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Abstract: With the continuous improvement of living standards, the proportion of fruits in the produc-
tion and consumption of agricultural products is gradually increasing because of its rich nutrition. Its
quality and safety become the focus of attention by consumers, and consumers pay more attention to the
origin of products, therefore the establishment of a corresponding fruits and products quality and safety
traceability system has become inevitable. At present, more and more scholars, both at home and
abroad, have devoted themselves to the study of the origin traceability technology of agricultural prod-
ucts, and isotope technology is considered one of the more effective means of provenance analysis of
plant products because of its uniqueness. The research in this area started late in our country, and many
studies focused on grain, tea, livestock and aquatic products. There were also reports about the origin of
fruits and products, but they were not systematic. Isotope fractionation is the basic principle and basis
for its traceability. In organisms, isotopes are a natural label for all organisms because of their lack of ar-
tificial change, reflecting the external environmental factors of biological growth without changing with

chemical additives. This paper compares the commonly used technologies of plant origin for agricultur-
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al products traceability, along with determining the advantages and disadvantages, analyzes the theoreti-
cal basis of the application of isotopes in plant products Origin Traceability Technology, and enumerates
the application and characteristics of C, H, O, N, S, Pb, Sr, B and other commonly used approaches in
isotope tracing technology. The carbon isotope ratio of C/"*C primarily depends on plant photosynthe-
sis, carbon dioxide fixation process and plant photosynthetic pathway (Cs;, C), environmental factors
(temperature, humidity, rainfall) and physiological factors (stomatal conductance, intercellular CO, con-
centration) which are closely related, and primarily reflect the geographic information. Hydrogen iso-
tope ratios “H/'H and O isotopes "*O/*°O are primarily influenced by evaporation, concentration and pre-
cipitation processes of water, which primarily reflect geographic information. The nitrogen isotope ratio
("N/"N) is primarily affected by plant types, chemical fertilizers, climatic conditions, soil conditions
and other factors, primarily reflecting marine and terrestrial plant information, agricultural production
and so on. The sulfur isotope ratio (**S/*S) is primarily influenced by bacteria, and the source informa-
tion is primarily geographical (oceanic). The lead isotope ratios *”Pb/**Pb and **Pb/*’Pb are primarily
affected by the decay of U and Th in minerals and environmental pollution, primarily reflecting geologi-
cal information, geographical information and sources of environmental pollution. The strontium iso-
tope ratio *’Sr/*Sr is primarily affected by the rock age and Rb/Sr ratio, which reflects geological infor-
mation and geographic information. The boron isotope ratio (''B/"’B) is primarily affected by different
geochemical processes and agricultural chemical fertilizers, primarily reflecting regional information
and agricultural production. This paper summarizes the existing application of isotope techniques in the
origin of grape, apple, citrus, jujube and other fruits, analyzes its application in the geographical origin
of advantages and limitations, and the application of isotope techniques in the origin of fruit and prod-
uct origin are also proposed. The research and application of isotope technology in fruit and its origin is
still at the basic stage, and further research should be carried out in the following areas. First of all, we
should look deeply into the application of new isotope indicators, and continue the separation and re-
search of other isotopes, so as to explore the effective source traceability technology and establish the
origin traceability database. Secondly, multivariate isotope studies should be strengthened. Now most of
the research work is using the application of a single isotope, and stable isotope fingerprint analysis
technology, the stability of different isotopes have their own characteristics, its causes and fractionation
in traceability of agricultural origin information reflected in different approaches. Therefore, using a sin-
gle isotope of provenance can play a certain role in identification, however not all sources are easy to dis-
tinguish; if we can combine multiple elements of isotope analysis, we will be able to draw more reliable
conclusions about origin traceability. Finally, we should focus on the application of multiple technolo-
gies. The development of agricultural products traceability technology allows for the quick identification
and traceability of fruits and products and increased accuracy becomes possible, but you cannot rely sole-
ly on a method which can solve all the problems of fruit origin traceability. This requires us to combine
isotope technology with other traceability techniques, such as the analysis method of isotope technology
and other mineral elements, isotope technique and multivariate statistical analysis (principal component
analysis, variance analysis and cluster analysis), isotope analysis technology and the organic combina-
tion of chemical composition and so on. Research on provenance comprehensive technology must ad-
dress the needs of different products, to more effectively carry out the fruit and product origin discrimi-
nation, in order to promote China’s fruit producing research and products traceability technology devel-
opment, along with promoting the establishment and improvement of a fruit safety traceability system.
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EomEHAERE A WK N
W ¥Sr/Sr U AR 5 B A 0.71~0.73 , %8 & 8 7 ¥Sr/*Sr
bl 22 15 T 7 - 48 v 2 SR AN SR 3 U0 A R P A LA
Nk B RE AN £ 51 Sr A & A 2 A2 L Sr [H]
7 2R TE A7 T SR R R A A N AT B R
ARSI Y E AR AR K 1 A B A E R AR R U
St, BT B T AL LU IS B RS, e AR TR AT
i

