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Feed formulation 
main steps

1. Nutrient requirements of the animal

2. Nutrient composition of feed ingredients

3. Using a precise feed formulation method to match nutrient 
supply with nutrient requirements
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Nutrient 
requirements
• Age-specific 
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Nutrient 
requirements
• Performance-specific
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Robust growth models & accurate 
nutrient requirements

Prediction of age-specific BW to

• better match nutrient supply to 
nutrient requirements

• evaluate the economic impact of 
management decisions on designing 
target growth curves

• breeding programs

• nutritional management decisions

𝐵𝑊 = 𝑊𝑚 × 𝑒𝑥𝑝ି௘௫௣
ష್ ೟ష೟೔೙೑

𝐵𝑊 = 𝑊𝑚 +𝑊𝑚௨ × 𝑒𝑥𝑝ି௘௫௣
ష ್శ್ೠ ೟ష೟೔೙೑



How nutrient requirements are determined?
Nutritional Response Models
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Source: Roland et al., 2000

Optimum response?



Nutrient requirements vary

• Metabolizable Energy requirement 
• Laying hens: 2,684 - 2,992 kcal/kg
• Broilers: 2,750 – 3,200 kcal/kg

• Total Sulfur Amino Acid (TSAA) levels (Ahmad and Roland, 2003)
• 562 - 859 mg/day/hen depending upon energy and protein cost and market situation

• The requirement depends on the response criteria being evaluated

• We need mathematical models to select the most economical choice under the light of
ingredients cost and product price 
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Take-home messages so far…

• Try to use performance-specific nutrient requirements as 
opposed to the age-specific ones

• Use robust models to determine nutrient requirements

• Let the energy and protein cost and product price dictate 
the dietary energy and nutrients levels

• Nutrient requirements vary and you need to choose the 
most relevant value regarding your target!



Define your feed formulation target

• 1920: Growth rate
• 1940: Feed efficiency and meat yield
• 1990: Least cost
• 2004: Maximum Profit (Guevara, 2004)
• 2010: Sustainable production 

(Economy, Environment, Social  
concerns) 

• 2020: Flock OR Individual animal level  
(Zuidhof, 2020)

• 2020: Slower growth and meat quality
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Feed 
formulation 
models and 
methods 

1. Deal with market variation
• Least Cost Feed Formulation (LCFF)

• Linear programming models
• Maximum Profit Feed Formulation (MPFF)

• Nonlinear programming models 

2. Deal with variation in feed ingredients 
composition

• Margin of Safety (MOS) and Stochastic feed 
formulation

3. Deal with both!
• Multiple Objective Programming (MOP)
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Least Cost Feed 
Formulation (LCFF)

• Setting of nutrient restrictions 
intended to minimize the diet 
cost and maximize bird 
performance 

• Meet nutrient requirements

12Source: Afolayan et al. (2008) 

You may want to create your own LCFF spreadsheet 
using the following tutorial video:
https://youtu.be/tEAarcwd300



Sensitivity analysis of a formulated diet

For each unit increase in dietary protein level, the dietary
cost will increase by 3.3$/ton

For each unit decrease in dietary protein level, the dietary
cost will decrease by 3.3$/ton 

If corn price increases by 0.0028$/kg or decreases by 
0.0315$/kg, the inclusion level (57%) will remain same.

 In a range of 18.5% to 20.91%



Disadvantages of Least Cost Feed Formulation

• Reducing feed costs?
• The cost side of the equation looks 

attractive but not necessary optimizes 
profitability   

Margin = Revenue - Cost
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Sources: Cerrate and Waldroup (2009); Vieira and Angel (2012); Dadalt et al. (2015)



Moving to 
dynamic feed 
formulation 
method

• The response of birds to dietary energy diminishes with increasing nutrient 
density.

• Law of diminishing return
• As nutrient intake increases, the performance (BW or Egg mass) also 

increases, but in a decreasing rate. 
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Sources: Adopted from Guevara (2004)

Maximum profit feed formulation in broilers

Margin = (Product price × Product amount) – (feed cost × FI)

Margin = (Broiler price × (-2.2571 × E2 +14.69 × E – 21.696)) –

(Feed cost × (0.9925 × E2 - 6.9489 × E + 15.581))

E: Energy density (Mcal/kg)

FI: Feed intake

Margin = Revenue - Cost



Sources: Adopted from Afrouziyeh et al (2011)

Maximum profit feed formulation in layers

Margin = (Product price × Product amount) – (Feed cost × FI)

Margin= (Egg price × (0.25 × E2-0.5754 × E + 4.1427)) –
(Feed cost × (-0.6786 × E2 + 1.2368 × E + 10.542)) 

E: Energy density (Mcal/kg)

FI: Feed intake

Margin = Revenue - Cost
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Sources: Afrouziyeh et al (2011)



Effects of changing prices on diet formulation
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Profit was always higher for NLP method than the LP one

Sources: Afrouziyeh et al (2011)



https://extension.uga.edu/publications/detail.html?number=RB440

What about predictive performance of models?



