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Maintaining consumer loyalty and global brand protection through consistent product quality
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Obtaining better margins than competitors through tight production control and cost savings
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Development of new products with competitive edge
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Low prices on milk and milk products
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Dairy Herd Improvement Payment
= Process Control

End-product Control
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2 3% Milk Payment - value chain 2 # {4 3% #2 % Herd Improvement - value chain
(CMT — Dairy — Consumer): (CMT — DHIA — Farmer/Cow): > FTIR 'ﬁ:lﬁ}&ib ?’? ” ﬁ' 7\ %%}1—% * )
CMT New Applications of FTIR in Milk Analysis

4 Composition (Fat, Protein, Solids) 4 Productivity (Fat, Protein, Yield) >
4 Health improving parameters “ 4 Mastitis (Somatic Cells, Microorganisms) 4

(e.g. Fatty Acids) » Feeding (Fat, Protein, Urea, Fatty Acids) 4
» Hygienic quality (total bacteria count) » Cattle diseases (Acetone/BHB/ Ketosis) 4
» Milk quality (e.g. Fatty Acids, Freezing Point » Breeding (all parameters, Yield) 4

Depression) 4 Quality (Free Fatty Acids)
4 Safety & quality >

(e.g. Abnormal Spectrum Screening)
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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

FOSS




- Published December 2010

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

- Assessment of accuracy,
reproducibility and repeatability

Bulletin #

New Applications of
Mid Infra-Red Spectrometry
for the Analysis of Milk
and Milk Products
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New Applications of FTIR in Milk Analysis

b Pqikpk A Fatty Acids Profile
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Source: Professor Andy Salter,
University of Nottingham

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

FOSS




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)

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

Type of Fatty Acids Features
Short Chain Fatty Acids (SCFA) C4:0 - C10:0 | 13-15% of total fatty acids in milk
(saturated only) Present in milk products only

Positive properties only found , - no negative reported
Positive influence on body weight, cholesterol in blood and
cancer

Medium Chain Fatty Acids (MCFA)  C12:0-C16:0 | 35-45% of total fatty acids in milk (many plant products are
(saturated only) higher

May lead to increased risk of cardiovascular diseases,

Only malicious if consumed in excess amounts

Long Chain Fatty Acids (LCFA) >C16:0 10 - 15% of total fatty acids in milk
(saturated only) Neutral influence on cardiovascular diseases
No negative impact on human nutrition
>C18 used in nervous structures

Table 1: Features and benefits of the short, medium and long chained saturated fatty acid in human diet, according to

presentation from Professor Philippe Legrand Un. Of Rennes.
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New Applications of FTIR in Milk Analysis
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Launched in July 2011

Delivering:

- 6% less saturated fat

- 84 tonnes of saturated fat removed from its
customers diets each year

- Improved cow health and welfare (?)

FOSS

Fatty Acid
Fatty Acid

Fatty Acid
Fatty Acid
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¢ Free Fatty Acids is the result of “Lipolysis”, which is an enzymatic process in the milk

¢ Lipolysis is accelerated by mechanical mal-treatment of milk (defective pumps etc.),
thereby causing higher amount of FFA.

¢ Normal concentration of FFA in raw milk “ab farm” is < 0.7 mmol FFA/ 1009 Fat
¢ Sound cow’s milk contains ~0.5 mmol FFA/100 g Fat
¢ FFA>1.0 mmol FFA/ 100g Fat is considered abnormally high / ‘defective’

FOSS




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

Why test suppliers milk:
& Farmers, who deliver milk with high FFA, can be helped to correct the problem

& Raw milk with high FFA levels cannot be “repaired”, the damage is done, and the enzymatic process
continues

@ The milk industry faces increasing competition, and must have more and more knowledge and
control over the raw material (“Chain Management”)

FOSS

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

Low FFA can be maintained:
¢ by well designed and monitored milking machines and bulk tanks
& by consistent balanced cow diets

