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Fig. 1 Sampling points of AM in this work
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Table 1 Geographical and weather conditions and the number of samples when picking AM
(The prediction set samplesare not included)

FEA KL KRG de4h 4K /m g/ °C g/ % KK
=M1 15 115°37'39"—115°37'41" 33°44'7"—33°44"10" 15.59~26. 61 11.5~16.4 37~43 B
A =N 2 15 115°40'54" 33°45'41"—33°44"43" 16.09~24. 29 13.1~16.3 30~47 53]
= 3 15 115°41'0"—115°41'3" 33°45'34"—33°44'35" 7.84~36.02 13.1~16.5 38~46 5]
T 15 113°35'38"—113°48"4" 28°39'13"—28°59'28" 75.5~463. 3 10.2~11. 2 68~76 5]
WMHs P2 15 114°2'17"—114°2"21" 28°47'26"—28°47'32" 149. 32~158. 59 13.2~15.3 56~59 4]
L3 15 114°2"16"—114°2'18" 28°47'25"—28°47'28" 150. 00~168. 32 11.6~12.7 65~72 5]
# gz 10 120°23'26"—120°23'28" 28°56'46"—28°56'47" 60. 08~411. 71 8.3~10. 2 70~91 BH
wmirs K& 10 120°49'2" 29°12'5" 512.7 9.8~13.5 56~69 B
e 15 120°49'11"—120°49'13" 29°15'8"—29°15'26" 433.3~446. 92 12.5~19 49~78 [43]

T 1, 2. 3 AR — 3 XA AN [ SR AE 51

Note: 1, 2 and 3 represent different sampling points in the same area
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Fig. 2 (a) The relationship between fluorescence intensity of excitation/emission wavelength of 280/355 nm and extractant type and
extractant ratio; (b) The relationship between fluorescence intensity of excitation/emission wavelength of 355/430 nm and
extractant type and extractant ratio; (c¢) Variation of fluorescence intensity with ultrasonic time
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Table 2 Chinese and English names, molecular weights, concentrations, structural formulas, purity and production companies of
17 standard substances that may exist in AM
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Fig. 3 Rayleigh scattering eliminated from EEM data by interpolation
(a): Raw data with visible Rayleigh scattering; (b): Defect data after deducting Rayleigh scattering;
(¢): Data repaired by interpolation
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Fig. 4 Typical EEM contour map of AM samples in different provinces after deducting scattering
(a): Anhui AM; (b): Hunan AM; (c): Zhejiang AM
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The normalized excitation spectra profiles (a), the normalized emission spectra profiles (b) and the relative concentration

spectra profiles (¢) obtained by ATLD analysis of three-way matrix with N=3



%09 M 5% Z4E9as S bAil B 2F T AR 0 7= Hoi U 2881
BTHEY
(GE 1
W
0.4} HARRH
KA NI
o 03 JELZEER ”
= TR T H =
= 0.2 =
| |
o1 I
0 L
200 300 400 500 600

R /nm

fluorescence signals that may be contained in AM

2.3 AR

8 PLS-DA Fil NN 15 Ff 45 2038 51 5 %t AS [\l 7= i 1)
HARMATAZE . B il it 38 B E K Al 1k PLS-DA ) LVs L
B ENN Y k{8 . MRS LB UE A 45 5L, f & PLS-DA Y
LVs 10, ENN B LR 2C0L3 3), 3 3 %) 38 96 TE B
T Bl 5 R AR AR Y 43 B R % (CCRY0) . b PLS-DA
CCR 9 91% ., ENN i CCR K 88% ., N T ¥ 4 T4 43 2k
e, RIHHMTHREMAGEHFREE T 28 F R
FRBIRIE 4 T A FL A IS BIRE AR RO AR 0y, R EE SRR B IR
BRI REA B RE J7 o PLS-DA i 38 X UE o 4 F- 4% 2 531
RAFI RS . RAUE A B AE 9276 ~ 982 Fl 81% ~97 %7
[P, T ANN 435k 93 % ~95% Fl 85% ~91% , X Bk
PN 3 A5 TR0 1 6 BL B A 0t TR 3 2 2 R AR I 46 U 25 A
B N i ) R S S il o ]| 2 S8 = N3 I
B a Rk 3 piom. Hb PLSDA Jr iy CCR h
100%, HIEAFRSM . ZGUER N 100%, §E 58 4 6 o Xt |

