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plasma source mass spectrometer, ICP-MS)Mll & 7S 16 Fff Lo K & i, FFROARFHLXIHE 1 on s & &
SATOHTIAR . R 16 PR o0 R B REAE 560.0~1560.0 ng/kg Z A, AKX AL Y, La, Ce.
Pr. Eu, Dy. Ho. Er. Tm. Yb, Lu il Th ZJCR/EWITTA PRI HLIX 22 574K (P<0.05). A5ihsh Z 50 100
RS ME BRI S B TR A S ASHRIR I C R o @k B AT IR W, WA AN (] b DX 25 R R i
BN 76.9%~96.4%, 38 LI UEHIFIIEHHA 72.4%~96.4% &5 ZRih P Lo R B, RTH LR
G546 FI3 3BT RE R A S WA [R] X 0 7 SR U . ASBFRE T N — e R I sl i Lo R G &
FZEFNE ™ b 550 A 25 ke, SRy LA AR A TR 7 1 5 IR 4R A5 5

KR A BB S SFRE AR W OT R T MR ST

Identification of camellia oil producing area in Zhejiang province based on
the rare earth elements content

DING Ming*, LIU Li-Ping, MENG Jin-Liu, WANG Kai-Lian

(Research Institute of Subtropical Forestry, Chinese Academy of Forestry Sciences, Fuyang 311400, China)

ABSTRACT: Objective To determine the content of 16 kinds of rare earth elements in 121 camellia oil samples
from Shaoxing, Lishui, Jinhua, Wenzhou, Hangzhou and Quzhou in Zhejiang province, and identify the country of
origin of camellia by establishing the discriminant model. Methods The content of Ce, Dy, Er, Eu, Gd, Ho, La, Lu,
Nd, Pr, Sc, Sm, Tb, Tm, Y, Yb was determined and analyzed by inductively coupled plasma mass spectrometry
(ICP-MS). The content of rare earth elements in Camellia oleifera in different areas was compared. Results The
total content of 16 rare earth elements ranged from 560.0-1560.0 ng/kg. The content of Y, La, Ce, Pr, Eu, Dy, Ho, Er,
Tm, Yb, Lu and Th of camellia oil samples from different regions had significant differences (P<0.05). The
information of rare earth elements in camellia oil could reflect the relationship between element distribution and
camellia oil source. The linear discriminant analysis showed that the correct classification rates of the camellia oil
samples from different regions were 76.9%-96.4%, and the cross validation accuracy of discrimination were
72.4%-96.4%. Conclusion It can be found that the content of rare earth elements in tea oil is in relatively low level.

Combined discriminant analysis based on rare earth elements can effectively identify the tea oil sources in different
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areas of Zhejiang. To some extent, this study can fill the gap in the study of rare earth element content in camellia oil

and the identification of camellia oil origin, and also provide reference for the identification of other woody oil

origin.

KEY WORDS: camellia oil; inductively coupled plasma mass spectrometry; rare earth elements; geographical

origin; linear discriminant analysis
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2% (Camellia oleifera Abel), 23 E 454 A
TRV RN, 550 AR A AR IR BR S 3 [ DU R AR ARt
FtN . BEE KA TE KR S AR R, T e
DAZS I A QR A0 (B O AR il ) 75 SR B R, i
BIATT L BRI HE T BT R SR S FIXEAR LB . (H
B, METWITLAE WA S R AR TR 2y, Bivb B KR
PRI AR R, 72 T e = R AR R, BT
RIEEAERMMIX, RAZIAF” KIFMEEA S RES,
FT 38 AN [) DX 3R €00 i R T 2 VR A RSk 7 255 3 7 e 41 331 1)
HR, XHEHEHTLAA WA P R R B T EHE
AR X

W R, A [R] H 38k R A FE S rh 2006 o0 R 4l
B 22 SR B i 22 ST L R TR ) S R I A,
It HA LT RBBUP T BORBAF e 40 iiAc
G 3R e i O, 5 2R G 4 A as
H R 7 A B e sk ik 2 —U B, A
KA [R) 57 b 2% 7 45 T A E 9 22 4 R 2R B X A5 Th A HLAR
SRR AT O e = A HR R R AT

