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1. INTRODUCTION

Technological developments have encouraged society to create innovations in the agricultural and
food sectors. The traceability system is a topic that has developed rapidly over the past decade because it is
related to public health and safety. The traceability system can integrate the entire production process from
upstream to downstream in the food supply chain, providing detailed data related to production, shipping,
processing, storage, quality control, and product distribution [1], [2].

Bosona and Gebresenbet [3] stated that the traceability system provides essential information to
stakeholders about the origin and type of raw materials, the origin and kind of feed ingredients, production
stages, and the resources used (tools and machines). The availability of this data is critical to address possible
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food risks. Opara [4] has explained various technological approaches to developing and implementing
traceability systems in the agricultural and food sectors. These methods include integrated software
development, geospatial data analysis, data exchange, product identification, food safety and quality
evaluation, environmental monitoring, and genetic analysis technology.

However, research on the development of traceability technology in Indonesia still needs to be
completed. As a developing country, Indonesia is attempting to establish an effective traceability system in
the agriculture and food industries to assure product quality and safety. Traceability systems are critical for
increasing transparency, reducing food safety hazards, and meeting international standards required to access
the global market. A bibliometric approach can be used to examine the development and evolution of science
in this field. Borregan-Alvarado et al. [5] stated that bibliometric analysis can use databases from scientific
databases to evaluate emerging research trends. Cobo et al. [6] added that this analysis can help determine
the quality of research results, productivity, influence, mapping of scientific fields, and interactions between
relevant topics [7], [8].

With current technological developments, the scope of the traceability system is comprehensive
because it can apply various technologies depending on the objectives of the system being developed.
Indonesia is a developing country that is still trying to establish research on traceability systems. Several
researchers have conducted studies related to traceability systems. Borregan-Alvarado et al. [5] performed a
bibliometric investigation on the advancement of Industry 4.0, and Kuzior and Sira [9] examined the
development of blockchain technology using bibliometric analysis. However, there has yet to be research that
specifically examines the development of traceability technology in Indonesia's agricultural and food sectors
using a bibliometric approach.

This paper aims to perform a bibliometric analysis to discern trends and attributes of technological
advancements within traceability systems. Using bibliometric analysis, researchers and stakeholders in
Indonesia can better understand the global research landscape in traceability technology. This method allows
the identification of strengths and weaknesses in domestic research, as well as opportunities for international
collaboration and further development. This approach can contribute to developing a more effective and
efficient traceability system, supporting Indonesia’s efforts to achieve better food security and improve the
competitiveness of its agricultural products in the global market.

2. METHOD

Bibliometric analysis is one method widely used in conducting systematic reviews to obtain
information about research gaps [10]. Therefore, systematic review research requires structured steps to
identify keywords to collect the relevant scientific literature and complete the analysis. This research
examines developing and implementing various traceability technologies in Indonesia's agricultural and food
sectors. This study adopts the method from Fahimnia et al. [11], which has been modified according to needs
and consists of four main stages presented in Figure 1.

Define literature Literature Statistics data

. Data analysis
keyword screening result Y

Figure 1. Research stages for bibliometric analysis

— Stage 1: determining literature keywords

The first step in this study is to determine relevant literature keywords. The Scopus database is used
to search for relevant literature. Traceability technologies in the agricultural and food sectors are diverse, and
stakeholders can use them according to their intended use. This study adopts technological keywords from
the traceability system proposed by Bosona and Gebresenbet (2013) [3]. Some keywords related to
traceability system technology used include traceability system, near-infrared, unmanned aerial vehicles
(UAV), deoxyribonucleic acid (DNA) barcoding, wireless sensor networks (WSNSs), environmental
monitoring, chemometrics, blockchain, and smart packaging. The keywords used to search for data through
the Scopus database are as follows:

TITLE-ABS-KEY (traceability AND system; AND food) OR TITLE-ABS-KEY (“"near infrared";
AND agriculture) OR TITLE-ABS-KEY ("near infrared"; AND food) OR TITLE-ABS-KEY ("non
destructive"; AND agriculture) OR TITLE-ABS-KEY ("non destructive"; AND food) OR TITLE-ABS-KEY
(ftir; AND agriculture) OR TITLE-ABS-KEY (ftir; AND food) OR TITLE-ABS-KEY (dna AND barcoding)
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OR TITLE-ABS-KEY (uav; AND agriculture) OR TITLE-ABS-KEY (chemometric; AND agriculture) OR
TITLE-ABS-KEY (chemometric; AND food) OR TITLE-ABS-KEY (geospatial; AND agriculture) OR
TITLE-ABS-KEY (smart AND packaging; AND food) OR TITLE-ABS-KEY (wireless AND sensor AND
network; AND agriculture) OR TITLE-ABS-KEY (satellite; AND food) OR TITLE-ABS-KEY (satellite;
AND agriculture) OR TITLE-ABS-KEY (blockchain; AND food) OR TITLE-ABS-KEY (blockchain; AND
agriculture) OR TITLE-ABS-KEY (geospatial; AND food) OR TITLE-ABS-KEY (“intelligent packaging";
AND food) OR TITLE-ABS-KEY ("environmental monitoring”; AND agriculture; AND indonesia) OR
TITLE-ABS-KEY (“environmental monitoring”; AND food; AND indonesia) OR TITLE-ABS-KEY
(traceability AND system; AND agriculture)) AND PUBYEAR >1997 AND PUBYEAR <2023 AND
(LIMIT-TO (AFFILCOUNTRY, "Indonesia")) AND (LIMIT-TO (LANGUAGE, "English").
— Stage 2: literature screening and keyword search

Literature screening and keyword searches were conducted several times to ensure the data obtained
followed this study's objectives. The technology keyword was filtered by adding the scope of agriculture and
food. Furthermore, database screening was carried out for articles published in Indonesia, using English, and
published from 1998 to 2022. The results of document screening obtained 1,264 publications in the Scopus
database. Data from Scopus, such as bibliography, abstract and keywords, funding details, and others, were
downloaded in CSV format for analysis.
— Stage 3: data analysis

The data analysis features provided by the Scopus database were utilized for statistical data analysis.
The review's findings on the development of traceability system technology in Indonesia are supported by
annual publication trend data and institutions that publish the most scientific articles. This analysis provides
an overview of how traceability technology has developed and been adopted in Indonesia's agriculture and
food sector.
— Stage 4: data mapping and synthesis analysis

Data mapping was conducted using VOSviewer software based on the keyword data obtained.
Mapping aims to determine trends in technology development and research related to traceability systems in
agriculture and food. Gong et al. [12] explained that VOSviewer can be used to map publications, authors,
and journals based on the citation network and keywords of the paper. The author intends to perform a
synthesis study to elucidate diverse technologies on the advancement of traceability systems in Indonesia and
their potential for future research.

