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Abstract: Realizing nondestructive testing for traceability of the origin of agricultural products is an important way to
establish a traceability system for the quality and safety of agricultural products, and an effective means to guarantee the
quality of food safety and safeguard the legitimate rights and interests of consumers. Compared with traditional testing
methods, nondestructive testing technology is widely used in the field of food traceability because it can achieve the
advantages of obtaining internal and external effective information without damaging the inspected samples. This paper
provides an overview of NIR spectroscopy, NIR testing, and NIR testing. In this paper, the principles of three spectral
detection techniques, namely, near-infrared spectroscopy, hyperspectral imaging and Raman spectroscopy, and their latest
applications in the origin traceability of different types of edible agricultural products are outlined, and the feasibility of
each spectral detection technique in the origin identification of agricultural products is concluded. At the same time, the
future research directions are prospected in order to provide theoretical references for the research of nondestructive testing
technology system for origin traceability of agricultural products.
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Fig.l Schematic diagram of hyperspectral imaging system!®
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Fig.2 Schematic diagram of Raman spectroscopy detection
principle!"”!
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Fig.3 Process of establishing a model for the detection of the
origin of agricultural products
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Table 1  Application of near-infrared spectroscopy in the identification of other agricultural products
Ve R 3 FE (nm) Lol 2N TALHE 7 i Tt B AR (%)
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TR IEAC T &y Htd 950~1650 18 5t FD. SD. MSC% SIMCA 1008
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1 SG: BT FD: — M350 SD: Z B S5 MSC: 2T IE ; IMSC: 38 B S A2 1F s SNV AR IF 2578 #8; DOSC: B 1E 38 (5 54 1E; PLS-DA:
P e/ N3 FAN 30T ; SIMCA: LA 5325 SVM: SCHF EAL; t-SNE: ¢34 sUREHLAR IR A ; RF: BEWLERAR; PCA: 805073015 LDA: LMEH1 /34T

OPLS-DA: 1E3& A J5 Hl51; #e2~F3 [,
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Table 2 Application of hyperspectral imaging in the identification of other agricultural products

A7 2 Ao (nm) R AP % e LT AR IR (%)
it 900~1700 NIR / New-Hybrid-CNN 86.7%)
FEPIRAR T i 1% 898~1751 NIR SG. FD, SD%; GLRLM-SVC 10019
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1 NIR: ¥TLL4METE; VNIR: 7] WL ZL AN NM: B35 AL; New-Hybrid-CNN: B TR A B A2 M2 GLRLM: KN FEAERE; CARS: 54+ [ 38 W T

JINA s KNN: KEr 4R
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Table 3 Application of Raman spectroscopy in the classification and identification of other agricultural products
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S 3k

SR, 7206 AL F5 IO FE SCRE W
Wy IS4 AR B AR AT ) TR, i 2 i e ad
SIS BRI, aT SCETCH L P HER A
i IS S AR, X T A e g A T
Ih:i=s
5 ZiLSRE

F AT [ AR TG00 B9 Te RN B AR Z2 0 H T

2 ity il JEORSEN 7 AT, 7 T BT AR ™ s 8™ e 517 T

A ERIIT R T1 o PR AR HITLLAMEHE
DGR S CIEROR BEA T S AP ST T A T T
—LEPRRVENTIE AR, FIAAIEN] T I GG AG I
AREAATATH . AHH BT TR0 &A™ 5
i, A VE 2 AR A i e, A ) R g
HEAs ] o ARFR AL CIE A A i)™ Hi P 5
HRI A A S T A

a ITLTAMETEHORLER SR | AN EPIAE AR ik
ZR T R BB RIS, SR R AR G
LIAMYARRAD, H HATELA i B s AR . E—20
TFARABLE RSO0 . AT HEATIE AT LLA M GRS TS
TT SRR TETT 1]

b= IR A TG BAAR BRI X G 20K,
TFARIRAL AN DA SES R, Dl DR E i, BEXT LY
HGCIHEER ARG . MEAREIREEEATRTER T, B
AT LYtTal . BEFERRAROARN AR, JCH AN 5 28
Sz, SO SRR S BAL AR A TCH
R T 795 IEARAASIN T7 95 K R SR A

c.BEE PO . PIRERIIBEL, P12 CiE ™4 T
AE AR, ARRTENN SR A IZ LA B [
TESS G AT s | S B A5 Ty T iy BEA T I
AIRTE; [AI], /NTGAEEE | BORARE A i . AN
AL GG ST BCR SRR T A I S BRIT TR

d.FEE A AT R AN B SR A R, el
R S OCHE (S B S BEVEHE | B0 s it 87 B A~
THETTIE, B T R A Y i) s 22, 2 i AP0
AT TIENAT L, A JCASEIN A B R RAE PR
FOARSHE