ASCUWITE RS WK, &5, W/ Br A
M6 A FT XA 121 (3 A AL SO IR SRR, 38 2 2%
w16 FPAE TR O, 45 G KR T 2 50 (one-way
analysis of variance, ANOVA) . £k ¥ #] 51 4 # (linear
discriminant analysis, LDA)S§ 7k, a7 FIRIREL, X459
R S AT, DA A il % Al AR A DR R B
Hu ST RS AR

2 MRSERE
21 HEXE

121 BT EE SR B T LA A% K., &%,
TN BT AN 6 NHBIX, SREERT A 2015, 2016 419
9~10 Ay, HEARFEEEIAE 1. FERRER, MFEEE
KRS, BEMER LRSS, THEEARE T, ok
fb 1.5 kg ¥Fo BEREMMAFE AR R T, F 10k
Sel, RFEMEEAR RIS
22 (UEREFREYIR

Milli-Q FI4li7k{ (3£ E Millipore 2], SLHG KA
Milli-Q £l K A 77 A iy 8 4 /K ; Multifuge X1R 5 28BS AL
(Z5[E Thermo 2 7)); Agilent 7900 Fi JEHE 555 B AR T % (L
(inductively coupled plasma mass spectrometry, ICP-MS)(3&
[# Agilent A F])o

MR (60 Z W& JE LRI ng/L ZJl, INER Fisher
o), AR Rt 2R AR A R A ),
10 mg/L #i L ICRARUERE AW (Ce . Dy, Er. Eu, Gd. Ho,
La,Lu,Nd,Pr,Sc.Sm,Tb, Tm. Y. Yb)(ZE[H PerkinElmer
~dl); 1 pug/L (Li. Be, Mg, Fe, In, Ce. Pb. U)ffj&i
WK (3£ 1# PerkinElmer 23 ).

23 MEHE
231 HmwaE

HERIFRE 5 gCREBIE] 0.0001 g)ZSFE S F] 50 mL Y 2R
NI, SRIGIA 10 mL 10% HNOs(V:V)IE# . FE
SRYATBOE 1 TR TR TR A AR E 2500 r/min 19 451F FAREL 15 min
J&, FPEATES0:(8000 r/min, 5 min, 20 °C), fHZEIMAEL S5

F1 FaEME~HBERER

Table 1 Detail region information of camellia oil samples

HiLIX. LA T Bt
% E120°20'52"~E121°04'20"; N28°48'38"~N29°34'38" 16
7K E118°58'32"~E120°38'19"; N27°53'44"~N28°52'48" 24
s E119°3226"~E120°40'59"; N28°35'11"~N29°08'39" 29
M E119°46'35"~E120°06'04"; N27°32'38"~N27°50'41" 11
B E118°58'53"~E119°32"21"; N28°1720"~N29°50'31" 13

N E118°48'45"~E118°52'45"; N28°44'30"~N29°04'15" 28
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HNO, i A B, IR/ IR LM U2 ), 4
ASRESD R FIRE 5 IR0 T 3 IRE &, DAARAHAR HE DR 22,
25 PV IR Tl 28 SR PR TRIRE DA b i 1) ik
232 MEF %

T A T L O T R DR R AL S 0 R
i % AL ) T B CeO/Ce<1%, X HL fif b & ¥ B &
Cet++/Cet+<3%, {NFRILEFHEMSENE 2. WE Eu B, T
% BaO T ™ &, SR IE )y R R AT A o
151Eu = [151]-[(Ba(135)0)/Ba(135)]x[135] . = v |
[(Ba(135)0)/Ba(135) M ALY EL, [151]. [135143 3 Akt
B 151 F1 135 AhRBTIE RS S om B . RSN LR T
SERAT, FH 2% AN IRV I HIR A R A, b Ce.
Dy. Er. Eu. Gd. Ho. La, Lu. Nd. Pr. Sc. Sm. Tb,
Tm. Y. Yb JGEWEHE K 0.020, 0.050, 0.100, 0.500,
2.00, 10.00 pg/L. ¥E#E "°Ir F1 '°Rh JNFRICE, H4EN
PRIGE (G S MRS B o X R i A TS IE . AR
I B 356 ) A JoR e 5 T R AR TRD, R D R R R LAY
TLEFREHHA RS MR, FEEHTHRFRERIE, £
ARG ) e B 38 I e SR e B G 3R, R R AR SR AT
AP

