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Trace of geographical origin of wine by principal component analysis
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ABSTRACT: Objective To trace the origin of wine in France and Shandong by principal component analysis.
Methods The content of 30 inorganic elements and some element isotopes in wine was determined by inductively
coupled plasma mass spectrometry (ICP-MS) and inductively coupled plasma emission spectrometry (ICP-OES), to
obtain the element composition information. Combined with the technology of principal component analysis (PCA),
the characteristic element variables of samples from different regions were analyzed to research the screening of the
characteristic elements. Results Two principal component factors were successfully filtered out using PCA method
to accurately distinguish wines from Shandong (in China) and Bordeaux (in France). Totally 14 groups of components
in wine from Shandong and Bordeaux were analyzed through PCA method, and °Li, 'Li, '°B, !B, Mg (280.270 nm), P
(213.618 nm) and Zn (213.857 nm) were found out to be the characteristic elements for determining the geographical
origin of wine. Conclusion This method is expected to be applied for wine origin traceability, which can provide
technology accumulation for the development and improvement of food origin traceability technology and anti fraud

supervision of relevant departments.

EEWHE: BHLAHTH (2018TDBOS)

Fund: Supported by Science and Technology Project (2018TDBO0S)

RS BN, W, RN, EROP 1RSI 5 /5% 4. E-mail: liangxuxia@162.com

*Corresponding author: LIANG Xu-Xia, Ph.D, Chief Technician, Guangdong Institute of Food Inspection, NO.1103, Zengcha Road, Baivun
District, Guangzhou 510410, China. E-mail: liangxuxia@162.com



5478 B dn 2 4 R R I A 4R

81

KEY WORDS: geographical origin; wine; principal component analysis; inorganic elements

1 531 &

LR R BRARAE AT H B ARG T Al 3ok 2ok A
AN [e] [ Gl A [l DX £, 30k % i 22 4 8 B R 1Y)
PR, S b VR R T A £ 2 A T I E A
U138 46 TG 0T AP M 572 0 2 1 bk, LA T R T S
Sto AT A UK 32 IO T AN ] 7 ) B S AR R A AU
FA, H TR S S B ARG IR Z AR
T 3 O 3 7 bR 2 A L X A A T R T 2
VIRIBUREE R 45 o B T 37 B0 26 58 Tt LA B et B AR 1 K
Jee, ASUATE A A T 1) €3 R AR L 8 T M 1 e 2 T
DR SR R 0 4 T ) 7 e A DR A, 7 R T e 1 5
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filf B (L K 2ti, b il 22 3 i 3 B B I 0y A PR Wl )
ICP-OES HZ LRI AIRMEE R (GEIRR 5%IHmR, X£E
NSI Lab Solutions /A #)); ICP-MS HZIC K IR SAREAR
(FEIATR 2~5% R +HM R EHR) . Sc ARiEIR . Bl bR
WY PR R R 2% R, 5[ AccuStandard /2 ]);
Lu ARifEFRI . Re PRI . Ge ARiEVR TR GEIR R 2% iR,
2% [# Inorganic Ventures /A #)); In bRUEE TR (Rh FRUAEA R (G
W 2% 1R, 1 5 64 8 KB AR il ) .
K ICR MBR UL R L L3R 1.
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Table 1 Concentration of standard solutions

ZF JLH W% /(ng/mL)
Mg 1000
K 5000
Na. Ca 3750
ICP-OES Jt
RN _\FF\J?‘L Cu., Mn 30
RIRGhRUEA I
Fe 125
Zn 75
P 2500
Al. As. B, Ba, Be, Ca.
Cd. Co, Cr., Cu, Fe, Li. 20
FRATRERR 0 00 ST S T Y an
Ag 5
K. P. Si 100
FITE AR TR Lu 1000
In 1000
Rh 1000
Sc 1000
bR IC 2R v
A, Bi 1000
paslid
Re 1000
Y 1000
Ge 1000
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22 ZEWHE
22,1 WAEFE

B 5.0 mL A S E T RO RS, BTy -
100 °CHn#k 30 min (AL, BUL AR EEREM
A7 mL SR, e BRI A4S 25 BRI sl Rl T
ORI AR 2. TR0 5 5 ¥ 0 i i B T
160 °Chn#Erie 2T, BUHEMEE A RRHNEER, 1
B2 50 mLBD #EHAE Y, 47l E KD
HEZWERMEMGRHEITGIFRR S MR, MEEFKER
2 25mL, [FmH&ERERE A,

