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 ABSTRACT 
In this study, taking beef supply as an example, we applied information 
technology to the construction and implementation of a quality safety (QS) 
traceability system of fresh agricultural products, under the guidance of the 
related experience in guaranteeing QS of agricultural products. In view of 
the relevant practical experience, we revealed the existing problems of the 
QS traceability system for fresh agricultural products. Then, we proposed the 
modeling method of Petri net, followed by establishment of traceability 
model of feeding process based on Petri net; moreover, we completed the 
modeling of traceability system. In addition, we established the database and 
traceability platform for quality safety information of beef supply; using 
information technology and database technology, we completed the 
construction and implementation of the quality safety traceability system of 
fresh agricultural products. 

 
 
1.Introduction 

Recently, the occurrence of food quality 
safety incidents, such as the outbreak of mad 
cow disease and application of melamine, has 
caused people�s fear on food quality safety. 
Under the circumstance, consumers request 
more severe regulation of food quality safety 
(Amadou, 2014). With extensive attention from 
government departments and the public, the 
problems have promoted the researches of 
traceability systems for food quality safety 
(Zhen-Huan et al., 2011; Wu et al., 2013; 
Bazant et al., 2014). Food safety issues not only 
bring damage to consumers� health and social 

economy, but also restrict the sustainable 
development of food industry; consequently, 
economic development and social stability are 
affected (Jarvis et al., 2016). In China, 
agricultural exports account for a large 
proportion of the export products. However, in 

recent years, the agricultural products exported 
from China have been repeatedly investigated, 
detained and prohibited because of quality 
safety problems, which has affected the 
international competitiveness of Chinese 
agricultural products (Chen et al., 2011). 
Therefore, the current research emphasis is laid 
on developing high-yield and high-quality 
agriculture as well as establishing an 
agricultural product traceability and regulation 
system (Zanella and Milhorance, 2016; 
Mahmood et al., 2015). In terms of livestock 
and poultry products, pilot sites for traceability 
application of beef products were established in 
Beijing; in Shanxi province, the whole-course 
tracking system for beef supply was 
established; in Shenzhen city, the quality 
traceability system for the production process 
of beef products was established. The whole 
traceability system includes three basic 
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elements: individual mobile registration, 
information transmission system as well as the 
individual identification and database of 
agricultural products. Therefore, it is of 
important practical significance to establish a 
traceability system which covers the key links 
(production, processing, transportation, storage 
and marketing) of agricultural products, to 
ensure their quality safety. 

In this study, we established a quality safety 
traceability system which could be applied to 
the whole-process tracking and supervision of 
production, processing, storage, transport and 
marketing of fresh agricultural products. The 
system was conducive to promoting the 
information transparency of each key link in 
the supply chain (Villeneuve, 2014), improving 
the quality assurance of agricultural products, 
increasing market competitiveness and 
achieving traceability of quality safety; 
furthermore, it could further promote the 
development of agricultural industrialization. 

 
2. Analysis and construction of traceability 
system 
 
2.1. Analysis on the performance 
requirements of traceability system 

  The performance requirements of quality 
safety traceability system for fresh agricultural 
products included: instantaneity and accuracy 
of data acquisition, reliability of data 
transmission, consistency of data storage, 
friendly interface, qualified operation time, 
reliability of safety performance. At each stage 
of system development, the authentication and 
authorization needed to be considered. The 
system was mainly targeted at consumers, 
managers and key point enterprise users. 
Therefore, it was necessary to authorize 
different users appropriately, so that they were 
able to use specific functions of the system to 
complete different tasks (Pang et al., 2016).  

 
 
 
 

2.2. Establishment of traceability system 
model 
2.2.1. Feeding model based on Petri net 

Traceability covered two aspects: firstly, 
when purchasing fresh food, consumers could 
use barcode technology to inquire and browse 
the historical information related to the supply 
links of fresh products; secondly, when quality 
safety issues of fresh agricultural products 
occurred, the relevant departments could use 
bar code labels to trace down the problems. The 
model is shown in Figure 1. 

