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RECENT ADVANCES I N PRACTI CAL FEED FORMULATION IN THE UN TED
Kl NGDOM

DAVI D FI LMER
SUMVARY

Ideas in Nutrition were originally confined to diet
formulation or diet nutrient content. This is still the main
concept anobng sone nutritionists and nost practical farners.

New ideas in which the daily intake of nutrients is
defined by neans of a "Nutrient Intake Profile" wll soon
repl ace these original ideas. Further sophistication allows
Genetic, Environnental and Economic factors to influence and
nodify the ideal Nutrient Intake Profile for a particular
flock or group of aninmals.

A nmeans of delivering these ideal Nutrient Intake
Profiles to individual flocks or groups of animals using
automatic conputer control to mx tw feeds every day to
achieve optimal performance is described.

| NTRODUCTI ON

Feed formulation and Aninmal nutrition have been closely
interrelated since the early days of aninmal husbandry. This
nmust always be so as feed is the vehicle by which nutrients
are delivered to the animal. Recently we have begun to
untangle and better understand this relationship. Feed
formul ati on can now becone nore dynamic and take into account
Genetic, Environnent and Econom c factors on a day to day
basis using "Real Tinme" information from individual flocks of
birds or groups of aninmals.

There has been a logical progression in the devel opnent
of these ideas and it is helpful to trace this evolution under
7 headi ngs. These illustrate the progression of
sophi stication which spans from the 1940"s and will take us
into the year 2000 and beyond.

PROGRESSI ON OF | DEAS AFFECTI NG FEED FORMJLATI ON

A) Fixed Fornulations

B) Fixed Nutrients in the Diet

C) Fixed Daily Nutrient |Intakes

D) Economic Daily Nutrient Intakes

E) Nutritional/CGenetic Interactions

F) Nutritional/Environnent Interactions

G) Reductions in Variability of feed conposition

David Filner Ltd. Wascelyn, Brent Knoll, Somerset TA9 4DT,
U. K Tel . 278 760760
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FI XED FORMULATI ONS

Advant ages

(i) Sinmple and easy to understand by all

(ii) Costs on farm = Sum of RM Costs + Mxing + Transport
+ Profit.

(iii) RM Costs of product "easy" to forecast and explain to
farnmers.

(iv) Fixed manufacturing skills.

(v) Shopping list of RMs depends just on sales forecasts.

D sadvant ages

1) Reliance on a few RM suppliers.
ii) Takes no account of RM Quality or price changes.
il

(
(iii) Takes no account of different stock, different |evels of
performance, different nmanagenment/environments,
different performance objectives or econom cs.

(iv) No progress in nutritional understanding of aninal

Fi xed fornulations were used for broiler/turkey feeds in
the 1950"s. Now they are used only for sonme fish and other
specialist feeds where price is less inportant and nutritiona
know edge is scant.

FI XED NUTRI ENTS IN THE DI ET

This is currently the nost comon basis for feed
formulation in the UK Nutrients are regarded as the inportant
items that aninmals need and which the diet mnust supply. The
feed is therefore seen just as a vehicle to supply nutrients.
It is the level of nutrients present in the feed that is
inportant, rather than their source (i.e. the Raw Materials).
The "Diet Specification" therefore becones nmuch nore inportant
than the formulation.

Assunption - additivity

i.e. that the property of mxtures can be calculated from
a knowl edge of the properties of their conponents and the
proportions in the mx. Wilst this is true for chemnical
conponents such as calciumetc, it is not so true for energy.

Requi renent s

Detailed tables of conposition of all available Raw
Materials for all nutrients i.e. a database. "Specifications"”
for each feed - (Tend to be confused with nutrient
requi rements).

Advant ages

(i) Reduces RM cost conpared to fixed formnulations

(ii) Flexibility in RM usage gives buyers of ingredients nore
negotiating opportunities. Can allocate scarce RMs via
Multimix systens.

(iii) Hghlights unit costs of critical nutrients in the diet.
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(iv) Encourages experinmental work to answer "what if"
guesti ons.

(v) Leads to ideas on "dose/response" and the devel opnment of
nore efficient cost effective feeds.

(vi) Aids the progress of understanding of Nutrition.

(vii) D et costs can be expressed as the sum of the |evel of
each nutrient, multiplied by its cost coefficient (Don't
forget the bulk cost coefficient!).

