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Research Progress and Prospects of Key Technologies for Intelligent
Treatment of Fruits and Vegetables Agricultural Products at Origin
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Abstract; With the ongoing transformation and upgrading of the global agricultural industry, fruits and
vegetables agricultural products origin handling technologies are facing dual challenges; improving
operational efficiency and ensuring stringent quality control. Intelligent solutions powered by artificial
intelligence, the Internet of Things, and big data are reshaping the entire technological framework of
origin handling, enabling automation, precision, and data-driven decision-making. It systematically
reviewed the key stages of fruits and vegetables origin handling, providing an in-depth analysis of how
intelligent technologies that were applied across different stages. It highlighted recent advancements in
intelligent grading and sorting, pre-cooling and preservation, packaging, and origin traceability,
emphasizing their role in enhancing supply chain efficiency and improving quality management.
Furthermore, it explored how breakthroughs in these technologies contribute to optimizing logistics,
reducing post-harvest losses, and ensuring food safety. Looking ahead, it discussed emerging trends in
fruits and vegetables origin handling, stressing that the deep integration of intelligence, digitalization,
and sustainability would be a key driving force for industry innovation. The adoption of smart technologies
not only enhanced operational efficiency but also promoted environmentally friendly and resource-efficient
practices. The research result can provide a quantifiable framework for technology selection and an all-
encompassing optimization path for the evolution of the fruits and vegetables smart supply chain.
Ultimately, it supported the paradigm shift from traditional experience-based post-harvest handling to a
more efficient, data-driven approach, offering valuable insights for researchers and industry practitioners
alike.

Key words: fruits and vegetables; origin handling; intelligent grading and sorting; pre-cooling and

preservation; packaging; origin traceability

WeAs H 1. 2025 -03 —19 &l H . 2025 -04 01

E&WA: FEESH &R H (2023 YFD2001304)

1EEBAN: k¥ (1998—) , 5 ,T@ii s FE IR B W R ,E-mail ; zhangzhe@ mails. jlau. edu. cn
BIEEE: MIEE(1974—) 55 B5E 01 1, B AR ™ R E LR HF5T , E-mail ; yangxt@ nercita. org. cn



2 P

b BB R

0 35

SRBEAR T i 0 77 Ak SR R B 7 o B
& RTHE BRI SRR , LR M Al A 4k
K, AR 2 AL BEER Y 45 PR AT Y BOR K
58 L RE AL [ B RE T B 7 1Y T 58
Tyt SR T SRR AR 5 0 | AR HL R
5k 2 A e b 3y A DR B AR SR BT 5 IR A
I 77 SRR R e S B R A 5 ) Y
i1 2 7 BR R RAR AR AR A 4R T

PR BEA B S 8%, ] 2 8 A B FR
AR, A 7™ i 7 Ak 3 E AR e B T 4R AL T T
B P HBAL PR TE 1) R REAL T 1 AR
e R R A SN A2 AR 3 A, S B4 PR
FRPR IR 42 S DU IR 38 e B AR M 200 /D4
FE, IR R A BURE 55 4, AR 7 HAL BREOR
B -5 PR 32 [ R AL, Al A A T A 6] 55 B
INATT o AT P A AR 7™ it ™ T 3 14
FR ALY R LV I R
Ry AR A =G0 T R R SR
Wi SEHERIBON , ALV PR A E R AR A ™ Bl AR FE |
TRBEE i AN ) S ARG A s s 0, L3
BRI AU fiff PR A% Gt A BLEAR (9 15 AL )
AR TR AL | S 1Rl ) R R AL ARt
ez @A TT AL

AN S 2 TR A B 0 A 7 7 Ak B Y BOR A
R BE AL B A 7 3 Ak B G H B Y 1 1
MBUIR S A RIS, 0 e ik F04  PREEIT AL
SR 0 D5 A L B A ) IO P 8 St R
HEEGHORTT R STl oK, BB AR LRI AR A
g D R GEA T it R B A AR o A B S 4
ENCURER e

1 RERF AR X EIAT

SEBRART™ fih 7 M A PR SRS A DR il i
JOTFIAE K B8 H 1 iy S e 9 B R A 3ot AR, A0 H
e B AT i 1 B B 09 19 o i PR, PR AR ™ BT
fif B 5 etk Ho SR A3k TS DR AR
FI2E A a7 b B 5 e 7 b A PR ANARL
SRBOCEEIRA T, LA 1,

RMCATT  RIAE S 85 7 A 3 B 22 3R,
FrRUE AR E B e Wt B S R A, 7 R
FEFRMET AL, B R MR RR , ™% i FH ] ) %
bR, AT PR SR BR AT A fe A T 223K, bk A 2 R 4l
AR SLN

