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Geographical Traceability of Songjiang Rice By Mineral Elements Fingerprints!

SHI Chunhong, CAO Meiping, HU Guixia®

(Songjiang Food and Drug Control Center of Shanghai, Shanghai, 201600, China)
Abstract: Rices from Songjiang are subjected to protected geographic indication (PGI) according to Chinese
legislation. Forty trace mineral elements have been determined and analyzed by inductively coupled plasma mass
spectrometry (ICP-MS) in data set of rice samples with two geographical origins: Songjiang and Non-Songjiang.
The discrimination model for classifying rice samples with Songjiang PGI and Non-Songjiang based on metal
fingerprints has been developed. The obtained data were analyzed by variance analysis (ANOVA), principal
component analysis and discriminant analysis. The results showed that the samples have different mineral profiles
when they have been produced in different geographical origins . Discriminant model based on eight characteristic
mineral elements for B, Na, Fe, Co, Ni, Zn, As and Se was constructed by the linear discriminant analysis ,
which achieved adequate classification rate(92-96%) for Songjiang samples against other origins . The
discrimination model has overall correct of 93.0% for training set. Besides, the discrimination accuracy was 95.2%
(sensitivity) for Songjiang PGI rices and 86.8% (specificity) for Non-Songjiang rices. The cross validation
accuracy of discrimination were 84.2%~92.3% in training set,respectively. The overall discrimination accuracy
for validation set was 84.6%~92.1% in back substitution test. The overal discrimination accuracy for validation
set were closed with the test set proving that all eight metal indicators carry sufficient information of geographical
traceability .The model constructed for Songjiang rices against Non-Songjiang rices achieved adequate
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classfication accuracy, good sensitivities and acceptable specifities for detecting the fraud in the Songjiang PGI
label.
Key words: Songjiang rice; mineral elements; characteristic indicators; geographical traceability
RS TS202.1 SCHRPR GRS A
DOI: 10.7506/spkx1002-6630-20190827-284

PR B FATE AR GERS 7, LUK, 2B KRB #iE . RORTE A g
ity RimHOET R, £ X A AR A ENTSES 71, T 2014 43545 o [ E S0 by
HORY, FE 2018 Frp E ooy BIRe 2N, HRITFERMRALE . SR A i 2 a8 H R
o, HBIRERE B AR A PRI, AR IR P R S BRI T2 R, il B
TAEBEAIAWI 2, PSR AT PR SR IBH R, Luykx, #at RO BTG 6.
3 B BOARAFA H AR DYAN T T VR A 7592 (AR R s A S B B2 (R B REAT 1 BB O #T

