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ABSTRACT

The main aimof the study was to determ ne the
| east cost ration and optinmum marketing wei ghts for
broil er chicken when groundnut neal is the main sources
of protein in the broiler finisher ration. The data
for the analysis was obtained fromthe National Anina
Production Research Institute, Shikao The data was
from experinents that covered aspect of broiler
production wth groundnut neal as the main protein
source at protein levels of 17, 20, 23, 26 and 29 per

cent finisher rations.

Three production function equations were fitted
to the data. They are Cobb-Dougl as, Square root and
the Quadratic functions. Conputer facilities using
the SPSS package was enployed to estinmate the paranmeters
of the nmultiple regressions. However only the
results of the Cobb-Douglas and the Quadratic equations
were used for economc interpretations because they
appropriately reflected the production process under

study as shown by the statistical results.

Total weight gain and margi nal physical products
of each of the rations were estimated from a gl obal
Cobb—bougl as production functions. The result indicated

that rations high in protein provide greater gain per



Y

unit of feed at |ower weights. For exanple |000g of
17 per cent ration produced weight gain of 382.4g and
23 per cent protein ration produced 424.10g. But at

hi gher feed intake and heavier weights, rations |ower
in protein content becane nore efficient. For instance
at feed intake of 2200g 23 per cent protein ration
produced wei ght gain of 808.21g while 29 per cent
protein ration produced weight gain of 796,66g. Those
conditions reflect the physiological requirenments of
the gromng birds. At earlier stages of growth nore
protein is needed for body building but at |later
stages of growh nore carbohydrate is needed for

nmuscl e devel opnent.

The analysis also shows that the feed 20 per cent
ration will give the least cost ration under a
situation of profit maxi mzation subject to feed cost
constraint with prices of yellow maize and groundnut
meal of 31 k/kg and 29 k/kg respectively. But if cost
is to be mnimsed subject to output constraint then
23 per cent finisher ration wll give the highest
gross margi ns above feed costs as well as sone other
vari able costs, with the stated input prices. It is
still profitable to use groundnut neal even at a price
i ncrease of 42 per cent provided prices of other inputs

are r.ot increasing.
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CHAPTER ONE

MINIMUM COST RATIONS AND OPTIMUM MARKETING WEIGHT
IN BROILER PRODUCTION WITH GROUNDNUT MEAL AS
THE SOURCE OF PROTEIN

1.1 Introduction

Nigeria like most other developing countries is
facing the problem of food shortages and malnutrition.
The seriousness of these problems is assuming greater
dimensions as a r_sult of high population growth
rate and increased urbanization. The most serious of
the malnutrition problem is the shortage of protein
both in quantity and quality. The deficlency of
animal protein in the diets of the average Nigerian
has been sufficiently documented (Olayide, 1971).
Idusogie (1970) asserted that there are evidences of
high infant mortality resulting from Kwashiokor in
Nigeria and lack of suitable food containing protein
of high gquality with which to treat and prevent these
conditions., Table 1 shows that protein supply is
far less than the projected requirements between 1970
and 1990. The daily per caput shortage decreased from
15.5 g in 1970 to 9.6 g by 1990, Although this tends
to indicate some improvement in protein supply,
nevertheless the situation is still far from being
adequate. The simple explanation for this is that
the rate of growth in animal protein supply has failed

to keep pace with the rate of population growth. It



Table 1,

e T I

Animal Protein

Variakle Specification

- w . s

.

- e . E-

Population and Supplies in Relation to Requirements of
Setween 1970 and 1990,

.

Y £EAR
1970 1980 1985 1990
67 86.6 99.6 115.6
569,500 866,000 1,195.200 1,664,640
8.5 10.0 12.0 14.4
24.0 24.0 24.0 24.0
1,608.500 2,078,400 2,390.400 2,774.400
1,038,500 1,212,400 1,195.200 1,109.760
15.5 14,0 12.0 9.6
182 140 100 66.7

This obtained by multiplying item a by item d (axd)

This obtained by subtracting b from e

i.e. (e = b)

This is obtained by subtracting ¢ from d i.e.
This is obtained by dividing g by ¢ and multiplied by 100 i.e. (g ¢ c) x

a. Human population
(mil)

b. Total daily animal
proetein supply (kg)

c. Per caput animal
protein supply
(g/day)

d. Per caput minimum
animal protein reg.
(g/day)

e. Total daily mswamw
protein reg. (kg)

f. Daily animal wnOnmwn
shortage (kg)

g. Per caput daily
shortage (g)3

h. Shortage as percent
of supply (g-b)4

1.

2.

w.

4.

100.

Source:

(d = c)

Clubajo (1976) Paper presented at the third annual conference of

the Nigeria Society for Animal Production (NSAP) at Ibadan, 1976.



should be expected that this situation would be more
serious among the people in the low income bracket
particularly the rural populstion who constitute 80
per cent of Nigeria's population.

At the present time only a small proportion of
the protein and calorie content of the diet of the
average Nigerian is derived from livestock and live
stock products (Apalu, 1982), The contribution of
Nigerian foods to the average calorie and protein
intake by 1972 is given in Table 2. Cereals, starchy
roots and tubers contributed most of the calories and
protein, It 1s true that protein can be obtained from
plant sources including lequines, ¢ ~~als, roots and
tubers crops (see Table 2). However for a balanced
diet many Nigerian nutritionists have advocated that
animal protein should constitute about 45 percent of
the net utilisable protein in the average Nigerian
diet in order to ensure adequate supplies of essential
amino acids needed by the body, These animal proteins
are sald to furnish the escsential amino acids in a
more balanced and readily available form than plant
protein (Abalu, 1973)., The available food supplies
provide about 58.78 g of protein per caput per day.
The minimum daily adult regquirement for protein is

estimated to be 65 g (Olayide et al, 1972), This



Table 2, Contribution of Nigerian Foods to the
Availability of Calories and Protein.

000 kg
— ﬁii°3:g§s Contribution %
- o Calories Protein
Cereals " 96.65 42.1 48.7
Starchy roots and tubes 269,32 42.4 19.6
Legumes ; 11.49 4.9 1%a7
Oilseeds and nuts 2.54 : 1.8
Vegetables 20.61 0.6 243
Sugars 1.77.. 0.8 . 0.0
Livestock - 20,55 ‘02,0 8.3
Fish 13.38 1.5 7.1
0il and fats 9.45 10.9 0.0
Beverages 26.41 0.7 0+3

1. Livestock includes eggs and dairy products,

Source: Adapted from Clayide et al. (1972).



represents a shortfall of 6 g or about 10 per cent,
For a balanced diet Mesek (1962) estimated that the
intake of animal protein to plant protein ratio which
should be about 1:2 for adults and 3:2 for infants

is far from being realized in Nigeria.

These estimates should however be interpreted
with care since they conceal major variations in
protein availability in different part of the country.
For example it is known that while some villages in
the Northern parts of the country consume twice as
much as the recommended protein requirement, few
villages in the Southern parts of the country consume
up to 50 per cent of the requirement (Abalu, 1973).
One thing that is obvious from Table 2 is the fact
that the contribution of livestock to protein intake
is very small. Animal protein is only B per cent
of total dietary protein, This compares with about
45 per cent which is considered the average for

developed countries (Abalu, 1973).

1.2 Sources of Animal Protein

Up to the present time beef and fish provides a
major source of animal protein in Nigeria. Other
sources include small rumninants (sheep and goats)

poultry products (eggs and poultry meat), pigs, bush-meat.



The total national consumption of all types of animal
protein are estimated for the 1960's in Table 3,
However, presently a very large proportion of
livestock investment in the country is directly or
indirectly tied to beef production (Abalu, 1982). For
this r=ason it will be necessary to examine the
constraints facing beef production in this country,
and the need to look for other and perhaps cheaper

sources of animal protein tou meet short term requirement.

Livestock production In the country is carried
out mostly by nomadic Fulanis and Shuwa tribesmen.
It has been suggested that th2 cattle Fulani who are
by far largest cattle owning group in the country are
mostly semi-settled. During the height of the dry
season, the younger members take majority of the
herd to grazing areas as far away as conditions
demand (Ferguson, 1967), These livestock owners are
usually not market oriented and their production
efficiency is very low by modern standards (Abalu,

1975).

There is a general agreement that the productivity
of the livestock secter In the country is low, that
the ecological deteriorations of existing range land
is getting worse and the incomes and quality of life

of producers are not inproving at an acceptable tate (Abalu



Table 3, Protein Supply from Various Livestock and
Related Products 1968/69.

Per Caput
Source of Protein Protein Supply
(g)
Beef 1.350
Goat 0.560
Sheep 0.160
Poultry 0,250
pigs 0.110
Bushmeat 1.310
offals 1,150
Eggs 1.370
Fish 2.560
Milk 0.470
Cheese 0.030
Totgfm.u' - 8.320

L ———————. ® % % w . B

Source: Adapted from Olayide et al (1972).



et al, 1979). Nigerian cattle producers have been
accused of maintaining large number of animals in
excess of the reproductive noeds of the herd. This
is usually done for non-—economic reasons such as
tradition (Okaiyeto, 1980), It is argued that this
practice denies the livestock farmers their proper
contribution to the national diet and the national
economy because uf their inability to provide the .
politically desired low cost beef to domestic and
urban consumers. This could be a prime source of
range degradation through over grazing. Estimates of
carrying capacities of cattle in the major cattle
producing states of the federation are presented in
Table 4, The calculations are based on assessments
of available grazing lands, carrying capacity and
estimates for the various states. The figures for
the optimum wet season carrying capacities are based
on available grazing land plus one half fallow land.
In the dry season, more land becomes avallable due

to tse~tse recession and availability of crop residues.
Optimum carrying capacities for the states in the dry
season with and without the assumption of the
availability of crop residues are also included in the

table.

