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Fig.1 Comparison between biological taste system and electronic nose system in terms of perception mechanism
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Fig.2 Comparison between biological olfactory system and electronic nose system in terms of perception mechanisms!'"
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Fig.3 Three different color analysis tools used in the E-eye systems™
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Table 3 Some applications of intelligent perception technologies in the food fields
&R & CE AT oL T H 5 HAE A Ty % B LR
RS R E R R 5 R EHRER LT E xR SFFS-BO-SVM [27]
F A 5B R REREFE % E PCA #= PLS [28]
BB Rk Bt A TS-5000Z 1% & ¥, F & #F PCA [29]
XT Plus Bt #1 5-#74L ¥R ANOVA [30]
BEAEET R e ) GASF #= CNN [31]
BT H b FE AR FAKRE GSADF -BP .GA -BP -SVM ALIGN [32]
TR H) 5 HT AL #a TFT
JR = W R E B [ 4% 7% A & F & S PLS-DA #= PLSR [33]
PEN3 & F & XE AKCA #= CNN [34]
W EE /B 2R A BEIECT R &4y RFRFE #= LSSVM [35]
LA A PCA .PLS #= iPLS [36]
TA.XTPlus & #1247 AL BE LASSO # RR [37]
PEN2 & F § sk JE Hh 2 & 48 SA AL PCA #= KNN [38]
402B A= V=650 2 & 5t &
A AT A2 4 ) Fox6000 # F #  Astree & F & 45 LDA DT .RF.SVC # SVR [39]

Fo ZE6000 & % 3+

RGN RERIBARAL , [N I R ITE AR 5T
(0 HE PR 01 R o I R SR BT 2% BT A i o
P 5 P v S B R B Ry, (RN TR
SR E VM INER S 2B RIL e —E 2, &
i, BB L AR BRI K e BRI B BOR BB Y
WEFE, JEE A WAL B s LN T RE Y
A, AR R BRI EORTE N TRCE I M (Y i 2 R
BRERAL S A BCE FRIERAL , DA E L S
25 )[R A AR A5 7 T V% BAT BRI R s
31 REBSEREFUERBRMERRIE

T A R B R A I A B A AR
LANEPON=SP /DY STEI SN R R i A e e
REPRPRAE 09 RO PR T 7, 763 RE UM E AR
L AT 3 i 2 SR FH A2 S B AR B o 9 1 B A
P BN L B RS S, IR A S
R AR A5, BUR R RER R Bk AT AR
SRR T AR SR TR AR, SO R AL
AR it 5 A DX R AR BRI B 1] LUAR
PE A WIS AL, R RN SR BIE A9 A 1) 3%
PR AR A D A ST, M SR L 4 s 5 A B 2R )
RIS, DT A0 45 RE % B4 24 LAY 1)
SR BN, Wei SRR 2HUE N & O

W = WG 2 I A2 TR R T 2 7 3 5 e LR I, B
DIFE R — Bl R A AR IR I AT R 32 A
Bl J12E T L D341, Sung SN K i AT R R 2 A Y
MEL G 7 R 2K 11 ODR—10 % BULE A 3% 5 1A B K S
(QCM) KT, il #5 — FhREAE KL I 2,3-T [ (1)
FEHLAE YA IR L S8 B9 A BA T 003 ) ok
AR IR LR AR T R v R AR
TR, Ak R A ) T 5 G SR B T R 4
MAE 5 5 NBE W /N AP 45 R — B
T T S0 U (B R e iy S = S AW N S A
AN AT AT
32 AMISREHFMERERMBARE
AR ER R MERE RN A EE
Fevk, TRl A SR R A A A 1 B s )
AR A (R BN A 3t AR L AR B ECE PR, sh A
HUJy ¥R BN T — S 5 b e fR] 5 I R
(TD) FUEGE B[R] L BTN J5 1% (TDS) 414, Kok
(R RIFE AT LAGE o L S AR R 5 AR o T 2 A Y
W o6 TG0 T sz Iz A 400N A% ML o) 11 3 A Bl A R
Gaidamavichute 25 F — P G & 4 &8 43 HLAE 42
(La=BTC MOF) hMafE N o7 & i A5 ot 14, b
FENMNE 35 R AT ML & 0 (VOCs) 1 36 35



