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Table 1 Mass fraction of 37 alum samples

Rt BIBLBRE REE BIRLBRRE RS BIRLBRLE
%5 g %' g %5 g
1 0.1 14 3.0 27 10
2 0.2 15 3.5 28 11
3 0.3 16 4.0 29 12
4 0.4 17 4.5 30 13
5 0.5 18 5.0 31 14
6 0.6 19 6.0 32 15
7 0.7 20 6.5 33 16
8 0.8 21 7.0 34 17
9 0.9 22 7.5 35 18
10 1.0 23 8.0 36 19
11 1.5 24 8.5 37 20
12 2.0 25 9.0
13 2.5 26 9.5
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Fig. 1

Absorption and refraction spectra of alum and sweet potato starch

(a): Absorption spectra of Alum; (b): Refractive index spectrum of Alum;

(c): Absorption spectra of sweet potato starch; (d): Refractive index spectrum of sweet potato starch

2.2 AEEHMBATREYH THz XL

SR FH R 6 %% B 355t 33 2R 8 % 21 55 58 M A TR B AR 4 Y
RAWHR, BETTEREFERRIRBOE. B 2 haH
TE M AN TR B AL A TR S W R R G . Y BT s AR
WA ol B 06 335 B0 A 10 B0 W) B R AR 0%, B WAL Y 1Y
K, AIVEMT W EZAE 0. 980, 1.065 il 1. 146 THz 4 B B 4%
AEWE W o & B0 BT BLAE S T Hz WU 3R 2006 & 0005 1
WG K, T RE R FE S RN SR .
2.3 AZEMPHISENEESN

AR LG 43 AT 412 E A A0 BT AL I R A R AN AT S . R IR
WS A AR MR B T E o BT 20 2V M P L o W A
i 1 RSB HEAT A3 A o by 3 1R AT O R AE A S R A A
7E 1THz, W25 B2 w3 BOG IS 3h KK, T2 20 0 otk

B e 899 BEAE 0. 5~3 THe.
2.3.1 kA=K

ARSONFE SR 3 ¢ 1 Ll A5 Bl AL 43 AR T, A AR
A LD ASFE RN 4 37 ASFE . S T I R B OGS
TR MRS | R R, R R 6 R R W WAL B 5
W SG . EEKIE. H—1b. ¥ar 2 ek b i
B OIS BRSO R WAL LS HE 3 PLS $2¢ iRl % 2 AR
[F) Ak 3 5 3k 0 o ST 1B T WAL i PLS BEALAE L, 45
RN, @ — LB S PLS BB AU R, H W 7
B (PCs) 2y 2, T4 5 A% 22 (RMSEP) Jy 0. 012, i 4 5%
ZHE(R)N 0.987, WRIFEIRNIE S 3 Fisiab #1530
FEFRE, TTHDGRE WAL B 7 5 % PLS #4250 R TC 8 35 1 42

(=]
IA] o



730 itk 5 i 4 A

5540 &

B2 dZBEMPAEBARSEREGYWRKIZE

Fig. 2 Absorption spectra of mixtures with different

Alum contents in sweet potato starch

R2 FEWAEFEN PLS HEELER
Table 2 PLS model results of different pretreatment methods

Wb #OTE  RAER T R R, RMSEC RMSEP
JE b 3 0.982 0.982  0.011 0.013
SG ¥y 3 0.980 0.979  0.012 0.014
FELL KL IE 3 0.982  0.982  0.012 0.013
H—1k 2 0. 984 0. 987 0.011 0.012
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Fig. 3 RMSE varies with principal component factor
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Fig. 4 Scatters plots of calibration and prediction

results of alum content by PLS
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Table 3 Prediction results of LS-SVM (RBF_Kkernel) model

AL F 7 - R, RMSEP
e
R 17 250. 866 3 512.1745 0. 996 9 0. 0057
SG - ¥ 12 878.598 2 577.169 7 0. 9975 0. 0055
JLRE 28 131.142 3 576.884 2 0. 996 7 0. 0055
9 —1k 167. 687 6 231.372 7 0.997 2 0.004 7
A Prediction
0.20 —— Prediction fit
R,=0.9972
20154  RvsEP=0.0047
g
=1
8
5 0.10
2
2
Ay
0.05
0.00 T T T T
0.00 0.05 0.10 0.15 0.20

Actual value
B 5 LS-SVM MAHLE & HN#EE & = E
Scatters plots of prediction results of
alum content by LS-SVM
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Study on the Detection Method of Alum Content in Sweet Potato Starch by
Terahertz Spectroscopy

OUYANG Ai-guo, ZHENG Yi-lei, LI Bin, HU Jun, DU Xiu-yang, LI Xiong
School of Mechatronics Engineering, East China Jiaotong University, National and Local Joint Engineering Research Center of

Fruit Intelligent Photoelectric Detection Technology and Equipment, Nanchang 330013, China

Abstract Alum is an illegal additive that can improve the fragile characteristics of vermicelli. If the content of alum is excessive,
it will directly affect the health of the body. This paper combines terahertz spectroscopy to explore a rapid detection method for
alum in sweet potato starch. The spectral data of sweet potato starch, alum and their mixtures in the range of 0. 5~7 THz were
obtained by Terahertz Time Domain Spectroscopy (THz-TDS) at room temperature. Since the spectrum measured by 0~0.5
THz is noise, the absorption coefficient of the high-band region is large. and the signal-to-noise ratio is low, the absorption coef-
ficient spectrum and the refractive index spectrum of the 0. 5~2 THz band were selected for analysis. It was found that alum has
obvious characteristic absorption peaks in terahertz band, which can be used as fingerprint features for material identification.
Savitzky-Golay convolution smoothing, Baseline, Normalization were used for spectral pretreatment, and combined with partial
least squares(PLS) a prediction model for alum content in sweet potato starch was established. The results showed that the prin-
cipal component factors of the PLLS model were 3, 3, 3, 2 using the original, SG smoothing, Baseline, Normalization spectral
data, respectively. The correlation coefficient of calibration(r.) were 0. 982, 0. 980, 0. 982, 0. 984, respectively. The correlation
coefficient of prediction (r,) were 0. 982, 0.979, 0.982, and 0. 987, respectively. The root mean square error of correction
(RMSEC) were 0.011, 0.012, 0.012, and 0.011, respectively. The root mean square error of prediction (RMSEP) were
0.013, 0.014, 0.013, and 0. 012, respectively. The PLS model had the best effect after normalization pretreatment. In order to
compare and analyze the prediction accuracy of linear (PLS) and nonlinear (LS-SVM) quantitative model methods, the least
square support vector machine was established using the spectral data of alum in the sweet potato starch after the same pretreat-
ment method. For the prediction model, the radial basis function was chosen as the kernel function. The results showed that the
LS-SVM model is the best after normalization preprocessing. The RMSEP of the prediction set was 0. 004 7, and the correlation
coefficient of the prediction set was 0. 997 2. It was found that the LS-SVM prediction model for the alum content in sweet pota-
to starch was more stable and more accurate. The content of alum in sweet potato starch was quantitatively analyzed by terahertz
time domain spectroscopy combined with LS-SVM and PLS. The results showed that the LS-SVM with normalized pretreatment
has better prediction effect than the PLS, which may be more nonlinear information in the mixture of sweet potato starch and
alum. Studies have shown that terahertz time-domain spectroscopy combined with chemometric methods can provide a fast and

accurate analytical method for the quantitative analysis of alum in sweet potato starch.

Keywords Terahertz time-domain spectroscopy; Alum; Sweet potato starch; Partial least squares; Least squares support vector

machine
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