W IC AR SR BOR R O RIIRR SR Z —, Dy flel, s i oIS RHZ BOR U LA )=
PRPEREAT TERG M7, IR ARG St sl b 12 NS DUREAT 1 2. RS X R A
Moo “R47, BANE TR AF R WML PeE. PR R AR SR m, (=
f&, T YIIC R TR SR P R K S A2 TR S P A B O R BV TR, TR
e E AT S A AR . AT UL, B T R B A BN A SRR Bl
PITTEI . O SCERRGER1Y,  Befg8 i 70 M UK 57 s 3 b ™) 7o 31 & 2 kobn PASE 356
UEHR . WABITERY, S PR YT R AR R T A R A
FOMORMIFEN, L IEBGEKICER, ATRAE N A, Latorre Z5U2F ] Li, Na, K 4%
10 TR 4 70 2 $i5 ST B 39 W St 3t B e 57 el P DR 2 o8] 08 I = S R A o R o ST = 2 7 3
FI ) TR AAE 93%LA F: Potort 25U F ICP-MS 734 i AR i 38R 257 il 882 78 SE 984 2 N TAT 4R
LB HATERI A K, Ca, Mg 55 32 M Y70 AL, Z0 SR 20 A AR 1077 3t ) ol AE B8 2 O
100%; & SEAIBE TR 70 703 0 MrBoRRERS F TN 22 10 ok o [ A AT 22 3 SR GE
i FE B M AN R P 3t KOK T P e R BTN ASE SCIAIEH ), 4 Yasui ZEUSI34T 50 AN KOKFE dh
T Rb. Mo 5 13 Ml ek & i, Gia M, IFIRIOK P s Kelly SEU6 4 170y
S RO EEETIEATED B ORAE S P Gdy Mg S0 T R SR G COR O A, RINRK
WMAKh Mg & BB, 1T E A ERHE IR O S BAHXTEMR; GONZALVEZ  ZE75p ok H
TEYEF . HA. EFREIEER) 107 RIZRESORRE D AL As 55 32 FUcR & &, 0 46 R4
FEAHIH A IE#I 2 91.30%; Kaoru SFUSILLEMT 7 A, ZeE. EE. PEIKT AL Fe %%
e RS R, S SUIAE A ERIZ N 97%; Cheajesadagul 2095347 7 22 B &K 5L E L B
JEEE S M EAMORFE S Mgy Co 55 21 Ml Win R & i, A8 XCEHERR N 100%. 46T Aok
(3 SRR FE AL TR I B, IFARIB R Srli A . Aok =5 e S5 ROA ] ICP-MSS A6l 8 e
LA =B XA ROKFE R 43 R Yo 08 &, KIL=AE X ORFE R ek & B A
A3 % B RFIE . AR R £ IR SE L2004 1 S MR WIS OK ™ oo sk & i, Il S B M
eI ROK ) Mgy Cas Nay Mn. Zn 5 FCERMESIETEAR . FKIABFIA Cd. Pby Cr &% 11 Fi 4
TCRARELENE IR, X i MR AR B IOK P H AT RS AR, P A0 3T 1) TE A 232 93.3%,
A AT I IE R 20N 90.0% . A fH AR [F S EL AR AR ORI B REAT W 7E, R e 3R
Zn. Pb. Fe. Mg. Cu AJ{E MR K i iEFRbr o

A B STHR AR W) 0 R AR SURFAE T DA DR AE O (5 B s e br, (HEE AT TR E
AR WICHAE AR SBIRTLAE A ER I ROK = B, sk = FAb AN ] ORI AR 70 3R it
JE - DRI AR 77 ity 0 1] 0 M B 757 il PR it B DRy R D IR B AR SO o AR FESHAMATL KK 1)
WEmT T, B 180 M AL K AR K W FEREAS, Sl e KoK 40 R o & &
iE I N BTN R T A DT i, SRR, X RO BIRATL S ARRA L SR EAT W
LAYy 3 57 [ St BEAR S ROK P e R A R AR 2%



W BRRZ RETY

1 ME 575

1.1 ARG
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1.3 HdEkbz
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Li. B. Be. Na. K. Ca. V. Cr. Fe. Co. Cu. Zn. As. Se. Y. Cd. Hg f1 Tl 3 18 Fl ot &K & &
T SIEMIT 2 B AEF REEESR (PH<0.05, B 95%EEKT), BEFAYIcREaHE
HE L R AR A

AL WT RN 7 R, W

Li. Be. V. Cr. Ga. Y. Cd. Ag. La. Ce. Pr. Nd. Sm. Eu. Gd. Dy. Ho. Er. Tm. Yb. TI
. Hg. Pb. U 3 24 Fin s R — = X WA 7 RECKT 100%, RKHHXLE TR R —7 X N
BEESIEON, PR, TERX L ICER AR R A AR . B R LR AR YA
WU 16 Moc%E (B. Na. Mg. K. Ca. Mn. Fe. Co. Ni. Cu. Zn. As. Se. Sr. Cs fll Ba)

Z5jRgotr, P ad TERIT SRR F & B2 7 R E ) 10 Mook

B. Na. K. Ca. Fe. Co. Cu. Zn. As. Se.
R1 KK 40 LR ETE@g kg

Table 1 40 mineral element contents of rice in different regions(ug-kg™)