& and by proper drying-off procedures

FOSS

MilkoScan FT+ can be an excellent method for FFA-screening by:

e 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

e 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
¥ =1.0845x +0.0303 # Normal concentration of FFA in

raw milk “ab farm” is < 0.7 mmol

b
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FFA is today measured in:

The Netherlands

Norway

France FFA included in Payment Scheme

Belgium

Japan

Italy

UK

Canada

USA ;
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Denmark ,\% ( X

Spain %‘ \

Brazil \

The Czech Republic B 2
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Taiwan
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New Applications of FTIR in Milk Analysis
4
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> [k i 6% & Ketosis Screening
>
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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.

Caw Numbers (Thossand Head

In both cases energy uptake from fat deposits Wiy 2 TRTER AR I O
becomes too big, the turnover from fat to glucose in

the liver too high, - and hence Acetone and Beta

Hydroxy Butyrate (BHB) is excreted as residues.

FOSS

Distribution of the Herd
Severity

CLINICAL SEEN

ACTUAL

FOSS

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
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Problem solved on cow level Problem solved on herd level
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An indication of levels of the acetone and beta
hydroxy butyrate (BHB) residues can be measured by
the FTIR as used in MilkoScan™ FT+ allowing
screening for ketosis as part of routine milk testing.

As ketosis often is a herd problem, a single alert gives
the herd manager a timely warning to examine all
early lactating cows for problems and to take
proactive action as necessary.

The laboratory can give the herd manager a monthly
screening of all cows for ketosis, and individual cows
can be singled out for treatment.
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ACETONEEHS CONCENTRATION

RISK OF KETOSIS

BHB (mM/I)

HIBH - Testeow | 0.2

MEDIUM -

cesnEe | 50.15-<0.20

- Hoaction

<0.15

probskem, o singie
timely warming 1o
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Combination of Ac and BHB values
with:

- fat: protein ratio

- parity

- month of milk recording

- binary (yes/no) score for ketosis
for cows with DIM <60 only
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-> Presented for individual animals

Prevalence ofketosis (%)

are expressed as ketosis yes (high risk) or no (low risk).

> 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

L

Low risk High risk of ketosis
FOSS
2012 2014

90 +9% +10% -0.6%
80
0 4

Risk for
&0 ketosis:

Biow
50 -

B medium
40 4 Whigh
30 -
20 -8% -9% +0.6%
[Tt . , . . . . .

Canada France Belgium, Canada France Belgium,

the Netherlands the Netherlands

Prevalence of ketosis (low, medium, high risk) in Canada (Valacta), France (CLASEL) and Belgium (region
Flanders) and the Netherlands (Qlip) in 2012 and 2014, respectively. Data for Belgium and the Netherlands
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n Ketosis P PP Using 1 Test Day B Overall Ketosis Prevalences (5 to 20 DIM) by Lactation Agsource
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New Applications of FTIR in Milk Analysis ammonium sulphate
0.3 A
> 8
> 3
2 melamine
> 3
=
- v A% . . o
b FL¢ 32 i% & & Abnormal Milk Screening
1000 1100 1200 1300 1400 1600
) wavenumber




Melamine crisis (2008) with contaminated milk powder

> Milk quality is tested before unloading.

But milk adulteration is rarely tested at
> Liquid milk deliberately adulterated for economic gain the platform.
b Collaborative project between Fonterra, Arla and FOSS Y A y - . Lo .

" ? ’ 4 e%\,’ > Milk Adulteration is a growing problem.
iy L G 6
> Resulted in development of targeted and untargeted models for detecting milk
adulteration at economic levels > Adulteration can be deliberate or caused

4

by accident.
In 2014 we have released FTIR models using abnormal spectrum module (ASM) as well

as targeted models for specific adulterants

FOSS

FOSS

Unintentional deviations

>
Caused by accidents or failures.

