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Scientific researcn has mads substantizl contrid
efficiency of American agriculture. Livestcck proincers in
particular have henefited from the extensive study cf animal zutriticn.
Futrient recvirsments of animals and the nutrient compesition of feedzs

are ntinl to efficient and economical feeding of farm animals,
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n
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Research over many ;
animal requirements and feed composition. Wnile there are still many
geps of krneowliedge in these areas, available information allicws wige
chpoice Jn selecting feedstuffs and using thenm in varicus combinations
to meet axniwal recuirements for vearicus produciive purpcszs.

Feed costs represent the single largest expenditure in a

livestock fecding euterprise. Extensive research ras ther=lcoce been

09

devoled to investigation of methods to improve the efficiency with
which animals utilize feed. Awareness of food shortages in develcping
nztioczs has placed additional imporitance cn techniguses which imrrove
thoe fead efficiency of domestic iivestock. Cattle feedsrs have
tenefited from the availability of growth stinrmlants and antibiotics
vhich cvan improve grewih rate and feed efficiency.

¥Monencin is a feed additive which was mzde availadle to catile
feederss in 1975. Wrnile its action is distinct from antibiotics, the

-

tcen shown to improve tine efficiecncy c¢i energy conversion
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in growing and finishing cattle. 7Tte effocts of monensin on protein

] - - - e - -
utiiization are not well established, A primary cobjective of the
/

feeding expariments reporied was to determine the influence of



monensin on the dietary protein needs of cattle fed corn cilage
growing rations and high-concentrate finishing rations. Of additionzl
interest was the response to different sources of supplemental
pretein, either soybean meal or urea, when fed with monensin in a
growing ration. Another objective was to determine the usefulness of
feeding an antibiotic, tylosin, in combination with monensin in a

high~corn grain finishing ration.




REVIEW OF LITERATURE

The aratomy of the rumirnant digestive tract is unique in the
animal kingdem. The reticulo-rumen or forestomach, peculiar to
ruminants, providss these species with an exceprtional capacity for
the utilization of fibrous feeds. This large crgan precedes the
abomasum, compzrable to the stomach of monogastric species, and is

porulated with micrcorganisms capabvle of digesting tlie structural

carbohydrates of plants as well s other degradaticn and synthetic
activitics important to the host aznimal. large portien of the
nutrients zvailable to the host are, therefore, synthetic and end-

Prodocts resulting from microbial activity. Man has benefited from
the cdomestication of certsin ruminants by using them to ccnsume plant
material whish night not otherwise be used. Forages produced on land

tavle for cultivaticn, crop residuves and producte from focd
rrocessing can be coaverted into meat and milk for human consumption
as well as fiber, hides and cther useful preducis.

The stidy of the nutrition of ruminants has kad to explore the
reiaticnship tetween the Tumen microbes and the host in addition te
the impzet of the diet on wnimal performance. While the symbictic
micrasiganisms are beneiicial they a2lso tend to limit the efficiency
with which ruminants prodauce meat or milk from Feed. Efforts have bee
rade to manipulate the ruren envirocnment in order to reduce the lcsse

of dietary nutrients resultiag from microbvial actien and te isiprove
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oped feed additive which has been shewa to
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have a potential in iwprcving the efficiency of feed utilization by

his review will first examine those aspects of eners
i

]

£

reteholism which are peculiar to ruvuminants. The influence of
ronensin oa erergy utilization and animal performance wiil thien be

é¢iscussed. Fipedly, it will remain to evaluate the potential For the

use of antibiotics in combination with moneznsin and to explore ths

>4

9]

effects of monensin on protein utilization.

Enersyr Metatolism in Puminants

Exteusive exposure of ingested feedstuifs to microvial
ferventation in the rumen has a significant impact on energy metab-
olizm. Carbohydraies constitute the primery dietary energy scurczs for
ruminants. These include sitrmecturzl polysaccharides, prinsipally
cellulose, starches wnd small amounts of sugars..;Under most feeding

cenditions, proteins and lipids are not commonly used for major

{]

sources of energy in diets of ruminants. In monogastric =pecie
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arle sugsrs are the imrortant products of carbo-
e direstion made available for abserpticn. While smzll amounts
drate msy escape microbial degradaticn in ruminants znd

rield some glucese, the important energy containing compounds
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the eud-products resulting froem the

metabolic activities c1r the runen microorganismes. The volatile fatt:
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acids (VFA) arve the compouads most significant in abserpticn and

-

energy metabolism. Carbon dioxide and methane are also produced
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during fermentation and influence the energy available from feedstuffs.
the VFA vprodvced, acetate, propionate and butyrate are the most

abuadent. Velerate, iscvalerate and higher acids are present, but in
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relat sequential guantities. Small amounts of lactate,

formate, succinzte and hydrogen are frequently precent in rumen fluid,

- .

but absorption of these is generally insignificent to the energy
processes of the animal.

The fundanental substreztes for microbial energy metaboliism in
the runen are monosaccharides derived from the breazkdeown of plant
carbciiydrates. Microbes ferment simple sugars anaerobically producing
Vith and energy. The anaerobic conditions in the rumen dictete that
electron acceptors other than oxygen mmst be reduced to diswvoese oF
the metabolic hvdrogen produced by fermertaticn., Two prircipal
reactions which sccomplish this are the reduction of carben dioxide
to methane and the reduction of pyruvate to propicnate (lieng, 2.970;
Hungate, 1965). The production of methane which is lost largely
cduring eructation represents an energy less much greater than in
nonrumninents.

Stcichiometric calculations btased on theoretical fermentatic:
medels which consider the three major VFA, methane and carton dioxide
have revealed that fermentations vhich result in greater evolution of
propicnate from a censtant amcunt of hexose will be aczompanied by

lowered amountas o¢f acetate and dutyrate as well as decreased locses

of methans and carbon dioxide (Wolin, 1650; Hungate, 1966). The

5

efficienciecs of fermenting hexose to acetat=, propionate and butyrate



are 62, 109 and 784, resrectively (Crhalupa, 1977).

These considerations have le
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fermentaticn in ordezr to enhance th
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generation cf propionate and
improve the efficiency of the fermentaticen process. A number of
factors may influence the amount and preportion of VFA and methane
resulting from fermentation. These include the chemical composition
and physical form of the diet, the level and frequency of feeding,

€Y > L Lae e i chemi additives. o Tonoriicn of acetet
rumen pH and the use of chewical additives. The promoriicn of acetzte

produced is generally highest when long--stemmed rouzhages are fed

B)eestablisned that

Themas =nd Clapperton, 1972). Rath =nd Rook (1¢%

-

the molizu ywroportion of propiccazte incresased as thie structural
cartolhydrate content of the diet decreased. It is well established
that increzsing levels of concentrates in the 8iet will result in o
decrzase in rumen pil accompanied by greater production of propicnate
and reduced acetate productior (Theurer et ad., 19745 Rumeey et 3i..
1970} . Increasiug levels of feed irtake will increase total VFA
yroduction 2nd &lso narrow the acetate:proviornate ratio (Rumsey et al.,
1970). Supplementing a ration with sucrose or starch has also
increcased propionate geaeration (Bath and Rook, 1563). Pelleting of
mixzed rations, end steam flaking of cora or cooking cf starchy feeds
hes favored propionate production at the expense of acetate (Rhodes

and Woods, 1552; Shaw et al., 1960). Wocds and Luther (1962) found
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oncentrates, nore finely ground roughages

increased rumen rropicnate levels.



Other workers have used chemical additives to inhibit methane
production in an effort to improve fermentation efficiency. In
revieving work on methane inhibitors, Church (1975) points cut that
products which reduce methane yields generally do increase propicnate
producticn and improve energy utilization. The limitation of such
materials seems to be a reduction in feed intaize when fed undex
fecdiot conditions thus counteracting some of the potential for
improvement in gain cor feed efficiency.

Conditions which favor propionate formation apparently have the
potential to improve energy efficiency by reducing the energy lost
as methane. There is also sone cuestion about the efficiency with
which the varicus VFA are utilized by the host animal. Blaxter (1962
infused acetale, propiornate, butyrate or mixtures of the acids intc
the rumen of sheep. He detected an improved utilization of prepionate
or mixtures containing higher levels cof propionate for maintenance
and fat depositicn wvhen compared to acetate cr butyrate. It is
significant that these infusions were made while the sheep were
consunirg a roughzge diet. Other workers have reported supplemental
acctate utilizaticn is inefficien! compared to precpionate when added
to high-roughage rations. Such rations already have high levels of
acetate resulting from the fermentation ©f the roughage. Acetate
apprars to bewsed.mere efficiently when edded be dicts higher-in'=on=
centrates and therefore yielding lower acetate formation (Yyrrell
et 21., 1975; Poole and Allen, 1970; Qiskov and Allen, 1966). In

reviewing the information on the heat inerements of VFA, Smith (1971)



has surgested that there is insufficient data to determine the
efficiency with which the individual VFA are used, 2spzcially for

growth. @rsiov (1977) reviewed the investigations dealing with the
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nenziacegenic coupounds; if this ratio is unusually hi
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will reduce the efficiency of energy utilizaticn.
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Influcnce of Monensin on Rumen Fernznt

A group of four similar compounds with biological activity
have been shown to be produced by the fermentation of a strain of

Strevtomyces ci inamonensis. Of these four, the mest abundant is

monensin., 1t displays moderate growih-inhibiting activity againcst
mary gram positive bacteris and fungi {Havey and Hoehn, 19867).
Moenensin is & monccarboxylic acid with a molecular formula of

Drenzrati
056H62011' Prepzration

8]

f the commercial prcduct results in the
forraticn. of the scdium salt (Agtarap and Chamberiin, 1967).

¥enensin hes been demonstrated to be a useful coccidiostat for
poultty {(Shumerd and Callender, 1967). Monensin has alsc proved to
be eifective in comtrelling coccidiosis in Zembsy leithersartiiicially

infected o with naturally ocecurring infestatiens {Bergstrom orgd

Y

o
l¢.~‘.
5
)
Ui
)
fte
@
i~
2
—
}-d
0
-3
\N
~r

Maki, 1975; Bergstrcem and Maki, 197%). Fitzgerald and
demonstrated that coccidicsis in dadry zalves could be controlileld by
includingrmoenensin fn & pellieted feed.

It has been discovered that in additicn to being a useful

coccidiostat, monensin influvences the end-uwrofucts of rumen fermentaw



tion. The mode of action of the compound remains speculative, but its

final effects on rumen fermentation are weil substatiated. Richardson
. (1976) examined the VFA profile in an in vitro fermentation

system when monensin was added at levels ranging from .1 to 25 parts

ver million. The irocculum vwas obtained from cattle receiving a

o

high~concentrate dist and the same diet was used as the subsirat

Concentiraticns above 1 vpm reduced the molar percentage of acetate.

Butyrate decreated above .5 ppu and propionate increased with

Lo

ingsreasing dosage levels. Tetal VEA preducticn increased slightly
with monensin levels below 1 pmm, while higher levels did nct afiect

total velatile fetiy acids. A similar response was obtained when an

innoculum from sheep was used. Two levels of monensin (1 or 5 ppm)

Q.

were tested in the fermeantation of a high-~roughage substrate Acetate
formetion was reduced by the 5-ppm level. Propionate levels
increased and butyrate levels decreased zat both 1. and 5 parts per

willion. 'Total VFA generc.lion was the same with or without monernsin.

