5528 B4 3 0 FEXRAFFERE Vol. 28,No. 3
202242 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2022

BT 15 T 20 AT FAR PR A I )1 DL RE42 O 1]

AR, FTARY, RARAT, W', KAK, R4F, HAAKEY
(1. AP EH RS h5, RA 611137;
2. W XF HENFER, MESCRBAVEARARBRA T LERE, R4 610065;
3. RHMPES KRS WEBER, MmA 610072)

[FZE] B E S UL 2T A3 B AR 1T DU B A5 Bl i 2 47 R 68 031 B 42 B DR s R W0, D g N7 3R 8 14 1 DL Bk
BRI R R . ik RN DURERE & 72 HE I 7 AN 7] 28 5048 0 5 (e D0 BE SF- DURE 7 DUBE 736 DURE O 2885 (R )
570 4L 5 1) A H5 2050 2T A0 b 35 AR 42 R ST 2T A0 35 8Os A 2R 0 0 50 3 BT (LD A) B A B/ — 37k (PLS) 435l 57 )11 DL
B4 0 R R 28 5035 O e PEAS TE B ORI 28 5048 O i 15 Dh i st A BB . 5 51 < )11 DB R AR O 1 1 3 BT R
S 11 DL AE K HAB O i B TR B R 20 51N 99.49% (RS IEHE ), 100.00% (B UEHE ) ; 76 A 5] 2 1 B 5 O S 4 00 w4 1 48 00 36 31 4 14 3R
530 R 70.47% F1 73.68% 5 6 458 Otk L (81 1Y) S B TR (99 36 TE 412 AF 5 R 053 90 0.840 211 DL BESR O i DL EE ), 0.960 2( )1
DUEEB - DLEE) ,0.765 7( NI DL BB Oh 6 DLEE) ,0.902 51 DUEEB ik DU EE) ,0.957 41 DU EEB DG 284K ) ,0.976 1(JII DL EE
B R ), T34 7 MR 1% 22 (RMSEP) 43 3l 4 10.948 5,5.463 9,13.256 4,8.549 2,5.655 3,4.235 6;2 1> PRI I 6 4 5 2 45
Y0 T B B AT o 58 - R A AE % 2O 41 A B R T SR X 1] D B 4B O S 04 Bl 0 S AN B O BB 2 % et
SRER AT ] DL B G P O S 2R

[RBiA] T oSG IR, Efh; EHEabr; ERaHr; LRI, /N Tk

[FESZEE] R28;R931;TQ018;0657.33 [TEkERIRAE] A [XEHS] 1005-9903(2022)03-0131-08

[doi] 10.13422/j.cnki.syfjx.20211757

[F4 MRk ]  https://kns.cnki.net/kems/detail/11.3495.R.20210601.1423.004.html

[MZ&HARAE] 2021-06-02 11:02

Rapid Detection of Adulteration of Fritillariae Cirrhosae Bulbus Based on

Portable Near Infrared Spectroscopy

FAN Lin-hong', HE Lin', TAN Chao-qun®, TIAN Yao', ZHANG Chun-ling',
WU Chun-jie", HUANG Yong-liang”

(1. College of Pharmacy, Chengdu University of Traditional Chinese Medicine (TCM),
Chengdu 611137, China; 2. National Key Laboratory of Fundamental Science on Synthetic Vision,
College of Computer Science, Sichuan University, Chengdu 610065, China;

3. Affiliated Hospital of Chengdu University of TCM, Chengdu 610072, China)

[ Abstract] Objective: In order to establish a systematic quality evaluation system for Fritillariae
Cirrhosae Bulbus adulteration, portable near-infrared (NIR) spectroscopy was used to identify Fritillariae
Cirrhosae Bulbus and its adulterants and detect their adulteration quantity. Method: A total of 72 batches of
Fritillariae Cirrhosae Bulbus samples were collected and 570 batches of adulterated products (dry bulbs of

Fritillaria thunbergii, F. ussuriensis, F. pallidiflora and F. hupehensis, Bulbus Tulipae, flour) were prepared,
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NIR spectral data of samples were collected by the portable NIR spectrometer. Linear discriminant analysis
(LDA) was used to establish the qualitative correction models of Fritillariae Cirrhosae Bulbus-adulterants and
adulterants of different categories, partial least squares (PLS) was used to establish the quantitative correction
models of adulteration quantity of different kinds of adulterants. Result: The recognition rates of qualitative
analysis model of Fritillariae Cirrhosae Bulbus and its adulterants were 99.49% (calibration set) and 100.00%
(validation set) , respectively. In different adulterant models, the recognition rates of calibration set and
validation set were 70.47% and 73.68%, respectively. Moreover, the correlation coefficientsof validation set
(R%,) of the six quantitative models of adulteration ratio were 0.840 2 (Fritillariae Cirrhosae Bulbus adulterated
with F. thunbergii dry bulbs), 0.960 2 (Fritillariae Cirrhosae Bulbus adulterated with F. ussuriensis dry bulbs) ,
0.765 7 (Fritillariae Cirrhosae Bulbus adulterated with F. pallidiflora dry bulbs), 0.902 5 (Fritillariae Cirrhosae
Bulbus adulterated with F. hupehensis dry bulbs), 0.957 4 (Fritillariae Cirrhosae Bulbus adulterated with Bulbus
Tulipae), 0.976 1 (Fritillariae Cirrhosae Bulbus adulterated with flour), the root mean square error of prediction
(RMSEP) were 10.948 5, 5.463 9, 13.256 4, 8.549 2, 5.655 3, 4.235 6, respectively. The two qualitative
models and six quantitative models showed good prediction performance. Conclusion: The portable NIR
spectroscopy can be used to identify Fritillariae Cirrhosae Bulbus and its adulterants in real time, the method is

