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ABSTRACT

Six Holstein steers were used In two 3x3 latin squares balanced

for estimating residual effects to determine nutrient utilization and

physiological response of animals consuming unsupplemented, soybean

meal (SBM) supplemented, and liquid molasses-urea (LPS) supplemented corn

silage complete rations. Supplements were mixed at time of feeding to

raise the ration to \1% crude protein on a dry matter basis. Total ani

mal excreta was collected for a five-day period, after which, blood and

rumen fluid samples were drawn.

Differences in dry matter intake and digestibility of dry matter,

acid-detergent fiber, and acid-detergent eellulose were not significant.

Organic matter and crude protein digestibility of the unsupplemented,

SBM supplemented, and LPS supplemented rations were 66.7 and SI-5%',

69.0 and 62.k%; and 66.4 and 67.6^, respectively. LPS supplementation

decreased ether extract digestibility. Fecal and urinary nitrogen (N)

excretion was not affected by supplement. N-retention (g./day) of animals

consuming the unsupplemented, SMB supplemented, and LPS supplemented rations

was 19.If 11.0, and 17.7, respectively. Calculated values of true N

digestibi lity, biological value, and net protein utilization for the sup

plemented rations were nbt significantly different. Mineral balance and

plasma mineral concentrations were not affected by supplement. Concen

tration and molar percent of isovalerate in the rumen fluid was signif

icantly elevated by consumption of the LPS supplemented ration.
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CHAPTER I

INTRODUCTION

Within the past decade, several major feed manufacturers have

introduced liquid supplements Into the Southeast. These supplements

utilize various types of molasses as carriers for nonprotein nitrogen

(NPN) compounds along with an array of minerals, vitamins, and antibiotics

used in l ivestock feeds. Specific formulation of a liquid supplement

varies widely among commercial brands. Generally, however, liquid sup

plements and animal performance in each case is related to the abi 1 ity

of the product to adequately supplement the other feeds in the total

ration.

Feeding of liquid supplements have been more widely accepted by

the beef industry than the dairy industry. The self-feeding of liquid

supplements from a "lick-wheel" feeder offers a labor-saving method of

supplying supplemental nitrogen and energy to range cattle. However,

variation in consumption of the supplement in a self-feeding system is

large. This system of feeding liquid supplements offers dairymen no

assurance that high producing cows will consume enough supplement to meet

nitrogen and mineral requirements for milk production. Furthermore, ex

cessive consumption of a self-fed liquid supplement by low producing or

late-lactation cows will tend to decrease the profit margin of the herd.

The blending of liquid supplements with forage into a complete

ration eliminates variable intake of the supplement by animals. Because

1



of the high energy to nitrogen ratio in corn silage, proper nitrogen

and mineral supplementation wi ll produce a high-quality complete feed.

The purpose of this study was to determine the effects on nutrient util

ization and physiological response of animals consuming a commercial

liquid supplement mixed with corn silage in a complete ration.



CHAPTER I I "V

REVIEW OF LITERATURE

I. HISTORY OF NPN FEEDING TO RUMINANTS

In 1879, Weiske first demonstrated that ruminants can uti lize

nonprotein nitrogen (NPN) compounds by feeding asparagine to cattle (31).

However, the role of the rumen mlcroflora in the digestion of cellulose

and uti lization of NPN was first realized in I89I by Zuntz and Bohlmann

of Germany (83). Subsequent research gave conflicting results and theories

concerning the ability of the ruminant to utilize NPN were vigorously

contested among European researchers. In 191 1, Armsby (3) publ ished a

comprehensive review of work on the role of the rumen microorganisms in

converting NPN to proteins, their digestion in the lower alimentary tract,

and ultimate conversion to proteins for production.

The bulk of early research concerning NPN utilization by ruminants

was carried on by German workers. Development of the Haber-Bosh ammonia

synthesizing process during World War I led to the development of a com

mercial process of synthesizing urea from ammonia and carbon dioxide.

By the mid 1930's, Europe was reported to be using 10,000 tons of urea

annually In l ivestock feed (83).

Studies on NPN util ization by ruminants in the United States began

In the late 1930's at Wisconsin. Hart et al. (29) reported that NPN

was utilized by growing dairy heifers and that soluble carbohydrates

In the diet increased NPN utilization. This initial work was followed

3
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by a series of experiments at I llinois (27, 28), Massachusetts (2),

and Cornell (53)• These early studies showed that a significant amount

of urea nitrogen could be substituted for protein nitrogen resulting in

no adverse effects on production.

Commercial production of urea began in the United States in 1935,

making urea available at prices allowing its use by the feed industry (83)

During World War I I, stress on the supply of natural protein caused an

increased use of NPN by feed manufacturers and farmers. Urea became the

most commonly used NPN product, being first accepted and most widely used

by those fattening beef cattle. The dairy industry was more reluctant

to use these compounds. However, of the one million tons of NPN annual ly

fed livestock today, approximately 2^5,000 tons are consumed by dairy

cattle (64).

I I. METABOLISM OF NPN COMPOUNDS IN THE RUMEN

Rumen Degradation and Ammonia Formation

NPN compounds are a normal constituent in rumen fluid, even when

these compounds are absent from the diet. Pearson and Smith (66) demon

strated that rumen contents have a high urease activity, concluding that

the rumen microbes possess the ability to degrade urea and other NPN com

pounds. Using in vitro techniques, they found that 100 g. of rumen con

tents could convert 100 mg. of urea to NH^ and CO2 in one hour at 39° C.

Ammonia is the common intermediate between NPN hydrolysis and micro-

bial protein synthesis. If an NPN compound cannot yield free NH3 in the

rumen, it is useless as a nitrogen source to the microflora (64). Studies



with '^N-urea have shown the addition of '^N-ammonla to the rumen

ammonia pool (46). The potent urease enzyme production is attributed

to several species of bacteria present In the rumen. Ruminal ammonia

can also arise from the degradation of dietary proteins and peptldes,

microblal proteins, and recycled urea In the sal iva.

Ammonia Metabolism by Rumen Microbes

it has been wel l established that a wide variety of NPN compounds

will support In vitro growth of ruminal microbes (12, 31, 64). LooslI

et. al. (54) demonstrated the microblal synthesis of the ten amino acids

essential to rats in Iambs fed prulfled diets with urea as the sole source

of dietary nitrogen. Chalupa (12) suggests that general amination and

transamination reactions of keto acids are the primary mechanism of

ammonia utilization by rumen microbes In the synthesis of amino acids.

The presence of NAD- and NADP-1Inked glutamic acid dehydrogenase in

rumen microbes (35) and the rumen mucosa (35, 38) suggests that ammonia

Incorporation into glutamic acid Is the major mechanism of ammonia fixa

tion by rumen bacteria (I). Subsequent transaminase reactions of amino-

nltrogen to a-keto acids enable the synthesis of other amino acids for

microblal protein synthesis (12).

Quality of microblal protein synthesized In the rumen. Micro

blal protein synthesis from dietary nitrogen depends upon the amount and

nature of the dietary constituents fed to the ruminant. The amount of

high-energy compounds, primarily ATP, that can be derived from the rumen

contents Is the major factor determining microblal growth (13). The main
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energy yielding substrate in the ruminant diet is carbohydrate. Because

of the anaerobic condition of the rumen, the efficiency of microbial

growth is greatly reduced when compared to an aerobic system. Hungate

(42) estimated that a microbial cell yield of 10-20% would be expected in

anaerobic fermentation. Using the mean of 15%, a calculated yield of

18.3 g. of digestible microbial protein could be produced for each digest

ible megacalorie ingested (71). Chalupa (18) calculated that a dairy

cow depending entirely upon microbial protein synthesized in the rumen

would produce only 10 kg. milk per day. Cows averaged 8.6-12.1 kg. milk

per day over several lactations when fed a protein-free, urea-containing

diet (92).

