U ALY ST Modern Food Science and Technology 2015, \Vol.31, No.2

ETHEt Rz othRsEEER~ i

7, ML, IEF, B, IERES, RER
(1. FERLKFESAFEERIAZFRE, % 100083) (2. REFELRFRLIRETAMFFR, HEH
Z 710062 ) (3. F BR AAIALF HR R, b 100083) (4. BREEAEFMR LI ERERLT O, SHiE
46 134001)

E: AP A LU ELR LA T R 5B R PV A 6T, KA b 84865 8 Tk (indudively coupled
plasma-mass spectrometry, ICP-MS) MZ T ZAVR 3 228 ANF] 208 T4 15 F M £ K 48, HaT8aBit a2 o4, & 20
Fa R\ 5H, B EER S L AESF B EME (p<001), REVRZHEALESEH EF (p<0.001), WIRF FHEFHLA
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Abstract: In this study, in order to exp lore the feasibility of using rare earth element fingerprinting to identify wine of origins, inductively
coupled plasma-mass spectrometry (ICP-MS) was employed to measure the contents of 15 rare earth elements in 228 wine samples fromthree
origins. The data were analyzed by correlation analysis, analysis of variance (ANOVA), and discriminant analysis. The wine of origin was
significantly correlated with the rare earth element contents (p < 0.01), while the rare earth element contents were significantly different for the
three origins (p < 0.001). The highest rare earth element content wes found in the wines from Tonghua, followed by wines from the eastem foot
of the Helan Mountains, and the lowest was found in the wines from Shacheng. The cross-validated accuracy rates of the wines from Shacheng,
the eastern foot of the Helan Mountains, and Tonghua, using Fisher linear discriminant analysis (FLD), were 92.98%, 98.25%, and 100.00%,
respectively, while the accuracy rates by extemal validation were 84.21%, 89.47%, and 100.00%, respectively. The discrimination capacity of
partial least squares discriminant analysis (PLS-DA) was slightly lower; the cross-validated accuracy rates of the three wine origins were 82.46%,
98.25%, and 91.23%, respectively, while the accuracy rates by external validation were 73.68%, 84.21%, and 100.00%, respectively. Therefore,
it is possible to identify wine of origins by rare earth element fingerprinting and multivariate statistical analysis.

Key words: wine; rare earth elements; inductively coup led plasma-mass spectrometry; place of origin; discriminant analysis
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Agilent 7500a FEBHE & S5 5 TR IS, £,
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Table 1 Grape varieties, vintages, and number of wines from
different origins
JRJEH B Fi ¥F
AEIR ER. B,
SC stk BEL. B 2008~2012 76
HLS A QL AR 2008~2012 76
M. Ak

FEIR PR
AL, NE—F

TH 2008~2012 76

vE: SC-W%; HLSHT2.0); TH-@4k.,

WHFRVETR: 1000 pg/mL Rh JEA FRAEERIET
E - ER i 7, F 1% HNO; #4881 pg/mL, H
WHREEL SIS Bk #EH: Liv Co. Y.
Ce. TI, XN 10 ng/mL, ZE[EH, Agilent A#]; ¥
HNO;, 65%, fZk4l, fE[E, Merck AF]; 4B, i
Rk, fEE, Merck An]; H4iK, 18.2MQ.

S5 AR BB ERAN S S SRV SR O i 55 3
FH 20% HNOg 1231, 7 B 4K it T+, LT
Ja A A

1.3 ICP-MS T 141

FH TR R VRO, &4 E S IRIbg,
TAESHL, W2 ICP-MS f FHIY RERE. Ebd. M
HALff S5 25 IR A o PSS I EARSEn R ST 2.
1340 W; AHS 33 : 15 L/min; 2 <A0#: 1.22 L/min;
MEARE: 1.1 Umin; ZALERE: 22401 °C; Kb
HEFIARUHE: Nis SRFEAREE: 9mm; SEb): <0.5%;
XA : <3%.

