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Research progress on the origin tracing and authenticity identification of
domestic Oryza sativa
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(Quality and Technical Evaluation Center of Xinjiang Production and Construction Corps, Urumgqi 830000, China)

ABSTRACT: The traceability of grain origins and authenticity identification have garnered increasing attention from
consumers. In recent years, significant progress has been made in research on Oryza sativa origin traceability and
authenticity identification, encompassing technologies such as stable isotope analysis, mineral element profiling,
spectroscopy, volatile compound analysis, DNA-based methods and metabolomics. This paper reviewed the research
progress on the integration of various technologies with multivariate analytical methods in the traceability of origin
tracing and authenticity identification of Oryza sativa, while discussed the principles, application scope, effectiveness
and advantages/disadvantages of different techniques. By incorporating the geographical, varietal and organic
characteristics of Oryza sativa, it summarized the latest developments in Oryza sativa origin traceability systems. The
study aimed to provide reference foundations for Oryza sativa quality control and food safety, promote the
establishment of traceability databases, and highlights its critical implications for safety regulation, rights protection
and brand safeguarding in the Oryza sativa industry.
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FORIEFR LAY, PR 65% LIk
AR, TERIEN R L b A R, A
TSt AT O, PR 14 fC A DR R E R
BRMRAA TR LHIOK . ALK ik
i, Bl LS E CTER, AR AR SR AU
AR BRI, 189 RO 2 FI S (5T . X L8178
AR T TR F3a P 08, AL TIEF Ty,
i T RE XS 9 A R L M, I R A
Wity AR, R 0 T AR R A A . Pk, TR DR | i
Ty FL AT 5E 9 20 A7 B R S IBOROK ) 3t SRR A I 1, I st
SEROK PR W R G, X TR IO M BT S TR
FEL ARG MR T O 13t FR VR | A L
S i dr T R, O ROK SR 4 RO £ A R
o

1 DEARFRIR

L1 REEMRERREA

T 5 )AL 2R B A S — R AR ) 52 2R A9 78 B R 23
Brorid, TR BRI . e Al R AN RS 5 i 45
R PR L 3 SR R RN, AN R A O 5
AR FIALER, BATRRET IR . R [ AL 3R R H B o0
A C. N, H, O %W, AT sk I m KRS BE T4 %
HbRAE BB I, I AR AR A" i B LS M e R
BT AR T B A SR R IR R I3 3 AN 4
BT R B, FEASE T B -Gt 5 o
% (principal component analysis-linear discriminant analysis,
PCA-LDA), X HIETTAE ITIRAE ML T 8 BIRE R AT ™ 4
WIRHE, &M RK PR E LR 6PN, 6C. oD,
00 BUENE IR, 8t X 23 AMREARSES TR BB UE, 1
HH 1%, ZHIFAE ZHEARE N 55000 R,
AT A IR AL T RO R 5, (B BRTREALRL |
V1) 4 o K AP, ATy HE— 2B R IE S Bl I feT A B AR
RS AYERECD S T RE RIS 6 W
10 FhAK g 0C A1 6VNAH. S5 IR, FEFOKI 6"C
fH DL —27.9%0~26.3% Y BL 1 451 % o £ o 6PN fH LA
1.7%0~3.4%oH BLIIAT A £ 0 &AL )y Kok o°C fim + /g
JrRAK, AR KRR 0N S IEAMIE, £ 4 Ttk Ae
TR BHRAE o 2 SCHR B S YO T, 8o 13RI IOK
6"C 6PN B RAL Iy KA AT, (HAEREA R HB W
FAVHRIERIREEA IR, RAATEES 24505 | SR, vE—
AT E AL R AEAR T SR p i 11 Lo T i
ETHRA 3 FEIERGE 108 AR SAE L IEREA, W 5E
TRKANIEREAR Y 51°C 16PN UK 27 FocE SR, K

