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INTRODUCTIQH.

Feed 1s the largest single cost factor in most animal production systems,
Compound feed marufacture has reached an advanced stage of development in aoome
of the developed countries, where its function is to integrate variable supnlies
of many different feed raw materials into a steady supply of supplemerts or
complete balanced feeds,

f‘oed must be a major factor in any agro-industrial developmert of animal
production. The aim of this peper is to try to bring together some aspects of
the management of mixed feed production, avoiding exessive technical detail,

In advanced feed production systems, the use of computers for least cost
formulation will continue to become more closely linked, back to buying and
stock control on the one Land, and forward to the practical management of the
livestock receiving the feed, on the other, since it is increasingly recognized
that the animal has not one optimum nutrient requiremant, but resronds to a
range of nutrient intake.

Nutritional expertise is likely to become increasingly important to dealing
with the accurate assessment of the available nutrients in raw materials and
vith the assessment of animal responses leading to effective product specifica-
tion, This trend will be enhanced by the increasing necesaity to find sub-
stitutes for what were once feed ingredients in ample supply,



1o AHBQUIRKMENTS 1'CR

A. Animal production reguirements.

It is not the purpose of this paper to discuss or to assess the needs of
the worldd population for increased supplies of animal products, This need
arises both from the need to improve tie nutritional adequacy of many human
diets, as illustrated by the extremely wide differences now existing betwwen the
protein intakes of the population in different areas of the world, The fact
that the population of some developed countries consume not only twice the total
protein, but also ten times as much animal protein/head as the vopulation of

some developing countries, has been well docunented and discussed.

For animal production to be reascnably efficient, feed supplies must be
sufficiently consistent to maintain reasonable rates of growth, milk output, egg
output etc.,, in the livestock population. In any system of animal production
of reasonable intensity, feed is the mejor technical and economic input of the
production system,

B, Agro-in dustrial requirements.

If feed supply is crucial to animal production in general, it is even more
crucial to the vertically integrated enterprise producing animal products, since
it represents the mrajor initial input of such enternrises,

Yeed supply and animal supply are the prime requirements of animal agro-
industry, which is therefore absolutely dependent upon its agricultural base for
both of these components. Unless such an adequate base exists any attempt to
establish vertically integrated Agro-industry is doomed to failure, Not omly
must the base exist but particularly in the case of feed supply, it will deter—
mine to a very large extent the type of animal production unit which can be
establisheds It is salutary to remember that one of the major reasons for past
failures in the vertically integrated of agriculturally based product cheins
has been that the management of such enterprises has been too heavily geared

either towards agriculture or towards the relevant industrial activity, resulte




ing in mamagement failure to appreciate crucial situations affecting other parts
of the enterprise,

Without adequate feed supplies, any enterprise in animal production is
doomed to failure, The situation is particularly critical in vertically intege
rated enterprises, where the returns from the investments in all the later
stages of the production chain depend upon feed supply. Kot only must the

average feed supply be sufficient, but its reliability is also crucial.

No feed production project, vertically integrated or not, can be considered
without thorough survey of the raw material resources at its disposal and the
animal population which it seeks to serve, Both these items are affected to a
greater or lesser extent by the agricultural base upon which it is proposed to
establish such an enterprise,

Just as an industrial organisation would ensure that it had obtained ade-
quate knowledge of the local agricultural and market situwation before etablish—
ing new feed plants, similar considerations obviously aprly to the operations
of International Agencies, Success in U,N. backed projects in this field must
depend upon adequate collaboration between those agencies concerned with indust-—
rial development and those concerned with agriculture,

C. Animal feedstuffs copcepts.

The basic concept of animal feed production is that these exista:=

(1) a supply of a range of suitable rawv materials for use in feeds,

(2) 4 processing facility,

(3) A user animal population requiring mized foeds.