3. RESULTS AND DISCUSSION
3.1. Research trends

Recently, there has been a significant increase in the number of scientific papers covering
traceability systems. A total of 1,264 publications were identified from 1998 to 2022. The initial study of the
traceability system in Indonesia began in 1998. In the following decade, the development of research on the
traceability system has not occurred significantly. During this period, research on traceability systems mainly
focused on environmental monitoring and land management. In 2010, research on traceability systems had a
broader scope of the study. Several studies on using satellites to determine changes in land cover and
spectroscopy for evaluating food ingredients are starting to develop. With the development of technology,
research on traceability systems began to increase in 2011. Increasing public awareness regarding food
commodities that are good quality and safe for consumption has increased research on traceability systems in
2017 by producing 105 publications.

The growth of digital technology in Indonesia, powered by the internet of things (1oT), actively
promotes the advancement of traceability technology, focusing on its application in the agriculture and food
sectors. Research on the traceability system continues to increase until 2019. The development of traceability
system technologies varies widely according to desired objectives. Based on the data in Figure 1, most
research on traceability systems was developed in 2021 by producing 239 scientific publications. However,
in 2022, research on the traceability system will experience a significant decline by producing 180 scientific
publications. The development of research and publications for traceability systems implemented in the
agricultural and food sectors in Indonesia is presented in Figure 2.

Table 1 presents a brief overview of the primary sources of publications concerning the
advancement of traceability systems within Indonesia's agricultural and food industry. This research found
ten publication sources from the Scopus database that published the most papers. Based on this data, the IOP
Earth and Environmental Science made the highest number of publications, reaching 326 papers. The
publications produced in the IOP Conference Series have the widest variety of topics in technology
development for traceability systems, such as chemometrics, UAV, information technology (IT), and other
technologies. The second journal that produces the highest number of publications is Biodiversity, with
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publications that discuss the diversity of plant, animal, and microbial diversity from the gene to ecosystem
level and the interaction of a species with the environment. The Biodiversity Journal has produced 57 papers
on traceability systems in agriculture and food. In third place, most publications regarding traceability
systems are found in the IOP Materials Science and Engineering with 44 papers. In fourth and fifth place, the
most publications are in the AIP Conference Proceedings, with 38 articles, and the Journal of Physics
Conference Series, with 31 papers. Traceability publications are also produced in journals such as Food
Research, Aacl Bioflux, PLoS One, Ecology Environment and Conservation, and Marine Pollution Bulletin.
Based on these data, publications in the form of proceedings are very much produced in research on the
development of traceability systems.
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Figure 2. The progression of research on traceability systems in Indonesia

Table 1. Top 10 journals producing traceability research in Indonesia

No Publication sources Documents Research area

1  I0OP Conference Series: Earth and Environmental Science 326 Agricultural and environmental science

2 Biodiversitas 57 Agricultural and biological science

3 IOP Conference Series: Materials Science and Engineering 44 Materials and engineering

4 AIP Conference Proceedings 38 Natural science and engineering

5  Journal of Physics: Conference Series 31 Physics and astronomy

6  Food Research 18 Food science

7  AACL Bioflux 14 Agricultural, biological, and environmental
8  Plos One 11 Multidisciplinary

9  Ecology Environment and Conservation 10 Agricultural, biological, and environmental
10  Marine Pollution Bulletin 10 Aquatic science

3.2. Research topic visualization

An analysis using VOSviewer is needed to determine the research development on traceability
systems in Indonesia. Gong et al. [12] and Roxas and Recario [13], keyword analysis can help understand the
main objectives of the research, thus providing a broader picture of the overall development of the study.
Figure 3 shows keywords related to the study on the advancement of traceability systems in Indonesia.
Zakaria et al. [14] explained that the node size in the co-occurrence analysis shows the frequency of
keywords that researchers often study. Based on Figure 3, Indonesia's most frequently discussed research
topic is the development of traceability systems using DNA barcoding technology because its nodes are the
most prominent. DNA barcoding technology is widely used to accurately identify and authenticate living
things based on existing gene sequences. Modern research often applies this technology to study biodiversity
and species identification [15], [16].

Several other technologies are also widely used to develop traceability systems, including loT,
WSNs, remote sensing, blockchain, and chemometrics. These technologies offer a variety of innovative
solutions to improve the accuracy and efficiency of traceability systems. For example, WSNs and remote
sensing can monitor environmental conditions in real time, while 10T and blockchain can ensure supply chain
visibility and data security. One of the strategies that are utilized to guarantee the quality and safety of food
products is the utilization of smart packaging devices that are equipped with labelling technology. This
technology facilitates information about product conditions, which can be updated regularly and monitored
throughout the distribution chain so that consumers can better understand the product's status. By
understanding the various technologies used and the objectives of these studies, we can get a clearer picture
of the development of traceability systems in Indonesia and the potential innovation that can be developed.
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Figure 3. Research keyword networks for a traceability system

3.3. Traceability system technology trends

The traceability system positively impacts all stakeholders in the supply chain. This system
facilitates communication between stakeholders, such as producers, distributors, and consumers, and creates
information transparency. Transparency is required to develop confidence among the many supply chain
stakeholders to increase the efficiency and reliability of the manufacturing and distribution processes. With
an effective traceability system, each stage in the supply chain can be properly monitored and controlled,
allowing the cause of a problem to be recognized and handled quickly. In addition, this system also helps
meet food safety regulations and standards set by the government and related institutions, ensuring that the
products that reach consumers are safe and high-quality products [17].

