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Efficiency = gain-over-feed?

The food efficiency of these The feed efficiency of these
musicians Is zero | giant pandas is also zero ...

Ao | R AN
They do not want to grow; ... and they are poor musicians
they eat so that they can play as well

music
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The issue of feed efficiency and competition for resources Is not new

The Efficiency of the Animal Compared with the Steam Engine.
It is of interest in studying the efficiency of the animal as a converter of
energy in work and food production to compare it with a mechanical
energy converter such as the steam engine. We have recently been con-
fronted with the phenomenon of the burning of corn for fuel in place of
the usual use as a food for animals or man. The economy of this sub-
stitute conversion might help solve the question of the ethics of such a

substitution.

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

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
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| Traits, models, and
 feeding techniques

Academic partners
Pig breeder
Poultry breeder

Academic partners
Precision farming equipment
manufacturers

Academic partners
Feed ingredient producer
Enzyme producer
Feed processing equipment
manufacturer

Interbranch organizations
Extension services
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The Feed-a-Gene consortium

“ - China (China Agricultural University)

1. INRA 9. Topigs
2. WUR 10. Cobbs
3. UNew 11. Hamlet Protein
4. UdL 12. Buhler
5. IRTA 13. Dupont
6. KU 14. Exafan
7. AU 15. Claitec
8. CAU 16. INCO
17. Gran Suino
18. ACTA
19. IFIP
20. ITAVI
21. Terres Inovia
22. AFZ
Management

23. IT
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Objectives of the Feed-a-Gene project

'
a‘% Feed:
» Develop new local feed resources that are not/less in competition with
food

» Improve the nutritional value of feed resources

%’ﬁ 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”

%{j Traits, models, and feeding techniques:
» Appreciate variation among animals
» Develop precision feeding techniques
» Evaluate the overall sustainability
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It Is all about variation

Predict using data-driven models and
guantify interactions and variation

Observe variation in feeds, animals,
and the environment

r—_—_—_—_—_—_—_1

Understand the underlying Control through livestock

mechanisms of variation management (e.g., feeding, breeding)
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Protein production from green biomass
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Protein production from green biomass

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

Biomass input Maceration Fractionation
Green

Biomass Shredder Screw press

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

Liquid/protein Protein
separation precipitation
Centrifuge Heat exchange

or fermentation

Protein concentrate
(pigs, poultry)
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Protein production from green biomass

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

behavior and welfare individual feed intake
‘ﬂ feed intake patterns

feeding behavior

image analysis
=== serotonin, cortisol

digestibility markers
gut health
microbiota
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Microbiota as a trait to differentiate

&
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Discriminant function Discriminant function

wheat/barley/byproducts @@ & wheat/barley/byproducts

corn/soybean meal @ @ corn/soybean meal

Verschuren et al. (2018). J. Anim. Sci. 96:1405-1418
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Residual feed intake can be used to study feed efficiency

lean meat content

.daily gain
carcass backfat

meat quality index
daily feed intake

feed conversion ratio

genetic standard deviation

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

Gilbert et al. (2017). Animal 11:1427-1439
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Microbiota as a trait to differentiate
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Modeling biological functions

ta o o oa oe

Nutritional growth models such

animal potential

min id | ME xcess CP MEt ch MES ugars MEIpds MEesde . .
T eiciency | | | | | as InraPorc use digestible
! v . :
L dgggtsellron e DD free NE nutrients as model Inputs ...
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lipid deposmon malntenance& costof protein
| physical activity deposition
body body
protein I|p|d
: body weight
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backfat thickness

. to predict performance
traits of a single animal in a
“standard” environment
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Modeling digestion in pigs and poultry

] 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?

Can these models be generalized
to account for changes and

Stomach Small intestine  Large intestine

)
‘ anc
’ reas




Feed-a-Gene
I/
Feed intake patterns can be variable

Daily feed intake, kg/d

5,0
4,5
4,0
3,5
3,0
2,5
2,0
1,5
1,0

Adapting the feed, the animal and the feeding techniques
to improve the efficiency and sustainability of monogastric
livestock production systems

65

75 85 95 105
Age, d
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Feed intake patterns can be variable

200 = There are different feed intake trajectories
180 - :

160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

O \ \ \ \ \ \
65 75 85 95 105 115 125

Age, d

Cumulative feed intake, kg

135
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Feed intake patterns can be variable

200 -
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140 -
120 -
100 -
80 -
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20 -
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Age, d

Cumulative feed intake, kg




Feed-a-Gene

% ‘ %] w Adapting the feed, the animal and the feeding techniques
ab to improve the efficiency and sustainability of monogastric
"} ‘ @ ‘ livestock production systems

Modeling perturbations in feed intake patterns

The origin of a perturbation
is not always known ...

200 -
180 -
160 -
140 -
120 -
100 -
80 -

60 - ... but the consequence on
40 - the animal can be observed

20 -

Cumulative feed intake, kg

65 75 85 95 105 115 125 135

Age, d
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Modeling perturbations in feed intake patterns

200 -
180 -
160 -
140 -
120 -
100 -
80 - animal seeks to achieve
60 -
40 -
20 -

O \ \ \ \ \ \
65 75 85 95 105 115 125

Age, d

There is a target feed
intake trajectory that the

Cumulative feed intake, kg

135
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Modeling perturbations in feed intake patterns

80 -
70 -

60 -

50 -

40 - There is a target feed
intake trajectory that the

30 animal seeks to achieve

20 - Major deviations from the target
are caused by perturbations

Cumulative feed intake, kg

10 -

O \ \
100 105

Age, d
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Modeling perturbations in feed intake patterns

80 -
70 -
60 -
50 -
40 -
30 -
20 -

Cumulative feed intake, kg

10 -

effect of the perturbation)( compensatory feed intake)

0 (resistance) (resilience)
I I I I I I

65 70 75 80 85 90 95 100
Age, d
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Modeling the effect of a perturbation

40% -
o 30% -
= 20% resilience and compensatory feed intake
E 0 f(perturbation, animal, interventions)
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65 75 85 95 105 115 125 135

Age, d
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Managing variation among individuals through precision livestock feeding

1,3 - Which animal are you going to feed?
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Precision livestock feeding is about observing, predicting, and control

It is difficult to make predictions, How much will

45 - especially about the future this pig eat
tomorrow?

4,0 -
3,5 -

2,0 -

Daily feed intake, kg/d
w
o
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1,0 \ \ \ \ \ \
65 75 85 95 105 115 125

Age, d
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Management systems for precision livestock feeding
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Management systems for precision livestock feeding

’

5 Collect data from devices
= T Clean data
3= " Sy | Complete missing data

~Predict body weight

Predict daily gain

Etcetera
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System prototypes are now being tested

» Growing pigs

» Restricted feeding

» Ad-libitum feeding

D Sows
» Gestation

» Lactation
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Sustainability evaluation

products
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Sustainabllity evaluation

sustainability
— — —

Social
Environmental
Economic

!
!
!

b Identification of sustainability indicators

b Life Cycle Assessment of some of the
proposed management systems

D Cost-benefit analysis

D Evaluation of consumer and farmer
attitudes

D Overall sustainabllity appraisal
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Conclusions

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

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

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

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