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Abstract. The cold chain has a crucial sector that needs to maintain its sustainability and operational 
resilience. Along with the times, implementing sustainable and resilient cold chains is growing because it 
will bring positive effects. Some bibliometric analyses still focus on green, digital, and sustainable supply 
chains, and there is no detailed discussion of sustainable and resilient cold chains. This analysis aims to 
provide a bibliometric analysis of the sustainable and resilient cold chains so that the latest developments, 
trends, and research gaps that need to be resolved can be known. This research uses the bibliometric analysis 
method using Biblioshiny and Vosviewer using 128 scientific articles. The results show that this topic has 
an annual growth of 12.26%, and there are 3 interesting research clusters, namely 1) cold chain for food 
safety through RFID and IOT, 2) cold chain route optimization to improve sustainability through intelligent 
algorithms, and 3) cold chain model optimization to improve resilience. Based on the major themes obtained, 
there are various future research opportunities, including adopting smart technology, creating an inclusive 
cold chain, multiobjective cold chain evaluation, predictive models, decision support systems, early fraud 
prediction, and evaluating shelf-life commodities.

1 Introduction 
Agriculture, fisheries, and livestock commodities are the 
sectors that act as a source of food for all people in the 
world, and by 2050, it is predicted that the world's 
population will reach 9.7 billion people [1]. Based on 
this, the productivity and sustainability of agro-
industrial commodities must be continuously improved. 
Regarding their characteristics, agro-industrial 
commodities have two main characteristics, namely, 
perishable and non-perishable [2]. Fruit, vegetables, 
fish, and meat are four crucial commodities with 
perishable properties, while nuts and cereals have good 
resilience so that they are not easily damaged [3–6]. The 
perishable characteristics of fruits, vegetables, fish, and 
meat make the supply chain complex because it must be 
able to ensure the quality and safety of commodities to 
be maintained so as not to cause a decrease in the quality 
of commodities or even cause food waste. 

Complex food cold supply chains in perishable agro-
industrial commodities cause negative multiplier 
effects, especially food loss and food waste, if not 
handled properly. According to the Food and 
Agriculture Organization, of the total agro-industrial 
commodities produced, 14% become food loss, and 
17% become food waste, with a total loss of 936 billion 
dollars annually [7]. In more detail, the largest 
contributor to food loss and food waste was found to 
come from errors or incompetence in the process of 
cooling commodities during shipping by producing 526 
million metric tonnes of waste, or 12% of the total [8]. 
This is in line with Heiman and Miller's research, which 
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states that shipping conditions in the form of appropriate 
and controlled temperatures will ensure the quality and 
safety of commodities will always be maintained to 
reduce food waste produced and at the same time reduce 
greenhouse gas emissions [9]. Specifically, developing 
countries such as Indonesia have many failures in food 
cold supply chain control [10]. Based on these problems, 
there is a need for visionary solutions in the food cold 
supply chain to keep commodities with good nutritional 
value, appropriate quality, and guaranteed safety. 

Based on previous research, several solutions have 
been investigated, ranging from using radio frequency 
identification and wireless sensor networks for food 
cold supply chain transparency and improving the 
traceability of the quality of distributed commodities 
[11–14]. Research to improve the efficiency of food 
cold supply chain routes using various genetic 
algorithms, ant colony optimisation, and particle swarm 
optimisation is also an interesting solution because it can 
minimise the costs and reduce the transportation 
emissions generated [15–17]. Blockchain is also often 
used as a solution in food cold supply chains because it 
offers transparency in communication and distribution 
processes through centralised data. On the other hand, 
blockchain also has excellent data reliability and data 
security [18–20]. Research on near-infrared 
spectroscopy has also been conducted by several 
researchers to detect early damage to distributed 
commodities, especially perishable commodities such as 
apples to salak pondoh [21–23]. This shows that 
research in the field of food cold supply chain has a very 
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interesting development to be discussed in depth and 
explored further. 

This research will provide new findings and is 
different from previous research; previous research 
discussed green supply chain management, sustainable 
supply chain management, and digital supply chain. 
There is still no research that specifically and in-depth 
explains the concepts, themes, and subthemes related to 
sustainable food cold supply chains and resilience 
through bibliometric analysis. It is hoped that this 
research can provide benefits to cold chain agro-
industry players to broaden their horizons and find out 
the latest advances in a strong and sustainable food cold 
supply chain. In addition, it is also hoped that this 
research can be useful for academics to find out the 
latest opportunities and trends in research in this field. 
This study aims to analyse and explore in depth the 
research publications related to sustainable and resilient 
food cold supply chains. 

2 Methods 
Bibliometric analysis is one of the popular methods used 
to analyse research trends in a field so that blind spots 
or research that is of less concern can be identified. In 
addition, bibliometric analysis can also provide 
information about hot spots or topics that get a lot of 
attention in research [24]. On the other hand, 
bibliometric analysis also shows some other important 
attributes, such as research productivity and research 
impact. In bibliometric analysis, several software is 
often used, including Vosviewer, and Biblioshiny 
through R Studio. In its application, several stages must 
be passed, including initiating a literature study, data 
acquisition and preprocessing, conducting bibliometric 
analysis, keyword analysis, and content analysis and 
clustering. 

Researchers searched for papers relevant to 
sustainable food cold supply chains and resilience in the 
literature study stage through international scientific 
databases, including Web of Science and Scopus. These 
two international scientific databases were chosen 
because they have good credibility and are the centres of 
research publications used by the academic community. 
To get the appropriate research, criteria and keywords 
are used in accordance with the criteria. The criteria 
used are research published from 2009-2024, using 
English, and by using several keywords, including “cold 
chain”, “food”, “logistics”, “supply chain”, and 
“management”. The results of data collection obtained a 
total of 236 articles with the above keywords. The 
articles that have been obtained are then sorted, 
extracted, and pre-processed to eliminate irrelevant 
articles that do not match the topic and duplicate using 
Biblioshiny in R Studio so that 128 research articles are 
obtained. 

Based on the results of the curation that has been 
done, 128 studies are obtained that will be used in 
bibliometric analysis. The 128 articles were evaluated 
according to the established criteria, which pertained to 
enhancements in the cold chain through implementing 
sustainability and resilience principles within the supply 

chain. If the data obtained has been cleaned, then 
bibliometric analysis is carried out through Biblioshiny 
in R Studio. The bibliometric analysis was conducted 
with the aim of exploring the development of 
sustainable and resilient food cold supply chain 
research. Bibliometric analysis will present the 
distribution of research areas, research institutions, and 
research productivity [25]. This is very useful because it 
provides new knowledge for researchers to understand 
the latest trends and provides insights for industry 
practitioners to implement and developed.  

