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Traceability of Fragariaananassa Duch. origin based on stable isotope and
elemental technology

YU Han-Bing', GUO Yang', LI An*, ZHAO Jie’, ZHENG Jun-Jie', XI Jia-Lin'"

(1. Beijing Agricultural Product Quality and Safety Center, Beijing 100029, China,
2. Beijing Research Center for Agricultural Standards and Testing, Beijing 100097, China)

ABSTRACT: Objective To study investigates the feasibility of accurately tracing the origin of Fragariaananassa
Duch. using stable isotopes and regional characteristics of multiple elements. Methods Using stable isotope ratio
mass spectrometry technology and inductively coupled plasma mass spectrometry, the stable isotope ratios of carbon
(C/'C), nitrogen (*N/"N), hydrogen (*H/'H), and oxygen ('*0/'°0) and the content of 18 kinds of elements in
Fragariaananassa Duch. samples was tested. The characteristic indicators of Fragariaananassa Duch. from different
origins were analyzed, and stepwise discriminant analysis was used to establish 3 kinds of origin discrimination models
for stable isotopes, mineral elements, and stable isotopes and mineral elements. The traceability of Fragariaananassa
Duch. origins in Changping, Shuangliu, and Dandong was carried out. Results The correct discrimination rates of

cross testing of 3 kinds of models were 88.4%, 90.7%, and 100.0%, respectively. Conclusion Research has
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shown that using a single technology for facility Fragariaananassa Duch. origin tracing and identification is not

ideal, while simultaneously using stable isotope and elemental technologies for tracing can accurately distinguish

the origin and provide a methodological basis for the feasibility of facility grown product origin tracing.

KEY WORDS: stable isotopes; elements; origin tracing; Fragariaananassa Duch.

0 35

WK (Fragariaananassa Duch.) & % 25 Bl B AR FH 4,
BRURER, 5ok RRER, B2ltiaszll,
F 1 AR F2 AR 2, BRI R B
S LR R, REC @ T AR EklE . KRITH
N PR, R S NIRRT, PR A A,
FREAE S b s T AR R Al 3 LA A TR 2
873 hm?, 4E77 8t 2.04 71 t, 4E77H 5.6 127l Jb st
B BEEAEHT 2010 48 2011 4E4 R 35 A0 =
R TG R SR v S i b PR A BT AR . AR T b
WRUE T LGB A 7= b e 4 L R T R TR T
WS P 0, AR = TR R R A B, B,
W R IR AR GRS Y on R L RERM R . b
Jeit . AHLALSY DNA F8EUEH AR L, R R &
R AL AR AT LS B K A3 ) RUBE AR A 7 i 7 i 8 A 1 90 U
B IR TR B . K SRR S 0
W4 70 3 PR AR o g AR G i B0 i ok, AR
i B R R S0 e A T2 PO L b R A 5
2R —F AR AR, 7 B R 5 A SR T 1) 2
FEARBEA W 10 &8, 52 S8k e [ 7 2 e P oo £
BRI A L WG Al KR RERERRK
F b A U, 7 ) R T AR — R
7 ) 5 20

[ P4 A1 22 BB AR A R A I 9 B R B 48 A i,
R WA UE ™ b 22 0 S R A = S SR A b, B X BREE D
HEP= SRR 4 o SRR 32 SRS RS R A X
BN, 7R EREARS G AR . AN ST R X Rt A D A AR
A, TR ES43Bir i it A v 22 Fh e RORTRR E R R AR bR, SR
FRGE RN . JCRE AR E RN R ES Ao Ry 2050 g
S BIRLRL, S I R AL AN i OSBRI 5 H L
Vi =8
1 #RER*®
1.1 UERE

ICP-MS 8900 H1/BeRE &5 25 TR BTIE X (GEE Agilent 23 w]);
IRMS MAT 253 FaE R & %X (35 E Thermo Fisher

Scientific /A #]); MARs6 % M A (EE CEM 2 ),
BIJL-2200 4= A 87K R R G AL S RBHEAT IR 2 v); XP6

il

o KRS 0.001 mg, Fit: Mettler Toledo /A F]).
1.2 KX

Fa i 6] L E AR W B USGS40 (6"°C=-26.39%0/
SN=-4.52%0) . USGS45 (°"H=10.3%0/6'50=2.238%o) .
USGS46 (0" H=-235.8%0/6'*0=—29.8%0) . USGS47 (6*°H=—150.2%/
5'80=-19.80%o0)(3%[E Thermo Fisher Scientific /A 7); 26 Ft
ZEA (10 mg/L). WHRIT RN (100 pg/mL)(E F
Agilent 24 F)); THER(IER AL, Jbafb=ARR ).
1.3 #HmRE&E

AL B L IRGR . T PRR 3 AN A
XORAR 86 METEREARRE S, o BPP AR AR
£ 30 MREAL, BUREAERAE 26 MEER . «EERIRR MU B
BRI AR Y AR E  . BER AR F B 1.

