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W E. w5 EMA4 (Lilium davidii var. unicolor) RE%A2Aghk LR EWmME, LHRAIER AT 5474
fdr, HEFRRARFLTHEERKE, RARXARR{ZZE % (Isotope ratio mass spectrometry, IRMS) #=
o RAB 4 F B FH4M#E (Inductively coupled plasma mass spectrometry, ICP-MS) M & 2 M & & 4 M £ * KA 549
oBC. "N, 60 ¥ 3 M4 2 R4z & bk £4 K. Mg. Ca. Na. B. Fe. Zn. Al. Mn. Cu. Mo. Cr. Cd. Se.
As. PbF 16 #F R LE 42, 45 ERH 2 (Principal component analysis, PCA) . ExX A& > =R EH 55
# ( Orthogonal partial least squares discrimination analysis, OPLS-DA) #= % 1% #| #] % #7 ( Linear discriminant
analysis, LDA) 3t 7E R ZM B SMESEEA, BirAAMNHARFHIL. LR ET: 6°C. 0°N. K. Mg. Na,
B. Fe. Mn., Cu. Mo. Cr. Cd & =i &2 % %% (P<0.05) : PCA ST RI S5SNIy, it FmEAHKE
84.36%; LDA Z4&HI A E#E 100%, ¥ —* = X3k (Leave-one-out cross validation, LOO-CV) A iE 5 & %
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(Lilium davidii var. unicolor)
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Abstract: The place of production is closely related to the quality, safety and nutritional quality of Lanzhou lily (Lilium
davidii var. unicolor), and its geographical origin traceability and origin confirmation is beneficial to the implementation of
the protection of the place of production, the fidelity of characteristic products and the sustainable development of the
industry. In this study, isotope ratio mass spectrometry (IRMS) and inductively coupled plasma mass spectrometry (ICP-
MS) were used to determine the ratios of 3 stable isotopes (6°C, 5'°N, §'*0) and the content of 16 mineral elements (K, Mg,
Ca, Na, B, Fe, Zn, Al, Mn, Cu, Mo, Cr, Cd, Se, As, Pb) in samples from the four main producing areas of Lanzhou lily.
Combining principal component analysis (PCA), orthogonal partial least squares discrimination analysis (OPLS-DA) and
linear discriminant analysis (linear discriminant analysis, LDA), the classification model of Lanzhou lily from different
producing areas was constructed to verify the geographical origin traceability and origin confirmation. The results of the
study showed that: §"°C, 6"°N, K, Mg, Na, B, Fe, Mn, Cu, Mo, Cr, Cd were significantly different among the production
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areas (P<0.05). 5 principal components were extracted by PCA analysis, and the cumulative variance contribution rate was

84.36%. LDA original discrimination accuracy rate was 100%, leave-one-out cross validation (LOO-CV) discrimination

accuracy rate was 88.89%. OPLS-DA model correct discrimination rate was 100%, of which the classification effect was

optimal. This study would show that a multivariate statistical classification model based on the stable isotope and mineral

element contents of Lanzhou lily could effectively distinguish lily from different production areas, and promote the

establishment and improvement of its traceability system, and would be of great significance to the protection and quality

control of Lanzhou lily's production area.
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22 M EH S (LiLum davidi var unicdor) 52 1 &5}
(Liliaceae) B A& (Lilium) 24P RAFEGY), J&F )1
HE7AR, DI EHEE A, 2 E R R ™
o AREERPAE X Il G2 AR vp e 22 T - BT X, 7Y
E N s R =S L P = B e WS e R E
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A ZHE . RS . 2 ISAE R YE Y B, AT
Sk, PUibE . BB PEETIREY Y, i b2 E
G HARENETHE, AANER 7 G . LR
Fobf, B R A AT R, XHE S A AR A —
B R RN R A e RIESE ARG D
BN FHF 20T RO Zent U S5 R M R IR, Xk
HERR NI R T RO S %E, (IR S22
B HLH TR A SIS M SR DLHRIE . T AR E R
=AW BOCERFEBER PG IE 22 B S r s R
KR 2, A LS HE 2 SRR A T vk
7358 = M B VS BLRAT B0 FE AR, ST AP S SRR R
BAwRZE, LA AR S 6IE, X HEEEAR & 5 2
H A BRI Ak R B B B SO
Ml