In vivo estimates of rumen microbial protein synthesis has been

hampered by the technical problem of separating microbial protein from

partially degraded feed protein. Despite this obstacle, a considerable

effect has been initiated in recent years. In a review by Thomas (85)

considering 27 different rations, rumen protein synthesis as measured

by a-e-diaminopimelic acid, ranged from 15.3-53. 1 g. N per kg. digestible

organic matter. Using a protein-free diet, Hume (4l) measured 27 g,

of microbial N per kg. digested organic matter entering the omasum.

Kropp et ai, (51), feeding low-protein hay with varying percentages of

protein and NPN, found a constant rate of microbial N flow into the abomasum

corresponding to 8.4 g. microbial protein synthesized per iOO g. digested

dry matter. A commonly accepted value of 22 to 23 g. microbial protein

synthesized per 100 g. organic matter digested in the rumen has been

expressed (60, 85).
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Satter and Slyter (8l) demonstrated in vitro that under nitrogen-

limiting conditions, microbial protein yield increased linearly with in

creasing supplementary urea. However, accumulation of ammonia in the in

cubated ingesta above the concentration of 5 mg. NH3-N/IOO ml. had no

effect on microbial protein synthesis. It has been suggested that NPN

supplementation to ruminant rations already promoting rumen ammonia con

centration greater than 5 mg. NH^-N/lOO ml. does not'further increase micro

bial protein yield, and, therefore, is useless to the ruminant animal (10,

7^, 80, 81).

Qual ity of microbial protein. Ami no acids leaving the rumen for

digestion in the lower alimentary tract consists of bacterial, protozoal,

and undegraded dietary protein. With increasing levels of dietary NPN,

bacterial and protozoal protein qual ity becomes an important component

in the nutrition of the host animal. Microbial protein quality has been

studied by amino acid analysis of bacterial and protozoal hydrolysates

(72, 93) and by feeding microbial preparations to laboratory animals for

assessment of nutritive vaiue (59).

Weller (93) demonstrated the constancy of the amino acid composi

tion of rumen microorganisms by examining preparations from animals fed

four different rations. His results were confirmed by Purser and Buechler

(72) in their amino acid analysis of 22 strains of rumen bacteria grown

in pure culture. Protozoal protein contains greater amounts of the

essential amino acids isoleucine, leucine, phenylalanine and lysine

compared to rumen bacterial protein (71).



Though amino acid composition of rumen microbes may be constant,

indications are that release and availability of specific amino acids

may vary (71). In vitro digestion of bacterial protein with pepsin and

pancreatic proteases showed that methionine may be limiting in cel lulo-

lytic bacteria, whi le leucine may be l imiting in non-cel1ulolytic bacteria

(7). Furthermore, proportions of essential amino acids released during

digestion varied greatly with different bacterial strains. Purser (71)

concluded that modifications in the microbial population of the rumen may

be responsible for differences in util ization of different dietary nitrogen

sources.

The feeding of rumen microbes to laboratory animals suggests that

protozoal protein is slightly higher in nutritive value than bacterial

protein. Rumen bacteria average 55% crude protein with a true digestibi l ity

of 66%, a biological value of 78%, and a net protein uti l ization of 52%

rumen protozoa average 38% crude protein with a true digestibi l ity of

88%, a biological value of 77%, and a net protein uti lization of 67% (59).

Superior net uti l ization of protozoal protein over bacterial protein re~

suited in better growth in chicks fed a diet supplemented with dried pro-

tozoal protein (12). Since cel l wal ls constitute about 15% of the dry

weight of bacteria, Chalupa (13) suggests that the proteolytic-resistant

cell wal ls reduce the avai labi lity of bacterial protein during digestion.

I I I. METHODS OF FEEDING NPN

A major problem with direct substitution of urea and other NPN

compounds for natural protein is the resulting feed intake depression.
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This Is apparently due to the undesirable taste (25) of ammonia containing

compounds when fed a certain concentrations to ruminants. The limit for

feeding urea to dairy cattle without depressing feed Intake is about

^5 g./lOO kg. body weight (38). Sheep consistently refused solutions of

2.5 to 5'0% urea, even when fed a protein-deficient ration (25). Reduced

feed intake has been observed when concentrates contain greater than 2%

urea (12, 25). However, Plummer (68) fed a concentrate containing 3%

urea with no adverse effect on milk production or feed intake. Generally,

urea-containing rations are acceptable to cattle when urea nitrogen com

poses not more than one third of the rations total nitrogen (12).

Several methods of feeding NPN compounds to ruminants have been

devised to obtain a high level of NPN intake without depression of total

feed intake. Missouri workers (11) showed increasing the frequency of

feeding urea-containing rations from two to six times daily increased

total NPN and dry matter intakes, resulting in increased rate of gain in

dairy heifers. Much interest has been given to mixing NPN with highly

palatable feeds. Silages have been the most widely used feed to mix with

NPN compounds (38). An expansion processed mixture of urea and starchy

grains (Starea) has been shown to increase urea utilization by ruminants

(30). Additions of urea and other NPN compounds to molasses has produced

variable results when fed in various conditions (8, li», 36, 50, 57, 65,

73. 75, 78, 87, 98).
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IV.' FEEDING NPN IN CORN SILAGE BASED RATIONS

Corn silage is a major forage for livestock primarily because

of Its high energy yield per unit of land. It Is also an excellent medium

for feeding NPN supplements. Corn silage is high in digestible energy,

very palatable to cattle, but relatively low in crude protein. Supple

mentation with nitrogen is required to balance the crude protein to energy

ratio if corn silage is to be a ration's main component. Due to rising

costs for natural protein sources, use of urea as a nitrogen supplement

for corn silage may be economically profitable for many farmers.

NPN products may be Included with corn silage rations either by

addition at time of ensiling or mixed at time of feeding. Urea is the

common NPN compound added to corn silage because of cost and possibility

of acquirement (37» 38), though biuret (16), ammonia (17, 2A), and ammonia

salts (32) have been used.

NPN Addition at Ensil ing

Several advantages are associated with nitrogen supplementation of

corn silage at ensiling: (1) masking of undesirable odor and taste of

ammonia compounds; (2) even distribution of supplement in the si lage,

minimizing the possibil ity of toxiclties; (3) even intake of NPN by rum

inants over the whole day. Increasing nitrogen util ization; and (4) take

advantage of the complete ration concept and automated feeding systems (38).

German researchers reported the Initial work on addition of urea

to corn silage at ensiling (79). Early work In the United States showed

slightly lower consumption by dairy cows of corn silage containing 0.5^
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urea compared to untreated silage (86). No effect on mi lk production was

detected, however, Polan (69) fed corn silage treated with 0, 0.5, and

0.75^ urea as the only forage for lactating cows consuming grain in the

milk parlor according to the production. Results showed that level of urea

in the silage did not influence si lage intake, total feed intake, or mi lk

production. Huber and Thomas (kO) and Montgomery et al. (62) concluded

that O.S% urea-treated corn silage could warrant the feeding of a low-

protein concentrate to lactating cows without adverse effect on feed intake

or milk yield. Work at Michigan showed milk yields of cows fed NPN-treated

corn silages have been equal to or better than yields for cows fed isc-

nitrogenous rations from all natural protein, even when over 60% of the

supplemental nitrogen of the treated rations came from NPN (37). However,

milk production was greatly depressed when corn si lage treated with urea

was greater than kO% dry matter.

Giardini et al. (24) treated corn si lage with several commercial

pre-ensi ling preparations containing urea and/or ammonia to increase the

si lage to 11-13% crude protein. Though differences existed among commer

cial products, NPN-treated corn silage promoted the same rate of gain as

corn silage and soybean meal when fed to feedlot steers.