In bibliometric analysis, there are three things that 
will be analysed in depth: keywords, clusters, and 
content. Keyword analysis will provide an overview of 
the relationship between one keyword and another. In 
addition, keyword analysis is also useful to provide 
information about the most frequently discussed themes 
on the topic of food cold supply chain. Meanwhile, 
cluster and content analysis is carried out to visualize 
and group the dominant keywords or themes in the form 
of a heat map so that it is easier to understand.  

3 Results and Discussion 

3.1 Performance 

Performance analysis is the first thing that needs to be 
done to know the outline of research development in the 
field. Based on the results of the analysis carried out, 
several things are used to measure the performance of 
topics such as total research produced, total citations, 
average citations per year, total researchers, and the 
development trend of the number of studies conducted 
from year to year [26].  
 In the period 2009-2024, there were 128 
publications or an average of 8.53 publications per year 
from 95 journal sources. The total citations obtained on 
this topic were 2755, with an average citation per 
publication of 21.52 and an average citation per year of 
183.67. Research on this topic in total was conducted by 
351 researchers with details of 7 publications produced 
by individuals and 121 publications prepared by groups. 
Based on the data above, the collaboration index is 
2.742, and the collaboration coefficient is 0.635. The 
first publication in this topic area was identified in 2009; 
in 2012, it became the lowest year of research 
publications in this area, while 2022 became the highest 
year of research publications in this field. Based on the 
above, the annual growth of this research is 12.26%. 
This shows that the research trend in this topic is 
experiencing a steady increase, but further research is 
needed to fill the existing gaps. The details of the 
summary and visualization of research trends in this 
field are shown in Table 1 and Figure 1.  

 
 
 
 
 
 

 

 

Table 1. Descriptive analysis of research documents 

Component Description Result 
Publication Total number of research publications in related fields 128 
Publication Period Active period of research publications in related fields 2009-2024 
Productivity Publication/period 8.53 
Source Total number of journal sources in related fields 95 
Total Citation Total number of citations in related fields 2755 
Average Citations per Document Total citation/publication 21.52 
Average Citations per Year Total citation/period 183.67 
Total Author Total research authors contributing to the field 351 
Single Author Publication Individual research publications 7 
Group Author Publication Group research publications 121 
Collaboration Index Total author/publication 2.742 
Collaboration Coefficiency (1- (publication /total author) 0.635 

 

 

Fig. 1. Year on year publication trends 

3.2 Science Mapping 

In the mapping section, several identifications are made, 
including citations of published scientific articles, 
researchers, journals, countries, and keywords to 
determine the influence and impact. Citation is used to 
indicate the quality of research written, and keywords 
show the relationship between one research and another 
[27]. In the citation indicator, two things will be 
analysed, namely global citations and local citations. 
Global citations mean all citations obtained from all 
research spread across the internet, while local citations 
are citations obtained from 128 articles involved in this 
study. This will be able to display the best articles by 
showing their influence. 

Based on global citations, research conducted by 
Pournader et al with the title “Blockchain Applications 
in Supply Chains, Transport, and Logistics: A 
Systematic Review of the Literature” became the 
literature with the highest global citation with 546 global 
citations [28]. Followed by the research of Jedermann et 

al. entitled “Spatial Temperature Profiling by Semi-
passive RFID Loggers for Perishable Food 
Transportation” with 215 global citations [29] and 
research by Wang et al. with the title “Optimization of 
Location–Routing Problem for Cold Chain Logistics 
Considering Carbon Footprint” ranked third with 130 
global citations [30].  

Based on local citations, Wang et al. research 
entitled “Optimization of Location-Routing Problem for 
Cold Chain Logistics Considering Carbon Footprint” is 
the highest with 12 local citations [30]. Followed by 
research by Wang et al. with the title “Optimization of 
Vehicle Routing Problem with Time Windows for Cold 
Chain Logistics Based on Carbon Tax” with a 10 local 
citation [31] and the third highest local citation was 
achieved by the research of Zhao et al. with the title 
“Cold Chain Logistics Path Optimisation via Improved 
Multi-Objective Ant Colony Algorithm” with 8 local 
citations [32]. The complete 20 best articles in terms of 
total global and local citations on the topic of sustainable 
food cold chain and resilience are presented in Table 2.

Table 2. Top 20 scientific articles based on global citations and local citations 

Ranking Articles TGC Articles TLC 
1 Pournader, 2020, Int J Prod Res 546 Wang, 2018, Int J Env Res Pub Health 12 
2 Jedermann, 2009, Comp Electr Agr 215 Wang, 2017, Sustainability 10 
3 Wang, 2018, Int J Env Res Pub Health 130 Qin, 2019, Int J Env Res Pub Health 8 
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interesting development to be discussed in depth and 
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latest opportunities and trends in research in this field. 
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research publications related to sustainable and resilient 
food cold supply chains. 
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addition, bibliometric analysis can also provide 
information about hot spots or topics that get a lot of 
attention in research [24]. On the other hand, 
bibliometric analysis also shows some other important 
attributes, such as research productivity and research 
impact. In bibliometric analysis, several software is 
often used, including Vosviewer, and Biblioshiny 
through R Studio. In its application, several stages must 
be passed, including initiating a literature study, data 
acquisition and preprocessing, conducting bibliometric 
analysis, keyword analysis, and content analysis and 
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Researchers searched for papers relevant to 
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literature study stage through international scientific 
databases, including Web of Science and Scopus. These 
two international scientific databases were chosen 
because they have good credibility and are the centres of 
research publications used by the academic community. 
To get the appropriate research, criteria and keywords 
are used in accordance with the criteria. The criteria 
used are research published from 2009-2024, using 
English, and by using several keywords, including “cold 
chain”, “food”, “logistics”, “supply chain”, and 
“management”. The results of data collection obtained a 
total of 236 articles with the above keywords. The 
articles that have been obtained are then sorted, 
extracted, and pre-processed to eliminate irrelevant 
articles that do not match the topic and duplicate using 
Biblioshiny in R Studio so that 128 research articles are 
obtained. 

Based on the results of the curation that has been 
done, 128 studies are obtained that will be used in 
bibliometric analysis. The 128 articles were evaluated 
according to the established criteria, which pertained to 
enhancements in the cold chain through implementing 
sustainability and resilience principles within the supply 

chain. If the data obtained has been cleaned, then 
bibliometric analysis is carried out through Biblioshiny 
in R Studio. The bibliometric analysis was conducted 
with the aim of exploring the development of 
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research. Bibliometric analysis will present the 
distribution of research areas, research institutions, and 
research productivity [25]. This is very useful because it 
provides new knowledge for researchers to understand 
the latest trends and provides insights for industry 
practitioners to implement and developed.  