Purwandoko et al. [18] there are two primary functions of the traceability system, namely: (i)
tracing, which involves the capability to acquire information regarding the production of raw materials, and
(i) tracking, which is the ability to find information about the product after the production process is
complete. This traceability system can be a tool for production control and realizing transparency in the
supply chain, providing stakeholders with information about the production process. The traceability system
is an integral component of supply chain management. This system allows data acquisition, storage, and
dissemination of information about food, feed, and other ingredients at every production stage, from
upstream to downstream. As a result, this approach assures quality control and product safety across the
whole supply chain [19]. As shown in Figure 4, a system that can track products both internally and
externally across the supply chain can be included in a traceability system.

Developing and implementing a traceability system will positively impact all stakeholders, starting
from farmers, industry, consumers, and the government. Some of the benefits of a traceability system are (i)
increasing customer satisfaction, (ii) improving food crisis management, (iii) increasing supply chain
management efficiency, (iv) realizing sustainable agriculture, (v) increasing product added value, (vi)
minimizing product recall costs, (vii) protecting consumers, (viii) providing information related to product
identity, and (ix) to identify production problems [20]-[22]. Through a traceability system, the food and
agricultural industries can improve the quality of raw materials and expand market segmentation so that the
products produced have high competitiveness [23]. Furthermore, the traceability system can monitor product
halalness and certify organic products [24].
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Figure 4. Traceability concept

Opara [4] stated that traceability systems require several technologies to identify products, capture
information, store and transmit data, and integrate systems. Various technologies have been developed to
facilitate traceability of agricultural and food products. Each technology has a specific role in ensuring
transparency and security of the supply chain. One molecular tool that has been used extensively in the food
and agricultural industries is DNA barcode technology. DNA barcoding is used to genetically authenticate
plants or animals, ensuring that the species grown or bred follow the claims [25]. Research by Sarmiento-
Camacho et al. [26] showed that DNA barcoding effectively identifies plant species and varieties and detects
cross-contamination in food products.

Spectroscopy is another technology used to determine the quality and origin of agricultural
commodities such as coffee, meat, and essential oils [27]. This method allows rapid and non-destructive
analysis of the chemical composition of products, helping in determining quality and preventing
counterfeiting [28]. Product identification technologies such as barcodes and QR codes are also crucial in
traceability systems. These codes can track production history along the supply chain, from farmers to
consumers. Studies have shown that QR codes increase transparency and allow consumers to access detailed
information about the product's origin [29].

Satellite imagery can monitor land conditions, drainage, and soil structure, especially useful for food
crops or horticultural products. This technology provides a broad overview of land conditions and potential
yields. Satellite imagery can help farmers manage land efficiently [30]. In addition, a collection of
environmental sensors, such as temperature and humidity sensors, are usually integrated with a wireless
network to monitor agricultural ecological conditions [31]. This WSN consists of several sensor nodes that
can capture environmental parameter data, which are then transmitted to a central node on a server for further
data processing. Studies have shown that WSN improve land management efficiency and real-time
monitoring of agricultural conditions [32]. Therefore, these technologies work together to create a
comprehensive traceability system, ensuring that every step in the supply chain can be appropriately
monitored and supervised, improving the quality and safety of products reaching consumers. Some
technologies developed for traceability systems in Indonesia's agriculture and food sector include product
identification technology, remote sensing, environmental monitoring, genetic analysis, smart packaging, and
spectroscopy Figure 5.
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The development of wireless technology supports the current traceability system through the loT.
Qureshi et al. [33] explain that 10T technology does not require human and machine interaction because it
can transfer data and information through wireless networks via computing devices. loT technology has seen
extensive adoption in the agricultural and food sectors, where its implementation is often combined with
other technologies. As a result, the traceability system technology ecosystem incorporates multiple elements,
including data acquisition sensors, internet networks, cloud or server infrastructure, computers, and other
necessary devices for field data retrieval, as shown in Figure 6. Figure 6 shows how sensors collect data,
which is subsequently stored in the cloud. Any user with a computer or mobile phone can view this data. In
addition, data stored on a server or in the cloud can be analyzed with the help of artificial intelligence (Al)
and machine learning (ML) to analyze useful information and make decisions easier.
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Xu et al. [34], the traceability system relies on data acquired from sensors linked to the 10T, which
is then recorded in a database. Sensors are usually used to collect data for environmental monitoring,
knowing plant and animal perceptions, food quality, and safety. Some sensors used are temperature,
humidity, optical, acoustic, and laser sensors [33]. Besides that, remote sensing technology using satellites
and drones (UAV) can also be used by stakeholders for data acquisition to monitor agricultural cultivation in
real time [35]. All data acquisition tools will support collecting agricultural production data to support
traceability systems. The application of wireless technology using the 10T can positively impact agricultural
productivity, guaranteeing food quality and safety, optimizing agricultural resources, and decision-making
[33]. Technology for developing traceability systems is very varied and adapted to user requirements.
Therefore, stakeholders' selection of traceability technology must be adjusted to the user requirements and
objectives. Table 2 describes the purpose of various technological innovations developed for traceability
systems in Indonesia's agricultural and food sectors.

3.4. Discussion

This study shows that the development of traceability system technology in Indonesia's agricultural
and food sectors has reached a reasonably advanced level. However, further improvements are needed to
improve the quality of technology. Modern technologies such as blockchain, DNA barcoding, and WSNs
have improved food and agricultural traceability from production to distribution [36]. This study shows that
effective implementation of IT in traceability systems can improve operational efficiency, transparency, and
customer satisfaction and assist in making more informed decisions and better managing risks. Ekawati et al.
[37] and Susanty et al. [38] also emphasize integrating various technologies to ensure effective traceability in
the agricultural and food supply chain.

IT facilitates the integration of various traceability components such as satellite technology, RFID,
barcodes, sensors, and other technologies to enable real-time data capture and processing. This technology
allows product identification and tracking from upstream to consumer. Furthermore, IT contributes to
effective data management by ensuring the accuracy, consistency, and accessibility of information and also
integrating data from various sources, such as suppliers, industries, and distributors. This integration drives
real-time transparency and visibility into the supply chain [39]. IT also facilitates the application of advanced
analytics to traceability data to gain insights into process efficiency, quality control, and supply chain
optimization. Predictive modeling helps identify patterns and potential issues in the supply chain, enabling
proactive decision-making and risk management [40]. It allows stakeholders to achieve a reliable and
efficient traceability system, improving operational performance and customer satisfaction.