Bl 0N EAEVEYHE AR 8] AT LAV A HLR KR AE A A 34
FE AR, 3 AR /N 3 ) 51 43 BT 7k (partial least squares
discriminant analysis, PLS-DAEI X} 2014—2017 4 4 4F[H]
WER I I 100% o 1% SCHR T LB 8 bR HT, B0E T 6N
HAERHIAIAUEP AR, FFFIA] PLS-DA #ERISCHE
THKGEESSE, KRR AIZIAE 0°C B, HfEshizsiR
FEAT LA S W TR i s B U2, R et AU R AR
T 134 Yy ESCRURAEA, WREE BT, M. TIIR . WiT.
IR LA RSN 6 A0 st PCA &L 07°C L 0"N 5 60
SR DKM A b DGR R 67 R A AR, TFUIDKE B L 85%.
WOCHRMEARE 5 6 MR 22 5 WE A, W AR
S R, G 0PC. 0PNL 60 fERRTK
IR RO SR bR, JRSCEL VAR IS A OIS BE, (HoR
T4 75 DY AL CAB Ry . BRI (A ZR) S IR R X, AT lF—
AT TR IS P

1.2 THYTRTHEAR

WY R Hr B AR TS — T I00E R A e
AR SR AL BIE AR IO
JERAY, MO ELAT sy (o A e AR R, TR
Yt E S BB, AR RO B A B,
TR APASTR] 7 4 AT b A S PO o R T AR
KAAVEFWIETETL, X2 A SR LORFFKR T Ca.,
Fe. Mn., Zn fl Cu & /@i EZ ST TIE, 45E5H—IC
Al 27 o A & I SR fE % B {H (target  hazard
quotient, THQ)HMEAT KK RE R KBS 2T o LA 5 HH V72 1 fi
FITH R B AR, By HERITTEA G BUR, e . R
FEAF TIOR8 o R & m R T — A A
Yoo FNESERPIXE 3 R BRAR G B KOK R 27 Foc R
AT T RGN . R BARAKF Al Fe. Cu, Zn. Rb
FRARTE 1000 pg/kg PA b o it ZITR TR T HIBRER
WA ICE S AR, HRE ROk P i B S %+
e XIS R, R IC R IR SGHIEA T s IR AR AL T
FHSHAE, BN S THU ARG A S P e &)
K JH HL R 5 55 2 A B T 45 & Z oo gt ik, A
180 AT IR HARMMLIORFEA 40 Fi ) oC R, W5
rHTiEoR, 2F B Na, Fe. Co. Ni, Zn. As fil Se iX 8
Rl P02 P AR A BRI o SRR 7 b A A ) 1)
FIRE T 93.0%RIMERG R X SCHkITE T 8 RS Yot
R, M2 SRR, BT R X I A 7 B U
IR, SRR T A A P ) R R A R R AR
8T S0 FE IR I, BRI E SR LT E A
e PCA . N L MZ M2 (artificial neural network, ANN)
Sk, R PCA JEXTRE S 43 JBUR B 22, ANN HERIR
T8 Ky 96.4%, 156K I ANN A fEffg X 3 10 F X 10 Rk
FE A A M X KK o SO ST X R A, TR RH
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ok, &aZnsgit SPlaES, kAl BiE 2
TCHLICR & 0 BUAR B 5, 4 0 13 AR A I8 s A B S Bk
o7 FH R AR 26
1.3 KIERAK