Addition of urea to corn silage at ensiling produces a more stable

si lage with higher utilization coefficients for nitrogen and l ittle chance

for toxicity (33» 37, 38). The added urea is hydrolyzed in the silo to

ammonia and CO2. Released ammonis is then available to combine with

organic fermentation acids, forming organic ammonia salts, or for bacter

ial protein synthesis. Henderson et al. (33) demonstrated a slower rumen
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degradation of organic salts and, therefore, a smaller quantity of ammonia

entering the blood of cattle fed urea-treated silages. Johnson et al.

(45) reported corn silage treated with 0.5^ urea at ensiling contained

30-40% of the total nitrogen as NPN, while untreated si lage contained

40-50% of the total nitrogen as NPN. This suggests the incorporation

of urea nitrogen into bacterial protein in the silo.

NPN Mixed at Feeding

Addition of NPN to corn silage at time of feeding enables control

of the nitrogen content of the silage for individual or group feeding

systems. Little or no loss of NPN occurs, though the task may require

addition labor to ensure proper mixing.

Feed grade urea or other NPN products may be mixed dry with corn

silage or dissolved in a liquid medium and sprinkled through the forage

(79). Huber et al. (39) found that a ration where urea was the sole

nitrogen supplement of corn silage depressed mi lk yields in high producing

dairy cows, but dry matter intake was not affected. An isonitrogenous

supplementation of corn silage with oil seed meals and urea, however, had

no adverse affect on milk production when compared to an al l oil seed

meal supplementation. Van Arsdell et al. (88) found that fattening

steers fed soybean meal mixed with corn si lage gained 10% more weight

than steers fed an isonitrogenous, isocaloric, corn silage ration supple

mented with ground corn and urea. Several researchers have concluded that

urea is not acceptable as the only nitrogen supplement for corn silage

based rations when mixed at time of feeding (28, 37. 38, 89).
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Utilization of urea is improved when included in a multi-ingredient

supplement with corn silage (13, 18, 38, 79)• High-producing cows fed a

concentrate containing l.S% urea blended with corn si lage prior to feeding

yielded the same amount of milk as cows fed a concentrate containing soy

bean meal (18). However, substitution of ammonia salts for urea decreased

nitrogen utilization and depressed milk yields. Barth et al. (5) found

increasing nutrient digestibility coefficients when urea furnished in

creasing percentages of dietary nitrogen in steers fed a complete ration

of corn silage, ground corn, cotton-seed meal, and urea. When urea con

stituted k8% of the dietary nitrogen, however, increased urinary excretion

of nitrogen decreased net nitrogen utilization, resulting in lower nitrogen

retention values.

Dissolving NPN compounds in an aqueous solution facilitates mixing

with corn silage and reduces the risk of ammonia toxicity (79). Harris

and Mitchell (27) improved the growth rate of lambs fed corn si lage by

adding urea solutions to increase the crude protein of the ration. They

noted that lambs consuming the treated silage took a longer time to consume

the forage than lambs eating the untreated silage. Molasses has been used

as a solvent for NPN to increase the palatability of the mixture and supply

needed energy and sulfur for NPN utilization. King et al. (if9) found

only small differences between the acceptance of corn silage mixed with

blackstrap molasses and blackstrap molasses containing 5^ urea by

dai ry heifers.
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V. MOLASSES-NPN LIQUID SUPPLEMENTS FOR CATTLE .

The use of liquid supplements to provide additional energy, crude

protein, minerals, and other nutrients has markedly increased in recent

years. Perhaps the savings on iabor with the self-fed supplements have

been attractive to many farmers. Other advantages of using liquid sup

plements are: (1) increased palatability of finely ground and course

roughages; (2) decreased dustiness of feeds; (3) minimum amount of product

waste; (k) ease of handling and storage; and (5) they offer a means of

utilizing many good by-products of industry (A7).

Most liquid supplements contain a molasses base with urea added to

supply the major portion of the crude protein equivalent. The addition

of other ingredients such as phosphorus sources, trace minerals, and anti

biotics, vary with the specific brand of supplement. In 1970, 99 known

brands of liquid supplements were being distributed throughout the

southeast United States (47).

Bently et ai. (6) reported that cane molasses is a substance that

increases rumen microbial activity in vitro. Mil ls et al. (58), using

fistulated heifers, showed that addition of corn molasses to a hay-urea

ration decreased rumen ammonia, whi le increasing percipitable proteins.

Potter et al. (70) investigated the quanitty of nitrogenous material

entering the abomasum of finishing steers fed a corn-corn cob ration

supplemented with: (1) soybean meal, (2) urea, (3) urea and 2.5^ molasses,

and (4) urea and 10% molasses. The addition of 2.5% molasses to the urea

diet increased dai ly abomasal nitrogen by 23%, but the addition of 10%
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molasses to the urea ration was of no greater benefit. It has been

suggested that molasses may be a source of essential factors that stimu

late rumen microbial growth, thus increasing NPN incorporation into micro-

biai protein (70, 98). Because of the extremely rapid digestion of sugars

in the rumen, Johnson (kU) suggests that starches, rather than molasses,

would be a more adequate source of carbohydrate for maximal NPN util iza

tion by the rumen microbes.

Comparison of Liquid vs. Dry Supplements

Much data is avaiiable on the comparison of liquid and dry sup

plements of beef cows on low quality forage. Wintering range cows

in Oklahoma performed equally well on self-fed liquid and dry supplements

containing molasses and either urea or biuret (87). However, caif weaning

weights and cow condition scores were higher for cows receiving natural

protein supplements. Similar results were obtained in Virginia with beef

cows fed corn siiage and a liquid dry urea-containing supplement (56).

Cows on low quality pasture consuming a dry molasses urea supplement

containing starchy grains performed better than cows consuming a liquid

molasses-urea supplement (78). Apparently starch in the dry supplement

supported greater NPN utilization than sugars in the molasses of the liquid

supplement (40, 78).

McClure et al. (57) compared dry supplements containing urea and

biuret spread over corn silage to a liquid supplement fed separately with

corn silage to finishing steers fed grain. Steers consumed only 0.64 kg.

daily of the liquid supplement, about one-fourth of the desired amount.
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Consequently, feeding of the liquid supplement resulted in reduced carcass

weight.

Michigan work suggests that a liquid molasses-urea supplement added

to corn silage either at ensiling or at feeding results in performance

equal to that of a dry urea-mineral supplement (36). In high-producing

dairy cows, lower milk yields and feed intake were observed on rations

where NPN furnished all the supplemental nitrogen compared to a control

ration of natural protein supplements.

Self-Feeding of Liquid Supplements

Basically, there are two methods of feeding liquid supplements:

(1) self-feeding tanks where intake is limited by phosphate compounds or

salts; and (2) mixed with a forage, usually a silage. The self-feeding

method has been used extensively for supplementing range cattle (26, 77,

78, 87). Rush et al. (77) found that heifers consuming a liquid molasses-

urea supplement loss more weight than those supplemented with a self-

fed natural protein supplement on winter range grass. These findings

are contrary to those of Grelen and Pearson (26) when comparing a liquid

supplement with cottonseed cake. Replacement dairy heifers on a good

quality ryegrass pasture showed no extra gains when supplemented with a

free choice liquid supplement (75)- Using chromium oxide as a marker,

Whitlow et al. (94) demonstrated that nearly all the liquid supplement

consumed from a lick-wheel feeder passes into the reticulorumen and does

not bypass it via the esophygeal groove as suggested by some.

