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Abstract: Objective To explore the feasibility of the application of near infrared spectroscopy in the rapid identification of
Fritillariae Cirrhosae Bulbus. Methods A total of 80 samples of Fritillariae Cirrhosae Bulbus were collected. In order to obtain
the authenticity and specification information of the samples, traditional manual identification (M: method) and pharmacopoeia

identification (M2 method) were carried out, and the identification results combined with M1 method and M2 method were used as
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benchmark information (Y). Near Infrared Spectroscopy to collect spectral information of the sample powder (X), combined with
principal component analysis, discriminant analysis (PCA-DA), partial least squares discriminant analysis (PLS-DA), the least
squares support vector machines (LS-SVM) three chemometrics methods to establish and optimize the authenticity and commodity
specification identification model [Y=M (X)] (M3) Results All the 80 samples participated in the identification of authenticity and
falsification. The results showed that there were no unclassified samples in the three identification models, and the accuracy rates
were 98.75%, 98.75% and 83.75%, respectively. Among the 80 samples, five samples did not participate in the modeling due to the
difficulty in reaching an agreement on the specification by experts or due to the sample itself. Finally, 75 samples were selected to
participate in the specification identification, and the model accuracy rates were 100.00% (no unclassified samples), 100.00% (four
unclassified samples) and 100.00% (no unclassified sample), respectively. Conclusion PCA-DA and PLS-DA were used as the
final identification models for authenticity identification, and PCA-DA and LS-SVM were used as the optimal identification model
for commodity specification classification. Near infrared spectroscopy has a good application prospect in the rapid identification of
the authenticity and specification of Fritillariae Cirrhosae Bulbus.

Key words: near infrared spectroscopy technology; Fritillariae Cirrhosae Bulbus; fast identification; authenticity; specifications;

principal component analysis-discriminant analysis
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JiHTRF (Sartorius A#) , CP225D %4 1/10 /5
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(FW-100, 60~180 H, JbmBHMEAKIMXZEAIRA
A]) ; B RT A (GZX-9146MBE, i
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110750201612, FE& M2 mEEmTibn) , NEEL
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5 110767-201710, HEEMAWER T , —4
Jfe Gt 20121006, FiEEHT ACKALEARFITF A 0
i), TEHEE (IS 20170812, REHTE AL AR
HEAMRARD , FEE G5 20180301, MHE HIXAL
TAHRATD , /K (IS 20161101, HHETTIRULT
AIRAFD , RN (5 20150324, Kigtik Kk
FAFIERATD , FHw (EZ5HE H20073910, F
BARZMARAFD , EERmaiigK, kg oE,
=S WEUKEEINI A, SCH 80 L)1 DB
RRIRE S0 B TR R EERT . 26T, BRZGAF]
&, PHUEAESE R 1.

x1 JINBHERBIES (& 20 #tFNEH+m)

Table1 Purchase information of Fritillariae Cirrhosae Bulbus samples (contains 20 batches of Fritillariae Ussuriensis Bulbus samples)