N A7 2 7 KR = M P A B . i 4T
2 BRI T AL RAT I X KRR = X R 5
TR RSP B2 OO R A KSR
Y ZH NI I, 75 it P Rk SR B B L AF Ay
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Table 1 Application of isotopic technology in traceability of fruit origin
Uivie e frE EikA WIEAE R ZE R
Researcher Product Position Isotope Traceability information ~ Reference
Simpkins rEt TR FIE Be/me HhIE(E S [52]
(2000) Orange juice Australia Geographic information
Schipilliti TR kg i HH e HFEAE S [48]
(2012 lemon essential oils Italy Geographic information
Rk A VEE RN 6 E BC/C HFEAE S [53]
WU Hao(2015)  Grape wine France, Australia, United Geographic information
States, China
/T F R L R 8"C PR [54]
MA Xiaowei Mango China, Thailand Geographic information
201D
R H S GHE| §"C RN [55]
SONG Fenghui  Jujube China Geographic information
(2012
S RS Ex 8"C HEE R [24]
ZHANG Lin Apple China Geographic information
(2013)
Almeida(2004)  F %8 WA YSr/*Sr HUTAE S S S [46]
Grape wine Portugal Geological and geographic
information
Rt A H YSr/Sr TS R MR [56]
WU Hao(2014)  Grape wine China Geological and geographic
information
Fax kS ei 3N HFE A R [41]
WANG Hongyun Jujube China Geographic information
(2015)
Coetzee(2005) 4] e ENEEE NN "B/"B Hb A L A [51]
Grape wine France, South Africa, Italy Geological and geographic
information
Dean(1990) i 4 BRI R Pb TS R A [43]
Grape wine Australia, Europe Geological and geographic
information
Medina(2000) i {8 JESEIH BRI Pb Hofsi {5 B RS S [44]
Grape wine North America, Europe Geological and geographic
information
KornexI(1996)  #&7+ EENVREVIIN & DA 3°C.8"N HFE A B [57]
Orange Juice R AR ZE PG EE A | B Geographic information
United States, Israel, Australia,
Argentina, Spain, Brazil
Magdas(2012) %% B Je . §°C.8"0 PR [32]
Grape wine Romania Geographic information
Suzuki(2012)  3ER HELHA 3"C.8"0 HHE(E R [58]
Apple China, Japan Geographic information
e F FAE SR Ex BC/PC 8 H HFR A B [11]
HUANG Daoping Citrus fruit juice China Geographic information
(2013
G RS [ 3"C.8"N TR AR P L [59]
CHANG Dan Apple China Geographic information,
(2009) production situation
T i i [ BC."C .8"0 .60 .D-H HFRAE R [60]
JIANG Wei Grape wine China Geographic information
(2016
Rummel(2010)  f&71 SN/ INFES S 3H-8"C+8""N.5"S."Sr/*Sr HUTAS S S S [39]
Orange Juice Africa, Europe, America PR E L
Geological information,
geographic information,
production situation
Dutra(2011) A ] 3"0.Mg-.Rb A R [35]
Grape wine Brazil Geological information
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F1(4E) Table 1(continued)
Wi 7 il (A= Az % RS 27 R
Researcher Product Position Isotope Traceability information ~ Reference
Garciaruiz(2007) 3ER Fity - DEE PR E YSr/*Sr.Na.Mg.Al.K.Ca.Ti. A R [61]
Apple juice Switzerland, Britain, V.Mn.Zn.As.Rb.Sr.-Mo.Ba Geological information
Spain and France
Camin(2010) A el 8"0.8’"H.8"C.K -Mg.Mn.Zn.Ca. HiF(5/S [36]
Olive oil Europe V.Rb.Sr.Cs.La.Ce.Sm.Eu.U Geographic information
Gremaud(2004) % 4774 i+ *H/'H."0/“0.Zn.Al.Mn.Ba. T A B R R [62]
Grape wine Switzerland Ca.B.Fe.Mg.Na.Rb.Sr. F . Geological and geographic
BRPE R OUpE S information
*H/'H, "*0/*0, Zn, Al, Mn, Ba,
Ca, B, Fe, Mg, Na, Rb, Sr,
Methanol, Acidity, Malic acid,
Fructose and so on
Anderson(2005)  FF S HH R 8UCB N LR NS T S S S [63]
Pistachio InFIAE Je v AL AP L
Turkey, Iran, United States, §"C, 8"N, Mineral elements, Geological information,
California Inorganic ion, Organic acid geographic information,
Production situation
Bat(2012) R Wrig S Je §"C.8"0.8°H .8 "N 4E: & TS R PR R [37]
Apple Slovenia §"C, "0, 8°H, §"N, Vitamin HEFEIS I