ASTFSTET R 22 EH G A0 7 XA 18 A
FEAS, RS E R 2R A BLC R T S ARG T R

2PN E A PIERTSE, R 2 LR T3S (Isotope Ratio
Mass Spectrometry, IRMS) ll i 6"°C. §"°N. §'*0 &¢
3 FPERGE R ZR L%, F Bl 5 45 5 71457335 (Induc-
tively coupled plasma mass spectrometry, ICP-MS) il
& K. Mg, Ca, Na. B, Fe. Zn. Al. Mn, Cu, Mo,
Cr. Cd. Se. As. Pb 5§ 16 F iU & & & 455
J&5353 4 (Principal component analysis, PCA) . 1E32
P Fc /1N .36 1< 43 M (Orthogonal partial least squares
discrimination analysis, OPLS-DA) Fl&k 14 F1 5143 #r
(Linear discriminant analysis, LDA), X AN 6] 77 X 2%
M E G ARSI, SRR IR UE; LU 3=
PR LM E A BTEAES] L R . i A T
BRI el
1 HRSRS
L1 MRISMER

22 M EH S (LiLum davidi var unicdor) T 2018
10 HWERZEAT R TAZ.O 377 X 22 M i L L]
X UASE . PO SR B AR . TP aREE AN B AR A, JRIAE
18 AR M B YR BYAEAS, I TRk E AL R
GEICSR B RAE RSB | 2R AR, [ S
B ARBOT AR B4R . AT B 7K S FUFE X
PERE L 1.

253 Plus BISRFEE R R TT15{Y . Delta Plus
XP Bt E [ E ST . Flash EA BISTER 3T .
Element XR AU HBFH G458 TR BTG SEEITERR
TR AL O Gy S&E CEM 2 ] Milli-
pore BMBAUKRGE  SEEBIRIELH]
12 SWHE
1.2.1 FESRAETACEE AR E TR TS 70 °C
BT B, AH YT USRS, L7050 ES = 3o
100 =i, Wedess M-
1.2.2 FoEFALE 6°C f1 6PN IE  FRELS mg H
BB R BRI RS ANOTER 55
Hi{X (Flash EA) JEAT 6°C F1 6N 0953 HT. KR 2
F ShtreasdE AJTER T (Flash EA), &Eilaher
2 CO, Fl N, TE TAEZRE B T T & B
438 sk J5 AR 2R L R A 2 6°C
S"Ne 0 M 45 W3 LI 180 mL/min, %A k4
HLEE 1020 °C, i 5L i B 680 °C, # i i 90~
100 mL/min. TAEA-600: 5Cy_pps=—27.77%0-0.2%s,
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Table 1 Environmental information of sampling sites in the main producing area of Lanzhou lily
FEA HiLA RE(°) dt&h(°) MR (m) AERIRECC) AEFE/K H (mm) AR EE (%)
S1 IR 104.15 36.03 1990 8.67 512.60 9272
S2 HIRTH 104.14 36.67 2200 8.03 401.47 33.46
S3 HIRTH 103.69 36.00 2013 9.34 530.42 44.20
S4 Cila 104.14 36.02 2050 8.67 512.60 4272
S5 IR 104.13 36.01 2134 8.67 512.60 4272
S6 PR 103.72 35.94 2100 7.45 504.06 42.01
S7 POR e 104.30 36.55 2022 9.69 389.78 32.48
S8 PGSR B 105.30 37.55 2022 11.76 244.42 20.37
S9 4 R el 103.68 35.94 2477 5.46 524.57 43.71
S10 o R pel 4 104.31 36.54 2139 9.28 379.50 31.63
S11 rhiR 103.69 35.90 2600 6.62 566.30 47.19
S12 P 103.69 35.90 2720 6.62 566.30 47.19
S13 i 103.69 35.90 2650 6.62 566.30 47.19
S14 o -4 103.80 3591 2349 7.94 485.42 40.45
S15 o -4 103.82 35.88 2461 5.33 577.32 48.11
S16 o -4 103.83 35.91 2141 7.94 485.42 40.45
S17 o -4 103.80 35.91 2215 7.94 485.42 40.45
S18 Wi -4 103.81 35.90 2211 7.94 485.42 40.45