FAYE E|7 0
5 & B+ befEzE A5 A% WE = brfEE A5 A%
1 Li* 6.929 + 27.682 399.48 0.500 + 3.572 714.14
2 Be* 1.181 £ 2.420 204.97 0219 + 0.373 169.80
3 B* 566.054 + 170.976 30.20 467.834 + 148.031 31.64
4 Na* 7648.011 + 2308.909 30.19 11945.487 + 6025.102 50.44
5 Mg 212330.217 + 56962.153 26.83 219433.691 + 62905.366 28.67
6 K* 828006.8857 + 164380.578 19.85 927736.550 + 164420.868 17.72
7 Ca* 71690.203 + 13730.397 19.16 79570.402 + 11220.501 14.11
8 v 0.173 + 0.348 201.86 0475 + 1.003 211.26
9 Cr* 6.721 £+ 6.109 90.89 24.135 + 33.591 139.18
10 Mn 7411.164 + 1819.363 24.55 7685.531 + 1953.463 2542
11 Fe* 1863.505 + 539.908 28.97 2383.693 + 1181.053 49.55
12 Co* 2452 £ 1.058 43.13 2.815 £+ 0.889 31.60
13 Ni 117.176 + 83.238 71.04 129.606 + 87.148 67.24
14 Cu* 2712.481 + 1265.211 46.64 2412.142 + 729.866 30.26
15 Zn* 16550.611 + 5230.246 31.60 12427.597 + 2055.725 16.54
16 Ga 0.124 + 0.172 139.04 0.125 + 0.203 162.42
17 As* 118.384 + 45.530 38.46 86.975 + 26.230 30.16
18 Se* 13.993 + 6.971 49.82 18.398 + 9.843 53.50
19 Sr 62.859 + 43.365 68.99 53.514 + 25.781 48.17
20 Y* 0.017 £ 0.067 386.64 0.064 = 0.161 249.93
21 Ag 0.526 £ 0.548 104.12 0.398 = 0.447 112.32
22 Cd* 21.510 = 16.114 74.91 13.546 + 20.858 153.98
23 Cs 1.112 £ 0.716 64.33 1.217 £ 0.566 46.51
24 Ba 57.244 + 20.737 36.23 54.475 + 47.789 87.73
25 La 0.108 + 0.213 197.81 0.117 + 0.303 259.98
26 Ce 0.119 £+ 0.306 256.85 0.202 + 0.586 290.38
27 Pr 0.010 = 0.030 288.23 0.026 + 0.072 281.21
28 Nd 0.046 = 0.110 242.02 0.092 £ 0.251 271.88
29 Sm 0.007 £ 0.021 287.75 0.018 = 0.049 274.94
30 Eu 0.003 £ 0.005 176.23 0.005 £ 0.013 255.72
31 Gd 0.006 + 0.018 307.24 0.017 £ 0.045 259.27
32 Dy 0.006 + 0.015 269.18 0.018 =+ 0.048 266.97
33 Ho 0.001 =+ 0.003 243.36 0.003 + 0.007 271.18
34 Er 0.003 + 0.010 345.18 0.007 + 0.016 240.97
35 Tm 0.001 + 0.002 179.23 0.002 + 0.003 206.39
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36 Yb 0.009 + 0.014 155.58 0.007 + 0.014 189.52
37 Hg* 2.509 + 2.021 80.54 1.295 + 1.850 142.91
38 TI* 0.023 + 0.036 154.46 0.040 + 0.042 105.92
39 Pb 22.063 + 98.659 447.17 38.504 + 139.894 363.32
40 U 0.002 + 0.017 729.78 0.007 £+ 0.026 352.71

A *x RORZTTRAEA A BF M2 R (p<0.05)

2.2 ANFEFFHOORFEA A O R & B A A 7 A

BRBARME D T R A2, KARTHELZ IR EIEEZEMR (p<0.05). KR L H K

Ko FHRNEMGER . IEAR IR 7R IX L0 3 BAT U (R (e st AR RO K R A RIS b B RORAE B SR DA AT
Yoozt BA R SO RX e e R Z R R A FE PR G & s ORI e
B E, AUR. TRAEMEA D MERRA R, BRI TR EZ S MR RN, HE2HAR
AT REAETE — & N TERUHE, AT REEE BAUF I = M IR 70 ARG SE R UL B o = Hrdr o] e
FESCEERESE E e 7 ORI 5 2, I HLASAR 2 W BAT — s G, Rk, mT LR A 4 ) U5

