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fermentation by Fourier-transformed near-infrared
spectra analysis
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Abstract: Biomass is an important parameter reflecting the fermentation dynamics. Real-time monitoring of biomass can
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be used to control and optimize a fermentation process. To overcome the deficiencies of measurement delay and manual

errors from offline measurement, we designed an experimental platform for online monitoring the biomass during a

1,3-propanediol fermentation process, based on using the fourier-transformed near-infrared (FT-NIR) spectra analysis. By

pre-processing the real-time sampled spectra and analyzing the sensitive spectra bands, a partial least-squares algorithm

was proposed to establish a dynamic prediction model for the biomass change during a 1,3-propanediol fermentation

process. The fermentation processes with substrate glycerol concentrations of 60 g/L and 40 g/L were used as the external

validation experiments. The root mean square error of prediction (RMSEP) obtained by analyzing experimental data was

0.341 6 and 0.274 3, respectively. These results showed that the established model gave good prediction and could be

effectively used for on-line monitoring the biomass during a 1,3-propanediol fermentation process.

Keywords: near-infrared spectra analysis technology, on-line monitoring, 1,3-propanediol fermentation process, biomass,

partial least-squares (PLS) algorithm
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Experimental platform for on-line monitoring a 1,3-propanediol fermentation process.
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Table 1 Compositions of the seed culture medium

Substances  Concentration Substances Concentration
Glycerol 20.0 g/L (NHy),SO, 2.0g/L
CaCO; 2.0g/L MgSO,4 7H,0 0.2 g/L
Ca*t 1.0 mL/L |Trace elements A 2.0 ml/L
'Y cast extract

Fe*" 1.0 mL 1.

¢ 0 mL/L powder 0glL

*2 WETREAEAN

Table 2 Compositions of the trace elements A

Substances Concentration Substances Concentration
12M HC1 0.9 mL/L | CuCl,:2H,0 20 mg/L
H;BO; 60.0 mg/L | MnCl,-4H,0 100 mg/L
ZnCl, 70.0 mg/L | CaCl,-6H,0 200 mg/L
NiCl,-6H,0  25.0 mg/L |Na,MoO,2H,0 35 mg/L
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Table 3 Compositions of the fermentative medium
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(OD)
650 nm
16
1286 (50 s) 237.84
4 000-12 000 cm'
3

(37 C)

2 I3ABABE AN RELD S
R

Substances Concentration Substances Concentration
Glycerol  60.00g/L | MgCly-6H,0 0.26 g/L 2.1 WAEXEME (0OD) HIESHTELIE
KH,PO, 1.36 g/L | (NH).SO4 6.61 g/L 5
CaCl, 029 g/L | Trace elements B 5.00 mL/L
o Yeast extract 68
Citric acid 0.42 g/L powder 2.00 g/L 3 1
x4 WETEBAEMN
Table 4 Compositions of the trace elements B 5
Substances Concentration Substances ~ Concentration (OD)
12 mo/LHCI 10.00 mL/L |CuCl,-2H,O 0.47 g/L
ZnCl, 068 gL  [FeCl,-4H,0 397 gL [17]
H;BO; 0.06 g/L MnCl,-4H,0O 0.17 g/L
CoCl,'6H,O 0.47 g/L INa,MoO,-2H,0 0.005 g/L
x5 REKSWIESEEST
Table 5 Analysis on the calibration data set and validation data set
Numbers of samples Ratio (%) oD Mean Variance
Calibration set 46 67.65 0.046 0-8.261 0 3.196 5 7.262 2
Validation set 22 32.35 0.061 2-8.048 3 3.1489 6.988 6
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Table 6 Modeling results by using the spectra band A and different spectral pretreatment methods
Model Pretreatment method RMSECV RMSEP RMSEP/RMSEC Factors R?
1 None 0.561 5 0.449 9 0.807 8 1 0.957 0
2 MSC 0.377 7 0.322 0 0.896 8 3 0.982 4
3 SNV 0.363 0 0.327 3 0.945 4 3 0.983 6
4 The 1st 0.310 8 0.293 8 1.086 2 4 0.990 1
5 The 2nd 0.352 2 0.379 6 1.199 5 4 0.986 4
x7 XAEER A+B AR X IETRLBLEMERER
Table 7 Modeling results by using the spectra band A+B and different spectral pretreatment methods
Model Pretreatment method RMSECV RMSEP RMSEP/RMSEC Factors R?
6 None 0.560 8 0.449 4 0.808 1 1 0.957 1
7 MSC 0.384 9 0.349 7 0.9559 2 0.981 6
8 SNV 0.369 2 0.342 6 0.968 1 2 0.982 7
9 The 1st 0.337 7 0.341 5 1.039 8 2 0.985 1
10 The 2nd 0.299 8 0.283 6 1.048 4 4 0.990 1
*8 XASEBRMARELEMAEAEZHEEER
Table 8 Modeling results by using all the wave numbers and different spectral pretreatment methods
Model Pretreatment method RMSECV RMSEP RMSEP/RMSEC Factors R?
11 None 0.288 4 0.267 2 0.961 9 4 0.988 4
12 MSC 0.349 0 0.328 4 0.955 2 1 0.983 6
13 SNV 0.352 5 0.329 8 0.949 8 1 0.983 3
14 The 1st 0.362 4 0.383 1 1.091 7 2 0.983 0
15 The 2nd 0.329 3 0.324 7 1.076 9 4 0.987 7

http://journals.im.ac.cn/cjben
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Table 9 Modeling results by using the spectra band A and the expansion factors

The former model Model Pretreatment method RMSECV  RMSEP  RMSEP/RMSEC  Factors R?
16 0.540 4 0.453 0 0.8450 2 0.960 4
1 None
17 0.385 4 0.339 6 0.904 3 3 0.980 7
F10 HEiEE ABEHTHRTBEFRMERER
Table 10 Modeling results by using the spectra band A+B and the expansion factors
The former model Model Pretreatment method RMSECV  RMSEP  RMSEP/RMSEC  Factors R?
18 0.529 3 0.4513 0.864 3 2 0.962 5
6 None
19 0.4337 0.374 7 0.878 6 3 09751
7 20 MSC 0.343 9 0.304 5 0.931 8 3 0.985 4
8 21 SNV 0.339 1 0.3117 0.964 9 3 0.9857
9 22 The 1st 0.324 3 0.291 3 0.926 4 3 0.986 5
z1 EEEBRZHTHRATREFHNEESER
Table 11 Modeling results by using all the wave numbers and the expansion factors
The former model Model Pretreatment method RMSECV  RMSEP  RMSEP/RMSEC  Factors R?
23 0.3352 0.3120 0.953 5 2 0.9853
12 MSC
24 0.3212 0.299 4 1.000 2 3 0.987 8
25 0.336 6 0.312 5 0.9512 2 0.9851
13 SNV
26 0.321 6 0.301 8 1.002 1 3 0.987 6
14 27 The 1st 0.330 1 0.291 7 0.922 0 3 0.986 3
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Fig. 8 Comparison between spectra model prediction
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Table 12 Model predictive results for on-line monitoring
the biomass of 1, 3-propanediol fermentation

1L3-AoBEA B I REYEALENREM

Glycerol 60 g/L True value Monitoring value
oD 0.2293-7.1702  0.529 8-7.675 7
R 0.997 6
RMSEP 0.341 6

Glycerol 40 g/L True value Monitoring value
oD 0.3386-6.941 0  0.532 3-6.959 0
R 0.992 8
RMSEP 0.2743
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