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What protein levels will
maximise margin?

by Marcus Kenny, Carolyne Kemp and Dr Colin Fisher, Aviagen, Newbridge, Midlothian EH28 8SZ, Scotland.

Broiler compound feed prices
have fluctuated over the last
few months in part due to

soya meal prices. Fig. 1 shows
monthly soya bean prices for
2003 and 2004. 

When raw material prices
increase it is tempting to consider
controlling the cost of the fin-
ished feed by reducing nutrient
levels in the diet.

Protein is a major contributor to
this cost. In this article we
explore the effect of reducing
protein levels to control feed cost
on biological and financial per-
formance.

Biological performance

The graph of results from a recent
trial (see Fig. 2) demonstrates the
effect of increasing protein levels
(available amino acids) in the diet
on Ross 308 male growth and
FCR to 41 days of age. 

The control treatment was for-
mulated to meet the current Ross
308 recommendations, while the
protein level in the other treat-
ment was formulated to achieve
85% of the control diet.

The results from this latest trial
are consistent with previous trials
and field experience. In this arti-
cle, protein refers to available
amino acids and all trial diets
were designed to provide differ-
ent levels of balanced protein
using the ideal amino acid profile
as per the recommendations pub-
lished in the Ross Broiler Manual

(2002). It can be clearly seen
from this graph that bodyweight
and FCR improve significantly as
protein levels are increased. 

However, a lower protein level
in the diet will be cheaper, so the
effect on the overall financial per-
formance of the flock needs to be
assessed. The following financial
assessment has been based on the
same trial data.

Financial performance

All calculations are based on
Asian costs and revenues. The
control diet will cost approxi-
mately $US248/ton; a 15% cut in
the dietary protein level will save
about $US14/ton (about 5%).

Fig. 3. summarises the impact of
a lower protein concentration in

the diet on margin (in $US per
bird) after feed cost. 

The calculations have been
made based on both current and
increased feed costs (+10%).

Within the protein ranges used
in this trial the key points are:
● Reducing protein levels will
reduce cost but also decrease
margin due to lower biological
performance.
● Reducing diet protein regard-
less of feed price will reduce mar-
gin.

The full calculations are given
in Table 1.

Processing performance

A lower dietary protein will also
affect white (breast) and dark (leg)
meat yield. Using the same trial

Fig. 1. Soya bean meal prices from July 2003 to July 2004. (Source: Feed
Info.Com).

Fig. 3. Influence of increased feed prices (+10%) on farm margin at differ-
ent protein levels for 41 day males.

data Fig. 4 shows a significant
reduction in white and dark meat
yield when protein levels are
reduced.

The effect of reduced protein on
margin per bird for eviscerated
carcase can be calculated and is
shown in Fig 5. A lower dietary
protein level will also reduce pro-
cessing yield and margin.

It is clear that significant reduc-
tions in protein density have a
negative impact on physical and
financial performance.  

However this does not answer
the question ‘What level of pro-
tein should be fed to maximise
margin?’  

Aviagen publish nutrient density
recommendations for diets fed to
broilers in the starter, grower and
finisher period (Table 2), accom-
panied by the warning that the
nutrient levels will need to be
adjusted to maximise profitability
under local conditions.

It is now widely accepted that
the choice of dietary protein level
is an economic decision to be
made for each company or enter-
prise. 

This idea replaces the concept
that birds have characteristic
‘requirements’ which should be
met under all conditions.

To identify the dietary amino
acid levels that maximise margin
for individual companies Aviagen
have developed the Balanced
Protein Calculator.

This calculator combines feed
and revenue prices with broiler
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Fig. 2. Effect of increasing protein on liveweight and FCR (41 day males).
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biological response data to estab-
lish what dietary amino acid level
is maximising profit for different
objectives, for example farm ver-
sus eviscerated carcase margin. 