2ticms kave also been conducted *o determine the

Lipd

Investi
effects of monensin in wive. Richardscn et al. (1976) found that
rumcn sazmples tziken from fistulated steers contained higher levels cf
Prepionate but lecwer concentrations of acetate and butyrate when
menensin  vas fed. This treid was detected in both pasture-fed
steers and those receiving high~grain rations. Similar patterns of
VFA production were indicated by rumen =amples taken in an additions)
feedirg trial. Monensin has resulted in enhanced propionate

-

prod¢uction at tie expense of acetate and butyrate while not
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pignificantly altering total VFA concentrations. These observations,
substantiating the work done with in vitro fermentations, hava been
made with cattle fed high-concentrate rations (Perry et al., 1976;
Raun et al., 1976), growing animals fed primarily forage {Boling

et al., 1977 Biley et al., 1976), cattle on pasture. (Potter et al_,
19762) and cows wintering on hay (Turner et al., 1977).

Dinius ¢t al. (1976b) concluded that monensin had little
influencez on ration digestibility. Monensin did not alter cotton
fiber digestibility in vitro. A similar response was observed when
cotton strips were placed in the rumen of fistulated steers and
recovered after 72 hours. Digestion trials indicateda that levels of
rionensin up io 25 pym had no effect on digestion of dry matter, crude
protein &nd cellulose or hemicellulose when a fcrage diet was fed.
Further, monensin did not change the numbers of protozoa, bacteria or
cellulelytic bacteria in the rumen. The anticipated reduction in the
acetate:propionste ratio was encountered. A decrease in cellulose
digestion might have been expected since acetate is such a dominant
procdiuct of cellulese fermentation, but none was observed. A later
report by these workers (Simpson et al., 1976) indicated that
monenein ¢id inhibit cellulose digestion by rumen microbes unadapted
to monensin in viiro. No explanation for the differerces cbserved from
the in vivo resulis was offered. Lanson aud Klopfenstein {1677a)
have reported data indicating a tendency fcor monensin to reduce the
number of ruminal protozoa.

The shift in guantities of VFA produced vhen ricnensin is fed
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suggects that a decrease in methzne leszses would also cccur. Thorrton

et al. (1975) verified this using indirect calorimetry. Monensin

reduced methane production, cnergy lost as methane and tne prevortion

of total heat loss duwe to methane. Ceaiken dioxide production increaserd,

but oxygen consumpiion, respiratory quotient and total calculated

heat production were not significertiy altered by menensin. The
TESoONG? Wis similsr over variocus levels of concentrate in the raticn.

Tyt

There appeared tc bs some reduction in the effectiveness of monensin

to inhibit methiwe fovmation with increesing time aftzr feeding. In
addition tc the typiczal changes in Vil levels, steers fed a ration cf

alfalfa bay or meal nad Ligher rumen pH when monensin was fed (Dinius

et 2l., 1976a). Lemenzger et al. (1977) fourd thet menensin

decreased the rote of turnover oi snlids ard
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Van Hellen et al. (1975) first reported that mone:
activity of pansrsatic amylase with two levels cf ensrgy intake.

iU anylase sctivity duz to

(¢

Subsequently. they found an increas
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ronensin {Van Hellen et 21., 1977). Monens
increased production of lactic acid in vitre (Bcede 2nd Farlin, 1977;
Beede and Farlin, 1975). Iuncreased lactic acid availability may be
impcortant as ar intermediate in propionate synthesis through
conversicn tc acrylate.

Moriensin additions have resulted in consistent changes in the

end~products of fermentation both ir vifro and in yivo. Further, the

pattern of increased propionate production accompanied by lowered

generation of acetate and butyrate, withcut changing total VFA has



been observed when rations of varying compositiocn and energy density

have been fed. The capacity of monensin to favor fermemtations which

relezse propionate and previous inve

sti

ations which =sugpest more

efficient wtilization of feed when hicher levels of rropionate are

§=
oY)

rrofuszed hLave

to extensive investigaticn of the influence of

moaensin on the performance of growing and finishing cattle.
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e Performance of Growing and Eisisfiae Catile
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Richardson et zl. (1976) suggested that a theoretical inecrease

in the procs energy of the end-vproducts of fermentation was possible

vhen the VFA concentrations were shifted by monensin. They calculiani

thai a change -in tke molar proportions of acetic, propiocnic and ouiyric

acids from E0:20:10 without meonensin to
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availablie from hexose Termentation by 5.6 percent.

hes led to ceonsiderable investigation of the effects of morensia on
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erformance. The objectives

th mouensin, would theoretics

©2:40: 8, typical of measured

12y increase the energy

efficacy of the product and also to det

concentirate rations.

Drown et
—_

monensin was fed in high-grain rations at

parts rer miilien. Increasing levels
nexyly lirear decline in feed intake.

-

effect on weight gain. All levels of

“iach of this work has been conduc

. {297h) comrpiled data from =ix feedlot tri

<

have been te evaluate the

er:pine the ontiman desacge

ted with cattle fed high-
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1

cf monensin resulted in a

There was no aprreciable

m

criensin increased propionzte
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levels rancing from C to 44
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concentrations in ramen fiuid. The decrease in feed comnsunption with
nezrly egual weight gains resulted in an improvement in feed
cenvorsion wher monensin was fed. The maximum improvement in feed
efficiency (9.8%) occurred at a dosage of 33 parts per million. Raun
et al. (1976) zlso examined the dosage response to monensim. Their

results using levels from O to 88 ppm confirmed otker data. Fead

=
m
}

intake decreased progressively with higher dosages. There was a

small impreovement in growth rate with low levels of monensin 2o, with
11 ppm). All treated animals had improved fzed efficiency; the

maximum response (17%%) was again at 33 parts per million. Others

have alsc shoun that the most consistent response to monensin with

£ a decrease in feed intake without redacing averzge

.

Ligh-grain diets
daily gain. The result is an improvement in feed conversion (Perry

et al., 1976; Ferlin et al., 1975; Wilson et 2l., 1975; Embry and

[

Swan, 197k). A level of 33 ppm, comparable to 30 g/ton of air--dry
feed, aprears to produce the optimum improvement in feed utilizaiion

vith high-concentrate rations (Sherrcd et al., 1975; Wolfe and

\..l

Matsushina, 19875

Utley et 2l., (1977) determined that monensin was equally

—

effective in promoting improved feed conversion when ejther dry corn
or propionic acid trezated high-moisture corn was fed as the major
ration component. ic differsnce was found in the response to monensin
vhen whole and fiaked corn were compared {Wclfe and Matsushima, 197%5).
Ralston and Davidson (1978) suggested that wonensin was net as

efferptive in promotisz propionate produciion, and therefore in
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improving feed efficiency, when barley rather than corn was used in &
finishing ration. On the other hand, in a direct compariscn tetween
bariey or corn-based rations, the response to monensin was not
different {Gerrett, 1976).

Seversl workers have examined the influence of monensin on
carczss compesition, quality and yield indicators following finishing
trials. Potter et aj. (1976b) established that monensin did not alter
the propcition of fat, lean cor bone in the edible portion of the
carcars. Furthermore, the amount of moisture, fzt or protein in the
rib~cye muscle was not changed. Dressing rerceat, quality and yield
grades ond internal and exterr2l fat mezcurcreuts have revsaled no
ivutable to the feeding of monensin (Farlin et 2l.,
1975; Brown 2t al., 2070w Embry and Swwai, 1974). Carcass fat and
quzlity grades hove been lowered when levels c¢f monens high enough
to reduce growth rate were fed (Wilson et al., 1975).

Liver absrcesses are freguently a problem when catile are fed
highly fermentatle grain diets. In sowe instances, a higher
incidence of abscessed livers hos been encountered when cattle were

fed monensin (Gill et al., 19973 Perry. et al., 1975). While mcnensin

appears to oifcr no protection from liver abacesses, most workers

vhen the rroduct is fed
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irh~Rourhaere Ratiocons

Feedlot rations for growing cattle frequently contain larger
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amounts of roughages such as silages, corn cobs or hays than do
finjishing retions. Monensin appears to tenefit the energy utilizstion
of growing raticns. Gill et al. (1976) determined that monensin
decreased feed intake and improved feed utilization with rations
containing 14, 30 or 7% corn silage with the remainder comprised of
high-moigture corn grain and supplement. Others have also reported

s similer to

(6]
¥
(9]

that the response to monensin with high-silage ratioen
that with higher grair levels (Roling e 8w 50 19775 Byetss 1077
Linn g% alies 2976).

Several workers have reported some improvement in weight gzin
as well as feed efficiency with monensin fed in high-roughage growing
rations. Steen et al. (1977) fed a corn silage-ground corn diet and
reported that monensin improved gain as-well as feed efficiency. 1In
two trials with corn silage rations, Newmamn et al., (1976) fcund that
monensin decreased feed intake in cne instance and improved average
daily gszin in the cther; both resulting in improved feed conversicn.
Monensin additicns to forage sorghum or milo stover silage ratiors
have improved feed efficiency and alsn produced small increascs in

gain (Riley et 2l 3576; Bolsen et al., 1975).

Grazing Cattle
In general, srazzing cattle receiving monensin have gained
faster than control animals. This effect has been observed on

bluegrass~-clover (Boling et al., 1977), coastal bermudagrass (Anthony

et al., 1975; Oliver, 1975), nalive rarge (Corah et al., 1977;

Brethour, 1976), wheat-ryegrass (e #oth et al., 1976) and vheat

-
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(Horn et al., 1977) pastures. In two trials zmonersin did not improve

pasture gains (HBarris et al., 1976; Harvey et al., 1975).

Potter et al. (1976a) conducted three pasture experiments and
one experiment in which green-chop ferage was fed to cattle in drylot
so0 that feed consuniption could be rionitored. Five levels of monensin

ranging from O to 400 mg/per head daily were fed. lMonensin increased
vasture gain; the mazimum response occurring at the 200-mg level.

The green-chop trial inaicated that monensin did not decrezse forage

r a slight depression at 300-mg and 400-mg levels
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Eorn et 21. (1977) used a chromic oxide indicator and hand clipped

B —.

-

sanples to deterwine intake from digestibility datza for steers grazing
wheat pasture. They calculated that monensin did result in decreased
forage ceonsumplion.

It is sigrificant that the most frequent change in animal

rferriance when monrensin is fed in rations with a high energy

o’

content is an improvement in feed efficiency with little alte jon

in gain. The response with cattle fed lower energy rations is more

N

often @ significant improvement in growth rate. This difference in
the influence of monensin with high-concentrate cr high--fiber diets
is probably related to the mechanisms which controcl feed intake.

The major facters limiting the consumrtion of rougheges are
the capacity of the reticulo-rumen and the rate of disappearance from

the digestive tract, including the absorpticn of digestion end-

products and passage of undigested material. Ruminants will

apparently graze or feed on roughages until éistensicn of the
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reticulo~rumen halts the prccess  (Campling, 1970). The nature of the
roughage may also influence patterns of consumption. ZIuch pasture or
high-auality harvested forages will have a faster rate of disapresr-
ance from the digestive tract because of better digestibility. This
will promote mores frequent feeding. Roughages of lower aquality will
not have as high a rate of turnover and total consumption will be
sonievhal reduced in comparison to more highly digestible forages.
This reduces the energy available to the animal.

Ia contrast, animals feeding on concentrates will not fill the
forestomach to capacity. Instead, intake appears to be regulated by
the activaticnt of receptors sensitive to prcducts of digestion and
encrgy metabolism. There may be a thermostatic level which is
generally not exceeded. There is evidence for such receptors in the
rurien, portal system 2nd the hypothalmus (Baile and Mayer, 1970).
Theurer et al. (1974) suggest that plasma propionate level or the
acetate:prooionate ratio is involved in the feedback satiety mechanism.