Di sadvant ages

(i) Needs a conputer to fornulate the diets.

(ii) Can lead to large swngs in RM made up for very little
saving in RMcost. Therefore the physical appearance
and pellet nmaking quality can vary widely from fornula
to fornmula.

(iti) On farm animal performance results are not always
consi stent.

(iv) Sone RMs appear to give better aninmal performance
results than others. O her RMs give poorer results than
predicted. This leads to Min/Max RM constraints.

(v) Only as good as the relevance and the quality of the RM
anal yses.

Bear in mnd that RM anal yses are predicted from
historic data in the main, and are rarely based on
anal yses of materials actually going into particular
formul ati ons.

(vi) Leads to sinple fornulae ie fewer nunbers of naterials
in the fornula, sone used at high levels, This is
because the conputer uses a material to the maxinmum if
it is "economc". |If it is uneconomc, the conputer
rejects it or uses it at the mninmum | evel specified.

(vii) The result is an increasein variability of nutrient
| evel s.

Al though currently the industry standard, its short
com ngs nust be recognized.

FI XED DAI LY NUTRI ENT | NTAKES

Background - a better understanding of Nutrition. Dr
Charl es Payne at Sutton Bonington showed that environnental
tenperatures affected |ayer performance and this was rel ated
to the appetite of the birds. Dr David Charles of ADAS showed
at d eadethorpe that higher environnmental tenperatures reduced
feed intake and saved feed costs.

Nutrient requirenents redefined

It was recognized that "nutrient requirenments"” should be
related to the animal and not the feed. In other words, it is
the animals that have daily requirenents for nutrients, and
the conposition of the feed they need to supply these, depends
on the quantity of feed that they eat per day. If they eat
| ess feed per day, the conposition of that feed has to be
hi gher in nutrient content.

It is the animal that has nutrient requirements not the feed!
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The new ARC and NRC tables of requirenents are now
beginning to recognize this but are still largely setting out
animal nutrient requirenents in diet conposition form Instead
of saying (for exanple), that the nutrient requirenent of a
laying hen is (say) 17% protein, one should talk about its
requirement in ternms of grams of protein per day.

Suppose you decide that the laying hen needs 18 grans a
day. Then 100 grams/day (3.5 0z) needs 18% Protein in
the feed,; but 114 grams/day (4 0z) needs only 15.8%
Protein in the feed.

BOTH give the bird 18 granms protein per day.

Factors affecting daily feed intake

(i) Tenperature - Animal s eat |ess at higher
t emper at ur es.

(ii) Stocking Density - High stocking density reduces
feed intake

(iii)Energy in the feed - High energy reduces
consunpti on.

(iv) Protein in the feed - Slight reductions at high
| evel s.

(v) Level of Production - Hi gh producers have higher
appetites.

(vi) Inposed feed restriction- Under the farmer's control.

So Diet conposition has to fit in with appetite to get
the Daily Intake of Nutrients right.

Application of daily nutrient intake ideas

(i) Oiginal application - 3.51b/gallon and 4lb/gallon dairy

cakes. (Note lower costs per gallon with 3.51b cakes)!
(ii) Feeds for breeds eg Diets for laying hens with different
appetites.

e.g. Silcocks Millmoor Layers "L" (Low appetites)
Millmoor Layers '"M'" (Medium appetites)
Millmoor Layers "H" (H gh appetites)
(iii) Phase feeding of Layers
e.g. Crosfields Goldyolk '"R" (Restricted)
- a layers feed for early lay to avoid the "post peak
di p"
(iv) Optinmum Nutrient Density
Background - Energy in a broiler feed alters appetite of
bird so:-

Devise a diet where the on farm delivered cost nmultiplied
by the daily feed intake - gives the mninmum daily feed

costs . This concept led to big inprovenents in FCR and
profitability.
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ECONOM C DAILY NUTRI ENT | NTAKE

Background

(i) Dose response work at Reading University by Colin Fisher
on response of laying hens to nethionine in the diet.

(ii) Peter Pilbrow / Trevor Morris - Response of laying 'hens
to daily lysine intake.

(iii) Robert Curnow, Professor of Mathematics Reading
Uni versity, Formalized the interpretation of dose
response experinments.

