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been well documented (Oyenuga, 1968;
FAO, 1969, 1974). In recent times, con-
siderable interest has been shown in
improving the situation, but success has
been limited by the highly unorganised
structure of animal production, especially
cattle, which has made the dissemination
of research findings on improved manage-
ment and nutritional practices among the
traditional cattle owner rather difficult.
While cattle, sheep and goat are likely
to continue to be important in the Northern
States where extensive areas are available,
pigs and poultry have great potential
contribution to make in the short run,
particularly in the south, where the popu-
lation pressure on land and dense vegeta-
tion make the establishment of extensive
pasture almost impracticable. Moreover,
ruminant stock is so costly in terms of
land utilization, taking up about 0.45-1.12
hectares to produce 20 kg. of protein
annually in terms of beef and about 0.22
to 0.45 hectare for milk, whereas pigs and
poultry would convert grain, seeds and
waste products unfit for human con-
sumption into meat. Thus unless feed-Int
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to rely mostly on poultry and piggery
industries for a fairly large proportion of
their animal protein requirement.

Studies of the pigs and poultry industry
seem to reveal that the initial enthusiasm
in these enterprises is fading. The growth
rate of the enterprises, especially piggery,
is being impeded due largely to dwindling
profit margins. (Kupoluyi, 1975; Makinde
1974: Ogunfowora, 1967). Dwindling
profit is in turn a function of poor quality
feeds, which manifests itself in poor
performance of the animals, and high
costs of production, Poor performance
results from, among other factors, poor
management practices and unbalanced
rations, the latter arising from insufficient
knowledge about the nutritional require-
ments of the animals, the nutrient compo-
sition of the feed ingredients, and most
important, the haphazard substitution
between feed ingredients necessitated by
seasonal variations in the availability and
costs of some of the basal ingredients like
maize, guinea corn and groundnut cake
and fishmeal.

The most important factor determining
profit levels in intensive livestock enter-
prises is the cost of feeds (Ridgeon, 1960).
In Nigeria, feed cost represents over 707,

of the total costs of producing livestock
intensively, accounting for between 75
to 80% in swine production (Dettmers
et al., 1972) and over 70% in egg and
broiler production (Kupoluyi, 1975;
Makinde, 1974). Judging from the past
prices of livestock feeds (Table 1) it is
apparent that the costs of feeds have
followed an upward trend.

This was largely due to steep rises in
prices of maize, guinea corn, groundnut
cake and fish meal whose prices have
risen by 114; 115, 100 and 3557, respec-
tively between July 1969 and March 1974
(Oyenuga 1974).

1f reasonable margin of profit is to be
maintained in the face of rising feed
costs, either the prices of products will
have to be significantly increased or the
increase in the efficiency of production
(in terms of yield and/or efficiency of
feed utilization) must be more than
proportionate to the increase in the costs
of production. But a substantial rise
in product prices will dampen demand,
lead to a cut back in production and
create excess capacity in the industry.
It would appear that the most reasonable
course of action is a combination of mea-
sures designed to reduce the cost of feeds
and improve the quality of diets such that

Price Per Tonne of Livestock Feeds, 1972-1975

Years

Kinds of Feed 1972

1973 1974 1975
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a high level of animal performance and
feed efficiency could be obtained.

This study represents the first phase of
a major study designed to examine the
possibilities of increased efficiency and
profitability in intensive livestock pro-
duction through improved feed formula-
tion and feeding programmes. More
cally, this phase uses Linear Pro-
mming (L.P.) tool to formulate different
cost rations which meet specific
ional specifications for growing and
g pigs from readily available feed
ients in Nigeria.

