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Background
 REDNEX Workshop in 2008 in Vilnius 

on “Nitrogen Utilization and Loss by 
Dairy Cows –State of the Art in 
Modelling and Prediction”.

 Inventory in 2009 on:
 Systems
 Methods
 Acceptance

 Based on responses from colleagues 
working in research



27 countries in EU. How many protein 
evaluation systems for ruminants are in use?

http://upload.wikimedia.org/wikipedia/commons/4/46/UE-EU-ISO_3166-1.png�


Protein evaluation systems

 16 countries in EU responded to the 
inventory

 From the replies there are 5 major 
European systems in use in Europe

 Systems from USA are also used in 
Europe



Main European systems

 France: PDI 
 United Kingdom: ARC; FiM
 Netherlands: DVE/OEB
 Nordic: AAT/PBV; NorFor
 Germany: nXP 

Since first introduced many of the 
systems are updated to also include 

individual amino acids



Other systems

 Two main American systems
CNCPS/CPM Dairy
NRC Dairy 

 Australian system
CSIRO



Concept of Metabolisable Protein
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The European systems slightly 
differ in:

 Protein degradation in the rumen
 Energy supply for microbial protein 

synthesis
 Rumen outflow issues
 AA content of undegraded protein
 AA content of microbial protein
 Digestibility of AA in undegraded 

protein
 Digestibility of AA in microbial protein



Measurement of protein degradation

+

German nXP 

UK FiM
Nordic AAT/PBV
Dutch DVE/OEB 
French PDI 

+



Energy supply for microbial 
protein synthesis

 Two systems are more complex….



UK FiM System



Dutch DVE/OEB 2007
ATP yield (mol kg-1) from .…

Component Soluble frac. 
& Fine partic.

Potential deg. 
fraction

NDF 27.3

RNSP 23.9 27.3

Starch 27.3

CP 13.6

Sugars 23.9



UK FiM Dutch DVE/OEB

Fractionates feed
in substrates

Degradation of 
each substrate

ATP from each substrate

Does not fractionate
into substrates

Degradation of DM

ATP from degraded DM



Energy supply for microbial 
protein synthesis

 Three systems have a more simple 
approach…..



Energy supply for microbial 
protein synthesis

 Nordic: Total tract digestible CHO 
using sheep at M & fixed amount (179 
g) of microbial crude protein produced 
per kg digested carbohydrate.

 French: Fermented OM and a fixed 
amount (145 g) of microbial crude 
protein produced per kg fermented OM
[FOM= DOM - (UDP+ fermentation products + fat]



Energy supply for microbial 
protein synthesis

 German: Very different approach 
 Predicts the combination of undegraded 

protein and microbial protein (nXP) on either 
ME or DOM basis
nXP = [11.93 - (6.82 ( UDP/CP ))] ME   + 1.03 
UDP
nXP = [187.7 – (115.4 (UDP/CP))]  DOM +1.03 
UDP



Digestibility of UDP

 F: Based on mobile bag N digestibility
 NL: Based on mobile bag N digestibility
 Nordic: Based on mobile bag N digestibility
 UK FiM: 0.9 of ADIN-free N
 D: True digestibility of all amino acids 

measured in vivo with duodenal and ileal 
cannulation

 All except for the Nordic system assume 
AAN/N in UDP to be  1.0 
Nordic: Concentrate 0.85; Roughage 0.65



Digestibility of microbial true 
protein/amino acids
Country AA Proportion AA Digest. Digestible 

AA/CP

F 0.80 0.8 0.64

GB 0.75 0.80 0.60

NL 0.75 0.85 0.64

Nordic 0.70 0.85 0.60

D 0.73 0.85 0.62



A common Nordic feed evaluation system for 
cattle

Developed in cooperation between dairy 
farmer organizations in Island, Norway, 
Sweden and Denmark

Based on a model developed by Harald Volden
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Key features for NorFor

 Mechanistic model
 Non additive feed values
 Rumen degradabilities of feed 

fractions based on nylon bag data
 Fractional rate of passage is 

depending on feeding level and ration 
composition



NorFor - Efficiency of microbial protein 
synthesis

100

120

140

160

180

200

220

0 50 100 150 200 250 300 350 400 450 500
Starch+"rest CHO", g/kg DM

E
ff

ic
ie

nc
y,

 g
/k

g 
TO

M
D

10 kg DM
15 kg DM
20 kg DM
25 kg DM



System Countries using the system (in 
brackets partly used )

PDI system F, B, CZ, IRL, PL, P, SK, E, (I)

ARC system, FiM GB, (IRL), (P)

AAT/PBV system DK, S, FIN, N,IS, EST

NorFor DK, S, N, IS (newly introduced)

DVE/OEB system NL, B, (D)

nXP system D, (PL)

NRC/CNCPS USA, E,  (I), (PL), (P)

CSIRO AUS

Protein evaluation systems and their use in different 
countries



Acceptance of the systems in 
different countries

Acceptance by 
users

Country

High DK; FIN; F; D; NL; S; GB 

Medium CZ; EST; I; PL; SK; E

Low B; IRL; P



Method used to obtain inputs to 
the systems

Method Country

Wet chemistry, 
Nylon bag methods
Enzymatic methods

All respondents

NIR methods 
developed

B; DK; D; E; EST; FIN; PL; 
S; GB

Feedstuff table All respondents



Conclusions

 There are 5 main European protein 
evaluation systems for ruminants in use in 
Europe, but some countries also use 
American systems.

 The systems are all used in their countries of 
origin, but also in other countries where the 
French PDI system is the mostly used 
system in Europe.

 The European systems have been upgraded 
several times and are now moving towards 
more mechanistic models combining protein 
and energy evaluation.



Conclusions - continued

 In the countries of origin the systems seems 
to be well accepted by feed manufacturers, 
advisors and farmers

 In the countries where a system has been 
adopted from abroad the acceptance seems 
to be less 

 Although methods have been developed to 
analyse for key values used in protein 
evaluation it seems that feed tables are the 
major source for input values for new 
batches of feeds



Conclusions - continued

 Increased use of analyses on actual feed 
batches in practise demand cheap and fast 
methods – e.g. NIRS which is being adopted 
in many EU countries 
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