Table 2. Technology innovation for a traceability system

monitoring food safety and quality

No Technology Purpose Source
. Species identification, food safety authentication, food )
DNA Barcoding fraud detection, taxonomy, and phylogenetic analysis. [41]-[43]
Unmanned aerial Crop monitoring, mapping, irrigation management, pest [44]-[46]
vehicle (UAV) and disease diagnosis.
Agricultural land monitoring, cropping pattern
Satellite |dent|f|_cat|0n, detectm_g agricultural product_lon_ [47]-[49]
anomalies, early warning systems, and monitoring the
performance of agricultural seasons.
Blockchain Supply _chaln integrity, record product hlStOI’}{, monitor [50]-[52]
production steps, and record product transactions.
Product tagging Traceability unit identification, transferring information [53]-[55]
(QR code, RFID)  about the product, and data collection.
- Crops monitoring, agricultural environment monitoring,
Wireless sensor R . [32],
network (WSN) |rr|g§t|or1 management, pest control, and fertilizer [56], [57]
application.
Food quality evaluation, halal authentication, animal feed
?Nptla;trgsTclcl;p)y and feedstuff evaluation, fraud detection, adulteration [58]-[62]
' identification, and rapid microbial identification.
Smart packaging Food quality indicator, monitoring food freshness, 63], [64]

This study highlights the development of traceability technology and analyses publication trends
related to traceability in Indonesia, which have yet to be widely discussed in international literature. For
example, DNA barcoding technology can identify genetic diversity, WSNs are used for environmental
monitoring, satellites are used to monitor land cover, and blockchain is used to monitor products along the
supply chain. Thus, the developed traceability system technology must be adjusted to the selected objectives.
Table 2 describes technological innovations for traceability systems in the Indonesian agriculture and food
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sector. This study also shows that 10T and Al technologies have great potential to be applied more widely.
However, this technology is still in the early stages of development in Indonesia. Chandrashekarappa et al. [65]
explain that 10T technology allows real-time monitoring of agricultural conditions to optimize resources
through precision agriculture.

The study results show that Indonesia has adopted various modern technologies to improve
traceability in the agriculture and food sectors. However, the development of traceability systems has
limitations, such as high initial costs for adopting modern technology and IT infrastructure that can be a
barrier for many farmers and small businesses in Indonesia. Integrating multiple technologies also requires
specialized expertise and ongoing maintenance, which may be difficult for some stakeholders. In addition,
the lack of consistent standards and regulations may hinder the widespread adoption of traceability
technologies.

The main objective of this study is to evaluate the development of traceability system technology in
Indonesia's agricultural and food sector and identify trends, advantages, and limitations of the technology
used. This study is critical because it provides a comprehensive view of the development of traceability
technology in Indonesia, which can be used as a reference for further improvements in this sector. An
effective traceability system can improve the quality and safety of food products and increase consumer
confidence and market competitiveness.

Future research should focus on implementing Al for predictive analysis to improve decision-
making and supply chain efficiency. Al technology can improve decision-making, manage risks, and improve
supply chain efficiency. Furthermore, the use of the 10T for real-time monitoring should be improved so that
all stakeholders can benefit from it. The creation of consistent standards and laws to support the wider
implementation of traceability technology must also be improved. Studies on how to reduce the cost of
implementing modern technology should also be developed in the future so that more farmers and small
businesses can adopt it.

4. CONCLUSION

This is the first report that provide an overview of the development of traceability systems in
Indonesia's agriculture and food sectors. The findings can be used as an essential reference for further
research and development and also as a guide for policymakers in improving traceability systems in
Indonesia. This study identifies various technologies used for traceability, including DNA barcoding, UAVS,
satellites, blockchain, product tagging, WSN, spectroscopy, and smart packaging.

A comprehensive review of 1,264 articles published in Scopus between 1998 and 2022 reveals a
notable increase in publications in 2016, which may be attributed to the growing concern over the safety and
quality of food. According to the research, traceability technologies are used in a very diverse and user-
specific manner in Indonesia. A more transparent, efficient, and risk-managed agriculture and food supply
chain is possible with the use of these technologies, which also assist in tracking the origin and product
movement. Effective IT integration allows for real-time data collection, storage, and analysis, which
significantly benefits all stakeholders. This study demonstrates that deploying proper traceability
technologies may strengthen the supply chain system and provide better food safety guarantees to customers.

REFERENCES

[1] F. Schwigele, “Traceability from a European perspective,” Meat Science, vol. 71, no. 1, pp. 164-173, Sep. 2005, doi:
10.1016/j.meatsci.2005.03.002.

[2]  A. Susanty, N. B. Puspitasari, Z. F. Rosyada, M. A. Pratama, and E. Kurniawan, “Design of blockchain-based halal traceability
system applications for halal chicken meat-based food supply chain,” International Journal of Information Technology
(Singapore), vol. 16, no. 3, pp. 1449-1473, Mar. 2024, doi: 10.1007/s41870-023-01650-8.

[3] T. Bosona and G. Gebresenbet, “Food traceability as an integral part of logistics management in food and agricultural supply
chain,” Food Control, vol. 33, no. 1, pp. 3248, Sep. 2013, doi: 10.1016/j.foodcont.2013.02.004.

[4] L. U. Opara, “Traceability in agriculture and food supply chain: a review of basic concepts, technological implications, and future
prospects,” Journal of Food, Agriculture & Environment, vol. 1, no. 1, pp. 101-106, 2003, [Online]. Available:
http://www.aseanfood.info/Articles/11020000.pdf

[5] J. Borregan-Alvarado, |. Alvarez-Meaza, E. Cilleruelo-Carrasco, and G. Garechana-Anacabe, “A bibliometric analysis in industry
4.0 and advanced manufacturing: What about the sustainable supply chain?,” Sustainability (Switzerland), vol. 12, no. 19,
p. 7840, Sep. 2020, doi: 10.3390/SU12197840.

[6] M. J. Cobo, A. G. Lépez-Herrera, E. Herrera-Viedma, and F. Herrera, “An approach for detecting, quantifying, and visualizing
the evolution of a research field: a practical application to the fuzzy sets theory field,” Journal of Informetrics, vol. 5, no. 1,
pp. 146-166, Jan. 2011, doi: 10.1016/j.j0i.2010.10.002.