The user animal population might require manufactured feed to meet the
whole of its dietary requirements, as in intemnsive poultry enterprises or manu-

factured feed as a supplement to forage or cersals etc,, produced on the farm,
as in feeding dairy or beef cattle, and in some pig production units,




The concept therefore usually excludes the use of herbages, forage and
cereals which may be produced on the farmm units holding the animal population
and which are fed with very little processing, although the distinction is some=-
what artificial and may even be irrelevant with increasing techmological inputs
in feed processing at the site of production, i'or example, although the total
output of green crop drying may be fed to cattle at the site of production, the
technological input is substantial,

If we consider animal feedstuff production in terms of the concept of vert-
ically integrated agro-industry outlined in the briefing paper for this consult-
ation, many enterprises already exist in which processed feed production (level
2) is integrated with livestock production (level 4) and rather fewer enterprises
in which the integration is carried to the processing of livestock products

(level 5) and their distribution and merketing (level 6),

Although such enterprises may often be based upon, or closely related to,
substantial crop production, almost invariably feed production in an intensive
livestock enterprise involves the purchase of very substantial inputs from oute
with the vertically integrated structure, It may often be that these inputs
are much more important in technical and economic terms than in terms of grosa
tonnage of feed, For instance many pig producticn enterprises are based upon
substantial usage of cereals grown on the same farm, supplemented with purchased
comnound feeds to provide the necessary supplemen tary protein/vitamins/minera.ls
end some small amounts of specialist products such as creep feed for very young
pigs. In this case management has chosen to confine its integrated operation !
to the simplest processing of the bulk of the material being fed, relying on {
the feed manufacturer to provide all the neécessary dietary knowhow in the form
of the supplements and specialist products, Again, intensive poultry enter—
prises, vertically integrated from chick production to consumer marketing, may
choose to purchase the whole of their feed requirements from outside the organ-
isation,

In short, regasdless of the intensity ot the particular animal enterprise,

the degree of backward integration into feed supply is very variable, even when

feed manufacture is integrated vithin the production unit it can range from the

purchase and mixing of vitamin and mineral supplements with feeds produced on

site, tarough to a high automa ted substantial feed production facility,
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1I. W ot SUPPLY AND VERTICAL IN N,

Raw materials used in animal feeds can be classified somewhat imprecisely
into the following groups:=-

(1) Low grade roughagee e.g., etraw.
(2) Figh grade roughagee e.g., artificially dried forages.
(3) cereals.
(4) Cereal replacements e.g., cassava,
(5) Cereal and other byproducts - bran, beet pulp, and citrus pulp.
(6) Vegetables proteins (oilseed residues)
(7) Animal proteins,
{8) Fats and oils,
() Yinerals.
(10) Vitemins.
(11) redicaments and growth stimulants.

These items are arranged roughly in diminishing order of their likelihood
of local availability to the vertically integrated animal enterprise, and also
in order of increasing cost/unit weight.

One may distinguish between several types of typical situation in terms of
the relationship between the animal enterprise and its feed supvrly, making
generalizations which are somewhat sweeping,

These are:-

(1) Ruminant production is generally based on local and immediate acceaa to
all sources of roughage reguired,

(2) Pig production is largely based on cereal availability,,many enter-
prises purchasing the remainder of their dietary requirements,

(3) Intensive pouliry may be based upon the complete purchase of the entire
feed requirement from outside the enterprise either in finished form, or as raw
neterials for manufacture on site.

These types of enterprises fall into the order of increasing sophistication

of nutritional inputs and it is therefore no surprise that this is correlated




with an increasing tendency to obtain nutritional expertise from ovtside the con-

fines of tkre animal production unit.

However, this relationship is modified by the effects of the other major
production factor which is animal supply. The management inputs required to
obtain this are relatively less in the case of a well developed noultry industry
than for cattle production. 7his being so, although the degree of technical
sophistication required to produce feed is greater for poultry, individual ente
erprises e.g., in broiler production car more easily reach the scale required
to justify their own integrated feed plants, and more readily find the necessary

management capability to run them,

The sophisticated feed mill in the developed country usually has access,
either locally or throvgh internatioral trade, to all the classifications of
raw umaterial mentioned. "he local plant in the developing country may on the
other herd, have much more restricted access to the general pattern of feed
materials, The management apuroaches appropiate to the oreration are therefore

entirely different in the two cases.,

B. Scale factors.

Unlike many other facets of Lgro-Industry, phyrical size of the operation
is not a major factor in the physical efficiency of feed production. iffective i
feed production does not necessarily depend upon the existence of large tech~
nically sophisticated plants with high volume production, This means that,
within reason, the cize and nature of the feed production unit can be geared to
the size and nature of the animal population which it seeks to service, and tc¢
the rature of the materials it is called upon to process,