14 FE&ME

T 1% HNOs ¥, Hh 4 BEE &N 6%,
CINYR S 0z =0y = e ekt SIE S U 7

PR IZR 2 FH 2 RO s IR AbR itk
e OB iR BN 5. 104 20, 50, 100. 200. 500
1000 ng/L FIVR AR IE L 76 1ICP-MS F TAE &4,
KT AR HER RS, RIS E W LT
FIEEERE, A G PREEORE XA, B
5 H AL bR E 26
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T PLS, FXtE—MERIR T MR E, @
A B A R R AR A, R 42 T
(B T REHIM, AR TR, XERE R P sy 2

e Y, S RIE SC HLS. THHIAHMZ H1E N 1.
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RO R INE AT
2 TEFMHAEEFHRLITREE (ng/L) NERMSH. S MAE M ST U 775G IR
Table 2 Analysis of variance (F), correlation (1)), andlimits of detection (LOD) of the rare earth element contents (ng/L)in wines from different

origins
R 3
’jé sC HLS TH F n LOD
n=76 n=76 n=76
Y 163.23488.76°  515.234400.19°  1067.3145409% 102,79 0.69” 1.16
La 80.21478.18° 459.24497.87° 899.774521.53° 72.93" 0637 469
Ce  146.32#116.26° 651.13#672.55°  1469.68283235  87.77"" 0.66"  1.66
Pr 18.76+16.37° 78.69483.71° 210.39:+124,63? 96.06™  0.66 ~ 0.65
Nd 97.54472.98°  436.384458.02°  874.684525.29% 70497 0627 271
Sm 53.0618.64° 104.97498.37° 188.06+118.99° 43.73™ 0527  6.92
Eu 25.3647.24° 32.78417.45 48.83+23.61° 35.86™" 048" 281
Gd 45.37+18.96° 123.26+109.84°  190.11+123.58% 43.20™ 0537 11.48
Th 5.7632.82° 14.44+11.68" 25.36+13.95° 64.877"  0.60™  0.60
Dy 35.41+16.71° 88.49475,13° 140.62475.74 5411™ 0577 243
Ho 9.9443.77° 20.72+14.78" 38.14+18.12 82.25™ 0647 071
Er 36.04+16.2% 61.01242.04° 110.53453.15° 67.51™  0.60™ 3.35
m 7.5043.00° 11.6146.28° 17.4949.03 44.28™ 0537 051
Yb 56.99422.23° 73.24+39.56" 116.45459.94 38.10"" 0497  4.69
Lu 12.7644.37° 15.836.98" 22.78412.25 27.56™ 0437 093

E: LEF SR FHELTERE LT, 2 AR DB FEHEATRE FRINZAELEARELR
Z % (p<0.001), * (7 FH 5z 054 FREME (p<001).
% 3 BEETR I TR EH L ERIERES

Table 3Correlation analysis among the rare earth element contents in wines.
E iy
Gd

0.93"
0.91™
0.90™
0.92™
0.95™

(P<0.05); 3% Fm Bk

it

AE Y La
Y 1 0907 092"
La 090" 1 098" 097"
Ce 0927 098" 1 098"
Pr 093" 0977 098" 1
Nd 0.937 0.98™ 0.98™ 0.99
Sm 0.92™ 0937 093" 095"
Eu 0.84™ 0.84" 084" 087"
Gd 0.93™ 0917 090™ 0.927
Th 0.96™ 090™ 0917 093~
Dy 0977 0.90™ 0.90™ 0917
Ho 0.98™ 0.87™ 0.89™ 0.90™
Er 0977 084" 086~ 0.88"
Tm 0.89™ 0.74™ 075" 0.777
Yb 0.88" 0717 073" 075"

0.81™ 0.66~ 0.67"
Er YR EAEASTXAREM A (p<0.01).

Nd
0.93"
0.98™
0.98” 0.93”
0.99™ 0.95™
1 0977 089™
097" 1 0927 098"
0.89™ 092" 1 090" 089"
0.95™ 0.98™ 090 1 0977 098"
0.94™ 096 089" 097" 1 098" 0977
0.94™ 0.95™ 087" 098" 098" 1 097" 0957
091" 092 086 094 097" 097" 1 098" 093"
0.88” 0.90™ 0857 0917 095" 0957 098" 1 095" 0947
0777 0.82™ 079 085" 088" 088" 093" 095" 1 095"
0.74™ 0777 076 0797 0.84™ 085" 0917 094 095" 1

