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1.2 K@t #iEP R TR MU FE SR

TEZK T i B 7 b 0 50 T, RS e )
7, B mRIE KRR ARG R, A4
5 22 W W WK A B8 B T 5 o0 &R T BN B 4R
(Campana et al, 2007), H-A7H11#9 Sr 5 Ba LRI F 2
VRS ARG R K IAEE , PR, i B e R
HEAT 7= Mo i) 5 2 — b 8 227 S (Kerr et al, 2014),
Avigliano %(2017)iz F HUBGHE & 55 3 T & SOk
I (ICP-OES) X Fi i H & ] 3 ANAS[R) b X 1) £ 8L i
##(Prochilodus lineatus)H-£71 Y Sr. Ba. Zn 5 Ca Jt
RO ESAT TIE, FERSEARST, 347

AR HAS B BRI (Franke et al, 2005), HAE A
B i | Sl e R SR Dy 2R A= 4w 1 S
A SAEY A RS B, S BOR T A [ b X 1 £ )
W ICE & RATAE 3K 22 5 (Anderson et al, 2005),
R “HREC 1Y 22 5 0] LLSCR AR AT 14 7 9
FAR(E 1) FETRIEH, WX 2B K i i ot
FE RGN 880 HEATREHEE AT, T AR
FHSEAK 7= i = M VR ) B Y o BB el T EDRL R R T
— LT ICE, KT R R T R A A T RE
Z VR R R, G SR P s fRDR i s B e 2 T
#F, BXPR R RIEITLEE 0, WAESE 7™
Mo, AT LA R0k e 2 BN BRER (s e
FBHERRIRE OO I T

Tk
Aquatic feed

o

BK AL YN R AR F] TR 3T
Exchange of elements
between tissues in various

aquatic organisms

PhAesr “HREC7 IR R AR

Schematic diagram of the traceability by microchemical “fingerprint” profiles

HiL B AT R B 82.1% . 84.2%F1 77.8%, M
SR ICER 5 ILMITE S 05 R 45 A W 0 B0 5 A iy, (1
Bl FH G R 3 S0 0 G E T SR I A T R
JUMIEA 227715, Miyan 25(2016)i 3 Bl 4 25 25
TR K FHEEALACP-AES)I & 1 3k [ 18 ] K H 30
[ 4 A= 1 1) F B3 (Clarias batrachus) < H-f1
) Na, Mg, Ba fil Cu % 12 FB FOCER &, 45
BEBR, 78 4 A= M, BR Na, Ca fil Sr L& Ab,
HAy o Fion B fFE B EEES, @i 12 FocE Xt
4 A7 {0 3BT HERR 00 500 R 88% . 92% . 96%
1 100%, BREIHERZRIE 94%, 7= HUH &R AE %
U o HWFFE IR X [FIRE 4 A 7= M REAR L T LB 252
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Dk r =k B, R R BIER RN 68.39%, 5
Avigliano Z5(2017)fWFFR &5 A0 IR, YIRMA TR
(A B8R B S ILDE S22 vk s BA 0 e &R
R FERE Maciel 25(2020) 0 F K PG EEPURE S 4 4
TA] 11 (%) S 55 # i (Geeni dens geni dens) I BEIAR I 51, Ha
JECR A 45 B TR RS I (ICP-MS) FEOG 3 ok Hi, S
A4 B TR S { (LA-ICP-MS) 9k F T 2 B A4 3 %
508845 Ba, Cu fil Mg % 7 B it &R 5 Ca
FUff s SHGE T IERA HUN R 75.9%, 51
ZEAHIBIZRN 86.2%, Xt FEMAR B HI AR R At 5 T
HA W IUTIEA 20X 4 ASREACH I 0 W %
751%, ARFT BT R B IR o i AL XA [H]
Hi DX B B R BE DR 5, Han 282019 R&E T
HE 2 DA FE X R AR 4 A Z= T R0
(Oncorhynchus keta)t£: A, i it 18 F™ i Jo 2 A9l
AR LAAE: 2 ANAS [ 7 8 fee 8 A7 7 il 2 ), sk
— IR T £ 0K AY 7 b R B R A o £ b )
Y PRS2 BB R, WESE TR AR A A

AR, W TR /ATt AR £ 1 )b FH 7 0
MR, 5 Oi5E(2012)i@ 14 ICP-MS ]
FE T HERGEESS 3 0 LAY Na, Mg, ALSE 11 Fha
JEICE M, WK R 3 AASFEWIA = B Ao,
AT 7 b ) ) AR Rk B 93.3% . 1 £l 45 (2013)
FRESET26 3 4 LR Rl U A7 58, 7B Na, Mg
212 FhIASAYE R OC R XRHHIIE AT A 3 S IA B e
BEGI IY ZE 1L A SR B AT MR B, X 4 A
Hi B F I AER IR 100%., X SE25(2014) 43 9 5 Bt
TAKRRUREKITKRD 4 DR, HTFH 3 PR
W Na, Mg %5 12 Fhl™ e Z 4=k 5, x4 4
75 1L B R R R [EAE AT 35 100%., Varra 25(2021)f#
VR R A A B AR T 1 A (Q-ICP-MS) I % T
HiL R RN PP 3 AN [R] M X Y 68 2 3 2 I (Sepia
officinalis)FEACAY 52 Foc R & &, a1k
T3 AT 50 5 A 5 R 3 A4S 7 1l A 3
HEAT = L 3 2 (R 38 UG TEH 1 A 2R 5331
1 100% . 99%F1 100%, R A=A b X6 AN [] >f U8 12
AT IX 43 o

