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Background

Milk sample FT-IR spectrometer

FT-IR milk spectrum

* Fourier-Transform mid InfraRed L
spectrometry (FT-IR) of liquid milk

e Composition milk profile predicted
(i.e., calculated) from IR spectrum

Mathematical
prediction model

4.3% fat
3.4% protein o
4.5% lactose
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Background

Milk sample

R spectrometer

FT-IR milk spectrum

e Quality of predictions dependent on:

* (Quality of the model (e.g., robustness)
e Quality of the spectra (noise and artifacts)

Mathematical

prediction model
4.3% fat ,
@

3.4% protein
4.5% lactose

D
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Background

e Each spectrum results from measurement
process performed under...

* specific conditions

* using a specific IR instrument
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Background

e Each spectrum results from measurement
process performed under...

* specific conditions

* using a specific IR instrument

* Changes in measurement process (e.g., instabilities
in the IR instrument) can lead to changes in the spectra

* Problematic:

e ..if this happens in spectral regions containing
chemical information used by prediction models

e ..because the instrument is not working properly
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Background

* Limited use-case for slope / bias corrections

Present in
control milk?

\/ Fat X Pasture intake

\/ Protein X Methane emissions

\/ Lactose X NEFA, BHBg,.q

v X
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Background
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* Limited use-case for slope / bias corrections 00(
* We need a general approach for monitoring \/ Fat X Pasture intake
lity of , icti .
the quality of our data (spectra, predictions) \/ brotein X Methane emissions

J Lactose X NEFA, BHB
commers N X
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Background
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* Limited use-case for slope / bias corrections 00(
* We need a general approach for monitoring \/ Fat X Pasture intake
th lity of dat tra, dicti .
e quality of our data (spectra, predictions) \/ Protein X Methane emissions

\/ Lactose X NEFA, BHB
* Monitor spectra for systematic deviations due
changes in the measurement process Present in \/ X
(i.e., instrument instabilities). control milk?

* Use mathematical models originally developed to
screen for non-specific adulteration in milk samples
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Methods & Results

Milk spectra with
normal \1ar|at|on

Instrument-specific
milk fingerprint

@
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Methods & Results

Milk spectra with
normal \1ariation

Absorbance

Instrument-specific
milk fingerprint

vs.

1000 1500 2000 2500 3000 3500 4000 4500 5000
wavenumber cm~1

Compute anomaly scores for
each spectrum from the same
instrument

Absorbance

New spectrum from
same instrument

1000

1500

2000

2500 3000 3500 4000 4500

wavenumber em~1!

Quality assurance in dairy

N

5000




Methods & Results

Compute anomaly scores for
each spectrum from the same
instrument

) Look for patterns
over time
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Compute anomaly scores for

) each spectrum from the same

[7,)
c
S
()]
)
)
©
Q o
5 E
S 5
<5

>
S3

instrument

Instrument A

75

Quality assurance in dairy

O
©
C
o C
“ ©
> 9
)
S m
O O
m | -
Q
.~ N
()
o
)
..a:.w =
= S
o 3
O o
Z C
qmn. - G0:LZ:8T
L LA S YATA =3
- .“.mm - 95:60:81T
g [ 9USSiLT
.a..muﬂ. - LEISHILT
s ._W... - ZTPELT
2 Sige [ STYTLT
. u.mﬂm - 8EITTILT
o o M N . .
M- 5 9T:Z0:LT
R, [ YOISioT
: .....mu. - ¥SILE9T
e+ 97:87:91
o SO
s SR oL
L, [ SP:ST:91
. N O )
4 ? L 6Z:1GST
. 9¥6EIGT
. “.Mm.. L £€:92:GT
iooglg [ OPiTLGI
e ges [ 6LiI0ST
CrRy [ 950SiYT
. .mu...m - 200t
PRy 9708 T
.24 i)
SRS IToTrT
. \v; + 1 GZ:90HT
...uw - 00:GSIET
s Soes. 6seeeT ¥
oh.ouu- L . . m
: A, [ CEO0EET E
.....m..um. - L08T:ET
...wmw - THILOET
v ig - ETILSITT
T | chiopizt
S S 2
S BEETT
. ”* A A TATa
o gey | 8E:00:ZT
. ....»mu.. - yZ8YITT
. ."umwﬁu. - L0:8ETT
N A
~wgy [ SO8UIL
. - 7G:90:TT
. 4
SHE.g [ 8vsviol
* s F - ZTLE0T
LEes [ orisTior
3 &) - . .
358 62:91:0T
s ..._..mﬂ.v - £6:G0:0T
....wﬂu - Z1:SG:60
o H - €260
....,ﬂwwa - ¥S1£5:80
S AA. T 61:9:80
.Mw - 62:GE:80
oGl .+ 9%:5Z:80
B “..@Mr. - LYISTELO
. .mﬂ“ﬂc B Hm,_h._nnho
. = 2ol - 6E:70:L0
o o o o o
<t M —