1A AR O A TR] o0 7 R D K R B
TURRR TS REAE, 38 T 43X SRR AR, FRECL AL
WIHLE B o L AN G AR 1 B RORTE I LT AN B 1
WS, AT DR G0 A 7 2T B S i A R
P LT MR Pl /T 3 A R T B e T S
AE S KRR I BE 6700~7700 cm™ 5 4300~5700 cm ™,
AT LA 100% 18 4 4 30 m 7K KR AR K KoK o B RRIE
B e S AU Bk A R A A, A B 7 A O
PR K MR AR I B, WS T Al BE T a0 &2 bk, 4R T T
BRI AR AN AT f B0 XTAO 255 R FH £ 1) fiv fe /s
T ¥:(multivariate partial least squares, MPLS)F4J#AE Y,
T LA ERELE 4000 cm™ Z 12000 em ' KL N Y
GIT, LS T ALK S AKX 4y . MPLS %
TE ST S M b AT B O W, BE A A 2 i S B
R 5 A HLAL S M Sk S B RRAE D, REA AR
ALK KA KA A5 L o 8 P2 3 LU T Kok Ay
TR, SR LA IR BN 6 R R B AK, 4
B 5%~S0%MARRHBFILL B 140 S IOKFES, FBHB
ZHBITE 20% K DL HIRE S SR IE R R 100%. BLAFST
WP 6 FiELLH AR B AK, BEISLER B 5,
T T BRI S E . FEARBTT RN, 55 2R B L B
FLBERE A B, NS 42 1T S WA R B B T A6 SRR AR
o HEFRTT T, BB RN 5%~10%)F hH W, 7L
23R 45 G WL A% 2 > 853 [ 4o 3 4% | B2 ML (support  vector
machine, SVM)], $&FHIRIBE LG 09 56 F 1 e o i = 61
A ERORS B R e . Y IPEE 14 Fh AR
K, X F I R (R SR P2 IS AR T4 A
s F¢ /)N . 3 3= (partial least squares, PLS)iH Jl|#5 /Y X
400~1700 em™" BRI TAREE, KOK ™ Hb 0 1 HERf %
K 97.14% o 1% SCHR AL 77 b AR S B T A G 4
K 75 %8, T HTERE AL A PLS SRy T H A A5
P A CRE AR BRI A B — T BE B i 52 PR, Ak
ALE Y RFEAR Z RN | Al A 2GR AR S Ak AL 3y
it — TR RE . IR AR DR IR SO AR 4
4 PCA. JZIR¥EZE4 ¥ (hierarchical clustering, HC) .
PLS-DA F 7 i b S BB AS ] il Aol 1) A oK S 5 o o5
h 100% > AZ 58 MAS [ A BE A2 306 Bt AR, 3T
35 0 T BhHE SR Bk T i — B B AR AR 22, 4R THRRAE
WK B S, S0 T R ARl v R AT SEE . LT 2P
P2tk B 2es . e, TR EHR IR s A
B Oy FOREES BB, FERH PCA A1 SVM 45 5 kX Aok

BE G BEAT 77 MR, 5 A7 M A o3 2 o A R R e Ok
100%5% . FRBA SVM 7 &b 3 i 4 44 Fndl: e vk 43 25 )
LIRS Y (Ol Sl BUR UL B PPN S o2
A 400~1000 nm 7 Be i) e, @57 PLS-DABIRL, mlt
HERGAR R AR 3.0 mmx3.0 mm B, PBIRRE A 5]
99.99%LA I . EGTE R B LA S E r FER DA
SR, GBS 53 1 A8 AR DA K A B o Jt s PRGBS £ 52
Zetk, BRI T AR M2 R Y R A
R e, WA AR - e A B 1]
1.4 FEEXMYIRSFEAR