The evidence from the table is clear. Most

cattle producing states do not possess adequate



Table 4. Carrying Capacity of Cattle for Cattle Producing States.

— - e e e mom s s T T

. SR e e — e —

State Present Wet 4 Optimum (1978) Optimum (1978) Dry Opntimum (1278) Lry Season
Season Situation /et Season Season Carrying Capacity Including Crop
Carrying Capacity Capacity Residue frow Arable Land

—— . A

— . A Y e A e e —

o I RSP

Sokoto 1,500,000 1,561,950 1,685,299 1,780,247
Kaduna 750,000 1,506,188 1,607,762 1,702,036
Kano?3 412,579 470,341 341,657 613,317
Bornu” 2,250,000 1,255,428 1,449,649 1,520,549
Niger 662,000 885,218 1,431, 143 1,470,471
Kwara 250,000 439,873 781,137 £75,907
Benus 100,000 463,656 551,434 532,507
Plateau 279,000 687,025 909,468 1,015,506
Bauchi 1,250,000 1,072,468 1,080,448 1,198,376
Gongola 527,000 1,914,042 2,368,118 2,441,931
Total 7,980,579 10,256,189 12,295,115 T 13,408,197 o

— e - * - a—

B e B B B —— A — —

Source: S.N. Putt, R.#4. Matheman, P.M. Shaw. A Socio-economic assessment of Lihe
Trypanosoniasis problem. A Oase study of Northern Nigeria. Mimecgranh 2zport.
Federal Livestock Department, Kaduna (1978),

Notes: 1 Head cattle
2 Livestock units (300 kg animal)
3 Tse-tse freze states.
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carrying capacities of radically increasing cattle
numbers from existing levels, There is however
evidence to suggest that the poor performance in the
livestock sector is not entirely the fault of the
farmers, It 1is known that the farmers are aware of
the merits of selective breeding, and are highly
conscious of the health problems of their animals.
They are also quice aware of the contribution of
improved livestock feeding to better performance
(Okaiyeto, 1980), The technical reasons usually cited
by livestock producers such as those operating in
Nigeria for not being able to increase production
include low scale of operation, insufficient land to
produce feeds for animals, nutritional imbalances for
the animals in their feed resources and lack of
understanding of the prollems confronting livestock

farmers by animal scientists (McDonald, 1977).

One of the major recasons for the success achieved
so far in food crop production has been the relatively
strong backup of extension services which in recent
years crystallized in the establishment of Agro-service
centres in all parts (of the states) of the federation.
Theso centres which were established by the Federal
Governnent would literally bring farm inputs to the
farmers doorsteps. The livestock sector has not been

fortunate enough to benafit from such inputs. Indeed
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there has been no organized efforts in extension
services for livestock except in a few areas where

at one time or the other, some rudimentary services
had been provided in the form of production leaflets,
extension bulletins and guides from AERLS of Ahmadu
Bello University, Zaria and the Information Division
of some State Ministries of Agriculture. Credit for
livestock did not gain much recognition until after
1973 when the Nigerian Agricultural and Co-operative
Bank was ectablished by the Federal Government and
boosted by the Operation ¥eed the Nation campaign
National Committee on Green Revolution; final report,
1981). The ability of tha pastoral Fulani, who are
the major cattle producers in Nigeria, to increase
cattle production through thelr existing management
system may be facing some limitations. These
limitations include the prevalence of tse-tse flies
and other cattle diseases, changes in land use pattern
which limits grazing areas and increase in rural
settlements (Van Raay, 1975). Past and present
governments have been ‘nvolved in programs and projects
aimed at removing these limitations. These programmes
include eradication of cattle diseases, provision of
supplementary feed (cotton seed cakes) and mineral
licks to pastoralists a2t subsidized rate and construction

of dams and sinking of boreholes (Okaiyeto, 1980).
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These efforts were directed towards the settlement

of the pastoralists on permanent basis to enhance
thelr production efforts. However these efforts have
met with little success, since output of cattle by
the pastorallsts are still marginal as already
mentioned, The reasons for such slow rate of cattle
output in spite of these efforts can be attributable
to (a) lack of trained personnel to handle the cattle
disease programs effectively, (b) ecological
deterioration of existing range (c) the refusal of
some of the pastoralists to settle permanently at sites

provided for them among others.

It is therefore quite clear that livestock
development efforts in the country which fall to
understand the fundamental logic of herd structure
and herd size in the context of the existing pastoral
environment of cattle producers, the lack of adequate
and sustained extension services and generous credit
facilities will lnevitably be faced with resistance
and possible failure. The long gestation period
associated with cattle coupled with high capital
investment needed for its development, makes it
inappropriate to meet through cattle the short term
rapid expansion in protein supply that would cope

with ever increasing humen population. Furthermore
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Table 5,

Tonnes Meat Equivalent.

N

Projected Gaps Between Demand and Supply for vVarious Livestock Products,

1980-1989 = Thousand

1980 1981 1982 1983 1984 1985 1986 1987

Demand  199.000 206.128 234.882 255.167 277.235 301.176 327.182 355.453

Beef Supply - 153.891 180.420 214,261 201.074 284.185 325.185 392.557
nifference - 42,221 54.462 40.915 76.161 16.991  1.997 37.104

Demand 111.00  117.389 124.167 131.333 138.833 146.889 155.328 164.278

Goat Supply - 64, 60 104. 10 103. 62 112. 51 127. 40 148. 28 174. 28
Difference - 53.789  20.067 27.713  26.323  19.489, 7,848  9.902

Demand 35.484 37.548 39.677 42.000 44.452 46.968 49.652 52.516

Sheep supply = 42,174 44. 24 S8, 84 68. 75 72. 13 78. 01 86. 43
pifference - 4.626 4,563 16. 84  24.298 26.162 28.358 33.914

Demand 31. 21 33. 01 34, 91 36. 93 39, 05 41. 30 43, 67 46. 19

Pig Supply 31. 21 36, 70 43,20 51. S 60.80 72. 0O 85. 3 100. 70
Difference 3. 69 3. 69 18. 29 14. 57 21. 75 30. 70 41. 63 54. 51

Demand 15,389 152,278 173.944 186.500 199.889 214.333 22..756 246.294

poultry  Supply 35.511 48,970 67.530 93.124 128.491 177.50 24:.207 336.786
Difference 115.878 113.308 106.414 93.376  71.398  37.243  14.451

————— e e

- e A ——

1988 1989
336.165 419.520
432,274 486.820

46.109 67.300
173.739 183.744
209. 05 248, 13

35.311 64.386

55.542 58.735

94. B4 106. 01

39.298 47.275

48. 85 51, 66
119. 10 140. 4

70. 25 88. 74
264.028 283.039
464.462 640,589

90.492 200.434

Source: A livestock production plan for Nigeria - A study conducted by the world Bank =nd Nigerian
Consultant for the National Committee on Green Revolution (March 1981).
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poultry sector would have recorded a surplus of

200,434 thousand tonnes of products, while beef could
only show a difference of a 67,300 thousand tonnes.

The figures from other livestock are also presented

and do not contradict the fact that poultry is the
fastest means by which Nigeriats animal protein
shortfall could be met., It is therefore safe to assume
that any radical increase in animal protein supply

in this country should be via intensive poultry

production,

In terms of populaticn, poultry ranks first in
the livestock industry in Nigeria at present.
According to a recent study conducted by world Bank
and Nigerian Consultants for the National Committee
on Green Revolution the population of poultry in
Nigeria bLetween 1977 and 1978 is put at 133,504,190
heads of chickens made up of 123,398,268 local and
9,605,925 axotic. This is in addition to other species
of poultry like turkey, ducks and guinea fowls. Table
6 shows a breakdown of the population of exotic chickens

in Nigeria by states,

Foultry meat is generally accepted and readily
consumed by practically every national and religious
groups in Nigeria. Low meat eating populations will

increase their consumption of poultry meat if this



Table 6,

——— i — -

No.
State

Anamnbra
Bauchi
Bendel
Benue
Borno
C/River
Gongola
Imo
Kaduna
Kano
Kwara
Lagos
Niger
Ogun
Ondo
Oyo
plateau
Rivers
Sokoto

Nigeria

% Total

Source:

-—— - -

L
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Poultry Industry ¥ L D, (1979).