Since monensin increases the energy available from a given
ration, the intake of cattle fed high-concentrate rations is reduced
in order not to exceed the thermostatic ceiling. The increase in
available energy allows comparable gains with less feed. On the other
hand, when cattle sre consuming rcughages, feed intake is limited by
gut cepacity. Moneusin makes more crergy available from the sane
guantity of fe=2d =221d theresfore prometes taster growth. The response

to monensin has been more variable with hich-roughage ratious, probably

(BN

becaus: of variations in the quality and digestibility of feedstuffs

used. Campling 1970) indicated that voluntary feed intake is limited
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by rumen capacity when the digestibility of the feeds is below 60 to
70 percent. This is appreximately the digestibility of cora silage

and the higher guality forages. Those of lower quality and digesti-
bility might then be expected to respond differently to monensin.

The large number of feeding trials conducted with monensin
substantiate that the product dees improve feed ntilization and can
be expected to be effective under a wide range of fzeding conditions.
When high—~energy diets are fed, monensin has consistentldy reduced the
feed recuirement without alterirng daily gain. With pasture-fed
cettle or those fed Forage in drylot, the most freguent observatien

“as been icproved growth rate vwith nesarly equal feed consumption.

b

When rations of dintermediate enerzy content, such = corn silage

l
o'
{4
ct

have teen f2d, morensin has generally iwproved feed utilization
improvenent in fead efficiency with about equal gains and also with
incrzeses in daily goin have been reperted in various experiments.
Finally, moasmsin apparently has no influence on tissue or carcass

L

compositicn.

Methods of Monensin Adminisiration

Homensin is frequently provided to feedlot cattle in a comxlete
nixed ration. This may not be convenient or aprropriate under ail
circunstances., Summers and Sherrod (1975) compared the acceptability
of either prliieted or mezel protein supplements containing differcnt
levels of menensin wiien top—dressed on a firighing ration. ALY forms
proved to be adequate methods to supply monensin with no detectahle

differerces in acceptability. Corah et al. {1977) indicated that



monensin could be successfully administered to grazing cattle in
raznge blocks, a grain supplement or a liquid protein supplement.
McCartor et a2l. (1976) found that grazing heifers refused a pelleted
20% protein supplement sudplying 200 wmg of monensin. Others have
fouud no evidence of unacceptable pelaztability when monensin was
guprlied to cattle on pasture in a molasses-mineral block (Neumann

t2l., 1976), cottonseed meal (Antheny et al., 1975) or a grzin

supplement (Boling et ai., 1977; Harris et di., 1976; Earvey et al.,

1975; Oliver, 1975).

Because monensin reduces feed intake, some investigators have

Tirst 1ed the product at a low level for periods of 1 to 3 weeks
before increacing to the commonly recowmended levels. Sherrod (1.876)

found thers wss no advantage in gain or feed cfficiency with a high-

e

concentrate ration from feeding moanensin 2t 11 ppm for 7 or 21 days
before increasing it to 33 prm compared to the higher level frem the
staert. Tnese findings are supported by Perry et 2l. (1976) who als
found no improvenert from feeding a lover level of monensin for the
first 21 days., Similar results cccurred with a high-roughage ration.
There was no benefit from feeding 100 or 200 mg of monensin per head

per day compared to 300 mg per head daily from the initiation of the

trial (Riler ef @lssrslPé).

— ewow—

Monensin for Other Classes of Livestock

While monensin has been studied most extensively for use with

L~

cattle intended for slaughter, it may be useful with other clesses of

(20

livestock. 7Turner et 2l. (1977) fournd that feedimg monensin to ccwa

e o
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improved weight gains dvuring gestation and reduced the hay required
during wintering. In one trial, cows fed monensin had a shorter
interval from calving to first subsequent estrus probably because of
the improvement in available energy. Stauffer and Ward (1977) also
attributed increased weight gains for heifers or cows wintered on
corn stalks, grain sorghum stubble or cool-season grasses to monensir.
Other workers fruad no difference in winter weight change due to
menensin (Lemenager et al., 1976).

De Muth et al. (1976) reported that cows consumed less molasses
block when it contaired monensin with no difference in weight gain or
cali weaning weight. Moseley et al. (1976) found tha® heifers in
drylct reached puberty, determined by first ntanding estrus and a
palpable corpus luteum, earlier when receiving monensin. Heowever,
there was no difference in weight gain or conception ra*e. Randel and
Rouquette (1976) reported that monensin inmproved feed efficiency of
cows cduring lactation. Decreases in butter fat content and tota
milk solids appeared to be offset by small increases in mills
production so that early calf performance was not affected.

Monensin included in creep feed of calves has allowed ccmparable
gains while reducing feed consumption (Walker et al., 1977a).

Monensin has also been tested in feedlot receiving rations. Priggs
et al. (1977) reported that in one trial monensin included at 33 prm
depressed feed intake during the first week when fed to stressed
calves. After 56 days, these animals had outperformed control calves
or those intrcduczed *to monensin at lower levels. In a second trial,

no differznces in performance were observed.
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Monensin did not improve feed efficiency or gain with feedlot
lambs vhen fed at dosages ranging from O to 2.2 parts per million
@lemi et al., 1977). Another trial with lambs fed a corn silage-
husklage ration indicated that monensin provided at 20 mg per head
daily allowed small improvements in weight gain and feed efficiency
in raticns supplemented with & natural protein source. This was not
observed with urea supplementation (Hanson and Klopfenstein, 1977b).
Feedlct observatioans indicate that monensin may be used successiully
with growing lambs, but that optimum results occur at Jower dosage
Jevels than with cattle. However, the product does not have Focd and
Drug Administration (FDA) clearance for feeding to sheep at the

present time.

Use of ionensin in Combination with Gther Products

Monensin and Growth Stimulants

Several hormone or hormone-like preparations (diethyl-
etilbestrol, zeranol, Synovex-S, Synovex-H, melengesterol acetate)
have been used successfully to improve growth rate and feed conversion
of growing and finishing cattle. Experimentation with the combined
use of growth stimulants and monensin has beern conducted azt several
locations. These products do not precsently have FDA clearance for use
in combinaticn with monensin. Those cleared for use as implants have
frequently been administered with moncnsin provided in the feed.

The response to combined monensin and implant treatments for
finishing steers has been rather consistent. Monensin has not

improved gain, but has resulted ir an improvement in feed utilization



adc¢itive to that resulting from the implant. This has been observed
using diethylstilbestrol (DES) (Burroughs A o) 197635 Davis and
Erhart, 1575) ard DE3 followed by a Synovex-S reimplant (Gill, 1976).

A similar response has been observed when DES, Synovex-S and zeranol
vere cozpared in combination with monensin (Sherrod et al., 1976
Weichenthzl et al., 1976). Perry et 21. (1976) examined the VFA
profile vhen monensin was fed and s DE3 implant was used. DES alone
had no effect on VFA concentrations but appeared to further enhance
the production of propionate when adwrministered with monensin.

Frperiments have also been conducted tc examine the eifects of
monensin when used in comvination with growth stimulants available fer
woe" with' heifers. ~“Utley ‘et al. (1975} tested implant treatments with
and without morensin for heifers grazing ceocastal bermudagrass.
Monensin improved rate of gain and zeranol or Syncvex-H impients
proouezd a furthsr additive growth response. In a finishing trial
theso worikers found an additive response to monensin and Iinpleats for
inproving Teed efficiency, but monensin had no effect cn gain. Bruia
ct al, (1977) fed heifers corn silage and high-moisture corn grain.
They reportea thatl the mesdwum improvement in feed efficiency resulted
from the combined use of monensin and melengestercol acetmte (MGA) or
with monensin and Synovex-H implants.

[t aypears that growth stimulants and monensin inprove
conversion or growth rate through different metabolic effects. In

wost feeding situaticms. the use of these materials in combination

o)

will produce a respons2 nearly cqual to the sum of the bencfits ¢

using each product alcne with no synermastic effects.



Monensin and Antibiectics

A number of antibiotics have been: wsed in feedlot raticns for
the past 25 years. While the mode of action is not certain, contin-
ucus feeding of antibiotics at sub-therapeutic levels often results
in emall zdvartages in growth and feed efficiency. Recent research
has confirmed that oxytetracycline (O'Kelly et al., 1972),
chlortetracycline and tylosin (Breown et al., 1975) can impreve the
perforiznce of feedlot cattle. It is well decumented that abscessed
livers represent a loss to the producer not only because of the loss
in sale value of the liver, but also because cf the depresscd
performance of cattle with affected livers. Abscesses most frequently
become a problem when cattle are fed a ration with very low levels of
roughage or when roughage is absent (Foster and %Woods, 1970). Tylcsin
has been observed to be effective in reducing liver damage (Browm ei
8l.,.1975; Brown et al,, 1973).

Since it has been shown that monensin offers no protection from
liver abscesses, severzal investigators have fed high-concentrate
rations supplemented witkh both monensin and the antibiotic tylosin in
an effcrt to control liver atscesses and to deterimiine if the anti-
biotic might imrrove gain or reduce the feed required for gain in
comparison to monensin a@lone. The addition of tylosin to & high-grain
ration inzluding monensin has proved to be effective in controlling
liver abscesses (Heinemamn et al,, 1977 Parlin, 1976; Sherrod and
Burnett, 1976; Matsushima and Eaaland, 1975). Farlin (1976) has
repcrted that tylosin provided a small adéitional improvement in feed

efficiency when fed with monensin and Ali =2t &l. (1975 found that
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tylcsin increased daily gain to a small extent compared to a treatment
receiving meonensin only. In contrast, cther workers have found no
benefit in feedlot performance by intluding tylosin incadditien te
monensin (Heinemann et al., 1977; Sherrod and Burnett, 1975;
Matsushima and Haaland, 1975).

Tre m2jor advantage in tke use of tylosin with monensin avpears

()
(SN

to be = reduction in the number and severity of liver azbscesses.
Irvestigations with other antibiotics used in combineticn with monensin
hawve not been reported. It might be eizpected that results would he
similar to those cbserved with tylosin. There mey be a potential for
further small improvements in performance since monensin affects
changes priuarily in the ruren allowing for more efiicient feed
utilization while antibiotics may exert theix influwnesnce through
improvznent in nutrient absorption from the intestine and by ceatre

of various diseasces, ofter at subclinical levels.

Hovensin Used with Other Feed Additives

Several other feed additives have bteen used in combination
wilth monersin. When fed with a high-roughagce ration of foracze

scrghun silage and rolled milo, amicloral, a methane inkikitor, and
monensin voth improved gain and feed efficiency. Thne grcatest
response in feed efficiency resulted from usirz the products togethar,
their comviementary effecis approaching sigailicarnce at the 5% level

(Brethour aud Chalupa, 1977). Two trials have testzd a feed intake

stimnient, elfzzepam, in combination with monsmzin. From the limdited
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(Farlin and Baile, 1977; Isichei et al., 1977). Sodium bicarbonate
and dolemite are sometines used as rumen buffers when high-coencentrete
rations are fed. The combined use of either of these matsrials with
monensin has not been chown {o offer further improvement in feedlot
performaince compared to the use of mcnensin z2lone (Hale and Pheourer,

19763 Hzle et 2l., 1970; Lofgreen, 1976).

—— on

3

Influence cf lMonensin on Protein Utilization

Monenzin und Protein Metabolism

Microbial fermentaticn modifies disztexry nrotein in & manner

effect on ingested cerbohydratas. The amino acids

Py

absorpiion in the intestine may bhe the constituents of

feed proteins and those which have been incorporated into microbial
yrotein and ronprotein nitregen. Thus, the microkes

have an impact cn both the quantity and quality of protein available

Protein metavclism is closely related to the needs for energy
sl the avallable energy releasing materials in all a2nimals. The nse
of =mwino acids for enmergy by either the host or by rumen microbes may
alter proiein witilizatica. TFurthermore, the modification of the
energy vielding substrotes made available to the host couléd alsc have
an effect on protein metabolisn.