Production was a key link in guaranteeing 
the value and quality of fresh agricultural 
products (Holgersson et al., 2016). In this 
paper, beef cattle breeding was taken as an 
example and traced. In the production process, 
each fresh agricultural product was assigned 
with a barcode label to certify its identity and 
record its basic information and key 
information such as feeding and drug use in the 
production process. Petri net model of the 
raising process (from introducing to fattening) 
of qualified feeder cattle is shown in Figure 2. 

Through the analysis on the transition of 
feeder cattle fattening model, the transition 
mapping table was obtained, as shown in Table 
1. 

 
2.2.2. Traceability information model of the 
storage and transportation link 

In the storage and transportation link, the 
data information that needed to be collected 
mainly included: the basic information of the 
staff responsible for QS of the fresh agricultural 
products, transport equipment and route, QS 
information of the products during transport. 
The flow diagram is shown in Figure 3. 
 
2.2.3. Traceability information model of 
marketing link 

Taking the consumption of fresh 
agricultural products as an example, the 
application of barcode in the marketing link 
was illustrated. The flow diagram is shown in 
Figure 4. 
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Figure 1.  Model of information tracking and tracing of fresh agricultural products 
 

 
 

 
 

Figure 2. Petri net model of the raising process of feeder cattle 
 

Table 1. Petri net transition mapping table of feeder cattle 
Transition Meaning Place Meaning Role  

T1 Managers introduced feeder cattle P1 Feeder cattle to be 
introduced  

Managers 

T2 The feeder cattle were quarantined P2 Feeder cattle introduced 
from pasture 

Quarantine 
officers 

T3 After examination and approval, the 
cattle were switched to another group  

P3 Qualified feeder cattle  Quarantine 
officers 

T4 The feeder cattle were fed P4 The cattle to be fattened 
(in the new group) 

Feeders 

T5 Managers registered the cattle for 
marketing 

P5 Fattened cattle Feeders 

-- -- P6 The total fattened cattle Managers 

-- -- P7 Unqualified feeder 
cattle 

Quarantine 
officers 
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 Figure 3. Flow diagram of storage and transport link of fresh agricultural products 

 

 
 Figure 4. Flow diagram of the marketing link of fresh agricultural products based on bar code 
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As can be seen from the flow chart, if 

consumers bought the fresh agricultural 
products, they could use bar code labels as the 
medium and retrieve the historical information 
of the products through the central server, 
which allowed the consumers to have a better 
understanding of the QS information of the 
products and make rational choices in 
purchasing. 

 
2.3. Construction of quality safety 
traceability system for fresh agricultural 
products 
2.3.1. Construction steps of the system 

First, the core database system of the fresh 
agricultural products was designed. Next, the 
quality safety evaluation system of fresh 
agricultural products was established. Then, the 
origin traceability system of fresh agricultural 
products was established, followed by the 
establishment of thematic information mapping 
system. At last, the traceability system platform 
for product supply chain safety was established 
(Samarasinghe et al., 2009). 

 
2.3.2. Functional design of traceability system 

The traceability system of fresh agricultural 
products consisted of information collection, 
query and marketing. Information collection 
module included user management, producing 
area management, acquisition and processing 
management, logistics management. 
Information query included consumer query 
and regulation of management departments. 
Marketing information module included 
inventory management, marketing management 
and early warning. The information of 
information collection module could be read 
and transferred to traceability information 
database automatically with radio frequency 
identification technology. 