However the managerial aspects of scale of operation are much more import-
ant, Smaller feed production units may function efficiently in physical terus,
but may ve grosslyirefficient in terms of the nutritional and technical know-
how put into the purchase of raw materials and the formulation and use of feeds,
if this is attempted entirely under the direction of local management. Such
units may therefore suffer from inefficient use of mnanagement resources, Thisg
may be overcome by hiring expertise on a part time lasis,

or by purchasing
combined packages of the more sophisticated nutritional components of the ration
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together with nutritionel expertise in feed fomulation and feed use,

C. ZCruciel). questions for the establishment of feed production units.

We can now list the questions which have to be faced in the establishment

of such units regardless of the degree of verticpsl intecration,
These are:=-

(1) Raw material supply.

What are the locel availabilities of raw materials, and the reliab-
ility of raw material supply ?. If mejor components are unreliable in supyply,
what alternative resources are likely to be accessible when this occurs.

(2) Animal population.

What is the nature and size of the animal vopulation that the unit is
designed to service and how is it likely to change in the future 7.

(3) Given that certain dietary constituents have to be purchased from
outside the enterprise, what alternatives are available ?, I'or example are
these beast purchased as individual raw materials or as premixes or concentrates?.

(4) From where and in what form are the relevant inputs of technical
expertise to be obtained to allow the unit to function efficiently ?, and how
are these related to expertise in animal nutrition and management required in

the animal production units which it is to serve,
D. usg as a gsource of raw materials.

Many of the raw materials used in animal feed production are byproducts of |
4dther agro-industrial activities. The list is very extemsive for it includes
cerea. byproducts, citrus pulp, sugar beet pulp, oilseed penidues, molasses,
blood meal, dairy byproducts, brewers grains, meat and bone rieal et¢. In some
cases, exploitation of these as animal feed materials is slready highly devel-
oped, but in other cases there are many opportunities for improvemert particu-
larly but not only in the developing countries (e.g., see Barat (1) ), While
it is the duty of the ranagements of feed production units to ensure that they
seek out and exploit local byproduct resources, it is algo the duty of manage- |
ment of other sectors of agro-industry to ensure that their production of by-



products is properly processed in relation to animal feed production, Very
often managements are only interested in rapid disposal of such materials, and
have neither the time, interest or knowhow to improve their disposal procedures
and thereby enhance the usefulness of such byproducts. Lack of time and know-
how to seek such improvement is not unexpected, and appropiate technical assigte

ance can often bring about substantial improvement in this respect,

As  Gepsral.

Raw materials for feed production vary consideradbly from time to time in
their availability and price. Effective feed production must therefore be
based upon,

(a) effective purchase.

(b) effective substitution of one material for another to counter adverse
luppiy and price situations,

(¢) maintenance of supply of the appropriaie feed to the animal i.e.,
maintenance of the relevant nutrient inputs,

Obviously all these facets are closely related one with another, for effec-
tive purchase depends upon detailed knowledge of effective substitution rates,
while the latter depends upon detailed knowledge of animal response,

Specialized feed production units Justify their economic existence by their
ability to solve the problems of integrative management involved in this series

of operations, It is the purpose of this cr-pter to put into perspective ons
or two of the more recent develoments in this field,

B. Rffective murchase.

Those responsible for the acquisition of raw materials must integrate their
purchases with the requirements for the manufacture and disposal of product,
taking into account the market situation and the substitutions which are possible

i.0c, the relative price/effectivencss of the materials available for purchase,

This situation reaches the extreme of complication in large feed rills in

-




developed countries, These nay have access to locally produced raw materials,
and be able to buy on world markets, while they have to supply varying proport-
ions of a free market for feed for substantial numbers of the different animal
species, Some of the techniques described below relate to the operation of
such units and may have very little relevance to smallar locsl plants with a

limited spectrum of raw material supply,

Decisions made in buying are crucial to the success of any feed production
operation, because the further technical processing operations to convert raw
naterials into product are fairly fixed in any particular enterprise, in terms
of their nature and opsrating cost. Unless thr acquisition of rew materisls is
carried out efficiently therefore, the resultint production cannot result in an
economically optimum product,

Ce Leamt cost formulation.