2113 mzmmmals have a2 metabolic reqguirement for glucose.
fdastaticons whickh aliow runinants to use alternate energy sources,

ecpecizlily the VFA., te satisfy a substential portion of their cnerpy
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rejuirements results in lower needs for glucose. This is reflected in
lcwer plasma glucose levels in ruminants than are found fer the
rioncgasiric species. There are some body preocesses which must be
supplied with glucose. Small amounts of readily digested carbolLyérate
may not le fermented to VFA in the rumen. Digestion in the small

tine may then meke some glucose available for abzorption. The

0

intes
rerainfer of the glucose need must be met through de novo synthesis.
Large amovnts of glvcose are synthesized from propionate (Lindsay,
1970; Leng 2t al., 2967) and from the carbon skeletons of catadolized

amino acids (Reilly and Ford, 1971). No capacity for ruminents to
convert acetate to gluccse has been established (Smith, 1871).

The use of zmino acids for gluconeogenesis is expensiv

nutritiornalily. It reprecents a loss ef precursors needed for synthesis

of tiszue protein. Further, cztavolism of amino acids for carbohydrate
synthesis increas2s heat losses because of the emergy expefided in the
disposzl of thue amino nitrogen. ince moriensin makes a larger

tercentage of the carbohydrale energy available in tae form of
propionate, it conld Favor the synthesis of glucose from this three
carbon VFA, zparing the use of amino zcids. Tskeland et al. (197%)
disclosed that iptravenous infusions of propionaie or glucose were
more effective in promoting nitrogen retension than isocalorie

1. (3.948) demcnstrated

addjitions ofVaeetate Ty MHulyrate? Boifen st
that the ixfusicn of yropionate cr glucise resulted in a greater

reduction of the
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was more highly correlated with meat tissue composition vher



a7

cr propionate surplementation was used. Indirect evidence, therefore,
suggests that propionate may spare amino acids from catabolism.
Increased propionate levels may also enhance tissue protein synthesis
by increasing cellular uptake of aminc acids or by providing carbon
skeletons for non-essential aminc acid synthesis (Eskeland et al.,
1974) .

Recent studies have examined the influence of monensin on a
number of parameters which reflect the nature of protein metabolisn
either in the rumen or in the tissues of the host animal. Several
workers have found that animals fed monensin have higher blood
glucose levels than control animals (Glenn gt al., 1977; Potter et al.,
1976a; Raun et al., 1976). These results support the cortention that
higher propionute levels enhance glucose synthesis. Trends for
higher irsulin levels for cattle fed monensin have also been presented
(Potter et &l., 1976a; Raun et al., 1976). Higher levéls of insulin
may te important irn improving glucose and amino acid uptake by the
tissues. In contrast, Steen et al. (1977) reported that mconensin did
net influencze plasma glucose levels.

While all dietary protein is not degraded by the activity of
micreorganisms, most protein is subjected to some microbial conversion.
Microbes utilize protein for their own synthetic processes. The
result is that a lerge portion of the amino acids made available for
absorption in the small intestine are those derived from the prctein
contained ir microbial cells. Protein quality is therefore affected
both by the quality of dietary protein and the nature of microbial

action.
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Microbtes may also influence the amount of dietary nitrogen
which the host recovers and can use for tissue growth. Two important
reactions in microbial protein metabolism are the deamination of
amino acids which produces ammonia and the combination of rumen
armonia with carbon skeletons in the synthesis of new amino acids.
Losses of dietary nitrogen may result if deamination generates
ammcria at a rate faster than the synthetic processes can accommodate.
Ammonia is absorbed thrcough the rumen epithelium and may be used to
some extent as a nonspecific nitrogen source by the host. Some amino
nitregen may be reintroduced into the rumen when ure. is returned in
the saliva. Blood ammonia levels which exceed the capacities for
these processes must be excreted in the urine. This represents a
loss of nitrogen and of energy required in the excretion processes.

Trends for small increases in protein or nitrogen digestibility
due to monensin have been reported (Glenn et al., 1977; Dinius et al.,
1976b). Others have found no differences in digestibility attributable
to monensin (Hansor and Klopfenstein, 1977a; Linn et al., 1976).
Ammonia concentration has been depressed during in vitro fermentation
by mcrensin additions (Tolbert et al., 1977). The same trend for
decreased ammoniz has been substantiated in vivo (Hanson and
Klopfenstein, 1977a; 1977b; Dinius et al., 1976a; 1976b). Monensin
has also increased the amount of free amino acids during in vitro
‘fermentatiors. The concommitant decrease in the release cf ammonia
and increased levels of amino acids indicate that monensin may inhibit
the extent of microbial deamination or it may enhance proteolysis

(Tclvert et al., 1577). These changes were observed to be mcre
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dramatic at earlier stages of fermentation, suggestirng that monensin
may act by altering metabolic pathways rather than changing the

microbial population (Tolbert, personnal communication).

The addition of monensin has 2lso produced an increase in blood
urea levels (Glenn et al., 1977; Hanson and Klopfenstein, 1977a;

Potter et al., 1975a; Raun et al., Steen gt-al., H(W977) Feported

1O,

no difference in blood urea nitrogen due to feeding monensin. Raun

&

et al. (1976) commented that if monensin increases energy availability

without affecting amino acid availability, a decrease in blood urea

nitrogen would be anticipated. The opposite observation may suggest

that monensin increased the amino acids available in relaticn to

energy or tkat propionic acid enhances cellular nitrogen metabolism.

Eskeland et al. (3574) reported increased nitrogen reteation and

increased blood urea nitrogen in animals infused with propionate

compared to those receiving acetate. While Potter et al. (1963) found

tkhat
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propicnate infusion depressed the ratic of essential to nonessen-

plasma amino acids, Steen et al. (1577) indicated that monensin

.ng did not chenge total plasma essentizl or nornessential amino

et r2. (1977) reported that mcnensin Gid not depress

tranched-chain amino acids.

increased nitrogen reteation dre to monensin was
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reyported by Hanson and Kicpfemstein (19772). Byers (1977) found

protein devosition wvas higher 3inp limii-fed stezers receiving

However, there was nc differensce in protein

fed steers fed monensin in comrarison to controls.



Urea is ccmmonly used in rations for ruminants. The limited
data asvailable have not revealed any distinct differences in the
effects of monensin on the utilization of this nonprotein nitrogen
sovrce compared to preformed protein either in in vitro fermentations
(Tolbert et al., 1977) or in the rumen (Hanson and Klopfenstein, 1977a).
Van Hellen et sl. (1977) found ro differences in pancreatic protease
activity due to monensin feeding.

Although the information available is somewhat inconclusive,
monensin may exert some improvement in protein metabolism. It appears
that the most plausible explanations for such & response would te due
to higher levels of propicnate sparing amino acids from catabolism,
thus making them available for tissue protein synthesis. An additional
possibility is that monensin reduces tiie lcss of amino nitrogen by
intibiting the deamination activity of rumen microorganisms resulting

in more efficient protein utilizatien.

Effects of Monensin cn Dielary Protein Needs

Indirect evidence for improvement in protein assimilation is
available from the large number of feeding trials which have been
conducted with monensin. Cattle fed monensin in high-concentrate
rations typically gain at the same rate and yield a carcass of
comparable composition while consuming less feed than control
animals. Reduced total feed intake results in a decrease in protein
consumption to the same extent where protein has been provided at a
constant percentage of the ration. Unless rations fed have contsined

excess protein, it can be inferred that better use of protezin is made



by cattle fed monemsin. Conversly, cattle fed forage diets dincludiag
monensin have often produced greater tissue growth on the same level
of feed intake and therefore egual protein consumption. This again
implies an improvement in the efficiency of protein utilization
unless the protein content of the feed consumed has been higher than
that reguired for ovtimum growth.

Several investigations have attempted to determine the effects
of moznensin cn feediot performence with diets containing different
sources or levels of protein. Anotrer teckhnigue used has been a
periodic redwrction in protein level, most often accomplished Ty
withdrawing a high-protein ingredient from the raticxz.

Gill et al. (1977) fed a high-grain ration supplicnented with
soybean mezl to provide four protein levels ranging from 9.5 to 12.3%%
for finishing steers. They found that the higher protein levals
were beneficial cnly for cattle weighing less tranm 336 kileograms.
Monensin was most effective in improving feed eificiency ard gain =2t
tho lower yprotsiz levels,suggesting that the product may spare
mrotein iT protein intake is below the optimum amount. Hanscn and
Kicpfenstein (1977b) also reported a greater respoase to monensin at
a protein level of 11.1% than was observed at 13.1 vercent. Walker
et al. (1977v) econdvcted a trial in which the protein surplement wés
withdrawvn after 56 days of the 78-day experiment. Cattle fed tke
lower vrotein level gained as well as the positive control so that
preteim utilization, expressed @s the ratio of gain to protein intake,
was imgcroved. Mozmensin had no infivence cn pretein utilization.

Darit et al. (1976) fed corn grain and corn silage supplemented with
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soybean meal during a 168-day trial. Removal of the supplemental
protein after 84 days resulted in decreased gain and poorar feed
conversion for steers fed monensin as well as controls, although the
reduction in performance was less dramatic for cattle receiving
monensin.

Davis and Erhart (1976a) supplemented a corn grain-corn silage
ration with urea to increase crude protein content from 9.5 to 11.5
percent. The urea vas withdrawn at 0, 42 or 84 days in the 120-day
feeding trial. When monensin was not fed, urea additions provided no
improvement in performance. Monensin with urea improved rate of gain
and tended to improve feed conversion. The investigators concluded
that monensin promoted the utilization of the nitrogen provided by
urea. Harvey et al. (1976) compared the response to monensin when
fed with corn silage or silage ensiled with .5% urea. Monensin
improved feed efficiency, but the effect was substantially more at
the lower protein level.

In comparing the response to monensin when supplemental protein was
provided by soybean meal or urea, Martin et al. (1977) reported no
differences in either daily gain or feed efficiency between the two
protein sources. VWhen nonensin was fed in finishing rations
supplemiented with either soybean meal or biuret, monensin improved
Teed efficiency to about the same extent with either protein source.
There were no differences in daily gain (Thomas, 1976). Hanson and
Klovfenstein (1977b) compared rations supplemented to either 1C.5 or
12.5% crude protein with brewers dried grains or with ures. With the

preformed protein, monensin resulted in faster gains and lower feed



requirements at both protein levels. In contrast, the additicii of
monensin to the ur:zs supplemented rations did nct benefit growth cor
feed conversicn. avis and Erhart (1976b) fed a bazsal raticx
containing 10.5¥% protein or the basal ration supplemented to 13%
protein with cottonseed meal or urea. There Was 1little benefit in
gain or feed efficiency for the additicnal protein. Monensin improved
feed efficiency at either protein level with no difference between
protein sources. The magnitude of the response was nearly the same
with 211 three protein treatments.