In bibliometric analysis, there are three things that 
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content. Keyword analysis will provide an overview of 
the relationship between one keyword and another. In 
addition, keyword analysis is also useful to provide 
information about the most frequently discussed themes 
on the topic of food cold supply chain. Meanwhile, 
cluster and content analysis is carried out to visualize 
and group the dominant keywords or themes in the form 
of a heat map so that it is easier to understand.  

3 Results and Discussion 

3.1 Performance 

Performance analysis is the first thing that needs to be 
done to know the outline of research development in the 
field. Based on the results of the analysis carried out, 
several things are used to measure the performance of 
topics such as total research produced, total citations, 
average citations per year, total researchers, and the 
development trend of the number of studies conducted 
from year to year [26].  
 In the period 2009-2024, there were 128 
publications or an average of 8.53 publications per year 
from 95 journal sources. The total citations obtained on 
this topic were 2755, with an average citation per 
publication of 21.52 and an average citation per year of 
183.67. Research on this topic in total was conducted by 
351 researchers with details of 7 publications produced 
by individuals and 121 publications prepared by groups. 
Based on the data above, the collaboration index is 
2.742, and the collaboration coefficient is 0.635. The 
first publication in this topic area was identified in 2009; 
in 2012, it became the lowest year of research 
publications in this area, while 2022 became the highest 
year of research publications in this field. Based on the 
above, the annual growth of this research is 12.26%. 
This shows that the research trend in this topic is 
experiencing a steady increase, but further research is 
needed to fill the existing gaps. The details of the 
summary and visualization of research trends in this 
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passive RFID Loggers for Perishable Food 
Transportation” with 215 global citations [29] and 
research by Wang et al. with the title “Optimization of 
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citations [32]. The complete 20 best articles in terms of 
total global and local citations on the topic of sustainable 
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4 Zhang, 2019, J Clean Prod 111 Zhao, 2020, IEEE 8 
5 Liu, 2020, Resour Conserv Recycl 106 Leng, 2019, Sustainability 6 
6 Qin, 2019, Int J Env Res Pub Health 105 Xiao, 2012, Comp Oper Res 6 
7 Shen, 2018, Int J Env Res Pub Health 73 Dukkanci, 2019, Comp Oper Res 5 
8 Leng, 2020, J Clean Prod 70 Leng, 2020, Plos One 5 
9 Zhao, 2020, IEEE 61 Leng, 2020, J Clean Prod 5 
10 Tirkolaee, 2020, Comput Intell 59 Wang, 2018, Energies 5 
11 Chen, 2019, Sustainability 57 Chen, 2019, Sustainability 4 
12 Wang, 2021, Trends Food Sci Tech 58 Demir, 2011, Transport Res 4 
13 Yang, 2021, Elect Commer Res App 55 Govindan, 2014, Int J Prod Econom 4 
14 Zhou, 2020, IEEE 54 Leng, 2019, Int J Env Res Pub Health 4 
15 Mara, 2021, Int Trans Oper Res 52 Liu, 2020, Resour Conserv Recycl 4 
16 Yang, 2021, Elect Commer Res Appl 52 Meneghetti, 2015, Int J Prod Res 4 
17 Perdana, 2020, Heliyon 51 Mercier, 2017, Comp Rev Food Sci Saf 4 
18 Arduino, 2015, Marit Policy Manage 38 Shen, 2019, Int J Env Res Pub Health 4 
19 Shen, 2019, Int J Env Res Pub Health 36 Toro, 2017, Comp Indust Eng 4 
20 Leng, 2020, Comp Oper Res 35 Zhang, 2019, J Clean Prod 4 

Note: TGC = total global citation = number of citations received in the database, TLC = total local citation = number of citations 
received within 128 articles (dataset used in this study).

 This research analyses the sources selected by 
researchers to determine the potential of a publication 
site. In total, there are 95 sources analysed, and four 
main indicators will be used to measure the impact of a 
source, including the H-index, G-index, total citations, 
and total publications of a source. The H-index is a 
metric used to measure the impact of a scientific article 
or journal by measuring the number of publications by 
the number of citations. Meanwhile, the G-index is a 
perfect parameter or indicator that is considered the 
most accurate because it can measure the number of 
publications and the distribution of citations of a 
scientific article or publication source [33].  
 Based on the source of publication of scientific 
articles on the topic of sustainable food cold chain and 
resilience, when viewed from the H-index, 
Sustainability is the highest journal with 7 H-index, 
followed by the International Journal of Environmental 

Research and Public Health with 6 H-index, and Journal 
of Cleaner Production with 3 H-index. Regarding G-
index, the Sustainability journal is the highest with 13 
G-index, followed by the International Journal of 
Environmental Research and Public Health with 7 G-
index, and IEEE with 4 G-index. On the other hand, in 
terms of total citations, the International Journal of 
Production Research is the highest journal with 546 
citations, followed by the International Journal of 
Environmental Research and Public Health with 384 
citations, and Computers and Electronics in Agriculture 
with 215 citations. Meanwhile, regarding total published 
papers, the Sustainability journal is the highest with 15 
publications, followed by the International Journal of 
Environmental Research and Public Health with 7 
publications, and IEEE with 4 publications. The 
complete 10 best publication sources on this topic based 
on G-index are presented in Table 3. 

Table 3. Top 10 publication sources based on several indicators 

Ranking Sources H-Index G-Index Citation Articles 
1 Sustainability 7 13 173 15 
2 International Journal of Environmental Research and Public Health 6 7 384 7 
3 IEEE 2 4 115 4 
4 Journal of Cleaner Production 3 3 194 3 
5 Industrial Management and Data Systems 2 3 61 3 
6 Mathematics 1 3 15 3 
7 Heliyon 2 2 62 2 
8 Expert Systems with Applications 2 2 35 2 
9 Plos One 1 2 18 2 
10 Research Anthology on Food Waste Reduction and Alternative Diets 1 2 6 2 

Note:  H-index = number articles cited at least h times, G-index = number articles cited at least g2 time

The analysis results regarding the distribution of 
countries contributing to the topic of sustainable food 
cold chain and resilience: in total, there are 31 countries 
spread across the continents of Asia, Europe, America, 
and some in Africa. The Asian continent is the 
dominating region regarding this topic; this is because 
Asia is a vital region for its contribution to the food 
system in the world. This is further supported by the 
development of food cold chain technology in its 
distribution, which is improving [34]. 

