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Abstract:

The net energy system of evaluating feeds was studied to determine the net energy value of Unitan
barley (test wt of .605 kg/liter and 9.9% C.P.) for maintenance and production and to evaluate
established net energy values for wintering and fattening cattle, In Trial I, 36 weaned steer calves
averaging 214.62 kg were stratified by weight, breed of dam and sire into nine groups of four head
each. One lot of four steers was slaughtered initially to establish initial body composition. The
remaining 32 individually fed steers were randomly assigned to treatments replicated once as follows:
basal ration (80% grass hay and 20% soybean oil meal) for maintenance, basal plus barley for
maintenance, intermediate and large gain. All steers were slaughtered at the conclusion of the trial to
determine energy retention. Heat production at zero feed intake was measured by the regression
analysis' of daily heat production per Wkg”*0.75 on daily metabolizable energy intake per Wkg"0.75
and was found to equal 70 kcal per Wkg"0.75 per day. A regression of heat production on
metabolizable energy intake showed that the NEm value of barley was 1.81 Meal per kg of dry matter.
The average NEp of barley as determined by the difference trial was 1.145 Mcal per kg of dry matter.

In Trial II, 44 weaned steer calves, initially weighing 243.13 kg were fed a wintering ration for 84
days. Steers were stratified by weight and source and were randomly allotted to four lots of 8 head each
fed outside and two lots of 6 head each fed inside. Each lot received either a 65 or 50% roughage
ration, based on established net energy values for the feeds and requirements of the steers, initially
calculated for an expected gain of 0.68 kg per day. Rations were recalculated at the end of the trial,
based on average daily feed consumed, and the expected gain was changed to 0.64 kg per day. Actual
gains varied from 0.64 to 0.82 kg per day. The "t" test for paired observations indicated a significant
difference (P<0.025) between the actual and expected gain during the wintering period.

Steers used in Trial II were used in Trial III for a fattening period of 70 days, All steers were implanted
with 36 mg Stilbestrol, Each lot received either a 15 or 5% roughage ration. Rations were calculated for
a 1.13 kg gain per day. When the average ration was recalculated at the end of the trial, the expected
gains ranged from 1.03 to 1.10 kg. The actual gains ranged from 1.17 to 1.39 kg per day with the actual
gain being greater than expected. The "t" test for paired observations indicated a highly significant
difference (P<0.01) between the actual and expected gain during the fattening period.
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ABSTRACT

The net energy system of evaluating feeds was studied to determine
- the net energy value of Unitan barley (test wt of ,603 kg/liter and 9.9%
C.P.) for maintenance and production and to evaluate estéblished net
energx values for wintering and fattening-ca_ttle1

In Trial I, 36 weaned steer calves averaging 214,62 kg were strat-
ified by weight, breed of dam and sire into nine groups of four head
eagh. One lot of four steers was slaughtered initially to establish
initial body gomposition. The remaining 32 individually fed steers
were randomly assigned to treatments replicated once as follows: basal
ration (80% grass hay and 20% soybean qil meal) for maintenance, basal
plus barley for maintenance, intermediate and large gain, All steexs
were slaughtered at the conclusion of the trial to determine enexrgy
retention, Heat production at zero feed intake was_measured by the re-
gression analysis of daily heat'grodudtion pexr W 1. on daily metab-
ol%zable enerqy intake per W g'7 - and was found to eqgual 70 kecal per
W k-75 per day. A regression of heat production on metabeolizable energy
intake showed that the NEm value.of barley was 1.8] Mcal per kg of dry
matter. The average NEp of barley as determined by the difference trial
was 1,145 Mcal per kg of dry matter. '

In-Trial II, 44 weaned steex calves; initially weighing 243,13 kg,
were fed a wintering ration for -84 days. steefs werg stratified by
weight and sounce and were randomly alleptted to four 1ots of 8 head each
fed outside and two lots of 6 head each fed:'inside. Each lot received
either a 65 or 50% roughage ration, based on established net energy
values for the feeds and requirements of the steers, initially calcu-
lated for an expected gain of 0.68 kg per day. Rations were recalcu-
lated at the end of the trial, based on average daily feed cansumed, and
the expected gain was changed to 0.64 kg per day. Actuwal gains varied
from 0.64 to 0,82 kg per day. The "t" test for palired observations
indicated a signifjicgant difference (P<Q.025) between the actual and
expected gain during the wintering period. -

Steers used in Trial II were used in Trial III for a fattening
period of 70 days., All steers were implanted with 36 mg Stilbestrol,
Each lot received either a 15 or 5% roughage ration, Rations were cal-
culated for a 1.13 kg gain per day. When the average ratiop was recal-
culated at the end of the trial, the expecgted gains ranged from 1.03
to 1.1Q kg. The actwal gains ranged from 1.17 tp 1,39 kg per day with
the actyal gain being greater than expected. The "t" test fqr pairxed
observations indicated a highly significant difference (P<0.01)
between the.actual and expected gain during-the fattening period.




INTRODUCTION

Cattle proauction in Montana is of prime importance to the economy
of the State. The number of cattle on'feed‘in Montana has ipgreased
each year, suggesting an increasing interest in finishing cattle. An
abundance of feed grain is grown in Montana which ¢an be used to pra-
duce fipished béef._

Animal nutrition is conéerned withithe developmen; and application
of scientific knowledge to the day-to-day feeding of li%estqck, Nutri-
ent requirements of beef cattle are dependent upgn-the level of produc-
tion, size and type- of -cattle 5eing fed. Most producers today recognize
the fact that all nutrients are interrelated, Because energy and pro-
tein requirements are large in terms of amount and cost-in cattle
feeding, modern .recommendations suggest that all other nutrients be fed
at a level tp make goad utiliéation of the energy while being adequate
in protein. |

In Novémber 1958, the NRC Committee on Animal Nutyxition passed a
resolution to start using the caloric system, along with the total
digestible nutrient (TDN) system, to describe the energy values of feeds,
rations and nutrient requirements of animgls. In 1970, the révision of
the Natipnal Research Councgil xequirements for beef pattle was exten-
sive. Not only were the_reqpirements given in kilograms of body weight;
but nutrient requirements were-given in termslof-dry matter and the
ney energy values, NE, and NEP, developed by Lofgreen and co-workers,

were given for growing and finishing beef cattle, Before the calorie
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system can be used effectively throughout the United States, it will be
necessary to evaluate feeds on the basis of net energy in various areag

due to environmental and feed differences.

~

Because barley is the principal feed grain in Montana, it .is
necessary that it be evaluated on the basis of net energy for'growing

and finjshing cattle under Montana conditions,




-REVIEW OF LITERATURE

The Caleric System

Energy may be defined as "That whigh gives rise to changes in
the properties of bo@ies and the power to produce such cﬁanges" (Armsby,
1917). .Acaqrding to Crampton and Harris (1969), the fractions of
biqlogical energy are determined by measuring only thé potential energy
of the food ingested by an animal, the fégal recovery, the urinary
recovery, the methane-gas recovery (using the galorimetex 6r by a fox-
mula for ruﬁinants) and the increased heat less in the fed animals over
that of the animal while fasting,'iégL_the heat increment (HI).

From this, it is assumed that digestible energy (DE) = food energy
minus total energy in feces; metabolized energ§ {ME) = DE minus tptal
enérqy in.urine (and the methane energf for rumiéants); and nef energy
(NE) = ME minus the total heat increment (HI). In other words, the DE,
ME and NE values of ‘a food are conventionally obtéined by difference-

Figure 1 shoys the conventional biological partition of. food energy
(Crémpton and Harris, 1959).

The largest purpese which food serves is the production of energy
for body processes.' Because all organic nutrients qén serve this
purpese, energy value provides a commen basis for expressing their.
nutritive walue (Maynard.énd Loosli, 1962).

Energy Terms

In order to fully upderstand the calorxic system of describing

energy values, it is essential to have a knowledge of energy terms.




Production energy (NEp)

a. stored in tissues,
growth, fat, wool,
etc

b. stored in prod-
ucts: milk, egg,

fetus
Net energy+4 c. work (expended in
(NEP& NEp,) part as heat)
IMaintenance energy
(NEp)
~Metabolizable energy- a. basal metabolism
(ME) b. activity at main-
a. energy of diges- tenance
tive fermenta- c. sustaining body i
- Digestible energy — tions temperature _ vy
(DE) includes also: 7
a. energy of di- lHeat increment energy from:
Gross gestive fer- |fUrinary energy a. heat of nutrient
energy (GE)- mentations losses from: metabolism
of food b. energy of a. residues of b. heat of digestive
gaseous prod- imperfect fermentations
ucts of di- food-nutrient
gestion (CH,) metabolism Energy wasted
1 b. endogenous as heat
‘Fecal energy losses catabolism
from:
a. Undigested
food {Gaseous energy Lost via bowels or by
b. Metabolic losses from: elching
products a. gaseous prod-
(mucosa, ucts of di-
bacteria, & gestion (CH4)
enzymes)

FIGURE 1. CONVENTIONAL BIOLOGICAL PARTITION OF FOOD ENERGY.
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The following are theose term; suggested by Crampton and Harxris
(1969) . |

Galorie (cal). A small calorie is the amount of heat required to
raise the temperature of one gram of water to 15.5 from 14.5 degrees
centigrade.

Kilocaloxie (kqal). A kilqcalorie'is 1,000 small calories.

Megaca;orié (Mcal) . A megacalorie is equivalent to 1,000 kilg-
calexries or 1,000,000 calories. ‘

Gross EnergY‘(GE)- GE is the amount of heat, neasured in galexies,

that is released when a substance is completeiy oxidized in a homb

calorimeter contajining 25 to 30 atmospheres of oxygen.

.75 . . . .
Metgbolig;pgdy §izg (w §g7 ). Metabolig size is defined as the

weight of the animal (in kg) raised to .the three-fourths power. Metab-
olic body size can also be expressed in pounds,

Net Energy (NE). NE = ME — HI. It inclpdes the ameunfs of energy ;
used either for maintengnqe only or for maintenance plus production.
Net energy can also be expressed as the gross energy (GE) of the gain
in tissue apd/ox the products synthesized, plus energy required for
maintenance. Below the critical temperature some of the HI is also a
part of net energy.

Thexe are three expressions of net energy (NE) (Lofgreen and
Gaxrett, 1967) which gre commonly uséd and extremely importan§ to under-

stand when referring to a discussion of NE: (1) net engrgy for
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maintenanée alone (NEp), (2) net energy for produgtion above maintemance
(NEp) and (3) net énergy for maintepance plug production (NEypin).

NE, is defined as that amount of energy.whiqh s equal to the heat
produced by a fasting animal. The gmoﬁnt of feed required to just main;
tgin an animal in ener?y balange will have an NE& value equal tq that
amount Qf heat which would héQQ been produced at no feed inteake.

NEP is defined as the eﬁergy stored in new body protei# and fat
brought about by addition of feed above the maintenance raquiremen;,
This storxed enefg& is measured'by‘a "difference triai" whigh measured
the increase in energy gainéd by the animal due to an inorease of fegd
intake above maintenance. 

NE‘ +

nep is defined as that energy required for both maintenange and

production.

Deyelqpmept of‘Ngt Engrgy Vglugs

In connection with his work with the respiration calorimeter,
Arﬁsby developed the net energy systém of evaluating feeds founded upon
a gencept not much difﬁerent from the starch values of Kellner (Maynard
and Loosli, 1962). Kellper appears to have been the first to attempt-

any practical application of the conceptipn of the feed as a source of

enprgy to the body and he developed the so-called starch values (Armsby

and Fries, 1915). Kellner (1913) expressed the fat-forming value of

feeding stuffs, psing starch as a standgrd.
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It hecame acgepted as a fundamental doctyine in animal putrition
that the prime function of food is to supply enexgy for the operation
of the animal bedy and thét all its other diverse uses are essentially
trihuﬁary to its main purpgse. Armsby and Fries (1918a) détermined
experimentélly how much energy the Varioué feed stuffs . can actually
contribute toward the upkeep of the animal body,

Armsby and Fries (1915) felt that the losses of feed energy from
the animal werxe of two ¢lasses: (1) losses of unused chemigal energy
in the feces, urine and'meﬁhane and (2) losses in the form of heat due
to the increased metabolism solely due to thé ingestion of feed. The
remainder of the chemical energy in thelfeed was désignatéd as the
net epergy value for maintenance plus predugtion. In their work with
the respixauioﬁ calorimeter, Armsbyvand Fries (1915) found that apimals
required more energy when standing than animals Whigh were lying down.

