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Introduction
Food corruption is an important topic in food process-

ing and transportation [1–3]. Because of the long trans-
portation distance between food production areas and 
consumers, food corruption is prone to occur [4]. As an 
essential food in our daily life, meat is becoming more and 
more important in terms of quality and safety [5]. Among 
many characteristics of food, freshness is a key factor in 
food quality [6]. During storage and transportation, food 
freshness decreases over time with the resulting changes 
in meat characteristics such as firmness, tenderness, and 
flavor that affect the taste of food as well as color [7,8]. Re-
liable monitoring systems are therefore essential for the 
food industry to track the breakdown of food during stor-
age and instead of as well as transport to avoid harmful 
problems caused by spoiled food.

A large number of studies have shown that fish can be 
affected by microorganisms during storage and transpor-
tation leading to decomposition of proteins or amino acids 
and the production of ammonia, amines, as well as other 
basic nitrogen-containing organic compounds, such as tri-
methylamine (TMA) and dimethylamine (DMA) [9,10]. 
These substances are volatile and are collectively known as 
total volatile basic nitrogen (TVB-N). This is an important 
indicator to reflect fish freshness, and also an important 
research direction to realize non-destructive, accurate, and 
real-time detection of fish freshness [11,12].

The traditional detection methods of volatile organic 
compounds mainly include the headspace phase spectrum 
detection [13,14], gas sensor array of the electronic nose 
[15–17], etc. Headspace phase spectrometry is one of the 
most reliable methods to measure volatile organic com-
pounds at present, but this method has the characteristics 
of complex operation and high cost, so it cannot achieve 
rapid and accurate dynamic detection [18]. Electronic noses 
can allow quantitative and qualitative detection and iden-
tification by a variety of gas sensor arrays, but at present, 
the gas sensors are still mainly semiconductor metal oxides 
and electrochemical. The sensors used in these systems are 
based on metal oxide semiconductor (MOS) mechanisms 
and require considerable energy consumption. This greatly 
limits battery life [19]. It is feasible to measure a change in 
air pressure in food packaging by a pressure sensor based 
on an increase in air pressure caused by gas emissions from 
meat spoilage during storage and transportation. The pres-
sure sensor consumes very low power, thus significantly 
reducing the power consumption of the entire circuit.

Bluetooth communication is an effective method of 
wireless communication to realize the wireless detection of 
food quality in packaging [20,21]. At present, Bluetooth is a 
popular point-to-point or point-to-multipoint communi-
cation mechanism for short distances. Among other short-
range wireless technologies, Bluetooth has the character-
istics of low cost, low power consumption, small size, and 

Available online at https://www.meatjournal.ru/jour
Original scientific article

Open Access

WIRELESS PRESSURE SENSOR SYSTEM  
FOR FISH QUALITY MONITORING

Keywords: wireless sensing, pressure sensor, bluetooth communication, fish monitoring, food quality and safety
Abstract
Food quality monitoring is increasingly important. This paper aims to propose the developed wireless pressure sensor system 
(WPSS) for fish quality monitoring. WPSS consists of a sensor acquisition module, power supply module, and Bluetooth module. 
The sensor acquisition module includes a temperature sensor, pressure sensor, and microcontroller unit (MCU). When Bluetooth 
receives the data collection command from the smartphone, the data of storage temperature and pressure in the food package 
can be collected by the sensor and transmitted wirelessly to the smartphone through Bluetooth. All data obtained by the system is 
monitored, stored, processed, and eventually displayed in a smartphone app in real‑time to improve temperature, air pressure, and 
freshness transparency within the food package, ultimately ensuring food quality and safety. The proposed WPSS has potential ap‑
plication in many kinds of food monitoring. It can realize simple and intuitive food quality indications.
For citation: Mu, B., Nikitina, M.A., Xiao, X. (2022). Wireless pressure sensor system for fish quality monitoring. Theory and 
Practice of Meat Processing, 7(3), 150-155. https://doi.org/10.21323/2414-438X-2022-7-3-150-155
Funding:
This research is supported by National Natural Science Foundation of China (No. 61903365), and the No. 2115 talent development 
program of China Agricultural University.

Copyright © 2022, Mu et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose, even 
commercially, provided the original work is properly cited and states its license.