TE DL ZEAFFEH, Zhao %5(2016)%F R4 TR 3 4>
B0y i i 0 HE A 5 0 11 (Ruditapes  philippinarum) it
e b 5], SR ICP-MS 1l 5 W5 A 140 4R 40 B [l 46 %
ERVETE KRR SRR 25 M RS ®, 3 4
75 A BIER R R 94.4%, FLAT B9 77 K
BIRCR s FHRHEA T EE R s, Na, Mg, Co. Cu
12 FOCRAEIAT S KR A e BE IO, A

UE SR A AR MR N B I3 00 28 23 TR DR A 3 K AR A B
(9755 k.11 25 4k . Bennion %(2019)ffi ] ICP-MS Il 5 5%
LT ZI/RZEVNMERE 3 NS 4 AR 1 g DL
(Mytilus edulis)f) As. Cd % 9 Fhoo &K, JFib47/=Hb K]
A, kAR VA N[ B HOMACR 5 ERE 5 i DL
5o, BEHABRIZMEE G ZE, X 4 DR IX
W 2 AbSRAE S R AT EEACR 6 k) ) T DL F) J31) o 1
H[ 35 5] 100%., Morrison Z5£(2019)i@ 1 ICP-MS %} %
T RI/RZVHERE 3 DS 4 ASASTR] S B DL
(Pecten maximus)i#t 17 T 7= Hu i ) 51 . HEETF 10 A
JEIGER | PR 5E R BV B AT T T R B
HHN BT . G5 R, DSEry RS 97.5% 9 H)
FHERR R, HA B P RSO . K e 2 5 DL
SEER AR & Z 5 AT — AR E R R 100%,
Forleo Z5(202 1) RAE T 7 M HBIX 25 4R AE 5 1Y £
U1 (Mytilus galloprovincialis)i#E 47 7= i 557,
14 B B A0 E Ko, SR 7 s s v of
IRk 90%Lh b, ATLIA R AT ER R E AT N .
Ricardo 5 (2020)F| HA™ i oCc £ PRk | HEff . A R0t
7 7 #E1% (Ruditapes philippinar um) it 7= i i 5 .

B I 06 F AN I T AN (] 7 b A 7K ™ i |
S5 Z b, A ] DU T XA [R] 532 58 07 2K ™ i ) 48
A, AT DA G b R A B AR A B K T A A
Anderson Z£(2010)F| ] 19 FocR &L T 5 FAFE
BEAY, S20 2 A A K Oy NGRE 5 B AR ) B BE R PR 7
fiz (Salmo salar), K i K 5 #5 ff (Oncorhynchus
tshawytscha) A4 K Jbk ¥ £f1 (Oncorhynchus kisutch) iE 17
X3, HSRMIEAN R AR, e AN A, (HhE
% B 2y LA ] 7 b 55 A= 7 O 12k A B £ XA TSR
Zitek 55 (2010) 58 IO R il A BG4 5 AR s
i (LA-ICP-MS) *f ¥ 4 5 A T. 3% 54 1Y 8§
(Oncorhynchus mykiss il Salmo trutta) i) H- A1 170 &
Mg, T ¥sr/YCa Ml PNa/fCa 554347, 1T Lk 100%
X 20 BF AR 5 FR A O, Li (2015)i8 i3 ICP-AES %A
[ 7 7 A 2 A B 5 2 (I ctalurus punctatus) R 1T AL
WH FOCE M LS, 458 ER, H 13 Fieioc
R TR HONAE S B DR SR A B SRR A i
W] 3K 100%.

MW Bion R “fesl” WSR2 58 B AR K
PR, wonER 8 N HET S S E TR,
R3] H AR €K 08 7 R A S AT A TR G
B, A TR 22 AR K™ ik 2 A DGR IR 48 A 1 BF
58, FrEKEICE “HRaC RS R A R T
2 R AS 1 LA TR 22 7 ) B s S
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2 TRERMIERRMUFES TSR mi iR
21 RERMERMHKFE “HE5” BERHKRARRE

FEFHRE P EOR RN A — T R R R
BRR MR ZR, K= ARSI R 1Y U E A2 R AL R
TRRASU S IR o ()45 28 43 PR 380N 2 48 Fh T [0 38 o o
AN, R fe2E R E A R, TRl 3
Fb A AS [R] %) P A g Joi s ) A 40 Joic 1) V90 A A 285 T % 2
B TRI5 28 14 SR 43 B S0U0E (Nier, 1950), [R] Z 415K
NSz A IEE . AW AE R R R  IAEAE 2 5
(Branch et al, 2003; Liu et al, 2017). [@{ % ik shiE
FEIAX AN, MR, iR AR 8 A% B 1Y
FRIFE R, BFRh “FM R, R R & R
TEAL(IRMS) B AR ELAT R B 5 L 32 /A0 d 4 i BRIV g
PR Z R ANX 4y, HBA B, A2l ik
TGP IIE R o ZTARTE FAE(Perini et al, 2017)55 464
PR AR N4 2 4 (Zhao et al, 2015)Z 35 1% A &
HIIRE Tis . ARk, R IR A Tk
LB 37 FH (Pereira et al, 2019), H#512 8"°C. 8"°N. §°H
1 8'0 %,