Ani mal  nodel i ng

The animal is regarded as an input - output nodel. CQutput
such as daily lean tissue growh (g/day) is related to daily
i nput of lysine (ng/day).

This shows that, above the |evel needed for naintenance,
the daily output is proportional to the daily intake of
nutrient. This continues up to the Genetic |imt of output, at
which point further increases in daily nutrient intake gives
no further output response.

This concept is then extended to the popul ation of
animal s taking the population variation of naintenance needs
and of genetic limt into account.

The fam liar dose response curve is generated from which
economcally optimal nutrient intakes for the population can
be derived. This depends not only on the genetics of the
strain of aninmal involved, but also on the costs of supplying
increasing intakes of nutrients and on the value of the
i ncreased output generated.

Summary of economc daily nutrient intake and application

(i) Regard the flock or group as an input-output node

(ii) Select economc optimnal
Depends on Flock or group response data of breed or
strain.

Costs of Nutrients, ie relative RM costs.
Val ue of end product (neat, eggs, mlk etc)
including premuns paid for "Quality".

(iii) Leads to Value for noney concepts. i.e. flexible
specifications. (nutrient levels in diet may change as
costs fluctuate)

(iv) Hghly suitable for integrated operators.

(v) Used to devel op product and narketing strategies.

(vi) Leads to fully integrated economc nodels for integrated
conpani es.

NUTRI TI ONAL/ GENETI C | NTERACTI ONS

CGenetic inprovenents in growh rates continue, and can be
predicted several years in advance. This lifts the average
genetic maxi mum for growh rate each generation
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There is no evidence that the rate of lean tissue growh
per unit of nutrient intake ABOVE nai ntenance w Il change.
This means that the extra growmh potential has to be supported
by extra daily nutrient intakes.

In other words the NET efficiency is unchanged (ng |ysine
needed per gram of lean tissue growth). However the GROSS
efficiency IS inproved as the unproductive maintenance needs
are spread over greater yield outputs. Therefore optimal daily
intakes are likely to increase.

At the sane appetites this nmeans a higher concentration of THE
CRITICAL nutrients wll be required in the feeds.

Cenetic _sel ection

Currently nost breeding stock are selected on comerci al
feeds. So only animals with high appetites can get enough
nutrients to express their genetic superiority. Wth broilers
this has led to birds with big appetites being selected, and
this is correlated with fatness!

If birds were selected on a high nutrient feed, then
birds with normal (or |ow appetites) could get enough
nutrients to show their genetic superiority for lean tissue
growm h and could be selected. Under current feeds, such birds
woul d never be selected. Selection under a high nutrient feed
could therefore increase the population [ean growth potenti al
W THOUT increasing appetite and fatness.

G owth hornone

Whet her adm nistered externally or by selection of
ani mal s which produce nore growh hornone, it is only the RATE
of output such as mlk or lean growth (and maxi mnum adult body
mass) that is increased. Nutrients required per _unit wll
remain the same - so in an increased grow h hornone scenari o,
nore nutrients per day will be needed. The aninmal can achieve
this only by a) eating nore b) eating a higher nutrient feed.

Projected growh rates for chicken to the year 2000

From ny University notes of 1956, chickens in 1954 t ook
12 weeks and 131b of feed to grow to 3.251b LW In 1965 Dr.
Percy Blount of BOCM introduced his "388" broiler feeds. (31lb,
8 weeks, 81b feed). Currently we can produce 51b at 6 weeks on
91b feed. By 2000 | predict we will produce 51b at 5 weeks on
81b feed as shown in Table 1.

TABLE 1 Chicken performance - projections to the year 2000

1954 1965 1989 2000
L. Weight (1b) 3.25 3.00 5.00 5.00
Age (weeks) 12 8 6 5
Feed (1b) 13 8 9 8

FCR 4.00 2.70 1.80 1.60
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Inplications for animal agriculture

There is a need for a closer |iaison between
nutritionists and geneticists to ensure that feeds are
provided to support the higher potential perfornmance of
i nproved strains as they arise. Animal Mdelling can give a
good clue as to what these new feeds should be.