Boyu Mu1, Marina A. Nikitina2, Xinqing Xiao1 *
1 China Agricultural University, Beijing, PR China

2 V. M. Gorbatov Federal Research Center for Food Systems, Moscow, Russia

DOI: https://doi.org/10.21323/2414-438X-2022-7-3-150-155

Received 19.07.2022
Accepted in revised 05.08.2022

Accepted for publication 10.08.2022

https://www.meatjournal.ru/jour 
https://doi.org/10.21323/2414-438X-2022-7-3-150-155
https://doi.org/10.21323/2414-438X-2021-6-3-200-209
https://doi.org/10.21323/2414-438X-2022-7-3-150-155


151

Mu et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2022, vol. 7, no. 2, pp. 150–155

especially strong anti-interference ability, which makes it a 
versatile and attractive technology. Because of its robust-
ness to interference, Bluetooth is a wireless solution widely 
used in industrial applications [22,23].

In this study, a wireless air pressure sensing system 
(WPSS) is proposed. The wireless air pressure sensor 
system consists of a sensor acquisition module, power 
supply module, and Bluetooth module. The sensor ac-
quisition module includes a temperature sensor, pressure 
sensor, and microcontroller unit (MCU). When Blue-
tooth receives the data acquisition command from the 
PC, the data on storage temperature and air pressure in 
a food package can be collected by the sensor and trans-
mitted to the PC wirelessly through Bluetooth. All data 
obtained by the system is monitored, stored, processed, 
and ultimately displayed in a PC-side application in real-
time to improve temperature, air pressure, and shelf-life 
transparency within the food package, ultimately ensur-
ing food quality and safety.

Objects and methods
The materials and methods will be presented in more 

detail in this section, which include the design and im-
plementation of the wireless pressure sensor system, the 
freshness evolution and the experimental scheme for the 
actual fish monitoring.

Wireless pressure sensor system
As shown in Figure 1, the wireless pressure sensor 

system consists of a sensor acquisition module, power 
supply module, and Bluetooth module (CC2540, Texas 
Instruments, USA). The sensor acquisition module in-
cludes a temperature sensor, pressure sensor, and MCU 
(ATmega328P, Microchip Technology / Atmel). As shown 
in Figure 2, the temperature and pressure sensors are inte-
grated on the BMP180 chip (Bosch Sensortec, Germany). 
The BMP180 has the characteristics of intelligence, small 
volume, high precision, wide working range, and can out-
put high precision pressure and temperature measurement 

data. The temperature sensor ranges from minus 40 °C to 
85 °C, with an accuracy of ±2 °C and pressure sensor accu-
racy of 0.12 hPa/m, requiring calibration calculations be-
fore operation. The sensor is equipped with a 3.3 V voltage 
regulator that can be used in conjunction with Arduino. 
The BMP180 control unit includes EEPROM and IIC inter-
faces. The temperature and pressure sensors communicate 
directly with MCU via the internal integrated circuit (I2C) 
bus. ATmega328P has 32 8-bit general purpose working 
registers, high performance, and low power consumption. 
ATmega328P has more interface functions, among which, 
ADC6 and ADC7 have independent interfaces with a for-
ward analog voltage of 5 V, and the chip has an external 
reference voltage input interface, AREF. The chip supply 
voltage VCC is 5 V. The Bluetooth module has the charac-
teristics of low power and excellent cost performance. The 
chip integrates the microcontroller, host, and application, 
and is suitable for many practical application directions 
such as the Internet of Things. Bluetooth modules can be 
connected to smartphones or devices. When a data acqui-
sition command is received, the storage temperature and 
pressure sensing data of the food can be collected by the 
sensor and transmitted wirelessly to the smartphone via 
Bluetooth.

Figure 1. Scheme diagram of the WPSS

Figure 2. Physical implementation of the wireless pressure sensor
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Experimental scheme
Taking gentian grouper meat as an example, the air pres-

sure in the packaging of fish was studied. As shown in Fig-
ure 3, the whole monitoring system (development board, 
sensor, external power supply) is fixed on the wall of the 
container and does not contact the surface of the chilled 
fish. The container is sealed with the adhesive tape and 
plastic film. The container with fish is placed in a constant 
temperature box, and the temperature is set at 20 °C. The 
temperature and air pressure in the container measured at 
intervals of about 3 hours by the sensor are recorded until 
the fish is completely rotten (there are obvious color and 
smell changes in the chilled fish, and it is intuitively felt 
that the chilled fish is rotten). Real-time barometric tem-
perature data can be obtained from sensor data collected 
on the smartphone.