 
2.3.3.Software architecture design of 
traceability system 

The traceability system of fresh agricultural 
products mainly included user interface layer, 
exterior layer, business layer, data access layer 

and database. User interface layer was used for 
displaying the fresh product information that 
met the requirements of users; exterior layer 
acted as the interface of traceability system to 
isolate business logic; business layer functioned 
by establishing business components according 
to management objects and calling the defined 
services to construct corresponding 
applications; data access layer was the data 
interface for business layer of traceability 
system to enter and access the central database. 
Database was used for storing the information 
of key links (such as the breeding process of 
beef cattle, slaughter of beef cattle, processing 
of beef, beef storage and marketing), thus to 
provide reliable information on quality safety 
of products for the access to terminal 
applications (Pereira et al., 2015; Jacob et al., 
2010). 
 

 
 
Figure 5. Overall software architecture of 
traceability system 

 
2.4.Construction and implementation of 
quality safety traceability system of fresh 
agricultural products 
2.4.1. Development of production subsystem 

Supervision departments and consumers 
could inquire detailed information of 
production link of fresh agricultural products 
via the system terminal. After harvest, fresh 
agricultural products had to be examined and 
proved qualified by relevant departments 
before they flew into the next link. The 
framework of production subsystem is shown 
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in Figure 6. In terms of the production process 
of beef cattle, the information that needed to be 
recorded included farm information, breeding 
mode, beef cattle varieties, source of calves, 

fodder, cowshed disinfection, epidemic 
situation, quarantine level and slaughter dates 
(Bene et al., 2010; Mummed et al., 2013). 

 

  
 

Figure 6. Framework of production subsystem 
 

2.4.2. Development of processing subsystem 
The processing subsystem of fresh 

agricultural products required real-time 
recording of detailed information of fresh 
agricultural products in the process of 
collection and processing; and then, the 

information was timely input to the information 
database of processing link, so that regulation 
departments and consumers could inquire the 
detailed information of processing link. The 
frame diagram is shown in Figure 7. 

 

 
 Figure 7. Architecture of processing subsystem 

 
 
Beef processing involved pre-slaughter, 

slaughter, acid drainage, joint separation, 
packaging and storage.  

 
 
 

 
Controlled objects in the processing chain 

included logistics and information flow: 
logistics referred to the one-way flow from pre-
slaughter to storage, while information flow 
was a two-way flow, as shown in Figure 8. 

  
Figure 8: Logistics and information flow in beef processing chain 
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2.4.3. Implementation of traceability system 
 
 

  
Figure 9. Module function flow chart of the traceability system 

 
2.4.4. Implementation of product information 
query interface 

When users input effective barcodes in the 
tracing interface, they could obtain 
corresponding history information of the 
barcodes. The query interface mainly displayed 
the product information on breeding, 
processing and marketing, including bar codes, 
product names, origin, prices, grades, security 
level, expiration date, manufacturers, slaughter 
processors, vendors, product number and 
marketing situation. In addition, the interface 
also displayed associated controls of the 
information on production, processing, 
marketing, system management and security 
pre-warning. By clicking on the corresponding 
associated controls, users could view the 
corresponding historical information (Karni et 
al., 2015). 

 
2.4.5. Implementation of information query 
interface of production process 

By clicking on the associated control of 
production information, users could enter the 
production link information query interface 
which would display the historical information 
of the products in production process, including 

production unit, address, contact information, 
breeders, breeding objects, drug use, barcode 
numbers and examinations on the breeding 
objects (Hao et al., 2016). 

 
2.4.6. Implementation of query interface of 
marketing link 

In the product information interface, by 
clicking on the associated control of marketing 
information, users could enter marketing link 
query interface which displayed the 
information of vendors, marketing corporation, 
address, contact information, product names, 
product codes, marketing status and product 
inventory. With quality safety traceability 
system of fresh agricultural products, users 
could inquire the detailed historical information 
of the products in the process of production, 
processing and marketing by inputting the 
product barcodes, which improved information 
transparency of the products and guaranteed the 
rights to know of consumers (Dewhirs et al., 
2015). 
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3. Conclusions  
Firstly, the performance requirements of 

