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ABSTRAC'l

Retrospective analysis of studies carried out at he'

University of Tennessee between I967 and 1971 were employed

in the development of formulas for determining the projected

total net energy for maintenance and gain in multiphase

treatment regimes# Methods were applied to these formulas

in order to yield a practical application whereby the total

projected consumption of any beef animal could be obtained.

The data from three studies was subjected to the

formulas for net energy for maintenance and gain which

yielded the net energy required on any day. Mathematical

procedures were applied which yielded equations lor cal

culation of total net energy in two phase treatment regimes

over the total treatment time in a discontinuous lashion.

These equations, which must be worked the number of times as

there were days in a phase for both maintenance and gain,

were replaced with one equation each for net energy for

maintenance and net energy for gain in each phase through

the use of integration procedures. The net energy required,

as calculated by this method, was then divided by the net

energy for maintenance and gain.provided by the multi-com

ponent ration, as calculated by using weighted percent or

associative formulas. The result of this roanipulation was a

calculated, projected figure for total consumption.

Replacing the variables in the formulas derived by inte

gration with the data from the past studies yielded a
iii



iv

projected total consumption which could be compared with

the original# observed consumption.

Statistical analysis of the projected consumption versus

the observed consumption in these three studies indicate

that this method has a high potential for calculating the

amount of feed necessary for projected single or multiphase

feeding programs.



FOREWARD

Due to the retrospective nature of this thesis some

explanation of its presentation became necessary. Methods

were employed in the application of new theory to old data

which for reasons of continuity, require brief enumeration.

The study to follow was based on other studies carried

out at The University of Tennessee between 196? and 1971J

predominantly a two phase urea-limestone com silage/ground

shelled corn study labeled H-72~KB-3. The literature search

of this thesis investigated these aspects, as well as the

literature on various forms of metabolic energy with which

the body of the thesis was primarily concerned.

The author devised a method to utilize the ration and

gain data from these earlier studies to check and test a

formula he derived concerning the metabolic requirements of

beef cattle in multi-phase, silage/grain, feeding regimes.

By fitting the appropriate mathematical procedures it was

possible to determine and test a number of formulas without

actually having to perform a field study. The determinations

and tests included deriving a formula for the total net energy

required by any beef animal over any time and at einy rate of

gain with any number of phases; the net energy provided by

the ration, derived and tested through two different methods;

and the comparison of actual intake of a ration as obtained

from the original studies with the intake as estimated by the

use of said new net energy formulation.



vi

It is difficult to fit new material to previously set

data since one is limited in the variables he can explore

and utilize. This thesis, therefore, required extended

periods of time, ingenuity and error before suitable

application and checks were successful.
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CHAPTER I

LITERATURE SEARCH

Levels of Feeding

.Concentrate to Roughage Ratios. Several experimenters

have explored the ratio of concentrate to roughage in order

to determine the most efficient production short of phase

systems. Keith ̂  (1952) explored concentrate to hay

ratios of U:l, 3:1, 2:1, and 1:1, 1:3 respectively. The best

average daily gain (ADG) was 2.09 lb. at 2:1 concentrate

to hay while the ratios of 2:1, 1:1, and 1:2 were, as a

group, the most desirable for normal function of digestive

systems, ADG and feed efficiency. Stanley (1953) employing

rations of 2:1 and 1:3 concentrate to hay inclusive, obtained

similar results.

A ration regime of 1:1, 1:3« 1^5 roughage to concentrate

was explored by Richardson ̂  (I96I). He reports improved

ADG at 1:5 (2.27 lb. versus 1.97 lb.) and carcass data for

the 1:3 and 1:5 ratios. Richardson, Smith and Cox (1953)

used these very rations and verify the results.

Both Connell ̂  (195^+) and Dowe £t (I95I) using

very wide concentrate to hay ratios found that in terms of

ADG, 3:1 and 2:1 were equally good. Using alfalfa-brome

soilage with various levels of corn ranging from 20:1 to 2:1,

Woods and School (I962) found linear increases in ADG (1.3^

lb. to 2.66 lb.) with the additions of corn. The all forage

1
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rations needed 88 days more feeding time. They note it took

8.9 lb, forage to replace 1 lb. of corn and, therefore, only

at these ratios of cost should forage replace concentrate.

Employing different percents of ground shelled corn (GSC)

to hay (65:25, 5505. ̂ 5 = ^5) Cmarik et (1957) observed

that ADG, lb. total digestible nutrients (TDN)/c lb. gain,

and grade showed little difference between rations. They

conclude that roughage can m.ake up a relatively high pei'cent

of a fattening ration. Pope e_t a^. (1957) concentrate to

roughage ratios of 35:65, 50:50, 65:35 and 80:20 to a constant

finish grade. These results also showed the least concentrate

ration as good as the high concentrate in terms of ADG while

feed costs were lower and time to slaughter not different

for the higher roughage ration.

Feeding high energy versus high roughage rations of

corn and up to 30^ hay Anthony £t (i960) and (I96I) con

cluded that mixtures containing 30?S hay was equal to the

more high-grain mixture for fattening calves to slaughter

finish. }Ie stated further that more "reach" lies in devel

oping high roughage rations.

La Verne Bucy and Bcnnion (I962) em.ployed high concen

trate to roughage ratios of 85/o and lOO^.^ and found that the

lower concentrate group gained better and graded equivalently,

In two feeding trials Parrott et al. (I968) fed ratios from

I00''/o hay to 100^ steam processed milo in lOfo increments.

The results indicate that digestible energy (DE) and dry
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matter (DM) intakes were reduced above the Gofo concentrate

levels suprpesting a reason for decreased performance at very

high percent concentrate rations.

Ralston ̂  (I966) used three close energy levels

(69t 72, and 78?o) with three levels of protein to see if

any statistical difference in ADG and carcass data would

result. In all combinations at such small variance no

statistical differences (P<.05) were obtained. However, the

medium protein, high energy ration gave slightly improved

ADG .

Corn Silage as a Finishing Ration. Tomhave (1920)

reported on a study in which a full grain ration was compared

with a two-thirds grain ration and corn silage. The ration

with corn silage (OS) had about the same ADG and carcass

value while the cost to produce 100 lb. of gain was lower.

In a number of tests from 1912 to I9I5 OS and hay was com

pared to CS alone, both being supplemented with corn.

Again, in all tests net returns favored the greater amount

of OR. In a massive study from I9I5 to I9I9. I90 Penn

sylvania farmers cooperated in a feeding study with 3,000

cattle. The rations were unlimited CS with limited grain

versus full grain feed. Because of small differences in ADG

(2.1 lb. versus 1.8 lb.) and days on feed (222 versus 233)

the rations with corn silage returned significantly (P2..05)

more to the farmer ($15.01 versus $31.76). Pinney (I966)

fed steers GSC at I.5, 1.0 and O.Sfo body weight and CS
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ad libitum for 125 days. He also reports no significant

difference in ADG and carcass grade with increased CS, as

well as better economy of gain.

Klosterman £t ̂ .(1959) fed rations of either GEC full

fed or one-half GEC and CS. The steers on one-half GEC with

CS full fed gained 0i20 lbs. per day faster than the GEC,

full fed group. He also postulated that the estimated net

energy of CS when fed in this manner may be fully equal to

GEC alone.

Rations utili'/.ing high and low moisture grain silages

alone and with gEC or with corn silage: plain CS with cotton

seed meal (CSM) and high grain rations were compared by

Hammes e_t al. (1964), He reports that grass silages alone

were poor except when supnlemcnted with 8 lb./day of GEC.

CS at 80 or 100^ were not significantly (P<.05) different

from high grain rations in terms of ADG and grade while

showing the best feed efficiency.

Corrick and Hobbs (I968) fed diets comparing untreated

CS and concentrate, urea/lim.e treated CS, GSC and alfalfa

hay. Again the ration containing high CS, expecially the

urea/limestone silages, proved most economical.

Newland and Henderson (I966) proposed a special high

energy corn silage (only ears from alternate rows) and

compared it with regular CS, both supplemented with 4 levels

of concentrate. When all levels were pooled the high energy

corn silage was significantly (P<P5 ) better than regular
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corn silage (1.30kg versus I.I3 kg ADG). In a second exper

iment, again utilizing high energy corn silage versus regu

lar corn silage but utilizing a protein supplement, the high

energy corn silage was again better in terms of ADG and

carcass grade. They estimated the high energy corn silage

is equivalent to regular corn silage plus one-half to three-

quarters percent body weight in daily added concentrates.

Phase FeediniP;

Tv/o Way Phase Systems. Several researchers have com

pared high and low energy rations utilizing a simple two

way system. Miller £t (196?) compared rations of

approximately 91^ ground corn and 9% alfalfa hay with a

ration of 7^% hay and ZSfa ground corn. He further compared

both with a phase system by feeding the latter to 3^0 kg

(from 177 kg) and the former to kg. The ADG obtained

was 1.16, 1.07 and 1.28 kg respectively and feed per 100 lb.

of gain was 701, 798, and 751 kg. These results were statis

tically (P<.05)different in both parameters for the two

phase system. Further, the high energy and phase system

scored equally in dressing percent and carcass grade. A

similar system was used by Hendrickson et (I965) but he

expanded the two phase system to include an inversionary

high and low energy phase. That is to say, he compared

medium energy for 200 lb. of 400 lb. and switched to high

energy for the last 200 lb. while in another ration he
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began high energy and switched to medium at corresponding

weights. These were tested also against full term high

energy and full term, medium energy rations. The full term

high energy ration resulted in better feed efficiency and

carcass grade than the full term medium energy ration. The

phase system of medium/high yielded results essentially

the same as the full term high energy while high/medium

phase gave results sim.ilar to the full term m.edium energy

ration. He concluded fat development during the second

200 lb. gain was important in carcass quality and overall

efficiency in finishing cattle. Klosterman et (I965)

using this same inversion of phase with CS versus ground ear

corn obtained very different results. He concluded that

there v/as no difference whether corn was fed the first or

last half or in the middle of the feeding period.

McCampbell (I92I) fed alfalfa hay and two lb. GSM ad

libitum corn and cane silage versus the same ration but

with the corn witheld for the first 120 days. In terms of

economics the witholding of corn resulted in $4.00/head

profit increase. In terms of return per acre the astounding

differences were $l20/acre of silage versus $48.00 per acre

of corn. This indicated that the less corn fed without

damaging other variables, the more return to the farmer on a

per acre income basis. However, this sam.e experiment was

done at a later date when the price of feed was much lower.

The silage group returned $5.00 less per head while still

returning more per acre ($72.00 versus $22.50).
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Both Hale £t (I962) and Tomhave (I92O) fed typical

full fed CS rations with soybean meal (SBM) and compared it

with that same ration supplemented with either hominy or

corn for approximately the last 90 days of a I30 day feeding

system. They both conclude such phase supplementation was

unnecessary since while all other parameters remain the s^/m<?

the CS ration costs less per lb. of gain.

Multiphase Systems. Adjusting the amount of concentrate

in the ration over timie as a percent body weight or by

predetermiined am.ounts leads to a feeding system which is

com.plicated but hopefully the most efficient. Many re

searchers have experimented with this type of multiphase

ration.

Young £t (1962) adjusted a CS alfalfa hay basal

ration with ground shelled corn at 1^ day intervals accord

ing to body weight. He compared this with a two phase

system, where corn was full fed until after the first 98

days of a IB'-i- trial. In terms of total gain, feed efficiency

and carcass quality he concluded that both methods could be

used to produce similar choice yearling heifers. Kolari

et (1963) used essentially the same two feeding regim.es

and two others of ground ear corn full fed and ear corn with

silage to test ways of feeding. He also concluded the two

phase and numtiphase systems and full term, systems had little

effect on ADG and carcass grade. .Richardson et ajL. (I96I)

com.pared a 28 day changing ration with 1:1, 1:3» and 1:5
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roughage to concentrate rations. The phase system was

somewhat more effective in ADG and carcass quality than

the 1:3 and 1:5 full fed rations.

Using concentrate and roughage feeds Johnson e_t al.