s M it [AEREER s i it [AEREER

1 PO 1712073 JAled R 24 KA — B B R B 41 Py - =hesEs

2 VUil 1712143 e EZKEE B ER 42 g 171101 FRM TR ERE (M)

3 VO)I - 1801201  VATRd H R 24 K56 — B = Bt 43 Ui 180201 AT H R (B

4 PO 1801211  yaled HH R 24 K 2458 — B J = e 44 o)l 1712043 R —EHLEERAH

5 PO 1803261  yAled HH S 24 K24 55 — B J = e 45 o)l 1801141 R —[EAHLEERAH

6 Ug)il - 180408 R —EHZEHRA A 46 DO)I| 1710273 R —RAEEFRAF

7 P9I 180409 R —EHZEHRA A 47 U 180110 TR —EHEEFRAFR

8 POl 180410 ] — GRS 2 E A IR A A 48 POl 180111 W —E L E R BRA A

9 )il 180411 R —EHLEARAF 49 O 180112 R —ERAZERRAR
10 Ui 180412 R —EHZEHRA A 50 g 180113 A —EHEEHRAF
11 Pg)Il 180413 ] — R 2G 2E A IR A A 51 g 180114 R — L E R BRA A
12 POl 180414 ] — R 2GR A A 52 g 180115 R — L E R BRA A
13 Ug)il - 180415 T — R E A TR A A 53 g 180116 A —EHEEHRAF
14 Pg)il 180416 R —EHZEHRA A 54 o) 180117 A —EHEEHRAF
15 POl 180417 ] — GRS 2 E A IR A A 55 g 180118 W — L E R BRA A
16 Pg)il - 180418 R —EHZEHRA A 56 g 180119 A —EHEEHRAF
17 Ug)I 180419 R —EHZEHRA A 57 g 180120 A —EHEEHRAF
18 POl 180420 ] — GRS 2 E A IR A A 58 g 180121 R —E L E R BRA A
19 V)il 180421 ] — R 2G 2E A FRA A 59 g 180122 T — R EH R A A
20 Ui 180422 R —E 4 EHRA A 60  g)i 180123 A —EHEEHRAF
21 wmir - —tsH% 61 WAL - =BT LR
22 i - =bvEsLtE 62 g - =tzH%E
23 i - B TIT BRI 24 44 47 63  H=M - =blESs L
24 i - B TIT BRI 24 44 47 64 PO - E AT
25 il 1701073 R —EHLEFR AT 65 P9 - E 24T
26 Il 1707233 R EHLEHR AT 66 Ty 180301 W — L E R BRA A
27 VUil 1711263 R —E AL EH R AF 67 BT 180302 A —EHEEHRAF
28 PgJIl - 1803051 AR —[EHLEHR AT 68  EJpil 180303 W — L E R BRA A
29 Wil 1712271 R —EHEERR AT 69 VT 180304 W — L E R BRA A
30 Ug)i 180125 R —EHZEHRA A 70 HEIJEIT 180305 A —EHEEHRAF
31 /g)i 180126 R —EHZEHRA A 71 HEEIT 180306 A —EHEEHRAF
32 /g)i - 180201 ] — GRS 2 E A IR A A 72 BV 180307 W — L E R BRA A
33 /g 180202 ] — R G 2E A IR A A 73 EpVT 180308 W — L E R BRA A
34 /g)i 180203 R —EHZEHRA A 74 BT 180309 A —EHEEHRAF
35 Pg)I 180204 ] — GRS 2 E A IR A A 75  EJpVT 180310 W — L E R BRA A
36 /g)il - 180205 ] — R 2 E A IR A A 76 By 180311 W — L E R BRA A
37 7g)i 180206 R —EHZEHRA A 77 EHM 1710241 AR —RALEFRAF
38 g 180207 R —EHZEHRA A 78 EHHK 1711261 AR —[RAGLEFRAF
39 Pg)il - 180208 ] — R 2 E A IR A A 79  EJpyT 180313 W — L E R BRA A
40 /g1 180209 R —EHZEHRA A 80  HEIT 180312 A —EHEEHRAF
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2 FHEEHER
21 FRAHEREIME

M G N TR %, FHE T 255wt
TR A FEE LRI LR 8 4, S (PR
2020 SRR HR R EARESN IR E K G 5
JRBENURCE, B Z MRk, B, MR, BRiE.
Jo I S5 A ) 22 S AT SO 85 ) BRI

My NG B2 857, SR (REZ ) 2020 4F

Fi—R16),  Hodr S B e R T SR T VB
(AT e R B 2 R Y BUASINYE (HPLC-ELSD)

