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Nigerian Agriculture is gradually being transformed from subsistence
to eo"mmercial. this, is aJ a result of various government policies that
have been introduced. These includes such policies as input and output
.ubridi".. various mechanization schemes and most recently the various
facets of operation Feed the Nation and the Federal Government
Gua.ranteedban Schemes from various commercial banks. This gradual
transition, will definitely introduce a major dimension into the agricul-
tural sector of the countiy, and thus compel farmers to become cautious
of thr'ways in which they use their inputs.

The polltry sector of Nigerian Agriculture has been highly commercia-
Feerl cost has been identified as forming the major component of the
Total variable Cost in poultry broduction. For profit maximization,
there is need for the combination of the feed ingredients in such a way
that the lease cost combination is achieved and technical efficiency also

mai.rtained. In economics, this involves the substitution of feed ingred-
ients for each other along an isoquant and choosing an isoquant that
satisfies the cost requirement.- 

For profit maxiiizat\on, there is the need for the knowledge of the
technicil relationships between inputs and outputs; the various prices

oi tt " i"pots and outputs and a knowledge of the most efficient level
of inputs.

In t is study, the objectives are
1. to determine the variation in deight gains of roilers under different

carbohydrates and protein regimes.
2. to comiare weight gains when different percentage of protein and

carbohydrates are used in feeding broilers.
3. to estimate the optimum combinations of carbohydrates and

proteins when the price of broiler is held fixed.
4. io investigate the variation of profit with various assumed levels

of broiler prices.
Forthe purpos" of achieving the above specific objectives the paper is

divided into the following major sections:
1. The Theory of Economic Optimization
2. Data Collection and Experimental Design
3. Methodology and Choice of Algebraic forms
4. Empirical Equations
5. Results and Discussion

The theory of economic optimization

In any production process, inputs are converted into output' Th"
."futionif,ip between input and output is referred to as the production
iunctiort it ir i. a -ith"rn"tical relationship describing the way in
*t i.t a particular product depends upon quantities of particular inputs.
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The kind of product and the amount of it which is to oe obtamed depends
upon t-he kind and quantity of inputs used (Heady and Dillon, 1956): --
_ Broiler production results from the use of numerous categoires of
inputs. In this study, there are two variable categories of fied that
are of interest: corn and Groundnut Cake. weight gained by a broiler
is a function of the quantities of corn and Groun-clnul cake that are fed
to it. other inputs such as supplement are assumed to be fixed. This
relationship can be expressed mathematically as in equation 1.1.

where

R : typeofration

Thus, as expressed, if the quantity of ration fed is known, weight gains
c.an be expressed as a function of the quantities of ration t"h. rfris 

"-qu*tion enables one to predict the total w-eigtrt gain per bird associated ;ith
various amounts of a given ration ana thJ most profitable marketing
wgigh,t. _ This optimum m-arketing weight can hoiever only be deter-
mined if there is diminishing returns to increases in weighi gain toparticular ration (Heady, Stanley & Dean, 1956).

A_n optimum marketing_ weight is achieved when the following
mathematical relationships hold.

(J-

In the above equation

G : weight gained in grams per bird
C : corn intake in grams pertird
GN.= groundnut cake intake in grams per bird

This equation can be fe-expressed as shown in equation 1.2.

G : F(R)

dG -rPr

-t
dR Pe

where

Pr : price per gram ofration
Pg : prcie per gram of broiler

or
dG Pg : dRPr ...............1.4

Indicating that the optimum marketing weight is achieved when
marginal product is equal to the price ratio.
. ur!"1 tle marginaf nrodugt_ is-greater than the price ratio as in equa-

tion 1.5, the value of the added gain is greater ^tta" tt" uurue ofihe
added feed.
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dG Pr_>
dR Pg

Profit can be increased per bird by. feeding the bird to greater weight
until marginal product is forced doivn to be equal to the price ratlo.
The opposite of this relationship is however obtained when the sign of
the inequality is reversed as shown in equation 1.6. By this equition,
birds should be sold at lighter weights.

dG Pr

* -;;- ...............1.6

In production function analysis, once the specific forms of the
production function have been expressed and determined, various
derivatives of these functions such as marginal products, isoquant,
marginal rates of substitution allows us to determine the characteristics
of these functions (All and Adepetu, 1978).

