.91

Fata, % of DM 6.87 12.60 10.56

Gross energy, Kcal /g 3.984 4.208 4.140

aChloroform-methanol (3:2) extract
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Table 5. Composition and nutrient composition of rations for Trial 3.

Items Cottonseed
meal + tallow

Ration

Biuret + tallow Urea + tallow

Percent
Alfalfa 20.00 19. 53 18.97

Barley 55.94 67.66 68.53

Molasses 5.00 5.00 5.00

Tallow 5.00 5.00 5.00

Urea 1.50

Cottonseed meal 13. 06

Biuret 1.81

Limestone 1.00 1. 00 1.00

Analytical values

Dry matter, % 94. 32 94. 60 94. 50

Ash, % of DM 5.87 6.48 5. 38

C rude protein, % of DM 13. 19 17.24 16.87

Acid detergent fiber,
% of DM 13.57 12.52 9. 90

Fata, % of DM 13.68 14. 33 14.23

Gross energy, Kcal/g 4.239 4. 229 4. 171

aChloroform-methanol (3:2) extract
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Table 6. Composition and nutrient composition of rations for Trial 4.

Items

Tallow : urea of rations

4. 3:1 3. 3:1 2. 3:1

Alfalfa

Barley

Ryegras s straw

Molasses

Tallow

Urea

34.51

53.83

5.00

5.00

1.16

Percent
18.97

68.53

--
5.00

5. 00

1. 50

4. 43

67.14

14.86

5.00

5. 00

2.17

Limestone . 50 1.00 1.40

Analytical values

Dry matter, % 93. 19 93.05 92. 48

Ash, % of DM 4.82 4.28 4. 18

C rude protein, % of DM 14.62 14.54 17. 17

Acid detergent fiber,
% of DM 20.60 13. 38 15.92

rata, % of DM 14.92 13.56 13.54

Gross energy, Kcal /g 4.403 4.291 4.387

aChloroform-methanol (3:2) extract



29

Plasma urea nitrogen was determined using Hycel urea nitrogen

reagent. Total plasma lipid was measured by a modification of the

method described by Bligh and Dyer (1959). Total nitrogen in the

feed and feces was determined by micro-Kjeldahl and total nitrogen

in the urine was determined by macro-Kjeldahl as described in

AOAC (1971). Acid-detergent fiber of the feed and feces was de-

termined as described in AOAC (1971). Gross energy in the feed and

feces was determined in a Parr oxygen bomb calorimeter. Fat of

the feed and feces and fecal soaps were determined as described by

Figroid et al. (1971). Data from Trial 1 were analyzed as a factorial

design and data for Trial 2, 3 and 4 were analyzed as a completely

random design (Steel and Torrie, 1960). Means were compared

using the L. S. D.

Results and Discussion

Trial 1

The results of Trial 1 are given in Table 7. Ash digestibility

was lower (P< 0.05) for the urea treatment when compared to the

basal. Lambs on the urea treatment did not gain as well and produced

a softer feces than the rest of the lambs, which could account for

part of the difference in response for this group. There was no

difference in crude protein digestibility between the basal, tallow or



Table 7. Apparent digestibility coefficients, nitrogen balance, plasma urea and total plasma lipid for Trial 1.

Treatment

Digestibility Nitrogen retention

Dry
matter

Ash

%

Acid
detergent
fiber

%

Fat d

%

Digestible
energy
Mcal/kg

Crude
protein

%

Nitrogen Dietary
balance N

g retained
%

Basal

S% tallow

1.5% urea

LS% urea +
5% tallow

73.68

74.27

75.32

75.53

38.87
a

34.94a
b

24.49
b

31.01
a b

40.04

39.39

38.82

32.56

80.34
b

89.56a

77.30
b

88.89a

3.024b

3.343a

3.045
b

3.328a

75.79b

78.98
ba

75.56
b

84.51
a

97
ab

154a

39
b

170a

17.38

26.45

11,65

28.95

a, b, cMeans within each column with different superscripts differ at the P< 0,05,
dChloroforrn-m ethanol (3a) extract.
eValues are the difference between the initial and final.

Plasma e

Difference Difference
in plasma in total

urea plasma lipids
mg/100 ml mg/100 ml

1.4b 16.02 be

5.1a
143.25a

-1.2b -37.14c

ab
4.6a 113.27

LA)

O
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urea groups. The tallow plus urea group had higher (P< 0.05)

crude protein digestion coefficients than the basal or urea groups,

but not the tallow group. Total grams of nitrogen retained were the

same for the basal, tallow and tallow plus urea, but the tallow and

tallow plus urea groups retained more nitrogen than the urea group.

When nitrogen retention was expressed as a percent of dietary

nitrogen retained, there was no difference (P < 0. 05) between the

treatments. This can partly be explained due to the variation of the

crude protein:in the rations. Johnson et al. (1942) found that crude

protein digestibility, grams of nitrogen retained and percent of

dietary nitrogen retained increased as the level of crude protein in the

diet increased. The two groups receiving tallow had the highest fat

digestion coefficients. These results agree with those reported by

Bohman and Lesperance (1962). The percents of dietary fat excreted

as fecal soaps were 73.50, 16.03, 29.08 and 13.63 for the basal,

tallow, urea and tallow plus urea groups, respectively. The two

rations containing tallow had higher digestible energy values than the

two that did not contain tallow. This was a reflection of higher gross

energy values and high digestibility of added fat. The plasma urea

values for the urea group decreased during the trial, which does not

agree with the findings of Varner et al. (1968) andLudwick et al.

(1972). However, this group was on a 16.67% crude protein diet
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during the preadjustment period and a 14.81% crude protein diet

during the adjustment and collection period, which may account for

the decrease in plasma urea. Also, Lewis (1957) reported that an

increase in dietary starch would decrease plasma urea. The tallow

group had an increase in total plasma lipid which was larger (P< 0.05)

than the basal or urea group, but not larger than the tallow plus urea

group.

