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B R LG R AL DL B 38 FICHLICR &I E, JEXT & 2 40E #-4T £ 803 204 (principal component
analysis, PCA), 1EAZ R #e/> 3 ¥ 5 4347 (orthogonal partial least squares-discriminant analysis, OPLS-DA),
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(r>0.999), HIFE IR F 81.73%~114.85%, il it PCA w SZBLHT DL EEFSIAL DL EEAGHI A X 4y, (B3B3 FE A7 4
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Authentication of Fritillaria thunbergii by inorganic element fingerprint
combined with multivariate statistical analysis

SHI Jing, LI Bin, MA Meng-Ying, LIU Zu-Wang, XU Hong, NI Dong-Yu, WANG Qiong-Fen"

[Zhoushan Institute for Food and Drug Control (National Ocean Food Quality Inspection Center),
Zhoushan 316000, China]

ABSTRACT: Objective To establish a geographical origin discrimination model for Fritillaria thunbergii based
on multi-element fingerprint characteristics, thereby identifying the authenticity of this medicinal and edible
substance. Methods Inductively coupled plasma mass spectrometry (ICP-MS) technique was employed to
determine the content of 38 kinds of inorganic elements in 32 batches of Fritillaria thunbergii and its confusable

species Fritillaria hupehensis collected from the market. Multivariate statistical analyses, including principal
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component analysis (PCA), orthogonal partial least squares-discriminant analysis (OPLS-DA) and Fisher linear
discriminant analysis (LDA), were performed on the elemental content data. Results All target elements exhibited
good linearity within their respective concentration ranges (r>0.999), with spiked recoveries ranging from 81.73% to
114.85%. The preliminary distinction between Fritillaria thunbergii and Fritillaria hupehensis could be achieved
through PCA, but there was some overlap in some samples. An OPLS-DA classification model was subsequently
developed, with model metrics R*X=0.685, R*Y=0.858 and Q’=0.700 (all>0.5), confirming its stability and reliability.
Using variable importance in projection (VIP)>1 as the cutoff, 15 kinds of differential characteristic elements were
screened to distinguish the 2 kinds of species. Ratio transformation was applied to these characteristic element
variables to construct a Fisher LDA model and cross-validation results showed a discrimination accuracy of 100%,
indicating excellent classification performance. Conclusion The established model allows rapid and accurate
differentiation between Fritillaria thunbergii and Fritillaria hupehensis and provides a scientific basis for
geographical origin traceability and optimization of quality evaluation systems for Fritillaria thunbergii.

KEY WORDS: Fritillaria thunbergii; Fritillaria hupehensis; elemental fingerprint; inductively coupled plasma

mass spectrometry; multivariate statistical analysis; authenticity identification
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Wi DU R A R 0 W7 UL (Fritillaria thunbergii
Miq.)i TR, HA PR L . e s i )
R, HRRE T S B 9 2 300 AYAERGU . Wi DUEERE S (A
[ 25 80 ) WS B e P 2, 2 5t TLAE S 2002 45 & A 1Y
55— b AT FH T A A SR ORI R 25 P, Sk 2 T
Fio 20254 3 A, REHEAN ChEEYSERKREN
FL(2025—2030 4F) ) BARAEE B — S B2 BT K A
I, I REFEVRSFD, sRibbriis| a2 e, I+
KM, ISREFERS, KRR EZ RN, e
WIS T & SR AR . 7 DL REVE A Wi A8 1 Hh 2l
b, BB AR 2 B, DR G 1 2 S R (7
COBUH R A e B R, AT 28 e K.

Wi 25 0 49 BT S, W DL BT S Sk T B
— BNV A P A i B At DL BR824, AmisAdb il
B (Fritillaria hupehensis)f i i L0, R . B 5 LB,
X RY KOH e e R pUE . R AL U RSME S
Wi DLEEAL, ARGtk . A% AL S B ERE LI R X 43,
BEAVFIUESE, —F A FUR o A& A
FER R 2P R, g Pk | mAk . R G D1
O MR Ty ik, X R s L 42 A A 20— Bk & 00
L,

