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Production of Milk Products
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The Milk Value Chain Overview

Milk Payment - value chain

(CMT – Dairy – Consumer):

Composition (Fat, Protein, Solids)

Health improving parameters 

(e.g. Fatty Acids)

Hygienic quality (total bacteria count)

Milk quality (e.g. Fatty Acids, Freezing Point 
Depression)

Safety & quality

(e.g. Abnormal Spectrum Screening)

Herd Improvement - value chain

(CMT – DHIA – Farmer/Cow):

Productivity (Fat, Protein, Yield)

Mastitis (Somatic Cells, Microorganisms)

Feeding (Fat, Protein, Urea, Fatty Acids)

Cattle diseases (Acetone/BHB/ Ketosis)

Breeding (all parameters, Yield) 

Quality (Free Fatty Acids)

CMT
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International Reference Methods
International Standard Methods

Detection procedure is more complicated

Long time required for testing

Need more manpower

Unable to detect large numbers of
samples at the same time

Accuracy is affected by operations

( )
International Reference Methods
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International Routine Methods
International Routine Methods

Simple detection procedure

Short time required for testing

Use less manpower

Easy to test large numbers of samples at
the same time

Accuracy is less affected by operations

International Routine Methods
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ICAR
ICAR offers the possibility to certify milk analyzers in
accordance to the ICAR “Protocol for evaluation of
milk analyzers” developed and endorsed by the ICAR
Milk Analysis Sub Committee.

It is an international harmonized protocol that serves
the interest of milk recording world wide.

ICAR ISO 8196 3 / IDF 128 3

The ICAR certification will follow the ISO 8196 3 IDF
128 3 with particular attention for the DHI analysis.

ICAR
Milk Analyzers and ICAR Certification
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Course of Operation of Technical Evaluation
Minimum necessary assessments

Assessment of preliminary instrumental fittings
Daily precision
Carry over effect
Linearity
Measurement limits, Lower / Upper limit

Evaluation of the overall accuracy
Assessment repeatability, accuracy of the mean, accuracy, exactness of
calibration

Additional informative investigations
Ruggedness (Effect of major milk components interaction, biochemical
change in components, preservatives added, milk intake temperature,
storage conditions)

Practical conveniences
Speed, Robustness, Monitoring facilities & service, Validation of
precision conditions

ICAR
Course of Operation of Technical Evaluation
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The guidelines concern methods for Fat, Protein, Lactose, Urea
& Somatic Cells determinations in Cow, Goats and Ewes milk

Reference Methods
( )

The methods used to calibrate the instrumental (routine)
methods.

( ISO, IDF, AOAC )
Should be internationally standardized methods (i.e. ISO,
IDF, AOAC methods)

( ) Routine (Instrumental) Methods
( ICAR)

Routine methods should be either standard methods, or
methods approved at the international level by ICAR

ICAR
ICAR Guidelines for Milk Analysis
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DHI Quality control for DHI laboratories

ICAR
ICAR Guidelines for Milk Analysis
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DHI Internal control on routine methods for DHI laboratories

ICAR
ICAR Guidelines for Milk Analysis
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(Parameters) Fat, Protein, Lactose, Urea, Somatic Cells

2017 3 (Mar. 2017 New Parameters) BHB, PAGs (ELISA Method)

ICAR 3 9
ICAR Proficiency Test held in every March and September since 2016

ICAR
ICAR Proficiency Test
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ICAR
ICAR Proficiency Test Report

29 45 2018 3
45 laboratories in 29 countries participated in the PT in Mar. 2018
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ICAR
ICAR Proficiency Test Report

The PT results of each parameter
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DHI ICAR

TLRI DHI Lab uses ICAR certified Milk Analyzers to detect Fat,
Protein, Lactose, TS, Urea, Casein, Citric Acid, Fatty Acids, Free
Fatty Acid, Ketosis and Somatic Cells in milk

70% ICAR

More than 70% of dairy companies use ICAR certified Milk
Analyzers for raw milk payment test and quality control

Taiwan Milk Analyzers Status
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ICAR
Follow ICAR Proficiency Test methods to do PT for dairy companies payment lab

(Parameters) Fat, Protein, Lactose, SNF, Somatic Cells

4 10
Taiwan Proficiency Test held in every April and October by TLRI

Taiwan Proficiency Test
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FTIR
New Applications of FTIR in Milk Analysis

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
• Others



Dedicated Analytical Solutions

17

Published December 2010

Analysis of results gained using
different equipment in 11 different
laboratories across Europe

Assessment of accuracy,
reproducibility and repeatability

(IDF)
Bulletin International Dairy Federation, IDF

Catch the next big wave in milk testing
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Fatty Acids Profile

Why is Fatty Acid profile interesting:
Consumers want to get the right fat from their diet 

The fat should be unsaturated rather than saturated
High cholesterol levels causes heart diseases  

The dairies need to offer value added products to stay profitable
Improved nutritional image of milk

The Fatty Acid Profile can be used for: 
Payment analysis of milk according to:

Unsaturated fatty acids
Saturated fatty acids

The farmers can use the results to optimize the feed of the dairy herd 
regarding target amounts of unsaturated fatty acids in the raw milk

Short term by changes in the feeding 
Long term by breeding in order to favor a specific fatty acid profile in milk
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FFA in Dairy Products and Suppliers Milk

Free Fatty Acids are influenced by:

The mechanic treatment of the milk (milking machine design)

Installation and operation

The general hygiene/bacterial status of the milk

Physiological status of the cow (stage of lactation, diseases, composition of
fodder, seasonality etc.