From the information currently available it is difficult %o
graw yrecise conclusions about how the addition of momensin will
affert dietary protein nesads of cattle. In general, the response to
worensin has Leen more substantial when protein levels have bsen
below those considered optimum. In direct comparisoans between
different sources of protein, the response to momersin has often been
gimiler with variocus prctein sources. The influence of monensin en
vrea utilization has been inconsistent, with evideace for both
irccreases and decreases in utilization. It is clear that a need
exists fer further investigation of how monensin may alter the
micronial metabolism of protein and nonprovitein nitrogen and to
establish cptimum protein levels whem fmonensin is fed in growing and

finishing rations.



MATERIALS AND METHCDS

The investigation reported consisted of two {eeding trials.
The first, dealing with growing cattle, was conducted between
January 29 and May 25, 1976. The subsequent finishing trial ran from
June 23 through October 8, 1976. The two study phases were separated
by an interim period and the same animals were used in both experimaat
Tahe objectives of the first trial were to determine the
response to monensin when different levels and sources of supplemental
proteir were fed in a corn silage ration and to examine a possibie
vrotein sparing effect of monensin and its influence on urea utiliza-
tion. In the second trial, the response of finishing cattle fed s
hich-concerntrate ration to an antibiotic {tylosin), monensin and a
cobinaticn of the two products was measured by feedlot performance
and the incidence of abscessed livers. Twe protein levels were used
to determine how each of the additives or the combination affected
the necd for supplemental protein in finishing rations comprised of

corr grain and corn silage.

Growinz Trial

One hundr=24 ninety-two Hereford steer calves were selected

.
)

1)

from a group prurchzsed st = local avction for use in this experiment.

[

They were fed corn silage to appetite top~dressed with a ground corn

7 cdded vitamin A. trace mineral salt and

oD

surplement containin
supplemental czlicium and phosphorus for 7 days prior tc the beginning

of the trial. UNo supplemental protein was fed during this first week.

[
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A1l steers were treated with a pour-on grubicide and implanted with
Synovex-S (200 mg progesterone and 20 mg estradiol %enzoate) near the
beginning of the experiment. The animals were confined to outside
concrete-paved pens with water available from zutcocmz=tic waterers.
Feeding was once daily in concrete fenceline feedbhurnks.

The corn silage fed during the trial was stored in upright
concrete-stave silos. Samples were taken from each forage wagon load
as the silos were filled. The samples were oven-driasd.and hand
separated into grain and chopped forage portions and the resulting
components weighed. Grain yield was determined to bve 24.3% of the
dry weight.

To begin the trial, a filled weight was taken in the morning
before feeding. Animals were fed in the usual msnnesr and unconsumed
feed was removed from the feedbunks in late afternoon. After an
overnight stand of about 16 hr without access to feed and water, =
shrunk weight was talten the following morning. The steers were then
randomly assigned within weight strata to 24 peris of 8 head ezch
using the shruink weight. Average initial shrunk weight was 225
kilograms.

The decign of the experimert provided for three supplement
treatments each f2d with or without monensin. FPach treatment was

x2 factorial arrangement with four repli-

8

offered to four rens giving a
cations. Since the drought conditiens during the growing seascn
resultezZ in a silage with a low grain content, additional corn grain
was included in the supplements to provide a ration eguivalent to a

silage with a 50% grain content on a dry basis. This was expected to
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be more typical of silage from well-eared corn. This resulted in a
ration containing 34% of the grain-supplement mixture and £6% silage
on a éry basis. As fed, the grain-supplement mixture amounted to 1%
of the ration and the corn silage 82 percent.

Three supplements were fed, each with and without monensin.
These were: corn control providing no supplemental protein, one
providing supplemental protesin from soybean meal and the third
providing surplemental protein from urea. Supplements were mixed with
rolled corn grain to form the grain-supplement mixtures. The mixtures
were fortified with approprizte ingredients'to furnish rations with
similar levels of calcium, phosphorus and trace minerals. Trace mineral
salt and vitamin A were added to all supplements. Micro-ingredients
were premixed with finely ground corn and then mixed with remaining
ingredients to prepare the grain-supplement mixtures. Monensin was
added to the treated supplements to provide about 11 ppm of dry ratien
for the first 21 days and 33 ppm for the remainder of the trial.
Irgredient composition of the grain-supplement mixtures is shown in
table 1.

Samples were iteken after each mixing of the suvplements and
retzined for chenmicol analyvsis to determire protein and moisture content.
Corn silage szmples vere ta%en at intervals of about 1 week. One
sample was oven dried to a constant weight to determine moisture
content. This sample was kept for l1ater determination of protein. A
second sample was frozen for subscguent analysis to determine the water

soluble nonprotein nitrogen content of the silage. Silage samples



TABLE 1. INGREDIENT COMPOSITICN OF GRAIN-SUPPLEMENT
MIXTURES (DRY BASIS) - GROWING TKIAL

Corn SBOM Urea
Ingredient Suppl. e SMDOL., Suppl .
Corn, dent yellow, gx 2 TS,
rolled (4-02-931)%, % 95.69 e 92.82
Soybean seeds, sclv-extd,
grnd (5-04-60L4), % -—- 2C.4b1 -
Urea, 45% N, % — — 253
Limestone, grnd (6-02-632), % JEAZ6) 3l 75 BIS(0)
Ca~P suppl.ement
28-21.9% Ca, 13.5% P; % 1.66 1.26 Tele
Calcium sulfate, comm
(6-01-037), % — - 68
Trace mineral sait, % .89 .89 .2e
Trace mineral premix, % .06 — .06
Vitamin A, 1U/kg €468 6468 6463
[ . b
Menensin, mg/kg
First 21 days 32.4 32.4 2.k
After 21 days 97.2 97.2 g97.2

= ——

aNumbers given in parentheses are N.R.C. reference codes.

bAdded caly to treated supplements.



were composited by weigh periods for analysis. Crude protein contents
of the silage and supplements were calculated from Kjeldahl nitrogen
(A.0.A.C., 1270). Nonprotein nitrogen determinations of corn silage
samples were made by M. Prokop, University of Nebraska, according to
the procedure of Bergen ct al. (1974). Protein and moisture contents
of the silage and grain-supplement mixtures ere shown in table 2.

Steers were fed once daily. Total feed offered was adjusted
at each feeding to be available at all times yet to avoid accumulation
in the feedbunks. Silage and the grain-supplement mixtures were fed
in amounts to maintain constant ration composition of 18§ grain-supplement
and 82% silage, as fed. The grain-supplement mixtures were tcp-
dressed on the silage.

Animals were weighed after 21 days and at intervals of L weeks
therezfter, giving five weigh periods in the 116-day trial. Firal
filled and shrunk weights were obtained in the same manner as
initially. Weight gain data were obtained for each animal. Feed
intake and feed efficiency data were on a pen basis. Data presented
for dry matter consumption and conversion efficiency of dry matter
were calculated from the average dry matter composition of the complete
rations.

The experiment was analyzed as a 2x3 factorial with four
replications using analysis of variance (Steel and Torrie, 1960). The
main effects were protein supplement treatment and monensin treatment.

Five orthogonal comparisons showm in table 3 were also made.
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TABLE 2. AVERAGE CHEMICAL COMPGSITION OF FEEDS
GROWING TRIAL

Water soiuble

No. Dry Crude nonprotein

Feed samples matter <vrotein nitrocen

(%) (%) %)
Corn dent yellow aerial 23, 32.8 - TS
part, ensiled, drogth 5 s 10=6 ———
striken (3-08-L03) L — S .98
Corn suppl. 5 90.7 10.4 —
Corn-Monensin suppl. 3 S0.4 10.3 -_—
SBOM suppl. 3 0.8 18.2 —
SBQM-Monensin suppl. 3 580.5 18.1 —
Urea suppl. 3 90.5 16.3 —
Urea~Monensin suppl. 3 89.7 16.9 —_—

aN.R.C‘ reference code.

bSamples enalyzed were composites of several samples taken during
each weigh period.



TABLE 3. SINGLE DEGREE CF FREEDOM COMPARISONS MADE
FOR PERFORVMANCE DATA - GROWING TRIAL

Comparison Treatments Involved
Il Corn, Corn-Monensin vs. SBCOM, SBOM-Monensin, Urea,

Urea-lonensin
2 SBOM, SBOM-Monensin vs. Urea, Urea-lonensin
Corn vs. Corn Monensin

SBOM vs. SBOM-Monensin

v &~ W

Urea vs. Urea-Monensin




Int m Perind

The greowing trial was followed irmmediately by an interim period
of 26 dsys during which all animals were fed identical rations
Steern were fed 4.54 kg/head/dey of a corn grain-supplement mixture
comuarable to the corn supplement fed during the growing trial. It
contained added minerals, vitamin A and trace mirerzl salt, but no
high protein ingredients or monensin. In addition, steers were fed

L.5Lk kg of alfalfa-bromegrass hay each day for 11 days.and *then 18.2 ks

of corn silage for the duraticn of the interim period.

Finishing Trial

The same group of Hereford steers was used in the finishing
trial, TFiiled and shrunk weights were measured as they were in the
growing phase. All cattle were reimplanted with Synovex-S for the
second irial. Shrink weights were employed to allot animals randonmly
within weighi strata to 24 peas of 8 head without regard to previous
treatrient. Average initial shrunk weight was 372 kilograms.

A1l rations contained 66.35 whole corn grain, 8.5% supplement
and 2% corn silage on an az Ted basis. On 2 dry tesis these
percentages were 77.9, 11.7 and 10.4, respectively. Two types of
raticns were fed., Cne included zo supplementzl protein and the other
coatained scybean mesal., Each rztion then included a contrcl, monensin,
tylesin and monensin-tylosin treatment. Each of the eight ration
treatments was fed to tliree pens resniting in a 2x2x2 factorial

arrangenent with three replications.



]

Supplements were prepared in the same manner zs for the growing
trial. Ingredients were included in the supplements to provide rztions
with similar levels of calcium, phosphorus, notassium and trace
minerals. Trace mineral salt, vitamin A 2nd vitarmin E were added to
all rations. Tylosin was included in the appropriate rations to
provide approximately 75 mg/head/day. lMonensin was added to
designated rations to supply about 11 ppm of dry ration for the first 3
weeks and 3% ppm thereafter. Tylosin or monensin premixes, when
added, replaced an equal weight of corn grain in the supplementcz.
Ingredient composition of the supplements for the finishing trial is
shovm in table 4.

Szmples of corn grain and corn silage were obtained at abou
weelkly interials and oven céried to 2 constart weight to determine
moisture content. Dried samples were retained for chemical determina-
tion of crude protein after being composited by weigh period (A.0.A.C.,
1970). Supplements were sampled at each mixing and later aralyzed for
prctein in the same manner. Composition of the ration components is
shown in table 5. Teed consumption and feed efficiency data were
converted to a dry basis by adjusting as fed values according to the
average dry matter ccntent of the ratioms.

Feeding was once daily. Rations were offered at 4.54 kg/head
the firet day of the trial and increased .85 kg/head each day until
steers were on full feed. Total daily feed was adjusted so that feed
was continuously available, but in amounts to be nearly consumed by

the next feeding. DRaticns were fed as complete mixes., Corn grain,



TABLE 4, INGREDIENT COMPOSITION OF SUPPLEMENTS
(DRY BASIS) - FINISHING TRIAL

Irgredient

Corn Suppl.

SBOM Suppl.