KRN C FRE R0 22 20 B 5 DRk A A 2k
wUIMI. 8°C SR NEhWFE R 5. Cy MY B
FIAR LT & A= AR Ak o 8N B 3Z ARl N SR i e B 5%
Mok, 3837 31| - BRI 45 2 Fh [H 2 195 11 (Amundson
etal, 2003), KI&FH H, "0 (HEZ AR ZFT .
MR 5 A AE LR B sZ i = A ARk, R, AR AEAR
G 7K BRI K 7 S Y 67H L 8180 [ BRI 2% &
(A1%4%, 2017; Ramesh et al, 1992), 1 E 7 b i1 5
FIVE 1o D340, St Ra e [FIL 2K 32 2 b T 514 0 52 M 4
K, b H, ORERMEHERRE, fIfEH, O
S TR 28 0 R A7 78 501X 0 R 7K 7= i v 14T 90 R
5% (Kelly et al, 2005),

2.2 KFEREHEIE PR ERMEMLES TR

TR [l 22 R O 28 808 1 22 Hb vy FH 1) 40 28 /Y
PR A SY . Kim S8(2015)3EH T 11 DA[E b
[ f#% (Scomber japonicas) . 6 > = Y /N B fA
(Larimichthys polyactis) & 7 /> 7= #i ¥ % (Theragra
chalcogramma) i LA HEY, #4F C. N g R
MM, A5 R EoR, 65565 1 XA BEAR R, H/D
B DA FEERCAN AR, SIS AE 02Xk AT 6 4~
AN [v] [ G 0% DR VG ¥ B 3R 47 7 M W IR A 5T, BB =0
LA B, %7 FE#IE 7 C. N H, Ofl S
RN R HE, 258 kM, R 8 FE8m C.

N 5 S [ {7 2 7= K] 50 o i R 20k 100% . 7
Molkentin 55(2015) 58, it C. N [FfLZ ik A]
DL B A4 f 5 5 0 e R AT VA X 43, B die 10 ) A 0
TG ATS SR T LR A 7 I R

Brtaesh, R R WIE AT DL | S FUR g 2
B 7= s B IR TR R 32 961 . Zhang 4E(2019)43 B 7E
[l — R AR A T [ B S5 i 7 4
Hb 5 AR 3 B DL 4% 3 Fh g DI (Patinopecten yessoensis,
Chlamys farreri F1 Argopecten irradians)ift 47 1 JILIA
§UC A SN e, FIBILE RS, XECRERN T A
Hiu B B DL B 255 PN HER 263K 92% . Zhao %5(2019)
Gy BITEAR R 247 R T v SR 6 AN W) Ml sk A B
FEI, XPrAREARR 10 FHERERIEIT T C. N A
P2 LA A AE | 7 ) ) IR A SR IR AT 3K 100%. §1°C
A1 8N 89 B FHAE T 2552 ffi(Dosidicus gigas) 7= Hy
WIERESE . Gong %5(2018)5 Liu Z5(2019) ¥ R&ET
AR AN ) i [X A 25 2 fa b A7 7= b A DR T 5%, amad
§C FI 8PN Kk E| T E U AP b IR AR . SR
TF 5% 208 TE B 1 35043 41X %) 25 22 40 4778 1] B /Y Rl E G
B, Liu 48(2017)%E 2 (Apostichopus japonicus) il
SETHSENSHITR NI 81°C A1 8N MH, X RAE T AR
T AN [ 1 o5V S RE A A TR IR o BRI & 50
T 5 0 [X 43 T i DR] e P 4 30T 1 0 R A0 1 X
AREAN, HAT= B B 25 R 1k 79.0%, Li %
(QO18) K 4E T v [E 16 A4~ Hi X iy FL 44 5% XF 4
(Litopenaeus vannamei)ill & 8'"°C Fil 8"°N {H, fIRERE |
R 5 IR K 7 M A A S AR HE R R R 89.6% 5 B
FRKI, 8°C {HFEIEH A RUK P a5 22
S, 0 8N B 2E R EERORIE TR, Yin %(2020)
T 1) ) 22422 WA 28 Fh R 15 56 18 T 1A 1% (MC-ICP-MIS)
METHRRTREHS b S Fag £
(*7Sr/%Sr), 2R PEATIR [ 5 AN R AY 7 b A g8 B
AR FE , S50 Wos, AR RS IX A 5 5K EE Sr
R Al or 25 FUAELAR ST , (E R ) W0 X A (80 D) 77 A i 22
S, AT MR . A ARUESE T Sr RRE R R
FUAEL 3 232 K AR PR B 1T AR A 5

R [l 28 VR B AR A AT DA K 7= it £ 7=
Hb % 5], b m] FH R X 2 AN [ 35 4 77 2K 7K 7 i . Camin
ZE(2018)%F 20 4B KM FRFH I 1Y 130 25 78 A . il 1
AR H, C. O, N FI S AR R0, a5
it FRAS [) A el 3 B T 408 %) M SR 3K 91%; ik C
N Al S [Af7 2 HfE SRR LSRRG, ik H
F1 O A2 HAE I 5 7K A (9 HE A 5L IR A 56 . Wang 2§
(2018)XF By A4 AR FRAH (R B 548 . A HLFRGE) %A
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A BEEAT IR A BE, C. N R A7 3 LB AT RS A
FE FR 3T, Tulli Z(2020) Wi C. N,
H 1 O [Flfii R X 43 1 ARl b X K AN [F] %58 22 40 i ]
fiyi {1 (Dicentrarchus labrax) .