Milk handling on the farm and in the factory

Problems caused by higher FFA levels:
Rancidity in high fat dairy products i.e. butter, cream
(FFA has a rancid and soapy taste and smell)
High levels of FFA influences the shelf life
(i.e. reduced shelf life of milk powder products)
Affects/reduce cheese yield
(FFA is not included in the coagulum)
Adversely affect the flavour and quality of milk dairy products
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FTIR
FFA Calibration and Benefits with Milk Analyzers

Milk analyzer can be an excellent method for FFA screening by:
• Reducing analysis costs
• Giving high test frequency and thereby a much better overall picture of FFA levels
• Saved time and costs if using BDI, FIA or copper soap method today
• Quick follow up tests to solve the problem if a high FFA result detected, ex. Errors in milking equipment,

unbalanced cow diets
• Improve the shelf life and quality of dairy products

FFA 175 samples
y = 1.0845x + 0.0303

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

FTIR

C
up

pe
r s

oa
p

Normal concentration of FFA
in raw milk “ab farm” is < 0.7
mmol FFA / 100g Fat

Sound cow’s milk contains
~0.5 mmol FFA/100 g Fat

FFA > 1 mmol FFA / 100g Fat
is considered abnormally high
/ ‘defective’
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Countries Measuring Free Fatty Acid

FFA is today measured in:

The Netherlands
Norway
France
Belgium
Japan
Italy
UK
Canada
USA
Denmark
Spain
Brazil
The Czech Republic
Taiwan

FFA included in Payment Scheme
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The Real Situation of Ketosis
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FTIR
Semi quantitative Method for Ketosis Screening

Limit for subclinical ketosis is
0.15 mmol/L for Acetone
0.1 mmol/L for BHB
They may not increase simultaneously

Screening model used for classifying the animals as
either ”Low risk” or as ”High risk” of ketosis

High risk of ketosisLow risk

Dedicated Analytical Solutions

24

The basic steps are the following:
The cells are stained with a fluorescent dye.

The sample is stretched to a very thin string (20 μm).

The sample passes a focused light beam which
excites fluorescence from the dye.

The cells are seen as individual light pulses The
fluorescence is collected, filtered and detected.

Detector

Laser

ISO 13366 2 / IDF 148 2 / AOAC 978.26 International Routine Methods
for Somatic Cell Count based on Flow Cytometry technology

New Application of SCC in Milk
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Mastitis Consequences

Lower compositional value Lost milk production

Milk loss, kg per cow per year
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SCC in 1000

kg
Worldwide, mastitis is associated with economic losses of $35 billion annually
(Wellenberg et al., 2002)
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Type of Cells in Milk

Epithelial cells
(skin cells)

Lymphocytes Monocytes
Granulocytes
Polymorphpnuclear (PMN)

Neutrophil BasophilEosinophilMacrophages

Leukocytes
- White blood cells (WBC)

• ~85% of somatic cells under normal 
conditions

• Relative share decreases when cow is 
infected with Mastetis

• ~10% of somatic cells under normal 
conditions

• Relative share increases to 30-90% when the 
cow is infected with Mastetis (PMN’s are 
attracted to fight the bacteria)

• ~5% of somatic 
cells under normal 
conditions
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Schematic Diagram of an Immune Reaction in The Mammary Gland

LymphocytesLymphocytes

PMNs
Macrophages

PMNs

Lymphocytes
Macrophages

Macrophages

Macrophages

Lymphocytes
PMNs

PMNs

According to Rivas et al., 2001; Paape et al., 2002; Schwarz et al., 2011a,b

Identification of
mastitis in its
early stage
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Current state, SCC:

Targeted selection of suspicious cows
Identification of mastitis in its early stage

Low SCC High SCC

Healthy Infected

Bacteriological
examination

Treatment
strategy

Prospective state, SCC and DSCC:

Low SCC High SCC

Bacteriological
examination

Treatment
strategy

Enhanced Tool for Mastitis Monitoring
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Goodproduct A Strong Vision

Tools to secure an effective and safe supply chain

Screen the feed for abnormalities Screen the milk & dairy product
for abnormalities

Dedicated Analytical Solutions

3063

Thank you for your attention
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