TEFE 3 AR E N TSNS, S5 RACEIME, Bk
2 Waters XBridge shield RPs AL, izahtH 2 NG
(A) -0.1% - ZJoKEw (B) BHEGEME (0~15 min,
50%~23% A; 15~16 min, 23%~50% A; 16~28 min,
50%A) , AFUAE 1.0mL/min, #i&25 C. ELSD
SHCONERSEIE 108 C, BB E 2.8 L/min,
HEFEE 10 ulo 24 My VRS Mo VESE R BLZERIN,
SRR T R e IR L R . SRS,
FIEF| Mo iELL M ETE B R RS, 8L
s AR B R, SR 2,

#2 JINBHRERR 2 MPHR G ENS

Table 2 Sample of Fritillariae Cirrhosae Bulbus and two identification results

oy E%?ﬁjﬂ r%ﬁn”u%mj%i@)iiﬂ s ;éﬁs;‘@)ﬁ,{ ﬁ&%mfﬁ%ﬁ
Mi M FAHEEREY M M2 WFHER Y M, M: FRFHEE Y M M #AHER Y
1 1 1 1 1 1 1 41 - 1 1 1 3 3
2 1 1 1 11 1 42 171101 0 1 1 0 0
3 1 1 1 1 1 1 43 180201 0 2 2 0 0
4 1 1 1 1 1 1 44 1712043 1 1 1 3 3
5 1 1 1 1 1 1 45 1801141 1 1 1 3 3
6 1 1 1 11 1 46 1710273 1 1 1 3 3
7 1 1 1 1 1 1 47 180110 1 1 1 3 3
8 1 1 1 1 1 1 48 180111 1 1 1 3 3
9 1 1 1 11 1 49 180112 1 1 1 3 3
10 1 1 1 1 1 1 50 180113 1 1 1 3 3
11 1 1 1 1 1 1 51 180114 1 1 1 3 3
12 1 1 1 1 1 1 52 180115 1 1 1 3 3
13 1 1 1 1 1 1 53 180116 1 1 1 3 3
14 1 1 1 1 1 1 54 180117 1 1 1 3 3
15 1 1 1 1 1 1 55 180118 1 1 1 3 3
16 1 1 1 11 1 56 180119 1 1 1 3 3
17 1 1 1 11 1 57 180120 1 1 1 3 3
18 1 1 1 1 1 1 58 180121 1 1 1 3 3
19 1 1 1 11 1 59 180122 1 1 1 3 3
20 1 1 1 1 1 1 60 180123 1 1 1 3 3
21 1 1 1 2 2 2 61 - 2 2 2 4 4
22 1 1 1 1 2 2 62 - 2 2 2 4 4
23 2 2 2 0 0 0 63 - 2 2 2 4 4
24 2 2 2 0 0 0 64 - 2 2 2 4 4
25 1 1 1 2 2 2 65 - 2 2 2 4 4
26 1 1 1 2 2 2 66 180301 2 2 2 4 4
27 1 1 1 2 2 2 67 180302 2 2 2 4 4
28 1 1 1 2 2 2 68 180303 2 2 2 4 4
29 1 1 1 2 2 2 69 180304 2 2 2 4 4
30 1 1 1 2 2 2 70 180305 2 2 2 4 4
31 1 1 1 2 2 2 71 180306 2 2 2 4 4
32 1 1 1 2 2 2 72 180307 2 2 2 4 4
33 1 1 1 2 2 2 73 180308 2 2 2 4 4
34 1 1 1 2 2 2 74 180309 2 2 2 4 4
35 1 1 1 2 2 2 75 180310 2 2 2 4 4
36 1 1 1 2 2 2 76 180311 2 2 2 4 4
37 180206 1 1 1 2 2 77 1710241 2 2 2 4 4
38 180207 1 1 1 2 2 78 1711261 2 2 2 4 4
39 180208 1 1 1 2 2 79 180313 2 2 2 0 0
40 180209 1 1 1 2 2 80 180312 2 2 2 4 4

%R 0-R2E 1-HM 2-0hfh; RIMAUE: 0-Rp3K

Identification of authenticity: 0-unclassified

1-47 I
1-authentic 2-counterfeit;