8 hoE B

mo2E 4R 2024 445 6 1

PEME BRSO, eAh 80T DL i A AR Sk S B
22 [1] 25 e 248 A 1) AR AR AR ADL N AR IELIgS 1) 20 285
AR, Liu SEEO G & 285 B oe iR 3k (TA/
MEC) /) 544 43 B AR ABR AR 11 B T sl
33 AMBEFESBEENSRBEMBEARE

WE LT 5518 25 VR Sl — Bl S 2 4% HLOE = 2 IR
ODHRE, SHSBEEMNSREAE RENA
], TR T X AR B R TE | 1B AE TR T 5 5
o a, MRRAZ I RIEE S
TR SR, DASE BT I 2% 1 45 A0 - 7 Jek
HURNERAR . ARG N TIRE PR R, — R H
CATA JAR ZEUEATRELFPFH, I FH A 25 B[] fI 45
: (TDE )45 7 WL EA TS 4 PP i 52 . H AT H 3R
T AN B R IR S T R S A 4 TR
() — 2L e R BOR o 10, Saha S5HSHEE T fik 5]
(EEG) F.L B (5 5 (ECC) My T — g Al iy £
BB LA Tk, s 4 B A T 458 i
f o T3 Ab 15 I SR EISE 4 T RAE 2 BT BOR (Fac-
eReader) 5B E R ED L, P A T —FMZ A
T OB AL (MFA ), I T PFAl 0 9% 35 78 i 17 5 B
SN [R] ST 7 T R T AR e T 4 AR Ak S
o JECE VR T B AT B 2 (R A DG L AR,
DN ) s NS A O S DN N E W e N
B, DL A Gl B R R A X
TH % 3 W8 I LA RN 2 5% T 235 3R 1) 8 e B B R B
SRR . AR, BE AT L S R B Y, IR
S AL SRS R 5 ) L A5 5 5 T 9% 3 I I 2 R B
CHRAERY | B HE — i BB 6% 1 4 A 0 £
AE 25 1T SR B AT (R BRI R AR

4 &iE

B REI N H AT — P ] BER AN TR I
M N, SEBUE ™ Ml B A AR R B S
PR A QU EOR o ORI AT T IR G I
BA BV RRIEANAT S . N TRCE PN B T i
V.3 DY L AN S R WL SR
IR BT B A OB BRI B, 25 8 B RO HEAR 2

H

TR A BOR WA TR R TS 1], R
MR LA K i 52 40 0 231 A2 A BRI OB, Rk

I A AR R A R 2 2] B A S S RHEOR
ATt A, 8 AR E HoR B A8 5 & SR 4R 1t

TIERRATRE . JUHORBEE AT 15 RE J1 B9 T 2
Th AT B 31 5 AN RS R, — i RE A8 1 4%
#Wﬁmﬁﬁ@ﬁ%ﬁ%%ﬁmﬂ%%méﬁm
R AR N 32 17

5 £ x
[1]  #hITHE, X1 R ,i%% R e A= IUE N
FREMAHU R &8 TR, 2023, 44

(24): 359-366.
SUN J Y, LIUY F, LIU L, et al. Analysis on the
technical means and application status of food sen-

Science and Technology of Food

359-366.

sory evaluation[J].

Industry, 2023, 44(24).
2] T#k, k=, Bk, % BERE O EAR

TE L KUBR T B 8 6 SR (). B 22 4 O A DU 4

e, 2023, 14(8): 37-43.

WANG T L, XU LI Y, YANG G S,

Progress in research on intelligent sensory analysis

et al.

for studies on food flavor[J]. Journal of Food Safety
and Quality, 2023, 14(8). 37-43.

[3] DI ROSA A R, LEONE F, CHIOFALO V. 7 -
Electronic noses and tongues [M]/Chemical Analysis
of Food. Second Edition.
Press, 2020. 353-389.

[4] LU L, HU Z Q, HU X Q,
and electronic nose for food quality and safety[]].

2022, 162 (Part B):

Cambridge: Academic

et al. Electronic tongue

Food Research International,
112214,

[S] WANG W L, LIU Y. 3 - Electronic tongue for
food sensory evaluation [M]/Evaluation Technologies
for Food Quality. Cambridge: Woodhead Publishing,
2019 23-36.

