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Progress and trend of fruit detection by intelligent sensory
technology
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(College of Information and Electrical Engineering, China Agriculture University, Beijing 100083, China)

Abstract: Rapid, non-destructive and accurate detection of fruit freshness, maturity, texture and other attributes can
significantly improve fruit quality classification, quality evaluation accuracy and work efficiency. Intelligent sensory tech-
nology has been applied in fruit testing due to its advantages of easy operation and fast detection speed. This paper
reviewed the principles of three typical types of intelligent sensory technology (electronic nose technology, electronic
tongue technology and texture analysis technology) and their application in fruit detection, including the representative
research ideas, methods and findings in the detection of fruit freshness, maturity, pest and disease infection status, as well
as variety identification, quality perception and texture analysis, respectively. Finally, according to the development of
intelligent sensory technology and the changes in the demand for fruit testing business, this paper proposed the develop-
ment trend in this field: intelligent sensory technology would be combined with traditional sensory analysis, intelligent
sensory analysis instruments would develop towards portability, and multiple intelligence sensory technologies would tend
to be applied in combination.
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Table 1  Electronic nose system and algorithm type for detecting fruit storage and freshness
&S AR RS ce= L HERE (%) E =BT
Fruit type Fruit variety Sensor type Algorithm type Accuracy Literature
& Citrus BN MOS LDA 98.23 BHiR, 2018
BEEERH A MOS LDA Gomez et al., 2007
4% Blueberry RIS RE MOS HFHAF 2016
i Tomato PERR MOS BRI HL(ELM) Feng et al.,2018
%] Grape SN MOS PCA 83.30 45,2017
BOR A% MOS F05 R 95.00 M4, 2015
i Strawberry LT MOS Fisher] 5] 97.50 BT, 2014
Bk Peach K Bk MOS LDA XA, 2010
AMRIRE R MOS VLIRSS, 2010
L Mango KRR MOS HH & ZR B A 87.50 FIFLA 2012
77 #£ Banana T MOS HEMELE 2012
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Table 2 Type of electronic tongue system that distinguishes fruit types
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Table 3 Changes in texture of fruit after harvest and during storage

KRN T B E (°C) TRE MELA 1 Pk 225 30k
Fruit variety Storage temperature Hardness Chewability Resilience Literature
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HEAE Loquat 0 i Hahn Hahm K BE4F 2010
##f Chinese red bayberry 25 TR TR koA, 2009
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317-321.]
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137-141. [Chen C,Lu X X, Zhang P,Chen S H,Li J K.
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(6):137-141.]
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[Chen D D,Kong H,Peng J M,Li C M. 2016. Develop-
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Science,37(23):89-94. ]
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Science and Technology,44(4):30-35.]
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TSI BT ] AR IR 4, 30(5) - 782-788.
[Fu J,Huang C Q, Zhang T F. 2017. A portable intelli-
gent electronic nose system and its application in grape
shelf life evaluation[J]. Chinese Journal of Sensors and
Actuators,30(5):782-788. ]
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ML) ,38(6):715-724. [Gao L P, Wang J,Cui S Q. 2012.
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tongue[J]. Journal of Zhejiang University (Agriculture &
Life Sciences),38(6):715-724.]

PUNNER , EE B R 2010, PR AR A BT
R ERAR [T ], B dh Tl BHY,32(9) : 446-449. [He L
X, Wang M, Huang Z M. 2011. The application of tex-
ture analyzer on food quality evaluation in China[J]. Scien-
ce and Technology of Food Industry,32(9):446-449. ]

fr gt wtgte , KRB, 0], BORME, AR, BOR 5
2016. 1R TPA TR G Po A B AN [a] g B 22 3R S by
PP, B TR ,37(18) :122-126. [He Q G,
Huang M H, Zhang E Z,Xin M, Huang M K,Qin R Y,
Huang Z Y. 2016. Optimization for mango texture profile
analysis and characterization of texture to different ma-
turaity of mango[J]. Science and Technology of Food In-
dustry,37(18):122-126.]

