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Abstract; In this study, the application of infrared thermal ima-
ging technology in the detection of fresh agricultural products in
cold chain of food was explored. Two fresh agricultural sugar
beets and cucumbers were selected and placed on a tray, each
covered with three materials ( Tyvek, Metallized PET,
Metallized Foam PET) to produce a different coated food tray.
The food tray was placed in the cold room during the simulation
distribution. The surface temperature of the food tray was
detected and compared with the infrared thermal imaging camera
and the needle detector. The results showed that the temperature
measured by the infrared thermal imaging camera and the detec-
ting thermometer was 1.9~6.0 ‘C. High emittance of the metal

PET results in significant temperature reading errors on the food
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tray when measured with an infrared thermal imaging camera.
Tyvek's emission rate was similar to that of the infrared thermal
imaging camera, which obtained a lower temperature error. This
study could provide theoretical explanation and data support for
the application of infrared thermal imaging technology to temper-
ature monitoring of food pallet.

Keywords: fresh food; infrared thermal imaging; covering mate-

rial; food cold chain; the temperature
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Infrared image and temperature measurement
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Figure 2 The schematic diagram of pallet
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Table 1 Maximum and minimum temperatures and standard deviation of chard measured with
thermal camera and temperature sensor C
Tyvek &)@tk PET &/ ki PET
WhHRE R ZEAM AR SR AR L AR ZLAM AR IR AR B e LEAM AR SR AR #EF
T KM fmoME MR FEEME B SmME DR FIE R moME IRER
5.4 6.0 1.9 4.5 4.4 5.8 1.7 4.4 4.6 5.5 1.4 4.4
Wil
+0.1 +0.1 +0.1 +0.4 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.2
8.1 7.8 2.9 5.2 5.8 9.4 2.5 6.5 8.0 12.9 3.8 4.9
4 AT
+0.2 +0.2 +0.1 +0.1 +0.1 +0.2 +0.1 +0.1 +0.2 +0.3 +0.1 +0.1
" 7.6 8.0 3.2 7.0 6.7 9.8 2.6 6.4 6.4 7.7 3.6 5.3
5]
+0.2 +0.2 +0.1 +0.3 +0.1 +0.2 +0.1 +0.1 +0.1 +0.2 +0.1 +0.1
21.4 22.6 18.5 19.2 21.2 22.7 18.6 18.7 22.1 23.7 19.6 18.9
e b
+0.4 +0.5 +0.4 +0.5 +0.4 +0.5 +0.4 +0.1 +0.4 +0.5 +0.4 +0.1
20.6 21.8 17.7 18.2 21.4 23.2 19.2 17.2 22.7 24.9 20.9 16.2
23 AT
+0.4 +0.4 +0.4 +0.1 +0.4 +0.5 +0.4 +0.1 +0.5 +0.5 +0.4 +0.1
" 20.6 22.1 18.0 18.1 21.6 23.2 19.2 17.3 21.7 23.3 19.3 16.9
[i]
+04 £04 £04  £0.1 +0.4  £0.5 £04  F0.1 +04  £0.5 £0.4 F£o0.1
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Table 2

Average root mean square error of chard infrared

temperature and sensor temperature C

4k PHFR AR S mORbRMER S /MR R 22
Tyvek 1.9 14.1 1.6
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Table 3 Maximum and minimum temperatures and standard deviation of cucumber measured with
thermal camera and temperature sensor C
Tyvek 4 @ik PET &)@k ki PET
WHERE ZLAM ARG AR AL AR LLAMR AR IR AR B e ZLAM ARG A AL #EF
T R BME MR FRE ol moME R FMME R FoME DIRAY
5.4 5.1 1.0 8.0 2.8 4.1 0.0 4.2 4.2 5.7 1.6 4.2
b
+0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +1.5 +0.1 +0.1 +0.1 +1.1
6.6 7.3 2.3 9.2 3.7 8.4 0.7 6.2 6.7 14.8 3.2 5.6
4 AT
+0.1 +0.2 +0.1 +0.1 +0.1 +0.2 +0.1 +0.1 +0.1 +0.3 +0.1 +0.1
" 6.4 6.3 1.6 9.8 3.5 4.4 0.3 6.0 7.8 9.0 3.1 6.1
5]
+0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.2 +0.2 +0.2 +0.1 +0.1
21.4 22.6 18.5 19.2 21.2 22.7 18.6 18.7 22.1 23.7 19.6 18.9
b A
+0.4 +0.5 +0.4 +0.5 +0.4 +0.5 +0.4 +0.1 +0.4 +0.5 +0.4 +0.1
20.6 21.9 17.8 16.8 19.9 21.6 17.1 14.1 22.4 23.2 19.2 13.9
23 AT
+0.4 +0.4 +0.4 +0.3 +0.4 +0.4 +0.3 +0.1 +0.4 +0.5 +0.4 +0.2
" 20.9 21.6 17.5 13.6 21.6 21.7 17.2 12.0 22.6 23.0 19.0 10.0
[
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Table 4 Average root mean square error of cucumber in-