(1958) tested a multiphase ration. The basic ration was

corn and roughage mix for 168 days. In five others the

corn was witheld for the first 28, 58. 84, 112, and 140 days

with the basal corn and roughage mix for the remainder of each

feeding period. Cattle on the last three rations above

gained significantly (P< .05 ) slower but yielded savings in

feed costs (no corn for 140 days = k^.2fo cheaper than basal).

In a basic OS ration Neumann ̂  (19^3) added cracked

corn for the entire feeding period as well as for all but

the first 126, 189, and 250 days. Steers per acre of corn

(yield 20 tons OF or 100 bu. corn) was 2.0, 2.2, 2.1, and

2.9 respectively. The pounds of finished steer per acre were

1042, 1190, 1103, and 1494 while carcass grade and value re

mained constant. These results further indicate that corn

can be added at a later time in finishing while resulting in

the same carcass value but more beef per acre. This gain,

however, must be sufficient to affect the loss in feeding

time to grade, (full fed 214 days versus delay for 250 days at

195 days to grade).

Effects of Enerpiv Level on Ration Constituents

Effects on Ration Protein. Lofgreen ̂  ad. (I963)
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employed four different rations. Low energy-high protein,

high energy-low protein, low energy-low protein, high energy-

high protein, in a nitrogen balance trial with dairy calves.

The effect of energy on nitrogen retention was dramatic with

energy level. Calves on a low protein diet showed a 20fo

increase in nitrogen retention (as percent of apparently

digested nitrogen above maintenance needs) when given a high

energy versus a low energy diet. Animals on a high protein

diet did not show the same results as excess protein was

probably used for energy. Using 8, 10 and 12^ protein levels

with various amounts of crerlose Fontenot et al, (1955) got

opposing results. He noted that added cerelose with low

percent protein pushed nitrogen retention down while it

enhanced nitrogen retention at higher levels of protein,

rtone and Fontenot (19^5) however, indicated that changing

available energy while keeping protein constant at 12.5?^

did not have any effect on nitrogen retention, Baird et

(1967) found that the digestibility of protein was signifi

cantly (P<.05) lowered when the grain in the ration was

increased from zero to 75% at 25^ intervals.

Arias et (1951) used six different sources of energy

(dextrose, maltose, sucrose, starch, cellulose and GFC) at

three different levels with a constant amount of urea protein.

The results show that each energy source aided urea digestion.

Using fat and urea to adjust the protein and energy of rations

Jones et (I96I) found that nitrogen retention was not

affected by energy level.
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Effects of Energy Level on Ration Components. Parrott

et al. (1968) utilized rations of milo and alfalfa hay con

taining from lOOfo roughage to 100% concentrate to test the

digestion of cellulose as the grain level increased. Below

^0% grain there was little effect on cellulose digestion.

However, above 50%> grain, cellulose digestibility decreased

as the amount of grain increased. Feeding 62, 67, and 72?S

energy as TDN Stone and Fontenot (I965) observed also the

reduction in crude fiber digestion as the energy level was

increased. The crude protein (CP) and ether extract (EE)

were not influenced by energy concentration but the digesti

bilities of DM, organic matter (OM), and nitrogen free extract

(NFE) were increased with increased energy concentration.

Arias et (1951) stated that the results of an exper

iment involving six sources of energy and three levels indi

cated that carbohydrate aided cellulose digestion. Feeding

rations with roughage to concentrate ratios of 1:1 to 1:5«

Dowe et (1955) indicated also that there may be a limit

to the amount of energy in a ratin that will improve cellulose

digestion by noting that 1:3 was best. He also reported that

the digestibility of DM and EE were up as corn was up while

NFW, crude fiber (OF) and protein were similar for all

rations.

Elam et (1958) fed three different energy levels

(full fed, two-thirds full fed and maintenance). Degest-

ibility of OM, NFE, and energy was higher for the two-thirds.
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ration over the high or low energy lots. Average digestibi

lity of EE, CP, or OF were lower for high energy lots.

Urea Feeding

Urea and the Ruminant. By 19^+6 considerable interest

had been shown in use of non protein nitrogen (NPN) for

feeding ruminants. Briggs e_t (19^7) state:

During the current shortage of protein con
centrates, considerable interest has been shown
in the possibility of replacing a part of the
protein of livestock rations with other forms of
nitrogen. This possibility has never been
realized to its fullest extent. Urea, COCNHg)^'
contains 46.6 percent nitrogen, one pound of urea
furnishing as m.uch nitrogen as 6.77 pounds of
43 percent protein cottonseed meal.

Chemical and bacteriological studies of rumen processes

demonstrate the formation of protein from NPN though the

intervention of microorganisms inhabiting the rumen. Bul

letin 409 (1953) of the Oklahoma agriculture experiment sta

tion qualified this statement.

Bacterial synthesis of protein from urea proceeds
in two major steps: (1) the urea is broken down to
ammonia, and (2) the am.monia is then combined with
carbohydrate fragments to form protein in the
bacterial cells.

The second step must keep pace with the first one
to prevent the accum>ulation of am.monia; thus rapid
growth and multiplication of the rumen bacteria
are necessary. Rapid growth of bacteria can best
CP assured by providing in the ration: (a) readily-
available carbohydrate (energy) contained in cereal
grains and m.olasses; (b) a relatively low level of
natural protein supplements, and (c) minerals.

Production of am.monia in excess of the immediate
needs of the bacteria is a waste of nitrogen and
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may be detrimental to the animal if the excess is
gre3,t. Dosing with urea, or allowing animals to
consume large amounts over a short period of time,
may lead to diastrous resuis.

By feeding urea only as recommended below, excess
ammonia production can be avoided.

Of all the NPN com.pounds; urea, biuret, amides, amoni-

ated agricultural products and common ammonium salts only

urea has been thoroughly tested. Still, there lingers

considerable question on the fine points of urea feeding

and metabolism which are best summarized by Gallup (1956).

He stated that in the use of urea

The essence of the problem; as it appears to the
chemist is this: to prepare a nitrogen compound
that can com.pete with vegetable proteins in
ruminant rations, with full consideration being given
to the cost of such a product, its stability and
handling and mixing properties, its palatability,
solubility, and possible toxicity, and its ability
to liberate in the rum.en m.etabolizable nitrogen at
a rate commensurate with the requirement of rumen
organism.s,

Urea Fed with and in Corn Silage Rations. Urea has

been and still is being fed in corn silage (CS) rations

being added either at the time of feeding or ensiling.

NPN is tested as a protein source by coparison with natural

plant protein usually in terms of gain, efficiency of gain and

carcass quality. Primarily urea is tested against soybean

(SB) protein.

An experiment by Pope (1959) is indicative of those

done by adding urea at the time of feeding. Using a milo

supplemented CS ration; thirteen supplem.ents, including urea.
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wers compared t.o &BM on a protein equal basis. Although

urea resulted in lower gains, feed efficiency and carcass

prrade, these were not statistically significant (P<i.01).

In a similar test, however, Etenberg and Tolman (I968)

found a difference in ADG (P<.10) between urea and SBM sup

plemented rations.

Tolman and Woods (I966) added either urea or SBIVl or

two-thirds f-BM one-third urea, or vice versa to a CS ration

at the time of feeding. Examining the respective ADG for the

above four treatments (0,69i O.76, 0.72, O.7I kg) he con

cluded that urea was a good supplement when fed alone or

with "BM in a CP ration. Baker £t al. (19^9) carried out a

sim.ilar experiment comparing urea and steamed bone meal;

steam.ed bone m.eal and soybean oil m.eal, and soybean oil meal

alone. He concluded these three supplements resulted in

little apparent difference in ADG, finish and appearance.

Researchers have also studies the additin of urea to

corn silap-e rations at the time of ensiling. This method

also is compared with natural protein in terms of feeding

value.

Ptenberg and Tolm.an (I968) set up an experiemtn whereby

he compared the supplementing of urea at feeding time, urea

ensiled, and SBM at feeding time. He concluded that ensiled

urea was equal to urea added at time of feeding (ADG - O.69

kg versus O.7I kg respectively) and that PBM was superior

to both at 0.77 kg ADG. Bently et (1955) compared OS



plus corn and urea, CS plus corn and SBM at time of feeding

with urea corn silage and corn and urea phosphorous corn

silage and corn. His results in terms of ADG and cost per

hundredweight were; 1.77, 1.87, 1.82, 1.83 lb./day and 13«82,

13.98, 13.05 and 12.89 dollars per hundred weight respec

tively. The obvious conclusion was that urea silage compared

favorably v/ith CS and SBM.

'^he use of 0.5% urea and 0.5% high calcium limestone in

supplementing CS at tim.e of ensiling has emerged as an

acceptable level of supplementaion. Silage treated in this

manner was compared to silage which was not so treated by

Klosterman e_t aJ^. (I96I). Both silages were fed with SBM,

alfalfa hay and grov/n ear corn for 22^ days. He discovered

the heifers on treated silage gained significantly (P<.05)

faster and required less feed/cost gain. Klosterman et al.

(1962) noted that the addition of urea in making CS improved

its feeding value as well as replacing a large part of the

protein supplement needed in a CS ration.

Ruminant and Ration Energy

Objections to Total Digestible Nutrients. Throughout a

period of the last two decades there have been a number of

researchers realizing what they believe to be the shortcomings

and inaccuracies of total digestible nutrients (TON) as a

measure of the potential nutrient value of feeds. Simultane

ously, there has evolved the realization that the value of a
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feed may be expressed in terms of dietary energyi as digesti

ble energy (DE), metabolizable energy (ME) and net energy (NE).

Blaxter (I956) says of TDN:

It measures what food contains, rather than what
animal performance it can promote. Its advocates
are impressed by its sim^plicity and infer that
it is a more accurate measurement than systems based
on the net energy principle. This inference may
appear true in that the errors of measuring TDN are
small compared with those of measuring net energy,
but the inference is really false in that the aim
of any system of evaluation is to predict anim.al
performance with m^axim.al accuracy, not to measure
what food contains.

The desirability of adopting DE in the place of TDN

has been explored by several individuals. iViitchell (19^2)

pointed out the inherent errors in the use of TDN as a

measure of food energy, saying

The metabolizable energy is a more significant
measure of the value of a feed or ration in satisfying
the energy requirements of the animal than is the
sum of the total digestible nutrients, because it
excludes wastage of energy for which' no reduction_
is made in the m.ere estimation on nutritive material
of the food that does not reappear in the feces.

Swift (1957) indicated that determination of energy values

by the bomb calorimeter is one of the most accurate analyses

performed in the laboratory while serving the same purpose

as TDN without TDN's "Laborious, cum.bersome, and inac

curate" characteristics. He further indicated that the

only problem is salvaging the TDN values accumulated over

the years. In a study com.bining the determinations of TDN

and DE from 312 trials, he concluded that one pound of

TDN = 2,000 calories of DE. Lofgreen (1951) points out that
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using the TDN system all protein and carbohydrates in all

feeds are equal in value and further, that all fats have an

energy value 2,25 times that of protein or barbohydrate.

an alternative he suggests an energy m.ethod utilizing

the bomb calorim.eter. In this method it is necessary to

determ.ine moisture, ash and heat of combustion on feeds and

feces in a digestion trial and ether extract in the feeds,

thus avoiding the com.plete proxim.ate analysis. In com.paring

the two systems he found no significant differences in

results v/hile there was a great saving in tim^e obtained by

calculating TDN from DE.

Development and Use of the Net. Energy System. By I96O

several researchers were seriously considering the energy

system.. Pioneers in the development of the use of energy

were Otagaki and Lofgreen (I96O) who said, "It cannot

logically be disputed that NE is theoretically to be pre

ferred as a m.easure of useful feed energy over such m.easures

as TDN, DE and ME." He began developing the NE concept by

feeding the ration in question at two levels and determ.ining

the energy gain brought about by the feed increment (dif

ference trial). His mathematical model was:

NE. ^

where NI'.E is the NE of feed increment per unit metabolic

size and and are energy gain per unit metabolic size.