Geological information,
geographic information,
Production situation

LEFRGERMT, HE RS NMER T %
AL R B 3N S A > R > A, ¢ %
AL SUN T Sy R > R > A A L R
355 IF 3 3 AN R 30 R AP §UN A ¥ B A B IR
FH o AH R T R R R 2R S R ) 22 A B3, i
TE AT R A7 Hb i Y5t B 398 B PRI A Sy 5 A 3
7o

B [F) {3 22 75 ] & 1 7= i G B o Coetzee
ST T VR CULURIARL ) FE JE R A 1)
AE KR CRLYE B Y80 JLAS B K7~ X % 4 i
B/ B RRAE EHE Y R R BN [ 7 kb A B
[ {57 A 22 18] 22 58 0.5%~1.5% , 117 I 52 K &£ (A
X Bk i 25 RSD) N 0.1%~0.25%, 15 H "B/"B EEAH
A LU Sk 46 S A [ b X P 8 6 99

Pb [ {57 2% 75 41 45 1 2= s i I b A D BN
Dean 255 b 45 17 98K ) S0 A /K 1 7 %7 8 R Pb R o7
TR, 48 H T AN TR 7= DX 28 1 R R A 3R 2 A
[F]. Medina %" i, KA A5 1) Ph ik i fs
T2 10 B 0 25 AR IR AL, T LSRR T RS Pb AT
B T MR R U I P, Pb [ A2 2 0] AU T
Pb 75 Y 1881 45 10 7 R U531
32 ZRLESEAR

It 5 R T B B AR I A g T S i oy 1) B 2
10, AU C VN &5 1 b [R)A3 3 T0 v SE BB IE (1 4K

INVE ORG24 K 22 [ LR BOR N T 2R
PR

C 5N.O-HEE 2N CR AR &, 72 R
77 H R P S L% o Kornex] S5 FE AT 78 2K H 56
[ BL A1) ORI S BT R EE L PYBIEF e ELpa g i
)2 2R I R B, e SPCAE B8N A L — (I A W
e (AR 22 5 S UK 2 IME SR SRR 3 A, T DL
715 H B S 0 XA A Ul AR C RN R 3
AREX 707 B 1% 6 A E K 1 C AN F A7
REE A LI, Magdas S5P7E R 78 B B JE WA
[7i 741 6] it ot LA R AR [R] 4473 IR A& 1) 31 % 1 7 CL O [A]
B 2R AL RN, KB 87C AE A [R]85 it A Sz AN [R] A4
T 365 1030 ] 11 v 22 5 20 AN K T 810 AE AN Al ity
Hh 22 S B R [R) IS TR 6 4 A2 7 1) 6 9 v 80 A7
FE 725, A Re e t AR P 2 B2 72 R AE BT - Suzuki
SEPER W, R S S C R O RIS 2R 2H R, AN AT B
A3 X 53 o RS SRR H AR 4 1 S SR i T L A1 ]
LI A [ A AS [ 77 3t 0 392 RBEAT IR R A o 3
P S RS E Bk IR L 3R BRI T A 7 3t
PRI A5 A R A A SR R SR 3R 4L AT
w3 2, LA PR SR R 8H R, LR
F» FRONAE G DY AR A SR VT AP 8°H B/ A A 2R
T SPHAE AT B M BE 2 FE 88 0 o e/ (R . T
I TR CORE IR, £ CO I [ e i A
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SN HA AR 5 PR (] 57 25 R0 i 1] 5% JoT R e PR ik
[F) 57 2% °C IR, ‘BATT ) BC/2C bR /N, 8C [ FfE
FHRIE K, — M —22%0~—33%0. 5 FFENI5E T ik
AN 2R3 A (R R R AL, T8 TR R R
e Qs o8 B3z 4 RS R 7 15,
R FT 2 4 R ) B kT s BN A A% 2% 1 5 AR b
JEAT %, 2 B AT DUR) A R R AL R AL ok 4 3= E
T LRI L AR AR

