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different sources by an in-situ quality marker evaluation method utilizes hyperspectral imaging technology (HSI)
combined with high performance liquid chromatography content determination. Methods High performance liquid
chromatography was used to determine the content of 6 kinds of quality markers in Tianma powder from different
regions and different drying methods, and used as the gold standard; the phenol sulfuric acid method was used to
determine the content of polysaccharides in Gastrodia elata, and the moisture content was determined by a moisture
meter, both of which were used as auxiliary evaluation indicators. HSI uses visible near infrared (VNIR) and short
wave infrared (SWIR) dual band spectra for analysis and comparison. Results The quality markers of Gastrodia
elata powder prepared by cutting fresh products and drying them increased the content of hydroxybenzyl alcohol,
polysaccharides, and water, while the content of Gastrodia elata extract and Balisenside significantly decreased or
even disappeared. Based on the preprocessed features of principal component analysis (PCA) in hyperspectral
images, a supervised classification algorithm based on spectral angle mapper (SAM) was used to classify Gastrodia
elata powder prepared from different regions and processing methods in situ and non-destructive manner. The linear
regression model established by this algorithm achieved the inversion prediction of quality marker content.
Conclusion By combining the accuracy of content determination by high performance liquid chromatography with
the non-destructive in-situ prediction by hyperspectral analysis, on-site visualization evaluation and prediction can be

carried out, providing technical reference for the rapid detection of quality markers of Gastrodia elata powder from
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different regions and processing methods.
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A1 (charge-coupled device, CCD), IMPERX 1920x1080
Al DL LT AMANL(EE kK : Kowa 35 mm £ F), [FH 640512 5
LT AMEML(EE S AZURE 50 mm £EFE) . pa 2276 . B3
AR, FRHGEREIHLIN, M5960-64000 H50HK
%Y . ZORBAX Eclipse Plus Cg i 44(250 mmx4.6 mm,
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Table 1 Gastrodia elata samples
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BB B R BRRSRE, 1 80 H I, WEHBHRE 2 g KK
B AR F AR, REBEEA 105°C, o &K rI%L
B, HREREENE 3R, BEFHHE.
123 %4420

(Db i 2R 9 22 11

PR UGB K 40 mg, INAig KIS I &
K% 100 mL FHIA, BLHIAL 0.4 mg/mL AYXT A VAR
I3 PR B 2R B SR 0. 0.2, 0.4, 0.6, 0.8, 1.0,
1.2 mL B FREH, BEEI/KE 2.0 mL, FEA0 1 mL 5%HAY
ARBE S 5 mL BMGRAR, HE 10 min, Wi/KZE 15 min,
Y JE T 490 nm KA RE(E

()R JFRA AL HE

KIg#sat 60 B, B i RN & &, HoR b
1:30 HY LA 80% K% L%, HE A HEHT 30 min, &2 RIEM
AP rasE . (KRB, I8, @FEEM, Wik, BARAEK

i, AR FEIORTE, 5 60 F, Hl I IRp A £ M.,

(3)RF T TR 2 B WO S8 S

FREC 1 g WAL PR 5 I R T~ O HEIE I, A
25 mL 4K, 35°CT A HEEL 20 min, Ffi/FEZAZE 100 mL
It ug, BUEW 10 mL, NUKESZE 100 mL T, il
A ACHYVKFE & . BURERL A 2 mL B T8, %08
1.2.3 (DFEFER 3R, DR RE(E, EAE 3 WEBCEIE,
1.2.4 KRB R EAREH G HPLC 220 &

(HETEA

{4,354 ZORBAX Eclipse Plus Cig (250 mmx4.6 mm,
5 um); FBhA: ZJE(A H)-0.05%E R KA (B #H); WK
4 0.8 mL/min; #1:5 30°C; #HREAFR 5 ul; #l: 220 nm,
EBBEVEE: 0~10 min, 3%~10% A Ail; 10~15 min, 10%~12%
A #H; 15~25 min, 12%~18% A #H; 25~40 min, 18% A #f;
40~42 min, 18%~95% A #H.
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TS FRBOS BE A AR REE A 3:97 B9 ZIE- KA AT
FI 43S ECH AL 0.24 mg/mL (KRR . 0.501 mg/mL B
FEIEHEE 0.2 mg/mL (¥ PA 0.2 mg/mL ¥ PB. 0.25 mg/mL
B PC. 0.21 mg/mL K9 PE BYXT B MW /i E 3. 2,
4.3.3,3, 3mL (X BEBERE T 20 mL £ 80H, A
CME-KGONEFEZZE, 5, Ew IR A bR .