Kleiber (I96I) was one of the first to realize thai

partial effect of energy utilization for m.aintenance is
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higher than it is for production. Lofgreen (I963) also

realized from other research that the NK per unit of feed

was higher from zero to suh-maximum than fromi suh—maximum

to m.aximum. This being the case, it becam.e necessary to

know the Nii of the feed increment for production alone and

for m.aintenance and production. Thus, the term

defined by Harris (I963):

When reporting HE, it shovild be clearly
stated which fractions are included. For example,
there may be val-ues for NE for m.aintenance
plus production fNE „ ), or NE for maintenance
only (NEm) , or NE i'orl^producti)n only (NEp). _
The subscripts axe suggested because there is
often confusion. . .

becamie predom.inant in the work of Lofgreen and other authors,

Lofgreen (I963) tested this equation in a comparative

slaughter trial with yearling heifers comparing alfalfa

hay to a concentrate mix. The results showed a marked

decline in NE „ for both rations as feeding level increased.
niccp

results also indicated that the partial net energy of a

feed used for weight gain does not deviate significantly

from linearity from maintenance to ̂  libitum feed con-

sum.ption. This suggested, according to the author, that the

partial net energy of feeds for maintenance and gain was

m.ore nearly consistent than the total The NEm for

alfalfa was that of the high concentrate while alfalfa

NEp was only ^9% that of the high concentrate.

In a trial by Hall et (1968) the NE values of

corn versus sorghum grain were determiined when fed at three
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different levels. He found that neither grain or level of

feed above maintenance affected NEp values, which supports

the idea that the partial efficiencies of feeds at levels

above maintenance are rectilinear or that succeeding incre

ments of feed above maintenance have a constant NEp.

Garrett et (I96E) also confirmed the idea of constant

NEp. Vance ̂  (I972) found ration NEm values increased

linearly in various corn/corn silage rations, indicating

the NEm of each feed was also constant. He does, however,

disagree with other researchers on the linearity of NEg.

The NEg content of each feed ingredient was not constant

but depended on the composition of the ration as a whole,

particularly when high levels of concentrate {85-97%) were

fed. Kromann (196?) also espouses the idea of associative

effects of complex rations and reports on a method for

determining the caloric value of ration'ingredients. His

equation involved the simultaneous solving for Xj (NEm&p

of food components) of n different com.ponents in n dif

ferent rations. He used this method to test the idea that

the energy value of the basal ration remained constant with

the addition of molasses at 10, 25, and 40%. His results

differ from other researchers as he found that the Dii value

of +he basal ration decreased as molasses in the ration

increased. The NEm&p of alfalfa hay decreased as milo v/as

added to the ration; also, the NEm&p of m.ilo decreased as

alfalfa was added to the ration, all indicating the
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associative effects on ration component net energy evalu

ation.

Preston (1975) studied the addition of corn silage to

a concentrate ration in terms of NE. The NEm&g decreased

with the addition of corn silage but, as with m.ost investi

gators, the NEg values of individual feeds are additive

and not dependent on relative proportions of grain and

silage, Byers, Matsushima and Johnson (i97i!+) however, are

of the opinion that the associative effects of feeds occur

whenever feed ingredients are mixed together; especially

grains and roughages. VJith this in mind they set up equa

tions for predicting the net energy values for maintenance

and gain of mixed corn grain/silage diets using regression

NE.m - 6.449* 10~'^(';^total corn)^ + 1.72

NEg ̂  8.49l'10"-^(^total corn)^ + 1.24

in order to provide a practical means of assessing the

expected NE value of mixed diets. This system, is not sub-

gect to the limitations of the California net. energy system,

as the precision of prediction is not decreased as the

lim.its of feed interaction approach the independent energy

value of the primary feed ingredient.

Lofgreen and Garrett (I968) have written the most

definitive article to date on the theory and use of the

net energy system. Several in use concepts and equations
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deserve reiteration here. At zero feed intake heat

increment is zero and heat production is therefore basal

metabolism and heat of activity which is equal to the Niim.

By extrapolating HP at various levels of feeding on metabo-

lizable energy intake in comparitive slaughter trials they

have developed an equation for calculating NEm for any size

cattle

N£m = 0.077

where NEm is in Meal,/day and W is body weight in kg.

In order to determ.ine if sex was a factor in NEm require

ments they tested steers and heifers in comparitive slaughter

trials. They concluded that the heat produced by fasting

steers and heifers is not different, and the NEm. for both

is as previously indicated.

In sim.ilar experim.ents they determined that energy

concentration in the weight gain increases as the rate of

gain increased and that increase is more rapid in heifers.

This is supported in a study by Klosterm.an and Ockerm.an (I968)

The results of which indicated a ration X sex interaction

giving heifers a NE value for corn silage greater than

steers. This led to the developm.ent of two further equations

by which the energy stored in weight gain, or the MEg

requirements, can be expressed as

NEg r. (52.72g + 6.8^g^) • (Steers)

NEg -- (56,03g I2.65g^) • (Heifers)
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where NEg is in kcal, g is daily gain in kg and W is body

weight in kg.

By the development of these three equations it became

possible to calculate the requirements at any weight and

for any rate of gain.

The "Grain of Salt" Clause for N£ Systems. There

still exists a great deal of controversy concerning the

ability of NE to predict the ability of a food to sustain

a particular level of anim.al production. Blaxter (1956)

insisted nutritive value is a biological measurement caught

up in the reticulate nature of life at the orgasmic level.

He believed science does not know enough about the thermo

dynamics of intermediary metabolism, to enable us to predict

from the chemical composition of a food its ability to

act as a free-energy supply in the body. He wrote of

"intrinsic net efficiency" of foods indicating that measures

of NE are only as good as the animals used and the type

of physical function they support. He pondered the still

not answered question of rectilinear or curvilinear response

of food at different levels of feeding, therefore questioning

the consistency of nutritive value at higher rates of gain,

"he supply of other essential nutrients, like protein,

certainly affect the nutrient values of a feed expressed

as energy. Perhaps Blaxter (1956) summed up these queries
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on nut.rit.iv6 valuo of a feed evaluated by any method:

The above discussion makes it clear that the
problem of predicting the ability of a food
to sustain a particular level of animal production
is by no means an easy task. The nutritive value
of a food is not a constant; it yaires sig-
nigicantly with the species considered, the type
of production it supports, the amount of it
which is given, its physical state, and the
ration to which it is added.

It appears that many of the problems in ration evalu

ation with respect to the NE system have been scientifically

resolved to a reasonably acceptable level. We must, how

ever, continue to explore and improve this system in order

to produce the simple exacting method sought years ago

when improvements on TON were necessary.



CHAPTER II

THE DEVELOPMENT OF FORMULAS FOR DETERMINING TOTAL

NET ENERGY FOR MAINTENANCE AND GAIN

The Development of Formulas for Determining Total Net

Energy for Maintenance in Multiphase Treatments (TMT)

To determine the net energy for maintenance (NEm) at

any moment the following formula was used

NEm = .077W°*'^^

where NEm is in megacalories (Meal.) per day and W is

body weight in kg.

In computing the total NEm or net energy for gain

(NEg) over a period of time it was necessary to account

for the change in weight to a power and subsequently the

change in NEm or NEg per unit time. The procedure to

follow was used in deriving formulas which would account for

the total NEm, and later NEg, required by beef heifers or

steers as W changed with time in a multi or single phase

TMT feeding regime,

NEm = ,077(Wo + gt)°-"^^ (1)

where Wo is the initial weight in kg, g is ADG in kg, and

t is time in days.

23
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In a two phase TMT the calculation for NEm in the second

phase would be

NEm = .077 (Wo + F + (2)

where F is the final weight at the end of phase one and

and tj are the second phase correspondents of g and t.

EquationsI such as these, could be set up for any number

of phases by following the same pattern. The discussion

here, however, will be limited to a two phase calculation.

If P equals the first phase of a two phase TMT, equation (1)

becomes

(NEm)p = .077(Wo + gt)^'^^
If Q equals the second phase of a two phase TMT, equation

(2) becomes

(NEitOq - .077(WOp + (^)

where Wo^. = Wo + F,

The solving of these equations, for each day from the

first day, where t = 1, to the last day of the TMT or phase

provides the total (liEm)p and/or (NEttOq. This method takes

into account the change in VJo and subsequently the change in

NEm with time in days. While g rises at a constant rate the

exponent would tend to pull (NEri)p^.Q from linearity.

The problem with the discontinuous system employing

equations (3) and (4) is that they must be solved the number

of T times, where T is the total number of days in each
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phasG, in both phases to yield the solution. For example»

if there were I'+O days in P and 55 days in Q these equations

would have to he solved a total of 195 timesi once for each

day as follows

(NEn)p = .077(Wo + gxo)°*'^^=Mcal. for day one-P
.077(Wo + gxj)°'"^^-Mcal. for day two-P
077(Wo + gx2)°*^^=^Mcal. for day three-P

077(o + gxl^O)^* "^^^Mcal. for day 14-0-P

where the summation of these values is the total (NEm)p

required. And

^NEm)Q ^ .077(Wof + g3,xiP)°*'^^=Mcal. for day one-Q
.077(WOf + gpxl )°''^^*al. for day two-Q

0.75
.077(WOf t gi*!) * =Mcal. for day three-Q

f

* 0 75.'o77(WOp t gj^x55) * =Mcal. for day 55-Q

where the summation of these values is the total (NEm)Q

required.

These cumbersome calculations can, hov;ever, be con

densed to one equation per phase while yielding approxi

mately the same total NEm. This is accomplished by applying
integration procedures to equations (3) and (4).

(NEm)p = J .077(Wo + gt)°*'^^dt (5)
^ 0



Let

then

and

Now

?6

T

(KEm)o = 1 .07?(WOf 61^1)°*"^^dt (6)
0

Using equation (5) as a model and pulling the constant

T

(NEi.i)p = .077 X (Wo i gt)°*'^^dt (5)
0

X = Wo + gt

dx = gdt

Idx = dt¥

S(Wo + gt)°*'^^dt ' dx)

and since g is constant

jx^'75^ax)

Using the exementary integral form

Jx" dx =-^^1" except where n = -1^

we obtain

-^J3^0.75
75

and replacing x

CWo+£t)^*
I- Ti75"f-

Usiiag the original equation and applying the limits

(NEm) =-• (Wo + J
Ir" &' X. f ̂
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Placing the limits inside the equation we obtain

(NEm)p = (Wo + gT)^*"^^ - Wo^*^^ (7)
where lower limit as g = 0,

Subjecting equation (6) to the sscue integration,

equation (8) is obtained.

(MEm)g = ̂ (Wo^ + - Wo^*"^^ (8)

Solving equations (7) and (8) will provide the same

result as all the calculations necessary solving with

equations (3) and (4),

The Development of Formulas for Determining Total Net

Energy for Gain in Multiphase Treatments.

Through the use of the above procedures, similar

equations can be derived for total NEg,

The NEg for heifers is

NEg = (56.03g + 12.65g^)'(W°*'^^^

Where NEg is in kcal.

The NEg for steers is

NEg = (52.72g + 6.84g^).(W°*'^^^

where NEg is in kcal.

As per equations (3) and {k), and using the Neg for

heifers
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(NEg)p = (56.03g + 12.65g^).(Wo + gt)®*"^^

and

(NEg)^ = (56.03gi 12.65g^^).(Wo^ + g^t^)°-"^^(lO)
p

Since (56.03g + 12.65g ) is a constant in each phase

"because g is constant and, with division by 1000 to yield

Meal., the following is obtainedi

(NEg)p = Kp(Wo + gt)®'"^^ (11)

and

(NEg)^ = Kq(Wo^ + (12)

where Kp is a constant representing

heifers

and Kq

for heifers

Similar equations could be set up for steer constants.

