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Total global greenhouse gas emissions 
for production of poultry meat and eggs
(kg CO2eq/kg produced animal-based food)

Feed production 
and provisioning

43%
Excreta

33%

Other
24%

adapted from MacLeod et al. 2013 (FAO)

 Feeding influences substantial proportion 
of CO2eq emissions
 More efficient use of feedstuffs
 Reducing the emissions from excreta

 Optimising nitrogen (N) nutrition
 More efficient use of feedstuffs
 Reducing the emissions from excreta
→ More humans supplied with animal-based 

food using the same amount of feed
→ Lower water usage 
→ Reduces N emissions and related environ-

mental issues



INSTITUTE OF ANIMAL SCIENCE

Definition of nitrogen utilisation efficiency

2.0 kg 
Feed

1 kg 
Egg mass

17% crude protein (CP) 12% CP

120 g CP340 g CP
35%

1.6 kg 
Feed

1 kg 
Body mass

20% CP 17% CP

170 g CP320 g CP

NUE NUE 
53%

NUE can be increased by decreasing the protein input
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Agenda

 Influences on nitrogen utilisation efficiency
 Phase feeding 
 Increasing knowledge on amino acid requirements
 Increasing knowledge on amino acid digestibility

 Conflicts between maximised nitrogen utilisation efficiency and 
another sustainability goal
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Phase feeding
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1Hauschild et al. 2015

∆5 %-units
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Age of birds (d)

g amino acid (AA)/kg of feed

10 20 30 40
Age of birds (d)

10 20 30 40
Age of birds (d)

10 20 30 40
Age of birds (d)

10 20 30 40
Age of birds (d)

2-phase feeding3-phase feeding5-phase feeding

 Impact on NUE decreases with increasing number of phases
 Operational constraints limit implementation of more 

feeding phases

Impact of increasing the number of feeding phases?
NUE1 (%)needed

concentration

3-10 %-units 
in most studies
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Agenda

 Influences on nitrogen utilisation efficiency
 Phase feeding 
 Increasing knowledge on amino acid requirements
 Increasing knowledge on amino acid digestibility

 Conflicts between maximised nitrogen utilisation efficiency and 
another sustainability goal
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Increasing knowledge on amino acid requirements

Standard -0.5 -1.5 -2.5
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2Lemme et al. 2019
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Current limits of crude protein reduction

12 15 18 21

0.64
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Glyequi (g/kg)

feed efficiency
(g gain/

g feed intake)

16.3% CP

14.7% CP

13.2% CP

breeder’s objectives

Hofmann et al. 2019

Supply with glycine and serine (summarised as Glyequi) limits growth 
when dietary CP is below 19%1,2

1Dean et al. 2006; 2Siegert and Rodehutscord 2019
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Current limits of crude protein reduction
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Supply with glycine and serine (summarised as Glyequi) limits growth 
when dietary CP is below 19%1,2

1Dean et al. 2006; 2Siegert and Rodehutscord 2019

Another nutrient than Glyequi was limiting when CP was reduced from 16.3% to 14.7%
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Current limits of crude protein reduction
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1Hofmann et al. 2020a; 22020b; 3Ibrahim et al. (submitted); 4Ibrahim et al (unpublished)

∎ NUE of 75% to more than 80% in 
own recent experiments1,2,3,4

∎ About 20 %-units higher NUE 
than nowadays standard possible 
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Agenda

 Influences on nitrogen utilisation efficiency
 Phase feeding 
 Increasing knowledge on amino acid requirements
 Increasing knowledge on amino acid digestibility

 Conflicts between maximised nitrogen utilisation efficiency and 
another sustainability goal
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Background of amino acid digestibility

Dietary AA concentration
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→ Less dietary CP
→ Less N excretion via faeces
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Impact of supplemented feed enzymes on nitrogen utilisation efficiency

0
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Siegert 2022 (Habilitation thesis)

Increase in NUE upon enzyme supplementation 
(%-units)