R VR TR by, B A IR R
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Table 2 Pearson correlation coefficients between mineral elements in rice
B Na Mg K Ca Mn Fe Co Ni Cu Zn As Se Sr Cs Ba
B 1.000
Na 0.160* 1.000
Mg 0.422%*  0.227%* 1.000
K 0.047 0.197**  0.398** 1.000
Ca 0.329%*  0.248**  0.511**  0.283** 1.000
Mn 0.254%* 0.072 0.441%*  0.252%*  0.547** 1.000
Fe 0.238** 0.153* 0.676*%*  0.265**  0.549**  0.196** 1.000
Co 0.367**%  0.272%* 0.172* -0.060 0.466**  0.400%*  0.197** 1.000
Ni 0.321** 0.061 0.048 -0.137 0.249%*  0.230%* 0.089 0.556%* 1.000
Cu 0.440%* 0.110 0.162* 0.051 0.368%*  0.413** 0.088 0.393%*  0.434%* 1.000
Zn 0.594%** -0.013 0.253**  -0.156*  0.330%*  0.445%* 0.053 0.594%*  0.522%*  (.545%* 1.000
As 0.511%** 0.081 0.199** -0.139 0.215%*  0.336%* -0.054 0.593**  0.380**  0.374**  0.815%* 1.000
Se 0.183* 0.095 0.070 0.055 0.281%*  0.440%* -0.005 0.358**  0.193**  0.285%* 0.191* 0.244%* 1.000
Sr 0.242%* 0.124 0.123 -0.063 0.352%*  0.304** 0.062 0.289** 0.097 0.238%*  0.397**  0.394%** 0.122 1.000
Cs -0.040 -0.090 0.010 0.098 0.325%*  0.257** 0.029 0.232%*  0.220%* 0.184* 0.128 0.062 0.161* 0.006 1.000
Ba 0.126 -0.100 0.219%* 0.064 0.307**  0.449** 0.131 0.238%* 0.126 0.224%** 261%* 0.060 0.105 0.251**  0.227** 1.000

e *FR E 005 K UMD ERFEHK, #=*FR E 001 KF D EEERx
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2.3 RFEFHOCKFEAR TR & R IR i

B i 0 R e e el 78— /NI R, DA ELBRSZ R D BN U 2 4 i, R
EH bR CABTD BEAT 0T

KK Y= & BT 7T R IR 3. EEURREE KT 1 I EEA AT,
P S ME AR T BNAEF IR Z TR E % 770
30.981%- 14.053%. 9.235%. 7.225%- 6.558%, H R ZTTHkZH N 68.052%, RelERAF S KHH"
YRR RE B, FBREEEE R E Rt

AR R T I SR, K03 A A3 DB I (D, AT LB B L AR TR
Kzt EEHSES, FEEAREIBNARFI R ZTTIRE R 1554.269%, RERIGRE L LH)
Ao RF T EAR T LA AR AR AR 06 o= U B 3, ERE A i R R A, S A N

R TULRSENETHMTER

Table 3 The factor analysis results of Mineral elements content

VAL B FERCFTT AN S RIIE PN

AT RHEE O TETIHRE % RBETTE % FHEE TEIRE % BBETTE % FHMEE O TEITRE % RBETE %

1 4.957 30.981 30.981 4.957 30.981 30.981 3.66 22.877 22.877
2 2.249 14.053 45.034 2.249 14.053 45.034 2.502 15.64 38.518
3 1.478 9.235 54.269 1.478 9.235 54.269 1.804 11.275 49.793
4 1.156 7.225 61.494 1.156 7.225 61.494 1.587 9.92 59.713
5 1.049 6.558 68.052 1.049 6.558 68.052 1.334 8.339 68.052