Balanced Protein Calculator

The calculation of an optimum
balanced protein level involves
several inputs (see Fig. 6). Feed
cost at different protein levels is
determined by conventional least
cost feed formulation. 

Other costs, of broiler rearing
and processing are allocated
appropriately. Broiler perfor-
mance at each protein level is
then determined from response
curves established by experiment. 

Finally, the revenue from pro-
duction is calculated, taking
account of different types of prod-
uct and their value. These ele-
ments are then combined to
calculate the profit for each level
of balanced protein and the opti-
mum is identified by examina-
tion.

Biological response data

The most important part of the
Balanced Protein Calculator is the
set of biological response data. 

The data is obtained by assess-
ing the impact of protein levels in
the diets on broiler performance. 

Aviagen have evaluated the
amino acid response of the Ross
308 broiler in an ongoing series
of trials from 2002 to 2004.

In the experiments and in the
calculator, sequences of feeds are
used to feed the broilers.

The calculation of an optimum
is made across all feeds and to
facilitate this, balanced protein
levels in each feed are expressed
as a percentage of a standard. 

The reference standard used is
based on the current Ross Broiler
Manual and is shown for digesti-
ble lysine in Table 2.

The approach taken is therefore
restricted to constant relative pro-
tein levels across all feeds. 

In the experiments and calcula-
tor energy levels were maintained
at Ross recommended levels. 
● Trial procedures.
Trial diets were designed to pro-
vide different levels of balanced
protein using the ideal amino
acid profile as published in the
Ross Broiler Manual. Across all
trials protein levels varied from
70 to 120% of the standard used
and in all treatments the same rel-
ative level was used in the starter,
grower and finisher phases. 

Feeds were largely wheat based
and formulated from ingredients
available in a commercial feed
mill using a high quality commer-
cial database to describe ingredi-
ent compositions. 

Birds were removed at 32 and
46 days for processing and deter-
mination of body composition.

Observations of liveweight,
eviscerated carcase weight,
breast, thigh, drum meat weight
and wing portion weight and
abdominal fat pad were made
(see Table 3).
● Calculating bird response.
All trials included birds fed
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Fig. 4. The effect of reducing protein on white and dark meat (41 day
males).

Fig. 5. The effect of reduced protein density on eviscerated margin (per
bird after feed) for 41 day males.

Fig. 6. A general scheme for calculating balanced protein levels to max-
imise profitability of broiler production.

1. Biological response

2. Feed costs

3. Other costs

4. Revenues for 
poultry products

Calculate maximum margin

● Farm – Feed and chick

● Eviscerated – feed, chick + 
processing

● Portions – feed, chick + all 
processing

Continued on page 15

Fig. 7. Example of a breast meat response curve for 3kg males.

Continued from page 11 85% of 100% of  
Ross Broiler Ross Broiler 

Manual Manual

Physical performance
Liveweight (kg) 2.67 3.19
FCR (kg) 2.0 1.86
Feed consumed (kg) 5.34 5.93

Current financial performance
Feed price ($/kg) 0.234 0.248
Feed cost ($/bird) 1.25 1.47
Revenue (0.75 US$/kg) 2.0 2.39

Margin current feed prices ($/bird) 0.75 0.92
Future
Future feed price + 10% ($/kg) 0.257 0.273
Future feed cost ($/bird) 1.37 1.62

Margin future feed prices ($/bird) 0.63 0.77

Table 1. Calculation of farm financial performance.
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Table 2. Ross 308 feed recommendations for as hatched broilers grown to
2.3-2.5kg liveweight at 42- 45 days.

Starter Grower Finisher

Age fed (days) 0-10 11-28 29-end
Energy (Kcals) 3010 3175 3225
Digestible lysine (%) 1.27 1.08 0.88
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according to the Ross Broiler
Manual (2002) – treatment 100%. 

To combine the data from dif-
ferent trials all data were
expressed relative to this treat-
ment for the definition of bird
response to protein. 