RAHHE AL /nm
BHe6 ARFHNESENTHEERALGESHMREDRNA—UBENXEE (a)FAT— &S KL E (b)

Fig. 6 The normalized excitation spectra profiles (a) and normalized emission spectra profiles (b) of 7 standard substances with
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Table 3

The complexity parameters (LVs/k) of the PLS-DA and kNN classification models, the classificationaccurate rate, speci-

ficity and sensitivity obtained by cross-validation. training set, test set and prediction set

Fe s/ %0 R/ %

o LV CoR/% R W WL W Wi WL
28 S IE 91 98 92 96 97 91 81
PLS-DA 10 V%S 100 100 100 100 100 100 100
ik 4 87 95 89 95 100 91 63
2 LB IE 88 95 93 94 91 88 85
ENN 2 VIS 88 95 93 94 91 88 85
ik 42 73 89 89 82 100 55 63

et RSP X TN/ CTN+FP), TN: BB, FP. @B * R 2 X TP/(TP+FN), TP: B, FN: B
Note: * The specificity is defined by TN/(TN-+FP), TN: True Negatives, FP: False Positives; * The sensitivity is defined by TP/(TP+FN),

TP: True Positives, FN. False Negatives
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Fig. 7 Three-way scatter diagram of training samples based on

the scores of the first three latent variables of PLS-DA

®4 BARHEKB D PLS-DA 1 kNN 53 £ F R T 80l 4
& MK E TN SRR B AE B

Table 4 Confusion matrix of training set, test set and predic-

tion set obtained by PLS-DA and kNN classification

methods in AM classification model

PLS-DA ENN
T R WM WL W WIW Wi

LR 34 0 0 31 1 2
JlghgE WE 0 34 0 2 30 2

WL 0 0 27 1 3 23

LR 11 0 1 11 1 1
Mt Wi 0 10 2 0 6 2

Wit 0 1 5 0 4 5

LR 0 0 1 0 0 0
migE Wi 0 0 1 0 0 1

WL 0 0 8 0 0 9
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Origin Traceability of Atractylodes Macrocephala Koidz. by Using
Three-Way Fluorescence Coupled With Chemometrics
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Abstract  Atractylodes macrocephala Koidz. (AM) is a famous traditional Chinese medicine, the quality of AM is directly
related to the producing area, so it is urgent to find a method to quickly identify the quality of AM and trace its origin. AM
contains various endogenous fluorescent substances, which can provide a basis for identifying the origin of AM by three-way
fluorescence technology. In this paper, the three-way fluorescence spectrum of AM was characterized by alternating trilinear
decomposition (ATLD), and then three-way fluorescence was combined with partial least squares discriminant analysis (PLS-
DA) and k-Nearest Neighbors (ANN) to trace the origin of AM samples. The results show that the classification models
established by PLS-DA and ANN could effectively distinguish samples from the three major AM production areas ( Anhui,
Hunan, and Zhejiang) , and the classificationaccurate rate (CCR) of Zhejiang AM, a Dao-di AM herbs, is as high as 80% and 90
in the prediction set, respectively. The proposed method provides a novel and rapid solution for the origin traceability of AM,

which is conducive to maintaining the order of AM market and its industrial development.

Keywords Atractylodes macrocephala Koidz; Chemometrics; Three-way fluorescence; Alternating trilinear decomposition;

Origin traceability
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