In the deteymination of net enexgy values, Armshy -measured the
heat, resulting from the ingesgtion of a g;veﬁ amount Qf feed increased
the intake, and obtalned by’ difference the heat ingrement co:,cresppm}r
ing to the agmount by which the feed intake'was increased. He then
gsubhtracted tbe heat increment, fram the metabolizable enerxrgy of the
same intake to obtain the net energy value (Maynard and Logsli,

1962).
Kriss (1925).devel09ed and used a new method which involved the

separate determination (1) of the net energy reguired fer maintenangs




-
(2) of the gain of energy by the "an,imal and (3) 'o.f_ the heat ingrement
value of the feed. C(onsiderable work has been done in.the,pa$t yeans
on the net eneréy values of feed stuffs and the requirements of
animals, In about 1955, Céiifo;nia scientists became interested in
inve;tigating the net energy value of feeds ana the requi;éments of
steers and heifefé for finishing. The system for expreésing net gpérgy
reguirements and feed values for evaluating livestock rétions as devel-
oped in California is a more precise method of predicting performance
-of feedlof,rations thaﬁ feeding standards using Total Digestible
Nutrients (Lofgrgen and Garrett, 1968). On the basis pf'their initial
work, California workers quantitated net enerxrgy (NE) requirements of
grq&ing~ﬁinishing cattle and developed‘a-system which, although first
proposed o&er a hundred years ago, is becéming more widely used in the
U. s. ‘

Lofgréen and Garrett (1968b) reported that in order to measure the
NE requiremeﬁ; it is necessary to know the heat production of the
fasting animal sjince this amount of net gnergy must‘be furnisheﬁ to
the animal to keep it in energy equiiibrium. The heat production of
the fasting animal has been considered to be equal te basal metabalism
which is often expressed as 7OW £675 with heat prqdu¢tipn expressed in
kgal and W is bodyweight in-kg. It is poésible to indirgetly measyre

heat production (HP) at zero feed intake by deducting energy“balance (EB)
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‘ﬁrgm metabolizable energy intake (ME) thus

EP = ME - EB.

The energy retaiped in the animgl body is determined by a compara-
tive.slaughter method. In fed animals, HP is made up of basél metabo-
lism, heat increment and heat produced by activi;y. At zero feed in-
take the heat incremgnt is also zero and the components of HP are
basal meta?olism and heat acfivity which can be cpnsideréd to be egual
to the net energy regquired for maintenance or NEm. It is possible to
estimate HP at Zero feed in£ake i1f HP 1s measured at various.le%els of
feed intake.

Lofgreen and Garrett (1968b) indicated that the heat production

0.75
kg

of fasting animals was between .72 and 82 kcal per W with the mean
value being 77 kcal. The averaée NEp fequirement cah be considered
tq be egual to 77 kcal per W gé75, The NEh requirément can be
expressed

NEp = 0.077§ ]2&75
where NEm is in Mcal per day and W ig bodyweight in kg. It has been

found that the heat produced by steexs and heifers is not different

and thus the enexgy requirement for maintenance per upnit of W 2575 is
the same which is equal to 0.077 ‘Mcal per W £é75'

Garrett, Meyer and Lofgreen (1959) expressed maintenance requix@*'

ment of sheep as 33W 0.75 ana cattle as .38W 0.75 or a combined species

0.75

requirement of 35W where the values are calculated in kilocalories
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per day when W is in pounds. Reasonable estimates of the requirement
to maintain energy equilibrium, in texms of the different measurgs of

food ‘energy, can be made from the following relationships;

TON = 0.036w 073
DE = 76w 9-73
ME = 62w ©0-73

NE = 35§ 9-73
W is in boundg, TDN in pounds per day; and De, ME and NE are in kilom
calories per day. .

Lofgreen and Garxxett (1968b), in the determination of NE, values
of the ration, have shown that the quantity of feed intake per unit
of W §é75 reqyired to maintain an animal in energy equilibrium will
'have a NEj equal to the heat produced . at no feed intake or 07077 Mcal.

- The feed intake required-to maintain.energy equiiibrium can be measured
rather easily_from the relationship of heat preduced to metabolizable
enexgy intake.

The-determinafion of.NEp reéuirements for weight gaiﬁ is simply
the energy dgposited in the gain.‘ This is measixed hy what the nutri-
tionistg call a "difference tfial". Such a ﬁrial meagures the ingrease
in energy gained due to ap increase in the amount'of feed intake above
maintenance. In adifference trial, the lower level éﬁ feed ié f@ﬁ o
maintain energy equilibrium and the highér level Of_feed intake is free

‘ éhoice, Lofgreen and Garvett (1967) directly determined the NEP
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requirement,fpr-prqduction of weight gain by the enexrgy deposited per
unit of gain,, |
It has beanjshowﬁ by Lofgreen and Garrgtt (1968b) that for any

sizg of animal the energy stored in the weight gain or the NE, require-

ment can he expressed

for sfeers
NE, = (52.72g + 6.849%) (1-0-7%)

for heifers
0.7b

' NE, = (56.03g + 12.65§2) (W )
Wherg NEpis-in kcal, g is daily gain in kg and W is body weight -in kg.

The NEp value 9f a ration as found #y Lofgreen and Qarrett (1968)
is equal to the eneréy deposited in the body Weightlgain brought; abqgt
by féeding the particular feed’in question. This dgain or difference
is éetérmined by the diffé;ence trial. It has been found that any two
levels of feed above the maintenance requirement can be used in a dif-
ference trial but a large differénce will result in a more accurate
estimate of the NEp value ¢f the ration.

The partial efficiency of energy utilization for maintenance is
higher than it is for production (Kleiber, 196]1; Preston and Hembry,
1969), The net energy of a feed will then vary ywith the level of
feeding, being highér at low levels of feeding and decreasing as feed

intake increases. It is obvious, theyefore, that a system based upon

net energy must take this into ¢oﬂsideration by listing separate ngt
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energy values for different physiologig%l'funcfions, such as net energy
fer maintenance and/or net energy for production, $tudies (Lofgreen,
Bath and Strong, 1963; Garrett, Loféreen and Meyer, 1964) ha§e shown
that, from maintenance tq g@_libitum feed consumption, the partial ﬁet
engrgy of a feed used for weighﬁ gain does not deviate significantly
from linearity. This means that the partial net energy of é feed,
when utilized for weight gain above maintenance, can be gonsidered to
be constant. The pet ene£gy fér maintenance of that guantity of feed
needed to maintain energy equilibrium is equal to the héat produced
py a fasting animal, iThe partial net energy of feeds for maintenance
(NE,) and the par?ial né; energy‘ﬁor production of Weight gain (NEP?'
therefore, are more nearly censtant than is the total net-ene?gy of ‘a

feed for hoth maintenance and production (NEm'P),lthg latter being a

+
weighted average of the NEp and NE, depending upon the level of
“feeding. It seems logicél.that a net energy ;ystem baééd upon the use
.of separate expressions, NEm and NEP,‘wouid be moré usefﬁl and accyrate
than one based upon NEm.+p which ig known to vary Wi_th feeding level.

In the detérminatigp of tétgl,nat energy values of feeds for beef
caﬁtle, it is necegsary to #ave some measure'éf the enerxgy retention
brqught;aﬁqut by tﬁe consumption of a given quaﬁtity of feed, Armsby
and Frié§ (1915) meésured thisg by.use of a raSpir@tipn galorimeter. To

overcome the disadvantages of respiration trials, Lofgreen and Garpett

(1968b) developed a system of using bedy weight gains as measures of
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' energy retention. Lofgreen (1964) at the California Agrigultpral
Experiment ﬁtaﬁion developed a ¢omparative slaughter teghnique'to
nggsure eneréy retention.

Animals used in such - a study are accustomed to the environment and
placed on the same ration to give a upiform £ill for a minimum of 10
days, An iﬁitial live weight measurement is made and randomly selected
group is slaughtered to reprgsent the initial body compesition (Lofgxeen,
1964) . The,estimaﬁiqn of the ipitial slaughter group is applied to the
remainder of the catfle. At the c@nclqsion of the trial, the reﬁa;ning
cattle are giéug@tgged tq determine energy refeﬁtiqn, This method is
desgribed in detail in a reViéw by Lofgré@n (1964)- The specific
gravity of carcasses is measured and the bhody fat and protein deter--
mined for energy retention. ' '

In determininé net,energy values, it is also‘necessapy to kngw the
empty body Weight- Thrbugh a series of trials involving #he weighing
of the full reticulum and rumen of slaughtered cattle which had a-1g-
hour shrink, Lofgreen and Hull (1962) devélOPed an equation to estimate
the emptf body weight. A regression analysis of the data revealed that
the empty hedy weight of beéf cattle can be agcurxately predicted from
the waym capcass weight taken at slaughter. fhe equation, f = 70 + 1.45X
desggibes this rpelatieonship ﬁhexe Y is the empty body weight in\pqunds'

and X is the warm carcass weight in pounds.
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Uses Of The Net Epergy System

The.SYStem ef detérmining'net énergy feedhvalues‘and animal re-
quirements as devéloped by #ofgreen:and Garrett (19267) is often referred
to as thé'California Net_Energ? System. Any system of expressing
enexgy requirements and.feed valués must lend itselt to use in feeding
livestaock.

The three most pragtjcal uses of the net energy system are as
follows (qugreen, 1970a; qugreen gﬁd Garrett, 1967; Lofgreen and
Garrxett, 1968a; Lofg;een aﬁd Garrett, 1968b; NRC, 1970):

1) The system must lend itself to ration formulation in which
case informatien is néeded on the expected feed consumption of the kind
of cattle being finished agd the rate of gain they are expegted to
make. | |

2) A seceond use of the net energy syg;em is in the calcula?ion
of the quantity Qf fee@ required to produce a desired rate of gain.

3) A third, and perﬁaps the-mdst usefui method af application pf
this system, is ip evaluating a given ﬁeedipg‘progtamq Using this
system, it is pqssible to évgluaté the pbsarved performance of animals
in comparison to that exPeéteé from their‘faed-consumptioni

‘This system, at present, is limited to use-with growing and
finsihing gattle; the principles can be extended to other psygiological
'fungtigns-suCh as gestatiQn, lactati¢n, work, etg. Thésg applications

await further reseaxch to'make them more ugeful.
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Feeding Experiments To Petermine NE

A number of woxkers have‘qsed the difference trxial apd the compara-
tive siaughqer teqhniqﬁe to'determine NE values of feed stu#fs and also
the NE requirements of growing and finishing cattle.

Hintz, Hansen and'Garrett (1969). using rplled whole barley and a
ration made up of the high fiber-f;action of the barley, found that
there was a trend for ipcreased amounts of the high fiber fractien
xation te be required fox weight and gnergy gain. The calculated npet
enegrgy values werg.lewer for the high fiber fraction ration and indir
cated thét this fraction of barley had about 94% of the value of the
entire barley-kernel in terms of NEP.

Garrett (i965) §9m$ared gteam rolled or ground barley t§ steam
rolled oy grpund milo for feedloﬁ cattle. Using the comparative
slaugh;er_techniqqe, the a&érage values of NEP'were fpund té be 1.31
and 1.43 Mcal per kg for barley and milq. Thexe was na significant
diffeyencge between the values for steam rolled ox ground grain,

Garrebtt ggfgl;.(l964) detexmined the average het energy values
(NEP) of harley, milo and a 50:50Q mixtufe to he 56 + 4, 59 * 4, 59 % 4
Mcal/l00 1b. of dry matfer. These averages indicated that these grains
were about equél to their net energy values.

Lofgreen and Christensen. (1962) reported that barley straw had a
NE value of approximately 23 Mcal/100 lbs. which is not different than

the ENE given by Morrison. (1989).  The average value of 44.4 Mecal of
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NE/100 1lb. of alfalfa is somewhat higher than the value of 40.6 listed
by Morfison. Feeding straw as half of fhe roughage resulted in lowered
gains and lowered energy content of the gain.

The net energy of successive increment (NEP) of alfalfa hay and
of a high concentrate ration has been determined with growing-fattening
beef heifers (Lofgreen, et al., 1963). These workers found that the
first increment of alfalfa from maintenance to approximately one-half
maximum gaip had a NE, for energy retention of 30.1 Mcal/l00 1lb. The
second increment, increasing consumption to full feeding, had a NEy, of
25.1 Mcal/100 1lb. The corresponding values of a high concentrate ration
were 54.8 and 59.9 Mcal/lOO 1lb. For maintenance, alfalfa had a relative
NE value of 67% of that of the high concentrate while for gain alone
the value of alfalfa was.only 49% that of the high concentrate.