~
2100s Ajewouy



Methods & Results
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Compute anomaly scores for

) each spectrum from the same
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Methods & Results

)

——— Predicted urea, uncorrected & smoothed

Compute anomaly scores for

) each spectrum from the same
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—— Detected change point

@® Anomaly score

Instrument C

Change in anomaly scores
coincides with bias in

urea predictions
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Methods & Results
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Methods & Results

Compute anomaly scores for
each spectrum from the same
instrument

) Look for patterns ) Detect systematic deviations
over time automatically and real-time
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Methods & Results

Compute anomaly scores for
) each spectrum from the same
instrument

) Look for patterns On a scale of
over time ) months to years
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Methods & Results

Compute anomaly scores for
) each spectrum from the same

) Look for patterns ) On a scale of

nstrument over time months to years
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Methods & Results

Compute anomaly scores for ) Identify episodes Find patterns in
each spectrum from the same with instabilities ) spectral residuals
instrument
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Methods & Results

Compute anomaly scores for |dentify episodes
each spectrum from the same ) with instabilities
instrument

Collected > 20.000 spectra from 38 episodes
with instabilities identified across four instruments
within a period of three years (> 5.9 million spectra)

)

Find patterns in
spectral residuals

NI
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Methods & Results

Compute anomaly scores for
each spectrum from the same
instrument

) Identify episodes
with instabilities

Collected > 20.000 spectra from 38 episodes
with instabilities identified across four instruments
within a period of three years (> 5.9 million spectra)

PCA + t-distributed stochastic neighbor
embedding of spectral residuals

Dimension 2

) Find patterns in

spectral residuals

Instrument A
Instrument B
Instrument C
Instrument D

Dimension 1




Methods & Results

Compute anomaly scores for
each spectrum from the same
instrument

) Identify episodes
with instabilities

Collected > 20.000 spectra from 38 episodes
with instabilities identified across four instruments
within a period of three years (> 5.9 million spectra)

PCA + t-distributed stochastic neighbor
embedding of spectral residuals

Many instabilities uniquely
occur for short period @ @ @

Dimension 2

) Find patterns in
spectral residuals

Instrument A
Instrument B
Instrument C
Instrument D
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Methods & Results

Compute anomaly scores for
each spectrum from the same
instrument

) Identify episodes
with instabilities

Collected > 20.000 spectra from 38 episodes
with instabilities identified across four instruments
within a period of three years (> 5.9 million spectra)

PCA + t-distributed stochastic neighbor
embedding of spectral residuals

Many instabilities uniquely
occur for short period @ ® @

Some instabilities appear more often o e e

Dimension 2

) Find patterns in
spectral residuals

Instrument A
Instrument B
Instrument C
Instrument D

Dimension 1




Summary

* Our approach can be used as tool for:
* Monitoring the validity of our model predictions

* Monitoring the status of our instruments

* Does not rely on expensive chemical reference analyses or control milk samples.

* Instead, it is based on the spectra that are obtained by routine IR analysis of milk samples

e Can be developed with the tools that already exist

* Can be developed and used by every laboratory
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Thank you for your attention!