China is the most productive country by producing 
247 scientific articles, then the second highest rank is 

Germany by producing 22 scientific articles, and in the 
third rank with the highest production of scientific 
articles obtained by South Korea with 21 scientific 
articles that have been published. Meanwhile, regarding 
impact through citations, China is still the country with 
the highest citations with a total of 1247 citations, in 
second place is Australia with 551 citations, and in third 
place is Spain with 215 citations. These results show that 
China currently dominates the development of food cold 
supply chains, especially in the food sector, as 
evidenced by the research that has been produced. The 
research shows that China considers the agricultural 

 

 

food cold supply chain to be a crucial area to focus on 
as it has a direct impact on gross domestic product and 
household consumption levels [35,36]. A visual graph 

of the 10 most productive and impactful countries is 
presented in Figure 2.

 

 
Fig. 2. Distribution of the 10 most productive and impactful countries
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researchers to determine the potential of a publication 
site. In total, there are 95 sources analysed, and four 
main indicators will be used to measure the impact of a 
source, including the H-index, G-index, total citations, 
and total publications of a source. The H-index is a 
metric used to measure the impact of a scientific article 
or journal by measuring the number of publications by 
the number of citations. Meanwhile, the G-index is a 
perfect parameter or indicator that is considered the 
most accurate because it can measure the number of 
publications and the distribution of citations of a 
scientific article or publication source [33].  
 Based on the source of publication of scientific 
articles on the topic of sustainable food cold chain and 
resilience, when viewed from the H-index, 
Sustainability is the highest journal with 7 H-index, 
followed by the International Journal of Environmental 

Research and Public Health with 6 H-index, and Journal 
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The analysis results regarding the distribution of 
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cold chain and resilience: in total, there are 31 countries 
spread across the continents of Asia, Europe, America, 
and some in Africa. The Asian continent is the 
dominating region regarding this topic; this is because 
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system in the world. This is further supported by the 
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247 scientific articles, then the second highest rank is 

Germany by producing 22 scientific articles, and in the 
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articles obtained by South Korea with 21 scientific 
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research shows that China considers the agricultural 

 

 

food cold supply chain to be a crucial area to focus on 
as it has a direct impact on gross domestic product and 
household consumption levels [35,36]. A visual graph 

of the 10 most productive and impactful countries is 
presented in Figure 2.

 

 
Fig. 2. Distribution of the 10 most productive and impactful countries
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3 shows that 10 most frequently occurring words 
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“optimization” with 129 times, “logistics” with 126 
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during the distribution process. In solving them, 
researchers utilise various algorithms that can optimise 
various objectives such as distribution route 
optimization, carbon emission reduction, cost savings, 

and operational efficiency of the agroindustry to support 
sustainable and resilient food cold supply chain. The 
details of the distribution of word analyses that occur are 
presented in Figure 3.

 

 
Fig. 3.  Research keyword analysis results and development

 Based on the results above, the research that has 
been done is divided into three major themes. Cluster 1 
in red shows the topic of food cold supply chain for food 

safety through RFID and IOT, while cluster 2 in green 
shows the topic of food cold supply chain route 
optimisation to improve sustainability through 

 

 

intelligent algorithms, and cluster 3 in blue shows the 
theme of food cold supply chain model optimisation to 
improve resilience. The three themes above reflect the 
topic presented: sustainable food cold chain and 
resilience. Meanwhile, the keyword relationship graph 
further shows the development of research on the topic 
of sustainable food cold chain and resilience.  
 The results of the word analysis above successfully 
show the major themes that are currently interesting to 
discuss. In addition, the results of the word analysis also 
provide a visualisation explanation of the research gaps 
that need to be filled. Currently, most of the research is 
directed towards optimizing and tracing food cold 
supply chain routes for agricultural products to create 
operational efficiencies, especially in cost savings, 
emission reduction, resilience enhancement, and 
sustainability (social, economic, environmental, 
technological, and legal). 

3.3 Collaboration 

In this study, collaboration analysis was also carried out 
to find the cooperation relationship between researchers 
in the field of sustainable food cold chain and resilience 
worldwide. Some of the things that will be analysed in 
this section include collaboration between researchers 
and collaboration between countries in the world [24]. 
The results show that 94.53% of the research in this field 

is done collaboratively, while 5.47% is done 
individually. 

The results of the analysis of researcher 
collaboration divide into 3 clusters. In detail, cluster 1 
with red consists of 13 researchers, cluster 2 with green 
consists of 13 researchers, and cluster 3 with blue 
consists of 11 researchers. Clustering is done based on 
the similarity of research themes and the relationships 
between one researcher and another. The larger node 
formed illustrates that the researcher has a large 
contribution as well as collaboration with other 
researchers. In cluster 1, Shi Y became the most 
productive researcher with 7 publications and 10 
collaborations. In cluster 2, Liu C became the most 
dominant researcher with 3 publications and 3 
collaborations. While in cluster 3, Zhang J became the 
most dominant researcher conducting collaborations as 
well as being the most productive researcher producing 
research in this field with 11 publications and 11 
collaborations.  

Most researchers dominating collaborations hold 
Chinese citizenship. Therefore, a collaboration analysis 
based on country of origin will be conducted to examine 
the relationships that occur between one country and 
another country in the world to carry out sustainable and 
resilient cold chain supply chain research. In detail, the 
mapping of researcher collaboration based on 
contribution is presented in Figure 4. 

 
Fig. 4. Results of researcher collaboration analysis based on contribution

 Collaboration analysis will also be carried out on 
research countries to determine the research relationship 
between countries in the field of sustainable and resilient 
food cold chains. Of course, the food cold chain is also 
a topic that needs to be a concern in various countries, 
especially agrarian countries like China, Thailand, and 
Indonesia. The presentation of the analysis results is 
displayed in the form of clustering. It divides the 
research countries into 3 clusters with details of cluster 
1 in red consisting of 9 countries, cluster 2 in green 
consisting of 8 countries, and cluster 3 in blue consisting 
of 5 countries.  
 In cluster 1, China became the most dominant 
country overall because it managed to produce 75 
publications by collaborating with 15 other countries 
worldwide. In cluster 2, Poland became the most 

collaborative and most active European country with 4 
publications and 7 country collaborations. While in 
cluster 3, Germany became a country that became a food 
cold chain as something important because it managed 
to publish 10 publications and collaborate with 5 
countries.  

 These results indicate that a sustainable and resilient 
food cold chain has geographically spread across 
various countries worldwide, and some countries have 
even engaged in collaboration. This collaboration 
between countries is seen as a positive signal and 
demonstrates that the food cold chain has become one 
of the most important aspects in the current era, as it will 
facilitate the exchange of knowledge based on the cases 
faced. [39]. The mapping of collaboration among 
countries is presented in Figure 5. 
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Fig. 5. Results of the analysis of collaboration among countries based on contributions. 