Trial 2

The results of Trial 2 are given in Table 8. Crude protein

digestion was highest for the two rations containing urea. The group

receiving 3% tallow retained the most nitrogen (P < 0.05) followed by

the 5% tallow and basal groups. When nitrogen retention was ex-

pressed as a percent of dietary nitrogen retained, the same trend

existed. The values are 28. 43, 17.40 and 6.00% for the 3% tallow,

5% tallow and basal groups, respectively. When comparing the

dietary levels of crude protein and the percent of dietary nitrogen

retained, these results are similar to those reported by Johnson

(1942), although the magnitude of difference in nitrogen balance was

greater in this study. It would appear that the higher level of tallow

may lower nitrogen balance. Acid-detergent fiber digestion was higher

(P < 0.05) for the basal and 5% tallow groups than for the 3% tallow

group. The basal group had a lower digestion coefficient for fat than



Table 8. Apparent digestibility coefficients, nitrogen balance, plasma urea and total plasma lipid for Trial 2.

Digestibility Nitrogen retention Plasma e

Dry
matter

Ash Acid
detergent

dFat Digestible
energy

Crude
protein

Nitrogen
balance

Dietary
N

Difference
in plasma

Difference
in total

Treatment °A fiber
0/0

% Mcal/kg % g retained
%

urea
mg/100 ml

plasma lipids
mg/100 ml

a b b
Basal 74.31 31.74 43.09 80.58b 2.951 74. lig 23c 6.00c -0.75b 111.38

3% tallow +
1.5% urea 76.23 31.49 35.14

b 86.96a 3.161a 82.70a 131a 28.43a 2.9a 89. OS

596 tallow +
1.5% urea 76.78 34.51 44.43a 86.58a 3.243a 80.85a 68

b 17.40
b 2.0a 85.02

a, b, cMeans within each column with different superscripts differ at the P< 0.05.
d
Chloroforrn-methanol (3;2) extract,

eValues are the difference between the initial and final plasma values.
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did the 3% or 5% tallow groups and there was no difference between

the two groups receiving tallow. Digestible energy, and gross energy

paralleled each other for the three rations. The increase in plasma

urea was the same (P< 0.05) for the two groups receiving urea, and

both were higher than for the basal group.

Trial 3

The results of Trial 3 are shown in Table 9. Digestibility of

dry matter, ash and crude protein and nitrogen balance were higher

(P< 0.05) for the two rations containing NPN. The dietary crude

protein was also higher for the rations containing supplemental NPN.

The percent of dietary nitrogen retained for cottonseed meal, biuret

and urea are 0.64, 28.20 and 29. 18 %, respectively. Even with the

differences in dietary protein, it would appear tallow reduced nitro-

gen retention and protein digestion when fed in combination with cotton-

seed meal. There was a larger increase in plasma urea, for the urea

treatment which is in agreement with McLaren et al. (1960) and

Ludwick et al. (1972). Nitrogen source had no effect on total plasma

lipid.

Trial 4

The results of trial 4 are shown in Table 10. Dry matter diges-

tibility was the highest for the group receiving 1. 5% urea. There was



Table 9. Apparent digestibility coefficients, nitrogen balance, plasma urea and total plasma lipid for Trial 3.

Treatment

Digestibility Nitrogen retention Plasma

Dry
matter

0/3

Ash

%

Acid
detergent
fiber

°A

Fat c

%

Digestible
energy
Mcal/kg

Crude
protein

%

Nitrogen
balance

%

Dietary
N

retained
0/3

Difference
in plasma

urea
mg/100 ml

Difference
in total

plasma lipids
mg/100 ml

Cottonseed
meal

Biuret

Urea

74.82
b

77.00a

77.68a

24.83
b

37.86a

34.93a

24.73ab

29.98 a

16.98
b

89.46

89.78

88.57

3.404

3.496

3.433

71.47
b

a
80.04

80.35a

2
b

113a

117a117

. 64
b

28.20a

29.18a

0.8b

0.4b

3.5a

139.78

151. OS

180.72

a, bMeans within each column with different superscripts differ at the P< 0.05.
cChloroform-methanol (3:2) extract.
dValues are the difference between the initial and final plasma values.



Table 10. Apparent digestibility coefficients, nitrogen balance, plasma urea and total plasma lipid for Trial 4.

Digestibility Nitrogen retention

Dry
matter

Ash Acid Fatc
detergent

Digestible
energy

Crude
protein

Nitrogen
balance

Dietary
N

Treatment % 96 fiber % Mcal/kg % % retained
% %

5% tallow +
1.16% urea 74,80

b
42.13a 41.70 88.03 3.489 79.72 44

b 15.28

5% tallow +
1.5% urea

e 78.41a 36.63b 33.54 89.40 3.558 79.11
47ab 16.76

5% tallow +
2. 17% urea 74. 55b 32.06

b 37.15 87.68 3.488 79.68 72a 21.42

Plasma d

Difference Difference
in plasma in total

urea plasma lipids
mg/100 ml mg/100 ml

1.8
b

2.8ab

3.5a

158.50

152.21

155.52

a, bMeans within each column with different superscripts differ at the P <0.05.
cChloroform-methanol (3:2) extract

dValues are the difference between the initial and final plasma values.
e
Means are an average of 3 values.
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no difference (P< 0.05) in crude protein digestibility, although the

2. 17% urea ration contained more crude protein. Several workers

(Johnson et al., 1941; Dinning, Briggs and Gallup, 1949; Putnam

et al., 1966) have reported that crude protein digestibility and nitro-

gen retention increased as the level of dietary crude protein increased.

The percent of dietary nitrogen retained was not different (P< 0.05)

between the three treatments. The lambs on the highest level of urea

had a greater increase in plasma urea than the group receiving lowest

level of urea.