For the determination of optimum marketing weight for any type of
ration, therq is the need to determine the least coit combination for
particular gain levels. This involves the derivation of a family of
isoquants for the gain surface. This isoquant shows the posiible
combinations of the two ingredients which will permit the attainrntnt of a
given level gf gain. A general form of the gain isoquant is as shown in
equation 1.7.

C:f (GN) ......................)

The least cost ration for a particular gain level is the one which results
in the attainment of the condition expressed by equation 1.8.

-dC GN
_= ............1.8
dGN PC

or
(-dC)(Pc): (-dcN)(PGN) .............1.9

The equation 1.8 defines fhe marginal rates of substitution of ground-
nut cake for corn as being equai t, tiie ratio of the price of groundnut
cake to corn. If these two are equal the minimum cost ration* is deter-
mined. If the marginal rates of substitution of groundnut cake for corn
is greater than the price ratio, as expressed in equation 1.10 the value
ofcorn replaced will be greater than the value of groundnut cake added.
cost therefore, can be decreased by substituting groundnut cae for corn.

-(dC) (Pc) - (dcN) (

ET
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until the equality of equation 1.8 is attained. If the marginal rate of
substitutionofgroundnut cake for corn is less than the price ratio as in
equations 1.12 and 1.13 the value of the corn replaced is less than the
value of the groundnut cake added, cost can therefore be decreased
by increasing the proportion ofcorn relative to groundnut cake until the
substitution ratio is increased to the level at which equality as expressed
in equation 1.8 is attained.

or -(dC) (Pc) -(dGN) GN .......... ..........1.13

Data collection and exlrerimental desien

The data was collected from an experiment conducted by a graduate
student in the Department of Animal Science of the University of Ife.
The experiment although purely desigaed for particular purpose of
evaluating the effrciency offour different types offeeds, can be subjected
to economic analysis and appraisal. Four different types of feeds, were
subjected to economic analysis and appraisal. Four different types of
feeds or rations of 22.10Vo,22.05Vo and two of 22.00To protein levels
were used in the experiment. The composition of each of tie rations
is as shown in Table 1.
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One hundred and twenty eight day-old Indian Rlver Chicks were used.
The chicks were randomly grouped into twelve, each group being mad.
up often birds and each group assigned a pen. There were therefore
twelve experimental pens. The birds were red ad-libitum using feeding
troughs. A weighed quantrty of the ration was placed in a hough for
each grcup of ten. The following day, weights of the feed remaining was
determlned and the quantity of feed remaining was determined and
quantity of feed consumed by each group was obtained by difference.
The quantity of feed consumed by each bird was assumed to be equal.
This was obtained by dividing the total amount of feed con.sumed in
each pen by the number of birds in eac{r pen. Their weights were
recorded and the total weight of feed consumed per bird during the
entire period of the experiment was determined by adding the daily
aonsumptions for eleven weeks. Casualities occumed during the experi-
ment and ddequate cognisance was given this in the calculaticns. Each
group member was weighed at. the end of each week to determine the
weight gained as a result of the feed cunsumed during the week. The
total quahtities of feed consumed and the total weight gained by each
bird during the entire experiment were determined. The amount in
weights of Corn, Groundnut Cake were calculated as percentages of
the total fced consumed. Each ration had three replicates, each with ten
birds. Hence each bird had a set of observations namely, weight gained,
weight of feed cunsumed, weight of Corn of ration and weight of Gtouad-
nut Cake in ration.