These equations, (11) and (12), could be solved T times

as were equations (3) and (4), or integrated to a con

tinuous curve as were (3) and (^) to yield

T

(NEg)p = S Kp(Wo + gt)°-'^^dt (13)
^ 0 ^

and

T(NEgjg = ̂  Kg(WOj, + gjt^)°*''5dt (14)
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and finally

(NEg)p =.
K,

g + 1.75 i-
(Wo + (15)■»]

and

K,(NEg)Q = _3.
g = 1.75 1-

(WOj + (16)

If, however, the (NEm)p and (NEm)^ in Meal, have been
derived using equations (7) and (8), equations (15) and (l6)

can he more simplified. Using (15) and (7) as examples

(NEg)p =

and

g • 1.75

f

(Wo + gt)^*"^^ - Wo^'"^^ (15)

(NEm)p = ^
g

(Wo + gt)^*"^^ - Wo^*"^^ (7)

Let

(Wo + gt)^'"^^ - Wo^*"^^ = y

then

(NEg)p =
K,

g • 1.75

and

(NEm)p =
g

solving for y in (NEm)p

y = (NEm)p g

.044
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Substitutinf^ for y in (NEg)p

(NEg)p • (N£nl)p.^

- Kp . (NEni)p
,044-1.75

Finally

(NEg)p « (NEm)p-^^ (17)

Using the same procedure on equation (16), equation (18)

is obi.ained for phase Q of IIEg.

(NEg)Q « (NEm)Q. (18)

where Kp and Kq are the constants for heifers or steers

and (h'Em)p, (NETn)Q, (NEgjp and (NEg)Q are in Meal.

In summary, four equations (?), (8), (1?) and (18),

herein formulas (A), (B), (C), and (D) have teen derived

to yield the total NEm and NEg per TMT in any single or

multiphase feeding regime. They could be used to project

the total NE requirements of any beef animal given the

required variables.

Formula (A) (Corresponds to equation (?))

(NEm) -
'P " g

|7wo + gT)^*"^^ - Wo^*^^ (A)
Formula (B) (Corresponds to equation (8))

(NEm)Q = glTp)^*^^ - Wo^-^^J (B)
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Formula (C) (Corresponds to equation (1?))

(NEg)p = (NEm)p (C)

Formula (D) (Corresponds to equation (18))

(NEgjg = (NEmjg (D)

The Possibility of Using Less Rigorous But Slightly,More

Simplified Eouations for the Calculq-)^4,0Q, ^d HEp:

It should be noted that the change in (NEm)p with time,

in limited testing with actual data, appeared linear by

graphical methods (Figure 1). The change in (NEm)p was

computed involving an exponent, 0.75i applied to the change

in weight for which linearity vmuld not be the expected

result, since only one is a linear exponent. However, as

suming this linearity exists, and using the midpoint NEm and

multiplying by T

(NEm)p - T-^.077(VJo + (19)

approximately the same answer was obtained as was obtained

with formula (A), while using some of the TMT data pre

sented later in this thesis. The author was unable to ac

count entirely for this phenomenon since he cannot prove:

^^[(Wo+gT)^*'^^-Wo^*^^ = T*/'.077(Wo+g|-)°*^^
Formula (A) Equation (19)

The lack of linearity for equations with the form y"^,

where n / 1, can be illustrated in the graphical repre

sentation using hypothetical situations. Figure 2 shows
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the change in g is linear but that when subjected to a

power other than one, it is no longer linear.

If, for example, we set up

(NEm)p = .077 (Wo + gt)°*'^^

where Wo = 4,6 kg, g = 0,89 kg and T = 20, the lack of

linearity is apparent (Figure 3)•

It is believed the reason that equation (19) v/orks in

this case is due to the relative magnitude of the change in

(NEm)p above Vio (Figure 4). Using the data from a

TMT tested later in this thesis as an example in Figure 4

it can be seen that the change in (NEm)p with time required

over the (NEm)p required by the initial v/eight (Wo) is

small. The difference between equation. U9} and formula (A)

is the small difference between the slight curvilinearity

produced by the exponent, 0.75t and the linear expression of

equation (19). The reason for the apparent uscability of

average values to solve for total(NEm)p in this kind of

situation, then, is simply due to the fact that the

difference between linearity and curvilinearity is a small

part of a small part of the total area under the curve.

Formulas (A), (B), (C) and (D) are mathematically

rigorous and,-thereby correct for any TMT variables for

which they may be employed. For this reason, they will bo

set forth as the method of choice in computing total NEm

and NEg. Further investigation should be made to determine

the relation between formula (A) and equation 0.9 ) and
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The Difference Between
Formula-A and Equation (20)

(NEm)^.5 I noreas in

4.17
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Time in Days

13 I't

Figure 4. The Relative Magnitude of the Change in (NEjj^)p
Initial versus Increase above Initial Weight.
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for the formula (B), (C) and (D) correspondence of

equation (19). A future study could test a larf;e number

of TMT to see if equation (19)» although not mathematically

rigorous, might work reasonably well v/ithin the normal

limits of beef cattle feeding programs.



CHAPTER III

THE APPLICATION OF FORMULAS (A), (B), (C) AND (D) TO

THE DATA FROM H-72-KB-3

The application and testing of this method of

determining total net energy will be carried out in a

number of steps, of which this is the first, employing

the data from a study conducted at The University of

Tennessee in the years 196? and I968 and labeled H-72-KB-3*

This chapter uses the data provided by this experiment

to satisfy the variables of equations (A), (B), (C) and

(D) in predicting the total net energy requirement. Later

chapters, expressing the predicted NEm&g in terms of feed

required, will test the results of the predicted figures

obtained here with the actual consumption data of the

original experiment.

Original TMT Methods of H-7?--KB~3

In order to understand more fully how total NEm&g

is computed in multiphase TMT and to familiarize the reader

with the original feeding regime, a brief description of

the TMT in H-72-KB-3 is required.

The experiment involved the feeding of urea-limestone

treated corn silage (CS) v/ith variable amounts of con

centrates to feeder heifers. Of the TMT phases the first

was a roughage phase utilizing urea-limestone corn silage

plus supplement, and the second was a fullfeed phase

38
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eir.ploying ground shelled corn (GSC) plus supplement.

The TMT tested in this report were as follows:

TMT-1: CS, ̂  libitum, plus six pounds of concen

trate daily. After the first 140 days full-

feed. Urea and limestone were added at the

rate of 10 pounds, each, per ton of green

chop. This TMT represented the control.

Same as control but no corn for the first

56 days.

TMT-5: Same as control but no corn for the first

84 days,

TIVIT-6: Same as control but no corn for the first

112 days.

TMT-7: Same as control but no corn for the first

140 days.

TMT-8: CS, M libitum, plus one pound of cotton

seed meal (CSM) for 168 days; thereafter

fullfeed.

TMT-11: Sam.e as control but urea added at the rate

of 15 pounds per ton of green chop.

TKT-12: Same as control except urea added at the

rate of 20 pounds per ton of green chop.



 

 

40

Cofr.putation of Total NEm&p: in these TMT

The variables of formulas (A), (B), (C) and (D) will

be met employing the actual data of H-72-KB-3 in computing

the Nbm&g for all TMT. The data from phase-P of TMT-1

only v'ill be used to illustrate possibility of using

equations (3) or (19) in computing (Nlim)p,

TMT-1

An example of using equation (3) for computing

the (NEm.)p

(NEm)p = .077(Wo + gt)®*"^^ (3)

where Wo = 206 kg, g = 0.77 kg and t goes from 0 to 1^0

days.

Then

(NEm) ^ .077(206 + 0.77*0)° = 4.186 Meal.
P

= .077(206 + 0.77-1)°*'^^ = 4,198 Meal.

= .077(206 + 0.77*2)°"'^^ 4.210 Meal.

.077(206 + 0.77'140)°*'^-^ ^ 5*741 Meal.

where the total (NEm)p is the summation of these values.



An example using equation (19) for computation

of (NEm)

(NEm)^^ " T 077(Wo (19)

where T =-- 140 days, Wo = 206 kg and g = 0.77 kg.

Then

(Nem) 140* .077(206 + 0.77^)°'"^-^

= 140- 4.984

698 Meal.

where 4.984 the Meal, at day 70.

The computation of (NEm)p^Q and (NEg)p^Q em.ploying

formulas (A), (B). (C) and (D) for TMT 1. 4-8, 11 and 12.

(See pages 30 and 31 for these formulas.) Note that al

though all the variables here are given by previous experi

mental data, it would be possible to set up the desired

variables of a projected feeding program and thereby obtain

the projected total (NEm.)p^Q and (NEg)p^Q. This fact will
becomiO important later since it could help determine the

total projected consum.ption.
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TMT-1

(NEm)p: v/here g - 0.77 kg, Wo = 206 kg and T = 140 days.

.044

0.77

= .057

(206 0.77-140)^ - 206^*'^^ Formula (A)

23396 - 11201 695 Meal,

(NEm)Q: where gj =- O.99 kg, Wo^ = kg and T = 55 days

.044

0.99
(314 + 0.99*55)^''^^ - 31^^*"^^ Formula (B)

= .044 30956 - 23396 333 Meal.

where the total (W4m)p^Q - 1028 Meal.

(NEg)p; where (NEm)p = 695 Meal, and K = .O506

695 • = ̂ 57 Meal. Formula (C)

(NEg)Q: v/here (NEm)Q = 333 Meal, and Kq = .0679
Q Q

333'
.0679
.077

294 Meal. Formula (D)

where the total ~ 75^ Meal.



 

i+3

TlV!T-^+

(NEm)p ; where g = O.7I kg, Wo = 206 kg. T = 1^0 days

.Okk

0.71

.062

(206 + 0.71-1^0)^*'^-^ - 206^*'^^

]■22311 - 11201 = 689 Meal.

(NEm)g: where g^^ == I.03 kg, Wo^ 3^5 T - 55 days

= i^[oo5 + i.03-55)^'''^ - 305^'''^]
= ,043129992 - 22260J = 333 Meal.

where the total ~ 1022 Meal.

p: where (NEm)p~ 689 Meal, and p - .0462

689- = 413 Meal.

g: where (NEm)Q = 333 Meal, and Kg - .07II

333. = 308 Meal.

where the total (^4g)p^g = 721 Meal.



kh-

TIVIT-5

(NEm)p: where g = O.65 kg» Wo = 20^ kg, T - 1^0 days

+ 0.65-1^0)^''^^ - 20'+^

.068 20999 - 11012 = 679 Meal.

(NEitJq: where g^^ ~ 1.0? kg, Wo^ " 295 T = 55 days

.0h4
1.07

.Oifl

(295 + 1.07-55)^*'^^ - 295^'"^^

28891 - 20998 = 324 Meal.

where the total (NEm)p^Q " IOO3 Meal.

(Nii.g)p: v/here (NEm)p ~ 679 Meal, and Kp - .0^18

- 679 - 369 Meal.

(NEg)Q: where (NEm)^ = 32^ Meal, and Kp = .07^^'Q

324'—^^^ ~ 313 Meal.

where the total (NEg)p^j^ 682 Meal.
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TKT-6

,: where g = 0.60 kg, Wo = 205 kg, T - 140 days

^1^(205 + 0.60-140)^ - 205_^044
0

1.75

'073 2̂ ■]0257 - 11106 = 668 Meal.

(NEm)^: where g^ 1.09 kg, Wo^ = 289 kg, T 55 days

j^|(289 + 1.09-55)^*'^^ - 289^*'^^

. 040 2̂8173 - 20257 = 317 Meal.]
where the total ~ 985 Meal.

(NEg)p: where (NEm)p -- Meal, and Kp - ,0382

668.^^11^ - 331 Meal.

Q
: where (NEm)Q ~ 317 Meal, and ~ .O76IQ

317-7§||^ = 313 Meal.

where the total (NEg)p^Q = 644 Meal.
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TMT-7

(NEm)p: where g = 0.60 kg, Wo = 204 kg, T = 140 days

.044
oZZo

= .073

(204 f 0.60*140)^ - 204^*'^^

20134 - 11012 = 666 Meal.]
(NEm)Q: where g^ = I.03 kg, Wo^ = 288 kg, T = 55 days

.044 C
1.03 [

t.043 2

288 + 1.03*55) - 288^'"^^

7568 - 20134 = 320 Meal.

where the total (NEm)p = 986 Meal.