UTAE, 7 DL BE O S I BIF Y 22 38 4 T LA AE Wy
FERA P A SR, A HLRSY 5 2 SR R
Ik ly . TR AR TR | TR N R S, AT
KRR, RS S R R T MR,
TCHLICZEAE AL N -3 7R 5 A K PR P A < R 4%
Elic”, JEMP Tk H B B A sy, HA S &

il

HHA D EN MR, R e R a2,
ST IATR A RGeS HE R B 2 )5
BN RS R R, 200 R AR B TR AE 2 B
FEVD 57 3 X435 00 6 530 i B R O 342270

A TCHLIT R I8 BUE R TE 25 8 9 T4 S50 4 031) 45
ATz, AHEET B 0 i DR b 340 551) S 20 Eh %0 B 5%
WA DLARE . PRI, I T JEHLIC R ARHE A 7 DL 4551
Jiid, ATTRANBUA A LR o BT A A2, O LR A R
BB BRI AR o ABIETE R T B 5 55 B T A B
(inductively coupled plasma mass spectrometry, ICP-MS)illl
W VRS AL DR S 38 FEHLGER NS =, 456
F i 4343 ¥ (principal component analysis, PCA) . 1F 32 fhi#x
AN B H B 4y #r (orthogonal
squares-discriminant analysis, OPLS-DA) K Fisher &4 1 5|
43 #7 (linear discriminant analysis, LDA)% £ 04 i 7 &5,
XF 2 A DUBEATTERE R 0T, BAEM I TR sy
AIE B4 77 i A TR, Sy e DU fg 77 1l X3 R Lk 6 i) 43t
W . DUt RECH S AR TF B

1 RS

1.1 MR5iRF

W R (RS ZI1~2124), LB (95 HB1~HBS)
I 32 HERESRBONTITES, FEEME B 1. ARBER R4,
Hidp 737 F1 Z312 B fh AT SRR A

23 ML RIR A FRMEATR[Pb, Cd. As, Se. Cr, Ag.
Tl. Mo, Ba. Sb. Ni, Co. V., Sn, U, Cu. Zn. Rb,
SrURRMWEE N 10 ng/mL), Fe. Mn. Al EY N
100 pg/mL), Mg(EEHE N 1000 pg/mL)]. 14 Fifs iR
EARMERR W [La, Ce. Pr. Nd. Sm. Eu. Gd, Tb., Dy,

partial  least
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FH1TE

Ho. Er, Tm. Yb., Lu(fim¥kE N 100 ng/mL)]|(‘HIHFAN
SR AR A A PR ), BICEARHER IR He (0 B ik B
4 1000 pg/mL). NFRICRIBEVMERWE[Ge. In, Bi(FiEHk
FEHA 100 pg/mL)| AL SR AEYRHBCEIRA R, HITER
FRER IR Au(FE RN 100 pg/mL, SE[E Inorganic /A ]);
iR . RS AMERLE, BB AR A R AR,

12 UFE5EF

Agilent 7850 #Y B IRHE & & B F K BTG (2 H
Agilent 24F]); MARS 6 B HMAL(EE CEM 2]
arium PRO UV AU 27K Y (75 E Satorius /A r]); XSE205DU
W 7 KK E 0.0l mg0.1 mg, ¥ 1 METTLER
TOLEDO A H]),

®1 #mER

Table 1 Information of samples

i fit= FEHAR IR Y Eiln=2 FEHIAR IR
ZJ1 20241201 Wi A2 ZI17 20240725 Wi
VAp) 20240917 AR 7718 230701 Wi
ZJ3 20240805 WL ZJ19 230102 Wi
734 (255230801 W 7320 20230802 AR LSS
ZJ5 230701111 WL 7121 20230722 AL
736 230701 WL 7322 20240510 Wi
*Z717 20230501 WL 7123 20240625 Wil
718 230101 Wi 7324 20240701 Wil
ZJ9 230801 WL HBI 20241202 1k it
ZJ10 221201 AN HB2 20241203 b RLitE
ZJ11 20230816 WL HB3 20240818 el
*7J12 20231002 WL T I HB4 20231116 il
ZJ13 20220624 WL T HB5 20231128 AL
7ZJ14 20231012 Wi HB6 20230501 AL
ZJ15 20231013 AR HB7 20230601 el
7J16 231102 WL HBS 20240520 il