USGS24: 6°Cy pppg=16.09 %o£0.2 %o ; IAEA-N-2:

0N ,;,;=20.30%0+0.2%o0, IAEA-NO-3: 6"°N ,; =4.70 %o+
0.2%0 MFFESHAL A A TAEIE . BRI — X =451 157
A7, IO HEME .
1.2.3 FERINIE 0 WE  FREL 1 mg FEMEEA
e, JHIRI 2R PR BT SCRITC R 43 AT (Flash EA)
X 650 AT/, AER I AEOCERAE B R B T 3
FRBEIIUE 5 B B R ] F i A B CO, g s alisd < 4%
R A E AR 2R SRS UN E 6'%0. 4y
Wty il 1380 °C, R 150 mL/min, WA
200 mL/min, G 50 °C . TAEA-601:5"%0y,_gpow=
23.14%020.2 %o A1 IAEA-CH-6: 6'*0y,_gpiow=36-40 %o
0.2%0 NIRRT ZR A T IE o PR — X =4y 747
BT, I A
124 WHITESEWNE FRE 0.10 g B S FERK
ARV L amTH R s T, AR 5 mL 60% fildi2
F1 1 mL 30% i B A A TIHEM . THALE B RAE
LY 180 °C & N RERZRMRHE UK E 1 mL, H4l
IKAEZSE 10 mL, BIAREMOCER MRS . s
BB TR B E 16 BT FICE (K. Mg, Ca.
Na. B. Fe. Zn. Al. Mn., Cu. Mo. Cr. As. Se. Cd.
Pb) &t SrHT A SHTIE 1550 W, S5AbE TR
2 °C, RPEESE 10 mm, 5B TR AR 15 L/min, %8
P 1.0 L/min, 5 Bh#8HiE 0.45 L/min, SRAZSEL
3R, EEREL 3 K.
1.3 BRI

A i MR T2 BT SR AEAS [A] M s ok Y e
PO B S EFS R . PCA . OPLS-DA #ll LDA 45
TUHFRGEIT 53 HT AR AT LA 2 B 22 M dsk AR fE S
PRENZEESIAT, FEST AL RENS X 4348 7= = MR IR 4 4

AEFESCEE . PCA XTI A B n k4, ¥~ En i
i) SEZE S B, IR B AER 0 R B T
"L Z gt s AT kTPl OPLS-DA J&—
Fiid FH T REAS R/ INFN A AR R R/ 1A B a5
35, Wl LA 2 AR R 2 PR (a1, HERR TP, $85
Y A R R P AN TR A T EE N, R A Q2 SR VE
ffr OPLS-DA FLAY L4 B2 B Al G ), R* F1 Q°
¥7>0.5 BF, AT A TN AR AR R
J¥ ( Variable importance for the projection, VIP) J&
OPLS-DA #2485 8 TP 5 S %L, VIP H
AT AR AL A AR 2R BTk, VIP R (VIP>1),
o b ) i) 2 Stk B 25001 LDA & —Fia e
B LR LE ST T Tk, FEE IR ) as A sk
A& 18] BE S A MU PO IR, ARUEAS [FIZE P A9
JRAETHES SN, SR SPSS 20.0 Sei 4 M AT
A K J7 2245387 (One-Way ANOVA) Fl LDA 4347,
SIMCA-P 14.1 447 PCA F1 OPLS-DA 4317
2 BERSH
21 ZNBEERERMENT RTERaENTFHHE
FXESR