(1] & soml, 3K, BAf, 3. R 7% 5u i & R B AR it
Je5 m M ], Rk TA2 54k, 2008, 24(S2): 325-330. [PANLG,
ZHANG J, LU A X, et al. Research progress and application of non-
destructive testing technology for agricultural product quality[J].
Transactions of the Chinese Society of Agricultural Engineering,
2008, 24(S2): 325-330. |
[2] AFSAH HEJRI L, HAJEB P, ARA P, et al. A comprehensive
review on food applications of terahertz spectroscopy and imaging
[J]. Comprehensive Reviews in Food Science and Food Safety,
2019, 18(5): 1563-1621.
[ 3] EISENSTECKEN D, STURZ B, ROBATSCHER P, et al. The
potential of near infrared spectroscopy (NIRS) to trace apple origin:
Study on different cultivars and orchard elevations[J]. Postharvest
Biology and Technology, 2019, 147: 123—131.
[4] sRAkAk, oA, 50, §. B9l b5 69 R B = 3t L0
50 ok ) k% 5 k4 A7, 2021, 41(12): 3695-3700.
[ ZHANG X X, LI S K, LI P, et al. Non-destructive identification
methods of citrus of different origins in near-infrared spectroscopy
[J]. Spectroscopy and Spectral Analysis, 2021, 41(12):3695—
3700. ]
[5] LEIVA-VALENZUELA G A, LU R, AGUILERA ] M. As-
sessment of internal quality of blueberries using hyperspectral trans-
mittance and reflectance images with whole spectra or selected
wavelengths [J]. Innovative Food Science & Emerging Technolo-
gies, 2014, 24: 2—13.
[6] WANG L, LIU D, PU H, et al. Use of hyperspectral imaging
to discriminate the variety and quality of rice[J]. Food Analytical
Methods, 2015, 8(2): 515-523.
[7] #2%, 7755, LEMK, F. KT 2 ES ARG TR
WA ALLE M [T]. i R R A 52,2016, 44(4): 358-361. [ TANF,
CAIQ L, MA Z X, et al. Analysis of the organic structure of cold-
land rice leaves based on Raman spectroscopy [J]. Jiangsu Agricul-
tural Sciences, 2016, 44(4): 358-361. ]
[8] FT, A4, RAM, ¥ HEABHAREN DML SR
PRl ey B R (T]. & st 52, 2019,40(23): 298-304. [ LIK,
YANL H, ZHAO Y Y, et al. Research progress of Raman spec-
troscopy in meat processing and quality control[J]. Food Science,
2019, 40(23): 298-304. ]


https://doi.org/10.1111/1541-4337.12490
https://doi.org/10.1016/j.postharvbio.2018.08.019
https://doi.org/10.1016/j.postharvbio.2018.08.019
https://doi.org/10.1007/s12161-014-9916-5
https://doi.org/10.1007/s12161-014-9916-5
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.7506/spkx1002-6630-20181130-358
https://doi.org/10.7506/spkx1002-6630-20181130-358
https://doi.org/10.1111/1541-4337.12490
https://doi.org/10.1016/j.postharvbio.2018.08.019
https://doi.org/10.1016/j.postharvbio.2018.08.019
https://doi.org/10.1007/s12161-014-9916-5
https://doi.org/10.1007/s12161-014-9916-5
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.15889/j.issn.1002-1302.2016.04.102
https://doi.org/10.7506/spkx1002-6630-20181130-358
https://doi.org/10.7506/spkx1002-6630-20181130-358

544 5 8 1Y)