[71 H. F. Moed, R. E. De Bruin, and T. N. Van Leeuwen, “New bibliometric tools for the assessment of national research
performance: database description, overview of indicators and first applications,” Scientometrics, vol. 33, no. 3, pp. 381-422, Jul.
1995, doi: 10.1007/BF02017338.

Indonesian J Elec Eng & Comp Sci, Vol. 37, No. 2, February 2025: 1064-1076



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 g 1073

(8]
[9]
[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]
[29]
[30]

[31]

[32]

[33]

[34]
[35]
[36]

371

V. Garousi, “A bibliometric analysis of the Turkish software engineering research community,” Scientometrics, vol. 105, no. 1,
pp. 2349, Oct. 2015, doi: 10.1007/s11192-015-1663-X.

A. Kuzior and M. Sira, “A bibliometric analysis of blockchain technology research using VOSviewer,” Sustainability
(Switzerland), vol. 14, no. 13, p. 8206, Jul. 2022, doi: 10.3390/su14138206.

D. Tranfield, D. Denyer, and P. Smart, “Towards a methodology for developing evidence-informed management knowledge by
means of systematic review,” British Journal of Management, vol. 14, no. 3, pp. 207-222, Sep. 2003, doi: 10.1111/1467-
8551.00375.

B. Fahimnia, J. Sarkis, and H. Davarzani, “Green supply chain management: a review and bibliometric analysis,” International
Journal of Production Economics, vol. 162, pp. 101-114, Apr. 2015, doi: 10.1016/j.ijpe.2015.01.003.

R. Gong, J. Xue, L. Zhao, O. Zolotova, X. Ji, and Y. Xu, “A bibliometric analysis of green supply chain management based on the
web of science (WOS) platform,” Sustainability, vol. 11, no. 12, p. 3459, Jun. 2019, doi: 10.3390/su11123459.

R. E. O. Roxas and R. N. C. Recario, “Scientific landscape on opportunities and challenges of large language models and natural
language processing,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 36, no. 1, pp. 252263,
Oct. 2024, doi: 10.11591/ijeecs.v36.i1.pp252-263.

R. Zakaria, P. Vit, A. Wijaya, A. H. Ahmad, Z. Othman, and B. Mezzetti, “A bibliometric review of Persea Americana Mill.
(Lauraceae): a green gold in agroindustry,” AIMS Agriculture and Food, vol. 7, no. 4, pp. 831-854, 2022, doi:
10.3934/agrfood.2022051.

W. J. Kress and D. L. Erickson, “A two-locus global DNA barcode for land plants: the coding rbcL gene complements the
non-coding trnH-psbA spacer region,” PLoS ONE, vol. 2, no. 6, p. €508, Jun. 2007, doi: 10.1371/journal.pone.0000508.

R. T. Utami, N. P. Zamani, and H. H. Madduppa, “Molecular identification, abundance and distribution of the coral-killing
sponge Terpios hoshinota in Bengkulu and Seribu islands, Indonesia,” Biodiversitas, vol. 19, no. 6, pp. 2238-2246, Oct. 2018,
doi: 10.13057/biodiv/d190632.

I. Afrianto, T. Djatna, Y. Arkeman, 1. Hermadi, and I. S. Sitanggang, “Block chain technology architecture for supply chain
traceability of fisheries products in Indonesia: Future challenge,” Journal of Engineering Science and Technology, vol. 15,
pp. 41-49, 2020.

P. B. Purwandoko, K. B. Seminar, Sutrisno, and Sugiyanta, “Development of a smart traceability system for the rice agroindustry
supply chain in Indonesia,” Information (Switzerland), vol. 10, no. 10, p. 288, Sep. 2019, doi: 10.3390/inf010100288.

K. Lin, D. Chavalarias, M. Panahi, T. Yeh, K. Takimoto, and M. Mizoguchi, “Mobile-based traceability system for sustainable
food supply networks,” Nature Food, vol. 1, no. 11, pp. 673-679, Nov. 2020, doi: 10.1038/s43016-020-00163-y.

M. M. Aung and Y. S. Chang, “Traceability in a food supply chain: safety and quality perspectives,” Food Control, vol. 39,
pp. 172-184, May 2014, doi: 10.1016/j.foodcont.2013.11.007.

B. A. Kresna, K. B. Seminar, and Marimin, “Developing a traceability system for tuna supply chains,” International Journal of
Supply Chain Management, vol. 6, no. 3, pp. 52-62, 2017.

A. Doernberg, A. Piorr, 1. Zasada, D. Wascher, and U. Schmutz, “Sustainability assessment of short food supply chains (SFSC):
developing and testing a rapid assessment tool in one African and three European city regions,” Agriculture and Human Values,
vol. 39, no. 3, pp. 885-904, Sep. 2022, doi: 10.1007/s10460-021-10288-w.

J. A. Alfaro and L. A. Rabade, “Traceability as a strategic tool to improve inventory management: a case study in the food
industry,” International Journal of Production Economics, vol. 118, no. 1, pp. 104-110, Mar. 2009, doi:
10.1016/j.ijpe.2008.08.030.

P. B. Purwandoko, K. B. Seminar, Sutrisno, and Sugiyanta, “Framework for design of traceability system on organic rice
certification,” IOP Conference Series: Earth and Environmental Science, vol. 147, p. 012044, May 2018, doi: 10.1088/1755-
1315/147/1/012044.

D. S. Priyono, D. D. Solihin, A. Farajallah, and D. I. D. Arini, “Anoa, dwarf buffalo from Sulawesi, Indonesia: Identification
based on dna barcode,” Biodiversitas, vol. 19, no. 6, pp. 1985-1992, Oct. 2018, doi: 10.13057/biodiv/d190602.

S. Sarmiento-Camacho, M. Valdez-Moreno, and S. Adamowicz, “DNA barcode identification of commercial fish sold in Mexican
markets,” Genome, vol. 61, no. 6, pp. 457-466, Jun. 2018, doi: 10.1139/gen-2017-0222.