Estimated Population of Exotic Chickens Types
in Nigeria 1977,
chickens  ZEONST. Crower  Lavers Total
54,190 37,000 49,660 283,838 424,688
1,860 1,700 810 16,260 20,630
269,540 273,336 158,170 1,364,636 2,065,976
11,835 10,000 8,335 51,992 82,162
8,720 7,945 6,500 39,312 62,477
57,465 30,960 74,400 174,140 336,965
6,225 33, 20 6,150 10,770 26,453
135,220 118,750 97,483 610,612 962,067
24,195 44,000 44,505 114,112 226,822
96,631 87,637 72,098 401,778 658,144
13,135 14,705 18,700 66,170 112,710
240,135 217,710 179,110 1,193,184 1,830,139
19,555 17,730 4,585 93,638 145,508
52,700 37,335 14,060 231,356 335,445
103,770 53,765 38,125 258,300 453,960
108, 260 153,285 116,116 958,200 1,335,855
11,555 13,085 25,215 84,600 134,455
36,200 21,555 26,335 189,472 283,562
13,220 8,688 9,860 76,160 107,905
1,264,711 1,152,467 970,213 6,218,534 9,605,925
13.17 ii;;i;* 10.10 €64.74 100
Akinwumi et al. Economic Survey of Nigeria
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can be produced and marketed at a reasonable price. 1In
many countries the per capita consumption of poultry
meat has expanded directly in proportion to the

increased availability of poultry at an economic price
(FeA 0., 1966). Poultry has been recognised as the
fastest growing type of livestock through which much

of the nceded animal protein can be obtained. Generally,
capital investment in broiler operation is quickly
recovered, For example, money spent on feed and labour
is paid back within three months of broiler operation
(National Committee on Green Revolution, 1980), 1In
addition to supplying meat to the consumers the poultry
industry offers opportunity for the local manufacturer
of feedstuff, poultry equipment and local food processing
plants,., Poultry production has been included in many
applicd nutrition projects because, of all the branches
of animal production it is particularly well suited

to farm families, youth groups and schools (F.A.O.,

1968),

The success anticipated for the development of
Nigeria's commercial poultry industry depends to a
greater extent in meeting the shortfall of the protein
component in the poultry ration. The industry can be
expanded rapidly and has already achieved a scale

sufficient to generate the technical skills largely
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from within the private sector. The major role of
governnents must be to ecnsure that this technical
potentials is not confronted by resource constraints
and that the economic performance of the industry
improvas so as to reduce iits dependence on imported
feed, In view of this Lechnical capacity to expand not
only in line with projected demand for poultry products,
but also to make good other animal protein shortfalls,
target growth-rates have been established by deducting
from demand projection the contribution that would be
made from all other livestock sources and allocating
the balance to poultry as shown in Table 7. 1t can be
seen clearly from the table that poultry is capable of
making up the shortfall in protein supply from other
livestock sources by 1990 (National Committee on Green

Revolution, 1981),

1.4 7The Problem Statement

Feed is a major cost item in broiler production
just as it is in all livestock production. Any attempt
to increase profits in broiler production must therefore
strive to ninimize feed costns. Cost minimization
problen i1as to do with how tihve various feed ingredients

have to Le combined to reduce costs,

S5o0me studies have becen carried out on the effects

of protein and energy levels on the performance of



Table 7, Composite pen
Animal protej

and and sy
n Equivale

_QQ_Q Tonnes

e e

L . -

Demnand
Target supply
Beef

Milk

Goats and sheep
Pigs

Sub--total

Balance

Prqlgggqq_gemand
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broilers produced in Niceria. Olomu (1976) in his
resul ts roecommended 23 per cent protein and between
2800 and 3000 kcal/kg metabolisable energy. Babatunde *
and Fetuga (1976) recomnended about 24% protein level
for starters and 18% for finishers. Realizing a lack
of information on the nutrition of broiler on chicken
in the ecarlier works Olomu and Offion (1978) conducted
a detailed study to determine the optimum protein

and encrgy levels for starting and finishing breiler
chickens and to determine time of change from broiler
starter ration to broiler finisher ration., From their
result: they recommended a protein level of 23 per cent,
energy levels of 2800 to 3000 kcal/kg diet for starting
broiler chickens and 20 per cent protein level and
enerqgy level of 3000 kcal/kg for finisher rations.

Coon (1978) estimated optiaum protein levels for
broiler starter rations and recommended 23 per cent
protein. Payne (1978) estimated energy protein

balance in broiler starter ration and observed that
optimun weight gains were at the level of 23 per cent

protein and 3120 kcal/kg of metabolisable energy.

In the above studies fishmeal and groundnut
meal rformed the major protein component of the feed,
Fishmeal is imported into the country while groundnut

meal is produced in the country and has a protein
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the ration for broilers at six weeks of age, and that
when rations containing no fishmeal were only introduced
at the finishing stages (6-9 w=zeks) weight gain, feed
consunption and feed efficiency were not significantly
different frem those obtained when fishmeal was fed
throughout*, The price of fishmeal has risen from
about .i140,00 in 1973 to K700,00 per ton in 1974,
According to Fedesal Department of Fisheries, this
country spent W3 million yearly on fishmeal during the
same period. This figure rose to about N12 million in
1979 (Federal Department of Fisheries, 1975), This
trend will be expected to continue with the rapid
expansion in the poultry industry. It is clear from
the above that feed cost cculd be reduced by omiting
fishmeal from brailer ration for the last three we=ks
of the finishing period which is also the period of
maximum feed consumptlon, When fishmeal prices went
up in 1973/74, many developed countries substituted
almost all the fishmeal in poultry and pig diets with
cheaper soyabean meal, a vegetable protein (Jakonda,

1975) .

—— . e o . —

*Rations containing groundnut meal as the sole
supplementary protein and fed during the finishing
period (6-=9 weeks) delay market weicht at (9 weeks)
by only two to three days as compared to finisher
rations containing fishmeal.
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The work of QOlomu and Offiong (1978) is in
confecrinity with earlier studies carried out by Wethli,
et al. (1975) on the effects of feeding high levels of
low quality nrotein to growing chicks. They noted
that where groundnut meal or soyabean meal is availablg
and fishmeal not available or expensive, reasonable
growth rates can be attained with all vegetable proteins,
and that compensatory growth may occur so that
differences due to the type of protein supplied may not
be apparent at later staqges, Olayide and Akinwumi
(1979) have observed that the greatest constraint in
broiler production is costs. Locally produced birds
have consistently been more costly than the imported
frozen chickens, thus making local producers unable
to sell their chickens so long as frozen chickens are
avallable, According Lo them the available data showed
that broiler production costs have risen to about 83
kobo per kilogram in 1278, Selling prices have increased
in step to about H1.05 per kilogram in 1971 up to
42,30 in 1978, The greater part of this increase in
cost is attributable to fecd costs. In 1979 at a
Conference on Poultry Production in Nigeria, Olomu
commented that "at NAPRI, we have been able to rear
pullets on all vegetable protein rations. Wwe found
no need to include fishmeal and or synthetic lysine

and wmethionine in pullet feeds from day old. We have
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also been able to reduce the number of ingredients in
the feed to six taking premix (vitamins and minerals)
as one ingredient” (Olomu, 1979)., This is an important
breakthrough indeed because costs of poultry production
could be rcduced with the removal of imported and

scarce fishmeal from poultry rations,

It is generally accepted by experts that one of
the major problems facing the animal industry generally
in Nigeria is shortage of local feeds, According to
Njike, the existing practice of heavy dependence on
imported feedstuffs will continue to pose a constraint
to the development of the livestock industry. The
problem has engaged attention of nutritionists for quite
sometime. The use of Ffeeds made up of vegetable materials
alone for animals has been a subject of research (Njike,
1979; pabatunde and Fetuga, 1968; Olomu, 1978).
Knowledae of nutrfent requiremcnts and the composition
of local raw materials will enabhle the preparation of
low cost feeds. Proaress in our poultry industry today
is beset by the prevailing high prices of poultry feeds.
The net result is that poultry products are outside the

reach of most Nigerians,.

Olomu (1979) alsc observed among others that the
problem of poultry feed industry in Nigeria is

attributable to inadequate knowledge of possible
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alternative and cheap ingrediesnts, our dependence on
the importation of certain fced items and competition
between man and animals for some feed items. He went
on to stress that alternative feed ingredients which
should preferably be cheaper and more readily available

must be sought.

In all the studies reported above recommendations
were made to a large extent on technical findings and
very little reference were made as to econcmic
feasibility of the rations recommended. 1In other words,
there is no study so far carried out to find out the
economic implication of omiting fishmeal from the broiler
ration, It is a well known economic fact that physical
optimum does not necessarily mean economic optimum,

The formulation of broiler finisher ration using
groundnut meal as the main source of protein excluding
fishmeal can be looked upon as a new technology whose
profitability to the producer has to be determined
through studies such as this one. At this stage of
Nigeriats economic development it is safe to assume that
the main goal of a commercial broiler producer is profit
maximization, Therefore to facilitate the process of
adoption of technical findings, evidence of profitability
has to be made available to the producer, Using Olomu

and Offiong's study (1978) as the basis, this present
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study will attempt to complement their findings by
determining economic optimum levels of protein in the
rations with groundnut mcal as sole protein source in
the broiler finisher ration, optimum combination of
feed ingredients to be used for a given weight gain
and optimum weight to Lake the broilers to market for
sale, Specifically answers to the following questions
will be sought:
(a) Given input/output price relationships,
what is the optimum feed combinations

for a given level of broiler output.