In sugarcane-growing countries where cereals and oil seed meals
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are scarce, liquid molasses-urea mixtures may compose the majority of

the diet (l^t, 19, 65, 73). Cuban workers have reported satisfactory

gains in beef steers (ill) and A.I. bulis (19) when liquid composed

greater than 10% of the diet. Reports of cross-bred, dual-purpose cows

efficiently produced milk on a ration of 75^ molasses-urea liquid have

come from India (65).

Mixing Liquid Supplements with Forage

Most of the work with feeding liquid supplements mixed with forage

has been done with dairy cattle. This method of feeding lends itself to

a more exact control of supplement intake than the self-fed method. Silages

seem to be the forage of choice because they mask the undesirable taste

associated with urea because their organic acids will bind released ammonia

(36). The taste of ammonia may render feeds unacceptable to cattle (25).

Addition of molasses-urea l iquid supplements to corn silage makes

it essentially a complete feed in protein and energy for growing heifers.

South Carolina workers reported daily gains of 0.73 kg. in dairy heifers

fed a 5^ urea-molasses solution (16.7^ crude protein equivalent) mixed

with corn silage and cottonseed meal (48). However, when a 10% urea-

molasses solution (32.4% crude protein equivalent) was the sole supplement

for corn silage, heifers gained only 0.46 kg. per day. Nitrogen metabol ism

studies showed no difference in nitrogen utilization of corn silage rations

supplemented with either 5% urea-molasses and cottonseed meal (50). How

ever, decreased nutrient digestibi1ity of forage rations supplemented with

liquid urea-molasses mixtures has been reported (8, 22, 55). Montgomery

(unpublished data) observed decreased growth by dairy heifers fed a corn

/
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silage ration supplemented with a 35^ crude protein commercial liquid

supplement when compared to heifers consuming an unsupplamented corn

silage ration.

Van Horn and Mudd (90) reported that cows receiving a complete

feed of corn silage and a liquid NPN supplement produced 1.5 kg. less

milk per day than cows fed an isonitrogenous mix containing soybean meal.

Cows fed the diet containing soybean meal consumed more total feed than

cows consuming the liquid NPN supplemented diet.

Ammoniated-Molasses Supplements

Early work with feeding ammoniated molasses resulted in reduced

gains in growing dairy heifers (48, 49) and decreased digestibility of

dietary crude protein (50). In vitro studies have shown rather poor util

ization of ammoniated molasses nitrogen by rumen microbes (34). Most

liquid supplements on the market today do not contain ammoniated molasses

(47).



CHAPTER III

EXPERIMENTAL PROCEDURE

I. OBJECTIVES OF EXPERIMENT

The objectives of this study were: (1) to determine nutrient

digestibility and nitrogen utilization of corn silage alone or supplemented

with soybean meal (SBM) or a liquid molasses-urea supplement (LPS); and

(2) to ascertain if there are any major alterations in urine, blood, or

rumen fluid following the consumption of the LPS. This study was a follow-

up to a growth trial at the Dairy Experiment Station at Lewisburg which

resulted in decreased weight gains in heifers when the LPS, Golden Flo,

a product of Tennessee Farmer's Cooperative, was used with either corn or

wheat silages.

I I. EXPERIMENTAL DESIGN

The experimental design consisted of two 3x3 latin squares

balanced for estimating residual effects of the treatments. Six Holstein

steers were the experimental animals. The steers were randomly allotted

to one of three experimental rations consisting of corn silage alone or

supplemented with either SBM or LPS. Ration assignments for the three

trials are shown in Table 1.
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TABLE I. Ration Assignments in Latin Squares Balanced
for Estimating Residuai Effects

Square I Square I I

A = Corn silage alone ration

B = Corn silage + SBM ration

C = Corn silage + LPS ration

20

Animal 20k 197 200 An i ma 1 201 198 205

Trial 1 A B C Trial 1 A B C

Trial 2 B C A Trial 2 C A B

Trial 3 C A B Trial 3 B C A
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I I I. MATERIALS AND METHODS

Conduct of Trials

Six Holstein steers, averaging 329 kg. in body weight, were confined

in individual metaboiism crates designed to separate urine and feces. All

animals had been used in a previous metabolism study.

Experimental rations consisted of corn siiage unsupplamented or sup

plemented with either SBM or LPS to raise the crude protein content of

the siiage to ]2% on a dry matter basis. The supplements were manually

mixed with the corn silage at time of feeding. All rations were offered

to ensure ad 1ibitum consumption with at least 10% refusals. Animals were

fed and watered twice daily (8 am and 4 pm); refusals were collected,

weighed, and recorded daily before the afternoon feeding. An attempt was

made to keep the silage fresh. Silage removed from the silo and not used

for immediate feeding was stored in plastic garbage cans under refrigera

tion. Refrigerated silage was never stored longer than one day. A trace

mineralized salt block was placed in the feed box of each steer.

All animals were weighed at the beginning of the experiment and

between each triai. The three trials consisted of three phases: the first

seven days served as a ration adjustment phase, the second seven days

constituted an intake measurement phase, and the last five days were for

total excreta collection. During the col lection phase, fecal output

was collected and weighed daily. A 5% aliquot sample from each animal

was composited and refrigerated in plastic bags. Total daily urinary

excretion from each steer was collected in polyethylene jars containing
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50 ml. of 6N HCl to prevent ammonia vaporization. A U al iquot sample,

drawn to the nearest 25 ml., was composited for each steer and refrigerated
in glass jars until analysis. Rations were sampled daily before the after

noon feeding, composited, and refrigerated in plastic bags. Refusals were

weighed and 10% aliquot samples were composited and also refrigerated in

plastic bags.

After the fifth collection day, the steers were removed from the

crates and samples of blood and rumen fluid were drawn. The blood was

Immediately centrifuged at lOOOxg and plasma frozen until analysis. The

rumen fluid was strained through several layers of cheese cloth and

frozen in plastic containers. A 2-day rest period, in which the steers

were group fed corn silage ad libitum, was allowed between trials.

Triplicate samples of ration, refusal, and feces collected from

each animal were weighed, dried for 72 hours in a forced-air oven at 60° C,

and allowed to air-equi librate for it8 hours before being reweighed to de

termine air-equilibrated dry matter. The samples were then ground through
a 2 mm. mesh screen of a Wiley Mill and placed in air-tight jars before

the beginning of the next collection period of the following trial.

Laboratory Analysis

All laboratory analyses were conducted in triplicate. Ration,

refusal, and fecal samples were analyzed for dry matter by drying in a

100° C oven overnight. Crude protein, ether extract, and ash were deter-

mine.d by methods according to A.O.A.C. (4).. Acid-detergent fiber and acid-

insoluble lignin were determined by the method of Van Soest (91). Acid-
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detergent cellulose was determined by difference of acid-detergent fiber

and acid-insoluble lignin.

Nitrogen content of urine samples were determined by the Kjeldahl

method (4). All samples collected, except rumen fluid, were analyzed

for calcium, magnesium, and potassium by atomic absorption and phosphorus

by the method" of Fiske and SubbaRow (21).

Ration samples were composited across trials for the determination

of sulfur and soluble nitrogen, NPN, and percipitable protein. Sulfur

was analyzed gravimetrleally by Galbraith Laboratories, Inc., Knoxville,

Tennessee. Nitrogen solubility was determined in a mineral buffer solution

(ionic strength = 0.14, pH = 5«5) similar to the method suggested by

Wohlt et al. (97). Soluble proteins were precipitated overnight with

sodium tungstate and centrifuged at 12,000xg. The supernate was then

analyzed for nitrogen (soluble NPN). Soluble protein values were obtained

by the subtraction of soluble NPN from total soluble nitrogen.

Volatile fatty acid (VFA) concentrations in the rumen fluid were

determined by gas-liquid chromatography as described by Erwin et al. (20).

