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1 Introduction
The change from the conventional supply chain of fresh 

agricultural products to the new agricultural product supply 
chain is crucial for fresh agricultural products in China. The use 
of advanced technologies and a new supply chain operating 
mode increases the value of the fresh agricultural commodity 
supply chain while lowering conventional supply chain danger 
(Zhang  et  al., 2021). Simultaneously, it adds a new threat. 
The most basic consumer commodities in people’s lives are 
fresh farm items. Nevertheless, food-safety incidents have been 
more common in recent years. Food safety was granted further 
priority by the public. As a result of these reasons, the fresh 
agricultural commodity supply chain has received increased 
interest. The fresh agricultural commodity circulation supply 
chain was in poor shape. The supply chain’s risk-resistance 
capabilities were also lacking. Farm products, on the other 
side, seem to have a uniqueness. During the circulation phase, 
a large number of agricultural goods needed to be disposed 
of. Rural infrastructure, on the other hand, was not up to par. 
It was hard to span the whole distribution network (Yang et al., 
2020; Zandi et al., 2020). This culminated in a higher cost of 
circulation. These conditions posed a significant threat to the 
supply chain for fresh farm goods. As a result, determining the 
fresh agricultural goods supply chain danger was critical.

The food industry is under pressure to improve food safety and 
quality by addressing risk management and the ability to respond 
quickly to threats by incorporating traceability. The traceability 
system is defined as a document-based record-keeping system 
that determines the operations that lead to product production 
and sale. This article reports on a study of traceability systems 
and methods for achieving various business objectives.

The TOPSIS method ranks options using a multi-criteria 
decision-making (MADM) approach. The terms “ideal solution” 
and “similarity to the ideal solution” are used in this method 
(Guo, 2020; Liu et al., 2020; Rostamzadeh et al., 2018). The ideal 
solution, as the name suggests, is the best solution in every way, 
which does not exist in practice, and it tries to get closer to it. 
The distance between a design (or option) and an ideal and 
counter-ideal solution is measured to determine its similarity 
to the ideal and counter-ideal solution. The options are then 
ranked based on the distance from the counter-ideal solution to 
the total distance between the ideal and counter-ideal solutions. 
The acronym TOPSIS stands for Technique for Order of Preference 
by Similarity to Ideal Solution and is derived from the initials 
of the phrase (Certa et al., 2018; Chang et al., 2019).

A MADM problem with m options is viewed by TOPSIS as a 
geometric system with m points in the next n space. The method 
is based on the idea that the alternative should be the closest to the 
positive-ideal solution and the furthest from the negative-ideal 
solution (Korkmaz & Gurer, 2018; Silva et al., 2018). TOPSIS 
uses the terms “similarity with a positive-ideal solution” and 
“avoidance of a negative-ideal solution” to describe an indicator. 
Then select the alternative method that comes closest to the 
positive-ideal solution (Al Zubayer et al., 2019; Ocampo et al., 
2020; Ocampo, 2019; Ortiz-Barrios et al., 2020).

If an option appears to be the best choice, it has a higher 
degree. We try to approximate the ideal solution, which is 
practically the best in every aspect that does not exist. Essentially, 
we consider the distance between a design (or option) and an 
ideal and non-ideal solution to determine its similarity to an 
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ideal and non-ideal level (Akcan & Taş, 2019; Jędrkiewicz et al., 
2018; Konuk, 2018).

The following are the method’s underlying assumptions:

•  Each criterion’s desirability should be consistent, increasing 
or decreasing. In other words, increasing the value of a 
criterion’s desirability, whether qualitative or quantitative, 
increases its desirability. In order for the best available value 
to be considered ideal and the worst value to be considered 
counter-ideal, criteria must be uniformly decreasing or 
increasing;

•  Criteria should be created in such a way that they are 
self-contained (being independent means the absence of 
internal relations);

•  Because the exchange rate between criteria is usually a 
number other than one, the Euclidean distance is used 
to calculate the distance between the ideal and anti-ideal 
solutions.

The TOPSIS method has a number of advantages (Selim et al., 
2016; Suder & Kahraman, 2018; Xue et al., 2008; Zolfani et al., 
2012):

•  If there are positive and negative criteria, decisions can be 
made (even together in one issue). Positive criteria have a 
profit component, such as product quality, while negative 
criteria have a loss component, such as hard work;

•  A large number of criteria can be considered when 
determining the best option, but the AHP or ANP methods 
have practical and inherent limitations in this area;

•  This method is simple, fast, and responsive to a wide range 
of options and criteria;

•  Qualitative criteria can be easily quantified in the TOPSIS 
method, and decisions can be made based on both qualitative 
and quantitative criteria;

•  The system’s output is numerical, and in addition to 
determining the superior option, it also ranks the other 
options numerically. This numerical value is the relative 
proximity, which expresses the method’s solid foundation;

•  The mathematical foundations of the TOPSIS method are 
solid. This method is used to calculate distances. TOPSIS 
chooses the option with the greatest distance from the 
worst option and the shortest distance from the best option 
as the optimal option, and it is superior to other MADM 
methods because of this and its mathematical foundation;

•  Another advantage of the TOPSIS method over some 
MADM methods is that it is a compensatory method. That 
is, in this method, the weight of all options and criteria is 
considered in the decision, and no weight is ignored.