TR, PYARBE R, TR EEURIB A 4 X R
JNE G 6PC. 6N, 60 45 3 Fhfa e A 2 Al K.
Mg. Ca. Na. B Fe. Zn. Al. Mn. Cu. Mo. Cr. As.
Se. Cd. Pb 4§ 16 F" BT oG 28 £da 19 - 24016 . Aok
. W/ IME . BRAELR . bniEzE | R BEEE ARSI
DLZE 2, 6"C (HAENE N —25.22%0~—24.13%0, 6N {HAL
i A1—3.06%0~6.48%0, 5O {HAEMF A7 26.00%0~30.47%0.
W RITE S RASE M 0.36 ng/kg(Pb)~13.55 g/kg(K),
Hib K JCESEAT 4.78~13.55 g/kg Z[d], Pb JLE
BN T 0.36~24.74 pg/kg ZIHl, WA N R R
<01 NFAESE, 0.1~1 Z A N p&Eas s Ar 5 &
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Table 2 Variation characteristics of stable isotope and mineral element contents of Lanzhou lily
FEE [VONI e/ IMEL PR i 2 AL E N
5C(%o) -24.62 —24.13 2522 0.07 0.30 -0.01
0N (%o0) 0.76 6.48 -3.06 0.55 233 3.07
50 (%) 28.94 30.47 26.00 0.30 1.29 0.04
K(g/kg) 7.99 13.55 0.63 2.67 0.33
Mg(mg/kg) 313.09 490.69 192.99 2272 96.39 0.31
Ca(mg/kg) 101.57 179.83 41.25 9.18 38.95 0.38
Na(mg/kg) 43.67 128.16 17.64 6.55 27.77 0.64
B(mg/kg) 14.30 19.41 10.72 0.62 2.63 0.18
Fe(mg/kg) 6.07 11.51 0.51 2.16 0.36
Zn(mg/kg) 4.04 526 0.16 0.69 0.17
Al(mg/kg) 2.40 5.46 0.33 1.42 0.59
Mn(mg/kg) 1.69 2.09 0.05 0.21 0.12
Cu(mg/kg) 1.05 1.40 0.06 0.25 0.24
Mo(ug/kg) 60.15 235.45 12.48 52.97 0.88
Se(pg/kg) 35.35 44.26 20.39 221 9.40 0.27
Cr(ug/ke) 39.36 122.34 7.80 33.09 0.84
Cd(pgkg) 35.17 57.73 13.37 3.05 12.94 0.37
As(pg/kg) 10.17 19.80 0.98 4.15 0.41
Pb(pg/ke) 9.27 24.74 1.80 7.63 0.82

=1 AR R, g FNLEE 0PN ZE R R ¥CHh 3.07,
JB T oRAS S Frillfy 16 #h o Rt E AR B2 BN T
0.12~0.88 ZJal, J& T i 4548 Sam A, Horhr Mo JuE M
AR BB, H 0.88, 4 N rEIXILE S ERIFE
FIBRUAEIR2E K Z T L un e 3 FioR, AR 5 2245
e R 6°C. 6N, K, Mg, Na, B, Fe. Mn. Cu.
Mo. Cr. Cd 227 i3 (P<0.05), Duncan £ & [t
AH, BUAEEAIR HARATREAS 01°C 227 R 3 (P>0.05),

{H35 48 5 (P<0.05) /=5 FPU SR P 4H, 5'°N 7EEI4E ., vH
SRGEAECRIBATHAR 3 P r=Hhla] 22 558 13 (P>0.05), {0
W2 (P<0.05) /= T H 48 B 76 P SRl 48 . Bl H 48
R 3 bl E] 25 5 I 3 (P<0.05), HLPH AR el
> HAE> A AR, B Cu., Cd B35 (P<0.05) 5T
PHARFEl4E, PHAR 4R K. Mg, Fe. Mn {2 3 (P<0.05)
=, AT Cu. Mo. Cd B35 (P<0.05) & T
PHSRBE4HE, B H4E Na, Mn. Cr 3 (P<0.05) = T