traceability system were studied; then, the 
modeling theory of Petri net (applied in the 
modeling of traceability system) was analyzed 
(Sara et al., 2015). Furthermore, the customer 
demand for quality safety traceability system of 
fresh agricultural products was analyzed. Based 
on Petri net modeling method, this study 
implemented the design of information models 
for the key links (feeding, storage and 
transportation, marketing), and performed 
modeling analysis on the whole traceability 
system (Peyraud et al., 2011). On the basis of 
requirement analysis, system model and the 
overall goal of the traceability system, this 
study designed the technical route, functional 
module and software system architecture 
(Corazza et al., 2016). Finally, design and 
development of the traceability system were 
performed, including the development of 
production subsystem and processing 
subsystem. Via successful connection with the 
database, display interfaces for production 
information, query information and marketing 
information of fresh agricultural products were 
obtained (Wang et al., 206; García-Sandoval et 
al., 2016). 

 In summary, construction and 
implementation of the quality safety 
traceability system for fresh agricultural 
products not only improved the transparency of 
QS information of fresh agricultural products, 
but also enhanced information sharing and 
authenticity effectively (Chiang and He, 2010). 
With the help of quality safety traceability 
system, enterprises, supervision departments, 
sales departments and consumers could inquire 
the information of fresh agricultural products 
by entering barcode numbers, thus to safeguard 
their rights and interests. 
 
4. Acknowledgements 

This study was supported by the following 
two projects: soft science project of Fujian 
province �Optimization Research on 

Government Regulation System of Agricultural 
Product Quality Safety Based on WSR Soft 

Science Method� (No. 13R01020088); the 

major project (supported by Jiangxia College, 
Fujian Province) of cultivation fund for young 
scientific manpower �Research on Influence 

Factors of Government Regulation 
Performance of Agricultural Product Quality 
Safety� (No. JXS2013001). 
 
5. References 

Amadou, H., Hülsebusch, C., Berthe, A., et al. 
(2014). Safety of horticultural and livestock 
products in two medium-sized cities of Mali 
and Burkina Faso. African Journal of 
Agricultural Research, 735-745. 

Bazant, E., Sarkar, S., Banda, J., et al. (2014). 
Effects of a performance and quality 
improvement intervention on the work 
environment in HIV-related care: a quasi-
experimental evaluation in Zambia. Human 
Resources for Health, 12(1), 1-11. 

Bene, S., Fuller, I., Fordos, A., et al. (2010). 
Weaning results of beef Hungarian Fleckvieh 
calves 2. Genetic parameters, breeding values. 
Archiv Fur Tierzucht, 53(1), 26-36. 

Chen, D., Zhang, Q., Wang, C. (2011). Quality and 
Safety of China's Agricultural Products and its 
Competitiveness Evaluation. Chinese 
Agricultural Science Bulletin, 27(2), 260-265. 

Chiang, H.T., He, L.J. (2010). Board supervision 
capability and information transparency. 
Corporate Governance An International 
Review, 18(1), 18-31. 
Corazza, A., Martino, S.D., Maggio, V., et al. 

(2016). Weighing lexical information for 
software clustering in the context of 
architecture recovery. Empirical Software 
Engineering, 21(1), 1-32. 

Dewhirst, T., Lee, W.B., Fong, G.T., et al. (2015).  
Exporting an Inherently Harmful Product: The 
Marketing of Virginia Slims Cigarettes in the 
United States, Japan, and Korea. Journal of 
Business Ethics, 1-21. 

García-Sandoval, J.P., Hudon, N., Dochain, D., et 
al. (2016). 0Stability analysis and passivity 
properties of a class of thermodynamic 
processes: An internal entropy production 
approach. Chemical Engineering Science, 139, 
261-272. 



Lai and Xu. Carpathian Journal of Food Science and Technology 2016, 8(3), 22-30 
 

 

 30 

Hao, C., Ying, Z., Xin, Z., et al. (2016). 
Construction of an infectious cDNA clone of 
Tembusu virus isolated from breeder Peking 
ducks. Virologica Sinica, 2016, 1-4. 