Il. THE CONSTRUCTION OF THE
MODEL FOR LEAST-COST
RATION

wvarious stages in the construction
cost linear programming model
llows:

Listing the available ingredients
‘which represent the activities to
i) Listing the prices per unit of the

g the levels, in per-
terms, of the nutrients
are crucial for growth.
g the nutrient composi-
: individual ingredients and
Specifying the. limit of inclusion
of certain feed-stuffs in the diets.

ients or Activities in the Model

le 2 represents the basic matrix
in this study. The table shows the
s feed ingredients that could be used
typical ‘weaner’s/fattener’s ration,
nutrient composition and prices
ton. Any one of a set of combination
Aingredients can adequately meet the
specifications for pigs. How-
er, the set of ingredients finally selected

= s
gii Ulld

should not only meet the nutritional
specification but must do so at minimum
cost,

Twenty three ingredients were considered
in this study. They included grains,
mostly maize and guinea corn which
usually form a significant proportion of
the energy-yielding nutrients in livestock
feeds and contribute reasonable quantities
of amino acids particularly the sulphur
amino acids methionine plus cystine.
These are readily available from local
sources, although their supply is subject
to seasonal variations. The quality aiso
varies depending on the variety and effi-
ciency of storage.

The next group of ingredients, blood
meal, fish meal, dried milk powder, meat
and bone scrap, supply the bulk of animal
protein in the diet. They are also readily
available from local sources and are
subject to wide variation in quality de-
pending on the processing techniques used.
Groundnut cake, palm kernel meal,
soyabean meal, cotton seed etc. provide
the bulk of the plant protein and residual
oil.

Calcium and phosphorus are to be
supplied largely by oyster shell, bone
meal, meat and bone scrap and di-calcium
phosphate. Rice bran, wheat bran and
palm kernel meal supply the bulk of the
fibre. The vitamins and other minerals
are to be supplied through the inclusion
of vitamin-mineral premix which are
usually imported.

Most of the Nigerian feedstuffs have
been extensively evaluated for their nut-
rient composition (Oyenuga 1968, Fetuga
1972).  Differences in composition and
quality often arise due to local processing
techniques, storage practices and agro-
nomic treatment prior to processsing.
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Restrictions in the Basic Model

Three distinet groups of restrictions
(Columns B,, B,) are specified in this
model. These are (i) the nutrient require-
ments specifications, (ii) the ingredient
level specifications and (iii) the quantity
of the total mix of ingredients generally
referred to as the weight constraint.

(i) Nutritional Restrictions

The performance of intensive livestock
enterprises is largely determined by
nutrient content and balance, as well as the
intake of the rations.

Theintake of nutrients such as the essen-
tial amino acids, lysine, methionine,
cystine, tryptophan etc., affect the growth
rate as well as carcass conformation
(Blair et. al. 1969; Jurgens et. al. 1967;
Fetuga et. al. 19752 & b; Babatunde
et. al. 1971). Also, the energy supplied
o pigs greatly influences the rate of live-
weight gain. When pigs are fed imbalanced
rations, growth rate and efficiency of
liveweight gain are reduced, resulting in
low levels of profit. It is important
therefore, when formulating rations to do
so in such a way that all the important
nutritional factors are provided.

Protein: The protein needs of pigs should
be judged in terms of supplying adequate
amounts and a proper balance of the
essential amino acids from the main
protein constituents, fish meal, blood
meal and groundnut cake, etc. The exact
quantitative requirements for the major
nutrients under tropical conditions have
not been worked out, but reasonably

reliable quantitative data have been ob-
~ tained from experiments under tropical
conditions. Due to a lack of definiteness
surrounding available published dietary
requirements and feed composition data,
minimum and maximum range of values
have been used in the model.

For growing pigs, 22 to 249 crude
protein in the diet has been found to be
adequate (Babatunde ef. gl. 1971). The
specifications for lysine, methionine, cystine
and tryptophan were 0.95 to 1.20; 0.36
to 0.40; 0.26 to 0.27 and 0.16 to 0.189%;
respectively based on reports by Fetuga
et.al. (1975a & b). A general evaluation of
some commonly used protein concentrates
(Fetuga, 1972) showed lysine and methio-
nine to be the amino acids most likely
to limit diets based on them. The model
therefore made allowance for the provision
of these amino acids from synthetic sources
if necessary.