Least cost formmulation using analogue or digital computers has become
widely used in the manufactured feed industry over the last decade, It is
important to understand the information required for least cost formulation
and the output which is generated, before one can corsider possible extensions
back into buying or forward into animal production.

Least cost formulation requires two types of information (a) costs of, and
nutritive values (i.e., contents of energy, protein, amino acids, minerals etc)
assigned to a series of maw materials (b) a product specification which sets out
the minimum or maximum levels of nutrients required in the particular feed being
formulated, together with any minimum or maximum inclusions of individual raw
materials, The latter may arise from nutritional or non nutritional considere~
tions. Examples of theee are givan in Table 1.

Using an anmalogue or digital computer the least cost formulation which
reets the product specification may then be produoed. The resulis of such a

caloulation using a remote access digital programme are shown in Tables 2 and
3

This output shows the least cost solution, although notice that the quant-
ities included require further rounding, before practical application, which
can be done using a subprogramme in this particular instance, The results also




show the calculated analysis of the product., ZEconomic values are assigned to
the individual ingredients in the formvlation, showing the value above which
heir inclusions would be materially altered, unless their inclusion is dictated
by the product specifications, and gives economic values at which those ingred-

ients which have been rejected on the grounds of expense, would be included,

]

he final piece of information is the sensitivity snalysis which shows
those requirements in the product specification which are proving nmost expenuive
to meet, e.g., in the example in Table 3, the energy (oo value) in the specifi=-
cetion is costing £2.3/ton to increase from £9 to the value of 63 required by

the specification,

De Lultiproduct formulation.

If the production unit were only producing one product, carried no stocks
end hed no forward purchases of materials, the information produced by such a
least cost fommulation of the product is obviously of great use as guidance to
the acquisition of raw materials in the market place, However, such eimplicity
is seldom the case, liost feed mills produce varying tonnages of a variety of
products and have varying amounts of raw materials in stock or alreadv ordered
for delivery, In this situation a number of apyroaches may be used, although

techniques in this are still subject to much further development,

The most obvious aprroach is to carry out individual least cost formula-
tion of the mejor products to give gvidance as to the relative values of their
constituents, This aproach has been widely used, but still requires substane

tial interpretation on tlhe part of the nutritionist and the buyer,

Miltiple regression techniques have been used on historical datato attempt
to establish relationships between the nutrient content of individual raw
materials and their economic value, which are then used o compute the value
of raw materials under a given set of market conditions, This is really a more
sorhisticated example of rule of thumb methods of comparing ingredient valuee

€eg's, protein sources in terms of price,unit of protein,

Genuine multiproduct formulation systems are noyw being developed, which

simultaneously formulate a smeries of products and rinimize overall ingredient




coste They may also extend to projecting the forward raw materials position

in terms of stcck deficiencies and indicate when purchase may be necessary and
may therefore be integrated witr a stock control programme., an examnle of the
type of information obtained from a fairly simple example is shown in Table 4,
This is talen from the paper by Waldroup & Johrson (2) which deels with the
nractical use of such a system to meke most efrective use of ingredients in

short suprly, in formuleting o linited number of products for a limited period.

E. Epfiect orf the putritive values assifmed to row paterisls.

One o1 the pieces of informatio?}oa}.lr be obtained from least cost formula=—
tion is the economic value oi a particular rew material, Lowever this value is
bugsed entirely upon the nutritive values assigned to that particular ingredient
and upon the nutritive value and cost of the other irgredients in the watrix

and upon the product specitication,

It cennot be emphasized too strongly that if the nutrient contents assigned
to an ingredient are not correct, then its economic value is not correctly deter-
mined and if the error is gross, then the final product may deviate sufficiently
from the specified nutrient composition to adversely affect animesl performance,
It is unfortunate that some of the most important nutrient paraneters in ecoro=
mic terms are also those which are most difficult to determine, or to control
by analytical procedures. Nevertheless, it is plain that the menzzeuent of any
animal feedstuff operation must be prepared to keep this situatian under constant
review as part of its quality control function, in orddr to avoid unnecessary
expenditures to acquire nutrients already available in its particular sources
of feed, or adverse enimal performance due to inadvertent defficiencies.