(NEg)p; where (NEm)p = 666 and Kp - .0382

r. 666-'-^^ r. 330 Meal.

(NEg)g: where (NEm)g = 320 Meal, and Kq - .07II

320- 296 Meal

where the total ~ 626 Meal.



TIVIT-8

(NEm)p: where g = 0,65 kg, Wo = 205 kg, T = 168 days

.04^
0.68

(205 + o.65-168)^-'^^ - 205^*"^^

.068 23^^18 - 11106 = 839 Meal.

(NEitJq; where g^ ~ 0.96 kg, Wo^ 31^ kg, T - 2? days

j(3l4 + 0,96-27)^''^^ - 3141.75

.046j269l0 - 23422j= 160 Meal.

where the total (NEm)p^Q - 999 Meal.

(NEg)„; where (NEm)p = 839 Meal, and Kp - .0418

^ 839' - ̂ 56 Meal.

(NEg)^: where (NEm)Q ~ 160 Meal, and Kq = .0654
Q Q

160 = 136 Meal.

where the total (NEg)p^j^ = 592 Meal.
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TMT-11

(NEm)p: where g = 0.75» Wo = 205 kg, T -- 140 days

.044

0.75

.059

(205 0.75-1^0)^-'^^ - 205^-'^^

22903 - 11106^ = 696 Meal.

(NEm)Q: where g^ = 0.97 kg, Wo^ = 3^0 kg, T - 55 days

= ̂ [(310 + 0.97-55)^'" - 310

= .095 [30239 - 22903J = 330 Meal.

where the total (NEm)p^Q - 1026 Meal.

(NEg)p: where (NEm)p = 696 Meal, and Kp = .0491

696* = 444 Meal.

(NEg)^: v/here (NEm)p ~ 330 Meal, and Kp - .0663

= 330. = 284 Meal.

where the total (WEg)p^Q - 728 Meal.



 

 

ii9

TMT-12

(NEm)p: where g = 0.80 kg, Wo = 206 kg, T = 1^0 days

= ̂ ^1^(206 >• 0.80-l40)^*^^ - 206^-'^^j

- .0551^239^7 - 1120lj= 701 Meal.

(NErrOq: where g^ - 0.96 kg, Wo^ = 3^8 kg, T = 55 days

- ̂ [(318 + 0.96-55)^'^^ - 318^-^^|
= .046j3l333 - 239^"^ 3^0 Meal.

where the total (NEm)p^Q = 10^1 Meal.

(N£g)p: where (NEm)p = 701 Meal, and Kp = .0529

r: 701 482 Meal.

(NEg)q: where (NEm)q = 3^0 Meal, and = .O655

" 3^0-75!^ 289 Meal.

where the total (N^g)p&Q ~ 771 Meal,



CHAPT'ER IV

COMPUTING THE NEm AND NEg PROVIDED BY TWO METHODS

The next step, in determining the credibility and

applicability of formulas (A), (B), (C), and (D), is to

calculate the values for NEm and NEg provided by the feeds.

These values may then be divided into the megacalories

required, earlier computed, to yield an approximation of

the total ration necessary. The amount of ration actually

consumed in H-72-KB-3 can then be compared with this

calculated value as a test of the formulas. The NEm and NEg

provided by the rations in these TMT will be calculated by

two different methods. The first will be simply a weighted

average of components and, the second will be the corn/corn

silage associative calculation as submitted by Byers,

Matsushima and Johnson (1974). Later, projected consumption

figures obtained with the use of these two methods and

calculated as described above, will be compared against

the actual consumption records of H-72-KB-3 by statistical

methods. These methods, then, will eventually test the

practical value of formulas (A), (B), (C) and (D) and the

accuracy of weighted averages versus associative calcu- ' .

lations.

The NEm and NEg of Multicomponent Rations in Each Phase of

Each TMT bv Weighted Percent

The dry matter percent and the percent of each compo

nent per phase per TMT were obtained from the original study.
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The NE content of ration components were obtained from the

NRC publication four on beef cattle requirements. The

results appear as Meal, per pound in order to conform with

the units of the original study. The calculations for this

method are self-explanatory when presented in tabular form.

Therefore, the NEm and NEg provided by the rations in each

phase of each TMT of H-72-KB-3 appear in table 1.

The NEm and NEg of Phase-P of Each TMT by the Associative

Method

Only phase-P will be calculated and compared by this

method as it is the phase in all TMT which contains the

CS necessary for expression of the associative interaction.

It is necessary to know the total corn for computation and

for this reason the silage was estimated to contain 407^

corn grain. 

The associative formulas for the NEm and NEg of a corn/

corn silage ration are

NEm = Total corn)^ + 1.72 (ra)

NEg = Total corn)^ +1.24 (RB)

where NEm and NEg are in kilocalories per gram, which is

equivalent to megacalories per kilogram.

As was the case in earlier chapters, TMT-1 will be a

more in depth explanation of the method. The NEm or NEg of

the components other than corn or corn silage were obtained

from the NRC handbook



 

T
A
B
L
E
 
1
.

Th
e 

NE
m 
an
d 
NE
g 
Pr
ov
id
ed
 b

y 
th
e 

Ra
ti
on
 i
n 
Ea

ch
 P

ha
se

 o
f 

Ea
ch

 T
MT

 o
f 
H-

72
-K

B-
3

by
 
th
e 

We
ig

ht
ed

 
P
e
r
c
e
n
t
 
M
e
t
h
o
d
 

n
 

j

T?
/r
T

4

"
h
a
s
e

f:>
 
R
a
t
i
o
n

C
o
m
o
o
n
e
n
t

C3
^^
- 
80

C-
SC

f-
 
1
8

C
S
M
P
>
-
 
0
2

AL
P^

- 
21

G
S
C
 -
 
7
0

G
S
M
 
-
 
0
9

O
S

G
S
C

G
S
M

8
7

1
1

0
2

Mc
al

./
lb

.-
^

D
M
 
Ba
£?
,l
?i
._

D
M
 

N
E
m

Q
A
I
F
 
-

2
1

9
5

0
.
6
1

G
S
G
 
-

7
0

8
9

1
.
0
4

G
S
M
 
-
0
9

9
2

0
.
8
2

P
G
S
 
-

9
1

3
6

0
.
7
1

G
S
G
 
-
0
7

8
9

1
.
0
4

G
S
M
 
-
0
2

9
2

0
.
8
2

Q
A
L
F
 
-

2
1

9
5

0
.
6
1

G
S
G
 
-

7
0

8
9

1
,
0
4

G
S
M
 
-
0
9

9
2

0
.
8
2

0
.
2
2

0
.
6
7

0
.
5
5

M
e
a
l
.
/
l
b
.

A
s
 
F
e
d

%
 F
e
e
d

3
6
 

0
.
7
1

8
9
 

1
.
0
4

9
2
 

0
.
8
2

9
5
 

0
.
6
1

8
9
 

1
.
0
4

9
2
 

0
.
8
2

3
6
 

0
.
7
1
 
0
.
4
5
 
0
.
2
6

8
9
 

1
.
0
4
 
0
.
6
7
 
0
.
9
3

9
2
 

0
.
8
2
 
0
.
5
5
 
0
.
7
5

N
E
m

N
E
g

N
E
m

N
E
g

0
.
4
5

0
.
6
7

0
.
5
5

0
.
2
6

0
.
9
3

0
.
7
5

0
.
1
6

0
.
6
0

0
.
5
1

0
.
2
1

0
.
1
7

0
.
0
2

0
.
1
3

0
.
1
1

0
.
0
1

0
.
2
2

0
.
6
7

0
.
5
5

0
.
5
8

0
.
9
3

0
.
7
5

0
.
2
1

0
.
6
0

0
.
5
1

0
.
1
2

0
.
6
5

0
.
0
7

0
.
0
4

0
.
4
2

0
.
0
5

0
.
5
8

0
.
9
3

0
.
7
5

0
.
1
6

0
.
6
0

0
.
5
1

0
.
2
1

0
.
6
0

0
.
5
1

0
.
2
3

0
.
1
0

0
.
0
2

0
.
1
2

0
.
6
5

0
.
0
7

0
.
1
4

0
.
0
7

0
.
0
1

0
.
0
4

0
.
4
2

0
.
0
5

0
.
4
5

0
.
6
7

0
.
5
5

0
.
2
6

0
.
9
3

0
.
7
5

0
.
1
6

0
.
6
0

0
.
5
1

0
.
2
4

0
.
0
7

0
.
0
2

0
.
1
5

0
.
0
4

0
.
0
1

0
.
2
2

0
.
6
7

0
.
5
5

0
.
5
8

0
.
9
3

0
.
7
5

0
.
2
1

0
.
6
0

0
.
5
1

0
.
1
2

0
.
6
5

0
.
0
7

0
.
0
4

0
.
4
2

0
.
0
5

T
o
t
a
l
 
M
e
a
l
.
/
l
b
.

^
Pr
py
id
ed
 

„
l
N
g
m
)
£
R
^
^
:
N
E
g
)
P
R
i
^
R
.

0
.
4
0

0
.
8
4

0
.
3
5

0
.
8
4

0
.
3
3

0
.
8
4

0
.
2
5

0
.
5
1

0
.
2
2

0
.
5
1

0
.
2
0

0
.
5
1
 
-

r
o



 

T
A
B
L
E
 1
.
 (
c
o
n
t
i
n
u
e
d
)

T
 ̂■

TT
P

h
a

 s
 e

o 8

%
 

R
a

ti
o

n
C

o
m

n
o
n
e
n
t

D
M

M
e
a
l.
/l
b
.

D
M

 
B

a
s
is

N
E

m
 

N
E

g

C
S 

- 
9L

G
S

C
 
- 

0
^

G
S

M
 
- 

0
2

36
 

0.
71

 
0.

L5
89

 
1

.0
^ 

0
.6

7
92

 
0.

82
 

0.
55

Q
A

L
F

-
2
1

95
0

.6
1

0
.2

2
G

S
C

-
70

89
1
.0

4
0

.6
7

G
S

M
0
9

92
0
.8

2
0

.5
5

P
G

S
•
•

97
36

0
.7

1
0

.4
5

G
S

G
-

0
0

8
9

1
.0

4
0
.6

7
G

S
M

•
03

92
0
.8

2
0
.5

5

Q
A

L
F

-
2

1
95

0
.6

1
0
.2

2
G

S
G

-
70

89
1
.0

4
0
.6

7
G

S
M

•
0
9

92
0
.8

2
0
.5

5

P
G

S
97

36
0
.7

1
0
.4

5
G

S
G

-
0
0

89
1

.0
4

0
.6

7
G

S
M

—
03

92
0

.8
2

0
.5

5

Q
A

L
F

-
2
1

95
0
.6

1
0
.2

2
G

S
G

-
70

8
9

1
.0

4
0

.6
7

G
S

M
0
9

92
0

.8
2

0
.5

5

M
e

a
l.
/l
b

.
A

s 
F

e
d

N
E

m

%
 

F
e

e
d

V
a

lu
e

M
E

m

T
o

ta
l 

M
e
a
l.
/l
b
.

,
P

ro
vi

de
d

r-
ty

0
.2

6
0
.9

3
0

.7
5

0
.1

6
0
.6

0
0
.5

1

0
.2

4
0
.0

4
0

.0
2

0
.1

5
0
.0

2
0

.0
1

0
.3

0
0

.1
8

0
.5

8
0
.9

3
0
.7

5

0
.2

1
0
.6

0
0

.5
1

0
.1

2
0.