HELE, R IR, 2012, T H 5 0 B A A 770 e
SEHITEMIELY ] AR ER R, 25(5) + 566-570. [Hui
G H,Wu Y L,Chen Y Q. 2012. Investigation of banana
storage time discriminating method using electronic nose
[J]. Chinese Journal of Sensors and Actuators, 25(5) :
566-570. ]

VLIS, W5 DK, JB B, L b, B, #hARHEE. 2010, BE T HLT
LAXPKERE ST RPN BB SE [T ). iy, 31(12)
229-232. [Jiang LL,Pan L Q,Tu K, Yang H X, Qian Z,
Han D H. 2010. Freshness evaluation of juicy peach by
electronic nose[J]. Food Science,31(12):229-232.]

L5 BT D7 B ROTRE. 2009. BT TELLAR IR
BHX A B R R AT LT ], ol TR E 4, 25(11) - 345-
349. [Jiang S, Chen Q Q,Hu X F, Yang Y, Ni Y Y.
2009. Application of electronic tongue on black tea beve-
rage discrimination[J]. Transactions of the Chinese So-
ciety of Agricultural Engineering,25(11):345-349.]

FER BRIIAR. 2006, AL SO ] A4 S5k A8 A0 LA A BIF
(I, BB ST 57 % ,27(5) 1 4-5. [Jiang S, Chen Q
L. 2006. Researches on the changing rule of juicy pea-
ches texture during storage[J]. Food Research and Deve-
lopment,27(5):4-5.]

R AR BN SC. 2007, KR B TNAEI B 7 ) 27 il 5
AR TE LT B dh Rk, 28(2) :322-326. [Jiang S, He
Y, Zhao J W. 2007. Study on changes of mini-cucumber
mechanical properties during storage[J]. Food Science, 28



£642 -

& R kR 51 %

(2):322-326.]

e, SRR, TS XU 5P, 2018, FARBRE HARTE KK K
KA IR BT R B R LT ). B A S 0T &L 39
(18) :32-37. [Jiang Y, Guo H N, Yu R M, Liu F Z.
2018. Application of intelligent sensory instruments in
sensory quality analysis of rice and rice wine[J]. Food
Research and Development,39(18): 32-37.]

B, b e, L AR TER AR, SR 2015, BT HL A
R 77 SR B LR A RS [T ). e 5286 T ) 5 2
&,21(5):99-102. [Li L, Yang S L,Xu M, Zhong L,
Wang Y W, Ai L. 2015. Odor and taste discrimination of
Chinese hawthorn based on electronic nose and electro-
nic tongue[J]. Chinese Journal of Experimental Traditio-
nal Medical Formulae,21(5):99-102.]

BBoR. 2018, LT S AR IO (e R0 ep g R [T ). 7
T4 ,49(9) . 1827-1832. [Li X R. 2018. Applica-
tion of electronic nose in identification for storage time
of Orah[J]. Journal of Southern Agriculture,49(9):1827-
1832.]

2, WIS, IKRAERE  RAK R AT BRI, ik
B 2014, FL S AR SRR 5 o D TR R 2 ) e 4
W7 [T, PP EY#4 . 35(12) : 2455-2458. [Li M, Hu
M J,Zhang Z K,Liang Q N, Yang D P,Chen L, Zheng S
Y,Gao Z Y. 2014. The use of electronic nose to classify
the postharvest diseases pathogens of mango fruit[J]. Chi-
nese Journal of Tropical Crops,35(12):2455-2458. ]

& EN TN B < BTy R T =B i =5 = X I
#2008, HL - HORTEMUN G h R a1, &
TS5 I % ,29(11) : 122-127. [Li Y, Chen Q Q,Hu
X F,Jiang S,Liu Y F,Feng G Q,Li J M,Ni Y Y. 2008.
Application of electronic tongue technique on sensory va-
lue of beer[J]. Food Research and Development,29(11):
122-127.]