frared temperature and sensor temperature °C

4k TR e 2 EBORARMERR 2% Ee/ MR iR 2%
Tyvek 3.9 18.5 1.23
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Figure 3 Temperature comparison of metallized PET,

metallized PET bubble and Tyvek

Tyvels BPBFY % 55 46 5 i - 5 B0CHC T 0 3L (L o O B
R EMRIR TR EBUE AR BT 2.5 CLo @il T 1 CA
Ao ARRFET &8 B PET 43 543 51 8 I 3¢
FC LT S FAS TR X 38k B 0 90 3 0 L 6 2 0 i Wik o A
B 4 °C. BRI P HEHUEE 1.5 CU

M. MRS T . & Jm L PET s BUE W 4 °CLHYS
RS PET A [R] 9 2 , A0 82 50 TCRTRH SR I B il 9 [X 3
AR AR . SR X R, &8 A PET iU ik 2] 1
2 °Co NELEFEEL™ 8 Jr o34 . xR AL %8 PET &LE 1Y
HJRITAL A FRBEIR B N 4~8 “C i, H: BT 0 i J5F {1 25 ik 3
BRI 4 °CHBED™ A N TSR B BUE i 3.5 °C

AR B B BR300 min N 4G LR
JRE 384 B AR AT AT AL . S K AL v IR R ) )
J9:Tyvek 8 C. 4 )& PET 7 °C fl 4 J& 1L & i PET
5 °C s BRI IR 3G 5 2359 g - Tyvek 5 °CL, &R
L PET 5 C MG BRI PET 3 C. L5453 SCH B FH 4L
8 by TR T A A S A0 5 L L S ERORR BR AR AL
PR BE A AR R R 22 5 o TS B0 4 IR R 22 R Y ) —
AR B AR W A BRIR SR TR R th T &R &
W PET #rktih 3 JZ 48 i & PET nl ik 28— 1y
MR BRFAOR - R H AR R R B TR Tyvek 18
B PRIR AR fe 22 . DRI AR BT L 7 IREDIR S R L 20 Ah
I AR AHAILLE AN [ 32 B 54 T 0 9% 3L B4 22 K
S

IO JIET S R A A AT Al 417 B 2 AR R FE L %
AT JBE A1 45 58 3 W1 21 A1 3 A5 A LA 358 ) 254 5
BREF IR A =2 [0 1998 223K 1.9~6.0 C, X 58 3 A4k
B RDRE Y A AT 4 R B R B AR PO i A G M
FHRME T —E BB A R R ORI b 4 R AL 28 PET #4
BHI BRI fc by 5 b AT S0 BTG BE 2 ) RO
5 °CHM 3 C. Tyvek M BHEM T i 55 AR Z R .5 h

(F#% 158 ®)



158

2 5% % EXTRACTION & ACTIVITY

sorghum (Sorghum bicolor 1..) bran and their biological ac-
tivities[J]. Food Chemistry, 2018, 262 14-20.

[20] ALVAREZ-CASAS M, GARCIA-JARES C, LLOMPART M,
et al. Effect of experimental parameters in the pressurized
solvent extraction of polyphenolic compounds from white grape
marc[]]. Food Chemistry, 2014, 157, 524-532.

[21] NADAR S S, RAO P, RATHOD V K. Enzyme assisted
extraction of biomolecules as an approach to novel
extraction technology: A review[]J]. Food Research Inter-
national, 2018, 108. 309-330.

[22] VFoehf, sRHGIm, SRARAE, 5. SR 2 M 4 IROR 4l 1k G i L
AR ERLI/OL]. & 5HLH. (2020-10-27)[2020-11-
06 ]. https://kns. cnki. net/kcms/detail/43. 1183. TS.
20201027.1736.012.html.

(23] BRALAY . sRBEMR . B AF, 55, WAL 0 1L 5 2R 06 &t £
T 8 P Al O R B L 2 R L A s 1 LT/ OL DL A i Cl A
H. (2020-06-24) [ 2020-11-06 . https://kns. cnki. net/
kems/detail /11.1759.TS.20200624.1557.010. html.