R TR E [ A7 38 BEARTE 7 b 91 5 b g 0 2 48
g TARZ T, B HATRPT SRR, 7 Z
WEFEATY Ry BR300 7 M e S RE AR B, e 2e
AHOCHEFE Y, X RAEHLIX SREA R 7 i — 22K,
DI e s Rl L R “Hear” .

3 WERRRMBERMERESSHATK
= A 7 b Y 3 R
31 WRIEMBERMLEESSHHREARE

ANFEAB AP & ET Tt R SN
1, WP A A A G sh7E K A s R P e BB, S5
T AR o X K A s AR N T R B it S AR
RS, MFFRARERMRME, K=RIENE C. N
R [l A 28 4 3z 3 /K A= sh i Jor & il Rk i) 25 D0 s
M s H. O [FI 2 A2 A K AR IR 8 1) 2 5 T A
FEHb bR 2% 5 (Ramesh et al, 1992); Sr £ 5E [
1V 2R ) 32 3] 1t J5e 45 A7 1 S M 58 RGN [ 1 D9 04 s PRI
R 52 e DR B A R ZE R A7 77 b B9 R AF 9 B 25 A AR A
(1 E A AN FE AR, DR e EA T 7= b R R B, R
2 (B 5T Z2 8 bR E AT 255 3 B LU L3 B
B — PR 2R A A W R R
32 AFERFHPMIERNT RTEMBERMELS

BHiEtRE

TCE R BRI R F8 S AR AE K EEAT
2N W, WX 2 PR A ZR G R B AR
FEHB IR R . 2000 ALK, B[R4 FL{E £ ot
RN S, A 177K 7 i 7= M U A AF S AN T3 22
HNNYESE(2019)M5E T 8"°C F1 8'°N LA K Na % 10 Fif
W J6 F& 1Y B f DL XA [\] 3 37 77 45 £4 (Trichiurus
haumela). H4k 4 -l lE g 8°C A1 8N {H G &
25 I REFRNM R WE ST TUCR S BEHS A G
HATE E R AT, BRIX ) 4 Mg fa, H
MHEXRAHRES, Luo FQ01EX P KITKER 8 A
[ 7 AR GBS B B, (U 80 C A 8N (LA il
HERR N 82.3%, AUl A BToc & Ay H 5 HEH 2
91.5%, ¥ KA ZIE A BIMER R E 98.2%,
FIMNFCRA B E T, B AEFQO20) X ARE . A
gh . B3 XY AR GBI B P b S v e B
PL8C A 8N [ A IR R bR AT P b ), HLE A

TEHfZRAUR 66.7%, 28 XHIE E#H R 65%, i F|H]
Z I T I IR A A AR [ 2 FC R ARy, 7 b
IR IE B R =18 96.7%, 38 XA E IEH RN
91.7%. TEXTEEZ = MR, Kang 55(2021)
¥ C. N, ORI HFNMRILES 22 F FicE & &
FHEE A, XTFRE 5 AR = b i i 2 04T W IR 52 &
B, HI 53 A B HERR BE FTAE 96% LA | Liu 55(2020)
BAEBMEITTR S CON R ES S, WA
I FE A0t 5 1) B8 46 (Cyprindae) FE 4T P= Hi X 43, I Zk4E
4 I HE A R 38 100% o

FEE SN T, Carter 28 (2015)X B AA)
W AR #5509 4R B PR O BE Y X U (Penaeus
monodon)% IR AY5E . LT R A LN ST TR S
R AHT, S5 R B, PE X HR 5 8 S X 4R 45
FETE R 25 5 IRl LIRS JLT B lal 4 [ A7 2= 2H i
FEFEESR A DG , FRIAAT LA 2 > B4 v A 31 55
W5 R, HAg gt H o 1 N304 7 20 B BRI 45 31 77 Hh 45
o Ortea FFQ015) K0 R SR R M &, RE
T 3@ 7 FPOERBE T XTER . LA EXTEER . EORE
B X¥ ¥F (Fenneropenaeus indicus) . LRI
(Fenneropenaeus merguiensis), £ (Farfantepenaeus
notialis) . B 42 4E £1 iF (Pleoticus muelleri) Al 4t % 4
(Pandalus borealis)], ¥ M R 454 5 82 H X 4y
TR | AN FE IR XTHE, [F] b s X 43 H B
A5 FRIEAT

RERMNRERREARSZ TR, IF 5
Z A 2E 25 BT IR AR A A 2 T H IR ) B 5T
PSR BT R S A R ARG G HEA T H i s e 0T
5%, Pl AR — Ty e 2R T i A R R