RN BRSCUK, BRI A AR 2016 F ARSI H i
B R AR AR T [T ], PG ARl K22 4 ( SRR
W) ,36(6):450-456. [Li Z G,Chen W B,Hao L P, Shi
J C. 2016. Changes of textural characteristic of banana
fruit during chilling injury[J]. Journal of Shanxi Agricul-
tural University (Natural Science Edition) , 36 (6) : 450 -
456. ]

XU, 5P AR, TREEE, i, XIF. 2015, TPAIIIZ&F
XTETBAS ZH s m 1], B3, (3) :38-44. [Liu
X, Zhang P,Xu W X, Zhang S H, Gao X, Liu L. 2015.
Effect of experimental conditions in TPA test on melon
textural property[J]. China Vegetables, (3):38-44. ]

A SR L. 2011, b (S R A A
Mo i 7 5 9 S [T )L E AR A 44(6) < 1210-
1217. [Ma Q H,Wang G X, Liang L S. 2011. Establish-
ment of the detecting method on the fruit texture of
dongzao by puncture test[J]. Scientia Agricultura Sinica,
44(6):1210-1217.]

IR, £, T di A, R, AR AERE. 2010, BT 74
FARX A ER AR P 5 BE AR OEFE )] a5 A
W3R ,29(3) :390-394. [Ma S F,Wang Z P, Ding

Z S,Wang L Q,Xu H N. 2010. Study on the quality of
juicy peaches during store using an electronic nose [J].
Journal of Food Science and Biotechnology,29(3) :390-
394.]

ALK BN, AR/ N, XIARAE. 2004, HL 7 BHORTEN R BT
HIEE PR T ] RHEWFSE, (3):179-182. [Pan Y
F,Zhao J W,Zou X B, Liu M H. 2004. Using electronic
nose qualifying apples based on GA -RBF network [J].
Journal of Agricultural Mechanization Research, (3):179-
182.]

WM. 2016, HE TR TG LT S LR A ORGSR 5T
AR (D 1. UM WK%, [Qiu S S. 2016. Quality de-
termination of citrus fruit using electronic nose, electronic
tongue and fusion system[D]. Hangzhou: Zhejiang Uni-
versity. ]

K EE KB R B SR ILEIL, 26 BRELARL. 2010. SRS HEAD
RS B AR5 (], R AR, 27 (3) £ 379-384.
[Song X Q,Zhang B,Xu C J,Zhang J K,Li X, Chen K
S. 2010. Texture profile analysis of postharvest loquat
fruit[J]. Journal of Fruit Science,27(3):379-384.]

P, EAEL 2015, FE T LT SR AN RER W © 6
SERAMASA ALY ). T RE 200, 31(8) :12-14. [ Wang
G P, Wang J Z. 2015. Analysis on aromatic compounds
of Gala apple at different harvest times by electronic
nose technique[] 1. Chinese Horticulture Abstracts,31(8) :
12-14.]

TR G BT BETE R, 2013, 11 S AR
ARG BT T ]. AU, 44(11) : 160-167.
[Wang J, Cui S Q, Chen X W, Hong X Z, Qiu S S.
2013. Advanced technology and new application in elec-
tronic nose[J]. Transactions of the Chinese Society for
Agricultural Machinery,44(11):160-167.]

S WRH, BIBAE. 2010. S ECU AR B AR AL BT
B N TR (], £ Tk, 31(12) 1 146-148.
[Wu M D, Chen Y, Jin B Q. 2010. Detection of texture
properties of kiwi fruits by texture profile analysis and
simulation of manual chewing[J]. Science and Technolo-
gy of Food Industry,31(12):146-148.]

VPR BB TR VPSOME. 2018, JBURG {SCRE SR ZE A E A
AT A MR BB S R T ], AR, 33(6) :
621-625. [Xu L, Wei X Q,Zhang X J,Xu J H. 2018. In-
strumental measurements and texture evaluation on fruits
from three varieties of Zizyphus mauririanalJ]. Fujian
Journal of Agricultural Sciences,33(6):621-625.]