_ Various forms of production functions exists for the study of this type:
Four have been chosen for this work. They are the Quadratic, Iioot
Cobb-Douglas and the Resistance Function. They are representud
respectively as in equations 2.1, 2.2,2.3 and2.4 respeqtively.

2.1 6 : ao + qC+ qcN-%C?tclF -aJEN

2.2 G:ao-urCie -asl-+ E/GN-arfinX
2.3 G: 3, gr6py2GN

-l ^-l2,4 G - ao* a,C'- a26*.l

where

$tbrigh Fish meal u6 aruran " sotfice of gtotein in ratbt' Ttle rrmoant it lhc eariors r&is o'?e tha

.3r-

G : weight gain
a; : constants
C : weight of corn in ration
GN : weight of groundnut cake in ration
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X-a,nd Y are exponents and the other letters (i.e. ao, a,) are coefficients
of the various generalized forms.

The fundamental consideration in selecting production functions is the
suitability and the biological fitness of these functions. In production
function analysis, that is related to livestock, evidence has sho*n that as
birds increase in size, a greater percentage of the feed consumed goes
into maintenance while a smoll percentage goes into growth. Body
composition also changes as size increases which further compounds the
problem of feed substitution between feed components. Biologically, the
structural portions of the broilers body develops first followed by the
development of the muscle, tissue and consequently the fatty layers.
Hence production functions should first allow decreasing productivity to
each unit of feed input. Secondly, there must be allowance for diminish-
ing marginal rates of substitution between carbohydrates and protein.
This is because it is known that as more protein is included in the ration,
each gram of protein replaces less of carbohydrates. It is also logical to
say that as birds increase in age in the earlier weeks of grorvth, they
require alreater percentage of protein in the ration than do older birds.
Thirdly, as a consequence of the earlier reason production functions in
broiler-feed analysis should allow substitution rates between feeds which
changes as the birds gain weight and must result in isoclines which
either afe curves or which are linear or do not pass through the origin
(Heady and Dillon, 1956; Olayide and Ogunfowora, L970).

Quadratic (2.1) and Root (2.2) equations satisfu all the requirements
stated above. Cobb-Douglas (2.3) and the Resistance Equations (2.4) d,o
not permit substitution along a ration line to change as broilers increase
in size. This implies that they do not account for the fact that protein in
relation to carbohydrate is of greater value to the young birds than older
birds. They introduce the relationship that thb rate of substitution
must be constant along a ration line, which is definitely not the case.

Despite this limitation, some general principles and characteristics of
some of these functions allow for a greater understanding of their uses
in applied economics. Some of these principles or characteristics are the
isoquant, isoclines, marginal product, marginal rates of substitution and
the elasticity of substitution (Bishop and Toussant, 1958).

Empirical forms of the equations

The least squares regression technique was applied to the data and the
generalized form of e,tuations 4.L, 4.2, 4.3 and 4.4 were quantified. The
following equations were obtained :

3.1 G : 1697.58 + 5.02C- l7.84cN -0.09C2 + 0.18crt' + .10CGIe
(10.88) (23.43) (0.12) (0.22) (0.12)

* : .728

3.2 G:2485.56-3.19C + 29.57GN -1,.57 fr-llS.StfrN + 9.686n8
(12.07) (34.38) (18s.43) A78.97\ (16.11)

F : .658
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3.3 dr : 1690.64- 406.87C'l
(775.s8)

- 1375.91crf|
(128s.10)

R2 : .206

3.4 G:3.188o5r cle'os
(.02) (0.03)

R2 : .310
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The equations are of the Quadratic Root, Reststance and the Cobb-
Douglas types. The standard errors of each coefficient are show below it.

Table 3 shows the R and the t values for each of the a coefficients.
Most coefficients are significant at the 0.4 level. For each equation the
degrees of freedom is different, thus t(.4, 10) is for equations 3.1 and 3.2
and t(.4.3) is forequations 3.3 and 3.4. The specificvalues of these t's
are shorv below,the table. The calculated t's shown in the table (i.e.
.4615 under b for equation 3.1) was obtained from the eouation 3..5
expressed below.