®2 WORHBUEHIRER

Table 2 Temperature program of microwave digestion

F 4 ICP-MS iR IR RRE
Table 4 Concentration of standard curves for ICP-MS

JLFE He ¥ /(ng/mL)

Al, As, B, Ba, Be, Ca,
Cd. Co. Cr. Cu, Fe. Li.
Mg. Mn. Mo. Na. Ni, Pb,
Sb. Se. Sn, Sr. Tl. V. Zn

0.5.1.0,5.0,10.0,20.0, 50.0.
100.0, 200.0, 500.0, 1000.0

0.125, 0.25, 1.25, 2.5, 5.0,

Ag 12.5. 25. 50, 125. 250.0

2.5, 4.0, 20.0, 40.0, 80.0.
200.0, 400.0, 800.0, 4000.0

#*5 ICP-OES {{H/FBHEH
Table 5 Working parameters of ICP-OES method

instrument
BE I E/°C TRl 1] /min 5 5 8] /miin
130 7 2
165 4 0
180 7 15

222 % AFRAIAEYRBERE RA N ARG B
ICP- OES ZItRIEGIREMLIBR: H 2%HNO; 1%
ZICFE IR A PR EE OSBRI RS 2 T0 R IR A Ar i 2%
VL, A CRARE IR R L3R 3; ICP-MS ZIc KR
AFRHERMREW: ] 2% HNO; £ T 2R SRR RGE
KRR Z 0 R IR PR E R, & oc Ebnifk i<k
SR EE 2R 4. IRENREERW: F 2% HNO; BLHlR &
NARME I, H Ge Bi.Re JLEMHE K 0.10 pg/mL, Sc
JGE RN 1.0 pg/mL, Y JCE M E N 0.35 ug/mL, In,
Rh JTE MW E N 0.02 pg/mL,
223 PLBEH
BB SESAE, Wk S ME 6.

3 ICP-OES fRERMZIARIKE
Table 3 Concentration of standard curves for ICP-OES

JLE W /(ug/mL)

Mg 0.000, 0.500, 1.000, 2.000, 5.000, 10.000, 20.000
K 0.000.2.500.5.000.10.000. 25.000 50.000, 100.000
Na, Ca 0.000. 1.875, 3.750, 7.500. 18.750. 37.500. 75.000
Cu, Mn  0.000, 0.015. 0.030, 0.060, 0.150, 0.300. 0.600
Fe 0.000 . 0.0625. 0.125, 0.250, 0.625, 1.250, 2.500
Zn 0.000, 0.038, 0.075. 0.150, 0.375. 0.750. 1.500

P 0.000, 1.250, 2.500, 5.000, 12.500, 25.000, 50.000

SR S FAHAE 2
SRR /KW 1.2 12
S B TR & /(L/min) 12 12
AL R /(L/min) 0.7 0.7
8 B S /(L/min) 1 1
I [1] /s 5 5
WA = il !
WS B ¥ 8
LioA1UpIveE Fe. Zn. Cu, Mn K, Na, Ca, P, Mg

%6 ICP-MS {UFBHEMH
Table 6 Working parameters of ICP-MS method

B8 B
PR IW 1550
BT /(L /min) 15.0
F Al /(L /min) 1.07
O ft/(L /min) 090
ST /(mL/min) 5.0

ST B

FALERAEC

224 HsmE

(1) ICP-OES RAEH

FE R AR KR AR A5 TR AR ST a5k, RS A5k
FRREFSRER, Mok, EEEE MR
RBHK ., MBEHFRE, BhaERY. A, FEMIER
R AL TR, SMpRidE &, RAEBIEFF TR

(2) ICP-MS FAEHE

SCE A5 K BT PR VORI AR . BUL A L Ak
Y. O BEREEHERS, FEREG SRRE, % WUHE bRk
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SRR BRI, Sl 0 i, SRR A IS M AR T 2 WA
FHNRGE . REM . BRI, A5 0 5 o0
ESOPILE RN S Wil A SR o a7 W S W 8 7R I N
B A L BERA TR R E LA RGN, bRk &,
PRI PRI RS RoUE M, R BRI SR
225 %itFEoH

P BREE S A SPSS 22.0 B AEAT IR AT .