KIS | A LG TAPASENBOARTEAR ™ ™ MR R Tt e ©23 -

[9] LIH, CHEN Q, ZHAO J, et al. Nondestructive detection of to-
tal volatile basic nitrogen (TVB-N) content in pork meat by integrat-
ing hyperspectral imaging and colorimetric sensor combined with a
nonlinear data fusion[J]. LWT-Food Science and Technology, 2015,
63(1):268-274.
[10] skmde, AA 7L, Mg, . AT L @EM L Lsb g
A B E SR FE A D] RS T kAR, 2015, 36(23):
289—293. [ZHAG L H, HAO L H, LI S F, et al. Near-infrared
spectroscopy based on support vector machine to quickly identify
adulterated lamb[J]. Science and Technology of Food Industry,
2015,36(23): 289-293. ]
[11] &, e A4, SLn P AR ALK = Sutbml o 09 51 A 2t &
(7). & o %2 R FHn 4R, 2021, 12(21): 8590-8596. [ LIU S,
CHAI C X. Application progress of near infrared spectroscopy in
aquatic product detection[J]. Journal of Food Safety & Quality,
2021, 12(21): 8590-8596. ]
[12] BAir, 248, AT, . EL st B RAER & =
B ey B STER [D]. L3 55 ik AT, 2011, 31(4): 877-881.
[ MA D H, WANG X C, LIU L P, et al. Research progress of near-
infrared spectroscopy in food origin traceability [J]. Spectroscopy
and Spectral Analysis, 2011, 31(4): 877-881. ]
[13] Bfife, 245 RR&ILF RSB AR L]
e T kAL, 2021, 42(23):427-437. [MA J J, WANG K Q.
Research progress of optical nondestructive testing for fruit quality
[J]. Science and Technology of Food Industry, 2021, 42(23): 427—
437.]
[ 14] ZAREEF M, ARSLAN M, HASSAN M M, et al. Recent ad-
vances in assessing qualitative and quantitative aspects of cereals us-
ing nondestructive techniques: A review[J]. Trends in Food Sci-
ence & Technology, 2021, 116: 815—828.
[15] akArde, ik, 54, 5. HALERGHARAERRSE RS
e R AW P oy R E B R A (1], k3% 5 5 Lk A7, 2014,
34(10):2743-2751. [ ZHANG B H, L1J B, FAN S X, et al. Princi-
ple and application of hyperspectral imaging technology in nonde-
structive testing of quality and safety of fruits and vegetables[J].
Spectroscopy and Spectral Analysis, 2014, 34(10): 2743—2751. ]
[16] REZ, KEF, WAF, F. SAERBEAL S LA RI4R
B AR R T IR 4 3K, 2022, 30(6): 211-218, 260.
[ LIANG H F, ZHANG H F, CONG M F, et al. Research progress
of hyperspectral imaging in textile inspection[J]. Advanced Textile
Technology, 2022, 30(6): 211-218, 260. |
[17] QINJ, CHAO K, KIM M 8, et al. Hyperspectral and multi-
spectral imaging for evaluating food safety and quality [J]. Journal
of Food Engineering, 2013, 118(2): 157-171.
(18] xl#f2, $rZ 2. 152 ZAHEH AL R T &AM b a)
BJA[T]. k#5 5 ki o 47, 2015, 35(9): 2567-2572. [LIU Y
D, JIN T T. Application of Raman spectroscopy in quality and safe-
ty detection of agricultural products[J]. Spectroscopy and Spectral
Analysis, 2015, 35(9): 2567-2572. ]
[19] Bk, RAL, Mk, . A5 2R H AR R I A AR
wFm AR R (1] A B AR (P 3£30),2022,4(2): 121-134.
[ GAO Z,ZHAO C J, YANG G Y, et al. Research progress on typi-

