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Abstract: In this paper, to improve the control and optimization of the bio-fermentation process, rapid and
non-destructive detection of glycerol and butanol was studied. To this end, 80 samples of glycerol and
butanol were scanned and analyzed by means of near-infrared spectroscopy. Furthermore, in order to
improve the predictive ability of the model, five quantitative calibration methods, namely, the partial least
squares method, interval partial least squares method, forward interval partial least squares method,
backward interval partial least squares method, and minimum forward interval method were used to establish
the near-infrared detection model for glycerol and butanol content. The models were then analyzed and
compared. The results showed that the model established by means of the backward interval partial least
squares method was effective, and the correlation coefficients of the single component solution of glycerol
and butanol were 0.99932 (glycerol) and 0.98843 (butanol), respectively. To measure the content of glycerol
and butanol in the glycerol fermentation broth, a monitoring platform for glycerol and butanol concentrations
was established. The correlation coefficients were found to be 0.99074 (glycerol) and 0.99261 (butanol),
respectively. The results show that the NIR rapid detection model demonstrates excellent performance with
regards to accuracy and rapidity and provides a new detection method for the rapid detection of glycerol and
butanol in the fermentation industry.
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Table 1 Modeling and forecasting sets biomass measurement results

Process parameter  Sample size

Sample size Concentration range(g/L) Average value(g/L) Standarddeviation

Glycerol Calibration set 50 1-80 40.7143 18.9819
Prediction set 24 4-78 41.5806 18.7139
Butanol Calibration set 50 1-80 40.6032 18.89449
Prediction set 24 3-78 41.3871 18.6818
2 IRITARERGE SH AN TR A T AR B 4
Table 2 Prediction results of different pretreatment results for Glycerol and Butanol
Glycerol Butanol
Method Calibration set Validation set Calibration set Validation set
R¢ RMSECV Ry RMSECP R¢ RMSECV Ry RMSECP
Original  0.88355 2.79 0.86703 2.37 0.89974 3.07 0.88767 3.11
S-G 0.90137 2.28 0.80077 2.08 0.90251 2.87 0.89912 2.79
MSC 0.90546 2.27 0.80024 2.07 0.90792 2.27 0.90471 2.56
1st 0.91738 1.65 0.83166 1.87 0.91377 1.91 0.91896 2.14
2st 0.92859 1.54 0.85919 1.69 0.93055 1.80 0.92034 191
SNV 0.96979 1.24 0.89245 131 0.95443 1.29 0.95331 1.48

Squares, MWPLS) 5 ik IEAEREAMERMS - g poi o
FERH RMSECV 1R WY i 8 PP 4EbR, R 3 4
PLS A5 2R
# 3 PLS R BT 45
Table 3 Predictive results of the PLS model

Method  Glycerol (RMSECV)  Butanol (RMSECV)
PLS 1.50 1.56
IPLS 131 1.52
FIPLS 1.25 147
BIPLS 1.21 1.23
MWPLS 1.25 151

MH S TR TN 25 5K, 5 B PLS [B] A4
Airh, iPLS. FiPLS. BiPLS. MWPLS #B& % i ¢ /)
Tkt BRIt e SR A — e e
e I HEE L, v AR BIPLS A H] DLk o
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128 AWML A . DLP NIRscan ¥ £L /M4
CREMEMES) « BFRF CFEE 0.0001g) « 5L
RIEHE. TQ Analyst i85 Hr 245

Rl . BEREK . CERIRHEEE. L-2PRtER
IR KB S ASKEEE. S
& MR FRESHINE 4 Pos.

