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The food efficiency of these 

musicians is zero

They do not want to grow; 

they eat so that they can play 

music

The feed efficiency of these 

giant pandas is also zero …

… and they are poor musicians 

as well

Efficiency = gain-over-feed?
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The issue of feed efficiency and competition for resources is not new

Armsby H.P. & Moulton C.R. (1925). The animal as a converter of matter and energy.
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Variation among individuals is natural, essential, and very well controlled
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Energy intake = 

1.005 x Energy expenditure

Energy intake = 

1.000 x Energy expenditure

He does not know his energy 

requirement
Or does he?

She knows her energy 

requirement

Variation among individuals is natural, essential, and very well controlled
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Item Energy

Maintenance energy requirement 2580 kcal/d

0.5% imbalance 13 kcal/d

Deposited as lipid 1.3 g/d

Per year 481 g/yr

Between 20 and 60 years of age 19 kg of lipid

Variation among individuals is natural, essential, and very well controlled

intake

expenditure =
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Feed Traits, models, and 
feeding techniques

Gene

Academic partners
Feed ingredient producer

Enzyme producer
Feed processing equipment

manufacturer

Academic partners
Precision farming equipment

manufacturers

Academic partners
Pig breeder

Poultry breeder

Interbranch organizations
Extension services
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(China Agricultural University)

The Feed-a-Gene consortium
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Feed:
 Develop new local feed resources that are not/less in competition with 

food

 Improve the nutritional value of feed resources

Gene:
 Use of novel traits indicative for feed efficiency and robustness that can 

be used as selection criteria

 “Do better with feeds that may be worse”

Traits, models, and feeding techniques:
 Appreciate variation among animals

 Develop precision feeding techniques

 Evaluate the overall sustainability

Objectives of the Feed-a-Gene project
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It is all about variation

Predict using data-driven models and 
quantify interactions and variation

Observe variation in feeds, animals, 
and the environment

Understand the underlying 
mechanisms of variation

Control through livestock 
management (e.g., feeding, breeding)
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Maceration

Shredder

Fractionation

Screw press

Protein concentrate
(pigs, poultry)

Pulp 

Protein 
precipitation

Heat exchange 
or fermentation

Liquid/protein
separation
Centrifuge

Biogas 

Green 
Biomass

Heat/
Power

Rabbit 
feed

Biomass input

Tank

60-70% of DM
30-60% of protein

20-30% of DM
40-70% of protein

Protein production from green biomass
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Lab scale Pilot scale Semi production scale

Protein production from green biomass
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Crusher (roller mill)
Fractionation: 

PlansifterPaddle mixer Loading to crusher

Mixing

Crushing

Sifting

Protein-rich fractionFiber-rich fraction

Upgrading rapeseed meal by feed processing technologies
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New animal traits for innovative feeding and breeding strategies

image analysis
serotonin, cortisol

behavior and welfare

feed intake patterns
feeding behavior

individual feed intake

digestibility markers
gut health
microbiota

digestive efficiency

metabolomics

metabolic efficiency
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18/09/2018corn
soybean meal

♂ ♀

Verschuren et al. (2018). J. Anim. Sci. 96:1405-1418

Microbiota as a trait to differentiate

wheat
barley

byproducts

♀ wheat/barley/byproductswheat/barley/byproducts ♂

♀ corn/soybean mealcorn/soybean meal ♂
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Residual feed intake can be used to study feed efficiency

Gilbert et al. (2017). Animal 11:1427-1439

thick lines = low residual feed intake (high efficiency)
thin lines = high residual feed intake (low efficiency)

daily feed intake

selection index

feed conversion ratio

residual feed intake

meat quality index

daily gain
carcass backfat

lean meat content

ge
n

et
ic

 s
ta

n
d

ar
d

 d
ev

ia
ti

o
n



Adapting the feed, the animal and the feeding techniques

to improve the efficiency and sustainability of monogastric

livestock production systems

19

Low RFI High RFI

Microbiota as a trait to differentiate
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DEstarch DEsugars DElipids DEresidueDECP

MEstarch MEsugars MElipids MEresidueMEexcess CP

PD-free NE
protein 

deposition

lipid deposition maintenance &

physical activity
cost of protein

deposition

body

protein

body

lipid

body weight

lean meat %

backfat thickness

animal potential

amino acid supply
efficiency

Nutritional growth models such 

as InraPorc use digestible 

nutrients as model inputs …

… to predict performance 

traits of a single animal in a 

“standard” environment

Modeling biological functions
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Stomach Small intestine Large intestine

Modeling digestion in pigs and poultry

Can these models be generalized 

to account for changes and 

differences in body weight?

There are few digestion models 

for monogastric animals
(e.g., Bastianelli et al., 1996, Rivest et al., 2000, 

Strathe et al., 2008)

Can they be generalized 

across species?
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Feed intake patterns can be variable
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Feed intake patterns can be variable

There are different feed intake trajectories
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Modeling perturbations in feed intake patterns

The origin of a perturbation 

is not always known …

… but the consequence on 

the animal can be observed

?
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Modeling perturbations in feed intake patterns

There is a target feed 

intake trajectory that the 

animal seeks to achieve
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Modeling perturbations in feed intake patterns

Major deviations from the target 

are caused by perturbations

There is a target feed 

intake trajectory that the 

animal seeks to achieve
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Modeling perturbations in feed intake patterns

effect of the perturbation
(resistance)

compensatory feed intake
(resilience)
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Modeling the effect of a perturbation

start
(perturbation)

end
(perturbation)

resilience and compensatory feed intake
(perturbation, animal, interventions)

resistance
(perturbation, animal)

target
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Managing variation among individuals through precision livestock feeding
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Precision livestock feeding is about observing, predicting, and control

How much will 
this pig eat 
tomorrow?

It is difficult to make predictions,
especially about the future
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Management systems for precision livestock feeding
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Collect data from devices

Clean data

Complete missing data

Predict daily gain

Predict body weight

Etcetera

Management systems for precision livestock feeding
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Growing pigs

 Restricted feeding

 Ad-libitum feeding

Sows
 Gestation

 Lactation

System prototypes are now being tested
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productsresources

Sustainability evaluation
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Sustainability evaluation

 Identification of sustainability indicators

Life Cycle Assessment of some of the 
proposed management systems

Cost-benefit analysis

Evaluation of consumer and farmer 
attitudes

Overall sustainability appraisal

sustainability
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Livestock production and animal-derived products are part of a 
sustainable food supply

There is a potential to increase the efficiency and robustness 
of livestock production systems

There is no “one-size-fits-all”.
Variation (among animals and systems), differentiation (of 
products), and segmentation (of markets) are essential

 Information-based technologies (e.g., precision livestock 
farming) have a great potential and are inevitable.
Are we ready for it?

Conclusions
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