)ttt VA VR A o

KM i =50, REBEFREL 2 g KR HETE I,
JIA 50% B 50 mL, JEFREE LR, B HEE 30 min (120 W,
40 kKHZ), A G FRFREE &, Fl 50%E) 2 BEth 2 I8k 1Y
o, et iR EEEIER 10 mL A ZE LI,
T, FREINZIE- KGR SIS RIER, BHE
25 mL A E R, 0.45 pm AL UERE g, A
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B 2.5 cm, JU5E B <1 min, B S HAER 3 WK, TFEHAE
B o R R s .
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FARFIHA R ZTMGOC T TR . RS2, S
BEIG X B — 2 B — B N R X, LR
FIZRRE X ST s LS B, SRR RIS B AMG T R
YIZAEA M AL, e HEAS R0 04 LRl 43 28] A L dg A 480
FEAZ SAM J& TV B 2K i dih iy 2ids, BRI LGELD

PR JA5 0 B RIDETE 4 A B2 E (5L T I 1 2501,

X H AR TR R IR K 1 e 22 5

(6) K RE I DA

Ay h AT DL AR A (ARG B, (ELTE Ay AR AR
AT OLT, B LA R EURIE N A R 25 B R 42 1
Mo B, AR R RIFYIGR, ST 02
55 IR B Hi RS (confusion matrix) X LAY M GESEATPEM  FE 23
JEIn) B, TRV R T — i 1o R TR R AR B ) LS

251 JaE AT 45 R e R A T AL RN AR U . TRVBHERERY
T RbRZE T, IR BUNARSS, 170 ETRE, XML HIT
F& R Ay JE B MER SR, S5 A I R A28 S T SRR 41 31 1) R AU
5 T T — AT BRI KRR 0 ol 9 e S, R A A
S R A 0

(7RI I B fy 226 B

BT oREM R EOEIE SR AR B 2 A e e . T
Ak, HEWAEEXR T, 2EOCHEEE ENIH S
TREET AR o Bk, A WIS SR B 35 55 A 96 R 8K (highest
correlation coefficient, HCC)F{)J7 12 S e B B ds i iR
BB, TR SRSk, FRITEAT AR G
Z 0] ) 6 ZR5m B RN 1] o AHOC R B BB 21 B 1 2
B, -1 FRFTEAEMAR, 1 FIRTEEIEHCE, 0 TR AHE,
T TR R AN AR 22 (B A AH G R BORAUTAE S, FFRIA
FRAEAR Sy AR, 5, Lt AR E Y
FRFIE ., THOR A U B L S A 5 0 0 i S = a1 1)
M RE . HOR, BRI & 2 [AH S e R A I B AR e
TR B . e, FES7 KRB A B S SRR T 5 2 2 S E
Z [B] B ] AR /b g AR AT DAY D U AR BE R
F AT ASRAH SRS s B s/ g 21

(8) [T U= UL A A T T AR TR P s B 365 I

2R (R A AR — A I AR AR S L 2 ST Rk,
ISR AR i A OGO ZR Y —Fh B AR, W oy
ST Y — 25, T R LA T AR — AU, BT
PEFA MBS . IUBERGE N PCA R B Z5%k
Pata b Bt 22 0], SRJG TEAS 5 AN b A8 8 2 (AR S
[mH, PR R iREdE S AR 2 A BdE S R o AR IR
SRR TN S, S, ST R TR AR E 0 B AR &
BBt R (B e o6 R, eI 3 5 S (S AH DG M de i
PR I8 B A R B 7 e B AR S S5 A S = 1]
Y FIN 22 B0(R?) . 977 M1 2% (root mean square error, RMSE).,
X B FH R R IR R AR, R A, T IR Y
KGR E . A, RMSE BYMEARAE, Ui B AT 4

