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BROMEDIR: Development and evaluation of a miniaturized FT-
MIR instrument for in-farm milk analysis

Part A: M. Erfan',S.R. Labib',AS. Kishka', E. Magdy', F. Essam', B. Mortada!, C. Grelet?, ].A. Fernandez Pierna?, Q.Arnould?, D. Delhotte?,

P. Cousin3,V. Baeten?, F. Dehareng?, Bromedir Consortium* and Y. M. Sabry'

Part B: C. Grelet?, ] A.Fernandez Pierna? Q.Arnould?, D. Delhotte?, A. Fernandez 2, M. Erfan', S.R. Labib!, A.S. Kishka', E. Magdy', F.
Essam!, B. Mortada',Y. M. Sabry', P. Cousin?, Bromedir Consortium4V. Baeten? & F. Dehareng?

! Si-Ware Systems, Paris/Cairo, France/Egypt
2Walloon Agricultural Research Center, Gembloux, Belgium

3 Senseen,Valbonne, France
4 Cyric, Nicosia, Cyprus



FT-MIR use in dairy farms

> 20 years research

High number of phenotypes (+200 models)

* Milk fine quality (Fatty acids, Minerals, Proteins fractions, Process...)
* Environment (methane, N losses, N efficiency)

* Health (mastitis, NEB, metabolic troubles...)

* Diet intake and efficiency

* Grazing

* Chronic stress

* Lipolysis

* Heat stress

Milk recording
Genetics

BUT low frequency, every 4 to 6 weeks with DHI
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Standardization : possibility to transfer FT-MIR models from
instruments to instruments since 2015

&g Wallonie

Technical (sample
. ( . P . |T, database, servers
creation, sending) & :

= and admin

Scientific

Standardization of milk mid-infrared spectrometers
for the transfer and use of multiple models

€. Groket,” J A Ferndndez Pherma,” P, Dardenna,” H. Soyeurlt A Vanliende.” F. Colinet,t C. Basting
N. Gangledt V. Basten,* snd F. Deburang®’
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Daily in-farm milk analysis S"%%fﬁ,”

High frequency of measurement (daily) * Individual cow level

* Precision livestock farming

* Powerful to detect deviations = 1 : : . 1 n r : ; —
E- |:I
o Heat I .
o Unknown disturbances (r .|
@ 02 1\"{ r\
o« e . § ! f | |
* BUT current miniaturized systems % o ,’ A A \
[ - | i
|"I | 'h'!
. NIR ot | AN \_ :
r \‘Il 1| —_— :
.r'r.: I':I T."
* A few MIR wavenumbers i /
0.2
l I I i | | 1 I l I
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Wavenumbers in cm-1



04

Absorbance

Obijective of Bromedir: develop a miniaturized FI-MIR spectrometer for in-

farm milk analysis covering the full FI-MIR range

—> Transfer of existing (+200) FT-MIR models for daily monitoring
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Innovative core technology OMEDIR  si-are

Miniaturizing spectrometer to unprecedented scale

Light Beamsplitter Glass Lid
i Micro motor 6
i Optics

mirror MEMS

\ ;“ Beam Advantages
splitter o - Low cost scalable technology
/P light Fixed - Portable
Robust

Cloud Connectivity

- Lab-grade performance
- Online Analytics

mirror Detector
o/P light
. . World’s First Spectrometer
SIP System In Package on a Chip

- MEMS

. Photo-detector
- Optics

Identification Classification Quantification
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Systems

From Benchtop Macroscopic Instrument
to MEMS Photonic Integrated Circuit (PIC)

O/P light

/ Fixed mirror /

Moving mirros

Spring

Comb actuator )
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Monolithic Michelson Interferometer -Ware

Beam splitter

Input light

v

Interferogram
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WideRange wavelength operation OMEIIR si-wiare

* Unlike available portable miniaturized spectrometers in market limited to NIR (< 2.6 ym),
our technology allows operation in a very WideRange spectral range (> 10 pm)

o MEMS PICs allow free-space propagation of light (contrary to most of PICs which are based on guided light
propagation in waveguides)

o Additionally, we use free space optics instead of optical fibers interfacing between outside world and PIC chip
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WideRange FTIR Spectrometer BROVEIR  si-ware

BROMEDIR Spectrometer

v' Broadband MEMS FTIR spectrometer © Size:1.6 X 118 X115 cm?
v' Extends beyond 1000 cm™ (10 ym) ©Weight:~Tkg
v Portable platform
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BRC/VEDIR Si-Ware