(b) wWhat should be the optimum market
weight of broiler?

(c) What are the effects oﬁ profits if
prices of feed inputs and broller are

varied?

According to Henderson and Quant (1980) the best
utilisation of any particular input is a technical
problem, but the selection of the best input combination
for the production of a particular level of output
depends upon the input prices and is the subject of

economic analysis,

There is evidence that breoiler production in
Nigeria has great potential for meeting the nation's

shortfall in protein requirements as well as economic
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returns to the producers, as a consequence studies on
the pihhysical and economic relationships between feed
inputs and broiler output becomes very important,
More so when feeds alone are sald to account for up

to 70 per ccnt cf variable custs,

1.5 Objective of the Study
Ihe general objective of the study is essentially
to preovide basic economic information on the utilization
of groundnut m=al as the only source of protein
(excluding fishm=al) in broiler finisher ration. The
specific objectives therefore are:
(a) To estimate the relationship between
broiler output and feed inputs. To
deternine the marginal physical
products of the feed inputs i.e. the
quantity of broiler output resulting
from the use of one more unit of
feed input,
(b) To determine the least cost ration
for different levels of broiler
output under current price relationships
of the feed,
(c) 7To d-~tr-mine marketing weights of
broiler which will wmaximize profits

above feed cosis, at some range of
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feed inputs and broiler output prices and
estimate profit levels associated with these
weights.

1.6 Justification of the stud

- e & e

It has been observed by Njike (1979) that the
high cost of poultry feed is attributable to the
importation of certain feed components particularly
fishmecal. As much as /12 million was spent in 1979
in the iwmportation of fishmeal alone into this country
and figures for 1980-82 would be expected to be higher,
Studies such as this aimed at providing information
required for efficient utilization of cheap local
materials for the formulation of poultry rations and
the econciic consequences of such utilization is
important., Such information is practically unexistent
and will be useful to coancrcial poultry feed producers,
the broiler producer who formulates his own ration
and such information may aid policy makers in the
planning for increased utilization of local materials
for poultry ration by ensuring its availability. This
could be by providing inputs at subsidised rates and

attractive produce price for groundnut growers,

Progress in our poultry industry today is beset
by the prevailing high prices of poultry feed, the

net result is that poultry products are outside the
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reach of most Nigerians, COne immediate advantage of
increased utilization of cheap local material in poultry
ration will be a fall in the cost of production and
hence a paralled fall in the price of broiler chickens
resulting in increased demand and consumption of animal
protein, Another advantage will be the reduced
importation of fishmeal and hence saving in foreign

exchange for other development project.

In summary, the achievement of the objectives
of the study would provide basic economic information
on the utilization of groundnut meal as sole protein
source in the broiler ration. Such information would
be useful to livestock feedmills and poultry producers
when formulating poultry rations, The omission of
fishmeal in poultry ration for increased use of groundnut
meal is a relatively new innovation, therefore economic
information on such innovation will facilitate its
adoption, if it is assumed that profit maximization

is the goal of the producer,
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CHAPTER TWO

THEORETICAL FRAMEWORK

2.1 Int duction

. - . e e ——

The analytical procedure in this study will rely
on the theory of production function and equimarginal
principles of co-~t! minimisation. The analysis and
discussfon in this chapter will be based on this theory
and principles as relevant to the economics of broiler
production, in particular as it concerns the determinatinn
of a minimum cost ration when groundnut meal is the major

protein supplement.

2.2 Theory of Production

The most important consideration for the
determination of how rescurces of a producing unit
should be used ic the technical condition of production
which is a purnly trachnical relationship showing how
inputs are ..z..5. Zlw.d to output (Teh-wei Hu, 1973).

It is assumed that there 15 a relationship between the
resource inputs and their output, that is, quantity

of output is determined by quantity of inputs. 1In
livestoclk production functions (as well as in most
output/input relationship) this relationship is of

smooth and ccntinuous curves (Dillon, 1977).



33

Any type of physical output requires many input
factors. In general it is cumbersome to 1list all the
input factors involved in producing a particular
livestock product. 1In production function theory,
this condition is simplified by taking into consideration
the more important input factors that could easily be
incorporated. This study will therefore concern itself
with the quantity of broiler output achieved in
relation to the varying gquantities of feed inputs. The
effects of other input factors as well as other variables
such as technology, climatic factors, etc. are assumed
to be fixed. 1In some cases, the presence of any
variable (qualitative) that is helieved to affect
changes in output level are accounted for by the use

of dumy variables (Johnston, 1963).

In this study a batch of 40 birds per pen is used
as a technical unit, the '"“r2n principles variables
are the gains in weight of the broiler chickens, yellow
maize and groundnut mcal feed intake. Functions will
be obtained by using cumulative quantities of yellow
malze and groundnut meal feed intake as the explanatory
variables, and the cumulative live weight gains of the
broiler chickens as the dependent variables, All
other fecd ingredients which in this experiment were

used at low levels will be considered as fixed factors,
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eg. bone meal, oyster shell, common salt, premix
(vitamins, lysine, methionine, coccidiostat etc) along

with labour, capital equipment, housing and management,

2.3 The Specification of the variables

The specification of the variables will be thus:

Y = f(cg P, X1 oesne xn)

where

Y = average weight gain in grams per bird, A
pen of 40 birds constitutes a technical unit,
The weight is from the start of finishing
period, 6th week to the particular weighing
date. Consecutive gain observations on each
pen were taken weekly on a given protein
level, Each observation is the cumulative
sum of previous observations on that protein

level.

P = average intzke of groundnut meal in grams per
bird from the start of the finishing period
of the particular weighing dates. The first
observation of weight of groundnut meal is
from the beginning of the experiment to the
first weighing date of the birds. The second
observation is from the beginning of the

experiment to the second weighing date and so on.
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C = average intake of yellow maize in grams
per bird and the observations are as for

groundnut meal,

Xq = X = total quantities of other fixed inputs as
labour, housing, drugs and veterinary

services, power etc.

The specification of the variables is in cumulative
terms, Tihis is in line with the suggestions of Heady
and Dillon (1969) that when livestock preoduct is a stock
resource such as poultry meat harvested upon slaughter
of the broiler chickens, the observations required to
estimate marginal productivities and the marginal rate
of substitution relate not so much to daily intake of
feed and dally production but to the cumulative quantities
of inputs used at each stage of production. 1In an
attempt to standardize the feed inputs they suggested
the use of such common names as yellow maize, groundnut
cake, fishmeal, soyabean etc, to ensure some specified
uniform guality within such category (Heady, 1952). It
is beliecved that because of too many different qualities
and types of feed, it would have been better to use
physical and chemical characteristics of feed such as
total dicestible nutrient (TDN), digestible crude
protein (DCP), net energy (NE), etc. According to

then the scientific characterization of feed in this
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way will not bé éuited for use as basic standard in

the estimation of livestock production function. This
is because such standard assumes constant nutritive
value independent of both guantity and quality of feed
utilized, nature of feed mix and the condition of the
animal. Such assumed constant marginal rates of inputs
and outputs suggest linear framework which negates
possibility of increasing or decreasing returns, a

feature iimplicit in livestock production function,

2.4 Marginal productivity of Feed Inputs

Dlllon (1977) indicates that the production
function in crops and livestock is a continuous smooth
relation between inputs and output. Heady (1952) has
also asserted that a discontinucous input/output “
relationship is also pogsible, These conditions are
encountered in the short run production function which
relétes inputs to output when some resources are held
constant, Some characteristics are assoclated with
any given production function. It could have a
constant, decreasing or increasing productivity of the
variable factors. The result of these characteristics
is the introduction of the concept of marginal
products in the production process. Marginal product

is definaed as the addition to total product resulting

&

I
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from the use of one more unit of the variable input.

It ie the concept of marginality and average that is
used to determine the profitable stage of production
and consequently, can be adapted to determine optimum
resource allocation., It will be irrational to continue
production up to a point where marginal product of the
variable input is negative because then less output is
added to total product by the use of an extra unit of
variable input. Similarly it will be irrational not
to produce at a range where the marginal product is
positive but decreasing because more output will be
realised by the use of wmore varlable inputs, For this
reason basic production theory concentrate only on the
efficient part of the production function., This is the
range of output over which the marginal product of
factors are positive and diminishing. This forms the
basis of the widely applicable law governing the
input/output relationship. The law states that if the
quantity of a productive resource is increased by

equal amounts with the quantities of other resources
held constant, the addition to total product may
increase first at increasing rate, then may increase
at decreasing rate, and may eventually become negative.
This is referred to as the law of diminishing return

or variable proportions,.