FTIR spectra from natural raw milk samples is a unique finger print of normal milk
3

Agent in the cows feed that is transported on to the milk
> Cleaning agent

Raw milk sample
> Water

Intentional deviations
Driven by economic gains:

> amount (weight and/or volume)
milk fat content

milk protein content

v v v v

v | |
TN Py \ §i Y \
dry matter content

. 1 \ | I\ \
the total bacterial counts and somatic cell counts

FOSS




4 > You can screen all milk samples against abnormalities. > The table shows the Limit of Detection for the adulterants which could be
It will not tell you what is in the milk only if it is detected as abnormal by the model.
normal milk or not. > The LoD’s correspond to a threshold of 3.
3 Advantages untargeted model allows you Screening Adulterant LoD LoD Adulterant LoD LoD Adulterant LoD
for an unlimited number of unknown potential Allantoin 300 ppm Cyanuric acid 170 ppm Sodium bicarbonate 400 ppm
adulterants within 10 - 30 sec. Amidourea 500 ppm Cyromazine 300 ppm Sodium hydroxide 0.06 %
/ Aminotriazine 800 ppm Dicyandiamide 300 ppm Sodium nitrite 200 ppm
. Ammonium nitrate 200 ppm Formaldehyde 400 ppm Thiourea 500 ppm
d’ Ammonium sulphate 300 ppm Hydroxyproline 900 ppm Triuret 800 ppm
Biuret 600 ppm Maltodextrine 1100 ppm 3-aminotriazole 1100 ppm
CIP agent 1% Melamine 300 ppm 4-aminotriazole 1400 ppm
s FOSS ‘ FOSS

Many research projects are actively researching new parameters from FT-IR:

Confirmatory CRA-W, Agramir, Phénofinlait, OptiMIR, Robust Milk, University Padova and many more

TarggtIEd test FOSS are involved in some of above projects and in several other projects with key customers
models

Untargeted () o )

model Screen for Numerous publications are available

specific
®screenfor  adulterants
all unknown Action plan Some of the new potential parameters are

adulterants Milk coagulation properties

Pregnancy confirmation

Protein composition

Secure dairy Reconstituted milk screening
products But there are many more!

Rapid inexpensive
screening of your milk

FOSS
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New Application of SCC in Milk

FOSS

Flow cytometry is a technology designed to count cells in suspension.

The basic steps are the following: Detector

> The cells are stained with a fluorescent dye.

b The sample is stretched to a very thin string
(20 pum).
> 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.

FOSS

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

Mastitis diagnosis: somatic cell counts (SCC) and
bacteriology are standard (viguer et al., 2009)

SOMATIC CELL COUNTS Low MEDILM

Mastitis risk
Action

Maintain contral
measures

Chack for
chronic cows and
comactive
measurss

HIGH

Treat subclical mastiis cows

FOSS

Lower compositional value

Effect for the Dairy

Lost milk production

Decrease

Milk loss, kg per cow per year

Fat 4 Economy

Free Fatty Acids oy Taste problem 1000

Total casein Less chease yield 2 500 //

Lactose Economy 0 : : :

Sodium i Taste problem 0 500 1000 1500 2000
Chloride T Taste problem SCC in 1000

Calcium B2 Quality of the product

Lipase T Taste problem

Bacteria i3 Low guality and economy

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

FOSS




Leukocytes
- White blood cells (WBC)

Epithelial cells

/ \ (skin cells) Consist mainly of three populations:

Granulocytes 1. Lymphocytes — Initiation and regulation
Lymphocytes Monocytes Pol honuclear (PMN : : ymphocy gu
Yt olymorphpnuclear (PMN) ; of the immune response, production of
antibodies (Nickerson, 1989; Oviedo-Boyso et al.,
Stratified cuboidal 2007)
Macrophages Neutrophil Eosinophil Basophil
2. Polymorphonuclear neutrophils (PMN) —

E S A
Nk

Phagocytosis of bacteria at the beginning

of an inflammation (paape et al., 2002; Oviedo-
Boyso et al., 2007)