(9)RIPEMS ot S b s 0 1) % 1 o T

PRI HE IR BRRY ROI AUSERERE S, K2 BRI
A B RHE S A — R R, SE PRI RN FEAR 5L
i, FIFRRA R ECE, RO i BR AL B A Al
— oy E . AR, B ARG 5 E R
AHTE B T, AE G DAARARL R B 8 s, AN [] 2068 )
FORAIA LB AL 2 B 22 5 AL S8 1 s K G 1 2 R HL
AR L, T AR W BRI B T LS B i 25
()45 B, HET X5 a5 25 AR R SR AT A4k 4 BNk 254
HER A3, e 2 ATSUMMELTE B e 123 MR 30 b s
S B TN A T AR A R TR AT R, R LA B [
{or MR R KRR 1) S bR B )

2 HEREHSH
2.1 KKHEKE
214 7K A3 IRA I % B9 AS TR = 3 . AR TR 5 g R

Rk F KR LR 20 SERRW]: DIHe BT OROR: 5 K & W
B T AP T R (P<0.05), T it Bl g b DX 11 25 7K i
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el v, BRI L0 UM 2E AR, T g 3% FH X 5
AN 07 A S K AR 22 R WL B X 35 K AT
BT H A 35 He A . i R R e Ul By n 5 50U
IR, (H S KR AN T B B A By, AR
DR Sy R PR 18 R 7 8 T BRI TR BT, 2 Wi <P ik
I LA B R RIS R BRI RN | R
FERIZE S, BT AR ECE KA,

R2 RHEHBEKE%)
Table 2 Water content of Gastrodia elata powder (%)

75 7=t i+ & BBTSE &8
1 7 W 11.3 7.3 4.0
2 BN KTr 12.8 7.4 5.4
3 WL E S 10.9 5.6 5.3
4 A 12.2 9.9 23
5 LI T 12.0 7.1 4.9
6 i) e 3% P 12.4 6.2 6.2

22 KRMEZHESE
221 3¥mA&FARAEWME

T 4% 78 2 0T R B IR TR T 490 nim AL ARG I HL I % i
i, DAHCEE MR As bR, TRt (E N A bR, 2 il 4 o it
2k, PRiEHIZ R Y=16.934X-0.0296 (r=0.9995), FHI7E
0~0.06 mg/mL AY M BETE BBl N P56 &R BAr, R el U
FRIRZ B S 5 5E
222 3¥AHFEMNE

HR I b W Y6 B (A ARRE LR, AN IR KIBRAS B 22
B E8 03E 3. S5REN: g 7 Hu it R IFRZS L e
LG ZhE o B3N (P<0.05), Herbibidb e B H i i A
T s AR, VIEBE TR 36.5%, g
FIH 15.5% HUSEWIITIG, Py ta 2o a ek
41.8%, M T I ZHS NN 21.9%, 2 R HE i Aot
MRF WS EEFAKR, HwEH NP, 7052
6.1% o FHEIN T B2 PR kg R R IA 2 5 £ 28 S s, mT LA
WA SR AL e TE S & N

R3 KRB ZHESE(%)
Table 3 Polysaccharide content of Gastrodia elata powder (%)

F5 M DT BT aE SEE
1 Z 1 PR S 21.7 17.9 3.8
2 S KTy 26.9 25.5 14
3 WALE A 36.5 15.5 21.0
4 R bR 292 23.1 6.1
5 PNl oG 41.8 21.9 19.9
6 ] R % FH 20.2 8.6 11.6

23 RMMRERFREMESE
23,1 RAMNBREEARR I T F XA E4FEH HPLC
el

6 M SR Y BT AT B AR IR An 1 PR o
L2 B I R R HPLC i B o, YT (A D)Xz
FEOR i B AT (B 1), Hofth 5 Fh AR EY)
R AR, FEERER 0(F 2). Hax 5 A H AR L5
KB RIH TR LGS, BARSRER 4 PR,

2
100

>

E

= 5

= 50 - 1 4

uilyd 3

& 6
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1 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 40
£ 83 i5F 18] /min

H 1o RIRE; 20 XFRIIRH R 30 BAIFZRH E; 40 BRI B;
5. BRI C; 60 BAIFH Ao
B RGN R A A
Fig.1 Chromatogram of mixed reference substance
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K2 AR T B bR S ik @k
Fig.2 Chromatogram of quality indicator content for different
processing methodsin Zhaotong, Yunnan