In this respect the FAO project (3) which is concerned with gathering
together feed composition data for feeds available in whole continents may help
to provide very useful starting points in planning vertically integrated projects.
Like all tables of feed composition however, this is an not effective substitute
for actual analysis of the materials being used, The selection and updating of
nutrient data on raw material composition is a skilled and vital opemation for

feed plant mamagement,
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Parametric linear programming may be used to generate repcated LP results
in which one or more factors are varied in discrete steps(parametricised) while

the other factors in the matrix remein constant.

The approach may be of considerable walue in studying new ingredients and as
a research tooi. Davies, Trotter and Burdici (4) quote examples of parametric
cost ranging, parametric nutrient ranging and parametric restriction or specif-
ication ranging in poultry feeds. Parametric cost ranging refers to ascertain-
ing the effect of variations in the cost of a ingredient upon its inclusion rate
in the formulation concerned. Farametric nutrient rancing refers to the effect
of the level of a particular nutrient in a raw material upon its economic value,
while parametric restriction or siecification rarging refers to studying the

effect of a specification parameter e.g., minimum lysine content, upon cost of
the formulation,

Table 5 illustrates the results of a pargmetric LP of the effect of varia~
tions in cost upon the percentage inclusion of an ingredient in a particular
cattle feed formulation. 'his short summary of information is abstracted from
a considerable amount of information about the inclusion of ¢ther ingredients,

formulation cost etc., which is generated by such procedures,

liowever, severel points should be noted, first, while the Lechnique is use-
ful as a recearch tool it esseniially consists in this instance of repeated
least cost formulation, & iarge computer is needed. In some circumstances,
therefore, it may be more convenient to study tie matter in question by repeated

least cost formulation, varying the quantity to be studied, using either an
analogue or a digital facility,

Secondly, while this technique, like other least cost yrocedures, gives
discrete formulation results, they depend absolutely upon the rest of the inform=
ation in the matrix, which is held constant. In practioe, markets do not behave

in this manner, for instance, studying effects of variations in the price of a

cereal upon its inclusion rate is of little consequence, unless other cereals

are considered, becausa these can be

»,and are, quite freely substituted one
for another in the animel feed market, and their price will tend to vary together
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to a greater or lesser extent. The results also depend upon the product specif-
jcation used, Daviec et al (4) illustrate this by showing substantially differ-
ent economic value curves for sunflower expeller meal in broiler starter, broii-
er finisher and layexr diets, and the reader is referred to their paper for =
clear exposition of the merits and demerits of the feed reed formulation uses
of the technique,

It should also be noted that the type of leest cost formulation output
shown in Tables 2 and 3 in itself gives indicative information ebout the value
of excluded raw materisls and about the cost of the most important nutrient

constraints in the specification,
v, N SSEONS S YY) i JON.

A. (Cheapest nutrients formulation.

Up to this point, we have been discussing the situation where each diet is
formulated to a minimum specification,ie,, each unit weight of formulation is
designed to contain given amounts of energy, protein, specific amino acids,
vitamins, minerals etc, This is the usual situation in commercial compound
feed mills where products are sold to individual nutrient specifications for
each particular product. The corollary is that the user, in theory at least,is
purchasing these products to feed in a consistent manner to the same class of
animal e.g., formulations for dairy cows, designed to be fed at 4 kg/10 milk,
rig fattening diets for feeding on a particular scale of intake etc,

