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Introduction 

Everyday the beef cattle producer faces the decision of how much to 
feed his animals. Feeding programs can be divided into "ad libit i,1 'in
which the animal is allowed to eat to appetite satisfaction) and "re'-
strictive" ones in which tha animal's appetite is not fully satisfied.'

' 

:
'*
 
Dlaxter Z and Dosworth /6jhave stated that as daily intake of

feed.of a given quality increases, "efficiency" (body-weight gain per kg

of fded) also increases. The explanation for the increase in efficiency

with daily feed intake is given by the fact that a large portion of the
 
feed intake is used for maintenance and only a relatively small part for 
production.
 

Since biological "efficiency" is equivalent to the "average physical
product" 'of economics it is possible to infer that as daily feed intake
 
increases average physical product increases. In Figure 1 the theoretical 
daily production function is shown. 
The total physical product (TPP), the
 
average physicalproduct (APP) and the marginal physical product (NPP) 
are

presented, as well as the voluntary intake restriction. The appetite

restrictions bounds the production function to Stage I (see Figure 1).

The animl does not eat enough feed to reach the point where average physical
product declines. The portion of the production function to the right of
 
the appetite restriction is irrelevant.
 

Applying the theory of production to a situation of ever-increasing
 
average physical product it is possible to conclude that the greatest

return over cost of the input will be obtained with the greatelijt amount
 
possibl6'of the input, assuming constant input and output prics.
 

It is the purpose of this report to present the computational equations to calculate the voluntary intake of beef cattle for a 
given set of
 
values of the variables involved, and the.rate of gain any intake produces

using the Agricultural Research Council (ARC) /1 
nutritional information.

These computational equations will be used to test the assertion that the
 
average physical product (efficiency) is continuously increasing for feed
 
of any doncentration until the voluntary intake is reached and as a conse
quence ad libitum feeding systems are always the optimum way of feeding

beef cattle for constant prices of feed of given concentration and cattle.
 

This report assumes each daily body-weight gain production function
 
is independent of any other daily body weight gain production.function.
 
As a result compensatory gains are not considered.
 

*,Eguation to Estimate Ad Libitum Feeding
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VI (9.1- o.7g Q - 194) W1 3,(M 

where: 

V i ey intakeof fqed dry matter (g/day) 

Q is the metabolizability of feed energy (percent). 

tW"ist1e w''ight "of the aninm-. ()" . 

This equation applies to sheep receiving long roughages containing

more than 8.5 percent of protein; itwas originally proposed by Blaxter Z_-7 
Without complete information for beef cattle, a 15 ercent increase over, 
the values obtained by equation (1)was suggested Li, p. 217. 

This equation and all subsequent ones are transformed so that .thevariable which is related to quality is always expressed as concentration
 
of the +dit (M/D) i n Mcal-of metabolizable energy per kg of d:.y matter
 
(Mcal ME/kg DM).-Y) This transformation serves the purpose of making them
 
more useful given the fact that many of the available tables of feed compo
sition present the energy contents as concentration rather than in percent
age. For this purpose it is assumed that the calorific value (gross energy)

of all feeds is 4i.4 Mal/kg DM f, p. 217. Then:
 

Q = (loo/4.4)(M/D) (2) 

where: 
(M/D) is the concentration of the diet (McallME/kg 
M) fr 

Replacing (2)in,.(1) and multiplying byfld,5,to obtain +the
 
recommended 15 percent increase gives:
 

w = Z 37.84 (M/) - (3.9)MD) .. o7 w"73 (3),2 + 

\-" Equation.to'Estimate-the Rate-of Weight, Gain 

Gross ME Intake 

The +a4Ount. ofthe. gross ME intake, .s givenby the follo g,. 
equationi: . .L - 'L; w >'P 

• . • -- . o -

M I:V (/D) '( ... 

where: 

M 'is gross ME intake (kcal ME/day). 

I is dry matter intake (gr +M/day). .. .. 

The ME Requirements for Maintenance . .F :+f 

The computationi.l equation to estinwtet raintehs +,requtemeiits 
was presented by Zulberti and Reid 17J as follows: 

VMcal ME/kg DM is eauivalent to kcal ME/ar DM. 

i 



= 314139 - 10.36 A + 0O.005 2 ) T40 7 3 .+ o,00(7/r 

where:
 

lis
Mm. the motAn of*ME ieeed fr nmaienanC&( l'6/d-,; 
is age (d rs) .A ..r .. ...... 't v.'i ', , hzm / r (; 

MW is the amount of ME requir#ed fr, musculaz work and therm. 
regulation (kcal E/day) '' ' ' 

"* t 
, '": t ;.
 

The True ME.of the Ration . . ,.. 

The term "true" ME is employed here in the"same sense the ARC 'used 'it ,.p.. 247 and it implies .a correction of the ;"gross" ME ingested in
 
accordance withthe feeding level. ;"Gross", 
 is distnc, from "true .E
 
as it represents the feed intake xpresaed in Mcal ME uncorrected for. th

decreasing biological valuecas the feeding leveli'a increaede.nte
 

M ""(6, 
-where: . . 

X4* is the true ME of the ration (kcal ME/day),
 

f is the correction factor for feeding level*
 

The equatio. for the correction factor for feeding level was presentedby Zulberti and ReidZUaisfo ows:.' 
 :-t >K()'.) 

f = +.-, O.4l8/(M/D 7 + fbU - 'O. 4 l8(IWD)7io(M/*) , 

SBubstituting, equations (4)and (7)into~equation ()and simplifying, results in the foliiigequatjon-: ','. ,V ,) I!., 

Lo.89(M/n) + o.4187I.+ ¢(/)/_7* = 0..¢g)--20.,k7 (8) 

ME Left for Body-Weight Gain 
 "Y!r: ,T. , :'r0 

The amount. of ME leftT'6r d-ight..ginUs')6btind,.,2"sub
tracting the ME energy required for maintenance from the true ME of the' ,'d.
ration,, s follows:
 

Mt=M* MM 
 (9) 
where: 

Mf is the MEle't"for body-weight gain (kcal ME/day) 

M Retained 

.:,The, ME retatned&1iscObtained b,¥ mu tiplng t1 e...for....

