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Bioimpedance-based Nondestructive Detection Method for
Shelf-life of Ready-to-prepare Mutton

LI Xinxing' ZHANG Ziyi' LIANG Buwen' HUANG Xiaoyan' ZHANG Guoxiang' MA Ruigin’
(1. Beijing Laboratory of Food Quality and Safety, China Agricultural University, Beijing 100083, China
2. National Research Facility for Phenotypic and Analysis of Model Animals, China Agricultural University, Beijing 100083, China)

Abstract. Shelf life is an important indicator for evaluating the freshness of mutton, which is directly
related to its quality. To explore the application prospects of bioimpedance technology for shelf-life
detection of food, a nondestructive and efficient shelf-life detection method was proposed for ready-to-
prepare mutton. Combining the key factors affecting the change of freshness of ready-to-prepare mutton
and the measurement principle of bioimpedance, the electrodes were designed independently for
measuring bioimpedance according to the different testing conditions such as the number of electrodes,
electrode materials, and electrode arrangement. The changes of impedance and TVB-N content of ready-
to-prepare mutton at three storage temperatures of 0°C , 4°C and 8°C and the correlation of impedance
with TVB-N content and shelf life were revealed; a shelf-life prediction model and evaluation method of
ready-to-prepare mutton based on BP neural network was established with TVB-N content as the key
indicator, and it was compared with SVM ( support vector machine) model and decision tree model. The
F1-score of the BP neural network model was up to 95.9% . Based on the BP neural network model
established above, a shelf-life detection system of ready-to-prepare mutton was developed by using Java
language , which realized user-friendly data visualization and real-time detection of the shelf life of ready-
to-prepare mutton. The research result can provide theoretical basis and software tool for the rapid and
nondestructive detection of the shelf life of ready-to-prepare mutton, which can ensure the quality and
safety of ready-to-prepare mutton and promote the sustainable and healthy development of the food
industry.

Key words: ready-to-prepare mutton; shelf-life detection; bioimpedance; BP neural network;

visualization system
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Tab.1 Correlation coefficient of impedance and TVB-N content in ready-to-prepare mutton

P03 ANTR)E T BPC S A TVB-N 5 gk B JF J6 i 1]
AR A 2

x5 L/ W/ kHa
0.1 0.5 1 5 10 50 100 125 150 200
0 -0.511"™ -0.464"™ -0.414" -0.321" -0.308" -0.316" -0.328" -0.332" -0.335" -0.340""
RHLHC i 1 4 -0.597"™ -0.581" -0.558" -0.520" -0.518" -0.540" -0.560"" -0.566"" -0.571"" -0.576""
8 -0.598™ -0.570" -0.554" -0.533" -0.532" -0.538" -0.534" -0.530" -0.525"" -0.516""
0 0.289 " 0.391" 0.370 ™ 0.322* 0.273™ -0.022 -0.073 -0.084 -0.092 -0.103
AL FA 4 0.036 0.295™ 0.340 ™ 0.427* 0.414 " 0.205 " 0.184" 0.183" 0.183" 0.187"
8 -0.121 0. 051 0. 150 0.380 " 0.362" 0.316™ 0.317 ™ 0.318 " 0.318 " 0.318

M+ FRBEMC(P <0.05) 5 +x RoRPBEMK(P<0.01), TR,

®2 ARFARMSHEHNEXRY

Tab.2 Correlation coefficient of impedance and shelf life in ready-to-prepare mutton

PR R BE /K
0.1 0.5 1 5 10 50 100 125 150 200
0 -0.654" -0.546"" -0.448"" -0.279™ -0.254"" -0.249" -0.253" -0.254" -0.255"" -0.257""
BT i 1 4 -0.636™ -0.598"" -0.560"" -0.500" -0.492" -0.498"" -0.505"" -0.507" -0.507" -0.506""
8 -0.712" -0.713" -0.705" -0.693" -0.693"™ -0.694"" -0.683" -0.676" -0.668"" -0.653""
0 0.452* 0. 600 ** 0.598 ** 0.561* 0.500 ** 0. 068 -0.009 -0.024 -0.035 -0.050
FAA FE 4 0.110 0.368 ** 0.423 ™ 0.552 0.562 % 0.322* 0.293 0.289 0.287 0.287
8 -0.347" -0.115 0.016 0.396 ™ 0.471 7 0.493 ™" 0.506 ™" 0.510* 0.513 0.519
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Fig.4 Construction principle of shelf-life prediction

model of ready-to-prepare mutton
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Tab.3 Results comparison of different models %

el LS A [ R F1 3%
SVM 90. 6 89.9 89.8
P b 92.8 91.8 91.8
BP 1 2 7 %% 96. 4 96.0 95.9

AW 5T 37 1 3 T SVM Y RS S P 6% 48 1) 9
DAY A P RO A% 8 R 1%, 28 5 HE A R IR ), 7 E
HAERY AR R ECN 100, $5 A4 09 4% ok B A2 ) B A%
PRUER, BEAR P R AOCR BN RS AE , SR AR AN RE 45 e
B T BT 400 01,2 d B9 REAS X T AR R 4R
WY or SRE BEAS i BB F L 2080 89.8%

AT SVM AL e e S AR 1) 00 458 1 73 2
HORA P71, B8 FL 23 80al ik 91. 8% , H X0 ~
4.d.7 ~10 d B BA B 9 2 JEBOR , IX SE 1R AR
B F1 2300 35 90% DL F(HZ X 5.6 d 1957 42 4]
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Tab.4 BP neural network model

performance metrics %
A /d LS PRI F1 3%
0 100 100 100
1 100 100 100
2 100 88.9 94.1
3 100 77.8 87.5
4 90.0 100 94.17
5 90.0 100 94.17
6 100 100 100
7 90.0 100 94.7
8 90.0 100 94.17
9 100 100 100
10 100 88.9 94.1
T 96. 4 96.0 95.9
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