NUTRI TI ONAL/ ENVI RONVENT | NTERACTI ONS

W are now able, not only to nonitor, but to contro
environnment in animal (particularly pig and poultry) houses.
This refers not only to tenperature but to Relative Humdity,
Amonia, CX2 and 02. This is done by automatic operation of
fans, air inlets and heaters. W also control |ighting,
stocking density and the timng and frequency of feeding etc.

ptimising nutrition/environment

There are 3 possible nethods.

Optimising diets - with environment constant Currently diets
are normally devel oped by experinenting with different
nutrient |evels and conbinations in a fixed conventional
environment. Usually this is in experinental facilities. For

statistical reasons, large nunbers of small pens of aninmals
are needed to cater for random sation and replication so that
results are "statistically significant". This experinental

method has led to major inprovenents in aninmal performnce and
is not to be despised.

However there are some mmjor disadvantages : -

(a) In order to ensure that differences in performance are
truly related to nutritional treatnents, all other
factors have to be standardi zed. Such factors as
tenperature and stocking density (both of which are known
to affect appetite) are therefore fixed.

(b) Small pens cannot accommpdate as nany birds per square
foot as commerci al houses because of the "edge effect”

(c) Because of the need for feeding passages, the nunber of
birds per cubic foot of airspace is nmuch smaller than in
comercial units.

Al'l this neans that conclusions drawn from such
experinments, particularly when trying to optimse nutrient
level s or feeding programmes, may not reproduce the results in
commercial practice as on the experinment farm Even if
comercial conditions could be reproduced on an experinental
farm only one conbination of environmental background woul d
be used. The diets produced would therefore optimse nutrition
under a defined environnent.

Qptinmsing environment - with nutrition constant On nmany
chicken growng units a standard feed and feed programis

used. Gowers therefore experinent with tenperatures, stocking
densities, feeding tinme table etc, in order to optimse
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envi ronnent under the conditions of the defined feeds and
programres inposed on them

Ootimsing the conbination of Nutrition and Environnent The
idea is to have control of diet conposition AND environnental
factors sinmultaneously, and take genetic factors such as

strain and sex into account as well as economics in order to
find a conbination that produces the nost profitable solution

For exanple, higher tenperatures reduce feed costs (which
saves noney) but increase fuel costs and diet fornulation
costs. The correct conbination depends not only on average
farm delivered feed costs, but on unit nutrient costs of
increasing or decreasing nutrients in the feed and fuel costs
of heating the house. The optinmal nutrient intake depends on
the dose response of output to nutrient intake for the strain
and sex as well as the unit costs of nutrients and the
relative value of different |evels of output.

MODELLI NG

This is a theoretical nethod of predicting performance of
a single animal when offered feed of a given conposition in a
defined environment. Gerry Emmans and Colin Wittenore at
Edi nburgh as well as sonme notable Australian workers have
produced sone excellent concepts which have hel ped
nutritionists understand a lot nore about nutrition and the
growth process. The nodel for pigs normally works on an
assunmed feed scale, while the one for broilers assunmes ad lib
feed intake. The latter has therefore to predict the birds'
feed intake al so.

The basis is to calculate the daily intake of nutrients
for day one. Then to deduct the quantities needed for
mai nt enance (this depends on body weight and conposition as
wel | as environnent). Having found the nutrients available for
growmh, to see how nuch of the genetic potential can be
fulfilled or how nmuch nutrient needs to be excreted. The model
then adds the calculated lean tissue and fat to the origina
body conposition to arrive at the body conposition at the end
of day one.

This then becones the start point for day two - and the
calculations are repeated with appetites, diet make up and
environnent for day two - and so on. Some progranmes use sub-
divisions of a day for greater accuracy.

Al'l the calculations are of course done by conputer. The
feed trade and sone practical growers have, in the main, used
these nodels to attenpt to answer "what if" questions. e.g.
what prediction does the nodel nmeke if I increase the feed
scale (or the protein content of the diet) etc. Such nodel s
are good exanples of the use of conputers to assist decision
maki ng.
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Commercial application of modelling for profit optimisation

To turn this into a conmercial tool for practical use for
say Broilers which would produce optinmm profit/would require
the follow ng procedures:-

Construct a FLOCK Model (not a single bird nodel), to take
into account

(i) Daily intake of nutrients for the flock related to |ean
tissue gain, lean/fat, total weight gain etc.

(ii) Effects of environnment (tenperature, RH and stocking
density) as well as energy of diet on daily feed intake.