The corresponding restraint imposed on formulation is that the product
should always contain e.g., 16% protein, or that 16 parts of protein should
always be contained in 100 parts of product. Relaxation of this constraint
implies that the umount of feed given to the animal must be altered, so that
while such relaxation may cheapen the cost of particular amount of nutrients,

this has to be set against the changes necessary in animal management,
In poultry diets, energy input is usually a major cost factor, and it may
be appropriate to attempt to minimire the cost/unit energy, bearing in mind

that protein and other nutrients must also maintain their appropriate rations
to energy value, One way of approaching this is to formulate a series of diets
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at different energy densities and appropriate specifications. An example of a
ninimum nutrient cost formulation is shown in Table 6e In this case & dairy

cow prodvction ration has been formulated using a blank ingredient with no cost
and no nutritive value and with sheep tallow included in the matrix., The results
show that the most economic nutrient package contains 8,97 of the blank ingred=-
ient. In other words,if the ration is made up in the proporticns shown and fed
at 100~8.07 = 91,03 of 4 kg/10ke milk, it should not only be nutritionally
adecuate but be chezper than e ration formulated from this nocrticular matrix to
meet the requirements when fed at 4kg/10kg milke In this particular case the
saving was £O.€7/ton compared with the formulrtion constrained to contain the
reovired nutrients in 100, This has to be compared with the cost of maxing
appropriate adjustments to the rmates of feeding of the raw material in the

animal production unit,

B. yescription of apimal resionse,

roat of the feregoing discussion assumes that the animal has a specifie
reouirement for nutrients which can be expressed in terms of a specific and
detailed product specification., The underlying assumption is that the animal
will perform inefficiently unless it is fed at least its somewhat precisely
defined minimum requirement for each particular nutrient i.e.,

Nutrient . . .
Requi rement = Futrient intake = Concentration of X  Weight of

Nutrient in product. product fed,
In fact animal responses to alteration in nutrient intake are far from
being so simple, for major nutrients, particularly for energy, protein individ-
ual amino acids, etc., responses are usually curvilinear, turthermore, because
of between animal variation, the measurement of sych responses with a degree of
precision necessary to produce reliable data suitable for management control is
not easy,

A further problem is the choice of the animal respons parameter, In the
pig, for example, the response to changes inmnutrient intake of 1live weight
increase may differ substantially from that of lean meat outputy (5).Choico of
animal response for optimization is therefore crudmil,
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Such response curves are usually of the diminishing returns type i.e., the
merginal increase in animal output diminishes with each sucessive input of the
nutrient involved, to a point wiere the response becomes zero und may become
negative, In this situation it is clear that optimizatior of the econonie
aspects of unimal production depends upon the relationship vetween the cost of
the marginal increment of nutrient input and the value of the associuted inre-
ment in animal prodaction., The nutrient intakes required to optinize animal
response in economic terms therefore changes with changes in nutrient cost and/
or arimasl product velue,

Some of the problems involved in the applicstion of such concepts to the

(6)

nutrition of the laying hen have been discussed by iilmer /, while de Groote

(7)

different energy densities besed upon a common specification and the results

describes the derivation of & series of least cost laying hen diets with

obtained when thesewere experiment:lly fed ad libitum to /hite Leghorn hens,

The problems are:-
(e)

the derivation of prediotions of response in the laying bird tc changes in nut-

(1) Although Fisher, liorris & Jennings present & promicing method for
rient inteke, the accuracy and the relevance of the predictions used remairs

crucial to the successful practical applicetion of suc. systems,

(2) Responses may be modified by breed, stress or envirommental erfects

€.ge, tempereture, and by the physical form of the diet.

(3) ithe system of feeding used may profoundly affect the optimum result.

{ For example a diet designed to give optimum economic results when fed ad libitup
‘ is likely to be different from one designed to be optimal urder a particular
system of restricted feeding. The system used may change. For example, ad
iibitup feeding of laying hens has become much less attractive with the recent
substantial rises in feed costs,

(4) More than one animal response parameter may have to be considered e.g
in the laying hen, egg number, egg weight and body weight of the birds could all
be subject to influence by feeding and all have noticeable effects upon the

economic outcome,

This discussion shows that there is indeed a requirement for any enimal




feed production operation to consider not only the economic optimizetion of its
own oyeraticns, but also to cive considerable atteniion to t he economic optimi g
ation of tke operations of the users of its products, whether or not the two
opcrations are vertically integrated. However, it is clear that attemrts to
reach overall optimum solutions can only come about by very sareful considera-
tror o1 the actual situation and above all by use of reliable data for predice
ticr purpczes,

+ prectical example of the typre of dzta recuired are the equations quoted
by ¢e Jroote (7) which, since nutrient density hed no significant efrect upon
e¢y ramnver in hia experiments, relate nutrient density (x) with ege weight,

body weight increase and energy intake (Table 7)., He suggested that these could
be linked with economic data and leascto/qltj.near programming to produce overall

optimum soluvions,
Ve ERACTIC LSIDE. G JICHNS,
4. Lcogputer aprlicatjon.