Energy: Dietary energy levels control
voluntary feed intake in pigs as well as
the proportion of lean to fat in finished
carcasses (Bowland, 1968 and Robinson
and Lewis, 1964). A minimum energy
level of 3.25 kcals/g and 3.00 kecals/g
were specified for weaners and growing
fattening pigs respectively.

Minerals: Calcium and phosphorus are
important minerals in diet formulations
for pigs. The other minerals are usually
provided in the Vitamin-mineral premixes
commercially available for different classes
of pigs, additional calcium and phosphorus
need to be provided in adequate amounts
and in a fixed proportion i.e. a ratio of
1.5 to 1, since inadequate supplies result
in poor utilisation of diets as well as
certain well described conditions. For
the weaners, minimum and maximum
specifications for calcium and phosphorus
were 0.65 to 0.80 and 0.50 to 0.60 per
cent respectively.

Small quantities of fibre are necessary
to stimulate intestinal motility. A maxi-
mum level of 2.5 and 7.5%, were specified
for the weaner’s and fattener’s die
respectively.
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Fats: The need for fats and essential

fatty acids in pigs diets is still controversial.

It is however conventional to include a
- source of fat in diets for young pigs.
Levels between 2 to 3.5Y% were specified
for both weaners’ and growing fattening
diets. Fats, apart from supplying the
 essential fatty acids also serve as sources
“of additional energy in diets.

Ingredients Constraints

‘Certain restrictions on the levels of
clusion of available ingredients were
ed to conform with proper nutri-
requirements and take account of

structured in such a way as to ensure a
g between protein supply from
animal and vegetable sources to
in balance the amino acid contri-

1l dnut cake was restricted to a mini-
f 59 of the ration, while blood and
‘meals were restricted to a minimum
9 and a maximum of 109 respec-
The maximum level of 109
ed for blood meal was because of its

ced amino acid pattern, while
for fish meal was based on cost
i ‘Similarly, palm kernel

was msmaeﬂto a maximum level
10% in the weaners ration and a
rri im level of 20’% in the fatteners
, because of its high fibre content.

[LIOTS.

""‘ﬂie forms in which some nutrients
exist in the ration influence the efficiency
utilization.  For example, in grains,
third to two thirds of the phosphorus
the phytate form; the proportion
even higher in cotton seed and soyabean

5. Accordingly, allowance was made
models for the non-availability of
sphorus from grains and vegetable
ce by ensuring that the ration contains
able percentages of oyster shell or

meat and bone scrap or bone meal to
provide readily available calcium and
phosphorus. In order to provide sufficient
minerals and vitamins as well as improve
the palatability of the diet, the model
also specified that salt and Vitamin-
mineral premix should be 0.25% and
0.46 % of the mix respectively. Columns
B, and B, of table 2 shows the restrictions
specified in the basic model for the
inclusion of various ingredients in the
weaner’s and grower’s/fattener’s rations,
respectively.

(iiiy The Weight Constraint

The weight constraint fixes the quantity
of the mix within which the nutrient
requirements and the ingredient speci-
fications must be met. The model was
constrained to produce exactly 1,000
kilogrammes of the mix.

Structure of the Model
Based on the foregoing discussion, the
cost-minimization model for pigs can be

formalized as follows:
n
(Min) Z =T G X
j=1

The minimization of Z is subject to the
conditions that:

(i) Protein - jn=1 a, x
(i) Energy = jil b; x
(iii) Fibre = jil 1] Xj
(iv) Weight 2 j=nl d; x
(v) Fat = j:l g X;
(vi) Methionine = jil f; x
(vii) Cystine = jil g X



156 OGUNFOWORA and FETUGA

(viii) Lysine = jil h; x
(ix) Tryptophan = jn=1 i x;
(x) Calcium 2 jil k; x;
(xi) Phosphorus =< jil 1; x
(xii) X >0

where Z is the cost of the ration to be
minimized, Xj is the quantity of the
j feed ingredient in the ration, Cj is
the price per unit weight of the jth ingre-
dient, aj, bj, -.... rj, represent the
percentage provision of crude protein,
energy and fibre etc. of the i feed ingre-
dient, while dj is the proportional contri-
bution by weight of the jth ingredient to
the ration. Condition xii implies that
ingredients should be included at non-
negative levels.

