RNSHBIFHRE

54, 023002(2017) Laser & Optoelectronics Progress ©2017 (H EBOE) 2 kit

FET UL AN G % B AR S I 5 % e ek 7
280wl

k A, rEE, T BT, BN, BAL

Lo R AR B LB, ILJ8 0 212013

TE T e WA A T i R £ W I ARG B L TF R T3 Tl B T AT AP % (FT-NIRS) 40 A1 8 R 1 2 B [
0 W T S D A A 5T . SR IR A DX i) i B /> 3 1k (siPLS) Xt A 1F 75 A5 5 7E 48 (SN T Ak B 1)
T A TR AR B XA 5 5 A S AE S (GAD 38 4 F3f B 3 AR B (CARS) 3 A 3% AR R 7 15 B A8 it (IRIV)
2 A2 I I8 A X i) v 3 — 2 0 3o AR I D AR s SR o ST AN TR S O 3 ok T AR AR D K 1 2 e S 0
SR Z B AR SO & ) 1 B /D — 3R (PLS) AR A, SEBe 45 R 7R, 5 GA Fl CARS J7 ik Afl L, IRTV J5 3%
JUT A 00 I+ AR B R D s Ho L 5 2 BRI JRURE AR DG 1 RRAE AR B AN 505 B A 43 405 7E 0 UE S H L PLS T A R 2,
P2 B 1) B8 UE AR 3 5 AR R 25 (RMISEP) AU AH 5C R 4L R, 43 3128 0.2511 F1 0.9934, i JFL B & ) RMSEP #1 R,
535124 0.1730 F10.9926 , UMK B AR = F HAb ik A 45 SR . SR S5 SR WA R T 204N S A T HE R 2L 2
i 1] 75 o e o R 6 S M 0 A AR I T AT 1 5 F L IRTV 05 3k J& — PR 230 20 A0 638 45 0 O K Ak 75 vk . T 4R
U A A B

KR LI TG, FIAREE; BARRE G R EE; BA XA R/DN ZTk; LB

FESES  0657.33 XEFRIRAS A

doi: 10.3788/LOP54.023002

Quantitative Detection of Ethanol Solid-State Fermentation Process
Parameters Based on Near Infrared Spectroscopy

Zhang Hang, Liu Guohai, Jiang Hui, Mei Congli, Huang Yonghong

School of Electrical and Information Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract In order to improve the accuracy of on-line monitoring of ethanol solid-state fermentation process, We
carried out the fast quantitative detection of ethanol solid state fermentation process parameters based on Fourier
transform near infrared spectroscopy (FT-NIRS). The synergic interval partial least squares (siPLS) method was
taken to select the optimal wavelength intervals from the standard normal variate transformation (SNV)
preprocessing spectra. Characteristic wavelength variables were extracted from the optimal wavelength intervals by
genetic algorithm (GA), competitive adaptive reweighted sampling (CARS) and iteratively retaining informative
variables (IRIV). The partial least squares (PLS) forecast model of solid state fermentation process parameters
(the level of ethanol and glucose) was established. The characteristic wavelength variables of these parameters were
selected by different methods. The results show that compared with GA and CARS methods, IRIV method can
select the fewest wavelength variables and the number of characteristic variables associated with ethanol and glucose
is 43 and 40, respectively. In IRIV-siPLS model, root mean square error of prediction (RMSEP) is 0.2511 and
correlation coefficient of prediction R, is 0.9934 for ethanol, RMSEP is 0.1730 and R, is 0. 9926 for glucose in

prediction set, and the prediction accuracy of the results is also higher than those of other methods. Based on the
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result, on-line detection of key process parameters in the process of solid-state fermentation is feasible with the near
infrared spectral technology. IRIV is an effective method to select characteristic wavelength from the near infrared spectra
and improve precision of the prediction model.

Key words  spectroscopy; near infrared spectroscopy; solid-state fermentation; iteratively retaining informative
variables method; synergic interval partial least squares method; ethanol
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Fig. 1 (a) Ethanol standard curve; (b) glucose standard curve
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Table 1  Statistical description of ethanol and glucose levels in the calibration and validation sets

Procedure parameter Sample set Sample number Range /mg Mean /mg Standard deviation
Calibration set 110 0.5232-8.4472 6.0346 2.3170
Ethanol level
Validation set 22 0.5670-8.2721 6.3319 2.1682
Calibration set 110 0.7964-5.0725 3.2227 1.3568
Glucose level
Validation set 22 0.8066-5.0776 3.4779 1.3021
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Fig. 2 Growth curves of ethanol levels in a complete fermentation cycle
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Fig. 3 (a) Raw spectrum of fermentation sample; (b) SNV preprocessed spectrum
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Fig. 4 Prediction results of IRIV-siPLS model in validation set. (a) Ethanol levels; (b) glucose levels
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Table 2 Results of different PLS prediction models for ethanol and glucose

Compound Model Variable Principle Calibration set Validation set

number component Re RMSECV Ry RMSEP

GA-siPLS 101 8 0.9954 0.2219 0.9922 0.2693

Ethanol CARS-siPLS 63 8 0.9961 0.2034 0.9931 0.2551
IRIV-siPLS 43 8 0.9971 0.1762 0.9934 0.2511

GA-siPLS 82 7 0.9864 0.2224 0.9785 0.2744

Glucose CARS-siPLS 53 8 0.9897 0.1940 0.9868 0.2186
IRIV-siPLS 40 8 0.9968 0.1084 0.9926 0.1730
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