
Eidgenössisches Departement für Wirtschaft,
Bildung und Forschung WBF  

Agroscope

www.agroscope.ch I good food, healthy environment

SVT Annual Conference 2022, 13 April 2022

Protein efficiency of 
ruminants with a special 
focus on Swiss conditions

Fredy Schori, Ruminant Research Group

2Protein Efficiency of Ruminants | SVT Annual Conference 2022
F. Schori

Nitrogen flows in a grass-based dairy production 
system

Ryan et al. 2010
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Background information
• CH imports approx. 256 kT of soybean meal, 87 kT of other "meal" and 47 kT of 

maize gluten per year (derived from Agristat 2021).

• > 50 % CH open arable land cultivated with soy to compensate the protein import 
for feeding purposes (own estimate)
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• 1.1.2022: 100 % Swiss Bud organic feed for ruminants on «Bio Suisse» farms
• No protein concentrates available, dairy concentrates max. ~ 25% crude protein

• 70 % of the agr. land (0.7 m ha) is grassland plus 0.5 m ha of alpine pastures.

~ 40 % of protein-
rich feeds for cattle

(SBV, 2011)
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Background information
• Failure to achieve the environmental goals for agriculture with regard to N (FOEN and 

FOAG, 2016)

• Greenhouse gas emissions including nitrous oxide (N2O) (By 2050: reduce by 1/3 compared to 1990)

• Air pollutants containing N (ammonia emissions max. 25’000t N/year)

• Nitrate (25 mg nitrate per L in water bodies for drinking water use)

• Agricultural N-inputs to water bodies (50% compared to 1985)

• Binding setback paths for N (see figure)

• Limiting protein supply in cattle feeding (Schori, 2020; Mack and Möhring 2021)
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• Data from France (Laisse et al. 2018)

• Not 100 % comparable with CH
• Ratios are correct
• Includes entire production (e.g. rearing, 

lactation, dry period)

Protein efficiency criteria: Gross
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Gross Protein Utilisation Efficiency (GPUE)

Monogastric animals perform 
significantly better!

CP = crude protein (g/kg)

GPUE
(kg Producti x CPi)

(kg Feedj x CPj)

6Protein Efficiency of Ruminants | SVT Annual Conference 2022
F. Schori

Protein efficiency criteria: Net
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CP = Crude protein (g/kg), CF = Consumable fraction (%), 
PFF = Potential food fraction (%)).

Net protein utilisation efficiency (NPUE) • Data from France (Laisse et al. 2018)

• Calculation complex (protein quality, area 
competition,...)

• Grass-based, milk-producing
systems perform significantly 
better!

• Both protein efficiency 
characteristics should be taken 
into account.
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Protein efficiency and animal welfare

• Gross N-use efficiency (GNUE)

• Range 14 to 45 % (Huhtanen & Hristov, 2009)

• Challenges
• Time and duration of survey
• Determination of the individual feed 

intake
• Estimation GNUE via markers

• Relationship to animal welfare
• Negatively correlated with udder 

health, fertility, longevity and 
calving ease (Chen et al. 2021).

• Beginning of lactation
(Chen et al. 2021)
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Relationship between efficiency criteria (Dissertation Thorsten Haak)

Correlation coefficients (r) FCR NUE RFI REI RNI
Feed conversion ratio (FCR) 1
N-use efficiency (NUE) -0.78 1
Residual feed intake (RFI) 0.78 -0.56 1
Residual energy intake (REI) 0.65 -0.67 0.73 1
Residual nitrogen intake (RNI) 0.56 -0.81 0.48 0.73 1
Feed conversion ratio: feed DM/energy corrected milk 
N-use efficiency: N-milk/N-intake
Residual feed intake: effective - estimated DM intake
Residual energy intake: effective - estimated energy intake (NEL)
Residual nitrogen intake: effective - estimated nitrogen intake  

r = 0.62 between energy and protein utilisation efficiency (based on digestible energy or protein intake, 
Phuong et al. 2013)
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Effects of protein reduction on milk yield

GMF 
today

GMF 
12%

SE P

Milk (kg d-1 ) 29.6 27.9 0.76 ***
ECM (kg d-1 ) 29.1 27.4 0.78 ***
Milk fat (g kg-1 ) 40.7 40.3 0.55 -
Milk protein (g kg-1 ) 30.6 30.8 0.29 -
Lactose (g kg-1 ) 48.1 48.4 0.20 **
Urea (mg dl-1 ) 19.7 15.9 0.58 ***
Somatic cells (log 10 ml-1 ) 4.58 4.59 0.05 -

Beginning of lactation (90 days)
• GMM today: 

• 2 kg cereal mixture 
• 1 kg protein concentrate

• GMF 12 %: 
• 3 kg grain mixture

ECM: energy corrected milk, SE: standard error: P: probability of error
Organic farm,  School Farm Sorens, mountain zone 1
32 cow pairs (Holstein, Swiss Fleckvieh)
Results of the first 6 milk recordings (fortnightly)
Grouped calving 1/3 of the year (2021)
Contents per kg dry matter
Hay: 5.3 MJ NEL, 118 g RP (22 g RP/MJ NEL) 
Pasture herbage: 6.1 MJ NEL, 158 g RP (26 g RP/MJ NEL)
Cereal mixture: 7.7 MJ NEL, 136 g RP (18 g RP/MJ NEL)
Protein concentrate: 8.2 MJ NEL, 412 g RP (50 g RP/MJ NEL)

• Protein use pays off!
• At least in conventional milk production

• 2022: Dairy cattle feed 25 % CP

14Protein Efficiency of Ruminants | SVT Annual Conference 2022
F. Schori

Conclusions

• Switzerland imports considerable quantities of protein-rich feeds and a large 
proportion is used for ruminants.

• Net efficiency characteristics that distinguish between feed and potential food shall 
be taken into account.

• Animal welfare, fertility and longevity are to be tested in protein-efficient dairy cows. 
• Protein efficiency of dairy cows can be estimated by markers without knowing the 

feed intake.
• The protein intake or content of the ration plays the biggest role in terms of protein 

efficiency or nitrogen excretion.
• The discussed variants of the Grassland-based Milk and Meat Production 

programme will limit the protein supply in ruminants.
• At least in conventional dairy production farms, protein supplementation seems to 

be worthwhile - even above the protein requirements.
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Thank you for 
your attention!

(fredy.schori@agroscope.admin.ch)