3 LRS00

3 2N FERARETFHARERNEE

Xt P AR M 9 AL IR [ /R 2577 e 10 ML
WA AT TN, BRSO A 2 A" DX A 4 T
g 30 FIEHLTER LR AR, Hoos & eSS
R T M 8. KAR— XA, F—IoRkEFEn

RT TENREHRZSEMEXRY

Table 7 Element standard curve equations and correlation coefficients

JLH ioRlpIR7S Tt T 2 5 EAE S0
SLi ICP-MS Y=1.1771E-005X+0.0000E+000 0.9998
Li ICP-MS Y=3.1015E-004X+0.0000E+000 0.9996
’Be ICP-MS Y=2.6053E-004X+0.0000E+000 0.9997
1B ICP-MS Y=1.3407E-005X+1.6896E-005 0.9987
"B ICP-MS Y=1.3407E-005%+1.6896E-005 0.9989
N ICP-MS Y=1.1440E-004X+ 0.0048 0.9985
2gj ICP-MS Y=3.0233E-004X+0.0043 0.9988
sy ICP-MS Y=0.0070X+5.3547E-005 0.9996
Cr ICP-MS Y=0.0100X%+0.0018 0.9998
¥Co ICP-MS Y=0.0299X+2.3483E-004 0.9996
ONi ICP-MS Y=0.0093X%+0.0012 0.9997
7n ICP-MS Y=0.0061X+0.0043 0.9988
As ICP-MS Y=0.0187X+1.7426E-004 0.9997
8Se ICP-MS Y=7.2643E-004X+1.5276E-004 0.9990
86Sr ICP-MS Y=0.0047X+7.1886E-004 0.9987
¥7Sr ICP-MS Y=0.0047X+7.1886E-004 0.9998
%Mo ICP-MS Y=0.0661X+8.5026E-004 0.9998
Ag ICP-MS Y=0.0717X+0.0830 0.9997
"cd ICP-MS Y=0.0467X+1.6173E-004 0.9998
2cd ICP-MS Y=0.1083X+1.8575E-004 0.9999
Bcd ICP-MS Y=0.0651X+0.0255 0.9997
cd ICP-MS Y=0.1924X+8.0679E-004 0.9999
""¥Sn ICP-MS Y=0.0436X+0.0021 0.9999
121Sh ICP-MS Y=0.0334X+7.4626E-004 0.9998
"""Ba ICP-MS Y=0.0028X+0.0108 0.9990
2051 ICP-MS Y =0.0232X+1.6039E-004 0.9998
206py ICP-MS Y=0.0071X+4.4417E-004 0.9998
207py, ICP-MS Y=0.0064X+3.7668E-004 0.9998
2%8pp ICP-MS Y =0.0153X+9.1788E-004 0.9998
Ca (317.933 nm) ICP-OES Y=14595.45409571X+4892.10319428 0.9999
Cu (324.754 nm) ICP-OES Y=54.72767207X +586.35563409 0.9997
Fe (259.940 nm) ICP-OES Y=22461.28389839X+392.23768825 0.9998
K (766.491 nm) ICP-OES Y=1812.08290037X-90.48179837 1.0000
Mg (280.270 nm) ICP-OES Y=42954.68605852X+6173.76776151 0.9997
Mn (259.372 nm) ICP-OES Y=164.42294294X+710.97141185 0.9998
Na (589.592 nm) ICP-OES Y=9441.52345764X+2875.31426064 0.9999
P (213.618 nm) ICP-OES Y=911.92937494X+79.18808157 1.0000
Zn (213.857 nm) ICP-OES Y=52390.10943381X+425.71201698 0.9999
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Table 8 Results of inorganic elements concentration in wine from 2 regions (n=3)