Summary

Four metabolism studies were conducted to observe the effects

of various combinations of tallow and urea as well as the effects of

tallow in combination with biuret or cottonseed meal. Trial 1 indi-

cated that tallow or tallow plus urea increased crude protein digestion

and nitrogen retention. When nitrogen retention was expressed as a

percent of dietary nitrogen retained, there were no treatment effects.

The addition of tallow to the rations improved fat digestibility. Tallow

or tallow plus urea increased plasma urea values. Data from Trial 2

indicated that the addition of urea increased crude protein digestibility

and, nitrogen retention. Lambs receiving 3% tallow plus urea retained

more nitrogen than lambs receiving 5% tallow plus urea. Trial 3

indicated that 5% tallow plus cottonseed meal reduced dry matter and
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crude protein digestion as well as nitrogen retention. Trial 4 showed

that 1.5% urea plus 5% tallow increased dry matter digestion. There

was no difference in crude protein digestibility between the three

groups, although you would expect the 2.17% urea group to have a

higher crude protein digestion coefficient.
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SECTION III: FEEDLOT TRIAL

Experimental Procedure

Twenty steers averaging 282 kg were allotted to four lots of

five animals each. All steers were fed a starter ration prior to

receiving the experimental diets. Each lot was group-fed one of the

following rations: basal, basal plus tallow, basal plus urea and basal

plus tallow plus urea. Table 11 shows the composition of the rations

and calculated nutritional values are given in Table 12.

The amount of barley in the ration was reduced by the amount of

tallow and/or urea added. Tallow was added at 1.50% and urea at

0. 75 %. Steers were fed ad libitum for 126 days. Blood samples were

taken via jugular puncture 6 hr after the morning feeding on days 0,

14, 42, 70, 98 and 126. Approximately 100 ml of blood were collected

in a plastic bottle containing heparin. Plasma urea was determined

using Hycel urea nitrogen reagent and total plasma lipid were measured

by a modification of the method described by Bligh and Dyer (1959).

Gain data were analyzed as a completely random design and blood

data were analyzed as a split plot design (Steel and Torrie, 1960).

Means were compared using the L. S. D. as described by Cochran and

Cox (1957).



Table 11. Percent composition of ration.

Ingredients Basal Basal + Tallow

Ration

Basal + Urea Basal + Tallow + Urea

Alfalfa 10.50 10.50 10.50 10.50

Barley 34.50 33.00 33.75 32.35

Oats 20.00 20.00 20.00 20.00

Wheat 9.00 9.00 9.00 9. 00

Beet Pulp 17.50 17.50 17.50 17.50

Molasses 7.50 7.50 7.50 7.50

Urea . 75 . 75

Tallow 1.50 1.50

Limestone . 15 . 15 . 15 . 15

Tricalcium
phosphate . 30 . 30 . 30 . 30

Salt, trace
mineralized . 45 . 45 . 45 . 45

Antibiotic
premix (TM-10) .05 . 05 . 05 05

Vitamin A
premix 909
million IU/kg . 05 . 05 . 05 05
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Table 12. Estimated nutrient values.

Ration
DE

(mcal/kg)
DP
(%)

Basal 2.86 7.21

Basal + Tallow 2.91 7.09

Basal + Urea 2.99 9.26

Basal + Tallow + Urea 3.06 9.15

Results and Discussion

The results of the feedlot trial indicate there was no difference

(P < 0.05) in the items shown in Table 13 between steers on the urea,

tallow or tallow plus urea treatments. The group fed the basal ration

gained less (P < 0.05) than the groups fed tallow plus urea or urea,

but gained about the same as the group receiving the tallow ration.

These results do not agree with Bradley et al. (1966), as they ob-

served reduced gains when 5% tallow and 1.5% urea were fed together

in a corn based diet; the lower level of tallow and urea in the experi-

ments reported here may account for this difference in steer per-

formance.

One steer in the tallow plus urea group developed an infected

sheath and was removed from the trial after 70 days. Since there was

no way to account for the feed eaten by this steer, efficiencies were

calculated on a group basis. Digestible energy (DE) and digestible

protein (DP) efficiency data are shown in Table 13. The group
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Table 13. Feedlot performance of steers fed rations containing tallow,
urea, or tallow plus urea.

Ration ADG,
kg

DE,
mcal/kg gain

DP,
kg/kg gain

Basal 1 .13b 19.11 .45

Basal + Tallow 1.75 ab 18.75 .47

Basal + Urea 1.44a 18.22 .57

Basal + Tallow + Urea 1.38a* 21.45 .65

a, bMeans that have different superscripts differ at the P< 0.05.
-1( Means of four animals.

receiving the basal plus tallow appeared to be more efficient in the

conversion of DE to gain than the group on basal plus tallow plus urea,

while the groups receiving basal plus urea and basal plus tallow tended

to be more efficient than the basal group. The two groups fed rations

without urea were more efficient in the conversion of DP to gain than

the groups fed urea. The group fed basal plus tallow plus urea were

less efficient in DP conversion than the group receiving basal plus

urea. Using the same type rations, Church et al. (1971) found similar

trends in energy and protein conversions when 3% tallow and 1% urea

were fed simultaneously.

After 14 days the two groups fed urea with or without tallow had

significantly (P < 0.05) higher plasma urea values than the other two

groups (Table 14). These results indicate that, under the conditions

of this study, tallow had no effect on plasma urea. Using corn based
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diets, Hatch et al. (1972) reported that 6% fat and 1.5% urea increased

the level of plasma urea in steers.

Table 14. Plasma urea values for steers receiving rations containing tallow, urea, or tallow plus urea.