Thabont, A oR , BRTT. 2000. At SR SRS & TS T L
HITPARAE[T]. &AW SIT % ,30(2) : 114-117. [Xu
Z B,Li J R,Chen Q. 2009. Study on textual properties
of post-harvested Chinese red bayberry by using TPA[J].
Food Research and Development,30(2):114-117.]

FER KL, B8, SO T, 2018, FE T HL 5 B R gk
SRR A O AT [T, £ R, 43(7) :316-321.
[Xue C F,Pei Z S, Wen P,Xu Y S. 2018. Analysis of
flavor and characteristic component correlation of tea

based on electronic tongue[J]. Food Science and Tech-



34 B KFARRE HAR AR AR P aY R B A AL - 643 -

nology,43(7):316-321.]

FHI7G /NG TR, B AR R R 2012, SR T LT
PR SR A A I ) T 5 B A 5T [0 ). AR IR 241, 25
(9):1199-1203. [Yin F Y, Zeng X Y,Xu W W, Hui G
H,Chen Y Q. 2012. Study of mango storage time predic-
ting method utilizing electronic nose[J]. Chinese Journal
of Sensors and Actuators,25(9):1199-1203. ]

T 0 ER,JENG. 2003. HL T ELAHOR I BIFSE E R B H AR AR
At T g LI, VLR 22 22 4l (ol 5 A= i Bl 27
fZ),29(5): 111-116. [Yu Y, Wang J, Zhou M. 2003. Re-
search developments of electronic nose and its applica-
tion in processing of agriculture products[J]. Journal of
Zhejiang University (Agriculture & Life Sciences),29(5):
111-116.]

SR, LTI AR AR, AR TTEE  RARAE, . 2018, BE TR
T 5 SPME-GC-MSHA 12 XU J3 1 L2 73 A
[J]. SACE W BH%,34(10) : 1-11. [Zhang H, An K J,
XuYJ,YuY S,WulJJ,Xiao G S. 2018. The characteris-
tic flavor compounds analysis of different cultivars of
mango by electronic tongue and SPME-GC-MS[J]. Mo-
dern Food Science and Technology,34(10):1-11.]

SREEH, 5KF, 230 AR AR . 2011 i 4 I 1)
WA SR I TPARAE [T, &fh S A
4% ,30(3) :353-358. [Zhang K M, Zhang P,Li Z W,
Ren Z H, Nong S Z. 2011. Study on the variation of
grape berry texture properties during storage by texture
profile analysis[J]. Journal of Food Science and Biotech-
nology,30(3):353-358.]

TRMG , 2 VLRE PR EE. 2015, 6 i 7 S ) S R e 4
WIBrFR [T ). 5 TR ,36(5) :272-276. [Zhang P,
Li J K, Chen S H. 2015. Discrimination of Fuji apples
shelf life by electronic nose[J]. Science and Technology
of Food Industry,36(5):272-276.]

G SR I o5 = 4 I O S o R I U B g o3 3 (T
A 2007, WL SRR PRI R A BT (1], AR
AU E%, (6):120-123. [Zhang X H, Chang W,Li J M,
Zhang D X,Li Y,Liu Y F,Li S Y,Ni Y Y. 2007. Study
on apple storage by electronic nose technology[J]. Mo-
dern Scientific Instruments, (6):120-123.]

Tk, 57 Rl R, SUEA. 2012, FIFHHR T R EAR TP R
SEGAERIBIETE [T ], e Al R, 33 (1) :23-27.
[Zhang X,Qi Y J, Yang X, Jia H J. 2012. Evaluation of
maturity of peach by electronic nose[J]. Journal of South
China Agricultural University,33(1):23-27.]