232 KRB RE4REH HPLC 440 € %4

2020 AR R EZTM) BUE, KRR RBRE RN 5
IR A TR TF 0.25%, AHFFE Hp KR AE S P Fb o,
IYHYEE RIAASRLES g 4 al o, AT B
1 By = W o W 11 7] B )1 B = W R ¢ v, 7
BE AR, RIKEM PC Sl 0, xR Ios B g
BRI, (EAEEYUm Ty, 6 FistiEbr i
BN, RIKREMEFHRFA. B, C. BT E
YR, X PR FER B B & AR LA, X —I % 5]
Helt T T XTE B T S R XT L (B 3), M &R pR R
A BE A A R IRR 28 FNAF SR 0 (O TR, S o DB I 5 5 A
AR, P AR, I RR R U BRI A
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FHRIEIE R, SRR IEIE R SRR, miERRRER
APC ERWEER 0. KKK, BRI A FRIERH
FEA G E R ANE 4 iR . T LUR IR, PA FE440 B RIZRTE
B/C/E LAKRIKEZ G, BRI B/C/E S5 MR L
R RRE, RIKERLEAL SR FR T,
233 FEFHERLER

(DEHEXR

DL 2R G 5 YR ) o VA A A A AR AR (X, mg/mL),
W TRFRAE AR (2l br e 2k, 455055 5 FR. 6
il o R s i A E R O T L P R R M O R L A(r =0.9998)

ONgE R . mREM . faEtt KOnRE R S

W i0 R W T AR, 115 RSD {8 B Ak D4,
ZER LR 6. 459 BoR RSD /N TF 2%, FHMGRK R
W24 h WEE, HIEHRERE Xz B mEL .
R

24 SHIEHBIEHIEGIRAIFEYIUE
241 HAmkiERE

& 5 R T7E VNIR Fl SWIR 35 [l A 280 1 il ab 3
Ja GRS T 5 (TS B B RR i 0t 2T R E H AR AL,
U3 DI 2 5 35 B AR T2, S ply 2 ) g 7 7K S
FTRAR T VLR s, THBR T B PR A5 | ki K
JNARTRITIT S [ A 0 LA Bl 5 A48 AR SRS B (W 2 i, 3
TERA (1) G i 2 AH X U o AN [EISRIR 74 R R AR X 8 5l
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F4 REHTP 6 MEREREY HPLC & E8NELER(%)
Table 4 HPLC content determination results of 6 kinds of quality markers in Gastrodia elata powder (%)

|hies i PN o ¥ i PA PB PC PE JENe i

1 7 T B (W) 0 0.29 0.03 0 0 0 0.32

2 FM KT (1HY 0 0.35 0.03 0 0 0.01 0.39

3 WILE B (1) 0 0.44 0.07 0.01 0 0.03 0.55

4 A ICIES) 0 0.32 0 0 0 0.02 0.34

5 PUNITIE) 0 0.44 0 0 0 0 0.44

6 TR 9% FH (V1) 0 0.39 0.05 0 0 0.02 0.46

7 2 I CRE ) 0.27 0.14 1.25 0.25 0.06 0.56 2.53

8 MK Ty (e HY) 0.56 0.06 1.90 0.31 0.12 0.49 3.44

9 WALE B Y 0.26 0.04 1.05 0.21 0.06 0.56 2.18

10 HATBE R (k) 0.22 0.05 1.19 0.27 0.07 0.48 2.28

11 I RSTRE 2359} 0.29 0.05 0.74 0.20 0.06 0.38 1.72

12 T V4% PH (B ) 0.18 0.05 1.21 0.25 0.06 0.50 2.25

40r a A4l mBY4l 125 5%, 1200 nm Al 1100~1150 nm (i 14 7] -5 2 B F0
S 3.5 ' POBRAEE 2 A 1, LAt G Rl P i e s Ak 25 5
E;'*I* X S ABAE . VNIR F1 SWIR T Bl 4 A6 38 22 B 2 h PR
WMost 219 2.29 224 FE S T AL T 5 R (UK 4 2 M LA K 6 Bl ST SR pR )
5 20l N PP 2 (AT 5P | )25 ST,
E}t s 242 PCA #/x3&it
& o RIFE I A AR L 4R, R PCA Fikh
%5 03 0.40 0550 44 0.44 0.46 PG AR E RSB B DR BT R0 BERI R R, AN