H5 T HRELR A TR T4 MR e K7 2500 AT e A B, 34N 28 R 1 IRARRAE 78 06 IR 7 11 BT iR 2R,
BATEMKENNAES] (R4 BATERN BT GRS ER 7 LR EZERRLE, gaHE N KNk
FEANBARET, dHEBR KRR ZICENAFFREmEL, HIARTFEELELE TR
Zn. As. Ni. Co. B. Cu; F2ARTFEELZLICHKFe. Mg, K. Ca, HIARFLAILE
Srv Ba. Mn, HR03ANFEBAERFES IR T, FEATRAE R X BARE m 2 A (KD, 7]
CASE I # R 3 N A R T IRARRE T R

F4 AT MRS EE A R TR

Table 4 The main component values of 16 mineral indicators

FEEAHT
iR
1 2 3 4 5

Zn 0.873 0.04 0.313 0.012 -0.096
As 0.807 -0.079 0.262 -0.137 0.099
Ni 0.722 0.011 -0.204 0.39 0.004
Co 0.708 0.095 0.115 0.269 0.301
B 0.678 0.343 0.101 -0.211 0.03
Cu 0.583 0.105 0.195 0.256 0.141
Fe 0.083 0.866 -0.067 0.031 -0.052
Mg 0.172 0.857 0.184 -0.096 0.037
Ca 0.281 0.606 0.322 0.316 0.248
K -0.3 0.551 0.097 0.129 0.328

Sr 0.303 -0.006 0.687 -0.248 0.115
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Ba 0.069 0.193 0.640 0.338 -0.274
Mn 0.26 0.297 0.627 0.353 0.22
Cs 0.075 0.042 0.067 0.8 -0.03
Na 0.105 0.247 -0.13 -0.212 0.75
Se 0.196 -0.108 0.295 0.349 0.575

—p NET 1 (EEFEES0.581% )
SETF3 (EELEED235% )
Se

Fig.1 Feature vectors of the first principal components of the radar map
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2.4 AFEPHOCK PP R GEKZE D H5 50 Hr
180FF KRAEA =7 MUNZREERMIRLE, 2/ 3 REANE NN ZREE T S AR, 1/3IREAAE
NRAESE P T IR IR RS R R M AR R A AT TN AN A AE A S o I A AT S ARRAYT = H Y
ICHIRIRE AL G E SRR R BUE . R R R R SR o A B A () R R R A S T A R
TERRA L AR EAT LB, 577 sG2 A R DARTT ORI BURA TR A $04100%; - )
SRR PR S A D 4 ) TE A B AR AA LT RORAS B AR T OKR AN BRI L], 55075 20 050 IR 1 (1 R
FRTT KRB AR IR ¥ 100%; 15 TEAA 2 9 4 55 TR ) KA B ok Bl A ROK AN By Lol
5T AU CHI RS AORALL R AN B+ AU IE R SRR OR AN EO /I KO H*100%. B8 H

3D Scatter chart of the first 3 principal factors scores
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H 225 W] A3 BIRA VL RO AAERA T R K IR Fisher 2 4 ) Jl A5 70«

A (1) .

Y, =5.19X, +0.426X, +2.315X, - 728.92X, -10.496X, + 0.645X, —1.779X, +98.535X, -10.257

R (2) .

Y, =-5.634X, +1.113X, +3.874X, -919.447X, +1.081X, +0.229X, —29.417X,, +280.812X, -14.441
WGEREAT P e = S AN IR F IR, 405 LY RY, 1753 /- s B (13D, mrke
B A BT L S ALK I P . FHROTT A, X I GRAE = 1l (1 B A4 ) IE A %69 93.0%, R
U N95.2%, i N86.8%. T —V2:5¢ NG IUF 25 5 /R W = A7 92. 3% M FE b AE A i ), 3L

FRAATT A 95 2% K R S e IR ) CREUED, JAEFATIA 84.6% AL A HER IR ] CRF ).
%5 WITEEMNTICKE=HEI K FHMICE Fisher HBIRBRE

Table 5 Discrimination function coefficients of mineral elements in rice of two different regions