Meat production functions indicate that output
levels increase at a decreasing rate (ie. each additional
input of feed usually results in less gain weight), and
feeds tend to substitute for each other at a diminishing
rate (Heady and pillen, 1960), These conditions are
expected for broilers. Since each group of birds under
study were fed on a given protein level throughout the
exparimental period, it could be expected that
diminishing returns will prevail. As birds increase in
size more and more fecad is required for maintenance
and for body composition changes, The changes in body
.66ﬁﬁ551tion are expected to cause changes in the rate
of substitution between foeds. As birds increase in
size nore and more feed is required for maintenance
and for body composition changes. The changes in bedy
composition are expected to cause changes in the rate
of substitution between feads. As birds increase in
size and body weight, less protein is required and
feeds containing more carbohydrates may be substituted
for high protein feed as fattening stage is approached.
The process whereby broilers are first fed with starter
rations with higher protein content and later changed
to finishor ration with higher carbohydrate content
was found to be both technically and economically more

efficlent than the altcernative process where_broilers
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are fed with only one ration throughout the production
process (Ogungbile et al., 1982). Empirical evidences
have shown that whether the marginal productivity of
feed input will be constant, diminishing or increasing
depends mainly on the feeding regime, such that if
animals are overfed for a very long time they may die
of old age and both total and marginal product becomes
zero. On the other hand, if birds are underfed they
lose weight and marginal productivity will be negative

(pillon, 1977).

2.5 Pproduct Isoquant and Rate of Input Substitution

A product isoquant shows all possible combinations
of two inputs that will produce a given level of output,
when production involves more than one input and
diminishing marginal product as the one under study,
the shape of the isoquant is usually assumed to be
smooth and convex to the origin of the input axis. The
situation defines the relationship between the two
inputs otherwise referred to as factor/factor
relationship. The convex nature of the isoquant
suggests a range of continuous input substitution beyond
which factor substitution becomes more difficult., It
is therefore possible to encounter constant, increasing

or decreasing rate of factor substitution in a
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production process and the rate of input substitution
is very important in resource allocation decision
makinge There are other possible shapes of isoquant
depending on the degree of substitutability of factors.
These include linear isoquant which assumes perfect
substitutability of factors of production, input/output
isoquant which assumes strict complementarity (that is
zero substitutability) of the factors of production and
kinked insoquant which assunes limited substitutability.,
These shapes are not common in livestock feeding
operations (Koutsoyiannis, 1977) and will not be
discussed further in this study., Heady (1952) indicates
that a large number of resource allocation decision
centre around factor substitution at a diminishing

rate,

In any production process involving factor/factor
relationship, isoquants have the following characteristics:
(a) the slope of the isoquant represent rate of
technical r~vhetitutions (b) the slope of isoquant (RTS)
is generally negative, this is so because if we use
more of one resource we would hope to use less of the
other in producing a given output; (c) isoquants for
higher levels of output will lie above and to the right
of isoquants of lower levels of output, this means

that it will normally require more of either or both
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resources to produce more output, for similar reasons
iscquants do not intersect, and we would not expect a
given coubination of two resources to produce more than
one lavel of output; (d) isoquants are usually convex
to the origin, this means that the rate of technical
substitution dimini-hes as more of one factor is used
to replace the other, 1In this study each added unit

of carbohydrate for example is expected to replace less
protein than the previcus unit. The reason for
diwinishing rates of substituvtion is that one factor

is rarely a perf~act subhstitute for the other,

lleady (1952) indicates that diminishing rates of
substi tution exists between carbohydrate and protein
ferds. ‘The birds used in the trial were fed on
carbohydrates and protein feed. Since the variable
inputs in this study are yellow maize (rich in
carbohydrate) and groundnut cake (rich in protein),
it is anticipated that dininishing rate of substitution

of feed inouts will prevail.

2.6 Cost iiinimization or profit Maximization

It is generally assumed that the major goal of
a producing unit is profit maximization. One way to
maximize profit is to minimize cost. The relevance

of marginal rate of substitution in this study is to
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make possible the application of equimarginal principle.
This principle states that cost is minimized or profit
maximized when the marginal rate of substitution of
factors is equal to tha inverse price ratio. Put
differently the principle states that inputs should be
allocated in such a way that the ratio of marginal

value product to marginal factor cost is equal for all
inputs in all enl:erpri.se:{1 or marginal cost must equal

marginal revenue.

The classical production economic theory indicates
that two points may be distinguished on the total
product curve or response curve, The first of these
occurs wheéere the marginal product is equal to average
product and the elasticity of response is exactly one.
The second point occurs where the marginal product is
zero as well as elasticity of response. These two
points divide the response curve into three stages.
Stages I and III are regardes as irrational area which
are unlikely to include the economic optimum under any
circumstances. Thus we usually find that marginal and
average products are positive yet diminishing in

practice because most farmers operate in stage II and

- . --n 4

1This study is concerned with only a simple enterprise
(broiler production) thecrefore discussion on
enterprise combination is not considered.
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avoid the irrational areas, However, Heady (1952)
indicates that the exact point of production which is
econoinic within this rational stage of production
function can only be determined with the introduction
of input and output prices. The same view is held by
Upton (1973) when he indicated that the precise peoint
of eccononic optimum can be found by using the response
curve and marginal curve together with lines showing
the cost of the inputs in relation to the value of

the product. For this reason the stage of diminishing
marginal returns is a necessary but not sufficient
condition for economic efficiency. 1In fact production
prollems become economic problems as soon as prices
determine how resources are used, output disposed and

for the purpose of defining efficiency of production.,

Nith information on the rate of substitution
between two resources (carbohydrate and protein) and
the respective prices of each, the least cost combination
of feed can be estimated, The principle of least cost
combination states that if two or more factors are
applied in the production of a single product, cost
is at minimum when the marginal rate of substitution
is equal to the inverse of factor prices (Heady, 1952).

The relatlionships can he presented mathematically thus:

Mp L
_*‘E‘ = EC_Z = NRSC’
MPp )
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Pe = price of carbohydrate (yellow maize)
pp = price of protein (groundnut meal)
MRS

C, P = marginal rate of substitution of
carbohydrate for protein
1ip = marginal product of carbohydrate

pr = marginal product of protein

In the use of two inputs for the production of a
single output, the operator has three alternatives,
open to him, The first is that he may maximise his
output subject to cost constraint, the second
alternative is that he may desire to minimise cost of
production at a given output and thirdly, he may wish
to vary the levels of both cost and output. For the
first situation, his equilibrium or optimum combination
of inputs is given at the point of tangency where the
slope of the isocost is equal to the slope of isoquant.
For the second situation where cost is minimised in
the production of a given output, the same equilibrium
condition holds true., This constitutes the first order
condition for equilibrium, the second order condition
is that the isoquants be convex to the origin. For
the third situation, maximum profit input combinations
can be olitained by using every input to the point where
marginal cost is equal to marginal revenue of the

given input. Under the assumption of perfect market,
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these quantities can ba estimated by e@uating tHe
marginal physical product (partial derivative of
qﬁantify with respect to the explanatory variables
carbohyidrate and protein) to factor price ratio. This
max;mum profit input comblnation lie on the expansion
patﬁ and is a special case of the previous two situations; W
The expansion path is the locus of tangency points of
i1soguant and iscocost lines, The rational entrepreneur
will sclaect conly input combination on'expansion path1
as he increases the output of his product {Aadesipe,

1981) .

The above principles will be used in this study.
points of tangency betwean 1socost lines and isoguants
ie., points where the price ratio is equal to the
marginal rate of substitution of ¢one input for the
other will be used to determine the minimum cost ration
for given broiler output. An assumption of perfect
market will be made so that prices of inputs and cutputs

can be used to determine nrofit above feed costs.

—A A Wil ol il e 1ol - e |

1Thu expansion path is the locus of tangnncy pOlntS
of isoquant and isocost lines.



CHAPTER THREE
METHODOLOGY OF STUDY

3.1 Source of Data

The data upon which this study is based are drawn
from cxperiments conducted by Animal Scientists in
the Poultry Production Unit of #ational Animal
Production Research Institute, Shika. The Institute
lies within the Northern Guinea Savanna zone.

Shika is situated about eight km Northwest of
Samaru on the Zaria-Funtua road., It lies between
latitude 11°N and 12°N and longitude 7°t and 8°E at
an altitude of 640 metres. The rainy season starts
at the end of April and continues until early October,
giving an average annual precipitation of 1100 mm,
August is the wettest month and temperatures are
usually low at this time (mean max. 27°¢). Temperatures
during the dry season rezach a mean maximum of 35°C in
April., The vegetation consists of three species
typical of the Northern Guinea Savanna Zone, and

include Isoberlinia doke, Terminalia avicenniodes and

pilostigma thoningii, of the grass cover Panicum

Andropogen and Hyparranania spp are dominant.

—

Unsexed Ross 1 broiler-type chicks were used in

the experiments., They were weighed and assigned to
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ten groups of 40 birds each., The day-old chicks

were first rared on ration 1 (see Table 8) for five
weeks and starved overnight before they were randomly
assigned to groups of 40 birds each to the different
dietary treatments with 17, 20, 23, 26 and 29 per cent
protein and carbohydratc 51, 45, 33.95, 34 and 28.55
per cent. The energy content were similar for all
rations. Groundnut cake is the major protein source
while yellow maize constitute the main energy source.
Two pens of 40 birds each were assigned to each

dietary treatment (ration).

The chicks were brooded and managed on deep litre
in an open sided tropical type house in pens separated
by woaden partitions wire netting, continuous lighting
was provided. Feed and water were supplied ad libitum,
The birds were weighed and feed consumption was
recorded at weekly interval, The experiment was

terminated when the birds were 63 days old.

