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Abstract

Traceability in agricultural supply chains remains a significant challenge, particularly in
environments dominated by manual record-keeping and limited process visibility. This study
presents the design and validation of a web-based prototype utilizing blockchain technology to
improve traceability and operational efficiency in plant-level supply chain management. Employing
the Design Thinking methodology, the solution was developed based on insights from key users,
such as plant managers and auditors. The prototype integrates four core functionalities: batch
registration and monitoring, generation of immutable records, role-based access control, and a user
interface tailored for individuals with low technical expertise. Usability was evaluated using the
System Usability Scale (SUS), achieving an average score of 90 out of 100, which indicates excellent
user experience. Although the validation was limited to the prototype stage and did not involve
deployment in operational environments, the results demonstrate strong potential to reduce human
error, increase trust among stakeholders, and facilitate audits through reliable digital records.
Furthermore, the solution offers a scalable and replicable model for small and medium-sized
agricultural enterprises aiming to digitize their supply chains through emerging technologies.

Keywords: blockchain; agricultural traceability; supply chain; smart contracts; usability; Design
Thinking; Hyperledger Fabric; agri-food digitalization

1. Introduction

Product traceability, especially in the food industry, has gained importance in recent years due
to the demand for greater transparency, safety, and sustainability in supply chains (SC). [1]. This
traceability is based on the ability to recognize key traceability events and preserve the integrity of
the associated data, which allows the prevention of fraud, ensuring the authenticity of the origin [2].
This process does not occur automatically; companies play a crucial role in recording operational
data, which requires that each stage of the chain collects relevant data to ensure transparency [3][4].

Regulations and certifications have promoted the adoption of systems focused on traceability,
helping to create more equitable conditions among companies and fostering improvements in
transparency and control throughout the supply chain [5]. However, these efforts still face critical
challenges in legacy systems, such as a lack of transparency and interoperability that complicates
traceability. [6].

As a result, one of the main challenges lies in the collection and management of information. In
the initial stages, traceability is compromised by sensor failures, which are vulnerable to interference
during data transmission and by manual manipulation of the information. This technological fragility
generates inconsistencies in the records related to the origin and condition of the product, affecting
its traceability throughout the entire chain. [7].
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These technical limitations are added to the lack of interoperability between traceability
platforms, which complicates seamless communication between the different systems involved in the
supply chain. The absence of common standards for information exchange is particularly problematic
in contexts composed of multiple small and medium-sized companies (SMEs) with limited
technological capabilities [8][9]. This not only generates data overload but also makes it difficult to
detect failures related to product quality or safety. [10].

In this context, this study aims to design a web application based on blockchain technology to
optimize traceability and efficiency in agricultural supply chains. To conclude, the objective is to
analyze previous solutions with this technology in traceability systems, to interpret their approaches
and to provide the foundation for the design of a solution that addresses the specific needs of the
agricultural sector.

2. Related Works

Recent technological advances have favored the digitization of supply chains, which has
significantly improved the traceability and visibility of processes [11]. In this context, two prominent
platforms IBM Food Trust at Wal-Mart and SmartBeanFutures for Colombian coffee offer innovative
blockchain-based approaches. The following sections describe the purpose, and the specific problems
addressed by each of these systems.

2.1. Blockchain in Supply Chain Traceability

IBM Food Trust was developed to address the slow and unreliable traceability of fresh produce
within the Wal-Mart supermarket chain, which traditionally took up to six days to track the source
of a batch. The platform employs enterprise blockchain technology on the Ethereum network adapted
by IBM, with smart contracts that securely record data on batches, origin, processing, and
transportation in real-time. Its implementation spanned from production to consumption at Wal-
Mart, performing traceability tests with real data from multiple batches and measuring query times.
The result in traceability time of its implementation reduced from six days to 2.2 seconds and
achieved a 15.3 % decrease in food waste, increasing trust between parties in the chain. The tests
concluded that blockchain can contribute to traceability in large supply chains with some challenges
in adoption (costs, integration, adaptation) [12]. IBM Food Trust presents a large-scale success story
demonstrating the viability of enterprise blockchain in mass retail.