1 For th? tarit,us cltaracterislics of these equations (i.e. Mqrytncl hr?tlutt, harginal tales of sttbstitutionl
see Tabl, 2.
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t:g
se

where

bi : is thevalueofthe coefficient
se : the standarderrorofthe coefficient.

This t value obtairted is referred to as the calculated t and is compared
with the tabulated t values at a specific level of significance and
appropriate degreg of freedom.

The R obtained for-equ4tions.3.l and,3.2 are relatively high indicating
that approximately 73 percent and 66 percent of the vari-ation in thE
two equations is explained. Equations 3.3 aad 3.4 have very low R
showing that approximately 20 and 3o percent of the variations were
explained in these equations.

Results and discussion

The generated equations 3. 1 to 3.-l n t-rc ttsed to estimate some sets of
predicted weight gains as levels of corn and groundnut cake w'ere varied.
This amounted to varying the carbohydrate and protein levels in the
ration from 16 percent to 22.5 percent. 'Iable 4 shou's the predicted
weight gains when the levels of protein and carbohydrates are varied in
the ration. The figures are those obtairred when the various carbohy-
drate and protein requirements are srttrstittrted into equation 3.1. Thus
for a ration that contains 16 percent protein and 16.5 percent carbohy-
drate the weight gain predicted fnrnr cquation 3.1 is 1533.88 grams.
Diminishing returns to weight gain results as the protein and carbohy-
drate levels are increased holding either of the tu'o constant. The highest
weight gain in the table is at a lou,er level of protein and carbohydrates.

If the level of protein is held constant and that of carbohydrate is
gradually increased there is a corresponding gradual decrease in weight

rABLE 5. vAltrEs oF cALcuLATED t 
^*o 

* .il[,T:il;T,t;tt'o* c()EFrtclEN'ts tN oRDER sHowN IN

Equation
b

0.8747

0.6009
5.r o.728rz
5.2 0.65825

3.5 0.20596
5.4 0.50965

0.4615 0.7619

0.2e1 0.E599

0.5247 1.0?07

0.0255 1.8744

0.8143 0.E487

0.0953 0.7840

t' The tabulated t's are as show below:

Eq, 3.! (0.4. l0) = 9.26q

3.2 (0.4. l0) ='0.260
3.3 (0.4. ll = 0.277

3.4 (0.{' tl = 0.27t
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gain as the'ratio of protein to carbohydrate increases. The converse is
also true. This could however mean that much of the carbohydrate is
burnt off in respiration and weight gain is low due to the low level of
protein used. Also, when the level of carbohydrate is kept constant and
protein increased, the gradual increase in weight gain, might be
explained by the fact that at higher weights, increasing levels of protein
will not give economic weight gains because birds of higher weights need
higher levels of carbohydrate relative to protein. The converse is true
for younger birds. It is an established fact that the corn/protein (c/p)
ratio is important in poultry nutrition (Ewing, 1963; Morrison, 1964;
Biely and March,. 1967).

Table 5 contains information on price variation as they affect the profit
level and the associated level of gains, corn and groundnut cake as
obtained from equation 3.1. In the table as shown in column 1, the ratio
ofthe prices per gram of both groundnut cake and corn are held fixed
The prices of groundnut cake and corn per kilogram were also fixed
throughout the table. Whilst that of broiler per gram was varied from

TABLE 5. PROFIT MARGINS WITH PRICE OF BROILDER VARIED

PGN PGN PC PCH G C GN il
Fetr FeH pcn R.zG (g) (g) (g) (K)

r.00 0.033 0.033

1.00 0.088 0.038

1.00 0.043 0.043

1.00 0.050 0.050

1.00 0.060 0.060
r.00 0.075 0.075

1.00 0.100 0.100

1.00 0.150 0.150

r.00 0.300 0.300

r.00 0.600 0.600

Consider
Price per gram of broilder. PCH = 0.30k

Pri<epergramof groundnut cake, PGN = 0'03k
Pricepergramofcorn. PC = 0.05k

90 kobo per gram dowh to .05 per gram. Increasing the price of broiler
per gram helps to indicate the net effect of price change on the most
profitable levels of groundnut cake and corn.