#*1 HBEREER

Table 1 Collection information of sample

o ek T R
5 /m /mm

40.1776N~40.2191N

3 B Al ~
B30 163 468E~116.4030E 307100 330

39.8641N~39.9476N 300500 981

ILITHAR 30 124.0402E~124.2401E

30.3511N~30.5468N 400~1000 807

l Ny
PIIRG 26 103.8929E~103.9547E

1.4 LW TE
1.4.1 #Sias

SR 4R 1) B RE R il IOk 3R B R B KA AR T, S
TGS T80, SR IORES B 3 1, 4
SIFF ORI, B AR R . A RAS I FIRS 2 R0 R
I N i

T it 7 2 K6 0 7 Ak B SR P i T A s, METAR L
5 gORIBAE] 0.001 g) il £ b 1) B RE A ity —F (08 0 A o,
A S mL SRR, 0 s acE SRS TR, TRURTE R
T 3 mL 4K, PRIEHMAREPERALDT 8 mL, THF
SERUT AKESRZE 50 mL, $ZRFE ) B b B 7 25 1,
RO e TR 20 . UK I 75 v U T AR A BT 5, R
T Sk A G I EORERE R AR TR, HEAT AR AL S S RS
FAGETEILF, E-40°C.50 Pa & PR T 48 h bl [,
TS RRE S 0.150 mm %, BB R TRIET T
PRas AR L FRUE RO A, ARSI T XA S T K



164 B 24 iR AR I 2 4l

%16 &

B R, FRECZY 2 g 45 07 M REAERE G T 10 mL AR A0 5%
b, UARSBEMA RN 2/3 s, HEA R 5
10 min, B2 BCH K> F 5 BARCAFE R D, %5 5k
EIRAEAEM
142 HAralak

W B8 E [A]67 F HE JBT 3% 725 (stable isotope ratio mass
spectrometry, IRMSRrllor#hk . &, &, % 4 FifaE R
IR ILE. IRMS SR E AT URE 180 mL/min, &
AMRF IR 100 mL/min, U 250 mL/min, . &K
BEWIRE 960 °C, & . AL 1400 °C, THIKERE
65 °C, HifeIE /1 0.6 bar, IS TE 1.0 bar, Ak HHLEF
HIRE S 3% ATTE AT, B AR E R AR U AE 4 AE
960 °Cili F#kbe, ARl A M AR, EAHR
SR AT I B AR S AT TR O3 BRI, R TAR
HEPI T USGS 40 HLSA IEMNAE R . & FREFM R L
{ELZIHTTE 1400 °Crrylfit T, AR ]y 2 U — % dbik, JF
T ST AT R B A R 4R AT )6 2% L A R
SRR EY) T USGS 45, USGS 46 1 USGS 47 = AL IE/
J5 2R IE AL,

7 FH LGRS G 458 F IR T3 74 (inductively  coupled
plasma mass spectrometry, ICP-MS):l 434 Ce. La. Sc.
Tb. Al, As, Ba, Ca, Cd. Co. Cr, Cu, Fe, Ga, K,

-23.0 - 45
65
-24.0 + 563
250} +
g
O —26.0
= ; 37
270 15
280 3
-29.0 . ) .
B FHR B
FEHb
-20.0 |
-30.0 |
g
= —40.0
<
-50.0 |
_60-0 i 1 1 1
B FHR B
7 HL

Mg, Mn, Na, Ni, Pb, Rb, Se. Sr. Zn, Hf, Pd % 26
FotZE &R ICP-MS SH BRI 0.83 L/min, 4iH)
S 0.23 L/min, E/A MR 4.0 mL/min, RAERE 8 mm,
AR L% 1550 W TCP-MS 22 Sl 31 M - 03 0 P Aot
FIME 5 N (E, R AR v TSR U T R

1.5 HIEALE

ByEni A SPSS 22.0 4TS T4 Hr, FERLFHZEA K
TRy 1043 T G ST AN ] 7 b B AR 7 i R S A

2 GER55H

21 EERERMRLESERST

SKH IRMS K43 TSR = 2R R Al 4 Fh S
[FIfEZ 6°C. 0N, 6°H Fil 60, L5BK 1 B, Eidsy
MrkB, BPERE 0°C (HILFEIA-28.2%0~23.8%0, FHAH
%5 01C {HIE I N-26.6%0~—23.4%0, WM HEE 6°C (LN
—25.5%0~—23.8%0, J7 ZE4THT AR IR BV EAE S PR EAE
R AR 0°C 2252 B3, FHREREMAUGTR #AE 0°C 22
BRI R, BEREN 6N (HIGEE F—1.7%0~7.4%0, F}7R%E
BRI EAE 0PNAE S A 1.1%0~9.7%0F1—1.5%0~3.6%0, £
FREAFPHR A OON E R E TR R, ffgs 8
IR b X A (e A HTLAE B8] L SUE B X 1 26

10.0 b _
8.0
6.0
$
Z 40}
S
20t
O L
20 . . .
B FHR WU
Feib
4.0
20}
£ 0f
o
= 20
40} 40
6.0 . . ‘
B FHR B
i)

BT RRRRE [ R AL R

Fig.l Stable isotope box diagram of Fragariaananassa Duch.
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Table 2 Analysis of element content in Fragariaananassa Duch.