T RN T BERE S
1.3 XWFE
1.3.1 AR/ T ARk 64 Be bl

FH 10% A8 BRI AR S AR ER R BE AL Pb. Cd. As.,
Se. Cr. Ag. Tl. Mo, Ba, Sb. Ni, Sr, Co. V. Sn,
Rb. U, Cu. Zn. La, Ce. Pr, Nd. Sm. Eu. Gd. Tb.
Dy. Ho. Er. Tm. Yb. Lu IRk &E R 1. 2. 5. 10, 20,
50, 100 ng/mL; Fe, Mn, Al JEHEE 10, 20, 50, 100,
200, 500, 1000 ng/mL; Mg iHH B R 100, 200, 500,
1000, 2000, 5000, 10000 ng/mL FYZ 5 R SARME TR
¥ Hg HOCEFRER BB RUT REE N 0.2, 0.5, 1.0,
2.0. 5.0 ng/mL /) Hg TG RAIFRHE TAEWR (G FBTEL); K
Au TR WRERR, FKR RS 1 pg/mL B4R
T AR
132 WARER B &

% Ge. In. BURGIRERTR, FIKH BRI N
0.5 pg/mL B AR IR -
133 HmegaTaz

HEEAR RS, o 80 B, MmHHEUAK0S5g, &
O A RER, AEER 5 mL, F4AMBE 0.5 mL, R4,

80 °CHIHAME 30 min, B4, %GB THUNEMIL. %R 2
TR AT I, Sh3 1.6 kW, INMRsE e, W . i
UK 2 50 mL =, A Au JGRFRE TAER
200 uL, HKERZZIE, #8450 BRAIN Au e RAh, Hi
T 3k 1l A 1) 2 VTR

+x2 WRHMRER

Table 2 Microwave digestion procedure

R R EE/°C Fh A /min - AR4FRT B /min
1 120 5 5

2 160 5 5

3 180 5 10

1.3.4 ICP-MS T4k 41

SR TIER 1550 W, SFE TSR 15.0 L/min, #
BEAARFLE 0.15 L/min, ZZ4LEFHE 0.95 L/min, &S0
# 5 mL/min, Z{bERE 2.0 °C.
135 M Hk

T Bt e B [ 467 00 Mg, AL, 'V 2Cr, PMn,
Fe. Co. °Ni, ®Cu. %zZn. "As. ®Se. *Rb. ¥sr. Mo,

107Ag lllcd IISSn 123Sb 135Ba 139La 140Ce 141Pr 146Nd
\ N N N N N N N \
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4gm . 1%Eu, 157Gd. '®Tb. '®Dy. 'Ho. '“Er. '“Tm. 2 EBRSSF

172Yb\ 175Lu\ ZOZHg\ ZOSTI\ ZOSPb\ 238UO Eéiélj\]ﬁﬁﬁ, élj:l:
GBI, B2 3 RANES W AE, AR AR A 2T
BRSNS OC R B, ZEAH RN AR A T S P
Rz [k
14 BUBELIE

R SIMCA 141 85 5 Fiedie (n=3)i4 T PCA K&
OPLS-DA Giit434T, a7 i Dl H i db U143 i = s 432
PR FEOH R RRAE G . SR SPSS 26.0 #E4T Fisher LDA 4t
VAT, EESr 2 R OURERHI R EOSRY, I1E1 728 SUIGHIF .

21 ZMXARSKRUER

B 1.3.1 FCll i RIVEFRE I, RGN, DL
TG R B R AR AR (X, ng/mL), XS P AS o 7 {7
INABFR(Y), 2 b o il 28, 75310 100 0 5 5 A0 R 56 R 5(r),
FouE r YIRTF 0.999, £ 38 FionE A H IR HE
T[] PN 5 ) O {22 ) P O R R o S SR 11 YR s I
SRTASTR, DASCRRIE B 3 A5 hR v 22 BT % 17 A - o 3%
WV NR R, 255 03 3.