051 ' BREGSCR I 6 Pk, i AR B, RT3 TR

y & . A L
O N R
AR = H A R BB R

WA YIEIT; B4l BT,
3 RN BT bR a2 AR [J) i oy 200 b
Fig.3 Comparison of total content of quality markers in Gastrodia
elata powder using different processing methods
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Fig.4 Structure and transformation relationship of 6 kinds of quality indicators
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Table 5 Linear relationship standard curves of 6 kinds of quality indicators in Gastrodia elata powder

—

Fazs s ETERE 3] 2R HETE [/ (mg/mL)
1 KIK# Y=9240.5X-0.1377 0.9998 0.0045~0.0360
2 X RS T Y=21637X-0.8113 0.9999 0.0063~0.0501
3 PA Y=5603.5X-0.7119 0.9999 0.0050~0.0400
4 PB Y=16281X-4.1473 0.9999 0.0038~0.0300
5 PC Y=13017X-2.5253 0.9998 0.0047~0.0375
6 PE Y=9364.8X-10.998 0.9998 0.0039~0.0315
w6 RBEE., EEM. REMRMEEUESIELR (%, n=6)

Table 6 Experimental results of precisions, repeatabilities, stabilities and sample recovery rates (%, n=6)

o 7 . gk 13% e e o gt ks ELES
s PR e iz HIME FaE ERTTIVES RSD
1 KIFEZE 0.19 1.60 1.42 99.28 1.45
2 Xof LA 0.85 1.50 1.15 96.77 1.21
3 PA 0.88 1.20 0.22 101.10 0.44
4 PB 0.94 1.40 0.41 99.55 0.32
5 PC 1.72 1.60 0.51 97.35 1.06
6 PE 1.41 1.90 0.27 102.03 0.58

()

-

400 500 600 700 800 900 1000 1000 1200 1400 1600
P /nm WA /nm

Bl5  RIFBITE VNIR (a)f1 SWIR (b)Jl P9 (it il 2%
Fig.5 Spectral curves of Gastrodia elata powder in the VNIR (a) and SWIR (b) ranges
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Fig.6 Composite images of Gagtrodia eata powder VNIR range PC1-PC3
(a), PC4-PC6 (b), PC7-PCY (c), and Gastrodia elata powder SWIR range
PC1-PC3 (d), PC4-PC6 (e), PC7-PC9 () synthetic images
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Fig.7 Classification prediction results of SAM algorithm in the
VNIR (a) and SWIR (b) ranges
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Fig.8 Confusion matrix evaluation for VNIR (a) and SWIR (b) range classification prediction
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MR SRR, 76 VNIR JE RN, bos/bipgGRANE 125
S 120 W BAb A R AR HUE) 5 R S A AR DG f e,
AR HON-0.7920, £ SWIR TEEIH, bysy/byog 5 S
AR, FHERECH 0.7823, ZHAXHEARE AR (FE
7)o IacJE A5 H R ST AR 5 6 B iR VINIR 1 P R
TR K FHAETTE 641, 652 nm A4 (& 9), 75 SWIR [
N BERE S K B AE PR 1196, 1293 nm 224 (& 10), H:T

JIT R A B N MR, LB HUE oy A AR 6 X, 5T

AR S R SN AR LY, 4 I U B R
HILE Pk EHRE R BB VNIR JEENBIYeE 25 R N
0.6272, RMSE # 0.6466, #1457 SWIR [l R ik .RMSE
W/IN, AR AR AR T B 22 B 1),

=7 RREBEREFFEYHRE M

Table 7 Model performance of total mass markers for
Gastrodia elata

i LBy R RMSE
VNIR -0.7920 0.6272 0.6466
SWIR 0.7823 0.6120 0.6597
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Fig.9 Correlation coefficient between the ratio of various bands in the visible near-infrared range and the measured total content of quality markers
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Fig.10 Correlation coefficient between the ratio of each wavelength band in the shortwave infrared range and the measured total content of quality markers
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Prediction results of quality markers in the range of VNIR (a) and SWIR (b)
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Fig.12 Content inversion map within the VNIR range (a) and
content inversion map within the SWIR range (b)
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