3-green fritillary ~ 4-flat fritillary —not available

2-FATL 3-FI 4TI AR

specifications: 0-Unclassified 1-furnace Fritillary 2-pine Fritillary
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22 BEMTHREIIMEEESHRE

F 1~80 5 DUEFFE A CE T 60 CHUARTHET 6
h, w0 (DS 25000%) . BrRE T HRAThR D
FRERAEN, BTSSRl BMEMER

PR E AR, BRI G 0OH, A
FEREISIPRE, PATHHE 3 Ok, W 1. BOPIE
VRN LA CIE SR Bs , BRI FERL T CSV 3L
i, 84S CSV XS 2 51I3E 2076 AT 5 -

12 000 11 000 10 000 9000 8000

7000 6000 5000 4000

1 JELI5NRE 80 NI R EE
Fig. 1 Spectrogram of 80 fritillaria samples collected by NIRS

23 EMMRBERNEN R

56 My AR My VET S I 28 45 A b & B
(V) , W 2 Fis. FIF NIRS Xf 80 b1 IREAFIFE
AT R, SEEUOGF AR I I S BT
ANOE R HRRRAL, B LU LLAMRAER 2075
(BN AR X (80X2075) , @37 X M
Y Z IR &R Y=MX)IAY. FIFH MATLAB 2016b %X
PRERASE, 3 %R ST 80 ME ALY PCA-DA. PLS-DA.
LS-SVM EARHFIRBIA (M37%) B34,
2.3.1 PCA-DA HHRIH AT HIIESER  SHORE:
R 7 A, RAIROE R, BRI %
N 98.75%. B 3 ANERGFZ AL T5%LL b, FIfFEkE)E
AR MEH . PCA-DA PHASE IR 23 MAdhT
79 SR NIE S, AMEERSIHE . IE 2.
2.3.2 PLS-DA #HRBM R HIIEER S8k
B TEIEF 6. 7. 8. 9. 10 B IEHHEG, R
PRAGE PR M s B AR IEHIZRA 98.75%. Tl 4 4
TR Z K 75% UL L, AR AR B E
PLS-DA #HRZERIR, 23 ANMASH 79 SHidE A
Efh, AEERSEFEM . W 3,

50F T )

a0l Ok
30+

w0l m ooy,
10}
0 o1 2309 -3;"3 % ol pos
—10} o \pyon o

_20 MQ‘ED 5
730,
—40 Vo5

=50 0

ssssss

7 039

PC2(16.78%)

50 100
PC1(78.75%)

2 PCA-DA {REER I EHE
Fig.2 Principal component score of PCA-DA model

40¢
30

LV2(16.4%)

~100 =50 0 T
LV1(78.44%)
E 3 PLS-DA EEFHKASBHE
Fig.3 Principal component scores of PLS-DA model

2.3.3 LS-SVM FiRARE R K 58 H 56 IF &5 JiBuS
LS-SVM R2009b-R2011a £ A HiFF X (80X2075) .
FEFE Y (80X 1) , KH 3 MASF R BARNIR T AT
B, R %R (linkernel) 1EF|%
N 97.50%, 1R EKE (RBF-kernel) 1EH|ZK
71.25%, Z 1% %L (poly-kernel) 1EH|ZH N 86.25%.
DRI, DA DE ) 2R B i R R PR bR B B 208 4T R
BATEER: 23 MAE 2 MR NIE R, ANELE
ROFHEFEM, BIARELRIEHZEN 97.50%.
24 EmASIERAES R