Energy 
requirements 
models
Some potential implications

• valid estimated coefficients 
for maintenance, growth, and 
egg production

• Increase predictive 
performance of energy intake 
models

• match nutrient supply with 
nutrient requirements



Functional specifications of the evaluated ME intake 
models

Model Function specification

I MEId = a × BWb + c × ADGp + d × ADGn + e × EM + ε

II MEId = (a + u) × BWb + c × ADGp + d × ADGn + e × EM + ε

III MEId = (a + uu) × BWb + c × ADGp + d × ADGn + e × EM + ε

IV MEId = a × BWb + (c + v) × ADGp + d × ADGn + e × EM + ε

Estimated coefficients are lowercase letters. 
MEId = daily ME intake (kcal/d); 
BW = BW (kg)
ADGp = positive ADG (g/d)
ADGn = negative ADG (g/d) 
EM = egg mass (g/d)
u = bird-specific random term associated with individual maintenance 
uu = age related random term
v = bird-specific random term associated with individual ADG
ε = residual error

Source: Afrouziyeh et al., 2021



Selection of the model of choice

Model fitting statistics Cross validation statistics
Model MSE R2 MAE MSE RMSE R2

[I] – daily 3616 0.730 42.8 3689 60.7 0.725
[II] – daily 3510 0.738 42.0 3573 59.7 0.734
[III] – daily 2762 0.794 37.8 2774 52.8 0.791
[IV] – daily 3501 0.739 42.2 3563 59.6 0.734
[I] – 4d 1739 0.845 28.4 1726 41.5 0.847
[II] – 4d 1649 0.853 27.7 1635 40.3 0.855
[III] – 4d 1190 0.894 23.0 1161 34.2 0.895
[IV] – 4d 1592 0.859 27.7 1566 39.4 0.862
[I] – 1wk 1412 0.872 25.2 1382 37.1 0.875
[II] – 1wk 1327 0.880 24.6 1305 36.1 0.882

[III] – 1wk 954 0.914 20.4 937 30.7 0.915
[IV] – 1wk 1273 0.885 24.6 1259 35.5 0.886
[I] – 2wk 978 0.908 21.5 1047 32.3 0.903
[II] – 2wk 900 0.915 20.7 974 31.0 0.911
[III] – 2wk 737 0.931 18.4 776 27.8 0.928
[IV] – 2wk 978 0.908 20.7 919 30.1 0.916
[I] – 3wk 832 0.918 20.4 875 29.6 0.914
[II] – 3wk 778 0.923 19.0 797 27.9 0.923
[III] – 3wk 601 0.941 16.6 612 24.7 0.939
[IV] – 3wk 832 0.918 19.8 786 27.8 0.924

Best fitting performance but with autocorrelation bias
Lowest autocorrelation bias but does not have a reliable fitting and predictive performance
Model of choice

Random term associated 
with individual maintenance

Afrouziyeh et al (2021)



Ross 708 broiler 
breeder expected BW 
based on the 
recommended ME 
intake

MEId = (100.47 × BW0.56) + (3.49 × ADGp) + (3.16 × ADGn) + (2.96 × EM)
• MEId = daily Metabolizable Energy intake (kcal/d)

• BW = Body Weight (kg)

• ADGp = positive Average Daily Gain (g/d)

• ADGn = negative Average daily Gain (g/d)

• EM = egg mass (g/d) 
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Take-home messages so far…

• Maximum response (e.g. BW) is not always equal to 
maximum profit!

• Minimizing cost is just part of the story! Try to think out of 
the box!

• Profit is the final goal in economy.

• Try to evaluate mathematical programming models 
thoroughly, not just from the fitting-performance 
perspective.



Interested in creating a 
Maximum Profit Feed 

Formulation spreadsheet?

https://youtu.be/33sjsiy_6ck



Variation in nutrient 
composition of feed 
ingredients
NIR device 

Image: https://www.spectroscopyeurope.com/product/portable-nir-raw-material-and-feed-analyses



Uncertainty and risk are inherent in biological variability 

• “. . . I work on planning under 
uncertainty.

That’s the big field as far as I’m 
concerned; that’s the future. Maybe I’m 
the only one who says that.” 

George Dantzig, Father of mathematical 
programming

(Roush et al., 2007)
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Margin of safety and 
Stochastic Programming 

• A simple way to adjust the nutrient 
matrix to compensate for nutrient 
variability

• Subtracting one-half of a SD from the 
mean value of nutrients  

• Increase the probability of meeting an 
animal’s requirement from 50% for a 
linear program to greater than or equal 
to 69% for a linear program adjusted for 
an MOS 
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Source: Alhotan et al. (2014)



Interested in creating a 
Stochastic Feed 

Formulation spreadsheet?

https://youtu.be/xG-kyjd4wCQ



MOP
(Multiple Objective Programming)

combination of Maximum Profit 
(NLP) and Stochastic feed 
formulation

Account for market and 
nutrient variability 
simultaneously



MOP (Multiple Objective 
Programming)

https://youtu.be/FeDnXUWp7RA



Take-home messages so far…

• Examine each batch of ingredients before formulating your 
diet

• Remember to take account for the variation in nutrient
composition of feed ingredients

• Keeping track of ingredients’ composition is a useful tool to 
enlighten the future management decisions.



Future direction

• Develop a user-friendly multi-objective feed formulation 
software

• Develop feed library

• Investigate nutritional value of local feed ingredients

• Use mechanistic models to predict animal performance as 
opposed to empirical models



Contact me at afrouziy@ualberta.ca