Corn, dent yellowé gr 2 US,
grnd (4-02-931)7, %

Soybean seeds, solv-extd,
grnd (5-04-60L), %

Limestone, grnd (6-22-632), %

Potassium chloride, comm

(6-03-755), %

Ca-~P supplement
18-21.5% Ca, 18.5% P, %

Trace mineral salt, %
Trace mineral premix, %
Vitarin A, IU/kg
Vitamin E, IG/kg

Monensin, mg/kgb
First 21 days

After 21 deys

Tylosin, mg/kgb

75 .66

25,000

B4

139
Ly

12.323

67.63

12,71
1. 74
« il
5.68
25,000
341
139

L17
85

aNumbers given in parentheses are N.R.C. reference codes.

bAdded onl¥ to treated supplements.



bl

TABLE 5. AVERAGE CHEMICAL COMPOSITION OF FEEDS
FINISHING TRIAL

Nc. Dry Crude
Feed samples matter protein

%) ()

Corn grain = 12 87.7 =i
(6-02-632) 4b - 107

Corn silage 12 24 .8 ——
(3-08-403)2 b — 9.6
Corn Control suppl. 2 8.8
Corn-Monensin suppl. 5 6.7
Corn-Tylosin suppl. 3 &.5
Corn-Monensin-Tylosin suppl. 2 8.8
SBOM Control suppl. 3 50.7
SBOM:-Monensin suprl. 2, C il L
SBOVM-Monensin suppl. > 31.4
SBOM-Tylosin suppl. = 31.4
SBO¥-Monensin-Tylosin suppl. b 30.5

aN.R.C. reference ccdes.

b - 3 :
Samples znalyzed for protein were composites of several samples
taken cduring each weigh period.



corn silage and supplements were weighed intc a horizontal, scale-
mounted mixer in amounts to maintain constant ration composition and
mixed on an individual pen basis.

Stecrs were weighed a2t the end of 2 wecks and every 28 days
thereafter for the duration of the experiment, giving four weigh
periocds in the 1C6-day trial. Final filled and shrunk weights were
obtained in the same manner as initially.

During the second weigh period, fcur anirmals in each treatment
vere randomly selected to provide rumen samples. The samples of
rumen fluid were obtairned by stomach tube. Samples were analyzed
for acetate, propionate, butyrate and tetal VFA levels at the Lilly
Research Laboratories, Greenfield, Indiana.

Cattle were slaughtered in three grouwps mzde up of one pen from
cach treatment on three consecutive moranings at a nearby packing
plant. Hot carcass weighis were recerded and merbling score, quality
grade aund percent kidney, pelvic and heart fat were determined by a
U.S.D.A. meat grader. Tracings of the rib-zye muscle and fat cover
were made on one side of each carcass where it was separated betweern the
12th and 13th ribs. Fat thickness was measured on the tracings at a
peint three-fourths of the distance from the end of the muscle
nearest the chine bone. Rib-eye muscle area was determined using a
rlanimeter. Dressing percent was calculated frem hot carcass weight
and shrunk weight. Yield pgrade was determined from carcass weight, fat
thickness., rik-eye area and percent kidney, pelvic and heart fat.
Livers were examined at the time of slaughter to record the incidence

cf atscesses.
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Feedlot performance data were analyzed as a &x2x2x3 factorial
using least-squares analysis of variance {Steel and Torrie, 1960).
Protein level, ronensin treatment and tylosin treaiment were the main

effects tested.
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RESULTS AND DISCUSSION

Growirp Trial

Protein contents of the complete rations fed during the
growing trial are shown in table 6, Rations withoz: subpplemental
protein contaired 10.4% protein on a dry basis. Additions of soybean
meal or urea increased the levels approximately 2.2 and 2.1 percentage
unites.

Average starting and firishing weights are snown in table 7.
The contrcl ration was deficient in protein for steers weighing less
than 300 kg according to requirements of the National Research
Council (1976). Proctein-supplemented rations contained adequate

protein for growing steers heavier than 200 kjlograms.

¥eed Consumption

Treaztment means for dzily dry matter consumption are shoen in
table &. Data zie cumulative to date for each weigh period. Feed
consurrpticn inpcreased with increasing weights a2nd time on experiment
for all {reotmerts. An orthogonal comparison indicated a tendency
for higher (P<.10) dry matter intake hy steers fed soybean meal-
supplenenied ratiops than by those fed rations with urea over the 116~
day exweriment. ‘'lhere was essentialiy no difference in ccasumpticn
vetween corn - urez-gupplemented raticns. In other work at the
Soutl Dakota Agricuitural Experiment Stativn, 1ittle difierence in
fecn consumed has becn observed wnere urea and soyle:n meal were

~

compared as suprlements to corn silage (Gates and Exbry, 19753 Embry

* o
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TABLE 6. PROTEIN LEVEL OF COMPLETE RATIONS
GROWING TRIAL

Crude protein, dry basis

Ration %)
Corn 10.4
Corn-Monensin 10.4
SECH 17.1
SBOM-Monensin 1250
Urea 12.4
Urea-Monensin 12.6

TABLE 7. AVERAGE INITTAL AND FINAL SHRUNK WEIGHTS
GROWING TRIAL

Corn Suppl. SBOM Survl. Urea Supnl.
Control Monensin Control Monensin Control Mcnensin

No. anirals 32 S8 22 32 32 52
T, &te, kg 225 225 225 226 225 225

Final wt., kg BH2 358 567 369 360 364




TABLE 8. AVERAGE DATLY DRY MATTER INTAKE (kg)
GROWING TRIAL

L r— ——

. Capm Suppl, SBOM Suppl. Ureza Suopl.
Days Control Honersin? Control Monensin® Control Mozensin®
1 6.01 S5.42 6.04 5.52 6.18 5.Lk9
hg 6.4h 561 6.43 5.74 6.40 5.50
77 6.€7 5.75 6.72 6.06 . 6.63 976
105 7.52 6.24 7438 6.63 2452 6.20
126 7.54 6.43 ?7.48 6.81 Z.92 6.4

Daily Dry Matter Intake (kg)--116 days

Corn Supwpl. SBOM Suppl. Urea Suppl.
6.99 ailde 6.98
Control Monensin
7.51 6.56%*

L e

8Monensin resulted in lower (P<.01) feed intake in all comparisens
within supplement treatments.

*Feed consumption was higher (P<.10) for SBOM than for Urea.

*
Monensin fed steers had lower (P<.0l) dry matter intake.
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and Swan, 1975; Burkhardt et al., 1973). Chelupa (1948) has reviewed

-

research on feeding urea to ruminant nd irdicates that high levels
of urea may depress feed intake.

Vhen averaged across all itrestments, monensin resnited in
lewer (P<.01l) feed ccnsumption. The reduction zmounted to 12.7% over
the entire experiment. Such a reduction in ration consumption is

typical of that reported by other investigaters wrere cattlis were fed
growing ratiors containing high levels of roughage (Boling st al.,

16775 Riley et 2l., 1975; Emory and Swan, 1974). Veriation in the
magnitud: of this effect has been encountered and reductions in feed

o P

consumption from 7.7% (Gill et al., 1976) to 18.5% (Linn et al., 1976)
have been reported when monensin was fed in high corn silage rations.
Mopensin adZiiion resulted in reduced (PK.T1) feed intake din all

corparisons within each supplemant treatment throushout the exveriment.

Puring tie first 21 days vwhen monensin wasi fed at 11 ppm, tke product

redvced feed sconsumption 9.8, 8.6 and 11.2% with the corn, soybean

respectively. After 21 days the dosage of

to 33 parts per millicn:. With the soybtezn meal
supplement, the degree of depression in dry matter consumption remained
consistent throughout the experiment resulting in an overall reduction
ol 9.0 percent. TFced consumption declined further after 21 days when
monencin was fed with the corn or urea supplements. Upon terimination

-

of the experiment at 115 days, feed intake was recduced 14.7 aad 14.3%

respectively, with thes corn aud urez supplezments.
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Other researchers have examined the respcnse to monensin as
affected by levels and sources of protein. In a trial comparing urea
and brewers dried grains supplementation of a ration composed of 60%
corn silage and 40% alkzli treated husklage, Hanson and Klopfenstein
(1977b) reported no differences in feed consumption due to protein
level or source. Monensin did not alter dry matter consurption by
cattle during the experiment. The low energy ccntent in the type of
rations fed may acccunt for the lack of any reductior in feed intake.
Davis and Frhart (1976b) fed a 60% roughage ration with no supple-
mental protein or with added protein provided by urea or cottonseed
meal. Teed intake tended to be higher with the natural protein source
than with urea. Reduction in feed consumpticn due to monensin also
appeared to be greater with the urea-supplemented ration than with
cottonseed meal. The major difference in these results and those
reported in this thesis was that monensin resulted in the least

reduction in fead intake with the unsupplemented ration.

Weight Gain

Means for average daily gain are presented in table 9. The
data are cumulative for each weigh period. Weight gains show good
perfermance for all treatment groups. This level of performance can
te attributed, at lezst in part, to the supplemental grair which was
added to provide rztions with akout one-half of the dry matter as ccrn
grain. In comparisons between cattle fed supprlemental protein and
controls, the additional protein resulted in higher (P<.01) daily

gains at all weigh periods. It is apparent from this response that



TABLE 9. AVERAGE DAILY GAIN (kg)
GROWING TRIAL

Corn Suppl. SBOl{ Supnpl. Urea Suppl.

Davs Control lMonensin Control Monensin Control HMonensin

21 1.49 1.01 1.59 1.68 1.25 1.06

Lo 1.24 1.22 1.47 1.46 1.43 1.19

“ o L 2 1.14 1.31 1355 1.12 1018

105 I:15 1.16 1.27 1. 27 1.20 I Sr2il,
6™ 1.15 1.22 1.29 1.34 1525 1.26
116D 1.09 1.15 1.ae 1.24 1.16 1.20

Average Daily Gain (kg)--116 davs (shrunk)

SBOM Surpl. Urea Suvpl.
1.23* 1.18
Neo Protein Suppl. Protein Suprpl.
1581172 156 28*%
Control Monensin
1.16 1.20

LR

Zpased on filled weights.

o) i §

Based on shrunk weights.

+ B A

Cattle receiving SBOM supprlements gained faster than thcse fed urea.
- AL S

**Cattle fed protein suprlemented-raticns gained faster (P<.Cl) than
those not receiving suvplemental protein.



the control ration (10.4% protein) was deficient ir protein required
for optimum performance. Single degrez of freedom contrasts indicated
that steers fed rations supplemented with soybean mezl grew faster
(P¢.01) than those fed urea through 105 days. This trend for greater
{P¢.10) Qaily gain from soybean meal than from urez was evident at

the completion of the experiment, but was due to the poorer early
performance from rations with urea. &Such a depression in growth rate
has been noted in other feeding trials where urea was the only source
of supplemental protein fed with high-roughage corn cob rations
(Freitag et aX., 1968), high-concentrate rations (Lowrey arnd McCormick,
1969) or rations composed largely of corn silage or grass hay
(Robertson and Miller, 1971). A number of studies have established
that the utilization of nitrogen from urea improves as animals adapt
to this nonprotein nitrogen source. Chalupa (12968) reviewed the
research on adaptation to urea by ruminants and stated that the

nature and site of this response could not be precisely determined.

He concluded that it is more likely a change in tissue metabolism
rather than alterations in microbial activity.