D. Sagita, S. S. Mardjan, Suparlan, P. B. Purwandoko, and S. Widodo, “Low-cost loT-based multichannel spectral acquisition
systems for roasted coffee beans evaluation: case study of roasting degree classification using machine learning,” Journal of Food
Composition and Analysis, vol. 133, p. 106478, Sep. 2024, doi: 10.1016/j.jfca.2024.106478.

L. E. Rodriguez-Saona and M. E. Allendorf, “Use of FTIR for rapid authentication and detection of adulteration of food.,” Annual
review of food science and technology, vol. 2, no. 1, pp. 467-483, Apr. 2011, doi: 10.1146/annurev-food-022510-133750.

R. Badia-Melis, P. Mishra, and L. Ruiz-Garcia, “Food traceability: new trends and recent advances. A review,” Food Control,
vol. 57, pp. 393-401, Nov. 2015, doi: 10.1016/j.foodcont.2015.05.005.

D. J. Mulla, “Twenty five years of remote sensing in precision agriculture: key advances and remaining knowledge gaps,”
Biosystems Engineering, vol. 114, no. 4, pp. 358-371, Apr. 2013, doi: 10.1016/j.biosystemseng.2012.08.009.

Y. Y. Maulana, G. Wiranto, D. Kurniawan, I. Syamsu, and D. Mahmudin, “Online monitoring of shrimp aquaculture in Bangka
Island using wireless sensor network,” International Journal on Advanced Science, Engineering and Information Technology,
vol. 8, no. 2, pp. 358-364, Mar. 2018, doi: 10.18517/ijaseit.8.2.2428.

N. Jihani, M. N. Kabbaj, and M. Benbrahim, “Sensor fault detection and isolation for smart irrigation wireless sensor network
based on parity space,” International Journal of Electrical and Computer Engineering (IJECE), vol. 13, no. 2, pp. 1463-1471,
Apr. 2023, doi: 10.11591/ijece.v13i2.pp1463-1471.

T. Qureshi, M. Saeed, K. Ahsan, A. A. Malik, E. S. Muhammad, and N. Touheed, “Smart agriculture for sustainable food security
using internet of things (IoT),” Wireless Communications and Mobile Computing, vol. 2022, pp. 1-10, May 2022, doi:
10.1155/2022/9608394.

J. Xu, B. Gu, and G. Tian, “Review of agricultural IoT technology,” Artificial Intelligence in Agriculture, vol. 6, pp. 10-22, 2022,
doi: 10.1016/j.aiia.2022.01.001.

P. Radoglou-Grammatikis, P. Sarigiannidis, T. Lagkas, and I. Moscholios, “A compilation of UAV applications for precision
agriculture,” Computer Networks, vol. 172, p. 107148, May 2020, doi: 10.1016/j.comnet.2020.107148.

R. Mehannaoui, K. N. Mouss, and K. Aksa, “IoT-based food traceability system: architecture, technologies, applications, and
future trends,” Food Control, vol. 145, p. 109409, Mar. 2023, doi: 10.1016/j.foodcont.2022.1094009.

R. Ekawati, Y. Arkeman, Suprihatin, and T. C. Sunarti, “Implementation of ethereum blockchain on transaction recording of
white sugar supply chain data,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 29, no. 1,
pp. 396-403, Jan. 2023, doi: 10.11591/ijeecs.v29.i1.pp396-403.

A review and bibliometric analysis of traceability system development ... (Yusnan Hasani Siregar)



1074 O ISSN: 2502-4752

[38] A. Susanty, F. A. Akhsan, and N. B. Puspitasari, “Modeling the users’ acceptance and perceived usability for halal traceability
system,” in 2023 |IEEE International Conference on Industrial Engineering and Engineering Management, IEEM 2023, |IEEE,
Dec. 2023, pp. 1093-1097. doi: 10.1109/IEEM58616.2023.10406594.

[39] M. El Midaoui, E. M. Ben Laoula, M. Qbadou, and K. Mansouri, “Logistics tracking system based on decentralized IoT and
blockchain platform,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 23, no. 1, pp. 421-430,
Jul. 2021, doi: 10.11591/ijeecs.v23.i1.pp421-430.

[40] F. Fessenmayr, M. Benfer, P. Gartner, and G. Lanza, “Selection of traceability-based, automated decision-making methods in
global production networks,” Procedia CIRP, vol. 107, pp. 1349-1354, 2022, doi: 10.1016/j.procir.2022.05.156.

[41] L. E.M. Deef, “Evaluation of genetic relationship of some squirrelfishes through dna barcode,” Brazilian Archives of Biology and
Technology, vol. 64, pp. 1-9, 2021, doi: 10.1590/1678-4324-2021210076.

[42] S. Antil et al., “DNA barcoding, an effective tool for species identification: a review,” Molecular Biology Reports, vol. 50, no. 1,
pp. 761-775, Jan. 2023, doi: 10.1007/s11033-022-08015-7.

[43] F. Rossi et al., “DNA pool analysis-based forgery-detection of dairy products,” International Journal of Electrical and Computer
Engineering (1JECE), vol. 8, no. 5, pp. 3913-3922, Oct. 2018, doi: 10.11591/ijece.v8i5.pp3913-3922.

[44] J. Kim, S. Kim, C. Ju, and H. Il Son, “Unmanned aerial vehicles in agriculture: a review of perspective of platform, control, and
applications,” IEEE Access, vol. 7, pp. 105100-105115, 2019, doi: 10.1109/ACCESS.2019.2932119.

[45] H. Aasen, A. Burkart, A. Bolten, and G. Bareth, “Generating 3D hyperspectral information with lightweight UAV snapshot
cameras for vegetation monitoring: From camera calibration to quality assurance,” ISPRS Journal of Photogrammetry and Remote
Sensing, vol. 108, pp. 245-259, Oct. 2015, doi: 10.1016/j.isprsjprs.2015.08.002.

[46] P. Vasavi, A. Punitha, and T. Venkat Narayana Rao, “Crop leaf disease detection and classification using machine learning and
deep learning algorithms by visual symptoms: a review,” International Journal of Electrical and Computer Engineering (IJECE),
vol. 12, no. 2, pp. 2079-2086, Apr. 2022, doi: 10.11591/ijece.v12i2.pp2079-2086.

[47] S. Fritz et al., “A comparison of global agricultural monitoring systems and current gaps,” Agricultural Systems, vol. 168,
pp. 258-272, Jan. 2019, doi: 10.1016/j.agsy.2018.05.010.