cal Raman spectroscopy and its application in agricultural detection

[J]. Smart Agriculture, 2022, 4(2): 121-134. ]
[20] GUO Z, CHEN P, YOSRI N, et al. Detection of heavy met-
als in food and agricultural products by surface-enhanced raman
spectroscopy [J]. Food Reviews International, 2021(4): 1-22.
[21] XUY,ZHONG P, JIANG A, et al. Raman spectroscopy cou-
pled with chemometrics for food authentication: A review [J]. TrAC
Trends in Analytical Chemistry, 2020, 131: 116017.
[22] BFF, FAF, &%, F HaPERALEREN G B
#A L R ], & S % & A 4R, 2022, 13(13): 4219-
4227. [MAX T, LUO H P, GAO F, et al. Research and applica-
tion of near-infrared spectroscopy in apple detection[J]. Journal of
Food Safety & Quality, 2022, 13(13): 4219-4227. ]
(23] 7, kuwesk, BobT, & A T Lrshsbafal B = 3
R ]. Rk T2 43R, 2012, 28(15):240-245. [SU X S,
ZHANG X Y, JIAO B N, et al. Study on the origin tracing of navel
orange based on near infrared spectroscopy [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2012, 28(15): 240~
245.]
[24] Bk, Ik, SFEN, 5 A TRLIPEAHER S A2
Vel ek s R F 3R ] AL &AL, 2020,
36(6):303-309. [MA Y J, GUO J X, GUO Z M, et al. Origin
traceability of red Fuji apple based on near-infrared transmission
spectroscopy and multiple data dimensionality reduction methods
[J]. Modern Food Science and Technology, 2020, 36(6): 303~
309. ]
[25] #hueif, Mo, fodr e, 5. K T4 sh b A Regk
F B R [T]. R R Ak 5 3R, 2020, 36(2): 507-512. [ SUN
X M, CHEN X L, YU X Y, et al. Origin traceability of peaches
based on near-infrared spectroscopy [J]. Jiangsu Journal of Agricul-
tural Sciences, 2020, 36(2): 507-512. ]
[26] FUX, YING Y, ZHOU Y, et al. Application of probabilistic
neural networks in qualitative analysis of near infrared spectra: De-
termination of producing area and variety of loquats[J]. Analytica
Chimica Acta, 2007, 598(1): 27-33.
[27] Fhst, Bweis, T, . BLosh B R A B AT &
AR B [T]. b R AR A S2,2016,48(3): 133—-136. [ CHEN
L, GU X H, WANG W B, et al. Identification of winter jujube ori-
gin in Zhanhua and Shanxi by near infrared spectroscopy[J]. Shan-
dong Agricultural Sciences, 2016, 48(3): 133—136. ]
(28] FoMHe, AITH, kb, . AT esbbif st STt 35
B AR E R 2 A A ). R 5 A B Tk, 2022, 48(12): 6.
[LEIY X, XIA A L, HUAG W, et al. Identification of transgenic
soybean origin based on near-infrared spectroscopy combined with
stoichiometry[J]. Food and Fermentation Industries, 2022, 48(12):
6. ]
[29] TEYE E, AMUAH C L Y, MCGRATH T, et al. Innovative
and rapid analysis for rice authenticity using hand-held NIR spec-
trometry and chemometrics[J]. Spectrochimica Acta Part A: Molec-
ular and Biomolecular Spectroscopy, 2019, 217: 147-154.
(30 Zroy, ZAE, R AR TR Lo sh i AR A oK
RGBT R AR (T, R e g AR A & 4R, 2017, 8(8):
3037-3043. [LIJJ, WU J H, ZHANG H B. The visible/near in-