1. SOLUTIONS AND DISCUSSION
OF THE MODELS

Using the nutritional ingredients and
weight constraints specified in table r 8
table 3 shows the cost and composition of
weaners and growners rations. Within
the framework of the nutritional require-
ments, the nutrient composition of the
ingredient specified, the rations were
compounded at the least cost of N127.5
and N94.8, per tonne respectively. Maize
and cassava provided the bulk of the
energy requirement in the weaners ration
while groundnut cake, soyabean meal
and blood meal are the major protein
sources. - The inclusion of methionine at
089 was to make up the requirement of
0.36%, specified for the weaners. The
specified nutrient requirements were met
in both solutions and the actual level of
the important nutrients are given in table

3.  These nutrient levels were achieved
with a mixture which totally excluded
fish meal, a source known to be currently
very expensive and is not locally produced.

As expected, the grower’s ration was
significantly cheaper, costing ™N94.8, and
showed marked difference in composition
from the weaners ration. The bulk of
the energy was provided by a combination
of cassava, guinea corn and maize while
blood meal was the major source of protein.
The ration contains high proportion of
fibrous ingredients like wheat bran, rice
bran and brewers’ grains.  Synthetic
methionine and A — D Vitamins and
oyster shell were also included to meet
the specified requirements of amino acids,
minerals and Vitamins for growers. The
ration also provided 16.20%; protein and
2653 keal of energy/kg of diet.

The Effect of Increasing Protein Level
on the Composition and Cost of Weaners’
Ration

In order to determine the cost of inc-
reasing the protein content of weaner’s
ration, the basic model was solved for
20.26 and 22.26 % protein while maintain-
ing the initial specifications for the nut-
rients and ingredients in the model. The
results are presented in table 4.

The additional cost of increasing protein
level was 38.90 per tonne of ration, repre-
senting a 6.98% rise in cost for a 9.87%
rise in the level of protein. The fat content
of the higher protein ration increased by
6.06 %, but remained within the maximum
limit of 3.5%, while the energy level was
reduced by 9.7% though still above the
minimum level specified for weaner pigs
in the model. All the other nutrient

requirements are adequately provided by
both rations.
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TABLE 3
mm&mﬁmof&emﬂummwﬁmmmmy 1975 Prices, C1

Y Ingredients and Nuirients Weaners Ration Growers Ration

Guinea corn — 17.36
Maize 51.10 22,72
Cassava 15.00 20.00
Groundnut cake 8.28 —
Blood meal 5.67 4.52
Dried milk powder —_ —

TENTS Soyabean meal 3.00 —
Cotton seed 0.70 3.47
Rira hran iy 6.48

Ta: P ratio 1.03 w1 R
TABLE 4
in Level on the Composition and Cost of Weaner’s Ration May 1975 Prices, Ci*
Level of Protein
20.26 % 22.26%, 97 Change
51.10 49.68 —2.718
15.00 14.83 —1.13
8.28 8.56 +3.38
5.67 6.00 5.82+
— 240
3.00 3.00 —
0.70 3.90 +82.1
6.32 291 —54.0
7.64 523 —31.3
0.55 — —0.55
0.97 0.68 —30.0
— 2,01
0.08 0.09 411.1
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All things being equal, the increase in
protein level should be accompanied by
improved animal performance in terms of
higher rate of gain and improved feed
efficiency. This will not only affect through-
put but also the improved efficiency in
feed utilization will reduce the cost of pig
production.