[48] A. Fatikhunnada, Liyantono, M. Solahudin, A. Buono, T. Kato, and K. B. Seminar, “Assessment of pre-treatment and
classification methods for Java paddy field cropping pattern detection on MODIS images,” Remote Sensing Applications: Society
and Environment, vol. 17, p. 100281, Jan. 2020, doi: 10.1016/j.rsase.2019.100281.

[49] C. Nakalembe et al., “A review of satellite-based global agricultural monitoring systems available for Africa,” Global Food
Security, vol. 29, p. 100543, Jun. 2021, doi: 10.1016/j.gfs.2021.100543.

[50] A. Sendros, G. Drosatos, P. S. Efraimidis, and N. C. Tsirliganis, “Blockchain applications in agriculture: a scoping review,”
Applied Sciences (Switzerland), vol. 12, no. 16, p. 8061, Aug. 2022, doi: 10.3390/app12168061.

[51] R. Ekawati, Y. Arkeman, and S. Suprihatinr, “Smart contract blockchain application design based on the distribution of product
return transaction data,” International Journal of Artificial Intelligence Research, vol. 6, no. 2, Jul. 2022, doi:
10.29099/ijair.v6i1.263.

[52] X. Dong, X. Zheng, X. Lu, and X. Lin, “A traceability method based on blockchain and internet of things,” in Proceedings - 2019
IEEE Intl Conf on Parallel and Distributed Processing with Applications, Big Data and Cloud Computing, Sustainable
Computing and Communications, Social Computing and Networking, ISPA/BDCloud/SustainCom/SocialCom 2019, IEEE, Dec.
2019, pp. 1511-1518. doi: 10.1109/ISPA-BDCloud-SustainCom-SocialCom48970.2019.00219.

[53] G. Azuara, J. L. Tornos, and J. L. Salazar, “Improving RFID traceability systems with verifiable quality,” Industrial Management
& Data Systems, vol. 112, no. 3, pp. 340-359, Mar. 2012, doi: 10.1108/02635571211210022.

[54] J.P. Qian, X. T. Yang, X. M. Wu, L. Zhao, B. L. Fan, and B. Xing, “A traceability system incorporating 2D barcode and RFID
technology for wheat flour mills,” Computers and Electronics in Agriculture, vol. 89, pp. 76-85, Nov. 2012, doi:
10.1016/j.compag.2012.08.004.

[55] L. Tarjan, L. Senk, S. Tegeltija, S. Stankovski, and G. Ostojic, “A readability analysis for QR code application in a traceability
system,” Computers and Electronics in Agriculture, vol. 109, pp. 1-11, Nov. 2014, doi: 10.1016/j.compag.2014.08.015.

[56] Ageel-Ur-Rehman, A. Z. Abbasi, N. Islam, and Z. A. Shaikh, “A review of wireless sensors and networks’ applications in
agriculture,” Computer Standards and Interfaces, vol. 36, no. 2, pp. 263-270, Feh. 2014, doi: 10.1016/j.csi.2011.03.004.

[57] D. Thakur, Y. Kumar, A. Kumar, and P. K. Singh, “Applicability of wireless sensor networks in precision agriculture: a review,”
Wireless Personal Communications, vol. 107, no. 1, pp. 471-512, Jul. 2019, doi: 10.1007/s11277-019-06285-2.

[58] L. Xu, C. B. Cai, H. F. Cui, Z. H. Ye, and X. P. Yu, “Rapid discrimination of pork in halal and non-halal Chinese ham sausages
by Fourier transform infrared (FTIR) spectroscopy and chemometrics,” Meat Science, vol. 92, no. 4, pp. 506-510, Dec. 2012, doi:
10.1016/j.meatsci.2012.05.019.

[59] A. O. Santos, R. L. Wample, S. Sachidhanantham, and O. Kaye, “Grape quality mapping for vineyard differential harvesting,”
Brazilian Archives of Biology and Technology, vol. 55, no. 2, pp. 193-204, Apr. 2012, doi: 10.1590/S1516-
89132012000200003.

[60] E. Teye, X. yi Huang, W. Lei, and H. Dai, “Feasibility study on the use of fourier transform near-infrared spectroscopy together
with chemometrics to discriminate and quantify adulteration in cocoa beans,” Food Research International, vol. 55, pp. 288-293,
Jan. 2014, doi: 10.1016/j.foodres.2013.11.021.

[61] M. A. Quelal-Vésconez, E. Pérez-Esteve, A. Arnau-Bonachera, J. M. Barat, and P. Talens, “Rapid fraud detection of cocoa
powder with carob flour using near infrared spectroscopy,” Food Control, vol. 92, pp. 183-189, Oct. 2018, doi:
10.1016/j.foodcont.2018.05.001.

[62] S. Hameed, L. Xie, and Y. Ying, “Conventional and emerging detection techniques for pathogenic bacteria in food science: a
review,” Trends in Food Science and Technology, vol. 81, pp. 61-73, Nov. 2018, doi: 10.1016/j.tifs.2018.05.020.

[63] M. Alizadeh-Sani, E. Mohammadian, J. W. Rhim, and S. M. Jafari, “pH-sensitive (halochromic) smart packaging films based on
natural food colorants for the monitoring of food quality and safety,” Trends in Food Science and Technology, vol. 105,
pp. 93-144, Nov. 2020, doi: 10.1016/j.tifs.2020.08.014.

[64] L. Zhao, Y. Liu, L. Zhao, and Y. Wang, “Anthocyanin-based pH-sensitive smart packaging films for monitoring food freshness,”
Journal of Agriculture and Food Research, vol. 9, p. 100340, Sep. 2022, doi: 10.1016/j.jafr.2022.100340.

[65] N. M. Chandrashekarappa, S. P. M. Bhagwan, and K. S. Nagur, “Efficient data sensing and monitoring model for areca nut
precision farming with wireless sensor network,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS),
vol. 25, no. 3, pp. 1549-1562, Mar. 2022, doi: 10.11591/ijeecs.v25.i3.pp1549-1562.

