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Traceability of the origin of Prunus persica based on multi-element and
stable isotope techniques
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ABSTRACT: Objective To study the feasibility of using the regional characteristics of multiple elements and
stable isotopes in Prunus persica for origin tracing. Methods Inductively coupled plasma mass spectrometry and
stable isotope ratio mass spectrometry techniques were applied to test 54 kinds of elements and 4 kinds of stable
isotope ratios of carbon (**C/'?C), nitrogen (">N/"*N), hydrogen (*H/'H), and oxygen ('*0/'°0) in Prunus persica
samples. The characteristic indexes of Prunus persica from different production areas were analyzed, and stepwise
discriminant analysis was used to establish a production area discrimination model for Pinggu, Shunping, and
Dandong Prunus persica production areas. Results The carbon and oxygen isotope ratios in Prunus persica from
different regions showed significant differences (P<0.05), while the content of 11 kinds of elements including Na,
Mg, Al, K, Mn, Cu, Zn, Rb, Sr, Cd, and Ba showed significant differences (P<0.05). Ten indicators including C,
H, O, Mg, Al, K, Fe, Cu, Zn, Cd were selected to establish the origin discrimination model. The original
backpropagation test and retention cross test were performed, and the discrimination accuracy was 100%.

Conclusion Research has shown that using the characteristic indexes of multi-element content and stable isotope
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ratio in Prunus persica to establish an original discrimination model can distinguish Prunus persica of different

origins, providing a methodological basis for the feasibility of origin traceability of Prunus persica.

KEY WORDS: elements; stable isotopes; origin traceability; Prunus persica
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Table 1 Sample collection information

7 i, e FE SR AR SEH I3 /m AEHY K B /mm
NN L 40.1695N~40.2519N -
B |y HoFRAR A 30 117.0090E~117.0578E 20~40 629.4
; . 38.8720N~38.9737N
S 3 Iﬁ\/ ‘ﬂ‘:\ .
BE(ALR) AL Ho AR 7 30 115 0949E~115 1087E 30~60 521.9
LTPHR X R 30 40.3142N~40.3328N 300~500 981.4

124.6526E~124.6880E
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Table 2 Instrument conditions for microwave digestion

pretreatment
BB TR /min AR AE/min JRECC IER/W
1 10 5 95 1600
2 5 5 130 1600
3 5 10 160 1600
4 7 15 190 1600

Ve UR T PRIBUE 1 48 45 AR T e b b b 47
VR AL 3RS TGHCE TV R TR, Yk TR AR E N
—40°C, 50 Pa, T 48 h i r BPEUH BFEE 1L 0.150 mm i,
W AR E T T b O AE, Frlll,

ARG PRI PRI 2 g 22 A A A BORE O T R
FL2S R B R GRS 10 min, REEREGE K 5
FHRE/ N R EROGORAE, TR,

142 % aF4HHrma

K FH o SRR A 45 B 1 4K T (inductively  coupled
plasma mass spectrometry, ICP-MS )il & S5 TH £ Fp 0 VA T
1 54 #56ZK (Ce. Dy. Er. Eu. Gd. Ho. La, Lu. Nd.
Pr. Sc. Sm. Tb, Th, Tm. Y. Yb, Ag. Al. As. Ba,
Be. Ca., Cd. Co. Cr. Cs, Cu, Fe. Ga., K. Li, Mg.
Mn. Na., Ni, Pb, Rb., Se. Sr. Tl, U, V. Zn, Au,
Hf, Ir, Pd. Pt, Rh, Ru, Sb. Sn. Te)MIMRILEMIES
e R, AR R AR E I TSR TR MR . AR S R
B3,

#3 ICP-MS{{FEEH
Table 3 Instrument parameters of ICP-MS

E e SRR
ST AR/W 1550
FAETREE /mm 8
A AL /(L/min) 0.83
i B A /(L /min) 0.23
HERETRE/(1/s) 0.1
FALERE/C 2
ZA A/ (mL/min) 4.0
Eia A .05
SRAF: i /7 U A LA R A
TR Spectrum
W 7 A 3
e 7y = A3l

143 A RML & WAL 547
K FA #2 52 I8) 7 # Eb BT 3% (stable isotope ratio mass

spectrometry, IRMS)/r#rfic . & . & . AfERIAER LIH.
Sy AT . RURRE RV 2R LU (R T R BV R T R TR
0.7~0.9 mg, HSMAIFEA IRMS JEE SR E YT,
960°C =it T, £ = A Ak 5% A VE FH T 43 ) S8 A0 38 D A
TR ARV, RO R R e S A AN AR
WA fif 2 i A0 Yk i AR [ Az 28 0 3 (St A 7 Rl 402 26 G A
o FFAFMEY R USGS40 PSS IEMIRSE R, /A,
SRR [ R FLE TP FE SR A FRBGE A IRMS JEE
MY, 1400°CHT IR T, TEBERRERIEH T A fb 24/
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W B A R S R 2 ARG [ 38 o 1 (S A 7 ) o7 26 L AN
Eo RFFRHEYIR USGS45. USGS46 Fll USGS47 = i
IER S ENRGE R (NS HRE WL 4.