Days

Ration 0* 14 42 70 98 126

mg Urea/100 mg plasma

Basal 22.30a 14.75
b 15.70

b
19.63

b
18.90

b
23.05

b

Basal+ Tallow 26.55
b

14.75
b

14.20
b

18.05
b

16.75
b

19.25
b

Basal + Urea 21.60a 20.45a 21.20a 28. 15a 29.70a 34.75a

Basal + Tallow + Urea 20.20a 22.75a 20.10a 26.56a 30.56a 33.13a

* Animals had been on a high roughage, high protein diet
b

Means within periods with different superscripts differ at the P< 0.05.

There was some variability between the total plasma lipids

values (Table 15)., but the group fed the basal plus tallow plus urea had

significantly (P < 0. 05) higher amounts of plasma lipids at 126 days.

Also, Marche llo et al. (1971) observed considerable variation in

lipid values between collection periods. Bohman et al. (1961), using

roughage type diets supplemented with fat and alfalfa pellets as a

protein source, reported a decrease in plasma lipid fractions in steers

as the level of protein increased. Also, Welch (1966) reported that,

with the addition of alfalfa pellets, a diet containing corn oil produced

a lower total plasma lipid value.
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Table 15. Total plasma lipids values for steers receiving rations containing tallow, urea, or tallow
plus urea.

Days

Ration 0 14 42 70 98 126

mg lipid/100 ml plasma

Basal 188.26a 188.81a 208.23
b

271.46
a

311.01
b

346.93
b

Basal + Tallow 170.31a 228.48a 245.58
ab

248.56a 384. 11a 336.60
b

Basal + Urea 180. 33a 202. 11a 223. 76b 274.94a 310. 27b 340.67
b

Basal + Tallow + Urea 211.46a 186.52a 285.43a 274.58a 424.51a 448.76a

a, bMeans within periods with different superscripts differ at the P 05.

Summary

The relation between tallow and urea was studied in a feedlot

trial. The treatments were: basal, basal plus 1.50% tallow, basal

plus 0.75% urea and basal plus 1.50% tallow plus 0.75% urea. Steers

consuming the basal diet plus urea and/or tallow gained faster than

steers fed the basal, but the tallow plus urea group was less efficient

in the conversion of DE and DP into gain. After 14 days, steers fed

urea or urea plus tallow diets had higher levels of plasma urea than

groups receiving tallow or the basal diet. Steers fed the tallow plus

urea had the highest total plasma lipid values after 126 days on feed.
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CONCLUSIONS

The in vitro fermentation study showed that urea increased

acetic acid, propionic acid and butyric acid production as well as the

amount of gross energy produced from the volatile fatty acids. Tallow

increased propionic acid production, decreased acetic acid production

and had no effect on gross energy available from VFA's. The tallow

x urea interaction showed that urea would increase acetic and butyric

acid production. Tallow did not increase acetic acid production as

compared to the negative control and reduced the stimulatory effects

of urea when tallow and urea were in combination. Tallow, urea or

tallow plus urea all increased propionic acid production as compared

to the negative control. Gross energy from VFA's was the highest for

urea. Tallow alone produced more gross energy than the negative

control and more than tallow plus urea. From this data it could be

concluded that urea was the most effective in stimulating gross energy

production from VFA's. Tallow also increased gross energy, but not

to the same magnitude as urea. The combination of tallow and urea

produced the same amount of gross energy as the negative control.

The in vitro data support part of the feedlot trial data. The

addition of urea to a basal ration produced the fastest rate of gain, but

not significantly greater than tallow or tallow plus urea. Steers fed

the rations containing urea or tallow were the most efficient in the
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conversion of digestible energy into gain. The effects of urea in the

feedlot trial are similar to what could be expected from the results of

the in vitro study, but the tallow effects are not in agreement with what

could be expected from the results of the in vitro study. The feedlot

and in vitro energy response for tallow plus urea do not support each

other. Tallow plus urea in vitro produced the same amount of gross

energy from VFA's as the negative control. While in the feedlot study,

steers on the negative control ration were more efficient in the con-

version of digestible energy into gain than the tallow plus urea group.

One possible explanation for this difference is that the tallow plus

urea interaction affecting energy does not occur in the rumen fermen-

tation system. Another possible explanation is that the different levels

of tallow and urea used in the two studies did not produce comparable

results.

The results from the metabolism trials indicated that tallow

plus urea had little effect on digestible energy of the ration. The

metabolism trials showed that tallow was digested very well in all

cases, and the amount of urea in combination with tallow had no effect

on fat digestibility. Neither did supplemental nitrogen in the form of

urea, biuret or cottonseed meal have an influence fat digestibility.

The results from the in vitro fermentation study showed that

urea increased ammonia disappearance and tallow reduced ammonia

disappearance. Tallow, tallow plus urea and negative control all had
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the same effect on ammonia disappearance. Assuming that ammonia

disappearance is an indication of bacterial growth, it would appear

that tallow inhibited the stimulatory effects of urea on bacterial

growth.

The results of nitrogen utilization in vitro suported the results

of the feedlot trial. The urea and tallow plus urea rations contained

similar amounts of digestible protein. Steers fed the tallow plus urea

ration were less efficient that steers fed the urea ration in the con-

version of digestible protein into gain. The basal and basal plus

tallow also contained similar amounts of digestible protein and there

was no difference in the conversion of digestible protein into gain.

The results from the first metabolism study do not support the

in vitro or feedlot work, for the combination of tallow and urea ap-

peared to have little effect on nitrogen retention. However, in the

second metabolism trial it appeared that 5% tallow in combination

with 1.5% urea reduced nitrogen retention when compared to 3%

tallow and 1.5% urea. The results of the fourth metabolism trial

indicated that 1.16, 1.50 and 2. 17% urea, in combination with 5%

tallow, had little effect on nitrogen retention. Data from trial three

indicated that nitrogen retention was less for cottonseed meal than

for urea or biuret when fed in combination with 5% tallow.

