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h o Introduction O Send '

~ . Bveryday the beef cattle producer faces the decision of how much to
feed his animals. Feeding programs can be divided into "ad libitﬁmgﬁ’gg
which the animal is allowed to eat to appetite satisfaction, and i ¥R
Strictive" ones in which the animal's appetite is not fully satisfied.
Blaxter /2,3,4/ and Dosworth /6 _J have stated that as daily intake 6f <
feed.of & given quality increases, "efficiency” (body-weight gain per kg
of feed) 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 intqke is used for maintenance and only a relatively small part for
production. ’ e

Since biological "efficiency” is equivalent to the "average physical
product” jof economics it is possible to infer that as daily feed intake
increases average physical product increases, In Figure 1 the theoretical
dally production function is shown. The total physical product (TPP), the
average physical product (APP) and the marginal physical product (MPP) are
presented, as well as the voluntary intake restriction. The appetite
restrictions bounds the production function to Stage I (see Figure 1).

The animal does not eat enough feed to reach the point where sverage 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 gieatest
return over cost of the input will be obtained with the greatent amount
posgiblé ‘of the input, assuming constant input and output prices,

"~ It 1s the purpose of this report to present the computational equa~-
tions to calculate the voluntary intake of beef cattle for & given set of
values of the variebles involved, and. the rate of gain any intake produces
using the Agricultural Research Council -(ARC) /I'7 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 cdoncentration 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
1s independent of any other daily body weight gain production. function.
As & result compensatory‘gains are not considered.

H
. g \

-Equation to Fstimate Ad ILibibum Feeding
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where: '

VL 1, the yolunsary, inteke. of feed dry mstter (gr/day) .
'Q is the metabolizability of feed energy (percgng);;

(23

Loarosrpont b e i e et e Ve e
W'is the weight of the animal' (kg)'~ '“f R

This equation applies to sheep receiving long roughages containing
more than 8.5 percent of protein; it was originally proposed by Blaxter [5'_7.
Without complete information for beef cattle, a 15 percent increase.over . i
the values obtained by equation (1) was suggested 1, p. 219_7 .

.. This equation and all subsequent ornes are transformed so that .the
variable which is related to quality is always expressed as concentration
of the diet (M/D) jn' ‘Mcal of metabolizable energy per kg of dvy matter
(Mcel ME/kg DM). ¥/ 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-
ege. For this purpose it is assumed that the calorific value (gross energy)
of all feeds is .k Mcal/kg DM /1, p. 2117. Then: “

1

Q= (100/h.4)(Mp) o flf (2)

where:

Proeote g

CoaAn. . - S e
(M/D) is the concentration of the diet (Mcal ME/kg DM)

off-
) Replacing (2) in(1) and multiplying by1.15 to obtain-the
recommended 15 percent increase gives: : -
“iw Lo L - R .73 e PR
VI = [237.84 (/D) - 43.957 (M/D)? - 223.107 w073 3
Y R T T O , . o
' v Equation.to Estimate the Rate:of Weight Gain el
Gross ME Intake a R S Ld
‘ The;aix;duntqof:-the_-grp‘s,s ME intake is given.by the follo ing, ..
equation: 't 27 e 4 0 L T
ook R N o4 E T A S FR I 1 L
' M= T (M/D) _ O r'(n)z'xc« Lt
{\-"} m . MY IR a"
where:
M'is gross ME intake (kcal ME/day). e
AN ST P dvgrehndoent Mre s U0 ol oot ok
I is dry matter intake (gr DMfday), -~ CT o edoub Ll
The ME‘Requirements for Maintenance ' R s L

A s Yoot v e 3o

. The computationsl equation to_estinite’ niaintensncs requiremsiits
vas presented by Zulberti and Reid /7 / as follows: A

1/Mcal ME/kg DM is equivalent to kcal ME/ar DM.



e = 4,139 - 2036 &+ 0.00524%) 0 doo w7/

AN

@4 6 + 6 75(M/D_27 / \ ‘ | : L : ©

Correveng

where-d" (R . \ \ o
- '{)311 A s "‘ £\ Y f‘l'_\{ ‘:'l.\',l v 2 B P Qi
Mm is the amount of ME needed f‘or mainﬁén‘éﬁcé (f:m ¢ /d",f,

'A is age (da&s') Tor) vweany Bead ‘.t": cflDidex blnde o - 2r 0

'MW is the amount of ME required for, muscula.r work and chermaJ,
reg'ulation (kca.l ME/d
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The True ME-of the Ra.tion L oL e i );
The term "true" ME is employed here in the same sense the ARC ‘used’

'it [ 5i P 21_7 and it implies a correction of the 'gross" ME ingested, in

accordance with the feeding. level. "Gross" !ME is dis’cinct from "true" ME .

a8 it represents the feed inta.ke expressed 1in Mcal ME uncorrected for the

decreasing biologica.l value -as the feeding level 1s increased e ,
| M* is the true ME of the ra.tion (kcal ME/da.y)
LU AN S
f is the correction factor for feeding level ' 5
Dy
The equatior for_the correction factor for feeding level was presented
by Zulberti and Reid [T7 ds follows: " = sromagers atb g (0N

£ = [0.82°+ 0.418/(M/D)] '+ +°f00i1 < 0. hle(M/D)] (u/m) : (7)

 Substituting equations (i) and (7) in*fO equation 6) end sime
‘plifying, results in the following-equation:i  .i: - (1. i, 7 R

= [5.89(/D) + 0.118]x +. /G 11(¥/D) - 0. l+3,_7[2 (/D) /1] (8)

ME Left for Body-Weight Gain cdadal A aco

'I'he amount” of ME left" Por body-weight ‘gain iig obtained by subs
tracting the ME energy required for maintenance from the true ME of the!t:ipa
ratiom a8 follows: o , . -

VMY T e

Mf = M* - Mn | o | (9)
' : : . vartaly

where: .
‘ } BN . _,(ur«:\\' !‘) !J. '.f f:“.':’?j\. vt 14
- Mf is the ME 1eft for body-we:lg’nt gain (kca.l ME/day)
- s RS B R T I
MBE Retained -‘;T’u"‘ E 1: . "r‘ ~n, $Q %1? nﬁ:wwmw nt‘ qw s

mc-w».

