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4. What can FTIR offer us today  and what 
are the potential future parameters?

5. Herd Navigator –a proactive Herd Management System
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ICAR  sub-committee on milk analysis

Terms of reference 
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ICAR  sub-committe on milk analysis

 Membership
 11 members  (FR, DE, NL, NO, IL, IT, NZ, US, ZA,CY & AR)
• Observers can attend meetings  and give contributions to the work

 Publishing 
• Guidelines for QA in DHI analysis
• Guidelines for on-farm milk analysis
• Protocol for the evaluation of milk analysers for approval
• Analytical methods for milk recording analysis

• Reference methods
• Standardized routine methods
• Analytical instruments 

• Newsletters

• Making questionaires & arranging analytical brainstorm workshops

• Reference Laboratory Network (see next slide)
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ICAR Reference Laboratory Network
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Central Milk Testing –an overview
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Challenges in modern dairy farming

 Staying profitable 
- in spite of declining milk prices

 Ensuring professional and cost-effective farm operation 
- in spite of shortage of qualified labour

 Increasing productivity
- in spite of stricter demands concerning animal welfare & environmental issues

Source: Danish Cattle Federation Presentation at Trilateral Meeting October 2005
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DHI services



Dedicated Analytical Solutions

Effect of DHI programmes
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Effect of DHI programmes –ex. Germany
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Denmark  DHI statistics as per March 2012

Latest figures from Danish DHI Development in farm size 
1996 -20108

• Number recorded cows 531.541
• Percentage recorded cows 91%
• Number farms 3.454
• Number of cows per farm                   154
• Milk yield (kg) 8.907
• Fat 4,30%
• Protein 3,46%
• No farms > 400.000 SCC 33
• Recorded deceases per cow 1,8
• Recorded no mastitis instances 0,5
• B-control 77%
• A-control 12%
• 6  recordings per year 11%
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Farmers challenges
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What is Mastitis?



 

Is an infection of the udder 
caused by pathogenic 
bacteria



 

In Denmark approx 50% of 
cows are treated every 
year



 

Many factors are 
influencing mastitis 



 

Yield and composition are 
negatively affected

 Somatic Cell Count is used as a common indicator
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Mastitis consequences

Lower compositional value            Lost milk production
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Clinical mastitis



 

When a cow suffers from clinical mastitis changes in the milk can be seen and 
often the udder is swollen and the cow may have fever



 

In general only a few cows suffer from clinical mastitis


 

The farmer is happy! …but?
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Sub-clinical mastitis



 

If the farmer could see the sub-clinical mastitis he would be concerned and take 
action
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Ketosis, a metabolic disease hitting high yielding dairy 
cows

• Ketosis occurs when energy output 
(milk production) is too high 
compared to energy input (feed 
intake+ uptake from fat deposits)

• Primary ketosis occurs when too 
little feed (or too low energy 
concentration in feed) is offered to 
the cow.

• Secondary ketosis occurs if the cow 
stops eating (acidosis or other 
diseases) while still producing (too 
much) milk.

• In both cases energy uptake from fat 
deposits becomes too big, the 
turnover from fat to glucose in the 
liver too high, - and hence acetone 
and Beta Hydroxy Butyrate is 
excreted as residues.
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How costly is ketosis?

• Once a ketosis problem is detected in the herd it must be solved on herd level
• Strong requests from the DHI associations has urged FOSS to develop this 

calibration for MilkoScan FT+. 
• Below examples are from two Herd Navigator farms (Lattec).
• We here learned that losses due to subclinical cases losses are bigger than 

earlier anticipated

Lost 
yield

Lost 
yield

Problem solved on cow level Problem solved on herd level
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A ketosis calibration for MilkoScan FT+, 
- how can it be used?



 

We know that acetone and Beta 
Hydroxy Butyrate in milk gives info 
about ketosis in the herd 



 

All DHI samples can now be screened 
for ketosis at very low costs (no sorting 
of samples)!



 

The calibration is semi quantitative


 

The prediction model will be 
grading between healthy and sick



 

There is a prediction model for BHB and 
for acetone



 

Advisory service on how to use results 
must be in place

MSC FT+ 
Acetone or  

BHB, 

Reference, 
Acetone or BHB

Clinically sick 
cows

Healthy 
cows

Subclinically sick 
cows

x

x

x
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Optimise feeding by Urea



 

It takes energy for cows to synthesise urea 

for excretion - this reduces the amount of 

energy available for milk production



 

Less available energy may put early 

lactation cow at increased risk for ketosis



 

High levels of urea is toxic to sperm and 

embryo and can result in infertility and 

repeat breeding



 

High urea levels contribute to 

environmental contamination due to more 

urinary excretion of nitrogen



Dedicated Analytical Solutions



 

It takes energy for cows to synthesise urea for excretion - this reduces 

the   amount of energy available for milk production



 
Less available energy may put early lactation cow at increased risk for 

ketosis



 
High levels of urea is toxic to sperm and embryo and can result in 

infertility and repeat breeding



 
High urea levels contribute to environmental contamination due to more     

urinary excretion of nitrogen

Consequences of over-feeding protein and high 
concentration of urea
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When looking at the urea content in the milk an urea level of 15-30 mg/dl is medium balanced and 
also mean a balanced energy and protein ratio. If there is high urea content of > 30 mg/dl, the cow is 

fed too much protein. If there is  a low level of urea < 15 mg/dl, the cow is fed too little protein.
It is important to look at groups of cows to determine their range and not focus on individual cows.
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Protein deficiency 
and energy surplus

Energy 
surplus

Protein and 
energy surplus

Protein deficiency 
slight energy 

surplus

Protein and 
energy in 
balance

Protein surplus 
slight energy 

deficiency

Protein and 
energy

deficiency
Energy 

deficiency

Protein surplus 
and energy 
deficiency
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Urea information from DHI
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In the figure below, the numbers in the bobbles indicate the following: 
1 = Cows with less than 100 lactation days  

2 = Cows with 100 - 200 lactation days
3 = Cows with more than 200 lactation days

Urea information from DHI
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Why is Fatty Acid Profiling so interesting?