&4 IRMS {ULFSH
Table 4 Instrument parameters of IRMS

SR SHOALE
ARSI/ (mL/min) 180
AW/ (mL/min) 100
S/ (mL/min) 250
e . EURBEY IR EE/°C 960
A RSBy IREE/PC 1400
SAHFE IR /°C 65
TR BEIE J1/bar 0.6
RAS% S E/bar 1.0

1.5 BuEE
N FH SPSS 22.0 BRAFIEATEAE 34, FFEE S b ) )
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RN A, Z55RAE 1R,
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A 855745 FTT- b DR e it FH A BILAE L ) e K

SELR L SE RS R PR Bk 0°H (B 2 5 R —57.9%0~
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Fig.1 Box plot of stable isotope ratios in Prunus persica from different regions

25t B (P<0.05), HF-AMIOE 52 & FARMX . Fh
AR FIOT- i FEABEAH T AR . 2 2F FEARIT), PR A 4T
NEFE L RCHT, WP X IR TE, e b SPH MK,
{0 552 BR B 45 AT, AT e 24 M AR A .
22 MBRERFEERTNER

MRS HrREARE SR Y 54 FPoC R, Hirp 34 FOCEAF
FEARK Bk = i 22 RN B E L. R 5 BT R,

SEAEk R 20 FOCE SIEF SRR E A B e R, He
Li. Na, Mg, Al, K. Ca, Cr, Mn, Fe. Ni, Cu., Zn,
Se. Sr. Cd. Cs Ml Tb 17 FhoCE 8.3 & F IV A+ AR bk
(P<0.05), Sc B E ML F M- F1FF 4R Bk (P<0.05), Ba, Rb &
25 TPk B8 LT PR (P<0.05). 4 . F-F1
P4 HBE R Na, Mg, Al, K. Mn, Cu. Zn. Rb. Sr,
Cd 1 Ba 11 FJG 2 & & 25 5 8.3 (P<0.05),
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Table 5 Analysis of multiple element content results in Prunus persica

PO =N
. o /(mg/kg)
T HE — —
AR G-k FHARBE
Li 0.007+0.004* 0.004+0.001° 0.004+0.001°
Na 3.694+0.730° 0.812+0.185" 1.759+0.422°
Mg 165.023+18.632° 51.702+5.111° 62.18146.569°
Al 16.143+1.684* 8.799+0.754° 9.531+0.187°
K 3997.000+739.000° 1388.000185.000" 1670.000:179.000°

Ca 15.819+3.488" 6.960+1.325° 6.138+1.392°
Cr 0.007+0.003° 0.004+0.004° 0.004+0.005°
Mn 1.207+0.454* 0.476+0.092° 0.703+0.159°
Fe 4.939+1.430° 2.010+0.845" 1.921+0.355"

Ni 0.234+0.137°

0.05240.017" 0.091+0.046"
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=58
— i S /(mg/kg)
Ak JIBFAk FHARBE
Cu 0.929+0.309* 0.361+0.102° 0.802+0.142°
Zn 1.374+0.285" 0.419+0.091° 0.658+0.143°
Se 0.587+0.103* 0.235+0.038" 0.214+0.039°
Rb 2.244+1.275° 0.652+0.295" 3.067+0.904°
Sr 0.342+0.100° 0.132+0.030° 0.259+0.094°
cd 0.007+0.004° 0.001+0.001° 0.005+0.002¢
Cs 0.008+0.006* 0.001+0.001° 0.003+0.002°
Ba 0.190+0.051° 0.080+0.020° 0.244+0.138°
Sc 0.016+0.011° 0.048+0.005° 0.050+0.016°
Tb 0.038+0.006* 0.029+0.004° 0.032+0.007°

: FATARRVING 8RR B i 2P 25 7(P<0.05),

2.3 P FIRERNE S 51609F

FETF SPSS B A 5 i X Wb RE R A T 25 8 B 43
#r, JEH C. H fl O 3 FifaE R R & Mg, Al, K, Fe,
Cu. Zn, Cd 7 F oo &It 10 MEPRH T 3 B0
TR (F 6).

F6 FIFRBHOXIBAK
Table 6 Classification function coefficients of
discriminant models

it Gl
4Bk g~k FHARBE
C ~167.783 ~150.574 ~166.092
—22.079 —23.039 —27.394
o) 85.473 90.401 100.032
Mg 4.434 1.907 1.898
Al 79.087 43.672 45.562
K —0.038 —0.001 0.002
Fe 52.814 25.590 24418
Cu 127.690 112.320 139.671
Zn ~319.080 —243.163 —265.338
cd 11044.234 11553.258 14300.035
WE -3615.283 ~2546.301 —3200.904

AR RS A ] 77 A AR A 2 31 A 7 D [ RS
M —Z K. M3 7 LA, P4y L AP R BT
7 M AT B AEASEI S 30 A4S oA [ 7 MR RE A (14 )5
e G 6z T A ) 1) 5 AR B — 58 SURG: 36 1 0 4 531 < 4 Oy
100%. [ B2 FH Br A DI A AT RGBS, PR A
A BB AR A LB AR R A P ARG 31, T B — 5 SRR B
BRI FE— A INRAEAS, R AREA 2R A I 25
REAS, U 25 555 9 i R A I R AR 1) 300 B A e Ry 2 0
RERS LA LI AR B BE B F) U RE T o MNP 2 T DU H,

IR ASAE L AR Ak AT T ARGF I X 00

RT HEHEIRERSRER
Table 7 Traceability analysis results of major Prunus persica
production areas

ML R R TR
KRk BRI
TG WORHE A FUAA%
A (n=30) 30 0 0
A (n=30) 0 30 0
[l R A 56 100
T4 Bk (n=30) 0 0 30
EFHIBIZR % 100 100 100
S4Bk (n=30) 30 0 0
JSFE-#E (n=30) 0 30 0
5 A 100
FFHREBE(n=30) 0 0 30

WERFIRR/% 100 100 100

20 L FE b o34
O ARk
O JF-RAk
FHR KAk
B B
10 +
~ o
g 0 e
=
—10 ¢
=20
=20 -10 0 10 20

PREL
P2 B s R A

Fig.2 Scatter plot of Prunus persica production area discrimination
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