In over=zl]l comparisons at the completion of the study, morensin
had little influence on growth rate. This has been corroborated in
several other exveriwents vhere monensin has resulted in very little
difference in averzge daily gain when fed in high-corn silage ratiomns

(Byers, 1977; Boling et 2l., 1677; Li

i

n et al., 1975; Harvey et al.,

1976). With lower energy rations, such as those provided by forage

sorghun or milo stover silages, the addition cf wmcnensin has been



reported to improve daily gains (Riley et al., 1976; Bolsen et al.,
1975) .

Monensin addition at a level of 11 ppm during the first 21 days
resulted in lower (P<.0l) gains with the corn and ureca supplencnts.
Except for the 49-~day weight with the urea supplement, monensin
allowed equal or sligntly higher daily gains during the remainder of
the experiment. After 116 days, all groups receiving rmonensin had
grown faster than cattle fed the supplement without monensin. These
differences were small and statistically nonsignificant (P>.05).

Hanson and Klopfenstein (1977b) reported that supplementoiion
of a silage-husklage ration with brewers dried grains to increase tha
protein level from 10.5 to 12.5% tended to increase growth rate. Waen
supplemental protein was provided by urea, there was no difference in
daily gain between the two protein levels. Monensin addition tended
to improve growth rate with the natural protein source but not with
urea. A second study where soybean meal was used to increasec the
protein content of a corn silage ration to 1i.1 cr 13.1% was conducied
by these investigators. In both exveriments, the imwprovement in gain
due to monensin was of greater magnitude at the lowzr level of protein.
Results ottained in the experiment recporteld herein, however, are in
agreement witk those reported by Davis and Erhart (3976b). In a
comparison of & basal growing ration (10.5% protein) and rations
supplemented to 136 protein with urea or cottonseed meal, these
woriiei's reported an imprcvenent in gein frem additicnal protein.

Preformed protein from cottenceed meal was slightly superior to urea,
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but monensin had essentially no effect on deily gain.

Feed Efficiency

Treatrient means for feed efficiency are presented in table 10.
Data are cumuiative for each intervel shown.

Cattle roeceiving supplemental protein were more efficient
(P<.0)) in utilization of feed throughout the experiment. Supple-
mental nrotein would have been expected to improve feed conversicn,
especially when steers were at lighter weights, since the control
ration was deficient in protein (N.R.C., 1976) &nd weight gein wes
improved by protein supplementation.

Ortheogenal comparisons between soyhbean meal and urea sunple-
ments sheued {hat the preformed vrotein scurce resulted in improved
(P<.C1) feed efficiency through 105 days. This difference was most
evident at early stages of the experiment, apparently resulting from a
reduced growth rate with urea but with about equal feed consumption as
for soytesn meal. The difference was overcome during the course of the
experiment resultins in essentially no difference in feed conversion
betwegn the two surplemental protein sources at termination of the
experimant. DPoorer early rerformance of urea-fed cattle has been
observed previcusly (Embry and Swan, 1975: Gates and Embry, 1976). This
effect becomes less evident with lengthening periods of feeding ures.

Monensin resulted in an improvement (P<.0l) in feed efficiency
when compared to controls at the termination of the experiment. Feed
requirements were 15.%5 lower for steers fed morensin. Improvement in

feed efficiency has been demonstrated consistently with cattlie fed
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high-roughage growing rations (Byers, 1977; Beling tet val. ;9727
Harvey et al., 1976; Linn et al., 1975; Gill et al., 1976; Riley et al.,
1976; Bolsen et 2l., 1975; Embry and Swan, 1974).

While monensin did not improve feed efficiency during the first
weigh period with the corn supplement and through 49 days with the
urea supplement, in all other comparisons within supplement treatments
feed conversion was improved (P<.0l) by the addition of monensin.
Improvement in feed efficiency with monensin appeared to be greater
with the corn (18.7%) and urea (17.0%) supplements than with sorbean
meal (©.9%). Fenson and Klopfenstein (1977b) also reported a greater
response to mounensin at lower protein levels in rations where preformed
protein was the surplemenizl source. With urea supplements, there was
littles improvement in feed conversion with monensin. Harvey et al.
(1976) compared corn silage with urea added at ensiling to corn silage
without urea. There was a greater improvement in feed efficiency
from monensin in the lower protein ration. In a comparison between
urea or cottonseed meal-zupplemented rations and a lower protein
basal ratior, Davis and Erhart (1976b) found that monensin additions
resulted in nearly identical improvement in feed conversiocn with each
of the three rations.

A significant (P<.05) interaction between protein supplement
and monensin was detected for final feed efficiency data. It resulted
from somewhat different responses to protein supplementation with or
without monensin. Soybean meal rations were used most efficiently

when no mornensin was included. Among rations with monensin, however,
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urea supplementation resulted in the most efficient feed conversion.

The respcnse to monensin when level or source of protein has
been varied has nct been sufficiently consistent in the few studies
conducted with growing rations to indicate reliable patterns. However,
& number cf studies, including the one reported herein, have demon-
strated a greater response to monensin in feed efficiency znd
sonetimes daily gain when protein lewel was suboptimal. Additionally,
ir this study there was a greater response to surplemental protein
vhen it was fed without monensin. Both observations lend suppori to
the suggestion that nionensin spares protein.

Other workers have not confirmed the improvement in urea
utiltization when fed with morensin in growing rations. Davis and
Erhart {(1976a) have suggested that urez was more efficiently utilized
when fed with monensin in high-grain rations. One factor limiting
the efficiency with which urea cam be us=d is its high solubility
which promotes rapid deamination. If, as Tolbert £k gl: (1977)
suggest, monensinr reduces the rate of microbial deamination, then it
might logically follow that monensin could enirance the utilization of
the amino nitrocgen provided by urea ané alsc protein from the nicre

solvuble sources.



Finishing Trial

Nine steers died or were removed beczuse of illness duraing the
course of the experiment. One died of bloat and another of internal
hemorrhage. The remaining cattle removed either displayed symptoms
typical of polioencephalomalacia (PEM) or were necrovsied at the South
Dairota State Veterinary Diagnostic Laboratory and PEM was reported as
the cavse of death. Three steers with symptoms of PEM were treated
wvith thiamine injections and later recovered, but they were not returrned
to the experiment. Two steers treated with thiamine injections showed
prompt @pparent recovery and were allowed to remain on test. The
losses occurred in six of the eight treatment grouvs and did rnot appear
to be related teo dietary treatment. Feed consumption was adjusted for
each pen from which steers were removed. An average value for
individual feed intake was subtracted from the feed offered to that
pen. Corrections were made to the beginning of the experiment.

Because of the unequal numbers resulting from remeval of
steers, treatmemt means for weight gain were calculated using least-
squares analysis of variance (Steel and Torrie, 1960). Feed consumz-
tion znd feed efficienry were measured on a pen basis and the data
reported are observed vzlues.

Protein ccountents of the complete mixed ratiozns are shown in
table 11, The rations witkhout supplemental protein contained about
10./¢5 protein on a dry basis. The addition of scybezn meal raised the
protein content to about 12.7 percent. Initizl and final shrunk

weights are presented in table 12. The protein leovel provided by the
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TABLE 11. PROTEIN LEVELS OF COMPLETE RATIOMS
FINISHING TRIAL

Crude protein, dry basis

Ration (%)
Corn Contrcl O L
Corn-Monensin 10.4
Corrn~Tylesin @S
Corn-~lionensin-Tylosin 10.4
SBOM Centrol 2 46
SBOM--Micnensin Bz L)
SBOM~Tylosin 12.7
SBOM-}onensin-i'ylosin 126

TABLE 12. AVERAGE INTTTAL AND FINAT, SERUNK WEIGHTS
FINISHING TRIAL

Control {forensin Tvlosin Monensin-Tvlosin
Corn  SBGM Corn SBCM 'Corn S=0k Corn SBO
No. anirals 23 24 22 25 22 24 25 22
Jonit. vt., kg 263 393 388 392 395 393 390 - 392
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unsupnlemented rations was the same as that recommended by the N.R.C.

(1976G) for steers of the weight used in this experiment.

Freed Consumption

Daily dry matter comnsumption is showm by treatment groups in
talle 13. Values are cumulative to date for each weigh period. Protein
supriementation had essentially no effect on feed comsumption. Moneasin
additions did not Jlower feed consumption during the first weigh period
at a level of 11 ppm in the ration. During the remainder of the study,
monencin at 3% prm resulted in lower feed ccnsumption. From cverall
data at the compilztion of the experiment, monensin lowered (P<.10)
feed intake compared to controls by 9.8 percent. This compares to a
reduclion of 12.7% in feed consumption observed during the growing
Phase whan the ration was primarily corn silage. A reduction in feed
intake of zbout 10% is rather typical for cattle fed high-concentrate
rations with monensin at 33 ppm (Perry et al., 19765 Raun et al., 1976;
Brown et al., 1974).

While cattie fed tylosin had higher deily fezd intzke at the

(o)

s
j
)

end of the experiment, th ference vas nomsignificant (P>.05).
Tylosin hag beea reported to hiave no effect on feed consumption wlien

Y
b4

fed alons or vien used in combinaticn with monensin {(Farlin, 1976;

Sherrod k¢ Burnett, 1976; Browvm et al., 19758 1@75).

E a3 [ TG
Weight Gain
Aot T SRR R

Least-sguares means. for daily gain, cumuiative for each

interval shown, are in table 14. Durirng the first weigh period,



TABLE 13. DAILY DRY MATTER INTAKE (kg)
FINISHING TRIAL

Control lonensin Tylozin Monensin-Tvlosin
Davs Corn SBOM Corn SBOY. Cern SBOM Corn SBCM
22 6«75 6.6k 6.90 B.75 6.36 .25 6.90 6.92
50 B.op 27 7.46 7.41 8.10 7.97 7.56 .52
78 8.20 8.43 7.4S 7.55 8.34 8.49 7.80 7.7h
106 8.64 8.89 728 7 .80 8.80 8.82 8.06 8.06

Averare Daily Drv Matter (kg)=--106 davs

Corn SBOM No Monensin Monensin No Tylosin I¥lasin

8.33  8.39 8.79 7.93° R.28 8. 44

*Monensin reduced dry matter intake (P<.10).

o\
N




TABLE 14. LEAST SQUARE MEANS OF DATLY GAIN (kg)
FINISHING TRIAL

Control Monensin Tylosin Monensin-Tylosin
Days Corn SBOM Corn SBOH Corn SBOM Corn SBEOM
22 1.05 .89 195 § 143 9%, .05 1.338 1.35
50 1.45  1.34 lasip o L 1.22  1.49 .48 %.50
78 1.20 1.40 1.88 185 .37 1.41 1.34 3.38
106% i.33¢ 2.29 1.26 R 1.36 1.3 .32 1.35  1.38
106° 1.33  1.34 187 & 1.39 .36 4.38 1.37  1.43

Averasze Dailv Gain (kg)=--105 daysb

Corn SBOM No Monensin Monensin No Twlosin Tylosin

1.33 1.39 1.25 1.37 1.33 1.39

®Based on filled weight.

bBased on shrunk weight.

€9
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soybean meal additicns appeared to depress growth rate for steers

nct receiving tylosin. Previcuz research weould indicate that suppie-
mental protein at this level should not be anticipated to reduce daily
gains. In other comrarisons, protein sup»dlementaticen had only small
effects on weight gain and indicates that the control ration contzined
adequate protein (10.4%) for steers of the weights used in the cxperi-
ment and for the growth rates observed. Accordins to these recults,
N.R.C. (197%) reguirements are adequate for weights and gain as in
the #xperiment, btut lower levels of protein were not tested.