FE A 5053 BT B T8 A IO R R M S )
FZH ORI i, PRI R] 7= i B ARRALE o 3K Ak 5 ) A5
. M. WERAE, Hp iz R . 4 Ay A
BF . AFRFEEGHIOK, eGPk
B TA RS Z ER RN WG, STEME B FA R
RAERGY . ERE RS -5 PEN3 HORXIARFH 5
BV =0T 3 AR XA IR AT TSI 3BT . BIFSE LA
LDA R EZJ5, Ll PCA, IISEIL T ROK ™ Hh i ks 1
YT, SEHIEMRIRB T 100%, Ed A EAF5R AT LUE
HL T S BRI P A% S B A UL N SRR 8 R 438, A6 oK
HERWESWYIT . 454 PCA-LDA 4, ZHARRERX A
[F i PR R RS T WSS R AR 03 AR AROK o XUBIEE L 4 R[]
Tl R WF RS G, R T IT AR i 2 B -0 3 - S i i
(solid phase microextraction-gas chromatography-mass
spectrometry, SPME-GC-MS)ill 5 A [7] i Fh R K o) 4 & 1k
Yolst, EERSN Mbeks . WSS MRS, HAHXE AR LA
Jed o MWFFEIE R T AR A KOKAE A T 1) 2 5
R AP, o SPME £ HA TR . R
MR R R BRI 3, TE A E PR AT, P
PATLOERE 4 SRR N WFFENS G2, $ ) — TRl T T [ AR
IS A B 3% - % 15 (headspace  solid-phase microextraction
gas chromatography-mass spectrometry, HS-SPME-GC-MS)
M FOKRE RESE N )7k o R PCA $2EUCH 18 B 2 ZEAFAE4E
RSy, HENLIAE 4 ShRUERR S g, R
ATE—E R BRI A TR 4 5 P[] o 51 A HLAt
FhROK o AR XS TAURT 4 53X — UK s A b A Tt
JE, HHMRSS T A b E b 4251, HS-SPME-GC-MS
FE A% o RUCER IOROK o i # M4 4, 8 3l DG B 4 A 7 22
(Re & RV Gy), TP RARIRAK M 20 5, 454
RS, FRR YAy 5
1.5 DNA A

DNA iR #77E DNA G FHric il b, it —Fhk
TSI A5 A T R S 56038 A AR
2 /NEFUOIRTHITA 46 ASBIRE B PTG 2R
A3, Rl E] g AL AR R BUHE 0.735~1.000 Z [A], R
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0.879, Ui I VA8 BEAH by B (5 15 50748 LSRG OR R B .
SSR S, AR TS, R AT bR e . 2N
HAK(0.192), ULEAGIYIIX o> A PR AFFEH SSRARIE, K
S54 oM 73 FARIC SR 2R B, B = 0 gt A% Lk
BEIRE RN Hr, KT US| Y5, HAEZ
w2 AT, 4G SNP sUREMHT, A REEE.
BRPILERI A SSR ARIC 2 A AT 12 X6 5 | 4 2K 5]
40 NEEAEEN, FHEEXTSI YT E] 3.3 ANEALEENA,
RUIE RS BA s 23851, RE RAFH e me i 50 £3 7K
R dn A A BE B 2 RE 1 o i DL EOFSE AT LU HE, DNA
T8 SUBAF RO BE D 41 b s g Sy 1 1 2 25 1, i ad 2R
4 Wik 2 K0 (polymerase chain reaction, PCR) . FEHLY™ 3
Z & " DNA (random amplified polymorphic DNA,
RAPD). ¥ 3 Bt [F £ &1 (amplified fragment length
polymorphism, AFLP)% 5744 s KR ) DNA 45 2083,
ToX L [ 3 B 68 S WA [ 77l ROK B s A% 22 57 o i i 2
APk SSR FRICFIZ Fh > THAREE G ik #b T —H AR KR
PR, B 4T S B DAY 22 5 0 (HAZBR T SSR FRic i
TF R A FRE AR, 2 R F 5% AT 45 4 s 20 500 O &
HRARIC
1.6 RBHEFHRAK

TR 22— T TR A W R N i A /N AR 0 14
FLA G TS G IHB IR AN 53 F B 1000 LA /N3
TWE, AFEA L R R L, IR L R

B, SRR . AR IR 4 XY 29 2%
BE 4 SREORAR A, RSN G35 HR B PO AT AT IS (8] 5%
(gas chromatography-tandem quadrupole time-of-flight mass
spectrometry, GC/Q-TOF MS), UL PCA X754k i 2 1Y 25 5