frared spectroscopy was used to trace the origin of millet[J]. Jour-


https://doi.org/10.1016/j.lwt.2015.03.052
https://doi.org/10.3969/j.issn.2095-0381.2021.21.spaqzljcjs202121041
https://doi.org/10.3969/j.issn.2095-0381.2021.21.spaqzljcjs202121041
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0877-05
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0877-05
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0877-05
https://doi.org/10.13386/j.issn1002-0306.2020110235
https://doi.org/10.13386/j.issn1002-0306.2020110235
https://doi.org/10.3964/j.issn.1000-0593(2014)10-2743-09
https://doi.org/10.3964/j.issn.1000-0593(2014)10-2743-09
https://doi.org/10.1016/j.jfoodeng.2013.04.001
https://doi.org/10.1016/j.jfoodeng.2013.04.001
https://doi.org/10.3964/j.issn.1000-0593(2015)09-2567-06
https://doi.org/10.3964/j.issn.1000-0593(2015)09-2567-06
https://doi.org/10.3964/j.issn.1000-0593(2015)09-2567-06
https://doi.org/10.1016/j.trac.2020.116017
https://doi.org/10.1016/j.trac.2020.116017
https://doi.org/10.3969/j.issn.2095-0381.2022.13.spaqzljcjs202213019
https://doi.org/10.3969/j.issn.2095-0381.2022.13.spaqzljcjs202213019
https://doi.org/10.3969/j.issn.2095-0381.2022.13.spaqzljcjs202213019
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.1016/j.aca.2007.07.032
https://doi.org/10.1016/j.aca.2007.07.032
https://doi.org/10.13995/j.cnki.11-1802/ts.028608
https://doi.org/10.13995/j.cnki.11-1802/ts.028608
https://doi.org/10.1016/j.saa.2019.03.085
https://doi.org/10.1016/j.saa.2019.03.085
https://doi.org/10.1016/j.saa.2019.03.085
https://doi.org/10.3969/j.issn.2095-0381.2017.08.033
https://doi.org/10.3969/j.issn.2095-0381.2017.08.033
https://doi.org/10.1016/j.lwt.2015.03.052
https://doi.org/10.3969/j.issn.2095-0381.2021.21.spaqzljcjs202121041
https://doi.org/10.3969/j.issn.2095-0381.2021.21.spaqzljcjs202121041
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0877-05
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0877-05
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0877-05
https://doi.org/10.13386/j.issn1002-0306.2020110235
https://doi.org/10.13386/j.issn1002-0306.2020110235
https://doi.org/10.3964/j.issn.1000-0593(2014)10-2743-09
https://doi.org/10.3964/j.issn.1000-0593(2014)10-2743-09
https://doi.org/10.1016/j.jfoodeng.2013.04.001
https://doi.org/10.1016/j.jfoodeng.2013.04.001
https://doi.org/10.3964/j.issn.1000-0593(2015)09-2567-06
https://doi.org/10.3964/j.issn.1000-0593(2015)09-2567-06
https://doi.org/10.3964/j.issn.1000-0593(2015)09-2567-06
https://doi.org/10.1016/j.trac.2020.116017
https://doi.org/10.1016/j.trac.2020.116017
https://doi.org/10.3969/j.issn.2095-0381.2022.13.spaqzljcjs202213019
https://doi.org/10.3969/j.issn.2095-0381.2022.13.spaqzljcjs202213019
https://doi.org/10.3969/j.issn.2095-0381.2022.13.spaqzljcjs202213019
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.3969/j.issn.1000-4440.2020.02.035
https://doi.org/10.1016/j.aca.2007.07.032
https://doi.org/10.1016/j.aca.2007.07.032
https://doi.org/10.13995/j.cnki.11-1802/ts.028608
https://doi.org/10.13995/j.cnki.11-1802/ts.028608
https://doi.org/10.1016/j.saa.2019.03.085
https://doi.org/10.1016/j.saa.2019.03.085
https://doi.org/10.1016/j.saa.2019.03.085
https://doi.org/10.3969/j.issn.2095-0381.2017.08.033
https://doi.org/10.3969/j.issn.2095-0381.2017.08.033

- 24 - £ Tl B4

20234 4 A

nal of Food Safety & Quality, 2017, 8(8): 3037—-3043. ]
[31] R, FORH, AR, F. BLsMbigst & ZH kR
FIA A7 (1], B AR A5, 2011, 44(7): 1451-1456. [ ZHAO
HY,GUOBL, WEI'Y M, et al. Discriminant analysis of wheat ori-
gin by near infrared spectroscopy[J]. Scientia Agricultura Sinica,
2011,44(7): 1451-1456. ]
[32] DOS SANTOS C A T, PASCOA RN M J, SARRAGUCA M
C, et al. Merging vibrational spectroscopic data for wine classifica-
tion according to the geographic origin[J]. Food Research Interna-
tional, 2017, 102: 504-510.
[33] e, x5k, ATt srshsbidts Rug4a4e = s RAT R
(J]. & s&#+ 45,2011, 32(22):175-178. [ TANG L H, LIU D H.
Research on the origin traceability of Lycium barbarum based on
near-infrared spectroscopy[J]. Food Science, 2011,32(22): 175~
178.]
[34] WU TH, TUNG I C, HSU H C, et al. Quantitative analysis
and discrimination of partially fermented teas from different origins
using visible/near-infrared spectroscopy coupled with chemomet-
rics[J]. Sensors, 2020, 20(19): 5451.
[35] M, 25548, ¥4, 5. K T T - 405 i A AU AR AR
a3 & R (). R & T kA3, 2017, 38(24): 243-247.
[ WNAG B, WNAG Q H, XIAO Z, et al. Traceability of egg origin
based on visible-near infrared spectroscopy and random forest[J].
Science and Technology of Food Industry,2017,38(24): 243~
247. ]
[36] Mk, 3k4, B R, ¥ ML bBIs oM EF N~
WR ey B R (1], Je ik 5 5 k%441, 2011, 31(4): 937-941.
[SUN S M, GUO B L, WEI Y M, et al. Application of near-in-
frared spectral fingerprint analysis in traceability of mutton origin
[J]. Spectroscopy and Spectral Analysis, 2011, 31(4): 937-941. ]
[37] GHIDINIS, VARRA M O, DALL'ASTA C, et al. Rapid au-
thentication of European sea bass (Dicentrarchus labrax L.) accord-
ing to production method, farming system, and geographical origin
by near infrared spectroscopy coupled with chemometrics[J]. Food
Chemistry, 2019, 280: 321-327.
[38] SUNY, LIY, PAN L, et al. Authentication of the geograph-
ic origin of Yangshan region peaches based on hyperspectral imag-
ing[J]. Postharvest Biology and Technology, 2021, 171: 111320.
[39] TIAN Y, SUN J, ZHOU X, et al. Research on apple origin
classification based on variable iterative space shrinkage approach
with stepwise regression—support vector machine algorithm and visi-
ble-near infrared hyperspectral imaging[J]. Journal of Food Process
Engineering, 2020, 43(8): €13432.
[40] w3k, HEF, K&, F 5T REREPELINEHA
A EER SR )RS5 A8 Tk, 2022, 48(20):
36-43. [ ZHANG L X, YANG C F, CHEN J, et al. Origin tracing
of red fuji apple based on variable selection and near infrared spec-
troscopy [J]. Food and Fermentation Industries, 2022, 48(20): 36—
43.]
[(41] FHF AEEF, REL. A THAERBGHERORR =1
RPN 47 [T]. e 5 B k54T, 2019, 39(7): 2271-2277.
[JIHY, REN Z Q, RAO Z H. Discriminant analysis of millet from
different regions based on hyperspectral imaging[J]. Spectroscopy