Slaughter weights of 1.7, 2.0,
2.5 and 3.0kg for males and
females separately were consid-
ered in the analysis. In total 72
responses have been identified. 

Fig. 7 is an example of a
response curve

Additional response curves for

abdominal fat have been estab-
lished, downgrades can be cus-
tomised to represent actual levels.

Calculating feed cost

Feed costs were calculated at dif-
ferent balanced protein levels by
linear programming. Diets will
vary depending on the ingredi-
ents available, their qualities and
price and also on the range of
nutrient and ingredient con-
straints that the nutritionist
chooses to use.

An example of relative feed
ingredient costs for two countries
in 2004 is shown in Fig. 8. The
slope of this relationship has a
very critical effect on this choice
of optimum protein level.

Other costs

The following costs are also used
in the calculator: 
● Day old chick cost – takes into
account all breeder, hatchery and
transport costs.
● Fixed overheads per broiler –

these are costs incurred on the
farm excluding feed cost.
● Processing cost – costs incur-
red in the processing plant. Prim-
ary processing cost relates to the
cost of processing an eviscerated
carcase and further processing to
the production of portions.

Revenue to the enterprise

The calculation of profit requires
data for determining income of
various kinds accruing to the
enterprise. Income is calculated
by the value of live birds (per kg),
eviscerated carcase (per kg) and
value of portions (per kg). 

Optimum amino acid level

The various data discussed above
are combined in a spreadsheet. 

The output from the calculation
is a plot of profit against relative
protein level, an example of
which is shown in Fig. 9 as an
illustration of the method.

Feed cost data were based on
ingredient prices in Asia for 70,
80, 90, 100, 110, 120 and 130%
protein levels. Revenue was val-

ued at $US0.75per kg live weight,
$1.25 per kg eviscerated carcase
and $1.90 per kg breast meat and
$3.00 per kg leg portion.

Estimated chick cost, broiler
grower overheads and processing
costs for the Asian industry were
constant for all protein levels. In
this analysis the effect of protein
level on production cycle and
economic consequences were
ignored.

The optimum amino acid level
to maximise profit was also iden-
tified for eviscerated carcase and
processed portions. Table 4 sum-
marises this data for males, fe-
males and as hatched grown to
3kg. 

As expected, the results show
that the most profitable level of
protein increases as additional
sources of revenue are brought
into consideration, for example
the optimal amino acid density
for males is 101% for farm mar-
gin increasing to 111% for por-
tions margin. Males are more
responsive than females in this
respect. 

The magnitude of change de-
pends on the detailed responses
of individual components to

Fig. 9. Farm margin (after feed) for 3kg males and females. An example
of the output from the calculation of optimum protein levels using the cal-
culator. Revenue is determined on a live weight basis only. Fig. 11. Relative feed price changes – current compared to increased.

Continued on page 17

Fig. 8. Relative feed costs for 2kg broilers at different relative protein levels.
Ingredient costs for two countries (2004). Costs for starter, grower and fin-
isher feeds were weighted according to standard proportional feed intakes.

Continued from page 13
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Fig. 10. The liveability of Ross as hatched birds over increased levels of
protein.
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Response trait
Age
FCR

Mortality
Thigh meat
Drum meat

Thigh portion (including bone)
Drum portion (including bone)

Breast meat fillet
Wing

Table 3. A list of response traits
used in the Protein calculator. 



International Poultry Production — Volume 12 Number 7 17

changes in protein level at differ-
ent slaughter weights. 

However, a widespread conclu-
sion may be that feeding deci-
sions based on revenues at the
farm gate will lead to lower levels
of protein being used than when
processing is taken into account. 

An additional factor influencing
this economic response is the
high liveability experienced with
Ross broilers. Increasing diet
nutrient density will increase
growth rate and live weight for
age.