(iii) Incorporate econom c data
a) RM Cost

b) Val ue of Weight produced including |lean/fat and
other Quality prem uns.

c) Chick, litter, building, gas, electricity costs etc.

Then cal cul ate

(i) The value of neat birds at slaughter allow ng for
different values at different weight bands.

(ii) The total feed costs i.e. Sum of each days feed cost
(i.e. on farm delivered cost x daily feed intake).

(iii1) Costs of maintaining environment and other costs.
Scan 1 minus (2 plus 3) for all possible conbinations
Sel ect and inplenent optinmal strategy.

So far, such an application has not been made. One of the
bi ggest problens is that the predictions of feed intake are
not accurate enough. The rest of the nodel depends critically
on this

Exanple of a practical nutrition nmodel for broilers / turkeys

Calculate for the Breed / Sex, for each day, the optinma
daily intake of nutrients for the flock, using RM costs and
nmeat val ues.

Calculate the Ideal Diet Conposition for each day for
di fferent assumed feed intakes.

Construct a series of diets (3-5) with graded |evels of
key nutrients.

Derive a feed programme to fit the ldeal Diet Composition
nost nearly.



252

Measure feed intake daily and use this information to
cal culate actual nutrient intake conpared to target.

Modify the feed programe AND/ OR environnent during
flock's life to keep actual nutrient intakes in line with
targets.

FLOCKMAN - a neans of inplenmenting nutrition/environnment
control

This electronic equipnent nonitors and controls
environment and nutrition in intensive poultry houses and was
devel oped at Harper Adanms by Chris Belyavin in conjunction
with BOCM Silcock and Stonefield Systens (the manufacturers).

It won the best new equi pnent award at the European
Poultry Fair 1986 and has recently been updated to contain a
nutritional elenment to ensure actual daily nutrient intakes
are in line with targets. This is done by automatic bl ending
between two feeds at each chicken or aninmal house to achieve
thetarget daily NUTRIENT intake at the observed daily FEED
i ntake. One of the feeds can be a whole cereal.!

One on-farm conputer is linked to up to 16 houses and
di spl ays details of performance in each house. Each house is
nonitored and controlled for :-

Tenperature - Mean, M n and Max including external

Moi st ure - i.e. Relative Humdity, Mean, Mn and
Max

Ammoni a

Bird Wight daily - Mean and SD plus histogram

Daily feed dispensed - to + or - 0.5%

Feeding cycle/timng, waste control

Daily Water |Intake

Automatic Fan control including timer for mninmm ventilation
rate.

Automatic Air inlet controls (where appropriate).

Light control - timng

Al data are transferred to the farm conputer
automatically at mdnight. I ndi vi dual screens for each house
show by graphs, how actual performance conpares to targets for
LW LW5 FCR, Feed Intake, Water Intake, Tenperature, RH and
Ammoni a.

Alarns are activated if fans, heaters, feed chains etc
mal function. FLOCKMAN is currently being sold by Stonefield
Systens Plc. to large broiler growers world-wide. It is used
in the foll ow ng sequence : -

() Determi ne and set up local performance targets for the
strain/ sex.

(ii) Set up the best estimates of the optimal daily
envi ronment , Nutrient Intake Profiles and feeds. This
is done in conjunction with the producer's feed or
suppl enent supplier.
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(iii) Mnitor continuously, daily bird weight, feed intake,
wat er i ntake.

(iv) Conpare actual results against targets, daily on
col oured graphical displays.

(v) If necessary nodify environnent and/or feed program or
conposition, so as to steer birds along the
predeterm ned growth curve.

(vi) Al data are archived to nenory so that previous crops

can be recalled for conparison or for overall economc
anal yses.

(vii) Mnitoring of flocks can be done renotely by nobdem at
head office.

(viii)An advisory service for first flocks via nodemis
avai | abl e.

(ix) Pay back period for capital costs is approximtely one
year .

Inplications for animal agriculture of "real tine" nanagenent
syst ens

(i) They assist nutritionists to devise better feed prograns
for their existing broiler/turkey/pig feeds.

(i1) They assist nutritionists to devise better feed
specifications for animals or birds having |ower or
hi gher appetites than usual.