A 1.8 meter glass column packed with 10^ SPi200 washed with U H^POi^ on

Chromasorb w' was used for VFA separation. Nitrogen was the carrier gas.
Injection portal, flame ionizing detector, and oven temperatures were

210°, 250°, and 120° C., respectively.

'Supelco Inc., Bellefonte, Pennsylvania.
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Statistical Analysis

The data was analyzed by methods developed by Williams (95) for

the estimation of residual effects of treatments. The mathematical model

for the analysis was:

^ijklm M + tj + rj + a,^ + tr, (sq„) + e..jklm

where:

Yijkim dependent variable

y " estimate of population mean

tj = direct effect of treatments

rj = residual effect of treatments

a|^ = effect of individual animals

" ®^fect of trials within each square

®ijklm " randomized error effect.

Treatment differenced were determined by Duncan's Multiple Range

Test (43) on treatment means adjusted for residual treatment effects.
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CHAPTER IV

RESULTS AND DISCUSSION

I . RATION ANALYSIS

Because of litnited quantities of the LPS ieft over from the feeding

trials at Lewisburg, another batch of LPS from the same supplier was also

used in this experiment. The first batch was fed during the first trial

and for the first five days of the second trial. The new batch was fed for

the remainder of the experiment.

Both batches of LPS analyzed similar for dry matter and nitrogen,

approximately 50% and 10.9^ (dry matter basis), respectively. The first

batch, however, analyzed 1.3% higher in ash content than the second batch

{3.k% vs. 2.1^). Differences in sulfur content accounted for most of

the difference in ash content. Percentages of sulfur on a dry matter

basis for the first and second batch were 3.25 and 1.78, respectively.

Calcium, phosphorus, and magnesium were higher in the first batch, while

potassium was higher in the second batch. Percentages on a dry matter

basis for calcium, phophorus, magnesium, and potassium were: 0.19i

0.57f 0.07, and 0.^9, respectively for the first batch; and 0.05, 0.22,

0.05, and 0.71, respectively for the second batch.

Average analyses of the experimental rations are in Tables 2 and 3.

The SBM supplemented ration was lower in crude protein (Table 2) than

had been expected. The crude protein content of the LPS supplemented
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TABLE 2. Chemical Composition of Supplemented Corn Silage
Complete Rations

Alone

Supplement
SBM IPS

Dry matter (^) 30.1+0.5"3 31.7+0.4 31.1+0.4

Organic matter {%)
(? of Dry Matter)-

94.3+0,1 94.2+0.1 93.2+0.3
Crude protein (%) 9.2+0.3 11.3+0.9 13.7+1.0
Ether extract (%) 2,4+0.1 2.3+0.1 2.2+0.1
Acid detergent

Fiber U) 35.1+1.0 33.4+0.6 31.6+1.2
LIgnIn (?) 4.5+0,2 4.4+0.3 4.2+0.4
Cellulose (?) 30.6+0.8 29.0+0.8 27.4+1.0

®Mean+SD.

. * - ■'■■I ■ k
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TABLE 3. Mineral Composition of Supplemented Corn Si lage
Complete Rations®

Supplement
Alone SBM LPS

Nitrogen (%) 1.A6+0.05 1.80+0.01 2.19+0.16
Soluble Nitrogen {% of N)^ As.9 38.9 68.0 ~
Soluble NPN {% of N)c 32.9 32.8 61.2
Soluble Protein Nitrogen {% of N)'- 13.0 6.1 6.8
Calcium (mg/g dry matter) 3.5+0.3 3.6+0.A 3.9+0.3
Phosphorus (mg/g dry matter) 2.5+0.2 2.7+0.1 A.2+1.2
Magnesium (mg/g dry matter) 2.3+0. 1 2.A+0.2 2.A+0.1
Potassium (mg/g dry matter) 1 A.5+0.8 lA.9+0.6 17.3+1.3
Sulfur (%)a.c 0.21 0.30 0.A2
NItrogen:Sulfur Ratio 7.0 6.0 5.3

^Expressed on dry basis.

''Mean;+SD.

^Analysis on composited sample across trials.
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ration averaged higher than expected and varied between trials. The

variation probably resulted from uneven mixing of the LPS in the ration

which hindered the collection of representative samples.

Soluble nitrogen (Table 3) composed k5.S, 38.9, and 68.0^ of the

total nitrogen in the unsupplemented, SBM supplemented, and LPS supplemented

rations, respectively. Al l the nitrogen supplied by the LPS was soluble,

presumably in the form of urea.

Since the phosphorus content of the LPS was generally high, the LPS

supplemented ration averaged less than a 1:1 calcium-to-phosphorus (Ca:P)

ratio. The Ca:P ratio of the ration was 0.7^1 when the first batch of

LPS was used and averaged 1.1: 1 when the second batch was used. The Ca:P

ratio of the other rations was in accordance with NRC recommendations (63).

I I. RATION INTAKE AND AVERAGE WEIGHT CHANGE

Adjusted means for dry matter intake and average weight change

are in Table A. Animals consumed more of the SBM supplemented ration than

either the unsupplemented or the LPS supplemented rations. Mean differences,

however, were not statistically significant. Generally, consumption of

all three experimental rations was high enough to meet growth requirements

of a 350 kg. steer gaining 0.25 kg./day (63).

Animals consuming the SBM supplemented ration averaged a positive

weight change during the trials, while animals consuming the other experi

mental rations averaged a negative weight change. This parameter should

be considered lightly because of the shortness and nature of such a metab

olism study and stress placed upon the animals.



29

TABLE 4. Effect of Supplement on Voluntary Intake, Weight Change
and Nutrient Digestibility Coefficients of Complete
Corn Silage Rations®

Alone
Supplement

SBM LPS TP"

Dry matter intake
kg/day 6.43 7.04
kg/100kg body weight I.96 2.13

Average weight change (kg/day) * - 0.08^ 0.32'

Apparent digestion coefficients {%)
Dry matter 65.8 68.0
Organic matter 66.7c 69.0^1
Crude protein 57.5^ 62.4'^
Acid detergent fiber 56.2 57.5
Acid detergent cellulose 62.7 64.1
Ether extract 80.4'' 79.2''

6.60
1.94

- 0.14c

65.4
66.4c

67.6®
52.5
59.1
77.4c

0.21

0.07
0.08

0.52

0.47
0.60
1.34
lo33
0.39

®Means adjusted for residual treatment effects.

''Standard error of treatment means.

''»''»®Means in same line having different superscripts are
significantly different (P < .05).
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I I I. APPARENT NUTRIENT DIGESTIBILITY

Adjusted means for apparent digestion coefficients of ration

nutrients are in Table A. Apparent digestibility of dry matter, acid-

detergent fiber, and acid-detergent ceilulose was not significantly dif

ferent among rations, though all three nutrients were more digestible

In the SBM supplemented ration. This trend is further evident by a

significantly higher digestibility of organic matter in this ration

compared to the unsuppiemented and the LPS supplemented rations. The

addition of LPS to corn silage depressed the digestibil ity of the ether

extract fraction of the ration.

Several studies have demonstrated decreased nutrient digestibility

in rations containing molasses (8, 22, 55). Martin and Wing (55) showed

that a high energy complete ration containing 6% molasses depressed the

digestibility of dry matter, cellulose, and energy when fed to growing

dairy steers. Other workers found crude fiber and cel lulose digestion

markedly reduced at relatively high levels of molasses in the diet

(8, 22). It has been suggested that highly soluble carbohydrates may

depress the activity of cellulolytic bacteria in the rumen (6, 8). There

is general agreement among reported data that molasses containing rations

decreases ether extract digestibil ity in forage based rations (8, 22, 50).

However, King et al. (50) found np other depressing effect on nutrient

digestibility when supplementing corn silage with a moiasses-urea solution

for dairy heifers.