AR ST , K AL, DAL, f A P eh B8 2=
EERE. 2018, JTRAASCRS: I i AT SR S5 M ot i ) D 120
(). SR 2241, 35(5) :631-641. [Zhao A L, Xue X F,
Wang Y K,Ren H Y,Gong G H,Jiao J H,Sui C L,Li D
K. 2018. Measuring texture quality of fresh jujube fruit
using texture analyser[J]. Journal of Fruit Science, 35
(5):631-641.]

X, Vigr R R s, TEIE. 2015, B T HLFE IR
PHAEA S5 T B A ST ]. & TR, 36
(5):296-300. [Zhao N, Xu Q,Pan SY,Xu X Y, Wang

L F. 2015. Fitting and prediction of the quality of com-
pounded satsuma mandarin juice based on electric tongue
[J]. Science and Technology of Food Industry, 36 (5) :
296-300. ]

AT, S TR JB R, 2014, JE T 7 B R 0 &
RS [T ], &R ,35(18) :105-109. [Zhao X T,
Wu H L,Pan L Q,Tu K. 2014. Nondestructive prediction
of postharvest strawberry quality by electronic nose[J].
Food Science,35(18):105-109. ]

KR HE , B, T B, BRI, 2R [E AR, 20K R, RO 2016.
BT B HOR Y WA R S B E T ], B
ARl 24, 7(9) : 3642-3649. [Zheng X Y, Huang
D M,Meng F B,Chen X,Li G L,Li Y F,Lin M. 2016.
Quality changes analysis of blueberry fruits based on the
electronic nose technology[J]. Journal of Food Safety and
Quality,7(9):3642-3649. ]

AR, B WO, W A, S A, B RE. 2013, HL TS B R
J W P S TR A [0 . ARk TR 741, 29(5)
266-273. [Zhu N,Mao S B,Pan L Q, Yuan L J, Tu K.
2013. Early detection of fungal disease infection in straw-
berry fruits by e-nose during postharvest storage[J]. Transa-
ctions of the Chinese Society of Agricultural Engineering,
29(5):266-273.]

Benedetti S, Buratti S, Spinardi A, Mannino S, Mignani [.
2008. Electronic nose as a non-destructive tool to charac-
terise peach cultivars and to monitor their ripening stage
during shelf-life[J]. Postharvest Biology and Technology,
47(2):181-188.

Beullens K, Kirsanov D, Irudayaraj J, Rudnitskaya A, Legin
A, Nicolai B M, Lammertyn J. 2006. The electronic
tongue and ATR-FTIR for rapid detection of sugars and
acids in tomatoes[J]. Sensors and Actuators B:Chemical,
116(1-2):107-115.

Beullens K, Mészaros P, Vermeir S, Kirsanov D, Legin A,
Buysens S,Cap N, Nicolai B M, Lammertyn J. 2008. Ana-
lysis of tomato taste using two types of electronic tongues
[J]. Sensors and Actuators B: Chemical,131(1):10-17.

Billy L, Mehinagic E, Royer G, Renard C M G C, Arvisenet
G, Prost C, Jourjon F. 2008. Relationship between texture
and pectin composition of two apple cultivars during sto-
rage[J]. Postharvest Biology and Technology,47(3):315-
324.

Campos [, Bataller R, Armero R, Gandia J] M, Soto J, Martinez-
Mafiez R, Gil-Sanchez L. 2013. Monitoring grape ripe-
ness using a voltammetric electronic tongue[J]. Food Re-
search International, 54(2):1369-1375.

Ezhilan M, Nesakumar N, Jayanth Babu K, Srinandan C S,
Rayappan J B B. 2018. An electronic nose for royal deli-
cious apple quality assessment—A tri-layer approach[J].
Food Research International, 109:44-51.

Feng L, Zhang M, Bhandari B, Guo Z M. 2018. A novel me-
thod using MOS electronic nose and ELM for predicting
postharvest quality of cherry tomato fruit treated with high
pressure argon|J]. Computers and Electronics in Agricul-



<644 - B R ¥R 51%

ture, 154:411-419.