2.2. Web Applications with Traceability Technologies

The SmartBeanFutures web platform was developed to facilitate transparent and secure records
of every agricultural transaction for smallholder farmers. This application uses Ganache, Truffle, and
MetaMask to deploy and test smart contracts in blockchain networks, and it introduces NFTs as
unique product identifiers to ensure authenticity and traceability. During its development, it carried
out smart contract simulations to validate quality attributes and then tested the prototype with
several coffee farmers in Colombia, evaluating usability and the robustness of the system. An increase
in transparency and trust between producers and buyers, a reduction of intermediaries and an
opening of access to international markets for small coffee growers were observed, although without
specifying exact quantitative metrics. The developers concluded that smart contracts helped the
efficiency and traceability of the process, especially in critical stages such as verification and
fulfillment of conditions. [13]. SmartBeanFutures extends the concept of smart contracts and NFTs to
the coffee sector, highlighting its inclusion of small producers.

2.3. Blockchain in the Agricultural Supply Chain

Blockchain technology is proposed as an effective solution to the problems of traceability,
transparency, and authenticity in the agricultural supply chains. The ability to record events in an
unchangeable way allows monitoring of every stage of the product flow, from production to final
consumption, reducing the risk of fraud and improving operational efficiency [6]. Each block that is
added to the chain becomes immutable and cannot be altered or removed by any single participant.
[14].
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2.4. Impacts and Benefits of Using Blockchain

Error! Reference source not found. presents Blockchain use cases along with their descriptions
and key benefits, offering insight into features and immutability that optimize traceability, security,
and efficiency in sectors such as supply chains.

Table 1. Blockchain Use Cases. Summary of blockchain-based traceability use cases in the agri-food sector,
highlighting their key benefits and real-world implementations.

Use Case Description Key Benefits Case example
Optimization of BCT integration to . Six BCT Implementations
. . . Increased transactional , . ,

transactional improve transaction in Italian Agri-Food

efficiency
Improved transparency
Improved reputation and

efficiency and  efficiency and leverage Companies [15].

development of dynamic resources and

strategic capabilities in agri-food
g access to new markets
capabilities SMEs
Algorand-based Immutability of data Platform applied to the
Green traceability system (Pure Low energy consumption  supply of Fontina PDO
traceability Proof-of-Stake) for real- ~ Reduction of transaction (from farm to final
platform in the time, low-energy costs consumer) using
dairy chain recording of all PDO Immediate information blockchain [16]
cheese production events availability
Increased transparency of Implemented in an apple
Blockchain-based data production company with
fruit and Design of a dual system Efficiency in the retrieval of QR tags on each package
vegetable for off-chain storage of information [17].
traceability public information Secure private information
system Guarantee of the authenticity
and reliability of the records
Ethereum-based Strawberry supply chain
framework that uses IoT demonstration: container
Secure . . Promote transparency and . .
containers with sensors . .. . equipped with IoT
strawberry . informed decision-making by )
. and Raspberry Pi to . . (Raspberry Pi 3 and
shipping system immutably recording each .
. . capture temperature, . . sensors), MQTT server in
with blockchain 1 . transaction. Provides
humidity, and location ) L the cloud and smart
and IoT- automatic notifications of

data, uses smart contracts contracts on Ethereum

enablement. parameter violations

to monitor interactions, [18].
trigger events
Use of blockchain alliance Implemented for the
ith SMART-PBFT t of
Blockchain-Based " 5 e Improves transparency and managementt ot otange
_ consensus that unifies o . cold chain with greater
Cold Chain traceability of logistics data

efficiency and
coordination among
system participants [19].

legacy systems, improves
Logistics g' y sy . P Optimize logistics
. interoperability and
Information g management processes
enables real-time

Platform o . Reduce operating costs
monitoring of logistics

and environmental data

3. Methodology
intitiveandessy: 1 tinterface Themethodol twasDesiorThinkinewhid
focuses on human-centered solutions, iterative development, and

collaborative problem-solving. [20].
Figure 1 illustrates the methodology as applied in this study.
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3.1. Design Thinking Method

Composed of five phases: empathize, define, ideate, prototype, and test. This method allows
design teams to promote interdisciplinary participation, empathy, and iteration as key principles
during the technology creation process. [21].

3.1.1. Empathize: Understand the Needs, Challenges, Emotions, Aspirations, and Fears of Users
Through Interviews, Observation, Focus Groups, and Stakeholder Mapping [21].

3.1.2. Define: Analyze the Information Collected and Formulate the Problem to Obtain a User
Perspective for the Generation of Solutions [22].

3.1.3. Ideate: Create Multiple Alternative Solutions to Consider Several Possible Outcomes [23].

3.1.4. Prototyping: Create Tangible Versions of Selected Ideas that Are Aligned with the User's
Objective [24].

3.1.5. Testing: Conduct Usability Tests with Users to Obtain Feedback on Prototypes, Identify
Problems, and Make Improvements Before Final Implementation [25]. Tools Such as Standardized
SUS (System Usability Scale) Surveys Provide a Quantitative Evaluation of How Easy it Is to Use
the System from the User's Perspective. [26].