The same fish samples were tested for the TVB-N 
content using the Kjeltec 8400 analyzer while the tem-
perature and pressure in the vessel were recorded by the 
sensors. TVB-N measurement was conducted by the 
Kjeldahl method identified as Chinese National Standard 
Method GB5009.228–2016 [24]. The 10.00 g (±0.1 g) ho-
mogeneous sample was transferred to the centrifuge tube. 
The perchloric acid solution was added up to 25 ml and 
mixed well. Then, the perchloric acid solution was added 
up to 40 ml. The mixture was filtrated, the supernatant 
was taken for testing and 20 ml of the supernatant was 
added to the tube. After adding 3 drops of the phenol-
phthalein indicator, the digestion tube was placed in the 
Kjeltec analyzer and the distillation was run on steam 
(60%) for 6 minutes in 5s delay mode while the boric acid 
solution absorbed the ammonia from the distillation. The 
Kjeltec 8400 analyzer analyzed automatically and titrated 
with standard hydrochloric acid (0.0100 mol/L) to the 
endpoint grayish blue color.

Data analysis
Matlab R2019a (American Math Works Incorporated) 

and Microsoft Office Excel 2019 (American Microsoft) 
were used for processing the temperature sensor data, pres-

sure sensor data, and data on the TVB-N content of fish. 
The correlation between the pressure in the food package 
and the TVB-N content of fish was analyzed, and finally, 
the freshness of fish was judged by the pressure. The WPSS 
workflow for fish freshness assessment is shown in 
 Figure 4. The smartphone starts scanning the sensor Blue-
tooth module and then reads the temperature and pressure 
sensor data after detecting the sensor. The obtained sensor 
data will be correlated with the TVB-N content of the fish 
at the same time to further evaluate the freshness. The col-
lected sensor data and food freshness will be monitored, 
stored, and displayed in real-time in a reader, such as an 
app on a smartphone.

Results and discussion
The fish freshness evolution and its evaluation using 

the wireless pressure sensor system will be analyzed and 
discussed in more detail in this section to explain the ap-
plication performance of the WPSS.

The performance of the wireless pressure sensor system
Through the actual test of the wireless pressure sen-

sor system for chilled fish, the data on pressure and pres-
sure change in a vessel during storage of chilled fish are 

Figure 3. Experimental scheme of the WPSS for fish monitoring

Figure 4. Workflow of the WPSS with freshness evolution of the fish
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 obtained, which can be further analyzed and summa-
rized. As shown in the Figure 5, during the system test, 
the temperature in the food packaging basically remained 
at 20 °C with little fluctuation. During the preservation of 
chilled fish at 20 °C, within 0–15 hours, the change in air 
pressure caused by microbial activities in the container 
was only about 100  Pa.  Then, during 15–24 hours, the 
pressure in the container increased rapidly, and the pres-
sure changed to about 200 Pa. After 24 hours, the fresh-
ness of chilled fish at this stage could be judged to be poor 
by artificial senses, and the chilled fish at this stage had 
no edible value. The pressure increased slowly, by about 
100 Pa. The experimental results show that it is feasible to 
monitor food freshness in packaging by pressure. Com-
pared with other related studies [25,26], although the ini-
tial air pressure is different due to the different external 
environment, the change principle and trend of air pres-
sure in food packaging are the same.

Fish freshness evolution
The content of volatile base nitrogen (TVB-N) is an 

important indicator of fish freshness. We further classi-
fied foods into different freshness levels according to the 
TVB-N content of fish. Gentian grouper meat was used 
to study the availability of this classification. As shown 
in Figure 6, at a constant temperature of 20 °C, the TVB-
N value of fish increased slowly from 9.91 mg/100 g to 
15.31 mg/100 g during the period of 0–18 h at the begin-
ning of the experiment. At this stage, the fish was of good 
quality. After 18–36 h, the content of TVBN in fish began 
to increase rapidly, from 15.31 mg/100 g to 25.31 mg/100 g. 
In this case, the freshness of the fish was mediocre, and 
the use value of the fish decreased and eventually reached 
the warning status. After 36 hours, the TVB-N content of 
fish continued to rise for a while until it was completely 
rotten. At this stage, the fish was completely inedible. The 
TVB-N of the fish and the pressure in the vessel is moni-
tored simultaneously throughout storage. During this 
process, the TVB-N content of the fish was compared to 

the pressure value in the container at the same time to 
find the internal pressure value of the fish as it changed 
from one level of freshness to another. The pressure val-
ues at these points are called thresholds. Based on the 
results, the fish is good for the first 18 hours, then clas-
sified as normal for the next 18 hours, and the fish fresh-
ness warning appeared until the fish was not edible. The 
thresholds were then used to develop a food classification 
mobile application.