The aim of the experiment was to study the effect
of using groundnut meal elther as the sole source of
supplementary protein, or with addition of fishmeal, in
broiler rations fed at different protein levels.
However the present study is concerned with the
econoiniics of using groundnut meal as sole protein

source in the broiler finisher ration, with different
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Table 8. Percentage Composition of Ration Used in the Experiment

e B RS [ A e

a8 Sl

Ingredients 5 2 3 4 5 5
Yellow maize 48,35 51,05 45.50 39.95 34,00 2C 485
Groundnut cake 30.90 23.10 32.65 42,20 51.75 81430
wheat brand 6450 16.00 12.00 8.00 4,00 Ce00
Palm oil 2.95 5.30 5.30 5.30 5.30 5.30
Fishneal 750 - - - - -
Bone meal 2.00 275 2475 2.75 2:75 275
Cyester shell 1.00 1.00 1.00 1.00 1.00 1,00
Common salt 0.30 0.30 0.30 0.30 0.30 0e30C
Preai:: 0.50 0.50 0.50 0.50 0.50 0«20
Calculated Composition

Protein (%) 23.10 17.10 20.10 23.10 26.10 2+ 10
Lysine (%) 1,05 0.60 C.71 0.82 0.92 1,03
Methionine (%) 075 0.51 0.58 0.64 0.71 077

- ——— -
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levels of protein. This is to complement the technical
findinas., The information generated from the previous
analysis was mainly technical. The present study

seeks to supply the economic information so that
complete recommendations, both technical and economic

can bo made to the farmers.

Rations for growing animals have been largely
defin=d in terms of encrqgy and protein supply, and in
recent years attention has been given to determining
the effect on the performance cf varying combinations
of thase two nutrients., For this reason, it is assumed
that the energy-protein relationship describes
adequately the gross nutrient requirements of the

broiler (Dent, 1961),

Although the experiment was not originally
designed [or production function study, nevertheless
the datn ¢generated was sufficient to fulfil the
objective of the study. According to Heady and Dillion
(1964), some of the classical designs that have been
usecd in theo response surface estimation to avoid
bias include complete randomised, randomised block,
latin square and split plot designs. They also
pointed out that to determine the experimental error
and lacik of fit, at least two blocks or replicates

are nacessary except where the researcher has prior
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knowledca f the expectied error., As for the number

of treatuents, there shoul.e L2 at least sufficient to

provide a few more sets of obua=pvations than there are
paramet=zr: to be estimated in the production function

model.,

The experimental procedure adopted in the study
was coupl-rte randomization wmd has met with the

requirenconts stated above,

From the foregoina it is evident that the
experinental design discunsed earlier which is
essentially gains in welqght of broiler chickens and
the quantity of feed consuaed provides the basgic
information needed for c¢stiuating production function,
Baswd on the definition of observations on Section 3.2
and coniidering the experimental design in this study,
each pen of 40 breiler chickens provides a number of
obzarvations. The exact aunber of observations on
each peid will depend on thoe number of weekly readings
obtainabl~e during the preriod of the experiment. Since
ther~ was one readinqg por pen ner week and there were
two pens per dietary treabment, the total number of
observations was the product of ten pens and nine weeks
of ciperiuent (90 obs~ervations), Similarly the total
number of observations {ur the finishing period in

this study was taken to be the product of the number
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of pens and number of weeks of finishing period in the
experiment (10 pens x 4 weeks) which gave a total of

40 observations. 1In each observation, the cumulative
feed intake was separated into their components of
yellow naize as the carbohydrate and groundnut meal as
the protein components respectively. These two
constituted the independent variables. The dependent
variable was the cumulative weight gain. It was
possiltile to do the separation because this was based on
the knowledge of the percentage compesition of the

ingredients in each ration.

The data from the experiment cover the aspect of
broiler production on feeds composed of yellow maize
as the ecnerqgy source and groundnut cake as the main
protein source. Econometric technique of ordinary
least square method will be used to estimate production
function, Multiple reqression equation using the
cumulative quantities of feed inputs per bird as
independent variables and the cumulative live weight

gains per bird as dependent variable.

'roduction economic theories and the principles
of econometrics will be used to achieve the objectives
of the study., The conventicnal procedure in a production
function study is to estimate the total output curve

or surface as a regression equation. Marginal products
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for individual resource inputs then can be estimated
by computing the derivative of the product in respect
to the particular resource, or they can be computed as
simple averages between discrete resource inputs, Iso
product contours showing the combinations of resources
which will produce a specific amount of product can
be derived from the production function equation by
algebraically expressing one category of resource or
input as a function of another resource., From this
isoquant equation, the marginal rate of substitution
betwean resouvrca can be computed by taking the
derivative of one resource in respect to the other.
These derivatives then can be equated to the resource/
product price ratio to determine the optimum quantity
of 2 particular resource to use. The derivatives can
also be equated to resource/resource price ratio to
determine the optimum combination of resources to use
for a particular output, This procedure will be

followed in this study,

3.2 Adaptation of the Data for Production Functions

In any experiment treatments are applied to
experimental unit, 1In the experiment from which the
data for this study was based, treatments were the
various rations used while broiler chickens represented

experimental units. The treatments applied and the
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response they induce are recorded as observations.
However according to Heady and Dillon (1969) treatments
are not the number of rations used but the actual

feed consumed in a livestock research study. The
observations consist of the cumulative weight gain of
broilers, cumulative weicht of yellow maize (carbohydrates)
and cumulative weight of groundnut meal (protein). The
experimental design used in this study was the complete
randomised design. The data sc generated which was
essentially given in weight of broiler and gquantities
of feed consumed can therefore be adapted for a

production function study (Heady and Dillon, 1981).

3.3 Choice of Tools of Analysis

Much deserved intercsts in the formulation of
minimum cost ration and the specification of optimum
market weights for broiler chickens have resulted
from previous research by agricultural economists and
others (Brown and Arscott, 196C). 1In their estimation
of animal production functions and optimum ration
specifications they said that linear programming has
proved useful in allowing a large number of specifications
to be met by the cheapest possible combination of feed
ingredients in trying to minimise cost of rations. 1t
was observed however that useful though these methods

have been in minimising feed cost, cost is only part
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of the total problem. Returns must also be considered
to find the most profitable combination of feed
ingredients for the ration. No consideration of
returns is given by the usual linear programming
formulation of the least cost problem. Marginal
analysis of the production economic theory would seem
to afford a better approach than the linear programming
least cost model. Marginal revenue could then be
balanced with marginal cost and profits could be
maximised with a specified set of ingredients. This
study is essentiaolly that of profit levels above feed
costs, hence marginal theory will be used as the tool

of analysis.

The importance cf production functions in
quantifying innut/output relationships and in economic
decision-making was discusserd earlier in the chapter.
The choice of functional form for the estimation of
parameters aic cit.cmely imporlant in a study of this
nature, There are a number of alternative functional
forms from which to choosee. The choice of any one
automatically imposes cazrtain restraint on the function,
with respect to the relationships involved and optimum
resource quantities which could be specified. No

single form can be used to correctly express agricultural
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production under all environmental conditions. The
algebraic form of the function and the magnitudes of
the co-efficients will vary with variety of crop or
livestock, resources used and technology. For this
reason a problem in each study is the selection of an
algebraic form of function which appears or is known
to be consistent with the phenomenon under study

(Heady and Dillon, 1969).

However Tehwei Hu (1960) suggests some criteria
that may be considered in choosing a functional form,
First is that the simple form is chosen rather than
a conplicated one if the two can explain the problem
equally well. Secondly reliance is made on economic
theory as much as possible and thirdly, a good model
should have good predictive power. All these criteria
are not necessarily consistent, they may contradict
each other., Therefore the choice of a functional form
is often a difficult task, the researcher has to decide

for himself,

The three functional forms commonly used in
livestock production function studies are the
Cobb-Douglas or power function, the quadratic, and
the sguare-root functions., The Cobb-Douglas function
has been uxtensively used for farm survey data (Johnson

et al, 1972) because of its convenience in compilation
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and interpretation of elasticity of production. The
estimation of parameters involves fewer degrees of
freedom than other algebraic forms which allows
increasing and decreasing return to scale, thus it is
an efficient user of deqgree of freedom., The limitation
to the use of Cobb-Douclas function is that it cannot
be used for data where there are ranges of increasing
and decreasing marginal productivity and for data with
both negative and positive marginal productivity (Heady
et al, 1969), Cobb-Douglas function also tends to
over estimate the marginal productivity of resource
input at higher levels of product output. However its
greatest advantage in livestock production function
such as the one in this study is that it can be used

to estimate an average ration over the entire production

processs

The Cobb=Douglas function is written as shown
below:

aCbl + Pb2 + B

=~
L}

where = weight of broiler output

Y
C = weight of carbohydrate

o
n

weight of protein input

E disturbancge term

a, byy b, are parameters to be estimated.