Phytase Protease

Depends on
 N accretion in body mass
 Targeted digestible AA concentration
 Feed intake
 Ratio of the limiting AA relative to CP

0.0

0.2
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1.0

∆ NUE (%-units) per %-unit increase 
in AA digestibility

~0.45 %-units

 Effects of enzymes on AA digestibility
− Bigger effect in some studies
− No effect in other studies

 In most cases: Range of 0-3 %-units of NUE
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Impact of supplemented feed enzymes on the environmental impact

Only the increase in digestibility of the limiting AA can increase NUE
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Increase in AA digestibility upon phytase 
supplementation1 (%-units)

 Additionally digested non-limiting AA
− cannot be accreted
− contained N needs to be excreted via the urine
→ Shift in N excretion route from faeces to urine

 Urine-N contributes more to N emissions than 
faeces-N

Benefits of higher NUE 
on the environment 

Bigger emission 
potential of the 

excreted N
⇔

1Siegert et al. 2019
Supplemented feed enzymes most beneficial on NUE when used together with free AA
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Ranges in digestibility within feed ingredients
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Zuber and Rodehutscord 2016, 2017; Zuber et al. 2016ab, 2019; Siegert et al. 2022, 2023



INSTITUTE OF ANIMAL SCIENCE

Ranges in digestibility within feed ingredients
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∎ Choice of variants can vary the NUE by
 5-13 %-units in cereal grains
 0-4 %-units in protein-rich ingredients 
(model calculations presented in Siegert 2022, Habilitation thesis)

∎ Predictions of AA digestibility not sufficiently accurate
→ Potential of considering digestibility cannot be fully exploited at present
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Current potential to increase NUE via nutritional strategies?

Increase in NUE

Multi-phase
feeding

Using feed 
supplements

(e.g., enzymes)

Considering 
AA digestibility 
of ingredients

Adjustment of 
individual AA
(e.g., free AA)
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%-units

0–13 
%-units

15–25 
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Agenda

 Influences on nitrogen utilisation efficiency
 Phase feeding 
 Increasing knowledge on amino acid requirements
 Increasing knowledge on amino acid digestibility

 Conflicts between maximised nitrogen utilisation efficiency and 
another sustainability goal
to minimise greenhouse gas emissions



INSTITUTE OF ANIMAL SCIENCE

Protein supply and greenhouse gas (CO2eq) emissions

N in 
excreta

N2O
(CO2eq)

Urinary N 
excretion

requires energy

CO2 in the 
metabolism

N excretion by broiler chickens1 (g/d)

Crude protein in feed (%)

1Cappelaere et al. 20212Siegert et al. 2016; 3Hofmann et al. 2019, 42020b; 

Currently 
common

Currently 
possible2,3,4

CO2eq for crop 
production



INSTITUTE OF ANIMAL SCIENCE

Decreasing dietary CP means
 less protein-rich feed ingredients
 more free AA

Protein supply and greenhouse gas emissions

0 1000 2000 3000 4000 5000
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CO2eq/kg of feed ingredient

Mosnier et al. 2011

High variation 
among studies
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1Marinussen and Kool 2010; Lammers et al. 2011; Mosnier et al. 2011; van Harn et al. 2017
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Decreasing dietary CP means
 less protein-rich feed ingredients
 more free AA

Protein supply and greenhouse gas emissions
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Conflict-of-aims when using free AA
Minimised N emissions (NH3, N2O)

↕
Minimised CO2eq emissions

At current: Dietary CP reduction means to lower emissions of N and CO2eq



INSTITUTE OF ANIMAL SCIENCE

Summary and conclusions

 Raising NUE can increase sustainability of production of animal-based food
 Lower environmental impact of N excretion
 Lower input of field crops

 Future conflict between aims to maximise NUE and minimising greenhouse gas 
emissions as another sustainability goal of animal farming

 At current, increasing knowledge on AA requirements and using free AA offers 
the biggest potential to increase NUE

 Increase NUE by increasing AA digestibility may gain relevance once impacts 
on AA digestibility are more predictable
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Thank you for your attention
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