Apparent digestion coefficients for crude protein of the unsuppie

mented, SBM supplemented and LPS supplemented rations were 57.5» 62.4,
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and 67.6%, respectively. Since apparent digestlbllity of crude protein is

positively correlated with crude protein content of the ration (16),

the lower crude protein digestion coefficient for the unsuppiemented ration

waS'expected. The LPS supplemented ration had a significantly higher crude

protein digestibility than the SBM supplemented ration. King et al. (hS)

found no differences in apparent crude protein digestibility when comparing

corn silage rations supplemented with either molasses-urea or cottonseed

meal. Chalupa (13) suggests that rations containing high amounts of soluble

nitrogen in their crude protein fraction may exhibit high apparent digesti

bility of the ration's crude protein. Ammonia released in the rumen from

soluble nitrogen sources may be absorbed across the rumen wall, giving the

effect of crude protein being digested and absorbed in the gastrointestinal

tract.

IV. NITROGEN UTILIZATION

A major consideration of this study was to assess the utilization

of supplemental nitrogen ih a corh silage complete ration. The lack

of response in growth of dairy heifers consuming LPS-siiage complete

rations (Montgomery, unpublished data) indicated poor utilization of the

nitrogen supplied by the LPS.

Mean values of nitrogen balance data and nitrogen utilization cal

culations adjusted for residual effects of treatment are in Table 5.

Differences in nitrogen intake reflect differences in nitrogen content

of the rations. Animals consuming the LPS supplemented ration had an

average nitrogen intake of 147.6 g./day, while animals fed the SBM
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TABLE 5. Effect of Supplement on Dietary NItrogen Utilizatlon
of Complete Corn Silage Rations®

Supplement
Alone SBM IPS SEb

93.2^ 125.6^ 147.6® 2.26

39.7^ 47.1'' 48.0^ 1.42
42.5® 37.6d 32.4® 0.61

34.4® 64.3^ 72.4^ 3.99
38.2 51.4. 49.9 3.26

19. l^'^' 14.2® 27.1^ 2.77
19.3 11.0 17.7 3.08

23.9 24.5 24.8 _ _

8.0 8.0 8.1 --

83.2 81.9 84.4 0.75
64.2 45.2 47.4 3.76
53.5 36.9 40.1 3.04

Nitrogen intake (g/day)
Fecal Nitrogen
g/day
% of N intake

Urinary Nitrogen
g/day
% of N intake

Retained Nitrogen
g/day
^ of N intake

Metabolic fecal N (MFN)^
Endogenous urinary N (EUN)^
True N digestibility (l)h.
Biologicai vaiue of N (^)'
Net protein utilization (NPU)-'

Means adjusted for residual treatment effects.

''Standard error of treatment means.

c»d,eMeans in same line having different superscripts are
significantly different (P < .05),

'^MFN = 10.9 g/kg fecal dry matter.

^EUN = 0.44 g/kg body wt.'^

''True N digestibility = N intake-(Fecal N - MFN) jqq
N intake

'Thomas-Mitchell biological value of protein =
N intake - (Fecal N - MFN) - (urinary N - EUN)

N intake - (Fecal N - MFN)

■JnPU = Biological value x true digestibility/100.
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supplemented ration averaged only 125.6 g./day. Mean intake of nitrogen

of animals consuming the two rations was significantly different.

Fecal nitrogen from animals consuming the supplemented rations

averaged higher than from animals consuming the unsupplemented ration.

This agrees with observations of Stallcup et al. (82) and Coleman (16)

that fecal nitrogen output is highly correlated with nitrogen intake.

Differences in the quantity of fecal nitrogen excreted by animals consuming

the supplemented rations were small and not significant. Fecal nitrogen

output expressed as a percent of total nitrogen intake reflects the apparent

digestion of the crude protein of the rations.

Urinary nitrogen from animals consuming the LPS supplemented ration

was slightly, but not significantly, higher than from animals consuming

the SBM supplemented ration. Animals fed the unsupplemented ration excreted

considerably less nitrogen in the urine than animals consuming the supple

mented rations. However, when considered as a percent of nitrogen intake,

ration did not affect urinary nitrogen excretion. These data are contrary

to those of King et al. (5) and Bohman et al. (8) who observed increased

urinary hitrogen by animals consuming corn siiage rations containing a

molasses-urea supplement.

Retained dietary nitrogen was 19.1, 14.2, and 27.1 g./day for

animals consuming the unsupplemented, SBM supplemented, and LPS supplemented

rations, respectively. The significantly higher quantity of nitrogen re

tained by animais consuming the LPS suppiemented ration compared to those

fed the SBM supplemented ration is contrary to severai reports (8, 17, 22,

39, ̂ 9, 50, 89). in these stud ies, animals consuming corn silage rations
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supplemented with natural sources of protein retained more nitrogen than

animals consuming rations supplemented with NPN. Generally, soluble ni

trogen sources result In Increased urinary nitrogen which reduces the re

tention of dietary nitrogen by the animal. In this study, elevated urinary

nitrogen excretion was not associated with the LPS supplemented ration

when compared to the SBM supplemented ration. Furthermore, a higher level

of nitrogen Intake by animals fed the LPS supplemented ration resulted In

significantly higher amounts of dietary nitrogen being retained. Retained

nitrogen expressed as a percent of nitrogen intake was not significantly

different among rations, though this parameter was higher for the LPS

supplemented ration than the SBM supplemented ration (17.7 vs. ll.O).

Within the experimental design, dietary nitrogen retained by

animals was significantly affected by the ration consumed In the previous

trial (Appendix, Table 9). The unsupplemented ration exerted a signif

icant positive effect, while the LPS supplemented ration exerted a

significant negative effect on nitrogen retention of animals In the

following trial. The SBM supplemented ration had virtually no residual

effect associated with the nitrogen retention of animals.

Using estimates of metabolic fecal nitrogen and endogenous urinary

nitrogen (8A), Individual values of true nitrogen digestibility, biolog

ical value and net protein utilization were calculated for each observation.

Differences among rations for these three parameters of nitrogen utiliza

tion were not significant. Unsupplemented corn silage nitrogen, however,

had a higher biological value and net protein utilization than the nitrogen
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contained in the supplemented rations. According to these calculated

values, utilization of the nitrogen suppl ied by SBM and IPS when consumed

in a complete ration with corn sifage was similar.

V. MINERAL BALANCE AND PLASMA MINERAL STATUS

Adjusted means for mineral balances and plasma mineral concentra

tions are in Table 6. Plasma mineral concentrations were within ranges

previously reported (15). Balances and plasma levels of calcium,

phosphorus, and potassium were not affected by the experimental rations.

King et al. (50) concluded that the supplementation of corn silage with

a moiasses-urea liquid did not effect calcium and phosphorus metabolism,

though in one trial, consumption of the ration by dairy heifers resulted

in large negative calcium balances.

Magnesium balance was negative (-0.8 g./day) and significantly

lower in animals consuming the unsupplemented ration compared to the

supplemented rations. This observation, however, did not manifest itself

in an altered level of plasma magnesium in animals consuming the unsup

plemented ration.

VI. NITROGEN-TO-SULFUR RATIO

All experimental rations had a relatively high nitrogen-to-sulfur

(N:S) ratio (Table 3> p. 27). The level of sulfur in the unsupplemented

and SBM supplemented rations, however, were within the recommended range

of 0.16 to 0.30% (67). Composite samples of the LPS supplemented ration

contained 0.42% sulfur with a 5.2:1 N:S ratio. However, the first batch
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TABLE 6. Effect of Supplement on Mineral Balance and Plasma
Minerals of Steers Consuming a Complete Corn
S1lage Ration®

Supplement
A lone SBM LPS SED

Mineral balance (g/day)
Ca1clum 5.4 6.0 5.9 1.37
Phosphorus 0.5 4.4 1.52
MagnesIum -0.8C 4,4^ 3.1^ 0.67
Potass Ium 4.1 3.4 6.2 1.44

Plasma minerals (mg/100 ml)
Ca Id um 9.7 9.6 9.3 0.14
Phosphorus 7.1 7.8 7.9 0.17
Magnesium 2.12 2.09 2.02 0.05
Potass Ium 17.9 17.8 17.8 0.52

^Means adjusted for residual treatment effect.