 

Fat is not just fat!


 

Improved nutritional image of milk


 

Potential improvement of cow health and reproduction for the dairy cows 


 

Potential cut in emission of methane to the atmosphere

All leading to an improved image of milk 



 

This can be done in two ways:


 

Short term by changes in the feeding 


 

Long term by breeding  in order to favor a specific fatty acid profile in milk

Will fatty acids become a new payment parameter?
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Fatty Acid Profiles, influence on milk composition

The pioneer: 

A Dutch dairy decided to feed the cows with more linseed in order
to achieve milk with more unsaturated fatty acids.

At first: A pilot project with 26 farmers 
Later it was extended to 400 dairy farmers supplying 200 million liters of 
milk

The change in ration results in: 
20% more unsaturated Fatty Acids
10% less saturated Fatty Acids
twice the amount of Omega 3
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MilkoScan FT+ IR spectra of fat
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MilkoScan FT+ Fatty Acids calibrations - new release 



 

Chain length
• Short Chain Fatty Acids (SCFA): C4 + C6 + C8 + C10
• Medium Chain Fatty Acids (MCFA): C12 + C14 + C16
• Long Chain Fatty Acids (LCFA): C18



 

Degree of unsaturation
• Saturated Fatty Acids (SFA)
• Mono Unsaturated Fatty Acids (MUFA)
• Poly Unsaturated Fatty Acids (PUFA)



 

Cis and trans double bonds
• Trans Fatty Acids



 

Major fatty acids
• C14:0
• C16:0
• C18:0
• C18:1 total

Based on samples from 4 countries and validated on samples from 5 countries
Ring trial  including 7 laboratories for GC analysis.
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Management tools in the primary production

The farmer needs analysis on individual cows in order to optimise milk 
payment, reproduction and to reduce feeding cost and losses due to 
diseases
 Feeding & management optimisation: fat, protein, urea & fatty acids 

 Culling and breeding decisions: fat, protein & SCC

 Disease prevention -mastitis SCC

 Disease prevention -ketosis BHB & Acetone
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What can FTIR offer us today?

• Mid-Infrared (MIR) spectroscopy has been available since the 1970’s as a rapid 
method for routine measurements of the main constituents in milk (fat, protein, 
carbohydrates)

• Fourier Transform Infrared (FT-IR) spectroscopy is the state-of-the-art method for 
acquiring MIR spectra analyzing:

- Conventional parameters 
• fat, protein (true & crude), casein, lactose, solids, urea, citric acid,                   free 

fatty acids, PH, freezing point depression

- New parameters
• Fatty acids 
• Ketosis screening (BHB and acetone)
• Abnormal Milk Screening
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Potential new parameters

• Many research projects are actively researching new parameters from FT-IR:
- CRA-W, Agramir,  Phénofinlait, OptiMIR, Robust Milk, University Padova 

and many more
- FOSS are involved in some of above projects and in several other projects 

with key customers

• Numerous publications are available

• Some of the new potential parameters are
- Milk coagulation properties
- Titratable acidity
- PH
- Protein composition
- But there are many more!
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Future challenges and opportunities

• We have already covered measurements where an easy ”copy-and-paste” of a 
reference method to FT-IR is possible

- It now becomes more challenging – but not impossible to develop new 
parameters based on what FT-IR is capable of

- Sometimes the uncertainty of the reference method is the problem

• Accuracy is not necessarily everything 
- Classification only requires good accuracy close to the classification limit
- Semi-quantitative models are possible for low concentration constituents

• Combine FT-IR with other analytical info

Learning from Herd Navigator
• Combine with other relevant herd management 

information?

• Looking at trends by following the individual cow? 
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Future – on-farm solutions

Pro-active Herd Management 

Another visionary development from FOSS



Dedicated Analytical Solutions

Joint R&D
Company

Hillerød
Denmark

We deliver 
dedicated 
analytical solutions

We drive 
progress in     
milk production

Joint venture
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Herd Navigator monitors

Future – on-farm solutions
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Herd Navigator flowdiagram

Future – on-farm solutions
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Implications for CMT

• Payment samples 

- will still be analysed at CMT

• Cow samples

- new opportunities
• Farmer/ veterinarian decides cow(s) to 

be sampled for special analysis at lab

• Sample is 
– automatic taken during milking

– marked electronically 

– send to CMT

- Central Milk Testing lab analyze samples and provide results to farmer on-line

- Farmer and veterinarian can independently access the results and decide proper 
action or treatment
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www.herdnavigator.com

http://www.herdnavigator.com/
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Thank You!
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