3.4 Trend Analysis & Future Research 

This study plays a crucial role in analysing the growth 
of research in the field of sustainable cold chain logistics 
and resilience based on the growth of keywords used in 
the selected top scientific articles. In general, it can be 
observed that the food cold supply chain is increasingly 
gaining attention. This is evidenced by the growing 
number of studies focusing on enhancing sustainability 
and improving resilience within the food cold supply 
chain. 

China has become a pioneer and a country that is 
highly focused on sustainable food cold supply chains 
because it believes that a well-managed food cold 
supply chain can provide a positive multiplier effect 
across various sectors. Conversely, if the food cold 
supply chain is not managed properly, it can lead to 
many negative effects, such as a decline in the quality of 
distributed commodities, a decrease in the safety of 
consumable goods, and a significant increase in food 
waste [40–42]. Researchers from various countries 
make sustainability and resilience the foundation of 
their issues.  

Several studies utilize technologies such as 
blockchain and RFID to trace perishable commodities 
[28,43,44]. There is also research related to multi-
objective commodity scheduling systems using 
intelligent algorithms such as Dijkstra and Non-
Dominated Sorting Genetic Algorithm, allowing for 
timely delivery in accordance with the characteristics of 
the commodities [45]. One of the most encountered 
studies in this field relates to route optimization. 
Optimizing routes for perishable commodities is 
considered capable of having an impact on the 

environment because it can reduce emissions. From an 
economic perspective, good route optimization can help 
lower distribution costs, making it more economical. 
Researchers use various algorithms and modelling in its 
application, such as hybrid genetic algorithms combined 
with heuristic rules [30], ribonucleic acid combined with 
ant colony optimization [46], simulated annealing 
algorithm [47], cycle evolutionary genetic algorithm 
[48], particle swarm optimization [49], and dan multi-
objective evolutionary algorithms [50]. 

Another interesting research topic to discuss in the 
field of food cold supply chains is research related to the 
use of gas sensors to measure parameters such as CO, 
NO2, SO2, methane, ethane, propane, or volatile 
components. In its application, this is also combined 
with mathematical modelling for enhanced transparency 
and product quality monitoring. This is certainly very 
good considering that food cold supply chain products 
are very sensitive, so it will benefit decision-making 
[51]. There are various methods and sensors used, 
starting from the quartz crystal microbalance, which is 
utilized to measure the freshness of apple commodities 
using aroma parameters [52]. There are also studies that 
use gas chromatography, liquid chromatography, and 
sensor arrays to analyse the shelf life of vegetable and 
fruit commodities by identifying the levels of ethylene 
contained in perishable goods. Also, chromatography 
and sensor arrays are useful for detecting pesticide 
residue levels in a commodity [53,54].  

Based on the trend analysis results, it can be 
observed that topics related to route optimization, travel 
time, carbon emission reduction, and cost efficiency 
have been experiencing improvement and growth 
recently. Meanwhile, topics related to the shelf life of 
commodities, evaluation of food cold supply chain 

 

 

performance, predictive models, decision support 
systems, and intelligent distribution have yet to be 
explored in depth, presenting opportunities for further 

development. In more detail, the research trends in the 
field of sustainable and resilient food cold supply chains 
are presented in Figure 6. 

 
Fig. 6. Research topic trends from 2009 to 2024

 Research in the field of sustainable and resilient 
food cold supply chains needs to be consistently 
developed to enhance operational efficiency, realize 
sustainability principles, be adaptive, and reduce 
undesirable outcomes such as the emergence of 
agricultural product waste. Several aspects that present 
opportunities for research development in the field of 
sustainable and resilient food cold supply chains include 
the adoption of smart technology, the creation of 
inclusive food cold supply chains for all industries, 
multi-objective performance evaluation of food cold 
supply chains, the development of predictive models in 
the form of food cold supply chain simulations, research 
on early damage estimation and shelf life evaluation, 
and the creation of decision support systems for food 
cold supply chain stakeholders. 

 Adopting smart technologies such as blockchain, 
RFID, digital twin, machine learning, and artificial 
intelligence has become an intriguing subject for further 
research. These technologies have a very positive 
impact as they can provide benefits from upstream to 
downstream. Blockchain and RFID can enhance 
traceability and transparency, minimize fraud, and 
improve efficiency [55]. Although in the 
implementation of blockchain, costs become a challenge 
[56]. However, there is hope for alternatives through 
further research to address the issue. On the other hand, 
machine learning, digital twins, and artificial 
intelligence can also support decision-making, optimize 
processes in food cold supply chain commodities 
processes, and simulate food cold supply chain 
processes to anticipate unexpected events [57,58]. The 

analysis of technological readiness, the combination of 
intelligent algorithms, and the testing of technology 
accuracy can be carried out next. 

 The second interesting aspect to research further is 
the development of an inclusive food cold supply chain 
that can be applied by many agricultural industries. 
Large industries can only enjoy the majority of food cold 
supply chain implementations because their 
implementation requires complex infrastructure and 
high costs [59]. There is a need for a food cold supply 
chain simulation, the design of an inclusive food cold 
supply chain, needs analysis, and feasibility analysis. 

 The third aspect that needs further examination is 
evaluating the food cold supply chain, which can be 
developed by studying several objectives or aspects 
such as economic, social, environmental, technological, 
and legal factors in agricultural and fishery 
commodities. Most existing food cold supply chain 
research only provides an overview of each aspect but 
has not offered a comprehensive evaluation. The fourth 
aspect that can be researched is the evaluation of the 
food cold supply chain based on the types of 
commodities, as each perishable agricultural commodity 
has its own characteristics, necessitating further study 
on this matter. 

 The fourth aspect is the creation of decision support 
systems and predictive models in the food cold supply 
chain. Research in this area is essential as it will help 
agricultural industry players predict future uncertainties 
while also making the right decisions. The last aspect 
that needs thorough investigation is estimating early 
damage and shelf-life evaluation for specific 
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commodities. Estimating early damage and evaluating 
shelf life for specific commodities will assist 
agricultural industry players in providing the 
appropriate treatment for these commodities, ensuring 
that the quality of the distributed products remains well-
maintained and consistent. 