Monensin reswlted in higher (P<.05) daily gains during the first
3 weeks when it was included in the rations at 11 parts per million.
From examination of firal weight gain data, it is evident that monensin
fed at a lewel of 33 ppm had esgentially no influence on daily gain.
This is supported by previous research (Perry riel. 5 1976; Raun etoal. ,
¥976; Shérrod ot @l 1975 Brown &b alk. IOPA):

Tylosin addition resulted in slightly higher weight gzains., but
the difference was nonsignificant (P>.05). Small improvements in
growth rate have been attributed to tylosin (Brown et al., 1S75; 1973).
Otheor investigztors have not found any increase in daily gains due to

tyvlosin (Heinemann et a2l., 1977; Farlin, 1975; Sherrod and Burnett,

P

1976; Matsushima and Haaland, 1975).

The small advantages for tylosin and soybean meal additions
resulted in the SBOM-Monensin-Tylosin treatment having the highest
weight gains (7.5% higher than corn control). There also apreared

to be a greate:r response to proteirn supplementation with the rations
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containing monensin. This observation suggests that protein levels in
high-energy finishing rations may be more critical when monensin is
fed because of the overall reduction in feed intake. A somewhat
similar resporse was observed by Davis and Erhart (1576a). They
reported that additions of urea to a high-concentrate ratican did not
improve gzin with the control treatment. With rations containing
monensin, however, there was a slight improvement in gain with urea
supplementation. These investigations do not seem to provide clear
evidence for a proiein sparing action of monensin, tat might indicate
that supplemental protein was used more efficiently when monersin was

included in the ration. In contrast, Gill et al. (1977) compared four

high-grain rations supplemented with soybtean meal tc provide protein
lewels ranging from 9.5 to 12.3 percent. They found that monensin
increased gain to a greater extent at lower protein levels and

concluded that tlie additive might sparzs @rotein.

¥eed Efficiency

Yeans for feed efficiency, cumulative by weizgh periods, are shown
in table 15. Soybean meal allowed small increases in daily gain while
not affecting feed consumption. This resulted in a small but non-
sigpificant (P>.0%5) inprovement in feed efficiency.

Addition of mcnensin consistently reduced (P<L.01) the feed
reqaived for gain. The reduction in feed intake with about egual

rates of gain resulisdé in an overall inprovement in feed efficiency of

(U8

11.3% for monensin. The response is a typical ome for monensin
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TABLE 15.

FEED EFFICIENCY (kg Dry Matter/kg Gzin)
FINISHING TRIAL

Control Honensir.. . Tylosin monengin=Tvlog
Davs (3amEn SBCH Corn SECH Corn SBOM gons S2CH
c2 6.49 7-57 S D 5.96 7.7k 6.52 5.21 &, 1)
50 5.85 - 5.97 5.80 o547 6.80- 5.37 5.39  5.05
78 6.6k 6.04 6.06 5.88 6.17 6.01 .81 B
106% 6.52  6.89 6.22 5.70 6.72  6.63 5.98  5.87
105° 6.50 & 6.85 6.5 §5.6 6.50 6.38 5.89  5.55
Dry Matter/Gain--106 daysb
Cora SBOM No Monensin Monensin No Tvlosin Tylosin
6.27 6.07 6951 5.838+ 6.2k 6.11

**Monensin improved feed efficiency (P<.0l).

®Rased on filled weight.

bBased on shrunk weight.

79
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research (Perrysgt al., 1976; Raun sb.al ... JO76: Sheprod et 21., 1975;
Brown et zl., 1974).

Tylosin also produced a slight but nonsignificant (P>.05)
improvement in Teed efficiency, corresponding to the effects of the
acditive on weight gain. Improvements in feed efficiency from about
1.5 to 4.5% have bteen reported when tylosin was fed 2alone or in
combination with rornensin (Heinemann_et al., 1977; Farlin, 1976; Browr
et al., 1973).

Improvement in feed efficiency due to monensin was more
pronounced with soybean meal supplemented rations (13.5%) than with
the control ration (7.1%). Davis and Erhart (1976z) have also report-
ed slightly mcre improvement in feed conversion from monensin in
rations supplemented with urea than from rations without urea. Other
investigators have found that the magnitude of the imprecvement in

feed efficiency is greater with rations containing lcwer levels of

protein (Gill et al., 1977; Dartt et al., 1976).

VFA Produntion

Meanz for total VFA concentration and for acetic, prorionic and

butyric aecids as a percentage of total VFA are shown by treatment in

"

table 16. Feans were averaged across treatment effects and were not
analyzed statisiicalliy. Protein level had essentially no influence on
the pattern of VFA rroduction. Monensin tended to increase the
percentage of provicnate produced while reducing acetate and butyrate
levels. This pattern is consistent with previous findings (Perry et

al., 1575; Foun et ad., 1976). Tylosin appeared to have an effect
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TABLE 16. VOLATILE FATTY ACID PRODUCTION
FINISHING TRIAL

No. Acetic Propionic Butyric Total VFA
Treatment samples (%) (%) (%) (mMoles/liter)
Corn 16 54.39 L4L0.13 5.24 S5k.63
SBOM 16 53.21 40.86 5.92 57.29
No Monensin 16 54 .87 38.73 6.40 55.12
Monensin 16 TS 42.26 50N 56.80
No Tylosin 16 53.3h L2.01 L.,65 55.40
Tylosin 16 Sh.26 38.98 6.75 8..52
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oprosing the changes resulting from monensin additicn. Samples from
steers fed tylosin had higher levels of acctate and butyrate but lower
levels of proyionate than steers not receiving tylosin. Such

influente oi @nticiotics on VFA production is not substantiated by

previous research (Haskins et al., 1957) .

Carcass Data

- alues a s arameters ¢ sure shown iv
Average valuves for carcass ramecte measured are shown in

table 17. Carcess data were rather vuiform tetween treatment groups

(’)

and revealed noe differences which could be.attributei to dietary
treatments. Carcasses graded between high Good and low Choice for all
treatments and average yicld grades ranged frem 3.6 to 3.8. Previous
investigators support the conclusion that monencsin and tylosin have
essentially no irfluence on carcass composition cr acceptability

(Heinemann et al., 1977; Potter et al., 1976b; Brown et 21., 1974).

o~

The number of carcasses in each treatment group which head

ahscsessed livers is elzo shown in table 17. The incidence of liver
abscesses was low for all rations, each of which included some roughage

provided by corn silage. lLiver abscesses were encountereda in 7 of 92

nd 5 of 91 fed rations containing

1y

[

steevs not receiwing tylosin

tyiosin., Tm other research where the iucidence of liver atscesses has

ranged from 2L to 595 in coatrol groups, tylosin has been denionstirated

5

to be effective in reducing the number and severity of liver abscesses
(Heinemarn et al., 1977; Farlin, 1970; Matsushima and Haaland, 1975;

Brown et al., 1975; 1973).



TABLE 17.

CARCASS DATA
FINISHING TRIAL

Control Monensin Tylosin Monensin-Tvlosin
Ceirn SBCM Corn SBOM Corn SBOM Corn SBOM
Hot carcass wt. (kg) 334 334 228 333 338 339 332 3L42
Dressing percent 62.47 62.47 63.02 62.29 62.69 62.85 61.94 62.80
Marbling™ 4.8 4.8 5.3 4.6 b7 4.8 4.6 4.9
Carcass grade’ figgs 1830 B87 Tt Fass ! 1B.5)] WA, Jis.é
KPR.Hs fat, % 2.9 2.9 2.7 2.8 3.0 2.9 2.7 2.9
Fat thickness (em) il§. 75 273 1.60 "1.68 1.80 1.88 : Lo 68 1.68
Basdhc avea (o) 75.94  75.55  75.35  77.35  77.68  78.52  76.00  78.97
Yield grade 5.7 348 3.6 36 ».8 5.8 3.6 S
No. steers with abscessed
livers Il 2 2 2 2 0 2 0

aslight = bs small =5

bhigh Good = 18; low Choice = 19

ol



SUMMARY

Two feeding experiments were conducted with a primary objective
of examining the response of feedlot cattle to supplemental p»rotein
when monensin is included in the raticen. The growing ration fed in
the first experiment provided about 50% of the dry matter as forage
from corn silage with the remainder of the ration concentrates,
primarily corn-grain. In addition to the control ration (10.4%
protein), soybean meal and urea were used as suprlemental prutein
sources. Each ration was then fed with and without monensin.

In the growing experiment, monensin resulted in 2n overall
reducticn in feed consumpticn of 12.7 percent. The effect was less
pronounced with the soybean meal supplement (9.0%) than with the corn
(A4 .7™) and urea (14.3%) supplements. There was a tendency for steers
fed soyteai meal to consume more feed than steers fed the other supple-
mente. This trend was more pronounced with supplements including
menensin.

There wze essentially zo difference in average daily gain due
to monensin., Supplemental protein, either from soybean meal or urea
did improve growth rate, indicating that the control ration was
deficient in proteirn., Soybean rleal arpeared to produce somewhst

°

superior gains at the completicn of the experiment. tu%z this resulted

frem the pger response to urea during the early phases of the
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dditions produced an overall improvement in feed

efficiency of 15.5 percent. This effect resultesd from decreased feed
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consumption with about equal daily gains. Suppliemental protein also
improved feed efficiency. Soybean meal was substantizily more
tenzficial at early stages of the experiment, but this difference was
less e¢vident by the end of the experiment. Withcut monensin, the
steers fed soybecan mezl supplemented rations had the best feed
conversion. Vhen monensin was included in the ration, however, urca
suprlemented rations were utilized most efficiently.

The results of the growing experiment confirm that monensin is
effective in improving the energy utilization of a high-roughage growing
ration. Furthermore, there was evidence that monensin had a protein
sparing effect in rations sligktly deficient in protein and also
tended te improve the utilization of dietary nitrogen provided bty ure=z.

In the finishing experiment, the high-ccncentrate rations
included 2 low level of roughage supplied by corn silage. A control
ration (10.4% protein) and a ration supplemented with soybean meal
(12.7% protein) were fed. In additicn 4o investigating the relation=
ship between monensin and supplementz2l protein, another objective of
the finishing experiment was to examine the response to monensin wvhen
wZed in combination with an antibiotic, tylosin. The two raticils were
fed without either additive, with meonensin, with tylosin anéd with the
tw products in combination.

Honensin addition ¥esulted in zn overall reduction in feed
intake of G.0 percent. This was similar to the 12.7%6 reduction
encountered in the growing trial. Neither protein supplementation nor

tyilesin zdditicn altéred feed consurption.



Morensin h2d no influence on average daily gain. Soybean meal
or tylosin supplemented catile had slightly higher zrowth retes, but
the differences were nonsignificant.

Monensin improved feed efficiency by 11.1% corresponding to
its reduction of feed consumption. There was a slight advantage in
fecd efficiency for ratiorns including tylosin, but again the diiference
was not statistically significant. The improvement in feed conversiecn
due to monensin was more pronounced with soybean meal supplemented
raticns (13.5%) than with the control ration (7.1%). This responss
differed from that observed in the growing trial in which monensin

appeared to spars rrotein. It may be that the reduction in feed

3

consumption which occurs vwhen monensin is fed is mare eritical i

i

’

high-ccncentrate rations and may explain the small apparent respoase
to supplemental protein.

Dietary trcatmernts had no influence on carcass pasrameters
measured. The incidence of liver abscesses was lcow in all treatment
greups. This experiment, therefore, provides no evidence that tylosin

was effectiwve in reducing the occurrance of abscessed liverc.
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