Irvin et al. (1951) found that production on an all alfalfa hay
ration was much closer to that expected on the basis of net energy
calculations than that expected on the basis of TsN calculations.

Conrad et al. (1966) reported that raising the level of roughage
from 10 to 30% decreased the rate of gain. The NEP values of hays
also declines with advancing maturity (Welch, et al., 1969).

Fox et al. (1970) using the comparative slaughter technique found

that the NE_, intake was significantly higher for corn grain rations

154

than for corn silage, sorghum silage or sorghum grain rations (P<0.05).

Both the corn rations had higher NEm+p values per kg of dry matter than
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did either of the bird resistant sorghum rations. The corn silage

ration had the highest NEm (1.40 Mcal/kg DM) followed by corn grain,

+p
(1.29 Mcal/kg DM), bird resistant sorghum silage, (0.95 Mcal/kg DM) and
bird resistant sorghum grain (0.94 Mcal/kg DM).

Hall et al. (1966) reported that the level of intake above main-

tenance did not significantly affect the NE, values of corn or milo and

P
that there were no significant differences observed in net energy
between corn and milo at any level of feed intake.

It was found by Hall et al. (1968) that corn and sorghum grain did
not differ significantly in net- energy values.

Lofgreen, Bath and Young (1962) determined the net enefgy of vari-
ous kinds of beet pulp using barley as a reference standard. The value
used for barley was 61.5 Mcal/100 1b. of dry matter. Using the barley
- as a standard the NE of plain‘beet,pulp fed at 24% of the ration was
51.1 Mcal/100 1b. DM. Beet pulp containing 28% CSF solids contained
45.7 and 59.0 Mcal NE/lOQ lbs. DM when fed at a level of 24 and 48% of
the ration. The addition of molésées solids at the rate of 25% increased
the NE to 56.6 and 60.5 Mcal when fed at 24 and 48% respect%vely. From
Ehis,,it was found that plain,‘CSF.and molasses pulps contains an aver-
age of,é3, 79 and 95% as much NE as did the barley.

The.i\IEp of molasses at 5, 10 and 15% of a ration was 0.78 Mcal per

kg and declined 0.70 Mcal per kg when molasses was increased to 20% of

the ration. Those animals receiving the 20% molasses level required
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more feed than the other group when adjusted to equal energy gain
(Lofgreen, 1965)7

Lofgreen and Otagaki (1960) found that feeding molasses at 10% of
the ration significantly increased fat deposition while nét increasing
total gain over the basal ration. Molasses at‘higher rates lowered fat
deposition. The NE of molasses fed at 10, 25 and 40% of the ration was
68.9, 37.8-and 35.1 Mcal/lOO 1b. fespectively. Kroman fl967) found
similar results except that the NE of molasses did not decrease as much.

Investigations have shown that the same feeds may have decidedly
different‘net enexrgy values for some classes of stock than for othérs
(Moxrrison, 1937). It was found that the value of a ration for the
fattening of cattle was only 76% as great as the net energy;value for
maintenance.

The net enexgy value of a feed decreases as the amount of feed
exceeds maintenance (Moxxison, 1937; Hall et al., 1968; Garrett et al.,
196;; Lofgreen, et al., 1963 and Lofgreen, 1970a). Similar results were
found with sheep (Kroman and Ray, 1967);

The ;osses,of energy in urine and extent of the methane fermenta-
tion showed a distinct increase as the total amount of ration was
reduced (Armsby aﬁd Fries, 1918b).

Higher NE_, values will be obtained from dairy cattle than from

P
beef cattle fed the same rations (Bath et al., 1966). The mean NE

values for beef cattle were 86% of that for dairy cattle.
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Forbes et al. (1931) reported that the net energy value of a
feeding stuff may differ as affected by the proportion of the ration
which it constitutes. This finding tends to strengthen the theory that
the determination of consistent net energy values would require the
presence of all nutrients, except such as serve for energy production,
in optimum gquantities and proportions. Klgiber, Goss and Guilbert
(1936) and Forbes et al. (1935) reported similar results.

Computed Gains Of Growing-Finishing Cattle

Very little experimental work has actually been done where the
computed gains were compared to the actual gains of growing and l
finishing cattle. Keith and Everson (1967) individually fed 540 feeder
cattle to study the adaptability of the net energy values of feeds,
derived by Lofgreen et al. (1968b). It was found that steers fed from
"one to four -parts of concentrate to one part of alfalfa hay had ob-
served values approximately the same as the computed. Ihose steers fed
a ration with high levels of alfalfa had lower computed values of gains
than observed values. The differences between observed and computed
values for gain -was greater for steers than for heifers.

The system of NE, and NE  values of feed appears to be more accur-

p

ate than the NE ., System according to research done by Keith and

P
Everson (1969).

The NE values of feed stuffs and NE requitrements of steers and

heifers as expressed by Lofgreen et al., 1967; Lofgreen EE.EE:' 1968;
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Lofgreen et al., 1968b; Gill, 1968; Lofgreen, 1970 and NRC, 1970, are
values established with the use of stilbestrol. It must be remembered
that these statements of requirements and feed values are averages and
individual animals, lots of animals and feed will vary. On the average,
they may be relatively accurate.

Stilbestrol is used quite frequently with growing and finishing
cattle in feedlots today. Gill (1968) reported that when using the
net energy system that 10% less gain is expected without stilbestrol
on the same gquantity and quality of feed. Adeyanju, Fowler and
Burroughs (1969) found that stilbestrol stimulated feed consumption by .
about 5%, increased live weight gains by about 15% and lowered feed
requirements per unit of live weight gain by aboqt 10%. It was found
that stilbestrol did not exert an appreciable influence upon ration
energy available for metabolism.

Fowler et al. (1970) group-fed 12 pens of cattle six finishing
rations at two levels of intake. The in;ake levels were (1) slightly
above maintenance and (2) ad libitum feeding or levels of feeding
equal to two to three times maintenance. The six finishing rations
can-be briefly described as two high-gain finishing rations, one with
and one without stilbestrol; two whole-plant corn-silage (32% DM)
rations, one with and one without stilbestrol; and two whole-plant
corn-silage (45% DM) rations, one with and one without stilbestrol.

These rations are identical to those used by Adeyanju et al. (1969).
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The feedlot results showed that approximately 6% more feed was
consumed in the three rations containing stilbestrol as compared with
those containing no stilbestrol. This difference was significant at
the.10% level of probability. Daily live weight gains were higher in
stezrs fed corn rations. -Live weight gains averaged 23% greater with
the three rations containing stilbestrol as comparéd with the three
control rations. Approximately 13% less feea per unit of live weigh£
gain was required as a result of stilbestrol feeding.

The net energy values in terms of megacalories per kilogram of
ration dry matter, when the ration was utilized for maintenance, were
considered highex for the two grain rations (avg 252) és,compared with
the four .silage rations (avg 178). Little diffe?ence existed between
the rations with respect to net energy values utilized for fat gain
or protein deposition. That the NEP values for the corn. rations were
not ‘higher than the silage rations may have been due to the ad libitum
feeding conditions-imposed. The NE; requirements were estimated on the
basis of .077 Mcal per W £é75.

As a result of feeding stilbestrol there was a reduction in net
energy requirements of about 18% for maintenance and gain.

The results of this test and the test by Adeyanju et al. (1969)
indicate that stilbestrol exerts. its major nutritioﬁal influence upon
improved protein utilization, accompanied by increased growth and-

the formation of more proteinaceous lean tissue in beef cattle.
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Fowler et al. (1968) found similar results in that the net energy
value for maintenance and productien were higher for these rations
containing stilbestrol.

Garrett (1965) fed steam rolled and ground barley or mile and .
found that the weight -gains made by stilbestrel implanted cattle were
significantly increased over. the centrels, but ne effect of ‘stilbestrol
was indicated én the NEp of the. feed.

Envirenmental temperaturg-gan;affect the NE hggeSsary:for‘main—
tenancé apd~pr@ductiohﬁ Wéicheqthél[ Matsushim% and-KnQ#.(1967) found
that éhe?gy intake and.heat.ppoéugtion-were deﬁféssed'at £igh femper—,
atures while at lew temperatur;s the energy intéke'gnd~heét production .
increasés?' Wiqchestér_£1§é4) reported similéx resUlﬁsi |

Cohtiﬁged-study and-reﬁineﬁént.of»the NE §jstem will_make:it more

useful net enly for grewing-finishing.cattle but for other classes of

livestock.




METHODS AND PROCEDURES s

These experiments were conducted at the Montana Agricultural Ex-
periment Station, Bozeman, Monfana. Cattle used in the trials were
broduced at the U. S. Ranch Livestock Experiment Station, Miles City,
Montana, Red Bluff Research Ranch,'Montana Agricultural Experiment
Station, Norris, Montana and Montana Agricultural Experiment Station,
Bozeman, Montana. Before startiﬁg the experiments, all steers were
vaccinated for Infectious Bovine Rhinotracheitis, Parainfluenza3, Bovine
Virus Diarrhea, Blackleg, Malignant Edema and Leptospirosis. All
steers were treated with Ruelene by the back pour method for grub con-
trol. All steers used in Trial I were treated with Tramisol for lung-
worms, stomach and intestinal worms. The steers were allowed time to
become accustomed to the lots before any phase of the trials started.

The data submitted in this manuscript are presented in the metric
system. Appendix tables are presented in the English and metric
system.

Trial I. Determination Of Net Energy Of Unitan Barley

Thirty-six weaned steer calves, Angus X Hereford, ngeford X
Angus , Angus X Angus—-Hereford and Angus X Hereford-Angus, produced at
the U. S. Range Livestock Experiment Station at Mileg City, Montana
were used in Trial I. These calves were from two sires, one Hereford
and one Angus.

The steers were stratified by weight, breed of dam and sire into

nine groups of four head each. These groups were then randomly assigned
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TABLE 1. EXPERIMENTAL DESIGN
Treatment Ration Predicted
I Basal, X W gé75 a/ Maintenance
0.75 \
IT Basal, 1/2 X W X plus Maintenance
kg
barley to equal gain of
treatment 1
0.75 .
ITT Basal, 1/2 X W X plus Intermediate
g gain -
barley to produce 1/2 the
. gain of-treatment 4
v Basal, 1/2 X W Eé75 plus

barley b/

Laxrge gain

a/ X equals the value taken times W gé75 to determine feed requirements

for maintenance.

b/ . The steers received as much barley with the basal ration as they
could consume in 2 hours, 3 times per day.

to a treatment (table 1); each treatment was replicated.

The treatments-

were then randomly assigned to one of eight lots -in a southexrn exposure,

open—-fronted shed.

The outside one-half of the lots were a gravel base

with the remaining ene-half-being concrete, allowing 11l.15 square meters

per steer.

of the trial to determine .initial body cemposition.

ration was 28 days.

kg barley and 4.64 kg grass hay per head per day.

One group of -four steers was slaughtered at-the initiation
Prior to slaughter
of the initial body composition group, all animals were fed a commen
This ration consisted of 0.40 kg supplement, 1.33

The empty.body weight




..25._
of the group slaughtered at the beginning of the trial was determined
by the technigque outlined by Lofgreen (1964). Following an overnight
shrink (14 hours) without feed or water, the group of four was
slaughtered and the remainder of steers placed on their respective
rations on December 18, 1969.

The feed allowance for the lots Being fed for maintenance (Treat-
ments I and II) was estimated from the equation of Lofgreen et al. -
(1968) using estimated NE values for the feeds. The steexs were
welghed every two weeks and adjustments made in feed intake.to obtain
the desired gain. The basal ration ceonsisted of 80% grass hay apd‘20%
soybean oil meal (48% d.P.)u The Unitan barley had a test weight of
approximately .605 kg per liter and 10.97% cxude protein.

The steers fed to make a‘Predicted large ggiq (Treatment IV)
received as much barley with the basal ration .as they-could censume -
in two hours, three times per day. The remaindér of the steexrs were
fed twice daily. The steers in -the intermediate gain group (Treatment
III) were fed to gain approximately one-half the gain of Treatment IV.
All steers were individually fed with the amount of feed each received
based -en metabolic body size. Minerals and vitamins were added to
each ration to meet the NRC (1963) requirements.. Salt was-fed free
choice. All steers had access to fresh, warm watex. ~The steers were

bedded with wooed shavings.
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At the termination of the trial, all-steeré were slaughtered on-
the same day.ana final empty body weights estimated (Lofgreen et al.,
1962). Body composition was estimated from carcass specific gravity
by use of equations formulated by Lofgreen (1964). Enexgy retention
was calculated from the composition of-the empty body weight gain by
assuming the caloric value of fat to be 9,367 kcal per kg and of

protein to be 5,686 kcal per.-kg (Lofgreen, 1964).