It might appear that ultimately the application of a large linear Programm-
ing excercise would bte capable of preducing the optimum solution to the inter
related activities of rew material acquisition, feed formulation and animal
management in any pearticwlar situation. We nay be reachin; tris stage, where
the structure of such systems is relatively simple, but this is rarely the case
in practice. Superficially, it would also appear easier to reach such optimal
solutions more readily in a vertically integrated unit,

riowever, buying, feed production, feed formulation and animal production
managoment are all substantial Ranagement tasks, each requiring its own part=
ioular skill, Before any integrated unit can hope to derive substantial bene-

fits from integration it must have achieved the relevant level of operating

efficiency in all its departments, in addition to effective co~ordination be tween

them. In integrated animal agro-industry the addition of animal product Pro=-

cessing gnd disposal to the areas listed above makes the total management task
formidable,

Use of computers and optimizing techniques are obviously of importance to
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any organisation involved in substantial feed production and/or animal produc-
tion. However they cannot be used effectively unless the management also has
very highly developed management skills in their own fields. Computer output
may be as misleading to the unskiled buyer as to the unskilled nutritionist. If
such dita cannot be controlled, understood and interpreted in the light of the
practical day to daysituation by the management concermned, it is of little value.

In some respects the situation is becoming easier with developments in
computer use, remote access terminals, time sharing on large computers and
conversational programmes all help to make the computer a more effective tool
in the hands of the manager, Fasier access end greater comprehemsion also help

to encourage an evolutionary approach to the use of computers.

Aninal feed production obviously demands nutritionsl skills of a high order,
The economic value of raw materials depends upon correct assessment of their
nutrient content. Adecuate and properly controlled specifications for products
are required, Specificatious will only be succeasful if they take into account
knowledge of animal response, management systems and economic circumstances., It
is the task of the nutritionist to deal with these crucial questions. GSince
nutritional science and its applications are changing so rapidly no feed pro-
duction unit can hope to be auccesuful‘without adequate access to the flow of
nutritional information,

Managements must take positive decisions as to what means they intend to
adopt to keep in touch with the main stream of nutritional science. They may
choose to rely entirely on mutritional advice purchased with a proportion of
their raw materials, or they may purchase raw materials and adviee separately,
or they may hire their own mutritionist, or they may combine several of these
methods., They must also seriously consider the relatiomshipe between nutrition
in the feed mill and nutrition in the animal production unit, whether or not
the two are integrated,

The main requirement is that management should recognise that the nutrit-
ionel information input of their operation is of fundemental importance to its
success, gives positive returns and has a cost., Too often in the past, feeds



have been commodities and information Just something that happens to arrive from
time to time., A practical approash to this problem enables the management of a
feed productior unit to ensure that its inputs of nutritional information have

a source content and cost appropriate to the real requirements of their opera-
tior,

VI, FUTURL PICBLENMS.

Yorld population pressures are likely to having an increasing impact upon
the future total supply of raw materials for animal feeds, At present substane
tial quanties of cereals are used in animal feeds, which could be of direct use
in buman diets. Signs have already appeared of pressure upon this supply, which
currently provides much of the available food energy for many of the more highly

rroductive systems of animal production,

Some forward projection (9) have indicated that by the year 2000, the
bressure on cereal sunplies for human needs micht be such, that there could be a
substantial shortfell in the amounts of cereals available to maintain global
animal production at appropriate levels, even allowing for a Persistent and
steady increase in total crop production. Since the muminant anrimal can make
much better mse of fibrous byproduct feeds than the monogastric, it is rational
to suppose that most of the shortfall would be met by increasing diversion of
cereals away from use in feeding ruminants and towards pig and poultry feeding,
Indeed Reid (9) calculated that by the end of the century, this could amount to
e total absemoe of cereals for use in beef production and a 50: deficiency in
the amount available for milk production (see Table (8))

