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Non-destructive Detection of Polysaccharide and Flavonoid Contents
in Anoectochilus roxburghii Using Hyperspectral Technology
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(1.College of Mechanical and Electrical Engineering, Zhongkai University of Agriculture and Engineering,
Guangzhou 510225, China;
2.College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: This study aimed to rapidly and non-destructively evaluate the levels of polysaccharides and flavonoids in 4.
roxburghii leaves under various photoperiods (10, 12, 14, 16, 18, and 20 h/d). Hyperspectral imaging was employed to
acquire pixel-level spectral data from the leaves, and discriminant models for content levels were developed using
traditional machine learning methods (PCA-LDA and PCA-SVM) and deep learning approaches (1D CNN and its
optimized version). The findings revealed that the 1D CNN model outperformed the PCA-LDA and PCA-SVM models in
terms of discrimination accuracy on the training, validation, and independent test sets, achieving 99.99% and 99.89%,
99.98% and 99.78%, and 91.62% and 87.92%, respectively. The introduction of a Dropout layer in the 1D CNN model
enhanced its generalization capability, increasing the discrimination accuracy for polysaccharide and flavonoid content
levels on the independent test set to 98.92% and 95.67%, respectively. Additionally, visualization images depicting the
discrimination results for different compound levels were constructed, providing an intuitive representation. This study

validates the feasibility of hyperspectral imaging in evaluating polysaccharide and flavonoid levels in 4. roxburghii leaves
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cultivated under various photoperiods, and the research results can provide technical support for the quality control of 4.

roxburghii.

Key words: non-destructive testing; deep learning; machine learning; Anoectochilus roxburghii; polysaccharides and

flavonoids contents
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Fig.1 Schematic of the hyperspectral camera system
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2 256x64x%1 Dense 256x16x1  — ReLU

3 256x16x1 MaxPoolinglD: 128x2x1 128x16x1 — -
4 128x16x1 Flatten 2048x1x1  — -
5 2048x1x1 Dense 4x1 - SoftMax

1.3.3.3 BERIPEAL AR AR B PE e T ) 2k
AL | GO USRI ST 96 AR R TR SR PEA, BRI IE
TR 5 BRI E 4t BARMER R AT
Jrikan=k(6) irs:

TP+TN y
TP+FP+TN+FN

K H, TP(True Positive) F2/nSEPR K IEZE8E IE#H
T A 1E 22 %55 ; FN(False Negative) /RS R A
IEZEEN B EE TR T Ay 712214 % ; FP(False Positive)
2N SR SR G S HI R AR TN R IE 2 A B TN
(True Negative) e/~ L FR Ay £ 284k IEAf T A 71 245
FAEEE
2 ZEREHh
2.1 ZHESHEHREESENSHT

ANFCSEEAAN B 2005 5 R A g A (E
Bl 2 s B IETRT AL, DGR X 200 Fn a5 i R
FREA M BEFN (P<0.01) . TEARECEIANTT,
Z WS B AAEILTE B 43.36~79.75 mg/g, HERE
BT 15.76~19.56 mg/g. B3 Y EAT [a] /4 2,
PR Rl B 43 1t 28 SR B S WG S pa i A B, B AE
14 h/d SLIEAC R iR B S H . FET 2 & LIS
R, kB P WS EB S = DIKPTH TH
(14 h/d ZbFEZH ), T 41 (10, 12 A2 20 h/d ZbFEZH ) Fl
11 £H(16. 18 h/d AbHEZ ) ; B &5 18 gk 43>k PU-1~7k
SEAyeH 120 (14 h/d ZEFRZH ), 11 40 (12 h/d AbFRAH),
I £H (16 h/d Zb B 2H ) F1 TV 2H (10, 18 F% 20 h/d 4b
BHLZH) .
22 NIESFHESR

SR EE AN [ 6 JE B R il B i e R e, =
1.2.2 /N TR 7 s, FRBCT it A X AR 3 S
SCIEEHE, I T A RD G Bra R 2061

Accuracy(%) = 100 = (6)

20254 4 A
(a)
30k a2
S 60F b b b
0
£ ¢
%40
N
20}
0 1 1 1 1 1
10 12 14 16 18 20
JER] (h/d)
(b)20 a
I b [F] be
RN
515 e
0
£
%10-
L4
5.
0

1.0 1.2 1.4 1.6 1.8 2.0
SCR (va)
K2 AEDERM T L2 (a) 5EE(b) & &
Fig.2 Contents of polysaccharides (a) and flavonoid (b)
in A. roxburghii under various photoperiods
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Table 2 Results of different discrimination models
for polysaccharide and flavonoid content levels

gy BT AE R WIZREE(%) BIER (%) ML IR (%)

PCA-LDA  10PCs 92.43 92.00 87.40
£ PCA-SVM 12 PCs 99.94 83.00 77.55
IDCNN 256 i 99.99 99.98 91.62
PCA-LDA  10PCs 99.44 91.52 76.25
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IDCNN 256 Pk 99.89 99.78 87.92
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