F2 ICP-MS {{FEITEH
Table 2 Operation parameters of ICP-MS

EEE = BHEE
LTRSS 1550 W
HBURT HL 1.80V
FFETRE 10.0 mm
A 1.02 L/min
%8N 5 0.1 r/sec
FAbE IR E 2°C
PRI 5 -195V
omega i % HL & 80V
B HLE 8.6V
He Jite 5.0 mL/min
INHATF 200 V
AE R 50V
3¢, ¥y, PLa, °Ce, '*'Pr, Nd,
) v 3 e 4 WSm, 'Bu, 'Gd, '“Tb, '*Dy,
15Ho, 'SEr, 'Tm, '?Yb, and '*Lu
KIEAK STEu: -0.000850%'**Ba
24 BURSH

K F Excel 2010 F1 SPSS 19.0 Zk 4wt 2 A s #% o0
KEEIAT Zon85 a0, b TEWAh A kIR, RA

SPSS18.0 F A Xt i 56 B4 047 5 R R Jy 22 43 M RN i )
HHT

3 HZRED

30 FAEMMRFZHERSTHITRSENH

K ICP-MS X2k A FHiiLa g%, ik, &4,
VRN BN FNAE M 6 A HE XY 121 By 2t kAT g, 78
F 16 M L0 E R A, WK 3 R, A TR R I
WEE R T R AR 2R, B S M IS OC 1 T R TR AT,
YA HLX W 16 FhonE &Rl T THRE R T 2000
(F 3), 458 KW Y. La, Ce. Pr. Eu, Dy. Ho, Er, Tm,
Yb. Lu F1 Th &I & & AEA [ M XA ) A 3 22
5(P<0.05), 1 Nd, Sm. Gd il Tb JTE & BN EHLIX AS
TR ) 22 R B B2 (P<0.05) . 2% 5 & B IX 2Kl La
Ml Ce it i 315 T H MK W 7K AR 45 Hb IX AE i aE
m Lu SRS T HAMMX, &8 IEmP AN La
1 Ce & i, Pr &bt s TR X RN 200 Y
Eu. Dy. Er. Tm. Yb. Lu %J0% & & 5 H A X A L3
=5 MENZS T Th & & 2 & Tt IX . i 3R 3 BT
AL 16 MR HICEF Y. La Ml Ce LENTHILE, 45
S IX AL T La Il Ce MRS RE S . MEtooE
BERAE, ANFEH XIS PR LR BT, 4%
(1557.7 ng/kg) > 4 1E(1404.27 ng/kg) > iHHM (1061.55 ng/kg)
> [ 7K (836.23 ng/kg) > B (770.89 ng/kg) > M (560.11
ng/kg). AT WL, “R[RIHL X 259 h 20 R A5 & HA HAA
H BRI .

R Eon R SR, 16 M or R B SR
560.0~1560.0 ng/kg Z [, MY BHETHH LooR & EK
WK, HAH WA TR o0 A T EMUKE)
GB 2762-2017( B E 2 EZndE & his YR a )
IR TR LA b PR - R RO AT RIA Y H AR
TIEE NS E R FE A SR AL E, E AT
FE A LT R AR A TS Z 18 .

WX 121 Y25 AE S 16 B LT R M TN &R
Jr s, ARBIRREIMXASMAE T Y, La, Ce. Pr. Eu,
Dy. Ho. Er. Tm. Yb. Lu fl Th S0 & EH T N A
1 [X 22 57458 K (P<0.05), 1 Nd. Sm, Gd fil Tb JLE 5 BAE
WA P9 [R) b DX S TR ) 22 S R IR, 45 b DX S i
FE G EAA BRI —E R, B 16 FifE+onHE
LY, La fl Ce JGENE, ULHAZRIH I 0K LAEH
N E, HEEMAOH + 0 AR Ko A AR
Hu, E S35 A o R &R R AR,
BEXE AR ST P A oo R A M - g TR
TR BT, ERXEM I RA, S+
B R 5 A A s A B0 2 R AT il R A AR L O
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Table 3 Sixteen kinds of rare earth elements concentration in camellia oil of different areas (ng/kg) (n=121)