Indonesian J Elec Eng & Comp Sci, Vol. 37, No. 2, February 2025: 1064-1076



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 1075

BIOGRAPHIES OF AUTHORS

Yusnan Hasani Siregar F:0 B8 © received a master's degree in engineering at the Bandung
Institute of Technology in the instrumentation and control study program. Currently, he is
head of the dynamic machinery research group at the Research Center for Appropriate
Technology. His research fields involved automation, the internet of things, and image
processing for agricultural mechanization. He can be contacted at email: yusn003@brin.go.id.

Pradeka Brilyan Purwandoko RIE completed his Ph.D. program at IPB University
in 2020, specializing in traceability systems within the food supply chain. He holds a position
as a young researcher at the Research Center for Appropriate Technology, which is part of the
National Research and Innovation Agency. He authored multiple papers published in
international journals and proceedings and actively participated in the review process for
reputable journals. His research areas include supply chain management, postharvest
technology, and agricultural information systems. He is a registered member of the Indonesian
Research Association (PPI). He can be contacted at email: at pradekabrilyan@gmail.com or
prad011@brin.go.id.

Wiwiek Harsonowati g 12 is a researcher affiliated with the Research Center for
Horticultural and Estate Crops, part of the Research Organization for Food and Agriculture
under the National Research and Innovation Agency (BRIN). Her academic journey includes
degrees from Gadjah Mada University (B.Sc), IPB University (M.Sc), and Tokyo University
of Agriculture and Technology (Ph.D). Her research focuses on plant-microbe interactions and
plant pathology. Currently, her research studies the symbiotic relationship between DSE
endophytes and their advantageous characteristics in host plants. She is also keenly interested
in the proteomic profiling of genes and pathogenesis-related proteins in plant-DSE
interactions. She can be contacted at email: wiwiek.harsonowati@brin.go.id.

Muhammad Achirul Nanda By 2 is a faculty member in the Agricultural and
Biosystem Engineering Program at Padjadjaran University in Indonesia. He achieved a
doctoral program in agricultural engineering at IPB University and graduated at 25.
Furthermore, he gained valuable research experience during his internship at Kyoto University
in 2020. He has a substantial body of work published in various international journals and
proceedings. Additionally, he actively contributes as a reviewer for numerous international
journals, including cleaner waste systems, measurement, ecological informatics, pest
management science, shock and vibration, and others. His research pursuits primarily revolve
around acoustic signals, non-destructive evaluation, and precision agriculture. He can be
contacted at email: m.achirul@unpad.ac.id.

Rudy Tjahjohutomo £ B8 « holds the senior engineer position at the Research Center
for Appropriate Technology, part of the Research Organization for Food and Agriculture,
National Research and Innovation Agency (BRIN) in Indonesia. He earned a Magister of
Industrial Management degree from the Bandung Institute of Technology in Indonesia. His
primary research focuses on postharvest technology, specifically the application of artificial
intelligence in fruit grading through image processing. He has contributed to developing
various agricultural machinery and tool prototypes and holding patents in this field. His
research findings have also been disseminated through scientific publications in journals,
proceedings, and books and presentations at national and international seminars. He can be
contacted at email: rudy008@brin.go.id.

A review and bibliometric analysis of traceability system development ... (Yusnan Hasani Siregar)


https://orcid.org/0000-0002-7146-4019
https://scholar.google.com/citations?user=R9eO7LEAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57226321729
https://orcid.org/0000-0001-5690-1615
https://scholar.google.co.id/citations?user=Ns79s5QAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57202455076
https://orcid.org/0000-0003-3719-4366
https://scholar.google.com/citations?user=aI7nC8YAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57193406419
https://orcid.org/0000-0003-4230-9260
https://scholar.google.com/citations?user=Yg5Tpn4AAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57200192678
https://orcid.org/0009-0006-8667-4621
https://scholar.google.com/citations?user=9m1cwNwAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55949386700

1076 O

ISSN: 2502-4752

Diana Atma Budiman Bl 12 is a senior researcher at the Research Center for
Appropriate Technology under the National Research and Innovation Agency. In 2003, he
completed his master's in agriculture through the Agricultural Engineering Program at Gadjah
Mada University in Indonesia. He has earned the trust of being a reviewer for various patents,
including those related to the design of a plant fertilizer machine, a tea stem trimming
machine, and an onion peeler machine. He has also authored and co-authored numerous
international papers, such as one on the performance evaluation of a crawler tractor for soil
cultivation in the tidal swampland of South Kalimantan. His research interests primarily
revolve around agricultural product technology and the engineering aspects of machinery for
preharvest and postharvest processes. He can be contacted at email: dian096@brin.go.id.

Laila Rahmawati © B4 2 is a researcher affiliated with the Research Center for Food
Technology and Processing at the National Research and Innovation Agency (BRIN) in
Indonesia. She completed her doctoral program in 2019 at the Department of Agricultural
Sciences, Universitas Sriwijaya. Her research primarily focuses on agricultural engineering,
food evaluation, and food processing. She has a prolific record, having authored and co-
authored over 30 articles published in reputable journals and conference proceedings. She
collaborates with over five research centers within BRIN and several universities. She was
chosen for international training under the DAAD Scholarship program for Grant Research
Proposal Training. She is an active member of the Indonesian Research Association (PPI) and
the Indonesian Society of Agricultural Engineering (PERTETA). Her current research includes
food safety, halal authentication, and traceability of tropical foods. She can be contacted at
email: lailo07@brin.go.id.

Novita Dwi Susanti (g 12 is a young researcher affiliated with the Appropriate
Technology Research Center under the National Research and Innovation Agency in
Indonesia. She earned a master's degree in engineering from the electrical engineering
program at the Bandung Institute of Technology. Her research primarily delves into
automation and control systems applied to agricultural mechanization. She is also intensely
interested in utilizing the internet of things (loT) and artificial intelligence (Al) within
agriculture. She can be contacted at email: novi019@brin.go.id.

Indonesian J Elec Eng & Comp Sci, Vol. 37, No. 2, February 2025: 1064-1076


mailto:novi019@brin.go.id
https://orcid.org/0009-0002-4801-5896
https://orcid.org/0000-0001-6351-3282
https://scholar.google.com/citations?user=TYVOr2IAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57215581930
https://orcid.org/0000-0002-5529-8268
https://scholar.google.co.id/citations?user=gFbhejkAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57189024923