[6] KOBAYASHI Y, HABARA M, IKEZAZKI H, et
al. Advanced taste sensors based on artificial lipids
with global selectivity to basic taste qualities and
high correlation to sensory scores[J]. Sensors, 2010,
10(4): 3411-3443.

[71 KLOOCK J P, MOURZINA Y G, SCHUBERT ], et
al. A first step towards a microfabricated thin—film
sensor array on the basis of chalcogenide glass ma-
terials[J]. Sensors, 2002, 2(9). 356-365.

[8] WINQUIST F, WIDE P, LUNDSTROM 1. An elec-

tronic tongue based on voltammetry [J].

1997, 357(1): 21-31.

Analytica
Chimica Acta,



F24% H ol

B o AR S R K S AT B AR R 9

9]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TIAN S Y, DENG S P, CHEN Z X. Multifrequency
large amplitude pulse voltammetry: A novel electro-
Sensors

1049-

chemical method for electronic tongue [J].
and Actuators B: Chemical, 2007, 123(2):
1056.

RIUL A, GALLARDO SOTO A M, MELLO S V,
et al. An electronic tongue using polypyrrole and
polyaniline[J]. Synthetic Metals, 2003, 132(2): 109-
116.

COLE M, SPULBER 1, GARDNER J W. Surface
acoustic wave electronic tongue for robust analysis of
sensory components [J]. Sensors and Actuators B:
Chemical, 2015, 207(Part B): 1147-1153.

WANG J, DU L P, KRAUSE 8§,
modification of LAPS
biosensing applications[J]. Sensors and Actuators B:
Chemical, 2018, 265: 161-173.

GARDNER J W, BARTLETT P N. A brief history

et al. Surface

and  construction towards

of electronic noses [J]. Sensors and Actuators B:
Chemical, 1994, 18(1): 210-211.

PARICHENKO A, HUANG S R, PANG ] B, et al.
Recent advances in technologies toward the develop-
noses [J].

166

ment of 2D materials —based electronic
TrAC Trends in Analytical Chemistry, 2023,
(27): 117185.

LI' Y Z, YANG K Z, HE Z L, et al. Can elec-
tronic nose replace human nose? —An investigation
of e—nose sensor responses to volatile compounds in
alcoholic beverages[J]. ACS Omega, 2023, 8(18):
16356-16363.

STRIKE D J, MEIJERINK M G H, KOUDELKA-
HEP M. Electronic noses — A mini-review[J]. Frese-
nius” Journal of Analytical Chemistry, 1999, 364
(6): 499-505.

SCHALLER E, BOSSET J O, ESCHER F.
tronic noses’ and their application to food[J]. LWT

1998, 31 (4):

‘Elec-

— Food Science and Technology,
305-316.

HU W W, WAN L T, JIAN Y Y, et al. Electronic
noses: From advanced materials to sensors aided
with data processing[J]. Advanced Materials Tech-
nologies, 2019, 4(2). 1800488.

NAM J, LIM C S. A conductive liquid—based sur-
face acoustic wave device[J]. Lab on a Chip, 2016,
16(19): 3750-3755.

XU C H. Electronic eye for food sensory evaluation

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[M]//Evaluation Technologies for Food Quality. Ams-
terdam: Elsevier, 2019. 37-59.

FE R AT 0 28 A8 R (R B RS R
BORBEFES D). W AR T RS 2023.
WANG S C. Research and application of multi—in-
telligent sensory information fusion detection technol
ogy based on deep learning [D]. Zibo: Shandong U
niversity of Technology, 2023.

CALVINI R, PIGANI L. Toward the development of
combined artificial sensing systems for food quality
evaluation; A review on the application of data fu-
sion of electronic noses, electronic and
electronic eyes|J]. Sensors, 2022, 22(2). 577.
BROSNAN T, SUN D W. Improving quality inspec-
tion of food products by computer vision——a review
[JI. Journal of Food Engineering, 2004, 61(1): 3-16.
KPP, B, WEHEE, L TR 4 BT A A b
T BTV P O SR R )], B R RS, 2014,
35(7): 264-269.

ZHU D S, LI H, CAO X H,
progress in quality evaluation of fresh foods by tex-
ture analyzers[J]. Food Science, 2014, 35(7). 264-
2609.

MITHR, 24, B, & Um0 A& 5
JECE A b S 2R IR (D] AR A BE R AR, 2009, 7
(5): 61-63.