The simple quadratic equation has greater
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flexibility than the Cobb-Douglas function. It assumes
neither constant elasticities cof response nor constant
ratios of response, both can change with greater input.
The function can be applied to all observations and
allows for a positive but diminishing products,
following a negative marginal products of declining
total yield weight gain. According to Heady (1956) a
cubed term can be added to this equation to give
increasing marginal products, declining marginal
products as well as negative marginal products. The
equation allows inputs to be substituted only for small
outputs, Its main limitation in this study is that
it cannot be used to estimate "average" ration.
Rations have to be changed for every level of weight
gain. The quadratic function is written as shown
below:

Y =aws+ bh,C~-Db C2 + b,P - Db P2 + b.CP + E

1 2 3 4 5

where Y, C, P and E are as for the Cobb-Douglas

equation, a and the bs are parameters to be estimated,

The other functional form tried was the square
root function. It is rendered like this:

o3 o5

+ b,P = b,P + b C'5

3 4 + E

Y= a=+ blc - b2C

5
The square root function allows both diminishing total
product and diminishing marginal product and a defined

maximum, Like the quadratic, the least cost path to
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higher output denotes changing mix or ratic of input,
the input mix should change as product price increases
or decreases accordingly (Adesipe, 1981). The
limitation of this functional form with regard to this
study is that it allows extremely large marginal
products over small inputs, followed by a long range
of small and fairly constant marginal products. The
data generated from this study do not allow for a range
of constant marginal products, rather small units of
inputs are followed by small units of outputs, first
at increcasing rate followed by decreasing rate, but

never at constant rates.

In this study, based on the above explanations
overall regression equations were obtained for each
of the functions, so also were the associated statistics.
Computer facilities using SPSS package was employed

to estimate the parameters of the multiple regressions.

3.5 Limitations of the Data Used

Estimation of meat animal production relationship
typically presents the rescarcher with at least two
major econometric problems, The first arises because,
normally, successive observations must be taken from
the same experimental unit (a group of 40 broiler

chickens in this study), as the birds proceed over a
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gain path (Johnston, 1972), Because the same
experinental unit is used for repeated observation

one assumption used in ordinary least square procedure,
that of zero co-varience for the disturbance term is
viclated., The second estimation problem arising in
animal production studies stems from the basic nature
of animal production. This problem arises because

the animal, not the experimenter or the farmer, controls
the rate at which feed is consumed. The researcher
can dictate how much the animals eat in feeding

pericd but not the days needed to consume a set
quantity of feed or the researcher can specify the
days in the trial but not the total feed consumed,
Because the broiler chickens used in this study were
fed ad 1libitum, that is Ffull feed, it would not be
proper to consider the quantity of protein supplement
(groundnut meal) or yellow maize consumed as fixed

variables (Askalani, 1970),

To cvercome the estimation problem posed by
measurement error in the independent variable, an
instrumental variable estimator can be employed in the
analysis, This has not been done in this study because
the error that may arise in the measurement of the
independent variables is assumed to spread over to the

corresponding measurement in the dependent variable.
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These errors will therefore cancel out Duley et al
{1567). The introduction of an instrumental variable
will make the analysis complicated, it is hoped that
the results and conclusions will ncot be adversely

affected by not using it in this analysis.

In this étudy one of the assumptions of the tool
of analysis was vioclated., Method of ordinary least
square for fiting regression assumes that there is no
dependence between any of the explanatory variables.
However this assumption could not hold in the forms
in which these variables were treated since some
amount of protein and energy that could affect cbserved
weight gain exist together in both of the ingredients.
This is a well known problem in livestock production
function study, except where all feed ingredients are
expressed 1In terms of crude proteln and energy.
Theoretically recommended means of correcting this
violation is by eliminating one of the correlated
variables known to b~ contributing least to the
regression varlation. This hag not been done in this
study because there will be only one explanatory
variable left, This will leave the main objectives
of the study unachieved because the aim of the study
is to observe variation in terms of feed ingredients.
Since the degree of multicollinearity being encountered

here 1s very low (as measured by low standard error
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of the co-=effiecients) it has been left uncorrected
believing that it will have very little, if any effect

on the results.

In the experimental design used, small number of
birds (80 per treatment) were used. This invariably
reduces the representativeness of the results since
actual commercial production will definitely involve
thousands of birds per batch of operation., The small
number of birds involved in the experiment can be
attributable to huge costs that will be involved.

Since it was not possible to set up another experiment,
one has to be satisfied with the technical relationship

provided by the few birds as used in this study.
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CHAPTER FOUR

STATISTICAL RESULTS AND ASSOCIATED
REGRESSION EQUATIONS

4.1 Introduction

In this chapter the results of the regression
equations and the estimated statistics like the F-ratio,
ad justed R2, t-ratios and the correlation co-efficients

are presented.

4,2 Qggiigtical Results

In Table 9 is presented results for the quadratic,
square root and Cobb-Douglas functions. The F-ratios
and the co-efficient of determinations (the adjusted
R2) cf all the functions are high and significant.

This shows that weight gain of broiler chickens are
attributable to the feed input of yellow maize and
groundnut meal. The t-statistics for the variables in
each of the functions are shown in parenthesis and
their levels of significance are also indicated. For
the quadratic function the sign of the squared terms
are negative showing a condition of decreasing returns,
The beta=coefficients show positive signs indicating

a positive production response to increasing output of
the variable inputs. These beta-parameters of C and

P measure the direct influence of the input levels on
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* Beter co-efficients significant at probability level of

1%

5%

t = statistics in parenthesis.

Beter co-efficients significant at probability level of

Table 9, Statistical Results of the Multiple
Regression of the Quadratic, Square Root,
and Cobb-Douglas Eguations.
Quadratic Square Root Cobb=Douglas
Equation Equation Equation
Adjust RZ 975 975 975
F.Ratio 171.781 308.474 742,009
Intercept 0.616 357,292 3.160
c 0.439 0.126 0.3588
( 5.345 )» ( 0,095 ) 20.00 )
P 0.706 0.150 0.4559
( 5.696 )= ( 0.669 ) ( 19.549
( 1.815 ) -
p2 —0.00194 . =E=s== =======
( 2:371% )
C.s E====== 13. 492 ===Sms=s===
{ 2,059 )=
p.s =E=E=sss=ss= 26. 303 - =ECS===s
{ 2.529)
c*? p*> - -0.928 —
( 0.385 )
No. of
Observations 40 40 40
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the output, which should in normal condition be positive,
The parameters in the gquadratic equation correctly
represents this condition. The interaction term (CP)
should have positive sign meaning that the two

variable inputs are more productive when used in

combination (Upton, 1573).

The results of the square root function are not
much different from those of the quadratic function
with regards to the F~ratio and the co-efficient of
determination hence their results are similar. However
because of too many wrong signs of the cowefficients,
this function will not be used in economic interpretations.

.5 5

For example the C and P have positive signs meaning

increasing marginal products of the inputs at all levels.
The interaction term (C’5 p'5) has negative sign
indicating no relationships of the inputs in producing
the output, These conditions are contrary to the
production process under study in which a decreasing

marginal productivity prevails.

For the Cobb-Douglas funétion the R® is equally
high, 97 per cent of the variation in weight gain is
statistically explained by the variation in carbohydrate
and protein intake. Both C and P are statistically
significant at one per cent level with t-values at

204,00 and 19,549 respectively., The exponents of the
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equation are the elasticitlies of production indicating
increase in weight associated with one per cent
increase in consumption of a particular feed. Because
each feed elasticity 1s less than one, decreasing
returns existed for each feed input and because the sum
of the elasticities for the two inputs was less than
unity, diminishing returns held true for the two

feeds,

4.3 Marginal Physical Products and Weight Gain
ef Peed Inputs

Based on the explanations given in section 4.2 as
well as those given in Chapter 3, section 3.4, Cobb-Douglas
function may be used to estimate the marginal physical
product of feed lnputs and the total weight gain., This
will allow for the estimation of technically optimum
ration. Although technical optimum does not necessarily
mean eccnomic optimum. Marginal rate of substitution,
least cost ration (average rations) and gain isoquants

will be estimatad,

The Cobb-Douglas function (eg. 1) for the finishing
period (6-2 weeks) was employed to determine the marginal
physlical product of feed input and corresponding weight

galn for ecach of the ration.,

Broiler production results from the use of many
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types of feed ingredients. 1In this study yellow maize
was the main source cof carbohydrate, while groundnut
meal provided the protein component. They constitute
80-85 per cent of a unit of feed. A logarithmic
overall production function type was fitted to
experimental data to estimate broiler production
functions. The function was based on two pens per
ration., The assumption was that the rations were fed
from week six of the experiment to the marketing time,
The overall production function was as follows:

¢ o 3.162 3588 44559 (1)

where Y weight gains in grams per bird

]

Cc

L}

carbohydrate (yellow maize) in grams

P = protein feed source (groundnut meal).

The overall power function in (1) above was
employed to determine the marginal physical product of
the feed inputs and weight gains. Firstly, the total
feed input was predetermined by taking wide range of
feed inputs to cover as much as possible the range of
feed inputs that can be used, In this study the
feed input selected ranged from 200g to 2200g.
Secondly, the ratio of the major ingredients in the
ration (yellow malze and groundnut meal) were determined,
This was done with the aid of the original composition

of ration (see Table 8). The figures so obtained
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represented the combination of carbohydrate and protein
feeds in the ration. These figures when fitted into
the overall equation (1) wecre used to drive the weight
gain at the appropriate level of feed input. The same
figures were fitted into the derivatives of the
original equation to estimate the marginal physical
product of the feed input, It will be recalled that
the marginal physical product of feed input is the
addition to total output (weight gain) as a result of

the use of one more unit of feed input.

