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Portable Real-time Warning System for Ham Corruption Deterioration
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2. National R&D Center for Agro-processing Equipment, Beijing 100083, China)

Abstract; Aiming at the problems that ham, sausage and other meat products are prone to quality
spoilage and shortened shelf life in the process of production, transportation and sales, the quality
spoilage parameters of ham were studied based on near-infrared spectroscopy, a ham quality and
corruption portable detection device was developed with automatic modeling function, and a ham shelf-life
early warning system was designed based on the Internet of Things technology. Based on the developed
detection device, the visible/near-infrared spectra of 74 ham samples were collected. After different
pretreatments, the ham color (L* , a”, b ), pH value, and volatile base were established respectively.
Partial least squares ( PLS) prediction model for nitrogen (total volatile basic nitrogen, TVB-N) and total
colony (total viable count, TVC). On this basis, a competitive adaptive weighted sampling ( CARS)
algorithm was used to screen feature variables, and a simplified PLS model was established. The root
mean square errors were 0.353 0, 0.252 9, 0.096 1, 0.035 4, 0.372 4 mg/(100g), and
0.439 8 1gCFU/g, respectively. The results showed that the device can be used for the detection of ham
quality spoilage parameters. At the same time, the TVC growth law during ham storage was studied, the
TVC growth curve was fitted by the modified Gompertz equation, and the TVC growth kinetic model was
established. The shelf life was established by the TVC spectrum prediction model and growth kinetic
model prediction model. Alibaba cloud server and MySQL database were selected as server-side
development tools, and based on the TCP/IP network communication protocol, the detection data of the

device was transmitted to the server-side in real time, and then saved in the database. Finally, the data
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of shelf life was fed back to the client, and real-time early warning of ham spoilage can be realized by

monitoring the shelf life. The experimental test showed that the system can be used for real-time early

warning of ham shelf life.

Key words: ham; corruption warning; portable equipment; near-infrared spectroscopy
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Tab.1 Specific parameter information of USB4000

spectrometer

S8 AN
JF (K x 58 x #5)/ (mm x mm x mm) 89.1 x63.3 x34.4
Fik/g 190
WK FE L/ nm 350 ~1 100
F31f 6] /ms 3.8 ~10 000
{5 300
AL 1300
Je % H/ (gemm ") 600
W B JE/ pm 25
Y24 HE R/ nm 1.5~2.3
2L 16 K /nm 600( <0.05% ) 435(<0.10% )
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Fig.1 Light source white reference test

11,4 BEE5iHEit

HEHIL B S5 FG BE AL F5 X 58 (A FITAS: 0 28 Sk I R 4
Bt sen & BB AT LU N ERE A
B I R, DD N A T AN A AR i
AT LU BRSO AE T . Bk 1 & BT ] LAER
e A ) TR AR M e R b 4R v A Y A M
T2 BBV R b e 2 T v A I T e A ke
B SR A AR P B8 A A4 A Ja FAR Sk A
0B B 7 T R EAT BT . N T S8 MU 9% e AR
N 5F 247280 mm x 230 mm x 120 mm , %F PN 58 3847
TR E eSS EXn T AR 2 pE K, 2
BCAEMS AT LA s Ko dh, B R EE T [
I A A5 S 28 W) LA 42 e 3 5 5 19 B O, BT X Sk 1Y
o BR B R AT AR Sk g5 R B, B R R S I
K2 B
1.2 #HEigit
1.2.1 Fmikit

Ll Visual Studio 2015 HIF % F & ,MFC I %
MESL,C + + N HF & g B2 0 5, % 4G I 451 1 47 4
5o AR IS S RIXEL, 735 8 i Bos IX

2 s Sy IEl
Fig.2 Physical map of device
LEHl SRR 2. ERE 3. RERL 4. BB LS
5064

He AU S RO B IX 1 i e B X 2 B i 7 X
DA RO A% A IX, JHG v 2 R5OBE M L S0 71X SR 4 4%
SR LI 73 1 b RS B R e 2 S 50X . X
L"a” b" pH {H TVB-N & & TVC 48R i 4T T
HE— 2 3 o3, 45 BT s S W, [ AR A
TVB-N &3 il TVC P55 0 W R i 14 e 52 S
DA B0 LA R ) 2 5% R0 O s AE S b 53 A A
ST BT RE T W B0 B A e X e A R 55
e it A TP b 1 0T J8 A Sy 11 R AT 3 4 SR 5 R AR
b A i 0 I 5 s s AT PR A o 3 DB A K
(GRS

