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1 FETRFDGE AL By v ST B i fre N — 3 m1 (PLSR) BRI A TTAN 45

Table 1  Evaluation results of partial least squares regression (PLSR) models established with different spectral preprocessing

SIRIE T kbR ik YLK Training set TIMSE Prediction set
Predictive index Pretreatment methods RMSECV R RPD RMSEP Rﬁ RPD
RS 0.032 0.934 3.956 0.047 0.869 2.203
Ist 0.032 0.933 3.932 0.042 0.932 2.460
CWT 0.032 0.933 3.932 0.044 0.926 2312
Y MSC 0.036 0918 3.542 0.046 0.895 2218
Biomass SNV 0.035 0.920 3.586 0.056 0.860 1.834
1st+MSC 0.035 0.922 3.627 0.064 0.705 1.611
1st+SNV 0.035 0.921 3.612 0.064 0.705 1.613
CWT+MSC 0.031 0.940 4.126 0.062 0.798 1.660
CWT+SNV 0.033 0.931 3.847 0.063 0.778 1.624
"""""""""""""""""""""""""""""" RS 0017 0924 3667 0021 0935 3574

Ist 0.009 0.980 7.113 0.018 0.945 4.220
CWT 0.013 0.956 4.813 0.030 0.852 2.519
MSC 0.017 0.926 3.732 0.026 0.930 2.943

HERT
Protein SNV 0.017 0.924 3.682 0.027 0.931 2.888
Ist+MSC 0.009 0.980 7.145 0.036 0.763 2.103
1st+SNV 0.009 0.980 7.130 0.036 0.763 2.104
CWT+MSC 0.011 0.972 6.060 0.031 0.829 2438
CWT+SNV 0.011 0.970 5.882 0.033 0.811 2.341

"""""""""""""""""""""""""""""" RS 058 0955 4760 0818 0922 3248

Ist 0.420 0.977 6.642 0.779 0.943 3.408
CWT 0.414 0.977 6.730 0.811 0.928 3.275
MSC 0.572 0.957 4.876 0.695 0.931 3.819

=SS
Chlorophyll SNV 0.593 0.954 4.707 0.720 0.931 3.691
1st+MSC 0.565 0.958 4.941 1.690 0.653 1.571
Ist+SNV 0.565 0.958 4.938 1.689 0.653 1.572
CWT+MSC 0.592 0.954 4.712 1.393 0.749 1.906
CWT+SNV 0.596 0.953 4.683 1.388 0.751 1.913

7 (Note): RS, JRfY6i%(Raw spectrum); 1st, —Br- 4L (1st derivative) ; CWT, #4E/NE A (Continuous wavelet transform) ; MSC, ZJGHIUS K IE
(Multiplicative scatter correction); SNV, #rifE1EZSAE# (Standard normal variate) ; RMSECV , 38 X EHIEY /7R %22 (Root mean square error of cross
validation) ; RMSEP, Fijll#4 77 #$1% 2% (Root mean square error of prediction) ; RPD, X BE M 22 (Relative performance deviation) ; R,z, Y e
7€ 2B (Coefficient of determination of the training set) ; Rﬁ,Tﬁfmu%y%%?ﬁﬁ(((lnefficiem of determination of the prediction set) o

LA B IS s B D T MC-UVE B9 0 45 2 A 65 I i B 8 e i K o A B
Ak

e FF 0 308 S 10 0t K a5 ST B (9 PLSR ALY A LOOCY Xob/NER B I 2R SR S b A7 AE W . BRI R
RS AT . BN SE SR A RMSECV . R* F RPD, I TR BRI BE , 45 SR 3 2. He#g
SyHTER 1 53R 2 B T AR GRS B A IS AT PLSR R TN BE S i — 254 Tt . Rl AE
o2 FA ST 5t T 28 s A FOUIN T, S 7R e R o o S A AR R . PR AR L AT 2R sty
AL BSOS A B R PLSR S8 H A A AR IR TN 45 S A9 RMSECV . RY AT RPD 4341124 0.009,
0.980 F1 7.113 , i ]} MC-UVE Il RT B3E 00 H 450 A1 102 AR SR 50708 H B9 R 5 T
() PLSR A58 (35 2) , HLHUM S5 S A9 RMSECV 434l FR# 2 0.006 #10.007, R 43 HI$EF+ 5 0.992 £110.989,
RPD 7352 TF 2 11.061 19.717. LI, /NERBET SR M FDOEIE S 1st b HS B 1Y PLSR B
45 549 RMSECV 24 0.420, R? 7 0.977, RPD Jy 6.642; JEA G4t 1st 23 5 MC-UVE I K bk
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MC-UVE, 45 K18 Jo (5 B 28 545575 (Monte Carlo-uninformative variable elimination); RT, FEALIIEY: (Randomization test)
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Table 2 Prediction results of PLSR models established by combining different spectral preprocessing with wavelength selection