7 



body-e1ght gain bVi the i:eff ciencyl.'c6efficient,with whrich,NE ',is .utilized
 
for bod.-weight gain as follow-: - -i',' , ,
 

10, 

where::,
 

8 is the ME retained (kcal ME/day) 1, 

kf is the efficiency coefficient with which E is utilized 
for body-weight gain (percent).:- ' 

The equation for this efficiency, coefficient j'j p, 2W7 li: 

-.4hReplacing equation (9) and -(11),'in,(lO)the following . 

equat 'is obtained-: n 

C 18.4(M/D)7(M** - l'j, o(2O+ 1n)/10 

Calorific Value of the Bbdy-.Weight' Ga'in" 

The equation for the' calorific value%'6f thle 'body-weight gaiih 
was presented by Zulberti and Reid CJ7 as follows: 

c = 1425 + 3.65 W+ (0.231 + 0.00011 S (13) 

where: 

C is the calorific value of the body-weight gain (kcal NE/kg) 

Replacing equation (12) in (13) the following equation is 
, . .
obtained: 


c - 1425 + 3.65 w + (0.231 + 0.00011 w) .Z3o+ ,8,(m/ 7

(M* - ,m)/l.. . . ,. . (14) 

The'-Rate"bf:'Boay-Weight Gain
 

The rate of body-weight gain is obtained by dividing the, .. 
retained by the calorific value of the body-weight gain as follows: 

. S - :)" ',".' . • , . , . .,, ' '. ..
 

wh ere :, . ... .... .. . 

Gis t 'rteof ... 

.. ... . ' 


body-weight 9din' (kj/day)' 

Replacing equations (12) and (14) in (15) the following 
equation isdobtained: ' . . . 

G [.0 + 18,4 ./D 7( *- Mm)/100 )/.(l425 +t:3.65 w + -v,. 
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1'-2Finally, .toiobtain the,-rate' of jody-weight, gainw (G) .aa.a fUnotion. 
:of the given values of the variables: concentration of the feed,,(M/D), .
 
weight of the animal (W), age (A), muscular work and thermal reglation
 
(MW)r'and intake (I), equation (5) which gives the value of the ME needed
 
for maintenance (Mn), and equation (8) which gives the value of the true
 
ME (M*) have to be substituted in equation (16). Given that equations 

(5) and (8) are long equations in themselves this Procedure will be avoided
 
in sight of simplicity.
 

The Form of the Daily Average Product
 
Function for Rate of Body-Weight Gain.,
 

To test the validity of assertion made in the introduction the
 
contour of the daily total physical product function and the average

physical product function for rate of body-weight gain will be"presented 
for some values of the variables under consideration and the limitation' 
produced by voluntary intake. The marginal physical product function will 
alsobe shown to specify the highest Value of the average physical product
function. (The MPP function intersects the APP function at its maximum 
value and indicates the value of input for which Stage I ends). 

I. a 

T yalues of, the yariables chosen were as follows: 

For concentration of the feed three values were used
 
2.4, 2.8 and 3.2 Mcal ME/k DM
 

For weight of the animal three values were used 

200) 350, 50o ki ' 

For age three values were used
 

200,,350,and 500 s I' , 
respectively associated with the three weights'
 

For muscular work and thermal regulation .the,value 2 ikcal- MEper
kg of weight per day was used. This is the approximate energy cost of'. 
muscular work , , p , _ , , , - , .... . . . 

For intake several values were used to shape the average physical
 
product function.
 

Figures 2, 3 and 4 show the results only for positive values of 
body-weight gain because there is no information in the ARC report to '"'" 
justify the use of the same function .whenthe requirements for.maintenance 
are not covered. 

It is possible to see that the voluntary intake limits the average:.
physical product function (efficiency) to increasing values for the three
 
concentrations considered. The maximum value ofthe average physical 
proquct function (efficiency)'istheretically obtained wellto the right
of the voluntary intake. "retically obtained we...t 



Pig ~W4?,~ttl averagei,en.mrinZpoutionfncos
I SM the voiluntary.intake, 11mitations for cattle eating feed 

with',an energr concentration of 2.14 1 ea ilz/k DM. 
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Fitre i. The daily total, average, and maginal production functions
and the voluntary intake limitations for cattle eating feed
vith an anapo concent,at.on of 1.2 Meal ,/Ik DM_ 
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Blaxter _-,3)7 and Dodsworth [67 have stated that as daily intake 
of feed of a given quality increases, "efficiency" (body-weight gain per 

kg of feed) also increases. 

Using the available nutritional information supplied by fitei ARC". 

report, this statement is shown to be correct for every concentration of 

the feed. . 

By translating biological into economic terminology and using--the 
theory of production it is possible'to conclude that given the fact that 

at least some amount of feed is going to be provided, ad libitum feecLng.-. 

programs of feeds of any concentration maximize returns over costs given 
. ,

that the price of cattle and feed remain constant. 

For feeds of any given concentration the producer has only to 

decide between feeding ad libitum or not 'feeding,at all. I 

For these conclusions independence betweerOthe daily body weight£,,
 
nrdnfttien funations haa been assumed.I 
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