TNERHL

WiE
AT JEFAT
B (X)) 5.190 -5.634
Na (Xp) 0.426 1.113
Fe (X3) 2315 3.874
Co (X -728.920 919.447
Ni (X5) -10.496 1.081
Zn (Xq) 0.645 0.229
As (Xy) -1.779 -29.417
Se (Xg) 98.535 280.812
() -10.257 -14.441

Table 6 Discrimination results of mineral elements in rice of two different regions

£ 6 TFEFH Fisher HHIRHEHHRLER

T 2H B 7
Lt FATT AT &it
FATL 99 5 104
A )
BT 5 33 38
i
ki AT 95.2 48 100.0
JaI 530 26 /%
. AERATL 13.2 86.8 100.0
VS
FATL 99 5 104
A
2 X HAIE EIZ7NIN 6 32 38
be FATL 95.2 48 100.0
FIZ/%
JEAAT 15.8 84.2 100.0

H: a CX WA HEGITH 93.0%

HEAT A XAIE .

A R Bk S

BIREREAT T IER 250 b A o4 o 1 22451
TERE XGRS 25 #1042 1 B MAZ S 451 LA M BT A oAt 2 R
c. B A ISR/ B ) 92.3% HIFE ST T IER 25



i ) - Boailtl = FEE R
_U‘ é}ﬁ:‘% R =
25,000 : . r&%;‘z_
s e[ vvan

4k 20.000] ‘.
'{‘lA a ta A ¢
+ 15.000-] Lt
;K : A : L L
B 40.000— 2a,aa e 3t
?g A ™ 3 e @
I<F . [ ]
5 5000- * e, %k .

A -

%3 A

[ ] ® °
000 Q7.
[ ]
L ]
-5.000— T |
.0000 10.0000 | 20.0000 |
5.0000 15.0000 25.0000

Fig.3

FATL K B H15

B 3. VISR WLR SRR B

Scatter chart of discriminant function scores based on mineral elements of training set
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Table 7 Validation of Fisher discriminant function for classification of two different geographical origins

FF5 RIS AERNTE S SehRAEHL H50 T LA AERITES Sibieih R
1 10.788 6.898 FATL FATL 20 10.625 11.517 AR AT
2 12.910 6.549 FATL FATL 21 10.621 8.949 E| 2/ 1N FATL
3 11.117 6.543 FATL FATT 22 12.864 18.255 AT JERATL
4 5.841 6.123 /SN | 2 /I N 23 16.486 27.033 AERATL EZ7 N
5 8.878 2.468 FAYL AL 24 7.757 19.652 AERATL JERATL
6 10.592 10.255 FATL AL 25 3.817 7.248 JERATL JERATL
7 12.930 2.808 FAYL FATL 26 9.997 8.211 E| /31N FAYT
8 9.207 6.381 FATL FATL 27 5.236 2.978 FATL FAYL
9 8.816 5.266 FATL FATL 28 4.180 0.267 FATL FAYL
10 13.965 6.281 FAYL FATL 29 6.247 1.763 FAYL FAYL
11 10.458 2.285 FAYL FATL 30 4.637 0.734 FATL FAYL
12 16.853 12.126 FATL FATL 31 4.867 -0.689 FATL FAYL
13 9.067 2.188 FATT FATT 32 10.842 7.355 FATT FAYL
14 10.184 6.777 FATL FATL 33 8.729 5.873 FATL FAYL
15 14.150 7.404 FATL FATL 34 6.545 10.374 FEFALL 27N
16 10.794 6.383 FATL FATL 35 20.685 42.125 FEFALL FEFATL
17 13.971 8.503 FATL FATL 36 5.308 9.983 E[Z 7 AERALL
18 12.960 8.609 FATL FATT 37 7.252 12.827 E[2 /AN AT
19 12.060 12927  AFRaiL ARAALL 38 3.555 10.392 AERATL AEFATL
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Fig4  Scatter chart of discriminant function scores based on mineral elements of validation set
M ERFINEERE, By Naw Fe. Co. Niv Zn. As fl Se 1X 8 MM ¥ 70 & T8 b 2 5L A YR A 7Y
XPRAVL S FERATLOK = i BA G R A0 /g, ARHEIX 8 A M) e 3 & & X /i L 5 R T OK (17
HEA VIS AT