LIN F D, JIANG Z J, LIAO S, et al. The summa-

ry of texture analyzer and its application in the e-

Life

tongues

et al. Research

valuation for food quality [J]. Science Instru-
ments, 2009, 7(5): 61-63.

LIU Y X, CAO M J, LIU G M. Texture analyzers
for food quality evaluation [M]//Evaluation Technolo-
gies for Food Quality. Amsterdam: Elsevier, 2019:
441-463.

MAO Y Z, CHENG S W, QIN Y M, et al. Grade
identification of rice eating quality via a novel flow—
injection  voltammetric electronic combined
with SFFS-BO -SVM[J]. Sensors and Actuators B:
Chemical, 2024, 411: 135700.

LOZANO-TORRES B, CARMEN MARTINEZ -BIS-
BAL M, SOTO J, et al. Monofloral honey authenti-

cation by voltammetric electronic tongue: A compar-

tongue

ison with 1H NMR spectroscopy[J]. Food Chemistry,
2022, 383(3): 132460.
MIN J, LEE J] W, BAE G S, et al. Evaluation of

umami taste in Hanwoo with different feed sources



10 OE A IR 2024 4E55 6 1]
by chemical analysis, electronic tongue analysis, tion of electronic nose, electronic tongue, and col-
and sensory evaluation[J]. Food Chemistry: X, 2023, orimeter in combination with chemometrics for moni-
20(4): 100889. toring the fermentation process of Tremella fuciformis

[30] KIM M S, DUIZER L M, GRYORCZYK A. Appli- [J]. Talanta, 2024, 274. 126006.
cation of a texture analyzer friction rig to evaluate [40] WEI L H, QIAO L X, PANG G C, et al. A ki-
complex texture attributes in apples[J]. Postharvest netic study of bitter taste receplor sensing using im-
Biology and Technology, 2022, 186: 111820. mobilized porcine taste bud tissues[J]. Biosensors and

[31] XIONG L J, HE M, HU C, et al. Image presenta- Bioelectronics, 2017, 92. 74-80.
tion and effective classification of odor intensity lev- [41] SUNG J H, KO H J, PARK T H. Piezoelectric
els using multi —channel electronic nose technology biosensor using olfactory receptor protein expressed
combined with GASF and CNNJ[J]. Sensors and Ac- in Escherichia colil]]. Biosensors and Bioelectronics,
tuators B: Chemical, 2023, 395. 134492. 2006, 21(10): 1981-1986.

[32] SHEN C, CAI G H, TIAN J Q, et al. Characteri- [42] QIN Y M, ZHOU Y F, YAN X, et al. Establish-
zation of lamb shashliks with different roasting ment of a new cell-based assay to quantitatively e-
methods by intelligent sensory technologies and GC- valuate the sweetness of sugar and sugar alcoholl[]].
MS to simulate human muti —sensation: Based on Food Chemistry, 2024, 434(2). 137436.
multimodal deep learning[J]. Food Chemistry, 2024, [43] BhE/NEEZS ) BLErfd, BAEZE. I8 B IR ) O B F
440. 138265. J5 ¥k K H N ] & e Tk B4, 2013, 34(5):

[33] KANAGA RAJ D R, FERREIRA M V da S, 396-399.

BRAUNGER M L, et al. Exploration of an impedi- LUXIAO T J, RUAN H Q, TONG H R. Temporal
metric electronic tongue and chemometrics for char- dominance of sensations method and its application
acterization of black tea from different origins [J]. [J]. Science and Technology of Food Industry,
Journal of Food Composition and Analysis, 2023, 2013, 34(5): 396-399.