4 #ig

ARk, 07 FUCEK SEE AR R e IE | |
FEAHN DL SE K7 ity (147 Hi B D9 U 14 07 PR 22
Bt N B St A 15 B 55K R3S
LA R RIUSE N O, ELR G ARl 5 o S5 ¢
@R TR AR AN A & A IR % [ SR A S, 7K™ i
IR AN it REORAP B DR 23 5 8 Bk — 20 g fil 4 o BRAT
BOCRSRERMRE AN, ELIE 1Y
FHOR S 5 AR BCE W RO S5 7877 Hu I IR 2
IR A M E Z R MR AR My 1880
DA BAE e Al B 23545 B 20 FLA 7 i 22 S P A s ok
TF 2 AT B H A L %2 4 Je 7= H i IR F 2 P
(I ERF, S 57 Ml DX 38 [ 5 J22 T 8 7K 7 it 7™ 4 93 D 0 Dt
7 L PR ORI P ) T A [ 7 2805 31 e B E A



20 ook B

543 &

2 % X M

AMUNDSON R, AUSTIN A T, SSHUUR E A G, et al. Global
patterns of the isotopic composition of soil and plant
nitrogen. Global Biogeochemical Cycles, 2003, 17(1): 311-
319

ANDERSON K A, SMITH B W. Use of chemical profiling to
differentiate geographic growing origin of raw pistachios.
Journal of Agricultural and Food Chemistry, 2005, 53: 410—
418

ANDERSON K A, HOBBIE K A, SMITH B W. Chemical
profiling with modeling differentiates wild and farm-raised
salmon. Journal of Agricultural and Food Chemistry, 2010,
58(22): 11748-11774

AVIGLIANO E, DOMANICO A, SEBASTIAN 8, et al. Otolith
elemental fingerprint and scale and otolith morphometry in

Prochilodus lineatus provide identification of natal nurseries.

Fisheries Research, 2017, 186: 1-10

BENNION M, MORRISON L, BROPHY D, €t al. Trace element
fingerprinting of blue mussel (Mytilus edulis) shells and soft
tissues successfully reveals harvesting locations. Science of
the Total Environment, 2019, 685: 50-58

BRANCH S, BURKE S, EVANS P, et al. A preliminary study in
determining the geographical origin of wheat using isotope
ratio inductively coupled plasma mass spectrometry with
13C, N mass spectrometry. Journal of Analytical Atomic
Spectrometry, 2003, 18(1): 17-22

CAMIN F, PERINI M, BONTEMPO L, et al. Stable isotope
ratios of H, C, O, N and S for the geographical traceability
of Ttalian rainbow trout (Oncorhynchus mykiss). Food
Chemistry, 2018, 267: 288-295

CAMPANA S E, VALENTIN A, SEVIGNY J M, et al. Tracking
seasonal migrations of redfish (Sebastes spp.) in and around

the Gulf of St. Lawrence using otolith elemental fingerprints.

Canadian Journal of Fisheries and Aquatic Sciences, 2007,
64(1): 6-18

CARTER J F, TINGGI U, YANG X, et al. Stable isotope and
trace metal compositions of Australian prawns as a guide to
authenticity and wholesomeness. Food Chemistry, 2015,
170: 241-248

CHEN S J, LIU X J, YANG X Q, et al. Analysis of characteristic
elements and establishment of principal component
evaluation model of abalone from different habitats.
Progress in Fishery Sciences, 2019, 40(2): 83-90 [ 4Z,
XSeik, AR, A AN P R IE TR S AT S AR
SIFIN RIS LR EE, 2019, 40(2): 83-90]

FORLEO T, ZAPPI A, MELUCCI D, et al. Inorganic elements in
Mytilus galloprovincialis shells: Geographic traceability by
multivariate analysis of ICP-MS data. Molecules, 2021,
26(9): 2634

FRANKE B M, GREMAUD G, HADORN R, et al. Geographic
origin of meat-element of an analytical approach to its
authentication. European Journal of Food Technology, 2005,
221(3/4): 493-503

GONG Y, LI Y K, CHEN X J, et al. Potential use of stable
isotope and fatty acid analyses for traceability of geographic

origins of jumbo squid (Dosidicus gigas). Rapid
Communications in Mass Spectrometry, 2018, 32(7): 583—
589

HAN C, DONG S L, LI L, et al. The effect of the seasons on
geographical traceability of salmonid based on multi-
element analysis. Food Control, 2019, 109: 106893

HUANG L Y, FAN D J, ZHANG Y X, et al. Application of
multi-element and stable isotope ratios in geographical
traceability of Trichiurus haumela sold online. Chinese
Journal of Analytical Chemistry, 2019, 47(3): 439-446 [#f
HNSE, JOMRZS, SRR, % JoR & AR e R LU iE
T R = iR, s Hrikae, 2019, 47(3): 439-446]

JIANG X D, LI H'Y, WANG Y, €t al. The analysis of nutrient
components of Oncorhynchus keta skin. Progress in Fishery
Sciences, 2015, 36(5): 145-150 [3£MEA, Z=40Ha, T,
45 R Iy 4 (Oncorhynchus keta) fiL B (4785 32 L4343 4
HO Rl IERE, 2015, 36(5): 145-150]