Holgersson, M.C.N., Nichols, W.A., Paitz, R.T., et 
al. (2016). How important is the eggshell as a 
source for initial acquisition of Salmonella in 
hatchling turtles? Journal of Experimental 
Zoology Part A Ecological Genetics & 
Physiology, 325(2), 142-148. 

Jacob, R.H., Surridge, V.S.M., Beatty, D.T., et al. 
(2014). Grain feeding increases core body 
temperature of beef cattle. Animal Production 
Science, 54(4), 444-449. 

Jarvis, D., Stoeckl. N., Liu. H.B. (2016). The 
impact of economic, social and environmental 
factors on trip satisfaction and the likelihood of 
visitors returning. Tourism Management, 52, 1-
8. 

Karni, R., Levy, M. (2015). Tagging Model for 
Enhancing Knowledge Transfer and Usage 
during Business Process Execution. Lecture 
Notes in Business Information Processing, 202, 
429-439. 
Mahmood, A., Oweis, T., Ashraf, M., et al. 

(2015). Performance of improved 
practices in farmers� fields under rainfed 

and supplemental irrigation systems in a 
semi-arid area of Pakistan. Agricultural 
Water Management, 155, 1-10. 

Mummed, Y.Y. (2013). Correlation between milk 
suckled and growth of calves of ogaden cattle 
at one, three and six months of age, east 
Ethiopia. Springerplus, 2(1), 1-5. 

Pang, H., Yu, T., Song, B. (2016). Failure 
mechanism analysis and reliability assessment 
of an aircraft slat. Engineering Failure 
Analysis, 60, 261-279. 

Pereira, M.M., Rezende, C.D.P., Pedreira, M.S., et 
al. (2015). Feeding value of grass fertilized 
marandu or intercropped with peanut and 
carcass characteristics of beef cattle under 
rotational grazing. Rev.bras.saúde Prod.anim, 
16(2), 239-247. 

Peyraud, R., Schneider, K., Kiefer, P., et al. (2011).  
Genome-scale reconstruction and system level 
investigation of the metabolic network of 

Methylobacterium extorquens AM1. Bmc 
Systems Biology, 5(1), 1-22. 

Samarasinghe, R., Nishantha, D., Shutto, N. (2009). 
Total Traceability System: A Novel System by 
Combination of Horizontal and Vertical 
Traceability Systems for Food Supply Chains. 
International Journal of Computer Science & 
Network Security, (3), 148-156. 

Sara, M., Benita, M., Michela, C., et al. (2015).  
Assessment of 6-sulfatoxymelatonin rhythms 
and melatonin response to light in disease 
states: Lessons from cirrhosis. Chronobiology 
International, 32(2), 187-94. 

Villeneuve, J.P. (2014). Transparency of 
Transparency: The pro-active disclosure of the 
rules governing Access to Information as a 
gauge of organisational cultural transformation. 
The case of the Swiss transparency regime. 
Government Information Quarterly, 31(4), 556-
562. 

Wang, K., Lan, S., Jiang, Z. (2016). Impact of 
customer impatience on a production service 
system. International Journal of Production 
Research, 1-19. 

Wu, Z.Y., Xu, W., Liu, Y.C., et al. (2013). 
Preparation and characterization of flame-
retardant melamine cyanurate/polyamide 6 
nanocomposites by in situ polymerization. 
Current Opinion in Biotechnology, 68(2), 265-
272. 

Zanella, M.A., Milhorance, C. (2016). Cerrado 
meets savannah, family farmers meet peasants: 
The political economy of Brazil�s agricultural 

cooperation with Mozambique. Food Policy, 
58, 70-81. 

Zhen-Huan, S., Lin, S., Jing-Jing, C., et al. (2011).  
Catalyst-free synthesis of nitrogen-doped 
graphene via thermal annealing graphite oxide 
with melamine and its excellent 
electrocatalysis. Acs Nano, 5(6), 4350-4358. 