- Interviews with key
stakeholders

- Observe and
understand

- Brainstorming
- Draft initial

proposal - User testing
- MoSCow - Feedback
- continuous
iterations
- SUS surveys

- Collect real needs
- Empathy map

-

- Identify - mockups
E);t\)"h:yngz - continuous

AT . iterations
critical points Prototype

- User stories

Figure 1. Design thinking process.

4. Results

This section presents the results obtained in each phase of the Design Thinking methodology,
applied to the design of a Blockchain-based web application to optimize traceability in the
agricultural supply chain.

4.1. Empathize

Interviews and process analyses were conducted within a batch management workflow to
identify key user needs. The following issues were highlighted:
e  Reliable traceability: Lack of product journey visibility generates mistrust and quality risks.
e Data integrity: Concern about manipulable records; automatic and immutable validation is required.
e  Alerts and operational visibility: Need for visual indicators and stock and status notifications.
e  Usability: A simple and intuitive platform is required for non-technical users.
e  External transparency: Companies are seeking to demonstrate verified traceability to build customer
confidence and maintain quality standards at the time of their audits.
As a complement, an Empathy Map Figure 2 was elaborated to represent the thoughts, emotions,
actions, and expressions of the plant manager, one of the main actors in the system.
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Figure 2. Empathy Map.

4.2. Define

Based on the previous analysis, the following were identified as priority requirements:
e  Recording and monitoring of batches in phases with traceability evidence.
e  Automatic generation of events and history in an immutable blockchain network.
e  User-friendly interface to register products, filter data, and consult traceability.
e  Secure access with defined roles for plant managers and auditors.

Problem statement: Based on these observations, the following central problem was identified,
which gives rise to the solution.

The Peruvian agricultural supply chain faces limitations in traceability, unreliable records, and
poor visibility of processes, which contribute to food losses, mistrust among stakeholders, and low
operational efficiency. It is necessary to implement a digital solution that ensures reliable traceability,
integrity of data, and an accessible interface for users with basic technical knowledge.

4.3. Ideate

During this phase, key assumptions and hypotheses were formulated to guide the initial design
of the solution, making it possible to anticipate the context of use and validate the proposed
technological approach.

Assumptions: To structure the development under realistic and feasible conditions, the
following key assumptions were made:

e It is assumed that end users have a stable internet connection to navigate the platform without
interruptions.

e  Key users are assumed to have basic digital knowledge to interact with web interfaces.

e Itis assumed that companies in the agricultural sector will be willing to adopt a digital solution as
long as it helps them to comply with regulations and improve the efficiency of their operations.

Hypotheses: Based on the defined assumptions and the information gathered in the previous
stages, the following design hypotheses were developed, which served as a guide to focus the
development of the solution on clear goals:

e  If blockchain technology is used to register traceability events, then data integrity will be guaranteed,
avoiding subsequent manipulations of the initial data.

e If the system interface is intuitive and clear, then it will facilitate its adoption for all users, thus
decreasing the need for additional training.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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e If automated processes through smart contracts, then the response time in critical operations will be
reduced, increasing the overall efficiency of the system.

4.4. Interface Prototypes

During this phase, we developed navigation prototypes that represented the functional
structure of the web application, based on the prioritized functional requirements, usability
principles, and the needs identified in previous phases. The objective was to early validate user
interaction with the essential modules of the system. For this purpose, we used the tool Figma, which
allowed us to create and share interactive interfaces with the target users, thus facilitating rapid
iterations and visual validations in real-time. The prototypes were high fidelity and allowed accurate
evaluation of key aspects such as element layout, navigation between modules, and understanding
of critical flows such as batch traceability, order management, and inventory monitoring.

Figure 3 represents the main dashboard, which provides a visual overview of inventory, product
performance, sales trends, and recently recorded batches.
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Figure 3. Main Dashboard.

Figure 4 displays the sales dispatch panel with a visual overview of pending orders, processing
times and rush orders.
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Figure 4. Sales dispatch panel.
Figure 5 displays the table view of incoming lots, with details of their origin, quantity, and status
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*
-
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Figure 5. Display of incoming batches.

Figure 6 displays the registration form for a mixed product, allowing composition in
percentages, as well as its commercial attributes.
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Figure 6. Creation of a mixed product.