and Spectral Analysis, 2019, 39(7): 2271-2277. ]
[42] ZRE, &8, ARBE, F A THAEBRGERAN T ZH
5850 £RS AmE KSR, 2014, 33(2): 163-170.
[ WANG Q G, HUANG M, ZHU Q B, et al. Identification of maize
seed origin and year based on hyperspectral image[J]. Journal of
Food Science and Biotechnology, 2014, 33(2): 163—170. ]
[43] KIMMIJ, LIM J, KWON S W, et al. Geographical origin dis-
crimination of white rice based on image pixel size using hyperspec-
tral fluorescence imaging analysis[J]. Applied Sciences, 2020,
10(17): 5794.
[44] Z#2k, Foesh wkak, F. 5T AlexNet ARAVZE ML K
A M F e AU A I]. P B A SR, 2022,22(1): 282-288.
[WUTZ LI XQ,L L, et al. Hyperspectral identification of rice
origin based on AlexNet Convolutional neural network [J]. Journal
of Chinese Institute of Food Science and Technology, 2022, 22(1):
282-288. |
[45] MU Q, KANG Z, GUO Y, et al. Hyperspectral image classi-
fication of wolfberry with different geographical origins based on
three-dimensional convolutional neural network[J]. International
Journal of Food Properties, 2021, 24(1): 1705-1721.
(46 ] B, SR, AR, F. & TRLIMG IR E A R
Bl = e 2o 4 (1], R P B 25,2021,16(23): 3419-3423. [ SHEN
G F, HAUNG J H, XU M C, et al. Identification of red ginseng from
different habitats based on near-infrared hyperspectral imaging[J].
World Chinese Medicine, 2021, 16(23): 3419-3423. ]
[47 ] LIU Y, HUANG J, LI M, et al. Rapid identification of the
green tea geographical origin and processing month based on near-
infrared hyperspectral imaging combined with chemometrics[J].
Spectrochimica Acta Part A: Molecular and Biomolecular Spec-
troscopy, 2022, 267: 120537.
[48] E3f, THEX, 34, & R T Losb i mi iRy T
AW BRI s T A3, 2018, 39(2): 250-254, 260.
[ WANG J, DING J X, GUO Z H, et al. Identification of mutton
origin in ningxia based on near-infrared hyperspectral imaging[J].
Science and Technology of Food Industry, 2018, 39(2): 250-254,
260. ]
[49] #FE, K, MA I, F. b @G RE S L2 2L
A R AR RS [T]. ok 4 &, 2021, 42(8): 57-61. [ ZHENG S
G, WNEG S Z, LIU Y F, et al. Identification of famous beef species
based on multi-class hyperspectral imaging features[J]. Laser Jour-
nal, 2021, 42(8): 57-61. ]
[50] fiFdh, KEF, HFR, F. 2L HEE4A LSTM K
0 % A R A A S (D). ek 5 ok 47, 2021,
41(4):1177-1181. [LUS Y, ZHANG L L, PAN J R, et al. Ra-
man spectroscopy combined with Istm long short-term memory net-
work for cherry origin identification[J]. Spectroscopy and Spectral
Analysis, 2021, 41(4): 1177-1181. ]
[51 ] TRAKSELE L, SNITKA V. Surface-enhanced Raman spec-
troscopy for the characterization of Vaccinium myrtillus L. bilber-
ries of the Baltic—Nordic regions[J]. European Food Research and
Technology, 2022, 248(2): 427-435.
[52] DIBS R, SILVA T V, NETO J A G, et al. Raman spec-