O3 HEFRTT e 0 R R B A i B A AL

BOTY . _ & |
i oo <l & 5:‘] SR Ol

FANEET=

| [RE][E] [ e | [

v
Y

onsmst] | owssr | [esene

B SRERAT 7 i Ak B OG5 24T HE (]
Fig.1 Block diagram of key stages of fruit

and vegetable agricultural products at origin
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Tab.1 Key information and intelligent collection methods of fruit and vegetable agricultural products processing at origin
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Tab.2 Key technologies, algorithms, and efficacy in intelligent grading and sorting of fruit and vegetable

agricultural products

g HEREFRK SRt A T p AR HEWIR/ %
RN SO B RIE AR 4y, — . T
F[8] WA R F A AL ( Support vector machine, SVM 99.79 ~99.9
i * R B R S R 22 FPTREBL Support veet )
BRMAR L ( Convolutional neural network ,
RO ATPERSE  RIRRIBRRIS AR AR A CNN;F ( ' ' 9.5
Fe MR/ R MEE B RTERR 5y, —2%
g0l TAPHEHL BRSSPSR AL YR R R 94. 12
SR
Bkl BHeTFHL  HIEKER S /D b KRR 4 2 AlexNet , GoogleNet Fll ResNet50 63. 45/68. 99,/99
2 H) 5] 43 M7 ( Linear discriminant analysis,
W N2 R RS IR S B RS UL LDA) Fl % 31431 ( Quadratic discriminant  92.59/96. 3
analysis, QDA)
A3 HreFHl i FE U] A < R BUE R LRI B K IT4B%3 %5 (K-Nearest neighbor, KNN) 100
BRI R aE 7 Fn 4
ALY KA T ML HERG Ry P L0 LA RIS GA —YOLO 96. 87

2 %

i) BRETHL AR R 0 R A I 2

Inception — V3  ResNet — 50 1 CNN 100/99. 63/99. 63

2.1.2  FEF IO A8 NS A 431

PR S i JB 0 1  AR DA TG A5G I R A, B R
PR AR RERE KR R AT R
B AR R BN AR IR A TR T
T4 PR TR B L R MR AR 7 S B SR E L
TEFNBEATPERE , J2 0 2 3 AT 3 % A4 7= i o i PR
(1%) B AR

FEEAAG IR AR A FUEE 70 B 37k 1 Pk
J& A LT LT A MG RN R G AR AR B AR 7
PRI it SBT3 BB AR A IR I LA
I A 46 38 3 43 B A X I £E AR I R | S
Sl SR S BT BB PN a0 0 T B
O3MT o XNSEAENS JLF R UL/ AT 4L AN GRS B T A ARG
W B AE 2K I 43 1% 3R 45, 32 FH A fe /I 3 [l )9 2%
(PLSR) 454 X — Y AR Bk (SPXY) Flsedr H ik
I FE A7 (CARS) ##E T SPXY — CARS — PLSR
R A P52 7 2 G 000 A5 6 A5 G 000 o 1 2R N 92%
TR B T ARG AR B0 3R A
5 30] WL 2D G A I e S T DL DL g T A
ETEETE Y& & (Soluble solids content, SSC) FTAE
) PR TT R | 235 SR S 7 (o FH Bz 1 A% 6 it 22 ) 4%
FZ2 o4 P m] A A N7 ) ARS8 T 8OR e A, GUO
L0V AT T A% B AR X S LY SSC A5 28 AR
BB PEAT T ICHRL I, 25 5 s 8 S S 4 A L
RED AL BV E R 7 S5 SSC ARG A B, PLS — LDA
PECTR 7 T SR S i B i, WK M 99.35% , T
PRSPV LT 2T A5 18 3 5 R b i Bk 1
F1SSC FEAT TR 437, 45 5 7R SPA — PLS # 57
IR RY R A, o e 2059008 81. 1% F191. 6%

MR SE USR] LA Y 20 A3 4 AR AR A
TCP | R LA, TR SR8 PN 8 it B 0 A%
F-BE (B JEAAE B B AR R At AR K Tl AT, A A
T ZEF ST B — SRl sl 3 ST &, B A R AR S T E
b W B e FERTRE ST, i b i BR 2 R A
S SR R 2%

o T B AGRS I A 2 3 i [ s R E bR 2
)5 BAESOGIEE B, R AR AT G R
SR ST SR PN B 3 AN AR SRR AT 1) JC A
TS REHEPEAL . F e AR R OGS R R
S5 A ARV GRS AR f 3R O VA A EE R RIS R
TRAERGARE BE R AT T JCHAG I, 45 3 &% B ( CARS +
IRIV)— SPA — ELM 75 2 Sy 45 00 5 A Wk W 5 11 e A
T Ty vk, T AR AH G R E 0.839 0, & K
SR 961 ~ 1 665 nm A % BER Tl e/ — 9
(] =308 ) T SR A A0 A SRS B S 38l
B AT TR RORE B A S Rk AR A T
N PR3 R e, AF R A T - 25 SR I 25
25 L TIR SR F 6T LGRS I 4 AR AT Lk 2 A AR
GRIEAT PR IR I, (HLJR 7 /N TR S A T 2
WO 2 G FEAR T RS R, e MG 55
AN TG R = - HER ) = S BUR R E R
45 ARBCEAF B B S GG SR . A IR R 4R
FHAE /N SAG I b RS B[R] B T DA R S AT
AMNETER I R 25 A