Figure 7 presents the purchase orders module, featuring a detailed list of supplier orders, a trend
chart, and direct access to generate new purchase orders.
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Figure 7. Overview of raw material purchase orders.

Figure 8 shows the traceability record of batch “TEA-78945” showing a timeline with key steps
in its process flow.
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Figure 8. Detailed view of a product.

Figure 9 presents the necessary form and fields to handle purchase orders for the inventory
items.
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Figure 9. View of a new purchase order.

Figure 10 displays the inventory module, with overall metrics, visual alerts and a detailed list of
inventory records in the system.
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Figure 10. Inventory overview.

4.5. System Architecture

In the proposed system, the following key containers were identified:

CC BY license.



https://doi.org/10.20944/preprints202507.2461.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2025 d0i:10.20944/preprints202507.2461.v1

11 of 16

e  Web Application: web application developed in Angular framework that acts as the primary interface
for users.

e ASP.NET Core API: REST API that implements the business logic of the system, handling operations
such as batch registration, event validation and connection to the blockchain.

e SQL Server: Relational database used to store operational system information such as users,
inventory, events, and intermediate traceability.

e  Hyperledger Fabric Network: Permissioned blockchain network responsible for the immutable
recording of critical events associated with batches, such as status changes, audits, and deliveries.

e Azure Active Directory: External authentication service used to handle login and JWT token issuing.

Figure 11 presents the system context diagram, which shows the main interactions between

users, our system, and external components such as the Blockchain network and the authentication
provider.

Administrator
[Persan]
Manages users, batches, and

Auditor
[Person)
‘Consults b: es and
traceability events

\
N
Uses web Uses web
interface nterface

mres Tris;

\ /

TeaChain

Hyperledger Fabric
Network

Authentication prov
toke

nel
based on Fabric

Agro Company

Figure 11. C4 context level diagram.

Figure 12 shows the system’s container diagram, including the web application developed in
Angular, the NET Core APL the SQL Server database, the Hyperledger Fabric network, and Azure
AD for authentication.
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Figure 12. C4 container level diagram.

Figure 11 presents the network architecture used in this approach, based on Hyperledger Fabric
deployed on Amazon Managed blockchain service. This implementation contemplates a single-
member network (Member A), sufficient for small-scale scenarios such as small and medium-sized
enterprises (SMEs). The network is composed of a certificate authority (Fabric CA) and a peer node,
both accessible through secure endpoints configured with TLS, and connected to Hyperledger
Fabric's Ordering Service for block management. The access to this infrastructure is done from the
API backend of the system, which is hosted by a separate client VPC (AWS Account A), through a
secure connection provided by AWS PrivateLink. This configuration ensures encrypted, private and
low-risk communication between the application and the blockchain network. This architecture
ensures a reliable, scalable and easy-to-integrate environment for SMEs that require robust
traceability without the need for a complex local infrastructure.

AWS Account A
(VPC Client)

Client / Application
(VPC Endpoint Interface)

Connection
(AWS PrivateLink)

Amazon Managed Blockchai
{Hyperledger Fabri

MembeVA

Fabric CA
ca.MemberlD.NetworklD
managedblockchain.region.amazonaws.com:Port

TLS Certifi catioj/
A

Peer Node
nd.MemberlD.NetworkiD
managedblockchain.region.amazonaws.com:Port

Connection
(AWS PrivateLink)

IChannel Communication

¥

Hyperledger Fabric
Ordering Service

Figure 11. Hyperledger Fabric network architecture on Amazon Managed Blockchain.
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For theoretical and validation purposes of this approach, a private Hyperledger Fabric network
deployed through the Amazon Managed Blockchain service has been used, due to its quick ease of
configuration. This choice responds to practical criteria related to the testing environment and does
not imply mandatory dependency on the provider.

The architecture is designed to be portable and adaptable to other Hyperledger Fabric-
compatible environments, including on-premises deployments or other cloud platforms to manage
peer nodes, certificate authorities and ordering services. This ensures that the solution can be adopted
by small and medium-sized enterprises with different technical or budgetary capabilities, without
limiting its implementation to a single vendor.

Network access is managed exclusively from the backend of the system, allowing security
controls to be applied and critical traceability operations to be kept isolated. This structure offers a
balance between operational simplicity, future scalability and compliance with agro-industrial
security standards.

4.6. Testing

With the objective of measuring the usability of the prototype, we used the standardized SUS
(System Usability Scale), which is widely used in user experience research due to its practicality and
reliability.