The derivatives derived from overall power
function (equation 1) are presented below (equation 2
and 3) and may be used to estimate the marginal

physical products of feed inputs (see appendix II).

dy 26412 44559 wmewe (2)

ac = 1.1345C P
dy « 3588 _=,54471 —me—ee (3)
aF = 1.4415¢C P

In this study however, the differences between
consecutive weights were divided by the amount of feed
involved to obtain the addition to total weight gain
by the use of an extra unit of feed input, which by
definition is the marginal physical product. This
method was adopted because apart from being convenient
and simple to handle, it also gave the marginal physical

products of the feed as a whole. While the method of
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derivative will give the marginal physical products of
the respective feed ingredient, thus equation (2) will
give the marginal physical product with respect to

yellow maize and equation (3) will allow for the estimation
of the marginal physical product with respect to
groundnut meal. Since the ingredients were used together
the results of the feed as a whole may be more meaningful
in the interpretation of marginal product of the feed,
than of the feed ingredients separately. Following

the method adopted in this study for example, the MPP

of the 17 per cent ration at 200g of feed input was
obtained by subtracting 45g, the initial weight of the
day-0ld chick from 95.44g the weight at the first
weighing date. This difference divided by 200g feed

gave the MPP. 1In other words 95.44 - 45 = 0.2522. The
200

results are presented in Table 10. The table shows

generally that greater increment to weight gain was
achieved at lower levels of proteins than at higher
levels., There is generally progressive increase in

total weight gain at higher levels of feed inputs. The
marginal physical products also increases with increasing
levels of protein but decreases with higher levels of
feed input with some variations. This can generally

be interpreted to mean that less and less weight gains

are achieved with increasing both protein levels and feed
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Table 10, Total Weight Gain and Marginal Physical Product Per Gram of Feed
QMMHK%mv Howmw.EmWQSﬁ Gain in (g) “ zmnmumww MWMNMMWHwMMMQCOw

17 20 23 26 29 " 17 20 23 26 29
200 95.44 107.36 115.11 119.10 112.86 " .2522 .3123 ,3512 .3710 .3373
400 181.38 194.%4 201.42 285.70 198.60 1 2134 2174 .2193 2272 .1C215
600 252.24 271.27 280.25 291.85 276.39 " .1181 1276 ,1312 .137%1 .1304
BOO 218.95 342,78 354,16 ,ummnmm 349,51 “ .1083 .1089 ,0%28 .10%6 ,1091
1000 382.41 411.34 425,10 442.60 418.30 I L1063 1069 1071 .1074 ,1G69
1200 443,85 477,30 453,05 513.58 486.13 “ .1051 1055 .1057 ,105¢ ,1G57
1400 503.37 541,14 559,10 582.20 551.20 " .1043 1046 .1047 ,1045 ,104%
1600 561,37 603.22 623.53 649.17 614.55 [ L1036 ,103% 1041 ,1042 1239
1800 617.86 664,16 686,27 714,57 676.47 “ .1031 .1034 ,1035 1037 .1034
2000 673.34 723,67 747.39 778.66 737,10 _ .1028 .1030 .1031 ,1032 .1030
2200 727.68 782,16 808.21 841.47 796,66 w L1025 1027 ,.1028 ,1031 .1027
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input. This agrees with theory of production which
stipulates that as birds increase in size, efficiency
of feed utilization decreases, more fats and less

muscles are deposited.

The changes in nutrient requirements as the
broilers approached maturity was partly reflected in the
total gains for each ration (Table 10). For example,
1000g of 17 per cent protein ration produced 382.4g of
gain, while the same 1000g of 23 per cent protein
produced 425,109 of weight gain. The higher protein
ration supplied more of the protein necessary for
tissue building and growth at lower weights. However,
2000g of 23 per cent protein ration produced 747.,89g
of gain, while the same quantity of feed at 29 per cent
protein produced 737,10g of weight gain. The higher
protein level does not supply a sufficient amount of
carbohydrate for the production of muscle at later
stages of growth. These differences were also reflected
in the marginal physical products up to 2200g of feed
intake, marginal feed productivity was highest with the
26 per cent protein level, The marginal productivity
at 2200qg feed input and a lower protein level of 23
per cent was higher than the corresponding marginal
productivity of feed input at 29 per cent protein level.

However, the ration which gave the maximum weight for
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a given total feed input need not be the most
profitable ration. The value of the gain from the
particular ration must be compared with the prices of

the two feeds and the quantities of each in the ration.

4.4 Gain Isoguants and Least Cost Ration

An isowuant curve describes the various combinations
of carbohydrate and protein components of a ration
required to produce a specified level of gain. The

isoquant equation is given as follows:

2.78
P - Y ——————— (4)

.46

3.16C

The number of gain levels that can be speeified are
infinite, but in practice this will be too cumbersome

and infact not necessary. Hence in this study only

seven levels of gain are considered, namely 250, 500g,
750g, 10009, 1500g, 1750g, 2000g, and thelr isoquants
estimated, These levels were selected based on practical
production situations in which broilers rarely exceed
20009 (2kg) live weight by the time of sale. The
isoquants are presented in Table 11 together with the
total feed cost for each protein level. These are

also shown diagramatically in Fiqure 1.,



70

Table 11, Isoquant Schedule showing Feed Requirements and
Costs for Specific Levels of weight Gain.
Wt.Gain % Yellow Groundnut Total Total
(g) protein Maize Meal (g) Feed Chst (k)
250 17 289,04 131.38 420.42 12.8
20 236,48 170.13 406.61 1242
23 202,00 213.00 415.00 12.4
26 170.33 259.25 429.58 12.8
29 147,16 312,13 460,29 13,6
500 17 672,32 305.59 977.91 29.7
20 566.17 406.44 972.61 29.4
23 464,92 491.46 956.38 28,7
26 396.130 602.97 999.07 29,9
29 342,26 728.22 1070.48 2L, 7
750 i &g 1104.47 502.03 1606.60 48.8
20 903.11 648,32 1551.43 46.8
23 761.73 805.21 1566.94 47.0
26 648.99 987.81 1636 .80 48.7
29 560.76 1183.10 1753.86 52.0
1000 17 1567.78 712.63 2280.41 69.3
20 1281.95 920.28 2202.23 66.4
23 1081. 26 1142.98 2224.24 66,6
26 921.26 1402.23 2323.49 69,3
29 795.99 169 3,59 2489,58 73.8
1500 17 2568,.62 1167.55 3736.17 113.5
20 2100,.33 1507.77 3608,10 108.8
23 1771.53 1872.65 3644.,18 109, 2
26 1509.39 2297.38 3806.77 113.4
29 1304,14 2774,.76 4078,.90 120,.9
1750 17 3098,97 1408.62 4507,59 136.7
20 ¢533.99 1819.08 4353.07 131.3
23 2137.30 2259.30 4396.50 131.8
26 1821.03 2771.73 4592.76 136.9
29 1573.41 3347.67 4921.08 145.9
2000 17 3646.12 1654.33 5303.45 161.1
20 2981,38 2140, 26 5121.64 154.5
23 2514,.65 2658, 20 5172.85 155.0
26 2142,.55 3261.11 5403.66 161.0
29 1851, 20 3938,73 5789.93 171,6
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In most production situations such as the one
under study it is possible to substitute one input for
another within limits, without changing the level of
production, Marginal rate of substitution (MRS) is the
slope of the isoquant which describes how yellow maize
and groundnut meal representing carbohydrate and
protein components of the ration substitute for each
other to produce some level of output or gain. The
equation of the marginal rate of substitution is
derived by taking the partial derivative of the overall
production function with respect to each of the feed
ingredients (yellow maize = C, groundnut mean = P).
These marginal productivity equations were then divided
by each other. 1In otherwords, the marginal rates of
substitutions of the inputs were cbtained from the
ratios of their marginal physical products, Hence
by differentiating the original production function
equation (1) with respect to yellow maize and groundnut
meal and setting the marginal physical product of
yellow maize (MPPC} over the marginal physical product

of groundnut meal (MPPp} equation (5) was obtained.

Y - 3.162P'359 c.456 —— (1)
gz = 1.1345P-.6412 C.456 ----- (2)
dp



73

Generally the equation for the marginal rate of
substitution of one feed inpu* to the other is presented

as follows:

MPP
dc = € = MRS
b ﬁ;;; c, p or vice versa.

From equation (2) and (3) the marginal rate of

substitution of yellow maize for groundnut meal (MRSC p)
y

was obtained.

MPP
dc « 1.4415p°359 =541 c
C

From equation (5), it is therefore possible to obtain
marginal rates of substitution for the various rations

considered,

Least Cost Ration

The estimation of the marginal rate of substitution
will enable the determination of the least cost ration.
Choosing the least cost ration is the same thing as
choosing the optimum combination of carbohydrate and
protein feed sources that will maximise profit. The
procedure for doing this is to equate the marginal
rate of substitution to the input price ratio. Firstly
the ratios of groundnut meal and yellow maize obtained

in Table 8 for each of the ration were substituted