It would appear that some combinations of tallow plus urea do

influence nitrogen metabolism in vitro as well as in vivo. The results
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of the metabolism trial did not always support the results of the other

two studies. One possible explanation is that the sheep used in the

metabolism trial were approaching maturity and the protein and energy

demands were different from the steers. Also, the crude protein of

the rations exceeded the requirements of sheep of this age. Another

possibility for some of the variation in response for the metabolism

trials is the varying amounts of alfalfa hay used in each trial. Several

workers have shown that alfalfa hay or alfalfa ash can influence the

utilization of tallow added to a ration. No one to the author's knowledge

has investigated the effects of alfalfa hay or alfalfa ash on the tallow

plus urea interaction.

Tallow had no effect on the plasma urea values of steers in the

feedlot study and wethers in the metabolism studies. Urea appeared

to have a marginal effect on total plasma lipid of steers after 42 days

on feed. However, urea appeared to have no effect on total plasma

lipid of wethers during the 20 day trials. The total plasma lipid is a

variable parameter and appears to be a poor measure of the effects of

a tallow plus urea interaction.

In general it appears that tallow or tallow plus urea reduces

energy and nitrogen utilization in vitro when compared to urea. The

results of the in vivo studies would indicate that certain combinations

of tallow plus urea adversely affect nitrogen metabolism and energy

utilization.
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It may be that the tallow plus urea interaction, which has been

observed at two other experiment stations also, requires a critical

ratio of these two ration components. In addition, other ration com-

ponents may be a factor as well as the animals requirements for

protein and/or energy. At this point it is obvious that further research

will be required to arrive at a solution to this problem.



50

LITERATURE CITED

Anonymous. 1964. Hycel Urea Nitrogen Determination. Hycel Inc.,
Houston, Texas.

1972. Tracer Studies on Non-protein Nitrogen for
Ruminants. International Atomic Energy Agency, Australia.

A. 0. A. C. 1971. Official Methods of Analysis (11th Ed. ). Associa-
tion of Official Agricultural Chemists. Washington, D.C.

Arias, C., W. Burroughs, P. Ger laugh and R. M. Bethke. 1951.
The influence of different amounts and sources of energy upon
in vitro urea utilization by rumen microorganisms. J.
Animal Sci. 10:683.

Bartley, E. E. 1969. Non-protein nitrogen supplements for
ruminants. Feedstuffs. 41(5):24.

Belasco, I. J. 1954. Comparison of urea and protein meals as nitro-
gen source for rumen microorganisms. The production of
volatile fatty acids. J. Animal Sci. 13:748.

Blaxter, K. L. 1962. The Energy Metabolism of Ruminants.
Hutchinson Scientific and Technical, London.

Bligh, E. G. and W. J. Dyer. 1956. A rapid method of total lipid
extraction and purification. Can. J. Biochem. Physiol. 37:911.

Bloomfield, R. A., M. E. Muhrer and W. H. Pfuander. 1958.
Relation of composition of energy source to urea utilization by
rumen microorganisms. J. Animal Sci. 17:1189 (Abstract).

Bohman, V. R. and A. L. Lesperance. 1962. The effect of dietary
fat on digestion and blood composition of cattle. Proc. West.
Sec. Amer. Soc. Animal Sci. 13:IX-1.

Bohman, V. R., M. A, Wade and J. E. Hunter. 1957. The effect of
chlortetracycline, stilbestrol and animal fat on fattening steers.
J. Animal Sci. 16:833.

Bohman, V. R. , M. A. Wade and C, Torrell. 1959. Effect of animal
and protein supplement on range beef cattle. J. Animal Sci.
18:567.



51

Bohman, V. R. , M. A. Wade, C. R. Torrell and A. L. Lesperance.
1961. Lipid metabolism studies with cattle. J. Animal Sci.
20:926 (Abstract).

Boling, J. A. , N. W. Bradley, R. E. Tucker and D. D. Krutzer.
1971. Supplemental nitrogen source and physical form of corn
for finishing steers fed corn silage. J. Animal Sci. 33:895.

Bradley, N. W., B. M. Jones, Jr., G. E. Mitchell, Jr. and C. 0.
Little, 1966. Fat and urea in finishing rations for steers. J.
Animal Sci. 25:480.

Briggs, M. H. (Ed.). 1967. Urea as a Protein Supplement.
Pergamon Press, New York.

Brooks, C. C. , G. B. Garner, C. W. Gehrke, M. E. Muhrer and
W. H. Pfander. 1954. The effect of added fat on the digestion
of cellulose and protein by ovine rumen microorganisms. J.
Animal Sci. 13:758.

Bull, R. C. and J. J. Dahmen. 1971. Addition of fat to high wheat
rations for yearling steers. Proc. West. Sec. Amer. Soc.
Animal Sci. 22:139.

Chalupa, W. 1972. Metabolic aspects of nonprotein nitrogen utiliza-
tion in ruminant animals. Fed. Proc. 31:1152.

Chandler, P. T. , R. D. McCarthy and E. M. Kesler. 1968. Effect
of dietary lipid and protein on serum protein, lipids and glucose
in the blood of dairy calves. J. Nutr. 95:461.

Church, D. C. 1971. Readily available carbohydrates in finishing
rations for steers. Oregon State University Thirteenth Annual
Beef Cattle Day. Special Report 325. Page 1.

1972a. Use of readily available carbohydrate values
in formulating finishing rations for steers. Feedstuffs. 44(37):
37.

1972b. Urea in finishing rations for cattle.
Feedstuffs. 44(46):6,

Church, D. C. , W. H. Kennick and A. T. Ralston. 1971. Fat and
urea for finishing steer calves. Proc. West. Sec. Amer. Soc.
Animal Sci. 22:123.



52

Cochran, W. G. and G. M. Cox. 1957. Experimental Design. 2nd
Ed. John Willy and Son, Inc. New York.