4.6.1. Participant Selection

e  Profiles: Plant managers (7) and quality auditors (3)
e  Criteria: Minimum 6 months of experience in a similar role and basic computer literacy.
e  Sampling: intentional sampling in two pilot companies with prototypes in alpha phase.

4.6.2. Instrument

The System Usability Scale (SUS) consists of 10 items rated on a 5-point Likert scale (1 = "Strongly
disagree"; 5 = "Strongly agree"). The questionnaire was self-administered by participants.

4.6.3. SUS Data Processing

e  For odd-numbered items: Score'= (response — 1)

e  For even-numbered items: Score’ = (5 — response)

e Sum the 10 score’ for each participant — multiply by 2.5 — range 0-100.
e Acceptability threshold: SUS > 68

4.6.4. The Response Distribution Among the 10 Participants Is Presented Below:

i

e Items1,5and 10 (“easy to use”, “others would learn quickly”, “I would like to use it”) scored mostly
4-5.
e Items 2, 4, 6, 8 and 9 (prior to learning, cumbersome, inconsistency, technical support, complexity)
scored low (1-2) in 70-90% of cases.
e Items 3 and 7 (safety, integrated functions) received 4 - 5 out of 90% of the participants.
SUS global average:

_ (21121 ans Score’i,ans)

SUSaverage = 5 X 2.5 =90

4.6.5. Interpretation:

Figure 12 shows the distribution of SUS scores among the participants. The overall majority
obtained scores in the 91-100 (n=5) and 81-90 (n=4) ranges, indicating a perception of excellent
usability. Only one participant scored below 70 and no values between 70 and 80 were recorded.

e 90> 68 (excellent usability, according to SUS benchmarks)
4.6.6. Success criteria

e  Obtain mean > 68.
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SUS Score Ranges Across Participants
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Figure 12. Frequency of participants by SUS score range.

5. Discussion

The validity and applicability of the SUS scale are based on its widespread use as a standardized,
reliable tool for assessing the usability of digital systems in a variety of domains, including healthcare
and new technologies [27]. This research demonstrates that the SUS effectively identifies usability
issues, allowing consistent interpretations of ease of use.

First, the result that we obtained in this study with an average score of 90 is above the minimum
acceptable threshold, which confirms an excellent user experience. This supports the applicability of
the scale and confirms that the designed prototype meets the expectations of the end users.

Secondly, when comparing this result with the studies reviewed in the related works section, it
can be observed that projects such as IBM Food Trust and SmartBeanFutures focused mainly on
traceability efficiency and trust among supply chain actors. However, these works did not present
quantitative usability data such as the SUS scale. Therefore, this project contributes additional
objective data that reinforces the quality of the proposed solution.

Therefore, unlike the other solutions, our contribution is focused on combining blockchain
technology with smart contracts and a user-friendly interface for non-technical users.

Furthermore, this approach helps small and medium-sized agricultural enterprises improve
transparency and adopt technology more easily.

Finally, the combination of blockchain and usability elevates the proposal of the prototype as a
solid and distinctive tool for traceability in the agricultural supply chain.

5. Conclusions

The purpose of this research was to design and validate a web prototype based on blockchain
technology to improve traceability and transparency in agricultural supply chains, aligning with the
efficiency and security demands of the stakeholders involved. The results of the usability tests
evidenced an average score of 90 on the SUS scale, which categorizes it as an excellent usability
prototype. Four critical functionalities were also addressed, such as batch registration and
monitoring, generation of immutable events, access management, and interface adapted to low-
technical profiles through validation with end users.

A Smart contracts integration model is presented in Hyperledger Fabric that guarantees the
immutability of records for detailed traceability of each stage of the plant management process within
the supply chain, offering a reusable solution for SMEs in the agricultural sector. Among the
limitations, it is implicitly assumed that all data entered by users is valid and reliable. The prototype
is also limited in terms of accuracy, as it does not integrate IoT-scale sensors or automatic data capture
devices. As a result, its reliability is constrained to ideal scenarios where data is entered manually,
such as inventory weight or order tracking.

5. Future Works

The future development of this project will focus on deploying and evaluating the blockchain-
based traceability system in a real agricultural warehouse environment. This next phase will aim to
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validate the prototype in real operating conditions, evaluating its performance, usability, and data
consistency when used by real warehouse personnel. The application will not include IoT sensors but
will rely on manual data entry to evaluate the adoption and impact of the system in typical small and
medium-sized agricultural business scenarios. The results of this pilot application will serve as the
basis for a broader implementation strategy and further enhancements.
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