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Introduction

Industry Is focusing Increasingly on the development of more efficient and less time-consuming methods to monitor and control
their fermentation processes at optimal conditions. Note that, fermentation processes are often the most complex step within bio-
manufacturing. Nevertheless, the detailed understanding of the process Is often lacking and control decisions are frequently introduced
manually based on experience instead of process data. We want to assess industrially relevant fermentation processes with
advanced but still rather uncommonly used cutting-edge technologies thus developing new monitoring methods while improving the
Integral understanding and success of the process. Aiming at robust and generic on-line monitoring techniques the focus of our
research lies on a state of the art insulin production process by yeast. Our research comprises spectroscopy and image analysis
combined with chemometric modelling as a promising approach supplementing the future online sensor toolbox.

7 -
. . -{7 - ® .... ....:: m OD
Cell Clusters | 5,24 8,6 1 {® © — - o TA

Q ™ 2-Bright Spots — —
8 5 4 5,0 - - 0 1 r T 1 LN LA R L LA L L
g ) V&R Ee S 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
V)
+ " W S eEREN @ . o -~ .
g 2 ) e 1S Time [h]
= e <] - Howe | i > A
< 3 g g € 3-Bright Spots . A - o
= 28 % SE® * EES S . g -~ % = 8 @ 6,2 - e 9,0 - § 4
- . d B & % ‘ A _ )
S Budding Cells O IESN B B Mol e . e .’
o s < s Lo <C | ,’/
< o e 7 % 0 = 8 2 0 q9 Q :'8 8 E/U) 5,9 - ,A’/ al e
: "2 U) ] ’ 7
: Single Cells S e se & .’
- - - ™ . ™ 1 ] s - s
‘ ( - é_\ -
" oD oD

Samples/Scores Plot of Multiple SPC Files — A n a I ys i S

RM2 = (0.997
3 Latent Vanables
RMSEC =1.373 1
RMSECV = 1.6672
Calibration Bias =-7.1054e-15
gp| |CV Bias =-0.019688 / |
3 /u Concentration determination achieved through gas IR spectra analysis
§ o0 ' a Ethanol
G CO Benzene
= ol / _ 502 A Methane ¢SF6
20} / <o |
% Ozone , m
0 ul b [ -l ul .
20 40 60 80 100 '
Y Measured 1 . Q & . Ammonla
Variables/Loadings Plot for Multiple SPC Fil
15 . . . : . | l l | | I I I I
> . E 3 4 5 6 7 8 9 10 11
Wavelength (um)

950 1000 1050 1100 1150 1200 1250 1300
Wavenumber (cm-1)

VIP Scores
[ ]

| Out

Y — Principle pos |

950 1000 1050 1100 1150 1200
[ ] [ ]

Monitoring of multiple nutrients by IR ranable Laser oA Cel
spectroscopy combined with PLS modelling | |

Control Signal

A Example: selected region (variables) of the IR spectrum tied to Phosphate
B: PLS model based on the variables selected and reference concentrations

NxPAS Controller Photoacoustic signal

C: High VIP scores for the variables selected verify high relevance
for the model

o =P .
— BIOPRO

This PhD project is carried out as a part of BIOPRO and conducted as a collaboration between Copenhagen University (KU Food, spectroscopy), BIoSENSE (image analysis), NXPAS (off-gas analysis) and Novo Nordisk.