Evaluation of WPSS
WPSS deployment and improved performance 

were evaluated and discussed (as  shown in Table 1 and 
 Table 2). This performance is helpful to improve the ef-
ficiency of the system in the practical application of food 
monitoring and improve the performance of freshness 
evaluation.

Recommendations to change the WPSS were made by 
inviting about 10 customers to try out the deployed WPSS. 
They provided constructive suggestions for WPSS. Table 1 
summarizes the improved performance of WPSS.

WPSS can obtain the temperature and pressure sen-
sor data in food packaging to effectively monitor the food 
environment, and through the pressure in food, packag-
ing to judge food freshness. All data obtained by WPSS is 
monitored, stored, processed, and ultimately displayed in a 
smartphone app in real-time to improve the transparency 
of food temperature, and freshness and ultimately ensure 
food quality and safety.

Table 1. Deployment performance of the WPSS

ID Content Before imple‑
mentation After implementation

1 Pressure sensor system Null Monitoring in need

2 Freshness evaluation Null Predicting in need

3 Sensor deployment Null Easy to deployment

4 Monitoring efficiency Low Improving with 
freshness evaluation

Figure 5. Data on a package pressure increase 
in the experiments with fish

Figure 6. Correlation analysis of pressure and TVB-N of fish
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Table 2. Improvement suggestions for the WPSS

ID Suggestion Suggestion 
type

1 Improve the stability of WPSS in further WPSS

2 Reduce the cost and size of WPSS in further WPSS

3 Improve the flexible deployment possibly in 
further WPSS

4 Improve the accuracy of shelf‑life prediction 
model in further

Freshness 
evaluation

5 Increase the applicability for more fruits 
or other foods

Food 
monitoring

Conclusion
The developed wireless pressure sensor system for fish 

spoilage monitoring is proposed in this paper. The WPSS 

consists of the sensor module, power supply module, and 
Bluetooth module. WPSS sensor module includes sensor 
acquisition module and MCU. Data from temperature 
and pressure sensors stored in food packaging is sent to 
Bluetooth module through the MCU. When receiving the 
data acquisition command of the smartphone, the sig-
nal is transmitted to the smartphone wirelessly through 
Bluetooth. The system takes temperature and pressure 
sensing data to effectively monitor the pressure inside the 
food package and judge the freshness of fish by pressure. 
All data obtained by WPSS will be monitored, stored, and 
processed in real-time, and finally displayed in the APP on 
the smartphone to improve the transparency of fish tem-
perature and freshness, and ultimately ensure the quality 
and safety of fish. This method can display food quality 
simply and intuitively and has the potential application 
value in various food monitoring.