This study explored certain variables which impacted fresh 
agricultural product supply chain danger and suggested fresh 
agricultural product supply chain risk assessment indexes. This 
study states an updated TOPSIS approach in response to the issue 

of whether the TOPSIS technique’s weights are determined via 
subjective factors. Eventually, the tool is used to determine the 
fresh agricultural goods supply chain danger.

2 Materials and methods
Each day, all humans are exposed to a variety of risks and 

threats, including those linked to the food they eat. Foodborne 
hazards can and do inflict injuries and damage to human 
health. Per year, millions of people around the world get food 
poisoning. Uncontrolled and abusive use of industrial pesticides, 
environmental pollution, usage of unregulated pesticides, poor 
product safety management, and handling procedures during 
food production and other food-based violations may all lead 
to the implementation of hazards or the inability to mitigate 
hazards relevant to food. The impact of food-related hazards 
on public health, the relevance and exponential development 
of global food trading, and customer desire for a healthy food 
supply render food-related risk analysis more relevant than ever 
before (Samvedi et al., 2013).

Consumers are worried about food contaminants, 
agricultural and veterinary pesticide pollutants, viral, chemical, 
and physical contamination, radionuclide radiation, and unsafe 
and inappropriate food processing and packaging processes, 
any of which can introduce hazards to food at any stage in the 
food chain, from primary production to the end consumer. 
Consumers in developed nations pose the most concerns on 
these topics, but developments in global connectivity have piqued 
market interest in these issues all over the planet (Chang, 2015; 
Nazam et al., 2015).

The TOPSIS technique, or prioritization based on similarity 
to the ideal solution, is a multi-criteria decision-making method 
first introduced by (Lai et al., 1994). This technique can be used 
to rank and compare various options in order to choose the 
best one, as well as to determine the distances between options 
and group them together. One of the benefits of this method 
is that the criteria or indicators used for comparison can have 
different units of measurement and can be both negative and 
positive. In other words, in this technique, negative and positive 
indicators can be combined.

The best option or solution, according to this method, 
is the one that is closest to the ideal solution or option while 
being the furthest away from the non-ideal solution. The ideal 
solution is the one that maximizes profit while minimizing 
cost, whereas the non-ideal solution is the one that maximizes 
cost while minimizing profit. In a nutshell, the ideal solution 
is derived from the sum of each criterion’s maximum values, 
whereas the non-ideal solution is derived from the sum of each 
criterion’s lowest values (Behzadian et al., 2012). There are six 
steps to this technique:

Step 1. Create a decision matrix;

Step 2. Make the decision matrix normal;

Step 3. Find the best ideal solution and the worst ideal 
solution;

Original Article



Chen; Yu

Food Sci. Technol, Campinas,      v42, e29721, 2022 3

Step 4. Calculate how far each option is from the positive 
and negative ideals;

Step 5. For each option, calculate the proximity coefficient;

Step 6. Prioritize the options based on their proximity.

The TOPSIS solution technique is depicted as a flowchart 
(Figure 1).

The supply chain vulnerability of fresh agricultural goods 
is influenced by a variety of factors. We appeal to literature at 
home and abroad and correlate with the characteristics of the 
supply chain risk of horticultural products on the basis of defining 
the supply chain risk of fresh agricultural products, the method 
theory, viability principle, and contrast concept. Following that, 
we establish a fresh agricultural commodity supply chain risk 
assessment scheme. The following is the fresh agricultural goods 
supply chain risk management framework (Table 1).

3 Results and discussion
Food will always face numerous risks throughout the food 

supply chain, from farm to fork, which will result in numerous 
issues for subsequent processes and end consumers. We all eat 
fruits, vegetables, dairy products, meat, bread, and other foods 
on a daily basis, and the health and safety of these foods are 
critical to our well-being. Have you ever considered the dangers 
of eating foods that are unhealthy or appear to be unhealthy? 
Are you aware of the dangers of toxins, pesticides, and some 
preservatives, as well as pathogenic microbes, in the food you 
consume on a daily basis? Which institution or organization is 
in charge of ensuring food safety and health?