R3 3IBHTRMEMEXRMELIR

Table 3 Linear relationship and limit of detection of 38 kinds of elements

TLE EVEpE r M Fl/(ng/mL) ozt PR
Mg Y=2.13x103X+1.01x107° 1.0000 0~10000 0.940 pg/L
Al Y=4.25x10"*X+5.54x10"* 0.9999 0~1000 2.849 ug/L
Y, Y=3.64x107X+5.78x107° 0.9999 0~100 7.331 ng/L
Cr Y=5.24x1072X+1.99x107 1.0000 0~100 0.081 pg/L
Mn Y=1.61x10"2X+3.93x10* 0.9996 0~1000 0.097 pg/L
Fe Y=3.72x1072X+1.02x1072 1.0000 0~1000 10.812 pg/L
Co Y=1.13x10"'X+6.93x10°° 0.9999 0~100 1.943 ng/L
Ni Y=3.27x1072X+1.10x107* 1.0000 0~100 0.065 pg/L
Cu Y=9.75x10"2X+4.76x107 0.9999 0~100 0.116 pg/L
Zn Y=6.33x10"X+3.64x107> 0.9997 0~100 0.640 pg/L
As Y=5.22x10X+4.84x107° 0.9999 0~100 0.020 ug/L
Se Y=4.69%x10*X-1.01x10"* 0.9997 0~100 0.202 ug/L
Rb Y=1.37x10"2X+3.81x10* 0.9998 0~100 0.039 pg/L
Sr Y=1.85x1072X+6.93x107° 0.9999 0~100 0.035 pg/L
Mo Y=7.07x10X+1.73x107° 1.0000 0~100 5.069 ng/L
Ag Y=2.89x10"2X+9.22x10"° 0.9995 0~100 1.945 ng/L
cd Y=2.74x103X+5.76x107" 0.9998 0~100 3.063 ng/L
Sn Y=4.93x103X+4.42x10"° 0.9998 0~100 0.027 pg/L
Sb Y=4.56x107X+4.11x10"* 0.9998 0~100 0.126 pg/L
Ba Y=1.01x10"X+1.54x107" 0.9997 0~100 0.061 pg/L
La Y=3.21x10"2X+2.88x10* 1.0000 0~50 8.535 ng/L
Ce Y=4.16x107X+1.73x107° 1.0000 0~50 2.795 ng/L
Pr Y=3.52x10"2X 1.0000 0~50 1.023 ng/L
Nd Y=6.98x107°X 1.0000 0~50 0.302 ng/L
Sm Y=5.95x10"X 1.0000 0~50 5.283 ng/L
Eu Y=2.44x1072X 1.0000 0~50 1.435 ng/L
Gd Y=1.36x10"2X 1.0000 0~50 1.150 ng/L
Tb Y=6.58x10"2X 1.0000 0~50 1.116 ng/L
Dy Y=1.53x10"X+5.69%x10"" 1.0000 0~50 2.260 ng/L
Ho Y=6.53x10X+5.69%x10"" 1.0000 0~50 0.932 ng/L
Er Y=2.32x103X+5.65x1077 1.0000 0~50 1.035 ng/L
Tm Y=7.65x10°X 1.0000 0~50 0.343 ng/L
Yb Y=1.78x10"°X 1.0000 0~50 2.331 ng/L
Lu Y=3.20x10°X 1.0000 0~50 1.074 ng/L
Hg Y=1.29x10°X+1.01x10"° 0.9999 0~5 5.271 ng/L
Tl Y=5.92x10X+5.67x10~" 0.9998 0~100 0.396 ng/L
Pb Y=7.37x10°X+6.27x10"° 0.9998 0~100 0.017 pg/L
U Y=9.70x10X+6.79%x107° 0.9998 0~100 0.626 ng/L
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2.2 MR SRREMN

TEEFRBFE MR (ZI21) 6 1y, B 0.5 g, 433k
BIMA—E WS C R ER I, 8 e S bRz i, I
EHILEST R, IMESE 38 FooxFHEKEY
81.73%~114.85%, #H X 4% UE fif 2= (relative standard
deviations, RSDs)H 0.57%~6.86% (n=6), FEBHI% )7 HEEw
PERAF. HIrh | IR EIRE 0. 2. 4. 8, 12,
24 h FEAE, AR o R LA N {E Y RSDs

0.32%~4.02% (n=6), IR FaEM: I,
23 HmRTRIESH

32 HERE LR 1.3.3 Jr ikl & FE ST, H 1.3.4 TAEXR
PER 1.3.5 PR, SEAT 3 0y, Z5ERTA R R BR
Sb. Tm F Lu JCE KK H AL, HAITTRIIHERIE], Lk
PAGETTH I TCHLICE N 35 B, TCHLICR & (X ) &
FrfEfm2E(s) WL 4. & 4 AT 0L, S EE R e E
Mg, HKEMBRILE Fe. Al, Zn. Mn, Rb, LI FILHRTE