Cottyn, B. G. , F. X. Buysse and C. V. Boucque. 1972. The effect
of linseed oil fatty acids on digestibility and rumen fermentation.
Nutr. Abstr, & Rev. 42:137.

Davison, K. L. and W. Woods. 1960. Influence of fatty acids upon
digestibility of ration components by lambs and upon cellulose
digestion in vitro. J. Animal Sci. 19:54.

Dhaliwal, G. S., P. N. Langar, G. S. Sidhu and I. S. Bhatia. 1969.
Influence of various levels of urea with some additives on the
in vitro rumen cellulose digestion and microbial protein syn-
thesis. J. Res. , Ludhiana. 6:687.

Dinning, J. , H. M. Briggs and W. D. Gallup. 1949. The value of
urea in protein supplements for cattle and sheep. J. Animal
Sci. 8:24.

Erwin, E. S. , I. A. Dyer and M. E. Ensminger. 1956. Effect of
chlortetracycline, inedible animal fat, stilbestrol and high and
low quality roughage on performance of yearling steers. I.
Feed consumption and rate of gain. J. Animal Sci. 15:710.

Esplin, G. , W. H. Hale, F. Hubbert and B. Taylor. 1963. Effect of
animal tallow and hydrolyzed vegetable and animal fats on ration
utilization and rumen volatile fatty acid production with fattening
steers. J. Animal Sci. 22:695.

Figroid, W., W. H. Hale, B. Theurer, J. Marchello and F. Dryden.
1971. Utilization of added dietary fat by steers as affected by
ration concentrate level and level of fat addition. Arizona Cattle
Feeders Day Series P-23:6-1.

Freitay, R. R., W. H. Smith and W. M. Beeson. 1968. Factors
related to the tuilization of urea vs. protein nitrogen supple-
mented diets by ruminants. J. Animal Sci. 27:478.

Haskins, B. R., M. B. Wise, H. B. Craig and E. R. Barrick. 1967.
Effect of level of protein, source of protein and antibiotic on
performance, carcass characteristics, rumen environment and
liver abscesses of steers fed all-concentrate rations. J. Animal
Sci. 26:430.



53

Hatch, C. F. , T. W. Perry, M. T. Mohler and W. M. Beeson.
1972. Effect of added fat with graded levels of calcium to urea-
containing rations for beef cattle. J. Animal Sci. 34:483.

Hawk, P. H. , B. L. Oser and W. H. Summerson. 1954. Practical
Physiological Chemistry. 13th Ed. The Blakiston Co. ,
Philadelphia.

Helmer, L. G. and E. E. Bartley. 1971. Progress in the utilization
of urea as a protein replacer for ruminants. A Review. J.
Dairy Sci. 54:25.

Helmer, L. G. , E. E. Bartley and L. W. Deyoe. 1970. Feed
Processing. VI. Comparison of starea, urea and soybean
meal as protein source for lactating dairy cows. J. Dairy Sci.
53:883.

Hubbert, F. , B. Taylor, E. B. Stanley, W. H. Hale and J. Kuhn.
1961. Factors influencing tallow utilization in Arizona feedlot
rations. Proc. West. Sec. Amer. Soc. Animal Sci. 12:

XXXIV.

Ichhponani, J. S. , G. S. Makkar and G. S. Sidhu. 1969. Biochemi-
cal process in the rumen. 3. Effect of different carbohydrates
on in vitro digestion of cellulose and utilization of urea nitrogen
by rumen microorganisms from Zebu and buffalo. Indian J.
Animal Sci. 39:27.

Johnson, B. C., T. S. Hamilton, H. H. Mitchell and W. B. Robinson.
1942. The relative effects of urea as a protein substitute in the
ration of ruminants. J. Animal Sci. 1:236.

Johnson, R. R. and K. E. McClure. 1972. High fat rations for
ruminants. I. The addition of saturated and unsaturated fats
to high roughage and high concentrate rations. J. Animal Sci.
34:501.

Jones, B. M., Jr., N. W. Bradley and R. B. Grainger. 1961.
Effect of fat and urea in fattening rations for beef steers. J.
Animal Sci. 20:396 (Abstract).

Jones, J. H. , R. E. Dickson, J. K. Riggs and J. M. Jones. 1942.
Silage and cottonseed meal for fattening yearling steers. Texas
Agric. Expt. Stat. Bul. 662.



54

Kirk, R. D., D. R. Body and J. C. Hawke. 1971. Studies on rumen
metabolism. VII. Effect of lipids (in vitro) on the digestion of
grass fibre and cellulose. J. Sci. Fd. Agric. 20:620.

Kutches, A. J. 1970. Influence of pesticides on rumen microbial
metabolism. Ph. D. Thesis. Oregon State University,
Corvallis, Oregon.

Lewis, D. 1957. Blood urea concentrations in relation to protein
utilization in ruminants. J. Agric. Sci. 48:438.

Lewis, D. and I. W. McDonald. 1958. The inter-relationships of
individual proteins and carbohydrates during fermentation in
the rumen of sheep. I. The fermentation of casein in the
presence of starch or other carbohydrate materials. J. Agric.
Sci. 51:108.

Long, T. A. , D. E. H. Frear, M. Rugh and J. Miller. 1968. Effect
of source of nitrogen on feedlot performance of steers. J.
Animal Sci. 27:1509 (Abstract).

Lowrey, R. S. and W. C. McCormick. 1969. Factors affecting the
utilization of high urea diets by finishing steers. J. Animal
Sci. 28:406.

Ludwick, R. L., J. P. Fontenot and R. E. Tucker. 1972. Studies
of the adaptation phenomenon by lambs fed urea as the sole
nitrogen source: Digestibility and nitrogen balance. J. Animal
Sci. 35:1037.

Macleod, G. K. and J. G. Buchanan-Smith. 1972. Digestibility of
hydrogenated tallow, saturated fatty acids and soybean oil-
supplemented diets by sheep. J. Animal Sci. 35:890.