rapid and accurate, which can meet the requirements of nondestructive identification of Fritillariae Cirrhosae

Bulbus on site.

[ Keywords |

portable near infrared spectrometer;

Fritillariae Cirrhosae Bulbus; authenticity;

qualitative analysis; quantitative analysis; linear discriminant analysis; partial least squares

JIT LA W PR b 36 7 M A e i o I 24521, G
B A % A8 2020 4F fir (b A N B SRR E 25 ) (1A
T RARC E 25 ) ) b DT REREA 6 Bl A [ R U
ARG 25 4 7 BUAK SCRT 23 g F8 UL FF DL b DL
F 1 DR B RO Bk, T B AR B0 & 5t LAt
i bk ek A Z AR N DAL DL AR 2541, 6
5 W OURE CF DLRE DU )b DURESS | iy 340 A
25 SRR R A 4 0L ML 2 S B/ IN AR 2 el LA
SR S U TR DL REDR T R AR O .
S DT B 8 ot O R e R T i T 2 9 5%
o LG TT ik 2 LLAN AR AR 2 SO 1T DL R
Jit i 1 25 G PE A, AT 3 A AR LU DURR R R AR 52
(1 B0, 25 LA 28 BF 1 0L 4 35 1) 1% S8 262 501 T vk 384 s
THERE o M AFORA AR Z A o ) AT R @
R R A i e RN BRI M Y DD 2 S 2
HEAERET I I SO E R A REEE R N
WL AR R X I DL RE B P S R AT TR R
whe BUET5 ik i o 2 B (HLE A7 A AL B AR
AR TC A5 7 A AR R ARG 00 S JRE A A B, I A BE i
AR AR AR B G ) 0 BT 7 5K

FIRT, A1 3 21 80 5635 B A 1 DL AE 5 O 25 5
BT SR  AUA B A e 45 R A SO 2040 i R
S 6 B AR S DL R R v iy DL RE 42 O L ) 2R 47
T3 AT, I 41 [ He A5 48 D )1 DL REREAS ST

- 132 -

14 A TEASE TR S 6 A 36 UE 4 A A v it DL B 45 O L o) i
A1 W0, A A A OC RBGRE T 0.999 7, (HAFFEFEA
B Bz AT E R A w1 DB B
FRIEAT 20 BT B o AR H 5 3T 2 A gAY, 5 485
2T 20 A AT L 2% 0 485 1k 5 ] S e A L
6 IR PG v B I FH B PR BE O L AR S B R
FHAE 5 O 20 A8 G5 B R | 7E 642 4t 1] DB J2 752
B O8I UL BERE A B Sl B 4 A b B b
(LDA) N fifs e /s 3 vk (PLS ) 7 1| DL BE 2 Ho 4B £
st [ 1) 2 1 L 0 BT R R, S B A i (25 A LY
PRIEPEA, S 1D BE ) 5T S 4 AR B 1 =%
1 ##

FA224 BUAE %5 B 7 K1 (B — B A BR 2
F) ), SF-130C &1 i 3 v 25 45 0 ML (I8 e v ok o 245 L
M) o PVSOOR-T B f #5 X £ 40 6 i A (U 1] K
0T R 2 AR O A PR S ) T 2 400 g, KL TE LR o
110 mm x70 mm x70 mm , 5% AL AL £ AR 19 5%
T AL AR I R R R HUR T g DL 455
IINTH R B BT A ORI 45 AN S AT e
3 AT R I S S AR BBOR AR O AT AN e
Bt 5 A F AL AT DL o 5 7 T BE T 4R 85 8l
BRETFHL, A F LKA App 45 Tl 6 1S A 58 B 1%
BodE R AR TAE . SRR MG S f i F AL AR
TR U 6T AR PR L AT RO A A R A S S,



528 55 3 W] HEXBAFZRS Vol. 28, No. 3
202242 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2022

A TE HL IR S 52 SR T £ A Ol 1 AR Y Y R ST A E
PEGE BT o 1% L0 AP O 5 AL RY T AR e 3R
DA 1.

st etz
AN
i)
I e l
i
=]
2
e
Ok
X
HAR Ak
@
Eeis )