The Effect of Excluding Cassava and
Soyabean meal on the Composition and
Cost of Weaner Rations

The solution shown in table 3 for weaners
included cassava and soyabean. Small
scale feed production may be able to take
advantage of the available quantities of
these ingredients. Large scale feed mixing
based on the above solution may be limited
by the quantities of soyabean and cassava
currently available. To determine the
effect of excluding cassava and soyabean
meals on the composition of the weaner
ration, the model was redesigned to exclude
these ingredients and provide a minimum
of 20 and 229% levels of protein. The
new inggedient composition, nutrient levels
as well as costs obtained are presented
in table 5. The differences in cost for
the 20 and 229 protein diets were 3}¥0.2
and N7.2 respectively. Maize provided
the bulk of the energy, while the quantity
of cotton seed was increased in both diets.
In the 229 protein diet, the quantity of
dried milk powder was significantly inc-
reased. The nutrient levels were however
maintained within the specified limits.
The solution obtdined and the price
changes illustrate some of the effect of
ingredient substitution under conditions
of scarcity of some commonly used
ingredients.

Effects of Different Levels of Fish meal’
on the Cost and Composition of Weaners
nation.

Fish meal has remained the standard

against which most other feed-stuffs
intended for inclusion in practical type
diets have been compared because of its
high content of lysine, methionine and
cystine as well as its contribution of some
unidentified growth factors. It has the
added advantages of good flavour anc
taste which enhance palatability and accep-
tability of diets. In recent years, the drop
in fish production in Peru and Chile
(Talabi, 1974) has resulted in a reduction
in supply to many of the importing count-
ries and its cost has significantly increasec
relative to other protein concentrates.
Because of this high cost, small inclusions
of fish meal are likely to alter significantly
the cost per unit of finished diets. In
order to determine the additional cost of
including fish meal in weaners’ rations,
limits of 3 and 59, were forced into the
linear programming solution. The effects
on costs and composition were examined
for rations designed to provide a level of
20.26 %, protein. The inclusion of 3 and
59 fish meal resulted in 6.75 and 15.5%
increase in cost of ration (Table 6). Table 5
also indicates that the same level of
essential nutrients were provided by all
the rations. Any differences in animal
performances that may be obtained from
these rations can mostly be attributable
to better digestion and availability of
amino acids in the rations containing fish
meal rather than to any differences in the
overall nutrient levels. The increased
performance that may be obtained from
the inclusion of fish meal would have to be
such as to justify the increase in cost of
rations. One draw back of the present
model is the fact that it cannot be imme-
diately obvious from this result whether
the improvement in animal performance
would justify the additional cost of the
ration due to fish meal inclusion. This
would need to be investigated under
controlled experimental and commercial



in the volume of fish meal from
sources and an improvement in its
lity through better processing tech-

The Effect of Changing Cost of Ingredients

on the Cost and Composition of Rations

ﬁ ome of the major constituents of
ons such as maize, guinea corn and

meal are subjected to considerable price

ons related to seasonality in produc-

and irregular supply due to poor

51.10 67.03 49.68 65.22
15.00 — 14.83 —
8.28 4.73 8.56 -
5.67 6.08 6.00 6.00
= 0.14 2.40 425
3.00 — 3.00 —
0.70 2.60 3.90 8.86
6.32 7.83 291 213
7.64 9.05 5.23 8.76
0.55 0.26 — 0.85
0.97 1.48 0.68 1.14
b — 2.01 0.64
0.08 0.08 0.09 0.10
0.25 0125 0.25 0.25
0.46 0.46 0.46 0.46
— -— - 1.33
N127.5 127.7 136.4 143.6
20.26 20.27 22.26 2227
2.35 249 2.35 2.5
3.30 3.5 3.5 3.5
3790.0 1748.0 3826.0 37974
0.36 0.36 0.36 0.36
1.20 1.20 1.20 1.20
0126 0.26 0.26 0.26
0.20 0.18 0.20 0.17
0.80 0.80 0.80 0.80
0.60 0.60 0.60 0.60
A reduction in the current distribution mechanisms.  Such price
prices of fish meal would reduce variations would affect the cost of finished
percentage cost increase and this feeds and therefore the overall economic
tion can only be achieved through an efficiency of pig and poultry enterprises.