F3 B IXERE RCLR G BT R & ARHE

Table 3 Characteristics of stable isotope and mineral element contents in main producing areas

HIRTE Rk e o -
6"C(%o) —24.41+0.07" —24.90+0.05" —24.74+0.04" —24.48+0.06"
6" N(%o) 2.47+0.77° 1.02 +0.08* —2.49+0.15° 0.7440.17°
6"0(%o) 27.91+0.39* 29.18+0.30° 29.48+0.16* 29.39+0.18"
K(g/kg) 7.61£0.33%® 10.24+0.49° 5.72+0.20° 7.47+0.85%
Mg(mg/kg) 288.90+14.52% 392.014+21.84° 218.90+5.30° 314.88+25.47%
Ca(mg/kg) 95.70+13.85" 104.01+5.44° 73.34+1.29° 121.96+8.43"
Na(mg/kg) 23.69+1.29° 37.27+1.25° 38.60+3.11° 73.09+9.07*
B(mg/kg) 12.53+0.05™ 17.3120.38" 11.55+0.32° 14.7240.51°
Fe(mg/kg) 5.14+0.46® 7.69+0.61° 3.93+0.14° 6.64+0.23"
Zn(mg/kg) 4.27+0.19* 3.54+0.03" 4.10£0.24° 4.25+0.15"
Al(mg/kg) 2.27+0.25 2.51£0.59° 1.65+0.16° 2.88+0.12°
Mn(mg/kg) 1.6240.04® 1.85+0.04° 1.45+0.04° 1.74+0.04°
Cu(mg/kg) 1.26£0.01° 0.75+0.05" 1.15+0.06° 1.07+0.03"
Mo(pg/ke) 66.35+1.16™ 28.67+5.40° 115.12427.11° 52.46+7.94%
Se(pg/kg) 34.88+1.90° 41.52+0.55° 35.58+3.11° 29.50+2.66°
Cr(pg/kg) 17.45+3.51° 38.26+1.77% 23.18+3.62° 72.07+10.86"
Cd(pg/ke) 22.3941.53¢ 48.45+2.17° 39.95+1.25® 31.80+2.52™
As(pg/ke) 8.43+0.20° 9.66+0.21° 8.14+1.67° 13.65+1.16
Pb(pg/kg) 5.17+1.30° 14.5442.22° 11.204+2.25° 6.93+0.99°

TE: el & B P AR 22" O FOR, A RVNG FREROROR IR Hu AR R G R 1 235 22 57 (P<0.05) .
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22 ZMNEEEEXHIRE PCA 547 3] L
XN EE 6°CL 6N, K. Mg. Na. B, Fe. Mn, 21 B o o FTHER

Cu. Mo. Cr. Cd YE4T PCA 43W7. W 4 s, 3T = o o 4 ‘_' ‘

FRAEAE>1 JE DAY RT 5 A~ 355 07 22 BTk R 50 51k = v

36.88%. 16.51%. 11.06%. 10.38%. 9.54%, i J7 2% 21 \ . . )

TR 84.36%, HITT 5 A4~ 2 05 D 7 B2 0 f B T M )

84.36% MY E S, (UK R 4 A8 B 84.36% MYfF . o -5

FIH PCA B A o N 15350 4F X Rl Y fiigs
HAF5-E, B 1a s, 22N E G450 4 28, Hrp g
TP AR TP RS — AT I IE SRR, VU R bl frdl
HRTEES — a0 TSR IR, )RR S (] R S AR,
RISICRAR T HE 3 A7 X BEFERT- F2r A
T2 2 i Ak s L I8 10 R, 58—l KL Mg,
B. Fe. Mn. Cu. Mo. Cd #fmi{H4 5, 55 5 5s°C.
8N, Cd. K. Mg, Cu #m{HI &, 6°C. Cu. Mo
5 — A 1 3E (P<0.05) IEAH L, 0N, K., Mg,
Na, B, Fe. Mn, Cr., Cd 55—l 3% (P<0.05)
TAARDG; G521 3R W, M A G e R R A JBioe R
Y Hy = il 48 bR il 47, 6°CL 6N K| Mg, Na,
B. Fe. Mn. Cu, Mo, Cr, Cd Z5F E {2l PCA 43
e ¥