troscopy for discriminating transgenic corns[J]. Vibrational Spec-


https://doi.org/10.3969/j.issn.2095-0381.2017.08.033
https://doi.org/10.3864/j.issn.0578-1752.2011.07.018
https://doi.org/10.3864/j.issn.0578-1752.2011.07.018
https://doi.org/10.1016/j.foodres.2017.09.018
https://doi.org/10.1016/j.foodres.2017.09.018
https://doi.org/10.1016/j.foodres.2017.09.018
https://doi.org/10.3390/s20195451
https://doi.org/10.13386/j.issn1002-0306.2017.24.047
https://doi.org/10.13386/j.issn1002-0306.2017.24.047
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0937-05
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0937-05
https://doi.org/10.1016/j.foodchem.2018.12.075
https://doi.org/10.1016/j.foodchem.2018.12.075
https://doi.org/10.1016/j.postharvbio.2020.111320
https://doi.org/10.13995/j.cnki.11-1802/ts.029991
https://doi.org/10.13995/j.cnki.11-1802/ts.029991
https://doi.org/10.3390/app10175794
https://doi.org/10.1080/10942912.2021.1987457
https://doi.org/10.1080/10942912.2021.1987457
https://doi.org/10.3969/j.issn.1673-7202.2021.23.003
https://doi.org/10.3969/j.issn.1673-7202.2021.23.003
https://doi.org/10.1016/j.saa.2021.120537
https://doi.org/10.1016/j.saa.2021.120537
https://doi.org/10.1016/j.saa.2021.120537
https://doi.org/10.1007/s00217-021-03887-8
https://doi.org/10.1007/s00217-021-03887-8
https://doi.org/10.1016/j.vibspec.2020.103183
https://doi.org/10.1016/j.vibspec.2020.103183
https://doi.org/10.3969/j.issn.2095-0381.2017.08.033
https://doi.org/10.3864/j.issn.0578-1752.2011.07.018
https://doi.org/10.3864/j.issn.0578-1752.2011.07.018
https://doi.org/10.1016/j.foodres.2017.09.018
https://doi.org/10.1016/j.foodres.2017.09.018
https://doi.org/10.1016/j.foodres.2017.09.018
https://doi.org/10.3390/s20195451
https://doi.org/10.13386/j.issn1002-0306.2017.24.047
https://doi.org/10.13386/j.issn1002-0306.2017.24.047
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0937-05
https://doi.org/10.3964/j.issn.1000-0593(2011)04-0937-05
https://doi.org/10.1016/j.foodchem.2018.12.075
https://doi.org/10.1016/j.foodchem.2018.12.075
https://doi.org/10.1016/j.postharvbio.2020.111320
https://doi.org/10.13995/j.cnki.11-1802/ts.029991
https://doi.org/10.13995/j.cnki.11-1802/ts.029991
https://doi.org/10.3390/app10175794
https://doi.org/10.1080/10942912.2021.1987457
https://doi.org/10.1080/10942912.2021.1987457
https://doi.org/10.3969/j.issn.1673-7202.2021.23.003
https://doi.org/10.3969/j.issn.1673-7202.2021.23.003
https://doi.org/10.1016/j.saa.2021.120537
https://doi.org/10.1016/j.saa.2021.120537
https://doi.org/10.1016/j.saa.2021.120537
https://doi.org/10.1007/s00217-021-03887-8
https://doi.org/10.1007/s00217-021-03887-8
https://doi.org/10.1016/j.vibspec.2020.103183
https://doi.org/10.1016/j.vibspec.2020.103183

544 5 8 1Y)

KIS | A LG TAPASENBOARTEAR ™ ™ MR R Tt e 25

troscopy, 2021, 112: 103183.