KANG X, ZHAO Y, LIU W, et al. Geographical traceability of
sea cucumbers in China via chemometric analysis of stable
isotopes and multi-elements. Journal of Food Composition
and Analysis, 2021, 99(7): 103852

KELLY S, HEATON K, HOOGEWERFF J. Tracing the
geographical origin of food: The application of multi-
element and multi-isotope analysis. Trends in Food Science
and Technology, 2005, 16(12): 555-567

KERR L A, CAMPANA S E. Chemical composition of fish hard
parts as a natural marker of fish stocks. Stock Identification
Methods (Second Edition), Elsevier Inc., 2014, 205-234

KIM H, SURESH K K, SHIN K H. Applicability of stable C and
N isotope analysis in inferring the geographical origin and
authentication of commercial fish (mackerel, yellow croaker
and pollock). Food Chemistry, 2015, 172: 523-527

LAMENDIN R, MILLER K, WARD R D. Labelling accuracy in
Tasmanian seafood: An investigation using DNA barcoding.
Food Control, 2015, 47: 436443

LI L, CLAUDE E B, DONG S L. Chemical profiling with
modeling differentiates Ictalurid catfish produced in
fertilized and feeding ponds. Food Control, 2015, 50: 18-22

LI L, REN W J, DONG S L, et al. Investigation of geographic
origin, salinity and feed on stable isotope profile of Pacific
white shrimp (Litopenaeus vanname!). Aquaculture Research,
2018, 49(2): 1029-1036

LIU B L, CHEN X J, QIAN W J, et al. 8'°C and 8"°N in
Humboldt squid beaks: Understanding potential geographic
population connectivity and movement. Acta Oceanologica
Sinica, 2019, 38(10): 53-59

LIU Y, ZHANG X, L1 Y, et al. The application of compound-
specific isotope analysis of fatty acids for traceability of sea
cucumber (Apostichopus japonicus) in the coastal areas of
China. Journal of the Science of Food and Agriculture, 2017,
97(14): 49124921

LIU Z, YUAN Y W, ZHAOQ Y, et al. Differentiating wild, lake-
farmed and pond-farmed carp using stable isotope and
multi-element analysis of fish scales with chemometrics.
Food Chemistry, 2020, 328: 127115

LUO R J, IANG T, CHEN X B, e al. Determination of



CAR Y

FESRAT A JUR SRRE IR Z A2 T 1 7K 7 i 7 ) U2 e ) 17 21

geographic origin of Chinese mitten crab (Eriocheir Snensis)
using integrated stable isotope and multi-element analyses.
Food Chemistry, 2019, 274: 1-7

LUO R J, JIANG T, CHEN X B, €t al. Potential assessment of
stable isotopes and mineral elements for geographic origin
identification of Eriocheir sinensis. Food Science, 2020,
41(2): 298-305 [BR1-%, L%, BB, 5. ZETHRUER
(LR AE B R B AR G 7 S T AN, A
Rl2E, 2020, 41(2): 298-305]

MACIEL T R, AVIGLIANO E, CARVALHO B M D, et al.
Population structure and habitat connectivity of Genidens
genidens (Siluriformes) in tropical and subtropical coasts
from Southwestern Atlantic. Estuarine Coastal and Shelf
Science, 2020, 242: 106839

MILLER D D, MARIANI S. Smoke, mirrors, and mislabeled
cod: Poor transparency in the European seafood industry.
Frontiers in Ecology and the Environment, 2010, 8(10):
517-521

MIYAN K, KHAN M A, PATEL D K, et al. Truss morphometry
and otolith microchemistry reveal stock discrimination in
Clarias batrachus (Linnaeus, 1758) inhabiting the Gangetic
River system. Fisheries Research, 2016, 173: 294-302

MOLKENTIN J, LEHMANN I, OSTERMEYER U, et al.
Traceability of organic fish-authenticating the production
origin of salmonids by chemical and isotopic analyses. Food
Control, 2015, 53: 55-66

MORRISON L, BENNION M, GILL S, et al. Spatio-temporal
trace element fingerprinting of king scallops (Pecten
maximus) reveals harvesting period and location. Science of
the Total Environment, 2019, 697: 134121

NIER A O. A redeterrnination of the relative abundances of the
isotopes of carbon, nitrogen, oxygen, argon, and potassium.
Physical Review, 1950, 77(6): 789-793

ORTEA I, GALLARDO J M. Investigation of production method,
geographical species
commercially relevant shrimps using stable isotope ratio
and/or multi-element analyses combined with chemometrics:
An exploratory analysis. Food Chemistry, 2015, 170: 145-153

PEREIRA L A, SANTOS R V, HAUSER M, et al. Commercial
traceability of Arapaima spp. fisheries in the Amazon Basin:
Can biogeochemical tags be useful? Biogeosciences, 2019,
16(8): 1781-1797

PERINI M, GIONGO L, GRISENTI M, et al. Stable isotope
ratio analysis of different European raspberries, blackberries,
blueberries, currants and strawberries. Food Chemistry,
2017, 239: 48-55

RAMESH R, SARIN M M. Stable isotope study of the Ganga
(Ganges) River system. Journal of Hydrology, 1992, 139:
49-62

RICARDO F, MAMEDE R, BISPO R, et al. Cost-efficiency
improvement of bivalve shells preparation when tracing

origin and authentication in

their geographic origin through ICP-MS analysis of
elemental fingerprints. Food Control, 2020, 118: 107383
TULLI F, MORENO-ROJAS J M, MESSINA C M, et al. The
use of stable isotope ratio analysis to trace European sea
bass (D. labrax) originating from different farming systems.