Cn
1 PV500R-18{E #5304 50 e 18 45 B TAE IR 38
Fig. 1 Working principle of PV500R-I portable near infrared

spectrometer
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Fig. 2 Near-infrared original spectra of different adulterated

samples of Fritillariae Cirrhosae Bulbus
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Fig. 3 Spectra of adulterated Fritillariae Cirrhosae Bulbus samples treated by different spectral pretreatment methods

2.2.3 I DURE-$2 O 1] DU B i P 43 A B 2L 1) 1 N7 5

Uk R 4CA) TR DL RS 200 )1 DU REREAR 2

] BA IR B WA A 22 5%, RELr e, R

A SN DB AL T48 O )1 DURE—] . oAb, i
- 134 -

TN DB, R 2 )1 DR A S E 3R T 24
BORSINNT DL e Z2 A BT N1 DURERE A I
E R TR 08 90 A B2 0 . AR R A AR 20 A 2 il
b BT RE RS0 B 5 45 R B AE 541D AR



528 55 3 W] HEXBAFZRS Vol. 28, No. 3
202242 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2022

2 FEWTA T R M B35 00 )1 LB A ) 51 4
WA
Table 2 Performance of discriminant model of Fritillariae
Cirrhosae Bulbus and adulterated Fritillariae Cirrhosae Bulbus

samples established by different spectral pretreatment methods
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Table 3  Performance of discriminant model for adulterated
categories of Fritillariae Cirrhosae Bulbus established by different

spectral pretreatment methods
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Table 4 Discriminant of qualitative analysis models for different types of adulterated Fritillariae Cirrhosae Bulbus
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Table 5 Influence of different spectral pretreatments on quantitative analysis model calibration and prediction results of different types of

adulterated Fritillariae Cirrhosae Bulbus

B hZ) Ak B 7 1 FHFH/ RMSECV R%. RMSEC R%, RMSEP
JI DU B DU SNV 5 12.498 9 0.881 1 9.442 0 0.840 2 10.948 5
JIUL B DLBE MSC 6 4.9220 0.984 9 3.3653 0.961 2 5.463 9
I DLBE A7 DURE: SG-Smoothing" +SNV 8 16.899 6 0.804 6 12.106 1 0.765 7 13.256 4
JIL LB -3 e DB VN 5 6.138 6 0.965 4 5.093 4 0.902 5 8.549 2
NIEDUEE-' 28 4 Raw 2 4.438 8 0.976 8 4.168 6 0.957 4 5.6553
U UL B:- i A VN 5 3.1559 0.990 6 2.656 2 0.976 1 4.2356

[l )4 J7 # , R°.,RMSEC 73 7l & ¥=0.881 1X+5.943 5,
0.8811,9.442 0(JI[ WL £E 42 £ i DL ) ) 5 ¥=0.984 9X+
0.7553,0.984 9,3.365 3(JI| B hF DL &) ; v=
0.804 6X+9.770 6,0.804 6,12.106 1()I| U1 £:45 £k {1t
I BE); ¥=0.965 4X+1.729 6,0.965 4,5.093 4(JI| 11 £}
By L U ) ; ¥=0.976 8X+1.158 5,0.976 8,4.168 6
(N BB PG 2545 ) 5 Y=0.990 6X+0.470 3,0.990 6,
2.656 2(JII DL BE4B P THI Ky ) o 2ok A% 1E A AU v A [
5045 Oh W S B 45 O L) 55 10 45 B LL B Y o A
S5 RLATHL, S AN R 28 5148 0 )1 DU BE e 3L 4B h )
1 Eb ) AT 3 A 985 XN 2T Ah ol % A4S S B U B
W

TE FR B L9 22 1t o0 T A IE R RV A N, 2
KN FAB O N DLURE H 1 45 38 b 56 31 42 4 A 4 4R
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0.980 6X+2.458 3,0.976 1,4.235 6 ()i 11 £: 5 14 1
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AHZE R, 65 AN G BAR 5 T 4% 442850048 O 1] D
B2 0 W & i OO A 5 52 B B A HE A Y 40
AL F AR RPD X AR R B 90 1 i Bk A7 0
Al 7€)1 DURE S5 PR i DL B S DURE B LR ik
B GGk O 7S 2538 Oh W L 1 09 R S5 BT R A
wh, . RPD 43 5l Ky 2.44,5.44,1.74,3.11,5.71,6.85,
N DL BEAB 007 UL RE D 28 % TRy A AR 25D T
BOCR AR, AT X LA b 3 R AR O W) 5 e S B R A I
I T 0 25 2R e 25 0 Sk )1 DL RE 45 Bl B DL R B A L
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3 iFig
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I DUBE 2 75 48 O 1 U500 1E 6 2553 531 R 99.49% (4 1E
££),100.00% (480 0E 5 ) 3 )11 DL B:45 bR 28 5] 455 20 %5 1]
DURE Y HL AR Oh 28 5138 3 1E 56 243 01 70.47 % (£
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P15 Oh b ) A5 AR %) 56 UE 4 R, B 11 DL B8 Bh
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WA RIS . AE X ST0HE 6 B S BB O )1 DL BB 43
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