PAC AT R E, WE T 11 FMFERRICY), MR H
IR EHE T B 0 RO IR YR . ARSI F AR
FEPEFIBRIC Y A S0 o (R A2 PR AM G R Rk
(CROPH 833 30 55 38 B 1 R R e Ak &9, T RETR B
— SR R e R R AR . ROk W B A A g R
A KA B 535 . XTAO 258 il PCA. PLS-DA .,
HC FIE 32 e fe /N — 3 A1 53 BT ik (orthogonal partial least
squares discriminant analysis, OPLS-DA) £ #h £ 045114
Mrogk, Xk B BIPITAE R 20 1A ALK 20 433838 K
KR HAT T RGN @aLorHr, ikt 30 NHA
SR SO A oy, Hodr 8 NIRRT Wrpk S o IX
S HLIK 5 58 FOK W bR R . AR A &0
W22 (PCA . HC) 57 Wi 2%~ (PLS-DA, OPLS-DA),
FERBIR R AR B AR 0 A, N REZR 411245 . OPLS-DA 11
MBS E T AR SHNAES, BT M T,
A ThRBEY RN R R, 8 MIRBAH Y 5 A VLA
FE I IR R BRI, W 456 H )45 Bk HE (An Akt
AR 2 e 53 ) i 3y AR S Ry =R DR DG . Gngk 1
FIi7R, 6 PP AT AR AE ROK ™ Hi I -5 ECSC P 45 8 A9 1
FHYE

R1 6 HOMBARERK=HHREELHLEEPHNATER

Table 1 Application scope of 6 kinds of analytical techniques in Oryza sativa origin traceability and authenticity identification

IR UG S50
B AR S MOR ETOD R MR . PP IOR B TR A Wl ok s e A% 4 [6.17]
. KB TR b7 . JT i Bt Kol . K BOR R e il . SR AR R

yA N |
FRTRITHA SRR . K P A R 7 S R K SRR S [20-26]
AR R R R (28 40]
IR BT A SR BRI . AT BT . JZe 2l . e R . ORI (42 44]

DNA Fik Rl [46-47]
R 2 AR T K 1) 7= 1t 5 A5 ML ROK [48-49]

R AT RAKINIE

2 ZERiIE

Bifi 75 A BRA B 40 A [ RBLAY H 35 708, KoK ™ Hu i Ui
HEIHIR SN AESREEEE, RERMERAN
MRS SR AR LA B (AL vs 1 50) SR HE T 3K
fF AP [ARE, Sk TWOnE ok AL
B« A4 531 . DNA AR AL RIS 5 R 5 51 1T
PRAET BN WA, &F O NE 7R ANN,
PLS-DA. SVM. OPLS-DA %, ifii PCA. HC 25 LK
AW B HAR, FIFAb 3 A [F] 43 B4 AR o R A i s LA ik

He e 5T I 1) R A R AE LU LA Jr o M 3K
PIFELR RO MR R G, A3 M FORFE b, B ORAE
hh A R T B 7 A AP, RN T BE (artificial
intelligence, AD)SHLA#THEARMAE, KM= H
VRS ELOh S AITFRE T B8 Ao i 401 i B ) v e A
Bl R 2 ) S EECIRIEE 1, AT HORBRAE B I RE A
SRR TR I RS i B S T — e, RO AR A AR S A5 R
AT AR . XY GREE BRI T2 >, AR
AN (R b A AN B ORI o IRR S B HR Ak | F2
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information system, GIS)%:TBE, 2l K it Ut o e 2
FAe 8IS S AR W BB RS G, W o AR ROK AR i —
BE B0y, TH TSR T8 W R R, SCEURE
IREELO (FIE AT . MR AL A R 48, iR
TUEN GRS L. BOR ST, BUMNG|S
PRFRAE T SR ECRE B A ZE, Al DR R W R 45 14 (i A5
2 (e 3 KK A AR ) 5

3 o KK A R R B S B, AT LU AR AP
PR AR b ) St AN AR T S AL, 7 L At X 1 7
i B FEECREIAT, BRI R IVETT S, R Gk
ZOEE AR o T T R LU R M T A T SRR 1 B0 S
7T, AT ST R W SRR
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