4 Conclusion 
This research successfully provides a comprehensive 
bibliometric review that includes recent developments, 
trends over time, and research gaps that need to be 
addressed on the topic of sustainable and resilient food 
cold supply chains. The study offers several insights, 
including: (1) research in the field of sustainable and 
resilient food cold supply chains has shown consistent 
growth year after year, (2) Sustainability has the highest 
number of published documents, while the International 
Journal of Environmental Research and Public Health 
has the highest citations, (3) China, Germany, South 
Korea, Thailand, and Iran are the countries with the most 
published documents, whereas China, Australia, Spain, 
South Korea, and Indonesia have the highest citation 
counts, (4) the keyword “cold chain logistics” is the 
central keyword, followed by “carbon”, “carbon 
emission”, “algorithm”, “optimization”, “logistics”, 
“cost”, “vehicle routing”, “sustainable development”, 
and “multi-objective optimization”. There are three 
clusters representing major themes: food cold supply 
chains for food security through RFID and IoT (cluster 
1), optimization of food cold supply chain routes to 
enhance sustainability through intelligent algorithms 
(cluster 2), and optimization of food cold supply chain 
models to improve resilience (cluster 3). 
 The bibliometric analysis conducted also 
successfully (5) provided recommendations for future 
research opportunities, including the adoption of 
artificial intelligence technology, the creation of an 
inclusive food cold supply chain for the entire industry, 
multi-objective performance evaluation of food cold 
supply chains, the development of predictive models in 
the form of food cold supply chain simulations, research 
on early damage estimation and shelf life evaluation, 
and the creation of decision support systems for food 
cold supply chain actors. If further investigated, the 
research gap that has been outlined will certainly serve 
as a strong foundation for agricultural industry players 
or policymakers in the future to enhance the 
implementation or performance of sustainable and 
resilient food cold supply chains. 
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commodities. Estimating early damage and evaluating 
shelf life for specific commodities will assist 
agricultural industry players in providing the 
appropriate treatment for these commodities, ensuring 
that the quality of the distributed products remains well-
maintained and consistent. 

4 Conclusion 
This research successfully provides a comprehensive 
bibliometric review that includes recent developments, 
trends over time, and research gaps that need to be 
addressed on the topic of sustainable and resilient food 
cold supply chains. The study offers several insights, 
including: (1) research in the field of sustainable and 
resilient food cold supply chains has shown consistent 
growth year after year, (2) Sustainability has the highest 
number of published documents, while the International 
Journal of Environmental Research and Public Health 
has the highest citations, (3) China, Germany, South 
Korea, Thailand, and Iran are the countries with the most 
published documents, whereas China, Australia, Spain, 
South Korea, and Indonesia have the highest citation 
counts, (4) the keyword “cold chain logistics” is the 
central keyword, followed by “carbon”, “carbon 
emission”, “algorithm”, “optimization”, “logistics”, 
“cost”, “vehicle routing”, “sustainable development”, 
and “multi-objective optimization”. There are three 
clusters representing major themes: food cold supply 
chains for food security through RFID and IoT (cluster 
1), optimization of food cold supply chain routes to 
enhance sustainability through intelligent algorithms 
(cluster 2), and optimization of food cold supply chain 
models to improve resilience (cluster 3). 
 The bibliometric analysis conducted also 
successfully (5) provided recommendations for future 
research opportunities, including the adoption of 
artificial intelligence technology, the creation of an 
inclusive food cold supply chain for the entire industry, 
multi-objective performance evaluation of food cold 
supply chains, the development of predictive models in 
the form of food cold supply chain simulations, research 
on early damage estimation and shelf life evaluation, 
and the creation of decision support systems for food 
cold supply chain actors. If further investigated, the 
research gap that has been outlined will certainly serve 
as a strong foundation for agricultural industry players 
or policymakers in the future to enhance the 
implementation or performance of sustainable and 
resilient food cold supply chains. 

References 
1.  United Nations, How Certain Are the United 

Nations Global Population Projections? (2019) 
2.  L. Pan and M. Shan, Optimization of 

Sustainable Supply Chain Network for 
Perishable Products, Sustainability 16, 5003 
(2024). doi.org/10.3390/su16125003 

3.  S. A. Osman, C. Xu, M. Akuful, and E. R. Paul, 
Perishable Food Supply Chain Management: 
Challenges and the Way Forward, Open Journal 

of Social Sciences 11, 349 (2023). 
doi.org/10.4236/jss.2023.117025 

4.  M. Ül Kirci, O. Isaksson, and R. Seifert, 
Managing Perishability in the Fruit and 
Vegetable Supply Chains, Sustain. 14, 1 (2022). 
doi.org/10.3390/su14095378 

5.  J. Tavares, A. Martins, L. G. Fidalgo, V. Lima, 
R. A. Amaral, C. A. Pinto, A. M. Silva, and J. 
A. Saraiva, Fresh Fish Degradation and 
Advances in Preservation Using Physical 
Emerging Technologies, Foods 10, 780 (2021). 
doi.org/10.3390/foods10040780 

6.  T. Ansari, M. Haji, L. Kerbache, and 
Muhammad, Roles of Technology in Improving 
Perishable Food, Logistics 4, 33 (2020). 
doi.org/10.3390/logistics4040033 

7.  Food and Agriculture Organization, The State of 
Food and Agriculture 2021 (2021) 

8.  United Nations Environment Programme, 
Sustainable Food Cold Chains: Opportunities, 
Challenges and the Way Forward (2022) 

9.  A. Friedman-Heiman and S. A. Miller, The 
impact of refrigeration on food losses and 
associated greenhouse gas emissions throughout 
the supply chain, Environ. Res. Lett. 19, (2024). 
doi.org/10.1088/1748-9326/ad4c7b 

10.  H. Li and P. Pan, Food Waste in Developed 
Countries and Cold Chain Logistics, E3S Web 
of Conferences 251, 1 (2021). 
doi.org/10.1051/e3sconf/202125103001 

11.  A. Y. Cil, D. Abdurahman, and I. Cil, Internet 
of Things enabled real time cold chain 
monitoring in a container port, J. Shipp. Trade 
7, 9 (2022). doi.org/10.1186/s41072-022-
00110-z 

12.  H. Zhou, Application of RFID Information 
Technology in Fresh Food Cold Chain Logistics 
Management, J. Phys. Conf. Ser. 1881, (2021). 
doi.org/10.1088/1742-6596/1881/3/032002 

13.  F. Vivaldi, B. Melai, A. Bonini, N. Poma, P. 
Salvo, A. Kirchhain, S. Tintori, A. Bigongiari, 
F. Bertuccelli, G. Isola, and F. Di Francesco, A 
temperature-sensitive RFID tag for the 
identification of cold chain failures, Sensors 
Actuators, A Phys. 313, (2020). 
doi.org/10.1016/j.sna.2020.112182 

14.  Pradana, T. Djatna, I. Hermadi, and I. Yuliasih, 
Blockchain-based Traceability System for 
Indonesian Coffee Digital Business Ecosystem, 
Int. J. Eng. Trans. B Appl. 36, 879 (2023). 
doi.org/10.5829/ije.2023.36.05b.05 

15.  C. Zheng, K. Sun, Y. Gu, J. Shen, and M. Du, 
Multimodal Transport Path Selection of Cold 
Chain Logistics Based on Improved Particle 
Swarm Optimization Algorithm, Journal of 
Advance Transportation 2022, (2022). 
doi.org/10.1155/2022/5458760 