[53] WANG Y, TAN F. Extraction and classification of origin
characteristic peaks from rice Raman spectra by principal compo-
nent analysis [J]. Vibrational Spectroscopy, 2021, 114: 103249.
[54] 50, RIE, 25, & R TGRS EH R F
* [J]. & 5 5 L, 2016, 32(1):41-45. [ SUN J, ZAHNG H,
WANG L, et al. Rapid classification and discrimination method of
rice based on Raman spectroscopy[J]. Food & Machinery, 2016,
32(1): 41-45.]

[55] HES, LIU X, ZHANG W, et al. Discrimination of the Coptis
chinensis geographic origins with surface enhanced Raman scatter-
ing spectroscopy [J]. Chemometrics and Intelligent Laboratory Sys-
tems, 2015, 146: 472—-477.

[ 56 ] MAGDAS D A, GUYON F, BERGHIAN-GROSAN C, et al.
Challenges and a step forward in honey classification based on Ra-
man spectroscopy [J]. Food Control, 2021, 123: 107769.

[57] B&, 3hweR, 32, & 5% EE R =Rk
T S i b ik A ) AR A (], F B AR, 2019, 38(12): 171-174.
[ DU X, SUN X R, LIU C L, et al. Study on rapid detection of edi-
ble oil quality by Raman spectroscopy combined with partial least
squares method[J]. China Brewing, 2019, 38(12): 171-174. ]
[58] BOYACIIH, UYSAL R S, TEMIZ T, et al. A rapid method
for determination of the origin of meat and meat products based on
the extracted fat spectra by using of Raman spectroscopy and
chemometric method [J]. European Food Research and Technology,
2014, 238(5): 845-852.
[59] YAZGANN N, GENIS H E, BULAT T, et al. Discrimina-
tion of milk species using Raman spectroscopy coupled with partial
least squares discriminant analysis in raw and pasteurized milk [J].
Journal of the Science of Food and Agriculture, 2020, 100(13):
4756-4765.


https://doi.org/10.1016/j.vibspec.2020.103183
https://doi.org/10.1016/j.vibspec.2021.103249
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.foodcont.2020.107769
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.1007/s00217-014-2168-1
https://doi.org/10.1002/jsfa.10534
https://doi.org/10.1016/j.vibspec.2020.103183
https://doi.org/10.1016/j.vibspec.2021.103249
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.foodcont.2020.107769
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.1007/s00217-014-2168-1
https://doi.org/10.1002/jsfa.10534
https://doi.org/10.1016/j.vibspec.2020.103183
https://doi.org/10.1016/j.vibspec.2021.103249
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.foodcont.2020.107769
https://doi.org/10.1016/j.vibspec.2020.103183
https://doi.org/10.1016/j.vibspec.2021.103249
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.chemolab.2015.07.002
https://doi.org/10.1016/j.foodcont.2020.107769
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.1007/s00217-014-2168-1
https://doi.org/10.1002/jsfa.10534
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.11882/j.issn.0254-5071.2019.12.034
https://doi.org/10.1007/s00217-014-2168-1
https://doi.org/10.1002/jsfa.10534

	1 光谱检测技术概述
	1.1 近红外光谱技术
	1.2 高光谱成像技术
	1.3 拉曼光谱技术
	1.4 结合化学计量学的产地鉴别模型建立过程

	2 近红外光谱在农产品产地溯源中的应用
	2.1 近红外光谱在水果溯源中的应用
	2.2 近红外光谱在谷物溯源中的应用
	2.3 近红外光谱在其他农产品溯源中的应用

	3 高光谱成像在农产品溯源中的应用
	3.1 高光谱成像在水果溯源中的应用
	3.2 高光谱成像在谷物溯源中的应用
	3.3 高光谱成像在其他农产品溯源中的应用

	4 拉曼光谱在农产品溯源中的应用
	4.1 拉曼光谱在水果溯源中的应用
	4.2 拉曼光谱在谷物溯源中的应用
	4.3 拉曼光谱在其他农产品溯源中的应用

	5 结论与展望
	参考文献