Performance

v Spectral Range: 6000 to 1000 cm™ range (Fingerprint Region) f
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v’ Resolution: 42 [ 66 cm™
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Example Measurements Overlay — transmission spectra of Acetone and CO2 /CH4 /H2S/CO gas
cells, polystyrene film and TS5 reference material at 42 cm™ resolution
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BROMEDIR Milk analyzer Siare g3 CRAW
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senseen

* Spectrometer integrated with liquid flow cell

* Flow cell is heated and temperature stabilized &
to 40 °C

* Milk is injected using automated syringe pump

Syringe |:| EE] E‘Z@B Temperature
Pump p:‘_ """|}.. oo Control Unit

mm Electrical interface

E (V' \ Ba Optical interface
BE Fluid interface
l[ Power -%
MEMS
Heated Interferometer detector
Flow
Cell
I \
Light Source Module = — Spectrometer Module
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After 2 years of development SFWare A CRAYW
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Spectra of master and prototype before standardisation
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Similar information to reference lab instrument?

Correlation between Prototype and Reference lab instrument absorbances
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correlation
= correlation with neighbouring wavenumbers
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Optimization of standardization ‘windows size’ and complexity

Reference lab FT-MIR instrument

Bromedir prototype

Standardization of Prototype to a Reference Lab instrument (Master)

Mathematical transfer based on analysis of identical sets of 5 reconstituted raw milks

Spectra after prototype instrument standardization

Bromedir prototype

Reference lab FT-MIR instrument

03fF

0.2

01

Absorbance

D21

1 L 1 i 1 L 1 1 L L 1
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
wavenumbers (cm-1)




Transfer of a ‘own made’ Fat model

Standardization of Prototype to a Reference Lab instrument (Master)

Mathematical transfer based on analysis of identical sets of 5 reconstituted raw milks

Fat %redictinns without standardisation, Master vs PROTO13

557 :

Master predictions
-
FY w w
*®

o
e

2571

x

2 3 4 5 6
Prototype predictions

N=5

1y=0.31191+0.7076x

R square= 0.94398

| biais= 1.2726
RMSE= 1.4069

4 Wallonie

3 CRA-W
BRO/VEDIR

Fa%predictiuns after standardisation, Master vs PROTO13

5.5

4.5 |

Master predictions

357

e

*

k4

2.5
2.5

3

3.5 4 4.5
Prototype predictions

5

2.5

N=5

1 y=0.0039949+0.999

R square= 0.99957
L 15

TRMSE= 0.026619



Transfer of a ‘own made’ Protein model

Standardization of Prototype to a Reference Lab instrument (Master)

Mathematical transfer based on analysis of identical sets of 5 reconstituted raw milks

Emdaﬁl‘-‘gntain (g/100g) predictions without standardisation, Master vs PROTO13

Master predictions
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CrudnsPﬁrutein (a/100g) predictions after standardisation, Master vs PROTO13

Master predictions
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Transfer of a ‘own made’ C18:1c9 model

Standardization of Prototype to a Reference Lab instrument (Master)

Mathematical transfer based on analysis of identical sets of 5 reconstituted raw milks

C13:15|:i§9 (9/100ml) predictions without standardisation, Master vs PROTO13

Master predictions
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C1B:11¢2isﬂ (g/100ml) predictions after standardisation, Master vs PROTO13

Master predictions
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Transfer of a ‘own made’ citrate model P73 CRAW

{:Itratgc (mmoliL) predictions without standardisation, Master vs PROTO13
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Still work to do on the hardware =
improving the signal

To ‘shorten’ the models with less
wavenumbers?




Validation

Analysis of individual raw milk from 39 CRA-W Holstein cows

Both on reference lab instrument and on the prototype (after standardization)

Fat (g/1 gﬂmlj of 39 validation cows after standardisation, Master vs PROTO13

Master predictions
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Section |3 - Guidelines for On-Farm Milk Analysis

ICAR Accuracy < 0.20 g/100g (at-line) or 0.25 (in-line)
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Conclusions — Halfway thr&h E ;n! “jourhey '

Great potential

First miniaturized FT-MIR prototype covering the full MIR
range (1000-3000 cm-1)

Transfer of existing model is possible

Accuracy of prototype & transferred models can reach
ICAR thresholds

Still work to do

Signal and stability to be optimized

Models to be adapted (‘shortened’) with less wavenumbers?
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Thank You!

For more information, please contact:

Email: Come visit us for

a live demo at Booth 4
Website:

"Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or HADEA. Neither
the European Union nor the granting authority can be held responsible for them."
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