CHN.OH.S.Sr¥%Z u R AL Rm AL &, 12
R IR A — € M . W Rummel 554
H.C.N.S 5 Sr & [AIf Z AHZ5 & N T-H5 71 72 i i)
Psirb, IR A7 28 I 4H RS M T SRS A
FRAIE 2 B3 A 5%, AN ] 72 i R R T 7 i [ A7 2% 4
AR ZR, 2 B3 ARI B FE 3 AR SE 150 4 16
7T R §°HL 8"C 8N 8S.Sr/*Sr & Bl ! — 52 1Y
A, BV AR T oy B B R P LA E
e K, T A 7 R R VT A S AR (1.81%0~10.25%0) FH I
% T 7 B AP S {1 (8.8%0~10.96%0) «  H T+ i) 2 £ Fil
T DX T 32 Jita FH A BLAE, LA 7= R v A N B (8%o~
9%o0) HH & v T2 Tt P A 2 BN ) A I R K
FIIFAE X (1) SN COINT 4%0) o YLARZECHF 58 7 AL B
LR E ALY T B AL R 4 KPR X
A 7 B BR i 4 D0 JEURH A & ) CVHL O Rz
FFAE , I ER R AT ART — B [R5 28 0T 4 A 77 i
1) 465 1) A5 TR AN B S L SR FH 4 1 40 1) 0 T T B
3 AT & I CVHL O R 2% 5 BE 100% A R X 7
4 K7 X 1A A
33 RURFEZ TR BIKS THEAR

Fee PE R 2 B A ok N8 S g s, 2 5=
an AR B [ G R . AR, A M A A R B AR
FRAS I ey, HL 7R P K B 2 S AL, g 2
Tl AR G5B RN 77 AT R, 45 SR B AT 4

AR, A E AN FAL R EMZ TR
Sa VIV R (RS R S (=X A NA S S R | T RN 7 S N
O 701 25 7= = Hh 95 P o 0 Dutra S5 E X6 BTG
T 07 P T 267 VP R AT 20 AT S R B, 7 i R 810
Mg Rb & & 17 7F & 2 1) X3 % 5=, 75 tH 60 Mg,
Rb 0] LA g% %) 10 7= b ) 52 1) B S 40 Garcia-
Ruiz 585 K H 5 1 0% [ L UL Ak B 45 T LA
FAE R0 Sr [F AL 2R AL M 2 e R S B AT
WF5E RN, St A7 2 VSt/“Sr & Na Mg Ti.V.Rb.Sr
852 Ju g v AR 138 SR IRk = B Sk 5 1 0 )

Camin 5Ll R H BRI 8 AR b [X 267 173 Bl
314 47 MR K FE SO AR, #8547 7 HLCL O Rz
FH AN Z 0 F o Mt AT, 8 OB v A 80,
§’H.8"C LA LK 8°H 8" 0 S & 5% ( FEE R
JEE D b 38 (25 B R 5 0 TR BE B RFAEAR DG o 1)
M 870 S H S C AL & 14 Fhot % (K. Ca V.,
Rb.Sr.Cs %) & & it — 1 Z u G ik 40 i, e X 43
TR E R 8 N FIHX 267 3RO i, XoF R R
IH 5L ) 5 1R R R TA 95%

B T AR GE [FI A7 28 70 i R BE R BRI 23 4 260 1 7
X, FFEANRE S X B AE R R, [F)A7 3% 45 G A LI
I3 AT B ARTE JE = R A3 CASEFH o W1 Grem-
aud ZEN4 [8) 1 & ELAE CH/'H 255 *0/°O ssncs ) ~ TG
F & (Zn ALLRDb.Sr %5 11 Floc 2O AL & =
(HHBERRFE R RS 3 MR ELs &, R
0 3] 43 AT S B T St [ PR B A 7 X TR ) K
A LR 2R AT R IO/ °O s ~ St Rb A H B 57
OO S B TTRR ZR UK, 2 R i R 4 4
AN EEFHE WX . Anderson EHFA TR EH T H-
HOU B EE IR B PR X RO SR CON R
JEFALER G ER VWL L AR & &, &
T RRIR, % SO 45 G 0 FF 0 B Hb ) W7 1 7
KB 95%. Bat WAL T ok H W& S A )
HLIX R SE B b CONLOLVH R A7 BB AE M 4k K&
B, LA [R] 7= R 1 3 5= b o R A7 2 A2 e A
KR H 870 FH &5 & Rt R A S [ & &2 X 7
SERJE P 1 (A S8 B, [N H 8N AP AL TS
P DU X 3045 LK SRR Y30 7SR A4 2 S 5

4 AL 2R BORLEACR Sl ™ s 3R
A N FH AT 9 22

41 MBEERM

[FIAE IR B AE R 3 E 2870 1 S P Ak
R IO R A KR L i 7 R
0 8L AR BT 715 R S S5 V) B EOR \DNA ZEY)
WIEEAR LA ITCR DA ER AW 20 8
AREF AW EARRK UL, F LR BARAT H AR A
HE AT EMRIA NI CONLH. O S % [
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f R HRF AL RO, KR RGN
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