0.7

5
kg ) required to maintain the

The qguantity of feed (per unit of W
animal in energy eguilibrium has. a NE, equal to the heat produced by
that animal at zero feed intake (Lofgreen and Garrett, 1967, 1968b).
The feed intake required to maintain~enérgy eguilibrium was measured
from the felationship of heat produced to metabolizable energy intake.
From this relationship, the NEm_value of the basal ration was deter-
mined. Once the NEm of the basal is knewn, the NEm of barley can be
determ;ned‘by the difference between that furnished by the basal and
that furnished by barley to equ;l energy equilibrium.

The_NEp of the barley was determined by the "difference trial".
The NEp,value of the feed was equal to the energy -deposited in the
body—weight gain brought -about by feeding the particular feed.in
questien .at-different levels of intake.

Trial ITI. Use Of NEnlAnd_NE97Values Of -Feeds For Wintering Steers

Forty~four weaned steer calves were used in this trial. Twenty-

eight.of the calves were Herefords, twelve of which were produced at
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the Red Bluff Research Ranch, Norris, Montana, and sixteen of which
were produced at -the U. S. Range Livestock Expefiment Station, Miles
City; Montana. The remaining sixteen calves were Hereford-Angus
crossbreds, eight of which were produced at the Red Bluff Research
Ranch, Norris, Montana and eight of which were produced at the Montana
Agricultural Experiment Station, Bozeman; Montana.

The steers were stratified by weight, source and previous treat-
ment into four lots of eight -head each.andninto two lots of-six head
each. Previouslto this trial, the steers had been on a trial involving
the feeding of a medicated supplement, Aureo S=700, .in which half of
the steers were controls. The steers received grass hay ad libitum
and 1.8 kg of a barley-beet pulp mixture prior to the beginning of
the trial on January 2, 1970. Individual initial weights were obtained
after an overnight shrink.

The experimental area consisted -of four lots.outside with fence-
line bunks, twe of which had concrete surfaces and two of .which had-
half concrete surface and half slotted surface with an area of 5.85
square meters per steer. The partial slotted lots were located on-
the southside of -the feedlot. There were electically heated waterers
in each pen. The twe lots of‘six steers each were located inside the
Montana State University Nutritien Center building. The pen floors are

completely slotted with a fenceline type bunk. and automatic waterers,
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allowing 2.97 square meters per steer. The temperature was thermos-
tatically controlled at approximately 65°F.

Wintering rations were fed for a predicted gain as had been done
by Keith and Everson (1967, 1969). The rations were formulated and
fed for a predicted gain-of 0.68 kg pexr head per day according to Gill
(1968) . Each ration contained either 65 or 50% roughage plus concen-
trate as shown in table 2. The specifications of the protein supple-
ment is shown in table 3. Each ration was fed to one lot of steers on
the south. side of the feeding alley, the north side of the feeding
alley and.inside the building. The net-energy values of the feeds used
were those given .pby Crampton and Harris (1969) and are shown in table 4.
The amount of ration a lot of 'steers received daily was based on their
average weight, NE and NEP requiremept and NE and NEP furnished by ﬁhe
respective ration. The steers were individually weighed every 14 days
with a 12-hour -shrink at which time the rations were recalculated. The
steers were fed twice daily. Minerals é and vitamins were added to each
ration to meet the NRC (1963) requirements. Salt was fed free-choice.

The 84-day wintering trial was terminated March 27, 1970. . The
final weights of the cattle were subjected to -statistical analysis of
variance for two roughage treatments and-three environments. The daily
gains were subjected to a "t" test .for palred obsexrvation to compare

actual gain with the expected gain.
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TABLE 2. WINTERING RATION (%)

Treatment
I I
Hay 65.0 50.0
Barley 23,3 3550
Beet pulp 4.7 1:9
Supplement (32% C.P.) 10 8.0

TABLE 3. COMPOSITION OF THE THIRTY-TWO PERCENT PROTEIN SUPPLEMENT. a/

Ingredients % of ration
Cottonseed meal 65.0
Alfalfa, dehydrated 25.0
Wheat millrun 50
Molasses 90
Vitamins A & D b/ X

a/ Protein supplement is MSU Formula No. 612.
b/ Vitamin A to furnish 20,000 I. U. per pound.
Vitamin B to furnish 4,000 I. U. per pound.

TABLE 4. NET ENERGY VALUES OF THE RATIONS (AS FED) (Trial II).

NE Furnished

NE Values of the Treatment
feed (Mcal/kg) T B P
NEp, NEp, NEp NEp NEp NEp
Hay b D5 D .36 .58 .28
Barley 1590 Eo25 .44 329 67 .44
Beet pulp 30,8 1:23 .09 .06 + L3 .09
Supplement 1.41 s 19 «10 .06 < L .06

Total (Mcal/kg of ration) 1.38 il 1.49 $87
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Trial ITI. Use Of NE_ And NEp‘Values Of Feeds For Fattening Steers

The forty-four steers used in Trial IT were used in Trial III.

The same lots were used for this trial. One-half.of the steers in lots
7 and 10, fed the 65% roughage wintering ration, were replaced with
one-half of the steers in lots 10 and 22, fed the 50% roughage win-
tering ration. The same procedure was followed for lots 25 and 26. The
steers were thus stratified by weight, source and previous treatments.
Initial weights -were obtained on.April 24, 1970, after an overnight
shrink, at which time the steers had been conditioned to the respective
rations. All of the steers were implanted with 36 mg of Stilbestrol

per head.

The procedure used in Trial II for determining the daily ration
was used in Trial IIT. The rations were formulated and fed for a pre-
dicted gain of 1.13 kg per head per.day. Each ration contained 5 or 15%
roughage -plus concentrate as shown in table 5. Each ration was fed to
one lot of steexs on the south side of the feeding alley, the north
side of the feediné alley and inside the 5uilding° The net energy
values of -the feeds used were those given by Crampton and Harris (1969)
énd are shown in table 6,

fhe amount of ration a lot of -steers received daily was based on
their average weight minus a 4% pencil shrink, NE and.NEp requirement
for 1.13 kg daily gain and the NEp and NEp furnished by ‘the respective

ration. The steers were individually weighed evexry 14 days at which
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TABLE 5. FATTENING RATION (%) .

Treatment
1 a1
Hay 500 5.0
Barley 66.7 75.0
Beet pulp P35S 5.0
Supplement (32% C.P.) 50 540

TABLE 6. NET ENERGY VALUES OF THE RATIONS (AS FED) (Trial III).

NE Furnished

NE Values of the Treatment

Feed (Mcal/kg) I 9

NEp, NE NEp NE NEp, NEg,
Hay LeikS 355 il .08 .06 .03
Barley 1.90 1:25 1327 .83 1.43 .94
Beet pulp A8/ l.23 A 2b S «28 <18
Supplement 1.41 <79 G .04 w07 .04
Total (Mcal/kg of ration) 1:76 1.3 1.84 1549

the rations were recalculated. The steers were fed twice daily. Salt
was fed free choice.

The trial was determined on July 3, 1970, when individual weights
were obtained after an overnight shrink. Final weights and daily gains
of the steers were subjected to the same statistical analysis as

Trial ‘LT




RESULTS AND DISCUSSION
Trial T
The initial and final weights, average daily gains and average
daily feed consumption data are presented in table 7.
TABLE 7. SUMMARY OF WEIGHTS, AVERAGE DAILY GAINS AND DAILY FEED
CONSUMPTION OF STEERS FED FOR THE DETERMINATION OF THE

NET ENERGY VALUE OF BARLEY FOR MAINTENANCE AND PRODUCTION
(Trial I--December 18, 1969 to July 9, 1970--203 days).

Treatment
I AR ABIE Iv
Intermediate Large
Maintenance* Maintenance¥* gain gain
No steers 8 8 8 8
Average weights, kg
Final 254.23 247.75 314.90 416.34
Initial 211,09 213.64 214.32 216.42
Gain 43.14 34.11 100.58 199,92
Daily gain 421 17 50, +98
Average daily ration, kg a/
Soybean oil meal < 7 -39 o .43
Barley 2 Lty Lo 2.35 4.82
Hay, grass 2.87 1.43 55 el D
Total 3.58 2595 4.33 7.04

* Predicted response.
a/ Average daily rations on "as-fed" basis.

The proximate analysis of the feed ingredients used in this trial
is given in table 8.

In order to determine the NE of the basal ration and of the bar-
ley, it was necessary to know the empty body weight and body composi-

tion of the initial slaughter group as determined by the comparative
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TABLE 8. PROXIMATE ANALYSIS OF FEED FED IN TRIAL I (%). a/

Crude Ether Crude Phos-
Feed Moisture protein extract Ash fiber phorus Calcium
Soybean oil
meal 1158 46.5 245 i 332 .80 529
Barley, steam
rolled 10.8 989 1.9 242 4.93 <28 .06
Hay, grass el 76 128 s D 29.30 +L3 438

a/ Analyses by Chemistry Station Analytical Laboratory, Montana State
University.

TABLE 9. EMPTY BODY WEIGHTS AND BODY COMPOSITION OF THE INITIAL
SLAUGHTER GROUP (Trial I).

Calf no.
107 114 134 140 Average a/
Individual wts, kg
Initial 212.28 219.54 213.64 224.98 207461
Hot carcass 14,31 123,83 11475430 119.30 117.94
Empty body 19755 214,35 197755 204.79 202.81
Wt in water il A3 9,32 738 6.81 st 3
Fat, % 15.98 11,95 16316 19532 15485
Protein, % 19.05 19529 19.04 18.70 18.99

a/ The average applies to the values of the animals as a group.

slaughter technique developed by Lofgreen (1964). This data is presented

in table 9.
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Table 10 contains the data en bedy cemposition, feed consumption
and energy gains which were necessary for the determination of NE.
Energy retention was measured by the comparative slaughter method.
(Lofgreen, 1964). When measuring the energy retention, the caloric
values of fat and protein are assumed to be 9,367 kcal per kg of fat
and 5,686 kcal per kg of protein (Lofgreen, 1964). The treatment
averages are used instead of individual steer data to decrease the var-
iation between individuals. It has been observed by Lofgreen (1970b)
that this is a more valid method of determining NE data. -

Table 11 shows the heat production ef the animals fed the basal and
basal plus barley rations. Heat preductien (H) was calculated from
the data in Table 10 by deducting energy retentien.(P) from metabeliz-

able energy intake with all values based on W E./S

and feed on a dry
- matter (DM) basis.

Lofgreen and Garrett (1968) have shown that the quantity of feed

0.75

kg required to maintain an animal in energy

intake per unit of W
equilibrium will have a NE equal to the heat produced at zero feed in-
take. The feed intake required to maintain energy equilibrium was-.
measured by -the relationship of heat produced to metabolizable energy
intake. All wvalues for heat produced and metabelizable energy intake
0.75

were based on-kcal per W X per day:

. g -

Figure 2 shows the relationship between heat production and metab-

olizable energy intake for the 4 feed treatments plotted on
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TABLE 10. AVERAGE BODY COMPOSITION, ENERGY GAIN AND FEED CONSUMPTION

BY TREATMENTS (Trial I). a/

Treatment
I B i IV
% basal
% basal plus % basal
plus barley- plus
Basal- barley- intermediate barley
maintenance maintenance gain large gain
Initial empty body
weight, kg 196.74 19911 199.75 201875
Initial composition
Fat, % 15.85 15.85 154:85 15585
Protein, % 18399 18.99 18.99 1899
Fat, kg 31.18 31.56 31.66 31.98
Protein, kg 37+36 3781 37.93 38331
Final empty body
weight, kg 221.14 21983 280.34 389.76
Final body composition
Fat, % 13.62 L340 16.44 21.82
Protein, % 19535 19.20 18.88 18:29
Fat, kg 30.12 28.80 46.09 85.05
Protein, kg 42.34 G202 52.:93 71.29
Gain in fat, kg =1206 -2.76 14.43 53:07
Gain in protein, kg 4.98 4.40 15.00 32.98
Gain in energy (P),
Mcal 185387 =,835 220.460 684.630
Total feed consumed
(F) , kg b/ 664279 5388:97 789.68 2281.:95
Mean empty body
wt (W), kg 208.94 209.47 240.05 295,76
W §§75 54.96 55.06 60.99 71433
P /W 2575' Mcal 0.3346 -0.0152 3.6171 9.6035
F/W £§75' kg 12.04 9.79 12.95 17.97

a/ Average of two replicated lots of 4 head each.
b/ Feed consumed is on a dry matter (DM) basis.
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TABLE 11. HEAT PRODUCTION OF STEERS BY TREATMENT (Trial I).