BlE i

3 el 5 i
Fig.3  Detection software interface

1.2.2 Hdatlimohne

M T 2 535 #% [a) B A I B, 1 B0 R B ) T A
18 1) L, 5 SRR o3 B s, R, AR PR R g o T
AL Be , R A TCP/IP M 4% 3 {5 P A y i
LU L AT socket S XF & 1 I AR 55 45 il i2F 47
BAETF & 4 B AL i D B ) T & AR
1.2.3 [3hdsishne

FEAG AR BT+ KA S
B %) TOUI (A AR S LR R, BT LA I 0 S g A A A
ST B BRI LR B AR E I AT B R . AR
SCRA C+ + fil Matlab 56 & 4 B2 19 2R, i 5 T B
A HZAEBR R Y . B S Matlab g 5 352
DI B O 1A #E DL K Al $5 /)y 3 (Partial least
squares, PLS) [a] 5 A 455 (1) R &K, JF 45 1% Matlab pR %k
PRAF 0. M SO 38 5 Matlab i mee 4 34886 M 3¢
TS R P R TS 1 C + + SO R 5 X
Ser A C o+ + FRPRYITH T, [6) i X 2 7E &
SRy I H 8 P AT GBS BRI,



510 M

ZER . E 5O MR SR U R SR 399

RS Ao &

&g Py &

& P HE AR A5 AR

Kot 28 AR P

PR

| s o |
4 Bl L BT A AR
Fig.4 Data transfer development process
WA S Fros. it C+ + K38 Matlab o5 £3C
1 SH S B T T Ak B A AR 2 oy A AR AR A
TEHRAL 6 A S B REH /R 45 2R .

| HrMatlabiictity 4y M3 |

I
| M PTG+ R B S |

wm#ai|

B g3

E5 C+ + A Matlab pR %5 7t 2 &

Fig.5 Flowchart of C + + calling Matlab function

K6 F SR R 2

Fig. 6 Automated modeling demonstration results

2 FEWNEEZEI5WIE

2.1 FiMEERET

T LR RE R — Pk, 0 A H A TR Y
BB, AR L 5 77 Af DAz (] S % 0 1 PR IERE
TR IR PO iR NI CR R D PN A
6 cm x5 cm x 2.5 em RYHOR A 23 ) 4 19 kR 2
AN BEARP A 4°C URA P e, L g L R T

T4 AR, O T ARAT AN () e R T R KRR 4
KEEHLIBCH 4 AFE b AT 5258, [ I A s/ 52 96 1%
22 , PRAIE S 56 00 PR 45 T RE | I 8] ) B i — 2, AL
DnCaaN kSR W S WIS WA AR ] i & €/
6 R ARG i i v S el /D BRIl 5 A B 7S Y 5
M), 3 PR U R 4R 016 1 IR O 21 % Sk 5 4 i 5 T A BE
#5915 mm, AT i/ 00 B0 Ol 3 SR AR B R 1R T
hy SR A B DI 1 2, AR i e J T AR ME DT VA X B
pH i \TVB-N & & (i [t ) \TVC %5 i it % 48 b5
PEATERAL IR

65
60

55

PLT OBBAE O 2k
Fig.7 Spectral curves of ham sample
XF T AR T4 AR B AT e o AL B8
AR AR 2 7R, O 1 N AR I B T, 4 R A
TR BE , O A BRAR A 249 2] o3 A, () i A D 4R A4 BRAL(H
T L 7 2% TR . 0 A 1 BRA (R R
*2 BUBEZFUHER

Tab.2 Research data statistics results

AL AR AR R fe/ME F¥E ARk
L* 56.58 52.20 55.10 0.98
a’ 12.85 9.20 11.10 0.71
b 7.59  6.14  6.73  0.39
pH {H 6.75 6.13  6.41 0.10
TVB-N %4 /(mg-(100g) ")  13.64 8.04 10.67 1.02
TVC/(1gCFU-g™") 7.92  1.00 3.88 1.88
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Tab.3 PLS modeling results

KIE4E FRILES
. ik
B[R o brifi T ifie
Jr ik R, R,
E= i 2
MSC  0.9425 0.5641 0.8627 0.5845
L SNV 0.9440 0.5668 0.8872 0.618 1
MSC  0.9197 0.2591 0.8795 0.3779
¢ SNV 0.9195 0.2594 0.8782 0.3797
MSC  0.9204 0.1304 0.8870 0.1717
b SNV 0.9218 0.1393 0.8773 0.1821
MSC  0.9178 0.0401 0.8685 0.0572
pH {H
SNV 0.9198 0.0396 0.8649 0.0576
MSC  0.8993 0.4407 0.8938 0.5793
TVB-N % &
SNV 0.8992 0.4410 0.8950 0.4802
MSC  0.9648 0.5277 0.9560 0.7427
TVC
SNV 0.9650 0.5278 0.9562 0.7432
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