SURILEZaS FiAb T P sk YIZREE Training set T4 Prediction set
Predictive index Processing method Wavelength point RMSECV R? RPD RMSEP Ri RPD
Ay 1st+MC-UVE 224 0.032 0.934 3.951 0.041 0.934 2.480
Biomass 1st+RT 222 0.032 0.934 3.935 0.041 0.933 2.476
R 1st+MC-UVE 450 0.006 0.992 11.061 0.015 0.963 5.270
Protein Ist+RT 102 0.007 0.989 9.717 0.012 0.973 6.135
g 1st+MC-UVE 215 0.342 0.985 8.148 0.676 0.952 3.929
Chlorophyll 1st+RT 124 0.328 0.986 8.512 0.517 0.962 5.138
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J& , RF I G 7 ) PLSR B Y A F 0 45 A RMSECV FFE % 0.342, R7#27F % 0.985, RPD #£71 &
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2.3 1EBRIGIE
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0.018. 0.945 Fl14.220, FHZ 2 AIAL, RH RT Ik N2 1st AbBR)E WG Es ik ) 102 T30
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FI L R BB SR DG PAL BN G e £ A S, PLSR AR Y () T BE 1 Y945 2] 17 AH N b5, X se2
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Fig.3 Correlation between model predicted values and reference values: (A) Fitting plot for biomass; (B) Fitting
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Fig.4 Correlation between model validation values and reference values: (A) Scatter plot of biomass; (B) Scatter

plot of protein; (C) Scatter plot of chlorophyll
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BT IRLADERE Hr B MR A K R rp A i B B R AR K 3 R SCHE
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Rapid Monitoring of Key Indicators in Growth Process of
Chlorella Using Near-Infrared Spectroscopy Technology

SONG Wen-Hui, DU Shi-Jie, LIU Yan', WANG Qiao, LIU Xin, GONG Zhi-Yong
(College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract The traditional detection methods for monitoring the biomass, protein, chlorophyll content and other
key indicators in the growth of chlorella have some problems, including complicated operation, slow detection
speed and difficult large-scale application. In this study, a fast and efficient monitoring method for the key
indicators in the growth of chlorella was established using near infrared spectroscopy and chemometrics. Near-
infrared spectroscopy was used to collect near-infrared spectra of chlorella algal fluid at different growth stages, and
standard methods were used to detect the biomass, protein and chlorophyll contents of corresponding samples. A
quantitative analysis model was established based on partial least squares regression (PLSR). To improve the
prediction ability of the model, multiplicative scatter correction (MSC) was used to reduce the interference of
scattering on the raw spectrum (RS), standard normal variate (SNV) was used to normalize the original spectral data
to eliminate differences between samples, continuous wavelet transform (CWT) was used to obtain the key features
of spectral data, the first derivative (1st) was used to enhance the differentiation of the original spectral features,
and monte carlo-uninformative variable elimination (MC-UVE) and randomization test (RT) were used to screen the
valid variables in the wavelength. By evaluating the prediction ability of different models, the quantitative analysis
models of chlorella biomass, protein and chlorophyll content were finally determined. The results showed that the
model based on 1st combined with RT spectra had better predictive ability for chlorella nutrient content detection,
and the root mean square errors of prediction (RMSEP) and coefficients of determination (R?) were 0.041 and 0.933
for biomass, 0.012 and 0.973 for protein, and 0.517 and 0.962 for chlorophyll, respectively. This model showed
practical application value, and could realize the rapid and accurate detection of chlorella biomass, protein and
chlorophyll content at the same time.
Keywords Near infrared spectroscopy; Chlorella; Spectral pretreatment; Wavelength screening; Partial least
squares regression
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