F4 ZMNABRERCLR AT FOTR & Lok

Table 4 Principal component analysis of stable isotope and

mineral element contents of Lanzhou lily

F RSy
1 2 3 4 5
3C(%o) 0.11 -0.56 0.01 0.23 -0.32
55N (%) -0.12  -053 0.05 -0.24 0.30
K(mg/kg) -039  -024  —030 0.21 0.02
Mg(mg/kg) -040  -024  —0.17 0.25 -0.03
Na(mg/kg) -0.09 0.07 0.73 0.19 -0.38
B(mg/kg) -0.39 0.10 -0.15  -026  —0.06
Fe(mg/kg) -031  —0.01 0.04 041  —0.02
Mn(mg/kg) -027  -0.01 0.37 ~0.49 0.12
Cu(mg/kg) 0.34 -029  -0.11  -036  —0.17
Mo(pg/kg) 0.31 0.15 -034  —031 -0.28
Cr(pg/kg) -0.18  -0.10  -0.08 -0.18  —0.71
Cd(pg/kg) -0.29 0.39 -0.24 0.10 -0.18

T 22Tk (%) 36.88 16.51 11.06 10.38 9.54
BT DTk (%) 36.88 53.38 64.44 74.82 84.36

23 FEXZMNEAFHEIER OPLS-DA FIRI534r
MHERR TR R, #E—20 F LN EH G X
A 25 5 R AR, 1T OPLS-DA HIHI504T, LA
6C. 6”N. K., Mg, Na, B, Fe, Mn, Cu, Mo, Cr.
Cd M Ar i, A4 BRI RS 8 ] &, Horh R°X=0.63,
R?Y=0.80, Q°=0.59, >0.5, OPLS-DA Hij PH >4
KFAFE LA 2a, 20 E AREARSS AR h—25, B
WX AR 4 28, RS Tl AR B4 S, R 4 A F 77X
22N H A 7 OPLS-DA £ ip 43 2880 14541, VIP
(B ULIE 2b, LA VIP>1 bR, 158 5 22 588,

0.4 oCd

o1 B e oMo

Fe® *Mn
°

Cr
Mg
—-03 gk oCu
*02 ®15N
20.5 04 03 02 0.1
p[1]
K1 PCA FIPIA F L 74543 (a) R € (b)
Fig.1 Score plot (a) and load plot (b) of PCA along the two
principal components axes
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Fig.2 Score plot (a) and VIP plot (b) of OPLS-DA along the
two principal components axes

Bl Na, 6'°N. Cr. Cd. 6”°C. #¥iB{ Na, 6”°N, Cr. Cd.
SVC X X AF AR X H G I DTRRER R, X A4 di A 744
B RSP E RN 22 N B A p = s ) B B L, Xt
Z B GREASBEA T N ERGIE, SR LT3 LA IERT R
— A BGUEXS HBGIE WL 5, WIRPEGIE YA T 4 4
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Ty XA IERZRI N 100%, Ui OPLS-DA Fi%
WA E S =R )

5 OPLS-DA XN & 4 477 X7 1
WU S e 5]
Table 5 Verification and discriminant of OPLS-DA for
geographical origin traceability of the four main
producing areas of Lanzhou lily

ToUIZH A b

UEITIE FHin PEE chal e BOE IERE(%)
MO B
WM 5 0 0 0 5 100
PEREE o 5 0 0 5 100
LI LEuE PEE o0 o0 3 0 3 100
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