REFERENCES
1. Alam, A. U., Rathi, P., Beshai, H., Sarabha, G. K., Jamal Deen, 
M. (2021). Fruit quality monitoring with smart packaging. Sen‑
sors, 21(4), 1–30, Article 1509. https://doi.org/10.3390/
s21041509
2. Mu, B., Cao, G., Zhang, L., Zou, Y., Xiao, X. (2021). Flexible wire-
less pH sensor system for fish monitoring. Sensing and Bio‑Sens‑
ing Research, 34, Article 100465. https://doi.org/10.1016/j.sb-
sr.2021.100465
3. Xiao, X., Mu, B., Cao, G., Yang, Y., Wang, M. (2022). Flexi-
ble battery-free wireless electronic system for food monitoring. 
Journal of Science: Advanced Materials and Devices, 7(2), Article 
100430. https://doi.org/10.1016/j.jsamd.2022.100430
4. Koutsoumanis, K., Tsaloumi, S., Aspridou, Z., Tassou, C., Gou-
gouli, M. (2021). Application of quantitative microbiological risk 
assessment (QMRA) to food spoilage: Principles and method-
ology. Trends in Food Science and Technology, 114, 189–197. 
https://doi.org/10.1016/j.tifs.2021.05.011
5. Khaled, A. Y., Parrish, C. A., Adedeji, A. (2021). Emerging non-
destructive approaches for meat quality and safety evaluation —  
A review. Comprehensive Reviews in Food Science and Food Safety, 
20(4), 3438–3463. https://doi.org/10.1111/1541–4337.12781
6. Franco, M. R., da Cunha, L. R., Bianchi, R. F. (2021). Ja-
nus principle applied to food safety: An active two-faced indica-
tor label for tracking meat freshness. Sensors and Actuators, 
B: Chemical, 333, Article 129466. https://doi.org/10.1016/j.
snb.2021.129466
7. Ye, P., Li, X., Xie, Y. -N., Wu, P. (2022). Facile monitoring of 
meat freshness with a self-constructed photosensitization col-
orimetric instrument. Food Chemistry, 385, Aticle 132676. 
https://doi.org/10.1016/j.foodchem.2022.132676
8. Alizadeh-Sani, M., Tavassoli, M., Mohammadian, E., Ehsani, 
A., Khaniki, G. J., Priyadarshi, R. et al. (2021). pH-responsive col-
or indicator films based on methylcellulose/chitosan nanofiber 
and barberry anthocyanins for real-time monitoring of meat fresh-
ness. International Journal of Biological Macromolecules, 166, 
741–750. https://doi.org/10.1016/j.ijbiomac.2020.10.231
9. Erfiza, N. M., Purba, N. R., Ahda, K., Sulaiman, I., Rohaya, S., 
Razi, F. (September 21, 2021). Characterization of tannin based 
colorimetric indicator and its application on fish packaging. Pa-
per presented at the IOP Conference Series: Earth and Environ-
mental Science, Banda Aceh, Indonesia, 922(1), Article 012057. 
https://doi.org/10.1088/1755–1315/922/1/012057
10. Lee, B. -H., Wu, S. -C., Shen, T. -L., Hsu, Y. -Y., Chen, C. -H., 
Hsu, W. -H. (2021). The applications of lactobacillus plantarum-
derived extracellular vesicles as a novel natural antibacterial 
agent for improving quality and safety in tuna fish. Food Chem‑
istry, 340, Article 128104. https://doi.org/10.1016/j.food-
chem.2020.128104
11. Bekhit, A. E. -D. A., Holman, B. W. B., Giteru, S. G., Hopkins, D. 
L. (2021). Total volatile basic nitrogen (TVB-N) and its role in meat 
spoilage: A review. Trends in Food Science and Technology, 109, 
280–302. https://doi.org/10.1016/j.tifs.2021.01.006

12. Ma, Q., Lu, X., Wang, W., Hubbe, M. A., Liu, Y., Mu, J. et al. 
(2021). Recent developments in colorimetric and optical indi-
cators stimulated by volatile base nitrogen to monitor seafood 
freshness. Food Packaging and Shelf Life, 28, Article 100634. 
https://doi.org/10.1016/j.fpsl.2021.100634
13. Qiao, T., Ren, J., Craigie, C., Zabalza, J., Maltin, C., Mar-
shall, S. (2015). Singular spectrum analysis for improving hy-
perspectral imaging based beef eating quality evaluation. Com‑
puters and Electronics in Agriculture, 115, 21–25. https://doi.
org/10.1016/j.compag.2015.05.007
14. Castro-Giráldez, M., Botella, P., Toldrá, F., Fito, P. (2010). Low-
frequency dielectric spectrum to determine pork meat quality. In‑
novative Food Science and Emerging Technologies, 11(2), 376–
386. https://doi.org/10.1016/j.ifset.2010.01.011
15. Semeano, A. T. S., Maffei, D. F., Palma, S., Li, R. W. C., Fran-
co, B. D. G. M., Roque, A. C. A. et al. (2018). Tilapia fish microbial 
spoilage monitored by a single optical gas sensor. Food Control, 
89, 72–76. https://doi.org/10.1016/j.foodcont.2018.01.025
16. Gu, S., Chen, W., Wang, Z., Wang, J., Huo, Y. (2020). Rapid 
detection of aspergillus spp. infection levels on milled rice by 
headspace-gas chromatography ion-mobility spectrometry (HS-
GC–IMS) and E-nose. LWT, 132, Article 109758. https://doi.
org/10.1016/j.lwt.2020.109758
17. John, A. T., Murugappan, K., Nisbet, D. R., Tricoli, A. (2021). 
An outlook of recent advances in chemiresistive sensor-based 
electronic nose systems for food quality and environmental mon-
itoring. Sensors, 21(7), Article 2271. https://doi.org/10.3390/
s21072271
18. Scheier, R., Schmidt, H. (2013). Measurement of the pH val-
ue in pork meat early postmortem by raman spectroscopy. Ap‑
plied Physics B: Lasers and Optics, 111(2), 289–297. https://doi.
org/10.1007/s00340–012–5332-y
19. Pereira, P. F. M., de Sousa Picciani, P. H., Calado, V., Tonon, 
R. V. (2021). Electrical gas sensors for meat freshness assess-
ment and quality monitoring: A review. Trends in Food Sci‑
ence and Technology, 118, 36–44. https://doi.org/10.1016/j.
tifs.2021.08.036
20. Biasizzo, A., Korousic Seljak, B., Valencic, E., Pavlin, M., 
Zarnik, M. S., Blazica, B. et al. (2021). An open-source approach 
to solving the problem of accurate food-intake monitoring. IEEE 
Access, 9, 162835–162846. https://doi.org/10.1109/AC-
CESS.2021.3128995
21. Hasan, M. M., Rafiul Islam, M., Ahmed, W., Saqib, M. M., 
Rafi Rahman, M., Uddin, M. R. et al. (July 8–9, 2021). Cost ef‑
fective bluetooth technology based emergency medical ventila‑
tor for respiratory support. Paper presented at the 2021 Inter-
national Conference on Automation, Control and Mechatronics 
for Industry 4.0, ACMI 2021, Rajshahi, Bangladesh. https://doi.
org/10.1109/ACMI53878.2021.9528262
22. Romanov, V., Galelyuka, I., Voronenko, O. (September 22–25, 
2021). WSN for food product quality control. Paper presented at the 
Proceedings of the 11th IEEE International Conference on Intel-