3 &g

TS AR 180 £3 2018 4F [E ZK M FAR 57 i AR L AOK AR LK i W) e R & B AT Gt
N DASHAATE S ARV K P~ b AT R . &5 AR, SR E 2 3 o A i gkt 1) 8 AT
W) 7GR IR b 2 ST KA A A TR T I AR KK 7 R Al AE R 250 93.0%, XS FATL ARK
S RN 95.2%, FemtEN 86.8%; 1ML AE X IGIESE F 7R, KRR 7= Hb (1) B 4 1) 1) TE fff 22
992.3%, RN 95.2%, Rty 84.6%. 1XIERUNT IR AR FOK I BAR A IERZ 0N 92.1%, 14
TR 96.0%FE S IETIRA], AEFATIACKE 84.6%MIFE b IEFIR A o 2B A I SR A AN U0 IE £
MG =28 CEMZR . REUEARES M dEw8an, Y% 8 Bl ¥ o0 R Habr a5 (1 A
BUTE DN K= A B AR E P o AR FUEE T W 70 3 48 S0 BT 43 AR S 57 110 7= by o A 7Y L
AR F A ERR . RESE . R ERERE I, PRAE JOK AL 5 JERA YL ™= 8 o 2 A
DS AT AT P, D € i R AR 0 ] S A 57 B IO ) G R i RS AR S

SR

[1] AR E S & FARGL[T]. RIRARATZSE, 2019(01): 47

[2] BRifge: HBLAR S S BRI RN, SEH H R, 2017.

[3] TECHANE B, GIRMA G. Food traceability as an integral part of logistics management in food and agricultural supply chain[J]. Food
Control, 2013, 33(1): 32-48. DOI:10.1016/j.foodcont.2013.02.004.

[4] LUYKX DM A M, RUTH S M V. An overview of analytical methods for determining the geographical origin of food products[J].
Food Chemistry, 2008, 107(2): 897-911. DOI:10.1016/j.foodchem.2007.09.038.

[5] Bail, ¥R, B, S5 e R R ERESORTE SRR TSR] AR, 2012, 45(24): 5073-5081
DOI:10.3864/j.issn.0578-1752.2012.24.013.

[6] T, FEfREE, MTUE, . 0 YICRIBSIEEEOR BHAEAR S IR R[], SRR, 2016(9): 296-298.
DOI:10.3969/j.issn.1007-5739.2016.09.176.

(71 #HEHE YRR TROR R R A PR AR, KRR (D, 2018(3): 70-71,75.
DOI:10.16693/j.cnki.1671-9646(X).2018.03.021.


https://fanyi.so.com/?src=onebox#discriminant%20function

W BRRZ RETY

[8] SHEN S, XIA L, XIONG N, et al. Determination of the geographic origin of rice by element fingerprints and correlation analyses with
the soil of origin[J]. Analytical Methods, 2013, 5(21): 6177-6185. DOI:10.1039/c3ay40700d.
[9] %L, AL, ALUH, 55 ICP-AES il = FaRE kG K ARE K b 3 BT e 3R (A R ORI IE )] Dtz 50k /34T, 2009, 29(5):
1413-1417. DOI:10.3964/j.issn.1000-0593(2009)05-1413-05.