456 MyIER Mo v 1S B 4 25 AR a5
By, W% 2 fion. FIAH NIRS Xt 75 #ik (51
B 5 SRR N DUBEREIIRE S AT A I,
PO AR I BTt B TR LS
) FER AR AL, R DL 40 4P R 4RI 2075 S
SR N BRI X (75X2075) , bRiFE R
RPFASEAERE Y (80X 1) HESL X FI Y Z [A] [ 5%
Z Y=M (X) B, FH MATLAB 2016b %14,
3B 75 ANFEM Y PCA-DA. PLS-DA. LS-SVM
P AR AR R (M35, iR b
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2.4.1 PCA-DA #FiRBA e X HEHEGE R S5
B RS 164 17, 18, 19, 20 N IE KRR,
PRI R LR it BB AL IEHIZ N 100.00%
AT 3 AN TR Z AL 75%0A b, AT AR JE AR BT
5. PCA-DA FHREEHRE/R: 20 NIl 18
AFATLL 18 ANE ULV 19 /AN DUFE S 40 B3 IE-A ;. A
TEAER TR . WE 4.

S50F

40 o

30

20}
10F e
X

PC2(15.96%)
L
S

L -

|
35
(=] (=]
°

|
w
(=]

|
IS
(=]

°

S

—50 0 50 100
PC1(79.73%)
& 4 PCA-DA {REE5HE
Fig. 4 Principal component scores of PCA-DA model

2.4.2 PLS-DA #RBIR KX HIGUELE R S50
B BEEFE N, WL, BN
1EHIZ4 100.00% 0 H 4 A F o 2 ik 75%LA |,
A ff R AR T K505 B PLS-DA #HHZE B IR
20 ML 2RIERT; 264 46, 66+ 80 5 A,
LK 5.

40F

30f
20} ? Mo

LV2(15.47%)
L
(==
g £
& %g 8 3
g *

| |
W
S S
=
°
wygd
£

|
IS
(=]

°

~100 =50 0 50
LV1(79.7%)

El5 PLS-DAREERISHE
Fig.5 Principal component scores of PLS-DA model

2.43 LS-SVM HriUB A K 22 H 56 IE 25 bibus
LS-SVM R2009b-R2011a, #NHEFE X (80X 2075) .
FERE Y (80X1) , [A “2.3.2” WiTE—5, 4%
RIL, LR (linkernel) 1EHZE N 100.00%,
I HAZ R (RBF-kernel) 1EHIFA 93.33%.
I, EA UG Ry I LR E, A AR AR
FN 100.00%.

2.5 Mz F5ERMPHRAGR
M ik DUIEH R f i AR 25 SO i I 45 R
FLOWHRRBR A % 555 1) PLS-DA 5 PCA-DA 732
SR, AMERITRIE, ARSI 3,
R3I MIHRAGENGR
Table 3 M3 identification results

P HAHER P il AR IR
1~20 Hiih vl
21~22 Hidh Fa Il
23~24 Py E AN
25~40 Hih Fa
41 Hin HI
42 Hin NN
43 Phadn E NS
44 HL Al H I
45 Hin HI
46~59 Hin HI
60 I N
61~78 Hin I
79 Hin NS
80 Hin vl

2.6 M ERIRMEITE

SRS R TP U, SRR
M3 VEFE SR IR )z /0 T Ma v (P<<0.01)
2.7 EAIMERSEERME (ZE) XERTHME
ST

HE Z AR KRk EE R O
Bk $% PLS-DA J2 PCA-DA FHiRFER, ZHi%
R %% PCA-DA. LS-SVM HH iR, & 6-B.
D B &5 MNAREREKSNFS, FHERH
RKEAfTHEHH KRR KE. B 7-B K
TR B K HI P K L 2 7 960.837~8 045.691
cm !, D B 0T ik 26 B K B U K Y L2 8 045.691~
8 091.975 cm™'. & 7-B "4 5 AR R P K X B
P75, HXTMaREKTEEZ 8 153.687~38
296.396 cm !,
3 g
3.1 #HHIBRERAEE

80 /NI DLRE Je FLAAUKE iy 1 48 5K % 2 L
SEJAEAN, 230 24, 43, 61~80 T N0 A
R RE R, 23, 24, 42, 43, 79 3Lt 54
FESIR L R WA 5 Rk, A 75 M
s A% RS o LS A DL, UL SR Z5 Lk,
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