65
0
.0

7

0
.0

4
0

.4
2

0
.0

5
0

.8
4

0
.5

1

0
.2

6
0

.0
0

0
.7

5

0
.1

6
0
.0

0
0
.5

1

0
,2

5
0

.0
0

0
.0

2

0
.1

6
0
.0

0
0

.0
2

0
.2

7
0
.1

8
0
.5

8
0
.9

3
0
.7

5

0
.2

1
0
.6

0
0
.5

1

0
.1

2
0
.6

5
0
.0

7

0
.0

4
0
,4

2
0
.0

5
0
.8

4
0

.5
1

0
.2

6
0
.0

0
0
.7

5

0
.1

6
0

.0
0

0
.5

1

0
.2

5
0
.0

0
0

.0
2

0
.1

6
0
.0

0
0

.0
2

0
.2

7
0

.1
8

0
.5

8
0
.9

3
0
.7

5

0
.2

1
0
.6

0
0

.5
1

0
.1

2
0
.6

5
0
.0

7

0
.0

4
0

.4
2

0
.0

5
0
.8

4
0

.5
1

V
_n



  

T
A
B
L
E
 1
.
 (
c
o
n
t
i
n
u
e
d
)

T
M
T

1
1

1
2

P
h
a
s
e

%
 
R
a
t
i
o
n

% D
M

M
e
a
l
.
/
l
b
.

D
M
 
B
a
s
i
s

p
C
S

7
8

3
6

0
.
7
1

0
.
4
5

G
S
C
-

2
0

8
9

1
.
0
4

0
.
6
7

C
S
M

—
0
2

9
2

0
.
8
2

0
.
5
5

Q
A
I
E
-

2
1

9
5

0
.
6
1

0
.
2
2

G
S
C
-

7
0

8
9

1
.
0
4

0
.
6
7

C
S
M

0
9

9
2

0
.
8
2

0
.
5
5

P
C
S

7
9

3
6

0
.
7
1

0
.
4
5

G
S
C
-
1
9

8
9

1
.
0
4

0
.
6
7

C
S
M

—
0
2

9
2

0
.
8
2

0
.
5
5

Q
A
l
i
^
-

2
1

9
5

0
.
6
1

0
.
2
2

G
S
C
-

7
0

8
9

1
.
0
4

0
.
6
7

C
S
M
-
0
9

9
2

0
.
8
2

0
.
5
5

C
S
 =
 U
r
e
a
-
l
i
m
e
s
t
o
n
e
 
c
o
r
n
 s
i
l
a
g
e
.

> "
G
S
C
 
=
 
G
r
o
u
n
d
 
s
h
e
l
l
e
d
 
c
o
r
n
.

^C
SM
 =
 C
ot
to
ns
ee
d 

me
al
.

^A
LF
 =
 A
lf

al
fa

.

M
e
a
l
.
/
l
b
.

A
s
 
F
e
d

N
E
m
 

N
E
g

%
 
F
e
e
d

N
E
m

0
.
2
6

0
.
9
3

0
.
7
5

0
.
1
6

0
.
6
0

0
.
5
1

0
.
2
0

0
.
1
9

0
.
0
2

0
.
1
2

0
.
1
2

0
.
0
1

0
.
5
8

0
.
9
3

0
.
7
5

0
.
2
1

0
.
6
0

0
.
5
1

0
.
1
2

0
.
6
5

0
.
0
7

0
.
0
4

0
.
4
2

0
,
0
5

0
.
2
6

0
.
9
3

0
.
7
5

0
.
1
6

0
.
6
0

0
.
5
1

0
.
2
1

0
.
1
8

0
.
0
2

0
.
1
3

0
.
1
1

0
.
0
1

0
.
5
8

0
.
9
3

0
.
7
5

0
.
2
1

0
.
6
0

0
.
5
1

0
.
1
2

0
.
6
5

0
.
0
7

0
.
0
4

0
.
4
2

0
.
0
5

T
o
t
a
l
 
M
e
a
l
.
/
l
b
.

P
r
o
v
i
d
e
d

jN
Em
.)
PR
/q
R (
NE
g)
 P^
/Q
R

O
.
i
^
l

0
.
8
4

0
.
4
1

0
.
8
4

0
.
2
5

C
.
5
I

0
.
2
5

0
.
5
1

V
a
l
u
e
s
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
H
a
n
d
b
o
o
k
 #
4
.
 
N
u
t
r
i

t
i
o
n
a
l
 
r
e
q
u
i
r
e
m
e
n
t
s
 
o
f
 
b
e
e
f

^
ca

tt
le

. 
NR

S/
NR

C.
 1
97

0.
(N
Em
)p
R/
QR
 =
 T
he
 N
Em
 p

ro
vi
de
d 

pe
r,
lb
. 
of

r
a
t
i
o
n
 
i
n
 
p
h
a
s
e
-
P
 a
n
d
 
i
n

n
p
h
a
s
e
-
Q
.

(N
Eg

)p
R/

QR
 =
 T
he
 N

Eg
 p
ro

vi
de

d 
pe
r 
ri
b.
 o
f

r
a
t
i
o
n
 
i
n
 
p
h
a
s
e
-
P
 a
n
d
 
i
n

p
h
a
s
e
-
Q
.

■P
-



 �

55

CS + GSC = 98% of the ration
60% - CS at ̂ 0% corn
18% - GCS at 100% corn

49% total corn (where 98 = 100% of ration)

(NEin)pR = 6.449*10"'^'(49^ + 1.72 = 1.79 Meal./kg DM

using formula (RA).

1.79-r 2.2 = 0.81 Meal./lb. of DM

where the conversion to pounds is in order to conform to

the units of the original study for later testing.

CS-DM = 35.70 @ 80% of ration
GSG-DM = 89.00 @ 18% of ration

= 44.6% DM/lb. or 7.2 oz./lb. DM

and

= 5^ = 0.36 Meal./lb. as fed
/ • ̂ X X o

or

0.81•0.446 = 0.36 Meal./lb.

which will be the method of choice.

(NEg)pp = 8.491'lO"-^. (49)^ + 1.24 = 1.44 Meal./kg DM
• • 

using formula (RB).

1.44-f-2.2 = 0.65 Meal./lb. DM

where the conversion to pounds is as (RA).

0.65*0.446 = 0.29 Meal./lb. as fed

as per the "or" method of (RA) above.

Now adding the energy provided by GSM for (NEm)pR and

(NEg)pp we obtain
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(NEm)pR = 0.98*0,36 = 0.350
0.02*0.75 = 0.013

0.365 Meal./lb.

The total (NEm)pj^ pi-ovided equals 0.37 Meal./lb.

and

(NEg)pp = 0.98*0.29 = 0.280
0.02*0.51 = 0.009

0.289 Meal./lb.

The total (NEg)pp provided equals 0.29 Meal./lb.

The remaining TMT will be computed following this form.

The final (NEm)pj^ and (NEg)pp values in each TMT will be

underlined for the sake of clarity.

TMT-i|-

CS + GSC = 98/0 of ration
87% CS @ kO?o corn
11% GSC @ 100% corn

= ̂ 15% total corn

(NEm)pp = 6.^49*10"^. (il5)^ + 1.72 = 1.77 Meal./kg DM
= 0.80 Meal./lb. DM

CS - DM = 35.70 @ 87?^. of ration
GSC - DM = 89.00 @ 11% or ration

= 40*8% DM/lb.

0.80*0.i).08 = 0.33 Meal./lb. as fed

(NEg)pp = 8.491'lO"^*(45)^ + 1.25 = 1.44 Meal./kg DM
=0.64 Meal./lb. DM

0.64*0.408 = 0.26 Meal./lb. as fed

then

(NEm)pp = 0.98*0.33 = 0.320
0.02.0.75 = 0.013

0.335
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The total (NEm)pj^ provided equals 0.34 Meal./lb.

and

(NEg)pp = 0.98*0.26 = 0.250
0.02*0.51 = 0.009

0.259

The total (NEg)pp provided equals 0.26 Meal./lb.

TMT-5

CS + GSC = of ration
91% CS @ W corn
077: GSC @ 100% eorn

= ̂ 3% total eorn

(NEm)pp = 6.449*10'^(i^3)^ + 1.72 = 1.77 Meal./kg DM
= 0.80 Meal./lb. DM

CS - DM = 35.70 @ 917°
GSC - DM = 89.00 @ 07%

= 38.75^ DM/lb.

0.80*0.387 == 0.31 Meal./lb. as fed

(NEg)pp = + 1.2h = 1.39 Meal./kg DM

=0.63 Meal./lb. DM

0.63*0.387 = 0,2^- Meal./lb. as fed

then

(NEm)pR = 0.98*0.31 = 0.300
0.02*0.75 = 0.015

0.315

The total (NEin)pp provided equals 0.32 Meal./lb.

and

(NEg)pR = 0.98*0.2^ = 0.2^4-0
0.02*0.51 = 0.009

0.249

The total (NEg)pp provided equals 0.25 Meal./lb.



58

TMT-6

CS + GSC + 98% of ration
9^0 CS @ W. corn
0^-% GSC @ lOOf. corn

= klfo total corn

(NEm)pj^ = 6J+i^9*lO~"^(4l)^ + 1.72 = 1.76 Meal./kg DM
=0.80 Meal./lb. DM

CS - DM = 35.70 @ 9Wo
BSC - DM = 89.00 @

= 33.6% DM/lb.

0.80'0.336 = 0.27 Meal./lb. as fed

(NEg)pp = 8.491*10'-^(41)^ + 1.24 = I.38 Meal.
=0.63 Meal./lb. DM

0.63*0.336 = 0.21 Meal./lb. as fed

then

(NEm)pp = 0.98*0.27 = O.260
0.02*0.75 = O.Ol*^

0.275

The total (NEin)pp provided equals 0.28 Meal./lb.

and

(NEg)pp = 0.98*0.21 = 0.210
0.02*0.51 = 0.009

0.219

The total (NEg)pp provided equals 0.22 Meal./lb.

TMT-7

No GSC in phase-P; therefore, no associative inter

action and no calculation by this method.
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TiyiT-8

No GSC in phase-Pj therefore! as TMT-7«

TMT-11

CS + GSC = 985^ of ration
78% CS @ corn
20% GSC @ 100% corn

= 50% total corn

(NEm)pj^ = 6.^i^-9*l0"'^(50)^ + 1.72 = 1.80 Meal./kg DM
== 0.82 Meal./lb. DM

CS - DM = 35.70 @ 78%
GSC - DM = 89.00 @ 20%

'0

''0

= ij.5.7% DM/lb.

0.8Z*0»k^7 = 0.37 Meal./lb. as fed

(NEg)ppj = 8.J^9l*l0"-^(50)^ + 1.2^ = 1.4^4- Meal./kg DM
= 0.65 Meal./lb. DM

0.65*0.457 = 0.37 Meal./lb. as fed

then

(NETn)pp = 0.98*0.37 = O.36O
0.02*0.75 = 0.015

0.375

The total (NEm)pp provided equals 0.38. Meal./lb.
and

(NEg)^p = 0.98*0.30 = 0.290
0.02'0.51 = 0.009

0.299

The total (NEg)pp provided equals 0.30 Meal./lb.
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TMT-12

CS + GSC = 98% of ration
1% CS @ kO% corn
19% GSC @ 100% corn

= 50% total corn

(NEm)pfj = 6.449*10"'^(50) + 1.72 = 1.80 Meal./kg DM
=0.82 Meal./lb. DM

CS - DM = 35.70 @
GSC - DM = 89.00 @ 197«

= k5*l% DM/lb.

0.82*0.^51 = 0.37 Meal./lb. fed

(NEg)pp = 8.419*10'-^(50)^ + 1.24 = 1.44 Meal./kg DM
=0.65 Meal./lb. DM

0.65*0.451 = 0.29 Meal./lb. as fed

then

(NEm)pp = 0.98*0.37 = 0.360
0.02*0.75 = 0.016

0.375

The total (NEm)pp provided equals 0.38 Meal./lb.
and

(NEg)pp = 0.98*0.29 = 0.280
0.02*0.51 = 0.009

0.289

The total (NEg)pp provided equals Qtg9 Meal./lb.

The NEm and NEg provided by the rations as calculated

by both methods appear in summary in Table 2 for easy

comparison.
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TABLE 2. The NEm and NEg Provided by the Rations in
H-72-KB-3 by Weighted Averages and Associative
Methods.