(iii) They offer the opportunity to inplenment the best on farm
m x of two conpounds or of one conpound and cereal for
the finishing stages of broiler/turkey/pig grow ng.
Ideally the m x changes gradually and progressively as
the animals grow and this is best achieved by conputer
control on farm where the daily feed intake and

i veweight gain is under automatic control as in the
FLOCKMAN system

REDUCTI ONS I N VARI ABI LITY OF FEED COWPCSI Tl ON

Li near progranm ng increases the variation of protein and
other nutrients in feeds. This is reflected by a |ack of
consi stency of farm perfornmance.

In a standard broiler feed fornmulated to 20% protein for
exanple. We are likely to find a Standard Deviation of one
percentage unit of protein.

so 50% of sanples wll be below 20% protein
16% of sanples will be below 19% protein
2.5% of sanples will be below 18% protein

In order to reduce variability perhaps we should specify
that no nore than 16% of sanples should be beneath 19%
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Protein? Just to remnd you, the standard deviation of a
m xture can be calculated from the fornmula and the SDs of the
conponents as shown in Table 2.

Protein variation in puffin pellets

TABLE 2 Met hod of calculating standard deviation of protein

in a nmx
(a) (B)
PROTEIN
% S.D. (AxB) (AxB)2 % Total
Barley 40.5 1.5 0.607 0.369 82.9
Wheat 15.0 1.2 0.180 0.032 7.3
WheatFeed 8.4 1.1 0.092 0.008 1.9
Sugar Beet 15.0 0.9 0.135 0.018 4.1
Molasses 7.5 1.0 0.075 0.006 1.3
Soya 10.6 1.0 0.106 0.011 2.5
0il 3.0 0 0 0 0
100.0 0.444 100.0

SUM OF (AxB)2 = 0.444
Therefore S.D. of this fornula = SQrR/ 0.444 = 0.666

A method exists using |linear programm ng to produce a
| east cost fornmula such that only 16% (or any other
percentage) of the sanples fall beneath a given |evel (13.33%
in Table 1). This nethod produces a different fornula with a
| ower nmean and standard deviation but still having only 16% of
the sanples beneath 13.33% protein. In the exanple in Table 3,
it also saved 40p/tonne!

TABLE 3 Raw material cost of puffin pellets

STANDARD METHOD NEW METHOD
i.e. LEAST COST TO 14% CP. LEAST COST TO GIVE 16% BELOW
13.33% CP
RM COST = £ 105.26 RM COST = £ 104.87 (Saved
40p/tonne)
MEAN C.P. = 14.00% MEAN C.P. = 13.69%
SD of C.P.= 0.67% A SD of C.P.= 0.36%
Therefore 16% of Therefore 16% of
Product below 13.33% C.P. Product below 13.33% C.P.

The Quartile level is often used in quality contro
assessnents as it is nore accurately assessed wth a snal
nunber of sanples then say the 2.5% risk level. The Quartile
level is that |evel below which one quarter of sanples lie
(and above which three quarters lie). Table 4 shows the
percent of product falling beneath 18% protein and the
Quartile levels for conpounds with various nean protein |evels
and Standard Devi ations.
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TABLE 4 I nterchange of mean and standard deviation

$ of PRODUCT FALLI NG BENEATH 18% PROTEI N

Mean level of Protein in Product (%)

18.0 18.2 18.4 18.6 18.8 19.0

1.2 : 50 43 37 31 25 20
S.D. : /
of 0.9 : 50 41 33 25 19 13
Protein : /
in 0.6 : 50 37 25 16 9 5
Product : /

(%) 0.3 : 50 25 9 2 0.4 0

There is clearly a trade off between Standard Deviation
and nmean |l evel of protein in the mx to give the sanme |evel of
risk of falling beneath a given threshold. For exanple you
woul d have to fornulate to 18.8% protein if your SD was 1.2 to
give no nore than 25% of sanples falling below 18%. However
you could reduce your formulated levels to 18.4% if you could
reduce your SDs to 0.6 - and still have only 25% falling bel ow
18%.

Reducing variability means reducing exceptionally good
animal performance results as well as the exceptionally poor
However exceptionally good results only increase farner's
expectations. |f you cannot consistently guarantee this, nost
farmer's would prefer nore predictable perfornmances. So the
met hod of fornulating to reduce variability has nuch to
comrend it and could be used nore extensively in the future.
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