0.86™ 0.89™ 093"

Tb
0.96™
0.90™
0.91™
0.93"
0.94™
0.96"

Yb
0.88™
0.71"
0.73"
0.75™
0.74™
0.77"
0.76™
0.79"
0.84™
0.85™
0.91"

Ce Pr

0.93"

Eu
0.84™
0.84™
0.84™
0.87"

Ho
0.98™
0.87"
0.89”
0.90™
0.91™
0.92"
0.86™
0.94™

Er
0.97"
0.84™
0.86™
0.88™
0.88™
0.90”
0.85™
0.91"
0.95™

Tm
0.89"
0.74™
0.75™
0.77"
0.77"
0.82"
0.79"
0.85™
0.88"
0.88"

Lu
0.81™
0.64™
0.66™
0.67"
0.67™
0.71”
0.71"
0.74™
0.78"
0.79™
0.86™
0.89™
0.93"
0.96™

0.96™ 1

Sm
0.92"
0.93"

Dy
0.97”
0.90™
0.90”
0.91™
0.94™
0.95™
0.87"

*

Lu 0.64™ 0.677 0717 0717 0.74™ 078" 0.79"
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2.2 FLD it 4 4 i & 7= 3 898 7
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5 AR (Eus Thy Ery Tm. Lu). FERIZEST S,
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SANEHRE S A TASEIR ], B 22 L AR R A
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IRIEWRE AT BN B L, A /D E R 5 A 22 X,
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3 [e] b4 A, % A [
R O IR SC
4 N & {JI|Z4E LS
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® it sC
6 . R A WG HLS
L R = HEH TH
1 Il 1 1 1 Il 1 1 1 Il 1 ]
6 -5 4 3 -2 - 0 1 2 3 4 5
DF1
b oi6r o
0.14
012F  ¢Sm
0.10f *Yb
0.08 g o
&
o 006f +Ho
0.04 - .
La
0.02+
0 + Dy *Y
0.00 -
002 *Gd
-0.04 1 I I I 1 I
00 0.20 0.25 0.30 0.35 0.40 045
DF1
& 1 (o) SEFERTFDELBLH FIoR 2H0 1557 Bl B yIoE
1 (a) BTN EV BRI S BLR B /LR

B AL R 31 oR B HeT R A E
Fig.1 (@) Score plot of the first two canonical discriminant functions
(DF1 and DR2) of wine samples from different origins (b) Loading
plot of the first two canonical discriminant functions (DFL andDF2)

of rare earth elementsin wine samples from different origins

i oG AE DFL A DF2 _E ¥k 7345 (B 1b)
PR, DFLErbfiRs TR Y. La. Ce HUMER, 10
DF2 f\nf A& Pr I E AR EE , HfbtER 5 DFL
M DF2 FIR =SS . BIFET Y. La. Ce. Pr U
Wit ook, ATRAREX b, P2 Z_ g, =
AP RE, XS TR S B ER M SRS
TR BN —E.

LR WERAEXBIE, F b Rk 4 Pk,
BEAR AR IERI A 96.49%. IIFEA T E 3 /M
BB I AE T, 1 AN DS e A
7 i H TR 3R 92.98%: B IFEARTAT 1AM,
F g A L &R, A TR 2 0 98.25%; Ak,
FEA IO A HFIRE ey 7 HOHD)) BN 100%.
Fisher 1 i 155784 [ 30X 2R RISt D 7 13 1)
(B 1R 4), BMHIRIETY 91.23%. WWilA 3 4
BEACHEH], H5) 2R 84.21%:; ¥ 2L AREEA 2 MER
B, HIIEDY 89.47%: JHALHAIRIZE Y 100%. L)
R, AL VOIRIGEE VUN ZR A, Bl 3R i
T R AR RO SR B AR U A )
4 BEEE U LD SR
Table 4 FLD dassification results of wines from different origins