ST LT AN i i A A A (1) PN o o
A3 VB AR X FE 5% PR TC ARG A 5 KRk S
WPk SR LR G S, BR ISR 3 iR, &
T ACO MU AL 375, PLS M B/ R4k,



%o

SRAT A REACT i U RE AL AL BEEOR T T ik 5 e B2 5

MSC R ZICHUF AL IE, UVE b o5 B AR = LA
1 SPA HIELA A L Detrend h 8 #EE , ANN
FHNT M4, IRIV B S  (5 8 78 5k,

ELM A% BR 2% >J AL, SNV s #E TF 75 725 42 48 fie |
MLR & £ JC £k 1 10l V3, SG v 35 FHSF W5 Ak 38 2,
VCPA NS A ERET, GA ALk

R3 ETHRIEMBGEARK A EBR RS EF AR

Tab.3 Research results on internal quality sorting technology based on spectroscopy and imaging techniques
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Tab.4 Advantages and disadvantages of various pre-cooling methods
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Tab.5 Principles and characteristics of common preservation and storage technologies for fruits and vegetables

HA DB P SCHRT S

e PR AR HITE O ~ 15°C, AT 2 SR B AR, 3005 DT ZE 1, Wb oK BRI IR g sk o3 1 Ff 2 A0 S, S I 68]
Gy7EI B 1k B i R R R I

P— P IR AU A i D R MR DR B ARBIRRES 3B AR, P ek 2 7 35 0k Rk 4 (9]
W B FRINAE A AR A B bR e

o ISR S A KCE ORI T, 0 AR A A AT RO T B I, AN B AT

L S, ) [70 -71]
G A £ i 1) AU

. 3 37 K AR T 1 ORI £ R R I, a0 SR Ak KA I ERORTCTE Y, X B S T N AT (721
PR BT, JIE 2 L PR AR E5 G

Ak FEH MR = TN, R R R (S A B in 100 MPa LA 1R 7, AR K (e fr i B Tk R e B 731

il [ I £ B i it




%o

SRAT A REACT i U RE AL AL BEEOR T T ik 5 e B2 7

b3 S AR a3 =X, 45T R e 4y
AT 1 A DRI S Al 3 v IR 3 b 3K
TRCETR LA RE AR AR Y L
KT HE bR Z 0] 0 25 57 A5 R, SRR RE A 2
DRI B 35 25 1) i o, 2 0 S R B8 A A RO TR . A
FRARAE IS T U FRLE 1 28 A R I U )
AP AR RIS BRI R R BLSEE
I S S5 AL R R R A A AT BE 2SIt . R
HE AT RIS TS [ SR MO T e 4 T AR R AL 2
b T8 RUZE I TROSOR, , I 4R HT AN ] SR SO A i
AL, TRECET RIY T AN ] R A b B i
SRS A A RE A RZ IR

I B SR G IRE A AE AN [R] A SR SO FIER
B A T R 22 AU BB . SRR
IR R R U S DA | DA R i S T 1
A EUE, 0 A | R S5 DR R M I
YRR AR, Rk, 75 455 8 RE AL I AR
G HIAET , TR AR ORBETR 2 OB 1R A0

GO T B, 4 m R IR e M R IR IRRE R
2.2.3 HEaEHEA

AR F AR 1 7 IR P R A 7= AR A2 S o
HSZ AU 405 TR0 S A= G | ) e AR Jo A% ] R AT
BT B Ul SR R - AR AU 20 Tl AR X SR 8 7l
M e g R A EER Y, Fa R E
B % SR B T TR A g 25T S s
(8 AR PRI SR B 12 i B vp 1) 22 R 4 vk
TR T EEAEM, SR, e s i AR, 4K
RS2, FEORG IR WRAS B AR T LU+
WA, AL B DAY 2 ol SR R RS A R IR
e BARA R ER AN E R, A5 e N
(A SRR, o SR 1 PR S T ™ A 67 TR S

Bl PR A P S % H 35 8 R, i Tl 4
ERALUERR IR, 714 2 5 5 T RS2 AR R4 2% 10 75 R
BRI R o R R B G T SR B A
5 AR RSO R R . HRT, RS S
BT L, W WA AR I 6 iR,

®6 REBEEREAR

Tab.6 Common packaging technologies for fruits and vegetables
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Tab.7 Research progress on blockchain technology in traceability of agricultural product supply chains
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