As expected, profit levels as shown in column 8 of table 4 increases as
the price of broiler per gram increases. Levels of inputs carbohydrates
and groundnut cake also increases. This process constitutes a movement
from one isoquant to the other. This is so, because of the various levels
of groundnut cake, corn, gain and profits that results when the price
levels of broiler is changed (Abaelu, 1964; Aina, Stratman and Topkins,
1968; Ikpi, 1970).

Table 6 shows the marginal products, the marginal rates of subst-itu-
tion and the various elasticities of substitution as obtained from equafion

8t

0.90 r680.54 11.48

0.80 1679.55 104.16

0.70 1678.78 97.44

0.60 1677.84 90.21

0.50 1676.61 32.35

0.40 toz+.so 73.65

0.20 1672.53 63.79

0.20 1668.46 52.08

0-10 r6b9.z:7 36.83

0.05 1646.29 26.04

2r4.16 1502.76

191.55 t334.77

r79.r8 1r66.85
165.89 999.01

15t.42 851.30
135.45 661 71

117.30 49ti.33

95.77 329.26
67.72 162.80

47.89 80.09



Tr\BLE 6. MARGINAL PRODUCTS, MARCINAL RATES Ob SLTBSTITII
TION AND ELASTICITY OIi SUBSTITUTION OF'CN T'OR C

C
(e)

I 10..{8

104. I 6

97.41
90.21

82.35
73.65
63.79.
52.08

36.83
26.0.1

GN
(g)

214.16
19t.55
179. l8
165.89
l5l .43

135.45
I r 7.30
95.7t
67 .72

47.89

MP(c) MtN
dcg
dc dcN

0.0333 0.0299

0.0375 0.0375
0.0429 0.0429

0.0499 0.0499
0.0s99 0.0600
0.0750 0.0749

0.0999 0.0999
0.r497 0.1500

0.2999 0.3000

0.6000 0.5999

MRS(GN/ ES cNrc
C)

(deN) (dcN)c
(dC) (dC )CN

il.113? -0.5745
-1.0000 - 0.543rJ
-l.0000 - 0.5438
-1.0000 -0.5.138

-0.9983 0.5429
.1.0013 0.5M4
-I.0000 - 0.54311

-0.9980 0.512i
-0.9997 -0.ir43i
.1.0001 . ().1.138

3.1. The rrarginal product ot corn and groundnut cake are highest a.

26.04 giams of corn and 47.89 grams of groundnut cake respectively.
there ii a decrease as the levels of both inputs are increased. This is an

indication that the production function allows for diminishing marginal
productivity. The negative nature of the marginal rates of substitution
of co.n foi groundnrit cake indicates that the isoquant is negatively
sloped.

fhe elasticity of substitution of groundnut cake for corn is also
negative. It indicates the percentage change in groundnut_cake needed
to ftaintain the same level of weight gain if corn is changed by 1 percent.
The values obtained does not seem to vary along the isoquant indicating
'hat the isocline must be of the linear form. Likervise, it must be
negatively sloped.

Varioui deductions can be made from the above analysis. It can be
irbserved that variations do exist in weight gains given difterent types of
ration formulations. It can also be seen ffom table 4 that various
combinations of nutrients can yield the same level of weight gain.
therefore for efficient utilization of feed in broiler production there is
need for a careful evaluation of cost and returns:

The optimum levels of-comtrination of feed must be determined by
each producer in order to maximize the profit from his enterprise. Price
variatlion of ingredients, of broiler affects the weight at rvhich the
maximum profit is attained. Thus, cognisance should be taken of the
effects ofthese factors in an enterprise ofthis type.
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