Marchello, J. A. , F. D. Dryden and W. H. Hale. 1971. Bovine
serum lipids. I. The influence of added animal fat to the ration.
J. Animal Sci. 32:1008.

McDonald, T. A., W. H. Smith and W. M. Beeson. 1965. Utiliza-
tion of urea in semipurified diets for lambs. J. Animal Sci.
24:896. (Abstract).



55

McLaren, G. A. , G. C. Anderson, J. A. Welch and. C. D. Campbell.
1960. Diethylstilbestrol and length of preliminary period in the
utilization of crude biuret and urea by lambs. II. Various
aspects of nitrogen metabolism. J. Animal Sci. 19:44.

McNaught, M. L. 1951. The utilization of non-protein nitrogen in
the bovine rumen. 7A. Qualitative and quantitative study of
the breakdown of carbohydrate which accompanies protein
formation in bovine rumen contents during in vitro incubation.
Biochem. J., 49:325.

Moody, E. G. 1971. Performance of milk and blood lipids of milk
and blood lipids of milk fat depressed cows fed tallow and
sucroglyceride. J. Dairy Sci. 54:1817.

Muhrer, M. E., D. W. Harris, and R. A. Bloomfield. 1968. A
reacted NPN-carbohydrate complex from urea. J. Animal Sci.
27:1770. (Abstract).

Muller, L. D., V. F. Colenbrander, T. G. Martin, H. A. Garverick
and W. W. Carlton. 1971. Effect of feeding urea on physio-
logical, pathological and carcass trials of dairy steers. J.
Animal Sci. 33:677.

16rskov, E. R. , C. Fraser and I. McDonald. 1972. Digestion of con-
centrates in sheep. 4. The effect of urea on digestion, nitrogen
retention and growth in young lambs. Br. J. Nutr. 27:491.

Pearson, R. M. and J. A. B. Smith. 1943. The utilization of urea
in the bovine rumen. 2. Conversion of urea to ammonia.
Biochem. J. 37:148.

Putnam, P. A., C. J. Elam, R. E. Davis and J. N. Wiltbank. 1966.
Dietary energy and protein effects on rumen volatile acids and
ration digestibility by beef heifers. J. Animal Sci. 25:988.

Ralston, A. T. , W. H. Kennick and T. P. Davidson. 1965. The
response of beef cattle to varying levels of fat stilbestrol im-
plants with wheat rations. Proc. West. Sec. Amer. Soc.
Animal Sci. 16:LXVIII.

Reid, J. T. 1953. Urea as a protein replacement for ruminants.
Review. J. Dairy Sci. 36:955.

A.



56

Robertson, J. A. and J. C. Hawke. 1964a. Studies on rumen meta-
bolism. 1. Effect of lipids on the concentration of ammonia,
total and individual volatile fatty acids in the rumen. T. Sci.
Fd Agric, 15:274.

Robertson, J. A. and J. C. Hawke. 1964b. Studies on rumen
metabolism. III. Effect of lipids in vitro and in vivo on micro-_
bial activity. J. Sci. Fd. Agric. 15:890.

Smith, G. E. , E. W. Gibson, P. Overholt and M. L. Riley. 1968.
Effect of varying the fat level of purified diets on ruminal
organic acids of sheep. J. Dairy Sci. 51:951.

Steel, R. G. D. and J. H. Torrie. 1960. Principles and Procedures
of Statistics. McGraw-Hill Book Co. , New York.

Taylor, B. , W. H. Hale and F. Hubbert. 1964. Fat additions to
Arizona feedlot rations. Proc. West. Sec. Amer. Soc.
Animal Sci. 15:XLVIII.

Thompson, J. T. , N. W. Bradley and C. 0. Little. 1967. Utiliza-
of urea and fat in meal and pelleted rations for steers. J.
Animal Sci. 26:830.

Thrasher, D. M. , V. B. Scott and S. L. Hansard. 1967. Protein
supplementation of conventional and all concentrate rations for
steer calves. J. Animal Sci. 26:225 (Abstract).

Tillman, A. D. and K. S. Sidhu. 1969. Nitrogen metabolism in
ruminants. Rate of ruminal ammonia production and nitrogen
utilization by ruminants. A Review. J. Animal Sci. 28:689.

Tyznik, W. J. and W. E. Kunkle. 1971. Control of ammonia release
from urea. Feedstuffs. 43(16):52.

U. S. Department of Agricultural Economic Research Service. 1969.
Feed statistics supplement to statistical Bul. 410.

Varner, L. , W. Woods and T. J. Klopfenstein. 1968. Urea or
ammonium salts of volatile fatty acids as supplements to beef
cattle rations. J. Animal Sci. 27:1773. (Abstract).



Welch, J. G. 1966. Factors affecting lipid levels in sheep blood
plasma. .J. Animal Sci. 25:911. (Abstract).

Willey, N. B. , J. K.
The influence of
lot performance
J. Animal Sci.

57

Riggs, R. W. Colby and 0. D. Butler. 1952.
level of fat and energy in the ration upon feed-
and carcass composition of fattening steers.
11 :705.



APPENDIX



58

Appendix Table 1. The effect of RAC, tallow and urea on acetic acid production in vitro.

Added Added RAC, % Tallow x

Tallow, % Urea, % 30 40 SO 60 urea means

mol/ml

0 0* 4.8 10.8 9.7 11.5
9.3a

2* 10.7 11.6 13.7 12.8 12.2
b

3 0* 7.6 9.1 9.6 11.5 9.4a
2* 8.1 7.5 9.8 9.9 .8.8a

Tallow x RAC means

0 tallow 7.7a 11.2
bc
ab

11.6
ba
b

1c

3% tallow
7.8a 8.3 9.7 10.7

RAC x Urea means 0 6.2a 9. 9 9.6b
11.5

2 9.4b 9.6
b

11.7
c

11.3

RAC means
7.8a 9.8 b

10.7 11.4e

Urea means 9.3b
2 10.5

Tallow means 0 10.7
b

9.1a

a, b, cMeans within main effect or interactions with different superscripts differ at the P< 0.05.