[10] BWE3C, VERREE, FIRSE, 55 ICP-AES Kl = FIfa i AN BT e 3K & B i PERHIELT]. Dbt 22 50635204, 2009, 29(6):
001691-1695. DOI:10.3964/j.issn.1000-0593(2009)06-1691-05.
[11] T IR AR LR SRR R IR R ). IR RALRLY:, 1990(4): 37-40. [12] HERRERO LATORRE C,
BARCIELA GARCIA J, GARCIA MARTIN S, et al. Chemometric classification of potatoes with protected designation of origin
according to their producing area and variety[J]. J Agric Food Chem, 2013, 61(35): 8444-51. DOI:10.1021/jf402001s.
[13] POTORTi A G, DI BELLA G, MOTTESE A F, et al. Traceability of Protected Geographical Indication (PGI) Interdonato lemon
pulps by chemometric analysis of the mineral composition[J]. Journal of Food Composition and Analysis, 2018, 69: 122-128.
DOI:10.1016/j.jfca.2018.03.001.
[14] RGEEHE,  SRBGH, KB, . ADNESMEWICERIBSONEEORIT D). PERLAZE, 2010, 43(18): 3817-3823.
DOI:10.3864/j.issn.0578-1752.2010.18.016.
[15] YASUI A, SHINDOH K. Analytical Chemistry for Environmental and Human Health. Determination of the geographic origin of
brown-rice with trace-element composition[J]. BUNSEKI KAGAKU, 2000, 49(6): 405-410. DOI:10.2116/bunsekikagaku.49.405.
[16] KELLY S, BAXTER M, CHAPMAN S, et al. The application of isotopic and elemental analysis to determine the geographical
origin of premium long grain rice[J]. European Food Research & Technology, 2002, 214(1): 72-78. DOI:10.1007/s002170100400.
[17] GONZALVEZ A, GUARDIA S A D L. Geographical traceability of “Arros de Valencia” rice grain based on mineral element
composition[J]. Food Chemistry, 2011, 126(3): 1254-1260. DOI:10.1016/j.foodchem.2010.11.032.
[18] KAORU A, MIYUKI S, AKIRA K. Determination of the geographic origin of rice by chemometrics with strontium and lead isotope
ratios and multielement concentrations[J]. J Agric Food Chem, 2012, 60(7): 1628-1634. DOI:10.1021/j204296p.
[19] CHEAJESADAGUL P, ARNAUDGUILHEM C, SHIOWATANA J, et al. Discrimination of geographical origin of rice based on
multi-element fingerprinting by high resolution inductively coupled plasma mass spectrometry[J]. Food Chemistry, 2013, 141(4): 3504-
3509. DOI:10.1016/j.foodchem.2013.06.060.

[20] REfE, AEE, KER, & BRLADESHOICKTT YT REEI 5D BRI\ —RREREZER, 2016,
28(3): 66-70. DOI:10.3969/j.issn.1002-2090.2016.03.014.
[21] HEHE. FETH P70 R ARSI M BRI K HFE RO FE[D]. 35 Mok K2, 2018.
[22] ERRE, SARHE, BAE, & NOK IR T e R A AR AE R ST R HT D). TR, 2019, 40(06): 318-324.
DOI:10.7506/spkx1002-6630-20171218-227.
[23] FKIH. EARE IR M 2 BT ST (D). MR AL R 2%, 2015.
[24] BAE. SR 470 3R BORBHRR K P HELE BT 7 [D]. 5 MRk K2, 2018,
[25] P N RILANE TSR, MR b G L C 3 AIBIE : GB 5009.94-2012[S]. Jbnt: v bRkt AL, 2012.
[26] EZR MM ESERRE. &hhZIERNE: GB 5009.268-2016[S]. dbut: dhEbrdk H Rt 2016.
[27] SKEaR, R, TI4RSE, % RBGRASEFARBIGE (ICP-MS) WIsE Ak 27 FOCR A R]. M SR T, 2016,
12(11): 14-17. DOI:10.7633/j.issn.1003-6202.2016.11.004.
[28] FELRSE, DA, £, & AT HEMESSE TR I Yoo R & BROCEIRT]. iR, 2018, 39(08): 288-
294. DOI:10.7506/spkx1002-6630-201808045.
[29] 4 A BRI E [ 5 B I B I MUK, BT A2 A RIBIE SR B GB/T 27417-2017[S]. dtat: P HE
i AR, 2017,
[30] FbZE0 M 5 B0 BRI N 3 R B ) R . GB/T 32465-2015[S]. db5t: e A IR E 55 & B A A/, 2015.