JLE EAPS 7K s M IR gl
Y 60.77+16.54° 178.43+229.17* 92.73£63.20™  264.66+168.24"  205.62£154.4®  113.09+151.03"°
La 202.17+49.79° 139.35£91.27% 192.51£129.72°  137.81£86.96™  135.22+70.89™ 83.68+40.68"
Ce 1098.64+379.80° 270.63+116.30° 889.19+728.17°  340.24+230.97°  200.54+84.42° 186.29+86.45"
Pr 27.11+£7.87* 19.04+11.15 28.97+20.27° 21.71£13.32" 17.89+8.83% 15.21+8.05°
Nd 84.30 +£23.71° 63.00 £ 36.74° 97.80 +£69.81° 81.00+47.56° 59.32+27.17° 60.82+32.24°
Sm 12.96+5.04° 12.108.20° 16.52+11.61° 13.58+8.30° 12.09:6.74° 12.12+9.40°
Eu 8.66+3.74° 28.99+28.06" 11.05£9.14% 39.07+£31.14° 29.04+25.98" 5.98+5.67°
Gd 24.51+8.90° 16.49+11.41° 23.66+16.03° 20.89+12.87° 14.9749.19° 14.76+10.49"
Tb 1.99+1.01° 2.3542.20° 2.3342.75 3.70+2.17 2.30+1.49° 2224213
Dy 7.44+3.10° 17.01+18.89% 12.79+10.8% 26.24+16.65° 16.58+12.66" 14.03£15.72%
Ho 1.60+0.94° 4.75+5.95" 3.03+3.19% 7.23+4.60° 4.62+3.22" 3.11£3.69%
Er 14.96+5.35% 21.13+26.97" 10.99+6.63° 28.37+18.86" 17.93+£14.21% 12.01£16.32%
Tm 0.53+0.74° 4.28+6.81" 1.32+2.04" 5.71+4.01° 4.24+3 49" 2.31+3.52%°
Yb 5.17+1.59° 40.60+68.79" 10.34+6.53% 56.77+44.25° 37.5+31.53% 17.72+32.48%
Lu 0.34+0.70° 8.44+13.82° 1.54+2.19% 9.55+7.96° 6.31£5.77° 3.16£6.08%®
Th 6.55+7.28™ 9.64+4.58% 9.50+6.47% 5.02+4.29° 6.72+2.12" 13.6+4.61°

Ve R R AT EURFR A W 7 B3R R IR R 8 TS ] M X 2 A A 7 251 22 57 (P<0.05)

KL, EXTR4 SN La fil Ce STHEBEST
HAeHb X, WA S XA T Lo ST EBES
THAbHLIX, DL ASh T Th & 5 0 2 o i X
SRR T TR AR LR E, k4820 X A5 v e A 0,
FI 38 A [7) DI €5 0 R, 350K o A T V4 il 2 7 M B
— L REAA T ERENE .
3.2 AREIMXF W MEFIRI 54

MR ZE T 2 REY, 2o ENERE
REfE B ST A0 A S 2SR IR A 56 R, AZSH PG 1o
RN BN R SRR A AT SRR AT AT . PRt LR
P 5143 (linear discriminant analysis, LDA), #8501 F 16
FhTC 2 N AR ST ™ M AT SRR AE(E R 3
A R, Hrp S — A R EUR RS TR 46.9%, 5
IR RERRE T 26.0%, 5 =FI5IRERRET 15.1%, =4
FIB BB RE T 88.0%. FIFHITHLRIE A B A%, F7EH
BHHE, RN 16 R 1 5oR &I ARG
FRCY ), SEWT AR FHER M0 sR B A543 Ai T H 12
IR AP X, A4 RIEERZIX . Wi 1 s,
BV R 255 TR G 0 501 R BOAS A4 ) = RS T LUE

AN XS it 53 AT B — A2 R o SR K A
G HAN Y I BT, T AR AR S A X B, T
AL SRR BRI . 2% WK . e, IR BT
PHANTE I 6 A3t DX A1 31 At 20531

Y 4:=-88.0Y+22.5La-0.6Ce+291.8Pr-43.7Nd+165.1Sm-
21.0Eu+184.0Gd-2192.4Tb-437.3Dy+591.1Ho+1565.0Er-89
1.3Tm+45.9Yb-1005.4Lu+113.3Th-14.9