TMT

Associative

1 0.37 0.29 0.40 0.25 0.84 0.51
o.3iv 0.26 0.35 0.22 0.84 0.51

5 0.32 0.25 0.33 0.20 0.84 0.51
6 0.28 0.22 0.30 0.18 0.84 0.51
7 na^ na" 0.27 0.18 0.84 0.51
8 na na 0.27 0.18 0.84 0.51
11 0.38 0.30 0.41 0.25 0.84 0.51
12 0.38 0.29 0.41 0.25 0.84 0.51

'Not applicable.



CHARIER V

COMPUTING THE PROJECTED CONSUMPTION

To this point the megacalories required, using formulas

(A), (B), (C) and (D) and the megacalories provided in the

ration using two methods have been calculated. Knowing

these two values the projected consumption could be cal

culated by simple division. This projected figure can be

compared against the actual consumption figures of H-72~KB-3.

In this way the practical value of this method for esti

mating total NEm and NEg and subsequently total projected

consumption can be tested.

lbs. of feed required for NEm-P = (NEm)p in Meal.
vNEm)pp in Meal./lb.

lbs. of feed required for NEg-P = (NEg)p in Meal. j
(NEg)pp in Meal./lb.

lbs. of feed required for NEm-Q = (NEm)Q in Meal. (22)
(NEm)Qp in Meal./lb

lbs. of feed required for NEg-Q = (NEgjq in Meal. ^^3)
(NEgj^p in Meal./lb.

where the units'of weight are a function of the divisor and

are expressed here in pounds to conform with K-72-KB-3 units.

This procedure can be done using either the weighted

average or associative method to obtain the divisor. How

ever, only phase-P can be calculated heie using the associ

ative method since there were no associative interactions in

phase-Q. The values obtained by both methods will be

62
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compared later to test their respective applicability. This

is to say, to determine which when divided into the same

numerator more closely approximates the actual values.

The results of applying equations (20), (21), (22) and

(23) to the previous data is as follows»

TMT-l

Employing equation (20)

NEm-P = = 1738 lbs.

Total lbs./phase
Calculated

Employing equation (21)

NEg-P =- = 1828 lbs.

Employing equation (22)

PEm-Q = 396 lbs.

Employing equation (23)

riEg-0 = 576 lbs.

TMT-l, using associative divisor.

3566 4200

972 1007

Employing equation (20) again

riEm-P =- = 1878 lbs.

Employing equation (21) again

MEg-P - = 1576 lbs. 3454 4200

The remaining TMT v/ill be computed following the method

above.
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TMT-4

NEm-P

NEg-P

EEm-Q

NEg-Q

0.35

w
0.22

0-7

308
■0731

1969 lbs.

1877 lbs.

396

604 lbs.

TlVIT-4, using associative divisor.

689riEm = 2027 lbs-P = o73^

41

.

NEg-P = = 1589 lbs.

TMT-5

NEm-P

NEg-P

MEm-Q

NEg-Q

679 _
I5TT3 "

369 _
U72U

=0.84

313 -
^751 "■

2058 lbs.

1845 lbs.

386 lbs.

613 lbs.

TIVIT-5, using associative divisor.

NEm-P = = 2100 lbs.11732

NEg-P ^ 369
■ 0.25 = 1476 lbs.

.Total IbST/pb^gg

.gaisviale<^ Agtual

3846 4270

1000 1040

36I6 4270

3903 4466

999 1012

3576 4466
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TMT-6

NEm-P = = 2227 lbs.

NEg-P = = 1839 lbs.

_l9tal. lbg./p)i^gg
Calculated Actual

k066

NEm-Q = = 377 lbs,

NEg-Q = = 613 lbs.
990 1012

TMT-6, using associative divisor.

0.28
NEm-P = = 2386 lbs.

NEG-P = = 1505 lbs. 3891 ^^80

TMT-7

NEm-P =
666

Zk67 lbs.
0.27

NEg-P = = 1833 lbs. 4300 ^592

320
NEm-Q = = 381 lbs.

NEg-Q ^ = 580 lbs. 961 1018

TMT-7. using associative divisor.

No associative interaction in either phase; hence, no

calculation by this hod.
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TMT-S

lbs./phase
Cal^yiatfii Mlmi

NEnv-P = = 3017 lbs.

NEg-P = = 2533 lbs. ^330 56^5

HEm-Q = = 190 lbs.

NEg-Q = = 267 lbs. i^57 470

TMT-8, using associative divisor.

No associative interaction in either phasej hence, no

calculation by this method.

TMT-ll

NEm-P = = 1698 lbs.

NEg-P = 5^ = 1776 lbs. 3474 3766

NEm-Q = o7^ ~ lbs.

NEg-Q = qTjJ" = 557 lbs. 950 1023

TMT-ll, using associative divisor.

NEm-P = = 1832 lbs.

NEg-P = = 1^80 Ib.s 3312 3766
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TlVIT-12

NEm-P = = 1710 lbs,

48?
NEg-P = = 1928 lbs,

Total Lbs./Phase
Calculated Actual

3638 4018

NEin-Q = Q^^= 405 lbs.

NEg-Q = = . 507. lbs.

TMT-12, using associative divisor.

972 1040

NEra-P = = 1845 lbs.

NES-P = 0^ = lbs.
See Table 3 for a summary of calculated and actual.

TABLE 3* Pounds of Ration Required - Calculated versus
Actual Observed.

TMT

Pounds of Feed Calculated Using Lbs, of Feed Actual
Wt. % Divisor Assoc. Divisor Consumption

Phase-P Phase-(i Phase-P Phase-P Phase-0.

1 3566 972 3454 4200 1007
4 3846 1000 3616 4270 1040
5 3903 999 3576 4466 1012
6 4o66 990 389i 4480 1012

7 4300 961 na 4592 1018
8 5550 457 na 4645 470
11 3474 950 3312 3776 1023
12 3638 .972 3507 4oi8 1040

*Not applicable



 

 

CHAPTER VI

COMPUTATIONAL FORMAT OF H-72-KB-3 APPLIED TO

TWO MORE STUDIES

In order to provide a larger testing base for the

application of formulas (A)i (B), (C) and (D), two other

studies were subjected to the calculations carried out in

detail for H-72-KB-3. These studies include H-72-KB-6

(1969-70) and H-72-KB-6 (1970-71)- The methods of calcu

lation are now clear and, hence, these studies will be

presented in tabular form as shown in Tables ^-9.

TABLE 4. Consumption Data, H-72-KB-6 (I969-70)

TMT

Phase'-P Phase>-Q

Sa

r

CS^ GSC^ CSM3 Davs ALF^̂ GSC CSM

1 lAO 25.8
* ^
5.5 0.0 22 h,o 12.0 1-5

2 1^0 22.0 5.5 0.0 25 h.o 11.6 1.4

3 11^0 21.3 5.5 0.0 25 h.o 12.h 1.6

lAO 2A.5 5.5 0.0 20 h,o 12.0 l.S

5 lAO 26.7 5.0 0.5 20 h.o 12. A 1.6
6 I ho 26.7 h.h 1.2 30 h.o 12.0 1.5
7 iho 27.1 3.3 0.0 2h h.o 11.6 1.4

8 Iho 33.^ 0.9 0.9 26 h.o 12.0 1.9

10 Iho 10«3 10«3 10 10 hiO 12.0 1.5

^CS = urea-limestone corn silage.
O

GSC = ground shelled corn#

CSM = cottonseed meal.

'^\LP' == alfalfa.

*Values in pounds as obtained from original study.
68
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TABLE 5. Variables and Calculated Megacalcries Required
per Phase H-72-KB-6 (1969-70)

Phase-P Phase-Q
.TiVlT Wo

1
*

0.82 238 140 766 542 0.80 352 22

2 0.83 236 140 763 547 0.75 352 25
3 0.82 233 l4o 764 541 0.84 348 25

0.85 23'^- l40 767 581 0.73 353 20

5 0.91 235 l40 765 611 0.79 362 20

6 0.87 235 l40 776 588 0.70 357 30

7 0.84 235 140 761 554 0.71 353 24

8 0,78 237 140 753 503 0.84 346 26

10 0.91 235 140 765 611 0.90 362 10

L43 98
l63 10^
L57 11^
L30 80
L32 90
L9^ 131
L53 92
l6h 119
65 51

^ T = time in days
2
Expressed in megacalcries,

^ NEg values are expressed in megacalcries and computed
with the formula for heifers.

All weight values expressed in kilograms.
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TABLE 6. Pounds of Ration Required - Calculated versus
Actual Observed, H-72-KB-6 (1969-70)

Pounds of Feed Calculated Usin/; Lbg...of Fe9d,,.AQtual
Consumption

TMT

Wt. Divisor Assoc. Divisor

Phase-■P Phase-Q Phase-P

1 U019 364 3624
2 3965 407 3470
3 3823 411 3410

^153 314 373^
5 4363 339 4050
6 k3hz 491 3950
7 4082 371 3634
8 5076 430 4217

10 2810 178 2817

.PhgLSSZ-E—PMssrS.

4382 385
3850 1^25
3752 45
4200 350
45O8 360
4522 525
456ij 408
492 c 455
3066 175

TABLE 7. Consumption Data, H-72-KB-6 (1970-71)

TMT
Phase-P Phase--Q

Davs CS^ GSC2 csm3 Davs ALF^ GSC CSM

1 110 26.6* 6.0 0.0 53 3.0 12.2 1.5
2 110 28.8 5.4 0.6 48 3.0 12.4 1.5
3 110 26.6 5.9 0.0 55 3.0 11.5 1.4
4 110 29.2 4.8 1.3 48 3.0 11.5 1.4

5 110 26.8 5.8 0.0 55 3.0 11.9 1.5

^CS = urea-limestone corn silage.
p

GSC = ground shelled corn.

^CSM = cottonseed meal.

^ALF = alfalfa.
*Values in pounds as obtained from original study.
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TABLE 8, Variables and Calculated jviegacalories Required
per phase H-72-KB-6 (1970-71)

TMT
Phase-P Phase--Q

^ II 1 Wo.. Tl NEm2 NEg3 ,, gi Wof T NEm NEe:

1 0.82* 221 110 559 624 0.94 311 53 323 268
2 0.9^ 222 110 569 471 0.84 325 48 291 212
3 0.87 218 110 56^' 427 0.94 314 55 339 281
h 0.92 222 110 568 460 0.71 323 48 292 175
5 0.85 222 110 568 419 0.88 316 55 333 256

T = time in days.

2
Expressed in megacalories.
3
Neg values are expressed in megacalories and computed with
the formula for heifers.

*

All weight values expressed in kilograms.

TABLE 9. Pounds of Ration Required - Calculated versus
Actual Observed, H-72-KB-6 (I970-7I)

TMT

wt. % Divisor Assoc. Divisor Consumption
Phqs?:•P Phase-0 Phase-P Phase-P Phase-Q

1 2921 886 2636 3586 885
2 3343 742 3067 3828 811
3 3052 944 2636 3586 875
4 3312 685 3O8I 3883 763
5 3032 875 2636 3608 902



CHAPTER VII

RESULTS AND DISCUSSION

Statistical Results

All of the studies were analyzed using regression to

deterinine the probability that the calculated# predicted

consumption approximated the actual, observed consumption.

The studies are broken into phases for analysis. Phase~P

in each study compares the observed consumption with the

consumption calculated using both methods of obtaining

the divisor in equations (20) and (21). Phase-Q in each

study compares the observed consumption with the con

sumption calculated using only the weighted percent method

ot obtaining the divisor in equations (22) and (23)• The

important results of the analysis including; 95 percent

confidence limits, F, probability of F, standard deviation

and standard deviation as a percent of Y - mean are presented

in Tables 10-18.
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ĵ
i

Re
gr
es
si
on
 A
na
ly
si
s 
fo
r 

Y 
ve

rs
us

 X
^,
 P
ha

se
-P

 H
-7
2-
KB
-6
 (
I9

69
-7

O)

C
a
l
c
u
l
a
t
e
d

O
b
s
e
r
v
e
d

L
o
w
e
r
 
95

^^
 
C
L

U
p
p
e
r
 
9
5
%
 
G
L

Y
 
i
n

F
P
r
o
b
.