F4 RUERBTRIEBMNELER(mg/kg, X

Table 4 Results of element determination in 32 batches for samples (mg/kg, X £S)

TTE Wi DLBE £ (n=22) 51 DLEELH (n=8) PTREREfl
Z17 ZJ12
Mg#* 5.53%x10%+2.28%10" 4.55x10%+3.80x10" 5.03%x10° 4.77x10?
Alx* 5.20x10'+1.88x10" 3.32x10'+1.32x10" 3.81x10! 6.47x10"
\ 6.26x10%£3.21x10? 5.75%x102£1.91x102 6.05x10* 1.04x10°"
Cr 1.62x107'45.32x10°2 1.67x107'+3.07x10°2 1.29x10! 2.78x10"
Mn 1.57x10'+2.24 1.41x10'+2.18 1.66x10" 1.69%10"
Fe 5.43x10'+9.20 4.57x10'+1.37x10' 5.63x10' 6.76x10"
Co 6.77x107£2.50x10* 7.94x1072£1.51x1072 9.74x107? 8.83x107*
Ni 1.10£5.05x10"! 1.19£3.13x10™" 1.03 1.96
Cu** 2.34+1.12 3.41+4.15x10™ 3.19 3.99
Zn* 3.34x10'+4.41 2.77x10'+5.96 1.93x10" 3.18x10'
As 1.66x10%+7.18x10°3 2.12x1072+2.83x1072 1.19x1072 2.00x1072
Se 3.38x107%+2.97x10? 3.20x107%£2.71x10* 3.01x107? 3.32x107
Rb* 7.85+1.35 5.47+9.81x107" 4.78 5.53
Sr 1.27+4.53x107! 1.25+2.48x107! 1.61 1.50
Mo* 1.30x10'46.00x10°2 6.26x107%+2.14x10°* 5.21x1072 9.17x1072
Ag 9.76x10'+8.39x10™* 9.67x107*+7.36x10™* 7.20x107* 6.22x107*
Cd* 2.43x107'+1.31x10™" 6.29x10'+2.68x10™" 8.00x10™" 4.42x10™"
Sn 3.50x10°+3.00%x10°* 3.22x10°+4.48x10°* 3.95x10° 4.97x10°
Ba* 2.50+6.94x107" 1.73+0.47 2.22 1.60
La* 7.92x1072+3.93%102 2.68x10%£1.19x10°2 3.60x1072 4.82x107?
Ce* 1.36x107'+6.04x10? 5.68x107+2.80x1072 7.21x107 1.14x107"
Pr* 1.39x10%£6.23x10°3 6.43x10°+3.29x10°* 8.56x107 1.19x10°2
Nd* 4.89x107%£1.99x10? 2.42x10%£1.13x10°2 3.19x10°? 4.31x107
Sm** 7.93x107°+3.04x10°3 5.16x107°+2.64x107 6.46x107° 9.04x107
Eu** 1.43x107+5.13x10°* 8.69x10*+4.28x107* 1.08x107° 2.09x10°°
Gd* 6.12x107+2.14x107° 3.61x107°£1.60x107° 4.17x107 6.85%107
Th** 7.25x10*+2.62x10°* 4.67x10*£2.20x10* 6.18x10* 8.16x10°*
Dy 3.71x107°+1.46x10°3 2.97x107£1.25x10°* 3.72x107° 5.20x107°
Ho 6.21x10*+2.40x10* 4.33x107*£1.99x107* 5.97x107* 6.96x107*
Er 1.50x107°+6.35x10°* 1.16x107°+3.70x10™* 1.16x107° 1.97x1073
Yb 1.11x107°+4.58x10™* 8.36x10*+2.86x10* 1.39x10°° 1.68x10°°
Hg 4.84x107°£2.83x10°° 3.62x10°£1.18x10°* 2.90x10°* 4.15x10°°
Tl 1.08x10%43.53%x10°3 1.09x10%2.12x10°° 8.78x107 1.24x107?
Pb** 6.68x1072+3.07x1072 4.13x107%£6.74x107° 4.47x107> 5.13x1072
U 1.87x107°+6.18x10°* 1.72x107°+5.14x107* 2.10x10°° 2.84x107°