Under circumstances of varying prices, the
need for substitution with cheaper mate-
rials arises. It is important for the feed
miller to know the extent to which such
substitution can be made, and the conse-
quent change in cost, while still meeting
the recommended nutritional requirements
of the animal. With the conventional
linear programming solution it is possible
to determine the range within which the
price of ingredients can change without
affecting the composition of the ingredients
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TABLE 6

The Effect of Different Levels of Fish Meal on Cost and Composition of Weaner’s Ration Providing
20.26%, Protein, May 1975 Prices

Ingredients Without With 3% 9%, Change With 5% 9, Change

Fish meal Fish meal Fish meal
Fish meal — 3.00 — 5.00 '
Guinea corn — — — 592
Maize 51.10 49.23 —3.65 46.48 —9.0
Cassava 15.00 15.00 — 15.00 —
Groundnut cake 8.28 9.27 11.95 6.78 —18.1
Rlood meal 5,67 4.01 —729.3 533 —3.9

— L

in the mix. For example, in table 7,
the price of maize can fall to N103 per
tonne or rise to }165 per tonne without
affecting the proportion at which maize
is included in the ration, provided of
course, that the prices of other ingredients
remain constant. However, the cost of the
ration will change in accordance with
the change in the price of maize. If the
price of maize per tonme were to rise
above N165 or fall below 2103 it may have
to be temoved from the mix or its level
of inclusion changed in favour of or at
the expense of other ingredients.

The effect of a change in the general
price structure on the composition and
costs of ration cannot be examined
through the final solution. Changing

price structure may be caused by shortage
in supply or general inflation, causing:
the relative prices of the ingredients to
change. Under such circumstances, &
new linear programming model has to be
constructed using the new set of prices.
In table 8, we examine the effect of different
price levels (C, and C, in table 2) on the
composition and cost of grower’s ration.
The first set of costs, C,, represents (he
average feed producers’ costs of ingredients
obtained from small scale feed producer
in the Western State. The second set of
cost (C,) is that of Pfizer, which pays mucl
lower prices for the ingredients because
of cost economies due to bulk purchase
and more efficient purchasing network
Both sets of prices were for May 1975,
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Table 8 shows that the cost advantage
of using Pfizer prices was of the magnitude
of 3.48%. In addition, the protein and
lysine contents of the ration using Pfizer
prices increased by 0.12 and 12.5%,
respectively. The composition of the
ration under the two price regimes also
shows marked variation. Guinea corn
replaced some part of maize in ration
C, while rice bran, blood meal, wheat
bran and cotton seed were changed by over
149, each. Synthetic methionine was
increased by about 33% in order to
maintain the same level of methionine as
in the C, ration.

The effects of the variation in ingredient
prices on the cost and composition of
ration was also examined under two

first specification was the provision of
209 minimum protein. Table 9 shows
the costs and composition of the rations
under the two price regimes and protein
specifications.

The cost of one tonne of ration under
20% minimum protein specification was
M127.5 using the average feed producer
prices, and ¥N120.1 using Pfizer prices,
a difference of 5.80%. The protein level
provided using average feed producer
price was 20.26%, while 20.27 9% protein
was provided using Pfizer prices. All
other essential amino acids and minerals
were adequately provided by both rations.
Significant changes took place in the level
of soyabean meal, cotton seed, groundnut
cake, wheat bran and dried yeast as shown