16.  S. Zhu, H. Fu, and Y. Li, Optimization Research 
on Vehicle Routing for Fresh Agricultural 

 

 

Products Based on the Investment of Freshness-
Keeping Cost in the Distribution Process, 
Sustain. 13, 8110 (2021). 
doi.org/10.3390/su13148110 

17.  J. Peng, Optimizing the transportation route of 
fresh food in cold chain logistics by improved 
genetic algorithms, Int. J. Metrol. Qual. Eng. 10, 
(2019). doi.org/10.1051/ijmqe/2019013 

18.  C. Kim and K. Shin, A Study on the 
Measurement Method of Cold Chain Service 
Quality Using Smart Contract of Blockchain J. 
Soc. E-Bus. Stud. 24, 1 (2019). 
doi.org/10.7838/jsebs.2019.24.3.001 

19.  S. Jagtap, F. Bader, G. Garcia-Garcia, H. 
Trollman, T. Fadiji, and K. Salonitis, Food 
Logistics 4.0: Opportunities and Challenges 
Logistics 5, 1 (2021). doi.org/ 
10.3390/logistics5010002 

20.  I. Saputra, Y. Arkeman, I. Jaya, I. Hermadi, and 
I. Sutedja, Blockchain-based key-value store to 
support dynamic smart contract interaction in 
the agricultural sector, Indones. J. Electr. Eng. 
Comput. Sci. 33, 622 (2024). 
doi.org/10.11591/ijeecs.v33.i1.pp622-633 

21.  K. Włodarska, K. Pawlak-Lemańska, and E. 
Sikorska, NIR technology for non-destructive 
monitoring of apple quality during storage, 
Logforum 20, 11 (2024). 
doi.org/10.17270/J.LOG.000968 

22.  S. S. Mardjan and J. Indriyantoro, Detection of 
Chilling Injury Symptoms of Salak Pondoh 
Fruit during Cold Storage with Near Infrared 
Spectroscopy (NIRS) J. Ket. Pertan. 10, (2022). 
doi.org/10.19028/jtep.010.1.69-76 

23.  D. Pérez-Marín, L. Calero, T. Fearn, I. Torres, 
A. Garrido-Varo, and M. T. Sánchez, A system 
using in situ NIRS sensors for the detection of 
product failing to meet quality standards and the 
prediction of optimal postharvest shelf-life in 
the case of oranges kept in cold storage, 
Postharvest Bio. Tech. 147, 48 (2019). 
doi.org/10.1016/j.postharvbio.2018.09.009 

24.  N. Donthu, S. Kumar, D. Mukherjee, N. Pandey, 
and W. M. Lim, How to conduct a bibliometric 
analysis: An overview and guidelines, Journal 
of Business Research 133, 285 (2021). 
doi.org/10.1016/j.jbusres.2021.04.070 

25.  O. Öztürk, R. Kocaman, and D. K. Kanbach, 
How to design bibliometric research: an 
overview and a framework proposal, Review of 
Managerial Science (2024). 
doi.org/10.1007/s11846-024-00738-0 

26.  I. Passas, Bibliometric Analysis: The Main 
Steps, Encyclopedia 4, 1014 (2024). 
doi.org/10.3390/encyclopedia4020065 

27.  P. M. Hasugian and B. Nadeak, Bibliometric 
Analysis On Techniques for Data Visualization 
J. Info Sains:  Inform. & Sains 14, 425 (2024). 
doi.org/10.58471/JIS.v13i01 

28.  M. Pournader, Y. Shi, S. Seuring, and S. C. L. 

Koh, Blockchain Applications in Supply 
Chains, Transport and Logistics: A Systematic 
Review of the Literature, International Journal 
of Production Research 58, 2063 (2020). 
doi.org/10.1080/00207543.2019.1650976 

29.  R. Jedermann, L. Ruiz-Garcia, and W. Lang, 
Spatial temperature profiling by semi-passive 
RFID loggers for perishable food transportation, 
Comput. Electron. Agric. 65, 145 (2009). 
//doi.org/10.1016/j.compag.2008.08.006 

30.  S. Wang, F. Tao, and Y. Shi, Optimization of 
Location–Routing Problem for Cold Chain 
Logistics Considering Carbon Footprint, Int. J. 
Environ. Res. Public Health 15, (2018). 
doi.org/10.3390/ijerph15010086 

31.  S. Wang, F. Tao, Y. Shi, and H. Wen, 
Optimization of Vehicle Routing Problem with 
Time Windows for Cold Chain Logistics Based 
on Carbon Tax, Sustain. 9, (2017). 
doi.org/10.3390/su9050694 

32.  B. Zhao, H. Gui, H. Li, and J. Xue, Cold Chain 
Logistics Path Optimization via Improved 
Multi-Objective Ant Colony Algorithm, IEEE 
Access 8, 142977 (2020). 
doi.org/10.1109/Access.2020.3013951 

33.  G. Abramo, C. A. D’Angelo, and F. Viel, 
Assessing the accuracy of the h and g indexes 
for measuring researchers’ productivity, J. Am. 
Soc. Inf. Sci. Technol. 64, 1224 (2013). 
doi.org/10.48550/arXiv.1812.09241 

34.  F. Bresciani, T. Chalmers, D. Terzano, R. 
Gaiha, G. Thapa, and N. Kaicker, Outlook on 
Asia’s Agricultural and Rural Transformation: 
Prospects and Options for Making It an 
Inclusive and Sustainable One (2019) 

35.  R. Xie, H. Huang, Y. Zhang, and P. Yu, 
Coupling relationship between cold chain 
logistics and economic development: A 
investigation from China, Plos 17, 1 (2022). 
doi.org/ 10.1371/journal.pone.0264561 

36.  Z. Xujun and W. Yuede, Research on the 
Development of Cold Chain Logistics in China 
and Countermeasures in the Post-Epidemic Era, 
J. Waste Manag. Recycl. Technol. 1, 1 (2023). 
doi.org/10.47363/JWMRT/2023(1)114 

37.  S. Verma and A. Gustafsson, Investigating the 
Emerging COVID-19 Research Trends in the 
Field of Business and Management: A 
Bibliometric Analysis Approach, Journal of 
Business Research 118, 253 (2020). 
doi.org/10.1016/j.jbusres.2020.06.057 

38.  A. Klarin, How to conduct a bibliometric 
content analysis: Guidelines and contributions 
of content co-occurrence or co-word literature 
reviews, Int. J. Consum. Stud. 48, 1 (2024). 
doi.org/10.1111/ijcs.13031 

39.  H. Niu, X. Liu, B. Wang, and W. Shi, 
Development, research and policy status of 
logistics cold storage in the context of carbon 
neutrality, Energy Buildings. 320, 114606 