123: 105535. [44] SKRWIBL, Seiidh, 2R84, 6. B R PERCE RIS K

[34] SUN H X, HUA Z J, YIN C B, et al. Geographi- oA & R CE A R BE oY R R[] & AR
cal traceability of soybean: An electronic nose cou- 2023, 44(15). 360-367.
pled with an effective deep learning method[J]. Food ZHANG M C, CHAI H K, LI M, et al. Research
Chemistry, 2024, 440(18): 138207. progress on temporary dominance of sensations and

[35] LI P, NIU Z Y, SHAO K Y, et al. Quantitative its application in food sensory evaluation[J]. Food
analysis of fish meal freshness using an electronic Science, 2023, 44(15). 360-367.
nose combined with chemometric methods[J]. Mea- [45] GAIDAMAVICHUTE V, KNYAZEVA M, KHOZINA
surement, 2021, 179. 109484. E, et al. A LA-BTC MOF as a sensor element of

[36] ORLANDI G, CALVINI R, PIGANI L, et al. Elec- an electronic nose for selective adsorption of
tronic eye for the prediction of parameters related to biomarkers of diseases: Molecular dynamics simula-
grape ripening[J]. Talanta, 2018, 186(2). 381-388. tions of adsorption[J]. Materials Today Communica-

[37] OH H, POTTORFF M, GIONGO L, et al. Explor- tions, 2024, 38(9): 107787.
ing shelf-life predictability of appearance traits and [46] LIU G D, ZHANG C, ZHANG S H, et al. Simu-
fruit texture in blueberry[J]. Postharvest Biology and lated oral processing of cooked rice using texture
Technology, 2024, 208: 112643. analyzer equipped with multiple extrusion cell probe

[38] BURATTI S, MALEGORI C, BENEDETTI S, et al. (TA/MEC)[J]. LWT, 2021, 138(3): 110731.
E —nose, e-tongue and e-eye for edible olive oil [47] JAGER G, SCHLICH P, TIJSSEN I, et al. Tempo-
characterization and shelf life assessment: A power- ral dominance of emotions: Measuring dynamics of
ful data fusion approach[J]. Talanta, 2018, 182. food —related emotions during consumption [J]. Food
131-141. Quality and Preference, 2014, 37. 87-99.

[39] ZHOU Y F, ZHANG Z L, HE Y, et al. Integra- [48] SAHA P, ANSARUDDIN KUNJU A K, MAJID M



X

5524 % 456 ] AR i R AR SRR R 11

[49]

E, et al. Novel multimodal emotion detection
method using electroencephalogram and electrocar-
diogram signals[J]. Biomedical Signal Processing and
Control, 2024, 92: 106002.

A, RENE, EAM, SF. AR T HOR A

HEBET, 2022, 48(6): 257-262.
FENG J, HUNGFU J, DONG J H, et al. Sensory
evaluation and consumer acceptance of Chinese Lu-

jiu using facial expression analysis[J]. Food and Fer-

mentation Industries, 2022, 48(6). 257-262.

T BRI B S BT AN WD 2R B AELD). B

Development and Frontier Exploration of Food Intelligent Perception Technology

Tian Shiyi', Jiang Guoxin', Mao Yuezhong', Qin Yumei’, Shi Shuangni’, Cao Yanyun?,
Qin Zihan', Han Jianzhong?, Cheng Shiwen*
(College of Food Bioengineering, Zhejiang Gongshang University, Hangzhou 310018
*Food Safety Key Laboratory of Zhejiang Province, Hangzhou 310012)

Abstract Intelligent perception technology is an advanced bionic technology that simulates human sensory organs using
sensor technology to capture various sensory attributes of samples. By combining intelligent recognition algorithms and sig-
nal processing, it enables the comprehensive anthropomorphic evaluation of sample quality. As a modern extension and
supplement to traditional sensory evaluation techniques, intelligent perception technology offers technical characteristics
such as fast detection speed, no sample pretreatment, easy operation, and real-time online analysis, etc. It serves as a
powerful tool for in—depth perception of sensory quality in food. This paper provides an overview of several key intelligent
perception technologies in food industry, including electronic tongue technology for simulating taste, electronic nose tech-
nology for simulating smell, texture analyzers for simulating touch, and electronic vision systems for simulating sight. Ad-
ditionally, the article summarizes the application and research progress of intelligent perception technology in food quality
evaluation, while also discussing the potential development possibilities of intelligent sensing technology in static sensory,
dynamic sensory, and emotional perception representation. With rapid advancements in interdisciplinary fields such as bi-
ology, materials science, and computer science, intelligent perception technology is expected to evolve from distinguishing
and identifying the overall sensory characteristics of samples to detecting and representing food preferences and emotions,
thereby providing new impetus for the development of the food industry.

Keywords intelligent perception technology; electronic tongue; electronic nose; electronic eye; texture analyzer; static

sensory; dynamic sensory