'l'hevME retai.ned idar; cbta.ined by multiply#,ng the ME left. for -



: bodyuweight gain by thexefficiency céefficient with which ME iB'utilized
for body-weight gain ‘as followi::. canddeliny sud e nunler Jeekadd b

solteagos
e o
where' anan;
Dapnfowp o 07 Lo
§ is the ME retained (kcal ME/dey) RN O TR
kf is the efficiency coefficient with which ME is utilized
for body-weight gain (percent) . i waewsve “ilef 0 e
The equation for this efficiency coefficient [-, D 2h_7'is"’“““‘
& kf = 34,0 +-18, h(M/D) AR S AR R
R A o torey preE s
- nhReplacing equation (9) and (ll), inv(lO) the following o Aot e
equation: is dbtained-“- - T T |
”J O (SRR Lol o 371‘5,'7 Co ";::Z‘ R AU DI
ER0 s: [' o + 18 h(M/Dy(M* - Mm)/lOO S S Y P T ¢ =)
‘ AT SR ! R R

Calorific value of the BOdy-weight Gain »’~*-

The equation for the calorific value of the bodtheight gain
was presented by Zulberti and Reid zﬁ;7iae follows:

Ca

= 1425 + 3.65 W + (0,231 + 0.00011 W) 8 . (13)

H

where:

[EC Fie o . [ - R P 4 2 ,'\

C is the calorific value of the body-weight gain (keal ME/kg)

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

C = 1425 + 3.65 W + (0,231 + 0,00011 W) ;5_.-'0'+ 18.4(M/D)/ -

(% - Mo)/2c0 (1)
The Rate of Body%WEight Gain A AT St
s s d ey ) o e, f\'!ﬁ‘f

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

RIKER ¥1 % . RN

G =3 R N (15)11
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'G 1s the ‘rate of body-weight giln (kg/day) S “f?u;'i ?:f‘”fj
Replacing equations (12) and (lh) in (15) the following

equation is obtained-r“r' R S A nr o ‘
G . ([' 0 + 18, 1+(M/D)7(M* - Mn)/lOO )/ [1&25'# 365 W 4 1 ;;;{ o
" (0,231 +'0,00011 W)/3.0 +'18:4(M/D)T {2k < Mm)/lOOJ A (g )““
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- tpilFinelly,toiobtain the rate' of sody-weight gain: (G) asye funobion::
of the given values of the variables: concentration of the.feed (M/D)yl .-
‘welght of the animal (W), age (A), muscular work and thermal regulation
(M) nd 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) end (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 inteke, The marginal physical product function will
also.be 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 ent?ls)., PP

Ths..velues, of, the yarisbles chosen were as follovs:

TV E o VT e
For concentration of the feed three' values were used ' °
(84 -

W

2.4, 2.8 and 3.2 Mcal ME/kg DM

For welght of the animal three values were used *
-f%ﬂ“ﬂf SEnl) mives UL it i Ty e WL NN
200, 350, 500 kg , )
SR ctemed puliall0 ol S0 o (0 Dol
For age three values were used

200,,{350 'and 500 ‘@ays 0.0 D6, oo e

:3&[ i,.l % ; ‘:A.’ .
)respectively associated with the three weights, T

For muscular work and thermal regulation ‘the .velue 2 '’keal; ME -per
kg of weight per day was used. is is the approximate energy cost of ™~
muscular ifbi‘k‘ﬁ;:~1)o"«‘»522.l_7-,if;' Poboduo Al ot el Tt i
v R ER AT ST T S R A TR GRS SRt RoT T
N For intake several values were used to shape the average physical
broduct function, - YD

cragf L T TN TN 5 BT

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 when the requirements for maintenance
are not covered, RN R A LN

S RE /

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 of :the average physical .
‘proguct function .(effic.iency)l;iga\il;h‘e‘oyet;cally‘obtal.i'nefi. well to the right

of the voluntary intake,
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Figure I, The daily total, average, and marginal production functions
7+ and the voluntary intake limitations for cattle eating feed
with an enerov concent.ation of 3.2 Meal ME/ke M. o
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- of feed of a given quality increases, "efficiency" (body-weight gain per
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' Blaxter /2,3,47 end Dodsworth /6 7/ have stated that as daily intake

#.rda [P

'kg of Peed) also increases. wH o

FIRECE Y
RS AR BN PR

Using the available nutritional information supplied by ithe ARC: ‘s

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

w et P

the feed. o Gars UL T
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 feeddng £

programs of feeds of any concentration maximize returns over costs given
that the price of cattle and feed remein constant. ki £, :
For feeds of any given concentration the producer has only toé
decide between feeding ad 1ibitum or not' feeding at all, ‘§

ar

%;
For these conclusions independence between?the daily body weighti.r
nraduntion functions has been agsumed.
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