''Standard error of treatment means.

^'^'Means In same line having different superscripts are
significantly different (P < .05).
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of LPS contained a higher amount of sulfur than the second batch. The

caiculated level of sulfur In the LPS supplemented ration was O.A8%, when

using the first batch, and 0.37^ when using the second batch. Calculated

N:S ratios of the LPS supplemented ration were A.6:1 and 5«7!l when using

the first and second batches of LPS, respectively.

Dry matter Intake of the LPS supplemented ration was considerably

lower when the ration was mixed with the first batch of LPS (Appendix,

Table 13, Trial l). Throughout the entire experiment, however, there was

no adverse affect on dry matter Intake due to the high sulfur content

of the LPS supplemented ration. Thompson et al. (86) reported reduced

feed lot gains In steers consuming rations containing NPN when supplementary

sulfur produced a 5:1 N:S ratio. Pendlum et al. (67), however, observed
/

no effect on feed Intake or dally gain when sulfur was supplemented to

rations containing SBM or urea to produce a N:S ratio of if:l, Bouchard

and Conrad (9) reported that the use of molasses as a sulfur supplement

for a ration containing 60% of the dietary nitrogen as NPN Increased

dietary nitrogen utilization In lactating cows. However, the highest

level of sulfur studies was 0.24%.

Vi l. RUMEN VOLATILE FATTY ACIDS

A summary of the adjusted means of rumen volatile fatty acid

(VFA) concentrations and molar percents Is shown in Table 7. Differences

among the concentration and molar proportions of acetate, proprlonate,

isobutyrate, butyrate, and valerate were not significant among experimental

rations. The majority of variation In rumen VFA concentrations was due
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TABLE 7. Effect of Supplement on Rumen Volatile Fatty Acid Composition
of Steers Consuming Complete Corn Silage Rations^

Alone SBM

Supplement
LPS "sP"

(u moles/ml)-

Acetate 30. 1 31.4 33.1 0.61
Proprionate 8.9 8.5 9.9 0.71
1sobutyrate 0.40 0.40 0.40 0.05
Butyrate 4.6 4.2 5-1 . 0.34
i sovalerate 0.68C 0.60C 1.06^ 0.08
Valerate 0.57 0.60 0.63 0.02
Total 45.3 4.57 50.3 3.67

(mo19 r

Acetate 66.0 67.8 65.4 0.77
Proprionate 19.3 18.8 19.1 0,52
1sobutyrate 0.9 0.9 1.0 0.08
Butyrate 10.1 9.0 10.2 0.40
1sovalerate 1.6C 1.3^= 2.1«^ 0.10
Valerate 1.3 1.3 1.2 0.09

^Means adjusted for residual treatment effect.

'^Standard error of direct treatment means for complete rations,

^'''^Means in same line having different superscripts are
significantly different (P < .05).
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to individual animal effects (Appendix, Table 17).

The concentration and molar percent of isovaierate were higher

in animals receiving the LPS supplemented ration. This observation is

contrary to previous reports (55, 76). Martin and Wing (55) reported

a significant reduction in isovaierate when molasses was added to a high

energy ration. Molar percents of ail other acids were uneffected by

level of molasses in the ration. Rumsey et al. (76) noticed a trend

toward proportions of iso-acids in pasturing steers consuming a self-

fed liquid molasses-urea supplement.



CHAPTER V

SUMMARY AND CONCLUSIONS

Six Holstein steers, averaging 329 kg. In body weight, were used

In a metabolism study to determine the effects of ration on feed Intake,

nutrient digestlbl11ty, nitrogen utilization, mineral balance, plasma

mineral status, and rumen volatile fatty acid concentrations. Two 3x3

latin squares balanced for residual effects of treatment were employed

with three experimental corn silage rations: (1) unsupplemented; (2) soy

bean meal (SBM) supplemented; and (3) liquid molasses-urea (LPS) supplemented.

Supplements were mixed with silage at time of feeding to raise the ration to

12% crude protein on a dry matter basis. Al l rations were offered to en

sure adMn_bj_t^ consumption with at least 10% refusals. Dally fecal and

urinary excretions were collected for five days following a seven-day

adjustment and a seven-day Intake measurement period. Blood and rumen fluid

samples were collected at the end of each trial.

Feed, fecal, and refusal samples were analyzed for dry matter,

crude protein, ether extract, ash, acid-detergent fiber, acid-Insoluble

llgnin, and minerals. Urine samples were analyzed for nitrogen and

minerals. Samples of rumen fluid were analyzed for volatile fatty acid

concentrations. Minerals examined In this study Included calcium, phos

phorus, magnesium, and potassium. Composite feed samples were subjected

to sulfur and soluble nitrogen analysis.

The data Indicated that feed Intake and digestibility of dry matter,

acid-detergent fiber, and acid-detergent eellulose,were not significantly

ko



k\

different among rations. Supplementation of corn silage with LPS tended

to decrease digestibility of these nutrients and significantly reduced

organic matter digestibility when compared to the SBM supplemented ration.

Crude protein digestibility was highest In the LPS supplemented ration,

but ether extract digdstlbl11ty was significantly reduced.

A comparison of nitrogen utilization data Indicated that nitrogen

metabolism was not significantly affected by supplements. Differences In

amounts of fecal and urinary nitrogen excreted by animals consuming either

supplemented rations were not significant. A higher nitrogen intake by

animals consuming the LPS supplemented ration thus resulted In a larger

amount of nitrogen retained by these animals. Calculated values of true

nitrogen digestibility, biological value, and net protein utilization

were not significantly different between supplemented rations.

Mineral balance and plasma mineral concentrations were generally

unaffected by experimental ration. Though a significantly lower magnesium

balance was noted in animals consuming unsupplemented corn silage, plasma

magnesium levels were not significantly altered.

Rumen concentration and molar percent of Isovalerate was higher

when animals consumed the LPS supplemented ration compared to the other

two rations. Concentration and molar percent of the other volatile

fatty acids, however, was not affected by ration.
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TABLE 13. Body Weights, Dry Matter intake, and Nutrient Digestibi lity
for Individual Animals

Supplement Body Weight
and Animal (kq)

Dry Matter
I ntake

Number Initial Final (kg) DMa OMt"

TRIAL 1
Alone

201 305 306 5.95 67.4 68.1
20k 3k5 3k5 6.1if 64.7 65.2

SBM

197 332 337 6.88 67. 1 68.2
198 337 3k5 6.42 67.0 67.5

IPS

200 313 300 4.97 66.3 66.8
205 3k] 329 5.27 62.4 63.6

TRIAL 1 1
Alone

198 3k5 365 6.66 63.7 64.7
200 300 311 5.82 66.8 67.4

SBM

10k 3k5 365 7.47 68.3 69.2
205 329 335 7.55 66.7 67.9

IPS

197 337 353 7.14 65.7 66.9
201 306 324 7.22 67.5 68.8

TRIAL I I I
Alone

197 353 335 6.68 65.1 66.1
205 335 319 7.15 66.7 67.7

SBM

200 311 298 6.53 69.5 70.7
20 i 32k 323 7.16 68.7 67.7

LPS

198 365 350 7.58 65.3 66.6
20i» 365 361 7.74 66.5 67.5

Ut.U /O./

59.3 52.8 59.A 75.k

®Dry matter.