) 3. Macrophages — Regulation of immune
* ~5% of somatic response, phagocytosis of bacteria and

cells under normal Il debri " .
conditions cell depris (Sordillo and Nickerson, 1988)

* ~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)

* ~85% of somatic cells under normal
conditions

* Relative share decreases when cow is

infected with Mastetis Microscope spot, milk slide

FOSS FOSS

Current state, SCC: Prospective state, SCC and DSCC:
M h
. PNS CCLLLLLLLE] S AR A A AN
2 Lymphocytes 2| ool o o A 2 [Tt Tt Tod ot TofTf Lol
3 VNG E AN o A = oo el o o
2 Macrophages o il o oo o [oflod of (oot of ai{oflof
8 Lymphocytes Ao oo o A o o w ol o of A A A
L L LR L EEC Y.L L
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8 g AAddAd Ao g A A Ao
Lymphocytes Lymphocytes g Kd-lf-'ﬁ-dd ’“(‘K A Heaitny (g Aok o of el A Heatty
Macrophages Macrophages = Aol ool of of of o of A infected B R . L S ™ W
PMNs PMNs
> —>Targeted selection of suspicious cows
s Time FOSS FOSS
According to Rivas et al., 2001; Paape et al., 2002; Schwarz et al., 2011a,b




Application of DSCC results in daily farm management > FOSS has joint forces with the Veterinary Institute of

Better management of subclinical mastitis Technical University of Denmark and SEGES

»  Financed by Danish Ministry for Environment and
Food

> Identification of mastitis in its early stage

- Information on time point of infection;
segregation/treatment accordingly (e.g. proinflammatory

drugs .
8s) > The project:

b Identifications of cows with bacterial infection (selection > q .
for further analysis (e.g. PCR)) 3-year duration

> Detailed investigation of the udder health status of 1,000

- Segregation/special treatment on farm in order to
8es /sp cows in 5 modern dairy herds

avoid the spread of infection

> Main objective: Investigation of new parameters for
mastitis monitoring and development of guidelines for
using these new parameters on dairy farms

> Information about probability of cure

- Prudent use of antibiotics: treatment worthwhile vs.
non-treatable chronic infection

FOSS FOSS

> Literature: SCCis an undisputed and well established
criterion, but DSCC is well appropriated for more detailed
characterization of udder health

> Promising new applications enabling a better
management of subclinical mastitis:

) Identification of mastitis in its early stage

v v v Vv

) Identification of cows with bacterial infection

> Information about probability of cure

PP 2 e R AR S

N .
A lot of research necessary in order to develop the actual New Applications of Total Bacteria Counts in Milk

application of DSCC in the frame of regular DHI testing

FOSS FOSS




Bacteria present in milk and growth optimum  Temperature <10 ° C
No mesophilic bacteria can reproduce
® Mesophilic prefer middle temperature (10°C - 35°C)
® Many are pathogenic bacteria and many are found in the earth, the optimal growth temperature is 25°C - 40°C.
® Stop growing at 40° C - 45°C
No thermophilic bacteria can reproduce

® Thermophilic prefer high temperature, optimum grow 40° C - 60°C . Stop at 60°C - 70°C when in liquid media-
when dry media stop at 100°C

® Many bacteria to be found in compost and in manure
The psychrotrophic/-phillic can reproduce

@® Prefer cold environment (down to under 0°C),

Grow best at 20 ‘C, they stop at 30 'C

Many of these micro-organisms live in water and in the soil
High temperatures 60°C - 70°C kill the micro-organisms
The psychrotrophic/-phillic bacteria:

®  Achromobacter

° Pseudomonas

®  Micrococcus FOS s

/\

. — _——— Standard Plate
Count
Raw milk on the plate
Raw milk sampling count agar l
@ Incubation at 30/32/35/37°C
“N for 48/72 hours