Animals, 2020, 10: 2042

VARRA O M, HUSAKOVA L, PATOCAK I, et al.
Multi-element signature of cuttlefish and its potential for the
discrimination of different geographical provenances and
traceability. Food Chemistry, 2021, 356: 129687

WALLSTROM M A, MORRIS K A, CARLSON L V, et al.
Seafood mislabeling in Honolulu, Hawaii. Forensic Science
International: Reports, 2020, 2: 100154

WANG Y V, WAN A, LOCK E J, et al. Know your fish: A novel
compound-specific isotope approach for tracing wild and
farmed salmon. Food Chemistry, 2018, 256: 380—389

WU H, ZHOU X W, CHEN H Q, et al. Stable isotope
fingerprints for tracing salmon of different origins. Food
Science, 2021, 42(16): 304-311 [%i%, JAFHE, WRifR,
L ORI = S B RS E (A R AR SRR K 5™ )
P, BEElE, 2021, 42(16): 304-311]

YANG W B, SU Y P, LIU H B, et al. A comparative study of
morphological characteristics and elemental fingerprints of
Chinese mitten crab Eriocheir sinensis from three lakes.
Journal of Fishery Sciences of China, 2012, 19(1): 86-95
B SOR, JREF, XIEkE, 45 KIKER 3 DMah sk
IR RICE “H880 FHE. hEUKFRE, 2012, 19(1):
86-95]

YANG J, QIU C W, SU Y P, et al. Morphology and elemental
distribution of Chinese mitten crab Eriocheir sinensis under
different water conditions. Jiangsu Journal of Agricultural
Sciences, 2013, 41(3): 187-191 [#fil, ESRESC, TRz,
8. AR T ARG EBE LS FIoT R 7. 115
LRk, 2013, 41(3): 187-191]

YIN H M, HUANG F, SHEN J, et al. Using Sr isotopes to trace
the geographic origins of Chinese mitten crabs. Acta
Geochimica, 2020, 39(3): 326-336

ZHANG X, CHENG J, HAN D, et al. Geographical origin
traceability and species identification of three scallops
(Patinopecten yessoensis, Chlamys farreri, and Argopecten
irradians) using stable isotope analysis. Food Chemistry,
2019, 299: 125107

ZHANG Z Q, HUANG D M, CAI Y Q, et al. Geographical
origin traceability of Chinese mitten crabs based on
mineral elements and stable isotopes. Food Science, 2020,
41(24): 125-130 [SKEURL, B4y, %480, 2. 0400
REGTE RN R M h AR B B . R,
2020, 41(24): 125-130]

ZHAO H, ZHANG S. Effects of sediment, scawater, and season
on multi-element fingerprints of Manila clam (Ruditapes
philippinarum) for authenticity identification. Food Control,
2016, 66: 62—68

ZHAO J, SUY P, LIU H B, et al. Geographical origin difference
of elemental “fingerprints” in Chinese mitten crab Eriocheir
sinensis from the same/different water systems. Journal of
Nuclear Agricultural Sciences, 2014, 28(7): 1253-1260 [i#X
Y% TRE, Nk, S RFARREDK R e TR
PREC B 22T, AR, 2014, 28(7): 1253-1260]

ZHAO T T, ZHANG Y, CHEN C, et al. Analysis of nutrient
components and evaluation of nutritive quality in flesh of
three species of cultured groupers. Progress in Fishery



22 ook B

R 43 3

A
s

Sciences, 2018, 39(6): 89-96 [MXEEZ2, TKrr, BRH, 2. 3
bR EH A7 BE R A JIL PR 5 SR B AT 55 i B I
AR, 2018, 39(6): 89-96]

ZHAO X, LIU Y, WANG G, et al. Tracing the geographical
origins of Yesso scallop (Patinopecten yessoensis) by using
compound-specific isotope analysis: An approach for
overcoming the seasonal effect. Food Control, 2019, 102:
3845

ZHAO Y, ZHANG B, GUO B, et al. Combination of
multi-element and stable isotope analysis improved the
traceability of chicken from four provinces of China.

CyTA-Journal of Food, 2015, 14(2): 1-6

ZHOU Y, WU H W, HE B, et al. Study on spatial and temporal
variations of 8'%0 and 8D in Yangtze River water and its
factors. Resources and Environment in the Yangtze Basin,
2017, 26(5): 678-686 [JA%k, R, ¥, %&. KTk
80 I 5D B 73 AR RRAE S LRI P 3R 40T, VT e
TEIREE, 2017, 26(5): 678-686]

ZITEK A, STURM M, WAIDBACHER H, €t al. Discrimination
of wild and hatchery trout by natural chronological patterns
of elements and isotopes in otoliths using LA-ICP-MS.
Fisheries Management and Ecology, 2010, 17(5): 435445

(% 5

Progressin Multi-Element and Stable | sotope Analysis for
Geographical Origin Traceability of Aquatic Products