FESRE R, FLORKR R IE T 1Y) pH B8 7.0~

7.2; WWEIHI4ERE: 0~10%; WREEEH]: VIR

RO B B2, [R>S TR N 34C.
x4 BFRESYIIER Table 4 Media parameter list
Formula Description Contents/(g/L) Total/g
Trimethylol methylaminoethyl 4.85 24.25
PH buffer
KH,PO, 0.75 3.75
K;HPO, 0.75 3.75
Yeast powder 3 15
L-cysteine hydrochloride 0.0242 0.121
Na,S.9H,0 Reducing agent 0.048 0.24
Dithiothreotol (DTT) 0.0771 0.3855
NaCl 1 5
MgCl,.6H,0 0.5 25
KH,PO, 0.2 1
NH,CI Salt 0.3 15
KClI 0.3 15
CaCl,.2H,0 0.015 0.075
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Table 5 The content of glycerol and butanol in fermentation broth 26
g/l g N
Fermentation time/h Ry R %
Glycerol Butanol Glycerol Butanol 224
4 9827 064 o
5 97.89 0.74
8 97.01 1.19 e " " o~ -
12 95.89 1.32 wavelength/nm
15 94.05 1.87 B H R BRI 24 ]
16 93.62 2.07 Fig.1 Near-infrared spectra of glycerol fermentation broth
zz ii jﬁ 23 HAREHXIS
e | T ol s 2LV P B 2 V0 P A S TR IE 4 - T 4
i 6188 607 =21 1 IHBIREAT Ry, BEARRISH I 6 .
32 7433 947 24 EEREN
35 65.99  13.34 R EBEBAAEZT SNV b2 5,
jg 2? ﬁﬁ Gy BIPLS NTBIRY, g5 HanlE 2 RIE 3 .
44 P PP 2 AP 3 BTLLE, F I R H R I
45 45.23 24.47 HERAE R R A 0.99074, A2 HIGHEI iR 2 H
48 3729 2935 111, T H A B T AR AR 5% R H0 0.99261,
52 3344 3070 A HIEY TR R ZEN 1.09, MHXREIEIR 1,
S 2189 32.92 RMSEC #UEH8UN, RUIBI R TN Ee I 8hF K
56 29.85 31.67 IO
60 26.25 32.30 P
64 2289 3297 2.5 REGEREMNEESIELIMENERELER
65 2055 3372 fs A= A% RO R R A BEAT IR BE I €, AR5
68 1711 3458 KL LLAMGTE SO R A A BEAT 1 R AR, i
g 1409 327 o1 gy LIOCHUNREREREN GG TR 7, 4
76 12.89 35.49 | | RHCEIIE 4 Frors.
80 1071 3586 PRI, AR SR AR A TERASCN B R
84 865  36.26 Mgy & 5, H AT L ks R A A% A I &
85 7T 3635 REFEARWAREFE 1%~2%LA . IR 7 ifLLE H,
o e L LA AL A PR A, R 4806
o | UL sess | TORWRGHMOTHINEIR 2R 3.29%, TEANT
9% 377 36.95 Py iR 720 4.58%. R IR o A I I E Ya
100 2.85 37.05
* 6 FEALEMRI: Table 6 Division of sample sets
Process parameter Sample size Sample size Concentration range/(g/L) Average value/(g/L) Standard deviation
Calibration set 17 2.85-98.27 44,9128 35.49578
Glycerol
Prediction set 8 5.03-97.01 46.6925 36.65657
Calibration set 17 0.64-37.05 22.5640 14.59323
Butanol
Prediction set 8 1.32-36.25 21.8371 14.98168
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Fig.2 Glycerin Correction Model Prediction Chart in Glycerin Fermentation Broth
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Fig.3 Butanol Correction Model Prediction Chart in Glycerin Fermentation Broth
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Table 7 Traditional Biological Detection and Near-infrared Detection Results

Glycerol/(g/L) Butanol/(g/L)
Fermentation time/h Biometric Near-infrared Biometric Near-infrared
method detection method detection
5 97.89 97.21 0.74 0.87
15 94.05 94.77 1.87 2.02
25 85.01 83.04 4.86 5.16
35 65.99 67.01 13.34 14.08
45 45.23 43.88 24,77 24.15
55 27.89 27.11 32.92 33.53
65 20.55 20.32 33.72 34.17
75 12.11 13.09 35.33 35.69
85 7.71 8.15 36.35 36.66
95 3.44 4.27 36.86 37.22
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