. i /(mg/kg)

JLER - -
SRR FHRE R LI R

Na 8.988+7.359° 4.618+3.730° 6.431+6.374°

Mg 143.921+£27.261° 114.429+13.581° 108.346+9.901°

Al 0.790+0.821* 0.159+0.145" 0.687+0.447"
K 1351.000+£285.000°1371.000+161.000* 858.000+139.000°

Ca 33.774+7.908" 20.262+2.894° 31.040+4.204°

Mn 2.949+1.225° 6.043+2.191° 3.077+1.152°
Ni 0.016+0.012° 0.024+0.014° 0.018+0.006"
Cu 0.212+0.079* 0.370+0.074° 0.419+0.145¢
Zn 0.783+0.250° 1.023+0.191° 0.727+0.0158°
Ga 0.091£0.034° 0.106+0.037* 0.219+0.089"
Rb 0.341+0.275" 0.709+0.310° 0.559+0.257°
Sr 0.851+0.233° 1.141+0.424° 1.067+0.127°
Ba 0.752+0.290° 1.124+0.422° 1.842+0.749°
Sc 0.014+0.018° 0.032+0.023° 0.060+0.008¢
Pd 0.130+0.039" 0.051+0.027° 0.169+0.025°
La 0.009+0.007° 0.003+0.003° 0.013+0.006°
Ce 0.017+0.015° 0.005+0.004° 0.019+0.008°
Tb 0.039+0.007° 0.212+0.044° 0.021+0.004¢

TE: FATEOR MAAR T B [l 2R AT 31 2 53 (P<0.05).

K A TR F SR B A5 2R, R E
[l 3 2R AT S350 %k B-F- . PHRMIRGA 3 Mk FEag 4T
PRI, B 3 A FAERER I N U A, FHRA 2
A FRERRA R RO FRE, WA 5 A HAERERHA B
R, FEACREIRIERAHIRIA D 88.4%; SRJTIC R HAIHEAY
HEATFVS, B 2 D EAERR I N R B R, FHRA 1
A FRERRA R RO FRE, WA 5 A AERERA D B F
AR, BUIESHDIER 90.7%; RAFERNM Z TR
S5 F IR IEATHIHN I, Bt BLURA], AR I ) 1
7 100.0%,

&3 FIARE S XRBARY

Table 3 Classification function coefficients of discriminant model

e Rl 2 51 JEEFH FaE RN AT R A

Ei=g B FHA WL EisLan E ¥ FHA WL EisLan E ¥ FHA pydi
C —66.934 —62.965  —65.793 K 0.030 0.049 0.015 0 —2.647 —6.384 —3.414
N 10311  -8.673  —-10.333 Ca 0.630 —0.482 0.184 K 0.045 0.077 0.006
H 5614 —4.691 ~4.992 Co -704.978 —1664.486 —818.216 Ca 1.109 0.803 0.422
0 17.811  14.011 14.574 Ni 217322 570.950 271.444 Zn —6.448  —16.356 16.311
WH 947128 -822.715  —897.569 Cu 35.780 98.198  50.257 Ga  698.058  1502.743 115.441
Zn —0.495 —3.257 8.015 Sr 21.453 79.584 ~2.591

Ga -219.567 —611.332 —221.682 Ba -82.033 -167.985 ~10.529

Se 18.061 26.768  55.421 Sc  -95260  158.513 93.357

Sr 3.881 13.447 8.185 Pd -141.982 —699.060 147.493

Ba 21.994 66.426  26.354 Tb  298.626  1546.896 397.373

WH -36.170 59912  -34.711 Hf -159.500 —601.084 77.396

WHE 52313 -217.565 ~41.432
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Table 4 Results of Fragariaananassa Duch. origin discriminant
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B - HEE (n=30) 27 0 3 90.0

VA TIAES FHRFEAE(n=30) 0 28 2 93.3 88.4
X B (n=26) 5 0 21 80.8
B4 (n=30) 28 0 2 93.3

JLER FIRF A (n=30) 0 29 1 96.7 90.7
XU FRF (n=26) 5 0 21 80.8
EVPERE(n=30) 30 0 0 100.0

RUERIGIRMITE  PHRTAE(n=30) 0 30 0 100.0 100.0
WU HAE (n=26) 0 0 26 100.0
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Fig.2 Scatter plot of Fragariaananassa Duch.
origin discrimination
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