Treatment
i 2 L1L IV
% basal
% basal plus % basal
plus barley- plus
Basal- barley- intermediate barley
maintenance maintenance gain large gain
Total feed
E/m 27 12.04 9.79 12.95 17.97
Metabolizable energy
(ME), Mcal/kg of
feed a/ 1.8987 23307 2.4920 2.6497
ME /W £'75 22.8598 22.8176 32.2710 47.6160
g
Total energy gain,
075
Mcal (P) W kg 0.3346 =0.,0152 826171 9.6035
Total heat production
0.75
(H) Mcal/w kg 22005252 22.8328 28.6539 38 0125
0.75
Daily ME, kcal/ W Ko 11256101 112.4021 158.9702 234.5617

Daily heat production

0.75

e 110.9616 112.4768 141.1522 187 2537

kcal/w

a/ Metabolizable energy based on values given by Crampton and Harris

o (1969) for intermountain grass hay, barley and soybean oil meal
(solvent process) which are 1663, 3001 and 2928 kcal/kg of dry
matter, respectively.
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semi-logarithmic graph paper. The informgtion used to plot the regres-—
sion of heat production on metabolizable energy is shown in table 11.
Heat production is plotted by its logarithmic value and extrapolated to
zero feed intaké for an éstimate of fasting heat production. The
equation describing this relationship over the range from maintenance -
to large gain feeding is described by the equation

Log HP = 1.84505 + .00184 ME

5
where HP and ME are in kcal per W per day. The log of the heat

kg
produced by the fasting animal is therfore equal to 1.84505 % .01050.

The antilogs of these limits are 68 and 72 kcal per W §é75

with a mean
value of 70 kcal. The average NE, requirement of the 32 steers in

0.75
Trial I can be considered to be equal to 70 kcal per W kg ©or .070

Mcal per W Eé75. This is slightly lower than the value of 77 kcal pexr
0.75 .
W Kg reported by Lofgreen (1965). This variation could possibly be

due to inadequate numbers of steers or-difference.in environment and
feed.

If a ration is- -fed at a given level and the heat production detexr-
mined, this gquantity of heat producéd may be used as one point in a
regression line and the heat produced at no feed intake as thé second
point to establish a regression of heat production on metabolizable
energy intake. Frem the equation describing this relationship, the
metabolizable energy intake and guantity of feéd consumed at energy

equilibrium was determined.
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Figure 3 was prepared using the heat produced and metabolizable
energy intake for the four treatments shown in table 11. Heat pro-
duced at zero feed intake was.expressed by using 70W'§é75. The straight

line connecting the two points for the steers fed baéal plus barley -

for intermediate gain is described by -the equation Lég HP = 1.84510 +

0.75

.00192 ME, expressed in kcal per W Kg

per-day. It was detexmined

that energy equilibrium could be maintained at a metabolizable enexgy

0.75

intake of 118 kcal ‘per W kg

per-day. - It required 0.47 kg of this
ration which is 46% basal and 54% barley, to provide 118 kcal of metab-
olizable energy.

In the same manner as that used for the basal plus barley for
intermediate gain, it was detexmined that at intake of 0.58, 0.48 and
0.42 kg of the basal, maintenance; basal plus barley, maintenance and
basal plus barley for large gain, respectively, metabolizable energy
intake was equal to heat production. Energy equilibrium could be
maintained at-an intake of 109.6, 112.5 and 111.9 kcal of metabelizable
energy per W £é75 per day for basal-maintenance, ?asal plus barley-
maintenance and basal ‘plus barley-large gain, respectively. The basal .
alone fed for maihtenance required an intake of 0.58 kg per W gé75 per
day to maintain enexrgy equilibrium. The NEm of 0.058 kg is egual to

70 kcal which is-the heat production at zero feed intake. This estab-

lishes a net energy for maintenance value of 1.21 Mcal per kg of basal
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TABLE 12. NET ENERGY FOR MAINTENANCE OF THE BASAL RATION AND BARLEY

(Trral @)
Treatment
IE B 3E I E IV
Basal, 46%
Basal, 61% barley, 54% Basal, 32%
Basal- barley, 39% intermediate barley, 68%
maintenance maintenance gain large gain
Daily feed consumed
at energy equili-
: 0575
brium, kg/W
kg
Basal 0.058 0.029 0.022 0.013
Barley 0.0 0.019 0.025 0.029
NEp, kcal/W gé75
Total 70 70 70 70
From basal 70 35 27 16
From barley 0 35 43 54
NEm, Mcal/kg, DM
Basal 2l 0 0 0
Barley 0 1.84 1572 1.86

ration. Table 12 shows the determination of NE of the four rations
considered.

The NE, of the basal was assumed to be 1.21 Mcal/kg and the NEj
of the barley was calculated on this basis for the three rations con-
taining barley. The three values for NEp of barley were 1.84, 1.72

and 1.86 with a mean of 1.81 Mcal/kg. These values are lower than
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.those of Lofgreen (1965) and Lofgreen and Garrett (1968). ' The value
of 1.81 Mcal/kg on a dry maﬁter basis was relatively close to their
values of barley on as "as-fed" basis.
The NEp was determined by the difference trial having determined
the feed intake at energy equilibrium. This was measured by the in-
crease in feed consumption and energy retention. The NEP of the basal

ration is shown in table 13 and . that of barley-in table 14.

The average NE_ of barley was 1.145 Mcal/kg which was-slightly

b
lower than the value of 1.22 Mcal/kg obtained by Lofgreen (1965). This

could be due to differences in environment, quality of barley and in-

adequate nurbers of steers used to determine the NEP value.

TABLE 13. NET ENERGY FOR.PRODUCTION -OF THE BASAL RATION (Trial I).

Basal fed )
Equilibrium Actual consumption
0.75 . .
Total feed consumed (F)/W kg ’ kg 11.77 12.04
. 0.75
Total energy (P) retained/W kg Mcal 0 . 3346
Differences A
F, kg 0 .27
P, Mcal . . 3346
NEp of basal, DM, Mcal/kg 1.24




=g

TABLE 14. NET ENERGY FOR PRODUCTION OF BARLEY (Trial I).

Treatment
IL THL IV
Basal, 46%
Basal, 61% barley, 54% Basal, 32%
barley, 39% intermediate barley, 68%
at equilibrium gain large gain
Total feed (F) consumed,
0475
kg/W
g/ i
Basal 5,89 5.96 575
Barley 3.86 6.99 12,22
Total energy gain (P) Mcal/
W e 0 3,62 9.60
kg
Differences
F, kg
Basal 07 -.14
Barley 313 8.30 a/
P, Mcal 3,62 9.60
P from basal, Mcal «09 0
P from barley, Mcal 3253 9.60
NEp of barley, Mcal/kg, DM 1413 Lal6

a/ Adjusted consumption due to a negative value for basal.
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Trial IT

The initial and final weights, average gain, average daily gain,
average daily feed consumption, feed conversion and feed cost data for
the steers during the wintering trial are presented in table 15.

Analysis of variance of total gains of steers fed 65 or 50% roughage
indicated no significant difference, (P>Qe05) due to treatment or en-
vironment. The average daily gains of steers fed the 65% roughage-
ration in lots 7, 10 and 25 were 0.76, 0.70 and .0.80 kg per day respec-
tively. The average daily gains of - steexrs fed the 50% roughage ration
in lots 10, 22 and 26 were 0.64, 0.64 and 0.72 kg per day respectively.
There was no significant difference (P>0.05) among the average daily
gains.

Because the steers within each lot were group fed,'a,statistical
analysis of feed per unit of gain could not be conducted. However,
as shown in table 15, the steers fed inéide on slotted floors (lots 25
and-26) had an-average feed conversion ef 8.67 which was-slightly lower
than the average of 9.6l -for the steers in the lots outside. Of the
steers outside, those on the south. side of the feedlot (lots 7 and 10)
were more efficient than those steers on thé north side of the feedlot
(lots 192 and 22). Except for the steers in lot 25, which had a feed
conversion of 8.:60, steers fed the 65% roughage ration required more
feed per kg gain than those steers fed the 50% roughag'elrationo Average

daily feed consumption was similar for the steers in each treatment.
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TABLE 15. SUMMARY OF WEIGHTS, AVERAGE GAINS, AVERAGE DAILY GAINS, DAILY
FEED CONSUMPTION, FEED EFFICIENCY AND FEED COST OF GAIN FOR
STEERS FED FOR A PREDETERMINED GAIN (Trial II--January 2,
1970 to March 27, 1970--84 days). a/
Treatment
I L I L I o
Lot no Lot no Lot no
7 10 19 22 25 26
Outside on Outside on Inside on
south side north side slotted floors
No steers 8 8 8 8 6 6

Average weights, kg

Initial 250.39 244.49
Final 313.89 305,27
Gain 63.50 60578
Daily gain .76 L22
Average daily ration, kg
Barley 1.68 2422
Beet pulp .34 .45
Supplement, 32% C.P. .49 il
Hay, grass 4.67 3,18
Salt, plain «03 22
Average daily feed, kg #4520 6.38
Feed per kg gain, kg 9.3l 8.83
Feed cost per kg gain, §$ .40 209

245,40 241.77
3031915295515

58.511553598
-70 .64
165 2.19
.34 .44
.49 .50
4.71 3.14
02 .02
21 6329
30232 O/
.43 .43

238.59238.14
307.54 298.92

68.95 160:78
.82 el 2
1.63 2319
+ 33 .44
.49 <210
4.55 3ol3
oS 03
1+05 61129
8.60 873
<36 =39

a/ Treatment I was 65% roughage.
Treatment II was 50% roughage.

The proximate analysis of the feed ingredients used in this trial

is given in table 16.

At the conclusion of the trial, the average daily ration and

average weight of each lot of steers was used to calculate the expected
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TABLE 16. PROXIMATE ANALYSIS OF FEED FED STEERS ON TRIAL II (%). a/

Crude Ether
Feed Moisture protein extract

Crude Phos-
Ash fiber phorus Calcium

Barley, steam

rolled 10.8 99 1290
Beet pulp 6.9 9.2 o3
Supplement #612 835 3132 1.40
Hay, grass 8l 7.6 1.80

242 4.93 28 .06
Gie3 17.41 .08 .46
10 18.46 .86 263
ity 29430 o3 A

a/ BAnalyses by Chemistry Station Analytical Laboratory, Montana State

University.

gain in relation to the actual amount of ration received as presented

in table 17.

The amount of ration each lot of steers received for each l4-day

period was based on the average weight of the steers at the beginning

of the period. The rations were calculated

period to furnish feed for an expected gain

at the beginning of each

of 0.68 kg per day. When

the average weights of the steers and average daily rations were recal-

culated at the end of the 84-day wintering period, the expected gain was

0.64 kg except for lot 19 which was 0.67 kg.

The differences in expected

gains were assumed to be due to rounding error in determining the amount

of feed to be fed each day. Also the same amount of feed was fed each

day for 14 days to each lot of steers instead of increasing the feed as
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TABLE 17. SUMMARY OF AVERAGE WEIGHTS, NEp REQUIREMENTS, NEP REQUIREMENTS,
FEED REQUIRED FOR NEp AND NEp, EXPECTED GAIN AND ACTUAL GAIN
{Trlial ¢IL) 8 1a/

Treatment
ik 1k I 151 ¢ i A ey
Lot no Lot no Lot no
7 19 25 10 22 26
No steers 8 8 6 8 8 6
Average weight, kg 282.14 274.88 273.07 274.88 268.98 268.53
Average daily feed, kg b/ 7.18 7.19 7.00 6.36 6.26 6.26
NE, requirement
Mcal/day 5435 Do aD 5:22 S 2D el 5 16
Feed/day, kg 3% 92 3.84 3582 3.56 3,20 3.49
Available for production
Feed/day, kg 3.26 3335 3%18 2.80 2.76 206 27
Mcal/day 2e51 2,58 2.45 2.47 2.44 2.44
Expected gain, kg .64 s 01/ .64 .64 .64 .64
Actual gain, kg S « 40 182 a2 .64 . h2
Ration of actual to
expected gain L2ikG 1.04 1.28 g el3 1.00 Nad3

a/ Treatment I was 65% roughage.
Treatment II was 50% roughage.
b/ sSalt is excluded.
the weight of the steers increased. This would tend to decrease the
amount of feed each lot of steers should have received.
The expected gain per day, actual gain per day and ratio of actual

to expected gain per day in kg for the steers in lots 7, 10 and 25 in

Treatment I (65% roughage) was 0.64, 0.76, 1.19; 0.67, 1.70, 1.04; and
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0.64, 0.82, 1.28 respectively. For the steers in lots 10, 22 .and 25
in Treatmént II (50% roughage), it was 0.64, 0.72, 1.13; 0.64, 0.64,
1.00 and 0.64, 0.72, 1.13 fespectively, In Treatment I the steers in
lot 25 had a ratio of actual to expected gain of 1.28 which was the
highest. The steers in lot 22, Treatment II, had the lowest ratio
of 1.00. Lot 19 had a-higher expected gain due to an error in feed
calculations.