Answering the above questions necessitates a thorough 
examination of the risks and dangers that threaten food safety 
and health. Many countries around the world are working to 
develop a system for managing food safety risks in order to 
provide safe and nutritious food. Instructions and rules have 
been established for this purpose, indicating how and when to 
use scientific expertise in the risk analysis process. One of the 
major challenges in both developed and developing countries 
is ensuring food safety in order to maintain public health and 
economic development. In recent decades, there have been 
numerous advancements in food safety systems.

The risk analysis process, which is based entirely on science 
and comprehensive risk analysis, is one of these modern systems 
for food safety. This method, as its name implies, is a set of 
measures that, when fully implemented and realized, include a 
developed system of expertise and skills in the field of problem 
management and food safety.

3.1 Risk analysis framework

A method for gathering, analyzing, and systematically 
evaluating scientific and non-scientific data on chemical, 
biological, and physical hazards in food to determine the best 
risk management strategy. Risk analysis is divided into three 
parts, according to the Codex guidelines: risk assessment, risk 
management, and risk communication. New data or information, 
as well as changes in the content of food problems, should be 
reviewed as needed by risk analysis, which is a dynamic and 
highly repetitive interaction program. To conduct risk analysis 
successfully, countries must have a well-functioning food safety 
system in which all stakeholders, including government, industry, 
academia, and consumers, are involved.

Risk analysis should be based on all available scientific 
evidence, information, costs, cultural and environmental factors, 
and other factors that are gathered, as well as scientific principles 
to the extent possible.

3.2 Food safety risk analysis system components

It is necessary to understand the components of this process 
in order to be aware of it. The following are the components:

 -  Risk evaluation: This value is derived from a scientific 
procedure that includes the following elements: 1- Identifying 
the danger, 2- Dangerous properties, 3- Assessment and 
exposure, 4- Characteristics of risk;Figure 1. TOPSIS flowchart.
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 -  Risk management: This parameter encompasses the process 
of evaluating various guidelines, such as risk assessment 
and other factors affecting consumer health and promoting 
fair trade, as well as the selection of effective prevention 
and control methods to ensure food safety, if necessary;

 -  Communication is a high-risk situation: Risk-related 
individuals, such as risk managers, consumers, industry, 
academia, and other stakeholders, exchange information 
and opinions about risk, risk-related factors, and risk 
characteristics during the risk analysis process. It entails a 
multifaceted exchange of information and perspectives on 
risk-related factors and risk perception among decision-makers 
as part of the risk analysis process, and it serves as the 
foundation for risk management decision-making. This 
parameter encompasses the multifaceted exchange of 
information and perspectives on risk-related factors and 
risk perception among decision-makers, as well as the 
basis for risk management decision-making.

Although the components of risk analysis are depicted 
separately above, they are in reality completely dependent on 
one another and, in some cases, overlap. In the field of food 
risk and health analysis, there is a constant battle between risk 
managers and risk assessors over the risk at hand. It’s worth 
noting that the FDA (Food and Drug Administration) and 
the USDA (United States Department of Agriculture) are two 
separate agencies within the US Department of Health and 
Human Services. Both organizations are in charge of food safety, 
but their situations are distinct.

The USDA is in charge of risk assessment for agricultural 
products, while the FDA is in charge of risk assessment for food, 
food additives, and medical devices. It’s also worth noting that 
the European Food Safety Authority (EFSA) is in charge of EU 

risk assessment in food safety matters. Risk assessment and 
risk management are completely separate in the European food 
safety system. EFSA investigates risk cases in a scientific manner 
before referring them to the European Union for standardization 
and legislation.

3.3 Improved TOPSIS method

A mathematical research approach is the TOPSIS method. 
The procedure uses the spacing that is well removed from the 
optimal negative situation and approaches the optimal situation as 
the decision parameter in order to create the optimal situation and 
the negative ideal solution of the objective function. It makes the 
final judgment after ordering the assessment items. The TOPSIS 
method’s weights are heavily influenced by the views of specialists. 
The degree of professional expertise and practice is a consideration. 
Furthermore, professional tastes are easily affected, and it has 
a large subjective component. As a consequence, we integrate 
the TOPSIS approach with the entropy method to boost it. 
The modified TOPSIS system is then presented. The approach 
will allow the decision-making process more standardized by 
reducing individual considerations. The improved TOPSIS 
approach has the following judgment steps:

1) For each evaluation index, we provide the index value 
based on the data details provided by the evaluation 
object. The original matrix is then listed;

2) To standardize the decision matrix and obtain the 
normalized matrix, we use the vector normalization 
process;

3) We pre-process the assessment indexes in accordance with 
the index’s characteristics. It advances to the next level if 
the appraisal index is optimistic. We would reverse the 
evaluation index to the positive index if it is negative;

Table 1. Fresh agricultural sector supply chain risk management framework.