155

Mu et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2022, vol. 7, no. 2, pp. 150–155

ligent Data Acquisition and Advanced Computing Systems: Tech-
nology and Applications, IDAACS2021, Cracow, Poland, 1 580–
583. https://doi.org/10.1109/IDAACS53288.2021.9660852
23. Mubarak, Y., Nyitamen, D., Na’inna, A. (July 15–16, 2021). Im‑
plementation of microcontroller based water quality monitoring 
system for fish pond using solar power and bluetooth technology. 
Paper presented at the 2021 1st International Conference on Multi-
disciplinary Engineering and Applied Science, ICMEAS2021, Abuja, 
Nigeria. https://doi.org/10.1109/ICMEAS52683.2021.9692392
24. GB5009.228–2016 National Food Safety Standard —  Deter-
mination of Volatile Basic Nitrogen in Food (English Version). Re-

trieved from https://codeofchina.com/standard/GB5009.228–
2016.html Accessed May 15, 2022
25. Do, H.-D., Kim, D.-E., Lam, M. B., Chung, W.-Y. (2021). Self-
powered food assessment system using LSTM Network and 915 
MHz RF energy harvesting. IEEE Access, 9, 97444–97456, Arti-
cle 9476040. https://doi.org/10.1109/ACCESS.2021.3095271
26. Nguyen, T.-B., Tran, V.-T., Chung, W.-Y. (2019). Pressure mea-
surement-based method for battery-free food monitoring powered 
by NFC energy harvesting. Scientific Reports, 9(1), Article 17556. 
https://doi.org/10.1038/s41598–019–53775–1

AUTHOR INFORMATION

Boyu Mu, Master, Beijing Laboratory of Food Quality and Safety, College of Engineering, China Agricultural University, Beijing 100083, PR China. 
Tel.: +86–188–6058–7671, E-mail: mby0527@cau.edu.cn
ORCID: https://orcid.org/ 0000–0002–2635–7206

Marina A. Nikitina, Doctor of technical sciences, docent, leading scientific worker, the Head of the Direction of Information Technologies of 
the Center of Economic and Analytical Research and Information Technologies, V. M. Gorbatov Federal Research Center for Food Systems. 26, 
Talalikhina str., 109316, Moscow, Russia. Tel: +7–495–676–95–11 extension 297, E-mail: m.nikitina@fncps.ru
ORCID: https://orcid.org/0000–0002–8313–4105

Xinqing Xiao, Doctor of Engineering, Associate Professor, Beijing Laboratory of Food Quality and Safety, College of Engineering, China Agricul-
tural University, Beijing 100083, PR China. Tel.: +86–158–0122–7781, E-mail: xxqjd@cau.edu.cn
ORCID: https://orcid.org/ 0000–0002–9512–4000
* corresponding author

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.

The authors declare no conflict of interest.

https://doi.org/10.1109/ICMEAS52683.2021.9692392