e R i melke)
LR ENIER R %

SLi ICP-MS 0.0294+0.0194 0.00191+0.00345
Li ICP-MS 0.0281%0.0176 0.003700.00258
’Be ICP-MS 0.000446+0.000422 0+0
B ICP-MS 4.59+4.02 3.00+0.82
"B ICP-MS 4.57+4.00 2.98+0.80
EUN| ICP-MS 0.909+0.301 0.177+0.146
%i ICP-MS 5.68+2.36 1.19+0.52
Y% ICP-MS 0.0205+0.0131 0.0761+0.0785
Cr ICP-MS 0.0297+0.0310 0.0163+0.0115
¥Co ICP-MS 0.00399+0.00171 0.00293+0.00066
ONi ICP-MS 0.0257+0.0217 0.0182+0.0057
7Zn ICP-MS 0.415+0.256 0.816+0.424
As ICP-MS 0.00421+0.00147 0.00436+0.00279
Se ICP-MS 0.000880+0.00112 0.00137+0.00150
863y ICP-MS 0.97240.530 0.279+0.126
873y ICP-MS 5.44+4.15 4.52+1.26
%Mo ICP-MS 0.00330+0.00155 0.00918+0.00819
Ag ICP-MS 0+0 0+0
"cd ICP-MS 0.000482+0.000294 0.000238+0.000122
"2cd ICP-MS 0.000753+0.000535 0.0004940.000177
"Bcd ICP-MS 0.000450:£0.000345 0.00068+0.00034
ed ICP-MS 0.000649+0.000436 0.000481+0.000158
"¥Sn ICP-MS 0.00960+0.0126 0.00280+0.00291
1215h ICP-MS 0.000306=0.000327 0.0000220+0.0000696
137Ba ICP-MS 0.113£0.086 0.130+0.103
2057 ICP-MS 0.000137+0.000073 0.0000690+0.000114
206p ICP-MS 0.0109+0.0025 0.0146+0.0120
207pp ICP-MS 0.0105+0.0024 0.0137+0.0113
2%8pp ICP-MS 0.0107+0.0024 0.0143+0.0119

Ca (317.933 nm) ICP-OES 82.5+22.8 64.248.8

Cu (324.754 nm) ICP-OES 0.0511£0.0456 0.314+0.484

Fe (259.940 nm) ICP-OES 3.68+2.36 2.83+1.35

K (766.491 nm) ICP-OES 863+517 1199+173

Mg (280.270 nm) ICP-OES 91.4+51.9 13129

Mn (259.372 nm) ICP-OES 1.89+0.68 1.50+0.47

Na (589.592 nm) ICP-OES 39.7+10.8 45.9+26.7

P (213.618 nm) ICP-OES 148+83 264+57

Zn (213.857 nm) ICP-OES 0.440+0.281 0.811+0.212

A0 6 5 B2 AR R ASEK, 3oX E 70 58 9 e R AE 5 A 2 1 DR A
KIRGEE VIR R, e R DX 4 2 11 ™ A AL 4 e S

fEbRATRENE

32 EROPHER

32.1 ERSBETFAEM. 7 ETaRESAT
ZH SPSS 22.0 % 19 HEW AW ICP-MS K&



5482 B dn 2 4 R R I A 4R

81

ICP-OES 3E#U ) A6 45 52647 32 A 4040 Mr 19 22 5 H: 43T
H AR B A S R BUE M . RS SCHE R . KMO K58
J7 A Battett BRIE BERG BT 04T, MRS H R4 i
FHOC R B = 14 A4 HEAT E R0, 198145 3
BATRFEE . D7 22 TTHCR R 9 DIFRIE(E > 1 bRk,
23] 4 A FE R, FHEE AN 5.226. 3.274, 1.726,
1.069, 752 TR HI N 37.327%., 23.385%. 12.328%.
7.637%, BFEUTZETTHRER A 80.676% > 80%. K IR FHX 4
A ERSE TP HE I 19 kw40 TRy, A8
B Aty b S B (A SRR B, 3RAAFE G 17 HUARAIE .

HRAE AR BT A3 REL(ER 10)AT LI S 1 F A
YFEALSY OLiL TLiL B B MARBAK, 5 2 R EL
4% Zn (213.857 nm). Mg (280.270 nm). P (213.618 nm)HJ %
B, FEHIRX LRSS X 2 AN HiL X 107 44 185 1077 H A1
EELEITS AR
322 ERSBTFEHHH