XUE Junren', LIU Hongbo?, JIANG Tao?, CHEN Xiubao?, TANG Jing', YANG Jian"*"

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi, Jiangsu 214081, China;
2. Key Laboratory of Fishery Ecological Environment Assessment and Research Conservation in Middle and Lower Reaches of the
Yangtze River, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi, Jiangsu 214081, China)

Abstract
and their products. Such products mainly include fish, shrimp, crabs, shellfish, and seaweed. Aquatic

Aquatic products are a general term referring to marine and freshwater fishery organisms

products are rich in nutrients such as proteins, vitamins, fatty acids, and minerals. However, the recent
illegal counterfeiting of the geographic origin label for aquatic products has become a major problem,
receiving increasing attention worldwide. China is the largest producer of aquatic products globally, with
a wide variety of aquatic species (especially fish, shrimp, crab, shellfish, sea cucumber, and microalgae).
Several of these products are famous, exotic, high-quality, and new or endorsed by protected designations
of origin. As an increasing number of consumers pursue better quality aquatic products, many well-known
aquatic product brands and the protection of geographical indication products have been established.
Consumers prefer aquatic products of well-known origins or famous brands, and are willing to pay higher
prices for their quality. It is noteworthy that unscrupulous businessmen frequently fake shoddy products as
real ones to earn profits. In addition to adulteration, the unclear origin identification and mislabeling are
also rampant. Counterfeit activities inevitably harm the legitimate interests of consumers, producers, and
the fishery industry. Using “bathed” Chinese mitten crab to counterfeit the native crabs cultured in the
Yangcheng Lake of Jiangsu Province is a typical case of the above-mentioned activities. However, the
establishment of traceability systems related to aquatic products remains unaccomplished in China. Thus,
it is imperative to accelerate research on the origin traceability of aquatic products, and use scientific and
objective methods to identify and confirm the origin of the products. Moreover, accurate and reliable
analysis approaches are a prerequisite for effectively solving the adulteration and mislabeling of aquatic
products and have special significance for implementing the national policy of rural revitalization. So far,
biogeochemical approaches have especially advanced with a set of techniques for traceability of aquatic
product origins. In particular, the corresponding mineral elements (e.g., Sr, Ba, Zn, Ca, Na, Cu, Mg, Al,
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As, Be, Co, Cr, Fe, K, Mn, Ni, P, Ti, and Zn) and stable isotopes (e.g., 513C, 815N, 82H, 8180, and 87Sr/%Sr)
analyses have received increasing attention. The composition and content of mineral elements and ratios
of stable isotopes in different habitats of aquatic organisms have individual characteristics and the mineral
element/stable isotope “fingerprints” profiles in aquatic products must be different owing to various
bioassimilation and bioaccumulation processes of the elements to the organisms from different
geographical production regions of either natural or aquaculture water environments. Therefore,
chemometric (especially, multivariate statistical authenticity analysis, e.g., discriminant analysis and
principal component analysis) models based on the aforementioned “fingerprints” profiles (i.e.,
multi-elements, multi-stable isotopes, and the combination of multi-element and stable isotope) can be
used to discriminate between aquatic products of wild or farmed origin, geographical origin, and species
authenticity. This review summarizes the progress of the principles and applications of approaches to
multi-mineral elements and stable isotopes traceability in aquatic products. Although the element uptake
in fishery organisms may be influenced to some degree by water pollution and artificial diet, the
availability of multi-elements/stable  isotopes in  ambient habitat waters and their
bioassimilation/bioaccumulation are the most consistent and prominent factors influencing the
biogeochemical “fingerprint” profiles in aquatic products. Advanced chemical analysis techniques can
precisely and accurately reveal these profiles; for example, inductively coupled plasma (ICP) optical
emission spectroscopy, ICP-atomic emission spectroscopy (ICP-AES), ICP-mass spectrometry (ICP-MS),
laser ablation-ICP-MS, single collector quadrupole-ICP-MS, isotope ratio mass spectrometry, and
multi-collector-ICP-MS. Successful studies of geographical origin traceability have already been reported
in literature involving in many fishery species; e.g., Prochilodus lineatus, Genidens genidens, Eriocheir
sinensis, Sepia officinalis, Dosidicus gigas, Ruditapes philippinarum, Mytilus edulis, Mytilus
galloprovincialis, Patinopecten yessoensis, Chlamys farreri, Argopecten irradians, Pecten maximus,
Salmo salar, Oncorhynchus mykiss, Salmo trutta, Oncorhynchus tshawytscha, Oncorhynchus kisutch,
Ictalurus punctatus, Scomber japonicus, Larimichthys polyactis, Theragra chalcogramma, Apostichopus
japonicus, Litopenaeus vannamei, Dicentrarchus labrax, Trichiurus haumela, tiger prawns, and several
Cyprinidae species. The present article provides the most recent references and important theoretical bases
for the development of more effective traceability and authenticity detection technologies for the famous,
special, high-quality, and new aquatic products, promoting the implementation of national policies for
rural revitalization. In addition, the establishment of local and national level databases is strongly
suggested for effective geographical origin traceability of aquatic products in China.

Key words Multi-elements; Stable isotopes; Aquatic products; Geographical origin traceability;

Microchemistry