Means of three observations.
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Appendix Table 2. The effect of RAC, tallow and urea on propionic acid production in vitro.

RAC, % Tallow x
Tallow, % Urea, % 30 40 50 60 urea means

m ol/m1

0 0* 4.6 6.7 6.8 7.8 6. 5
a

2* 6.4 7.5 8.9 9.2 7.7

3 0* 5.6 7.6 8.7 8.4 7.8
b

2* 6.0 6.6 9.1 8.4 7.6

Tallow x RAC means

0 tallow 5aS. S 7. lb 7. 8bc 8, 0c

3% tallow
a

5.8a 7. lb 8. 9d 8. 9d

RAC x Urea means 0 S. la
b

7.2c 7, 7c 8.6d
2 6. l 7.0c 9, 0d 8. 3d

RAC means 5.7a 7. lb 8. 4c 8. 5c

Urea means 0 7. 2
2

b
7.6

Tallow means 0 7.2a
3 7.7b

a, b, c, d
Means within main effects or interactions with different superscripts at the P < 0.05.

*
Means of three observations.
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Appendix Table 3. The effect of RAC, tallow and urea on butyric acid production in vitro.

Tallow, % Urea, %
RAC, % Tallow x

urea means30 40 50 60

mol/ml

0 0* 1.4 1.9 1.8 2. 2
8a

2* 2.3 2.9 2.9 2.6 2. 7
b

3 0* 1.8 2.2 1.8 2.3 2. 0
a

2* 2. 1 1.9 2.3 2. 1 2. la

Tallow x RAC means

0 tallow 1.9a 2.4a 2.3a 2.4a
3% tallow

RAC x Urea means 0

1.9a

1.6
a

2. la

ab
2. lb

2.1a

1.8a

2.2a

2. 3
ab

2 2.2ab
2. 4 2.6

b
2. 3

ab

RAC means
a

1.9
ab

2.2
ab

2. 2 2.3b

Urea means 0 1.9
a

2 2.4

Tallow means 0 2.2a
3 2. la

a, b, cMeans within main effects or interactions with different superscripts differ at the P< 0.05.

Means of three observations.
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Appendix Table 4. The effect of RAC, tallow and urea on ammonia disappearance in vitro.

RAC, % Tallow x
Tallow, % Urea, % 30 40 50 60 urea means

mg/100 ml
a

0 0* 3.02 3.39 3.61 3.37 3.35
2* 5.66 6.37 7.55 4.74 6.08b

3 0* 2.47 3.33 3.88 3.50 3.30a
2* 2.53 2.39 4.98 3.30 3.30a

Tallow x RAC means

0 tallow
3% tallow

4.34c
2.50a

4.88
cd

2.86a'
5.58d

c4.3
4.05be
3.40

b

RAC x Urea means 0 2.74a 3.36a 3.75
b 3.43a

2 4.09b 4.38
b 6.26c 4.02b

RAC means 3.42
a

3.87
a

5.01
b 3.73a

a
Urea means 0 3.32b

2 4.69

Tallow means 0 4.71
b

3 3.30a

a, b, c, dMeans within math effects or interactions with different superscripts differ at the P < 0.05.
*
Means of three observations.
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Appendix Table 5. The effect of RAC, tallow and urea on gross energy produced from VFA's.

Tallow, % Urea, %
RAC, % Tallow x

urea means30 40 50 60

cal/ml of fluid

0 0* 3,470 5.741 5.511 6.472 5.299
2* 5.863 6.725 7.651 7.076 6.829a

3 0* 4.599 5.901 6.524 7.137 6.040"
2* 5.043 5.032 6.617 6.298 5.747

cb

Tallow x RAC means

0 tallow 4.667 6.233 6.581 6.774
3% tallow 4.821 5.466 5.570 6.718

RAC x Urea means 0 4,035d 5.821 66.017k
6.805ba

2 5.433c 5.878c 7.134a
ba

6.687

RAC means 4.744c 5.850
b 6.576a 6.746a

Urea means 0 5.699b
2 6.288

Tallow means 0 6.064
3 5.894

a, b,
M

d_ eans within main effects or interactions with different superscripts differ at the P < 0.05.

Means of three observations.
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Appendix Table 6. Method for total plasma lipids determination. a

Procedure

1. Pipet 8 ml of plasma into a 150 mm x 25 mm test tube.

2. Add 15 ml of a 2:1 chloroform:methanol mixture to the test tube
and shake well.

3. Homogenize the mixture using the Biosonik II Ultrasonic probe.
"Sonicate" the mixture for 1 minute, at 70% of full power.

4. Add 0.5 ml of a 10% trichloroacetic acid solution, 15 ml of the
chloroform-methanol solution and shake well.

5. Centrifuge at 1000 RPM for 20 minutes.

6. Draw off the chloroform phase (the bottom layer) and place it
into a beaker.

7. Add 15 ml of chloroform to the test tube containing the precipate
and the methanol-water phase, shake well and centrifuge at 100
RPM for 20 minutes.

8. Draw off the chloroform phase and add it to the beaker containing
the first chloroform extract.

9. Filter the chloroform extract using Whatman 1P filter paper.

10. Transfer the filtered chloroform solution to an aluminum dish
that has been weighed. Take the sample to dryness using a hot
plate with a surface temperature of 110° C.

11. The aluminum dish is weighed again and weight of lipid is
determined by difference.

a E.G. Bligh and W. J. Dyer: Can. J. Biochem, and Physiol. 37(8):
911, 1959.