levels of protein specifications. The in table 9.
TABLE 9
The Effect of Changing Costs of and Protein on the Composition and Cost of Weaner’s
Ration, Average Producer Costs Vs. Pfizer Costs, May 1975 Prices)
20% Minimum Protein 22%, Minimum Protein
Ingredients Average Pfizer Average Pfizer
Producer  Costs (C2) % Change  Producer  Costs (C 2) % Change
Costs (C1) Costs (C2)
Maize 51.10 50.20 —1.76 49.68 48.67 —2.03
Cassava 15.00 15.00 — 14.83 15.00 1.15
Groundnut ca 8.28 10.00 20.77 8.56 10.00 16.82
Blood meal 5.67 6.00 5.8 6.00 6.00 —
Dried Milk Powder — — — 2.40 1.69 —29.58
Soyabean meal 3.00 0.70 —76.67 3.00 3.00 —
Cotton seed 0.70 0.26 —62.86 3.90 4.34 11.28
Wheat bran 6.32 8.67 37.18 291 3.56 22.34
Dried yeast 7.64 6.12 —19.90 523 4.78 —=8.60
Bone meal 0.55 — - — 0.34
yster shell 0.97 1.00 3.09 0.68 0.71 4.41
t and Bone Scrap — 1.24 2.01 1.07 —46.77
D, L — Methionine 0.08 0.09 12.50 0.09 0.11 22.22
Salt 0125 0.25 - 0.25 0.25 C—
A—D Vitamins premix 0.46 0.46 - 0.46 0.46 —
Cost Per Tonne of mix ~ M127.5 ™120.1 —5.80 MN136.4 M122.6 —10.12
Protein, : 20.26 20.27 0.05 22.26 22.26 —_
Fat, % . 3.3 3.38 242 3.5 3.5 —
Energy, kecal/kg. 3790. 0 3757.0 —0.87 3824 3824.0 —0.06
Fibre, % 2.35 2.5 6.38 2.35 2.49 5.96
Lysine, % 1.20 1.19 —0.83 1.20 1.18 —1.67
Methionine, % 0.36 0.36 — 0.36 0.36 -
Cystine, % 0.26 0.26 — 0126 0.26 —
Tryptophan, % 0.20 0.14 —30.00 0.20 0.20 -
Calcium, %, 0.80 0.80 — 0.80 0.80 —
Phosphorus, % : 0.60 0.60 — 0.60 0.60 —




Under the 229 minimum protein speci-
fication, the cost of ration using Pfizer
prices was 10.129/ cheaper, even though
both rations provide 22.26% protein.
Essentially the same ingredients were
included, except for bone meal which was
not present in the ration using average
feed producer prices.

The foregoing analysis have shown very
clearly how the use of linear programming
can help in the rational formulation of
efficient but inexpensive rations in a_situa-
- tion where the prices of ingredients

~ undergo constant changes. The solutions
- to such programming exercises not only
show the price stability range of the ingre-
~ dients, but could also reveal the extent of
 substitution between ingredients when
prices change, in order to compound a
least-cost ration which conforms with a
~set of nutritional standards. The extent
- of the advantage will depend, on how
easily the particular ingredients are sub-
 stituable in the mix.

CONCLUSION

 The linear programming techniques for
st ration formulation offer a much
scope for considering different alter-
s than currently used conventional
The use of this method which
ets nutrient requirements from analytical
provided, taking into account the
ative cost of alternative sources may
ult in savings in feed costs which could
substantial and therefore in turn result
improved profit margins thus encourag-
the expansion of the enterprise. Its
is however subject to certain guide-
lines and pre-requisites. . The L.P. matrix
15 usually constructed using single valued
mates of technical coefficients or
utrient composition of the various ingre-
“dients. It is however well known that the

variation in quality and composition of

G
-
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different batches of the same ingredient
may be considerable, the variation in
quality resulting from considerable varia-
tion in the availability of nutrients in the
ingredients.  Consequently, there is a
need to establish a range of compositional
values obtained through extensive analysis
of different batches of several commonly
used feed ingredients. Rapid test that
would screen ingredients and discard
those that are severaly defective would
also go a long way to make the use of this
technique more effective.

It is noteworthy that the model used in
the present study ignores other costs of
feed production. However, such costs as
labour, machine and building depreciation,
insurance, marketing costs, bags etc. are
essentially common costs and will vary
between mills, depending on their scale
of operation, capacity utilization and
management organisation. Consequently,
it was not considered necessary to include
these costs in order to formulate least-cost
rations, although models could be const-
ructed to maximise returns while taking
account of capacity utilisation, market
demands and operating costs in least-cost
ration formulation. Finally, while cost
reduction may be achieved through linear
programming, this must in all cases be
related to animal performance as it is
clearly known that the cheapest rations
are not necessarily the most efficient. In
this study an attempt has been made to
elucidate the principles and scope of this
technique while it is hoped in subsequent
studies to test the several solutions in
relation to actual animal productivity.
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