The mean difference between actual and expected average daily gain
for the steers in Trial ITI was 0.081l7 kg: A statistical analysis
using the "t" test for paired observations indicated a significant dif-
ference (P<0.025) between the actuai and expected gain for the & lots
of steers during the wintering period. There were no significant dif-
ferences observed when each treatment was analyzed.
Trial III

The initial énd-final weights, average gain, average daily gain,
average daily feed consumption, feed conversion and feed cost data for
the steers during the fattening trial are p;ésented‘in”table 18.

Analysis of variance of total gains of steers fed 15 or 5% roughage
indicated no significant difference (P>0.05) due to treatment or envi-
ronment., Thg average daily gains of steers fed the 15% roughage ration
in lots 7, 22 and 25 were 1.18, 117 and 1.39 kg per day respectively.

The steers fed the 5% roughage ration in lots 10, 19 and 26 gained 1.26,




TABLE 18.

“AD~

SUMMARY OF WEIGHTS, AVERAGE GAINS, AVERAGE DAILY GAINS,

DAILY FEED CONTUMPTION,

FEED EFFICIENCY AND FEED COST OF GAIN

FOR STEERS FED FOR A PREDETERMINED GAIN (Trial III--April 24,
1970 to July 3, 1970--70 days). a/

Treatment
I i i LL I I 11
Lot no Lot no Lot no
7 10 19 22 25 26

Outside on
south side

Outside on
north side

Inside on
slotted floors

| No steers 8 8
; Average weights, kg
| Initial 341.11 348.36
Final 424.12 436.36
Gain 83.01 88.00
Daily gain 118 1.26
Average daily ration, kg
Barley 5578 63733
Beet pulp 1.14 1.27
Supplement, 32% C.P. .44 .42
Hay, grass 1732 .42
Salt, plain .04 .04
Average daily feed, kg 8.72 8.48
Feed per kg gain, kg 1+33 6.72
Feed cost per kg gain, $ +36 34

8 8
336,112 1331:13
425.48 412.78

89.36 T 8165

L2 )

[ 56/

1.24 q5i.3

.42 .43
.46 1530
.04 .04

B33 857

6.7 7.36

.34 a3

6 6

348.36 349.27
445.44 439.54

QL OTEN905.277
1.39 1529
9499 6.42
L.17 1.28

.45 .43
Le85 .43
.05 .04
9-01 8.60
6.50 6.66
<32 30

a/ Treatment I was 15% roughage.
Treatment II was 5% roughage.

1.27 and 1.29 kg per day respectively.

ference (P>0.05) between the average daily gains.

There was no significant dif-

Because the steers within each lot were group-fed, a statistical

analysis of feed per unit of gain was not possible.

As shown in table
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18, the steers in lot 25 that received 15% roughage ration were the

most efficient with a feed conversion of 6.50. The steers without

shelter that received the 5% roughage ration (Treatment II) were slightly.

more efficient than the steers that received the 15% roughage ration
(Treatment I). Average daily feed consumption was similar for the
steers in each treatment.

A proximate chemical analysis of the.feed ingredients used in the
trial was the same as those used in Trial Ii.

At the conclusion of the trial, the average dally ration and aver-
age weight of each lot of steers were used fo calcqlate the expected
gain in relatioh to the actual amount of ration' received as presented
in table 19.

The amount. of ration each lot of steers received for each l4-day
period was b;sed on the average weight of the steers at the beginning
of the period. At the beginning of each l4-day period, the rations’
for each lot of steers were calculated‘to-fu?nish.feedlﬁor an expected
gain of 1.13 kghper day. When the average weights and rations for the
steers weré recalculated for expected gain at the end of the 70-day
fattening period, the expected gain ranged from 1003-to 1.10 kg. Tbe
différences in gain were assumed to be due to rounding erroxr in deter-
miping the amount of feed to be fed each day. The avérage weight.ofn
each lot of steers at the beginning of each 1l4-day period was shrunk

4% for the calculation of-the daily feed required. Also the same amount
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TABLE 19. SUMMARY OF AVERAGE WEIGHTS, NE;m REQUIREMENTS, NEp REQUIRE-
MENTS, FEED REQUIRED FOR NEm AND NEp, EXPECTED GAIN AND

ACTUAL GAIN (Trial III). g/
Treatment
i i 4 a4 I et 31
Lot no Lot no Lot no
7 22 25 10 19 26
No steers 8 8 6 8 8 6
Average weight, kg 283,38 '371.95 396.90 392.36 380.57 394.18
Average daily feed, kg b/ 8.68 8.53 8.96 8.44 8.28 8.56
NE, requirement
Mcal/day (ST 6.59 6.92 6.86 6.70 6.88
Feed/day, kg 3.86 3778 3.97 3.75 371 3576
Available for production
Feed/day, kg 4.82 4.75 4.99 4.69 4,57 4,80
Mcal/day 5.42 5.34 5,60 558 54385 B2
Expected gain 1.06 1.10 1105 1605 103 1.08
Actual gain 4518 i 17 1o 39 1426 1.27 1.29
Ratio of actual to
expected gain Ll 1.06 132 1..20 Vs Lal9

a/ Treatment I was 15% roughage.
Treatment II was 5% roughage.

b/ salt is excluded.

of feed was fed each day for 14 days instead

weight of the steers increased.

the amount of feed each lot of steers received.

of increasing as the

These factors would tend to decrease

The expected gain per day, actual gain per day and ratio of actual

to expected gain per day in kg for the steers in lots 7, 22 and 25 in
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Tfeafment f (15% roughage) was 1.06, 1.18, l.il; 1.10, 1.17, i°06; and
1.05, 1.39, 1.32 respecﬁively. For the steers in lots 10, 19 and 26 in
Treatment II (5% roughage) it was 1,05, 1.26, 1.20; 1.03, 1.27, 1.23;
and 1.08, 1.29, 1.19 respectively. The steexrs in lof 25 receiving a
15% roughége ration had the highest ratio of actual to expected gain.

The mean difference between actual and expected daily gain for
the six'lots of steers in Trial III was .1983 kg with the actual gain
being greater than expected. A .statistical analysis using the. "t" test
for paired observation indicaﬁed a highly significanﬁ difference
(P<0.0l) between the actual and expected gain for the six lots of steers
in Trial III. The mean difference between actual and expected daily
gain for the steers in Treatment II was .2200 kg with the actual gain
being -greater than expected. The "t" test for paired observations in-
dicated a highly significant. difference (P<0.01) betweeﬁ the actual and
expected daily gain for lets 10, 19 and 26 in Treatment II. In Treat-
ment I, the differences were nonsignificant (P>0.05). In Treatment I
the differences in actual and expected gains were quite vairied where

as in Treatment II the differences were relatively uniform.




SUMMARY

The net energy system of evaluating feeds was studied to determine
the net energy value of barley and the adaptability of established net
energy values for wintering and fattening cattle. The Unitan barley
had a test weight of approximately .605 kg per liter and tested 9.9%
crude protein by proximate analysis.

In Trial I, 36 steer calves were used to determine the net energy
value of Unitan barley for maintenance and production. Replicate lots
of 4 head each were used in each treatment. The treétmentS'used were
as follows: lots 37 and 38, basal ration for maintenance; lots- 36 and
39, basal plus barley for maintenance; lots 32 and 35, basal plus l
barley for intermediate gain and lots 33 and 34, basal plus barley for
large gain.

Four of the 36 steers were slaughtered at the beginning of the
trial to establish initial body  composition of the steexrs on the trial.
The remaining 32 steers were slaughtered at the conclusion of.the
trial to determine energy retention using the comparative slaughter
technique.

| The heat produced at zero feed intake was equal to the net energy
requirement of the animal at energy equilibrium. The heat production

at zero feed intake was measured by the regression analysis of heat
0.75
kg

0.75

production per W kg per day on metabolizable energy intake per W

per day. In Trial I; heat production for maintenance was found to equal
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70 kcal per W Eé75 per day. This value of 7mw§é75 was less than the

w 0-75
kg
By use of a regression of heat production on metabolizable energy

value of 77 reported by Lofgreen (1965).
intake, it was found that the NE, value of barley was 1.81 Mcal per kg
of dry matter.

The NEp of barley was determined by -the difference trial. The
average NEp of barley was 1.145 Mcal per kg of dry matter. This value
was lowef than the wvalue of 1.22 Mcal per kg determined by.Lofgreen
(1965) .

The lower values obtained may have been due te differences in-
environment, variety of barley and differences in numbers of -steers
used to determine the net energy values.

Trial II utilized 44 steer calves fox a-winteripg period of 84
days. - Four lots of:8 steers were fed outdoors in the feedlet -and two-
lots -of 6 steers were fed inside a building on completely slotted
floors. The rations fed were either 65 or 50% roughage plds concen-
trate.. Three of the lots of cattle received the 65% roughage ration
and three lots received £he 50% roughage ration.

Analysis of variance indicated no significant -difference for total
gains or average dally gains due to treatment or,environm?nt°

At the beginning of each l4-day feeding period,.theirations each
lot of steers received was calculated to furnish feed for an, expected

gain of 0.68 kg per-day. The rations were based on established net

/!
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energy values for the feeds and requirements of the steers; however,
these calculations did not provide for increased feed increments during
the period as the weight of the steers increased. When the rations were
recalculated at the-end of the trial, the expected gain was changed  to
0.64 kg per day except for lot 19 which changed to 0.67 due to an
error in feeding. Actual gains ranged from 0.64 to 0.82 kg per day-.

All lots gained more than expected with a mean :difference between
actual and expected of 0.08 kg. The "t" test for paired observations
indicated a .significant difference (P<0.025) between the actual and.ex-
pected gain during the wintering period. ' Results of this trial indicates
that actual gains Weré approximately 8 percent more than expected.

The steers_used in Trial II were used in Trial III for a. fattening
period of-70 days. The same lots were used, only the steers were re-
lotted so that equal numbers of steers from the previous treatments
were in_eaeh lot. All-steers were implanted with 36 mg Stilbestrol at
the beginning of the fattening trial.

The rations fed were either-a 15 or 5% roughage ration plus con-
centrate with 3 lots receiving each ration.

Analysis of variance of .total gains and average daily gains indi-
cated -no significant difference due to environment or treatment.

The rations were caléulated for a 1.13 kg gain per day. The ex-

pected . gain .when the average ration was recalculated did not equal 1.13
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kg, but ranged from l,OS'to:l;lO kg. The actuai gains ranged from 1.17
to 1.39 kg per day.

.The mean difference between actual and expected daily gain was
0.198 kg with the actual-gain being greater than expected. The "t" test
for paired ebservations indicated a highly-significant difference
(P<0.01) between‘tﬁe actual and expected gain of -the 6 lots of steers.

The: results of this trial indicate~th$t actual gains were approx-
imately 18 percent greater than the expected gains for fattening
cattle. '

From the_evaluatian;oﬁ the net-energy system, it appeaxs to be
one which can be used to more precisely predict weight gains than other.
methods. Because of‘the limited information_available and the results

of these trials, more research in this area should.-be encouraged.
, . :
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PROXIMATE ANALYSIS OF FEED FED STEERS ON TRIAL I,

II AND III (%). a/
Crude Ether Crude Phos-

Feed Moisture Protein Extract Ash Fiber phorus Calcium
Barley,

steam rolled 10.8 959 1.90 2.2 4.93 28 .06
Beet pulp 6319 952 o8 6.3 17.41 .08 .46
Soybean oil Lls 46.5 2850 559 3182 .80 «29

meal
Supplement #612 8.5 a9 1.40 15 18.46 .86 +63
Hay, grass 8.1 7.6 1.80 e S 29530 Sl P33

a/ Analyses by Chemistry Station Analytical Laboratory, Montana State

University.
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APPENDIX TABLE 21. EMPTY BODY WEIGHTS AND BODY COMPOSITION OF THE
INITIAL SLAUGHTER GROUP (Trial I).