Count the colonies and calculate
CFU (colony forming units)/ml

BactoScan FC+

] Flow cytometry

* Less than 10 min instead of 2 - 3 days
 Fully automated — reduced human factor
* Total bacteria count - Individual Bacteria (IBC)-9min in first sample, 65, 130, 200 samples/hr FO S 5

Typical content of bacteria in milk (DK):

Raw milk picked-up directly from the farm tank:
< 30,000 CFU/ml

Raw milk from a tanker when it arrives at the dairy:
approx. 100,000 CFU/ml

In pasteurized milk right off the plate heat exchanger:
<100 CFU/ml

In pasteurized milk bought in a supermarket
< 10,000 CFU/ml

In UHT milk:
0 CFU

Flow Cytometry results based on
individual cell count

Flowcytometry

Standard plate count method based on
colony forming units (CFU)

Black numbers = individual count, grey numbers =
CFU. Individual cell count will generally give higher
bacteria count that gives a truer indication of quality —

see notes.
FOSS




Standard Plate Count/ CFU BactoScan FC/IBC

B0/ /RS- 8%%% -

© The BactoScan FC counts the single bacteria and all bacteria present in
the raw milk =>

- Giving a very realistic measurement of hygienic quality

- This method offers a uniform and high performance in
repeatability, reproducibility and accuracy => High reliability

FOSS

Why are psychrotrophic/-phillic, thermophilous and
coliform bacteria of special interest?

Psychrotrophic/-phillic bacteria

* Multiply despite chilling
» Often produce enzymes (lipases and proteases)
= deteriorate end product

Thermophilous bacteria

« Survive very high temperature f.inst. 90°C for 30 secs.
(pasteurization).

* Some are spore forming species. (Spores are the form
of certain type of bacteria that survive extreme conditions)

* Some can be pathogenic and some can be capable of
producing undesirable gas e.g. in cheese and canned food

FOSS

High bacteria content in the raw milk means low
quality products with poor shelf-life and an increased
risk of food borne diseases

® Monitoring allows serious contamination to be
detected instantly and poor quality milk can be
rejected

// ® Improvement of raw milk quality
» ] ® Monitoring of incoming tanker milk

‘ﬂl ® Payment for raw milk

FOSS
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Milk — Quantitative determination of
bacteriological quality — Guidance for
establishing and verifying a conversion
relationship between routine method
results and anchor method results
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The reference method is standard plate count (SPC),
resulting a bacteria count in CFU/ml (Colony Forming Units).

SPC is carried out by manually spreading a small subsample
on agar in a petri dish and incubating for 2 days(!) at 37° C.

Counts how many bacteria colonies that can grow
> Only counts living bacteria.

> One cluster of living bacteria may end up forming a single
colony.

Take a sample a send it to various labs: the Bactoscans will
agree while the CFU count can vary wildly! 3

.

In many countries legislation and the payment system is
based on CFU counts and a conversion table is thus used to
convert between the two numbers.

The correlation between IBC and CFU is poor a varies from
country to country (note log scale on the figure!)

Camversions in the woeld

One fixed national conversion table for many years:
® Germany, U.S., New Zealand, Ireland, Poland, Belgium
Several conversion tables: Portugal
One conversion table per instrument:
® Holland (rolling conversion table)

No conversion:

® Norway. Ring test counting IBC. Payment limits
in A+, B, C etc.

® Canada.

International conversion table - working group for
developing one conversion table at the level of
European Union

FOSS
BactoScan FC IBC/CFU Conversion Table, Cow Milk, Taiwan, 2009
International Standard IDF 196 / 1SO 21187 Within the udder (mastitis bacteria)
Exterior of udder
Log IBC vs CFU(SPC) , Cow Milk 2009, Taiwan Milking equipment
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b Every 24 or 48 hours

> Asample is taken for analyses once a week

GoodProduct™

Tools to secure an effective and safe supply chain

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

Thank you for your attention