T * RN IZITCE AR 2 A DR AR 2 P 25 5 (P<0.01); ** R /R 1% 0 E & i oE 2 40 DU (B 77 7 i 35 1k 25 57 (P<0.05).
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Wi DUEE S 2 A T DL, SRR T R
FE N Ag IR +ouE, fitcEH, La, Ce. Pr.
Eu. Gd JCERTE 2 Fh LR vh & i B I B 22 5 . RS MG
TR KB LRI AN A AE R LTEICER,
XEICR G N TR BRI, TR DAY Hb % )
HIA AR, t AR B h B R AT s DU RERE ) R G
MRS AEEES, HF Mg, Zn, Rb, Mo. Cd. Ba.
La, Ce, Pr. Nd. Gd f#E1EM B35 22 5(P<0.01), Al, Cu,
Sm. Eu. Tb. Pb f#1£ &M 2 7(P<0.05),
2.4 PCA X OPLS-DA

30 AR SR (G 2 HERTEERE SO 35 Foo s & &
BARZARMEILAL BIS S A SIMCA-P 14.1 #AFFEAT T85>
A3HF, PCA 1950 LA 1o FRIED 1 a] 0, R [R] 7= b DL R4 5
ANGEF U, 507 D A R —R O X 4y,

ELEMR | 2 Fh DRSS B W] B i SR A
8 -

or = AU LB
— T~ elydkml
4r /,// 2123aAZ115 7512 ~ Bl AE 3
/ 2122' 14 N
2r HB7 Pl .
AZJ4 AZB ® 3%e2 o \
0 Lpp_Az10 i SR
= 7124 a7)5 19 hin ]
4a o AZI6 y
2r e Zn8 7113 /
4 AAZ K hz10 4
i ™ AAZIIL -
~~ 1
6L — T
8

10 8§ 6 4 2 0 2 4 6 8 10
1]
R2X[1]=0.384 R2X[2]=0.212 Ellipse: Hotelling’s T2 (95%)

B 1 ARR 0 PCA 15343
Fig.1 PCA score plot of Fritillaria hupehensis from
different origins

Shy SEER UUBE T Ml A RX Gy, i — 2 i R R
1T OPLS-DA ##%4 #r, 45 2 Wi UL &% A0 i Jb 0B 1)
OPLS-DA /AR AIE(E 2), HE 2 AT 0L, 30 bk SR I
P EARI IR, & ARR 12, AR HAE AR
Iy IEIA B AR AR B RRX N 0.685, 7B RPY 4 0.858,
SFHIIS% Q* H 0.700, RRAI QXK T 0.5, K%M
FROET SR TNEE S R AT

10 »
ol e AL
_— Azn . eidkil:
6 s .
4+ / AZ3 @ HB7
— 2124 71038y, £ 715 oHB6 \
= 2r Pie D2 4 118719 \
) . Al il4az110 oHB2 @HE3 |
C 8% 6 A @HBI /
K2t \ £ @HB5® ®yps /
= 4 \. AZI9 HBS
= ‘\ AZ]13 /
6} N A7z10 e
T ZR21y aZIl "
8t L7 P
-10

’$ 6 4 2 0 2 4 6 38
1.00434 (1]
R2X[1]-0.188 R2Xo[1]=0.345 Ellipse: Hotelling’s T2 (95%)

Kl 2 [ 0UE: OPLS-DA 154> K
Fig.2 OPLS-DA score plot of Fritillaria hupehensis from
different origins

X3 i) OPLS-DA #ERIYEATH e 200 YXAGEE, AR
fRFRAE S R M 0.386, HEFITRINAE 1 Q° H-0.622, HI/NT
JFIRE(E 3), RIZBEINFAE LIS IS .

1.0

G m e p2
05} Al
% I ! l ' ! = -— . QZ
B ot | L I
= it
2 -0.5¢ | |
%ﬂiﬂ -1.0}F 1 ]
5| = .
E I ' I L 1 1 |
02 0 02 04 06 08 10 12
BRI
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2.5 Fisher LDA &3z X I6iE
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Table 5 Classification results of the discriminant function
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