Lowever accurate these progratications may be, they point to a continuation
of the trend already evident, towards increasing use of previously unconsidered
or underutilized materials in the preparation of animal feeds. Such trends may
have important consequences for the pattern of feedstuffs production and for
the management of existing and new enterprises in this feld,

“rat are the feed resources which are likely to ve utilized in such develop-

ments ? They would appear to be fibrous byproducts, such as straw ang forest

products, recycling of animal wastes, and increased utilization of the potential
of the humid tropics to produce vegetative resources e.g., (10),
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hext, the use of such resources implies technological inputs beyond the
normel simple processes commonly used in animal feed mamufacture, in order to
inprove or provide adequate safety of these materials before they are fed.
for example, the Comfrith process for derinding sugar cane and the alkaline treat-
ment of fibrous raw materials are both processes which demand more technological
input than the normsl feed compoundin; operations of erinding, mixing and
possibly, pelleting,

Increased technological input means increased cost, and complex evaluation
rroblens arise concerning process cost amd efficiency and animal response. wWill
rising trausport costs make it preferable to locate nrocessing and aniral pro=
duction units at the site of production of such materials and %o ship out

finished animal products <.

There are uweny questions yet to be answered, but the vossible Tuture impact

of such developments should not be disregared in any planning exercise.
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Table 1, Examples of raw material data and product specificatiomn

for least cost formulation,
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Table 2. A example of least goat formulation.
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Table 3. AR example of least cost formilation.
Part 2.
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Table 4, Example of ocutput from multivle product,
Least coat fomulation
(from Waldroup and Johnson (2))

Angredient inalygis
pounds used
Ingredient Diet rer week Per tomn i of diet
Comn A 124,5% 1245,95 62,29
Soybean meal A 39,933 399433 19,96
et i £,994 89.94 4,50
Poultry Byoroduct & 20,000 200,00 10,00
Feather meal A 2,275 22,75 1.14
Limestone A 934 9,34 0.47
Dicalcium Phosphate A 1,215 12,15 0.61
Premix A 2,000 20,00 1,00
Methionine A 54 0.54 0,03
Com B 330,072 1320,30 66,00
Mill Usage per week (1b)

Opening Weekly Closing

Stock Usage Stock
Com 800,000 492,948 307,052
Soybean meal 200,000 159,189 40,811
Fat 60,000 45,378 14,622
Poultry Rvproduct 20,000 20,000
Feather meal 10,000 10,000
Limestone 16,000 10,108 50892
Dicalcium Phosphate 22,000 10,316 11,684
Prenis 10,000 7,560 2,440

Kethionine 1,500 499 1,001




Table 5. Resulte of Farametric Linear programming of coat of
its inclusion rate in a cattle feed formulation

an ingredient v,

Coat/Tonne % Inclusion
(Dei1)
140 371
160 3642
180 357
200 3246
220 3246
240 3241
260 1249
280 845
300 8.5
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formulation of dally cow production
Zatdon to minimum puirient cost.
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Table, 7 Bquations releting energy density (x) with ecg weight,
body weight increasc and HE intake in White leghorr hens

fed ad libitum (De Groote (7))

gz weight (g) = 0.213 x + 53.66 (p = + 0.,9C3)

Body weight increase fgd = 38.65 x =~ 840,13 ( r = +0.903)

ME intake = 3.4 + 236,55 (r =+ 0.858)
(Kecal/h/a)

& = NoEo (keal/kg diet)
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Table 8, Approximate projections of cereal su ly
and requiremerts for animal production (:eid \3 )

Tonnes x 106

1965 1975 1985 2000
Cereal equivalent 541 540 508 475
available for animal production
which allows:=
Pork, Eggs, Poultry ( Supply = Requirement )
Produced
Mk 713 441 524 301
Needed 373 441 524 677
Rupinsnt Froduced 39 46 14¢ ' d
keat Needed 39 46 55 n
Cereal Surplus after 98 8 -144 =397

animal production