''Organic matter.

^Crude protein.

*^Acid-detergent fiber.

®Acid-detergent cellulose,

'^Ether extract.
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TABLE Nitrogen Balance and Utilization of Individual Animals

Supplement True N
and Animal Nitrogen (g/day) Digesti-
Number Intake Fecal Urinary bi l ity (%) Value (%) Utilization

Biological Net Protein

TRIAL 1
Alone

201 90.0 34.5 36.3 85.4 63.1 53.9
20k 94.5 38.5 33.3 84.4 68.5 57.8

SBM

197 125.7 48.4 62.0 81.2 47.1 38.2
198 115.0 43.9 ^64.3 82.0 40.4 33.2

LPS

200 124.7 38.2 64.4 84,0 45.9 38.6
205 132.8 40.8 62.6 85.5 51.9 44.4

TRIAL 1 1
Alone

198 99.2 50.5 42.3 75.7 54.7 41.5
200 85.1 34.5 55.1 84.2 33.8 28.4

SBM

204 135.4 51.0 41.3 81.4 70.0 57.0
205 135.0 53.8 76.2 80.5 37.2 30.0

LPS

197 157.5 55.7 65.7 81.6 55.3 45.1
201 160.6 47.2 76.0 86.5 50.9 44.1

TRIAL 1 1 1
Alone

197 92.4 39.2 30.4 85.1 71.7 61.0
205 96.4 41.7 34.1 83.7 67.6 56.6

SBM

200 112.1 39.5 56.0 84.1 48.8 41.1
201 127.4 44.0 80.8 84.6 32.3 27.3

LPS

198 153.0 57.4 68.0 81.2 51.9 42.2
204 160.3 50.6 77.7 86.1 49.7 42.8



TABLE 15. Calcium and Phosphorus Balance for Individual Animals
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Supplement
and Animal Calcium (g/day)
Number 1 ntake Fecal Urinary Intake Fecal Urinary

TRIAL 1
Alone

201 20.0 13.9 0.6 16.3 14.4 0.07
20.1 14.5 0.2 16.6 13.5 0.06

SBM

197 22.1 17.8 ' 0.2 19.1 18.4 0.03
198 20.9 14.6 0.2 18.0 14.2 0.04

IPS

200 22.7 12.7 O.i 31.8 18.1 0.04
205 23.7 16.0 3.4 33.0 23.9 0.60

TRIAL 1 1
Alone

198 21.7 22.0 0.4 15.0 19.4 0.03
200 18.4 13.3 0. i 12.9 11.3 0.13

SBM

20k 30.1 20.5 0.2 18.5 18.0 0.06
205 29.8 25.7 0.4 18.3 19.9 0.06

LPS

197 24.5 20.6 0. i 23.5 24.6 0.03
201 23.9 20.8 0.2 22.8 26.1 0.05

TRIAL I I I
Alone

197 26.0 16.7 0.3 15.9 12.5 0.07
205 27.5 18.0 0.3 17.1 13.7 0.05

SBM

200 21.8 16.1 0.3 14.7 15.4 0.05
201 24.3 15.3 0.5 18.0 12.0 0.05

LPS

198 30. 1 24.4 0.9 26.3 24.8 i.64
204 30.7 22.9 O.i 27.0 23.1 0.06



 

TABLE 16. Magnesium and Potassium Balance for Individual Animals
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Supplement
and Animal Magnesium (q/day) Potassium (g/day)
Number Intake Feca 1 Urinary 1 ntake Fecal Ur i nary

TRIAL 1
Alone

201 12.8 6.5 5.3 90.3 30.2 60.6
20k 13.3 7.1 5.5 93.1 9.9 80.5

SBM

197 15.3 8.9 0.9 106.7 23.7 76.5
198 14.4 7.8 1.2 99.9 8.3 79.8

LPS

200 12.8 7.6 0.5 84.6 18.1 67.4
205 13.5 8.4 1.8 89.9 20.2 60.3

TRIAL I I

Alone

198 16.3 10.9 6.9 92,4 11.1 81.3
200 13.9 7.8 4.2 80.8 9.7 94.8

SBM

20k 19.0 9.2 7.6 106.3 11.9 88.0
205 19.2 13.9 2.1 107,4 19.3 95.1

LPS

197 16.6 13.0 1.4 124,1 21.4 96.4
201 16.7 10.9 5.5 125.6 29.0 94.6

TRIAL 1 1 1
Alone

197 14.7 7.4 5.9 97.0 13.4 71.7
205 15.7 12.6 6.3 103.8 21.2 68.5

SBM

200 14.9 6.2 1.8 97,2 12.8 78.0
201 16.3 8.5 4.9 106.7 22,4 76,9

LPS

198 18.9 12.8 4.9 129.6 26.6 98,6
- 204 19.1 10.9 3.5 133.4 30,9 89.7
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TABLE 17. Calcium, Phosphorus, Magnesium, and Potassium Concentration
of Plasma From Individual Animals

Supplement
-

and Animal Concentration (mg/ml)
Number Calcium Phosphorus Magnes i um Potass i um

TRIAL 1
Alone

201 9.5 6.30 2.20 16.9
204 9.0 6.36 2.12 14.2

SBM

197 10.3 6.61 2.34 18.0
198 8.8 7.50 2.12 16.0

LPS

200 9.5 5.78 1.70 14.9
205 9.1 6.66 2.00 14.8

TRIAL I I
Alone

198 9.6 8.80 2.13 19.1
200 9.9 6.90 2.04 18.0

SBM

204 9.8 7.90 2.03 17.0
205 9.7 8.50 2.09 17.8

LPS

197 10.2 8.50 2.05 18.2
201 8.8 8.40 2.28 18.8

TRIAL I I I
Alone

197 10.3 7.30 2.22 21.8
205 9.8 7.60 1.91 19.0

SBM

200 9.5 6.90 1.97 17.0
201 9.1 9.20 2.12 20.4

LPS

198 8.6 9.60 2.05 18.5
204 9.6 8.60 2.01 20.6



TABLE 18. Volatile Fatty Acid Concentration of Rumen Fluid
From Individual Animals
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Supplement
and Animal VFA Concentration (y moles/ml)
Number Acet. Prop. Isobut. Buty. 1 soval. Val. Tota

TRIAL 1

Alone

201 14.5 3.9 0.26 2.5 0.59 0.34 22.1
204 35.8 11.1 0.35 4.8 0.69 0.74 53.6

SBM

197 23.7 12.3 0.32 3.2 0.57 0.64 40.7
198 44.0 8.1 0.37 5.8 0.82 0.90 60.0

LPS

200 26.8 8.0 0.56 4.1 0.90 0.60 41.0
205 34.0 8.6 0.47 5.9 1.59 0.71 51.3

TRIAL I I
Alone

198 50.2 13.6 0.86 7.8 1.08 0.91 74.5
200 23.5 6.1 0.27 3.5 0.38 0.41 34.2

SBM

204 31.6 7.0 0.31 3.6 0.49 0.49 ^3.5
205 37.2 8.6 0.35 5.1 0.66 0.57 52.5

LPS

197 43.9 12.1 0.60 5.5 0.93 0.73 63.8
201 14.3 3.6 0.23 2.0 0.61 0.29 21.0

TRIAL 1 1 1

Alone

197 35.8 11.1 0.33 6.0 0.77 0.55 54.6
205 35.2 11.2 0.52 5.3 0.74 0.67 53.6

SBM

200 17.8 5.7 0.37 2.6 0.47 0.41 27.4
201 26.6 6.9 0.29 3.7 0.44 0.29 38.2

LPS

198 37.8 11.3 0.59 5.6 1.08 0.71 57.1
204 35.0 11.1 0.69 6.0 1.17 0.73 54.7
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