PLESARRET 2 A A4 0 E L AR (1~9 SREdh ) I
BEPIRZ(10 ~ 19 SHEG) AT, S92R WA 1,
Fodr 1~ 9 SR S [ L AR 77 H A A A5 T RE O, 10 ~ 19 %
FEG AL R 27 M A AR . R L W, R E
LLUZR 7 i, ) AR 2 T A B A RO AT AR 2R — 2 FR L 5 = e BR AN
SEDUGRR, v [ IR 22 7 Hi A A T R A TR PSR IR,
2 A7 bR AT A R R X Ay, RIS IZ 2 A F0r
DK~ 2 28 AT DA b X3 v ] L 7 R R 5 2K 22 77 b ) 7
T

R9 2R 9 HREEBENTREER S REER
Table 9 Principle component contribution of inorganic elements
concentration in wine from 2 regions

EWAET  FHEE TR BRI %
1 5.226 37.327 37.327
2 3.274 23.385 60.712
3 1.726 12.328 73.039
4 1.069 7.637 80.676
5 0.645 4.608 85.284
6 0.488 3.484 88.768
7 0.479 3.418 92.186
8 0.373 2.661 94.848
9 0.246 1.757 96.605
10 0.184 1.312 97.917
11 0.178 1.270 99.187
12 0.075 0.538 99.725
13 0.038 0.271 99.996
14 0.001 0.004 100.000

R10 2R Y HRAEENTREIRS EETFSRY
Table 10 Principal component variable score coefficient of
inorganic elements concentration in wine from 2 regions

Hoy PCI PC2 PC3 PC4
°Li 0215  -0.039  0.048 —0.176
Li 0.197  -0.031  0.066 —0.130
1°g 0237  0.049 —0.158 —0.002
"B 0.240  0.047 -0.160 -0.008
YAl 0.094 —0.098  0.161  0.050
Zn 0.039 0254 —0.048 —0.443
863y 0.188  -0.050 -0.073  0.186
“"Ba -0.041 -0.004 -0.017  0.699
205 0.051 —-0.032 0287 -0.182
Ca (317.933 nm) -0.089  0.143 0399  -0.122
Mg (280.270 nm) -0.005 0291  0.072 -0.031

Mn (259.372 nm) -0.154  0.031 0.356 0.265

P (213.618 nm) -0.038  0.274 0.035 0.114

Zn (213.857 nm) -0.073  0.288 0.092 0.024

3.3 B

BRI 6 HLUHEN T E RS T, Hp 2 3K
(20, 21 SRR R HILEB/RZHIX, 2 (22, 23 SFEM)
KA, 23KQ24. 25 SHEA)K BRI, A Fikd
SER A W ORI 6 HEURR S 7, 45
B 2,520 21 SR 5 B A" B L E R ZHX A9 10 ~
19 SHEMMBLERE, S5AILAMER 1~9 SHEHX S
B S, DA RN I T2 A o AT R IX A1k [ R 2
FPAX S IR A X B AT R — AT A H A
Rl 22, 23 SHER ARG BKFINERY 24, 25 SHEML Y
T H R IR 22 Hh XA R A R A O S BE SR AR IR X 4,
FE U AREE A T 227 DX AT R i 1 7 M R A BT, IR
BB RS

4 FR51TRe

AT E AR | IR 2207 b R A AR R
FF ICP-MS. ICP-OES M ke AR, 456 Faisrsr
BEEAT T 7= MR X 4y o G5 R LR | kR 2
H A AT TTHLELS P L, Li, °B. "B, Mg (280.270 nm) .,
P(213.618 nm), Zn (213.857 nm) W4FAE LR, XLETLHK F
BLRGERI A AR A K R R P A A SR, 2o R A A
iR, A[A) w50 K 1 22 S PR i A A R i e R
R &R, 580 AT A G R AR AT A 22 R
P AL AT T A X SE AR TG A SR FH T A 0
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PR . AN, °Li 5 TLi, B 5 "B B TRIME, AR
SR AR (L) . BB T AR A s BR Ak 2 VR A 322 DA )7
FLi 5 Li . "B "B BAMEAE, BT HEIREEA AR
SECAEA . B AR LI L . °B/'B WA
MR S, G (A SR R4 3% S48 1y FH 4

T FR) 7

AR SN 1 [ P AR 2277 DX R L AR A 5 77 DX 4 4
IR PRBRPEDETE, 20 i DR AR 1 K e 5 5
AL THORUR, HIE TR )™ KE B 7 — 2P IR A
WFRRER
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Fig.1 PCA maps of 19 batches of wine in 2 regions
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Fig.2 PCA maps of wine in unknown regions
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