FI & 3

it
SC HLS TH

sc 53 3 1 57

XX it# HLS 0 56 1 57

BiE TH 0 0 57 57
EIEIEA S 9298 9825 100.00  96.49

sc 16 2 1 19

shEr . HLS 0 17 2 19

BiE TH 0 0 19 19
EHEYY: 8421 8947 100.00 91.23

2.3 PLS-DA 33 xt & 47 8 & 7= o ] 7 2 A

FIFHIIZREEH 171 NEFERI R e SR o i
FEHh PLS-DA B IEREAL,  FExt 57 AMNASEAE AEAT
A BT 28 W EGAIE PRESS i e AR EL T 74 £
FGrs 0 AR ) R ARTT Z0TEREE N 99.17%, XA AR
15 B LEE RN 87.47%, BMAE T KEZ 5 E
B EMAEREEL . FETFEAR = R EE
B (E2), ZA=HE HE RIS, FHHFE
WEIERX 43, B2 LR R e B, S
P IAE 2ESCING

PLS-DA # RS o0 Hrst Fan i 3 figk 5 Ao,
2 XEAIE r A4 0.92, RMSEC A4 0.30, #ARHHIFE N
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90.64%, AR AL EPEELT s AAIIEAE SR IE r 4 0.88,
RMSEP 4 0.35, JI5% A 87.93%, A4 AN 22
AR S TSR BRI, A2 SIS UEF R 2R
82.46%, AMISUEHIHZAL R 73.68%, FEATMIE 25
R EER, PRI 22, PN T 5022 LR 7
I AT RE = I, P SR A0 E 1 1)
HRIRT 80%, HI AL ELAE,

o i sC
s JlIZR4E HLS
o il TH
o A sC
& AR HLS
= A TH

2 EHRI=ANER ISR E
Fig.2 Score plot of the first three principle components (PC1, PC2,
and PC3) of wine samples from diffe rent regions

20 Slope C RMSE
086348 09204 030111
151 07774 08800 034z64
1.0+
: H
B 0S5 :
o |
=]
0.0 -
& ] |
-05F g . v
LRI
10 A
_].5 ; | |
_1 0 1
Measured Y

3 PLS-DA RIERBEIA SR TEMTINESSEE
Fig.3 Predicted vs. measured values of categorical variables for
calibrationsamples using PLS-DA
7 5 AEEE# PLS-DA HTLER
Table 5 PLS-DAdassification results of wines from different

origins

FI B " He
SC HLS TH
sc 47 10 0 57
XX 4 HLS 1 56 0 57

it

iE TH 0 5 52 57
FIRIESY) 8246 9825 91.23 90.64

sC 14 5 0 19

ShEE i HLS 2 16 119
iE TH 0 0o 19 19
EIETETS 7368 84.21 100.00 87.93
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3 g

3.1 WL WEIRRE. EHEEN TR TR R
FAERCRZE S, 29 FLD, = /N5 = HlgHe: B 5 X 4 FF
K, Y. La. Ce. P Joz ol st 7R 71 ok i
ITTRR B R . AR AT G IEH) 7)) % 04 96.49%, A1 5
E 5 30 91.23%, XA JE 7l R ) A K T
80%, i R FI B HTHIER o [FIIE, AT T REA &
BUOR, BA—ERARNME, il R bR 1A A e
AZSCIGAUESL, IR AR KIFEAR AT T SNSRI, B
T S AR A s R AR TSI B e e 1
AN PLS- DAY RE SRS, X
B L AR FEERTE A A O ) i A2 P ) g BT EESK
TS YIRS NS SSIE AR A3 A7 3.68%,  IERR AR,
7o S DN R

3.2 I B k=70 2R AR SU oM HEAT A6 461 T (17 b 9]
U, BAG RIS A2, RUREER RN, H
FRERZPINNE TR T, SRR, =%
el B AR A Th A e R A SR, AT A
i BN, BT REAR BECR, HEMUEESR
B, T DAH S et 47 (0 A i A, AR T
S PR

[1] GB/T 19265-2008 shHbx &7 VDI % 7 [S]
GB/T 19265-2008, Product of geographical indication-
shacheng wine [S]

[2] GB/T 19504-2008, Hb¥iiz 7= b BE == 1l 7 7 8 2510 [S]
GB/T 19504-2008, Product of geographical indication-
wine in helan mountain east region [S]

[3] GB/T 20820-2007, HuFHbRE ™ S i@ Ak L1178 % 8 [S]
GB/T 20820-2007, Product of geographical indication-
tonghua amur-wine [S]
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