11

BIO Web of Conferences 167, 01004 (2025)	 https://doi.org/10.1051/bioconf/202516701004
ICoSIA 2024



 

 

(2024). doi.org/10.1016/j.enbuild.2024.114606 
40.  J. Qian, Q. Yu, L. Jiang, H. Yang, and W. Wu, 

Food cold chain management improvement: A 
conjoint analysis on COVID-19 and food cold 
chain systems, Food Control 137, 1 (2022). 
doi.org/10.1016/j.foodcont.2022.108940 

41.  G. Hu, X. Mu, M. Xu, and S. A. Miller, 
Potentials of GHG emission reductions from 
cold chain systems: case studies of China and 
the United States, J. Cleaner Prod. 239, 1 
(2019). doi.org/10.1016/j.jclepro.2019.118053 

42.  J. Qian, L. Ruiz-Garcia, B. Fan, J. I. Robla 
Villalba, U. McCarthy, B. Zhang, Q. Yu, and W. 
Wu, Food traceability system from 
governmental, corporate, and consumer 
perspectives in the European Union and China: 
A comparative review, Trends Food Science 
and Technology 99, 402 (2020). 
doi.org/10.1016/j.tifs.2020.03.025 

43.  L. Yang, J. Zhang, and X. Shi, Can blockchain 
help food supply chains with platform 
operations during the COVID-19 outbreak? 
Electron. Commer. Res. Appl. 49, 1 (2021). 
doi.org/10.1016/j.elerap.2021.101093 

44.  Z. Musa and K. Vidyasankar, A Fog Computing 
Framework for Blackberry Supply Chain 
Management, Procedia Comput. Sci. 113, 178 
(2017). doi.org/10.1016/j.procs.2017.08.338 

45.  Y. Shi, Y. Lin, M. K. Lim, M. L. Tseng, C. Tan, 
and Y. Li, An intelligent green scheduling 
system for sustainable cold chain logistics, 
Expert Syst. Appl. 209, (2022). 
doi.org/10.1016/j.eswa.2022.118378 

46.  L. Y. Zhang, M. L. Tseng, C. H. Wang, C. Xiao, 
and T. Fei, Low-carbon cold chain logistics 
using ribonucleic acid-ant colony optimization 
algorithm, J. Clean. Prod. 233, 169 (2019). 
doi.org/10.1016/j.jclepro.2019.05.306 

47.  G. Liu, J. Hu, Y. Yang, S. Xia, and M. K. Lim, 
Vehicle routing problem in cold Chain logistics: 
A joint distribution model with carbon trading 
mechanisms, Resources Conservation and 
Recycling 156, 104715 (2020). 
doi.org/10.1016/j.resconrec.2020.104715 

48.  G. Qin, F. Tao, and L. Li, A Vehicle Routing 
Optimization Problem for Cold Chain Logistics 
Considering Customer Satisfaction and Carbon 
Emissions, Int. J. Environ. Res. Public Health 
16, (2019). doi.org/10.3390/ijerph16040576w 

49.  L. Shen, F. Tao, and S. Wang, Multi-Depot 
Open Vehicle Routing Problem with Time 
Windows Based on Carbon Trading, Int. J. 
Environ. Res. Public Health 15, (2018). 
doi.org/10.3390/ijerph15092025w 

50.  L. Leng, C. Zhang, Y. Zhao, W. Wang, J. 
Zhang, and G. Li, Biobjective low-carbon 
location-routing problem for cold chain 
logistics: Formulation and heuristic approaches, 
J. Clean. Prod. 273, 122801 (2020). 
doi.org/10.1016/j.jclepro.2020.122801 

51.  X. Wang, H. Feng, T. Chen, S. Zhao, J. Zhang, 
and X. Zhang, Gas sensor technologies and 
mathematical modelling for quality sensing in 
fruit and vegetable cold chains: A review, 
Trends Food Sci. Technol. 110, 483 (2021). 
doi.org/10.1016/j.tifs.2021.01.073 

52.  K. Liu and C. Zhang, Volatile Organic 
Compounds Gas Sensor Based on Quartz 
Crystal Microbalance for Fruit Freshness 
Detection: A Review, Food Chem. 334 (2021). 
doi.org/10.1016/j.foodchem.2020.127615 

53.  B. Hu, D. W. Sun, H. Pu, and Q. Wei, Recent 
Advances in Detecting and Regulating Ethylene 
Concentrations for Shelf-life Extension and 
Maturity Control of Fruit: A Review, Trends 
Food Sci. Technol. 91, 66 (2019). 
doi.org/10.1016/j.tifs.2019.06.010 

54.  S. T. Narenderan, S. N. Meyyanathan, and B. 
Babu, Review of Pesticide Residue Analysis in 
Fruits and Vegetables. Pre-Treatment, 
Extraction and Detection Techniques, Food 
Research International 133 (2020). 
doi.org/10.1016/j.foodres.2020.109141 

55.  A. Babaei, M. Khedmati, M. R. Akbari Jokar, 
and E. B. Tirkolaee, Designing an integrated 
blockchain-enabled supply chain network under 
uncertainty, Sci. Rep. 13, 1 (2023). 
doi.org/10.1038/s41598-023-30439-9 

56.  L. Gozali, H. J. Kristina, A. Yosua, T. Y. M. 
Zagloel, M. Masrom, S. Susanto, H. Tanujaya, 
A. P. Irawan, A. Gunadi, V. Kumar, J. A. Garza-
Reyes, T. B. Jap, and F. J. Daywin, The 
improvement of block chain technology 
simulation in supply chain management (case 
study: pesticide company), Sci. Rep. 14, 1 
(2024). doi.org/10.1038/s41598-024-53694-w 

57.  T. T. Baladraf, Potential Application of Digital 
twin Technology in Agriculture and Food 
Industry in Indonesia: A Literature Review, 
Jurnal Teknotan 18, 21 (2024), 
doi.org/10.24198/jt.vol18n1.4 

58.  J. Mwangi, Analyzing the Role of Artificial 
Intelligence and Machine Learning in 
Optimizing Supply Chain Processes in Kenya, 
Int. J. Supply Chain Manag. 9, 39 (2024). 
doi.org/10.47604/ijscm.2322 

59.  M. Zhang and C. S. Liu, Cost simulation and 
optimization of fresh cold chain logistics 
enterprises based on SD, IOP Conf. Ser. Mater. 
Sci. Eng. 392, (2018). doi.org/10.1088/1757-
899X/392/6/062121 

 

12

BIO Web of Conferences 167, 01004 (2025)	 https://doi.org/10.1051/bioconf/202516701004
ICoSIA 2024