S
t
d
 
D
e
v

V
a
l
u
e

V
a
l
u
e

F
o
r
 
M
e
e
n

F
o
r
 
M
e
a
n

/
o
u
t

V
a
l
u
e

^
F
 

S
d
t
 
D
e
v

A
s
 ̂
 
Y

4
5
.
2
5

0
.
0
0
0
3
 
2
1
8
.
9

5
.
2
2

1
4
0
1
9

4
3
8
2

3
9
8
0

4
3
2
6

o
u
t

?
7
9
6
5

3
8
5
0

3
9
3
1

4
2
8
2

i
n

^
8
2
3

3
7
5
2

3
7
9
4

4
1
7
1

o
u
t

4
4
1
5
3

4
2
0
0

4
0
9
5

4
4
4
4

i
n

5
4
3
6
3

4
5
0
8

4
2
5
8

4
6
4
7

i
n

6
4
3
4
2

4
5
2
2

4
2
4
3

4
6
2
5

i
n

7
4
0
8
2

4
5
6
4

4
0
3
5

4
3
8
0

o
u
t

8
5
0
7
6

4
9
2
8

4
7
2
0

5
4
2
6

i
n

1
0

2
8
0
1

3
0
6
6

2
6
6
9

3
5
1
8

i
n

O
n

1.
.. W
h
e
r
e
 
X
 
r
e
p
r
e
s
e
n
t
s
 
t
h
e
 
c
a
l
c
u
l
a
t
e
d
 
v
a
l
u
e
 
b
y
 
w
e
i
g
h
t
e
d
 
p
e
r
c
e
n
t
 
d
i
v
i
s
o
r
.



TA
BL
E 
1
^
.
 
Re
gr
es
si
on
 A
na
ly
si
s 
fo
r 
Y 

ve
rs

us
 

,
 P
ha

se
-P

 H
-7

2-
KB

-6
 (
I9
69
-7
O)

C
a
l
c
u
l
a
t
e
d

V
a
l
u
e

O
b
s
e
r
v
e
d

V
a
l
u
e

L
o
w
e
r
 
9
5
/
'
 
C
L

F
o
r
 
M
e
a
n

U
p
p
e
r
 
9
5
%
 
C
L

F
o
r
 
M
e
a
n

Y
 
i
n

/
o
u
t

F

V
a
l
u
e

P
r
o
b
.

>
F
 

S
t
d
 
D
e
v

S
t
d
 
D
^
v

A
s
 

Y

5
3
.
6
7

0
.
0
0
0
3
 
2
0
3
.
1

4
.
8
4

1
7
6
2
^

4
3
8
2

3
9
9
5

4
3
1
6

o
u
t

2
3
4
7
0

3
8
5
0

3
7
8
2

4
1
3
7

i
n

0
3i
il
O

3
7
5
2

3
6
9
4

4
0
7
3

i
n

U
^
2
0
0

4
1
3
3

4
4
5
9

i
n

5
4o

50
^
5
0
8

4
4
7
1

4
9
2
7

i
n

6
3
8
5
0

J4
-5
22

^
3
7
1

4
7
7
2

i
n

7
3
6
3
4

^
5
6
4

4
0
0
8

4
3
2
9

o
u
t

8
k
p
.
1
7

4
9
2
8

4
6
3
1

5
1
9
2

i
n

1
0

2
8
1
7

3
0
6
6

2
7
^
7

3
5
0
8

i
n

^W
he
re
 

re
pr
es
en
ts
 t

he
 c
al

cu
la

te
d 

va
lu

e 
by
 a
ss
oc
ia
ti
ve
 d

iv
is

or
.



 

TA
BL

E 
15
. 

Re
gr

es
si

on
 A
na

ly
si

s 
fo
r 

Y 
ve

rs
us

 X
^,
 F

ha
se
-Q
 H

-7
2-

KB
-6

 (
I9
69
-7
0)

Ca
lc

ul
at

ed
 

Ob
se
rv
ed
 

Lo
we

r 
95
?'
 C
L 

Up
pe

r 
95
7;
 C
L
 

Y 
in

 
F

la
iu

g 
Va
lu
e 

Fo
r 

Me
an

 
Fo

r 
Me

an
 

/o
ut
 

Va
lu

e

1
3
6
4

^
^

j
o
S

4
0
7

L.
 2

3
4
1
1

4'
j.

^:
1

3
1
4

3
5
0

5
3
3
9

3
6
0

6
4
9
1

7
3
7
1

4
0
8

8
4
3
0

4
7
=
^

1
0

1
7
8

1
7
5

3
8
0

4
2
7

4
3
1

3
2
4

3
5
3

5
1
4

3
8
8

4
5
1

1
6
5

3
9
6

i
n

4
4
4

o
u
t

4
4
9

i
n

3
4
3

o
u
t

3
6
9

i
n

5
4
2

i
n
 ~

4
0
4

o
u
t

4
7
1

i
n

2
0
3

i
n

P
r
o
b
,
 

St
d 
D
e
y

>
F
 

S
t
d
 
D
e
v
 

A
s
 f
 
Y

76
0.

4 
0.

00
01

 
9.
93
 

2.
53

0
0

Wh
er
e 

X 
re

pr
es

en
ts

 t
he
 c
al

cu
la

te
d 

va
lu

e 
by
 w
ei

gh
te

d 
pe

rc
en

t 
di
vi
so
r.



TA
BL

E 
16

. 
Re
gr
es
si
on
 A

na
ly

si
s 
fo
r 
Y 

ve
rs

us
 X
^,
 P
ha
se
-P
 H
-7

2-
KB

-6
 (
I9
7O
-7
I)

C
a
l
c
u
l
a
t
e
d

O
b
s
e
r
v
e
d

L
o
w
e
r
 
9
^
%
 
C
L

U
p
p
e
r
 
9
5
%
 
C
L

Y
 
i
n

F
P
r
o
b
.

S
t
d
 
D
e
v

V
a
l
u
e

V
a
l
u
e

F
o
r
 
M
e
a
n

F
o
r
 
M
e
a
n

/
o
u
t

V
a
l
u
e

>
F
 

S
t
d
 
D
e
v

A
s
 
%
 
Y

2
7
.
2
6

O
.
G
I
3
7
 
5
2
.
7
8

1
.
^
3

1
1

2
9
2
1

3
5
8
6

3^
12

0
3
6
6
3

i
n

1
2

3
3
^
3

3
8
2
8

3
7
3
3

3
9
7
6

i
n

1
3

3
0
5
2

3
5
8
6

3
5
5
5

3
7
2
2

i
n

I
k

3
3
1
2

3
8
8
3

3
7
2
1

3
9
4
3

i
n

1
5

3
0
3
2

3
6
0
8

3
5
3
6

3
7
1
1

i
n

-
<
3

V
O

1.
. 'J
he
re
 
X
 
r
e
p
r
e
s
e
n
t
s
 
t
h
e
 
c
a
l
c
u
l
a
t
e
d
 
v
a
l
u
e
 
b
y
 
v
/
e
i
g
h
t
e
d
 
p
e
r
c
e
n
t
 
d
i
v
i
s
o
r
.



l
l

T
A
B
L
E
 1
7
.
 
R
e
g
r
e
s
s
i
o
n
 A
n
a
l
y
s
i
s
 f
o
r
 
Y
 
v
e
r
s
u
s
 
X
 
,
 P
h
a
s
e
-
P
 H
-
7
2
-
K
B
-
6
 (
1
9
7
0
-
7
1
)

C
a
l
c
u
l
a
t
e
d

O
b
s
e
r
v
e
d

L
o
w
e
r
 
9
5
%
 
O
L

U
p
p
e
r
 
9
5
%
 
C
L

Y
 
i
n

F
P
r
o
b
.
 

S
t
d
 
D
e
v

V
a
l
u
e

V
a
l
u
e

F
o
r
 
M
e
a
n

F
o
r
 
M
e
a
n

/
o
u
t

V
a
l
u
e

^
•
F
 

S
t
d
 
D
e
v
 

A
s
 

Y

1
7
6
.
5

0
.
0
0
0
9
 
2
1
.
6
7
 

0
.
5
9

1
1

2
6
3
6

3
5
8
6

3
5
5
3

3
6
3
3

i
n

1
2

3
0
6
7

3
8
2
8

3
8
0
L

3
8
9
9

i
n

1
3

2
6
3
6

3
5
8
6

3
5
5
3

3
6
3
3

i
n

I
L

3
0
8
1

3
8
8
3

3
8
1
1

3
9
1
0

i
n

1
5

2
6
3
6

3
6
0
8

3
5
5
3

3
6
3
3

i
n

C
D
o

^V
Jh

er
e 

re
pr
es
en
ts
 t

he
 c
al

cu
la

te
d 

va
lu
e 

by
 a
ss

oc
ia

ti
ve

 d
iv

is
or

.



TA
BL

E 
18
 ,
 
Re
gr
es
si
on
 A
na
ly
si
s 
fo
r 

Y 
ve

rs
us

 X
^,

 P
ha
se
-Q
 H
-7
2-
KB
-6
 (
19

70
-7

1)

C
a
l
c
u
l
a
t
e
d

O
b
s
e
r
v
e
d

L
o
w
e
r
 
3
%
 
C
L

U
p
p
e
r
 
9
5
^
'
C
L
 
y
 
i
n

F
P
r
o
b
.

S
t
d
 
D
e
v

V
a
l
u
e

V
a
l
u
e

F
o
r
 
M
e
a
n

F
o
r
 
M
e
a
n

/
o
u
t

V
a
l
u
e

>
F

S
t
d
 
D
e
v

A
s
 

Y

1
5
.
7
9

0
.
0
2
8

2
6
.
9
1

3
.
1
8

1
1

8
8
6

8
8
5

8
3
1

9
2
2

i
n

1
2

7
4
2

8
1
1

7
5
5

8
5
6

i
n

1
8

9
4
4

8
7
5

8
4
5

9
6
6

i
n

1
4

6
8
5

7
6
3

7
0
9

8
4
5

i
n

1
5

8
7
5

9
0
2

8
2
8

9
1
4

i
n

^W
he

re
 X

 r
ep
re
se
nt
s 

th
e 
ca

lc
ul

at
ed

 v
al
ue
 b

y 
we

ig
ht

ed
 p

er
ce

nt
 d
iv

is
or

.

C
O



82

Discussion and Conclusions

Formulas (A), (B), (C) and (D) have been derived and

then tested for practical application. The formulas, as an

entity, were mathematically rigorous and require no further

proof of reliability in computing total energy in multiphase

feeding regimes. They were tested indirectly for their

practical value after methods were applied to yield pro

jected consumption as a comparative figure.

Statistical analysis of the results in terms of cal

culated versus observed consiimption indicated that this

method of predicting consumption was dependable at very low

probability levels.

The statistics for consumption by the weighted percent

method were slightly better than those by the associative

method, but none in any phase of any treatment were outside

the Si" level for the probability of F. This slight differ

ence may be due to the fact that the percent corn in the

silages was estimated in the associative calculation of

ration net energy. It was interesting that calculation of

ration energy by the simple weighted average was as accu

rate here as the complicated formulas for associative cal

culation.

The advantage of this method is that only four simple

formulas can be used to determine the projected net energy

required in multiphase feeding regimes. If an individual

feeder wanted to know how much feed to produce or purchase

to meet the requirements foi^ energy of a projected feeding
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regime, he would simply substitute into the variables the

values which would meet the treatment he planned to employ.

Knowing the projected energy requirement, he could calculate

the projected consumption by dividing by the net energy of

the ration computed by simple weighted averages of the

individual feeds. The only values he would have to look up

would be those for the net energy of the feeds. Multiplying

this average projected consumption by the number of animals

he planned to finish, the amount of feed to be purchased or

produced could be obtained.

In summary, then, this method allows for the simple

calculation of the projected net energy requirements and

subsequently the total projected consumption in single and

multiphase feeding programs.
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