First-order index Second-order index Third-order index
Supply chain risk evaluation Internal risk Risk in choosing suppliers and dealers
system of the Quality risk of the fresh agricultural products
agricultural products Technical risk
fresh Risk of deterioration for the fresh agricultural products

Risk management decision
Quality of supply chain risk
Structure of the supply chain risk

External risk Credit risks
Market environment risk
Demand fluctuation risk
Supply fluctuation risk
Natural risk
Policy risk
Cooperation risk

Logistics risk Transportation risk
Distribution of risk
Inventory risk

Information risk Information transfer risk
Information security risk
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4) We use the standardized therapy approach to provide a 
non-dimensional treatment for the evaluation index in 
order to minimize the disparity between measurements;

5) We should convert the index value after the non-dimensional 
transformation to remove the partial negative value;

6) The index proportion is determined;

7) When measuring the entropy value, the lower the variations 
between the index values, the higher the entropy value;

8) Determine the index’s entropy value;

9) Each indices’ weight is calculated;

10) The weighted normalized matrix is being constructed. We 
should take into account the weights of each evaluation 
index since their value varies. We convert the normalized 
data to a weighted normalized matrix by weighting it;

11) Identifying the optimistic and negative optimal solutions 
for each of the measured object’s indices;

12) Measuring the Euclidean distance between the test object 
and the positive and negative ideal solutions;

13) Measuring the difference between two points. The degree 
of proximity between the test object and the positive and 
negative optimal solutions.

The assessment object is sorted according to its relative 
approach degree. We then use enhanced TOPSIS approach 
to test the supply chain danger of fresh agricultural goods in 
4 separate groups to check the method’s validity and reliability. 
The weight of the assessment index can be accessed (Table 2).

The lengths from the positive to the negative are, (Equation 1)

1 1 2 2

3 3 4 4

0.0786, 0.1348, 0.1211, 0.1105

0.1260, 0.1088, 0.0971, 0.1301

d d d d

d d d d

+ − + −

+ − + −

= = = =

= = = =
 (1)

The degree of relative approach is, (Equation 2)

1 2 3 4

1 4 2 3

0.6317, 0.4772, 0.4634 , 0.5726C C C C
C C C C

= = = =

< < <
 (2)

4 Conclusion
New organic goods have more strict supply chain specifications 

owing to their uniqueness. As a result, the fresh agricultural 
commodity supply chain is subject to greater danger than the 
general supply chain. Assessing the fresh agricultural supply 
chain danger will help managers make better decisions and 
avoid risk. When measuring the weight, the TOPSIS approach 
relies on expert opinion. As a consequence, the test outcome 
is highly arbitrary, and objectivity is lacking. The improved 
TOPSIS approach is proposed in this article, which incorporates 
the improved entropy and TOPSIS methods. The approach is 
then used to determine the fresh agricultural commodity supply 
chain danger in this article. The outcomes of the assessment 
show that the method is successful.

The TOPSIS methodology is used to quantify the complex 
quantitative national food and security index, which is made 
up of nine distinct measures that assess these food and 
nutrition security motors. It is the first index to look at food 
and nutrition security holistically through the four nationally 
recognized dimensions. Furthermore, the research goes past 
food and nutrition stability by addressing the variables that 
impact the food system’s instability and durability, as well as 
food and nutrition vulnerability. This is a modern TOPSIS 
program that evaluates a country’s food system and identifies the 
most significant obstacles and aptitudes in achieving the most 

Table 2. Weight of index.

Third order index Weight Second order index Weight
Risk in choosing suppliers and dealers 0.12 Internal risk 0.32
Quality risk of the fresh agricultural products 0.23
Technical risk 0.15
Risk of deterioration for the fresh agricultural products 0.23
Risk management decision 0.17
Quality of supply chain risk 0.05
Structure of the supply chain risk 0.05
Credit risks 0.08 External risk 0.25
Market environment risk 0.11
Demand fluctuation risk 0.26
Supply fluctuation risk 0.26
Natural risk 0.10
Policy risk 0.10
Cooperation risk 0.09
Transportation risk 0.33 Logistics risk 0.28
Distribution of risk 0.33
Inventory risk 0.33
Information transfer risk 0.5 Information risk 0.15
Information security risk 0.5
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critical target of food and nutrition stability. While seeking to 
understand whether the food system has changed or degraded 
through time, we used this quantitative approach to uncover 
the evolving pattern in food and nutrition defense. This strategy 
aims to assist decision-makers in developing the appropriate 
frameworks that allow food systems to function efficiently in 
order to have a policy impact.
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