The Aviagen pedigree selection
process has minimised the inci-

dence of metabolic related dis-
eases even at high growth rates,
hence feeding higher levels of
nutrients to the Ross bird will not
compromise liveability.

Fig. 10 shows the liveability of
Ross as hatched birds to increas-
ed levels of protein. 

It is clear that feeding the Ross
bird for optimal performance
does not compromise the welfare
of the bird as defined by liveabil-
ity.

The calculator can also be used
to explore what other factors will
affect optimal amino acid density.
● Protein raw material price
increase.

revenue prices increase and
decrease. 
● Relative revenue price change.
The price of white meat relative
to dark meat is different in differ-
ent regions and is subject to
change. 

Table 8 shows the optimal
amino acid density when white
meat price is increased by 100%
relative to dark meat. The optimal
amino acid density is sensitive to
relative changes in white and
dark meat revenue prices. 

Summary

● Aviagen have collated a
unique set of biological response
data showing how the Ross
broiler responds to inputs of bal-
anced amino acids. 
● This biological response data is
the backbone of the Aviagen
Protein Calculator.
● The Aviagen Protein Calculator
combines biological response
data with feed and revenue prices
to identify the optimal dietary
amino acid level maximising
farm, eviscerated and portions
margin.
● The optimal amino acid den-
sity is dependant on the objec-
tives of the organisation.
● Maximum margins in deboning
companies will be achieved

when higher levels of dietary
amino acids are fed; while maxi-
mum farm margins are achieved
on lower levels of dietary amino
acids. 
● The excellent liveability of the
Ross broiler allows profitability to
be maximised without compro-
mising welfare. ■

Optimal amino acid density will
change if the cost of balanced
proteins increases. This situation
is likely to arise if the price of any
of the protein raw materials
increases, for example soybean
meal and fishmeal. 

If alternative protein sources are
limited then the situation is likely
to be exaggerated. 

Fig. 11 shows relative feed price
changes based on current versus
increased protein prices. 

When protein prices increase it
will cost more to achieve a higher
level of amino acids in the diet
and Table 5 shows the sensitivity
of increased protein prices on
optimal amino acid density.
● Change in factory liveweight.
Feed and protein prices are not
the only influence on optimal
amino acid density. A change in
kill weight will impact on the
optimal amino acid density.

In the example shown in Table
6 the optimal amino acid density
for farm margin remains un-
changed. 

As kill weight increases the
potential for breast and portion
growth increases hence optimal
amino acid density for eviscer-
ated carcase and portion margin
increases as kill weight increases. 
● Revenue price changes.
As revenue price changes the
optimal amino acid density re-

mains the same for farm margin
but changes for eviscerated car-
case and portions margin.

Table 7 shows the optimal
amino acid density when Asian
revenue prices are increased or
decreased by 20%.

Optimal amino acid density
increases and decreases when

Table 5. Optimal amino acid density (%) for 3kg males.

Margin Current protein Increased protein
raw material price raw material price

Farm 101 91
Eviscerated carcase 110 97
Portion 111 100

Table 6. The optimal amino acid density (%) for as hatched.

Margin 1.7kg 2.5kg 3.0kg

Farm 96 96 96

Eviscerated carcase 97 99 102

Portion 98 102 103

Table 7. Optimal amino acid density (%) for 3kg as hatched.

Margin -20% 100% +20%

Farm 96 96 96 
Eviscerated carcase 98 102 106 
Portion 100 103 106 

Continued from page 15

Breast meat revenue

Margin Current Increased 

Farm margin 101 101

Eviscerated carcase 110 110

Portion margin 111 115

Table 8. Optimal amino acid density (%) for 3kg males as breast meat
price increases.

Table 4. Optimal amino acid density (%) for males, females and A/H 3kg
broilers – based on Asian costs and revenues prices. 

Margin (3kg) F M A/H

Farm 90 101 96

Eviscerated carcase 93 110 102

Portions 95 111 103