Y wi=-41.5Y+25.6La-3.1Ce+224.9Pr-49.9Nd+74.1Sm+
63.1Eu-48.4Gd-1907.9Tb+95.5Dy+31.5Ho+543.8Er-480.4T
m-82.1Yb+478.8Lu+365.7Th-6.5

Y 4#=-11.0Y+7.2La+0.5Ce+123.9Pr+27.0Nd+204.6Sm-
39.8Eu+72.4Gd-2167.2Tb-299.3Dy+1677.7Ho+365.7Er-165
7.0Tm+225.8Yb-1044.1Lu+187.6Th-7.9

Y wn=8.6Y-6.6La+6.2Ce-132.3Pr+139.3Nd-253.7Sm+
154.4Eu-618.0Gd+2196.1Tb-260.3Dy+2831.4H0+29.1Er-39
23.3Tm+631.2Yb-2261.9Lu+63.2Th-10.0

Y ##=76.1Y+14.3La-2.4Ce+17.6Pr+38.2Nd+103.3Sm-
2.1Eu-121.5Gd+64.7Tb-496.9Dy+479.6Ho-277.7Er-590.6 Tm
+320.3Yb-1545.2Lu+250.4Th-6.6

Y w#=30.7Y-11.2La-3.0Ce-348.4Pr+84.6Nd+265.6Sm-
82.9Eu+248.1Gd-627.7Tb-166.5Dy-1243.3Ho+138.7Er+112
0.0Tm+20.8Yb-665.8Lu+626.5Th-7.6
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Fig. 1 Scatter plots of camellia oil sample scores of discriminant
functions

% 4}y LDA H|FIESEINT 6 NARFIHIX 121 5 45Thee
ol B0 3 2SR A8 ORI SE R, A R AR B U 5 3R B —
WIGUE, B R EARREA R 1 ANREA YRR AR,
MR AREA A AT, XA B — AR B REAR
HOBSAE 1 RIGTEREA . AR 4 ZSIMAR S W IR 4 2 e SR mT
VI, A%, K. &4 M. BRI N A imae g
FI SN EHE 5K 87.5%. 83.3%. 93.1%. 90.9%. 76.9%
1 96.4%, Tl b IX A5 I RR i J 31 2 B v, (M) b X 5
FES B R AAR, BAGE R HRET] 89.3%; M#E 4 7]
PIBH, @2, k. 4. WM. BRI N A AR b
FI G ERR RS FIN 75.0% ., 66.7% ., 81.8%. 61.5%F 96.4%,
45 5Ty 2 B A P b DX TR St A1) SR B e, T M X
A5 THRE S H ) B A AR, R R A U UE B O B R
76.9% Rt A0 H X BAal B T3 + o0 Z e LT e
BN S —E R BRI, AT G R AN b X 5 4 s
AR, BT S A X 22 R, TR EUE
it 0 1) R B 1K

R4 TREIMEXFHEEFIA T KLER

Table 4 LDA classification results of camellia oil from different areas

TN 2H 51
il — - At
740 7K S N G| Tt
0% 14 2 16
7K 20 1 3 24
- &1 27 2 29
S If,“ﬁ N
WIR =2l 10 1 11
B 1 1 10 1 13
T 1 27 28
pIPHI B 87.5% 83.3% 93.1% 90.9% 76.9% 96.4% 89.3%
EZEpRA 12 4 16
7K 1 16 2 1 1 3 24
o &4 2 1 21 1 4 29
. N If,“ﬁ >
A& X BIE M 9 2 11
LAl 2 1 8 2 13
T M 1 27 28
F) 5% 75.0% 66.7% 72.4% 81.8% 61.5% 96.4% 76.9%

WL FIMFE S 16 RG0SR, [HRp
ZIMFES Y. La, Ce. Pr. Eu. Dy, Ho. Er, Tm. Yb,
Lu 1 Th &0 R AE WA WA R HLIX 25 550K (P<0.05), 1M
Nd. Sm. Gd Hl Tb JLE & AEWTTTLAA WA [FIHL X AR

mh 22 FORE R, X AR TR H R DL Y. La #l Ce
LR N F . SR T E AT ME SRR St TR i
SRR R, DA RE Lo N AR X A A R R
ZOEEA TR TR A, WA S R X A R A ) I
K N 76.9%~96.4%, & L By ik H| B OE 8 F Ny
72.4%~96.4% . AW A] h—E FEEE B IEANO S AR 1
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