Calf no.
107 114 134 140 Average a/

Individual wts, kg

Initial 212,28 219.54 213.64 224.98 217.61

Hot carcass 114.31 123.83 114.31 $19.530 117.94

Empty body 197 .55 235 19795 204.79 202.81

Wt in water 7.43 9.32 7.38 6.81 7w TS
Fat, % 15.98 11,95 16.16 19532 15..85
Protein, % 19505 19.29 19.04 18.70 18.99

a/ The average applies to the values of the animals as a group.
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INDIVIDUAL AGE, INITIAL AND FINAL WEIGHTS, WEIGHT
GAIN, AVERAGE GAIN AND AVERAGE TOTAL FEED/DAY OF
STEERS FED FOR THE DETERMINATION OF THE NET

ENERGY VALUE OF BARLEY (Trial I).

Age
Iot “Treat-Calf in Initial Final Gain, Avg daily Avg total
no ment no days wt wt total gain feed/day a/
kg kg kg kg kg
37 I 101 466 204.57 244.94 40.37 220 351
104 463 226.34 274.42 48.08 .24 316
106 465 205.48 246.75 41.27 220 3.48
139 465 207.74 254.92 47.18 w23 3056
38 T 109 475 207.74 251229 43.55 o 21 3.49
131 466 212573 258.09 45.36 222 3306
133 1:470 2218 255,82 34.01 Sl 3.68
137 448 202,30 246.75 44.45 22 3.48
36 11 119 463 209.10 234.96 25.86 ali3 2.84
123 466 195550 231378 36.28 L 18 2976
126 464 217,27 251.74 34.47 oL/ 2295
128 453 234.96 281.23 46.27 223 8322
39 II 102 467 205.02 241.76 36.74 .18 2.88
108 460 232.69 265.80 33.d X 216 3.2
11’ 472 212.73 247.66 34.93 el 7 2.95
120 < 469 201.85 224.07 22522 i 248
32 ITT 112 464 190.96 296:65 105569 192 4.01
113 446 222.71 331120 10834l O3 4,45
122 447 22649 332,93 1064 202 4.50
135 464 212573 325468 « 112%95 + 06 4.38
35 ELT 103 481 212,28 297555 85.27 .42 4,19
116 460 245.85 358, 79: 112 594 .56 4.79
136 462 205,93 294.83 88.90 .44 4.18
138 465 LoRS31 281.68 84.37 <42 4,02
33 IV 115 449 231.33 430.46 119.13 s 98 7.03
117 463 207.74 205:96% 198522 +98 7905
125 442 211.83 425.92 214.09 105 T2
129 451 219.08 449.51 230.43 1514 7«57
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APPENDIX TABLE 22 (continued)
Age

Lot Treat- Calf in Initial Final Gain, Ave daily Ave total
no ment no days wt wt total gain feed/day a/
34 v 105 470 220.90 413.22 192.32 .95 6.85

118 462 209.56 381.92 172.36 »85 6.32

127 - 477 234.96 441.34 206.38 1.02 7.54

130 471 195595 382.38  186.43 I 6.60

a/ As fed.
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APPENDIX TABLE 23. INDIVIDUAL INITIAL EMPTY BODY WEIGHT, WARM CARCASS
WEIGHT, CARCASS WEIGHT IN WATER, FINAL EMPTY BODY
WEIGHT, AVERAGE EMPTY BODY WEIGHT AND AVERAGE EMPTY
BODY WEIGHT °°/ (Teialil):

Initial Warm Final
Calf empty carcass Wt in empty Avg empty Avg emptg
no body wt wt water body wt body wt body wt 0.7
kg kg kg kg kg kg

101 190.66 127591 .78 21727 203597 58497
104 210.95 148.78 10.82 247.53 229.24 58.91
106 19151 129073 9.06 21991 205571 54,32
139 193,61 128037 9485 217.94 208077 54.33
109 193.61 122.47 9.95 209. 38 201550 53.48
131 198.26 130,63 9580 221321 209.74 5531
133 206,73 134.72 9.08 227.14 21693 56453
137 188.54 122502 85132 208573 198563 52804,
119 194.88 127.01 9439 215597 205.42 54.26
123 182,21 117.48 8.84 202105 192518 51562
126 202.50 123.83 8.68 211835 206.92 54.56
128 218.98 143.33 10375 239,63 229,30 58193
102 191:08 130.63 9.47 220521 206.14 54.40
108 216.87 140.16 10.66 235,03 225,95 58.28
111 198. 26 136,98 95,13 230.42 214.34 56.02
120 188.12 117.93 8.10 202.80 195. 46 52427
112 1 Ay e 1) 150.60 9.178 250.17 214.07 e R
13 20757 184.16 10.44 298.83 253520 63.47
122 21037 181.44 12:71 294.89 25343 63.46
135 198.26 L5599 L.59 286.99 242.62 61.48
103 197.84 1625359 11eL7 267,27 232755 5995
116 229,13 198.22 M- 67 319522 274.17 67.38
136 19193 165.56 10.26 271.86 231590 59.42
138 183.89 152.86 10.20 253.45 218.67 56.86
El5 215.60 26014572 14.48 411.29 313.44 74.49
147 193.61 237.68 L2579 376.44 285.02 69237
125 197.43 254.01 13.47 400.11 298471 71586
129 204.18 267.62 15.01 419.85 312:01 74,24
105 205.88 245.39 12559 387.62 296,75 71.50
118 195,31 224.98 10.20 358.02 276.66 67.84
127 218.98 258.09 11.60 406.03 3125 50 74.33

130 182.63 225.43 11.66 358.67 270765 66.73
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APPENDIX TABLE 24. INDIVIDUAL MEASUREMENTS OF CARCASS AND EMPTY BODY

SPECIFIC GRAVITY, PERCENT BODY WATER, FAT AND
PROTEIN OF TRIAL I STEERS.
Empty
Carcass body
Calf specific specific Body
no gravity gravity water Fat Protein
% % %

101 1.06 1.06 58.86 176470 18.85
104 1.08 1307 63.20 L2594 1920
106 . 1,08 dicO07 62515 14.04 19416
139 1.08 1.08 64.66 11%39 19526
109 1.09 1.08 66.31 9412 19,28
3.0 1.08 1307 62.64 350 199
133 Le.07 107 61.26 1501 19.09
§:37 (07 1:07 6155 14.69 192
119 1.08 1,07 63.64 12.45 19.23
123 1.08 1.08 64.12 1195 1925
126 1.08 107 62.24 13.94 1916
128 1.08 U207 64.03 12.04 19625
102 1.08 1207 63,12 13500 1921
108 1.08 1207 64.41 11.64 19326
il il 07 Teo O 60.99 15531, 19007
120 il {07 1.07 673 14.49 1913
112 1:07 1.06 60.38 16:97 18,22
113 1.06 }.05 5735 19.47 18.65
122 1.08 1.07 62:.23 L3395 19.16
135 107 1.06 60.70 15.63 19,05
103 sip{o)s] 1.08 61.76 14.45 L9243
116 1.06 1.06 58,15 18,53 18.76
136 507 1.06 59.28 1722 18.90
138 150/ 107 61.01 15527 19.07
115 1.06 1.05 56.86 20.06 L85/
117 1.06 L: 05 56.31 20573 18.47
125 1.06 1505 56.02 21.08 18.43
129 1.06 105 57 .13 19:73 18,61
105 1305 1.05 55.39 21:85 18230
118 1.05 1.04 b3.22 24.62 17.83
127 1505 1.04 53.07 24.80 1779
130 1:05 1.05 55..54 21.66 18.33
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APPENDIX TABLE 25. INDIVIDUAL METABOLIZABLE ENERGY INTAKE, ENERGY
RETAINED AND HEAT PRODUCED BY TRIAL I STEERS.

Metabolizable Energy Heat
Calf energy intake retained produced
no kcal/day kcal/day kcal/day
101 6105.90 518530 5592.60
104 6488. 39 142.00 6346.39
106 6043.36 18520 5858.16
138 6189.05 -124.70 (Syelizi 745,
109 6059:992 =B8#:5%90 6435.89
131 6201.70 63410 6138.60
133 6380.65 175760 6205.05
137 6043. 36 151.20 5892.16
119 5979.49 =57 230 6037.39
23 5805.58 -97.20 5902,78
126 6207.25 -64.70 6271495
128 6765.47 -142.70 6908.17
102 6084.69 103.30 5981539
108 6608.92 -208.70 6817.62
11 6207.25 353270 585355
120 5852.22 66.20 5786.02
112 9020.58 987.40 8033.18
313 10001.46 1623.00 8378.46
1 1011210 811.50 9300.60
135 983226 1095.90 8736.36
103 9389.72 714.90 8674.82
116 10769.02 151 1.90 925712
136 9419.00 1175.20 8243.80
138 9020.58 817520 8203.38
L5 16676.63 3223.20 13453.43
117 16805.01 3102.50 1370251
125 17271.06 3462.60 13808.46
129 18079.49 3432.00 14647.49
105 16290.86 3294.80 12996.06
118 14932.12 3387.40 11544.72
127 18002.84 3904.30 14098.54
130 15773551 3119.90 12653.61
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NET ENERGY VALUES OF THE RATIONS IN TRIAL II.

NE furnished

NE values of the treatment

feeds (Mcal/lb) IL

NE, NE,, NE, NE NEp, NE[,
Hay o) +25 .34 A= <20 L3
Barley .85 st .20 eL3 +30 220
Beet pulp .85 .56 .04 .03 .06 .04
Supplement .64 +36 .04 203 <05 203
Total (Mcal/lb of ration) .62 <35 <67 .40
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INDIVIDUAL INITIAL AND FINAL WEIGHTS, WEIGHT GAIN

AND AVERAGE DAILY GAIN (TRIAL II).

Wintering Trial (84 days)
January 2, 1970"to.March 27,;.1970

Lot Ear tag Initial Final Gain, Avg daily
no Treatment no wt wt total gain
1b 1b 1b 1b
7 X 147 511 665 154 1483
73 526 651 125 1.49
74 468 617 149 1297
9l 613 761 148 1,76
97 624 743 119 1.42
146 507 657 150 1.79
929 560 693 133 Y.58
957 603 747 144 €L
10 TL 68 541 685 144 Lol
76 495 663 168 2.00
79 473 611 138 l1.64
144 533 649 116 1.38
142 5l 641 130 1,55
100 583 L1 128 1.52
69 558 676 118 1.40
917 617 746 129 1.54
19 T 78 527 669 142 1. 69
77 476 588 112 233
66 539 681 142 1.69
143 562 707 145 Iy
70 525 631 106 1.26
93 533 653 120 1.43
2 587 699 EL2 s ]
914 579 736 57 1.87
22 1 145 560 679 119 1.42
64 501 698 1217 2..35
75 475 610 135 1.61
90 484 560 76 <90
71 537 656 119 1.42
98 529 620 91 1.08
92 580 681 101 1,20
947 594 709 15k 1.37
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APPENDIX TABLE 27 (continued)

Wintering Trial (84 days)
January 2, 1970 to Marxrch 27, 71970

Lot Ear tag Initial Final Gain, Avg daily
no Treatment no wt wt total gain
1b 1b 1b 1b
25 i1 80 501 645 144 157
65 490 637 147 e 75
148 602 738 136 1562
95 494 621 27 1550,
930 959 736 177 224L
962 509 688 179 2ilts
26 IX 81 533 670 137 11263
94 526 684 158 1.88
149 468 550 82 $98
96 520 649 129 1.54
963 548 671 123 1.46
955 557 729 172 2.05
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APPENDIX TABLE 28. SUMMARY OF WEIGHTS, AVERAGE GAINS, AVERAGE DAILY
GAINS, AVERAGE FEED CONSUMPTION, FEED EFFICIENCY
AND FEED COST OF GAIN FOR STEERS FED FOR A PRE-

DETERMINED GAIN (Trial II--January 2, 1970 to
March 27, 1970--84 days). a/
Treatment
I IiT I L i il
Lot no Lot no Lot no
i 10 19 22 25 26

Outside on

Outside on

Inside on

south side north side slotted floors

No steers 8 8 8 8 6 6
Average weights, 1lb

Initial 552 589 541 533 526 5235

Final 692 673 670 652 678 659

Gain 140 134 129 119 152 134

Daily gain 1.67 d:s 59 1.54 1.42 1.81 559
Average daily ration, 1lb

Barley 3.70 4.89 3.64 4.82 359 4.83

Beet pulp oD 499 .74 v 97 L3 497

Supplement, 32% C.P. 1508 Ll 1509 aml 1.08 1210

Hay, grass £0329 7502 10737 691 10.03 6.920

Salt, plain .06 +08 .06 .06 .10 20/
Average daily feed, 1lb 15,88 514 .07 15,905 913,87 L5¢53 3 sk3u8
Feed per cwt gain, 1lb 951,35 883,15 1031,.58" 976,78 860.06 872.77
Feed cost per cwt gain, $ 17.95" 17,84 19.46 19.74 16526\ 17652

a/ Treatment I was 65% roughage.