Garcia-Hernandez C, Salvo Comino C, Martin-Pedrosa F,
Rodriguez-Mendez M L, Garcia-Cabezon C. 2018. Im-
pedimetric electronic tongue based on nanocomposites
for the analysis of red wines. Improving the variable se-
lection method[J]. Sensors and Actuators B: Chemical,
277:365-372.

Giongo L, Poncetta P, Loretti P, Costa F. 2013. Texture profi-
ling of blueberries ( Vaccinium spp.) during fruit develop-
ment, ripening and storage[J]. Postharvest Biology and
Technology , 76:34-39.

Goémez A H,Wang J,Hu G X, Pereira A G. 2007. Discrimina-
tion of storage shelf-life for mandarin by electronic nose
technique[J]. LWT-Food Science and Technology,40(4) :
681-689.

Hempel A, O'Sullivan M G, Papkovsky D B, Kerry J P. 2013.
Use of optical oxygen sensors to monitor residual oxy-
gen in pre- and post-pasteurised bottled beer and its ef-
fect on sensory attributes and product acceptability du-
ring simulated commercial storage[J]. LWT-Food Science
and Technology,50(1):226-231.

Kantor D B, Hitka G, Fekete A, Balla C. 2008. Electronic
tongue for sensing taste changes with apricots during
storage [T]. Sensors and Actuators B: Chemical, 131(1) :
43-47.

Li CY,Krewer G W,Ji P S, Scherm H, Kays S J. 2010. Gas
sensor array for blueberry fruit disease detection and clas-
sification[J]. Postharvest Biology and Technology,55(3):
144-149.

Liu Q, Zhao N, Zhou D D, Sun Y, Sun K, Pan L Q, Tu K.
2018. Discrimination and growth tracking of fungi con-
tamination in peaches using electronic nose[J]. Food Che-
mistry,262(1):226-234.

Muskovics G, Felfoldi J, Kovacs E, Perlaki R, Kallay T. 2006.

Changes in physical properties during fruit ripening of
Hungarian sweet cherry ( Prunus avium L.) cultivars [J].
Postharvest Biology and Technology,40(1) :56-63.

Orlandi G, Calvini R, Foca G, Pigani L, Simone G V, Ulrici
A. 2019. Data fusion of electronic eye and electronic
tongue signals to monitor grape ripening[J]. Talanta, 195:
181-189.

Oshita S, Shima K, Haruta T, Seo Y, Kawagoe Y, Nakayama
S, Takahara H. 2000. Discrimination of odors emanating
from ‘La France’ pear by semi-conducting polymer sensors
[J]. Computers and Electronics in Agriculture, 26 (2) :
209-216.

Pigani L, Vasile Simone G, Foca G, Ulrici A, Masino F, Cubil-
lana-Aguilera L, Calvini R, Seeber R. 2018. Prediction of
parameters related to grape ripening by multivariate cali-
bration of voltammetric signals acquired by an electronic
tonguelJ]. Talanta, 178:178-187.

Rudnitskaya A, Kirsanov D, Legin A, Beullens K, Lammertyn
J,Nicolai B M, Irudayaraj J. 2006. Analysis of apples va-
rietiess—Comparison of electronic tongue with different
analytical techniques[J]. Sensors and Actuators B:Chemi-
cal,116(1-2):23-28.

Wen T,Zheng L Z,Dong S,Gong Z L,Sang M X,Long X Z,
Luo M, Peng H L. 2019. Rapid detection and classifica-
tion of citrus fruits infestation by Bactrocera dorsalis
(Hendel) based on electronic nose[J]. Postharvest Biolo-
gy and Technology, 147:156-165.

Xu S,Li J,Baldwin E A, Plotto A, Rosskopf E,Hong J C,Bai
J H. 2018. Electronic tongue discrimination of four toma-
to cultivars harvested at six maturities and exposed to
blanching and refrigeration treatments[J ]. Postharvest Bio-
logy and Technology, 136:42-49.

(%% ¥ m)