[24] 8 E , HHGL REW. “XPH ML P Z BRI T 2
el Kbt & A s M5 LT ] & dh S5 LR, 2020, 36(7):

B 2308 | 2020 F 12 A | RéSHUM

181-186.

[25] ARFRET, Wigh, ¥, 55 HAEWRGTERXGIEZ W & i R
Hyrg b wmEmgmI] & & 5P, 2020, 36(6):
138-144.

[26] #1A. JGR H &M S 43 B Ak 3% HEWF R e ni D] )
M AR TR, 2016 31-45.
[27] CHEN  Xiu-min, MU  Kai-wen, KITTS D D.
Characterization of phytochemical mixtures with inflamma-
tory modulation potential from coffee leaves processed by
green and black tea processing methods [ J ]. Food

Chemistry, 2019, 271(12) . 248-258.

[28] CHEN Xiu-min, MA Zhi-li, KITTS D D. Effects of pro-
cessing method and age of leaves on phytochemical profiles
and bioactivity of coffee leaves[ ]J]. Food Chemistry, 2018,
249(24): 143-153.

[29] CHEN Xiu-min, KITTS D D, JI Da-yi, et al. Free radical
scavenging activities of phytochemical mixtures and aqueous
methanolic extracts recovered from processed coffee leaves[ ] ].

International Journal of Food Science and Technology,

2019, 54(10): 2 872-2 879.

(EB% 114 )
AR R E S AR T 8 TS5 C, FELEN
BMRE R O 5 5 a0 A AR5 REORE B 32 40 = TR A A
fEH .

2 % Tk

(1] 2R A, B2, A0l B v B9 0 I 28 7 0] b el it
WA, 2006(2) : 7-9.

(2] 8 PRAY. iR HEYII 5 BOR B B AL ], fr s BF 2 50T
K. 2020, 41(17): 235.

(3] WL, . fr iR s SR BRI, [ TR, 2015, 36
(15): 1-8.

(4] T2, R ol g rdill] Leak,
2015(12): 62-65.

(50 e,y 5007, B4 AR 6 £ v 8 1 6 20 Bt Or i

UL RS EYHARYMR. 2017, 36(5) . 507-511.

[6] THIJS Defraeye, PAUL Cronjé, TARL Berry, et al. To-
wards integrated performance evaluation of future packaging
for fresh produce in the cold chain[J]. Trends in Food
Science & Technology, 2015, 44(2); 201-225.

[7] MACNISH A J. Comparison of pallet cover systems to main-
tain strawberry fruit quality during transport[ J]. Hort Tech-
nology, 2012, 22(5): 724.

[8] XU, FH, WA, 5. LLAMABR S AR TR 1
BRI 4k T/, 2019, 9(11) . 102-110.

(9] 22, BB, ERl. 5. L0AM A BUG B A 7L 1R By 1 38 46
D5 R, RHUETESE . 2016, 38(1): 232-237.

[10] GOWEN A A, TIWARI B K, CULLEN P J, et al. Appli-
cations of thermal imaging in food quality and safety assess-
ment[ J]. Trends in Food ence & Technology, 2010, 21
(4): 190-200.

(L% 122 70O

(6] i, B, i 62 22 2 ) il 1) BUR M d5 B BOR
PRUESHZSLT]. WIFE 1%, 2011, 26(2): 3-6, 12.

(7] Axgest. S e i Al 18 2k i JL 28 10 il L 36 it LT 0. W1 e £
3, 2019, 34(4): 109-112.

(8] FE, BRIUA. JLEDAMIA e R 3 rh iy i LT ] %
T, 2013, 34(4); 5-7, 20.

(9] el JLE R 2P i i AR B[], e TR, 2015,
36(8): 104-107.

C10] A, OB JL B 2 ah A Bt i i LT D, 3 TR
2019, 40(22) ; 283-286.

[11] wg HTIROCHAMIILEE MEAKER SO ST T
HriJ]. &SP, 2019, 35(11): 113-116, 205.

[12] . ILE A GBI i % 0k ke 5 AT ] &
S HL . 2016, 32(9): 99-101.

[13] 3R UKEE. FE Tkt U X AR & w33kl g
LB, 2018, 34(10): 113-117.

[147 BIRREN F. Color preference as a clue to personality[ J]. Art
Psychotherapy, 1973, 1(1): 13-16.

C15] BER G, R PR £ A 5 M0 R 1 9 A 1 B Be it R L) 0. £
S5PLM, 2019, 35(11) . 122-125, 175.