Treatment II was 50% roughage.
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APPENDIX TABLE 29. SUMMARY OF AVERAGE WEIGHTS, NEyn REQUIREMENTS, NEp
REQUIREMENTS, FEED REQUIRED FOR NEy AND NEp, EX-
PECTED GAIN AND ACTUAL GAIN (Trial II). a/

Treatment
v I I LE &L Tk
Lot no Lot no Lot no
7 19 25 10 22 26
No steers 8 8 6 8 8 6
Average weight, 1lb 622 606 602 606 593 592
Average daily feed, 1lb b/ 15.82 15.84 15.43 14.02 13481 13580
NE, requirement
Mcal/day 9935 5325 5422 825 SHL7 S5k 16
Feed/day, 1lb 8.63 8.47 8.42 7.84 772 7.70
Available for production
Feed/day, 1lb e 19 s 37 7«01 6.18 6509 6.10
Mcal/day 291 2.58 2.45 2.47 2.44 2.44
Expected gain, 1lb 1.41 1.47 i1 Jad 1 1.41 L. 4l
Actual gain, 1lb il < 6/ 1.54 i1 81 159 1.42 159

a/ Treatment I was 65% roughage.
Treatment II was 50% roughage.
b/ salt is excluded.
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APPENDIX TABLE 30. "t" TEST FOR PAIRED OBSERVATIONS OF ACTUAL AND EX-
PECTED GAINS FOR STEERS IN TRIAL II, TREATMENT I.

Actual Expected
Lot gain gain Difference
7 1.67 1.41 5/ 20
19 1.54 1.47 « 07
25 1.81 1.41 .40
X 9% 02 4.29 3
X 1.67 1.43

da -’ ., 2308
si = .0092
a
§ = . ,0960
a
t = 2.53 NS
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APPENDIX TABLE 31. "t" TEST FOR PAIRED OBSERVATIONS OF ACTUAL AND EX-
PECTED GAINS FOR STEERS IN TRIAL II, TREATMENT II.

Actual Expected

Lot gain gain Difference
10 L.e 59 1.41 418
22 1.42 1.41 +01
26 1.99 1.41 dL8
X 4.60 4.23 HooAT)
X 1:53 1.41
_ = .0649

d

s2 = ,0032

d

s = .0562

d

G = 2.19 NS




e
APPENDIX TABLE 32. "t" TEST FOR PAIRED OBSERVATIONS OF ACTUAL AND EX-
PECTED GAINS FOR STEERS IN TRIAL II, TREATMENTS I
AND II.
Actual Expected
Lot gain gain Difference
7 1.67 1.41 .26
49 1.54 1.47 <07
25 1:81 1.41 .40
10 1559 1.41 <18
22 1.42 1.41 <0 %
26 1.59 1.41 g
X 9.62 8:52
X 1.60 1.42

A e, g 1833
&% = | ;0082
a
8 = ,0565
a
t = 3.244*%

* Significant at the 2.5% level.

APPENDIX TABLE 33. ANALYSIS OF VARIANCE OF TOTAL GAINS OF THE STEERS

IN TRIAL II.

Source of Degrees of Sums of Mean
variation freedom squares square F value
Treatments 1 203.195 203.195 2.5067 NS
Environments 2 351.243 1T75 8022 2.1666 NS
Treatments X

environments 2 35.9588 17.9794 NS
Error 38 3080.2876 81.0602
Total 43 3670.6844
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APPENDIX TABLE 34. ANALYSIS OF VARIANCE OF AVERAGE DAILY GAINS OF THE

STEERS IN TRIAL II.

Source of Degrees of Sums of Mean
variation freedom squares square F value
Treatments 1 .02853 .02853 2.47 NS
Environments 2 .04964 .02482 2., 15:NS
Treatments X

environments 2 .00499 .00249 «21 NS
Error 38 .43946 « 01156
Total 43 e 02263

APPENDIX TABLE 35. NET ENERGY VALUES OF THE

RATIONS IN TRIAL III.

NE furnished

NE values of the treatment

feeds (Mcal/lb) T I

NE, NE NEp, NE, NE, NE
Hay s 25 .08 .04 s 03 e
Barley .85 £ 57 I .38 .64 .43
Beet pulp 85 .56 Shlid: «0Q7 I e .08
Supplement .64 <36 503 =02 .03 .02
Total (Mcal/lb of ration) ol =Bl «83 .54
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INDIVIDUAL, INITIAL AND FINAL WEIGHTS, WEIGHT GAIN
AND AVERAGE DAILY GAIN (TRIAL III).

Fattening Trial (70 days)
April 24, 1970 to July 3, 1970

Lot Ear tag Initial Final Gain, Avg daily
no Treatment no wt wt total gain
1b 1b 1b 1b
7 & 70 703 839 136 1.94
73 733 916 183 2:61
66 766 957 1911 2573
99 734 907 173 2.47
143 781 969 188 2,569
146 732 908 176 2:00
147 733 227 194 220
914 831 1058 227 3.24
10 LT 64 784 1002 218 Sl
68 786 991 205 2293
69 761 944 183 2.61
71 743 906 163 2333
76 766 963 197 2.81
92 771 946 175 2550
144 743 938 195 2479
947 786 1007 221, 3.16
19 T 741 637 836 199 2.84
72 780 975 195 25579
74 646 863 217 3.10
78 709 864 155 2:21
91 817 986 169 2.41
93 73L 896 165 2.36
2 794 1032 238 3.40
957 821 1048 227 3.24
22 I 75 696 884 188 2.69
79 701 903 202 2.89
920 619 766 147 210
98 676 809 133 La20
100 796 987 191 2973
142 737 925 188 2.69
145 778 968 190 2:71
91.7 838 1037 199 2.84
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APPENDIX TABLE 36 (continued)

Fattening Trial (70 days)
April 24, 1970 to July 3, 1970

Lot Ear tag Initial Final Gain, Avg daily
no Treatment no wt wt total gain
1b 1b 1b 1b
25 I 80 766 989 223 3519
94 790 1037 247 3,583
95 722 937 215 3.07
149 642 821 179 2:586
930 836 1053 21.7 3010
955 854 1056 202 2.89
26 163 65 739 908 169 2.41
81 771 963 192 2.74
96 732 886 154 2220
148 816 1070 254 3563
962 768 995 227 3.24
963 791 992 201 2,87




APPENDIX TABLE 37.
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SUMMARY OF WEIGHTS, AVERAGE GAINS,
GAINS, DAILY FEED CONSUMPTION,

AVERAGE DAILY

FEED EFFICIENCY
AND FEED COST OF GAIN FOR STEERS FED FOR A PRE-
DETERMINED GAIN (Trial III--April 24, 1970 to

July 3, 1970--70 days). a/

Treatment
i ¥ i il 18 I 1L
Lot no Lot no Lot no
7 10 19 22 25 26

Outside on
south side

Outside on
north side

Inside On
slotted floors

No steers 8
Average weights, 1lb
Initial 752
Final 935
Gain 183
Daily gain 2.61
Average daily ration, 1lb
Barley L2.74
Beet pulp 2252
Supplement, 32% C.P. e by i
Hay, grass 2.90
Salt, plain -09
Average daily feed, 1lb 19522
Feed per cwt gain, 1b 733.06
Feed cost per cwt gain $ 16.50

8

768

962

194
2,717

13.96
2.8D
.93
.92
.08

18.69
672.29

15.50

741

938

197
2.81

13.60
2l
292
1.01
=09

18235

656.62

15538

8

730

910

180
2iail.

12,51
2.49
<95
2.86
- 09

18.90

735.88

16575

6 6
768 770
982 969
214 499

3.06 2.84

13.20 14,16

3799 2.83
e ) .94
2.5 <95
<10 209

1838588418097

649.58 665.87

14233 Wil 67

a/ Treatment I was 15% roughage.
Treatment II was 5% roughage.
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APPENDIX TABLE 38. SUMMARY OF AVERAGE WEIGHTS, NEm REQUIREMENTS, NEp
REQUIREMENTS, FEED REQUIRED FOR NEp AND NEp, EXPECTED
GAIN AND ACTUAL GAIN (Trial III).a/

Treatment
I I 1 i TF: T
Lot no Lot no Lot no
i, 22 29 10 19 26
No steers 8 8 6 8 8 6
Average weight, 1b 843 820 875 865 839 869

Average daily feed, 1lb b/ L8513 18 8] L9 W7o ] 8561 183264 18388

NE, requirement

Mcal/day 6.72 6.59 6.92 6.86 6.70 6.88

Feed/day, 1lb 8+51 8.34 8.76 8.27 8.17 8.29
Available for production

Feed/day, 1lb 10.62 10.47 10.99 10.34 10.09 .10.59

Mcal/day 5.42 5.34 5.60 5.58 5.35 5.72
Expected gain, 1lb 2 S0 2.43 2ol 2532 2.28 2537
Actual gain, 1b 2.61 255 3.06 3 2.81 2.84

a/ Treatment I was 15% roughage.
Treatment II was 5% roughage.
b/ salt is excluded.
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ANALYSIS OF VARIANCE OF TOTAL

IN' TRIAL DLES

GAINS OF THE STEERS

Source of Degrees of Sum of Mean
variation freedom squares square F value
Treatments 1 26.7408 26.7408 .0264 NS
Environments 2 448.004 224.002 2.209 Ns
.Treatments X

environments 2 263.617 131..936 X301 WINS
Error 38 3854.112 101.424
Total 43 45924.738

APPENDIX TABLE 40.

ANALYSIS OF VARIANCE OF AVERAGE

DAILY GAINS OF THE

STEERS IN TRIAL III.

Source of Degrees of Sums of Mean
variation freedom squares square F value
Treatments 1k .0052 .0052 +255NS
Environments & .0918 .0459 2221 NS
Treatments X

environments 2 .0546 « 0273 1.32 NS
Error 38 s 1.879 .0207
Total 43 «3395
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APPENDIX TABLE 41. "t" TEST FOR PAIRED OBSERVATIONS OF ACTUAL AND EX-
PECTED GAINS FOR STEERS IN TRIAL III, TREATMENTS I

AND II.-
Actual Expected
. Lot gain gain Difference
7 2,61 2,33 .28
22 2,57 2.43 .14
25 3.06 2.31 .75
10 2,77 - 2,32 45
10 2.81" 2.28 .53 -
26 , 2.84 2.37 .47
X 16.66 14.04 2.62 -
X 2.78 2.34"
_ = .4366
d
si =. .0074
d.
s = .0861
a
t = 5,071**

*#% Highly significant at 1% level.

T T T T
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APPENDIX TABLE 42. "t" TEST FOR PAIRED OBSERVATIONS
PECTED GAINS FOR STEERS IN TRIAL

OF ACTUAL AND EX-.

Actual Expected

III, TREATMENT I.

Lot gain gain Difference
7 2.61 2.33 .28
22 2.57 2.43° .14
25 3.06 2.31 .75
ZE; 8.24 : 7.07 1.17
X . 2,75 . 2.36
= .3900
d
s2 = .0340
d
s = .l844
d.
t = 2,115 NS
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APPENDIX TABLE 43. "t" TEST FOR PAIRED OBSERVATIONS OF ACTUAL AND EX-

PECTED GAINS FOR STEERS IN TRIAL

IIT, TREATMENT II.

Actual Expected ‘
Lot gain gain Difference
10 2.77 2.32 .45
10 2.81 - 2,28 .53
26 2.84 2.37 <47
LX 8.42 6.97
X 2.81 2,32

d = .4833
s 2= .0006
a

s = .0245.
a

t = 19.7265%

** Highly significant at the 1% level.
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